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LETTER 
.f'RO~l 

THE SECRETARY OF 'fHE TREASUR,Y, 
.THA:>;~ll!TT!'.'>G nn; 

Rep(Jrt of tluJ Suptrintuident of the Coast and Geodetic 8ur1·e?J fnr the .tiseal JJear cnrled June 30, 1886. 

DEcg~mEI: Hi, 18BO.-Laid on the tahle :tJHl ordcre<l to be printed. 

TREASURY DEPARTMENT, I>ecernlJer 15, 1886. 

Sm: In compliance with the requirements of section 4690, Revised Statutes, I liave the honor 
to transmit herewith, for the information of Congress, a report addres:sed to this Department by F. 
lf. ThQrn, Superintendent of the CoaRt and Geodetic Survey, showing the progress ma1le in that 
work during the fiscal year ended J1me 30, 1886, aml accompanied by charts illm:;trating th& 
general advance tn the operations df the Survey up to that date. 

Respectfully yours, 

Tbe SPEA.QR OF THE HOUSE OP REPRESENTATIVES. 

D. MANNING, 
Secretary .. 
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Page 171'!, liuc ii from top, for JJarl/w/owe put Bartolome. 



 

REPORT. 

U. S. COAST Al\"D GEODETIC SURVEY OFFICE, 

Washington, December 14, 1886. 

l:::!IR: In submitting herewith, in accordance with law and with the regulations of the Treasury 
Department, the report of progress made in tlie work of the Coast and Geodetic Survey for the 
fiscal year ending June 30, 1886, I would ask the attention of the Department to a, few considera
tions bearrng upon the development wliich tlle work has received, and t!Je scale upou w Lich it 
sboul<l be carried to completion. 

(l) I<'rom 1844, when Professor Bache cuteretl actively upon his t1utit'f' as Superillten1lent of 
the Survey, till his death, in 1867, the work was confinetl entire!:> to the seaboard States. Voluntarj· 
testimony to its high scientific character, valnahle practici1l ]'e8ults, autl the· remarkable ecouom~· 
with which it was conducted was repeatedly given during this period b;y the best authoriti~ ut 
home and abroad. 

. (2) When the eminent geometer, Peirce, succeeded Bache in the Suverinten<lency, the need 
of a system of checks for the extended triangulations along the Atlantic and Pacific coasts l1y a 
transcontinental triangulation became more fully recognized. It was percei'fed also that this 
necessary connection between geodetic operations on opposite sides of the continent would iurnl\·e 
the <letermination of geographical positions in a number of States of the interior, and the desire 
that these States as well as those of the seaboard should share in the ad'\'"antages derh-ed from 
the Survey Jed to the adoption of the proviso contained in the act of .!\'larch 3, 1871, that the 
triangulation for this geodetic connection sboul<l determine points in each State of tlie Uuion 
which should make the requisite provision for its own topographical and geological sur,·eys. 

(:3) 'rhat this development of the work of the Survey was regarded as of great atlYautage in 
giving to the States interested a means of making trustworthy State maps, is shown by tlte fact 
that within eight years from the passa,ge of the act the Go,rernors of fourteen States had applied 
for aid in making State surveys in accordance with its provisions. 

(4) It is submitted therefore that the form which the work of the Coast and Geodetic Surrey 
• has of late years assumed is one that is the natural outgrowth of the needs of the country, aml of 

the increased and increasing demands, not only for accurate charts of the seaboanl, but also for 
data upon which the several States can base accurate iqaps of their entire territory. 

(5) Aml that as the Snr\"ey has a corps of officers trained by long experience to execute its 
work in the most tllorough and economical manner, it would be in acconlance with tlie dictates 
o( a sound economy that appropriations should be granted by Congress sufficient in amount to 
push forward the work to completion at an early date, and to employ to the best adrnntage the 

. t>rofessional skill now at the service of the Government. 
It was in pursuance of these views that au increase in the amount appropriated for foe field

work of the Survey was asked for the service of the present fiscal yPar. '.rhe estimates prepared 
on this basis met the approval of the Department. A similar increase is asked for the fiscal .)Par 
1887-1888. The reasons for this increase which ha\~e been heretofore urged, and which are again 
stated in the Explanation of E~timates, will be found to be fully in accord with the desire of 

H.Ex. 40-1 1 



 

2 UXITED ST.ATES COAST .A.ND GEODETIC SURVEY. 

Congress as expressed in its resolution for the appointment of a .Toiut Commission to consider the 
organizations of the scientific bureaus with the view to secure greater efficiency and economy of 
administration in the public service. 

Part; I of this Heport includes general summaries of progress in fiel<l and office work, and 
presents brief statements' of discoveries and developments made, and of special scientific work 
accomplished, during the past fiscal year. It couclndes with an explanation of tl1e estimates for 
tbc fiscal year 1887-1888 and a detailed statement of those estimates. 

Part II contains accounts of work done afloat .and ashore, compiled from the reports of the 
chiefs of field parties, and closes wit~ a summary of the operations of the Office during the fiscal 
year. 

Part III comprises the appellllices which relate to the distribution of the field parties, to the 
stafr;;tics of the work, and to information furnished from the Office; these are followed by the 
annual reports of the Assistant in charge of tlte Office and the Hydrographic Inspector, and by 
i;,apers which present some of the more noteworthy methods and results of the Survey. 

The two maps of general progress (sketches Nos. 1 and 2), one for the eastern part of the 
United States, the other for the western, show by symbols the ad>ance made in the several 
operations of the Survey up to the close of the fiscal year. Ou a separate map is shown the 
prog-ress of the work in Alaska. 



 

PART I. 

It will appear from an examination of this Report, and of the tabular statement given in 
Appendix No. 1, which shows the distribution of the field I)arties and the nature of their operations 
afloat and ashore, that every branch of the Surrny was in active prosecution during the fiscal 
year. 

·while the geodetic work in the interior was well advanced, due attention was paid to 
immediate and pressing demands for resurveys of impo1·tant harbors and high wa~·s of commerce, 
and special care was taken to give wide publicity to disetweries of dangers to navigation IJy the 
publication of Notices to Mariners. Fifteen of these notices were issued during the year, four of 
which related to rocks or shoals found in the East I~iver in the course of the detailed resurve)~ of 
New York Bay and Harbor; one to important changes in Mouomoy Shoals, l\Ias1mcbusctts, aud 
one to the disco\""ery of a dangerous wreck on Charleston Bar. A list of the notices published is 
given under the head of Discoveries and Developmeuts in this part of the Rep0rt, and statemeuts 
more in detail iu Part II, arrang'ed with regard to localities and in a geographical order. 

Surve3·s involving triangulation and topography-, astronomical and magnetic work, and 
gtm:ity research were carried on within the limits or on the coasts of thirty'.one State,;, three 
Territories, aml in the District of Columbia. Hydrographic surveys were prosecuted in the 
waters or· off the coasts of fifteen States an(l two Territories. 

In the general statements of progress which follow, reference is made to important investigations 
in terrestrial magnetism, physical hydrography, and geographical history, the results of which 
appear as appendices to thi~ volume. 

GENERAI, STATEMENT OF PHOGlrnss. 

I.-FIELD-WORK. 

ATLANTIC CoAST.-During the year ending June 30, 1886, the following operations have 
been included in the work of the Survey upon the coasts anll within the borders of the New 
England States: Topographical survey of the west bank of tlie Safot Croix River bet ween Calais 
and Eastport, Me.; topographical surveys in the vicinity of I.ittlc Ri\·cr, Little Machias Bay, Cross 
Islaml Narrows, and Englishman's Bay, coast of Maine; triangufatiou and topography of the 
coast of Maine in the vicinity of the towns o( Machias, Machiasport, antl Cutler; hydrograpltic 
surveys of Pleasant River, Englishmau's Bay, Little Kenueuec River, aml Machias Rh·er an<l 
Bay, coast of Maine; hy<lrographic examinations on the coast of Maine for the Atlantic Coast 
Pilot; hydrographi<J examinations in Casco Passage and York Narrows, coast of Maine; recor<l 
of obserYations with self-registering tide-gauge continued at Pulpit Cove, North Ila1e11 Islaml, 
Penobscot Bay, Maine; special hydrographic examinations on the New Englaud coast; topographic 
resurvey of Monomoy Point, Massachusetts; continuation of geodetic operatious in the State of 
New Hampshire; progress mac.le in geodetic operations in tlie State of Vermont; determinations 
of trigonometrical points in the Connecticut ltivcr Valley for the topo grapliicaJ survey of the 
Stat-e of .Ml\ssacbusetts; determination of the boundary lines of towns in the State of l\Iassaclrnset ts; 
topogra.phieand hydrographic re.i11rvey of Oota:ny Bnc'.i, M: irtl.t1'..; Viuey.ir.1, l\fassaclrnsetts; topo-
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grapbic resurvey of Block Islaud, Rhode Isla ml; additioual soundings, inshore h~·drography of Long 
Island Souml from Hammouassett Point to Southwest Ledge Light.house; topographical resnrrny 
of the north shore of Long Island Sorrml from Mulberry Poiut to Morgan's Point; tidal observa
tions with an automatic tide-gauge at the Light-House on tbe New Haven Breakwater; h.rdro
graphic resurve.r of the north shore of Long Island Sound from 'Velch's Point to Sheffield 
Island ; contiuuation of the topographical resurvc>y of the northern shore of Lo11g Islaml Souu<l 
between Norwalk River and New Rochelle, and inshore hydrograpby of Long lsland Sound 
between Sheffield Island Light and Greenwich Point. 

· Gp011 the coasts and witbin tile limits of the States of New York, Kew Jersey, Pennsykania, 
aml Delaware, field operations have included a topographical resurvey of the south shore of Long 
Island Sound from Roanoke Landing westward; extension of the triangulation for the resurvey of 
Long Island Sound from Eaton's Point, ou the north shore of Long Islaml, to the eastward; topo· 
grapllical resurvey of the south shore of Long Island contiuued from Eaton's Neck to Cold Spring; 
tidal ouservations witl.J. an automatic tide.gauge at Willets Point, Long Island; topographic 
relimrvey of the East mver from Red Hook towards Throg's Neck; hydrographic resurvey of tile 
upp(•r part of New York Bay and of the East l{i\·er; topograpltic resurve.r of the shore lines of 
the North Hirnr, New York, also of sllore lines on Long Island and Staten Island; hydrograpbic 
resurvey of the Nortll Hiver and of Upper New York Bay; magnetic obser\·ations at stations in 
New York, New .Jerse.r, Pennsylrnnia, an<l Delaware; continuation of 11hysical hydrographic 
survey of New York Ba.y and Barbor; topographic resnr,·e.r of the shore lines of Coney Island, 
Barren Island, an<l lfockavrny Beach, New York Lower Bay; triangulation of Arthur Kill; topo_ 
graphical resun'ey of tl1e ishore lines of Bergen Neck, lower part of Newark Bay, tile Staten 
Islam! shore of Kill von Kull, and of Sandy Hook; tidal observations with automatic tide.gauges 
at Governor's Island and at Sandy Hook; topographical resurvey of the shore line of Staten Island 
from Stapleton southwestward; hydrographic resurvey of New York Lower Bay and Entrance; 
gravity determinations and researches at stations between fbe Hudson and the Mississippi, ancl 
between the forty-first and forty-third parallels of latitude; continuation of the primary triangula
tion in the eastern part of the State of Pennsylvania; reconnaissance for the extension of the trian
gulatiou in the eastern and northeastern parts of the State of Pennsylvania towards the boundary 
between that State and New York; reconnaissance for triangulation in the southern and western 
part of the State of Penusylvauia; completion of the survey of the parallel boundary between the 
States of Pennsylvania arnl ·west Yirginia; physical bydrograpbic survey of tbe Delaware River 
above Petty's Island; observatious of the formation and movement of ice in Delaware Uiver and 
Bay; special survey of the Schuylkill Ri\·er between Gray's Ferry and .Rambo Point; continua
tion of the triangulation aml reconnaissance of the southern part of the State of New Jersey ancl 
of the topographical resurve.v of the coast of that State; completion of the topographic resurvey 
of the New Jersey shore of Delaware Bay; study of the changes in the Joe Flogger Shoal, arid 
completion of the hydrographic resurvey of Lower Delaware Bay and Entrance. 

Field operations within the District of Columbia and the State of West Virginia, and upon 
the coasts and within the boundaries of t.he States of Maryland, Virginia, North and South Caro
lina, and Georgia have included the completion of the survey of the boundary liue, near the fortieth 
parallel, between 'Vest Virginia and Penns;ylrnnia; progress made in tracing the Port-Warden 
lines of Baltimore Harbor; determinations of the magnetic declination, dip, and intensity at 
Baltimore aucl Washington; connection of the Washington Monmnellt with 1,he triangulation of 
the District of Columbia; continuation of the detailed topographical surwy of the District; deter
minations of gravity at Washington; hydrogrupl1ic examinations for the Coast Pilot in Chesapeake 
Bay and its trilmtaries; hydrographic examinations off Assateague, Va.; examination of liue of 
geodesic leveling between nichmond and Fredericksburg, Va.; special hydrography in the sounds 
of North Oarolina at the request of the authorities of that State; triangulation in the vicinity of 
Beaufort, and Core Sound and between Cape Fear and Little Hivers, coast of North Carolina; 
hyllrographic ex:amination of Frying Pan Shoals, North Carolina; also in North and South Santee 
Rh·ers, Bull's Bay, Price's, Capers, and Dewees Inlets and Charleston Harbor, South Carolina, 
and magnetic observations at Aiken and Cllarlestou, S. C., aml at Sanmna.h, Ga. 

Upon the east and west co::u1ts of Florida., in the approaches to thi~ coast, au<l upon the coasts, 
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and within the limits of the Gulf States, the following operations \\ere in progress or completed: 
Deep-sea soundings off the Atlantic coast, and observations of currents and temperatures in the 
Gulf Stream; beaclt-measurement, triangulation, and topograpby with obser\'ations for latitude 
aml azimuth upon the west coast of Florida between Cape Sable and Cape Romano; topographic 
aml hydrographic surveys on that coast uorth of Anclote Keys; reconnaissance for primary 
triangnlation between Atlanta and Mobile; lines of geodesic leveling carrierl from Mobile towards 
l\feridiau, Mi~s., and Carrollton, La.; h;ydrographic resurveys near the Chandeleur Islands aml in 
Horn Island Pass; magnetic observations at Morgan City and 011 Marsh Islaml, southwest paas of 
Vermilion Bay, Louisiana; triangulation au1l topography between Barataria Ray aml the Mer
mentou RiYer; hydrogmphy to the weRtward of the Delta of the Mississippi aud in Cote Blauche 
Ba,y, and the measurement of a base and its connection with tlie triangulation near Point Isabel, 
coast of Texas. · 

PACIFIC COAS'r.-Upon the coasts and within the boundarieR of the States of California.and 
Oregon, of vViRhington Terl'itory and of Alaska, field operation!:' have include'l tlie triangulation 
and topography of the coast of California between Newport Bay and San Mateo; continuation ot 
the series of observations at the magnetic self-registering record station at Los Angeles, Cal.; 
reconnaissance for the site of the primary base-line in Los Angeles County, California; continua
tion of the triangulation ancl topography of the south coast of California between Estero Point 
and Point Sur; occupation of stations in continuation of t,he primary triangulation of the coast. of 
California north of Point Concepcion ; connection of the triangulation depending upon the Pulgas 
Base \\ith that depending upon the Yolo Base; occupation of stations in continuation of the pri
mary triangulation near the southern coast of California; observ!ltions of the annular rclipse of 
the sun of March, 1886; magnetic observation at Presidio Station, San Francisco Penimmla; 
examinations of the North Farallones for the Coast Pilot, Pacific coast; shore-line resun·e;r of 
Carquines Straits and San Pablo Bay, California; resur\'ey of the shore-line topography of tbe 
Golden Gate aml approaches; tidal observations continued at the sdf-registering tide-gauge 
station, Saucelito, Bay of San Francisco; hydrographic surveys of the coast of California off CapB 
Mendocino and to the southward; completion of the connection of the Koos Bay and Umpquah Rinr 
triangulations; progress made in the topographical and hydrographic surve.r of the Umpqnah 
River; hydrographic surveys in Tillamook Bay, off the coast in that ,·icinity, and in the Columbia 
River; continuation or'tbe hydrography of the Columbia Hi\'er.towtlrds Portland, Oreg.; inspections 
and examinations 011 the coast of Oregon and \Vashingtou Territory for the Pacific Coast Pilot; 
triangulation of Possession Sound and vicinity, and hytlrograpltic sun'eys in Ptiget Sound, \Vash
ington Territory; triangulation and topography of Burrow's Bay, Rosario Strait, Washington 
rerritory; observations for longitude at Seattle, Wash. Ter.; hplrographic surve,ys in Sonth
eastern Alaska, and tidal observations continued at the self-registering tidal station at Saint Paul, 
Kadiak Island, Alaska. 

INTERIOR Sl'ATES.-Field-work in the States between the Atlantic and Pacific coasts Las 
meluded the extension westward of the primary triangulation a'nd reconnais sauce near the thirty· 
ninth parallel in Ohio and Kentucky; continuation of geodetic operations in the States of Ten
nessee, Ohio, Indiana, and Wisconsin; extension eastward in the State of Indiana of the trans
oontinental triangulation near the thirty-ninth parallel ; gravitation work at stations uear the 
forty.third parallel; magnetic ob.qevations at Detroit, Mich., and Ia.titn<le observations at Madi
~n, Wis.; extension westwarll of the primary triangulation in Missouri and Kansas near the 
thirty·uit~th parallel; determinations of longitude at stations in Missouri, Kansas, and Colorado, 
and extension of the transcontinental triangulation near the thirtietlt parallel from stationR in 
oontral Utah to the eastward. , 

SPECIAL OPERATIONS during the ,Year included a conference with the Inspector of ·weights 
a.ncl Measures for the Stale of Rhode Island and with a committee of the Lt>gislatnre of that State 
with regard to a standard measure of length and the establishment of a meridian line; obsen·a
tions of the movement of ice in ,Delaware River and Bay; the charge of the suhoffices at Phila
delphia and a.t San Francisco; observations at Sa.n Francisco of the ammlar eclipse of tile sun, 
March 5, 1886, and eA:amination of all the ooiu anti bullion weights and balances of the United 
States Mint at San Francisco. 
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II.-OFl''ICE wonn::. 

Soon after the beginning of the fiscal year, e-rnnts occurred which led to marked changes in 
the organization of the Office aml in its personnel. The natnre of these changes is stated in the 
Annual Report of the Assistant in chat'ge of Office anrl Topography, published as .Appendix No. 4 
to this volume. No loss of efficiency was suffere(l as a result of the changes made; the tendency 
has been, in fact, towards in creased efficiency in the se,·eral office divisions. 

The practical value of the investigations in Terrestrial .Magnetism, which ham been carried 
on by the Office for many j'ears past, is shown in part by the constant demands from local s1uYey
or1:> and c0untj· authorities for information in regard to the Yariation of the magnetic needle and 
its annual changes, an unusual uumber of queries relating to this subject having been answered 
during the fiscal year. Au article on the magnetic declination iu the United States was prepared 
for tlle use of the General Land Office. , 

A sugg·estion of importance, made hy the .Assistant in charge of the Office in his annual 
report, is thM it would be well to have means provided for supplying to each couutj· snrYeyor 
aud clerk of court tllroLighout the country ct>pies of papers published by this Office on the secular 
variation of tlle magnetic declination and its values at upwards of two thousand three hundred 
i;talious in the lJ nited States for the year 1885. Disputes as to the actual courses of old bound
ary liues could often be settler! were authentic information available in regard to the magnetic 
variation at different aud remote periods, or in regard to its rate of annual change for gh·en 
localities. The papers referred to were published as Appendices Nos. 12 and 13 to the Report for 
188~. 

Progress was made upon the drawings of eleven general charts of the coast, twenty-six coast 
charts, and sixteen harbor charts. Finished drawings were made of twelve charts for publicaticin 
by photolithography; of these eight were published during the year. Forty-three topographic 
sheetl!I were. inked, either wholl,Y or in part; one hundred and four projections were made for the 
nse of field parties, and forty-sernn tracings of original sur\'eys, topographic or hydrographic, 
were prepared to meet spedal requests from other branches of the Government or from individuals. 

FiYe new charts were published from engraved copper plates and one from stone; seven new 
editions of engrarnd charts were pµblished, and nine new charts and five new ~ditions from 
engrand i1late8 begnn. Additions and corrections were made to bring up to date the plates of 
four hundred and ·sixty charts. Forty thousand two hundred .and twent;y-six impressions from 
engraved plates of charts were taken in the press-rooms. 

Improved processes were introduced, leading to greater accuracy in the reductions from 
original sheets hy photography and the mounting of photographs to scale. 

There were distributed during the year thirty thousand five hundred and twenty-one eopie~ 
of charts, an increase of one thousand six hundred and sixteen over the number i8sued during the 
preceding fiscal year. Of this number, seYen thousand eight hundretl and seventy-nine were fox 
the Executive Departments, one tLousallll and fifty for Congress, and nineteen thousand nine 
hundred an<l twenty.four for sa le·agent8. The increasing demand for charts of the Survey by 
ship-masters and others is shown by the large increase in the number required dnring the yea1 

to supply sale-a~ents, this number being five thousancl eight hundred and eighty-nine more than 
during the fiscal ~-ear preceding. Of the Annual Reports,.two thousand four hundred and one 
<~opies were distributed. 

Tide Taules, gi\·ing iu advance for the year 1887 the times anti heights of high and low water 
at all of the principal ports of the United States were published. A third edition of subdivision 
No. 13 of the Atlantic Lo<'al Coast Pilot, south coast of Long Islaud,, New York Bay, and Hudson 
RiYer was prepared for pul>licatiou, and the first edition of subdivision No. 20, Winyab Bay to 
Savanuah Ri-.·cr, was pnblii:;hed. Free distdbution was made of all Notices to Mariners printed 
<luriug the year, and the appeudici;s to the Annual Reports containing scientific papers of value 
were upon application supJ>lied gratuitously. 
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111.-DISCOYERIES AND DEYELOP1\11'~NTS. 

Special care llas been taken during the fiscal year to gfre wide pulJlicity to discornrie1; and de· 
rnlopments, an early knowledge of which was of obvious importance to the interests of commerce 
an<l navigation. Among the Notices to )fariners issued during the year, four related to rocks or 
shoals de,·eloped in tlle East HiYer in the course of the minute resnrn.r of New York Ha_y and 
Harbor; one to important chauges in l\lonomo~· Passage, l\lassachusetts, alJ(l one to the disco,·ery 
of a dangerous wreck on Oharlestou Bar. 

Detailed accounts of these and other dangers will be found in Part II of this Heport, with 
the names of naYal officers in charge of hydrograpbic parties of the Survey, to whom belongs the 
credit of their discovery 01· loration. 

l<'ollowiug is a summary of the notices issueu <luring the :year in on1er o' date: 
No. 62 (July 1, 1885) gave the location of a shoal developed near tbe .:\Iarqnesas Keys, Florida. 
No. 63 \August 24, 1883) related to ledges developed in the resurve~~of Long Island Sound. 
No. (i4 (October 6, li:i85) described a dangeromi rock de•eloped in the resnrH\Y of East RiYer, 

New York. 
No. G5 (October 12, 1885) referred to other dangers fouud iu East Hi\·er. 
No. 6() (Octobe1·2L, 1885) described a bar which· bad formed between Thatcher's Island and 

Milk Island, coast of Massachusetts. · 
No. 67 (October 21, lt:l85) gave tlie location of a ledg·e discovered in Boston Ilay. 
No. 68 (November 20, l885) relate1l to auditioual uaugers denloped in the recm·.-ey of East 

River, New York. 
No. G9 (November 20, 1885) described important changes in l\Ionomoy Passage, l\lassachusetts. 
No. 70 (November 301 1885) gave directions for avoiding a ledge de,~eJoped in Fisher's Island 

Sound, Connecticut. 
No. 71 (December 7, 1885) described dangers dernloped in the course of h~ drographk exam

inations on the coast of Maine. · 
No. 72 (March 31, 1886) gave a list of important corrections made on el!arts i1nl.ilished b~· the 

. Office of the Survey during the quarter ending March 31, 188G. 
Nos. 73 and 74 (.\fay 12 and 31, 18j6) warned navigators against a dangerous wreck OH Charles· 

ton Bar. 
No. 75 (May 31, 188G) related to au a1ltlit.ional danger de\•eloped in the East Hi Yer resurwy. 
No. 76. (June 30, 1886) gaNe a list of chart corrections during the fJ.U::uter emling ,June 30, 

18~6 ; also lists of charts canceled and new ones issued. 

IY.-SPECIAL SCIENTil<'IC WORK. 

OBSERVATIONS OF THE ANNULAR ECLIPSE OF TIIE SUN, :'>1.A.RCH, 188G. 

In Appendix No. 6 is given a talmlated statement of obsen·ations made at the !iltatiou iu 
Lafayette Park, San Francisco, of the annular ectipse of the sun, March 5, 18SG, b;\· Assistant• 
George Davidson and other officers of the Survey. This eclipse was on];\· a partial one at San 
I~rancisco, its greatest magnitude being about 4! digits. Th~ times of I and II contact were noted 
by five observers; Mr. Davidson observing with his equatorial of 6.4 inches aperture and magni· 
fying power of 170, and his ~olleagnes using reconnoitering telescopes of small apertures and low 
powers. · 

ON THE SECULAU YA.lUATION OF' '.l.'HE MA.GXE'.l.'lC DECLINATION IN THE UNITED STA.TES AND AT 

SOME FOREIGN S'l'A'l'IONS. 

The publication in the l~port for 1882 (Appendix N o.12) of a fifth edition of Assistant Schott'i. 
paper. on tho Sooular Variation of the Magnetic Declination in the United States and at some .For
eign Stations gtlve ample evidence of the large public demand for accumte information on this 
subject. In November, 188.J, the extca edition of five hundred copies was exhausted, and a reprint 
of five hundred more was ortlert!d. It has since been deemed advisable to issue a sixth edition; this 
will ap1>ear 88 Appendix No.12 to this volume, and will contain additional observations, with ex 
tended and impron~d results, deduced by Assistant Schott from Ja.ter investigations. 
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~IONO::l-IOY AND ITS SHOALS. 

Few i11wsligations in pb;pdcal b;H1rography of greater practi"al importance have been under
t1:1ke11 hy tLe Survey tl.Jan tl.Je study of the changes in the peninsula of :Monomoy a11d the group 
of shoal!'! ahout it. Tlie elaborate report on this subject by Assistant Henry Mitchell (Appendix 
No. 8) is bnsrd upon cornparisonR of the earliest charts of the locality with the results of surveye 
llJH(le ~i11ce the year 1840 to the present tim('. Dangers affecting a Lighway of commerce through 
"liich l1a1>s alwnt thirty thousand vessels annually, and -arising from the constant shifting of the 
~l10al1<, tl:e eu larg<>ment of their areas, and the consequent diminution in width of the navigable 
dianueh;, demaJ](l the most careful and tLorough study 1o ascertain their causes and if possible 

guard against their effects . 
• 

REPORT ON SHORE-LINE CHANGES IN COT.AMY BEACH. 

The re·o1wning by a storm in January, 1881), of au inlet from the ocean ]nto Edgartown Har
bor tl1rough Cotarny Beach was regarded as a most desirabie event, accomplis11ing, as lt did, in a 
few Lours a result which would ha-ve required large expenditure of time and means to obtain by 
t>ngineering operations. Direct access to the ocean from the harl1or tlirougb a southern inlet had 
heen impn1ctif'able since the inlet of 1856 closed in 1869. · 

In Appemlix No. 17 of !Le report for 1872 was published a <letailed report.by .Assistant Whit_ 
ing 1'tatiug the resu1tf1 of bis survey of the preYious year in Edgartown Harbor, as compared 
with those of bis former surveys of that locality. Assistant Whiting's long familiarity with arul 
thorough knowledge of this harbor and its approaches give s11ecial value to bis survey of the new 
opening of 188(), which he executed in the summer of tlwt :}ear. His report ou this work apr)ears 
as Appendix No. 9 to this volume. 

THE DELTA OF THE DELAWAR]j;, 

As a fnrtl1er contribution to our knowledge of the physical characteristics of Delaware 
HiYPr and Bay, there is girnn in Appendix No. IO a paper by Assistant MitclJell on the formation 
:rnd denlopment of thr Joe Flogger Shoal, which forms the central prong in the submerged delta 
of tlie DelawarP. :Mr. :Mitcllell's treatment of' the characteristics of this shoal; aifords a good ex
ample of his method of comparing tlJe results of old and new surYeys, the dimensions of the ~boal 
for tlie !\eYeral d-atei- of survey heiug compared precisely as if it were an artificial structure, such 
as a long mole, neediug rt>pair. By these comparisons he finds that between the years 1842-"43 
and 1882-'83 t!Je Joe Flogger lost more than a mile (nearly 1,800 meters) from its upper end, and 
that for this mile tune was an average deepening of 10 feet on the crest of the shoal, arnl that · 
the rnlnable channels on either side of it have not suffered; on the contrary, the tfi.a.lu:eg depths 

• have been increased-they, too, Lave been scoured down. 

E.A.RLY VOYAGES OF DI~COVERY A.~D.EXPLORATION ON THE NORTHWEST COAS'l' OF AMER.IC.A. 

For the identification of localitit•s 11amec1 by the early Spanish navigators and explorers 
on the Pacific coast from Cape Ran Lucas to Alaska, between the ,years 1539 and 1603, and in 
connection witli his labors in preparing a fourth edition of the Coast Pilot of California, Oregon1 

and Wasilington Territory, A8sistant George Davidson has made a special investigation of the 
published accounts, and of original manuscripts relating to the voyages and discoveries of' these 
daring a<kenturers upon unknown coasts. 

In locating the places described and geographical positions determined by Ferrelo, CabriJlot 
Ulloa, aud Yizcaino, in reconciling many of their discrepancies, and in tracing back to their- origin 
the names of harbors, rivers, rQCks, and headlands, Mr. Davidson hns made a contribution to geo
graphical history, the Yalue of which is much enhanced by ltis systematic arrangement of mawrial, 
whereby means are afforded of readils comparing dates and descriptions of the early vorageurs 
with the accurate and consistent descriptions of the Pa~ilic Coast Pilot. :Mr. Davidson's paper 
appears as Appendix No. 7 to this volume. 
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EXPL.AN.ATION 0..1!' J;;8'l'Bi.A'l'E8. 

The estimatefi submitted to the Department forthe fiscal year 1887-1888'Xereaccompanied by 
tlle following statement: 

C. S. UOAST AND GEODETIC SURVEY OFFICE, 

Wasltington, IJ. C., October 27, 188G. 

Sm: Herewith I have the honor of submitting for your approval the estimates of the appropria
tions requfred for the United States Coast and Geodetic 8urvt.>y for the fiscal ~·ear ending June 30, 
1888. 

'l'he aggregate of the estimates ($560,765) is considerably larger than the antouut appropriated 
for the current year ($483,903.82), but only slightly in excess of the amount appropriated for the 
last fiscal year ($553,496); is leRs than the arnrage amount or appropriations for many years past. 
and is not in excess of the amount indispensable to the economical prosecution and reasonallly 
early completion of the work. 

The increase, as compared with the appropriation for the current year, relates only to fiel<l ex
penses, and is accompanied by a proposed decrease of $7 ,093.82 in salaries, thus contemplating 
the accomplishment of more work for less pay than is possible under the appropriation for the cur
rent year. The amount estimated for field-work is substantially equal to the amount estinmt1Cd 
for the current year. 

In theAe estimates, all items-of field-work are included nuder the classificatiou of "Party Ex
penses," of which they properly form a part. 'l'hey include onl~' tbe kim1 of operations for which 
Congress bas made annual appropriations for sernral years past, and identical in kind with those 
l.Jeing prosecuted by the government of nearly ewry civilized country. Those items referriug to 
operation!'! directly along the coast ai:e inteuded to leiwe no gToilnd for further suggestion of the 
idea that completion of the primary survey of the coast ii; unduly delaye<l or tllat sprcific "hydrog
raphy" is subordinated to other operations of tlie bureau. To that end estimates for 1rnsl1ing the 
work as rapidly as practicable are made for operations upon uncompl(•ted portions of the coast 
work, and for as mnch of needed hydrography as was asked for hy the H~·drographic lm:pcctor, 
and as can be supplied with the indispensable points, or rnosecuted witll tbe wssels, outfit, and 
naval officers at the command of the bureau. 

No one with anyexperienceiu or responsibility for ti.Jc administration of the Surn_y will enr dis· 
pute the propositiou that the rapid and economical accomplishment ot' its work depends upon tlrn 
ability to place its working-parties iu the field-on Ian<! or at sea-so that they may work to the 
best advantage and as long as climatic or other conditions will permit. To transport a party an<l 
its outfit and equipage to tbe field in vol ms tbe expenditure of an ine,·it.able and fixed sum, whether 
the appropriation for its work be large or small. After defraying that fixed sum the remainder of 
the appropriated item is a•·ailable for the accomplishment ot' net results, and upon the iiroportion 
of such net results to gross expenditures turns tbe question of real economy and efficiency. Ap
propriations which compel the withdrawal of parties from the fiel<l in the midst instead of at the 
end of a season, or after only two or four illstead of four or eight months' work, ellhance the ulti
mate cost. and indefinitely delay the completion of all features of the work, and however restricted 
in annual amount cannot be justly characterized as economical or judicious. 

The estimate for "Party Expenses" covers ibe pay of those temporarily employed as recorders, 
signal-men, hands, cooks, drivers, or boatmen, or in any other capacity in connection with field
work except as field officers or members of the permanent force; the commutation (or subsistence) 
of tile chiefs and employes of parties; tra,·eling expenses to aud from the field and local trans
portation in the vicinity of field-work or in connection with it; the transportation of instruments, 
teuts, stationery, materials, outfit, and equipage to the field aucl in the field, and the purchase of 
all requisite materials, supplies, tents, boats, stationery, and camp equipage, for use in connection 
with field-work, an(l all other necessary expenses properly ilmident to tbe prosecution of field
work. 

The estimates contemplate thereductionQJthe numberoffie.ld officers by the retirement of'se1ei1 
B. Ex. 40--2 
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members whose services can be best dispensed wit!J, to be followed by the promotion of the junior 
members and a suspension of the grade of Aid until Congress shall provide for recruiting the force 
by appropriating for Aids, \"l'ho should be required to enter the force under the exacting physical 
and mental tests now prescribed by the regulations. The estimates for the curreut year, as 
PxplaineJ to the appropriations committees, contemplated a similar retirement, with, howeYer, tbe 
11nnwrical maintenance of the force by the appointment of a corresponding number of aids at small 
salaries. The contemplated reduction will prolong the annn<ll period of field-work and shorten 
the annual period of office-work of those retained, without nry greatly impairiug the progress of 
the geueral work. 

'l'hP. estimate for ''Pay of .Office Force," while providing for an apprentice to the electrot.ypist 
arnl photographer iu addition to the preseut force, and iu two or three instances modifying the 
desig-natious of eniplo~-es, contemplates· a rl:'duction of $773.82 from the amount appropriated for 
th~ current year, tlie reductions occurring mainly in four or five positious occupied at less tha~ 
the salaries appropriated for the current year. 

Iu Yiewof the 011i11ion cf the Solicitor of the Treasury that pel' diem employ es are not entitled to 
lean• of al>se11cc with pay, in justice to the lowest paid employes I have changed the estimates 
from per diem to anuual salaries. 

The est~maLes contemplate no superfluous positions. Ou the contrars, ti1e proper tlispo~al of 
accmnnlated data, aucHl.Ie prompt and satisfactory publication of current work, urgently require a 
marked increase of force in the computing, drawiug, and engraviug divisious of the Office. 

:No ;tern of work has been estimated for, in t!Je immediate aml Jiressing importance of which 
thos11 most competeut to judge have uot coucurred. In fact the items of field-work submitted to 
me as dese1Tillg of immediate consideration and execution exceed hy abont $100,000 the estimates 
here submitted. 

Very respectfu ll~', 

The SECRETARY O.F '.l'HE TREASURY. 

ES1'I:\1A'.l'ES. 

F. M. THOHN, 
Superintendent. 

}'or e\'er;y cxpeuditure reqms1te for and incident to the survey of the Atlantic, Gulf, and 
Pacific coasts of the United States and the coast of the Territory of Alaska, including the snrvey 
of rivers to the head of tide-water or ship-uavigation; deep-sea soundings, temperature, and cur
rnnt observations aloug the coasts and throughout the Gulf Stream and Japan Stream flowing off 
the said coasts; tidal ob;,;erYations; the necessary resurveys; the preparation of the Coast Pilot; 
improviug the magnetic maps of the United States and adjacent waters, and the tables of magnetic 
decliuatiou, dip, aud intensity usually accompauying them; and including compens:.\tion not other
wise appropriated for of persons employed ou the field work, in conformity with the regulations for 
the government of the Coast and Geodetic Sur,·ey adopted by. the Secretary of the TreaEOury; for 
special examinations tl1at may be required by the Light"llouse Board or other proper autb.ority; 
and including traveling expenses of officers aud men of the Navy 011 duty; for commutation tD offi
cers of the fi<;ltl force while on fiel<l dnty, at a rate to be fixed by the Secretary of the Treasury, 
not exceeding two dollars and fifty cents per <lay each; outfit, equipment, and care of vessel::; used 
in tile Suney, and also the repairs and maintenance of the complement of vessels, to be expende<l 
11nder the following heads: ProPided, That 110 advance of money to chiefs of field parties under 
this appropriation shall be made unless to a commissioned officer, or to a civilian officer, who shall 
girn bond in such sum as the Secretary of the Treasury may direct : 
FOR PAR'.l'Y EXPENSES: 

:U'or triangulation, topography, and hydrography of the coast of Maine in Cobsoook 
Bay and Saint Croix River, and for off-~hore soundings between Matinicus aud 
Seguin Lights (all new work) ............ ____ ............••••..... ~ •.•..... .'. $12, 000 

For bydrography of George's Bank aud Shoal off the coast of New England, and for 
the speedy completion of an accurate surve~- of the portiQns of tile bank most used 
by fishermen . . . . . . . . . . . . . . . . . ............... : ; .....••.... _ ............ _ .. _ _ _ 9, 000 
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Foci PARTY EXPENSES-Continued. 
For resurveys: For triangulation, topography, and h;ydrography in the vicinity of the 

eastem1 of Long Islaud, Block Island, Nantucket, Nantucket Shoals and approaches, 
a IJ(} i11dudiug Vineyard Sound, to be immediately a\·ailable .................... . 

Fot' physical hydrograpliic surveys on Monomoy Shoals . . . . . . . , . . .. . . . ......... . 
For completing the resurrny of New York Bay and Harbor ...................... . 
For·p!Jysical hrdrography in New York Barbor and its approaches ............... . 
11'or the hydrograpliy of tlie outside waters and bars south of Absecon Light; for 

necessary triaugulatiou, aml for continuing tlie topography and inside hydrograph~
along tlic Atlantic coast of New Jersey (some of tlie liydrogranlly is 11ew work and 
the topography is Yirtually so because of the great clmuges)........ . . . . . . . . . . . 

For continuing physical h,rdrographic research in Delaware Bay and Hi\·er ........ . 
For observing the movement, lodgment of, and obstructions hy foe iu the Delaware 

River and uoting the changes caused tltereb,y in Cherry hiland Flats, &c ....... . 
For examinations nutl re1mrveys on tlte Virginia coast from Chiucoteague to Cherry. 

stone, aw.l especially at Cape Charles and in its >icinity, including triangulation, 
hydrography, and topography . . . . . . . . . . . . . . . . .. . . . . . . . . . . .... , ........ _ .... . 

To continue tlie sur\'e;ys in the ,vicinity of Charleston, S. C., and up the Cooper and 
Ashley Rirnrs to the head of na\·igation, and to couti1rne determinations· of latitude, 
and azimutll (which is new work), and, iu connection therewith, tlte reco,·ery and 
re-marking of old triangulation stations for their preservation, and ti.le connection 
of some detached triangulation between Beaufort and the mouth of Cape Fear Rh·er, 
North Carolina, and the connection of the Oape Fear I~iver triaugulation with the 
coast triangulation at Mason borough ........ .-................................. . 

For bydrographic exantination at Cape Lookout ....... , .................. _ ..•... 
For counectiug the Blue Ridge primary triangulation with the coast triangulation at 

Charleston, S. C., or Savannah, Ga ............................•......•........ 
To continue the primary triangulation from Atlanta towards Mobile .............. . 
For continuing the survey of the western coast of Florida from Cape Sable uorth to 

Cape Romano and for hydrograph_y off the same coast., being all new work ....... . 
For triangulation, topography, and hydrography of Lakes Poutcltartrain and Borgne 

in Louisiana ........•...........................•............................ 
For continuing the survey of the coast of Loui8iana west of the Mississippi Delta 

and between Barataria Bay and Sabine Pass .•...... " .....• ~ . . . .............. . 
To make off-shore soundings along the Atlantic coast, and current allll temperature 

observations in the Gulf Stream. . . . . . . . . . . . . . . . . . . . . . . . . . . . ............ , •.. _ 
For continuing the topographic survey of the_ coast of Southern California, of which 

$5,000 shall be immediately available. . . . . . . . . . . . . . . . . . . . . . . . . . . . ............ . 
For continuing the primary triangulation of Southern California and for connecting 

the s'ame at Mount Conness and Macho stations with the transcontinental arc, and 
fo1· a primary base line in the vicinity of Los Angeles, of which $4,000 shall be 
immediately available ........ , .........................................•..... 

For continuing tLe resu.rvey of San Francisco Bay and of Sau Pablo and Suisun 
.Bays and the Stra.it of Carquiuez; the examination of San Francisco Bar, and 
entrance aud the mouth of tl.!e Sacramento and San Joaquin mvers .•.......... , . 

.For continuing the survey of the coast of Oregon, includjng oft~shore bydrography; 
and to continue the survey of the Columbia River from the mouth of the Willa
mette toward the Cascades, triangulation, topography, antl hydrography... . • ... 

To fill up the gap in the tertiary coast triangulation between the Oregon line and 
Port Orford ..............................•............................•....•. 

To fill up the gap in the tertiary triangulation between Port Orford and Koos Bay .. 
E'or continu.ing the surv:ey of the coast of Washington Territory .....•....••.....••. 

11 

$20,000 
4,000 
3,000 
3,000 

4,000 
3,000 

200 

6,000 

2, 000 
500 

2,000 
3,000 

10,000 

5,500 

7,000 

9,000 

10,000 

12,000 

10,000 

1,000 

2,500 
2,000 
9,00C 
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FOR PARTY EXPENSES-Continued. 
For continuing explorations in the waters of Alaska and making bydrographic sur

,·eys in the same, and for the establishment of astrouornic:tl, loniritmle, ltnd mag-
netic stations between Sitka and the southern end of the Territory. . . . ........ . 

Fqr continuing the researches in physical bydrography relating to har[)[)rs arnl bars, 
including computations and lllotting ............ _............... . . . . . . . . ... . 

For examination into reported dangers on the eastern, Gulf, and Pacific coasts ..... . 
To continue magnetic observations on the Atlantic and Gnlf 8lopes . . . . . . . . . . .... . 
For continuing magnetic ohser\'ations on the Pacific coast at the Los Angeles Mag-

netic Observatory.. . . . . . . . . . . . . . . . . . . . . . ........ - . . .............. _ .. _ _. . . 
For continuing magnetic ohsenations at various temporary stations on the Pacific 

slope .. - ..... -................ _ ..... - ....................... - . - ...... - ... - - .. . 
For muui11g an exact line of levels from Boston or Salem, l\lass., to Mount l'llonad

uock, :;\fount \Vasliiogton, Mount Independence, and Lake Champlain . _ .. __ . _. _. 
For continniug the exact line of levels from Cairo westwarrl . _ _ _ _ _ .... _. . . __ .... 
For continuing tide obser\·ations on the Pacific coast, viz; at Kadiak, in Alaska, and 

at Sancelito1 near Sau Francisco, in California ..... ___ ..... _ ..... __ ........ _. _. 
To continue tidal observations on the Atlantic coast at Pulpit Harbor, :Maine, and at 

Smidy Hook, New Jersey ................................ _ ............ _ .. _ ... . 
To continue gravity experiments, at a cost not exceeding $500 per station, except for 

special investigations aud· experiments authorized by the Superintendent at one or 
more stations._._ .. ____ ....... _ . _ .. _ .. __ . _ ... _ ...... · ... _ ... _ .....•.. ___ ..... . 

For furnishing points to State surveys, to be applied, as far as practicable, in States 
where points have not been furnished .......... _ .. __ ...... _ .. __ ....... _. _. ___ .. . 

For tleterrninations of geographical posiHons, longitude parties. ____ . _ ! _. _ ........ . 
For continuing the transcontinental geodetic work on the line between the Atlantic 

and Pacific oceans ..... _ . _ . _ . _ .... _ . _. _ .......... ____ ... _ . _ . . . . _. _ . ___ ._ . _ .. _ 
To continue the compilation of the Cm>.st Pilot, and to make special hydrographic 

examinations for the same . _ ........ _..... _.... . . _. . . _. _ ..... ___ ...... ___ .. 
For traveling expenses of officers and men of the Navy on duty, and for any special 

surveys that may be reqnire!l by the Light-House Board or other proper authority, 
and contingent expenses rbereto ... _. _ ... _ .. _. _ ... _ ... _ .. _ ...... ___ ......... . 

For o~jects not l1ereiubefore named that may be deemed urgent . _ .. _. _ . __ .. . .... . 
And ten per centum of the foregoing amounts shall be available interchangeably for 

expenditure on the objects named. 

$12, ooc 

4,000 
1,500 
1,000 

I, 200 

1, 000. 

2,000 
2,000 

2,500 

2,100 

2,500 

10,000 
5,000 

30,000 

2,500 

5,000 
4,000 

Iu all for party expenses .•... - .•. -... - .....•. _ ......••....•. _ ... _. _ . . . . . $244, 000 

REPAIRS A.ND l\IAJNTENANCE OF VESSELS: 
==· 

For repairs and maintenance of the complement of vessels used in the Coast and 
G eo<letic Surn'y __ . ___ . _ . _ . _ ... _ ....... _ ....... _. . . . . . ... __ .... ___ .... . 

PAY OF FIELD OF."FICERS : 

For pay of Superintendeut, $f.l,OOO per annum. . . . . . • __ .... _ ....... __ .... _ 
For pay of two Assistants, at $4,000 per annum ..... _._ .. _ .•. _ ... __ ._ .... _._ .. __ . 
For pay of one Assistant, at $3,600 per annum._._. __ .... _ .. _. _ .. _ ... _ .... _ ... _. _ 
For pay of one Assistant, at $3,200 per annum ..... _._ ...... _... . . . ....... _ ... _. 
For pay of two Assistants, at $3,000 per annum ..........• _ .. _ .... _ .......•... _ .. 
For pay of two Assistants, at $2,800 per annum ......••.•..•....... _ .... __ ......• 
For pa,v of four Assistants, at $2,400 per annum .. _ ... _ ....•• _ _ -.. _ .. __ .. ____ ...•. 
Fer pay of three Assista·n ts, at $~,300 per annum .. _ .. _ ...... _ ..... '. ..... _ . _ .... . 
For pay of six Assistants, at $21200 per annum......... . . . . . . . . . . _ ..... _ ...... __ 
For pay of six Assistants, at $2,000 per annum .......• _ .... _ ...... _ . _ ..... _ . _ . _ .. 
For pay of ten Assistants, at $1,800 per annum ... _ .. _._ ..... __ . _... • .......... ,. 
For pay of nine Assistants, at $1,500 per annum .•.. : . _ .... _ ....•.... ___ . _ ...•••. 
For pay ~f three Snbassistants, at t t,400 per annum _ ..... "'_ .... _ .••••••. _ ....•• 

25,000 

6,000 
s,ooo 
3,600 
3,200 
6,000 
5,600 
9,600 
6,900 

13,200 
12,000 
18,000 
13,500 
4,200 
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For pay of two Subassistants, at $1,300 per annum ....... __ .................... . 
For pay of four Subassistants, at $1,100 per annum ........•............ _ .... _ .. . 
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$2, 600 
4,400 

Total pay of field officers . . . . . . . . . . . . . . . ........ _ ... _ . . . . . . . . . . . . . . . . • . $1Hi, 800 

Provided, That no new appointments shall be ma·le to tue above force until the 

whole number of Assistants, Subassistants, and A.itls shall be reduced to fifty-two. 

PAY OF OFFICE FORCE: 

For one Accountant, at $ l,800 .........••.. _ ................................... . 
For one Accountant, at $1,400 ..... _ ...••..•....... _ ....•... _ .. _ . _ ... _ ......... . 
For one General Office Assistant, at $2,000 ......... _ .. ,. .............. ____ . _ .... . 
For one Draughtsman, at $2,:)50 ...•... __ .... _____ . _ ......... _. ____ ... _ ........ . 
For one Draughtsman, at $2,100 . ___ ...... _. _ ...... _ .. __ .. ___ .... _ .. _. _ ....... . 
For two Drauglltsmen, at $2,000 . . . . . . ...... _. _ ... _ ...•........................ 
For three Draughtsmen, at $1,800 .. _ . . . . ....... _ . _ . _ ............... , .. _ ....... . 
For three Drau~htsmen, at $1,400 ....... _ ................. _... . . . . . . . . . . ...... . 
For one Draughtsman, at $1,330 .................. __ ......................... . 
For one Draughtsman, at $1,260 ... _ ...... _ ..........•..•...•.. _. . .........•... 
For two Draughtsmen, at $1,200 ... _ ..... _ .•......•...................... __ .... . 
For one Draughtsman, at $1, 100 . . . ..........•................... _ ........ _ ... . 
For one Draughtsman, at $940 per auuum ... _ ............. _. _ ...... _ ......... ___ . _ 
For two Computers, at $1,850 ...•........................................ _ ..... 
For one Computer, at $1,420 .. _ .... _ ....... __ .................... _ ........•..•. 
For one Computer, at $1,300 .........................•.••.......••.............. 
For one Computer, at $1,260 ......... __ . . . . . . . . . . . . . . . . . . . . . _. . . . . . . . . . . •••... 
For one Computer, at $1,100' ... _. _ .....•..••...•. : •....••••....•••.............. 
For one Tidal Computer, at $2,000 ...... _ ... _ .....•......••..................... 
For one Tidal Computer, at $1,250 .............................................. . 
For one Engraver, at $2,060 ......•..................................... _ ... _ .. 
For one Engraver~ at $:!,000 per annum .......... _ ................... ___ . _ ... : .. 
For one Engraver, at $1,960 per amrnm ...... _ ................................... . 
For two .Engravers, at $1,800 each per annum ..... _ ...........•............. _ ... . 
For one Engraver, at $1,565 }ler annum .........•...•....•....•... _ .. _ ..... _ .... . 
For one Engraver, at $1,500 per annum ...... _ ............•................. _ .. _. 
For one Engraver, at $1,200 per annum ...............•.••...•............ : . ... _ 
For one Engraver, at $900 per annum ...................................... _ ... . 
For one Contract Engraver, contract n1Jt to exceed $2,400 per annum ....... _ ...... . 
For one Contract Engraver, contract not to exceed ~2,100 per annum ............ : .. . 
For one Contract Engraver, contract not to exceed $1,800 per annum ........ _ .. _ .. . 
For one Contract Engraver, contract not to exceed $800 per annum ............... . 
For one Electrotypist and Photographer, at $1,800 ..••...•••...•.... _ ....••....... 
For one Electrotypist's Helper, at $500 per annum • . . . . . . • . ....•...•..........•.. 
For one Apprentice to electrotypist and photographer, at $500 •..... _ ...........•.. 
For one Copper-plate Printer, at $1,700 per annum ..................•...•......... 
Ror two Copper-plate l)rinters, at $1,330 per annum ........................ __ ... . 
For one Gopper-plate Printer, at ll!l,250 per annum...... . . . . . . . . . . . . . . . . ....... . 
For two Pla.te Printers' helpers, at $700 ea.ch }ler annum • . . .. . .. _ . . . . . . ... -.. -.. 
For one Chief Mecbanician, at $1,800 per annum ........................ _ ....... . 
Fsr one Mechanician, at $1,565 per annum ..•...................... _ ... - ........ . 
For one Mechanician, at $1,330 per annum ......•................................ 
For one Mechanician, at $1,250 per annum . . . . . . . .............................. . 
For one Mechanician, at $1,175 per annum . _ ....••............•...............•.. 
For one M-ecbanician, at $900 per annum . . . . . . . . . . . . . . . . . . . . . . . . . . . .......... . 

$1,800 
1,400 
2,000 
2,350 
2,100 
4,000 
5,400 
4,200 
1,330 
1,2GO 
2,400 
1, 100 

940 
~), 700 
1, 420 
] '300 
l,2GO 
1, 100 
2,000 
1,250 
2,060 
2,000 
1,960 
3,600 
1,565 
1,500 
1,200 

900 
2,400 
2, 100 
1,800 

800 
1,800 

500 
500 

I, 700 
2,660 
1, 2;10 
1,400 
1,800 
1,565 
11 33U 
1,250 
1,17;1 

900 
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PAY OF OFFICE FORCE-Continued. 
For one Mecbanician, at $545 per annum ......................................•.. 
For one Carpenter, at $1,565 11er annum ............................ · - .......... . 
For one Carpenter, at $800 per annum . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . .... . 
For one Ca.rpenter an1l Fireman, at $570 p~r annum . . . . . . . . . .. . . . . . . • . ......••. 
For one Night Fireman, at $550 per annum ..................................... . 
For one Map-mounter, at $1,020 per annum .................................... . 
For one Librarian, at $1,800 . . . . . . . . . . . . . . . . . • . . . . . . . . . ........ - . . . . . . . . . . .. .. 
For one Clerk, at $1,650.... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ......... .' .... - . 
For two Clerks, at $1,liOO .......•....................••..•.......••........... 
For one Clerk, at $1,4(J0 . . . . . . . . . • . . . . . • • . . . . . . ............................. . 
For one Clerk, at $1,350 ....................................................... . 
For two 01erks, at $1,200 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..• 
For two Clerks, at $1,000 ........ _ ............................................ . 
For one Clerk, at $HOO. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .................. . 
For one Clerk, at $1,175 ....•.............................................•..... 
For one ~lap colori.'lt, at $720 .......................•.............. - .......... . 
For oue Writl'r, at $900 .....•........•...........•......................•....... 
l?or O!le vYriter, at 8840 .......... - . . . . . . . . . .................................. . 
l<'or six "\Vriters, at, $i20 ...........•.•....••..........................•••• · ••.• 
For 011e '\V riter, at \i\fiOO .....••..••...••••.••...• , •..•...•••. , ................... . 
·For onG Messenger, at $875 . . . . . . . . . .........................................•• 
For one Messenger, at $840. _.... . . . . • . . , . . . . . • • • • . • . . . . . . . . . . . . . . . . . . . . •..... 
For three l\1cssengers, at $820 each per annum ................................ .. 
For tliree l\Iessengers, at $640 each. per annum ..............................• .' .•. 
l•'or one Drh·er, at $i30 per annum .............................................. . 
For one Packer and Folder, at $8~0 per annum .............•..................... 
For one Packer and Folder, at $630 11er annum .............................•...•. 
For two Laborers, at $Gao each per annum .•............................•........ 
For two Laborers, at $;).}() each per annum ....................................... . 
l<'or one Laborer, at $:31ii per annnm ............................................ . 
For one Laborer, at $:rn;; per annum .. . . ...................................... .. 
For oue .Janitor, at $1,200 ............. _ ..................................•...... 
For two Watchmen, at $880 each i1er annum .................................... . 

Total pay of office force.. . . . . . _ . 

OFFICE EXPENSES: 

For the purchase of new instruments, for materials and supplies required in the in
strument-shop, carpenter-shop, and drnwiug didsion, and for books, maps, and 
charts ...........................................•............. - . . . . . ...... . 

Vor copper-philcs, chart-paper, printers' i11k, copper, zinc, and chemicals for electro
t~·ping anu photographing; engr:wing, }lrinting, electrotyping antl photogra.phing 
supplies; for extra eugra.ving; autl for photolithographing charts and printing 
frotn ston~ for immediate use .................................... _ ............ . 

For stationery for the office and field parties; transportation of instruments :tnd sup-
plies; office wagon and horses; fuel, gas, telegrams, ice, and washing ........... . 

For miscellaneous expenses, contingencies of all kinds, office forniture, repairs7 and 
extra labor, and for tnweling expenses of Assistants and others employed in the 
Qffiee sent on special duty in the se.n·ice of the office . . • . . ..................... . 

And ten per centum of the foregoing amounts shall be al'ailable interchangeably for 
expenditure. 011 the objects named. 

Total general expenses of office ................................ '•«t'5.::. .............. . 

$545 
I,505 

800 
540 
550 

1,0:!0 
1, 800 
11 650 
3,000 
1,400 
1,350 
2,400 
2,000 

900 
1, 175 

720 
900 
840 

4,320 
600 
875 
840 

2,400 
1,920 

730 
820 
630 

1,260 
1, 100 

315 
3u5 

1,'.!00 
1, mo 

$124,405 

n, ooo 

10,000 

6,000 

3,500 

$28,,500 
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RENT OF OFFICE BUILDINGS; 

For rent of buildings for offices, work-rooms and work-shops, in Washington........ $10,500 
For rent of fire-proof building No. 205 New Jersey avenue, including rooms for 

standard weights and measures; for the safe-keeping and preservation of the origi-
nal astronomical, magnetic, l!ydrographic, and other records, of the original topo-
graphical and h,Ydrographic maps and charts, of instruments, engra\·ed plates, aml 
other val nab le property of the Coast and Geodetic Survey...... . . . . . . . . . . . . . . . . . G, 000 

PUBLISHING OBSERVATIONS: 

For one Computer ...........................•..... ~ ........................... . 
For one Computer ......... _ .................................................. _ .. . 
For three Copyists, at $720 eac.li . . . . . . . ..... _ .............. _. . . . . . . ........... . 

In all ............... - . . . . . . . . . . . . . . . . . . . . ....... , ................... . 

That no part of the money herein appropriated for the Coast and Geodetic Snn·ey shall 
lie a.vailablc for allowance to civilians or other officers for subsistence while on <lnty 
in the office at Washington, or to officers of the NaYy attached to the Surrny; nor 
shall there liereafter be made any allowance for subsistence to officers of the Na'"" 
attached to tl!e Coast anti Geodetic Snnrey. 

1,800 
1, nou 
2, IGO 

:J,5GO 
---~-------

Total United-States Coast aml Geodetic SurYry for the fiscal year 1887-1888. $560, 765 

ESTIJ'IIATES FOR PRINTING, ILLUSTRATIONS, AND BiNDING FOR THE COAST A:XD GEODETIC 

SURVEY UNDER THE DIRECTION OF THE PTBLIC l'lUNTER. 

T.he following estimates were submitted to the Department in compliance with a proviso con
tained in "An act making appropriations for sundry civil expenses of the G-overnmt:>11t for tbe fiscal 
y<>ar ending June 30, 1887." This proviso is as follows: 

"That all printing aml engraving for the Geological Survey, the Coast a u<l Gernletic Sun·pr, the 
Hytlrograpbic Office of the Navy Department, and the Signal SerYice sha1l lwreafter he estim:lte(l 
for separately and in detail, awl apppropriate1l for separately for each of sai1l bnreans." 

PRINTING .AND ILLUSTRATING AND BrnDING FOR COAST AND GEODETIC SrRVEY, UNDB!! THE 

DIREC1'ION OF THE PUBLIC PRIN1'ER. 

For nll printing and lithographing, photolitbograpbing, photo-engra \'ing, antl nil forms 
of illustrations done by the Public Pl'inter, on requisition by the Tn•asury Depart
ment., for the Coast and Geodetic S1uve;y, namely: For Tide Tal>les, Coast Pilots, 
Appendices to the Superintendent's Annual Reports, publisbetl separately; Notices 
to Mariners, circulars, blank books, blank forms, and miscellaneous printing (inclurl
ing the cost of all binding and covering; the necess~ry stock itml material~, arnl 
binding for the library and archives) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . .. $1 o, 4;)4 9S 

ANNUAL REPO~T; 

For 4,900 copies of the Annual H.Pport of the Superintendent (including regular edition 
of 1,900 copies for .Congress), viz, for composition, stereot~·ping, press-work, folding, 
inserting plates, binding, materials, &c ............................ , ......... _.. 8, 000 00 

For pbotolitbographing, lithographing, photo-engraving, and all forms of illustration 
by the Public Printer for the Annual Report .••.••...............•.....•• " .. . . . . 2, 500 00 

Total. • . . . • . • . . • • • . . . • • . . • . . . . . . . . . • . . . . . • • . . • . . . . . • . • • • . . . . . . . . . . . . . . $20, 934 98 

Nor.n:.-Np engraving is done by the Public Printer for the Coast and Geodetic Survey. 



 

PART II. 

Followiug the geographical order of the se0tions of the coast and interior as given in Apven
dix No. 1, this part of the report presents detailed statements of progress in the se,·eral branches 
of the Surve;y, derived from the reports of chief8 of field parties, and concludes with a summary 
of the work of the office. 

Among the report8 which treat of matters of more than local interest are those relating to 
the special examinations made for the most a\·ailable site for a light on George's Shoal; to the in
ve::;tigations of tbe changes in l\fonornoy aml its shoals; to the advance tflwards completion of the 
resurvey of Kew York Bay and Harbor; to the studies of the fornrntiou and movement of ice in 
Delaware Ri\·er and B<ty; to the observations of currents iu the Gulf Stream; to the progress 
made iu the bydrographic examinations ilitemled to furnish data for a new issue of the l'acific 
Coast Pilot, and to the near approach of a juuction of the transcontinentaltriaugulations which 
will form a geodetic connection between the work on the Atlantic and that on the Pacific. 

Soon after the beginning· of the fiscal year Assistant Charles 0. Boutelle was succeeded.in the 
charge of the Office by Assistant n. A. Colonna. The annual report of this officer, accompanied 
by the annual reports of the chiefs of the Office divisions, appears as Appendix No. 4. Statistics 
of the field and office work of the Survey for the fiscal year 1885-1886 are given in Appendix No. 
2, aud in Appmidix No. 3 is published a tabular statement of information furnished to DPpa1tments 
of the GoYernment in rep]~· to special requests and to individuals upon application during the 
same period. 

Appropriat.e reference was made iu the last annual report to the anticipated retirement of 
Commander C . .M. Chester, U.S. :!II., from the position of Ilyllrographic Inspector of t11e Survey. 
HaYing been ordered to a command afloat, after five years' service in that position, Commander 
Chester was relit>rnd October rn, 1885, by Lieut. Commander W. H. Brownson, U. S. N., who was 
detailed at that date by the Secretary of the Na,·~· as E~·clrographic Inspector. 

Lieutenant-Commander llrownson lias submitte<i'his annual report of hydrographic operations 
both in field and office. It is published as Appendix No. 5 to this volume. Ile observes at the 
outset that the methods of bis predecessor in the conduct of the duties of his office bad been so 
successful that bis chief endeavor had been to carry ont the system which that officer had inaugu
rated. 

J.,ieut. J. F. :\loser, U. S. N., A.ssiistant Coast and Geodetic Survey, hall charge of the work of 
the Hydrographic Division of the Office. J,ieutenant-Commander Brownson acknowledges the 
great care and untiring assiduit~- of Lieutenant l\loser in having the charts of the Survey made 
correct to the date of issue. As one means of effecting this, the Survey bas been fortunate in 
securing the thorough co-operation of the Light-House Board through its uaval secrc>tary, Com
mander H. I•'. Picking, U. S. N., and it is hoped that by recent arrangement with the Chief of 
Engineers, results of value will be communicated from the hydrographic survess carried on by tbe 
Engineer Bnrnau in connection with harbor impro\·ements. · 

In order that the changes ox corrections on t.be charts relating to buoys, new lights, dangers, 
&c., may be made a matter of record by puhlication at stated intervals, so as to be available fOJ 

16 
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the use of ship-masters, sale-agents, and others, Licuteriant-Comman<lcr Brownson recommended a 
quarterly issue of a Notice to :Mariners which should contain a li~t of such changes in accordance 
with a scheme prepared by Lieutenant Moser. TLt; fhst number of this series was issued ?.larch 
31, 1886, and eventually a monthly series may be determined upon. 

At the beginning of the fiscal year, the general su11enisiou of tLe work ou the Atlantic Coast 
Pilot Laving· been assigned to tlle Ilydl'ogrnpliic Inspector, the immediate charge of this work was 
giYen to Lieut. George H. Peter;;, U.S. N., As:,;io;tant Coa;;t aml Geodetic SUIT('Y· Byclrogmphic 
examinations made by him iu the executiou of this duty are n~ferred to under tbeir app1opriate 
headings in this pai-t of tile report, aud the 1nogH'!;S rn:aic in tl1e dlice-wmk is stat~d in the amrna 
report of the Hydrogra1lhic lrn;pector. A method im-olving uew features for the general treatment 
of the Atlantic coast bas been devised b~- Lieutenant Peters, sample pages of which haYe been 
printed for distribution an<l criticism. 

Tabulated statements of the names of officers of the 5aYy detailed for duty on the Sun·ey 
during the fiscal year, tlie names of Yessels and their tonnage, and of work done in the field and 
office accompa,ny the report of the Bydrograpbic Inspector. .Ackuowledgmeut is made of tile 
satisfactory services of Messrs. E. "\Yillenbucher, ,V. C. 'Yillenbucber, and F. C. Donn, h~·dro. 
graphic draughtsmen ; of Mr. }J. H. "\Yyvill, who sen·ed as clerk until promoted as draughtsman, 
and of .Mr. George J. Vestner, who succeeded Mr. \'Vyvill as clerk. 

SECTI05 I. 

MAINE, NEW HAMPSHIRE, VERMONT, MASSACHUSETTS, AND RHODE ISLAND, I:\CLl-DIXG COAST AXD 
SEA-PORTS, BAYS AKD RIVERS. (SKETCHES No~. 1, 3, Hi, antl 17.) 

Topographical survey of the west bank of the Saint Croix Rirer betu:cen Calais and Eastport.
In continuation of the topographical surn\Y of the coast of .Maine, it became tlesirable to fill a gap 
in the topography of the west bank of the Saint Croix Iliwr between the towns of Calais and 
Eastport. -Assistant A. \V. Longfellow was directed to orgauize a party for this work under iu
strnctions dated July Hi, 188.'3. 

Events, at that time unforeseen, led to d('!ay in llis obtaining 1lata from the office, hut on tbe 
5th of August he was able to begin a search for stations of t!Je former triangulation, and by the 
end of October, when field operations closed, had filled in topographical details on the upper sheet 
of bis surwy from the limits of former work at Calais to within a mile of Itobbinston. 

The loss of many of the old triaugulation points iuvolYcd many determinations of new points 
for the plane-table wo1'k, 

, Mr. Longfellow remarks that as the "\"\"est shore of the Saint Croix lfr,-er forms the eastern 
frontier of the State of Maine and of the United States opposite the proYiuce of ::'ew Brunswick, 
in the Dominion of Canada, it ma;y be deemed important in a military autl strategic point of view 
to have the topograpb;y of the American shore extended farther westward and made to include in 
greater detail all commanding summits on tlle ri wr. 

The statistics of field-work, on a scale of 1-10000, which be reports, are as follows: 

Miles of shore-line of ponds snrn'J·ed - -_ .... _ .. _ .. - . ____ ...•..... _____ . _ ... . 
Miles of shore-line of brooks ............ _ ..••... _ .. ___ ..... , _. _ ... __ .. _ ... . 
Miles of roads .... , ..... - ....... - - . 

,, 
G 

11 
Area surYe;yed in square miles ..... , . _ .. _ .... _. _ . _ ... 

7 
_. _ .•••••••••• _... • • . • 4 

After the close of his field seaso11, Assistant LougfeUow proceeued to Portland an<l took up 
office-work, upon the completion of wbich, iu :N"ovember, be wai;; placed 011 "waiting orders." 

Topographical surveys in the 'l!foinity of Little River, LUtle JJlachias Bay, Cross l11lanJ Sarro1es, 
and Rtt(Jlishman's Ba,y, coaBt of 1llai11e.-Instructions issued to ARsistant Euge1Je Ellicott toward;; 
the end of May, 1885, directed ilim to proceed to the coast of l\Iaine, and after comvleting work 011 

his unfinished topographical sheet in the Yicinity of Englishman's Ba~c, to take up work to tile 
eastward upon two plane-table sl,leets, including the coast from l\1oose Hi>er to Little Hin~r, and 
from Schooner Drook Head to Cross Island Head. 

The topographical details required on the first-named sheet were completed b~- the beginning 
H. Ex.40-3 



 

18 l::-XITED STATES COAST .AXD GEODETIC S1JRVEY. 

of tl!e fiscal scar, mid arrangements "-ere at ouce made to mon the party to North Outler aud 
beg·in work 011 the sheet to the westward, wl!ich includes tl!e coast in the >icinity of Little RiYer, 
Little :\Iachi;u; Bay, and Oros;;; Island Xarrows. Upon the completion of this sheet, Sept1rn1ber 10, 
the ea;,;tern sheet was taken up. :\Ir. Ellicott remarks that the work on this sheet presented many 
c1ifilcnlties, the country being comparatively unsettled, withont paths or trails, and the shore-line 
the ronghest he had encountered east of ::\lillbridge. 

Field operations were closed upon finishing the eastern slieet in XoYember. The scale of snr· 
wy was 1-10000. Following are the statistics reported: 

)liles of shore-line surveyed ....•....... - . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 46 
-:\Iiles of road surveyed ...........................•......... , . . . . . . . . . . . . . . 39 
:'lliles of creeks snrYeyed . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13 
.A.rea of snrYey in square miles._.... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 44 

During the wiuter :\Ir. Ellicott was oecupiecl in inking- his field-sheets, and in April, 1886, 
was ordered to report for duty at the office. 

Triangnlation and topography of the coastnf .. lfaine in the dcinity of the tou:ns of Macliias, 11lachias
port, and Cutler.-Field-work in continuation of the sm»·ey of the coast of Maine in the Yicinity 
of ;\Iacliias Bay was begnn by Assistant C.H. Iloyd about tbe middle of June, 1885, in pursuance of 
ins!Tnctions issued -:\fay '.2!l of that year. l\Iention of Assistant Boyd's assignment to tllis duty was 
made in the last annu:il report. His plan of operations involn'd the filling in of details upon the 
sheet, including the shores of Little Keunebec Bay, the determination by triangulation of points 
neP<kd for completing the topograpl1y of the Machias sheet, and the completion of the J\lachias
port sheet by the addition of a smrtll piece of forest topography near its junction in the town of 
Cntler with the sheet of Little }fachias Ba~-. 

Cpon the )lachias sheet, the topographical surny of the west branch of the :Machias Rinr, 
<'Olltiuuetl from the sheet below, was carried np to the second darn above the town; the sun·ey of 
tht~ rnidt1le branch was fiuished to :\farshfield, where it becomes a mere creek, although sea-going 
""""l~ls are lmilt upon its banks, aml tl!e survey of the vil:age of l\lachias and its immediate sur
roundings was complete<l. The roads nearest to the waters of Machias Bay, Machias River, and 
Little Keuuebec Bay were mapped, showing the communications between the towns of Jonesboro\ 
:;\Iachiasport, l\Cachias, :Marshfield, ·whiting, East Machias, aud Cutler. 

Two additional positions for topographic and h;vdrographic pur11oses were determined upon the 
sea .. face of Cross Island. Points aud shore-line were furnished to Lieut. E. D. F. Heald, U. S. N., 
commanding the hydrographic party on the steamer Bache, at work in the \leighboring waters. 

A number of exteusiYe areas of dense forest were met with in prosecuting the topographical 
snrn\r ; these we re filled in by the aid of a pocket compass and pedometer, siuce any attempt to 
penetrate these areas by cutting cross ·Section lines for the plane-table and level would have in
Yoh·ed an expense equal to aml perhaps rxceeding the entire allotment for the sea8on. 

)lr. I?. I. ::\I ills joined the party in July, and serYed acceptably until the close of the season, on 
the !!4th of October. 

The statistics m·e : 

:Number of stations occupied in triangulation ...•.•...........••............•.... 9 
:Number of angles measured ....... _ ..... _ ..... _ ..... __ ....................... 73 

. Xnm ber of geograpltieal positions determined._ . _ ........... _. _ ................ 15 
.'.\liles of shore-liue snrwyed ............ _ ............. _. . . . . . . . . . . .•.......... 16 
".\Iiles of roads surnyed .........•.........................................••. 36 
::\tiles of creeks snr,·eyed .....•......................•.••........•...•........ _ . 9 
Area sun·cycd in sq nare miles... . . . . .....•...........•...•......•......... _. 28 

After disbanding his party and stori11gpro1~erty at Machiasport, l\fr. Boyd proceeded to Port
land, and upon the completion of his office-work there, early in December, was directed to report 
for duty at the office. 

Under a subsequent heading in this section reference is made to a survey executed by him at 
:.\Iouomoy Point in June, 1886. 



 

TJXITED STATES COAST AXD GEOD.ETIC SURVEY. 18 

Hy1lrographic surveys of Plea.~ant Rfrer, Englishman's I:ay, Little Kennebec Rii•er, a11ll ~11achias 
Rircr nntl Bay, coast of .Jiaine.-JHention was made in the last annual report of the completion of 
the hydrography of Pleasant Bay b~' the party of Lieut. E. D. F. Heald, U.S. K., Assistant Coast 
and Geodetic Sur·rny, commanding the steamer Bache. At tlie beginning of July, lSSli, in imr
snancc of instructions, Licntcntant Heald had re·organizcd his party on tile Bache, am1 upon reach
ing Pleasant Bay, .July 6, took up the bydrograpily of Pleasant RiYer, from the line joining tile 
ri>er and bay, which was the limit of his work of the pre.-ions season. 

After finishing this sheet, tLe following-named li}llrugraphic sheets were taken up in suceession 
and work on all of them completed with the exception of the one last named: Englislunan's Bay, 
western and eastern parts; Little Kennebec Ri\er, Machias Ri•er. and Machias Bay. It '\>as not 
found practicable to fiuish thp, hydrography of :\Iachias Bay, owing to the acl\ance of the season. 
All of the projections were upon a scale of 1-10000. 

"\Yi th reference to the plan adopted and executed for his work, Lieutenant Heald olJser'"es that 
it was to run double sets of lines of soundings intersecting at right angles, two hundred meters apart, 
-:me of the sets being as nearl:y as possible normal to the ::;bore. Before beginning work upon a 
projection, all of the main lines to be rnn were drawn upon the rough sheet, so as to insure a cor
rect spacing of the lines, and to enable the boats to be worked 011 any projected line in "'hatm·er 
locality tile tide sen·eu best. 

Eacli day's work was plotted upon the smootll slieet the following day by the exrcnti\e officn 
of the ship, and the soumlings were reduced arnl •erifieil by the surgeon and engineer. 1.:'pon the 
completion ofeaeb sheet a duplicate was prepared b.r the commanding officer, npou which he per
sonally spaced iu tlie soundings and traced the 6, 12, and 18 feet cun~es of llepth. This gaYe him 
a familiarity with the cilaracteristics of the several areas sonmled which he conkl uot otiler'\>ise 
harn obtaiued, showing him those localities for the more fnll den~lopment of which extra sound
ings were require(1. 

Careful inquiry was made of local authorities as to the existence of shoals, rocks, or ledges, 
and wht>re au.r were indicated a tl10ruugh search was made, hut in no case were shoals, rocks, or 
ledges :fouud that the main lines of soundings had not giYe11 e\idence of. 

1York was closed October 24, in pursuance of instructions. Lientenant Heald expresses his 
pleasure in testifying to the zeal and ability of the following-named officers who were attached to 
the party during tlie season: Ensigns J. l\I. Orchard, W. C. Canfield, J.E. Cra•en, ·w. J. Sears, 
and H. A. Field, U. S. X.; Passed Assistant Engineer IL l\laiu, U. S. X., an1l Passed Assistant 
Surgeon F. B. Stephenson, U. S. N. Lieutenant Heald ack11owle<lges al::;o his indebterlness to 
Assistant C. H. Boyd for tracings of shore-line of :Machias RiYcr, by the aid of whicil he was 
enabled to complete the hydrography of that rinr to the head of 1rnYigatio11, and also for the aid 
afforded in his work by Mr. Boyd's careful marking of trigonometrical stations. 

The statistics of the season are as follo'\>s: 

.'.\Iiles run in sounding _ ....... - .... __ . _. _ ...... __ . _ ..... _ .. _ ...... _. . . . . 916 
Angles measured ....... - ... - . - ..... _ ....... _.... . . . . . . . . . . . . . . . . . . . . . . 13, 2:J4 
Number of soundings. - ........ - . . ........ _ ...•...•... _ ............. _.. G7, 722 

At the P.nd of the season the Bache proceeded to New York, where she was fittetl for sef\ice 
on the Gulf coast, an account of which is gh·en under tile headings of Sections VII arnl VIII. 

Hydrographia examinations dn tlte coast of Jfaine for tlte Atlantic Coa.~t I'ilot-Lient. G. II. 
Peters, U. S. N., Assistant Coast and Geodetic Survey, has submitted a general report of his 
work nnder instructions dated July 20, 1885. AclYantage was taken of the opportunities afforued 
by the presence of the steamers Bache and Blake on the coast of Maine, to direct Lieutenant 
Peters to report temporarily for duty to the commanding officers of those nssels, first to Lieut .• T. 
E. Pillsbury, U. S. N., Assistant Coast and Geodetic Sur•ey, commanding the Blake, and then to 
Lieut. E. D. F. Heald, U. S. N., Assistant Uoast and Geodetic Sun·ey, cornmantliug the Bache. 
It was desired by Lieutenant Peters to obtain all the facilities ti.Iese officers could girn him for 
making the examinations needed to reyise tilose portions of the Atlantic Uoast Pilot relating to 
the coast of Maine from Moos-a bee Reach to East Penobscot Bay, aml in ::\Iachias Bay and Yicinity. 

He joined the Blake at Portland, August 12, 1885, nml was attacile<l to tliat Yessel until 
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September 4. Tlle work of Lieutenant Pillsbury iu examiniug for reported <laugers to naYigation, 
aml his experience in tlte special line of <luty assigned to Lieutenant Peters, were of great serYice 
and afforded peculiarl,'I· fa\·orable conditions for noting changes in depths and the collection of 
other data for the red:,;iou of the Uoast Pilot. 

Upon ueing detached from the Blake, Septemuer 4, at Bar Harbor, l\fe., Lieutenant Peters 
proceeded to l\lachiasport, and reported, September 6, to Lieutenant Heald, commamling the 
Bache. Much information of value was communicated uy this officer. 

Lieutt-uant Peters was <letache<l from the Bache Se1itembcr 9. On hiti way to \Yashingtou 
he stoppe1l al J>urtlaml, Me., to consult with Commander A. S. Urowniushiel<l, U. S. N., Inspector 
of the l"irst Light-llousc Dititrict, who with great courtesy exerted himself personally to commu
nicate mauy points relating to the work in hand. Son:e of these were new, and others confirme<l 
observations alread~· made hy Lieutenant Peters. 

Advantage was taken of every fwrnrable opportunit;y to obtain from local pilots, fisbermen, 
aud otlll'rs, information tearing ou the Coast Pilot work. Data derived from the practical expe
rience of captains of coasting steamers were also noted. 

Iu accor<lauce with instructions, Lieutenant Peters returned to 'Vashington September 15, 
and resumed office-work in connection with the preparation of the Coast Pilot for publication. In 
April, 188G, he was or<lered to duty in Chesapeake Bay. Reference to tbi'S will be found under 
the hea1liug of Section III. 

Hydrograpltic examination ·in York Narrows and Gasco Passa.ge, coast of llfaine.-On the way to 
.Macl1ias1t0rt, in June, 188G, in pursuance of instructions to execute a hydrogra.phic survey from 
l\lachiasport eastward to Quoddy llead, Lieut. John l\I. Hawley, l:-. S. N., Aissistaut Uoast an<l 
Geodetic Survey, commanding the steamer Bache, was directed to make au examination of the 
comparative advantages of Casco Passage and York Narrows, two thoroughfares much use<l by 
coasters. This work occupied two and a half days; the Bache then proceeded to l\lachiasport, 
where t-ihe arri nd July 1. 

Detailed uofo:es of Heuteuant Hawley's surveys are necessarily postponed till the next annuitl 
report is published. 

Becord continued of tidal observations from selfregister-ing tide-gauge establfalted at Pulpit Cove, 
North Haren Island, l'enob8cot Bay, jllaine.-An unbroken series of tidal cunes has been secured 
for the. w11ole year from the self-registering tide-gauge which has been maintained in operation 
since 1870 at Pulpit Co,·e, North HaYe11 Island, Penobscot Bay. Mr. J. G. Spaulding, the. observer, 
has ext•rcise<l Lis usual watchful ·care to keep the series continuous. Observations for three ;years 
mon< will complete the ninetee11.;year luuar cycle for this station. 

Special liydrograj)li-ic e.w.ininations on the ~·eic England coast.-Soou after the beg-inning of the 
1iscal year, Lieut. J. E. Pillsbur,y, U. S. X., Assistant Coast and Geodetic Surn;y, commanding 
the steamer Blake, proceeded m1<ler instructions to make special hydrographic surveys and exam
inations 011 the New England coast. In his general re11ort he ii.as summarized his work on that. 
coast, from .Tnly to NoYember, 1885, as lmYing been conducted in the followiug or<ler, viz: Com
plPting an nnfinislte<l surwy in the Yicinitr of Saco Bay, from Richmond Island to the southward 
of ·wood fa land; rnakiug au examination of Georgn';; Shoal, with a view of finding a suitable 
location for a ligllt-110use; examining shoals reported in the Yicinity of Cape Cod and in JYionomo;y 
Passage ; making current ousnvations off the eastem coast of Cape Cod; making examinations 
of (laugers between Boston and Moos-a-bee !teach; making sun>ey of Cape Split Harbor, Maine, 
aud making examinations of <l:mgcrs in Yiuc,yanl and Long J sland Sounds. 

·with reganl to the8e and to other examinatious, Lieutenant Pillsbury l.Jas submitted full 
detaikd reports, and his results have been made the haisis of corrections to charts and of revisions 
of tlu.> Coast Pilot, and in the more important caseis were published in the form of Notices to Mariners. 

The nee<l of a light on George's Shoal is concisely stated and strongly urged in Assistant 
.l\[itchell's Jlaper, imhlished as Appendix No. 11 to the last annual report. Lieutenant Pillsbury's 
examination developed facts of much interest, which are given in the following extracts from his 
report: 

"I soon ascertained that the tide-rips (on George's Banks) in<licated the shoalest water, and 
1 went oYcr cnry tide-rip I could find the whole length of the shoal. 
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"On the northernmost slloal I fonrnl ahont sen~nteeu feet, but other tlrnn this I made no spe
cial examination of the spot, as I considered the middle of tLe bank a better locality for a ligl1t
l1onse, and that was soon seen to possess better natural features. Xearer the middie I fouml wlrnt 
I snppo;;;e to he the two and one-llalf fathom spots of the \\-ilkes snrn·y, rn,Y geographical posi
tion agreeing wr~- closely with his pnblislicd chart. The spotH seem ell to be 011 two parallel ridges 
running about X\V. and SE., arnl marked yery accurately by the rip;;. The cllange in (h•pth be
tween the ridges and tLe portions of tlle shoal immediately adjacent 011 either side \Yas uot Yery 
great (from six to tweh-e feet) and the ridges were quite narrow, hut still I think tiley iu them
selYes would assiRt materially in breaking the force of a sea cro;isillg them again:,;t a liglit house 
situated between, and if the ele\·ations were raised artifieiall)- the rost 1Yonld Le lessened. Be
tween the ridges the deptil yarieu somewhat, as will be seen lly t1!1· somHlings. 

"I endea,·ored to obtain some surface-soil specimens, lint the current was ;;o strong that m,r 
boriug apparatus was brokeu. I succeeded, iloweYer, in boring a hok about fin:- feet deep \Yith 
water and a long pipe, and it seemed to be :ill hartl, coarse sand. Ortliuar;.· 80ll!Hlillg cups tailrtl 
to bring up bottom specime11s, even with shot. But I dretlgrd on hotlt ridgef', between them, and 
outside hoth, and in each instance brought up coarse sand witll a few small 1ielil.Jh·s. 

"The description of the set of the current iu tile Atlantic Coast Pilot sePmed to lip correct, 
but I saw no eYiclence of the rise a11cl fall of tide as therein men tionell. I 1rns 011 the shoal spots 
witil the •essel at about high and low waters, and dra•,,·ing eleven arnl a lt~tlf fl't·t I am sure she 
would baYe strnck bottom if tilere hall been a redudion of six feet 011 tl1e depth we fonw1 at high 
watPr. 

"lu running the lines of soundings iu the examination, I tried, ou rnme of thew, to keep 
exactl;r on the ridges, but I found it impossible to do so with so ::;tro11g a curre11t, a11\l PYeu in 
crossing them sometimes failecl to get the lead exactl,r ou tlieir narrow tops. I am incliued to 
be1ieYe from the degree of disturbance in the edges of the rips tllat the depths ou tlw rill!;l'S are 
ahont the same, and that the,r are nearly eoutinuuus. At the point examiued, prohalily in a length 
of one thousand feet, a three and oue-balt' fathom curn~ woultl not cross thPm. On lioth thles, the 
dark and rongll eclges of the rips were at tlw ridges; with a set paralll'l to them there was no rip, 
and tilis stage lasted about an honr each tide. The shoalest spots art> easily locate(! b,r tllest' rips, 
the former being situated near· the northern eml of the la.tter. Of the two rips, the easternmost is 
much tl1e longest, hut their northern extremities are nearly in the same line. Thf' uiilicultit•s in 
constructing a light house in this Yery exposed sitnation I cauuot Rtatc, but I sl10nld concllHlc that 
tllis position presents fewer difficulties than auy ot!H;r position seen 01t the shoal. 

''Inquiries among fishPrmen at Provincetown dcve loped the faet tliat the sand from the bottom 
is alh-e in heavy seas and sometimes comes on hoard their scllooners when the spa l>rc<1ks o\·er 
them. I am tolcl, however, tilat tile rips <lescribed seem to he perm:rnent. showing· that e\·en if the 
sand does move the ridges are maintairn'd in about the same position; whether it is by the same 
sand, or fresh sand continually coming to fill in the place of that earried on, it is irnpos~iblt• to 
state." 

Lieutenant Pillsbury ma.de special reports from time to time of the retinlt::; of hiK examinatious. 
The number of dangers reporteci and searched for was se,·enty-niue, of\\" hich sixty-fin~ were found 
either wholl,Y or in part as reported. On the coasts of .Jiaiue au<l .Jlassachnsetts isome of these. 
dangers to rn1Yigation were of sufticie11t importance to demand tile issue of .Xotices to :'llariners. 
These notices, which recei\·ed the. usual wille awl free distrilmtiou, relate to the following-uamed 
dangers: 

(1) Two small ledges, hitherto micharted, Ising near :\1onltou's LedgP, off the entrance to 
Dyer's Bay. 

('..!) A less depth of water than shown on the charts between Bass Harbor Head nnd Great 
Gott's Island. 

(:3) In ~ruscle Ridge Channel a detached lt>dge, known as Emery I1edg-e, lying north west of 
Fisherman's Island. It is now marker! by a buoy painted red aud black iu horizontal stripes. A 
least depth of firn and oue-half feet was found upon Upper Gangway fa•dge, instead of eleYen 
feet as indicated 011 the charts. 
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(4) Between ~Ionhegan Island and Seguin falaud it was found that the group of ledges nearly 
surroundi11g Pumpkin Islawl had several detached spurs hitherto uncharted. 

(5) A rocky patch was found about a quarter of a mile to the eastward of the northeastern 
end of Ham Islawl in Casco Bay. 

[The aboYe abstracts are takeu from Notice to ::IIariners No. 71.] 
(G) Developmm1t of a bar between Thatcher's Island awl :Milk TRland. fXotice to l\lariners 

:So. GG.] 
(7) An nncltarted 1N1ge ha dug a least deptlt over it of three and one-lialf fatlioms, awl lying 

11f'arl.r sern11-eightbs of a mile XE. by E. ~ E. from Martin's Ledge, Massachusetts Ba,L fXotice 
to Mariners No. G7.] 

(8) Importallt changes in ::llonomoy Passage, ::IIassachusetts. [Notice to Mariners So. G9.J 
Other examinations made by Lieutenant PillsbuQ- are referred to under the heading of Sec

tion II. In November, after his return -with the Blake to Xew York, he was instructed to fit tbe 
yessel for deep-sea sounding and curreut work off the Atlantic coast. An account of this cruise 
will appear nuder the bea11iug of Section YI. 

I'hpsical ltydrographJJ-1llonomoy and its 8ltoah:-In ltis annual report Assistant Henry J\Iitche11 
has submittetl va1>en; on each of tlH' topics that lun-e fallen under his superdsion in the course of 
bis studies in ph,\sical !Jydrograph~-. These papers relate to l\Ionomoy and its Shoah:, to the Delta 
of the Delaware, aml to'Xc~"' York Harbor. Heforeuce will be made to the two last-named sub
jects under tlrn lieadiug of Section II. Mr. l\Iitchell's reports on the physical history of l\lonornoy 
and its Shoals and of the Delta. of the Delaware appear iu full in Appendices Xos. 8 aml 10 to 
this Yolume. .A.n abstract of the results which lie arrives at respecting the chauges at )fonomoy 
is here gi n:n: 

"The peninsula of l\lonomoy arnl the group of shoals about it present dangers that affect tlie 
eomrnerce between the States to a greater degree, perhaps, than any other obstructions; for here, 
at the eastern entrance to ~antucket Souu<l, JHlSS about thirty tbousand vessels annuall~-, and occa 
sionally three hnndred ,-essuls in a single 1lay. These vessels average two hundred tons buruen, 
arnl those imssing in a siugl<' day may represent, with their cargoes, three millions of dollars. 
Tliese Yessds not only run the gauntlet among the natural (}angers of this neighborhood, but they 
endanger each otlier in narrow channels for which the charts are inadequate; for thus far it has 
been almost impracticable to keep accurate chart<> in the market because the peninsula of 1\10110-

moy iH extending itself into the ocean continually, and the shoals about it are nearly all of them in 
motion aud augmenti11g· as the~- travel OH. ~,Ir. l\litchell has made a study of tile 11hysical history 
of these chaugPs, which he has based upon five strictly professional surveys extendmg back to that 
of Uapt. O. 0. Boutelle, in 1840, aml he llas gone beltirnl c\·en these, with consistent testimony to 
the rrnney of Capt. Panl Pinkham, in 178±. Never lias any remarkable physical change been the 
suQjcct of closer scrutin~-, and against his figures, that might otherwise seem improbable, l\Ir. 
Mitchell bas place1l the names of snch authorities as Assistants noutcllc, Gilbert, Iardella, \Yest, 
and lloyd, of the Coast Sur,·e,1, 'TlJO at difforent times made plane-table surveys that could not 
be exc1~lled in :iccnracy. Tlie earliest Coast Pilots of tbis century mentioned that this peninsula 
hall cxtl'1Hled a mile in the previous half century, but the Coast Survey testimony giYes a rate 
exceeding <wen this. 

'·hi the early part of this century the extremity of l\Ionomoy made a mm·ement to the westward 
and formed a uook which in time l>ecame a Yalnable harbor and was christened the Pou:der Hole. 
It was capable of lwlding as many wssels as were likely to be caught in that neighborhood by a 
wiHter·:s gale, a1J1] :'\Ir. J.Iitcbell counted forty nssels there in 1855. But it was sllort lfred. The 
excl'llt>nt chart of it, execnted by thf' Coafit Sun'ey, was l!arllly in the market before tt decliue set 
iu, the protecting lw:wh lieg-au to fall back, and by 1875 this harbor of refuge was gone. The 
remaius of a wharf, once 1Yithin tlw Powder Hole, are uow found in Nantucket Sound, awl appear 
as a slwal upon .'.\lr. Boyd's recent sun·ey. 

''The channel across which tl1is great mass of sand is traveling is known as Butler's Hoie, ant! is 
tl1c gmnd thoroughfare for the commerce of New Euglaml wJth the more southern States. It is 
only 011l1-ltalf the .width that it was within the memory of old sailors now li\·ing, and it is more 
di1ficult to naYigate e\·ery ~-enr. · 

"Iu tile we~t('ru approach to Butler's Hole lies the Handkerchief Shoal, which l\1r. l\1itclicll makt>s 
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"'a special subject of comm cut iu his report, because he had at bis command seYeral good s1Irn•ys. 
Ile a:sserts that this shoal extemled itself across the sailing course of the great fleet three thou
sand feet iu twenty-two years, aml added to its bulk (abo>e the eighteen-feet plaue) seven mil
lion cubic yarus of sand. Other :sl10al:s, to which the stu<ly is being· extended, exhibit chauges of 
\'Olume and position, and tllese phenomena are found to be coincident ''ith a great encroachment 
'lt' the ocean upon the sea front of Cape Cod, more especially at Chatham, wllere portions of the 
town, together with two light-l10nses, !Jaye fallen a prey to the dasll of foe waYes. 

•'At present the whole group of phenomena is without Pxplanatimi as a freak of the oceai1, alHl 
the damage to the channels that is being done may be beyond human effort of pre\·entiou ; bnt 
the Coast Sur\-ey has undertaken to make a diagnosis of the case as au iucideut to the perfection 
of its chart." 

l\Ir. Mitchell's report is accompauied b~T a pap<·r furnished l\r .Assistant Charles U. Boutelle~ 
•referring to his topograplllcal surwy of the island of Monomoy made in 1840 at the request of the 
authorities of the town of Chatlimu, and by a tracing showing the changes in J\Ionomoy aml its 
shoals between 178± arnl 1875, and one showing the growtli of IIandkercliief Slloal, pre1iared b~
l\fr. II. F. Botllfield, emplo,yed as a special expert in such comparisom;. 

Resurrey of Jionomoy Point, ]Jla.~.wehu.~etts.-In order to obtain further data for deterwiuiug 
the rate and extent of the changes taking place at the southern end of tbe island of 2\Ionomoy, 
instructions were issued to Assistant C.H. Boyd, June 8, lt\SG, to make a resu1Te,Y of tile shore-line 
north of and around the Point of sufficient extent to affonl a comparison with his ow11 surn•y of 
lSGS, aud with other sur\'"eys. Subassistant 0. II. Yan Orde11 wa>l directed to aid l\lr . .Bo~-tl in 
this work. 

JiaYing establislied themseh-es at the Point, iiiessrs. Doytl antl Yan Onleu :searched for aud 
recoyered stations of the triangulation of 1868, and then chained short bases on liues to X antucket 
Great J>oint, and Harding's Beach lig11t-bouses, distant tweke arnl eight miles respectiYel~-. "C"pon 
these bases a small plane-table triangulation was rnacle, atHl the i·esurw>,y of the siiore-line completetl 
from a mile north of J\fonomoy light on both ocean and bay sitles aronud the Point arnl tht~ Powder 
Hole. 

The low-water line was measured as carefully as the surf would allmY, all portions beiug Yi sited 
at low tide to get an accurate delineation. That part of the "Shm·elfnl Sl1oal" showing just ht,forp 
low water was determined b~- the intersection from shore stations, as the 1<urf ran too higli tP 
permit of landing upon it. The position of the Light.Ship and tlmt of the buoys npou shoals in 
sight was also determined. 

J\lnch unfaYorable weather pre\-ailed, some part of each day bei11g lost from Pither rain or fog. 
but as the obserYers were alwa.rs ou the ground, no opportunit~· of \rurk was lost, aml ou .Juue :.!1 
the surn'y was completed. 

The results obtained are: 

"Miles of high-water shore-line surn~yell ..•. , .. __ . __ . _ ... _. _. __ . _ ..... _ ..... . 
l\Iiles of low-water shore-line surnye<l- - ___ ........ _. ____ .. _. _____ .... _. _. _ j 

Area of survey in square miles __ . - ..... - ........•..... _ ... ___ . ______ ....... . 

Mr. Boyd reports t!Jat some marked changes 'vere de,-dopet1 witLin tlie limits of this exami
nation. A mile and a half north of the J,igltt-Honse t!Jere was found an accnrnulatiou of sarnl somP 
two hundred and fifry meters to seaward upon the shore-line, and gradually diminishing in 'l'.-idth 
till near the Light-House, where the shore-line is nearly the same as ei~bteeu ~-ears ago. At the 
extreme end of the Point. the sands haYe built out one hundred aml tweuty-ti rn meter;;. But the 
most marked change is the total destruction of the Powder Hole as a harbor of refuge. 'Ille cast 
ern sand spits making tliis slielter liave beaten iu upon the harbor one-fourth of a mile, and the 
entrance is so silted up that it cannot now be entered with a sail-boat near low water. Formerly 
this was a safe and commodious harbor for a larJ:);e flef't of coasters in t\YO fathoms water. l\lr. 
Boyd suggf'sts that a study of the source and movement of material along the eastern face of Cape 
Cod, and of its accumulation ou the Point and on the shoals adjacent, wonl<l lead to the adoption 
of such engineering expedients for its control and utilization as would restore the Powder llole to 
its former value as a safe and rooms liarbor for cnasti11g \-esscls: 
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Contin11ation of geodetfo operations ·in tlic State of "li.'eu· Hampskirc.-"Gnder instructions to take 
up fiPl1J.work as soon as practicable after tile beginning of the fiscal year, Prof. E.T. Quimhy, 
Acti11g Assistant, hall eompleted by July 1 the needed preparations for occupying a station in 
SontlH•astern :Xew Hampshire. His party was established in camp on Patuccawa Mountain, in tbe 
tO\Yll of :Xotting-ham, }{ockingharn County. This station is one of tbosf\ in the primary series 
along the :Xew Engbml coast; it has au elerntion of about eight hundred feet almrn the sea, and 
was iirst occupied h.r Superintendent Bache in 1849. 

{" nfavorahle weather del.ayed the beginning of obserrntions until July 7. On August 2, work 
at Patncca'l'l"a \\"as finished am] the camp was moYcd to Garrison Hill, in the town of Dover, Straf. 
ford Comity. This was accomplished, notwithstanding a heavy storm, b~y August 4. Garrison 
Hill is a place of resort during the summer, and a tower for the use of visitors bas been built 
on its snmrnit. This tower with its tiag-pole rising from the center was used as a signal to 
he obsen·ed upon from other stations, hut as it could uot be occupied it was necessary to build a 
tripo(l aml scaffoltl so as to eleYate the theouolite about twenty feet and overlook the small grm-i'tb 
of tr{'es with 'l'l"hich the hill was coYered. The point occupied was tllerefore an eccentric one. 

After completing the observations at Garrison IIill, September 11, and packing and storing 
his camp equipage, Professor Quimby visited stations Blue Joh aml Catamount, points in the sec
omlar;•• serie;.;, to measure a fe'l'I" angles. Field operations were closed September 28. The follow
ing statistics are reported: 

Xnrnher of pointiug·s with horizontal circle ................................. 1, 700 
XnmhPr of l1orizontal directions rletermined . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 202 
Xumber of poiutings with vertical circle.................................... 720 
:X urn bcr of Yertical angles measured. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 21 
:X urn her of micrometer measurements for heights . . . . . . . . . . . . . . . . . . . . . . . . . . . 212 

l'royre,<;s made in geodetic operation.~ in the State of Fermont.-Field-work in continuation of tlie 
triangulation of the State of Vermont was begun July 2 by Prof. V. G. Barbour, Aeting Assistant. 
Between that date and August 31, when obsenations were closed, under instructions, three stations 
were occnpierl. The first of tlmse was on Hoehe:;ter .Mountain, near tbe town of that name, in 
\Virnlsor County, the Sl'COJHl on Goshen ::\fountain, in Addison Cuuuty, a station quite difficult of 
access, and the tbin1 nt Landon, ahont e !even miles to the west,rard of Gos.hen and near the western 
li111its of the State. J,audou is c:1sy of aceess and commantls an ex:tensiYe \ie" to the north. 

Iu a(ltlition to th!~ ohserYations upon the siguals of the triangulation, adnmtagc was take11 
of C\'Cr;'I· opportunity to dctN·minc church spires and other prominent objects in the numerous 
Yillnges Yisihle from the stations occupied. Among these were tho dome of the College at :Middle-
1mry, Vt., and clrnrdt spires iu Hutlall(1, Brandon, ltandolplt, Braintree, Barnard, \.Vbiting, Shore
ham, S:1lii;lmry, anrl 'Vest and East Smlbnry, Yt. Observations were made also on the tower 011 

Snake or Grandview :I\lonntain, arn1 upon church i;:pires in .Moriah and MinerYille, N. Y., and t1ie 
11iglt-Scl10ol lmildiug- at Port Hem~-, :X. Y. 

Co operation 1cifh the F. 8. Geological l-iurrey in making a topographical 81trvey and 11wp of the 
State 11f Jfas8ach11.~ctts.-A1;;;istant IIPnry L. ·whiting l1as snbmittt>d a report of the duties assigned 
to him daring tlte last tisc1ll year as a mem bcr of the Board of Commissioners on the part of the 
State of Jlassadrnsetts, org-:rnize<l to co·o1wrate with the U. S. Geoioi:(ical Sun·er in making a 
topog-raphical 8urve~· arnl map of the State, and also h~· taking the general direction of the triangu
lation fnruishe<l to tltc State liy tlle Coast and Geodetic Survey. 

A full stttteu1ent oft he details of this work, which was executed by Assistants Perkins and Van 
Ordeu, wh1) were detailed to act under J\fr. "Whiting's general supervision, is given in the printed 
n·port of the commissioners, from which haYe been con<ler.sed the reports which appear under 
the t'vo headings immediately following. DuplicatPs of all tlle results of the work of Messrs 
Perkins and Yan Orden ha Ye lwen fnrnislu•d I\\" direction of the Snperinternlent for the use of the 
commissioners. 

Since the close of the field ;wa£o1on and dmi11g the wintt'r and spriug Mr. \Vhitiug's personal 
attention has been gi,·cn to thl• affairs of the State Uornmission in matters pertaining to its business 
management and official dealings with the State GoYernrncnt. Tlle acconuts of the State Survey 
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in the expenditures by the U. S. Geological Sm,~Py and by the Commission baYe passed through 
his hands for approYal and prrsentatiou to the State officials. 

During the month of J nne :\Ir. 'Vhiting took up, nuder in~truction;;:, an examiuaiion :rnd surve;y 
of an opening which has been m~ule recently u:-· the sea in the south beach of Eugartmvn Harbor, 
:\lmtLa's Viue~·ard. Heference to this work will be found under a subsequent heading i11 this 
sectio11. 

Determination of i1·igonometri~cal po(nfs in the Gonncctic1lf Rii'c1· V<tlley for t/ic topographical 
surrey <~f the Stale of ,lfnssaclt u.1etts.-In punmauce of instructions issued in accordance with the 
1n·o,·isions of the act authorizing the Coa;.;t aml Ge0tletic Surn•y to determine point;; in ead1 State 
wllicll shall make proYisiou for its owu tor)ographical surveys, Assistant F. \Y. Perkins was llirecte<l 
to proceell to Boston in June, 18:35, a111l coufcr with Assistaut ILL. "'lliting, one of the Commis
sioners of the State Sun·ey. Tile topography of the ConuPcticnt Hirnr Yalley heing- tl1e11 in 
progress, it was uBcrned alh·isablc to haYe a number of additional trigouonwtrical point;; <lctl'r
miuecl by l\lr. Perkins, those an1ilable from thl' Borden triangulation beiug too frw. 

\Yith reg-aru to the points of the Borden sm·wy (18J:!-18:.l8) ::\Ir. Perkins ohsc1Tes that the_\' 
were well marked and were reco•ered at far less expense of time than eoul!l have Leen anticipated 
from the fact that there wen• no descriptions of the localitie~. 'l'Lte,y were known officially onl.Y 
by their latitudes and longitude:,;. He notes, howen•r, what appears to he a waut of care in the 
marking of the eml:-; of the Hatfield Bast', upon the rneaRnrement of wliicll )fr. Borden l'Xpenuetl 
so much care and ingeunit.\·, aml upon which bis trigo11onwtrical s1un'y of tlte St<lte re:sts. The 
northern en,l of this base is marked at the surface only by a rough l>lock of stone witl1out a11y 
iuscriptiou, while the southt•rn one has no surface mark. 

Mr. Perkins' triangulation vrns for tlie greater part inclrnletl withi11 the limits of the eouuties of 
Prauklin, Hampshire, aml Hampden, an<l extended o\·er au area of about niue llumlred sqnafe 
mile:,;, at a cost to the State and the United States of one dollar and uiuety-two cents per square 
n11lc. He was aided h,Y recorders :mpplied by the State. Of these l\lr. E. C. Peirce 8C!Ted dmiug 
the greater portion of the season, aud during- the latter portion Meissrs .• J. Carleton Teny aml 
Stockwell Betts. To these gentlemen Mr. Perkins express<0 s himself as imlebted for earne,;t auu 
Pllicient assistance. Ile refers also to the general iuterest taken in the work and dispositiuu to 
facilitate it :-;Jiown by all cla1'ses of the people. 

Field 01wrations were closed :Xo•·emher ;~, aftn whieli the time of the party was den1ted 
exelm•h·ely to the reYisiou aml dnplication of tlle n•cords anll computations, all of whielt lwn• been 
completed. 

The statistics of the \rnrk are as follows: 

.Number of olu points recovered .. - - ................ _ ..................... . 

.Number or siguals erected..... . .... - ..... - .. - ....•...................... 
:X nm lier of stations occupied ........... , .................... , ...•. - .... . 
:S-umher of geogravLieal positions lleterrnined ........................ ·. - ... . 
.Number of ele\·atious determined .... ___ .. _ ..•.... _ . _ ....... _ ........... _ 
:X umber of points obsen·ed upon ... _ ... - ............. _ ... _ .. _ .... _ ...... __ 
Xumber of Yertical angles weasnred .........•.... _ .. _ ......... _. __ ..... _. 
.Xumber of horizontal angles mea<>ured .... - ............................. - . 

11 
34 
rn 

137 

;n4 
403 

:.!, U!JO 

It is to be noted that tlle number of points mentioned as determilie1l in geographical iio:,;ition 
only partially represents the results of the work, siuee mauy of tLe isirn.de directio11,,; mea::<urell 
sern~ to Yerify doubtfui positions in the older Bortlen surrey, or are partial detenuiuatious of points 
which will be corn1Jleted iu the com,;e of the extension of the tri:mgulation. 

'fowar<ls the eud of .Xovember Assistant Perkins was assigned to duty on the Gulf coa8t. 
Reference to this will be made under the beading of 8t•ction Vlll. 

Determination of the b:>und1iry lines of tou:11s in the State of J.l!a8saclrnsctts.-T.Ue Uonm1is.~i0Hers 
of the Topographical Sun·ey of l\lassachusetts haying ma<le appheation for the detail of au ofl.icer 
of the Coast arnl Geodetic Survey to determine by triaugulatiou tlle houudar;v liues of t!Je cities 
and towns in the Corumonwealth, AssistaIJt 0. II. Van Orden was detailed in June, 1885, for this 
duty, with instructions to report to Assistant Henry L. \Yhiting, one of the Comrnissiouers of the 

H. Ex. 40--4 
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State Sur\·e~·. It was held by the Commissioners that the points of triangulation determined in 
connection with the boundary lines would also form a part of the system of points needed as a 
basis for the topographical sur>ey, these respectiYe branclles of the surwy being cognate in their 
nature. It was borne in mi11d tlrnt tlle topographical sur\·ey did not uudertake to determine lines 
of' political and municipal diYision except in cartographic form, and it was thought that the 
addition of' data from which the Yalucs in fig-m·cs of the lines in the Yarious town boundaries could 
lie taken would.enhance the Yalne of the whole work. 

a.Iler conference with ~fr. ·whiting, ;\lr, Yan Onlen took ti.Jc field in June, 1885. His first 
\rork was a reconnaissance of the priwary sitle of Blue Hill-Prospect W'altham, and its connectiou 
with the corners of the town of Hylle Park, Norfolk County. Theuce he worked easterly, includ· 
ing awl completing the town l>ouudaries of Milton, Quincy, Braintree, Randolph, Holbrook, and 
W eyrnouth, in Norfolk County, and of Ilingharn, Cohasset, Scituate, aml South Scituate, iu Plym. 
onth County. In Xorfolk Uouut~· he partially completed the boundaries of the towns of Dedham, 
Canton, awl Stonghtou, and in Plymouth Count~- those of Brocton, Abington, Hockland, and Han
on·r. To do this it became necessar.r to use two additional points in the primary triangulation, 
Scituate, and I>rospect Bingham. From the line joining these points as a ba8e, the triangnlation 
was carried southward to the old line, Ahlen-l\lonk"s Hill. 

In comi11g down frow the primar_y sides to the town corners, the work done establishes points 
that will be Yery mseful in future surTeys. All of such poiuts haYe been perniauently marked and 
descriptions of them made. l•'ield operations were clmied, owiug· to the mhance of the season, in 
Dt'cem Ler. The results are summarized in the followiug statement of statistics: 

~umber of pointis of former triangulation occupied. _ ........... _ ............ . 
Xumber of points of new triangulation determined .... - ..................... . 
Xumber of points at angles in town lines <letermiued .....•................... 
Total 1rnm ber of points occupied and determined ............................ . 
Area in square miles co\·crccl by triungulation. . . _ ............... _ .. _ .. ____ . 
X umber of towns of' which boundaries are completed ........................ . 
Number of towns of "·hich boundaries are partmlly completed ...•......... _ 
::\"umber of o~jects determined, such as church spires, &c .•..... • ...........•.. 
Xumber of points within completed to1vu boundaries permanently marked and 

described as bases for foture surn·ys .. _ ....... __ . . . . . . _ ... __ . _ ..... _ ... _. 

4 
153 

fi7 
213 
500 

11 
~ 

' 
22 

"'ith regan.1 to this work the Commissioners in their annual report express their belief that 
its completion in a manner commensurate with the scientific an1l accnrate standard of' the trigono
metrical snn·eys already made by the State and tlie United States will form the best basis for a 
cadastral or propcrt;r line surwy of a State yet proYide<l in this country. 

Surrey of a. recent openin[! in Cotiimy Bea.ch, south side of Edgartou0n Harbor, ]llartha's Vine-
11ard.-The Yalue of Edgartown llarbor as a harbor of shelter for Yessels caught by bad weather 
.ill the approaches to Cape Cod was dwelt u pou by Assistant H. L. \Vhiting in his elaborate report 
on shore-line changes ill tlrnt harbor, puhlishecl as Appendix No. 17 to tlle Report for 1872. In 
that paper he remarks that the importance cannot be questioued of au inlet or passage-way from 
the harbor southward for the smaller pilot-boats, wi.Jicll in certain winds and storms can safely and 
quickly reach Yessels neei.!-ing a pilot off l\luskeget Challnel, through a southern inlet, wheu it 
would l>e impossible for them to round Cape Poge or reach the ground of danger hy any other 
route. 

Since 1869, when the eastern inlet into Cotamy Uay was closed b;y the action of storm and 
ti11P, t be l>each remained intact until Januar~·, 1886, when a new opening occurred near the center 
of the beltch, having a wicltll of between nine lmudred and one thousand feet. It was deemed im
portant to l.Jaye the exact location, extent, aud character of' the new inlet determinetl by a resurn•y, 
anll this duty haYing Leen assigned to )fr. Whiting, he took the field early in June, and at the 
close of the fiscal year hatl erected the necessary si~nals and occupied a number of stations. 'l'he 
result.s of this rcsun·ey will be made the subject of a special report by Mr. \Vlliting, which will 
be imlllished as .Appendix );o. !) to this Yolmne. 

1'opographical resuncy of Block I~land, Rhode IMland.-In connection with the general resuryey 
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of Long Island Sound, instructions were issued towards the close of April, 1886, for a topograph. 
ical resurvey of Block Island at the eastern entrance to the Souud. .Assistant W. H. Dennis, to 
whom this work was iutrusted, reached the island .l\Iay 1, and immediately organized a party for 
the SUl'YCJ". 

During :May aud Jnue l\lr. Deuuis reports that the weather was nnfa·rnrable, and that the 
iITt'gulariLes of surface in the island, and the great amount of artificial detail, made progress less 
rapi1l than lie had desired. Upwards of one-half of tlie area was completed, 110wernr, by June 30. 
To that date the statistics are: 

l\liles of shore-lim' suneye11 ............. _ . __ .......... _ .. _ .. _ ... _ ...... _ . _ . . l'..! 
~Iiles of roads sun·eyed . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . 3;:; 
Sliore-line of ponds, &c., sun·eye<l .................. _ .................... _... ~5 

Area suneye(l in square wili•s ..... _ ............... _ .... __ . . . . . . . . . . • . 7 

SECTIOX II. 

COI\I\ECTICCT, NE\Y YORK, NEW JERSEY, PENNSYLYAKIA., AI\D DELAV;"ARE, INCLCDING COAST, 
BAYS, AND 1:1\"ERS. (SKETCHES Kos. 1, ~l, 4, lG, and 17.) 

Exnmination <~fa danger to navigat-ion in Fishe1·is Island Souud.-A rock haYing been reported, 
uot laid tlowu on tlie charts, iu Fisher'" Islaud Sonud, east of tlte \i~ est Harbor, Lieut. J. E. Pills
bury, c. S. N., Assistant Coast and Geodetic Sun·cy, was directed to examine the localit.L His 
report led to the pnulication of a Notice to ~fariners (:Xo. 70), bearing· date of NoYembcr 30, 1885, 
and describing a pinnacle rock haying hut Reven feet of water upon it, l;ying about midway be
tween ~liddle Clump and the nearest point of Fisher's Island. 

Other dangers to navigation, discovercrl and reported Ly Lieutenant Pillsbur>-, are noticed 
urnler the lieatling of Section I, and his deep-sea sounding and currl.'nt work under tlie heading of 
Section VI. 

'l'opographfoal resu~·1:ey of the sottth shore of Long Island Sound, continued from Roanoke La.nd. 
ing H'est1card.-At the beginning of the fiscal .rear Subassistaut \V. I. Vinal was at work, in pur
suance of instructions, iu making a resun·ey of the shore-line of Long Island. A.t tliat date lie 
bad surveyed a uarrow belt of topography on the shore from Peconic westward to Roanoke Laud
ing. Tlie seasou being fayorable, auu the facilities for transportation good, satisfactory results 
"·ere obtained tlirougbout tbe season, which closed Xm·ember 15 at Port Jefferson IlariJor and 
Setanket Beacli. 

Tlie survey is sliown upon six plane-table slieets on a scale of 1-10000. l\lr. Vinal reports tlie 
following statistics : 

:Miles of shore-line surYeyecL. . ................................ - . . . . . . . . . . . . 51 
Miles of roads suryeyed. . . . . .. -.............................. - .. - . . . . . . . . . . 49 
~Iiles of creeks and ponds surYeyed _ - ..... _ .. - .... _ ............... - ... - . - ........... - . . 8 
Areit snn·eyed in square miles...... .. . . . . ..... _.... . . . . . . .. .. .. . . . . . . . . . . . . 14 

l\fr. W. B. l\fapes was attaclied to tlic party from July 1 to tlie end of the season. Duty 
assigned to .Mr. Vinal during the following winter on the Florida coast is refcl'Icd to nuder the 
heading of Section VII. 

Additional soundings-In-shore hydrography uf Lung lslmul Sound,jhmi Bam11w1w1;15eft I'oint 
to Soiithu-e.~t Ledge Light-house.-Some lines of soundings being needed to fill up parts of the re
sun·ey of Loug Island Sound in 1884, wliicli liad been unarnidaul~· left incomplete, instructions 
were g·iyen to Lieut. F. H. Crosb;y, U.S. N., Assistant Coast and Geodetic Surw~-, commanding 
the steamer Gedney, to take up that work at the opening of the season in 1886. 

Three projections, scale 1-10000, were furnished to Lieuteuant Crosby, with limits as follo'Ws: 
(1) From Ilamrnonassett Point to Sachem's Head; (2) from Sachem's Head to Negro Heads, and 
(3) from Negro Heads to Southwest Ledge Light-liouse. 

Tide-gauges hadng been established at Faulkner's Islaml and at Mone.Y Island, soundings 
wne begun June 18, and at the date at "Which this report closes h_ydmgrapliic 'Sheet Ko. 1 had 
been finished and :No. 2 partly. 
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The further progress of this work wm !Je state<l in the uext annnal report. 
Lieu tenant Crosby had the aid of the following-named otlicer8 attached t-0 the Gedney: 

Ensigns J. S. \Yattern, G. "~.Street, and 0. E. Sweeting, l'". S. X. 
Ile reports the following statistics to June 30, lSSG: 

:\lile;;; run in sounding._........... . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . 70 
.A.ngles mPasnred ..•.......•............................................. 1, !.!77 
X umber of tHmndings. . . . . . . . . . . . . . . . . ................................... 4, 725 

H:nlrograpllic smTeys ma<le by Lieutenant Crosuy at tile entrance to Delaware Bay arnl 
on the Gulf coast are referred to elsewhere under tile ileading of this section and under that of 
Section VII. 

Topoyrrrphic{ll re.mrrey <~t'tlie north shore of Lonr1 I.~land Sound froin Jllullierry Point to ~llorgan's 
Poinf.-.As mentioned in the last annual report, Assistant TI~. II. Dennis took the field, in 1Hll'

suai1cc of instructions in May, 1885, to carry on tj1e topographical resurYey of the north shore of 
Long Island Soun<!. His work was projected on two plaue-tahle sheets, each on a scale of 1-! 0000. 
The t:irst one taken up extended from Guilford on the east, to and including the town of Branford.
The• shore-line was first finished an<l a tracing: fnrnishetl to the office. The delineation of the great 
1iumber of ledges and rocks, showing at low water ouly, took mndt time, ancl yet, contribnte<l 
apparently hut little to tlte statistics of work done. Topograpllical details on this sheet \Yere 
filletl in to a distance of from three-fourths of a mile to two miles back from the shore. In Septem
ber, on tl:w completion of the first sileet, tile second one was taken up au<l finisiled by the 2flth.of 
Octolier, wilen field operations closed. This sheet joins with the first one on the east aml con
nects with the work of Assistant R. l\I. Bache on the west, near New llan•n Haruor. 

Mr. Dennis reports that dnring the greater part of the season, or up to the 1st of October, he 
was favored with exceptionally fine weather for field-work. 

Lieut. G. Lange, of the Xorw<>g'ian General Staff, who had been assigned to the party as aid, 
and whose serYiees were highly yaluahle, was relieved on the 20tli of July aud assiguetl to sen-ice 
with the party of Assistant Eirubeck, engaged on the transcontinental triangulation 11car the 
thirty-ninth paralld. 

Mr. E. A. Trescotjoinetl the party as aid anrl Rf'rve<l in that capacity till the 24th of September. 
'l'lie sta.tistics of tlrn season are as followg: 

:\Iiles of shore-line sruwyed (including low-watN line) ..... __ .......•... _ ...... 3!) 
J.\Iiles of roads :mn•pyell _ .... _............. . _ ............. _. _ .... _ ..... _ . __ . 81 
)lites of crl'eks snr,·Pp'd ............ _ . . . .............................. _ . . . . !.!8 
:\I iles of man-Ii-line sun-eyed ................. , ............................... 54 
.. Area snn·eyed in sr1nare miles .......................................••...... 21 

During the winter J.\Ir. Dc·nnis was as~igned to dnt,r at this office, and in April was instructed 
to orgallize a party for the resnrwy of Illock falan<l and of the shore of Block Island Sountl from 
Watch Ilill l'asterly. 

1'irlal observations 1cith an automatic ti<le-ya11,r1e ct the light-lwu.~e mi the ,Vew Haren Brealm:ater
Also at Willet's Point, icestern end (!f Lony Island Sounrl.-Hefereuce was matle in the last annual 
report to the establishment of a self.rrgistering tide-gauge at the Liglit· House on the ~PW HaYeu 
Breakwater, and to the maintenance of a tidal recorrl there for four mouths in 1884,. For the uses 
of the hy<lrographic resur\·e . .rs in Loug Island Sound the record was begun again in the spring 
of 1885, alHl kept continuous!~- till the gauge was washed away by a storm in October of that year . 

. At Willet's Point, Long Islarnl, New York, a self-registering tide-gauge wltieh had been 
loaned to the Corps of Engineen•, C. S. Arm~-, was set up, and an original record of obserYatious, 
ext<>ml ing from August 15 to October 12, was furnisherl to this office. 

Ilydrographic re.mrrey of the north shore of Long Island Soun1l froin 1Yelclt's Point to Slteffiel<l 
I.~lawl.-In continuation of the hydrographic resurYey-of Long Island Sonnd, Lieut. Sumner C. 
Paine, U. S. N., L\ssistant Coast and Geodetic Sun·ey, was directed, in June, 1885, to organize his 
party ori. boartl•of the schooner Ready anil take np the hydrography of that part of the Sound be
tween Welch's Point antl Sheffield Island. 
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The Ready left N cw York J nly 2 and anchored next day near Charles Island, l\Iilford Roads. 
The area included in the sun'ey was covered by four hydrographic projections, each on a scale of 
1-10000. Lieutenant Paine's general plan fol' tile work was to run six lines of 1:ionndiugs to the mile, 
normal to tl.Jc coast, crossed lly four lines in an east and west tlirectiou; to traverse the coa:st-linc 
and islands, and develop especi~tlly the slioals and rock>;. This scheme was generally carried out; 
on tile fourth projoctiou, llowe,·er, wllich includes th•J Norwalk J:.ilaudi-, the olJi:;tructions to rnffi-

- gation wPre fouml to be so numerous that it was deemed ad\·isabl(' to double 1 he general liuPs in 
each direction. 

To obtain a plane of reference for tlie soundings, tide-gauges were set up on Uw l"ish House 
'Ylrnl'f, Welch's Point; on Lewh;'s \\·hurf, East Bridgeport; 011 the wharf at George's Ilotel, lllack 
Hock IlarlJor, and on the sot1th bank of the Saugatuck Rin~r where it makes its first lJe)J(l to tlie 
westward. Bench-marks were established for each of these gauges, and the mean low water at 
<lifferent points was obtained by comparison with the record of the automatic tide-gauge 011 tLe 
Xew Havel! Breakwater. Tliis gauge, which Lad been located tliere iu 1884, was re-established 
in l\Iay, 1885, and the record kept np till October of that year, w Leu it was ca ni('ll a\1 a~- liy a gale 

liieutenant Paiue remarks that be found no great changes in the soundings as gi\·eu ou the 
existing charts. Off Stratfortl Point, howevt>r, about two miles south aml from one and a quarter 
it) one and a half miles west of Stratford Light-house, there are several spots with from twenty to 
t\Venty-three feet of water on them, surrounded by depths of from twenty.fise to thirty feet. 
Unfavorable weather prevented as thorough a de\·eloprnent of this locality as it was desired to make. 

I<rom 'Velcli's Point to Norwalk the entire coast abounds in oyster-beds planted in from fh-e 
to six fathoms of water; there are also extensive beds in protected places inside the IIousatonic 
Hiwr and between the :Norwalk Islands and the mainland. 

The rivers included iu the surrny lrnve nearly all had tlrnir channel lines dredgel1 ouL 1lnriug 
the past few ~-ears, and during last summer a great deal of work was doue about, the shoals at the 
mouth of the Housatonic River. The entrance to this river has been deepened two feet, and there 
is a fair anchorage for small Yessels inside. ln the vVepawaug Hi\·er at l\lilfonl tlw channel has 
been dredged but a short distance to a small wharf near the mouth where the o~·ster steanmrs 
moor, and there is practically 110 anchorage inside the bar, the channel being narrow and shallow 
aud surrounded by mud flats. In the Pcquonnock River at Bridgeport the channel has uot only 
been dredged out, but a great deal of dredging has been done abo\·e the upper beacon 011 the west 
edge of the cbanuel. Here, tliere is a fair anchorage for small Yessels in about twelve feet of water; 
a short scope of chain must, however, be used as there are mud flats dil'ectly astern aml close 
aboard in an easterlr wind. 

The )lill RiYcr at Soutliport is a mere ti1le-water creek; there is 110 ancborage insi1le for Yefisels 
drawing over two feet. Iu the channel of the Saugatuck Uiver at ·wei,::tport thern is plPnty of 
water, but the channel is in some places veQ· narrow. Tbere is a first-rate anchorage iu t:1e spot 
markecl on the existing charts for that purpose. In the ~ 01·walk River there is a fa fr aucliorage 
above Dorlon's Hotel for small vessels. 

Channel lines have been run in all the rh·ers. They are generally crooked, and it impossible 
to gh·e any range which wouhl assist strangers in running up the i'h-ers. A pilot should' always 
be employed. Lieutenant Paine observes also that a change is needed in the description of Charles 
Island (sulJdi\·ision 11, pp. 358-3;:)9, Atlantic Coast Pilot), the large white hout'e there mentioned 
hadng been burned awl the fish-oil factor,,· mornd to Welch's Point, where the tall chimpey makes 
a good landmark. Ou the southern end of the island fonr poplars are noticeahle, thrl'e ill oue 
group and the fourth quite near them. 

Ensigns T. D. Griffin and C. E. Sweeting, U. S. X., were attached to the party during the 
season. Mr. G. E. Kent served as recorder. 

At the close of the sea8on, Nm·ember 11, tlie Ready 1rns taken to the naYy yanL llrooklyn, 
N. Y. The statistics reported l>J· lier commander are as follows: 

Miles run in sounding .....•.•.... ___ . _ .•••... _ ............... _ - ........ . 
Angles measured .... _ .................•... _ ...•........•........ __ ... _ . 
Number of soundings taken . _ ..... _ ...... _ ..... _____ .....•.. __ . __ . _ ... . 
Number of specimens of bottom preser\'ed . • • . . ....... __ .. _. ____ .... - - . - . 

598 
G,87:! 

4:!,'.!44 
/jij 
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E.vten.~ion of the triangnlation for the resurvey of Lonr; Island Sonn1l, and of }{eu:i York Harb01·, 
from Eaton's Point eastwardly on the 1w1·th shore of Long Island, aml from the Hudson River to bey(mll 
Tltrog's Neel.:.-Dnring the summer anu autumn of 1885 the triangulation for the resurrny of Long 
Island Sound antl of New York Harbor was alkanced by Assistant Gershorn Bradford, whose 
party took the field for that purpose nuder instructions dated July 20. ::\Ir. Bradforu's first work 
was to fill a gap of about twenty miles in the triangulation on the nortll side of Long Islaml, 
between Eaton's Point arnl 3Iiller's place. He found enough voiuts of the olrl triangulation to 
determine all of the subordinate points needed and to establish the position of Stratford Shoal 
Light-llouse from two bases. By September 12 the work was finished. Its statistics are as follows: 

Stations of old triangulation reco>ered ..... _.. . . . . .. _ .................. _. 
Geographical positions determined .............................. __ ..•..... 

6 
12 

Horizontal directions obser>e(l ....... - ...•................................. 
Xnmber of separate pointings ........ . 

7i3 
2,468 

The points ueeded by the topo,QTaphical parties were furnisbecl them from the field compu
tations as the work a(h·anced. 

On the :!h;t of September :.\Ir. Bradford transferred his part,\· to Uollege Point, Long Island, 
and bega11 search for such points of the triangulation executed in 1.S34 and 1855 as would enable 
liim to furnish positions to the topographic and hydrograpbic parties engaged in the resurveys of 
the Eat<t Hiwr and Long Islaud Soum1. The principal stations recoYered were Cypress Hill 
and Clarke on Long Island, and HighwootF between \Yest Hoboken and 'Veehawken, X. J. 
These istatious are located stweral miles inland from that part of Long Island Sound which was to 
be 1<urveyed, and the chief difficulty was to fintl a new point or voints intervisible with these three 
station,,, ancl also with points to be established on the t:.hores of tile Sound. The smoke which 
usually on~rbangs ~ew York City and >icinity seldom clParR enough to admit of good seeing on 
loug lines, and tbe trees which ba>e grown up since the former triangulation was executed could 
not be remo\·.ed except at great expense, as they stand on "al ua ble estates. After some delay 
)lr. Bradfor<l succeeded in finding a station (Ferber's cupola) in College Point and a tower 
(:.\lemorial Uhurch) in New York Cit,i·, which ga,·e the connection desired, and the work was then 
pm;hed forward with but little interruption till the 10th of Sonmber, when field operations were 
closed. 

The statistics are: 

Stations of old triangulation recovered . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7 
Geographical positions determined.. . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . 2:3 
Horizontal directions obsen·ed ..... _ ........ __ .... - _ .. _ . . . . . . . . . . . . . . . . . 106 
Xumber of separate pointings ... _ .......... _ ..•.......... __ ..... __ ...... _. 1, 686 

Duriug the winter and spring )fr. Bradford was engaged on office duty. 
Continuation "f the topograpltical rcsurt.'ey of the north shore of Long Islan<l Sound betwee1i Xor-

1ra1l~ Ril'er a.nd New Rochelle.-Assistant Charles Hosmer, to whom was assigned the continuation 
of the w11ographical resun·ey of the north shore of Lo~g faland Sound from Norwalk River to 
New l!ochelle, reports that he organized his party and began work 1\Iay 25, 1885, and continued 
in the field till October 28, when the party was discharge(1.. 

l\Ir .• J. ll. Turner, .Aid, rendered efficient serYice during the season. 
The slatistics are : 

Miles of shore-line surnyed ....... _. _ .. _ ..... _. _ . . . . • . . . . . • .............. . 
]\files of roads .•••...•................. ·. . . . . . . . . . . . . • • . . . • . ~ ... _ . _ ...... _ 
]!files of creeks ..•................ _ .. __ ....•. _ ..... _ ............ _ ....... _ .. 
Area sun·eyed in square miles ........... _ ................. _ . _ .... _ .. _ .. _ . _. 

180 
110 

20 
23 

Dnriug the winter and !'<pring :\Ir. Hosmer was engaged in office work, and towards the clOse 
of the fii;cal year was instructed to resume work from the limits of his snr-.ey of the preceding 
season. At the date at which this report eloses lie l1a<l been in the field a month. and was making 
satisfactory progress. 
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Inshore hydrography of Long Island 8ounrl between Sheffield Island Light and Grcenicich Point.
~.\.t the opening of the season in 188G preparations wore made, in pursuance of instructions, by 
Lient. D. D. V. Stnart, U. S. ~., Assistant Coast and Geodetic Sur\ey, commanding thl.' schooner 
Palinnrus, to resume the inshore hydrography of the western part of Long Island Sound. 

Ha\ing reached the working ground off Sheffield Island l\Iay- 10, tide gauges were established 
at l'liliion's Point aud at Greenwich, aud soundings were begun ;.\lay 18 just west of Sht:ffiehl 
falaml Light. On the completion of work in this \icinity Lieutenant Stuart r;hifted his anchorage 
to Darien Harbor, where he established a tide-gauge and continued work. 

On Jnue HJ he removed his tide-staff to Stamford Light aud cautimwll the L.Flrography, 
haYiug by June 30, tlle date at wbich this report closes, reached Greenwich Point. 

The progress of this portion of the Long Island Sonn<l resnr\e;\· will be stated in tbe next 
annnal report. 

Eusigus \Y. G. Hannum and 1.I. ,Johm•tou were attached to the Palinurus. 
The statistics to the close of the fiscal year are: 

::\Iiles run in so nu ding. . . . . . . . . . . . . . . . . . . . ......... _ . . . . . . . . . . . . . . . . . . 4 
~-\.ngles measnrell ............................. _ . . . . . . . . . . . . . . . . • . . . . . . . . . . . 7G 
Xumher of soundings . _ ............... _ .......................•........... 3DG 

Topo.qraphical resurrey of the south shore of Long Island Sound .from Smithtou"n Bay w Jlatini
cock P11int.-At the beginning of the fiscal :year tt1e imrt~· of Snbas!"istant \Y. C. Ilmlgkins was 
engaged in making a resnr\·ey of the shore-line of Long Island in the Yicinity of Eaton's X eek and 
Lloyd's .Neck, ha\ing been organized for that purpo£e in pursnauce of instructions issued in .:\lay, 
lb83. Field-work was continued until :Xo,·ernber 1-1, at which time the shore-line had been resnr
wyed from a point on Smithtown Bay at the juuction of Eaton's .Neck with the main shore to 
::\Iatinicock Point at the entrance to Hempstead Ba_y. 

The results are shown on three plane-table sheets on a scale of 1-10000. 
In the course of the season it became necessary to determine by triangulation some additional 

poiuts in the Yicinity of Huntington, Long Island. 
Mr. J. ·w. G . ..Atkins, Acting Aid, was attacLed to the })arty till near the close of the season, 

rernlering diligent ser\ice in both field and office work. 
The statistics reported are: 

Xnmber of angles measured in trianirulation ................ _........ . . . . . . 37 
Xumber of positions determined . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . 8 
Number of miles of shore-line snn·eyed . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 135 
~umber of miles of roads.... . .................. ~.. . . . . . . . . . . . . . . . . . . . . . . . . 44 
~umber of miles of creeks, low water and marsh-line................. . . . . . . . 86 
Approxin1ate area surYeye(l in square miles .............. _ ............... _.. .. .. . .. . .. .. .. .. . 7 

After the completion of this survey ~Ir. Ilo<lgkins proceeded under instrnctions to the office, 
where he was occupied till early in January in perfecting the records of bis season's work. DutJ· 
on the North Carolina coast, subsequently assigned to him, is referred to under the heading of 
Section IV. 

Topographical re11urre.11 of the shores r~f the East Rirer from Rerl Hook toicards Tl!rog's Xeck.- - . 
At the beginning of the fiscal year, as mentioned in the last annual report, Assistant E. Ilerges
heimer had been in the fielcl about two montlJs, engaged under instructions in that part of the 
resurvey of New York Bay and Harbor whic'i included the shores of the East River from Red 
Hook and the Battery towards Throg's :Xeck. 

Between May 1 and July 16, 1885, he had carried the shore-line topography, upon a scale of 
1-10000, to the south end of Blackwell's Island, comprising an area of one and a half square miles, 
fifty miles of wharf and shore line, and twenty-two miles of streets. 

On July 17 he took up a detailed topograpl1ical survey of Blackwell's, Ward's, an<l Randall'tJ 
Islands and the adjacent shores of East River and Harlem River on a scale of 1-5000. 'l'his sur
ny was made with great care for completenesR and accuracy, and comprised an area of ~ne and 
three-tenths square miles, twenty-six and a h"alf miles of shore-line, and tllirtY-six miles of streets 
and roads. 
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Thii:i uetailed sm·yey was complete{l October G. The Jilane-tahle sheet including it \\as repro 
duced for early publieation by photolithograplly ou the original scale. Also the first narned sheet 
from Hed Hook aucl tue natter;)· to Blnckwell's Island. 

1''rom October 7 to October 28, when field operations were closed, l\lr. Hergesheimer contin
ued the topography of the East RiYer to Flushing Day OJI a scab of 1-10000, sur-re;ying niucteen 
miles of slwre-linc and 11 little more thall 011e-fourth of a square mile in area . 

. Au examination of these statistics will show liow unfair it vrnuld be to estimate the cost and 
amonnt of topograph,\- by the area smTeyed witl1out reference to tlie scale of the work aml the 
great qmwtit:Y of detail iu.-olYell in do::;c surYeys of watt~r fronts autl wlrarf lines . 

.A sumlllatiou of tlrn statistics of tlie scasou's work upon both the 1-5000 and 1-10000 scale gi,es: 

.Miles of wharf and shore-line surwyed ........................ - ........ - . - . . !JG 
Miles of streets surYeye<l .......... - - - ........... - . . . . . . . .... - . - ... - . -.. - . . 58 
Area sun·e)·e<l iu square miles ............................... - ............ - - 3 

As a general rule, the wharf-line «mTe~- was limited to a dqith of one l.ilock from the water 
front. 

After fiuisuiug Lis field-,.-ork )lr. Uergesbeimcr wai,; ordered to office duty. During the winter 
lw inked the two completed sheets of East Hi \"er for photolithographing, and then reduced to 
1-10000 scale for the same purpose the detailed surn·;)·s of the Hudson River front of parts of New 
York City arnl N cw J ersc)·. 

Ou )larch 11 he was <lirecte<l to report to the .Assistant in cliarge of the oillce for duty as Ullief 
of the Drawjug Dirision. 

Continuativn <~f the topographical resurrey of the shores of the East Ri1·er from Port Morrill all(l 
Flus/ting Bay to Tltrog's Keck and lfillet's Point.-The topograpllieal resnrwy of the shores of the 
.Bast ltiYcr, which had reached Flushing Bay at the ei:d of October, 1885, nuder the charge of 
Assistant E. Ilergesheimer, as stated nuder the preYious heading, was resumed by Assistant C. T. 
Iardella, nuder instructions dated in April, 1886. 

Earl,Y in l\ia,r he began the surve;r at l'ort Morris, on the north side of East RiHr, continued 
it to Throg's Neck Li,g;ht-house, and carried it on the south l:'ide of tlie riv-erfrolll Flushing Ba,\· to 
·wmet'8 l'oint. This work was finibhed June IG. Beginuiug then at West Chester Wharf, on tile 
north shore of Lon;; folautl Sound, he completed the shore-line resurvey southwe8twar<lly to Throg"s 
Neck, aud subsequently took up the resurvey of shore-line from \Yillet's Point to Little Neck· on 
tlie solttl.t shore of the Souu<l, joiniug at the last-named localitJ· with work preriously executed by 
Assistaut Hosmer. 

Hcfereuce will be made in t!Je ne:xt·anunal report to the 11rogress of Mr. Iardella's work after 
,Jmw :m, tile date at which this report doses. Ou tlie 11ortli side of Throg's Neck great changes 
wNc fonutl sincl' the surYer of 1857-':J9, the shore-line having washed away some one lrnmlretl and 
fifty meters (foLU' l11rndred and ninety-two feet). A heavy stone wall is l.Jeiug lmilt around Fort 
Schuyler, which protects the north sl.tore from auy further encroachmeuts. Ou the son th side of 
tlrn fvrt at ordiuar.r high tide the water is now close to the road Iea<liug into it. 

Statistics of this survey lO the end of the fiscal year are as follows, scale 1-10000: 

~i iles of sltore line snr\'·e~~etl _ . _ .. ___ ...... _ .............. __ .... _ .. . .. .. .. . .. .. . .. .. .. .. . .. .. .. .. .. .. .. 27 
:Miles of low-water liue ....................... _ .....•......••........... _... ~3 

1\1iles of roatli,; ..•..................... _ ... _... . • • . . . . • • . . . . . . . . . . . . . . . . . . . . . 7 
l'ililes of creeks, streamis, anll marsh-liuc ........... _ . __ . _.. . . . . . . . . . . . . . . . . . . 15 
~\rea Sllr\'t'yed in square miles_... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4 

lly<1r(•graphic rc.niruy of the upper part c~l Seic l"ork Bay and of East Rirer to Thro[!'S 
~"i\"cck.-In the last annual n·port an ilc<:onnt was gh-en to tbe end of June, 1885, of the progress 
wade by the partJ· of Lieut. J.M. Ilan-ley, U. S. :N"., Assistant Coast and Geodetic Sun·er, com
nwmling :schoo11er Eagre, in the hydrogTaphic 1·esurYey of Gpper .New York Bay and the East 
Hi\·er to Throg's Neck. At that date the llydrography of a pottion of the upper bay had been 
1.mmplett•d and that of tlie East lU,·er to Brookl~·u 1:ridge. 

A 11laue of refereuct• for the sonudings was obtained by means of a self-registering tide-gauge 
.which was put up on Govemor's Island, uear Castle "\Villiam, at the begiuning of the season, and 
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maintained in operation till its close. The mea.u low water for tllis gauge was foitnd to correspond 
to that determined by the long series of observations which bad in timner j·ears ueeu kept up at 
this point. Cmnparison gauges were established during the progress of the work at .the N:.iYY
Yard, at Bellevue Hospital, and at Astoria, Long Island. Before remo,·ing these tempora;y 
gauges, sketches were made of the locality where each one was placed, and bench-marks were left. 

The work of sounding in so crowded a harbor was attended, as might he supposed, with mauy 
difficulties. Two small steam launches, a whale boat, and a dingh~- v.·ere used. The dinghy ''"as 
employed in taking soundings in all the slips and around the wharves ; this work lJeing assigned 
to one officer. As a result of this work, many of the slips l1arn since beeu dredged, the owners 
finding out from the survey that there was urncli less water in them than they had snpposetl . 

.At times tlrn strengt,b of tlie tidal current in the river was so great tliat tlw lannclies could not 
overcome it, and work would Lave to be suspended until the tide slacked; this was particularly 
the case in the Blackwell falaud Channels. Ju the month of Augast many of the crew were 
prostrated by illness arising from the heat and the unwholesome 01Iors along tlte East Hiver 
wharr-es; hence for about three weeks it was found advisal1le by tile Hytlrogrnpl1ic fospector to 
sencl the vessel down to the lower bay to engage in observations of m1neuts. This plan re.,,loretl 
all on board to good health. 

Between Eighth street, New York, aud Blackwell's Island, seven m1charted rocks and sl10als 
were developed, all of which were immediately reported to the office, from which Notices to ::\Iar
iners were issue<l, describing their location. The most important of tlwse rocks was oue found 
of about ten feet in diameter, nearly in mid-cl.Jannel in tbe East Hi\·er. It is now marked l1y a 
danger buoy. [Notice to l\Iariners No. 64-.] 

Lieutenant Hawley acknowletlges the faithful and iutelligeut serdcc re11deretl by his ns
sistauts in the work. The following-named naval officers were attached to the party dnri11g tltt~ 

season: Lieut. D. D. V. Stuart, U. S. N., and Ensigns F. H. Sherman, A. W. Do1hl, aml R 0. 
Bitler, U.S. N. The statistics of the work from its beginning, May 24-, 1885, till its elose, Non:m
ber 15, arc as follows: 

::VIiles run in sounding . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ............. _. 3GG 
.Angles measured •.. - . _ " - . __ ........ -.............. - . . . . . . . . . . . . . . . . . . . 9, 319 
Number of .soundings.... . . . . . . . . . . . . . . . - ..... - . . . . . . .. . . .. . . . . . . . . . . . . 2!), !):JO 

In November, Lieutenant Hawley was ordered to relieve Lieut. E. D. l<'. Heald, U.S. N., of the 
command of the steamer Ba.cbe, and to prepare that vessel for b;ydrographic work on the Gulf 
coast. .An account of this service wlll he girnn nntler the heading of Sections V H au<l YI II. 

Topographic suri·ey of the shore.lines of the North R·irer, ~Sew Yvr"k; also of slwre-line8 on 
Long Island and on Staten Island.-The progress of the topogra1Jhical surveys of the North Riwr 
shore-line aml of shore-lines on Long Island and Staten Island, New York Ilarbor, by tile pnrt.r 
under the charge of .Assiatant D. B. Wainwright, was briefly recountetl in the last aunual report. 

In order that the bydrographic survey of the North River, which had beeu hegun towards 
the end of May, 1885, might suffer no delay for want of JlOSitions, l\'Ir. Wainwright's first work 
was to determine, by Illane-table triangulation, points on both sides of the river which wonlll he 
serviceable for hydrograpbic and topographic surveys. These points having beeu fm·uh;iled to 
Lieutenant Cutler, who bad charge of the hydrography of the rh·er, tht'details of the dock and 
shore line were completed from the Battery to the New York Central Hailroa<l piers en the Kew 
York side7 and from Cast.Je Point to the West Shore Railroad JJroperty 011 the New Jersey side. 
This done, Mr. Wainwright took up and completed a topographic sheet iuclntling the shorc·liue:i 
of North River and Upper New York Bay from the docks of the New Jer1Sey Central Hailroad 
Company .to Oaven's Point, New Jersey, and Ellis and Bedloe's Islands. 

The three projections which included this work and that first uamed were upon a scale of 
1-5000. 

The shore.line of Long Island was then delineated from Rell Hook to Cllionville on Grnyes
end Bay, and that of Staten Island from the new slip of the l<apid Transit Company to a poiut 
southwest of Fort Tqmpkins. For this work the scale was 1-10000. Shore and man1h line fro111 

ll. Ex.40-5 
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Norton's Point, Uouey faland, t-0 Union\ille were then pnt in on the Coney Island sheet, scale 
1 .... 3000, of Assistant .T. Hergesheimer. Tracings of shore-line and positions of points were fur
nisbed to the h;ydrograpbic parties at WOl'k in the vicinity. 

l\lr. vVainwright calls attention to important changes in topographical details that have takPn 
place since previous sm·n:•ys. Among those are the new pi~rs, warehouses, ferr;y-slips, aud the 
large area of reclaimed Janel bPlonging to the West Shore Hailroad on the New Jersey side of the 
North Hiver just below the old Weehawken Ferry Landing. Across the river the New York 
Central Hailroatl has built five very large new ]liers, wit~1 warehouses and grain elevators. The 
hulkhead line a.ml tlrn reclamation of the area back of it from Twenty-llixth to Thirtieth streets is 
1-1till incomplete, owing to legal difficulties. 

At tlrn Battery, Pier" New No. 1" has been completed, and pier A neml,\· so. Both of these 
pit•rs are constructed of masonry. 

-The area of reclaimed land, ,inst abo,·e Caven's Point, owned by the Xatio11al Storage Com-' 
pauy, aml now kuown as Black Tom's faland, is shown on AsRistant 'Ybiting's survey of 1875. 
Since theu it has been connected with the main land b,Y a railway ou 1restle work, and a large, 
irregularly-shaped warehouse built upon it. At the time of ::\Ir. \Vainwrigbt':-; l'HlrYey, additions to 
tl1e islaml were in progress; part of these are shown on the plane-table 8heet. The company was 
c11gaged al;;o in dredging a cliannel to deep water. On Bedloe's Islaml tlie pedestal of Bar
tllohli's Statue of Liberty was accurately determined in position. 

On Staten Island the Itapid Transit Company ha1-1 built a new slip, and connected it by a new 
viece of railway, mostly along t11e water front, with the former terminus'of the road at Stapleton. 
This road will be continued along tbe north shore, and it is oYer this route that the Baltimore and 
O!Jio Ifailroatl Company expects to get an entrance to New York. 

Assistant Wainwright expresses his obligations to Assistant E. IIergeshcimcr for advice in 
regard to many details of the work, and for his uniform readiness to girn him the benefit of his 
large experience. l\fr. James A. French served as rodsman in the party, but his familiarity with 
11H· work and the skill he hatl acquired in it made his position ratl1er that of au aid. 

Field operations were closed early in November, and tbe following statistics were reported: 

~\liles of shore aud dock-line surveyed-
Ou the upper sheet, Nortll River .•..•....•.......•.......•.............. 
On the lower sheet, North Hiver ........•......• , ................... : .. 
On the New Jersey shore of' the Upper Bay ... , ......................... . 
On Long and Staten Islands. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .....•.. , ..... . 

l\liles of shore-line addt>d to Couey Ji,;land sheet ......................•.. , ... . 

C) ) 
•·'-' 
42 

!) 

35 
15 

Total number of miles of shore and dock line ...........................•. 1:!3 

In l\Iay, 1886, l\Ir. 'Vain wright was directed to resume his topographial \vork in the vicinityc 
of New York, and on the 1st of June org·anized a party for the resur>ey of the shore-line of the 
Harlem }{iver from Uamlall's faland to Spnyten Duyvil Creek, and of the Hudson River from that 
creek to the Sew York Centrnl lfailroad dockfl. 

At the date at whicl.t" tbi;;; report clo>ieR he was 1'ctiwl,v engaged in the prosecution of this 
SUr\·ey. 

During the winter of 1';85-'86 ::\fr. ·wainwright was assigued to service on the coast of North 
Carolina. Heference to this is ma<le under the heading of Section IV in this report. 

llydrograpltic rnrnrt'C!J of tlte Korth Rirer and of Upper 'Keir rork Ba11, Kew York.-Mention 
was made in the Ja~t. anmml report of the progress of that part of the hydrogrHphic resun·ey elf 
:New York nay and llarbor included in the North m>er and its approaches. This work, begun 
in l\Iay, 188.1, was prosecutell b;r the part,\· in charge of Lieut. \V. G. Cutler, U.S. N .. Assistant 
Coast alHl Geodetic Surn~y, commauoling the schooner Palinurus, until November 20 of that _year. 

Lieutenant Cutler's work was laid out on four projections, each on a ,scale of l-5:JOO, and cov
ering the following areas: On the North Hiver, from Castle Garden to Castle Point, from Castle 
Point to Bull's Ferr~-, aud from Bull'::> Ferry to Fort Lee; in New York Upper Bav from Kill rnn 
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Kull to !{eel Hook. All of the work on these hydrograpbie sheets was completed, with the excep· 
tion of that Oil the upper sheet of the Hudson, ending at Fort Lee; about two-thirds of this was 
finished. 

The soundings were referred to the plane of mean low water at Gow•rnor's Island. 
On two days in Augm1t, the 10th and 28th, stations off the elltrance to the harbor were OCLtll· 

pit>d for obserYations of currents. 
Lienteuaut Cutler found no new obstacles to navigation in the course of his survey. 
Ensigns E. E. Wright and A.G. Rogers, U.S. N., were attached to the Palinurns. 
The statistics of the season's work are: 

l\'liles run in soulllling . . . . . . . . . . . . . . . . . . . . . ........... - ............... - 471 
Angles measured .......................... , . . . . . . . . . . . . ..... - . . . . . . . . 5, 006 
Number of soundings ........................................ , .......... 26,625 

Special hydrography for the determination of tidal lm:cTs in tltc Hudson, Harlem,- an<l Eru1t Rivers, 
and in Flushing, Little Neck, and .i.Ve1mrk Bays.-In order to obtain data for aiding in the investi
gation of the laws of tidal action in the Hudson, Harlem, and East Hi,·ers, and in Flusbiug-, Little 
l~eck, and Newark Bays, Lieut. C. I'. Perkins, U. S. N., Assistant Coast and Geodetic Sur\·er, in 
pursuance of detaile<l instructions from the lly<lrographic [ns11ector, organized his party Oil board 
the s~hooner Eagre in l\fa;y, 1886. 

At the date at which this report closes, Lieutenant Perkins was actinly t>ngaged in prosecut
ing this special surycy, and had completed the soundings upon the Hudson Rin•r from One hun
dred and twent:.·-fifth strc1:t to King's Ilritlge, rl:'terriug them to the mean low water of a title
gauge at the dock at One hundred and fifty-fiftl.J street. Further mention of l.tis wmk will be 
made in the next Annual Report. 

Ensigns W. B. Sears, ,V. B. Fletcher, and C. S. Williams, {;. S. :K., were attached to tho 
Eagre. 

~jJ[agnetic observations at stat·ions in .Neu; Yo1·k, Neic Jersey, PennBylrnnia~ lJelairare, ,lJarylaud, 
and at Detroit, 1lfich., and Washington, D. 0.-Determinations of the magnetic declinatiou, dip, and 
intensity being needed at a number of stations to obtain further material for the study of the laws 
of change in the magnetic elements, Subassistant James B. BaJJor was directed to take up that 
work under instructions bearing date cf July 14, 1885. As far as practicable he was to reoccu1i.y 
stations at which these elements or one or two of them had lwen i1nwionsly determined. 

At New York City the station of 1846 at the Manhattan\·ille A,;:ylnm eonld not be re-occupied~ 
aud a new one was selected iu Hiverside Park near the ex.tension of One hundred and twenty
sixth street. At this station, as at all ot11ers oecupied by .:'.\Ir. Baylor on this tom·, with the excep
tion of Washington, D. O., obserrntions were made for Ynlnes of the magnetic decliuation, di11, 
and intensity. 

At Buffalo, ~. Y., a station was selected in the grounds of l~ort Porter, one hundred and 
se,·enty-nine foet from the Lake Suney Station of 1873. 'l'he formation is pure limestone. 

At Oxford, N. Y., the Bache Fund Station of 1874 was re-occupi<'d. At Sand;1· Hook, X. J., 
the point oceupied was within a fow inches of the stations of 1873 and 187\l. The st;ttion at Cape 
Henlopen, Delaware, was seven hundred and nine feet in a northwe;;terly dircctio11 from tlic Light. 
House and on the same side of it as the station of 1856, thouglJ not i<lentical with it on account 
of the shifting sand formation . 

.At, Baltimore, Md., the same station, withill" the limits of Fort l\IclieurJ, was occt1pietl as 
in 1877. 

At W asbington, at Assistant 8chott's observatory on Capitol Bill, ouservatious were made 
with the dip circle, before and after the season's work, to determine the intensity by the Lloyd 
method at the several stations occupied. 

At Harrisburg, Pa., tbe statiOll occupied was the same as that at which mn.gnetic ohsernt
tion8 were made in 1877 in the grounds of the State capitol. A station near Pittsburgh, Pa., was 
selected in a large open lot north of the Allegheny observatory, and at a distance of one hundred 
and seYenty-oµe feet se\"'en inches due north from the Ct'nter of the transit instrument. Tlw soil 
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is a black loam. The station at Erie, Pa., was in the grounds of the Marine Hospital; anrl that at 
])etroit, Micb., iu the spacious grounds in tbe rear of the Harper Hospital. 

In closing bis report, l\Ir. Baylor expresses his belief that the establishment at State capitah~ 
aIHl principal county seats, of standard meridian lines and the determination of the magnetic vari
ation from time to time, would be an undertaking of great practical utility, and that its results 
would be higllly appreciated by property owners, b.Y surveyors, aud by all persons interested in 
the accurate la_yiug' out of land bonudaries. 

After devoting some time to the completion of t.he records and computations of his work for 
the archives Mr. Baylor received orders for duty on the Southern coast, reference to which will be 
made under the heading of Sections V and VIII. 

Ph_ijsical ltydrography-Nem York Ha.rbor survey-An epitome of results for tidal jiowage 
through l'leu: York Harbor-Progress of other inve.Ytigatio1is noticed.-Assistant Henry Mitchell has 
submitted a project for continuing the physical hydrography of New York Harbor, based upon tlie 
results of his work of 1885. This work was suspended, under instructions, in September of that 
year. It had, however, made sufficient progress to enable .Mr. Mitchell to discuss the following 
subjects: (1) The flood and ebb discharges of the Hudson Biver, East River, Kills, and Narrows, 
reduced to the same mean range of title; (2) bow far np the Hu<l:-;on River does the effective tide 
-0f the river extend; (3) what new observations are necessary to determine the laws of movement 
of the tides and currents in East River; (4) the Kill Yan Knll and its relation to New York liar
hor; (5) the formation of New York Bar. 

Upon these several points the suggestions outlined in )lr. Mitchell's report will lle of value 
in the further prosecution of the work. 

·vvith regard to the tidal flowage through New York Barbor, the following results are sub
mitted: 

Bpit-Ome of results for discharge, June 25, 1886. 

East Hiver (Nineteenth street): 
Ebb (westerl_y) ........•..................... _ ............ . 
l"lood (easter ls) .......................................... . 

Excetis of ebb ..... - .......................•........... 

Hudson Hiver (Tbirty-uintil street): 
Ebb (southerly) ......................................... _ .. 
Flood (northerlj· J ••••.•.••••.•••••••••• _ ••••••••••••••••••• 

Excess of ebb. . ... 

Kill van Kull (West New .Brighton): 
Ebb .......... - ...................... . 

Cubic feet. 
4,454,937,25i 
4, 007' 175, 676 

447,761,581 

G, 99G, 678, 413 
6,?25,985,545 

770,692,868 

1,790,103,372 
Flood . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . l, 712, 415, 3G2 

~ ~~--~ 

Excess of ebb (towards tbe harbor) ..... __ ......... _...... 77, 688, 010 

Narrows: 
Ebb (seaward) .. _ .................................. ___ ... . 
Flood .................... . 

======= 

13,819,895,144 
12, 70~, 6Hi, 481 

Excess of ebb ............................. _ ........ ~.. 1, 116, 278, 663 

Other sections concur remarkably well with tl1ese, which are selectl!(l as the best. 
The fresh-water discharge of the Hnclson niYer at Thirty-ninth street was found, August 11 

and 12, 1865, to be 385,346,424 cubic feet, and the fresh-water discharge at Dobbs' Ferry, August 
19-21, was found to he 373,4:?6,507. These results differ about 22" per cent., which must cover not 
only errorR of oh'l~f\'ftt.ion hut tliffertince of 1lec;lining laud waters. · 
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After tlle abo-\·e epitome of results hall been prepared, it occurred to l\Ir. Mitchell to compare. 
them with the gauging of East River at Wall street as ginn in his report entitled "TLe Harbor of 
New York .. Its condition l\fay, 1873" (Appendix No. s, Annual Report of Superinternlent, 1871 ). 
Table 15 of that report gives-

Cnhic foet. 
l\'Iean ebb and flood at Wall street, 18i"3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4, 3(1~, :'mo, 000 
Aud we ha,·e at Nineteenth street, 1886, mean of ebb and flood........ . 1, 231, 05G, 46G 

Considering that these results were reached several years apart, by ,·ery different persons and 
means, the agreement is Yery remarkable. 

With regard to New York Bar, l\fr. :Mitchell obserws that owr jt ·passes uearl,Y all Ute dis
chargP gauged at the Narrows 3.tlded to the tidal prisw of the Lower Bay. Quoting hii;; own won.ls 
f'ollowiug: 

"I say nearly all, because there are indications that Raritan nay is in 1;ome drgree filled aml 
drained by way of the Narrows,-in what degree we must compute from obsenations grcnped by 
lunar hours, as it is impracticable to make so large a series of simultaneous g-augiug as sllonlll 
absolutely determine the matter dircctl,y. 

"Of course it is not the identical water passing OHr the bar that we ob8e1Tc to be in motion 
elsewhere, but its equivalent. A single particle makes an el:iptical journey, au orbit of a few miles 
major axis. 

"One may easily see that if tlie depth were a direct function oft he Ye loci ty of tlie current it 
would vary from spring tides to neaps, which it is not oh:;;en·ed to 'lo. It is belie,~ett theu that 
the resultant for the tidal day represents the net scouring J'oree irrespe<'tirn of tidal range or 
volume. 

"By working up the resultwits we determine to what extent tlte motion of a grain of sand is 
tending towards some vortex, and this is the way in which we propose h.r multiplication of stations 
to sbow the method of bar-building, and why it is arrested at a certain stage of develo[11ne11t.'~ 

Mr. Mitchell will present the results of the work of hiil party in New York Harbor arnl its 
approaches in a more complete form at a later date. 'fhe obse.ations were made, under his super
vision, by .Assistant H. J_.. Marinuin, with the aid of Assi:stant Marcus Baker and Lieut. F. S. 
Carter, U. S. N. 

Physical hydrography, New York Bay a.nrl Ha.rlmr.-1{,eforence was rna<le in the last annual 
report to instructions issuell to .Assistant H. L. l\larimlin at tlrn opening of the season iu 1885, 
directing him to organize a party with such subdivisions as might be advise<l by .Assistant .'.\1itcht•11 
for the d<'Velopment of the physical bydrography of New York .Ba;r aud Harbor. Mr. Marindin 
has suhmitted a detailed report of the operations uuder his own immediate directioll, an alistrnct 
of which is here ginu. 

Two parties were provided for, one on hoard the schooner Scoresby, in cliarg·e of Mr. l\Iariudin, 
the other on boarll the schooner Drift., under command of Lieut. F. S. C<trter, G. S. N., working in 
co-operation with the Score&h~'· From July 1 to 13 the two Yessels with the steam buuclies 
attached remained at the New York navy-yard to complete their fitting up, a new arra11gemrut of 
reels and connections being required to obtain the velocity of currents at all depths b,\· meai1s of 
electric current meters and registers. · 

On July 13 the steamer Dais~-, with Commander 0. M. Chester, U. S. X., II,v(h·o.gmphic 
Inspector, on board, towed the vessels to their first station in Kill Yan Kull. 

In ord.er to rate the electric met(•rs before beginning obserYations of currents, oue of the 
Scoresby's boats was transported inland into a still-water poud. \Vith tlie different meters 
attached, the boat was then run over an accurately-measured base-line, and this operation '"as 
repeated at a different speed. In this way a good rating was obtained for the four electric meters. 

The vessels were then brought on to a cross-section of the Kill van Kull, and ol,serrntions 
were begun by erecting the range signals, sounding the oi·os;;-sections, and obser\·ing the veloei ties 
of the stream during several ebbs and floods with tl:ie Price electric-current meters. 

Tidal observations were iu progresi at the same time at Elbow Beacon, at tl:ie head of Xewark 
Bay, at Elm Park, at the foot of the bay~ and at both of the cross-section:,; in the Kills. The self

. registering ti<le-gimges at Sandy Hook, at Governor's Islaml, and at Willet's Point, Kist Hi Yer! 
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were also kept in operation; tlrn two first uamed by observers under Mr:Marindin's immediate 
direction. At Willet's Point Oaptaiu Knight, of the United States Engineers, kindly offered to 
detail an orderly to keep the gauge going. This offer was accepted, aud the records were for
warded to \V ashing-ton. 

H.r the 5th of August. the observatious in the Kills wen~ completed, aud the parties wem 
trausferred to the Hudson Wver, otf Tllirty-11inth street, where a discharge section was obsen·ed 
in connection with simultaneous obser\'atious in the East Hiver, where the .Drift had been sent. 
It had also been arranged that the 11aval parties on the steamers Endeavor and Daisy and 
schooners Eagre and Palinurns were to uutlertake some current observations ou Sandy Hook Bar 
simultitueously witl! the Scoresby and Drift in ti.Hi Hudson antl East River rei;pectivt>ly. · This 
was done, ::tml the records were forwitrue<l to the office. 

August 14 l\lr. Mariudiu moved his party to Dobb's Ferry, on the Hudson, and was joiued b~· 
the Drift. Observations were then begun for obtaining the discharge of the Hudson River. Tidal 
observations were kept up at Dobb'.:; I<'erry \Vlmrf, ·near one end of the cross-section; tide-stations 
were estahlislrnd al:,m at Iona Island, at Sing Sing, at Forty-second street, Hudson Riler, at Pot 
Cove, in the I~m:;t l{h·er, and at Old Ferry Point. 

On the 10th of September the Jlarty mon>d from DoblJ';i Ferry to tl1e New York Narrowi;, 
where a cross.section for discharge of ebb aud flood was observed. This done, and the electric· 
current meters again ratecl at tlie Kill \"au Knll, field 01)erat.ions were closed for tbe season, and 
early in October Mr. l\Iarindiu took up at the office in \Vashington t!Je computations of his work 
urnler the direction of Assistant Mitchell, who had Yisited the parties seYeral times during the 
progress of the observations. 

Mr. Marindin had the efficient ai<l of Assistant l\Iarcus Baker, and also that of .l\fr. Homer P. 
Hitter, of the Mississippi Rh·er Commission, an expert in current observations and river gauging. 
Messrs. \Y. N. King and J. De "\Yolf were also attached to his party. 

Duty assigned to :Mr. l\Iarindiu in connection with surveys of the Delaware River allo\·e 
Philadelphia is referred to later under a heading ia this section. 

1'opographic resurvty of the slwre-lines of Coney lsCand, Barren Island, and Rocka.icay Beach, 
New l'ork Lower Bay.-L>eference ~s made iu the last annual report to the beginning of the topo
grapliical resurniy of the shore-lines of Coney Island, Barren Island, and Rockaway Beach by the 
1mrty under charge of Assistant .Joseph Hergesbeimcr. This work, begun June 18, 1885, was com
pleted early in Sept cm ber of that year. It included, on a scale of 1-5000, the south side of Coney 
Island, with all of the adjacent topography, the entrance into Sbeepshead Bay, with the adjacent 
shoals, the changes on Barren Island, the islands and shoals in Rockaway Inlet, and Rockaway 
Beach from its western eml for lL distance of.about four miles to the eastward. 

Marked clrnuges were found in the topography since the surveys of 1877 an<l 1818. 
The statistics are: 

Miles of shore-line surveyed ............................ _ .................... 77 
Miles of road snrveyed........... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 5 
:Miles of railroad surveyed... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 
AITa snn·e,red i u square miles. . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . _. 6 

During the winter l\Ir. Hergesheimer was assigned to duty on tlie Florida coast. .A.n account 
of this service will appear nnder the heading of Section VI. 

Te~·tia1·y trian{lulatlon of Arlfiur Kill, New York Bay.-In connection with the resurvey of the 
New York Bay aml Harbor, it became desirable to determinetrigonornetrically a number of points 
on the shores of Arthur Kill. This work was assigned to Assistant R. E. Halter towards the close 
of July, 1885. Starting from the line Bergen Chnrch-Elizabetbtown Church, a tertiary triangu
lation was carried down the Kill as far as Boyn ton's Cl.tinme~·, jus.t below the town of Woodbridge, 
Fielll operations were closef1 October F. 

The statistics are: 

NumhN of stations occupied ........... : . . . . . . . . . . . . ..............•..... 
Number of points determined .....•...................•...••.•.....••••.•. 
Number of sets of obsen·ations .•................................•..•..... 
Number of single observations ........................... ,, •...•......•.. 
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After completing tile recor<ls and cornpntatious of tilis work l\lr. Ilalter procee<letl, muler in
structiorns, to l'oint Isabel, Texa;;, in Dcceruuer. llis duty tlJere will he ref(;rr(•d to und<>r the iwad
iug of Section IX. 

Topographical resurvey of the shore-lines of Bergen Keck, Neu:ark Bay, Sanely IIuok, <f'c., .Kew 
York Bay and Harbor.-A resurvey of tue snore-line of Sandy Hook was completed 1;0011 after the 
beginning of the fiscal year by Mr. E. L. Taney, Aid· in the Surn~y. Hderence to this work aud to 
the considerations which leLl to it as an l'ssential part of the New York Ilarbor resuney was made 
in the last anuual report. 

After finishing the re1mrvey of the Hook, }lr. Tarwr proceede(l, under instructions dated .Tnly 
30, to Bergen "Neck, New Jersey, and began a :shore-line smTey of tlie Xeck at Can•n's Point, car
rying it from tilat point to and through the Kill •an Kull into Newark Bay to a I)Oillt about half a 
mile nort,L of the bridge of the New ,Jersey Central Hailroad. Also along the northern :::hore of 
Staten Island th1 ough Kill >an Kull to Arthur Kill, a11d along the west shore of Newark Bay from 
Elizabeth port to about lialf a milB 11orth of the railroad brhlge. 

The work at S:mdy Book was mostly simple slwre-Jine, lmt on Bergen :Keck and tLc Kill Yan 
Kull it was principally wharf-line, nu<l ill tliis there was considerable detail, a margin beiug mapped 
of f•·om a quarter to a half a mile in width. 

J?ield operations were closed October 2-1. The number of miles of sl10re am1 wharf Jin<' run 
was about sixty. 

In furtherance of instructions issued for tile closing of the snboffice at New York, )fr. 
Taney was directed towards Llte eud of October to make an im·e11torr of all prop('rty of the Surn;~
stored at that office, autl to receipt for it to Capt. F. J. Palmer. 'rllis dont\ and arrangements 
having been made for its transportation to Washington, i\lr. Taney was <lirectetl to relieYe tlle tidal 
observer at Sandy Hook from the charge of the self-registering tidc-gau¥e at that statiou, am] to 
forward tbe instrument to \Vashington. Rubseqneutly he received orders to prepare for work on 
the Gulf coast, and at the end of November left-Washingto11 for New Orleans. Hefereuce to hi~ 
field serdce in that locality will be made under the h(lading of Section VIII. 

Tidal observations u;it!t selfregisterin,r7 tidc-gattqes at Go1.•e nun-'s Island, ~Yeu: Tork IIm·bor, and 
at Sandy Rook, Sew York Entranee.-The self-regiBtering title-gnnge established in the spring of 
1885 at Governor's Island, New York Harbor, was continued in charge of the officers directing the 
hydrographic parties engaged in the re:rnrvey of the liarbor till tbe close of field operation8 at the 
beginning of November. 

The self-registering tide-gttuge at Sandy Hook, New Jersey, which ha<l been in charge, suc
cessively, of Messrs. J. W. Corbett and A. J. Brenwtn, under the direction of the hydrographic 
officers of the Rnrvey, was situated on the wharf of the Sontht>rn lfailroad of New Je1·se.r. This 
loca,tion ha>ing been found to be unfavorable, the station was discoutinue11 earl.)' in Norember, 
1885. Iu June, 188G, Assistant Gershom Bradford was directed to proceed to Sandy Hook and 
make ex.aminations to determine a suitable place for the erection of a perma11e11t automatic tide
gange. He selected a locality comparatiYel;r free from the effect!! of drifting ice and hea\'y seas. 
Here a substanthil i.ndepeedent structure was llegun, upon 'rhieh, as soon as possible, a selt~regis
tering gauge will be established. 

Trpo11raphica.l resurvey of t~ie shore-line of Staten Islandfrom Stapleton sou.tltwe8tward.-Iu con
tinuation of the resurvey of New York Bay and Harbor, Assistant R. M. Bache took the field, 
under inst.ructions, in the earlier part of June, 1886, having organizeLl his party for a sbore-l4ne 
survey of Staten foland from Stapleton to the south and sonthwest, towanfa l'rincess J~;1~- and 
Ward's Point. 

Between June 12 and the close of the fiscal .rear the tof>L'grnpliy executed was represented bs 
the following statistics, the scale of the projectioh being 1-10000. 

Miles of shore-line surveyed . . . . ............ _ _ _ _ _ _ _ _ ___ ·- _ .. ___ . . . . . . . . . . . . . 4 
Miles of shore-line of creeks. _ ... ___ •.... _ .. ___ .................. -..........••. 8 
Miles of roads .••..•.........• _ . . . . . . . ...... ·. . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . • 5 
Area surveyed in square miles .•......•........•....•. _ •..... _ . . . . . . . . . . . • . • . 1 

Aft>ntion will be made of tbe further progress of this work in the uext aumml report. 
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Other duty assigned to Mr. Bache during the fiscal ;year is reported nuder a later heading ir. 
this section. 

Hydrographic resurvey of 'Seu: York Lou:er Bay and Entrance.-Lieut. G. C. Hanus, U.S. N., 
AsHistaut Coast and Geodetic Buffey, commanding the steamer Endeavor, lias submitted a full 
report of the hydrographic resurvey of New York Lower Bay and Entrance executed by the part~' 
under his charge during the sea.sou of 1885. The area covered by this surrny included the lower 
bay from tlrn Narrows to Sandy Hook, and the work was lai<1 ont on four hydrographic sheets, 
each on a scale of 1-10000. • 

Soundings were begun June 2, at which date the necessary signals had been established, and 
continued till early in :K ovem ber, when the work, in its most essential parts, was completed. 
Throughout the season Lieutenant Hanus ha<l the aid of a steam launch, and on July 13 the 
steamer Dais_y was added to the party equipment, and was found to be exceedingly useful, though 
not so economical as the Endeavor, owing to her small coal capacity. To do successful work on 
the scale of the hydrography, in a strong and constantly varying tidal current, was attended with 
many difficulties in a harbor so foll of passing vessels, some of which were often getting in the 
way. 'Vhen the rate of speed was changed, the drift due to tide varied, and tlle lines of soundings 
heiug so cloise, a slight drift would carry the steamer from one line to the other. 

In developing the work many lines were run to the northward aud westward of Romer 
Beacon, so as to make snre of the amount of water that can be carried across the shoal, since 
much time ean be HavPd to all the smaller vessels b~· cutting across this shoal instead of following 
the Swash Channel. Special care was taken to develop thoroughly all the channels, notably that 
of Couey Island, since it is the shortest route to the sea. 

To obtain a plane of reference for the soundings, a tide-gauge was established on the steam boat 
wharf at Bath, Gravesend Bay, Long Island. This gauge, as well as all the work in comwction 
with tidal data, was placed under the personal supervision of Ensign G. R. French, U . .t5. N., whose 
extensirn experience with tide-gauges on various parts of the coast gave I,ieutenant Hanus great 
confidence in his gooll judgment aud the accuracy of his results. It was deemed desirable to han~ 
the reference gauge directly under the control of the party, arnJ it was found by comparison that 
hi~h water occurs at Bath about ten minutes later Uian at Sandy Hook, and that the mean rise 
and fall at both place~ is about equal, uamely 4.8 feet. The usual bench-marks were establishe<l1 

aud descriptions of them placed in the record books. 
On S<ttnrday, August 8, preparations were made for current observations, and ou the 11th the 

steamer Enuea\·or towed the schooner Palinurus, and the steamer Dais;r the schooner Eagre int<~ 
positiuu, forming a circle from Rockaway Inlet to the Navesink Liglits. A party was al•o sent 
from the EudeaYor to the wreck of Scotland Light Ship, and a series of simultaneous observations 
was taken. On August 18 observations with cturent chips were taken by both the steamers 
Enclearnr and Daisy. The chips were followed during one whole flood an<l part of the succeeding 
ebb title. 

On August 27 the I~ndeavor and Daisy, as well as the schooners Palinurus and Eagre, pro
ceeded to stations previously designated in the lower ha.v. Two sets o.f simnltaneous observations 
of currents on different stations wern taken, and on the 30th the vessels retui·ned to Bath. All of 
the results obtained in current work were transmitted to Assistant Henry Mitchell, chief of the 
party engagecl in the study of the physical hydrography of New York Bay and Harbor. 

Lieutenant Hanus's device for hydrographic signals, known as pump-signals, and described on 
page 34 of the annaal report for 1883, was foand to be rnry effective. Long and slim trees were 
used, from sixty to seventy-five feet in lengtll; these were planted with ease in from two to three 
ancl a half fathoms of water.· Some of these signals were at least thirty-five feet out of water, and 
out of twelve planted but one was carried awa_ir during the season • 

.Hox tide-gauges, which would otherwise be difficult to secure in exposeu places, can be readil) 
fixed in the same way, or can be at once attached to one of these signals. 

The following-named naval officers :ii1lml in the hydrographic work: On the Endeavor 
Eusigns C. S. Ripley, E. F. Leiper, F. R Brainard, an<l G. It. French, U. S. lir.; on the Daisy, 
Ensigns J. 1\1. Elliott and B. J<~. Thurston, U. R. ~-
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Lieutenant Hanus reports statistics as follows: 

Miles run in sounding . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1, 755 
Angles measured . . . . ........................... _ . . . . . . . . . . . . . . . . . . . . . 20, 545 
Number of soundings ............................. _ . . . . . . . . . . . . . . . . . . 90, OSG 

In November Lieutenant Hanus received instructions to fit the Endeavor for work on the coast 
of South Carolina. A report of this service will appear under tue lieadiug of Section Y. 

In June, 1886, he took up the hydrography in New York Ba,v and \'icinity from tlw limits of 
the season of 1885, and by the end of the fiscal year hall carried tlie work m·er Sandy Hook Bay 
and part of Raritan Bay. For tllat mouth the statifltic8 reporterl are as follows: 

Miles run in sounding . . . . . . . . . . . . . . . . . . . . . . . . . . ....................... . 
Angles measured . . . . . . . . . . . ........................................... _ . 
Number of soundings ........ ._ ...................................... _. 

HiU 
1, ;)4,3 
7,849 

Determinations of gravity and pendulum ea.periments.-The plan for carrying on gravitation 
work during the fiscal year 188G-188G was outlined in instructions received h,Y Assi;-;tant Char]('" S. 
Peirce in Jul;y, 1885. He was directed to make a reconnaissance for an east and west line of 
statious along or in the vieinit,Y of the fort,Y-tl1ird parallel of north latitude as far west as the 
l\foisis!!ippi Rinr, examining certain specified localities witli reference to their facilities for ~TaYita
tion stations, and then occup;ying such Rtations, three or four in number, as should best fulfill the 
conditions required. 

After careful examinations tl.1e stations finally selected were Ann Arbor, .Mich., .Madison, 
'Vis., and Ithaca, N. Y. At these stations, and at the Smithsonian Institution, '\Vashington, the 
invariable re•ersible pendnlums Peirce No. 2 (a meter in lengtli) and No. 3 (a ;yard ill length) 
were remeasured and were oscillated. The rule was to oscillate each pendulum eight times in 
each position on each stand. 

Two new pendulum stands had lleen constructed of improved design, so that two pernlnlnms 
could he oscillated simultaneously on two supports. Each swinging· consisted of five thousand 
oseillations with heavy end up and fifteen thousand with heavy end down, except that one-fourth 
of the swingings in the latter position were of double length. There were thus about six hnrnlrecl 
thoui:mml oscillations with heavy end down and one hundred and sixty thousand with heav.r end 
up at each station. 

Af, ltllaca one of the stands was set up in a cohl room, so that the m·erage temperature \Yas 
about oo Cf'ntigrade, while that of the other was about 150 Centigrade. 

The three Kater in'\"'ariable pendulums usetl by Colonel Herschel, and later by Assistant Edwin 
Smith, were, at the request of Professor Stokes, the president of the Royal Society, oscillated in 
Iloboken preparatory to being returned. 

Special experiments were made in Ithaca on the rnriation of the absolute personal equation in 
observatious of pendulum transits with the amplitude of the vibration. These experiments wPre 
fully reducE.'<l. 

The reductions of the observations at Ann Arbor an<l Ithaca were carried toward complctiou, 
and those of observations made at Madison and Washington were begun. A reduction was nlso 
begun of observations made at Key "West in a. former year. , . 

At 'Vashington, Aun Arbor, and Madison time signals were kindly snpplierl by the Dirrdors 
of the Observatories of tliose cities. At Ithaca and Hobokrn time was observed by Mr. Peirce. 

Continua,ti<m of tlie_primary triangulation in t/1.e eastern part of the State of Pennsyfrania.
Prof. Mansfield Merriman, Actiug Assistant, under instructions dated ,June '.?'.?, 188f>, began 
immediately the erection of signals and preparations for the occnpation of stations for the exten-
8ion of the primary triangulation in tbe eastern part of the State of Pennsylvania. The plan of 
his work involved the occupation of a number of stations to the eust and we~t of a line between 
Allentown, Lehigh County, and Wilkes Barre, Luzerne County. 

Knob Station, near Mauch Chunk, Carbon County, was first occupied. Signals were erected 
at two stations and hcliotropers posted at five. Horizontal angles were measured betwceu t!Jcse 
stations and direction~ to eight secondary 1mints were obsen·ed. The work at Knob was finished 
July 18, and two days later Profei:sor Mnriman bt>gan-the occupation of station Ben's Head, 

II. Ex. 40--6 
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ahont thirt(•en miles northwest of Pottsville, Schuylkill County. From Bear's Heat!. angles \Yerc 
measured Letween fi,-e primar~- stations, at three of wllich heliotropers had Leen posted, and 
direetious were ol>sen·e<l to six secondary points. 

Upon the completioH of thL,; i>tation, July 31~ tl1e party was transferred to Pimple Hill, a 
station auont eighteen miles northeast of Mauch Chunk, and on the completion of ob::;ervatious 
at that point, August 15, to Smith's Gap, about fourteen miles north (nearlJ') from Allentown. 
The occupation of two more stations, Bake Oveu, about eighteen miles northwest of Allentown, 
aml Port Clinton, fourteen miles iu a southeasterly direction from Pottsdlle, fiubhed on Sep
temher 15 the work of the seasou. 

Occasion was takPn to determine secondary points, such as spires, towers, &c., at every 
fav~mble opportunity. 

All of the records of the work, original anu uuplicate, were forwarded to the office with the 
computations in October. Statistics of the season are as follows: 

.N nm her of stations occupied. - . , __ . - ...... - . - . _.. . - .. , _ .... - . . . . . . G 
Number of primary directiorn~ obser\Ted ...... _ .....• ___ . __ ..... __ .... _ ... , 30 
Number of secondar,y uirections o bserrnu. - . · ... -. . . . . . - - - ....... - - ... - - - . . 23 
Number of measures of primary angles, ...... , _ ....... _. - ... , ...•....... _. 2, 812 
N nm ucr of measures of secondary angles _ . _ ... _ . _ , ....... __ . , .... __ , , ... _ 720 

Heconnais.rnnce for the cxteri.~ion <!f the triangulation in the eadern and nortlicastern parts of the 
State<>/ l'ennsyltania fou:ards the boundary between Pennsylrnnia and X cw Yo1·7.:.-Au acconut of 
tlie g'eueral plan of the reconnaissance in Eastern Pennsylvania, iutruste<l tu the charge of At;isistant 
0. H. Tittmauu, was gfren in the last annual report. After consultatiou with Prof. l\Iausficld 1\for
riman, Actiug Assiistant, who liad direction of the primury triaugulation in Umt part of tl.rn State, 
Mr. Tittmann accompanied him in the latter part of June to stations Pimple Hill and Penobscot, 
wliieh he had before selected, in order to determine the intenisibilit,y of tl.Jese arid other points. 
Through l'rofessor J\Ierriman's hearty co-operation he was enabled to start from these two points 
as a base and to carry the reconnaissance northwardly towards t!Je bonndary. 

Mr. John E. McGrath served as Aid in the party, and to him was assigned tlie duty of meas
uring angles at the stations selected by Mr. Tittmanu along the edge of the northern coal-field, in 
pursuance of a request rna<le by tlm State Geological SurYey. 

Field work was closed October 5, the reconnaisrnnce Laving been carried to the State bound
ary, a1Hl a connection outlined with the New York State SurTey on the line Windsor-Warren. 

During the winter Mr. Tittmaun was assigned to duty which will be referred to uu<l<>r the 
heading of Section VIII. 

Reconnaissance for triangulation in the soutltern and irestern part of the 8tate of Pennsylvania.
The plan of work which had been committed to tlie charge of Prof. L. II. Barnard, A.ctiug Assist. 
aut, about the b(>giuuiug of the fiscal year, involved the occupation of a number of stations in the 
southern auJ southwestern part of the State of Pennsylvania as soon as the reconnaissance should 
fowe been suflicicntlJ' developed. Bvents which occurred in July, 1885,aftecting the management 
of the Survey, led to dela~' iu forwarding instruments to Professor :Barnard, so that he was unable 
to do any efiective work before August 1. Uufaworable weather th,en set in and prevented the 
measurement of auy augles except those at station Dauphin, a bout seven miles north (nearly) from 
Hanislmrg. 

Observatious were matle at statiou Dauphiu on three stations, Mexico, Doubling Gap, and Piney 
l\1ouutaiu (South Mountain) at distances respectively of twenty-seven, twenty-four, and thirty-nine 
miles to tLe northwestward, westward, and south westward. A tripod was set up at station Clark's 
Knob, about twenty miles to the northwest of Chambersburg, l<'ranklin County, ,and a rapi<l recon· 
.ouissance was made to the uorth and west of this station. 

J>rofessor Barnard was engagctl in prosecuting his reconnaissance in A.dams County, between 
Gettysburg and Chambersburg, when he receiYcd orders to close field operations on or about 
Octol>er 1. Mr. John Nelson served very eflectively as Aid in the work. 

fo May, 1886, instructions were given to Professor Barnard to resume bis reconnaissance at as 
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early a <late as tbe funds available would permit, and extend it westward to the .Allegheny Monnt
ains and southward to the State boundary. 

Completion of the survey uf the parallel boundary betzceen !lie Slate11 of Pcnnsylrnn-iu. and H'cst 
Yirginfo.-In the aunual report for the fiscal year euding Juue 30, 1884, an account was giwn of 
the beginning of a survey of the bouudary line uetween Pcnnsylrnnia and West Yirginia, wliich 
follows uearly the parallel of 39° 43'.3 for a distance of about fift;y-fh-c miles from tLe sontLwe1<tern 
conie1· of Pemmyh·auia to the l\lar:rland corner. This work was undertakeu at the i·equest of the 
Joiut Commission of the two States, and was placed iu charge of Assi:staut (), H. Sinclair, who 
\Vas aided in 1883 hy Assistant U. II. Van Orden. 'l'hree sectiom; of the boundary had been traced 
out for a total distance of thirty-ft Ye miles and eight-tenths, "when it became necessar,y to suspend 
field operations. 

In Septtimber, 1885, 1\'Ir. Siuclair wa::i instructed to resume this sun-ey and push it to com
pletion. Having met the Commissioners at Point Marion, Pa., be begau operations near that place 
by determining an azimuth so as to start a tangent in tbe prime vertical of the initial point as a 
reference line for the old marks on the parallel of latitude laid down by Mason and Dixon in the 
years 1763-1767. By September 24 all needed computations bad been made and the party ba\"iug 
been fully organized, the work of ranging out the tangent beg·au. 'l'be conutr;\' was wooded aud 
the line had to be opened ; there was also much rain;y weather, but despite all delays tlie raugiug 
out was completed for the entire tangent, a distance of more than uiueteeu miles, by tbe 8th of 
October. 

For the rueasurement of the line a small triangulation was laid out. In addition to this about 
fifteen miles of the second and third tangents which had been rang;ed out in 1883 were reYiewcd 
to see that the pegs set in that ;year to mark the places for the new monuments were still in place. 
All of the pegs ueeded for the new stones on the fourth or last tangent Wl're set hy the 2Gth of 
Octohcr. On this last tangent were found eighteen of the rnarkR or mounds left b~- l\Iason and 
Dixon, antl no changes were made in the boundar;r, as it had been <lecided by the Uommissioners 
that the old line was to he reproduced ancl marked. '£he mounds recovered WPre as a rule 011 the 
ridges, and most of them were in a fair state of preserrntion. .!\Iauy had been destroyed or lost, 
particular]_}~ those mile-marks that happened to fall on the hill-sides m: in rasiues. No attempt 
was made to restore the old mile-marks, but the new stone monumeuts were set in most ca:<.es so 
as to be iutervisible. 

Four maps were made, two for each State, on a scale of 1-40000, slluwing bow the surve:y wa:s 
conducted and the position of the monuments, which are of cut sandstone. The:se maps and a 
report of the surYey in duplicate have been sent to the chairman of the ,Joint Commission. Trac
ings of the maps and a copy of the report have been de1JOsited in the archin~s of the Coast and 
Geodetic Survey. 

In April, 1886, Mr. Sinclair proceeded, under instructious, accompanied by members oft]Jc Com
mission, to set a large stoue monument to mark the point of juuction of the three States, I>euus~-1-
vania, West Virginia, and l\laryland. This duty accomplished, he returned to the office. 

In closing his report Mr. Sinclair suggests that in view of the number of State IJouudarics to 
be resurve~·ed, remarked, and in mauy ca,ises corrected, it might he addsable to obtain from Con
gress a special act authorizing the Superintendent to undertake the rectitlcatiou of these honntla
ries when applied to by the Commissioners of the States iuterested. 

Other duty assigned to Mr. Sinclair during the fiscal .}·ear in Sections III, XV, nml XVI will 
be referred to under the headings of those sections. 

Plt,1Jsical liydrograplly of the Del,au:are River abot'e Pejfy's Island.-Having been authorized to 
continue his relations to the Harbor Commissioners of the port of Philadelphia as Secretary of the 
Unitetl States .Advisory Board, Assistant H. L. Mariudiu attended a meeting of tlrn Board iu 
Philadelphia, October 20 to 22, where he prepared a description of the location of turning points 
in the Port Warden lines of the city as recommended by the Ad ,-isor,y Board. Heturniug to 'Va sh· 
ington, he resumed his office-work, and remained there on duty till the middle of April, 1886, when 
he was instructed to proceed to Philadelphia and organize a party to continue the physical hydrog
rapby of the Delaware River above Petty's Island. Upon the arrival of the schooner Rtady iu 
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the river, early in May, field-work was begun. The following are the statistics of progress rPporte1l 
at tlie close of tlie fiscal year: 

NumbPr of croS8·Sections obsen·(·ll for cnrr('nts ... · ·. · · ·. ·. -- . - · · .. · · - 48 
Number of current obsern1tions . . . . . . . . . . . . . . . . . . . . . . . .... · .. · .... · .... 3,401 
X umber of soun<lings..... . ......... - ....... ·. · · · · · · · · · · · · · - . · · · · · · · · 
Number of ti1le-statious oecupi<•tl . . . .. . . . . . . . . . . . . . . . . . . . . . .. . ...... - .. . 

1 ,<i!15 
5 

Mr. l\farindi11 nckuow1Pdg·e8 ntluable assistance n•nderell by Messrs. Homer P. Ritter, Ne,·ille 
B. Craig, and G. B. Keut, who were emplo_y1>d specially for this ser>ice. 

Plmwicffl h.11dro[1raphy-Obscri,ations of the formation and nwTement of ice in the Delau:are 
Rfrer.-Duriug tlie winters of 1878-1870 and 1881-1885, studies of the formation and mo>ement of 
ice in the JJelawarn Hi,·er wt're made part of tbc duty of Assistant S. 0. l\foUurkl~. In January, 
188fi, M'r. l\Ic()ork]p. was directell to resume these studies. Iu addition to his own personal obser-. 
vations he rnalle arrangemeuts for obse1Tations of temperature, the weather, and the movement 
of ice h~· the l;eepers of eln'en ligllts bet'\\eeu the Horseshoe and the Breakwater during- the 
months of Januar,\~~ February, nnd Marcl1. Capt. George B. White, U.S. N., Light-House Inspeetor 
of the Fomth District, kindl~' exerted himM'if to obtain the necessary orders from the Light-House 
Board. Thermometers were sent to the light-keepers, arnl reports were received from all of them 
except from the Fourtecu-fm~t. Bank Light-ship, which was removed from her station 011 account 
of the ice soon after observations were begun. 

The co-operation oft he captains of the Winsor liue of steamers, of the Philadelphia and Read
ing Railroad steam colliers and of the trustees of the city ice-boats was also obtained. 

The se-.erest cold of the winter occurred between January 10 and March 2. On the night of 
January 10 the river \¥as frozen over from Philadelphia to Dillingsµort, about ten miles below the 
city, and the ice eontinued solid or nearly so in. the coves and on the shoals till February 14, the 
channels being opened hy the ice-boats. 

Mr. l\lcCorkle remarks that steam-power is the solvent of the ice problem, and will continue to 
be so till the improvements now projected or in progress shall bave been completed. Beginuing 
with the 11ead of Pctt;y)s .18land, hil'l observations went to show that the dike built last autumn 
from Fisher's Point towards that island had the effect of causing a greater volume of water to flow 
through the western or Philadelphia channPl, and that b_y reason of this the river from Five-Mile 
Point dow11 bas lieen ]pss obi>tructed by ice than at an;y· time within bis knowledge. Owing partly 
to this, and partly to the constant trips of the four lines of powerful ferr,Y·boats which ply to and 
from the ,Jersey· shore, the river in front of the city has uecu less oU.structed b;y· ice th.au usual. 

Extremely low tides were noticed as prevalent during the \viuter; these were partly caused 
by• the prevailing northerly and westerlJ· winds, but in Mr. McUorkle's opinion tllere was another 
cause. In ma11y parts of the river the ice was solid during the whole period from ,January JO to 
February 14. l\Iucli of the floating ice would lodge under this, and a contraction of the tidal area 
would be the result, the \·olume of the flood tide being much lessened. He believes, therefore, tbat 
duriug a partial blockade of the 1-h'er by ice a much less quantity of water was drawn by the tide 
from the sea than ordin.uily, and he suggests the importance of tidal observations during a season 
of ic('. 

l\lr. McCorkle's elaborate report of his observations and conclusions is accompanied by a num
ber of appt~ndices embodying the reports of the observers whom lie employed to co·o1)erate with 
him, and forms a contribution of valne to our knowledge of what is still at times, although but for 
brief periods, au obstruction to navigation in an important highway of commerce. 

Speoial survey of tl1e Schuylkill River betu:een Gray's Ferry and Rambo Point.-In compliance 
w.ith a request from .Mr. \V. H.. Tucker, cliairman of the rort Warden's Committee of Philadel
phia, Mr. Charles J nnken was directed early iu July, 1885, to organize a party to make a detailed 
surwy of that part of the Schuylkill River between Gray's Ferry and Rambo Point. 

From the geodetic statious "Schuylkill .Arsenal" autl "Eastwick '.l'ower" a.s·a base, he deter
mined by triaugnlatiou the new stations required for bis survey. Ou the 11th of July he began 
a plane-table sur-.e.y of the shore-line, and a fow days later commeuce1l to take soundings. For 
ti.Iese a plaue of rttference was obtained from a tide-gauge fixed on llnlkley's Wharf, COIUJ)9.fi80n8 
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being ma<le with a bench-mark establii;Led hy the Dnited States Engineers on the south face of 
tile west abutment of Gray's Ferry Bridge. l\:Iean low water \>as tLmi determined witLout con
tinuing observations dnring au entire lunar period. 

Field-work was closed and tbe parts <lisbarnled July 17. JUr. J uuken then returned to". asb
ington and prepared tracings of llis surn•y for the use of the Port \Vanlen's Committee. 

The statistics are: 

Number of lwrizontal angles measured...... . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ti 
Length in miles of shore aml wharf line surn',rcd ...................... , . . . . 1 
Number of soundings ...................................................... 660 
.Miles run of sounding liues . . . . . . . . . . . . . . . . . . . ... , ... , . . . . . . . . . . . . . . . . . . . fl 

ll'lr. Charles A. J unk<>n se1Ted pfficiently as recortler in the party. 
Geodetic opm·aNons-Contirmation of tlic triangulcttfon mid reconnai.~8ancc of the southern part 

of the State of Neu- Jersey.-At the beginning of the fiscal year Prof. E. A. Bow1<er, Acting Assit>tnnt, 
had resumed field-work, in accordance with instructions, for the extension of the triangulatiou aml 
reconnaissauce in Southern New ,Jersey from the limitR of his work of the preyions seasou. 'l'lrn 
country being flat and thickly wooded with pine and cedar, the first work of the party -wai,; to 
build observiug tripods and scaffolds at Stations Hammonton, Blangie, and Martha, so as to rt-'lldrr 
these points intervisible. Tbe two stations first named are in Atlantic County, aud requirt-'d 
tripods forty-three and oue-balf feet high. At Station .Martha, about nine miles uortliwest of Tuck· 
erton, Burlington County, the tripod was fourteen fectin height. Observations at this point were 
begun July 8, signals ha\'ing been erected at Apple Pie Hill and Ridgway in addition to tl.lo::;e · 
at Blangie and Hammonton. A number of tertiary points were also obserYed upon. · 

Care was taken by Professor Bowser to mark his station points securely. Granite posts, fonr 
and one-half feet long and dressed to six inches square for six inches from the top, were set iu 
hydraulic cement at each of the observing stations. The letters" U. S." were cut into each of the 
four faces of the po-sts, and upon top an equilateral triangle having sides three and oue-1.rnlf 
inches in leugth. 

Station Martha was marked in this way Julr 2!J, and on the 31st the party moved to Station 
Blangie, in Atlantic County, about two and one-half miles northea'5t of .Mas's Landing, on Great 
Egg Harbor River. At this station observations were completed September 22, a11d the party was 
transferred to Station Hammonton in the vicinity of the town of the same name in Atlantic Uonut,r. 
At this point observations for the season were closed November 5, though all of the measurements 
dt'sire<l had not been obtained, the weather becoming unfavorable, and experience ha\'ing sl10wn 
the inutility of attempti11g to continue horizontal angle obsen-atious later than November timt 
in New Jersey. 

On the !)th of November Professor Bowser resumed the reconnaissance from the line Kellogg
Rm;sia where he had left it in November, 1884, and carried it westward and southward towardt< 
Bridgeton aud Mauricetown. The reconnaissance was attended with difficulties on account of a 
high ridge, covered with tall pines which ran northwesterly and southeasterly along MauricP 
River, and intercepted the view of signals as much as from seYenty to ninet,y feet in heigi1t. 
Search was made, but without success. for two stations of the primary triangulation of 18±5, 
Joscelyne and Pine. Finally, however, three additional points were selected, aid the recoumtis
sance was closed on the line Bridgeton-Fairton. 

During the season one hundred thirty-nine sets of observations were taken upon primary 
stations and fifty-four sets upon secondary or tertiary points. 

Towards the 1st of June, 1886, Professor Bowser was instruct.ed to resume the reconnaissance, 
as recommended in his report, westerly from the line Kellogg-Newfielu. 

Oontinuatio1i of the topographical resurvey of the eOlut of Kew Je1·scy.-Reterence wa;; made in 
the last annual report to the operations of the })arty of Assistant Gluu·les l\1. Bache, engaged 
at the beginning of the fiscal year in continuing the topographical' resurvey of the ocean :-;!iore 
of New Jersey from a point· about two miles south of Townsend's Inlet towards Uorson's lulet 
lJet,ween Ludlam's Beach and Peck's Beacll. 

Actual plane-table work began June 5, 1885, an<l was carried on uninterruptedly till October 
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28, when it terminated at a point one mile north of Corson's Inlet. The limit of the sun·ey interi. 
orl:r was the main road near the coast. Mr. Ilache-remarks that tbc margin mapped during the 
se~son is perhaps narrower than at any otller place on the coast that has the topographical features 
of sau<l beaches and of interior marshes ancl waters, the ayerage width of area surveyed being 
but tliree miles, while at some places along the coast it is seven miles. 

Defore leaving the fleltl )lr. Bache J)roceede<l, under instructions, to Sea Isle City ancl deter
minec1 trigonometriMll.Y the pm;ition of the uew Light-house at that place. 

The statistics of the season are : 
l\liles of ocean shore-liue surn'yed . . . . . . . . . . . . . . _ . . . . . . . . . . . . . . . . . . . . . . . . . 12 
Miles of shore-line of thoroughfares, fiOUIHll'!, creeks, ditches, an<l low water .... 225 
l\liles of roads and streets ........ - .. - . - . - . . . -.. - . . . . . . ................ - . . 60 
l\Iiles of fast laud line. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 37 
Area sun·eyecl in square miles .... : . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 30 

During'the winter )lr. Bache was eJJ):!"aged in office-work, and towards the close of the fiscal 
year was directed to resume his topographical snrvey from tlie limits of work of the previous 
sea8on. Ile is uow eugaged in this duty, and expects to complete the resurYey, if the usua1 
appropriation l1ecomes aYailable. Up to June 30, 188G, be reports the following statistics: -

l\I!les of ocean shore line-surveyed . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 
:Miles of creeks aud line of fast land ...•........... , . . . . . . . . . . . . . . . . . . . . . . . . . 29 
.l\I ilcs of roads ....................................... c • • • • • . • • . • • • • . • • • • 7 
Area surveyed in square miles.... . . . . . • . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 

Comp7etion of the topograpkic resnr'l!ey of the New Jersey shore of Delaware Ba.y.-!rhe party 
of .Assi8tant R. :M. Bache was organized under instructions in :May, 1885, for the continuation and 
completion of the topographic rnsurvey of the New Jersey shore of Delaware Bay. Owing to the 
limited balance of appropriation aYailable to the close of tbe fiscal year- 1884-1885, it became 
necessary to emplo;\· at first but two men in placing signals, repairing boat, &e., and then to work 
a sl10rt-ha11ded part.r in the field from June !) to June 30. 

Beginning at Fortescue Creek, the survey of tbe shore-line and a hi:'lt of topogmphical detail 
inland, averaging two miles in width was carried to Jacob's Creek, uearly opposite Bombay Hook, 
Oil tlle Delaware shore of the Ray. Scale of survey 1-20000. 

l\Ir. Bache remarks that the season was remarkably goo<l for field-work, almost tlle only time 
Jost in itii> direct execution being two days, when, through malicious mischief, :-;ome persons 
unknown rt>rn<ffe1l the signals for several miles along the bay shore. 

Some four or fin~ days also were occupied in supplying a deliciency iu tlJe triangulation, at one 
end of which a signal had been destroyed and its subsoil mark remoYP1l by some eYil-disposed per
sou, and at the other end au important signal and its underground mark destroyed b;\· a storm. But 
despite these disadvantages and the annoyance from the clouos of mosquitoes, remarkable even 
in tl1at localitt~, the almost uniform excellenee of tlie weather was snch that the season was a pro
chwt·h-e oue, and tlte work was prosecuted to co111pletio11 within an area difilcnlt to reach either by 
wagon or h_y boat, the general character of the ground being marsh, intersected by a meshwork 
of riYers arnl creeks, arnl with long tongues of fast land protrmli ng into it from tlic npland towards 
the shore of Del~are Bay. 

Tlte work was closed October· 8. Mr. Bache rt>ports the following statistics: 
Miles of shore-line suITl'fCd _ ........ _ ..... _..... . . . . . . . . . . . . . . . . . . . . . . . . . . 43 
l\Iiles of road8 .•.•.............. _ ................... _ ........... _. . . . . . . . 40 
Shore-line of creeks and porn.ls in milPs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 200 
Area smTe,red iu s11m1re miles ......................... _ ........... --. . . . . . . . . 28 

Dnriug tlle winter ~Ir. Bache was eu~1ged iu ofilce-work, am! towards the close of the :fiscal 
year receiYc<l instrnctious to_ take up the topogrnphieal resmTef of tlle shores of Haritau and 
Sandy Hook Bays. 

Pli!tximl l•.1Jdroyraphy-Cltanuc.~ in the Joe Flouuer Shoal, Dcla11:aro Bay.-Assistant Ilenry 
Mitchl'll tlerntes a portion of his annual report to a stud~- of the changes i11 the .Toe ]!'Jogger Shoal, 
which, as he o!Jserves, iorms the cent1·al prong in the submerge(l delta of the Delaware. Bis study 
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is based upon two excellent surveys made forty years apart, the first hy Lieut. George S. Blake, 
U. S. N .• Assistant Coast Survey, in 1841-1843, and the second by Assistant H. L. l\larimliu and 
by Ueuts. H.B. :Mamfield and Francis Winslow, U. S. N., Assistants, in 18~~-181'3. He dis
cusses the location, crest, width, meau depth, and H'ctional :uea of the ;;l10al ~is dniYed from the 
sur...-ess, and accornpanic>s his report (AJJIJCndix No. 10) by corn11aratiw; talJl('S of dimensions and 
of channel depths in 1841-'42 anll 1883. He slJows that this remarkable shoal lJas lost over a ruile 
of its length, and that in this mile the bottom has dropped thirteen .feet. Other shoals l1aYc he(·n 
less affected, but a vast cllange is in progress, which extends to the month of the bay. 

Mr. Mitchell acknowledges his indebtedness to Assistant C. B. Bosd, :\Ir.""· Il. Pairfiel<1, rnHl 
.Mr. C. J. Meade for aid in making the necessary projections, diagrams, aml tables. 

Completion oftliehydrograpltic resurvey of Lou:er ])elau:are Bay awl Entrance.-U[l(kr i11structio1ts 
bearing date of June 17, 1885, Lieut. F. H. Crosby, U. S. N., Assista11t Coast antl. Geodetic Snrw,v 
organized his party on board the steamer Gedney aml proceeded to Delaware Entrance, where lie 
took up the bydrographic survey from the limits of the work of tLe prece<ling seasOIJ. A portiou 
of it was in the vicinity of Cape l\fay, New Jersey, and coverell the channels leading to that cape 
and the shoals adjacent to them. The remai))(ler was in Maurice RiYer Con•, bounded by a line 
from near Town Bank, New Jerse,y, to Cros8 Ledge Light, and theucc to Egg Ishrnd Light. Also. 
in Maurice River, the bydrograph;y of "·hich was completed to Wiggins' Landing. 

Besides the abo•e, an obstruction in Delaware Ri•er near 'Yilmingtou, Del., and a lump 
behind Delaware Breakwater were examined and located. 

Tides were observed at Cape :May Point during the work in tbat Yicinity, and the plane of 
reference used was that esta.blished by Lieutenant Hanus iu 1884. Other tide i;;tations were at 
Egg Island Light, New Jersey, .Maurice Riwr Light, Sew Jerser, at Port ~orris, N. J., and at a 
point off Fishing Creek, about one-third of the distance from :\Iauriee Hirer to Cape May Point, 
This last named was for purposes of comparison only. 

Two attempts were made to get a comparison between l\laurice HiYer ancl Cape May Point, 
with the infention of using t11e same plane of reference throughout the season's work, but there 
was such an e•ident dissimilarity of tides that Lieutenant Crosby felt obliged to place 110 reliance 
upon tile comparison, mid to establish a plane of reference at Maurice l{i,·er by conti11nom; 
obserYations for one lunation. Between the three gauges at Maurice River, Egg Island, and off 
Fishing Creek the agreement was very close .. 

Lieutenant Crosby remarks that a comparison of all of the tide stations as to times of high and 
low water, together with a perceptible increase of rise ancl fall obserwd in the bottom of ~Ianrice 
UiYer Cove, seems to indicate that the tide fiows direct]~· into tlie bay, followiug the chanuels, and 
turns hack into the cove from the viciuity of Brandywine Shoal. This would also nccount for ti.Jc 
fact that along the east side of Egg Jsland Point tbe flood tidal cnrrflit · 8ds Yery strong to tlic 
southward. 

The whole of l\Iaurice Ri\erCove to tlte northwar .. l of Deadrmrn's Shoal ancl to the eastward of 
Egg Island is staked oul, into private oyster claims. The stakes are set pretty thickly o\·er tliis 
whole area during the summer aml fall, but are all carried away hy tile ice in the winter. In this 
business not far from two hundred schooners and sloops are engaged, and an a n.>.rage of twent~· 
ear-load8 of oysters are forwarded daily by railroad ·from Port Norris,~. J., during the sea,;011 
begiuning September 1. La1'ge quantities are also shipped to Baltimore by water 

Lieutenant Crosby closed his liydrographic work October 31, unfavorable weather making it 
impracticable te undertake sonie off.shore work in the vicinity of Cape Ilenlopeu. 

The following-named naval officers were attached to the party ou hoard the Gedney: Ensigns 
T. 1\1. Brumby, A. L. Hall, .r. B. Hetherington, F. W. Kellogg, J. S. Watters, and G. W. Street, 
D. S. N. Ensign Kellogg was detached July 31, 1885; Ensign Street JOined the ship August 31. 

The statistics are: 

Miles run in sounding ... : ......................•••••................... 
Angles measure<l. . . . . . . • • .•...........•.........•.................... : 
Number of sonn<lings •....•..............•••••.•...•...•........•....... 
Area covered in square miles •....••..•.•.••.••.••....................... 
Number of specimens of bottom preserved .•••••••••.............•.•...... 

1, 45(} 
11,397 
!)I, lG!J 

121 
38 
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In November tlrn steamer was taken to ~ew York, and was there fittell for scrYice on the coast 
of Louisiana. Hefereuce to Liente1rnut Crosb,Y's work on that coast will be made under tile heading 
of Section VIII. 

SECTION III. 

M.\RYLAND. DJSTHICT OF COLUMBIA, YJRGINIA,AI\D \YEST VIRGINIA, I~CLUDING HAYS, SEA-POllTS, 
. AND RIV1'~US. (SKETCHES Kos. 1, 4, 14, 16, ancl 17.) 

Bpecial swTcy for tlie Harbor Board C!f tlie Cif!f of Ba.ltimore.-'Reqaest having been made b,\· 
Mr. ~.II. llntton, :Engineer of the II arbor Board of the City of Baltimore, in behalf of that Board 
for the detail of an officer of the Coast allll Goedetic Survey to mark out the Port \Varden lines ot 
the city, and connect them with -the triangulation of the Survey, A1<sistant 0. H. Tittmann was 
instrnctetl early in June, 1-:)SG, to coufor with Mr. Hutton and execute the work desired . 

. Mr. Tittmann began the necessary examinations June 15, and at the close of that month was 
engaged in making trigonometric observations, asshsted by )fr. J. Henrs Turner, Aid in the Sunc;y. 

},Jagnetic ob.~errations at Balt-imore and Wa.shington.-Determinations of the magnetic declina
tiou, dip, and intensity were made by Subassi8tant J.B. Baylor in the fall of 1885 at Fort :McHenry, 
Baltimore Harbor, in order to obtain results which would afford additional material for ascertain· 
iug tl1e secular change of the magnetic elements. The station of 1885 was the same as that occu
]lietl hy l\Ir. Baylor in 18i7, and near the station at whi<·h similar obser,·~tions were made by 
Assi8ta11t Schott in 1856. 

Before and after his season's work (which is referred to under the heacliug of Section II) Mr. 
Ba~ lor obsen·ed at the station on Capitol Hill, Washington, with the dip circle, to determine the 
intensity by the Llo.Yd method at the several places of ohsen·ation <luring his magnetic tour . 

.1lnnual determination of the magnetic dip, decl-inat-ion, antl fatensity at the station on Capitol Hill, 
ff ashing/on, D. C.-Determinations of the magnetic declination, dip, and intensity ha,·e lteen made 
annual!J· at a station on Capitol Hill, \Vashington, by Assistant Charles A. Schott <luri.ng a period 
of nineteen years and at less regular intervals for thirty years. The results of the obsen·ations 
made June 14, 15, and 16, 1886, proved to be in accord with the amount of annual change hereto
fore determined for the magnetic elements. Assistant Schott remarks that the old maguet used 
for tl1e measure of the earth's magnetic intensity was found not to ha\'e lost mag1wti8m appre
ciably for teu years, a fact, which he supposes due to the position iu which the magnet is kept, 
north ernl down, so tlrat it is always under the influence of tlie earth's induction. 

These determiuation:s, made witlr care arnl skill, and under practic~lly unchanging cou<litious 
duriug so many years, have an exceptional ,·alue as a contribution to our kuowle1lge of the 8ecular 
change of the magnetio-elements on the Atlantic seaboard. 

Determination of the geograph·ical JJOsition of tlte Wa.~hington Jfonument.-I n order to determine 
trigonometricall;.,- the geographical position of the \Vasliingron Mo1rnrnent, At<sistant U. ll. Sinclair 
was directed to connect it with the triangulation of the District of Columbia. He began this work 
April 7, 188u, erected the necessary signals and made all the observatious required in four days. 
Stations Ueform School, Du Pont, Stanton, antl Immue Asylum were occupied, with enough ob
servations from the latter point to bring the station 'l'heologfoal Seminary of the main series into 
the scheme. 

On account of the known angles and distances in the adjusted triangulation of the District of 
Columbia it was only necessary to measure a few angles at the four sta1 ions above mentioned to 
b1fog in the Washington Monument. Niue migles were measured by two lrnmlred and fifty-four 
observations with a ten-inch Gambey theodolite. 

'l'he records and computations were deposited in the office. Other duty assigue<l to Mr. Sin
clair is referred to under the headings of Sections lI: XV, an1l XVI. 

Continuation of the detailed topographical suney of the Di,strict of Oolumbia.-At the beginning 
of the fi:scal year the topographical survey of the Di:strict of Columbia, under the direction of 
A:s:sistant .T. 'V. Donn, had l>eeu advanced westward to an irregular line drawn from a·poiut on 
the Potomac I:.iver, son th west of tlle junction of the Uondnit and New Out roads, northeasterly to 
Hatters Parrott on the Hidge road, thence to the angle of Tunlaw road at the crossing of ,Foundry 
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Brauch, and along that road to the Teunallytown an<l RockYille turnpike, and uortheastwar<ll_v 
from that point to 'Voodley lane, along that road to the Klingle Fortl road, down that road to 
Kliugle's Iine1 and thencP> in an irregular line to Rock Creek Ford road and the Daniel road, and 
from thence to the crossing of the Dis.trict line by the l:;eventh street road. 

During the summer and fall months of 1885 the operatious of 1\:Ir. Donn's party were priuci-
1>ally cnntined to the open country adjacent to the Tennallytown and Pierce's l\lill roads, \Yootlley 
lane anti the Graut Military road, and the Loughborough and Tnnlaw roads. Tlrnre were m:rn~
small areas of woods that could not be entered until the trees became bare of lea,·es, lmt these were 
completed early in the winter. Klingle Ford road was opened in September, and to make the 
original sheets upon whicll it fell perfect, its line was run and its grades connected with contour;; 
formerly run, as soon as it was possible to work to advantage through that he~wily-woodeil reg-iou. 

During the period of the most intense cold, wlJilc the snow co.-ered the•ground, work wa:,; 
entered upon in the valley of Soapstone Creek, an area \'ery difficult to pass through wilh au iustm
mental survey, being thickly covered with woods and entirely shut in from facilities for the deter
mination of positions by means of triangulatiou points. The only resource was the running of 
numerous traverse lines intersecting and checking each other. Excepting the area lying within 
the angle of the Grant l\Iilitary and the Broad Branch roads the work was satisfactorily completed 
by the time the opening leaves again compelled a return to open grounds. 

