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The Superintendent of Documents, United States Government 
Printing Office, Washington, D. C., has on hand for sale to the 
public, at current cost of printing, the following publications of 
the General Land Office: 

Manual of Instructions for the Survey of the Public Lands 
of the United States, edition of 1930. 

Standard Field Tables (a supplement to the Manual of Sur
veying Instructions). 

Ephemeris of the Sun and Polaris, and Tables of Azimuths 
and Altitudes of Polaris, published annually in advance (a sup
plement to the Manual of Surveying Instructions). 

Wall map of the United States, scale 87 mUes to 1 inch, and 
s$lrate maps of the several pU¥'~larid Stat~s, scale 12miies 
to l1Iich; showing the 'developed rectangular surveys. , 

Copies of the approved field notes and plats of the public-land 
subdivlsional surveys may be procured from the Commissioner 
of the General Land Office, Washington, D. C., at the current 
rates for such official copies. 

Copies of the approved field notes and plats of the publlc
land, mineral-patent, and private-Iand-claim-patent surveys may 
be procured from the United States public survey offices 'or the 
appropriate State office indicated in the Manual. section 1, 
Chapter I. A charge is usually made for making copies of 
records furnished to the public, or provision is afforded to the 
public to make extracts from or copies of such records. 
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REGULATIONS IMPOSED BY LAW' • 

. ,' I 

, ,: 1; ~!J11MY Of thel'lubllCi lanas 01 the tMted States Is insep
arably aJSociated witb questlonsrelatlnilo the~cqulslt1ou and 
d~l bt 1)fOPl'lettni tith~ ,to me limds which' have been added 
ttnM'llrell. inCluMd hi the original thirteen States. The term 
tl ptIbli~ dotnAin'" ha's liOOfi appIlM br~ildty to, the entJf~., ator~
mentioned areaIn SO taras'the lands have, been subJ~t tQ sur
'%1 IiriadtSp()Sal by ilie United states, anl,l' of fnterest herelD tIlllr b~mt,nt1ohlld the 2!)StAtes andth~ t)fstrl~t oLUaskasur, 
.~ o'ttii progress ,ot,8urvey ululer tll.t; United statelS rectall-
gular system, as ,f61lQwii: , " ' , ' ., ," ,' . 
: Al~b~.-tt1oludea. in' tbe' te~ltory . ofilie., o~ tb1rt~ 
Stlltes aM admItted into thennlon.J)~ember}4:. 1$19 (3 Stat. 

1108) : SUl'Veyspl'iiCtical1y ~Dlpleted and odginB.l .recor(}stra~
ferredto the secretarYritJ~hiteatM:oIltgomery. 

A1'litcma.~ll1~ltitl.edln~e 18.nd~ <:~ea'by MexicO in 1848 and 
tlib Gadsden purchase 1J).185g lind. ad.mitted into the Union Feb
'rultt1 14, 1M2 (86 Stat, .3M,. at ~tat., 17~); 81lrveY~,Jn 
»:ro~eSil; Ubited States ttubltc $urveyOl)lce ,_1; P~. • 

Arkan8aa.-Acqll1ied under the Loutsiana Purchase in 1808 
lU'ld td1111tted ~tbthe ttnlon .run~ i~. ,1~6 .(.{i Stat. (IQ); sP~ 
~pfiicttC4h1 . ~offipletea . f!.rid orI~~81 ~J:~tr$ll$lerred to 
the'eomn1ts~lolier of state t&nds at x.it~etl:Ock., ',.. ' 
, 'Ot'JUftjNtiit.-Ceded by Mexico., bl ,l&l8 AA4.' admitted" loDto t1w 

ttnlOfi ~~ptefnbet 9, 1850(9 S&t.~G~).; survey~in, progJ.'8ll8; 
United States Public Survey Office at' ,Baa' t~aJ;lCl~.. ' 
. (iot6f'allo.-"'ACqutred latgely uRder' t~etOuislaue. Purchase In 
1808, but hi~rfdtngadd1tion,al land, .t1tleto which ,was quieted 
th~bUgh' tl'Miy wtUd3~11l lnl$i!),. with .'other lands .nnexed 
WltJi~h8 hi 1S45. and lands ceded. b,.M~lco in 1$48, .nd 
actm1tt~itttito tlle 1;nlon,August l,187i (18 Stat. "14, 1~ 
atlit.~): sUrveYI> lnprQFesl3; Unlte,d States Supervlsorot 
~tl:rvels'at t:>etlver.·· .. 
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Florlda.-Ceded by Spain in 1819 and admitted into the Union 
March 3, 1845 (5 Stat. 742) ; surveys practically completed and 
original records transferred to the Commissioner of Agriculture 
at Tallahassee. 

ldaho.-Acquired with the Oregon territory, title to which 
was established in 1846, and admitted into the Union July 3, 
1890 (26 Stat. 215) ; surveys in progress; United States Public 
Survey Ofilce at Boise. 

lZlinai8.-Included in the territory of the original thirteen 
States and admitted into the Union December 3, 1818 (3 Stat. 
536); surveys practically completed and original records trans
ferred to the Auditor of State at Springfield. 

Indianz.a.-Included in the territory of the original thirteen 
States and admitted into the Union December 11, 1816 (3 Stat. 
399) ; surveys practically completed and original records trans
ferred to the AuditQ[ of State at Indianapolis. 

Iowa.-Acquired under the Louisiana Purchase in 1803 and 
admitted into the Union December 28, 1846 (9 Stat 117); 
surveys practically completed and original records transferred 
to the Secretary of State at Des Moines. 

Kansa8.-Acquired under the Louisiana Purchase in 1803 and 
with lands annexed with Texas in 1845 and admitted into the 
Union January 29, 1861 (12 Stat. 126); surveys practically 
completed and original records transferred to the Auditor of 
State and Register of State Lands at Topeka. 

LouiBiana.-Included in the Louisiana Purchase in 1803 and 
boundary extended to include additional lands, title to which 
was quieted through treaty with Spain in 1819, and admitted 
into the Union April 30, 1812 (2 Stat. 701) ; surveys practically 
completed and original records transferred to the Register of 
State Lands at Baton Rouge. 

MicMgan.-Included in the territory of the original thirteen 
States and admitted into the Union January 26, 1837 (5 Stat. 
144) ; surveys practically completed and original records trans
ferred to the Director, Department of Conservation, at Lansing. 

• MMesota.-IncIuded in the territory of the original thir
teen States, and with lands acquired under the Louisiana Pur
chase in 1803, and admitted into the Union May 11, 1858 (11 
Stat. 285); surveys practically completed and original records 
transferred to the Secretary of State at St. Paul. 
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. .M"~'-Ineluded In :tbe · territory of the orlglnalthlr- . 
teen States and admitted into the Unlon ·December 10, 181'1 (8 
Stat. 472) ; surVeys practically completed and original reeords _ 

. transferred to the Commissioner otState Lands at Jackson. 
,·MiB8I01Wi..-Acqulredunder the Louisiana Purchase in 1803 

and admitted into the Union August 10, 1821 (3 Stat. MtJ, 8 
Stat. Appendlx II) ; sunteys practically completed and original 
records transferred to the Secretary of State at Jeiferson CItY. 

MontaM.-Acqulred under the Louisiana Purchase 1n 1808 and 
with the Oregon territory, title to which was established 1n 1846, 
and admitted Into the Union November 8, 1889 (25 Stat. 676, 
26 Stat. 1551) ; surveys1n progress; United States Publie ~utTey 
omceat Helena. 

NebrlJ8ka.'"-Acqu.1red under · the LoUisiana Purchase 1n 1806 
and admitted into the UnioD HaTch 1, 1867 (14 Stat. 391, 
820) ; surveys practlcallyoompleted and original recoms trans
ferred · to the · COlDJJlissloner of Public Lands and BuUdlngs 
at Lincoln. 

Nevada.-<:leded by Mexico In 1848 and admitted Into the 
Union October 13, 1864 (13 Stat. 36; 749) ; surveys In pr~s ; 
United, States PubU<fSurvey Offieeat Reno. .. 

Ne1/) Jleanoo.-lncluded with lands annexed with Teus in 
1845, with lands ceded by Mexico in 1848, and the Gadsden Pur
chase In 1853, and admitted Into the Union January 6,1912 (aa 
Stat . .3IS1, 37 Stat. 1723); surveys 1n progress; United States 
Public Survey Office at Santa 'Fe. 

North Dakota.-Inelllded In the territory of the original thlr
teenStatesj and with lands acquired under the LOuIsiana Pur
chase in 1808, and adJnltted into the Union NOVeinber2, 1889 (25 
Stat •. 676, 26 · 8tat. 1548); surveys practically completed and 
original records: transferred to the State Engineer at Bismarck. 

OTGla1l.om4.-Acqulred undet the ' LOulslana Purchase 1i:l 1803 
and with lands annexed with Texas In 1845, and admitted . Into 
.theUnion, November 16, 1907 (34 Stat. 267; 85 Stat: 2180); 
surv.eys -practically completecf and original · records 1I1ed with 
the Commissioner of the General Land Office at Washington, 
D.O. 

OMo ...... Ineluded in the terrltoryof the original tbirteen StateS 
and admitted Into -the Union April 30, 1802 (2 Stat. 178) ; Bur-
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. .,eye practically completed and origiDal teeo.fcls tl'~erfed to 
jJle. Auditor of State at Oolumbus. 

QrwI1'l'o-Included ln the Ol'e~n tel'l'itory. title to whlcb, W~B 
estaQl1shed ill 1846. and ad~ltted t~to the Unloll 1l"eb.l'UIlry 14, 
1859 (11 Stat. 3$3) ;. surveys ill PfOIress ~ U~tedStatea Public 
Survey Ofllce at :portland.. 

HQ1jlh »«f1oQt(J.~lnclu~d in the terf'iwry of tbe oriCiool thir
teen jii.tates. o.n.d with lalldlil acqulNd uu~r the LQuisialla :Pur
chase ill 1803. IU.~ admlUIld lilt€) th.e UJ;l.1on November 2. 1889 
(25 Sto.t. 616. 26 Stat, IM9); f!llrveya ~etlcallY COUlpleted 
and ol'igioal records tra~~el'red to ~~ CQUlIUlS!tiQ~ef of school 
and Public Land$ at :ri~l'rt. 

Uta.h.-Ceded by Mexico in 1848 and admitted illt~ tat Un1Q,D. 
January 4. 1896 (28 St.a,t. 1~7. ~ Stat. S76}; Rne~s in 
progl,'tl$s i l]!Iited States pqb11e s.\Ulr~y Q1Uce at. !:Wt Lake elty. 

W"sl/,mglon.-ln.cl\lded ill tb.e Qre~OA t~titO.l'Y. tme t~ whicb 
wa.f! esUibllsbed ta 1846. anll aQ.~iUed tlltQ the, UWQIl Noyember 
11. 1889 (25 Stat. 676, 26 Stat. 1552); surveys iQ ~ss.; 
UnUeQ Stat~ l"ql>lt~ Survey 04l~ at Oly-mpia. 

WiBOQat.mz..~lwlWleu ill the t~l'l'itQl:1 of tM oriiinal thirteen 
States and admitted lIlto t~e UlltOU. May 29,.1848, (9 Stat. 233) ; 
surveYIIJ practically CODlpl,teQ fmel oJ:~illla.l NCo.rdS transferred 
to the Commisllio.Qers 01 :rublie L.t\n.ds ~t l\ta.diS9n. 

Wuomi .. g.~ll\Cl~dEl€l wttl\ l~~(ls o.c4lulied unde.r the Louisiana 
Purclll~se in 1803, wiUt Iltftd8 aAlle:aed, wltll Texas in 18j5. with 
lands included in the Oregon WtritQU'. tlt.le to wblca was estab
lishetl in l846, a~d w,Uh. lan.<lEl ced~ by Mexleo in 184S, and 
a(}mitteQ into the VniQD Jl.lly 11)" 1800 (2&. Stat. ~) ; . Iilurveys 
iI1. progr~s ~ UnUIXl s'tates ~ubl\c Su~vey, Oillee at Cheyenne. 

.f)f,a'rlot fiAt A.lQ •. .....(Je~ b,J' ~14'>Sia i~ lS6'l; &urveys in 
progress l. Vni,ted states l>QbH<: S~rve:J ottice at Juneau. 

~. ~te.r' tb.e a~Ii~Qn at tl1.~ Stat.~ into tlJ,e llniQll the United 
States eontin~el;l to bold tltle tQ the UDIlJ)llro,p,rlated lands and 
to administer its public-land laws wlth reference thereto, and 
it is expressly p]'"ovl<loo.. as ~ ot tbe ~ndit1ons set forth in the 
various enabling acts, that the title to unappropriated lands 
within the State shall remain in the United States. The lauds 
In the Tel'l'itQti.ea. not. IJPproprlated by coapetent ftuthol'ity 
before tll.ey W6fe aCQu.i.l'ed are iu the ant iIlstance the exclusiYQ 
property of the United States, to be disposed of to such per-



" 

I5Qnll. a,t 8UC;:U tittle!!. 111 Itueh lIlodea.. 8.I1d Oy I!llc.ll tltle.e ail tllQ 
Govet~t ~lU' d.eew.. 1Il~ "dvl\llta~mI to tlle DubUc. Oo~· 
~" ~U~ h.~1 tbE> PQWe.r. deJlved from Artiele lV. I!ectiQQ So 
Qt· th.~ ~tltutlon. ot disPQsillg of tl1e pubUc dQlIlalu and 
DlakiIU: 1l1111e~tul rules and ~gulations in respect thel~tO. 

3. TIndel' tll~ laws Qf tile United States tbe navigable wat~rs 
have always been and shall forever remain common higl,l.ways. 
and below mean hlih water the same are not subject to survey 
and disposal. This reservation includes all tidewater streams. 
and other Important permanent bodies of water whose natural 
and normal condttion at the date of the admission of a State 
into the Union w/ls such as to classify the same as navigable 
water. (See sec.. 2476. R. S.) 

4. The act of Congress approved March 2, 1849 (9 Stat. 352), 
granted to the State of Louisiana all the swamp and overflowed 
lands within the limits of the State for the purpose of aiding in 
the reclamation of said laI\ds, a~d the act of Congress approved 
September 28, 1850 E9 Stat. 519), extended the grant to the 
other public-land States then in the Union. The grant was also 
extended to the States of Minnesota and Oregon by the act of 
Congress approved March 12, 1860 (12 Stat. 3). The provisions 
of the aforementi()ned gYants allply to the zone situated below 
the uplands wherein the lands are of such a character that with
out the construction of suitable levees and artificial drainage 
systems the same would be wet and unfit for agricultural pur
poses. The sWf,lmp-Iand graDts apll~ to all swamp an!! over-
1l0we¢ lands within. the beneflciar~ ~tates 'which weJ;"e unappro
priated at the dates of the acts of Congress avd whose cbaracter 
at that tinw would. bring them within the provisions of said 
grants. A notable exception to the swamp-land laws is found 
in the Arkansas compromiSe act approved April 29, 1898 (30 
Stat. 867). by viJ;"tue of which all right, title, and interest to the 
remainIng unappropriated swamp and over1l0wed lands withtn 
the State of Arkansas reverted to the Uuited States. 

5. It comes within the province of the Department of the Inte
rior to consider and determine what are public la.nds, wb.at lands 
have been surveyed, what are to be surveyed, what have been 
dIsposel! of, What remain to be dlsposed of, and what are re
served, and it Is a well-settled principle of law that the United 

1900'-31--2 
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States, through the Department of the Interior, has the right 
to extend the surveys as may be necessary to include lands 
omitted from earlier surveys. It is an important duty of the 
engineer in the field to discriminate between what are and 
what are not public lands of the United States, and to sub
divide the former in accordance with the regulations imposed 
by law. 

LA WB RELATING TO SURVI!lYS. 

6. The rectangular surveying system is based upon existing 
law and was devised with the object of marking upon the ground 

D 5 4 3 2 I 

7 8 9 10 II 12 

18 17 16 15 ,14 13 

19 20 21 22 23 24 

30 29 28 27 26 25 

31 32 33 34 35 36 

and fixing for all time legal subdivisions for purposes of descrip
tion and disposal of the public domain under the general land 
laws of the United States. 

7. The rectangular system of survey of the public lands was 
inaugurated by a committee appointed by the Continental Con
gress. On the 7th of May, 1774, this committee reported 
"An ordinance for ascertaining the mode of locating and dis
posing of lands in the western territory, and for other purposes 
therein mentioned." The ordinance as finally passed on the 
20th of May, 1775, provided for townships 6 miles square, COll

taining 36 sections of 1 mile square. The first public surveys 
were made under this ordinance. The townships 6 miles square, 
were laid out in ranges extending northward from the Ohio 
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River, the townships being numbered from south to north, and 
tl:.: ) ranges from east to west. The region embraced by the sur
veys under this law forms a part of the State of Ohio. In these 
Injtial surveys only the exterior lines of the townships were sur
veyed, but the plats were marked by subdivisions into sections 
of 1 mile square, and mile corners were established on the town
ship lines. The sections were numbered from 1 to 36, and the 
surveys were made under the direction of the geographer of the 
United States. 

~ The act of Congress approved May 18, 1796, provided for the 
apPointment of a surveyor general and directed the survey of the 
lands northwest of the Ohio River and above the mouth of the 
Kentucky River, .. in which the titles of the Indian tribes have 
been extinguished." Under this law it was provided that" the 
sections shall be numbered, respectively, beginning with the 
number one in the northeast section and proceeding west and 
east alternately through the township, with progressive numbers 
till the thirty-sixth be completed." This method of numbering 
sections, as shown by the accompanying dIagram, is still in use. 

The act of Congress approved May 10, 1800, required the 
.. townships west of the Muskingum, which • . • ."1U'e di
rected to be sold in quarter townships, t() be subd1vlded~to halt 
sections ()f three hundred and twenty acres each, as nearly; .. 
may be, by running parallel lines tbrougb.:the saD1e.~ .,eIl!I~ 
to west and from south to north at the distance of one m.Ue frQIIl 
each other, and marking corners at the distance of ea~, ~ 
mlle on the lines running ,from east to west and atthed1sta~ 
of each mUe on those running from south to north. • ~ . . 
And the interior lines of townships intersected by theJ4\l8kbl~ 
gum, and of all the townships lying east of that river, whic:ll 
have not been heretofore actuaUy subdivided into sections shall 
also be run and marked. • • • ADd in all cases where the 
exterior lines of the townships thus to be subdivided into sec
tions or half sections shall exceed, or shall not extend, six mUes. 
the excess or deficiency shall be specially noted and added to or 
deducted from the western and northern ranges of sections or 
half sections in such townships, according as the error may be 
in running the lines from east to west or from south to north." 

The act of Congress approved February 11, 1805. direCts the 
subdivision of the public lands into quarter sections and pro-
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TlcleliJ that all the corners marked in the public surYe11!1 shall be 

establillbe<l as the prQper cornets <>f BectiOtlS, orllubdivlsiQnll of 

I!eCtiOfiS. whitlh they were intended tQ designate. and tbat corners 

of balt lind quarter sections not marked shall be placed as 

nearly all possible "equidistant from tbo!le two corners whicb 

stand oil the same Une." This act further prQvides that "The 

boundary lines actually run and marked • • • shall be 

established as the proper boundary Unes of the sections or sub

divisions for wbich they were intended; and the length Qf sucb 

lines ils returned by • • • tbe surveyors • • • sball be 

held Rnd considered as the tl'ue length thereof. and the boun

dary lines wbich shall not have been Ilctually run and marked 

as aforesaid shall be ascertained by running straigbt lines from 

the establIShed corners to the opposite tlorresponding corners; 

but In those portions of the fractional townships where nQ such 

opposite or corresponding corners have been or can be fixed, the 

saId botmdary-Unes shall be ascertained by running from the 

68tablislied corners due north and south or ea!Jt and wellt lines, 

all the case may be, to the •• • external boundary of 

SUch fractional township." 
The act of Congress approved April 25, 1812, provided "Tbat 

there shall be established in the Department of the Treasury an 

office to be denominated the General Land Office, the chief officer 

of which sMIl be <!alled the Oommissioner of the General Land 

Office. whose duty It Bhall be, under the direction of the head of 

tbe department, to superintend, execute, and perform all such 

aas and things touching or respecting the public lands of the 

United States, and other lands patented or granted by the United 

States, as have heretofore been dIrected by law to be done or 

Performed in the office of the Secretary Of State, tlf the Secre· 

tary and Register of the Treasury. and of the Secretary of War, 

or which shall hereafter by law be assigned to the !laid offiee." 

The act of Congress appl'ovM April 24, 1820, provides for the 

Sille of public lands in half-quarter sections, and requires thllt 

.. in ever, case of tha dhision ofa qUarter section the line for 

the divisidn thereof shllll run north and south • • • and 

fraotional M~tlons, cohtailling one hUndred and Sixty acres Rnd 

upward. shilll, in llltE! manner, as nearly as practicable, be !JUb

divided into balf-quartet sections, under /mch rules and -regula

UQDS as may M prescribed by tlleSecretilry of the Treasut)'; 
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but fractional sections containing less!" than one hundred Alld 
siXtY acres shall not be divided." 

The act of Congre&'!l approved May 29, 1830 (sees. 2412, 2413, 
R. 8.), provides for the fine and imprisonment of any person 
obstructing the survey of the public lands, and for the protec
tion of surveyors, in the discharge of their official duties, by the 
United States marshal, with SUfficient force, whenever necessary. 

The act of Congress approved April 5, 1832, directed the sub
division of the public lands into quarter quarters; that in every 
case of the division of a half-quarter section the dividing line 
should run east and west; and that fractional sections should 
be subdivided under rules and regulations prescribed by the 
Secretary of the Treasury. Under the latter provision the Sec
retary directed that fractional sections containing less than 160 
acras, or the residuary portion of a fractional section, after the 
subdivision into I1S many quarter-quarter sections as it is sus
ceptible of, may be subdivided into lots, each containing the 
quantity of a quarter-quarter section as nearly as practicable, 
by so laying down the line of subdivision that they shall be 
20 chains wide, which distances are to be marked on the plat of 
subdivision, as are alSo the areas of the quarter quarters and 
residuary fractloD8. 

The last two acts above mentioned provided that the corners 
and contents of half-quarter and quarter-quarter sections should 
be ascertained, as nearly as possible, in the manner and on the 
principles directed and prescribed in the act of Congress ap
proved February 11, 1805. 

The act of Congress approved July 4, 1836, provided for the 
reorganization of the General Land Office, and that the execu
tive duties of said office" shall be subject to the supervision and 
control of the Commissioner of the General Land Office under 
the direction of the President of the United States." The repeal
ing clause is, "That such provisions of the act of the twenty
:fifth of April, in the year one thousand eight hundred and 
twelve, entitled 'An act for the establishment of a General Land 
Office in the Department of the Treasury,' and of all acts amend
atory thereof, as are inconsistent with the provisions of this 
act, be, and the same are hereby, repealed." 
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From the wording ot this act it would appear that the control 
of the General Land Office was removed from the Treas1lry 
J)epa~ent, and that the commissioner reported directly; to the 
Pre!Jident; but, as a matter ,of' tact, the Secretary of the Treas.
ury stUl had supervisory control, for the act of Congress ap
proved March 8, 1849, by which the Department of the Interior ' 
was established, provided, "That the Secretary of the Interior 
shall perform all the duties in relation to the General LiUld 
Oftice, of supervision and appeal, now discharged by the Secre
tary of the Treasury * * *." By this act the General Land 
Oftice was transferred to the Department of the Interior, where 
it . still remains. 

S.The following comprises so much of the general laws relat
ing to the survey of the public ' domain as it is deemed necessary · 
to incorporate in this volume, reference being made by chapter 
.and sectlonto the codification of the Public Land Laws, prepared 
pursuant to acts of Congress approved March 8, 1879, and June 
16, 1880, and by section number to the Revised Statutes of the 
United States. 

Sm 82. The Oommissioner of the General Land Office shall 
perform, under the direction of the Secre

' Duties of commls- tary of the Interior, all executive duties 
BiDder. 

appertaining to the surveying and sale of 
the public lands of the United States, or in · any wise . respecting 
such public lands; and, also, such as relate to private claims of 
lands, and the issuing of patents for all grants of land under 
the authority of the Government. (R. S. 453.) 

8m 61. The Commissioner, under the direction of the Secre
tary of the Interior, is authorized to 

Power of commls- enforce and carry into execution every 
sloDer to make regn- . 
latiOD8. part of the pubhc land laws not other-

wise specially provided for. (R. S.2478.) 
.SEa. 00. First. The public lands shall be divided by north and 

south lines run according to the true me~ 
Rulesoflllrvey. ridian, and by others crossIng them at 

right angles, so as to form townships of 
, six miles square, unless where the line of an Indian reservation, 
or of tracts of land heretofore SUrveyed or patented, or the · 
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course of navigable rivers, may render this impracticable; and 
in that case this rule must be departed from no further than 
such particular .circumstances require. 