In Ma;y, 1886, the survey was resumed on the western side of Foundr~· Branch auu pushetl 
across the Ridge road and over the country bounded by that road and the Conduit and Chain 
Bridge roads. 

Mr. Donn's report is accompanied. by a map showing the area O\'er wllich tlle surrny lJad been 
completed at the beginning of the fiscal year and the additional area surveyed up to June 30, 1886. 
After a full consideration of the amount of work accomplished, he comes to the conclusion that the 
work will be completed in the time originally estimated, namely, ten yea1·s from the beginning iu 
February, 1881. . 

The office-work, which involves the preparation of original sheets for the archiYes of the Sur
vey and the preparation of tracings, drawings, and level records for the immediate use of the 
Engineer Commissioner of the District, keeps Mr. Donn and his party closely occupied upon all 
occasions when acth·e field-work is impossible. 

Gravity research.-Pendulum oscillations at Wa.skington.-Reference has already been made 
under the heading of Section II to the occupation of a series of gravit.r stations by Assistant 
Charles S. Peirce with the inYariable reversible pendulums, Peirce No. 2 (a meter in length) and 
No. 3 ~a yanl in length). 

For comparison with the results at these stations, the same pend11lums were oscilhtted i11 
.April, 18SG, at the permanent gravity station which had been established iu the SmitbsoniaH 
Institution. For this work time signals were furnished by- the Superintendent of the NaYal 
Observatory. 

Approximate results have been obtained and the final reductions are iu progress. 
Hydrographic examinations for the Ooast Pilot in Chesapeake Bay and its tributarics.-lu pur

suance of instructions dated April 6, 1886, Lieut. G. H. Peters; U. S N., Assistant Coast :rnd 
Geodetic Survey, took command of the steamer Arago, and, ha\·ing organized his party on board 
of be1·1 took up such bydrographic examinations in Chesapeake Bay and its trilmtaries as were 
needed to complete for publication the manuscripts of Subdivisions 17 au!l 18 of the Atlau; ic 
Local Coast Pilot. 

These examinations included the Potomac lliver and the streams tributary to it, Tangier aud 
Pocomoke Sounds and their tributaries and the more southerly waters on the eastern shore of the 
bay, the waters of the lower bay and the rivers of its western shore, including the Patuxeut aud 
the Patapsco, and extended thence to the northward for work in the upper bay and its tributaries. 

Lieutenant Peters reports that much delay and serious inconvenience "·as caused by frequent 
rains antl fogs. 

With regard to the charts of the Survey which he had occasion to consult and study iu co:1-
nection with the Coast Pilot work, he observes that while the field-work for some of them was 
done mall;\' years· ago, yet in these cases the changes that have taken place do not materi<1ll,r 
affect their value for such waters as a stranger would be apt to attempt to mn-igate by a chart. 

H.Ex.40--7 
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On June 16, llai;ing completed the work assigned to him: Lieutenant Peters was detached 
fl'Om the .Arago an<l ordered to \Vashington to resume his duties in the office. 

Search for (t shoal reported o:ff .Assa.teague Light.-A shoal having been reported off Assa· 
teagne Light, an<l uot laid down on the charts, in a letter from the Hydrographer of the Navy 
1 Jepartrneut, under date of October 1, Lieut. J. E. Pillsbury, U. S. N., Assistant Coast and 
Ue()(letic Surn>y, comman<ling the steamer Blake, was <lirected to make search iu the vicinity. 
Lieutenant PiNsbnry reports that neither the soundings be took, nor auy of the e\•idence Le 
ou1aiuell from the captains of coast-line steamers who pass over or Yery near the •locality 
t'\"('I'.\~ trip, gave indications of shoal water as reported. He thinks it probable, therefore, that 
the ~d1ooner -which strnek was out of her reckoning. 

Examination of line of precise lei-els from Hagerstozcn, Md., to Fortress Monroe, Fa.-A11 error 
of apparently a meter having been discovered in the line of precise levels from Hagerstown, Md., 
to Fortress l\lonroe, Va., .Assistant .T. E. "' eir, was instruetell to organize a party for the purpose 
of m uking a close examination of t be liue in order to ascertain where the error in it bad occurred: 

The party was organized at Richmond, Va., and the work begun May 28. In making the 
examination, the method adopted was to connect the line of levels with tide-water at Washington, 
Fredericksburg, and Richmond, thus dividing the whole line into four sections from fifty to ninety 
miles each. As the line had uecu referred to tide-water at \Vashington in 1884, the work of 
examination was begun at Richmond. Reference to the tide-gauge used by the Army Engineers 
in the imprO\'ement of James Hirnr gave mean half-tide as observed at Richmond 0.1258 meter 
a\Jm·e mean sea-level at Fortress Monroe. The connection that was made with tide-water at 
Washington gave mean half-tide as there observed 0.30 llleter abo\~e meau sea-level at Sandy 
Huok. :Meau half-tide at Washington and Richmond should be approximately the same above 
Sandy Hook and Fortress Monroe, but the line of levels gives a difference of O.li4 meter, or 6.85 
inches. This led to the supposition that the error was probably a cumulative one; Lenee it 
was <lecided to nm a single line of check levels as far as Ashland, Va. 7 sixteen miles from Rich· 
mon<l, and the tendency to cumulative er~or being sufficiently marke<l in this distance, it was 
thought best to continue the line of check le> els to Milford, forty miles from Richmond. From 
Richmond to Milford there was a cumulative error of 0.198 meter, or about 7.8 inches. 

The old line was then con11ected with tide-water at Fredericksburg. This garn mean half. 
tide as observed at Fredericksburg 0.4968 meter above Sandy Hook, indicating a cumulative 
enor of U.l!lG8 meters between \Vashingtou and Fredericksburg. 

l{.esults obtained by continuing the line of check levels from Milford to Frederick1;burg left 
little reason to doubt this tendency to cumulative error in the line of geodesic le\·eling betweeu 
Hagerstown aud Fortress :Monroe, and Allow the necessity of adopting such checks as will reduce 
it to a minimum. 

Field operations were closed and the party disbanded June 2.3, Mr. Weir reporting for duty 
at the Office. He ackowlcdges the efficient service rendered by Mr. John Nelson, Aid. 

Completion of the surrey of the boundar'i line betu:een tlie States of lVeb·t Virginia and Peiin11yl
rnni1i.-l~ull reference has been made under the Leading of Section II to the work of ranging out 
and marking the boundary line between the States of ·west Virginia aml Pennsylvania, which 
follows closely the parallel of 39° 43' .3. Undertaken in 1883, at the request of the Joint Commis
sioners of the two States, anti placed in charge of Assistant C.H. Sinclair, with the ai<l of As~istant 
C.H. Van Orden, and partly finished in that J·ear, the work was resumed, with the approval of 
the Department, by l\lr. Sinclair, under instructions, in September, 1885, and completed . 

. Copies of Mr. Sinclair's report and of the maps accompanying ha\'e been furnished to the Joint 
Uommi.ssioners; a copy has been deposited also in the archives of this Office. 

SECTION IV. 

NORTH CAROLINA, Il\CLUDINU COAST, SOUNDS, SEA-PORTS, AND IUVERS. (SKETcm:sNos.1, f>, 16, and 17.) 

Special ltydrograplty.-8un·ey11 of oyster-beds for tlze State of Nortli Carolina.-Application 
haYingbeen made by the State of North Carolina for the aid of the Coast and Geodetic Survey in 
making a Rnf\'PY of the oyster-beds of that State, Lieut. FranciR Winslow, U. S. N., Assistant 
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Coast and Geoderic Survey, commau<ling the schooner Scoresby, was iustrueted to undertake this 
work in March, 1886. The preYious experience of this officer in iuvestigations aud surveys of a 
similar character in Chesapeake Bay and its tributaries had s1u0dall~- qualified him for the pro
posed surYeys in tile sounds of Nortll Carolina .. 

LC'aving Norfolk A1n·il 2 and p:H~s-ing tlJrong-h tlic Alllemarle and Olie:;apeake Canal, the 
Scoresby rea-ched Beaufort, N. O., April 11. The passage through the ~orth Carolina s0uml8 was 
utilized by a rough examiuatiou of the ground to be gone onr, by observations of water densities, 
and the co1lectiou of information expected to be of use in the future. Ou the l~th of Ap1·i! aetive 
work in the field was beguu, its general scheme contemplating the establishment with reference to 
Coast Survey triangulation points of all the oyster-beds of the State; that is, to define tliem as accu
rately as possible on regular projections, and then to exaruinfl more general!~- the areas supposed 
to be suitable for the planting of oyster-lwds arnl as far as possible to indicate 011 the cliarts the 
extent. of such areas and their location. 

The determiuation of the. positions and areas of existiug oyster-beds is accomplished by the 
method8 usuall~' employed in hydrograpltic surve;ys, modified or cxpamled as circumstances may 
require. They are detailed at loogtl1 in Lieutenant 'Vinslow's elaborate paper ou tlie Chesapeake 
beds, pnulished as Appendix No. 11 to the report of the Superintendent for 1881. In the exam
inatiou of areas presumed to be suitable for tlie maintenance of oysters is iuclnded the study of 
the depth aud density of the water, character of the bottom, streugt,lt of currents, actiou of wirnl 
and tide, and effoct of ice, freshets, and other abnormal inftnences. A stutly of the fauua is also· 
required. 

A.ll of these various branches of work were. kt>pt in aeti\·e prosecution from thC' time of begin
ning the surveys, and by June 30 had included the Newport and North Ri'l'ers, the inld of Back 
Sound, and the greater portion of Core Sound. 

Up to the close of the fiscal :year Lieutenant \Vinslow reports that about tif:ty t.l10mmnd acre8 of 
gronnd had been gone over and about two thousand beds had been locatea, and that although it 
was not then possible to fix their exact areas, the total area wms inconsiderable when compare<l 
with the large acreage which is suitable for oyster culture. 

It is expected that the data collected by the part.y and the information which will lJe arnila ble
by the close of tlie season will enable the legislature of the State to adopt some scheme by 'lfhich 
the enormous area now unproductive may be turned to account. 

Oonnectionoftlietriangulations of 1853 and 18i3 on the coast of North Oamli11a.-Bcach meas· 
urement near the boundm·y line between North and South Oarolina.-In order to make a conuection 
between the triangnlations of 1853 and 1873 in th<~ vicinity of Beaufort, N. C., aud to Hecute 
other work reqnired on tha.t coast, Subassistant W. C. Hodgkins was instructed to organize a. 
party in December, B85. Upon reacliing Beaufort in January. 1886, he began without delay the 
work of searcliing for the old triangulation poinb:; in Core Sound, Beaufort Harbor, and Bogue 
Sound. The extremely cold weather and the hard frozen ground was nnfavorable for field opera .. 
tions; the sounds and creeks were for the. most part closed by ice. 

Until tlie middle of February the search for the old points was continued without much suc
cess, but three being found out of fourteen. l\fnch time was necessaril,v consumed in digging for 
the underground m!lrks. 

At this stage of operations, and before taking up the triangulatiou, the work was temporaril~· 
suspended in order to transfer the party to Smithville for the purpose of co-operating with the 
party of Assistant D. B. vVa.inwright in the beach measurement intended to connect the triangn. 
lation of Cape Fear River with that near Little River, whero the boundary line between .XorfL 
and South Carolina touches the coast. . 

For the double purpose «Jf ooonomy in transportation and to reconnoitr6 the coast between 
Beaufort and Cape J<'ear, Mr. Hodgkins obtained a sharpie drawing about ten inches of water and 
in it left 'Beaufort, February 18, with his tents, instruments, and two men, making the trip mostl;y 
through the narrow creeks and shallow sounds Jyiug uetween the beach and the mainland. He 
fonnd but little difficulty in proceeding except· on the divides between the inlets at low tide. 

Arriving at Fort Caswell, Cape Fear River .Entrance, February 23, and joining Mr. \Vain. 
wright's part.y there, a wire measurement abng the beach was begnr. by the two parties conjointly, 
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the augular measurements uee<led being ma<le in part by Mr. Wainwright and in part by Mr. 
Hodgkins. 

Upon the completion of this work early in niay, and the reference of the beach measurement to 
the meri<liau by the measurement of au astronqmical azimuth at Fort Caswell, Mr. Ho<lgkins 
returned. to his first fieltl of labor, aud took up the triangulation between Beaufort and Core Sound. 
[u the measurement of the angles at the several stations it was generally found necessary to ele
nite the instrument about fifteen feet above the ground. The stations recovered, four in number, 
were cor.uecte<l by the triangulation with one of the sides of the old work, Davis Shore and Bell's 
Point, aud fartl1er towards Beaufort a uotller cormcctiou was made at the Station Lynch. Unfor. 
tunatel.r no point directly conuccte<l witb Lynch in tbe old triangulation couhl be recovered, but, 
the court-house at Beaufort was redetermined and afford8 an indirect clleck. The old point at 
Da,·is Island, connected with Davis Sbore and Bell's Point, was also redetermined. Cape Lookout 
Ligltt-hou8e was connected with the triangulation of Core Sound, and a topographical survey was 
made of the shore of the important harbor of refuge in Lookout Bight. 

l\Ir. IIodgkins observes that a small light on the point at the entrance of this l1arbor i:s much 
1wedc1l for the small vessels that frequent it. • 

The statistics of field-work, which closed early in July, 1866, are; 

Number of signals erected. . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . .. . . . . . . . .. . . . . . . 18 
Number of stations occnpie<l...... . . . .. . . . . . . . .. . . . . . . . . . . . . . . . . . . • . . . . . . . . 20 
Number of objects observed........ . . . .... .. . . . . . . ... . . . . .. . . . . . .. . .. . .. .. 105 
5 umber of angles measure<l. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 113 

Under the heading of Section U reference is made to duty a.ssigned to l\lr. Hodgkins earlier 
iu tl1e fiscal :year. 

Junction of the tt·ia.ngulation at the mouth of Cape Fear River with that at Little Rfrer Inlet.
Ju order to connect the triangulation of Cape Fear River, executed by Assistant O. P. Boll~s, in 
1853-'59, with tbat of .Assistant 0. H. Tittmann, carried up from the southward along the South 
Carolina coast us far as Little River Inlet, in 1873, Assistant D. B. ·wainwright was instructetl to 
orgauize a party early in December, 1885. 

Th~ work was begun by a search for thft old points which had been established on the coast
liue, the party being either in camp on the beach or making trips of several days' length in an 
open sail-boat. Much hanl:sllip was endured, owing to tlie unusual severity of the winter. No 
stations could be fom1d south of SmithYille, the changes that ha\'e occurred along the coast from 
the action of wind and tide being Yery great. It became necessary, therefore, to start the triangula
tion from three points in the vicinity of Smithville. The greate~ part of the distance was meas
ureLl by wire; and from an azimuth observe<l at Fort Caswell, and carriccl southwarcl by stations 
about four miles apart, the measurement was cllecked in direction. 

Iu this work, which was finished May 4, Assistant W. C. Hodgkins cooperated most effect
i\-ely, I.tis own parts and that of Mr. Wainwright working in conjuuction. 

Soon after }fr. Wainwright's return to ·washington he received instructions to prepare for 
the resumption of topographical work near New York, as mentione1l under the heading of Section II. 

Hydrographic e;1.:a.111inations in the 'vicinity of Frying Pan Shoal"8.-0n the voyage northwald of 
tbe :steamer Blake, in command of Lieut. J. K Pillsbury, U.S. N., Assistant CoastandGeodeticSur
vey, examinations were made in .June, 188(i, in the vicinity of Frying Pan Shoals, North Carolina, 
to fix the locality of certain shoal spots recently reported as not shown on the charts. Search 
to tlJe eastward of ti.re light-vessel led to tuc discovery of a rocky patch of perhaps oue,fourth of 
a mile iu diameter, situated near the fh·c and three-quarter.fathom spot shown on the chart. The 
shoalest water on' this patch of rock was found, by steamiug and drifting over it with six leads 
goi11;;, to be four and three-quarter fathoms . 

..\11 (~xu,mination made to the westwar<l of the light-vessel to ascertain the correctuess of tbe 
souudings shown on the chart' developed the fact tbat Captain March, of the steamer Johns Ilop
kius, was probably correct in his statement that he had found thirteen and one-half fathoms uear 
the position of ele\.·en awl one-half fathoms on the geue.ral coast chart, Cape Hatteras to Cape 
Uomaiu. Lieutenant Pi118bnr;r reports that he found twelve and three-quarter fathoms west of the 
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Light->·essel. He has forwarJed to the office a sketch ~howing the s.oundings, with the position of 
the Light-vessel, and snch corrections as are found necessary will be made on the chart. 

The importa-nt work of the Blake in the Gulf Stream is referred to under the heading of Section 
VI; other hyurograpl:Jic duty executed by foeuteua11t Pillsbury is reported nnder tlie lieadiugs of 
Sections I, II, and HI. 

SECTIO:X V. 

SOUTII CAIWLL'\A A:-i'D GEORGIA, I~CI,UDING COAST, SEA-WATER CHAK'.SLLS, SOU~DS. HARBORS, 
AND 1UVER8. (1:3KETCIIES Xos. 1, '" 16, aud 1 i.) 

Jlagnetic obserrntions at A.iken and <1-t Cha.rleston, S. C., arul at liarnn11uf1, Ga.-Tlrn collection 
of m~ttcrial for perfecting the magnetic map of the United States was continued h:r Snbassistaut 
J, ll. Baylor, unuer instructions (lated in December, 188i>. At Aiken, S. C., he established a mag. 
uetic statiou in the grounds of the new Court-House, 011 Railroad. aYenue, wltere lie 1h,termined the 
qeclinatiou, dip, and liorizontal aml total intensity by observations ma<le Decrniber 21 to 2:;. A 
mcri(liau line was fixed by observations on the sun for azimutli, and permanentiy marked by two 
granite posts sunk to a depth of two feet in the ground, their tops lm·el with the 1.mrfaee. One of 
these posts is in the open space southeast of the Court-House; the other in the ceuter <,f Hailn)tal 
an.mne. 

'Sear Charleston, S. C., tlie stations occupied in 1849 and 18.SO, at Ilreacl1 Inlet, 011 t:'ulljnm·s 
Island, were reoccupied, and the waguetic elements determined b;r two day;;' obsen·atiom:, Decem
ber 29 aud 30. 

J\Ir. Baylor then proceeded to Sayannah, Ga., and reoccupied the station of 185:!, 011 Hutch
inson's Island, opposite that city, determining the declination, dip, and intensity by t\l'o <lays' 
obser,·ations in J m1uarj·, 1886. These re<letermiuatious will afford the means of ascertai11i11g tLe 
secular changes in the magnetic elements at the localities indicated. 

Under tlrn heading of Section VIII reference is made to the oecu1Jatio11 of two rnag11etic 
stations in Lonisiam1 by Mr. Baylor while attached to the party of Assistant F. \Y. J>erkius. 

Hydrographia examinations in llortlt and South Santee Biuris, Bull's Bay1 l'rfrl".~, Capers, and 
Dewees Inlets, and Charle.~ton Harbor, South Carolina.-In conformity with instructions i~sued i11 

December, 188:i, Lieut. G. U. Hanus, U. S. N., A~sistant Coast autl Geodetic Survey, !Jayiug 
organized his party on board the steamer Endeavor, left New York for Charleston towards the end 
of that month, anrl early in January, 1886, began hydrographic work in Bull's Bay. 

To obtain a plane of reference for the soundings, a staff-gauge was put up at .Tack's Creek. 
· bomparisons of this gauge, made from time to time during the progress of the work with tl1e self. 

registering gauge ut Fort Sumter, showed that the tides at the two places hatl the same rise and 
fall and that tLte high and low waters occured simultaneously. All of the soundings taken in 
Bull's Bay were reduced to the mean low water of the gauge at Jack's Creek. The bench-mark 
for this gauge is a brass bolt driven into the wall of an old fort in the point of woorls about one 
hundrt.~d and fifty meters to the sontl1ward of the mouth of Jack's Creek. 

During the months of February, March, and part of April the in-shore antl offshore li_ydrog
raphy of Bull's Bay, Prices, Capers, and Dewees Inlets, and North and South Santee ltirers was 
completed as 1aid out on the projections. Staff-gauges were established at Capers Inlet aud at 
South Santee River, and compared with the Fort Sumter gauge. For the work atthe inlet I', lmt one 
point of the old triangulation could be found; it became necesEary therefore to measure a base on 
the coast and connect one of the encts of the base with the triangulation by obserrntions for 
azimuth. The sounding was afterwards done either by campiug parties from tho inside or from 
the vessel anchored outside. Upon the completion of this work Lieutenant IIanus procee<le<l in 
the Endeavor to Charleston, S. C., and began a thorough examination of Charleston llar, in order 
to determine the exact condition Of the channels. Having obtained the positions of the Light_ 
house tower, of all beacons and buoys, and a number of prominent land marks, he chaiued the 
entire beach of Mottis Island in order to check his determinations, and also the beach of Folly 
Island to a point two miles below Light-House Inlet. 

The most important result accomplished was the di1wovery anrl location of a dangerous wreck 
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in the main ship channel near the southern bar. Mariners were immediately warned of thi:s dan
ger by a Notice (No. 73) iF.sued from the office of the Survey, May 12, 188G . 

.Another result of Lieutenant Hanus's survey was the preparation of full sailing directions for 
crossing the bar and entering the harbor, with recommendations for such changes in the aids to 
navigation as would make the entrance easy for the deepest vessels that enter the port. 

The tidal observations used in the reduction of soundi11gs on the bar were all obtained from 
the staff-gauge at Fort Sumter wharf. .A great number of observations were obtained also from 
the self-registering gauge at Fort Sumter. 

The Charleston Harbor work was finished the middle of Ma;y, and the Endtavor was taken 
north. Ou the way up the coast, Lieutenant Hanus made examinations for the location of a shoal 
reported off False Cape, Virginia. He states that a number of shoals were found~ but that none 
of them ought to be dangerous, for the simple reason that no naYigator ordinarily cautious could 
be caught so uear the shore in the vicinity of a shoal already charted. 

Fullowiug are tbe statistics of the season's work in South Carolina and Virginia: 
l\Iiles rnn in sounding . . . . . . . . . . . . . . . . . . . . . ........ _. . . . . • . . . . . . . . . . . . . 571 
Angles measured . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5, 861 
Number of soundings. . . . . . . . . . . ................... _.. . . . . . . . . . . . . . . . . . 45, 536 

Othu dnty executed by Lienteuant Hanns is referred to uuder the heading of Section II. 

SECTION VI. 

PENI:\'Sl'.LA OF FLORIDA, FROM SAINT MARY'S RIVER ON THE EAST COAST, TO AND INCLUDING THE 
A:\'CLOTE KEYS ON THE WEST COAST, WITH THE COAST APPROACHES, REEFS, KEYS, SEA-PORTS, 
AND RIVERS. (SKt:TCIIEt> Nos. 1, 6, 16, an<l li.) 

l'ltyN·icol ltydi·ography-Obsenwtion.~ of cur·rents in tlte Gulf Streatn-Deep-sea soundings from 
Flori1la Reefs to 8alt Key Bank arul thence to Bahama Ba.nks-Examination of'set,enteenfeet spot in 
._'louth 1rext Channel, Key lVcst Harbor.-Thc investigation of the currents of tl.ie Gulf StreR-m, which 
had lwcn begun with special methods and appliances in the winter of 1S84-'85 by Lieut. J. E. Pills
bury, U. S. N., commauding the steamer Blake, was resumed by that officer in .March, 1886. .All 
preparatiow,; for the work had been completed early in January, but the Blake was detained at 
the \Vashingtou NaYy-Yard by ice in the Potomac till February 16. 

011 reachiug the l"lorilla coast, a tide-gauge was established near the fort at Garden Key, Dry 
Tortngas, in order to gain some knowledge of the relation, if any, existing between the entrance 
of tLe tidal wave iuto the Gulf of Mexico and the variation in the velocity of the Gulf Stream on 

· cross.section A of the season of 1885 between the Fowey Rocks and Gun Cay. 
En'ry opportunity was taken dnring the season to obtain the obst'lrvatious for currents, tlle 

ouly break of any length of time heing about ten days, when it became necessary to go to New 
Orl<·aus for bituminous coal, that at Key \Vest having been destroyed in the great fire tlie1·e in 
the earls part of April. \Vhen at anchor in the Stream, the Blake needed to have at all times a 
grca t prc1>sure of steam on her boilers, so that the anchor could lie weighed and the engines started 
:it a moment's notice, and for this reason harcl coal could uot be used. 

The weather iu l\larch awl .April was abnormally bad, strong northerly winds anti heavy seas 
prm~ailing most of the time, and in its general character the season was totally unlike that of the 
sear !1efore. At the Bahamas and at Key \Vest the winter of 1885-'86 was said to ham been 
more sHere than e,·er before know111 fish in Yast numbers having been killed or benumbed on the 
shoal,;. In 1885 during April nnd }fay there was seldom.a day on which rain did not fall, while 
in 1886 there was scarcely one shower during either month. From local evidence Lieutenant Pill~ 
huQ· concludes that 1885 was nearly a normal year while 1886 was abnormal. 

Current meters of the isamc pattern as those of last year were used in taking the observations. 
These meters were described and figme<l by Lieutenant Pillsbcry in his paper published as .Ap
pendix No. H to the report for 1885. This season, one meter was used for the surface and another 
for the subsurface currents, and the two were frequently interchanged. This increased the rapidity 
with \Tliich thP <lata for an~· depth were obtained. Some changes to secure "Teater efficiencv were .,, . 
also made iu the anchoring gear. 
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Iu his elaborate report, which appears as Appendix No. 11 to this volume, Lieutenmit J>ills
bury submits a discussion of the most salient features presented by the observations of the season 
of 1886, including those also of the year before, in order to show the agreement between tlie two. 
He considers : 

I.-:-The g·eueral cl.iaracteristics of the Gulf Strearu as de,·eloped by tl1e ohserrntious. 
JI.-Tbe dail.r variation of the Stream. 
III.-lts monthly yariation. 
IV.-Axis of the Stream. 
V.-Efi:'ect of wind on its velocity and. the position of its axi::;. 

VI.-Depth of tile Stream aHd velocity at different depths, 
VII.-General summary, witll rules for the guidance of navigators. 
Referring to his report of last year's observations in the same waters, be concludes from the 

observatiomi of this year also that there is a daily variation of the Stream, that there is a montbly 
variation, and that the axis of the Stream is not situated at the poiut at which it was geuerally 
supposed to be. These were his conclusions of last year, aml lw finds 110 occasion to reverne or 
modify them. 

• vVith regard to the velocity of the current, he remarks, towards tile close of his paper, that tile 
examinations ha,'ing been made in .March, April, l\1ay, and June, the conclusions may be iucorrect 
for otller seasons of the year, altllough there are no good reasons for supposing such to be the 
case, except possibly in the amount of the variations. He finds that between Fowe;r Rocks, Florida. 
and Gun Cay, Bahamas, the current varies daily in velocity, at times as mucll as twound a half 
knots, the greatest velocity being generally about nine hours before the upper transit of tile moon; 
that the variations are most excessive 011 the west side of the straits anu least 011 the east side; 
that the axerage daily currents vary 1lnring the month, the strouge;.;t coming a day or two after 
the greatest declinatiou of the moon; and that the axis of the Gulf Stream at this point (tlic 
position of the strongest surface flow) is eleven and one-half miles east of the Fowcy Hocks 
Light-house. The strongest surface current found here was five and one-quarter knots per hour, 
the least one and tllree-quarters knots, and the aYerage three and six-tenths knots. 

Lieutenant Pillsbur_y's report is accompanied by complete records of his obsen-atious, arn.l 
by diagrams representing graphieallJ- the daily anrl monthly variations in the strength of the 
current, the \'elocities at different depths, &c. He acknowledges the hearty and int.t_•lligent co
operation of the officers attached to the party (Ensigns T. D. Griffin, R. l\I. Hughes, A. G. Rogers, 
J. H. Hetherington, and F. J{. Brainard, U. S. N.), and makes special mention of the master-at
arms, Jens fetersen, to whose care and vigilance aud knowledge of the mechanical portion of 
the working gear m~tch of the success of the season was <lue. 

The statistics reported are : 
Number of current stations occupied ..... _ . _ ... _ ... _ . _ _ ........... _ 
Number of current observations with meter ... _ ........ _ . . _ .. _ . . . . . .... __ 
Number of current observations wit.h pole _ ............ - ... _ ..... __ .... . 
Greatest depth in fathoms in anchoring at any one station .. _. . . ... _ ....... . 

2{i 

1,557 
1,807 

'1f)8 

Before proceeding northward Lieuteuant Pillsbury ran a line of deep-sea soundings from the 
Florida l{eefa to Salt Key Bank, and thence to the Bahama Bauks, and directed the examination 
of a seventeen-feet spot found in Southwest Channel, Key "'est Harbor. 

Other hydrographic dut,r executed by him is reported under. the headings of Sections I io l V, 
inclusive. 

Beaclt measurement and triangulat-ion, with observa.tions fur _la.titude and azimuth, un the 1cest 
coast of Flori.du between Gape Sable and Cape Romano.-In order to fill the gap in the sm·Hy of 
the west coast of Florida between Cape Sable and Cape Homauo, and specially with a riew to 
obtain the shore outlines for the coast charts, Assistant Joseph Hergesheimer "IV<lS instrncted to 
organize a party in the schponer Quick. After repairing the vessel and completing his preparations 
for the season's work on that comparative!~· isolatecl coast, l\fr. Hergesheimer made an anchorage 
at Sanibel Light-house, January 31 18S6. This Light.house, which stands ou the east eml of 
Sanibel Island, near the entrance to San Carlos Bay and the port of Pnnta Rasa, was determined 
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in geographical po.sitiou, three statio11s being occupied for this purpose, and also an eccentric 
station at the Light-house. 

·The uext work executed was the beach measurement from Cape Romano to Oaximbas Pass, 
in onlm· to determine the position of Cape Romano, and obtain a base from which to carry the 
triangulation towards Cape Sable. For this work the party was established in camp at Qaximbas 
anrl at Cape Homano, tlle scllooner ha;>ing been left in charge of one man hi a safe anchorage 
imdlle of Coon Key. 

The line measure was made with lJeach-tapes over trestles wliicll were aligned and leveled. 
This work, with the erection of signals at Caximbas Pass and Cape Romano, and those needed on 
the liIJe, wus finishcll February 3, and in order to determine the-azimuth of the line, Subassistaut 
E. D. l'rcston with Aid J. H. Gray were left in the camp already established at Cape Romano, while 
~Ir. Hergesheirner arniled himself of a trip of the sch.ooucr to Punta Rasa for wat~r and provisions 
to make a reconnaissance of the coast from Cape Romano to Coral towards Pavilion Key, and 
erected signals at Uoon Key, ,Johnson, Horse Key, and Coral, and a water signal at Flossy. , 

Upon the completion of the observations for azimuth at Cape Romano the party was 
transferred to tlte schooner, and proceeding to Cape Sable, an astronomical station was estaNished 
there for the tletermination of the latitude, and the azimuth of the line, Cape Sable to Palm Point. 
·while this work was in progress signals were erecte(l for the triangulation between Cape Sable 
and Capt~ Romauo. The nenessar.v reconnaissance, erection of signals, aud the observations of 
horizontal angles occupied the time between April 7 and l\lay 2. At that date, the astronomical 
work having been completed, Mr, Preston proceeded north under instructions, and Mr. Berges
beimer took up the work- of recovering tbe primary base-line at Cape Sable, which had been 
meastued by Superrntemlent Bache in 1855. TLle difficulties incident to this work, arising from 
changes in shore-line and the growth of trees during thirty-one years, were successfully ~vercome. 
Heavy cutting was required to O!)en the line from the astronomical station to We€t Base. The 
marks at this .end of the Base were found in good condition. The direction to East Base was then 
carefully laid off, the distance measured with a chain, and the station mark at East Base together 
with the intermediate mile-posts fountl in good condition. The azimuth aml latitude station at 
East Cape was then connected with the Uase, and on the completion of this work June 2, field 
operations were closed for the season. 

For the sc\'eral classes of work executed, the statistics re1iorted hy Mr. Hergesheimer are as 
follows: 

Connection of Sanibel Light-house with the triangulation of Sau Carlos Bay, :Florida: 

Stations occupied . - _ , . __ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ...... _ . _ .... : . . 3 
Xumber of angles measured .................... , . . . . . . . . . . . . . . . . . . • . . . . . 3 
Number of observations ............ -- ........................... , ... , ... 96 

lleach measurement, Caxirnbas Pass to Cape Romano, and triangulation, Caximbas Pass to 
Pavilion Key: 

Di~tance measured, iu meters ......................... , ............. . 
Xumher of stations occupied ...................................... . 
Numlier of angles measured .•.... , . . . . . . . . . . ........ _ ............ . 
Nntnber of observations ... _ ........ , _ ... _ ........•.... , ..... . 

'friangulation for connecting astronomical station with Base: 

7,864.5 
25 
GS 

970 

Nnmber of stations occupied._.,, ........... , .... ,, ....... _ ....... _..... 3 
.N um bcr of angles measured ___ . , . _ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8 
Number of observatiom; . . . . . ....... _ ..... , .............. '. ............ 192 

Ohserrntions for azimuth and latitude: 

Number of sets of obser\·ations for azimuth at Cape Romano.............. 28 
Number of sets of observations for azimuth at Cape Sable ...•.... , . . . . . . 36 
Number of separate result~ for latitude at Oape Sable ............. , ... , .. 100 

'With regard to the general character of the coast between Cape Sable and Cape Uomano, 
Mr. Hergesbeimer observes that, with the exception of Cape Romano Shoals, the soundings in 
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approaching the shore from the Gulf are regular, with nine feet of water for two or three miles oft' 
the Keys, and sl10aling gradually from tllat <leptlJ aurl in that <listance to the sl10re, with good 
holding· grouml, a llarll clay in mauy places sort an<l sticky. 

Cape Homauo is a <langerolls slloal with breakers a long dist:rnce from tile Clolpe. There is a 
VeQ· Rtroug current rllnning around the Uape, and <luring northers there is a hcav_y, broken, 
dangerous sea. In passing tlrn Cape, vessels of any draught shonl(l kc<:>p in Ho less than 'five 
fathoms. 

::'\Iany other details of iuterest to im\·ig·ators arc given by .:\lr. Hcrgesheimer iu hi.:; report. 
In making a reconuaissance for the connection of the triangulation between Cape Sable aud 

Cape Romano he found the coast a mass of islands, covered "ith a growth of high 111aug1wrn trees. 
A beach measure would be impracticable, owing to tlte IJrokeu sl10re-li11e, an<l a triangulation, with 
all of the signals on shor<·, would iuvolve the erection of Yery high tripods, much cuttiug, and 
hea,·y expense. He recommends, therefore, that the triangulation be carried along tile coast by a 
s,ystem of signals, part on shore and part in the water, at an aYerage distauce from shore of four 
miles. By this.method the triangulation from Cape Romauo to Pa\·iiiou Key was completed with 
satisfactory results. These water signals, which would be in an an~rage dept Ii of about ten feet 
of water, will also be of much ad\'antage to the hydrographic parties along the coast. 

In the earlier part of the fiscal year Mr. Hergeshcimer had assigned to It i m duty which is 
referred to nntler the heading of Sectiou IL 

SECTIOX VIL 

PENIN"SULA OF .FLORIDA. WEST COAST, FIW:\f AN"CLOTE KEYS TO PEIWIDO BAY, INCLCDING COAST 
APPROACHES, BAYS, A~D RIVERS. (SrrnTCHF.S Nos. 1,f>, lG, au;l 17.) 

Topographical surrey of the irest coast of Florida, north of Anclote ][e!fs.-For the completion of 
the topographical surrny of the west coast of Florida, north of Anclote Keys to the southern limit 
of the surve;y of 1869 at 'Yall Creek, Snbassistant \V. frying Vinal was instructed to organize a 
party in No,·ember, 1885. 

::'\Ir. Vinal located his first camp at Point Riche;r, at the mouth of the Pitil Iocliasscootie Rin~r, 
and began his surve,y early in Jan nary, 1886. By going back to t!Je work of 1884 be was enabled 
to start a plane-table triangulation aloug the coast, and thus to recover many of the points cstab
ished in the surveys made between 1857 and 1861. The location of the camp was chaug-ed to 
Hudson, Harnack Ureek, and finally to Br.yport during the season. 

More than usual difficulties were encountered in making the surrny on account oft lw extrt>mt>ly 
shoal water of tlie Gulf of 1\iexico near the coast line, the entire lack of beach, the freque11c~· (1f 

small creeks, and the absence of roads. Facilities for transportation were extremely limited, 
involving delays and much expense. During part of January the weather was so severe that tlel\l. 
work had to be suspended, the party snffering great inconvenience antl hanlilhip on act:ouut or the 
frequent northers ancl the extreme cold. ' 

The various features of the cotmtry, as shown on tlie plane-table sheets, are tlte shore-line, ri\'ers 
and creeks, islands I~·ing adjacent to the coast; oyster reefs and exposed rocks; exteusirn salt 
marshes containing islands, ponds, and out-cropping limestone rock; woods, including maugron\ 
palmetto, scrub, cedar, pine, oak, and mixed hummock. 

Tracings of the shore.line, showing location of positions tletermined by the planc-ta.hle, were 
furnishell to the bydrographic party on board the steamer Bache, Lieut. J. M. Hawley, F. S. X, 
Assistant Coast and Geodetic Survey, commanding. 

Mr •. W. B. Mapes, who was attached to the party as acting aid, was taken seriomil;v ill in Feb. 
ruary and died on the 25th of th.at· month. 

The following statisti0s of the surve~·, which was includecl in two plane- table sill'ets, scale 
1-20000, are reported: 

Miles of shore-line surveyed ......... , ..... , , , ...... , . • . . . . . . . . . . . . . . . . . .... , 116 
Miles of creeks and 1>onds ........................... , ......... , . . . . . . . . . . . . 75 
Miles of roads. . . . . , ................................................ , . . . . . . 13 
Miles of marsh boundary. . . . . . . . . . . . . . . . . . . . • • . • • . • . . . • • . . . . . . . . . . . . . . . . . . . 44 
Area snr\"eyed in square miles .................. , . . . . . . . . . . . . . . . . . . . . . . . . . . . . 38 

H. Ex. 40-8 
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Work executed hy l\Ir. Vinal earlier iu the fiscal y<>ar is reported nuder the beading of 
Section II. 

Hyclrograpld<: 1JU1Tey o.ffthe u·est coast of Jllorida to the north of tlte Anclote Keys.-The party of 
Lieut. J. :M. Hawley, U.S. N., Assistant Coast and Geodetic Survey, commanding the steamer 
Bache, Laving completed certain byllrographic work in the Yicinity of the Chantleleur Islands and 
in Horn bland Pass, as statetl under the heading of Section VIII, arriYed at the working-ground 
north of Andote Keys .i\larch 2, and in ptmmance of instructions began a bydrographic survey in 
the vicinity of Ba;yport. 

The shore-line and geographical positions, as far as determined, were ohtainecl from Subassist
ant "'·I. Vinal, who had charge of a topogTaphical party on that coast. .A. tide-gauge wns estab. 
lislietl at Bayport, autl observations ke1Jt up throughout the 8eason, night an<l day, b;rtwo observers 
detailed for the purpose. Soundings were begun March 11, and from that date were continued 
whernwer the weather would permit till May 24. 

During 1\Iarch and the greater part of April tl1 e \Yeatlier was 'rt·ry uufa\·orahle for sounding, 
lmt l\lay provell to be a most fa>orable month for the work, and full ad\antage was takf'll of it; 
two parties working llaily, leaYing the ship at ·G.30 a. m. and returning not earlier 1ba11 ij p. rn., 
and sometimes much later. During a short time in April it became necessary for the steamer to 
he away, having· to go to l\folJile for coal, and in order that the work might go on without interrnp. 
tion, Lienlenant Hawlt>y established a party of four officers and twelve.men on shore at Bnyport in 
charge of Ensign E. B. \Yri·ght, gidng them the steam launch and one boat to be used in sounding 
ancl other work. C7ufortuuately the launch broke her shaft the first clay out, so that the part;diad . 
to •lepentl entirely on the boat; still they r;in over one hundre<1 miles of soundings and erected a 
unrnh<'I' of signals during tl.te ten days the ship was away. 

J,ines of sounding were ran with the ship at a distance of one mile apart, connecting with tbc 
boat work and extending out to a depth of ten fathoms; most of these lines were over twent_y miles 
Jong, and their outl'l' limit was from thirty to thirty-five miles from the shore-line. 

Obsern1tions to find the strength and direction of the tidal current were taken at different. 
anchorages of tbe ship, but no very satisfactory results were obtained, !duce the direction and 
strength of the current appear:J to be almost wholly influenced by the direction and force of thC' 
winu. 

TliP rrsults of this survey are shown upon two bydrographic sheets, each upon a scale of 
1-40000. The statiRtics are: 

l\Iiles run in sounding .... -... __ . - ....... _ .. _. - _. - _ .... - - _... . ..... __ . 1, 701 
Angles measured_ .. _.. . . . . . ... _ ... -.... - __ .. _ . . . . . . . . . . _ .... ___ : ... _ . 3, 734 
~um lier of soundings .... _ ....... _ .... _ . _ ..... _ .......•..•..... _ .. __ . . . . . 3!), 48!) 

Ju closing his report, Lieutenant Hawley commends the hearty co-operation of the officers of 
the Bache in his })Jans for carrying on the survey. 

Ensigu" E. E. \\rright, A. \V. Dodd, ,John E. Craven, H. 0. Bitler, and Harry A. I?ield, 
U. S. X., ai(led in the work. 

The following na \'igatiou uott•s comnnmicatetl b_y Lieutenant Hawley will be of iuterest: 
"It i:-; da11gerous for vessels drawing nine feet or more of water to venture on Saint Martin's 

Heef, which extt•rnb from Xorth Auclote Keys to Cedar Keys south, owing to the numerous coral 
reefs and oyster-beds that crop out in unlooked for places. By keeping in not less than fourteen feet 
of water these da11g1~r."l will be avoitled. There is a channel inside the reef extending from North 
Anclote Ke~'s to the northward, iu which nine feet can be carried as far as the survey extended 
this year. This channel is nse<l by the c:>aoiting steamers. Formerly it was marked b~· a line of 
beacons plaeed about fi\·e miles apart, but there are none standing now. The anchorage at. Bay
port i!-l available for ,·essels of four or five feet dmught, and then only at high-water." 

At the close of the season the Bttche proceeded to Key West, and thence to New York, arriv
ing at the latter port June 1. Barly iu tliat month I.iieutenant Hawley receh·ed instructions to 
prepare for l.iydrographic work on the coast of .Maine. 
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SECTION' v'III. 

ALABAMA, :MISSISl'.\IPPI, LOUI8IANA, Al\"'D ARKANSAH, INCU_,'DIN<J GULF COASTS, PORTS, AND RIYERS. 
(Sm:TCIIE8 Kos. 1, f>, 7, lG, nnd 17.) 

Progress made in Uie e .. rtenNion of the pri11w1·y triang11lation in 1Yort1t£rn Alabama t01rnr1fa the 
Gulf of Mexico.-Eady in .NoYeml>cr, 1885, Assistant 0. B. Tittrnann, ha\-iug orgauize<l. his party 
under instructions, took up tlrn extension of the primary triangulation iu Alabama to tile south· 
ward from the line Aurora-Indiau. 

Stations In<liau, Cheellalrnu, Cal.Jaba, auu Aurora were occupied iu succession for olJscrYatious 
of horizontal <lircctions, awl as opportunity offered, for vertical angles. Cheehahau, fifty miles 
southwest of Indian aml fifty-se\-en mi!es southeast of Aurora, is the highest point in Alabama. 
Few secondary points were olJserwd upon owing to tlte impossibility of seeing tllern from more 
than one station, unt, wheu1wer practicable, elevated peaks were determined iu position_ 

The winter was one of uuusnal sen'rity and interfered seriousl,r with the progress of the work. 
Delays were encountered also by reason of dense smoke or haze. 

Field operations were hronght to a close .l\fa.r 17, 1886. 
Mr. Tittmaun commemls the efficient service rendered by l\le1>sr;:;. ,J. B. :McGrath au(1 ,J. Henry 

Turner, attached as ai<ls to his party. 
Other duty as&igned to him during the fiscal year is referre1l to under the lieatiing·:-; of SPctions 

II and III. 
Lines of gcodfsic lcrclts Hm frum 11/ouile to J.'eic Orleans, mid fro111 11Jeridi011, Jii1Ss., to (j11itma11, 

Miss.-In order to ascertain the practicabJ\ity of running; a liuc of precise lc,·eliug from Mobile to 
New Orleans along the ronte of the rnilro:ul connecting tllose two cities, Assi;>tant ,T. H. \'Yeir 
was instructed towards the end of Xowmher, 1885, to ruake an examination of the roall. 

From Mobile, Ala., to Toulrne, Hancock Uountj-, Mississippi, a distance of ninety-six tnile1', 3Ir. 
vVeir fouml tbat the railroa1l passed. through a low and fl.at countQ·, wooded witli piue, aml that tlw 
road-bed was composed of sand, aud furnished a good basis for the instrument aud foot-plntes. 
From Tonlme to a point near New Orleans ihe road nms through a marsh of Yery unstable cliar
acter uatnrally, but below which, at a depth of from three to fifteen feet, there was a rnlid :,:and 
bottom. By llauling sand aml uepositing it upon the road-bed, it had been made quite 8table, 
so that it furnished quite a good route for the line oflevels. 

Between Mobile and New Orleans there are the following-named bridges and trestle!>: 
1\Jetcrs. 

East Pascagoula bridge .. _. _ ... ____ . - - __ .. _ . _____ . _ ... _ ... _ .. _ _ _ . _ _ _ __ . '..! lll 
West Paseag0t1la bri<lge a1111 trestle .... - . _ - _ .. _ ......... _ ... __ ... ___ .. __ 
Biloxi Bay trestle ... - . - ..... - ..... - . - ... -.......... _ ........•. - .. _ . . . . __ 
Bay Saint Louis trestle ...... _ . - ...... - - .. - - _ .. _ . . __ .... _ .. _ . - - ... _ - - - __ -
Pearl River bridge _ . _ . _ ..... - .. - . - - ......... _ ... - .... _ .... _ . _ . __ . _ . _ .... __ 
The Rigolets .. _ .... __ ........ _ - ... _ .. _ ........ __ . _ . _ . __ . __ . . . ......... _ -
Chef Mentenr bridge ___ ...... _ . _ ......... _ ...... _ .... _ .. __ . _ .. _____ .... __ 

1, Sl:! 
:>, 120 

'.:!.i .J 
1,110 

~80 

Total length of bridges and trestles iu meters __ ......... ____ . __ . _ .. ___ . 7, 5ili 

Ha Ying satisfied himself that with the exception of these bri<lges and trestles no seriou:-; ob:.;ta. 
cle would he offered to the work proposed, Mr. Weir organized his party antl began work at .Mobik 
December 4. In 1884 he had established a permanent bench-mark for reference of gemh·,.;ic ll'Yeliug 
operations on the custom-house in Mobile. 

'l'he first trestle encountered which retarded nry much tlie })rogress of the work was that at 
Biloxi Bay. The track is ten feet above the surface of Urn water, and the trestle-work supporting 
it rests on piers fifteen feet apart and of six }liles each. This was found to be very Htable, so muc11 
so that at one point where a bencb.-mark was established 011 an old pile not connected with the 
trestle, but which sto0<l near the track and could be observed carefully, no vertical motion was 
perceptible when an express tra.in passed over the trestle at the rate of twenty-five miles per llonr. 

There was a draw-pier abou~ half way of the trP.stle, an(l it wa11 plannetl to cross ilie ua~- b;y 
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means of simultaneous obsen·ations on the west hank and on the draw-pier and then on the draw
pier and on tbt> east bank, thus diYiding the whole trestle into two sections, and reducing the 
length of the sights to one-half the width of the ba.r. Simultaneous observations were thus made 
011 three different days. Encouraged by the great stability of the trestle it was decided to run a 
line of levels across the bay by setting up the instrument on the trestle and taking short sights 
each of about one hundred meters. A difference of but four millimeters between the greatest and 
least of four measurements was obtained, and this was a sufficient proof of t11e excellence of the 
results. Two of the lines across the trestle were run in an easterly and two' in a westerly direc
tion, aud no trains passed while running from one bench to another. When winds and currents 
pre\-ailed no good work could be done, but nuder the conditions nuder whicll the work was accom
plished it is belim·ed that tllis is as strong as any other part of the line. 

At Hay Saint Louis both metllods were used in crossing, but cm account of the relatiYely long 
1fo;tance over the trestle-work it was thought best to rnn six lines instea<l of four. 

At the Rigolets, on account of the depth of the water, forty feet in the channel, and the wind 
and almost cou ~inuous current, it was not possible to run a line O\'er the bridge and trestle, so that 
the method of simultaneous obsern1tions alone was used, but the observations were continued 
uut il a good crossing -was made. , 

Ou reaclliug the outer edge of the city of ~ew Orleans, in order to avoid running through the 
·most frf'qne:.ited streets, it was decided to take what is known as the Gentilly road, and so 
get around the city to Carrollton. At Carrollton, wbere the party arriYed April 12, the line of 
len•ls was referred to the bench-mark established in 1875 on the iron step of the Carrollton Railroad 
depot. 

Xext day the party was transferred to Meridian, Miss., in order to accomplish as much as 
cou Id l>e done with the balance of funds an1ilable, towards filling- the gap in the line of precise 
lewli11g between that station and Citronelle, Ala., reference to whicl:f is made in the re1wrt for 
1884. Upon reaching Quitman, :Miss., about twenty-six miles in a southerly direction from 
:.\1eridiau, field-work was closed May 12, in accordance with instructions. 

"Jir. John Nelson, aid, serrnd Yery acceptably throughout the season. 
Under the heading of Section III reference is made to other work of geodesic lm·eli11g exec·uted 

by Assistaut Weir. 
Hydrographic examination in the 1•ieinity of the Chandeleur Islands antl ltydrographio resuney of 

HvmI8land Pass.-Im;tructiomdssnml in Xovcmber, 1885, directed Lieut. John .M:. Hawley, U.S. N., 
.Assistant Coast and Geodetic Survey, to take command of the steamer Bache, antl prepare her 
for sen·ice on the Gulf coa8t. In December, in pursuance of detailed instructions from the 
Il,Yllrograpbic Iuspector, Lieutenant Hawley completed his arrangements and organized his party 
on board the Bache, aud after a stormy passage reached Key West January 19, liavi11g left Sew 
York .January 7, 188fi. Ile lPft Key \'Yest .Tannar;v 21, encountered strong northwesterly wiuds 
in the Gnlt~ and was obliged to put into Tampa Bay on two different occasions before lw could. 
continue on his course. Haying taken in coal at Mobile, the steamer arrived nt the nortbem end 
of the Cbaudeleur Islands February 5. Herc Lieutenant Hawley put up a tide-gauge near Chan
deleur light, and having provided for the services of a tide-keeper, he continued on with the ship 
down the outside coast of the islands, a distance of twenty-five miles, to the localit.y of the work 
assigned to his party. On February 6 three parties were sent out to erect signals, ancl on the 8th 
souuding was begun, using two boats for the in-shore work and the ship for off-shore so111,1diugs. 

Four days sufficed to complete the soundings in this locality. Lieutenant Hawley found dis
crepancies between bis own survey and the former oue, not fully accounted for by the changes 
tbat had probably taken place during the forty ;years that had elapsed since the original surrny, 
and he reports that in order to obtain a satisfactory explanatiou it will be 11ecessary to begin a. 
triangulation from a base established at the light-house, redetermine all signals, replot the hydrog
rapl1y executed in tbe spring of 1885, and then complete all new bydrography required. Lieuten
ant Hawley has transmitted to the office a tracing showing the location of the signals established 
hy his party and the corrected shore-line. 

On the 11th of February the Bache proceeded to Horn Island Pass. Finding that a mere exam
ination, such as was contemplated by hiR instructions, would not develop as ful!Y as was desirable 
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the facts wanted by local pilots and others interested iu the commerce of East l'ascagoula, Lieu
tenant Hawley madP a complete resun'ey of the Pass, from the anchorage inside of Horn Island 
to the sea buoy, de,•eloping a very crooked channel, through which can lJe carried at uwau low 
water a least cle;>th of nineteen feet. Over tl!e bar proper can now be carried twent~· and a l1al f 
feet, where the old survey showed but seventeen feet. 

A plane of reference for the soundings was established fron~ the meau of tbt' low waters, a,; 
determined by observations at a tide-gauge established on Horn Island. The signals nsed iu the 
resurvey were located h.\- occup~ing the seYeral light-houses, Horn Isla11d, Hound Island, and East 
Pascagoula. 

I .. ieutenaut Hawley fouud tliat 1<ince the old snrYe~-, the point of Petit Bois Island bas grown 
to the westward about a mile and a half. lle observes that the people of East rascagonla 
expressed much gratification at the fact of his maki11g a complete survey of the channel, and seernet1 
to feel that the future prosperity of theii· town depended upon the result. 

Statistics of w-0rk at Chandelenr Islauds and at Horn Island Pass are as follow:;: 

Miles run in sounding_ .... - - - .... _. _ - - - . _ .... _ .. __ .. _ .... _. _ ... __ . _ ... __ . 11'.! 
Angles measured - - ... - - -.. - .. - - __ ... - ....... __ - - _ ... _ .. - ... _ .. - _ .. _ _ _ 742 
Number of smrndings _. - ... - - - . - ... - - ... - .... ___ . ___ .. ___ . _____ . _ .... __ .. 4, 775 

Ensigns A. W. Dodd, ,Jolm E. Cra\-en, R. 0. Bitler, an<l Harry Field, U. S. N., were attachEd 
to the party during the season. 

On the 23d of Februar:r, after having coaled at Mobile, the Baehe left for the west coast of 
J<'lorida. An account of Lieutenant Hawle_y's hydrographic work to the north of Anclote Keys is 
given under the heading of Section VII. 

Sur·ve.lf of tlte coast of Louisiana between Barataria Ba.y and the Mcrmentnu River.-In order to 
cover that part of the coast of Louisiana lying between Barataria Bay and the l\ferrncntou Uin•r 
by a survey sufficiently detached to admit of the completion of tbe coast chart of that locality, 
Assistant F. \V. 1~erkins was placed in charge of that work iu Kovember, 1885, and authorized to 
adopt such methods as tlie peculiarities of the countQ·, together with a <lne i·egard to a reasonable 
degree of accuracy, might suggest. Mr. E. L. Taney was at the same time placed in charge of a 
sub1larty as topographer under the general direction of l\lr. l'erkius. 

The steamer Hitchcock was fitted out as a general headquarters and base of supplies awl to 
accommodate the main party. No suitable_ vessel for the use of the secondary party could lie 
found at short notice, but a small sloo1l was secured wbid1 was made to answer their purpose, 
though not without much inconvenience and discomfort. 

The work of the triangulation wa8 begun at the southwest pas:; of Vermilion Ba~· and carrieL1 
westward to the limit of the work of 1884, within about eigllteen miles of the mouth of th<' )fer
mentou River, after whicb. the old astronomical station, Deer Island, at the mouth of the Aklla
falaya River, was recm·ered, and the work WHS carried southem;t from there to Isle Dernierc, nud 
Ship Shoal Light. 

The topography, commenced b,Y a sun·e.r of tlrn southern aUtl eastcm portion of Marsh faland, 
was carried around Vermilio11 Bay over the country triangulated westward from the southwest 
pass of that bay, and closetl with a sl1n·e.r of the shores of Caillou Bay. 

West of Vermilion Bay the coast is a low marsh, drained by four or five bayous. A thin la.n•r 
of broken shells, a few meters wide aloug the Gulf shore, and the ridges of hard land known ns 
Chemin Tigre and Mulberry Island ncnr the coast, and Pecan Island in the back country, gfre a 
little variety to its general marshy character. Marsh Island, immediate!;\- to the eastward of Yer
milion Bay, is a considerable body of ,·er~· low marsh which separates Cote Blanche from Y(•rmilion 
Bay, and bas a narrow strip of harcl land at its southern edge, heyond which sea-weed and a uct
work of shell reefs exteu<l for miles. 

Oaillou Ba.h extending- frotn Point au Fer to Isle Derniere, is a vcrs shallow hody of water. 
apparently without reefs or shoals, with shores formed by a succession of marsh islands, whicli 
separat,e it from a series of small bays, lakes, and bayous, uaYigable lly small crafts. 

As the only triangulation points which it was practicable to occupy for horizontal angle!' 
were all located along the shore-line, <iml too nearly in a straight line to form figures satief.\ ing 
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the geometrical re(Jltiremeuts, recourse was had, when the depth of water permitted, to water sig
nals, placell back in the marsh, aud to tlags in the trees 011 the Pecaniere. 

lu t11e constructioll of water signals, <lifferent metlwds were tried by J.\Ir. Perkins, but lie 
fonml uoue so satisfactory as those devised b:.- himself for use on the Florida survey, coJJsisting 
of :t simple tripod, pr1:1parell on <leek, witll a tie-piece connecting the legs at the deptll to which 
it was intended to ha\·e them enter the mud, and weighted on each point with about two hundred 
and fifty or three hundred pounds of old grate-bars. The whole structure, when prepared, being 
launched from the deck, was ;;wayed down to its bearings by a boat's crew, stationed (JU cleats 
nailed to the legs near the water line, and the vole WtlS plumhed afterwards. These signalA stood 
well aml maintained their po:,;ition iu water eighteen or twenty feet deep. 

Ju placing signals back iu the man;!J greater difficulty was experiencetl. Very light tripods 
and poles were used, the legs running a couple of feet into the mud, and kept from sinking out 
of sight hy boards laid flat upon the surf;we and caught nuder transverse cleats spiked to the iegs. 

AU signal material had to be com-eyed oYerland on the backs of men, or pnslled in flat-bot-' 
torned boats up the bayous and across the lakes. The high grass and reeds and insecure footing 
on the floating turf in the former case, aml the shoal water and ooze, too soft to support the "·eight 
of a ma11, in the latter, made the labor much more senwe than men are ordinarily called to endure. 

To the eastward the m1sun-e5,ed portion of the coast is apparently quite different in cha1·-
Hcter, and it is hoped that it will present less serious difficulties. ' 

The s<:'ason was a Yer.r tryrng one, and the success attained is due to the untiring zeal of Mr. 
Perkins aud Hte officers associated with him,· l\fessrs. E. L. Taney, J.B. Baylor, and G. I·'. Bird. 
8uhassistaut B11ylor occupied two magnetic stations, determining the magnetic declination, dip, 
and lwrizoutal all(l total intt•11sit;i· at each. Orn~ of theBe was at Morgan Cit:i» I,a., on the banks 
of Bayon Tigre, (•a.st of the town; the other at Light-Horse Station, on l\farsh Island, at the south
west pa~s of Y crmiliou Ba,v. Both :Mr. Taylor and Mr. Bird were constantly employed on the 
se>eral operaticns ,:ouuected with the triangulation. 

The sul'\'e.r included iu its limits the principal features of the coast between latitudes :!80 5G' 
:m!1 290 55' north, aml longitudes ti0° 55' and 920 51' west. 

Fil1hl.work was closed at the end of ::\fay. Following are the statistics of the season as 
report('d us Messrs. Perkius and Taney: 

N um bcr of stations occupie(l for tnagnetic obserYations. __ . . . .. .. .. .. .. . . .. .. . .. . . .. . 2 
Number of stations occupied for horizontal angles .. __ .. _ ........... _. _ .. _. _ 30 
Sum lier of points determiued by triangulation. __ . _. _ ... __ ... _, _ .. _ ..... _ _ _ 59 
Xumbcr of poiurings made .... _ ...... _ ..... _ .. __ .. _ ..... _ .. __ ... __ . _, . _ .. 7, 444 
Number of miles of shore-line and fast land-liuc sur>eyed ....... __ ... _ .. __ .. 368 
:\Iiles of sllore-li1ie of bayous and ponds .. _. _ . _ .. ___ ... _ .. _ ... _ .. _ .. _. _ . _ 75 

Duty assigned to .Mt'ssrs Perkins an<l Tane.r earlier in tbe fiscal year is referred to u111ler 
the 11eadings of Sections I a,ml II. 

Hyd»nyrapltic J;Urays an tlte coast of Loitisiana froin Soutlttcest Pass uestward, in Btiraiaria 
Bay mul in Cote Blanche Bay.-Under instructions dated December 15, 1885, J;ieut. F. H. Orosuy, 
U. S. :X., Assistant Coast and Geodetic Sun-ey, commanding the steamer Gedney, left New York 
.January 18, 1886, having organized lJis party on board that Yessel for h~·drographic work on tlie 
coast of Louisiana. Arri,-ing at Vermilion Bay early in February, he attempted to get into Cote 
Blanche Bay without success, au1l proceeding to Barataria Bay be began off-shore work, for the 
execution of which he was furnished with two projections, each on a scale of 1-40000, including 
the coast froru Southwt•st Pass to the lower part of Barataria Bay. · 

The off.shore work was suspended February 19, and another attempt made to enter Cote 
Blanche Bay. This was successfol and soundings were taken in t.he bay between March 18 and 
April 20, wheu the ofl"-shore work was resumed and continued till the close of the season, May 14. 

The h;ydrography of Cote Bhmclie Bay was executed on a scale of 1-20000. Lieutenant 
Crosby had great difficnlt;y iu getting hi1' \"ei;sel into the ba~., and he reports that it cannot be 
entered with safety b,r a n•ssel drawiug four feet of water, the entrance from the eastward being 
full of oyster and shell IJauks. The deepest water after <'lltering is eight feet, bottom of soft 
mud. In the winter the water is frei>h uearly all the time, being supplied by the Atchafall\;V•' 
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Rirnr. In West Bay, west of the l\Iississippi River, the water is much shoaler than appears b~

the last in-shore survey, and tlJe mud fiats and stranded drift-wood extend out a considerable 
distance from tlie shore-line. In going oYer the bar at t!Je entrance to Barataria Bay eight feet oi 
water were found at high water. 

For the off-shore work west of the ~Iississippi Hiver Delta, a box-gauge and also a staff-gauge 
were ereck<l north of Barataria Light-house-the box-gauge with a float and staff-pointer. For 
the work at Cote Blanche Btty a box-gauge with a rod and pointer secured to the float was erected 
on the wharf at Cote Blanche Plantation. A plane of reference was established by obseniug 
high and low waters for thirty-one consecutive days, and the mean of all the low waters was nsed. 

No current stations were occllpied during tlie seasou, but it was obserYed that in Cote Blanche 
Bay the currents were inilllenced by the winds aml were very irregGlar. They are also \'ery irreg
ular to tlie westward of the Mississippi Delta, and cannot be depended upon. Near the shore a 
vessel will he set to the westward, farther out to the eastward 01· southeastward, and on going out 
farther she will again be set to the westward. 

Lieut. F. S. Carter, U.S. N., and Ensigns J. S. \Vatters, G. \Y. Street, and 0. E. Sweeting, 
U. S. N., were attached to the Gedney. 

The statistics of work on the Louisiana coast are: 
Miles run in sounding . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .......... __ .. . 
Angles measured . _ .. , ..... _ .... _ ......... _ ... _ . . . . _ . . . - ... _ ... . 
Number of soundings.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..... . 
Area of hytlrographi· in sqtrnre miles ........... _ . . . . . . . . . . . . . _ ....... _ .. 

Other hyarographic duty assigned to Lieutenant Crosby llnring the fiscal ~-ear 
under the heading of Section JI. 

SECTION IX. 

1,04!) 
5,401 

,u, 3S'..! 
342 

is rpferrl'cl to 

TEXAS AXD lNDIA:N TEHIUTOiff, INCLUDING GULF COAST, BAYS, A:ND mnms. 
(SKETCIES :Kos. 1, 7, lG, and 17.) 

Measurement of a ba1Je-liuc (tnd connection of this line u:ith tlte triangulation in tlte ricinity of Bro1ons
ville, Tex.-In pursuance of instructions, Assistant n. E. Ualter took the field near llrowns\·ille, 
Tex., in December, 1885, a1Hl made the necessary preparations for the measurement of a base and 
its connection with tbc triaugnlation in that localit;y. The base was measured with steel wire, 
duly standarded at the office, and corrected for temperature by observations made during the 
measurement. The length of u,020 meters was rneasnred twice, the two measures agreeing witliin 
0.015 of a meter. An azimuth was determined at one end oft.he bai;;e, and a connection maue with 
the triangulation on the line l'tlesena 2-Fronton. 

Mr. Halter reports the following statiKtics: 

Number of Bt.'ltions occupied ........... _ ............. _ ....... _. . . . . . . . . . . . 4 
Number of pointings with position instrument ... _ ........................... 080 
Number of }lointings on star for azimuth._.... . . . . . . . . . . . . . .. . . . . . . .. .. . . . .. . 62 
Number of pointings on mark for azimuth .................... _.. . . . .. . . . . . . . 62 
Number of observations for time ........................................... 21G 

utlier work executed by Mr. Halter has beeu mentioned nuder the heading of Section JI. 

SECTION X. 

CALIFORNIA, INCI.TJDING THE COAST, 13AYS, HARBORS, AND RIVERS. 

(SKETCIU:S Nos. 2, 8, 9, 15, 16, and 17.) 

Triangulation an<l topography ojtlic coast of California. betu:cen Newport Bay and fSan Jlfateo.
The surrny of the south coast of Califori.1ia. was resumed early in ,July, 1885, by Assistant A. F. 
Rodgers under instructions dated in the month prm·ious. Camp was pitched in Laguna Cafion, 
Los Angeles Oounty, amt t11e to11ogmphical snrvey sontli of ..Newport Bay ·was taken up from the 
limits of work of the last season. 

Mr. n.odgers remarks t ltat along the coast between Newport Bay and Aliso Oaiion the eouutry 
is very rough, the hills rising to a height of seven or eight hundred feet within a mile of the r;hore-
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line, aud being broken by deep and precipitous gorges. On the 31st of August, this portion of 
the topography hav-ing been nearly completed, camp was moved from Laguna Oailon to San Jnan 
Capistrano, and work begnu soon after on a second plaue-table sheet. 

This locality south of Aliso Call.011 and tlle bold Niguel Ridge, nenrly one thousand feet in 
l'le\·ati()n, is quite remarkable from its being cut up by deep chasms, eroded by the occasional 
heavy, almost tropical, winter rains. These chasms, or barraucas as the~· are called, sometimes 
nrn lrnnk full iu winter, bnt are dry hells in snmmer. They are in many places a complete barrier 
to progress m·eu on foot, autl long detours are necessary to cross them. 'l'he contours in this 
locality were fouml to be extremely difficult to determine, mucll of the land being a high mesa or 
table laud, with ;inch a gradual slope inland as to make a liberal use of the level expedient. Iu 
executing this and other '\Vork of special. <lifficnlty, Mr. lfodgers had the assistance of Mr. Isaac 
\Vim;ton, Aid, in his part~·, of whose serdces be speaks in the highest terms. When notoccnpied 
in fielrl-work .'.llr. Winston computed the triangnlat.ion of the preYious season, and completed these 
comvutatious lJefore the party left tl1e ficltl. 

In the latter part of OetolJer work was finished on the sheet in the ricinit.r of Sau ,Tuan Capis
trauo and begun upon a third Hlleet towards San Mateo. About one-half of the area included 
jn this .;;beet lrntl been completed, when, on Xovember 28, in accordance with instructions, it 
became nece:,;sary to close worl' 011 the Routh coast. 

On December 2 l\lessrs. Rodgers and "'inston arrhcd at San Francisco, awl from tliat <late 
till l\larch 8 were engaged iu office-work. Two of the topographical sheets of the south coast work 
were preparell and forwarded to the office; traciugs of them were made antl filed in the suboffice. 
Two volumes, descri11tions of stat1011s of tlie _i:;outh coast triangnlation, were prepare;d, dnplicated, 
and forwarded to vVaHhington. 

I•'or the south coast topography, the statistics are: 

Jrliles of ro~1tls surYe_yc<l - . . . • . . . . . . .... - ................................ - .. . . . 25 
l\'liles of shore-liuc of creeks .... - . - . - .... - ...... - ............ - .... - ...... - .. - 6 
Area sur>eye<l _in square miles_ ... _ ..... _ ... - - _ ................ - ....... - _ . - . . 34 

Early in March As:-;h;tant Ho<lgers rcccinod orders for flekl-work in the- dcinity of San Frau
di:;co, mention of whicli will be ma<le under a later heading in this section. 

Continuation of tlte series of obserratio11s at the magnetic self-registering station at LoB .Angiies, 
Cal.-The series of absolnte and differential magnetic obsen·ations with the Adie maguetographs 
was maintained at Los Angeles, Cal., without interruption by Subassistant Uarlisle Terry, jr., 
tlnring the fiscal ~-(,ar. The 11hotograpbic records of the obserYations were made upon gelatine
bromiile paper with great success, a complete record having lleen kept up with the exception of 
tweuty-uiue reaclings necessarily lost wliile rebalancing and determining the scale values of the 
magnets, and sen~n readings lost 011 account of a sudden failure of the liglit from the vertical force 
larn1i. 

::-icale ntiuei,; of the liifilal' magnet were determined on July 1, 1885, aud on June 25, 1886. 
The nrtical force magnet was rcbalance<l on January 4 and March 18, 1886. Its scale values 
W\:"re dPtt>rmined .Tuly 1, 1885, and January 4, February 11, March 18, and June 25, 1886. 

Uli<'1•n·atio11s were .made on the 14th, 15th, aud 16th of each month to determine the absolute 
Yal111•s of tl1<~ urngnt'tic <leclination, dip, aud horizontal intensity. From these observations the 
vertical force anti iuteusity Wtffe computed. 

Time wat-1 detcrmiucd once a month b~- ohsen·ations on the sun. 
H0t1rl.Y readings of the unifilar, bifilar, allll vertical force traces were made, amt the hourly, 

daily, and mont'hly meaus for t•acli month reduced. .~bstracts v1ere made counecting the n.bso· 
lute aud rclatin~ mca,,;m'cs, aud 1.llc uwan dcclillatiou, Loriz011tal, ,-e1'tical, and total intensity and 
clip for ench month were computed. 

All reeortls l1an• been tlnplicatt<l autl all corn1mtations aml abstracts made iu accordance 
with iustrnctions. 

~fr. 'l'en;y was assisted in the work of the party hy l\fr. A. L. nu Pu.'· from July 1 to NoYelli· 
ber 1, 1885; hy 1\lr. ·w. A. Foster from :'.'\ o\·ember 17 ·to ::\ ovcm he!' 30; hy l\Ir . .A.loert G. Lang from 
Deceml1er 1, 188:>, to Juue ao, 1886, and hy Snhnssh;tant H. A. l\lnrr from Febrmt1·y 7 to JuneSU. 
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Following is a summary of the various observations made during the fiscal year: 

ABSOLUTE MEASURES. 

Decli11ati0n (36 days, 25 obserrntions each).... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 900 
Dip (36 days, 100 ohservations each) ....................................... 3, 600 
Horizontal intensity (36 days, 35 observations each) ....•.........•........... 1, 260 
Time (13 days, 24 obser\·ations each)..... . . . . . . . .. . . . . . . . . . . . . .. . .. . . . .. . . 312 
Constants of magnet.... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 700 

RELATIVE MEASl'"RES. 

Scale readings \365 days, 6 obsen·ations each) ............................... 2, 190 
Temperatures (365 days, 12 observations each) ............... , ............. 4, 380 
Scale values .....................•...................................... 1, 050 

TRACE READINGS • 

. Unifilar, 365 da_ys...... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8, 83~ 
Bifilar, 865 days . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8, 828 
Vertical force, 365 da,Yti..... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ... 8, 800 
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Rf'mnnai.~sancefor tlte site <~fa prhna.ry base-line in Los Angeles "'County, Oal'(/ornia.-Under 
special iLstructions from Assistant George Davidson, in charge of work npfln the Pacific coa:st. 
Assistant James S. Lawson organized a party to co operate with AsRistant Dickins of Mr. Davi(t
son's })arty, in au examination of I,os Angeles Plains, in order to obtain a site for a hase-liue to be 
used iusteau of the preliminary San Pedro Base, one of the terminal markings of which had been 
maliciously destroyed before 1881. 

In compliance with these instructions, Assistants Lawson and Dickins, accompanied by 
their Aids, l\It:ssrs. Morse arnl Welker, took the field in Ma;y, 1886, and ma<le a close exami11atio11 

-of the coi:.ntry from Norwalk to Santa Ana Valley (north and i<outh); from Anaheim to LoR Cer
ritos (east and west), and as_far as Las Bolsas to the southwest. It was desired by 1\Ir. Davidson 
to obtain a base-line near tlle Southern Pacific Railroad between Los Angeles and Anaheim, so as 
to .form one side of a qmulrilateral towards Bol:sas and San Pedro, aml also one side of a quadri
lateral towards Santa Anita and San Juan. 

Two Jines were found, one of thirteen thousand six hundred aud fift,y meters (8.48 statnte 
miles) in length, running parallel and close to the railroad; its north west end a short distance 
south of the village of Norwalk, and its southeast end about a mile from the railroad station at 
Anaheim; the other seventeen thousand tbree hundred and ten meters (10.76 statute miles) in 
length; its north end on a plateau a little ov1 r a mile east of the village of Norwalk, and its south 
end distant two and one-half miles from the Aualleim depot. Tllis line crosses the railrm1d at 
an angle of 190 in the immediate vicinity of Coyote Creek. 

Plane-table snr\·eys, with measurements, were made of both sites by 11fossrs. Lawson and 
Dickins, and the connections of each base with the triangulation are shown upon sketd1es accom
panying the detailed report made by Assistant I.awson. The examinations were most thorough, 
and will furnish accurate data for a comparison of the relative merits of the two sites. 

Contin11ation of the triangulation and topograplty of tile south coast of California 1Jeilrcc11 Bstcro 
Point and Point S11r.-Reference was made in the last annual report to the completion of tlw tt:r
tiary triangulation of the south coast of California from Moro Bay westward to the liue Irving-
Estrada within three miles of the town of Cambria, San Luis Obispo Count~·, by the party in charge 
of Assist.ant Stehman Forney. 

Under instructions dated in June, 1885, :M:r. Forney resumed field-work early in Jn!~·, aml 
after completing his topographical sheet in the vicinity of .Moro Ha:f, which had been begun the 
previous sea!!lon, lie took ap the triangulation from the line Estrada-Irving, and connected it with 
the work executed by Assistant Rockwell at San Simeon Bay iu 1871-1872. 

This lfone, he left Cambria, October 11, 1885, with his party and pack-train to make a n'cou
naissance for the tertiary triangulation of the coast fron Piedras Blancas Light-house to J>oint 
Snr. Having finished this reconnaissance November l2, he proceeded under imtructions to San 

H.Ex.40-0 
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Francisco where he was enf§agcd until June, 1886, in working up his li<:hl-notes and making the 
needful computations. On the 12th of June, in pursuance of instrnctfons, he left San Francisco 
for the field, and at the close of the fiscal year was engaged in completing the topographical sur
vey from Estrada station to the junction of his own triangtilation with that at San Simeon Day in 
1871-1872. 

Some extracts from the elaborate report submitted by l\Ir. Forney will be of interest: 
'·The country between the shore-line and the Coast Itange of mountains, running parallel with 

the iilwre-line from San Carpojoro to J>oiut Sur is probably the ronghest piece of coast-line on the 
whole hteific coast of the United States from Sau Diego to Cape Flattery. 

"The Lighest peaks of the crest of the coast rnnge arc located at an average distance from the 
coast of three and one Jrnlf miles. In this di8tancc they rise to elevations of from three thousand 
six hundred to fiyc thonsmHl fet"t abo\e the sea-level. l''rom San Carpojoro to Pfeiffer's Point, 
a distance of :fift,v-fm.:r miles, tLe shore-line is an iron-bouud coast with uo possible chance of get
ting from the hills to the shore-li11e and back except at the mouths of the crreks and at such 
places as Coxe's Hol.e and Slate's Hot Springs, where there are short stretclles of sandy and rocky 
lwaches from iift~· to one lnrndred yards in leugth. In many places the sea blnff>:1 are perpendic
ular, and rise from one thousand to fifteen lrnrnlrHl feet. above the sea. The countr;> is cut up by 
de<'p cafions, walled in with liigh and precipitous bluffs. These canons are drnsely wooded with 
re<lwook, oak, and ~;ellow au<l siln•r pine timber. 

"The redwood tref's arc from three to six feet in diameter and from one hundred to one lnm
ch·ed and iiftr feet bigh. Tile oaks and pines are of the same arerage dimensions. Beautiful 
streams of clear cold water, filled with an abundance of sahnou·trout, are to be found in all tlrn 
cafious. The spurs running from the summits of the rauge to tLe ocean bluffs are co,ered with a 
dense growtL of brnsh and scattering clmups of oak and iiine timb0r. The chaparral is very 
thick, and in many places grows to a height of ten or iifteen feet. 

''In making a topographical survl:'y through this country it will require a great deal of 
hrn>:h-cntti11g as well as some cutting of timber to clear !in.es for the triangulation. The spurs, 
slopt•s, and caiions are impenetrable, and trails will have to be cut through the chaparral in order 
to lcwatc plaue-table stations from which to sketch the topography." 

!!fr. Form·J- remarks tLat in bis opinion liberal sketching will be sufficiently accurate to show 
the general topographical featnres of the country, determining, of course, with accuracy the heights 
all(l <lircctions of tile spurs and cafions. His re110rt gh'eS many interesting details with regard to 
the settlements, laniliugs, and auchomges along the coast, and is accompanied by a sketch which 
shows that l1i.s work ha:s llcYeloped a direct connection of the chain of tertiary triangles extending 
from the liue Stone-Villa to the line l'oint Sur-Pico Blanco with the primary triangulation stations 
Cone Peak, Santa Lncin, Rocky Butte, and Piedras Blancas Light-house. 

Oce11pation '!l stations in contimwtion of the primary triangulat-ion of the coa~t of California, non'<i 
(:f Point Coneepcion.-In complirtnee with instructions to resume work in the primary triangulation 
of Califomia as 8oon as practic::ible after the beginning of the fiscal year Assistant .James S. Law
son organized Lis party for tbe occupation of Castle l\:Iountaiu early in September, 1885. The 
coudition of the atmosphere previous to tbat time was such as to malre it inadYi1mble to take the 
field, although all preparations for a start bad been completed. On reaching the foot of the mount
ain the part.v found, much to their disappointment, that, owing to the dry summer, all the water 
supply Lad disappeare!l from the site preYiously selected for the lower camp, and that it would be 
1wcessary to select a new site a mile higher up. 'fo reacL this with wagons a road bad to be 
g-raded around a steep part of the hill. The outfit ha\·ing been remoYed as rapidly as possible to 
the HPW site, the trail to the summit was laid out, cleared, and graded for the pack-auimals. 

During this time the heat w:-is iutense, and the water being strongly impregnated with alkali 
much sickness resulted. At the earliest moment the instruments and outfit immediatelv needed 
at the station were tnken up the mountain aud the 1iters and observatory built. On October 6 
obserYations were begun, ancl on the 31st were finished. 

The work at Castle Monutain consisted of observations for horizontal directions vertical 
augles, time, latitude, azimuth, and for ralnes of· the ocnlar micrometer of theodolite N~. 131 and 
micrometer of meridian instrument No. Hi. For azimnth, a Ursre Minoris was observed, direct 
and 1 eflectcd from mereur~·. 
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At the beginning of November, arrangements were made for transporting the party to Ilepse
darn Station. At the site selected on this mountain for the lower camp many difficulties and 
daugers were eucountered from the sudden rising of the waters in San Luis Creek and the oYer
fiowing of its banks caused by sudden and hea,-y rainfalls. Continuous watching and ditching 
around the lower camp had to be maintained day and nigllt to tJrevent the ruin of instruments, 
equipage, and stores. Another eflect of these heavy rains was to render the soil in places so soft 
that the pack-mules woulcl sink knee-deep in the aclobe mud. Attempts were made on seYeral 
different days to reach the summit, and as often did the animals slip, lose their footing, and roll 
back to the bottom of the inclines with their packs. Fortunately no1ie were injured, and by watch
ing every fa\'Orable opportunity the aseent was .finally made. The summit of the mountain is a 
rocky ledge, offering barely enough surface for the observatory, the foundation for which had to be 
obtained by great labor in rnoYing large rocks and building them around so as to get space needed. 
In one respect the party was fortunate, a fine spring of water having l>een cliscoYcre<l nt'ar tlle 
upper camp, some three lmndrecl feet below the sLHnmit. )Ir. Lawson remarks that tllis i8 the first 
time he has obtained water at any of his primary stations without packing it from two to four milt>s. 

The observations at Hepscdam were similar in character to those at Castle .Mountain. At 
each station a sweep of the horizon was ma.de on all surrounding peaks and prominent objects. 

Field operations begun at Hepseclam December 12, 188:>, were closed lauuary .1, 1886. 
During the season Assistant Davidson's party occupied the primary sbitions, Santa Lucia and 

'Santa Afia, connecting with Ca.stle Mountain aml HepsPdam, and in se,·eral instances there were 
stations on which l>otlt parties observed. At these one heliotroper attended both instruments. 

Assistant Lawson acknowledges in terms of high praise the Yalne of the serYices of :\fr. P. A. 
Welker, aid in the party. Mr. Welker took i;ome fine instantaneous Yiews iu the Yieinity of Bep· 
se<lam station, copies of which l\lr. Lawson has forwarded with his report. 

The statistics of the season are: 

Number of positions of instrument ..•••.......•••....•... 

Number of observations of horizontal directions ......... . 

Number of readings of the ocular micrometer .••••........ ' 

Objects obRen·ed, primary and secondary·----·.---·····-·: 
Number of o· servations of vertical angles ••............... 

Number of observutions for time ......•.•..•.......... _ ... ! 
Number of pairs of stars observed for latitude .•• _ •...•.•. 

Number ofobservat.ious for latitude on eight nights ..•.•. 

Number of observations for azimuth .•••.........•........ : 

At Castle 
~fountain. 

;);:3 ' 

2. :1;;0 i 
4-; : 

-li>O : 

[I~ 

At Hepse- i 
dam. ! 

2:l ! 
603 i 

: 
2, 49~ ! 

37 

507 : 

ll~l 

:io , 
'-131 : 

! 
~f.,7 ; 
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.Assistant. Lawson was engaged with his party in oftlce-work at San Francisco from tht• elose 
of his field season till early in May, 1885, when he recei l"'ed instructions to take piut in a recomiais
sance for a base-line site in the Yiciuity of Anaheim, Los Augeles Connty, California. 

Connection of the friang11.la.tio11 depending 11pon tlie Pulgas Base u:ith that rlependin[f upon the 
Yolo Base-Occupation of stations in contin'ilation of the JJrirnary triangulation near the .~outltcrn 

coast of California.-A.sHistant George Davitlson has continued in general charge of the work 
upon the Pacific coast, and in virtue of tlmt assignment has submitted to the Surwrintendent 
general plans for the prosecution of the land·work in the i,;ewral sections along the coast; madt\ 
out detailed instructions to each chief of party, examined estimates and referred them to the 
Superintendent, and wl1enever practicable has conferred personally with the Assistants in charge 
of parties. He has also received and transmitted all of the official corresponde111:e between the 
Superintendent and the officers of the Survey on that coast. 

Mr. Davidson has submitted a comprehensive report of the nirious operations in which he 
was personally engaged, or which were carried on under his direction during the fi:scal year. These 
are reforred to under the several headings which follow. 
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1lla'in triangulation and astronomica,l work.-The connection between the work of 1851-1852 
depcmling upon the preliminary Pulgas Base, aud that of later years, depending upon the Yolo 
Base, was finished by l\Ir. Fremont Morse, Aid iu Mr. Davidsou'8 party, in July, 1885, with quite 
satisfactory results. 

It was found tlmt the triangulation point Table Mount, determined between 1852-1859, differed 
four feet in latitu<le from tLe station Tamalpais of 1876-1882, when in fact both are identical. Mr. 
Davidson specially traced the history of tllis discrepancy, and having personally revisited the 
locality satisfied himself tJiat the two stations were identical, aud that tllP> observations at each 
were wholly trustworthy. He nccounts for the change by the effects of an earthquake. On the 
21st of Octoher, 1868, occurred the severest earthquake recorded on that part of the Pacific coast; 
it had its center near Uaywards, south of Oakland, and its effects of dislocation were felt man~· 
miles more distant than 1\fouut Tamalpais. 

On July 15, 188;"), AssiRtant E. F. Dickins joined .Mr. Davidson's party, and begau preparations
for resuming the field.work of tl1e main tri:mgulation in Southern California. Tbe party remainl:'tl 
in the field till after the middle of December, having occupied two important stations, Santa Lucia, 
of about six thousand one hundred feet elcvatiou, and Santa Afia, about three thousand se\·en 
lrnndred feet. The former is very difficult of access. At each station, direction instrument No. 
115, diameter of circle tweuty inches, was mounted on cement piers with the Da\·idRon position 
circle. Assistant Dickins made the ohservatioas for horizontal directions, vertical angles, and 
azimuth; .Mr. Morse rnatle the transit observations for time, and the zenith telescope obser·rntion~ 
for latitude, each officer alternately recording for the other. 

Jn this triangulation Mr. DaYidson's party worked in such concert with that of l\Ir. Lawson, 
wLose operations have already been referred to, that at each station occupied, one Leliotroper 
served for signals to both. 

After the party left the field the usual office work was accomplislled, tile records Leiug llnpli
.catet1, and all abstracts and computations matle. 

Following are the sta,tistics of field-work for October, November, antl December, 1885: 

Sant,a · San ta : Total. 
, Lucia. Af1a. 

I Horizoutal di1·,•otion8: 

1 l'osition8 .. __ . _ ..................... _________ ........ ___ .. ·----- __ _ 23 

Horizontal measures.................................... 6HJ 

Ocnlar poinlin~s ............... ---- .......................................... 
1 

1 1 :.:i~e; 
Sta.tionsoLservcd ....... .............................. _____ ...................... ; 5 l 

Snculltlary ohject~ ...................................... , 

i Vertical augles: i 
Statious observed ...................................... : 

Scconclary objects ...................................... ' 

Ob8erviilion8 .......................................... . 

'Azimuth: 

l'tli<itions ............................................. :, 
0 Userva t ions ou Jlol aris . . ____ . __________ . ______ . ___ ... _ .. _ 

Obser\":;.tion~on mark. __ ........................... __ .. . 

Ot'nltLrj)OIIJtings ---- ---- --·- r•-- ---· ........ ·----· ·-----. 

Thne: 

StarH obdervc<1 ..................................................... ' 

ObKervatious .................. -~· ..•••••..••.•..••••... 

Latitml<': 

-Pairs of starn ........................................... : 

Ohsl·rvatious ."... . . . . ... . . . . . •• • ..•....... _ ............ , 
:Micrometer \'alue: 

Pairs of ~tars obsen-Pd ............................... . 

Oh.~ern1t ions ................................. . 

5 

i:i 

15" 

111 

333 

21 
81 

37 
361 

1,704 

4 

51 
2: 

:353 i 

13 \ 

tor. ' 
315 

2fi 

- i ': 
I 

! 
10 i 

3 

1\34 

26 l 
312 

216 

fH8 

19 

184 

( ... ,., 

7031 

a! 
1 t.~-----·~4f. I 
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The eighteen ,·olumes of records containing these obsernttious, with the results of the work, 
were forwarded to the office. 

Eeeonrw.issancej01· the sight of a primary ba.se-linc.-I:,eference has been made in detail umler a 
preYious heading in this section to the examinations carried on by Assistants Lawson and Dicldrno; ou 
the Lo;; .Angeles plains, haying for their objt>ct the st>lection of a sitP for a ha;;e-line to be ni,:pd 
instead of the old preliminary San Pedro Base. Of the two sitt>s selected for consideratio11, J\Ir. 
DaYids011, under whose gt>neral direction 1he work was done, giYes the preference at present to a 
line of ten and seq'nty-six lrnudredtlis miles in length, cro:;siug tlie Sontbern Pacific lfailroad at a 
slight angle. Ile obfierves that the country is yet <>pen, and as the improvements are not Yalnable 
it is extremely desiraLk· to lla>e the measurement maue as soon as practicable. 

Exam'ination of stationR in the -~clierne of triau,qulMion, ricinity <!f 8an Dic,qo.-Assistanb Law
sou and Dickins and Aids Morse ai1d "''elker made an examination of some of tlle 11roposed sta
tions in the Rcheme of triangulation from San Diego arnl Yicinity northward, and the 'lrnrk was 
being pm;hed with Yigor when telegr:iphic orders were l't'Cein'1l from tLe Sn11C'rintendent for its 
suspension. The party left the field and returned to tl1e >1.nbofiieP at the end of June. 

Obsenations of the annitlar eelip.Yc of the sun, JJ!arch 5, 1886.-The annular eclipse of the sun of 
March 5, 1886, was obsen·ed at the Coast and Geodetic Suney Station, Lafayette Park, San Fran· 
cisco, by Assistants DaYiclrnn and Law1rnn and Aids Morse, Welker, and Bill. 

Mr. Davidson observed '1ith his equatorial of six and one-fourth inches apertm·e; tlie obser. 
Yations by 11is colleagues were maue with reconnoitering te~esco1ws lrnYiug :<rnall aperture,: and low 
powers. 

A tabulated statement of the observations will be fournl in Appe111lix: No. 6. 
· fflagnetic observations.-To keep up the serit>s of magnetic obserrnti,1ns for the i11npose of 

determining the time and amount of the maximum dt>cliuati.on on the Pacific coast Mr. l\lo!'se was 
directed to make a regular set of observations for declination, dip, and llorizontal iuten>'ity at the 
Presidio Statfou, San Franciscff Peninsula. Th el'e observations were made in Angui>t, lSS;"i, nnd 
again in April, 1886. Reference will be found under the beading of S<·ction XI to i,:irnilnl' ohi;er
Yations made at stations on the Columbia Riwr. 

During.August, Mr. )forse reduced the magnetic obser>ations which had been made h~- :\I1·. 
Davidson at El Paso, Tex., and at Tacubaya Observatod in tlie City of Mexico in 188!. Tl1ei-e 
obsen·ations were found of essential value in the discussion of the secular change in thr large 
series of primary stations. 

Goa.st Pilot work.-V\'heneYer the pressure of regular official tlutie;; permitted, Mr. Da\"id>:on 
continued the collection of data and material for the Coast Pilot. Iu Lis Yisits to the North Far
allones and to Point Reyes he mad~ views and took photographs of these rocky islets. In Octol>er 
he made a trit> as far north as Puget Sound for this special duty, and got Yiews and photographs 
of headlands, &c. Again, in May, on his way to observe in Oregon aud Washington Territory, lie 
got other views and photographs. Before he left on this trip tbe mam1io;cript of the Coast Pilot 
had been completed as far up the coast as Port Orford. )Ir. Fenlinand \Yestdahl, in the interrnls 
of bis regular duty, worked upon a series of views of headlandR which he liad takf'n an<l madP a 
fair copy of the Coast Pilot manuscript. 

J:i'or tlle examination of the North Fa:allones, special autliority was obtained by the Superin-. 
tendent from the Secretary of the Treasury, directing the commandPr of the reYenue cutter Rit·har<l 
Rush to assist Mr. Davidson in this special duty. From four points on the islands which had been 
determined in 1859, each position occupied b~· the vessel was established, while soundings, view,-:, 
and photographs were being taken and heights measuretl. The soundings showed• deq1 water 
around these islets, and a twenty.four.fathom passage between the northwestern islet and the mass 
grouped to the southeast. The islets are barren rocks, reaching one hundred and fift;y-sernn 
feet in elevation; too steep to be the home of the sea-lion, but cow•retl by m.rria<ls of birds. In a 
special report of this examination, bearing date of May;{, 1886, l\Ir. Davidson makes a recommend· 
ation for a fog.signal on the northernmost of the North Farallones. He aeknowle<lges the cordial 
assistance of Captain Hooper of the revenue cutter in the work at the l<'arallones aud also in tlie 
special ~xamination made by Mr. Westdahl of Noouda\· Uock. Some discrepancy having been 
found between the report.ed position of the rock struck by the ship Alaska and the deptll gin•n on 
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tlie chart, .l'tlr. l\·estdahl was instructed to make this examination. The. rock which was disco'°ered 
when the first Noonday Rock was blown awa;y he fouuu again, but observed that the buoy was in 
a wrong position, aud that vessels coming from tlie northwest would be pla.ced in imminent danger 
if they made the buo~· first. Further examinations will be made. 

In October, 1885, upon his return from a tour of inspectiirn, reference to which will be made 
under the heading of' Section XI, Mr. Davidson made to the Snperinteudcut suggestions for Aids 
to Navigation, aml in January supplied more recent information about the location of the LiglJt
house on Point Sur. 

Suboffice at San Franci11co.-~1r. DaYidson continued in charge of the suboffice at Sau Fran
cisco, atten<led to all the duties, and answered all calls for information. 

\Yith tlie assistance of )Jessrs . .Morse and Hill he computed a second table of the azimuth 
nnd apparent altituJ.t• of Polari,; at different hour angles, aud for a large range of latitude, for use 
in field-work. 

Outside of his official dntie;; he 1rns engaged upon the introduction of azimuth an<l transit 
;;tars for his Field Catalogue (Appendix Xo.18, report for 1883), so as to enlarge it for a fntnre 
edition. 

Ile prepared also and nearly completed au extended paper upon the vo.rages of UJloa, 
Cahrillo, Ferrelo. Drake, ancl Vizcaino upon the coast of California, desiring to locate their positions 
as far as practic.able by stl\dying tlieir descriptions and taking tllem from his personal acquaint
auce witli the coast. This papt->r will appear as Appendix No. 12 to this volume. 

The obsern1tory at Lafa~·ette Park was usecl hy the Assistants, Suha.ssistants, and Aids for 
Jlractice and for tlrn determiuatiou of the constants of field instruments. 

Duriug the greater part of the year Assistant E. F. Dickins was attached to Mr. Davirlson's 
11arty,and had direction of the details of the work when in the field. He executed all work with 
:_.,atisfaction, both as to character and quautity. Mr. Fremont Morse, Aid, contiuned in his party 
throughout the year1 was iu the field with :\Ir. Dickins, antl {lid other special field-work. Mr. 
DaYidson commends 'iwartil.v the thoroughness of his work and his readiness and promptness, 
llot!J iu tbe field aud ia tlJc ofliee. 

l\fr. Ferdinand ':Vestclalll performed duty as draughtsman in the suboffice, and, as alread.r 
Rtatecl, accompanied J\lr. Darklson on Coast Pilot and inspection duty. Mr. Cilarles B. Hill 
attemled to his duties as clerk,. made transit observations for time to determine the oerror of chro
uometet· for the Saucelito Ti<lnl station, and filled all calls outside of official hours. Vicente Denis 
served as janitor, messenger, and porter, had the care of the instruments and camp equipage in 
the snhoffice, and worked faithfully without regard to llours. 

Examination of weights and balances at the U1iited States Jllint.-By special authority from 
the Superiutentleut, aud at the reqnest of the Director of tlie :Mint, Assistant Davidson made a 
i)erso1rnl examination of aU the coin and bullion weights and balances of the United 8tates .Mint 
at San Fraucisco. This uork was done mostly after official hours, and involved a long series cf 
minute obserrntious and checks. The reduction of the observations and the tabulation of the 
results was doue wlioll,r outside of official hours, and necessarily involved considerable time, but it 
was esseutialf~· co111pleted l\Iarch 30, 188G, at which elate it was transmitted, through the Super
intendent, to tLe Director of the Mint. 

Under snbseqnent headings in this and tile next section reference will be macle to other duty 
assigued to Mr. Davidson or operations in liis charge during the fiscal year. 

Shore-line re15urvey of Carquinez Straits and San Pablo Ba:y-Resurvey of the shore-line topog
raphy of the Golden Gate and approac71es.-A revision of the shore-line of Cm·quinez Straits and 
Sau Pablo I.lay l.uwing become desiralilt~ owing to the cllanges that had occurred since the E\Urvey 
of 1855, Assistant A. F. l{odgers proceeded under instructions to organize his party for that work, 
and took the ftd<l early iu Marcll, 1886. Two plane-table sheets were projected, covering the shore
line between Sui8un Bay and the south shore of San Pablo Bay at a point about midway between 
Point Sau Pablo and Penole Point. These sheets included Carquinez Strait:i and tue entrance to 
.Mare Ishind Straits. The revision work within the limits namOO. was completed on May 25, after 
which l\1r. Rodgers took up the resurvey of the shore-line topography of Sau Francisco Entrance 



 

l;~ITED STATES COAST AND GEODETIC SUUYEY. 71 

and approaches. This work was coutiuued till J uue 1 O, when the exlJaustion of the appl'opria
tion compelled a suspension of field operations. 

From this date to· the close of the fiscal ~-ear the party was engage1l.iu uifice· work. Tile rwo 
plaIJe.talJle sheets including C111qniuez Straits awl San Pablo Bay, south shore, wert' in jll'('j)al'll

tion for forwarding to "\:Ymsllingtou, tracings of them were made for tlJe files of the sullofriet\ and 
a tracing prepared showing the progn•ss of the shore-line snrvey of the Gol<len Gate. 

In hoth field and office work J\Ir. lfodgers had the efl'ectfre service of 1\lr. faaac 'Yinston. Ai(l 
in his party. 

The statistics of this sur\-ey are: 
.'.\tiles of shore-line s1uYeyed .. _ .. 
. Miles of railroads .. 
1\1iles of counnon roads . ..... _ - .. - . . . . . . - - . . - . . . . . . ~ _ - . . . . . . + _ • __ ....... _. 22 

Tidal obseri-a.tion8 at the self reuistering tirle·gauge station, Saucelito, Bav of 8an F.rnncisco.
The charge of the self.registering tide-gauge at Saucelito, Ba~· of Sau I•'rancisco, remained with 
l\Ir. Emmet Gm~·, under thti superYision of Assistant Davidson. Tue tidal aml meteorological 
records from this station for tLe ;\·ear arc excellent, and almost absolutel~· continnons. Tile 
tabulations and tidal sheets are regnlarlJ transmitted to the office after l\fr. DaYidson's exarniiia
tion of each sheet. Determiuations of time for tlie ueeds (lf tliis l\'Ork were made l>r l\Ir. C. n. 
Hill nt tile ohserratory iu Lafa.n~tte Park, San Fra1Jcisco. 

Hydro9raphic surre.lJ of the coast of Calf!urnia <~ff' Cape Jle11doci110 a11d to the 8()llfl11card.-Tbe 
steamer .McArthur, under the command of Lieut. E. D. Taussig, l:". S. X .. As>'istaut Coast aud Geo
detic Sun-ey, baving been n>fitted at San Francisco, left that port ~\ugu"t 13, 1t:IB5, to coutinnc t lie 
bydrography of the coast in the vicinity of White Uock station, Shelter Cow, and Cape '.\Ie11uod110. 
A tidal obsen·er was left at ·westport, Memlocino County, witL. instrnctiom; to keep np tidal obser
vations witL. the same gauge that had been used during the spring i;;easou. On aeconu t of t lie 
exposed cbaracter of- 1he coast, it was not }lracticable to put np a tide-staff nearer the wo1:.king 
gronntl except at great antl unwarranted expense. As a prt•cautiouary measure, Lieutenant 'Iam;
sig landed an extra box, float, and staff, which proved to be of use in the latter part of the sea"'ou, 
the first one having been carried away by a heavy swell. On the 10th of XoYemher tl.ie :>t·eo111l 

one was ahm carried away during one of the heaviest anti most <bmagiug gales ever kuown ou that 
coast. 

The earlier partof the season was dernted to defining the e:s.te11t of tl1-e shoal aml banks i11 tlw 
vicinity of 'Vbite Rock station and Shelter Cove, and the hydrography was colllplete(l to a poi ut 
oft' Horse Mountain statio11. The extent, of work doue was limited, on account of alternate fogs 
and hif.rh winds, very little good working weather having been experienced dnring the sea"ou. 

The character of the coast and the llC'Cessities of the wol'I~ then dema11dell a trausfor <Jf the 
vessel and party to Cape MPndocino, and the surwy was prnsecuted in tliis locality, iwtwith
standing l.tigh winds and rough seas, 1rntil Norember 15, wlien opemtious were sn;:;peu<led for the 
season. 

Acknowledgment is made l\\. Lieutenant Taussig of the zealous and ellicieut "en-ice reu1krl:'d 
by the officers attached to the Mc.Arthur: Ensigns Simon Cook, ·w. L. Bnrdiek, ,J. A. B<'ll, und 
F. A. 1\foNutt, U.S. N. Ensign Burdick was detachell November 17. 

The Eeason's work is shown upon a hydrograpbic sheet, scale 1-20000, exteudiug from Clnstn 
Cone Rock to Getchel Creek. Following are the statistics reported : 

Miles run in sounding ...... - . _ .. - ......••.. - . . • . . • . .. _ . . . . . . . . . . . . . . . . . . Du~) 

Angles measured .. - .....••................ _ . . . . . . . . . . . . ..... _ _ _ . _ .. _ . 1 , 7 :!O 
Number of soundings .. _ ..•.... - - ........ _ ......... _ ........ - ... __ . ____ .. 8, 038 

In February, 1880, Lieutenant Taussig was iustructe<l to prep;ire for resuming ;w1l completiug 
the b,rdrography of the coast between Navarro Bead and Cape l\1cmlociuo, a1ul in )larch he w:1s 

transferred from the command of the McArthur to the command of the Hassln. This steamer be 
ha<l tloeke<l and preparetl for sea with all possible <lispatcll. Lea\-ing Sau Francisco April 1, Le 
landed a tide obser\'er at ·w estport, to continue tLe tide ~bscrn1tious at that place as during tlie 
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previous season, and subsequently anchored in Shelter Corn to :;end into the interior for the 
pack-train required by the signal party aml to lallll tlie signal party. 

Li\'utenant Taussig observ·es that tlle location of Bt>arly all of tlie triangulation po:'.nts 0111ieaks 
of cousiderable elevation, the lack of statious ou tue narrow stretch of beach, and almost continu
om; bad wenther during· April, made the work of building signals a!J(J establishing them in posi
tion oue of unusual difficult~-, and that this duty was performed h.r Ensign \V. I'. \Vhite, U. S. N., 
w1 th com mcnda hie zeal and energy. 

During .;;\..pril, mviug to nufaYorable weatLer, but little ltydrogrnpltic work could be done. The 
111011th of ~lay "ms favorable and the progress made was satisfactory. From the last week of May 
till thr close of the seasou, about the michlle of ,J unf', with the exception of three <layi; of fog, the 
wind llle"ll a strong north west gale Llming all the hours of day light, but with practice and perse
,·erauce some good soundings were generally obrained each day. 

Lieut. David Peacock, l.:. S . .N., reported for dutj· two days before the party left Sau Francisco~ 
Lien tenant }'ea cock's skillful use of the 8igsbee sounding machine enabled him to clo much work 
nuder unfavorable circumstances. Some deficiencies in the parts of this machine were snprilie<l 
through the courtesy of the :Xavy Department from the :Mare Island ~avy-Yarcl. · 

The steam-launch Agassiz, untler I,ieut. C. F. Ponll, U. S. N., rendered good sen·ice wbeuever 
practicable. 

011 ,June 1;.:1 the main portion of the 11y<lrography was completed, the last soundings beiug 
taken on the l!ank off' Sbelter Cove, and the Eas81er left fur San Francisco. I,ieuteuant Pond 
was detailed ,June 14 to run some additiounl soundings m Soldier's Harbor. On tbe 18th tbe 
Hassler anchored in San Francisco llay. 

In addition to the officers already named, Ensigm1 J. IL Shipley aml U. ,V. Jungen, U. S. N., 
rendered accl--ptable sen·ice. April 15, Em•ign Shipley was transferred to the McArthnr, and 
Lienteuant Pond from that steamer to the Ha.ssler. Passed Assistant-Surgeon D. 0. Lewis and 
As<?istant Engineer Edgar T. 'Varburton were alwa~·s ready to gi\·e assistance when needecl in 
reeonling. 

Lieutenant Taussig has included in his report very fuli notes respecting the several landings 
and harbors wit bin the limits of his hs<lrogra pbic survey, with descriptions of dangers to he a rnided 
and recommen elations for such additioual aids to uaYigation as he deems desirable. On a~count 
of the lack of these aids the frequent fogs are sources of great danger to naYigators. 

For the work of 1886 the statistics are: · 

l\liles run iu sounding._. . . . . . . . . . . . . . . . ... _ .................... _ ...... . 
Angles mea1mred ... _ . _ ..................... _ ....... _. . .... _ ..... _ .. 
.Number of soundings .. _ .. _ .......... _ ....... _ ....................•...... 

SECTION XI. 

6~9 

4,340 
7, 572 

OREGO~ AND WASHINGTO~ TERlUTO!ff, INCLUDING COA..ST, INTF}RIOR BAYS, PORTS, AND RIVERE. 
(SKETCHES Xos. '.!, 10, 11, 16, and 17.) 

Completion of the connection of tlie Koos Bay and Umpquah River triangulations-Progress of the 
topoyrapltic m1<l hydrographic survey of the Fmpquah River.-In the last annual report an account 
was giveu of the operations of the party iu charge of .Assistant Louis A. SengteUer on the coast of 
Oregou, between Koos Bay and Umpquah Hiver. l\lr. Sengteller had been in the field since May 
3, and between that period aud the _close of Ilic fiscal year bad carried the coast triangulation 
11orth arnl south of the Umpquab, ball determinetl all the points needed for the topography and 
h~·drograpby of that river, and had developed the reconnaissance on the coast to a junction with 
the Ji11P. Pony-Simpson of the Koos Bay triangulation. 

He was prPparetl therefore, on Jnly 1, 1885, to begin observations of horizontal angles, and 
di1l !:o by occupying Simpson station. Some delay wa~. however, caused at the outset by the 
prenilence of a ,-iolent northerly gale, lasting for two days, during which tbree of his stations were 
destroyed, and ohser,·ations upon tllem~ wl1ich bad been partly completed, were lost. This occur
reurn led ~Ir. Sengteller to modify Lis.}J\an of having ob~r\'ations made from stati-0ns at each end 
of the work i;imultaneom;Jy, and a8 soon as \lOssible he concentrated the eutire strength of his 
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party at tlle Koos Bay end, aJl(l instituted a regular patrol, whose dut~· it was to keep the stations 
well surrounded with brush. .Although this had to be packed long distances, it eYentually pron.d 
an effectiYe 1::afeguard. I~y August 8, all of the :::tatious Jiad lJeen occupied and a complete junc
tion made between the Koos Bay and the UmpquaL Hiler triangulations. 

'Vork was then taken up on the two topograpLical slieets, wllich liad been pr~jectell to include 
the shore-line of tile UmpqualJ River from its month and the approaches 11orthwar1l au1l south· 
war1l to the Lead of ua\"igation for sea-going Yessels. Upon the eompletio11 of this bra11ch of tlw 
sun·ey, Octoller 2, Mr. Sengteller aYailerl himself of the few days of the season remaining to 
develop the hydrography oft lleupper part of the rin~r. One week was sp<'nt in this <lnty, tlie 8ouml
ings ha\·iug been carried from the junction of Smith Rin•r with the Cmpquah down to tlie latteI 
to about oue mile llelow the Gardiner l\lill wharves. 

The statistics of tile season, which closed Octoller 12, are as follows: 
Number of stations occupied in triangulation .. _ .......................... . 
Number of angles mewmred ...................................... "' .. . 
l'umber of observations ................. _ .............................. . 
Numl>er of miles of shore-liue snn•eyed. . . . . . . • _... . . . . . . . . . . ..... _ ... . 
Number of miles of creeks surveyed. . . ... . . . . . . . . . . . .. . ..... _. . ........ . 
:X umber of miles of low water liue . . . . . . . . . . . . . . . . . .. _. . . . . . . . . . . . 
Area surYeyed in square miles .......... _ . . . . . . . . . . ................ _ .. 
Number of miles run in sounding ...... __ .................. _ ............ . 
Number of angles measured ............................................ . 
Number of soundings ................................................ _ .. 

~!) 

±14 
7, 907 

18 

11 
80 

11, 528 

Referring to the U mpqnah River as the third stream in importance commercially lwtw een San 
J<'raucisco and lhe Columbia l~iver, l\Ir. SengtPller reuews tile recomnwndation" which he has made 
on a uumller of occasions since 1883, that tbe Umpqu.ali Ilin•r should be huo;n.·d from the har t<> 
U:nrrliuer, and that the entrance on bar buo,r shoulll be a whistling-buoy, to enablt• ve;;i,wls whrn 
approaching the entrance during fogs to hold on, as anehorage in ordinar.Y weather is reasouahl.v :mfo 
off tbe bar. 

Euteriug the riYer a11d .off 'Yinchester Head there is a dangerous reef, hare at low water, wit b 
cha11111.·ls at f'ither side. A buoy for that reef is specially needed. Thence to Ganliuer, i-par-hnoys 
would meet eYery requisite purpose, and tlirt•e or four of these would he enough. 

:'.\Ir. A. "r· Fitzgerald serwd in the parts as temporary iecorder during tlie season. 
During the winter l\:Ir. Sengteller gave his personal atte1.tfon to the pr<>paration of the recorcls 

and reduct.ions of his work for trans mission to the archh·es. 
Hydrographic .mrrcy.~ in TilTa mook Boy, o:tf the coast hi that i-icinity, and in the Col um Ma River.

Lieut. CommandPr A. S. Snow, U.S. N., Assistant Coast and Geodetic Surn~y, haYing organized 
his part;r on l.Joard the steamer Hassler, Jc.ft Sau Francisco, in purimance of instructions, August 
5, 1885, in order to take up hJ·drograpliic work on the coast of Oregon. He was directed to gh·e 
special 11ttention to sonuding in the iudentation at False Tillamook, with a YiPw of making a car<>· 
fol examiuatiou, should it afford au anchorage. At. the time that Lieute11a11t-Commander t5now 
was in the vicinity, late in August, he repOI"tS that although the sea was smoother tltan mmal, and 
the ship was taken quite close in, t!Jpre seemed to be no protection from tile swell ~hich was then 
setting from northwest. A boat'g party sent to look for Falcon statioa, on the high bluff marking 
the hight, returned reporting that no place could be found to effeet a lauding. The pUot wli(} 
accompaniPd tbe steamer from the Columbia RiYer stated tliat the indentation at False Tillamook 
afforded little or no protection as an anchorage, aud that he knew of no case when it had been 
used as such by coasting vessels. 

Lieuteuant-Commancler Snow was informed that with a wind from the northward, or from 
northward and eastward, the sea is ,·err smooth along the coast from False Tillamook to Cape 
Meares, and that this was also the case du1ing the brisk northw<'st summer winds (close in to the 
coast) when the sea has a more soutberly dir<'ction. He states, boweYer, that he was not so for
tunate as to find any winds from these directions except for such short pcliods that no climinutioD 
of the prevailing westerly swell was caused tl1erehy. 

ll. Ex. 40--10 
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On the afternoon of Augnst 30, the Hassler entered Tillamook Bay to take up a rf'surYcJ· uf 
that harbor, sbouhl it appear from the examinations to be made that a resurvey would be needed. 
On enteriug, about an hour before high water, eighteeu feet was the least water got on the bar. 
Parties were sent out ou the following day to put up signals, aud a tide-gauge was established at 
tlJe wharf of the canuery, a bench-mark being marked ou a rock on the beach a few lnrndred 
yards away. Tidal obser\""ations were immediately beguu and continue(} day and night for a lunar 
month, and daily observations afterwards until the conclusion of the work outside. 

I,ieutenant-Commancler Snow ~tates as a general result of such soundings as he was able to 
tjlJtain i11 tlie bay and on the bar that there is need of' a resun·ey,. and that had his in.structions 
warranted taking the risk of a long detentio11 he shonld have remained to gfre a more careful 
€Xamination to the navig;tble cllrimwls inside. But from the da,y of his entering the bay until the 
Sth of September the smoke was so dense that no work could he done except on tlnee days dnr
iug clearing intenals. On the 8th of September tlie rains comlllenced aml continued with dense· 
fogs until the 17th, tlie bar meanwhile breaking too beavily to permit any work or to take the 
iship out1>ille. On that day, a fa\·orab1e opportunity hadng offered for crossing the bar, and the 
danger of lleing llar-bonml inside increasing, owing to the lateuess of tlie season, tlJC Hassler was 
takeu outside to prosecute the off.shore work. 

Lientenai1t-Comma11der Snow gins iu his report fnll detail;; in regard to tlie hydrographic char· 
acteristics of Tillamook Bay, and observes that in view of the changes which have taken place iu 
tlie bay a!l(l on the bar, and to meet the wants of the rapiul,y-growiug- country around, he recom
rnemls a complete l'Cslll'vey to he made of it, but that this sl10nltl not be undertaken after the 
111011th of August. That from his own experience on the coast of Oregon, aud from what he could 
learu from those familiar with it, he \Vas convinced tlrnt auy i>urveyiug work tlJere can best, be doue 
from :May tu September. The gre<ttest obstacle to he encountered at that season is the smoke 
from forest fires. The seasons >ary greatl~·,-however, in this respect; in the snmme1· of ISS± there 
was no smokt>, and in the summer of 1885 tlwre were very few clear days, hut it is only at tliis 
seai;;m1 of tltf year that the sea is smooth enough for boat-work. 

'Vork off the coast was begun with the ship September 17, and, in accordaiwc with instructions, 
the lines were rnn about one and a half miles apart, altematc lines, to a distance of twekc miles 
frow the shore, the shorter lines extending only to a distance of eight or uine miles. :Puriu~ tlie 
continuance of this work much bad weather was exp<:rienced, aud it was fotrn<l necessary to run 
iuto Columbia Hiver several times to a \·oid southeasters which, accompanied by rain aIHl fog, lasted 
.several tla,rs. There was also a very hea\·y westerly swell on the days when work was 11ossible, 
prewutiug as near an approach to the coast as was desirable. IIeavJ· breakers, especially in the 
vicinity of the .Xehalem River and Tillamook Da,\·, rendered auy boat-work impossible; there was~ in 
fact, no time <luring the season when sounding by boats would have been prudent. The coa~t 
fro111 False Tillamook to Cape l\Ieares is apparently free from any hidden dangers. 

T!Je off-shore li1ws, beginning in fifteen fathoms of water about one awl a quarter miles from 
tlw shore, deepened Yer.'· regularly until a depth of i;event;r fathoms was rea-0hcd, twelve miles oft", 
the curves of equal <lepth runuing nearly parallel with the trend of the coast. The currents wer·e 
€Ccentric, probabl,\· because of the cllaugiug se''lson, it being a well-known fact along this coast 
that witlt the prevailing northwest wiwls iu summer there is a strong set to southward, while in 
winter the set ill more frequently to northward. After southeast or southwest winds, which lrnd 
1in~n1iletl sernral da_ys, the northerly set was YeQ' noticeable. 

A snr,·ey of Neualem Hi1·er llar, which had been coutemplated as part of the seasou7s work 
(though of minor importance), was found to be impracticable, heavy breakers extending quite 
across the entrance and to a long tnl>tance from the shore. Nor could any defiuite information be 
obtained concerning it, the statements made of the depth that could be carried across the bar 
n1ryi11g so greatly as to be of no value. 

A request ha dug beeu received from the Light·Bouse Board for surveys to ascertain changes 
iu climmels in certain parts of tile Columbia River, Lient.enant-Commaudei· Snow was directed to 
eonfer as to the details of these SlllTeytoJ with Capt. Charles F. Powell, U. S. Engineers, 011 duty 
as engineer of the TlJirteentll Light-Hottse District, and on October 13 the Ilasgler was moved 
up tlle river to \Valker's I .;;land, where a tide-gauge mts establishetl and connected with a bench· 
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mark at Rainier. Soundings were begun on October 15, using two steam launches, the lines of 
soundings being run normal to and parallel with the banks of the rh-er and at a distance apart of 
three hundred feet. 

Lienteuaut-Commander Snow remarks that the channel now used by ships of deep draught 
passes close to the Oreg-on suore near Riuearson station, and is a <lifficult one because of its uar
uowness and a sharp turn at this point. The channel i:; apparently changing so as to make a 
straighter course possiLle near the center of the ri>er, still passing· to soutlnvard of ·walker's 
Islaud. But for a short distance this channel is ;mt impracticable at higlI water for n•.ssels draw
ing se,·enteen feet, and eveu for thm-e of lesser draugllt it slwuld l.Je well IJouyed. A pilot can 
always be got at Astoria, a11<l no n•sse1 should attempt to pass up or dmn1 ti.le ri,·er "ithout oue, 
as the channel iu many parts of the river undergoes a radical change after the ;rearly fresbeti;, 
and after such changes the pilots are accustomed to somHl out and IJuoy the new chmmel. 

Lieutenant-Commamler Snow recomme11ds the adoption and issue of '' Llue prints" as a 
s11eedy process of makiug pnblic the results of uew surveys. 

'l'bc surve,y of tl.lis part of the river was· co11chde<l October 20, au<l the Bassler was theu 
moved dowu to Astoria for au examination of Aurora channel. For this work tides were obsen·ed 
on l\1r. 1''ilson's gauge at Astoria, a plane of reference baYing been determined there by a series 
of obserYatious which had been contiuned several years. Sournliug liues were run as at 1'.,.alker's 
Island, three hundrEd feet apart, par11llel to each otlier and normal to the direction of the channel. 
This work wa:; much eml.Jarrassed by l.iea.-y rains, but the channel proper was well developed by 
October 3l, when the survey was closed. 

"\Vith approval of the Superintendent, tracings were fnrnislied to the Inspector and Engineer 
of the Thirteenth J,ight-House Distric: which will sufficiently indicate what chauges iu l.Jnoys are 
required. _ 

On November 3, 1885, the Hassler left the Columbia HinT for Sau Franeisco, arriYing at tile 
latter port No>ember 8, after a >ery stormy passage. 

The officers attached to the pnrty are referred to in their commander's re110rt as liaYing shown 
a zeal and energy in the performance of their duties which caunot be too highly comme11d€d. 
They were :-Lieutenant Blocklinger, U.S. N.; Ensigns F. N. Bostwick, "\V. P. White, J. IL Shiple;r, 
and C. \V. Jungen, U.S. N.; Surgeon W. S. Dixon, U. S. N., and Assistant Eugineer Edgar F. 
"\Yarburton, U. S. N. 

Statistics of the season are as follows: 
.1\Iiles run in sounding_ ..... __ .............•.... _ ..... _ .... _. __ .. _ .. _ .. _. 369 
Angles measured ... _...... . ............. ·--- .... ----· _ .......... _ ... _. 4,2-12 
Number of souudings _ .... _ ......... _ . . . . . . . ..... __ . _ .. __ ... _ ..... _. _.. 9, 189 

In February, 1886, Lieutenant.Commander Snow was reliewd from the commaml of the 
Bassler and orde1·ed to command the new steamer Patterson, relie,·iug Lieut. Uichardson Clo,·er. 
(Jpon taking charge Qf the Patterson be l.Jegau, under instructions, to prepare her for sen·ice on 
the coast of Alaska. 

• Continuation of the ltydrograpltic work in tlte Columbia and H' il7amette Rfre1·s.-In pursuance of 
telegraphic instructions received at the close of .Ma;y, 1885, and supplemented by written instructions 
dated June 16, Assistant Cleveland Rockwell organized his party without delay for the continuation 
of the hydrograpllic survey of the Columbia and 'Willamette RiYers. 

Under ordinary circumstances he would have beguu hydrographic work in the Columbia 
River near Columbia City, at the limits to which he bad previously brought it, bnt knowing that 
the rh·er would soon be too high and the current too rapid for sounding, and in order to SMe trans
portation, he commenced the work in the Willamette Hh·er near the foot of Ross Island at the upper 
limits of the city of Portland. 

In order to obtain a plane of reference for the reduction of soundings his first step was to set np 
tide-gauges at Vancouver, the mouth of the vVillamette, at Saint John's, and at Albina. Several 
years ago a tidal station was occupied at Vancouver, and the readings of the gauges at the several 
points were all referred to the Vancouver bench and gauge. Simultaneous observations at each 
of these stations were made for twenty-four consecuth'e hours; and as the rfrer was very nearly 
at a stand, and the fluctuations of level were quite small, this was thought to be sufficient. 
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Hoth temporary and permanent hencu-marks were established at the mouth of ti.le \Vilhlmettt>, 
at Saint ,Tohu's, aud at Albina, all suitably markecl and <lcscrilwd. Later in the Reason, another 
beuch-rn:irk with tide·~~wge was set up on the Columbia at 'Vil low J3ar, six miles below the mouth 
of the Willamette, which was marked aud described in tile same wa;y. 

Tlw work of sounding was then begun, the sloop Kinchelo~ beiug mm·ed <lown the river from 
timt> to time as the work a(lvanct'rl. Smoke seriously retarded its progrei;:i, it being impos:>ible for 
many days to see signals across or np and down the rfrn, although aboYe the smoke a bright ;;nn 
was :-i.liining in a clear sky. 

Tow an!;; the end of Sep tern ber tielcl operationi:; 1vere closed and tlie Kincheloe lai<l np at Portland 
for t be winter. The resnlt8 of the sea sou are shown on t bree hydrograpbic sheets on a scale of 
1-10000, extending from the foot of Ross Island in the 'Villamette River to near the head of Baeh
el01's Isla ml in tLe Columbia Hfrer, a tfo;tance of twenty-four miles. 

For comparison of soundings, tbe Coast and Geodetic Snn'l\V tide-gauge at Pearcy's Island wa-s 
connected b~- s1'tuultanro11s readings witb tl1e tide-gauge of the Uniteu States Engineers 011 the 
lighted lleaco11 at Three Tree lsland, 

The statistics of the season are a.s follows : 

~ umller of lwnch-marks and tide-stations e.stablished ........... . 4 
Xumber of miles run in sonwling . . . . . . . . . . . . . . . . . . . . . .. . . . • . . .. . . . . . . . 327 
Xnmher of soundin,a-s ................... - ........ -............. - ......... 17, 782 

JJnri11g tlw winter J\[r. Rockwell was engaged in reducing bis soundings and in plotting aud 
filii><liillg Iiis I1ydrographic sheets. In Mas, 1886, he reported under instructions, for field dut,y, to 
A:>sii:;tant George Davidson. 

Obxeri~rttfonR for latitude and azimuth, and for ma.qnetic declination <tnrl lw»izontal intensity, at 
stntions in Oregon and Washi11uton Territt>ry.-Duriug parts of May and June, 1886, Assistant 
George Davidison occupied the sceon<lary triangulation station Balch, near Portland, Ore.g., to 
determiue its latitude and the azimuth of a counecting line of the triangulation. Assistant Cleve
land Uockwell 'vas assigned to duty in his party. 

Balch is about ifre hundred feet above the Columbia River, on the lateral spur of a higher 
ridge, and is reached by a nry steep and rough trail, two hundred aud tif't,r·five feet above the 
I'Ollll. 

Fo1· time, the Da\'idson meridian instrument No. 12 was use.d. For azimuth, observations 
were made with direetion instrument No. 131, twelve inches in diameter and reading by three 
microscopei:;. Observations for latitude were made with the ~mnith telescope No. 1, and for valae 
of micrometer u11on close circum1Jo1nrs upon two nights. 

The statistics of work at Balch station are as fallows: 
Number of nights of observation for time ....................... , . . . . .. . .. •.• 18 
Number of observations for time ...... _ ........................... _.. . . . . . . . 148 
Number of nights of observa.tion for latitude ........ :. . . . . . .• . . . . . . . . . . . ... . 8 
Number of pairs of stars observed ..........••...•.• - . . . . . . . . . . . .. . . .. . . . . . . 24. 
Number of obs~rvations for latitude ..........•...... ·-··· ....... ·-· ......... 160 
For azimuth, number of nights ....... _...................................... 7 
For azimuth, number of positions . . . . . . . . . . . . . . • . . . . . • . . . . . . • . . . . . . . . . . . •. 7 
For azimuth, number of observations ........................................ 173 
For horizontal angles, number of observati()ns ................ •.....••••.....•• 56 

Unring the occupation of station Balch, Mr. Davidson made a series of observations for 
magnetic ueclination and horizontal intensity at Portland, Oreg., where be had made a similar 
set of \)\)servations in 1870, atl(l where Assistant Lawson had made a similar set in 1881. 

Ju order to <letermine the latitude of a stati('n and the azimuth of a line m the scheme of tri
angufation between the Columbia Rh·er and Puget Sound, and to have the data obtained available 
fol' both the Puget Sound and the Columbia ltiver triangulation, it was decided l)y Mr. Davi<lson 
to occupy Hainier, near the town of Rainier on the left bank of the Columbia River, almost abreast 
of tbe mouth of the Cowlitz Rh·er. The quadrilateral common to both schemes is Rainier-Rinear· 
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sou, Crawford Ritlge-Pattou, and station Rinearson, six: and a half miles distant, was used as an 
azimutll station. 

The obserrntory, piers, &c., haviug been placed in position by l\Ir. Rockwell, ~Ir. Daviuson 
began observations for time and azimuth June 21. The work was in prol?ress at the eutl of the 
fiscal yeHr. \Veil-seasoned cedar J1iers for the instruments were tried at fois statiou, lint were 
found to he much less satisfactory than the brick and cement piers built up at Balch. 

Magnetic obseffations were made at Haiuier similar iu character to those at Balch. 
Inspection of .ficld-irnrk 011 tlte coa8f8 <!f' Oregon and of lrasMnf!ton Territory-Recunna.i1Jsance 

for t!te Coast Pilot.-Under the heading of the previous section reference was made to a to~1r of 
irnspectiou of field 01wrations 011 the coasts of Oregon Hnd of \Vasltingt;m Territory, undt>rtakf'H 
by Assistant George Davidson in the autumn of 1885. He took advautage of this toul' to obtain 
data and make sketches for tlrn forthcoming new edition of the Pacific Coast Pilot. 

Aft~r visiting Assi;;tant Rockwell iu October, at Pottland a11d Albi11a, and satisl\il1g himself as 
to lhe amount and good quality of the l1ydrograpl1y e:xecuted l1y that officer duriug the seasou 
which· had just closlc'll, l\T r. Davidwn went to .Alhlll lslaud, entrance of J{osario Strait, "here 
.Assistant Gilbert \Yas encamp<•(!. ()f i\1r. Gill>ert's work (reJerred to in detail under a subsequent 
heading) Mr. Da,·idson makes fl Yery favorable report, empbasiziug tlie special value of his work 
in Deception Pass, which is 11ow used IJy stemuns from \Vhatcom and Bellingliam to St>attle. 

On the ,-oyage up tlw ('Oast from San Francit>c:.:o, frequeut fogs made it difficult to get more 
tlrnn glimpiws and partial sketches of 1nomineut poiuts. Xear Cape Sebastian sketches were 
thus olJtained. The Colnm bia l'th·er \las studied up to Portland. ~lr. Davidson remarks that 
the deep-st·a trafilc is increasing in an Pxtraonliu:n~- mamier 011 account of th1> grPat wheat growth 
of IiJastern Oregon aud Eastern w·ashiugtou 'rerritor,y. 

Having examined a station near Portland, at which obsen·ations for latitude aud azimuth were 
sul>sequently made, )lr. Da\'idsou proceeded to l'uget Sound, aud began an examination of the 
Sound at Olympia, Wash. At Tacoma he obtained a sketch of Mount Rainier; at Seattle 
sketches of the same m-0m1tain and of th~ great range of Olympus. He remarks that in tlle 
intricacies of the interior navigatiou, tLrough the waters east of Whidbey Island, views are not of 
much worth, because some of the chauucls are very tortuous, and onlr local knowledge is of use 
until they are surveyed aud buoyed. All through these waters vessels nre often compellt'd to 
navigate in foggy and smok~- weather by 1.be ecllo of their whistles from the shores, and dnring 
tile last summer the smoke was for some time so dense that some of the boats were laid up. 

lletwet>n J>ort Townsend and Yictoiia, and thence to Cape Flatter~-, some views were 0Utai11ed. 
From Cape Flatters to San Francisco a suutlieaster was encountered with dense fog au<l a rmrrent 
that put tlie steamer uot less than thirty miles out of position. For serYices rendered by l\1r. 
Davidson iu pilotiug the vessel througli the Golden Gate, when surrounded by sm·eral other 
vessels at the same time, he recefre<l tLe. lhanks of the captain. 

With regard to the views dem auckd for the Coast Pilot by the character of this bohl coast, 
so different from a11Jthing on tht:J Atlantic, l\fr. DaYidson thinks that the coast-liue of the wholl' 
landfall should be sketcl1ed for WFseh, a11proaC'hilig the coai;t, and also three Yi }ws of each head 
or prominent point, one approachin~ from the southeast, one from the northwest, and oue when 
abreast. 

Triangulation a1id topography of Po88e8sion Sound completed-Completion of the topoympli
ical sitri•ey of the shores of Snohomi~h Rfrer-T,.legrapf1.ic determinatimi of the longitude of Tatooslt 
Island Light.-In August, 1885, at as early a date as practicable after receiving i11str11cti011s, 
Assistant J. F. Pratt, having organized his party on board the schooner Yukon, took up the topo
graphical survey of Snoliomish River, \Vashington Terri torr, from the limits of work of the prCYious 
season, and by the 26th of that month had completed it to the head of ortliuars summer wlYiga
tion, which is just above Snohomish City, and which is also the head of tide-water. 

The banks of Snohomish Rh'er are densely wooded; there is much thick, over-hanging brush: so 
that in the majorit.y of eases places for })lane-table stations had to ue cleared. Tdemetl'r fonvard 
lines were made the basis of the entire survey of the rh·er. 

As the smoky weather, which had prerniled since the beginning of the work, st.ill contim11:'d, tile 
topogra11by of T:ulalip Ra~-, ou the eaf.'t i;bore of Possession Eonud, ""as <·Hrril'tl 1 <•arlr to co11111le· 
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tion. On September 8 a southeast gale set in, followed by several days of rain, which dissipated 
the smoke for the entire season, after which the triangulation ancl topography were successfully 
prosecuted, resulting in the completion of Pos~m;;;sion Sound, a start in Saratoga Passage, and 
some progress iu Port Susan. 

The winter rains having set in on NoYem ber 3, fieltl-work was closed for the season ou the 
4th, and the Yukon was then moored in the Duwamfoh l~h·er. 

Mr Pratt reports the following statistics : 
For the triaug-ulation: 

Number of stations occupied ......................................... . 
Number of angles measured... . . . . . . . . . . . . ........................ . 
Number. o_f measurements. . . . . . . . . . . . . . . . . . . . . . . . . . . ................ . 

11 
147 

5,544 
Number of geographical positions determinetl . . . . . . . . . . . . . . . . . . . . . . 28 

For the topography: ' 
Number of miles of shore-line snn·cycd . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 21 
1\liles of ri>er shore siu•eyed.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 34 
"Miles of roads sur•eyed . . . . . . . . . . . . . . . .................... - . . . . . . . . . . . 9 
Area of snr\'CY in square miles...... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 38 

During the winter and part of the spring Mr. Pratt was occupied at the suboffice in San 
Francisco in the computations of his season's work, and iu l\fay, 1886, i1roceedecl under in!ltrnctious 
to Tatoosh Island, at tlie entrance of the Strait of San Juan de Fnca, to make arrangements for 
an exchange of longitude signals with Assistant Gilbert, at Seattle. 

Tbrongh Urn kindness of I .. ieut. U. Sebree, U. S. N., inspector of the Thirteenth Light-Honse 
District, the party wa8 couyeyed to Tatoosh Island by the light~bou"e tender Manzanita, and their 
equipment au<l instruments safel~· 1andttd. All was in readiness for an exchange of telegrapliic 
signals hy lllay 30, but the nry poor condition of the telegraph lines made it impossible to get 
signals for Jong\tude through to Seattle until a repeater had been vnt into the circuit at Port 
Tuwnseml. Immediately after this was done signals WPre excllangP,d on two nights. Bad weather 
tlien set in, and under instructious work was closed. At l\lr. Pratt'8 request, Capt .• J.B . .Moore 
of the re\Tmte cutter ·w olcott, wbo was Jlal"Sing in from sea, kindly con:-;entell to take the. part;,- to 
Port Townsend. 

To Captains Sebree and :.'11oore aml to Dr. Thomas 'l' . .l\fowr, president of tbe Puget Sound Telc
grnph Company, J\rr. Pratt 1w1.kes acknowledgment for courtesies t>xtended and facilities afforded 
in the conduct of the work. 

Towards the eud of the fiscal year he n~ceived instructions to resume the survey of Port 
Susan, and was orgauiziug his party in pursuance thereof at the close of the fiscal _year. 

Hydrographic sun,eys in Admfralty Inlet and Puget Sound.-About the beginning of tlie 
fiscal year, foeut. 0. F. Forse, U. S. N., Assistant Coast and Geodetic Survey, commantling the 
scboouPr Earnest, arriwd with bis party at 17nion City, '\Vash. Ter., under instructions to take up 
hydrographic work in Ilood's Canal. Ila\'iug ::;et up a tide-staff to get a plane of reference for sound
ings, tlie ,;nrvey of the soutllem part of tbe canal was begun aud prosecuted at every interval of 
fanm1ble weather. Towards the end of Jnly and during the greater part of August dense smoke 
caused by forest fires })feVailetl, obseuringtlie signals and making boat-work impossible. Septem
ber opened "\\ith copious rai1ts, cleariug a'.\ay the smoke and enabliugthe ]larty to resume operations. 

On tlie h) drographic sheet oft he so uthcrn part of Hood's Camtl, the fift;y.fatliotn cun'e is carried 
for o\er six miles, and the twenty-fathom curve extends northeast from Union Cit,y alJont four 
miles. The shores are bold, an<l llo sunken rocks or other obstacles to navigation exist. The fiats 
off the month of tbe Skokomish River extend out for about a mile, and the water then deepens to 
from twPnty to tl1irty fathoms. Good anchorage can be fouml af Union City and to the eastward 
and northeast. 

Tlie part of Hood's Canal nuder snrvey was finished September Hi, and two days later Lieu
tenant Forse left Union City for Port Ludlow to finish tile gap between Commodore Alden's sur
ws of 18f>5 aud that of later years at Foulweather Bluff, .Admiralty Inlet. To save unnecessa.ry 
delay at this sta£iou, the plane of reference established by Lieut. Perry Garst, U. S. N., ill 18W, 
was used, the reading on tide-staff at Port Ludlow correspoutling to the bench- mark estalJlislwd by 
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that officer being determined by tide-lernls. Soundings, begun September 24, were carried two 
miles north of Foul weather Bluff to connect with Aldeu's sun-ey, including Mutiny Bay. This 
work was finished October 3. 

The plan of work had been arranged so as to proYide for hydrographic surveys in Possession 
Sound, lmt ns tt was getting late in the season, and as heayy southeast wimls g-euernlly prHail 
<lnring the autumn in and around that Sound, it was thought inach·isable to attempt work iu that 
locality, aud it was decided to proceed to Port Orchard and execute the h:ydrogrnplij of tliat port . 
.Arriving there October G, sonndi11ir was begun October 12. Tidal stations wPre establislie<I iu 
Port Orchard iuoper, and later in DJ·e';; Inlet, and tidal ollservations were canied through a lnaar 
month for a plane of reference. The mean rise and fall of tlie tilles was found to l>e eight and une
tcntll feet; the greatest depth reaclted in so nnding was thirty-three fathoms and in Port Orchard 
twenty fathoms. Xo dangerous shoals exist and good anchorage can be found almost an_y\i-hnf'. 

Field-work was closed on the completion of the surn:y in that localit,\, December 4, and the 
Earnest was laid np in Butler's Cove, near Olympia, \Yash. 

Ensign J. N. Jordan, U.S. N., was attached to the party throughout the spason. Statistics of 
the work, scale 1-200001 are: 

Miles run in son nd ing _ ... _ .. __ .... __ ... ____ . __ ...... ____ . . . • . . . .. _ .... . 
.Angles measured . _ - - ...... _ ...... - ................... ___ .. _ ... _ .. . 
Xumher of soundings .... _ ........ _ .... _ .... __ ... _ .. _. _ . _. _ .. __ ...... _. 

756 
G,294 

23, mo 
Triangu.lation a1id topography of Ro11ario Strait and Biuroic.~ Bny-Longit1u1e signals e.rchanged 

bet1reen Seattle and Tatoosh Island-Bea.ch mea.surement betu:ecn Shoal1rnter Bay and Gray's Rar
bor.-Iustructions to take tile field in continuation of the triangulation an<l topography of Jfosario 
Strait aml vicinity Ila Ying reached Assistant J. J. Gilbert at Sau Francirno soon after the heginni ug 
or tlle fiscal year, be beganJo make tlie preparations ucedetl without delay, aml lmYiug cornplet('<l 
certain indispensable repairs to the launch and scow forming i•art of tbe outfit of lli,,; party, l1t• 
left for the field July 23, 1885. After calling at Tacoma for coal and at Seat.tle for }HOYisions, Ill· 
reached Burrows Bay and the field of operations on tile 27th, and, ha \•ing establi,,:lietl his ('<!!lip 011 

Allan Island, be began field-work August 3 .. 
Un account of dense smoke it was possible to obserYe on short lines olllJ; the triai1guL1tio11 

of Burrows Bay was therefore completed before it was clear enough to connect it with t lie nwi11 
work. A storm on the 8th of September liaving cleared tl1c atmosphere, no time was loi't i11 rn11· 

J1ectiug the triangulation, and that done the topog-raphy "as takp11 np. The shores ou t lie topo
grapliical sheet are mostlJ' rocky perpendicular cl'ffs, aml tlte work of delineating them was slow 
and arduous. By October 26 one topographical i;heet m1s finished, and the rainy season ha Ying 
ai'rived, field operations were soon after SUfllended for the winter. 

While engaged in finishing his office-work, l\Ir. Gilbert recei\·ed, iu February, 1886, instrtl('· 
tions for special astronomical work at 01,ympia and at Seattle. At OJ~-mpia h<:' put np au obi<Pl'Ya

tory suitable for observations of latitude aud azimuth, and connected the observing station with 
the triangulation of Budd's Inlet. In M:a~' he prepared a new 1<-tation at Seattle for longitndl' 
work in the grounds of the University by permission of the Uegents, erectiug a suitable bnildi11g 
ancl instrument pier, the station of 18'i2 having been entirely destroyed by street impron·meuts. 
Some-delay was occasioned by defects in tlle instrumental outfit and by t.l!e bad coudiition of the 
telegraph line to Tatoosb Island, but in the eud these difficulties were o\·ercorne, autl on ,J n11e 1:.! 
and 13, by the help of a repeater at Port Townsend, arbitrar,y signals for longitude W<'rt' success
fully exchanged with .Assistant Pratt at Tatoosh and time determinations made. 

After closing this work Mr. Gilbert proceeded, under instructions, to Gray's Harbor to ma kl' a 
plane-table and wire connection between that harbor and Shoalwater Bay. Duriug the last days 
of the fiscal ye'ar he was occupied in searching (though without success) for the stations of the 
oltl survey, in sett.fog up signals for chaining along the beach, in measuring with subsidiary base 
bars two lines of one hundred meters each by which to check the length of the lrnn<lred-meter 
wire, and in measuring with the wire nearly eight miles of beach. 



 

80 UNITED STATES COAST AND GEODETI.0 SUUVEY. 

This work was iu progress at the end of the fiscal year. The stati::itics of the ,ycar'l:l work are: 
Xumber of signals erected.... . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . 44 
Number of stations occup.ied ....•............................ - . . . . . . . . . . . . 33 
Xumber of observations with theodolite ..................................... 606 
Number of geographical positions determined ............................ : . . . 313 
Number of miles of l:lhore-line surTeyc<l ................................. · . 37 
Number of miles of roads ...................•................. · .... · · · · · · · 1L 
A.rea surveyed in square miles ................... : ................ - - · .. · ... . 13 

SECTION XII. 

ALASKA, IXCLUDIXG THE COAST A.'.'>D ALEL'TIAN ISLANDS. (SKETCH No. 12.) 

Il!fdrographic sur1Jcy.~ in Southeastern Alaska.-.c\.t the opening of the tiscal rear, the party of 
Lieut. Hichanhon Clowr, U.S. N., Assistant Coast and Geodetic Survey, commanding the steam~ 
Pattcnsou, had been eugagetl for about a month iu work preparatory to a sun·e.r of Clarence Strait, 
itf' approaches, and the waters com1ectiug with it iu Southeastern Alaska. A base had been meas
nr<>ll, a reconnaissance and triangulation completed, astronomical aud magnetic observations made, 
and so1111dings lwgnn. A11 account of this \l'ork up to July 1, 1885, was giYen in tbe last annual 
report. 

Li1•ute11ant Clo\·pr has submitted a full report of his surYey, accompanied by a sketch sliow
ing itR limits. Sorne extracts from this report will be of iuterest. Hefeniug to the signals used 
in the triaugulatiou as beiug of heavy scantling, two and a half b~· three and a half inches, he 
-0b1Serves: 

"Evt>n tl1e heaviest signals will uot witbstaud the fierce willy-waws that, frequently sweep 
.around these 1Shores. It is a common sight to see avenues in the forests which have been swept 
out by these willy-waws. I shoultl recommeml the use of the lightest scanlliug, and that large 
signal!'\ he built in p~Tamid form and covered entirely with wbite sheeting. 'Whitewash does not 
.co,•er sufficient surface :rnd will not stand the frequent rains, for it is not likely to get a chance to 
hardeu before·it is rained on. Twenty ~·ards of sheeting at a cost of one dollar to each triangula
tion signal would iu the long run be great economy." 

And with i·eganl to the nature of the work, the rneaus aYailab]e for executing it, tile people, 
~limate, &c.: 

''The h;ydrographic diaracteristics of the country are tleep water and isolated rockl-l, which 
1·ise up in unexpect<>d localities. The a\·erage depth of the main channels exceeds two hundred. 
fathoms, and to Lian• ~ouuded out the whole fiel<l uy the old 8JStPm of heaYy lead and line would 
lla n:i been very laborious, and would of itself ha Ye coni;umPd about all the time of the party for the 
season. Before leaving San Francisco 1 liad made composition hand-reels and stands for sounding 
witll piano wire, to lie used iu tlie launches. The counting registers were made on l>oard by Passe,! 
Assistant Eugiueer H.K. Stevenlion, lI. S. N. Thei;;e reels proYccl to be of the greatest service, 
and when mouutt•d in one of the Ilenesboff steam launches we were able, when ruoving at a speed 
.of eight knots, to stop 1!er11L sound iu two hundred fathoms, reel up~ arnl be moviug abea<l again, 
full "peed, insiue of six miuutes. Thus tlie launches were much better suited for the deep sound
ing than a large vessel would be, particularly as by immediately reversing the engine they can be 
brought to a dead stand in only their length wl1ile moving at full speed, anc:J need no time to re
gain headway. I•'or ordinary wo1 k I found a senn-pound hand lead sufficiently heavy. 

"The topogravhical features of tl1e country are exceedingly monotonous. While much has 
ileen said of the commercial value of Hie timber, I fonnd as a rule that the trees in the immediate 
section grew to a great size, usually from forty to sixtJ· feet, and close together. There is but little 
depth to the soil covering the rocks of the rnouutains, anq consequently tlle tl'(.'€S immediately show 
want of nourishment in a dry spell. Their roots have so little bold that freqneutly willy-waws 
t:iWeep out whole awuues in the forest. The yellow cedar wns found, hut ne,·er in sufficient quan· 
titics to make any particular locality valuable. They are also said to be usually rotten at the 
core, so they do not cut up well. Gold and sil\'Pr bt'aring quartz was freqnently found on Graviua 
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Island autl abuut Moira Souud, but it is au HCcetling·ly difficult conutr.r in which to prospect. 
Copper ore iis also found. 

"There was no trouble in keepiug su11plit'll with a \ariet;\· of fish. Ural.Js are ve.ry alnrn<lant, 
also a delicious small clam resembling tl.Je f:'astnn Little Neck clam. No oyi,,ters were found. 
Venison was easily procured, but small game was scarce. 

"'l'bis section is sparse!.'· iubabited b.'· the Bydah llldians, the best tn>e of the Alaska11 
uation. Howkan and Kassan are about the only Yillages from Dixon Entrance up Clarence Strait 
to Earnest Sound; much less than a thousand people in the whole section. They Jin~ ill the 
villages in the winter and scatter in their canoes in the summer to the fisherit's, some of' them 
going for a.week as far south as Puget Sound. 

"The climate I found very pleasant and healthful, judging- from a summer that was said to 
have been exceptionally fine. * * • As a rnle in the summer, a southeast gale, lasting thre<' 
uays, ma.y be looked for once a month, while in the winter these gales are said to be freque11t a]l(l 
very severe.'7 

Lieutenant Clovet· has included in his report barometric and thermometric means, atHI maxima 
aud minima during the time of his sta,\» Of the whole number of days, oue hundred aml twe11t~·
three, there were fifty-three on which rain fell, twelYe on whid1 fog pre'l·ailed more or less, a11d 
fifty-eight that were either clear, oYercast, or hazy or smoky. 

Between l\Iay 17 and September 16, the dates of arrirnl awl of closing· resvecti\·ely, the work 
accomplished included all the operatious incident to the triaugulatiou, shore-line topography, and 
hydrograpby of Clarence Strait from Cape Chacon and Dall Head on the south to Narrow Point 
and Union Bay on the north. Also 1he shore-line topography and bytlrograpby of Dixon Entranet· 
from Cape Chacon to Ca1le Nuzon, with the exception of Cordo>a Bay. 

The officers attached to the Patterson and tbe special branches of work assigned to them b;r 
their chief were as follows: 

Lieut. J.M. Helm, U.S. N., executi\e officer. 
Subassistant R. A. Marr, Coast and Geodetic Sun·e)·, astronomical and magnetic work. 
Ensign Walter McLean, U.S. N., tides, &c. 
Ensign C. C. l\farsl.i, U. S. N., triangulation. 
Ensign A. P. Niblack, U. S. N., topography. 
Ensigns D. P. Menefee and T. G. Dewey, U. S. N., h;ydrograph~·. 
Lieutenant Clover expresses his heart~' appreciation of the partJ· as a. whole, aml makes 

special acknowledgment of the services of Lieutenant Hehn, upon whose energy and watchfulness 
so much depended, and of the able and efficient services of Ensigns Marsh and Niblack am1 
Mr. Marr. 

Tbe following stations were occupied for astronomical work <luring the season: Port Towu
send, 'Vaslt. Ter. (as a base station and point of reference for longitudes); Port Sirn11son, Briti:-<L 
Columbia; and in Alaska, Ward Base, Point Nunez, ·white Rock, Peti Signal, Hed Signal, Tolstoi 
Bay, Union Bay, Peninsula Point, Naab Bay, Howkan Yillage, and Kai-gall-nee village. Tele
graphic longitude signals were exchanged between the station at Port To~n1send, Wash. Ter., aud 
the ohservator;y at Mare Island Navy-Yard~ California, at the beginning and :it the close of tLe 
season. Magnetic observations were made at Union B::ly arnl PeniI1sula Point, Alaska, alJ(I at 
Port Simpson, British Columbia. 

Five tidal stations were established .and tides observed on one lnmdred and two 1lays. 
Five current stations were occupied and obsen·atiorn; of currents taken on twelye days. 

The general statis_tics are as follows : 

Miles of shore-line surveyed.... . . . . . . . . . . . . . . . . . • .... , . . . . . . . . . . . . . . . . fliH 
l\iiles run in sounding . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2, 340 
Number of soundings .................................................... 12, flfl7 
Area 'Of survey in square miles ...................... , .•......... _... . . . . 2, 025 

After coaling at Departure Bay, British Columbia, the Patterson arriyed at Port Townsend, 
Wasb. Ter., on the 24th of September, left there October 2, and made the run to San Francisco in 
tbick fog in the quick time of ninety hours. 

H. Ex.40-11 
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Iu Februarj·, 188'.l, Licutemiut Clover recefred orders detaching him from duty on the Coast 
and Geodetic Snrrny on tile reporting of bis relief, Lieut. Commander A. S. Snow, U. S. N. In 
}larch fo!Jowing, the continuation of tlrn survey of tlte coast of Alaska was assigned to this officer, 
\\itli the command of the steamers Patterson and :'.\fc.Artbur, Lieut. J.M. Helm, U. S. N., com
mau11ing tbe :'.\foArtlrnr, having been directed to report for duty under Lieutenant-Commander 
Snow's 1lirection. 

On the 1st of Ma~· the two steamers arrived at Port Simpson, British Columuia, ou their 
\\'a,Y to resume work on the Alaskan coast. At the date at which this report closes a survey of 
Sn111ncr Strait, Southeastern Alaska, was in progress; a base-line had been measured a short 
distance south of the trading settlement, known as Fort. "\Yramrell, on Wrangell Islam~; the north 
m1<1 of the lJase bad lJeen occupied as an astronomical station, and a topographical surYey of Fort 
\Vra11gell completerl. 

1Iore detailed accounts of Lieutenant-Commander SLtow's work are necessarily deferred till 
tl1<• uext tUrntrnl report. 

8crics of tidal obsm·cations with self-registering tide-gauge continued at Saint Paul, J{adiak 
Isla nil, Alaska.-Tlte tidal record at the self-registering tide-gauge station, Saint Paul, Kadiak 
Islam1, Alaska, has heen continuons, with a few breaks, when the range of the tide was excessi\·e. 
Bnt tlie present observer, Mr. Fred. Sargent, has made every effort to correct the sources of 
trouble. The tabulations and original sheets are received through the trading ships. A.s;;istaut 
DaYidson, who ha;.; general supen·ision of the work, again acknowledges n1Juable assistance 
afforded to the ohserYer h.Y l\Ir Ivan Petroff, Deputy Collector of Customs at Saint Paul. 

SECTIO~ XIII. 

l{ENTt:CKY AND TEl\NESSEE. '(SKETcm:s No8. 1, 4,S, 14, JG, aud 17.) 

E.r:tensfon zrn~twartl of tlte primar,IJ trianJulatfon and reconn£tissance near the thirty-ninth parallel 
in J{entueky anil O/iio.-1Inder the heading of the next section, a full abstract will be given of the 
operations of' the party of Assistant A. T. Mosman in carrying to the westward the primary tri
angnlatiou trnd reconnaissance near tl1e thirty-ninth })arallel iu the States of Kentucky and Ohio. 

111 the progress of this work, statious were occupied in both States, and the reconnaissance for 
atltlitional stations was extended westward from the line Cherry Ridge, Ky .-Peach l\Iount, Ohio. 

(;endet h· operations-Occupation of station.~ and reconnaissance in continuation of tlw triangulation 
1!!' the State of 1'ennes8ee.-Prof. A. II. Buchanan, Acting Asshitant, was in the field, in pmsua1;ce 
of instrnctiou;.;, at the opening of the fiscal year, and began bis work in continuation of geodetic 
operations in the State of Tenul'ssee by the occupation of Brnshy station. On accouut of had 
weather, observations llere were not completed till late in September. The occupation of Cock· 
spnr station, which was finished October 24, completed the work of the season. Both of these 
stations are in the eastern part of the State, between the Cnm berland range and the Great 
Smoky l\Iountaius. 

Unller instructions received early in ,June, 18S6, a rcconm1issance was begun for extending tile 
t1fa11gnlation westward from Na.shville. 

Professor Buchanan reports that the scheme of triangulation '~onnecting Nagbville and Knox
\•ille is now complete. 

The statistics arc: 

Horizontal angles, 11umber of obsen·ations ..••.. _ ...............••... _. . ... l,982 
Yertiral angles (double zenith distances), number of observations .............. 1,738 

SECTION XIV. 

OHIO, INDIANA, ILLDiOIS, MICHIGAN, AND WISCONSIN. (SKETCHES Nos. 1,4,13,14,16,and 17.) 

Extension 1r:estivard of the priinary triangulation and reconnaissance near tlle thirty-ninth parallel 
lu Oliio aud Kentucky.-Having organized his party under instructions early in Jnly, 1885, Assist
ant-~· T. Mosman took UJ) the extension westward of the primary triangulation near the thirty
nintb parallel in Ohio by the occupation of station Gould, a point about a mile east of Franklin 
Furnace~ ~<:!ioto County. 
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Ju order to expedite the work, Mr. Mosman had planned to occup;r two stations about the same 
time; hence at some stations two heliotropers were necessary. ·while he was preparing Gould 
station he sent Mr. W. B. Fairfield, extra observer, to Yisit the stations to be obserYed upou, 
adjust the signals, and 1Jost the heliotropers when needed. 

Camp was ready at Gould July 15, and observations "l"l"ere begm1 July rn. On ,July 29 l\lr. 
Fairfield occupied station Fradd, about ten miles northeal't of the town of houtou, Lawreuce 
County. Obsen·ations at this station were finished August 14, aud at station Gould all obser>a
tions of horizontal directions had been completed by A u1,'11st 5. This being an astronomical station 
also, determinations of time, latitude, and azimuth were begun as Roon as tl1e necessar,y instru
ments could be receh·ed from the office, but owing to eYents there w.Uich led to delay, aud 011 

account of nufavorable weather, obserYatious for time could not be obtained till Augui,;t 23. Very 
rai11y and cloucly weather prevailed till September 11, but h~· tl1e 18th of that mouth tl1e wol'k at 
Gould was finished. 

Between August 26 ancl September 8, two stations, Cave and Howlaud, were occupied in Ken
tucky, both in Greenup County. A signal had previously been erected at Round Top, a couspic
uous hill of some se,·en hundred and fifty feet eleYation, callt:'d by t.Ue riwr pilots tlle lliglwi<t 
point on the river between PittsburglJ aud New Orleans. 

On 8eptember 19, observations having been completed at all Rtations that could be occupietl 
before extending the recon11aissance, the astronomical instruments were forwarded to the office aml 
arrangements macle for storing the camp equipage at l<'ranldin Furnace. This done, all hands 
were discharged except the driYer, and Messrs. Mosman and Fairfield began a reconnaissance for 
t!Je extension of the triangulation westward from the line Scioto (Ohio)-RouIHl Top (Kentuck~-). 

)Jr. l\Iosman observes that this country is a Yery difficult one for obtaining loug l i11es of 
sight, being formed of ranges of steep hills, all den-sely wooded an<l all of about the same elrrntion. 
The stations Scioto, Round Top, Twin Creek, and Peach Monnt, Ohio, and Cherry Ifa1g(', Ken
tucky, were Yisited, and by October 4 the line Scioto-Peach Mount had bt?en cleared of tirn her, so 
that a signal fift_y feet !Jigh ~tt Peach Monnt woulrl render this line intervisibl<:>, a tripod on<' 11 nndred 
feet in height ha Ying been erected at Scioto. To obtaiu this line of eighteen miles in lengt!J, lim•s 
were opened through hea,~y timber a mile and a half long and crossing o\·er the tops of five ridgr~. 

During the progress of this work .Hr. K K 'l'orre~·, foreman in the part;)', had erected au 
obser\""ing tripod and scaffold eighty feet high at Twin Creek, which was finislled October 10. Tl1e 
line from Scioto to Twin Creek was then opened and pre1mrations made for the simultaneous occu
pation of Scioto and Round Top, Mr . .Mosman and Lis foreman being at Scioto au<l Mr. I<'airfield 
and a recorder at Round 'l'op. T11e first-namecl statiou is three miles northwest of I'ortsmoutl1, 
Ohio, the second about fi>e miles eastwartlly of Vanceburg, Lewis County, Kentucky. 

Between October 21 and No>ember 30, observati011s a.t these two stations were finished, ancl 
on December 1 a station was occupied at Spring,·ille, Greenup County, Kentucky, iu t!Je extreme 
uortbeastern corner of the State. At this station, as ·at Scioto and at others occupied during the 
season, observations were made on spires of churches, court-houses, and other public lJuildingr; 
wheneYer practicable, to fix them in geographical position. At the request of the County Commis
sioners a meridian line was laid off in the grounds of the Children's Home, at Portsmouth~ Ohio. 

On December 4 the part.y started down the Ohio River to Ripley, Ilrown ConntJ-, to extend . 
the reconnaissance westward from the line Cherry Ridge (Kentucky) to Peach Mount (Ohio) •. 
Very cold and thick weather set iu at this time; still one very good figure was obta.!ned, reaching 
about twenty-two miles westward in Ohio and Kentucky to a line Ashrillge-;-"Mine'rrn. But tlie 
weather bad now (December 20) become too unfavorable to prosecute the reconnaissance to ach·a11-
tage, and on December 25, at Portsmouth, Ohio, the party \YUS disbanded. 

The statistics of the season are as follows : 
Primary stations occupied .. - _ . . . . . . ....... _ ....... _ . . . . . ... _ .....• - ... . 
Secondary station occupied .-........ - . . . . . . ......... _ ....... _____ . __ ... _. 
Number of observations of l1orizontal directions .......... ___ . _ .•.. _ .... _ . __ 
Number of results for latitude .. _ .... _ . . . . _ .... _ . • . . . . • . ............... . 
Number of pairs of, stars observ&l ... _ ............•..••..............•... 
Number of measures for azimuth ........................... ,. ....•........ 

6 
l 

2, 835. 
126: 
18 

23(), 
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:J\Ir. W. B. Fairfield, extra olisc1Ter, serwd in the party throughout the season, making all of 
the observations of horizontal directions at five of the stations, aiding in the reconnaissance, and 
in all capacities rendering valuable seITice. Mr. ,J. \V. Dudley was attached to the party as 
recorder from July lG to August 31. Mr. r. A. Mosman served as foreman >ery acceptably till 
September 24, when he left tlrn party, and bis place 1ras supplied by Mr. E. E. Torrey, wbo serveu 
faithfully till the close of the season. 

l\lr. l\losrnau was engaged in eompletillg the records aud results of his work till towards the 
end of }lareh, when he was assignecl to duty at the office. 

Occupation of stations for continuing the triang11lation of the State of Ohio.-In accordance 
with plans submitted to awl approved by the Superintendent, R. S. De,·ol, Acting Assistant, 
organized his party for conti11ui11g the triangulation of the State of Ohio at the beginning of the 
fiscal year. 

After lm\'i11g matle the ueeessary inspectiou and adjustment of signals, be occupied Barton -
station, about eight miles southwest of the town of Logau, in Hocking County. Observations at 
this station bad l>een partly completed Hie year Lefore; hence but a few days were required to 
fiuish tl;e work here, and on July 15 the 11arty was transferred to station Cook, about four miles 
to tlie east of r,ogan. The eompletion of obsenations at Cook, and the partial completion of 
those at station Schultz, four miles south of Logan, closed the work of the i;:eason, the allotment 
of funds having become exhausted August 26. 

Stations Schultz, Cook, Brown, Buck Hill, and Gibson were suitably marked anti <le!"cribed. 
All of the records of the field-work, including the morning and C\"euing readiugs of the 

nneroi(l barometer, 'l'hich were kept up as heretofore at each station, have been sent to the office. 
The total number of angular measurements was twel>e hundred and fifty-six . 

. B:J:te1ision to the eastward hi the State of Indiana of the transcontinental triangulation near 
the thirty-ninth parallel.-Instructions issued to Assistant George A. Fairfield in June, 1885, 
<lirected him to resume '1ork on the transcontinental triangulation in Indiana as soon after the 1st 
Df July as i1racticable. By supplementary instructions, issued early in August, he was dirf'ctecl 
to connect the astronomical station at Vincennes '1ith the primary triangulation. 

Preliminar~' arrangements were begun by Mr. Fairfield July 1. At that date he dispatched 
hit:i foreman to prit up the necessary signals, and on the 6th of the month left for ·w ashington, to 
obtain instruments, preparatory to occupying Summit station, about nine miles 11orthwest of 
Viuccunes. All preparationR were made at the station, but delay occurred in beginning the work, 
owing to imperfections in 1l1e theodolite, whicb could not be remedied except by returning it. to 
the office. l~nnts there quite unforeseen in their nature led to further <lday, so that it was 11ot 
till the 8th of August that the instrument was H'Ceived in good order. 

In the mean time Assistant ,T. n. ·weir, who was attached to the llart;y, bad made a H'ton
uaissance for the purpose of counecting the Court-House at Vincennes, to which the astronomical 
statiou had been referred, with the main triangulation. This work was found to be quite difficult, 
owing to tlrn rolling character of the country and the height of the trees on all of the elevations. 

Obserrntionlil were begun at Summit station August 11, large tripod and scaffold isignals haY
iug been erected by the foreman at two of the stations to be observed upon. As during several 
previous seasons, -the obserYations for horizontal directions were made at nigllt, by using at the 
scYcral stations stu<lcut-laruvs fitted with reflectors, so as to be effecth·e for night signals. The 
ouly exception was at Claremont station, in Illinois, thirty.four miles west of Summit. I<'rom 
ClHrcmont it was fouud uecessar~· to have a magnesium light shown, the student-lamp reflector not 
bPing bright enough. 

On the 6th of Septeruller all of the ollservations at Summit station were.completed; the obser
rntions at the "Court House" and at "·wolf Hill'' for connecting the astronomical station at Yin
ct•m1£>s with the triangulation had been made, ancl on the 12th of the month camp was pitched at 
l\lcrom, Sullinrn County. 

'l'hc point to be occupi<~d at Merom was in the cupola of the college building in that town, ma] 
mm.:h work had to be done before the theodolite could be mounted there. Observations at 1\Ierom 
were finished October 2, and tlle part.)· wa.s then transferred to station Sisson, which is on the road 
from Carlisle, Sullirnn County, to Pleasantville, about seven miles from the former place and two 
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miles from the latter. Camp was pitched and the signal lights were posted, but owing to bad 
weather obEerrnti01is were not begun until October 16. At Oalrnry station it was fouud neces
sary, ill order to amid cutting, to build a superstructure thirty feet lligh on top of the tripod 
already erected there; this made the elevation of the signal light oue lmn<lred aml five feet. "-ork 
at Sisson station was finished N ovembcr 5, and the party won after disbanded. 

The statistics of the season are: 
Xumbt.'r of tripod and scaffold signals erected (1 of 80 foet, ~of 75 feet, 1 of 

105 feet) __ .............................................. - ............. - 4 
Number of primary stations occupied. . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . · . 3 
X u1n ber of secondary stations occupied.......... . .. .. .. .. . .. - - ............... - . ~ ... - . . . . 2 
Xumber of observations for horizontal directions ........................... 1853 

Assistant John B. \Veir was 011 duty with the party during the season.; illr. F. P. Dacou sen·ed 
as recorder, and Mr. E. E. Torrey as foreman from ,July 1 to October 17, at which date he was 
sent to join Assistant Mosman's party. Mr. Fairfield acknowledges tlle inte~est shown lly all the 
members of bis party in bringing the work to a successful close, and refers e8pecially to thl' n1lne 
of the services rendered by Mr. "\Veir. 

During the ~inter, Mr. Fairfield was occupied at the office iu completing the records and 
results of his field operations. Upon finishing that work, he was first assigned to regular duty in 
the office and then transferred to the imrt.r of Assistant Henry Mitchell. 

Geodetic operations-Continuation of the reconnaissance and triangulation of the State of 
Indiana.-Reference was made in the last annual report to the resumption of geodetic operations 
in the State of Indiana by Prof. J. L. Campbell, Acting .Assistant, at the opening or the season in 
1885. Twenty days in the month of .June in that year were occupied in tile location of station 0 
and M (one of the stations of the tbird quadrilateral north of tlle Ollio H.iwr) a111l in the con
struction of a tripod and tower at that station. 

During July, August, and part of t::leptember four stations were occupied for the extension 
of the triangulation, namely: Six :Mile, Hap;tack, Lutz, aud 0 an<l l\I. At the two latter stations 
observing tripods aud Rcatfolds forty and forty-ii YC feet in height were required; at tho two forlller 
the observations were made from the grounil. Stations Six l\lile allll Ilaystack, and also the 
advanced stations Bartle and Summit of the last quadrilateral of the recounaissance, arc on spun; 
of" The Knobs,'' while stations Lutz and 0 and .M, witb a new advanced station (x), not yet full.}' 
determined, are 011 tire divi(ling ridge between the waters of Sih·er Creek, west, and the Ohio 
River, east. 

The elm-atious of the stations occupied above sea-leYel, as determined approximatelj- by 
referriug them to the nearest railway stations, and by means of the railway profiles, access to 
which was accorded to Professor Camp~ell, are as follows: Six Mile, nine hundred and thirty-seven 
feet; Ha_ystack, uine hundred and seventeen feet; Lutz, six hundred and five feet; and 0 and :i\I, 
six hundred and ninety-nine feet. Each station was referred also in location to the section corners 
of the Government Land Surveys. 

At the four stations occupied .fifteen principal angles were measured. For the determination 
of these angles the number of observations made was one hundred and eighty-two aud the 1mmller 
of pointings one thousand and ninety-two. 

Field-work was suspended September 15. Jn December, Professor Campbell occupied th·e 
days in rnconnaissance for a. new station north of 0 and M, and in May, 1880, be was authorized 
to use a small unexpended balance of the allotment for his work to continue the reconnaissance. 

Prof. J.M. Coulter served as recorder in the party. It was but for a brief season tliat. the 
reconnaissance could be prosecuted in June, 1886, the work being closed umler instrnctious .Tune 
30, in consequenco of the failure of the Honse Appropriations Committee to insert the usuul item 
for aid to State surveys in the Sundry Civil Expenses bill. 

Dcierm'inativns of gravity at Ann Arbor, .Micll., and at .Madison, Wis.-Heforence was made 
under the beading of Section II to the plan for carr~·ing on gravitation work during the fiscal year 
as outlined in instructions received by Assistant Charles S. Peirce in July, 1885, and to his selec
tion of stations at Ann Arbor, Mich., and Madison, Wis., among others, for swinging- the two 
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iurnriable reYersible pendulums, one a ~·ard, tlte other a meter in length. After heing oscillated 
at tlte western stations, these pendulums were remeasured and oscillated· at the Smithsonian 
Institntiou. 

Itetluctious of tlie observations at Ann Arbor were carried towards completion, and reductions 
of those at Madison begun. At both of these stations time signals were kindl,Y supplied b;r the 
Directors of the Ob,r.;ervatories. 

11fat1netic obseri·ations at Detroit, ~illiclt.-Reference has lJeeu already made in this report to 
the occupation of a number of stations by Subassistant James B. Bayl0r for tbe determination of 
the magnetic elements, this duty beiug executed under iustructions issuetl in ,July, 1885. At 
Detroit, ::llich., a station was selected iu the grounds of tlie Harper Hospital, at which observations 
were made for magnetic declination, dip, and intensity. A comparison of l\lr. Baylm's results with 
those obtained at Detroit b~· the U.S. Lake Survey at rnrious periods between 1859 aml 1876 will 
fumish additional data for the value of the secular change of the mvgnetic elements in this localit,y. 

Geodetic operations-Continuation of the triangulation of tltc State of Wisconsin.-I~rot: John E. · 
Davies, Acting Ai;;;sistant, has· transmitted his report. of field-work in advaneing the triangulation 
of the State of Wisconsin during the fiscal ;year. He has taken cccasion in this report to review 
the history of the origin and pr<igrn~s of the sun·py under llis charge, stating tbe considerations 
which led to the adoption of the scheme according to which the work bas been developed. 

Professor Da,·ies reports the cornpletio11 of tbe connection of bis triangulation with that of the 
U.S. Lake Survey at stations Erin, Delafa~ld, and Lebanon, and remarks tliat while the work was 
one of considerably greater difficulty tban be batl anticipated, it proved very rntisfactory, the 
r<'sults sl1owiug that tile triangulation of tbe State, as far as be had canied it, agreed well with 
tllat executed by the U.S. Eugineers witll much more refined appliances. 

Tl1e work of the season of 1885, which began July 7, was somewhat retarded by the loss of 
all the records and papen; of former years in the fire at the Uuiversit.y of 'Wisconsin the previous 
winter. 

lt wa,.; louml ueccssary also to revisit many of the statio11s and to rclmilrl some of the sig1~als. 
A tl'ipml and ecafi'okl signal was begun at Medina station, and preparations made for the re-oc
cupation of station Pleasant Springs in order to get measurements upon Harmony and Janes
ville stations, which had not been seketed when Pleasant Springs was first occupied. Very 
variable weather with violent storms prevailed during the month, and delayed the completion of 
the work at Pleasant Springs till August 1. In August, in anticipation of the occupatiou of 
l\ledina statiou, near lllarshall, Dana County, 'Visconsiu, a tripod and scaffold signal sixty-firn 
fcl't. ill height was built at llePseville, and one of seventy feet at Minnesota Junction, one of tbe 
latitude statious of the r;-. S. Lake Snr\·ey. 

Obser\ations were continned at l\letliua station till September 5, when the party was trans
fcned to Lowell, i1ear HeeseYille, Dodge CountJ·· Fiel<l operations v.·ere closed for the season at 
Lowell station, September 14. Profe1>sor DavieR reports the following statistics: 

Number of signals erected and repaired .. _ . ___ . _ . _ . __ ... _ .. _ .. _ . __ .... __ . _ _ 7 
Number of tripod arnl scaffold signals erecte<l.... . . . . . . . . . . . . . . . . . . . . . . . . . . 3 
Number of separate measurements of angles................................ 129 
~umber of repetitious. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1548 

In J m1e, 1886, he took up a reconnaissance for extending the trim1gulatio11 westward from 
statious Minnesota ,T unction, Lebauon, an(l Delafield. 

Ob.~ercations for latitude at llfodison, Wis.-Reference was made in the annual report of tb.e 
Snpl'rintendent for 1873 to the cletermination of a point in the grounds o{ the Unh'ersity at Mad. 
iso11 by observations of latitude autl longitude, the observations being made by Assistant F. 
Blake. At that time the Madison Observatory bad not been established. Soon after its opera
tions lwgan it was found that a discrepancr existed between the latitude as determined by 
ol>servatious with the iustruments of the Observatory and the latitucle of the Coast Snrve~· station 
as reterred hy the measurement to that of tbe Observatory. This discrepancy may be due to a 
waut of the best <letermiuations of ~tar places in some of the pairs observed for latitude or to 
some errors in the values of the instrument,al constants employed in the reductions. It was 
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deeme<l advii:;ablt-, therefore, to take as early an occasion as practicable after a result Lad been 
reached from the se\"er,11 methods of determining the latitude of the Observatory to obtain a new 
determination, using the same pairs of stars at the Coast Snr\"ey station and at the prime ver-
tical pier of the Observatory as had been used in 18i3. · 

This duty was assigned in July, 1885, to Subassistant :F. II. Pansoms, the Director of the 
0 bservatory, Prof. Edwanl S. Bohlen, haviug expressetl his wish to have the work done and 
llaving offered llis co.opemtion. 

Observations for latitude were accordingly made b,r :Mr. Parsons at the two stations named 
with zenith telescope No. 5, on fourteen nights l>etween Jul~- 30 and August 'l6. 'l'he records, 
original and duplicate, llave been transmit.ted to the office. 

Other duty assigned to Mr. Parsous is referred to under the 11eading of Section XY. 

SECTIO:X XV. 

MISSOURI, KANSAS, IOWA, NEBRASKA, :MlNXESOT .A., A XD DAKOTA. l.SJiETCIIER 1\os. 2, 14, lti. A:->D l i.) 

• Extension u;c:;tuard of the primary triangulation in JJlisiwuri and ICan.wN near the t11irtv.11i11tl1 
parallel.-Arrangemcnts were made b,r .Assistant F. D. Granger, in accordance witil instructions, 
to resume work in Missouri on the transcontinental triaugnlation at as early a date ns 11raeticabh· 
after the beginning of the fiscal year. 

During the previous season the trilmgulation had been brought up to tile lines Fulton-Berry 
antl Bowler-Berry, statious in the western part of Missouri. A tripod aiHl sca1fol<l ou,;t•1Ti11g
station sixty feet Ligh had been erected at station Haskin in Kansa:-, aud Iumher for a sig1fal of 
the same height at station l\Iarty in Kam•as bad been purchased. Lumber was also ou tlm ground 
at two otller stations for tlrn erection of tripod and sca:ffoltl signals; hence ~Ir. Grauger was able 
to take the field without dela;y for the erection of signals, and to settle definitt,ly the interYisihility 
of some points, determined by the reconnaissance made in 1881, and between which were gro,-cs 
of valuable trees. lt was found fortunately that the lines of sight passed· sufficiently abow the 
intervening trees so that they were not aifocted by the variable refraction aud generall~- disturbe(1 
atmospheric conditions noticeable in making observations near the surface of the ground. 

On the 28th of Jul;y, camp was pitched near station Marty in Kansas, about nine miles iu u 
southwesterly direction from Kansas City, :Mo., and observations were begun August 1. The 
theodolite was mounted upon the tripod of the signal at an elevation of sixty-four and three tenths 
feet. From this station, five primary, two secondar,r, and twenty tertiary directions were deter
mined, and obse1Tations for differences of Jieights wnn made upon the principal ohjecti-;. 011 
Augtu;t 20, the work at Marty having been finished, the camp and party were transferred to sta
tion Haskin, eighteen miles to the southward, and eight miles to the east of tile town of Spring· 
hill, Johnson County, Kansas. Tbfl elevation of the theodolite at this station was sixty-four am1 
six-tenths feet. Five primary and nineteen tertiary olliects were observed. Upon tlie completion 
of obs~rrntions at Haskin, a station was occupied at Bebe Mound, about three miles west of 
Edgerton, Johnson County, Kansas. At this point, which is the most prominent one in the 
localit:y, the observationis were made from an elevation of fifty.fl.Ye fret. Four prim a rs and ten 
tertiary directions were observed. '\Vith a view to the extension of the sclleme, vertical and hori
zontal measures were also made upon the most prominent and distant objects to the westward. 

Station Thomas, about six miles southwest of Olathe, Kaus.,. was next occupied. Five primar,y 
and thirteen tertiary objects were observed, the theodolite being mounted upon the tripod at an 
elevation of fifty-four and six-tenths feet. Upon closing the observations at Thomas, Octouer 22, 
a portion of the camp was stored at Olathe and preparations were made for transferring Urn party 
to Eckman, Leavenworth County, Kansas, the last point in the scheme ready for occupation. 
Here the theodolite was elevatell fifty and five-tenths feet above the ground, and the obserrntions 
upon five primary, one secondary, and sixteen tertiary objects we.re all made lJy Subassistant E. 
D. Preston. 

During the season, :Mr. Preston, in addition to making the observations at Eckmau, occup1ed 
with a. six-inch repeating theodolite three points, selectP-d by him .on the :Missouri and Kansas 
State line; re-oecupie<l station Berry for observations upon the State.line points, and observed a 
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seril's of angles from the Court-Honse at Ind('pen<lence, l\Jo., for the determination in geographical 
position of the Second Presbyterian Church, Kansas Uity, which had been referred by the longi
tude party to the astronomical station. The greater Jlart of the obf.ervations of clouble zenith dis
tances were also made by l\Ir. Preston. Bis efficient 1<er>ices are comme{lded in Mr. Granger's 
1·eport. 

The statistics of tl.ie season are: 

X um l>er of obsern1.tious ef horizontal augles. . . . . . ......... - . . . . . . . . . . . . . . 544 
Snmber of obser>ations of horizontal directions ... _ ......................... 2, 646 
Number of obser>ations of micrometric differences . . . . . . . . . . . . . . . . . . . . . . . . . . 908 
.Number of obser>ations of double zenith distances............ . . . . . . . . . . . . . . 211 

The positions of the tllree pointR determined on the :Missouri arid Kansas State line were fur· 
uishec1 to tlie Geological Surn-y. 

During the winter and part of the spring following, l\Iio. Granger was engaged in completing 
the records and results of bis field-work, and was subsequently assigned to regular duty in the 
office. 

D(ffercnces of longitude uy telegrapltic signals betu:een J~ansas (}ity, 1110., Ellsu·orth and Wallace, 
KaM., and Colorado 81n·ings, Colo.-Latitude obsen-ations at Ellsicortl1. anil Wallace.-At the begin
ning of the fiscal .rear tl.te lougitudc 1mrties were assemble<l at Kansas City, Mo., for the purpose 
of obserYing for personal equation and re-organjzing for the continuance of the work to the west. 

During the last days of Juue, personal equation observations had been made by Assistant 
Edwin Smith and Snbassistant E. D. Preston. During the first uays of July, l\Ir. Preston observed 
pcrso11al equation with Assistant C. H. Sinclair. l\fr. Preston was tlJen relievecl from duty on lon
gitude work, and :Messrs. Smith and Sinclair continued office-work till July 14, when, nuder instruc. 
tions, the parties were organized for the work of the season between Kansas City and Colorado 
Springs, Kansas City and Ellsworth, Kans., and Ellsworth and Wallace, Kans. 

The charge of one of the 1011gitmle parties was assigned, July 21, to Assistant George \V. Dcau, 
with the aid of Assistant Sinclair. This party occupied a station at Kansas City, Mo,, in the grounds 
of tbe Franklin School. The part~· in charge of Assistant Edwin Smith established a station at 
Colorado Springs, Colo., to the west of the Antlers Hotel and about four buudred feet south of the 
sta.tion of 1873. 

Exchanges of siguals lJ~' telegraph for difference of longitncle of Kansas City and Colorado 
Springs were ha<l on the 11igl1ts of July 28, August 2, 4, 5, am1 7, after which the obserwrs, })fessrs. 
Smith al.lll Sinclair, changed stations, and similar exchanges were had on the nights of August 7:?, 
13, H, and 15. 

Upon .Mr. Smith's arrirnl in Kansas City, l'rir. Dean proceeded to Ellsworth, Kans., to prepare 
au olJseniug station, and was joined there lJy l\fr. Sinclair after the completion of tl.tc work 
1Jetwcen Kansas City and Colorado Springs. Some <lela;r occurred after the completion of the sta
tiOll at Ellswortll, owing to the nou-arri\'al of the instruments to be used there, which ha4l been 
forwankd from Omaha. Before excl1anges of signals were obtained, 1\ir. Siuclair was transferred 
to duty in cliarge of the 'Vest Virginia and I'ennsyl>ania bounda.ry survey, and Subassistant F. H. 
Parsons was or<lered to Ellsworth in his place. 'l'lie difference of longitude between the station at. 
Ellsworth, located in the grounds of the public school, and the Kansas City station was determined, 
iu the first position of tbe ohser\·ers, on the nights of September 8, 10, 13, 14, and 15, after which 
the obsen-ers challged places, and similar tletermiuations were obtained on September lG, 17, 18, 
aud rn. 

For the latitude of the stlltiou at Ellsworth se\·enty-six ohsernltions were made on twenty-one 
1>airs of stars on nine nights. 

Ou Se1itember 18 Assistant Dean was relimwl from duty in connection with longitude work. 
::Ur. Parsons proceeded to Wallace, Kans.1 soon after, and took charge of the station which had been 
l•stablished there by Mr. Dean in tlae grounds of the Union Pacific Railroad. 

Between Ellsworth and Wallace, exchanges of arbitrary signals by telegraph for longitude w~re 
obtained on the nights of September 24, 25, 26, and 29, after which l'tlessrs. Smith and Parsons 
exch•mged stations, and similar exchanges were obtained on the nights of October 1, 3, 4, 5! and 6. 
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The latitude of tile station at ·wallace was <lett-1miued b.r Mr. Smitli, who ollsern~cl for this 
pur1Jose sixteen pairs of stars 011 six nights, making se\·enty-1'our obserrntions iu all. 

Frolll Ellswortb l\Ir. p"arsons proceeded to Colorado Springs, and on the nigllts of Octolwr !I, 
12, 13, 14, and 15 exchanged lougitude signals witll Mr. Smith at Ellswortll. After the obsen·er;.; 
had chauged places, similar determinations were made on the 11igllts of October 20, 21, 22, aml 23. 
This closed the field-work of the season. \\'itlt the exce11tion of the tt•nts and chronometers, which 
were returned to the office at Washington, the entire ontfit of the parties was ston•d at Colorado 
Springs. 

Duriug the winter aud early spring Mr. Smith was engaged 011 office duty in \V mshingtou, anll 
in AprM receiYed instructions to prepare for longitude work at stations in Colorado aml New 
Mexico. Reference to this duty, in which Asi:;istant Sinclair took part, will be matle muler Hie 
heading of the following section. 

SECTION XVI. 

NEVADA, UTAH, COLORADO, ARJZOX.\, AND :KEW MEXICO. (SKETCIIEt; Kos. :.l, 14, li'>, Hi, and 17.) 

TransconUnental triangulation near the thfrty-1•inth parallel carried to tl1e eastward from stations 
in central Utah.-Arrangements for ad,·ancing towards the eastwanl tLc transcontinental trian· 
gulatiou in central Utah were made by Assistant \Villiarn Eimbeck, in ptlr8nance of instructions 

• issued towards the en<l of .June, 1885 . 
. Mr. Eimbeck arrived at Salt Lake City on the 14th of July, aud was occupit'.d duriug the 

remainder of the month in organizing his part~ and in transferring it, "·itli iustrumeutfl, camp outfit, 
and paek animals, to 1\farJs-rnle, at the bmie of :Mount Tm;liar (formerly known as l\fonnt Belkuaph 
the station it was intended to occupy. This mountain rises some six thonsaud two lmndred feet 
abo,-e Marysvale, and has an elevation above sea-level of about tweh-e tl.Jotrnand two hundred feet. 

At the end of July au advance party had been engaged nearlJ· a week in locating and opening 
a pack trail up Bullion Canon to the very base of the peak prop~r. The month of August was 
~ccupied in completing pack trail to top of peak; in packing ontfit, instrument;;, &c., to camp 
Tamarack and thence to the peak; in preparing the peak for the reception of the instruments, 
aml in establishing camp and party at the peak, all of which was accomplished hy the 20th of the 
month. Senn parties ofheliotropers were also dispatched and posted. 

The large theodolite was placed in position August 18, and obsen·ations hegun the same da,,-, 
but not much was accomplished by the end of the month, owing to unfavorable weather. Dnring· 
September, however, the conditions were favorable for the Yigorous prosecution of tLe work, and 
by the 22d of that month the observations of horizontal directions, primarJ·, secoudarJ", and 
tertiary, had been brought to a successful conclusion. The remainder of the month was rrqnirrd 
to dismount instruments, strike tents, and transfer eYerything on the backs of pack animals to a 
lower camp. 

The parts left this lower camp September 29, and Mr. Bimbeck took up the work of connect· 
ing Lieutenant Wheeler's astronomical station at Gunnison, in the Se\·ier mnr ValleJ·, utnh, \'>ith 
the primary triangulation. Mr. G. F. Bird served acceptably as an aid in the party. 

JJcterminat,ions of tlte longitudes of Santa Pc, N. Jlltx., and of Gunnison, Colo.-Magnetic obxcrra
tions at the same stat·ions.-Umler instructions issued iR April, 1886, Assistants Ed win Smith antl C. 
H. Sinclair proceeded to Colorado Springs, Colo., and, having organized their respective parties, took 
up the determination of the dift'erence of longitude between Colorado Springs and Santa Fe, N. 
Mex. The station here was establish~d by Mr. Sinclair in the grounds of Fort l\Iarcy, and was 
identical with that of the United States Engineers, thus connecting the two surYeys. Telegraphic 
longitude signals were exchanged on the night!'l of May 7, 8, 14, 17, and 18, when the obser\'er,; 
changed stations, and a second set of exchanges was obtained on the nights of l\faJ· 21, 27, 28, at, 
and June 9. 

At Santa Fe observations were made by Mr. Smith on three days for the magnetic declination, 
dip, and intensity. 

From Santa }'e Mr. Smith proceeded to Gunnison, Colo., where he established a station in the 
grounds _of the Court-House. \Vith Mr. Sinclair at Colorado Springs, signals for longitude were 

H. Ex.40-12 
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exchanged ou the nights of June 17, 18, 23, and 26. Magnetic observations were made at Gnnni
son by Mr. Smith on three days, determining the declination, dip, and intensity. 

After an exchange of stations on the part of the observers; a longitude determination was 
obtained June 30, and the work was continued after the close of the fiscal year. 

During the month of May and the early part, of June the weather was ver~· unfavorable at 
Santa Fe, and during .June, it was unfavorable at Colorado Springs; on this account the progre;;s 
of the work was less rapid than had been expected. 

SPECIAL OPERATIONS. 

Conference witli the Inspector of Weights and 111easures for tlle State of liliode Island and uith a 
Committee of the Legislature of tltat State in regard to a standanl measure of length and the estabrishme11t 
of n meridian liue.-In compliance with a request from Prof. John H. Appleton, Inspector of 
-\veights aud :Measures for the State of Hhode Island, :Mr. E. B. Let'axour, -of the \Veights and 
1\[easures Ufficc, was directed to proceed to Providence, R. I., to confer with that .officer respecting 
the constrnctiou of a mural 8taudard of length aml also .with regard to the establishment of piPrs 
for fixing a meridian line. 

At tile conference, which was held August 25, :Mr. Stephen A. Cooke, ,ir., was present on the 
part of the 8tate legislatnre, aud the l\Iayor of' Proviuence aiid tlie Oity Engineer on the part ot 
the municipal authorities. 

After an examination of niriom; localities, the Dexter Driving l'ark was selected for the 1;ite 
of the meridian picrsi and, under certain conditions, a l1an.wa.\' in the Court-House for tlle stamlanl 
of length. 

:For this standard, the construction recommended as the best, was an iron bar of sufficient le11gth 
resting upon a bench of stone, this bench to be supported by piers or brackets fastened to the 
walls of the building; tbe iron bar to rest directly upon brass rollers which are so arranged as 
to allow free access of air to the bar below as well as abo\"e. In cross-sect,ion the bar maJ· be hal,f 
an inch thick by one ancl one· half or two inches wi<le'. 

To insure permanence in molecular structure the bar nmy be heated to a red heat and allowe1l 
to cool slowly. J>ainting it with asphalt dissolved in turpentine will prevent it from rusting. 

The <lefining marks are made on German-siker pins inserted into the bar at fifty and one lmu 
dred feet, and at les8er distances if needed. 

\Vith. regard to the meridian piers, it was recommended that care should be taken to Im Ye them 
at leat1t fifty feet away from any iron water-pipes, lamp-posts, or iron railing, and that all clue pre
cauti.011 shouhl be observetl to obtain a firm foundation. If tbe frost line is at six feet, the founda. 
tiou sllouhl begin at sewn and a half feet below the surface. Beginning then with. a square five 
feet 011 a sidl', a p~Tamidal pile of broken stone and cement i:s built up to the surface, wliere it is, 
say, tweut.r iucbes square. Above this is to be lmilt a brick pier eighteen inches square, sur
mounte<l by a stone cap twelve inches tl1ick. To the north or south of this pier, a meridian line 
haviug been laid out hy means of a theodolire or transit instrument anll observations of the sun 
or of the pole star, a similarly constructecl pier is built which may be at a distance of sixty-eight 
and seventy six one-hnm1redtll meters, or two lrnudret1 and twenty-five feet seven and one tenth 
inclws. 

Ou the tiouth pier, two arrangements may be made for centering, one by means of concentric 
rings, diagonals, and three lines 1200 apart cut permanently into the slate; the other by having a 
brass plummet poised over the center by a weight so as to be freely raised or lowered. 

The to11 of the north pier is pmvided with an upright sight, i. e., a slit, one centimeter (thirty-
11 ine huudredt hs of an inch) widt>, and twenty centimeters (seven and nine-tenths inches) bigb, cut in 
a vertical brass plate; this opening may be made more distinct by a sheet of white paper behind 
it in day-time, or it may be illuminated by a light if used at night. Vertical black lines may be 
drawn on the brass plate above and below to mark the axis of the slit. The upright plate is 
secured to a horizontal plate of brass cemented and bolted down upon the stone pier. 

At the distance suggested, an error in }lointing of one centimeter would 11ot involve an angu
lar error greateP than half a minute of arc. Bot it wonhl be easy to point much cioser, say to one-

• 
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fifth of a centimeter or ahout eight-hundredths of an inch. Heuce the degree of accuracy won kl be 
ample for the purposes for which the meri<lian piers were established. 

For many of the suggestions made, Mr. LefilYonr acknowledges his indebtedness to Asi:-i8tant 
Schott, who pre1mred a paper on the subject for the use of tlte City Engineer. 

Subofficc a.t Philadelphia.-The charge of tlw suboffice at Philadelphia was coutiuned witl1 
Assistant Spencer C. Mccorkle. He has endeavored as heretofore to establish closer relations 
between the Survey and tlie 1)eople of the city, and to afford information in regard to its publicR
tions or work to all inquirers. 

During the year requests for information were responded to from United States ofliciah; 
located in the city; from the Geological Sur.-ey of the State of New Jersey; from the Board of 
Port Wardeus, the Survey Departmeut and Water Department of Philadelphia, and from the 
American Philosophical Society; the Pennsylvania Historical Society; the :M:initirne E:i:chmigt>; 
the Engineer's Club; the :Franklin Institute, antl tbe l\Iercantile LilJrar~._ 

Office facilities were furnished at \"ariow times duri11g the year to tl1e following:-namcd officers 
of the Survey: .Assistants Henry Mitchell, R. M. Bache, H. L . .Marindin, C. l\L Raclte, and l\Ir. 

·Charles Junken. 
In addition to the charge of the suboffice, Assistant l\IcCorkle, during July and August, 

1885, had supervisiou of the topographical survey of tbe shores of the Delaware Rinr abon 
Bridesburg, executed l>y the city aut.horities. la January, February, aml March, 1886. he 
obser,•ed the movement of ice in the riYer and bay, as referred to elsewhere. in t bis report. 

C 0 AST AND GE 0 DE TIC SURVEY 0 FF ICE. 

Assistant B. A. Colonna, who was assigued to the charge or the ofiice aud topography Jul~· 
24, 1885, succeeding Assistant C. 0. Boutelle in that capacity, IJresents in his annual report 
(Appendix No. 4) a concise summary of office operations during tlle fiscal year. After a referencP 
to the changes in the office personnel wliicli occured at tile time of his assignment as Assistant in 
cliarge, and to the trying ordeal to which the Sun·e,r was snbjected by the course of eYents during 
the .rear, Mr. Colonna alludes to reforms accomplished in bm;iness methods in the office, some of 
wllich hall been projected and in part carrieu out by his predecessors. To the chiefs of the office 
divisions he expresses his appreciation of their cordial support in the performance of the exacting 
and laborious duties which devolved upon J.Jirn. 

Au increase of force in the Computing, Drawing, and Eugra,·ing Diyisions of the otnce ig 
urged as needed to meet the demands of the work. 

Assistant C. A. Schott, in charge of the Computing Division, has directed the lahon:i of tlie 
computers, reported the results of computations, answered calls for information, aud ~mbmitterl a 
number of reports of special value. He bas determined in geographical position a geodetic hue 
of nearly four hundred a.nd five statute miles in length, forming part of the boundary between 
California and Nevada, and has in preparation a sixth edition of his paper on the Secular Varia
tion of the Magnetic Declination in the United States and at some Foreign Stations. He hao; 
taken up also the computation, discussion, and preparation for tbe press of the records of the 

. U. S. Arctic Expedition under Lieut. A. W. Greely, U. S. A. 
Mr. W. T. Bright ser"\'ed as clerk to tbe Drawing Divisiou till the dose of bis connection with 

the Survey, September 50, when Mr. T. J. O'Sullivan, draughtsman, was plactd in charge of it. 
Soon after the death of Mr. O'Sullivan, which took place l\farch 5, 1886, Assistant E. Hergei'
heimer was assigned to a·uty as its chief. l\tr. Hergesheirner's exceptional skill as a topogr~1ph.-r 
and draughtsman has been of great service in perfecting the re-organization of this division. 

Assistant Ilerbert G. Ogden has continued in charge of the Engraving and Electrotyping 
Division, and bas been active in bis efforts to introduce every economy into the purchase of mate
rial and supplies, and to keep up the high standind of faithful and artistic delineation reached 
by the best to}lographical engnwers. ~Ir. Ogden bas gi"\'en special attention to the selection of 
improved chart papers, and bas succeeded in getting manufacturers iuterested in the production 
of papers showing a high average of good qualities. In the Electrot_yping and Photogra1lhing 
branch of the work, Mr. D. C. Chapman, who succeeded Dr. Zumbrock, has introduced uew a11tl 
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simplified methods, reducing the \Vaste of material and increasing the amount of copper depos
ited iu a given time; he has been nry successful also in making pilotog-raphic reductions from 
original sheets, and, by au ingenious device of his own invention, in mounting them to scale. 

Gpon Jul.r 24, 1885, l\Ir. C. :N. Saegrnuller was relieved from the charge of the Instrument 
Di dsion, and in August of that year Assistant Andrew Braid was assigned to its direction. Ju 
addition to the large amount of repairs, alterations, and preparation of instruments for fidd use 
which were attended to by the mechanicians, many improYemcnts were made under .Mr. Braid's 
direction in the system of work, the care of material, and in the keeping of the accounts and 
inYentories of instruments and general property. The dividing engine was thoroughly overhauleil 
and adjusted for making closer graduations than any before attempted in the ofHce; the construc
tion of a personal equation apparatus was advanced towards completion, and that of a machine for 
grindiug spirit levels with greater accuracy and uniformity was begun. .Mr. Braid was clwrged 
also with the details of the Office of Construction of Standard 'Veights and Measures, a dut~- to 
which he garn much study and to the performance of wl1ich he brought much skill. His repol'to 
of these duties form part of the report of the Assistant in charge of the office. 

~lr. IL S. AYery, who bad been connected with the Survey since 1853, and had been iu charge 
of the Tidal Division since 186u, resigned September 30, 1885, and was succeeded by Mr. A. S. 
Christie. Under Mr. Christie's direction, and with the skillful aid e>f Mr. L. P. Shidy, for many 
;years past attached to the divis'.on, the office work relating to tides was systematically laid 
out aml ,-igorously prosecuted. Tide tables were cnmputed in advance for the year 1887, and 
part, of the proof read; tbese talJles were much enlarged ancl improved for the ports on tlie 
Atlantic coast, aml b,r means of plans devised for facilitating computations the labor of prepar
ing tlie tide tables will be somewhat rt>duced, Ro that it is hoped to bave the tables for 1888 ready 
in .January 1887. 

The l\Iiscellaneous Division has continued under the charge of Mr. M. \V. Wines, General 
Office Assistant. All of the business of the office with the Public Printer was conducted by him 
with promptness and good judgment; improvements were made in the administration of tlle 
chartToom and iu its methods of account; he bad also the care of the correspondence with sale 
agenti; for tlie charts and other publications of the Survey, and tlJe supervision of the messengers 
and laborers in the office. 

Iu November, 1885, Mr. Artemus l\Ia1tin was appointed to the charge of tl!e Archh·es and 
Library. lt was hoped tllat he would be able to make a much-needed re-arrangement and cata
loguing of the library and introduce iru1)fo,·ed methods of record for the volumes of -0bse1Tations 
and field-sheets, lint owing to repeated attacks of illness this has not ~·et been accomplished. 

A change in the Accounting Division of the office having taken place in July, 1885, b;r the 
retirement of Mr. W. B. Morgan, Disbursing Agent of the Survey, the duties of that position 
were assigned to Mr. George A. lfartlett, Disbnniug Clerk of the Treasury Departmeut. Mr . 
• Tolin \V. Parsons was assigned to aid l\fr. Bartlett as Chief Accountant. l'rfr. Parsons's thorough 
knowlellgc of the accounts of the Sun·ey, and his tireless im1ustry, made his services of r;pccia1 
rnlne to thl' work during a trying period in its history. 

lu tlie office of the Assistar:t in Charge Dr. W. B. French remlered service as execa1 iYe and 
accounting clerk which is higlily commended by bis official chief. 

In the office of the Superintendent, Assistant Andrew Braid continued on duty as executiYc 
officer and adYiser until July 23, 1885, when the changes that then fook place in the Office organ· 
izatiou led to his transfer to other duty, as stated above. It should have been mentioned in the 
last Annual Report t)lat Mr. Braid was on duty in the office of the Superintendent, in the capacity 
jm~t referred to, during the entire fiscal year ending June 30, 1885. 

)fr. W. B. Chilton sernd as clerk in the office of the Superintendent, an<l Mr. C. D. Gedney 
during part of the year as stenographer. 

CONCLUSION. 

The preparation of this Report, with the editing for publication of the last Annual Report and 
appendices tbereto, was intrusted to Assistant Edward Goodfellow. The report for the fiscal year 
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ending June 30, 1885, was ordere<l printed by Congress iu Jul;y of tlie preseut ~·ear, and is now 
passing through the press. It is hoped that it wil4 be issued earl;\' in 18S7. 

In transmitting this report to the Department, after more thau a ~-ear of serTice as SupP,rin 
tendent of the Surve~·, with special opportunities for obtaining, even within that brief period, 80ll1e 

personal knowledge of the Yalue of the work accomplished, of its practical usefulness, of tlie iucreas
ing public demand for its results, of tire demonstration of its high scientific accuracy, of the plausi
bility which sligltt acquaintance lends to the most fallacious criticism of its g·eneral methods, and 
of the certainty with which lmtter knowledge of those methods is folluweil hy iucrem1eu respect for 
tlrem, I desire to place upon record my sense of the earnest effort and steady deYotion to dnty of 
most of its trained field officers an<.l office ernplo_yes, and my com·iction that the present org-aniza. 
tion of the work should iu its general features remain esseutially unclrangt>d. 'fl!at organization 
and its methods are not the complete result of a fiingle creative act; they are the product of more 
than half a century of growt11, and to their development, Hassler, Bache, l'eirce, and Putter80ll 
eminent iu scientific attainment aud in ad miuistratiYe ahilit;y, dc,·oted thPir highest efforts dnring 
more than the life-time of a single generation. 

The merit of such an organization a11d of its metllods is in no wise compromised by faults or 
nces in administration, and the remedy for such faults or vices is to be found for this Bureau, lll'l" 
cisely as for any other Bnrea,n or De.partment of the GoYerument: not in disorganization, but in 
corrected administration. Since no institution has been or can be entirely exempt from occasional 
maladministration, the general adoption of disorganization as its remedy would long since lian' 
destroyed eYery executive Bureau an<l Department. 

The criticisms recently urged against the organization, methods, auu published results of the 
Sur,·ey are identical with those which were opposed to the original undertaking in 1807, and 'l>hich 
were repeated in 1832, 1843, and 1849. In every instance it was shown that the criticisms were 
fallacious. In the attacks to which it has been thus subjected, the Survey was not only defendt>d 
by the ablest scientific men of the time (such as IIumholdt, Arago, Schumacher, Henry, Agassiz, 
&c.), and by the leading scientific budies, commercial orga11izatious, and educational institutions 
of the country, but the practical wisdom of the plan and methods, which were originally sanciiont>d 
by .Tefierson and Gallatin in 1807, was vindicated uy their resumption in 1836, after the confessed 
failure of the experiment of placing the work under naval control; by their formal and unanimous 
re-adoption in 1843 by ,a •. !,>Oard consisting of three ci ,-ilians, two Na val and four Army officers, 
and by the fact that no one of the naval officers who has had general charge of the h;vdrographic 
operations of the Survey has favored a change of such plan and methods. 

Of the criticisms directed against, these methods, the most. frequent au<l plausible are the 
alleged subordination of hydrography to other operations of the Survey, ancl the undue extent :rntl 
ela!Jomtion of its topography. Those criticisms are not only unfounded in f,ict, but they are amen
able to tile significant commentary that no complaint of the suoordination of hydrograph,\- has 
been made by any one of the naval officers under whose direction the general hydrographic work 
of the Survey has been carried on; that no occasion was found to modify its hydrographic work hy 
the ex.naval officer an<l experienced navigator who wa_s Superintendent from 1874 to 1881, and that 
emphatic tel:lt.imon~' to the immeasurable value of the detailed 1~n<1 extended topography exrcuted 
by the Survcs in conformity to its o,rganic law, "for purposes either of commerce or of defense,~' has 
been borne by <lenerals W. F. Smith, H. G. Vlright, l\I. C. Meigs, J. S. Negley, and otheri:; whose 
fields of operation during the late war enabled them to speak from actual experience. 

The controversy from time to time reue\Yed by tl.te rm·in1l of the saum fallacious hut phmsi~le 
criticii;ms is as old ai; tlle Surrny itself: No stµdy of that contr(ffersy would be complPte wl!ich 
did uot include the report in 1828. of Hon. Samuel L. Southard, Secretary of the .Na,·y, in condem. 
nation of the results of tire work while under naval control, and tire report made iu 1851 by Ilon. 
Thomas Corwin, Secretary of the Treasury, in answer to n resolnt.ion of the Senate relatin to the 
transfer of the Coast Survey to the Navy Department. 

Respectfully submitted. 

Hon. DA.NIEL liA.NNING, 

Secretary of the Treasttry. 

F. M. TllORX, 
Siipel"i n ten a ent. 
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APPENDIX No. 1.-1886. 

DISTRIBUTION OF THE PARTIES OF THE COAST AKD GEODETIC SURVEY UPON THE 
ATLANTIC, GULF OF MEXICO, AND PACIFIC COASTS, AND IN THE INTERIOR OF 
THE UNITED STATES DURING THE FISCAL YEAR ENDING JUNE 30, 1886. 

____ &c __ ti_o_n_"_· ----.I Parties.I Cperations. 
I I 
J _:~~'SOne conducting operations. J ______ L_oc_a_1i_·t-ie_•_o_f_w_o_rk_. __ 

8KCTION 1. 

Main•, New Hampshire, 
Vermont, Ma&&ohusetta, 
and Rhode Island, includ
ing coaat and seaports, 
:to.ya and rivers. 

No. Topography .•.•. I A. ,v. Longfellow, assistant .••••. / 

I 
Topography .......... i Eugene Ellicott, us.sistant ........... . 

Tri_ ..... p,, I c. R. ,.,,. """"""' F. '-""'" 
topography. I · 

i 
4 Hytlrograpby ..... i Lieut .. E. D. F. Heald, U. S. N., 

assistant; Ensigns J. M. -Or
chard, .w. C. Canfield, J. E. 
Craven, W. J. Sears, and H. A. 
Field, U.S. N. 

Topographical survey of the west bank of the 
Saii;t. Cl'Oix Rfrer lJctwecn Calais and Ea~t
port, Me. 

Topogra11Lical sur,cyB iu the vicinity of Littl-e 

River, Little Machias Bai-, Croso Island Nar
rows, and Englishman's Ilay, coast of Maine. 

Trian,f!ulation nnd t~pograµby of the coa.st of 

Maine iu the vicinity of the towns of Machias. 
Machiasport, aud Cutler. (See also No. 9 of 
this section.) 

Hydrograpbic surveys of Pleasant RiYcr, En
glishman's Bay, Little Kennebec River. aU(l 
Machias Rh·er and Bay·. coast of Maine. 

5 Special hydro. Lieut. G. H. Peters, U.S. N., a&· Hydrogrnphic examinations on the coast of 
graphic exami- sistant. Maine for the Atlantic Coast Pilot. (See als~ 
nations. Section Ill.) 

6 Hsdrographic ex- J,ieut. Johu M. Hawley, U. S. N., IlJdrographi<: examination• in Casco Passage 
aminations. assistant. and York Narrows, coast of Maine. (See also 

Sections II, VII, and VIII.I 
? Tidal observations .r. G. Spaulding._ .•••••• 

8 Special hydro· Lleut.J. E. Pillsburs, U. S.N., 
graphic exami. assiAtant. 

nations. I 

Record of ohserl""ationswith self.rt~gistering tidt.'· 
gauge continued at Pulpit Cove, Nonh Ha\·cn 
Island, Penobscot Bay, Mtdne. 

Specllil hydrographic examin;,tions on th~ 1' cw 
Euglan<l c<>ast. (See also Sections II, III, and 
VLJ 

9 Topography ...... C.H. Boyd, assistant; C.H. Van . Topographic res~rvey of Meno::no;· Point, Ma~-

10 G<-odeUc opera
tions. 

11 Geodetic opera. 
tions. 

12 Geodetic op era. 
tiOUB. 

Orden, subaSl!istant, sachusett•. 
Prof. E.T. Quimby, acti.ug assist- Continuation or' geodetic operation3 in t.110 Stato 

ant. of New Hampshire. 
Prof. V.G. Barbonr,actingassist· Progress made In geodetic operaliou; in the 

ant. Stato of Vermont. 
Henry L. Whiting, assistant; F. Determination of trigonometrical points in tho 

W. Perkins, ll88istant. Connecticut &h·erVallcy for the topographical 
survey of the State of Massaclm•dts. 

13 Geodetic opera- Henry L. Whiting, assistant; C. Dekrminationof the boundary lines of towns in 

tions. JI. Van Orden, subusistant. I the State of Massachusetts. 
U ! Topography and Henry L. Whiting, assistant.; .•. _ Topographic and hydrographic resurvey of Cot· 

hydrography. I amy Beach, Martha's Vineyard,Masaachusctts. 
ti! Topography ,. •• • . W. IL D<'nn!s, assistant .•.•.••.••. j Topographic resurvey of Block Island. 

B. Ex. 40--13 (9i) 
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APPENDIX No. 1-Continue<l. 

Sections. Operations. Persons. conducting operations. Localities of work. 

Connecticut, New York, No. Bydrographic ex- Lieut. J.E. Pillsbnry1 L. t-i. N., as~ i Examination of a daDier to navigation in 
NewJersey, Pennsylva. 
nia, and Delaware. in
cluding coas~ ba.y~, and 
rivers. 

amination. eist.Ant. .Fishei's Island Sound. (See also ·sections I, 
III, aud VI.) 

2 Topography ..•.•. W. I. Vinal,•ubassistant; W. B. Topographical resun-ey of the sonth shore of 
Mapes, acting aid. Long Island Sound from Roanoke Landing 

1 
westward. (See also Section VII.) 

3 Hydrography ...•. Lieut. F.H. Crosby, U.S. N., as-: Additional soundings, inshore hydrog:-aphy, 
sistant; Ensigns J. S. Watter•, I Long Island Sonnd, from Hammonassett Point 
G. W. Street, and C. E. Sweet- I to SW. Ledge Light-house. (See also Section 
i11g, U.S. N. VIII.) 

4 Topography ..•. ·· I W. H. Dennis, assistant; Lieut. I' Topographical resurvey of the north shore of 
' G. Lange, Norwegian Genen.'l Long Island Sonnd from Mulberry Point t<> 

Staff; K .A.. Trescot. :Morgan·~ Point. 
5 Tidal observation• .•.....•..•..••••..•••••••••••.••••. , Tidal observations with an automatic tide-gauge 

I, at the Light-hon"" on th11 N11w Hav1m. Break

! water; also at Willet's Point, western end of 
I Long Isla11d Sound. 

6 Hydrography Lieut. Sumner C. Paine, U.S. N., I Hydrographie rosut"Vey of the north obore of 

and C. E. Sweeting, U. S. N. I Sheffield Island. I as'l!istant; Enaigns T. D. Griffin [ Long Island Sound frnm Welch's Point t<> 

7 Triangulatiou..... Gersham llradford, al!slstant ....•. l EKtension of the trlangu.11\tion for the resurv"y 
/ of Long I•land Sound from Eaton's Point oo 
I the north shore of Long Island to the east· 

wo.rd; a.ISO from the Hndson River to beyond 
'.Ihrog's Neck. 

8 Topography •••.•. Charles Hosmer, assistant;~J. H. Continuntiou of the topographical resnn-ey of 
the north shore of Long Island Sound between 
Norwalk River and New Rochelle. 

Turner, aid-

D Topogn>phy ..•.•. W. C. Hodgkins, assistant .••..••. Topographical resnrv0;y of the &0nth shore of 

Long Island Sound continued from Eaton'& 
Neck to Cold Springs. (See also Section IV.) 

10 Hydrography ...•. Lieut. D. D. V. Stuart,'('.'. S. N., ln-•hore hydrography of Long IslMd Souml be-
assiatant; Ensigns W. G. Han- tween Sheffield Island Light and Greenwicl> 
num and M:. Johnston. U. S. N. Point. 

11 Topography...... E. Hergesheimer, assistant; J. H. Topographic resurvey of the East River f.om 
Gray, aid. Red Hook towards Throg's Neck. 

12 Topography •••••• , V. T. Iardell,., 38sietant ...•.•.••• ! Topographic resurvey of the East River and of 

the western part of Long Island Sound con
tinued. 

18 Rydrography .... 

14 , Topography •••••• 

15 Hydrography ..... 

JG Hydrography .. 

17 M:agneticoboerva. 
tiona. 

Lieut. John M. Hawley, U.S. N., 
assistant; Lieut. D. D. V. Stu
art, U. S. N.; Ensign• F. H. 
Sherman. A. W. Dodd, and R. 
0. Bitler, U.S. N. 

, Hydrograpbic resurvey of the upper part of' 
New York Bayam1 of the East River to Throg'& 
Neck. 

D. B. Wainwright, assistant; Topegraphio ouJ'Yey of the shore lines of the 
James A. French, R-Oting aid •. , North River, New York; also of shore lilJC& 

on Loniz Island a.ad Staten Island. (See all!& 
Section IV.) 

Lieut. William G. Cutler, U.S. N., l llydrographic resun'ey of the Nor.th River and 
assistant; EnsignBE.E. Wright of Upper New York Bay, New York. 
and A.G. Roizers, U.S. N, 

Lieut. C. P. Perkins, U. S. N., 
usistant; En.signs W. J. Seers, 
W. B. Fletcher, and C. S. Wil
liam•, U.S. N. 

James n. Baylor, suba88lstant .••• 

Special hydrograpby for the determination of 

tidal le'l'el.s in the Hwleon, Harlem, and Eas• 
P.!vors, and in Flashing, Little Neck, ancl 
Newark Bays. 

llagnetio obBervatiollll at stations in New York, 
New Jersey, Pennsylvania, and Dela...-aro. 
(See al•o Seetl- V, Vill, and XIV.) 

18 Physical hydrog- HenTY lllt.chell. aeelstant; HeJll'Y Phyaieal hydrogn.pby, lfew YOl'k llar'bor re
survey. An epitome <>f results for'~tldal 

fto.wagethronghNewYMkHarbor. ProgTeM 
of other IDVlllltigationa. 

raphy. L. llfarindin, auist.ant; :Mar
cos, Baker, "811iatant; Lient. 'F. 
S. Carter, U. ~. N., &Mist.ant. 
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APPENDIX No. 1-Continued. 

Sections. Localitie• of work. !Parties.\ Operalions. [ Peraons conducting operations. \ 

_S_a_c_T_IO_N_l_I--C-o_n_t_in_u_ed-.-,
1 

No. 19 I Topography •••••. i Joseph llergesheimer, assistant; -T-opo_gra __ p_hi_" c_r_es.-n-r-ve-y-of_t_h_e_s_b_o_re-_li_n_e_s_o_f C-on_e_y 

, I I R. M. Breaden, acting aid. Island, Barren Island, and Rockaway Beach, 

I I New York Lower Bay. (Secaloo s~ction VI.) 
20 [ Triangulation .... 

1

. R. :!!.. Halter, aa•iotant ' T~;~lation of .Arthur Kill. (See also Section 

Sl!CTIOll III. 

21 ! Topography...... E. L. Taney, aid............ . .. . • . Topographical resurvey of the shore-lines of 
Bergen Nrek, lower part of Newa.rk Bay, the 

Staten Island shore of Kill van Kull, and of 
Sandy Hook. (See also Sectfon Vlll. l 

22 Tidol obser"\"ations ................................... : Tidal observations with autom~tic tide-g;auges 
' at Governor's Island and at Sand;r Book, 

23 Topography...... R. M. Bache, &B8istant ••••••••••••. ; Topographical resurvey of the shore-line of 
Staten Island from Stapleton southwestward. 

24. Hydrogra.phy ..••. ! Lieut. G. C. Hanus, U.S. N.,as- · Hydrographic resurrcy of New York Lower 
i eiatant; Enei~'llB C. S. Ripley, E. i Jla;r and entrance. (S"" aloo Seetion >.) 
! F. Leiper, F. R.. Brainanl, G. R. i 

French, J. M. Elliott, and B. E. [ 
Thurston. U.S.N. 

25 Determiuationsof Charles S. Peirce, ass:s.tant. ..... \ Gra.'\'ity determinations and researches at ~ta· 
¥ravity. tions between the Jlu<lsw antl the Mississippi, 

and between the forty-first aud forty-third 
parallels. (See also Sections ill a.nd XlV.) 

26 Geodetic opera- Prof. Mansfteld Merriman, acting j Continuation of the p1iroary trian,Jtulatio-n in 
tions. assistant. I the ea•tern part of the State of Pennoyl nmia. 

27 Reconnail!Sance •.. : O.H. Tittmann, assistant; John Rec-0nnaissance for tbtJ extension of the trian-
11. E. 'McGrath, aid. gulation in the ea.stern and northeastern part..~ 

of the State of Pennsylvania towards the 
bouDdary between Pennsylvania and Xew 

York. (SM also Seotion VIII.) 
28 Reconnaissance... Prof L. H.::Barnard, acting assist- Reconnaissanco for triangulation in the south· 

ant. ern and western part of the State of Pennsyl

i vania. 

29 Boundary survey . i C.H. Sinclair, assistant .•.... Completion of tloe survey of the p,.rallel uunn<l· 
ary between the St.ates of Pcnnsylvanja and 
West Virginia. I 

30 Physical hydrog· j Henry L. llarlndin, assistant. 
raphy. 

Delaware River aboTe Petty's Island. Phy•
ical hy1lrography. 

31 Physieal hydrog
raph:d 

32 Special bydrogra
pby. 

Spencer C. McC<>rkle, assistant _ + Formation and movement of. ice in Delaware 
Ri'\er antl Bay. 

Charles Junken; Charles .A.. Jun· , Special surn.y of t,Jie Schuylkill River ootween 
ken. Gray's Ferry anu Rambo Point. 

3.'l Geodetic opera· Prof. E . .A.. Bowser, acting assist- Continuation of the triangulation a.ad rccu1mais-
ti one. I ant. sanoe of the SClutbera part of the State of Ne"W" 

j , Jf'lrsey. 
M Topography .••••. 

1

. C. M . .Bache, assis. tant. •.•.•...... , Continuation of th" topogrnphica1 yesurvey of 
the coast of New ._Jersey. 

35 Topogrsphy. ..... R. M. Bache, a881sbmt .••••.•..•. : CJmpletion of tb~ topographic resurvey of the 

36 Physical h;rdrog· 
raphy. 

37 Hydro!IT""phy ..••. 

New Jt'""'Y shoro of Delaware Bay. 
llenry Mitchell, assistant . _ .. _. 1 Chan,!.!es in the Joe Flo;::ger Sboal, .Delnw,irc 

' Bas. 
Lieut. F. ll. Crosby, U.S. N., n.s- i Comp'.etiou of the hydrographic rcsur~ey of 

aiatant; Ensigns T.ll. Bi-umby, 1 lower Delaware B.ty ant.I entmnoP. (See also 
A.. L. Hall, .T.H. Hethe1ingion, Section VlII.I 
F. W. Kellogg, J. S. Watters, 
and G. W. St-t, U. S. N. 

llaryland, District of Co- No. 1 
lum bia, Y:lrgbrla, aUa 

81WCialsurvey •.•. O. IL Tlt.tmaon, assistant; J. II. : Tracing the Port-Warden lines of Baltimore 
Turner, aid. Harbor. (See also Sections II and VIII.) 

West Virginia, illclnding 
baya, -port.a, andri~ 

2 lilagnetic ob""r- I J, B. :Ba) \or, llltbaeoi&tant ......... , :UagneUo obf!ervation• &t Fort M.cHours. (See 

vation. , also Sections II. V, VIII, and XIV.) 
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Sootions. iParties.1 Operations. I Persons.conducting operations. \ Looalitie• of work. 
___________ ! . ' ,----------------
S&CTIO~ UI-Contlnued. I No. a \\ :Magnetic obser-1 Charles A. Schott, assistant······! Mai:netic obs.ervations at the 'tation on Capitol 

-vations. Hill, W ashmgton. 
4 Trianou1atiun . 1 C. li. Sinclair, assistant .......... ~ Connection of tho Washington Monument with 

SECTlO!I IV. I 
North Carolina, Including No. 

coast, soundst seaports, 
and rivers. 

SECTION V. 

e . . I i tho triangulation of the lJi•trict of CoJum-

1 \ bia. (See also Sections If, XV, and XVI.) 
5 Topography ...••. John W. Donn, assistant; J . .A. Continuation of the dct1>iled topographical sur-

Flemer, aid. vey of the. District ofColum!Jia. 
6 Gnvitation work. Charles S. Peirce. assistant . • .•••. Pendullllll cscillatious at the Smithsonian Insti

tution, W nshington. (See also Sections II and 
XIV.) 

7 lfydrogmpbicex- Lieut. G. II. Peters, U. S. N., as. 
aminations. eiStant. 

8 Ilydrograpbie ex· Lieut. .T. E. Pillsbury, U. S. N., as-
aminations- sistant. 

9 Geodesic leveling. ,; J, D~ Weir, assistant; John N el-
son, aid. 

10 BoulJ(larr survey. : C. Il. Sinclair, assistant .•••••..•. 

Special bydrog- \ Lieut. Francis Winslow, U.S. N., 
raphy. assistant; Lieut. BurnsT.Wall-

\ ing, U. s. N.; Ensign J.C. 
I Drake, U. S. N. 

2 Triangulationantl \ 'V. C. Hodgkins, subassistant ..... 
beach measure-

ment. I 
3 Trianjtulation .... ! D. B. Wainwright, assistant ...... . 

I 

4 Bydrography ..•. .l Lieut. J. E. Pillobury, U. S. N., 

)

! assistant; Ensigns T. D. Griflin, 
R. M. Hughes, A. G. Rogers, 
J. H. H"therington, and F. R. 

! Brainard, U.S. N. 

I 

Hydrograpbic examinations for the Coast Pilot 
in Chesapeake Bay and its tributaries. 

Search for shoal reported ofr Assateague Light, 
Va. (See aloo Sectionsr to VI.) 

Ex.a.minatlon of line of geodesic leveling between 
ltichmoml ancl Fredericksburg, Va. (Seu also 
Section VIII.) 

Completion of the survey of the boundary line 
near the 40th parallel between We•t Vir,:tinia 
aud Penn!'11ylvauia. (Seo also Sections ll, XV, 
and XVI.) 

Special hy<lrogmphy for the State of North Car
olina. Surveys of oyster beds. 

Connection of the triangulations of 1853and18i3 
011 the coa~t of North Carolina. Beach meas
urement near the boundary line between North 
and Sontll Carolina. (Soo also Section II.) 

Junction of the triangulation at th" month of 
Cape ]'ear River with that at Little River In. 
let. (ee a1'o Section II.) 

Hydrog1aphie e:mminat\ons in the vicinity of 
Frying-Pan Shoals. (See also $ect10ll3 I. II, 
III, a::d VJ.) 

South Ca't"Olina and Geor· 
gia, includinir coast, sea· 
water channels, sounds, 
harbors nnd rivers_ 

No. 1 Magnetic obser. I .r. n. Baylol', subasaislant .. -•.••.• ::lfagnetic observations at Aiken and at Chat·les
ton, S. C., and 11t Savannah, Ga. (See also 
Sections U, III. VIlI, antl XIV.) 

SECTION VI. 

reninaula of Florid ... fmDl I No. 
Saint Mary's River, on ; 
the east coast, 'to and [ 
Including the .A.nclote 
Keys, on the 'Wetot wast, 
with tlle coast &p· 
proaehes, reefs, keys, 
oenports. and avers. 

vations. I 
i 
' 

llydrograpby ..••. I Lieut. G. C. 8.anus, "G. S. N.,as
' sist.ont; Enoigns C. S. Ripley, 

G. R. French, an<l E. F. Leiper, 
U.S.N. 

Physical hydrog
rnphy. 

Beacll measure. 
ment, triangula
tion, aud obser. 
vations for Jati. 
tude an1l azi ... 
mu th. 

Lieut . .T. E. Pillsbm·y, U. S. N., 
a811istant; EnsignsT. D. Gr!Bin, 
R. M. Hughes, A. C. Rogers, 
.T. Il. Hetherington, and F. R. 
BTI>inar<l, U.S. N. 

Joseph llcrgesheimer,.aaaistant; 
E. D. Presteu, oubasoiotant; J. 
H. Grny, aid. 

Hyd.rographic examination• in North and South 
Santee Rivera, Bull's Bay, Price's, Caper's, and 
Dewees Inlets, ancl Charleston Harbor, S. C. 
<See oleo Section IL) 

Physical hydrograpby. Observations of CUI'· 

rents in the Gulf Stroam. D<l<'p-sea aonndings 
from Florida Reefs to Salt. Key Bank, and 
thence to llahama Banks. Exrunination of a 
B-Ovontren feet spot in li:ey"W est Harbor. (Seo 
also Sections I, II, Ill, and IV.) 

Beach meaenrement au1l triangulation, with oh· 
servations for latitude and azimuth ou the west; 
coast of Florida bet ween Cape Sable and Cape 
Romano. (See a!MO Section II.) 
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____ Se_ct_io_n_•_· ____ l,Parties.i Operations. Persona conducting operations. Localities of work. 

SECTION VII. 

Peninsula of Florida, west 
coast, from A.nclote Keys 
to Perdido Bay, inclnd· 
ing coast approaches, 
bays, and rivers. 

SECTION vm. 
Alabama, Mississippi, 

Louisiana, and Arkan· 
BAA, including Gulf 

coasts, porta, and rivers. / 

SEcTION IX. 

Texas and Indian Terri
tOTJ, including Gulf 
Cf\ast., bays, and rivers. 

SECTION X. 

No. 1 I Topography .••••. W. I. Vinal, subassietant; W.B. 
Mapes, acting aid. 

2 Hydrogmphy.. •• . Lieut. J.M. Hawley, IT. S. N., as· 
siotant; Ensigns E. E. W ri!(ht, 
A. W. Dodd, John E. Craven, R. 
0. Bitler, aml Harry A. J<'ield, 
rr.s.N. 

Topographical sur\"ey of the we•t coaot of Flor
ida north of Anclote Keys. (See also Section 
II.) 

Hydrograpl1ic survey off the we~t coast of Flor
ida to the north of the Anclote Keys. (See 
also Sections I an<l VIII.) 

No. l Triangulation . •• . 0. H. Tittmann, "88iatant; J. E. Progress macle in the extension of the primary 
McGrath and J. Henry Turner, triangulation in Northern .Alabama towards 
aids. the Gnlf of :Mexico. (See also Sections II and 

Ill.) 

2 ,'.Geodesic leveling. John B. Weir, assistant; John Line of geodesic levels run from Mobile to N cw 

Orleans. a.nd from Meridian, Miss., to Quft. 
mau, Miss. (See also Section III.) 

I 

Nebon, aid. 

3 Hydrogmphy ..... Lieut. John M. Hawley, U.S. N., 
assistant; Ensigns A. W. Dodd, 

4 

John E. Craven, R. 0. Bitler, 
and Harry Field, U.S. N. 

Triangulation, to· l<'. W. l'erkins, assistant; E. L. 
pography, and Taney, acting assistant ; ,J. B. 
ma11ne ti o ob· Baylor, su bassistant; G. F. 
servations. Bird, aid. 

-Hydrograpby ..... Lieut. F. Il. Crosby. U.S. N., as
sistant; Lieut. F. S. Carter, U. 
S.N.; EnsignsJ. S. Watt.erR,G. 
W. Street, and C. E. Sweeting, 

i IT. S. N. , 

Hydrugraphic examination in the '"icinity of the 
Cha.n<lt.•leor. lslan<ls, and hytlrographie re1mr

vey of Ilotn Island Patl'~- (See ahso Sectiuns I 
arnl VIL) 

Triangulation, topographical survey, anJ. mag
netic observations on tb-o coast of Louisiana 
between Barataria Bay a.nd tho Uerruentou 
Rivers. (See al•o Sections l aud II.) 

Hydrographic surveys on tbe coast of Luui~iana 

from Southwest Pass westwanl, in Baratafia 
Bay, am! iu Cul6 Illauc!Je Bay. (See also Sec
tion IL) 

No. 1 Base measure- IR. E. Halter, aseistant ..•..••..• ..l Measurement of a base-line and connection ol 
ment and triJm. this line with the triangulation near Browns· 
gulation. 'ille. Tex. (See also Section IL I 

C&lifornia, including the No. 1 
coast, bays, harbors and 

Triangulation and 
topography. 

A. F. Rodgers, a•sistant; Isaac 
Winston, aid. 

Triangulation and topography of the coast of 
California between Newport B..iy and San 
Mateo. rivers. 

llagnetic obser· Carlisle Terry, jr., suuassistant: 
vatlons. R. A. Marr, subassistant. 

Reconnaissance J. S. Lawson, assistant; E. }"'. 
for site of base· ' Dickins, assisth.nt. 
line. 

Record of magnetic obsenations continued with 
St'lf·registoring apparatus at Los Augt-1.t•s, Cal. 

1 Reconnaissance for the site of n primary base· 

line in Los Anitele.s County, California. 

Triaogolation and 
t-Opogra11hy. 

Stehman Forney, assistant ........ j Continuation of the triangulation and topog. 

5 Triangnlntion ..... James S. Lawson, &SSistant; P. 
A.. Welker, aid. 

6 Triangulationand 

1 

GeorgoDa"<"idwn, ~&sistant: E.1<'. 
astronomical Dickins, assistant: Fremont 
and magnetie I Morse, aid. 
work. 

rapby oftbe south cOllllt of California between 
Estero Point and Point Sur. 

Occupation of stations in continuation of the 

ptimar:c triangulation of tl:te coast of California 
north of Point Concepcion. 

1 
Conniection of the triangulation clPp-Pnding nptJn 

the I'ulgas Base witll that depending upon tbe 
Yolo Ba~<"- Occupation of stationi; iu con· 

tin nation of the primary triangulation near the 
southern coast of California. (See a!f!O Sec· 

tion XI.) 
7 Shore-line sur- A. F. Rodgers, assistant,; Isaac i ShorelinoregnrvPyofCarqninesStrait•amlSan 

ve-ys. Winoton, aid. ! Pablo Bay. Resnrvey of the shore-line topog-
1 . I raphy of the Golden Gate and epproaclles. 

8 Tidal observational :Emmet Gni.y, observer. __ ..•••••• :

1

, Tidal recolll coutinucd at •elf·registering tide
gau~e station at Saucelito1 Day uf Sau Fran· 

l ci&CO. 
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Sections. 
i 
·P11rties.' Op€-ra.tions. Pet'80lls conducting operations. ( Localities of work. 
I ! I -----------1---, ;-------------- --------

1 

No. 9) Astronomical ob·! George Davidson, assistant;\ Observations at San Francisco of the eclipse of 

'I servations. l J"amesS. Lawson, assistant;: the sun, March5, 1886. 
[ Fremont llorse, P. A. Welker, i 

SECTION X-Continned. 

) : and C. B. Ilil!, aids. ( 

10) Ilydrography .••.. · Lieut. E. D. Taussig, U.S. N., a•· 1 Hydrographic survey of tbe coast of Califorma 
\ ( sisU.nt; Lieuts. David P.-acock off Cape Mendocino, and to the southward. 
[ 

1

1 and C. 1'". Pond, U. S .. N. ; En- I 
1 

signs Simon Cook, W. L. Bur- I 

SECTIOll XI. 

Oregon and Waohi.ngton 
Territory, incl u din I!: 
c-OBBt, interior hays, ports, 
and rivers. 

SECTION XIL 

No. 

4 

5 

8 

Alaska, inchlding the coast No. 1 
and the Aleutum Islands. 

T!'iang u 1 u t ion, 
topograpby, and 
J1ydrop-apby. 

Hyclrography ..... 

Hydrography ..... 

Astronomical and 
magnetic ohser-
vations. 

Inspection an<l 

reconnaissance. 

Triangulation aml 
topography. 

H;.: (\rogtaph~ ... - . 

Ti iauµ.ulatiou and 

I 
dick, ,T. A. Bell. F. A. McNntt, • 
J. H. Shipler. nntl C. W. Jnn. 
gen, U.S. N. 

Louis A. Sengt<-llcr, n••istant .... 

1

,) c::~~~;q::~1;;i::;1:r:~i;:l:t~o~s~ ~::~!~ 
of the topographic and hy<lrographic survey 

j ol'the Umpqnah River. 
Lieut. Commander A. S, Snow, ( Hydrographic surveys in T1ll•mook Bay, otfthe 

r. s. ~ .. assistant j Lieut. G. I coast in that "\"'"icinit.y, and in Columbia River. 
Blocklinger, U. S. N.; Ensigns . (See also Section XU.) 
F. ::If. :Bostwick, W. P. White, I 
J.Jl.Sbipley,an<lC. W.Jungen, ! 
u.s.x. 

Cleveland llockwcll1 assistaut .. _ _ Continuation of bydrographic work in tho Co. 

I lurnbia and Willamette Rivera. 
Georgo Davidaon, assistant i Cleve-! Observations for. latitude and azimuth1 and for 
land Rockwell, assistant. I magnetic declination a;.nd horizontal intensity 

I
I at station• in Oregon and 1Vashington Terri-

tory. (See alsu Section X.) 
George I>avi<lson, assistant ....... ! Inspection of field-work on the coasts of Oregon 

/ and of W ashin1:ton Territory. Reconnais
sance for C<>ast Pilot. (See also Section X.) 

.T. F. Pratt, assistant....... Triangulation nnd topography of Possc•sion 

Sound completed. Completion of the topo· ' I graphical survey of SnohomU.h River. Tele-
graphic determination of the longitude of Ta-

i toosh Island Light. 
Lieut. C. }'. l!·urse, "('.". 8. N ., assist· 1 Rydrogra.phie surveys in .A..dmirs.lty Inlet and 

ant; Ensign J'. ~-Jordan, U. in PngetSonnd. 

J. J. Gilbert. ~sistaut .....•..•... Trla.ngu.la.tionan<l topography of Rosario Strait 
S.N. I 

topog-raph,v; de- I and Brrrrow3 B:i.y. Longitude SiA"nalS ex-
termination of i changed with '.l'atoosh Island Station. 
long;itude. 

Byd ro i:rap hi c Lieut. Richartl•onClover, U. S.N., 
surTe.fs, with ,1 as~iatant; Lieut. Commander 
a.s.tronomical: .A.. S. Sno.w, U.S.N.,a.ssistant; 
and topographic Lieut. J'. H. Helm, U. S. N.; R. 
work. 

Hydrographic surveys, dewrminations of geo 
graphical positions, triangalation and tupog

.raphy in Southeastern Ahw1ka. 

2 Tidal oliservations. 

A. Marr, subassistant, G. & G. 
S. ; 'Ensigns W ruter Ye Lean, C. 
C. Marsh, A. P. Niblack, D. P. 

Menefee, and T. G. Dewey, I 
U.S N. 

i·. Sargent, tide-observer......... Series of tidal observations with self regiateriDg 
tide-11:auge continued at Saint Paul, Kadiak 
lsl.and, Alaska. SECTION XIIL 

Kentucky and Tennessee .. I No. Pi;Unary triangn- A. T. Mosman, assist .. nt ••••••.•.. :Extension weatward of tho primary tnaagula
tion and reconJJBisaance near the 39th parallel 
in Ohio and Kentucky. (See also Section 
XIV.} 

lat!on and re-
eonnaimtance. 

2 Geodetic opera- Prof. A.H. llucbanan, actin11 ns-
tions. sistant. 

Occupation of stalions in continuation of the 
triangnlation of the State of Tenimssee. 



 

Sections. 

SscnoN XIV. 

Ohio, ·Indiana, llli n o is, 
Michigan and Wisconsin. 

S11cnoN XV. 

:M.issorrri, Kansas, Iowa, 
Nebr aska1 ::Minnesota, 
and Dakota. 

SECTlON XVI. 

Nevada, Utah, Colorn<1o, 
Arbonnt and New Mex. 

ico. 

SPECIAL OPERATIONS. 
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Localities of work. Parties.: Op~i ations. I Persons conducting operations. I 
i--1 1-----

No. I Piimary triangu-1 A. T. Mosman, assistant; W. B. I Ei:tension westward of the primary tl'ianguJa. 

lation and re- Fairfield, extra observer. l tion and 1·econnaissance near the 39tlt J>arallel 
! connaissauce. in Ohio and Kentuck). {See al:;o Section 

2
1 XIII.) 

Geodetic op er a,. Prof. It. 8. DeTol, actmg assistant.

1 

Occupation of stations for continuing the ttI· 
tions. nngulation of tho Stale of Ohio. 

3 Triangulation. George A. Fahfield, aseista n t; Extension to the eastward in the State of Im!1-
John n. 'Veir, assistant j F. P. I ana. of the transcontinental triaugulatiun near 
Bacon, recorder. • ) the 3ijth parallel. 

4 Geodetic opera- Prof . .J. L. Campbell, acting as-' Continuationoftriangu!atfonandreconnaissance 
tions. sistant. / in foe State of Indiana. 

5 Determinations of Charles S. Peirce, ussistant. ! Determinations of ~ravity at Ann .Al'bor, Mich., 

gravity. ! and at Madison, Wis. (See also Sections II 

1 
andIIl.) 

6 Mai:::netic o b~er- ! Jaru1•s B IlHdor suliaasista.nt -i Observations for magnetic (lcclination, cU11, anfl 
v.atfons. .. 

1

j . . ' ·-· 
1

1 int~nsity at a station in Detroit, Mich. tSee 

also Sectiono u. III, V, nml VIILJ 
7 GC'odetic o J> era- j Prof. J. E. Davi('s, acting assist- : Continuation of the triangulation of the State o{ 

tions. I ant. ' \li$consin. 

8 Latitude obaerv-a.- I ]\ H. Parsons, snl>assistnnt Oliscr\""ntions for Jatitmk at Ma<lii30Di Wfa. 
tions. 1 ·' C8ee ah;o Section XV.) 

No. l I Trian;:;11lation ...•. I F. D. Gr.uu::cr. nssistnnt : E. D. Extension w"stwanl of lu<l primary ttfaugula-

1 
- 1

1 
Preston, s1~h.Jssista.nt. tion in Mbsouri and Kansas, near tile 39tli i•ar· 

alleL 
2 Detertninatiom1of j G(>orge W. Dean~ assistanti Ed-

1 
Differences of longitude Uy telegraphic si!?:na!s 

19.tit.u<le and I! win~mitb, assistant; C.H.Sin-1

1 

\JetweenKansasCity,:Mo.,Ellswortltancl"'al-
lon~dtutle. clair. assistant; F. II. Panmna, lace, Kans., and Colorado Springs, Colo. La ti· 

/ subassistant; E. D. Preston, tatl~ observation~ at Ellsworth .and TI..,.alL'lt:.>e. I su bassistan t. (See also Section XVI.) 

No.1 Triangulation ...... 

1 

\Villin.m Eimbeck, assistant .....•. 1 Tram:rnontinental triangulntion nea.r the i:Hth 

\ parallel carried to the eastward from stationtt 
1 f iu Central -Ctah. 

2 Longitude de~ I Edwin Smith, a!isistant; C.H./ Determinations of the longHudPsof SantaF~. 
terminations Sinclair, assistant. N. Mex., and Gunnison, Colo. Magn~t.k ob-
a n d magnetic \ eervations at the same s.tatiomi. (Mij also St'"C· 
obser-..ations. i tion XV.) 

Conference with E. B. Lefavour ..••••••••..••••••• ! 
the Inspector of I 

Weights and 
Measures for 
tho State of 
Rho de Island 
and with n com

mittee of the 
Legislature of 
that State in re
ga.rd to "atand. 
ardlength meas
ure and a meri
dian line. 

Charge of the sub

ollice at Phila
-Oelphia. 

S. C. YcCorkle, aaai•tant .•••..••. 

1 
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APPENDIX No. 2.-1886. 

STATISTICS OF FIELD AND OFFICE WORK OF THE COAST AND GEODETIC SURVEY FOR 
THE YEAR ENDING JUNE 30, 1886. 

TOtal to Total during, Tot.Ito 
June30, 1885. fiscal year. June30, 1886. 

----- --------·----· 

RRCONXAISSANCE. 

Area in square statnte miles ................................................................................................ . 3i7, 9'lO 

Parties, number of .......................................................................................................... ; ....... . 

BASE LINES. I 
Primnry, numburof .............. ............................................................................................... I 

:~::~a~:.g~!;~e~ :f~~~~~ ~~'.~~: :: : ::: : :: : : :: : : : : : :: :: :: : : : : : :: :: :: :: : :: ::::::::: :: :::: :::: :: : : l 
Subordinate anJ beach measures, length of ....... ........................ o ............................................ i 

I 
TRIAXGULATION. I 

Area in aqnareetatute milee ........................................................................................... 1 

Stations occupied for horizontal measures, number of .••••••••••.••••••••.•.••..••.•••••.••••.•.•.. ! 

Geographical positions determined, number of .••...•.••••.•..•..•••...•.•.•.•••••••••••••••••.••. 1 

Stations occupied for vertical measures. number of ..................................................................... . 
Elevations determined trigonometrlcally, number of .••...•••....••••.•••.•.••.•••••••.••••••.••••. 
Heights of benGb·marks by spi1·ft.Jeveling, numbor of ............................................ . 

Lines of •pirit.Je.-eling, length of, in statutemiles ..•••...•...•..•.•••••..•......•..••.•.•••••..•.. 

l• 
00 

130 
476 

199, 864 

11,080 
21, 1()5 

762 

l, 915 

3, 014 

3, 33() 

Triangulation and le.-eling parties, number of ................................................................. . 

.ASTROKOMlCAf. WORK. 

Azimuth stations, nu':llberof ........ .......... ~ .................. -.:. ............................................................ . JOO 
Latitude stations, numb.er of............................................................................................. 318 : 
LongituJe stations, telegraphic, number of....................... .... ...... ...•.. ...... ...... ... 127 i 
Longitnde stations, chronometric or lunar, number of.............................................. l!O I 
Astronomical parties, number of ....... -----·------ .... ········-············ .......... ···•·· ......... · ...... )······ ···· · ·--

1 

HAGY:F.TIC WORK. ' II 

Stations occupied, number of............................................................................................... 693 

Permanent magnetic stations, number of...................... .••••• .•••.•. •• • •• ••• • • . . .• . • • .• • • . . . .•.•.. · .· ..•... ·.·. _· _· .· ·.1 
Magnetic p&rties, number of ................................................................................................ . 

TOPOGRAPHY. I 
Area snr'<"eycd, in aqua~ statute miles ............. : .•.•••.••••. •.•••• •••••• .••••••••••. .......... 30, 281 I 
Length of general coast,, in statute miles.......................................................... 6,.742 
Length of sbore-11nr, in statute miles, inclndlllg ri'l"ers, creeks, 1111d ponds........................ 86, 505 \ 
Length of roads, in statnte mil"" .••••.•••.•.••••.•.••..••••.•••.•..•••.•••.•.•••••....•. ····'· 44, 252 i 
Topographical parties, number of........................................................................................... 1 

-·-··1 
HYDROGR.APllY. 

Parties, number of ................................................................................ . 
Number of mlles (geographical) rnn while sounding •.•.•.••••.•.•..•••••••.•••••••••••..•••..•.•. 
Area sounded, in"'!"""" geographical miles ..•.•.••••.•....•...•.....••.••••••.•••••••.•.•••••..•.. 
Miles run, additional of outside or deep-sea soundingt1 ...•..••..••.•• ; .••.•.•••.••••••.•.•.•...••.. 
Nnmber of eonndinga .•••••.•.•••.••.••••••••••••••••••.•..•••.•.••••.•••••••.••.•••...•••.••...•. 
Deep.- eonndings ......•...........•.......•.••••••...............•.•••.•...••••...•.•..••....•. 
Deep.sea temperatnro obaeT.-atlona .• : •••••.••..•.••• .•.•.•••••••••••••••.•••••.•••...•.••••••.•. 

I 
.............. i 

378, 2~5 I 
99, sso I 
75, 256 i 

17, 007, 328 

13,000 

12, 010 
Cnrrentsta.-tions, num.berof .............................................................. ................................... _ ......... ·······-······ 
Deep- current stations, number of ...•..•.........•.............•...•..•.•.•...•........•..............•...... 

Deep-seasuri'aee canentobservatlons, numb6r of •••.•.•.••..••.•.•••••.••••••.••••••..•••••.•.•.. !. ............ . 
Deep·eea. &ubcu. rrent observations, nnmber of .•...•..••....•••..•.••••••.••..•...••.••....•..•.•.. i .•••••••••• ···1 
Rpecimenaof bottom, nnmberof ....•....•.•....•••••.•.....•.•.••..•••••.•••••.•.••.......••...... I 12,628 

H.Ex.40--14 

!JOO 378, 8(0 

4 -·--····-··-·· 

H 

!JO 

131 
29 505 

8\007 207, 871 
248 11,328 
574 21,679 

30 792 

8~ I, 9!li 
267 3, 281 

16ll 3,496 

32 

199 
10 3~8 

132 

0 110 

16 701! 

2 --·······-··-· 
8 ····-·-·-··-·· 

266 30, 517 

100 G, ~42 

1, 645 88, 150 
546 44, 798 

27 ··-····--·---· 

17 -----·-····-·-
14, 532 300, 157 

14,261 113, 841 

80 75, 336 
567, 968 17, 575, 296 

20 13, 110 

910 12, 920 

47 .................... 
26 ................ 

l,M7 ................. 
J,807 ....................... 

216 12, 844 
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Total to : Total during ! Total to 
June SO, 1885.j fiscal year. \June 30, 1886. 

-------------------------------·--------~·--

H YDROGR..lPHY-continued. 
'1: i 

i 

~::::::: :::::::: ::~~:~:1~.i:::::::::::: _::.:::::::::::::::::::::::::::::::::::::::::::::J ~: i 
Parties doing tidal work exclusively·--··-·-·---_ .•. ---- -- . -_ •. -- .•• -- -· -···- ..... - ..• ---- ------ .. : ..•. -· I 
Parties doing tidal in connection with hydrographic work .. -- .•........•...••..•....•...•.•••.... -i ............. .1 

~~:!::~ ::: ::::: :::::::~~:;:::::::::::· :::::::::::::::::::::::::::::::::::::::::::::::::::::! ~:: I 
RECOUDS. 1 

Triangulation, originals, number of YOlumes ...•.•.•...•.... ··'"'· ................................... : 
Astronomical observations, originals, number of volumes .................................................... ! 
Magnetic obserYatious, origfnals, number of volumes. -- .............. -·-· ...................... _ .......... : 

DuplieateR of above, number of volumes ........................................................................... ! 
<~ompntations, number of voln1nes .................................................................................... I 
Ilytlro~raphic soundings and ang1es, originals, number of \Olumes .. ·· ------ · - ·--- ··- - -· -----· · -· ·1 
Ilydrograp11lc ~ountlingK and angles1 dnp1icatf's1 number of volumes ...................................... . 
Titlal arnl curr-ent ohser-vations. originals, number of volumes ........ __ .. -~- ............................. . 
Titlal a11d currPnr ohsP.rvations, duplicates, number of volumes .......................................... J 

Ag:;,!"ro~atr. J eais of' J'econ.1 from automatic tide-gauges ............................................................... I 
'Tidal statioud fol' which reductions have been ma.do ......................................... _ .............. ! 

I 
Ag~'TP;?atc sears of rt•cord reduced ....... _ ................... . -··················--···-·········-··· 

i 
I 

:MAPS A:SU CHARTS. 

1'opo~rapbic 1uaps, originals .................................................................................. j 

~;:~.:::::h;:o:::~i::ig~~:!~.- :: : : :: :: : : ::: :: :: : : : : : :: :::::: :: : : :: : : : ·: :::: :: ::::: :: : : : : ::: : ::: : : I 
. I 

Total number of manuscript maps and charts ............................................................. ! 

ENGRAVING AXD rm~TIXG. 
I 

Hng;·a't'ed plateR of finishPfl charts, number of, printed from, for circulation . __ . ·----· .... __ 

Engraved charts withdrawn from circulation ............. ~ ............................................... . 
J<'rnfahE:'<l charts pnblisbed, total number of ................................................. _ ......•• 

I 
!: :.:~ I 

627 I 

4, 91711 

3, 975 

::~~I 
3 686 : 

2:402 ! 
251 i 

965 

20R 

1, 678 

1, Sl7 

962 

2, 7:!5' 

419 
Engraved plate• of preliminary charts, sketches, and diagrams for the CoaRt aml Geodetic Survey ! 

report•, number of.-··- ... --·-· .••... -..... --·- .. - --- .. -- -- . __ .. ·-·- ______ . ___ ·-·--- ------ ____ __! 631 

"El("ctrotypc J•lates mado ........ - ............................................................................. I 1, 82.4 

Chart• puhli•lJCli hy photolithogmphy. -·- _____ -·- -··-·· ·--- ____ --· __ .. -·---· ·----· _ •. _ •. _. _______ I ____ .. _____ _ 

Cbart.tt publisbetl by Jlhoto!ithograpby withdrawn from circulation ............. ·- ..... : ................. ) ..... . 
Engraved plat.es of Co2st J>ilot charts.·-· ................... ---- ............................................... ! 
Engra.,·ed plates of Coast Pilot views ........................... _ .................................................. '. 
Printt'-d sheets of maps an(l charts distributed ............................... _ ....... · ............................ : 

I'rint('{l sheets of maps end charts deposited with sale agents_, __ .. ____ ... __ --·-··-·--- ....•••. --·-, 

80 
89 

243, 515 

o I sc; 

! 1--··-·------~~ 
15 j 

61 1 

67 I 

I 

38 

294 
190 

464 

300 

1, 711 
1, 700 

4,847 

1, 831 

tJ65 
5, 211 

4, 165 

9,786 

2,4i5 

3, 855 

90 ' 2, 49'2 

3 : 254 

072 

211 

75 I, 753 

65, l,882 

("*) I (*) 

(*I 1 ("'J 

l 
' 

c! 
71 
6 

I 

2n1 

141 

4!!5 

3 ! G:;.t 

~! 1-- _____ '.·.~~~ 
6 1-----------·. 
0: 80 

o! 
30, ~21 i 

I 
19, 924 ! 

80 

594,816 

26:1,439 

*.A re-re~i~trn.1iun uf these maps ia being made ae rapidly as practicable, but cannot bo made ready for publication in time for im~ertiou 
in thif;l repol't 



 

APPENDIX N-o. 3.-1886. 

INFORMATION FURNISHED TO DEPARTMENTS OF THE GOVERNMENT IN REPLY TO 
REQUESTS, AND TO IKDIVIDUALS UPON APPLICATION,* DLRING THE FISCAL YEAR 
ENDING JUNE 30, 1886. 

Date. Name. Data furnishNl. 

18115. 
J"aly ( Powell, .J. W., Director U.S. Geological Survey ...... --·'. Descriptions of uin~ l'.riaugulaticu stations in .Alabama and of three 

Ang. 

/ I in Georgi a. 
2 i Bogart, J'. P., Eugineer of the Connecticut Shellfisl1ery ; Geographical positions ot !.lilford and Milford Spire, distances and 

I Commission. azimuths. 
2 .Baird, l?rof. ~- F., "(;. S .. Commissioner of Fi>::>h and Fish- Physical surreys of Guif Stream. 

\ eriea. 
811 

Powell~ J. W., Director U. S. Geological Sur~ey ... -· .. - . Geographical JlQ:::iitfons and <lescriptio11s of eighteen stations i.n Mis
s-ouri, 

7 Hering, R., Engineer Philadelphia Water Department Geographical positions of three stations. 
7 • Jlogart, J. P., Engineer Counedicut Shellfisherr Com- Geographical positions am1 de.;criptions of two station3. 

I 
mission. · , 

7 Gray, Samuel M., City Engineer, rro¥idence, R. I ..••••. ! Lelters relQ.tiug to tides1 1881anll188'.!1 at Providence, R. I. 
JO 

1 

Saxton, AJhert, Pbils.delphia, Pa................... Weights and :Measures, report for 1857, and papers relating to -lmer-
ican and metric standards of length. 

171 The Colline llanufacturing Company, Collinsville, Conn :
1 

;rw-o pamJlhlets on resulls of magnetic discussionl'i. 
18 The Commissioner of the General Laa<l Office . -•......... ! Computed positions in the geodetic litie between th-0 Colorndo Ri .-er 

I and Lake Tahoe, part of the boundary of Ne-vada and California. 
20 President of Mobile an<l Ohio Railroad .................... Copy of survey of dredged channel, Mobile Bay. 
23 Tu-cker, W. R ··~--·······-----·--····-·------------·-----!Tracing showin~ resu1ta of a aU?'Vi',Y of a portion -0f the Schuylkill 

1
1 

Ri'rer, near Gras' a Ferr:y. 
!l4 The Director of the Mint ................................. [ A. oet of coin weights for the Philadelphia mint, and a set of standard 

25 

28 
29 
29 

29 

5 
5 

6 

10 
12 

12 

' gi-ain weight.c;i from l,000 gr.ains to 0.01 gr-ain, with their dt:itermined 
corrections. 

French, M.., County Sur\"-eyor of Halifax County, Mead- , Tal>le of secular vatiaticrn of rna.gnetic d('cliuatiou between 1730 and 
ville, Va. / 1885 for Southern Virginia, aud information as t.o distribution of 

I
' tnognetism in that rei:iou. 

Shedd, J. Herbert, C. E .................................. 
1 

Tracini: of Lilt1e Narragansett Boy, Lon;I Island Sound. 
Tripp, 0. H., C. E., :Rocldand, Me ........................ i 1Jescrlption of tidnl bencb-ruark, Rocklanil, Me. 
Bartlett, J'. :a., Cowrunud,er U. S. N., Hydrographer, Bu· i Bearing of n liua opposite New York in 1858 from recorded Learin:;: of 

rean of Navigation. l the Aanrn line in 1764-. 

Troemner, Henry, Philadelphia, Pa •.. ··········-······-! Verification nnd ad,instruent of two comp:cte sets of weights and 
! measures for T~rritory of Wsomin~. 

Jlogart, J. · P., Engineer Connecticut Shellllahery Corn- i Three tra<Jings of part of shore of LitUe Narra~ansett Bay, Long Island 

mlsal~n. / .smrnd. . 
Goodwin, .T. ld., Shal'pl!vllle, Pa ........................... : Tides and tidal cnrr;,nts around Fortress M.onroo, Ya. 
Siegfried, R., Konigsbnrg, Prussia.. -- --- ---- .. -- .•. - ---- .. ! Values or kilograro 1 h'oy antl a'()irdupoia ounc"°e., and value of t::nited. 

I States 1told coin weights in wains, and vahrn of United Stntes stand. 
ard gallon and bushel. Value ofweter in inches. 

Owoo, W. 0., Deputy County Surveyor, Laramie, Wyo .• ., Length of a degroo oflongitude in latitude 41° and in latitude 43~0, and I length of meriJioDJ1l arc intercepte<l hy these parnllels. 
Goodwin, J.M., Sha.rpsville, Pa ......................... 

1 
Tidea at Fortress :Monroe, Va., In l&tfl. 

Appleton, l>rof. J. ll., State In11pector of Weights and I' Information concerning the construction of a mural stand.Ard aod ti:<· 
Measures, Providence, B. 1. Ing of a ruerldian line. 

Slnedley, Samuel L., Chief En!(ineer and City Surreyor, I Tw .. uty-oeven geodetic pooltilms in Philadelphia, Pa. 
Philadelphia., Pa. 

··Tra.:ings fl'olll topegraphio or hydrographlc •h•eto, transcript8 of nnpubliah~d results ot the work, and other dat&, when supplied for 
J>tll'lltie Ulle, al'8 flll'Di&hed upon payment of the ""8t of prepar&tion in the ·offic<>. 
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APPENDIX No. 3-Colltinncd. 

Date. Name. I Data furnished. 

1885. l i . 
Aug. 12 i Powell, J. W., Director U. S. Geological Survey ...•. •••••· 1 One bnnd.r<'cl nnd forty-oix googrophieal positions, with geodotic data 

S.·pt. 

Oet. 

II of the tri~onometrical survey of .Massachusetts. 11y Bon:len 1832-'38, 
.

1 

as recompui.,d nnd ncljnsted to standard data at the CoMt and Geo· 
dctic 8arvel Office. I • 

14 Whe~ler, Capt. G. M., U. S. Engineers ...... ·----- ........ ·I Information respecting condition of a propooed mop of the United 
I States antl the state of forwanlneRs of the measure of an arc of the 

. ... j t~irty-niuth parallel. __ . _ 
14 Rickoff, A. J., Yonkers, N. Y ............................. · 1 'Ve1gbts an<l Measures Report of 185• and papers relatmg to .American 

an<l metric 1\tandanls of len~b. 

14 Decker Bros., New York Cit.v .........•...•............•. i Results of '\"CTi£cat.ion of a kilogram and a. hectogram sent for examina
j tion. 

15 Department of Sun-eys, city of Philaclelphia ....•....••. -18upplemcntary triangulation, city of Philadelphia. 

17 Swnin,E.A ..... ········---·········---·--------------··· Tracing of t-01KJgraphy, west shore HudE<on Rh-er, Grassy Point and 
, vicinity. 

19 N1cl1obmn, W. L., Topographer, Post-Office Department ... I Geographical positions in the States of Kentucky and Tennesae" and 

• _ 

7 

j near their bonnd.a.ries. . 
2-0 .Au~tm, E. P., Salt Lake City, Dtah ..........•.•••........ .Advance proof• Tide Tables for Boston Harbor, 1886. 
31 Appleton, Prof. J. H., State Inspector of Weights and ..Additional information concerning the constrnction of a mural stand· 

31 

s 

9 

10 

11 
12 

1' 

15 

15 

17 

18 

IS 

19 

n 

23 

Mea.•ures, Providenoo, R I. ard and the fixing of a meridian line. 
Tate, George W., Mebanesville, N. C.. .•. . .•..... ••. ..•... Graduated and verified 33·feet •tee! t3pe. 
llraunC'r, rrof. J.C., Intliana University,lUoomington, Ind.I Copy of reconnaissance of trianj?Ulation tra~ersing the State of I.ndi

ana from t"ast to west. 
Huhbartl, Ron. L. F., Governo!' of Minnesota.............. DireCtions as to mode of obtaining duplicate set of .standard balances 

to replace those destroye<l by fire at Saint Panl in 1881. 

Field, J. W., Chincoteague, .Accomac County, Va ....•...•. Mngnetic dedination in Chincoteague at pregent and its annual 
cban2e. 

"BTowne, J. Loyalist, Bowtloinham, Me ... --· ----- ·--- --- Copy of be>nch-m:nkRe.tAhagadasset, l{e. 
Williams, ,V., Surreyor, Rackeneack, N.J ................ 

1 

Change of magnetic declinolion at New York between 1820and1825. 
Smedley, Samnf'l L., Chief Engineer and Snrreyor, Geographical positions of trigonometrical atatione on the Delaware 

l'b!ladelphin, Pa. River, between Philadelphia and Rancocu.. 
MeElroy, Samuel, C.E., No. 50 Johnson street, Brooklyn, ,. About tides in Iluntington and Smithtown Bays, Long Island Sound. 

~~ I . 
Cook, P1of. Geori:te R., !>rate G~ologist of New Jersey, I Bench-marks at Al>secon Ligbt·honse an<l Cape May. 

New Brunswick. N. J. 
I 

Bogart,J. P ................................................... j Trncing of Clinton Hat·bor, ~onnecticut. 
Janni<'son, A ••.....•.•.......•.•..••..•...•..•....•.•. ·I Tracing between .Alexan<lria an<l .Monnt Vernon. 
Walker, William, AC'ting CumwisMioncr of the GC'neral Yew rditicn <if article on the magnetic declination, with new tables 

Land Ofliee. and two maps. 
Pow, .Arthur, Chief Engineer Macon and Dublin Railroad Geographical 11osiiions of 8aYannah and Macon, Ga. 

Company. 
Bradford, Lawrence, Engineer ....... _ ................ - . . . . Infol'mation reJOpecting- two fri!!"nnometrical stations on Gre~n Island, 

Boston Ilarbor. 
Symons, Capt. T. W., U.S. Englneero, Washington .Aqne- Height of bench-marks at the .Aqueduct bridge, Georgetown, and 

du<'t. the Capitol, Senate win~-. abov"' the mP.an leYel of the Atlantic. 
Siegfried, R., Konigsburg, Pmseia •••••••. •• . . . •••• •. . . . Equivalenrs of me1ric weig;bts and measures, and value of the mile nnd 

its subdivisions. 

24 liiEltdssippi Ri~er Commission ............................ . Hydrography of Mis•iBllippi Rh·er. Donaldsonville to Head of PMees. 
Inrormatiou as to where to obtain a suitable set of standard weights. 29 Taleott, G. R., Suporintendent of tile Charlotte, Columbia 

I and A nr:usta Railroad, Columbia, S. C. 
00 1 Field, J. W., ChincoteagnP, .Accomac Co11nty, Virginia... Present hearing of n line originally run in 1840 on AsBatcague Island. 
3 I' Root<>, C. B., Barre, Mass ...•..•.•••.••••.•••.••••••.•.•.. Height ofMon::duock Mountain, New Humpsbire. 
7 Thompson&. Sinter .....••..•.•......••..••.•...•......... 

1 
Steamship distances from Tampa, Fla., to Key West, and from Key 

West to Havana. 
8 ; Roberts, Lewis H., Clinton, Iowa . . ••• . . . . . . • ••. ••.•...... .Advice for determination of t11t1 loni:itu<le of Clinton. 
8 Hackenberg, P. L., & Son, Milton, Pa ..........••...... ,. Rep<>rt of Weigl118 andldeasmee of 1~57, ancl papcra relating to metric 

etllndards. 
~ Bogart, J.P ................................................ Tracing of Clinton nnd-rlcinity, between Millstone Point and Hatche& 

Point, Connecticut.. 
13 Bot.sfor<I, F .••••.•...•....•..•...•.••••••.....•..•••..•. · 1 Tracing of Ilatcbet, Dlack:, and Millstone Points, Connectlcnt. 
14 Bogart, J.P............................................... Projection ,.a •• between Watch Hill and Noonk. 
H Hering, R .• Engin.,er, Philadelphia Water Department ... '. Geographical positinns vidnity of .Allentown, Easton, and Trenton. 
17 Haswell, C. Il., Engineer and City Surveyor. New York .. I Magnetic declination at Rikcr·s Island aud annual change. 
17 Howe, W. B. '\y., jr., Chief Engineer Sa-..annah, Florida ! Range of tidee in Tampa Bay, l'lorida, with deBcriptlon of tidal b<>.ncb-

aud V estern Ralway Company, Savannah, Ga. mark at Tampa, and oft i<le-•talf at G•clsen 'a Point, :Florida 
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Date. ! Na1De. 

1885. !-------------------- ' 
Data iarnished. 

Oct. 20 I Osborne, E. A., Middletown. N. J ......................... . .Magnetic declioatioo, east eoaMt of Florida, between latitudes :=ao and 
270. 

No". 

I 
~2 i Ewell,:.!:. D .. Chicago, Ill ......................... . Value of t\l'o glass scales, 1 centimeter and j;; inch, re•pectiwly, de

terurined for Jiitu Uy t bis IJurcau. 

27 1 ..•. -.110 -··--- --·-······------------·- --··· Description of apparatus for mu.kin~ accurate determinations of Jcngtb 
(Blair coruparat-0r and Rutbertnrd micrometer). 

28 

28 

29 

30 

30 

3 

4 

5 

G 

10 

10 

10 

12 

12 

13 
13 

14 

Clarke, II. W., Engineer, New York and Pennsylvania Geodetic d"ta of!ino Rowlett to CJ~·do, N. Y. 
Borrn(lary, Syra.e.nse, N. Y. 

Swan, Samuel A.......................................... Tracfog of the country lying l>etween Saint Mary's and Fernandina. 
na. 

Stoc!:.slager, 8. M., Asais-tant. Commissim.1er General Land Positions of astronomical stations in At·kansa.s and Mi~so1ni. 
Office. 

Ramfll, A., Observatory of \Vashington U1li'rersity, Samt G"'ogr-.iphica.I position of staiion "Boilc." IUiu-Oi:i. 

Louis. 
Baird. Prof. S. F .••.•........•.•...•.••..•••.......• ·····- Tracing of Naushon Island. 
Branc1is1 F.E., New Yol'k-. - •..•.. -•...• ---- . - - ---- -·. -. Length of a steel tape tested far him. by this Bure.a.a. 
PerkiIJo, J amps P ., County Surveyor, Iii:rers County..... A.mount and change of magnetic declination during the !.1st nine ye an 

and present bt:arinµ- oft wo old Hues. 
Taylor, C. E., Philadelphia ... _ ............. -- ........... -- - ........... - Fouz· pamphlets on ma.gnf'tic l"e.~mjts hl•.uring: on the decli.natlon of the 

magnetic ncetllt;. 
Comstock, G. C., Profestmr of Mathcmatic1' Ohio State Ceop·apl.J.ical po~itiou of a~tronomical station a.t Colurnhu~. 

University, Colnmlms. 

Howe. W. B.W .ljr.,Civil Engineer Savannah, Flol'idamul llean half-title le\·cl aUovtJ mean low W<ltcr at Savannal!, Ga. 
W68tern Railway Cowpony, Savannah, Ga. 

Troemner, Henry, fl!ila<lelpl.tia, Pa. ....••.•... _ ......... \ Determinations of values of a sot of measures m<Cde by him for Ten'i 
tory of Dakota, am! verified and acljust<ocl by th;s llureau. 

Lee1 Gent>ral S. D., President Agricultural an{l Mecbani- 'I Information concerning the pro<mriug of a set of srua!l standard 
cal Col1ege, Mississippi. weights for the college. 

Wehb, Arthur A., City Suporintemlent Schcols Fo1t Mean rise aml foll ur tide at fifteen stations ou Chesapeake Bay aml 
:Madison, Iowa. j its trilrnta1 ies. 

Abbot, General H.L .. U.S. A ............................ 

1

t Tracing of lfoll Gate, Xew York. 
Abbot, H. L., Brevet Ilriga<lier-General U. S. A., Willet.'• Distances and azimn1 bs of point•of oh!lervation of tbo earth" s tremor 

Pob.t, New York. due to th<' oxplosion at Flood Rock, Hell Gate. 
Ly<leU, .G. A., Engineer Richmond and Dan,·ille Railroad Geographical positions of proruiuent places in the United State• east 

I 
of longitnde 9P. 

Lo..-ick, B .. J., County SuITeyor, N cw- Berne, N. C _... . . . . . llagnetic d~c!ination at Re nu fort, Y. C., in 1880. 
Botsford, F .............................................. I Tracmg of Hatchet, Black, anci :Millstone Points, Connecticut. 
Baker, l}.1of. I. 0.1 Illinois UniverDity1 Cham1uugn1 Ill..... <Joefticieut of expansion of i1on au<l. steel a.:itl. value of a steel tape 

tested for him by thia Bureau. 

U Fairbanks,E. T., & Co., Saint Johnsbury, Yt __ ..•.•.••••.. 
17 Peirce, Prof. C. S., U.S. Coast and Geo<letic Survey .••..•. 

Information concerning the '\"ariability of hollow standards. 
Length of yardpendulutn ~o. 3 and its co~fficient of e::z:prmeion, detl!r

tnined by \\T eights and Mea...~ures Ilunau. 
18 l'owell, J. W., Director u. S. Geological Survey .•••••..•. 
2ll C1·owel~H.S ............................................ . 

Position and reference directions.i station Peaked Mountain, Virt?tnia. 
Tracin~ of north sh(>re of lluzzanl'i:J Bay, fron1 'Vareba.m River- to 

Now Betlforo. 
2ll Cbubb,S .................................................. Tra.cingof"Watch Rlllitecf." 
21 Balcomb, S. F., A88istant Engineer Illinois C~utral Rail- Length of a stnndanl t<ipe test<d for him l>y this Hu1euu. 

road, Champai:.'Il, Ill. 
21 Seigfried, R., Kiinigabnrg, Prussia.'"........ .. . • • . . • • . . . • . DeteTlllllla.tlon of value• of the meter 1'h1l kilogram in inches und grains 

for commerdal au<l for scientific putJtoee~. 

24 Fairbanks, E. & 1'., & Co., Saint Johnsbury, Vt ........... Information concerning the rrquirnmenls and <1111tlit.r of standard 
weights to which i~ iM tlt>tiit-etl to have out· ofhcittl st~lm}t::\ a.fUx:ed. 

2( Jackson, Sheldon.......................................... Correctetl map of A.Insko. 
24 ••••. do ..••.•.•.••••••...•.••••••.•.••..••..••.••••••••••.. I TracingofmapofEastem AlaskannrlskotchmapofAlilska. 

21! B11she, :&. L ............................................... i Tracing iu the vicinity of New Hoehdlc. 

28 Stanton, Major, of Engiueera .•••.•••••.•••••..•....••..•. ·1 Magnetic decliuation at C:ipe Co<l in 179tl, 182f>, 1~37, an<l ll'S7. 
28 Moutboitb,J.,New York •••••••••.••.•••••••...•..•••.•.. Height of::U:itdtcll's Higl1 Peak and Clingm:in'oPeuk, North Carolina. 
2S Dall, J. J, & A.,J.., Harrisburg, Pa~ ..................................... J Annual chauge in tbe nmiz:1.1.eti~ declination in Mc:M.ullt"n County, 

l Texa~ during t11e past ten yt'ur·s-

Oee. 3 Mairee, Dr.Irving, P..ondout., N. Y ••••••.•••••••••••.•••.. i Gwdetic data fol' three trian:.:ulati. n J'O:nts on the llm~son Rive1·, 

nea\T Rondout. 
4 A•hbumor, Ptof. C. A., GeulogicalS~1-voy of Pe.nnsyl- j Tracing 1,ho""·iug triauguhttion nnd rccouue.isrmn<:o in l'enm~yhaoia 

TIUila. i 
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Date. 

1885. 

Dec. 

1886. 

Jan. 

7 

7 
8 

JO 

12 
12 

15 

15 

16 

17 

17 
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Perthe&, Justus, G<>ographical Institution, Gotha., Ger· 

many. 
Williams A. L. SuI""eyor, Ailu!n, S. c ................. .. 
Boi::art,J.P ............................................. .. 
Sherm•n, Hon. John U.S. Senate ..................... . 

Parke, Samuel ............................... -- .... ------- --
l'owell, J. W. Director t;. S. GeologicalSor\'ey ........ . 

Data furnished. 

Two copies of pamphlet on telewaphic Jongitudes,an<l l'flmarks on 1he 
connection of the American and European systems of loPgitncle. 

Magnetic declination at .Aiken and law of change since 1730. 
Tracing of Cuh·es Island, Long J ol,.nd Sound. 
Inde:< map, of the series publisbed and proposed, of the District of 

Columbia. 
Tracing of shoals off Watch Hill Point. 
Description of station Peddy. Virginia, end geodetic data of stations 

Cnrrahe<', Skitt, aud Sawne<', South Carolina.. 
Newcomb, Prof. S., Superintendent of Nantica1 Almanac_ Geog:rn11hical po~ition of Cbeppe'a transit of Venus station of 1769, at 

I San Jose, Lower California. 
Dart\ett, Comma1uler J. R.,-Hydrograpber, Nal""y Depart- Results of trinugulation, '\"iciDity of San Diei;!:o. Cal. and position of 

ment-. Uouudary monument. 
Piet"Tepont, J. J., Brooklyn, N. Y . .. .... • .. .. .. .. .. .. .. ... Magnetic •lecli1mtion at Saudy Hook. 
Powe]], J. W., Director U. 8. G~logical Survey .. ·~····· Deecriptiou of station Cross"t"ille, Te1&n. 
Harkne•s, Prof. W., t:. 8. Na.val Observatory . •. . . ... . .. Approximato value fOr lon~itmle of astronomical observatory in La-

fa~·etle Park, San Francisco, Cal. 
18 Lockwood, Capt. D. W., LT. S. Engineers ... ..... • . . ...... Copies of;\ ppendic•·• 6 •cd 7, Const and Geo<leUc Surrey Report for 

lf!84. 
21 Newcomb, Prof. S., Superinten<lentofNa.uticalA.lmanac Geographical po~itionsof e..tation1>. Basking Ri<lge, N.J., Wilmington, 

Del., and Newlmr~, Mas.•. 
21 Powell, Capt. Charles F., U. S. Engineer Office Port- Description of Coost SuIT~y beneh-marke at Cathlamet., Oak View, 

land, Oreg. Vancouver, o..n<l Kalama., Wash-1 a11d Saint Helen's and Rainier, 
Orel?., with reference to the plane of mean lower low water for all 
bot Kalama and Rainier. 

:?2 Wheeler, Capt. G. M., U. S. Engineers ..................... --·........ .A:reas covered by topo~mpby in the seTeral States and Territ.m ies. 
26 Hart. }'. S., Civil Engineer, Lowell, M11..,,. ................. Remarks on changes in the local defections of the plumb-line an<l iu. 

tensity of gravity due to changes of density or cli•placement uf 
masses in the earth's crust or in its interior. 

26 Holmes, W. H., Philadelphia, Pa ......................... List of geographical positions in Viri::inia and 'Vest Viri::inia, a• <I<'· 
termined by the Survey. 

29 Van Antwerp, Bragg & Co ............................... A number of gt'Ographical positions in Pennsylvania. 
29 Wheeler, Cept. G, M., U.S. Engineers .................... Astronomical, geodetic, and magnetic statistics of the Co!l>t and Geo-

2 
'> 

" 4 

6 

7 

8 
9 

11 

11 

11 

12 

14 
rn 

15 

16 

16 
18 
18 

tletfo Survey up to July I, I8e5. 

Gill, J. J., Bros. & Co., Steuhenvill.e, Ohio................. Geol(rl.phieal positions of Steubenville, Ohio, and of WheeliugW. Va. 
Wheeler. Capt. G. lll .. .. .. . .. • .. .... • . • •• • • .. •• • • • .. •• .. Statistics of unpublished topographical and bydrograpblcal euITeys. 
Dyke, E.G., Crescent City, Fla ........ - .................. Identification of two stars. 
Wilcox, J.M .............................................. Proofofcbjnt :Ko.176and chart No.16, with band additions. 
Traut wino, J.C., jr. Civil Engineer, Philadelphia, Pa..... Length of a oautica.l mile and information respecting its definition. 
Van Antwe:p, Bragg & Co., Cincinnati. ... _ .............. Notes on State boundary of Pennsylvani&. 
Bauman, Willi>lm, Civil Engineer......................... Tracing of plane· table shtet in vicinity of Cape Charles City. 
T rautwine, J. C.,jr., Philedelpbia, Pa .. .. .... .. .. .. .... •. Information concerning United States standard weights, and the rel l•tion between 1he hoy and avoirdupois ponnda. 
Cook, Prof. George II., Stale Geologist of New Jersey, 1. Information i-elatlve to the law restricting the furnishing of sets of 

New Brunswick, N. J. standards to the Sta1ea. 
Hol(e, F. L., City Engineer, Wheeling, W. Va--·---.,., __ Pooition of astronomicalatatitln at Wheelin~. 

McLeod, C. II., McGnI College Observatory, Montreal, Pr<>bableerror of the detuwmatlon oflonjlitude of Hnl"'ard College, 
Canedo.. Massachusetts. 

Duetan, J. H., Calera, Ala .. . .. . ..... .... ... ... .. .. ....... Magnetic declin9tion at Calera, Ala., and <·hanges of declination eince 
1819. 

Powell, J. W., Director U. S. Geol<>gical Sul'\'ey • .. . .... .. Geographic11l po1'ltioiie in Eaetero T"°°"""""· 
Hunking, A. W., AS&istant Engineer Canals, .Merrimac Twenty.six geographical p0&itlom with azimuths &JKl distancea of 

River. triangulation points in New England. 
Porter, J. W., Waah!n~ton ....... _ ....................... 1

1 

lleigbte of beo<h-mark11 :B aJK\ D, at WllliamB}l(1l't an~ Point of 

Rocke, Md. 
Brown, L. Vi"., New Orleans, La .. .. .. .. • .. • .. .. • .. .... .. List of wei&hle 11nd nt<?aeuree eonstltnt!nga set of State etandarde and 

I e•t!mat~of~t. 
Ziegler, W., New York .................................... ! Projt'ftion on 11bme-tablc sheet of Coney Island. 
The Chief of Engineers, U~ S. A.......................... Tracing of bydrographie ebeet, .mouth of ll.io Grande del Nerte. 
~'alrcbild, Hon. C. S., A88istant Secretary of the Treasury, InfOl'Jnation as to Congre611fone.t e11aelm1'llt on 1111bject t>f stan•lartl 

Washington, D. C. weights nnd ID"""1lre&; alao value of atanilm-d gallon and t\-rlp
lion of mode of teeting the aame; also b•fonnatlou .. to wh.,,., th 
United States stand•:rtla are bpt. 
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Date. Name. Data f11mishe<l. 

1886. 

Jan. 18 Dillon, John, Lawrence, Ha.8~ _........ ............ ... . . .... . . . Information ooncerniug purchase. of weights antl measures at•<l tbe::.r 
subsequent ndjustment a.ncl v, rificntiou. 

20 Ilrooks,C.C., Baltimore, Md............................. Copy of Captain Kat<ir's l:eport on Comparison of Standard Troy 

20 S:rmons, T. W., Captain of Engineers, office Washington 
Aqueduct. 

23 Venneule, C. C., Geological Survey of New Jeroey ..... . 

pound with Driti.sh Standanlf'. 

Description anr_! height abol'e the ocean of the beneh-ma1k near the 
Great :Falls of the Potomac. 

Geographical positions on tho Delaware River. nbo'"e Philallclphia. 

and geodetic data of line Mount Holly to Apple Pie Hill. 
25 Bingham, T. A., Lieutenant U. 8. En;tineers, Missouri Height pf lHmch-marks at Samt Louis an<! Etlah, Mu. 

River Commission. 
25 Miller, Col. L. P., Sonth Carolina, Metropolitan Hotel, Tidal relatbns of Win_yah Bay and Santee River, South Carolina. at 

Washington, D. C. month of !llosquito Creel< .• 
25 Zt'igler, W., New York ........................................ Compa.rati'\'e map of Coney Island, Rondout Barbor, and Ilu<lson 

Ri'"er, vicinity or P.mdont Creek. 
26 Lindsley, Hon.J. G., M. C. .•.. .•.•••..••••. .. ..• ..•. .• . . . Three hydrogr.1phic tracings made for Messrs. P. & C. P. Cantine, of 

Rontlout, N. Y. (I) Rondout Harbor from Sleight's l•'erry to •ntranco 
to D<llaware an.l llmlson Canal, 1868. (2) Ron<iout Harbor between 
entrance and Sleight's .Ferry, 1860. (3) Ha.daon River, vicinity of 
Rondout Creek. 1860. 

26 Uook, Prot: George H., State Geoloi:lst, New Jerses ..•.••• Ele\"ation of bench-marks at Absecon Light-house, and at Cape May, 
New Jersey. 

26 Powell, J. W .• Director U. S. Geological Sarvey ..... _.... Geographical positionR, azimuths, aml ohser'\"ed <lirectionsof a number 
of geodetic poiuts i11 t:ic valh~y of Sacramento ltiver1 California.. 

28 Perkins. :Mr., Librarian Public Library, San Francisco... List of stan<laf'l! wot·ka on ge.()(l •sy a.rn.l allied subjects. 

28 Smith, Henry, Sa.int John, M:e. -·-· -··- ·-·. ·--·· ·-····· ... Tracing of part of Cape Elizabeth. 
;!() Bingham, T. A-, Lieut. U. S. Engineers, Missouri Ri<"et Height of bench-mark< and descript10n of line of 11;eodesic leveling 

CommiMion. between Saint Louis, and Etlah, Mo. 
Feb. 2 The city of Philadelphia·-·······-·· ....•....•••.•••••. ·- Tracing of Defaware Rver. f.oom the mouth of the Schuylkill to Ulon-

: ceskr Point. 
3 Todd~ D. P., Director, Amherst Observatory ................ ! Goo_:,!raphieal pf)Aition of observatory. 
5 ThecityofPhlladelphia. .................................................. j Lettoringoncb.art:1~f Del&ware River,showingport-wartlen liut--~ ,,f 

I 1886. 

5 Hewins.James_ ........................................................... 11 
Tracing of part of N.intasket Island. 

8 McLeod, W. D., Jackson, Alaska.......................... Concernini:: purchase, adjo8tment,and \"erificatioo of stJ.Ddard wei::i;hts 
1 and men.sures. 

91 Philips, Prof~ .A.. W., Yale College, Connecticut .. ·-----.... Es:planation of diurnal inequality in title t.'Lble for~ ew London, Co11n , 

18!!6. 

10 Hazen, General W.B.1 CbiefSignalOflicer ................... Heiµ;ht of benc!l.-m:i.rks btltween Sa.iat L{mi~, an,\ Etla'.i., Fr.:mklin 

12 Dement, R. S., U. S. Surveyor-General, Salt Lake City, 
Utah. 

13 Powell, J. W.,Direetor U.S. Geological Survey-······-· 
13 Cook, Prof. G. H., State Geologist, New Jersey .•••••.••. 
Z1 Bogart, J. P., Enfitlneer Connectie>nt SheUftshery Com· 

mission, New HaVen, Conn. 

Connty, Misaonri. 
Geographical position of a.stroaomie.ll stotion at S.ilt Lako City anil 

relation to the s11rvey by the General L•nd Office. 
A.bsttactof horizontal ao%1es e.t thre:- st.:i.tions in Teaoe&me, 18Sj. 
'rracing of topo;:raphybetween P1inceton and 'rront:m, N'. J. 
Geograpbieal po•ition of Old Field Point Liii:l1t-bot1•e. 

Mar. Baker, Thomae R., State Norma!Sehoool, Millersville, Pa. Magnetic declination at PhiladelphLL, Saint L,u·a, antl San Frandsco, 
in 1886. 

S Kimball, G., Engineer, :liewhnrg, N. Y.. .• . •• .•••••. •• ••• Geodetic daLa respecting trian;:les formeJ by stations Be~r, Mount 

51 O'Brren, R.E .•.•.•••.••••••••••••..••••.••••••••••• _ ••••• 

8 Hoyt, Fogg &Denham, 193 l\lld<lle atreet, Portland, Me .. 

8 Weil, N., Cineinnati,Ohio ............................... . 
9 Johnson, Prof. J. D., Waahington Uni\"ersity, Saint 

Louis, llo. 
10 Powell, Maj. J. W., Direotor U. S. Geologi-Oal Snrvey, 

'W aehio.gton, D. C. 
11 Superintendent West Point Military .A.caclemy ••••••••••• 

l3 Todd, Mr. D. P., Dim:tor of Amherst Observatory •••••• 

13 Powell, Jlaj. J. W., Director Geological Survey •••••••••• 

Dickerson, High Tor, and Ryder. 
Tracing of topography and hydragraphy from lniliau R'ver Jnld to 

Ed611, Brevard Connty, Fla. 
Copies or Uuito<l States Tide 'rabies for Porlfan:i and Boston for 

January, F<>brnary, and March, 1807. 
Geographical poaitionsof twenty-nine cities in the United States • 
.Be.marks on t.hc b.um·line in the Am-erioan !lot tom, Illinois, measurc<l 

in lS72. 
Det!cription of R6Ven tidal bench;m:.1 ks in tho r~gion of Capo Cod, 

Nautucket, and Martha's Vmeyard. 
Geodetic results of the triangulation in the vicinity of West Point, 

geographies! positions and description of stations. 
Geographical position of observatory anil other objects in Ambers; 

and North Rampton. 
DCl!Cription of tidal he?lch-rnark at Edgartown, :Ma88. 
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Date. Name. Data furnished. 

1886. 

Mar. 

Apr. 

]t[ay 

13 

17 

19 

19 
19 

2<l 

25 

27 
3:0 

31 

31 

Superintendent U. S. Military Academy, West Poiut. 
N. Y. 

:r·or•ytb, J3mes M .• Lieutenant Commander U. S. N., 
Navy-Yard, League Island, Pennsylvania. 

Holrlen, E S., Director Lick Observatory, California ..••.. 

Wk:hcman, E., Washington, Hempstead County, Ark··-· 
Nader, John, .ArchitectandCivil Engineer, Matlison, Wb 
Wharton, Capt. W. J. L., Ro~al Navy, Admiralty Offi "'· 

London. 
Queen,J. W., & Co., Philadelphia ..•..•..•......•.•...... 
Gillespie, G. L., Major of Engineers, Ilo~ton, Mass ..... -... 
Kna.pp, Il. T., New York ...........•...•.........•..... 
Ilogart, J.P., Engineer Shellftahery Commission of Con-

necticut. 

Description of tidal bench-marks at West Point and Verplanck'• 
Point, New York. 

Time of low watornt Fort Sumter, South Carolina, nights of July 2 
en<l 3, 1~6k 

Geograpbical position of the observatory ou Mount Humiltunantl sur-
rountling stntions . 

.Magnetic declination at Wasbi.n~ton, Ark. 
Information as to published and unpublished <lata on A retie tides. 
Explanation as to time re"ckoning at tidal stations Honolulu, Saucelito, 

aad Saint Pan!. 
Li~t of weights ont.l nua1ml'f8 constituting a State set of standards. 
PositioD of tdg:onometrical station ° Snlwagt-s," off Rockpor·t, Mc. 
Tracing of hytlrog1 apby of Coney Islantl. 
Dcscriptiou of stations Roun<l Hill and Houml Bill 2. 

Powell, J. \V., Dirnctor Geological Survey . . . . . . . . . . . . . . . Descriptions anti geop'ILpblcai positions of three stations in West 
·Virginia . 

..... do ..•••••.•.••.......•..••..•.•••••.••.•...•.••.••... Geographical pusitious of forty.one et .. tions in Virginia and West 

Lan~erman, .A.. B., The :New York and Texas Land Com· 
pany, Austin, Tex. 

Powllll, J. W ., Di1 ector Geological Surve,y . . . • . • . . ..... . 

Boga.rt.,J. P . ................... - ..... -· ........... ··-····-······ 
O'Harrell1 I., Greenville, r.renn. ----- .......... ··---- .... __ . 

Brewer, H. W., U.S. Signal Office ....•.•...•.••...•..... 

Virginia. 
Three pamphlct·S relating to magnetic declination in Texas. 

Fifteen geow-a[thical positions io Northern Georgia. and Alabama. 
Prhjection vicimty of Ihidgeport. 
Information concerninl? tbo law regulutinj? the distribution of stan· 

Uard weights and measures. 
Ileight of bench.mark near North Vernon, Ind. 

10 Powell. J. W., Director Geological Survey ............. .. Eleven geographical positions in the vicinity of :r·recle1·ick, Md. 
Coast and Geodetic Sarvey pamphlets on te1Teah ial magnetism. 
Four Coast and Geodetic Snrvey )lamp1hlet~ on terrestrial magnetimn. 

12 Schwatka, Lieut. F., NewYork ........................ . 
12 Director of th~ Magnetic Observatory, Pa.re St. Maur, 

near Paris. 
12 Smith, ,V. E., As•istant Secretary Treasury............. Copy of compamth-e map of Rockaway Inl~t. 
14 Cook. Prof. George H., State Geol«>gist, New Jersey..... Traciu1> of Barnegat lnlet . 

. 14 Gardiner, ,J. H., Newburg ... •.•. .•. ..•.•. .•.••• ...•.•... .Formula for computing geotletic latitude anti the leIJgth of a degree 
of latitude a.nd longitude. 

14 Brown, .Allan D., Commiuule1·, U. S. Naval Observatory. . . Longltnde of Wheeling, W. Va. 
15 Powell, .J. W., Director Geolo~ical Snrvey. .•. •. . ..• . • . . . Ten distances an<l twenty azimuth• oflint,. in Wes• Virginia. 
16 WarDepartment---··- ............... ·-···· -··· .............. Tracing of topography of part of" 'Vest Point reservation." 
20 Shedd, J. W., Ch'il Engineer, Providence, R. I .•..•..... ·' GeovapbiClli positions antl tlescription•of eight trigonometl'ical points 

in Rhode Isla.ml. 
21 Vermeule, C. C., Topographer Geolo;ricaJ Survey of New Geodetic da.ta. for two primary tria.ngulation stations in New Jersey . 

.Jersey. 

24 

24 

26 

27 

27 

4 

4 
4 

7 

8 

8 

Powell, J, W., Diroctor Geological Survey .............•.. Geographical position of th~ Fairfax stone, Marylantl a11cl We8t Vir
ginia. boundary. 

Crowell, H.J., llosto:a .................................... 1 Tracing of shore of .Ilozzanl'• Bay f1om tbe he1Mlof AncootBayto 

I Weweantic Ri'\er. 
Stearns, Mr. F. P., Executive Engine:er, Enginoor's Dfl· I Dato and lrnight of all tides at Charlestown na.vy-yaTd, Boston, Mass., 

partment, Bostou, Mass. / rising morn than 12~ feet above mean low water during eightoon 

! yeal's between 1847 antl JSIJ5. 

Mabon, G. C ...................... ··-··· --····--·· ..... ·-·· ..... l Traciag of tl11·ee plane-table sheets, 'ricinity-0f Puget Sound. 
Powell,J. W., DirectorGeologicaiSurvey ..•..•.......••. ! Thrne latilndes on the southern boundary of l'cnnRylvaniawest of 

I 
I the llfa!J Janel line. 

Fairbanks, E. & T., & Co., Saint JohMbury, Vt ......... ! Vain• of tc·n sets of stamlartl w•+!l1l• detennined for them by this 
I -
I Bureau. 

Dnnn, Hon. P., M. C., House of RepreoenU.ti..-es, Wash·/ Informationcoucerniui:s•ttiu;zupof •inndi>rd balanoeat Little Rock, 
lngtoo, D. C. \ Ark., antl coo;·ermniz preservation of stantlatds. 

McElroy, .J. t'l., .Aspen, Pitkin County, Colorado ......... / On r .. Jation of('at1·nary to tajle aml wiremeasures. 
Winslow, .A.., };ngineer N. and S. Boundary, 1'..al~igh, N. C. Table of di1fcrenlial magn•tie declination for any lentil year, betwoen 

D30 .,,.11oou, for locality ot'hounclary near Cbarlutte. 
Powell. J. W., Director U. S. Geological Surv•y ........ \ Positions of stations Sognrloaf and Stabler, Md., their distances aud 

, mutual nzimutbs. 
Cook, Prof. G. H., State GeologlRt of New Jersey . ____ ... 1 One hundred antl fifteen g.o~'l'aph1cal positions and dllllCriptlons of 

I stations between Salem C:ret'k •ncl lllnmlce River, New Jeraey. 
Bai1-d, Prof. S.F .......................................... 1 :Map oflimitlSof Gulf Stream. 
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Dato. Name. Data furniic:;betl. 

---------------- - - -- --- - ---

1886. 

Afay 

June 

JO 

12 
13 

H 

15 

17 

18 

19 

21 

22 

24 

25 

Mallory, Capt. J.C., U.S. Engineers ..... --- ................... i Tracing of Barnegat Inlet. 

Keelo~g, Judge ......................... ···" ................. i Two comparative tracings of Rockaway Inlet. 
Armistead, C. P., E. L. ARylum, Williamsburg, Va ...... , llagneticd-eclination at Williamsburg and annual chan}!l'. 
Stone, Prof. 0., Director McCormick Ohser\"'ator;y, Uni• j .A list of resnltin_g north polar distance:_::. <if forty-fivB starn from yari 

versity of Virginia. l ous catalogues. 
' Lawver1 Dr. W. P., .As~a,rcr of the Mint. Wms!Jingt-0u, 

1
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APPENDIX N 0. 4 .-1886. 

REPORT OF THE ASSISTANT IN CHARGE OF OFFICE AND TOPOGRAPHY FOR THE YEAR 
ENDING JUNE 30, 1886. 

UNITED ST.A.TES CO.A.ST AND GEODETIC SURVEY OFFICE, 

Washi'ngton ]). C., June 30, 1886. 
SIR: I have the honor herewith to su bruit my Annual Report for the Office, with tLe Reports 

from each division thereof. 
On July 24, 1885, the Superintendent of the Survey was suspended, and the Assistant in 

charge of the Office and Topography, the Disbursing Agent, the Chief Mechan~ian, and the Elec
trotyper dismissed. The Superintendent subsequently resigned, and the Assistant in charg~ of 
the Office, who had been dismissed when performing that duty, was reinstated as Assistant in the 
Coast and Geotietic Survey, but he was not again instructed to resume duty in charge of the 
Office and Topography.• It was owing to these changes that I was instructed, July 24, 1885, to
perform the duties of Assistant in charge of the Office and Topography, by Superintendent 
Frank M. Thorn as soon as he took charge of the Survey. The ordeal through which the Survey 
has passed during the twelve months just ended has been a most trying one; that it has sur\"'in"!d 
is, I believe, largely owing to its own merits. In the midst of, and notwithstanding all its trials~ 
the work has gone on steadily: every objectionable business method being discarded as soon as it 
was found, and economies introduced wherever an opportunity offered. From variorn; cause8 the 
duties which I have had to perform have been exacting and laborious. That I have been able to 
get along with them at all is due to the cordial support I have received from each and every Chief 
of Division in the Office, most of them trained and tried in the duties they perform so well. 

On July :n, 1885, when I had been in charge of the Office three days, I was instructed to 
report on its condition, &c., which I accordingly did, giving facts as to some matters and opinions 
as to others. In two important matters my judgment was at fault. One was in regard to the 
force required in the field, or the normal force; the other as to that required in the Office. On 
each of these subjects I am now better informed, having bad a year's experience in their practical 
management, and I make this mention in explanation of some of the recommendations which I feel 
it my duty to make in the best interest of the public service. I will here allude to oue practice 
which in my opinion tendetl most to impair the efficiency of the Office. This was the doing of 
work, chiefly by draughtsmen and engravers, out of office hours, either for the Survey itself or 
for other parties, for which compensation was received in addition to their regular salaries. The 
effect of such a practice was to impair the efficiency of the persons engaged in it. 

· Both of my predecessors, Assistants Cutts and Boutelle, had endeavored to get rid of it, and 
the latter, in conjunction with Assistant Ogden had practically abolished it in the Engraving Di ds
ion, but failed in the Drawing Division for la.ck of that support from higher authority which I have 
received. The practice is now entirely discontinued in every department of this office. 

The Computing Dh·ision has remained under the charge of .A.ssistan t C. A. Schott. Its pro
ficiency has been maintained, although it, with other Divisions of the Office, was seriously crippled 
for some months and its members kept in a state of continual excitement. An unusual unmber of 
queries have been answered a.s to the Magnetie Declination in the United States, which matter has 
now reached a. point when steps should be taken to place the information which has been so care
fully gathered by the Survey, through iRI own observers and from every other available source, in. 

115 



 

116 L'XI'rED STATES COAST AND GEODETIC SURVEY. 

tlie hands of e\·ery conuty surrnyor and clerk of court in the United States. The adjustrneut and 
rectification of many old boundary lines depends npou authentic information as to the magneti~ 
variation at uiflerent alJ(l often remote periorls. It is therefore important to disseminate this in for· 
mat.ion and rencler it every where accesRihle by its free distribution. The cost of doing this need 
not exceed 50 centi'l for eaeh county throngliout the countr.Y. 

'J'he force of the, Computing Di\·ision is imtdequate to the work demancletl of it. At least three 
computer:'! should be provided for, iu addition to the present force, at an average salary not exceed· 
ing $1,:.!00 each. This force, with such help as could h1~ bad from members of the normal force 
temporarily unemployed in the fielcl, would in a few ;\·ears bring the work up to date. 

'l'lie valuable contribution of mag::ietic data b~: Lieutenant Greely's Polm'. Expedition ha;; been 
prepared for the press 

Assistant Schotfs intl•resting report of the operations of the Computing DiYision is herewith 
trau s mi tted. 

The Drawing Dirisio11: Mr. IV. T. Bright was clerk and practically at the bead of tlle Draw· 
in~ Division to September ;:w, when he ceased to be longer' connected with tllc Sun·ey. Mr. T .• T. 

. O'Sullivan was then placed at its heacl, where he rem«inetl until his death, March 5, 188G, since 
whid1 time it has been in charge of Assistant E. Hergesheimer. The work of loo king up, arraug
ing, a11tl c:italoguing the various drawing;;, sheets, &c., which was begtm by Mr. O'Sulli,·an, has 
been continuetl by l\lr. Hergeslrnimcr, whose extensive k110wledge and great ski 11 in all matters 
pertaining to the care of original sheets and the production of drawings and charts has been of 
gTeat sc~n·icc to tLe Office. I take great pleasure in acknowledging the skill of 1\Ir. Hergesheimer 
aml ltis \'aluahle assistance, and beg to call your attention to the fact that such 81:ill an<l knowl
Pdg-e as his \rnuld he but poorly recompensed evcu at a salary of $3,000 per-aunum. 

The force of skilled draughtsmen is entirely inadeqnate for the work that ought to IJe pet·· 
fornH"11. At least Rix young men shoultl be added to the force, at average salaries not excet>ding 
$1,~00 iwr annum, to he ilwreasecl as they gain in proficienc,y. The;y should all be of the class 
from which <lranghtsmen for plwtolithographic work are recruited. 'Ve haYe 110'\V enough ot 
mediocrity. The force witli the addition indicated. would, with such assistance as could be n•n
dere<l by the members of the normal force not engaged in field work, from time to time be able to 
procluce some of the ch,irts for which we have the field-notes nQw on hand, awl of which tl1e 
public is dcpriYed of the nsc for want of force to get them out. 

Endeavoring to cany out my ideas of economy, I immediately on taking c barge of the Offiel' 
began to look for competitors iu photolithographing such of our charts as we wished to publish 
hy that process. With this aim I wrote to all the leading firrmi within easy reach, submitting th<: 
1lrawings an1l asking estimates on one or two of the simpler jobs. The result was a great range 
iu price:>, the biJs of tlie firms best acquainted with the requirements of the work being very near 
together, while those not well acquainted were either excessively high or ridieulonsl~' low. I tried 
the lowest bidder once or twice, aud there was an entfre failure to 11roduce an.vthing in some of' 
the works estimated for, and in other::1 there was a result so poor as to be rejected eutirel;v. Aclver· 
tiseu1cnt fo1· such work is entirely out of the question, and sending tbe finished drawiugs from 
place to plucc is ruinous to them, so that I am compelled to use a wise discretion iu the matter, as 
my predecessors ha Ye done, and employ the best until other firms come up to our standard in this 
class of 'l>ork, so as to have a fair competition. 

The Engraving Division continues under the charge of Assistant Herbert G. Ogden. That Urn 
work of this illlJlOrtant Division of the 0 fficfl ww; for a time seriot1sly impaire.l by matter's over 
which its Chief had no control is too true; th~ dismissal of the electrotyper, and the death of his 
assistant soon after, deprived us of all facilities in that direction for a time, bnt this has been, or · 
will be, more than made up iu a short time by the present increased efficiency of the electrotyping 
and photographing establisl1ment. The reduction from original sheets by pbotographJ and the 
mounting of the photographs correct to scale has been successfull;y accomplished by Mr. D. C. 
Chapman, the electrotyper and photographer. This introduces a great saving of skilled labor, 
since it dis}Jenfes with the services of draughtsmen for making many reductions for engraving, 
which formerly occupied much time. Every economy bas been practiced in the purchase of ma
terial and snpplies in this tli\·ision, and Mr. Ogden has been indefatigable in bis efforts to lessen 
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expense iu ernry direction. Inquiries into the prices and qualities of different papers for use in 
printing charts ha\e been continued and are still in progress. The selection of chart papers 
requires great judgment, and skill in manufacture is essential; they must combine man_)' good 
qualities and few manufacturers can come np to the requirements. 

Tl1c force of cngrawrs is entire!.)· inadequate to the requiremeuts of the Suney. We need 
at least four more ;young meu, at an a\'erage salary of $1,200 pzr annum, to keep up with-work 
enn wl1en the DiYision is reliewd as much as practicable hy })hotolithography. 

The excelleut arTaugemeuts made hy Assistant C. 0. Boutelle in the Chart Priuting Hoom 
lean1 hut little to be <lesirell there. The work is \\ell anti economically done b.'\· the force unrler 
}fr. I<rank l\Ioore, and l\Ir. Ogden expressel'\ himself satisfied. 

As I have done in the case of the Drawing Division, l now iu the case of the Eugra\·ing DiYis
ion call yonr especial attention to the inadequacy of the pay of its Chief. A man. of Ur. Ogden's 
attainments is worth 83,000 as Chief of this Division, and he ought to get it for ser\'ice actually 
rendered. 

Tue Instrument Dh-ision: This important DiYision of the Office has beeu much imprnYed 
undf'r the management of Mr. Andrew Braid, Assistant, who took clrnrge of it early iu August,_ 
1885. Its expenses haYe heen reduced iu 11..ie matter of outla-y, new work has been tunu'd out in 
addition to the usual repairs, and I hope by the close of the present fiscal year to hm·e a Rhop 
equal to the production of· much of the expensi\·e work that we require. To Assistant l'. 0. Bon· 
telle is due the credit of lrnxing begun in the right direction in the Instrume11t Shop. 

For want of proper books and in\entories we could not readilr account for the iustrnmeuts 
belonging to the Sur,e.r, but an effort has been malle to get everything entered on a set of books 
that have been openetl; inventories have been prepared and the instrmneuts are now all eutered 
thereou; the general propert:y has like>l""ise been inwntoried. This lahorions duty has heeu per
formed mainly b.r ::\Ir. Braid. 

In addition to the labors incident to a thorough overhauling of the shop, hooks, and accounts 
of tlie lni,;trmuent Division, Mr. Braid has been charged with the details of the \Veights aud 
Measures Bureau, which !1e h·as mastered and performed with skill. I cannot express too strougly 
my appreciation of his sen·ices. • 

If tlle (lnties that be has performed for the Coast aml Geotletic Snrw~· are worth a11ytl1iu~ 
they are rielJly worth $:3,000 per aunurn. 

The Di\isfon needs a good clerk with qnalifications necessars to enable him to assbt in 
adjusting- and testing the instruments, and the pay should be about $11200 per annum. 

The Tidal Division had been found by Assistant C. U. Bontelle to be far behindhand iu its 
worl;. "Mr. H. S. Avery, who 11ad been its hea{l for many ~·cars, resigned September 30, 1885, and 
was succcc<k(l h.r l\Ir. A. S. Christie, under whose direction the records have been thoroughly 
o\·erb:mlcd, autl a new era of earnest work inaugurated, about in the same line as hau been pre
arranged b~- Assistant Bontelle. Owing to the calls for our tide tables as much as niue or ten 
months in advance, I ha\e directed that the predictions for 1888 be completed as soou a!> pos
sible, and it is boped that the tables will be published early in January. To Mr. Uhristie aud l\Ir. 
Shidy particular credit is due for the accurate manner in which lll'edictions have been malle an(l 
the proof read of these tables for 1887. This Division of the Office is now in good discipline, 
and the work s;rstematioally laid out and Yigorously prosecnted. Two additional co1111mters at 
aYerage salaries of $1,000 could be profitably employed in this work. 

The l'tliscellaneons Division has continued under the charge of :Mr. l\L W. 'Yiues, Ge11eral 
Office Assistant. He has conducted all of our business with the Govl:'rnment Printing Olfiee with 
his usual good judgment and promptness, attended to ttie extensirn correspondence with our Chart 
Agencies, and continued bis improvements in this service, and has heartily co-operated witl1 me in 
all efforts to introduce economies, whether in the matter of original purchase or in the economical 
use and good care of our property. 

The Ohart Room has, under his charge, greatly improved both iu ad111i11istmtion aud iu its 
accounts. Steps have been taken to guard the disposal of the charts aud to enable mi to account 
ior every one printed. It entails much labor ou the one man in charge, mme perhaps than he can 
be expeetecl to do thoroughly, but by continued efforts and the aid of a perfected system it is hoped 
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that l\Ir. Eichl.101.tz will prove equal to tile task. The messengers and laborers have been under 
tue control of ]Ur. Wines, as ha\'e the office wagon and many other minor matters not involving 
great resvousibility, but the proper management of which goes far toward facilitating business. It 
llas at times required very close management to get the messengers and laborers' work in the Office 
thoroughly well <lone on account of the scarcity of this kind of help; and we would be crippled 
"·ere these men not particularl;y skilled in their duties. 

The Lil.nary and Archives was without a hea{l until NoYember 14, 1865, wbe11 l\fr. Artemus 
)fa1·tiu was appointed to the position. I had hoped that we should have a first-class arrangement 
of our beoks and <la ta from the time lie took bold of the matter, but he has proven quite unequal 
to the task, one spell of sickness after another ha\'ing so prostrated him that he has done little or 
nothing to iwprore matters there. A very fair arrangement of the Tidal Records llas l;een made 
b_y l\lr. Duesberry, and be ba1:; re-arranged a lot of miscellaneous matter in one of tile u111ier rooms. 
With tbis exception, the DiYision ha..'> made i10 progress. 

The Accounting Division was under the charge of 1\lr. W. D. Morgan up to 25th Jul~·, 1885, 
when lie ceased to be at its head, and the dut.y was assigned to Ur. George A. Bartlett,, Disbursrng 
Clerk of the Treasury Departmeut. The accounts were audited in the Coast Surrny Office h.r the 
Coast Survey Accountants, and ou presentation, duly certified, they were paid by Mr. Bartlett. 
To the courtesy of this gentleman we are much indebted, and notlling Las beeu left uudoue by 
Lim to facilitate our work. It has been a great burden on him a11d a great responsibility, for wl1ich 

• -some compensation is justly due him. Tl1e Coast and Geodetic SunTey should uot, in my opinion, 
be left witllont a disbursing agent. As matters now arc, it is quite impossible to have a strict 
~tccmrnt oft!Je public property kept. Great improvements have beeu made, but tl1e limit has been 
11early reacued beyond which we cannot advance until we have a well-organized disbursing office, 
whit!h .-;hall likewise be charged with the property accounts. It will invoh·e some expenditure, hut 
I t lliuk it wonltl lH• wise to ma,l;:e the outlay and ue able to account for everything belonging to the 
Survey nt an;r time. 

Ur. W. B. }'rcnch has been untiring in his efforts to facilitate tho lmsiness of tlJe Office. M.r 
illcrt'<Jt:"('(l responsibilities ba,·e been fully shared by him, and he has under my direction rec<•ind 
am1 accountecf' to me for all of the moneys coming to hand on Coast and Geodetic Survey ncconnt. 
J tah gn•at pleasure in commending bis zeal and fidelity and in expressing my obligatious to Lim. 

During the year the Office has lost b;y death the services of the following-named employes: 
(I) Samuel lleiu, April 13, lSSG. Mr. Ilein had sen·ed as Disbursing Agent of the Survey for

U tl\nmls of thirty· two years. His deatlt took place shortl:)· after he bad resigned llis position as 
Lihrari:rn, i 11 which capacits he had remleretl serdce uuring eight years. 

(~) T .. J. O'Snl!irnu, dranglitsma11, l\Iarcli 5, 1886. For six months preceding he liaJ been in 
clrnrgP of tLe Drawing Division. 

('.{) l.onis Karcher, t1raughtsmau, FdJI'Uary 16, lSSG. 
( 4) \\", R l\lapes, acting aid, Februa1·y 25, 188G, while on field serYice on the Florida coast. 
(5) :Frank Over, assistant electrotypist, February 19, 1886. 
(G) Hazzard l\IcCoy, mail messenger and Jriver for the Office, March 10, 1886. 
(7) Uichanl ·waters, fireman, August 30, 1885. 
The statistics of 'rnrk accomplished in the Office <luring the past year, accompanying this 

Heport, show that notwithstanding the drawbacks aud trials and loss of time consequeut ou the 
numerous investigations carrieu ou in the building, involving of necessity some clemoralizatiou on 
the part of a portion of the per.~onnel of the Office, there has been an amount of work accomplished 
which is creditable au<l praiseworthy. Both in quantity and quality it is fully up to tqe standard 
which bas characterized our previous pulllicatfons and bas so often eiicited high praise from all 
parts of the world. 

I l1ave strong hope that the coming year will show increased efficiency, and shall <'lliploy every 
rneau8 in my power to secure it. 

Yot1rs, respectfully, 

Mr. F. :M. TuonN, 
Supcl"intendent Coast and Geodetic Survey. 

B. A. COLONNA, 
Assistant Coast and Geodetic Suniey, 

In cha.rye of tke Office and Topography. 
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REPORT OF THE COMPUTING DIVISIOX, COAST AXIJ GEODETIC Sl"RT'EY OFFICE; FOii THE FISCAL 
YE.AZ: EXDIX(~ ,ffNE :lO, lf'SC. 

CO:MPtTTING DIY1SION, COAST AKD GEODETIC SURVEY 0FF1CE, 

June 30, lSSG. 
DEAR SIR: In conformity witll regulations I htffe the llouor to submit the usual report of 

work done by tlle seYeral computers and attaches to this diYision of the oflicc for tl1e fbcal y1•ar 
ending June 30, 1880. • 

The charge of the Computing DiYision was continued with the undersigned, aud the 011l_y cbaug.:• 
in tl1e personnel was that of the transfer of l\Ir. A. S. Christie to tlle head of the Tidal Dirision 011 

October 1, occasioning a Ios;; of computing force during uinf\ months, as his pince l1as 11ot l1ee11 
filled. Tlie computation of telegraphic longitude work had to be suspended entirely in conse
quence of this loss. The temporary help was Yery limited; Mr. \\~. A.uhagen was attached dnriug 
July; Mr. J. Nelson reported for duty October IO, aud was detached November !!8, 1885; :\Ir. ,J. 
\V. G. Atkins reported for duty December 7, 1885, and n·signcd his position in Hie snrny Jmnrn1'.'. 
20, 1886; Mr. \V. B. Fairfield remained with the Computing Dh-ision from January 13 to h·hrna1y 
17, 1886; Assistant E. Smith was attacheu between .Ja11uary 13 and April 12, 188G; .Assi;,!a111 C. 
II. Sinclair was attached between February 23 and :March 31, 1886; Sul.Ja:,:sistant F. Il. Par~011s 
reported for duty April 2, 1880, and coutiuued to the dose of the fiscal year. ]11 cuu:w11m·11ec ot 
heavy calls for copies of descriptions of stations and for geogra11hical po;.;itim1;.;, sen•ral writers 
were temporarily employed. 

Besides the work of tlirectiug, supervising, and reporting results of tlle cou,putation~ performed 
in this Di\·ision, the preparation o.· data and the fnrnisliiug of professional informaiiuu called for 
by office correspondents as well as for regular field use li,v tllc survey parties, I ham cumpntell 
the distances and directions of a number of positions lyiug in the geodetic line forming part oi' tlie 
boundary between Nevada and California, and nearly four hundred aud five statute miles iu leugth; 
have brought out a memoir on the Magnetic Dip and Ju tensity, illustrated by thret. maps of tlie 
United States showing the distribntiou of the magnetic dip aud the distribution of the horizontal 
and total intensities of tlle eartlf's magnetic force; ham written au article for use-by the Geueral 
Land Office on the magnetic declination in the United States; have written a report showiug the 
methods and formulrn applied to the computation and least square adjustment of the "Davidson 
~nadrilaterals" in Ualifornia, to serve as a specimen of the treatment of such large operatiuns 
by t~ Survey; have advanced the discussion of the secular variation of the magnetic declination 
in the C nited States, preparatory to the sixth edition of this paper; aml in J uue took up the compu. 
tation, discussion, and preparation of the records for the pre:;;s of the astronomical and 111agnctie 
observations made by the Uuitetl States expedition to Lady Franklin Bay, 1881-'84, Lieut. A.''"· 
Greely iu command. I also made the usual annual ru:ignetic obscnTatious in this city. 

Chiefly through tlie labors of l\Ir. E. Il. Courtenay, the 'Computing Di\·isiou was allle to hliug 
out for publication the geographical positions and otller geodetic data determined in the States of 
Massachusetts ancl Rhode Island since the beginning of the SmTey; 1,IG2 points iu the former, and 
314 in tbe latter State-all based on the standard astronomical data of the Survey and referred to the 
surface of the spheroid known as Clarke's of 1866, and completel,v harmonious, the unavoidable small 
discrepancies adhering to all measures having been removed by dispersion through adjustment. 

The work performed by each computer during the year is herewith appended in detail. 
Edward II. Courtenay was chiefly engaged upou ti.Jc adjustmeut of the various tl'ianguhttious 

executed in Massachusetts and Rhode Island, and in preparing the geodetic results for publication. 
This included also a recomputatiou of the Borden triangulatio11 of :\1nssachusetts, strengthem~d by 
connection with the Coast and Geodetic Surrn;y. Be made fair progress with the work of placing 
the old triangulation of Connecticut and New York 011 standard geodetic data, and with the com. 
putation of the modern survey of the western part of Long Islaml Sound, 1881-'85. Ile also has 
the geographical registers under his charge, takes care of the duplicate records (astro11owic, geo. 
detic, and magnet_ic) of the Survey, aud prepares geodetic data for field or office use. 

Myrick H. Doolittle computed the new triangulation (188!) of the Delaware River a burn Phil· 
atlelphia; prepared abstracts of horizontal directions at tbe 11rimary stations Mount Diaulo, Sierra 
Morena, Mount Bache, Mount Toro, California, and of Toiyabe Dome, Lo11e l\Iountain, J\fonnt 
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Callahan, Eureka, alHl 'Vhite Pine, X e\·ada ; established and solved the normal eq uatious subsist
ing in the Yolo Ease figure, California; adjusted and placed the various triangulations in the 
Yicinit.r of San Francisco Bay, 1851-'SJ, 011 standard geodetic data, and adjusted the main trian-
gulation of NeYada between ""hite Pine and the western boundary of the State. • 

.Alexander S. Christie furllishctl star places for latitude computations, and compnt<:d tlle 1iue 
of spirit-levels within and from the District of Columbia to Ashland, Va., 1883. 

Charles II. E.ummell re\·ised abstracts of angles of the triangulations in New Ham1mltire, iu 
Xew York, in Hhouc Island, aml iu Connecticut, computed the triangles about Coney Islanu, New 
York, 1885; assisted in the computation of geographical position!'\ on standard data in the States 
of l\Iassaehnsetts and Rhode Island; soh"ed normal equations arising from the figure adjustment in 
the old aml new triangulations in l\fassaclrnsetts, Hbode Island, ancl Connecticut, and attended 
to miscellaueous geodetic computations. 

Henry .Farquhar computed. the following astronomical latitudes: stations Tassell, N. Y.; Cape 
l\fay, N. ,J.; Saint Louis,l\Io. (1869-'70-'81); Strasburg, Ya.; l\Ionnt Toro, Cal.; Blue Duck Uidge, 
La.; supplied reYised star. places for nine latitude stations in California and prepared 1:1rar places 
for fiehl parties. 

Alexander Ziwet reYised angles of tbe triangulations of New Hampsllire and of l\lassacbusetts, 
188!; plotted the resultiug magnetic dips aml the horizontal and total intensity on the magnetic 
charts accompanJing my memoir on the snbject; assisted in the solution of normal equations (Dav
id8on quadrilaterals); reYised the latitude computations of Tassell, N. Y ., and of Pioche, Ne\',; 
computed the azimutll of Carson Sink, Nev., and reYised tlie azimuths at Mount Tamal1iais, Mount 
Diablo, Mount Helena, _Mount Lola, Round Top, Southeastern Yolo base, Northwestern Yolo base, 
31onticello, and v;ca, Cal.; reYised the azimuth computations Hunter am1 Jeilerno11, i\lo., and 
Keene;y, ,V. Va..; aml attemled to Yarions miscellaneous geodetic work. 

,John Il. Boutelle hall temporary charge of the .Archives in ,July and part of August; assisted 
in the computations for geographical positions in ·New York, l\Iassach usetts, and Rhode fol and; in 
rC\'ision of abstracts of angles and <lirections and otber miscellaneous geodetic work He also 
assisted in copying or preparing geodetic <lata for field and office pitrties. 

Philander R Stansbury attended to the clerical duties of the Computing Division, cop_ying 
reports au<l geographical positions for office registers, and. furnishiuS" copies of descriptions of 
stations for field parties. 

Temporary assistalice was assigned as follows: 
vV. Auhagen compntetl geographical positions aml revised abstracts of anglcK, l\fassachu-

setts, 1884. 
0. D. Gedne,y, co1Jied and duplicated records. 
E. A. Trescot, copiefl descriptions of stations aml did general clerical work. 
J. Nelson reduced obserrntions of spirit-levels between A"hlaml aud Old Point Comfort, 

Va., 1884. 
J. '''· G-. Atkins attended to corn·ing, miscellaneous revisions, and computations. 
W. n. Fairfield was engagecl in re,·isiug angles, triangulation of Long IHlantl Sonu<l arnl 

slrnres, 188.'.i. 
Assistaut Edwin Smitli com pated differences· of longitude in connection with Transit of Veuus 

work of l 87 -1, aml difference of longitude Fort Sel<Jen, N cw :\Iexico, and San I1'rancisco, Cal., 1882; 
also computed some magnetic observations, Alaska and Utah, 1885. 

G. Herbert and C. "'· Schreiner attended to special copying of geographical J>Ositious for the 
l'aeitic coast registers. 

Assistant. C. II. Sinclair reduced transit olJserrntions at Kansas <Jit,r, :\io.1 1885. 
Suba!'isistant F. II. Parsons was engaged. in revising abstracts of horizoutal directions, com

puting probable error of star places, re\·ising geo<letic computations in connection with geograph. 
ieal JlOsitions for the registers, and other miscellaneous work. 

Yours, respectfully, 

l1r. B . .A. COLONNA, 

Assistant in charge Office mul Topography, 

ORAS. A. SCE10TT7 
Assistant in charge Comptlting Division. 



 

CNITED STATES COAST AND GEODETW SCRVEY. 121 

REPORJ' OF THE J.JIU TrISG DIVISIOX, CO.!.ST .. LSD GEOJJETIC Sr:lifEY OFFICE, FOH TIJ r .. · }'L!R 
ESDIXG JCNE 30, 11"8C. 

COAST AND GEODETIC SURVr:Y 0FI'lCE, DRAWING DlTlSIO::\, 

1raslti11gto11, September 10, 1S8u. 

DEAR Srn: I respectfully sulnnit tlle following report of the Drawing DiYi:siou for tlw yem 
ending June 30, 1886: 

The Division Cl)ntinued ia cLarge of ::\Ir. \Y. T. Bright until September 30, 1885, wheu lH· wa;; 
relieved b;r l\Ir. T. ,r. O'Sullivan, who continued iu charge u11til liis death, :'.\larch 3, 1886. I'rom 
)larch 11 to elate it has been in m,Y charge. 

Tue following persons ha Ye eoutinuetl as tlraugbtsrnen tluriug the wliole year: :Messrs .. A. Liu
deukolll, H. Lindenkohl, C. Jnnken, B. H. Fowler, E. .T. Sommer, r. li'.richsen, E. J\lolkow in the 
Drawing Division; .E. 'Yille11bncber, F. C. Dmrn, and IY. C. \1'ille11bucher on dutr in the Hydro
graphic Division, and J. H. Barker in the .Miscellaneous DiYision. 

Others were employed <luring iwrts of the year as folJmYs: 'l'. J. O'SulliYau, from J nly 1, 1SS5, 
to September30, 1885; L. Karcher, from Jul.r 1, 1885, to February lG~ 188G; C. l\lahou, from October 
12, 188:3, to date; E. A. 'l'rescot, from December 10, 1885, to date; E. II. W J'Yill, from l\Iarclt 2:.?, 
1886, to <late; J. 011.Jerg, from May 13, ISSG, to date; \V. H. Beutou, from April 15, 188fi, to date. 

The following persons were employed ou miscellaneous and cledcal dnts: J.C. Barr, from 
July J, 188.'J, to September 17, 1885; W. A. Herbert, from Octolter l, 1885, to ::\larch 10, 1886; A. 
D. Sinuns, from April 15, 188G, to date; F. Ca<lel, :from October 1, 1~ 85, to l?elmrnry l, 1886; K. 
Lawn, from October 13, 18'5, to February 1, 1886. 

J\lessrs. ,\. Linrlenkohl, H. Liudenkobl, C. Jnnken, E. H. Fowle1·, aml E .• l. Sommer were eru
}lloyerl upon topographical and hydrograpllic reductions, compilations, and projections for tielll and 
office work. 

l\Iessrs. P. Eeicltsen, E. ~Iolkow, and C. l\Ialton were most]~· employe(l inking phme- table ;;beets 
and drawing· miscellaneous sketclles. 

:\Ir. A. Lindenkohl has kept np the Progress Sketches for the .Annual Heport. 
:Me!:"srs. H. Liudenkohl, T. J .. 0'8tlllivan, E. H. Fowler, E. J. Sommer, E. l\Iolkow, r. El'icltsen, 

antl E. A.. Trescot haYe made :finishell drawings for photolithograpl.Jing. 
~Iessrs .• T. Olberg, E. H. Wyvill, E. A. Trescot, and "'· IL Bentou have made tracings of 

topogra.plJical aml h,rdrograpl.Jic maps and sketches. 
Mr. E. H. Wy,·iU was employed most of the time and .Mr. E. l\Iolkow at times npou projection::; 

for field-work. 
J.C. Ilarr, \V. A. Herbert, A. D. Simms, F. Oa(lel, and K. Law11 \'.-ere employed upo11 miscel

laneous and clerical work. 
From October 12, 1885, to April 12, 1886, Assistant 0. T. Ianlelht was employetl inking plane

table sheets and making sketches of limits of original topographical and l!ydrographic she.ets. 
During the ;rear work was done upon the following charts and maps: On eleven general diarir.s 

from 1-1200000 to 1-200000 scales; on twenty-six coast charts, 1-80000 scale; on sixteen harbor 
charts of various scales; on twelve cliarts of rnrious scales finished drawing was done for photo
litbograpbing, of which eight were published during the year; forty-three plane-table sheets were 
inked wholly or in part; one hundrecl and four projections were made for fielcl-work; forty-seYen 
tracings of original survess, topographical aucl hydrographic, were furnished during ti.le year at 
the request of other branches of the Government and private parties. 

The usual amount of verification of engra\'ed topography was doue aufl au aYentge 1rn1111Jer 
of projects for new charts made; 

Respectfully, yours, 

Mr. B. A. COLONNA, 

Asai.atant in cliarge of Office. 
H. Ex. 40--:16 

E. llERGESHEDl.Eli, 
Assistant Cvast nnd Geodet-ic Survey, 

In ckarge of Draicing Division. 
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Dl~A WING Dl Y 1810.X .. 

Charts completed or -in prog1·ess dul'ing the yem· cndi11g June 30, 188G. 

1. Topography. 2. Hydro;:raphy. 

Numbers of! 
cJ:arb. · 

: I 
S 

. ,Cata·: 
enes. ;1ogue.i 

I ! 

Title,.,, of charts. 

GEXE:f.AL COAST CHARTS. 

Ea 
: 

! Apprroachcs to Xew Y"ork·----------·---··· ··----i 
I 

XVI 

., 
3 

7 

14 

10 

2~ 

31 

3~ 

50 

54. 
()3 

64 

G5 

66 

89 

90 

9:! 
Q.j 

]]~ 

11 
10 

18 
20 

21 

JO! 

10:.! 

10:1 

]07 

114 

116 

124 

131 

13'.! 

130 

134 

IG3 

lGJ 

165 
166 

189 

WO 
192 

19-1 

212 

, 6G3 

30.j 

306 
952 
353 

~ 3:>8 

3G9 

379 

391 
4at 
440 

453 

454 

4544 

455a 

480 

610a 

621 

632 

OUc 

643 
662 

Yicini1y of Chan<leleur I~lancfa _ ... _ ... ___ ........ ;
1 

Atchaf.lJa:va lhy t.o G.ah:eston ..... - ............•. ! 
GalvPston to Tiio GrandC', Tex ............ . I 

COAST CIU.llTS. 

I Eastern houndary to Seal Islands ...... ···········t 
Seal 1sland Li:;ht to Pet!t Ynnan Island Light .. -I 
M11unt Desert Islana, Frenchman's an<l Blue Hill I' 

Hays trnil approach('S. 
:;;f'gnin hlnrnl to Kennehnnk1l0it .. -- ... ·-~ ....... \ 

Long-lslarnl 8ouod. eas1ern riaTt ----- ....•. ······: 
Lon~ lsldrnl Sonrnl, weatcrn part .... -- ..... - .. - -·I 
Approaches to Delaware Entrance. ---- .......... ~ 
i:_nt~--ince ~~ c~~sapeake Ba~. Hampton l!oads, &c.I 
~o ..... Y'u1k Ilner to Pocomoke Sound ..•.•...••.. ; 

Cape Fe:ir lti~er antl .-icinity, North Carolina -- - -1· 
Long Islam! to llnnting Is1lnd . ·-- ... -·- .•..•••.. 
In<lia11 Iliv<.'r Inlet to .Jupiter Inlet, Flmida ....•. ·I 
J~pitm· I~fot to Ililliitlloro' Ti~lct ... ___ .......... --j 
li1llsuoro Inlet to Cape Flomla --- .......•. -·--··I 
Key Ilisca_yno to Car,vsfort Reef ................. , 

Bon S1~cour~ Ilay toI:oundlslancl ----·· .......... 
1 

Rounrl l•land to Grand Islan<l ··--· •.•..•. _ .....•. ' 
Chandclonr aml Breton Island Sounds ........... . 
MillSLsippi Ri<"er from the Gulf to Grand P•·airie. 
From latitude 20'' 331 to the Rio Grande ......... . 
Puget Souutl ............................. . 

BA11UOH CHARTS. 

Pleosaut Bay and Prospect Harbor········--···-· 
Frenchman's Day and Somes' Sonml ............. . 
Port of Prondcnc" .............................. . 
Narragansett Ilay ..•..............•........... _ 
Fisher':l T~lantl Sound_ .. _ .•.......•......... 

Xf~w York Ba.y anU Harbor ........ ·----·-- ..... . 
Delaware Breakwater ...•.•.....••••.........•... 
Potomac ltiYcr No. 4 ..•.. __ .. d _ .................. . 

Charlestonllarbor ····-······--······ ...... : ..•• 
S.'lvannkh Ri.vcr and Waesaw Sound ......•...... 
Fernandina Entranc<' ........•......•.. , ........ . 
Saint John's River, Florllln., entrance to Ilrown's 

Creek. 

Saint John's Rl\·er, Florida, entrance to Jackson
ville. 

Saint John1s Tiiver, Florltla, Racey's Poi.nt to San 
:Uat<io. 

Ce<larKoys. Flo1i1!11 .•••...•.•.................••. 
Wilmin~ton and San Pedro Ilarbors, California._ .. 
San Francisco Il:iy Entrance ......•. _ .. _ ..•....... 
HnruboldtBa~·. Califomin ...................... . 

Colwnbia nlverNo. 5, Kalama to Willow Bay ..•. 
Gray's Haroor, W'Mhington Territory ...•.. ······i 
Pni::etSonnd ..• ·····---·-·· -·······-·········---[ 

Scale. Draughtsman. nemarks. 

1-400000 I 2. II. and A. Limlenkuhl. 2. C. ~ Pbotolitbo;.::ra1>h'. com-
Junkcn. i pleted. 

1-40000012. A. Lintlenkobl ..•.....•......•• ; .A<lclitiuns. 
1-400000 1, 2. A. Liut1eukohl .. - .... - .. - ..... ' Do. 

1-400000 ! 2. A, Limlenkolll. Do. 

1-80000 Ii. C.Junken .......•.•............. 
1-80000 j 2. A..Lindenkohl. 1. C.Junken ... 

1-80000 I 2. C. Jnnken ·-·-····-·······-·· 
I 

1-80000 I 2, A. Lindenkol1l ..... _ ........ . 
1-80000 i 1. A. UmlenkoLI. 2. C.Junken .... 

1-80000 \ 1, 2. C. Ju~l<en ....... ·······-····--· 
l-80000 I J. A .. Lindenkohl. 2. C .. Jun ken . __ 

I 
1-80000 \ l· II. L'.ndenko!Jl .... :_ ....... ..... . 
1-SOOCO 1 J. A.Lmdenkohl. .....••......•••. 

1-80000 [ 2. A. Lindenkohl 
J-80000 : 2. ll. Lindenkobl. 2. C. Junken 
1-80000 l i. E,J.Sommer .........•........ 
1-80000 I 1. E. J. Sommer .. _ ........... _ ... __ . 
J-80000 I 1. E. J. Sommer .. __ ............. __ 
1-80000 2. E, .J. Sommet' ........... _. _ ..... . 

1-80000 

1-80000 
2. C.Jnnl{en ______ -···········'-···· 
2. A. Lindenkohl 

1-80000 2, .A..Lin<lenl<ohl ··-·-·-· ... 
1-80000 2. A. I.imlenlmhl ....• 
1-80000 1. Il. J,imlenkohl 
1-80000 !. A. Lirnlenkohl 

1-40000 1. 11. Londenkohl ....•.••••.....••.• 

Completed. 
In prOJ::Tef'S. 

Do. 

Addit:ons. 
J>boto1itbograph. 

Iu progrC's~. 
Do. 

Atlditi1m.:;. 

In }H'(J~rcsi:i. 
Do 

Do. 
Do. 
Do. 
Do. 

Atlditiona. 
Do. 
Do. 
Do. 
Do. 
Do. 

In pro~rei::is. 

r.:o. 
l-4COOO, J, E. Jllolkow....... •.......... A<lditiou.. 
1-10000 1. E, J. Sommer ...... _ .. ___ ..... _ . Do. 

1-40000: 1. E .. J. Sommer............ I Do. 
1--40000' 1. 2. II. Limlenkobl-. •..........•... Pboto!itbogntph; com· 

pleted. 
1-40000 I. II. LindenkobL .•••••.••.•..•..•. Intirogrcss. 

l-'.!0000: 2. C.Junken ··--····--· .. ••••· ••• ~ •• Completed. 
1-4000,J: !, 2. A.Lindenko11!.. .....• ··--·-·· .Additions. 
1-:JCOOO '. 2. C.Junken........................ Do. 
1-40000 I. A.. Lindcnkohl................... Do. 
1-20000 2. A.. Lindenkohl .•••••••••••. --·--- Do. 
1-25000 2. A. Liadenk<>h1 ...................... . Do. 

l-~0000 i I, 2. A. Lin<lenkobl .• : ...•.....•••. Peotolithograph;com· 
I p!eted. 

l-40000 
1 

I. J.. Limlcnl<ohl. .••..•••.••.•••••. Inprogreso. 

1-50000 2. C. Junken ••.•.• ···-·· .•••••.••••. Adtlltlons. 
1-40000 1, 2. E. J.Sommer ..•••••••.•••..•.. Pbotolitbograph. 
1-5-0000 2. C. Jnnken ...................... Additions. 
1-30000 l. n. LlndcnkobL .•••..•••...•.•.•. Photnlitbograpb; com

pleted. 
l-40000 
1-4(,1)00 

1-20000 

1. H. Lindenkohl •• -. ••••••••.•••••• Additions. 
I, 2. E. R. }'owler ..••..•••...•...•. Pbotolithograph. 

1. A.. Llndenkobl ····-· ------ _ ..•.•. In progreu.. 
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GNITED STATES COAST AND GEODETIC SURVEY. 

DRAWING DIVISION --Continued. 

Titles of" charts. Scale. Draughtsmen . 

: l 

123 

Remarks. 

-- -- - -·-----·----------r------------ -- !------------- ---------------
1 

1

1 I 
SAILISG CHARTS. j 

: r.~a 

i 
al:~ 
7 \ 677 

I ----

1

' Sea-coast nn<l interior lmrhors of 'Vashiu;;ton / 
, Territory. ) 
i Washington Sound ............................... : 

1

1 Santa Ros:> to Point Bnchon .....•.•...........••. 
Point Arena to Cape Mendocino .•..•........•..•. 

1-::00000 

1-200000 

1-200000 

1-~-00000 

1, Z. A. LinrknkoJL ................. In progres:-,. 

1, 2. A.. Lindenkohl . .. . . . . . . . . . .. . . Ad<l.ltions. 
2. A. Lintlenkohl ..•......••........ ' In progre;s. 
2. A. LimJcnlo!il . .. . .. .•.. Do. 

---- ---- -------

REPORT OF THE ENGRAVING DJr'18IOX, CO.AST .AXD GEODETIC !SUiFLT OFFICE. FOii JIIE TEAR 
ENDING JUNE, 30, lt:'~(i. 

Co.AST AND GEODETIC SURVEY OFFICE, 

Washington, September 1.'i, 1880. 

Sm: I respectfully submit the followi11g report on tlrn operations of the Engradng DiYision 
<luring the fiscal year ending June 30, 1886: 

The statistics are as follows: 
ENG RA. VING. 

New charts published from engravings: 
Printed from copper . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 
Priuted from stone... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 

New editions of charts from engravings .................................... . 
Sketches and illustrations from engravings . . . . ............................ . 
New charts comn1enced .....•............................................... 
New editions of charts, engravings ................ "' ............ . 
Sketches and illustrations, engravings................... . . . . . . . . . . . ...... . 
Plates corrected for printing: 

Charts ............... _ ................................................ . 
Sketches and illustrations ............................................. . 

Unfinished plates on hand: 
Charts ...............................•.•.............................. 
New editions of charts.... . . . . . . . . . . . . . . . . . . .......... _. . . . . . . . . . . ... . 
l3ketcbes and illustrations ............................................. . 

ELECTROTYPING. 

() 

,... 
I 

3 
9 
5 
(l 

4GO 
14 

4 .. ,) ., .. 
:n 

Pounds ofeoppcr deposited.... . . . . . . • . . . . • •. .. . . . . . . . . . . . . . . . . . . . . . . . . . 1: mo 
Square inches on which deposits were made...... . . . . . . • . • . . . . . . . . . . . . . . 48, 291 
Copper plates made: 

Basso ...............•....... , . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20 
Alto ....... - . ~ . - .... - - .... - - ... - . - .... - .. - -.. - ........... __ ....... 4 - • _ - _ •••• _ 22 

PRINTING. 

Number of impressions for-
Chart-room ......... · ............................................... . 
Assista!lt in _c~a.rge ................................................ . 
Engraving d1v1s1on ... _ ... _ ...... _ .... _ •........•... _ ....... __ . _ .... . 
Hydrograpbic Inspector ............................................ . 
Lithographers (transfer proofs) ........•............................. 
Atlantic Coast Pilot . • • •• . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

Total 

2s. 49u 
1;725 
1,370 
l,092 

61 
7,482 

40,226 
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The changes in the Office force incident to the investigation of the Sur\•ey a year ago had an 
appreciable effect in lessening the results of the engraving aml electrotyping; but the appoint· 
ment of l\Ir. D. C. Chapman as Electrotyper and Photographer in January bas proved so satisfac
tory that we are now as well prepared as ever for that class of work. The resignation of l\fr. E. 
A.. l\Iaedel in October deprived us of a first-class letter cngraHr, and the work of .the engraving 
has necessarily been retarded by the loss of his services, but we may hope that the steps taken 
to supply this deficiency will prove effective before the close of another.year. 

The engraYers were employed during the year principally as follows: E. A. Maedel, A. Peter
sen, A. C. 1::,uebsam, and F. Courtenay, on lettering; II. l\I. Knight, on lettering and sand; W. A. 
Thompson; H. C. Evans, an<l n. F. Bartle, on topograpby and sand; J. G. Thompson, on lettering 
and miscellaneous corrections and auditions; T. \Yasserbach, on sand and. miscellaneous correc
tions and add~tions; E. JI. Sipe and \Y. H. Da\·is, 011 rniscellane ous corrections and additions; 
J. Euthoffer and E. J. Entho.ffer, on topograph~·. 

All of the cngranrs in the Office were employed at different times, in addition to their regular 
work as specified, on miscellaneous corrections and additions aml such other misce1lani:ous work 
called for, as cleaning altos and new. printing platei;;, marking instruments, &c., although this 
class of work bas not been so hea,·:r as in former .rears, owing to the practical suspension of the 
electrotyping for several moutlll5 and the emplo,yment of an engraver in the Instrument Shop for 
a short period. The correction of the standard printing plates before striking off im1Jressious of 
the charts for sale by the agents continues to he a work of unceasing care and labor, contrary to 
tlle ...-iews I expressed three years ago. The changes in Aids to Navigation are so frequent that 
mau;v charts require corr~etiou e...-ery three or four months~ au<l there are very few that can safely 
be misumed to be correct a ~-ear after they are printed. The publicatioi1 of Qual'terly Notices to 
·Mariners, recently inaugurated, is a step in the direction of affording ship-masters the means of 
bringing up their own charts with the most important correctionEc> themselves, and which it is 
belie,-ed will enntually lead to a more detailed system of monthly or even weekly notices. 

The c.bart printing bas c011tinued under my superYision and the immediate <lirel'tion of l\1r. 
Fra11k :Moore, foreman of the rooms. Twenty-eight thousand fl.ye lmmlrell copies of the charts 
wne printed for the chart-room, the largest number eYer printed for this purpose in one year; 
and in addition the Engraving Division has been supplied with all necessary 1noofs; seventy-five 
lrnndred proofs liaYe lleen printed for the Coast Pilot, and the usual "transfer impt·essious" were 
1mde of the ProgrPss Sketches for the Annual Report, and some printing for outside parties, 
including "transfer impressions" of plates of postal-route ma1)s for the Post-Office Department, 
for which a charge was made. 

The effort to secure a more :;uitable paper for the chart publications was renewed during fhe 
scar. Correspondence was held with el<~ven manufacturers, seven of whom submitted samples. 
Three of the samples showed promise of imprornment, but we receiYed consignments for trial from 
only two mauufacturers. One consignment tllat was desirable in many respects was not satis
factory for hand corrections; this firm are now making ::t second sample for triaL The other con
signment showed such a: high average of good qualities that tlle manufacturers were gh·en an 
order for sixteen reams. Certain desirable qualities can only be demonstrated by actual experi
ence with a large number of sheets, and this order having proved generally satisfactory a second 
order lms been given. This is still far from an "ideal paper," but the manufacturers evince an 
interest in the matter that will 11robably lead to further improvement. The cost is -tlie same as 
paid for the American machine-made paper heretofore used. 

The presses ha•e been in charge of Mr. Frank Moore, foreman, assisted by T. Sullivan; D . 
.N. Hoover, as11isted bs J. Bt'ck, until his transfer to the charge of a press, and then by T. J. 
Mci\Iahon; .T. h Smith (until his transfer to another Division of the Office), assisted by H. Dyer; 
a)Hl ,T. Beck, assisted by II. D.rer, until l1is transfer to another Division of tlie Office, and ~ince 
then by G. Cranford. 

The. retirement of Dr. A. Zumbrock, electrotyper and photographer, in July 1885, and the 
long illness and subsequent death of Frank Over, his assistant, practically suspended operations 
of this class for several months. Mr. D. C. Chapman was assigned to Dr. Znrnbrock's duties in 
Jatmary. He ~oon mastered the detai1s of the electrotyl'fing, so that on April 22 I was enabled to 
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re11ort to you our ability to resume work for the ·war or Navy Departments as heretofore. He has 
introduced new methods simplifying the care of the batteries and reducing waste of materials, 
which, with systematic attention to the work, gave us tl}ree hundred and twenty pounds deposit in 
one month, an amount that bad never been reached before with these batteries. JHr. Ohapmau has 
also been successful in making photographic reductions and in mounting them to scale by an in
genious device of his own invention. The Photographic Gallery was assigned to my superviisiou in 
September, 1885; previous to this it had been under the immediate direction of tbe Assistant iu 
charge of the Office. Experiments-were soon after commenced to ascertain the practicability of 
making vhotographic reductions immediately from the original topographical sheets, and a young 
gentleman was appointed on trial for this purpose; his efforts, however, were not satisfactory, and 
some work executed in the city was also a failure, so that further experiments were abandoned 
and only resumed on the appointment of Mr. Ohapmau to the division. The availability of photo
graphic 1·eductions of original sheets without tlie intermediar;y tracing will be the subject of a 
special report when tlle ex11eriments now in hand have been completed . 

.M:r. E. A. Ma<>.del, engraver, resigned October 1, 1885, in preference to becoming a naturalized 
citizen of the United States. Mr. l\faedel had been employed in the Engraving Division for 
twenty-eight years, and was an artist in his profession. He was not excelled in his specialty of 
letter engraving by any of his associates, and it may be truly said that he has.left a stamp of his 
genius on the charts of the Survey which those who follow may well endeavor to emulate. 

Frauk Onr, for many years assistant to the Electrotyper, :md Photographer, died February 
19, 1886. He had been ill with typhoid fover, and it is belie'\"ed in his anxiety to resume work 
returned to bis labors too soon after convalescence. He was a man of integrity and probity and 
was ]leld in higlt esteem by aJl who knew him, especially those who had cognizance of the faith
fulness of his long care~r in this office. 

Mr. John H. Smoot bas continued to 11erform the duties of clerk of the DiYi:iiou iu a most 
&atisfactory manner. 

I append !1ereto a list of the copper 11lates that we1'e complete1l, continuecl, or connnenced 
during the year. 

I remain, sir, yours, very respectfully, 

B. A. COLONNA, Esq., 
Assistant itt charge of Otfiee. 

HERBERT G. OGDEN, 
Assistant Coast and Geodetic Surrey, 

In char.qe of Engniving Dfrision. 

Plates compCe1ed, contAntwd, or commenced during thejiscal year ending June 30, 1880. 

1. Outlines. 2. Topography. 3. Sanding. 4. Lettering. 

Title. 

COMPLETED. 

D 1861! Gulf of l!exioo ····--··----· ·---·--···············-----· 
102 1842 Sea. hland to Petit Yanan, for lithographie edition. --
lflii 1498 Chootawbatcbee Bay .. _ ...••••.••••••••••••••.••..•••••• 

2-0411310

1 
Ga.l•cston B"Y·--·-----··----··---·-·----····---- .. ··--

212 17lli ! Latltudo26031l'totheRloGrande ••••••...•... _____ •-

18001' Snn.ta Ro0&.to Point Buchon -·---·--······--····-····-·· 

XBW BDITIOllS, 18115. . 

J78D l NewY11rk&yand1Jarbor .••.••••••••••.••• --········· 

177 i 1852 Tampi. Bay.···-·· ..... _·····-·- .. ·······-······ .....••• 
! I 

Scale. Engravers aod "·ork. 

!----· ---~·-~-------- -----

l-!)1-00000 2. 3. W. A. Thomp30n. 1, 4. J. G. Thompson. 
1-80000 3, 4. H. M. Kni~bt. 4. ·T. G. Thompson. 
1-SOOOO 2, 3. W. A. Thorup•on. 4. A. Petersen and A. C. Ruob-

sam. 
l-80000 1, 2. W . .A. Thompson. 4. E. A.. Maedel, U. M. Knight, 

and A. C. Ruebsam. 
1-80000 3, 4. Il. JIL Knight.. 4. E. A. Maetlel and A. Petersen. 

1-200000 3, 4. H. J.f. ].\night .. 

1-80000 I. 2. W. A. Thompson. 2. H. Jlf. Kni1<ht. 4. J. G. 
Thompson. 

1-80000 .

1 

2, a. W. A .• Thompll<lll. 2. It. F. Battle. 3. II. C. Euna 
4. A. C. I.nebs.om. 
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Plates completed, continued, or commenced during the fiscal year en<ling June 30, 1&.,fi-Continnecl. 

Cata-Ii Plate 
logue No 
Yo.! · 

1. Outlines. 2, Topography. 

Title. 

3. Sanding. 4. Lettering. 

Seal~. En~'f"ers and w01·k. 

I ----------·--------- -------· --1--

I 1'EW EDITIOXS, 1886. 

121 ( 1856 Sandy Hook to Barnegat Inlet .•.•.....•................ 

I 
131 I 1866 . Entrance to Chesapeake Bay, Hampton Roads .......•.. 

700 11886 : Cape Ii1attery to Db:on Entrance ....... · .............. . 
701 18FO ! Dixon Entrance to Cape Saint Elias .••.....•...•....... 
702 ! 1133 ' Icy Bay to Scmi<U Islands ..••..•.•....................• 

! ' MISCELLA:ll!OT.:8. 

I
I, 1858 Atlantic Coast Pilot chart., Coast and Inland Passage, 

from Charleston to Fernandina. 
Atlantic Coast. Pilot View, entri,nce to North Edisto ! 1701 

i 
I 1707 .Atlantic Coast Pilot, approaches. to Saint George's Ri,er. 

River. 

16 11855 Key West to Tampa Bay ............................. . 

102 1742 Seal Island to P~tit Manan ............................. . 

147 I 1861 Cnpe Lookout t~ Bogue So'."ncl. ...................... ·· 1 

148 ' 1862 Bogue Inlet to New Topsa1llnlet ...................... . 
I 1841 Cape Fear River and approae.lle• ........................ ! 150 

153 

16~ 

180 

184 
11)2 

210 

305 

379 
c;oo 
G85 

690 

4t0 

124 

103 

164 

165 
424 
425 

455rl 

041c 

6Ucl 

700 

701 

702 
480 
3Jla 

! 1503 . North Islancl to Long Is!an<l, including Cape Romain ... ; 

I I • 

1

1844 j CapcCam~'""eralsouthward tolutitutlc27°411 ••••••••••• ' 

174e I Cedar Keys to Deatlma.n"s Ilay .......................... ' 

I lGOl Saint Joseph's and Saint .A.ndrew·s Bays .••....... 
1537 Chandeleur and Bret-On Islnnd Sounds ................. . 
1779 
1821 
1847 

1755 

I 1sa4 
I 18tl5 

I 

' 1831 

I 
188t 
l8j2 

18i5 

18i6 

1892 

1800 

1886 

1867 
186<1 

1886 

1880 

1133 

1889 

ll28 

Aransas Pass nncl Corpus Chri&ti Days. &c ............ . 
Pleasant Bay to Prospect Harbor ...................... . 
Delaware Breakwater ........... -- ....... -- ........... . 
San Diego to Point .Arena ............................. . 
Admiralty Inlet ....................................... . 
Commencement nay-----·---·-------- ... ------·- ...... . 

SEW EIHTIO:S. 

T~U.rt~ RoatlK autl Sanmuah Rh-er. ___ ._. __ ..... _ .... _ .. 

C(JM)IE.:\CF.D. 

Drlo.ware Bay nud Ui\er, Delawar1: Entrance. 
LatHmle 2i0 41' to Jupiter Inlet ....................... . 
.Jupiter Inlet to Ilillsbom' Inlet ........................ . 

Ililhboro' Inlet to :Fowey Hocks ....................... . 
Captl Fear River. from entrance to Reeves Point ..... .. 

1 

Cape i~enr Rh-er, from Ree~es Point to Wilmington .. _.: 
Saint John's ltiver, P.acey's Point, to San Mateo ......• l 
Columbia TiiYer No. 5, Kalama to WillowBay..... ' 
Colnmhia llinr No. u, Willow Bay to Portlnnrl ". _" __ ! 

NEW EDl'lIOXS. 

Capu Jqattcry to Dixon Entrance ..................... . 
Dixon Entranc.e to Cnpe Saint Elins ............. _ .. 

Icy Bay to Semidi Tslamls ............................. . 
Cedar Keys .................................... . 
Fox IHlands Thoroughfare ............................ . 

lfISCELL.A:N£0t:S. 

1-80000 1. W. A. Thorupson. 3. R. F. Bartle. 4. J. G. Thomp
son and.F. Conrteuay. 

1-80000 1, 2. Jo8eph Entboft'er and W . .A. Thompson. 3, 4 .• J. G. 
Thompson and T. Wasserbaeh. 

1-1200000 l, 4 . .A. Petersen. 
1-1200000 

1-1200000 

1-400000 

1, 4. A. Petersen. 4. A. C. Uuebsam. 
1, 4 . .A. Petersen. 

4 . .A. C. Rucbsam. 

4. W. H. Davis. 

4. W. II. D,i.,-is. 
1-400000 4. F. Conrtenay. 
1-80000 3. 4. 11. l\l. Knight-. 4. J. G. Thompson. 
1-80000 1, 2. Joseph Enthoffer. 4. E . .A. Maedel and A. Petersen. 
I-8GOOO 1. 2. I~. F. Bartle. 4. E . .A.. Maedel. 
1-80000 4. A. Petersen. 
1-80000 1. 3. II. J\f. Knigl1t. 4. J. G. Thompson and E. A. 

1\laedel. 
1-80000 3. T. \Vasse1·bach. 4. A. Petersen and A. C. Ruebsam. 
1-80000 3. T. Wasserbaeh. 4. A. C. ltue\J@om. 
1-80000 
1-80000 

4. J. G. Thornp•on. 
4. H. M. Knight. 
2. W. A. '.Fhompson 

1-40000 , 1, 2. R F. Bartle. 4 . .A.. Petersen and E. Il. Sipe. 
1-20000 1 3. T. W asserbach. 4. E. II. Sipe. 

1-1200000 4. E. A. . .Maedel. 
1-80000 4. A. Peter.en. 
1-20000 1, 2. E. J. Enthoffer. 

1-4f000 1, 2, 3. W. A. Thompson. 4. A. Peterse:n. 

J-80000 1, 2. Joseph Enthoffcr. 4. J. G. Thompson. 
l-8ll000 1, 2. R. P. Dart le. 4. A.. Petersen and F. Courtenay. 
1-l'OOOO 1, 2. Joseph Entholfor. 4. A.. Petersen. · 

1-80000 l, 2. JoscphEnthoffer. 4 • .A. Pct~rscnand.A.C. Ruebaam. 
1-40000 l. R. F. Dartle. 
1-40000 1. R. F. Bartle. 
1-40000 1. .A.. C. Rnebsam. 4. W. Il. Davis. 
1-40009 1, 2. Il. C. E.-ans. 4. A. Petersen. 
1-40000 I, 2. II. C. Evans. 4 . .A.. Petersen: 

l-12000CO ' 1, 4. A. PateroPn. 
l_-1200000 j 1, 4. A. Petersen. 4 . .A. C. Ruebsam. 
1-1200000 11, 4. A. Petersen. 

1-50000 ' 3, 4. T. W-asserbacb. 
1-20000 11. 2. E. J. Entboffer. 

1893 

1894 

18115 
1800 

I 
I 
I 

Index Chart No. 1, CapeSahle to Darnego.t ...•...•. ···I 1-1200000 111,4. Ila.rry T. Kni.Jl;ht. 
Index Chart No. 2, Martha's Vineya.rdtoCapeLook'!ut.l 1-1200000 1,4. -Harry T. K.nlght. 
Index Chart No. 3, CapeHatteraatoSalntJohn's RiTer.I 1-1200000 1,4. Harry T. :Knight. 
Index Chart No. 4, Femandinato·Dry Tortugae •••..... , J-1200000 1,4. H"'1.TY T. :Knight. 
A.tl&nticCOaAtPilotView, entrancetoPerqu_man'sRiver" ............. ·I E. H. Fowler. 
A.tlanUe Coast Pilot View, Edenton anti PIJ mouth ...... I .............. 

1 
E. H. Fowler. 

1873 

1874 
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REPORT OF THE INSTRUME:NT IJIT'ISIOR, COAST AND GEODETIC Sl"RVEY OFFICE FOii THE YE.:lR 
ENJJING JUNE :m, 1886. 

COAST .AND GEODETIC SURVEY OFFICE, 

Wasl1i11gto11, Stptember 17, 1880. 
DEAR Sm: I ha;e the honor to su!Jmit the following report of the Instrument Division for 

the fiscal year ending June 30, 1886: 
At the beginning of the year }fr. G. N. Saegmuller was still in diarge of tlie Di;ision, but 

was relieved July 23, 1885. 
In accordance with instructions I took charge August, rn, and liaxe continued to the present 

time. 
Owing to the large number and great variety of instruments used in the yarious operations of 

the Survey, a large amount of re1miring and altering is constantly required, and this has, as 
heretofore, constituted the main work of the mechanicians, but a considerable amount of new work 
has also been accomplished. The preparation of instruments for the field, including their critical 
examination, adjustment, ~nd determination of constants, such as le;el and micrometer values, 
inequality of pivots, &c., has been carefu11y attended to, as has also the official correspoudence 
and the keeping of the records. 

The dividing engine Las been thoroughly oYerhauled, and the missing parts supplied, and it 
is therefore now in good working order. It has moreover been so adjusted that closer graduations 
than any heretofore attempted in this Office are now possihle, and an experimental two-minute 
graduation has been made upon a fourteen-inch circle. 

A critical examination of this graduation will deteimine the degree of accuracy attainable, 
and should the result be satisfactory I will recommend th at the circles of a number of our large 
direction instruments be thus regraduated. 

It is even practicable to graduate our sixteen, eighteen, and tweuty incl! circles still closer, 
>iz, to one minute. 

The personal equation apparatus and the printing· chronograph commenced last year are well 
advanced toward completion, but haYe been for the present set aside for more pressing work. 
The latter instrument I c0Dside1· of uoubtful uti1ity on account of its com1Jlicated structure and 
consequent liability to get out of order. 

It might in proper bands be useful in a fixed observatory, but is not suitable for field parties. 
A machine for the more accurate and uniform grinding of the spirit levels for our astronomical 

and geodetic instruments has long been a desider!ltum, and such a one has been devised by Mr. 
Suess, and its construction begun. The imported le>els now used are ground by band and are 
necessarily expensive, and it is calculated that the cheaper production of the machine-ground 
levels, to say nothing of the greater accuracy expected, will in a single :rear compensate for the 
cost of the machine. 

The new instruments matle have been }nfocipa!Jy st~tion transit!!, protractors, plane-table 
compasses, and minor instruments, the smallness of the force employed and our limited facilities 
precluding the possibility of manufacturing on a large scale. I am of opinion, however, that it 
would be,_ndvanta.geous to manufacture more of our instruments, such as theodolites, plane
tables, le¥els, &c. The better equipment of the shop, which I have already recommended, and 
the employment of efficient mecbanicians only, would enable us, without much increase of force, 
to keep pace with the requireme'nts of the Survey. Of course certain instrmnPnts, such as 
chronometers, barometers, binoculars, &c., will always have to be purchased. 

The following statement shows in detail the force employed in this Divisiou during ibe year 
and indicates the character of the work performed by each person : 

Mr. E. Eshleman served during the entire year; be has acted as foreman of the shop, 
attended to the repairs of theodolites, meriilian instrume:Qts, sextants, levels, &c.; the silvering 
of sextant and heliotrope mirrors; the ruling of diaphragms for tranl!its, alidades, &c.; am] has 
made the necessary repairs and alterations on the dividing engine. He has also graduated circles 
for protractors, compasses, reconnoitering telescopes, engineer transits, &c., and bas rendered 
valnahle assistance in the.examination, adjustment, and testing of instrumentR for the fielcl. 
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Mr. Johu Clark served during the first half of the fiscal year alHl wais employed upon repairs 
of Yertical circkl'i, Ie.-eli11g red.-, grndienterf:', smTeyors' compasses, aml nwgnetic instruments. 

Mr. L. Fischer sern•d d nring tbe entire year. He has attended to the repairs of chronograpt,.,, 
pl'isrnatic transits, binoculars, tide gauges, protractors; Fextauts, theodolites, and drawing instru
ments ;' lias made a uew rompass for current indicator, uew letter-gauges for the Engraving 
DiYision, new tools for iustrument sbop, and sundr,'1- patterns for brass castings; has set up tnrbine 
for ru11niug tlrn <liYiding (•ngine, mounted lenses aud e;ve-pieces, and made the brass-work for new 
instrument stands. He has also commenced tlie construction of seven new tllrcc-armcd protractors, 
repaired the tide-predicting machine, am1 attended to the Office clocks. 

}\fr. S. A. Kearnry sened during tl:re entire ;-1·ear. He has assisted in miscellaneous repairs 
of heliotropes, reconnoitering- telescopes, lenls, and drawing instruments; has made a number of 
uew mercury cups, JJlununets, and plaue-table chains, and the brass-work for stands and telemeters; 
he has also attended to the running of the 1,n1s engine and worked upon five new station transits., 

Jl1r. P. Vierlmehen sen-e(1 during t hr entire year. He lias repaired protractors, plane tables, 
lieliotropcs, plane-table compasses, and sectors, mid bas mnde three wires for base measurement, 
some casting pattn11s, a pol'ition stm1d for a fonrter11-i1ich theodolite, and fh·e new iilaue-table 
compasses. 

l\Ir. ·w. Suef;s :-ernd during the e11tire Jem. He has worked upou <lensimeters, upon a personal 
l'quatiou apparatus, and a uew pri11ting chronogrnpb; repaired magnetometers, dip circles, sextants, 
and i<l1ips' compasses; attemled to the Office batteries, rnlell !'tale~ fur chronographs and plane 
tables, aud cowme11ced tl1e coustructio11 of the rnncliine for grinding delicate le''els. The drawings 
for tllis macliine were also ma!le hy J\lr. Suesi:;. 

l\Ir. T. Gerhar.d Fervecl from Fcbrnars 8, 1885, to the close oft he fiscal year. -He was employed 
upon miscellaneous repairs of sext:rnt,.., 11eliotropes, reconnoitering telescopes, binoculars, and 
zenith telescopes., llll(l ltas all'o made some tools for tbe shop. 

l\lr. 1\1. Lauxman sernd from Xovember 1, 1885, to the close of the year, am1 has re:paired 
plaue-table chains, made uew pins, ~apstan bars, bolts, shoes, &c., and has attended to the cleaning 
and polishing of straight edges, drawing instrumeuts, steel t"apes, &c. 

During the year the carpenter shop was transferred from the Miscellaneous Di\ision to the 
hrntrument DiYisiou, and this step has facilitated the prompt shipment of instruments to meet 
requisitions of' imrties in the field. :Mr. H. 0. French has hacl the immediate clrnrge of the work 
of the carpenter shop, and with the :rnsistance of Messrs. G. \Y. ClarYoe and S. E. Parsons !ms 
attended to the making of telenwters, 8tau<ls, 1>fa11e table and drawing boards, instrumeut_cases 
awl pattcnis, mid boxes tor transportation; nlso the erection of shelving aud the making of l>ook 
allll chint cases for .tile Drnwing Dfrision, EngraYing Divi8ion, Tidal DiYision, .Archiw·8, and 
Library, and miscellaneous repairs of the buildings . 

.My own time hat> been diYide<l lietwecu the Instrument aud \V eights and :Measures DiYisions, 
both being under m;v cliargc. I have also attended to the preparation of inventories of instruments, 
camp equipage, aud nd~eellaneous property of all kinds in the Office, in the field, or in the hands 
of parties uot co1rnected with the Sun·e;_r. Tltis was a work of some magnitude and in\'Oh,e<l a 
Yolumiuoul' eorrespoudence. In tliis work I was assistetl fol' a time l>y Subassistant F. Il. Parsons 
anll during a part of .June h;-1· 1\1r. RC. Glascoek. 

¥ours, respect full~-, 

Mr. B. A. COLONNA., 

Assistant in charge of Office. 

ANDREW BRAID, 
.Assistant Coast and Geodetic Survt']J, 

Jn c.ltarge Instrument and Weights and Measures Divisions. 
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REPORT OF THE TJDAL DlVJSI01Y, COAST .AND GEODETlC Sl.RVET OFFJCE, TOR THE TEAR 
ENDING JUNE 30, 1886. 

COAST A:\'D GEODETIC SURVKY 0FFICF~, 

Washington, Jmie 30, 188G. 

SIR: I have the honor to submit herewith the anmrnl rqmrt of this division for tbr 3·par enfl
ing June 30, 1886. 

All tidal and meteorological records receh-ed lrn1e hcen irnipectcd and registered and all 
.Uuplicates filed; the proofs for the Tide Tables for tlrn Atlantic and. Pacific coasts of the linited 
States for the year 1886 have been read; similar taules for the ~·ear 1887 ham been computed and 
part of the proof reacl; tidal notes for charts ha,·e been furnished as required; talmlationR of 
higli and low waters and half.hourly ordinates, with sketches and descriptions of tidal litatiou:; 
.and hencli-marks, for the use of tlie hydrographic officers of the Survey, have been prepareu \Yhen 
called for, and also all tidal information for persons not connected with tl1e Snrvey. 

This constitutes the unavoidable current work of the Division. Ju addition thereto, pre,·ions 
to October 1, a laborious examination of the Old Point Comfort series was made and a reduction 
Qf the Fort Conger observations was begun ; am.I since October 1 other work has been doue as 
follows: 

The original records have heen completely separated from the duplicates and re•luctions by 
filing the former in the archives and retaining the latter in the rooms of the Tidal Divif'ion; the 
maregrams (rolls from st>lf-registering tide.gauges) ha-ve beeu arrauged geographically by station, 
each _year's record at a station in a separate package, proper!.)· labclt>d; the original tide-books 
have been arranged ou shelving by section and register number, the duplicate tide books in the 
same order in shelf boxes; the reductions have been classified aml i,;tored iu tluist-proof shelf 
boxes provided with doors and easy of access ; a register of originals lias been made alHl filetl in 
the Tidal Di-vision; a set of reduction forms have lieen devised and adopted uniform in size (eight 
by teu inches) with the ''computing paper" in use in the Survey; a voluminous and permanent!~· 
valuaUle set of perforate<! or stencil addition forms have been prepared for tile harmonic series 
K, L, M, N, 0, P, Q, v, and u; harmouie reductions of one J·ear's obsen·ations each have been 
made for New London, Fernandina, and Key "\Vest, and nsed as tlie basis of the predictions for 
1887; and various short series have been reduced by non-harmonic methods. 

The work of the several computers an<l clerks is herewith given in detail: 
l\lr. R. S. Avery inspected the tidal observations received, attended to the L-OtTespon(lence 

relating to tides and tide-gauges, read proof for the Tide Tables for 188G, gave c-011siderable atten
tion to the Old Point Comfort series, prepared tide-notes for charts, and began the reduction of 
the Fort Conger observations. Mr. A veQ' continued in charge and had general snpcrdsiou of 
the work of the Division until Septembn30, when his connection with the SarYeJ· terminated b,Y 
resignation. 

Mr. Alex. S. Christie was put in charge October 1. He has ins11ected tlie tidal records 
received, attended to the correspondence and calls for tidal dnta and iuformatiou, and aided in 
and had supervision of the work of the Division. • 

Mr. L. P. Shidy examined the Old Point Comfort series, classified and arranged tho rNluc
tions and duplicate records, computed auxiliary tables for the harmonic anaJ~·sis, devisetl stencil 
addition forms and assisted in their preparation, devised reduction form8, made harrnouic red ac
tions for New L_!,mdon, Fernandina, and Key )Yest,, made non-harmonie reductions for sen•ral ,.ta
tions, predicted with t be machine for the Paci1ic coast for 1887, n~atl proof, instructed others in 
tidal work, and took up the Fort Oonger series. Mr. Shidy's ability, experience, and nusclfish 
deYotion to the work entitle him to high commendation. 

Miss :M. Thomas reduced observations at Little River, California, worked on the Okl Poiut 
Comfort and Pulpit Harbor series, and copied tables. Miss Thomas was transferred from this 

-Division October 4. 
Miss O. D. Turnbull worked ou the Oltl Point Comfort series, assisted in arranging the rccluc

tions, prepariv addition stencils, cop~-iug the predictions, malling proof and preparing auxiliary 
H.Ex.40-17 
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tables; read maregrams for Washington, and predictN1 for two principal ports for 1887 liy 
graphic methods. 

Mrs. S. M. Taliaferro, attacbed to tbis Dh·ision Septeml>er 14-, transferred to tlie drawi11g 
Division Octol>er 7, and re-transferred to tbis Division October 12, a!lsisted iu preparing additiou 
stencils, e,opying tabulations and predictions, and reading proof, read maregrams, predicted with 
the macbine for two principal ports, copie<l sketclies and descriptions of ticlal stations and bench
marks aml the major }Jart of the correspondence. 

llrs. :If. K Nesbitt,attached to this Di\·ision October 1, assisted in clal'>sifyiug reductions, copied 
tabnlations and auxiliary tables, read maregranis, ruled forms, computed the lmrmonic components 
for New London, Fernandina, and Ke.r W efit, red need so rue short series by non-barmouic methods. 
and assisted on various miscellaneous computations. 

:Miss K. Lawn, attached to this Division October 1to13, was employed in readiugmaregrams. 
~Ir. O. W. Schreiner, attached to this DiYision from October 2 to Nowml>er 30, was em1)Jo_yecl 

in a1nrnging and indexing the original tide-books. 
1\Ir. J. \Y. G. Atkins, attached to this Division :X owm ber 2 to 18, was employed arranging the 

reductions. 
l\lr. J. :\I. Duesberry, attaubed to this Di,·ision December i to Februar,v 12, and again from 

.:.\larch ~~to 31, was employed in arranging and indexing the original tidal records. 
l\lr. J. ·w. Whitaker, attached to this Division April 1, predicted witli the machine for eight 

principal ports on the Atlantic coast for 1887 and assisted in the iireparatiou of addition stencils 
and auxiliary tables. 

l\Iiss Paula E. Smith was attacbed to this DiYisiou June 30 and l>egan reading the Eastport 
marcgrams . 

.Mr. J. G. Svauldiug, Tidal Observer at PulJJit Harbor, North Haven Island, l\faine, has rea<l 
tlie maregrarns trow his station for tlie current year, and also assisted on the harmonic reductions 
for Fernan(lina. 

l\fr. Bwmct Gray, Tidal Ol>:serYer at Saucelito, Cal., bas read the maregrarns from his station 
fur the curreut ~·ear. 

)Ir. Fred. Sargent, Tidal Obsen·er at Saint Paul, Kadiak Island, Alaska, bas read tl1e mare
gnnm; from his station for the current ~·ear. 

I am, sir, ~·ours respectfully, 

.:\Ir. ll. A. COLO);NA, 

ALEX. S. CilRISTIE, 
Tidal Computer, in charge of 'Tidtil D·ivision, . 

As8islant in clitirf/C of Office and 'lopograpli:y. 

REJ'ORT M' 1'1IE JIISCELLAl-TOr:s ])JIJSIOX, COAST ASD GEOIJFTIC Sf'I!T"Er OFF.ICE, FOR THK 
TB"1B EXJJL'ff~ JC:NE 30, 18!'6. 

COAST AND GEODETIC SURVEY 0FF'ICE, 

Washington, Jtily 1, 1886. 
DEAR Srn: I han' the honor to submit herewith tbt~ usual report of this Division for the 

fiscal year ending .Jurie so, 188G. 
The work of tlie Ui\'ision inclutled, as in former years, the priuting and issue of the Amrnal 

Heports and other publications of tl1c SurvP,r, and of all r<>corcl books, blank forms, &c., used in 
tlit-> ileld-work aud in the lmsiness of the Office; the correspondence with i:;ale agent!'.! relating fo 
tlie supply and i,;ale of cliart8, ~oast l'ilots, an<l Tide Tables, an(l keepiug the accounts counectell 
therewith; the custody and issue of stationery; the genernl charge of cam1> equipage, &c., the
superYision of the Office lmilclings, aud such nther special duties as were assigned from time t<> 
time. The charge and direction of work in the earrienter-shop was transfnred to the Instrnment 
Dh·ision in Se11tember last. · 

The Rcport of die Snperin ten dent for the year endi11 g Jane 30, 1884-, tbe Tide ii.ables for bot b 
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the Atlantic and Pacific coasts of the United State;::, a11d Snb<.livision 20, Atlantic Lucal Coast 
Pilot, "\-Vinyah Bay to Savannah, with the Inland Paso;;age to Fernandina," which had been sent 
to press in the preceding fiscal year, were published. The usual distribution of the l{cport was 
made, as well as of the other pnulications of the Survey, to the Departments of Government, iusti· 
tution.s, and individuals. The Appendices to the .Annual Reports, published in pamphlet form, 
were, upon application, distributed gratuitously as heretofore. Thirteen Notices to lllarinern, a 
list of which is embodied in t.ilis report, were issued dnriug the year. '.l'he demand for eopies of 
Appendix No. 12, Beport fJr 1882 (Secular Variation of' the Magnetic Declination in the United 
States and at some Foreign 8tations, fifth edition) by county surveyors, civil engineers, attor
neys at law, aud others specially interested in the subject of which it treals, was so great that 
the edition (500 copies) was exhausted early in Nm·ember, and it was necessary to reprint 
it. Accordingly 5()() additional copies of this edition were priated. The continued calls for this 
paper indicate that it is regarded as a standard anthorit;y throughout the couutr;y. The Tide 
Tables for both the Atlantic and Pacific coasts for 188i were sent to press. 

There were distributed duriug the year 70 copies of tbe .Atlantic Coast Pilot, 348 subdiYis
ions of the same, and l1J8 copies of tile Pacific Coast Pilot. Of the .Annual Reports there 'il'ere 
distributed 2,401 copies, as follows: 

Domestic ~listribution. Foreign distrilmtion. Ii ! 

Datt3 of re.port. i I : Total. : 
To im~titu- I To indh"i<l- i, To institu- 1. To individ- \ 

tions. ! uals. \ t.·ions. I uals. I 1 ____ ' i .. I I 
i 
I 
'----~---

i _ I 
1801- ....••..••..• 1 ·········· --

: 1852 ••..•. ____ .. I 

1861. ...•.•..•.... 

1862 .......• ---· .. 
1863 ..•. 

I 1804 ••.••..••• 

1865 .•.... -- ... - .. 

1866 ........ -- ... . 

1807 ••..•.. - -· .•.. 

1868 ....•......•.. 

1869 ............... ' 

1870 •.•.•....•..•.. ' 

1671 ••••••. - •... -- .: 

187i •..•... ·-·-· 
1873 •••• - •. --·. - .. 

1874 .•••.. ·••·•• .. ; 

18i5 ...••.. ·-······: 

1876. ----·-. - ... -- ·' 

1877. ------. - ... -- ·' 
j 1878 .............. . 

I 1879 ..••..•.•...... : 

I 1sso ..... ·-·-·· .... 

1881. -- - - ... - . - - - . 
1882 .•.•••....•.•. 
1883 .•.•••.. ., ••.. 

1884 .•.•••.••.••.. 

'total·- ..... 

1 

1 i .... -- ·----- ··/ ·· ... -..... -- ·i·· -- ., . ··-- -- .1 
1 ' 1 . - .....•••... ·i···· ... -.. --- .; 
1 I.. I I 

: 1 ---·-·-- --~r::::·::.:::r:::::::::::-: 

: I : 1-:::::.::::::f :::::::::::.1 
13 2 . ·-· .......•.. 
13 6 

19 G 

19 l:J 

:!1 ! l1 

22 16 

20 18 
21 18 
24 34 
~ij ' 48 
32 93 

35 : GS 
36 I 84 
43 144 

.. i ... ~ . --. - . -. . . . - : 

2 -- ••••• - --
' 3 i ··-- ... - .. . 

4 !. .......... -.. 
5 ! .. -- . ·-· .• --- : 

l ! 
4 i·· ........... •' 
5 !-·-·-· ....... . 
r~ ! 1 

I 

4' 

1: 
2 

20 

21 
21 j 

34 

3(i 

43 

4:.! 

H 

G4 : 

79 ' 
131 : 

111 
126 

rn:i. 
5(9 616 

l> 

]~9 14 1, 368 i 

933 I 2·H 
1 

23 2, 40! I 1. 201 I 
____ ...:_ ___ i 



 

132 UNITED STATES CO.AST AND GEODETIC SURVEY. 

The following is a list of tlte publications of the Snrrn~', with the number of copies of each, 
received from the Public Printer during the ;year: 

Name of publication. 
No. of 
C'.-Opies. 

Name of publication. 
; No. of 
'copies. 

.Annual Report for 1884 ................................. .. 

.Atlantic Local Coast Pilot, Sululi \'iMion ~O. \Vln~ ah Bay to 
Savannah, with 1be Inlan<l Passage to .Fernandina .. -- . __ 

Tide Tables for the AU antic coast. of tho United State• for 

1886. --·-- ··-. _·_ -----· ---- -- . --·-- ........ ---- •• ---- .. 
Tide Tables for the PaciJi c coast of the United States for J 686 , 

I 
Appen<lix No. 12, Report for 1882, "Secular Variation of the 

Magnetic Dt>clination in the -Cnited Str.tea anU at some : 
Ji"'oreigu Stations.'' (Reprint of' fifth Ptlition) ---- ... - ..... ' 

-Calalol(u!rnfChartR, 1886 .................................. 
1 

~.rah1ca nf the Azimuth ant1 ~pparcnt. Altitude of Polaris ... 
1 

Tables of LogaTithms of XurnherR aml Antilogarithms ..... . 
.Snperintentlent's Circular No. 1. H86, "Preparation and ; 

Jlf'rnlitiouof Account~"---···-····-············-·-----

NOTlCEB TO MARINERS, 

No. 3fl.-Lt.•dg1~R developed in the resurvey of Long l13lantl 

Rouucl .•.....••......•.. ----················ •.•..••••••..••. : 
1\o. M.-Dangeron~ "R.oc\: <mve1opP<1 in the resurvey of East\ 

J:i,·f'r, Npw}ork .......................................... . 

. No c· •. -nang-ei·s developed in the I'eRUrvf"y of East Ri'"\""er, ' 
:New York. __ ..........•...... - ............................ - ... '. 

'};°o. fiU. -Development of bar between Thatcher's Island and : 
Milk Island, ::Maesochusetts. -- .. -- __ .. -- . - ... -- .. ··-- ... __ 

No. 67.-Ledgedeve\oped in Boston Bay, Massachu•etts ... . 
:Ko. 68.-Dangers del""eloped in 1 he 1·es11r•ey of East River, 

New York·-······----····---- .. --···- ------ .........•... 
No. 6\l.-lmportant changes in :Monomoy Passal(e, :Massa-

cbuset.ts ................................................. . 

3, 021 i 

500 : 

2,025 

1, 525 i 

5W 
I, 000 

200 

300 

500 

800 

.No. 71.-Examination of dangt"rs re1loticd on the coast of 
1 

Yainf). -------····- ···---------------·----- ------ .. -'. 
No. 72.-Cbart coITections during th~ quarter ending March [ 

31, 1886. _____ -· __ ....... -- ---- .... ----- .. -... - .. ------ ----- I 
~o. 73.-Dangerous wreck on Cha11PAton Bar .•. ----· ....•. -; 

Jlo. 74.-Uangerous wreck on Charleston Bar. (..l..dilition to 'I 

Notice to M:uinore No. 73.) .... ·-·-·· ..• ----- ..•....... --. 
No. 75.-Dange•i· tleve1opecl in "the re-snrTey of E~t River, 

New Yot·k ............. --··-- ........... ------·-- ------ ... 
APPE.!iDICEB TO nm IlltFORT ron 1884. ! 

No. G.--Ta.lilP-S for 1he Projection of Map~ on a I>ol~conir, j 
De"elopment ............................... ______________ f 

No. 7.-Formulro ond Factoce fot· 1ho computation of Geo- j 
detie Latitu<les, Longitu.les, and A1.imuths (third edition).> 

No. 9.-Jnnction of the Trianb,rulations of tLe Lake Survey J 

and CoaRt and Geodetic Snr\ey at Lake Ontario._ ....•.... 
No. 10.-Hcight<! of the Statious of the Da.vi<.lson Quadrilat

erals from Trigonometrical Deterwiuatiune ...•..•...•.... 
No. J 1.-I .. ongitudea _determined hy Elechic Telegraph be- I 

I, 0-00 twe<·n 1846' an<l 188u .. -···. __ ........... _ ..... ·--- .. ---·--- .

1 
No. 12.-Pbysical Ilytlrography of Delaware Ri~c-r and Bay. 

1,0\JO' Compar·ison of Recent with FormeT SnTVeys. ____ ... __ .... -1 

UOO N~~~:~~~~~~~~~~~m-~~ -~~ ~~~-i~:. ~~~~. t~~- ~~~~~-~-·-~~~:. 
l, \lOO No. 15.-Gravity Reee.,reh. Use of the N 0tld.r for measuring \ 

:;, the swaying ofa Pendulum support .... ---------····---- .. 
l, OOO No. 16.-Gravitv ReBearch. Effoot of the flexure of a pen-

dulum npon its period of oscillation ...................... __ ! 
l, OOO No. 17.-Description of a Medel of the Depths of the Sea in i 

N ~~:~':~~,~~~ -~~~e~~~~-~ -i~-~'-i~=~~~~~~~-~~'_~~: ~~~~-c-~t-- . - ~~-• . the Ba.~ ocN orth America and Gult:~~exi~-= -~--j 

I, 000 

1, 000 

500 

500 

500 

5()0 

fiOO 

300 

300 

300 

300 

300 

Five thousand eight hundred an<l eighty-nine more charts were tleposited with sales agents 
.. luring the year than in the preceding year, and the increase in thp, total ii;sue during the same 
periocl was 1,616 charts. 

Tlie following table sl!ow,..; the number of charts receiveu in the Chart l~oom, the number is. 
auetl during the year, the numher condemned, and the number remaining on hand June 301 188U: 

1---·---

0n harnl ant.1 received. 

On hand ,July J, 1885 ... -·- ...... 
Rcw;eived durin~ the year: 

Printl'tl from cnpper pla.t(>S 

Printed from st<lnu ·--·. ~ ..... . 
Returned h~· snl,~ 11.geuts .. - .... _ 

Total ......... - ......... - .. -- .. . 

Number. 
of charts. To whom ieauetl. 1 Nnm'ber.( 

.of charts. : 
! 

3G, 496 Executi,·e Department• ...... -·-- •. ' 7, 87911 
Sr.nators and Representatives .... _. ,

1 

11 050 

26,458 Sale agents ............................ : 19, 924 1 

6,lifi Inst.itutions ......................... ' 623 II 

l.992' r'oieignGonrnm<'Dt• -------·---·-I 341 
:'.llis<·<·Uaneou• ........ ----- ------1 704 ! 

Total uuml>Cr i"ued. __ ..... ~\ 
, :Number condemned -----·--------·! 3,790 I 

71,121; Total ......... ··------·-------!~\ 
Total on hand and rerei'l'e<l ··--- - --- ... ---- ....... ----- _ ...•. -----· .................... ·--· 71, 121 
"ro-tal num.beTis"t\tted .•• -............................................................................. 30,521 

Total nun1 llet' rontlen1nl'rl .••.. ··-·....... . . •• . . .. • . . . • • • . • • . .... • •• ....... •• . • • . ...... .. . • • 3, 790 
34, 311 

On hand ~Tu11<'-io, 1886 ·······-~·······--·······-······ ..................... ···-·······-· 36,810 
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Mr. Hugo G. Eichholtz continued in charge of the Chart Room, and the correction and issue of 
charts were made under bis immediate supervision. 

Mr. Freeman R. Green, besides keeping the ledger accounts with sale agents, performed use
fnl clerical duties, and merits special commendation for the prompt, intelligent, and careful manner 
in which lie has performed the work assigued to him. 

Mr. J. H. Barker was employed in plotting buoys and light-houses, and making additions an<l 
corrections on printed cllarts. He made during tile year 85,453 corrections on 14,744 charts. 

Mr .. A. Upperman, who was assigned to this Division March 1, 1886, aided in making 18,012 
corrections on 5,290 charts. 

Mr. James L. Smith, transferred from the Printing Dh·ision March 11, 1886, was engaged in 
clerical work in the Chart Room and iu corrPcting charts aud catalogues. 

Miss Lily .A. Mapes, who was appointed and assigned to duty in thi8 Divisiou September 2, 
1885, colored 523,029 buoys aud lights 011 15,363 printed charts, aud was also engaged in correct
ing a number of cata1ogues. Great credit is due to Miss Mapes for speed and accuracy in per
forming tbese duties. 

Miss Mary Thomas was assigneu to this Division October 1, 1885, since whi~b time sbe bas 
colored 37S,310 bno;ys and lights on 10,059 printed charts besides correcting a large uumber of 
chart catalogues. 

Miss Fannie Cade! was engaged in coloring huo;rs and 1ights 011 printed charts to Octobrr J, 
1885, wben sbe was transferred to the Drawing Division . 

.Mr. Jolm C. Barr, who was engaged in eoloring Imo.rs am1 lights on priute11 charts, "as dis· 
missed September 15, 1885. 

Misses Oliver, Hanie, and Lawn were temporarily engaged at different 1 irnes durin~ tl1e 
;year, when tbe work was pressing, in coloring buoys and lights on printed charts. 

Mr. R. T. BaSt>ett continued in charge of the lVla}>-mounting 1-?oom. Ee wns employ111 in 
mounting antiquariau drawing paper on muslin for original topognipbic aud b;rdrogmvLic t-bed~; 
joining chitrts for Chart Room; binding quarterly proofs for tlic use of the Superintemlr11t :rnd 
Engraving Di-vision; mounting charts on musliu for Office use and other rmrposes; varnisbiug 
tracing pa.per for Drawing Divisi011; mountinl! and repairing original sheets, aml otber mise('l
laneons work for the OfficP. 

:Mr. W. ~I. Long pc•1formed the duties of janitor, aud l\rr. C. 0. Hock\Yell those of watch many 
throughout the whole year. 

The following cbangeR in the force of watchmen oc.~urred duri11g tlie .war: M:r. John W'arn·n 
resigned January 15, 1886, and was succeeded by Mr. David Parker; :Mr. A. C. Whitney resignecl 
February 7, 1886, and was succeeded by Mr. John G. Cuh-erwell; JI.Ir. II. W. Huber resigned 
.April 15, 1886, aud was sncceeded by :r.Ir. C. 0. Rock well, wl10 had previousl;.' been 011 the 
Weights ancl Measures roll; Mr. J. H. Roeth was appointed April rn, 1886, to fill the Yacaucy 
occasioned by the promotion of Mr. Rockwell. 

,Two deaths of eruployes of the Miscellaneous Division occurrrd during tile ;rear, riz, Richard 
Waters, fireman, on August 30, 1885, and Hazzard McCoy, driver, on March JO, 1886_ 

The messengers under the immediate supervision of William H. Butler, Cbit>f Messenger, and 
the laborers employed in the Office merit spedal mention for the faithful perform:.nce of their <lnties. 

Yours, respectfully, 

B . .A. COLONNA, Esq., 
.Assistant in char!Je <>f Office and Topograpky. 

·M. W. WINES, 
General Office Assistant. 
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ARCHIVES £ND LIBRARY, COAST AND GEODETIC SURVEY OFFICE. REPORT FOR THE FISCAL YEAR 
ENDING JUNE 30, 1886. 

COAST AND GEODETIC SURVEY OFFICE, 

Washington, D. C., October 16, 1886. 
DE.AR Sm: I have· the honor to submit the annual report of the receipt and registry in the 

Archives of original and duplicate records and computations, original topographic and hydro
graphic sheets, and specimens of sea-bottom, turned in to the office during the fiscal year ending 
June 30, 1886, as herein enumerated; and of the number of books and pamphlets received in the 
library during the same time. 

I.-Records and Computations. 
GEODETIC WORK. 

Number of volumes. I I 
Number i 

. of cabiers. 
Original. i Duplicate. 

1----: 
- 163 ............ i 348: Ohsen-ations of horizontal angles. ___ -.. - . - -- ..... _. 185 I 

Obeervations of vertical angles ..................... ' 21 ! 23 ............ ! 44 • 

Descriptio.oa of stations ............................... ' 20 ............ 41 I 
.Mea-sur·ementof bases. ______ .. --- ·-- .. ·-----··-··---: 2 -------··--·) 

3
:; 

. E:~l!::E:e_;'.~~~~::::::::::::::::::::::::::::::::: ......... ~~-i ......... :;_ ::::::::~~~:! 1: i 
Total ........................................ --:--265:--228-145i--638: 

.A.STRONOMIC.A.L WORK. 

l Observntions for latitude ........................... ( 1
5
1 I 91 ............ \ 20 I 

Observations for longitude ................. - ....... -1 11 1-- · .. · .. .. .. 16 [ 
I Obser"Vutions for time .. . .. .. .. .. .. • .. ... .. . . .. .. • .. 12 \ 9 • .. .. .. ... • i 21 I 
j Observationsfo.razimuth ............................ ! 51 5 j··········--1 10 

1 

Computations ...................................... ·1 ____ 4-==='---38-:--~( 
Total .......................................... ! 37 i 341 38; 109 j 

I ' , I 

MAGNETIC WORK. 

I i Nuroberofvolnmes. I Numbero.fcabiers. I Numberofsheets. 

I · I Total. 

1 

!_~:-~~'Duplicate. Original. l_Dnpli~~I Ori11:inal. i;,:'_ D_u_p_1_1c_"_t•_·, ___ _ 

I Observations for terrestrial magnetism .. i 4 i 3 j 34 29 : 66 i ............ 136 

ll ~o=~:~ut::~·.::::::::::::::::::::::::f :::::::::::l::::::::::::t=··;·1::::::::::::)_ 5~~ [1==~~~ 1 ___ 1._1~-~-
'Iotal .............................. : 4 \ 3 I 371· 29 i 690 547, 1,31-0 

I ' I ' I I 

HYDROl}RAPHIC WORK. 

Number of volumes. ! Number ; 

'I bottles cf Total. 
·-------i Original. I Duplicate. specimens.' ___ _ 

Observations for sonndin)?:s ......................... · 411 II 269 ,............ 680 Observations of'angleo .................... _......... 53 31 ............ 84 
Descriptions of bydrographic signals ............... i 8 i--- ......... ' ............ : 8 · 
Svooimens of sea-bottom ....................................... \ ............ \ 2:i2 ·, 252 

; Specimen books .................................... ! 3 1 ............ ( ... !........ 3' 

I Tidal ot>servationa .................................. I 1421 80 J ·--.... .. .. . 222 
Currentob'?ervatioDsandUsta ............ -.... ···-'. 27 10 \............ 37 

/ Bydrographic mi.sCEOllany......................... . . 6 ) 5 ! ............ · 11 . 

I - --:;;;;;-i,.-- 39' ----Total......................................... """ • 2.52 1,297' 
I I 
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Besides the records enumerated in the preceding table, the following which could not be con
veniently entered therein were received and registered: 

Tide rolls, 27; specimens of sea-bottom, 1 box; original current observations and data, 15 
sheets, 1 package, and 5 cahiers; original bydrograpbic miscellany, 3 packagrs and 9 sheets; 
original chronograph sheets, 2 rolls. 

The following-named records were turned into the Office by Assistant C. S. Peirce. The~ had 
not been in the Archives before, but are now duly registered. Only a small part of the work to 
which these records relate was doue withiu the past fiscal year, some of it dating as far back as 1872. 

Records turned in by Assistant 0. S. Peirce. 

Number of' volnmes. j Number 
--------' of shoots, 

Original. Duplicate. original. 
Total. 

---------· --~---~ ~--- ----·- J----1 

Pendulumexperi~entsaudobservations ........... i 1811 12 ; ............... ! 
Observations for time ..•.•..•.......•..........•. ( 28 .•••••.•.•.. i ••••.••.•••. 
Tirnoeomput.ations and roJnctlons ..•....••••••••. / 4 

11

: •••••••••••• i ........... . 
Cm_nparisons of chronometers an<l corrections of j ) 

sidereal elocks ................................... 1 4 J·--··--····· ........... . 
Ba.rometerobservations ............................... ! 1 ; .............................. . 
Micrometrical measures of scales .................. I I I 1 ••.•.•••••. 1 

Thermometerbook ................................. 1
1 

1 1
1 
............ '.···········1 

Inst1ument corrections, &c........ . . .. . • . . • .. .. .. .. . .. .. .. .. . 1 .............. I ................... 
1 

Spectrum meter . . . ...•.• .••••... •. .. •.. .••. ••. .... 13 [ ........... .l. ........... 1 

Leveliugobservations..................................... 3 !············1 .............. 1 

Longitude observ~tions ........................ _ ... l l 1······ ·--···!············ 
Latitude observations ..•....•.... ·· ..... • ...... ··•· 3 I .... •• ... ··· 1' · · · · • ... · · · · 

Personal equation observ-ations ................................ ·I · ...... u ........ • 1 .................. , 11 
Chronograph sheets ........................... _ ••. ; ... - ••.•.•.. j .....•...... I in 

193 

28 

4 

13 

1-- '----
Total. ........................................ : 241 i 13 

l 

3 

11 I 
121 1 

13~ -- 386: 

--- _I 
Also the following, not included in tile above table, were turned iu by Assistant Peirce: 1 

envelope, 9 rolls, 1 package, and 64 sheets of peildultilll work; 2 large envelopes, containing 
cirefos, diagrams, and blanks; 1 envelope Time observations; 1 bundle of Time and Pendulum 
Transits; 1 sheet stars for Latitude observations; 21 sheets pendulum and Star obser,·atioms; 7 
boxes and 3 rolls of Chronograph sheets; 1 box fillets. 

11.-Topographic and Hydrographio Nun'ey8. 

TOPOGRAPHIC WORK. 

I No. of', 
sheets. i 

l l 
-----------------·-~------ ---- 1---' ~---------~ 

I 
Delaware River from Mayne's D!td1 to New Castle, Del.. .•. ; West .Shore Delaware Ila;-. lfohon'.s Rh·t•r Light. to trhrn.g-u-

: No. of 
, sheets. 

Cbandl~r·s Bay and Chandler's River1 induding villag~ of i latloo station Cla1 k, Del ........•••........ _ ............... . 

N~~u::~::·o~~~~-~~s;;~~~.-;.~~-s~-~~i~~~~~~~~~;~·f 
River and the Norwalk Island•, Conn .................. ·· ! 

Shore of Hempstead Bay, Long Island, N. Y ............. ···i 
:Eaat Hempstead and Soath Oyster llay, N. Y .............. 

1
1 

.East part South Oyster B"ay, western partGrent South Bay, 
1 

<G:;~~~b-;;~;.-~~-~~-~~~~-~~;.:·;.:·~·:·.:·.-..-.::::::::1 
llaohiasport and vicinity, Me .............................. ! 
Ear Harbor Village, Mount De&et't Island I re•urvey), .Me .... i 
<lolnmWa. River, Vicinity of .Bachelor's Island, Oreg ........ ! 
Vachlaa Ba.y Entrance, Me ................................. 1 

.Shore& of IodlRn Rivel', Fla., Passage, Sebastian Creek tn ! 
Narrows, Fla .................................... ,_ ........ , 

'Shores of Willamette River, Swan Inland to Roso lllland, [ 

including Portland, East Portland, and A.lbitla, Oreg .. -• -• · 1' 

Shore of Dclaware River, Saint George'& Creek to Bombay 
Hook Light, Del. •.•..•.. - ..• ._ ..................... - .•..•. 

1 w~;:;,h~;:~~ ~~~~:~:~:.~::~~~~~~-~-~~~:~. 

West Shore Delaware Bl\y, from triangulation station 
Clark, to triangulation st,ation Plum, Del ........... _ ... _ ! 

New J crsey Shore, Dela ware Bay : 
:From the Ilum1nocks to Egg Island LigiJt,·house, N. J .... ; 
From nea.r the Hummocb to New England Creek,N. J .. 1 
El•iugooro Point to belo\v J:;cob's Crook, N.J ........... j 

North Shore Long Islantl Sound1 Cha.pman 1s to Hammonas· : 
set Point, Conn ............ __ .............................. ; 

lfarumonaasct Point to Guilfonl, Coun ........ _ .........••.•. : 
PoAseasion Sound. Muckiltco to Preston's Point, Hawk to ( 

Randall tria.ngnlalion station, Wash. Ter .................. ·1 
West Coast of Flori<la: 

Big Marco Pa.ss to Cape Rnmano, Fla. ..................... . 

John's Pass to llig Marco Pass, J<'la. .................... ···I 
Wiggins Pa•s to John's Pass, Fla .......... ·-········---·1 
Bowditch Point t.o Wil(l!in• Pass, Fla .•..•.........•..•.•. 

V~~:~~pc~:.~.~~~:l~ -t~. ~o~~'_''.e -~~~~:.~~~~~- o~- ~~'.~~-1 
From Lompoc Landini! to Sliuman's Co.ilon, Cal ............. . 

l ii llood'aC&Wll, Wash. Ter .......................... ·-···-··· 

l 

l 

l 

1 

1 
1 
6 
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Topographic and HydrograpMc Sun1eys-Continued. 

TOPOGRAPHIC WORK-Continued. 

, No.of~ 
'she-ets. 1.:~~:. 

~ East front of New York ""'l Brook1yn from Red Hook Bat- ! 
1 1 tery to Blackwell's Island, N. Y .... ., ................•..... \ 
2 Ji.ach of the Gulf of Mexico from Eaet Pasa eastward, Fla ... 

Hoo<l's Canal: 

l'ort Gamble to Ilazel Point, Wasb. Ter ..•....•...•...•. .' 
Dabop and Quilcine Bays, Wash. Ter ...... -------- .•.•.. :' 
Dabop Ba)·, Wasb. Ter .......••............••••••.•...... : 
Annas lla.r. Wash. Tcr ..•.•......•............•.....•... .' 

Columbia Hi~er: 

From Wlllow :Bar to foot or llayil.en's Island, and the i 
W1llnme.tte RiYer from the mouth to the head of Swan I 
lslanJ, Ore;z ....... - ...•.•... ---- ----- ---- .. ·--- .• ····--! 

Colmnhla City to Tun-helor's lslant1, Oreg .•...•.•.•...... ! 
Saint John'ti Rin>r: ! 

From Racpy Point to Cedar Point, Fla ....•....... _·····< 
l'rom Ct«lar l)oiut to San Mateo, Fla .•.••.....•...•...•. -; 

The New tTersey Shore of Delaware Bay from Jacob's Crt.ek 1 

to Sea Br£·eze, X. J. __ . ·----- .... ,. .......................... . 
~ orth :'.'hon:~ Long Island Soand: ·1 

Four Mi1e Riv<·r to o,,·ster River, including mouth of II 

Connecticut River~Conn .•..•....•...•...•......•.•.••. ] 
}""nnn (iuilfonl to Juhm~on's Point, Couu. ---· .•...•...... \ 
J<'mm Jolmson's Point to South Kn,J, Conn.----· ... __ ...... ( 

Gardiner's 1"lantl. Long Island Sound, N. Y ............... ···I 
Plum IRiand uml Gull lslnnd~ Loug Islancl Sound, N. Y .. -... - . \ 

South Shore Lon:r Island Sound: I 
0,rAter.PoTJtl Point to lnl1:t -Po~nt, including the vn1ages 

ofOrrnut a.ml GreenJ>"rt1 N. Y ........................... , 

Southold anti Ilorton'R Point.N. Y ----· - ... --- .•.....• --· i 
Eastt·rn part of League Ielantl, Pa ......... -- ...•..... -- ..... i 

Part of Hoosa.c Mountain, Mass ..•....••... -----··-·-··--· - --11 

: P. T. triangnlation of Nansemoncl River, Va ...••.. ......•.. 
: Coney Island, Long Island. N. Y ..••••...•••.......•.....•.. j 
: Rockaway Beach, Long Ioland, N. Y ..•........••.....•..... [ 

[Rockaway Beach and Barren Ioland, Long Island, N. Y ..... ( 
I 1! Santa Maria River, northwest to Arroyo Grande, north of 1 
1 !· Puint Concepcioni Cal. .................................. --- --- I 

1 
Coast of New Jerspy southward f1om Corson's Inlet, N. J .. 1 

Point Snr, Cal.. .•.......•........• - ...••................. - .. \ 
Yolo Ba2e Line, C~l __ .; ....... -·-··-··· ........... ----- - .. - . ··- .... \ 
Santa Catalina Island, SnntaBa1bara ChaJJnel, Cal .....••. ., i 
Shore. of La1runa Madre: . 

From triangulation -point reat Islnnd to Crane Jsla.ndP., Te\'.. i 

From triangulation point Griffins to triangulation Camp / 

~.;;'"o.2, Tex ••••..••..•...••.••..••• ·-···········-·--· i 
, Port.Orcharil 1 Pngel-Sount.1, Wnsh. Ter_ ..................... j 

Part of coast between Newport Bay and San Juan Capis, ! 
trauu, C:al .......................... ·······-·-· .. · ........ -· -i 

Moro Bay to Toro Point, Cal. .................................... ~ 

1 Rosario Strait, Deception Pass to Ship Harbor, Wa•b. Tel' .. 
Blackwdl'r:t, Ward's1 and 1{au£1all1s Islands: N. Y ····-· .. 

l· 

l 

z-

l. 

1 

l 

l 

} 

l 

1 

Little Kennel.lee Ilny an<l Tih·er, lfe ......................... .. ; __ _ 
Total •••••..•.•...... , .....•.•..... , ..................• 75-

2 

HYDROGRAPHIC WORK. 

PlPasant. BflJ from entrancfl to Gunrd Point, Me ............... [ 
)(,p.rraguu~us River, Mo ...................................... ; 
Hanington Bay antl River, including Illack Day an{1 Flat · 

Day1 Me ..................................... - .............. . 

Pico triangulation station to CaRtrot.riangu]ation station, Cal 
Castro triangulation station 10 Dreaker Point, Cal ........ . 
Breakor Point 110rthwnrd, C;i.l ......... ______ .......... __ ... . 

Dredged channel, Mobi1'3 Ba .. ", A.la .......................... . 
Port lam\ Canal to Cape Fox, Soutl1east Alaska .••..•....... 
Tamgus 1Iat"hor1 Southeast .Alaska ........ _............. . . __ 
Port 0lte•ter, Southeost Alask1i ...........•••.•.••.•.•.•..... 
\)ra.ngdl Strait&, SoutLcaat .A.la~ka. ..•••.........•.••.•...•. 
Vicinity of Port Sirnp~on a.ml northern part of Chatham 

S<mnd, Southeast AIMka ..•..... _ ••...•...•..•... _ ...•••. 
l"'>ortlaml Canal 1:0 Cepc },ox eml Revilla G\gt¥1o Cha.nnel, 

Southeast Alaska .•..••.•............•••.•.••.•.•.•....... 
Port Tongass, Southeast Ala•ka. : •••... ..•..•..•........... 
lle-.illa Gig<Mlo Chnnnel. from Duke !'<>Int to Bold Island, 

Southeast .Al,..ka ...•.• ., ...••. ·---· .......••••.••.•.•..••• 
Mary Island Anchorage, Southeast Alaska .•..•...•.•... _. __ 
Re~ill" Gig<do Cho.nm-I, Pennock Island to H&g Rocks, 

Sontl!ellSt Al118ka ......................................... . 

Hassler Harbor, SoulheaotA.laek& ····-·······-·······-··-·· 
Toni.:n•s Nnr'""'"· Penu-0ck Ialand to Guard Island, Sonth-

~.a•t Alaska ........•..•..•••••.•.•.•............•.•..•.... 
Ward Cm'•· Sout.beast A.I.ask.a .•••••.••..•••••.•.•••.•.....•. 
RHilla Uip:edo Chitnuel, Mary Island to Point Higgins, 

Southeast Alaska ..•.•.••••.•••••••.•.. - ...•.....•...•..•. 
Etolin Harbor, Wraugcll Island, Sontbeaot .Uaska ..•••..••. 
Portage Ray, Frederick SoUDd, Southeast Alaska .••••..•.•.• 
Deep.sea Mnndings: 

Straits of Florida, Fla .•••.•.••••••• · ••.••......•.•.....•.. 

Deep-sea sonnclings-Continne<l. 

Straits of .Florida and New Pro'Videucc Channel, Fla 
Reconuaif!sanco of inland passage brtwrcn I>eril Strait and 

Sitka llmho1-, inel111ling Saint John Ilaptist Bny. Alaska .. 
ReconmliRsance of Peril Strait from Point Suloia. to Nismeni 

1-.oint, Alaa"ka ................ ~ .•. ----. ····-· ----· ... - .. -
San Fnrnd~co Bar, Cul ..••.........•..•.••.....•...... 
Straits of Juan de Fuca, Wasb. Ter .......••••......•.. 

Schuykill River, Gray's Ferry to :Rambo Point, I'a .. , .. 
Dela"·are Bi.ty: 

Mls11illion Creek tu Munier Kill Creek, Del..., .... 

Southensternend,N . .J ····-···-- -·-·---·-----··-······ 
Ent.ranee, N. J •. •..••••.....••.•..••.•...•••.••••.••..•• 

1 j Sac.o Ilay 1 Me, from Spnr"'°inkRivertoScarboro'River,M.e. 

II
. Enh'auc-e to S.eo R1v~r and vicinit-v, M~ ........................... . 

1 HnmboltltBa_vam!Dar,Cal ............................... . 
l Saint .John's Ri-ver from Ua.ccy .Point to San MateQ,Fla ..... .. 

Along north shore of I..6ng Island Sound from Son\.hwest 
I Ledge Light-house to Welch's Point, Co'nn .••...•...••..... 

Wa<lmclaw and Steno rn .. eTS, S. C ..•......•.•..•••.•....•.. 
Upper Hoo<l'• Canul, Wasb. Ter .•... ., ..••.•.•••.•.•.••..•.. 
Hood's CRnal aod Daboy Bay, W .... h. Ter ..••••••.•••...••••. 

WooeasasM Bay.Fla. ................... ·····-····---·~ ........... . 
West coast of Florida north of Cape Romano, Flt> .•..••••.• _. 
Pacific coast: 

.From Bmshy Point triangnlaUon point to Uasal Rock tri. 

angulation point, Cal ..••...•...•. ····--·-·············· 
From U86al Rock triangulation point to White Rock tri-

anirolatlon point,Cal .................................. . 
Plea>1ant Rl.-or, Me .••.....•..••..•.•.•.•••.•••••.••..•••.••. 
Gulf of .Moxfoo oft' coast of Lonisiana.1 La. --~ ....................... . 
Sabme Pa.•s an<I Lake, La.and Tex ..••••.••..•.•••.•••.•.•.. ! 

} 

l 
I 

l 

l 

l 

} 

1 

1 

1 

1 

l 

l 

l 
1 

l 



 

UNITED STATES COAt-;T AND GEODETIC S"GRYEY. 

Topographic ond Bydrogrophic Suri·eys, d:c.-Conti11ued. 

HYDROGRAPHIC WORK-Continue1l. 

'--------~-

Entrance to S.1bine Pass, ebowing locatiou of jetties, Tex __ _ 

i !: 
I No.of j'' 
, sheets.,: 

Twelve-Mile Arru, called "Eighteen-Mile Arm,,. Alaska, .. . 

M~rm<'ntau Rh·er •. La ·--- .. ·-·-----····-· .•.....•.•...•..... l Xarta Bay, Alaska .......................................... , ' 
Calcas1en Pafls. La. ...................................... ----·· 
Dixou EntrRnce and Clarence Strait, Capf': Muzon to Moira 

s.mml, Alaska_. ..... ' ....................................... I 
Clarence St1·ait, Moirfi. Sound to Union Bas, Alo ska ...•....• ! 
Nibla.('k Anl.'lJor·agP, Moira Sound, Alaska .••••..•.•....•..•. ! 
Chasina. Anchorage, Alaska .................................. ! 
Vallenar Ilay and entrance to Ton~ass Narrows, Alaska .... ! 
Naha Bay a~d adjacent waters, Alaska. ...•...••... --- --- -- .. I 

1 Tolstoi Bay, Alaska .......... __ ...... -----· ____ .... __ .. . 

Union Bay, Alaska ................................... . 
1 Off Cha;ndl'ltmr Isla11ds, La ..........................•........ ' 

Dt-lawnre Ba;\· oft'CatJe MaY" Point ...... ---- ...•............ ! 
Cbarle•ton Uar!Jor llar, S. C ................................ . 

Total.. ...................................... . 
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No of 
Rheets. 

The preceding statement shows that there htwe been registered in the Arcbh·es during the 
past fiscal year, 493 Yolumes of geodetic obser\'ations; 145 cuhiers of geodetic computations; 71 
volumes of astronomical obsen-ations and computations; 38 cahicrs of a&tronomical computations: 
7 volumes and 63 cashiers of mag'uetic observations; 1,100 sheets of magnetic traces; 3 cahiers 
and 71 sheets of magnetic computations; 1 ,045 >olnmes of hydrograpliic observations; 37 voh11ne8, 
5 cahiers, 1 package, a1id 15 sheets of current obser\ations; 11 >olumes, 3 packages, arnl 9 sl1eets 
of bydrographic miscellany; 252 bottles and 1 box specimens of sea-bottom ; 27 tide rolls; 75 orig· 
in al topographic sheets; 65 original b~·drogr:iphic sheets; also, 254 volumes, 2~ l sheets, 2 packages, 
4 envelopes, 12 rolls, and 8 hoxes of recc:>rds relating to graYity research. 

There have been received and registered during the past fiscal year G33 >olumes, bound arul 
unbound, bcRides periodicals and scientific publications to be bound hereafter. Of these, 213 ,-ol-
111n4's were turned into the Library b;1' Assistant Peirce; they bad not been in the Librar.\· before, 
~;ml therefore appear on the registu as recent acquisitions. The binding of many of tbe;,w hooks 
lias been badly damaged hy fire aml they need rebinding. 

During the past fiscal p>ar 25 rnlnmes W{ re bound sultstantially iu library style at the GoY· 

erument bindery. 
There arc a number of books in the Librnry that 11pe(l rebinding, a11d also many uubonml \To1fa.; 

aud periodicals that ought to be bound. 
I was appointed Librarian No•ember 14, 1SR5, the nppointment taking effect Nowmber 17, 1885. 

Mr. T. D.' Reed was iu charge of Archive's and Library from the beginning of the past fiscal ;year np 
to that date. He was then employed in tlie Archiws and Library 11s a clerk till April 1, 181'G, with 
the exception of a short time while he was otherwi~e employed iu the Office 1111d when he wm~ 
absent on lea,·e. 'While l\Jr. Reed was o•_·cupied rl:;-ewhere in the Office, l\fr. 'Villiam B. Mapes, 
since deceat'ed, was with me a fow days. 

Mr. J.M. Duesl1crry was nppoime<l to be n clerk in the Office on A111il 1, 1886, and at->t5i:,:11cd 
to the ArchiYes and Librnry. 

On Jnne G, 1886, I was taken sick with malaria, and with the exception of a few daJs, was 
11bsent c.luring the 1emaindcr of the th cal :year. Mr. Dnesberry was in charge during my abs~nce. 

Respectfully submitted. 

Mr. B. A. COLONNA., 

Auiata1t.t in charge of Ojftce. 
H.Ex.40-18 

ARTEMAS MARTIN, 
Librarian and Custodian of Archi1;rs. 
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.APPENDIX No. 5.-1886. 

REPORT ·OF THE HYDROGRAPHIC INSPECTOR FOR THE YEAR ENDING JUNE 30, 1886. 

COAST AND GEODETIC SURVEY OFFICE, 

lVasltington, October 19, 1886. 
Sm: I have to submit the following report of the hydrographic work of the Coast and Geodetic 

Survey for the year endiug June 30, 1886. 
On the 15th of October, 1885, I was detailed l>,y the honoral>le Secretary of the NaYy for dutr 

as Inspector of Hydrograp~y, relieving Commamlt>r U. :M. Uhe~ter, U. S. N., who was ordered to 
a command afloat. 

At the time of his detachment, Commander Chester bad been connected with the Survey for 
over eight years, during five of which be had been Inspector of Hydrograpby. His interest in the 
work of the Survey had been so great, and his methods of conducting the duties of this office so 
successful, both as regarQ.s the hydrography itself and the repairs and maintenance of vessels, that 
I ha,-c only endeavored, so far, to carrJ' out the system inaugurated by him. 

During the summer of 1885, the steamer Blake with tlie h;1·drographic party under charge of 
Lieut. J.E. Pillslmry, U. S. N., Assistant Coast and Geodetic Survey, was engaged in work 011 the 
.Eastern Coast, the greater part of the season. being devoted to special examinations of reported 
dangers in Long Island aud Vineyard Sounds and on the coast of l\Iaiue. The party was also 
engaged in completing the bydrography of Saco Bay and approaches and Cape Split Harbor. 

In July an examination of George's Bank was made by Licntenaut, Pillsbury with special ref
erence to the location of a site for a light-house, a full report of which was made to you and to the 
Light-Honse Board at the time. 

Late in the fall, when it was i'mpossible to continue with proper economy the work on the northern 
coast, the Blake was put in condition for carrying on the surface and subsurface current work iu 
the Gulf Strnam, off' the coast of Florida, the results of the previous season Laviug been so Ya1aable 
and interesting, both to the practical navigator and to the scientist, as to make it important that 
the work should be continued. 

Tidal stations were established at Tortugas, and tbe serial current observations carried on 
with a view of determining more accurately what had partially been determined the previous year
the relations existing l>etween the entrance of the tidal wave to tbe Gulf and the Yelocity of the 
Gulf Stream. 

This work requires tbat a vessel should anehor in water of great depth, and at present little 
trouble is experiencetl in 500 fathoms. Had the appropriation permitted, it was propo:;c<l this 
year fo try anchoring in depths as great as 2,000 fathoms, but even with the limited means at 
our disposal, Lieutenant Pillsbury intends anchoring in 1,000 to 1,too fathoms for still further 
investigation of this interesting subject. The detailed report of Lieutenant Pillsbury, con laiuiug 
much Yaluable and original matter, has already been laid before yon. 

In May, the work in the Straits of Florida having been completed, tLe party in the Blake began 
the off-shore sounding on the coast of Virginia, carrying the lines out to the lOO-fat11om cnr•e. 
This work was continued until the end of the fiscal year. 
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Tile beginning of tbe year found the steamer Baclie, under the command of Lieut. E. D. F. 
Heald, CT. S. N., Assistant Cnast and Geodetic Surwy, on the working grouml on the coast of 
:Maine, where during the 1mmmer and fall the party finished ti.Jc bydrography of Pleaf:ant Rin•r, 
:Machias l{iwr, and the upper portion of Machias Bay. 

U11on the return cf this part;\· to New York, at the ('IHI of the tenl:'ou, Lit>utenant Heahl, bavi11g 
serYed oYer three ;years on the Surver, was dEta<"hed allfl directed to a8i<nme his regular wH·al 
duties. 

In thiis connection I 1lesire to express lll.Y rt-gret i11 losi11g the senices of a11 officer whose tour 
of dut,Y was iso marked b_y lti:s great interest in the work and the success attained in prosecuting 
all that was assigned to him. 

Lieut. ,J. :M. Hawley, U. S. :X., Assis taut Uoast aml Geodetic SurYey, after ftnishi11g the work 
assigw•ll llim i11 Kew York Ilarhor, was directed to assume command of the Bache, and with that 
party proceetletl to the coa.~t of T1onisiana, where, after rmrnin g a few su pplernentar;y liues of souu,l
ing;.i oft' t be Uuan<leleur Isla11ds, he took up the examination of Horn Islaud Pass. 

1Jmiug the remaindt·r of the winter and s1iring this party was emplo)-ed in executing tlie 
h,vdroirraphy from Xorth Anclote to Herriug Bluff, Florida. On the 26th of Ma_y the vessel pro
ceeded to New York to prepare for work on ti.Jc coast of Maiuc. 

The Getluey, under the commaml of Lieut. I•'. II. Crosb_y, U. S. N., Assistant Coa8t a1,1d Geo· 
detic S nrYey, was ernvloycd iu Delaware Bay, and executed the hydrography in Maurice IU,·er 
aud Bay and o\·er the sl10als around Cape May l'oint, thus completiug the resurvey of Delaware 
Hh·er froll! l'hiladelphia to the sea. 

Duriug the winter the Geduey was employed on the coast of Louisiana, and completed the 
ott'-sl10re ltydrogrnpb)· west of the l\lississippi Delta to the entrauce to Barataria Bay, aud also 
executed the hydrography of Cote Blanche Bay. 

The Gedne.y closed work in the Gulf on May rn, an<l proceeded to New York from Pensacola, 
Fla., with the schoouer l\fatdiless in tow, arriving there on l\Iay 31. 

As it was important to push the work in Long Island Souud as rapidly as possible, the ;wces
sarr repairs to the vessel and other preparatious were made with great haste, and on June 15 slie 
started for her new working grouu<l. 

The part~· on board the 1>tearner En<leaTor, under the charge of Lieut. G. U. Hanus, U. S. N., 
Assistant Coast aml Geodetic Surve:r, begau operations in the i,;pring, and at the beginuiug of the 
fiscal year was still engaged 011 the hydrograplly of the lower ha,y of New York Harbor_ 

\\'ith the \'iew of comparison with past survrys, and in order to lla•e the most accurate 
obtaiuaule data for fnture reference, the work ou the bar w<is executi::-d with greater refinement 
than would be nece::isary for the navigator alone. 

During the winter the party on board the Endearnr completed the hF1rograpl1;y of the liar 
and approaches of Santee Hi\·er, Dewees, Caper's, and Price'1> Inlets, a portion of Bull's Bay, aml 
th,e main channel across Charleston Bar. 

As there are few protected anchorages on the coast from which the work can be eco11ornieally 
carried 011, the Endeavor was frequently obliged to anchor in an exposed position to ride out gales 
of win<l, au nu pleasant place for a small steamer. 

Early in July the schooner Reatly, nuder command of Lieut. Sunm<·r C. Paine, U. S. N., 
Assistant Coast and Geodetic Survey, left New York for work on the north Hliore of Long Is'and 
Souud. This work was carried on until the end of the season, when the Heady was sent to New 
York aud Lieutenant Paine was detached and ordered to duts at the Naval Observatory. 

·while Lieutenant Paine's services on the Survey extended o\·er only 011e summer, the records 
of the season's work are sufficient indication of Lis energy and aptitude, and it was a imbject of 
regret to this office that he could not remain longer on the Survey. 

The beginning of the year found the schooner Eagre under command of Lieut. J. l\f. Hawley, 
C. S. N., Assistant Coast and Geodetic Survey, at work in East River, New York, where work hall 
been commenced iu the spring under the appropriation of $30,000 for the resurvey of New York 
Bay and Ilarbor. This party remained in the field until November, continuing the bydrography 
of East l{iver as far ns Blackwell's Jslnml. The additional dangers discovered afford ample cvi· 
deuce oft he necessit,r for the resurvey of this great thor-0ughfare. 
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In 1'iovember Lieutenant Haw le~· was relieved from command of the Eagre by Lieut. D. D. V. 
Stuart, and assumed command of the steamer Bache, as al read~· mentioned, and the Eagre was 
sent to the New York Navy-Yard for the winter. 

Early in Y£ay a party was organized on board tlle Eagre, under the comm'.IIHl of Lieut. C. P. 
l'erkins, U. S. N., Assistant Coast and Geodetic Sune~·, and commenced field operations in 
North River, contiuuing the work of the previous seasou as far as and through Spuytcn Du;Hil 
Creek. The end of the ~-car fouud the vessel at College I'oint engaged on work in Flushing Bay. 

The schooner Palin urns, commanded by Lieut. W. G. Cutler, U. S. N., Assistant Coast and Geo
cletic Sun·e.Y, contiuued the work~ commeuced iu the spring, in North l{iyer, aud was emplo~·etl in 
acth·e field-work until the latter part of November, when tlle \•essel was laid up for tlle winter, aud 
Heutenant Cutler, after fHlITing successfully on the Survey tor nearly three years, was detaclled 
and onlered to the U. S. S. Dolphin. 

Early in April a part,\' under the command of Lieut. D. D. Y. Stuart, U. S. N., Assistant Coast 
ancl Geodetic Sun·ey, was organized on board the Palinums and commenced work on the north 
shore of Long Island Souncl from Sheffield Island Light to tllc westward, wllere the party was 
engaged at the eud of this year. 

The steamer Arago, having been laid up during the summer and winter, was placed in charge 
of Lieut. G. H. Peters, U. S. N., Assistant Coast and Geodetic Survey, iu April, who with that 
vessel verified the notes previously taken, and took additjoual notes in Chesapeake Bay and trihn
taries for tlle compilation of a Coast Pilot of those waters. 

In June Lieutenant Peters was relieved by Lieut. F. S. Carter, U.S. N., and tlirected to assume 
his regular duties in the office. Tbe Arago was th ell sent to New York and put in condition for 
wol'k in Loug Island Sound. 

The schooner Drift was employed during the summer nnd fall, under the command of Lieut. F. 
S. Carter, U.S. N., Assistant Coast aud Geodetic Survey, in making a series of current obsen·atious 
in New York Bay and Harbor. In November the vessel wl\s sent to tlle Navy-Yard for the wiuter, 
arnl in .January Lieutena.nt Carter was detached and ordered to the Gedney. 

The steamer Daisy, a small tug transferred to this office by the Light-House Board, was 
employed as a tender to the field parties in New York Harbor, and was of great assistance i11 the 
work at the entrance to New York. 

During the summer of 1884 the schooner Scoresby was in charge of a ch·illan party enga{.t'ed 
in makiug current observations in New York Bay and Harbor, and was afterwards laid up at the 
Nav~'-Y11rd, New York. 

During part of August the rcgul;ir h,\·drographic work wa8 suspended hy all the 11arties work
ing in that vicinity and simultaneous current obst1rvations were made (Jll Sandy Hook Bar. 

In March a party was organized on boanl the Scoresby, under the command of Lit>ut. Frauds 
~~inslow, U. S. N., .Assistant Coast aull Geodetic Survey, and commenced work in Core Souml, 
Nortll Carolina, making special examinat.iom; with reference to the location of oyster-beds in tllat 
vicinity. 

HYDROGRAPIIY-P .ACIFIC COAST. 

Tile steamer Patterson, under command of Lieut. llichardsou Clover, U.S. X., Aio;sh;tant Coast 
and Geodetic Surwy, continuecl the snrYey of Southeast Alaska, commenced during the spring 
of 1885. Lieutenant Clo,·er extended his work to Point Lemesurier, in Clarence Strait, befor(• it 
became necessary to return to San Francisco, where tlle Patterson arrh·ed October 15, 1885. 

In March, 1886, Lieutenant Clover was detached from the S11rvPy at his owu request. He had 
inspected the building of the Patterson and after her completion hacl command of her 011 the 
passage around to Sau Fraucisco, where she was fitted for work in Alaska. 

The results of the season's work, referred to above, wert: so satisfactory that it was with much 
regret that.this office lost the valuable services of so compete11t an officer. His surYey, 11ow pub
lished, bas received the commendation of all wllo hM·e seen it aml wlio are acquainted wit It the 
locality. ·To show bow rapid]~· tlle Alaska work has been puslled, I will state that I1i<>ntPuant 
Clover completed urn miles of the shore-line during the sliort st•nson iu which work eau be 
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economically carried on in these watern. Fort be al'curacy of tbe work I refer to the records aud to 
the chart already published. 

After considerable deliberation as to the best method of continniIJg this important snr...-ey, I 
recommended in January last that two Yei:sels lJe sent to carr,'I" on tl1e work, on tbe appropriation 
allowed for one party. To accompJii.;h this it was necessary to lie very economical in fittiug out 
the expetlition. This was succe»sfnlly accomplished, and although the results have been vers 
gratifying, it is to be regretted that the small appropriation 1886-'87 rendered it necessary to 

recall the parties before the end of the season. 
The vessels tlctailed for the work were the Patterson, Lieut. Commander A. S. Snow, U.S. N., 

commanding, and the Mc.Arthur, Lieut. J. l\L Ilel111, U. S. N., commauding-, tlrn combined party 
being under the direction of the former officer. 

Lieuteuant-Uommamln Snow report:-<, September, ISSG, tlrnt be has during the preseut season, 
with the combined party under bis charge, eomplete1l l,GOO miles of shore-line, leaving uncom' 
pleted in Southeast Alaska abont 4,500 miles. • 

Tim snn·es of tlrn Ala;.;kan coast and waten; is oue of the most important works now remain
ing for the Coast Survey. ~Witll a vieq· of completing the ;.;urvey of tlie principal thoroughfares 
now used as rapidly m; possible, the work is carried on with the intention of obtaining data for 
the construction of chal'ts for the use of the navigator, showing harbors, anchorages, an accurate 
shore-line, and such topographical features as are of use to him. 

This sun·ey is carried on untler many ad verse circumstances. The density oft he forestis, which 
are almost impenetrable, renders it impossible for observers to occupy the mon ntain peaks with· 
out great delay; the precipitouR shores, thickly wooded to the high-water IUark, make the build
ing of signals very difficult; while fogs and almost conRtant rains, with beav;y gales, constitute a 
yet more serious obstacle to progress. J,ieuteuan t-Commander Snow writes, nuder date of' June 11, 
1886, that in twenty-nine consecutive days there was not oue on which rain did not fall. 

The naval parties on board the Patterson and the .McArthur have continued the system of 
triangulation from a measured 1.Jm'le, checking with astronomical statious,aud have carried ou aii 
tlJC work of triangulation, topography, and hydrography. 

'.l'he steamer l\fcArthur, nuder the commaml of' Lieut. E. D. Tiwssig, CT. S. N., Assistant Coast 
and Geodetic SuHey, was employed in continuing the hytlrography ou the coast of Oalifomia 
south of Cape ::\Iendocino. 

The shores in this vicinity are rocky and abrupt, the country is but sparsely settled, with no 
tlefiued roads and only here and there a chute for a landing, and add to this the fogs, tbe prevail
ing 11eavy swell and oeea;o;ional severe gales, without any harbor of refuge, and sou haYe some idea 
of tl1e difficulties under whicll this work was accomplished. Great credit ii:; due to Lieutenant Taus
sig who overcame the many obstacles that were continuall.r presented. This party returned to 
San J;iraucisco during the latter pitrt of November, and in February Lieutenant Taussig relieve<1 
Lieutenant-Commander Snow of tbe conlIIland of the H<1ssler, an<l f,ieiit. .• T. ::\I. Helm, CT. S. N., 
Assistant Coast and Geodetic Snn-ey, assmned command of the l\IcArthur. '.l'liis party prepared for 
work, aml in April 8ailed for Southeast Alaska, "lfliere, in conjunetion witll the steamer Patterson, 
already referretl to, the party continnetl the triangulation, topography, an<l hydrography of the 
inland waters. 

The steamer Hassler, nuder tlle command of Lieut. Commander A. S. Suow, U.S. N., Assi8t
ant Coast and GeodeUc Surrn.v, sailed eat'ly in August for Departure Bay, when, after coaling, she 
proceeded in the execution of the wol'k assigued her, viz, off.shore hy<lrograpby seuth of' Columbia 
Rh-er, Oregon, examination of the channels into and iu Tillamook Bay, h.ydrognqihy of \Valker 
Island Bar and Tongue Point Bar, Columbia Hiver. 

1'he 11arty was delayed by galei,;, rain, antl ;;moke, and owing to the continuous bad weather 
was u uable to connect tbe outside steamer lines witlt tne shore. The vessel returned to San I<'ran
ci8co in November, and after Lieutenant 'raussig ai,;f!nmed command, in February, the party was 
pr(•paretl to complete the work 011 the coast of Californht son th of Cape ~Ieudocino. 

A pl'il 1 tlw Hassler· stmte1l for the working grouud, aud a fow days later tbe party was engaged 
iu acth·e operations in the fie}, I. 

Iu spite of the Iieay~· rain arnl freqneut southeasterly gales the work was prosecuted with great 
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\'igor, and on June 18 the party arri>ed in San Francisco, having finished this most difficult piece 
of work. 

The schooner Earnest, under the command of Lieut. Charles T. Forse, U. S. :N"., Assi.stant Coast 
and Geodetic Survey~ was engageq in the survey of Puget Sound. The party anived in tlic field early 
in the season, and at once commenced active operations. The h;rdrography of Hood's Canal and 
Port Orchard was finished hefore the pa.rt,y returned from the field, which was not until December 
8, after the weather became too severe for active field operations. Early in April, the part~· w:rn 
again in the field engaged in the hydrography of Admiralty Inlet and Port Townsend, botli of 
wliich were finished by the latter part of June, when the vessel left for I'ossession Sonrnl. 

The chief obstacle to contend with in the prosecution of tue work in Puget Soun<l is smoke. 
The yearly extensiYe forest fires envelop the whole country in a cloud of smoke, RO that for scYcrn l 
~eeks at a time it is impossible to carry on any field-work. 

The steamer Hitchcock and schooner Quick in the Gulf. tbe harge Beauty on the Atlantic coa;;t, 
and the schooner Yukon and sloop Kincheloe on the Pacific coast, were usPd by ei\·il assistants. 

The H_ydrographic Division has hee11 under the charge of Lieut. J. F. Moser, U.S. N., Assh-itin1t 
Coast and Geodetic Survey, and to his great care and untiring energ_y we are mainly indebted for 
the accuracy of our charts, particularl_y in regard to changes since their issue. The co-operation or 
the Light-House Board, through its Nasal Secretary, Commander H. F. Picking, U. S. ~.,is SQ 

tliorough, that all changes made under the direction of the Board are immediately indicated on 
our charts. By recent arrangement with the Ollief of Engineers, U. S. Army, we hope iu the 
future to be able to profit by the numerous hydrographic surve.rs carried on hy that i<ervice iu 
connection with harhor imprornments. 

In December I recommended to you that a scheme prepared hy Lieut. J. F. l\Ioser, U.S. N., for 
a quarterly issue of a" Notice to 1\lariners" lie carried out, and on 1\Iarch 31 the first of this series 
was issued. This notice is intended to contain in a brief space all the important changes that 
have been made on any chart since the preceding notice. Tllese changes include not only 11ew 
dangers, but also important chauges in lmoyage, new lights, &c.; in fact any adtlitiou or eorn·ctiou 
to the chart that would make it more perfect and be of interest to the navigator. These 1nt1ct·s 
are also sent to the chart sales agents, so that they can have an op1~ortunity of correcting charts 011 

hand, or at least distributing them with charts sold. In >icw of the fact that they sPem to lw 
sen-fog a very good purpose, I lrnve t() sugg-est that after January 1, 1887, the8e notices he is:rnetl 
monthly. It is not intended that they should take the place of the special notices issued \\'lieu 
important dangers are discovered or developed. 

The work in the draughting-room of the H;ydrogra.pbic Di\·isiou of this office was most sntis
factorily irnrformed hy l\lessrs. E. ·wmenbucher, "\V. C. Willeubucher, and I<'. U. Donn. A talm
lated statement appended will show for itself the zeal displayed by tliese gentlemen. 

The general supervision of the work on the Atlantic Coast Pilot having been assigucd to the 
Hydrographic Inspector, with your approval I detailed for this duty and placed in imnwdiate 
charge of it at the beginuing of the fiscal _year Lieut. George II. Peters, U. S. N., Assistant 
Coast and Geodetic Survey, who had at an earlier period ser>ecl one tour of dnty on the SnrYey. 

In August and September field-work on the New England coast was carried on for pnq>oses 
of verification and revision, inclurling special hydrograpbic examinations \\'here necessarr. Dming 
the winter, office duties were performed in the revision of tlie volumes alread~- in print and in noting 
the necessary corrections to bring up to date manuscript already prepared but not ,Yet priuted, 
as well as in the preparation of new matter. The current editions of a unmber of volumes of the 
Atlantic Local Coast Pilot being nearly exhausted, the publication of new editions in such eases 
bas been kept in view iu carrying on the re\·ision. The changes required to bring the text up to 
date are many, involving much lauor in which great care and accuracy are necessary. A 11ew 
(tliird) edition of Subdivision 13, which iucludes the south coast of Loug Island, New York Bay 
and Harbor, and the Hudson River, is in the hands of the printers and will soon IJe issued; 11ew 
editions of others are in an advanced state of preparation and will soon be read_y for the printer. 

Lieutenant Peters again took up field-work early in April, taking charge of the steamer Arago 
for the collection of data in Chesapeake Bay and tributaries, iu "'hich work he was engaged nntil 
the middle of June, then returning to the office and resuming duties here. In the latt('r part of 
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November, 1885, Mr. John B. Goode, jr., was designated to assist in the Coast Pilot work, au<l per
formed the cleric:1l and other duties assigned him most efficientl_y up the time of hi!'> resignation in 
August, 1886. 