Second. The corners of the townships must be marked with 
progressive numbers from the beginning; each distance of a mile 
between such corners must be also distinctly marked with marks 
dift'erent from those of the corners. 

Third. The township shall be subdivided into sections, con
taining as nearly as may be, six hundred and forty acres each, 
by running'through the same, each way, parallel lines at the 
end of every two miles '; and by making a corner on each of 
such lines at the end of every mile. The sections shall be num
bered, respectIvely, beginning with the number one in the 
northeast section, and proceeding west and east alternately 
through the township with progressive numbers till the thirty
six be completed. 

Fourth. The deputy surveyors, respectively, shall cause to be 
marked on a tree near each corner established in the manner 
described, and within the section, the number of such section, 
and over it the number of the township within which such 
section may be; and the deputy surveyors shall carefully note, 
in their respective field books, the names of the corner trees 
marked and the numbers so made. 

Fifth. Where the exterior lines of the townships which may 
be subdivided into sections or half sections exceed, or do not 
extend six miles, the excess or deficiency shall be specially 
noted, and added to or deducted from the western and northern 
ranges of sections or half sections in such townships, according 
as the error may be in running the lines from east to west, or 
from south to north; the sections and half sections bounded on 
the northern and western lines of such townships shall be sold 
as containing only the quantity expressed in the returns and 
plats, respectively, and all others as containing the complete 
legal quantity. 

Sixth. All lines shall be plainly marked upon trees, and 
measured with chains, containing two perches of sixteen and 

'Authority for the establishment of section lines at Intervals of 1 mile 
is found In the act of Congress approved May 10, 1800,. previously 
quoted. 
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QUe-II/&tt feet eacta. sul~4ivlded int<>. tWQntt-.1l..~ equalllQka: fi\d 
tlle cbu,w eba,ll "be Iloj\l&ted tQ; a staDdU,N to M kept tQr. tllo.t 
purpose." . 

Seventll.. Ev~ry surveyor aball Mte in hill field bQok tbQ t.rue 
situations of all mines, salt licks, salt springs, and mill ~ts 
which come to his knowledge: aU water oourses over wbich the 
line he runs may pass; and also the quality of the lands. 

Eighth. These field books sha,ll btl returned · to the surveyor 
general, who shall cause therefrom a description of th~ wbQle 
l"nds surveyed to be ~ade out and transmUted to the otllcefs 
who lllay superintend the sales. He shall alsQ cau~ a fait' plat 
tQ be made of the townships I\lld fractional parts ot townshlps 
contained in the lands, d~dbing the subdivisions tbe.reot. a~ 
the marks of tlle corners. Thl!~ plat shall be recorded in ~ks 
to be kept for that purpose; and a copy thel'oof shaU be te:pt 
open at the surveyor general's office for public i.uioxmatioa, and 
other copies shall be sent to the places of the sale a,ud to the 
Gelleral Land Office. (Acts of May 18, 1796, alld May 10, 1800, 
alld R. S. 2395.) 

Sl:c. 100. The bound.aries and contents of the seve~l lile(tionS, 
half sections, alld quarter sections of the 

Boundaries and con- public lands sllall be asc::ertaine<l ill eon-
tents of public lands, . • f~ l' • 
how ascertained. formlty WIth the ..... lowmg prlnclJ;Ues; 

First. AU tbe c~el'S marked ill the 
surve;y,s returned by the smveYQ.r general shall be established 
as the proper <:orners of sections" or subdivlSiOns ot seetions, 
which tbey were intended t,o desigullte, aI).d tbe <:Ol'ner$ of lla.lf 
and quarter section,s, not marked on the surveys, sha.U be placed 
as nearly as possible equidistant from two corners whi<:h stand 
on the same line. 

SecQIld. The boundary lines, actuaUy r11Jl and DJ,Ilrl!;ed in the 
surveYI:! returUed by the surveyor ~e:uerlll, shull be established 
as the proper boundary lines of the sect~ons Ql' subdivisions fQl" 
which they were intended, and the length of such linel:! a,s re
tUl'ned shall be held and considered, as the tru.e length tbereof. 

• The superior results obtained by the use ot modern steel ribbon 
tapes, ill contrast with the obsolete link chain, nave led to the aban.cton
ment of the latter, except that the .. chain UIlJ.t," whlch Is peculiarly 
adapted to land surveying, has always been employed. 
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AnG the bOundary lines whiCh haW not been actually tUR and 
marked. shall be ascertained by running straight lines from the 
Q'itabllshed comers to the opposite corresponding corners ~ but 
in those portions of the fractional townships, where no such <lp
posite (!OlTesponding corners have been or can be fixed, the 
boundary lines shall be ascertained by running from the estab
lished corners due north and south or east and west lines, as the 
case may be, to the water course, Indian boundary line, or other 
external boundary of such fractional township. 

Third. Each section or subdivision of section, the contents 
whereof have been returned by the surveyor general, shall be 
held and considered as containing the exact quantity expressed 
in such return; and the half sections and quarter sections, the 
contents whereof shall not have been thus returned, shall be 
held and considered as containing the one-half or the one-fourth 
part, respectively, of the returned contents of the section of 
which they may make part. (Act of Feb. 11, 1805, and R. S. 
2396.) 

SEc. 101. In every case of the division of a quarter section the 
line for the diVision thereof shall run 

Lines of division of north and south and the corners and con-
halt..qulI.rter sections, . ' • 
bow run. tents of half-quarter sections WhICh may 

thereafter be sold shall be ascertained In 
the manner and on the principles directed and prescribed by the 
set!tion preceding, and fractional ~ctions containing {)ne hun
dred and sIxty acres or upwards shan In like manner,ill!! nearly 
as practicable, be subdivided into half-quarter sect1on~ nnder 
such rules and regulations as may be prescribed by the Secre
tary of the Interior, and in every case of a division of a half
quarter section, the Une for the division thereof shall run east 
IUld west, and the corners and contents of quarter-quarter sec
tions, which may thereafter be sold, shall be ascertained, as 
nearly as may be, in the manner and on the principles directed 
and prescribed by the section preceding; II,nd fractional sections 
conta1ning fewer or more than one hundred and sixty acres Shall 
in like manner, as nearly as may be practicable, be subdivided 
into qnarter-quarter sections, under such rules and regulations 
as may be prescribed by the Secretary of the Interior. (B. S. 
2397.) 
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SEC. 106. The public surveys shall extend over all mineral 
lands, and all subdividing of surveyed 

Extension of public lands into lots less than one hundred and 
surveys over mineral 
lands. sixty acres may be done by county and 
. local surveyors at the expense of claim-
ants; but nothing in this section contained shall require the 
survey of waste or useless lands. (R. S. 2406.) 

SEO. 118. Each surveyor general, when thereunto duly author

Surveyors general to 
survey private land 
claims when confirmed, 
etc. 

ized by law, shall cause all confirmed pri
vate land claims within his district to be 
accurately surveyed, and shall transmit 
plats and field notes thereof to the Com
missioner of the General Land Office for 

his approval. ·When publication of such surveys Is authorized 
by law, the proof thereof, together with any objections properly 
filed, and all evidence submitted either in support of or in oppo
sition to the approval of any such survey, shall also be trans
mitted to said commissioner. (R. S. 2447.) 

SEC. 120. Every person who in any manner, by threat or force, 
interrupts, hinders, or prevents the sur

Penalty for inter- veying of the public lands, or of any pd-
rupting surveys. • 

vate land claim WhICh has been or may be 
confirmed by the United States, by the persons authorized to 
survey the same, in conformity with the instructions of the Com
missioner of the General Land Office, shall be fined not less than 
fifty dollars, nor more than three thousand dollars, and be im
prisoned not less than one nor more than three years. (R. S. 
2412.) 

SEC. 121. Whenever the President is satisfied that forcible 
opposition has been otrered, or is likely to 

Protection of sur- be otrered to any surveyor or deputy sur-
veyor by marshal of ' 
district. veyor in the discharge of his duties in sur-

veying the public lands, it may be lawful 
for the President to order the marshal of the State or district, 
by himself or deputy, to attend such surveyor or deputy surveyor 
with sufficient force to protect such officer in the execution of 
his duty, and to remove force should any be offered. (R. S. 
2413.) 
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9. More recent legislation has brought about (a) authority 
for the purchase of metal or other equally durable monuments, 
to be employed in place of native material to mark public land 
corners; (0) penalty for the destruction of monuments of the 
public-land surveys; (0) authority for necessary resurveys; (4) 
authority for the employment of a permanent corps of United 
States cadastral engineers; (e) authority for the reorganization 
of the public survey offices; and (f> authority for the discon
tinuance of the public survey offices when no longer necessary, 
and transfer of certain records to the States. 

The act of Congress approved May 27, 1908, provided" for the 
purchase of metal monuments to be used 

Purchase of metal for public land survey corners wherever 
monuments. . 

practicable." (35 Stat. 347.) This author-
ity was amplified by the act of Congress approved June 25, 1910, 
making appropriation for sundry civil expenses for the fiscal 
year ended June 30, 1911, and has been continued from year to 
year to the present time. 

The act of Congress approved March 4, 1909, entitled "An act 
Penalty for the de- to codify, revise, and. amend the penal 

struction of sur v e y laws of the United States," provides a 
monuments. penalty for the unauthorized alteration 
or removal of any Government survey-monument or marked 
trees, as follows: 

"Whoever shall willfully destroy, deface, change, or remove to 
another place any section corner, quarter-section corner, or 
meander post, on any Government line of survey, or shall will
fully cut down any witness tree or any tree blazed to mark the 
line of a Government survey, or shall willfully deface, change, 
or remove any monument or bench mark of any Government 
survey, shall be fined not more than $250, or imprisoned not 
more than six months, or both." (35 Stat. 1099, sec. 57.) 

The act of Congress approved March 3, 1909, entitled "An act 
authorizing the necessary resurvey of 

Resurvey of public public lands," as amended by joint reso
lands. 

luHon approved June 25, 1910, provides as 
follows: 

"That the Secretary of the Interior may, in his discretion, 
cause to be made, as he may deem wise under the rectangular 
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system DOW provided by hlW. tlucb resurveys or retracemeJlt& of 
the SQrVeys of public laDds as. after full invelltig"UQIl, be may 
deem essential to properly mark the bouudarlel! of the pubUc 
lands remaining undisposed of: P1"Ot1iMI$, That nQ such relillU'Vey 
or retracement shaU be so executed ~s to imP4lir the bona tide 
rights or claims of any claimant, entryman, or owner of lands 
affected by such resurvey or retracement: Plt)l1lde/J f«rtMr, 
That not to exceed 20 per centum of the total annual apPropria
tion for surveys and resurveys of tbe public lands sball be used 
for the resurveys and retracements authorized hereby." (35 
Stat. 845. 36 ' Stat. 884.) 

The act of Congress approved September 21. 1918, entitled 
"An act authorizing tbe resurvey or retracement of lands here
tofore returned as surveyed public lands of the United States 
under certain condiUons" provides authQrity fQr the resurvey 
by the Government of townships heretofore bElld to be ineligible 
for resurvey under existing regulations of tIle Department of the 
Interior by reason of disposals in excess of flfty per centum of 
the total area thereof. The act provides: 

"That upon the application of the owners of three-fourths of 
the privately owned lands in any township covered by public
land surveys. more than fifty per centum of the area of which 
township is privately owued, accompanIed by a deposit with 
the United States surveyor general for the proper State, OJ: if 
there be no surveyor general of such Sta.te. tben with the Com
missioner of the General Land Office. of the proportionate esti
mated cost, inclusive of the n~sary (office) work, of the :re
surveyor retracement of all tb~ privately owned la.nds in said 
township, the Commissioner of 1;be General Land 01fice, sub
ject to the supervisol'Y authority of the Secretary of the In
terior, shall be authori~ed in his discretion to cause to 00 lDade 
a resurvey or retracement of the lines Qt said township alld to 
set permanent corners and monuments in accordance witb the 
laws and regulations governing surveys and resurveys of public 
lands: that the sum so deposIted shall be held by the surveyor 
general or commissioner when ex officIo surveyor general and 
may be expended in payment of the cost of such survey. lllClud
We field and otDce work. and allY excess over tbe cost ot such 
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survey and the expenses incident tllereto sllaU be repaid pro 
rata to the Perllons making saId deposits or their legal repte
sentatives; that the proportionate cost of the field and Qtlice 
work tor the resurvey or retJacement of any public lands in such 
township shall be paid from the current appropriation for the 
survey and resurvey of public lands, in addition to the portion 
of such appropriation otherwise allowed by law for re&urvey& 
and retracements; that similar resurveys and retracements may 
be made on the application, accompanied by the requisite de
posit, of any court of competent jurisdiction, the returns of such 
resurvey or retracement to be submitted to the court; that the 
Secretary 01' the Interior is authorized to make aU necessary 
rules and regulations to carry this act into full force and etrect." 
(40 Stat. 965.) 