It is proposed to suspend, for tlie present at least, t11e 1mblication of the large volumes of tlie 
Atlantic Coast Pilot, two of which, Yiz, Division A, Eastport to Boston, and Division B, Boston 
to New York, ha,·e already been issned. 'fo meet local· wants, the Atlantic Local Coast Pilot: 
issued in subdivil;ions, each comprising a limitt'd portion of the coast, may well be continued; a 
yolume of this series, treating of Chesapeake Bay and tributaries, and others, coYering the coast 
to the southward of' Savannah, are now in hand, the coast from Cape Heury to Savanuah beiug 
inclmled in subdh·isiom; 19 and 20, already issued. The demand for the J,oca.l Coast Pilot is suffi
cient to mdicate that it supplies a spPcial want, lJut its bulk and its minuteness of detail render it 
unsuitable for general me. l•'or this pt1rpo8e a Coast Pilot should be prepared which should include 
the entire Atlantic coast iu oue \'Olunw. Our naYal vessels now have to lle supplied with a general 
work of this nature, issnrd hy a private firm; wliile this is a useful publication, it does not apr>ear 
to meet their needs fully. For the general treatment of the Atlantic coast, a method invoking new 
features has been devised Ly Lieutenant Peters. Sample pages illustrating the pro1)01;ed method 
lun-e recently beeu 1iri11trd, with your a11prova1, to facilitate proper distribution for the purpose 
of eliciting such criticism and discu8sion as will tend to enhance the usefulness of' the project. 

The general CO]](lition of' the hulls, engines, boilers, &c., of' the vessels of the Surrny at t1ie end 
of the year was good, with a few exceptious, wbieh will be noted. 

The serYice on which \·essels in the Surve;y are engaged is Yery severe on their boilers, at 
• tiiues going for mouths witliont hauling fires. 'fhose of the steamer Gedney, after over ten years' 

ui:;c, were in such condition tliat it was decided best to put in new ones. Bids were accordingly 
asl,ed for, and on the 28th of ,June the contract was awarded to Messrs. Speddeu & l\foCiymont, 
of Baltimore, Md., for $2,!MO. While the boilers are out of the vessel it is proposed to gi\'e her a 
general overbauliug, it liaviug been ascertained that many of her fastenings are in a very bad 
conditiou. 'fhe GedneJ- is a composite vessel, and her fastenings are of iron. Recent iuvestiga
tio11 ~l1ows that man~· of them are entirely eaten away by galvanic action, and it is proposed to 
n'phwe tlwm. 

A new ~team windlass was placed in the Gedney in December last, which adds much to the 
C'flieic1wy of that \'essel. 

In .Tune arrangements were made for the building, at the Washington Navy-Yard, of two large 
steam lam1cl1t>s. These boats when completed will be a very valuable a1lditiou to the Survey. 

The Arago'H decks have given considerable trouble. being too old and loose to be properlr 
calked. The question whether she is in proper condition to warrant 1rnttiug in :vew decks aud deck
bom•es will have to be considered this Jear. She is of' much service to tlie Surrny, being com para· 
tiYt>ly inexpensiYe to maintain, and her light draught enables her to work in our inland sounds. 

'l'he schooner ::\Iatchless, which was turned over to the SnrVeJ· in July, 1885, by the Quarter
master's Department, IT. S. Arm~·, will reqnin•, iu order to place he1· in proper condition for use, a 
thorough remodeling of bn interior arrangements, when she will pro\·e a very valuable addition 
to our vessels. 

During the winter the repairs were made to the wssels at New York by the reduced crewR of 
those veRsels. 'These repairs included ship carpcntc1·'is, joiner'"• sail-maker's, and machinist's work, 
a111l the result was that when the vesselH were required for serYice in the spring the amount of 
rnoIH'Y expended for repairs was very small, beiug confined principally to skilled labor of a c~ass 
1iot easily fouud among a ship's crew, such as cop1wrnmith's and plum lier's work. 

On the 1st day of March I had the houor ton connneml tlrnt the schooners Baclte and I~esearch 
he i:;olll, as their condition was such as to render it not ad\·h,able to put them in condition for use. 
The schooner Silliman could properly ha,·e been brougl1t nuder the same head, but ·although unfit 
for farther use as a sun·e;viug Yessel, she was still of great sen·ice aH a store-ship for Coast Sur\"ey 
propertJ' at the New York :Navy-Yard. 

'l'hc tenders for the schoonPI" llache wNc so ~mall tl1at it was decided not to accept any of ti.tern, 
and she waH, on application, turned onr the llureau of Ordnance, Navy Department. 

Tlit> Re8l•nrch was sold at J~emmcola, Fla., to the highest bidder for $'.!27. 
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The steam launch Lively, now engaged in the Alaska survc:y, has been almost constantl;r in use 
for twelve years, and is nQw in such condition as to render it questionable as to the propriety of 
repairing her. A recent survey by a board of officers shows that she will require \er.v extensi•e 
repairs, both to hull and to engines and boiler. It will probabl;r be more economical to replace 
her by a new launch. 

From the rather in<le:fiuitc information that can be obtained, it seems to be necessar:y to make 
extensive repairs to the bull of the steamer Barataria, now laid up at Gretna, La. The steamer 
Hitchcock, laid up at the same place, also requires considerable work on both hull and engines. 

In March Mr. Wyvill, who had served faithfully for nearly four J·ears in this office, was pro
moted to a position in the Drawing Division, an<I-his place has since been filled to my satisfaction 
by Mr. George J. Yestner. 

I forward herewith tabulated statements of officers serving on the Suney, work done in field 
and office, &c. 

Very respectfully, 
W. H. BROWNSON, 

Litutcnant-Oommandcr, r. 8. ]r,·., 
Hvdrograpliic Inspector. 

Mr. F. M. THORN, 

Superintendent U. /:3. Coast and Geodetic Sun•ey. 

List of ~Ka,ral Officers attached to the CoaM and Geodetic Surrey durinv fiscal year ending June 30, 1886. 

Name. 

COMM.A.NDilU. 

Date 
attached. \ 

1-

R<marks. Name. Date 
! attached. Iternarkd. 

------!----- ·--------
1 ' 

EliSlG!iS. 
i I 

C. M. Chester .••. ····.\Oct. 2, 18771 Detnchvcl October 19, 1885. 'l \\'.McLean ............ July 15, 18il4, Detached Octohc·r 16, 18~5. 
. '.· T.D.Grillin .•..•.•.•.•. May 2,1803; Stillinservice. 

LIEUT~ANT-COMM.A:SU· I: :j ' 
ERS. i :, F.II.Sherman .•....•. Oct. 31,1&82 1 DctachedDecernher4.1881L 

, , ,: J. M.Orchard ......... , Feh. 10, 1<82 Detached Not"emher 24, lf'So. 
A. S. Snow········· - · · i Aug. l, 1883 \ Still in serdce. 1

1 J. :N.Jordan .......... ! Jan. 2o, 18Sl Detached December 28, 1885 
W. B. Brownson····· •. 1

1

Aug. 11• 1881 1 Detnehed Decem\Jer 2• 1884 ; ii A. F. Fechteler ........ Juue24, 1:'82 Dt>lached Septem\Jer 20, 1885. 
IC attached Junf': 29• 1885 ' 1: T. M :Brumby . . . . Df>c. 21, 1882 DetacLe<l December 15, 1885 

I 
- still iu service i' -v E 

LIE.CTENA:<TS. I I Ii"'· ·Wright. ..•....••. Apr. 7, 1885 Still m ser.·ice. 
:1· A. W. D<>dd........... Apr. 9, rns:; Do. 

:E. D. F. Heald • ... ... . • Mar. 23, 1882 Ddachcd X oYeruOcr 18, 1883. \ !i P. M.Bostwick ....... Sep:.28, 1851 Del.ached Mart•h 10. 1886 
Richardson Clot"er ····1July2G, 188.1 Detached Morch l, ISE6. 'I Ar 

30 1883 
Still iuservke. i .1.L.liall .....••.....• ::\Jay l,1~83 Detached.Januory0.188G. 

E.D.Taussig .......... P · • .[ P.J.We.r\ich ......... Mnr.15,1884 1

1 
DetacbcdJanuan9.18fG. 

J.E. Pillshnry •••· ·•••· July 13• 1882 Do. :: Simon Cook ........... 1Sept.22, 1885 Still in service. . . 
Jefferson F. Moser ..... Jan. 29, 181'1 Do. ,[ It. M. Ilughes .••.....•. i ,Jau. 13, 1806 Do. 

Charles T. Forse •••• .. July 7, l8S4 Do. !\ W. L. Burdick ...... ·-1 Mar. 31, 1634 Detached Xovcruher 17, 1So5. 
J. }!. Hawley ............... Mar. 21, 1885 Do. :I· \V. c. c • .-anfteld - --- - . -- Sept. 26, lFS~ n_ ".fac.·hP~l So. Yf>mher 16, 1~@5. 
G. Blocklinger ......... Jan. 30, 1883 DNnched liarch 10, 1886. .l G 1 A 29 H•S!i St 11 n 6 IT 
c. P. Perkins .............. Apr. 27, u~au Still in service. · · · '"ogers ·----- · · ·•· ~ pr. ' i ~ 1 1 

e ire. 
S.C.Paine •.••••.•••••. Jun<> 2,1885 DetacbedXoveml.er24,1885. I ;;P.:hit~·;········ 1:cb. lO,l:~i ~''· 

V Jul 10 1885 Still iu senice. 0 m · Slup er·····-- pr. 7• 1 ° i 0
· 

D.D. ·Stuart........ Y • JohnE.Cravcn ........ ! Xo¥.28.18S31 Stillinser,·icc. 
1·rancis Winslow •••••. Mar. 12, 1886 Do. J II II h · t I J 19 1803 i D . . et ermg on . . . . une , c o. 
F. H.Ct'Osby ··•·•··•••· Oct. e, lH4 Do. C.C. Marsh ..•••....... May 3, IE84 Do. 
G.C.Ilanus ..••••..•... l:Mar. 20,1883 Do. CW J IA ,. 188, Do 

C B t l1 23 1886 Do. · · ungen · · · · ·••· ··, ug .... .J, ~· • 
J. · urnet ............ ar. • C.S.Ripfoy .•..•.•.•••. Ma~- 4,1885 D.>. 

Ll&t'TBNANTB, JUN JOB \V .• J. Sears . . . . • . • . . . . . A pr. 28, 1885 Do. 

GRADE. J . ..1.Bcll. •..•••....••. Feb.22.1885\ Do. 

George H. Peters .••.•. June30, 1885 Still in service. D. P. Menefee .......... J:nly 28, 1882 \ Do. . 
David Peacor,k •••.•••. Mar. 29, 1S86 Do. F. W. Kellogg .......... Aug. 23, 1882 i Detached July 31, 18o5. 

F b 13 188• D J. L. Purcell .•.•.•..•. ·j Mar. 26, 1886 I Still in st'J\"ke. J.M. Helm............ e . , ~ o. I 
W.G.Cut1cr ............. Mar. 29, 1883 Detached December 91 1885. 'V1Uiam .A. Thorn .••.. 

1 

Nov. l, 1884 D~tachecl NO\'f>mber 2, li-"-.J 
F.S.Carter ..•..••..••. Apr.23,1885 Still inserdce. R.0.Bitler ••••••..•... Apr.29,1885.

1 

Still in service. 

B.F.Walling ..•.•..... Mar.31,18S6 Do. .A.P.Niblack .......... 

1

Jnly 2,1884 Do. 
" • =6 D William Trnxtnn ..•••. July 3, 1882 Detached October 3, 1SS5. B.T.Mayo ..•..••.•••. .w.ay 1,1.,., o. I 

Fp d I.A 81886 D lE.Simp•on,Jr .••.•.••.. 

1

0ct. 21,1882l_DetachedSo<emhn~~.leo5 Cbark>s . on ....... I pr. , o. 
Thi Witt 1.Jolfma.n ....••. 

1 

Apr. 12, 1SS6 Do. J. S. Watters ••••..••.. July 7, 1883 I Still in aer·dce. 
W.G.Hannum •••.•••. 1Apr.27,18B6: Do. E.L.Leiper ........... Apr.26,1883, Do. 

H. Ex. 40--l!> 
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List of Nat)al Officers attad1ed to the Coast and Geod1:tic Sv.r•cey, J;c.-Continueu. 

~arn_r. ___ !~tP.~~~J ____ r_.e_m_•_rk_•_· ___ i :_:_ __ :1.;_-._ru:~--- , __ a_i_t!_~_hc_ed_. ____ __1!~=a-rk_s_. ----

1 : 
E:XSIGXS- con thmed. 

! 
J.C. Drake ............ ! Apr. lG, 1886 

l.I. C. Gorgas .. ~ .......... i Ocf.. 26, 1882 
F. R. :Cnijuar~l .......... !July 20, lf83 

Tl1eodore G. Dewe.v ... ! Jnne 18, 1883 

(f.H. Fre11ch ............ i May 41 1883 

"-·I'. Fh·tdier ...•.... ! May 17, 1886 

::\larbur.rJohnson. .. May 19, !Sf.6 

Still in ser\ice. 

Detached No"<embcr 29, 1885. 
Still in service. 

Do. 
Do. 
DD. 
Do. 

<TeDrg-P '\V. ~t.reet ....... An~. 31, 1es5; Do. 
J. ::\L Ellicot.t .......... Aul!. 6,1885 Deta.che!I Xo"emberl0,18S5. 
C. E. ~weetini; .• . . . . . . .Au:::. 4, 1~85 : Still ln ser-rice. 
B. E. Thurston ..••..... An~. 7, 1885' Detached January 9, 1886. 
F. A.1kXntt .......... Oct. 1'\, 1~84 Detached April 12, JS8G. 

Harry .a. Field . -- ..... I Aug. 1, 1885 '. Still in sen-ice. 

Sl:'UCEQX. 

\\".S. llhon ......... .. 

l'.i.88£[) Af:8IHT.A.NT srn
G F.ONS. 

Apr. 20, 1884 / Detached Xo.-ember2fl, 18il5. 

! 
'1'. Il.8trAf'ts ... -~----- 'Mnr.19, 18.64 i Still in ser'\"ice. 

J<'. B. Stephenson ...... i 8ept. 11 1884; Do. 
I 

Ii I' ASS EH AESJS'f ~XT E Cit-

' GEOXs-contmued. 

Dadd 0. Lewis ......... No ... c 28, 18S5 · Still in ser\ice. 

1 
.A.A.Austin ........... Sept.22,1885 Do. 
\\Y. II. Hush ............ June 3, 1884 Do. 

• ASSIE-iTAXT 61.;lWEO~. 

H.B. Fitts ............. Jan. 27, 1!'84 Detached Septrru!Jer21, 1865. 

:: PASSEi! ASSIST.H,"T PAY· 

MASTEU. 

1
1 

J.lt.Stanton ..•••.. - •.. NoT. 1,1883 8tillinse.rvice. 

PASSED A88J8T.A. .... XT EN

GJ,;'KEUS. 

H.Main ............... .May 29,1883 StillinsrITice. 
:
1 

H. N. Ste~C'n~on ,. ...... Mar. 10, 1883 i Do. 
! George Cowie,jr ....... Jan. 1 1 18~5 Do. 

! ABSISTAXT ENGINEER$. 
! 
, E.T. Warlmrton ....... Feb. 21,1883 Still io service. 

Robert I. Reid ......... June 9, 188'2 \ Do. 

i 

List of Naral Officers attached to the Coast and Geodetic Surrey, June 30,_ 1886. 

COAST AND GEODETIC SURVEY OFFICE. 

Lieut. Commander W. II. Brownson, U.S. N., Hy<lrngrapbic Inspector. 
Lieut .• T. F. 1\Ioser, U.S. N., Hydrographic Division. 
Lieut. George H. Peters, U.S. N., Coast Pilot Division. 
Passed .AFsistant Paymaster J. R Stanton, U.S. N., in charge of naval pay accounts. 

ATLANTIC AND GULF COASTS. 

Steamer G. S. Blake (Atlantic Coast).-Lient. John E. Pillsbury, U. S. N., Commanding; 
Ei1sigus T. ]). Griffin, J. II. Hetherington, R. M:. Hughes, F. H. Brainaru, and .A.G. Rogers; 
Passed Assistant Surgeon ,V. II. Rush; Passed .Assistant Engineer George Cowie. 

Steamer A.. J). Baolie (Atlantic Coast).-Lieut. J. 1\1. Hawley, U.S. N., Commam1ing; Ensigns 
E. E. "'I'ight, R 0. Bitler, J.E. Crayen, anu H. A. I~ielll; Passed Assistant Surgeon F. B. Ste
phenson; Passe<l. Assistant Engineer Ilersliel l\fain. 

Schooner Ea.grc (Atlantic Coast).-Lieut. Charles P. Perkins, U.S. N., pommanding; Ensigns 
\Y. J. Sears and ·w. B. Fletcher. 

Scllooner Palinurus (Atlantic Coast).-Lient. D. D. V. Stuart, U.S. N., Commanding; Ensigns 
""· G. Hannum and l\Iarbury Johnston. 

8te<f4ner-Ge<1ney (Atlantic Coai;;t).-Lieut. F. H. Crosby, U. S. N., Commanding; Ensigns J. S. 
,,,. atters, C. E. Sweeting, and G. 'V. Street; Passed .Assistant Surgeon A. A . .Austin. 

Steamer EndeaN1r (Atlantic Coast).-Lieut. G. C. Hanus, U.S. N., Commanding; EnsignsC. S. 
Ripley, G. R. Frenc!J, and E. F. Leiper. 

Schooner Sooresby (Atlantic Coast).-!Jieut. Francis Winslow, U. S. N., Comma.nuing; Lieut. 
llurus T. \Valling; Ensig11 J.C. Drake. 

,"itecmzer Arago (Atlantic Coast).-Lieut. F. S. Carter, U.S. N., Commanding. 
&liooner Dr{ft(laid. np at }fow York Nav~·-Ynnl).-Ensign .A. W. Doud, U.S. N. 

l'ACIFIC COAST. 

Steamer Patterson (Alaska Coast).-Lieut. Commander A. S. Snow, U. S. N., Qommandiug; 
Lieu ts. tT. C. 1'>nrnett and De\Vitt Coffman; Eni;igns U. C. Marsb, .A. P. Niblack, D. P. l\Ienefee, and 
T. G. ])p wt>:q Passe<! As"istant Surgeon T. ll. St ret'ts; Passed .Assistant. Engineer Il. N. Stennson. 
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Steamer Hassler (Pacific Coast).-Lieut. E. D. Taussig, U.S. N., Commauding; Lients. Da\id 
Peacock and Charles F. Pond; Ensigns W. P. White and U. ,V, Jungen; Passed Assistaut 
Snrgeon D. A. Lewis; Passed Assistant Engineer E. T. \Varburton. 

Schooner Earnest (Pacific Coast ).-Lieut. C11arles T. Forse, lI. S. N., Commandi11g; Lieut. Henrs 
T. Mayo. 

Steamer ).llcArtlwr (Alnska Coast).-Lieut. J. l\I. Helm, U.S. N., Commanding; Eu signs Simon 
Cook, J. A. Bell, J.B. Sbipli>S, and .T. L. Purcell; Passed Ai;sistant Engineer R. I. Reicl. 

Nmnber of 1\Taral Officers attached to the Coast and Ocodetic Suri·ey ressels during 
the fiscal year ending June 30, 188G. 

Xame of'\""cssel. SeJ)teruber 
1
March 31, ', X ame of \Ct!se1. S..ptember Marcb31,. 

30, 1E85. i 18,6. 
I ! 

3o, 1s85. : i881l. I 
I~~~~~~~~~ 

I Steamer Blake ............ .. 3 : 1 . s,:hooner Eagre .... -· ------. 

1 
Steamer Bache __ .......... . i :, &hoonerRea£ly ...... -----·, 2 ......... . 

i Steamer Gedney ...... ·-····i 6 1 7 (i SchoonerScoresby ........ .. : l 
j Steamer End<>a'°or ......... I 

Steamer Patterson •••....• ·.·I' 
Steamer Ilassler ........... . 

6 311 SchooncrPalinurns ....... . 
8 8 i! SC'hoonerEarnesL ........ . 

7 j. Coast Surny Office ....... . 
, Stenmer Mc.Arthur ......... ] 

I 
5 5 ! Toto!. ................ ----5-0--- 52 j 

A vera~e number 55. 

Xu111l1er of men attached to the Coast and Geo<letio Sun-ey i·essels during 
tlte fiscal year en(ling June 30, 188G. 

' . 
Name of vessel. September r D<'cembcr ! March 31, June 30 1 i ao, i885. I a1, 1885. i isso. issG. 

-----------~~ 

I Steamer Blake .......................................... i ::n ' 37 39. a1 

i ~::::::~:~:;_·_·_-_-_·_·_·_·_·_·::::::::::::::::::::::::::::::I 
i, Steamer Endearnr .................................. ····I 
: Stearuer Arago ......................................... 1 

; Steamer Hitebcoek ....... ............................ ···· 1 

Steamer Daisy...... • .. . . . . . . . . . . • . . . • . . . . . • . . . .. . . . . • .. 8 1 

20 

31 33 29 
i 

~6 26: 2i 

17 19 20 

5 12 

4 
' 

4 

2 l 

33 j 32 23 ~~:::: ;;;~;::::_:_:_:_:_:_: :·:·:·:·:·:·:·:·:·:·:·::: ::: : ::::: :: ::::::I :~ : ' 3!l 3i 39 

Steamer McArthur ...... .................................. j 29 

:::::: ::;::;,;~:::: :: ::::::: :::: :: ::::::::::::::::::I :: 
28 '..:I' ~9 

! 
7 ! JU 19 

" 15 

Schoon~r Drift ......................................... j 14 

g~g~,-••••••·-·---·-·•••••r _______ ::. 
&houner Silliman ...................................... 1 1 , 
Schooner Matchless...... • • • .. .. . . • • .. •• • • • . • • . . • . . . • . . 1 ' 

G 4 

6 G 

8 ' 7 15 

4 
. 

lO 16 

1 ! 1 

3 i 3 
' j 

1 
Schooner Quick ........................................ . . ....... ·--··-----: 
Schooner Research ................ ···········-·········· 
Schooner G. M. Bache............ ............ ........ .. 2 

~":;e~~:~~~~-·-·.-.-.:·::::::::::::::::::::::·.:::::::::::\ .......... ~.: 
I ~~~~ 

Total.. • • • . . • • • . • . • . • . . • • . . • . . • • • . • . • • . . . • • . . .••. - j 320 ' 

1 .......... , 
2i 2 ····-····· 
1 i 1 1 I 
1 l i 
-------1 

200 i 210 ' ~os I 
~ I ! 

Averagennmberofmen, 2&2. 
RECAPITUL.A.TIOY. 

Whole number ofY""8els; 
Steamers . .' .................................................................................... 11 
Sehooneta .................................... .. :... ... . ... .. .. .. .. . .... . •••... ........ ....... 10 
Sloops......................................................................................... 1 
Barges ....................................................................................... . 

·Total. .................................................................................. 23 

Number of vessels in aetiTe eervicc..... .. .. .. .. ... .. . ... ... ......... .. . .. .......... ... . ... ... .......... ... 2-0 
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Tllis complement tlocs uot rqires.ent the actual 1iumber of officers or men iu the Survey during 
the ~·ear, owing to the fact tbat some wssels were employed only a part of the time. 

A ,-erage num her of ofilcers for the year . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 55 
Average nnrn ber of rneu for t Ile year ...............................•......... 292 

See tabular statements JH'PCediug showing actual number of officers attached to the several 
Yessels in sen·ice and number of officers mi other tluty at different periods during the fiscal year, 
ali:;o the 11 umber of men actually in service at the end of encl! quarter of the fiscal :_year, with the 
names of the vPssels in wbich they were serdng. 

Na mes of i-e1111efa·, their tonnage, d';c., in the seri'ice of the Coast and Geodetic Sun'ey, 
during the fi11cal yenr e1iding June 30, 1886. 

f-i--------"--·-~-----

1., • 
I I 
: Complement of-~ 

, I ! 
i••O. 

I_ 
N nwP of vessel. \ Tonnage. 1 , I 

I Officers. ! Men. j 

Stea111erPattereon .................................................... 1 453; 9 

2 Stean1erHas.sler ..................................................... I 243 1 7 

3 Steamer B:ake .••••........•••...••.•...•.•• ························i 21S Si 

~ ~~:::;~:~:;:::::::::::::::::::::::::::::::::::::::::~:::::::::.! ~~: ~I 
~: ~~:::::::.~::~::::::::::::'.:::::::::::::::::::::::::::::::::::·11 !12 (\ i 
8 Steamer Hitchcock (civilian party)................................. 

1

: : " ....... ~ \

1 

II SteamHBaratari& (civilian party) ..•....••••....•••.•••..•••••..•.. ! 50 : .•....••• " 

:; · §~i:~f."~" --- -_ ---:_ : I ~]I i I 
3 Schooner Earnest ..•...•........•..........•...••...•.••• ".· •. ··. - · ·' 80 I 2 ) 
4 Schoonl'r Rea<ly !Civilian party) .................................... ( 801··········\ 
5 Scboon(•rYukon (ci\"ilian party) ....................................... ! 78 .·-·····--·! 
& Schooner Palinurus ··" .... ..... .................................... 76: 3 1 

8 Schooner Scoresby .... "............................................. 72 : 3 

--1 
BY i 
231 

~I 
2~' 
20 ! 
2! 
2; 

12 i 
6] 

19 ! 
4·1 

! 
15 ' 

7' 

15 ' 

7 Schooner Silliman (laid up) ............... - ..•.. · • ... •. ·. ••• .. •· • • - .

1

1 72 : · - · · · •· -· -

9 Sclioonor ~!atcbloss (laid up) ..... •·································/··········/·········" ........ 1 
10 Schooner Quick (civilian 11arty) .................................... -1 28 1.----·-·· --------'. 

l Slocp Kmcl1eloe (ch·ilian party)" .•..••..................•.......•.. ! 30 !··········! 1 i 
Jlar ge lleall:~~~liall~~~rty) ..................................... ·I 28 1 · • · · .. · · · T · ...• : ·l 

HYDROGRA.PHIC DIVISION. 

Original hydroyraphic slmti;, J1lot1«d, rer1jied, and inked during tlte fiscal year end-ing Juiie 30, 188G" 

--·-----·----·--------

Tith.~ of s11ee_t_. _________ I _~cale~_: _ Dmnght.~man. l ___ ~rks_. ___ _ 

ATLA~Tll' CO.l8T. II I I 
l:lPaSHllt m '"'"Maine. ~bove Guar<l i:oillL ..... : - . "' ......... -· .. .. 1-H•oou }'. c. Donn ..................... Plot\od and drawn. 
~acol1~y1 Mmu.<',Spurwmk"D..1vcrto;:,car\Jor0Jt1Ycr ................ 1-10000 I \\-Y,C.Willenbucher ··········) Do. 
Ha.co 1:.~T"c~, lf.m.ne, apprQacheli to .... --- ....... - . ·-"" -- _ .....•....• ·t 1-10000 l ..... do ___ ..•.•. __ ·-···- .....• 1 Do. 

Gcorges :>hoal,M""sacl111setts ······"·················""·········I 2rt-lmil~ I .... "do .••..•..••.•..•.•.•...• ! Do. 
Lonµ: lalawl Soun<l, Ne;:ro Iltatl~ to Southw~~t Led.:::~ ............. \ 1-10000 ..••.. t1o ...• ,,.. .................... \ Do. 
I.onµ- Island Sound, Southwest Lr:d~f' to \\'c-lch's Point .....•..... __ j 1-lOOUO ·-·--.(lo .. __ ....... _ .. ·---··. ___ j Do. 

New rork Bar and entrance .•.. " ..•...............•..... -....•.. ·-I 1-10000 E. Willenbncher .•.•...•..... . i Do. 
~ew Yo1·k. Luwt:'r Dl'y, Samly Ilook to Com·y I2'1am.L .............. ··· l 1-l(}O\JO .••••• tlo ....................... J Do. 

Xl'WYorkLowcrHn\',WPstofrnainchaunel ....................... \ 1-2000J ....... do ............................. J Do. 
ti-rn:"\"C'S<'ntlllayarnl tl.te~arrowt",XewYork ............................ 

1 
1-10000 j ....... llo .............................. ; Do • 

.St•w Ym·k l:-p}'~~r Bay, indutli11g KiU YO..n l{ull .......... -··· .. .. .. . . . 1-10000 j W.C. WiUen.Uucht'r ............ \ Do. 

_:\inv York Upp~r Ila_,· and East-Rit"er to Snept>usion llri<lge ....... [ 1-5-00tJ ....... do ...................... ·-----1 · Do. 
East Uiver, Susjlt•nsion Bride:-e to lHa.t·kwelfs Irilaml .......•.•..•. · l 1-5000 ....... d_o ......................... ·! Do. 
F~~t Rh•tir,ch:..t.rind~<mb<Jth sidcs.(lf Ulackwdl"~l~lanci.._.p_. ___ .. ·\ 1-5t00 j (\G ' Do. 

!l11tlson lUYer. Ballet"~- to }'ourtwntb •treet ....................... " i1_-;~0'o0 1
1

":_:_:_·_.:",illo
0 

:_:_:_."_~_._·:_· •. -•• ·.··_.:_:_:_:_:_:_:_:_:_:_._-:!
1
, Do. 

llnt1sou l:i¥c-r, Fonrteemh l'ltn'et to Eighty-eighth street .......... ] ..-v Do. 
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HYDROGRAPHIC DIVISION. 

Original hydrographic sheets, plotted, 1:erijied, and inked, tf·c.-Coutinued. 

Title of sheet. Scale. Draughtsman. RemaTks. 
-----1------------·---------------
i 

ATLA~TIC COAST-eontinuecl. ! 
,, I I 

Ilndi5on Rin·r, Eigl1ty-eigbtl1 etreet to Oue Lundred aii<l forty-first : 
~treet.. · ! 

Off Cape May Point .•......................•............•.....•.... 1 

Delaware Bay, east &ide, north of Cape May ......•....•.•....••...•. ! 
Delaware Bayt Mauricci River Cove1 eastern part ........................... I 
Delaware Bny, Mautice Rh-er Cove, western part. .................. ! 

Delaware Bay, west side, Mispillion Creek to Murderkill Creek ... -I 

Cbatleston Uar,SouthCarolina ····-·····-·-·-··-····-··-········-1 
Wadmelaw and Stono Rivers, South Cerolinn ............. --·--- .. . 

Saint John's Rh-er, Racey Point to San Mateo, Fla .•...•....••.•• •· 1 
Strait of Florida anU Northwcflt Providence Channel .....•.••...• 
Strait of Florida, latit~tle 2;0 20' to latitude 2so 20' ......•....•..... 
Wncassa.ssa Bay, Flornla .......••........••..•...••••........••••.. 

1 

Dn:dged Channel, Mobile Bny, nppcr part ... - ••...•.•. --- ........... . 

llredged Channel, l\lohile Bay, lower part .••.......••.•.. -..•.•.... i 
!lorn Islanu Pass, Mississippi .....•.•••..•.•.....•...••.•.......••. : 
OffCbai;deJeur [slandP, Louisiana ................................... ; 

~:i::~::~~::·~~:;~:~~-~: :: : : : : : :::: :: ::~: :: : :: :::: :: :: : : :::::: \ 
Entrance to Sabine Paes, Louisiana and Texas ..•.....•.• ·-········ i 
Sabine Pa•• an~ Lake, Lonisiana and Texas .. - •.. - - .. - ..•••••..• - . l 
Off coast of Lomsiana .••••.. - •......••..••.•.. -- - -- -- . - - - .•.••• - - - . i 

PACIFIC COAST. 
I 

1 

I 
1-5000 ' ·w. C. Willenbucher .......... Plotkd anu drawn. 

i 
1-10000 i F.C.Donn................... Do. 
l-'.:!0000; E. Willenlmcber............. Do. 
1-200DO ' F. C. Donn................... D~. 

1-20000 !·····-do-···················-· Do. 
1-20000 ' E. Willenbucher....... ••.•.. Do. 
1-20000 ! W. C. Willenhncher ...•.. .•.. Do. 
1-20000 . E. Willenbnche1· ...... --·· .•.. llo. 
J-200UO ! ..... do .... _... .... .. . •. .. . . . . Do. 

J-200000 ' .•.••. do....................... Do. 
1-200000 1 •••••• 1!0 ••••••••••••• •••••• •••. Do. 
1-20000 · .••••. do . . . . . . • . . • . . . •.•• .. . . . . Replotted anll drawn. 
1-10000 · .•.••. do . ..••. ..•..•. .••• .. . ... Protracl<d, plotted, 

drawn. 
1-10000 ...... <10 •••••••••••••••••••.••. 1 Do. 
J-20000 '\\. C. Willenbncbe1· ..•..••••. i Do. 
1-80000 ...... <lo ..•.•......•........... : Plott,e<l and drawn. 
1-20000 ..•.•. do ..•............•....... j · Do. 
1-20000 ; .••.. do ...••..•.....•.•....... : 
1-20000 : .•.... do .......•.......•...... -I 
1-20000 ! ...... do ••••••.........••...... 

1

' 

1-SO, 000 : F. C. llonu .•.....•.....••..... 

I I 

! 

Do. 
Do. 
Do. 
Do. 

and 

San Franci~co Ear, California···:··- .. :··········-··················\ 
Brushy Pomt to Ussal Rock. Cahforma .. - .•. - · ·• ••••••. •• - - • ••• • • · 1 

Ussal Rock to White> Rock, California .•••..•.•....•.•.•.•..•••••... 1 

1-20000 i F. C. Donn .••.....•.•.••.•.... 
1 

Veriikd, inked, arnl finished 

~=~:~ i::::::::: :::::::::::::::::::::::! ~:: 
' I 

Humboldt. Bay, Ca~ifornia ...•.•....•.....•••.•........•.•...•••... -1 1-20000 ! ...... do . .••••.. .•.•. .••. .•.•.. Do. 

~::.~1~1~:.i':::h~:~:::a~~~:~h-i~-~~~~-~~~~~~~~~-::::::::::::::1 ~=:: i::::::::~ ·::::::::::::::::::::: ~:: 
f'.pper Hood's Canal, Wasbingt-on Territory •••.••••••••••••••••.••. / 1-20000 j ...... do ...•...•..•••..• ....... Do. 
Dixon Entrance •nd Clarence Strait to Moira Sound, Alaska....... 1-SOOOO l E. Willenhnch<>r............. Revised and Mrrected, 
Clarence"Strait., Moira. Sound to Union Bay, Alaska............... 1-80000 j .••••• do ..•........ ---- .. ------ Do. 

Niblack .Anchorage>, Moira Sound, Alask& .. ··············-········I 1-
1

1:,000
00 

1
1

·_-_-_·_·_·_ddoo -_.··_·_·.·.·.·_·_·_·_·_·.·.·_·_·.· .• ·.·•·.·.· Do. 
Chasina Anchorage, Ala•ka ..•....••••••••.•••••••.••••••••.•....•. I ~v Do. 
Vallemar Bar and entrance to Tongass Narrows, .Alaska ...... -- .. -I 1-2'1000 I ...... tlo ______ ....... - - . . ... .. Do. 

Naha Bay and adjacent waters. Alaska .•••••.•••••.••••.•. •••·• - · - -1 
1
1-;

000
0000

0 
1

/, -__ ·_·_·_·. ddoo · .. · •.·••. •.· .• ·.··_ ·. ·_· __ ·_· -.·. •. · •• ·.·_·_· Do. 
Twelve-Mile .Arm, Alaska....... .•. •. •• .. • • . • • •• •••• •• . .• • . . . •. . . . ..., Do. 

Karta:Say,.Alaska .............. ---············-··········-·····-· i 1-5000 i .•.... do. _ ······-······-···· Do. 
Tol.•toillay, Alaska .••...••••••...•...••...•...•..••........••••... 1· 1-200001------<lo .....•.......•..•.... i Do. 
Umon Bay, .Alaoka................................................. 1-200001--··· do....................... Do. 
Vicinity of Port Wrangell, Ala.ska. ..• , •••.••••. ···········--·-·· ... 

1 

1-5000 . W. C. W'illenhncher .......... 1 Protracted and drawn. 
Aidditiona.I hydrography plotted on thirty-two original sheets ....•. Varions .. .!. ..... do ..•••......••.•••...• ) Do. 

Synopsis from the records of the hydrogrqphic .~ltccf.~ 1ilotted, &e., during the fisccil 
year ending June 30, lSSG. 

Draughtsman. 
1 I Vol· ' 1 •. , , • Dt•ep •ca 
1SheetR, 11 e ;An;.!,:.es. ~un1.mgto'1. )f:ilcs. 1 ~ · ; I 1 n s. i 

1 

: f'OUUl mgs. 
--~1------ ----- -- - -- - ------------

1 

E. Willenbucher •••••. •••••.. 23) 174:411 4iiG 31!i.2:.?J
1 

0,55G 
, W. C. Willenbm·l1er.......... 20 j IU3 '24,Gl4 12~,oon 2,349 .••....•.... 
'1 F. C. Donn ..•.•.•.•••.•.•••... ~ 12 I 80 ' 27, 30i 1r.-!, 227 ;;, 15~ 
I T t l ---;;si--3--=7 g::-;;-;- -:;;:-4 ·9 tt<r-/ oa ····················/ a 

1 
<> ,.,,..,~.) <>·'..., , V• 
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l'eri.fieatfon, revision, and correction <if reduced drawings of hydrography 
for ilte .f.scal vear ending June 30, 1886. 

Title of chart. Scale. Draughtsman. 

Ba A.pproache• to New Yo1k ··---- ... --------- ---- ....... -- 1-400000 E. Wmenbucher. 
Stia.l lMlan<lM to Petit Menan. weatern part -- .............. 

1 
1-80000 W. C. Willenbucher. 

Long Island Sound, easlbr:Tn p:1.t't, new jssne .....•...••.. ' 1-SOOCO E. Will•nburher. 
Delaware Bay Entrance, 1ww- issue ....................... . 1-80000 Do. 
Cape Fear Hivcr anU approaches .......................... . 1-80000 Do. 

Jupiter Inlet to llill•boro Inlet. . .. --··--··· -----· ---·-- 1-EOOOO Do. 
Billsboro lulet t~ Fowey Ro<·ks ............ --··--··--·-· 1-80000 Do. 

1-25000 I Do. 
1-25-000 Do. 
1-40000 I Do. 
1-50000 Do. 
t-40000 Do. 

45! : Saint.Jobu'sRiver, entrancctollrown·screck ........... . 
4;)5 j Saint Jobu's Hi~er, Brown's Creek to Ja.ckson\ilte ........ \ 
45.1d: Saint Jol1n's Tifrer. Haccy's Poillt tu San Mateo ...••.... -

480 'Cedar Keys, new issue .................................... ' 

! 6-13 Gray's Harbor. Washin;tcn Territory ........ ------ ..... . 
1 {i54 Washiugtun Sound a1Hl approaches ....................... . 1-200000 Do. 
i 7-01 Northwest Coast of A.mericn,Ko.1 ...................... . 1-200000 Do. 
i 709 Clarence Strait, Southeast Alaska ........................ , 1-200000 Do. 

Charts fur id1iC'h rtdicccd c1rau.:ings of ltydrograplcy iccre made 
d11ring the fiscal year ending June 30, 1886. 

108 

111 
, n:i 
' 115 
I 12-1 

; 158 

180 

188 
352 

353 
I 425 

. 431 

i 490 

' 4!J{ln 

! 520 
I d37 

Localities affected.. Scale. Draughtsman . 

. -- .. ·--··-- ________________ , _____ ----------
:Merrimac Ui~ct Entrance, Massachusetts ................... : 

hlonomoy Passage, Nrmt1wk1:."t Harbor, Massachusetts .... ! 
: JlroYitlcncc IforlJor1 }{bode !~land ............................... ; 
: Long fa.lane! Souml. 1 ruiddlv part, Connecticut .............. ! 

Off Cape May, Kew ,Jcrse:v ···--·--·-·-··--··· ·-···-·-·-··' 
Saiut. Mary·~ I::ivcr Entrance, Florida .................... . 
11ensn(•ol:.1 Eutranl'l', I•~lorida ................................. : 
Mobiln Bay Drntlge<l. Chann<'l. Alabama.·--· ...... ·---- ___ , 
Providence• Uarbor, Rbode Island ........................ . 

Providence Hnrbor, Rhocle Islancl ....... _ ................... . 

Ca1)e Fe.ar Rh'er-Bm-, Norih Ca101iu1 ....................... \ 
Charleston Dar, Soutl1 Cat·olina. ............................ . 

I)ensaco]a.1<.:ntranc~, Florida ••..••...•.. _ .................. . 

l'enhac.ula EntranC\'. FI01·ida ................................. . 

1 

Gah·eston Entrance, Te.xas ........................................ . 
I Koo• Bny Entr:mce, Oregon .............................. . 

1-80000 I E. Willenbucher. 
1-80000 W. C. Willenbucher. 

1-80000 I Do. 
1-80000 1 Do. 
1-80000 Do. 
1-80000 Do. 
1-80000 Do. 

1-80000 E. "\\·illenbudier. 

1-40000 
1 

W. C. Willenhucher. 
1-lOOJO Do. 
1-30000 Do . 
1-30000 Do. 
1-:roooo 1 Do. 
1-20000 i Do. 
1-40000 ! Do. 

1-20000 I Do. 
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Jllisccllanco1111 draugltting done during tlte .fiscal 11ear ending ,June 30, 1886. 

--~----- -~~------

\ 
1·----------"-------

Description. Draugh tsmau. 

l Plotting- 358 deep-sec.a soamliugs Uy l.t.titmle anti longitutle ......... --· ...................... ' E. Willeubncher. 

! Copying current curves, Gulf Stream: coa~t of Florida ................................... , }'. C. Donn. 

~. TraciD1' of same forphotolitbography .............................................. __ .. ... . . Do. 
1 Tracing of two hyllrographic sheet8 ofdrc<lgecl chanue.l, Mol>ilc Bay ........................ E. \\iilenhucher. 

I Cottecting cur't'es an1l adtling bottomi qn cl.!3.rts. Cat:llo,::uc :S-o.J. 13 an<l 14 .............. I Do. 
I Tracing of corrected .l sclleme, Southeast Alaska,. ........................................... ! Do. 

I 
Project for publishing Clarence Strait, .Ala.ska, 1-~0[..IQOO .................................... · Do. 

Project for Jmhlishing lrnrbors in Clarence Strnit, Ala.ska .....•. ----....................... Do. 

1 
ProjectforpnblishingTongass Yarrows, Alaska........................................... Do. 

i Preparing proofa sho,ving old antl new surveys between Capes May and Hatteras . . . . . . Do. 
\ Introducing changes (from resnn·ey) to chart 115 ............. ------ ...................... : W. C. 'Villenbncher. 

I 
Correction of numerous charts for files, Engraving Division and Chart-Room........... Do. 

Pl~tting_Time-~all Station ~n chart~ a~ected. -··········· : ..... ·:···· -·····. .• .. ...... llo. 
Th1rty-scr tracings for special examination b.v hydrographic parties ... - ... -......... - . . . · Do. 

I One tracing for sp-ecial examination by hydrog-ra.phic party.............................. F. C. Donn. 

I 
TwotracingsforLight-House Board·--·-·--······················ .. ·····••••··· .. ····'· W. C. Willenlmchn. 
Bringing up pi ogress sketches, furnishing statistics and reports ....•.• ·-·--·····-·- - -- Do. 
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APPENDIX No. G -188G. 

THE SOLAR (ANNULAR) ECLIPSE OF MARCH 5, 1886-TBIES OF OBSERVATION 
AT SAN FRAKCISCO, CAL. 

Reported by GEORGE D~\.. VIDS02"r, Assistant. 

U. S. COAST AND GEODETIC SVRYEY RVBOFFICE, 

San Francisco, Cal., April 16, 1886. 
SIR: In my monthly n~port I mentioned that some of the A:ssistants here had obserYecl the• 

Solar Eclipse of March 5, 1886. 
I herewith transmit a tabulated statement of the obserrntions, drawn up by )Jr. Hill. 
The observations which I made were with my equatorial of 6.4 inches; tlie obserYations 

by my colleagues were made with reconnoitering telescopes haYing small ai)ertures aml low 
powers. 

Yery respectfully, 
GEORGE DAVIDSON, 

Assistant. 
F. M. THORN, Esq., 

Superintendent Coast and Geodetic Surrey. 

Obs<rrations made at ilie Coast and Geodetic Surrey Station, Lafayette Park, San Francisco, Cal.~ 
and at the Davidson Obserratory. 

Lafayette Park Station (center of transit): Latitucle, 37c 47' 2G".l !\.; longit 11<lt>, 1220 25' 40".7 W. of Gr. 

OBSERVATIONS OF l CONTACT. 

I Predicted time z• 22• 43•.J 

1 
Telescope. 1· ' i : j True time obsen-ed. I '1----1,-- C I Time as : Correction to;-·----------------!! 

Obserr-er. 

1

1 hronometer. 
1 

reco1·ded. ! chronometer. ! LO<"al. , 
: .Aperture. Power. i : i I 
1 

- I ; I Mean time. ~ Sidereal time. . I I ' . I 

Remarks, &e. 

-----· ,-- ,--------·: ' 

lnchea. [ I h. m. B. I h. m. •· I h. m. •· ! h. m. •· / 
D. 

L. 
M. 
w. 
H. 

D. 
L. 
H. 
w. 
R. 

6. 5 170 Sid. 3, 4i9 1 16 10. 0 [ +o 0 48. 54 I 2 22 37. l i 1 lG 58. 5 I Clark <'quatorial; Herschel eolaJ' 

4
A Si'd. 

211 
' _

1 07 10 3 
I 

1

, ·~·e-piece 'lrobal>Jy I second late. 
2.5 v 2 24 32.5 i ~ ' 2 22 57.7 J 17 10.2 f ±J.0 8<)COD , 

2 30 M. T. 231 2 34 23. 0 [ -0 11 28. 3 2 22 54. 7

1 

1 17 JG. 2

1 

l'robably 3 seconds late. 
2.5 40 :M.T. 229 94337.5: -720407 222;;o.s 11718.3 

105 M. T. J, 705 2 28 07. s f -0 05 25. 0 2 22 42. 5 ! 1 17 04. 0 Not "ery sharp, bnt fairly gooi-1. 
I 

OBSERVATIONS OF JI CONTACT. 

(Predicted time 4• 35'" 38'.] 

1 h. m. '· I .to mo 4{71 h. m . •. I h, m. ' i 
6. 5 170 Sid. 3,479 I 3 29 32.3 

1 
4 35 37. 7 3 30 21. O 1 Goodohaer..ation; within i seeomL 

2.5 40 Sid. 211 4 37 ~~.o I -1 0712.9 4 35 41. 1 I 33025.11 
3 105 H.T. 231 I 4 47 lo.O -o 11 28. 2 I 4 35 41.81 3 30 25.1 Good. 
2. 5 40 M. T. m / 115619.5, -7 20 40. 81 4 35 88. 7 3 30 22.0 

105 M. T. 1,1051 4 41 os.s j -0 05 25.4 43540.41 3 30 23. 71 VPry irood, don't think it poMibl~ 

I l 1i. a out. 
' ! I 

ObaerTe1'8: D, George Da,..!deon; L, James S. Law•OD; M, Fremont Morse; W. P • .A. Welker; Il, Charles B. Hill. 

H. Ex. 40-20 153 
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APPENDIX No. 7-1886. 

AN EXAMINATION OF smrn OF THE EARLY VOYAGES OF DISCOVERY AND EXPLORATIO.'.\ 
ON THE NORTHWEST COAST OF AMERICA, FRml 1•339 TO 1603. 

By P1'of: GF_;ORG-E DAv~IDSON, A. ~:I.. Ph.D., 
.dtsistm1t U.S. Coast and Geodetic Surre!J. 

INTRODUCTION. 

During my work Oil the Pacific coast of the United States siuce the spring of 1850 I becawe 
deeply interested in the discoveries and explorations of tile early Spanish navig-at0rs who ha<l 
followed the coast from Cape San Lucas to Alaska. Part of m~· duty consisted in the determiua
tion of the latitude and longitude of the headlands, islands, rockR, harbors, rirnrs, &c., and in 
ti.HJ geographical reconnaissance of the shores fro:n the Mexican boundary to .the fort~·-nintli 
parallel. While in command of the surveying brig R.H. Fauntleroy, I entered (in addition to my 
regular duties) upon the self.impose<l task of writing a Coast Pilot for California, Oregon, and 
Wasltington Territory, and I ha>e nearly completed the fourth euitioll of that work. Very natu
rally, my early interest in the old explorations became intensified, and I made many special ex
aminations of the 11arratives and their application to supposed localities. I think I ham been 
able to reconcile many of the discrepancies of tile old "Spanish, English, American, and French 
navigators. Their inaccuracies arm•e principally from "constant" errors of their instrumeuts, 
ignorance of the coast currents, errors of judgment in e<'timating distances, &c. Among the 
Spanish discoverers, the meagerness of <letailed uescriptious, a faihire to seize the salient points 
for the determining of their positions, the want of minute accuracy in most of' their plans~some· 
times giving weight to.general features an<l sometimes to details without distinction-and a kan
ing to exaggerate certain discoveries and to com1iletely overlook others, ltarn much inrnh-ed the 
locating of many of. their landfalls, headlands, monntaim;, and streams. The minuteness of re
cord in Cook and Vancouver, of comparatfrely recent date, has enabled me to follow their tracks 
day by day and to correct their positions by personal .knowledg(~ of the localities uescribed; bnt 
whilst giving these great men the fullest credit for surveys unparalleled before or since (wbeu all 
the attendant circumstances are considered), I cannot withhold my admiratioll for the iudomita· 
ble courage and perseverance of the old Spanish navigators, who, in small, ill-conditioned, and ill
supplied vessels, with crews nearly destroyed by scurvy, fought their way to the wildest parts of 
the Alaskan coast almost regardless of season. "There were giants in the earth in those days." 

The records of such of these voyages as are published are too short to be of much more value 
than isolated statements of what was done; and the inaccuracy of the observations for the deter
mination of the geographical positions has led many to judge that all were touched witll the 
spirit of Maldonado, de Fonte, and de Fuca. But witli the present knowledge of our coast it is 
possilJle to locate Ulloa; to track Cabrillo and Ferrelo in their discoveries in mid-winter; to 11lace 
Drake under Cape Ferrelo and Point Reyes, and to fix with certaint;r the most of_ Vizcaluo'.-. 
positions. Later than 1603 I ha\e not undertaken identification ill this paper, except to incident· 
ally mention Father Taraval's visit to Point Engenio, and his lauding upon Natividad and Cerros 

lf>:J 
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Island;;;. I was particularly interestetl in the ,·oyages of Cahrillo and Ferrelo, and I ham 
emlea\·ored to pnt myself in their places; and understanding the seasons and the difficulties 
they enconntered, I have tried to follow them day by day in their exciting discoveries. 

I ha Ye basell my narrati>e of Cabrillo upon the comlensetl aml unsatisfying chapte1 s in 
Herrera (B), and have correcteil se,·eral mistakes and deciphered one OL' two ohscurc passages. 

Of the narratirn supposed to embrace the whole voyage of C,tl>rillo and Ferrelo, I have freely 
used the translation made by Mr. Richard Stuart !:<~vans as printed with introductory remarks by 
l\Ir. H .... \V. Henshaw (H), but in critical passages where important issues were involved I have 
examined the original (C) and made my own translations. 

Of the Yoyage of Ulloa, I liani ball recourse to the short narrative gi"rnn in Burney and tra11s
Jate<l from (A). 

Of the \'oyagc by Drake, I haYe collated from the "English Hero" (D), and the '"Vorld 
Encompassed'' (E), with refrreuce to the Portus K ovrn Albion is in the margin of Hondius' map; · 
and to this map I !Jave reduced the Coast Survey chart of the vicinit~· of Drake's Bay to cor
respond iu ecale and in orientation, whereby I have identified his bay. 

In the voyage of Vizcaino I first trusted to foe English translation of Venegas' narrative, but 
I fonnd it so uncertain in critical positions that I bad recourse to the original (F); and I have used
Yizcalno's chart of the coast exhibited in Burney, Part II of his series cf volumes of Voyages aud 
Dh;coveries (G). 

For details of some of the points and anchorages south of Todos Santos Bay I have used 
the Coast Surn1y charts of 1874 and the descriptions of the "West Coast of Mexico, from the 
Northern Boundary," published b;\' the Hydrographic Bureau of the United States Navy (I). 

To preserve accuracy and consistency of description on the coast north of Mexico, I have 
referred to the manuscript of the fourth edition of the '' Coast Pilot of California, Oregon, and 
\Vasbington" (J), and constantly to the charts of the United States Coast and Geodetic Survey. 

The full titles of these authorities are appended to this introduction with the reference letters. 
In order to present as clearly as practicable the descriptions of localities by the different 

uavigators, I have drawn them up in three parallel columns, preserving in the case of Cabrillo and 
Ferrelo the whole of their narratives. l\Iy notes and remarks have been l)laced in another column. 
At tbe close I have added a condensed tabular statement of the names and positions of the seventy 
places mentioned b~y Cabrillo and Ferrelo and which I have identified. In the narratives I have 
occasionally added a note or condensed statement in brackets l ]. 

Jn regard to the name "California," I extract the following note from the California Coa"t 
Pilot already referred to: 

"The name California is first found in the worthless romance' Las Sergas of Esplandian, 
the son of Amadis of Gaul, written by Garcia Ardonez de Montah-o, the translator of the Amadis. 
IL was first printed in 1510, with editions in 1519, 1521, 1525, 1526(two),157_5, 1587, and the recent 
reprint of 1857.•, 

"The name appears in Reveral passages, of which the following are given: 
'·'Know that, on the right hand of the Indies, very near to the Terrestrial Paradise, there is 

an island called California~ which was peopled with black women, without any men among them, 
because they were accustomed to live after the fashion of Amazons. 

'' 'In this island called California are many Griffins, on account of the great savageness of the 
country and the immense quantity of wild game found there. 

"'Now in the time that those great men of the Pagans sailed (again~t Constantinopll') witli 
those great fleets of which I have told you, there reigned in this laud of Califc-rnia a Queen, larg-e 
of body, very beautiful, in the J>rime of her years, &c. 

"'The name California next occurs in the memoirs of the Conquistador, Bernal Diaz del Cas
tillo, who served with Cortes in the conquest of Mexico. He writes that "Cortes again set Rail 
from Santa Uruz and discovered the coast of California." Here Cortes remained for some tinw, 
disheartened at the want of success of his various.expeditious. The rieeroy, Mendoza, dispatche<l 

'"The foll title of the hook is "Las Sergas tlel Mey Esforxutlo Cubnlero Es;:ilandiun hijo !lei excelente re Amadis 
tle Gu.nla." 
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a vessei under the command of Ulloa with letters to Cortes. ''Ulloa hall a most fayoral>le Yo,Yage 
and soon arrived in the harbor where Cortes lay at anchor. The letters of his wife and tho,-e of 
his children, and of the viceroy, had so much effect upon ltim that he gaYe the command of his 
Yessel to Ulloa, embarked for Acapulco, and when he had arri\·ed there llasteued to Quanhualrnac, 
where his wife residetl. * *' • Sbortly after, also, the troops arriYed which had l>cen left Lelliud 
in California." 

"'After a few uionths' repose Cortes sent out a more considerable expedition, under command 
of Ulloa. "This armament left the haruor de la N avidad in the mouth of June of one thousand ffrc 
hundred aml thirty, aud so many years-I forget the exact year." 

"Tlle California referred to above is the peninsula of that uame, gcuerally lmown asLowerCali
fornia, aud the date 1535. Tlley are the only times in which Diaz uses tlte name. (Cap. C. U.) 

"In 1539 Francisco de Ulloa determined J .. ower California to be a peninsula. This fact appears 
to have been subsequently forgotten, for it was called La Isla de Las Oaroliuas, in honor of Charles 
II of Spain, and late in the last ceutury tlle charts continued to delineate it as a great island 
parallel to the continental coast. 

"The name Califoruia was gradually used to <lesignate the region from the Gulf of California 
to the mythical "Straits of Auian," (which were very probably Bering Straits). 

"The country was called New Albion by Sir Francis Drake in 1579. 
"In recent times the region north of Sau Diego was called Alta California, and tllat to the 

south Baja California.'" 
I cheerfully express my thauks to John T. Doyle, esq., and to H. H. Bancroft, esq., of Sau 

l'rancisco, for courtesies extended in my examination of some of the older authorities; aud to E. 
J .. Molera, esq., for assistance in rendering sm·eral old Spauish iUiomatic phrases. 

The principal works wbiclJ I ha\'e consulted are-
(A) Ulloa.-There is no Spanish record or book of his explorations. The Italian accouut io in 

the third volume of the Navigations and Voyages of Gio. Battista Ramusio, pp.339-354, published 
i11 Venice in 1865. It is published in English, in Hakluyt, Voyages III, pp. 397-424. The title is: 

Ulloa. Eelatione della Scoprimeuto che nel uome di Dio Ya a far l' armata dell' illustrissirno 
Feruando Cortese, Marchese ui Valle con tri Nani, chiawata l' uua Santa Agata, di Grandezza di 
1lugento quarauta botto, l' altra, la Trinita, di graudezza di settanta e la terza Sau Tomaso, di 
quara.ta, dellaqnale armata su Capitano il molto Maguifico Canaliero Francesco di VLLOA habita
tor delta citta di Merida. 

(B) Cabrillo.-Historia General de los Hechos de los Castellanos en las Islas y Tierra Finne 
del Mar Oceano, Escrita por Autouio de Herrera Coronista Mayor Ile Sn l\fagestad tle las ludias ;)
Coronista de Castilla -:,- Leon Dccada Setima al Rey N uestro Seilor En 1\Iadrid en la Officina Heal 
de NicolHs Uodriguez Franco 1730. <Jon Pri,·ilegio de Su Majestad. 

Libro Quinto Cap. UL Del viaje que hicieron dos Navios, que ernbiO Don Antouio de l\Ien. 
do~a a descnbrir la Costa de la liar del Sur, desde Nueva-Espaiia. Cap. IV. Que prosigue el 
descubrimieuto de los dos Navios de Dou Antouio de l\leudoga por la Mar del Sud. 

(0) Ferrew.-Colleciou tle \'ariosdocumentos Para la Historia de la Florida y tierras adyacentes. 
Largas en fazaiias e cortos en descrebillas. Torno I. En la casa de Triibner "'!!- Compaiiia. Nlim. 
60, Paternoster Row, Loudres. (Se han tirado 500 Ejamplases por .Tose Rotlriguez, lladrid, Auo 
lie 1857, p. 173. Mar del Sur. 154·!. Relacion, 6 diario, de la Navegacion que hizo Juan B.odrignez 
Cabrillo con dos Na~ios, al descubrimiento dcl paso del Mar del Sur al Nortes desde 2; de .Ju·1io 
de 1542 que Salio del pnerto de Navidad, hasta 14 de Abril del Siguiente aiio que Se restitu~'!) [1 el, 
uaviendo llegado hasta el altura de 44 grados, con la descripcion de la Costa, puertos, cmmnadas, 
e islas que reconoci6 y sus distancias, eu la extensiou de toda aquella costa. 

(D) Drake.-The English Hero: or, Hir Francis Drake reYh-ed. Being a full accmrnt of the 
<Lrngerous Voyages, admirable Adv1mtures,.uotable DiscoYeries, and magnanimous Atbiewrneuts, 
of' that valiant and- renowned Commander. I. His Voyages in 1572, to Nombre de Dim; in the 
\Ves~ Indies, where they saw a Pile of silver Bars nearly 70 Feet long, 10 Feet broaJ, antl 1:! Feet 
high. II. Bis eneompassing tl10 whole \.Vorld in 1577, which he performeJ in two Years, mid ten 
)louths, gaining a vast quantity of Gold and Silver. III. Hi:; voyage into Americ,1 in LIS;i, aud 
taking the towns of St. Iago, St. Domiugo, Cartliagena, and St. Angufltine. Also hi:; wortl1s 
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actions when Vice .Admiral of England in the Spanish Invasion, Hi88. l V. His last rnyage in 
those Countries, in 1595, with the manner of bis Death and Burial. Recommended to the Imitation 
of all heroic Spirits. Enlarged and reduced into Chapters with Contents. By R. B. The twelftll 
Edition. Dnblin: Printed for G. Golding at the King's Head in High-street, 1730. 

(E) Drake.-Tbe World Encompassed by Sir Francis Drake, Being his next voyage to that 
to Nombre de Dios. Collated with an Unpublished Manuscript of Francis Fletcher, Chaplain to 
the Expedition; with appendices iilustratiYe of the same Voyage, and Introduction, by W. S. Vaux 
Esq. M . .A., London: Printed for the Hakluyt Society, l\I. D. CCCLIV. 

(F) l'encgas.-Noticia de Ia California, y de su conquista temporal y espiritual llasta el tiempo 
presenti, sacada de la Historia J\Ianuscrita, formada en Mexico afio de 1739, por el Padre Miguel 
Veneg:u;, <le la Compafiia de Jes us: y de otras Noticias, y Relationes antiguas, y modern as: .Ana
dida de Algnnos mapas particularcs; y uuo genPral de la .America Septentrional, .Assia Oriental, 
y .Mar del Snr iutermetlio, formauos sobrc las Memorias mas recicutes, ~, cxactas, que se publican 
jnstam<'11te: declicada al Hey :Xtro. Senor por la Provincia de Nneva-Espaua, de la Oompafiia de 
Jesni'. Tomo Tercero. Uo11 liceuebi En l\Iadrid: En la Imprenta tle la Viceda de Manual Fer
mmdez. y dd Supremo Couscjo de la Iuqnisieion. ..Alio tle l'.f. DCC. LVII. 

(G) Bunicy.-A Chronological History of tile Voyages nrnl Discon-ries in tllc South Sea or 
Pacific Oct·uu. Part I. Commencing witll an account of the earliest discoYery of that Sea by 
E1iropeani', :mtl tt'r111inati11~ with the Voyage of Sir Francis Drake, iu li:i'i!J. Illustrated witll Charts 
by Ja lll<'S llm·11t',Y, C:iptai u i11 the Hoyal .X a,·y, Loudon : printed by Luke Han sand, near Lincoln's· 
Inn-Field;:, ma! sold by C. aud \V. Nichol, Bookseller to His M~ijcst.y, Pall l\Iall; G. and J. Roliin
Ron, PatPrnoskr Row; ,T, Hobson, "N"cw Boml Street; l\Iem's Gate; and Cadell and Da,·is, in the 
Str:rnd, 1803. 

(B) En[Jinecr Department U. S. Army.-Report npou Uuite<l States Gcograpl.iical Surveys 
west of the one hnn<lredth meridian, in charge of First Lieutenant Geo. U. Wheeler, Corps of 
Engineers, C. S. Army, under the direction of Brig. General A. A. Humphreys, Chief' of Engi
neers, U. S. Army. PnLlishe<l by autl.10rity of the Honorable Secretary of '·Var, in accordaucc 
with acts of Congress of Jnne 23<1, 1874, and February 15th, 187 5, in se,·eral volumes, accompanie<l 
lly 011e topograpl1ical antl one geological atla!-1. Vol. VII . .Arcbreology, Washington: Governme11t 
I'rinting Office, 18i!l. (Appemlix to Part I, Vol. Vll, pp. 292-314.) 

(1) :Ko. 5() F. S. Hydro[Jraphic q(ficc-Bureau of Narigatinn. The \Vest Coast of Mexico, from 
tho Bonndary Uuc bet\,·een the United States and Mexico to Cape Oorrieutes, inclnding the Gulf 
of California. \Yashiugton: Go,·ernrnent Printing Office. 1880. 

(.J) United States Coast wul Oeodetic Surrey, F. Jlf. Thorn, Superintendent. Pacific Coast. 
Coa:-;t Pilot of California, Oregon, an<1 Washington. FourtlJ edition: By George Davidson, 
.A1,;sistant. 188G. [Yet in manuscript, August, 1886.] 

The work upon tllis iiffestigation bas been done at inten·als, independently of the regnlar 
1lutics of the U. S. Uoast, au<l frl'Olletic SnrvBy, an1l has therefore been a long time in hand. 

S.AN FRANCISCO, 0AL., All!JUSt, lSSG. 
GEORGE D.A VIDSON. 



 

Blank page retained for pagination 



 

160 U:NlTED STATES COAST AND GEODETIC SURVEY. 

DAVIDSON. 

The Port of Navidad i~ in latitude 19° 13' N. and 
twenty miles west-northwest from the harbor of Mansa
nilla. 

El Cabo de Corrientes, iu 2DF, Cabrillo. Latitude 
.20° 25': correction to Cabrillo, -0u .05' if he observed the 
fatitude, which I very much doubt. 

Thirty leagues, hy the charts. 

La Bahia de Santa Cruz, Vlloa. 
El Puerto de la Cruz, 24° and "more," Cabl"illo. 
El Puerto de! Marque~ dcl Valle. 
{The Emperor bad given Cortes the title of Man1ues 

de! Valle clel Qnaxaco in 15:l8.) This port is probably 
the cove nuder Cape Pnlmo. 

The Point of California "in 24" and more,'' is quite 
likely the present Cape Pulmo which is the easternmost 
laud of the peninsula of Lower California, and placecl in 
latitude 2:ic 23', w that the com>ction to Cahrillo would 
be -oc 3i' "and more." Hence to Cape Sau Lucas fol
lowing the coast line the distance is 44 geographical 
ruiles. 

The cliffs at Ca11e Pulmo are 410 feet above the sea, 
aucl within a mile the hill risee to 850 feet with a low 
11eck or valley behiud it, so that from the northward or 
southward this hill presents a notable feature, Inside 
of this the mountains eight miles westwardly rise to 
2,81'5 feet, while Illirafiores of the Sierra la Victoria, 2i 
miles from the gulf shore, rises ta u,200 feet clc•·ation: 
the forru('r is visible at 62 miles distance, the latter at 
!Jl miles. 

Ou the soutlt side of Cape Puimo there is a nice cove 
three-quarters of a mile deep whern aucl1orage may be 
ha<l in ten fathoms within two hundred yards of the 
beach. .Fresh water is fonnd iu the arroyo which opens 

-011 the cove. 
This buy is probably the Puerto del Marques de! Valle 

where one of Cortes ships put in during the expedition 
-0f 15;34, and where Xiniene• the Captain (who had muti
uied as pilot) was killed. TiJc bay of S:111ta Cruz was 
visit.-<! by Cortes himself in 1&30. In Hi9ti El General 
Vizcaino, under orders of Don Gaspar de Zuniga Conde 
de .Honte-Jley, visited the eastern shore of the southern 
•~rnl of the Peninsula of California and remained eight 
days at the Puerto de Sau Sellastiau, \Jut, abandoned it 
for n more conveufont 1>lace, aud saili11g fort lier they 
.came to tbe Puerto <le la Paz. Thi~ Puerto de Santa 
~ruz may therefore he reasoual.Jly considered the same as 
that of the MatquesdelY.ille. 

FERRELO. 

Juan Rodriguez set sail from the Puerto de Navidad 
to discover the coast of New Spain ou the 27th day of 
June, 1542. 

He was delayed from the Puerto de Navidad to Cabo 
Corrientes a day and a night, fort.y leagues, with a 
southeast wind. 

}'rom Wednesday to the following Thursday they hdd 
their course along tbe coast thirty-five leagues. 

Sunday, the second day of July, they had sight of 
Californi": they were delayed in crossing over, by the 
weather, which was not very favorable, almost four 
nays; they anchored the following Monday, on the third 
of the same, off the Point of California, and were here 
two days, and from this place 
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CABIULLO. 

Don Antonio de :Mendop. took more interest in mari
time matters, for notwithstau<ling the vessels he hatl 
•ent to ,Jiscover that part of the coast of New Spain, to
wards the South, hacl suffered a i.:reat tleal, he sought, 
IJy every means, to kuow what there was further on, 
and for that purpose he or<lered two vessels to l>e fitted 
out, and appointed for Captai11 of them .Tuan Rodriguez 
Callrillo, a Portuguese, a person Yery con\·ersant ''itll 
tlw matters of the sea. 

One of the vesse18 was named the San Salvador, which 
was the flagship, and the other La Victoria; there wa~ 
for chief pilot Bartolome :Ferrer, am! also for pilot Bar
tolome Fernandez; and for maste>:ti Antonio Carrera, and 
S. Remo. 

These ,-essels being quickly ma<lc Tead)·, tlw~· sailefl 
frorn the Puerto de NaYitlad, on the twenty-seYenth of 
,June, of the present year, [lf>42,] at. noon, a!Hl arriYe<l 
early in the morning at Caho de CoITientc·s i11 twent~

degrees aml a half. 
Friday, on the 30t.L, ruuniug along tht· coast, 1he~

fonud tll<>mselve,.; in twellly allll two degrees, arn1 a 
third. 

Sunda~·, on the second of Jul~', they found tLernselYes 
in twenty and four degrees and more, and recognized 
the Puerto <lel Marquez del Valle, which the)- called de 
la Cmz, which is the Coast of California. 

H. Ex. 40--2i 

ULLOA AND YJZCAlNO. 

YlZCAl.XO. 

TYizcaino, with his three vessels nud a long boat, left 
Puerto de la J!\avidad on the twenty-second of May 1602: 
continuing his course with ad\·ers<' winds nearly to Cape 
Corrientes where he arrived on the twenty-sixth; and 
after a survey of that vicinity lie procePdecl along· the 
Coast to )Iazatlan, where hf' arriYed ,Tune sPconr1.l 

l':LLOA. 

''On thc cighteeuth of October, they reached t.Le liay of 
Sa11fa CJ"11z. Octoh<'r twenty uintb, [lii39], lilloa sailed 
with the Santa Agueda au{l the Trinidad, from tlH' bay 
of Santa Crrtz, to follow, ai; before, the trend of the coast: 
hut being impe<letl by contrary winds, he had advanced 
011 the tenth of KoYember uot more than ilft,·-fonr leagues 
from the hay of Santa Cru:: towards the south and i;ontb
west.'' 

VIZCAIXO. 

[From Wctlncsday to the following Thnrs<lny they held 
their course along the coast of Ne.w Spain thirt,--fiw 
leagues.] 

"Snmla~', on the second day of July, they ha(l ~ight of 
California: tlie~- were delayed in crossing over [the Gulf 
of California] b~· tLe weather, which was not ver~· fayor
able, almost four days; the.y anchored the following )Jou
day, on the third of the.Baille month, off the Point of Cali
fornia, and were here two days.'' 
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DAVIDSO~. 

El Puerto <le San LucaR, "Tlioy say it is in latitrnle 
23°," Ferrelo: 

La Bah'ia de San Bernabe, Vizeahw: 
San Lucas Ray; latitude :!:!c 5\!'. 

Correction to Ferrelo, - 0" 08'. Eitl1er Fcrrdo obtaine•l 
tbe latitude at second authority, or his instrument was 
badly deranged tl1ereaftPr. ns wc·ll as at Snuta Cr11z; I 
tbiuk the former. 

It was in this harbor of San LucaR that the Eugli;h 
navigator CaHmlish, in ir,s;, captnred, plundered, au<l 
burnt the Spanisll galleon Santa Ana from the Philippines. 
This name suggesrn this l1ay as that where the :.Iexican 
astronomers observed the Transit of Venus in 1760, when 
tlie French expedition mu1er Auteroche de laChappe oc
cupie<l a station at Sau Jose del Cauo, a few miles east-

. wanlly, which I recovered in 18i3. 
San Lucas Bay affords good anchorage and shelter from 

the northwest and south west winds, hut it is open to the 
sea from the sonth to tile east, renderiug it excee<lingly 
unsafe during the snmlller and autumn, or wet season, 
when the gales arc very freq ucnt and violent. Tho best 
anchorage is in six or seven fathoms of water, a quarter 
ofa mile from the beach. Woodand water are obtained 
here. 

Vizcaino gives a full description of the natives, the 
fresh-water Juke, the fishes, and the productions of the 
laud. 

La Punta do la Trinidad. Uabrillo; Ferrelo in ;l;ju, 

This is uncloubtedly 
Cape Tosco, in latitude 24c 17'. Correction to Cabrillo 

and Ferrelo,--0° 43'. 
From Cape San Lucas to Cape Tosco, a distance of 130 

miles, or 43 leagnes, there in no prominent point or inden
tation of the coast line, except immediately under the 
latter cape. The sho!'e is marked by long lines of dreary 
~a111l tlunes, except near Cape Falso an<l halfway hence 
to Cape Tosco, where there is a "low, rocky point called 
the Point del Marques. A reef of rocks extends a short 
tlistanco out from it, and on either sicle near the coast 
are low sarnly bluffs." 

"Vessels ruay anchor anywhere along this part of the 
coast in fine weather in from 8 to 10 fathoms, a mile or 
two from the beach. The soundings are regular, nnd 
there are no hidden <langers. The beach is generally 
steep, and the breakers close to it." 

Immediately hehind this point the land rises to "Las 
llesas," or table-lan1ls, of COO feet elevation. To the 
southeastward. stretches a great chain of mouutains, 
reaching Cape San Lucas, and ranging from 4,000 to G,200 
feet elevation; and visiole nt a distance of niuety·ouo 
miles. 

The point is laicl down on the U. S. Coast Surve~· chart 
in latitude 23° 56' north, and the indications are against 
any anchorage when the northwest winds are lilowing; 
although Ulloa.anchored eight or ten leagues to the ooutb
east of Puerto Trinitlad. Vizcaino met with strong cur
rents from the northwest along this stretch of coast. 

Thero must be some omission in Ferrclo's narrativ" 
wherein he gives the distance of five leagues from Cape 
Sa.n Lncas to Cape Tosco. The actual distance is 43 
leagues ulong the coast. His estimates are so vague that 

JiERRELO. 

they reached the Puerto do Saµ Lucas the following 
Th~rsday, and took iu water; they saw these (lays no 
In<lians: they say [clizen] that this port is in twenty
tliree degrees, rrnd from the point to the port it is clear 
and sonnclablc. and the land is bare ancl rugged. 

They departed from the Puerto de San Lucas Thurs
<lay, the 6th, in the night, and the following Saturday, 
on the eighth of the said month, they cast anchor under 
the Punta de la Trinidatl, which is in twenty-five <lc
grees; it is from San Lucas fi\·e leagues;'. it is a clenn 
coast without any irregularity; within, on the larnl, 
appear high and bare ancl rugged ridges; they were at 
anchor here on account of contrary wimh from wcst
northwest until the folfowing 'Vednesday. 
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CAHRILLO. 

On the eightll <lay of the same month, they found them-
11el ves in twenty and five degrees, which is la Punta de 
la Trinidad. 

'CLLOA AND YIZCAlNO. 

l'.LLOA. 

"Tbe country ucar the southeru ca.pe of Califoruia was 
Leantifnl, and a-ppearell to be well iulwbitecl. Tl.ieshore 
was l.told, the least depth, as they sailed, being fifty-four 
fathonrn. 

The coast [bordering the Pacific Ocean] was soon fomHl 
to take a northern direction, and their progress was op
posed by a long continuance of northwest winds. The 
two ships were separated and rejoined twice witbiu the 
firRt rnonLh aft1;r cp1itting Santa Cruz." 

YIZCAIXO. 

"The sq ua<lron ofYizca!uoentering this bay under Cal.Jo 
.i., San Lu cos, on the feast of San Barnabas [June 11th], it, 
was callPd ai'ter the name of that Saint. • • • In this 
bay the sqnadron lay some days to wait for the change 
of the moon, repair the ships, and take in wooll and 
water. " (P. 38.) Three times the squadruu 
sailed out of the bay, and were as often through the vio
lence of the winU and the roughness of the sea, obliged 
to put back. They again set sail on the 5th of July,. 
which was the fourth time (p. 46)." ' • 

ULLOA. 

[On the first of December, they anchored near the coastr 
and boats went to procure water; in doing which, they 
were attacked by the natives. Captain Ulloa and some 
others were wounded, not dangerously,] "and Bereeillo, 
their best mastiff' dog, (they had two others) was wounde<l 
with three arrows, aml would no more return to the
charge." 

[Near this "·atering place they found a. bay or port, 
with three fathoms depth at the entrance, and deeper 
water within. No latitt]{le is mentioued.] 

VIZCAlxo. 

"Aud coming near the shore on the 8th of the mouth, 
facing some highlands, they were becalmed, that in a 
week they did not gain a single league; and on this ac
count they gave that high land the name Sierra dcl 
Enfado, or Mount Tiresome (p. 47)." 

[On his chart Vizcaino simply says ''Thie coast is free
from dangers" half way to Cape Tosco, and hence to. 
Tosco u low beaches." The cha.rt has a weak point near· 
the preS<'nt Point del Marquis.] 
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DAVJDSOX. 

uo su1•po8itio11 can fairly be made as to what he intencled 
to say. 

La Punta de la Trinidad, 2;,c, Cal>rillo. 
El Puerto de la Trinidad, 25~, Ferrelo. 
La Bah\a de San Abad, Ulloa. 
La Bahia enganosade Su1!ta Marina, Vizcaino (p. ;,1). 
El Puerto clel Mar<1nes, i> de Santiago of Yizcaino 

(p. 52.). ' 

La Bahia de Santa Muriun, Vizcalno'b chart. 
Santa Marina Ray, in latitude 24~ 20'. 
8anta Margarita Islaml. It fa twenty-two miles long. 

about five miles broad at the broadest place, aucl rises in 
lwrren peaks. to 1,900 feet elevation. 

El Puerto de Sau Pedro, 25;! ; , Ferrclu. 
El Ptierto de la Magdalena, Vizcaino (p. 4~1). 
La Bahia i> Puerto de la 11-fag<lalcna, Vizcaino, pages 

50, 52, an<l chart. 
Magdalem1 Bay i8 iu latitude 24° 32'; corrcctiou to 

Ferrclo -OJ 58'. 
This large and spacious l.Jay with a :fine .entrance three 

1uiles wide, with \-ery dee1> wa1.er anu high heatllands, is 
well prokctcd by great mountain harriers from the Pa
c:ific Ocean "-in<ls. 

Tlw magnificent sheet of water is thirty-Jive miksloDg 
liy twl'lve miles broad, hut is divided liy a narrow throat 
into l\lag<lalena Bay proper on the north, and Almega 
Bayou the south; the ltttter again opening ~onthwar<.l 
into Santa Marina Ba~·· The 1lepth of water in the t~Yu 
main l>ays is O\•er ten fathorus. From the uorthcrn part 
of ~fag<lalena Bay there is connectiou wi1l1 a long line of 
lagoons running for sixty miles northwanl, a.ml l~i11g just 
inside the coast, sand dunes. These lagoons have senral 
opening" to the sea, through the dnnes, au<l were formerly 
the resort of innurueral.Jle whafos. 

El ~lorro Redondo, Vizcaino''"' chart. 
Cape Redondo, in fatitude 2-P :u'. 
The northern point of the entrance to 'Mng<lakua llay 

i11 Entrada Point. 
La Bahia de Sau Martiu, Ferrelo. 
La Bahla de Santi\ Mart.a, Vizcalno's chart. 
Sa.nta Marfa Bay, latitnde 2t0 44'. 
This bay is four leagues northwestward from the 1m

trauce to Magdalena Bay, and lies broad open to tlie. 
ilonthwPstwarcl. It is eight miles between tlie northwest 
nnd southeast points of the entrance, and it. is four aud 
a half miles deep towards t.l.te northeast. The soundings 
decrease regularly from twenty fathoms tot hree fathoms 
at the sandy beach, which is backed by saud ilunes. 
There are no clangerR except. a line of rocks extendino 
half a mile from Cape Lazaro, w]Jjch forms t.he northwes7 
1•oint. Inside the bay, on the east side of Cape Lazaro, 
there is good anchorage in six fathoms ofwaterover8 audy 
bottom. The southeast point of entrance to the uav is 
Cape Corso. When Cabrillo had reached El Puerto d~ l~ 
Magdalena or Pequefia, in latitude 270 by his reckoning, 
he says "This pnerto is forty leagues from the bay of 
San Martin;" this would put it apptoximately in his 
latitude of 25c'; _but he makes no mention of such a port 
in bi~ narrative when he was sailing pl\l!t that part of the 
coast: although be hacl just Ji>ft Santa Marina Bay and 

PERHEL(! 

We<lncsda~·, on th9 twelfth clar of said month, they 
1leparted from this place. In Puerto de la Trinilla<l, an 
islanJ forms the port which is here, and it is a good port, 
8helterc<l from the w<.>st-uortbwest winds; tho port of 
tile island i,; at the head of th~ island on the sontheast 
side, an<l tlie 11ort is clear arnl sounilable; it. lms neither 
"-oo(l 1101' water; the islau<l has ten leagues of length 
n11tl two leagues of loren<ltlt; th,,y nnchore<l that night. 

Tl.tty 1lcparted the Thursday follo1Yiug, aud. pa:ise<l the 
Pnerto de San Peuro, which is in twenty-five aml a half 
<legrecs; in this port there is no watei· uor wood ; its 
1lirection is southeast; it has a good shelter from tho 
west winds ; 
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CABRILLO. ULLOA AND VIZCAlNO. 

ULLOA. 

"Eight or ten leagues farther to the Korth west, they 
came to some inlets like passages between islands, into one 
of which they &'tiled, and founcl a good harbor entirely en
closed with land, which they named Bahht de Sau Al.lad. 
The latitude is not. giYen. In this port they took a sup
ply of water, arnl at this part of the coast th~y hatl 
intercourse with the natives, who exchanged pearl shells 
and feathers for beads aiul other trinkets; bat thi11 
traffic was condneted with much caution arnl distrust. 
ancl their separation was not friendly." 

YJZCAbW. 

"(P. 4!J.) Vizcaluo's flagship entered th<' oa~· ou Urn 20tu 
of July, 1602, but her eon sort did not on account of the fogs. 
The next day some soldiers ascended the mountain and 
saw her consort sailinl!; northward. The Capitar;a being 
thns alone on Santa Magdalena's tla~·, the father Comm is· 
sar~· and Fat,her Tomas sait! mass ashore; and on account 
of this festival the hay was named La Bahia, or Puerto 
de Magdalena; it is very spacious, with several safo 
coves and anchoriug places; has two entrances, and 
through it a wirle arm of the sea runs np into the coun
try. • • * (P. C>O.) The frigate subsequently entered 
the ha~" joined the Capitana, aucl both left in company 
{p. C>l)." . 

[Vizcaluo'8 cl1art gives his anchorage in the Ba~·. the 
soundings, and the eastern passage to Santa Marina Bay. 
He designates it as La Bahla de la Magdalena ; and the 
southern p'lint of the entrance is namet! Morro Redondo.] 

[About five miles hc~·ontl }fagdalena l3;1y he dis· 
covered the entrance to what appeared a very dangerous 
bay, but it had been entered 11y the Almiranta. and is 
namecl on the chart La Babla <le Sta. Marta.] 



 

1613 UXITIW STATES COAS1' A~D GEODETIC SUHVEY. 

DAYIDSOX. 

looked iuto tlrn present Magdalena B:iy. As them is no 
other port immediately north of l\Iagdaleii.a Ba.y, H is 
reasonable to assume that La Bahia <le San Martin aucl 
Santa Maria Bay are the same ports. 

La Pim ta <lt1 Sau Lazaro, Y izcarno's chart.. 
Cape.San Lazaro, in latitu<le 24" 48'. 
:From Cap" San Lazaro the coast line takes a decided 

change of direction from west-northwest to north (mag
netic), an<l also changes from the high mountainous range 
from Cape ToAco to Cape San Lazaro, to one that is low, 
sandy, and only broken by the entrance to great lagoons 
tlJat stretch sixty miles northwarll from l\Iagrlalena.Bay. 

It is very probable that the rece<ling of this low sl10re 
caused FelTelo to designate it the head of a large ensc-
1iada or gulf; or else thi>t he saw the great lagoons from 
the mast-head; in either case the~- would head in about 
latitude 24° 50' or 2;,o 00'. 

La Bahia <le San Christonll, Vizcaino. In this en8e
nada is the entrance to the Boca de Sau Domingo, in lati
tnile 25" 21'. It is three-quarters of a mile wi\le, with a 
shoal extending a mile off the eut~ancc. There is a depth 
of seven and a half feet of water upon it at high tide. 
The southern end of the lagoon heads in lllagdalena Bay, 
and also stretches northwanl thirty mile's. A Yery low 
<'01mtr~' lies to the eastward of it. 

El Puerto de la :Magdalena, 27~, Cabrillo and Fenelo. 
Pequefia Bay, in latitude 2tP 14'. Correction to Cab

rillo and Ferrelo,- Olil.46'. The dist:rnce from Santa :Ilaria 
Ba~' iR ouly thirty leagues. 

This is a l>aY formed l1y an indentation of the coa;;t, 
oue arnl a half miles to the northward. The rouk~· point 
on the west is composed of volcanic bluffs thirty feet 
high, "·ith a hill eight.y-firn feet high. The conntry is 
lo~, with saml dunes and lagoons farther in s!Jore. 

Yes8ehi find shelter from the northwesters b~, amhur
ing in six fathoms of water one mile northeast ward from 
the point. There is a large estero behind the point, bnt 
in some seasons it has no opening to the sea. 

Vizcaluo liaR a line of soundings along tho shor~ from 
Cape Lazaro nearly to Point Abreojos, ranging from 
thirty to fifteen fathoms of water. And he has two in
dentations correspondi

0

ng very nearly in position to Pe
<1nefla Bay and the open roadsteml under Point Sau Do
mingo. His chart says this is a" broken, ragged coast," 
aud inland "mountainous." Both statements are true. 
The charts of 11374 named the point formiug Peqnefia 
Bay, San Domingo; but on the latest charts it has no 
n:une, and San Domingo is transferred to the point I hir
tt>en miles to the west-northwest. 

La Punta de Santa Catalina, Ferrelo. 
San Domingo Point, of the latest charts; it is iu lati

tude 26° 19', and t·hirteen miles west-uorthwest from Pe
que!\a Bay. 

FERRELO 

they continued sailing along the coa~t, whiuh forms a 
large gulf, tlJc head of which is in twenty-six degrees; 
the land is low and covered with sand dunes, the coast 
white and clear; they proceeded, sailing along the coast 
wi(.]J fair \Yinds 

as far as twenty-sc'l'en degrees, and \Vednesday, on 
the nineteenth of the said mouth, they landed at a 
port which they discovered, and going on shore they 
found a path used by Indians, and followe<l it the 
distance of nu arquelmse shot, where they found a 
spring of water; the lan<l is JeyeJ within and bare and 
very dry; they gave it the name of Puerto l'le la Mada· 
ena ; it fa fortr leagne~ from the Bay of San Martin to 

this port. 

The following Thursday, on the twentiethofthil!month, 
they departe<.l from this port and proeeeded, sailing 
along the coast with contrary winds, and about six 
leagues from that place they found an anchorage behind 
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CABRILLO. 

Wednesday, on the uiueteenth, the~· discovered a port 
which is of good proteetiou, which they called La Mag
rlalena, in twenty-se,·en degrees, mirl here they took i~ 
water. 

CLLOA AKD VlZCAl~O. 

[On Yizcaino's chart he names the heatl which forms 
the northwest point of Santa Maria Bay, La Punta de 
San Lazaro.] 

"The whole coast beyond this cape is level aud pleas
ant; :ind has only a fow mountains in Hie. inland coun
try." 

"Ou the 30th of July, they had sight of n bay. which 
seeme<l to be formed there by the issue of a river. 
(P. 52.) There were breakers at the entrance. 
This plilce or gulf had been surveyed by the Almirauta. 
It ~·as named the Bahia de San Clnistoval, • • • !Jp. 
cause it was surveyed on the anuh-ersary of that saint.' 
(P. :i3.) 

[The chart designat<>~ it a~ a" low coaHt.''l 
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Sau Domingo Point is a remarkable perpendicular 
rocky cliff of dark color, risiug one hnndrcd and seventy
tive feet above the sea. The cliffs extend for several 
miles east and west of the Poiut. A short reef stretches 
out from the Point in a southwesterly clirection. Anchor
age may be ha(l to the eastward of thti l'oint, under its 
lee, in five or six fathoms of ,,.ater, half a mile from the 
shore, where a vessel will find some protection from I.be 
prevailing wind. 

To the uorthwestwarJ of tlti3 Poiao a long line of la
goons lie' j nst in~ide the saud dunes. Beh incl the lagoons 
the lam! i~ low aml Ramly and then rises gently to low 
table-lands. The mountains ar" from twenty to thirts 
miles inland. 

El Puerto <le Santiago, 27t", Ferrelo. 
L:1 Bahia de las BaUenas, Vizcaino. 
Ballenas Bay, latitnlle 25° 45'. 
San Ignacio Lagoon, nuder A.brel>jo~ Poim, in latitmle 

"2G0 42'; correction tr> Ferrelo,-02 45'. It is 76 miles from 
Pequefla Bay, and 54 miles from San Domingo Point. 

The whole bight east and southeast of Abreojos Point, 
for nfty mi!BS, is bonleretl by low sandy shores, behind 
which stretch immense lagoons, which were the former 
haunts of the humpback wkale. The San Ignacio Lagoon, 
seventeen miles east-northeast from Abreujos Point, pene
trates twenty miles northward and has a channel that 
admhted whaling vessels (1854). Between this lagoon 
and Abre6jos Point there is another large lagoon not 
named. l''rom Ignacio Bay to San Domingo Point there 
is the long line of narrow lagoons already mentioned. 
The early navigators may Yery readily ha.ve ima.gined an 
extensive and deep bay lying well to the eastward of Point 
Abreojos, and stretching eastward and northward from 
and forming part of the Puerto Santiago. The highlands 
for thirty or forty miles retreat inland behind the San 
Ignacio Lagoon or Puerto_ 

The open bay just inside Abreojos Point is named 
Balleuas Bay"; it is sixteen miles broad, east aml west, anu 
sev!)n miles deep, north and south. The depth of water 
in it ranges from twenty fathoms to three fathoms close 
under the beach. The Point affords good protection from 
the prevailing winds of summer. An anchorage is had 
in six to seYeu fathoms of water over sandy bottom. 
With strong winds a large swell rolls in, causing a heavy 
surf on the beach. 

The Point itself is low and sandy, with a long narrow 
lagoon stretching to the west-northweat. 'fhere is a 
barren hill 277 feet high three miles inside the Point. 
On its southeast shlc there is a pond with brackish water 
in it during tho ury season. A ridge running north
northwest from the Point ri,es to mo1rntains in twenty 
miles. 

La Punta de Santiago, Ferrel<>. 
Abreojos Point. 
Habre Ojo (Rocks), "Keep your eye open", 27t° aud 

ancl "more," Ferrelo. 
The Abreojos Rocks, latitude 26° 461

• 

Correction to }'errelo,-0° 441 "and more. 
Whale Rock. 
These dangers lie three miles west-southwest from 

Abre6jos Point, a.nd are about two miles in extent. One 
of them, Whalo Rock, is tbnr feet above water; the rest 

FERRELO . 

a point, which they called Pll11ta <le Santa Catalina, aud 
so they contiu11c1l sailing a.long the coast, 

and tlie Tnesda"y following, on tho twenty-fifth of the said 
mouth of July, they tliscovered a large bay iu twenty-" 
seven and a half clegrees; they made very little progres~ 
these days on account of the bad weather; they dropped 
anchor in this port and gave it the name of Puerto de 
Santiago; it is distant from Puerto de ~fadalena twenty
three leagues; 

there are from Pimta de Santiago for five leagues somil 
very llangerous shoals aud rocks, and they do not appear 
except when the sea breaks upon them ; they are one 
league from the land, and in a little over twenty.seven 
and a half <legrees ; thev are calletl Habre Ojo. 



 

UNITED STATES UOAST AND GEODETIC SURVEY. 169 

CABRILLO. 

H.Ex.40-22 

ULLOA A...'l"D VIZCAlNO. 
• 

"Aud the same mg ht [July 30th) (p. 5a), the~· eoutin\1cd 
their voyage uutil the~- came to the Bahia Ile las Bal
lenas; when approaching it, "at a con&ideralJle distance 
they saw a large bay, • " " (p. G4), but OJI approacl!
ing, it was found to be as it were intercepted b,,- shoals. 

" ~ This ba~- [Ensenada] had been surveyed by tho 
Almiranta, who gave it tl!e name of Bah la de Balleua>< on 
account of the mnltitmles of tbat large fish they sa.w 
there." They could not laud f<"tr two days. The conn try 
is quite populous ana the Indians peaceable. 

[Vizcalno's ehart exhilJits this great uight east of Ab
re6jos Point, with a long lJarrier of sand through it as if 
guarding the lagoons behind it. In front of this barrier 
is the legend "Arrecifes.") 

[Vizeaino's chart has the sunken rocks off the point 
named "Abreojos ;" and he evidently anchored under the 
point ae hie anchor tlenotes.] 
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are sunken. The distance around them and the danger 
just off the point is eight or 11ine miles. 

La Bahia de San Hipolito, Yizcalno's chart. 
San Hipolito Bay. latitude 260 58'. 
This open hay is formed by the indentation of tLe coast 

line east of Point San Hipolito. The eastern shore runs 
north for three miles and then 'weeps to the eastwanl 
and southeastward for teu·miles. Good anchorage may 
be had under the lee uf tile Point in five to seven fathoms 
of water over a sand~· bottom, at half a mile from the 
low shore. 

Sau Hipolito Poiut is tp1ite low, and composed of black 
rock with barren sand hills fift~· to one hundred feet higil, 
risiug a short distance from it. There is a sand,> shoal 
extending O\·er a mile from the Point. 

A remarkable table-shap~d mountain, of 1,2:.!i feet ele
vation, lies five and a half miles north (magnetic) from 
the Point. Behind this riHe higher mo1rntaius. three 
thonsan<l foet in elevation. 

Sierra de los Siett• "iafanto.~, Yizcaluo. 
These seven peaks are iu the rnouutain range, lying 

between Abreojos Point aad San Roque Island, and about 
fifteen miles inland. Tiley are uot recognizetl on any of 
tile chart,; to date. The range reaches an elevation of 
:1,400 feet. 

Pnnta y Pnerto d" 8auta Ana, 28°, 1''errelo. 
Asuncio11 Point, latitude 2i0 Oi'. Correction to Fer

relo,-o~ G3'. 
It is forty-seven miks in a straight line from Abre6jos 

Point. 
It is a low, sharp, bluff Point, with a cone-shaped hil

lock about, sevent.y-five feet high at its onter extremity, 
an<l mod(•ratel~- high hills.a short distance inland. 

Asuneiou Islam!. 
San Roque Island. 
These are tho islands diseovered by Clloa, but not then 

named; nor were they named by Cabrillo. 
Las Islas de Sau Roque, Vizcaino in the Almiranta. 
La Isla de la Assnmpcion, I>~- ihe Capitana; this is the 

first 01· son tbern islet. 
La Isla de San Hof]ue, Yizcalno. 
They aro both named on his cha1't, with an anchorage 

under each. 
Asnncion Islantl lies a little more than three-quarters 

of a mile to the sonth-s011th east of Asuncion Point, and 
is vraced iu latitude 2;0 06'. It is tilree-qnarters of a 
mile long, and less than iL quarter of a mile wide; of sand
stone formation, and entirely barren; towards its south· 
ern end some hills reach an altitude of one lrnndred feet. 

The Islancl of San Roque is a rugged rock, one mile 
long east an<l west, less than half a wile wide at its 
broadest part, and ahout forty feet above tho sea. It 
lies in the middle of San Roque Ilay, about two miles 
from the shore, amJ has dangers oft' its eastern extrerui1y. 

It is in latitmle 27" 08t', and is twenty-five miles from 
Point San Hipolito, and six mil<'s from Asuncion Island. 

FERRE LO 

They proceeded sailing nu tlrn same conrso along the 
coast, as far as twenty-eight degrees, and there anchored 
under shelter of a point. Here are groves of trees whicli 
tbey l1ad not seen from the Point of California; it is frorn 
thi8 point2 to Puerto de Santiago at the nortliwest poiut 
twenty-three leagues. There are high and Lroken ridgeH 
with wme woodhmd. '\Ye gave it the name of Santa Ana; 

It has an islet ahont a leag-ue from tlte laud. 
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fVizcaino's chart locates a bay about halfway between 
the Abreojos and Asuncion Isla,nd; he 1lesignate.s it as 
la Bahia de San Hipolito (p. 56). Tiley saile11 up it, 
and came to an anchor; but borne soldiers being sent 
ashore in search of wood and water, tLey fonud the 
country eveQ·"·here cxtrern~ly harrPn, anrl therefort> rf'
tnrned on l>oard (p. 5U).] 

"Midway between the ha~· uf Balleuas and the hlarnl' 
of San Roque there is a. high Sierra from which project 
seven high and distinct peaks in line, and which han· 
been nam<.'!l d<.' la8 Sietc Infantes [the seven Infants] 
(p. r,6). 

l.'LLUA. 

"Almost the wholP mouth of December [15:l\!j the wimb 
blew from the northwest., in which direction the eoaBt 

was found to continue. At time• they advanced a lirtk·, 
hut at otlwr times th»~· were llrinn back. The first of 
January [15411] the,> arrived iu sight of two small j,Jarnb 
uear the mainland; 

\"IZCAiNO. 

l Vizcaino in the Almiranta was separate<! from tlw 
Capitaua and Fraga ta, and discovered the Isla" (k Sau 
Rotiue (p. 56--f>i). The Capitana coasting under the 
same shores reached the first island on the evening of tho 
Assnmpcion (August f>th) and gave it the uamelsla de Jr. 
Assumpcion; the other island was two leagues further 
on, to which he sailed, and under which he anchored.] 

"The island is of middling size, the soil 8andy and 
gmvelly, and coverr.d with sea gulls. In some of the 
coves there are infinite numbers of sea wolves." 

This island was named Isla de San Roqnc (p. MIJ. 
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El Puerto r\mdo, r'errelo. 
Table Head Coye or Sau Pal>lo Bay, in latitude :n° 11', 

and about ten miles from Asuncion Point. It is au open 
bay about one and a half miles deep, forruetl by an in
dentation in the face of Table Head between the points 
named San Roque and San Pablo. It is apparently free 
from all hidden dangers, and affords good anchorage in 
from ten to fifteen fathoms of water, at about three-qr.ar
ters of a mile from the shore. 

The great headlaml, embracing Asuncion Pomt, San 
Roque Point, and San Pal>lo Point, known on onr charts 
as Table Head, has hills f>60 to dOO feet elevation, rising 
directly from the water; and tlle mountains reach 1,800 
feet in six mile" inland, and :!,400 feet in fifteen miles. 
It is the commencement of a very high aucl monntaiuouR 
coast line lrnucc t.o Point San Eugenio. 

They anchored iu the open hight eight miles east of 
the Morro Hcrmoso, antl now named 1hc llay of San 
Cristoval, hut withont an.Y claim to l>eing reckoned a l>ay, 
for it b twenty-three miles hroa.<l and only live miles deep. 

El Pnerto lie San l'edro Yit;cula, iu 2bF, "aml a little 
n1ore,'' P(•rrelo. 

El l'nerto de Sau Bartolome, Vizcaino. 
Port San Bartolom<., in latitrnfo 2i'~ 3£1'; correction to 

F\•rrelo,-U-=' 551
• 

The distance from Table Head Cove is eleven an•l a 
half leagues in a direct line. 

" Port San Bartolome is the best harhor on the west 
coast of Lower California between San Diego and Mag
dalena Bays. It is nearly circular in its general form, 
and i8 nl>out two and a half miles in-diameter.'' "Ves
sels may anchor anywhere in the bay." "The soundings 
11re Yery regular, and the l1ottom sand." 

El ::.iorro Hermoso, Yizcaluo. 
Morro Htermoso (The Beautiful Rock). It is in lati

tude 2;c 30', and lies twelve miles southeast of Port Sau 
Bartolome and thirty-nine · ruilcs sonthea•t from the 
isl:md of Cerros. 

The seawar<l face of the Morro Hermoso i,; a lml<l, 
rocky cliff rising abruptly from the sea to a hill HOO feet 
in height. Immediately hehint! it the mountain rises to 
1,536 feet, with higher mountains a little fnrther inland. 
"Beyond the high all(l extensive tahle-lands of Point 
San Paulo there is :t remarkable range of rieaks from 
2,000 to :l,000 feet cle\'ation, an<l of variegate£l colors, 
llOrresponcliug well with Vizc:ilno'~ description." }'our 
miles ea.st of the Morro Hermoso there is n peak 2,2.3;! 
feet high, an<l only one mile from the shore. 

Ulloa, Cahrillo, m11l Frlrrelo do not mention the Morro 
Hermoso, alt.hough the last two werll in the Bay of San 
Bartolome. 

Thirty-tivc miles !>road off tho con.st, iu this latitude, 
the deep plateau of the Pacific Oeeau fa reached at 2,355 
fathoms. 

Island 1li,;coverod, bnt not named, by Ulloa. 
La hla de Sau Estel>an, Ferrelo. 
La fala de la Nati\·idad do Nuestra Senora, Vizcalno, 

in the Almiranta. 
Aft•gna (or Bil'<l Islaml), Indian m1me, Tara.val, 1734. 

FERRELO. 

Thul'~da~', on the twenty-seventh of the sawe mouth, 
they departed from said Puerto tle Santa Ana, and dropped 
anchor ahout six leagues from that place in a port which 
they named Puerto Fon do, on account of the great depth 
which it had, as near the land it had thirt.y fathoms; it 
is clear; and they departed the following <lay from the 
said port, and turned back three times to the said port 
with contrary winds, a.ml thev were in the said uort until 
the following l\Ionday. 

Moud.iy, on tho thirt~·-first of tho same mouth, 1hey 
departetl from the aforesaid Puerto Fondo and an
chored about eight leagues t.hcucu that night, arnl the 
next clay they dopartccl on their voyage. 

Tuesuar, ou the Jir~t <lay of Augnst, they left that 
[auc!Jorago] pince, and the~· procccrlcLl abont ten leagues, 
where they anchored in a port to whieh they gaYo the 
name of San Pedro Yincnla; this port is iu sight of the 
Isla ile Zcdros. Tbis port is in twenty-eight and a half 
degrees, ancl more; the land is high and rugged and 
l>are; from California to this place WO have seen no 
Indian. 

Wednesday, on the second of the said month, they de
parted from this port, and the wincl was contrary, and 
they proceeiled beating; they cast anchor under au island 
which is four leagues distant from the southeast &ide of 
the islan<l of Zcilros, aucl they named this island San 
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"The Oapitaua aud Fragata, uot being hindered hy the 
winds as the .A.lmiranta was (p. 61), sailed into a good 
port, which theS named de San Bartolome. It is tltr<'P 
leagues before you reach the islauil of Cerros. 
The)· four;d no 'niter on shore, and t.hc land was <'X

tremely dry anu sterile. And they found on t,he lwach a 
resin which did not have a good odor, and which some 
supposed to lie amber, because them were great numbers 
of whales there. Whatever it '\\"as tl;ere 1rns enou;;ll to 
load a ship. As this port was discovere<l. on the !lay of 
the Sau Bartolome Apostol, the twenty-fifth of AugnRt. 
H waa so named; anil that night they sailed (p. 62). 

[The chart shows "a rugged coast, withont treei;."" 
The bay is well iuuicate<l, and an anchorage la.iii clo1'1"11 

under the north shore, well insi<le.] 
"(l'. 60.) The Alrniranta, prosecuting her voyag:l' 

[north westward from Sau Roque Island], came in sight of 
a very lofty mountain, at the base of which the seu hrokt'. 
and which was twelve leagues from Cerros lHlan<l, whid1 
t,hey conl<l. not reach. Hen;, to tlouble the point which 
the mountain makes, the Almiranta was more than ei;;ht 
days beating against the northwest winds, which wen· 
very strong. Ever~· time they tackeil they we1·e withiu 
a stone's throw of the mountain and the mainland. This 
mountain has not a single herb or green thiug, !Jut it 
presents au app~urance as if 1iaiuted, antl niricgatcrl 
with dilforont colors, like fancy tapes aud rihhons of 
every hue, so that it is a wonderful sight (p. 61). • • • 
Finally the weather cleared up a lit.tle, t,h<' sea went 
Clown, and they doubled the cape. 

When the Capitana and Fraga.ta were iu sigllt of La 
Sierra Pintada, they uitl not encounter the sl rnDg winds 
which bafficd the Almiranta." 

ULLOA. 

"On .Monday, tlrn 5thof Jan.;.ary, 1540, having adva1H'etl 
since the first of the month thirty-five Jea.gnes [from the 
Islands Asuncion and San Roque], they came to two 
other islands, one of thoim much larger than the other, 
lying at some c1istnnce from the coast of the mnin1and 
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Nat.iviilad Islaud, in latHmle ::?7° 53', arnl its southern 
part is three leag><es from Cerros lslan<l. 

Natividad Island i8 about thTee am! three-quarter~ 

miles long, northwest arn1 southeast, and from half 
a mile to a mile wide, lieing Lroadest at its southeastern 
end. It rises to i>02 feet clevMion; is hilly and barren, 
with mostly steep rocky shore.~ surronrnlecl by tletached 
rocks ar:d kelp. The passage between the island arnl 
Point Eugenio is nearly four miles witle. 

On the southeastern ewl of the island there is a sa!l(] 
beach half a mile long, and '\-essels may anchor off thi8 
in ten fathoms of »ater among the kelp. Ilut there are 
several dangers off this southern ernl of the islall(l, such 
as Flat Hock on which the sea break;, continually. 

La Isla de los Cetlros (Glloa). 
La Iola de Zedros, Fcrrclo; fa :!02 • 

La Isla de Cerro~, Vi zeal no (p. ;,get SCIJ.): and the same 
on his chart. 

Amalgua (or Fog folau11), ludiau n~tme; TaraYal, 173.!. 
Cerros Island, 1.iti trnle ofthr sonthcrnmoM. point, 28°02'. 
Correction to l\~rre10,-u0 G8'. 

El Cal.10 !le Sau Augustin, Yizcahrn. 
Cape Sau Augn<>t iu. 
The change of name from Ccdros to Cerros was quite 

natural, for Vizcaino says (p. !'7), "Que In, Isla de Cer
ros tendria <le lJox: treinta leguas, yen ella vieron grandes 
Pinares, y Cedros, en las Corouas, de los mas altos Cer
ros." (That the island of Cerros is a Lout thirty leagues in 
eircnit, and on it we saw great pines and cedars on the 
summits of the highest mountains.) 

The islan<l lies nearly north and south fut· twentv-one 
miles, with a Lroad base of uinc miles at the sonthem 
end, and an averago breadth of four miles. It is of vol
canic origin, with unmerons high peaks, the highest of 
which attai11s an elevation of3,9:>ri feet. In clear weatl1er 
these peaks may he seen from a distance of sixt.y miles. 
'.rhey were probably seen by the explorers from th~ vicin-
1ty .of Table Head. 

The easten1 side of the island is a succession of rocky 
ledges and ravines, with the land rising alJruptly in sharp 
ridgeH and llrecipitous cliffs. 

Tho northern part of tho island is formed by hrokm 
bluffs, and outlying rocks. A sharp peak, 1,761 feethigl1, 
with a crest of cedars, rises just back of this point. 

Tho western side has the same general character as the 
eastern, lJnt with more outlying rocks. Many of the 
crests of the western sloves of the monutains sustain ce
llars sixty t.o sevonty feet in height. The character of tho 
southern shore is much Ii ke the eastern, hnt nuder both 
the s<•a is comparatively smooth, anil anchorage may ue 
had in SCYen to ten fathoms of water close under tlte 
shore. Vizcaino notes five sncli anchomges on Iiis chart. 
On the southeast side of Ca~ San Augustin, which is 
83-2 feet in height, lies South Bay with from four to ten 
fathoms of water. An indentation of two awl a half 
miles forms this bay, where anchorage may he lm•l in 
seven fathoms of water, close to the shore, anc1 ~heltere<l 
from the prevailing wimlg, hut open to tlle soiltherly 
gales that occnr dnring the early part oftliewi11kr. I~ 

FERRELO. 

Estebau. 'Yith the extremity [t.he northern 8horc] of 
the point. of the mainhnd running ea~t and west., the 
coast [to the southwar11] is northwest and southeast; it 
[the islaud] iH a leagne from 1 he mainland : from this 
point the mainland turns the coast liuc towards th(l 
northeast, and nrnkes a great gnlf, so that the lanil is 
uot visilJ!e. Between the islaucl and the mainlaml there 
is a good channel, and they liml to pass close to the 
hland, for there are rocks w·hich cxten<l in a reef from the 
point for a quarter of a league. There is much Yegeta
tiou oa the water, that grows from the bottom, and is 
rnatted beneath the surface. Thisislaml trends with San 
Pedro Vincula nortlnvcst and southeast; this island has 
three le.agues in circuit. , We were at this island with 
the wind contrary until the following 8a1mrday, the fifth. 
of the said month of August. It has a good port on the 
siclc towards the southeast. There is much fishing with 
a hook, and many birds are found. 

They departed from the islan<l of San Esteban Satm
da~-, on tho fifth day of August, and anchored at the Ish~ 
de Zedros, whcrethe,vremained nutil Thursday, the tenth 
of the sah1 month, taking in water and woorl. Th<>y 
foun<l no Indians, .ilthough they found some sign of 
them. The leeward point of this islan<l on the south 
side is in twenty-nine <legrees, and it has on this south 
side good ports and water antl woo<!, and it is on this 
part lJare, as it has only some small bushes. The island 
is large and high arnl hare, and runs almost east and 
west, aml is ou this side to the south tweh·e leagues in 
length. 

[See rage 184 for mentiou of the islarnl on the re: nrn of 
the ex:pe!lition. l 
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They were hi~!J, and on tbe top of each wen~ many tall, 
slender trees." 

VIZCAl:S-O. 

"And tlrn Almimnta proceeded towards the Mountain, 
or Island of Cerros, passing between the mainland and a 
small island which they named the isla de la Xatividad 
de Nuestra Senora (p. 61 ). 

The Capitana and the tender saile(l from Porr Uar
tholome on the 24th of August, in the night, and they 
did not see the island of Natividad, bnt passed clos0 to 
it (p. 62). 

And they uarued the small island la Isla de la Xatiri
dad, ancl it is wholly a desert, with only one sort of wikl 
fennel (p. 6"')." 

L'LJ.UA. 

"The large island \Ya.s twenty leagues iu circuit, arnl 
was afterwards named IsladelosCedros. On the 
i1inth of January they were obligecl to rnn back for shel
ter nrnler the Isla de Cedros, nearthc south part of which 
they anclwrecl iu thirty fathoms. 

This siue of the islancl was mouetaiuons, anu covereu 
with burnt earth and ashe.,; they did not see 
auy appearnnce of vegetation. They lauded, and hy 
digging pits obtaine<l wMer, in smallqaautity anu of in-
different quality. · 

On the 14th, they anchore(l near the northern part of 
the islarnl, which had a very different aspect from the op
posite extremity, being well covered with trees, and in
habited. 

The next Jay they anchored in thirty fathoms, near an 
Indian yillage on the same island, and Capt:tin lTlloa 
went with two boats to search for water. 

[He had a conllict wit.h the Indians, au<l his !log Bere
cillo was !Ja11l;1· beaten.) 

TlH' canoes of these Indi:ms were made of the trunks of 
the ccclars, not hollowed, hut. merely fastened parallel 
and c]o!';e to each otl..rnr. Some of these trunks were twice 
the t.hicknesR of a man, aud six yards in len~th. On the 
hjJls in the north part oftlw island, there were groves of 
these trees, for which reason the narne Isla de Jo, Ce<lro~ 
was giYen to the island." 

YIZCA]NO. 

"At <lay break 011 the 2'Jth of Angu~t, the Capita1w iw<l 
J.'ragata were dose to the Island of Cerros which the 
Admiral thought was the mainland, and therefore he 
coasted to the westward; but it please..l our Lord, whom 
we sen·e, that for nine days they were unable to ilonble 
a point which is part oft.lie same island, and which he 
named el Cabo de Sa,u .Augustin. \Vearied hy continual 
tacking the General <let.ermined to run close nnder the 
land, where he thought he would he sheltere<l from the 
northwest winds; and after he had anchored lie sent for 
Ue Fmgata, and in her the Cosmograplter Geronymn 
Martin, to make a reconnaissance of the Island. And r J 

he came to an anchor nuder the south part of tho Islllnd 
of Cerros [in Sonth Ba~·l, ou the lMt day of Angnst. 
• And the Fragata. discovered the Almiranta thiP 
tlny aml the tket, was rennitc'1(p.65)." 
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this bay Vizcaluo a·nchort>d on the 3lbt of August, lGO:.l. 
Father Tarn.val, in 1731, went with the Indians from 
Point Engenio to these islands on the same kind of cata
maran or raft that is described by Ulloa. He named the 
group of islands embracing Nati Yidad, Cerros and the 
llenitos, Los Dolores. Neither Clloa, ,.izca1no nor Ca
brillo refer tO' the San Benito lslanc!s. 

The San Benito Islands form a group of l1arren anti rock~· 
islauds sixteen miles west from Cerros Isla1Hl. 'l'hey cover 
an area of about six miles by two miles. The western or 
lm:g.,st ibland of the group is ahont one and a 1·uartcr 
miles long and rises to six hundred aud fifty feet elen•tion. 
There is anchorage in ten fathoms of water over sand~· 
bottom, a little to the westward of its southeast point. 

Ou the southwest part of the western islet a Japanese 
wreck was foum1 by Captain Scammon in 18:i3. The ked 
Hll{l three or four strakes of the bottow remaineu. The 
nails, as well as the wood, provetl it to be J apauese ; and 
the iudicatious were that it had l1een u long time in the 

water. 

Bahia de San X:wier: by Father Tara val, li:H. 
Sebastiau Yizcaino Bay. This is the great gulf which 

haH Cerros Island for its western limit, the north shore 
of the great range of the Sierra l'iutad:~ for its southern 
houudary, and the ioug, low, sandy shores of Scammou's 
Lr~goou, Black "'arrior Lagoon, &c., :Ls far uorth as 
Playa Maria Bay, for its eastern shores. 

In describing the la.ndfall ahout Cerrm; Jslaml this h:•, 
was referred to l•y }'errelo as that" great gulf" [una en
Hcnada grande <]Ue no paresce tierra], extemling to th<> 
11ortheastward from Point Eugenio, hut to which neither 
he uor Vizcaino gaYe any 11amc. The latter has gh·eu 
no limit to its eastcm shores; he S'.iW them receding, hut 
di<l uot trace them. The frigate r<'ported that she could 
not sAe the limit of this "great arm of the sea which 
penetrated the larn1 far to the eastward" (pp. 6i, (h). 

To form Hi is gulf the trtlnd of the coast changes at Point 
Eugenio from uorthwest and southeast on the ocea'.l side 
to l'ast on the gulf side. From that point the shore is high 
and hold for thirty-three miles to the east; then becomes 
low and sandy and sweeps twenty-eight miles to the 
northeast, past the month of Scammon's Lagoon to Black 
\\'arrior Lagoon; then twenty-foiu miles northward 11ast 
Lagoon Head; aml 1iually changes again 1o higll bold 
"Lores rnuning northwest for nearly one hundretl miles. 

Scammon's Lagoon is the deepest part of this gulf. It 
is known to extend fifteen miles to tile eastward towards 
the base of the S:inta Clara Mountains. The entrance is 
iu btit.u<le ';!;8 541

, and bear~ E. by N. t N., 41 miles from 
Point Eugenio. 

Near the entrance to thi8 and t.hc Black Warrior Lagoon, 
the shore-line is backed by very high sand clones, aucl 
drift logs have been found among therre dunes two ruiles 
inland (b54). fa Scammon's Lagoon Spanish cedar 
trunks of treei with branches were foun<l by Scammon. 
They hnd drifted from the Mexican coast and island8. 

La Punta de San Eugenio, Yizcaluo'a chart. 
Sierra Pinta.la, Torqnemadn. 
Point Eugenio, latitude 2P 50'. 
This headlaml is not described by Cabrillo or Yizcaiuo, 

although it is a very remarkable landfall, and the south
ern l>onodary of the great Gulf of Sebastian Vizca.luo, 
It is the western extremity of the monntainons penin· 

FERRELO. 
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snfa, thirty-five miles long, and from threu to twenty 
miles broad, which stretches from Table Heall towards 
the uorthwest. Withiu seven miles of the Poiut the 
monntaius are over 1,100 foet above the sea, and beyond 
1he deprPssion behirnl Port i'an Bartholome they grad· 
nallv rise 10 over 3.000 feet. The immediate Mhores are 
compact, bold, and,forbidding. The prolongation of this 
peninsula is exhibitecl by the islands Nati vidarl, Cerrof<, 
and San Benito. 

El Puerto de Santa Clara, iu 3uc "scant," Ferrelo. 
La Bahla de San Hipolito, lizcalno, just, nnrler lati

tmle 29° 011 hfa chart. 
La Playa Maria Bay, latitude 2i"' [iii'. The corr<'ctioa 

to Ferrelo is,-1° 051 "scant," aml the bay lies almost 
northeast (truP), 17 leagnesfrom the north end of Cerros 
Island. 

Play a Maria Bay b formed hy an cast-northeast sweq> 
of the shore-line for three miles from l\Iaria Point, and 
then east-southeast for six miles to Black l'oint. lt is 
about two and a half miles deep and six miles uroacl l>n
twccn the two points. 

The shores are low, sandy, and barren. At the uorth
east angltl of tho hay there is a cone-shaped hill 2:16 feet 
high. Immediatelyl>ehind this hillock, and to thenorth
Ntstward, the latest charts place a lagoon, but the traders 
assert (1885) that there is no lake and no water here. 

There is goocl ancl1oragc in the northern part of the 
bay in six or seven fathoms of water, over sandy bottom, 
whern yessels may lie protectecl from the prcYailing sum
mer winds. 

For two or three miles hack of Hw north shore the lall(l 
i~ low ancl fhtt, ancl then it rises quickly to the great coast 
harrier which reaches n<'arly three thonsanrl feet eleva,. 
vation. 

I judge this to lmTorque111arla's San Hipolito, and not 
Sant.a Rosalia Bay twenty-three miles to the southeasL 
where there is good anchorage and no fresh water, be
cause Vizcalno's Bay of San Cosme y San Damian, which 
lies four leagues to the northwest, llas a fresl1-water lake 
\Ve lack detailed and accurate knowledge of this region, 
but it is probable the reported lagoon may have fresh 
water in very wet seasons. 

San Hipolito had already hmm examined by the Almi
rauta when separated from the Capitau an<l Fragata . 

. Ensenada <l" San Cosme y Sa,n Damian, Yizcalno. 
Blanco Bay, in latitude 2ll0 04'. 
:Five miles from Maria Point the coast-line falls back 

one and a half miles and forms Fals" Ra~·. Five leagues 
from Maria Point the shore recedes three miles to the 
northeastward, and forms Dlanco Bay, which is a broad 
hight open to the southwest. Good anchorage may be 
fonnd hero protected from the prevailing coast winds. 
The shores are high and rocky, and t.he coast mountains 
reach 2,500 feet elevation in ten mile•. TbPre b sai<l to 
bo no freRh water here. 

La. Punta de! Mal Abrijo, :lOF, Ferre!o, 
Point, Canoas, iu latitmle 29" 2.Y; correction to Fer

relo,-1 o Ou'. There is a possibilityofits being Blnff Point, 
in latitude 29° 34'. Working hack from San Geronimo 
Island, one of these points must be that '!Vl1ich Cahrillo 
inteudetl to designate as :Mal Abrij1l. 

FERRELO. 

Tlwy depa:etell frmu the island of Zedros on Thursday, 
the tcnthdny oftlle said mont.11 of August, to pursnetheir 
YOJage, all\l proceedeil along the shores of the mainland, 
sai:ing to the north. They '!Vent this day about ten 
leagues, arnl the following Priday dropped anchor in a 
port which they called Puerto de Santa Clara; it is a 
good port. They landed and found four Indians, who 
lied. This port iR thirty degt'ees scant; it trends with 
the islaml of Zedros, uortheast and southwest, and fhis 
coast rnns from the port towards the ensenada, north
nortbwest and south-sontbeast. The coast is clean anti 
soundable; the land i~ bare and is not rugged. It lia8 
plains and valle~·s. They were in this port until Snn
dny, the thirteenth of the said month, on account or 
foul winds. 

Sunday, the thirteenth of the said month, they departed 
from this port and went sailing along the coast with light 
wind~, anchoring each night; and the following Tuesday 
they let go anchor uncler a point which forms a coYe, 
which is in thirty ancl a half degrees; (')it afford:; very 
little shdtcr; they called it Punta del Mal Abrijo. 
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'' Aad they sailed from thl8 island [of Cerros] on tbn 
ninth of September [1602) in search of the Isla de Ccui
zas. Dut first the Armada sailed towards the mainland, 
which frcnded to the northwest: and on the eleventh t]JA 

sqtrn<lrou ma!le the coast, which on their approach they 
found to be level and pleasant, and they saw a bay, to 
which (Jl. 69) they gave the name of San Hipolito, and the 
ships caJne to anchor in it. • * * They found the country 
very fertile, and of a flelightful appearance, and a broad 
lJeaten road, leading from the coast to the inlaml parts. 
They also found a large hut, covered with palm leaves, 
and capable of holding conveniently fifty people. 

(P. 69) "}'our leagues farther to the northwest of the 
e11Senada of San Hipolito is a1iother which they name.1 
La Bahia de San Cosme, y San Damian, which tho Almi
ranta had surveyed, while she was in searcl1 of the Capi
teoa. It is very well sheltered from tbenorthw~st winds, 
and near the shore on the mainland thel"C is a famous fresh
water lake, and the country also is beautifnl, fertile. and 
level." 
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Point Canoas is a sharp l'crpendicnlar s;ind bluff 2i4 
feet high, back11d ~>y hills from 700 to 1,200 elevation, attd 
these again 1.Jacked, at ten miles from tho shore, witll a 
range 2,100 feet above the 8ea. Au anchorage partiaUy 
protected from the coast wiud1; i~ fonwl under the lee of 
the point in goo<l weather, in five to seven fathoms of 
water, over sandy bottom, about a mile form the shore. 

From the point the Mh<1re-linn runs ten milei; enst,war<l, 
of which the eastern six miles has a low shore with a 
broad plain behiud it, according to the d1art of li37:l. 
If he anchored deep in the !Jight between Point Canoa' 

and Bluff Point, Caurillomi,;ht lrnve been abreast a deep 
arroyo laid down ou the latest charts. 

Vizcahio lias an anehornge bid rlowu j1JHt nnilt'r ao0, 
hut without name. 

Caho ilel Engano, no latitu<le, Vizcaino. i:it:<· page lt4 
for the Cabo del Engaf10 of Ulloa, Cahrillo, :mil Ferrelo. 

Bluif Point; latitude zgo :w. 
A st111ly of Vizra'luo's uarrati¥e folly satisfies JJJL' that 

ho applie1l this name to the headland which is fift"''" or 
sixteen 111iles southeast of Point Sau A11tonin. 

Vizcaino Juul fitormy weather herL'; his 8hips g1)t Hop
arate<l; 1~rnl he gives t!Je particulars very clearlr. Ho 
say~ tl1e islaml of San Gcrouy1110 is al}{)ut tigl1t leagues 
to the "·est-northwest of Capo Engal10. It i.< jnst 2:-, 
miles. 

Bluff Point is a holcl sand point 100 feet high, a11<l liefi 
uighteen and three-qnartermiles ill a southeasterly direc
tion from Point San Autouio. The saml !Jluff~ on this 
part of the coast are backe<l by moderately high hillH 
and in some portions by table-lands that rise from l ,000 
to 2,000 feet in elevation. Of these mountains, Som
brero Peak, lying about two tniles to the northeast of 
Bluff Point, is the most conspicuous, and reaches an 
elevation of 1,96:~ feet. The chart exhibits a "table 
laml" ten miles in extent, to the northwest of Bluff 
Point, and about two thousand feet in height. It is only 
ahont five miles from the shore. Thia table-land is L.1s 
.i.i~sas de Sau Cypriano of Vizcaino, i11 l:ttitmle 200 4:.!'. 

LaHahla de San Prancisco, Vizcaino. Ile gh·cs no lati
tu<le. It is laiu down upon his chart about three leaguee 
to tho southeast of the Isla de San Geronimo, and mii.st 
bo to the southeast of the Point Engafio or Sau Antonio, 
arnl to the northwest of Bluff Point. Abreast Las Mesas 
there is a great field of•kelp stretching out to twenty
fi,·e fathom~ of waler, and it is probable that inside this 
kelp, nnuer some slight indentation, they found anchor
age, and gave it this name. A depth of twelve fathoms 
of watet is found in this kelp four miles fro111 the shore 
o\·er a l>ottom of sand antl rock. The sliglit in dentatiou 
<Jf the ohore about five miles aouthea~t of Point Engano 
or Sim Antonio is in latitude 2\JO ·iii', and under the north
west flank of La~ Mesas. Tlie latest charts do 110t give 
an~· anchorage at this plact', nor ]las it any nmm>. 

J'oint; Sau Antonio, fatitudc :t<JO 45'. 
This is really the turnin~ 11oiut of the coast-line, where 

it takes a new treud more to the northwartl. This is not 
the Caho dcl Engailo of Cabrillo. It is not mentienecl 
by Vizea1no in his narrative aml Lis chart docs not indi
cate it, hut unnsnal prominence is given to the Islaml of 

FERRELO. 

The We<lnct!day following they were sailing along the 
coast and had a heavy northwest wind, which was con
trary, and they Jay to at night without making any pro
gress; and the following Thurs<laythes held on with heavy 
rains and adverse winds and calms, so that they made 
no l1eadway, and this following night they had mneh 
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(P. 70.) ''.A.s the Armada proceeded along the coast they 
saw many large fires and smokes made by tho Indians. 
But the northwest wind blew so >iolently, and the air 
was so coltl, that the squadron was obliged to run close 
in wit.h the land, and on the sixteenth they were under 
some lofty black mountains, on the top of which wern 
l:i.rge plains. Thi>sc they called Las Mesas do Sau Cypri
ano. To the leeward or southeast of this Sierra or range 
of mountains (p. 71) 1verc some white difii;; and on them 
great num bcrs of Indians. • • • However, the next day 
tho weatller !wen.nm fair, with a 1,,"t'ntle breeze, by which 
they recovered what they bad lost during the storm. and 
arrived off tlie Mesas, where the laµd forms a point of the 
Cape. Here they were again overtaken by a most violent, 
gale from tho northwest, with thiek weather, 
an1l agaiu lost sight of each other (p. 72). The reason 
for the nRnal violence of the 1Viud at thi" Cape, called 
del Eugafio, is that tho air is there contracted betwixt 
the cape aml the island of Cen1za, which lies about eigl1t 
leagues distant along the mainland to the west-northwest 
of Cape Engafio (p. 73), and this island is divided in the 
middle, forming two steep, lofty, ronnd mountains of 
equal height. " * • The Capitana alone • • " even 
ventured to double Capo Engaiio. 

"Aml having to tLe northwest of Las Mesas de San Cy
priano and the Caho de el Engaf10 (p. 73) fouml a good 
hiJrbor, the General ordered the two ships to staml iu for 
it. Accon1ingly, in the eYening of Sun Francisco, which 
was the 3rd of October, th<'y entered the hay, which they 
called La Ilahla de San Francisco (p. 7 4). In a rancheria 
they found unions and goat's horns. The country is leHl 
and fruitful, and by the dung and other imlicatinn1> Sf<'lll~ 
to have a great plenty of cn.ttle and doer. 
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Sau Geronimo. And I thiuk it highly probable that it 
is not the Engaiio of Ulloa, who may have reached this 
latitude, and seeing Point Baja lieyond and a trifle far
ther to the westward, g1ne up the ceaseless stn1ggle he 
had mado against tho nortl1west winds. 

It is a bluff point, with a peak 570 feet high, close to 
tho shore, and about one aud a half miles southeast from 
the point. 

About threo miles southea~t of tho point there is the. 
mouth of a very remarkable gorge, which extends more 
than a mile inland. Between this gorge and the high 
peak the San lfosario Rive1· enters the sea. 

Fenelo was under tlw coast bet.ween Bluff Point and 
Point San Anton[o. 

La Isla de S'1n Berna1·<lo, 30f", ~'errelo. 
La Isla do San Geronymo, Vizcalno. 
San Ger6nimo Island, latitude 29'.) 4B', correction to 

Ferrelo's latitndc,-4:.!'. 
This islet lie!l eight loagnes from Bluff Point, and 

thirteen leagues from Point Canoas. It is a league broad 
off Point San Antonio. five miles to the south-southea11t 
lies the dangerous Sacramento Ueef. To the northward 
the trend of the shora is north-northwest, ancl to the 
southward sontbeast by cast. 

"It is a l1arreu rock, covered in many place~ with a 
mixture of sand and guano; three-quarters of a mile 
long an<l less than a thirtl of a mile broad; with mcky 
heaehes and cliifa ten to twenty feet in height. Near the 
centre is a peak 172 feet high, ancl northward of this are 
two lower ones." • "There is anchorage tt' the 
eastward of the islet in about 110ven fathoms mrer sandy 
bottom, but au uncomfortable swell will usually be felt. 
A good landing place is foun<l 011 a small shingle beach, 
in a slight indentation of the shore-line on the southeast 
side of the ialet, at the base of the l1ighest peak." 

The present absence of wood may have resulted from 
fire spreading over the islet. 

Torquemada is apparently confused about the Island 
of Cenizas aud the Island of San Ger6nimo, as if they 
were two distinct islatH1s, and ht\ even mentions th:• 
characteristics of each. The explanation is this: The 
Almiranta, after her separation from the fleet, searched 
for the Capitano. by going as far back as Cerros Island, 
and then, not wishing to be again obstructed, made a 
long tack to seaward (p. 79), whe11 she saw Guadalupe 
Island, which she named the Isla de Paxaros, and from 
this position she tacked inshore, making the landfall 
north of San Hilario Island (San Martin Island), which 
t,hey saw and miscalled the Islan<l of Ccnizas (p. 89); 
thence sbe sailed in search of the Capitana, and when 
near tho Bay of the Virgins she saw the Capitana and 
Fraga ta sailing out. This islet, as we shall soon see, is also 
<loul.Jle headed. Moreover, it is evident that tbefleethad 
pr(JVious knowledge of sowe island described ae Cenizas 
(cinders, lava), l.Jecause on their p!W!sage to the northward 
they left Cemis Islaml to search for it. This knowledge 
they i•mst have derived from the voyages of Ulloa and 
Calirillo, and the description may possibly have referred 
to Natividad nnd Cerros Islands. 

On Vizcaloo's return voyage he passed tl10 llay of Todos 
Santo~, and came in sight of the Island of San Hilario 
(8nn Martin Islai:cl} on the &l of February (p. 122\ And 

J?ERRELO. 

wind from the west-northwest, and lay to for rest; and 
the following Friday they proceeded with fair winds and 
they found themselYes to windward of the Point of MaJ 
Abrijo six leagues; and so they· held on [their courso] 
until the following Saturday, on the nineteenth of the 
said month, 

when they dropped anchor off a small island which iR 
half a league from the mainland. It may be ten leagues 
from the Point of Mal Abrijo; it iH in thirty and half de
grees; it has a good anchorage and good shelter; they 
called it San Bernardo; it extends one league north and 
south. The coast of the maiulaml runs north-nort.hwest 
and south-southeast, and is a clean coast. The land 
within is of very good appearance and level, and there 
are good valleys and some trees, and the rest is baro. 
They did not find these days a sign of Inclians. 
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(P. 68.) "On the 9th of September, the squadron left the 
island of Cen·os, to proceed t-0 that of Cenizas. * ' • The 
island of Ceniza which lies a]}out eight leagues west
northwest from el Calm t1e el Engaiio [or Bluff Point] 
(p. 73). (P. 74.) The }'mgata also reported that a littlt' 
farther [beyond Bahia de San Francisco] they found a 
small island which they called San G!'ronymo; an<l tho 
General or<l.cred some of the sailors to go ashore aud take 
R"'liewof it. Here they saw prodigious nurnben; ofMrdB, 
and much wood. 

[On his chart it is named the Isla, de San Geronimo.] 
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"aJter pasHing the Day of the Virgins on the 5th of thi8 
month, they made the island Cenizas, which, as we haYe 
already mentioned, lm<1 l1een s1irn·yNl by the Almiranta. 
l!ere the northwest winds inermsiug, the ships stoocl in 
for the Island of Cerros." 'rhis Island of Cenizas is eer
t:lin ly 1he San Geronymo of October 3<1, 1602 (p. 74). 

El Cabo del Eugaiio, 3t!-\ Ulloa. 
El Cabo <ld Engailo, 3F, Cabrillo. 
I,a Punta de! Engnflo, 3F, Ft•rrelo. 
Poiut D11ja, in latitude 2!P [;()' (on a late chart, Punta 

Bajo ). Tne correctiou to Cabritlo an<l Fenelo is,-oc (W. 
Ith eight and n half miles N. l•y "·· ~ "\V. from San 

Oer011inw Island, nml ::\'"\Y. b~- '1.1 X., tw0lvP and a half 
miles from Point S.in Antonio. Eastwnrcl of the point 
the shore retreats abruptly :twl forms Uos;irio Bay, in 
which safo anehorag0 may he hatl in the to six fathoms 
over sand~· bottom, sheltered from the usual coast winds 
of summer. Punta B11ja is a lmv i>aIHl cliff 30 feet high. 
lleliintl it the lantl rise; to :IOO aml iiO!) feet in two miles, 
:incl to a mountain range of nearly :.J,000 feet elevation 
within ten miles. The shore.~ of Rosario Ba.y riie in sanely 
cliffs from 50 to 100 feet high. Off tho point ancl the ap
proaches great fidc!s of kelp extend ont into dc<'p wate1· 

The coast from Pnuta llnja runs trne no1th for twenty
fonr mil<'H ]1enee to Point San Quentin. 

El Puerto de Jn Posesion, :n1c, Ferrelo. 
La Ilahla (de lns Virgines), Vizcaluo. 
Port San Que.:itin in latitude :ioo 2.t'; <·orreetion to Per-

rclo,-10 00'. 
La Pnuta de .las Virgincs, Yizca\uo'~ chart. 
Cape San Qacntin, latitude :100 22'. 
This cape is twenty-six and three-qnarter miles N"\\'. 

hy N. from ruuta Baja, ancl· is the southern terminatiou 
of ~~ uarrow peniusufa eight miles in length, formed 
by a line of fi"e remarkable hills lying north-northwest 
and sonth-sontheast, a11<l from 324 fe£,t to 1,000 feet e]e. 
vation. Thf•y were aptlyna.rne<l thC' Fin; Hummocks hy 
Vancouver. · 

To the eastward of this peninsula there is low couu
try, with great lagoons penetrating the lnn<l for several 
miles. The entrance to these lngoons is on the east side 
of the cape and two miles from its extremity. InsiLle of 
the entrnnce the port is small but afforcls perfectly secure 
anchorage and protection from all winds. No vessel 
drawing over t welrn feet of. water shoultl attempt to en
ter the port. without sending in a boat to souucl the chan
·nel, which has two and a qnartn fat.horns of water at low 
tick .. 

The village of San Qnentin lies tive or six miles in a 
northeasterly 11irection from the anchorage, at the foot of 
a rnnge of l1ills, and near some salt pon<ls. 

1'cbenkoff, in Lis hydrograrl.iic description of this 
part of the coast, says: "The only place where fresh 
water fit to drink is to be found, is the well, excavated 
by the Russians in 1805, sitna.ted upon the spit running 
from the right shore towards the Cape San Quentin. The 
soil is of sand ancl clay, impregnated with salt, and in 

FERRELO. 

Suuda~-, the twentieth of the said month of August, 
they departed from the islarnl of San Bernardo, and ap
proached Punta del Engaiio, which is seven leagues from 
this islnncl, which point is in thirty-one clegrees: the 
coast of the point towards the island trends nortl)
northwest, south-sontheast; on Pnnta del Engaiio the 
laml is not high, and appcitr~ in itself a goocl and level 
laud; the ritlges a.re ha.re; ,ye saw no sign of Indians; 

and so the.r coutiuue<l sailing until the n~xt .Monday 
followiug the coast to the north and northeast; ancl abont 
ten leagues from Punta. de! Engaf10 they diacovere<l a 
goocl port, in whieh they anchored and took in water arnl 
wood: it is int birty-one and a half degrees: it is a port 
suitable for making any kiml of repairs for tlit ships, by 
placing the latter u 11der the lee of the hills. 

The following T11esda~· the captain, Juan Rodriguez 
Cabrillo, went 011 "l1nr" :uul took possession of it in the 
name of His ::\Iajesty a111l of the most illustrious Sefior 
Don Antouio de ~frndoza, am] gave it the name of Puerto 
<le la PoS<'sion. Ile fonnd a bko which hall three (") 
[arms]: arnl they fonncl some Indian fishermen, who im
mediately fled. They took one of them, and, gh·ing him 
certain present~, they relcaseLl him, and he went off. 
The Jarnl in the interior is high and rugged and hasgoo<l 
valleys, and appears to be a good country, alt.hough it is 
bare. They were on shore here until Snnday, the twen
ty-sen,nth of said month, rep:Liring tho sails and obt.ain
ing a supply of water; and Thurs<lay they saw cerfain 
smokes and went tliere with a boat and founcl abou.t 
thirty fishermen, who were friendly, and they brought to 
the ship :L boy and two Imli:m women, to whom they 
gave clothing· and present~ and let them g<•; from whom 
they eonld understand nothing by signs. 

The following ·Friday, going to take in water, they · 
found at the watering 11laee certain Indians, who were 
friemlly, and these showe(l them n. poncl of water and a 
aalt pit whicl1 contained much, and they said by signs 
that they hacl not their 11abitation thi.re, hut in the inte· 
1'ior, and that there were many people. This same day, 
in the ev·cning, fi vo Indians came to the shore, whom they 
brotJght to the ship, and they appeared intelligent ln
<lians; an<l e.nteriug in the ship they took note of the 
Spaniards who were there and counted them, and m8<1e 
Rigns that they ha<l seen other men like them, who had 
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On the twentieth of August they found themselves at 
El Cabo del Engaiio in thirty and one degrees. 

B. E::ir. 40--24 

ULLOA AND VIZCAlNO 

ULLOA. 

''They sailed to the northwarrl above twcn ty leagu<'fi 
beyond this island [of Cerros], ancl were tlwn in thirty 
degrees of north latitude." 

He" wasdriven back" hy ''the northwest winds, w Lich 
continue<l fixed." • * "Ulloa made many attcrnpfa 
to get to th<' north, hnt -,,-:i.-; always force.d to return for 
shelter to the Isla de Cedros. The Santa Agnella, tho 
larger ,-essel, Leing a ltea\-y sailer, and in want of repairs, 
Captain L'.lloa

0

determiuetl to seu<l her hack to l\ew Spain, 
and to entt<':lYor with th<' Trinitlarl ouly to proceed ou 
the propo8e<I rliscovery. On the ;,111 of April 
the t\yo Ycsseb parte(], the Sta. Aguctla Bailing- for Xew 
Spain. [Incident all,\- this ,-esscl 11otes sea weed growing 
in fifteen fathoms of water, &c.] 

"Ulloa, in the Trinidad, cudcavon•d iu vain to get. far
ther uorth. Tl!e utmost he reached was tu a point of 
land -,,·hi ch he uamecl Cubo dcl E11gafto [the Cape of De
ception]. Th<• wiuds blowing nnct•asingly from tll!' north
west, arnl bis pru,·isions being ucarl:.- expeu!lcd, he uent 
his course for Xew Spain, where lie arri\·etl aft<'r an ab
sence ofn year~ wliic11 wasemp~o~·cd in this t>Xpf·t1itinn.'' 

Y!ZCAIXO. 

·'A little lwyonrl this island (p./.IJ [of San Gero11.imo] 
there seemed to be a large bay or inlet (p. 7T>) with a Yt;Q. 

impetuous current hnth at the elolo am! ilootl tides: and 
the General supposing !uere might lien large rivn n-t th(' 
bot1.C'm of it, stootl in with lootlt Rhips, in onlcr, if it af
forded a good harloor, to wuit some <la~-s there fort lw 
Almirnntn, which if not lost, must pass near th<' month 
of it. The ternl€'r Htood in firsL sounding- all the wa~-; 
but at the rnnntlt of the cstero found a har with ouly 
three fathoms of water nt low tith', so tlrnt !he Capitana 
did uot i hink it. n<hisablc to veutnrc in; bnt the kndl'r 
sailed oYerthe hlll·, arnl fournl a good h:irl>or. • • • Tht7 
fonnd near the coat<t a great number of uak('<I Indian;;, 
fishing in canm·s made of thick and pli alole tings \Yhirh 
grow in fresh water • • + And who showed them t<C\-. 

oral wells of vrry golHl \Yater, which werL' iu a 
thickt•op8eof willow;; antl osiers intcrmixecl. • • • Tlw 
Indians also iutimatc<l by signs that up in I he conutry 
there were great numbers of people clothed, who h,1<J 
beardB, and that they also hail iire-a.rms. 

"The Ca pi tan a a nil Fraga.ta havings!nid in tliis l>:>,Y the 
time proposed, the General gave orders for pnt ting to sea, 
in ortler to look ont for the A.lmiranta: accordingly she 
got under sail on the 24th of October; hnt a" they Wl're 
standing ont of tlrn lmy the)· saw the Almirania, which 
gave them the greatest joy, uot having seen her for 
twenty-tdght day~, autl had now given her over fnr loRt" 

(p. 78). 
[On his chart Yizcalno locates the lutlian dllngP; and 

makes two anchorage~ in the OJlCll lmy, 1 
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places overgrown with a hard prickly i•lant, sltelttriug 
numbers of snakes: on the beach tmtles aud amphibiau8 
are constantly sunning tltemselves, as well as sea
elephants, sea-IionA, and sometimes fur 1<eals. There are 
very few birds." 

:From l'ort San Quentin the ccast treu<ls eastwar<lly for 
seven or eight miles an<l then tnrus to the southward, 
forming the open bay of Sau Quentin. The water is 
shoal fur senirul miles off shore, and a long swell will 
usually be fonud rolling in, making it an uncomf'ortahlc 
anchorage. The nort-h and east shore of the bay is a low 
sand beach, with the eastern hills rising to three hundred 
feet high a short distance inland, and these backed by a 
mountain range reaching from 1,500 to 4,000 feet. 

In his narrative Vizcaino does not give any name to 
this "grande Bahla o Eusenada" (p. 74), but on page 80, 
when speaking of the Ahniranta coming in sight, he 
refers to it as la Bahia de las Virgines. 

La Isla <le Sau Augustin, Ferrelo. Ho gives no lati
tmle and 110 distance sailed from Cape San Quentin. 

La Isla de Cen!zas, Vizcaino, by the Almiranta (p. 80). 
La Isla de San Hilario, Vizcaino, hy the Ca11itana ( p. 

80). 
Sau 111artiu Islan<l, latitude :ioc 29'. 
On the chart of Vizcalno it is laid down just outside 

Cape San Quentin, hut without name. On his return to 
New Spain, in February, 1603, he reached the wells of the 
Bay of Todos Santos, &c., au<l continuing southward 
came in sight of the island of San Hilario. 

It is in latitude 30° 29', lies three miles off th" cuast, 
and i• nearly ten miles northwest from the cape. 

"The island is nearly circular in form, having its great. 
est diameter (one and a half miles) in an east and west 
direction. There are two remarkable peaks near the cen
ter. The western, which is 497 fret high, is an extinct 
volcano lmviag a crater at Hs summit 3;i0 feet in <liame
ter and 40 feet deep. The island is lp1ite harreu, produc
ing nothing but t.ho prickly pear and a few stunted 
lmsheR, th.at grow among the loose ma.'!Bes of la.va. 

"There is good anchorage on the southeast side of the 
island, oft' a small lagoon which has communicafa>n with 
the sea.at l1alf tide; aud anchorage may he fonnd any· 
where on the nort.heast side. The best placs to anchor in 
is Ha11&ler Cove, n snug little bight on the eastern side of 
the island, protected on all sides except the north. .An· 
chor in seven to nine fathoms with the northe1·n end of 
the natural breakwater that forms the east side of the 
cove, bearing S. 57-F E. true. The island is snrrounde{l 
by detached rocks and kelp; and great numbers of seal 
and sea fowl resort to it, particularly to the shores of the 
cove and 1-he lagoon" (p. 8). 

Torquemada says that the Islaml Cenizas is divided in 
the middle, making two high mountains. Ferrelo does 
uot mention on which side of the i•la11d the drift timl>er 
was found, hut evidently on the east, where he anchored. 
[See memorandum abont the Spanish cedar found at 
Sc11mmon'H Lagoou.] 

Sau Uamou Bay, latitude 30° 49'. 
Por twenty-one miles nortb of San Martin Island the 

coast-line runs nearly true north and aonth, and theu forms 
the broad bight known as San Ramon Bay or Virgins Day. 
Thence tlu; shore of sand dunes runs northwest to tho 

FERRE LO. 

beards, aud \Yho lirought llogs and cru•s·l>0ws and swords. 
The Indians came smeared with a white liitumen on the 
thighs and body and arms, and tlrny had the bitumen ap
plie<l iu the manner of slashes, so that they appeared like 
men in slashed doublets ancl hose; and they made signs 
that fiV(' days' journey thence were the Spaniards. And 
they made signs th:i:t them were many Indians, and that· 
the,v had much maize and many parrots. They came 
covered with deer skins, and some had the deer skins 
dressed in the man.nor in whieh the Mexicans dress the 
skins which they carry in the cutters. This is an ad
vanced and well-disposed people. They carry bows and 
arrows like those of New Spain, the arrows tippecl with 
flints. The Captain gave them ale.ttcr, which they should 
carry to the Spaniards who thf'y sai1l were in the interior. 

They .le parted from this Pnerto de la Po~esion Snud.ay, 
the twenty-seventh of the said month of August, and. 
sa.iling on their courae found an islan:1 two leagues from 
the mainland; it is uninhabitecl; there is a goo<l port in 
it; they ga\·e it the 11ame of San Augustin; it measure~ 
two leagues in circumference; and so they held 011 along 
the coast with light winl1s, working to windwa,rd, until 
the following 'Yednesday, the thirt.ieth of said month, 
which garn them much wind from the northwest, which 
compelled them to pnt into the island of San Augustin. 
In this island they found some sign of people, arnl two 
cow-horns, and Yery large trees which the sea had cast 
there, which bad more than sixty feet in length, and were 
of such thickness that two men could not embrace one ot 
them ; these appeared to be cypresses, and there were ce
dars. There was a large quantity of this wood; it con
tains nothing else. If a good port, it is not a valuable 
island; they were at this islancl nntil the following Sun
day. 

On Sund.ay, the third day of September, they departed 
from the said island of San Angnstin, and proceeded, sail
ingon their colll'8e,and the following llfondaytheyd.ropped 
anch!)r ahont seven leagues tiistant on the .windwam 
shore, on a coast running north a11d south; and then they 
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When the Almiranta stood inshore from the i~land of 
Paxaros or Guadalupe she made the coruit just north of 
the island of San Martin, and "they saw the island of 
Ceniza., that was left behind them (p. BO); that those of 
the Capitana had not seen; and prosecuting the search 
for the Capitana and the Fra-gata; ancl coming into th~ 
Bahla <le las Virgines, they saw the Capitana and tender 
sailing out to sea: • ~ • and the General gave or<lem 
to continue their course to the firat harbor they should 
find. Accordingly they passed near a small island close to 
tae mainland, wlticl.J tlleycalledSan Hilario • * "' (p. 80). 
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\lay uuuer Cape Coluett, to neither of which does Fer
rclo refer, unless he means tho lmy under Cape Colnett 
when he sayi. he ancl1ored in the Enscnarfa which the 
islancl forms. The coast hence rubs eighteen miles true 
north. There is a broad valley northward of Capo Col
uett and then jagged mountains. 

For fifteen miles southeast of Cape Coluett the kfllp 
field is very denRe in thirteen fathoms of wat.er. On the 
other-haml, he nmy have anchored iu the llroad indenta
tion sixteen milM north ( trne) from Cape Colnett, off the 
mouth of the San Vicente River. J<'ivc miles off the 
shore sonnilings are had in thirteen fathoms of water. A 
few miil'S in the intet·ior the mountains attain an eleva
tion of 1,:iOO to 2,000 feet. At eight or ten miles inland 
is the old ~fissiou of San \-icente. 

Cabo uc San Simony Ju<las, Vizcaino's clrn,rt. 
Cape Colnett, in 1atitm1" :mco 5()1

• 

La Bahia (le San Simony Juda•, Vizc!ano (pp. 81, 84). 
Colnett Bay. 
Cape Colnctt is a remarkable heaillanil. Its ohore out

line is semicircular, with perpcn,Jicnlar cliff•, from lf>O to 
350 feet high, of a very dark-coloreil rock which forms the 
nppcr horizontal layer or strntnm, based on a light sanil
stonc. The coast retains the Aame general appearance 
for ten miles to the northward of the cape. The eastern 
sborl1 of the cape trends north anrl eastward for two an!l 
a half miles, forming Colnett Bay, where good anchorage 
may be found abreast a rcma1·kable gorge in from six 
to ~iue fathoms of water over a sandy hot.tom. Ten to 
fifteen mi:es sonthwar'l of the cape the coast sweeps 
aronml to the 80nthward, forming what is called on the 
charts Sau Ramon Bay, as already mentioned. Ten miles 
he hind Cape Colnett the mountains rise to 1,500 and 2,000 
feet elevation. Neither Caorillo nor Ferre!o refers to this 
notabk hcatllau!l to the uay. 

This i" the first time that Ferrelo meutious cnrrents 
from t lie north ward. 

El Calio 11e San Martin, :l:.li0 • Ferrelo. 
C•iJ'" S.in Toma8, or Point Sant.o Tomas; la:it11d<1 :no 

.;:1·; correction to Ferrulo,-oo 57'. 
F"rrdo's <lescription means a narrow promontory or 

sharp c:tpe fl1rtne(l h.\- a spur or ridge of the mountains 
projecting from the interior and ending in a l!igh point. 

Vizrnluo makes no mention of this cape in bis narra
tive; hnt Le has the projecting point on his <'hart, and 
behind it the legcml "monntainons." 

"Tl!e point lies twelve mile.s S. 14° E. from Banda 
Point. The coast-line between them is crescent-like, high 
and precipitous, with deep water close inshore, anrl nu
merous tletached rocks. The point itself is low atHl 
rocky, rising abruptly to a height of 395 feet, wl!ere it 
unites with the eoallt mountains, which attaiu, at five or 
~ix miles inland, an elevation of 4,5~0 feet. • • • Half 
a mile to the ~outhward of the point the coast makes a 
sharp tnm t.o the eastward, forming a small bight, where 
goo<l ancbon~ge ma;1-· hefonnd one quarter of a mile from 
shore, in five to six fathoms of water, over san<ly bottom, 
sheltered from the prevailing coast win<ls. A stream 
running through a deep cafiadi. opens on tl!e beach two 
miles sontheastoftheanchorage; a road leads from a breast 
this anchorage to the mouth of this stream, and thence to 
the ol<l Mission of Santo Tomas, situated sixteen miles 

FERRELO. 

continne<l theit· course and were sailing with fair weather, 
on a coast running north and south, until Thursday, the 
seventh day of the saiu month of September, when they 
ca8t auchor in a cove which the land forms; and her" 
ends tho coast, which runs north an,l south anu turns to 
the northwest. Behind this cova there is a large v:•lley, 
and the land is level on tlrn coast, and withiu are high 
ranges, and rough land good in appearance. All the coast 
is bold with a smooth bottom, as at half a league from 
land they were at anchor in ten fathoms ; here there is 
much vegetation on the water. 

On tl!e Friday following, on the eighth of the said 
month, they held on with light wiutls, working to wind
ward, and t·hey fouud here contrary currents; 

they llroppell anchor urnler a point whicl! forms a cape, 
and afforus a good shelt<ir from the west-northwest; they 
garn it the name of Caoo <le San llfartiu; where the land 
terminat.es on both sides; a1lll here also termiuates a 
chain of high mountains that are beyond in the distance, 
and end l1y other smaller sierras. There is a large valley 
antl mall~' others; in appearance it is good land; it is in 
thirty-two an<l a half degrees, and is a clean port nnd 
soundable; it trends with tlte island of Sau Augustin, 
north and south. 

Being at this Caho tle Srm Marlin, they went on shore 
for water, and fonml a small lagoon with fresh water, 
where they procured water, and at this watering-place 
came forty Indians with their bows ancI arrows; they 
could not understantl eacb other; they came nakeil; 
they brought roasted agaves to eat and fish; tbi11 is an 
advanced race; bere tlley took possession; they were at 
1his cape until the following Monday. 
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(P. 80.) "And ranging along tho coas~ [northward 
from Isla de San Hilario] they came in sight of a large 
bay, which the Ged'eral ordered the tender to sound and 
survey; and they found it afforded a very good shelter 
against the northwest wind (p. 81), and there were many 
Indians, and going further north about two leagues they 
were overtaken by a strong gale at northwest which 
obliged them to 1mt back into the said bay; and it being 
the anniversary of the glorious Apostles Saint Simon and 
San Judas, October 28th, they gave that name t<> the bay. 
Here tho General ordered the Almiranta to take in wood 
and water. • " • Kear the shore they found a con: 
siderab~e number of Indians, who were alert and cour
llg"Ons" (p. 81). [They had a fight with the Indians, 

• and left the bay on the first of November.] 
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inland, h1 a very fertile vu.lley. A smaller Htream opens 
directly opposite the anchorage." 

In 1873, when passing this point, we made the fo!low
in" note which may explain Ferrelo's peculiar expres
si<:"n, "As seen fro~ the northwest, ihe point of Solita
rios shows ,-ertical dykes" (with illustrations). 

The anchorage is called " Sheltered Cove" in the Coast 
Sarvey Chart of 1874. 

El Caho cle la Cruz; 33~ Cabrillo. 
El Caho ile Crnz; 3:J° Ferrelo. 
Grajero Point, in latitude :ll'-' 4:J'. 
lfautlaPoint, on some chart~. 
Correction to Cal>rilto and Fcrrelo,-1° 15'. 
Las Islns de Todos Santos. 
La Ensemula de To•los las lfancos; Vizcaino (p. L.!l). 
Tudm; Santos Bay. 
Ferre lo rloes not descril>e t.liis great Lay as a whole, l>nt 

in embarrassing d<>tails; and on a.cco1"l.t of adverse winds 
his estimates of distances are very erroneous. He harely 
mentions 1iassi11;.: a small i~l:tn1l, which mnst he Todos 
Santos Island. 

Grujero Point is a n;ry bolt!, narrow head, pro,iecting 
five miles int() the sea to the west-nortlm·estwar<l, anrl in
creases iu witlth from a quarter of a mile to two miles. 
Near the ex trcmo point the height is 1,27'.J feet; aud in 
three and a Lalf miles from tho coast-line, between this 
cape and l'oint Santo Tomas tho mountains rise to 3,56:l 
feet. The sides of tlte cape ure precipitous and slope 
both wa.ys (N. NE. and S. SW.). 

The Todos Santos Islands are on the prolongation of 
the cape and distant tliree miles therefrom. Their com
bined length is two miles, and tLo width half a mile. 
The southeast islet ri;;es 374 feet, and the northwest islet 
about 60 feet. They lie about the middle of the entrance 
to the hay, which is nine miles broad l•y as many d<>ep. 
In tile southeast part. of the ha,y.there is a broad sand 
lie.ach behind which lies a lagoon receiving the waters of 
two small st.reams. Vizcaino iutlicates this low shore by 
a cliscontinned line. Iu the northeast part of the hay is 
the Ensenada ancl1orage, and nuder the northwest cape, 
called San Miguel, is the anchorage abreast the Arroyo 
Carmen. Very high mountain• snrronnrl the Lay_ A fa .. 
vorahk wind induced Vizcaino to postponc·the survey of 
the bay until l1is return vo,;;1ge, wl1on lie wa~ nllablc to 
carry ont his plan. 

· El Puerto de San )fateo, ;J;lp, Ferre lo. 
This "port" may be the present Enst>nada andiorage 

in the uorthenst part of Tn<los Santos Bay, where his 
description snits •cry well; he very probably passed ont-
8ide the Totlos Santos Islets to get there. It i8 \nll slicl
tere<l from all winrls but t.lte sm1tltwest, aud he would 
have to get water Lr diggi11g or from -water-1•ools fllled 
by the early rains. 1t is only nine miles in a direct line 
from his Cabo de Cruz. It is in latitude 310 51', and t.lie 
correction to Ferrelo's latitude would be,-ic 291• If 
ho pas~e1l outside the islets it is:• po1SSibilitythat lie Was 
under Cape Sm1 Miguel or Snusal Point, wliich forms tho 
northwestern limit ofTodos Santos Bay, and lies six anti 
a half 111iles from the Eusenada imchorage. The cliffs 
arc hold ancl high, and he could have gotten water from 
the Arroyo Carmen, but he would I.ave been expol!C•1 to 
the he~n-y swell from ~eawaril. 

FERRE LO 

Monday, on the eleventh of said month, they departed 
from Caho de San Martin and sailed abontfonr leagues on 
:1 coast running from north-northeast to south-southwest, 
(')and thence the coast tnrns to the northwest. The 
land is lofty and bare; and tho day following they sailed 
also with mh·erse winds abont four leagues on a coast 
rnnning from northwest to southeast. On the land there 
are high and broken sierras; and the following Thurs
day they droppecl anchor at about three leagnes in ad
Yanc11 at a point which projects sharply into the 8ea; 
they called it Caho lle Cruz; rt is in thirty-three degrees; 
there is no water nor wornl, nor did the~y find any signs 
of Indians. 

Ha,·ing clepartecl from Caho ile Cruz, they found them
selves the following Saturday two leagues from Calio de 
Cruz 011 account of the J,ead winds on lt coast from north
norih-west to south-sontheast, and under tho shore they 
saw Indians in some very small canoes. The land is Yery 
high and bare and dry. All the land from the extremity 
of California to this place is sandy like the sea-beach. 
Here begins land of another cha.racter, as it is a coun
try of beantifnl vegetation and Letter appearance, like 
orchards. 

Sunday, the seventeenth of the said month, they set sail 
lo pursue their voyage, and abont six leagues from Caho 
do Cruz they found a good port well euclosed, and to ar
rive there they passed by :i small island which is near 
the mainlancl. In this port they obtained water, and 
there are groves resembling silk cotton trees [ ceyb!MI ], ex
cept that it is bard wood. They fonud thick and tall 
trees which the sea throws ashore. This port was calle<l 
San Mateo. It is a good country in appearance. There 
are large eabine, and the herbage like that of Spain, and 
the land is high and i:ngged. They saw herds of animals 
liko flocks of sheep, which went together by the hundr(JCl 
or more, which resembled in atlpearance and movement 
Pernviau sheep, aml with long wool. They have small 
horns of a span in lenW,h as thick as the thumb, and tho 
tail is broad and rouncl and of the length of a pltlm. It 
1e in th iris-three aud nne-tbird degrees. They took· pos-
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011 the fourteen th of Septelll ber they ca mo to au ch or 
at .a cape, which they called de la Cruz; land precipi
tous, higlJ, and barren, which is in thirty arnl three de
grees. 

< 

ULLOA AND VlZCAlNO. 

"The squadron having left the ba~- of St. Simon and St. 
Jude (p. 84), and continuing their voyage against the 
wind, :md against the currents, they came very near to a 
great uay nearly surrounded uy lofty mountains; and by 
the breaking oftl1e sea near the harbor, it appe11re1l that 
it was an arm of the ~ea or tlie mouth of a river. In tbe 
west part of the liay, al.Jont two leagues distant, there 
are two islanu;; whieh they call Todos Santos The ten
der being orrlercll in, tlie Almiranta. followeil her; hut 
the Capitana, as night was coming on, stood off to sea; 
and the others, tbdt they might not be separated from 
her, also p11t back. This happened on the 5th of Novem
ber, and tho next morning it was agreed to stand again 
into the liay and take a plainer view of it, but a favora-
1.Jle breeze springing up aml the General thinking iL most 
advisable to take advantage of it, and refer the snney 
to their return, they continued their course." 

[About the end of January, 1603, Yizcalno was return
ing to La Paz for snccor (p. 121); many of hi.; crew ue
ing clea<l from scurvy and only three or four remaining 
fit to navigate his ship. The winds were light and lie 
made but slow progress, but he carrietl. the ships to the 
springs or wells which he bad previously found in tl1e 
deepest part of the Ensena<la de Todos los Santos. 

Under these circumstances liis description jg very 
meagre.] 
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Neither the Coast Pilot nor the chart 110teH any anchor
age, although it is reported t,hat schooners have recentl~
anchore<l here. 

Cape San Miguel lies nine miles true north from the 
Southern Cape of T'ouos Santos Bay, and is in latitude 
;JP 33t'. This would give a correction to Ferrelo of 
-P :10'. Ile was in the region of the antelope, which 
w~ro still rmrning in large herds aronud San Diegt> Bay 
in 18iJl. 

Thern is a remarkable valley opening 011 the coast in 
;320 0()'. It exhibits several marked terraces reaching 
back and np to a great height above the sea. 

Cabrillo must hav11 heen near Descanso Bay in latitut!e 
320 16', hut the ilistance is only twelve leagues. 

Las Islas DesiertaH, 34", Fflrrelo. 
Las Islas <le los Corona<los, Vizcaino (page K>). 
Las Islas de San Martin, chart of Vizcaino. 
Los Coronados Islands, in latitude 3:P ~Y. Correction 

to Ferrelo's latitude,-P 33'. 
This i~ a group of fonr or fhe rock;y and desolate iBlots. 

'rhere are two main islets and three smaller masses of 
rocks. Tho largest islet is ahont seven miles from the 
coast-line, and the others stretch to the northwest for 
four or five miles. Tho largest is two miles long by half 
a mile wide; it is wedge-shaped, and at it.s highest peak 
attains an elevation of Gi4 foet. On the west and north
west sides lie two barren rock~ fifty feet high. The north
western islet is a barren rock ~oYCll-tcnth• of a mile in 
extent and 3:,0 foct high. A fair anchorage may he had 
in eight fathoms of w_.ter over sandy bottom, on the east 
side of the i8!ct, north ward of its middle. 

Kohl says: "There is little doubt that tho 'Dolores' 
mentioned by Tann·al were the Coronados falands"! 
We have alrP.ady shown thu t Tam val lanr1t:c1 on Natividad 
und Cerros Islands. 

Lii :\frsii <le la Coua, Vizcalno's chart. 
La 'Mesa Redomla of the native Californians. 
Table Mountain, in latitn<le !¥2° 20' 05", Jongitu<le llii 

r,.1' 17". 
This i~ a notable mountain, especially as a htJ<1fall to 

tho navigator; aud Vancouver giHs a characteristic 
view of it. H lies about seven milrn inside lhe ~hurc of 
DE.sca.nso Bay. As seen from every sitle it is flat topped, 
and the top nearly c1rcnlar. Tht• surface of this table is 
-coverecl with singular fragments of rock. The diameter 
of the flat top is 1,60 0 yarda, and iis Leight a Love !Le sea 
is 2,244 foet; so that it is visible at fiftv ruiks from sea
ward. A fow mil<>s to the ~outheast ;f this mountain 
there ii! anoth"er marked mountain ·of three isharp }leaks 
rising 400 to 500 fret highff thau TaL!e Mountain. It 
seems curious that Cahrillo <lid not mention tl1es.: nwnut
ain~. 

THE COAbT OF ALTA CALIFORNIA. 

El Puerto tle Sa.n Miguel, 34f', l•'errclo. 
El Puerto de San Diego, Vizcaino. 
El Pnerto Bneno (fo San Diego, Yizcaluo'a chart. 
San Diego Bay. The 1rght-house near the extrcmit.y 

of Point Loma is in latitude 320 40'. Correction to Fer
relo,-10 40'. 

El Bnen Puerto, Yizcalno. 
Fal•e Day. 

FERRELO. 

session of it. They were in this port until the follo\\·iug 
Satnr<lay. 

Saturda;-, the twent~--third of the said month, :they 
departed from the said port of San Mateo and sailed 
along the coast until t.he following Monday, in which 
time they made about eighteen leagues. They saw very 
beautiful v11lleys imd groves, and u conntr~· flat and 
rnngl1. anrl they <lit! not see Indians. 

On the Tnest!ny arnl \Vednesday following they sailed 
along the coast ahont eight leagues and passed by some 
three uninhabited islarnls. One of them is larger thlm 
the others, and extends two entire leagues, and forms a 
shelter from the west \vinds. They are three leagues from 
the mainland; they are in thirty-four degrees. This day 
they saw ou the land great signal smokes. It is a gooil 
land in a ppcarauce, and there are great valleys, and in 
the interior there are high sierras. They called tb0m 
L:is Islas Desiertas. 

The Thursday following they proceeded al>out six 
leagues along a coast running north-northwest and dis
covered a port enclosed and very good, to which they 
gave the name of San 'Miguel. It is in tllirty-fol\r a.nd 
one-third degreeR; and after lnchoring in it they went 
on shore, which bacl people, three of whom remained and 
all 1hc otherR fled. To these they gave some presents; 
and tliey 8aitl liy signs that in the interior had passed 
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"After sa11ing a few leagues, the wind again shifted to 
the nortlnvest, but they kept coasting aloug the sbon-, 
and were a111used by the smokes and fires made b~- the 
Iudiaus all along the Strand as an invitation to the ships 
to sen<! their people ashore. The eountr~- appeared Yery 
beautiful, aud level, and pleasant. At the distance of 
six leagues from the mainland, they fell in ,·dth four isl
ands, to which they gave the name of Los Coron::Hfos (p. 
84); the two smaller appear like sugar-loaYes, the other 
two somewhat larger." 

[On his chart he name8 them Las Islas de San Martm, 
and has a anchorage on the north side of the largest.] 

l Vizcaino's chart places the "Mesa de la Cena" near 
the coast-line to the son th ward of the Coronados. It 
furnishes the only attempt at. hachnring on Bnrm>y's copy 
of his chart and therefore mnst haYe impressed the cos
mographer.1 

"To the north of these islands [Los Corouados] (p. 85), 
on the mainland is a famous harbor which was named 
the Puerto de San Diego, which the squadron entered at 
seven in the evening of San Martin on the tenth of Ko
vember. The day following the General ordered seYernl 
pel'80ns to survey a hill (moute) (La Loma] which af
forded protection to this port from northwest wiuds. • • • 
On this liill they found tall and straight oak,s, and other 
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Lrt J,fa tle Arena. 
Tl10 Peninsula. ''The Island" is the low sandy, 

cba parr al-covered penini>ula, formingtbe west shore of the 
bay arnl cromling so close to Ballast Point under Punta 
de ht Loma as tJ form the deep narrow channel between 
tbl1 bay and the sea. It is not over six feet above the 
IPYd of the sea, an<l in 18;>0 was locally known as "The 
Islarnl," antl now known as the ''Peninsula." 

Next fo that of San Francisco, no harbor on the Pacific 
coast of the United States apllroaches in excellence the 
Bay of San Diego. It is readily distinguished by the 
notable landmark of Point Loma, in latitude 3:2° 3!J', is 
easily a.pproached on account of the absence of outlying 
dangers, and a depth of twenty· two feet of water can !Jc 
ca'rried over the bar. Thi> !Jar has not changed in deptl• 
or position since t11e time of Vanconver. 

Vessels approaching San Diego Ilay make the ridge of 
Point Loma as a long fl'1t-topped falaud, wbeu alJout 
twenty-five miles distant. This appearance is occasioned 
lly the bay to the south west, liy the low land to the north
east, aud by the Puerto Falso at the north. 

The bay is a long ctirdng hod.Y of water about twelve 
miles in lengtl1, n.ml from one-halt' to tea miles in width. 
For tlm first six or seven miles from tho entrance there is 
a fine \;road channel, carry in;.( four to eight fathoms of 
water. The southern en!l of the bay is occnpictl \Jy Yery 
extensive flats, throngll which a channel with twenty 
to twelve feet of water is found. Between tho bay and 
the ocean there is tt narrow strip of san<l dunes and very 
l«w gi:onll(l. 

\VltPil in~ide the entrance of the bay, a vessel is shel
tcrcrl from e\·ery wiu<l, and tllc hotdiug ground i~ good. 

\Vh,•n we first visited the huy, in 1851, there was no 
sigu of the trPes mentioned by Vizcalno, nor did the 
Spauisb population ha YO any tmtlitions ahont then. His 
tkscription of "el mont.e" applies with great directness 
to La Loma. 

Kohl blunders vMy barlly ahout T11mval't1 "Bahia de 
San Xavier," and Aay8 that" proba\Jly it is the small l!ay 
now known as San Diego Harbor." \Ye have shown that 
it was the. great gulf of Sebastian Vizcaino lying en~t
ward of Cerroli lslantl. 

Ensenada (Ile Sllnta C1tthalina), Vizeuiuo. 
San Pedro Bay, latitnrle :i:io 4:11• 

To Vizcaino this great hight rmhracecl the low country 
north aml east of Sau Peilro llay, "-hi ch land he ditl not 
see. On his chart be places Santa Catalina Islu11<l l!roa(l 
off the Bay of San Ped1·0. 

Kohl thinks that San Petlr,> Bay is the Daia de Fumos 
of Cahrillo, hut we will sholV that it is Santa Monica.Bay. 

La fala <le San Sahatlor, Fcrrclo. 
La Isla do Santa Cathalina, Vizcaino. 
Santa Catalina lt>land, in latitude 3:~0 2{)!-', at Isthmus 

CoYe. 
The islancl fa l'ighteen miles from the mainlancl at San 

I'edro anc1 tweuty-thne and a half miles from Point 
Lasuen. 

La Isla Wi la Vittoria, Ferrelo. 
San Clemt>nto Island; the latitude of the southeast 

lie ad i;; 3'2o 49'. 

TJ1ese i~land.s were named after the ships; tlJC former 

FERRELO. 

people like the Spaniards. They mauifeste1l much fear. 
This same <la.Y at night tlley went on shore from tile ship& 
to fish with a net, an<l it appeam that there were hen:. 
some Indians, and they began to discharge arrows and 
wonndeil three men. 

The next day, in the morning, they entered farlher 
within the harbor, which is large, with the boat, and 
th2y l•ronght away two boys, who understood nothing by 
signs, antl they gaYC them botb shirts, aml immediately 
sent them away. 

At1d the following tla.y,_iu the morning, there emne to 
the ship tl1ree fnll-growu Indians, and by signs they flllid 
that there were truvel1ing in the interior men like us, ~i1b 
beards, au<l clothed and armed like tho c of t.11e ships, and 
they made Bigus that the;r carriPd cross-bow and swonlFT 
and made gestures with the right arm, as if they Wl"m 

throwing lances, arnl went running in a posture as if i:id
iug on horseback, antl matle signs that they killed many 
of the nalivo Indians, and that for this they were afraid. 
This people arc well-disposed and advanced; they go 
covered with the skins of animals. Being in this port, 
there passed a very great tempest, but ou uecgunt of' the 
har\Jor being good, they sufforeLl nothing. It was a Tio
lent storm from the west-southwest and sont b-southwest_ 
This is the first storm which they have experienced. 
They were in this port until the followingTues<lay. I-lent 
Christians were callell Guacamal. 

The following Tuesday, on the third day of the month 
of October, they departed from this port of San :Mignel. 
and Wednesday and Thursday and Friday they pro
ceeded on their course, about eighteen leagues along t.ho
coast., on which they saw many valleys aml mueh leye] 

ground, and many large smokes, ancl, in the interior .. 
mountain~. 

Tlcy were at dusk near ,.;omA iBlandR, which am aboat 
seven leagues from the wain land, and because the "1riulJ 
bad die<l out they eonltl not reach them this night. 

Sa.turday, the seventh day of the mo11th of October, tlaey 
arrived at the islands at <bybreak, which they na-cl 
San Salvador and La. Vittoria, and they anchored otr -
of them, and they weut with the boat on shore to- ir 
people were thero, and as the boat approached, a great 
number of lutlians issued from among the bushes -a 
grass, yelling and dancing and making signs that tlwy 
obonld come a,sllore; and tbc:r saw that the wo0>e11 WnP 
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trees; some slunbs resembling rosemary, :11Hl a great 
-.ariety of fragrant a!Hl wholesome plants. The to\) of 
this l1ill commaudetl a Yiew of the whole hal'iior which 
appeare<l >cry great an<l very commodious, aud well 
sheltered from e,·ery wind (p. 8fi). The hill horc1ns this 
harbor on tho northwest autl is about three leagues 
in leugth, and a half a league in breauth. And to tlrn 
northwest of this hill is another good harbor. • • • Th,·y 
obtained there water from a sandy beach or n little i"l:rn1l 
of saml, where they dug tlcep trenches, iu which, dnring 
the flood th;1 water \Yas fresh and good; but on tlie el•l> 
B:ilt. • • :!.:lost of the Indians paint cu or besmeared 
with black and white ; an1l their heads wem loaded with • 
feathers. They signifietl by signs that a certain 
pe')ple up the country had beards and were clothed liko 
the Spaniar<ls (11. BS) ; and by their dress, complexions, 
anrl cugtoms seemecl tu be of the same country with tlm 
visitors. 

"In this harbor there is a great variet~· of fish, as oysters, 
mussels, lobsters, solefl, &e., and the country aboun <led 
in game. • They were highly tlelightetl with 
the mildness of the climate, ancl the goodness of the 
soil. 

"Everything being completetl, • they left thil-i 
place on the twentieth of November (p. 89). 

"They had no sooner left San Diego, than tho north west 
wind commenced to blow (p. 89). Little by little, how
ever, the ships a<lvanced, and ca.me in sight of a great 
gulf, where the neighboring country presente<l a very 
pleasant appearance. Aud as they proceeded they saw 
also the smoke of large fires which the Indians hatl ldn
dled, to induce the ships to put iu there. But ou a.p
proaching the coast, found no shelter from the north we8t 
wind; they therefore continuerl their course, amt a few 
leagues further discovered (p. 90) agreat island about 
twelve leagues from the mainland, and for the day of its 
discovery, they callctl it the Isla de Santa Cathalina. Ou 
the 28th of November the ships came close in with it, 
and from thence bad sight of a mucli larger one lyiug 
to the southwest of Santa Cathalina. They, however, 
thought proper not to survey it till their return (p. 90). 
[Then follows a long description of the inhabitant8, &c. J 

(P. 94) "This island, like most of those adjacent, is very 
populous. * * 'fbisisJa.nd bas several goo<l harbors, 
abundance of fine fish, esperially large aml goocl eu r-



 

106 U~ITED STATES COAf:$T AND GEODETIC SURVEY. 

DAYIDSO:!I\. 

~1fttir the Jfag-sbip, the Capitaua, aml the latter after the 
tcmler, tlle Alrnirautu. 

These two islands are brge, very high, and visible far 
-0ut at sea. I hav.i seen the former from the ridge of 
1'oitH Loma. 

Santa Catali11a Islaml is eighteen miles long, with an 
extreme breadth of seven miies, and an average breadth 
.of four miles. Its g•meral direction io '\V. by N. ! N., 
.m;ignetic. lt rises to 2, llO feet above the sea, and is visi
·ule at a <listauce of fifty-three miles. It is very rngged, 
·eovorcd largely with douse chaparral, and is nearly di
.vided iuto two islands towards the western end . 

. San Clementl' Island is also eighteen miles Jong, and 
·not over three and a half miles broad; it rises t.o 1,9G4 feet 
elevation, and is visible at a distance of fifty miles. It 
lies nearly pa,rallel with Cata,Jina, and directly south; its 
north point is only ni11tileen mile;, from the nearest 11art 
.of Catalina. 

Neither island hao been inhabited by Indians since the 
-country has been settled by Americans, and the Aigns of 
former popnlat ious are nm ch Jess than on Santa Rosa and 
San l\Iiguel. For fnrtller descriptions see Davidson's 
,Coast Pilot. 

Ferrelo evidently anchored off the north side of Santa 
(~atalina Island. 

Vizcaluo does not mentiou 8:m Clemente by name, but 
describes it as a larger island lying to the southwest, and 
to be surveyed on the return of the expedition from the 
north. He has not placed it on his chart. 

On his plan of Catalina Island he clearly indicates the 
locality of the great depression; and a small circle de· 

:uotes the position of the so-callecl Temple to the Sun, &c. 

La. l~ahia ile los Fmuos, 35°, Ferrelo. 
La Bahia de las Fuegos, Ferrelo. 
La Bahia Ona, a corruption of La Bal!ona, a rancho 

bordering this bay. 
Santa Monica Bay, named from the Sierra Santa Monica. 

Latitude of Point Dume on the northern shore of the bay 
.34° Ou'; correction to Ferrelo,-P 00'. 

I feel sure that he made the land of this bay nea.r Point 
DnmP, wliere there is shelter, and where there were large 
;mncherias of the Indians to a very late date. 

Vizcaino does not mention this bay, but it is plainly 
indicated on his chart, as well as the cape formed by San 
Pedro Hill, 1,475 feet elevation. 

Ferrelo does not mention Sau l'edro Bay, but Vizcalno 
.calls it an En11t111ada, embracing Santa Catalina Island; 
.and his chart gives it great breadth, and notes the rocky 
islet called Dea.dmau's Island. This islet is the El Morro 
.if the later Spanish chart.a. 

This part of the coast is sharply hacked on the north 
Ly the almost inaccessible mountains of the Sierca Santa 
Monica. To this day they may be said to have no trails 
through them. 

Laguna Mugn, latitude 34c 05'. 
This is a moderately large estero under the northwest

~1·1y e4last termination of the Sierrn Santa Monica., where 
it crowds over the broad low plains of the Santa Clara 
Valley. There is a good anchorage off the month of the 
.estero. See 'Davidson's Coast Pilot of California, Oregou, 
..:bn<l "rashington.' 

J<'ERRELO. 

running away, and from the boats they made signs that 
they shonlcl have no fear, and immediately they assumed 
confidence and laid on the ground their bows and arrows, 
and they launched a good canoe in the water, which held 
eight or ten Indians, and they came to the ships. They 
gave them beads and little presents, with which they 
were delighted, and they presently went- away. Tile 
Spaniards afterwards went ashore and were very secure, 
f.hey and the Indian women and all. Here an old Irnliau 
made signs to them ti.it on the mainland men were jour
neying, clothed and with beards like the Spaniards. 
They were in this island only until noon . 

The following Sunday, on the eighth of the said month, 
th1Jy came near the mainland in a great bay which the~
named la Bahia de los Fumos ; on account of the numer
ous smokes which they saw around it. Herc they held in· 
terconrse with some India.us, whom they took in a canoe, 
who made signs that towards the north were Sp~niards 
like them. This bay is in thirty-five degrees, and is a 
good harbor, and the country is good, with many valleys 
and plains and trees. 

The fojlowing Monday, on the ninth day of the said 
month of October, they departed from la Bahia de los 
}'uegos, and proceeded this dAy about six leagues, and 
anchored at a large inlet, 
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d:nes. ' • * The sea wolves 8en·e tlho lmlidllS !Juli~ 
for food aml clothiug. * * * After taking a san·ey of 
several parts of this Island, the squadron lofr, it on the 
third of December, 1602. 
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It is fifteen miles west of Point Duwe. From Mug Lt to 
San Buenaventura the coast-line is nineteen miles, and 
the last eight miles runs no?thwest. This is tlle only 
coast-line in this section with this dircc:fon an<l with 
sneh a well-marked valley. 

Los Pueblos de las Cauoas, 3;,p, Cabri!lo. 
El Pueblo de las Canoas, 35F, Ferrelo. ("Which is 

c:iiled Xucu.") Ferrelo, page 84. 
San Bnenaventur.1, in latitude 31" li'; correction to 

Ferrelo,-lD o:~'-
Rau Buenaventura lies under the seaward face of the 

mountains, at the extreme western edge of the broad, 
low, fiat vall,-.y of S3nta Clam. The Santa Clara Hiver 
empties into the oeean four or five miles cast"'ardly of 
San Bueiuwcutura, while on the irmneLliate west empties 
the San Bnenavent.ura Hiver, after coUJing through a 
smaller and narrow valley among tltc mountains. The 
wood, tre~h ''ater, open hay, plaius 011 our~ si1Je and ri\rer 
ou the ot lier would make this a favornule location for a 
large village. Fcrrelo's description i8 very saU8factory, 
a]](l it. will 11ot smt au~· other locnlit;1· ht this immediat.e 
reg:ou. 

Yizcaino sailer'! past thi~ part of the coast with favor
able winds, and did i1ot anchor anywhere in the archi
pelago, except at Santa Cata.lina; hut ho notes the pro
j1;ct iug shore-line at Point Hueneme, and to the west of 
it lays_ !lo 1vn on his clrnrt a l:irge "fresh-water rh-er," 
which may he eithn the Santa Clara or tbe San Buena
nmtura, more Ulrnl:1 the former. He held Bhort commu
llicat.ion with the chief of tl10 Indians. 

The founding of tile Mission of San Buenaventura 
w u!tl indicate that large numbers of Imlians were in 
t ht1 dcinity, and that the 1>lace hatl superior inducements 
for snstaining the establishment. :rn1l recruiting prose
lytes. 

The name 'l'aqniwiue seems t<> lie the original of the 
present Httcncme, au<l is locally r«frrre<l to the name of 
n celebrated chief. 

1\Iugu (Point l\Iugu) is quite likely tho original name of 
one of their villages, althongh i ( ma,• be from the Span
.ish muga, which reully designaks the character of the 
point. 

"'e nrny here premise that hence to Point Crn1eepcion 
l·'errclo gins the di,tancu 11t thirt~· leagues, whereas it 
is ouly between twenty urnl twenty-one leagues, autl we 
ruay reasonably lin gnidcd in the nrloption of this eeulc 
through the Sau ta Barbara Channel, l>Pcausehelmil pJ,.as
aut weather and light Yariuhle winds throughout. 

Ilnt pending that examination along the main shore I 
rioter to the other two islands not seen hy Cahrillo and 
Ft•rrelo. 

La Isla de Santa Barl1arn, Vizcalno's chart. 
.Santa Barbara. Island. 
He has not mentioned it iudi\•idnally in his nanati vo. 

1t is laid down us a small island in a relatinly conect 
po..;tion. His name is retained. This island is in lati
t ndo 33° 30', aml rises 547 feet above the sen; it can he 
tweu a distance of twenty-seven miles. 

La Isla dti Sau Nicola.~, Vizcaino. 
San Nicolas Island. 
The 1:1outheaet point is in latitu!le 330 16'. It is not 

FERRELO. 

and they passed on thence the following day, Tnesda~-, 
and proceeded about eight leagues on a coast northwest 
and southeast, and thoy saw on the land a village of ln
tliaus near the sea, and the houses large, in the manner 
of those of New Spain; ant1 they anchored in front of a 
very large valley on the coast. Here came to the ships 
many VflrJ good canoes, which held in each one twelve 
or thirteen Indians, and they gave them information of 
Christians who were journeying in the interior. The 
coast is from northwest to southeast. Here they gave 
them some presents, with which they were very much 
pleased. 

They made signs that in seven da_ys they could go where 
the Spaniards were travelling, and Juan Rodriguez was 
determined to send two Spaniards to the interior. They 
also made signs that there was a great Iiver. With these 
Indians they sent a letter at a venture to the Christians. 
They gave the name to this village of el Pueblo de las 
Cauoas. They go covere<! with some skins of animals; 
they ~re fishermen, and eat the fish raw; they also eat 
agaves. This village is in thirty-five and one-third de
grees. The country within is a very beautiful valley, 
and they made si.gns that there was in that valley much 
maize aud much food. There aJ>pear within this valley 
some mountains ·very high, and the land is very rugged. 
They call Christians Taquimine. Here they took possos
sion: hero they remained until Friday, the thirteenth of 
the said month. 
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-r-Iay, on the tenth of October, they disco\·ered some 
Ti~ of peaceable Indians, with whom they traded, 
wliicb. they named los Pueblos do las Canoas, because 
tM,y had a. great many canoes, and they are in thirty and 
Ji.e degrees and a third; 
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mentioned in his narrative, lmt. is on his chart, where it 
is placed close alongside and to the westward of Santa 
Dar1mrn Island, and even smaller. He !ms either com
rni t.tetl the error that Tcbcnkoff has done in his atlas 
(l84i') of laying down Santa Barbara as two islets, or he 
saw only the highest point of San Nicolas Islantl, which 
it; e!JO feet al.Jove the sea and visilile at a distance ofthirtv
four mile~. Sttp11osing tlrn the sailed from the north har
hor of Sant11 Catalina. Island to the throat of the Santa 
Barham Channel (reckoned as lying between Anacapa 
Is1aml au cl Point Hueneme), he passed not nearer than 
fifteen miles to Santa Barbara Island and forty-two miles 
to San Nicolas Island. Tho former is Yisilile in clear 
weftther with a sharp lookout; tlrn latter is not visible 
unless by extraordinary refraction. 

As Vizcaino gives a graphic description of his passage 
through the Santa Barbara Channel, we interrupt· Fer
relo's narrative to condense it. 

The Island~ of the Santa Barbara Channel. 
To tho liroad passage between the mainland from Point 

Hueneme to Point Concepcion all(l tho islands from Ana
capa to San .Miguel, Vizcaino (p. 95) gives the name El 
Canal de Santa Barbara. He is the first to call attention 
to the parallelism of these islands with the continental 
8hore. 

This channel is sixty-five miles long nearly east. ancl 
we8t, ancl ranges from eleven to t'venty-six miles in 
breadth. His statement that tbere arc six islands in 
this channel must include the islands which he n:imed 
San :Nicolas and Santa llarbara, and which are laid down 
by him half way between Santa Catalina Island and 
Anaca.pa. His chart gives a very fair representation of 
the archipelago and its relation to the mainlantl. This 
archipelago is now known as the Santa Barbara Islantls, 
aml embraces all of them from San :Mignel to San Nico
las ai,<l San Clemente. 

Cabrillo's vessels left Buenaventura and reached the 
"lUncon," latitncle 34° 2-2', four leagues west of San 
Bnenanmtnra. This coast is borderecl by high and steep 
mountains, the water is alkali, and it was doul1tless bnt 
spa.rs<•ly inhabited. 

FERRELO. 

Friday, the thirteenth of the said month of October, 
they departed from the Pueblo de laa Canoas on their 
Yoyage, and proceeded this da.y six or seven leagnes1 and 
passed two large islands which extend four leagues each 
one, and are four leagues from the oontinent. They arc 
uninhabited, becallllethere is no water on them; and they 
haYe go0<l ports. 
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H. Ex. 40--26 
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(Pp. 94, 95.) Beyond Santa Catalina I hero is a r<'gn
lar row of islamls from four tu Hix leagues distant from 
each other. Some arc large and others small, hut all arc 
populous, and the inhabitants trade with each other arnl 
with those of the continent. These islands take U}I from 
the first one to the la'st one, nearly. a distance of one 
hundred leagues; aml th<'y follow each in the same cli
rection as the mainland; and tneir number, largc•ness, 
and proximity oftell occasion the Philipine ships in their 
return to New Spain, to mistake them for the Continent; 
aud thus to keep at a distance from them. They an•, how
ever, very populous, and have a safe passage betwixt 
them and the maiulautl., in some parts twelve, in other~ 
ten, and the narrowest eight leagues hroacl, called d 
Caiwl tie Santa Bal'bara, au<l which lies East and Wesr. 
The ships being arriyecl near the continent, at the mouth 
of this Canal, a uoat came off with fonr paddles, bringing 
au Indian, who was the King of the Coast on the mainlautl. 
• • ' 'Vithiuanhonr after the Indian was gone, a south
east wind sprang up, and was the only gale from that 
qnarter the~' had felt during their voyage. And it being 
directly fair, the General thought proper to defer his vi~it 
to the Indian Kiug till his retnrn. • ~ • Accordingly 
the~· set all their sails, and as the gale lasted from seven 
in the evening of the 3rd of December till eight o'clock 
the day following (p. 9S), the ships had nearly reached 
the la.st cluster of islands in the Canal, which are six in 
number, and distant two leagues from each other. The 
Canal is auout twenty-four leagues in length, an<l the 
coast of the continent ver~· pleasantly interspersetl with 
woocl~. and has a great number of Indian V.illagPR. In 
the night following the <lay of Santa Barbara the wind 
shifte<l to the northwest, which caused great consterna
tion, it being c1ark, ancl the ships among islands and in 
the channel where the sea rnn very high. Thig ga.le 
lasted all night ancl the following two days; on the third 
it abated; but they had lo11t sight of their comort among 
the islands on the clay of San Nicolas. 'Vith fair weather 
the ships sailed ont of this archipela~o. * • " 
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L" fah tlc gente Barbacla, Yizcah10's chart. 
Anar,apa Island, Jutitude 34° 01'. 
This islauu is tlistinctly visible from San Buenaventura, 

aml is distant seventeen miles, although not nearly so 
large as mentioned by :Ferrelo. It is four anti a half miles 
long hut very narrow, aud presents its broatl side to the 
northern shore west of San :DuenavenLura. Jn approach
iug it from the east, from under Point Dume, it is seen 
l>rnjected on the IslanJ of Santa Cruz, anJ canuot he tlis
tngnished from it if the atmosphere b very clear. In 
this case the 'vhok mass of the two island~, anu even a 
J>art of Santa Hosa to the south, "Will show as one ver~
largc island, antl when seen from Sau Bnenaventura it 
might lie supposed that only th" e1Hl was visible towards 
the observer, aud thus a stranger would he misleu in his 
estimate of tho size, &c. 

The island is merely a great ridge of coart!O sandstone 
rock reaching [kO feet, elevation, barren, tlesolate, without 
water and without a liarbur. When Vizcalno was ap-
1n-oacbiug it he must have supposed it ''"as a great iolancl, 
•tu<l he en·n lays it <lown 011 his chart witl1 its greater 
length tu the rnut11wesL 

The sccouu island seen by Cabrillo is La Isla de San 
Aml.rosio of Vizcalno's chart,. with a rocky islet la ill 
down off it8 eastern point. This is the Islautl of Santa 
Crnz, of which the ea8tern point is in lat.itutle 340 02'. 

Yerrelo has evidf'ntly confusetl the characteristics of 
the two islands, because he Yisitetl neither, saw them 
uuuer cl1anging aspects, a ml got his information from the 
Intlians by signs. 

The name Anacapa iB a corruption of Yancouver's In
dian name of the islanu. In his text he names it Eunecu
pah, bnt the engraYer has spelleu it Enecapah on the 
chart, anu subsequent compilers have endeavoretl to give 
it a Spanish form. The Indian ueep guttural pronuncin
tion ia En-11i-ah-pagh'. 

The vessels left Uie Rincon where the low Janus of the 
Carpinteria bogin and stretch westwardly for teu wiles 
to Santa Barbara Point. He anchored off the Carpinte
ria, latitude 34° :<4', about a mile west of Sanu J'oint. 
}'<'rrelu's descriptiou i> ~a.tisfoctor~·. 

From the Carpinteria tl~e '"'ss«l~ contiuuetl past Santa 
llarlJum (at six a1ul a halfmileH from his starting point) 
with its protectiug hill, La Yigia, nnd the rocky cliffs 0 f 
the mesa for five miles to tho "Westwanl of the anchor
age; past. the low shore aud treeless mesa cut by the 
lagoons behind Point Goleta; and anchored about four 
or th"e miles west of the latter place, probably inside the 
great field of k(l]p skirting ihe coast; latitude 340 2i>'. 

FERRELO. 

The coast of the mainland runs west-northwest; the 
couutry i;i level, with many cabins antl trees; and tl1e fol
lowing Saturday they continard on their course, and pro
ceecled two leag;1es, uo more, aud they anchoretl opposite 
a Yalley very beautiful anu verypopulons, the lan<l being 
leYel with many tree~. Here came canoes with Jl~lt to 
barter; they remained great fricnde. 

Autl the Snnday following, the fifteenth Ja~· of the oait! 
month, tht•y hclu on their Yo~·age along the coast abont 
tPu leagues, antl there were always many canoes, for all 
this collf!t is Yery populous, and many Iudians were con
tinually coming aboarcl tho ships, antl they pointecl ont 
to us the villages and named them by their names, which 
are Xucu, Bis, Sopono, .A.Hoc, Xabaagna, Xotococ, Potol
tuc, Nacbuc, Quelqueme, Misinagua, (6 ) Misesopano, El
quis, Coloc, Mugu, Xagua, Anacbnc, Partoeac, Susuqney, 
Quamnu, Gua, Asimu, Agnin, Casalic, Tucumu, Incpupu. 
All these villages extend from 'the fiJ'St, Pueblo <le las 
Canoas, whicli is called Xncu, as far as this place; they 
are in a Yery good country, with very good plains ancl 

, many trees and cahins; they go clothed with skins; they 
said that inland there were many towns, and much maize 
at three days' distance; they call the maize Oep; and 
also that there were many cows. They call the cows Cao; 
they also gave t:~ nociee of some people with beards, and 
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La 181" <le San Lncas, Ferrelo. 
Las fola8 1le San L;1cas, Ferre lo, (See pp. 205, 226, 2<:o.) 

They supposed that Santa Cruz l6lan<l alld Santa Rosa 
l>lantl wne Otll', l1ecau8e ilwy saw them overlapped. 
Tlwy aftenYmrls <1iscoveret1 lhem.to lie two islan<ls, refer
ring in January, t:A:l, to Santa Cruz Island as "the other 
islan<la of Sau Lucas," which the Indians called Limn or 
Lhnun, and to which the tliscoverers gave the name of San 
Salvador, forgetting that S:mta Catalina bad a!rearly re
ceiwtl tbat name from thcrn. It jg the presrnt Santa 
Cruz Island. The highest peak is Mt. Diablo (Devil's 
Peak), which i• 2,410 feet above the sea, and is visible at a 
dista11ce offifty-flve miles. Tlie six rillages which Fer
relo here names have not a single correspondent in the
namcs of the thirteen villages whidt he snllseqnently 
learned to be on the three western islands. 

On the 16th of October they sailed from thil anchorage 
(fourorfiYe miles west of Goleta Point or eleven miles west 
of Santa. Barbara Ligl1t-house) to an anchorage twenty or 
twenty-one miles west of the same light-house, and very 
Iikt>ly abreast t,he opening of the Callada del Refugio, in 
lntitu<l<J 34° 27'. On the 17th theJ· got as far as abreast 
tl11· Gaviota Pass, latitude 34° 28', where Ferrelo mentions 
gc1ting large quantities c.f fresh sardines. If anchored 
just inside the kelp-field they would be in a fairly gootl 
position. 

During these two <lays and the next Ferrelo does not 
menliou seeing the Santa Barbara Islands; they may 
have he,en obscure(l by fog, for in a few days they dis
cover Sau Mi~ucl and Santa Rosa Islands. Gaviota an
chorage is twelYe miles east of l'oint Concepcion, 

Vizclllno sllilf•d through the Santa Barbara. Channel 
wilhout s1opping, but on tho main shore, two-thirds of 
th~, distnuc<' from San Buenaventura to Point Concepcion, 
he has made a drawing on bis chart to represent "a large 
Im1ian town, adding "all this coast is wooded arnl free 
from shoals." 

El Caho de la Galera, 3G~0 , Cabrillo. 
El Cabo de Galera, 360 "1111tl more," Ferrelo. 
La Punta de la Concepcion. 
Point Concepcion, or Conception, in latitude :wo 27'; 

correction to Ferrelo,- 1° 33' "and more;" to Cabrillo, 
-110 03'. 

Cabrillo's description of the cape is good. It cannot 
he mist a ken for I'oint Arguello, eleven n:iles to the north
westward. For a detailed tleseription of this ca1Je, and 
of Point Arguello, see Davidson's Coast Pilot. 

Very curiunsly Yizca\.no does not mention this remark
able headland, although he 11as it on his chart, hut not 
named. 

La Isla de San Lucas, Ferrelo. (See pp. 206, 2'L6, 2'2A.) 
Las Islas de San Lucas, l~errelo. 
They ha<l already sen1 the Islaml of Santa Rosa, as 

part of the Islaml of Santa Cruz when the~' overlapped 
antl were named San Luca~. Now they <liscowr San· 
Miguel separated from the Island of Santa Rosa, which 
was supposed to be the westen1 part of San Lucas. 

S1rnta Crnz is twenty miles long, Santn Rosa fifteen 
mile~, aml tbc two, wilh tbc inter..-ening paHnges, tbirty
seven 1uiks, or twelve leagues, which Cnbrillo reekone<l 

FERRELO. 

clotbed. They passed this <lay parallel with the shore of 
a large ioland which is :fifteen leagues iu length, antl they 
sahl that it was verypopnlons, arnl that it contained the 
following villages: Ni1p1ipoR, Maxnl, Xngua, Ni tel, :'>la
camo, Nimitopal. They named the island San Lucas; i" 
is from this place to Pueblos de las Cauoas eighteen 
!!'agues; the island is from the continent six leagues. 

Mon<lay, the sixteenth of the saitl month, sailing along 
the coast they proceeded four leagues, and anchored in 
the evening opposite two villages; and also this clay 
canoes were continually coming to the ships, antl they 
made signs tha.t further on there were canoes much larger. 

The Tuesday following, the seventeenth day of the sahl 
month, they proceeded three leagues with fair weather, 
and there were with the ship from daybreak many canoes, 
and the Captain continually gave them many presents; 
and a.11 this coast where they have passed is very popu
lous; they brought with them a largo quantity of fresh 
sardines very good; they say that iuland there are many 
villages and much food; these i1eople did not eat any 
maize; they went clothed with skins, and wear their 
hair very long and tied up with cor<ls very long and 
place<l within the hair, and these strings have attached 
many small daggers of flint and wood and bone. The 
land is very excellent in appearance. 

Wednesday, the eighteenth of tho said month, they 
went running along the coast until ten o'clock, an<l saw 
all the roast populous, and hecanse a fresb breeze sprung 
np the canoes di<l not come. 

They came to a point which forms a cape like a gall!'y, 
and they named it Caho de Galera, and it is in a little 
over thirty and six degrees, 

and because there was a fresh northwest wind thPy 
. stood oft' from the shore and cliscovered two islands, the, 
one large, which has eight leagues of coast running east 
nn<l west; the other has four leagues, and in this small 
one there is a good port, nnd they are i1eopletl; they are 
ten leagues from the continent; they are called las bias 
de San Lucas. From the mainland towards Caho de Ga· 
lera the shore trends west by north, and from Pueblo <lo 
las Canons io Caho <le Galera there is a very po1mlous 
!'rovince, and they call it Xmm; it has many languag~s 
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an:l having sailed little iu several days, on account. of the 
too fine weather, the 'Wednesday, of the eighteenth of 
the said month, they arrived ata long point., which forms 
a cape, .and on nccount of its length like a galley, they 
uamed it el Cal.JO de la Galera; this is in 1bir1y and six 
degrees and a half, 

ancl because the wind wasnorthwrst fresh they were car
ried to leeward by the sea and they discovered two 
islands, the one of eight leagues of coast East West, and 
the other of four; in this they disrove1't'd a port Amall, 
Yery goocl; they found them Tery po1mlous; ancl these 
people, and all those of tho coast passed by, lived by 
fishing, .and make beads from 1he l.ou<'sof fish<'s, to trade 
witb the other 1wople of the mainland, aml th~y are. ter.. 
kagu~s frout the Cabo de Galera: ruvDing west quarttr 
to the north~<'Bt. During the eight uu~·s tliey frrnaiued 
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eight leagues. San Miguel is Re\'en ancl a half miles long, 
or two and n halfleagues, whereas Caurillo reckons it four 
leagues. Santa Rosa is tho Isla de Cleto of Vizcalno. 

From San Buenaventlua to Point Concepcion the trend 
of the coast-line is a very little north of weRt, and the 
clistance is actually twenty leagues. I suppose they pro
pose to give only the general direction of the coast. 

La Isla lle la Posesion, Cabrillo. 
L1> Isla de Posesion, Ferrelo. 
Una de las Islas de Sau Lucas, :Fcrrclo. 
La Isla de Baxos, Vizcaluo'8 chart. 
Ciqnimuyrnn, Indian, J<'errelo. 
Sau Miguel Island; the latitude of the anchorage is 

340 O;l' (seep. 226). Ferrelo name<l the island La Isla de 
Juan Hoclriguez after Cahrillo's •leath. 

El Puerto de la Posesion, Cabrillo, Ferrelo. 
Cuyler's Harbor. (See pp. 204, 226, 236.) 
This- is the largest and best harbor around the Island 

of Sau Miguel. Hi~ a rnoderatt'ly large bay on the north
east face. Its extent is a little more than one mile b11_ 
tween the eastern and the ;vesle1n heads, and abont two
thirds of a mile deep. It has uold shores and approaches, 
and a large rocky blet balf a mile north of the eastern 
bead. This islet is five burntre(l yards in extent and 303 
feet high, with a precipitous face to the north-northwest. 
Across the mouth of the harl.wr stretches a dense field of 
kelp having six fathoms of water throughout the greater 
part of it, but marked lJy two reefs and rocks near the 
middle, and almost in line between the heads. There 
are other ro<'ky patches in the eastern part of the harbor. 

Ycssels coming into the harbor from the northwest pass 
within half a mile ofthe western heacl, through the kelp, 
at a distance of only three hundred ;yards from the cliffs, 
and then haul towards the western bight of the bay, 
where they anchor in five fathoms of water, o;·er hard 
bottom, but protected from all sa1·e the north and east 
winds, which rartly blow. The heavy swell from the 
stroug northw<!St winds reaches well into the anchorage. 
(Seep. 236.) 

Vessels cannot easily enter by the eastern passage un
less familiar with the dange:s aud currents. 

Water is found at one place on the steep southern bill 
face, and during winter water drains down the gully at 
the western part of the long beach southeast from the 
anchorage. 

The summit of the island lies only a mile southward 
of the anchorage, and is about seven hundred feet above 
the sea. It is in latitude :J4° 0'2'. There is not much veg
etation upon the island, aml the south and western part 
is swept by sand driving from the ocean beach. 

The evidences are very strong of there having beeu a 
very large Indian population on this island, and doubt
less the fishing was good among the kelp-fields and rocky 
patches off the west and northwest parts of the island. 

They may have been in tLe broatl bight between Point 
Concepcion an<l Point Arguello. 

FERRE LO. 

different from each oth..r; they have many great wars 
with each other; it i8 from El Puehlo de las Canoas to 
El Caho <le Galera thirty leagues; they were in these 
islands until the following \Vednesday, because it was 
Yery storn1y. 

We<lnes<lay, the twenty-fifth of the said month, they 
departed from the said islands, from the one which was 
more to the wind ward; it has a very gJod port, so that 
from all the storms of the sea no damage will be snffereq 
l'Y those within its shelter; they called it La Poeesion. 

This day they advanced little, as ihe wind was not fa. 
vqrable; and in the middle of the following night they 
had a wind, south-southwest and west-southwest, with 
rain, so that they BaW themselves in difficulty, for it was 
an on-shore wind and t~y were near the land, and they 
could not double the cape on one tack or t.be other; and 
the following Thursday at vespers the wind veered to the 
south, aml they proceeded on tlu•;r conrse t.en leagues to 11 
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they were well treated by the Indians, every one going 
naked, and they have their faces painted in the manner 
of a chess board; to iliis port they gave the name de la 
Posesionl 

\Ve<lnes<lny, on tbe twenty.fifth, they sailed with fine 
\>ca tiler from this Puerto de la Posesiou, with wiud south· 
'"'';;(, and tlie following day they had it south, and south· 
.we'3t, with rain shower<', and fog, and they bad a rough 
tim<', the wiml blowing on shore, being near the coa~t 
an<l a heaYy swell running. - , 
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The coast uorth of Poiut Arguello to Sau Luis Obispo 
l3ay lia-. u general treud I?orth and sonth (trn<') for a dis
tance of tbirty-six miles. 

Puint Sal is eleven leagues from Point Co11eepcio11, fol
lowiug tho grnu<l treud of the coast, and th<'Y- were })!'Ob
a uly between Point Purisima nucl I'nint Sal. 

Poiut Pntisima is ill latitude ;14' n·. 
Poiut Sal is in latitn<le 34~ 54'. 
fhc Purisima RiYer is in latitude 34" 42', just uorth of 

the l;olll l'oin t Arg1wllo. (See p. :!10.) 

This ri n~r was certainly the Purisima, empty illg just 
north of Point Arg1wllo al!d known on the State map as 
the Santa Ynez. lt cornea tbi·ough large va1lcys north 
of the 8anta Ynez range, and from seaward the eonntry 
has the appearance of needing a large river for drainage. 
Yancouvcr in sailiug pa8t it recorded that it. seemtJd to 
gi Ye the iud1cations of o, greater river than anJ· since he 
ha11 ll'ft the Colnmhia. 

The town of Xexo, Ferrelo. 
This was at the opening of the valley lying upon the 

Coxo ancllor:ige. There is water in t!:e valley at all sea
sons, anil some oak trees, but wood was not plenty in 
18"0 when we were encamped here for more than three 
months. 

El Pnerto <lo TouO!; Santos, l'errclo. 
El Coxo anchorage in latitude 34c 2tL 
'l'h••re can be no <louht al)ont this port and auchornge 

lieing the same; and although Kohl says this anchorage 
was cast of Cape Concepcion, yet he confounds it with 
San J,uis Obispo, which is thirty-six miles to the north
warcl. 

El Pueblo de las Sardinas, CalJrilJo. 
Los Pueblos de las Sardinas, Ferrelo. 
El Puerto de la8 Sar<lina8, 35$0 , Ferrelo. (See pp. 210, 

228.) 
Cicacut,, the Indian narue, Ferrelo. 
The GaYiota Anchorage off the Gaviota Pass; latitude 

34" 27'; correction to Ferrelo,-=-1° 131
• It was at this an

el10rage where they got w many fresh sardines on the 
lith of the month. It shonlll be noted that it was their 
iast anchorage before reaching Poillt Concepcion. 

This gives us seventeen Yilloges, including that at the 
C'oxo, in a distance of eleven miles, exactly bne Yil!age 
to eacll s~l'E'amlet from the Gaviota Pass to the Coxo. 

Xncu: elsewhere J?errelo says this pre>vincc of Xucu 
· P.1.iemls from Ban D11enaventurn to Point Concepcion. 

J~ERRELO. 

coast running nortl1-north west and south-southea~t; all 
this coast is inhabited anrl in appearance good laud; 
this night tlH'Y kept out to sea, for they had an on-shore 
wind, and the Friday and Saturday following they were 
beating about on one tack or the other with foul wiuds, 
and conlcl gaiu nothing, an<l 1.hey were in thirty and six 
degrees and a half, ten leagues from Cabo de Galera; anrl 
in tlw same manner they held 011 during Monday am1 
Tuesday to the thirty-first of the saicl month, the eve of 
All Saints' Day, beating about on one tack antl the other; 
aud they wished to approach the mainland in search of 
a great river of which they bad notice, which was on the 
other side of the Cabo de Galera., and because there were 
o,n land man;.' indicat.ious of rivers, and yet they found 
no river. Kor did they anchor here for the coast was 
very bold. They found during this month on this coast 
the weather as in Spain, from tbirty,fonr degrees autl up
wards, and with much col<l mornings and evenillgs and 
with storms, dark and clondy weather, and the air heavy. 

'Vednesday, at midnight, on the first. day of Novem
ber, standing oif, a strong wind from the north-north
west struck them, which <lid not let thorn carry a 1mlm 
of sail, awl l1y the <fawn of day freshened so much that 
they could do uo less than seek shelter, and they took 
refuge under Caho de Galera and anchored there anil 
went on shore, 11nti because there was a large town which 
thtly called Xtlxo, and wood did not appear to be much 
at haud, they <lecided to go to Pueblo de las Sardinas, 
he~anse there water and wood were very nea1· and acces-

oible. They called this shelter under Galera Puerto de 
Todos Santos. 

Tl1e following Tharstlay they went to Paeblos de las 
Sardinas, where they were taking in water and woo(l 
three days, and the natives. of the country aided them 
and brought wood and water ta the ships. This Yillage 
of the Puerto de las Sardinas is called Cicacut, and the 
others, which arc from this Jtlaee to Cabo de Galera, are 
Cincnt, Auacot, (7) :Maquinanoa, Paltatre, Auacoat, Ole
siuo, C(laacat, ('} Paltocac, Tocane, Opia, Opistopia, 

Nocos, Tutum, Quiruan, Micoma, Gar'Jmisopona. An old 
Indian woman is princess of these villages, who came to 
the ships and slept two nights in the Captain's ship, and 
the same did many Indians. The village of Ciocut ap
peared to be the capital of the other villages, as they came 
there from other villages at the call of the princess ; the 
village which is at the capo is called Xexo. From this 
port to P11eblo de las Canoas there is another province 
which they call Xncu (9); they ha'l"e their houses round, 
and coveteil very well down to the ground; they go cov-
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Friday, Saturda.y, and Suntla)- on the twenty-ninth, 
they kept under way, with the wind from all qnartors, 
with much difficulty. 

Monday and Tuesday, of the thirty-first, thf'y bad show
ers aml cloudy weather. 

Wednesday, the first of November, at milluigbt, bead
ing towards the shore they had much wind northwest, 
which did not allow them to carry a palm of sail, and 
they returned around the Cabo de la Galera, whioh af
fords good protection from tbi11 wind. 

And Thursday, on the second of tho samtJ m011th, they 
were at the Pneblo de Sardinas, having sailed along forty 
leagues of land very well populated, and with good peo
ple; and from one village, near this port, there came the 
principal people aboard the ship, and they danced to the 
sound of a drnm, and a finte of tl1e Castilians, and they 
sl.,pt on board, and during these festivitieH they took in 
\rntn, and wood, and theh- hoo8es were lnrgr., with dou
h!e sloping roofs, like those of New Spain, and their bury
ing grounds were surrounded with boards: they give 
the name Sejo to this province: they ate acorns, hazel 
uuts;· uncl fish : they said that farther on there were peo
ple with dotllef! on. 

H. Ex. 40-27 

ULLOA AND VIZCAlNO. 
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CaLrillo sa~·M thiM province iH irnrned Sejl•. Tlw nalllc 
Coxo, or Cojo, is evidently dcrivecl from tbesc words. 
(Ree the Coxo anchorage.) 

"Tamales," a well-known Spa.nish article of food, pre
paretl by boiling some kin<l of fiesb, rolled in thin Rheets 
of llongh, and wrappell in the lrnsks of the rnaiz<>. It is 
"'ld in San Francisco 1111clcr the f<lillC uame. 

El ruerto ([p laH Sardiuns1 :.lr1fr0 , Ferrelo. 
The Gaviota Anchorage is in latitude 34'.J 2i' ; correc

tion to Fcrrclo,-10 U'. (Se" p. 208.) 
Kohl says this harhor is to the eastward of Cape Cou

cepcion, auu yet he adds, in clear contracliction, that it 
"is pe1)1aps the plac» now knovrn as San Simeon," whiclt 
;., to the northward of Point Concepcion. 

Compare with Vizcaino's descri11tion of the religious (f) 
t.,remonies at tlle Great Depression of Santa Cata.Jinn, 
fala111l (pp. 90-94) of the Noticia, ete. 

El Hio de :::-ineslra t;d10ra, Caurillo. (Sec }l.201'.) 
The Purisima River, in latitude 34° 42'. (See David· 

wn's Coast Pilot for description· and for the variety of 
uames it has bad.) 

At tlw first attempt J<'err~lo said ten leagues, and he was 
tl1eu between Point Purislma alHl Point Sal. 

Twenty leagues heyond this position, at six league8 
from the coast wltieb they would appear to ue gradnaJJy 
avoiding, as the sontlltlaster was coming up. 

Bbterns llay: Thll latitude of the hay8tack shaped El 
Morro, which is in the mi<1<1l•• of this lwy, is. :15° 2'.!'; its 
elevation is Gi~l feet, and it forms a JJl>t'llJle landmark 
abreast the entrance to Morro D"r· 

There is no harhor for slieltt>r on this part of tho corn;t 

from the southerly gales of winter; hut there is protec
tion from the summer wintls under the northern shores of 
Estcros J3ay, San Lnis Ouispo Bay, and San Simeon Bay. 
Vizcal.no appears to ha Ye bo1m closer in shore arnl to ha vo 
rPeognizerl t heH(; hight.,. 