The act of Congress approved June 25, 1910 (36 Stat. 703, 
740), making appropriation for sundry 

Selection of sur- civil e...nenses for the fiscal year ended veyors. -.-
June 30, 1911, provided, under "Survey-

ing the Public Lands": "'I'he surveys and resurveys to be 
made by such competent surveyors as the Secretary of the In
terior may select, * * .11." This provision of law brought 
to a close the practice of letting contracts for the making of 
the public-IaIld surveys, which had been followed from the be
ginning. The field work is !;lOW performed by' a permanent 
corps of engineers who are employed under civil service 
regulations. 

The act of Congress approved lJarch 3, 1925, provided for the 
reorganization of the public survey offices as follows: 

"The office of surveyor general is hereby abolished, etrective 
July I, 1925., and the administration of all 

A4mtnistration, etc., activities theretofore in charge of sur
transferred to Field 
Surveying Service. veyors general, including the necessary 

personnel, all records, furniture, and other 
equipment, and all supplies in their respective offices, are hel'eby 
transferred to and consolidated with the Field Surveying Serv
ice, under the jurisdiction of the United States SuperviSOl' ot 
~Ul'\'e1s, who shall bereafter administer same in associatiOD 
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with the surveying operations in his charge and under such 
regulations as the Secretary of the Interior may provide." (43 
Stat. 1144.) 

The act of Congress approved May 28, 1926, entitled "An act 
to provide for the transfer of certain records of the General 
Land Office to States, and for other purposes," provides as 
follows: . 

"That whenever the last United States land office in any State 

On abolishment of 
land oftlces in State 
records, etc., thereof 
may be transferred 
thereto. 

bas been or hereafter may be abolisbed 
the Secretary of the Interior be, and be is 
hereby, authorized to transfer to the 
State within which sucb United States 
land office was or is situated such trans-
scripts, documents, and records of the of

fice aforesaid as may not be required for use of the United 
States and which the State may desire to preserve. 

" SEO. 2. That when the public surveys in any State bave been 
so far completed that in the opinion of 

Field notes, etc., of the Secretary of the Interior it is no 
surveys, may be turned 
over to the State. longer necessary to maintain a public 

survey office in said State, he may turn 
over to the State the field notes,' maps, plats,~records, and all 
other papers appertaining to land titles in su~h public survey 
office that ma:r not be needed by the United States and which 
the State may elect to receive . 

.. SEO. 3. The transcripts, documents, records, field notes, 
Provision for safe- maps, plats, and other papers mentioned 

keeping required. in sections 1 and 2 of this act shall in 
no case be turned over to the authorities in any State until such 
State has provided by law for the reception and safekeeping of 
same as public records, and for the allowance of free access to 
the same by the authorities of the United States." (44 Stat. 
672.) 

The laws (1) in reference to the reorganization of the public 
survey offices (43 Stat. 1144, March 3, 1925, elfective July 1, 
1925), and (2) in reference to the transfer to the States of 
the field notes and plats on the completion of the surveys (44 
Stat. 672, May 28, 1926), superseded certain long established 
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and important provisions of the Public Land Laws, of which 
the . following sections of the Revised Statutes are given here 
for the information bearing upon former practices: 

SEC. 77. There shall be appointed by the President, by and 
with the advice and consent of the Sen

Surveyor general, how ate, a surveyor general for the States and 
and where appointed... . 

Terrltories herem named, embracmg, re-
spectively, one surveying district, namely: Louisiana, Florida, 
Minnesota, Kansas, California, Nevada, Oregon, Nebraska and 
Iowa, Dakota, Colorado, New Mexico, Idaho, Washington, 
Montana, Utah, Wyoming, Arizona. (R. S. 2207.) 

SEC. 87. Whenever the surveys and records of any surveying 

Transfer of papers 
and discontinuance of 
office in case of com
pleted surveys. 

district are completed the surveyor gen
eral thereof shall be required to deliver 
over to the secretary of state of the re
spective States, including such surveys, 

or to such other officer as may be authorized to receive them, 
all the field notes, maps, records, and other papers appertaining 
to land titles within th~ same; and the office of surveyor gen
eral in every such district shall thereafter cease and be dis
continued. (R. S. 2218.) 

SEC. 88. In all cases of discontinuance, as provided in the 
Devolution of pow- preceding section, the authority, powers, 

era upon commissioner and duties of the surveyor general in re
in case of dlscontinu- lation to the survey, resurvey, or subdi
ance. vision of the lands therein, and all mat
ters and things connected therewith, shall be vested in and de
volved upon the Commissioner of the General L!lnd Office. 
(R. S. 2219.) 

SEC. 89. Under the authority and direction of the Commis
Free access to pub- sioner of the General Land Office any 

lic records delivered deputy surveyor or other agent of the 
to States, and condi- United States shall have free access to 
tion of such delivery. any such field notes, maps, records, and 
other papers for the purpose of taking extracts therefrom or 
making copies thereof without charge of any kind; but no 
transfer of such public records shall be made to the autllOrities 
of any State until such State has provided by law for the recep-
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U()Q and saf~ptal of Ittch pllblla t~rils, ll11d f~ at lUo..,. 
aJlC8 ot :free aceesa theret1>by th& authOrities ~f tll.e UnitM 
States. (R. S. 2220, 221Zl.) 

GENBRA.L RULES. 

10. From the foregoing synopsis of cohgreMional legislatioD. it 
1!1 evident-

First. That the boundaries and subdivisions of the public 
lands as surveyed under approved instructions by the duly ap
pointed engineers, the physical evidence of which sUNey con
sists of monUDlents established upon the ground, and the record 
evldence of which consists of 11eld ilOtes and plats duly ap
proved by the a.uthorities constituted by law, are Unchangeable 
after the passing of the title by the United States; 

Second. That the physical . evidence of the original township, 
section, quarter-section, and other monuments must stand as 
the true corners of the subdivisions which they were intended 
to represent, and will be given controll1ng preference over . the 
recorded directions and lengths of lines. 

Third. lJ:hat quarter-quarter-sectioncorners not established in 
the process of the original survey shall be placed on the line 
connecting the section and quarter-section corners, and mid
way between them, except on the last half mUe of section liDes 
ciosing on the north and west bOundaries of the township, or 
on other lines between fractional or irregular sections. 

Fourth. That the center lines of a regUlar section are to be 
straight, running from the quarter-section col.'Il'er on one boun
dary of the section to the correSpOnding corner on the opposite 
section line. 

Fifth. That in a fractional section where no opposite corre
sponding quarter-section corner has been or can be estab118hed, 
th& center line of such section must be run from .:the proper 
qUarter·section corner as nearly 1n a cardinal direction to the 
meander line, reservation, or other boundary of such fractional 
section, as due parallelism with section lines ~U .~It. 

Sixth. ~Il.t lost or obliterated cornel"S of the al,lprolM ~eYi!l 
DlWlt be restored to their Orig1ntll loeatlons when&V(!t It II poW
ble to do so. Actions 01' deetillons by surveyorll, N~Al. 8t11~' 
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or local, which may involve the possib1l1ty of changes in the 
established. boundaries of patented lands, are subjeet to review 
by the State courts upon suit advancing that issue. 

THE MANUAL. 

11. Various regions of the United States have been surveyed 
under different sets of Instructions issued at periods ranging 
from 1785 to the present time. The earliest rules were given to 
surveyors In manuscript or in printed circulars. Regulations 
more In detail. improving the system for greater accuracy, per
manency, and uniformity, were issued in book form in Manuals 
of 1855, 1881, 1800, 1894, and 1902. The current Manual will 
be known as the Manual of 1930. Advance sheets of the Brst 
six chapters of the Manual of 1930 were promulgated June 16, 
1919; a manuscript edition of Chapter IX was put into effect 
March 1, 1928. 

The Manual of Surveying Instructions has been revised with 
a view to harmonizing the printed instructions furnished to the 
engineers with recent legislation and current surveying practice. 
The use of iron-post corner monuments adds much to the per
manency of the evidence of the surveys, but this has called for 
little change in rules except to outline the standard practice. 
A growing necessity for resurveys to identify and restore origi
nal surveys actually made, but poorly monumented, or to super
sede grossly erroneous or fraudulent original surveys--" to 
properly mark the boundaries of the public land remaining un
disposed of "-has demanded a full discussion of the subject in 
this revision of the ManuaL 

. The change from the contract system, Including the reorgani
zation of the public-survey offices, has involved necessary 
changes In the administrative practice, but without departure 
from the estabUshed technical procedure. In this connection it 
will be noted throughout the Manual that references to the 
administrative practice are purposely s~ted in very general 
terms; this is done In order to avoid diverting the attention 
from a strictly technical treatment of the surveying subjects. 

Modern methods have been made an integral part of the pub
lic-land surveying practice in so far as adaptable, for which 
purpose It has been necessary to include a full instructive text 

1990°-81--3 
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on the snbjects of measnrements of lines, field observations for 
the determination ·of time, latitude, and azimuth, and the r'lUl
ning of the true latitudinal curve, an understanding of which 
is essential to the making of large-scale rectangular surveys. 

Owing to many changes in the character of the work, there is 
much need for Manual treatment of the subjects of subdivision 
of sections, restoration of lost or obliterated corners, resurveys, 
the many types of special surveys, and the detail of the produc
tion of plats, which have not been included in any previous 
Manual. These subjects, by their growing importance, reflect 
th~cbange in the character of the work from that principally 
of marking the original subdivisions to that which is largely 
concerned in the identification and perpetuation of the boun
daries already created. 

The,lnstructions contained in this Manual are to be observed 
by every engineer engaged in the execution of the public-land 
surveys. All other surveyors, inclUding those who have at 
times been employed in the surveying service of the General 
Land Office, should bear in mind that in their private capacities 
they are acting under somewhat different rules of law from 
those governing original surveys, and surveyors should discrim
inate. between the proviSions of the statute which control orig
inal surveys and those which apply to the retracement of lines 
that have been officially established and approved. 

STANDARD FIELD TABLES. 

12. There has been published by the General Land Office, in 
the shape of a pocket field book, a compendIum of tables and 
formulas entitled .. Standard Field Tables." The volume em
braces the data peculiarly useful to engineers engaged in sub
dividing the public lands. The Standard Field Tables are issued 
as a supplement to the Manual, and as such the former are a 
part of the latter, with contents as follows: 
1. Units of linear measure, units of area, expansion of steel 

tapes, and conversion tables, chalns to feet and feet to 
chains. 

2. Reduction in latitude to south boundary of townsWp, and 
corrections for convergency within a township. 

S • . Traverse table, for the correction of random lines. 
4. Traverse tables. 
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5. Correction of error in stadia wire interval. 
6. Stadia coefficients, vertical rod. 
7: Natural sines and cosines. 
S. Natural tangents and cotangents. 
9.' Logarithmic sines, cosines, tangents, and cotangents. 

10. Logarithms of numbers. 
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11. Convergency of meridians, and differences of latitude and 
longitude. 

12. Azimuths of the tangent to the parallel. 
13. Offsets from the tangent to the parallel. 
14. Azimuths of the secant. 
15. Offsets from the secant to the parallel. 
16. Lengths of arcs of the earth's surface. 
17. Apparent time of sunrise and sunset. 
18. Conversion tables, degrees to time, and time to degrees. 
19. Sidereal cOllversions, and reductions to the local mean time 

of upper culmination of Polaris. 
20. Mean refractions in zenith distance. 
21. Coefficients to apply to mean refractions for variations in ba

rometer and temperature. 
22. Coefficients for computing- errors in azimuth due to small errors 

in declination or latitude. 
23. Mean refractions in polar distance. 
24. Trigonometric formulas for the solution of plane triangles. 
25. Trigonometric formulas for the solution of stadia measurements, 

observations for time, latitude and azimuth, and problems 
in convergency. 

EPHEMERIS OF THE SUN AND POLARIS, AND TABLES OF AZIMUTHS 
AND ALTITUDES OF POLARIS. 

13. The above title has been given to a second supplement to the 
Manual which is published each year, a convenience whi(h serves 
to supply the engineers with all necessary data relating to the daily 
positions of the sun and Polaris without requiring frequent revision 
of the text of the Manual or the Standard Field Tables. As a supple
ment to the Manual the data contained in the Ephemeris will be 
employed in preference to that contained in other publications over 
which the General Land Office has no control either as to accuracy 
or fitness for use in the public-land surveys. 