Las Sierras d<> Sau )larti11, :1; ·F', Cabrillo, :J7F, I·'•m·Plo. 
La. Sierra tle Santa Lucia, Vizcaino. 
Cape San Martin, latitmle 35° :i4'; correction to Ca

brillo and :E'errelo,-1° 36'. (8"e l'l'· :!1:?, 2:.!4, 2'26.) 
They were nearly 11hn•ast Las Piedra.a Blancas and Sa11 

Simeon Bay, behind which rise the massive peaks of 
Rocky Butte, in latitude 35° 41', 3,400 feect above the~e11 
and visible at sixt.y-fivc miles; and Pine }fonnt.aiu, in 
latitude 350 42', 3,i'>OO feet. ahove tLe se.. atJ<l Yisiblc at 
sixty-six miles; tliey are only three miles apart. These 
form the southern part of the bold, com1'lact, and un. 
broken line of high mountains hence to Point Pinos. It 
is the highest and the boldest range of coast mountains 
along this Pacific seal>0ard, reaching 6,200 fe<>t elerntion 
at Santa Lucia Mountain and 5,100 fret at Coue Mon11t
aiu or the Twin Peaks. The former is onl~- teu milt K 

from the coast-line and the latt~r ouly fonr or 1irn mile ... 
Prom his description hn was distant about. twt>nt.,··t.il ,, 

miles, nearly Nonth, oft be present Cape &rn l\fartin, whid1 

FERRELO. 

cred with the skins of many kirnls of animals; they eat· 
oak acornB, nn<l a grain which is as large as maize, anrl 

is white, of wlli<:h t.J.1ey make tamales; it is good food. 
They say that inlaml there is much maize, anrl that men 
like us are travelling there: tliis port is in t-hirty and 
fiye degrees and two-thirds. 

Monday, the Rixlhof the saitl month of November, they 
<leparted from the said port of Sardinas, and that day 
they made hardly any progress, aml until the following 
Friday they held Oil with little winrl. This day they 
reached CalJO de Galera; throng-It all thls course they 
roald not make use of the Indians who came to board 
them with water and fish and showed mnch good dispo
Hit.ion; thPy have in their ,·illages their large pnulic 
comm.ons, und they lrnYe au iudosure like a circle, and 
around the inclosnre they hav0 many blocks of stone 
fastened in the groun<!, which project about three palms, 
and in the middle of the inclosnres they have sticks of 
timber driven into tht• ground like masts, and very thick; 
and they have many pictures on these same posts, and 
we helil'VC that 1 hey worship them, for wlien they dnnce 
they go 1l:1ucing aronn<l the inclosurc. 

The t'atunlay following, the day of San Martin, Oil tlto 
de vent h oft he said month of N ovemher, they proceeded, 
sailing along the laml an1l the;- fouml themselves thiR 
mon1ing t"·cJw, leugncs from the cape, in the same place 
where they arriverl first; aud all this day they hfld a 
good wind ~o that the~· sailed along a coast, running 
11ortl1 we"t and southeast full tw~ut.y leagues; all 1his 
<'Oll~t ~·hiel1 they iiassed 1hi' <lay is a hol<l coaRt witlwnt 
:rn~· slH'ltt>r whatever, 

au<l the1'c extends a cordillera of sierra along thew holu 
of it., ver~: lofty, and it is as bigli by the sea as on tlw 
land within; the sea IJcats upon it; they saw no popula
tion nor smoJrns, nnd all the coast, which has no shelter 
on the north, iA m1inlmbitccf; they named the mountaiB 
las Sierras de San Ma.rtin; thPy arc in t.birty and sevcu 
dt>grt•f's and a half; 
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CI!APTER IV. 

lrldch eu .. ti11u~•s //us di8corei·fos of the l1M i:eMela of Don .An
ton i-0 de Menllo~a in the So1tth Sea. 

Saturuay, on the el<wenth, they were coasting, with a 
southeast wind and continually they were looking for el 
Rio de Nuestra 8Puora, antl tli<l IlQt find it., 

but a great range of mr:1untains very high, with many 
trees, tow hicb they gave the name Las Sierras de San Mar
tin, an<l they are in thirty and seven degrees an<l a half, 

ULLOA AND VIZCAINO. 

"This fair weather enabled the ships to get awa)· from 
the islands; and standing in for the continmt to take a 
draught of the coast, they fount! it extrl'mely liigl1 11nrl 
mountainous, 

hut. with ~ome wtll shelteretl bay~, from one of whi<:h 
came four rnsh canoes." " • ~ 

[Ou l1is chart he fays down tl10 large Light formiIJg 
Estcros Day -with the notable Morro in tho middle of it~ 
length, and the cutrnnce to Morro Day, hut he p;ives no 
name.] "Here they had a formi(1al•le gale which bsted 
m1til the 14th ofDN·cmher; 

aml the wcatli<>r dearing up a littla in the daytime, th1o 
ships found thl·mselves near a very high and white ridge 
of mountaius; bnt reddish towards the base, and covered 
with woods. This range thlly call the Sierra de Santa Lu
do; jt. iR th<> usmil lan<lfall for the China shipA (p. 100)." 
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fo the great flaqking 8pm· or buttress for thi:; 111ouutai11 
range. Ifo was sixty miles son th hy """t from the termi
nation of the range at Carmel Bay, au(l tile mountains 
are so high and so near the coast-linL" tliat he could havP 
seen them if the weather permitted; hnt it. iR almost cer
tain that he cstimate1l his latitnrle and ditl not ob~erve 
H. Even .Mo1mt Carmel, north of the Sur, is 4,417 feet 
alJo,·e the sea anti Yisible at a tlistanco of seventy-five 
ruileH. It is in latitn<le JG·:; :.!2' and is 011lyeigbt ruiles in-
8ide of Point Sur. The latitntle of the Twin Peak~ over
looking Cape Martin is :3!i·' O:l'. The highest peak is G, 100 
feet above the i;ca and i8 vioihle at a distance of eighty. 
miles, and only fonr or five miles inshore. 

\Ve applied tlw name to Cape San Martin some years 
since to commemorate 1 his landfall of Cabri1Io. 

Poiut Snr, or The Snr: This is a remarkable rocky 
1oeking head, rising 358 feet above the sea, and is cou
nectetl with the mainland by a narrow low neck of s_and 
dunes. Sec DavidHon's Coast Pilot. 

On hi,; chart Vizca'ino lHts, in this position, a slightly 
projecti11g iioint and the legend ''Point appearing as an 
island." 

Vaucou\'er thonght it was an ii;laml. It is in latitude 
:J'P 181

• 

El Rio de\ Camwlo, Yizca1no. 
Carmd Buy and River, iu latitncle :36° 34'. 
The lmy of Carmel is twelve ruiles northwestward of 

the island-like point known as "The Sur." The river is 
a stream of minor importance, ancl in 1770 a mission was 
founcled on its banks and overlooking the bay. 

El Caho de Martin, 3tfl,Cabrillo, Forrclo. 
El Caho de San Martin, :17~0 , Ferrelo. 
La Punta de Pinos, Vizcalno (p. l!Jl). 
La l'nnta de los Pi nos, recent charts. 
Point Pinos, i11 latitnde :16° :~81 . (SeP, pp. 2to, 2~..!, ~2-16, 

2:1G.) 
I think their Callo de Martin, when they were lll'iveu 

off t-he coast near las Piedr:;s Blancas, WaB the terruina
tion of the monntam range at or near Carmel Un~'• i11 

latitude 360 30'. They could not have seen the pine-clad 
hill hell iml Poiut rinos at t!Je lli8tauce of sixty miles· 
But on the return of the cxpedil ion 1hey l'Xplicitly state 
that the Caho de Snu 1\iartin which they made was i11 
tbirty-seyen untl n half degrees. 

If we assume this later determination of his poHitiou 
to he the 1Jetter oue, tl1e correction to Ferrelo's latitudo 
is,-10 00'. 

On his voyage northward Cabrillo was foreecl b,v tlrn 
~outheast storm to leave tlw coast before lie sighted l'oint 
Pinos, and afterwards he mathi the land uc:u· }'mt Ross, 
in latitude 38° 35'. 

Vizcalno's descriptiou c·aunot l;e mistaken. Except 
that he gives no idea of the height of the pine-covered 
bill lying between Carmel Bay and Monter<'y Ba~-. it !le
"cribeM the point and applies to 110 oi her. 

El l'ucrto de Monte-Rey, Vizca'iuo. 
Monterey Harbor, iu latitude 36° 31'. 
This harbor is well protected from the southeast ~torru8 

whir.h were tho1!6 most df'structirn to the early na\·iga
tors, and ther11fore Vizcaino extolled it far beyoml its 
real ml'rits and thus mi8led Constanzo and others in 1769. 

FERRELO 

the spurs of these and of the sierras on tho northwest 
form a cape which projects into the sea.in thirty and eight 
degrees; they named it Cabo de Martin. 
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and at the termination of them, at the nortbwost, it forms 
a cape which is in thirty and eight degrees, and they 
named it Cape Hartin. 

"" ULLOA AND VIZCAlNO. 

(P. 100.) "Four leagu11S farther a river enters into the 
sea between some rocks, after a precipitate course from 

. some high and white mountains; the banks oftbisgtteam 
, are covere1l with black and white poplars, willows, and 
other trees and brambles known in Spain. This rin'1· 
is called de! Carmelo. 

"Two leagues farther northward of the l'ivc1· Carurnlo 
there is a famous port, and l!etween this and tho river 
there is a forest of pine trees two leagues in extent, and 
there is a point of land at the entrance to th0 harbor tliat 
is called Punta de Pinos (p. 100). 

{P. 101.) "Ou the 16th of D~ceu1bel' th•1 squadron put 
into this port which was called de Monte-Rey (in honor 
of Don Antonio de Mendoza, the Count of )fonte·&y, 
Viceroy of New Spain; by whom they had been sent ou 
t.his Discllvery, in the name of his Majesty). • • • 

(P. 107.) "This is a very good barbor, and affords good 
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Although open to the northwest wirnls they Lio not blow 
home with great force. 

Vizca'ino applied tho name only to tho sonthea•t angle 
of the hay where the town of Monterey is sit1rnfocl. Thi• 
is evident from his outline chart, although be baR the 
general fea~res tu the north and northwestward. For 
a detailed description of the harbor an<l bay "''" Davitl
son's Coast Pilot. 

Point Aflo Nuevo, latitmlc 37'.l Oil'. 
Yizca'inn h:tR no reforence to this low point or to the 

massive spur behind it in his narative; and no name on 
his chart, although there is a point faintly- iu~licnte<l in 
this locality. (Roop. 224; Black Monntain.) 

Half Moon Bay, latitutlo ::!7° 3W. 
The indication of this hay i8 very cleat· ou the <'hart of 

Vizcaino, bnt there is no name given to it, and no refer
ence made to it in the narrative. The general trend of 
the coru;t is good. North of Half l\Ioon Bay, Vizcaino's 
chart sayH, "the coast is wooded," which is one of ito 
characteristics for a very sl1ort distanc". 

La Baia de Piuos, C«hrillo. 
La Bahia ill' los Pinos, Fcrrclo; Jatttude :mo and a. 

"little more." 
La Ensenada. de los Farallones, later Spanish authority 
The Gulf of the Farallones of the U. S. Coast nnd Geo

tlotic Survey. (See p. 222.) 
Correction to }'errelo,-1° 00' an:l a "little more." 
This gulf, extending from Point San Pedro, in latitude 

:i70 35', to Point Reyes, in latitude 380 00', and cmbrae
ing the Farallones tk los Frayles, was seen hy Cabrillo 
and Fenelo, a~ is showu hJ their narrative~, 011 their first 
return from the 11nrthwart!, Frida,r, the 16th of Novem
ber, 1542. 

Whether they intended the name to includ" this great 
bight is doubtful, althongh Cahrillo called it a" great 
gulf," but this may mean only the bight bet.we1'n Point 
Reyes and Balleuas Point. 'fhere are no pines sun th of 
those which are on the ridges near Monut Tamalpais• un
til w11 reacl1 Point, San Pedro an<l then they are sparse 
until the crest-lint• i• reacher] ah()utlatitmle 370 :.>:;·. 

Portns Novro Albion is, Drake, 380 anu :iso :JO'. 
EI Puerto de San Francisc(), Vize:i1no. 
Sir Franci~ Drake's Bay. 
Drake's Bay, latitude 3S0 00'. 

Drake's Bay is a capital harbor in uorthwest winds 
such as Drake encountc1·cd. It. is easily entered shel: 
tered l•y high -Jands, and a w•ssel may ~nchor in' three 
fathoms cloRe nuder t.he shore in good holding ground. 
Drake's vessel drew thirteen feet of water "to make her 
swim," and it would appear that when she was leakin"' 
lw moved her to the beach and c1neeue1l her. b 

Ifhe had been inside the Estcro Limantour, of which 
he conlfl not have detected the entranc~ from his ves· 
sel, he would necessarily have been vory close to either 
shore. And had he seen it he would not have dared 
to enter it without sounding it out. It lrns only thirteen 
feet of water on the bar a.t the highest titles, and he 
would not. have hazarde'l 11is vessel in enterill" sneli 11. 

donbtful anchorage. Nor wonl<l he hav<i risked"'the pos· 

•Tamai pals, theeo~nttyr·f the Tama.I Indian•. ~ib.:T,.ble ~ 
aln of Beeohey. · 

FERRELO. 
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"Hero" (p. llG). 
"They were forcibly carried Bout.h ward from forty-eigb t 

t,o thirty-eight degrc~s, 'l'<here they found the land low 
antl plain, with some fow hills covered with Snow. .June 
17tb, [1579,] (p. 117) t110y came toaconvenieut harbour 
and contfoued there till Jnly 23rd, during which, though 
in the height of Summer, yet they liacl constant nipping 
Cold (neither for fourteen days coultl they see the Sun · 
for the fogginess of the Air), * * * the Trees heing 
without Leav011, 1t11cl the Ground without Grass, even in 
June and July: " " " Tho' the real CouS<' of this 
Extremity is uncertain, yet it is judg€cl to proceed from 
the large Continent of America and Asia, uear together, 
northwarcl"of this place, from whose high Mountains, al
ways covered with Snow, the Norih-,Vest Winds, wl1ich 
usually blow on those Coasts, bring this almost unsuf
ferable eharpuess, whicb the Sun in his great-est Heat is 
not able to dil!l!olve, from whence the Ear1h is so barren, 
and the Snow lies at their Doors almost in the mitl1St of 
Summer, hut is never oft'- their Hills, from wheueo pro
ceeded those stinking F:'ogs through which the Sun ean
nct pierce, nor draw tho Vapors t:igl1er into the' Air, ex-

le LI.OA AND VICZAlXO. 

pmtect1uu, aud is sheltered from all winds. It has ex
tensive forests, and an infinite number of very great 
pines, straight and Slllooth, fit for masts and yards; like
wise evergreen oaks of a prodigious size proper for 
building ships. Here also are rose-trees, white thorns, 
firs, willows, and poplars; large clear lakes, fin,~ pastnrcs, 
and nral>le lunuti. • • • 'l'be sea a1ioumls with oys
ters, lobsters, crabs, L0te. Also huge sea wolves arnl 
whales. This harl>or is surl'Ouuded witl.t rnncberias of 
indians, a. well-looking affable people; ~ " • who 
expressed great concern when the C:~ptain and tender 
sailed out of thiR harbor on the third of J 31rnar~-, 160::, 
• • • in search of the Caho Men<lociuo. 

'"The Capitana aud Fraga.ta bod no 50oner left th" 
harbor of Monterey to seRk for tho Callo de Mendocino, 
than they liad a formidable wind which lasted to tlln 
sixth of January, tho day of the Los [Santos] Re~-es, and 
carried them hcyoml the Puerto de San Francisco. And 
tbe (lay after that of Los Heyes, which was tho 7th of 
,January, the wind snu<lenly shifted to the uorthwesr aud 
b)ew sou.ewhot fiercely, but they were ahle to make 1mmc 
headway; and the }'ragnta <:'oncl11clit1g tberti was no n<'
cessity to seek a harbor from this wind contiml("cl her 
voyage; and' the Capitana thinking they werP in com
pany did not show a light; so in the morning tl1cy wc1..., 
not In sight of each other, and the Gentral rctumetl 
with the Capitana tot he Puerto (]e San :Frnncisco to wait 
for the Fragata; but tbE>y uid not lwar of her nutil tbry 
:rt>turne1l to Mexico. Another reason wl1ich prowptetl 
the Capitana to imt iuto Puerto de San Francisco, wa8 
to make a reconnaissance of it, and learn if anything 
was to be found of tl1e ship San .Augustin, which carno 
upon the coast in 1595, • " * under the Pilot Sebasti1111 
Rodriguez Cermeiloil-; and being in this 1mrt sl1c was 
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sibility of attack from the Indians in buch u contructed 
place. He doubtless auchoreJ in Drake's Ilay, antl the 
reef in his plan represents in a crude manner the reef off 
the easternmost point of Point Reyes Head. In a rough 
11ketch of his anchorage it is called Port us N ovro Al
hionis. 

The "World Encompassed" deHcrilies Drake lcaviug 
the coast in latitude 43° and goingaouthwan1, as follows: 
".An<l be drew backe againe without lantling, til we came 
within thirtie-eight degrees towards the line. Iu which 
height, it pleased G0tl to seml us into a faire aull goocl 
l>ay, with a gootl win<l to enter the same." 

In the '' Hero" the narrator says : 
"From the height, of 48 degrees, in whieh uow we were, 

to 38, we fouml the land, by coasting alongRt it, to bee 
but low and reasonable plaine; every hill (whereof we 
Raw mauy, but none verie high), though it were in June, 
arnl the Smme in his nearest approach onto them. being 
covered with snow. 

"In 38 degrees 30 minutes, we foll in with a conven
ient and fit harhorough, am! Jnne 17th earnc to an &n
ch-0r therei IL" "' 

Contiuuing in tl"" "'Yo rid Eucon:passed," the narratoi 
writes: 

"In this bay""" aukercd the seyeuteell"th of June, and 
the peo p of the Countery,having their houses close by 
the water's side, shewed themselves unto us, and sent a 
present to our Generali. Our Generali called 
this count.;ry "Vova Albion, arnl that for two causes: the 
one, in respect of the white bankes nnd cliffes, which ly 
towardes the sea; and the other, becamie it might have 
some affinitie with our conntrey in uame, which some· 
time was so '?ailed. 

"There iH uo part of earth here to bee taken up, 
wherein there is not some special! likelihood of gold or 
silver. 

".At our departure hence onr Geuenill set np a"monn
.mcnt to our being there." * 

From a recent visit tu Drake's Ba~' (l&i6), we feel as
sured be was anchored close under the point. :E'rom this 
place lrn coultl not see any fair indication of there being 
a lagoon like the Estero de Limant.onr. Moreover, that 
he was not in that estero wonld appear by the follow
ing precautions he took against any surprise hy the na
tives: 

"The third •lay following, viz, the 21st, our Khip hav· 
iog received a leake at sea, wat1 brought to anchor neerer 
the shore, that, her goods being landed, she might be re
paired; but for that we were to prenent any danger that 
might chance against our safety, our Generali first of all 
landed his men, with all necC11Bary promissiou, to build 
tents and make a fort for the defence of our selves and 
goods; and that woo might vnder the shelter of it with 
more "afety (what ever sl1ould hefal) end our business" 
(p. 122). "When they [the Indians) came to the top of 
hill, at the bottom whereof wee l1a<l lmilt our fort. they
made a stand." " " • 

On the sketch of Portns Novoo .Alhionis there is the le
gend," :Freda corporum laceraetione et crebris in monti
bus saerifiesis bujeie Novi .Albiouis portus inmlm Drecis 
jamhis eoronoto decesium detlent." 

{By horrible lacerations of their bodif's and by fre
quent sacrifices in the moantaim1, the inhabitants of t.bis 

FERRE LO. 
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cept the fierce Winds do sometimes scatter them; and 
when gone, the Fogs return as before." 

Chap. VI., p. 118. * * • 
"Next day after their coming to Anchor in the har

bour afore-mentioned, the Natives of the Country discov
ering them, sent; a Man to them in a Canoe, with all Ex
pedition. • * Jtwe 23, their Ship being leaky, 
came nearer the shore to Land their Goods; but to·pre· 
vent any surprize, tho General sent his Men ashore first 
with all necessaries for making Tents, and a :Fort for se
curing their Pnrchaso; • • * their Houses are dug 
round within tho Earth, ancl have from the surface to the 
Ground, Poles of Woocl set up and joinetl together a.t the 
Top like a Spired Steeple, which being covered with 
Earth, no water can enter(r. li!O), and are very warm, the 
Door being also the Chimney to let out t bi; Smoke, which 
are made Slopous, like the Scuttle of a Ship • • " 
(p. 1~1). The General having exgerienced tbc treachery 
of other Infidels, provided against any Alteration of 
tb.eir mind, setting n11Tcnts, and intrenching themselves 
with Stone Walls; whicl1 done they grew more Secun. 
• " • The Indians • • ' corning to tlm Top of the 
Hill, at the Bottom wher~of they had bnilt their Fort, 
they madcastaud, where tbeirehil'f~1lenkerwearied him-

. self,nrnl them with a 1011g oratio11, &c. (p. 12:\), theirHioh 
or King appeared. • · • 

(P. 128). "Having finished their Afi'airn l lie General 
and some of his Company made a Journey 11p into the 
Country, to observe their manner of Living, with the Na
ture and Commodities of the ConntQ'; • • • the In-
1and was far different from the Seashore, it being a very 
fruitful soil, furnished with all Necessaries, and storc<l 
with large fat Deer, whereof they !'law Thousands in an 
Herd, &c. • ' * • 

"This Country General Drake called Nova Albion, both 
because it had white Cliffs towards the Sea, and that its 
Name migb.t have some likeness to England, which was 
formerly sd milled. Before they went hence, the General 
ca.used a ~onument to be erected, signifying the English 
had been there, and asserte<l the Rights of Queen Eliza
beth and her Successors to that Kingrlom, all engraven 
in a Plate of Braes, and Nail'll to a great firm Post, with 
the Time of their Arrival, the'Qncen's Name. and the free 
Resignation of tho Country by the J{ing and People into 
her Hands; likewise her Picton• and Ar.n~, 111111 uudPr
neath the Genera,l's Arms. * • • 

"July the 23rd, they [the Indians) took a 1;orrowfnl 
leave of them, but. loth to part wiilllaem, they went to 
the top of the Hills to keep sight on!'er ns long as pos
sible, making Fires before. behind, nnd at each side of 
them, therein they snprosed Sacrifices were orrere.tl to 
tbeit' happy Voyage.'' 

B.Ex.40-28 

rLLOA AND VIZC.\l'.\0. 

wrecked and driven on shore by :i contrary wind; ant! 
among those who were there at that occurrence wa~ tb.e 
chief pilot, 
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port of New Albion deplore the departuru of Drake uow 
twice crowned.) 

.Among theNicasiolndiansofthe Nieasio Valley, lying 
to tlrn ea•twarll of Drake's Bay, there it1 said to he a tra
dition that Drake anchored in this bay ; that some of his 
crew desert.ed and lfrcd among the Indians; and that lw 
gave the natives some seeds, and among other things 
some luml ship-biscuit, which they innocentlv plante(l, 
He also left l\mong them a sow and a l>0ar; and Hie early 
Spaniards report that when they came to this r•'gion the 
country was fillul with wild hogs. 

Bal!enus Bay: To the sonthwnrd of Drakt-'s Bay, and 
nearly half way to San Francisco Bay en trance, there is a 
sIDall cove somewhat protected by a reef from Lhe north
west swell. The name Volanos or Bolanos, Vizca\no's 
pilot, at once suggests the origin of tlrn present name 
i.e., the Bay of Rolano8. 

La Pnuta de los Reyes, Yizcallw. 
• Point I<eycs, lntitude 3;;0 Oil'. 

The cha~ of Yizcaiuo gives a fair idea of Point Reyes 
and its relation to Drake's Bay, but the latter is exag
gerated. Re has an entrance to a large estcro now known 
as the Estero de Limantonr, 01· Drake's Lagoon. 

For a detailed description of this remarkable h1;adland, 
which forms the uorthern bo:i::ulary of the Gulf of the 
Farallones, see Davidsm1'' Coast Pilot. 

The li;les of St- James, Drake. 
Los Frayles, Yizcal.uo's chart. 
Los Farallones de los Frayle, of tlw later Span isl~ navi-

gators. -
Tho North J<,aralloues, the Mitltl!c Farrtllon, 1111<( Son th. 

cast. Farallon, latitude a;-i 42'. 
It is a curious fact that neither Cal1rillouor Fcrrclo men

tion these notable islets, although they describe aud namt
the great gulf nuder Point Reyes Head. Drake's descrip
tion a1lmits of no doubt whatever. Vizea1no does not 
mention this extensive group of high it1lets in liis narra
tive, bnt has five "I•'rayles" laid dowu off his port of 
San Francisco, doubtleBs the North 1''arallone~, and a 
large h1let close inshore an•\ to the t!Outllward. This 
latter is certainly the largest and highest, or the South
east Farnllon, and it would appear tlint be did not. sail 
between it and the tsbore, becansP he 11ns laid it down 
dangerously near to the coast. 

This remarkable group of islands fornn1 n uutalile feat
m·e in the navigation of this purt of the coast. The 
Southeast l<'arallon is a high rocky i•let aliont 01w mile 
in. c.."ttcnt, rising auruptly from deep wat .. r, with ~evernl 
well-definetl heads, one of which attains au elevation 01 

360 foet This islet may sometimes have heeu mi8taken 
for several islets close together. It lies in latitiulr :l7" 
4:l', twenty-four miles broad off 1be Golden G11t1>, nm1 
eighteen miles true south of Point Ro;ye5 Hea£1. It i8 a 
wild granitic mass of rock, witl1out a particle Of soil, and 
the 1'08ort and breelling-placo of thousands of sea-lions 
and millions of sea birds. Ther<' are two or thl'P<> land
ing places around the islaud. 

FERRELO 
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"A little witlJOut their Harbour lye certain Isles, e.nd 
by them the Islands of St. JamPs, wlierein are pleut.y of 
Seals and Fowls, and Landing on 0110 of them the next 
day, they BUJlpHetl themselves with competent. Provis
ion for some time (Hero, p. 129). 

"The 23 of J11l.11 they took a sorrowfull farewell of v11 
bot being loath to leave vs, they presently runne to lhe 
top of the hi ls t•i keepe vs in sight aR long as llH'y C'ould, 
makiug ti rei. * • " 

''Not forre without this harliorough did Iyo certain 
Islands (we call them the Isla1Hls of Saint James), hav
ing on them plentiful I an<l great sto!'e of Scales and birds, 
with one of which wee fell July 24, whereon we found 
&nch provision as might competently serue our turne for 
a while. We departed agaioe the day next following, 
"iz, July25!' ('Vorld Encompassed, p. l!l4.) · 

TTLLOA AND YIZCAlNO. 

Francisco de Volaiios, who was with the present expedi
tion. He recognized the place and attirmetl that they 
had left on shore a great quantity of wax, and clie~ts 
of silks, and the General was anxious to d1,,cov<'r somfl 
vestige~ oJ: these. 

"TlH' Capittiua ea me to anchor l1t·hirnl a l'oint of larnl 
which maki:s this port [Puerto <lo San Francisco, i. e. 
Dmkc'8 Bay), and which lw called La l'untadc losUeyes; 
but 110 one was sent ashore that 'they might be in readine&J 
for tho tender; and on the day following, the Capitana 
sailed out in search for her. The wind was northwest 
and light and t.be Capitana moved slowly. * ~ ~ 
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The North Farallones is a group of four smaller islets 
and low rocks gathered together in a somewhat compact 
body. The four principal islet.. are high, barren, and 
almnst, inacces~ible. The highest rises to an elevation 
of 158 feet. The group lies six and three-fifths miles 
northwest by west from the Sontheast Farallon, and 
twelve miles south-southwest from the \..Osteru extremity 
of Point Reyes Head. 

The depth of water around these iolands iR thirty 
fathoms and the same continues well in towards the shore 
sotbaL i

1

t is somewhat st,range that Cabrillo, Ferrelo, and 
Vizca)ao did not go inside oft hem; they could no.t have 
been coasting very closely along the main shore. 

Prequently these islets are hidden by tho fogs even 
when the shores are fairl.v free aml visible. 

Rio Grande de Sau Sebastian. Vizcaino's chart. 
Tomales Bay: 
The month of Tomales Bay is in latitude :38° 14'. 
This body of water is showu on Vizcalno's chart but no 

mention is ruado of it in tlie narrative. It is· indicated 
in the locality of Bodega Bay, six leagues north of Point 
l~eyes, l1y a large river leading many leagues to the east· 
wat'd. It might be considered the Eatero Americ1rno, bat 
this »tream is quite uanow, not straight, and is not easily 
made out from seaw:ud. ~tis almost certainly Tomales 
Bay, which wonld show the mile-wide entrance between 
the ridg<' of Toruales Peninsula and the eq nally high land 
forming the eastern shore of the bay. 

Tum"les B,ty i~ ten miles long with a navigable chan
nel a 11:00<1 distance in. But, the b:tr at t,he entrance is 
gcncr;lly marked hy breakers, all(l has less than ten feet 
of water upon it at low tide. 

On ol<l Spanish charts we find the narne sometimes 
spelled Tamales; and it would seem a reasonable con
dnsion that it wa~ named after the Tamal Indians. 

The ve.;sels of Cabrillo were compelled Ly stress of 
weather to leavo the coast when near Cape San Martin. 
Jo"rom his cleRcription I place him about twenty-fiw1 miles -
nearly sonth of tbe present Cape San Martin, which iA 
the great flanking spur from the monntains of tho Santa 
Lucia range. He was sixty miles south h~· east from the 
termination of the range :tt Carmel Bay, and the mount. 
aiuit are so high that he may lJOssibly have seen them; 
but it is more probal1le that he estimated his distanc•', 
ancl also that tbA range was cloud-capped. 

In the heavy "southeaster" it is evi<lent that their 
small vessels were very seriously in danger, and that for 
safety each had to look ont for itself. 

.A rough plotting of thoil" courses clearly indicateM that 
they were fer away from the coaAt.. 

"Ecbaron tm Romero" means that they cast lots to !le
cide who 1:1hould go -011 the pilgrimage to the church ancl 
make the offering to Our Lady Guadalupe. A marginal 
note in Herrera states: "Voto deJos Marineros cle la Nao 
de D. Antonio de Mendo~a, :1 Nu~stra Senora de! Rosero." 

They sight land to the northward of the Slaviar.ski or 
Ruesiau River on the 14th; the summit of ROf>S Mountain 
is over 2,200 feet above the sea a.nd only three miles from 
the shore. It is in Jatitnde 380 30', and is visible from 
tlie latitude of Point Reyeoi. 

FERRELO 

Th ii; same night of Satnrday, at four o'clock iu t.he night., 
being in the sea about six leagues from the ceast, lying 
to waiting for the day, with a southeast wind, so great a 
storm struck them from the southwest and the eontb
sonthwest with rain and da,rk cloudy weather, t,hat they 
could not keep up a handhreaclth of sail, ancl it macle 
thew scud with a small foresail, with ·much labor, all the 
nigM, and t.he Sund!lY following the tempest broke upon 
tbem wilh much greater violence, which continued that 
dn.y and tiight until the following Monday at noon, and 
the storm was as great as can he experienced in Spain. 
Ou Sa.tnrday night they lost sight of their consort. 

Monday, the thirteenth ofth<J saitl mouth of November, 
at the hour of Vesper~, the weather cleared up and t,he 
wind veered to the west, and immediately they made sail 
and went in search of their consort steering towards the 
land, praying to God that tl1ey might discover her, as 
they much fearec;l that she wonld be lost; they were rnn
n ing to the north and to the north.northwP..st; 'll·ith the 
wind west and west-northwest; aml the following Tues
day at daybreak they had si11:ht of the land, and they 
were able to hold on until the evening, and they could 
see that the land was very 'high, and they cruised along 
the coast to see if there was any port where they might 
take shelter; aud so great was the swell of the sea that; 
it was fearful t.o behold; and the coast was bold, and the 
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and at four hours in the night, commencing to blow 
strongly the wind from the south-southeast, and from the 
southwest, with showers,.and heavy clouds, auu a great 
sea that n~arly engulfed them, and at dawn, it blowing 
tremendously, it was not possible to run, except with tho 
lea.st amount of sail, before the wind, and on account of 
thtl stn1ug sea, wind, and dense clouds, one vessel lost 
sight, of the other, and that one Tessel threw overboard 
everything that could lighten her, from the deck, because 
the storm was very great; and on the Capituna, seeing 
tliemselves in the greatest danger, they vowt'd a pilgrim-

a.ge [echaron on Romero) to our La<ly of the Rosa11' and 
the blessed Mother of Pity, for her mercy, and she favored 
them with a little filfr weather. .And :Monday, on the 
thirteenth of said month, they were heading towards the 

- land, in search of the other vMsel, and during the night 
they kept a lookout, in order not to lose sight of any
thing, aud to search for wme shelter, and to make the 
laud. 

ULLOA AND VlZCAlNO 
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Caho <le l'inos, Cabrillo, 40° "anti rnorP." 
Nor1hwest Cape, Hussian. (See pp. 224, 2!e, 230.) 
This is the bol<l higl.J spnrof the coastrnonniainsnearly 

overhanging Fort Hoss Cove, in btitn<le 3:3''' :n'. This 
give.s a correction to Cahrillo :md Ferrelo of,-1° 20'. 

The vessels were not near enough to the coast to see 
tl1e <let.ails of the shore-line. 

This bol<l shoulder with the forests upon it was the dis
tingnisliing mark for the Hussian ships when making the 
small harbor of Fort Ross. Tlle massi \"0 character of the 
orograpl.Jy i~ well exhihikrl in the latest editions of the 
Coast Snr\"l'j' charts. 

CabrilJo's lleseriptio11 j1-; good, ('\'t•11 tfl the c:irt>ction of 
t.Jie coast-line. 

Th<' Russiau name '·Northwe~t Ca.pc" was not really 
applietl to the eape aho\·" <lescribed, !mt to the compara
tivdy low rocky point at tlw northwPst p·1rt oftlw Fort 
Rosq CoH. (8<'" Da vi<lson';; Coast Pilot.) 

Pnnla <k An·na. 
Point Arcua,. ]atitntl(· :iSJ 57 1

• 

'fllis pciint lies tl.Jirty-sevhn miles uorthwe•t, along a 
straight eoast-liue, from the Xorthwest Cape at Fort Ross 
Cove; all(l Calirillo conltl not have sr·en the point itself 
when he \Yas iu his latitlH1" of Caho de Pinos. But he 
coul<l have madily made out the high mountains lying 
bCYe:·1 or eigllt miles wutlleast of l'oint Arena an<l lior<ler
rng the coast. ;\Iorem·cr, if he sailed along tlie shorn be
yornl Cabo de Pinos before the gale struck him (as they 
apparently got ohservatio:is of tue sun at noon), he may 
liavc actually ~een Point Arent~. As he I.tad seen no 
1•oint with such market! l"'culiarities it is strau~e he tlid 
not <lescriOe it. The long terrace laml strct.ches out three 
miles from tlw L:ise of the mountain~ null terminates iu 
vertical cliff, from two huuclre<l au<l Hixty foet to forty 
and fifty feet in heigh!, with rd1itish facPs in tlw Htrn
light. 

Calffillo'H 1-'rillay b a11 t'rrorJ as ,.,how11 b~· tLt~ eoutexr.; 
it ehoul<l lm Thurs<lay. 

Ba ia dt: l:'ino8, Uabrillo. 
L'l Bahia <le los Pinos, J:"errelo, :mo and" nrnrn.'' 
Eusenada de Ios Frayles. 
The Gt1lf uf the Farallones. 
Vrolke'H Bay, latitude 3tP UO'; correction to Ft•n.,•fo, 

-10 vO' an<l "more!' (Seep. 214.) 
The" Grl'at Unlf'' ofCabrillo may po.~sibl~· Le intend1Jtl 

to emlm1ce the bight from Point Reyes Head to Point Bo
neta, or even to Point, San Pedro. It coul<l uot have heen 
intende<l for Bodega llay, hecause this has no eharacter
i8tiea of a great gulf, and there have been no pines npoll 
Bodega Head, Point Toma.Jes, or the eastern shore of t1e 
bay since its occupation in the. last fifty years; nor is 
them any indication of :.nob 11 growth pl'cviou1!ly. Ou 
the other hand, a part of the ridges and all the gulches 
from Mount Tamalpais arc even yet forest cla.d. This is 
quite a marked feature from seaward. Moreover, the re
ported latitu<Ie carries th11 location t-0 the Gnlf of t.lw 
F'aral lonf'N. 

FEl~RELO. 

nwnutaiu' very loft.;,·, and at e\•euiug ll.J.ey lay to for reHt; 
it is t1 coa«t rullning northwest to southeast; they l'"r
cei ved the land at a point which projects into tlrn Ocean, 
which forms a cape, and the point is covered with trneR, 
and it iH in forty clogrees. 

Wednesday, Lhe tlfteenth day of the said month, tht•y 
hau sight of their consort, for which they gave many 
thanks to Gotl, as they hatl considered her lost; aml they 
eame up with her antl joiner1 hor at evening. Thf'y of 
the other ship cudurec1 more <langer aud risk than tho8e 
of the Captain'!'! vessel, on account of it,5 being small and 
havi11;{ 110 deck. This land whore the~· were 8ailing is 
to appearance ver,;· gcxnl, hut th:iy s:tw no Indians nor 
smokt"s. Them are ~ran<l Si'1tra~ covered with snow; 
ti.Jere am n1any trees. At night tlwy lowcrell the Hails 
a1H1 lay to. 

Ou llw follow i11g Tlmr.;day, the sixt.centh of the said 
month of Noveml.Jcr, at daybreak, they were upon a large 
gulf which was formed by a change of direction of the 
shore, whichappeare<l Lo have a port and a river, and th!JY 
went heatirig about this dayand the night and the Friday 
following, until they saw that them was no rive~ nor any 
Hhelhw; a!ld to take po•>essiou they east anchor in forty
five fathoms. They di<l not dare to lanrl on eceonut of 
the liigh sea. This gulf is in thirty and nine dogrees&nd 
;i:ore, nn<l it is all coV"ered with pines to tho sea. They 
~l\Ye it the name of Lti Bahfa de las Pinos. Tho follnw
i ng ni1,tht tl1<'y lay t.o until the next day. 
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There is a Cape, 1nojcctrng into the 8~a, very much 
woo1kd, with very high pine trees, ancl they called it 
Cabo <le Piuos, an<l observing the Sun, they found them
sell·es in forty <l<•grces, anrl mor<>, to I he northwest, 

from wlwuce tlwy recognized more 1 b.i.L tHtecn leagues 
of coast, all the laud high, au<1 tli<· e<'a~t i·1111uing from 
northw~st sontlieast: 

And Fritla.:;, the sixteenth, they arriv~d at a Great Gulf, 
that lool;etl like !> lrnrllor, an<l they called it 
Pinoe. 

VLLOA AND VIZCAINO. 
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El Cabo tle Sa11 Martin. (Seo Jll'· '~LO, 2:H, 2-2j, 23ii.) 
This is either the nortberu limit of the Sierra San'.:a 

Lncrr• near Point Carmel or the Sau Martin which they 
made in the early part of the vorage wheu they were 
8torm struck and hail to mu before it. Tile former would 
proh:ibly be the more likely, because on the ll:lth the.1· 
were rnnning from near Point Reyes all day along the 
eoa•t, und passing the deep bight of )fonterey Bay 
would make the pine-covered monntain behind Point 
Pinos or the higlwr mountains beyoml Point Carmel by 
nightfall. 

His evident that Ferrdo runs ahead in his narrative 
to describe in general terms the appearanc<' of the coast 
r::m"e of mountains from the Gulf of the Farallone8 to 
Ca l::i San Martin, and then returns tu take np the details. 
His Sierras Neva<las form tlie mountain rtmgo of the Pen
insula of San :Francisco, in whoso crest-line. is Loma Prietn 
reaching an elevation of nearly 3,000 feet, arnl which is 
about thirteen miles inside of Point Ano Nuevo lying un
•lo>r his Snowy Cape. Mount Dachc, in the same range, is 
in btituilo 3i 0 Otq' and reauht's 3,825 feet ele\-ation. His 
description is good, although it would apply with greater 
force to the stupendous barrier of t,he Sf'award face of the 
Sierra Rant.a Lucia; he may very probably have had both 
mountain ranges in his mintl at tho time of compiling 
his narrative. 

Las Sierras Nevada~, .Fern:'lo. 
La Sierra de Santa Cruz. 
The Peninsula of San Francisco. 
Cabo do Nieve, Ferrelo, 38i 0 • 

Caho de Niev1>, Calirillo, 31'.lio· 
Black l\Ionntain, latitude 370 091

• 

This is the massive western spur or buttress ot the San 
Franci~co Peninsula Mountains immediately behind and 
altaost ov<'rhanging the low Poiu tAiio Nuevo. Tho ships 
were not close enough to tho coast for Cal>rillo to note 
th<' details of the shore-line, lJut. he took in the broad, 
lwl<l features, an<l graphicaH,v <lescribes them under the 
asp .. ct of a heavy winter. I plaeo this great shoulder of 
the range in latitntl•• :no O!l', whence the corree!iou to 
Furrelo and Cahrillo is,-10 31'. 

l\Ionnt, llaehe, reaching 3,R':!ri feet elevation, is in lati
tntlt' :1;0 oi;.r. 

Fcrrtlo ai;ain rnus ahea<l of .,,-ent.s in his narrative in 
mentioning his approach to tho Banta Barbara hla1Hl8 
and then returns und clescrilies the coast from Caho do 
finos (Norrhwest Cape at. }'ort Ross). (See pp. 210, 222, 
2-J(\, 236.) 

By plotting his comse as far as practicable clnring the 
storm nnd hi.B again making the eonst, I fix his approach 
thereto south of Point Arena, at the cape ho 1lcscribcs, 
hnt even then he must have been tweut,r-five miles from 
the coast-line. 

He ooultl not liave followed the shore very closely or lie 
would have seen the bays of Esteros, San Luis Obispo, 
and Point Sal. Moreover the coast was tllickly popu
lated from tho San Carpofero lo Point Concepcion; and 
from Carmel Bay northwar<l the coa~t was also thickh· 
inl1ahited. 

FERRELO. 

The following Satunlay they were running along the 
coast, an<! they found theillseh•es at night off El Cabo do 
Sau Martin. 

All the coast they passed liy this day is ,-ery oolcl, and 
there fa a great swell of the sea, and the law.I is '·ery 
lofty; t,here are mountains which rise to the sky antl the 
sea heats upou them. While sailing near the fancl it ap
pears as if they would fall upon the ships; they are cov
ered with snow to the summit. 

They gave them the name of las Sierras Nevadus, and 
the principal one forms a cape "·bich fH(tiecta into the 
sea, which th<'·Y name<l Cabo 1lo Nieve. The coast runs 
north-north west am1 south-southeast. It docs not appear 
that Indians inhabit this coast. This Cabo 1le Nie\'C is 
in thirty and eight degrees and two-thirds, and always 
when tho wind blew from the northwest it made t.he 
w1mther fair and clear. 

'l'hurs1lay, on the twenty-third day of the month, they 
approached on a return course the islands of San Lucas, 
antl one of them named la Posesion; and they ran along 
all the coast, 11oint by point, from el Cabo de Pinos to 
them, and they found no shelter, so t11at of necessity they 
lla<l to return to the said island, on account of having 
these clays a Vllry strong west-northwest wind, and the 
swell of the sea wae very great. From Cabo de San Ma.r
tiu to Calm de Finos we saw no Indians, because of tho 
coast being bold aml without shelter and rugged; and 
on the sontheastaidtl of Cabo de Martin for fifteen leagues 
they foun1l the country inhabited, and many smokes, for 
the land is good; bnt from el Cabo de Martin as far as to 
forty degrees we saw no signs of Indians. 



 

UNlTI<m ST.A'rEs COAST AND GEODETIC SURVEY. 

CABRILLO. 

And on the eighteenth they were seeking for a port, 

and diBcov111·ed some snow covered sierras, with a cape, 
which projected therefrom, which they calle<l Caho de 
Nieva, in thirty and eight degrees and two-thir<ls, and the 
whole land and coast, possesses tl1is peculiarity, that, 
whenever the wind blows from the north west., the weather 
is all clear, without any scud or anything else ; and from 
the thirty and seven degrees and a half, hence to the forty 
degrees, this coast runs northwest southeast ; 

H. Ex. 40--29 
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El Cabo de San Martin, Ferrelo, :lii°. (See pp. 210, 
222, 2'J4, 2:ro.) 

The present Cape San llfarfin is in la ti tudo 3;;0 54', bnt 
Mount Carmel, one of tho high peaks of the Sierra. Santa. 
Lucia (l<'errelo's Sierra San Martin) would probably be 
the first mountain he would see "·hen approaching from 
the north across the Gulf of Montere:.·. Iu tho clear sky 
of northwest weather he would have seen it when he 
was abreast of his Cabo do Nieve, or Point Ano Nnevo. 
It is in latitude 35° 2'2', rises to an elevation of 4,417 feet, 
and is visihle at a tlistance of se-venty-:five miles. It is 
only eight miles inside of Point Snr. 

La fala de la Posesion, Cabrillo. 
Una tle las Islas tle San Luca>, Cabrillo .. 
Isla de Poscsion, Forrclo. 
La Isla de Juan Rodriguez, Ferrelo. 
Cir[liinrnymn, Indian, Ferrelo. 
La Isla tlti Baxos, Vizcalno. 
San Miguel Island. (See llp. 204, 20G, 236.) 
This is the westernmost of the Santa Barbara Islands. 

~!<'or a uetailed description see Davidson's Coast Pilot 
of California, &c.) 

Ell Puerto do la Posesion, Cabrillo. 
This is Cnyler's Harbor in l:ititudc 34c 03', already dc

scrilled. (Seep. 236.) 

The· "other islands of San Lucas" is San Salv:ulor, 
Ferrelo. (Seep. 204.) 

Limun or Limn, Intlian, Ferrolo. 
Santa Cruz Island, already clescribed. (For a minute 

description of the island see Davidson's Coast Pilot of 
Ca!lfornia, &e. ) 

He apparently forgets that Cabrillo named Santa Cat
alina Island San Salvador, and be slightly cl111nges the 
spelling of the Indian name. 

FERRELO. 

El Cab() de San Martin is in thirty and seven degrees 
and a half. 

While wintering in this hla de Posesion, on the third 
day of January, 1543, depa.ted from this present life 
Juan Rodriguez Cabrillo, Captain of the said ships, from 
a fall which he had on the same island at the former 
time when they were there, by which he broke an arm 
near the shciulder. He left for Captain the Chief Pilot, 
who wus one Bartolome Ferrelo, a nath-e of the Le
vant; and he charged them much at the time of his 
death that they should not give up the discovery, as far 
as possible, of all that coast. They named the island 
La Isla de Juan Rotlrignez. The Indians call this isl
and Ciqnimnymn, and anot.her they call Nicalqne, and 
the other they call Limn. In this islantl de la Posesion, 
there are two villages; the one is called Zaco (10) and the 
other N imollollo. On one of the other islands there are 
three villages; one they call Niehochi, and another Coy
coy, and the other Estoooloco. On the other island there 
are eight, villages, which are, Miquesesquelna, Poele, 
Pisqucno, Pualnacatnp, Patiqnin, Patiqnilid, Niuumn, 
Muoc, Pilidquay, Lilibeqne. 

The Intlians of tllese islands are very poor. They are 
fishermeu; they eat nothing but fish; they sleep on the 
ground; all their 1.msiness and employment is to fish. In 
each house they say there are fifty souls. They live very 
swinishly; they go naked. They were in these islands 
rrom the twenty-third of November to the nineteenth of 
.January. In all this time, which was almost two months, 
there were very hard wintry storms on the land and the 
sea. The winrls which prevailed most were west-south
west and south-southwest and west-northwest. The 
weather was very tempestnous. 

Friday, the nineteenth day of the month of January, 
1543, they set sail from the island of Juan Rodriguez, 
which is callecl Ciquimaymu by the natives, to go to the 
mainland in search of some supplies of provjsions for 
their voyage, and in leaving the port a. heavy storm from 
the west-northwest struck them, which made them put 
into th<' other islands of Sa.n Laca..s, and they anchored 
off the island of Limuu, to which they gave the name of 
Sau Salvador, and they fonnd it necossary_to weigh an
chor again because it had no port more under the shelter 
of 1 he islands, and the wind veerecl around from all 
1.eiuts, and they sailed around these islands eight days 
with the wind very foul, sheltering themselves under the 
islands from the bad weather; and on the twenty-seventh 
of the saicl month they entered the same port of the isl
and of Juan Rodrignez where they were before. The 
greatest hindrance they had was because tbe winds were 
not st•·acly, bnt went veering about from one point to an
other. Those which are the more constant a.re from the 
west-nort.bwest and from the west-southwest. 
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and because they did not find any port,, they had to go to 
la. Isla de la Posesion, which is one of the Islands of San 
Lucas, and they entered there Thursday, on the twenty
third of November, and because it is a good port, they 
repaired the small vessel, and made her staunch, as she . 
was going to sink. 

In the aforesaid port they remained, until the eud of 
December, on aoconnt of the bad weather, with great 
cold and snow, even to the sea level, rain from heaven, 
and heavy clouds; and as the south.-ast storm was con
tinuing, there was so great a surf, although in a laud
lockecl harbor, that aometimes for three and four day~, it 
was not possible to go on shore. Finally, Friday, on the 
ninett>eoth 'of Janua.ry of the following year, one thon
saud five hundred and fort,y-thret>, with great labor they 
arrived at the Puerto <ll'l Sardinas, 
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La Isla de 8an Sebastian, Ferrelo's consort. (See pp. 
204, 236.) 

La Isla de San Lucas, Ferrelo. 
La Isla de Cleto, Vizcal.no's chart. 
Nicalqne, Indian, Ferrelo. 
Santa Ros:i. Island, lying between San MiguPl Island 

anrl Santa Crnz Island. 
He probably lost his anchor in Becher's Bay 011 the 

northeast face of the isla11d, where he could have watered 
his vessel. 

Por minute description of the island see Davidson's 
Coast Pilot. 

El I'uert,o de las Sardi11as, Ferrelo. 
Cicacut, Indian, Fcrrelo. 
The Gaviota anchorage. (See pp. 208, 210.) 

Iu the Gav iota Pass there are evidences of large Indian 
lfancherias, where the Indians conldretiro from the coast
lino in winter and thus avoid the full effects of the 
storms, and at the same time engage in bunting or cnl
ti vate the ground. 

La Isla de San Salvador, Ferrelo. 
Santa Crnz Island. (See pp. 204, 236, 238.) 

lf we suppose that h~ ran nearly south, and half way 
between Santa Cruz and San Nicolas, he would probably 
have seen the islands of San Miguel, Santa Rosa, Santa 
Cruz, Anacapa, Santa Catalina (with Santa Barbara in 
line and not distinguishable), and San Nicolas. He could 
not han. seen San Clemente Island; Anacapa is small; and 
Santa Catalina would, at that distance, appear small. 
San Nicolas would be seen moderately small, because he 
would make it endwise. 

When the unusual northeast wind changed and the 
west-northwest wind came np with the large sea always 
accompanying it, it is very unlikely that he was even two 
hundred miles to the windward of the islands. And vet 
we fine} Kohl making the unaccountable blunder of s~p
}losing that the six islands which Ferrelo saw "were 
don btless the Sandwich !~lands "! 

El Cabo de Pinos, l<'errelo. 
Alrea<ly described as the mountain mass behind Fort 

Ross Cove. (See pp. 210, 2"22, 224, 236.) 

This is the Punta de Arena in latitude 38° 57', but he 
1loos not name it; the land trends to the northwestward 
from Bodega to thiS JlOint, then the shore changes its di
rPction to north-northwest. 

m C:tbo de Fortunas, Cabrillo, 4!0. 
They saw t,he great mountain mass which reaches a 

height of nearl;f 4,300 feet n little to the northward of 

FERRELO. 

Tuesday, the twe11ty-ninth of the sai<l rnor.th of Janu
ary, they departed from the island of Juan Rodriguez for 
the island of San Lucas, which is in the middle of the 
otherd, to take up ccrtai11 ~nchors which they bad left in 
a storm, not being able to raise them; ancl which the,y 
recovcreu, allll trn,ik in water. 

They departed frolll this island of Sau Lucas 1fo11da~·, 
the twelfth day_ of the month of J<'cbruary, which they 
could not do sooner on account of the bad weather, whicl1 
gave them winds aml much snow. It is inhabited, and 
the people are like those uf thlJ otl1er island. The In
dians call it Nicalque. There are three villages on it, 
which arc called Nicochi, Coycoy, Coloco. 

This day they went to Puerto de las Sardinas, to take 
in wood and other things necessary for their voyage, as 
they were not to be obtained on those islands. 

'Wednesday, on the fourteenth of thu said mo11th, they 
departed from El Puerto de Sardinas, having taken a 
"boat-load of wood, an<l they did not dare to remain longet· 
there on account of the great swell of the ocean ; they 
did not find so many Indians as before, nor any fishing 
on account of the winter; the natives eat oak acorns ancl 
other seeds and herbs of the field without cooking. 
From this place they proceeded to the islancl of San Sal
vador, becan~ they were there more secure from thll 
storms, that they might be able to make sail and run out 
to sea. 

Sunday, the eighteen th <lay of the said mouth of FeL
rnary, they departed from the island of San Salvador 
with a moderate wind from northeast, a11d they ran along 
to the southwest, because the_y hatl been told that thero 
were other islands toward the south west ; thc_y were at 
dusk this day abont. twelve leagues from tlrn islanc1 of 
San Salvador, ancl they saw six islancts, some large am\ 
othe;s small. 

This day a sailor die<l, arnl the following Monday, at 
daybreak, they were at sea al>out ten leagues to the winu
ward of the islands, and with thn wiml west-northwest 
they were standing off five days to the southwest,, and 
after they had proceeded about one lmndrer1 leagues they 
found the wind more Vi()Jen t ancl the sea high; 

and Thursday, the t,wenty-secoud of the said month or 
February, they again stood in shore to endeavor to reach 
Cabo de Piuos, with the wind south-southeast. whicL 
continued three days, and was increasing each day; and 
the Sunday following, at daybreak, they gained sight of 
Cabo de Pinos, and they were this day at dusk twenty 
leagues to windward on a coast running n()rthwest and 
southeast, and it is bold and without shelter; there wus 
no smoke seen on the land, and they saw a point which 
formed the extremity of the land, which changed the 
coa.st to the northwest; in the middle of the night the 
wind suddenly shifted to the south-southwest, and they 
ran to the west-northwest until day, and in the mvrning 
the wind shifted to the west-southwest with great vio
lence, which held on until t.he following T11eeday; thPy 
ran to the northwest. 
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whence they left on the fourteenth of Februa:ey • 

.And Monday, on the twenty-11ixth ot sa1a montn, tney 
were at a point which makes a eape, which they called 
Cabo de lt'ortunas, on account of the many dangers which 
they had experieneed in thOl!e days, and it is in fort.y and 
0116 degree.'!: 
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Point, Delgada at Shelter Cove; and continues as a l>old 
range to the north of Cape Mendocino. They could not 
have seen Point Delga<la because it is low and projected 
ou the base of the coast m<>untaius. If he saw King 
Peak, or t,he mountain behind Cape Gorda, or Mount 
Pierce behind Cape Mendocino, then his latitude umst be 
assumed to have been derived from dead reckoning. 
Cape Mendocino is in .too 27', Cape Gorda in 4tP 13', but 
the high crest-line of the mountains rnns to the south ot 
40°. This course from Point Arena is nearly north-north
west, true. 

Vizcalno's two shi['s had been separated in a storm, 
and the crews were in a terribly had condition from 
scurvy. 

These are the high mountains lying eastwardly from 
Point D"lgada, and culminating in King Peak in latitude 
40'° 09', at au elevatiou of 4, '.!65 feet. 

Cabo Mendocino, Vizcahio's ·pilot", 4P, withont ob
ttervation. 

Cape Mimdocino, latitude 4G" 2i'. 
The description aud the position of the cape in rela

tion to the foregoing mountains are good for Cape Men
docino, hut I think the latitude ho gives is merely a 
report, for they do not appear to have observed the sun, 
and his chart places it in 4P 40'. The high mountains, 
rising to an elevation of 3,400 feet behind the cape, might 
well be covered with snow if the winter wa3 se>erc, as 
we may a.ssume it was from the narrative. 

They could not have been iu 41° 30', because afte1 
being driven northward ·by the violent southeaster for 
six llayJl (to January 20) they were then only in 420. 
Vizcalno'i; chart lays down a prominent hea.dland in lati
tude 40P (obtained by bringing up the scale of degrees 
from Point Pi nos to Point Reyes) and a marked headland 
in 41°. Between these two capes he bas a flee1> receding 
of the shore-line to the cast and northeast, with a large 
river emptying in.to the northeast part of thio great 
bight. 

I am satisfied that this apparent caste1·n recession o, 
the shore-line was the low country around Humboldt Ba:v 
an<l Eel and Mad Rivers. Tho large river which he ha~ 
drawn was a supposition of its existence ou account o1 

the low lying valley in that direction giving passage way 
to the discolored waters of Mad River and Pigeon Hiver 

Cabo Mendocino, Vizcalno's chart, 41" 40'. 
Point St. George, in latitude 41D 46'. 
South of Cape Mendocino Vizca!no notes the coast Jiu€ 

as ruggetl, but no name appears until "Cabo Mendocino" 
stands abreast a cap-0 of white cliffs in latitude 410 40', 
with mountain8 to the southward covered with snow. 
The shore-line from Trinidad to this cape is laid down 
straight, but for twenty miles it is contin11ed to the 
northeast. He could not have been near the coast, 011 

account of the heavy wea\.ber, or he would not ba,'e 
miMed Redding Rock north ofTriuitlad, nor the notable 
cliffs of Gold Bluff in 41° 2.'>'. And especially docs he 
omit any sign of the rocky islet" of the Dragon Rocks 
funning St. George's Reef iu 41° 50'. A11 there is a 
marked recessiou of the high laml behind Point St. 
George on account of large lakes and several 11treams 
making in from the distant mountains, he may have 

FERRELO. 

Tuesday,· the twenty-seventh of the said month, the 
wind Veered to the SOUtb-sonthweet, which beJd Oil aJl 
day; they ran to the west-northwest with tbe foresails 
lowered, for it blew violently; at tbe approach of night 
thti wind shifted to the west; they ran all night to th€ 
sonth with but little sail; there was a high sea wbicb 
broke over them. 



 

UNITED STA.TES COAST AND GEODETIC SUUVEY. 231 

CABRILLO. ULLOA AND VIZCA!NO 

"The ship progreased very slowly, but little by little, 
on Sunday the twelfth day of January (1603] the flag
ship came iu sight of some very high mountains of a 
reddish color, and fourteen leagues farther to the north
west a chopped off cape came upon the sea, and near to 
it some snowy mountains; and the pilots judged that 
this should be the Cape Mendocino, which is [reported to 
be] in forty and one degrees oflatitude. 

"The day following, which reckons itl!elfthe thirteenth 
of January, a southeast wind came up with the greatest 
fury, and witl1 it a fine sleet that appeared like snow. 
This wind rais6d such a tremendous sea, that every mo
ment it appeared as if the ship must founder and all be 
lost; and to avoid its fury, and not to reach a higher 
latitude, because they feared the excessive cold and the 
increased violence of the atonns in the higher latitudes, 
aml it being the depth of wint-er, it was deemp,d the best 
to lay to until the wiud was favorable and thf'n make 
sail for Acapulco. ~ • • 

"With this decision came a little strength to mi:i~ate 
the snJl'erings of the people, for they now thought the~· 
V\Ouhl be able to hold ont Eomc tlays longer than if tlH'Y 
went farther north. 

"And on the fourteenth of the said month the wearlier 
cleared a little that day and the sun shone out, so that the 
pilots were able to observe, and they found tliem1:<eh-es 
near to this Cabo Mendocino, and the currents had car
ried them even this far in two days. Almost immetliately 
the sky was obscured that. day with a thick fog, anll dark, 
and a cold drizzlo which they had not expected; am] 
as the wind Wa.8 still at southeast tho ship Ja:r tn +be 
4tla with the winil abeam 
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suppose<l the shore receded more to the northeast than 
it really does. 

EI Cabo Blanco de San Sebastian. 
Vizcalno does not state positively that this cape is in 

his observed latitude of 42", which, by the way, is the 
only latitude he mentions in his narrative. His chart 
lays down a cape of white cliJfo in 41° 40', where he places 
Cape Mendocino. There are the white cliffs of the Gold 
Blnffil in 41° 25', and the notable white sand dunes just 
north of Mack's Arch. These sand dunes are three miles 
in length and rise to 170 feet elevation and are a marked 
feature in the shore line. They lie in fatitude 42° 14' and 
the verdure-clad mountains behind them rise to 1,500 foot 
and are pine covered on the upper slopes and crest line. 

In latitude 42° 05' the Coast Snr'l"ey has named a bold 
headland, seen from Pelican Bay, Cape Ferrelo, and in 
latitude 42° 18' a second notable head has been namt-d 
Cape Sebastian, but without other intention than com
memorating these names. 

''A Bad bay," Drake 4.?". 
Chetko Ba;I', latitude 420 Ol'. 
This is an open roadstead exposed to the full force of 

the southerly swell. It is at the southern termination of 
fifty miles of high rugged coast coming .from Port Or
ford to the Chetko River. Iu striking the coast Drake 
could find no anchorage between Point Orford and this 
11Iace, and none other near this except Crescent City 
Harbor, seventeen miles southward, and which he would 
hardly approach when the dangerous Dragon Rocks or 
St. George's Reef gnarded the shore. Chetko anchorage 
is but slightly protecte<l even from the northwest swell 
by the long rounding head of Cape Ferrclo, five or six 
miles to the west-northwest. The shore line to the west
ward is bound by rocks, and there are several sunken 
rocks with breaks upon them in the anchorage. 'Ve know 
from exper'.ence that it is not a comfortable anchorage; 
and it may very well be accepte<l as the anchoring place 
of Drake in latitude 42°. 

Triniclud Head, latitude 410 03'. 
Redding Rock, latitude 41° 22'. 
The tender was then off Trinidad Head iu latitude 41 c 

0:11
, and supposing that they had observed the latitude 

corrf:ci.ly, he could have found no protection anywhere 
in the vicinity of Cape Mendocino iu 40° 27', or of Trin
itlau Head. 

In their demoralizeu condition they were auxions to 
get ~helter, au1l the first object they conld find would be 
the Hedding Relck in latitude 4 to 22', only fi l'C miles off 
a nearly straight coast-line. It is only eighty-three feet 
high and of limited extent, but sufficient to give a lee 
for such a small vessel; moreover it is evident that the 
storm was not very severe. This protection was his only 
r<'fuge, and his reference to Cape Mendocino was merely 
to the nearest known lamlfall. 

FER RF.LO 
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"The [, day of Jtrnc, wee wen' ibrced by contrary 
windes to runne in with the shoaro, which we then first 
descried, and to cast anchor in a bad hay, the best roade 
we could for the present meeto with, where wee were 
not without somo danger by reason of the many extreme 
gusts and flawes that beate vpon vs, which if they ceased 
and were still at any time, immediately upon their iute1·
mission their followed most uile thicke, aud stinking 
fogges, against which the sea preuailed nothing, till th" 
gusts of wind againe remouetl them, whidi brought with 
them such extremity and violence when they came, that 
there was no dealing or resisting against them." 

''In this place was no abiding for vs\ and to go further 
north, the extremity of the cold (which had now vtterly 
discouraged onr ll\en) wouhl not permit 's; and tho 
winos directly beat against vs, baning once gotten vs 
vnder sayle againe, commandecl vs to the southward 
whether we would or no." 

"World Encompassed," p. 115. 

H. Ex.40-30 

ULLOA AND VIZCA lNo. 

even to the nineteentn of January, on the evening of 
San Faliian and Sebastian, Martyrs. This day the wind 
came from the northwest and cleared the weather, and 
observing the altitude the pilots found themselves in 
forty and two degrees of latitude; and the coast !ms a 
Cabo Blanco, of white land, joined to some high snow 
covered mountains, and it is called El Cabo Bla1;co de 
San Sebastian. 

"With this wmd the sick sailors are reammated to 
llBl!ist those who are well, and with great labor they raise 
the sails, and set them to the wind, with the desire to 
come in sight of the land in search of the tender, and for 
reconnoitering the line of the coast. 

"The :Fragata, as I have said before, found heroelf 
without thll Jlag-ship; believing she was going before, 
went in her following, and on the lookout for her ; and 
being in latitude forty and one flegrees, the southeast 
wind, which I mentioned, struck the tlag-ship, and not 
beinit able to withstand the sea on her beam, she ran 
with the wind, so as to reach the shelter of the mainland ; 
and very near to Cape Mendocino, under protectio'.1 of a 
large rocky islet, t1he remained at anchor until the wind 
had passed; and after the wind bad lulled, they con· 
tinned their navigation, being close to the land; 
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Cabo Blanco, Vizcaino (Flores), 43°. 
Cape Orford, or Cape Blanco, in latitude 42° 511

• 

North of thia latitude the coast· does not run to the 
northwest; on the contrn.ry it trends nearly north (mag
netic). Yet we may suppose that in running-along the 
coast and making the cape with the northwest wind with 
its dangerous reef before him he fell ha.ck upon bis in
structions to return. 

This cape has a water-worn face that shows whitish in 
the afiernoon snn, but thoro is no river near it which be 
would dare to enter. In May, 1886, the cliffs around Cape 
Orford were mostly covered with verdure, autl only small 
spaces showetl whitish. 

Taking his narrative as accnratcly descriptive, we may 
assume that his Caho Blanco was the white sand dune 
line (just. south of Cape Sebastian) i11 latitnde 42° 14', anfl 
already describeu. Hence the coast runs to the wost cf 
north to Capo Orford. After passing these bright dunes 
and keeping the coast-line moderately close aboard he 
would open tho well marketl valley of the Rogue River 
in latituuo 420 25'. This stream has a tolerably wide 
mouth and has heen entered by vc'!scls; but the current 
is very strong and there i> a short breaking liar off tho 
entrance; while outside of it there is a very dangeronH 
reef which he would certa,inly avuiu. 

The Chetko River and Smith's Ri\"er are in the deep 
I.light of Pelican Bayunder420, and he woultl hardly have 
rnn in there from around the Dragon Rocks. The Cbetko 
month is closed by a gravel barrier in dry seasons. 

On the 28th of February, 1543, they were out of sight 
of land, and probably in latitude 411°, allowing a cor
rection of one and a half degrees to his reported latitude. 

•'Y no toner puente." In Spanish, pnentetloes not mean 
exs.ctly "dook" when applied to a ship; it means the 
place where the batteries of a ship are situated. 

They were probably in latitude 42° 30' abreat1t of Rogue 
River and working their way back to El Cabo do Pinos; 
but they must have been sev.enty miles broad off the 
coast, which was therefore not visible. The logs were 
bronght down the flooded rivers of this part of the coast; 
and they always have been a feature off the coast north 
of :Mendocino. 

FERRELO. 

Tho \Ycdnesday following, the twenty.ejgbth day of 
the saiu mouth, at daybreak, the wind shifted directly to 
tl:ie southwest, and it ditl not blow hard. This day they 
observed the latitude in forty-three degrees. Towards 
night the wind freshened and shifted to the south-south
west. They ran this night to the w'est-northwest with 
much difficulty, and Thursday at daybreak the wind 
llhifteu to the southwest with great fury, and the seas 
came from many parts, which harassed them much, and 
broke o.ver the ships, which, not having the decks [as in 
a man-of-war], if God should not succor them, they could 
not escape, aml not being.able to lay to, of necessity they 
scudded northeast towards the la.ml; and now, holding 
themselves for lost, they commended themselves to our 
Lady of Guadalupe, and made their promises [or olfer
ings], and ran thus until three o'clock in the afternoon 
with much fear and labor, for they saw they were going 
to be lost, and already they perceived many signs of the 
laud which wa~ near, as small birds, and logs very fresh, 
which had floated from some rivers, although from the 
dark and clon<ly weather the land did not appellr. At 
this boor the :Mother of God succored them with the grace 
of her Son, and there came a very violent rainstorm from 
the north, which made them send all that night and the 
following day until sunset to the south, with.the foresail• 
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from the twenty-seventn of February, until Tl.mrsday, 
the first of March, they rnu the greatest danger, and 11tlll 
more on the night o? the same day, andwhen it became 
daylight, they gave thanks to Our J,ady, and to Her 
Blessed Son, for having save1l them from so dark and ter
rible a night, because the storm is not felt so much in the 
daytime: a.od when the weather cleared up, on the first 
of'?ilarcl', they observed the sun, in forty and four de
grees, with so mnch cold t1111t ~hey weN fr•~zing, 

ULLOA AND VIZCAl:NO. 

and on the nineteenth oi January, the pilot Antonio 
Flores, who was in the tender, found himself in latitude 
forty and three degrees, where the land makes a cape, or 
point, which was named Calio Blanco, an<l from \vhich 
the coast begins to run to the northwest, and ver~· close 
to it, he found a River of large volume, and deep, that 
upon its banks it had very large Ashes, Willows, Elden;, 
and other trees of Castile; and wishing to enter it, the 
currents would not permit him." 

[And thereupon Ensign Alferez Martin Aguilar, com
mander of the tender, ·and the pilot Antonio Flores, find
ing they were in a latitude beyond that mentioned in the 
Instructions of the Viceroy, that there was no appearance 
o! the flag-ship, and that the crew were very sic-kly,agreed 
to return to Acapulco.] 
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DAVIDSON. 

Ou Satm·day, l\larch 3, 154;3, they were approaching 
the coast south of Point Areua, bnt Ferrclo goes back in 
his narrative when he was north of Cape Mentlodno. 
The large fre.sh water streams breaking through the coast 
line north of that Cape, and up to 42° are; Eel River in 
latitmle 400 313', Humboltlt Bay ln latitude 40° 46', Mad 
River in 400 f>3', Pigeon River in 41°, the Klamath Riv<'r 
in 410 34', Crescrnt City in 41° 44', Smith's Ri-ver in 4F 
;,4', the \Yinchuk in 41° 58', the Chetko River in 42° 02', 
Pistol River in 42° 1;;1

, and the Rogue River in 42° 24'. 
All of these briug down winter freshets of discolored 
water abonntling in the nprooted trees from their banks. 

El Caho de Pinos, in latitutle 38° 30'. 
The mountain mass overhanging Fort Ross, and al· 

ready described (pp. 222, 224, 228). l should judge the 
vessel to have been twenty five miles off the land and 
even somewhat to the southward of the capP. From the 
highest point attained, in latitude 42i0 , to this position 
abreast Caba de Piuos the Yessel ran two hundred and 
seYenty-five miles between the morning of March 1 
arnl the e.vening of March :i, giving about five miles per 
hour. If they continued on their east-southeast course 
they should have seen Point Reyes and the Farallonesoff 
the Golden Gate. 

• La Isla de d"nau Rodriguez, Ferrelo. 
San Miguel Island and Cuyler's Harbor. (See pp. 206, 

2'J6.) 
It broke on the reef which is in the middle of the har-

1.Jor, and he was unacquainted with the dangers of Wil
son's Reef off the approaches and with the best place to 
anchor under the western shore of the harbor. (See de
scription under hl>t de San Sebastian). 

Puerto de la Isla de Sau Salvador, Ferrelo. 
Smugglers' Cove. 
Santa Cruz Island. (Seep. 204.) 
Fen-elo's port is the Smugglers' Cove on the short south

east side of Santa Cruz Island. 

Isla de San Sebastian, Ferrelo's consort. 
Santa Rosa Island. (Seep. 206.) 
This is the first time the Cabrillo narrative has men

tioned the Island of San Sebastian. It specifies the ~onth
southeast side of the island where he song ht shelter. .As 
the Fraga.ta was off CnyleiJs Harbor in the evening 
(about twelve hours after the Capita.na had passed it) 
with a heavy blow from the northwest, he very naturally 
was afraid to approach the old anchorage because he evi
dently passed through the breakers and dangersofWilson'e 
Reef, over one mile in extent., that~ie three miles off the 

FERRELO. 

furletl; and because there was a high sea from the south, 
it broke oYer them each time at the bow, and swept over 
them as if over a rock, and the wind shifted to the north
west and the north-northwest with great fury, so that it 
made them run until Saturday, the third of March to 
the southeast, and to the east-southeast., with such a 
high sea that it ma<le them cry out without reserve that 
if Goel and His blessed Mother dicl not mimcnlously save 
them they could not escape. t:laturday at noon the wind 
rnoderatetl and remained at the northwest, t'or which they 
gave many thanks to onr Lord. They suffered also in 
provisions, as they had only hiscnit., and that damaged. 

It appeared to them that there was a very large river, 
of which they had much indication, between forty and 
one degrees and forty and three, for they saw many signs 
of it. 

This day, in the evcuing, they recognized the Caho de 
Pinos, and on account of the l1igh sea which prevailed 
they could do no Jess than run along the coa.~t on the re
turn course in search of a shelter. They experienced 
much cold. 

Monday, on the fifth day of the said month of March, 
1543, at dawn, they found themselves off the island of 
Jnan Rodriguez, and they did not dare to enter the port 
on account of the great storm which. prevailed, which 
broke the sea at the entrance of the harbor in fifteen 
fathoms; the wind was north-northwest; the entrance 

is narrow ; they ran nuder the protection of the Isla do 
San Salvador on the southeast side; 
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CABRILLO. 

and Saturday, -011 the third, they again turned round to 
examine el Cabo de Pinos, but owing to the stmng wind 
they were forced to go 

to fa Isla de la Posesion, where they arrived on the fifth, 
and on account of the heavy breakers at the month of 
the harbor 

tbey sought protection under the Isla de Ran Sebastian, 
nnd<>r the side pre!!llnted to the south-southeast, 

ULLOA AND VIZCA.lNO. 
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northwest point of the island of ban Miguel; and 
probably continued through the San Miguel Passage 
seeking a lee under the shores of Santa. Rosa Island; and 
found protection and anchorage Let ween South Point and 
East Point under the shore facing to the south-southeast 
The snmmit of Santa Rosa Island is in latitude 3:3° 57', 
and rises to l,&00 feet elevation. 

He must lm.-e remaine<l here fourteen da~-s while the 
other Yessel was three dnys in Smugglers' Cove nuder 
Santa Crnz, and then searched for her consort at the 
Puerto de las Canoas, again at Smuggler>' Cove, at San 
Diego, Port Quentin, anu finally at the Island of Cerros. 

There aro four open anehomgcs on the son th sirle of 
Santa Cruz Island und Smugglers' Cove at the short 
soutlleast side. To reach this anchorage he mn~t have 
eaile<l along the north shore of San Miguel Islaud, Sau ta 
Rosa Island, awl 8:1nta Cruz foland, and ronnded the 
easternmo~t point of the fatter to find shelter, from the 
northwest wind, at Smugglers' Co>e. 

He previously says he observed the snu in forty-four 
degrees, i. c., iu -1:2}c latitude, afr,er applying the 11roha
hle correction. 

S:rn B1wnavcnt.ur:l (El PneLlo de las Canous) is only 
nineteen miles nortil-northeast from SmngglerR' Cove. 
(Seep. 204.) 

Puerto de Sau Migllel. 
San Diego Bay. (See pp. 19~, Hl-1.) 

La Bahia de Sau :Mateo. 
Touos Santo& Bay. (Seep. 190.) 

El Puerto <le la Poscsiou. 
Port San Quentin, Lower California. (Seep. 184.) 

La Isla <le Ceuros. 
Cerros Jslan.J, (Seep. 174.) 

This "hip, the Fragata, did not enter the port on Juan 
Rodriguez Island (Cllyler Harbor on San Miguel), but 
sought shelter under the south-southeast side of the Island 
of San Sebastian (Santa Rof!a Island). (See l'· 236 for 

FERRELO 

:iud the night l>efore coming with a \'iolent tempest, with 
only two small foresails, the other ship disappeare<I, so 
that they snspected that the sea had swallowed it up, 
anu they conlcl not discover it any more, even after <l.iy
break; 
they belie\·e they must have been in forty-four degrees 
when the last storm overtook them and compelled them 
to run to leeward. 

Thursday, the eighth of the said month, they departed 
from the islau<l of San Salvador, to stand in for the main
Ia.ud in search of the ot lier ship, and they proceeded to 
Pneblo de las Canoas and did not obtain news of the 
other ship; and here they took four Indians. 

The Friday following, on the ninth of the said month, 
they departed from rueblo de las Canoas and proceeded 
to the island of San Salrndor and found no signs of their 
consort. 

Snmlay, the eleventh of the said month, they came 
near the Puerto de San Miguel, neither did they find here 
their consort, nor any news of her; here they waited six 
clays; liere they took two boys to carry to New Spa.in for 
interpreters, and left certain ~ignals in case the other 
ship should appmach. 

Saturday, the seventeenth of the said month, they de
parted from the said Puerto de San Miguel; the follow
ing Sunrllly they arrive<l o1f the Bahia de San Mateo an<l 
found no signs of the other ship. 

Sunday, the eighteenth of tho sai<l month, in the even
fog, they departed from this bay of San Mateo, and tl1c 
Wednesday following, on tile twenty-first of the said 
month, they arriveu at Puerto de la Posesion, :mu still 
obtained no news of their consort ; they waited two days 
without entering the harbor, for they did not dare to 
enter it on account of the heavy northwest wind which 
blew, and, as they parted their cable, of necessity they 
got under way. 

Friday, ou the twenty-third of the said month, they 
dopartcd from Puerto de la. Posesion, and the following 
Saturday at midnight they arrived oft" Iala de Cedros, 
and being there the following Monday, the twenty-sixth 
of the sa.icl month, a.rrived the other ship off Isla de Ce
uros, at which they rejoiced much and gave many thanks 
to God; 
this sllip passed by La Isla. de J nan Rodriguez, at D]ght, 
passing through some breakers so that they thought they 
must be lost, and the mariners promised to go in proces
sion, naked to her church and our Lady delivered them. 
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anu (,bat night [of tlJe great storm] the ftag-ship disap. 
peareu; and in five days they ran two hundred leagues, 
with reefed foresail, and there was nothing more to eat, 
but rotten biscuit, and t,hey dealt ont one pournl per 
ration. 

Thursday, on the eighth of tl1e said month, they de
parted from El Puerto de San Sebastian, iu search of the 
other vessel, and the whole crew made their demands 
that they should return to New Spain, as we had noth
ing that we could eat ; an<l because this was in reason, 
they ordered the retnru, se1nching for their consort. 

and they found her hy chance at the Isla de Cedros, -
the twenty-sixth of said month: 

ULLOA AND VIZCAlNO. 
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mention of the dangers off the northwest shore of San 
Miguel Island. ) 

The ships arrive at El Puerto de Navidad, in New Spain, 
April H, 1543. 

"de letra del tiempo,'' i. e., in an old manuscript of that 
period. 

FERRELO. 

On Monday, the second day of the month of April, they 
departed from the Isla de Cedros on their return to New 
Spain, because they did 110t ha1·e a suppl.r of provisions 
to renew their attempt to discover the coast. They 
arrived in El Puerto de N .• vidad Saturday, tho fourteenth 
day the saitl month of April ll543]. . 

Came as Captain of the ships, Bartolome Ferrelo, Chief 
Pilot of the said ships, in default of Juan Rodriguez 
Cabrillo, who died iu Isla <le la Posesion. The men came 
in the said ships. 

(1) So in the original, without doubt by equivocation. 
(') He speaks of the port where they anchored in 

t\veuty-eight aegrees. 
( 3) An equal blank in the original. 
Foull{l without the name of the author, in the general 

archives of the Indias of Seville, in the writing of tho 
time, among the papers brought from Simancas. File 
nine of Descriptions and Populations. 

Examined and approved. 

MARTIN FERNANDEZ DE NAVARRETE. 

Tllere i~ another co1)Y of this narrative in the collection 
of Munoz, Vol. XXXVI, in which be in~erts after his cer
tificate of a.pproval: "At the head an<l on the cover of 
this narrative occurs three times, De Juau Paez." 

The differences which arc noticed between the present 
narrativeaml that one are: (') 3° and i; (")Nor nordesre 
suduestc; (")The last twc names are united thn~, Quan· 
mugua: (') Anacouc; (') Caacuc; (9) X11cu; (ID) Caco. 
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CABRILLO. 

aud Satnrda.v, on Hie fourteenth of April, the~- arrived at 
the Puerto de Navidad, of the return voyage, sadness, 
hecau<!C to have died in it their Captain Juan Rodriguez 
Cahrill<'>, of iuflrrnity, a good man, and very well versed 
in navigation; ancl for that of this coast these sailors said 
that large ships of two hundred tons are necessary, very 
fast, aml well provided with sails, rigging, and cables, 
and that the sails be from Castile, because those from 
this country, split every moment, and that they should 
take a large supply of i)rovisions: and that no Indians 
should go, because in the voyage they are of no use, and 
eat the provisions; and finally these vessels went as far 
a.• tlrn forty-four degrees. 

l'LLOA AND VIZCAl:NO. 
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The landfalls of Oabrillo (C.) anll Ferrero (F.), tcitli their names by Ulwa ( U.), 

~r I . Dates, . ; Natnt' of place by Cabrillo and I Latitude by Cabrillo I Names by Ulloa, Drake or Vizca}no. 
1542 1543. 1 Ferrclo. and Ferrelo. ' 

, ! I 
--------·-: - .. . •.... --------- ' . . ... I 

I {Jnne27,lf>42 .. }I. , , . 
I 1 I Ji,lP11c•rto£leNav1dat1 .......... C., F .....•...•...... ElPnertodelaNavidad, V ........ . 

Apr. 14, 1543 .. 

2 June 2'J, 1542 .•.. 1 EI Cnho de Corricntes ......... 20;10, C ........... .' .. El Caho <le Corrientes, V ..•••...... 

I 
:l Jnly2,1542 ....•. La Punta dtJ Californi» ........ 24"' "and more," C .....•......•...........••............. 
4 .............•.... El Puerto tlel Mani ues clel Valle ..... 1lo . • • • • . . . . . • • . . . La. Ilahla cle Santa. CruZi U .••• · •.... 

I El Puerto de la Cruz ............... clo .•............. 
r, ! Jnlr o, tr>4i .••••. El Puerto <le San LncaA ........ C.,F ................ i La Bal1la de San Bernabe, V ...... . 

u i .Julr K, J;,~:t ..... El I'11e1·10 t11• la Trinidad ...... . 

7 Lu Punta clu l:t Trinidad ...... . 

I 

:,i;,0 , .F .•.•....•••.... ! La Bahia de San Abad, U.; LnBah\a 

/ de Santa Marina, V. 
2JC, C., ~., - . __ .. - - . - ........ - - - - ............ - .. - - .• - .. - .. · - ..... .. ,July>', 1;)4:! ..... 

8 .July 8, 1;)4:l . Em~ Isla ..............•........ F ..•..........•.... 
!I ,July 1'.l, 1:,42 .... El P1iuto ;le San PNlro ........ 251°, F .............. El Puerto de la Magdalena, V .•.... 

10 

II .July-, 1;,4:1 .... 

La Bahia <le San ~fart in.... . . . . }' . . . . . . . . . . . . . . . . .• . La Bahl a de Santa Marta, V ..•.••. 

U.ua Gruu Ensf"natla. ···-~· --- 26°, F ......................................... ······-··· 

12 . Jnly l!,, 1'">4:! ..... El l'ucrto 1l1· la J\1agclale11;1. ... 
i "': ": ·: .· •.. ••. • • r . •• ··--·· • ·-- .. • •. • • • • •• • ••••• l:l July ·· ·, 1"4:! ..... La J•unta de Saul:L Catalina .... 

27tc, F ............. ·/ Lu BaLia de las BaUenns, V .•.•.... 
2i·i\-°, F .............. Abr;,ojo~, V.'s chart ............... . 
2"0 T.' 

;,o: ;. : I ;:~ ;;;;~;;;.;.;·,;;,;;.;.;:~:.-~::::::::I 
F .................. ·I······ .................... ······ ... .. 

l.t .July :C>, i;,42..... El l'1ll'rto d1• Santiago ....... .. 

15 July-. lfl4~L .... Hahre Ojo .. __ ------- _________ _ 

lti July-, 1542 ..... l'nnta ~~ Pnerto de Santa Aua .. 

17 .July-, 1;,42 ..... !Jna Isfota obra de nna IP1,"1rn de 

Tir~rra. 

El Puerto Fcm,.lo ...... . 

• Jnl~·:ll,15·hL .... [Anchotagt'] ...........•...... F ................... t ................................... . 

:!O Aug. 1, 154:!... El Puerto de Sau Pedro Viucula. 28~0 , "and more," F. ! El Puerto de San Bartolomb, V .•••. 

Ang._:2, lii42 ..... La fHla do San Est.,ban ........ F .................. 

1

i La Isla de Natividad de 'Nnestra 

Ang.~,IM·t ...... t"naEnsPnallaGranlle .......•. F ·····-···:·····--'· .•. ,~~~-~~a:.~: ....................... I 
i 
I 

. ' 

; ) Aug.;., I5·U ... ( I j 5 La Isla de los CedrOR, U.; Lalsla t 
:.!3 j? Mm-. :!ll,IM:I.. ~ La Isl:o '11· ZP<lros .............. 29", F ....••.....•... 1 ~ de Cerro~, V. _ $ 

! I I 
! I 

24 Aug.11, 154:! .... ·1' El J>nerto clc !,;ant a Cl:~m .. . .• . ;iuo, "scant," F .. ····) L·a Uah!a de San Hipolito, Y •••••.. 
25 Aug.Jf,,1542 ....... LaPnuta<leJllalAbrijo ....... 80iO)F ........................ : ........................................................... .. 

26 Aug.19, 1542. ····1 La J11la de San Benumlo ....•.. 3010, F ....•..••••... / La Isla de San Geronymo, V .•.•.... 

27 Ang. 20, 1[>42 ..... 

1 
E1 Calw de! E11gaiio . . . . . . . . .• . :uo, c .............. · 1 F.I CallO del £ngaiio, 3()0, U ....•... 

La Punta de! F.ngano ....•..... , :Ho,}' .................. _ .. do ........••.•.•••••.•..•..•• 
· 5 Aug. 21, 1;14:.! .. ~I j 

28 l "l·i• ,,1 1~4 ., El Puerto de lu PoMesion . . . . . . . :11~0, F ....••....•... 
1 

La Balda de la~ Virginee, V .....•.•• 
j D'.&.111 .... t ;) ..... l l 
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D~·ake (lJ.), mul Vizcaino ( V.), and tire present names and latitudes. 

Present name of the place. IL t't <l \ Correction to C., F., I I a 1 n e. or D. \ Remarks. 

i---! 

I 
'No.! 

I ------1 I I • 
P-o-r:-N-a.-vi-~ad-. -.. -.---.-.. -.-.---.-. -•• -.-.---. r--1-~-;-3 I ......... _ ............ -.. -.--~-- -~----- ................ _ .... ·- .. __ ..... _ 

1 

Cape Corri en tea .. _ •.•....•..••. 

Cape Pulmo .........•....••.... 

_Anchorage un1ler Cape Pulmo ... 

San Lnc:\H Bay .•.. - .•.......... 

Santa Ma.rina Hay ............. . 

Cape To!!CO. _ •• _ . _ •••• ___ . __ . __ 

Santa Margarita Isla,nd ....• .- .. . 

Ma-gdalemi lhy ............... , . 

Santa Mari11 B:iy ...••.......... 

Peqrwiu Bay :tntl. Point. •....... 

Sau Domingo Point and Anchor-

age. 

Ballena~ lfay .. : . . . .•.......... 

Abreojos Rocks ....•....•.....•. 

Asuncion Point and Anchorage .. 

Itilaml of S rn Roque ........... . 

'J'able-IIearl Con,, or San Pablo 

!lay. 

Bay of San Cristoval. .......... . 

Port Sau Bartolome ..•.......... 

Nati\·idad Island ........••..•.. 

Sebastian VizN1'1t10 Bay ....... .. 

c..,rr()S Island ............••....• 

La Playa Marin Bay •.•.....••.• 

Point Canoaa .•••••••....•..•••• 

&n Ger6nim-0 Island ••••..•...•. 
PointB~a .•••...•..•.......... 
..•••• do •...•.•••••••••.•..••.. 

P1•rt San Quentin ...•.•...•...•. 

20"2'> 1-05' ............... . It is more than prol.iablo tllat Cabrillo 

assumed tile latitude as gi ... en b~· previous 

navigators. 

2;l 23 

23 23 

--37' "and more," C .................................... -- . -- . --

-37' "and more,'' C. 

Ca\Jrillo did not observe tile latitude. 

J "They say it is in latitude 23°," F. 
"4 20 4()' l•' ! . 

:4 17 =43': C ... -~,-~: :.·: ::: :1 ·,~.·::·8·~~ :.~-i~~-~f: ~-:~:~·::a~~~:i~~- ~~J~~.-1: .. 

:i 
4 

G 

_, 
'I 
81 
9' 

2.t 17

1 

.... -·-··· .... ---· .... I The island is2:2 miles Joug ............... . 

24 32 -58', 1" ·····-· ··--··\-----· ····-· ·-·· .. ; ••..••••••••••. ·••··· •... 

. . . -~~ -~~·1:::: ::::: :: : :: : :: : : :: :1-~~e·;~ ;; ;:; ~-,;;f·;· ;:1~; ~;i·e· ~~;,:;;~;I· ~~l~-l~- ~~- ~~ 
j Cape Lazaro slightly rccetles, anti would 

I 
nii6lea1l a navigator in a small ,-essel in 

tbe offing. 
26 141-41\' C., F .......... Ferrelosays: "It.is40leagncsfromtlleBay 

of Sau Martin tot.his coast." 

bl 

26 w 1 ... _ ..... _ . _ .... _ . ___ · I· . _ ... _ . _ .......... _ ............. _ .......... 
1 

i:i 

I ! 

~ :: = !~: ~: ::: : :: : : :: : : :: 1-~-~~~l~~~~~S·;~~;~;·;j~;~~~ ~~~ ~·U·I;~~~· ;~~~::! ~: 
21 07 -53'F .............. ! .... ···--- ··--·· ......................... -. .. 16 

27 09 -5FF ............ ··I Ulloa saw tile two isla.ndi,i, Asuncion and 

\ Sau Ro<pte. 

17 

27 11 -... ---. -.... -. ---.. -- ·- .. - . ·- .... ; .- . -..... -.. --... ---... --.. - ----- . l~ 

19 
27 39 -51' "and more," F. ···-···· .. ..•. .. ...... .. .. .. .. ..•• .••••. .. 20 

27 53 . •.. . . . . . . . . . . . . . . . . The Afegua, or Bird Island of Father Tara- 21 

va.l, l/J4. 
. :!7 45 

to 
28 3;; 

-38'1" ........ ··-··· 

This is tbe Gulf of Sau Xavier, of Father 22 

Taraval. It is 50 by 60 miles in extent. 

f They a11chore1l under the south shore. ) 

{ This i11 the Amalgua, or Fog Island, of ; 2:3 

l Father Taravul, 1734. J 

28 oo -6G' ""cant·," P .... They anchored here ••• - ••.............•...• 24 

29 25 -66'F ...•............••.. do ......••......•..•••............... 25 

29 48 -42'F ...•.....•...•.•.•.. do ................................... 26 

29 56 -64'C .•.......•....••••........................................ 27 
29 56 -64' ~'-··· .... ·- .......•................. ·-·. ... .... ...... •. . ... • 

I I 
30 24

1
-oo· F .........•...• :··· -····· .......•.... ······-···············! ~ l 
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The landfalls of Ca/Jrillo.(C.) and FerrclO (F.), with their names by Ulloa ( U.), 

=-==-=-=-=-=~=-===========---~·~=====;================~==-==============~ 

Name of pla!'e by Cubrillo uud I J,atitm1c by Cabrillo I ~--· --:-U_l_l ___ D k v· ··' 
;No. Dates, 

1542, 1543. Ferr~fo. ·! and F~rr<'lo. I ames y oa, ra -e, or izewno. 

~0- ~ug,-3-0,-1-&-42-.-- ... -La Isl::lc San Augu~~t~:-_~ 11 F ... -... -- . - - . -- .. -1-=~~::~:eu~:a~ V. 

San Hilario, V. 
La Isla de 

::o Sept. 4, 1&42 .••.. [ Auchorage, 7 leagues from San / 1« . . . - .... - - - ..... _. 

Augustin.] 

: :n Sept. 8, 1&42 .•... El Caho tlc San Martin ........ _ ~l2ic, F ............. . 

' :12 i Sept. ll, 1542 .. . 

~~]~~~:;:: )~~~~~:~:::::: :: : ::: : !;~: -~:: :: : : : :: ::_: :: :1: :: : ::: :~::: ::: ::::: ~:: ::: : :: : :: ~::: I Sept. 11, 1542 .. . 

:l:J t Sept. 11, 1542 ... . 

El Puerto <le San Mateo....... 3:q0 , F ............. ·I La Ensenada de Todos Santos, V. { , . ~Sept. 17, 1542. } .a. 
· ; Mar. ltl, 154:L : 

Las I~l:ts Desintas .. _ ..... -·. 34°, F .............. -1 Las Islas de los Coronados, Y.; Las 

1 
Islas de San Martin, Y.'s chart. 

i :~o 1 Sept. 26, 27, 154~. i 
' ! 

.,' 
3

t! : 5 Sept. 2R, lf>4·.L ( u 1 \. El Pnerto tlc Snn .Miguel ..... . 
c Mar. 11, l!i43. i 

I 

: 37 Oct. 7, 1542 ...... i La Isla tlo San Salvador ...... . 

: 38 Oct. 7, 11">42..... La, blade la Vittoria ...•.. _ .. . 

I rEl Puerto de San Diego, V.; Elj 
34-P, }<' __ -·· •••••• __ • ') Puerto Bueno de San Diego, V.'sJ' 

l chart. 

1'' .•• _. .. . • . . . . . . . • • . La Isla de Santa Cathaliua, V ...... i 

1'' ....... ·•·••· .................. ··-··· .................. j 

: : :: :: ::: : : ~;:;::~~ ;?::F. ::: ~o::'.'::: : : : : ] ::: ::::: ::::::_ :_: ::: : ::: : :: 
S Oct. 10, 154:2. •. Los Pueblos de las Canoas . .. . . 35!0 , C .............. [ ................................... . 

~Mar. B,1543 ... ElPueblodelasCauoas ........ 351;0 ,F ...•......... J ................................. .. 
I 

: 41 

42 Oct.13,1542 .... [Anchorage] •................. F ................... 
1 
•••••••••••••••••••• , ••••••••••••••• 

43 Oct. 14, 1542 .••.. [Anchomge] .................. F ·······-···-·······!···········-·· ..................... . 
1 41 Oct. 1!5, 1'142 .••. [Anchor1tge] ···--·······-····· }' ................... ; ..••......•........ : ........... ... . 

I 

45 Oct.16, 1&42 .... I [Anchorage] ................. !<' ---·············---1---················-····-··--·-·· 
! ! 

I • 

46 Oct. 17, 1542 ..... 
1 ~~;.~::;0g=~ ;~~-~~;~;~~~.::~:: ~: ::: : : ::::: :::: ::::1···· ................. _ .............. , 

47 
Nov. 

2
-6, 

1542
. { Los Pueblos de las Sardinas .... F ..........•........ 

1

1} ···-·· ...... ······ ... ·- . ····· .. t 
Feb. 12-14, 1543 •. El Puerto de las Sardinas .•.... 3:\i-o, F ...................... __ .... __ ................... . 

48 Nov. 1, 1542 •.••. El Puerto de TodosSantos ...... F ....................................................... · 

! I I 
49 ·······---- .••••. EIPueblodeXexo ........•.... j F ....................................................... 1 

50 
Oct. 

18 1542
_ .. { El Cabo de la Galera .......... I 3:;go, C ...................... _ .....••.... _ .........•••. ~I 

' El Cal.JD de Galera ............. 350 "and more," F .. _ .............. _ ... __ .••.......•... S 
r.i Oct. tr., 1542 ..... La Isla de San Lncas .......... , F ....................................... ·--· ...... ··-···i 

I I . 
f>2 ()et, 18, 1542. ····I Las Islas tl" San Lucas ......... 

1

1 C., F .................................................... 1 
I I 

I 
f>3 ()et. 25, 1~2 ..... \ La Isla <le la Po~sion ...... ····\ C., F ................ 

1 

La Isla de Daxos,V ·--·-· .•••..•••. 

/Dec.-, 1542 ••••• ) Lalsla<lcP~Bion .•.••....... j }" ................... , ................................... . 
54 1 Dec.-, 1542. .•• . Una flo !us l•las cfo San Lucas .. 1 C ........ _ •••...••....••••••••••••••••••••••.•••••..•••. 
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Drake (D.), and Vizcaino ( V.), and tlie present names and latitudes-Contiuued. 

---P-re:~_t_n_a:e of_t_h_e_p_l_•:·_ l'_,a_t_itu~~ :_o-rr-ectii: J~_ ~ F.,. Remarks. .. ___ H 
i 0 I \ 

San Martin falaml ..•... - .•...•. , 30 :ill ..•. - .......••..•. -- •. 
1 
.......... -- ....•. ---- ......... · ·· •••· ·· · ••· 2!l 

San Ramon B:ty .....•.• _ .... - . · I ;io 49 .. _ .................. _ [ _... . . . . . . . . . • ...••••.•...•.••......... _... 30 

Point Sunto Tomas, or Cape l-ian I 
Tomas. I 

~r_a:~_r;0~oi~1-t~-~r-~-~~~~- ~~~~~:::I 
The Todos Santos Islands ..•..•. 

The Ensenada in Todos Santos ~ j 
Bay. 51 

Los Coronados Jslands ..... - - ... 1 

i 
I 

San Diego llay .......••........ ! 
I 

31 33 

31 45 
31 45 
:n 48 

:n 51 

Santa Catalina Island.-····· ····I 3:l 27 
San Clemente Island ............ ! 32 49 

Santa Monica Bay ............ --1 34 00 

··----do .................... -··· i ...... ... . 

-57' }..., . ·-·--· ........ .. 'I'he ancl10rage under tho cape...... . . . . . . . . 31 

-7&' C ..•.......•.. Distance f1om Cape San Martin, 4 leagues .. 32 

-75' F ............ . 
:i:s 

~ ~-~,-~-:: ::: :: :: :: : :1 ~-~D-~~~;~~~-j-~ ~;I~ ~l~~~~~~-s~,-~~~;-~; :;~{~~~·} ;J
4 

! ~ Santos llay. 
- 95' F ..•.......... , .... - ...........................•.......... - 3;-, 

, , I ~ He has one of the largest errors in the } I , 1 

-lOOF ..........•. \ k 

1

36 
c best- ·nown port. 

. . . . . . . . . . . . • . . . . . . . . . At the great depression across the island.... 37 

. . . . • . . . . . . . . . . • . . .. . . At the southeast head . . . . . . . . . . .. . . . . . . . . . 38 

-60' F ................................................... · ... 39 

::~:~::a::t:~a~~~~-~~~~~~~:I : ~~ -~·~;,·~-: ::::: :: : :: : :I:::::·.::·.::::·.::::::::.:::::::::::::::::::: 40 
41 

·-·-··do ...•................... '
1 

34 17 I -63' }' ....... ······I 
Anchorage off•· the Rincon".... 34 22 ··················-·-·'····-········-·············· .............••. 
Anchorage off" tlrnCarpinteria" .j 34 24 • • • • . . •• . . . • ••• . . • • • . A faw miles east of Sant a Barbara ........ . 
Anchorage 4 or G miles west of i 34 25 

•12 I 

43 i 

44 i 
i Goleta Point. 

1
, 

Anchorage off the C&fiada del i 4::. I 34 27 

-~::~: :::::: ::::::::::r::::::::::: :::: :::::: :::::::::: :::::.·::::: Refugio. i 
• I 

; 

l 
4-nchorage oft Gaviota Pass ..... f 

I 
'fhe Indian Villages at Gaviota 

1 i 

34 27 4G; 

Pass. ~ 
34 28 ........•.....•......• Ferrclo says the Iudian uamo was Cicacut .. 4i ! 

Anchorage off Gaviota Pass ..•.. 

Anchorage off El Coxo ..••...... : 

'1 

Indian Village at El Coxo •.••••. ! 

34 27 

34 2tl 

34 29 

-73'F ·············! 
...•.................. l Tllere are two Coxos. The Coxo Viejo is one 

j mile east of the usual anchorage El Coxo. 

.•.•.•••••.•.......... , ............................................ 49 

PointConcepcion,orPointCon- t 34 27 -12.31 C ...... ······1) La.Punta<lelaCoucepciou of recent Spun-~ 
50 

e~ptioo. 5 342_7 -93'"audmore,"F. t isbnavigatorn. S 
The three islands, Santa Cruz, ...............••...•. i They overlap each other, and were 8eeu ns ;;1 

Santa Rosa, and San Mignl'l. ! ono great island. 

San "Miguel, and then Santa Cruz _ .• ~- •.......•...........••..... ; One farge-Santa Cruz and Santa Rosa-and 52 

and Santa Resa as one. / ' one small, which was Sau Miguel. 

San Miguellsland •.•••••••••.•. J 34 03 j ..•.................... \ Ferrelo says the Indian name was Ci qui- r.3 

i \ muymn . 

•••••• do ....................... /·-········l······················I I', 
•••••• do .•..•.••••••••••••••••• f •••••••••• ' .. ··-·············· ···-!-----· ...................................... .,4 

i 
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The landfall.~ of ()nbrillo (C.) and Ferrelo (F.), u:W• tlteir names by Ulloa (CT.), 

- - - - - -----~·--------------------- -

I , , I 
1No.! 

I 

DateR, 
1542, t:.ia 

: Nanu• of plaec l1y Cul1ri11o and 
Fe-rrt>lo. 

L.ititmle by Cabrillo 
1
1' Names l1v Ulloa Drak•• or Viz('alno .. 

1 

and J<'erre!o. • ' ' : 

I 1- -~----- --~· -----
1 

' ._ 

1

1 S Jau. :l, 1C>4:l. .. l 
oh._l l \ 

1 
Mar. 5, lf>43 ... ~ 

ftli I Oct.\!~•. li142 ... . 

La Isla tll• .I uau ltourigttcz .... 

El l'11Prto 111· ln Posesiou ....... C., !-' ............... . 

F .................. . 

F.'s consort. 

I \ "( - o) I 5d : Jan. :.:.1, la-I.,. La fala <le San Lucas F .... __ ..... -· ...... La. fala de Cleto, V .. _ .... - . -· .. _. __ 

.. r.o ! M r. l" "' I I l l S " l t· , vv j ar.->, <>~•'- ..... ' .a "" ('•.!Ill ~e l:tS ,l!lU ...... F.'s co1v-1ort. ___ -- __ ... 

: 60 ! I Jan. W, i;,4;: .. ~, 
, \ La Isla ill' Sa11 Sa!1":11lor ...... 
! < Feli.14,1543 .. 

F ..... -- La Isla do San Amhros10, V . 

j 61 Ko,·. ll, 1;'">4:! ... _ .1 bl Rio dt· .:\'111•...;tra ~1·fiora ·-. ·-· 
i i 

c ....... 
' 

6:! ]I;'"" 11, J.'i42..... L:i" Si<'rra~ 1le San Marti'.l :S7t0 ,c., 1" ............. LaSierratlotia.nta.I.ncia. V ...... . 

1'\o,-. 11, 1;'.4:! .... '. El Calio tie Sau :Martit1 ...... 

Nov. ll, 1·.,, li">B:! •. J El Caho <le San hfart.in 

:kl'-',F .......... . 

37-P,F ·--· -- ...... . 

fi5 Nov.li-l, 1;'14:.!.... El Cnl>o •le l\iHe .............. 2ei-0,c, F ....... _ .. 

I u6 
I 

I 
I m 

Nov. lr:\1 1"4i.... (De las Sierra~ Xt\·acla") ....... F ................. . 

(Nov. Hl, 1'>42 .... L1• Balatle Pino~ .............. C .............. . 
J 

LKo'" W. J;"i4:.!... L11 Bahla c!P lo>< Pinos ......... :V.i'"'aU<l mor~," l•' .. 

La l'nnta Ile Pino:s, V ........... _ .. . 

Port us Novw Albionis, a~0 , D .•..... 

fi8 [Nov.H, 1:,.11 -·· 

l l'eh. ~" ~;,,l:l.. ( 
Mar. 3, 1"43 ... ~ 

El Caho ti<" l'ino' ............ . 4t/-1 '' autl inor·e," U ..... : .............. ......................... . 
I 

El C:.1>0 de l'inos ... _ 40°,1". __ ,. __ ...... .. 

00 Ft>h.l!c-,1513 ...•. 
1 

Apoiut,&<· ··-·····--····--·· F ..................................................... . 
i 

70 Feh. 2fj, 1"43 ..... El C>LIJO clo Fol'luua~ ........... : 410, C .............. . 

I 
_J _____ -- ----·-------------'--;---"---_,__-
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·====-=======================~~~~==--=-=-~-~-------.---=-~---=c-

P nt Ila e fthe l L~t·t d Correction to C., F., R··ni,•i·ks. i,.. ! l 
i I 

rese m o p ace. .. ·I n e. or D. c " I '"' 0 • 1 

·-·---------r 0 , , - !-'
1

1 

1 ••• _ •• __ • _ •••••• _ •• _ •• i 5 80 nallle<l l>y Ferrelo to commcnwrate Ca- i I 55 San Mignel Island · · • • • · · · · • · - · 1 · - - - - - · · · · ! ~ l>rillo's <lea th on the island. S I I 
Cnyler's Harbor ......... ··-·-·' 34 03 ·----- ............ , ... ! Cahrillo antl Fcrrolowiutered here in 1['42-156 

1 \ I 1543; itisontheuortbshoreofSanMiguel, 

Wilson Rock, &c ....•.....••. _ .1 :l4 06,t ........ _ •• - . . . . • • . . . . . T::11~~~s and reefs off the north west shores I f>7 

I 
of San llfigncl foland. 1 

Santa Rosalsla.nd. .... .... .... 33 57 ...•.................. Ferrelo says the Indian name was Nicalque.i 58 

·····.do ••· • •• ...................... · ... ~ · 1 · ..................... ~-. ~:e~~~~~ ·s;L;·s· ~~~-~~<~~~::1;~1~;~ ~~·t·;~ ~:1;~,~ -~·I :,,
0

9 

Santa Cruz Islan<l ......... - - .. .!4 0. 1· · · · · · · · · · · · ·· · · · ·· · · " was Lirnu or Limun. 

LaPnrisima,orSanta Ynez River.! :!4 42 . •• . . . . . . . . . . . . . . . . . Cahrillo and Ferrelo did not. see it. The~' Gl 

Siflrra Santa Lucia ........... . I -E,i 1 C., }~ ____ -----· 

learned of ii s existence north of Point 

Concepcion from Indian information whcu 
in the Santa Barl>um Channel. 

This mountain range is 50 miles long anti 

overhangs the coast line. The culminat· 
ing point is l\Iount Santa Lucia, 6,000 feet J 

ele,·atiou aiul 12 miles inside the shore. I 

~~:~:~:o;~~~~:~~~:~:::~: ::::\ ~~ ~: =:: ~:: :::: :::: :::: ·;~~~~i~l:~ ;~·;,~~~-;~e·t:-~1~~-;l;~ ~i~·t:~·;;;~· ~! 1, 

I 
miles inland. 

Black Mountain .....••.....••. 

1 

;37 09 I' -91' F.... .. ..•. ... The mountain mass 13 miles behrnd Point G5 I 
Ano Nuevo. I 

The Sauta Cruz Mountains ..••• ! .......... i ... . .. . . . . . . . . . . . . .. . . Embracing Black Mountain .•.......•....... C.6 ') 
Anchorage in Drake's Bay ...... 1

1 

:\8001-001 D ............. The northern part of the Gulf of the Faral-1 G7 

loncs. · I , 
Drake's Bay, or the Gnlf of the I 38 00 

1

1 -60' F .• . . . . .•. . .•.. "A great gulf," Cahrillo (Una Enseuaila. i I' 

Faral!ones. • Grande.) 1 · I 

The Northwest Cape I 3"' 31 1-89' '· nud more" C l j I .. - ..•... - . · • The ·mountain mass just cast of Fort Uoss ' I I 
} anchorage, and reaching 2,200 feet ele- > 68 j 
I t· I ; 

...... do ..•. - . • . • . •• • . . . . . . . . . . 38 31 - B!l' J<' ••• - •••••••••• J va ton. . J i I 
Point Arena................... 38 57 ... . . .. . .. . .. . .... ••.. La Punht do Arena of lator Spanish navig:i- I 69 i 

tors. . I I 
King Peak, behind Pnnta Del

gada. 
40 00 - GO' C ... - . . . . . . . . . . The mountain mal!S northward of Shelter l 70 Ji 

'Cove, with King Peak only 10 miles in- J : 

' I lo.nd and 4,235 feet elevation, as the cul- i j 

. j 
--'--~~~~~~~~~~--~--~--

minating point. 
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INDEX TO APPENDIX NO. 7-1886. 

PREFATORY :KOTE. 

In consulting this index. and the :paper to which it relates, it will be of much advantage to refer to the map 
(Illustration No. 18) which Assistant Davidson has prepared to show the lamlfalls of Calnillo and Ferrelo on the 
Pacific coast. 

The several iteIDs of nomenclature aucl other references, embracing all appearing in the original paper, am herein 
indexed in groups, under the following headings, for convenience in collating the descriptions; but for a condensed 
statement of the names and po<;itions of tho places mentioned by Cabrillo and Ferrelo, and which have been identi· 
:tied by Assistant Davidson, sec his table, pp. 242-247. 

AUTIIOlUTIES AND PUBLICATIONS CO:l'SULTED OR REF.El!RED TU. 

DISCOVERERS .U."D EXI'LORERS. 

HAllDOUS (PORTS) .A..1\'D ANCllOHAGES, BAYS, CHANNELS, COVES, Gt:LFS, LAGOOJ\'S, STRAITS. 

HEADLANDS: CAPES, POINTS, BLUFFS. 

ISLANDS, REEFS, AND ROCKS. 

Mou::sTA.INS AND MOU:STAIN HANGEB (SIERI:All), TABLE-LA1'I>S (MY.SAS). 

RIVERS AND STREA::llS. 

SETTLEMENTS: INDIAN VILUGES (I'lcEBLOS). 

MISCELLANEOl"S NOTICES. 

AUTHORITIES AND PUBLICATIQNS CONSULTED on Ih:
FERRED TO. 

[For the full titles of the principa.I publication• name<l in the intro· 
duction, see pp.150, 157, 158.] 
Burney: "Chronological History of Voyag~"' and Di•coveries in the 

South Soo or P'1cific Ocean." 
Cabrlllo: In tbe original Spanish in Herrem, &:c., and in Evans' 

(and Ilmshaw's) translation. 
U nitcd States Coast and Geodetic Survey Charts. 
United States Co1>St Pilot of California, Oregon, and Wa.•hington. 

Fourth edition. 1ly George Davidson, Assistant, U11itcd Staiea 
Coo.st and Goodctic Sur.-ey, 1886. 

Drake: "The English Hero, &c." Edition of 1739. 
Drake: "The World Encompassed, &c." Hakluyt Society, l&"i4. 
Ferrelo: In the original Spanish, and in EYans' (and Ilensbaw'•) 

transfation. 
United States War Department: Gco,:raphieal Snn·e;" West of the 

ono hundredth Meritlfan, Vol. VII. 
Haklnyt: "Voyages, &c.," Vol. lli. 
Henshaw: Iotrodnction to Evan•' tranolation of <li01ie• of Cabrillo 

and Ferrelo. 
HeM'flm: "Historia General. &c.," fur Yoyages of Uahrillo. 
Hondlus' Map of Drake's Voyage. (Sec under Drake.) 
Hydrogr&phicBnreauoftho Unite1l States.Navy; tlescriptionofthe 

n West Coast of Meifoo1 &.c. 11 

Kohl: Hi.story of Dlsoovsry aml Exploratioll on the Coasts of the 
United Statea. In Report of Superintendent Unite<l Stutes Coast 
and Geoiletic Survey for 188~. 

:M:nnoz: Narrative of Ferrelo's Voyages. See p. 240 of this paper. 
Navarrete: Narmtivoof Ferrelo's Voya.ges. t'ee p. 240 ofthls paper. 
Ramualo: Account (in It.a.Jinn) cf Voyages of Ulloa, &c., and English 

tr:msl&tion in Hakluyt. 
Tebenkolf: Hydrographiodescription (Atlae, 1811l). Seepp.184, 200 

of this paper. 
Torquemada: H,rdrographicdeacription. Seepp. liS, 182, lS&ofthia 

paper. 
Ullo&: In RalDW!lo (81!9 ab<>vo), and translation into English in Hall. 

luyt. 
Veuegaa: "Noticia de la California, &tc.," t.be original nsed for Viz. 

ealno'e Voyaiies. 
Vlsealn<>: In Venegae (original), and Vlzealno's chart of the cout, 

1111 e:sldbtt.ecl iD Blmley'B vo)mnea, J>art ll (800 llbOVe). 

D1scov~;1rnRS AND EXPLORERS. 

[Namf8 to be found generally throughout tbis paper for the penotl 
in question~* For those casually allntled to, see pa.gee a.sunder,] 

Pa~r. 
1leechey ................ . :.... ...... ....... ••. ........... .•. 214 
Cahrillo ..................................................... (') 
Cook........................................................ 155 
Cortes ................................................... 156, 157, HlO 
Da.-idson. ......... .. ..... . . ... ................. .... ......... (') 
Drake ....................... 155, 156, 157, 158, 214, 216, 218,21!l, 246, 247 
Ferrelo .......................................... ···•··· •. . ('l 
Scammon .... . .. .. . ........................................ 170, lSG 
Tara'\ .. el .................................................. l~, 1761 J~ 104 
Ulloa ....................................................... (') 
Vancouver ................................................................. l:..5, 184-, 19~ 
Vizcalno ............................................ · · ·· · · · · (') 

HAnnons (POllTS) AND ANCHORAGES, BAYS, CHANNEL!', 

COYES, GULPS, LAGOO:VS, STRAITS. 

.Abad, Bahia de San ...................................... 164, 16:;, 24~ 
.Ana, Puerto de Santa .................. _ ........ _....... . .. . 170 
.Anchorage at Asuncion Point ...... ... . .. . • ... ...................... 243 

in Bay of San CristovaL ........................ 242, 243 
oft' the Camuladel P..efugio ...................... ~H. 245 
under Cape Pnlmo.............................. 243 
oft' tho Carpinteri1> .••..• ·. _ ...................... 2l4, 245 
in Drake·s Day .. ..... . .... • • • . . . .. .. . . . . . .. . . . . 247 
ofi'ElCoxo ..................................... 245 
oft' Fort Ross.................................... 247 
off Gm·iota Pass .......................... - ..••. 244, 245 
west of Go'.eta Point ........... _. . . . . .. . . .. . .. • 245 
off the Rincon .................. ················- 244, 245 

(For otber anchoragtis, oee the condensed tahlo.) 
B..lle11411, Bahia de las . ·--- .............................. 16>l, JGO, 242 
Dallenas BILy (near Drake'& Bay, called after Volanos (Bola-

nos), Vizcrdno'a pilot)..................................... 218 
Bartolome, Puerto de Sau ................................ 172, 173, 242 
Bay of San Cristova.l.. ........ , .................. - ........... 112, 243 
:Bay of San Quentin ........................... - ....... -· .. . . 186 
Bay of the Virgin!I....................................... •. . 182 
Deoher'a B•Y (on Santa Rosll Island)._.... • ..... - • . .. • .. • .. 2'8 
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Piige. 
Dering Straits............................................................. 157 
Bernnb<l. Bahia de San ................................... 162, 163, 2H 
Black Warrior Lagoon...................................... 176 
Blanco ll•y • • • • • • . • . . . • . .• • • . . . . • .. •• . . . • . . • • . . • . . .. . . . . . •• • 178 
Borle~a Day ......................................................... --- 220 
Canad.> del Refllgio ...................................... 201, ~H, 245 
Canal de Santa .Barbara (Santa Barbara Channel) ........ 19~, 200, 20l 
Canoas, Puerto d6 las....................................... 2:J8 
Carmel Bay................................................. 220 
Chctko Day (au anchorage of Drake)........................... 2:~2 

Cbristovnl. Bahia de San ................................. 166, 167, 242 
Cla.ra,. Puerto tle Santa .................................................. 170, ~4:.! 
Colnett Bay .............................................. - . . l&l 
Crescent City Ilarbor. .... .. . .. . ...... .••.... ...•. .•.• ...... 232 
Cruz, !labia do Santa ..................................... 160, 161, 242 
Cruz, Puerto do Ia (ot· do Sunta) ........................ 160, lGI, 243 
Cuyler's Ilarbor (on San Miguel Island) ......... 206, 226, 2:lti, Zl8, 247 
Descans<> Day............................................... 192 
Die;iro1 rne1to Bueno lie San (or El Bueno Puerto) .. l 1931 193, l!J4, 
Diego, Puerto do San(= Pul'!rto ilo San :Mignel) ._ S 1'05, 2:18. 24A, 24:; 

· Domingor Uoca do San......... ............................ 1!16 
Drake's Ilay (Ponns No•ru Albionis) ..•. 156, ~u. 21G, 218, 219, 2~~. 247 
Drake's La;:;oon (or Esre-ro df' Limanconrt). -...•........ 2ll, 21ti, 218 
Enoeiiad:. Gran.le (of Ferre lo). (Gulf of San Xavier of Tar-

uvcl), (Hay or Gulf of Seba.stian Vizcaino) ......... 176, 194, 2421 24a 
.Estero.A.rncricano-(iu Hmlega Ila.r) .•.•.•...•.............. 220 
Estero d~ Limaucontt (or Drake's Lagoon) .•••.•........ 214, 21G, 218 
Esteros Ilay ................................................ 210, 211 
Fal~e Bay (sco Sau Dit1go llny) .....•.......•....•........... J02, 104 
False Ilay (near 1\laria Point)............................... 178 
I•'aldQ1 Puerto (north of San Diego Day).................... l!Jt 
I•'arallones, EnReiiada tie los (of later Spanish anthoriti"").. 214, 

!N6,24l 
l'ara!loue•, Gulf of the {U. S. C<>ast and Ge<>detic Survey), 

'.!14, 22:!, 246, 247 
Fon11o, l'uerto •.•••••.••.......••• --·-. - .••••...•....••.••.. li2'1 212 
}'ort Ross Cove ...... ·-··---·--·---·---· ----·-········--···- ~:!1 228 
Francisco, Puerto de San {of Vizcaino; and Dn1ke'a B.ay) ... 214, 215 

218, 219, 246, 247 
Fuegos, Bahia do lotL ......................................... 190, 244 
1''11mos. Bahia cle los .•.....•...••..• - ................... 191, 196, 244 
Ga\"iota. I>au .................................................. 204. 208 
Golden GJite ...•• ~.......................................... 218 

Gulf of the l<'arallonra (of tho U.S. Uoaot and Geodetic Sur-
vey) ............................................... 2l4,222,21G,247 

~:!~1~0~~-~~~::: :: : :::·. :: :: : ~: :::: ~::: :: ·. :: :: :: :: : : : : : : : :: ~~~ 
Hipolito, Rabiade Sau ........................... 170, 17!, 17~. 179, 242 
Hnmbo!clt Day............................................... 230 
IoladeSanSalvo.dor, l'nertodela .......................... 236 
Laguna Mngu ..•..•..•• ·-- ••...............••••......... 106, 244, 245 
Lo.Playa Maria Ray ........................................ 178,243 
LnCJIS, Puerto de San .•••••••••.•.•••.••.••••.. -· ........... 16~, 243 
Magda.leun, Bahia (orPncrto) dela. ...................... : .. 164,2i2 
Magdalena Bay •. - ................... - •.....•••••••.•.•.. 16', 166, 243 
Magdalena. Puerto (or Bahia) de la. ......................... 161,242 
Monsanill'~ harbor of....................................... HO 
Marlon, Bahia de Santa ..................................... JCS, 242 
.Marques <lei Valle (title of Cortes), Puerto del. ..•...••. 160, WI, 242 
Marta. D:ihia de Santa ......... _. •. ··-·-· •••••• ····--· ....... 1D5, 242 
Martin, llahiade Sau ..••....••.•.••...•.•...•.•...•• 164, 165, 166, 243 
Mat.eo, Bahia de San........................................ 238 
Mateo, Puerto do San .•.•.• ·-···- •••••• ---·-· •.••••.•••.• 100, 1!12, 244 
Mazatlan, hnborof ·····-········-············-············ 161 
Miguel, P"ort<> de San (San Diego Bay) ................. 192, 238, 2H 
lifontel'<'y ll•rlior...................................... ..... 212 
Monte-Rey, Puerfo·de ....................................... 212, 213 
Morro Bav .................................................. 210.211 
Na,idad l'ort ........•. ··-·-· ··-··- .•.••••••.•. .•.... .•.••.. 243 
Navldad, Puerto de (of Cabrilloand Forrelo) ..•...• · j 15i, JOO, 
Navidad, Puerto de la (of Vizcalr:10) .••.. ..••• •••••. Ull, 240, 241, 242 
No'"Rl Alblonis Portus ........................... IM,2!4, 2UI, 24fl, 241 
Ona, La l!abia (aolTtlptlo11 of La Ballona) .•.••.• ••. ..•. .•••. 196 
'Paz, Puerto de la........................................... 160 
Pedro, Pnert<>d<> San .................................... 104,242 
Pedro Vh1enla (Pnerro rle !'au) ............................. 172, 242 
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Pelican Bay ................... - • - ........................... 232, 234 
Pcqucilailay .•.........••.••.•••••.•...•.•.•.••••.•.••••. 154, 166. 243 
Pinos. Ilahia, or Baia, de los (Gulf of th~ Farallones) .. 222, 223, 246, 247 
Port Navidad ............................................... Jlitl,243 
Port Or.ford ...... ____ .. ---- ... __ --- ..•..... ------ ·-· --- _ .. _. 232 
Port Sun Bartolome ...................................... 173, 178, 24J 
Port San Quentin .................................... 181, 18~. 238, 243 
I'ortus No•ru Albion ts ........................... 156, 214, 216,240, ~47 
Po•esivn. Puerto 1le b (on Sau :Miguel Island, now Cuyler'• 

Ilarhor ........................................ 206, 207, 220, 246. 2H 
Po~c•ion, Puerto de la (now called Port San Quentin) . . . . 184. 186. 

238. 242, 24.3 
Quelltio, l'ort S;tn ............................... 181, 18G, 238, 242, 243 
.RoaarinBa..v ----·-····-·· ................................. --·-·-· 18" .. 
San Cosmo y Saa Damian, Ensenada do ..................... 178, 179 
San Cristova!Bay .......................................... 172,24J 
Sau Die::o Ilay ........................................... 192,238,245 
San Hipolito Bay ......................... ~................ 170 
Sau Ignacio Bay . • . • . .. . . . .. • . • . . . . . . .. . .. . •• .. . . .. . . . • . . . • . 168 
San Ignac:o Lagoo~L. ---- .. ----·. - .. ---------- ------ _ .. _ .. __ 168 
San.JoseddCabo(deSanLucas, st.ation for transit of Venus, 

l7GH) .... ........ ...... .................................... 162 
San Luio Obispo Bay........................................ 210 
San Lncas Ilay ............................................. 162,243 
San Miguel Passage..................................................... 238 
Sau Pablo Ila.v (or Table Ilead C<>ve) ... _ ........ _ .......... 172, 243 
San Petlrona,-.............................................. 194,190 
San l~~1tnon Day ...................................................... 186, 1S8, 245 
San Roquollay.. .. ... ... . ......... •..•••. .......... .. . ..•. .. 170 
San Sirueon Bay............................................. 210 
San Simony Judes, Dahill do ............................ 188, 189, 191 
Sant:>l.lariaDay ............................................ 1Gl,U3 
S>nt:i 1>Ltrina Bay ....................................... l64, lo\2l3 
SantaMonicaBay ......•.••.•...•.••.....•.•...••.•...•. 194,ID6,244 
Santn. I~(}snlia Bay ...... -- ......... --· --··--·--. -----·...... .. 178 
Santiago, PuertoU.e ·····----~---···-··· .. ·······-··········· 168,242 
Sartlinns, Puerto do las ................... _ .. __ ... 208, 210, 227, 2~8. 244 
Sca1nmon's Lagoon ........................................................ J78, 1€6 
Sebastian. Puerto do San .............. ··--·· ................ 160, 239 
Sd.>a:;;tian Vizcaino, Day or Gulf of (tho u Ensefiada Grande 0 

of Ferrelo) ................. ·--· .................... li6, 191, ~42, 243 
Shelter Cove ................................................ 2.'J0,247 
Sheltered Cove (of U.S. Coast Sun-ey, nuder Cape Tomas). 100, 245 
Sir}'rauc:s Drake's llay (see DTako'sBay) .. 156,214,210,218,219,222,247 
Slllogglers' Co.-e .•.•••...•••••••••.......•.•.•..••••••.••... 230,238 
South Iluy lull Capo San A'1g11atin) .....••.•••.•.••••.•••.•. 174 
Todos Santos, P1terto Ile ........................... ··-·- 208, 244. 245 
Todc.s Los Santo-, Euseiialla de •• ----·· .••••••••. 186, 190, 191, 238, 244 
Tomales Bay (Tamales on some old Spanish charts) . • . . . •• . 220 
Trinitlatl, Puerto do la ............ ·----- .•....••••.•.•..••.• 16',242 
Virgine., Bahia cle las .••••..•••..••.•.•.•.••••••...•....• 184, 187, 242 
Xavier, Bahia de Snn .............................. -..... 176, 19i, 243 

HEADLANf>S: CAPES, POINTS, BLUFFS. 

Ahreojo• Point ...................................... 166, 168, 16!1, 170 
Ana., Puntado.Santa ........... ~ ......................................... 170,2'2 
Ail<> Nnevo, Point .......................................... 214., 22' 
.Antonio, Point San ..••••••••••••••••••••••••••••••••••••••. 180,W 
Arena, Point ................................................ 222.24'1 
Arena, Panta do ..•.•.•••••••.......•.•••••.•••••••.••••• 2-.'2, 228,247 
Arguello, Point .•..••••••••....••...•••.• ···-····- ••••• _ 204, 2J6, 203 
.Asuneion Point ...•.....•.••••.•.• ·-··-···-·--··· ........ liO, li2, 248 
.An)!Dstin, C:.bo de Sau ................... ·---·· .•••••.••••• 174., 175 
Augustin, Cnpe San·······-·····-···-········-·-·····-·-··· 17• 
Baja, Point (or Punta), near Rosario Day ............ 182, 184. !142. 20 
Ballenas Point.............................................. Ul 
Balla.at Point (in San Diogo Harbor)........................ 19& 
Banda (or GraJero) Point •.••••••••••••.••••••••••••.•••. 188, 100, M$ 
Bla.ck Point................................................. 178 
Blanco, Cabo (of Flores, Vi:&m1mo'a pilot) •• _ •.•• __ ••.••.. _ •• =u, 235 
Blam:o (or ::>rford). Cape.................................... 234 
Blatf Point(""" Caho del Engali'l ol VizeaiuqJ. ·-----178, 14&, 182, 183 
Ca.:lforni., Punta de •.•••.•.•••••••••••••••••.•.••••••••. 160, 181,:0 
C&l.IOall, Point .••.•• -····· -·--· ·----· .••.••••••.••••• 178, 188, 182, 243 
Carpinteria (lowlands of the) ..••••..•••••• , •••••••••••• _. _. · ll0.3 
CataliDft. Pont& de Sa.eta ................................ 1611, 1118,!IC-
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Colnett, Cape_ -- __ -- __ -·. --··- ·--- •.. ·-- -- .. ·--. --- -· - _..... l>'l< 
C-0ncepcion {or Conception), Point ...•••.......•.•.. t 200,!:Wt, 
Conct>pcion, Puntadela(ofrecentSpanishna\"Jg3tors, 5 206,208,22J,24G 
Corrientea, Cabo de ....•. -- ·--··- ·-·-·-----· ....... ---- _ .160, Wt_ 242 
Corricnt<:s. Capo .• ··-··-·-······-··-·----------------·-··· 243 
Corso, CapC'I. ..••....... .. • . . . .• .•. ...••. ... .. . . .. .. . . . . .. . .. 164 

DclgaUa, floiut.. ···············-·····•····················· 230 
jJdgadn, Punta ......•......... : ........ __ ...... 247 
Durr:c, Point ................................................ 196,1!18 
1-:ugouo, C~bo <lei (of Ulloa, Cabrillo, and Ferrelo) .. --· .. 180, 18,, 18G 
l~ngEflO, Labo dcl (of Vizcaino) ...•.•••..•.•..•••...•... 180, 181, 183 
En~.ullo, Cape.------ ...•....•.•..••......•..............•. -· 181 
Eugaiitt, Point (or San Antonio) .......................... - . . . IEO 
Eng:1fio1 rnntl\ dol. - ........................................... 18!, 242 
1.fog~nio, Point .••...•••••••...•.••..•..•................. 172, 1761 1 i8 
Eugf'nio, I>nnta de San . ; .. ~ .............................. 17~, 176, 178 
Falso, Ci-tpo (near Cape Tosco) .......................... ~..... 162 
Fcrrclo, Cape \named so by U. S. Coast Sur>ey) .. _ ... _. 15J. 232 
Fortunns. C11bo de ......................................... . 2'"28, 22fl., 24.6 

Galern, Caho do.···-------·······-·---·-·---·· .. ·---· .••... 244 
Galera, Caho do la ... - ... --·-. - ...•••.••. 204, 203, 206, 208, 209, 2l0, ~14 
Golt! Illuffs --- ....... -- ......... -- ....... __ . ·-----...... .. . . 232 
Goleta, Point .•...... -·---- ...... __ ·--· -- _. ·--- ... ______ 202. 204, 24j 
Gorda, Cape----··--··-- .......••••. --·- .... _............... 230 
Grajero (or Banda) Point.------ .. --- . ·--- .. ________ . ___ .. 188. 190, 245 
lliptjlito, Point Sau-------···-·----···--·-···-··-·-··--·.... liO 
Hueneme Point _____ - ·-·-. - ---- .. ··---- - .... ·---·. ___ ....... 198. 200 
J,agoon Ilead (in Seba•tian Vizcalno Bay)·-·······--·--···· 176 
Lasuen, Point ____ - . --·--·. ;,. ·-- .•..... -- .. -·--. ·-·. -· .. .. . . 191 
Lazaro, Cape San .••.. --·.-···- .••..... - ............ -·-· .164, IG6, 243 
l.azaro. Pnnta.deSan ...........••.•............•........... ltiU,167 

Loma, Point ····-·····--·····-····-·····-···---······-· ···- 192 
Loma, P11nt1>ilela ·-----···-·-···-···-···--······-····-··--· 191 
Luc.as, Cape San............................................. 155 
Mack'• Arch ......••.••• ···--·---····-··-··--···-·-···--.... 232 
M•l Abrijo, rnatadol .......•..................•. ... : ..... liB,242 

Maria Point·····-··-··-·····---···-·--·····--····--·-·-·-·- 178 
Ma1·quea, Pointdel ---··-·-·-····-··---·-·--·-··-··-·· ·····- 162 
Martin, Cabode ............................................... 212,:!:!4 
Martin, Ca1Jo do Sun . - . _ ...•.•. -188, l!lO, 210, 212, 220, 224, 226, 2H, 2'6 

Menilocino, Cabo .•• --·. --- -· -- .. ---- .• --- ·-- . - .. --··· .•. --- "230, 231 
Mendocino, Capo .•• --------------·--.-·--_. --- .. - ... ---- ·--· 2:10, 231 
M1gucl, Cape San (or Sanoal Point) ·--·-- ....... -- .. • . .. . . . . mo 
llorro Her1uoso ..•...... ·----· --· ... --- ........ _ .. __ .. __ . __ . 172 

Morro Redontlo ··-- ••.••• -- ----·· - .•..• ·-··-··-. - .. __ ...... 16-1, 165 
Mug11 Point.---··-··-----·-··------··-----·---· ...... ·-·-·· 198 
Nieve, Callo de (Snowy Capo of Fcrrelo) _ ... _. __ .224, 22;;, 226, 246 

Xortbweot Cape (of the Russians). __ ...••..•...•..••..•. 222, 2'24, 247 
Orford, Cape (or C.:ape Blanco) .•. -- ..•. -· ..••.•...... _. _ .•. _ 234 
Orford, Point------·-··--· ·-··-·-··--·-·······-·· .......... 2-;?, 
Pablo, l'ointSan............................................ 172 
Peoinsuls, the (in San Diego Harbor; formerly known as 

"The Island")---.----···--·-·.···--- ... - ..... ·---·- .• . . . . 194 
Pequl'lia Point.-··- .....•........•.•••••.•...•••...... -·-· _ t43 
Piedra• Blancas •. --· •..• -···-- -- . - -· .••••..... -- -- .••. ··--·- 210 
Pill-OS, Caho de .•. -·- .. - ... ---···- -- .•••••.....•.••••. 222, 2211, W6, :40 
Pinos, Point ........................................ ········-·--· 212, 247 
Pinos, Pull ta (or Pa. de los, of reoont cbart.s) ...• -•.. - . - . 212, 213, 246 

Pulwo, Cape---···········-··---·--··-···-······--··-·---·-· 169,243 
Purislma, Point ..••.. ·-··--··-·•···-·-----······-··· ....... 208 
Quentin, Cape San_ .•..••.••••••• - ----·---. -· -- -- -..•. -·. __ 181, JS!! 
Quentin, PolntS&n. -···-. ····-·-······ •.•••. -··· ---·· •.•. --· lSt 
RedOll<lo,Cope (8* l.lorro Redondo).---····-------·· .... -·. 164 
:a..yes, Point .•• --······ •••.• --· •••••••••.••. -- ... -. - .155, 214, 21G, 218 
Reyee, Punta de Joa.··---·-·.--·-·-·---······-·----· .•••. --· 218,219 
Rioooo, El(Polat Rinoon) .••• -..••••• -••... - - 202 
Saint Georg&, Polut (poufoly Cabo Mendocino, of Vizcaino) 230 
Sal, Point................................................... 208 
San Domingo Point---------··· - ......•.•. -· .•••••••.•••. 166, JG&, ~43 
8an lloqiM P-0lut .••.••• ~ ••••••••••••••••. --·-·- ••.••• ··-·-. 172 

::l:;,i;:::::.~~-~-~:::::::~:::::::::::::::::::::::: :: 
Sau•al P•t·-·-·· ...•.......••.••..•••. ~ ..........•.. -·- .. . 190 
$oibatl&n, Cape (named .o l>y U.S. 0out Sun-ey) •..••• -·. 232 
Sebaa:.tan, Caho Blanco fie s..... ..••..••.•...•....•... _. . . . . . :1a2, m 
8olltarioe, Pollrt or .• _ ..•. ~ •.••.••.....••.....•..... ___ .. __ . . ioo 

Page. 
Sur, Po.int (or ··Tho 8or .. , .•••.•. _ .• .•••••.. .. ...•.. ..... ••. 212 
Tomas, Capo San ...... ____ --· -··- •. ____ . _ ·-·---· --·. ·-- ... 188, 245 
Tomas, l 1uint Santo .... ·- ·- ...••..••....... __ ...•..•..•. 188, 190, 245 
T08co, Capo ........ - ....... -· ..... _ ... -----·. _ ... _ .. 16!, 163, JOO, 243 
Trini1lad Head ..... _........................................ 23:? 
Trinida<l, Punta de la .. - .. -- ..... -· -· _ - ........... _ .. rn2. JG3, 164, 242 
Vir~in('~, Punt.idolas ..... ····--- ---· .......•..........•. J-Si 

lsLAX1>s, R.1rnr::1, AXI> Rocirs. 

A1Jre6jos (Ha lire Ojo}, H.ock", or ltl~(·f ......... 168, 169, 171, 242. '2-·U 
AfCgua (or Bird) lslao<.l ·--~-··-···· .•.••..••••....... ··-··· 17~, 24.1 
Amalgua (or Fog) Island_ ... --- --- .............•..•.••..... 174, 243 
Ambrosio, IsladnSan •.•..•.••...••.•..•.••............... !:'0'.!,246 
Anacapa Islam] IEnneeapahof Vnncon\"N) ............ __ . _. ~00, 201 

Areno. blade··-····-·---···----· ···-- -····- ---·-···- .... mt 
Assurupcion, Isla de la ...... ·----··----··---·- ... __ ....... __ 170.17J 
Asuncion !~land ....•..•......•........... -............. . 170, 171 

1~6. ~14 Augustin, Islnd-eSau ................. . 
Darbara., Isla do Santa -······-················-···----····· 103,'.:0J 
Baxos, Isi:ide .. ···--. ·---- ....... -··.. W6. 2~6. ~4;; 
Bernartlo, Isla de San.·-._._._... . . . .. . . . . . _ 182, lS-!. ~4:? 
Ilirtl (or Af(~~ua) IsJantl . . . • . . . . . . 17'2. ~4:1 
Carolinas, !sin <lo las .. - . _ _ _ .. _. __ ...... _. 157 

Cathalina,IsladeSanta ···-··-····· ··-- ___ .J9J,rnJ,~l4 
0ec.lros1 Isla de luii . . . . . . . . . . . . .... I 74, 175, 185, ~38, 2:-rn, 240, ~4~ 
Ceuita. Isla t1e ... -·· ...... 179, 18~, t83.184, Ito, lh7. ~4.f 
Cerro•, I.la tlc -. - . -..... 174. 175, 182. l E3. 184, 185. J!l-2, 191, 238_ ~4.1 
CerroJolilsland.. ·-·····--·······-···---155,17:?, li4, 1';8.~~R,241 
Ciquimuymn {ln(lian namr- of Ran :Uigm•l lRlantl) ...... 206, :?26.~45 
Cleto, Isla de. - . ----. -·-· -- ---- -- . _ ... - ..• - .. _ .......•.. 20G. ~~8. 246 
Coronatlos, Islas tlu lua. -- .. ·-·-·· .. ··-- ........... ·-·- .. HY.!, J9J, 244 
De•dman·• Island (El Morro of San Petlro llay1 ·-·- .. _ -· .196, ~JO, ~11 
D~siertas, La~ Islas .... ········-···········-·--···-········ HU,244 
llolor~s. Los --·- -· .•.. -- ..• -.. - ... -· - . - .. - .. --- --- . ·-· - . -- .. 176, 192 
Dragon Hocks (or St. Goorge's Re.cf) ..•..................•.. ~a0,232 
EsteOau, IslatleSan ...........••............ ~ ......... 172,li4,242 
1<'_11ralionos ,i., l•l3 :Frayles. _ -- --- _ .. ____ ... __ ·-- .. __ .•. _ .. 2J4, 218, 2~'0 
Farallour.s lsjands; the North, thC" Middlc 1 the Southeast._. 218, 220 
}'lat Rock (south eud of Natividad Jslaud) ·-·-·· ..•. ------ __ 174 
Fog (ol'"Amal~na) Island .••..••..•••.•••••.•••..•.•.••.•• - •. 172i24.J 
Frayles, Los (Farallonesde los Frayles) ·-·····--· ····-- .•.. 218 
Guadalupe Island (or Ial<Hlo Paxaroa). -- .. -- ··--· .......•.. 182, 187 
Geronymo, Isla de S.'n- ···- ..... ··- ---··· ------ ·-- ... 180, 1S2, 18:l, 242 
Ililario, Isla do San .. ------··----··--·-. -- --- ... - - _. __ A -.186, 189, 2H 
Isles (ori.lands) of 8aint James (of Drake), the Farallones .. 218, ZIP 
I~imu (or Limun) Intliun name of La.Cra.z Island _ ....... _ _ 2~6, ~U 

L03 CoronadO!I Islands.·--- ... -- ..•.••. -·- ·-- -·-·- - .••.. 192, 193, 2-14 
I.uca.s, Islas d,} San (Santa Crnz L.lo.nd and Santa Rosa 

Jsbmd) . __ .•. ·--- -·---· .•.. ·-··-- .•••• : .• .. 204, 2:!7, 228, 214, ~45, U6 
Martin. Islas dC San .......... --- ----. ·--- •............. 192, 19.t ~44 
Morro, El (Deadman'H lslandi. ---···--·--- ·--··--·----- 190, 210, ~11 
]\;ati\·ldad (!le NuestrnReiiora, Islade) ....•.•..•••.. 172,175, 192. 2~2 
Natividad lKland. ·-· -· ----- --·--· --- . -- .....•.. l5S, li4, 178, Jf2, 243 
]\;ic<lque (Indian name of Santa Rosa Island)._ .. -· ...•. 2~6, 228. ~47 
Paxato...._ Is\ad' (Guadalupe Island) .••••• ···-·--········---18~, 1:7 
Pos-esion 1 Isla. de. ________ ,·······-·······-········-·-····-· 2·1e, ~44 
Posesion, Isla do la (Snn Miguel Island) •. 200, 2".!6, 227, 236, 24-1. 24.'3, ~47 
Redding Rock (near 'l'rinidsul Head) .••••• -·--···-·-·· .•. _.. 21U 
Rodriglli!z, Isla <kJuan (""-n Miguel bland) ..... 206, 220, 236, 238, 246 
Roqn~, falado San ... --··· ___ ·----.··--·-- ... ·-----··--· 17~. 171, ~4~ 
Sacramento l{eef._ ..•. -· ..•... ---- .. ·-- .. - .... -· .... - . ... . .. 182 
Saint Geo.-g.,'s Reef (or Dragon Rucks) . ·--- •• ··-- -- -- •.. - •. ZJO, 2:r.l 
Sa!v1ulor, l•l" de ~nn (S..nta Catalina Island) .... 194, 2~6, 228, 244, 248 
San llenitoa :U.laotls -···--·-·· .••. ·-·-··-- .....• ··--····· ... 170, li8 
San Clemente Island __ ... _. ·- -· - .....•. - -- .•.••. 194, 196, 2l'O, 244, 246 
San Geronimo Island ............ -- •..•••••..•••. ·---·- --- -·. 18~, 24::1 
Sao llilario Island---- •..••. -- .••. ···---·----· ... - -- . - ... --- 182, 1£7 
San Martin I.Iaml _ .•..... : . ....•.. ·-- •. --·- .•..•... lS:l, 186, 18i, 245 
San llignel Island (lolatfo la Poaeaion) .. '. .•. 196, 200, 204, 206, 226, 227, 

236, 238, $14, 245, 241 
Sao :Kloolaa LJand .... _ ... __ -·--.. .. __ ......•••••... --- 198, 200 
San Roque Ielaod ... _. -·--·· .•...•.... ·-·-·· .••..•••.• ···--· 170, 241 
SootaBarb~ra l..Jand .•...•.•.. ·--- ·-----·.· ......•. ···-·- .... 1118, ZOO 
Santa Darbara Channel, Wanda of the . • • . . . . . . • • • • • . • • • . • • . 200 

Sauta Barbara ulands ·--- -- ·-·-- - -----·- -·· .••• -····· ·-···- 200, :!88 
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Santa Catalina Islanu ............................ 194, 100, 20t', 210, 244 
Santa Cruz leland .................... 202, 204, 226, 228, 236, 238, 215, 247 
Santa Margarita Ialanu. .. . .. • . . . . .. . . • . . . . .. . . . . . . . . . 164, 243 
Santa. Rosa Island ................. 196, 202, 204, 206, 228, ::!36, 2381 245, 24i 
Sebastian, Isl<> dosOn .................................... 228, 236, 246 
Todos Santos, Islas cle .......................... -. .... .. . . 190 
T odos Santos Islancls .................................... 190, 101, 245 
Vittoria, Isla de (is San Clemente Islancl) ................ 192, 244, 245 
Whale P.ock (one of th<> Abre6jos Rocks)................... JGS 
Wilson's Reef, or Rock_ ...................................... 236, ~47 
ZPdros, Isla de. ___________ .......................... 172, 174, 178, 242 
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BluckYouutoiu ......................... .. .214,~::!J,24i 
Gone Mountain (or Twin Praks) .......................... 210, 212, 247 
Devil'sPeak(llountDiablo) .. --·-----------·····--··--···· 201 
Five Ilummocks (of peninsula al Cape San Quentin) . .• . . . . 184 
King Peak .. _ ........................................... 230, 247 
Loma, La (in San Die~o Harbor)............................ 193 
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ll68a de la Ceua (Table Mountain) .......................... 102, 193 
llesa I:"donda (or llfesa de la Cena) ........................ 192, 193 
lfcsas oebind Point del Marques . . . . . . .. . . .. . . . .. .. •. . •. . . . 162 
Mesas do San Cypriano _ .................................... 180, 181 
Hirafiores (in Sierra la Victoria).................................. 160 
llorro Hermoso (Sierra Pmtada) ........................... 173, 176 
llonnt Bache (of San Francisco Peninsnla Range) . . . . . . . . . . 2~4 
llountCarmel.......................................... ... 212 
Mount Dfab\o (Devil's Peak), on Santa Crnz Island......... 204 
Honnt Pierce............................................... 230 
Mount SantaLncia.... .. .................. ........... ...... 247 
Honnt Tamalpais ........................................... 214, 222 
Honnt Tireoome (in Sierra del Enfa<lo) .................... - 163 
Peninsula of Sau l<"rancieco ................................... . 
Pine Mountain ............................................. . 
Rocky Butte .............................................. . 
Ross Monnlain ..................................... _ ....... . 
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Santa Clara Mountains ..................................... . 
SantaC1'11Z Jt[ountains (Sierra de LaCruz) ____ .. 
Santa Ynez Range ........................................ . 
Sierra d~l Enfa1lo. . _ ............................. . 

224 
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219 
220 
224 
176 

~24, 24i 
208 
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Sierra do los Sicte Iufautes ........................... _ ...... 170, 171 
Sierra de S•nt.a Luci" (now Sierra Sant,. Lucia) ..... _ .... 210, 211, :!20, 

224, 246, 247 
Sierra 1R. Victoria........................................... IGO 
Sjerra Pintada (Morro Hermoso) . . . • . . . . . . . . . . . . . . . . . . . . . . 173. 176 
Sierra Santa Monica (ancl Santa Clara Valley) . . . . . . . . ...... 1qo 
Sierraa do San .Martin ...................................... 210, 211, 2!G 
Sierras Nev.ad11s (of 1''errelo). San Franci•co Peninsula 

Mountains ................................................ 2~.i.. 246 
San Pedm Hill.............................................. 196 
S-OrubreroPcak ................................ ----·····--· 180 
Table Head................................................. 172 
Table Mountain (of Ileeehe.y)' (see Tamaljlaie). 214, 222 
Table Mountain (Mel!I> <le la Cttna) .......................... 19'Z, 193 
Tomales Peninsula.......................................... 2'20 
Twin Peaks·(or Cone Mountain) ......................... 210, 212, 2H -1 
Vigia, I,a ... .. ..................................... 202 

RIVERS Alm 8TREH18. 

ArTOJO Carmen .............. - . . . . .. . .. . . .. . . . . . . . . . .. . . . . . 190 
Ca.rn1elo, Rio de ................................................ 212, 213 
CanuelRiver ................................................. 212,213 
Carpofero, Arroyo de San.... • • .. . . . . . . . .. . . . .. . . . . . . . .. . • . 224 
Chetko River ........................... , .. - .. -......... 232, 234, 236 
Crescent Cit.y, river st................ .. .. . . . . . . . . . . . • • . . . .. 236 
F.e!Rivor ........ : .......................................... 230,236 
E&toro Americano (In Bodega Bay).... .. . . .. . • . • • • . ... . . . . .. 22\l 
Eatero de Limantour (or Drake's Lagoon) ............... 214, 210, 21~ 
Humboldt Bay, river at..................................... 236 
Jtlamath River................................... 236 
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Mad Ri"<'er .................................................. 230, 236 
Nuestra Seiiora, Rio de (Pnrisima River) ...........•.•.. 210,211, 246 
Pigeon River .................................................. 2301 236 
Pistol River................................................ 236 
l'urisima (or Santa Ynez) River ........................ 208, 210, 247 
l~io Grande de Sebastien (mistake ofVizcatno) 1 probably eu-

trance to.Toruales Bay .... .,................................ 2W 
Roguo River ...•.•...•••..•.....•......•........•.•......... '.l34,:W6 
Hussian (or Slavianski) Rh·cr ........... , .. .....•... . .. . . . . ~20 

San Buenaventura RiYer ...........•........... --- ........ _ 198 
San Rosario IUver.............. .•.......................... 182 
Santa Clarn IU~er .......... -··... ... ... ........ ..•. .. . . . . . . . . 198 
8anta Ynez River (Purisirua ltivur, now so called).......... ~OS 

San ·v"icento Ri\"'"er............................................. 188 
Slavianski (or Russian) River ...••........•.... --·······-·· 2_0 
Smith's River ............................................ 234.~"6 

Winchuk Ri'9er.............................................. ~?6 

8ETTLE:l1ENTS: lNDIA:S VILLAGES (PGEBL08). 

Pueblos or Tillages of Indians along tLo shores of Santa. 
Barbara channel and islands (very populous, sevent;,en 
"illages in a distance of 11 mlles) ; references to and names 
of some given ..... 184, 185-198, 206, 208-~JO, 226, 228, 244, 245 

Villages on tihores of Drake's Ba..y and in Nicasio Valley to 
eastward ............................................... 2JG, ~17, ~18 

Pueblos <1c las Canons (sito of Miss!on of San Buena
vrntnra) .•.••............. __ -----· .....••..••.. 198, lW, 200, 244, ~45 

J•nebloR nt. El C-0xo .<rmeblos de Xexo, two villages) •.•. ~QS, 210, 2401 

241, 245 
Indian pro\'ince of Xncu, or Sejo ...... 2GS, ~10 

Pucl>los d" las Saruina•, at Gaviota anchora11:0 ........ _ ~-08, 209, ~10, 
:!28, 244, ~4!> 

:M!SCELLA:'>EOP8 NOTICES. 

.Acapulco, liarUor of ...•. ~--···························· .•.. 157,!::Jl 
Aguilar, .Alferez :Alartin, commander of the tender to Viz-

ealno -·-···-························-····-······-······-·· 2:5 
Alask1>.............................................. ........ 155 
Amadi,._ de Gaula.: Name California first found in this ro-

mance ............................. ......................... 156 
Aninn, Straits of: Mythical, probablyBeringStraits....... 157 
Archive. of the Indias ol' Seville........................ .. . 240 
Bancroft, Il. H ..... ------ .......... .. . .. . ........ ...... .... 157 
Bering Straits.............................................. 157 
llornalDiazdelCastillo: :Memoir ......................... 156,157 
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Xame first fonnd in the romance of Amntlia of Gaul.... 156 
Lower (Baja), <lotermined to be a peninsula by Ulloa... 157 
Upper (Alta), name applied to region north of San Diego 157 

Carolinas, !Ria. debs: Name applic<l to Lower t;alifornia. .. 157 
Cavendish, Captain . . • . . • . .. • . .. • • . . • • . . • •• • . . .. • . . . •• . . . • . . 162 
Chajlpo, .A nt<>roohe de la: French obac1 \·er of transit- of Ve-

nus (1769), near Cape San Luca.a . • . .. . . . . . . .. . . . ..... ... . . 182 
Charles II. King of Spain: Tho Isla do las Carolinaa named 

after him................................................. 157 
Constanrr.o: Na'\'igator in 1769. ..... .• . •. . ... . . . ... . .. . . . . ..... 212 
Doyle, J. T ..•... .......... ........... ..................... 157 
Fonte, de................................................... 157 
Fort Itoss (Hussian) ................................... 212, 224, 236 
I•'nca, de ....... -········----··-··----··-··---····---·--. 157 
La Paz....................................................... 191 
:M:a.ldonailo...................... ...•.... ........ .. .....•.•.. 157 
Martin, Geronymo: Coamographerto Vizcaino............. 175 
Menrloza, Don Antonio de, Count of Monte.Rey, Vieeroy, . 

aucce880r to Cortoa ............................ 156, 157, 101, 184, 213 
Mexioo, or New Spain ...................................... 158, 183 
Mission&, sites of (future): 

San Buenaventnra...... .... •• . • .. . . • • .... .. .. • • • • .• . • .. l.lNI 
Santo Tomas............ . • •• • • .•• • .. • •• • • . . • • ... . • • • .. . . 1811 
San Vicente...................... . • .. •• • .. . • . . .. . • •• . • .. 188 

Molen, JC. T -• • • •• . . • . .. . . • .. • • . . • ... • . • . .. • • . •• .. • • . • • • . • .. 1S'1 
Montalvo: Translator into Spaoislt (In 1510) of the Amadi@ 

de Gani,. (from the Portngueee) <- f\JU title)............ 16' 
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App END Ix No. 8 . -18 8 6. 

A REPORT ON MONOMOY AND ITS SHOALS. 

By HF:SI~Y J\Il'J'CI-IELJ ,, -'"-»<-<i<-'taut. 

COAST AND GEODl<~'JIC St:HVEY 0FFIC1':, .Tu.ue '.,!.:-;, 18SH. 

The peninsula of Monomo,y and the group of shoals about it present dangers that affect tlw 
commerce between the States to a greater degree llerhaps than nuy other obstrn ctiouo.; for here, 
at the eastern entrance to Nantucket and Yineyanl Soun1h;, pass about 30,000 Ye~:o;el:-; :mnually, 
and occasionally 300 in a single day-the maximmh of the year. These :mu vessel;; a Yeragl' :!00 
tons measurement,, giving a total of G0,000 tons, and represent, with cargo. $;~,000,000. 

These vessels not only run the gatmtlet among tlwse n~.ural llan~ers, but they endanger l'ach 
other hy crow1ling into the fair-ways. Tile principal avenue-Butler's Holc-l1as only half' 1lw 
width that it had a century ago, and its course has of late yem's very materially changetl. 

Every foot of width where safety jg assured has a value, and if the limits of the shoals eould 
be accurately defined there would be a great reduction in the real dauger and, most or all, in tlrn 
fear of danger which delays the fleet in thick weather. In the measure that we can furnish 1lle 
coaster with accurate clrnrts and marks of this locality we reduce liis danger and his fears, whid1 
tax the community. 

Tlle real source of trouble iis the comitant; shifting of these shoals and their growth. \Y l' 
speak within tlle truth when we assert that these shoals have doubleu their volume since the last 
century, an<l they have moved a mile in the average. The worst of it is that th P mowmPnt is 
very far from uniform in rate or direction for different members of the group. 

This neighborhood was designated by <.Jhamplaiu (1.605) Cap Battul"ier, couvesing the impres
sion, by this name and the context in his narrative, of a projecting region of breaking flats. At 
the present rate of building, the dry land of Monomoy could scarcely barn been half tlw presP11t 
lengtll at the time of Champlain, and, if half the hulk, it must have been submerged. 

The present aspect of the case is ,-ery threatening to mwigatiou. It looks as if tile sea would 
soon break from Monoo:ioy to Nantucket 011 the summit of the circus tLat is formed by Pollock Hip, 
Great Round Shoal, arnl Great Point Rip, with their conmidions. The present broken wall has 
material enough in it to close the ship naYigation, if this material slwnkl he strewn along more 
uniformly by some great storm so as to connect morn intimately the chain of shoals. i\foreon:•r, 
there is plenty of new material supplied from the caving down of the Chatham shore. This CTWiug 
has been very actfre of late years, nn<l forrrns the theme of Appendices to Annual Heports of' the 
Coast Survey for 1871 and 1873. The beach in front of the town of Chatham began to break up in 
1871, and Professor Peirce, then Superintendent, ortlere1.l special 1mrvey8, which were Pxecnte1l 
by Assistant H. L. Marinclin, and formed the subject of reports by ms self. 

The earliest chart of this neighborhoml based upon auytliing like a regular 1mrwy .,;cems to 
be that of Capt. Paul Pinkham, made at the time that the present light-house was being built 
upon Great Point Nantucket in 17&1. There are plenty of earlier charts, and there are sailing 
directions as P.i.r back ·as 1707; but the Paul Pinkham cltal't, ou the whole, furnishes the first 
reliable testimony relative to the location of shoal~ at the entran<>,e to the Vim>yarrl Sound. I lwg 
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leave to offer an anal~·sis of this testimony iu detail because of its importauce, aud because I fear 
that the chart of which I speak is likely otherwise to be confounded with a later one b~· the 
Blunts, assuming to be "surveyell by Oapt. Paul Pinkham," which is singnlarlj· ont in• its 
longitudes and in its distances. 

The following appears upou the chart, wuich I haYe used as my base of comparison: 

A CHART OJ<' NANTUCKET SIIOALS SURVEYED BY CAPT. PAUL PINKHAM. 

lllostou: Puulisllell. and sohl l>y 'Villiam Norman, No. 7:i Newbury street, Feliruary lG, liHl.] 

Tu all u·Jwm it may concern ; 
As there ne,·er has yet been publisbetl au accurate chart of Nantucket Shoals, 
Tliese are to certify that when the Light-house was building on Nantucket Point, iu 1784, this 

slll'\'f'\' ot the 8hoals was made from the lantern (an opportunity never before bad for so valu,able 
:i pnriJOse) bj· Capt. Paul Pinkl1am and othern, by the hel1l of the hest compasses and instruments 
that could !JI' procured, and it .!Ja.s !Jcen rwo,·ed by experience to be the most accurate chart ever 
offered to the public of those daugeron8 shoals (which are a terror to all navigators), which bas 
been run by with greatest safet;y and is fullj' approYed, and that the publication of this chart, from 
its accuracy, cannot fail to be g1·eatly beneficial to all uavigators who may fall in with sai<l shoals, 
is the judgment of us. · 

NANTUCKET, Sept. 1, 1790. 
JNO. CARTWRIGHT. 
JOS'H CHASE. 
DAN'L COFFIN. 
NATH'L BARNAI-m. 
JAS. BACKER. 
WM. COFFIN. 
ALEX. COFFIN, JUN. 

'rHOS. DELANO. 

The nmuy sur\"e.vors who have attempted the surrny of the island of Nantucket, with the 
shoals around it, and whose charts have beeu published, have, from ex1>erience, proved very incor· 
rect and erroneous, more particularly the shoals which, lying at so great a distance from the land, 
have hitherto been laid llowu from information only; from hence has arisen great errors and inac· 
curacies in the various charts publislietl of those shoals. 

On considering their dangerous situa.tion and the dread they are to all navigators who fre
quent the coast, as well a1o; the great utility of a correct chart, I have been induced tQ use m;y 
best endeavors to obtain a new and accurate survey of the shoals eastwardly of the island, being 
taken from tl.Je light-1.Jouse 011 Nantucket Point in 1784, which eminence afforded a large and 
distant pro8pect of the shoals, and from which their true bearing was had with precision and 
certaint~·. I hei·eby certify that the chart hereunto annexed, having been carefully examined b.Y 
warrantable pilob\ aml navigators a111l run by for some years with safety, is fully approved au<l 
by them certified. 

N ANTUCKE'l', September 1, l i'VO. 
l'ELEG COFFIN, JR. 

Tbe scale of this map is about 1:1315.Sfl. It is tile property of the Nantucket Athenooum. 
It will be obsen·ed from the foregoing that the claim of accurac.y particularly applies to the 

rtgion seen from the Light-house which it: plotted on this old chart in latitude 4,10 22', longitude 
700 00~'· It is tl1e same Light-house that now staodK, and is found by latest survey, in 4JO 23' 24" 
of latitude, and 70° 02' 45" of lougitude. 'l'lw former determination, on the Paul Pinkham chart, 
was then 2! miles too far to the cast-soutlwast. This error, however, need not concern us if we 
confine our inquiries to objects witliiu :sight of the Light-l1onse; and first of all we must seek 
those that have not cllanged, iu or(ler to orient ourselves. 

From Matthew Clark's chart of this neighborhood, indorsed by Osgood Carleton, for the 
Boston :Marine Society (1798), the nniation iu the eompass as use<l seems to have been 60 45'; 
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and, as the Paul Pinkham chart is evidently adjusted to the magnetic meridian, we liaYe eorrected 
for rnriation (as finally ascertained to be about 6~0 west) in the following bearings: 

"Uishop and Clarks" Hocks on Paul Pinkham's chart lie 15! nautical miles N. 39}0 \V. (true) 
from Great Point. Bisho11 and Clerks on the most recent cl.tart lie 14:1 uantical miles X. 39:1 \V. 
of Great Point light. 

The distances are measured for the old chart, 11ot by its scale, but by minutes of latitude. 1 
· would remark here that the Paul Pinkham chart is a pretty g"ood projection, with ratio of 1: 1.3 

for longitude and latitude divisions; but the scale of miles seems to be minutes of longitude. 
There is, upon the northeastern portion of Tuckernuck, a sort of lagoon, at the head of which 

is quite a hill, upon which there was at the time of Paul Pinkham, and still is, a group of houses. 
This hill as represented upon the Coast Surny charts, lies W. 30° S. from Great Point Light dis
tant lOJl nautical miles. Upon Paul Pinkham's chart the llead of the lagoon bears W. 29-P S., 
distant 11 nautical miles. The lagoon is known as East Puud, all(} tile hill ,th at rises at its head 
is a Yery conspicuous laudrnark. 

These three points, Bishop and Clarks, Tuckernuck, and Great Point Light, are all t1tat we 
can feel sure of as remaining unchanged. 

Great Round Slwal.-lf we draw a circle through the three shoalest soundings upon the Coast 
Survey chart we find its center N. 550 E. from the Great Point Light-house, distant 7Jl miles. On 
the Patil Pinkham chart it is represented by a circular line of dots, the center of which is N. Go40 
K of Great Point light, 72- miles distant. 

Little Round Sl10al.-Tl1e shoalest water lies N. 39:\o E. of Great Point Ligllt, upon our most 
recent cua1ts, distant 8 miles. Upon Paul Pinkham's chart it is indicated by a circle of dots, the 
ce11ter of which is N. 40~0 E. from the Ligllt, distant 7 miles. This i;hoal it; not easily distinguished 
from the Stone Horse. 

"Broken part of Pollock Rip" lies N. 37.go E., 11 z miles from the Light, mi the Coast-Surwy 
chal't, and N. 35;\0 E., 14~ miles on _Paul Pinkham's. This is rather beyond the range of Yision 
from the Light-bouse, except for a wreck, and bard to distinguish, the shoals being numerous. 

Stone Jlorse.-Thc middle of this shoal, as well as can lie determined, lies about iu the same 
direction upon old and uew charts, N. 2!!!0 E. from Great Point Light.. Its distance, accordiug to 
Paul Pinkham's chart, was 81- nautical miles. It is now i)i, i.e., the shoal bas moved about three
q uarters of a mile toward the Light; 

liandkerckie.f Slwal.-This slloal ltas ,·er.r much iucreai,;ed in !'ize, and icorkcd or extemlPd south
ward. The least deptu is the same (4 feet) now as upon Clark's map of 1 ms; but this figure lies 
auout 1 mile farther from Great. Point Light on Clark's chart than upon our own. The southern 
point of the slloal is giyen N. 20 W., 8~ miles from Great Point Light, by Pinkham while by 
Clark it is 72 miles due north, aud upou the recent Coast Survey chart 6! miles K. r;~o W. 

The northerli or northeastern portion of the shoal has not essentialls changed, being the same 
for !'inkham, Clark, and the Coast Sun·e.r~ but the growth southward has exceeded one mile iu 
the past century. 

·upon both of the old charts (Pinkham and Clark) the sajliug course for the" :North Channel •i 

was laid down north of the Handkerchief, and 1·an across what is now dry land uPar the present 
Monomoy Light. 

Clark's representation of Monomoy indicates a great extent subject to o\•erfiow, so that it is 
difficult to make comparisons between it and other plottings. 

Butler's Bole.-This most frequented channel was about Ul miles wide upon Pinkharn'.s chart, 
1 mile on Clark's, and little more than a half mile at the time of the most recent snn-ess. ~\s 
might.have been expected, Butler's Hole has increased in depth as it has lo:::;t in width. We find 
nearly 20 fathoms on the site where the old charts gave 15 as maximum depth. The 1>reseut max· 
imum depth is 232 fathoms. 

Before entering upon the more modem history of this region, we must call attention to wlrnt 
we may designate as the deep hole, indicated by the sounding of 24 fathoms upon Paul Piukham·s 
chart. This sounding is plotted 7! uautical miles N. 71~0 E. of Great Point light. )foBlair, in 181!.I, 
found 2lf fathoms at a distance of 6 miles N. 79~ E., and Captain Brownson, at the margin of bis s1u
w•y of 18831 gives 20 fathoms and no bottom, 7 miles N. 77JtO E. of Great Point Light. There seemis 

H.Ex.40-33 
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to be uo doubt that a gully of considerable extent exists which our vrinted chart does not. propt•rly 
represent; and it is believed that this gully i:::. a permanent feature, notwith1:1tauding that our bear
ing differs from Paul Pinkham's very largely. It must lie bomc in mind that the bearings of brt'ok
i1i_q shoals could be accurately taken from Great Point light tower; but a deep hole maketi no sign. 

This gully lies so near tile proper track of the South-Channel fleet that its careful representa
tion upon the chart would l>e a valuable guide to na,-igation, while its absence from the chart, or 
entirely inadequate rendering, pro~ides for disaster. Some >essel standing in from seaward in 
thick weather may happen to cast her lead in this deep place., and, believing herself outside of all 
the shoals, sail on to lier destructiou. 

There is reason to believe that Great Round Slioal and this gully are to be fouud just where 
they always ha>e been. The sailing line on Paul Pinkham's chart of 1784, if plotted upon our 
own chart, lies very near the southern slope of this gully, and between it and onr most receut sailing 
line. But why this gully shou1<1 not :fill up, in this region of strong t.ida] currents laden with sand, 
is :t mystery. It might be worth wliile to take some current observations aud ascertain if a result
ant occurs here not elsewhere developed. 

11fonomoy Point.-Tl.tis is well defined on Desbarres' chart of 1777, and on Pinkham's of 1791; 
but on :Matthew Clark~schart, 1798, it is represented as if awash. Tbe distances across from Great 
Point to Monomoy are: on Desbarres' chart (1777), 14 nautical miles; on J>aul Pinkham's chart 
(1784-'91), ll:i nautical miles; on Matthew Clark's chart (1798), 10~ uautica1 miles; United States 
Coast Survey ( 1868), 9! nautical mile11. 1\Iattbew Clark's cba1·t onl.v assumed to be a correction of 
Desbarres', while Paul Pinkham's was from a new stuvey. 

There seems al ways to lrnve been a shoal off the extreme poiut of Monomoy known as 
''Egg Islan<l," when dry. This shoal has sometimes attached itself to tbe end of l\Ionornoy. 
hut oftener !ms been separated by a deep slough channel. If we ignore the slough channel 
that now separates the point of .l\lonomoy from the Shovelful Shoal (the re-appearing Egg 
lslantl in an ad\·anceu position), we reduce the di.stance across from Great Poiut to less than nine 
nautical miles ( 1875). It should be notell here that Great Point Nantucket has lost, by fits and 
starts, considerable length. Paul Pinkham found the extreme poiut in 1784 over 3,000 feet beyon{l 
the present light-house, theu in course of construction; Assistant Henry L. Whitiug's topograph
ical sLirvey of 1846 gives tllis distance 1,90() feet, and Assistant F. D. Granger, on his hydrographic 
sht•Pt of 1874, places the point (by a signal as near as possible to the high-water breaker) about 
1,()00 feet from the light-houses. · 

·we lw,i·e every rea.son, then, to believe that the dry lmid of ;lfonomoy has extended, soiithu:ard two 
m'ilc.~ during the past century.• 

The first survey of l\fonomoy made by a professional topographer was that of l\fr. Charles 0. 
Boutelle, then attached to the trigonometrical survey of Massachusetts, in 1840. At that tirue 
the point lay 2,_GSl feet S. 3,837 \V. of the Light-house then standing. (See Captain Boutelle's re· 
port, .addressed to Superintendent Ooast and Geodetic Survey, 16th June, 188G, appended.)t 

In 1853 Assishi.nt S. A. Gilbert, of the Ooast Survey, made a plane-table survey, and found.. 
the extreme point of Monomoy 2,821 feet S. 3,542 feet \V. of the" Old Ligbt-h<mse" referred to l>y 
J\Ir. Boutelle. The first twelve to thirteen years of authentic history only ad\"anced this point about 
140 feet. 

The next sur•ey was by Assistant C. T. Iardella, of the Coast Survey, in 1856, when the ex
treme point was fonn<l to be 3,180 feet S. 3,906 feet vY. 'of the" Old Light· house," showing an 
advance of 509 feet SW. in three years, or at rate of 170 feet per annum. 

• Tliere is a mysterious chart in the archives of the Coast and Geodetic Sun-ey entitled, ".A chart of George's 
Bank, including Cape Co<l, Nantucket, and the shoals lying on their coasts, surveyed by Captain Paul Pinkham," and 
"pnhlished by Edmund M. Blunt, 1797." · This chart, ostensibly six years later t.ha.n t.he "Chart of Nantucket 
Sl10al•" (which we ilave found so valuable), is compara.tiYely ai)surd. It is a whole degree out in longitude, and it 
g-iYes, for the distance from Great Point to Monomoy sixteen minutes of J.Btitude; and yet the bearing and distance 
of George'• Shoal were more nearly correct than upon any previous chart. Its scale is about 1: 400000. 

t Captain Bontelle's testimony against the map ma.de by John G. Hale in 1831 rules it out of court; but I may be 
nllowed to state tila.t upon that map the point is represented a.s about 1,650 foot south of the light, and the PtJtOdl!r 
Hole Harb11r is absent. There is no doubt, in my own mind, that the testimony of the old people on Cape Cod is cor
rect in ascribing the first creation of the Powder Hole to the first half of this century. We have witnessed its de· 
structiou. 
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Again, the point was located by the survey of Assistant P. C. 1~. vVest, of the Coast Sun·ey, 
in 1868, 4,851 feet S. 5,266 feet "\V. of the same old light-house, showing an advance southwesterly 
of ahont 2,123 feet in twelve years, or about 175. feet per annum. 

l!'inall~', we have the plane-table. sheet of Assistant C.H. Boyd, of the Coast Survey, execnted 
with the intent to complete the history to the present time (June, 1886), and :find the point •J,~66 
feet S. and 5,151 feet W. of the site of the Old Light-house, showing an ad rnnce of about 22~ feet 
per annum nearly south. The growth of the point is again slowing down, and Mr. Boyd's map 
shows that deposit has been arrested elsewhere en route from the north. It would seem that the 
material torn from the Chatham shore travels down the beach or near to it, and adds itself to the 
point of Monomoy in unequal masses at unequal intervals of time. 

As far as we are adviseu, the sands move from the north under the action of the ground swell 
which sets on from U1e northeast. It. is the same at this entrance to Vineyard Sound as at the en
trances of Delaware and Chesapeake- Bays-the slwals protrude and advance from the north side. 

Of course, at all such entrances the flooll tidal currents sweep in along the outside shores, and 
bear with them a great load of silt supplied by the breakers, so that the resultants are towards 
the bay, near the coast; but this movement (b~- currents) is usually just as conspicnom; ou one 
side as on the other of the entrance. 

l\1r. Boy(l found the Shovelful Shoal showing a .dry spot for two hours at low tide. Tllis has 
been dry before, but our hydrographic sheets have usually gi.,-en 1 foot at mean low tide. The 
summit of this shoal is now about 2,300 feet farther to the t'wuthwest than it was in JS53; bnt the 
point of Monomoy has gained upon it 877 feet. Of course, if this gain continues, a sudden annexa
tion may be expected. It seems probable that this shoal ad\ances more slowly than )1onomoy 
Point, because in deeper water. The central point of the dry Shovelful is now S. 36° 41' \V. (true), 
from ohl light-house site, 9,Gl 7 feet.* 

The discrepancies of the measures of l\Ionomoy from land surveys cannot be attributed to any 
want of definition or to differences iu the height of the tille. On sandy shores exposed to ocean 
waves the strand (i. e., the belt left bare when the tide is out) is very narrow and of nearly uni
form width for tides of equal range. This is often true, irrespective of the ocean depths in the 
neighborhood. It is quite otherwise as regards inside beaches-tilose along the margins of 
sheltered basins or harbors-where the strand is often broad and always irregular, becanse ouly 
the continuation of the bed-slope.~. The point of l\fonomoyhas always been Lold or" steep-to," at< 
the sailors sa.y. Illustration No. rn gives a compari;so11 of Paul Pinkham's survey of 1 IM with 
that of the Coast Survey of 1886. 

Let us turu now from these measures of dry land to the hidden dangers that lie beneath the 
sea. These are dunes that creep upon the track of our commerce, and grow up it1 the channels, to 
become more aud more sources of distress every year, and the most remarkaole of these, altl1011gb. 
not the most dangerous, is the Handkercliief. 

HANDKERCHIEF SHOAJ:,, 

From a glance at our most recent M1rvey one would say that this shoal is shaped like a pear with 
stem downward. It is, in a very general sense, a sector-like figure with radius of 3! nautical miles 
and 360 :flare. Closer examination, however, discovers that it is not s,:pnmetrical, b•1t consists of 
three lobes, representing, as I think, thr-ee different periods of growth. The most northeru lohe, 
which is the largest now, is the oldest. We find it upon Paul Pinkharn's chart in the form of a 
horseshoe opening directly west. It was then about half the size of the present northern lobe as 
limited by the 12-foot curve, or less than a tbiru of the whole sho'.ll as now similarly limited. 

The area of this shoal, as defined ty the IS.foot curve, increased from 9,888,870 square j·ards in 
1853 to 12,636,672 in 1875, an<l the southern point advanced into the sound 3,400 feet; or over one
half of a nautical mile (34 seconds of latitude). The bulk of this shoal in 1853 was l!:!,543,759 
cubic yards; in 1875 it, had increased to 19,175,835 cubic yards, and in this interval its center of 
gravity had moved 3,956 feet S. 20 55' E. (true). 

"The old Light-house was 182 feet N. 46° 30' W. (true) from present Light-house. 
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These recent changes of the Handkerchief Shoal can be th ms concisely and contidently stated, 
because our figures are based upon very careful comparisons of soundings made for the Coast 
Survey by Lieut. Maxwell vVoodbull, U. S. N., in 1853, Assistant F. D. Granger in 1874, and 
Lieut. R. D. Hitchcock, U.S. :N., in 1875. 

The sketches that accompany this report represent final conclusions from much discussion, in 
which Mr. H. F. Bothfold has taken a laborious part as expert in such comparisons. Sketch No. 
20 gives a graphical representation of the changes in the Handkerchief Shoal. 

It is hoped in subsequent reports to complete this diagnosis, and to point out clearly-what 
now -is but dimly seen-tbe depeudence of these movements of the samls upon great cycles of 
the ticles. · 

Very respectfully, yours, 

:Mr. F. M. THORN, 

HENRY MITCHELL, 
Coast and Geodetic Siin:ey. 

Superintendent Coast and Geodetic Survey. 

REPORT CONCERNING THE EARLIEST TOPOGRAPHICAL SURVEY OF MONOMOY. 

By CHARLES O. BOU'J:'ELLE, Assistant. 

U. S. CO.AST AND GEODETIC SURVEY OFFICE, 

WashingfQn, D. O., June 16, 1886. 

'Bm: l return herewitll tile llUIJers sub mi tte1l by Assistant :Mitcheli on the su~ject of Monomoy 
Island, south of Chatham, Mass. 

I recoguize the smaller tracing, sent by Mr. H. F. Walling, as COJlied from a large manuscdpt 
map which I assisted in making. I also recognize it as a correct copy of a plane-table survey 
:ruade by me on the island of Monomoy, in November, 1840. I checked the survey by several 
triangulation points upon t be island, <letermiued by me for temporary use, by the "three-point" 
method. 

At the time of ru.r su1Tcj· the "Powder·holc" harbor, near the Light-house, was a place of 
resort for fisltermen aml a harl.1ur of refuge for small vessels. 

By spacing upon the tracing I find that the southernmost point of Monomoy Island, iu Novem
ber, 1840, was 2,47fi feet, or 24".4 S. and 3,83G teet W.-50".5 of Monomoy Light. The Coast 
Survey 11osition of the same light is gi,·eu in Coast Sun•ey Report for 1851, page 189, as latitude 
41 o 33' 32".W, longitude fi90 59' 18".98. 

Tho "faint indication of a triangulation point" upon Mr. Walling's tracing is undoubtedly 
tltat of the Light<l10use. He gives the squares inclosing it. These count from the zero point of 
tbe section, and are four inches upon a side, or, upon the scale of 200 rods to an inch (1: 39600), each 
8ide is 800 rods, or 13,200 feet, long. 

I u the printed tables of the Massachusetts Trigonometrical Survey, section v, page 71, :Monomoy 
light-house is given as 202,380.37 feet south, and 191,375.31 feet east of the zero point of the sec
tion. 'l'he north side of ille square inclosing the light is therefore the fifteenth south of the zero, 
-0r 13,:wo x '15=198,000 foet south, and the east side is also the fifteenth, or 198,000 feet east of 
zero. 

The position of the Light-house in the square is therefore 4,380.37 feet south of the north sid~, 
aml u,024.G9 feet west of its east side. · 

These quantities spaced upon the tracing agree so closely with the station marked by Mr. 
\Valling as to assur~ its identity with the J,ight-house of' 1840. 
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The necessity for my survey of l\fonomoy Island arose from the grossly inaccurate character 
of the map of Chatham made by Mr . .T ohn G. Hale for the town authorities in 18.'H. This person 
was employed by contract with many towns in eastern Massachusetts to make maps which could 
be returned to the Secretary of' State, under the act requiring each town to make and return a 
map of its territory upon a uniform scale of 100 rods to an i11ch. 

Mr. Hale's maps were all very neatly drawn, and were all very inaccurate; ma11y were only 
sketches without any survey. 

So far as I can recollect, at this distance of time, I was informetl that Mr. Ilale never >isiteJ 
Monomoy Island, but copieu some. older map or chart. At any rate the case was so flagrant an 
evasion of the law that the selectmen of Chatham furnished me, at their expense, with men and 
transportation required to make the 1mrvey. 

The large tracing sent by J\Ir. \Valling represents Mr. Hale's map, now on record in the State 
House at Boston. 

Yours, respectfully, 

F. M. THORN, 
Superint-endent Coast and Geodetfo Survey. 

C. 0. BOu"'TELLE, 
Assistant, Coast and Geodetfo Survey. 
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REPORT OF CfIANGES IN THE SHORE-LI~m AND BEACHES OF MARTHA'S YL\'EYARD, AS 
DERIVED FRmI COMPARISOXS OF RECENT WITH FOR~IER SURH~YS. 

By HE:NT~Y L. '\VI-IITIXG-, A.>""istant. 

G. s. CoAsT A?\D GEorn~Trc SrnYEY, 

Boston, Jlass., September1 lS::iu. 
DEAR SrR: I present herewith a report of my recent resur,-eys of tile shore-lines and beacltes of 

Martha's Vineyard, more particularly in regard to the cLauge;,; which ha H\ oecurred :,;irwe the fir;,;t 
StUYeys were made, just forty years ago. 

Tbe changes along the southern shore of the Is laud give an interesting illustration of tlic action 
of what may be termed a "rolling beach," and the power of tLe ocean sea-dash npou a saudy shore 
to driYe this mateifal before it. Tl!e .south shore of Martba'ti Yineyanl is a can·, where little if auy 
other force has operated. Its geographical position, so far beyond the trend of the main land, aml 
its straight alignment, present au unobstructed front to the wa,·e action. Although iu occasional 
storms the breakers come upon the shore in oblique directions, the preni.iling action of the Rea-dasl1 
is normal to the shore. Even in gales from the southeast and south west, after the force of the wiml 
subsidPs, the breakers come in directly from the south. I witnessed some years ago after a lwiwy 
southeast gale a "roller," which I estimated to be a mile in leugth~ break upon the shore in a ;;iugll~ 
blow. 

An examination of the original map upon which 1 ha.Ye made the rcsun·ey will gh·e a better u11-
<lerstanding of the nature and exte11t of the changes which ha Ye oceurrerl than ean be con w:red by 
a written tlescription of them. Where the beaches haYe been low, particularly iu front of tile 
several ponds, the overshot of the sands has made a greater encroachment upon the l1ou1ls allll 
marshes inside of the beach than occurs in the outer sllore~line oppm:ite. The general recedeuel' 
of the shore line I should estimate at from 175 to 200 feet. At the crest of the summit of the hluft' 
at Nashaquitsa Cliffs, which is about 150 feet in height~ the maximum waste is about 220 foer. 
Opposite Chilmark Pond the maximum outer waste is about 180 feet, and the on·n;l!ot of sands 
into the pond near the opening is about 52.1 feet. At Tisbury Great Pond the outside waste west 
and east of the inlet is, respectively, about 180 and 140 feet, while the correspondiug encroachments 
upon the pond are, respecti\7ely, 680 and 480 feet. Quite a peculiar coincidence occurs in the present 
opening into Tisbury Pond with that of 1846, wl1ich is almost idl'ntical in loeation a1Hl extellt, ex
cept that it is farther inward, while between the years ISCO and 1865 the opening \"\"a8 about t hreP· 
fourths ol" a mile farther eastward. Most of the inlets of thl' soutlwru poml;; are 01wuetl artificial Ir, 
for the purpose of improving the fisheries and to prtwent tbe O\'ertlow of marshes by tlte 1h•,,hn 
waters of the IJOnds. When once opened, the width and depth of the inlets arc establi::;hed 1111d 
maintained according to the power and condition of the tides and the wa\·~ action of tbe ocean. 
They sometimes remain open for several months, and again are clotietl lJy the first l1eavy istorm. 

The most considerable movement of the entire beach occurs along the front of Great Ilerrmg 
Pond, in Edgartown, where the whole muss of the lleach has heen tlri\·eu in upon the former wate1s 
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of tlrn poutl a distance about equal to twice its width. As will be seen upon the map the overslrnt 
of sands bas eutirely obliterated Craxtuckett Pond and a smaller one west of Great Herr~ng Pond, 
awl in one instance changetl what was a former co,·e into a. separate pond. 

I would again briefly allude to the difficulty of making an accurate resurvey of the south sliore 
of J\Iartha7s Vineyard, in consequence of the entire loss of former points. The mere linear extent 
of shore-line surveye<l gives no adequate measure of the work invoh,ed. 

T11e stUV<'Y of the new openiug into E<lgartown Harbor and Cotamy Bay and the sl10res of Chap
paquiddick foland, should, I suppose, be classed as an original survey. 1t i8 on a new projection 
and not connected with former work. The locality of tlie work, except along the northerly shore 
of Clrnppaf)niddick and at Cape Pogt', is beyoud the immediate coutrol of the only group of trian
g-1llatio11 y1oints upon tile sheet (Edgartown Spire anll Light-House, Cope Poge Light-House, and 
Sampson's Hill). I wish, 110we>er, to report the YeQ' excellent character of the projection made by 
l\!r. Charles Junken and SPnt to me for this work. I fonnd it so accurate that the most remote 
<leterminations from the base points at the southeasterly part of the fheet were efiected without any 
perceptible enor. I have marked upon the sheet a number of intermediate points which I Jrnve 
determine<l for use in the <letailcd survey, mainly house cliimne_ys, which will saYe much labor in 
the en•nt of future resurve;ys. 

I had 11ot the original map of my survey of 1846 of the eastern 1mrt of Chappaquiddick and 
Cape l'oge, by wilieh to make comparison of results and report upou the changes. '.fhis can, of 
cour:;;e, lie done at tlie office. I would call attention, however, to the point of Cape Poge where 
great waste lt118 occurred. The summit of the sandy bank or bluff nearest to the Light-House is 
ll-OW witliin about 4i"i feet of its foundation and wasting rapidly. Some thirty years ago or more 
tlie foot of this bank was protected hy a rip-rap of stone. The line of this ridge of stone c:an he 
seen UIHll'l' water from the top of the bank, I jmlged from 500 to 600 feet beyond the present shore. 
lim•. 'There is indication of onrfiow along the beach opposite the two easterly coves of Cape 
Poge Pond, wilich may hin-e been of sufficient force and rnnge to aftect the outlines of the coves 
tbemselns. How far tlie strong tidal currents through Muskeget cbaunel have affected tile east
edy beach of CLappaquiudick I am unable, for the reason stated, to report. At tile extreme south
eastt•rly point of the island (\Vasque, Point), or just south and west of tlie point, the tendency 
see1m; to be to maintain a re1;narkable uniformity of position. Slight changes, forming waves in 
the ontn liue of the heacb, occur with almost every storm, but the general outline of the point is 
in rnncil the same g-eograpbical position it was forty years ago. 

A ft•ature of interest and •rnlue as a m('aus of shelter and protection in tbis exposed fiRhiug
gronntl is the increase, in size and ele>ation above liigh title, of Skiffs Island, which for the past 
twentj· j'ears has been little more thau a shoal dry at low water. Wlietber its present changed 
condition is due to the influence of the new currents through the new opening is a question which 
would require quite elaborate observation to determine. At the time of my former survey" Skiffs 
faland '' was merely a shoal covered at high tide. Its conllition and the rough water and "rips" 
around it made it impractical to determine it a.fl a topographic :feature. Its location on the pub
lished chnrts of the Sarvey is, l believe, from hydrographic data. In connection with my present 
surveJ· I thought it important to determine its poRition and outline more accurately. I did not 
make iustrumeutal stations upon it, but put signals on the salient points and determined them from 
shore stations. The geograpl.iical position of the Island falls off the present sheet, but I ham 
tram;ferred it one minute in longitude west from its true position. The survey was made on August 
15, wbich was tlie .first of mauy days when a landing could be favorably made. The Island is 
about southeast from "\Vasque Point and distant from sbore to shore about 18- miles. .At the time 
of the 8nrvey it was about 1,200 feet in length-north and south-with a greatest width, east and 
west, of about 290 feet and contained an area of about 4i acres. Probably for the first time in 
the lai;t fifty years beach weeds and grasses are taking root and growing upon it. 

The 1ww opening through Cotamy beach, so called,' ccurred on the uight of January 9-10, 
1886. After a gale f'rom ENE. the wind shifted to \VSW., still blowing a gale. The west beach, 
aR the portion west of the opeuiug is Iiow de:>ignatcd, was <1uite low before this gale occurred, and 
after the shift of wind the whoJe beach, in lon.g-shore phrase, was a" breaker." .A very high tide
one of the highest siuce the Minot's Ledge gale-acc:ompa11iecl this storm. The general opinion ill 
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that with the turn of the tide the opening was first made by the outwar1l or southerly current. As 
soon as the beach could be visiteu the opening was alreatly, by estimation, about 100 yards in 
width. On July 1 it was about 1,200 feet. 

The present survey of tlrn inlet was made on July l, and tile position of the sandy points on 
either side of it as then cletermiue<l, place the opening alxmt half its widtli east of the position of 
the former opening as determined by the snrvey of 1856. The width of the present inlet, as will 
be seen by comparison of the two surveys, is nearly the same. [See illustration No. 21.J There 
is uot much chaugc in tlw general position of the beach, but the easterls point of the present 
opening is farther within the bRy (northward) than at any previous time. Tlie cLanges of filling 
up, by wind and sea, in the site of the last opening, before it closed, along its pathway bet\Yeen 
the fast lanu of Chappaquiddick and lbe former outer beach, are exhilJited by the tletails of the 
map. 

Contrary to the usual action of the inlets and openings on the south side of Martha's Vin6· 
yard, and particularly those through Cotamy Beach, the resultants of the mo\~iug sands thus far 
with the new inlet have been 1ce.stward. This, l10wen'r, will probably prO'>e to be but a temporary 
movement, and eventually tlie opening, as all previous ones ha\·e done, will work eastu;ard. There 
are p_reisent conditions of the beach, however, which may retard this movement. This iutlnence, it 
effectiYe, will be due to the comparatinly small amount of material in the west beach, wl!id1 is 
unusually low. One of the forces which 1irevail in causing the east eris movement of tile opeui11g 
is the encroachment of the west point or chop upon its channel, and, by contracting it, causing 
a corresponcliug waste or cutting awa.y 011 tlie east point or chop. Formerly the west beach 
contained quite high sand hills and dunes, which supplied material for the extension. of the 
water-point. The high sand ba11k wl.Jich existed in 187t was probably oue of the causes which 
teu<led to fill up the artificial cnt made by General Warren. 

The tidal currents through the inlet, through the narrows of Cotam;r Bay and through 
Edgartown Harbor, are now Yery stro11g. I am unable to state the exact Yelocity, but it lias had 
power to increase the depth of water along the front of the town and about the whan-es. The 
currents are also -effecting change in the position aud deptli of the poiut of Chappaquiddick, oppo
site the town. They also aftect the manmnvering of ,-essels, which now do not like to anchor ahorn 
Chappaquiddick Point. The fishermen state that the scour of those currents is injuring the clam 
and quahaug grounds, which are of much local vRhw. 1 have endeavored to ascertain whether 
the tidal currents through the harbor were strongt>r now than when the inlet of 1856 was open. 
From such facts as I coulu gather, however, they seem to be of abotlt the same force. In 1856 a. 
wliale ship lying at the illner wharf was torn from her moorings anu carried eastward witL tho 
tide until her anchors were let go. · 

That these strong currents must produce changes in the physical comlition of the liarbor 
seems self-evident. The very peculiar tidal phenomena connected with it makes the study of the 
subject one of special interest. Comparing the time the })fesent in.let bas been open, about eight 
months, with the eighteen or twenty years of less effecth-43 action since the former inlet closed, the 
probabilities are that the harbor channels and shoals are still iu a transition state. During the 
next spring or summer it may be desirable to ascertain, by a b;ydrographic survey, the degree of 
change which has taken place, and in what WRY the change of regimen affects the quality of the 
harbor. 

I append a notice from tlie local paper, the Vineyanl Gazette, relating to the opening of t.he 
new inlet. 

Very respectfully submitted. 
HENRY L. WHITING, Assi.sta1it. 

Mr. F. M. THORN, 

Superintendent Goa.st and Geodetic Survey. 

[Vineyard Gazette, Edgartown, January 15, 1886.] 

One of the results of Satnrday's gale was the breaking through of the son th beach near the 
entrance to Cotamy Bay, the first effectual opening from the ha1 bor directly to the ocean in twenty 

H. Ex. 40-.14 
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years. Tbe opening is reported to be 100 feet "ide aud 5 or G feet in depth, and it is beliewd 
will be like1y to stand for a number of years, although there are those who dissent from this 
opmwn. Assuming the permaneucy of the opening, howeYer, its importance can lmrdly be 
overestimateil. The long voyage around Cape Poge, witli its attemlant risks and exposure, and 
tlie long day required for a f("W hours' fishing, can be discontinued, aucl instead thereof will be 
subi;tituted the safe aud eas;y run dowu the harbor, with two chances a day for those who <lesire 
it. Summer visitors will enjoy the eas~· access to tbe fishing-grounds now afforded, and the 
sojourners at Katama especially, who ha\'e had heretofore to sail nearly around the island of 
Olrnppaquiddick to cateh a bluefish, but wlio can now accomplish their purpose after a half-hour's 
rnn, will find the change a most agreeable one. With proper legislation on the seining question 
the new opening ought in all respects, with the possible exception of the quahaug fishery, to 
operate to the decided ad \'autage of the town. 



 

APPENDIX No. 10.-1886. 

A REPORT ON THE DELTA OF THE DELAWARE. 

TJy I-IF~XHY J\IITCHE;LL. Assistant. 

COAST AND GEODETIC Sur.TEY OFFICE, June '.!5, 1886. 

Joe Flogger Shoal.-This shoal forms the central prong i11 the subwerge<l delta of tlie Dela· 
ware. It is a mole of sand protruding from the mouth of the river into the bay, with a fair way 
or pass on either side. It is ov!'r 13 nautical miles long, but only !2,000 feet wide, in the average, 
at the base (18 feet below th..; plane of low-water spring tides).* It has an irregular and ,·ariable 
summit, \l'itll two remarkable sags or sloughs. 

'Ve have two excellent sunep,; of tliis shoal, the first made in 1811-'±3 by Lieut. George S. 
Blake and others, the second in 188~-'83 b~- ~farindin, Mansfield, and 'Yiu slow. The case admitted 
of a simpler method than usual, an(l may ue briefly stated thns: 

':\IETHOD OF CO::\fPARlNG OLD AND NEW RGRYEYS. 

"' e have alread~· referred to Joe 'Flogger Shoal as a long mole extending from the mouth of 
Delaware River into Delaware Bay. W'" e have compared the· dimensions of this mole for the lliffer
ent dates precisely as if it were an artificial structure needing repair. \Ye ham plotteu the profile 
of its crest with a plan of its location as a first essay (see Diagram .A); we ha Ye then plotted a 
profile of its mean depth, its location, and its width, and we ha,·e <lone tbis for each date, placing 
the results side by side (Diagram B }· The mean depth is the mean of the soundings from the 18-
foot contour on one side to the same contour on the other, and the location is that of the axis of 
each cross-section. That there may be no misunderstarnliug of this statement, the manner of 
determining the axis or the axial point in each cross-section is illustrated in tile following dia
gram: 
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*We have used "18 feet L. W." becaUBe this contour has been most carefully traced on the original sheets, but 
we should have preferretl to a.dhere to our higher base plane of 18.6 below mean level (half tide). See Annual H.eport; 
1883, Appendix No. 8. 
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Tbe dotted line in aboYe diagram bisects all the cllor<ls of the cross-section, and the rueau of 
all the points of bisection falls at i.8 on the horizontal scale, i. e., at lif of the base of the figure 
(18 feet at low tide) lies the axis of the shoal at this point. 

Having plotte<l the location, crest, width, mean <leptb, and sectional aiea, we ha Ye formulate<l 
these for equal distances along onr base. (See Tables I and II.) 

In locating this base npon the different projections l\lr. Boyd bas placed its zero, or origin of 
ordinates, in longitude i5° 2iY ,V,, latitude 3!>0 JG' N. on the hydrographic sheet of 1841, and in 
longitmle 7;302'.!'1511

, latitmlc 39° 1G' Ou" on the hydrographic sheet of 188'.l-these locations being 
identical in nature. 

RESUL'l'S OP 'l'IIE CO:IIPARISQ~S. 

The first comparison was made for the location and height of the summit ridge, i. e., the crest 
of the shoal. 

This ridge has lost nearly a mile of length at the upper ellll, and it has dropped or worn down · 
about l~ feet in the forty years elapsed between the two surveys. 

This summit ridge has presen·ed the old alignment pretty well, except that the slough at the 
fifth mile amounts almost to a break now, and the break at the tenth and eleventh miles has shifted 
up-stream. (See Table No. I and diagram A..•) 

The highest 1iart of the summit ridge was about m~dway of its length. in 184J, but in the last 
survey it is found near the southern end. The great slough has shifted northward over one nautical 
mile without any change of depth; it is, howe>er, much narrower. 

Tlie second comparison was made for the location of tlie axis of the slwal, for the mean height, 
and for the base width; the plane of reference being low water of spring tides or one-half foot 
below mean low water.t (See the see<:~nd set of tables attached to this report and diagram B.•) 

Leaving out of consideration certain low aurl indefinite portions of the shoal, we may assert 
that its axis lies now where it did in 1841, but its length has diminished about 7 per cent., its 
width 20 per cent., and its ele,·ation of axis 11 per cent. These changes appear also in other 
prongs of the delta, such as Cross Ledge, &c., where loss of elevation is still more considerable. 
A glance at the diagram B, however, shows that the heavier portions of the shoal have maintained 
nearly the same elevations in tbe average. Midway of the length of the shoal (11,000 to 15,500 
meters of our table), where the bea,·iest portion of the Joe Flogger is now found, the mean eleva
tion has remained almost exa4,tly the same for the axis, although the summit bas lost 1 foot in 
the arerage an<l 3 feet at greatest. The width at the base bas not increased, but the cre~t is flat
teued as if by the wash of steam vessels. 

The rolume of sand composing Joe Flogger Shoal has been reduced, according to these tables, 
30 per cent., if we count the original length, or if we count only the present length and.its corre
sponding portion of the old shoal, we have a loss of about 27 per cent. No possible error in plane 
of reterenct~ can aceount for this, nor tlo we fincl adequate evidence of submergence; but upon these 
shoals and upon some portions of the shores there has been waste. 

"While the loss of length in Joe Flogger Shoal i8 mostly at the upper end, the wear in the lower 
half of the present shoal seems to be greater than in the upper. Confining ourselves to the present 
length, we find that the cross-section of the upper half lost, since 1842, 4,33! square feet, while the 
lower half lost 5,132 square feet, i.e., 18 per cent. more. 

For that })Ort ion of the ol<l shoal that has been lost, i. e., the first mile of Table No. I, we ham 
examined the new survey and find a ridge which marks the rain of the old shoal. This ridge has 
an average depth upon it of 23! feet, while in 1842-'.t,3 the average depth was about 13 feet.. Tho 
Joe Flogger lost, then, between 1842-'43 antl 1882-'83, a mile (or more nearly 1,800 meters) from 
its upper end, and in this mile there was an average dee1>ening of 10 feet, i. e., the summit fell or 
washed off, so as to lose 10 feet in elevation £or over a mile in length. 

• The diagrams are omitted because of their great length. They are plottings on profile paper of the elements of 
the tables which follow. 

t The survey of 1841-'4:J was reduced to the plane of low-water spring tides, and th!l contours having been very 
carefully drawn in when the survey was made we did not dare to alter them, so we a.djustl'Al the new survey to this 
lower plane of reference. 
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'l'he valuable channels ou either side of Joe Flogger Shoal have not suffered. On the contrar_y, 
the thalu:eg depths ha,·e increased; they, too, have been scoured uow11. 

In the Blake Channel, which lies westward of the 1>hoal, the first half of the di1>tauee (13,000 
meters from the hea.<l of the cha;rnel), the <leepening is only 0.2 foot, or essentially nothing; but 
for the second half (13,000 to 23,000 rueters) the deepening is nearlj' 3* feet. In the channel on 
the other 1>ide of Joe Flogger, i.e., in the main-ship-channel, the thalireg has deepened almost the 
entire lenglh, and in the a\·erage 3,f feet very uea:'ly. The minimum depth in either of these 
channels has not, perhaps, essentially changed, although the more numerous soundings iu tile 
later survey discover more water ornr the shallower reaches than would appear from the old "·ork. 
(See Tables Ill and IV.) 

We· are much indebted to Assistant U. H. Boyd, Mr. ·w. ll. Fairfield, and Mr. C. J. l\Ieade, 
who have done most of the work ou these comparisons. The first named gave but little time

1 

being busy on the review of accounts, but bis work was of good quality, being the proper adjust
ment of projections and the like. Mr. Fairfield made the tables an<l Mr. l\Ieacle the diagrams. 

Very respectfully submitted. 
BEXRY .MITCHELL, A118ista11t . 

.Mr. F. l\f. THORN, 

Superintendent Coast and Geodetic Surrey. 

TA.TILE I.-Joe Flogger Shoal, comparatii-e dimension8. 
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TABLE I.-Joe Flogger Slwal, comparative dimensions-Continued. 
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summit. 
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, Drfter-

1 on !-----~-, ence. 
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I Jlleters~ I ~lktcrs i L1feter:.i 

I 
I , I 

4. 800 . 720 : 8oo I 
5, ooo 76o I 800 

l l 

1 

5. 200 760 'r 800 
1 

1 
5,400 720 ! 800 I 

I 5. 6oo 720 800 

'I 5, 800 720 76o I 
I 6, ooo 760 700 

6,200 

6,400 

6,6<Xl 

6, 8<XJ 

7, 200 

7,400 

;,6oo 
7,8oo 

8,ooo 

8,200 
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IO, 000 
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00 
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TA.BLE l.-Joe Flogger Shoal, cornparatire dimensions-Continued. 

' I Location of sum- Height d 
Distance mit. sum1nit. I 

Differ- I 
Differ-

on 
base. 

ence. -~--1 ence. 

1842. 1883. 18.p. 1883 

---- --- --- ------ -- ----
. i'VIcters. J£ders. Meters. 111dtrs. Feet. Feet . Feet. 

13,600 720 76o - 40 15.2 14.4 -;-o. 8 

13,Soo 68o 76o 
I 

- So 16.o 14.6 +1.4 

14,000 640 76o -120 15.0 14.0 -i I. 0 

14, 200 640 800 -16o 15.0 14- 0 jl.O 

14,400 640 800 -16o 15.0 lJ.8 +i.2 

14,6oo 680 840 -16o 14.0 13. 2 +o.8 

14,800 680 920 -240 14.0 . 13. 0 +r.o 

15,000 720 96o -240 14.0 13. 2 +o.8 

15,200 720 1,000 -- 28o 14.0 13.4 -j-o.6 

15,400 76o 1,040 -28o 14.0 13.4 +o.6 

15, 6oo 760 1,080 -320 16.o 13. 4 +z.6 

15, 8oo 76o I, 120 -360 14.0 12. 0 +2.0 

16, 000 760 I, 120 -36o 14.0 l I. 8 +2.2 

16,200 76o I;J 120 -36o 15. 0 I I. 6 +3-4' 

16,400 760 I, 120 -360 15.0 11. 6 +J-4 

16, 6oo S+o I, 100 . --320 16.o IO. 4 +s.6 

16, Soo 840 I,2ov - 36o I 16.0 10.4 +s.6 

17,000 840 1,240 -400 16. 0 10.4 +s.6 
17,200 840 1,240 -400 14.0 8.2 +5.8 

17,400 Soo 1,240 -440 14.0 .8. 2 +5.8 

17,600 8oo r, 200 --400 13.0 6.8 

I 
+6. 2 

17,800 840 1, 160 -320 13.0 6.2 +6.8 

18, 000 840 I, 100 -3::0 I 12.0 2.4 +g.6 
.18,200 800 1,200 -400 1:2.0 2.4 +g.6 
18,400 720 1,320 -6oo I0.0 2. 4 +1.6 
18,6oo 76o 1,440 -680 10.0 3.0 +1.0 
18, 8oo 760 1,480 -- 720 8.o 3· 0 +s.o 

19,000 720 1,440 -720 6.o 4.6 +1.4 

19,200 J20 1,400 -720 5. 0 6.o -I.O 

19,400 76o 1,36o -6oo 4.6 6.o I. 4 

19,6oo 840 I, JOO -520 4.6 6.4 -I.8 

19, 8oo 88o I, J20 -440 5.8 7.6 -1.8 

20,000 920 I. 320 -400 4.0 9·4 -5.4 

20,200 1,040 1,320 -28o 4.0 10.0 -6.o 

20,400 l,o8o 1,320 -240 3.0 10. 0 -7.0 

20,6oo 96o 1,280 
v 

-320 3.0 I0.6 -7.6 

20,8oo 1,040 1,240 -200 3.2 10,~" --7-4 

21,000 I,oSo 1,240 -16o 4.0 II. 0 -7.0 

21,200 1,o80 1, 240 - 16o 5.0 10.6 -5.6 

21,400 1,040 1,240 -200 6.o 10.4 -4.4 

21,6oo 1,040 t, 200 -loo 7.0 II. 0 -4.0 

21,8oo I, 120 I, 240 -120 7.0 10.4 --3.4 

22, ()(X) 1, 120 I, 240 ·-120 IO.O I I. 0 -I.O 

22,200 1,040 1,240 -200 10.0 JO. 6 -o.6 

I 
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TABLE I.-Joe Flogger Slwal, comparati11e dimensions-Continued. 

Location of sum- Height of 

Distance mil. 
Differ-

summit. 
Difier-

on ence. 
base. 

I 
ence. 

1842. ISS3. 1842. 1883. 

---- --- ---- --- ---- ---
Ji1ders. l!feters. .1Ieters. Alden. Feet. Feet. Feet. 

22,400 1,08o I, 200 -140 I I. 0 I0.6 -;--0_4 

22,600 l,120 I, 120 00 II. 0 13.0 -2.0 

22, 8oo J,120 1,o8o + 40 12.0 13.0 -I.O 

23,000 l,040 l,040 00 12.0 15.0 -3.0 

23,200 920 l,040 -120 12.0 13. 0 -1.0: 

23,400 920. 1,040 -120 13.0 12.8 +0.2 

23,6oo 880 I,000 -120 13.2 l_:!.0 +0.2 

23.800 840 1,000 -16o 13.0 13. 0 o.o 

24,000 840 1,000 -16o lJ.O 12.0 +1.0 

24,200 8oo 1,000 -200 14.0 10.8 +J.2 

24,400 i 800 1,000 -200 14.0 11. 0 +J.O 

24,6oo 88o 1,000 -120 14.0 8.o +6.o 

24,800 920 96o - 40 15.0 8.o +1.0 

25, 000 l,000 96o + 40 lj.o 7.0 +s.o 
25, 200 96o 96o 00 13.0 6.o +1.0 

25, 400 920 I 960 I - 40 12.0 6.o +6.o 

25, 6oo 
I 

96o 5.0 +4-0 920 - 40 9.0 

25, 800 920 1,040 -120 6.o 4.0 +2.0 

26,000 96o 1,080 -120 5.0 3.0 +2.o 

26, 200 I, 000 l,040 - 40 2.0 I. 4 +o.6 

26,400 l, 040 -------- -------- 1. 0 ------ --------
26,6oo J, 120 

._ _______ - _.._ _____ . o.o - ---- ---------------------------
l\fe;in*. -------- ~-------

..j_z50 ------ 9.0 +2.0 - ·5 

Mean __ ---- ---- -------- -------- I0.4 --- --- -.y] 
•These means are taken from the present length of the shoals. 
The second set applies to original length of shoal. ln this table the heights for i883 must be corrected by adding 0.5 feet to reduce to same 

plane-low water spring tides. 

TABLE II.-Joe Flogger Shoal, comparative dimensions. 

Width. 
Mean eleva- ' Area of cross-

Location. tion. 
Distance Differ- Differ- Differ. 

section.• 

on base. ence. lj cnce. 

1 

ence. 
1842. 1883. J842, 1883. 1842. 1883. 1842. 

~ --;;;;:::-~ Jr:leten. lr:lete-: JJ.feten. / lrfeters. Fed. Fed. Feet. Sq.fad. 
0 - ______ ! __ ------

0 

200 

400 

600 

8oo 

120 

200 

28o 

0 ------ -- ·-----

1. z 
2.0 

2. 9 1·----· -- ·-----
3· 7 ·1· _____ .. ---·----

4. I -----· . ----·-
! 

3· 9 I·----- ·- .. --- --
1 I 

473 

1,312 

2,665 
3,885 

5,383 
5,632 

1883. 

Sqfett. 

Differ
ence. 

Sq.feet. 
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TABLE IL-Joe Flogger 8/wal, comparative dimens·ions-Contiuued. 

~·- Loc•ltion. - I ~~~; :1 _--;;;~ ·-h:r~ 1, Me~~0~1.ern- ~~~c:.-
1 

Are:ec~fl;o:'."" : ~:~:'-
1842. 1883. I I 1842. I 1883. I 1842. 1883. 1842. I 1883. i 

I Mdm. -~;:,ers. '1, ilictcrs. i JV[ete-:1' l1Iel44C;:o. Me1::.1_11_fi_e_tc_r_s_._ Feet. Feet. reel. S.5q,.fi9e2e~ ·1_s_q __ .fi_e_d._il,_s_·_~_·_f'_e'_'_ 
I 1,400 720 i--------1------- I . 4· 1 ------ -------- I 

~:: :: '----:;:-" ·-+~:·1 i: --:::· --~:::- ::! --:::· ·-i~:~- I~:~:; 11--~,-~;~-,1:~::-:: 
2, 000 76o 720 + 40 I j6o 320 +440 6. 0 2. 6 +3. 4 14, 958 2, 730 +I 2, 228 : 

2>.400 76o 8oo -40 720 440 +28o 5.0 3.0 +2.0 II,8101 4,332:+ 7,478) 

2, 6oo 76o 8oo - 40 / 720 520 +200 4. 2 3. 8 +o. 4 9, 920 J 6, 471 j+ 3, 449 

2,_8oo 120 Soo --- 80 720 6oo +120 3.8 4.0 -o. 2 8,976 I 7,87~ :+ 1, w4: 

3,000 720 8oo - 8o 720 520 +200 4· I 3.6 -j-o. 5 9,684 j 6, !JI t+ 3,553. 

3,000 720 8oo -8o 720 440 +28o 4.1 4.11 o.o 9,6841 5,9201+3,764 

3, 400 700 8oo - 40 720 440 +28o 4· I I 4- 5 -o. 4 9, 684 I 6, 498 /+ 3, 186 

3, 6oo 840 8oo + 40 720 400 [ + 320 4- I I 3. 9 +o. 2 9, 684 I 5, 121 1+ 4, 563 

3, 8oo 840 8oo + 40 68o 400 I -t-240 4- 0 3· 8 +o. 2 8, 9241 4, 989 I+ 3, 935 

4, ooo 88o 800 + 8o 68o 400 +240 4. o 3. 6 +o. 4 8, 924 I 4, 727 j+ 4, 197 

•· 200 840 840 oo i 76o 400 +36o 4. o 3. 5 +o. 5 9, 972 4, 596 I+ 5.376 

4t 400 840 840 oo 8oo 1 400 I +400 4. 1 3. 5 +o. 6 10, 763 4, 596 + 6, 167 

4, 6oo 8oo 840 - 40 8oo I 400 1 +400 4. o 3. 3 +o. 7 10, 500 4, 333 + 6, 167 

4t8oo 8'Jo 840 00 840 ! 400 -t-440 4.0 2.9 +1. I II,024 3,8o8 + 7,216 

5, ooo 840 8oo -;- 40 S4o i 36o -+ 48o 3. 9 3. 6 +o. 3 10, 748 4, 252 + 6, 496 

5,200 840 Soo +401 76oi 36o +400 4.1 3.9 +0.2 10,221 4,6o6+5,615 

5, 400 840 8oo + 40 76o ! 400 ' + 36o 4· 5 3· 7 -j-o. 8 II, 219 4, 858 + 6, 361 

s. 6oo 8oo 76o -t 40 76o ! 400 +J6o 4· 8 3. 5 +I. 3 II, 966 4,"596 I+ 7. 3iO 

5,Soo 76o 120 + 40 76o I 440 +320 so 3.5 +r.s 12,465 5,054 i+ 7,411 

6, 000 8oo 76o + 40 700 l 440 +320 5: 0 I 3· 5 +1. 5112,465 5, 054 /+ 7, 41 I 

~,200 &io 76o +40 840 440 +400 5.0

1

3.1 -r1.9 13,78o 4,476 +9,304 

6,400 76o 720 +40 840 48o +36o 4.9 3.7 +1.2!13,504 5,828\+7,676 

6, 6oo 8oo 76o + 40 84° I 56o +z8o 5· 3 4. 7 +o. 6 14, 6o7 8, 6.14 l + 5, 97 3 

6,8oo 840 8oo + 40 840 640 +zoo 5.6 5.0 +o.6 15,434 10,5001-1· 4,934 

7,000 840 8oo +40 8oo 640 +16o 5.9 5.2 +0.7 15,488 10,920:+4,568 

7,6oo 

8,400 1,000 

8oo 

8oo 

840 

S8o 
g6o 

I 
68o + So 6. 6 6. S +o. 1 , 16, 454 14, 502 1+ 1, 952 

76o I 68o + So 7- 1 6. 5 +o. 6 17, 700 14, 5021+ 3, 198 
g6oj 88o +So 6.7 6.6 +o.I 21,105 19,054+2,051 

+ 40 

r, 16o 1, 120 + 40 6. o j 5. 8 +o. 2 22, 836 21, 315 I+ 1, 521 

I, 200 1, 200 00 5· 2 I 4. I +1. I 20, 472 16, 142 1.+ 4,JJO 
I +8o 1,240 1,28o -40 5.1 4.0 +1.1 20,747 16,8ooj+3,947 

+ 40 i.240 1,28o _ 40 5.0 3.8 +1.2 20,340 15,960

1

+ 4,38o 

8,6oo 1,040 1,o8o - 40 1,200 r,28o -- 8o 4.9 2.5 +z.4 19,291 10,500 + 8,791 

S18oo 1,040 1,200 -16o r,200 1,28o - 8o S· 1 3.0 +2.1 20,079 12,6oo j·!· 7,479 

9,000 1,040 1,240 --200 1,r6o 1,320 -16o 5.1 3.7 +1.4 19,411 16,025 ·+ 3,386 

9,200 1,o8o 1,200 -120 I,o8o l,16o --So 5.1 4.3 +o.8 l8,o6g 16,J661f- 1,703 

9,400 1,120 1,040 I + 8o r,040 920 +120 5.4 4.9 +o.s lS,425 14,788 + 3,637 

9,6oo_ I, 100 I, 120 -j- 40 g6o 700 +200 5· 9 5. 5 +o. 4 18, 585 13, jl2 /+ 4, 873 
9,8eo I,J6o l,28o -120 88o I jlO +16o 6.z 6.6 -0.4 t7,Sg9 15,589 1-r 2,JIO 

116o) 1,240 -So 8oo\ 120
1 

+8o16.4 7.2 --o.8 16,Soo 17,oo6I---- 2o6 
l ',200 1,_.,.._" ------401 _____ 76o I 68o' + 8o 6 91 • 7' o 8 I" •o• r• 1"9 

1

; 23 - ....,.... I I . · . I• I -- • I• • • I, I ! ... 