CHAPTER II. 

INSTRUMENTS AND METHODS. 

MEASUREMENTS. 

14:. The law prescribes the chain as the unit of linear measure for 
the survey of the public lands, and all returns of measurements are 
to be made in true horizontal distances, in miles, chains and linkB. 
The chain unit is kIlown as the invention of Edmund Gunter, an 
English astronomer of the seventeenth century, and-is especially 
convenient in computing areas.in the unit of acres, one acre being 
equal to 10 square chains. 

Units of linear 1/UiCl8Ure. -

1 chain=IOO links. 
=66 feet. 

1 mile=80 chains. 
=5,280 feet. 

Units of area. 

1 acre=IO square chains. 
=43,560 squarc feet. 

1 square mile=640 acrcs. 

15. Each engineer will be provided with a standard -and an 
assortment of 1, 2, 5 or 8-chain steel tapes. The standard tape will 
be employed for comparison with the field tapes, in order that errors 
in the latter may be noted and corrected. Before chainmen are 
intrusted with their actual duties they should be instructed by the 
chief of party, and required to measure over one or more triallinee of 
level and mountainous surface, to secure accuracy and uniformity 
of results. 

16. It is essential to the record of a survey to state briellyat the 
beginning of the field notes, with every set of returns, the general 
manner of making measurements in the survey, and as topographical 

25 
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difficulties arc encountered making it necessary to depart from the 
stated general method, it is desirable to record the plan of special 
measurement adopted. The field notes thus exhibit the manner of 
making all measurements, and the record should be such that another 
engineer retracing any line can substantially duplicate the exact 
procedure adopted in the original survey. I 

The following paragraphs are illustrative of the record to be made 
in the field notes: .. 

"Unless otherwise specified all measurements are made with a 
Chicago I-chain steel tape compared with a Chesterman standard 
steel tape and found correct." 

"Unless otherwise specified all measurements are made with a. 
Lallie 2-chain steel tape found correct by comparison .witli a Lufkin 
standard ste~ tape." 

"Unless otherwise specified all measurements are made with a. 
Lufkin steel tape 8 chains in length compared with a Chesterman 
standard steel tape and found correct. The measurements are mad~ 
on the slope, the vertical angle determined, and the slope measure
ments properly reduced to true horizontal distances." 

THE LONG STEEL TAPE. 

17. The most approved method of measurement involves the 
use of steel ribbon tapes from 2 to 8 chains in length; in its use in 
the public-land surveys the tape is properly alined and stretched, 
and the measurements are made on the slope at any convenient dis
tance up to the length of the tape as limited by the topography. The 
vertical angles of the lesser slopes are determined by the use of 
clinometers in the hands of the chainmen, while the vertical angles 
of the particularly sharp slopes are determined with the transit oper
ated by the engineer. The slope distances are then reduced to true 
horizontal distances and the entire operation suitably recorded. It 
is not considered necessary to exhibit in the official field notes any 
but the true horizontal distances, omitting details, except where 
precise measurements are made of various bases for specia.l·use. 

18. The following is an example of both field and final record 
for the use of the long steel tape and clinometer, and reductions by 
the use of the traverse tables (see Table 4, Standard Field Tables): 
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Field record. 

Mean DIs- I True Inter- Dlffer- Final field notes. 
vert!- tanco horlzon- mediate enceln 

cal 00 tal dis- meas- eleva-
angle. slope. tance. me- tioo. ment. 

---------
O1Ialm. Ohalm. Ohalm. O1Ialm· Chains. North, bet. secs. 19 and 24. 

Dese. 155 (t. over NW. slope, 
through scattering timber 
and dense undergrowth. 

- 121. 4.50 4.398 -0.95 
_17~D 2.20 2.098 -.66 ------6.70 6.496 3.80 - .75 10.30 · Dry gulCh

S 
C0ur!\6 W.; sse. 295 

It. over W. slope. ---
+ lijD 8.00 7.917 

+ .75 
+1.15 

14.70 14. 413 
+191" 6.20 5.835 +2.10 L -----

20.90 20.248 
+71" 3.30 3.270 +.44 ---- -24.20 23.518 0.00 23.50 Spur, slopes W.; dese.185ft. to 

1/4 sec. cor.~ver NW.Slo~. 
1.20 24.70 Wagon road, ars E. and .. 
1.90 25,40 Leave undergrowth. 

- 6~· 8.00 7.949 -0.91 ----32.20 · 31.467 1.15 32.60 Eoter heavy timber, bearsNW. 
and SF:. 

-IOlo 3.70 3.641 -.66 ------
35.00 35.108 

-14 • 5.00 4.851 -1.21 

I 40.90 ---
39.959 

O· .04 .04 

40.94 40.(1() " = = 
40.00 40.00 I 40.00 Set an Iron post, etc. 

19. A simplification of the reduction of measurements on the 
slope is obtained by the use of two diagrams constructed on cross
section paper, as follows: The first with the vertical lines repre
senting intervals of 20 links measurement on the slope to 2, 5 or 
8 chains to suit the length of tape used; the horizontal lines repre
senting the correction in links to be made from the measurement 
on the slope to obtain the true horizontal distance; slanting lines 
are drawn to represent various degrees of slope scaled to the pro~r 
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Slope Measurement In Cheins. 

I 2 , .. • '1 

fig,1. 
Reduction from the slopo to the horizontal. 
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Slope Measureme/'it 'rlChalftt. 
0 1 2 3 . , s ~ :L 

~ 
I' 

~ 
25 s· .. ' 

:so 5' 

6' 

7' 

75 8' 
S' 

I'Y 

100 II' 

.' 

113' ~ 
I,~. !COl 

~ 
., 

liS' 

175 
liS' 

20' 

21' 
22' 

23' 
2/0' 

25 2l 
26' 

27' 

250 2" 
29' 

.A· 
275 

fig.2. 
Reduction for ditlerence of elevation, 
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points for the correction for the full length of the tape. The second 
diagram is constructed with the vertical lines representing similarly 
the measurement on the slope in the chain unit; the horizontal 
lines i.p thiS diagram representing the difference in elevation in 
feet, at intervals of 5 feet; slanting lines are drawn to represent various , 
degrees of slope scaled to the proper points for the differences of 
ell}vation for the full length of the tape. (See figs. 1 and 2.) 

20. The following is an example of record for the use of the long 
steel tape and clinometer, and reductions by the use of the reduction 
diagrams: 

Field record . 

Dis- Correo- Inter- Dl1fer- F1naI1leid notes. Mean mediate 
vertical tance tion to mess- alleein 

on hor!- cleva-angle. slope. zontal. Il1"8- tlon. ment. 

-------------
Chaim. Chalm. Chai'll8. Feet. Chains. North, bet. secs. 19 Rnd 24. 

.Desc. 1M ft. over NW. sloped 
through scattering timber an 
dense undergrowth. 

-12f 4. 50 0.10 -60 
-17· 2.20 .10 - 45 --- --0.20 6. 70 3.80 -50 10.30 Dry gulCh

S 
course W.; sse. 295 

~ 
ft. over W. slope. 

+81" 8. 00 .08 + 75 
r--

14.70 0.28 
+191· 6.20 .37 + 140 

20. 90 r--o.es 
+71" 3.30 .03 +30 

I 2~.20 - Spur, slopes W.; dcsr. 185 It. to 0.68 0.00 23.50 
~ sec. cor'b!'vcr NW. Sl~. 

1.20 24.70 agon rood, ars E. and ~ • 
1.90 25.40 Leave undergrowth. 

- 6!· 8.00 .05 "":60 ------
32.20 0.73 1.15 32. 60 Enter heavy timber, bears NW. 

andSE. 
-101· 3.70 .06 - 45 -----35. 90 0. 79 
-14 • 5.00 .15 -80 ---o:w ---

40.90 o • .04 .00 ------
40.94 O.n4 I - - - :=-~-:-

40.00 0.00 I 40.00 Set an iron post, etc. , 



INSTRUMENTS AND METHODS. 31 

21. By skillful use of the long steel tape on the slope, with cor
,reet determinations of the vertical angle, and proper reductions 
from the slope to the true horizontal distance, the engineer obtains 
one of the most rapid and reliable methods of measurement. It is 
essential to make all reductions for distance as the work progresses, 
but the additional information regarding the amount of the ascents 
and descents is readily obtainable from the record at the conven
ience of the engineer. 

STADIA MEASUREMENTS. 

22. Under propel' safeguards the stadia method of measurement 
affords a useful and reliable means of overcoming the difficulties of 
obtaining correct distance~ across water and over precipitouB slopes 
that can not be reached with the tape. It is required that the wire 
interval or ratio be determined 'in the field by frequent tests under 
work-ing conditions in comparison with steel tape measurement, 
sol'ving the formula given in the Standard Field Tables (p. 221) for 
the value of the wire ratio with the horizontal distance known. The 
record of the stadia. tests should be given in the field notes. It is 
essential to accurate stadia work that rods of approved construction 
be used, together with two targets and a. properly adjusted rod level 
to secure true vertical readings; the readings at all times must be 
restricted to suitable atmospheric conditions and to distances per
mitting exact bisections of the targets. POSSIble criticism of the use 
of the stadia method is found in the failure to observe proper details 
and not in the reliability of the method if skillfully followed . 

23. It is desirable to state briefly at the beginning of the field 
notes, with every set of returns, the general plan of making stn.dia 
measurements. The following paragraphs are illustrative of tile 
character of such record: 

" All stadia measurements are made with fixed stadia wires with a 
ratio of 1 : 132±, as exhibited by the tests shown in the field notes; 
the focal constant of the instrument is 1.2 links; the rod used is a 
standard Philadelphia level rod graduated to feet and equipped with 
two targets and a rod level j all readings are made with a vertical 
rod." 

" All stadia measurements are made with fixed stadia wires with a 
ratio of 1 : 100±, as exhibited by the tests shown in the field notes; 
the focal constant of the instrument is 1. 2 links; the rod used is a 
standard Troy level rod graduated to feet and equipped with two 
targets and a rod level; all readings are made with a vertical rod." 
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24. Notation used in stadia measurements: 
Bor. dist.: The true horizontal distance from the center of the in

strument to the rod. 
Diff. elev.: The true vertical distance from the height of the instru

ment to the center point between the two targets of 
the rod. 

"T": Vertical rod reading. 
"v": Observed vertical angle. 
" K": The wire interval or ratio. 
"e": Distance from the center of the instrument to the object 

glass. 
"/": Distance from the plane of the crosa-wiresto the object glllB8. 
Bor. dist.=KTcos2 v+(c+f) cos v. 
Diff. elev.=K T ! sin 2v+(c+f) sin v. 

f}g,3 

26. In Table 6, Standard Field Tables, the natural functions 
"coe2 v" and ";} sin 2v" are tabulated by intervals of 2' for a.ll 
angles from 0° 0' to 28° 0'; these values become natural coefficients 
of the rod reading in the use of the vertical rod. In the same table 
are tabulated the natural products" (c+f) COB v" and" (c+f) sin v," 
for three values of "( e+f)" which may be considered as expressed 
in either the link or foot unit as convenient. 

26. In public-land surveying it is convenient to have fixed stadia 
wires with a ratio of 1:132, so that the sum of two rod readings in 
feet will be equivalent to a. ratio of 1:66, or a reduced distance in 
chains; it is also convenient to reduce the error in the wire interval 
to the error in 10 chains, and to eliminate the error by applying to 
the reduced distance the proper correction taken from the table 
of proportional parts (Table 5, Standard Field Tables). 
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27. Exr..'llple of test of stadia wire interval,the approximate 
ratio Ming'1:132, and the focal constant 1.2 links: 

Field record. 

Measurement of base by steel 
tape and clinometer. 

----;-----;-----1 Vertical rod 
Mean 

DL~nce True 
vertical on slope. horizontal 
angle. distance. 
---

Cba11l8. 01041118. 
-4!' 3.90 3.888 
-It' 8. 00 7.998 
+n° 2.20 2.180 ---Total base - 14.066 

Focal constant - .012 ---
Stadia base - 14. 054 cbs. 

" " =927. 56Ut. 

Mean rod reading -
Coefficient for 0' 40' - 0.9999; 
0.0001 X 6.9985 -

T cos! t: 

927.564 
K - 6. 9978-132. 551 
Mea~ured base 

t =}-mean rod reading. 

13.997 -equivalent 1:66. 
13. 997 X O. 9999-13. 996} 

(c+f) - .0l2 

Errorln B .roschs. by stadia 
Error in 10.00 chs. by stadia 

reading. 

Ful. 
6.992 
6.998 
7.002 
6.995 
7.003 
7.004 
6.997 
6.995 
7.001 
6.998 

6.9985 

.0007 

6.9978 

-1~. 066 cbs. 