_____ / ___ _!__ ___ I ____ L __ __: _ _, __ I_ - -- -- ------ -
H. Ex. 40--35 

l0,000 

l-0, 200 
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TABLE II.--Joe Flogyer Shoal, comparative <1imensions-Oontinued. 

Location. 

Distance ----------------: 
on base. 

i 1--1·------
I JJfeten. j ,11etcrs. 

I IO, 400 I I, 200 

I IO, 6oo I, 240 

I 10, 8oo l I, 200 

1

11,000 j r,16o 

I I, 2<X> t I, 120 
I I 
J 11,400 i 1,08o 

11,fioo 1 1,040 
i 

11, 800 

1

. I, 040 

12, 000 I, o8o 
i 

1 
12, 200 

1 
1, o8o 

j 12,400 

j i2,6oo I 

II:~:: 13, 400 

13,6oo 

88o 

8oo 

Meters. 

1,200 

I, 120 

I, 16o 

I, 200 

I, 16o; 

1, 160; 

1,08o: 

1,040 

96o 

1,000 

88o 
88o 

840 I 

840: 

840 ! 
I 

840. 

Differ
ence. 

1lfeters. 

00 

-t-120 

+ 40 

- 8o 

So 
--- 80 

-120 

-- 40 

+ 40 

+120 

- 40 

+ So 

+ 8o 

'- 40 

00 

- 40 

-IZO 

13,Soo 

14,000 

I4, 200 

720 

68o 88o i -200 

880 ; -28o 

I4, 400 

i 14,6oo 

I 
q,8oo 

I:!::: 15,400: 

I 
15,6oo i 
15, 8oo 

116. 000 

116,200 

' 16,400 

16,6oo 

16,Soo 

17,000 

17. 200 

18,coo 

18,200 

18,400 i 
i ' 18,6oo 

JI::::: 
19,200 

L ... 

720 

720 

720. 
I 

720: 

720 

720 

8oo 

920 

96o 

J,000 

1,000 

1,000 

1,040: 

1,040: 

1,oSo 

I, 120 

I, 120 ' 

I, 120 

I, 120 

1, 100 

1,200 

I, 200 

1. 240 

1, 100 

I, 120 

J,200 

1,240 

1,320 

1,400 

1,440 

1,440 

1,440 

1,J6o 

-400 

-440 

--440 

-440 

---36o 

-400 

-36o 

-400 

-·400 

--400 

-36o 

-320 

-36o 

----360 

-340 

--36o 

-28o I 

--28o 

--440 

--48o 

-6oo 

-68o 

-----·-------J 
Width. / Mea? eleva- i i Area of cross 

Dl
.fl.er- ·

1
: hon. 

11 
J section. 

,}feters. 

76o 

76o 

76o 

76o 

8oo 

8oo 

840 

840 

840 

8.io 

840 

840 
840 

840 

840 

840 

88o 

96<> 
1,000 

1,000 

1,000 

1,040 

1,000 

1,000 

Differ-
ence. 

Differ· 1--
1883. I ence. 1~-~T1883. i ence. i 1842. J883. 

. 1---- - ------ --i·--- --- --i-------- ------
: J.feters. I ;Veters. 

1 

.Feet. .Fed. Feet. · 1 Sq.fad. Sq.fat!. Sq.fie!. 

720 + 40 7.3 8.o -0.7 18,199 18,896 - 6<)7 

720 + 40 7.6 8. 2 --o.6 18,947 19,368 - 421 

720 + 40 8.o 

720 + 40 

76o + 40 

76o: + 40 

76o + 8o 

76o + 8o 

76o + 8o 

76o +So I 
16o + 8o I 
760 + So I 
76o I + 80 

8.s I s. 6 
9· 6 8. 7 

720 +120 

720 +120 

JO.I 

10.2 

10.0 

10.0 

9.9 

9.8 

9.3 
8.8 

i·7 
i·5 

9.3 

9.5 

9· I 

9.3 

9. I 

8.5 

85 
8.9 

8. 7 

720 +120 7. 2 8. 6 

68o +200 8. 0 8. 9 

68o +280 8.9 9.4 

640 -j 36o 9· I 9· 3 

640 

640 

6oo 

(100 

6oo 

640 i 
6401 

640 J 

640 I 

68o I 
6So I 
68o i 

6oo 

56o 
480 

48o 

440 

48o 

48o 

:320 

+320 I 
-t·400 

+400 I 
-:440 I 
-f36o I 

-T-36o 

+J20 

-i-240 

+1·20 

9.0 

8.9 

8.4 

7. 7 
7. 0 

6.9 

7.3 

7. 5 
8.2 

9. I 

.L- 80 IO. 0 

+ 8o I lo.a 

+16o 9· 7 

+240 9.4 

+36o 9· I 

f--36o 8. 6 

. r-28o 7. s 
+120 6.9. 

+So 6.6 

00 6.3 

+-· 40 6. 2 

+ 40 5. 9 

+ 8o 5. 5 
p6o I 5.0 

+120 4.5 
- 8o 3 5 

8.6 

8.o 

8.4 

8.3 

8.o 

8.3 

8.3 

7.5 

7. I 

7.5 
0.9 
6.6 

6.9 

6.6 

5. 4 

4.5 

3.9 

3.5 
2.61 
I. 9 I 
I. 8 

2.3 

2.7 

3.0 

3.5 

3.5 

-o. 4 19, 944 19, 840 + 104 

+0.2 21,938 20,313 + 1,625 

+0.9 25,200 21,689 + J,511 

+1.1 26,513 22,437 + 4,076 

+0.9 

+0.5 

+0.9 

+o.6 

+0.7 

+o.8 

·f-o. 3 
-- I. 2 

-1. 4 

-0.9 

-0.5 

28, II I 23, 185 + 4, 926 

27' 56o 23, 684 + 3, 876 

27' 56o ' 22, 686 

27' 284 23, 185 

27' 009 22, 686 

25,631 21,190 

21, 221 

20,670 

19,843 

23,096 

28,035 

21,190 

21, 022 

20,549 

+ 4,874 

+ 4,099 

+ 4,323 

+ 4,441 

+ 3,o63 

+ 199 

+ 121 

-o. 2 29,857 

+o. 4 28, 350 

-to. 9 28, 035 

20,313 470 

19, 856 + 3, 240 

20,971 + 7,o64 

19,530 +10,327 

18,o6o +Io,290 

I6,8oo +11,235 

16,531 +u,029 

16,334 + 8,930.1 

15, 744 + 8, 140 

o.O' 27,56o 

--o. 6 25, 264 

23,884 

-- I. 0 

o.o 

+r. I 

. +1.6 

+J. I 

+3·4 
-t-2. 8 

+2.8 

-t-J. 7 
-f-4.1 

+3.9 
.L 3• 4 

+4.0 

+4·4 

+4·4 
+J.6 

+z.8 

f-2 .. 0 

-+t.0 

+o.o 

22, 639 17, 430 + 5, 2<;>9 

23.951 17,430 I+ 6,521 
23, 625 15, 75° + 7, 875 

23, 673 14, 910 + 8; 763 

23, 888 16, 732 I+ 7, 156 

24, 930 ' 15, 394 + 9, 536 
:14, 930 I 14, 725 +ro, 205 

24,182 I 13,579 +10,6o3 

214, 6j5 

1
· 12, 124 +12. 551 . . I 

25, o8o 8, 505 +16, 5751 
23, 702 7, 088 +16, 614 

18,424 5,632 +12,7921 

13,579 5,512 + 8,o67 

12, 124 4,095 + 8,029 

10,729 3,236 + 7,493 

10, 559 2, 835 + 7, 724 
10, 048 
9,367 

9, 185 

8,266 

4,'596 
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T.AnLE 1 I.-.Joc Flog{Jer Slwa1, comparative t/.imensions-Coutinuetl. 

Loco.tion. 

Distance ----------
on base. 

Mders. 

20~()()() 

20, 200 

20,400 

20,6oo 

20,8oo 

21,000 

21,.200 

22, OCX) 

22, 200 

22,400 

22,6oo 

}lfdcrs. 

840 

840 

88o 

880 

9w 

920 

1,000 

1,040 

1,o8o 

I, lZO 

1,120 

I, 120 I 
I, 120 

1,120 

I, 120 

1, 120 

r, 120 

Alders. 

1, 36o 

I, 36o 

1,36o 

1,320 

JI 320 

I, 280 

I, 28o 

I, 28o 

1,280 

I, 28o 

1,280 

I, 240 · 

I, 28o 

I, 240 

1,240 

I, 100 

1,o8o 

• VPters. 

-520 

---520 

-·4-So 
-440 

- 400 

-36o 
----280 

-240 

--200 

-I6o 

160 

--120 

. -120 

-120 

·--140 

+ 40 

Width. 

.1/ders. ..1!t'!er.s . 

320 48o 

400 48o 

520 520 

520 520 

48o 56o 
48o 56o 

480 56o 

56o 560 

56o 560 

56o 6oo 

56o 640 

56o 6oo 

56o 6oo 

600 6oo 

68o 640 

720 6oo 

76o 6oo 

- T ~lean eleva-
. ti on. 

DilTer- I 

ence. j I . ' 
__ , -~S42. 1883. 

;lie.'as. f·;·d. j r<·et. 

-100 2.6, 3.7 

8o 

00 

00 

-8o 
- 80 

-- 8o 

OD 

00 

- 4:> 

8;:i 

- 40 

40 

00 

-+ 40 

-\-I20 

2. 8 4. 8 

3· 0 6. 7 

2. 9 7. I 

2. 6 6. 8 
I 

2. 5 I 6. 5 
2. 4 6. 5 

2. 6 6. 7 

3· I 7. I 

3· g I 7.4 

4. 7 7- 3 

5. 6 6. 7 

6. 2 6. 3 

6.4 6. 2 

6. I I 6. 9 

6. o 1 7. 6 

6. 0 7. 7 

Area of cross-

Differ· 
ence. 

Ftct. 

-1, I I 2, 730 
-2.0 i 

--3. 7 ' 

--4. 2 ll 

--4. 2 

-4.0 

---4· I 

--4.1 

+1 

3,676 

5, 109 

4, 9.)9 

4,095 

3,938 
3,780 

4, 776 

5, 6g5 

i 

Differ
ence. 

Sq: ftd. i Sq. /ed. 

5, 8281-···· 3, 098 
7, 56o - 3,884 

11,4101- 6,301 

l2,0'Jl i-- 7, 152 

12, 492 i- 8, 397 / 

11,9401'·- 8,002 

ll,940 - 8, 16o 

12,308 I- 7,532 

13, 043 1-- 7,J48 

--3.G 6,98o 14,563 -- 7,583 

-2.6 8,634 15,330 - 6,6<)6 

--I. I IO, 287 IJ, 186 2, 899 

--0. I II, 389 

.Jo.2 12,595 

-0. 8 13, 609 

-r.6 14,172 

·--!. 7 14, 958 

12, 398 1, 009 

12, 202 1 f 393 

14, 490 881 

14, 957 785 

15, 154 rg6 

22,8oo 1,o8o 1,080 oo 8oo 6oo +200 6.5 7.6 -I.r 17,o62 14,957 +2,I05 

23,000 1,040 r,oSo 40 800 6oo +200 7.1 6.9 +0.2 18,638 13,579 + 5,059 

23,200 1,000 1,040 - 40 840 56o +z8o 7. 6 6. 5 +1.1 20, 946 n, 940 + 9,oo6 

23,400 1,000 1,040 -- 40 880 6oo -t-280, 7.8 I 6.5 f-1.3 23,s19 12,792 -/--10,727 

23, 6oo 96o r,ooo -- 40 920 56o -f-36o . 7. 9 6. 3 I +1. 6 ::3, 842 11, 57 3 +12, 26g 

23,8oo 920 1,000 - 8o 96o 6oo +J6o 8.o 5·51 +2.5 25,200 10,824 +14,J76 

2.4• 000 920 96o -- 40 920 600 + 320 8. I 5. 0 1• -i- 3· I 24, 446 9, 840 + 14, 6o6 

24, 200 920 I, 000 - 8o 88o 6oo -t-280 8. I 5 0 + 3· I 23, 385 9, 840 + IJ, 545 

::::: :: ::: ~.: :: :: ~: :: :;I :;: ::::: ::::::~:~::I 
24,8oo 96o 1,000 --40 8oo 840 40 8.o 3.91 +4.1 21,000 10,748+10,252! 

25,000 96o I 1,040 - 8o 76o 1,000 240 8.1 3.2 I +4-9 zo,193 w,499 + 9.69-L 
I I 

1

25 200 g6o I 1,o8o -120 76o 96o --200 7.4 2. 7 I 18,448 8,505 + 9,9431 

2~00 96ot r,r6o -200 76o 920 -16o 6.2 2.4/ r5,457 7,243 +8,214j 

1
25,6oo ')6oj 1.16o ---200 8oo' 8oo oo 5.4

1 
2.ol 14,175 5,250!+8,925 1 

1 
25, 8oo 96o ! 1, 200 - -240 •6o I 6oo + 16o 3. 9

1 

1. 9 i 9, 7::3 3, 739 + 5, ~4 1 

26,000 96o j _ 1. rzo j --140 ~So J o -t 68o 2.6 .o; 5,8o1 o /+ 5,&n 

26,lOO 1,000 r·-- ___ j_ ___ -·-i 56o 1------- .... - -·/ 1.6 I. : 2,939 -- l-·--·---
26,400 1,040

1

___ 1-- ---; ;zo ----· _I__·-· I 0.9 J- .. i _____ i 945 .. --j __ . 
26,6oo r,120 _____ 1 ______ l o _______ \--·-_I, o.o j . ___ _\_ ______ : __ ----i-- ---l------ -

· I 1--------·--· -1-----:---:------1·---· 
*Mean. ---··---1·- --;.--!·-· ·--·J 786 629 J -;-157 1 6 . .; l 5.6 j 0.7 j 16,633 11,900 + 4,733 i 
Mean __ ·------· --------1--------1 74I -------1----_--·-i 5.9 ,-----+-------115,448, 11,9001-----·:_j 

•The fOl"l!lgolng ia bom & plottmg OJI profile paper pre\>&l'ed from tbe original aheets by W. B. Fairfield, computer, Jun~. 1886. 
JTQ'l'&-The "1-tilm " ill. the foregolug taDle la tha~ of t.ho Hi& of the shoal , the " width " is that of tire baae of the shoo.I at plan" 

IC r.- below low watef of i.prlng tidee. Tho "mean elevation" is the meart oroblate of tho prodle of the l"I'0"8-11eCtion, the b""" being lB 
feet below-1ow w.ter of eprh1g Udee. .All correctiollll for pro.jeetiona and planee or reference have been lntrorlnc00. Two "'5ts or means al"<' 
&lfflll. the 8"tilet being limited to J>fteelli h1ngth g.f ehoat.-H. :II'. 
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TABLE III.-Lower Channel (Blake's), near Joe Flogger Shoal. 

THALWEG. 

----- __ I ___ --
1 Channel depth. Ii 

Distance l!-------011 base. : DiJ¥.rcuce. 
' 1841. I 1833. i 

j--- --11 

ilktcrs. I Fed. I Fed. Hd. 

0 i 29.0 1---· ·-·+- -------·: 
200 I 27.01-·--·--- _________ _ 

Ell :~::I:~~--:~~-::::::~::: 
2J.01 .•.. ---- ------ --- I I I 

~:~I ~j [ ~:-: ~ : ~~-:~, 
I, 8oo 26. 0 ! 23. 5 . t-2. 5 
2,000 26.5 I 25.0 I +1.5 
2,200 27.5 26.5 j +1.0 

2,400 28.0: 26.5 +1. 5 

2, 6oo 27. o ! 26. 5 +o. 5 
2, 8oo 27. 0 i 26. 5 +o. 5 

3,000 27.0 i 27. 5 -o. 5 
3,200 

3,8oo 

4,200 

5,000 

5,200 

5,400 

5,6oo 

5,8oo 
6,ooo 
6,200 

6,400 

6,6oo 

6,Soo 

7,000 

7, 200 

7,6oo I 
7,Soo 
8,ooo 

8,200 l 
8,400 I 

i 

26.51 27.5 
26.0 27.0 

21. o I 26. 5 
I 

29.0 I 28.0 

28. 01· 28. 5 
26. o 28. 5 j 
25.0 I 29.5 I 

26. 0 \ 28. 0 

26. 5 26. 5 

::: I :::~ 
::::I :::! 
26. o I 25. s 
26. o I 25. s 
26. o I 25. s 
26.0 I 25.5 
26. 0 I 25. 5 

26. 0 II 25. 5 
25. 0 26. 0 

24· 5 I 27. 5 
26. 0 ! 26. 5 

I 

21. s I 
28.0 I 
28.0 i 
30.0 ! 

I 
29. 5 i 

i 

26.5 

27. 5 
28.0 

28.5 
28. 5 

-r.o 

-I.0 

+0.5 

+1.0 

-0.5 
-2.5 

--4.5 
-2.0 

o.o 

+0.5 

-0.5 
-0.5 

o.o 

+o.s 
+0.5 
+0.5 

+0.5 

+0.5 
+0.5 
-1.0 

-3.0 

-0.5 
-5.0 

+0.5 

0.0 

+1.5 
+1.0 

Distance 
on base. 

• lfdcrs. 

S,6oJ 

8,800 

9,000 

9,200 

9,400 

9,6oo 

9,800 

10,000 

10, 200 

10,400 

10,6oo 

I0,8oo 

II,CXXl 

II, 200 

11,400 

11,6oo 

11, 8oo 

12, 000 

12, 200 

12, 400 

12, 6oo 

12,8oo 

13,000 

13, 200 

13,400 

13,6oo 

x3,8oo I 
14,000 

14, 200 

14,400 

14, 6JO 

14,8oo 

15,000 

r5, 200 

15,400 

15,6oo 

15,8oo 

16, 0)() 

16, 200 

16, 400 

16,6oo 

16,Soo 

17,000 

······-----·-1 

Channel depth. I 

27.5 
27.0 

25.o 

21. s I 
2 5·5 
25.0 
z5.o 

23.5 
.22.0 

22.5 

24.0 ! 
24.0 

2 5·5 
25.0 

23.5 
25.0 

26.5 
28.0 

28.0 

29.0 

28.0 

28.0 

30.0 

28.0 

26.0 

24.5 

23.0 

26.0 

25.5 
24.5 

2.j..O 

:+o 
26.0 

25.0 

24.0 

2.j..O 

25.0 

24.5 
32.0 

37.0 
24.0 

28.0 

3e>.o 

I 

28. 51 
27.0 

25.5 
25·5 
24 .. 5 ! 

20.0. 

2 3·5 
22.5 

24.5 
2 4·5 
26.5 
26.5 
25·5 
25.0 
26.0 

23·5 
28.5 
28.5 

29.0 

28.0 
27.0 

29.0 

30.0 

31.0 

31. 0 

30. s I 
JO. 5 I 
30.0 

2 9· s 
28.0 

28.5 

28.0 

27·5 
2 7·5 
28.0 

Difference. 

Fed . 

-I.O 

o.o 

+0.5 
+2.0 

-j-I.O 

+5.o 

+1. 5 
+1.0 

-2.5 
-2.0 

-2. 5 
--2.5 

o.o 

o.o 

-2.5 

+1. 5 
-2.0 

-0.5 
--1. 0 

+1.0 

+1.0 

-1.0 

o.o 

-3.0 

--5.0 

--6.o 

-7·5 
-4.0 

--4.0 

-3·5 
-4.5 
-4.0 

-1.5 
·--2. s 
-4.0 

29.0 -5.0 

30.0 -5.0 

30.5 -6.o, 

!::; !;:; ·1· 

29.5 -5.5 

33.0 ~·= i 
~5--~· 
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T.lBLE Ill.- i-<>''Ot'1 Chamwl (Blake's), near Joe Piogger STwal-Continued. 

THALW EG-Contiuuetl. 

I Channel depth. 

- Difference.\ Distance on \Jase. ; Difference. 
on Ot'.S~. 1· I 

I I I 1841. 1883. 
11 

1841. 1883. 
I --- - ---· --- .f--· ----------

Vdtrs. Fed. Feet. Feet. i Meters. Feet. Feet. 
i 

Feet. I 

17, 200- 33. 5 +351 22,6oo 43.5 
I -7.5 37.o 51.o i 

l I7,400 39.0 34. 5 -:-4· 5 22,Soo 45.5 SJ. O I -7·5 

17.6oo 40.0 35.0 +5.o I 23,000 47.0 53. s 1 -6.5 

17,8oo 38.5 35.5 +3.0 23,200 48.0 53·5 -5·5 
18,000 37.o 36.0 

+1.0 I 23,400 48.0 ~!: ~ I -5.5 
18,200 33.o 36. 5 -3.5 23,6oo 49.0 -5.5 

18,,._oo 34.o 36.5 -2.51 23,800 5o. 5 58.0 I -7.5 

18,6oo 34.5 36.5 -2.0 24,000 51. 0 57. 0. -6.o 
I : 

18,Soo 36.0 38.0 -2.0 i 24,200 49.0 i 53.5 -4.5 

--s.o I i 
19,000 37.o 42.0 24,400 47. 5 ! 49.0 I -1.5 
19, 200 37·5 44.5 -1.0 I 24,6oo 45.5 52·.5 ! -7.0 

I 
19,,..00 38.0 43.0 -5.0 24,Soo 46.5 54.5 ·-8.o 

19,6oo 38.0 42. -0 -4.0 25, 000 5o. 5 47.5 +3·0 
19, 8oo 36.0 

I 
4I. 5 -5·5 25, 200 

:~:!I 
50.0 -0.5 

36.0 -6.o 
i 

20,000 42.0 25,400 52.0 I -4.0 

20,200 38.0 42.5 -+5 25, 6oo 47.0 I 53.0 --6.o 

20,400 . 38.0 41. 5 ··3· 5 25, 800 46.0 I s1. s / -5.5 
20,-6oo 38.0 44·5 -6.5 26,000 45· 5 I 50. 51 -s.o 

20,Soo 38.0 26,200 I 
44· 5 -6.5 46.0 I 47• 5 I -1. 5 

21,000-J 39.0 44.5 -5. 5 ,, 26, 400 45.0 1---- ----!. ---- ----
I I 

21, 200 
39.0 I 45.5 -6. s ------------· --- -- ·--. ----1-- -- ----/-----· ----

21,400 40.0 45.5 --5. 5 Mean ____________ ~1--3~1--=::;-;-
21, 6oo 41.0 45.0 -4.0 Mean 0£ first half 
:n, 8oo 43.o 44.5 -I. s from o to 13,000_ 26. J I 26. 5 -0.2 

22,eoo 4:z.o 48.0 -6.o Mean second half 

22,200 40.0 . 48.0 -8.o from 13,000 to 
261400 ·----·--- 37. 3 41. I -3.8 

22,400 41.5 48.5 -7.0 
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TABLE IV.- [Ipper or 1llain Channel near .Joe Flogger Sltoal. 

Distance 
on !Jase. 

I 
I 

Cbannel clcpth. I 
- I l)ittcrence. 

1883. I 
I 

-I 

11/ckrs. /·~~t~ - _j Fl'et. 
0 41. 0 I 

400 

600 

lioo 

1.000' 

I, 200 

1,400 

1,600 

J, 800 

2,000 ! 

2, 200 

2,400 

2,6oo I 

2,Soo: 
3,000 ! 

i 
3, 200; 

3,400 ! 
3,6oo i 
3,800 ! 
4,000' 

4, 200 ! 
! 

4,400 I 

4,6oo 

4,Soo 

5,()()f) 
5,wo 

5,400 : 

5,6oo 

5,8oo 
6,ooo 

6,200 

6,4i° 
6,6oo 

6,800 

7,200 

! 
.p.o I 
41. 5 ! 
42. 5 i 

i 
44 s I 
44.0 I 
43.0' 
42.5 
.p.5 ! 

I 
45· 5 I 

I 
43.5 
43.0 
42.0 

41.0 

40. 5 
41. 5 

41. 0 

43.0 

46.5 

45.0 

44.0 

43.5 
42.0 

41. 0 

41. 5 ! 

44. 0 ! 
i 

.;6. 5 i 

4+ 5 
45.0 

45.5 

46 5 

47. 5 

4i·5 
4j.O 

46.5 

4'i.5 

47. 5 
·lf· 0 

47.0 

47. 5 

47.0 

46. s 
45.5 
-!-7· 0 

4i·5 
47.5 

46.5 

49.5 

49.5 
51. 5 
53.5 

SJ. 5 
50.5 

43. 0 i 50. 5 

44- 0 i 49. 5 

47·5 I 49.0 
44. 5 I 48. 5 

42. 5 i 47. 0 

43. o I 44.0 

44. 0 ,. 46. 5 
45. 0 45. 0 

44· 5 44.0 

43. s I 43· s 
I 

j,400 42. 0 ; 42. 0 
- I 

7,6oo 40.0 i 41.0 

7. 8oo I 39. 0 I 40. 5 
8, OOO I 39· 0 'i 39· 5 

8,200 39.0 I 39.5 

8, 400 39· s I 39· s 
I 8, 6oo 40. o i 39· 5 ; 

\ __ s_. 8oo i~-~-!-~o. o \ 

I 
3· 5 ' 

3· s t! 
3. o I 
~ 1' 
--0 Ji 

3- 5 /: 
4. 5 11 

- +5 Ji 

- 4.0 /".· 
- I. 0 j 

= ::: j' 

=!:;II 
= ::! 111 

-- 4. 5 i 
- 4.0 I' 

= ::; \; 
- 2.5 il 
- 6.o I! 
- 7-5 JI 

-J0.5 .; 
-- 12.0 Ii 
-- 9. 5 Ii 
-- 4. 0 )! 
--- 7. 5 t! 

-- 5- 5 1t 

-- 1.5 \I 
.1 

- 4.0 /! 

-- 4-51 
- 1.0 I 

- 2.5 i 
0.011 

+::!ii 
II 

o.o 11 

- 1.0 :/ 

-- q /! 
Ii 

- 0.5 ii 
-- o. 5 ii 

o.o 11 

-f o. 5 i' 
- 0. s!l 

1: 

i i Channel depth. 

JJbtauce J-- -·--
on base. I 

I 1841. 

- ------1-
11fd,·rs. l~l.·d. 

9,000 

9,200 

9,400 

9,6oo 

9,Soo 

ro,ooo 

ro,200 

10,400 

l0,600 

l0,800 

Jl,000 

II, 200 

ll,400 

11,600 

11,Soo 

12, 000 

12, 200 

12, 400 

12, 600 

12, 8o;:i 

13, 000 

13, 20'.) 

13,400 

IJ, Goo 

13, 800 

14,000 

14, 200 

14,400 

14,600 

14,8oo 

15,000 

15, 200 

15,400 

15,6oo 

15, 8oo 

16, 000 

16,200 

16,400 

16,6o::i 

16,8oo 

17,000 

17, 200 

17,400 
. 17,6oo 

17,&xl 

38.5 

39·5 
40.0 

4I. 0 

4I. 0 

39.0 

40. 5 
43.o 

43.0 

43. 5 

44.5 
45.0 

44.5 
44.0 

43-s I 
42. 5 
42.0 

4r. 0 

39.5 
38.0 

36. 5 

42.0 

39.0 

39.5 
41. 0 

40.0 

40.5 
44.0 

34.0 

32:.s 
41. 5 

35.5 
35.0 

40.0 

44.5 
41.0 

38.0 

39. 5 
41. 0 

42.0 

43·5 
45.0 

45.5 
44.0 

44.0 

1383. 

Fed. 

-42.0 

43.0 

43-5 
44.0 

44-5 

44-5 
46.0 

46.5 

45.5 

44.5 

45-5 
44.5 

44-5 

44.0 

43.o 

41.0 

39. 5 
39.5 
38.5 

39.5 
4r.o 

41. 0 

4r. 5 

44.0 

45-5 
46.5 

46.5 

47.5 

36.0 

44.0 
50.0 

5o.5 
49.5 

48. 5 
47.5 

46.5 

45·5 
44.0 

43.5 

46.0 

44.0 

42.0 
I 

41. s I 
43.0 i 

I 

43·5 \ 
----

Diffcrc:nc~. 

Fed. 

- 3.5 
-- 3. 5 
- 3.5 
-- 3.0 

-- 3. 5 

- 5.5 

-- 5-5 
-- 3· 5 

2.5 
·-- I. 0 

- 1.0 

+ 0.5 

o.o 

0.0 

+ 0.5 

+ 1.5 
+ 2.5 

+ 1.5 

+ I.O 

I, 5 
- 4.5 

+ I.O 

-- 2.5 

- 4.5 
--- 4· 5 
-- 6.5 
-- 6.o 

- 3.5 
- 2.0 

--11.5 
- 8.5 
-15.0 

-14.5 

-8.5 
- 3.0 

- 5.5 
- 'i·S 

- 4.5 

- 2.5 
- 4.0 

- 0.5 
+ 3.0 

+ 4.0 

+ 1.0 

+ o.s 
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TABLE IV.-Upper or Main Cltannel near Joe Flogger S/waZ-Uoutinued. 

,------. ------- T I I 
i Channel depth. I l Channel depth. I 
~!s~~~~ _____ 

1 

__ - --1 D1fference. I ~~,::.i~~~ Difference. 

1841. 1883. , I 1841. 1883. 
1 

• 
I I, , , 

Me;ers.-1-~:d. I Pre~-, -- Fett. -·:1 · ilfrters. ,-;eet. Fed.--1·-~eet.--·· 
18,000: 44.5 1 43-5 1 +1.0 ,I 22,6oo 45.5, 50.5 / -5.o. 

18,200: 43.0 43.0 i o.o ·.1 22,800 I 46.0 51.0 -5.0 · 

18, 400 4r. 0 43. 0 -2. 0 ' 23, 000 46. 0 50. 5 -4. 5 

::: : : : ::: ; _;; :11 23. 200 46. 5 48. 5 -2. 0 

19, 200 44. 0 47. 0 -3. 0 

5 8 :I 
19,400 4 .0 4• .o -3.0 :1 
19, 6oo 46. 0 48. 5 -2. 5 I 

19, 8oo 46. s 49. s - 3· o I 
20,000 4j.O 50.5 -3.51 

20, 200 42. 0 49. 5 --7. 5 i 
20,400 45.5 50, 5 -5.0: 

- l. 0 20,6oo 48.0 
: 

49.0; 
' 20,800 46.0 48.0 --2. 0 : 

21,000 45.0 49.5 

21, 200 45.0 51. 5 
21, 400 45.0 51. 5 
21, 600 48.0 51. 0 

21, 8oo 46.0 50. 5 
22,000 45.0 49.0 

22, 200 45.0 45.5 

22,400 45.o 5o.5 
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APPENDIX N-0. 11.-1886. 

A ·RE.PORT OF ,GULF STREAM EXPLORATIONS~(}BSERVA.TlONS OP CURRENTS, 1886. 

By Lieut. J. J:<;. PILLSBUH.Y, U.S. N., A>'!siAtan.t. 

U. S. CoAST AND GEODETIC SURV£V STEAMER BLAKE, 

August 20, 1886. 
DEAR Sm: I ha,·e to make the fol1owing report of the season's work of the hydrograpbic party 

under my command, in\•estigating the currents of the Gulf Stream, in obedience to your general 
instructions, daterl January 9, 1886. 

The Blake left Washington on the morning of February 16, baving been delayed over a· 
month after the Jlarty was ready to lea Ye by ice in 11.ie Potomac River. Havana. was visited early 
in the season to obtain authority to establish a tide-gauge in the vicinity of Cape San Antonio, 
Cuba, for the purpose of gaining some knowledge of the relation, if any, existing between the 
entrance of the tidal wave into the Gulf <if Mexico and the Yariations in the velocity of the Gu Ir 
Stream at cr<>SS-section A. · 

The United States Consul-general, the Captain of the Port of Havana, and the Minister of l\Iarine 
all nil vised against the proposed plan, a.I though the permission to carry it ont conld be readily ob
t.1iued. I therefore det,ermined to establish it at.Tortugas, aml for that purpose visited the locality 
and placed the gauge near the fO'rt at Garden Key. 

EYery op1lortn111ty was taken during the seasou to obtain the current obser\·ations, the only 
break of any length of time being about ten days, which time was required to go to New Orleans 
for bituminous coal, that at Key West, which it was propotoeed to purchase, having heen destroyed 
in the grea·t fire which devastated the city in the early part of April. When at anchor in the stream 
it was necessary to have, at all times, a good 1nessure of steam on the boilers, so that the anchor 
cou14 be weighed, aml the engines ctarted at a moment's notice, and for this reason hard coal could 
not be used. 

The 'veatber ill March and April was abnormally bad, stroug northerly winds and heavy seas 
prevailigg most of the tin1e, and indeed, the whole season was entirely dift'erent from the year 
before. Tile mean maximum and minimum temperatures for the two years were: 

n. Es. 40---36 

, - I --------1 
I Mean maximum and mini- JI Temperature of . 
' mum temperatures. . su:face water. I 

I I ,. 
---- ! 

Month _ .! 18:85. . 1886, 1 1 

l ____ I_____ . l rSS5. / 1886. 

I I I . i Max, Min. j Max. 1 Min, i i 
-·---··· ____ !_ ____ _; _____ , ___ ._!__ __1 ..... - -I 
.. o o·l' o 1

, cl o! o! 
ApnL___ So. 2 78. o 77. 8 j .74. 3 I 79· 2 : 76. 91 
>lay -~-~=-~6-·~--~~·-8_l_~3~~l~~-'-~l. 8c. ~ 

281 
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The winter of 1885-'86 in the Bahamas and at Ke.r West was said to ham been more severe 
than ever before known, fish in vast numbers being killed or benumbed on the shoals. In 18851 

during April and l\f ay, there was rarely a <la;y on wbich rain di<l not fall, while in 1886 we scarcely 
had one shower during either month. These are but signs of different coD11itions of the elements 
in the two years. ·Without having the meteorological record of a number of years to wbich to refer, 
I think, from the local evitlence, we may conch1de that 188() was abnormal an<l 188J was uearly a 
normal year: 

The Gulf Stream currents of the past season showed mauy erratic features, as if influenced 
hy something which did not follow any regular Jaw. 

This season there were three current meters on board of tbe same pattern as those used last 
year.• The observations were taken in the same manner, except that one meter was used for the 
surface and another for the subsurface currents, but frequently interchanged. This increased the 
rapidity with which the data for any depth was obtained. The meters were allowed to register, 
for the surface one hour aud for the others tilirty minutes, except the first set after anchoring, 
when they were thirty miuutes for the surface and twenty minutes for 15 and 30 fathoms, theise 
being shortened so as to ha Ye a complete set at the start as soon as possible. 

In the anchoring gear an accumulator of 13 feet was used, and a distance-line of steel-wire 
rope attached to the boom end, which was of sufficient length to allow the accumula~or ruhbers 
to compress about 52 feet (which was about their limit of elasticity), tbe pressure being about 
15,000 pounds. Any greater strain than this was taken by the distance-line, the boom at that 
time lleing at an angle of 30°. With any angle grnater than this the topping-lift and distauce-

1iue would have to bear a less strain than there was on the anchoring wire, hut with a less angle 
the strain on the former would be rapidly multiplied. Instead of a pulley at the masthead 
for the topping lift, a pendulum 3~ feet long was substituted. The accumulator was shackled to 
the lower end of this, leading forward, and the after leg of the topping-lift leading aft. The varia
tions in strain vibrated this pendulum slightly, but still practically made only a dowu thrust on 
the mast. This was used instead of the pulley, as last yea-r, to obviate the danger of stranding 
the topping-lift by the continuous slight bending backward and forward ornr the pnlle,y, due to 
the variation of the strain. · 

At the 11eel of the anchoring boom a ball and socket-joint was substituted for the goose-neck 
hinge, and although the currents this year were at times stronger than last, there were no signs 
of its giving way. 

The pawl-bitt, which took the thrust of the boom, was strengthened by a long jack-screw 
thrusting forward, thus transferring a part of the strain on the bitt to the deck beams f'.irther aft. 

The system employed in ancboring, and the use of the rubber accumulator to support the boom 
end, enabled us to detect at once if the vessel dragged, and also to determine something of the 
relative strength of the currents. With a stronger subcurrent than on the surface, the vibrations 
of the anchoring wire would be great. '.Ihe vibrations sometimes seeme<l to commence far below 
the surface, and increased from being just perceptible to very violent. If' the anchor dragged but 
was clear, tlie boomjum1lecl violently; but if it was foul, and dragging crown first over sand, the 
tremble was easily distinguished, and the cam1e assigned correctly. 

In making a discussion of the most salieut features in the observations ohtained this season 
I shall also include those of last year, in order to show the agreement between the two. It is 
impossible, however, in so short a time. to do more than give but a. partial revitiw, as the press 
of other duties prevents. · 

The study alone of the influence of the winds and barometer on the Gulf Stream, will require 
iu itself a long time, arnl very much more than I can give to it. I hope, however, that some of the 
emiuent gentlemen of America who ham made tides and currents a life-long study, may biJ given 
the opportunity to solve the many p1·oblems I lea\'e untouehe<l, for which I believe in the observa
tions obtained there will be found sufficient and trustworthy data. 

At the instance of Prof. Hem·s Mitchell, I made an experiment for the purpose of conftrming 
the observations of the current met~r. A uumber of yeara ago he made some investigations iu 

" See Appendix No. 14, Report for 188C. 
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the Gulf Stream to ascertain tlie velocity Qf 1 he sullmurents hy floating two pair;.; of 8pheres, ono 
pair with the lower sphere weighted mid suspended at \arious distances below its matl', a1ul tbo 
otber pair tloatiug in the upper strata.. Tlwy always maintained the same velocity, from wliich be 
concluded that 1hc cnrreut from surface to bottom was flowing with like Bpeecl. He suggPsted, 
therefore, that, while lte <lid not doubt the direct evideuce of m..r current meter, it would lit• well 
to try the experiment he did. The meter shows fbat on tLe east sl<le of tLe stream (Statiou 51 
the difference of ihe wlocity at the snrfaee anu at 130 fathoms is rare1y Olle-half knot, and tbt• 
curreut at G5 is faster tlian at 15 or 30 fathoms. It shows also that on nll statious there are ti met<, 
and uearly e\-ery day, when the current at the surface ii:; rnuuing lees than at 15 fathom:;;, ;10 
fatlloms, or eYen G5 fathoms. 

In making m;r trial, therefore, I selected a time when the current meter indicated a very slight 
current at. 130 fathoms. Two oil barrels were fasteue'l together by it piece of steel wire (Xo. 16 
gauge) 14.0 fathoms loug, The lower barrel was weighted so that the upper one was about 3 
inches out of water. The sea was perfectly smooth, and for the ih'st lialf of the time there was no 
wiud, and after that only a ,·ery gentle breeze. 

These were 1rnt overboard, aud akngside the surface barrel a pair of cans was dropped, the 
lower one being suspended 4 fathoms below the surface. Most of the officers on board declared 
that so great was tlie wake of the floating barrel, that its mate 1•!0 fathonm down must be anchored 
iu t11e uottom. The angle between Fowey Rock& Ligbt-House and Cape Floriua al1d the hearings 
were continually changing (we were about 8 miles distant from the former), hut I took a. soundiug 
close alougsi<le the barrel, aud fouud 2C5 fathoms. The surface pair was iu the mean time fast 
drifting out of sight. The means of fixing the relative positions of the two pairs was of course 
rather iuaccurate for so short a drift, but the fact was <lemonstratetl that the smface pair waa 
going at about twice the speed of the other. 

·- I :slmll take up the various portions of this report ou the ousenatious in the following order: 
I. Gtmeral characteristics of the Gulf Stream as developed by the obsen·ations. 

IT. Daily variation of the stream. 
III. Monthly variation of the stream. 
IV. Axis of the stream. 
Y. Effect of wind on the velocity of the stream aml the posit10u of its axis. 

VI. Depth of the f;Jlream anti rnlocity at different depths. 
VII. General summary with rules for the guidance of navigators. 

I. In my report of last year's observations iu the same wa~ers, I couclu<led that there wal:l a 
daily variation of the stream, that there was a monthly variation, aud that the axis ')f the stream 
was not situated at the point at which it was genera'ly supposed. I barn St.'en nothing in this 
year's observations which lJas caused me to re\'erse the conc1usions of last year or to mollify them, 
and I think I can girn predie.tions on these points with a degree of exactness quite suftkicut for 
the needs of the navigator. 

With such a vast body of \Vater, subject to so man:r influeuces, ,-ariatfons will always exist 
from causes far removed from its immediate vicinity, aud for which no allowance can b~ made by 
the navigator, for want of knowledge of tbcir existence. Prediction can be IJased upon tlrn date 
and the declination, phase, and meridian passage of tlie moon, throwing ont of consideration tho 
}lOSsible weather in the Atlantic aml Gulf of Mexico. 

The regular variation of the stream consists of a daily change in velocit.Y amou:Jting at timea 
to 2A knots. This difference in rate has taken place within three or four houn~, as if a large wa n1 
traveled up the stream, its front face being steep and its rear less inclined. The cbauge has heeu 
seen to be accompanied by a tide rip when the wiud wail favorable for its formation, arnl williin 
five minutes the speed of thecnrrent advanced over one-half a knot. Aii a rule all ,·adations aro 
more excessive on the surface than at a lower depth, and on t11e western side greater than on tlw 
eastern. 

When the current is running at its maximum, the surface is very mnch faster thau any current 
below; but when at its minimum the spce1l at JO fathomg, and sometimes at even lower depths, 
down to 65 fatl1oms, lR faster than at the surface. 
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II. I append herewith several plates (Nos. 23 to 28) showing the observations taken in the. Gulf 
2'tream during 1885as well as 1886. In order to indicate tltevariations to the eye more readily, I have 
contrac~ted the ordinates representing days to about the same space as those representing knots, 
but for use in making calculations for mean curves :ill observations were represented on a scale 
five times as large as this. These plates also show the declination of the moon in a continuous 
curve, north declination beiug about the middle line and south declination below. Above the 
middle line is shown a curve which is the mean of all tbosebelow. This mean curve was made by 
taking the a'·erage of tlie readings for eactr deptlJ at each l1our on the curves on the lower half 
(or rather the similar ones on tlte large scale). 'l'he solid black Jines are the actual means thus 
obtained.· The dotted black lines are supposed curves, and will be explained further on. 

Referring to plates 23 and 24 (the observations of 1885), it will be noticed that the difference of 
time of the saccessive maximum velocitie'l is about twenty-five hours, the average being 2411 52m. 
The time of this maximum flow, when it comes before the upper transit of the moon, is indicated 
by the left-hand edge of the shaded space. The right IJand edge ·of the shaded space shows the 
time of the upper transit of the moon. Sometimes the maximum daily flow takes place after the · 
upper transit of the moon. The time of this is represented by the pa-rallelogram to the right of 
the shaded space. In the observations taken, however, there were but four times in the two 
seasons when the ,-elocity was greater after the transit than it was before the precediug or sac'. 
ceeding tran!'its. There is, l10wever, on nearly eYery day an increase of Yelocity at this time fol
lowe<l by a decreased speed. The shaded space and the open parallelogram represent what may 
be called the establishment of the Gulf Stream at this point. The aYerage of the former is 911 91n 
before and the latter 311 36m after the upper transit. This establishment is taken from the mean 
curve as found from the observations in the manner described, on the supposition that the mean 
flow of the stream truly represents the average flow of the surface current. This, however, may 
not be absolutely true, from the fact that obserrntions on one station may baYe been taken at a 
time when the conditions effecting tile rnriarions were exerting their influence toward a maximum 
tlow at, say, the surface, antl at a11other time tlie reverse. It is thought, bowever, that the aver
age of the mean curves does represent Yery uearly the average of the surface as to time of the fluc
tuations; near enough, certainly, for all practical purposes for the navigator. The variation in 
'Velocity in the surface current is yer·y much greater than in any of the subcurrents, aucl couse
quently the mean does not represent this. The time of the establishment of the surface currents 
is found to be, by the observations taken, 911 07ro, differing but two minutes from that obtaiued 
from average of the means. 

In 1885 observations were taken at one anchorage (Station I) as loug as possible~ in order to 
gain a knowledge of the law of Yal'iations. iluring the past year the endeavor has been made to 
Yary 'the stations as much as po~sible to ascertain the relative streugth at different points. 

Referring again to plates 23 aud 2J, it will be noticed, particularly at No. 1 station (on the 
western side of the stream), that the meau curves, when the observations are continuous for mol'e 
than twenty·fonr hours, are very regular,.with a high maximum about !)h before and its lower 1na.xi· 
mum about 311 30m after the upper transit. 

As sfatecl before, the first maximum is greater tbau the second, except on four days, the most 
noticeable being on May 14, 1885. It has been thought that 1irobably this variation to the rule 
ishould. come when the declination of the moon changes its name, in the same manner as the tides 
at some places iu the Gulf of Mexico miss one high tide at this time, when the lower maximum 
becomes tite higher; but tlie ,·ariations in the Gulf Stream seem to follow .some other law. The 
observations, I fear, nre not sufficiently numerous to determine these questions with certainty, but 
from those we l1ave it seems that the exception doe.s not come at any fixed declination, but does 
coiucide most singularly to the fall and change of the moon. 

In the obsen'ations in May, 1885, on No. 1 station, until the 13th day the position of the 
diurnal and semi.diurnal waves caused the first maximum velocity to be the lesser of the two. On 
May 13 they hatl about the same ,·elocity, and on the following day the maximum velocity, which 
shou1u have arrived about nine hours before the moon's transit, was altogether wanting, and the 
one arriving after the transit was -very liigb. This was on the day of the new moon and the fourth 
day after the change of declination from south to north. 
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The next connected series of observations commenced on May 23, when we find the highest 
maximum was before thfl upper transit, but also before the lower maximum instead of after. The 
day previous to the next full moon, which was flxe days after lhe change of declinatiou, we found 
the two high Yelocities about equal. ObserYations at No. 1 station were broken then in t:ons(•
quence of bad weather, but the record on No. li station 011 this day gaYe a Yery marked cmT«, 
descending more abruptly than at any other time at this place, and the, highest point nine !Jonrl' 
before the transit. This was seemingly as if the second maxim nm (the one following the preyiou~; 
transit) bad been missed. 

Ou l\Iay 1 and 2, 1886, bad weather prevented the observations just at the time when most 
important, but tlrn ending of position 11 au<l the beginning of No. 1 m (plate 26) indicated that tl1~· 

Yelocities before anll after the transit were about equal. This was thirty-six hours after the change 
in declination, and the new moon followed about twent.y-four hours later. 

The day before the next full moon on Station 2 the maximum velocities wcr.e about equal on 
the third day after the change of <leclinatiou, and on the uay of the full, on Statiou 1~', the maximum 
before the transit is wanting. It seems possible, therefore, from the few obsen"ations we have, 
that the change of form of this curve of currents takes place on tbe day of full and change of the 
moon, that at the time of new moon the highest maximum is omitted and the lower one increased, 
but only for the day, the next max;imum arriving at its proper time. The shape of the curve then 
changes, the smaller wave going on the other side of the larg·er. I onJy draw ~-our attention to 
this coincidence as a. possible solution of this variation in the stream, but at the same time there are 
.some reasons for the supposition that the change in the form of the curve follows the declination. 

In onle1· to show the agreement between the isolated observations taken on Station 1 in 1885, I 
ham inse1·ted between them s<>me supposed cunes in dotted Ulack lines. The supposed curves, 
howernr, are actual ones taken from the observations at some other time in the month, and either 
iuserted direct or rcrnrsed, according as the daily means were increasing or decreasing. It will 
I.le noticed that the dotted curves seem to fit perfectly, and in passing those of other stations the 
maximum and minimum velocities coincide with great exactness. Commencing with May 3, 188J, 
to connect a few bours' observationi;i taken on Station 1" with those of No. P, the supposed curn· 
was taken from 1• and ]t and reversetl. On May 10 the supposed and actual maxima agree ill 
tillle although not in velocity, on the 9th and 8th the supposed is nearer the average in point of 
time than the observed. On May 5 no observation was taken at the time of greatest velocity, 
but the curves on No. 5• and 4" point to a. maximum at the same time that the supposed curve of 
No. I station. The latter on May 3 arrives at a point which is higher than the actual observatiomi 

. on Station 1", but coinciding with the proper" establishment;' of 9 hours before the upper transit 
of the moon. Between 1', ld, and 1' stations a supposed curve has been inserted, using 11 for the 
purpose. The agreement between it and the actual observations is very close, as will be seen. So 
on May 28, the cun·e connecting No. 1' and l! in passing the curve of Station 5'. 

The observations of March and April of this year, while they are so few and for only short 
lengths of time, nevertheless show an agreement with the others in the time of the maximum flow, 
and are valuable for that purpose. 

The variations iu the current are much greater Oil the west side of the stream than on tho 
east, the av~rages of all tlte wlrnle da_ys oil each station being as fallows: 

2 3 
0.5 

4 

Io. 45 o. 52 ; 
I 

That is, on No. 1 station the mt•a11 nll'i:ition of the surface current iu twenty-fl. rn 1lays' obser
vations was 1.17 knots. 

III. In addition to the <lail~' rnriation there is a <lecided change during the month. 'fhe 
surface observations taken at No. 1 station ha ye bee11 averaged for each day and plotted on' platl' 
27, with the velocity as the ordinate and the mean declination of the moon for the day as thti 
abscissa. The solid line is for observations taken in 1883 aml the d-0tted line 1886. The former 
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is most complete for the reason, as previously Rtated, that observations were m;ule continuous for 
as loug a period as possible, while during the latti>r year the position of tlte veRsel was sbifte<l 
frequentlJ. 

'l'he average of the mean cUr'l'es has also bee11 plotted in the sauie waj' and found to agn:e 
with the average of tile surface in form, l>ut, of course, with a lower ,·elocity. 

It will be seen that in May, 1885, iu which month mm;t of the observations were taken, tile 
curve takes an upwa;·d turn just before the greatest southern declination, and, reaching its max
imum a day or two after, drops to a speed of abcrut 2~ knots, which it maintains as the declination 
changes from south to north. 

In 1886 tlm obserrntions available (from their continnity) for this purpose show the same 
lityle of cmTe, with northern declination, bnt very much lower than the previous year in point of 
spee<l; bnt this occurre<l just at the time of the abnormal condition of weather in the early part of 
May. The currn of 18oG, it is possiule, may be uormal, but it seems as if the-portion above so 
north declination shoul<l be rernln~<l upwar<l, pivotiug on the point of the curve representing the 
current at May 20. Confirming t!Jis view (that the cur\'O is uot normal), attention is drawn to the 
fact that on the predous year, on May 14, the current at the same station was 2~ knots, with about 
140 uorth declination, which agreed within less than two-tenths of a knot of the speed, with the 
1ame southern declination, and that the former indicated by its form only a tendency to fall a 
trifle, in the same wa.v that iu the latter it was found to fall before the great rise, as the moon 
approache<l its greatest <leclination. 

IV. The 1iosition of tlte axis of the Gulf Stream, or the point at which the flow of the stream is 
1trongest on tlie smface, is a matter of great importance to the navigator, and dnring this season 
I ha,'e endeavored to arrange the ouservations so that the question could be settle<l. I suppose 
that this term" axis" shoultl be cousilleretl to mean the point at which the greatest volume of 
water passes a given point in 1\ given time, but as this is of no value to mariners, a11tl as they do 
and will use the term most, I think· it best to apply the name to the point of maximum surface 
tlow, and for the other, to use the term "axis of volume." By last year's record I conclude<l that 
the axis was not at the position supposed by Professor Bache, but seemed to be on the west side 
iuiotea<l of east of the mid stream. I at last determined that it was somewhere between Stations 1 
and 2, the first about 8 and the other 15 miles from Fowey Ifocks Light-House. I therefore occu· 
pied a station alJout mill way b(•tween them, which I IJelieve to be very near the position of greatest 
wurface velocity, or the axis. In changing stations to or from No. 1~ (the station on the axis) as 
quickly as pm;sible, it has invariably been found to have a greater Yelocity than the one with which 
it is compared, although the average of its twenty.four hours' observations may in some instances . 
Iiave been Jess than the others, in consequence of a rapid decline in velocity of the whole stream. 
I think in this case (as, for example, Stations 1 and 1~', May 21, 22, 23, of 1886), had I remained 
at Station 1', the cune of its surface current would have been at least half a knot below that 
at No. 1!'· Station 1' was just after the moon's greatest southern declination, when the cur
rent should have been running the strongest; No. 1~· was at the time when the decline in speed 
shoultl liave been alJrupt, an<l, besides this, something abnormal caused the maximum, both before 
and after the moon's transit of May 23, to be omitted. Upon ceasing observations at No. 1•, at 9h 
15"' p. m. on May 221 the s1)eed of the surface current wa.5 2.78 knots. Two hours later, at No.1!, 
it was 3.cB knots, and after a slight increase it rapidly decreased. The mean surface current at 
the various stations is shown in the following table, together witl1 the number of hours used in 
obtaining the average and the distance from Fowey lwcks: 

Station __ ------ ____ ... _____________ : 

Distance from Fowey Roch (miles)---\ 

Hours--- .. ------------------·---' 
I 

Velocity (knots)---------- __________ 
1 

8 

555 
2. 56<) 

11/ ,2 

Il}i 

130 

J.6 

.-- .i"" 

i I . 
3 5 

! I 
15 22 

: • 92 58 

3· 18 2.843 

55 I 

I. 785 J 
Oaptains of the American coasting steamer11 ua,·igating the Straits of Florida, ha,-e found by 

experience approximately where the maximnm flow is, as tlley usually pass Fowey Rocks from 7 
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to 11 miles distant. Wl!ile tlte ,·elocity of the current at 7 miles <listaut may lie aud is at times 
great, it is by no means so sure as at 11 miles off sl!ore. 

At No. 1" station, on Ma~· 5, 6, 188G, the current was rernarkaul;y slow, at times running as 
little as three-tenths of a knot per hour. At 8 a. m., with a surface current of 0.75 knot per hour, 
I changed to No. 2 and No. 3 statious successfrely, returuing to No. 1 at 8 p. m. At the latter I 
found that the surface current had increased to 1.85 knots, but at No. 2 station I found the current 
to be from 3.2 knots to 3.7 knots and at No. 3 to vary from 2.4 to 2.7 knots. 

I believe, therefore, the axis of the Gulf Stream at this cross-section is situated at No. 1 ~ sta
tion, about 119- miles distant from Fowey Hocks. Tbe fact tlJat it is on the edge of tbe bank, 
where tile water mpidly 1lrepens from 200 to 400 fathoms, may be of value in drawing interrncPs 
as to tl\e axis at other poiuts of the stream, until WP\ know from actual obsernttions its exact 
locali y. 

V. The effect of wind on the Gulf Stream is, I think, believed to be most potent in changing· 
the position of its axis, as well as in banking up the current or accelerating its ,·elocit_y. In the 
observation:s I have taken in tl.Jc stream, or outside its limits on the·a<ljacent banks, I have found 
not the slightest evi<lence that the axis changes by the direct action of the wind to an extent 
discernible. Anchored on the edge of tLe adjacent banks with winds from certain drrections, the 
clear blue water of the stream is blown to\"l"ards the shore, but tl1e current does 11ot accompany it. 
On the Bahama side, the current is generally setting to the northward on the edge of tbe bank as 
far as 8 or 10 fathoms. On the Florida si<lf', auchored in tlrn line of the reefs, with a fresh SE. 
wirnl blowing directly on shore, there was 110 current. Anchore1l in the stream with winds from 
all directions, no change in the position of its axis was observed. At stations 5• and 4b I remained 
at anchor with quite strong winds from the northward and eastward. The currents at the surface 
and at 15 fathoms indicated a retardation, which I think was due to the 'wind. After leaving No. 
l', I steamed across the stream, but could not anchor because of the roughness of the sea. The 
current found in crossing, however, was less than it should ha•e been with normal conditions. 
On .May 2, 3, 4, and 5 the wind was almost continuously from the eastward, varying in force from 
1 to 5 (Beaufort scale). The current on the west side, at Station 1, at this time, Imel the iocal 
wind a power to change the position of the axis by its direct force, would have been strong; but, 
iustead of that, it was so weak that for many hours we were actually riding to the wiud, which at 
that time had but a force of 1 and 2. The cause of this phenomenal current, however, I believe to 
ha\'e been the wind. 

At Station 1' on May 1 the currents were about normal in strength, hut vny irregular. On 
May 2 the upper strata dropped in velocity, while at 65 and 130 fathoms there was an inrreast-. 
On May o, at station 1", the average currents for the day were as follows: 

1----·---- -· \ ·--------·-----

! 
Depths, fathoms-------· ------1 3Ji j 15 

1 
30 

.. Current, knots _________ ~-~~~J_ ~~~-~'--· 0.75 __ / ___ o. 97 

65 ' 130 

1.06 J 0.65 
l 

The \ertical curve of this day's currents and the mean cune of 1886, as well as the curve of 
both years, embracing 555 hours at No. 1 station, are shown on plate 27. On May 6 an.I 7 the 
upper strata increasecl in velocity with great rapidity; tlJe lower strata decreasing. 

Referring to the vertical curves mentioued above, it will be noticed that at Station 1•, when 
the current was running slow at the surface, at 130 fathoms it was running at the same spee1l 
as the mean current for the two years, and faster than the mean of this year's observations; and 
that a. continuation of the curves below 130 fathoms to the bottom, shows a large rnlume of watPr 
at the lower depths hastening north as if to re-establish the equilibrium. 

It is said that durmg a norther, the Gulf Stream curl'ent along the Flo1i,la reefs, withi11 .io 
or 50 miles of Key West, sets very strong to the eastward, and at other times oue cannot depp111I 
upon finding a current in either direction. I J1ave no e\'ide11ce from my own observations that 
such is the case, but I can readily see that in tlJe confine(l waters of the Straits of Florida it might 
be true. A very strong norther woulll hank up the water on the Cuban side. In re-establishing the 
equi·librium the lower strata woultl set slightly toward the Florida. shore, and, coming to the surface 
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when it strikes the shoaler water make a strong current setting to tlie eastward, where is usually 
an intt>rmittent one. Tlle flame would not he true to such a. marked extent with an easterly gale 
in the Straits of Bernini, because the northeast Providence Channel would gfre relief to a portion 
of the lower strata, iu its endeavor to make to the eastward. 

I think that the popular belief, that the axis of the Gulf Stream changes with the wirnl, is almost 
wholly due to the hitherto unkuowu daily variations. A Commander starting across the stream 
\rJ1e11 it is running at its maximum would probably reach the opposite side in time to fiucl a less 
curreut. On another pasisage, if he happened to cross with reYerse conditions, the statement that 
the axis chaugeis woultl prnuably be verified to the sati!;faction of himself and his friends. My cou· 
du:sious arc, therefore, that any moderate wind does not alter the position of the maximum surface 
flow pC>rceptibly; that a strong wind blowing with or against the current will acceleraw or retard 
its Yelocitr somewhat, and that in the confined portions of the stream between Florida and Cuba 
or tlle llallamas a gale blowing at right augles to its axis may cause an increased velocity on the 
weather side; but of this last I have no positive evidence. · 

YI. The depth of the Gul( Stream current and the velocities at different depths: The vei·tical 
cunes, represeuting the velocities at different depths, are shown on plates 27 and 28. They :mi 
comstructecl 1zy taking the averages of the velocities at the various depths iind plotting them with 
their prover co-ordinates. 

The meau curves are constructed by giving the means a.t all depths 011 each of the stations 
equal mines, iustead of taking the average of all observations at each depth for the mean. 

The surface current at en~ry station hacl a higher \'elocity than at any lower depth. At times 
during tLe day, when the current was running at its lowest speed, the surface for a. short interval 
became slower than at 15 fathoms, but the average for the twenty-fotir bom·s was almost invariably 
higher. At stations No.1 aml No. lz ouly, was I able to obtain o\)servations uear the bottom, and 
at the former the 1mrrent was sometimes foun<l setting to tile southward. In 1885 this was not the 
case, except ouce or twilw, ai1<l then with scarcely perceptible currents, but tllis year it has been 
noticed se\·eral times. 

'Ille mean curves of 1885 a11<1 l886, it will l>e be noticed, are nearly together at 05 fathoms; 
al>orn that depth there is a witle departure, the curves separating most at 30 fat11oms, and below 
G;j fathoms there is auotller departure. 

It seems from the vertical curves that at the bottom there is, at times, a current setting to the 
southward iu all parts of the stream, except on the extreme eastern side. The vertical enrves of 
all stations are plotted on plate 28, together with the curve of the bottom at cross-section A. The 
zero line of each YertiClll Curve is shOWU at j ts proper distance .(rom the shore Oll either &ide of the 
stream; but each cun·e is re-ml ved around its zero to a. position at right angles to the direction of 
the current. 

Observations were taken for practical purposes only as far as 130 fathoms, tbe <lata taken 
below that depth not being sufficient to combino with advantage. 

In order to give some idea of the strength of the currents below 130 fathoms, the curves hiwe 
been continued to zero velocity. These cur\'es, it will be remembered, are found from the average 
of a.ll obaerrntions at each depth at each station. The curve atNo.1 and No.12-' stations, situated 
011 the i;lope, reach zero ,·elocity about 2;j fathoms from the bottom. Nos. 2 an<l 3 stations, it will 
he seen, arri\'c at zero at almost the same depth1:1, au<l No, 5 station continued, seems t-0 possess a 
current wh'iclt reaches to the bottom. 

Tbe obser\·atio~s takenon this station (~o. 5J during this year were io. March aud April aml 
under exceptiouahly unfavorable weather. Attention bas been drnwn to one of these under the 
lieading of the "Effect of wiud." A slight error would aflect ihe velocity at the bottom considel'
ably, and it is possil.ile that actually there is a.less current than shown. The question as to whether 
the lower strata of water is moUonless, or whether it has a movemeut north or south, my obser"a-
1.ions do not show a.bsolutely, except on No. 1 station, where at 130 fathoms 1~ southerly current 
was found at times. The form aml position of this curve changes continually; sometimes, as on 
Station Jf, with a cousidernllle Yelocity at the bot.tom, aud again, aa on 1°, with a most decided 
southerly set at 130 fathomis. I believe that at all the stations the current to the northward may 
at times reach m~ur the bottom, bat at Nos. 2, a, nml 4 it rarely does. 
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At Nos. 1, 1;1, 2, 4, and 5 stations dredgings haYe !wen made aud more or le;;s mml brnught 
up, except at No. 5, where the dredge sLowed nothing but broken branch coral with a fr"· :small 
shells. 

The curYes of the various stations taken from west to east liecome more aud more 11early 
wrtical, and the point bel&w the surface at wliich the current maintains about the sarne Yelocit,\
extends farther down. .At No. l station the swelliug ou the curve is but little~ aml is llenn·e11 l:J 
and 30 fathoms. On No. 5 it is at 6.'.i fathoms. 

Ou all stations the Yelocit.y at the surface is greate1· than at auy depth below, but with 01w C•l 

two exceptions the record of tile means indicates that a stratum of water helow tl1e imrface is rn0Yi11~ 
at a slightly greater speed thnn a stratum at some point llet\Yeen it and tl1e surfaee, aJHl abo grt>att•r 
than the water below. It indicates that the volume of this stra,tum increases at the different statiun" 
from west to east. It is probable that on No. 5 station, wliere the current at G.i fal11om,; i" 
greater than at H> or 30 fatlwms, if observations could be taken at 300 fathoms the cmTe11t "\\Onlil 
he found to lrnve decreased some\\· hat, so as to gh·e greater iuclinatiou to the cmTe. 

The vari-ation in the curves near the snrfacc will vrolmbly be found to follow \Try closely tu 
the meau change of temperature in the .Atlantic Ocean. 

The cun·e of No. 1~ station near the surface seems to lie abnormal, antl prob;1 l1iy a form 
:1pproximatiug to that of No. l station would lJe nearer the true one. 

Tl1e upper half of i1Jate 28 shows the cross-section with enrves iudica!iug- the limits-of each 
. stratum of water from zero to the maximum current, by increments of one half knot, as de,·eloped 

from tbe cnrHs on the lower half of the sheet. 
The space from each extreme-station (Nos. 1 auu 5) to the shore is didde<l proportionatel5·, 

under the supposition that the decrease of the current shoreward is regular. I tl1iuk, ltowe>t'r, 
Hiat tliis may not be true, for 011 the Florida side, close iusbore, I belie,·e a southerly curn"ut i,.; 
sometimes found, but of this I haYe no positiYe eYideuce. ~\s tinmn on tbe plate, it se1Tes to 
show approximately the an•rage ,·olurue of each stratum. 

VII. I baYe to submit the followi11g sumrnar.r of my conclusions, based upon the i11formatio11 
obtained during the t\\·o seasons' observatio11s. Tile exami11atiou of tlte Gulf Stream eurrent-. 
having been made in 1\farcb, April, May, and June, the condnsious may he incorrect for othPr 
seasons of the year, although there are no good reasons for supposing that such is the case except, 
possibly, in the amount of the variations. 

(1) Between Fowey Rocks, Florida, and Gnu Cay, Bahamas, the current ,·aries daily iu wlo· 
city, at times as much as 2~ knots. The greatest Yelocit_y is generally about niue hours before thl• 
upper transit of the moon. The nuintious are most excessi,~e ou the west side of the strait;; and 
leasb on the cast side. 

(2) The average daily currents rnry during the month, the strongest set eorniug a day 01· 

two after tile greatest <leclinatiou of the moon. 
(3) The axis of the Gulf Stream, or the position of the strongest surface fto1> in passing tliii< 

point, iR 11~ miles east of Fowey Rocks Light-House. The strongest surface current found lten· 
was 5;{ knots per hour; the least, q knots; and the ll\'eragc, 31~, knots. The aYerage enrre11t at 
otber places 011 either side oftlie axis is as follows; 

liuot.s. 

Axis of the stream, llt miles from Fmvey RuckH .. . .. . . . . . .. . . • .•. . . •. . . . . . . . . . . . . . . .. . . . . :3.t: 
~{i n1ilcs 'vest, or~ ruiles fron1 Fowe~· HockR ............................................................................. 2.6 
3t miles east, or 15 miles from 1'owey Rocks . . .• . . . . . • . . . . . . . . • . . . . . . . . . . . . •• . .• • • • . . . . . . . :~.~ 

10 ruiles e~st, or22n1iles frorn Fowey !tocks ................................ ____ ........... ____ ·---·-- ____ ~.·~ 

17 miles east, or 29 miles from Fower Rocks .•. ... . .. . . . . . . . . .. . .. . . . . . .. . .. .••• ... .. . . .. . 2.4 
24 mil'lis east, or 36 miles from Fowey Rocks . . . . . . . . . . • • • . . . . . • • . . . . • • . .• . . . . . ••• .. . . . . . . . 1.::' 

(1) The wind probal>ly retards or accelerates the velocity of the current. A XE. gale in the 
.Atlantic will probably ''bank up" the watet· of the stream, lowering it;; nlocity matnially, arn1 
after1>ards the flow will, by the reaction, be greatly inm·eased o\·er the normal speed. TlaT1' ;,, 
110 evidence of any change iu position of the axis of the stream llne to the wind. 

(5) Two (lays' observa,tious off .Jupiter Light, Florida, indic<tte the same daily niriatio11 <u-: 
was found off Fowey ltocks, and the axis of the stream at tllis section is 11rolia lily a bout 1 i miles 
east of the light. 

H. Ex. 40-37 
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Tliis report would be iucomplcte without calling ~·our attentiou to the admirable way in which 
tlie officers attached to the party have executed their share of tlie work. They have done it care
fully atHl intelligently and ha,·e rmbrnitted to any amount of personal inconvenience or hardship 
in t11c canRr. 

The following is a list of the officers on board llnriug the seasOIJ ~ Ensigns T. D. Griffiu, R M. 
II uglies, A.G. Rogers, J. H. Hetherington, antl F. U. Brainard; PasseLlAssistant Engiueer George 
Cowie, Pa:,;sed Assistant Snrgeon w·. Il. Rnsh (recorrler), Rt1 corder N. G. Henry, and Master ut 
Arnrn Jans Peter;;en, to whose care a11d vigilance aud knowledge of the mechanical portion of 
the working- g-ear much or the success of the season is dne. 

Statistics. 

Total irnmuer of stations oecnJlied ..........•...............•• .- , .. 
Number of current ohse1·,·ations with meter .................... _ .. . 
Number of current observations with pole .................... __ .. _ 
Orea test depth of anchoring at any station (fathoms).: ......••...... 
Tide station (at Tortu gas, !<'la..) ........•..... - . . . . • . ............ . 

\~cry respectfully, 

26 
1,557 
1,807 

498 
1 

.T. E. PILLSB UHY, 

Mr. F . .:M. TnoRN, 

Lieut. U. S. Navy, 
Assistant Coast anil Geodetic Survey, Commanding, 

Superintendent Coast anrl Geodetic Survey. 



 

APPENDIX No. 12.-1886. 

THE SECULAR VARIATION OF THE MAGNETIC DECLINATION IN THE UNITED STATES 
AND AT SOME FOREIGN STATIONS. 

[New 3ncl grt=>atly enl:ngf'.fl p(\ition. J 

By CHARLES A. SCHOTT, 

AB•istant, Coast a11cl Gl'Odelic S11rveg. 

[Sixth ctlitiou, AJlril, ltJ:'ii.]' 

IN'l'RODUCTION. 

The practical nature of the inquir,y, and the nece8sitJ· of looking to the publications of the 
Coast and Geodetic Survey to supply the latest information on the subject of the changes, secular 
and otherwise, of the direction of the magnetic needle, lias caused an ever-increasing derualJ(l for 
these investigations of the survey, and this has acted again as a stimulus to advance our knowl
edge of the secular changes of .the magnetic force, both for direction and iutensity. It tlrnf> 
becomes necessary every few years to re-discuss or submit to analysis any additional observations, 
as wen as to direct such observations to be made at ti.Jose places where tlle;r may contribute most 
effectively towards the elucidation of the laws of cha11ge. 

Appendix No. G, Coast and Geodetic Survey Report for 1885, contains au exhaustive. article 
on tbe secular change of t'he magnetic dip and the magnetic intensity, as observed in the Unite<l 
States from the earliest to the present time. It is accompanied by three maps, showing the actual 
distribution of these magnetic elements for the epoch 1885-0 • This, together with tbe present 
communication, completes the inquiry in this branch of knowledge by bringing it up to date. 

During the fh·e years which ha>e elapsed since the last issue of this paper the available 
material for the discussion of the secular variation of tbe declination has greatly increased, bring
ing up the number of stations contained in this edition to 94 and the number of declinations to. 
1071, for each of which full reference is given, as well as a comparison of tbe observed and com
puted values. The average number of observations for a station is 11. It is satisfactory to remark 
that this increase of observations was found greatly to improve the values of the analytical expres~ 
sions, giving greater accuracy to the results deduced and tending to greater uniformity in Rud~ 
phases of the secular variation as the amplitude of the motion and the epochs of maxima and 
minima or times of magnetic elongation, all of which depeml on the geographical position of tlw 
stations. 

•This article originally appeared in Coast Survey Report for 1859, Appendix Ko. 24, pp. 296--305. In the 8~cotHl 
etlition, iu Coast Survey Report for 1874, Appendix No. 8, pp. 72-lO!:l, the investigation appears greatly extended; tlt" 
substitution of a. ~ine for a cosine function was made and the epoch was changed from 1830 to 1E50; tth<o some "'"'· 
was made of Cauchy's method of interpolation for the establishment of some second periodic terms. The third edition, 
il!Sued in June, 1879, appeared in pamphlet form, an<l is not contained in any annual report of the Coast and Gcoil<'i ie 
Survey. The geographical range of the investigation was much enlarged, and the paper was illustrated uy two 
plates. The next or fourth edition was brought out in June, l&ll, and forms Appendix No. !J, Coast and Geodetic 
Survey Report for 1879, then passing through the press; it was illustrated with three plates. In the fifth editi<>n, of 
November 1882, Appendix No. 12, Report for 1882, there were discns.'!ed 837 declinations, observed at 82 statious, sit 11-

ated in tbti United States and a few in Europe, South. America, Asia, and Polynesia, the latter for thn purpose o( 
<extending our knowledge of magnetic changes beyand our imme<liat.e ~cacoaRt. 

:2f)j 
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In Urn collection of ollt'ened dedi11atious, as heretofore given, I had sparingly made use of 
ohscn-ations taken ou board ship, introducing such observations only from necessity, i.e., in the 
absence of olJservations 011 land; hut in the prese11t discussion trnstwortby observations made at 
Bea ha Ye been more freely introclnced, and in the case of the great number of obsen-atious by 
Spani:sh navigators towards the close of the past century, along our Pacific coast, their united tes
timony has greatly benefited our range of knowledge by giving greater security and unity to 
results which before appeared doubtful or scattered. The collection of tbis material is contnined 
iu Appemlix No. 7, Coastancl Geodetic Suryey Report for 1885, and was comml!-nicated by Assist
ant G. Daviclson. Its >alne was then conjectural, but the present discussion of it proved to be 
Liglily crNlitable to the Havigators of that period. I fintl the aYerage probable uncertainty* of a 
declination (niriation of com11ass) ob1:1en·ed on board the wooden hulls of those times not to ex
ce!:'d ± 10, the same ns I had assigned to tlie observations taken by Vancouver, an amount wl1ich 
Jlrobably represents the liest practice of that epoch, 

Jn onr own times, for Yessels composed of iron and steel, and otherwise largely supplied with 
such metal, when swung on, say, 8 or 32 equidistant points of the compass, the observed declination 
"°ill fitill be subject to a probable nncertainty of about ± 0°.5 to ± oo.3 

The immediate object of the discussion of the secular cbange of the declination is to furuisll 
the means of rderring obse1Ted declinations from one epoch to another, as, for instance, "When 
i:mn-e~·on; are requireJ to re-trace and re-discover old lines original!J· run by compass, but which 
had become oblitnated in the course of time, or when the variation is de!llanded for the compasses 
placed on the sailing, coast, aud harbor charts of the survey. The principal demand for tbe re· 
sults of this article comes from surveyors and membcni of the legal profession, and frequently 
arises from litigation in cases of disputed land boundaries; aud since the source where such infor· 
rnation could be ba<l became uetter known, the number of applications to the survey for assistance 
has increased from year to year. 

To facilitate refereuce to stations and result~, the conteuts of tlle paper are arranged in tbree 
parts - an eastern, middle, and western division-in which the places· follow approximately in 
geographical order; and the final tables, or ephemerides, give"the tleclinations, after the rrar 1~50, 
for <'Ver,y fifth year, instead of for eYcry tenth as in former editions. To render this investigation 
more useful to practical meu, I have thought it desirable to preface it with a brief account of the 
principal motious, systematic as well as apparently irregular, to which the direction of tbc mag
netic needle lias been found subject, in order to clearly separate and distinguish these changes 
from the secular Yariation, which last is here the special object of treatment. 

The magnetic declination.-Tbe magnetic declination (or Yariatiou of the compa•s, as it '"as 
formerly called hy surve:yors and still is uy navigators), at any placf', is the angle contained be
tween two vertical planes, one being the astronomical or true meri<lia n, and the other a plane in 
which the horizontal axis of a freely suspended magnet lies at the time. The former plane is 
fixed and the latter ''ariable, since it is found that the needle is generally in a state of slow or 
tremulous motiou. The magnetic declination varies with res1)ect to space and time; it is, there· 
fore, necessary to gh-e with the statement of its measure tlte exact time (year, day, and hour) 
when au olisern1tiuu \fas made, as well as the geographical posit10n of the p!ace (tlle latitude and 
longitude to tbe 11earest minute of arc will suffice). The declination is caJled "west" wht>n tile 
north end of the magnet points to tbe west of true north; algebraically this.fact is indicated h_v a 
+ sign, and if "cast" b;v a - sign. It is a matter of obserYation that the mnguet, "·be11 light 
aml delicately suspended (by a single fi her of raw silk) is seldom or 1iever at rest, but is always 
shifting its dircctiou, or is iu a state of oscillatio11 or of tremor, or it ma~· be suliject to ,,;u<lden 
change1>. These augulnr motious haYe been classified as regular (periodic) and irregular rnria
tions, auJ of tlic!'c WP. propose to notiec briefly the principal ones, imch as may generally be ex
hibited will.iiu the limits of tl!c enited States. 

Tbe solar.ditffna.l ntriation cousists in a s_ystematic movement of tlle magnet, 1.JaYing for its 
period the 8olar day. Its phases depend ou local time and its character is the same for tbe greater 
part of the uortheru hemisphere; ,·iz, about the time of sunrise the ~wrtk encl of the needle it> 

~ Cse<\ in the M·n~e of probable error iu the method of lea~tsqnares .. 
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generally found approaclliug to or 11c.u· its rnoi;t ca~tcrly deflecti011 or elongation from the m:ignetic 
meridian. This phase happens, for iustance, at Philadelphia, on th£• yearly m·erage, about 7;11' a. 
m.; at Key \Vest, Fla., about 8ih a. rn.; aud the same at l\Iadison, ·wis. lt is subject to an annual 
variation, being about three-quarters of an hour later in the wontLs when the sun is south of the 
equator, and about one-half of an hour eal'lier in the summer mouths than its ;y('arly an·rage time of 
occurrence. The north end of the 11eeclle then begins its principal daily motion; ancl reaches the 
opposite extreme position, or its western elongationi about half past 1 o'docli p. m. It is reached a 
few minutes earlier in summer and a few minutes later in \Tiuter, amlhardly nuies half an hour for 
different localities. After this epoch the ueedle takrs up au easterly movement and gradually re
turns nearly to the direction from which it set out in the morning. Frequently au interruption, 01· 

small reversed motion, is exhibited <luring tLe night. At Pl.liladelpbia the average dail;y direction 
is reached in summer about lO:P a. m. and in winter about lO~h a. m., aud generally within l.lalf an 
hour of these times at other lllaces. The magnetic meridian is crossed a second time, generally 
between 7 and!) p. m. 'l'he angular range between the morning ::md afternoon elongations, or tlie 
<liurn:il range, is about 81 on the arnrage at Philadelphia and about 5~1 at Ke~' \Yest; in bigfa:r 
magnetic latitn<les it is more, iu lower less. This range is subject to an annual inequality, being 
much more conspicuous in summer than in winter (10~' at l'hiladelpuia in August autl G' in 
NoYewber). It is furtuer subject to a periodic inequality related to the eleYen-year cyc!e of the 
suu·spots. It is least iu ,years of minimum sun-spots (as in 18i8 and 188i {~), for instance) aml 
greatest in years of ~aximnrn sun· spots (as in 18i0 and 1883), the factors being 0.1 and 1.3, al.lout, 
of the a\'erage amount of the;,e years respectively. This daily Yariation appears at times inten
sified, at other times enfeebled, and during Hie winter months there are occasionally days on which 
it cannot be recognized. Observations must be corrected for time of da~· in order to reduce the 
result to the anrage direc~ion of the twenty-four hours; a table given for this purpose is found 
in Coast and Geodetic Surwy Report for 1881, .Appendix No. 8, Art. 6. 

The annual rnriation of the declination is so small that a mere mention of its existence suffices; 
its amplitude is at most· 1:} minute!'< of arc. 

The variation depeudiug on tli.c solar rotation has a ])eriod of about twenty-six tlays; its am
plitude is likewise small in our latil ude. 

Ti:c lunar inequalities: These we also pass over on account of their small amplitude. The 
principal inequality is the lunar diurnal variation exhibiting the peculiarity of two maxima and 
two miuima ou each lunar day. The range of this inequality at Philadelphia is about 27", and at 
Toronto, Canada, abont 38''· Otuer lunar inequalities are of yet smaller order. 

Tltc seculai· variation of the magnetic declination, our subject proper, is most prol.mlJly also of 
a periodic character, but since it requires centuries for its full development, an<l since, as yet, no 
one cyolc has actually been completed within the range of observation, we arc obliged, in the 
auscnce of any reliable theory, to follow up the JJbenornena by continuous observations. The 
secular motion may be com1)areu with a wave motion or with an oscillation of a peudulum which 
comes to rest momentarily at its extreme positions or elongations and morns fastest mid way lx"
tween tuese extremes. Smaller variations within this period have also been detected, but the 
general angular movement (say of the north end) of the magnet may be described as follows: 
About the times of maximum deflection the magnet appears almost stationary or onl.r slowly oscil· 
lating about the same average direction for several years (as observed uy ordinaQ' or rough iu:;trn· 
me.nts); soon, however, the effect of the secular change becomes perceptible, increasing gradual!~-. 
year hy year; this progressive angular motion soon reaches an anunal maximum value, after wltieh, 
stilt mol'ing in the same direction, it slowly dimiuislrns in speed and finally becomes again station
ars, now at the opposite extreme digression, after which possibly it will return again to its first 
position. Within the area of the Unitecl States aud south of latitude 49° a complete oscillation 
of this kind may require between two and a half and three and a half centuries, during wbich 
time the magnet would swing twice, i. e., once forward and once back ward, through an arc of seYeral 
degrees, generally keeping within the limits of 40 and so of total range for our geograpl!ieal 
boundaries; in otller localities the period ancl range are Yery much greater. The remarkable regu
larity of the motion is well shown on the accom11anying diagram for Paris, France, for which place 
we pr·obably possess the Ioi;tgest series of obser,·ations; the period is about four and two-third cen-
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t uries, aml tl1e mnge nearly 330, To illustrate further the effect of the secular change, we may take 
th(· case of New York City. In this locality the needle was observed to be in nearly a stationary 
condition about 1682, its north end pointing then fully 90 to the west of north; it then moved 
('asterlJ' and reached its easternmost digression about 1799, showing at, that time only 4:\o west 
decliuatio11. Ever 8ince this epoch the motion bas been we8terly, its present value being nearly 
81° ,V.; the grelltest aunnal change (u('arly 5') was apparently passed about the middle of the 
ceutnry. The times of these stationary epochs are di:flerent at different localities; the last epoch 
of eae;ten1 elongation was noted earliest in Maine towards the close of tile past century, later in 
tl1e ..'\Iississippi Valley, and it Las now 1eached the coast of California and 'Vashington Ter1itory. 
At present over nearly the wllole of the United States the effect of the secular change is to increase 
west <leclination, or (what is the same) to decrease em;t declination; but on imrts of the Pacific 
coast and for some s:hort distance in the interior the effect is still opposite, Yiz, an ,increase of <ast 
uec1inatio11. Alaska, bowewr, is to be excepted; tbere easterly (leclimition is now slowly decreas
ing. 'l'here must, consequeutl.v, be a region or belt of no change at present, wh;ch will be referred 
to in detail further on. It is this regular motion, known as the secular variation, which renders it 
nece;;;:sary to reconstruct isogonic charts from time to time and to change the compasses and mag
netic bemings on our charts. Although this 8ecular nuiatiou is perfrctly systematic it may not 
always appear so, especially when deduced from few observations made at diflereut places in the 
same ge11eral locality, eitller on account of small observing error:s or in consf'quence ;:,f local deflec
tions, or for the rellsou that ordinary periodic variationH and ill('qualities have not been fully 
elimiuateu from the results. Among the latter irregularities must be classed the-

1llag11etic disi'urbmwes or storms.-These may occur at any time, ancl are, when taken indiYid
ually, he~'ond the power of prediction; but attacked by the statistical method, i.e., when classified 
and when averages arc taken of many t:housands, they are found to be subject to various laws. Their 
presence is generall;r indicated by sudd{'Il deflections, and by rapid and great fluctuations iu the 
direction of the needle aR compared with its normal position, which otherwise might have been 
ex1Jected at that time of day aml month. They often take place simultaneously over distant regions 
of the globe, and iu tluration may be confined to a few hours,•or they may last a day or even for 
several days. They are frequently accompanied by auroral lights and hy strong electric earth. 
currents. 'VLeu aual,yzed in large m11nliers they ex.hibit a sohn-dinrnal variation, the westerly 
and easterly distmbances, howfl·er, following different laws. They also have an annual variation 
and seem to depeud large]~' on the sun.spot period or an elen•n-year cycle. Irrespective of direction 
of tLe disturbing forces the most disturbed lionrs of the day are generally those between 7h and lOh 

"" m., and the least disturbed tLose bet\"l'een 21> and (jh p. m. 'Vesterly dii>tmbances occur most fre
quently about 81' a. m. and least about 81' p. m.; they exhibit a single daily progression. Easterly 
disturl1ancl"s J'('acl1 a maxim urn about si. p. rn. antl a minimum about 2i. p. n1.; they exhibit:a double 
daily progression. "'el'terly and earterly disturbances appear to agree iu their ammal variation, 
in their times of maxima, i.e., in August, September, and October, and iu their times of minima, 
i. e., in January aud June. The tlisturbances are most frequent and considerable in the years of 
maximum sun-spot activity and the reverse in years of minimum sun-spots. The following table 
of the obserwd disturba11ces, in a bi l1ourly series at Philadelphia in the years 1840 to 1845, will 
give an idea of t:heir relative frequency and magnitude: 

1 

Deviations from nor- i Number of 
ma! direction. I disturbances. 

I 

31.6 to 10'.8 2189 

10'.Sto 18'.1 J47 
18'.1 to 25 1,3 18 I 

I 
25 1.3 to 321.6 3 I 

Beyond 0 I L ___ _ ____ I 

At Key West, Fla., the~ maximum deflection noticed between 1860 and 1866 was 21'.4 At 
l\Cadison, 'Vis., where the J.10rizontal magnetic intensity is considera..bly less, very much larger 
deflection11 ha Ye beeu uoticed. 'TlJu15, 011Octouer12, 1877, one of 48', an<l l\fay 28, 1877, onn of Jo 24'. 
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We now proceed to the consideration of the secular variation of the magnetic <lediuatio;.:. 
Historical note.-The foilowing brief historical remarks on tile magnetic declinatiou awl it;; 

secular variation have been prepared from extracts from Huwboldt's Cosmos (Otte's translation, 
Lond011, 1849-1858), Vol's II and V; from the Encyclo11redia Britannica, 9th edition, Art. Com pas::;, 
vol. VI (Boston, 1877), and from E. ·walker's treatise "Terrestrial and Cosmical .Magnttit>m," 
Cam bridge (Englancl), 18GG, in which works fuller references will be found. The Encyclop~tlia of 
Experimental Philosopb;y, London, 1848, Art. !IIa~uetism, as well as Gehler's l'!J~·sikali:<cl11>;; 

'Vi.irterbuch, Leipzig, 1825, Art. Compass, were also coni'ulted. 
The first notice of tlrn magnetic needle tis applied to navigation we meet with among weskm 

(European) nations does not date further back than the deve11th or twelfth century of our era, lmt 
in China the directive property of the magnetic needle was made u1>e of on land as early as tlle 
twelfth centur.r B. C., and, according to tradition, even at a Yery much earlier time (2634 B. C.). 
In the third and fourth centuries of our era Chinese rnssels were guided by tlrn magnetic needle. 
and through them a knowledge of the polarity of the needle was conveyed to India and thenct• 
westward. In the ninth centurJ' Cbinese merchautg traded in ship8 to the Persian Gulf and the 
Red Sea. Probably through the influence of Ara\Jian navigators, or tl.lrong·h the agency of tLe 
Crusaders, the use of the mariners' compass was introduced into Eastern Europe. Among the first 
European writers oftbe middle ages who refer to ti.Jc loadstouc or to the compass is tbc Icelaudic 
historiau, Are Frode, who lived about the end of the eleventh crnturj·. Ile states that the directive 
property of the loadstone was then known to seamen in i1orthern countries. Next are mentioned, 
Alexander Neckam, in two treatises, ''De Utensililms" and "De Naturis Iterum/' of the twelfth 
century, Guyot, of Provins, in 1190, and Jaques de Yi try, uetwCl'll 120± and 1215. Hayrnond Lully, 
in 1272 and 1286, remarks that the seamen of 11is time employed the magnetic needle, an<l from 
Torfruus we learn that the compass was in use among the Norwegians abont tl.ie middle of the 
thirteenth century. Among then-western nations the construction of the instrument under"'°cut 
great improvements, particularly by 1he hands of Flavio Gioja, of Amalphi, Italy, in 1302. 

Tile declination.-From a Chinese work, written between 1111and1117 A. D., we learn tliat the 
needle was then suspended by a Hi.read aud that the mode of measuring the amount of the <lecli
nat.ion, it being then west (or, as there expressed, east of south), bad long been understood. It eau 
hardly be supposed that the fact of the needle, in general, not pointing exactly to the true north 
and south could have been overlooked in the twelfth ceutur.r, on the !llecliterranean, in places whPre 
t.he dec1ination reached 60 to 10°. A passage interpolated in a Pnris MS., a copy of "Epii<tola 
Petri Peregrini," &c., of 1269, states the c1eclination to have been determined by him in Italy at 
50 E. Columbus probably was the first who records the change in the sign of declination with 
change of geographical position. On starting from the west coast of Spain he bad east declination. 
In September, 1492, in the Atlantic, in fatitnde 2so longitude 28° (about) be obserYed 110 W. He 
has also the merit of being the first to discover a part of an agonic line, or line of no cleclination. 
The first scientific work in Enropc in which the declination is treated at any length aml ue<1nce(l 
from actual observations is that by Boroughs, published iu Hi81, entitl('d "~.\.discourse 011 the Yaria. 
tion of tb.e Cumpas or l\fagueticall Needle,'' and is dedicated to the" travaillers and mariners of 
England." 1n 1599, Prince l\Iauriee, of Nassau, the 1onl bigh admiral of the Low Conn tries, reco111· 
mended t1eamen to keep a register of the declination iu every part of the worl<l they might Yisit. 

Isogonic charts.-The declination 0111.Y was marked on the chart of Andrea Dianco, drawn np in 
the year 1436, but Alonso de Santa C:mz, in lf">30, constructed the first general declination chart, 
though bas~<l upon very imperfect material. Upon the chart b~· Fatllcr Christopher Burrus (who 
died in 1632}, published at Lisbon, the magnetic Jines are called "tractus chalyboeliticos." About 
170 years after Alonso de Santa Cmz, Ellm. lfalley puhlished his celebrated isogouic chart for thl' 
year 17001 based entil'elJ' upon observations. [Tabula Nantica, Yuriationum l\lag·netiearnm Iudex, 
juxta observationes anno 1700.] Bis rn_yages of the years 1G98, 169H, au<l li02 •rere u11dertakP11 at 
the expense of the British Go,~ernment. This chart comprises the art>as of the Nortl1 arnl South 
Atlantic, the Indian, ancl tbe extreme wes~era part of the Pacific Ocean. Isogonic charts be(:a111e 
quite uumerous after Halley's time. 1rhose l>y Hansteen (Magnetismu.- Iler Brde, l~WJ <le>'l'l'\·(, 
special mention; his earliest one is for the year 1600. In 1838 Gauss published his" Genernl tht•ory 
of Terrestrial Magnetism" (in Hesnltate, etc., des l\fagnetischen Vereius, Gotting·cn) and the rl':rnlt-
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iug isomaguetic curns were afterwards cllarted. A translation of tlle theory and copies of the 
charts are gi,·en iu Taylor's Scientific )1emoirs, Vol. II, London, 1841. In the work of .A. Erman 
and Il. I'etersen, "The Fonmlation of tlie Gaussian theory and the p11enomemi of Terrestrial 
)fag1ietism in tlJe senr 18'.!9," Berlin, 1874, t11e general distribution of magnetism over tlie globe 
is shown on si.x charts for the q10ch 1829. For the most complete magnetic charts <leJ1ending 
directly on obsen·ations, tlie readt>r is referrt>d to General Sir Edward Sabine's Uontrilmtions to 
Terrestrial Magnetism, Xos. XI, XIII, XIV and XV, l,hil. Trans. Hoy. Soc., for tlrn years 1868, 
11'72, 1875 a11d 1877, respcctin•ls. These cliarts refer to the period 1840 to 1845. The latest iso
gonic charts for the rnited States of America, rednce<l to the epoch 1885.0, will be fouud in the 
Coast and Geodetic Surny l~eport for 188:!, Appendix No. 13, in three sheets, Nos. 38, 3!), 40. 

The sec1l1ar rHriotfon of the declination.-The discovery of the gradual chauge of the declination, 
which for any one place hacl previously been supposed by philosophers to be constant, is <lue to 
Gellihrand, of Gresham College, England. In 16:35 he publi.,lled his work, entitled "A discourse 
mathematical! on the Yariation of the 1.fagneticall Needl~, together with its admirable diminution 
lately discm·ered.'' He based his conc!nsions upon the recorded obsen'atious of Boroughs (1580), 
of Gunter (1G2:.!), arnl his owu obserYations (Hi33-34), showing tlrnt in the Yicinity of London the 
direction of tlw llecdlc hatl challged in the interval fully 70 to the westward. From this time the 
fact of the fiecular variation was completely establishetl, and it remained to later times to deter
mine its exteu t and dew lop tbe law goYerniug this change, aud to emka,·or to find its cause. That 
the >elocity was not uniform was soon percei,·ed, and the apparent periodic character of the >aria
tion was promineutly f9rced upon the attention of obseners when the needle reached a stationary 
condition, as, for instan<'e, in the eastern part of the "Gnited States towanls tbe end of the eighteenth 
centnry, aml tben recommeuced its motion in a direction O)Jposite to that it batl before. Similarly 
at Paris, France, thl1 secular change was westward between the sta,tionar;1 epochs of 1580 (about) 
and 1812 (ahont), since which time tbe needle bas commenced retracing its course eastwardly. 
Nearly midway between such stationary cpoebi> the annual change is observed to be a m:_tximum. 
See Plate No . .':O, upper diagram. • 

ANALY'lICAI, EXPRESSION <YF THE SECULAR VARIATION OF 'l'HE MAGNETIC HECLINATION. 

'Ihe srcular ra.riatfon can he represented with cousiderablc accuracy by means of a circular 
harmonic fnnctiont as might be expected from the almost unlimited adaptation of such functions 
to all forms of periotlically recurring phenomena, provided a sufficient number of terms are intro
duced. The formula emplo~·ed for our purpose may be written-

D = o + r siu (am+ c) + ~·, siu (a,m + c,) + r11 sin (a11m + c11 ) + ....... . 
"\Vb<>re D =magnetic declination nt any time t, positi>e when west, negative when east. 

m = number of ;rears and fractiom1 of a ~·ear from an epoclt t~for which 1850 has been adopted; 
henee m = t-1850.00 

tr a 1 a 11 •••• are factors depending on the iidopted periods p p, p,; .... of the several 

3000 3000 3GOO 
terms; so that a=--- a,=-- a 11= --, etc. 

JJ p, 1>11 
Thus to a=<Ul, 1.0, l.~, 1.5 there correspond periods of 400, 360, 300 and 240 years respectively. 
r r, r11 • • • • • • are parameters or semi-ranges, 
<' c, c11 •••••• epochal constants of' the several periodic terms. 
d =a eonstant, representing the anwagc or normal declination about which the periodic fluctu

ations take place. 
The quantities o, r r, r 11 • • • a a, a 11 • • • and c c, c11 • • • for any 011e locality 

must he deterrninc<I from the ohsen·ations made there at various times, and their most probable 
,·aJnes are to be deduced by application of the method of lea.st squares. 

We begin b.Y assuming a snital)le Yalne• for the length of the principal period, and the first 
pt•riodic term of the· formula is treated as follows: 

Pnt o = o,+ x where o,= an assume1l approximate Yalue of o and :ca correction to it; also put 
r cos C=Y and r sin c=z, 

• lt may he found gr11phieally in the first instance. 
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then the conditional equations will take the form : 

O=o,-D + x +sin am .y+cos mn.z+ ........ . 
from which the numerical values of x y z are to be deduce<l in the usual way by meanl:l of normal 
equations. To determine the value of a (arn.l similarly of a, a 11 ••• ) the computation is repeated 
three times (or more if necessar)·; using the slightly changed values a +.ia and a-Ja, from which 
that particular value of a is found and finally retained which renders the sum of the squares of the 
differences of observed and computed declinations a minimum. In some cases where certain oli,.;er· 
vations were ffridently less trust worth~· than others, and wbicll ue,·ertheless could not he dispensed 
with owing to the small number of observations, or on a~count of their special value with n>ofer
ence to time, particular weigh ts were assigned; generally each observation recein\d the weig;_.~ unity, 
a few imperfect obsen·ations tile weight one-half, and to some speciall~1 \aluable obserYations 
double weight was assigned. In these cases the conditionJ.l eqna,tions were multiplied by the 
square root of their respective weight. Of obs1>.rrnti.ous C\1 idmtl_y grossly in error no notice what· 
ever was taken. In finally selecting what seeme!l to he the best expression for the secular clrnIJge 
at a station, I have also frequently been guided by the acconl of the various constauts enteriug 
into the equation when compared with correspomliug ,-.1lueti in the equation" for snrronnding 
stations. \Yl!en appl_ying Cauclly's metl!otl of inte1polatio11 tlle form 

D = o + I' co,;; c . sin 111<¥ + r ~in c • cos mt¥ + ... 
was f'onml more coavenient iu ul:le. Tllis methml was employed for e,,;t,ah!ishi11 g such seconu or 
thfr<l periodic terms as appeared demanded bJ· the obserrntions, but only a few such terms coulll 
be determine1l an1l they ge~erally faiJecl in conseqnence of the in,;nfficien ey in nnmlwr of <latH or 
for want of sufficient accur.icy in the obsernttions. 

'l'be annual change i: of tl!e magnetic declination due to the secular motion, positiYe when 
increasing west declination (or decreasing east) and negati rn wllen in the oppcsite direction; also 
the epoch of minimnm west decimation (or of maxiurnm east); also the amount of the dediuation 
at this epoch and the apparent probable error of an ohsen·ation-arc found as follows: 

Differentiatiug the expression for D, we haYe 

dD='l"l.l' cos (ami+c) dm+ r1tr, cos (a,m+c,) dm+ . 
heucc for any time t and for minutes of arc, 

i: =60 sin JO f ra cos (am+ c) + 1·,rr, cos (a 1m + cJ + ... J 

Maxima and minima are deduced from the equation: 

0= ra cos (am+ c) + r,a, cos (a,m + c1) + ... 
from wLich expr.:ssion in can be found. 

Tbe apparent probable error c0 of an ohsernttion is deduced from the differences .J of the n 

ohsern~d aIHl com1mted declinations hy the formula eu= /0.455 ~::1_2 , where 2 indicates snmma-
V n-n, 

tion an<l n, equals tile number of unknown quantities in tlrn expression for D, as determinetl from 
the observations themselves; wllen weights p enter, we substitute p L12 for .d2 and then obtain the 
probable error of an observation of unit weight. The greater part of this apparent probable error 
or rather probable uncertainty in the representation is due to the fact that the observations col
lected at any one 1•'1ace were not generally made at precisely the same spot, thus introducing the 
effect of any local irregularities iu tLe distribution of magnetism in addition to the ordinary obsen'· 
ing errors. In cases of obserYations evidently not correctetl for diurnal ,·ariation, with the hour 
of the day of observation not known, the received imperfect nilue bad to he accepted. This remark, 
howeYer, applies only to otherwise am)urate measures for which alone this correction is of impor
tauce. 

There are some stations where from \Vant of a sutncient nnmber of obserYations, or from short· 
ness of interval between the first and last obser>a'tiou, the length of the period of the secular Yari:t· 
tion could not be made out. ln such eases the declination and annual clia11ge due to the secular 
rnotiou may be expressed by means of an exponential function, thus: 

D=do-t-Y(t-to)+z(t-to)3 + .... 
H. Ex. 40--38 
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where d0 = maguetic declination at epoch t0 • I adopt, a:> iu the preccuing formulIB, t0 = 1850.0 
aud put d0 = iJ + x, where iJ =an approximate Yalue of d0 and x a correction to it to be determined, 
as well as y and z, &c., from tlie obserYatiotis themselve~. For this purpose we bave a number of 
conditional equations of the form 

0 = ,, - D + .r + y 111 + .: in2 + . . . . 
which equatious are to be treatecl, a~ customary, JJy the method of lea:st squares. 

Let D = resulting ma!!netic decli1wtio11 J
1 
+ "·11wn E\_y l for the time t 

" -W ICU ' 1 

a = annual change= y + '.!~ (t - t 0 ) = y + '.?z. m; also 

"' . " . l ] ' t. t 11 _._ = tnne 01 maxunmn t l'e ma 10u = o - '.!z 
In ease tlte cliange of Jecliuatinu can b(' rq1resenteJ b;y a stri1igl1t line, we ham 

D = d0 +a (t- t 0 ) and the eornlitiorrn l equation will lie of tlle simple form: O=do-D+a (t-t0) 

where ll0 = mea 1 of all oh;;erve<l decliuationti aud t0 = mean of corre::;pouding: times. 
The principal uncertainty iu ti.JC inn.'stig,ition thus arises partly from large obserdng or instru· 

mental enors iu tlte older ouscrnttions maue with ordinary compasses or with rude instruments 
gem·ral!y, aml partly, iu ca:se of modem ob8erYatio11s, :since the introduction of more refinetl instru
meuts (tltc magnetometer witb collimator maguet an<l theodolite), from cliange of local pogitions 
and from imperfect eliminatio11 of irregular Yariations from the normal direction of tile magnet. 
In consequence of the extended use of iron above and below gronml and the rapitl growtll of cities 
cowring up older stations, it is difficult to select and presen·e at snch places a suitable Jocality 
for permanent use. Accurate iuvestigatio11s of the secular Yariation can oulJ· be made ut regular 
magnet1c ob8en·atories or in 1oca1i\.ie~ exempt from all disturbing influences. 

In applying at pre;.:;e11t a pet'iodic fnuction for the representation of the secular Yariatiou,• it 
should be understood that this does not neoes&irily imply that the pLenomenou is a periodic one, or 
even has an inrariable period of tlrn length assigned, or that it must exhibit a second or repeated mo· 
tiom; of like character to the first, or eYeu that a first peiiod will lie completed without some minor 
change of law. The aim is F>imply to rcprl~sent by a F>nitable and comprel1em;ive formula tlrn changes 
which are obserYed iu the direction of the horizontal component of the magnetic force from year to 
:i:ear an<l during ceutnries, and to provide the means for the further study of the phenomenon 
with a Yiew to ascertaining its probable cause, as well as for predicting, at least for a fow years 
in ailrnuce, the probable direction of the needle, this infornmtiou Lciug required in the constru~
tion of our liplrographic charts, as well as by the navigator and the surveyor. 

The analytical proeess is thu:s 011e of a tentati;-e character and the formulre are neccssar .. J 

empirical. Employing a formula of iut<:rpolation capable of represeutiug tlie pl1euorneuon only as 
far as obserYed, it wottld manifestly be nnsaJe to exteml Hie numerical results eitbm' way much 
beyond tlte limits of obsen·ation. The predi<~tions are liere given within proper and safe limits, 
and these should not be• transcended unless the results are sustained by additional observations. 

COLLBCTIOCI Ol,' OB::>ERVED J'>IAG:NETIC lHWLlNATlONS 81:1'1'.AUl,l; I•'OR THE 1NVES1'IG.ATION OF 

nrn SECULAR VA.RIA.TlON. 

The material collected for tllis purpose has beeu arraugell geographicall.r in three groups for 
greater convenience of reference ancl of comparison of results. It approximates to an arrarnge· 
ment proceeding from stations of tlie greatest west declination (at present) to those of greatest. 
east declination, and comprises the wbole area of tbe United States as well as a few foreign locali-

•If'"'' suppose for the moment that the •ecuhr variation consists simply of a awing abont a mean position, the 
1lt>Jlecting force being a maximum at the times of elongation and zero for the epoch midway between, we may obtain 
11011m rough e\·aluation of the mag11i1u<le of 1lrn horizontal deflecting force when greatest, 'l'bns, at Philadelphia 
the half-am:plitmlo 1>r th<l Hcnlar 1lei\ection either way from Hie normal equals nearly 3°.:l and the last extreme 

' 3.3 l 
t1ell"ction liappenerl about 11"02. At that time, tlum, t11e deflecting force colTe8ponded to 57,;1 = i7 uearlyofthe normal 

ho1·izonta.l fore" aelin;; iu the plaue of 11.JC rneridiau. This dellectiog force is very wuch greater than the deilecring 
force which produces the <laily solur variation, the latter being at most, at Philadelphia, fur au average am\llltude ot 

A'.0, equal to :r.f:~~:; == 8~ ue:irly of the ~ame normal horizontal force. 
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ties, whiclJ were intro<luced for the special purpmfo of prepariu;:; tlle way for geugraphicall;i.· ex· 
tending and conuecting the laws of the secuiar chang<'. 

Group I comprises statious maiulyo11 tlw Atla11t;c eoast of the United States all(l the n•gion 
east of tl.Je Appalachian rang·e. 

In particular the stations of thi~ eastern series cxtewl from :Xewfoun<llaud and Eastern 
Uanad;t along our Atlantic coast as far i,:outh as I•'lorida. Added to these are one stati011 in 
France, one in the Bermuda Islands, awl oue in Brazil. 

Group II includes stations mainly in tl1c central part of the Guited States, between the 
.Appalachian and Hocky Mountain s~·sterns. 

In particular the stations of this central series co\·er the region south of Hudson :Bay and 
within the United States, including the entire area drained by tlrn Gulf of l\fexico. .Added to 
tbese are two stations iu the \Vest Indies and oue in Central America. 

Group III comprises mainly tile Pacific coast stations, and ineludes. the nocky Mountain 
regfon. 

In 1iartieular the stations are scattered from the Istlnnns of Tehuantepec througli the west-. 
ern coast States and 'l'erritories, including Alaska. To this group are added oue station in Siberia 
and two in the Sandwich Islands. 

Eaeh group is treated separatels; the record of ooserYations is giveH first wirh such notes 
nppemled as seemed demanded; then follow the analytical formulm expressing· the secular change, 
next are gh•en tl.Je compariRons between observell aud computed Yalue.s, and the statement of 
i·esults is completed by tlecenuhtl tabular Yalues of the dediuation up to tlie year 1850, after that 
the computeu values are given for eYery fifth ~year, ending witll 18!J5. lt is of course to l>e expected 
that through future accumulation of data the results may be ma(le more comprehensive and relia
ble than can l>e done at present. 

GROUP I.--Series of magnetic stations mainly on the Atlm1titJ coa8t anrl ill t!te region emst of the 
Appalachian range. 

The stations of tltis eastern series arc irregularly distributed over the region lietweeu ::Sew
fouudlaud arnl Florida, witll 011e station each in Frauce, iu the Bermudas, and Brazil. 

Obser,·atio11s were collected and discussed for secular ehauge of declination at the following 
places: 

1. Saint Jolm'M0Newfonndlanu. 
2. Charlottetown, Prince Edwar<l folanu. 
3. Ha]ifax, Nova Scotia. 
4. Qnebec, Canada. 
5. Montreal, Canada. 
6. Eastport, Mc. 
7. Portland, Me. 
8. Bu1·Jington, Vt. 
9. Hanover, N. Ii. 

10. Chcstertichl,N.H. 
11. Rutland, Vt. 
12. Portsmouth, N. H. 
13. Newbury1wrt, J\fass. 
14. Salem, Mass. 
15. Bbston, Mass. 
16. Cambridge, Mass . 

. 17. Provincetown, Cape Cod, Ma,ss. 
18. Nantueket,Mass. 
19. Proviclence, R. I. 
20. Williamstown, Mass. 
21. Hartford, Conn. 
2-2. "New Haveu,Conn. 

2:;. All11111.'·,K. Y. 
24. Oxford, K. Y. 
25. New York,N. Y. 
26. n.,thfohem,Pa_ 
27. lf.otboro'. Pa. 
·2s. Philmll'lphia, Pa. 
2!.I. Harri8lturg, Pa. 
_ _ _ T:»rone, Pn. 
:10. Hnuting<lon,Pa. 
31. Charnberslmrg. Pa. 
32. Baltimore, Mrl. 
~n. Washington,D.C. 
:l'L Cnpc He11lopPn, Del. 
3i">. Williamsburg, Va. 
36. Cape Henry, Ya. 
37. New Berne, N. C. 
38. Charleston, R. C. 
:l!I. Savannah, Ga. 
40. Milledgeville, Ga. 
41. Pal'is. Franc<'. 
42. Saint George's Town, Bermuda Islands. 
43. Rio de Janeiro, Brazil. 

The first column of the record for any station contains the ranuing number of the observed 
values made use of in the discussion; the second, the date of the observation; the third, the 
observed \·alue; and the fourth, the name of the observer, the geographical position of the station, 
the reference to publication, and other pertinent remarks. 
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UNITED STATES COAST AND GEODETIC SURVEY. 

GROUP I.-Uollection of Jlagneti,' Declinations observed at various places. 

1700. 0. 

1833 __ 

1844, OctolJer. 

185j, July. 

I 862, September 11. 

1SG3, September 22. 

185-t, June 3. 

1866, April to October. 

1SS1. June 2!). 

1.-SAINT JOHN"S, C\EWFOTJNDLAND. 

15 

16 

::!6 3~> 

29 36 

31 21 

JI 20 

JI 13 

31 O::> 

3° 55 
30 26 

(Government House.) 

W. Edm. Halley's Tabula :\au ti ca; Variationum lllagneticarum index, etc., 1 70G. 

(jreenwich astro'l observations, 1869. [Auxiliary value.-ScH.] 

) 

E. \Yalker's "Terrestrial and Cosmical Magnetism," Cambridge, 1866, plate 

7, accor<ling to Hansteen. [Auxiliary value.-ScH. J 
l'. Darlow's isogonic chart, in Phil. Trans. Roy. Soc., 1833, pt. I, p. 668. 

Capt. Dayfield, R. N.; in Phil. Trans. Roy. Soc., 1849, p. 21 I. 

Capt. Dayman, R. N.; account of deep-sea soundings in the North Atlantic. 

Ocean, 1858, p. 6r. 

~Capt. Orlebar, R. N. 

I J l'iear Government House. 

Lieut. C. P. Perkins, U.S. S. Alliance; in 9 =4i 0 34', }.=52° 35' W. Naval 

Professional Papers No. 19, Washington, 1886. 

18S1,September26,27,28. 30 37.3\V. Lieut. S. W. Very, N. S. N., Asst. Coast and Geod. Survey. In N. W. cor

ner of grounds surrounding the Government House. [Mean value·+ 30°.52 

for 1881.6; the weight 3 w::is given to this value.-ScH.] 

1S33. o. 

18.p,June. 

1857, May. 

1858, ~fay I 8. 

1~9, May 20. 

1S6o, 11ay 17. 

1861, May q. 

I 862, l\lay 27. 

1883, August 29. 

1833, Ser·tember 22. 

2.-CHARLOTTETOWN, PRINCE EDWARD ISLAND. 

19 :Jo W. Peter Barlow's isogonic chart for 1833, Phil. Trans. Roy. Soc., 1833, pt. i, 

21 03 

23 02 

22 54 

22 51 

22 50 

22 45 
23 19 
24 02 

24 I<) w. 

p. 668. 

: Capt. Bayfield, R. N. Letter of Staff-Comdr. F. J. Evans of Jan. 5, 1866; see 

[ also Phil. Trans. Roy, Soc., 1849, p. 211. 

11 
11 
f Capt. Orlebar, R. N. Reference as above. 

J 
Lieut.J.C.Rich,U.S.S.Allia.nce; in¢=46°10',ii.=62°181 W. Naval 

Profe&sional Papers No. 19, Wasl1ington, 1886:: 

Lieut. R. B. Peck, U.S. S. Swatara; in ¢=46° Jo', '1.=62° 271 W. R~fer

ence as above, [Mq.n 24° 101.5 \V., reduction to town-45'; hence 

decl'n=23° 26' W.-ScH.] 

*The information for the years marked by an asterisk was communicated to the office by Staff-Commander F. J. Evans, 
hydrographer to the British Admiralty. 



 

2 1700.0. 

3* 1756 __ . 
4* 1775 __ 

5* 1798 __ 

6* 1818 (?). 
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Collection of Magnetic Declinations: etc.-Continued. 

3.-HALIFAX, NOYA SCOTIA. 

9=44° 39'.6 }. =63° 35'.:> W. of Cr. 

13 

12 50 

I3 35 
16 30 

17 28 

(Naval Yard Ob>crrntory.) 

Vi'. According to Champlain's ob:>enations at Cape Breton, in Norn Scotia and I 
New Brunswick. At Cape La Heve, the station nearest to Halifax, he 

observed 16° 151 \Y., in \1'=44°I1, ;i.=64°151 \Y. Trans. Lit. and Hist. \ 

Soc. of Qu'ehec, session 1864-'65, John Langton, president; Quebec, 1865. , 

E<lm. Halley's Tabula ::\'autica; Yariationum Magneticarum index, &c., [ 

1700; Greenwich astro'l observations, 1869. [Auxiliary value.-Scn.J 

Frum a MS. map by Charles Morris, asst. suneyor. 

Des Barres' sailing directions. 

Plan of Halifax, published by Thomas Backhouse. 

7* 1821,June to Km·ember. 17 36 

Remark-book of J. Napier, master R. N.; as given by Anthony Locbrnod. 

Observer as aboYe; obsen·ation in June, 17° 3S'.2 \Y.; in !\ov., 17° 331 .5 \Y. 

Peter Barlow's isogonic chart for 1833 in Phil. Trans. Roy. Soc., 1833, pt. 8 1833.0. 

9* 1852-53. 

IO* 1852-53. 

II* 186o,july 22. 

12* 1866, April. 

lJ 1873, l\fay 15. 

14 1879, September 8, 10. 

17 30 

18 IO 

18 51 

i, p. 668. 

Capt. Bayfield, magnetic sun·ey. 

Remark-book by J. Hill, master R. !\., Yiz, Aug., 1852, 18° 46' ,\".; 

Sept., 1852, 19° 21' W., and Aug., 1853, 18° 25' W, [We adopt, 

for 1852.7, the mean value 1S0 461 \V., and for 1853.2, the Yalne 1S0 

51 1 W.J 

19 55 Capt. Orlebar, R. N. 

21 05. 6 Halifax Dock Yard, in <!>=44° 40', ;._ =63° 25 1 ""; declination April 1, at 

9 a. m., 20° 55 1.0 \V.; on April 3, at 3 p. m, 21° It/. 3 \Y. 

21 35 H. l\l. S. Challenger, at Drill ground, Dock Yard, in qi=44° 391 .S, i,=63° 

351.2 \V. Report on the scientific results of the voyage cf H. M. S. Chal

lenger, etc. Karrative, Vol. II. London, 1882, pp. 26 and 46. 

20 43. 3 \V. J. Il-. Baylor, United States Coa"t and Geodetic Sun·ey, at southeast end of i 

Dock Yard; in ?=44° 391 .5, /,=63° 35 1 . o \\". Coast and Geodetic Sur- 1 

'"ey Report for 1881, Appen<lb: No. 9. 

* Observations marked by an asterisk were communicated to the Sun-ey by Staff-Commander Fred. John Ernns, R. K.; let· 
ters <lated January 5, 1886, and April 26, 1887. 

16.42 __ 

2 I 1686 __ 
I 

3 1700. 0. 

4 li85 __ 

0 

16 

15 30 

16 

12 35 

4.-'2UEBEC, CANADA. 

(Wolfe's Monument.) 

\V. Padre llressani; Hansteen's Magnetismus de.r Erde, 1819; also Trans. of 

the Lit. and Hist. Society of Quebec, 1865.* [Hansteen's date, 1649, 

changed to 1642, according to President Langton's art. X of Trans. The 

weight 0.5 is gi'"en to this value.-ScH.] 

De Hayes; Hansteen's Mag. der Ertle, 1819. 

Fdm, Halley's isogonic chart for 1700, Greenwich observations for 1869. 

Surveyor-General Holland; E.T. Fletcl1er in Trans. of the I .it. ~nd Hist. 

Soc. of Quebec, 1865, art. ix. 

* 1 am indebted to Mr. Marcus Baker, of the Computing Division, Coast and Geodetic Sun-ey, for pointing out o.nd procurin~ 
this v6lnme for me. 
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5 I 
6 I 
( l 

~JI 
' I . 

ll 
s{ r 

9 

lj89,June 30 .. 

1791, June 22. 

1792, :March, 24. 

I ;92, l\[ay 9· 

1792, :\by 16. 

I 792, :\fay 16. 

1793 __ 

1793, ::\01·ember 19. 

1805, April. 

{

. 1810 __ 
lO : 

1810, June 5. 

II 

12 

1811, Tune. 

18q __ 

( 1820, ( )ctuLer 2. 

I 
131' 1820, ~ovembcr. 

1821, .Augm;t, 25. 

1821, September. 

1821, September. 

1821, November 28. 

1822, January 21. 

1822, January 21. 

18::::, April 26. 

1822, May. 

I 823, :March 26. 

1823, :.lay 12. 

1823, October, 3. 

1823, October, 23. 

1823, November 14-

1 824, '.\larch 2. 

1831 .. 

rl 1

1 

. 1831, July 20. 

j 18 i J 1831, autumn. 

j / 1831, September 6. 

l\ 1831,D~cembcr IO. 

19 ! 1832, ~lay. 

{
I 1833, :-.fay. 

20 
1833,July. 

"f I 
1834 __ 

1834, March 10. 

1834 __ 

1834,July. 

1835, December. 

Collection of Magnetic Declinations, etc.-Continueu. 

0 I 

11 45 
13 00 

12 15 

13 09 

12 00 

12 I 5 
12 05 

13 00 

II 35 
lI 00 

12 15 

12 15 
II 50 

12 30 

I i2 35 

12 15 

13 00 

13 00 

13 20 

13 00 

13 00 

IJ 00 

13 00 

13 00 

13 00 

13 00 

13 00 

13 00 

12 40 

13 38 

IJ 10 

13 00 

14 00 

13 12 

13 00 

12 30 

13 00 

14 14 

13 00 

13 00 

13 00 

13 JO 

QUEBEC, CANADA-Continued. 

\\'. Louis Perrault, P. L. S.; reference as above. 

Pierre Beaupre, P. L. S. ; reference as above. 

]. H. Demers, P. L. S . ) 

A. Dezery, P. L. S --- ~Reference as above. [.Mean+12°-42 for 1792.3-
Ch. Turgeon, P. L. S . I ScH.] 
Fr. Legendre, P. L. S. J 
Surveyor-General Holland __ } Reference as above. 

J. c. Antill, P. L. s ______ ---- 1793.6--SCH.] 

(:\lean+ 12°.54 for 

Reg. A, folio I 17, Dept. of Crown Lands; reference as ahove. 

Becquerel's Traite du Magnetisme, Paris, 1846. 

Reg. A, folio 131; E.T. Fletcher, Trans. Lit. and Hist. Soc. of Quebec, 186~. 

[Mean+n°.62 for 1810.5-Scn.] 

Reg. A, folio 143; reference as above. 

Kent, Becquerel's Traite du Magnetisme, Paris, 1846. 

Bourdages, P. L. S.; E. T. Fletcher, Trans. Lit. and Hist. Soc. of Quebec, 

1865. 

Livingstone, P. L. S.; reference as above. [}lean+12°.54 for 1820.8-

ScH.] 

Jnu. Mc-"aughten, P. L. S.) 

A. Cattanach, P. L. S - ---- ~Reference as above. 

W. Ware, P. L.S ----.----I ·1821.7-ScH.] 
E. Tetu,P. L. S ---------J 
Jos. Hamel,P.L.S ______ ) 

Ph. \'errault, P. L. S - ---- Reference as above. 
I'. J. Bureau, P. L. S _____ _ 

Reg. A, folio 16234 ____ __ 

N. Le Francois, P. L. S ___ l 
D.S. Ballantyne, P. L. S --1 
Jos. Gamahe, P. L. S ----- ~Reference as above. 

A. Bocbet, l'. L. S ____ ----1 
L. Dorval, P. L. S ____ ·---J 
A. Cattanach, P. L. S.; reference as above. 

Captain Bayfield, Becquerel's Traite du Magnetisme, Paris, 1846 . 

Thom. Carrol, P. L. S ___ l 
J I·I 1 p L S I E.T. Fletcher, Trailll. Lit. and Hist. Soc. of Que-os. a1ne , . . .._ ___ I 
II. Corey, P. L. S ------ bee, 1865. [Mean+13°.40 for 183r.7-

John Newman, P. L. S__ SC~.] 
Reg. B, fol. 36; reference as above. 

I 
Reg. B, fol. 43- __ }Reference as above. [Mean+12°.75 for 1833.5-

Reg. B, fol. 43--- ScH.) 

Capt. Bayfield; Trans. Roy. Soc., June, 1872; Gen. Sir Ed\V. Sabine, Conts. 

to Terr. xfag., No. xiii. 

Reg. Il, fol. 61 _ _ ___ E.T. Fletcher, Trans. Lit. and Hist. Soc. of Quebec, 
Reg. A, fol. 197 .. --1 
Reg. Il, fol. 6g_____ 1865. [Mean+13°.Jt for 18,34-4-ScII.] 

W. Reg. B, fol. 85; reference As above. I ,, t I 
;.....-------------'---------·---- ------------------------
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33 
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35 

37 
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6 I 
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Collection {Jf Magnetic JJeclination8, ell'-Coutiuuetl. 

1838 and 1839, 

1839, :'>fay. 

1839 __ 

l 840, :\lay 20. 

1 840, September q. 

1842, December 7. 
1842 __ 

1847, September 17. 

1847, September 20. 

1847, October, IJ· 
1848, February. 

1848, June 28. 

1848, October. 

1849, March 8. 

1849, July 8. 

1850,April. 

1851,autumn. 

1853, January 19. 

l 858, October 8. 

1860, October 12. 

1865 __ 

1879, September 16, 19. 

1749 __ 

1785 __ 

1793,July 26. 

1814 __ 

1834 __ 

1835 __ 

QUEBEC, CANADA-Continued. ·r:-·-:-----.. -·------------------
13 oo W. Reg. B, fol. 66 ___ I · 
13 30 

13 35 

13 50 

13 35 

13 50 

14 12 

q 32 

15 30 

14 45 

13 40 

15 15 
14 00 

14 30 

15 30 

15 15 

15 15 
15 00 

15 30 

15 34 

16 17 

16 40 

17 13. 7 

]' D r 1 I Reftrence as above. [:\lean + 13°.37 for 1839.3-'-eg. 1 L0. 144-- ( 
Re;;-. Il, fol. 15.; ... J S::H.] 

R. M. '.\!oore, P. L. S _______ , _____ -------} Releren'Ce a" aoO\·e. p!ean 

Proces-"\'erbal, by Jos. Douchette, !). S. G. -- 13°.;1 for 1S40.5-:.;ca.] · 

Reg. B, fol. 281. 1 Ansc des ~ICres; rererence ~=-above __ l 
Capt. J. I-I. Lefroy. H.. E.; Phil. Trans. Roy. ~oc., ~[~lean -r 1 4°-02 for 

1s49, part II. J 1842.7-Scn.J 

Reg. D, fol. 318, La Cauar<liere; E.T. Fletcher, Trans. Lit. ancl I fol. :.;oc. 

of Quebec, 1865. 

Reg. B, fol. 26~---- Reference a.' above. ['.\lean --- 14°.64 for 1S4;.;-
1'.eg. ll, fol. 316 ____ } 

Reg. B, fol. 269____ ScH.J 

Reg. B,fol. 277 _____ .. ______________ . ___ T 
Re;.D,foJ. 299 _____ ------------------~Reference as above. [:\lean 

N. Le Fran<;ois, P. L. S., Fielcl-B()(Jk C, 5o_ J -i-14°-58 for l848.5-Scn.] 

Re;;. D, fol. 316. ___ } Reference as above. 

Reg. C, fol. 5------ Sm.] 
Reg. C, fol. 13; reference as aboYe. 

Reg. C, fol. 33; reference as above. 

Reg. B, fol. 320; reference as before. 

[1\Iean + 15°.37 for 18494-

Capt'. Orlebar, R. N.; communicated by Capt. F. J. Evans, !Iydrographic 

Dept., Admiralty, London. 

C. A. Schott, Asst. Coast Survey; station near 'vVolfe's Monument. Coast Sur· 

vey Report for 1859, p. 296, t? and ;\ as in heading. 

Capt. Orlebar, R. ::-J.; communicated by Capt. F. J. Evans, Admiralty, Lon

don. [This value received double weight.-Scn. J 
I E. T. Fletcher, surveyor to Dept. of Crown Lands. [This mlue was given 

I double weight.-Scn.] 

W.

1

1 J.B. Baylor, U.S. Coast and Geodetic Survey, in\)= 46° 48'.4,/. = 710 q.'.5 

\V.; station of 1859, Coast and Geodetic Survey Report for 1881, App. 

Xo. 9. (This value was given double weight.-Scu.J 
I 

5.-MONTREAL, CANADA. 

t/l=45° 30'.5 A=73° 341 .6 W. of Gr. 

0 , 
IO 38 

8 24 

8 15 

7 45 

8 00 

9 50 

(College ObservatO£y, McGill lJniversity.) 

I 

w. / M. Gillion------------------} V.Colvin, Sup'tA<lirondack Survey, N.Y., 

1 Holland, Surv. Gen. of Canada_ 7th Annual Report, Albany. 188o,p.492. 

\ }er. McC~rthey, Trans. Lit. and Hist. Soc.of Quebec, session of 1864-'65, 

1 new senes; Quebec, 1865, P- 3. 

I Becquerel's Traite du Magnetisme, Paris, 1846. 

I Capt. Bayfield; GeD. Sir. Edw. Sabine's Conts. No. ix, Phil. Trans. Roy. 

I Soc, 1849; in <]>=45° 321
, t. = 73° 341 W. 

W • 1 Reference as for Nos. 1 and 2. 
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Collection of .Magnetic Declinations, ctc.-Continued. 

8 

9 

4 

1879, SeplemLer 25. 

16o4-1612. 

1700.0. 

1775 .. 
1797 __ 

5 1833.0. 

i 

I
I : 

8 

I, 9 

IO 

II 

12 

13 

1857, September 16-19, 

i86o, August to Oec~rnber. 

: 1861, January to December. 

1862, Jamwryto December. 
1
, 1863, January to December. 
I 

: 1864, January to .'u1y inclu. 
' i 1865, July 22-25. 

-------

I I 
I I 

liOO.O. 

5.-:\lOXTREAL, CA:\'ADA-Continneci. 

I 
O I I 

8 57. 6 \V. , 

12 21 

Capt. J. H. Lefroy, R. E. Coast Survey Report for 1855, p. 304. Gen. Sir I 
J. H. Lefroy's Diary of :\!agnetic Survey, Canada, etc., London, i883. 

C. A. Schott, Asst. Coast Sur\'ey; Coast and Geodetic Sun·ey Report for 

1881, App. No. 9. Grounds of !licGill Fniversity in¢ =45° 301 .5, ?.=73° 

341 .6 \Y. 

13 40. 5 \Y. J.B. Baylor, Coo.st and Geodetic Sun-ey. Grounds of McGill l:niversity. 

Report for 1881, App. Ko. 9. 

6.-EASTPORT, :\IE. 

'?=44° 541 ·4 I.= 66° 59 1.2 '\'.of Gr. 

(Fort Sullivan.) 

l 7 32 W. Champlain's obserrntion at 1Jouchet Island, St. Croix River. [Information 

receiveu from asst. H. Mitchell, May 4, 1877 .-Sen.] 

13 

12 40 

12 19 

14 30 

15 21. I 

Ii 57· I 

17 59. 2 

18 oo. 6 

18 02. 3 

18 03. 7 

IS 06. I 

I 
I 

Edm. Tfalley's isogonic chart, Tabuia :t\autica; Variationum l\Iagneticarum 

index, etc., 1700. Greenwich astron·.:nnical observations, 1869. [ Auxili

ary Yalue. -Seu.] 

At Gran.:! l\Ianan Island; Des Barres, Atlantic :S-eptune, London, 1781. 

From a chart, at the mouth of St. Croix, in o = 45° 05 1 , /, = 67° 121 ,,-, Prof. 

E. Loomis' collection in Sill. Jour., vol. xxxiv, 1838. [Reduction to En>t

port about - 5' -SCH.] 

Peter Barlow's isogonic chart for 1833; Phil. Trans. Roy. Soc., 1833. 

G. \\'. Dean,Jlsst. Coast Survey; at Calais, in ¢=45° II 1 .1, /.=67° 161 .8 \V. 

Coast Sun·ey Report for 1858, p. 191. [Reduction to Eastport-12 1 , not 

used.-ScH.] 

r Coast Survey observero; 

G. B. Vose __________ --~--------------- I at the Fort Sullirnn 
G. B. Vose and S. ·walker. __ .. __ ---- .. ______ :\I ague ct i c Observa-

S. \Valker, R. II. Talcott, E. Goodfellow .. ______ f tory, £oast and Geo-
1 

E Goodfellow I detic Suney l~eport 

E: G~odfellow, ~~~~~~~~1:~:~~~\~. ~i-c~1~~~::~ I for 1881, App. 9. ifi= 

Il. \\.Richardson ---- ____ ---.. _. ___________ l 44° 541 .4, i.=66° 59 1 .2 

W. 

Dr. T. C. Hilgard, observer for Coast Survey; at Fort Sullivan, in ?=+4° 

541 .3, I. =66° 591.3 W. Reference as above. 

19 07. 8 W. ! J. D. Baylor, l!. S. Coast anu Geouetic Survey; at station of 1860. Rcfer-1 ________ J __ ~_n_ce-~~~fore. 

O I I 
12 25 W.I 

I 

;.-l'ORTLAND, ME. 

'),=70° 161 .6 "'·of Gr. 

(Bramhall Hill.) 

Edm. Halley's iso:;:onic chart, Tabula Nautica, etc.; Greenwicl1 astronom· 

ical obsern1tions, 1869. [Not used.-SCH.] 
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Oollection of Magnet·ic Declinations, etc.-Continued. 

1763 __ 

1775 __ 

1833.0. 

1845,June 4. · 

1851, August 18, 20. 

1859,July 15. 

1863,July 6. 

1863,July 15. 

1864, August to December. 

1865,Januaryto December. 

l 866, Jan nary to March incl. 

1873, September 8, 9, I 1. 

1793 __ 

18o5 __ 

1818 __ 

1822. -
1826._ 

1830._ 

1831._ 
1832 __ 

1834 •• 
r837 __ 

1840 __ 

1845, June 26. 

H. Ex.40-39 

7.-PORTLAND, ME.-Continu~d. 

0 ' 

7 45 W. Prof. John Winthrop; at Falmouth, in ¢=43° 39', /_ = 70° 19 1 W. Sill. 

Jour., vol. xvi, 1829; see also Prof. E. Loomis' remarks on the "Winthrop 

table, iu Sill. Jour., vol. xxxiv, 1838. 

8 30 J. F. \Y. Des Barres' Atlantic Keptune, London, 1781. 

10 00 

II 28. 3 

II 4r. l 

12 20 

12 18. l 

12 28.2 

Peter Barlow's isogonic chart for 1833; Phil. Trans. Roy. Soc., 1833. [Sol 

used.-Scn.J 

Dr.J. Locke, in ¢=43° 41 1 , l.=70° 201 \V.; SmithsonianCuutriln:tions tu 

Knowledge, vol. iii, 1852. 

J. E. Hilgar<l, asst. Coast Sun·ey; at Bramhall Hill, in 6=43° 3S'.8, i. = 

70° 161 .6 'iV.; Co~st Survey Report for 1854, p. 143. 

C. A. Schott, asst. Coast Sun·ey; at Bramhall Hill; Coast Survey Report 

for 1859, p. 296. 

C. A. Schott, asst. Coast Survey; at Mount Joy O!Joenalory, in ¢=43° 

39'.9, I. =}0° 141.9 \Y.; Coast Sun-ey Report for 1863, p. 204. [l\ot 

used.-Scu.J 

C. A. Schott, asst. Coast Survey; at Br:imhall Hill, near station of 1859; 

Coast Survey Report for 1863, p. 20+ 

I2 43. 7 I Prof. H. W. Richardson,obsen·er forU. S. Coa>t Survey; at Bramhall Hill; 

J2 42. 3 ~ monthly determinations on four dJys each; Co;ist and Geodetic Sun·ey 

12 42. 9 IJ Report for 1881, App. No. 9. 

12 43. 6 W. Dr.T. C. Hilgard, obsen·er for U.S. Coast Survey; near :Mount Joy Observa-

O I 

6 12 

7 30 

7 42 

7 36 

8 IO 

8 15 

8 25 

8 so 
9 45 

9 42 

9 22 

j tory; reference as above. [To refer to Bramhall station, add Io'.-ScH.] 

8.-Dl"RLINGTON, YT. 

i.=73° 121.0 W.ofGr. 

(Coast survey astronomical station.) 

ii l 
w.

1 

Dr. "Williams; in \>=44° 281, ;1.=73° 141 \\'.;Prof. E. Loomis' collection in / 

1 
Sill. Jour., vol. xxxiv, 1838. ! 

\
. J. Johnson, in Thompson's History of Vermont. From repeated comparisons, ) 

declination believed by him to be a minimum at this time. [Weight jf 1

1 

given to this value.-ScH.J ; 

J. Johnson_.} Prof. E. Loomis' collection in Sill. Jour., vol. xxx:h, 1838; in I 
J. Johnson._ \1>=44° 281, t.=73° 141 W. I 
Prof. G. W. Benedict; in 1'=44°27','·=73° 101 W.; Prnf. E. Loomis' col-

lection in Sill. Jour., vol. xxxix, 1840. 

J. Johnson._) 

J. Johnson __ JI Prof. E. Loomis collection, Sill. Jour,, vol. x"xiv, 1838. 
J. Johnson __ 

J. Johnson •. 

Prof. G. W. Benedict; Thompson's History of Vermont. [Perhaps ll mis

print for 8° 45'; not used.-ScH.] 

i 
i 
' 

J. Johnson; Thompson's History of Vermont. 

W. Dr. J. Locke; in <;=44Q 271 , A=73" 1<>' W.; 

Knowledge, vol. iii, 1852. 

Smithsonian Contributions to \ 

I 
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12 1855, August 28. 

13 1873, October 14, 15. 

1765 __ 

2 1810 __ 

3 1839 __ 

4 1 87 3; October 4-1 J. 

1879, October 6. 

5 1879, October 7. 

----~-

1812 __ 

2 1813 __ 

3 1814 __ 

4 1815 __ 

5 1816 __ 

6 1817 __ 

7 1818 •. 

8 1819 __ 

9 1820 __ 

IO 1821 __ 

II 1822 __ 

12 1823 __ 

13 1824 __ 

14 1825 __ 

15 1826 __ 

16 1827 __ 

17 1828 __ 

18 1829_ -

19 1830_ -

Collection of Magnetic DeoUnations, efo.-Continued. 

8.-BURLINGTON, VT .-Continued. 

0 I 1· I 
9 57. 1 W. C. A. Schott, asst. Coast Survey; at encampment flag-staff near the lake shore, I 

in '1>=44° 291 .3, A.=73° 131.4 W.; Coast Survey Report for 1855, p. 337. 

II 19. o W. Dr. T. C. Hilgard, observer for U. S. Coast Survey; in ~=44° 28'.2, /,= 

73° 12'.3; Coast and Geodetic Survey Report for 1881, App. 9. 

9.-HANOVER, ~: H. 

<;\=43° 42'.3 A=72° 171 .1 W.ofGr. 

(Dartmouth College Observatory.) 

7 o W. According to President Wheelock, in 1))=43° 41 1, A= 72° 101 W.; Prof. E. 

4 15 

9 15 

IO 49.6 

Loomis' collection in Sill. Jour., vol. xxxiv, 1838. 

President \Vhedock ; reference as above. 

Prof. C. A. Young, in ¢=43° 421 , °A=72° 101 W.; Prof. E. Loomis' collec

tion in Sill. Jour., vol. xxxix, 1840. 

Dr. T. C. Hilgard, observer for U.S. Coast Survey; near observatory; Coast 

and Geodetic Survey Report for 1881, App. 9. 

10 50. 5 J.B. Baylor, Co_ast and Geodetic Survey. This station was the same as that 

of 1873, a little north of observatory. [Not used.-SCH.J 

I I 38. 4 W. Same observer; at a station three-quarters of a mile west of Observatory Hill, 

in 1))=43° 421 .3, il=72° 18'.o W.; Coast and Geodetic Survey Report 

for 1881, App. 9. 

IO.-CHESTERFIELD, N. H. 

}. = 72~ 241 W. of Gr. 

0 

6 26 W. l 
6 25 I 6 17 

6 07 

1 6 03 

6 02 I 6 00 

6 03 

I 6 00 

6 07 } Nathan Wilde,observer; Prof. E. Loomis' collection in Sill. Jour.,vol. xxxiv, 

6 12 I 1838; position assigned ifa=426 531 , ~=72° 2o' W. 

6 30 

6 40 

11 6 35 

6 35 I 6 45 

6 52 I 7 00 

7 o6 w. J 
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Collectwn of Magnetic Declinations, etc.-Continued. 

1831 __ 

I832 __ 

I833 __ 

I83.;. __ 

I835 __ 
1836 __ 

_1837 __ 

1874, October 4. 

17S9, April. 

1810, May. 

1811, September. 

1859, July 21. 

I87 3, October 17, I8. 

1879, October 14, I5. 

1771__ 

1771 __ 

1775 __ 

I833. 0. 

1844-45. 

1850, August 28, Septcm· 

ber 2. 

1859, July 14. 

1879, August 13, 14. 

10.-CHESTERFIELD, N. IL-Continued. 

I o 

I 1 
~ :~ \V.11 
7 3° 1

1 ~Nathan \Vilde, observer; ProL E. Loomis' collection in Sill. Jour., ,·ol. 

~ !! 
1

1 xxxiv, I838; position assigned, 1'=42o 531, '-=720 2o' V\!. 

7 45 J . 
8 05 II'. A. C. Twining; reference as above. j 

IO 26. 6 \V. Dr. T. C. Hilgard, ob;erver for Coast Survey; in\"=42° 54'.o, l.=7~0 26'.o 

i W.; Coast and Geodetic Survey Report for I881, App. 9. l 
I ,. 

IL-RUTLAND, VT. 

<;> =43° 36'.5 l.=72° 55'·5 W.ofGr. 

(Post-office.) 

~ 03 w. I 
11 Dr.Williams; Sill. Jour., vol. xvi, I829. [Weight, Yz assigned.-ScH.] 

6 01 

9 49 

IO 40.2 

,J 
j C. A. Schott, asst. Coast Survey; near new post-office; Coast Survey Re

l port for 185?, p. 296. 

I 

Dr. T. C. Hilganl, observer for U.S. Coast Survey; Coast and Geodetic Sur

vey Report for 1881, App. 9. 

I I 09. o \V.

1 

J.B. Baylor, Coast and Geodetic Survey; station of 1873, north and west of 

post.office, in ?=43° 361.5, l.=72° 55 1 .5 W.; reference as before. 

7 46 w. 

7 48 

7 45 
8 45 

9 47 

IO 30. 2 

II 15. O 

12.-PORTSMOUTH, N. H. 

(New Castle Light-house.) 

I Holland, at Kittery, Me., opposite Portsmouth, in c;t>=43° 061 , A=70° 45 1 I 
I \V.; Prof. E. Loomis' collection in Sill. Jour., vol. xxxiv, 1838. ' 

1 Holland, in !)=43° 05', A =70° 45 1 ; reference as ·above. [Not used.-

I 
Sm.] 

J. F. W. Des Barres' Atlantic Neptune, London, 1781. 

I Peter Barlow's isogonic chart for 1833; Phil. Trans~ Roy. Soc., I 833. 

i Major Graham; at Boiling Rock; Gen. Sir Edw. Sabine, in Phil. Trans. Roy. 

Soc., 1872; in ~=43° 051
, .I.= 70~ 45' W. 

J.E. Hilgar<l, asst. Coast Survey; at Kittery Point, Me.; Coast Survey Re

port for 1854, p. 143. · 

· C. A. Schott, asst. Coast Survey; at Kittery Point, Me.; Coast Survey Report 

for I 859, p. 2g6. 

12 31. 3 W. J.B. Baylor, U. S. Coast and Geodetic Survey; station of 1850 and 1859, 

in •=43° 041 .8; A= 70° _43'.o \V. of Gr.; Coast and Geodetic Survey 

Report for t881, App. 9. 
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UNITED STATES COAST AND GEODETIC SURVEY. 

Collection of Magnetic Dc<:linations, eto.-Continned. 

1833.0. 

18;0, Septemher 1S-20. 

1781, August. 

1805, November. 

18o8, June. 

18IO, April. 

18IO,April,to 18J1, May. 

1833. 0. I 
I 

1849, August 20. I 
I 
I 

1855, August 25. I 
! 

·I 
18]7. 5. I 

! 

13.-NEWBURYPORT, MASS. 

/. ='70° 491.2 \\'.of Gr. 

(Plum Mand Light.) 

O I 

6 45 \V. J. F. Des nam~s' Atlantic Neptune, London, 1781; north of Cape Ann, op- I 
. • I 

18 

8 30 

IO 05. 6 

pos1te Newhuryport. ' 

Dr. \\'illiams, in¢= +z0 48',;; = 70° 52' \\'. Prof. E. Loomis' collection in I 
Sill. Jour., vol. xxxiv, 1838. I 

I 
Peter Darlo"-'s isogonic chart for 1833. Phil. Trans. Roy. Soc. for 1833. 

J.E. Hilgard, asst. Coast Survey; on Plum Island, in <?=42° 481.o, A= 70° 

481 .8 W. Coast Suryey Report for 1854, p. 143. 
I 

IO 58. o \V. C. A. Schott, asst. Coast Survey; same position as in 1850. Coast Survey 

Report for 1859, p. 296. 

0 I 

7 02 

5 57 
5 20 

{ 5 47· 7 
5 13.4 

6 22.6 

8 30 

IO 14.5 

10 49.7 

II 3b 

l 

14.-SALE~I,* :MASS. 

l.=70° 521 .5 W. of Gr. 

(Fort Lee.) 

\\'. I President Willard, at Beverly, in 'i\=42° 331 , ~-=70° 541 W. Mean of seven 

l observations. Sill. Jour., Yo!. xvi., 1829. [Reduction to Salem-81.-

1

, Sm.) 

I 
Dr. Bowditch, in Summer st., Salem; from II5 observations. 

Dr. Bowditch, one-eighth of a mile south of above place; from I 12 observa-

1 tions. 

} !' Dr. Bowditch, about one-fourth of a mile east of the place of 1805. [Mean 

5° 3o'.6-SCH.) 

w. 

I

I Dr. Bowditch, result of a third needle from 5125 observations from monthly 

means. [Mean of tw-> values, 5° 56 1.6 for 1810.8-ScH.] 

Peter Barlow's isoJonic chart for 1833; Phil. Trans. Roy. Soc., 1833. 

Prof. G. \V. Keely, ob>erver for U.S. Coist Survey; at Fort Lee. Coast 

Survey Report for 1854, p. 143. 

i C. A. Schott, asst. C,oast Survey; at Fort Lee. Coast Survey Report for 

1855, P· 337· 
I. K. Harris, communicated to Superintendent in a letter dated Lynn, Feb. 

18, 1878. 

*The locality is subject to local magnetic deflections; these disturbances have been traced to and over Cape Ann. 

0 I 

IO 

15.-BOSTON, MASS. 

¢=42°21 1 .5 ;1.=71°031 .9W.ofGr. 

(State-house.) 

Prof. J. Winthrop's table, Sill. Jour., vol. xvi, 1829; also Mem. Am.Acad., 

vol. ii, new series, Cambridge, 1846. (Prof. E. Loomis has pointed out 

the observed and interpolated values of the \Vinthrop table; only., the 

former are used. The table was originally published in the" Boston Boy," 

July 2, 1764, for which infonnation I am indebted to Mr. J. H. Trnm

bull.-Srn.] 
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Oolfoction of Jfagnetic Declinations, &c.-Continued. 

0 , 
1700. 0 10 

1708 __ 9 

I 741 _, 7 3° 

1775-'76. 7 40 
1782 __ 7 00 

1793 __ 6 30 
18o7 __ 6 05 

1833.0 8 00 

1839 __ 9 06 

1846, September 6-8 9 JI. 4 

1855, August 24. IO 13. 7 

1872, September 28, 30; II 15. 2 

October r. 

1877. 5. II 36 

1884, October I 8 II 31 

0 , 
17o8 __ 9 

1742 __ 8 

1757 __ 7 20 

1761__ 7 14 
1763 __ 7 00 

178o __ 7 02 

1782.~ 6 45 
1782 __ 6 44 

1783 __ 6 52 
1788 __ 6 38 
1810 __ 7 30 

I 5.--HOSTO::\, )L\SS.-Continued. 

W. EJm. Halley's isogonic chartforepoch 1700; reproducedbyphotolithography 

in Greenwich astron'I obser·s for 1869, [Winthmp's valne is supposed 

to be taken from Halley.] 

I 
w./ 

j 

Mathews, obser .. er; Sill. Jour. for 1829, Dr. X. llowditch. See also Ency-

clopc:edia ?\ktropolitana, London, 1848. 

Mathews; Encyclo. !\Ietrop., London, 1848. 

Des Barres' Atlantic Neptune, London, 18j 1. 

Dr. N. Bowditch; Sill. Jour. for 1829; also first volume of Mem. Am. Acacl. 

Mem. Am. A cad., new series, Cambridge, 1846; mean of 1644 observations. 

Communicated by \V: Rotch; letter dated Fall River, Feb. 17, 1874. 

Peter Barlow's isogonic chart for 1833; Phil. Trans. Roy. Soc. for that year. 

\V. C. Bond; at Dorchester, in \1=42° 191
, /,=71° 04' \V.; Prof. E. Loomis' 

collection in Sill. Jour., vol. xxxiv, 1840. 

Lieut. T. ]. Lee, asst. Coast Survey; at Dorchester Heights, South Boston, in 

9=42° 201 .0, A. =71° 021 .5; Coast Survey Report for 1854, p. 143. 

C. A. Schott, asst. Coast Survey, in South Boston; locality as above; Coast 

Survey Report for 1855, p. 337. 

A. H. Scott, observer for U. S. Coast Survey ; l~cali ty as above; Coast and 

Geodetic Survey Report for 1881, App. 9. 

At meridian line on Boston Common, from records at the City Hall, com

m11nicated by I. K. Harris, J:<'eb. 18, 1878. 

Lt. C. C. Cornwell, U.S. S. P~whatan; atsea,in\1=42°20',A.=70° 47'W.; 

Naval Prof. Papers No. 19, Washington, 1886. (Reduction to Boston 

harbor uncertain; not used.-ScH.] 

16.-CAMBRIDGE, MASS. 

A.=71° 071.7 W. of Gr. 

(Harvard College Observatory.) 

-----·----·--·- -~··~ 

w. Brattle, observer; Prof. E. Loomis' collection in Sill. Jour., vol. xxxiv, 1838; 

also Mem. Am. Acad., vol. ii, new series, Cambridge, 1846. 

Prof. J. Winthrop's table; Sill. Jour., vol. xvi, 1829; also Mem. Am. Acad., 

vol. ii, new series, Cambridge, 1846. [See remarks on the Winthrop 

table in connection with the Boston series.-ScH.] 

Prof. J. Winthrop; reference as· above. 

Dr. Williams; Mem. Am. Acad., vol. ii, new series, Cam., 1846. 

Prof. J. Winthrop; Sill. Jour., ~ol. xvi, 1829. 

Dr. Williams; Encyclopedia Metropolitana, London, 1848. 

r Dr. Williams; reference as above; also Mem. Am. Acad., 1846, where de· 
I clination 6° 46' W. is given. Prof. Sewall, mean of extremes 6° 21' and 
{ 
I 7° 08' W.; Sill. Jour. for 1829. See also first vol. of Mem. Am. Acad. 
I 

l [Used 6".75 W.-Scn.] 

Dr. Williams; Mem. Am. Acad., 1846; also Encycl. Metrop., 1848. 

Dr. Williams; Mem. Am. Acad., 1846. 

w. Prof. Farrar; Prof. E. Loomis' collection in Sill. Jour., vol. xxxiv, 1838. 
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II 

12 

13 

14 

15 

16 

17 

18 

19{ 

20 

21 { 

22 

23 

24 
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1833. o. 

1835 __ 

1837 __ 

1840. 4· 

1842. 2. 

1844. -

1845, June 2. 

1850, August 9. 

I852 __ 

1854_ -

1854, May 10. 

1855, May 22, 23. 

I856, May 16. 

1856, July 17. 

1859, March. 

1866-'67-'68. 

1879, August 7, 9. 

IOOg, July 28 .. 

I OOg, July 29. 

16og (?). 

Collection of Magnetic Deelinations, &<:.~Continued. 

16.-CAMBRIDGE, MASS.--Continued. 

0 

s 0 

8 51 

9 09 

9 18 

9 34·9 

9 39 

9 32 

9 3° 

10 o8 

10 54.6 

IO 50.3 

IO o6 

I 
W. I Peter Barlow's isogonic chart in Phil. Trans. Roy. Soc., 1833. [Not used.-

I 
SCH.] 

Prof. Farrar; Prof. E. Loomis' collection, Sil!. Jour., vol. xxxiv, 1838. 

· Mem. Am. Acad., Cambridge, 1846. 

I ,V. C. Bond, director Harvard College Observatory; Mem. Am. Acad., I846. 

In \1=42° 221.9, A.=71° 071.7 W. 

Prof. Jos. Lo,·ering; half-hourly observations during one year, Oct., 1841, 

to Oct., I8.p; Mem. Am. Acad., vol. iv, I850. 

,V. C. Bond, director Harvard College Observatory; MS. communicated by 

Prof. J. Lovering, of Harvard College. 

Dr. John Locke, Smithsonian Contributions to Knowledge, vol. iii, I852. 

Lieut. J: C. Ives; at Harvard College Observatory; Coast Survey Report for 

I856, p. 222. 

W. C. Bond, director Harvard College Observatory; communicated by Prof. 

J. Lovering in letter of May 29, 1855. 

Observer and reference as before. 

Lieut. J.C. Ives, at Har. Coll. Obs'y; Coast Survey Rep. for 1856, p. 222. 

[The mean i-10°.21 is used.-ScH.] 

W. C. Bond, director Har. Coll. Obs'y; communicated by him in letter of 

Dec. 24, 1858 .. 

Vl/. C. Bond; reference as above. 

Karl Friesach; at Cambridge Obs'y; results corrected for diurnal varia

tion; Berichte der Kais. Kon. Akademie der Wiss., Vienna, vol. 29, 1858. 

(The mean + 10°.47 is used.-ScH.] 

Lieut. ,V, P. Smith, U.S. E.; at H:u. Coll. Obs'y; communicated by Capt. 

G. G. Meade, U.S. E. 

10 4I Prof. Jos. Winlock, director HarvarJ College Observatory; from a large 

number of ob>ervatiom communicited by him in Nov., 1872. [Com

puteJ by me a,ntl re:iuced to mean epoch 1867.5-ScH.] 

11 46. 3 W. J.B. Baylor, U.S. Coast aml Geodetic Survey; in the grounds of the Har. 

Coll. Obs'y, 9 =42° 221.8, l.=71° 071 .6 W. 

17.-PROVINCETOWN, CAPE COD, MASS. 

0 

6 0 .w. 
5 30 

A.=70° 11 1.3 W. of Gr. 

(Town Hall.) 

Hudson, third voyage; vicinity of Cape Cod. } Prof. E. Loom.is, in Sill. 

Hudson; near Cape Cod, at sunset.--·----- Jour., vol. xxrix, 1840. 

[These values are probably too small, -considering that Champlain found 

18° 40' W. at Malle Barres, now Nauset Inlet, Cape Cod, between. 16o8 

and 1612; but this last value em probably in the opposite direction. Not 

used.-ScH.] -

12 o W. ·on a map from Dudley's Arcano del Mare, published at Florence in 1646, 

we have the magnetic declinatioo 12° W. for latitude 42° 30', longitude 6g0 

W. [This value may r11:fer to the time of Hudson and Chaniplain, but 
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Collection of Magnetic Declinat-ions, etc.-Continued. 

17.-PROVINCETOW:N', CAPE COD, MASS.-Continued. 

-------------~------------------------~-·--~~~-~ 

w.1 

2 1700. 0. 

3 r776 __ 

4 1833. o. 

5 1835, September. 

6 I 186o, September r4, 15. 

2 

1700.0. 

1775 __ 

1776 __ 

0 / 

must be earlier tlun r639, tbe year of Dudley's death; see Narrati,-e and 

Crit. Hist. of Am., by Justin Winsor, vol. iii, 1884, p. 303. 12° \\'. is 

here adopted.-ScH.] The probable error of this <alue may be estimated 

as between 2 and 3°. 

9 30 Edm. Halley'.s Tabul.i Nautica; Variationurn, etc. Greenwich ;\stro'l 

Observations for 1869. 

6 30 At Nantucket, from a chart. Prof. Loomis, in Si!L Jour., vol. xxxix, 1840. 

(The reduction lo Cape Cod may be estimated at +45', hence referred 

value 7° 151 W.-ScH.] 

8 15 Peter Barlow's isoionic chart for 1833; Phil. Trans. Roy. Soc., for 1833. 

9 20 Major J.D.Graham, U.S. Eng. at House Pt. Island, in 9=42°031 , Jc= 

II 2J.5 \V. i 
! 

70° 04' W. Government survey of Cape Cod. Si!L Jour., voL xxxix, 

1840; also, Phil. Trans. Roy. Soc., 1849. 

C. A. Schott, assist. Coast Survey; near Town Hall, iu 9=.p0 03 1.2, ?.. = 

70° II 1.r W. Coast and Geodetic Survey Report for r881, App. 9. 

18.-NANTt:'CKET, MASS. 

4>=41° 17'.o A=70° 061 .0 W. of Gr. 

(Mitchell's observatory.) 

0 , 

8 15 W. Edm. Halley's Tabula Nautica, etc. Greenwich Astro'l Observations for 

1869. 

6 30 

6 30 

J. F. Des Barres' Atlantic Neptune, London, 178i. 

3 1833. o. 7 30 

From a chart; Prof. E. Loomis' collection, in Sill. Jour., vol. xxxiv, 1838. 

(Probably of the same origin as preceding value. Not used.-ScH.J 

Peter Barlow's isogonic chart of 1833; Phil. Trans. Roy. Soc., of thnt year. 

4 1834__ 8 27 

5 1838-' 39· 9 02. 3 
6 1842, August & September. 9 09 

7 1843, September. 9 10 

8 · 1846, July 30, 31. 9 r4. o 

9 1855, August 22. 9 58. 3 

10 1867, May 28, 29, 30. 10 19. 9 

II 18.79, July 31, August 2. II 27- 9 

l 
I 

1 

J Wm. Mitchell; Sill. Jour., vol. xlvi. 

J I~ieut. T. J. Lee, U. S. E., assist. Coast Surrey; near Mitchell's house ; 

I Coast Survey Report for 1854, p. 143. 

I C. A. Schott, assist. Coast Survey ; near Nantucket Harbor light, on beach, in 

<,I =41° _17 1 .5, A=70° o5'.o W. Co:ist Survey R.eport for 1855, p. 337. 

C.O.Boutelle,assist. Coast Survey; at Nantucket Cliff, -in q.=41° Ii'.2, 

A=70° o6'.3 W.; Coast and Geodetic Survey Report for 1881, App. 9. 

J.B. Baylor, U. S. Coast an:! Ge:>d.etic Survey; at the Cliff station; refer

ence as above. 

12 188.3, June 10. II 38 W. Lieut. E. S. Prime, U.S. S. Yantic; at sea, in ~=41° 29', A.=70° 1J W. 

Naval Professional Papers No. 19, Washington, 1886. [R~duction to 

Nantucket about -121, hence Dec. =+11°.43-ScH.] 
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1717 __ 

1720 __ 

1725 __ 

1730 __ 

1 735--
1740 __ 

1745 __ 
1750 __ 

1 755--
1700 __ 

1765 __ 

1769 __ 

1 775--
1780 __ 

1785 __ 

1790 __ 

1795 __ 
18oo __ 

18o5 __ 

1810 __ 

1815 __ 

1819 __ 

1825 __ 

1830 __ 

1833.0. 

1835 __ 

1840 __ 

1841__ 
1842 __ 

1843 •• 

1855, August 20. 

1884, June. 20. 

1885,April II, 13, 14. 

Oollection of Magnetic Declinations, etc.-Continued. 

19.-PROVIDENCE, R. I. 

r/>=410 50'.2 l.=71° 23'.8 \V. of Gr. 

0 , 

9 36 
9 28_ 

9 14 

8 54 
8 39 
8 15 

7 59 

7 40 

7 21 

6 57 

6 43 
6 30 

6 20 

6 16 

6 IJ 
6 IO 

6 IO 

6 15 

6 19 

6 24 

6 30 

6 37 
6 51 

7 IO 

6 00 

7 34 

8 25 

8 JI 
8 39 
8 46 

(Brown University.) 

i 
\V. I R. Jackson, on a map of Providence. 

j1 
JI Sill. Jour., vol. xliv, 1843. [The declinations between 1717and1843, incl. 

11 as given by ~L ~.·Lockwood, civil engineer, are not stated to be from_ 

1 actual observations or from recorded bearings, and I strongly suspect 

1

1

1 

f-

1 

that the table of result~ here presented is like the Winthrop table, and l 
I that for Hatboro', Pa., made up in great part by interpolation. Values 

i 1 1720 to 1765, incl., not used.-Sctt.] 

IJ 
l Dr. D. \Vest. Prof. E. Loomis, in Sill. Jour., vol. xxxiv, 1838. 

l 
f (Sre ~=k oOO~ ' ''""~ '775 <• •800, iosl., ""' -d.-SSH.] 

J 
M. Brown, B. Lockwood, and G. Shelden. 

(Probably observed by Lockwood.-ScH.] 

} (See note above; values not used.-ScH.) 

Peter Barlow's isogonic chart; Phil. Trans. Roy. Soc., 1833. [Not used.

SCH.] 

9 31. 5 C. A. Schott, assist. Coast Survey, east .of Brown University, in f/1=41° 

50'.2, A=71° 231.7; U.S. Coast Survey Report for 1881, App. 9. 

II 07. 7 0. T. Shaman; Report Board of Managers Yale College Obs'y, 1884-'85; 

in ~=41° 501, .i\=71° 24' W. 

l I 09. 6 W. J. B. Baylor: U. S. Coast and Geodetic Survey; station east of Brown Uni

versity, near that of 1855, in f1=41° 5o'.2, A.=71° 23'.7 W. MS. in 

archives. 
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1786 __ 

1833 __ 

1837 __ 

1876, July 28, 29. 

1886, August 22. 

1786_ -
1810 __ 

1824 --
1828 __ 

1829 __ 

1859, Julyz7. 

1867, August 15, 17. 

1875 (?). 

1879, July 24, 25, 26. 

1761 __ 

1775 __ 
178o __ 

18u __ 

1818, August. 

1819_~ 

1819, May. 

Collection of Magnetic Declinations, etc.-Continucd. 

20.-WILLIAMSTOWN, MASS. 

0 , 
5 52 

6 15 

7 45 
IO 30.8 

IO 21 

0 , 

'=73° 131 4 W.of Gr. 

(Astronomical Observatory.) 

W. Dr. Williams; Prof. E. Loomis' collection, Sill. Jour., vol. xxxiv, 1838. 

Prof. A. Hopkins; Prof. E. Loomis' collection, Sill. Jour., vol. xxxix, 1840. 

1 
Prof. A. Hopkins; reference as before. I 

! F. E. Hilgard, at North Adams, about 4 m'1es east of Williamstown; in 9 = I 
; 42° 421 , A= 7 3° 08' \V.; National Academy series, Coast and Geodetic Sur- i 
i vey Report for 1882, App. 14. , 

\V. i A. Walker and Prof. T. H. Safford; southern part of.meridian line of Wil- \ 

\ liamstown College, iu 9 =42° 42'.8, t.=73° 13'.4 \V.; letter of A. \Valker, 'I 
\ dated Sept. 25, 1886. 

' 

21.-HARTFORD, CONN. 

A=]::!0 40'.4 \\".of Gr. 

(State House.) 

I 
5 25 W. ! Dr. Williams; Prof. E. Loorni.s' collection in Sill. Jour., vol. xxxiv, 1838. 

! Asher Miller, at East Hartford, in II =41° 46', ~.= 72° 38' \V.; reference as 
'I I above. 

I} N. Goodwin; reference as before. . 

/. C. A. Schott, asst.Coast Survey, in City Park; Coast Survey Report for 1859, 

I p. 295. 

5 45 
6 03 

6 03 

I C. A. Schott, asst. Coast Survey, near the Athella:!um, in 11=41° 45'.9, i. = 
I 72° 40'.4 W.; Coast and Geodetic Survey Report for 1881, App. 9. 
I 

7 49.3 

I 
T. C. Ellis, civil engineer.' Report Chief of Engineers, U. 5. A. In II =41° 

1 
451 , A=72° 40' W. [Not used-SCH.] 

8 58 

8 34. o W. \ J.B. Baylor, U.S. Coast and Geodetic Survey; station of 1859 in City Park, 

I 
in'1>=41°45'.9,l,=72° 40'.5W.; Coast and Geodetic SurveyReport 

for 1881, App. 9. 

0 , 

5 47 

5 25 

5 15 
.5 IO 

W. 

22.-NEW HAVEN, CONN. 

-;,.= 72° 551 .7 \V. of Gr. 

(Yale College.) 

President Stiles ____ } 

Prof. Strong __ ----- , . , . . . 
. . Prof. E. Loomis collection,S1ll. Jour.,vol. xxx1v, 1838. 

President Stiles____ • 

Nathan Redfield___ · 

5 45 Hon. De Witt, Sill. Jour., vol. xvi, 1829. [Not used-SCH.] 

4 35 Prof. Fisher, of Yale College; Prof. E. Loomis' collection, Sill. Jour., vol. 

xxxiv, 1838. [Not w;ed-ScH.] 

}4 25.4 W. Prof. Fisher, from hourly observations; Sill. Jour., vol. xvi, 1829. 
1820, April. 

·~-'-----------'I-----'---------------------------·' 
B. Ex. 40---40 
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Collection of Magnetic Declinations, etc.-Continned. 

6 

s 
9 

I 10 

I u 

l 
\ 
112 
I 
l 
~ 
! 
r 
I 

1828 __ 

1834, Kovember. 

r835, No.-ember. 
1835 __ 
1836 __ 

1837, November. 
1840 __ 

1844, August 28. 

1845, September 10. 

1847, September 25, 28, 

Octvl .. r.1,2. 

184&, August 21-29. 

l . 

{ 

11848, August 10, 12, 14. 

13 
' I 848, August 30, Septem

ber I. 

14 

16 

18 

1855, Augnsf17. 

1871, March. 

1878, July 18. 

1884, January to May. 

1884, June lo December. 

1884, July 22. 

1885,January to June. 

:12.-NEW HAVEN, CONN.-Continued. 

0 ' 

5 17 W. N. Goodwin; Prof. E. Loomis' collection, Sill. Jour., vol. xxxiv, 1838. 

} 5 40. 6 

5 52 

5 SS 
s 50 
6 10 

5 45• I 

6 17.3 

7 25.5 

6 37·9 

6 31.9 

7 02. 7 

7 22 

8 41. 2 

8 50. 9 

9 Ot.0 

8 46.2 

Prof. E. Loomis, from hourly observations; Sill. Jour., vol. ux, 1836. 

Prof. E. Loomis' collection of 1838. [Not used-Sen.] 

E. C. Herrick; Prof. E. Loomis' collection of 1838. 

E. C. Herrick; Sill. Jour., vol. x::<xiv, 1838. 

E. C. Herrick; Prof. E. Loomis' collection, sm. Jour., vol. xxxix, 1840. 

Prof. J. Renwick, observer for U. S. Co;ist Survey at Yale College, int/I= 

41° 181.5, '·=P0 551 .7; Coast and Geod, Survey Report for 18SI, 

App. 9. 

Prof. J. Renwick, observer for U.S. Coast Survey at Pavilion Hotel, south of 

college, near the_ bay,in11>=41~ 1$1, A =12° 54'.6 ,V. Reference as above. 

R.H. Fauntleroy, asst. Coast Survey, at Fort Wooster, in '/>=4i0 16 1.9, 

4=7:z0 53'.6 W. Reference asflbove. (Local deflection; observation not 

used-SCH.] 

J. S. Ruth, sub.isst. Coast Survey, at Fort Wooster, position and reference 

as before. [Not used-Sen.] 

J. S. Ruth, subasst. Coast Survey, Pavilion Hotel, position as in 1845. 

Reference as before. 

J. S. Ruth, subasst. Coast Survey,at Oyster Point, in i>=·P" 17'.o, i.=72° ii 

55 1 .7 W., in meridian of Yale College, Coast and Geod'c Survey Report 

for 1881, App. 9. [Used mean, +6°.58-Sca.] I 
C. A. Schott, asst. Coast Survey at Oyster Point, near position of 1848, in q, = ! 

41° 161.9, A-=72° 55 1.8 ,V. Reference as above. 

G. H. Mann, C. E., on Coilege Green, survey of the harbor of New Haven 

by the D. S. Engineers ; MS. communication. [Not used; local deilection 

suspected-SCH.] 

R. M. Bache, asst. Coast Survey; topographic and hydrographic survey of 

New Haven Harbor and vicinity; from bearings of trigonometrical lines. 

H'.ydro,;raphic chart No. H70. 

Dr. T. E. Thorpe, in Prof. Silliman's garden, in ~=41° 181.7, ;\.= 72° 55 1.6 
W. Proceedings of Royal Society, No. 200, 1880. 

} 

0. T. Sherman, Yale CollegeObservatory ground$, near Silliman's garden, iu 

i;&=4I0 18.'7, l.=72° 551.6. Report to :Board of Managero Yale College 

Obs'y 1884-85. [Mean, +8°.93-ScH.] 
0. T. Sherman, at South End, in +=41° 141.2,l=no SJ'W. Reference 

as above. [Not used-S<(_H.] 

9 oo. 3 W. 0. T. Sherman, V_ale College Observatory grounds. Reference as.above. 
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OoUeetion of llfagnetic Declinations, etc.-Continued. 

1817, October. 

1818, August I. 

1825, April 24. 
1828 __ 

1828, September 20. 

1828, September 22. 

1830, June 14. 

1831, May 5. 

1831__ 

1831, KovemLer 5. 

18 34, October I. 

1836, Octob~ 29. 

1847, November. 

1855, August 31. 

1856, September 1. 

1858, May 12, 13, 14. 

1879, October 21, 24. 

1792 to 1795. 

I8I7 __ 

1828,July 7. 

t834, October9. 

1836, October 5. 
1837 __ 

1838, July 6. 

1849, November 27. 

1857, April 4. 

1858, February <I· 

1858, December. 

1873, December 1. 

1874, May 29, 30; June 2, 

3,4,5,6. 

0 I 

5 44 w. 
5 45 
6 00 

6 14 
6 16 

6 18 

. 6 18 

6 25 

6 32 

6 40 

6 40 

6 47 

7 35 

7 54.7 

8 39.2 

8 17.0 

9 51.7W. 

23.-ALBANY, N. Y. 

i..=73° 45'·8 W. of Gr. 

(State Capitol.) 

) 

S. De Witt, surveyor-general; in ~=42" 391 , i', =73° 441 \V. Sill. Jour., 

vol. xvi, 1829. 

l Goot,.;ul R<port, '"" of Now Y o<k, Md Sill. )~ .• <OL mi<, •'40. 

J 
Regents' Report. 

} Regents' Report and Sill. Jour., vol. xxxiv, 1838. 

Regents' Report. 

C. A. Schott, assistant Coast Survey; at Greenbush, opposite Albany, in 

<!>=42° 371 .5, l.=73° 44'.3 W. Coast Survey Report for 1855, p. 337. 
Karl Friesach, Derichte der Kais. Kon. Akad., Vienna, vol. 29, 1858. 

[When corrected for diurnal variations, +8° 35'-ScH.] 

G. W. Dean, assist. Coast Survey, at Dudley Observatory, in 9=42° 391.8, 

"=73° 45 1.o. Coast and Geodetic Survey Report for 1881, Appendix 9. 

J.B. Baylor, U.S. Coast and Geodetic Survey; in grounds of Dudley Ob

servatory, station of 1858. Coast and Geod. Survey Report, 1881, Ap

pendix 9. 

24.-0XFORD, CHENANGO COUNTY, N. Y. 

0 I 

3 

3 
4 30 

3 52 

4 09 

4 30 

4 30 

5 II 
5 44 
s 47 

s 50 
6 52 

6 55.7 

A.=75°401.5 W.ofGr. 

\'i'. E. B. McCall, surveyor ; in a letter to the Superintendent of the Coast Sur

vey, dated Dec. 22, 1858. 

}
E. B. McCall; in (/>=42° 26'.5, A=75° 42' W. Reference as above. 

[Weight ~ given to this value-SCH.] 

} 
Regents'. Rel'<'.rt; in 1=42° 28', A=75° 33' "r·; also Prof. E. Loomis' 

eollect1on, Sill. Jour., vol. xxiuv, 1838. 

Regents' Report of 1839; also Sill. Jour., 1838. 

At Guilford; in l/> =42° 241, A= 75° 26' \V. Regents' Report for 1839; 

also Sill. Jour., 1838. [4° 271 when reduced to Oxford-ScH.] 

l E. B. McCall; letter to Supt. of Dec. 22, 1858. 

J 
Erving Taintor, .local surveyor. 

7 43.3W. 

Dr. T. C. Hilgard, observer for U.S. Coast Survey; on hill about three- , 

fourth;; of a mile north of railroad depot; in ~=42° 261.5, /,= 75° 401.5 ! 
W. Coast_and Geodetic S..rvey Report for 1881, Appendix 9· I 

J. B. llaylor, subasst. Coast and Geodetic Survey; near Taylor and Scott 

areets, in 41=42° 26'.5, 7t=75° 40'.5 W. MS. in archives of the Survey. I 
'-~--!-~~~~~~~~~~~~~~..!.-~~~~~~~~~~~~~~~~~~~~~~~----) 
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--.--I {II 1609, September I. 

1 ,: 160<), September 2. 

1609, September i3. 

2 

3 

4 

5 

6 

8 

9 

JO 

II 

12 

13 

1686 __ 

1700.0. 

1750_ -
1755 __ 

li75· o. 

1824 __ 

1833. o. 

1834 __ 

1837 __ 

Collection of Magnetic Declinations, etc.-Contiuued. 

25.-1'\EW YORK CITY AND VICINITY, K. Y. 

o I 

2 

8 

13 

g 45 

9 00 

8 45 

8 20 

8 45 

7 20 

7 20 

6 22 

5 00 

7 

4 20 

4 40 

3 

4 50 

5 40 

w. 

(l'\ew York City Hall.) 
----- -------------

!:!udson, on his third voyage, Sept. g, found go W_ on the Jersey shore, 

a !ittle below the mouth of the Hudson River. The day before he found 

not above 2° ,V, A few miles up the Hudson he found, in 1609, Sept. 

13, 13° \'-1. Prof. E. Loomis' collection in Sill. Jour., vol. xxxix, 1840; 

extract furnished by Prof. ]. Sparks from 3d vol. of Purchas' Pilgrims. 

[The known local deflections about the Palisades render the last result 

of doubtful value, and the first does not appear to possess much prob

ability; the best that may now be done is perhaps to adopt ;irovisionally 

the value go± 2°-ScH. J 
Philip 'Velles, surveyor-general. Report of the New York Commissioners 

on the Connecticut boundary, made to the New York legislature in April, 

1857 (Sen. Doc. 165, p. 155). Information received from J. H. Trumbull, 

April, 1876. 

Geo. Keith, at Sandy Hook; line run between E. and W. New Jersey; re

cords of proprietors of New Jersey. Communicated by Prof. G. H. Cook, 

State geologist of N. ]., Oct. II, 1879. 

On Staten Islabd; Geological Survey of New York, 1858. E. Duxbury's 

patent. 

Edm. Halley's isogonic chart for epoch 1700, reproduced by photo-lithogra

phy in the Greenwich observations for lg6g, 

John Beatty, de::iuty surveyor; 011 map of Livingston's manor, New York. 

Engraved in O'Callaghan's Doc. Hist. N. V., vol. iii, 414. Received 

from J. H. Trumbull. 

G. Burnet; Prof. E. Loomis' collection in Sill. ]our., vol. xxxiv, 1838. 

Cadwalader Colden, one of the commissioners of the New York and Con

necticut boundary in 1724. Report of commissioners of 1857. Received 

from J. H. Trumbull. [The two results are supposed to come from the 

same source -SCH.] 

Alexander; Prof. E. Loomis' collection in Sill ]our., vol. xxxiv, 1838. 

Evans; reference as atove. 

J. F. ,V, Des Barres' Atlantic Neptune, London, 1781; at Sandy Hook. 

[Not used-ScH.] 

Prof. E. Loomis' collection in Sill. Jour., vol. xxxiv, 1838; also Encyclo. 

Metrop., 1848. 

Blunt's m'p; Prof. E. Loomis' collection of 1838. 

Pete; Barlow's isogonic chart. Phil. Trans. Roy. Soc_, ·1g33. [Not used

SCH.] 

Capt. Owen; Prof. E. Loomis' collection of 1838. 

Prof. J. Renwick, at Columbia College (near City Hall). Prof. E. Loomis' 

collection of 1838. 

r 18-40,June 16t0July IL 5 01 Lieut. S. C. Rowan, U.S. N.,observerfor U. $.·Coast Survey; at Howard, 

Staten Island, in ~=40° 371.6, a =74° 0514; Coast and Geodetic Survey 

Report for 1881, App. 9. 14 i 
l 1840,July1gtoOctober16. 5 53 W. Lieut. S.C.Rowan, U.S.N.,observerforU.S.Coast Survey; at Bergen 

-

-'-----------'-------'--N-e_c_k_,_in_;_==_4_0°_4_5/_,8_,_A_==_7_4_

0

_o_zl_.6_'\V __ . __ R __ efe __ ren __ c_e_as...,..be-ft-or-e-._[_Mean, I +s0 45 for 1840. 6--ScH.J 
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_ Collection of JJlagnetic Declinations. ctc.-Continued. 

1841 __ 

1842, September. 

1844, January. 

1844, August 20, 22. 

1844, August 24. 

1845, September 4. 

1847,0cl.ober 16-20. 

1855, August 7. 

1855, August 8. 

1855, August II. 

1855, August 14. 

186o, September 21, 22. 

25.-NEW YORK AXD VICIXITY, :!\. Y.-Continue<l. 

-~!----------------------------------------·----, 

0 / I , 
6 06 W., Dougla.ss"m~p of l\ew

0

je'.·sey;• Coas'. S~irve~ arc:_ves~ _,_ . __ 
0 

' I 
5 32.5 I CoastSuneyobsener..tSand1Hook,l\.j.,m9-40 21 •1,A- 14 00.2 

5 5 I. I 

5 51.0 

6 lJ.I 

6 25.3 

5 09. 7 

5 54.7 

s 37.4 

5 35· I 

s 41.0 

6 39. 6 

7 02. I 

6 28.0 

6 II. 2 

6 44 

1 \V.; Coast and Geod'c Survey Report for 1881, App. 9. [Prob1ble re

duction to N e\v York ---1- 22 '~Sen. J 
Lieuts. G. M. Bache, and J. Hall, lJ. S. :'\ ., observers for lJ. S. Coast Sur

vey; at Sandy Hook; reference, position, and reduction as Lefore. [Xot 

used-Seu. J 
Prof. J. Renwick, ol.iservcr for C. S. Coast' Survey; al Sandy Hook,::-.;. J.; ref- 1 

erence, position, and reduction as before. [Not used-SCH.] 

Prof. J. Renwick, observer for l:. S. Coast Survey; at Columbia College ( o!J 

position), in 9=40° 4::1 .6, l.=j4° 001.5 \V.; Coast and Geodetic Survey 

Rep.ort for 1881, App. 9. 

Prof. J. Renwick, obsen-er for C. S. Coast Sun·ey; reference and position as 

before. 

Dr. John Locke, observer for C. S. Coast Sun-ey; at nloomingdale Asylum, 

::\[anhattanville, in 9=40° 501 .3, l.=73° 5G1 .7 \\'.; Coast and Geod'c 

Survey Report for 1SS1, App. 9. 

Dr. John Locke, observer for U.S. Coast Survey; at :\It. Prospect (formerly 

Flatbush), Brooklyn, in <f =40° 401.3,;. = 73° 581.0. Reference as before. 

Other observations at this place are given in the Regents· Report of the 

l.:niversity of the .'Jtate of Xew York, viz: 
0 I 0 I l Oct. 1834,4 25 w. Dec. 2z, 1840, 5 oo \\'. 

Oct. 1835,4 45 Dec. 30, 1841,5 12 I Assigned position 

Oct. 1837,445 Dec. 30, 1842, 5 10 I 9=400 37', i.= 

Dec. 18, 1838,4 45 Dec. 20, 1847, 5 30 73° 58' w. 

Jan. 4, 1840,4 55 Oct. 26, 1848,5 15 i 
) 

Dr. John Locke, obserYer for U. S. Coast Survey; at Cole, Staten lsbnd, 

in q>=40° 31 1.9, I.= 7-1-0 141 .1 \V.; Coast and Geodetic Survey Report 

for 1881, App. 9. 

Dr. John Locke, observer for L'. S. Coast Survey; at Newark, int>= 40° 1 

441.8, l.=74° 101.0 W.; Coast and Geodetic Report for 1881, l1pp. 9. 

[Mean value, + 5.57 for 1846.3-Scn.J 

R.H. Fauntleroy, assistant Coast Sun-cy; at Legget, w =40° 4S'.9, /,= ;3° 

531 .5 \Y. Reference as above. 

C. A. Schott, assist. Coast Survey; at Governor's Island, in ¢=40° 41 1 .5, 

A.=74° 01 1.1 \V.; Coast and Geod'c Survey Report for 1881, App. 9. 

Observer and reference as above; At Bedloe's (Liberty) Island, in¢~40° , 

411.4, i\ = 740 02'.7. 

Observer and reference as before; at receiving reservoir (now in Central 

Park), in 9=40° 461 .7, i,=73° 5S1.2 \Y. [Mean used, -+--6° 43 1.2-

SCH.J 

Observer and reference as before; at Sandy Hook, N. J

and 1B44. [Not used-ScH.] 

Position as in 1842 i 
I 

\V. C. A. Schott asst. Coast Survey; at Mt. Prospect (now Brooklyn new water : 

"works), in q,=40° 40'.3, f.=70° 58'.o \-V.; Coast and Geod'c Survey \ 

Report for 1881, App. 9. 

·~~~~~~.........:~~~--'-~~~-~~~~~~-~~~~-~~~/ 
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UNITED ST ATES C0.1ST AND GEODETIC SURYEY. 

Co?lcction of 11Iagnetic Declinati-Ons, etc.-Continu~d. _ 

1872, October 31, Novem

ber I and 2. 

1873, November 5, 6, 7, 9. 

1874, August. 

1879,July 17, 18. 

1883,August 24. 

1884, :VIay I. 

1884,Jn!y 17. 

1885, September 30, Octo· 

ber 1, 4. 

1885, October 16, 17, 18. 

25.-NE\V YORK A~D VICINITY, N. Y.-Continuecl. 

I 0 

I 8 45. s w. 

i 

7 09.0 

7 23 

32.0 

7 16 

7 00 

7 3-l 

7 52.8 

A.H. Scott, U.S. Coast Survey; at Central Park, west of mall, in ,,0=40° 

46'.2, A.=730 58'.2 W.; reference as above. [Not used; local deflection

Srn.J 

Dr. T. C. Hilgarcl, observer for U. S. Coast Survey; at Sandy Hook, N. J. 
Station near that of 1842, '44, '55, 9=40° 271 .7, '·=74 00'.2 \V. [Re

duction to New York+ 2o'-SCH.] 

Report of Chief of Engineers, U. S. A., for 1875; Chart of Way Reef, Hell 

Gate. 

J. B. Baylor, V. S. Coast and (;{:od'c Survey; at Sandy Hook, N. J.; sta

tion of 1873. [Reduction to New York +20'-ScH.] 

Lieut. R. B. Beck, U.S. S. Swatara, in ¢=40° 29', l 
}.=73° 51'W. I 

Lieut. U. Sebree, G. R. S. Thetis, in ?=40° 26', Naval Professional 
~-= 730 51 , W. • r Papers, :'.'<o. 19, 

L. R B B k tr ·· s s · . o , I Washington, 1886. 1eut. . . ec , . :,; .•.. watara, m qi~40 30, 

A.=73°5o'W. J 
[Reductioll to Sandy Hook, for values of 1883 and 1884, about ·-9'; not 

used--Scn.] 

J.B. Baylor, subasst. Coast and Geod'c Survey; at Sandy Hook,:;\'. J., 

station of 1879. MS. in Coast and Geod'c Survey archives. [Reduc

ti')n to New York about + 201 -Sen.] 

8 59. 7 \V. J. B. Baylor, su!>asst Coast and Geod'c Survey; in Riverside Park, 

N. Y., in 1)=40° 49',i'.=73° 57 1 .6 W. MS. in archives of the Survey. 

[Not used on account of local detlection-ScH.] 

26.-BETHLEHE'.\l, NORTHA'.\1:PT0)< COUNTY, PA. 

(Sayre Observatory, Lc>high University, South Bethlehem.) 

i 
I 0 

1757 __ i 6 30 w. R. \V. 'Valker,* from bearings of old lines. [The weight one-half is given 

to this value-SCH.] 

I 784_ - 2 53 Reference as above.* 
1799 __ I 52 Reference as above.* [The weight one-half is given to this value--Scu.] 

1841,July 23. 3 26 l'rof. A. D. Bache, at Easton, 3° 38'.o \V., in <1>=40° 42', /,=75° 151 W.; 

Coast Survey Report for 1862, App. 19. [Reduction lo ·Bethlehem, hy 

isogonic map in Coast Survey Report for 1862, -12'-ScII.] 

1851__ 3 5° R. W. Walker,* from bearings of old lines. 

1874,Jnne 20. 5 19.5 Dr. T. C. Hilgard, near Lehigh University; in '/>=40° 37 1.0, A=75 22'.9 

W.; Coast and Geodetic Survey Report.for 1881, App. 9. [Position cor-

rected-Scn.) 

1878. 2. 5 37 R. \V. "'alker,* from bearings of old lines. 

1881. 2. 5 52 Prof. C. I.. Doolittle, Lehigh University.* 

1882. 7. 6 05 R. \V. Walker,* deduced from 8o observations made by students. 

1884.0. 6 o6 W. R. W. Walker.* 

* This result was given by Mr. R. ,V. \Va.lktt, a.nd communicatecl to me by Prof. M. Merriman, of Lehigh University, leuer 
of June 7, 1884.-ScH. 
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qi 
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18 

1680 __ 

1690 __ 

I 700_ -

1710 .. 
I 720 __ 

1730 __ 

I 740_ -

1750 __ 

1760 __ 

1770 __ 

1780 __ 

1790_ -
1800 __ 

1810_ -

I 820. _ 

I 830_ -

1840 __ 

1850_ -

UNITED ST.ATES COAST .A"ND GEODETIC SURVEY. 3H.l 

Collection of lllagnetia Declinatimw, etc.-Contiuue<l. 

27.-HATBOROUGH, MOXTGOMERY COVNTY, PA. 

O I 

8 28 

8 15 

7 55 
7 28 

7 00 

6 25 

5 35 
4 55 
4 00 

2 55 
2 05 

1

1 50 

I 55 

2 00 

2 27 

3 00 

3 5° 
4 25 

A.=75° 071 W. of Gr. 

w1 

I 
: I Tahle communicated tu the Supt. of the Coast Survey by Mr. E. \\-.Beans, 

: [ letter dated Hatboro', March 1, 1852. Coast Survey Reporl for 1855, 

'. 

1 

p. 312. [It cannot he supposed that this table presents results of direct 

observation, bnt likely is the result of some process of interpolation, 

I probably a graphical one. Mr. Beans expressed his entire confidence in 

I the accuracy of the data collected, and I do not doubt that the table is 

: I 
: I 
: I 

made up from reliable observations of numerous bearings of ohl (amt 

new) lines. It should also be remembered that at the time this table 

was communicated our knowledge of the secular variation was very 

imperfect, and that it was subsequently found to be in good accord with 

\,,· \ our researches. 
demise nothing further could be learned of the series-Sen. J 

i l 
It is to be regretted that in consequence of ~fr. Beans' 

w. iJ 
I 

·-- - ------------~----------------------------------

0 I 

1701 __ 8 30 
2 1710 __ 8 30 

3 1750_ - 5 45 

4{ 1793-- I 30 

1793-- I 30 

5 18o2 __ I 30 

6{ 18o4 __ z 00 

18o4 __ 2 IO 

1{ 
1813 __ 2 25 

1813 __ 2 27 
8 1837 __ 3 52 

9 1840, June. 3 37 

J.) 

28--PHILADELPHIA, PA. 

¢=39° 56'.9 I.= 75° 091 .0 W. of Gr. 

i 
W.J 

I 

(Stale House.) 

Observed by :'l!r. Scull, according to G. Gillet, Sill. Jour., vol. xxiii, 1833. 

Th. 'Whitney; Prof. E. Loomis' collection in Sill. Jour., vol. xxxiv, 1838. 

i Kalm's Travels; reference as above. 

j Th. \Vhitney; reference as above. 

\ Mr. Tirooks; Sill. Jour., vol. xxiii, 1833. 

Mr. Howell; reference as abo\·e. 

j By seYeral men of science; reference as before. 

I 
Th. \Vhitney; Prof. E. Loomi>' collection in Sill. Jour., vol. xxxiv, 1838. 

D. McClure; reference as before. 

\ Th. Whitney; Sill. Jour., vol. xxiii, 18.)3. 

I W. R.Johnson; Prof. E. Loomis' collection in Sill. Jour., vol. xxxi,-, 1S38. 

I: Dr. A. D. Bache, at Girard College Observatory; in?= 39° 58 1 .3, I.= 75° 
10'.3 \V. Annual change=4'.4 from differential observations between 

I 

I 

-June, 1840,ancl Dec_., 1845; see Coast Survey Reports for 1859,p. 285, 

and for 1850, p. 311. [Subtractin;;: 51 .3 fro,n the observed valt:e of 

.1841 (see further oA), we have for June, 1840, the value+ 3° 481 , and 

subtracting 26' from the observed valne of 1846 (see further on), we 

have-+-3° 261; the mean, or+3° 37 1 , is set down for June, 1840-Scn.] 

Dr. A. D. Bache, at Girard College Observatory; Coast Survey Report 

1862; magnetic survey of Pennsylvania, p. 213. 
w.I 

---'-------------''--------'----------------
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UNITED STATES COAST AND GEODETIC SURVE"Y. 

Collection of Magnetic Declinations, etc.-Continued. 

1846, May 23. 

1855, September 5. i 

1862, .August 15, 16. 

1Si2,0c~ober, 19, 20, 21. 

1877, October 2, 3, 5, 6. 

I884, September 3. IO, I I. 

28.-PIIILADELPHIA, PA.-Continued. 

0 I 

3 5 I. I w. 

+ JI.7 

5 00.0 

27.8 

6 02.2 

6 21.6 W. 

I 

Dr.John Locke,GirarJ. College :\lagnetic Obs'y; Coast Sun·ey Report for I 
1854, p. 144- I 

C. A. Schott, assist. Coast Sun·ey; grounds ea.st of main building of Gir:i.rd I 
College, in t,1=39° 58 14, A=75° 10'.2 \V.; Coast Survey Report for I 
1855,p.337. I 

C. A. Schott, assist. Coast Survey; at site of old magnetic observatory, Girard I 
College; in si>=39° 581.4,1.=i5° 101.2 W.: Coast Sim·ey Report for I 
1862,p.212. : 

A. I-I. Scott, U.S. Coast Survey; at site of old magnetic observatory, Girad I 
College; Coast and Geod'c Survey Report for r88I, App. 9. / 

J.B .. Baylor, U.S. Coast Survey; SW. of main building of Girard College, in I 
<1>=39° 58'.3, :<=75° 101.3 \\'.; Coast aud Geodetic Survey Report for 

1881,App.9. [Weight assigned 1.Vz-Srn.] · 

Eel win Smith, asst. Coast Survey: in the grounds of Girard College, near 

chapel, and near site of station of 1877; in¢ =39° 581.3, '· = 75° 101 .3 
\V. MS. in archi,·es of the Sun·ey. [Double weight assigned to this 

Yalnc-SCH.} 

----~------__J 
29.-HARRISBCRG, PA. 

(State Capitol.) 

i 1795, August 19. 
'I

I 0 I 

0 26 
I 

E. II From a map of the borough of Harrisburg, on file in office of register and 

1854, autumn. 

1857, June 3. 

1860-'61. 

I 862, July, 28, 29. 

1874; Octobet and No

vember. 

i 

i 3 12.5 

I 
12 35 

3 o5 

3 20 

3 3° 

3 44.5 

4 51 

recorder of this county, made by Thos. Foster. Com:nunicated by \V. W. 

\ Wright, March IO, I875. [Weight assigned }.(-SCH.] 

·'V· I Dr. A. D. Bache; in the grounds east of the capitol; Coast Survey Report 

'
j for 1862, p. 212. [Weight assigned Yz-Sca.] 

I 
From a map of the borough of Harrisburg, on file in the city register's office, 

made by John Robert;;. Communicated by W.W. Wright, March JO, 

j 1875. 

j John Roberts and Samuel Hoffer, surveyors; on true meridian established 

J by them east of the State House. Communicated by \V. W. Wright, Feb., 

II' 1875. [See also Annual Report of Sec'y of Int'! Affair5 of Pa. for 1876.] 

James Ferguson, James ·Aspach, and Daniel Hoffman, surveyors. Results 

t

i recorded at county commissioner's office. Communicated by \V. \V. 

Wright, Feb., 1875. 

Samuel Hoffer; reference as before. 

i From surveys made by Hather Page; map in city register's office ll.t Harris-

' burg. Comm'd by W.W. Wright, March IO, 1875. 
I C. A. Schott, asst. Coast Survey; grounds of the State House, near eastern 

entrance; Coast Survey Rep. for 1862, p. 212. 

W. H. Alricks, jr., J. Simpson Africa; Annual Report of Sec'y of Int'l Affairs 

of Pa., 1876; W. McCandless, secretary. 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~-! 
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Collection of .Jfognetic Declination&, ctc.-Coutinne<l. 

----1 

9 \ 
IO I 

,, I 

l{ 

2{ 
3 

4 

5 

6 

1876, December 2. 

1877, September, 25, 26. 

1SS5, Auzus! 17, is, 19. 

1871, September 25. 

187 I, Septemher 27. 

187 3, April J· 

I8iJ, May IO; noon. 

1873, June 18; 10 a. m. 

1874, May 29. 

1875, June 2. 

1878, November 6; !OJ{ 

a. m. 

1878,Novemberq; 9a.m. 

1878, November 14; noon. 

1878, December 1 3; 4 p. m. 

1879, March 18; I p.m. 

I 0 I 

I 5 IO 

14 53-5 

15 121.9 

0 I 

.3 06 
I 

3 L2 

.3 24 

3 22 

3 19 

J 2:3 

3 45 

3 39 

29.-HARRISBllRG, PA.-Continued. 

i 
\V. I Annual Report of the Secretary of State for 1876, as abo\'e. 

Eclwiu Smith, asst. Coa$t Survey; ground.> east of the capitol, near astrono-

1 m:eat station and near station of t862, in ¢ =40° 15'.S, A= 76" 5~ 1.9 W. 

w.
1 

J.B. Haylor, subasst. Coast and Geodetic Sun-ey; station of I87j. MS. in 

Survey archives. 
\ 

TYROl\E, BLAIR COU:\'TY, PA. 

w. 1 Ob,en·er \Y. G. Wanng; results communicated by him to the office by let 

l kr, dated Tyrone, Pa., April 14, 1879. (Correcting the vallles for diur

nal ·mriation and contmcting to ycarlr means, we have the following re-l suits for di,,cussion; . 

I 187r. 65 +3· 15 

, I 
! I 

I87J. 36 

1874.41 
3·35 

3·33 

3.43 

3.70 
I 

3 43 1 1879.21 3.80 
3 43 5 I J The only deduction that can be made at present is for value of annual in 

' 52 \V. '. crease between 1871 and 188:>, vil: + 3'.3-Scn.] 
~' i 

30.-HUKTIN'GDO:", Hl'NTIKGDON COUNT\", PA. 

2 

18.io, July 30. 

1852, April. 

3 

1

r 187.h Augllst. 

4

5 
1 

1880, Septemb~r 24. 

1881, June 20. 

1 6 l 1883, AprU 9. l 
8
7 I 1884, May 26. 

( r885, December .:14. 

l 1736, November 4. 

2 17 44, September r 1. 

3 1746, March 25. 

4 l754~· 

H. Ex. 40-:U 

l..=78° 021 W. of.Gr. 

o I 

I 52 . .3 W. DLA. D. Jhc!ie; Coast Survey Report for r862, App. 19. 

2 16 Report of the Secretary of Internal Affairs for 1884-'85, Harrisburg, 1886; 

3 3+ h 
J. S. Africa, secretary. 

~ :~:: Ill ' Reference as before. 
4 33. 7 ! 

I 

.4 37. s I 
4 38.ow.

1 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

JI.-CHAMBERSBURG, *FRANKLIN COUNTY, PA. 

J=77° 40' '"·of Cr. 

0 ' 
4 15 w. Zachary Butcher. 

3 4° Thomas Cookson. 

3 19 Thomas Cookson. 

3 16 w. From land patent, on various line>, value5 varying between 2 X 0 and 4 °. 1\ot 

very reliable. 



 

322 

6 

7 
8 

9 
IO 

II 

12 

13 

I+ 

15 

16 

I 7 

18 

19 

20 

21 

22 

23 

24 

25 
26 

27 
28 

29{ 

30 
31 

32 

33 
34 

35 

36{ 

37 

38{ 

l;NITED STATES COAST A:KD GEODETIU SURVEY. 

Collection of Magnetic Decl1'.11at ions, eto.-Continued. 

3r.-CHA:'>fBERSBL'RG, FRA::\'KLIN COUNTY, PA.-Continued. 

1763, May 6, November I. I 
I7iO, April 25. I 
17 86, March 31. 

1787, :March 7. 

Ii9+--
18o7-'8-'9. 

1816, No1·ember 18, 

181S, May. 

1822, .November 21. 

1825, December 6. 

1830, l'\ovember 5. 

1836, :VIarch 25. 

I 840, .:\ ugust 24. 

1 850, April 29. 

1852, April 12. 

1859, October 24. 

1863, March 25. 

186+, :VIarch 3 I. 

1865, June 1, 19. 

1866, February 23. 

1867, October to December. 

1869, May 24. 

1871, April, ~Iay, June. 

1873, April. 

1876, April. 

1876, Octobe·~. 

1877, June. 

1878, April 22. 

187), April 12. 

I SSo, April I 9. 

1881, April 30. 

1882, April 29. 

188 3, April 30. 

1883, October 20. 

1884, April 8. 

1885, April 14 

1885, July 8. 

I 
I 

0 I 

J jO 

I 30 

0 15 

0 15 
0 30 

0 42.5 

0 30 

0 22 

0 15 

0 00 

0 15 

0 27 

0 54.4 

I 30 

I 42 

2 12 

2 15 

2 19 

2 24 

2 25 
2 35 

2 40 

2 55 

3 00 

3 15 

3 10 

3 20 

3 24 

3 31 

3 36 

3 41 

3 45 

3 50.5 

3 47 

3 49 

3 53.5 

I 

\V.1 
I 

Col. John Armstrong, mean of 1° 151 and 1° 451 \V. 

Col. John .\rmstrong. 

\\'. I Mathew Hender;;on. 

E. Mathew Henderson. 
I 

I 
Mathew Henderson; mountain surveys. 

Joseph Sni yeJy ; values between 40' and 451 E. 

1

1 \Vm. S. Davis. 

\Vm. Cummins. 

I \Vm. S. Davi<. 

E. I Wm. S. Davis. 

\\7. \Vm. S. Davis. 

/ \Ym. S. Davis. 
I 
I, 

Dr. A. D. Bache, at Irwin's Mill near Mercersburg, in ¢=39° 47 1, A= 77° 

56 1 \V.; Coast Survey Report for 1862, App. 19. [Reduction to Chams-

burg,+ 51-ScH.] 

John B. Kaufman; by means of an old, plain compass. 

Observer and remark as before. [In annual report of the Secretary of In

ternal Affairs for Pa., Harrisburg, 1886, the value 1° 391 \V. is given-

SnL] 

John B. Kaufman; by means of a Gurley R. R. compass. 

j John B. Ka·1fman, n~tf's a very small increase in declination between 1857 
1 and 1863. 

l 

I 
I f ""~"' ~ .~. 
IJ 
I Annual Report of Sec. of Int. Aff., Pa., 1876, Harrisburg, 1876. 

used-ScH.] 

John B. Kaufman; by means of a Gurley solar-transit. 

[Mean 

John B. Kaufman, at 4 p. m. [Reduction to mean of day, - 31-ScH.] 

John D. Kaufman, at 3 and 4 p. m. [Reduction to mean of day, - J/-ScH.] 

Jo:m B. Kaufman, at 3~ p. m. [Reduction to mean of day, -41-ScH.] 

John B. Kauffman, at 2 p. m. [Reduction to mean of day, -5 1-Scn.] 
John B. Kauffman, between I I and 12 a. m. [Reduction to mean of day, 

-21-ScH.J 

John D. Kaufman, between 3 and 4 p. m. [Reduction to mean of day, 

-41-Scu.] ) 

John B. Kaufman, at 9 a. m. and z p. m., at Upper Strasburg. [Mean of 

day adopted, 3° 47' W.-SCH.] I 

John B. Kaufman, at 10 and n a. m. (£n the Annual Rep. of the Sec'y 

of Int. Aff. for Pa., the additional value 3° 56' W. is given-SCH] 

John B. Kaufman, at II a. m., at county meridian. 

3 55.4 w. John B. Kaufllljln, from 20 ol>se'ns, ten dife{;t and ten reversed, 1 to z p. m.; 

and 3° 531.5 W. at 6. p. m., two obse'ns. [Corrected mean of 2 days 

adopted, 3° 521.5 W.-SCH.] 
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1 SS6, Marc£. 4. 

April 6. 

April 27. 

39 June 4. 

I 
October r. 

\ r 1887,January 19. 

I I January 20. 

I 
I 40 i January 21. 

i I January 22. 

f I 1887,l\!arch II. 

\ l 

Colle_ction of Magnetic Declinations, etc.-Continue<l. 

31.-CHA~IBERSBUl{G, FRA;\"KLI:-< COG:-<TY, PA.-Continued. 

I 
3 54. o \V.1 John B. Kaufman, 3• 25m p. m. 

3 56. 2 I John B. Kaufman, 211 4om p. m., 20 ob's in 4 groups. 

3 57. o I John B. Kaufm111, 10h 4om a. m., at county meridian. 

3 51. 4 ! John IJ. Kaufman, II a. m., 5 ob's, at 7 a. m., 3° 441.8, 20 obs's, antl 3° 

3 55.5 

3 59· 2 

3 57· 6 

3 53.o 

4 oo.o 

581 .9 at 2 p. rn., from 11 ob's; at home meridian, Upper Strasbmg, o= 

I 4:!0 03', A=77° 41 1 W. j 

i John B. Kaufman, at 3 p. m., 2 obser's, at county meridian, o = 39° 5G1 , i 

I.= 77° 391 W. [Corr'll mean of 5 days adopted, 3° 53 1 .0 W.-SCH.] i 
1 JohnB. Kaufman, 11 #a, m. to Ip. m; II direct and 15 reversedobse'ns. 

John B. Kaufman, II a. m, and 3° 54'.1, at 9h 15m a. m. (II d. and 12 , 

r. obse'ns); 4° 01'.1, at 1 p. m. (4 obse'ns), and 4° 021.4 at 3 p. m. (4 i 
obse'ns). 

1 

John B. Kaufman,5 obser's, at 1o;!f to II a.m.,4°oo1 at noon,4° 0! 1 at 1 

p. m., 4° 05 1 at 3 p. m., anc.l 4° oci' al 5 p. m. 

John D. Kaufman, at II a. m., 4° 05 1 at o and r p. m., 4° 101 at 3 p. m., 

4 ° o:>1 at 5 p. m. 

4 o:>. 5 \V.; John B. Kaufman, at IO}~ a. m., antl 4° 06 1 at 2 p. m. 

5 days adopted, 4° 001 .0 W.-ScH.] 

I 
[Corr'd 1nean of f 

*This table was obtained from Mr.John B. Kaufman, county surveyor, Franklin County, Pennsylvania, who communic;tted 
the same to me in a letter dated" Upper Strasburg;, Pa., March 11, 1887." It is headed "Declinations collected by John D. 
Kaufman, county surveyor, Franklin County, Pennsylvania, partly obtained by differentials between old and new bearings of 
trustworthy lines, partly by direct observations at the county meri<lian, latitude 39° 561 , longitude 77° 391 VI/., and al the private 
meridian near Upper Strasburg, in latitude 40° 03' and longitude 77° 41 1 W., about." He further remarks: "From IiJ6 till 
1852 (the declinations are) from land surveys, except the observation of Irwin's Mill; after 1852, partly by ,well-established lines 
compared with annual tests at county meridian, till 1876. Since last date obserntions were recorded from annual tests at pri,·ate 
meridian. No correction made for diurnal variation." 

·I-
I ) 1679. O. 

2 I 1683. 5. 

3 I r703. 5. 

4 1720. 5. 
5 1729. 2. 

6 r754. 5· 
7 1756. 9· 

8 1771. o. 

9 1776. I. 

10 178o. 5. 
II 1787. 5. 
12 18o8. 5. 

13 1840, August 27. 

14 1847, April 29-

l 

0 

5.25 w. 
6.25 

5· 12 

4. 21 

4.02 

2.28 

2.88 

I. I I 

' I. 75 
o. 77 

0.37 

0°121 .5 

2 16. 5 
2 18. 6 w. 

32.-RAT.TIMORE, MD. 

J =76° 371.0 W. of Gr. 

(Washington Monument.) 

Given 1ialues.* 0 

D. of 1679. O= D. of 1814. 5 !- 4• 50 1 + o. 751 

D.of 168~. 5=D.of1814. 5 :- 5. 50 I +o. 751 
D.of170_,.5=D.of1811.874.43 +0.69 

D. of 1720. 5 = D. of 1816. o + 3. 42 I +o. 79 1 
D. of 1729. 2 = D. of 1807. I +'3. 39 + o. 631 
D. of 1754. 5 = D. of 1855. 5 - o. 37 }- Adopted value for + 2. 65 r 
D.of 1756.9=D.of 1815.0+2. 121 later epoch, 7.' o. 761 
D.of1771.o=D.of1846.5-t.oo .J._2. II 

I I 

D.of1776.1=D.of1811.4+ 1.07 I ,J o.681 

D.of178o.5=D.of1861.5- 2.25 1 3.02 

D. of 1787. 5 =D. of 1851. o -2. oo J + 2. 37 J 
D. Byrnes, from numerous observations at Baltimore, in different localities; 

Sill. Jour., vol. xviii, 1830. 

Dr. A. D. Bache, Coast Suney Report for 1862, p. 213. 

Capt. T. J. Lee, U.S. E., assistant Coast Survey, at Fort !IIcHenry, in¢= I· 

39° 151.8, A.=76° 34'.8 W.; Coast Survey Report for 1854, p. 144. · 
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'

[-
15 1856, September r3. 

I 
16 1875.5. 

Collection of Magnetic IJeelinations, ete.-Oontinued. 

32.-BAL TIMORE, MD.-Continued. 

i 
2° 29'. 3 \V.; C. A. Schott, assistant Coast Survey; just outside Fort McHenry; in¢= 

I 39° r5'.9, A= 76° 34'·9 W.; Co::ist Survey Report for 1858, p. 191. 

3· 74 D. of 1875.5 = D. of 1857.0+1° O'.). Adopted value for 1857.0+2°.74.* 

17 1877, October 10, It, 12. 40 10'. s J. Il. Baylor, G. S. Coast Sun·ey, at Fort :.\1cHenry, near station of 1856, in 

¢=39° 15'.9, '·=i6° 34'.9 \Y.; Coa't and Geodetic Survey Report for 

i 1881, App. 9. : 

18 1885, August 5, 6, 7. 4 29. 3 W. I' J.B. Baylor, subasst. Coast and Geodetic Survey, at .Fort McHenry, station :.: 

of 1877. MS. in archives of ::.urvey. : 

*Mr. Thomas Kelhaugh, sun·eyor at Mount Carmel, Baltimore County, Maryla
0

nd, communicated to the Coast Survey Office 
(letters dated August 17 and 24, !877, and April 28, !879) 52 cases of observed (or allowed for) changes of magnetic declina- · 
tions between two given dates. These differences were mostly from redeterminations of magnetic bearings of old lines, made 
with the common surveyor's compass, by different individuals and with different instruments. Their locality was generally within 
a radius of 15 statute miles of the city of Baltimore, and on the Jo\_, the NE., and N\V. of it. These sun-eys were made by order 
of the Baltimore County circuit court, in consequence of disputed land boundaries. Other values Mr. Kelbaugh copied from the 
record books of the county surveyor and his assistants, between 1805 and 1825. 

[These 52 differential values were carefully scrutinized by me and finally combined to r2 mean results, as given in the above 
table results Kos. I to I I inclusive and No. 16. To these several differences I have added the respective values adopted by me for 
the declination atthe time of the resurYey. These latter data resulted from a formula for Baltimore as established by me in I 877-Sctt.1 

I
I 1792 __ 

o r 

0 51 

I 
{
I 1792 __ 

I I 
I r79z •• 

0 19 

0 IO 

2 1809, Decemher. 0 52 

33.-WASHIXGTON, D. C. 

<1>=38° 53'-3 A.=77° oo'.6 W. of Gr. 

E. 

E. 

E. 

(U.S. Capitol, dome.) 

! 
Major A. Ellicott, surveyor-general; inscription on fourth mile-stone, north- J 

westerly from east corner of Distrfct; reported by G. Mathiot. [Not /! 

used-Sett.] i 
Major A. Ellicott; inscription on first mile· stone northwesterly from east cor .. , 

ner of District; reported by John Wiessner. jl 

Major A. Ellicott; inscription on east corner-stone of District; reported by J. 

1111 

Wiessner; in ¢=38° 53'.6, i\=76° 54'.6 W. 

\Y. Nicholas Kiu;,;, surveyor for the city of Washin6ton; Prof. E. Loomis' col· 

\ lection in Sill. Jour., vol. xxxiv, 1838. 

1 3 1841' o. I 20.2 \
1 

J.M. Gilliss, U. S.N.; on Capitol Hill, north of the Capitol; in <f>= 38° 531.7, 
1 A=77° oo'.6; Sen. Doc. 2d sess., 28th Congress, 1844-'45. 

I 4 1842.0. 

I s 1855,July. 

I 
f 

I 6 1856, August 14, 20. 
I 
j 
I 

I 856, August. 

) 
7 I 85 7, :\farch 9. 

I 

I 8 186o, August 16 to Sep-

tember 26. 

j 9 1862, August 18; 19. 

I 
10 1863, June r8 to July z8. 

II 18&6, November I. 

I 

I 

I 23.9 

2 24 

2 21. 4 

2 00.9 

z 24.S 

2 26.7 

2 39.4 
z 41. 8 

2 44.2 

J.M. Gilliss, U.S. N.; place and reference as before. 

C. A. Schott, assist. Coast Survey; on Capitol Hill, near Gilliss' station; in 

~=38° 531 .6, A=77° o:i'.6 W.; Coast and Geodetic Survey Report for 

1881,App.9. 

C. A. Schott, assist. Coast Survey; at old office btrilding on Capitol Hill; 

in ?=38° 53'.1, A.=77° 001.6 W.; reference as before. 

C. A. Schott; in park east of the Capitol, in .p=38° 53'.3, °A.=77° o:i'.5 

• ,V.; reference as before. [Not used-ScH.) 

W. Read; near Capitol, south side; Coast Survey Report for 1858, P• 196. ,. 
Communicated by observer. 

C. A. Schott; at Coast Survey office (old building), in \1'=38° 531.1, 

/.. = 77° o:i'.6 W.; Coast and Geodetic Survey Report -for 1881, App. 9. 

Observer; locality and reference as before. 

Observer; locality and reference as before. 

Prof. W. Harknes:,, U.S. N.; grounds of the U.S. Naval Observatory, in 

9=38" 53'.7, 'A.=77° 03'.1 W.; Smithsonian Contributions to Know

ledge, No. 239, p. 61, Wa!ihington, 1873. 
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Collection of Magnetic Declinations, etc.-Continued. 

33.-WASHINGTON, D. C.-Continued. 

I 0 I 
1867, January to Decem-1 2 48. I \V. j l 

ber. / I C A. Schott; at magnetic observatory, corner 2nd street east and C 
1868, January to Decem- I! 2 51. 2 / I · r street south, Capitol Hill, in ¢=38° 531.1, /..=77° cxJ'.2 W.; monthly 

ber. 1 1 

11 
determinations, Coast Survey Report for I 869, pp. I 99-207. 

1869, January to June, in- 2 53 o 
elusive. I . I J 

1870, June 13, 14, 15. I 2 53· 6 1}. 
;

1

_ C. A. Schott; at magnetic observatory, corner 2nd and 
1871, June 14, lS, 16. 2 56. 9 i . Coast Sun·ey Report for 1870, App. 14. 
1872,June 14, r5,17. l 3 oo.o 

C streets S. E. 

1874, June 13, 15, 16. I 3 07 4 Coast and Geodetic Survey Report for 1881, App. 9. 

1873, June q, 16, 17. ' 3 oo. I 1}0bsen·er and locality as before. 

1874, July 20, 21, 22. I 3 05: z [Mean, 3° 061.3-ScH.] 

1875, June 12, 14, 15. 3 15. 5 } 

1876, Mayr and 2. 3 18. 8 
Observer, locality, and reference as before. 

1877,June 14, 15, 16. 

1877, Angust 17. 

1878, June 14, 15, 17. 

1878, Septembe.r 8. 

1879, June 9, IO, 1 I. 

1880, February 23, 24, 25. 

188o, April 3. 

1880, June 12, 14, 17. 

1882, June 15, 16, 17. 

1883, June 18, July 5. 

1884, February 5, 7 
1884, June 16, 17. 

1885, June 13, 15. 

1886, June 14, 15, 16. 

11Xi9, October 4. 

11Xi9, August 12. 

1700.0 • 

1795 __ 

3 42. 1 

3 36.8 

3 47.5 

3 43.0 

3 50.4 

3 57.2 

3 57.1 

3 55. 4 

C. A. Schott; at ne>v magnetic observatory near comer of First antl ]} 

sts. S. E., Capitol Hill, in 9=38° 531.2, t•=77° 00'.4 W. 

A. Braid; U. S. Coast Survey; same locality and reference. 

C. A. Schott; locality and reference as before. 

Dr. T. E. Thorpe; locality as above; reference as before. 