14. 008 cbs. 

~ O. 058cbs. 
- 0.041 cbs. 

Final field notes. 

June 11, 1911 t I make the follow. 
~'!:l:test ot tne stadia wire Inter· 

Horizontal length 
01 base -14. 066 cha. 

Mean of 10 rod 
readings - 6. 9985 ft. 

Vertlcal8ng}e of 
qf test K: 132?"sr,~0' 

Rednced (,Pfor In 
10 cbs. - 4.lIks. 

All corrections to be added te 
the distances given by the 
stadia. 

28. The error of the wire interval having been determined for a 
distance of 10 chains, the proportional error for any distance from 1 
to 20 chains may be taken from Table 5, Standard Field Tables, 
thus eliminating all complex steps from the ordinary reductions 
of field observations. 

Emphasis is placed upon the necessity for the above tests for 
accurate stadia work, and attention is directed to the probability 
that BUcceBBive tests will show slightly increasing or decreasing 
values of the wire interval. It is not considered necessary to record 
in the official field notes any but the basic elements of stadia obser
vations, omitting the details of the reductions. 

29. The following example of record, with reductions added, ie 
adapted to the instrument showing the above test of the wire inter-
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val, ratio 1:132 with an errorof 4.1 links in 10 chains, and focal con
stant 1.2 links. 

Field record. Final fie!d notes. 

3.194 
3.212 

6. 406XO. 7976-5.109 
Error + .021 

(c+f) cos v + .011 

Chalm. N . O' 02' W., bet. sees. 15 and 16. 
Descend gradually over mountBinous 

land. 
12. 60 Rim of canon. bears NW. and BE. ; 

precipitous desc.ent of 170 ft. 
Stadia to left bank of creek: 3.194. and 

3.212 ft. , -26' 44'. 
Stadia to right bank of creek: 3.448and 

3.432 ft., -24° 10'. 
Stadia to right rim of canon: 4.914 and 

4.895 ft., +4° 58'. 

12.60 +5.14 chs. -17.74 Left bank of creek, 62 Iks. wide, course 

6. 406XO. 4018- 2. 574 chs. 
Difr. elev. -170 ft. 

3. 448 
3. 432 

6. 88OXO. 8324~ 5. 727 
Error + .024 

(c+f) cos v + . 011 

12.60 

Width 01 creek 
4.914 
4. 895 

+5.76 chs. 
5.14 cbs. 

- 0.62 cbs. 

9. 809XO. 9925=9. 735 
Error + .040 

(c+f) cos v .012 

12.60 +9.79 chs. 

9.1lO9XO. 0863- 0.847 chs. 
- 56 ft. 
+170 ft, 

Dlff. elev. -226 ft. 

I 
I 

NW. 

_18.361 Right bank of creek; precipitous ascent 
of 225 ft. to rim of canon. 

i 

i 

- 22. 3l) Rim of canon, bears NW. and SE.; 
ssc. gradually. 

80. Attention iB directed to the fact that in making the above 
reductions in the chain ucit, wire ratio 1:132, the process is at once 
resolved into taking the Bum of the two rod readings in feet mul
tiplied by the proper coefficient for vertical angle, to which product 
are applied the corrections for the error in the wire interval and for 
thehori,wntal value of the focal constant. AB two rod readings 
should always be taken, one as a check UJ>OD the other, the entire 
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operation becomes very simple. It should also be noted that in 
computing the difference of elevation no correction has been made 
for the height of the instrument above the ground, nor for the mean 
height of the rod reading; these corrections are compensating and 
ordinarily may be neglected, but in precise reductions must be 
considered. Therefore, in ordinary work in computing differences 
of elevation by the stadia. method it is permissible to neglect the 
height of the instrument above the ground, the mean height of the 
rod reading, the error in the wire interval, and the term H(C+f) 
sin v." 

31 •. Many engineers prefer the eonventionalstadia wire ratio 1: 100 
generally adopted in miscellaneous surveying practice, using a rod 
graduated to feet. With an instrument so fitted for public-land 
surveys, in which the chain unit of horizontal distance is stipulated 
by law, the reduction is simplified by ascertaining the logarithm of 
UK" 66' rod in feet and horizontal distance in chains, accomplishing 
the reduction of "K r cos2 v" by logarithmic functions. 

82. Example of test of stadia wire interval, the approximate ratio 
being 1:100, and the focal constant 1.2 links: 

Field record. 

Measurement of base by steel 
tape and clinometer. Vertical rod 

Final field notes. r(\l"ling. 
Mean Distance 'l'ruo 

vertical horizontal 
angle. on slope. distance. 
---

GhaiW!. Ghainw. Feet. 
- 3·i o 6. 40 6.386 chs. 9. 515 July 7, 1915, I made the fOnO~ _ 4~o 2. 70 2.692 9.518 test of the stadia wire in~ : 
+12io 5. 20 5.082 9.522 Horizont a l -- 9.519 length of base-14. 160 cbs. 

Total base - 14.160 9.527 Mean of ten rod 
9.513 readings . ~ 9. 5200 ft. 

(c+f) - .012 9. 521 Vertical anglo of -- 9.524 test -+1°54' 
Stadia base - 14. 148 chs. 9. 521 ]{ ~98.193 

" " -933.768 ft. 9.520 
log ~,rod in Cect --

Mean rod readlng- 9.5200 and horizon-
CoeffiCIent for 1°54' -0.9989; tal distanco In 

o. OOllX9. 5200 - .0105 chains - 0.172537 --
r cost v"". 9.5095 

K _ 933. 768 -98 193 
9. 5095 .. 

1?J!~:t~~ i 
K --- ! 

.. 00-0.172537 

---------------"------_._._--
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88. The following example of record, with reductions added, is 
adapted to the instrument showing the above test of the wire in
terval, ratio 1:98.193 and focal constant 1.2 links. 

I"ieJd record. ]~iual fi~1d notes. 

K 
Jog tiS - 0.172537 
" 8.472 - 0.927986 
" ~os· 16° 40' {9.991361 , . ' - 9. 981361 

1.063245 

K 
nat 00' cos' r-l1. 50S 

(c+ f) cos v- .012 

14.20 + 11. 58 chs. 

JogK -1.992081 
" 8.472 - 0. 927986 
" 0. 1748 -9.439017 

2. 369084 

Diff. eJev.-228 ft. 
'fo bJuJI - 40 

Cliff -188" 

Cha;nt. Nort.h, bet. secs. 31 !lnd 36. 
Over levelland. 

H . 20 Commence gradual ascent of 4Q ft . to 
base of clift. 

St!\dla to top of clift: 
mean 8. 472ft.,+16· 40'. 

2UiO Ba"eof clift, bears N. 65· W. and S. M· 
E.; ascend 190ft. to top. 

2.5.78 'fop of diff; thence over level meSB. 

84. Most of the General Land Office surveying instruments are 
equipped with fixed stadia wires of the ratio 1:132, which has been 
found well adapted to all practical purposes for which used, and 
enables the use of standard double target level rods graduated to 
feet. A few instruments have been provided with fixed stadia wires 
of the ratio 1:100, at special request, but rods graduated to links 
can not be furnished except upon special order, and are not pur
chased because they are useless except for the one purpose. Engi
neers can not expect to accomplish the best results where they 
graduate their own rods to suit a particular instrument or personal 
equation. 
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In autholizing the use of the stadia method in the public-land 
surveys it is not contemplated that the eame will be made a aub
stitute for steel tape measurement where the latter is practicable, 
but rather that the stadia method may be used as an expedient where 
natural obstacles are encountered over which the distance may be 
more accurately measured by the stadia than otherwise, prflvided 
that every safeguard is duly observed. , 

TRIANGULATIONS. 

35. In making all triangulations for the- purpose of obtaining 
measurements across water or over precipitous slopes, the engineer 
is expected to exercise his best judgment in the selection of the 
measured base, and he is required to adopt the best possible geo
metric proportions of the sides and angles of the triangle. A com
plete record of the measurement of the base, the determination of 
the angles, th~ location and direction of the sides, and any other 
essential details of the problem will be required in the field notes, 
together with a small diagram to graphically represent the triangu
lation, but it is not considered necessary to include in the official 
field notes the process of the solution. The method of triangulation 
at all times must be sufficiently refined to produce reliable results, 
and when necessary to determine the value of an angle of a triangle 
with a precision of less than the least reading of the instrument, the 
method of repetitions will be employed. 

86. In its simplest form the method of repeating an angle consists 
in sighting upon a station, A, with the vernier of the horizontal cir- ~ 
cle set at zero; the angle is then turned to the second station, B; the 
lower clamp is now loosened and the telescope again set upon station 
A with the lower tangent motion without disturbing the angle first 
turned, after which the upper clamp is loosened and the angle turned 
a second time to station B. The angle is thus "repeated" two, 
three, or more times, and finally the multiple angle is read, which, 
when divided by the repeating factor, gives a value for the angle 
much closer than the least reading of the instrument. For example, 
assume an instrument reading to single minutes of are, and that a 
certain angle has been repeated five times with a resulting reading 
of 1240 32'; this gives a value of 24° 54' 24/1 for the angle, which if 
skillfully done is unquestionably closer than a single reading. In 
surveys which may require even greater precision both verniers are 
read and the angle is repeated as nearly as practicable to one com
plete turn of 360°, when both verniers are again read. The observer 
then reverses the telescope, and duplicates the process by turning 

1990°-31---4 
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the angle in the opposite direction, to eliminate instrumental errors, 
and finally takes a mean of the resulting four readings, which is di
vided by the proper factor. It is occasionally necessary in public
land surveying to repeat angles by the latter method, but the for
mer method is of more general use and will be found dependable 
and quickly executed. 

37. The base lines for triangulations are to be carefully measured, 
even to tenths of links if neceBBary, and the sum of the angles should 
be balanced to 180°, or redetermined if the disagreement is found to 
exceed F of arc. 

38. The following examples, with the reductions added, are de
signed to illustrate the form of record of triangulations best suited 
for the official field notes: 

(a) Field record. 

Angl ... 
500 35' 
93 20 
36 05 

180° 00' 

Hor. meMo of bMe by one chain 
tape- 12.80 chs. 

Dlst.- 12.8O sin 36° ~ 
sin 50° 35' 

log 12.80 -1.107210 
" sin 360 05' -9.770087 

0.8772fiJ7 
u sin 5(1) 35' -9.887926 

" 9.70 -0.989371 
Dist. by trio ~9.76 cbs. 

l~ hgJ' dist. -0.989371 
-1.819544 

" tan 32° 47' ~9. 808916 

" 415 -2. 617831 
Diff. elev. -415 ft. 

Chains. 

40.00 
72. 20 

7ll.12 

1. 75 

6.92 

Final flcld notes. 

S. 89° 56' W., 00 random line bet. secs. 
19 and 30. 

Sot temp. i sec. cor. 
Top of precipitous blutIi. vertical angle 

to flag on random llne- -32° 47'; 
auxiliary flag boors S. 39° 21' W.; 
tram flag on random !lna the auxiliary 
flag bears S. 3°16' W., 12.80chs. mst.; 
all bearings checked by direct read
Ing or the solar, and all angles checked 
by deflectioo: 

Dlst. on random !lne 
Dlst. by tnaogulation 

Dlst. by retum meas. 

-72.20 cbs. 
- 9.76 

81.96 
- 2.84 

79.12 
Intersect W. bdy. of Tp., 14 lks. S. of 

the cor. of sacs. 19, 24,.25 and 30. 
Thence 
S. 89° 58' E., on a true Une bet. secs. 

19 and 30. 
A scend gradually In valley. 
Base ofbad-Jaod bluff bears N.and S.; 

precipitous ascent 0'1 about 400 ft. 
Top of bad-Ia.od bluff, bears N. and S.; 

thence over level prairie. 
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(b) Field record. FlnallleId notes. 

NOTE.-Stadla wire ratio, 1:132.551; 
(c+!)=1.2Iks. 

At the meander cor. at 57.30 chs. bet. secs. 
16 and 17, a flag on Indian Island bears 
N. 18° 41 W.; a point on a rock in the 
lake bears S. 82° 08' W., stadia base to 
this point: 9.827 and 9. R39 ft., level] 
measured base impracticable; from poin. 
on isl-..nd, flag on rock in lake bears 
S. 14° 22 W.; all bearings checked by 
rurect reading of the solar, and all angles 
checked by deflection: 

9.827 
9.839 

19.666 
Error-+. 082 
(c+/)=+.012 

Base~19. 76 

1:t1ff; 
3303 
67 46 

180° 00' 

Dist.=19.76 sin 67° 46' 
sin 33° 03' 

log 19.76 
" sin 67° 46' 

" sin 83° 03' 

" 33.54 

Dist. bytri. 

(c) Field record. 

- 1.295787 
- 9.966447 

1. 2622.14 
= 9.736692 

= 1.525542 

=33.54chs. 

Length of base -19.76chs. 
From meander cor. to island-33.54chs. 

At the above point on Indian Island from 
which the meander cor. at 57.30 chs. bet. 
sees. 16 and 17, bears S. 18° 41' E., 33.54 
chs. dist.; I 

Set a limestone, 28xl0x6 ins., 21 Ins. In the 
ground, for auxiliary meander cor. in sec. 
8, mkd. S80nN., andAM C on S.faee; 
from which 

A spruce, 14 Ins. dlam., bears N. 42~0 E., 
69 Iks. dist., mkd. T 67 N R 43 W S 8 
A MC B T. 

A ftr·balsam,9Ins.diam., bearsN.I4t° W., 
~ ::'0 ~iit':, mkd. 'f 67 N R Q W S 8 

Final field notes. 

Chains. 5th Guide Meridian West, through T. 
14 N' I between Rs. 20 and 21 W. 

North, net. secs. 13 and 18. ' 
Deseend225ft. overNW . slope, through 

heavy- timber and dense under," 
growth. 

Difference between measurement" of 
27.80 chs., by' two sets of chainmen, 
Is 4 Iks.; posItion of middle point 

by 1st set=27.78 chs., 
by2d "-27.82 u , 
the mean of which Is 
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(e) Field record, con. 

At A- 54°329'_ 18° 09'40"(-02") 

II B_245°_~_ 81°44'20"(-09") 
3 

II C-~- 80°06'20"(_09") 
3 1RO. 00'20"( _20") 

sin 80° 06' 11" 
D1st. _16.427 sin 18° 09' 38" 
log 16. 427 _1.215558 
" sin 80° 06' 11" -9.993488 

1.209046 
.. " 18° 09' 38" -9.493710 

51.92 
+27.80 

79.72 

-1.715336 

27.80 

Final field notes, COIl. 

The south shore of Grand Lake, bears 
N. 62· E. and S. 48· W. 

Set an Iron post, 3 ft. long, 1 in. diam., 
28 ins. iri the ground, for meandeJ 
cor. of frac. sees. 13 and 18, with brasil 
capmkd. 

from which 
A pIne} 8 Ins. diam., bears N. 8410 E:z 

105 lKS. dist., mkd. T 14 N R 20 W l:S 
18MCBT. 

A pine, lOins. diam.l..bears S. 26!°W:z 
491ks. dist., mkd. '.L' 14 N R 21 W l:S 
13MCBT. 

To make a triangulation across the lake 
I designate the above meander cor. 
poInt A and set a flag B at point for 
meander cor. on north shore of lake, 
also a flag G on the north shore which 
from point A bears N.18° 09' 38" E.; 
the base B Gbears S. 81° 44' 11" E., 
16.427 cbs. dist., the mean by two 
sets of chainmen, 

by 1st set-16.425 cbs., 
by2d II _16.429 " 

longer base impractIcable; ihe angle 
subtended at point o-80~ 06' 11"; 
all angles by three repetItions with 
error of 0' 20" balanced to 180°. 

Distance across lake-51.92 cbs. 

A 

79.72 The north shore of lake, bears S. 82° E. 
and N. 750 W. 

-------_._-------------------------
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89. In practical field work triangulations are made only·to over
come physical difficulties of measurement, and under the conditions 
generally presented a right-angled triangle is likely to be less desir
able than an oblique triangle as the latter may be selectecl"to fit the 
best topography for the base line. A stadia lY.j8e may likewise be 
superior to a measured base all, for example, in extremely rough 
mountainous regions where possibly no obstruction would interfere 
with a good stadia determination even though a steel tape measure
ment of the same base might be almost impossible, or involve 
great delay and expense. Under some conditions a double triangu
lation by independent bases may be highly desirable, one result 
as a check upon the other, whereby the mean of the two would be 
a better value than either result alone. True efficiency demands a 
choice of the best methods to suit the peculiar conditions encoun-

* tered in each circumstance,and this must be left to the judgment 
of the engineer. . 

The subject of measurements is incomplete without a Buggestion 
that each engineer should devise a system of signals by means of 
which numbers and directions may be readily communicated from 
one member of a party to another; such signals will be found espe
cially useful in long steel tape and stadia measurements and 
triangulatione. 

INSTRUMENTS AND REQUIREMENTS AS TO THEIR ADJUSTMI'NT. 

40. The direction of all lines of the public-land surveys will be 
determined with reference to the true meridian as defined by the 
axis of the earth's rotation. No departure from this rule is authorized. 
Beginning with the Manual of 1890 the use of the magnetic needle 
was prohibited except in subdividing and meandering, and then 
only in localities free from local attraction and with the use of 
suitably constructed needle instruments. The Manual of 1894 
required that all surveys of the public lands of the United States, 
embracing all classes 6f lines, be made with reference to the true 
meridian, independently of the magnetic needle, and this pro
hibition against the use of the magnetic needle was even more 
pronounced in the Manual of 1902. In the modem instruments the 
length of the needle and other details relating to its construction are 
sacrificed in favor of the vastly more important details of design of 
the transit and solar attachment, and it is not presumed that the 
needle of the modem IIOlar transit will give results even as reliable 
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88 those of a well-constructed needle compaas. Many ye8.r!!' use 
of the Bolar transit and of the solar compass have proven that com
paratively few localities are free from some local magnetic attraction. 
The needle has some value as a check and for approximate reference 
purposes under certain conditions, which need not be discUBBed in 
the Manual, but the use of the needle as a means of determining the 
direction of linea of the public-land surveys is now unqualifiedly 
prohibited. 

41. Each engineer will be supplied with one or more h1struments 
of approved construction suited to the conditions to be encountered 
in his field work. It is considered desirable to include in the record 
of every survey, at the beginning of the first book of field notes of 
every set of returns, a description of the instrument used and the 
general method by which the azimuth determinations were accom
plished. The following paragraphs suggest the fOl1l1 of .record to 
bemacle: 

"Survey commenced August 1, 1915, and executed with a Buff 
'Rocky Mountain Favorite' solar transit No. 9936, 1916 model, 
with U-shaped standards, 4i-inch horizontal circle, 4-inch ver
tical circle, and improved Smith BOlar attachment; all azimuth 
determinations are accomplished with the solar attachment except 
the special observations upon Polaris and the sun for meridian upon 
which to test the solar apparatus as stated in the field notes." 

"Survey commenced July 28, 1909, and executed with a Young & 
Sons mountain transit, No. 8070, 1907 model; the instrument is 
equipped with a full vertical circle and the Smith BOlar attachment; 
unleBB otherwise specified all azimuth determinations are accom
plished with the solar attachment." 

"Survey commenced May 7, 1906, and executed with a Burt solar 
compass made by W. & L. E. Gurley, 1905 model; unIOBB otherwise 
specified all azimuth determinations are accomplished with the 
solar compass. The Polaris obaervations in camp are made with a 
Keuffel & Easermountain transit No. 9699, 1903 model." 

4:2. The proper supervising officer will carefully examine all 
instruments to see that they are in first-class condition for field 
work, hut the burden of the final test is 'placed upon the engineer 
who uses the instrument, as in every case the approval of an instru
ment will be made conditional upon . satisfactory field test, the 
record of which will be stated in the field notes. 

43. The record of the field test Of the iostrument should embrace 
.. comprehensive statement of fact as to date, locality, and condi-
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tion of the instrumental adjustments. The data relative to the 
independent observations for meridian should b'e included in the 
record, and the functions of apparent time, latitude and sun's 
declination will always be given in connection with the meridional 
tests of solar instruments. Various forms of record will be found 
in connection with the exaulples of observations and reductions 
given on the following pages. 

44. When a transit without solar attachment is employed, Polaris 
<>bservations, or direct altitude observations upon the sun, necessary 
to execute the work in accordance with existing law and the require
ments of these instructions will be insisted upon. Observations 
upon Polaris, or direct altitude observations upon the sun, at fre
~uent intervals, will be necessary to secure accuracy in the pro
jection of transit reference lines, when solar apparatus is not used. 
The method of transferring the azimuth determined by the meri
dional observations to the surveyed lines will distinctly appear in the 
field notes. 

45. Engineers using instruments with solar apparatus will be re
quired to make azimuth observations on Polaris, or dil:4lct altitude 
observations upon the sun, at the beginning of every survey, to test 
the accuracy of the solar apparatus, and subsequent tests will ta 
required at least at the begirming of the subdivision of every town
ship. 

46. A test at the conclusion of a survey is necessary in order to 
prove the continued proper projection of transit lines or the con
tinued satisfactory adjnstment of the solar apparatus durirlg the 
survey. A book of field notes of the survey of standard lines, or 
of township exteriors, will therefore show prelimirlary arid final azi
muth observations for the projection of transit lirles, or preliminary 
and final observations and tests for the adjustment of the solar appa
ratus, and intermediate tests to comply with the requirements of 
the preceding paragraphs. The satisfactory condition of the solar 
apparatus at the conclusion of the subdivision of a township exe
cuted with the solar apparatus may, if so desired, be shown by spe
cific reference to the next succeedirlg test preliminary to commenc
ing the subdivision of another township irlcluded irl the R8JIle r.eriee 
of books of subdiviaional notes. A careful engirleer will make a 
sufficient number of tests to satisfy himself at all times of the accu
racy of his alinement, but it is not intended to burden the engineer 
or the field notes with superfluous evidence in this particular matter. 
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GENERAL STATEMENT, TIME, LATITUDE, AND AZIMUTH. 

47. When considering the following treatment of field methods of 
determination of time, latitude and azimuth, the engineer should 
bear in mind that a small error, either in assumed latitude or azi
muth, produces only a slight effect in time, and when all are un
known the order of sequence in their determination should be that 
of time, latitude, and azimuth. Time may be readily determined 
by the engineer with an error not to exceed 10 seconds, while lati
tude and azimuth are readily determined with an error not to exceed 
l' 00"; the stated limits of error are not unreasonable where any of 
the methods herein described and authorized are employed; small 
errors in assumed longitude may be neglected in the determination 
of time, latitude, and azimuth. 

The following methods are limited to observations upon the sun 
and the north star, Polaris, and are arranged to facilitate the engi
neer's work under all conditions encountered in th'e field without 
involving more than a practical understanding of astronomical 
technology. The tables and formulas published in the Standard 
Field Tables, and the complete daily ephemeris of the sun and 
Polaris and the tables of azimuths of Polaris, published in the 
"Ephemeris," are designed primarily for the convenience of the 
public"land engineers in the field, thus encouraging a general use 
of approved modern methods, consistent at all times with the engi
neer's clear understanding of underlying principles involved. 

All reference to tables and formulas, or to the daily functions of 
the sun or Polaris, that follow .herein, relatE! to the above supple
ments to the Manual, and when necessary to use conventional nota
tion in the demonstrations that follow, the same agrees with that 
shown in detail in the Standard Field Tables. 

With relation to the subject of records of observations as the same 
should appear in the official field notes of a survey, it'must be 
granted that it is absolutely necessary to state all of the special basic 
functions of an observation, but it is quite unnecessary to include 
the process of reduction, except in unusual cases; thus the field 
notes should be complete in every respect, and it is the purpose to 
insist upon this requirement without involving that which is unes
sential to the record. In general also, no attempt is warranted by 
which the engineer may endeavor to make his results by analytical 
reduction appear to be more accurate than justified by the refine
ments of the observation upon which a determination is based; but 
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ANALYTICAL NOTATION, DECLlNA'l'lON AND REFRAC'rION . 

48. ~: The symbol for approximation; this symbol signifies in
equality, but it is used in a relation representing an inequality 
which approaches equality. 

s 

fi9~4. 
The "pole-zenlth-sun" triangle as viewed from outsi"e of the celestial sphere. 

49. v : Observed vertical angle; in altitude observations on the sun, 
the reductions to the sun's center both vertically and horizontally, 
as well as instrumental errors, are eliminated by taking direct and 
reversed observations on the opposite limbs of the sun, and the mean 
observed vertical angle to the sun's center will be designated v in the 
notation. In single observations the vertical reduction to the SUD'I 
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<:enter=16'; a-refinement:i.shad by referring to the ."Ephemeris" 
for the value of the sun'-a semi-diameter for the date of observation. 
-60. h: True vertical angle to the sun's center, Qr to Polaris, in alti

tude observations, after correction for refraction: h=v-refraction in 
zenith distance; a refinement is had in altitude observations on the 
sun by adding the value of the sun's parallax=8".9 cos v, opposite 
in effect to refraction, which results from the observer's position 
above the center of the earth. 