Wm. Eimbeck and C. A. Schott, assists. Coast Survey; locality and refer

ence as before. 

Marcus Baker, U.S. Coast and Geode'c Sun·ey; locality as before. :l!S. 

in archives. 

}
J.B. Baylor; U. S. Coast and Geode'c Survey; locality as before; Coast 

and Georletic Survey Report for 1881, App. 9. [Mean,+ 3°.92-ScH.] 

'V. Eimbeck, assist. Coast and Geode'c Survey; locality and reference as 

before. 

4 oo. 2 C. A. Schott, assist. Coast Survey; locality as before. MS. in archives. 

3 57. 9 J.E. Maxfield, sergeant U.S. Signal Corps; locality and reference as before. ' 

4 05. 2 } 

4 I I. 5 C. A. Schott; locality and reference as before. 

4 oS. 7 W. 

" I 
6 

10 

6 

34.-CAPE HENLOPEN, DEL. 

w. 

I. 75°051.oW.ofGr. 

(Light-house.) 

Hudson; on the coast of New Jersey, in +=39° 3o'} .. 
1 Prof. E. Loomis co . 

Hudson; off the coast of Maryland, in ¢=38" 13' 
lection in Sill. Jour., vol. xxxix, 1840. [The mean latitude is 38° 5 I', and 

the declination 7 ~o W. may be taken with an estimated probable error 

of ± 2° at least. It is of very little weight-SCH.] 

Edm. Halley; Tabula Nautica Variationum l\fagnecticarum, etc. Repro· 

duced by photo-lithography in the Greenwich observations for 1869. 

o 55 W- From Aurora; at Lewiston, in ~=38° 461, A=75° 08' W.; Prof. E. 

Loomis' collection in SilL Jour., vol. xxxiv, 1838. [Position corrected by 

me-SCH.] 
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UNITED STATES COAST AND GEODETIC SURVEY. 

Collection of JJ[agnetic Declinations, ete.-Continued. 

1833. o. 

1841, May. 

1843, OetoberandNovem-

ber. 

1846, July I. 

1856, August 27. 

1885, July 29, 30, 31. 

1694 __ 

178o __ 
18og __ 

1840, January. 

1874, December 4-9· 

1700.0. 

1728. March6. 

1732 __ 

1775 __ 
18og __ 

1823-'24. 

183z,June 9, 11. 

34.-CAPE HENLOPEN, DEL.-Continued. 

o I 

I 15 

4 42 

2 26.0 

2 45.0 

'.V. ! Peter Barlow's isogonic map of 1833; Phil. Trans. Roy. Soc., 1833. [On 

! this map the name Cape Henlopen is erroneously placed-SCH.] 

[ Barnett; Phil. Trans. Roy. Soc., 1841. [Not used-ScH] 

I S. P. Lee, U.S. N., act'g assist. Coast Survey; near the light-house; Coast I 
i and Geodetic Survey Report for 1881, App. 9· I 
i Dr. John Locke, act'g assist. Coast Survey; at Lewis' landing, in 9=38° , 

I
' 481.8, /,=75° 11 1 .9 W.; reference as above. j 

3 03. 9 C. A. Schott, assist. Coast Survey; near and southwest of the light·house, in ! 

I 
\ll=38° 461 .5, /,=75° 051.3 W.; reference as above. j 

4 59. 6 w.
1 

J. B. Baylor, Subassist. Coast and Geodetic· Survey; near light-house, in I 
, ?=38° 461.7, A=75° oj 1.2 W. MS. in archives of the Survey. / 
I .1 

35.-WILLTAMSBCRG, JA~rns CITY COUNTY, VA. 

I 0 I 

5 
0 50 

0 33 

I 0 45 

12 12 

I 

W.11'}Bish~p .Madis:n, ~resident of William ~~d Mary:s C~llege; in \IJ=37° 
W. 15 , ii. =76 35 W.; Prof. E. LooIIlls collect10n m Sill. Jour., vol. ! 

E. J xxxiv, 1838. / 
W. I Lieut. Col. Edw. Sabines' isogonic chart for Jany., 1840, in Phil. Trans. 

I
I Roy. Soc. for 1849, part r. 

W. J.B. Baylor, U.S. Coast Survey. In the grounds of the W. & M. College. 

gi=37° 161 .3 "=76° 4.l'.7 W.; Coast and Geodetic Survey Report for 

I 1881, App. 9. 

36.-CAPE HENRY, VA. 

4>=36° 55'.6 ;l,=76° 001.4 \V. of Gr. 

o I 

4 

3 

4 42 

4 40 

5 00 

0 00 

I 32 

0 45 

(Light-house.) 

\V. Edm. Halley's Tabula Nautica Variationum Magneticarum, etc. 

W. Byrd; at head of Currituck Sound, in ¢' = 36° 331 • The Westover MS. 

[Reduction to cape + 201, about-SCH] 

W. Roxton; seven miles from Cape Henry, in¢= 36° 501• Hansteen's 

Magnetismus der Erde, I 819. [Probable reduction to cape - !01 -SCH.] 

Douglass' History; in t/>=37° 07', A=7S0 501 W. Prof.E. Loomis' col· 

lection, in Sill. Jour., vol. xxxiv, 1838. [This is supposed the same as 

Hoxton's obser'n; not used-ScH.] 

J. F. W. Des Barres' Atlantic Neptune, London, 1781. [Not used-SCH.] 

President Madison, at Norfolk, in q.=36° 511, A=76° 1<)'W. Prof. 

E. Loomis' collection, in Sill. Jour., vol. xxxiv, 1838. [Reduction to cape 

--4' by obser'ns in 1856, but too doubtful to apply-ScH.] 

H. Boye's State map of Va., of 1859. [Not used-ScH.] 

W. Prof. J. N. Nicollet; Coast Survey Report for 1864, p. 210. 
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UNITED STATES COAST A~J) GEODETIC SURVEY. 3~7 

Collection of J!agnctic Declinations~ etc.-Continued. 

36.-CAPE HENRY, VA.-Continued. 

I 
W. ' C. A. Schott, assist Coast Survey; near the light-house, in <? = 36° 5 51 6, 

O I 

1856, September I 1, 12. I 28 

A =76° oo'.4 W,; Coast Survey Rep. for 1856, p. 227. 

1874, November 26,27,28. z 39. 5 Dr. T. C. Hilgard, observe.t for U.S. Coast SUivey; near the lig!it-ho.; 

Coast and Geodetic Survey Report for 1881, App. 9. 

1879, May and June. 

1881,June 16,, 

1883, January 2. 

1883, June 30. 

1883, August 29. 

1883, December 10. 

1884, May IO. 

1884, October 10. 

1796 __ 

18o6 __ 

1~--
1840.0. 

2 32 Lt. S. W. Very, U.S. N.; from 50 observations at the Rip Raps, in <Y =36° 

591 .0, i\.=76° 18'4 W. MS. communication. [Reductio'1 to Cape 

Henry about+ 101.-Scu] 
3 II Lieut. C. P. Perkins, U. S. S. Alliance; in <!>=37~ 001, f,=76° 10' W.; 

Naval Profession,.! Papers No. r9. [Reduction to cape + 51 , about

Sctt.J 

3 ro Lieut. G. A. Norris, U. S.S. Enteri>rise; in ¢>=36° 56'_. A.=76° 061 \V.; 

reference as before. [Reduction to cape about+ 51-ScH.] 

3 o6 Lieut.C. Belknap, U.S. S. Vandalia; in <1>=36° 571,A.=76° 021 W.; ref-

erence as before. [Reduction to cape about zero-SCH.] 

3 35 Lieut.H.W.Lyon,U.S.S. Galena; inq,=36°54',A.=75°54'\Y.; ref-
crence as before. [Reduction to cape about - 5' -Sea.] 

3 39 Lieut. C. Belknap, U.S. S. Vandalia; in<;';:= 36° 561 , i\ = 75° 57' W.; ref-

erence as before. [Reduction to cape about zero; mean, + 3° 221 for 

l88J.S-$CH.] 

3 37 Lieut. F. Hanfor<l, U.S. S. Pensacola; in 9=36° 54', l.=75° 45' \V.; ref-

erence as before. [Reductioll to cape about - 15' -ScH.] 

2 55 W. Lieut. C. C. Cornwell, U.S. S. Powhatan; in 9=37° oo', /.=76° 06' \V.-; 

0 I 

2 40 

2 00 

I 45 
0 00 

reference as before. [Re<l'n to cape about + 51
; mean,+ 3a 111 for 

1884.5-SCH.] 

37.-NEW BERNE, N. C. 

'i =77° 021 W. of Gr. 

I 
E. 1}Jonath. Price; from Pr<!f. E. Loomis' collection in Sill. Jour., vol. xxxi,·, 

E. I/ 1838; position assigned .p=35° zo' ~·= 77° 05 W. [Latitude r4' 

E. 
1 

too high-Sctt.J 

1874, December zt, 23, 24. I 204 
\ 

Lieut. Col. Edw. Sabine; isogonic chart for 1840,Jan'y; Phil. Trans. Roy. 

Soc., 1849, part i. 

"\V. I J.B. Baylor, aid U. S. Coast Survey; at cemetery in .p = 35° 071 .4, A= 77° 

j 03 1.3 W. ; Coast and Geodetic Survey Report for 1881 ; App. 9. 

1700.0. 0 30 

I 

38.-CHARLES'fON, S. C. 

i\.=79° 55l.8 W. of Gr. 

(St. Michael's Church.) 

E. Edm .. Halley's isogonic chart for 1700, reproduced by photo· lithography in 

the Greenwich observations for l86g. [Weight}{ indiscussion-ScH.] 

:E:. English Pilot, published at Tower Hill in l 794; extracted from a paper by 

Andrew Hughes. (Not USl'd-SCH.) 
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UXITEIJ ST.A.TES CO.A.ST A.SD GEODETIC SURVEY. 

Collection of Magnetic Declinations, etc.-Continaed. 

1775 __ 

1777 __ 

1784, February. 

1785, October. 

1824-'25. 

1833.0. 

1837 __ 

1840 __ 

1841,May. 

1847, October. 

1849, April 1-22. 

1874, May 27, 28, 29. 

1880, January 21, 22. 

1885, December 29, 39. 

1817 __ 

1833. o. 
1838 __ 

1839 __ 

1852, April 26, 27, 28. 

1857, May l, 2. 

38.-CHARLESTOX, S. C.-Continued. 

I 
I 

I; :8 I I 
E. / J. F. W. Des Barres' Atlantic "'eptune, London, 178r. t 

/ From a chart. Prof. E. Loomis' collection in Sill. Jour., vol. xxxiv, 1838.1 3 48 

5 15 

5 45 

3 45 

4 00 

2 54 

2 44 
2 24 
2 15 

2 16.5 

0 58.2 

0 25.6 

0 14.2 

0 I 

4 

5 00 

5 05 

3 31 

3 40.3 

I
i [Supposed the same as that giv~n in the Neptune; not used-ScH.] 

} 
Joseph Purchell, surveyor. From a pamphlet by Charles' Parker, Charles- I 

ton, 1849. Observations said to come from a reliable source. I 
I Lieut. Sherburne, U.S. N.; Blunt's cb.art of 1824-'25. 

Peter Barlow; isogonicchart for 1833. Phil. Trans. Roy. Soc., 1833, part 1. I 
Capt. Missroom; Prof. E. Loomis' collection in Sill. Jour., vol. xxxiv, 1838._ J 

Position in ¢=32° 471, A.=79° 57' W. 

Dr. C. Davies, in his treatise on surveying. 

Barnet, Phil. Trans. Roy. Soc., vol. for 1849. 

Charles Parker; from a pamphlet published by him at Charleston, 1849. 

C. 0. Boutelle, assist. Coast Survey; at Breach Inlet, on Sullivan's Island, in 

¢=32° 46'.3, A =79° 48'.9 W.; Coast Survey Report for 1854, p. 145-

C. 0. Boutelle, asst. Coast Survey; at Fort Marshall, near Breach Inlet, in 

¢=32° 461 .4, A. =79° 48'.8 \V.; Coast and Geodetic Survey Report for 

1881, App. 9. 

J.B. Baylor, U.S. Coa.st and Geodetic Survey; position and reference as 

before. 

E. i J. B. Baylor, suba.-;sist. Coast and Geodetic Survey; near Breach Inl.:t, Sul

livan's Island, in .,;=32° 461 .3, A.=79° 48'.9 \V. MS. in archives of the 

Survey. 

E. 

39.-SAVANNAH, GA. 

A=81° 05 1 .5 W of Gr. 

(Savannah Exchange.) 

I 
Becquerel's Traite du Magnetisme, Paris, 1846; Cartes du Dep6t; in /' 

P=32° 04', A=81° 05 1 \V. I 
Peter Barlow's isogonic chart for 1833; Phil. Trans. Roy. Soc., 1833, part. I.I 
Geological Survey; in'/>= 32° 051 , A-=81° 07' \V.; Prof. E. Loomis' col- j 

leclion in Sill. Jo.ir., vol. xxxix, 1840. . 

Dr. Posey; reference as before. J 

J. E. Hilgar<l, asst. Coast Survey; on Hutchinson's Island, opposite Savan

nah, in '=32° 051 .2, A=8! 0 05'.3 W.; Coast and Geodetic Survey Re· 

port for 1881, Appendix 9. 

3 27. S C. A. Schott, asst. Coast Survey; position as in 1852; Coast and Geodetic 

I 
Survey Report for 1881, Appendix 9. 

2 16. 9 F. Blake and C. Tappan, observers for U. S. Coast Survey; position as in 
I 

1874, March 8, 9, IO. 

1886, January 6, 7. 

· 1852 and 1857; reference as a.hove. 

I 37. z .E. J. B. Baylor, subasst. U.S. Coast Survey; on Hutchinson's Island; position 

as above. MS. in archives of Survey. 



 

2 

3 

4 

2 

3 
4 

5 
6 

7 
8 

9 

IO 

II 

12 

13 

14 

15 

16 

17 

UNITED ST.ATES COAST A~D UlWDETlC SURVEY. 

Oollecti01i of Jlagnetic IJ<:cliuat.·ous, etc.-Cor.,tiuned. 

1805_ -

o I 

5 3° 

4 40 

5 51 

40.-:\IILLEDGEVILLE, (;A. 

cp = 33° 0+1.2 :\~3° l ;'\\'.of Gr. 

E. I J. Dethnne; Prof. E. Loomis' collection in Sill. 

I 
Position assigned, cp= 33° 07 1 , ?.=83° 20' \V. 

Oh;erver and refer< nee as aboYe. 

Jour., vol. xxxh·, 1S3S. 

Geological Survey of Georgia; Prof. E. Loomis' collection in Sill. Jour., 

vol. xxxix, 1840. Position assigned, 9=33° 07', l.=83° 20' \'V. 

1875, June 18. 3 03. 5 E. I J. M. Poole, Bache Funcl observer to National Academy of Science,;; Co&sl 

and Geodetic Survey Report for 1882, App. 14, pp. 402 and 425; in 

the ohl Capitol grounds. [The value given in this report is 4 ° r.f .1 

E. on June 15 ; this value is one of two obtained by the obsener. arnl b 

probably affected by a misreading of 1°; the value gh·en by me is his 

1550 __ 

158o __ 

16o3 __ 

1610 __ 

1630 __ 

1642 __ 

1659 arid 166o. 
1664 __ 

1666 and 1667. 

1670 __ 

168o-81....S2-83-84. 

1685-86-87-88-89. 

169I-92--9J-95--96--<J7-98. 

0 t 

7 
8 

II 30 

8 45 
8 00 

4 30 

2 30 

I JO 

0 40 

0 08 

I JO 

3 08 

4 52 

6 37 

1699, 1700-1-2-3-4,1705 9 00 

-6-7. 

1708-9-'l<r-11-12-lJ-14- II II 

15-16. 

1717-18-19-20-21-22-23 12 52 

-24-25. 

17i6-27-28-29-30-31-32 14 37 

-33-34-

I 
second one, taken from the MS. computation-SCH.] 

41.-PARIS, FRANCE. 

i=2° 201.2 E. of Gr. 

(Paris Astro'l Obsen'atory.) 

E. Bellarmatus. 

Orontius Finceus (Oronce Finn~). 

Sennertus. 

Nantonnier. 

Nantonnier. 

Petit. 

Petit. 

E. I}(?) 
W. Picard. 

Picard and La Hire. 

La Hire and Cassini. 

La Hire and Cassini. [Mean of 2 values of 1698 included--ScH.] 

La Hire and Cassini. [Includes mean of 2 values each for 1700-1-2-3-4, 

and of 3 values for 1705-ScH.] 

La Hire and Cassini. [One value for 1715, 3 fer 1716, and 2 values each 

for other years-SCH.] 

Cassini, La Hire, and Maraldi. [Two values for 1717-18-21-22-23, 3 for 

1725, and 1 for 1719-20-24-ScH.] 

Maraldi and Buache. [Two values for 1734-ScH.J 

19 1735-36-37-38-39-4&-41 15 23 Maraldi and Cassini. [Two values for 1735-36-38-40--42 each-Sea.] 

""'42-43· 
20 I744-4S-46-47-48-4g-50 16 37 W, Fouchy. 

-s1-s2. I 

*The valuts Nos. l to 30, inclusive, between 1541 and 18o7, except for 18o5, were taken from the article" Magnetism," l.Jy 
Peter Barlow, in the Encyclopredia. of Experimental Philosophy (a part of the Ency. MetropoLta.na), London, 1848. l"fhe e 
values,were combined by me into suitable groups, and their means were taken as indicated in the table-S~H.] 

H. Ex.40-'2 
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Collection of JJfognetic Declinations, etc.-Uontinueu 

21 1753-54-55-57-58-59-6o. I 
22 1765 __ 

23 1770-71-72-73-74. 

24 I 777-78-7')-80-81. 

25 1782-83-84-85-86. 

26 1789-90-91-92-g3. 

27 1798-99-I 8oc>-oI. 
28 1802-3-4. 

29 18o5 __ 

30* 1807 __ 

(. 1810, March 13, 1 p. m. 

: ; 181 I, October 15, noon. 
31 -{ i 

1812, Octobcr9, 2Ji P- m. ll 
I 

1813, October 30, noo11. 

{ 

i 1814, August 10, noon. 

'2 ,. 1816, October 12, 3 p. m. 

.> 1817, February 10,0~ p.m. 

rl 1823 __ 

"lj ::::: 
34 I 1835. 5. 

35 .1 1838, February. 
36 1842. 5. 

37 

38 

39 

1858, January I. 

1865 __ 

1869, September I. 

40 1875, July. 

41 1879, January 1. 

I 

0 ' 
17 49 

19 00 

20 01 

20 40 

21 25 

22 18 

22 14 

21 58 

22 05 

22 34 

22 16 

22 25 
22 29 

22 28 

22 34 

22 25 

22 19 

22 23 

22 20 

22 05 

22 12 

22 04 

21 38 

21 29 

17 21 

16 56 

41 .--PARIS, FRANCE- ·Continued. 

w. '} ! Maraldi. 

f Marnldi and Le Monnier. [Two values each for 1772-73-74-ScH.] 

I 
Le Monnier. [Two values for 1778, 6 for 1779, 46 for 1780, and. 12 for 

1781-SCH.] 

I Le J\fonnier. [Three values for 1782-83 each, and 2 for 1784-86 each-

I SCH.] 

1

1 Le Monnier. 

Le Monnier. 

[Two values for 1790-91 each-ScH.] 

[Two values for 1799-ScH.] 

I 
Le Monnier, Bom·ard, and Cotte. [Three values for 1802-ScH.] 

Cotte; E. Walker, in" Terrestrial and Cosmical Magnetism," Cambridge, 1866. 

I Bouvard. 

11 Observations by Arago; 'Yalker's Ter. and Cos. Magnetism, Cambridge 

IJ (Eng.), 1866. [Mean of 4 values, 22° 241 .5; same corrected for diur-

,1 nal variation, 22° 201 ; epoch, 1812.2-ScH.] 

l Observations by Arago; Walker's Ter. aud Cos. Magnetism, Cambridge 

! J (Eng\ 1866. [Mean of 3 values, 22° 26'.o; same corrected for dmr-

1 nal variation, 22° 22'; epoch, 1816.5-ScH.J 

i l A. Guyot, in Johnson's Universal Cyclopredia, Art. Earth, New York, 18j6. 
' } 
I 
) 

[Mean of 4 values, 22° 15', for 1827.2-Scrr.] 

Arago; Gen. Sir Edw. Sabine, in Phil. Trans. Roy. Soc., vol. for 1872, part 

II; in ¢=48° 531 , A=2° 201 E. 

Daronde:lll; Phil. Trans. Roy. Soc., 18.i9, part II. 

Lamont; Gen. Sir Edw. Sabine, in Phil. Trans. Roy. Soc., vol. for 1872, 

part II. 

Rev. S. J. Perry; Magnetic survey of the e..1st of France; Phil. Trans. Roy. 

Soc., vol. for 18 72, London, 187 3. 

Encyclop::edia Britannica, gth edition, 1877, Art. Compass. 

Rev. S. J. Perry; Magnetic survey of the ea~t of France; reference as for 

No. 37· 

Jordan's Vermessungskunde, Vol. 1, Stuttgart, 1877. 

Anuuaire pour l'an 1882, Paris. 

rParc Saint Maur; Th. Moureaux, observer; Comptes Rendus de l'Acad-

42 t 1885, Janna!) ;. 1 
emie, June, 1886; in \!=48° 481 .6, A.=2° 29'.6 E. Annual change, 

16 10. 2 71.4 losing. (For these values, and their reduction to Paris by the addi-

16 04. o \ { tion of the constant 41 .8, I am indebted to the courtesy of M. Moureau><, 43 1' 1886. o. 
44 1887. 0. 

I 

15 57· 2 W. !I l who communicated them in his letter of Feb. 1, 1887. The values, re-

duced to Paris, are therefore 16° 151.o, 16° 08'.8, and 16° 021.0, respect- I 
ively-SCH.] I 

1 I 
*The values Nos. I to 30, inclnsive, between I...541 and 18o7, except for 18o5, were taken from the article "Magnetism," by 

Peter Barlow, in the Encyclop:edia of Experimental Philosophy (a part of the Ency. Metropolitana), London, 1848. [These values 
were combined by me into suitable groups, and their means were taken as indicated in the table-SCH.] 



 

1831 __ 

2 1837 __ 

3 1845, October. 

4 1846 __ 

1873, May 13. 

5 

I87J, April 12. 

6 

UNITED ST.ATES COAST AND GEODETIC SC"RVEY. 331 

Collection of Magnetic Declinations, etc.-Continued. 

42.-BERMCDA ISLA':'iDS. 

(Signal station, St. George's Town.) 

O I 

6 59 W. : Austin ~nd Foster; Srr Edw. Sabine, ii Phil.Trans. Roy. Soc., 1874, Cont'n 

xiv. In 9=32° 231 , A 64° 47' W. 
6 40 Milne; reference as l>efore. 

7 01 Capt. Barnett~ Roy. Eng's; l?ermuda Royal Gazette; at signal station; in 

11=320 23', ;t=640 40' \\'. 

6 53 Cupt. Barnett, Roy. Eng's; Sir Edw. Sabine, in Phil. Trans. Roy. Soc., 1874, 

Cont'n xiv. In 0=32° 23', /.=64° 47' W. 

7 IO H. M. S. Challenger; Green outside dockyard, in !)=32° 191.2, l.=64° 

511 .8 W. Results of the Voyage of H. M. S. Challenger; Narrative. ,·ol. 

ii, London, 1882. 

7 15 H. M. S. Challenger; St. Geoq;e, B11t:on Island, in </>= 32° 22'.6, ;>, =64 ° 

7 45 

42'.6 \V. Results o( the Voyage of H. M. S. Challenger, Narrative, vol. 

ii, London, 1882, pp, 25 and 46. [According to Staff Commander E. W,. 

Creak, R. N. ("On Local ::\fagnetic Disturbance in Islands situated far 

from a Continent," Proceedings of the Royal Society, No. 242, 1886), 

the position on the Green outside dockyard appears to be the only one 

that may be taken as free from di;turbing local attraction; I have there

fore transcribed this and the result at St. George's, omitting the Challenger 

results at other stations on the Bermudas. Commander Creak assumes 2 1 

increase for the annual chan;::e about this time-SCH.] 

Brit. Admiralty Chirt No. 36::>, Feb., 1877; ann:.ial in~rease of declination 

about 3'. 

43.-RIO DE JANEIRO, BRAZIL. 

</>=-22° 541.8 A =43° 09'.5 \J,", of Gr.* 

(Flag-staff at Fort Yillegagnou.) 

---,-----------...,.------,-------·-------·--·- --------· 

o I 

1768 __ 7 34 

2 1787 __ 6 12 

3 1820 __ 2 54 

4 1821 __ 3 21 

5 1830, May 23, 25, 26; June 2 08.4 

2, 5, 13. 

6 1836_._ 2 00 

7 1857 __ I 20 

8 1866, January 8. 2 41.8 

9 1876. 5- 4 26 

E. 

E. 

w. 

w. 

~:~e~~~~~~ J Voyages of theAd,·enture and Beagle, 18z6-'36, Vol. 1, Capt. 1 

y . t t P. P. King, London, 1839, p. 523. Discussion by Major reycme .. _ 
1 

• , 

Rumker ____ J Sabme. 

A.G. Erman, Reise um die Erde, etc., Berlin, 1835. In f/l=-22' 53 1 .9, 

A =43° 05'.2 W. 

Capt. Fitz Roy; Voyages of the Adventure and Be.igle, 1826-'36, London. 

1839. 

Capt. E. O. Stanley and G. R. Richards and Lieut. Bullock, R. ::\.; A<l· 

miralty Chart No. 541. Fort \'illegagnon, in <1>~-22° 54'.7, i.=43° 

091.0 W. 

\V. Harkness, Prof. U.S. N.; poaition near north face of Fort Cara_:;uata, in 

i=-22° 541 .1 1 i.=43° 06'.5 W. Smithsonian Contributions to Know!. 

edge No. 239, Washington, 187 3, p .• 61. 

Lieut. S. W. Very, U. S. N. From numerous observations at various times j 
and different places. [MS.communication to me, dated Dec. 13, I 8;9-ScH.] ; 

*Longitude from "telegraphic detenninations of longitudes;" Lieut. Comdr's Green and Davis, U.S. N., 1878-'79, Wash· 
ington, D. C., 188o. 
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Collection of Jfagnetic Declinations, etc.-Continned. 

42.-RJO DE JANEIRO, BRAZIL-Continued. 

l--,--- ----------·---~~-····-···--· 

i o I 

10 188;2, August 3. 4 39 \Y. Annales du Bure"u des Longitude,, tome iii, Paris, 1883, p. 396--97. 

At this place the secular change i.; progressing perhaps at the most rJptd 

rate known within the tropics und clos~ to the magnetu:: eq"awr. Jn a 

pamplet published in 1594, entitled" The Seaman's !Secret," the celebrated 

. navigator John Davis notes, lmder the head of remarks, afterleavin_g Bruil, 

' " the compass varies 9°, the south pointing westv:·ard." (Encycl. Brit., 9'.h 

edition, 1884, Art. NaYigation)-ScH. 

HESULTt< FOR GRODP !.-Magnetic stations on the eastern coal!.t. and within the region of.the 
Appalachian rangl', inclusi•e of Newfouudland and some other foreign locaiities. 

Geographical positions and expressions for the secular nuiation of the magnetic decliuation 
D (+'Vest,-East). The letter m stands fort-1850.0 or for the difference in time,express(;d 
in years autl fraction of a year, for any time t and the middle of the century, and within the range 
of obsernuion at any station. 

I No.' ::\ame of station and :';tate. 

-------~-------·-i-------------------

Latitude. West longi
tude. 

1 The magnetic declination expressed as a function 
I of time. 

--·------------·---·----~------1 ~= f ,;,,+,o'.oo,;,. ('4 "'+'' 5) 
i 
i 

I I' Saint John'•, :'>ewfoundland. 47 34.4 52 41. 9 
2 Charlottetown, Prince Edward 

I and. 

3 l Halifax, Nova Scotia. 

4 i Quebec, Canada. 

i 5 .\lontreal, Canada. 

i 
6 ! Eastport, '.\I e. 

7 / Portland, Me. 

8 / Burlington, Vt. 

I 
9 Hanover, K. H. 

lo Chesterfield, N. H. 

JI Rutland, Vt. 

12 ' 
I 

13 I 
I 

Portsmouth, N. H. 

Newburyport, .\lass. 

14 ) Salem, Mass. 

r5 i Boston, Mass. 

16 1 Cambridge, '.\fass. 

17 I Provincetown, Ma;s. 

18 

1

: Nantucket, Maso. 

19 , Providence, R.1. 

I 
2<> I Williamstown, :'.'.lass. 
21 Hartford, Conn. 

Isl· 46 14 

44 39. 6 

46 48.4 

45 30. 5 ! 

i 
I 

44 54. 4 i 
43 38. s I 
44 28 5 ! 

43 42.3 
42 53.5 
43 36.5 

43 04.3 

42 48.9 

42 31. 9 

42 21. 5 
42 22. 9 I 

I 
42 OJ. I 

41 17. 0 

41 50. 2 

42 42.8 \ 

41 45. 91 

63 27 

63 35.3 

71 14. 5 

73 34.6 

66 59.2 

70 16.6 

7J 12.0 

72 17. l 

72 24 

72 55.5 

70 42. 5 
70 49.2 

70 52. 5 

71 03.? 

71 07.7 

70 II. J 
70 o6.o 

71 23.8 

I D=+15.95+ 7.78sin(r.2 mf49.8) 
j 
I 
I D=+16.21+ 4.34sin (LO m+47.2) 
I 

I
I D=+14.66+ 3.03sin(r.4 m+ 4.6) 

+ 0 • .61 sin (4. o m + o. 3) 

i D=+u.88+ 4.17si11(i.5 m-18.5) 

I + o.36sin(4.9 m+19) 

i D=+15.14+ 3.90sin(i.2 m+31.7) 

j D=+u.26+ 3.16 sin (1.33 m + 5. 8) 

1 D=+zo.81+ 3.65 sin (r.3om-20.5) 

+ o. 18 sin (7.0 m+ 132) 

D= + 9. So 1- 4. 02 sin (i. 4 m-14. 1) 

D=+ 9.6o+ 3.84sin(1.35m-16.1)* 

D= +IO. 03+ 3. 82 sin (i. 5 m-24. 3) 

D=+10.71+ 3.36sin(1.44m- 7.4) 

D=+10.31+ 3.44sin(1.4 m- 4.6) 

D=+ 9.72+ 3.82sin(x.5 m- 0.7)* 

D=+ 9.48-j- 2.94sin(r.J m+ 3.7) 

D=+ 9.54+ 2.6gsin(1.3on1+ 7.0) 
+ o.18sin (3. 2 m+44) 

D=+ 9.45+ 3.175in(1.3 m+12.8)* 

D=+ 8.61+ 2.83sin(1.35m+19.7) 

D=+ 9. 10+ 2. 99 sin (1. 45 m- 3. 4) 

+ o. 26 sin ( 7 m + 84) 
D=+ 8.84+ 3.13sin(r.4 nr-14.0)* 
D=+ 8.o6-j 2.gosin (1.25 m-26.4) 

" A rough expression. 
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~--:~· 

. l\'o. I Kame of station and State. 
I 

_\_ _____ _ 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 
36 

37 

38 

39 

40 

41 

I 

Kew Haveu, Conn. 

Albany, N. Y. 

Oxford, N. Y. 

~:ew York City, N. Y. 

Bethlehem, Pa. 

II at borough, Pa. 

Philadelphia. Pa. 

Harrisburg, Pa. 

Huntingdon, l'a. 

Chamb~rsburg, Pa. 

Baltimore, Md. 

\Y ashington, D. C 

Cape Henlopen, Del. 

\Villiamsburg, Va. 

Cape Henry, Va. 

New Berne, N. C. 

Charleston, S. C. 

Sa,·annah, Ga. 

Milledgeville, Ga. 

Paris, France. 

42 / St. George's Town, Bennuda. 

43 I Rio de Janeiro, Brazil. 

* A rough expression. 

Results for Group I-Continued. 

Latitude. I West longi-
I tucle. 

The magnetic declination expressed as a function 
of time. 

41 18. 5 
42 39.2 

I
I 0 

72 55-7 
73 45.8 

r D=+ 7.78+ J.llsin(1.40111-22.1J 

D =+ 8. li+ 3. 02 sin (1. 44 m- S. 3) 

D=+ 6.19+ 3.24sin(1.35m-18.9) 

D=+ 6.61--'· 2.4osin(1.54m- 9.4] 

40 36.4 

40 12 

39 56. 91 
i 

40 15. 9 I 

:: :: I 
39 17. s i 

38 53-.'l 

38 46. 7 i 
3i 16. 2 Ii 

36 55.6 

35 06 I 
I 

32 46. 61' 

32 04. 9 

33 04. 21' 
48 50. 2 

1,,

1 32 23 

-22 54. 8 

75 40. 5 
74 00.4 

75 23. 0 

75 07 

76 52.9 

78 02 

77 40 

+ o. 14 sin (6. 3 111+64) 

D=+ 5.40-,- 3.13sin(1.55m-38.3) 

D=+ 5. 17- 3. 16 sin (1. 54 m-16. 7) 

-j-0.22sin(4.1 m+157) 

5- 36+ 3· 17 sin (1. 50 rn-26. I 1 

+ o. I 9 sin ( 4. o m + Li.<i i 

2. 93-,- 2. 9S sin (I. 50 m + o. 2 I 

2. 50-+- 2. i I sin (I. 5 111 - 4. 7 i* 

D =.l. 2. 79+ 3. IO sin (1. 55 m-30. (>) 

_;_ o.15sm(4.6 111+124) 

76 37.0 D==-L 3. 20+ 2. 57 sin (1. 45 m--21. 2,r 

7700.6 \D=--;- 2.49+2.45sin(1.45m-15.51 

+ o. q sin \IO m--86) 

75 05.0 i D-...L 3.72+ 2.SSsin (1.4 m-21.7) 

76 42.4 I D=-j 2.33+ 2.56sin(1.5 m-38.1) 

7600.4 D=~ 2.48+ 2.22sin(1.5 m--33.6) 

77 02 D=...L 0.60+ 2.64sin(1.5 m--15.4)* 

79 55.8 / D=- 2.14+ 2.77sin(!.4om-- 3.1) 

81 05. 5 I D=-· 2. 92+ 2. 23 sin (1. 4 m-:o.o)* 
83 12 D=- 3.14+ 2.45sin(1.5 111-39.5)* 

2 20.2 E.\ D=+ 6.479+16.002 sin (o. 765 "'+u8° 46'.5) 

64 42 

43 09.5 

1 + [0.85- 0.35 sin (0.69 n)J sin [(4.04+0.0054" 

I •+ .000035 n') n]t 
I D=+6.95+0.0145 m--0.00056 m•* 

i D=+ 2. 19+9· 91 sin (o. 80 111-10. 4)* 
I 
I 

t The secular variation observed at Paris is illustrated on accompanying plate No. 29. It is introduced for the purpose of 
showing the extremely systematic character of this variation. In the upper half of the diagram the dots indicate the observations. 
and the smooth curve represents the declination according to a constant and the first periodic term D= + 6°.479 ..L 16°.002 sin 
(0.765 m + 118° 461.5 ). At this station the phenomenon has now been follo\\;ed up for about 346 years, in which inten·al it 
exhibited two well marked extremes, viz, about the year 1581 a maximum eastern position, and about the year 1812 a maximum 
western position; the interval between these two consecutive elongations is 231 years, which may be regarded a:. the time of half 
a period; in the formula the numerical value of a implies 470 years for the period. The secondary wave superposed upon the 
primary is shown in the lower half of the diagram; it has two characteristics, viz, a variability in the parameter, that is a diminu
tion in the size of the wave since about 1540, with a possible increase now, and secondly a variability in the length of the period. 
which was nearly constant in the second half of the sixteenth and throughout the seventeenth centuries, but afterwards diminished 
rapidly. Both variations, if real, are undoubtedly periodic, though from want of sufficient data our tabular expression io limi:td 
;n time. It appeared to me doubtful whether one or two secondary waves lie between 1740 and 1870, and since tlie above dimi
nution of the period hinges upon this question, two analytical expressions were presented in the last edition of this poper, one 
showing one crest, the other two crests within the interval. The latter expression is here given the preference in comequence o'. 
its better representing the latest obseryations. The factor (4.04, etc.) of n, where n=t- 1700 corresponds to a length of 
period of about go years, which at present has diminished to ahout 57 years. These variations necessarily complicate the formula 
The law, however, may be studied at Paris to great adrnntage, and the station was only introduced here with the object of pi·om
inently showing the stately secular swing of the needle, and to facilitate the connection of its phases with those noted in No.-1,h 
America. 
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GROUP I.-Compariso1i of observed and computed Jfognetic IJeclinations. 

,..-/ --- ------ ---------------~------- ---------------------

\ Vear and 
I fraction. 

I 

1700. 0 

i 178i. 0 

! 1833. 0 

I 1844. 8 

I 185i· 5 

Obs'd 
dccl'n. 

+15.00 
16.00 

26.50 

29.60 

JI. 35 
I 86 I I 2. 7 i 3 I. 33 

: 1863. 7 : JI. 30 

1864. 4 JI. 00 

I 866. 5 JO. 92 

Corr p'd 
ded'n. 0-C. 

+14· 89 + . II 

15.98: + .02 

2j.20 .jO 

29. 28 + . J2, 

30. 71 1 • 64 

JI. 03 i -;- . JO 

Jl.07 + . 23 

31. IO - . 10 

31. 15 -- . 23 

Year and Obs'd 
fraction. decl'n. 

Comp'cl O-C 
decl'n. I · 

Ql'.EBEC, CANADA-continued. 

Yearaml. Obs'd 
fraction. decl'n. 

I 

Comp'd 1· O-C. 
decl'n. 

MOXTREAL, CANADA-continued. 

--- ---------·----------------

1700.0 

1785.5 

+16.00 +16.49 i - .49 

12. 58 12. 24 i + . 34 

12. 22 -- .47 

12. 20 ; --;- . So 

12. 20 -1- • 22 

12.17 I+ ·37 

12.08' - .50 

12.08 - .46 

12.09 +. 16 

1842. 6 + 8. 97 

1859. 5 12. 35 

1879.7 -+-13.67 

I 
o I o 

+ 9. 10 I - . 13 

I I. 90 I _j_ • 45 
+13.79 - .12 

I 

EASTPORT·, ME. 

I 1881.6 .,..30.52 +30.73: _ .21 

! 

I 789. 5 
1791. 5 
1792.3: 

1793. 6 t 

1805. 3 i 

1810. 5 
181I. 5 

1814.5 

1820.8 

1821. 7 

1822. 2 ·f 

1823.6 

1824.2 

1831. 7 

1832.4 

1833.5 

1834.4 

1835.9 

1839.3 

1&,0.5 

1842. 7 

1846.5 

1847.7 

I I. 75 

13.00 

12. 42 

12. 54 

I I. 58 

I I. 62 

12. 25 
I I. 83 

12.54 

12.90 

13.00 

13.00 

12.67 

13.40 

- .So 12.14 ! - .31 13.12 
12. 33 ! + . 21 

1833.0 14.50 15.90 
12

· 36 1+- 54 1860.8 17.95 17.881+.071 i 
I 

CHARLOTTET0W~, FRl:SCE ED\YARD 
l;)LA~D. 

'----------------t 
12·39 ! T '

61 1861.5 17.99 17.92 T .o7 I 
12·45 + .55 1862.5 18.01 17.98 + .03 I 

1833.0 ~1950 +19.j6 - .26 12 · 49 : + · 18 1863. 5 18. 04 1s. 03 + . 01 I 
1842.4 21.05 21.02 .03 12· 99 . 4 1 1864. 3 18. 06 18. as - . 02 

1

1 

1857.4 23.04 22.6o -j- .44 13.00 13· o5 - . o5 1865. 6 18. IO 18. 14 - · 04 
1858.4 ' 22.90 

1859 4 22. 85 
186o. 4 22. 83 

1861. 4 22. 75 
1862. 4 : 23. 32 

1883. 7 +zJ. 43 

22.68 . 22 

. 22. 7'6 -;- . 09 

22. 84 - . 01 

22. 91 _:. 16 

22. 98 . 34 

+z3. 73 - · 30 

12. 75 lJ. 14 - . 39 187 3· 7 18. 93 18. 52 + . 41 i 
13· 

22 + ·09 1879. 1 +19.13 +18. 74 + . 39 I 
13. 36 -- . 19 , ___ __'. ________ _!_. __ _ 

13. 70 - . 33 

1

1 

PORTLASD, ME. 
13. 81 - . IO I 
14.07 - .05 i 
14. 49 + • 04 1763. 5 I + 7. 75 + 8. 28 - - 53 ! 

HALIFAX, NOVA SCOTIA. 

13. 31 

13. 17 

13. 37 

13. 71 

14.02 

14.53 

14.64 14. 63 + . 01 1775. 5 8. 50 8. II -t · 39 
; 

16o8. 0 i + 16. 25 
I 

1700. 0 : 13. 00 

~ 1756.5 12.83 

i 1775.5 13.58 

1798. 5 16. 50 
1818. 5 

: 
1821. 6 

1833.0 

1852. 7 ' 
1853. 2 ! 

1860. 5 
1866.3 

I isn 4 

I 1879. 1 

17.47 

17. 6o 

17.50 

18. 77 

18.85 

19.92 

21. 09 

21.58 

+20. 72 

1848. 5 14- 58 14. 72 - . 14 1845. 4 11. 47 II. 24 + · 2J 
+17· 32 -1. 0 7 8 6 6 6 1849.4 15.37 14.84 + .53 I 51. II. 9 II. 9 .OO 

11.98 -;-1.02 1850.3 15.25 14.93 + .32 1859.5 12.33 12.26 
13.07 ' -- . 24 86 1851. 7 15. 00 15. IO - . IO I 3· 5 12.47 12. 54 

+ .07 

- .07' 
I +.II 14. 22 - . 64 1853. I 15. 50 15. 26 + . 24 1864. 8 12. 73 12. 62 

15. 88 + · 62 86 7 I 67 + 04 1858. 8 15. 57 15. 89 - . 32 1 5- 5 12. 1 2
• • 

17· 39 + .o8 866 + 1859. 5 16. 28 15. 97 + . 31 1 . 1 12. 72 12. 70 1 • 02 

17.61 - .OJ 8 8 
1800.s 16. 47 16. 09 +. 38 1sn1

1
+12.9+13.17\

1

-.2 
!8.39' - .89 i 

6 1865.5 16.67 16.54 +. 13·1------~-------·--------1 
I9. 53 ' - . 7 8 + + 8 BURLINGT0!-1, VT. 

I I 79. 7 ,!i 17. 23 17, J -:" • 15 I 
19. 55 I - . 70 J__ __ _: _______ _,__ ___ 

1 
____ -,-___________ i 

19.88 + .04 . I 
MONTREAL, CANADA. 1793• 5 + 7• 63 + 7• 35 · + · 28 , 

20.09 +1.00 

8 
1----------------1 18ot. 5 6. 20 7. 22 -:-I· 02 1 I 

20.30 +1.2 1. 1 " 
+

20
.

44 
+. 28 1749.5j+10.63 +10.76,-.13 1818.5 7.50 7.43 +.07

1 

! 1785.51· 8.40 8.451-.05 1822.5 7.70 7.62 +.o8: 
6 8 8 8-~ 6o 7. 88 - • 28 l l _____ Q_u_E_n&_c_,_c_A_N_'_A_o_A_. ___ --1 

1
793· ! · 25 · 16 + ·09 

1 ""'·5 7. 

1 
1814.5! 7.75 7.77 -.02 1830.5 8.17 8.18 -.01 

1 
6 · 6 · I 8 8 8 8o 8o 8 s 8 25 8. ~6 - . or l 42.5 i -;-r .00 -;-17.001-I.OO I 34-5 .00 . - . I 31. . ~ 

j 1686~~ j +15. 50 +11. 33 -~~= __ i_s __ 3 __ s_· 5....:...! _+_9_. s_3 __ +_8._90~_-_r-_._9_3...!__1_8_32_._s_:___+_s_._ ... _2_+_s._34_· _+ __ ._os __ 
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GROUP I.-Co111parison of obs<rved and computed Jfagnetic ])eclirwtions-Oontiuuetl. 

~ e~r an_d __ O_b_s-'d- Co~~:~;- Ye~ and-,1-o -b-s'd ---~-o-m-p'-d J~- ;-\-.-ea-r-an_d_' ~~~;--- ~0:1~~-d 
f~~t_i_o_n_. --<l-ec-l'_n_. __ d_e_cl_'n_._! ___ · 

1
_fm_c'_-'o_n_.---'---d-ec_l_'n_. --d-e--c-l'n_.---'-1 __ - __ · •-fraction. I decl'n. ___ ~ecl'n. 0--C. 

Rl'RLJNGTON, VT.-continued. RUTLAND, VT. ])OSTO:S, :>!ASS.-continuell. 

1834.5 

1837.5 

1845.5 

1855. 7 

8.83 

8. 75 

9· 37 

9.95 

D ; 

+ 8 50: + .33 
8.75: .oo 

9. 37 . 00 

IO.or - - .06 

181 I. 7 

1859.6 i 

7.05 

6.07 

6.02 

9.82 

0 

6. 5S + .47 

6. 23 - . 16 

6. 25 - . ~3 

9· 37 : + 45 

0 0 0 

+ 6. 55 --'- '-+5 
6.72 - '22 

t873.8 ---1r.32 +u.31 +.or 1873. 8 i IO. 67 

1879. 8 ; 7 ll. 15 
IO. j9 I' - . 12 

7. 00 

6.50 
6.08 

8.oo 

9· IO 

9·52 

/. I8 ---!.IO 

8. 55 - . 55 

8.97 -+ .13 

9· 45 -;- . 07 

1765. 5 ! + 7. 00 

1810.5 i 4.25 

1839. s I 9· 25 

1873- 71 IO. 83 

1879. 8 I +11. 64 

+ 6.83 
6.04 

7.87 
I I. I l 

+u .66 

+ .17 

-I. 79 
+t. 38 
- .28 

--· .02 

+u.36 - .21 

PORTSMOUTH, :\. H. 

---1-------:-----· 
1771. 5 I + 1. n , 7. 81 . 04 

Ii75· 5 I 7. 75 7· 66 : + . 09 

10.23 

I I. 2_; 

10.04 --'-- . 19 

11.09 - . !Ci I 

I8i].5 I +ll.60 Tll.35 - .25 
I 

- -------. ---- ----------- -----

CA>fllRlDGE, MASS. 

1833.0 I 8.75 8.941 - . r9 ._ ________________ ! 

184_y.ol 9.78 9.86 -.o8 1708.5 ,9.00 +9-26 -.26i 

1850.7 1 ro.50 10.33 1 .17 1742.5 8.oo 7.66 + .34 i 

CHESTERFIELD, N. H. 1859.5 lI.25 II.08 +.r7 1 757·5 7·33 7.z4,+.09: 
I 

1- I 
1879.6 +I2.52 +12.65 -.13 1761.5 7.23 7.13 +.101 

i 1812. 5 IT 6.43 + 6.07 + .36 1763.5 7.00 7.09 - .09 1 

1813. 5 
1814.5 

1815.5 

1816. 5 
1817. 5 
1818.5 

1819. 5 . 
1820.5 j 

1821.5 

1822.5 

1823.5 

1824.5 

r8z5.5 

1826.5 

1827. 5 
1828. 5 
1829.5 

1830.5 

1831. 5 

1832.5 

1833.5 

1834.5 

1835. 5 
1836.5 

1837.5 

6.42 

6.28 
6. 12 

6.05 

6.04 

6.oo 

6.05 

6.oo 

6. 12 

6.20 

6.50 
6.67 

6.58 
0

6.58 
6, 75 

6. 87 

7 .<:X> 

7• IO 

7. 17 

7.25 

7.50 

7:58 

7. 67 

7.75 
8.09 

6. II + . 31 1'EWll1JR \'PORT, l!ASS. 

6. 15 + . 13 ,__ _______ ------ --------
6. 19 -· . 07 

6.23 - .18 

6. 27 - . 23 

6. 32 - . 32 

6. 37 - . 32 

1775.5 +6.75 --'-7.o6 -.31 

1781.5 7.30 6.93 + .37 

1833. 0 

1850.7 

1859.5 

8. 50 - 8. 67 - . 17 

ro.09 10. to - .01 

+10. 97 + 10. 83 "T • 14 

6. 42 - . 42 l------'--------'-----I 
6.47 - . 35 

6. 52 - . 32 
SALEM, :MASS. 

6. 58 - . o8 ,__ ___ \ __ 

6 6 1781.61+6.90 . 4 + .03 
6.70 -.12 i8o5.8 5.95 

6 61 8 r8o8.5 5-33 .7 - .I 

1810. 8 5· 94 6.82 i - .07 
6.88'-.0l 1833.01 8.50 

6 o6 1849. 6 10. 24 
·94 +. 

1855. 61 IO. 83 +·09 
+.og 1877.5 +u.50 

+ 6.oo i + .90 

6. 21 - . 26 

6. 32 - . 99 

6.43 I - .49 

8.031 + .47 
9· 63 + , 61 

10.23 + .6o 

+12.zo - .70 

+.IO 

. + .28 l!OSTON, MASS. 

l78Q. 5 7. 03 6. 86 - . 17; 
1782. 5 6. 75 6. 85 - .IO: 

1783. 5 6. 87 6. 86 .or 

1788. 5 ! 6. 63 

1810. 5 7. 50 

1835. 5 8. 85 
1837. 5 9. 15 
1840.4 9.30 

1842. 2 9· 57 

1144. 5 9· 65 

1845. 4 9· 53 
1850. 6 9. 50 

1852. 5 IO. 13 
1854.5 10.21 

1855.4 

1856.5 

10.91 

10.47 

1859. 2 IO. 80 

1867.5 10.70 

1879.6 +u.77 

6.89 - . 26 

7. 48 - . 02 

8.98 - . I3 

9· II ...,-- . 04 

9.32 1 - .02 

9· 45 + . 12 

9· 61 .04 

9.68 - . 15 

10.03 - .53 

IO. I6 - .03 

IO. 29 - . 08 

[O. 35 + . 56 

10.42 + . 05 

l0.59 + . 21 

II. 05 - · 35 
+11.58 + .19 

PROVINCETOWN, MASS • 

7.01 

7.08 

7. 15 
7.22 

7. 29 

7.36 

+ .291-~~-,-~~~_;__~~...,.-~~-I--~~~~~~~~~--,--, ~~-1 
+.31 t700.o +ro.oo +ro.o6 -.o6 1609.51+12.oo +12.20J-.20 

o8 5 
t ~ 

7.44 + .31 11 .s 9.00 9.49 - .49 1700.0 9.50 9· 1
1 

- . 0 , I 
7-52 + .57 1741.5 7.50 7.49 +.ox 1776.5 I 6.50 6.31. ~ • 19, 

1874.7 +ro.44 +10.'4 -.JO 1776.0 +1.67 +6.54 +1.13 1833.0 +s.25 +8.94'-.69j 

~~~-'---~-~~~--'-~~---!!...-~~-'-'~-~~~~-~-~~-L~~~--'--~~~~~~~~~--' 
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GROUP !.-Comparison of ob•eri•ed and computed Magnetic Declinations-Continued. 

1vearand. Obs'd Comp'd l Yearand Obs'cl Comp'd l 
0 

__ ·;·-·-\.-e-ar-a:-d-.

1
:-0_b_s-.d-·-~:m;,~I-· l fraction. : decl"n. __ cl_e_c1_·_n_._i _o_-_·_C_._, __ fr_a_c_·t-io-1i.--~~~'-n_. ____ decl'n. I · fraction. decl'n. decl'n, l 0 --_c_ .. 

I PROVINCETOWN, MASs.-continued. 

1 I o 0 0 

j 1835.7 '+ 9.33 -+ 9.13 - .20 

r86o. 7 [ +rI. 39 -+IO. 87 ~ . 52 

! ------------------

1

, ~ANTUCKET, MASS. 

·----~--

1700. 0 i + 8. 25 +s.;5'--.50 

5. 82 + . 68 

8. 45 - . 95 

HARTFORD, co,.;-;_-continued. 

l 0 , 

182451..,.. 5.75 + 5.60 i + .15 

1829. 0 I 6. 05 5. 76 I + . 29 
! 

1859.61 7.29 7·34 j --- .05 

1867.61 7.82 7.84 ! - .02 

1879. 6 + 8. 57 + 8. 59 I - . 02 

---------~~ - ~-·---

NE\\- HAVE~, CO~l'-1. 

OXFORD, N. Y. 

+ 3.00 

3.00 3· 31 

3· 79 

0 i 
i + .041 

. 31 : 

+ .71 

• I.I 

+ .20 

1775. 5 
1833. 0 

1834. 5 

6.50 

7.50 

S.45 8. 55 - ·IO~------------

1794.0 

1817.5 

1828.5 

18:)4: 8 

1836.8 

·1837. 5 
1838.5 

1849.9 

1857.3 

1858.1 

1859.0 

187 3· 9 

1874.4 

188;. 7 

4. 50 

3.87 

4.15 

4. 50 

4.45 

5. 18 

5.73 

5.78 

5.83 

6.87 

6.93 

4- lJ 

4. 26 

4. 30 

4.36 

5. 14 

5. 68 

5.74 

5.81 

6.94 

6.97 

+.09 
+ .04: 

+ .05 

+ .04: 

+ .02 

I 
1839. 0 

1842. 7 

1843. 7 
1846. 6 : 

1855. 6 . 

1867. 4 

1879.6 

l 883. 4 

9.04 

9· 15 

9· 17 

9.23 

9.97 

10.33 

l I. 46 

-7 II. 43 

8.85 

9.09 

9· 16 

9.35 

9· 91 

10. 55 

11.05 

+11. 17 
I 

+ .19 
-;- .06 

I .01 

- . 12 

+ .06 
-- .22 

+ .41 

+ .26 

-------------·--------· 
PRO\'IDENCE, R. I. 

' I/!/. 5 
! 1;69. 5 

1815. 5 II 

1819. 5 

+ 9.60 

6.50 

6.62 

7. 57 

8.~p 

, 1835. s 
11 

I 1840. 5 
i 
i 1841. 5 i 8. 52 

+ 9.68 - .08 

6. 28 

6.6o 

7.79 

8.30 

+ .22 

- • IO 

- .07 

- .22 

+ .12 

8.40 'T . 12 

8. 50 + . 15 J 1842.5 I 8.65 

i 1843. 5 '1 8. 77 8 6o ...l .• 17 

Ij61. 5 I + 5. j8 

I7i5· 5 5· 42 

1780. 5 5. 25 

181 I. 5 

1819. 8 : 

1828.5 

1835.3 

1836.5 

1837. 9 . 

1840. 5 : 
1844. 6 . 

1845. 7 : 
1848. 6 ! 

1855. 6 

1872. 5 

1878.5 

1884. 5 i 
1885. 2 i + 

5· 17 
4.42 

5.28 

5.68 

5.92 

5.83 

6. 17 

5. 75 

6.29 

6.58 

7.05 

8.46 

8.69 
8.93 

9.00 

+ 6.04 - . 26 

5· 28 -L , 14 

5.07 T .18 

4. 76 + . 41 

4. 97 - . 55 
5. 32 - . 04 

5· 67 . -t- . 01 

5. 74 : + . 18 

+ 7. 72 + 7. 77 

NEW YORK, ~ •. Y. 

.07 

.04 

. 05 

5· 82 i + . 01 l---........,,-----------

8 · ...L 1"""· 7 I ...!..., 8.oo 1· 5. 79 ! +z. 21 5·9 I I .19 ~ l "'! 

6. 24 : - . 49 1684. 5 : 

6. 32 I - • 03 1686. 5 I: 

6.51 + .07 1691.5' 
1700.0 I 
1714. s I 
1724-0 I 
1750. 5 I 
1755. 5 : 

7.01 

8.29 

8. 7., 

9. 15 

+ 9.20 

+ .04 

+. 17 
- .. 04 

·-. 22 

-.20 

8.75 

9.00 

8.75 

8.33 

8.75 

7.33 

6.37 

j.00 

• 39 I 
! 

9· II , II 

8. 99 . 24 

8. 65 . 32 

7. 96 : + . 79 
7-55 i 2" . 

5 94: + . 43 i 

5. 57 : - . 57 

l 789. 5 : 4· 33 4. 37 I 

1824. 5 4. 67 4· 67 : 
ALBA:XY, N. Y. 1834. 5 . 4. 83 5. 21 

' 1837.5 5.67 5.42 

I 1855. 6 9· )2 9: 561 _'._ · 04 

j 1884. 5 I IL 13 II. 13 . . 00 1----------------1 

.j

j 1885.31+n.16 ___ ~_:1-1~1~_1_-_ ~o~ 

.04 

.00; 
. :.8 I 

+ .25 

WILLIAMSTOWN, MASS. 

l 1786. 5 + 5. 87 

i 1833. 5 6. 25 

,]: 1'837. 5 7. 75 

t 876. 6 JO. 52 
' 1886. 6 +ro. 35 

+ 5. 791 + .08 

6. 95 I - . 10 

7. 21 + . 54 

10.07 + .45 

+10. 73 - . 38 

HARTFORD, CONN. 

1817.81+5-73 +5.711'+.02 1840.6 5.45 5.65 
1818. 6 : S· 75 5· 74 + · 01 1841:5 6. IO 5· 71 

1825. 3 : 6. 00 6. 08 : - . 08 1842. 6 5. 91 5. 8o 

1828. 6 ,. 6. 27 6. 26 I + . 01 1844. 6 6. 22 s. "s 
1830. 5 : 6. 30 6. 38 i - • o8 1845. 6. 6. 42 6. 02 

1831.6: 6.54 6.451 + .og 1846.3 5.57 6.08 

1834. 8 6. 67 6. 65 + . 02 1847. 8 5. 68 6. 19 

1836. 8 6. 78 6. 78 I . 00 1855. 6 6. 72 6. 72 

1847.9 7.58 7.581 .00 1800.7 6.73, 7.01 

.20 

-t . 39 

+.II 
+ .27 

+ 40 

. 51 

. 51 

.oo 

. 28 

.15 1855. 7 7. 91 8. 171· - . 26 1873. 8 7. 48 7. 63 
1---------------f 1856. 7 8. 58 8. 24 + . 34 1874. 6 7. 38 7. 66 

'.J· 1786.5 \ + 5.42 + 5.2s \ + .14 1858.4 8.28 8. 37 - .09 1879. 5 7.s7 7,gg 
- .<:8 

- .02 

._, __ i_s,_o_. _s_,,l_+_4_._1_1 __ + __ 5._2_5 l_-_·_4_s_.. ___ 1_s_1_9._6--'--+-9_.s _6 __ +_9· 87 L=~-=---~·-ss_s_._1...:· _+ __ s._2_,_+ __ s_. 1_
9 __ +_·_·_02_ 
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GROL'P !.-Comparison of obsen'ed and computed Magnetic Declinations-Continued. 

BI:THLEHEM, l'A. PHIL\DELPHIA, PA.·-COntinued. ClIA.:MhERSBt:'RG, P.\.-conti:1ucc~' 

------------~---1-----------------l------·----- -----~ 

I 1 o o 1 o 

i 1757· 5 i + 6. 50 + 5. 49 i +1. 01 

! 1784. 5 i 2. 88 3· 38 - . 50 
I 

1841. 7 

1846.4 

1855.7 

1862.6 

1872. 8 

+ 3. 90 - 3. 57 + . 33 

3.85 

4.53 

5.00 

5.46 

6. 04 

3. 85 . 00 

I 1799. s i .. 87 2. 6o : 

I 1s4r. 6 i 3. 43 2. 96 ; 

I 185 I. 5 i 3· 83 3· 56 ! 
I I I 

' 1874. 5 . 5. 32 5. 38 : 

: 1878. 2 5. 62 5. 69 ' 

: 188I. 2 5. 87 5. 95 
1882.7 6.08 6.07 

1884.0 + 6. IO + 6.18 

HATBOROUGII, I~. 

1680. s I + 8. 47 

1690.5 8.25 

1700. 5 7. 92 

1710. 5 
1720. 5 
1730.5 

1740.5 

1750.5 

176o. 5 
1770.5 

178o. 5 

1790. 5 
18oo. 5 

7.47 
7.00 

6.42 

5.58 

4.92 

4.00 

2.92 

2. 08 

I. 83 

I. 92 

+ 8.31 

8. 16 

7.86 

7.45 

6.96 

6.38 

5.66 

4.83 

3.93 

3.07. 

2.38 

I. 95 

I. 84 

- . 73 

+ .47 

+. 27 
- .06 

- .07 

. 1877. 7 

18S4.7 + 6. 36 

4.45 + .08 

4. 90 + . IO 

5. 64 ' - . IS 

6. 03 -- . 01 

+ 6. 57 - . 21 

- . 08 t-----------------cl 

+ .01 

- .08 

+ .I6 

+ .09 

' .o6 
+ .02 

+.04 
+ .04 

- .08 

+·09 

1795.6 

I840.5 

1843. 5 

1854.8 

1857.4 

1861. 0 

I862.6 

1874.S 

1876.9 

18n. 7 

1885.6 

HARRISReRG, rA. 

- o. 43 - 0. 02 - . 41 

+ 3· 2I + 2. 21 +1. 00 

2. 58 2. 44 T · 14 

3. 01 3. 31 - . 30 

3.32 3.51 - .19 

3· 50 3. 79 - . 29 

3.74 

4.85 

3· 90 - . 16 

4· 74 
1 

' ·II 

5. 17 4.86 + .31 

4. 89 4. 9I - . 02 

+ 5. 36 + 5. 33 + . 03 

+ . 07 1--------·---------cl 

- .15 Hl'NTINGDOX, PA. 

- . 30 1--------------.,.1---
-. 12 1840.6 +1.87 +1.631+.24 

+.08 1852.3; 2.27 2.461.:.....19 

1810. 5 2. 00 2. o5 - · o5 1874. 6 : J. 57 3· 94 I - • 37 

1820. 5 2. 45 2. 50 - . 05 1880. 7 ; 4. 25 4. 29 - . 04 

1830. 5 3. 00 3. 08 - . 08 1881.·5 4. 39 4. 33 + . 06 

1840. 5 ) 3· 83 3. 73 + . IO 1883. 3 4. 56 4. 43 + . 13 

1794. 5 - o. 50 
I 

1808. 5 o. 7I 

1816.9 0.50 

I818. 4 0. 37 

1822. 9 - 0. 25 

I825.9 0.00 

1830. s ...;_ o. 25 

1836. 2 0. 45 

1840. 6 l 

I850.3 

1852. 3 

1859. 8 

1863.2 

1864.2 

1865.4 

I866. I 

1867.8 

1869.4 

1871. 4 

1873- 3 

1876.5 

1877. 4 

1878.3 

1879.3 

183o. 3 

1881. 3 

1882.3 

1883.6 

1884. 3 

1885.4 

z. 20 

2. 25 

2.32 

2.40 

2.42 

2.58 

2.67 

3.00 

3· 21 

3.33 
3.35 

3.47 
3. 53 

3.6o 

3· j2 

3· 78 

3.82 

3· 88 

0. 31 

0. Ii 

- 0.05 

+ 0. 19 

0.48 

-- . 41 

.q 

- .06 

- .oS 

-· .05 

+ .oli 

- .03 

o. 74 + . 25 

1..:5 + .15 
I. 48 -+· . 22 

2. 00 . 20 

2. 23 + . 02 

2. 31 .Ol 

2. 39; -· .Ol 

2.45 - . 03 

2. 56 + . o~ 
2.68 - .OI 

2. 83 -· . 09 

2. 9i : ..+- . 03 

3. 21 .00 

3. 29 -- . 04 

3· 36. - .01 

3·43 + .o+ 
3· 52 + . OI 

3. 59 i .01 

3. 68 ' + . 04 

3.77 + .OI 

3· 83 - .01 

3.92 -· .04. 

1886.4 3.88 4.00 - .12 

1887.1 + 4.00 + 4.05 - .05 1850.5 + 4.42 + 4.39 j + .03 1884.4 i 4.62 4.481 + .14 

---------------1 I886. o i + 4. 63 -f: 4. 55 + . o3 
I 

~--·- -~·-----------, 

PHILADELPHIA, PA. 
llALTIMORE, ~ID. 

··-------~-----~· 
CHAMBERSBURG, PA. 

1701. 5 

! 1710. 5 
i 1750. 5 
I 1793· s 
l l8o2. 5 
1 j 1394. s 
I rsr3. s 
I 1s3M 
) 1840- 5 

+ 8.50 

8.50 

5.75 
J. 50 

I. 50 

+ 8. 13 i + .. 37 1----....,.-----------1---------------: 
7.s1

1 
+ .69 1736.8 + 4.25 + 4.06 -r .19 1679.0 r + 5.25 + 5.77 - .52, 

5. 28 I + . 47 1744. 7 3· 67 3. 53 + . 14 1683. 5 I 6. 25 5. 75 -:- . 50 . 

2.22 - .72 1746.2 3.32 J·4J - .II 1703.5 1 5.12 5.27 - .15 ! 

2.14 - .64 1754.5 3.27 2.82 .45 1720.5 [ 4.21 +·45 - .24 

2. 08 2. 09 - . 01 1768. 6 I. so I. 71 - . 21 1729. 2 i 4· 02 3· 93 + .09 

- .03 

+ .72 
- .30 

2.43 2. 23 

3. 87 3. 31 

+ J. 62 + 3.49 

+ .20 

+ .56 
+ .13 

11'70. 3 {. 50 J. 58 -· • 08 1754• 5 I 2, 28 2. 31 

1786. 2 I + o. 25 o. 37 _ . 12 1756. 9 2. 88 2. 16 

1787.2 - 0.25 + 0.30 - . 55 1771.0; + t.11 + 1.41 
<t. l 

H. Hx. 40-4~{ 
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GROUP !.-Comparison of obserred and computed Magnetic Declinations-Continued. 

r r.:::.:::u I z'cl:~ ~:~r:~ I 0- c. r~c:d I Z'cl:!. ~::;r:d I 0-C. r.;:;.:::u 1~.,;;_:~_. __ ~_~_~_iPn_,~~1_0_-_c_. I 
1- _ >'HnMou,"n=-''""""'' . ··o----"-·A_s_n_o_·:G_T_o_"_· _D_. _c._-_c_o_n_ti-nu_e_d_. --+--N-"E_'_'·_B_E_R_N_E,_N_' ._c_.-_c_01_1t-in_u_e_d_. __ ' 

1776. I 

i 1780.5 

I 1787-5 

I 18o8. 5 

I 1840. 7 

I 1847. 3 

+ I. 75 
0. 7i 

0.37 

0.21 

2. 27 

2.31 

I ::~~:~ 1 ~:;~ 
! 18n. 8 i + 18 

: 1885. 6 i + 4. 49 
,-----~-~-

al o o oj o 
+ 1. 19 ! + . 56 1885. 5 : + 4. 19 + 4. 07 + . 12 

1.021- .25 1886.5' + 4. 15 -+ 4. 12 + 
o.S2. - .45 ~-·----------------

.03 

0. 66 - .45 CAPE HE::\LOPEN, !>LL. 

I. 76 + . 51 1---------

2. II -+- . 20 

- .20 

3. 90 - . 16 

+ . 14 
-- . OJ 

1700. 0 

1795.5 

1833.0 

1843.8 

1846.5 

1856.6 

1885.6 

6.oo 

o. 92 

I. 25 

2.43 

2.75 

3.07 

+ 4.99 

5.98 T .02 

0.87 + .05 
j 

I. 67 - .42 

2. 26 -- . 17 

2.43 + .32 

3· IO - .03 

+ 5.oS - .09 
i---------------1 

I 1792. 51· - o. 24 - o. 04 I - . 20 
- --- -- ----·-----

I, 1 \\'1LLIA~1SBURC:, \' . ..\. 

I
I 18og. 9 + o. 87 -r o. 24 i + . 63 •--------

1841. o 1.34 1.311..J-.03 
! 1694. 5 + 5. 00 + 4. 89 I . II 

1842.0 1.40 

1855. 5 2.40 

1856. 6 2. 36 

1857. 2 2. 41 

1860. 7 2. 44 

1862. 7 
1863.6 

1866.8 

1867.5 

1868.5 

2.66 

z.70 

2.74 

2.80 

2.85 

2. 88 

2. 89 

2. 95 
3.00 

3.00 

I.
40

1· .oo 1780.5 + 0.83 + 0.76 + .07 
2. 26 + . 14 

I 

1809.5 - 0.55 - 0.20 - .35 
2. 30 + . 06 

1840.0 + 0.75 + 0.28 + .47 
2. 32 . + . 09 

1874. 9 , -!- 2. 20 -i- 2. JO ·- . IO 
2. 46 : - . 02 

2. 53 I -+ · lJ 

2. 57 + . 13 

2. 73 : + . 01 

2. 7j + . OJ 

2. 83 + . 02 

2. 88 . 00 

2. 96 - .07 

3· 03 - . 08 

---------------- - ____ .. 
1700. 0 ! + 4· 00 + + 65 j ·~- . 66 

3.33 

4·.53 
o.oo 

- .46 

+ ·95 
- .27 

+ . 19 

- . 12 

i .03 

0.00 

+ I. 34 

- o. 74 + . 74: 
j + I. 59 - . 25 

' 
CHARLESTON, S. C. 

1/00. 0 

1775. 5 
178+ I 

1785.8 
1825.0 

1833.0 

1837. 5 
1840.5 

1841. 4 

1847. 8 

1849.3 

1874.4 
1880. l 

1886.0 

- 0.50 

3.80 

5.25 

5.75 

3.75 
4.00 

2.90 

2.73 
2.40 

2. 25 

2.28 

0.97 

0.43 

- 0.24 

- 0.63 + .13 ! 
4.78 + .98 ! 
4. 90 - . 35 ! 

4.91 - .84 

3· 85 + . JO 

3. 39 - . 61 

3.12 + .=2 
2. 92 + . 19 : 

2. 86 + .46 

2.44 + .19 

2.34 + .06 

0.71 

0.40 

-- 0. JO 

-- . 26 

-- .03 

- . 14 I 
- ---- ---- ---- ----~----

SA VANNAH, CA. 

1817. 5 i - 4.00 
I 

1833.0 I 
1838. 5 I 

I 

5.00 

5. 08 

1839.5 I 3.52 

1852. 3 i 3· 67 
I 

1857·31 3.46 

1874. 2 ' 2. 28 
1886. 0 I -- I. 62 

+ .95 
i 

4.46 - . 54 

- 4.95 

4.23 - .85 

4. 19 + . 67 

3· 56 - . II 

3· 30 - . 16 

2.38 + . IO 

- I. 79 + . 17 ; 

>------------------. 
MILLEDGEVILLE, GA • 

1869. 3 ' 
1870. 5 ' 
1871. 5 

1872. 5 

187J. 5 
1874.5 

1875. 5 
1876.3 

_1.11 -.II 

3.18 - .18 

3. 27 I -- . 16 

3. 35 - . 09 

1728.2 

1]32. 5 
1809.5 

1832.4 

1856. 7 

1874.9 

1879.4 

1881. 4 

1883.5 

1884. 5 

0.75 

r.47 
2.66 

.z.70 

3.27 

3.37 

3.79 

3.58 

0.27 

0.56 

I. 59 

2:63 

2.88 

3.00 
3. II 

. 18 1----.---------.,,----~-. 
1805. 5 I - 5· so - s- 49 l - . 01 + .27 

+ .26 

+ 3. 18 + 3· 17 + .01 

~EW llE!tNE, N. C. 

1835. 5 I 4. 67 5. 29 / + . 62 

1838. 5 I 5· 85 5· 19 \- . 66 
1875. s I - 3. oo - 3. 20 + . 14 

I 
~·--'------------~----

i877*. 5 

1878.6 

1879.4 

188o.3 

1882.5 

1883. 5 

1884. 3 

3. 11 

3· 26 

3.31 

3.66 

3.75 
3.84 

3.92 

3·93 
4.00 

3· 41 - ·IO 

3· 50 + . 16 

3. 59 + . l!i 
3. 65 + . 19 

3· 71 + . 21 

3· 86 + .07 

3· 95 + .05 

~--------------~ PARIS, FRANCE. 

+ 4.00 I+ .03 

-~~-~--------

+ 4.03 

1796. 5 i -- 2. 67 -- 2. OJ - • 64 J--~--c-------....,.----
18o6. 5 t 2.00 2.0! + .01 1541.51- 7.00 - 6.6o 

lSog.51- 1.75 - 1.g6 + .21 1550.5 - 8.oo - 7.50 

- .40 

- .50 

*Change of station between 1876 and 1877. 
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GROUP I.-Cowparison of obserud and computed 1l1agneiic J)eclimitions-Contiuuctl. 

Year and I Obs'd Cornp'd I O-C 
fraction. __ ~ecl'n~~- _· 

PARIS, FRANCE-continued. 

158o. 5 

r6o3. 5 

r6ro. 5 

1630.5 

1642.5 

1660.0 

1664.5 

-II. 50 

8.75 

8.oo 

4.50 
2. 50 

I. 50 
- 0.67 

-IO. 73 
8.76 

7. 64 

4.51 

3.08 

I. I I 

0.47 

- -77 

+ .OI 

- .36 

+.or 

+ .58 

- .39 
- .20 

1667. 0 + o. 13 - o. 08 + . 21 

1670.5 

1682.5 

1687.5 
1695. I 

1703.5 
1712.5 
172!. 5 

1730.5 
1739.5 

1748. 5 

1757. I 

1765. 6 

1772. 5 

I. 50 + 0. 51 + . 99 

3· 13 3· OJ + . IO 

4. 87 4. 25 + . 62 

6.62 
9.00 

I I. I8 

I2.87 

I4.62 

I5-38 
I6.62 

17. 82 

I9.00 

+zo. 02 

6. 27 + . 35 

8. 54 + .46 

IO. 86 + . 32 
12.84' + .03 

14.40 I + . 22 

15. 61 I - • 23 

16. 66 i - .04 

I7. 691 + . I3 
I8.92 + .08 

I 

+20.01' + .OJ 

Yearandl Ohs'd 
fraction. decl'n. 

-- - - --- -

Comp'd I O-C. \'earan<l I Obs'<l Comp'cl 

decl_'•_'·~---f-f-ra:t'.011. -~ecl'u_._ ----d-ec_i_·n_. _, O ·-· C. 

!'ARIS, FRA~CE-continued. 

1779. 5 

I784.5 

I 791. 5 
I8oo. 0 

1803.5 

1805.5 

18o7. 5 

I812.2 

1816.5 
1827. 2 

1835.5 

1838.2 

1842.5 

1858.0 

I865.5 

1869.7 

1875.5 
1879.0 

1885.0 

1886.0 

1887.0 

+20. 67 

21. 42 

22.30 

22. 23 

21. 97 
22.08 

22.57 

22.33 

22.37 

22.25 

22.07 

21. 63 

21. 48 
I9.60 

I8.73 

17. 14 

17.35 

_r6. 93 

I6.25 

16. 15 

+16.03 

I 
! 21. 09 

21. 75 
22.39 

22.64 

22.59 

22.53 

- .42 I831.s I+ 6.98 + 6.88 -1- - '" 
- .33 I837.5 I 6.67 6.85 -- .13 

I845. 81 7. 02 6. 90 •
1 

-i- . 12 · - .09 

- .4r 1846 5 I 6. 88 6. 91 I - . 03 

_:;~_;,_:_~_~/_,_· ___ ~---~--~ __ +_~_:_~:_,_·_-_:-____ : ~: : -.62 

- .45 

22. 45 . I2 

22. 2I + . 12 RIO DE JA:-;EIRO, BRAZIL 

22. 02 + . 35 ·----------- --·------
21. 80 + .45 

2!. 84 --j- • 23 
1768. 5 ! - 7. 57 

Ij87. 5 1
! 6. 20 

21. 82 - . I9 1820. 5 

21. 66 . I8 1821. 5 

I9-51 + .09 1830.5 

2.90 

3.35 
2. 14 

- 2.00 I8. IO +-. 63 l8J6. S 

17.52!-.38 1857.5 +r.33 

16.'94 i + . 4 1 1866. 0 2. 70 

I6.71 I+ .22 1876.5 4.43 

I6.o8 +.17 1882.6 +4-65 

15.93 + .22 ·------

+15.76 + . 27 

7.41 i - . I(> 

6.42 + . 22 

3. 35 + . 45 

3.24 - . II 

2. 15 -f . or 

1.40 - .60 

+ 1.43 - ·IO\ 
2.61 + . 09 ! 
4.05 I . 38 i 

+ 4. 88 ' -- . 23 

RESULTS FOR GROL'P !.-Continued. 
Contents of cCllumns: Year of first observation and whole number of observations ui;ed iu the 

discussion; probable error of an observation or of a representation; ~·ear of neareist easterly di. 
gression or magnetic elongation with corresponding amount of minimum west declination (or max
imum east declination); annual chauge for three morlern epochs. West declination is indicated by 
a plus sign as is also i'fl{'reasing we8t declination; the contrary 1lireetion is indicated by a minus sign. 

--------T~ .g~-/ ~ i-J] ~ -/i-'i°' -11
1~~ § -r~~ 

1-d "'""lg·.:::j"S :;:§ uv i~§ 
- " ... 'i"" I s"' . "E-' s"' . ' Station . 

Annual change in-
1. ~ .,g o ·-~ Q.) ~ :, & u i --.:: j g_ I -·..;:: 

..: 11-~ 1-.('d -~ "-""' I ;::::l~pQ +.1~-1 ""'-"' ~ o ;-.. ~ t II ..o IJ'J 11_ :.n a..i • e ;.:::: u U'l ....... o s :..::::: (,) , -e I .... ~ s "' ll .g _! ~ 00 g -- ~ 8.. I lo'. ~ -~ ' .,. g 8.. I 

_z_i--------------,/-~ ! z _ 11_~-~ :;~ ~ ~, ~~;_1-~~= !-~-"'_""'_"_,_1_8_8_s_.o_. ____ rs_90_.o_. __ '_s __ 
9

_)_-___ o __ ·, 

. I I :\ I 0 I I 0 '· 

I8" : 10 I +I8 1: 1741 : '10 0 1, 1870 -L, 3i.2' Saint John's, Newfoundland. .),) I- ·: 1' . I --5. 7 -7. 4 -9. 0 ' 

2 Charlottetown, Prince Edward Is- 1833 9, ·1 1:: 1734 \-+- 8. 2 i 1884 +z3. 7 -0.3 -1.4 -2.4 

land. 
1 1 

I 
3 Halifax, Nova Scotia. 16o8 14 1 32 : 1713 : r- I 1. 9 I 1893(?) +20. 4 

4 Quebec, Canada. 1642 37 I 20 ii_ 1807 ! +12. I rl· 188!)(?) +17. 5 +o. 7 

S Montreal, Canada. 1749 9 \ 31 ':'. 1814 \ + 7. 7 ---- +3· 6 
6 E.mport,Me. 16d8 13 i 29 •: 1749

1
+11.2 \1899(?) +19.0, +1.3 

" I 
7 Portland, Me. 1763 10 ro 1! ins- + 8. 1 I 1913(?) +14. 4 ./ +z. 7 

I· I I 'I 

: =:~~~~~. :~:~ 
13 

I_~:: Ii_:~; \_~_~:_; l_~~~~ ·--- :1 !!: : 

+o.6 +0.2 -0. 2. 

0.0 -0. 9 

+3·3 -j-3.4 

+o. 9 +o. 3 

+z. 3 + 1. 8 : 

+5.o +3- 8 

+4·4 +3· 9 
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RESULTS FOR GROUP !.-Continued. 

Annual change in ·-

Station . 

z " --1--·-· -------- --------- ---~~ 

IO Chesterfield, K. H. 

I I Rutland, Vt. 

12 Portsmouth, N. H. 

13 Newburyport, Mass 

14 Salem, :\lass. 

15 Buston, Mass. 

16 Cambridge, :\las:,. 

17 Provincetown, :\fas'. 

18 Nantucket, '.\lass. 

19 Providence, R. I. 

20 ".illiarnstown, Mao,. 

21 Hartford, Conn. 

22 New Haven, Conn. 

23 Albany, N. Y. 

24 Oxford, X. Y. 

25 New York City, N. \". 

26 llethlehem, Pa. 

27 Hatborough, Pa. 

28 1 l'hiladelphia, Pa. 

29 Harrisburg, Pa. 

30 Huntingdon, Pa. 

31 Chamber.sburg, Po. 

32 Baltimore, :\Id. 

33 Washington, D. C. 

34 Cape Henlopen, Del. 

35 Williamsburg, Ya. 

36 Cape Henry, \'a. 

37 New Berne, N. C. 

38 Charleston, S. C. 

39 Savannah, Ga. 

40 ' l\lillcdgeville, Ga. 

41 l'ar:s, France.* 

42 Saint George's Town, Bermuda. 

43 Rio de Janeiro, Brazil. 

1812 27 

1789 6 

lj71 7 

1775 5 
1781 8 

1700 13 

1708 24 

1609 6 

1700 12 

1717 12 

1786 

1786 

1761 13 

I 1817 13 

1794 14 

1609 i 26 

1757 I IO 

1680 I 18(?) 

1701 16. 

1795 II 

1840 8 

1736 40 

1679 18 

1792 30 : 

1609 8 

1694 5 
1700 II 

17g6 5 
1700. 14 

1817 8 

1&l5 4 

1541 44 

1831 6 

1768 10 

±16 

16 

7 
13 

31 

23 

II 

19 

19 

7 

0 

1795 
1806 

-,-- 5.8 

6.2 

1793 

1789 

1790 

'-L 7.3 

,. 6. 9 

'·-t-
1778 

1783 -;-

1771 

1769: + 
1779 I+ 

5.9 
6.5 
6.9 

6. 3 : 1909(?) 

5. 8 . 1902(') 

6. 0; 
JI I. 1796 5· i 
12 1799 '+ 5.2 
11 1802 4. 7 

6 

9 
18 

19 

6 

lj 

15 
10 

7 
17 
6 

12 

1793 + 5. 2 

1797 ! + 3. 0 

1799 + 3 
1817 _;_ 2. 3 

1797 I + I. 8 
1802 , + 2. l 

1790 

1793 

1809 i 

o.o 

1802 : + 0. 6 

1798 i • 

1801 + o.8 

- 0.2 

- 0.4 

++ 6 

+5. 3 

+3·7 

+3.6 

+3· 7 

+4·3 +3·9 

+4·9 +4·4 
+J.2 +2.7 

+3· I +z.6 
+3.1 +2. 4 

;2.6 +z.2 +1.9 

+1.8 +1.5 +1.2 

+z.3 +1.8 +1.4 

+I.6 +1.1 +o.6 

+4·7 +4·4 +J.6 
+3·8 +3·4 +3.0 

+3· 6 +3· 5 +3· 3 

+4·1 +3·8 +3·4 

+3·4 +J.O +z.5 
,, +4.0 +3·7 +3·4 

+z.8 +2.9 +2.8 

+4· 9 +4· 6 +4· 3 
+s.2 +4·4 -H 3 

::: :~: ::: I 
+2.9 +z.4 +1.9 

+4· 8 +4· 7 +4· 5 
+3·4 +3· I 

- o. 3 +3· 4 +1. 9 +r. o 

+3.8 +3·5 +3.2 

17 1815 - 0.2 +3·9 +3·7 +3·5 
19 !' 8 + + + 

11 I 12 + 0. 3 i' 3, 3 3· I 2. 9 

25 i 1800 I - 2.0 ii +3· 3 +J.o +2. 5 

19 
1 

1788 I - 4. 9 Ji +z. 8 +z. 4 +z. o 

I 1 - 5. 2 Ii +z. 9 +z. 6 +z. 4 

I -- - i - s. 6 'i +3· 1 +3· 6 +3· 4 

18oo 

1816 

' ' . ·/1 
At east.ern / At west~rn elon-

1
/ 

I elongation. i gation. i'. 
J --~-~----\ 11 

f Epo=h. ~m.ou~~· \~h· I Amount. JI 

!; o I o / 

17 ! 1581 -10. 7 I 1799 +z2. 6 ii -8. 8t ---
11 

1 
1838 + 6. 8 I ii +3•4 +3•6 

±14 I \\ +7·9 +M 
+3.8 

+..'l·S 

*The maximum west declination, according to the formula, \vas reached in 1799, but according to direct observation in 
18o7 and again in 1814; the latter value, however, would certainly place it too late, the observation referring to noon and to a. 
single day. The observations when plotted appear stunted about the time of tum in the secular motion; omitting the effect of 
the secondary wave the primary wave would place the maximum in the year 1812. 

t According to Mr. Moureaux's observations (Memoires divers; observations magnetioues faites l l'observatoire du Pare 
Saint-Maur, pendant l'annee, 1885) the decrease between 1884.5 and 1885.5 was IY.3. 



 

UNITED STATES COAST AND GEODETIC SGRVEY. 

RESCLTS FOR GROUP !.-Completed. 

Ephemeris of magnetic declinatious. Compnte1i magnetic declination at each station for every 
tenth sear of the ser-ies, and after 1850 for every fifth year. .A. pins sign signifies westerly decli· 
nation, a minus sign easterly declination. The first tabular result for any st<ition indicates that 
the first observation made there fulls between that tabular date and the uext one following ~ t. 

-i ---~----r-- ·;~---I-~-------:--------~------

'11 ~ .. ~ ~ ~ z ~ ~ 
~ ~ rn c l v~ ~ ~ 

I 
~ ~ i ~ ~ I ~ ~ -ci j -~ ~ ~ 

~ =' I --;:: .:: ..§ ·- rn ~ ~ 
~ 1:~ I r:"'~ l.ll ~ °ii ,... 

·; '..c:: io-4~ ::I 5 

~ 
·....::: "-;:' 

.~". " -;: ~ 
"-' -
~ ::: : 
._) ;::::: i . u: )U , =z: :Y , ~ , 

\---''---'------·------- --0--1··-- ,-----·,---~ ----1-~', 

· o' o o o ol 

I 16oo -i-18" j+19* 

I :: +17 1+:~--
!: +11 1 ----

1650 
6o 

7o I 
·I 80 I 

90 +17 

1700 I +rs 
' IO: +13 

20 :1 ---·-

30 fl ----
40 I I 

' ! 
1750 ~ - II 

6o :I ----
~:II +·;4-- I 

1
+ 7- I 

go\ +17 + 6.6 
11 I 

18oo Ji 1+ 6. 3 

10 ii ---- + 6.o ! 6.23 
201 17.51 12.3! 7.9 14.9 6.4! 6.46 

+ S.4 7.2 
8.2 6.6 

S. I 6. I 

+ 8.2 7-4 5.8 

+ 8.5 7- 3 5.8 
8. 9 7. 2 6.o 

9· 5 7. 49 6.5 

401+28.5 +20.7'+1a.8i+13.8 +9·4+16.5 +10.85 1+8.95 7.9 +1.11+1.61 

7. 9 

7-5 
7.4 

7-4 

7. 7 
8. I 

8.72 

9- 47 

JO I +26.6 +19.3 l1 18.2 1, 12.9 8.4

1

15.7 10.1 1
1 8.14 7.2 7.0 \ - 6.93 

: I I I 
1850/ +19.3 +14.9 +10.7 +17.2 +rr.58

1

+ 9.66 8.82 +s.s;+8.46 ro.28 

SS! 19.6 15.5 II.4 17.52: ll.94 9.96 i 9.31 9.0 '1, 8.93 10.70 
6oi 6 120 17·83 1 I 6

1 

8o 11.12 19.9 i I .o . . 'I 12.29 i 10.2 i 9· 9·4 I 9.41 
65\ 20.11 16.5 12.5 18.12 12.63110.6o1 10.28 9·91 9.91 11.53 

70 i +20.2 +16.9 +13.0 +18.36 1+12.95 ~+10.981+10.76 +10.31+10.41 +11.94 ! , I ' 

1875 I +20.3 +17.2 j +13.5,+1s.5s11+13.25 
1

+11.42 f+11.24 +10.8 ,+10.90 -:12.32 
Soi 20.4 17. 4 , 13.sl xs. 74 13.52' 11. 911 11.68 11.2\ 11. 38 12.6s 

ss\ 20.s! 17.5
1
1
1 q.1\ ;8.88

1
:"13.76i 12.41112.1 u.61 11.841 13.00 

I 

I 

90 Ii 20.61 17.5 14.4 19.0 ' 14.0 I 12.85 i 12.5 12.0 / 12.261! 13.3 
I ' I I : ' 

• _I __ 9_s~i'--__ ,___ ___ +_2_0_.6-0..._+_1_1_._s I +14.7 !+19.o +14. 1 __ +:~_2 ___ +12.s_,__+_r_2_.3-'-!+_1_2_._6_,__i+_13_._s_, 

*Results for seventeenth century very doubtful. 
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RESULTS OF GROUP !.-Completed. 

---------------------------~--------~---

! ::- ~ I ~ ~ ; ~ ~ ; ~ ~ > ~ 

I 

5 ~ ~~ ~ ~ ·, ~ II ~ ~ ; ~ ] ~ ~ ~ z I z 
> § ~ :E E '1 ~i ] .; :E ~ :S ~ :E I .£ ~ I ~ '1 '"8' _, ., - a o = .. - t:: !!= ~ .s 

I
._ Q) "'2 ~ictt..,. CIS 2 ..... CIS 41 - ;.</ ____ z __ ' __ oo_

1
--=-___ u __ 11_~ ___ ._z ____ io.. __ ,_;:: ____ :i::: ____ z ____ ..: __ ~ 

I I I . 
16oo I 0 0 : 0 0 1· + 12: 0 0 0 0 0 0 0 

IO I I 12 

20 ~ I I 12. 5 

30 
1

: I 13 
40 ,: I +12. 5 

1650 I' I +12 

6o I' I I 12 

70 i II I I. 5 

80 ii ' I II II 

go 1
1 I 1+10 

!I I 11: /I 1+1;·; i+ :·: ,+ :-s 1+: 
: I! i ~ ; i : ; ! : ' I : 5 

40 I + 1. 6 1+ 1. 82 + 1 r+ 6. s 
I I i I 

I750 ,( ---- ---- + 7, I 1-f- 7.461+ 6.6 :+ 6 
6o t! 6. 8 : 7. 17 I 6. 4 I 6 

70 1:-r- 7. 2 I 6. 6 : 6. 961! 6. 3 I S· 8 
So /! 7. o 1+ 6. 1 6. 5 / 6. 86 6. 4 I 5. 9 

90 /i-f- 6.9 !+ 5·9 -j- 6. 65 Ill+ 6. 90
1
+ 6. 6 

1
:+ 6. I 

1
1 I, 

18oo ii+ 7.0 11 6.o + 6.go :+ 7.Io i+ 7.0 \+ 6.5 

Ioli 1. 3 I 6.4 +7.291 7.46! 7.5 7.0 
20 '11 j I I 

7. 8 I 7. 0 I 7. 78 7. 97 ! 8. I I 7. 6 

30 11 8. s I 7. 8 8. 37 8. 6o I 8. 73 I 8. 25 

40 i+ 9. 2 1-j- 8. 7 + 9. OI \+ 9· 29 1+ 9· 441+ 8. 92 
if I I I 

I850 \!+IO. 041-j- 9. 67 + 9· 67 1+ 9· 99 
1
1-j-Io. 15 1+ 9· 56 -j- 9· I8 -j- 8. I -j-6. 7i 

55 il 10. 45 I IO. I7 IO. 00 I JO. 33 IO. 50 I 9· 87 9· 53 8. 51' 7. o6 
6o ii IO. 87 I 10. 66 IO. 33 I JO. 63 ! JO. 83 10. 16 I 9· 78 8. 8 7, 36 

651
1 

11. 28 j Ir. 14 rn.64 !' 10.92 I 11.14 10.42 w.oo 9.2 7.68 

70\1+11.671+11.59 +10.94 1+u.171+11.4 -j-10.67 +10.21 + 9.6 -j-7.99 

J875 1
+I2.os ;+12.oI +11.221+11.40 +1r.7 

1

+10.89 /'+10.47 j +10.0 +8.30 

80
1 

12.4 : 12.39 11.47, 11.59 r 11.9 I 11.07 10.79

1 

I0.3 8.62 

85 . 12.7 I 12.7 I1.7 I 11.74 1 12.1 I 11.21 111.17 10.6 8.92 

go I I3.o 

1

1 I3.o 11.9 , 11.9 

1

, J2.3 I1.33 n.56 10.9 9.2 

95
11

+13.2 .+13.2 -j-I2.I +12.0 .+12.5 +I1.4 
1
+11.9 I +11.2 -j-9.5 

+10 4 

9.5 
8.8 

+ 8.4 

+ 7.8 

~o +~1 

6.3 5.6 

! 6. 0 + 5· 9 +5· 4 5· I 

/+ 6. 2 + 5. 7 -j-5. 2 -j-4. 8 

[+6.46 -j-5.7 -j-5.16 +4·7 

I 6. S4 s. 9 5. 24 4. 1 
6. 7 I 6. 3 5. 46 5· 0 

7. 29 6. 8 ' 5. 8o 5· 39 

+ 8.24 + 7.4 -f6.24 ', -f-5·95 

+J-01 

+ 5.41 J. IO 

s. 81 I 3.40 

6. 35 3· 87 

+ 7.00 -j-4.46 

-j-6.6I + 7.74 +5· 14 
6.97 8.12 5. 51 

7.35 8.49 5.89 

7. 72 8.86 6.26 

-j-8. IO + 9.23 +6.65 

+8.47 + 9.57 +1.02 
8.84 9.go 7. 38 

9· I9 IO. 19 7. 72 

9.52 10.461 8.05 
I 

+g.8 +10. 7 I +8.35 
: 

*Results for seventeenth century very doubtful. 
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RESULTS OF GROUP !.-Completed. 

----'---~!----!·------------ - -------- ------
;1 0 0 0 

16oo 1 +s* 
IO l1 6 

20 I! 6.5 
1i 

30 Ii 1 
4oq +1.5 

165011 +8 

: I ::~ +5.7 
8o lj 9· I +8. 3 5· 8 

90 Ii +9.o +s. 2 +5· 7 

I 1700 Ii +s. 7 +7· 9 +s. 2 +s. 4 
"mil 8.2 7.5 7.8 5.0 
2oil 7.7 7.0 7·4 4·5 

!: II 7·3 6.4 6.8 +4-50 3.9 I 

1756oo II ::: : +6. 1 ::: : ::: : ::: :: ::: : I 
5.3 s.3 3.9 4.4 2.40 2.0 \ 

70 )I 4. 7 4. 5 3· ! 3. 6 I. 60 I. 46 I 
8o I 4. 4· 3. 7 2. 4 2. 8 o. 81 I. 04 I 
90 JI +4· 4 +3· I +2. o +2. 3 -o. I +o. 14 +a. 761 

r8oo 11 +4· 3 +2. 6 +I, 8 +z. I +a. 0 -o. 30 ' +a. 64 II 

20
10

1

, 4.4 2.3 2.0 2.16' 0.3 -0.441 o.68 

4. 52 2. 3 2. 5 2. 44 o. s -o. 21 i o. ss I o. s I 
30 I 4. 92 2. 5 3. o 2. 91 1. 4 +o. 14 i 1. 23 1 o. 65 , 

40

1

1 +5.6o +2.9 +3·7 +3-46 +2.2 +1.6 1 +0.70 I +1.70 i +1.25 I 

1850 +6.35 +3·46 +4·35

1 

+4071 +2.94 +2.3 \\ +1.34! +2.27\ +1.98! 

4··39 II 55 6. 68 3· 81 4. 6 3· 33 2. 6 I. 67 2. 58 ! 2. 24 1 

6o I 6. 97 4· 19 5. 0 4· 73 3· 71 • 3· 0 I 2. QI 2. 90 I 2. 44 

65 7. 23 4· 58 5. 3 5· o8 i 4· 08 ' 3· 3 I 2. 36 3. 23 I 2. 64 ! 

7v +7·47 +s.oo +5·7 +5·44 / +4·43 +J.66 [ +2.72 +3·55, +2.93, 

1875 +1.69 +5-42 +6.2 +5.8r / +4·75 +3·97 [ +J.IO +J.81 I +J.30 i 
8o 7.92 5.85 6.7 6.201 5.051' 4.25[ 3.49 4.171 3.701 
85 I 8. 15 6. 26 7. I 6. 59 5. 30 4. 51 I 3. 89 4. 47 i 4. 04 I 
90 I 8.41 6.66 7.6 6.97 i 5.52 i 4.7 

1
i +29 4.74 \ 4.26

1 
I I I 

95 / +s. 1 +1. 03 -1-1. 9 +1. 4 I +s. 1 ! +4· 9 ,1 +4· 67 ,5. oo ,i +4· 37 ,,' 
--~) ____ -----'----'-----'----~/----'-------'-·---~-------

+o.o 

-0.1 

+0.2 

* Results for the seventeenth century very doubtful. 

4 

4. 5 

5 

+5-5 

+6 
6.5 
6.6 

6.5 

+6.4 

+6.o 

5.5 
4.9 
4.2 

+3·5 

+2.8 
2.2 

I. 6 

I. 2 

+0.9 

+o.8 

0.9 
I. I 

I. 5 
-t 2. o+ 

+z.65 
2. 99 II 

3. 33 ' 
J.68 

+4.03' 

4.72 

5. 04 

5.34 
+s.6 
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GROUP ll.-Series of Magnetic Htations mainly in tlte central part of the United States betircen 
tlte Appalacltian and Rocky jlfountain ranges. 

Tim st<ttions of this central -series are distributed o\·er the regiou south of the Hudsou Bay 
anti the area between the eastern and western mountain ranges inclosing the draiuage of the Gulf 
of Mexico, with two stations in tbe West Indies and one in Centra,l .America. 

Obser':ations were collected and discussed for secular change of declination at the following 
places: 

1. York Factory, Hudson Bay, llr. Poss. 
__ Michipicoten, Ontario, Canada. 

2. Sault de Ste. Marie, Mich. 
3. Duluth, Minn., and Superior City, Wis. 
4. Pierrepont Manor, N. Y. 
5· Toronto, Canada. 
6. Grand Haven, Mich. 

__ Madison, Wis. 
__ Milwaukee, Wis. 
7. Buffalo, N. Y. 
8. Detroit, Mich. 
9. Erie,Pa. 

10. Chicago, Ill. 
11. Oeveland, Ohio. 
12. Omaha, Nebr. 

I 3. Pittsburgh, Pa_ 
Denver, Colo. 

14. Marietta, Ohio. 
15. Cincinnati, Ohio. 
16. Saint Louis, Mo. 
__ Nashville, Tenn. 

I 7. Florence, Ala. 
__ Natchez, Miss. 
18. Mobile, Ala. 
19. New Orleans, La. 
20. San Antonio, Tex. 
21. Key West, Fla. 
22. Havana, Cuba. 
23. Kingston, Port Royal, Jamaica. 
24. Panama, New Granada. 

The first columu of the record for any station contains the runuing number of the observed 
values made use of in the discussion, the second the date of the obserrntion, the third the ob
served value, and the fourth the nanrn of the observer, the geographical position of the station, 
the reference to publication, and other pertinent remarks. 

2 

3 

4 

5 

6 

7 

1725. -
1787 __ 

1819, September. 

1143, July 24, 26. 

1857, August. 
1878 __ 

1879 __ 

18~. September 12, 13. 

H.Ex.40--44 

1.-YORK FACTORY, HUDSON BAY. 

¢=56° 59'.9 -1=92° 26' W. of Gr. 

I 
0 

19 

I : 00.3 

9 oo.6 

7 37 
5 3° 

7 00 

6 39.8 

W.1 Capt. Middleton; Hansteen's Magnetismus der Erde, 1819. 

\V. Hansteen's isogonic chart; reference as above. 

E. I Sir John Franklin, in ¢ = 57° oo', J. = 92° 26' W. Gen. Sir Edw. Sabine, 

I Proc. Roy. Soc., 1858, and Conts. to Terr. Mag. No. xiii, Phil. Trans. Roy. 

I 
Soc., 1872. 

Capt. Lefroy, R. E.; Sir J. H. Lefroy's Magnetic Survey of Canada, etc., 

London, 1883. 

I 
Capt. Elakiston, R. E.; reference as before. 

Alfred R. C. Selwyn, director Geological Survey of Canada; Report of 

: 1878--'79, appendix vii, Montreal, 18&>. At N. E. side of fort; this lo-

!I cality appeared to be subject. to local attraction. [Value not used-SCH.] 

Observer and reference as before ; at the S. W. side of fort. 

E. J Ottci J. Klotz, D. T. S. Communicated by the Hon. E. Deville, Dept. of the 

Int., Ottawa. At Capt. Lefroy's station, in ¢=56°591.9,1=92° 261 W. 

See also letter of 0. J. Klotz to this office, dated March 19, 1885. 
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GROUP IL-Series of Jlfa911etic Stations; etc.-Continued. 

2 

3 

2 

3 

4 

5 
6 

7 

1824 __ 

1844, October 30. 

1880, July 21, } 

September 9. 

1790 __ 

1819, May 2. 

1843 __ 

184.i,, November 4. 

1845--
1846, November. 

1856, September 29. 

1873, Jnly 22, 23. 

8 1879, November 12. 

f 188o,July II, 13, 14, 17, 19 .. 

9~ 
I 
l 188o, August 6, 7. 

MICHIPICOTEN, O'.'<TARIO, CANADA. 

¢ =47° 561.0 li.=84° 50'.6 W. of Gr, 

(Garden, Hudson Bay Company's ground.) 

20.5 

E. i 
I E.i 
I 
I 

I 
w.\ 

I 

Capt. Bayfield, R. N.; Sir Edw. Sabine, in Phil. Trans. Roy. Soc., 1872, 

Cont'n xiii. Fort !'1-lichipicoten is placed in ¢=47° 561 , il.=85° 05 1 W. 

Lieut. J. H. Lefroy, R. E.; Gen. Sir J. H. Lefroy's Diary of Magnetic Survey 

of Canada, etc., London, 1883,p. 167; in 9=47° 561 .o, il.=84° 541 \V. 

[In foot-note, p. 72, it is pointed E>Ut that th.e value heretofore given (3° 491 

E.) was erroneous-Sett.] 

Lieut. S. W. Very, u. S. N., Actg. Asst. Coast and Geodetic Survey. Posiliun 

as in heading. Coast and Geodetic Survey Report for 1881, App. 9. 

[Results at this station insufficient for discussion; the C)rrected value for 

1844 appear> less probable than the old value-SCH.] 

2.-SAULT DE STE. MARIE, MICH. 

o I 

0 

2 32.8 

I 08 

I OI.l 

il.=84° 201.1 \V. of Gr. 

(Garden of Fort Brady.) 

I 
E. l Alex. Mackenzie; Voyages through the continent of America, London, 

I 18o1. Falls of Ste. Marie, in qi=46° 31 1 , li.=84° oo' W.' 

I Sir John Franklin; Sir J. H. Lefroy's Magnetic Survey of Canada, etc., Lon-

i don, 1883. [Not used-ScH.] 

Lieut. J. H. L.efroy; Sir Edw. Sabine in Phil. Trans. Roy. Soc., Cont'n xiii, 

I 1872. 

Lieut. J. H. Lefroy; Sir J. H. Lefroy's Magnetic Survey of Canada, etc., 

London, 1883. In Phil. Trans. Roy. Soc., 1872, position in ¢=46° 31 1 , 

A=84° 321 W. 

Observer, position. and reference as before. 

Lieut. G. C. Westcott, U.S. A. Information from Mr. J.B. Baylor. 

o 32.1 E. Karl Friesach; Kais. Acad. der Wiss., vol. 29, Vienna, 1858; position a • 

signed t/>=46° 30', ll.=84° 34' W. 

o 04.9 W. Capt. A. N. Lee, U. S. E.; Survey of the N. and N. W. Lakes, Gen. C. B. 

I 01.0 

0 53.7 

I 04.5 w. 

Comstock in charge. MS. of 1873, also Report of Chief of Engineers, U. 

S. A., 1874,App. CC. In ¢=46° 301, i.=84°201.oW. 

City Surveyor at Fort Brady. Information from Mr. J.B. Baylor. 

Lieut. S. W. Very, U.S. N.; Actg. Asst. Coast and Geodetic Survey. In veg

etable garden of Fort Brady; in (1=46° 29'.9, A=84° 201 .1 W. 

Coast and Geodetic Sun·ey Report for 1881, App. 9. 

J.B. Baylor, U. S. Coast and Geodetic Survey. In military post garden, 

about 30 meters N. \V. of Lieut. Very's position of r88o. Reference as 

above. [Mean o 0 591.1 W.-ScH.] 



 

2 

3 

4 

5 
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GROUP n.-=-Series of ltlagnctic Stations, etc.-Oontinued. 

1824. 5. 

1859, July. 

1861 __ 

1870, September 20. 

1871, June 20, 27. 

1873, August 13, 15. 

1880, August 21, 23. 

3.-DULUTH, MIN!'<., AND SUPERIOR CITY, WIS. 

0 

12 30 E. Capt. Bayfield, at river St. Louis, near Fond du Lac, in~ =46° 43', /. = 
92° rn1 W. Sir Edw. Sabine, in Phil. Trans. Roy. Soc., 1872, Cont'n xiii. 

9 25.2 

10 12 

IO 30 

[To reduce to Duluth subtract 10'; not used-S.cH.] 

Lieut. W. P. Smith, U.S. Survey of N. and N.W. Lakes; Capt. G. G. Meade, 

Detroit, 1859. At Minnesota Point, in o =46° 46', i. = 92° 14' \V. 

U.S. Survey of N. aml N.W. Lakes. 

Gen. C. B. Comstock, U. S. Lake Survey; at Superior City, in dJ = 46° 43', 

). =-92° 041 W. Gen. Comstock'< letter of May 7, 1875. 

Gen. C. B. Comstock; reference as before. In<!> =46° 45'4, A. =92° 04'.5 

,V. At North Base, Minnesota Point. 

II 51. 8 Capt. A. N. Lee, U.S. E.; at Duluth; Report of Chief of Engineers, 1874, 

App.CC, and letter of Gen. Comstock as above. In 0=46° 45'.5, ' 

;l. =92° 04'.5 W. [Not used.-ScH.] 

9 45. 4 E. ]. B. Baylor, U. S. Co1st and Geodetic Survey; at Superior City, in 'i' =46° 

40', A=92° oi' W. Coast and Geodetic Survey Report for 1881, App. 

9. [To this value double weight is given-SCH.] 

~- ·------------'------'-------------·--------------------

2 

3 

4 

5 
6 

7 

8 

9 
10 

II 

12 

4.-PIERREPONT MANOR, JEFFERSON COUNTY, N. Y. 

1823, September 18. 

1847, September 18. 

1856, November 25. 

186o, July 15, 16. 

1863,July 10. 

1864, April 12. 

{May} 1865, 4· 
June 

1866, September II. 

1867, Jnly 27. • 

1868, May 12. ) 

1869, May 11. 

1870, May 27, September I 
21. . . I 

cp=43° 44'.5 'i.=76° 031 .0 W. of Gr.* 

: :6. 1 w. / W. C. Pierrepont. Letter of Verplanck Colvin of May 5, 1871; also, report 

of the Adirondack State·land survey, 1886, Verplanck Colvin superin

tendent, Albany, 1886. [Compared with an observation at Lowville in 

1821, viz, 4° 30' \V., the Pierrepont Manor value appears too small. A 

table of values in tbe Adirondack Survey Reports for 1884 and 1886, giv

ing observed and interpolated declinations between 1797 and 18j4, is very 

defective.t The ,,.eight YJ is assigned to the 1823 observation-SCH.] 

4 23 

5 10.0 

5 36 

5 44 

5 5° 

6 00 

6 15 

6 JO 

l 
I 

I 
6 10 I 
: ~~-5 w. J 

Letter of V. Colvin of May 5, 1871, and his reports of Adirondack Surveys ! 

of 1884, 1886. 

*The geographical position here given depends on that of Mannsville as determined by the U. S. Lake Survey. 
t The table gives zero declination for October 1, 1797. This mistake originally arose, I supppose, by confusing the annual 

change, which was then about zero, with the declination itself. Mr. Colvin himself points out elsewhere in his rept"rt of 1886 
that the declination was not zero in the Adirondack region about that time, but reprints the table uncorrected. 



 

348 UNITED S1'ATES COAST AND GEODETIC SUR VEY. 

GROUP IL-Series of Magnetic Statums, etc.-Continued. 

4.-PIERRF:POXT MANOR, JEFFERSON COUNTY, N. Y.-Continued. 

I 8 ].~. October 20. 

0 ,-

6 44 \Y. , LettEr ofV. Colvin of May 5, 1871~ and his reports of Adirondack Surveys of 

1884, 1886. 

6 11. 9 W. ! Dr. T. C. Hilgard, Observer to U.S. Coast Survey. Station half a mile S.W. 

of village, stone in pasture on Pierrepont's meridian line. [\Veighted value 

6° 331 W. adopted-SCH.] 

---------------------------------------------

5.-TORONTO, ONTARIO, CANADA. 

4>=43° 39'.4 '-=79° 231.5 W.ofGr. 

(The Magnetic Observatory.*) 

----------------~-----------------------------

I 840, January. 

2 1841.5. 

3 1842. 5. 

4 1845. 5. 

5 1846. 5. 

6 1847. 5. 

7 1848. 5. 
8 1849. 5· 

9 1850. 5. 
10 1851. 5. 
I I 1853, July and August. 

12 1854, February, )farch, 

April, and June. 

13 1855, August to December, 

both inclusive. 

14 1856. 5. 

15 1857. 5. 

16 1858. 5-

17 1859. 5. t 
18 186o. 5. 

19 1861. 5. 

20 1862. 5. 

21 1863. 5. 
22 1864. 5. 

23 1865.5. 

:q. 1856. 5. 

25 1867. 5. 

26 1868. 5. 

: :7 'v· I Capt. C. J.B. Riddell, R. A. Phil. Trans. Roy. Soc., 1849. 

I r Vol. i, Toronto Mag'] and Met'! Observations, p. xi. Mean annual declina-

1 
14

' 3 
I, t tions. In the abstract of results, published in 1875, 1° 19'.1 W. is given 

I 18. 9 
I for 1842.s. 

I 29.1 

I 30.8 

I 33.2 

I 35·4 
I 36.9 

I 38. 6 

I 40.9 

I 46.I 

I 48.0 

I 52.3 

I 56.3 
2 00.5 
2 04.5 

2 07.4 

2 10.6 

11 

I
I } Vol. ii, Toronto Mag'! and Met'! Observations, pp. iii-v. Mean annual 

1 

I declinations. 

IJ 
ii 
j J These values are corrected for annual aud secular variations. 

!1 
'I 
11 

= ;;: ~ I r· Mean annual declinations. 
2 19. I 

2 21. 9 

2 24. 8 I 
2 27.6 

2 29. s I 
2 33. 2 w. IJ 

"'For values in the above table prior to 1869, see also results published by G. T. Kingston, M.A., director of the Magnetic 
Observatory, Toronto, in the Canadian Journal, especially two communications," Monthly absolute values of the magnetic ele
ments at Toronto, from 1856 to 1864, inclusive," and" Monthly absolute values of the magnetic elements at Toronto, from 1865 
to 1868, inclusive, with the annual means from 1841 to 1868." Director Kingston placed the observatory in ;=43° 39'·4• A.= 
7)0 23'.3 w. 

t June 25-30, 1859, Lieut. W. P. Smith observed the declination 2° 111.6 W. Capt. G. G. Meade, U.S. Survey of the N. and 
N'.W. I.akes, Detroit, 1859. [Not used-ScH.] 



 

27 
28 

29 

30 

31 

32 

33 

34 

35 
36 

37 

38 

39 

2 

3 

4 

5 

6 

2 
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GROUP II.-Series of Ma.gnelic Stations, etc.-Continned. 

1869. 5. 

1870. 5. 

1871. 5. 
1872. 5. 

1873. 5. 

1874. 5. 

1875. 5. 

1876. 5. 
1877. 5. 
1878. 5. 

1879. 5. 
188o, October 18. 

1884, August. 

1825 .. 

183j .. 

1859, August 18. 

1865 •. 

1873, August 28, 29. 

188o, July 20, 21. 

1839, November 2. 

1841, September. 

5.-TORONTO, O~TARIO, CANADA--Continued. 

0 I I 
2 37. I W. }Abstracts and Results of magneticaland meteorological obsen·atiom at :he 

2 41. 9 Magnetic Observatory, Toronto, Canada, from 1841 to 1871, inclusiYe. 

2 47. 9 Toronto, 1875. Mean annual declinations. 

2 53· 0 

2 58.3 

3 04. I 

3 l I. 7 
3 .18. 5 

3 24.9 

3 31. 4 

3 37.3 

l 
I 

I Mean annual declinations commu;1icated Feb. 28, 1881, by :\1r. Cha» Carp· 

mael, director of the Toronto Magnetic Observatory aml Supt. of the r . I Meteorological Service, Toronto, Ontario. [In a recent com1llunication 

I 
to the Supt. of the Nant. Alm. he gives the longitude 79° 23' 39"

SCH.] 

I J 
3 41. I ! Communicated by .'\Ir. C. Carpmael, director of the ohservatory, Jan. q, 

I 
188r. 

3 57. 2 ,V. Communicated by Mr. Otto J. Klotz. Proceedings of the Association of, 

I Domini~n Land Sun·cyors, Ottawa, 1885. 

6.-GRAND HASEX, MICH . 

?=43° 05'.2 .il.=86° 12'.6 W.of Gr. 

0 

3}.( to 6° E. L. Lyon; at Grand River in 9 =42° 55 1 , l.=86~ IO'\\'. Prof F.. Lonmi,, 

Sill. Jour., vol. xxxix, 1840. 

4 30 

6 15 

4 15 

3 28.2 

Geological Report; reference as abo,·e. In 9=42° 55', ).=86° 10' \\". 

Geological Report; reference as abo,·c. In ¢=43° 191 , l.=85° 59' \\·. 

Lieut. W. P. Smith, U.S. Sun·ey of N. and N. W. Lakes; report by Capt. G. 

G. Meade, Detroit, 1859. In¢> =43° 05 1.2, l.=86° 12'.6 \\'. 

U.S. Sun·ey of N. and N. \Y. Lakes. ~1S. by Col. Reynolcls, Tlec .. 1865. 

ln ¢=43° 04', l.=86° 131 W. 

Capt. A. K. Lee, U.S. Survey of K. and N. W. Lnkes; MS. of 1873. See 

also Report of Chief of Engineers for 1874. 

2 25. 7 E. J.B. Baylor, U.S. Coast and Geodetic Survey. ·rn grounds of the.county 

court.house,9=43° 04'.7, i,=86°12'.6\V. Coast and Geodetic :'iun·ey 

Report for 1881, App. 9. 

O I 

7 30 

7 3° 

MADISON, WIS. 

(University of Wisconsin.) 

E. Dr. J. Locke; in survey of" Mineral Lands," Exec. Doc., 1839-.)0, ml. 

vi, 1839. In ¢=43° 03', -'·=89° u' W. 

E. Dr. Locke and Prof. Loomis; southeast of the State-house (or co.pita!), in 

y=43° 041 .5, .il.=89° 23'.o W. Phil. Trans. Roy. Soc., 1872. [The 

long. given, Sg" o6', is much in error-Sen.] 



 

350 UNITED STATES COAST AND GEODETIC SURVEY. 

4 

5 

Gnour IL-Series of ,1Jagnetic Stations, et.c.-Continued. 

i 

1876, October 10, Il, 12, 11 

13, 14. 

1877, August 30, Septem-1 

ber 21. 

1878, August 29, 30. 

1878, September 8, 9, IO, 

I I, 12, TJ. 

1879, September 22 to 

October 11. 

IS.Sn, September I 5 to 22. 

:\JADISON, WIS.-Continued. 

6 59. 7 E. F. E. Hilgard, obsen·er for U.S. Coast Survey; 

Coast iml Geod'c Survey Rep. for 1881, App. 

9. [Not used-Serr.] 

6 44. 9 : A. Braid, U. S. Coast Survey. Reference as 

abo,·e. [Not used-SCH.] 

6 34. o Dr. Gustavus Hinrichs; in connection with niag-

netic ourvey of Iowa. MS. communcation. 

6 31. 8 W. Suess, observer for U. S. Coast Survey; 

Coast and Geodetic Survey Report for 1881, 

App. 9· 

6 22. 9 J. B. Baylor, U. S. Coast ind Geod'c Survey. 

Reference as before. [Corrected for local 

attraction; weight assigned, ~-·SCH.] 

l Station near and sonth of 

I 
University central 

building, in <1>=43° I 
I 

041'.5, A.=89° 24'.2 

W. [This place was 

I found affected by· the 

I
}- erection of a watertank 

and of vertical pipes,_ 

I 
hence a new station 

was established in 1878 

JI 

on the University 

farm,* about 1 st. mile 

west-Sett.] 

6 26. 8 David Mason, observer for Coast and Geod'c Survey. Station on Univer-

sity Hill, south of building. 

6 20. 9 E. Observer, po<ition, and reference as above. 

*The observations on the University farm, in ¢=43° 04'.5, ~ ==89° 25'.2 \V., gave the following results (see Coast and 
Geod'c Survey Report for 1881, App. 9): 

ISiS, Xoven1ber 13, q, 15. 

1879, October 6, 7, 8, 9. 

188o, September 23 to 28. 

1881, December 16, 17, 

18, I<). 

! 

6 3 I. i E. ' ]. B. Baylor, obsencr_ 1 [Combining the two 

6 30. 9 'Dav. '-1ason,observer_ ~ stations,thcfollow-

6 22. 9 Dav. Mason, observer_ I ing mean value> 

6 21.0 E. \V.Suess, observer ___ J were adopted: 

For I 878.8, 6 31.3 E. 

1879.7, 6 28.8 

188o. 7' 6 21.9 

1881.9, 6 19.8 E. 

-SCH.] 

[From the values collected at this station nothing further can be deduced than the average annual change, which was+ 3'.9 
between 1878 and 1882--:-ScH.] 

I 859, ,\ ugust 20. 

2 1873, August 22. 

3 1878, May. 

MILWAUKEE, WIS. 

\)=43° 03' 

0 ' 6 20. I 

6 22.4 

6 43 

E. 

E. 

Lieut. W. P. Smith, U.S. Survey ~f N. and N. W. Lakes; communicated by I 
Capt. G.G. Meade, Detroit, 1859. In ¢=43° 021.8, l.=87° 551.1 W. \ 

Capt. A. N. Lee, U.S. E.; sun•ey of N. and N. W. Lakes, Gen'! C. B. Com- j 
stock in charge. MS. received in 1873. Position as above. 

Major D. C. Houston, U. S. E.; Report of Chief of Engineers, 1878, part 

ii, p. 1166, map. (Observations insufficient for discussion-SCH.] 
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1797 __ 

1837 __ 

1859, June. 

1872, June 14. 

1873, June 4 and 5. 

1885, September 17, 18, 

19. 

18!0_ -

18,22 __ 

1828 __ 

1835 __ 

1840 __ 

1840 __ 

1859, April. 

1865 __ 

1872, May 8-29. 

187J, May 5-17. 

7.-BlJFFALO, K Y. 

\1>=42° 52'.8 A=78° 53'·5 W.ofGr. 

I 

o I 

0 O::> 

I 0 30 

11 25 

1

1 15 

I 25 

2 56. 5 

3 52.4 

(Light-house in the harbor.) 

'N. i Amry Atwater, surveyor; east end of Lake Eric. MS. collection by Charles I 
\Vhittlesey; communicated to the Coast Survey )larch 26, 1860. I 

Buffalo reservation, lake shore. August Porter, in twenty-second report of 

Regents of University, New York, Albany, 1869. I 
R. \V. H1skins,in 9=42° 531 , I. =78° 55 1 \V. Prof. E. Loomis' collection, I 

Sill. Jour., vol. xxxiv, 1838. II 

. At Fort Erie, \i'>=-P 0 521 , '-=78° 59' \V. U.S. Lake Survey chart. 

~::::~~~~~~ZE:1 ;G~n. :.irL::~v-~:::.i:~·~ 1~:n:i:::;c5:~i:,: ::i15~::::. II 

near south pier. Report of the l'. S. Lake Survey, by Capt. G. G. Meade, 

Detroit, 1859, App. D. I 
Capt. A. N. Lee, U. S. Lake Sun·ey, in <1>=42° 53', /, = 78° 54' W. Re

port of Chief of Engineers for 187 3, magnetic results, 1870--73, pp. I 195-1 

ll97· 
3 58. 3 

1 
Observer, position, and reference as before. 

5 04. 3 W. i J. B. Baylor, subasst. lJ. S. Coast and Geodetic Survey. At Fort Porter, 
I 
' y\=42° 55 1, /, = 78° 54' W. MS. in Coast and Geodetic Survey archives. 

8.-DETROIT, MICH. 

<1>=42° 20'.o ?.=83° 03'.o W. of Gr. 

I 0 , 

2 48 E. J. Mansfield. Prof. E. Loomis' collection in Sill. Jour., vol. xxxiv, 1838. 

I 
3 13 
2 50 

2 IO 

2 00 

I 56 

0 42 

0 40 

0 25.2 

0 17. 3 

Position assigned, 9=42° 301, i.=82° 581 \V. 

L. Lyons ---------1 Prof. E. Loomis' collection in &11. Jour., vol. xxxix, 
L. Lvons ·-·--- -··--, 1840. Position assigned, a•=42° 24', /, ~~82° 
Geological Report _ I ' · 

58' \V. 
Geological Report _ J 
Prof. E. Loomis; Gen. Sir Edw. Sabine, Phil. Trans. Roy. Soc., 18;2, Con-

, tribution No. xiii. 

I { lJ. S. Lake Survey. MS. communicated by Col. W. F. Raynolds, U. S. E. 

\ Position assigned, </>=42° 20', I. =83° 03' \V. 

1876, June 3, 6. · 10 04.7 E. 

1 
{Capt. A. N. Lee, U.S. A., observer; U.S. Lake Survey, Gen. C. ll. Cum· 

stock Superintendent. Report of the Chief of Engineers for I 87 3, pp. 

n95-1197. Position assigned, ef>= 42° 201.0, A.=83° 021 .5 W. 

Lieut. T. N. Bailey, observer; U.S. Lake Survey; Report of Chief of En· 

gineers for 1877, vol. 2. Position assigned, ef>=42° 20', A.=83° 031.1 W. 

11885, September 2, 3, 4. 0 31.0 W. J.B. Baylor, subasst. U. S. Coast and Geodetic Survey. MS. in C. and G. S. 

archives. Rear of Harper Hos~ital. In 9=42° 21 1.0,?.=83° 03'.1 W. 
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GROUP II.-Series of .Mag1ietie Stations, etc.-Uontinued. 

J 786, October. 

1793 __ 

1795 __ 

1841,August 9. 

i855 _ -

1859, April. 

1862, August 6, 7 

1867, April. 

1873,June 12, 13. 

187 3, October. 

1876 •. 

1877, Nm·ember. 

1883, November 9. 

0 32 

0 42. 2 

0 43 

0 30 

I 33 

I 34 

I 44.4 

I 33 

I JO 

2 13 

2 00. 7 

2 36 

2 50 

3 00 

3 20 

1885, September II, 12, 14. 3 08. 2 

9.-ERIE, l'A. 

I. =80° 051 .4 \\'.of Gr. 

(Court-house.) 

"·· :--;ew York and Pennsyh-ania boundary line; monument on French Creek, 

E. 

E. 

W. 

in q>=·-12° 001, ?.=79° 581 \\'.,about 10miles S.S.E. of Erie. Geological 

Survey of "'ew York. See also map in the State Dept. of New York 

on which the observed variations are "protracted by Abm. Har~enberg, 

oneoftheCommissionersfor the State of New York, Oct. 29, 1787." 

Annual report of the Secretary for Internal Affairs, State of Pa., 188?; 

Harrisburg, 1886. 

Andrew Ellicot; stone mom1ment corner I'arade and Front streets, in 

q.~42° 081 .2, I. =80° 05 1 .2 "'· American Almanac of 1861, p. 54, 
Boston, 1861. 

Dr. A. D. Bache, magnetic sun-ey of l'enn'u; Coast and Geodetic Sur

vey Report for I 862, p. 213. 

Annual Report of the Secretary for Internal Affairs, State of Pennsylvania, 

for 1877; Harrisburg, 1878. 

Samuel Low; at meridian line established by him in cemetery. Mean of 9 

years of observation, 185~ to 1863, inclusive. From Annual Report of 

Secretary for Internal Affairs, Commonwealth of Pennsylvania, Harris

burg, 1876, p. 20 A. In 9=42° 091, A=80° 05 1 W." 

Lieut. W. P. Smith, U.S. survey of K. and K. \V. Lakes; Capt. G. G. Meade 

in charge. At Presque Isle Harbor, in<) =42° 091 .8, :J.=8o0 051.3 .\V. 

[Mean of two values, -;- 1° 391.2. J 
C. A. Schott, assistant Coast Survey. Same place as in Dr. Bache's suney, 

near Mr. Reed's honse, 7th street, in 9=42° 07 1 .5, A=8o0 05'.3 \V. 

Coast Survey Report for 1862, p. 212. 

Samuel Low, observer. Annual Report of Secretary for Internal Affairs of 

l'a., 1885; Harrisburg, 1886. 

Samuel Wilson; at meridian line in cemetery. ::Vlean of 7 years 9f obser

vation, 1864 to 1870, inclusive. Annual Rep. of Sec'y for Int. Alf. of Pa., 

1876. 

Capt. A. N. Lee, U. S. Lake Survey. Report of Chief of Engineers for 

1873, pp. 1195-1197; magnetic results 1870 to 1873. In ¢=42° 081 .2, 

f.=8oO 05'.3 w. 
Samuel \Vil son; at meridian line in cemetery. :\lean of 6 year• of obser

vation, 1871 to 1876, indusive. Annual Rep. of the Sec'y for Int. Aff. of 

Pa., 1876. [Mean, +z0 181 .3.] 

Annual Repart of the Sec'y for Internal Affairs of Pa., 1876. 

Annual Report of the Sec'y for hit. Aff. of Pa., 1877; Harrisburg, 

1878. 

Platt, obsen-cr; Annual Rep. of the Sec'y for Internal Affairs of Pa., 1885; 

1 
Harrisburg, I 886. 

W. I J. B. Baylor, subasst. Coast and Geodetic Survey. l\1arine Hospital, in 
I 
\ 9=42° o<)', 7,=8o0 05' W. MS. in archives of C. and G. S. 
I 
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UNITED STATES 00..\.ST AND GEODETIC SURVEY. 353 

GROUP lI.-&rics of Magnetic Stations, etc.-Contin.ued. 

1857, July 23. 

I 878, September 2. 

1796, September. 

1830 __ 

1831, August. 

1834, winter. 

1838, winter. 

1840 __ 

1841, May I. 

1845 .. 

1859, July 5. 

1865 .. 

1871, November g-11. 

~872,June 17, 18. 

1873, June 16, 17. 

1880, July 9, IO, 12. 

1819, September 22. 

I 
I 

I 

I 
I 
I 

0 

6 12 

5 46.r 

4 33.r 

2 0 

1 20 

. I 15 

0 50 

0 35 

0 19 

0 05.2 

0 39 

0 46 

10.-CHICAGCi, ILL. 

(Ob:;ervatory, Dearborn University.) 

E' . ' 

E.: 

:rvrajur Long~s expedition; Prof. E. Lomni:;' collection in Sill. Jour .. vol. xx xi\, 

1838. Lucalitya,signed </>==42° oo',l.=87° 40'\V. 

Lieut. Col. J. D. Graham; Pub. Doc. 35th Congress, 1st Sess., "1' o. 4~. 1S58. 

In 1'!=41° 54', A.=87° 38' w. 
J)r. T. E. Thorpe; grounds of the Chicagc) l~ni\·ersity, position as inhea<ling. 

Proc. Roy. Soc. N' o. 2o::i, I 880. [From these data only a rough result fur 

secular change can be had.-ScII.J 

11.-CLE\'ELAXD, OHIO. 

E. 

w. 

l.=81° 42'.o \Y. of Gr. 

Aug. Porter and Seth Pease; in <;>=41° 30', i.=Sr 0 401 \\'. MS. compila-

tion by Charles Whittlesey. :\larch, 1860. In Coast Sun·cy Archi,·e,. 

Ahaz Merchant; Prof. E. Loomos' collection, Sill. Jour., vol. xxxix, 1840. 

Edwin Foote; MS. compilation by C. \Vhittiesey, 1S6o. 

Ahaz Merchant; Prof. E. Loomis' collection. as above. 

Observer and reference as above. 

Prof. E. Loomis; Gen. Sabine in Phil. Trans. Roy. Soc. 1872, contribution 

xiii. (Misprinted 1° 191 E.) See Dr. C. DaYies on" Snr\"eying.'~ 

J. N. Pillsbury. MS. compilation Ly C. Whittle:;ey, 1860. 

From a chart of survey of N'.and I\. W. Lakes, Top. Eng"rs. lleacon Light 

in¢ =41° 31', !.=81° 41 1.5 \Y. 

Lieut. W. P. Smith, Top. Eng'rs; in,,,=41° y>', i. =Sr 0 40' \\'. MS. by 

Ch. \Vhittlesey; also MS. by \\'. F. Raynolds, Major of Eng' rs, sun·cy of 

N. and N. W. Lakes, Dec., 1865. 

1 12 E. (?) MS. by W. F. Raynolds, Maj. of Eng'rs. [Value not used.-SCH.] 

0 32.6 w. Edw. Goodfellow, asst. Coast Sun·ey; at :'.\-larine Hospital in\) =.p 0 30'.4, 

A=81° 41 1 .5 V..'.; Coast ancl Geodetic Sun·ey Report for 1881, App. 9. 

Capt. A. N. Lee, U.S. Lake Survey; Report of Chief of Eng'rs for 1873. 

Observer and reference as above. 

0 44.9 

0 50.9 

1 38.5 W ' J. B. Baylor, U. S. Coast and Geodetic Sun·ey; station of r 87 1, grounds . ! 
of the City Hospital. 

12.-0MAHA, NEBR., AND COUNCIL BLt:FFS, IOWA. 

A=95° 56'.5 W. of Gr. 

(Astron'l station, grounds of High School, Omaha.) 

0 

12 58.8 :1~:[~;o;Steph. H. Long, U.S. A.; Expedition to the RockyMts., Philadelphia, 

1823 (2 volumes). At Engineers' cantonment in <,!) =4I 0 25', ), --::- 96° oo' 

\V. (Reduction to Omaha, nbout -121, l1ence decl'n, 12° 471 E.-Scu.J 

-----------------· 
ll.Ex.40-45 
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UNITED S1'ATES COAST .AND GEODETIC SURVEY. 

GROUP IL-Series of Magnetic Stations, etc.-Continned. 

12.-0:\1AHA, ::'IJ"EBR., AND COUNCIL BLUFFS, IOWA-Continued. 

1869, January 25-27. } 

February 12, 13. 

1872, October 31. 

I 877, October 13-18. 

1878, August 30. 

1880, October 15, 17. 

1840, August 10. 

1878, September 5. 

1884, September 26. 

1885, August 24, 25, 26. 

1866, July. 

1872, October 13, 14, 19. 

1873, August 14. 

1878, August 8. 

1878, September 3, 4, 5. 

IO 42.6 E. 

IO 44.2 

IO 22.0 

IO 39·7 

Edw. Goodfellow, asst. Coa5t Sur.ey; at astron'l station, Omaha; Coast and 

Geodetic Survey Report for 1881, App. 9. 

Dr. T. C. Hilgarcl, Bache-Fund observer.to National Academy; station as 

before ( 1869) ; Coast and Geodetic Survey Report for 1882, App. 14-

! ·A. Braid, U. S. Coast Survey; station of 1869; 'Coast and Geodetic Survey 

Report for 1881, App. 9. 

Dr. T. E. Thorpe; at Council Bluffs, near railway depot in cp =41° 15' .3, 

/.=J5° 52 1.4 W.; Proc. Roy. Soc. No. zo::i, 188::i. 

10 06.2 E. ! J.B. B.aylor, Coast am! Geodetic Survey. Station on grounds of High ; 

School as in 1869, 1872. and 1877; Co~st and Geodetic Survey Report for 
1

1 

1881, App. 9. 

13.-PITTSBliRGH, PA. 

A.=80° 001.S W. of Cr. 

(Allegheny Observatory, Allegheny.) 

o I 

008 W. Dr.A.D.Bache; at Homcwood,incp=40°281,l,=79°S9'.5W.; Coast 

0 33.1 

Survey Report for I 862, App. 19. 

Dr. John Locke, in ,; =40° 261, /, = 79° 581 \V.; Coast Survey Report for 

1855,p. 30+ 

Dr. T. E. Thorpe; at Allegheny, grounds of the astron'l observatory, latitude 

and longitude as in heading. Proc. Roy. Soc. No. 200, 1880. 

Hemmings; Annual Report of the Secretary for Internal Affairs of. Pa. for 

1885,Harrisburg, 1886,p. 16 A,p. 31 A. 

J.B. Baylor, subasst. Coast and Geodetic Survey; at Allegheny, grounds 

the Observatory. MS. in archives of Survey. 

DENVER, COLO. 

<;>= 39° 45'.3 /,=104° 591.5 W.of Gr. 

0 

15 0 

14 44.7 

14 42.8 

14 43.4 

(Coast Survey Astron'J Station.) 

.-----------~---------~------

i 

E.

1

/ John Prince, Surveyor-General of Colorado; in 9=39° 45', A.= 105°00' W. 

Letter to Office, of July 27, 1866. 

I
! Dr. T. C. Hilgard, Bache-Fund ob;;erver to National Academy; on Pie~ce's 

Block; Coast and Geodetic Survey Report for 1882, ~P· 14. 

i Edw. Smith, asst.Coast Survey; atastron'lstation, in .p=39°451.3,).=104° 

I 59'.5 W.; Coast and Geodetic Survey Report for 1881, App. 9. 

! Dr. T. E. Thorpe; in Mrs. Craig's garden, '!1=39° 451:3, A.= 104° 591 .6 
i I W.; Proc. Roy. Soc. No. 200, 188o. 

14 40.2 E. J. B. Baylor, U.S. Coast Survey;. corner of 17th st. and Broadway. Position 

as in heading; Coast and Geodetic Survey Report for 1881, App. 9. 

[Mean, -14° 41'.8 for 1878.6.] . 

[From the values collected at this station we can only deduce the average 

annual change between 1866 and 1878, which is+ 1'.6-Sc11.) 
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UNITED STATES OOAST AND GEODETIC SURVEY. 355 

GROUP IL-Series of "llagnetic Stations, etc.-Continued. 

1810 __ 

1823-24. 

1838 __ 

1838 __ 

I 845, April. 
1850 __ 

1864, January 26. 

1881, May 30,JI. 

14.-MARIETTA, OHIO. 

o I I 
2 36 E. I Jared Mansfield; Prof. E. Loomis' collection in Sill. Jour., vol. xx xiv, 1838. 

3 3° 

I 29 

36 

2 25 

I 25 
I 17. 6 E. 

o 07.2W. 

Boye; at Parkersburg, \V. Va., in 9 =39° 161 , l.=81° 34' \\·. Boye's 

State map of Va. [Reduction to Marietta about+ 51 , hence decl'n= 

- 3° 25 1-Scn.] 

Prof. E. Loomis; reference as above, in ¢=39° 25 1 , /.=81° 261 \\'. 

B. E. Stone; near Marietta, in tp= 39° 31 1 , l.=81° 261 \\'. Prof. E. 

Loomis' collection in Sill. Jour., vol. xxxix, 1840. [The weight ~; is as

signed to the mean valuc.-ScII.] 

llenk's Field-book. 

A. D. Bache's table in Gillespie's Treatise on Land Sun·eying. 

A. T. Mosman, asst. Coast Survey; at Parkersburg, W. Va., in 9=39° 16'.o, 

i',=81° 341.2 \V,; Coast and Geodetic Survey Report for 1881, App. 9. 

[Red'n to Marietta abcut + 51--SCH.] 

J.B. Baylor, Coast and Geodetic Sur~ey; at Parkersburg, station of 1864; 

reference as before. [Red'n to Marietta about+ 5'-ScII.] 

--------------------------- -------

15.-CINCINNATI, OHIO. 

¢=39° 061.4 li=84° 291 .8 W. of Gr. </1=39° 08'.6 i.=84° 25 1 .3 W.ofGr. 

Old Astronomical Observatory on Mt. Adams. ::\"ew Astronomical Observatory on Mt. Lookout. 

18o6 __ 

1810 __ 

1840, January I I. 

1845, April. 

188o, November 27, 29,30. \ 

• I 
I 
! 

o I 

4 58 E. Public surveys; Prof. E. Loomis' collection in Sill. Jour., vol. xxxix, 1840, 

5 00 

4 04 

2 14.4 E. 

in q>=39° o61 , /.=8+0 271 \V. 

Jared Mansfield; Prof. E. Loomis' collection in Sill. Jour., vol. xxxiv, 1838, 

in .;=39° 07 1 , l.=84° 27 1 \V. 

Dr. John Locke; "Survey of Mineral Lant.ls," Exec. Doc., 1839-40, vol. vi; 

in q>=39° o6', A.=84° 27 1 \V. 

Dr. John Locke; Coast Survey Report for 1855, p. 304; in ¢=39° 06', 

/c=84° 22' \V. 

J.B. Baylor, U.S. Coast and Geod. Survey; grounds of new astronomical 

observatory on !l!t. Lookout; Coast and Geodetic Survey Report for 1881, 

App.9. 

16.-ST. LOUIS, MO. 

i.=90° 12'.2 \Y. of Gr. 

(Washington University.) 

1819, June 17. 
0 I 

IO 47. 6 E. Maj. S. H. Long; at St. Louis, in <fr= 38° 361, /,=90° o61 W. [Longitude 1 

1855 __ 

8 49 

7 45 

8 00 

as given, about 51 too small.-ScH.] Account of an expedition from 

Pittsburg to the Rocky Mts. in 1819 and 1820, by Maj. S. H. Long, Phil· 

adelphia, 1823. 

Colonel Nicolls; Prof. E. Loomis' collection in Sill. Jour., vol. xxxiY, 1838. 

De Ward, surveyor! on city commons. Letter of Thos. Featherson, of June 

18, 1877; communicated by W. Eimbeck, asst. Coast Survey. 

Colton's General Atlas, New York, 1873. 

1. 
!~ 



 

356 UNITED ST.ATES COAST AND GEODETIC SURVEY. 

GROUP 11.-Serics of Jfaguetfo Stations, etc.-Oontinued. 

16.-ST. LOGIS, l\IO.-Continued. 

------------------------·---~-----------------

5 
6 

s 

9 

1856, October 31. 

1872, June, July, and Au

gust. 

1877, June. 

1878, August 14, 15. 

I 879, September. 

O I 

6 23. 1 E. Karl Friesach; Berichte der Kais. Akad. der Wiss., Vienna, voL xxix, 1858. 

6 37. 5 Dr. T. C. Hilgard, Bache-Fun<l observer to National Academy. T,rn sta

tions, south and west of court-house; first on Compton Hill, in ? = 38° 

37 1
.1, /,=90° 14i.o \V., decl'n 6° 35'.2 E., nqd second near City Hospi

tal, in 1'=38° 361 .5, A.=90° 12'.7 \V., <lecl'u 6° 39'.9 E. Co~st arid 

6 30. 5 

Geodetic Survey Report for 1882, A pp. 14. [Result at a thid station, 

6° 48'.9 E., in field adjoining first position, not used.-SCH.] 

Thomas Featherson, deputy county surveyor St. Loufa Co.; from comparisons 

of I7 old lines run in the city commons in 1838 by De \VarJ, surveyo,r; i 

comn1unicated by \V. Eimbeck, asst. Coast Survey; annua.l change ~ince 

I
i 1838 supposed to have been+ 11 .91 

6 33. Prof. F. E. Nipher, \Vashington University. Observations in vacant square, 

I S. E. corner of Garrison ave. aml Dickson street; Trans. St. Louis Aca<l. 

'I'll

[ • 

of Sciences. [The instrnment was loaned by the Coast Survey .-Sen.] 

6 I 3. 3 Observer as before; at corner of Garrison ave. and Glasgow place; cv:n-

municated to office Oct. 14, 1879. 

Grove Park, St. Louis, in<;> =38° 36'.7, ).=90° 151 .4 W.; MS. in archiyes \ IO 

1

1886, O-cto-be_r_3_, 4_,_5_,_6_. __ 1i, __ 6 __ 1_0_._6 _E_. ___ C __ · H_._S_i-nclair, asst. Coast and Geodetic St•rvey; near ~l'. \V. corner of Tower 

of Survey. \ 
I 

----------------------~--~--- --' 

NASIIYILLE, TENl\-. 

'-=86° 471.0 W. of Gr. 
------------------------·-·----- ------------. ----------------------

2 1835 __ 

3 1877, Dei:ember 5, 6, 7. 

o I 

6 50 E. Prof. Hamilton; Prof. E. Loomis' collection in Sill. Jour., vol. xxxiv, 1838, 

i 07 
5 14.9 E. 

in 9=36° 101, A.=86° 49' \Y. 

Prof. Hamilton; reference as above. 

And. Braid, U.S. Coast Survey; grounds of Vanderbilt University, in ti>= 

36° 091 .7,). =86° 471.6 ·w.; Coast aRd Geodetic Survey Report for 1881, 

App. 9· 

[The above Yalues are insufficient to give satisfactory information as to the 

secular change.-ScH.] 

------------·-·-------------·--·· ~---------------··· ---------~----- - -----------~-

------

1818 __ 

:z 1835 __ 

3 1865, April 17. 

4 1875, May 29. 

5 1881, September 5, 6. 

17. -FLORENCE, ALA. 

</>=34° 471.2 A.=87° 41 '.5 W. of Gr. 

() I 

6 35 E. 

6 :z8 

s 24 

s 14-4 

4 37.8 E. 

(Coast Survey Station.) 

]. H. Weakly; Prof. E. Loomis' collection iu Sill. Jour., vol. xxxiv, 1838; 

position assigned !)=34" 5o', il=87° 47' W. 
Observer and reference as before. 

A. T. Mosman, asst. Coast Survey; Coast nnd Geodetic Survey Report for 

1881, App. 9, in "'=34° 471.:z, :!.=87° 41 1.7 W.,near railway bridge. 

F. E. Hilgard, llache-Fund observer to Kational Acad.; in I{>= 34° 47 1, 

il =87'' 42' W.; Coast an<l. Geodetic Survey Report for 1882, App. I+ 

J.B. Baylor; Coast and Geodetic Survey; grounds of College for Females, 

in •=34° 47~. A.::::::87° 43' W.; Coast and Geodetic Survey Report for 

1881, App. 9. 



 

UNITED-STATES COAST Al\lJ GEODETIC SURVEY. 357 

GROUP IL-Series of Magnetic Stations, ctc.-Continned. 

NATCHEZ, MISS. 

¢=310 331 ·5 ?.=91° 241 .0\V.ofGr. 

(Coast Suf\'ey Astronomical Station.) 

------------------------------ -------- - - ----- ----------------

i8o2 __ 

2 1872, April 21, 22. 

o I 

9 o E. Dunbar; Prof. E. Loomis' collection in Sill. Jour., vol. xxxiY, 1838; in l/J= 

7 14.8 
310 34', l.=910 25' "'· 

Dr. T. C. Hilgard, Bache Fund ohscrrer to National _\cad.; in 9 =JI 0 34', 

). =91° 241 \V.; Coast ancl Geodetic Survey Report for 1882, App. 14. 

7 23 E. \V. H. Dennis, asst. Coast Sun·ey; in 9=31° 331.5, i.=~91° 24'.1 \V. 

Marked on MS. triangulation ;ketch. 

[No satisfactory result can he had from these few obsen·ations.-ScH.] 
~----------------------- --------------- ___________ , _______________________ _ 

18.-MOBILE, ALA. 

:1.=88°021 .5 \V.ofGr. 

(Episcopal Church.) 

c-------;-----------,--------------------------

0 I 

1809 __ 8 IO 

1814 __ 6 30 

2 l8J5-- 7 12 

3 1840 __ 7 05 

4 184J-- 6 56 

5 1847, May 21-30. 7 04. I 

6 1857, February 14-18. 6 52. 2 

7 1875, May 27. 6 07.0 

8 188J, March 12. 5 I7 

I 
I 

E. 'J.11. Weakly; in .p=30° 401 , l.=88° 11'\V.; Prof. E. Loomis' collection 

in Sill. Jour., vol. xxxiY, 1838. [~at used.-ScH.] 

Kent; Encycl. Britan.,7th edition, 1842. For Mobile Bay; in tp=30° 13', 

A=88° 21' W. [Longitude defectiYe.-Scu.] 

J. H. 'Veakly; Prof. E. Loomis' collection in Sill. Jour., vol. xxxiY, 1838. 

Chart of lliobile Bay by E. and G .. W. Blunt; Coast Survey Report for 1845, 

p.42. 

Commander L. M. Powell, U.S. N. (in an official report). At Mobile l't. 

Light, 9 ::30° 13'.8, f. =88° 01'.5 W.; Coast Survey Report for 1855, p. 

J23. [Reduction to Mobile inappreciable.-Scn.] 

R.H. Fauntleroy, asst. Coast Survey; at Fort Morgan, in tp =30° 13'.9, /,= 

88° 01'.2 \V.; Coast and Geodetic Survey Report for 1881, App. 9. 

Edw. Goodfellow, asst.Coast Survey; at Mobile City, near Episcopal Church, 

1 in 1)=30° 41 1 .6, i'.=88° 021.6 \V.; Coast and Geodetic Sun·ey Report 

I for 1881, App. 9. ' 

\ J. M. Poole, Bache-Fund observer to National Academy; in part of city 

I known as Summerville, in tp =J0° 42', i.= 88° 031 W.; Coast and Geo' 

I 
<letic Survey Report for 1882, App. 14. 

E. Lieut. E. S. Prime, U.S. S. Yantic; in tp =J0° 081 , A-=88°01' \V.; Naval 

I 
Professional Papers No. 19, Washington, 1886. [Reduction to Mobile 

inappreciable.-ScH.] 
I 
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UNITED STA.TES COAST AND GEODE'.CIC·SURVEY. 

GROUP IL-Series of 11Iagneti"c Stations, etc.-Oontinued. 

1796 __ 

18o6 __ 

1840 __ 

1856, December 28. 

1858, Aprii 6, 7. 

1870 __ 

1872, February 10-15. 

1880, March 24, 25. 

1825 __ 

1836 __ 

187 4--

1878,June 10, 11, 12. 

r700. o. . 
I 

18;19, February. 

r843 __ 

1849, August 19-21. 

0 I 

2 

7 50 

5 o6 

8 03 

19.-NEW ORLEANS, LA. 

l.=90° 031.9 \V. of Gr. 

(Custom House.) 

E. Father La,·al; Prof. E. Loomis' collection in Sill. ,Tour., vol. xxxh·, 1838. 

[To this value the weight Yz is given. -SCH.] 

Gauld; Gauld's survey of the Delta, near Pass a l'Outre. [Reduction to 

New Orleans, add Io' -SCH. J 
A.G. Blanchard, city surveyor; change from 1796 to 1870, 2° east. 

Lason; from 372 observations. Prof. E. Loomis' collection in Sill. Jour., 

Yol. xxxiv, 1838. 

8 20 

8 00 

·i 
From information recorded in General Land Office. [ 

Karl Friesach; Berichte der Kais. Akad. der ·wiss., Vienna, vol. xxix, 1858. 

7 51. 5 

7 06 

6 39.6 

G. \\". Dea'l, asst. Coast Survey; near Canal and Basin sts., in </> = 29° 5 7' .4, 

/,=90° 041 .4 \V.; Coast and Geodetic Survey Report for 1881, App. 9. 

M. J. Thompson, State engineer. 

Dr. T. C. Hilgard, Bache-Fund observer to National Academy; observations 

at City Park, 6° 39'.8 E.; at Fair Grounds, 6° 391 .5 E. Position of City 

Park, in <J> = 29° 55 1.6, A =90° 071 .8 W.; position of Fair Grounds, in 

If =29° 591 .1, A=90° 041 .8 W. Coast and Geodetic Survey Report for 

1881, App. 9, and for 1882, App. 14. 

6 27. 6 E. J.B. Baylor, U.S. Coast and Geodetic Survey; at Fair Grounds; Coast and 

Geodetic Survey Report for 1881, App. 9. 

20.-SA!\ ANTONIO, TEX. 

i'. = 98° 291 .3 W. of Gr. 

(Arsenal Grounds.) 

IO 30 E. 

9 45 

9 3° 
9 22.3 E. 

I I} Land Office recorcl at San Antonio; communicated by Mr. J. B. Baylor. 

J J.B. Baylor, U.S. Coast and Geodetic Survey; in Arsenal Grounds; position 

i as in heading; Coast and Geodetic Survey Report for 1881, App. 9. I 

21.-KEY \VEST, FLA. 

<1>=24° 331 .5 l.'=81°481.5 W.ofGr. 

0 

5 E . 

6 25 

6 02 

5 28.8 E. 

(Tift's Observatory.) 

Edm. Halley's isogonic chart or Tabula Nautica Variationum Magneticarum 

Index, &c., anno 1700, reproduced in Greenwich observations for 1869. 

[Probably 1° in error; see values for Havana and Kingston; not used.

SCH] 

i \V. A. Whitehead; from a map of Florida by the Topographical Engineers, 

! 1846. 

/ Report of Commander L. !d. Powell, U.S. N.; at Custom-House. 

I
. J. E. Hilg:mi, asst. Coast Survey; at Sand Key, in <1>=24° 271 .2, l=-81° 

531.1 W.; Coast Survey Report for 1854, p. 145. 

r ---- ---·------- .. 
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Gaour II.-Series of ~Magnetic Stations, efc.-Continued. 

21.-KEY WEST, FLA.-Continued. 

-------------·--------~-·-----

4 1860, February, March, 4 46. 6 E. Prof. W. P. Trowbridge, asst. Coast Survey; at magnetic obserrntory, in 

6 

8 

9 

IO 

II 

r 

"l 

I 

I 

: I 
4 

5 

6 

7 

June, and December. .p=24° 331 .1, .'l.=81° 481.5 \\". \\', P. Trowbridge and S. \\"alkcr, ob

servers. Coast and Geodetic Survey Report for 1881, App. 9. 

1861, February, March, 

and ApriL 

1862, May lo December, 

inclusive. 

1863, January lo Decem-

ber, inclusive. 

1864, January to Decem-

her, inclusive. 

1865, January to Decem-

ber, inclusive. 

1866, January to April, in-

elusive. 

1879, March 24, 25, 26. 

1884, April 4. 

1884, May 10. 

1700. o. 

1732, March and April. 

1815 __ 

1816, August. 

1833. o. 

1857, January 28. 
1~58 __ 

4 44.5 

4 39.9 

4 36.8 

I 
. 4 33· 9 

4 31. 5 

' 
i 4 29. 8 

I 3 33· 9 

I 

r 3 00 

I 
I 

I 
I 
I 

I 

2 49 

7 00 

5 30 

6 50 

5 15 

5 45 

l 
I j S. \\'alker, observer; at magnetic _observatory. Means of monthly results 

~ and corrected for ·dinrnal variation. In 1861, the obsen·ers were S. 

/ \\'alkerand J. G. Oltmanns; in 1862, \Valker, Oltmanns, and F. F. Xess; 

I referenct: as l>efore. 

J 

Lieut. S. M. Ackley, U.S. N., asst. Coast and Geod'c Survey; grounds of 

Army Hospital, in <,'>=24° 33'.3, l.=81° 47 1 .9 \V.; Coast and Geodetic 

Survey Report for 1881, App. 9. 

Lieut. C. Belknap, U. S. S. Yandalia; in i,t>=24° 27 1 , I. =81° 481 \\'.; 

Naval Professional Papers l'\o. 19, Washington, 1886. [Red'n to Key 

'Vest inappreciable.-Scn.] 

E. Lieut. R. B. Peck, U.S. S. Swatara; in 9=24° 25 1 , i.=81° 461 ,V.; ref. 

erence as before. [Reduction to Key West inappreciable; mean, -2° 

54'.5-SCH.] 

E. 

E. 

22.-HAV ANA, CUBA. 

A,=82"" 211.5 W. of Gr. 

(Morro Light.) 

l 
Edm. Halley's isogonic chart for 1700; reproduced in Greenwich observa· 

I 
[Rough I 

tions for 1869. [Not used.-ScH.] 

, Mathews; in \!>=23°021 , A=81° 441 \\'.; Encycl. Britan., 1848. 

I 
I 

reduction to Havana +10'; hence 4° 34' E.-ScH.] 

.! J. Harris; off Havana, in \!>=23° 081, /.=82° 321 W.; Phil. Trans. Roy. 

I Soc., vol. vii (abridged), 1724-34; also, Encycl. l\letrop., 1848. 

! Encycl. Brit., 7th edition, 1842. 

Bentley; reference as before. 

Peter Barlow's isogonic chart for 1833; Phil. Trans. Roy. Soc., 1833, p. I. I 
(Supposed to be about 1° too great; see Key \Vest and Kingston series; I 
used temporarily 5° 5o' E.-SCH.] ) 

Karl Friesach; Imp. Acad. of Sc., Vienna, vol. xxix, 1858. 

From a map of Cuba, 186o. 
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UNITED STATES COAST AND GEOJ:>4hiIC SURVEY. 

GROUP II.-Series of Magnetic Stations, etc.-Continued. 

HAVANA, CUBA-Continued. 

0 f 

3 53. 8 E. Lieut. S. M. Ackley, U.S. N., asst. Coast and Geodetic Survey; at the Col- / 

leg~ de Belen. [Annual change at the Colle;::io de Belen, according to I 

Padre B. Vines, S. J., director of observatory, 41.5, decreasing for several I 
years past. Letter of Lieut. Ackley of Mch. 21, 1879. The position of ! 
the )[orro Light, as given in heading, is that detennined by Lieut. Comdr. 

F. M. Green, U.S. N, and that of the Collegio de Belen is according to 

director \-ifies ( 1SS5) in 9=23° 08'.2, ?= 82° 22'.1 W.-ScH.] 

2 34 E. Lieut. C. Bclkn'1p, l:. S.S. Vandalia; in 9=23° 02',i\=81° 431 W. 

Naval Professional Papers No. 19, Washington, 1886. [Reduced to 

Havana, 2° 4+' E. ; double weight is temporarily assigned to this value'.

Snr.] 
-----·-----~--------

23.-KIXGSTO:'-<, PORT ROYAL, JAMAICA. 

0 ' 

6 30 

6 30 

l.=j6° 501 .6 W.ofGr. 

(Port Royal Flar;staff.) 

E. Declination in Jamaica accor<lin;; to J. Robertson; Phil. Trans. Roy. Soc., 

1806. [Xot use<l.-Sctt.] 

According to '.\!ountain's chart constructed in tlie year 1700 from Dr. Halley's 

tables; Long's History of Jamaica. [Halley's Tabula Nautica gives 7° 

E. for 1700. Not used.-Snr.J 

17 32, ;\larch and April. 6 02. 5 J. Harris, at Black Rh·er; Phil. Trans. Roy. Soc., 1733. [Mean value of 6° 

and 6° 5' E. Weight Yz assigned to this value.-Snr.] 

J. 1789 to 1793. 
2 l 1791 to 1792. 
3 18o6 __ 

8 

9 
10 

11 

12 

13 

1819 __ 

1821__ 

1822 __ 

1832 __ 

1833 (?). 

1833. o. 

1837, October. 

1847, April. 

1857, March 2. 

1866 __ 

1875 __ 

188o __ 

1884, February 8. 

6 50 

6 45 

6 30 

4 50 

4 50 

i 4 54 
I 

5 13 

! 4 40 
I 
i 6 30 
I 

I 
' 4 18 

3 40 

I 3 40 

! 4 57 
I 

14 00 

! 
I 

! 3 35 

I:: E. 

' } J. Leard; Chart of Port Royal. 

J. Robertson; Phil. Trans. Roy. Soc., 1806. The variation in Jamaica said 

to have beei; constaut for 130 or 140 years. 

De Mal:kau; in?= 17° 55 1, •=76° 091 W.} Becquerel's Traite du Mag-

De '.\fayne; in 9=1; 0 55 1,i\ 76° 53' \V. netisme, Paris, 1846, 

Owen; Becquerel as above. 

Foster; Becquerel as above. 

From a map of Kingston, date of 1854. 

Peter Barlow's isogonic chart for 1833; Phil. Trans. Roy. Soc., 1833. [Not 

used; value suppascd to be about 1° too great; see Havana and Key 

West series.-Scu.) 

Milne; in 9=17° 561,?.=76° 51' W. Lieut. Col. Edw. Sabi~e's contri-

butions to Terr. Mag. No. ix; Phil. Trans. Roy. Soc., 1849, part II. 

Barnet; in 9=17° 561 , /.=76° 51 1 \¥.; reference as before. 

Karl Freisach; Imp. Acad. of Sci., Vienllll, ... ol. xxix, 1858. 

British Admiralty Chart of Jamaica, No. 446; variation in 1866, nearly sta· 

tionary. [Not used.-ScH.J 

Dritish Admiralty Chart, No. 456; Port Royal and Kingston Harbor; annual 

decrease 2 1 • 

Brit. Admiralty Chart, No. 762; West India Islands and Caribbean Sea. 

Brit. Admiralty Chart; .cux-ves of equal magnetic variation, i:88o. 

--- ___________ l_i ------

Lieut. R. 13. Peck, U.S. S. Swatara; in.p= 17° 58', /.=76° 48' W.; Naval 

Professional Papers, No, 19, Washington, 1886. [Double weight is as· 

signed to this value.-'ScH.] 
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UNITED STATES COAST AND GEODETIC SUHVEY. 3Gl 

GROUP IL-Series of 1lfagnctie ,Stations, etc.-Continued. 

0 I 

r700. o. IO 

1775, November. 7 49 

1 790, October 3. 7 49 

1791, December. 7 49 

I802 __ 8 oo 
1S22 __ 7 00 

1837_~ 7 02 

1849 __ 7 15 
1849 __ 6 55 

1858 __ 6 17 

1866, May 14. 5 56 

1873, December 25. 6 57 

i 
188o __ j 5 24 

1883, February 22. 5 02 

1884, March 20. 5 23 

H. Ex. 40--46 

24.-PAXAMA, NEW GRANADA. 

t. = 79° 321 .2 \\". of Gr. 

(Cathedral.) 

E. Approximate value; Edn1. IIalky':; i='ot;onic chQrt for 1700, rcproducl'.d in 

Greenwich obserrntioas of 1869. [Xot used. -St:fi.] 

Ency cl. Brit., 7th edition, 1 842. 

Don A. ~falaspina; Berliner Astrono;nisches Jahrbuch, Vol. 53, for 1828, p. 

188. 

Encycl. Brit.-, 7th edition, 1842. [ l'rolx11Jly same authority as for preccdfng 

date; not ased.-Scn.J 

Encycl. Brit., ;th edition, 18+2. 

Hall; in q,=S0 581
, ?.=79° 21' \Y. Becquerel's Traite du :'lfagnetisme, 

Paris, _1846. [The weight)!, is assignee! to this value.-Sc11.] 

Sir Edw. Belcher; in 9 =S0 5 71 , 1=79° 29' W. Phil. Trans. Roy. Soc., 

1843. 

Hughes; Brit. Admiralty Chart. 

Major 'V. I-I. E1nory, ~[ex lean Bo:m.<lary Commissioner; iu cp .=:.S0 57,., /.~-...: 

79° 291 \V.; Coast Survey Report for 1856, p. 223. [:'IIean, 7° 51 F..

Srn.] 

Karl Friesach; in¢= 8° 57', }.= 79° 3I 1 \\'. Sir Edw. Sabine's Con!ribu. 

tions to Terr. \fag., in Phil. Trans. Roy. Soc. for 1875. 

Prof. ,V. Harkness, U.S. N.; in 'i'= 8° 55', l= 79° 30'.5. Smithsonian 

Contributions to Knowledge, No. 239, Washington, 18/ 3. 

From log-books of the Benicia and Richmond; Hyclrographic Office, Na\'Y 

Dept., \Vashington; in<;> =7° 261
, r.=79° 54' \V., off Point l\fala. [Re

duced to Panama - 3S1 , hence decl'n 6° 191 E.; weight }'f.-Scrr.] 

Brit. Admiralty Chart; curves of equal magnetic Yariation, 1880. 

A.nnales du Bureau cl es Longitudes, tome 3, Paris, I 883, p. 396-7. l'romt:· 

nrtde near the Cathedral, in cp =8° 57 1 , I. =79° 31 1 \V. 

E. Lieut. C. Belknap, l'. S.S. Vandalia; in cp=9° 22', l..=79° 54' '"· Na-

val Prof. Papers, No. 19, Washington, 1886. 

preciable . ..-ScH.] 

[Reduction to Panama inap· 

' 
-.i 



 

362 UNITED STATES COAST AND GEODETIO SURVEY. 

HE:>UL'l'S FOR GROUP II.-1\Ingnetic stations mainly in the central part of the United States 
between tLe Appalachian and Rocky Mountain rauges, with additions iu British North America, 
Canada, the West Indies, and Central America. 

Geographical positions and expressions for the secular yariation of the magnetic declination 
D (+west,-east). '!'he letter m stands for t-1850.0, or for tlJe difference in time, €Xpressed in 
years and fraction of a year, for any time t and the middle of tlie centnr;r, within the range of ob
senration at any station. 

No. '.'iame of station and State. Latitude. \Vest f The magnetic declination, expressed as ::t function of 
Longitude. ( tirrie. i 

I 

·------- -----------------------I 

I • r 
York Factory, I;ritish ::\ orth Amer- ; 56 59- 9 f)Z 26 D= + 4°.43 + 14°.1 I oill ( 1.4 111 - 95°.6) 

ica. 

2 Sault de Ste. ~laric, ).lich. 46 29.9 84 20. l D=-!- 1.54 + 2.70 sin (1.45 m -58.5) 

3{ 
Duluth, Minn., and 46 45. 5 92 04. 5 \ 

D=-- 2.41 sin (1.4 11t - 120.0)* 
Superior City, \\"i;. 46 39.9 92 04. 2 J I 

7.70 ·-;-· 

4 Pierreront Ma11or,N. Y. 43 44. 5 76 03.0 
I 
i D=..;.. 
I ' 

5.95 + 3.78 sin (1.4m -22.2) 

5 Toronto, Canada. 43 39.4 79 23. 5 1)== -+-- 3.6o+ 2.82 sin (1.4 m --44.7) 

+ 0.09 sin (9.3 m + 136) 

o.oS sin (19 m + 247) 
6 Grand Haven, Mich. 43 05.2 86 12.6 D=- 4.95 + 0.0380 m + 0.00120 m2 

i Buffalo, N. Y. 42 52. 8 78 53.5 D=~- 3.66+ 3.47 sin (1.4 111 - 27.8) 

8 Detroit, Mich. 42 20.0 83 03.0 D=- 0.97 + 2.21 sin ( 1.5 m -- 15.3) 

9 Erie, Pa. 42 07.8 So 05. 4 D-..J.. - ' 2.17+ 2.69 sin (1.5 m - 27.3) 

IO Chicago, Ill. 41 50.0 87 36. 7 D=- 6.oo+ 0.0274 nt + 0.00074 me* 

II CleYe!and, Ohio. 41 30.3 81 42.0 D=+ 0.10+ 2.07 sin ( r.4 m - 6.2) 

12 Omaha, :l\ebr. 41 15. 7 95 56. s D=-11.62+ 0.0406 "' + 0.00020 11t2* 

13 Pittsburgh, Pa. 40 27.6 So oo. 8 D=+ 1.85 + 2.45 sin (1.45 m-28.4) 

14 Marietta, Ohio. 39 25 I 
j 

81 28 D=+ 0.02+ 2,89 sin ( 1.4 m - 40.5) 

15 Cincinnati, Ohio. 39 08. 61 84 25. 3 D=- 2.40+ 2.62 sin (1.42 m - 39.8) 
16 Saint Louis, Mo. 38 38.0 90 12. 2 D=- 6.04 + 2.6o sin (1.4 m - 48.0)* 
1~ :Florence, Ala. 3447.21 87 4r. 5 D=~ 4.25+ 2.33 sin (I .3 m - 52.8) I 

18 Mobile, Ala, 304r.4/ 88 02. 5 D=- +38+ 2.69 sin (1.45 111-76.4) 

19 New Orleans, La. 2957.21 90 03. 9 D=- 5.61 + 2.57 sin ( r.4 111 - 61.9) 
20 San Antonio, Tex. 29 25. 4 <)8 29. 3 D=- 740+ 2.88 sin ( 1.35 m -8t.8)* 

21 Key West, Fla. 24 33.5 I &1 41).5 D=- 3.70+ 3.16 sin (1.35 m - 35.1) 
22 Havana, Cuba. 23 og. 31 82 21. s D=- 4.32+ 2.45 sin ( 1.3 m - 20.8)* 
2~ I Kingston, Port Ro)•al, Jamaica. r7 55.9 76 50. 6 D=- 4.48+ 2.28 sin (1.1 "'+ 10.1) ,l 

24 Panama, New Granada. 8 57. I I 79 32.2 D=- 5.67+ 2.16 sin (1.1 "' - 274) 

----~---------

* Expression very uncertain. 
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GROUP II.-Compar·ison of obsen1ed and computed 1lfagnetic Declinations. 

Year and Obs'd 
fraction. : decl~n. 

Comp'd 
decl'n. 0-C. Year and': Obs'<! 

fraction. [ decl'n. 

-----------.-------------------

Comp'd , O-C. 
decl'n. 

Year and 
fraction. 

Obs'd 
decl'n. 

Comp' cl 
decl'n. o-cl 

I- _ __ Y<~RK t AcToR_Y_, _i_m __ ·_"'_·. _A_. ---:----~T_o_R_o_N_'r_o __ ' _c_A_N_A_n_A_. ----1---r;-R_A_!'lr_'_i_r._n_·E-'N_· ._~ __ 11_c_H_.-_co_1_n_1n_u_e,_L_ 1 

0 0 0 I' D 0 c 0 0 c 

1725.5 -r-19.00 +18.54, T .46 1840.1 + 1.45 LJ6 + .09 1859.6 - 4.40 - 4,47 .0/ i 
I 

1787.5 5.00 + 5.19 - .19 1841,5 1 1.24 1.40 -- .!6 1865.6 4.25 4.0j - .I~ i 
1819. 7 - 6. 00 -- 5· OI - · 99 1842. 5 I. 32 I. 45 - . 13 1873. 7 3· 47 3· 38 - .09 

9· QI 9· 22 ' + . 21 

I 
1857.6 7.62 9.62 i i 2.00 

I 
1879.5 7.00 7.02 ! + .02 

1884.7 I - 6.66 - 5.ss - .78 
i 

I 
1----~A_l_'L_T_D_E_s_·r_E_. _~r_A_R_IE_,_~_1_1c_H_. ---1 

I I]90.5: 0.00 +o.OI - .DI 

I I843. s · - 1. 13 - o. 96 - - 17 

I 
I. 02 --09 

+ 414 

+ .20 

'1· 1856. 7 
, I87J.6 

- 0. 54 - 0. 49 - . 05 

+ 0.08 + 0.43 - .35 

I. 02 o. 82 ' . 20 

I 1880.6 + 0. 99 -i - 0. 88 + . II 

1 DCLUTH, MIN~., A.:\1J Slll'ERIOR CITY, 'VIS. 

I 
I 1859. 5 i - 9· 42 -IO. 01 + . 59 

1861. 5 
1870.7 

1871.5 

1880.6 

I0.20 10.04 

10. 50 10. I I 

IO. 67 IO. I I 

-- 9· 76 -IO. 05 

- .16 

- .39 

- . 56 

+ .29 

---------------~----1 

PIERREPONT MANOR, 1'. \'. 

1823. 1 I + 2. 21 

1847. 1 1 4· 38 

1856. 9 I 
186o.5 j 
1863.s j 
1864.3 J 

1865. 41 
1866. 7 I 

I 

~=~::I 

5· 17 

5. 6o 

5.73 
5.83 
6.oo 

6.25 

6. 17 

6. 17 
6.30 1869.4 i 

I 
1870. s I 6. o6 I 1874.8 I + 6.55 

+ 2.71 

4.33 
5. 13 

5. 45 
5.73 
5.81 

5.91 

6.03 

6. II 

6. 19 

6.28 

-0.44 

+0.05 

+0.04 

+o. 15 
00 

+ .02 

+·09 
+ .22 

+ .06 

- .02 

+ .02 

6. 38 - • 32 

+6.771-.22 

-·-·~-----

1845,5 1.48 1.52 - .04 1880.5 - 2.43 - 2,68 

1846, $ I, 51 

184j. 5 I. 55 

1848. 5 I 1.59 
i 

1849,5 I.62 

1850.5 i 1.64 

1851. 5 1.68 

185]. 5 I. 77 

1854.5 I.8o 

1855. 5 I. 87 

1856,5 1.94 

1857.5 2.0I 

1858.5 

1859.5 

1860. 5 

1861. 5 

1862.5 

1863.5 

1864.5 

1865.5 

1866.5 

1867.5 

1868.5 

1869.5 
1870.5 

1871. 5 
1872.5 

18]3. 5 

1874.5 

1875.5 

1876.5 

1877.5 

1878.5 

1879.5 

1880.8 

1884.6 

2.07 

2. 12 
2, 18 

2.24 
2.26 

2.32 

2.36 

2.41 

2.46 

2. 50 

2.55 

2.62 

2.70 

2.8o 

2.88 
2.97 
3.07 

3, 19 

3.31 

3. 41 

3.52 
3.62 

3.6S 

+ 3.95 

I. 54 

I. 56 

1. 57 

I. 59 

I. 62 

I. 66 

I. 76 

I. 82 

1. 88 

I. 95 
2.02 

2.08 

2. 14 

2, 

2.25 

2. 29 

2.33 

2.37 

2.41 

2.45 

2.50 

2 ·55 
2.62 

2.69 

2. 78 

2.88 

2.98 

3.09 

3.20 

3· 30 

3.41 

3.50 

3.58 

3.67 

+ 3.87 

GRAND HAVEN, l>!lCH. 

! 
182~.51- 5.25 - 5.16 
1837.5 - 5.o8 - 5.24 

- .03 ·--------------
·- .OI H"FFALl•, :-;, \'. 

-~-- . 02 --------------------

.03 

+ .02 

+ .02 

-r- . 01 

- .oz 

-- .01 

- .01 

-- . 01 

- .OI 

- .02 

- .02 

- .OI 

- .03 

- .OI 

- .or 

.00 

+ .OI 

.oo 

.oo 

.00 

+ .OI 

+ .02 

.oo 

- .OI 

- .02 

- .01 

- .OI 

.00 

+ .02 

.04 

+.01 
+ .os 

- .09 

+ .16 

1797. 5 
1798. 5 
1837. 5 

1839. 5 
1845. 5 

1859. 5 
1872. 5 ' 

i8n s 
1885. 7 

0.00 

-L-- 0. 50 

I. 42 

I. 25 

I. 42 

2. 94 

3.87 

3.97 

+ 5.07 

+ o, 26 

0. 24 

I. I9 

I. 31 

I. jl 

2.79 

3· 89 i 

3.97 

-t- 4. 98 

- . 26 

- .06 

- '29 

. 15 
- .02 

.oa 

IH:TROJT, MICH. 

1-----;-------------

18 IO. s \ - 2. 80 -
1822. 5 3. 22 

1828.5 i 2.83 
1835. 5 2. 17 

1840.5 1.97 

1859. 3 o. 70 

'1865. 5 0. 6j 

3· IO .J_ , 30 

2, 82 - '40 

2.60' - "' ' -~) 

2. 30 - . 13 

2, 06 -i- '09 

1.01 ..L .JI 

o.66 - .01 

I 872. 4 O. 42 0, 28 - , 1-t 

1873.4 o. 29 o. 22 - .07 

1876.4 - 0.08 - 0.06 - .02 

1885. 7 + 0. 52 + o. 40 + . 12 

--------·--------·-·· 
ERIE, PA. 

·---------·-·--·- -··----··· 

1786. 8 + o. 53 

I 793· 5 ; - O. 70 

1795. 5 - 0. 72 
i 

1841. 6 I 
1855.5 

1859. 4 

1862. 6 

1867.3 
1873. 6 

1876.5 

+ 0.50 

I. 55 

I. 65 

I. 53 

2.22 

2.31 

+ 2.83 

- O. II T .64 

- 0.32 - . 38 

- 0.37 - . 35 

+ 0.45' .05 

1. 29 + . 26 

I. 56 . 09 

2. II 

2.55 

+ 2.75 

- .25 
. II 

- .24 

+ .oS 
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GnorP II.-Comparison of obsenxd and computed Magnetic Decliriations-Continuet1. 

Y ~ar anl1 
(rJ.ctiu11. 

t8jj. 9 

1883.9 
1885. 7 

·-------- -------------------------------- . 

Ubs'cl Comp"tl Year and: Obs'd Comp'd I 

0--C. I 0-C. 
decl'u. tlecl"n. fraction. decl'n. decl'n. I 

I 

LR!E, J'A.-continne<l. ::\IARIETTA, OHIO. 

---- ------- -------- -- ---------- - -------- - ----· 
I 

0 0 0 0 0 0 

~-· 3· 00 2. 84 ' . I<i 1810.5 - 2.6o - 2.86 + . 26 

3·33 3.24 -j- .09 1824.0 3.42 2. 79 -- . 63 

3· 36 1838.5 + . 85 
I 3· 14 - . 22 I. 54 2.39 

--- 1845.3 2.42 2.10 - . 32 

CHICA;;11, ,, .. 1850. 5' I. 42 I. 83 + .41 

- I. 21 - I. 01 - . 20 ------ - 1864. I 

18~3.5 

1857.6 
187S.; 

1796. i 

1830.5 
1831. 6 

1834. I 

1838 I 

1840. 5 
1841. 3 

1845.5 
1859.5 
187 I. 8 

1872. 5 
1873. 5 
1880. 5 

1819.7 
1869. I 
1S72. 8 

1877. 8 

1878. 7 
I88o. 8 

1840. 6 

I845.3 
1878.7 
I884.7 
1885.6 

6. 20 6. 21 + .01 1881. 4 T 0.20 + 0.20 .co 
- --

5. 77 5. 75 
I 

- .02 --------- ------

-- 4.55 -- 4.60 I .05 CINCINNATI, OHIO. 

~---~-- - --- ----~----

I 

CL£\·J:LA="Ll, oHro. 1806.5 - 4.97 - 4.97 .oo 

------------ 1810. 5 5. 00 5. 01 + .01 
: 1840.0 4.77 4.52 - . 25 - 2. 00 - I. 95 - . 05 

I, 33 I. 04 - .29 1845.3 4.07 4.30 + • 23 
188o.9 - 2.24 - 2.21 - .03 

I. 25 I. 00 - . 25 

0.83 0.89 + .06 -· 

0.58 0. 70 --+- . I2 ST. LOUIS, ~!O. 

0.32 0. 59 + . 27 
0.09 o.55 + .46 1819. 5 -10.79 - 8.64 -2.15 

- 0.65 - o.35 - .30 1835.5 8.82 8.46 -0. 36 

- 0.77 + 0.36 + . 41 1838.5 7.75 8.38 +0.63 

0. 54 0. 95 - .4I 1855.5 8.oo '}. 72 --0. 28 

o.75 0.98 - .23 1856. 8 6.39 7. 66 +1. 27 
0.85 I. 03 - . 18 1872.6 6.63 6. 77 +0.14 

--- I. 64 I. 33 + .3I 18n 5 6.51 6.47 -0.04 : 

-- 1878.6 6.56 6.40 -0.16 

ll\L\HA, '.'ERR. 1879.7 : 6.22 6.33 -+-o. 11 

1886.8 - 6. 18 - 5.88 ·-0. 30 -- ---------·----
I 
-1~. 7s -12.67 - . II 

---------- -

i 10. 71 IO. 77 + . o6 FLOREXCF., .AL.I\ • 

IQ. 74 to. 59 - . 15 ··--
i 

IO. 37 Io.34 - .03 1818. 5 - 6.58 - 6.58 I .00 

10.66 IO. 29 - .37 I835.5 6.47 6.46 I_ .01 

-IO.IO --10. 18 + .08 I865.3 5.40 5. 51 I+ .II 

-- 1875.4 5.24 5. 04 i - .20 
I 

JllTTSBt"R(;, 1'.\. 1881. 7 - 4.63 - 4.7z i + • O•) 
I 

-------· ·-------~~ 

I 

+ o. 13 + 0. 21 - .08 )!OBIT.F., ALA. 

0.55 0.44 + . II --

2.36 2.41 - .05 18I4.5 - 6.50 - 6. 56 . 00 

2.68 2.76 - .o8 I835.5 7.20 7.05 - .15 

+ 2·93 + 2.82 + •II 1840.5 - 7.o8 - 7. 07 - • DI 

----------· ·----

I Vear and I Obs'd Comp'd 0-C. 
fraction. , dccl'n, decl'n. 

I 
I 

- ---

:'.\tOHTLE, Al.A. -continued. 

0 0 0 

1843.5 - 6.93 - 7.061 . 13 

' 1847.4 7.07 7• OJ I - .04 

1857. I 6.87 I 6. 84 j - .03 
I 

1875.4 6. 12 6.og: - .03 

1883. 2 I - 5.28 -· 5. 661 + .38 

:NE\V ORLEANS, LA. 

1720.5 - 2.00 - 3. 31 i +1.31 

1768. 5 7.83 5.79 -2.04 

1796.5 5. IO 7.37 +2.27 
1806.5 8.05 7. 77 -0.28 

1840.5 8.33 8. IO -0.23 

1857. o I 8.oo 7. 69 -0.31 

1858. 3 I 7.86 7.59 --0.27 

I870. 5 ' 7. IO 7.02 -0.08 

1872. I 6.66 6.93 +0.27 
188o.2 - 6.46 - 6.47 -f-0.01 

SAN ANTONIO, TEX. 

1825.5 -10.50 -10.01 -· ·49 
1836.5 9· 75 10.24 + ·49 
1874.5 9-5° 9.56 -r .06 

1878.4 - 9.37 - 9.38 + ,OI 

-------

K>:Y V\rEST, !"LA. 

I 
1829. I - 6.42 - 6.52 + .IO 

1843. 5 6.03 5.89 - • 14 

I849.6 5.48 5.54 + .o6 

186o. 7 4.78 4.82 + .04 

1861. 2 4· 74 4.78 + .04 
1862.7 4.67 +68 + .01 

1863.5 4.61 4.6:: + .01 

1864.5 4.57 4.54 - .03 

I865.5 4.53 4.47 - .o6 

1866. 2 4.50 +42 -.o8 

1879.2 3.56 J.461- .10 
I884. 3 - 2.91 - 3·09 + .18 

----· --··---

I 
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GROl;P IL-Comparison of observed and computed Magnetic Declinations-Continued. 

- """" ---- ------·--- ·----------- -----------------·-·-----·----- ------- --··----

!Year and i 
I fraction. 

1 

Obs'd 
decl'n. 

Comp'd I O-C. 
decrn. 

IIAVA"SA, ll~BA. 

1726.5 
1732. 3 ' 
1815.5 

I 1816. 6 

1833.0 
1857. l 

1858. 5 

i 1879. 2 

! 1884. 3 

-- 4. 57 
4.50 
7.00 
5.50 
5.83 
5.25 
5.75 
3.90 

- 2.73 

- 4. 26 

4.58 
6.55 
6.52 

5.99 
4. 81 

4.74 

. 31 
+ .08 
- .45 
+r. 02 

. 16 

- .44 
-I.Ol 

3· 59 - . 31 
- 3· 33 I + '6o 

KINGSTON, JAi\IA!CA. 

I 

1732. 2 j - 6.04 
1791.8/-6.78 

I 

- 6.46 + .42 
- 6. 32 - .46 

Year and 
fraction. 

Obs'd 
decl'n. 

Comp'd 
decl'n. l>--C. 

J.:INC.;;TO!\, JA\1AlC.\-continued. 

1806.5 

1820.0 

1822.5 

1832.5 

1833.5 

1837. 81 
1847.3 

1857. 2 Ii 

1875.5 
1876.5 

1880. 51 
1884. I 

I 

- 6. 50 - 5.88 . 62 

4· 83 5. 37 - . 54 
4. 90 5. 26 -·· . 36 

5. 22 4· 84 . 38 

4. 67 4. 80 + . 13 

4.30 4.61 -+- .31 

3.67 

3.67 

4.00 

3.58 

3· IO 

- 2.33 

4.20 I -i- ·53 

3· 7S I ...L • 11 
3.07 - ·93 

3.04 I' - . 54 
2.90 - . 20 

- 2. So I --'- . 47 
I 

Year and 
fraction. 

Obs' cl 
clecl'n. 

1775. s ' ·- 7. 82 

I 790. 8 j. 82 

ISO::!. 5 
1822.5 

1837. 5 

1849.5 

1858. 5 
1866.4 

187J. 9 

1880.5 

1883. I 

1884.2 

S.oo 

7.00 

7.03 

7.08 

6.28 

5.93 
6.32 

5.40 

5.03 

-· 5. 38 

Comp't1 

cled'n. (•-- c. 

- 7- JI . II 

7- S~ 1 • OJ 
I 

j. 79 ·:?I 

i. 49 . 49 

7. fX) . O() 

6. 69 - . 39 

6. 34 ' -- . c6 

6. 02 : -·- . c9 

5. 71 - . 61 

5·44 ~ ·C4 

5. 33 + . :;o 
5. 29 -0. (9 
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iiEsULTS FOR GROUP II-Continued. 

Oontents of columris: Year of first observation, and whole number of observations used in 
the discussion; probable error of an observation or of an expression; year of nearest easterly 
digression or magnetic elongation, with correspondrng amount of maximum east declination; 
annual change for three modem epochs. East declination is intlicated LJ' a minus sign, as is also 
easterly increasing declination; westerly declination and westerly increase are imlicate<l by a plus 
sign. 

2 

3 

4 

5 
I 6 

7 

Station. 

York Factory, Drit. N. A. 

Sault de Ste. ::\Iarie, ::'llich. 

Duluth, '.\!inn., & Superior City, 

Pierrepont '.\Ianor, K. Y. 

Toronto, Can!l.da. 

Grand Ha,·en, "Mich. 

Buffalo, X. Y. 

8 Detroit, '.\lich. 

9 Erie, Pa. 

10 ' Chicago, Ill. 

l l 1 Cleveland, Ohio. 

12 Omaha, Xebr. 

13 Pittsburgh, Pa. 

14 '.\larietta, Ohio. 

15 Cincinnati, Ohio. 

16 Saint Louis, :lfo. 

l 7 }'lorencc, Ala. 

18 Mobile, Ala. 

19 : New Orleans, La. 

20 ' San .\ntonio, Tex. 

21 Key West, Fla. 

22 Havana, Cuba. 

23 Kingston, j'1m'1ic;a. 

24 Panatn:J., Xcw Granada. 

1725 

1790 i 
1859 

1823 

1840: 

1825 

1 797 
1810 

1786 : 

1823 

1796 
1819 

1840 

1810 

1806 

1819 
1818 

1814 

1720 

1825 

1829 

1726 

1732 

1775 

9 
5 I 

13 i 

39 i 
61 
9 

II 

13 

3 
13 

6 

5 
7 

5 
IO 

5 
8 

IO 

4 
12 

9 

14 

12 

---- --~-- -

I i 

±49 1854 

9 1828 

28 ' 1871 (?) 

7 1802 

2 

9 1S34 

IO 18o6 
: 

IO: 1800 

13 1808 

1832 

IJ 1790 

10 

1808 

1815 

r815 

1820 (?) 

1821 

11 
20 1830 

14 i 1844 

3 Ii i8o9 

31 1797 
22 l 759 (?) 

±II 1793 

Annual change in-

+14.0 

+ 4.0 

+ I. I(?) 

+ 5.0 

+ 2.3 

+ 7.3 
4. 8 

- 3· 2 + 2. 8 

-- 0. 5 + 3· 8 

- 6. 2 + 4. 7 

- 2. 0 + 2. 2 

i- o.6 

I - 2.9 
- 5.0 

- 8.6 

- 6.6 

-+- 3. 3 . 

+ 3.4 

+ +2 
+ 3.8 

+ 3.8 • + 3.2 

-71 +37 
- 8.2 -,- 3.7 

-10.3 + 3·3 
- 6.9 + 4.4 
- 6.8 + 3.0 
- 6.8 + I. 7 
- 7.8 + 2.4 

+16.0 

+ 4· I 

+ I. 5 (?) 

+ 4.6 

+ 3.8 

+ 8.o 

t- 4.5 

+ 2. 5 

i- 3· 5 

+ 5.2 

+ 2.0 

+ 3.4 

+ 3· 2 

+ 4.1 

+ 3.7 

+ 3.8 

+ 3.2 

+ 3 9 

+ 3.8 

+ 3.6 

+ 4.2 

+ 2. 9 

+ I. 5 

+ 2.4 

+17.5 

+ 4· l 

+ 1.9(?) 

+ 4.2 

+ 4.4 

+ 4.2 

+ 2.1 

+ 3.2 

+ 5.6 

+ I. 7 

+ 3.5 
+ 3.0 

+ 3.9 

+ 3.6 

+ 3.7 
+ 3.2 

+ 4 0 

+ 3.8 

+ 3.8 

+ 4.0 

+ 2.7 

+ I. 3 

+ 2.3 
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RESULTS FOR GROUP II-Completed. 

Ephemeris of magnetic declinations. Computed magnetic declination at each station for enry 
tenth :year of tlle series, and after 1850 for eYery fifth year. A plus sign signifies westerly decli
natiou, a minus sign easterly declination. The first tabular result for an~' station indicates that 
the first obserrntion made there falls between that tabular date and the next one follo\\~ing it. 

30 

40 i 

-j-18.4 

18.5 

+17. 7 

+16.1 I 
I 

13. 8 : 

11. 0 i 
80 7. 7 

90 + 4.3 +o. o 

1
1800 

10 

+ 0.9 -o. 5 

- 2.3 0. 9 

20 5. I I. I 

7. 7 I. 16 

- 8.9 l --1.04 

1850 : - 9.6 -0. 76 - 9.8 

55 9· 7 0. 57 9· 9 

6o 9· 5 o. 34 10.02 

65 9· 2 -o. 07 10.08 

70 - 8.6 -j-o. 21 -IO. II 

+2.6 

3.05 +o.8 
-j-3. 72 +1. 32 

-5.0 

5.2 

--5. 2 

-j-4.52 

4.96 

5. 41 

5.87 

-j-6.33 

-j-1. 6o -4. 95 

I. 85 4. 74 

2. 17 4. 45 

2. 39 4. II 

+z.66 -3. 71 

+0.44 

+o. 22 

0.21 

+z.05 
2.43 

2.84 

+0.2 

-0.2 

-3. 2 -0.46 

3· II 0, 52 

0 :.r. 
" ·" 0 

2. 90 o. 39 -6. 2 

2. 55 --0. 09 6. 2 

--2. 09 +o. 36 -6. 2 

0.99 

o. 69 

--0. 41 

+0.94 
I. 26 

I. 6o 

I. 94 

+2.JO 

-6.o 

5.8 

5. 6 

5.4 

-5· 16 

-2.0 

-I. 9 

I. 7 

I. 4 

I. 06 

-0.61 

-0.12 

+0.13 
0. 38 -II. 2 

0.63 IO. 97 
+o. 87 i -IO. 73 

I 

1875 
80 

85 

90 

95 

- 7.9 

6.9 

5.8 

4.6 

-j-o. 52 

o. 84 

I. 18 

1.52 

-IO. JO 

10.o6 

9.98 

9.9 

- 9.7 

+6.79 

7· 23 
7.6 

8.o 

+J.14 -3. 25 +4-09 

4.51 

4.91 

5.30 

-0.13 

+0.13 

0.37 

0, 58 

+o. 78 

+2.65 

2.99 

3.32 

3.62 

-4. 85 +1. IO -IO. 4S ; 

3· 62 2. 73 4.51 1.31 10.23 I 

3.88 2.15 4. 14 I. 51 9. 98 

4. 12 I. 5 3. 7 1. 68 9. tiS 
11 

- 3.2 +1.9 +8.4 +4·5 -o. 8 -j-5.66 -j- 3. 9 -3.3 :·+1.83:-9.4 
I 
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18oo 

10 

20 
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UNlTED STATES VOAST AND GEODETIC SURVEY. 

RESULTS FOR GROUP II-Completed. 

-------------------- ------------

: -2.9 
! 2. 8 

! ---- ' -5. 81 
-8. 6 : -6. 50 . 6. 30 

8. 6 ! 6. 58 6. i I 

8.6 6.54 6.97 

-3.3 

3.6 
I --4. I 

l-4.7 
5 3 
5·9 
6.5 

-j. I 

-7. 52: 

7- 88 

- --- i 

8. II -- 9. 8 --6. 76 

S. I 8 IO. I 6. 49 

----------1 
I 

-3.9 

4· 5 --6. 4 

--5.0 : -6.6 

-5. 5 -6. 7 : 
6. o 6. 8 I 

6.3 6.7 

6.6 6.6 

-6.7 -6.4 

-7.6 

7. 8 

-7.8 

-'6. 8 

6. 7 

6.5 
6. l 

-6.1 I -7.8 

5. 8 ' 7. 7 

5. 4 7. 5 
5.0: 7, 3 

40 -j-0. 18 -2. 33 --4- 52 -8. 3 I -6. 37 -7. 07 -8. lO · -lO. 3 -6. 07 -5. 7 -4. 5 -7. 0 

+o. 68 , -I. 86 I -4, 08 
I 

0. 96 i r. 57 3.82 

I. 26 : I. 27 3. 53 

I. 56 : O. 94 I 3· 23 

-8.o .. -6.11 

7.8 5.93 

7.5 5·74j 
7•2 5·53 I 

-6.99 

6. 90 J 

6. 75 ' 

6. 57 

-7.88 

7- 71 

7• 52 I 

7. 29 I 

-IO. 2 

10.2 

IO, I 

9• 93 1 

-5-5 2 ; -5. 2 

5. 20 I 4· 9 

4· 86 4· 7 

4· 51 4· 4 

-4.1 

3.9 

3· i 

3· 5 
i I 

70 Tl. 87 i --o. 6o ' -2. 92 -6. 9 -5. 30 ! -6. 36 -- 7· 05 . - 9· 75 -4. 15 -4. IO -3. 3 
I I 

-6.7 

6.4 

6. 31 
6. I I 

--5.9 

I 
I 

1875 i 2. 18 1 -0. 26 : -2. 00 
1
. -6. 6 -5. 06 f -6. 12 I -6. 77 - 9· 54 -J. 77 

1 
-3. 82 -3. I -5. 7 . I I 

80 I 2. 49 / --j-o. 10 2. 27 / 6. 3 : 4. 81 ) 5. 84 1 6. 49 9. 30 3. 40 ! 3. 56 f 2. 9 ; 5. 5 

85 i 2. 78 I o. 45 I. 95 I, 6. 0 j 4· 55 i 5. 541 6. 18 9· 03 3· 04 \ 3· 3 : 2. 8 I 5. 3 • 

90 Ji 3. o6 ii 0. 79 I. 63 I 5. 7 I 4· 2811 
5. 231 5- 87 8. 7 2. 68 j 3. o. ! 2. 61 5. l I 

___ 9s I) +3~.,___+_1_. _1 ___ -_1_._3-'--J _-_5_·4_.__) _·4_._0---"---·-_4_._9__,_l_-_s_._6 __ --_8_._4___,___-_-2_._J_J __ J_-_2._s~j_-_2._s ____ 4._9 __ ' 
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GROUP III.-Collection of ~Magnetic Decl-inations from the earliest to tlw present time, obserred on or 
near the Pacific coast of the United Sta.tes and west of the Rocky 1llountainll and extending ot'CI' thr 
region from the Isthmus of Tclwantepec, Jlforico, northward to Bering Strait and the Arctic Oeean, 
coast of Alaska. 

To these are added observations at a station in Kamtchatka and at two stations in the Sarnlwieh 
Islands. This collection, however, comprises only places for which sufficient data were fonr;il 
for the discussion of the secular change of the declinatfon. 

Since the issue of the last edition of this paper a valuable collection of magnetic data ha,.; 
been published by .Assistant G. Davidson, iu .Appendix No. 7, Report for 1885, entitled "Uoll1'('
tion of some :Magnetic Yariations off the Coasts of California and Mexico, obserwd by Spanish 
Navigators in the last Quarter of the Eigliteenth Century." The contents of this commuuicatio11 
bearing directly upon our researches, it was submitted l>y me to a careful scrutiny, "·hen its mine 
became at once apparent, as it enabled me to assign for that early period a closely approxinrntP 
value for the declination for an)" part of the coast between San Blas, a leading Mexican port. at 
the time, and Vancouver Island. By means of these observations, when properly discu,,~etl, a" 
satisfactory a value could be gi,·en as if it had been directly obscrrncl, atHl consequently l ham 
introduced such results in the general collection of declinations at all places where observations 
were wanting about that period and iu some ins.tances made use of such values as checks ou 
observations which appeared doubtful. It will therefore be proper to explain the method of pro
cedure and give the results deducecl before presenting th_e general collection of data at the secular
change stations on the Paci:fic coast. 

All observations in question were made at sea, hence indh-idually tliey gi\·e little information 
for an;'.'- particular place, but collectively their value becomes apparent if it can be shown that the 
probable error of a single observation is reasonably small and the law of geographical clistribu
tion of the declination can be made out satisfactorily. This was effected by plotting all obserrnd 
values for localities not more than about 40 of arc or about 240 nautical miles distant from the 
coast and representing tlle distribution of the declination as a fonction of the latitude and long
itude disregarding the effect of the secular change during the interrnl 177-t to li!IO; iu other 
words, making no allowance for reduction to mean epoch. 

To treat so large a number of observations by application of the method of least squares, the 
122 observations selected as within our limit were united into mean values, for 7 grou11s, which 
could readily be marked out on the chart. No rejection was made and the values forming each 
group may be identified, if desired, by the epocll and their latitude and longitude without special 
reference to .Appendix No. 7. These groups are as follows: In the table the groups arc marked 
''A." to "G," and the headings No., -r, <p, A., D indicat~ the running number, the year aml fraction, 
the latitude, the west longitude, and observed declination, respecti\-ely. 

--------~---~------- -----· ·~---------
! 

jNo.J T <p i ,, D No.I T <p !., D No., T <p '· ll 
i f I ------1--·---

1--
GRO!IP A. GROUP A-Continued. GROUP lJ. 

- ------------ --
0 

I 

1775. 2 ! 2!. 4 ' 110. 3 - 4. 5 IO Ii79· 9 21. 6 110. 8 - 5.0 1774. I 20.8 113. s -- 5.0 I 
I 

106. 2 - 6.o 21. 6 ' 5. 0; 2 go. I I 21. 2 II 79.9 IIO. 3 -- 5.0 2. 74- I 20. 5 113. 4 

3 90· 9 I 22. 7 I I I. 4 - 7.5 12 88.2 2!. 5 104.9 - 5.0 3' 75.2 20.6 113. 9 -- 4.5 
' 

90. 9122. 8 i wS.o 88.9 23.8 6. 5 4' - 4.5 ' 4 - 7.0 13 109.4 ' - 75.2 20.2 112.9 

i s go. 9 22. 7 ! w7.o - 6.o 14 88.8 22.9 108.7 - 5.0 5 75.2 19.8 110. 7 - 5.0 i 
I 1 6i ! 

f 6 90. 9 i 22 · 5 i J06. 2 - 5.0 15 88.S 22.7 108.6 - 4.5 75.2 18.6 IIO. 5 - 5.0 
I 7 79. 9123. 0 l Ill. 0 - 6. 5 16 : 88.8 22.2 107. 2 - 4.5 7 75.2 18.6 !IO. 7 - 5.2 

I 8 79· 9 I 2z.. s : 110. I -- 6.o 17 1788. 8 21. 9 105.8 - 4.5 gi 79.2 20.6 IIZ. 4 - 5.0 

I 9 19. 9 I 21. s 
1 

III. 4 - 5.0 9 79.2 20.4 110. 0 - 5.5 
------

H. Ex. 40,--47 
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GROUP III.-Oollection of ollagnetic Declination.~ from the earliest to the present time-Continued. 

-:_N~o~. ~~--T--_,__'P ___ ;._~_n __ ,N:.~,~~-T·-_ J_q; _ __._l __ '· _ __:___n _ __,.· _N_o_.1'--_T __ l:.__<p__,_l __ '·---'--_D __ , 

GROUP R-Continued. 

lo '
I_ : 0 ! 

1779.2 ~ 20.0 i 

II 

12 

79. 2 20. I 

79. 1. 20. 5 1,' 

! 

I 3 ! . 79· 2 20. 4 : 

14 

15 
16 

17 

18 

88. 2 

88.2 

88. 2 

90. I 

1790. I 

20. 2 i 
20.3 
20.4 

20.5 

20.2 

Ill. 6 

116. 8 

- 6.o 

- 7.0 

111.8" - 5.0 

114. 5 ' - 6.o 

112.7 -5.5 

113.8,-5.5 

116. 6 

II4. 2 

n5. 9 

- 6.o 

- 6.9 
- 6.8 

3 

4 

5 
6! 

! 

7 
8 

9 
IO 

II 

GROUP D-Continued. 

I 0 • 

1779. 9 I 23. 8 ; 

88. 9 ' 33· 4 ! 

88. 9 i 29. 8 . 

88. 7 I 32. 6 

88. 7 31. 7 

88. s j 30. 6 

88. 8 128. 3 

90. 8 32. 8 

u7. 4 

u7. 9 

u6. 2 

120.S 

u8. 7 
u6. 4 

u9. o 
12!. 8 

- 9.5 
-II.0 

-10.0 

- 9.0 

- 8.5 

- 8.o 

- 6.9 

-II.0 

5 
6 

7 
8 

9 
IO 

II 

12 

GROUP F-Continued. 

1775. 5 i 41.0 

75.6: 42.4 

75.7144.3 
75.7 42.6 

75. 7 • 39· 7 
I 

79.7 43.8 

0 

124.2 

125.0 

125. 9 

124.6 

124. 2 

128.8 

126.8 

-14.0 I 

-17.0 I 
-18.0 I 

-:7.0 
-16.0 

-16.0 

-15.5 

12$. 4 I -15. 0 

--14.0 90. 8 I 31. 0 120. 4 - 9· 0 13 

1790.8 ! 29.4 i II9.3 - 8.5 14 

·-----~---------· 15 

-------- -- ----- ---- 12 

42.0 

40.9 

39.6 

39.5 

38.9 

40.0 

124.4 

124.6 -13.5 

I GROCP c. I- _!_________ i---1 

I 
1·1779.9 22.3) n2.7\-ss 

2 88.9 24.6 l 111.6 i - 7.0 

3 88.8 23.6 I 112.8 I - 5.0 

4 79· 9 27. I : I 16. 5 : - 8. 5 
5 79·9 26.I: IIS.6

1

!--7.5 

6 

7 
8 

9 
IO 

II 

12 

l :~ 
I 15 

I 16 

\. 17 

I:: 
I i--
1 

79·9 

79.9 

79.9 

79.9 

79.9 

I 
25. 3 i 
24. 4 ! 
23. 41 
23. o I 
22. 8 I 

79. 9 ' 22. 5 
88. 9 1, 25. 7 

88.8 i 27. I 

88.8 
88.8 

88.8 

88.8 

90.8 

90.8 

1790.8 

25.7 

zs. o I 
2+ 7 i 

24. 2 I 
24. 8 i 
23. 8 i 
23. I ! 

i 

II4. 6 : - 7. 0 

118. 5 - 7. 0 

II]. 3 j - ]. 0 

I 16. 0 : - 6. 5 

n5. 1 f - 6. o 
i 114. 3 i - 5. 5 

I 12. 6 --- 9· 0 

117.0 - 6.o 

II$. 2 

114. 6 

113. 9 

I 13. 5 

- 5.0 

- 5.5 
-- 5. 3 

- 5. 2 

II5. 5 : - 8.o 

114. I 

112. 4 

- 9.0 

- 8. 5 
---~-

GRutH' D. 

J ____ -----------

2 

3 

4 

5 
6 

7 
8 

9 
IO 

II 

12 

13 

14 

15 

16 

1774.8 

74.8 

75.7 

75. 8 
75.8 

79. 8 

79.8 

. 79. 8 

79.8 

79.7 
88.7 

88.7 

90.6 

90.8 

90.7 

1790.7 

124. o I -13. o 

GROUPE. 
16 125. 51-16. 0 

171
1 

90.6 43.2 127.9 -15.0 

36. 81 
36.2 

37. 9 I 
37. 1 I 
36. 1 i 
37. 6 / 

37. 2 I 
36. 0 j 

34.81 
37• 8 I 

36. 2 ! 
35. 2 I 
31. 6 I 
35. 3 I 

~~: ~ I 
I 

18 90. 1 41. 3 126. o I -14. s 
-11.0 123.0 

122. 0 

19 
1 

1790. 1 39· 4 125. 4 I -13. 8 

-I I. 0 1---'---_;_----'-----'-----i 

123.3 

123.8 

123.2 

123.2 

12J. I 

122.6 

122.2 

122.8 

125.4 

124.2 

123.4 

-16.0 

-15.0 

-!4.0 

-13.0 

-12.5 

-12.0 

-II. 0 

-13.0 

-10.5 
-I0.0 

-14.5 
123. 0 i -!2. 0 

123. 7 ! --13. 3 
I 

122. 5 : --13. 0 

I 

GROUP G. 

I ;;74.~1~~-I 125.2 /--18.3 

2 75.5 47.61128.4 -17.0 

3 75. s 147. 5 126. s -17.0 

4 75. 5 47. 4 I 126. 6 -11. s 
5 15. s 46. s I 128. 4 -16. o 

6 

7 
8 

9 

IO 

II 

12 

I 75· 6 47· I i 128. 5 --18. 0 

- 13 

14 

15 90. 6 48. 2 125. 2 -18. 0 

·---------------· 16 

75. 6 49· 2 i I.?8. 0 -19. 0 

75. 6 49. 7 Ii 128. 0 -18. 0 

75. 6 46. 2 124. 3 -17. 0 

75· 7 I 47· 81 129.0 -19.0 

90· 2149· 9 I 127, 6 --17. 8 

C)O. 3 49· o I 128. o -17. l 

90·3 48.7 l 128.41-18.0 

90, 3 49.0 I 128.8 -18. 51 

. 90.6 48.3 125.2 -17.0. 

I 
I I 

I 1774.6 I 42.6 I 124.3 -15.5 17 go.6 48.4 126.4 

126. 9 

-15.0 

- 15·5 

I I 2 

2 I! 74. 6 39· 8 124. 3 -II. 2 18 90· 6 48. 9 
i ' 

1779· 8 ll 3o. 9 I 11 9· 8 1· -IO. 5 3 I 75. 4 41. 8 125. 2 --14. 0 19 90· 6 49· s 127. 2 -16. 0 

_1_9_._s...!-2_9_._s~l _1_1_8_. _9_,_-_1_0_. o__.__4_l--'_1_s_. 4__._4_1_. _s_L_1_2_4_. s__,__-_14. s_.__2_0_,__11_90_. 6_,_,_4_9_· _6_,__1_2_1_.1 __ _ -17. o I 



 

UNITED STATES COAST AXD GEODETIC SUHVEY. 371 

GROUP III.-Oollecti61i of J{ag;ietic Declinations from the etirlicst to the present tiine-Uoutinued. 

RESULTS FOR EACH GROUP. 

I Group. 

'----·-·-

A 

}\ 

c 
D 

E 

I F 

1---
G_. __ _ :\lean _ 

I I ' 

--- " ---!_: ____ ~ ___ /_~ 
0 0 0 

1785. 9 2z. 3 rnS. 7 - 5· 5 

r7So.2 20. 2 113. I - 5.5 

1785. I 2 4·5 114. 7 - 6. 7 
1787. I 3o.3 118. 9 -- 9· 3 
1782. 2 36. 7 

1779. 8 41. 3 

123. 21-·12. (j 

125. 31-14· 9 
1783. 0 48. 3 127. 2 -17. 3 
______ J __ , __ _ 

I 1783. 3 31. 91 118. 71 -10. 3 

Fm the relation D = f ( <p, A.) I have found it sufficient to make use of the following terms 
oul.v, others not having any sensible effect upon the result, nor would they be warranted by the 
uncertainties in the observations themselves: 

D=D0+.r.L1cp+y.L1A. cos cp+z.L1cp2 

where Acp=cp-<po=<p- 310.9 
L1?.. =?..-Ao= ?..-llSo.7 

D 0=normal declination for epoch 1783.3=-l00.3 
D=declination for any place (within the geographical limits of the investigation) whoi::e 

latitude is <p a.nd whose longitude is A.. The conditional equations are as follows: 

+4.8= - 9.G x-9.3 y+ 92 z 
+4.8=-11.7 x-5.3 y+l37 z 
+3.(b - 1.4 x-3.G y+ 5.3 z 
+1.0=- LG x+0.2 Y+ 3 z 
-2.3=--t 4.8 x+3.G !!+ 23 z 
-4.G= + U.4 x+u.O Y+ 88 z 
-'i'.O=+lG.'i x+u.6 !J+'.!69 z 

und the normal equations become: 

hence X=-0.381 
'!/=-0.132 

666.7 .r+:n::l.7 y+ '.!456.4 z+ 299.G=O 
-- 196.9 Y+ 250.l z+ 153.3=0 

-- 110nii7.0 z+ rnaG.9=0 

z=-0.0006 aml D=-l00.3-0.331.d<p-0.1:33 ..dA. cos <p-0.0006 LJ<p2 

with the following residuals: 
________ J ____ ----, • 

! . (" I ; ,roup. Obs'd D. ; Comp\! D.; 0 - C 

1
----- -- -- --- I - - __ ! i ~ 

I 0 0 

A - 5.5 -- 5. 5 ' 0.0 

ll -· 5.5 - 5. 2 ·-0 . .) 

c - 6.7 7. 0 +0.3 
D - 9.3 - 9.7 -t·O. 3 

-12.6 -12.6 0.0 

-14.6 -0. 3 

-17.4 +0.1 ! 



 

372 UNITED STATES COAST AND GEODETIC SURVEY. 

GIWUP III.-Oolleetion of 1llagnetic IJeclina,fions from the earliest to the present time-Continued. 

which is a sufficiently close representation. For tile probable error of the mean of a group we 
have 

r=O.fiH / [t·~]~=±oo.205 or ±:12'. 
'\ n-m 

Ou an average the 11umber of obsen·atious in a group is 17, hence the 11rol>al>le error roof any 
individual observation for declination is 0.'.!05 ,!IT or ::l::00,845 or :1::51', a tolerably fair value, con
sidering the time when these observations were made. It also compares favorably with the 
estimated average probable error of an observation made by Vancouver. 

To draw the isogonics as represented on the accompanying chart (:N"o. 30) it was only necessary 
to find the roots of tlie ahoYe equation for certain assumed values for D, ranging from -5° to 
-180, and plot the corresponding values of <p and i\. for each line. 

A comparison of the isogonics of 1783 with those of tile present time shows tllat a century 
ago the general direction of the cur,·es was not very unlike tl1e present one, but they were less 
crowded tluu1 now. In the spa-0e between Sau Blas and the nortilern part of Vancouver Island 
we fin<l a change of declination iu 1783 of 130, whereas in the sa,me space we now have 150 of 
change, aud, roughly speaking, the rleclinatfou a century ago was 40 less easterly than at present 
in the region of San Blas and (30 less than at present at Vancouver Island. 

Series of .,,lfagnetic Stations mainly on the PaC'ific Coast and in the region irest of the Uocky .,,lfountains. · 

The stations of this western series are irregularly scattered over the region extending from 
the Isthmus of Tehuantepec, :Mexico, to the Arctic Ocean, Alaska. Added thereto is a station in 
Kamtchatka, Eastern Siberia, and two on the Sandwich Islands group. 

Ju this series the observ.itions for magnetic declination have been collected and discussed for 
secula,r variation at the following places: 

1, Acapulco, Mexico. 
2. Vera Cru.t, 11exico. 
3, City of ~Iexico, :Mexico. 

4. San Blas, 1\1 exico. 
5, El Paso, Texas. 
6. Magdalena Bay, Lower CaL 
7, San Diego, Cal. 
8, Santa Barbara, Cal. 
9. Monterey, Cal. 

IO, San Francisco, Cal. 
11. Salt Lake City, Utah. 
12, Cape Mendocino, Cal. 
13, Vancouver, \Vash, Ter'y, 
14. \Vallula, Wash. Ter'y. 
15. Cape Disappointment, Wash, 1er'y. 

__ Olympia, \\'ash. Ter'y, 
16. Seattle, Duwamish Hay, "·ash, Ter'y. 
17, Port Town,end, \Vash. Ter'y. 
18, Nee-ah Day, Cape Flattery, \Yash, Ter'y. 
19. Nootka, Vancouver Island, 
20, Sitka, Alaska. 
21. Port MulgraYe, Yakutat Bay, Alaska. 
22. Port Etches, Alaska. 
23. St. Paul, Kadiak Island, 
24. Captain's and Iliuliuk harbors, l'na]?,Shka Is'd. 
25. Port Clarence, Alaska. 
26. Chamisso Island, Kotzebue Soun<L 
27. Petropavlovsk, Kamtchatka. 
28. Kailua, Is'd of Hawaii, Sandwich Is'ds. 
29. Honolulu, Is'd of Oahu, Sandwich Is'ds, 

The first column of the record for an;r station contains the rmrning number of the values. 
used in the discussion, the second the tlate of observation, the third the observed value, and the 
fourth the name of the observer, tlie geographical position of the station, the reference to publica
tion, and other pertinent remarks. 
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UNITED STATES COAST AND GEODETIC SURVEY. 

GROUP III.--Series of Magnetic Stations rnainly on the Pacifia Coast, etc.-Continued. 

r .-ACAPULCO, MEXICO. 

1744- -
1791, April 29. 
1822 __ 

1828 __ i 

1837 __ 

1838 __ 

1838 __ 

1841 __ 

1866, May 30. 

1874, March 17. 

188o, November 23, 24. 

1882, November 18. 

---·--·---------·- --

1726 to 1727. 
1769 __ 

1769, March 15. 

1776_ -
1815 __ 

1819, April 27. 

1839 __ 

1856, August 7, 8. 

Jll6L. 

t88o, February IO, u, 12. 

0 f 

3 

7 44 
8 40 

9 °7 
8 23 

8 13 

8 17 

8 17 

8 22 

8 38. 7 

7 56.6 

7 54 

0 f 

2 15 
6 40 

6 28 

7 30 

IO 37 

9 16 

8 22 

8 17 

l-=99° 53'-5 W. of Gr. 

(South of Fort San Diego.) 

E. Anson; Hansteen·s Magnetismus der Erde, 1819. 

Don A. :\Ialaspina, ubserYed on land. Berliner Jahrbuch, vol. 53, for 182~. 

Hall; in 9= 16° 501
, ;.=99° 51 1 \V. Becquerel"s Traite du Magnetisme, 

Paris, 1846. 

Capt. Beechey; Bec<1uerel, as auove. 

Sir Edw. Belcher; Fort San Diego, in <fa= t6° 501.9, i. =99° 521 .2 \V. 

Admiralty chart of Acapulco. 

Sir Edw. Ilelcher; Phil. Trans. Roy. Soc., 1843. 

Du Petit Thouars ; Y oyage of the Frigate Venus. 

Duflot de :\lofras' Explorations of Oregon, Paris, 1844. [Probably Du Petit 

Thouars' value; not used.-SCH.] 

\V. Harkness, Prof U.S. N., in </J= 16° 501.1, /.=99° 521.3 W. Observa

tions on Terrestrial Magnetism, Smithsonian Contributions to Knowledge, 

No. 239, 1873, p. 61. 

G. Dewey, Comdr. L'. S. Str. Narragansett, Lieuts. z. L. Tanner and E. J. 
Young, observers; in¢= 16° 501 .5, I. =99° 551 .4 \V. 

H. E. Nichols, Lieut. U. S. K, assist. U.S. Coast and Geodetic Survey; 

Cocoanut Grove, close to Prof. Harkness' station of 1866; intp= 16° 49'.2, 

l-=99° 561 .3 w. 
E. U.S. S. Ranger, Lieut. ·w. P. Ray, in<?= 16° 511 , ;\=99° 561 W. Naval 

Professional Papers No. 19, Washington, 1886. 

2.-VERA CRUZ, MEXICO. 

~.=96° o8'.8 W. of Gr. 

(Castle San Juan d'Ulloa.) 

----------------------------, 

E. ·Joseph Harris; Phil. Trans. Roy. Soc. (abridged), 1824-'34. 

} Encycl. Brit., seventh edition, I 842. 

Don u1loa; El)cycl. Brit., seventh edition, 1842. 

Malony; Encycl. Brit., seventh edition, 1842. [Weight J.( assigned to tl:is 

value.-ScH.] 

Wise; Encycl. Brit., seventh edition, 1842. 

Behard; 1=19° 121 , i\.=96° 09' W. Phil. Trans. Roy. Soc., Sir Edw. 

Sabine's Contributions to Terr. Magn., No. xiv, vol. 165, 1875. 

August Sonntag; in .p=19°12',1=96° og1 W., at the villa la Guaca, 200 

yds. south of the city; Smithsonian Contributions to Knowledge, Wash

ington, 186o; also, Coast Survey Report for 1856, p. 214. 

8 20 English Admiralty Chart, No. 523, corrected to 186r. 

7 26. 3 E. Lieut. S. M. Ackley, U. S. N., asst. U.S. Coast and Geodetic Survey; north

east bastion of Castle San Juan d'Ulloa, 9= 19° 121 .2, A.=96° 08'.5 \V. 

---------'---·----'---------------------~ 



 

374 UNITED STATES COAST AND GEODETIC SURVEY. 

G:aour III.-Series of Magnetic Stations mainly on the Pacific Ooa,st, etc.-Continued. 

I 
I {' 

.2 I 
I 
I 

3 
I 

4 

5 

6 

7 

s 

9{ 

rn{ 
11 

I2 

2 

3 

1769, June. 

1769, December. 

1775 __ 

1803, December 

1849 __ 

1850 __ 

1856, December 10-17. 

1858 __ 

r86o __ 

1862 __ 

1862 __ 

1866 __ 

1867 __ 

1868 __ 

1879, SeptemLer, October, 

November, December. 

1884, April 5, 8, 9, 1 I, 15, 

19. 

1;88, March 9. 

1791, April 12. 

1821-'z2. 

1828 __ 

3.-CITY OF MEXICO, MEXICO. 

rp= 19° 261
.0 l.=99° II'.6W.ofGr. 

5 20 

35 
6 42 

8 08 

8 30.2 

8 35.2 

8 46 

8 22.3 

s 30 

8 20.5 

8 34.8 

8 08.5 

8 09-3 
8 10.0 

8 34.5 

( Observatorio N acional.) 

---------------------------------------

E. Don Alzate; Hansteen's Magnetismus der Erde, 1819. 

Don Alzate ; reference as above. 

Velasquez de Leon; Memoria de! Obserrntorio Meteorologico Central de 

Mexico; Por V. Reyes, Mexico, 188o. 

Alex. von Humboldt; Hansteen's Magnetism us der Erde, 1819. 

Gomez de la Cortina; Memoria de! Observatorio Meteorologico Central· de 

Mexico; Por Y. Reyes, Mexico, 1880. 

\'elasquez y Teran; F. Diaz Covarrubias' Tratado de Topografia y Ceodesia, 

Mexico, 1869, tomo 1, p. 221-. 

August Sonntag; Observations on Terr. Mag. in Mexico, 5mitli;,onian Cont's 

to Kno\\'l., Washington, 186o; also Coast Survey Report for 1856, p. 214. 

Alamazan; in Mem. de! Obsen•atorio Central; F. Diaz Covarrubias' Tra

tado de Top. y Geod., :Mexico, 1869. 

Salazar Llarregui; in Mem. clel Observatorio Central; 1-'. Diaz Covarrubias' 

Trataclo, as above. 

Diaz Cornrrubias; Tratado, as above. 

Iglesias; l\Iemoria de! Obsenatorio Meteorologico Central de .Mexico; Por 

I \'.Reyes, Mexico, 1880. 

I } Ponce de Leon; Tratado de Topogralia y Geodesia, Mexico, 1869, tomo 1, 

. p. 221. 

Fernandez y Diaz CoYarrubias; Tratado, as before. 

"1emoria so bre el Departmento MagnetiCo de! Oservatorio Meteorologico 

Central de Mexico, Por V. Reyes, Mexico, 1880. [The weight one-half 

is given to this value.-Scu.] 

8 19.0 E. Cben·atorio Central (at Tacubaya), M. Barcena, director; official, newspa

per slip copimunicnted Ly the Mexican Consul at San Francisco. The 

obscn·ations of April 15 were made by Prof. G. Davidson, assist. Coast 

~nd Geodetic Sun·ey; he found 8° 13'.9 E. 

5 E. 

7 28 

8 40 

II o6 E. 

4.-SAN BLAS, .MEXICO. 

A= 105° 18'.4 \\'.of Gr. 

(Custom House.) 

Don Esteban Martinez; in the Princessa; rji=2..1° 30', ,\=105~0 \V. 

Asst. Davidson's collection, Coast and Geodetic Survey Report for 1885, 

Appendix No. 7. 

Don A. Malaspina; observed on shore. Berliner Astron. Jahrbuch, vol. 53, 
for 1828; also Encycl. Brit., seventh edition, 1842. 

Hall; Encycl. Brit., seventh edition, 1842. 

Capt. F. \\'. Beechey; Beechey's Narrative of a Voyage to the Pacific, 

1825-'28; also Becquerel's Traite du Magnetisme, Paris, 1846. (Not 

used.-ScH.] 
. 
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GROUP III.-Series of .11£agnetic Stations mainly on the Pac~fio Coast, otc.-Continued. 

I 
Ji 

I I 

I' 

5 
6 

7. 
8 

9 

8 34 

1837 __ 9 09 

1838 __ 8 47 
1839 __ 9 OC> 

1841 __ 9 12 

1874, l"ebruary 23, 24, 26. 9 08.2 

1880, December 5. 9 18.1 

------------------~--

0 

1852 __ 12 24 

2 1859, January 20. 12 25.0 

3 1878 __ 12 25.2 

4 1884, April 8. 12 05 

SAN BLAS, MEXICO-Continued. 

- . ---------------

E. Sir Edw. Belcher; in <1>~21° 32', I.= 105° 161 \V. Phil. Trans. Roy. :--.oc., 

1843. 

E. 

E. 

E. 

Du Petit Thouars; \·oyage de la Yenus, 1841. Gen. Sir Edw. Sabine'< 

Cont's to Terr. Mag., No. xiv. Phil. Trans. Roy. Soc .. vol. 165, p:ut 1, 

1875; position in ¢=21° 321 , I.= 105° 161 \\'. 

Sir Edw. Belcher; in the Su\phur; reference as abo 

Sir Edw. Eelcher; Phil. Trans. Roy. Soc., 1843. 

Duflot de Mofras' Exploration of Oregon, Paris, 1844. 

G. Dewey, Comdr. U.S. S. Narragansett, Lieuts. Z. L. Tanner and E. J. 
Young, observers, in \) = 21° 321 4, i. = 105° 181.7 \\". 

H. E. Nichols, Lieut. U, S. N., asst. lJ. S. Cmst and Geodetic Sun•ey; near 

Cust01n House, station of Sir E.Belcher of 183;1; in '>=21°321 .z,

1 

---- --- -------~---- ___________ ___,1 

5.-EL PASO, TEX. 

------------------------! 

Major \Y. H. Emory, Commisoioner l'nited States and Mexican boundary I 
survey; Amer. Acad. of Sci., vol. vi, new series. 1856. At Frontera in I 
¢=31° 49', 4= 106° 29' \V. 

J. H. Clark, U.S. Commissioner; Report of Commissioner of General Land I 

Office, 47th Cong., Sen. Exec. Doc. No. 70, \Vashington, 1882; at Frontera 

1

! 

/ in¢=.F0 49', A.=106° 33 1 \V. 

I Atastronomicalmonument,FortBliss; in9=31°451 .5,A.=rnS0 29'.1\Y. I 
Report of Chief of Engineers, U.S. A. for 1879, vol. iii. I 

Prof. G. Davidson, asst. Coast and Geodetic Survey; about zoo yds. north J 

ofR.R.depot,in ~=31°46',1'=I06°3o'W. MS.at C.and G.Sur-1 
vey Office. 

--------------------------------------------------
6.-MAGDALENA BAY, LOWER CALIFORJ\'1A. 

(Near village on Man-of-War Cove.) 

-~~----------------

1783.3. 

2{ 
1837 __ 

1837 __ 

3 1839 __ 

184r __ 

4 1866, June 9. 

Deduced from 122 observations 'by Spanish navigators along the coast be-

tween San Dias and N ootka ; see preceding im-esligation. 

Du Petit Thouars; voyage of the Frigate Yenus. 

Voyage of the Frigate Yenus. }Gen. Sir Edw. Sabine, in l'h11. Trans. 

Sir Edw. Belcher in 9=24° 38', Roy. Soc., rnl. 165, pJrt 1, rSj5; 

il = 112° Oi' \V. Cont's to Terr. Mag., xiv. 

Du/lot de Mofras; Explorations of Oregon, Paris, 1844; in ¢ = 2+ 0 361
, 

il= Itz0 05' 'N. [Not used.-ScH.] 
W. Harkness, Prof. U. S. N.; Cruise of the Monadnock, 1865-'6, Smith 

sonian Contributions to Knowledge, No. 239, Washington, 1873; in 

\>=24° 40', A= II2° 07' \Y. 



 

376 UNITED STATES COAST AND GEODETIC SURVEY. 

GROUP III.-Series of Magnetic Stations mainly on the Pacific Coast, etc.-Continued. 

5 I 1871, March and June. 

I 
f I 187J, March 5, 6, 7. 

6

1 I 
l 

1 
1873, June 23. 

7 i 1881, February 24. 

1783. 3. 

2 1792 __ 

1793 __ 

3 1839 __ 

1841 __ 

4 1851, April 28 to :\fay 7. 

5 1853, October 15. 

6 1866, June 15. 

1871, May 28, 29,JO. 

I 
I 
I 

1872,November 19, 20, 21.1 

I 
l 

'.lfAGDALENA BAY, LOWER CALIFORNIA-Continued. 

o I 

II 00 

I0.36.6 

IO 30. 8 

F : G. Bradford, asst. Coast Survey, near village on Man-of-\Var Cove, in¢>= 

,. I 24° 37 1.5, i.= I 12° 131 .3 \V. Chart in Coast Survey archives. 
1 

\V. Eimbeck, assist. Coast Survey, near village on Man-of\Var Cove, in t.J> = 

24° 381.4, i'.= 112° 081 .9 \V., near Belcher's and Bradford's stations. 

Record in Coast Survey archives. 

G. Dewey, Comdr. l:. S. S. Narragansett; Lieuts. Z. L. Tanner and E. J. 

Young, observers. [Double weight gl\·en to this value.-ScH.] 

IO 29. I E. H. E. Nichols, Lieut. Comdr. U. S. N., assist U. S. Coast and Geodetic 

Survey; at Eimbeck's station of 1873, in <{J = 24° 381.4, i'.= I 12° o~'-9 

W. [Double weight given to this value.-Scu.] 

10 26 

II 0 

11 0 

12 20. 6 

II 0 

12 28_ 8 

12 31. 7 

13 09.4 

14 46. 7 

13 19. 4 

E. 

7.-SAN DIEGO, CAL. 

A= I 17° 14.31 W. of Gr. 

(La Playa, Point Loma.) 

D~<luced from 122 observations by Spanish navigators along the coast be

tween San Blas and ~ootk.a; see preceding investigation. 

Capt. G. Vancou1·er; V:mcouver's Voyage of Discovery, etc., 1790-'95, vol. 

2, p. 475, London, 1798; also Hansteen's l\fagnetismus der Ertle, 1819. 

In ,i=32° 391
, l.=117° 171 W. 

Reference as above; in rp = 32° 42', A= 116° 531 \V. Observed on board 

ship on or near the coast. [~ot used-ScH.] 

Sir Edw. Belcher; in i;> = 32° 41', i. = u7° 131 \V. J'hil. Trans. Roy.Soc., 

1841. 

Duflot de Mofras, Explorations of Oregon, Paris, 1844; in cp=32° 39'.5, 

t.=1171 17'W· [Notused.--Scu.J 

G. Davidson, asst. Coast Survey; near La Playa, in cfl=32° 42'.2, }.= 

I 17° 14·.6 W., Coast Survey Report for 1856, p. 229. 

Lieut. ,V. P. Trowbridge, asst. Coast Survey; at La Playa, near the custom 

house. Coast Survey Report for 1856. 

\V. Harkness, Prof. U.S.N.; in 9=32° 42',!=117° 1J'W.,at La Playa; 

Smithsonian Contributions to Knowledge, No. 239, Washington, 1873. 

G. Davidson, Assist. Coast Survey, at New San Diego; in rp= 32° 43'.1, 

i.= II7° 091 .7 \V., Coast and Geodetic Survey Report for 1881, App. 9. 

[Not used, distance from La Playa too great and reduction uncertain.

Sen.] 
G. Davidson, assist. Coast Survey, and S. R. Throckmorton, aid; near La 

Playa, in rp=32° 421.2, A.=117° 14".6 \V.; station of 1851. Coast a.nd 

Geodetic Survey Report for 1881, App. 9. 

1879 __ f 12 5'5 Capt. W. A. Jones, from a plan of New San Diego, showing U.S. Barracks. 

[Not used.-Sc1q i 
I 

8 1881, April 6. I 
I 
I 
I 

13 27. 6 E. H. E. Nichols, Lieut. Comdr. U. S. N., asst. Coast a.nd Geodetic Survey, at 

Davidson's station of 1851, in •=32° 421.2, A.::;117° 141.5 W. Coast 

and Geodetic Survey Report for 1881, Appendix 9. 
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GROUP IIl.-Series of Magnetic Stations mainly on the Paeifie Ooast, efu.-Coutinued. 

8.-SANTA BARBARA, CAL. 

1793, November. 

1839 __ 

1869, November 16-19. 

1881, April 14. 

1786, September 14-, 15. 

1791, September 23. 

1792, December. 

¢=34° 241.2 ,l = 119° 431.o W. of Gr. 

o I 

II 22 

IO 15 

13 28 

15 I I. 9 

(Astronomical station of 1869.) 

E. Deduced from 122 observations by Spanish navigators along the coast be

tween San Blas and Nootka; see preceding investigation. 

Capt. G. Vancouver; Hansteen's Magnetismus der Erde, 1819. In 

¢=34° 24', i, = 119° 16' vV. [Not used-SCH.] 

SirEdw. Belcher; Phil. Trans. Roy. Soc., 1841. In <iJ = 34° 24', i. = l 19° 41' 

w. 
S. R. Throckmorton (G. Davidson, assist., chief of party), Coast and Geo

detic Survey Report for 1881,Appendix 9. In¢=34° 241.2, /.=119° 

421.8 \V.; at outermost spur of hill. 

14 51. 9 E. H. E. Nichols, Lieut. Comdr. U.S. ~ .• assist. Coast and Geodetic Survey; 

Report for 1881, App. 9. Near long wharf and the Burton House, in 

\11=34° 241.6, l.=119° 41 1 .5 \Y. 

0 

12 26 E. 

IO 56 

12 22 

9.-'.\IONTEREY, CAL. . 

}.= 121° 53 1.f} \\'.of Gr. 

(Custom House.) 

Deduced from 122 observations by Spanish navigators along the coast froJ 

San Blas to. Nootka; see preceding investigation. \ 

La Perouse (J. F. G. de); at sea, a few miles from the anchorage, variation I 
- I I 0 571

; and twenty miles north and west from Pt. Pinos - I I 0 391
• I 

Voyage au tour du monde, Paris, 1797, vol. 3, pp. 302 an<l 390. Commu

nicated by l\fr. '.\farcus Baker, C. and G. Survey. 

Doa A. Malaspina; Berliner Astron. Jahrbuch, vol. 53, for 1828. Observa

tions made on shore. 

Capt. G. Vancouver; in <;1=36° 361
, I.= 121° 34' \\'.;Vancouver's \'oyagc 

of Discovery, etc., 1790-'95, vol. ii, p. 51; London, 1798; also Han

steen's Magnetismus dcr Erdc, 1819. 

S _ · 1794, November 13. 12 22 Capt. G. Vancouver; in o = 36° 361 , /.=121° 51 1 ,V,; Vancouver's Voyage 

of Discovery, etc., 1790-'95, vol. iii, p. 337; also Hansteen's Magne

tismus der Ercle, 1819. Probably taken on shore. 

6 

i 

8 

9 

1818, September. 

1837 __ 

1839 __ 

1843 __ 

H. Ex. 40--48 

16 30 

14 30 

14 30 

15 00 

14 00 

Capt. Golomin (V. M.); apparently at Presidio, in 1'=36° 361.2. Voyage 

around the 'Vorld, St. Petersburg, 1822, vol. 2. Communicated by Mr. 

l\farcus Baker, Coast Survey. (Not used, apparently about 3° in error 

SCH.] 

Capt. F. W. Beechey; Phil. Trans. Roy. Soc., vol. 165, 1875, Sir Edw. 

Sabine's Cant's to Terr. Mag., No. xiv. [Not used~5cH.] 

Dn Petit Thouars; Voyage of the Frigate Venus. Near Monterey. 

Sir Edw. Belcher; in'{>= 36°361,A=121° 531 \V. Phil. Trans. Roy. Soc., 

1841. 

Duflot de Mofras; Exploration of Oregon, Paris, 1844, at Presidio, in 

¢=36° 36',/,=121° 531 \V. 

E. Chart of the harbor of Monterey, sun·eyed by Comdr. T. A. Domin; position 

of fort 1' = 36° 361.4, A= I 21° 52/,4 \V. 
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UNITED STATES CO.AST AN"D GEODETIC SURVEY. 

GROUP III.-Series of Magnetic Stations mainly oii the P.icijic Coast, etc.-Continued. 

1851, February 8. 

MOKTEREY, CAL-Continued. 

I4 5S. 3 E. G. Davidson, asst. Coast Sun:er; at Point Pinos, astronomical station, in 

9=36° 371 .8, l.=121° 55'.5 \Y. Coast Survey Report for 1856, p. 229. 

I4 58. 9 \V. P. Trowbridge, Lieut. u. S. A., assist. Coast Survey. Station near bar-

racks of redoubt, in ¢=36° 361.2, /.=I21° 531 .8 \Y. Coast and Geo

detic Surny Repart for 1881, Appendix 9. 

1873, August 30, 31, 15 55.3 G. Davidson, asot. Coast Survey, and S. R. Throckmorton, aid; near astro

nomical station; in .p =J6° 371 .8, !..= 121° 55 1 .6 \V. Coast and Geodetic 

Sun·ey Report for I88I, App. 9. 

September I. 

1881, April 20. 

I 792, !\ovcmber 20. 

181°6, October. 

1818, Scptember20 (0. S.). 

I824 __ 

I82i--
1829, December 6. 
1830 __ 

1837 __ 

IS]i--

1839 __ 

1841, October, 

1842, J::umary. 

184.9-'50. 
1852, February IS-28. 

1852, March 24. 

1852, April 21. 

1852, May 28. 

1858,June 3-8. 

1858, June 10-12. 

I5 53.9 E.; H. E. Kichols, Lt. Comdr.{;. S. N., assist. Coast and Geodetic Sun·ey; near 

Lieut. Trowbridge's stat:on of 1854; in redoubt, 9=36° 361 .2, I.= I2! 0 

531 .8 \Y. Coast and Geodetic Sun·ey Report for 1881, App. 9. 

10.-SAN FRANCISCO, CAL. 

9=37° 47'.5 I.= 122° 271 .3 W. of Gr. 

(Presidio.) 

o I 

12 55 E. Deduced from .122 observations by Spanish navigators along the coast from 

San Blas to N ootka; see preceding investigation. 

I2 48 Capt. G. Vancou,·er; in 9=37° 48', il=IZ2°071 .5 W. \"ancouver's voy-

16 05 

15 00 

16 00 

I5 2j 

14 55 
14 51 

I5 20 

I5 00 

15 20 

I5 30 

15 30 

I5 40.8 

15 27.6 

15 28.8 

15 27.8 

15 31. I 

15 49.4 

15 56. 2 E. 

age, 1798, vol. 2, p. 27. "raken on board ship, \·alues varying from -I..!0 

02 1 to - 13° 321. Communicated by Mr. Marcus Baker, Coast and 

Geodetic Survey. [Longitude defective-Sen.] 

Kotzebue; Kotzebue's Voyage of DiscoYef)', 1815-' 18; in ¢ = 37° 481 .6, 

?. = I22° 121.5 W. [Not used-ScH.] 

Capt. Golornin (V. M.); voyage around the world, St. Petenburg, 1822, 

ml. 2. Communicated by Mr. M. Baker. 

Kot2ebue. } [Not used-SCH.] 

Beechey; Becquerel's Traite du Magnetisme, Paris, 1846. 

Errnan (A.G.); Reise um die Erde, Berlin, 1835, yo!. I. 

Errnan (A.G.); Phil. Trans. Roy. Soc., vol. 165, 1875. Sir Edw. Sabine's 

Cont's to Terr. Mag., No. xiv. 

Sir Edw.Belcher; in 9=37° 48', J.=122°23 1 \V. Phil. Trans.Roy.Soc., 

1$41. 

Du Petit Thouar•; voyage of the Frigate Venus. 

Sir Edw. Belcher; in tj>=37° 48',J\=122° 23 1 W. Phil. Trans. Roy. Soc., 
1841. 

Duflot de Mofras; exploration of Oregon, Paris, 1844; in ¢=37° 481.5, ii.= 

122° 28'.4 w. 
Duflot de Mofn>s; as above. At Fort Point, Golden Gate. 

Ringgold, Comdr., C. S. N.; at Alcatraz Island, harbor of San Francisco. 

l G. Davidson, asst. Coast Survey; at Presidio, astronomical station; in <Ji= 

~ 37° 47 1.5, I.= 122° 271.3 W. Mean of daily maximum and minimum. 

I Coast Survey Report for 1856, p. 229. Mean value = - 15° 28' .8. 
J See also C. and G. Sllrvey Report for 1881, App. 9. 

(Karl Friesach; Reports Imp. Acnd. of Sciences, Vienna, 1850, vol. 38; a.t · 

f Dupont street, near Catholic ch.; in 9 =37° 471.8, A= 122° 241.0 W.; 1 :c:~~ ;0et5:~.=~~:~;rner Stocktoa and California sts. [Me!!.n value 
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UNITED STATES COAST AND GE.ODBTIO SUUYEY. 379 

GROUP III.-Sede11 of .lifagnetic Stations 11iainly on the Pac~tic Coa/it, etc.-Contirmell. 

1866, June 26. I 

<87<, D~omb""· '5, .J 
1872, October 26, 27, 28. 

1873, June 25, 26, 27. 

1873, August 19--23. 

1873, November 12-16. 

1874, January 10,12,13,14. 

1874, February 19, 20, 21. 

1879. March 12-15. 

188o, September 25, 26. 

188o, November 20. 

1881, March 30, 31, April 

I. 

1881, April 26, 27. 

1881, July u, November 

I. 

1881, June 22, 23, 24, 

Dece:nber 1, 2, 3. 

1883, June 3. 

1884, September 5-16. 

I 885, August 4-12. 

1886, April 21-24. 

l866, August. 

SAN FRAKCISCO, CAL.- Continued. 

16 2 5· 5 

16 23.] 

16 25.7 
16 25. 4 

16 24.0 

16 25. 4 

} 16 26.9 

16 34.0 

16 28. 3 

16 39.5 

l6 33· 3 

16 31. 9 

16 32. 2 

16 18. 2 

16 38.6 

16 32. 3 

16 33. 4 

El 

I 

\\'.Harkness, Prof. U.S. X.; east side of Yerba Bu_ena Island; iu 9=37° 

491 , A=l22° 21' \V. Smithsonian Contributions to Kno"·ledge,1'\o. 

239, Washington, I 87 3. 

G. Da,•idson, asst. Coast Survey, and S. R. Throckmorton, aid; at Presidio 

station of 1852. Coast and Geodetic Survey Report·for 18S1, App. 9. 

1 

} Reference a~ abm·c. 

G. D:isidson and \Vm. Eimbeck, assts. Coast Survey; at Presidio. Refer

ence as ahm·e. [Mean for 1873.7 =-16° 241 .8--ScH.] 

Reference as abm·e. 

G. Da,-idson and n. A. Colonna, assts. Coa;t Survey; at Presidio. Refer

ence as above. 

H. E. Nichols, Lieut. L". S. l\., asst. Coast and Geodetic Survey; at the 

Presidio station. Reference as above. 

\V. H. Dall and ~l. Baker, Coast and Geodetic Survey; ilt the Presidio sta

tion. Reference as above. ['.\lean value for 1880-'Sr = - 16° 33'.9-

Srn.J 
W. Eimbeck, asst. Coast and Geodetic Survey; at Presidio. Reference as 

above. 

} 
H. E. Nichols, Lt. Comdr. U. S. K., asst. Coast and Geodetic Sun·ey; at 

Presidio station. Reference as above. 

J. S. Lawson, asst. Coast and Geodetic Survey; at Presidio station. Refer

ence as abme. [Mean of four rnlues =-16° 281 .9 for 1881.48-ScH.] 

R. A. Marr, aid Coast and Geodetic Suney; at Presidio. MS. in archi,·es. 

G. Davidson, asst. Coast and Geodetic Survey, and R. A . .Marr, aid; at 

Presidio. MS. in archh·es. 

G. Davidson, asst. Coast and Geodetic Survey, and F. Morse, aid; at 

Presidio. MS. in archiYes. 

16 33. I E. Obseners, locality, and reference a; above. 

Q I 

15 34 

16 30 

11.-SALT LAKE CITY, lTAH. 

?. = 111° 531 .8 W. of Cr. 

(Temple Square, astronomical station.) 

E. [ 

I 

Major \V. H. Emory, U.S. A.; Amer. Acad. of Science, Yol. vi, ne'" series, I 
1856. In 'i' =40° 461

, '-= 112° o81 W. i 
Jesse W. Fox; letter from Sun·eyor-General's Office, dated Aug. 29, 1866.1 

In 9 =40° 461, '-=II 1° 54' \Y. . 

16 36.4 E.] G. W. lJean, asst. Coast Survey; Temple square, near astro'l station; in¢= lj 

40° 461 .o, I.= 111° 53'.8 \V. Coast and Geodetic Sun·ey Rep. for 1881, . 

App.9. i I 
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UNITED ST.A.TES COAST AND GEODETIC SURVEY~ 

GROUP III.-Serfrs of ]fagnetic Stations mainly on the Pacific Ooa.st, etc.-Continued. 

I 

1872 __ I 
I 1878, August 15. I 

I 

1878, Octoher 26, 28, 29. I 
I 

I 
1881, )fay I~, IJ, !..\· I 

I 

SALT LAKE CITY, UTAH-Continued. 

o I 

17 OI 

16 48. I 

16 44. 2 

16 2S.4 

E. ! Report of Chief: of Engineers, 1879, Part III, p. 2099, at Camp Douglass, 

near astronomical monument; in 4' =40° 45'.8, A.= 111° 501.2 \V. 

I
' Dr. T. E. Thorpe; Proc. Roy.Soc.,No.200, 1880. East of the President's 

1 . 061" 01'" I 10use;mqi=40 4 .l,l'=III 53.7n. 

: J.B. Baylor, aid Coast and Geodetic Survey; near Fourth street south and 

! Second street east of Temple. Coast and Geodetic Survey Report for 1881, 

I App. 9. [Mean of two determinations, -16° 461 .2-ScH.] 

\\'m. Eimb~k, asst. Coast and Geodetic Survey; about 25 metres S. E. of 

astronomical station, Temple square. Reference as above. 
I 

1883, November 15, 16, 17. I 
I 

16 14. l Wm. Eimbeck, asst. Coast and Geodetic Survey, and G. F. Bird, aid; sta

tion as above. MS. in archives. 

1884, Qctober 22, 23, 24. 

1885, ::-.l"ovember 5-10. 

1579 (?)--

I j86, September 7, 8. 

1792, April 18. 

1792, April 19. 

1792, April 22. 

I 

I 
16 13. 6 Observer, locality, and reference.as above. 

16 29. 3 E. Observer, locality, and reference as above. 

o I 

g 

2 

I 14 IO 

14 54 

16 00 

15 00 

16 00 

12.-CAPE MENDOCINO, CAL. 

I,= 124° 241 .3 W. of Gr. 

(Light-House.) 

E. Sir :Francis Drake; on a map by Dudley, preserved by Petrus Koerius, 

dated 1646, showing the coast of New Albion, discovered by Sir F. 

Drake in 1579. Narrative and critical history of America, Justin Winsor, 

vol. 2. Boston and New York, 1886. (The compass is 1 >f0 south of 

Cape Mendocino; not used-SCH.] 

E. 

G. F. G. Carreri, Giro del Mondo, Napoli, 16g9; see also Hansteen's Mag

netismus der Ertle, 1819; in '1>=40° 29', A= 124° 29' \V. [Result prob

ably many degrees in error; the narrative states the pilots could give no 

reason for this strange result; not used-SCH.]* 

Deduced from ·122 observations by Spanish navigators along the coast be

tween San Blas and Nootka; see precedmg investigation. 

La Perouse (J. F. G. de); Voyage autour du monde, Paris, 1797, vol. III, 

pp. 302, 3go. On board the Iloussole, in '1>=40° 21 1, A= 124° 361 W., 

average declination=-14° 59'; on board the Astrolabe, about the 

same position, declination=-14" 481 • Communicated by Mr. Marcus 

Baker. 

Capt. G. Vancouver; near the cape, about ten leagues from it, it bore N. 

3&0 \V. Vancouver's Voyage of Discovery, etc., 1790-'95, London 

1798, vol. 1, p. 197. (This would put him in about ~=39° 581 , A= 

124° 121 W., probable reduction to the Cape-0°.25, hence declination 

=- 16°.25-ScH.) 

Same authority, vol..1, p. 198, on board ship in ef>=40°03 1, .ii=124°091 

W. Cape Mendocino bore N. 2°W. four leagues from shore. (Probable 

reduction to Cape-0°.20, hence declination- 15°.20-ScH.] 

Same authority, vol. 1,p.200. In ef>=40° 32', .ii=124° 32' W. [Proba

ble reduction to cape +0°.10, declination=- 15°.9<'; mean of three 

values=-15°.78-ScH.] 

*This navigator probably refers to False Cape Mendocino, as we may infer from his latitude. This latter cape is now 
called Cape Fortunas, and is in tfi=40° 3o'.5, ~-= 124° 221.8 W.--ScH. · 
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UNITED STATES COAST AND GEODETIC SURVEY. 381 

GROUP III.-Series of MagnGtic Rtatfons mainly on tlte Pacific Coast, efo.-Coutinued. 

1794, October 3. 

1854, April 25 to May 2. 

1886, April 7, 8, 9, IO. 

CAPE MENDOCINO, CAL-Continued. 

0 I I 
14 oo E. Sameauthority,vol.III,p.321. In9=40°42',l.=124°301 \Y. [Probable! 

17 04. 5 

18 oo. 5 E. 

reduction to cape+ 0°.12, declination= - 13°.88-ScH.] i 
G. Davidson, asst. Coast Survey; at Humboldt astronomical station in / 

9=40° 441.7, A= 124° 121.8 \\'. Coast and Geodetic Surwy Report for [ 

1881, App. 9. [Probable reduction to cape -:- 0°.15. Hence declination ' 

=-16° 561-ScH.J 

I 
G._ Davidson, asst. Coast and Geodetic Sun·ey, and F. Morse, aid; near 

the light-house in ¢=40° 261 .3, I.= 124° 24'.3 \Y. MS. in archh·es. 

L-------------------'-~ 

13.-VANCOUVER, WASH. T. 

¢=45° 37'.5 ;1.=122° 391 .7 \V. of Gr. 

(Flag-staff of Fort Vancouver.) 

------------------------- --·---- -··-----------

1788, August 14. 

i 
I 

2 I 1839 __ 

I 3 1859 __ 

4 I 1860 __ 

5 I 1881, October 26, 27. 

I 

I 
I 

1853 __ 

• 
1800 __ 

i 

2 l 
I 

t86o __ 

o I 

r4 26 E. Gray; Haswell's narrative,' communicated by Asst. G. Davidson; in 

19 22 

21 30 

20 05 

20 53· 3 E. 

o I 

<1>=45° 271, 7t = 122° 19' \V. [Probable reduction to Vancouver -8', 

hence declination= - 14° 34'; the weight one-half is given to this result. 

The formula established for stations on the coast and epoch 1jS3.3 would 

give for this place - 16° oo'-ScH.] 

Sir Edw. Belcher; Phil. Tran>'. Roy. Soc., !S.;p; in 0=45°37',i=12~0 

36' w. 
S. Garfielde, surveyor-general \\'ashington Territory; MS. communication 

datedAug.24,1866. [Ino=45°40',l.=122°38'W.-ScH.] I 
Capt. R. W. Haig, English Commissioner of boundary survey. Phil. Trans. I 

I 
Roy.Soc., \•ol. 154, part II, 1864. lnc,'>=45° 38', /.=122° 28''\'. I 

J. S. Lawson, asst. Coast and Geodetic Survey; south of Ohl Fort in i 
c,'>=45° 371.5, I.= I 22° 391 \\'_ Coast and Ceodetie Survey Report for [ 

1881, App. 9. i 

14.-WALLULA, WASH. T. 

/, = 118° 55' \\'. of Gr. 

(Magnetic station of 1861.) 

• E. Governor I. I. Stevens; North Pacific Railroad Explorations, at ol<l Fort 

20 30 

'Walla Walla, in <t; =46° 041, 7t =I 18° 48' \V. Coast Sun-ey J.1.eport for ! 

1856, p. 223. 

S. Garfielde, surveyor-general of Washington Territory. In town Walla 

Walla, or near new Fort \Valla \Valla, in ¢=46° 03', i.= 118° 20' \Y. 

MS. communication of Aug. 24, 1866. [Not used-SCH.] 

20 oo E. Capt. J. Mullan, U.S. A.; "Magnetic Variation," by J. D. Stone, ?\ew 

York, 1878. Jn ¢=46° 03', /,= !18° 24' \V.; in town Walla Walla, 

near nt!lv fort. 
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UNITED STATES COAST AND GEODETIC SURVEY. 

GR01n• JJI.-Ser'1c8 of ,lfngnetfr Stations 111ai11ly on the I'acijic CMst, etc-Continued. 

! 1861 __ 

i 

"'ALLl:LA, WASH. T.-Continued. 

S. Gur:ielck, sun·eyor-gcncral WuJ ington Territory; nt Wallula, er cl<l 

Fort \Yalla \Valla. [In \)=46° 05 1, i.= I 18° 551 W.-Soi.J 

1881,September2,h25,26.\ 2~ 04.4 J. S. Lawson, asst. Coast and Geodetic Sllrvey; town of \Valla "'alln, in 

<? =46° 031 .9, I.= I 18° 201 .5 \V. Coast and Geodetic Survey Report for 

1881, App. 9. [Supposed to lie affected by local deflection; not 

used-Sett.] 

gs L. b i -- 7 I" I I, aeptem er 29, 30, ! 19 jJ· ~. J. S. La;rson, a;;st. Cua't and Geodetic Sur\'ey, at \\"al!t11a, IJear and nortlt 

vf old fort, in ¢=:46° 071, /.=118° 55' \V. Reference as above. October 1, 2. 

1786, September 1, 2. 

1792, April 27. 

1839 __ 

1842 __ 

1851, July 5~9. 

1851,July 14-19. 

r858 .• 

tSiJ, October 24-27. 

187 3, October 19-23. 

1881, October q. 

---------------------
15.-CAPE DISAl'l'OIXT:'IIENT, WASH. T. 

!. = 1;:4° 02'.8 \Y. of Gr. 

(South &hon: of lki.ker\s Hay.) 

I 6 23 E, De<luced frum 1 22 obserrntions by Spanish navigators along the coast be-

t,yeen San Illas and Nootka; see preceding inyestigation. 

18 o La l'erouse (J. Y G. de); obsen·ed on board the Boussole, Sept. I, in 

18 0 

19 1l 

20 DO 

20 19. I 

<;>=46°39', /.=124~ 17'W.,dedination=-I8°5y;and Sept.2,in 

~·=45° 57 1, i. = 124° 101 ,\.-.,declination =-17°071• Voyageautol!rcu 

:\londe, etc., Pari•, 1797, vol. iii, pp. 300, 303, 388; com:;nunicated by ::\Jr. 

:\!. llaker. 

Capt. G. Vanc0twer; on board ship; in¢= 46° 141, /, = 123° 59' '.V., near 

mouth of Columbia River; Hansteen's Magnetisrnus der Ertle, 1819. 

Sir Edw. Belcher, in Baker's Bay, </,=~o0 17', }. = 124° 021 \\'.; Phil. Trans. 

lfoy. Soc., 1841. 

Duflot <le Mofra.s; Exploration of Oregon, Paris, I 844; at mouth of Colum

bia River. 

G. Davidson, asst. Coa»t Survey; near beach of Baker's Bay, Cape Disap

pointment, in <P =46° 16'.7, j\ =124° 021 .8 \V.; Coast and Geodetic Sur

vey Report for 1881, App. 9. 

20 45. 3 Observer and reference as above; on top of ~ape at astronomical station, in 

¢ =46° 161.6, i, = 124° 031 .o W. [Not used-Self.] 

21 ()() Communication by S. Garfielde, surveyor-f;enera1 \Vashington Territory ,dated 

Aug. 24, 1866, 

21 26. 5 Wm. Einibeck, asst. Coast Survey; near beach of Baker's B11y, in 11>=46° 

161.7, A=l24° 021 .8 \V.; Coast and Geodetic Survey Report for 1881, 

App.9. 

21 46. 9 Observer and reference as before; on top of cape at okl .a>tronomical station. 

(Not used--S<:H.] 

2r 36. o E. II. E. Nichols, Lt. Comdr. V. S. N.; asst. Coast and Geodetic Survey; near 

beach. 
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GROUP UL-Series of Jfagnetfo Statwns mainly oii the Pacific Corut, etc.-Continued. 

1783. 3. 

1853 __ 

1856. 5. 

1881,Kovember 2,3,4. 

16 35 E. 

21 15 

20 47 

OLY:'>iPIA, WASH. T. 

I. 122° 541 W. of Gr. 

Deduced from 122 observations by Spanish navigators along the coast l1e

tween San Blas and Xootka; see preceding investigation. 

S. Garfielde, surveyor~general \Vasbiugton Territory; in 9 = 47° 03 1
, ,\=I ~:2° 

s+' vV.; ::\1S. communication to office of Aug. 24, 1866. 

Sir Edw. Sabine; fhil. Trans. Roy. Soc., 1872, communicatioa XIII; in 

9=47° 03', I.= 122°-55 1 \Y. [Compared with observations mad~ at 

Steilacoom this v<1lue seems too small-SCH.] 

21 34.6 E. J. S. Lawson, asst. Coast Survey; near Eleventh and :,\fain streeu, in <jJ = 47° 

02'.3, I.= 122° 541.o IV.; Coast ancl Geodetic Survey Report lur IbSI, 

App. 9. 

[The above observations are insuffi~ient to deduce a satisfactory value for 

secular change-Sett.] 

--------·-------·------
16.-SEATTLE, DCWAMISH BAY, WASH. T. 

\'> =47° 35'.9 /, = 122° 20'.o IV. of Gr. 

16 45 

(Astronomical station of 1871.) 

E. Deduced from 122 observations by Spanish navigators along the coast be

t ween San Blas and ::-< ootka; see preceding investigation. 

1855__ 21 25 S. Gartielde, surveyor-general of \Vashington Terr'y. MS. communicati<m 

dated Aug. 24, 1865. [In ¢=47° 36', ii.= 122° 20' W.-ScH.] 

1871, September 27-0cto· 22 35. 4 S. R. Throckmorton, aid Coast Survey; in 9=47° 351.9, il.=122° 201 .0 

W. Coast and Geodetic Survey Report for 1881, App. 9. [Result de· 

pends on a doubtful azimuth-Sen.] 

ber 3. 

1881, November 8-11. 

• 

1792,May. 

18.p __ 

1856, August 17-20. 

22 02. 5 E. J. S. Lawson, asst. Coast and Geodetic Survey; station near that of 187r. 

Lat. and long. as ahove. Coast and Geodetic Survey Report for 1881, 

App. 9· 

17.-PORT TOWNSEND, WASH. T. 

17 00 

21 30 

20 40 

21 39·5 

21 54· 

(Station Point Hudson.) 
- ----~----~--~-~------. 

E. I Deduced from I 22 observation$ of Spanish navigators along the coast be

tween San Blas and :'\ootka; see preceding investigation. 

Capt. G. Vancouver; at Port Discovery, in 1>=48~ 021 , i.=122° 381 IV. 

Hansteen:s Magnetismus der Ertle, 1819. [Apparently about 3° too 

great, not used-Sen.] 

Chart by U. S. Exploring Expedition, Commander Wilke,. a~ <'arr l'oint, 

in'= ~8° 031.3, /.= 122° 501.8 W. 

G. Davidson, asst. Coast Survey; at Point Huc!son, in q.=48° 07 1 .0, I.= 122° 

44'.9 W. Coast and Geodetic Survey Report for 1881, App. 9· I 
E. S. Ga.rfielde, surveyor-general Washington Terr'y, at Admiralty Head, 

\Vhidbey Island, in t/>=48° 09', i~= ~22° 41' W. Letter to office, dated l 
Aug. 24, 1866. [Reduction to Port Townsend+ 8', decl'n = -21° 46'-

---'-----~------'------- - i ___ ~CH.] . I 
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L'"NITED STATES COAST AND GEODETIU SURVEY. 

GRO"CP III.-Serie11 of Jllag-netic Statimis mainly on the Pacifia Coast, ete.-Oontinued. 

!'ORT TO\VXSEXD, WASH. T.-Continued. 

i 
I 0 - J 

1859 __ 20 45 E. }{eference as above; in f/1 =48° 07 1 , /, = 122° 451 \V. [Kot used-Sen.] I 
1862_ - 22 00 Reference as above; in ¢ =48° 01 1, I.= 121° 511 \Y., at mill. i 

1876, February. 21 59 Capt. G. H. Burden, U.S. A. Report of Chief of Engineers, U.S. A., 1876, 

P· 3· 
1881, November 16, li, 18. 21 26. 9 E. ! J. S. L,rn-son, asst. Coast aml Geodetic Survey. 

. ! 
Astronomical station of : 

1783. 3. 

1792, April 30. 

1852, August 17-23. 

1855, August 13-18. 

1 S81, October l I. 

Ij78,April 4. 

1786, August 25, 26. 

i 

1852 at Point Hudson, in <;> =48° 07 1 .0, ;\ = 122° 45 1 .0 \V. Coast and 

Geodetic Survey Report for 1881, App. 9. 

13.-::\EE-AH IlAY, CAI'E FLATTERY, \\"ASH. T. 

Ii I j 

18 00 

22 30 

21 29.9 

21 48. 2 

22 44.2 

A= 124° 3S1 .o \V. of Gr. 

(Astronomical station, Scarboro' Harbor.) 

E. lleduceJ fru111 122 oGservations by Spanish navigators along the coast be

tween San Blas and Xootko.; see preceding investigation. 

i 

: 
I 

T.• I 
r .. \ 

i 

Capt. G. Vancouver; inside Cape Fluttery, in ¢ =48° 11)1, A= 123° 41 1 \V. 

[Supposed misprint for 124° 31 1-Scn.J Hansteen's :\lagnetismus der 

Ertle, 1819. 

Chart of C. S. Exploring Expe<lition; Commander ""ilkes; al Scarborough 

harbor, north point of Nee-ah Island, in'!' =48° 21 1 .8, ;., = 1241'.381 .o W. 

[Weight ).( assigned to this value-Sen J 
G. Davidson, asst. Coast Survey, and J. Rockwell, aid; at Scarboro' harbor 

astronomical station, in¢ =48° 21 1.8, I.= 124° 38'.o ,V. Coast ancl Geo

detic Survey Report for 1881, App. 9. 

Lieut.,\ .. P. Trowbridge, asst. Coast Sun·ey; 1\ee-ah Day, near Waa<l<lah 

Island, in <1>=48° 221, J.= 124° 36'.8 ,V, Reference as above. 

II. E. Nichols, Lt. Comdr. U.S. N., asst. Coast and Geodetic Survey; near 

station of 1855. Reference as above. 

19.-NOOTKA SOUND, VANCOU,TER ISLAND. 

<1>=49° 35'.5 

(Friendly Cove.) 

I o 

I 
19 45 

I 

17 54 

19 47 

E. Capt.Cook; in Resolution Cove, 1"=49° 351, /,=126° 3;1 W. Han

steen's 'Mai;netismus der Erde, 1819; also Encyclop:cedia Metropolita.na, 

1848. [Cook notes large local attractions on shore at Ship Cove, vol. ii, 

p. 338, of his Voyage to the Pacific, London, 1784; the value here given 

was observed on board ship-Sen.] 

lJeduced from 122 observations by Spanish navigators along the coast be· 

tween San Blas and Nootka; see preceding investigation. 

E. J '" Perouse (J. F. G. de); Voyage autour du monde, etc., l'aris, tj97, vol. 

iii, pp. 300, 310, and 388. Observed about ten mil~ off shore, on board 

the Astrolabe, in average \!>=49° 39', and a,·erage A-=128° 39' W., 

declination= -19° 47 1 • On board the Boussole in average 4J =49° 37/, 

average A-= 127° zz/ W., declinatio11=-23° 14'. Communication hy 

M.r. M. Baker, Coast and Geodetic Survey. (The observations on the 

Boussole not used-Sen.) 
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UNITED STATES COAST AND GEODETIC SURVEY.. 385 

GROUP III.-Series of .Magnetic Statfons mainly on the Paci.fie CoaBt, etc.-Contimied. 

KOOTKA SOVKD, VANCOUVER JSLAND-Conti1iued. 

I 0 

1791, August 16, 17, Sep· I 
22 30 

tember 4. I 
1792, October. 18 22 

186o __ 23 47 

1863 __ I 23 os 

1881, September 27. 23 36. 2 

0 

1775, August 23. 22 

I7j9, July 7. 23 30 

1786, August 6, 7. 

1787, June. 24 0 

1791, August 8, ll, 21. 

·1804, August :zo. 26 45 

1818, July. 127 15 

I 
1824, August. 27 JO 

H. Ex. 40-49 

E. 

E. I 

Don A. Cllalaspin1; o!Jser\'e<l on shore; lJerliner Astron. Jahrbuch, vol. 53, 

for 1828. l'osition on Sept. 4, 1791, in 0=49° 57 1 , i= r2(•0 191 W. 

Et. l\1archa.nc!1s Voyage antour du ~londe~ Paris, an vii, vol. 2. [~ot 

used-ScH.] 

Cnpt. G. VnncouYcr; in Kootka Sound, 0=49° 3.; 1
, ,1=126° 2S 1 

\\'. 

Hansteen's Magnetismus der Ertle, 1819. 

G. H. Richards, Capt. R. N., in Friendly Con, in <;>=49° 35 1 .5. I.= I ~6° 

371 .5 \V. Vancouver Island Pilot, Admiralty, London, 1864. 

Ol>server and locality as above; Admiralty chart of Nootka Sound. )'\o. 1916, 

1865. Kate: )fagnetic variation increa•ing about 2 1 annually. 

H. E. Kichols, Lt. Comdr. C. S. K., asst. Coast an<l Geodetic Survey; at 

Friendly Co1·e. Coast and Geodetic Survey Report for 18Si. .'lpp. 9. 

[Double weight has been given to this observation-SCH.] 

20.-SITKA, ALASKA. 

"==135° 191 .7 \Y. of Gr. 

(Parade grounds, Sitka.) 

E. Don Bruno de Heceta; in rp = 57° 08', i. = 140° 441 \\".; Coast and Geo

detic Survey Report for I &85, App. ; , p. 276; see also F. A. l'lfaurelle, 

Journal of a voyage to N. \V. coast of America, D. Barrington .Miscel

lanies, London, 1i8I. [At sea, not used-SCH.] 

E. 

San Virey and Antonio Ducareli; in \)=56° 131 , I.= 141° 521 W.; Coast 

and Geodetic Survey Report for 1885, App. 7, p. 278. 

La Perouse (J. F. G. de); Voyage autour du monde, Paris, 1797, vol. iii, pp. 

296, 299, 386; mean of four determinations, a few leagues off shore. On 

board the Boussole, declination= 2S0 28' E., in ayer::i.ge '/> =56° 54' and 

average .:l.=135° z6 1 \\'.; on board the Astrofabc, about the same posi-

tions, declination= 25°041 E. [Mean declination= -26° 46' used-Seu.] 

Observations communicated by Mr. '.'.!areas Baker, attached to the Com· 

puting Division at the ~urvey Office in July, 1879. 

Capt. G. Dixon; Voyage around the world, London, 1789, at anchor near 

\Vhite's Point, <1>=57° 031 , /,=135° 38' \Y. From comp3ss bearings. 

Communicated by Mr. M. Daker. 

Capt. E. Marchand; Yoyage around the worlu, Lon<lon, 18o1, two rnlumes. 

Mean of three values given in ml. ii. One mile north of Dixon's station, 

in¢=57°04', ;\=135° 391 \Y. (In volume i the observer gives the 

declination= -28° 45'.) Communicated hy 1\lr. M. Baker. 

Capt. U. Lisiansky; Voy:cge around the world, London, 1814. Jn 9=5i 0 

03', l.=135° 301 w. 
Capt. V. M. Golovnin; Yoyaf;C arouml the world, St. Pcter.lrnrg, 1822, vol. 

ii. Mean of several observatio11s between-'24° and- 30;{0
• Inf= 

57° 02 1.8, }.= 135° 061.6 \V. Communicated vy Mr. M. !faker. 

Capt. Otto von Kotzebue; New yoyage around the world, 1823-26, London, · 

t830, vol. ii, pp. 66, 77; see also Becquerel's Traitc du l\fagni,tisme, i 
Paris, 1846. In Ii= 57° 02'.9, .:l.= 135° 33'·3 W. t 
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UNITED STATES COAST AXD GEODETIC SURVEY. 

Gaou1> UL-Series of Jllagnetic Stations mainly on the Pctcijic Coast, ctc.-Uontiuue<l. 

' i 0 

! 28 50 

1829, Novemher 10. 28 18.8 

183;, September 12-16. 27 42 

29 32.5 

18.i2, every rnonth, except 
1 

28 32.4 

January, February, n.nd 

October. 

1843,January to DccemlJCr. 28 54.0 

1844,January to December. i 28 57.3 

1845,January to December. 29 oo.o 
1847, l\lay to December. 28 58.9 

1848,January to December. 29 04.5 

1849, January, February, 29 03.6 

March. 

1850, January to December. 28 50.3 

1851.0. 29 14 

185 I, whole year. 28 53· l 

1852, January to July, ~o- 28 48.5 

vemher, am! December. 

1856 __ 28 58.6 

1857, whole 'year. 29 07.2 

1858, whole year. 29 ro. 5 
1859, whole year. 29 o6. I 

1860, whole year. 29 07.9 

1861 -- 29 04. I 

1862, whole year. 29 00.9 
1863 __ 29 03.3 

1864 __ 29 04.2 

28 49 

SITKA, ALASKA-Continued. 

E. Capt. F. P. Liltke. Gen'l Sir E<lw. Sabine's Conts. to Terr. Mag., No. xiii, 

Phil. Trans. Roy. Soc., 1872. In <;i=57° 031 , .i\=135° 23 1 W. 

E. 

Ad. Errnan; Reise um <lie \Veit, Berlin, 1835, vols. i and ii; a careful de

termination on slwre, in a place behind lhe church, in <P=57° 021 .7, 

I.= 135° 251 .5 W. 

Sir Edw. Belcher; a careful determination on shore near the Governor's 

l10use, in<:>= 57° 03 1, /, = 135° 261 \V. Sir Edw. Sabine; in Phil. Trans. 

Roy. Soc., 1841, part i. 

Sir Edw. Belcher; a careful determination at summer-house in the Govj:r-

nor's garden, in ?=57° 03 1, .1= 135° 22' \V. Sir Edw. Sabine; in Phil. 

Trans. Roy. Soc., 1843, part i. [Mean of these two values, or-28° 371 , 

i used for epoch l 838.6-Scn.) 

ll 
I I At magnetic oh>ervatory on Japonski Island, founded in 1842. Hourly ob-

!;'·i ( servations. In9~57°02.'9,A.=r35°20'.1\V. AnnuaireMet.etMag. 
J rlu 0Jrps des ~ines de Russie, St. Petersbourg, 184- to 184-.* 

!J 

I
I] Al ""'<'"'" ""'"'"'"'Y ~ )op<=ki fabo<l. Ao°""~ do l'o>.m. ph,.. 

' 

1 

central de Russic, St. Pctcrsbourg, 184- to 185-. 

!J 

I 
! 

Capt. Richard Collinson; '.115. in Brit. Hyd. Office. Sir Edw. Sabine in 

Phil. Trans. Roy. Soc .. 1872; Cants. to Terr . .Mag., No. xiii. [Not 

l used -ScH.] 

I 1 See differential ol>scrvations at magnetic observatory, Japonski 

I 
~ Compte :kendu of the Central Physical Observatory of Russia, 

J 1864. In 1851-'52-'56 observations during 17 hours each day. 

Island; 

1851 to 

1 
t Differ~ntial observations as above; in 1857-'58-'59-'6o-'61-'63-'64 ob-

j 
servations during 19 hours each day. 

Hourly observations in 1862. 

[Mr. Marcus Baker discussed the magnetic observations at Japonski Isla.ml 

made between 1850 and 1864 incl., and as there was no absolute detennina-

lion for this period, he based his annual mell!l values on the computed value 

resulting from my expression of the secular change at Sitka, given in the 

preceding edition; thus th_e diflerential scale reading 396.0 for I 857.5 cor

responds to the declination 29°07'.2 E., March, 1882-ScH.] 

A. T. Mosman, asst. Coast _Survey; at old Russian observatory on Japoflski 

Island, harbor of Sitka, in '/1=57° 021.9, A.=135° 20'.1 W. Coast Pilot 

of Alaska by the U. S. Coast Sun·ey, 1869, p. 120. 

*For the collection of the values Nos. 11 to 29 incl., I am iodebted to Mr. Marcus Baker, of the Coast Survey, Computing 
Division, t 879. He discussed the differential hourly observations made at the magnetic observatory between 1842 and 1849, basing 
the annual means upon the absolute determinations of Jan. 4, 1843, when D=28° 48'.9 E., and of March 4. 1843, when D=28° 
571 .3 E. The first value corresponded to scale value 419.3, the second to 4J.2.4 divisions of the differential declinometer-Sclt. 
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GROL'P III.-Series of Magnetic Stations mainly on the Pacific Coast, ctc.-Continued. 

31 

SITKA, ALASKA--Contiuucd. 

28 59. 5 E. M. Baker, l:. S. Coa>t Survey, \V. 11. Dall, asst. in charge of party; station 

on parade ground, in 11=57° 021.9, I.= 135° 191 .7 \V. Coae;t and Ceo

detic Survey Report for 1881, App. 9. 

32 1876, January 15 to March 28 20. 5 Capt. J. 13. Campbell and Lt. W. R. Quinan, U. ~-A. ; Report uf Chic! of 

Engineers 1876, part 3, p. 7 51. 20. 

33 "1879, April. 28 54 Lieut. J.E. Craig, U.S. S.Alaska; Report to Capt. G. Drown, LS. N., )foy 

7, 1879, at station of 1874 on parade ground. 

34 1880, May 17, 18. 29 04. 8 )[. Baker and \V: I-I. Dall, l'. S. Coast and Geodetic Sun·ey; near okl 

Russian obserYatory, Japonski Island, in ¢=57°021.9,l.=135° 20'.3 

\V. Coast and Geodetic Survey Report for 1881, App. 9. 

35 1881, September 15, 16. 29 II. 2 E. H. E. Nichols, Lt. Comdr. L'. S. X., asst. Coast and Geodetic Sun-cy; on 

Japonski Island, station of 1880. Reference as above. 
i --------- ----- --- ----~-----------··---

I { l 778, .May 6. 

1778, May 7. 

2 1787, May. 

3 1791, July I. 

4 1794. July. 

5 18o2 (about). 

6 1823 __ 

7 1874, May 22. 

8 t88o, Juse 24· 

21.-PORT MULGRAVE, YAKUTAT BAY, ALASKA. 

¢> =59° 33'.7 ,l = 139° 45'.9 W. of Gr. 

o I 

23 IO 

26 00 

26 40 

26 00 

29 00 

30 30 

29 58.3 

29 59.8 

I ---------- ---~-·~---~-------- ---------~------- -·, 

E. I Capt. J. Cook; Voyage to the l'acilic Ocean, LonJon, 1784, vol. iii, p. 506. f 

I 
May 6, at sea, off Dry Dank, in c{J=59° 08 1

, i'.= 139° 41' W. 1 

May 7, at sea, near coast south of Mt. St. Elias, in ¢ =59° 27 1 .5, ). = t 
, 140° 53' W. Communicated by Mr. ?II. Baker, Coast and Geodetic l 
I Survey. [Taking mean values we have for ¢=59° 18', A= q.o0 171 '\V., 

the declination =-23°.80 for 1778.3; the weight one-half is given to 

this value-SCH.] 

Capt. G. Dixon; Voyage round the World, London, 1789. 

Don A. Malaspina; Bode's Berliner Jahrbuch for 1828; also Espinola 

Mernorias, 2 vols., Madrid, 1809. On shore in ?=59° 331 .7, /,=139° 

46'.3 w. 
Capt. G. Vancouver; A Voyage of Discovery, 1790-'95, London, 1798. j 

\ At Port :.1ulgrave, Lieut. Puget, observer, with ship's compass. Commu- \ 

nicated by 'Mr. M. Baker. I 
Oki Russian chart without date or author; at New Russia Harbor, settled , 

1795 and destroyed 1803; in <?=59° 31 1 , },=139° 361 .5 \\'. Comm11-

nicated by Mr. M. Baker. · 

Lieut. Khromchenko, on Russian Hydro'c Chart, No. 1378; at end of spit, l: 
in .P=S9o 33',6, .1.= r390 46'.5 W. : 

M. Baker, U. S. Coast Survey, W. H. Dall, chief of party. Coast and : 

II Geodetic Survey Report for 1881, .o\pp. 9. 

E. Observer and reference as above. At Yakutat Bay. 
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rr*ITED STATES co~\ST AND GEODETIC SURVEY. 

GROUP III.-Series of 11/agnetic Stations ma{nly on the Pac(tio Coast, eto.-Continued. 

22.--PORT ETCHES, rrnxcE \\"ILLIAM SOUND, ALASKA. 

r778, May 19. 

1787, May. 

1787, !lfayand July. 

1787 __ 

1788, May 17. 

1790 __ 

1790, May 23. 

J 790, July 30. 

1794, June. 

1810 (?) 

1830 __ 

1837, Aug. 27. 

1874, May 31. 

1778, May 21. 

1778, June 13. 

0 / 

23 37 

26 00 

26 30 

27 O;J 

25 00 

26 2S 

26 00 

28 30 

28 30 

28 07.5 

31 38 

I.= 146° 371 .6 W. of Gr. 

(,\stronomical st:ition of 1874.) 

-1 
E. Capt. J. Coak, \'oyage to the Paciiic Ocean, 3 vols., London, 1784, vol. iii, p. 

507. Communicated by Mr. ~L Baker, Coast and Geodetic Survey. 

Portlock; Yoyage, &c., London, l 789; at Chalmer's Harbor, in 9 =00° 17 1 , 

I.= 147° 271 vV. Communicated by Mr. M. Baker. 

Obsen·er and reference as abo,·e. At Port Etches, Garden Cove, in rp =60° 

201 .5, I.= 14.6° 461 \Y.; maps, pp. 215 and 216. Communicated by Mr. 

M. Baker. 

Jam.es John.;tone, D.ilrymple's charts,at Cape Hinchinbroc,l<:,in .p =00° 181 , 

/,=147° 01' \Y. Comm'd by Mr. M. Daker. [Not used-SCH.] 

Don Estaban l\fartinel, in the Princessa. In i;>=6o0 101, ?.= 147° 35 1 \V. 

Coast and Geodetic Survey Report for 1885, App. 7, p. 2.'l1. 

K uchek, Constantine Redoubt. Sarycheff, old Russian chart without date 

or number; in r-~60° 18 1
, '-=146° 32 1 \\'. Communicated by Mr. M. 

·~ i 
Fidalgo, in the packet Philipino. In .p=6o0 1~', /.=146° 31 1 \Y. Coast I 

and Geodetic Survey Report for 1885, App. 7, p. 283. [Mean value = 

-26° 141 used in discussion--SCH.] 

Commodore J. Billings; JI[. Sauer, Account of a Geographical and Astro

nomical Expedition, London, 1802, p. 20'.). Communicated by l\fr. M. 

Baker. [Not used-ScH.] 

Capt. G. Vancouver; Voyage round the Worlcl, London, 1 798, vol. iii, p. 

188; at Port Chalmers, in ¢=60° 161 , /,=146° 381 \V. Observed 30 

sets with 4compa::ses, ranging from -26° 501 to - 30° 09 1 • Communi

cated by Mr. M. Baker. 

Nuchek; Sarycheff,old R11ssian chart No. ~vii; in 6 .=60° 171 .5, A.= 147° 

001 W. Communicated by Mr. M. Baker. 

Nuchek, Constantine Redoubt. Chernoff, R;1soian Hydr'c Chart No. 1378, 

published in 1847. In rp=6o0 201
, A= 14600 32/.5 W. 

Sir Edw. Belcher, on beach near Phipp's Point, Port Etches. Sir Edw. Sa-

bine, in Phil. Trans. Roy. Soc., 1843, part 2, and Contributions xiii, 1872; 

in tp=6o0 21 1,).=146° 41 1 \V. 

29 09. 8 E. Marcus Baker, U. S. Coast Survey (W. H. Dall, chief of party); at Port 

Etches, on beach near Phipp's Point. Geographical position as in head

ing. Coast and Geodetic Survey Report for 1881, App. 9. 

23.-ST. PAUL, KADIAK ISLA~D, ALASKA. 

23 42 

20 31 

i.= 152° 21 1 .3 W. of Gr. 

(Astronomical Station of 1867.) 

I 
I 

E. [ Capt. J. Cook; Voyage to the Pacific Ocean, London, 1784, vol. ii, pp. 507-'8. 

At sea off Pye Islands in tp= 59° 301.3, ),= 149° 54' W. 

E. Same observer and reference; at sea off S. \V. end of Kadiak in \>=56° 491, 

i. = 154° 2o" W. Communicated by Mr. :M. Baker, C. and G. Survey. 

[Taking mean values we have for 9=58° I01 , A=t52° 07' W., the 

value- 2z0 061 for epoch 1778+ The weight one-half was given to this 

result-Seu.] 
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GROUP III.-Series of Magnetic Stations mainly 01i the Pacific Coa~t, ele.-Continued. 

1779, August 9. 

i 
I 1790 __ 
I 
I 1790, J uJy IO. 

I 

1804, August 16. 

18o8 __ 

1808 __ 

1818, July 19. 

1834 __ 

1839, July. 

1845 (?) 

1867, August 28, 29. 

1874,June 7. 

1880, July 9. 

1778, October 12. 

1790, June 4-13. 

1792 __ 

I 1817, June. 

\ 

ST. PAUL, KA DIAK Io;L\'\D, .\L.\SKA-Continued. 

27 0 

25 30 

22 IO 

26 07 

26 00 

25 30 

26 43 

27 00 

26 05 

San \'irey and Antonio Ducarcli. At sea in?= 57° 591 , i. = 152° 07 1 \\1, 

Coast an<l Geodetic Survey Report for 1885, .\pp. 7, p. 278. [Kot usccl 

-Sm.] 
Sarycheff, old Russian chart, no date. 

Fi<lalgo, in packet Philipino; in <i' =58° w', i, = 152° 07 1 \V. Camacho 

Island in sight. Coo.st and Geodetic Sur,·ey Report for 1885, App. 7. p. 

283. [Kot used-SCH.] 

1

1

. U. Lisiansky; Voyage, etc., London, 18q, p. 365. 

{

Russian Naval Officer; old Russian ehart, sheet No. xvi. In 9=57° 47 1 .2, 

, :<.= 152° 181.3 \V. Communicated by :\fr. ::\I. Baker. [The mean decli

nation= - 25° 45 1 will be used in the discussion-SCH.] 

Golovnin (V. ~L); Voyage, etc., St. Petersburg, 1822, vol. 2, p. 59. At St. 

Paul Harbor in front of Govemor's house on hill, in 1>=57° 47 1.2, 

A=15z0 13'.3 W. Communicated by Mr. M. Baker. 

Murasheff; at St. Paul's Harbor. Russian Hydr'c chart, No. 1425. Com· 

municated by Mr. M. Baker. 

Sir Edw. Belcher, near Cape Greville, in r/>= 57° 20', I.= r 52° 51' W. Phil. 

[ Trans. Roy. Soc., 1843, part ii. 

[

' Vasilieff; Tebenkoff's Atlas, xxiii. St. Paul's Harbor. Conumrnicated by 

Mr. M. Baker. 

, A. T. Mosman, asst. Coast Survey; Harbor of St. Palll at aslronomtcal sta· 

I · t>on on steep rocky bluff about l ~ miles east of village, in r/> = 5 7° 481.0, 

I 
i'. = 152° 21'.4 W. Coast and Geodetic Survey Report for 1881, App. 9. 

I
I 25 22 Marcns Baker and W. H. Dall, U.S. Coast Survey; reference as above. 

2 5 og.2 E. I Observers and reference as above ; at Chagafka Cove, harbor of St. P:iul. 
I I 

24.-UNALASHKA, CAPTAIN'S AND ILIULIUK HARBORS. 

!i=5J0 521.6 

(Greek Church, Iliuliuk Village.) 

o I 

19 59.2 E. Capt. J. Cook; Voyage to the Pacific Ocean, London, 1784. Position on 

shore of Samganuda harbor; in 9=53° 55', /,=166° 301 W. [Not 

used-Seu.] 

19 30 JohnHenryCox; Dalrymple'scharts. MuscleCoveinrf>=53° 501 • Com· 

19 35 

19 24 

municated by Mr. Marcus Baker, Compnting Di,·ision, Coast Survey, 1879. 

[Not used-SCH.] 

Commodore J. Billings; M. Sauer, An account of a geographical and astro· 

nomical expedition to the nwthern parts of Russia, London, 18o2. On 

shore of Beaver Bay in 4'=53° 561 , it= 165° 401 \V. Communicated 

by Mr. M. Baker. [Weight one-half assigned in discussion-SCH.] 

Sarycheff; old Russian chart, no date, year doubtful; at Iliuliuk in r/>=53° 

571 , '· = 166° J2' W. Communicated by Mr. W. II. Dall, asst. Coast Sur-

vey, Nov., 1873. 

E. Otto von Kotzebue; Voyage of disCO\'ery into the South Sea, London, 1 ~2!. 

Iliuliuk Village, in r/1=53° 52'.4, l.=166° 31 1 .9 W. Communicated by 

Messrs. Dall and Baker, U. S. Coast Survey. 
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UNITED STATES COAST AND GEODETIC SURVEY. 

GROUP III.-Series <>f Magnetic Stations mainly on the Pacific Coast, etc.-Continued. 

UNALASHKA, CAPTAIN'S AND ILIULIUK HARBORS-Continued. 

0 

1827, August 11. 19 50 

1829.0 19 5+ 

1831 __ 19 30 

1848 __ l<;Ja 30.5 

1849 __ 20 00 

1867, September 8, 9. 19 47.4 

19 45 

1871, November 11. 

1873, September 17, 18, 19.I 18 59.7 

I 

I 
E. I Capt. F. r. Liitke; Lenz in Mero. St. Pet. Acad. of Sci., vi serie Math. et 

l
j Phy.Sc.,vol.i,1838. In <1>=53°541 , /.=166°301 \V. Communicated 

by Mr. M. Baker. 

i Capt. F. P. Liltke; Gen. Sabine, in Phil. Trans. Roy. Soc., vol. 162, London, 

I t872. [Supposed to refer to the same observation as above; not used-
1 • 
I SCH.] 

f Vasilieff(?); at sea, north of Akutan. Russian Hydrogr. chart, No. 1379, 

1847. In ~=54°.4, A.= 166°.o W. Communicated by Mr. M. Baker. 

Russian Hydrographic Office, chart 8. (Supposed to refer to preceding ob

servation; not used-SCH.] 

Tebenkoff's Atlas, chart No. xxv, near church at Iliuliuk in 9=53° 521, 

l= 166° 25 1 W. 

A. T. Mosman, asst. Coast Survey (G. Davidson, chief of party); on shore at 

Captain's HarboratSpithead, in <P=53° 531 .9, Jl.=166"' 30'.4 W. Coast 

and Geodetic Survey Report for 1881, App. 9. 

Katlin; MS. ch:ut of iliuliuk and Captn.in's Harbor. Communicated by Mr. 

W.H.Dall. 

Dr. W. H. Dal!, observer; Amaknak Island, opposite village. [Not used

SCH.] 

Dr. Yv-. H. Dall, observer; near church of Iliuliuk; in9=53° 521.6, l.=166° 

31'.6W. 

Mr.M.Baker, ob;erver; Arn1kn~k Island, off village in .\1=53° 521 .9, 
A= 166° 31 1.7 W. Coast and Geodetic Survey Report for 1881,App. 9. 

[Weighted mean declination-19° 03'.2 used in discussion-SCH.) 

10 1874, September 15. 18 42.8 

r8 38.0 

Mr. M. Baker, observer. Reference as above. 

II 188'.), July 28, 29. 

12 1883, September 20, 21. 

I 1827-5. 

2 1850.5 

3 1854-5· 

4 1879,July. 

5 r88o, September 8. 
I I 

") ~ 

18 42.8 

0 I 

26 55 

26 26 

26 00 

23 01.3 

22 45 

I 

E.j 

1 

Messrs. Baker and Dall, Coast and Geodetic Survey, Iliuliuk P.arbor; posi

tion as in 1873, Arnak!l4k Isd. Reference as before. 

Mr. R. A. Marr, aid, Coast an<l Geodetic Survey; at spit in Captain's Har

bn. MS. in office. 

25.-PORT CLARENCE, ALASKA. 

"= 166° 501 W. of Gr. 

(Point Spencer.) 

E. I Capt. Beechey; Port Clarence an~ ~rantley B~y, in +=65° 171, 4=166° 

I 191 \V. Sir Edw. Sabine, in Phil. Trans. Roy. Soc., Contribution xiii; 

I 1872. 
I . 
! Captain Kellett. Reference as above. 
I 
j Captain Maguire. Reference as above. 

i Aug. Wykander; Nordenskiold in the" Vega." Communicated by Mr. W, 

E. I
f H. Dall. 

Mr. M. Baker, Coa.stand Geodetic Sur>'ey (W. H. Dall.chief of party); at 

j Port Clarence, near Point Spencer, in t = 65° 16'.1, A.= 166" 50' 6 W 

I Coast and Geodetic Survey Report fer 1881, App. 9. . • 
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UNITED STATES COAST A:r-<U GEODETJC SlJHVEY. 3Hl 

GROUP III.-;-Series of Magnetic Stations mainly ort !he Pacific Coast, ctc.-Oontiuurd. 

26.-CHAMISSO ISLAND, KOTZEBuE sot:ND, ALi\SKA. 

1826, August. 

1849.5. 

1880, August 31. 

1779, June. 

1792 __ 

18o4, September. 

18o4, September. 

18og,June 23,July 23. 

i. = 161° 49' W. of Gr. 

0 I 

31 24. 3 E. Capt. F. W. Beechey; J)eechey·s Karrative of a Voyage to the Pacific 1825-

'28, London, 183x. Communicated by Mr. M. Baker. 

31 IO B6t. Admiralty chart, Xo. 593. Communicated by Mr. M. Baker. 

28 53 Capt. F. \V. Beechey. Reference as above. Sir Edw. Sabine's Cant's, xiii, 

30 26 

26 49 

Phil. Trans. Roy. Soc., 1872. p~ot used-SCH.] 

Capt.I-I. Kellett. Rt:ference as above. In 9=66° 16', i'.=161° 48' \Y. 

E. Mr. M. Baker, Coast and Geodetic Suney (\\'. H. Dall, in charge of party); 

at Chamisso Harbor; position 9=66° lJ'.3, I= 161° 48'.7 W. 

27.-PEfROPAVLOVSK, KAMTCHATKA. SIBERIA. 

\\=53° 01' il= 158° 43' E. of Gr. 

.. 
6 18. 7 E. Capt. J. King; A voyage to the Pacific Ocean, London, 1784. 'Vest side 

1 

of village, in ,;, = 53° 001 .6, I.= 158° 43'.3 E. 

6 00 

5 20 

5 39 

7 21 

4 IJ 

4 13.3 

G. Sarychetr; F. P. Liitke's Voyage around the world, St. l'etersburg, 1835. 

A. J. von Krusenstern; Voyage round the world, Lornlon, 1813. On the 

spot on which the village stands, in ~=53° 00'.2, i'.= 158° 471.7 E. 

Observer and reference a5 above. On Avatcha llay. [Mean value= -

5°.49 used in discussion-ScH.] 

Capt. Hagemeister; mC'ln value by two compasses. A. G. Erman, Reise 

um die Erde, Berlin, 1835, \•ol. ii. Communicated by Mr. M. Baker. 

[Not used-ScH.] 

Gen. Sir Edw. Sabine's Cont's to Terr. Mag., No. xiii, in Phil. Trans. Roy. 

Soc., 1872; in 4J =53° 001 , il= 158° 40' E. [This is supposer! to refer 

to Capt. Beechey's observation of 1827; not used-ScH.] 

Capt. F. \V. Beechey; Narrative of a Voyage to the Pacific, 1825-'28, Lon

don, 183r; mean of 9 determinations, in ¢=53° 011, i-.= 158° 43'.5 E. 

3 43 

4 05.8 

f 
1827,July. 

4 1827,September 30_ 

I l '''" S<r<='= JO. 

Capt. F. P. Liitke; Lenz in Mem. St. Peters. Acad. Sc., ,·i, vol. i, 1838: in 

9=53° 01', i.=158° 44' E. 

A.G. Erman, Reise um die Erde, Berlin, 1835. In 1'=53° oc.1 .5, i.= 15S0 

40' E. [The mean of the three determinations is used giving the middle· 

one the weight one-11alf, hence for 1827.6 the declination= --4°.07-

\ 
1829.5. 4 04 

j 

5 1837, September 4. 

6 1849.5. 2 37 

7 1854, July. 3 40 

1856, October. 3 24 E. 

Scn.] 
' 

Gen. Sir Ed'"· Sabine's Cont's to Terr. Mag., in Phil. Trans. Roy. Soc , r S72. 

(This is supposed lo refer to Ennan's value of 1827; not used-SCH.] 

Du Petit Thonars; \'oyage autour du monde, Paris, 1843_ Jn front of 

Auchard's house, it1 ¢=53° 01', A.= 158° 43' E. 
Capt. H. Kellett; Gen. Sir Edw. Sabine in Phil. Trans. Roy. Soc., ml. 162, 

London, 1872. I 
Frigate Aurora; Compte-rendu annuel de l'Obst:rvatoire Phys. Cent. c:~ I 

Russie, annee 1854; St. Petersbourg, 1855. Jn 9=53° co', i.= 158° 

43'.5 E. [Weight one-half assigned to this value-SCH.] I 
Admiralty chart, No. 246o; Position of Petropnlovsk in Ency. Brit., 7th 

edition, ;=53° 01', }.=1580 43' E. [Suppoi;ed to be a computeJ. 1 

value; not used-Seu.] I 
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GROUP III.-Series of Magnetic Stations mainly on the l:'acific Coast, etc . .-Continued. 

PETROPAVLOYSK, K.\MTCHATK.\, SIBERIA-Continued. 

I 
i I 
' ' 

E. I K. S. Stariltkv; Onuevich's collection of observations made during hydro· I 8 1866 __ 
1 

graphic ex;lorations in the Pacific, 1874-';7; St. Pete~burg, 1878. i 
9 1876, June I I, 13, Septem

ber 15. 

l 09 E. '.\L L. Onazeyich; Reference as above. I 

I 
N. B.-This important Asiatic st:1tion was included in the discussion on account of its proximity to the Western Aleutian 

or Rat Islands, and as affording the means for connecting the Jaw of secular change with that found to prevail over Siberia. 
For information No. 3, part of 4 and of Nos. 5, 7, and 9, I am indebted to l\'lr. '.\farcusDaker,temporarily(1879)attachecltothe 
Computing Di\'ision of th~ Const nnd Geodetic Survey Office. 

The following two stations 011 the Sandwich Ishrnds, wldcli were first iutroducell in tlie tliinl 
cL1ition of tlie paper on tlie secular change, are here retained, but without giving for them an 
analJtkal expression of the law of change. This was tliought to be the proper course to pursue 
i11 Yiew of t!Je nncertaiuty now attaching to the former values in consequence of later ancl. impor
tant information hearing on the subject. 

In a letter addressed to me hy Curtis J. Lyous, assistant Gcn-ernme11t Survey, dated Honolulu, 
January fl, 1884, l\Ir. Lyons expresse8 his conviction that from 1850 to 1884 the i>ecular nuiation 
was increasing the easterly declination prevailing over the Sandwich Islands, and cites bis ex
perience on Hawaii, viz: ''From a number of compass bearings observed by me in 1853 when com
pared witlt the respecth-e bearings taken by the same compass and the same observer in 1872-'73, 
the increase of declination was 40', lrnnce auunal increase 2'.0 '' Again, in 1873, :Mr. Lyons made 
careful notes of a magnetic bearing of a, base line in Oahu and repeated the same with the same 
instrument in 1884 and found an increase of about 20', hence mrnnal increase l' .8. He also states 
that he knows the 8pot where Commander \Vilkes' observatory stood at Honolulu in 1841, and 
tl.Jat the vltl site is llOW included in the }Jalacc yard; at this place lie "finds tl1e declination in 1884 
to l>e !)o 30' E., beuce amrnal iiwrease l'.7. 

If it thus be a, fact that from about t~c middle of tbis ceutury to tlte present time the east 
declination 011 the Samlwich Islands has been on the increase, as believed by l\lr. J,yous, the ex
planation might be found in the presence or obtrusion of a secondary waYe of sufficient range to 
have temporarily overpowere1l aud concealed tile ordinary effect of the primary wa\'"e of secular 
motion. There certainly was indicated by tlie obserrntions an increase of east declination from 
the earliest times for which we ha\'e here record np to the year 1832, some years more or less, 
when apparentls a maximum was reached; this last feature it would i;cem we have now to give up 
aml await furtlier clHelopmeut before we can be certain of our deductions. 

Iu a second letter to me dated Honolulu April 23, 1884, Mr. Lyons gives further eYidence sup
portiug bis former statements by fresh obsu,·ational eYidence of direct measures, an<l gives as J1is 
result that the annual increase of easterly declination between 1871 and 1884 was about l (1'.9 
+2'.2 +1'.5) or 1'.9 very nearly. 
28.-KAILUA (KAIRUA), HILO A)JD KEALA.KEKUA (KARAKAKOA) TIAYS, ISLAND OF HAWAII (OW

HYHEE), SA:-iDWICH ISLANDS. 

1779 __ 

2 1791, October 4, 8. 

O I 

I.= 156° oI' \V. of Gr. 

\Kailua B::iy.) 

8 o6 E. Capt. J. Cook; inqi=19° 281, l..=156° oo' W. P. Barlow in Encycl. 

Metropol., London, 1848. 

8 02 E. Capt. Etienne l:Iarchttnd; west of Hawaii. Voyage auteur du Monde, 

Paris, an vii, vol. 2. On Oct. 4, declination=8° oo' E., in;= 19° 13', 

/, = 154° 34' W .. ; on Oct. 8,decl'n=8° 051 E., in¢= 19°19',A.=157° 

22'\V. 
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GROUP III.-Se1'ies of :lfagnetic Stations ma,inly on the Pad.fie Coast, etc.-Oontinued. 

KAILUA (KAIRUA), HILO AND KEALAKEKUA (KARAKAKOA) BAYS, ISLAXD. OF HAWAII (O\\'II\'HEE), 
SANDWICH ISI.ANIJS-Continued. 

i 
i 0 

3 179J, March. 7 47 

4 1796 __ 8 15 
1796 __ 9 12 

5 1818, October. 7 JO 

6 1819 __ 9 5° 
1824 __ IO J4. 

7 1825 __ 8 51 

183S __ 7 43 

8 1841__ '8 50 

9 1845, March 8. 9 27 

IO 1853 __ 8 15 

II 1875, August 18. 7 34 

12 1877 __ 8 IO 

13 8 30 

------~---------------

E 

.. 

E. 

----1 
Capt. ,G. \'ancou\·er: A Voyage of Discovery, etc., London, 1804 .\lean I 

of 3 compasses on ship and on shore, in q; =19° 28 1 .2, /~:;:-....: 156° 02'.2 j 

\V. See also Encycl. :\letrop:•L. Lon:lon. 1848. I 
·}Lieut. \V. R. Broughton; Encycl . .\1etropol., London, I 848. [Second 

Yalut.: not u~nl -- Si:.._-1LJ 

Capt. V. M. Golovnin, at Kairua Bay. \'ovag-e around the world, St. 

Petersburg, 1822, vol. 2. 

Capt. Freyoinet; at K.awaih1e, in <.'>=20°.5, northwe::;t liawaii. 

Byron; Islan:l of Owhyhee in rp = 19° +.)', ?.~ 156° 101 \V. Gen. Sir Edw. 

Sabine's Cont"s to Terr. :\lag., Ko. xiv; in Phil. Trans. Roy. Soc., vol. 

165. pt. i, 1875. [Not used-SCH.] 

Byron; at Hilo. Communicated by \\'. D. Alexander, supt. !lawaiian 

Govcrnmrnt Suney, letter of Dec. 1 r, 1877. 

Voyage de la \-Cnus, 11aris, 1841. j•osition and ref~rence tb for tilt Yalne 

for 1824, above. [Not used.-ScH.] 

C,omman<ler C. \Vilkos, C. S. N.; at Hilo. Communicated by ~lr. \V. V. 

Alexander, Supt. Hawaiian Sun-ey. 

C. S. Hydrographic Office. U. S. "· Bro.ndywine at sea, in o=19° 351 , 

i. = 15S0 14' W. [Reduction to Kailua + 61 , hence declination~ 9° 

21'- SCH.] 

C. J. Lyons, asst. I-Iawaiian (;overnment Sun·cy; on shore '1.t K.awaihae. 

Comm'd by Mr. \V. D. Alexander, supt. Haw. Sun-ey. 

H. M. S. Challenger; Hilo, on Cocoanut Island, in ¢J = 19° 43 1 .9, 

;<.= 155° 041 .0 \V. Rock consists of lava, anrl \·ery magnetic. Voyage 

of H. '.\-1. S. Challenger, Narrative, vol. ii, London, 1882. 

Observer, C. J. Lyons; in Hamakua ancl North Hilo, N. E. coast of Hawaii. 

Comm'd as for No. 10. [10' may be subtracted to refer to latitudes of 

Hilo and Kailua, hence decl'n -8°.o-Sctt.] 

Letter of C. J. Lyons, dated Honolulu, Jan. 9, 1884; consideredby him a> 

the best value for this date, as based upon actual survey. 

29.-HONOLULU, ISLAND OF OAHU (WOAHOO), SANDWICH ISLANDS. 

0 I' 

1792, March. 7 50 

1793-- 5 52 

2 1796, February. 9 41 

H. Ex. 40--00 

-'-= 15i0 551.0 \V. of Gr. 

(Fort near town.) 

E.

1

1 Capt. G. Vancouver; observed on board ship, at anchor in \\'hyteete Bny, 

in =21° 161 .8, I.= 157° 501.4 \V. Voyage around the world, London, 

1 
1798, vol. i. Communicated by Mr. M. Baker, Coast and (;eodetic 

I Survey. 

I 
Capt. G. Vancouver; at Waikiki, south of Honolulu. Communicated by 

Mr. W. D. Alexander, supt. Hawaiian Government Sun·ey, in letter dated 
I 
\ Mikawao, Maui, Dec. 11, 1877. [Not used-ScH.] 

E. Lieut. \V. R.Broughton; Whyteete Bay, in ~=21° 18', lc=157° 59'·.S W. 

A Voyage of Discovery, London, 18o4. Communicated by Mr. !If. 

Baker. 
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UNITED STATES COAST AND GEODETIC 817RVEY. 

GROUP III.-Seriea of Magnetic Stations mainly on the Pacific fJoost, etc.-Continned. 

HONOLULU, ISLAND OF OAHU (\VOAHOO), SANDWICH ISLANDS-Continued. 

1816 __ 

IiJ3i--
1837. _ 

1838 __ 

1840 __ 

1841__ 

IO Si 

IO 24 

9 52 

IO 26 

IO II 

IO 00 

IO 39 

IO 39 

9 17 

8 15 

JO IO 

9 10 

1859, January, February, 9 42 

and March. 

1867, August. 11 15 

1871 __ 

1875, July 29, 30, August 

10. 

1879 __ 

1881 __ 

9 18 

9 25 

9 50 

9 16 

9 40.4 

9 15 

9 32 

9 40 

E. Kotzeb'!e; at Honolulu. Communicated by Mr. \V. D. Alexander, supt. 

i 
I 

E.1 
! 

H. S. [Xot used-SCH.] 

Capt. Freycinet; at Honolulu. Reference as above. 

Byron; from L. S. Kaemtz's MSS. Oahu Island, in 9= 21° 171 , A= 158°oo' 

·w. Gen. Sir Edw. Sabine's C~nt's to Terr. Mag., No. xiv. Phil. Trans. 

Roy. Soc., vol. 165, pt. i, 1875. 

Capt. Beechey; position and reference as above. I 
Voyage de la Bonite, Paris, 1842. IIonolulu, jn ¢=21° 19', A=IS7° 48' 

\V. Reference to Phil. Trans. as above. 

\'oyage de la Venus, Paris, 1S'41. Positiou and reference as above. 

Capt. Beechey _ t On Oahu Island. Reference as above. [Mean value for 1 

Capt. Belcher. ( 1837.5, =-10°.32-ScH.J 

Berghaus; from L. S. Kaemtz' MSS. ; at Honolulu. 

Commander C. Wilkes, U.S. N.; at Honolulu .. Communicated by Mr. W. 

D. Alexander, supt. H..S. Not used-SCH.] 

U. S. Hydrographic Office; U. S.S. ~randywine, at sea, in ~=21° 54', 

t.=I57° 05 1 W. [Reduction to Honolulu+s', hence declination=-

100 051-ScH.] 

Capt. Cc11.linson, MS. in Brit. Hydr. Office. At Honolulu. Gen. Sir. Edw. Sa

bine, in Phil. Trans. Roy. Soc., vol. 165, p. i, 1875. 

Karl Friesach; Memoirs of the Imperial Academy of Sciences, Vienna, vols. 

xxix to xliv. In ,,_-,21° I81.6, = 157° 48'-9 W. 

Capt. W. Reynolds, U. S. N., in the Lackawanna; Chart No. ·6. Wharf 

near custom house, in ti> ~· 21° 18'.2, = 157° 5o'.1 W. [Not used

SCH.] 

C. J. Lyons, asst. Government Survey; north side of entrance to Honolulu 

harbor. Comm'd by \V. D. Alexander, supt. H. G. S., letter of Dec. II, 

I877. 

Observer and reference as above. On the south side of entrance, at Fisher

man's Point. 

Observer as before, in Punchbowl street, in ~=21° 181, 4=157° 521 W. 

Comm'd by C. J. Ly<?ns, letters of Jan. 9 and Apr. 23, 1884. 

Observer and reference as before. West base Oahu_ triangulation, Honolulu. 

[Mean value for 1873.5,=--9°.63- -SCH.] 

W. D. Alexander; entrance of Pearl Locks, Oahu, and throughout E"·a 

district. Reference as for 1871. 

H. M. S. Challenger; on spit south of town in ~=21°181.0, A.= 157° 51' W. 

Voyage of H. M. S. Chal1enger, Narrative, vol. ii, London, 1882. 

Observer and reference as for first value of 1875. Shore of Waikiki, south 

~(Honolulu. [Mean value=-9°.40-SCH.] 

Observer, position, and reference as for 1873. 

Observer, position, and reference as for 1873. 
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GROUP III.-&rie8 of _Magnetic St,atio11s mainly on the Pacific Comt, etc.-Continuecl. 

HONOLULU, ISLAND OF OAHU (WOAHOO), SANDWICH ISLANDS-Continued. 

-·--· 
[ 

0 I 

( 1883, June 17. IO 42 

19~ 
l 1883, August 19. 9 09 

r 1884. 0. IO 14 
I 1884. 0. 9 30 

20~ 
I 
L 1884, January 4. 9 57 

E. 

• 
E. 

Lieut. Vv. H. Parker in the U.S. S. Essex; at sea, in 'fl= 21° 15', i.= 156° I 
13' W. Naval Professional Papers, No. 19, Washington, 1886. [Re- I 

I 
duction to Honolulu inappreciable.-Scn.] . i 

Lieut. F. Hanford in tire U.S. S. Pensacola; at sea, in <1>=21° 101, it= 157° : 

54' W. Naval Professional Papers, No. 19, Washington, 1886. [Re- I 
duction to Honolulu- 31, hence decl'n = -9° 12'; mean Yalue for i 

i 
1883.54,= -9°.95-ScH.] i 

Observer and reference as for 1873, at west base, Honolulu. \ 

C. J. Lyons, as<t. H. G. S.; at old station of 1841 occupied by Comma.nder I 

C. Wilkes. Lettei's of Jan. 9 and Apr. 23, 1884. 

Lieut. ,V, Swift in U.S. S. Alert; at sea, in ?=20° 351 , .i\=157° 45' W. 

Naval Professional Papers, No. 19, Washington, 1886. [Reduction to . 
Honolulu-101

, hence declination=- 10° 07'. Mean of 3 determina-

tions= -9° 57'.-Scu] 

The values available for discussion of the decli11ation at the Sand wicb Islands after rejecting 
3 apparently anomalous ones for Kailua and 4 such iu the Honolulu series are as follows.: 

I ii 
I 

I 
No. j year. Decl'n. No. 

0 

·-8. IO I I 1779. s 
2 1791. 7 8.03 i 5 

3 1793.2 7. 78 I 6 

4 1796.0. 8. zs I 

No. I Year. I Decl'n. Ii No. 
I Ii 

I• 

0 

11 
I 1792.2 -7.83 I\ s 

(1793.5) (5. 87) ! 6 
2 1796.1 9.68 j 7 

(1816. 5) (IO. 95) I 8 

3 1819.5 
J0.40 'I 9 

4 1825.0 9.87 \ 

Yl,!ar. 

(1796.0) 

1818.8 

1819.5 

(1824. 5) 

Year. 

1827. s 
1836.5 

1837.5 

1838.~ 

1840.5 

KAI LUA BAY, HAW AIL 

i 
' Decl'n. '\ No. Year. 

-!------

0 ii 
(-9. 20) I 7 ! 1825.5 

i 7.50 (1836. S) 

9.83 ! 8 l&p. s 
(10. 23) I 9 1845.2 

ii 
HONOLULU, OAHU. 

I Decl'n. 

I 

1-••o<J IO. 18 

10.32 

10.65 

9.28 

No .. I 

IO 

II 

12 

Year. 

1845. I. 

1852. 5 

1859.2 

(1841. 5) ' 
I 

(8. 25) 

13 

14 

(1867. 6) 

1871. 5 

1872, 5 

I 
I :K I 

i \ 

Decl'n. r O. ! Year. Decl'n. 
I._' 

I 0 
I 

IO I 
0 I I 

-8.85 1853.5 ·-8. 25: 

(7. 62) 
!I I 1875. 6 7. 571 

8.83 12 I 1877.5 8.oo I 

I 9.35 131 1884.0 8. 50 I 

Decl'n .. l No. t~r. [ ~::i.1 
I I 

-IO. 08 151 187J. 5 ! -9 63 
9.17 15 1875.5 [ 9.40 

9. 10 1i 17 l 1879. s i 9 54 
(1 I. 25) !I 18 1881. s I 9· 67 

9. 6o [t 19 1883. s I 9· 95 I 
.. 9._3~ __ 1\_20 1884. 0 i 9. 95 

Obsetvations inclosed within oair.entheses are proposed for omission in any process for representation that may be em
ployed. 

No expression of thl' above observations by means of a periodic function will for the present 
be attempted, as it seems impossible, without unllue and arbitrary straining, to reconcile such a 
formula with the oondition imposed upou by Mr. Lyons, i. e., that the easterly declination was 
i'*"1'etllli"fl on the islands from about the middle of the century to the prP.sent time; we therefore 
prefer to suspend our judgment as to the direction and amount of the secular change at the pres
ent time, and shall -wait for further development. 
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Iu a volcanic region like that of the Sandwich Islands it is absolutely essential for the eluci
dation of the secular change in any of the magnetic elements that the successive observations 
should be made at the same stations, otherwise local disturbances may completely hide the true 
progressive movement and render all comparison nugatory. Even with this precaution we are 
obliged to assume that the law of secular change has not at times been suddenly interrupted 
tilrough the agenc.Y of \olcanic eruptions or through tile effects of earthquakes. 

A complete maguetic surwy of this group of islands could not fail to throw much light on the 
distribution and cliaracter of the local dis.turbances as well as furnish evidence whether or not the 
secular change on'r <listnl'bed aud um1isturbed regions is the same, aud it is to be hoped that it 
will be undertaken b.y the Hawaiian Government Su1Tey. 

TLe Sandwich falands group is magnetically considered no less interesting than are the 
Bermuda Islands, in which latter group, however, there is less liability to abrupt local changes in 
the curYes representing the distribution of magnetism than in the former. 

HESLTLTS FOR GROL:P UL-Magnetic stations on the wester.ii coast and the Rocky Mountain 
region, inclusive of .Mexico and .Alaska and some foreign localities. 

Geographical positions and expressions for the secular Yariation of the magnetic declination 
D (+'\Vest, -East). The letter m stands for t-18;30.0 or for the difference in time, expressed 
in years and fraction of a year, for any time t aud the middle of the century, within the range of 
observation at any station. .A minus sigu of D inuicates east declination. 

I,._ I no. Name of station and State. 
I 1 I L t"t l 1· \Vest longi- i The magnetic declination expressed as a function 

a 1 uc e. . tude. 1 of time. 

I 
I 

I 

Acapulco, :\iexico. 

2 ' Vera Cruz, Mexico. 

3 City of :\fexico, :\!exico. 

4 San Blas, Mexico. 

5 El Paso, Tex. 

6 :\lagclalena Bay, Lower California. 

7 San Diego, Cal. 

S Santa Barbara, Cal. 

9 :\fonterey, Cal. 

JO , San Francisco, Cal. 

11 i Salt Lake City, Ctah. 

12 Cape :Yiendocino, Cal. 

13 Vancouver, \\'ash. T. 

14 \Vallula, Wash. T. 

15 i Cape Disappointment, Wash 

16 Seattle, Wash. T. 

17 Port Townsend, \Vash. T. 

18 Nee-ah Bay, Wash. T. 

r9 Nootka, Vancouver Island. 

20 Sitka, Alaska. 

21 Port Mulgrave, Alaska. 

22 Port Etches, Alaska. 

23 St. Paul, Kadiak Island. 

24 Captain's and Ilinliuk Harbo~ 

25 Port Clarence, Alaska. 

26 Chamisso Island, Alaska. 

27 Petropavlovsk, Siberia. 

I 
' ! 

I i 
16 50.5 

19 II. 9 

19 26.0 

21 32.5 

31 46 

24 38.4 

32 42. I 

34 24.2 

36 36. I 

37 47. 5 
40 46. I 

40 26.3 

45 37.5 
46 05 

46 16.7 

47 35.9 

48 07.0 

48 21. 8 

49 35.5 

57 02.9 

59 33.7 
6o 20. 7 

s7 48.o I 
53 52. 6 

65 16 

66 13 

53 01 

0 I j 0 

9952.31 D=- 4.48+ 4.41sin(1.o m- 85.7)* 

96 08. 8 D=- 5. 09+ 4. 22 sin (1. 2 m- 63. 4)* 

99 11.6 D=- 5-34+ 3.28sin(I.o m- 87 .. 9)* 

105 18. 4 D=- 6. 22 t 3. 20 sin (1. 25 m-103. 2) 

1o6 30 D=- 9.10+ 3.4osin(1.3 m-108.4)* 

11208.9 D=- 8.87+ 2.2osin(1.25111-163.7)* 

117 14.3 D=-11.78+ 1.9osi11(1.15111-151.6) 

119 43.0 D=-12.97+ 2.o8sin(1.3 m-146.3) 
121 53. 6 

122 27.3 

II I 53· 8 

124 24.3 

D=-13. 79+ 2. 65 sin (1. IO m-156.4) 

D=-13.94+ 2.65 sin (1.05 m-135.5) 

D = -1:. 40+ 4. 25 sin (1. 4 111-1:1. 6)* 

D= -15. 25+ 2. 45 sin (i. IO m-· 128. o)* 

122 39. 7 lJ =-17. QJ+ 3. 12 sin (1. 35 111-134. 1)* 

118 55 D=-17.00+ 3.08sin(1.3 m-118.1)* 

124 02. 8 D=-19. 39+ 2. 54 sin (i. 25 m-158. 7) 

122 20.0 D=-19.15+ J.I4sin(1.4 m-136.5)* 

122 44.9 D=-18.84+ 3.oosin(1.45m-122.1) 

124 38.0 D=-19.83+ 2.91 sin(x.40111-141.6) 

126 37.5 D=-21.25+ 2.74si11(1.3om-152.o)* 

135 19.7 D=-25.79+ 3.3osin(1.pm-104.2). 

1,39 45·9 D=-24.03+ 7.77sin(1.3om- 85.8) 

146 37. 6 D=-23. 71+ 7. 89 sin (1. 35 m- So. 9) 

152 21. 3 D=-22. 21+ 5. 18 sin (1:35 m- 72. S) 

166 31.5 D=-18.01+ 1.82sin(1.3 m- 69-6)* 

166 50 D=-18.98+ 7.99sin(r.3 m- 68.4)* 

161 49 D=-23.62+ 'J.64sin(1.3 m- 64.0)* 

201 17 D=- 3. 35+ 2. 97 sin (1. 3 m + 12. 2) 

* Approximate expression. 
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GROUP III.-Comparison of observed and computed Magnetic Declinations. 

----
I I ! ' Year and I Obs'd Comp'd I 0-C. 

Year and I Obs'd Comp'd ' Year and Obs'd Comp'tl : 0-C. 0-C. fraction. decl'n. decl'n. fraction. I decl'n. decl'n. I fraction. decl'n. decl'n. 
! 

- ~ ~-----1 -----

ACAPULCO, MEX. SAN BLAS, MEX.-continued. MONTEREY, CAL. ! 

I 
' 

I 
---

! 
0 0 0 0 0 0 I o 0 

c I 
1744.5 - 3.00 - 3.62 + . 62 1837. 5 - 8.85 - 9.02 + . 17 1783. 3 \ -12. 44 -II. 77 - . 67 ' 

7.73 7.05 - .68 1838. 5 8.79 9.o6 -r .27 I I. 89 . I 1791. 3 1786. 7 I II. 80 7 .091 
1822.5 8.67 8.53 1839. 5 + .09 

I 
- .14 9.00 9.o9 179!. 7 I 10.93 12.07 +I. 14 

1828.5 9.12 8.69 - .43 184.I. 5 9. 20 9. 15 - .05 1792. 9 I 12. 37 12. 12 - .25 I 
1838.0 8.29 8.85 + .56 1874. I 9· 14 9.28 + .14 1794.9 12.37 12. 19 - . 18 I 
1866.5 8.37 8.60 + .23 188o.9 i - 9.30 - 9.11 - .19 1837. 5 14. 50 14.24 - . 26 1 

I 
1874.2 8.64 8.36 - .28 1839.5 14.22 14- 34 +. 12 ! 

188o.9 I 7.94 8.08 j + .14 EL PASO, TEX. 
1841. 5 15. 00 14.44 - .56 

1882.9: - 7. 90 - 7.99 + .og 1843.5 14.00 14. 54 +. 54 
I •! 

1852. s I 1851. I 14. 97 14.90 I - . 07 
·--H?.40 -12. 38 - .02 1854- 4 14.98 15. 05 . + . 07 VERA CRUZ, MEX. 

1859. I 12.42 12.48 + .06 I87J. 7 
I 

15.92 15. 81 : - . II 

1727.01- 2.25 
I 1878.5 12.42 12.32 - .IO 1881. 3 -15. 90 --16. 04 I -i . 14 - 2.92 + .67 

1884. 3 I -12. 08 -r2.15 i + .07 i 
1769.4. 6.57 6. 53 - .04 

I SA!\ FRANClSCO, C.\I .. 

1776. 51 7.50 7. IO - .40 

1815.5 10.62 9· 17 ! -1.45 ~IAGDALENA BAY, LO\\'ER CAL. 
1783. 3 1 -12. 91 -12.80 . II -

1819. 3 I 9.27 9.24 - .03 12.80 + I 1792.9 13. 23 i . 43 
1839. 5 I 8.37 9.18 + .81 1783. 3 ; - 6. 78 - 6.84 ' + .06 1818. 7 15. 00 14.47 - . 53 
1856.6 8.28 8.57 + .29 1837. 5 : 8.27 8.go I+ .63 1827.5 15. 45 14.89 - .56 
186r. 0 8.33 8.33 .oo 1839. 5 9.25 8.99. - . 26 1829.9 14.92 14.99 + .07 
I88o. I - 7.44 -7.021-.42 1866.4 10.67 10.19 - .48 1830. 5 14. 85 15. 02 +. 17 

I 
1871. 3 10.37 ; - .63 11.00 1837.5 15. 17 15.31 + .14 

CITY OF MEXICO, MEX. 1873- 3 ~ 10.56 10.44' - . 12 1839.5 15.33 15.40 + .07 
-------- -·----- 1881. I I -IO. 48 -10.68 + .20 1841. 9 15.50 15.50 .00 

1769.7 - 5.46 - 6.01 + ·55 1850.0 15. 68 15. 8o . +. 12 

1775.5 6.70 6.33 - .37 SAN DIEGO, CAL. 1852.3 15. 48 15. s1 I + .39 
18o4.o 8.13 7.70 - ·43 1858.4 15. 88 16.o6 ! +. 18 
1849.5 8.50 8.62 + .12 

---
1866.5 16. 27 1- . 15 i 16. 42 

-10.36 i - .08 1850.5 8.59 8.62 + .03 1783.3 -10.44 

IO. 62 / - , 38 
1871. 9 16.38 16. 39 I + . 01 I 

1856.9 8.77 8.58 1792.5 II. 00 I I 

- .19 1872. 8 16.43 16.40,-.031 
1858.5 8.37 8.56 + .19 1839.5 12.34 12. 21 I - . 13 

I87J. 7 16.41 I 16. 42 + . 01 I 
186o.5 8.50 8.54 + .04 1851. 3 12.48 12. 73 i + . 25 

1874.0 16. 45 16.43 - .02 
1862.5 8.46 8.52 + .06 1853.8 12.53 12. s1 I + . 2s 

1879.2 16.57 16.50 - .07 I 

1867. 0 8.15 8.44 + .29 
1866.4 13. 16 13. 18 ! + .02 

1880.8 16. 56 16. 52 
13.33 j +,OJ _ .04 I 

1868.5 8.17 8.41 + .24 1872.9 13.32 
1881. 5 16.48 16.53 +, 05 I 

1879.8 8.58 8. 12 - .46 1881. 3 -13.46 ·-13.491 + .03 
1883. 4 16.64 16.54 

- .IO I I 

1884.3 - 8.32 - 7.98 - .34 -
1884.7 16. 54 16. 56 +:::I SANTA BARBARA, CAL 1885.6 16.56 16. 56 

SAN DLAS, MEX. 1886. 3 I -16. SS -16. 57 + .02 i 

1783.3 -11.36 -11. 31 - .05 i 

Ij88.2 I - 5.00 
SALT LAKE CITY, t:'TAI!. I 

_ 6. 20 I +1.20 1839.5 13.47 13.68 + .21 

,850.51 ~,5 " 1791. 3 l 7. 47 6.41 -1.o6 1869. 9 15. 20 14.76 -.44 -16.05 + .48 

1822.0 I - s.61 - 8.351- .32 1881.3 -14.87 -14.97 +.IO 1866. 6 -16. 50 -16. 6o +.10 
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GROUP III.-- Con1pari11on of observed and computed Magnetie Declinations-Continued. 

Year and I Obs'd Comp'd I O-C Year and I Obs'd Comp'd I 0 C I Year and I Obs'd Comp'd I O-c. I fracti':: decl'n. decl'n. · fraction .... decl~~~l'n. - · fraction. decl'n. decl'n. 

-- ----- ---- I 
SALT LAKE CITY, t:TAH-continued. SEATTLE, DUWAMISH BAY, WASH. T. I SITKA, ALASKA-continued. 

--- -----
I ! 
I 0 o I o 0 0 0 0 0 0 

I 1869. 4 ' -16.61 -16.641 + .03 1783. 3 -16.75 -16. 75 .00 1827.5 -28.83 -28.19 - .64 
I 1872. 5 17.02 16. 65 - . 37 1855.5 21. 42 21.6o + .18 1829.9 28.31 28.31 .00 I 
I 

1878. 7 i 16.77 16. 60 ! - . 17 1871. 8 1838.6 28.62 28. 681 + . o6 22.59 22. 17 - .42 

1881.41 16.47 i&. ss I + .08 1881. 8 -22.04 -22. 29 + .25 1842.6 28.54 28.81 + .27 
i I 

1883.9 16. 24 16.49; + . 25 1843.5 28.90 28.841- .o6 
1884.8 16.23 16. 46: + . 23 PORT TOWNSEND, WASH. T. 1844. 5 28.96 28. 86 - . IO 

1885.9 -!!). 49 -16.42 i - .07 --- -------·---- 1845. 5 29.00 28.89 - .II 

-·--- I i 1847. 7 28.98 28.94 - .04 1783. 3 I -17. oo -16.96 - .04 
CAPE MEl>DOCINO, CAL. 20.981 + .31 

1848. 5 29.08 28.96 - .12 

• 1841. s I 20. 67 • 1849. I 29.o6 28.97 -.09 
I 

-14.361 + 

1856. 6 21. 66 ;.1. 63 - .03 

1783.3 : -14. 17 . 19 1857.5 21. 77 21. 64 • - . 13 1850. 5 28.84 29.00 I + . 16 

1786.7 
I 1851.5 28.88 :::::I:::! 14.90 14.51 1- ·39 1862.5 22.00 21. 75 ' - . 25 

1792.3 15.78 14. 77 -I. 01 1876. I 21. 98 21. 82 [ - . 16 1852.4 28.81 

1794- 7 13.88 14. 88 +1.00 1881. 9 -21. 45 -21. 1s I + . 30 1856. 5 28.98 29.07 +-09 

1854. 3 16.93 17 .. 30 + . 37 I 1857.5 29.12 29.08 - .04 

1886.3 -18.01 -17. 70 - .31 1858.5 29.18 29.08 - . IO 
NEE·AH BAY, CAPE FLATTERY, WASH. T. 

1859.5 29.10 29.09 - .OJ 

VAl'iCOUVER, WASH. T. 1783. 3 i -17 .. 25 + .20 
186o.5 29.13 29.09 - .04 

-17.45 
1861. 5 29.07 29.09 ..;.. .02 

! 1792.3 18. 00 17.87 - .13 
1862.5 + .07 

1788. 6 I -14. 57 -16.05 +1.48 1841. 5 
29.02 29·09 

I 
22. 50 21. 13 -1.37 

1863.5 29.o6 29.°' + .02 

• 1839. 5 ! 19. 37 19.57 +.zo 1852.6 21. 50 21. 78 + .28 
1864. 5 29.07 29.oS + .01 ! 

1859.5 
I 

21. 50 20.6o 1855.6 21. 8o + .13 I -.go 21. 93 
28.82 

186o. 5 20.oS 20. 64 
1867.6 29.05 + .23 

+ .56 1881. 8 -22. 74 -22. 72 - .02 
I 1874.3 28.99 28.93 -.o6 

1881. 8 ! -20.89 -21.05 + .r6 
I 1876.1 28.34 28.go + .56 ! NOOTKA S'D, VANCOUVER IS'D. 

1879.3 28.90 28.81 -.09 
WALLULA, WASH. T. 

188o.4 29.oS 28.77 
1778. 2 / 

I - .31 

1853. o I -19. 67 
-19. 75 -18. 76. - ·99 1881. 7 -29.19 -28.73 - .46 

-19. 81 + .14 1783.3 17.91 18. 91 +1.00 

186o. 5 20.00 19.98 - .02 1786.6 19. 78 19. 02 - .76 PORTMULGllAVE, YAKUTAT BAY,ALASKA. 
1861.5 20.50 20.00 - .50 1792.8 18.37 19. 27 +.go 

1881. 7 -19.93 -20.00 + .07 186o.5 23. 78 23.07 - .71 1778.3 -23.So -24.14 +·34 
1863.5 23.o8 23.21 + . IJ 1787.4 26.00 25.75 - .25 

CAPE DISAPPOINTMENT, WASH. T.• 1881. 7 -23.6o --23.81 +.zi 1791. 5 26.fr; 26.46 - .21 
1 

1794- s 26.00 26.94 + .94 I 

1783. 3 -16. 39 -17.15 + .76 SITKA, ALASKA. 18o2. 0 29.00 :z8. 13 - .87 
1786.7 ·18.00 17. 24 - .76 ------ 1823.5 30.50 30.74 + .24 

1792. 3 ! 18.00 17. 42 - .58 1779· 5 -23.50 -24. 89 +1. 39 1874.4 29.97 30.32 + .35 

1839. 5 19. 18 19.75 + .57 1786. s 26.77 25.40 -1.37 188o.5 '-J0.00 -29.64 - .36 

1842. 5 20.00 19.91 -.09 1787.4 24.00 25.47 +1.47 
1851. 5 20.32 20.39 + .07 1791. 6 27.77 25· 79 -1.98 PORT ETCHES, ALASKA. 
1858.5 21.00 20. 73· - .27 18<>4. 6 26.75 26.74 - .01 

187J. 8 21. 44 21. 37 - .07 1818. s 27. 25 27.67 +·42 1778.4 -23.62 -24-04 + .41 
1881. 8 -21. 6o -21. 61 +.OJ 1824. 5 -27.50 -28.02 + .52 1787.4 -26.25 -25.69 - .56 

• 
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GROL'P III.-Compa,rison of observed and computed Magnetic Declinations-Continued. 
--- - - -- --- - ---

I I Year and I Year and i Obs'd Comp'd I 
Obs'd Comp' cl '0-C. ,\Tear an<l Obs'd Comp\! 

fraction, i decl'n. decl'n, iO-C. 
fraction. \ decl'n. decl'n. fraction. l decl'n. <lecl'n. 

0--- c. 
I . i i I 

I I 

i --- ---- ---

I 
PORT ETC!l~S, Al..\SKA--,-continued. ST. PAUL, KADlAK IS' D, ALASKA--cont'd, !'ORT CLARENCE-continued. : 

-------- - -------·- - ---- ·--------- -· 
I I 

0 0 0 

1874. 41-25~ 37 

0 0 0 0 0 

i 1788.'4: -25. 00 -25. 87 + . 87 -25. 51 -I- . 14 1854. 5 -26.00 -26. 08 + .08 
; •I 

26.23 26.25 + 1880.5 -25.15 1879.5 22.98 j 1790. 5 I .02 -24.90 - .25 23. 02 .04 

1794· 5 I 28.50 26. 94 -- I. 56 --------------------- 1880.7 ' -22. 75 -22. 79 + .04 

I CAPT-\IN:'S AND ILIULlUK HARBORS, 
1810, 5 2&. 13 29.36 +1. 23 {Jc-;ALASHKA. -------·-- --------· 

! 
1830.5 31. 63 Cl!AMISSO IS'D, ALASKA. I 31. 24 - '39 I 1790. 4 I --19. 58 -19.00 - .58 

I 1837. 7 JI. 63 31, 53 - . IO I 

I 
1874.4 -29. 16 -29.57 + .41 1792. 5 19.00 19. 07 + . 07 1826. 5 -31. 29 -31. 24 - .05 

1817. 5 19.40 19. 70 + .30 1849.5 30.43 30.52 + .09 

i 1827. 6 ' 19. 83 19. 81 - .02 1880.7 
: 

-26.82 -26. 74 . 08 -

I ST. PAUL, KADIAK 1s'n, ALASKA. 1831. 5 19.50 19. 83 + . 33 
I 
I 1849.5 20:00 19. 72 - .28 l'ETROPAYLO\'SK, KAMTCHATK,\. ! 

- 1867.7 19.79 19.33 - .46 j ' 
1778. 4 I -22. 10 -23. 18 ! +1.08 - 6.31 6.27 I 

1870.5 19.75 19. 25 - .50 1779. 5 -- 1- .04 

24. 58 \ -
! 

1790. 5 25. 50 . 92 1873.5 19.06 19. 15 -t- ·09 1792.5 6.oo 5.98 i - .02 

25.95 l - 1874. 7 ! 
I 

18o4. 7 
i 

+ 1804.6 I 26. 12 . 17 18. 71 19. 12 : I . 41 5. 49 5.51 .02 
' 

1808. 5 I I I 1S27.6 ' 25. 75 26. 27 i + . 52 1880. 6 ! 18.63 18.91 + .28 i 4.07 4.21 . 14 
I 

1818. 5 i 26.50 26. go /. + . 40 1883. 1 I -18.71 -18.8o' +·09 1837.7 I 3.45 3· 54 + • O<) 
' 

1834.5 
I 28.63 27. 381-I. 25 - 1849 s I 2.62 2.75 -- .13 

1839.5 26.72 27. 38 I + . 66 
PORT CLARENCE, ALASKA. 

1854, 5 j 3,67 2.43 -1. 24 

1845.5 27.00 27. 291 + . 29 1827. 51-26. 91 -26.go 1- .OI 1866.5 I. 42 I. 70 ...L . 28 I 

1867. 1 I -26. o8 -26.09 + . 01 1850. 5 -26. 43 -26. 38 I - . os 1876. 6 I - I. 15 - I. 18 i -t- . 03 
I 
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RESULTS FOR GROUP III-Continued. 

Contents of columns: Year of first observation, and whole number of observations used in the 
discussion, probable error of an observation; resulting epoch of llearest extreme easterly declina
tion, with amount of maximum deflection at that epoch. A minus sign indicates east declination; 
annual change about the 11resent time, for four epochs, at iuter>als of fi>e years; a plns sign indi
cates diminishing easterly declination, a minus sign the renirse cbauge. 

• I 

' 

Station. 

1 ' Acapulco. 1744 : 9 i ±20 18+6 : - 8. 9 

2 I Vera Crm. 172i 9 ' 1S2S : ·- 9. 3 

3 
1 

City of Mexico. 1769 ; 13 ; 13 1848 : - S. 6 

4 •San lHas. 1788 
1 

9 28 1861 ! - 9.4 :; 

5 El I'aso. 1852 4 : IO 1864 --12. 5 
1 

6 Magdalena Bay. 1783 7 ! 22 1909 ! -I I. I 
1 7 San Diego. 1783 :,· 8 IO 190-1 : -13. 7 

I I 
8 Santa Barbara. 1783 4 ! 15 1893 : -15. o 

9 Monterey. 1783 13 20 1910 I -16. 4 " 

10 San Francisco. 1783 24 IO 1893 ! -16. 6 

11 Salt Lake City. 1850 9 12 1873 I -16. 7 :· 

12 Cape Mendocino. 1783 6 37" 1886·1-17.7 '.i 

13 Vancouver. 1788 5 36 :, 1,' 1883: -21.0 'i 

14 Wa!lula. 1853 4 21 'l 18j2 \ -20. I \\ 

15 Cape Disappointment. 1783 9 23 
1

j 1905 : -21. 9 Ii 
16 Seattle. 1855 3 21 ' 1883 / -22. j r! 

17 PortTownsend. 18.p 6 11!,1
1 

18j2i-21.81
1 

8 6 I 1· 18 Kee-ah Bay. 17 3 19 \\ 1887 j -22. 7 \ 

1 9 Nootka. 1778 7 40 fi 1898 I -24. o 11 

20 Sitka. 1779 35 21 ii 1861 i -29. I ! 

Annual chan~e in 7 
____ I 

1SS0.o 1885.0 18<)o.o 1895,-0 I 

I ! 
' +z. 6 + 2. 9 + 3. 2 + 3• 5 I 

+4· 7 T 4· 9 + 5· I -i- 5· 2 i 
+1. 8 + 2. I + 2. 3 + 2. 5 

+I. J + 2. l + 2. 5 -L 2. 9 

+I. 6 + 2. I + 2. 6 -- 3· 0 ' 

-1.7 1.4 -1.2 -0.9: 

- I. 0 - o. s - o. 6 - o. 4 ' 

-0. 8 ·- O. 5 - 0. 2 - O. I 

--1. 7 - I. 4 - I. I - 0. 9 

-0. 7 - 0. 4 - O. 2 + O. I 

+i. I + I. 8 + 2. 5 + 3· 2 • 

-o. 2 0.0 

-0.3 + 0.2 

+o. 8 + t. 2 

+ 0.3 
+ o.8 

+ 1.7 

+ o.6 

+ I. 3 

+ 2. I 

-I. 7 - I. 4 - I. I - 0. 7 

-0. 4 + O. 2 -i- O. 8 + I. 3 

+o. 9 + 1. 5 + 2. o + 2. 5 
-o. 7 - o. 2 + o. 3 + o. 8 

-1.5 - 1.0 - o.6 - 0.2 

21 Port Mulgm·e. 1778 8 28 ii 1847 J -31. 81: 
ii 1 'I . I 221PortEtches. 1778 9 ·36;1 18431-31.611 +8.5 +9·3 +9·9 -r10.5i 

+1.9 + 2.3 + 2.7 + 3.1 

-i-7: 2 + 8. I + 8. 8 + 9· 4 

23 St. Paul, Kadiak. 1778 II 31 11 1837 '-27.4 \ +6.2 + 6.6 + 6.9 + 7.2 j 
24 Captain's and Iliuliuk Harbors. 1790 12 I 14 ii 1834 I -19. 8 

1

1

, +z. I + 2. 3 + 2. 4 + 2. 41 

25 PortC!arence. 1827 5 I 15 /1 1833 /.-27.o i +9·5 +10.0 +10.4 +10.7 i 

\ 

26 Chamisso Island. 1826

1 

3 1511 1830 j -31. 3 +9· 4 + 9· 9 +10. 2 +10. 41 
27 

1 
Petropavlovsk. \ 1779 9 16 Ii 1771 I - 6. 3 +z. 5 + 2. 2 + I. 8 + I. 3 

__ 1 __________ , _____ ~-"-------~---~--~---'~--~--~~-----------~ 
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RESULTS FOR GROl!P III-Completed. 

Ephemeris of magnetic declinations. Computecl magnetic declination at.each station for every 
tenth year of the series, and after 1850 for every fifth year. A minus sign signifies east declina-
tion, a plus sign west declination. The first tabular result for any station indicates that tlie first 
-Observation made there falls between the tabular date and the next one following it. 
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I 
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90 7.0 8.o 7. I 6.3 7.0 IO. 5 I I. 5 12.0 

1800 7. 6 8.6 I 7.5 7.0 7.3 10.9 I I. 9 12.41 
IO 8. I 9.0 i 7.9 7.7 7.7 I I. 21 12.3 12.87 

8.5 I . 8.2 8.24 8. I II. 58 12. 8 13.36 20 9·3 j 30 8. 7 9·3 8.5 8.73 8. 5 II. 96 13.25 13.86 
40 8.9 9.2 

i 

8.6 9. zo 9.0 12.33 IJ. 70 14. 37 

50 8.88 8.86 8.62 1-12. 3 9.48 12.68 14.85 

I 
9.33 14. 12 

55 8.83 8.64 8.59 9.39 12.4 9.71 12. 85 14.31 15.08 
6o 8.75 8.39 I 8.55 9.42 12.49 9· 93 13. 00 14.48 15.29 I 

65 .8.64 ,8. IO 
I 

8.48 

I 
9.40 12.50 IO. 13 13. 14 q. 64 15.49 

70 8.50 7· 77 8.39 9.35 12.47 10.32 I 13. 27 14.77 15.69 
I • 

8.33 
I 

i 75 7.41 I 8.26 9· 26 12.40 10.49 13.38 14.87 15.85 
80 8. 12 7.03 I 8. 13 9· 14 12.28 10.64 13.47 14.96 16. 00 

85 7.89 6.63 

I 
7.96 8.98 12. 13 10.78 13·55 15. 0 16. 13 

90· •7.64 6.21 7. 77 8. 78 
i II. 9 10.88 13.6 15.0 16.2+ 

1895 -7.4 -5.8 I -7.6 -8.6 [-II. 7 -11.0 -13.6 -15.0 -16.3 
I I 
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GRAPHICAL ILLUSTRATION OF 'l'HE SECULAR VARIATION. 

In a preceding part of this paper we have akeady made use of the graphical method to exhibit 
to the eye the motion of the needle as observed at Paris, and since this kind of representation has 
the great advantage of readily impressing the facts on the memory and of affording easy com
J>arisons and generalizations, the secular motion as observed at four leadiug stations is introduced 
on plate No. 31. These stations are New York, Baltimore, San Francisco, and Sitka. As an aid 
to mnemonics on the diagrams, the degrees of easterly decliuation are shown to increase toward 
the right or east, and consequently the degrees of westerly declination increase towards the left 
or west, the ordinates being considered as directed north a:ud south (trtle); t.he time scale increases 
downward where additional observations can be plotted more conveniently than on the top. The 
observed declinations are shown by dots, the computed declinations by a continuous curved line. 
These diagrams show in a conspicuous manner the great regularity and persistency of the secular 
variation, and thus impress the mind with the fact that the ex1"llanation of it must ultimately be 
referred to forces of a periodic character simultaneously acting over large areas au<l with great 
regularity, and probably having their source directly or indirectly in the sun, and with a prooal>le 
.dependence on planetary configurations. The effect of these deflecting forces on the magnetic 
-condition at points on the earth's surface undergoes modifications as manifested in the observed 
variations of the amplitude and in the duration of the secular oscillation at places geographically 
widely Jistributcd. So far, however, we are not in possession of any theory or even of a plausible 
working hypothesis as to the true cause or origin of the secula.r varia.tion, and consequently are 
constrained to pursue the inquiry empirically by meaus of observation aud discussion. 

On map No. 32 we give the annual change of the declination for the epoch 1890, for all pla.ces 
,discussed and falling within the limits of the map. The numbers are expressed in minutes of arc, 
and are directly taken from the preceding tables. A plus sign indicates increasing west or decreas
ing east declination, as the case may be. To know where the declination is west and where it is 

·east, the agonic line (or Hue of no deviation) for 1890 is introduced; for all places to the right, or 
to the north and east, of this line the declination is west at that epoch, and for all places to the 
Jeft, or to the south and west, of it, it is east at that time. The map also shows the positions of 
this agouic for the epoch 1795, at which time it had about reached its extreme northeastern 
position, having come up from the southward; apparently it rested here a few years and then comJ 
menced to retreat over its previous course. At that time, in this vicinity, it passed between 
'\Va.shiugtou and Baltimore, a.ud extended out to sea just south of Oape Henry, Va. It is not easy 
to determine the exact time of stationary condition; there may be a.n uncertainty of several yea.rs 
in consequence of the ordinary irregularities in the direction of the needle and the extreme small
ness of the secular effect, which is overlaid and bidden by the former. There al'e likewise shown 
the positions of the agonic line for the epochs 1850 and 1875, and it is hardly necessary to remark 
that while about 1795 its geographical change was nil, its rate of change southward along our 
Atlantic coast has continually been increasing; it will reach a maximum at the time of the middle 
of the secular swing. It will be noticed that for nearly the whole of the United States (within the 
Umit of the map) the annual change has a positive isigu ; in other words, 'the north end of the 
needle moves westward, increasing west or diminishing east deolina.tion, and the same is true for 
Alaska; but there ar~ two regions of exception where the opposite of this motion is observed, viz, 
one in the extreme northeast, outside of o:ir territory, in Newfoundland and part of Nova Scotia, 
the other in the extreme west, which is less accurately known than the other in consequence of its 
great extent over a comparatively little explored area. between Mexico and British Columbia. 
Shaded bands on the map indicate the boundaries of the opposite regions within which the north 
end of the needle moves in opposite direction, hence these bands occupy places where, in 1890, the 
n1:>edle will have apparently ceased to move, or will have assumed, temporarily, a stationa.ry con· 
dition; western elongation having been reached at all places within the Nova Beotia belt, and 
eastern elongation at all places within the western coast belt. These bands, like the agonic or any 
other isogonic cnrve, continually and gradually shift their position, to which circumstance we shall 
presently recur. It would not be difficult to oonstrnct curves of equal a,~nual cMnge for 'any given 
.epooh. as was done by the writer for a limited area. (Coast Snrvey Report for 1865, pla;te No. 28), ia 
"Which system the above belts would form the zero lines, but tbeaubjectissuffieiently plain without 
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such aiu. 'Itie line of maximum annual change might be expected to lie geographically midway 
uetweeu the two zero regions, which we find roughly to be tile case. 

On plate. No. 33 an attempt is made to exhibit tile changes which the (so called) agonic line of 
the North Atlantic has apparently undergone since its first disco\·ery by Columbus in 1492.• It 
shows tile several positions of that line for the epochs 1500, 1600, 1700, 1800; also for 1850, 1875, 
and for 1900 prospectively. Tlte earliest posit.ion is quite conjectural, and rests on the observation 
of Columbus for its place in the mid-Atlantic, and for a secoud poiut on it., farther north, on an 
observation by Sebastian Cabot.1 We also have reason to suppose the line to have passed over a 
region in the vicinity of Paris, and over a region including the Antilles. The s~cond position, that 
for 1600, is taken from Hansteen's work (of 1819) and may be considered as a rough approxima. 
tion; some change w,as made by me at its western end. The position for 1700 is more reliable, 
since it depends directly on numerous observations collected by Halley; it is taken from his chart. 
The positions for 1800 and 1850 require no further explanation; that of 19007 though prospective, 
is quite certain, considering tlle small scale of tha map. 

Upon the whole the general direction of the isogonic system in the vicinity of the agonic line 
of the North Atlantic appears to have been swaying forward and backward in a rather irregular 
way, with a preponderance, after 1600, toward a direction like that in which astronomical azimuths 
are counted. 

ProgrC88iVe cltange in tke secular variation.-Tbe progressive change noticed when examining 
at different times the position of the lines where the needle bas arrived at elongation or at extreme 
range in the secular motion has already been referred to in a geueral way, aud the systematic 
propagation of the phase of easter11t elongation across the United States, from the Atlantic to the 
Pacific, in about the lapse of a century, has been adverted to. Uuder the present heading it is 
proposed to enter somewhat more minutely into this remarkable phenomenon. 

The following figures are taken directly from onr table, oolunm headed "Nearest epoch of east 
elongationr" and beginning in the e.xtrem~ northeast we find the years of occurrence of this sta· 
tionary phase of ea.st elongation at different localities as follows: 

Halifax, N. S. 
Eastport, Me. . . . . . . . 
Portland, Me. • . • . . . . 
Boston and Cambridge, Mass . • 
New Haven and Hartford, Conn. . 
New York, N. Y .. 
Philadelphia, Pa.. • . • . . • • . 
Pittsburgh, Pa. • . • • • • . • • 

1713 
1749 
1778 
178o 
18oo 

1799 
18o2 
r8o8 

Marietta and Cincinnati, Ohio 
F1orence, Ala. . 
St. Louis, Mo. . . 
Chicago, Ill. . . . . . 
Salt La.ke, Utah, . . . 
Vancouver, Wash. T. . 
Cape Mendocino, Cal .. 
San Francisco, Cal. . • 

1815 
1821 
1820 (?) 
1832 
1873 
1883 
1886 
1893 (Computed.) 

* For particulars see two papers in Coast and Geodetic Survey Report for 188o, viz: Appendix No. 18: "An attempt to 
solve the problem of the first landing place of Columbus in the New World," by Capt. G. V. Fox, Assistant Secretary of the 
Navy, 1861-'66; and Appendix No. 19: "An inquiry into the variation of the compass off the Bahama Islands at the time of 
the landfall of Columbus, in 1492," by Charles A. Schott, Assistant Coast Survey. In connection with this subject it may be re
marked m passanl that, in the writer's opinion, the controversy about the first landing place, and the track of Columbus among 
the West India Islands, may now he considered as closed (save the identification of the first harbor in Cuba) by the recent 
labors of Lieut. J.B. Murdock, U.S. N.: "The Cruise of Columbus in the Bahamas, 1492." The landfall took place, undoubt
edly, at Watling's Island, as insisted upon by Captain Becher, in 1856, but in attempting to trace the su/Jsequent track he failed, 
iJi consequence mainly of an erroneous assumption of the magnetic declination prevailing at the time of Columbus. 

t Soon after the discovery by Colurtlbus of a point of no variation in the Atlantic, Sebastian Cabot discovered a second one 
farther north, and evidently belonging to the same agonic curve. Livio Sanuto states, in his Goographica Distincta (Venice, 
1588), that he procured the information from Sebastian Cabot and made use of his map (probably th.at oomposed in 1544), on 
wb.ich the position of the meridian inter.secting the po.int of no variation was seen to be one hundfed and ten miles to the west of 
the ishind of Flores, one of the Azores;. see•• Narrative and Critical History of America," by Justin Winsor, Vol. III, Boston 
ud New Vork, 18l14, p. 41. This discovery probit.bly was made on the second voyage of the Cabots, or in 1498, although it 
may have been nOted in the first, in 1497, by the elder Cabot. The latitude of the point is uncertain, but may be approximated 
from the fact that in the lint voyage land was apparently sighted at Cape Breton, and in the second the coast of Newfoundland 
(Baccalaos), which is said to have been made from the north. 

In the cow:se of a conversation with Contarini, the Venetian ambassador to Charles V, in 1522, Sebastian Cabot told the 
llldbusl!.dor that he had a method for ascertaining, 6y tM n«dk, the distance between two places from east to west, which had 
DC'IU ~ beeu. discottred by -y ooc. Ibid., p. 50. . 

la thill idea. howeHr, he waa also anticipated by Columbwl. 
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These places and corresponding times suffice to bring into strong relief the gradual progress 
within our geographical borders of what may aptly be called the crest (or hollow, as we may con· 
ceive) of the magnetic secular wave clear across the North American continent in about a century's 
time. This transfer of the eastern-elongation phase thus took place from east to west across the 
country; hence it is higl1Jy probable and may reasonably be inferred that with tbe present passing 
out into the Pacific of the eastern-elongation phase and the coming in of the opposite or western
elongation phase in the east, this invasion of the latter phase, already commenced in Northeastern 
Maine, will likewise propagate itself in the course of time over and across the continent; in fact 
our fornmlro do suppose this to take i1lace. The question whether our table of dates of the eastern
elongation phase can be extended so far east as to reach Europe cannot be definitely answered. 
We have for St. John's, Newfoundland, the date of 1741, and for Paris the year 1581, for tbc 
epoch of this phase, bnt unfortunately no intermediate stations at which to follow up the motion; 
observations at the Azores, in southern Greenland, and in Jceland may possibly come to ligbt·to 
assist in this inquiry. 

If we follow up the dates of the eastern magnetic elongation going south along our Atlantic 
coast, thence across the Gulf of Mexico and north along the western coast, we notice the same law 
of gradual change as in onr first table. A curve of equal elate would fairly run parallel to our 

. Atlantic coast liue, aud hold even as far south as Havana and Panama; similarly a curve of equal 
date on the western coast from Lower California up to the Straits of Fuca would not greatly de,Tiate 
from it. · 

Charlottetown, Pr. Ed. Island . 
Eastport, Me. • . . . . 
Nantucket, Mass. . . • . . . 
Cape Henlopen, Del • . • . 
Charleston, S. C., and Savannah, Ga .• 
Havana, Cuba . . . . ...... . 
Vera Cruz, Mex. • • • . . . . . . 

1734 
1749 
1769 
1801 
1794 
1797 
1828 

City of -..1exico . . . 
San Illas, Mex .•.• 
Santa Barbara, Cal. . 
Seattle, Wash. T •.• 
Nee-ah Bay, Cape Flattery . 
Kootka, Yancouver Island . 

1848 
1861 
1893 (Computed.) 
1883 
1887 
1898 (C01n?uted.) 

Beyond Vancouver Island alJ(l as we enter Alaska tlie dates again become earlier, as at Sitka, 
1861, and in the whole region to the north ward and westward, and including the chain of islands, 
the average date probably varies between 1830and1840 or thereabout. Near the eastern coast of 
Asia, west of Kamtchatka, we encounter a complex system of isogones whose secular development, 
however, lies outside the l!mits of our research. 

With respect to secular variation, then, our magnetic weather is coming in from the northeast, 
aml we already note the past occurrence of the western-elongation phase at Newfoundland in 1870, 
aud at Prince Edward Island iit 1884, with its expectation at Halifax in 1893, at Eastport in 1899, 
and at Portland in 1913. .Should the Paris date 1812 be connected with this, the spee.d across the 
Atlantic must ham been very different from that of the earlier east-elongation I)hase; all this, 
however, is at present matter of speculation. 

Looking over the numerical values of a, on which the length of the period depends, we notice 
a relation to geographical position, as in the case of the epochal quantity c, of our general furmula, 
just considered, but less marked. 

For stations on our Atlantic coast the •alues a are generally included between 1.30 and 1.M, 
implying periods of 277 and 232 years respectively, fmd the s.:tme limits will apply to the generality 
of 11laces in the interior. /,,,. 

For stations south of the United S~tes the value of a is decidedly less, as at Kingston, 
Panama, Acapulco, City of Mexiuo, for which a varies between 1 ()and 1.11 with corresponding 
periods of 360 and 327 years. The value ot a for western coast stations, as San Diego, Santa 
Barbara, Monterey, San Francisco, aud Cape Mendocino, remains low, averaging 1.15 (period 313 
years); in Ala.ska it rises again to about 1.30 (period 277 years), with but little variation. 

At first sight this diversity in the length of the periotl would seem to present a great obstacle 
in the way of explaining the ca.use of the sectdar variation through the action of an external or 
cosmical disturbing force which would be supposed to act alike at all stations. If we suppose the 
clianges in the direction of tlle magnetic needle to be due to changes in the direction of electric 
currents or of electric impulses or waves traversing the earth's crust and permeating the same to 
a considerable depth, and altering by incluctive action the magnetic condition of the earth itself, 
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we may see in the diversity of the length of the period, and of the magnitude of deflection at dif· 
ferent places, the effect of a systematic swaying in the position and intensity of such electric 
currents. 

For the further development of the laws of secular variation in North America it would be of 
great importance to know what has been going on in the immediate vicinity of the magnetic pole 
(where the dip is 900 and the horizontal force zero) since Ross visited the region, now more than 
half a century ago. We have no direct or observational evidence whatever whether the pole re
mained stationary or has shifted its position, and if the latter, how much and in what direction. 

In conclusion a few remarks may be made respecting the accuracy of the observations, shown 
in the tabula.r values of probable errors as derived from the differences of observed aud com
puted values. 

The probable errors of observation given in the tables will ser>e to convey some idea of the 
relative value of each series of observations. The imperfections in the instrumental means and 
methods of the older observations in many cases react unfavorably on the modern obser>ations, 
which are made with more precise instruments and by more refined methods. If we take, for 
instance, the observations of Hudson, made in 1609, in the vicinity of New York, we fiml each 
fairly chargeable withe. probable error of about ±3 or 4°. ·while these observations are very im
i.}erfect, those of Champlain of about the same period (1604 to 1612) are no better. These two 
navigators differ nearly 90 off the mouth of the Penobscot, Maine, and nearly 12° off Cape Cod. 
The observations made by Vancouver on our western coast, between 1792 and 1794, are e.ach sub· 
ject to a probable uncertainty of± 1°,and enm in our own days it requires \'ery favorable circum
stances to determine the variation of the compass at sea with a probable error of say half a degree 
or less. Increased precision was attained with the improvement of the azimuth compass and by 
allowance for disturbing effect of the ship's iron, and, with respect to shore stations, greater 
accuracy was obtained by the introduction of the theodolite for determining the astronomical 
meridian. With a portable magnetometer and a collimator magnet, the instrumental means need 
not introduce a greater uncertainty than about oue minute; but the actual probable error of auy 
determination is dependent also on the irregular variations in the direction of the magnetic force 
from day to day, thus making it desirable and indispensable for precise work to continue the 
observations for three or more daJS and to correct the individual results for diurnal Yariation. The 
amount of the probable error of an observed declinatmn depends also on the intensity of the lwri
zontal component of tlte magnetic force at the place, i.e., in general the smaller the horizontal 
force the larger the apparent probable- uncertainty. 
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APPENDIX No. 13-1886. 

ON THE CIRCULATION OF THE SEA THROUGH NEW YOUK HARBOR. 

A Report by EIF:NRY J\fl'J:'CT-TELL,Assistant. 

'iV ASHINGTON, D. C., ]l:fay 6, 1887. 
SIR : The following is offered as my report ou the recent physical survey in New York Harbor, 

although it is almost exclusive}~· confine·l to a single proposition and its demonstration. Mr. 
Marindin, who has already submitted to you his statistics of fieltl work, will report on his studies 
of the 1rater contours as soon as his levels are completed. 

Very respectfully, yours, 
HENRY MITCHELL, 

Assistant l:nited States Coast and Geodetic Survey. 
Mr. Ii'. M. THORN, 

Superintendent United States <Joast an;l Geodetic Stirvey. 

CIRCULATION OF THE SEA. THROUGH NEW YORK HARBOR. 

Although the tidal currents of New York, especially in the East Ri\·er, appear to move to and 
fro, with ebb and floo<l, in monotonous repetition, like the swing of the pendulum, there is a tut 
gain, under ordinary conditions of river discharge, to the westwar<l, i.e., a pt'rmanent transfer ( f 
water from the Sound thr<>Ugb tho harbor and out into the ocean· over Sandy Hook Bar. Tliis 
statement, if true, involves so many consequences affecting the condition of the harbor (its na\i
gation and its improvement) that I have put it in the form of a proposition to be demonstrated, .first, 
from the most general relations of the Sonml and Harbor titles as oscillations of the sea ''inter
fering" at Hell Gate; and second, from a strictly inductfre study of gaugiugs made b;v different 
observers at different dates. I shall first show tbat it ought to be true theoretically aml then show 
that it i8 true practically. 

Gefteral relati.ons of the tides.-Two derivations of the tide enter New York Harbor; one by 
way of Long Island Sound, the other by way of Sa.ndy ~ook .Bar. The one that traverses the 
Sound is much obstructed and crowded, so that it arrives upon the scene four hours behind the 
other, a.nd much augmented in range. These two tides meet or pass into each other at Hell Gate, 
and give to the city portion of the East River a.' composite rise and fall, and to the whole length of 
the strait a nearly synchronous system of tidal currents. 

H. Ex.40-52 
409 
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As types of the two tidal profiles, as they appear before their meeting aud before they affeet 
each other in their approach, we offer the diagram (A) that follows: · 

No. 34 DIAG. A. 

HO"LRS AFTER TRANSIT. 
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TYPES OF THE TIDAL PROFILES. 

The two figures are serpentine curv-es whose elements are those of the tides given in the 
tables of published charts for the two entrances tJ New York. From this diagram we observe 
that about three lunar hours after the moon's transit. the surface of the Sound is at the same 
elevation as the sea at Sandy Hook. Later they differ, and more and more widely, till at the sixth 
hour a maximum difference of height is reached which exceeds 5 feet. Then a decline takes place, till 
at the ninth hour the Sound and Sandy Hook Bay are again upon the same level. After this a slope 
in the opposite sense develops, reaching a maximum about the time of tqe next transit. The first 
slope, that between three hours and nine, is towards the Sound, i. e., the Sound continues through 
this interval to be lower than the Harbor. The second slope is towards the Harbor, and one may 
remember it easily as that which reaches its maximum at the soutMng-of-the-moon, and creates the 
''ebb current," ~o-called. The peculiar quality of the East Ri\"er current, as compared with the 
free tidal ciirrent is that the former is a gravity stream, i.e., it is water rnnning down a slope as in 
a fresh-water river. Referring again to the diagram, it will be seen that the two Iunc>..s, or spaces 
between the type-curves, are equal, i. e., the' slopes, creating the flood-current and the ebb-current 
alternately, are equal in amount and duration. There is the same head for one stream as for the 
ofoer. But there is a very important di:lference. in the positions of these Innes, wbiCh affects 
materially the relati Ye values of the slopes they represent. We have marked with a cross tfle center 
of each, and it will be observed that the right-hand lune is 1 foot abo-re the other, which meana 
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that tht) ebb (westerly) current is in cleeper water aml greater transverse section tlian the flood. It 
is, therefore, the larger stream, and, .baYing greater hydraulic ·mean depth, it is tlJe quicker also. 
The East Ri\"'er is deli\"'eriug more water into New York Harbor than it carries back again to the 
Sound. , 

Although the Hudson and other rivers tlow into New York Harbor, and slightly raise its lc\'el, 
· t.he conditions illustrated iu our diagram are Yery nearly realized in tile seasons when the fresh

water discharge is at a minimum. One of these seasons is the autumn; the other is mitl-winter, 
when the laud-waters are ice-bound. At such times the greater Yelocity being westward, and the 
greater depth of water being that of the westerly flow, tl.iere is, as a net result, a eirulation of sea
water through the harbor from the Sound to the ocean. In mi<l-v.inter tbis circulation reuewing 
the water before it can get chilled, and lowering the freezing point by mixing sea-water with the 
Tiver discharge, serves to keep the pol't open to commerce. One ma.r form some estimate of the 
value of the four degrees difference of the freeziug points between sea and rirer waters, when it 
is remembered tlrnt in severe wint~rs Halifax, Portland, and Boston have not closed before Phila
delphia or even Baltimore. 

This circulation also aids in maintaining the channels o>er the bar, which coulu not exist if 
the ebb and flood were equal, i. e., if there were no net gain of the sands swept to and fro. For 
the bar is but a broken portion of the cordon littora"l of which Sautlr Hook and Coney Island arc 
dry parts. Its channels are maintainell by a slight preponderance of the seaward flow, as our 
-0bser,·ations distinctly show. 

The indirect >alue of this influx from the Sound du~:ing the dry season lies in the partial supply 
-0f the tinder-run of sea-water which. occurs when the heatl of the river is insufficient to counter
balance the greater density of the sea-water. "\Ve <lo not find this under-run (oqirepon<lerance of 
inflow) at higher levels than the deepest channel-beds of the bar, except 011 rare occasions; but 
one may easily see that the withdrawal of the influx from the Sound would cause the bar to rise 
and work inward. The fresh waters, that enter from the Hmlson and other streams, play an insig· 
nificant part in the physics of the harbor; but the circulation of the sea by way of tlie Ea.st 
Rh-er~ although small in quantity, is the element which determines the superiority of New York 
Harbor over nearly all the sand-barred inlets of the world. It is this circulation which keeps the 
port open m winter and sweeps the sand from its threshold. 

FIELD WORK OF 188(}. 

Before entering upon detailed illustrations of the relation between slope and \eloeit~·, as 
revealed by the past season's work, it may be well to state how it happened that this theme came 
to be parsued by the fiel<l. and office parties instead of the gaugiug of the bar originally coutem· 
plated. In order to properly gauge the bar and to ascertain whetlier the channels over it are hol· 
loweu out of the sands to the limit of res1tlta1it scour, it was foreseen that two steam launches 
would be required, besides the other Yes~els, and Congress was asked to appropriate money for 
these, but rlid not; and finding that the launches already in the possession of our sernce were 
-either unfit or unavailable for this special use1 w~ abandoned our project anu sought other ends 
within our means. 

Mr. Henry L. Mariudin, Assistant in the Coast and Geodetic Sun·ey, was instructed liy ~-ou to 
take charge of the .field work, and furnished by me with "memorau<la" setting forth the objects in 
view and the means of reaching them. He was directed, in effect, to occupy as many tidal an(l cur· 
rent stations simultaneously as could possibly be done, that" Urn 1·elations of different basins and 
.channels to the tidal system" might be disclosed; and "that the comparative Yalne of different 
reservoirs and the particular office of each channel" might be determineu, especially as affectiug 
the draught of water over the bar. Moreo•er, he was directed to gather the material for a series 
()f contour maps of the surface of the harbor-a long-cherished i1rojer.t. 

In order that the computation should keep l'ace with the field work as nearly as the proper 
oouwe of the latter might require, 1 secured r..n office for myself and my assistant (Mr. E. E. Has
kell, an expert observer, formerly iu the service of the 1\fississippi Wvcr Commission), aud iu this 
way mere rou.tine was a"._oided, and all worked together with definite and direct purpose. 
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When everything Q.ad been prepared by Mr. Marindin to the utmost extent of :It.is means, it 
was discovered that our special survey of the Ea.st River circulation, which was the oialient point 
in our new project, require<l more experts and more vessels than we had provided. At this critical 
moment the Ilydrographic Inspector, Lie~t. Commander W. H. Brownson, U.S. N.,, with J·our con
sent, tendered assistance from the naval surveying parties at work i11 the neighborhood, and the 
whole thing was very successfully arranged. The interval between 8 a. m. of the 4th of October 
and 1 p. m. of the 7th, i.e., over three entire days, was secureu without a break at ele>eu tidal sta
tions and four current stations. Mr. 111arindin directed the tidal stations, going around to give them 
exact time, &c. He also in a general way kept the current station at Twenty-third street advised, 
while Lieut. G. C. Hanns, U. S. N., assisted by Ensign C. S. Ripley, U. S. N., occupiell stations iu 
the Narrows and on the Bar, and Lieut. C. P. Perkins, U. S. N., occupied a station off Old Ferry 
Point. The station depended upon especially for the East River flow was that at Twenty-thir1l street, 
which had been occupietl the previous year as a gauging section. At this station 1\lr. J.E. :McGrath, 
of our own service, aml Mr. Homer P. Ritter (an expert obsen·er formerly in the service of the Mis
sissippi River Commission), made the observations, assisted by Mr. George E. Kent, who also acted 
as sailin~ master. At the close of the season Mr. McGrath, assisted by Mr. Ritter, ran lines of 
precise levels connecting Hunter's Point, Ravenswood, Eighty-fourth street, Pot Cove, Polhemus, 
College Point, and Willets Point tide gauges with repetitions and checks removing all doubts. All 
of the stations proved to have the same mean level except Pot Cove, where the surface near time of 
low water appears to be lifted above where it should be. It may be that the. great whirl from which 
the cove gets its name really creates this lo<:,al elevation during the strength of the flood (easterly) 
current. We haYe not dared use this station in computing slopes, because, even if the levelings and 
observations are without error, the results are not in accord with the uniform testimony of other 
stations. 

Since, with tbis single exception, the stations connected by precise levels proved to have the 
same mean sea-level, it was assumed that Governor's Island and Sandy Hook hacl the same; so 
that the falling short of our level lines bas not distressed us thus far. Nevertheless it is very 
important that the precise levels should be extended to Governor's Island antl to stations on the 
Lower Hudson. And it is at least 1•ery desfrable to have the levels extended to the Narrows on 
the Long Island side, to the head of Newark Bay, through the Kills, around the Sandy Hook Bay 
to Sandy Hook light-house, connecting en route with all the tide gauges and making benches of 
the datum.planes of all the light-houses, forts, &c. We anticipate the necess-ity for these lines at 
au early date. . 

The foregoing is a sufficient resume of that portion. of the field work of the past season which 
has supplied data for what follows in the discussion of the circulation. I refrain from any mention 
of the water contours iu the harbor, because Mr. Mariudiu is working up these, and will present 
the whole scheme in a series of charts for which the office bas supplied the skeletons. 

It is not often that I feel content with my data; but this time we seem to have foreseen our 
wants, and by keeping office work and field work together or in concert, we have filled out the 
requisition. 
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TABLE 1.-Field work, season of 1886. 

[Party of H. L. Marindin, A.soi•tant, Coast and Geodetic Sun·ey.] 

Time occupied. I Number I 
- I I o~ I From- To- readmgs.f 

Locality of tide staj". N a:nes of observers. 

------------~-----1----:----;' ·-------------------
1 1886. I 1886. I 

Sandy Hook, N. J. (Lower Bay). 

Governor's Island (Upper Bay). 

Willets Point, Long Island (East River). 

Dobbs Ferry (liudsem River). 

Lower Bay: 

Bath, Long Island. 

Great Kills, Long Island. 

South Amboy, N. J. 

Conaskonk Point, N. J. 

Port :Monmouth, N. J. 
Quarantine Dock (Narrows). 

Upper Bay: 

Quarantine Dock (Narrows). 

Bay Ridge, Long Islar.cl. 

Constable's Hook, N. J. 
Forty-seconr; 5treet (Hudson River). 

Ea;,t River: 

Corlear's Hook, N. Y. 

Hunter's Point, Long Island. 

Ravenswood, Long Island. 

Eighty-fourth street (East River). 

Pot Cove. 

Port. Morris. 

Polhemus Dock. 

College Point. 

Whitestone Landing. 

Newark Bay and Kills; 

South Amboy, N. J. 

Elizabethport, N. J. 

Elm Park, Staten Island. 

Hackensack River Bridge. 

Quarantine Dock (Narrows). 

Forty second street (Hudson River). 

Sept. 2I ' Oct. 30 3, 862 i J. Gundersen,G. T. Bartlett, M. J. O'Connor, and 

Sept. 27 Oct. JO I 

Oct. 4 Oct. 30 

Sept. 27 Oct. 30 

Sept. 21 Sept. 25 

Sept. 21 Sept. 26 

Sept. 21 Sept. 25 

Sept. 22 Sept. 25 

Sept. 22 Sept. 25 
Sept. 21 Sept. 25 

Sept. 27 Oct. 

Sept. 27 Oct. 

Sept. 29 Oct. 

Sept. 28 Oct. 

Oct. 2 Oct. 7 
Oct. 2 Oct. 

Oct. 2 O;:t. 7 
Oct. z Oct. 

Oct. 2 Oct. 7 
Oct. 3 Oct. 7 
Oct. 2 Oct. 6 

Oct. 2 Oct. 

Oct. Oct. 3 

Oct. II Oct. 14 

Oct. II Oct. 14 

Oct. 11 Oct. 14 

Oct. 11 i Oct. 14 

Oct. II I Oct. 14 

Oct. II 
1 

Oct. 14 
I 

I Fred. E. Nilson. 

3, 966 I G. F. Simpson,W. IJ. Buckout, and H. E. Pearce. 

3, 293 
1 

0. M:. Gjertsen; Ocbr. Ribe. 

4, 577 i R. G. G.-Moldenke; W. G. E. Schultz. 

·1 
603 i I-I. W. and W. L. Dusenberry. 

698 R.G.G.Moldenke; W.G.E.Scbultz. 

547 Emest J. Lederle; Epenetus Howe. 

396 :\1. J. O'Connor; Fred. E. Nilson. 

489 H. Christensen; 0. M. Gjertsen. 

597 ! G. F. Simpson; W. D. Duckout. 

536 E. J. Leder le; Epenetus Howe. 

589 H. Christensen; 0. M. Gjertsen. 

307 J. J. Ormsbee; H. E. Pearce. 

427 Geo. F. Bartlett; J. Gundersen. 

701 H. Christensen; Peter Shelley. 

669 E. Howe ; J. Cameron. 

693 E. J. Lederle ; Al fre<l Cockerill. 

6<)o J. Gundersen; J. Sullivan. 

710 J. J. Ormsbee; T. A. Masterson. 

610 Geo. F. Bartlett; Ch. Lyon. 

i87 \Vm. Tayler; J. l'etersen. 

709 H. E. Pearce; W. H. Martin. 

261 H. W. and W. L. Dusenberry. 

443 J. Gundersen; II. Christensen. 

459 T. A. Masterson; J. J. Ormsbee. 

447 J. Sullivan; Alfred Cockerill. 

428 J. Cameron; I. Doughty. 

423 W. H. Martin; Ch. Lyon. 

434 James Petersen; \Vm. Tayler. 
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TABLE 1.-Field u:ork, season of 18813-Continued. 

I Xumber of Number 
Locality of current stations. current of sextant Vessel. Observers. I observations. angles. 

----
Off Twenty-third street (East River). 308 328 Sehr.Rea~. J.E. McGrath, Subassistant, Coast and Geo-

. detic Survey; HomerP. Ritter,andG.E . 

Kent. 

RECAPITULATIO~. 

Number of tide-gauges observed •..••....••.•••••••••........••••...•....••••••.•• 
Number of observations recorded ..••••...••..••••..••..•.••..•.••..•••••.••••••••• 

25 
29,151 

308 
328 

Number of current observations recorded ........................................ .. 
Number of sextant angles recorded ....••.••••••.......•...•..•.•........ _ •......•. 

TABLE 2.-Current obser'Cationsi taken by the naMl parties on October 4, 5, aiid 6, 1886. 

Location of current station. 

I Off Old Ferry Point, East River, U.S. Coast :ind 

Geodetic Survey schooner E .. gre, C. P. Perkins, 

lieutenant U. S. N., Assista11t U. S. Coast and 

Geodetic Survey, commanding. 

In the Narrrows, New York Harbor, U. S. Coast 

and Geodetic Survey steamer Daisy, G. C. 

Hanus, lieutenant U.S. N ., Assistant U. S. Coast 

and Geodetic Survey, commanding. 

In East Channel, Lo\ver Bay, New York Harbor, 

U. S. Coast and Geodetic Survey steamer En· 

deavor, G. C. Hanus, lieutenant U.S. N., Assist

ant U. S. Coast and Geodetic Survey, command

ing. 

233 

221 

.zzo 

Observers. 

---1---1---------------· 
150 I 474 Lieut. C. P. Perkins, U. S. N., command

ing; Ensign W. B. Fletcher; Mr. W. 

Heinsheimer. 

277 . 871 Ensigns C. S. I'.ipley and N. W. Jone5, U. 
S. N . 

609 Lieut. G. C. Hanus, U. S. N., commanding, 

and Ensign E. F. ~eiper, U.S. N. 

EA.ST RIVER TIDES A.ND 'l'IDAL CURRENTS. 

I 
) 

In illustration of the relations of the two derh-ations of the tide that meet at Hell Gate we 
offer Diagram B drawn by Mr. Ritter. The first :figure· exhibits the profiles of the tides at Gov
ernor's Island and Willets Point-the stations that lie at the extremities of ibe strait connect.Ing 
Long Isla.nu Sound with New York Harbor; the second figure shows the profiles of the same tides 
within a mile of their meeting plnct>; and the thiril figure the same tides at the very Bill of the 
Gate j11st prior to their meeting. 
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The first and second :figures are from synchronous observations, an<l two other pairs of profiles 
might ha'\"e been plotted over these but for the confusion of lines; for we have eight stations of 
faultless tidal observations besides two current stations in the East River for the 4th, 5th, aml <lth 
of October, 1886. (Sec schedule of field work preceding.) . 

The third figure of Diagram B is plotted from observations made long ago (l&J;j before Hal
let's Reef was blasted away. 
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It will be observed that these curves, which are plotted ;bove an<l below an axis representing 
the mean level of the sea, make two intersections, one about three, another about nine hours after 
the southing of the moon. These intersections mean that the two water surfaces which the curves 
represent are then at the same absolute level; and if all the pairs of stations throughout the strait 
were to intersect at the same moment, we should say that at that moment the whole fiat surface 
Qf the strait from Harbor to Sound lies at tbe same level. This is w~arly the case, but not quite. 
There is au unequal loss of time in approaching the Gate from different directions which brings 
about distinct iutersectiom; among our I) lotted p?Oftles, and as this involves loss of time it involves 
aleocbangeaofetevation. Mr. Haskell has prepared for me Table 3 and Diagram C, which follow, 
&fvi.ng the nearest approach to the horizontal watM snrface an<l the widest departure rom it: 
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11:.A.BLE 3.-Lunar intervals of upper and lower restorations of level between Gotiernor's Isiand and 
Willets Point, with synchronous heights at other stations from eight tides, October 4 to 67 1886. 

[Computed by E. E. Hask•ll. j 
--------------·-"--------.------------------~ 

i GoYernor's I ' I • 
Level. Point. 

Lunar Island or Corlear's Hunter's: Rnens- Eighty- I PoJ
fourth I hem us intervaL \Villets Hook. 

1

. l'oint. 
1 

wood. 
street. Dock. 

----·--- __ l'_oi_n_t. _____ , _____________ ! ____ ; __ _ 

1 h. m. Feet. Feet. Feet. : Feet. Feet. ! .Fed. [' .Feet. 

I 
College 

Upper. ! 9 oS 5. 88 5. 88 5. 72 i 5. 72 •5· 71 ' 5. 63 S· 71 

'--L_o_"_·e_r_. ~[ __ J _o_i ___ 2_._9~ __ 2_._98_c __ 2_._1_2_J __ 2_._7~4~_2_._s_1_l'--_2_._s_s_i'--_2_._9_1_, 

Time after transit of maximum fall between Governor's Islmid and Willets Point, 1Cith synchron<J'U8 
gauge readings at all stati-Ons from eight tides, October 4 to 6, 1886. 

No. 36 

Gov- : I I 
Tide. 1 

• Lunar ernor's 
rnterval. ' Island. 

, 'Corlear's: . Hunter's Slo .1 Ravens-
Slope. I Hook. i Slope. Point. pe I wood. Slope_ 

--------

, Ebb. o 05 3. 48 i o. 58 ! 4. 06 o: 51 4. 57 o. 30 4. 87 
1 h. 111. 1 .he!. ! Feet .. ! Feet. II Feet. Feet. .Feet. Feet. 

) Flood. : 6 40' 5. 74 i o. 82 J ~~~--4-50 o. 73 , 3. 77 

Feet. 
0.54 
o.6o 

I . I j Eighty-1 I Pol- .,i • /· -C 11-/ I W'll t I Maxi-·r· d _..unar : f h SJ h Sl . o ege SJ I i e s 
1 e. . t • 1 ourt . ope. emus l • ope. 

1 

p . t j , ope. .. p . t mum 
in ena · street. Dock. I ( oin · ! i mn · slope. 

' ' -----;:-;:I.- Feet . . Feet. ~\Feet. ~1 Feet.

1
/~ Feet. 

Ebb o 05 5. 41 1. 28 6. 69 I o. 48 7. 17 o. 08 7. 25 3. 77 
Flood. 6 40 3. 17 I. 16 z. or I o. 36 I. 65 o. 09 I. 74 4. oo 

DIAG. c. 
MAXIMUM AND MINIMUM SLOPES. 

] .l:i 

~ 
..,; ~ £ c 'al " 0 ~ .; j ., "" ~ -t ::;; 

~ "' "' ~ -;:; ~ 
~ ~ 

5 
~ ~ ~ 

Qh Vm after ) !Tansit. 

IX VIll after) transit. 

Ill VU after transit. 

VI XL after transit. 
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It has already been stated that the restorations of level are not exactly synchronous from 
station to station; for this reason the planes whose profiles appear at lIIhr• and at lXhrs in Diagram 
U are warped. The discrepancies are too small to confuse the simple conception with which this 
raper opened; but we take the precaution to gh'e these discrepa1icies as tabulated by Mr. Brad· 
1ord and Mr. Haskell in the tables that follow (4 and 5). 

TA.TILE 4.-Conipari80n of restorations of lei·el. 

[Computed by G. Bradford, Assistant Coast and Geodetic Surt'ey.] 

WILLETS POINT A.ND GOVERNOR'S ISLAND: POLHEMl:'S DOCK .AND EIGHTY-}'OCRTil STREET. 

,-------~----~---· - ··-···-·· 

I Luni-tidal in
terval, upper 
restoration. 

Luni-tidal in
ten·al, lower 
re!,toration. 

Heights, 
upper resto

ration. 

Moon's ~ -··$ i ~ f $ i / --~-·1·E i 
Date.. transit, 0 .o _,,, _b Differ- 0..,: / _,,, b I Differ- :.:; ..,: _,,, ~ Differ-

750 time. .8 E ,g ~ ence. .8 @ g ~ I ence. .B ..§ 3; ence. 
. E~ H_ ~."'l;:/'"2 ~~1~~ I t.. .r ti) ~ ·s : :n 2 ~o _tfl tr. £ 

Heights, 
lower resto

ration. 

I 
- " ' >:-.-... I " ~ ... I " . 

~g E~ ~$IE~ ~g I 8~ -

Differ-
ence . 

1 ~~ ~~ ~ 5 ~E ~~ 1 ~~ ~~ ~r 
1---------------1-----1--1-----1------·· 

I 
1886. It. m. h. 111. h. m. "'· h. m. t It. 111- [ m. I Feet. \ Fed. Feet. , Fed. Fa!. £·,·et. 

!Oct. 4 I~;~ :;:1:~: =: -~-~;-i-:-;~·i1··-~~;:1::::.::~: =:::12.54 ·:~~~-!-=:~~:-! 
5 6 16 9 O<) 9 41 -32 3 03 \ 2 58 I +os 6.15 I 6.52. -0.37 I, 2.98 2.98 0.00' 

l 
18 40 I 9 08 9 35 I -27 I 3 16 i 3 19 II -03 I 5. n j 6. 02 j -o. 25 11 3. 02 2. 83 : ,o. 19 

6 7 02 I 9 22 9 28 I -o613 II l 3 34 -23 6. 36 1 6. 33 +o. 03 I 3. 27 2. 98 1 +o. 29 : · 1-- I -- I 1--. 1-.---
Mean difference. 1---- , -16 ------i-----j -03 ----- !------ -0.13 j------ -----·; -ro.10 

Date. 

1886. 
Oct. 4 

5 

6 

WILLETS POINT AND COVER:s'OR'S ISLA.ND: POLHEMUS DOCK AND RAVENSWOOD. 

Moon's 
transit, 

75°time. 

I Luni-tidal in-
I I I 

Luni tidal in- I Heights, Heights, 

I 
I 

terval, upper terval, lower upper resto· I lower resto-
restoration. restoration. ration. ratiou. 

------ -----
: . Differ- ~-ti ,, : . Differ- 8..; I : . Differ- j..; ! ~ . 
u "'O ence. o = u ""O'. ence. o i:: I u '"O ence. .Ei 1 u "-g 
8 ~ :.a 8 ~ =-* 8 ~ ~~ ! A; v. =~ in c:~ :: _ ....... I ~ 

~ ·o Ill c:: ·o {/) I ~ c:: ~o .,.fJ'J .... 

~~ ~-,.., ~11.1 ~ ....... :::~ --i~~ 
Sd --~o~ S~ ~g I Sd ~g 1Sd VIZ r~ c.,liZ :Q)J.o Q)~ ~J.. (U~ 

I 
I 

~ ..<: :::: " I ..c: :::: " ""' ... ~ ~ ~ :0 ~ 1:0 
------- ----1----1----1_:_------:-=-~1 

I I I 
It. m. h. m. It. "" m. h. m. k. m. m. I Feet. I Feet. Feet. Fed. i Feet. 

Differ
ence. 

.Fed. 

' -------- .. s 26 g 09 g 04 +os ------ ------ ________ 

1

6.o6 j 5. 90 +o. 16 ---···i--···--
17 51 8 58 9 03 -05 2 57 2 59 -02 5. 35 ; 5. 32 +o. 03 2 54 , 2. 32 +o. 22 ) 

6 16 9 09 9 18 l -09 3 03 3 07 I -04 I 6. 15 / 6. 17 I -o. 02 2. 98 J 2. 75 j +o. 23 i 
18 40 19 08 9 22 -14 3 16 3 21 -05 I' 5. 77 , 5. 78 -o. 01 3. 02 j 2. 78 +o. 24 ) 
7 02 9 22 9 31 -cg 3 11 3 30 -19 6. 36 \ 6. 40 -o. 04 3. 27 1 3. 01 I +o. 26 \ 

Mean difference. !------1 -06 -·---- ----·- --=;-1------1------ +0.02 ------l------1--=:;:-;;) 

B. Ex. 40--53 
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TABLE 5.-Jfaximum slope (by reaches) of the East River, October 4 to 6, 1886. 

[Computed by E. E. Haskell.] 

Date. 

I ' I 
Governor's f Eighty-fourth f Polhemus 
Island to I street to I Dock 

Eighty-fourth 1. Polhemus to Willets 
7 50 street. ! Dock. Point. Time after 

time. moon's transit. ' Remarks. 
I I 

Flood ! :Ebb I Flood / Ebb ! Flood Ebb l---1--- slope. i slope. i slope. slope.! slope. slope. I ______ , _____ _ 

MAXl)ll:lI. I 
Feet. Feet. I Feet. F~et. Feet. Fut. h. m. 

------ 2. 16 1------ 0. 59 ------ o. 40 0 59 
1886. k. "'· 

Oct. 4 18 50 

2. 79 ------i 1.16 ------1o.35 ------ 6 39 
2.221·----- 1.33 -----· 0.55 0 24 

2. 33 ----··· (. 04 ------ 0. 22 ------ 6 44 

5 0 30 

I 
6 40 

13 00 

-----· l.861·----· 1.13 ------ 0.49 040 
z. 72 ·----- (. 34 ------ o. 15 ------ 6 50 

-----· I. 95 . ----· I. 17 ---- -- 0. 59 O 36 
2.52 ,------10.97 ---·-- 0.32 ------ 6 26 -l-!----1-----1 I Ebb 0 40 11 2. 59 2. 05 I I. 13 I. 05 o. 26 0. 51 ' { ( r After transit. 

1 I . i Flood 6 40 I ' 
=·=1· MAXIMUM. ·= 

61 
19 20 

I I 30 

I 
7 40 

13 30 

Means. 

Oct. 4 1730 ----- 1.81 /·----- 1.39 ·---- 0.52 1203 

5 0 50 2. 73 ------1 I. 21 -----· 0. 21 ------ 6 59 

6 30 ------ z. 16 ,------ 1.42 ------ o. 55 0 14 

13 IO 2.30 ---·--1 I. IO ---··-·· O. 14 -----· 6 54 
19 00 ------1 I. 83 ------ I. 21 ------ o. 52 0 20 

6 l 20 2.68 f------11.37

1 

______ 0.20 -----· 6 40 

13 50 2. 441-----· I. 09 ----- o. 30 1------ 6 46 

730 ______ 11.851'-----· 1.27 ------ 0.58 0°26 

--1--------1-------
1 I I, l i { Ebb o 10 j } . 

).Iea.ns. 2. 54 1. 91 1. 19 1. 32 o. z1 I o. 54 ! , After transit. 
__ 1 __ 1 __ 1 __ 1 __ ! __ 1~~J 
--,-------·----. 

I 
I MAX!Mt:ll. 

Oct. 4 16 40 ------ l. 54 _____ . l. or ----- _ o. 57 

23 00 I. 89 ------ O. 65 ------ 0. 45 -----· 

5 5 50 -----· }. 93 :-- ·--- l. 36 ------ o. 66 
II 40 1.93 _____ _I 0.92 ------ 0.30 ··-··-· 

18 JO 1

1

. _____ i I. 791------ I. 08 1------ 0. 70 
2J JO J, 24 ;- ----· I 0. 39 

1

______ 0. 38 

5IO1------\ 1.09 ,------ 0.32
1 
______ 0.66 6 

II IJ 

5 09 
11 59 

5 24 

12 14 

4 30 

JO JO 
4 16 

--l--1------1---•.------' II 20 I J. 26 :-- ---! o. 35 l------1o.38 
I ! ! I l Ebb Means. !. 58 I 1. 58 i o. 58 1

, o. 94 j1 o. 38 o. 65 { 
I I I ; I I Flood 

0 55 
4 50 

Before transit. 

After transit. l 
The absolute height, irrespective of time, nt which the intersections among our 11!otted profiles 

occur is essentially the same for onr different pairs of stl!-tions, notwithstanding that we ba"rn had 
little choice in making these pairs-the stations having been located under -restrictions of ooti· 

venieuoo somewhat. · 
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In Tables 6 and 7, which follow, the restorations and mean slopes are tabulated for a whole 
lunation, that the variations for the moon's age, declination, &c., may be exhibited. The variation 
with transit, i. e., the hf1lf-monthly inequality, is much like that of high water and low water, but 
we discover no orderly variation with declination, and upon this point we shall have something 
to say hereafter. 

T.A.B~E 6.-0omparison of slopes, Goi•ernor's Island - Willets Point. 

[Computed by G. Bradford.] 

I l ).lean slope. , _, ean s ope I' Restoration of \ ij II, Restoration of ,, , 1 1 

I 
eve . I level. · · 

Date. 
1 

'I Date. 

I I '/ I I I 
J Upper. Lower. 1Westerly. Easterly.: • Upper. : Lower. \Vesterly./ Easterly. 

--1----I ____ , ____ , ____ , __ 
1886. I h. m. h. m. Feet. Feet. II 1886. Feet. 

Oct. 4 I 14 35 20 48 2. 45 2. 55 J'i Oct. 18 
I 

1

] 

h. m. 
0 15 

h. 111. 

6 20 

Feet. 
2.81 

3. 26 i 
j 

2, i9 ' 

5 I 2 49 9 19 2. 63 2. 44 'I 
15 :.!5 21 56 2.4I 2.46 ii 19 I 07 2.97 2.97 

I8 57 12 30 

7 14 

6 

7 

8 

9 

IO 

II 

12 

13 

14 

I6 

17 

3 48 IO 13 2. 30 2. 57 :I' 13 25 
16 24 22 59 2. 39 2. 32 i, 20 I l 5 I ' 

I 
19 39 I 
8 IO ! 

2. 89 

2.68 

450 III5 2.23 2.42\' 14251 20 44 I 2. 47 

9 12 ! 
I 

2. 79 I 17 20 23 50 2. 49 2. 51 ! 21 3 05 I 
I 

5 57 12 07 2.05 2.90 i 
I 

18 27 -------- -------- _______ ./ 

6 38 

19 08 

7 14 

19 45 

7 54 

20 17 

8 30 

20 46 

9.02 

21 15 

9 45 

21 55 
10 18 

22 51 

JI 05 
.23 23 

II 35 

0 30 

12 55 
I I4 

13 32 

I 50 

14 12 

2 30 

•14 50 

3 06 

15 28 

3 43 

15 55 
4 20 

16 36 

4 46 

17 38 

5 28 
17 53 

2.87 
2. 70 

3. 15 

2. 91 

3· 19 
2.87 

3.05 

3. 50 

3. 15 

3. 08 

2.89 
2.8i 

3· 12 

2.96 

2.97 

3· 19 

2. 81 I 
2. 13 I 
2. 85 i 
3· 17 i 
3.06 I 

I 
3. 39 i 
3. 12 I 
3· 32 ! 
3.08 i 
3. 21 i 

3.34 

3.42 

3.22 

3· II 

2.90 

3. 15 

z.91 
2.99 

15 29 22 12 i 
I 

22 3 56 IO 32 ! 

2.64 

2. 66 

3. 18 

3. I4 

3.22 I6 40 23 071 2. 83 

23 5 07 11 43 3· 29 3.44 

24 l~ :: ---:-~~-1---;.6~- --;~.;:· 
18 42 12 41 II 3.50 3.74 

7 07 I 09 3· 34 3· 80 

19 37 13 38 3.47 4.07 

25 

I 

7 55 I 2 00 l 3· 85 

20 22 I 4 32 I 3· 53 
I 

3 05 1 3. 69 I 3· 51 
21 II I 5 38 I 4. 23 i 2. 98 

9 36 , 3 40 I 3. 10 1· 4· oo 

22 00 I 16 00 I 3.72 1' 4.00 

29 lo 27 4 19 \ 3. 70 I 3. So 

3o __ :~ -~~-1 I; ;~ I ~: ~~ 11---~~~~-
i j I --,--:---:--

:l.1eans ----1---- ----i 3. 02 ! 3. 14 

I i I I , 

3.95 
4.20 

8 40 

h. 111. 

Duration of westerly slope-----------------------------------------------··------ 6 23 
Duration of easterly slope ________________ ·--------------------------------------- 6 02 
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'IABLE 7.-Intervals and heights <!frestoration of lei,cl betu·een New Tork Harbor (Governor's Island) 
and Lonn lsla1ul Sonnd (Willets Point), from obseri•ations made in October, 1886. 

[Computed by H. Mitchell.] 

! Restoration of l~Yel. 1· 

. I ---
1

. Moon's 
T'.ansit i Upper. Lower. , declina-
time. I ! tion. 

I I Intervals. Heights. Intervals.1
1 

Heights. I 
1--------i--'---1 
I 0 h. m. Feet. h. m. Feet. I 0 

1

1 

}~ 9 04 7.30 • 10 2.47 II 

I 

y, 
II 

y, 
III 

;,~ 

I\T 

y, 
v 
y, 
VI 

if 
VII 

y, 
VIII 

y, 
IX 

Yz 

~I 
XI 

Means. 

8 57 7. 12 2 55 2.57 14.Yz 

8 51 5.70 2 48 17 2.181 

8 34 6.6o 2 26 

11 \ I Only one set of 

I 
8 Y, I- observations. 

J 8 43 6.06 2 30 

8 47 6.07 2 35 

8 55 5.77 2 50 

9 06 5.99 3 II 

9 24 3 22 

9 27 6.50 3 27 

9 24 3 21 

2.55 
I 

2.49 

I 

2.48 I 

2.27 

2. II 

I9 

17 

15 

12 

6 

0 

9 12 6.92 3 17 2.04 5 
-- -------f--

9 02 6. 43 2 59 2. 42 1--------

The average difference between the stages for the two slopes has been very carefully computed 
for me by Mr. Uitter for the entire lunation of observations at Governor's Island and Willets Point. 
It proves to be 1.48 feet, or just about one-half the mean slope, and could not have been otherwise 
if our stations represent, as we assume, the two ends of the strait in which such slopes are found 
In Diagram 0, in which the slo11es are }llotted for certain days and hours, we see a reversion 
point of the slope just below Hunter's Point at the time when the maximum difference of surfa~e 
le'l"el obtains between Governor's Island and Willets Point. In treating mean slopes, we find it 
possible to trace the difference of stage as far as Corlear's Hook, between which and Hunter's Point, 
the ebb and flood, with nearly eqnal slopes (0.31 foot westerly and 0.29 foot easterly), lie very nearly 
at the same stage, the ebb being less thaa 0.01 of a foot higher. But the duration of the easterly 
slope exceeds that iu the opposite direction, at least when plotted by mean levels. Referring 
again to Diagram B, it will be seen that the lunes made by the intersecting curves are not all of 
the same size. .As we approach the Gate we see them diminish; this means that the two tides a.re 
reconciling tbeir . .differences. Instead of making a vertical fall at Hell Gate, as our Diagram A 
seemed to threaten, the "ltead" falls baek by an actual transfer of water. The" heail" is not 
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absolutely inexhaustible, in the sense that onr opening scheme conveniently assumed. It is a 
question, then, whether the artificial enlargement of the "section" at Hell Gate can materially 
quicken the mean rate of flow, as one might expect in the case of an exbanstless ''head." The 
falls given in Table 3 are tlie ordinates of all the Innes at the moment of greatest difference of 
surface level between Governor1s Island and Hallet's Point., and tltese "fa.fl!!" diminish from 
about 4 feet between extremes to about 1 foot within the tumult of Hell Gate; but the slopes 
become more and more steep. It is a very curious fact that tbe harbor tides seem to suffer more 
depletion, when high, antl more filling-in, when low, than the Sound tides. The Sound tide.scarcely 
indicates interference till it reaches Hallet's Point, whereas even Governor's Island tide betrays 
in its profile the presence of oscillations from the Sound. 

From the preceding tables and diagrams it will be seen that the level of the East River is 
restored three hours (2h o1Jm) after the transit of the moon at a stage 2 feet below the mean 
sea-level. An easterly slope (and tlood current) then deYelops, reacqing a maximum of 4.7 feet at 
the sixth hour after transit and declining to zero again at the ninth hour (9h O'.?m). The mean of 
this easterly slope is 3.14 feet and its duration 6h 02ru. This restoration occurs at a stage 2 feet 
above the mean sea level. A westerly slope then develops (with ebb current), reaching a maxi
mum of 4.8 feet at the hour of transit, and declines to zero abont three hours later. The mean of 
this westerly slope is 3.02 feet and its duration Gh 23m. The integrals of slope are, then, essentially 
equal for the two directions; and the curreuts which these slopes excite would also be equal if the 
depth of water remained the same for each slope; but tliis is far from being the case. Oue bas 
but to glanca at the diagram to see that the lanes made· by the overlapping profiles are at unPqual 
elevations. 

The actual node of the tide, i. e., the transfer from oue derivation to the other, occurs always 
at what is $pecifically known as the Gate, which is the narrow and obstrncti>d turn off Hallet's 
Point. Here the establishment shifts two hours and the tidal ranges alter 15 per cent. iu 200 feet. 
This particular statement is based upon observations made before the blasting of Ballet's Reef; lrnt 
other stations of recent occupation within a few thousand feet bear the same or similar testimony. 
The last figure of our Diagram B is plotted directly from the note-books, and, while it 1loes not 
strictly represent average conditions, it is tyJ}icaJ of these. It will be observed that the two Innes 
in our figure are es~entially equal, but very differently situated. The left-hand lune (which meas
ures the slope eastward when the haroor is above the Soll,.nd) occurs at a stage 2 feet lower than 
the right-hand lune, which measures westerly slopes. Iu other words, when the slope is westward, 
and the current is flowing that way, there is a depth of water 2 feet greater than when the reverse 
slopes and currents prevail. 

In the present condition of the Gate, a line drawn from the shore at the electric light to the 
opposite shore in a direction N. 35° E. (true) indicates a width of about 570 meters, one-fifth of 
which is interrupted by the Hog's Back Reef. .A.s I remember the scene before the blasting was 
done, there was a noisy vertical fall over Hallet's Reef on the flooa and a furious boiling around 
the Hog's Back. The fiooll current converged in midchannel and became almost a torrent, the 
measured velocity being from 8 to 9 feet per second. But on the ebb a much quieter scene }Jre

sented itself. The tide had so risen that the Souncl waters u·elled over all obstructions and 
occupied the whole width of the passage way. It is not the particular obstructions in Hell Gate 
that cause a tidal node there, but these obstructions fix. tba.t node so that it is not prone to shift 
its location from springs to neaps, &c., as does the node between the ~tlantic aud Bay of Fundy 
tidal systems at the southeastern approach to Massachusetts. 
• .Although it is directly at Bell Gate that we are to apply tlte test of net discharge, our ohserm
tions were necessarily made at convenient stations on either side of that bewildering scene, and we 
fortunately have a pair of stations at no great distance which for the period they cover are wholly 
abo>e suspicion of local re-action. These stations are Polhemus Dock, 1 mile eastward of Ballet's 
Point, and Eighty-fourth street, one-half mile westward of the same p~int. From a portion of the 
observations at these stations the second figure of Diagram B was plo·ted, and the c-0rnputatious 
show that the slope westward creating the "ebb" current is 2.32 feet more elevatetl (i.e., at a higher 
atage) than the swpe eastwarJ, but the integral slope is nearly the same iu both direction11. Tl.te 
mean slope westward (Eighty.fourth street, lower than Polhemus Dock) is 0.73 foot, with duration 
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(lh 12m, while the mean slope eastward is 0.67 foot, with duration 6h 17m, It will be observed that 
tbe difference of stage is three or four times the slope. 

We have spoken of the slope westward as taking place at a stage 2.32 feet more elevated than 
tbe slope eastward, referring explicitly to the average during these slopes. If we inqnire concerning 
the maximum slope the contrast of stage is much greater because the maximum slope westward is 
nearer the top of the tide in Hell Gate, while the maximum slope eastward is nearer the local time 
of low water. 

From Table 3, and the Diagram B that illustrates it, one may estimate for the point intermediate 
between Eighty. fourth street and Polhemus Dock a difference of 3i feet between the stages of alternate 
maximum slopes, i. c., there are 3~ feet more water O\'Cr the sill of Hell Gate when the western 
slope is at maximum than tllere is wllen the eastern slope is at maximum. We have reiterated the 
foregoing statement because it is the key-note of our theme and gives no uncertain sound. The 
city portion of the East River is jhished westward. ·we have indicated causes which should. pro
duce this effect, and now we purpose to prove our case by furnishing the observed process of 
actual discharge through the avenue. 

During the period in which the tidal observations were being made along the East River and 
at Sandy Hook, the currents were also observed at two stations afloat in the East Hiver, one in 
the Narrows and one on thQ Bar near the middle of the East Channel. These observations of cur
rents ham been plotted hy Mr. Ritter from the :field books, on diagram D, and below the figures 
the times of the moon's transits are indicated. 

The first thing that strikes the eye in this diagram is the correspondence between the figures 
in time. Flood or ebb is a continuous stream from ocean to Sound at strength, and this strength, 
at ebb, fulls very nearly at the time of the moon's transit; so that one can say that at the southing· 
of the-moon there is a continuous stream flowing from Long Island Sound through New Tork Harbor 
out over the bar to the ocean, ancl at this time this ebb current is nearly at its strength. \Ve are here 
at once remiuded that it wali at the southing-of-the-moon that we found the greatest slope between 
the Sound and the Harbor, and with this hint we proceed to connect the slopes and velocities more 
intimately together. That the success of this connection may be appreciated, attention mnst be 
called beforehand to the difficulty in selecting in any part of a tidal avenue a single station that 
will furnish an equally fair exhibit of ebb and flood; there is a proneness of these adverse streams 
to prefer opposite shores, and for obvio_us reasons as one looks at the approaches in contrast. 
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Two stations were selected, one on either side of Hell Gate, viz: "Off Twenty-third street,. 
and "off Old Ferry Point," where gaugings for discharge bad been made the season before. The 
comparison between the currents at these stations and the slopes of the East River are given in 
the ta.bles which follow (8, V, an<l 10): 

VARIATIONS OF SLOPE AND VELOCITY. 

TABLE 8. TABLE 9. TABLE 10. 
[Co:nputerl by Homer P. Ritter, from three 

clays' observatious taken Octobe1· 4 to 7, 
r886.J 

[Computed by E. E. Haskell, from three days' 
observations, October 4 to 7, 1886. 

(Computed by E. E Haskell, from 
three days observatiO:...>, October 
4 to 7, 1886.] 

i Lunar 
1 hours. 

'observed( I I _I Observed I ! \ !observed 
. 1 _ . : current : I Flood, 1.35 V H 1 current I I II current 

I.9yH,w1th[ off j . 'Lunar Ebb, r.55 VH J off Residua!./ Lunar,~.5 ('HJ off Residual. 
30 minutes' Twenty- J Residual.[ hours. with T"·enty-1 hours. I Old 

delay. third 1' 35 minutes' delay. / third I Fe_rry 
s\1eet. 

1

1 ' I street. Pomt. 
I I ' 

--------, Fed per 1----. --' 'Fe_d_p_e_r 1'---
1

1

1

_;--

1

1--- -F.-e-et_p_e_r ---

1 second. 1 ii second. second. 
3.04, +a.09 !: o 2.85 3.15 I 0.30 \I o I 1.87 2.12 -f-o.25 0 

II 

III 

~ 
IV 

~ 
v 

VI 

VII 

'VIII I 
.I 

i IX 

XI 

0 

]. 67 

0.93 
I. 26 

I. 85 
2.24 

2.88 

2. 75 i 

1.41 

0.81 

I. 63 

2.05 

2.54 I 

2. 91 I 

3.o6,+o.02
1

1 I 2.97 3.15 0.1811 I 1.4811.15 -0.33 

2.58 

I. 67 
0.90 

0.76 

I. 52 
2.24 

I. JI 

o. 51 
0.77 

2.05 
2.84 

3· II 

II 
o.oo .

1 
·1 
:1 

o.oo I 

-0.03 I 
-o.so :I 
-0.33 '/1 

+o.oo 
11 

:1 
+0.06 ·: 

II 

III 

IV 

v 

VI 
1' 

-0. 32 \i VII I 
!I I 

-o. 32 :' VIII 

-o.m ii IX 

-0.3011 
I 

-o.86 /j X 
o.oo ! 

+0.30 ii XI 

Ii 
+0.20 11 0 

" 

I. 88 

I.02 

2.01 

I 
2.46 I 

2.68 

2.38 

I. 35 

I. 6:Z 

2.85 

2. 60 -o. 05 j! II 0.36 -0.61 

11 
I. 75 -o. 13 ii Ill 0.10 o.o6 -0.04 

li 
0.12 -0.90 IV o.88 0.43 -0.45 

2.09 0.08 v 1.45 +0.06 

2.85 o.39 VI 2.34 +0.41 

z. 8o \ o. 12 VII I. 85 

' 
2. 39 o. OI VIII 0.98 0.70' -0.28 

I.JI -0.04 IX 0.18 0.11 -0.07 

0.65 -0.97 x 1.09 r.og o.oo 

2. 84 o. 39 , XI I. 59 2.02 +0.43 

3. 15 0.30 0 2.12 +o. 25 

"H''=di:fference of heights of surface at uH"=diff.erence of heights of surface,.atG.ov-
Hunter's Point and College Point. ernor's Island and Willets Point. 

"H "=difference of l!eiithts of snrface 
at Governor'• Island lllld Willets 
Point. 

In the foregoing tables the lunar honrs are reckoned from the transit of the moon, and three 
days' simultaneous observations (ten or fifteen minutes apart) are used. 

The better to conny the information of these tables, Diagram E, Figures- 1, 2, and 3, are 
offered. 

One who is acquainted with tidal currents easily reoognizes in the discrepancies near the tnrn 
of the current familiar sources of difficulty in the process of observing. So long as the euITent is 
strong and runs fair with the channel the observations are consistent, bnt when the turn approaches, 
the vessel swings out from her old position, or the current tak~ a dh~ction of which only one 
com11onent lies in the previous train. 
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DIAG. E. 
EAST RIVER, 

VARIATIONS OF SLOPE AND VELOCITY· 

VJ VI\ VIII IX x XI 0 II Ill IV LUN~R HOURS 

I _ j_ _,~ I 1 l I I I i I 1 \ ! : I I i 

/ I 
,.......,__ -..'k I I I 

I I 
I I I I 1.9VH 

I I I I I I - --- - I I I 

I ~' H=Diff. of heights obBerved 
I ''·' K' at Hunter's Point an tl Colle go Point. 

FLOOD "' .. - ---- Vel. of Current, i ll foe t p el' 

I I I \ sec., 0 ff 2 3 r.~ Street, E. R. 

i I l ·I I 

I I I I j I I l I 
I ! 

I \\ I 1+H if I I i I I I 
I \ I ! J I I I ! I ! I 

l I ~ \ EBB i ! I/ I I I 

I I 
I ··,~ i /i I FIG. 1 rr I 

I \ .. I 

I / 1-1-
I \.::_'-r--J / I : I ! I I I ! j_J_ 

I I I I I I i I I I I I : I 

I I I i I I i i 
I I : 

I/ --~ --- - = l.35'VH for F'd. & 1.5 5 '\/IT for Ebb ,.., 
~'" H= Dif£. of heights observed 

""~ at Gov. Isln.n<l and Willet's Point 

FLOOD ' - - Vel. of Current, in feet per 

\I sec., 0 ff 2 3·.~ Street, E. R. 

\'I 
\. I I. i i i 

I \ I '/ I I I I 

\ I ' 
1' I ! 

\ \I EBB ,y 
~ -,-x h,, FIG. :3 - -

I I\ .. ,,~ 

I \~ ....... v I I I I I 

l I i I 

I I I i i 
I - - - - - 0.5 0 H. L.LL H=Diff.·of heights observed 

/ r--..... at Gov. Island and Willot's Point. 
......... -,....;::: 

~ Vel. of Current, in feet 
.. - - per 

'i~ sec. 0 ff 2 3 r.~ Street, E. R. 
FLOOD '" I 1' I I l l 

' 
I I ~ / I I \ I I 

' 
,.., f-7 ~ ~ 

' EBB i / /~ FIG. 3 I / - -

~ / 
r i,.-~ 

" 

' 
,,,. 

~ -~ ... -:/ ..... \ I \ l 
. I I I I I i 
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If tile epochs of slack-water and ma,ximum velocity fall in properly with the times of restored 
level and maximum slope, I consider that cause aud effect are established, and the constants of 
time and coefficients of velocity have real values. The coefficient of velocity is, of cours<\ a local 
quantity, varying at every step along the course of the river, but the constant of time is the delay 
between cause and effect. The slope reverses before the current reverses-or, in other words, tbe 
current overruns. It is a measure of inertia. 

If it be true that the currents of the East River are products of the slope in the most ordinary 
sense, as we have described, then the facts that these slopes occur at different stages in Hell Gate 
should necessitate greater discharge in the direction that the highest stage slope obtains, i.e., west 
ward towards New York Harbor. · 

Previous to 1885 we had never attempted to gauge the East River except once, that was at 
Wall street in 1872. (See "The Barbor of New York; its Condition." New York Cbamber of Com
merce, 1873. Also, "Annnal Report Coast and Geodetic Survey, 1871.") 

I distinctly remember that it was a source of distress to us to find that no corrections for tide 
woull balance ebb an<l flood at Wall street, and with such expert observers as Mr. H. L. Marindin 
and Mr. J.B. Weir, there was little chance of error; so we published the result with 42,000,000 of 
cubic teet excess of ebb (westerly) flow, and I referred to the discrepancy as perhaps an error of my 
own reduction. In 1885, however, we again gauged the East Ri\er at Old Ferry and "off Nineteenth 
street," sections nearly ten miles ~part, and found an exi.;ess of ebb over ftood of 432,000,000 and 
418,000,000 cubic feet, respectively. In these gaugings, which were from shore to shore and from 
surface to bottom, Mr. Mari.ndin was again in charge of the observers, and we had Messrs. Haskell 
and Ritter as expert observers detailed from the work of the Mississippi River Commission. 

It is rare in pbysical studies that one is able, as in this instance, to connect cause and effect 
so intimately and prove the case from every point of view without discord anywhere; but this 
work in New York Harbor (done by patch-work with little money and wretched equipments as 
regards vessels) has bad the ad\'antage of first-rate obseffe1·s and no ulterior object. It illus· 
trates the value of a. physical study made for the sake of anything that might turn u11-a st1idy 
wbose only purpose was to find out what was going on. 

MISCELLANEOUS. 

Tbere are several branches of my foeme that are practica11y of little value, but which are of 
sufficient interest to bear brief notice. 

I have spoken of the time of the tide as if it were represented by high and low water; but this 
is not the case in "interfer·ences," where the profiles are distorted. Here we should take the prog
ress of the middle of the figure, and iu the following talile l\:Ir. Bradford has compil<'d such data: 

TABLE 11. 

Stotion. I 
Distance i 1.. (• ! 

f / une a ,er 1 

G 
rom . Governor's! 

I O'.'ernor s I l , ' 

I' Islam!. s :rnu. I 
~~~~· ' 

1Viles. Ii. 111. 

Governor's Island. o.o 0 00 

Corlear's Hook. 2.3 0 53 
Hunter's Point. 4.4 J 32 
Ravenswocd. 5.7 2 041 
£ig\1ty·fourth ;treet. 6.4 2 40 

Pot Co"e. 7.2 3 22 

Polhemus Dock. 7.9 .3 24 
College Point. 11. 0 3 32 

·wmets Point. q.3 3 z6 
I 

Althengb tbe range of the title at Saml.r Hook is Jess titan seven tenths of tha.t at Willets 
Point({}.65), the diurnal inequality is as grt.•at in the former as in the latter case. It would appear 
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that the experience of the tide propagated through the sound, as distinguished from tile same 
tide presenting itself at the Sandy Hook entrance, is represented almost exclusively in the 
augmentation and retard of the semi-diurnal wave. The diurnal element, when e\·oked by t110 
folding backwards and forwards in interrnls of a half day each, proves to be much the same 
currn in either case. By the folding process just reforred to and by the exercise of considerable 
ingenuity with "trial and error," l\Ir. Bradford and Mr. Ritter have constructed the following table 
(12) and diagram (F), in which there are "graphical corrections" and "adjustments" not >entured 
upon in the preceding exhibits of this report. The results, however, warrant the statement that 
Governor's Island tide and \Villets Point tide can each of them be so decomposed that a diurnal 
element common to both is discovered, and that this element appears at the same time at Governor's 
Island that it does at Willets Point. 

TADLE 12.-Decomposition of tides. 
[Computed by G. Bradford and Hower P. Ritter.l 

i Goyernor's Island. l 
, I 

Time. I 1 
'I I j 

I 

Diurnal I Semi-
1
Observed

1

, Diurnal Semi- Observed 
wave. , dmrnal I gauge 

1 
wave. diurnal I gauge 

I "a' e. , readmg. 1 ,,-ave. ! reading. 

Date. 

Willets Point. 

I I I ' 
~~I-;::·-;:;'\- Fee--:.- --;tel. '-F.-ee-t.-

1
-F._Y_et_._ 

Oct. 5 20 oo +o. 12 3. 06 , 3. 18 +o. 12 6. oS 6. 20 

Oct. 6 

I 

30 +o. 08 2. 95 I 3. 03 +a. 08 5· 41 5· 49 

21 oo o. oo 2. 88 I 2. 88 o. oo 4. ss 4. s8 

30 -o. 05 2, 89 I 2. 84 -0. 05 3· 75 3. 70 
22 00 -0. IO 3· 15 3· 05 ~o. JO 3· 00 2. 90 

30 -0. 13 3.50 3.37 -0. IJ 2.43 2.30 

23 00 -o. 16 3· 88 3· 72 -0, 16 2. 06 I. 90 

30 -o.r8 4.29 4.11 -0.18 1.91 .I.73 
0 00 -0. 20 4. 66 4. 46 -0. 20 I. 81 I. 61 

30 -o. 20 

I 00 -o. 20 

30 -0.20 

2 00 -o. 21 

30 -o. 2I 

3 00 -0.20 

30 -0.21:> 

4 oo -0. 20 

30 -o. 19 

5 00 -o. 18 

30 -0.17 

6 00 -0.16 

30 -0. 14 

7 00 -o. 12 

30 -o. IO 

8 00 -0.06 

30 -0.00 

9 00 +0.04-

30 +0.08 

IO 00 +o. 12 

30 +o. r8 

II 00 +o. 22 

30 +0.24 

5.22 

5· 63 
6.06 

6.26 

6.26 

6.22 

6. 13 

5.86 

5.52 
5.25 
4.99 

4.73 

4.37 

4.02 

3. 70 

3.40 

3.20 

2.99 
2.90 

3.03 

3.28 
3.68 
4. 14 

5. 02 -0. 20 

5. 43 -0. 20 

5. 86 -o. 20 

6.06 -0. 21 

6. 05 ·-0. 21 

I. 68 

I. 67 
I. 85 

2.45 

3.31 

6.01 -0.20; 4.34 
' 5.93 -0. 20' 5. 40 

5. 66 -0. 20 6. 28 

5. 33 -o. 19 6. 89 

5.07 -0.18 7.18 

4. 82 --0. 17 7. 34 

4. 57 --0. 16. i. 43 

4.23 -0. 14 7.48 

3·90 -0.12 7.48 

3· 53 -0. IO 7. 38 

3· 34 -o. 06 6. 97 

3.20 o.oo 6.23 

3.02 +0.04 5.36 

3. 01 +o. oS 4. 43 

3.18 +o. 12 3.48 

3. 46 +o. 18 2. 74 

3. 90 +o. 22 2. 19 

4. 38 +o. 24 1. 94 

I. 46 

I. 45 
I. 65 

2. 24 

3. 10 

4. 14 

5. 20 

6.08 

6. 70 

i«X> 

7. 17 

7. 25 
7.32 

7.35 
7. 28 

6.89 
6. 23 

5.40 

4- 51 

3.60 

2. 92 

2.40 

2. 18 
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TABLE 12.-Decomposition of tides-Continued. 

i 
Governor's Island. Willets Point. 

~~~~~~~~~~ 

Time. I ) S · j Ob <l ! J S · I Ob. d . D" . l ! • em1- 1 serve I n· I i • em1- serve 
': rnrna \ diurnal j' gauge ' mrna I diurnal I gauge 
i wave. i wave. reading. ! wave. I wave. reading. 

' • ! i ' 
~~:---;:i~l~l Feet. ! Feet. l Net. -- Feet. 

Oct. 6 1 12 oo j.·· +0.261 4.57 4.831 +0.261 1.86 2.12. 
! 30 ~ +o. 28 I 5. 02 5. 30 ' +o. 28 I. 83 2. ro 

13 oo ' +o. 30 I 5. 32 5. 62 +o. 30 1. 72 2. 02 

30 
1 

+o. 30 I 5. 6r 5. gr +o. 30 I I. 8o 2. 10 

1400 +0.301 5.81 6.11 +0.30[ 2.02 2.32 

30 +o. 30 ! 6. oo 6. 28 +o. 30 I 2. 50 2. So 
15 oo +o. 30 ) 6. 18 6. 45 +o. 30 3. 20 3. 50 

Date. 

30 +o. 291 6. 25 6. 51 +o. 29 4. 18 4. 50 

16 oo 
1
1 +o. 28 6. 17 6. 45 +o. 28 5. 32 5. 6o 

30 
1 

+o. 26 II 6. 07 6. 33 +o. 26 6. 29 6. 55 
17 oo +0.22 5.77 5.99 ..Lo.22 7.05 7.29 

30 +o. 23

1 

5. 46 5- 69 +o. 23 7. 37 7. 60 

18 oo +o. 20 5. oo 5. 20 +o. 20 7. 44 7. 64 

30 +0.16 4.75 4.90 +0.16 7.51 7.67 

19 oo +o. 14 / 4. 31 4. 45 +o. 14 7. 44 7. 60 

30!+0.1~/ 3.96 4.08 +0.12 7.48 7.57 
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The diurnal oscillation, being small and of long duration, reqnir<'s bnt little action, and 
betrays therefore little re-action. It is not appreciably change1l by its journey through Long 
Island Sound. The same is true of other oscillations of great amplitude, as, for instance, the half
monthly fluxes. In my study of the Bay of Fundy tide (see .Appendix No. 10, .Annual Report 
Coast and Geodetic Survey, 18i9) I found that the semi-diurnal tide rei·ersed as it passed from the 
.Atlantic into the Gulf of Maine, but the diurnal tide di(l not. 

In the following table l\Ir. Bradford has compared wean levels at Governor's Island and Wil
lets Point: 

TABLE 13.-Gomparison of mean lez•els, Governm·'s Island and Willets Point. 

I !886. I Oct. ~ 

7 
8 

9 
IO 

II 

12 

13 

I+ 

15 

16 

17 

18 

19 

20 

21 

22 

! 

I 
~Iean

1 
level. I 

I Moon's 
Difference.! declination 

at noon. Governor's I \Villets 
Island. I Point. 

Feet. I Feet. 

,----~ . 
4. 34 4. 39 

4. 63 . 4. 67 

+ 95 4· 99 

4· 71 4· 77 

4.25 
4.51 

4. 56 

4.44 

4.67 
5.23 
4.46 

3.52 
4.24 

4.04 

4.40 

4• 13 ' 

3.75 

3.93 

*3.94 
4.63 

4.49 

4.45 

4. ,s I 
4.45 ' 

4. 51 

4.35 
4.80 • 

5.00 

4.30 

3. 5 1 

4- IO 

4.12 

4·39 

4.17 

3.89 

4.13 

*4·32 

4.82 

4.46 
4.46 

Feet. 
-0. 05 I S. 18 

-0.04 S. 17 

-0.04 s. 15 

-o.o6 S. 12 

+0.10 

+0.06 

+c.05 

+0.09 

-0. 13 

+0.23 

+o. 16 

+0.01 

+0.14 

-0.08 

+0.01 

-0.04 

-0.14 

-0.20 

*-0.38 

-0. 19 

+0.03 

-0.0I 

s. 9 

s. 5 
s. 2 

N. 2 

N. 6 

N.10 

N. 13 

N.16 

N. 18 

N.19 

N.19 

N.18 

N.16 

N.13 

N. 9 

N. 4 
N. o 

s. 5 
27 *4· 89 *5· 34 *-o. 45 S. 10 

Moon's 
upper 
transit. 

Hours. 
19 

19 

20 

21 

22 

22 

23 
24 

l. 

2 

3 

4 

5 
6 

7 
8 

8 

9 
IO 

II 

12 

12 

2s 4. 91 I 4. 73 +o. 1s s. 13 13 
! I 

I 
29 ! 4. 96 i 4. 93 +o. 03 S. 16 14 

Mean. 1--;;;-1-.. --;;;--0~~1~-------
* Rejected in means. 

This comparison of the mean levels for Governor's Island and Willets Point, for the month of 
October, furnishes but little positive information. At zero declination of the moon and at max· 
iumm declination (north or son th) tho tides from the Sonn<l ·and those from .the Sandy Hook 
entrance rise and fall from the same absolute plane ; but at the time of rapid change of declina· 
tion especially on the increase, our computations furnish discordant results. There is no rl:'gu]ar 
half monthly flux through New York Harbor recurring with similar declinations of the moon; 
but there is evidently an irregular flux-often of many days' duration-dependent upon the rourse 
of the wind. .As might be expected, northeasterly wimls blowing along the axis of Long Is1aud 
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Sound are the most potent iu disturbing the equilibrium at the Hell Gate entrance, the shallow 
waters of the Sound being heaped up and crowded up to leeward very considerably. In our single
montb•s comparison we had no stormy weather, but a moderate northeasterly wind raised the mean 
le,el of the western end of Long Island Sound nearly a half foot abo\e the harbor on one occasion. 
In a former survey of Hell Gate I estimated the rise of a great northeast st-Orm at over G feet, the 
greatest rise on the open coast due to storms being 4 feet. The highest estimate that I have heard 
for the rise at Hell Gate is 8 feet, which occurred during an easterly gale. To this effect of 
easterly winds there is no counterpoise. Westerly winds cannot ha\e much effect in the short 
and narrow reaches approaching the Gate, and over a supposititious dam at Hallet's Point we 
behold the wind waters often welling over to the westward but perhaps never to the eastward. 

Until we can keep gauges in operation at both entrances to New York-i. e., at Sandy Hook, 
and Willets Point-for a year of good obsen-ations, we cannot determine any half monthly varia
tions of mean level, nor can we measure the effects of winds. It is possible that without oon
sideration of the winds we may be reckoning without our host in the physical scheme of New 
York Harbor. 

To return to the salient point of thig paper, viz, the determination of the direction of the net 
discharge by observing the difference in the elevation of the" lunes" at the meeting of the tides, 
I desire to call attention to other applications of this key: 

.Between the southeastern angle of the coast of .Massachusetts and Cape Sable, No;a Scotia, a 
node occurs in the semi-diurnal tide, with profiles on either side closely resembling those on the two 
sides of Hell Gate.• In this case the currents at the entrance to the Gulf of :Maine are not flowing 
under the direct action of gravity in the sense that we sh<luld speak of the flood and ebb of' the East 
River; but when we leave the open sea and turn to the Barrington Passage at Cape Sable or the 
Vineyard Sound of Massachusetts, we entertain something like tlJe same problem that we have in 
the East River, and a net movement in one direction must be involved. If, for instance, we plot the 
tidal profiles of Monomoy (or Great Point, Nantucket) with the tidal profile of Menemsha .Bight 
(Gay Head), we discover that the westwardly slope lies at an average stage of about 0.25 feet above 
the average stage of the eastwardly slope; and although variations of ratio of perimeter to section 
hardly count for anything in these broad sounds we must admit, as inevitable, a. net movement west
ward. We actually find from observation that the differences of stage either way from West Chop 
contratlict each other, but that in the adjustment, slope replaces stage, and in the Narrows between 
West Chop and Nobska we have a preponderance of westerly slope out of all proportion to the 
opposing inequalities of duration. I am quite aware that this part of my theme is very obscure 
in the absence of diagrams, but I have thought it well to record these phenomena, kindred to those 
of the East River, because the bar at New York is by antithesis placed in the same category of 
obstructions to which the Monomoy Shoals belong. At New York Bar tbe net movement is out
ward towards the ocean, and the shoals are thrust back; but the southern tidal current on the 
outi;ide of Cape Cod falling at high stage is the active agent in sweeping the shore sands down to 
the mouth of Nantucket Sountl where they find a movement westward, i. e., into the Hound. It is 
a rare case; but the march of the shoals seems to bear out our view of the agencies at work. (See 
Appendix No. 8, Annual Report of the Coast and Geodetic Survey, 1886, and Appendix ..A, Annual 
Report Harbor and Land Commission of lfassachus<!tts, 1886; see also a. paper intended for publi
cation in the next Annual Report, entitled "Movements of the Sands at the Entrance to Vineyard 
Sound.") 

fo the'' Report of the .Ad\·isors Council of the Joint Committee of t11e Massachusetts Legisla
ture" on the proposed Cape Cod Canal, 1860, there is a sketch of mine to be found showing the tides 
of Barnstable Bay and Buzzartl's Bay as simultaneously observed. This sketch resembles closely 
the one we have given for the Hell Gate interference, and in a similar way predetermines the direc-

. tion of the net discharge through the canal. In the canal sket-Oh the mean slope in either direction 
is 3.40 feet, and the difference of stage (as indicated by the mean difference in the elevations of the 
"Junes") is 1.42 feet in favor of the west;erly ti<lal current. In other words, the current which 
will run to the westward from Barnstable Bay to Buzzard's Bay will find 1.42 feet more water than 

•see Appendix No. 10, Coast and Geodetic Survey Report, 1879. 
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its alternatirn; it will therefore bave greater velocity and greater transverse section, ancl conse. 
qnently much greater discharge. In this instance, more cous1)icuously than in the natural canal 
at New York, this circulation to be induceJ by the Uape Cotl Canal presents a paratlox. Here are 
two seas now on the same mean level, and the tides are only oscillations equally above and below 
this same mean level, yet the canal, 1chen opened, will gilie rise to a resultant flow in one direction 
tendi·ng to' disturb the le·vel. 

From similar reasoning one might predict that if a ship-canal witl.10ut gates could be buiit 
from the Bay of Fundy to the Gulf of Saint Lawrence, there would be a net discharge towards 
the Saint Lawrence. Aud, similarly, if a free canal be built across the Isthmus of Panama there 
will l>e a resultant flow from ti.le Pacific Ocean to the Caribbean Sea. 

HENRY MITCHELL, 

MAY o, 1887. 
Assistant.. F. 8. Coast and Geodetic Survey. 
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PROGRESS SKETCHES. 

Sketch of general progress (eastern sheet). 
Sketch of general progress (western sheet). 
Parts of Sections I and II. Progress in the New England States nud in tlte resur1ey 

of Long Island Sound. 
Parts of Sections II, III, XIll, and XIV. Progress between tlte lludsou l~iver a1:d 

Chesapeake Bay, and the OLio River and the Lakes. 
Parts of Sections IV, V, VIII, and XIII. Triangulation between the .Mar;rland and 

Georgia base line;; (sout~ern part), with extension westward, an<l triangulation in 
Tennessee. 

Parts of Sections VT au.ll VII. Progress ou the west co;1st of Florida, from C,qie 
Sable to Charlotte Ha.rbor and from A.nclote Soaud north ward. 

Parts of Sections VICI and IX. Progress on the coasts of .Mississippi and Louisiaua 
and on part of the coast; of Texas. 

Part of Section X. Progress on the coast of California from Sau Diego to l'oint 
Dume. 

Part of Section X. Progress on the coast of California from Point Sal to BotlPga 
Head. 

Part of Section XL Progress on the coast of Oregon from Mack's ArcL to Oiq1e 
Falcon. 

Part of Section XI. Progress on the coasts of Oregon and vYasllington Territory 
from Tillamook Bay to the Boundary. 

Part of Section XII. Sketch of southeast coast of Alaska. 
Part of Section XIV. Reconnaissance :i:ntl triangulation in Wiscousiu. 
Parts of Sections III, Xlil, XIV, XV, arnl XVI. Progress of the triaugulaciou aloug· 

the .'39tlt drgree of latitude from West Virginia to Colorado. 
Parts of Sections X and XV. -Progress of the transcontiuental triangulation an•l 

reconnnisanoo eastwanl lrom the Pacific coast. 
Map showing longitude stations and connections determiueu by means of the electric 

telegraph between 1846 and 1886. 
Map showing positions of magnetic stations occupied between 184-1 arnl IK'ifi. 

NoTE.-For list of illustrations see page 43;;, 
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ILL UST RATIONS. 

18. To Appendix No. 7. Landfalls of Cabrillo and Ferrelo on the Pacific coast. [En,l of 
volume.] 

19. To Appendix No. 8. Oomparafrrn sketch of shoals at the eastern entrance to Nautuckt>t 
Sound. [To face page 256.J 

20. To Appcmlix No. 8. Comparative sketch· showing the iucrease of the Handkerchief 
Shoal. [To face page 260.] 

21. To Appendix No. 9. Map showing changes in Ootamy Beach, Martha's Vineyard, from 
surveys made in 1816, 1856, 1871, and 1836. [To face page 264.] 

22. To Appendix No.10. Cross section of Joe Flogger Shoal, Delaware Bay. [On page 2G7.] 
23. To Appendix No. 11. Gulf Stream Explorations. Curves of observations of current;;:. 

i::!ection A, April 1885. [To face page 284.J 
24. To Appendix No. 11. Gulf Stream Explorationll. Curves of obsernttions of currents. 

Section between Fowcy Rocks and Gun ·cay, l\Iay, 1885. [To follow No. 23.J 
25. To Appendix No. 11. Gulf Stream Exploratiom;. Curves of obsen-ations of current;:;. 

Section A, March and April, 1886. [To face page 286.) 
26. To Appendix No. 11. Gulf Stream Explorations. CurYes of observations of curreuts. 

Sections A aml B, l\Iay and June, 1886. [To follow No. 25.] 
27. To Appendix No. 11. Gulf Stream' Explorations. Curves of observations of current!'. 

Velocities and monthly variations, 18&} and 1886. [To face page 288.J 
28. To Appendix No. U. Gulf Stream Explorations. Curves of observations of current>:. 

Diagram of cross-section A, showing velocities of strata, at different depths, and profile 
of bottom. [To follo~No. 27.] 

29. To Appendix No. 12. Secular variation of the magnetic declination at Paris, France. 
[To face page 296. J 

30. To Appendix No. 12. Isogonics for the year 1783 from obser¥atious by Spanish naviga
tors on the Pacific coast from Sau Blas, Mexico, to Vancouver Island, between 1774 
and 1790. [En<l of volume.] 

31. To Appendix No. 12. Secular variation of the magnetic declination at New York, Bal
timore, San Francisco, and Sitka. [To face page 404.] 

32. To Appendix No. 12. Annual change of the magnetic declination for the epoch, 1890, 
January. [At end of volume.] _ 

33. To Appendix No. 12. Secular change in the position of' the Agonic line of the North 
Atlantic between 1500 and 1900. fTo face page 405.] 

34. To Appendix No. 13. Types of the tidal profiles. Sandy Hook and Throg's Neck. [On 
page 410.) 

35. To Appendix No. 13. East Rh'er tides. [On page 415.] 
36. To Appendix No. 13. Maximum and minimum slopes. [On page 416.J 
37. To Appendix No. 13. Curves of observations of currents. [ _;n page 423.] 
38. To Appendix No. 13. East River variations of slope and velocity. [On page 425.J 
39. To Appendix No. 13. East River. Decomposition of tides. [On page 429.] 
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