61. r: Zeta: true zenith distance of the sun's center: 
r=90o-h. 

Examples of the relative use of v, refraction, parallax, hand r. 

Field record. I 
I 

Tele- Watch - Horizontal Vertical SWl'S Final field notes. 
scope. time. angle. angle. limbs. , 

Dir. 3'5&058' 65· 0' 0" 25° 20' 0" 9- M~ l:ftl!~~e I~~!~ 
Rev. 358 48 64 45 0 25 31 0 -b vation upon the sun 

for time and azi-
Keen 3h57m53' 64 0 52' 30" 2'5° 25' 30" muth, making two 

observations Ii one 
each with t e tele-
scope in direct and 

V= 25° 25' 30" reversed positions, 
Refractlon- - 2' 0" obserVin{ opposite 

Parallax- +0' 8" limbs of he sun. 
Mean watch time of 

71- 25· 23' 38" observation, 3h 67m 
r- 64· 36' 22" 53sp.m. 

Mean horizontal sn-
900 0' 0" gle from fla'k, S. to 

sunSW.,640 '30". I Mean observed verti-
cal angle 25° 25' 30". 

Example of vertical reduction to the sun's center . 

Field record. 

Sun's lower limb 
Reduction to sun's center - +16' 

1

-250 20' 
6" 0" 1 

Sun's center, v _250 36' 6" 

v ==250 36' 6" 
Refraction - - 2' 0" 

Paralla.." - + 0' 8" 

11 -250 34' 14" 
r -64 0 25' 46" 

900 0' 0" 

. 
Final field notes. 

M:~ l:ftlt~~e I ~:!~ 
vatlon upon the sun 
for time, observing 
the sun's lower limD 
only; failing to ol>
serve the sun's up
per limb in the re
versal of the transit 
on account of clouds. 

Watch time of obser
vation, 3h 66m 58s 
p.m. 

Observed vertical an
gle to sun's lower 
limb, 250 20' 0", cor
rected to the sun's 
center-25° 36' CY' • 
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62 • .p: Phi: Latitude of the station of observation. 
63. X: Lambda: Longitude of the station of observation. 
64:. 0: Delta: Declination of the sun or Polaris; to be taken from 

the Ephemeris for the date of observation; the declination of the 
Bun is to be corrected in hourly difference to the longitude of the 
station and to the time of observation; north declinations are treated 
as positive and south declinations as negative; a northerly hourly 
motion is treated as positive and a southerly hourly motion is treated 
as negative; in the use of the solar attachment the declination of 
the sun is to be corrected for refraction in polar distance, always 
north. 

Examples of computation of the sun's declination. 
(a) It is desired to compute the value of the sun's declination for 

the above altitude observation upon the sun for time and azimuth. 
Longitude of the station of observation, 5h 8m W.; apparent time of 
observation, 3h 42m p. m.: 
Declination of the sun at Greenwich apparent noon 

Mar. 18, 1910 =10 11' 3" S. 
Difference in time from Greenwich apparent noon 

to apparent time of observation: " 
For longitude = 5h 8m 

For time, p. m.=+3 42 

8.83h = 8h 50m 
Hourly difference in declination=+59".28 
Difference in declination from Greenwich apparent 

noon to apparent time of observation: 
8.83X59.28=523" 8' 43" N. 

True declination of the sun 10 2' 20" S. 

(b) It is desired to prepare, by computation, a table of hourly 
declinations of the Bun, corrected for refraction in polar distance, 
for use with the solar attachment, for a date March 14, 1912, and for 
a station in latitude 330 10' N., and longitude,7h 47m W. 
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2° 33' llQ".6 S. -Declination of the sun at Greenwich apparent 
noon, Mar. 14, 1912. 

Difference in time from Greenwich apparent noon 
to 7 a. m., local app. time: 

For longitude = 7h 47'" 
For time, a . m., 12h_7h om ... (-) 5 0 

2.7Sh= 2h 47111 
Hourly difference in declinatioDB=+59".2. 

2' 44/1.5 N.=Differencein declination from Greenwich apparent 
noon to 7 a. m ., localapparent time: 2.78X59.2= 
164".5. # 

2° 30' 44".1 S. =True declination of the sun, 7 a. m ., local apparent 
time. 

Local apparent time. True declinli- Refraction. Declination 
tion. setting. 

7 B. m. ... . .. . . . . . . . . . . .. . . . . . . .. . . . . . . 2° 30' 44" s. 
7~.... ......... ... ... . ... .... . .... .. .. . 2 30 14 
8..... . . ..... .. . ... . ... . . .. . . . . .... . . .. 2 29 45 
9... . ... . ... . . . .... . . .. . .. . ..... .. .. . .. 2 28 46 
10. .•• ...•.. ... .. ...•....... • .. ..•..... 2 27 47 
Us.m ••• ..... ....... .. ..... . .. . ...... 2 26 ·48 
Noon .. ... . . . .. . .. . . .. .. . . . . . . ... . .... 2 25 49 
lp.m ••••••......... .. ... . . . ... .. . . .. 2 24 50 
2....... .. .......... .... ... .... .... . . .. 2 23 51 
3. .. . ... . . . ... .. .. ..... . . . ... . . . . . . . . .. 2 22 52 
4. . . .. .. ... . ... ... . .. .. ...... . . .. .... .. 2 21 53 
4i...... . . .... ... ..... .. ............... 2 21 28 
Sp.m .. . . . .. . ... . . . ... . .. .. . , . . . . . ... . 2 20 64 

2' 41" N. 
1 48 
1 22 
o 58 
o 47 
o 43 
o 41 
o i3 
o 47 
0 58 
1 22 
1 48 
2 41 

2° 28' 3" s. 
2 28 26 
2 28 23 
2 27 48 
2 27 0 
2 26 S 
2 25 8 
2 2i 7 
2 23 4 
2 21 64 
2 20 31 
2 19 3S 
2 18 13 

(c) It is desired to prepare, by computation, a table of hourly 
declinations of the sun, corrected for refraction in polar distance, for 
uee with the solar attachment, for a date August 12, 1912, and for a 
station in latitude 47° 10' N., and longitude 7h 24111 W. 
15° l' 6" N.=Declination of the Bun at Greenwich apparent noon, 

Aug. 12, 1912. 
Difference in time from Greenwich apparent noon to 

6 a . m., local app. time: 
For longitude= 7h 24-
For time a.m., 

I2h-6h 0"'.=( -)6 0 
1.4h= Ih 24m 

Hourly difference in declination= -45".l. 
I' 3/1 S.=Difference in declination from Greenwich apparent 

noon to 6 a. m., local apparent time: l.4X45.1-63/1. 
15° 0' 3" N.=True declination of the SUD, 6 a. m., loCal apparent 

time. 
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Local apparent time. 

88.m •....... : ..... __ ._._ ............ . 

;~::::::::::::::::::::::::::::::::::::: 
8 ••••...................... __ ._ ... ___ .. 
9 ••••.•.. _._ .• _ .. __ . ___ ... ___ ._._. ___ ._ 
10 •••.•.. _._ ... _._. ___________________ _ 
lla.m •.... ___ ._. ___________________ _ 
Noon ••.. _._._ ............ ____ . ____ .. _. 
1p.m •.. _. ___ ..... ___ . _____ .. _______ ._ 
2 •••••••..• __ .•.•.. ____ ••..• _ •. _______ . 
3 ••••.•.•.•.•...... _. _______ . __ •. _._._. 
4 •••••••• _ •.••.• _________________ .• _._. 
5 •••••••.•....•.... _ ..•. _ ...• _ ......•.• 
5i· ................. _._ ... _._ .........• 
6p.m .••.............................. 

True decllDa
tlon. 

15° 0' 3"N. 
14 59 40 
14 59 18 
14 58 33 
14 57 48 
14 57 3 
14 56 18 
14 55 33 
14 54 48 
14 54 3 
14 53 18 
14 52 33 
14 51 48 
14 51 26 
14 51 3 

Refrao
-tion. 

3' 29"N. 
2 22 
1 46 
1 9 
o 52 
o 42 
o 39 
o 37 
o 39 
o 42 
o 52 
1 9 
1 46 
2 22 
3 29 

49 

Declination 
setting. 

15° 3' 32"N 
15 2 2 
15 1 4 
14 59 42 
14 58 40 
14 57 45 
14 56 57 
14 56 10 
14 55 27 
14 54 45 
14 64 10 
14 53 42 
14 53 34 
14 53 48 
14 54 32 

(d) A graphic method for ascertaining the changing declinations 
of the sun, corrected for refraction in polar distance, for use with the 
solar attachment, is obtained by the use of a diagram constructed on 
cross-section papeJ."'for each date, as follows: 

The horizontal lines may be used to represent each hour of the-day, 
and the vertical lines may represent intervals of 1'in declination. It 
is convenient to use the right-hand side of the sheet to represent N., 
and the left-hand side of the sheet to represent S., or to have N. 
declinations increase numerically to the right-hand side of the sheet, 
and S. declinations increase numerically to the left-hand side of 
the sheet. The vertical lines are numbered to suit the range of 
declination of the sun for the date. Two points are marked on the 
diagram to agree with the true declination of the sun; the first point 
is marked with the ¥gument of declination agreeing with the 
declination of the suD. taken from the Ephemeris for Greenwich 
apparent noon and with the argument of time agreeing with the local 
apparent time corresponding to Greenwich noon; the second point is 
marked agreeing with the proper declination and time 10 hours later; 
the straight line determined by the two points agrees with the sun's 
true declination for the date for the local apparent time. The proper 
refractions in polar distance are then scaled from the straight line 
to the N. for each tabulated refraction, a. m. and p. m., taken from 
Table 23, Standard Field Tables, appropriate to the latitude of 
observation and declination of the sun; the locus of the latter 
points is a smooth curve representing graphically the declinations 
of the sun, corrected for refraction in polar distance, for use with the 
solar attachment. The scale of the refractions must equal the scale 
of the intervals of l' in declination, and the refractions are laid off 
along or parallel to the horizontal lines and not normal to the line of 
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true declination. At any time throughout the day the proper 
declination for use with the solar attachment is obtained by reference 
to the curve at the point corresponding to the time of observation. 
To obtain any true value of the sun's declination for use in the 
reduction of altitude observations reference may be made to the straight 
line of true declination at the point corresponding to the time of 
observ-ation. 

The advantage of the diagram method is fOlmd in the practical 
elimination of errors of computation, and the ease with which it is 
checked, together with the fact that in the use of the diagram actual 
values are obtained at any time without any process of interpolation. 

The following diagrams have been prepared to illustrate the 
method: 

DIAGRAM OF THE SUN'S DECUNATIONS. 

Date, Mar. 20, 1912. 
Station: Lat.=37° 30' N. 

Long.=7h 30" W. 
Declination. 

Greenwich noon=Oo 11' 14" S.=4h 30" a. m. 
Diff. lOh, +593"= 09 53 N. 

,u; 
'" A.M.4 -pt 

5 

6 

7 

8 

9 

10 

" Noon 

2 

3 

4 

5 

P.M.6 

" " "- ( 

"-
"-

i 

00 01' 21" S.=2h 30m p. m. 

'\ 
"-1"'-

"- I"-
"-I"'-

1"-t".: 
~ f"-

'" " '" '" fi9·5. 

r-.... 
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• DiAGRAM OF THE SUN'S DECLINATIONS. 

Date, Sept. 23, 1913. 
Station: Lat.=47° 30' N. 

Long.=6h 18'" W. 
ilieenwich noon=Oo 03' 55" N.=5h 42m a. m. 
Diff.10h, -585"= 9 45 S. 

0° 05' 50" S.=3h 42m p. m. 

~ m m ~ ~ ~ ~ ~ N 

A.M.4 

S 

6 

'7 

8 

'9 

10 

II 

Noon 

2 

3 

4 

5 

P.M.Ei 

-

I--- I---

V 

/ 
V 1/ 

V / 
~ 

V 

V 

r--,V 
V 

V [....--" r-
V /' V 

V V 
V V 

VV 
/ 
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55. A: Azimuth angle from the true meridian to Polaris, or to the 
sun's center; in the following analytical examples A is referred to 
the north point unless otherwise noted, and the reductions are sym
metrical either east or west of the meridian; all determinations for 
azimuth imply the recording of horizontal angles from a fixed refer
ence point to Polaris or to the sun, or that a point has been marked 
on the ground to define the direction of observation; tlie mean 
horizontal angle in the first case, or the mean point in direction in 
the second instance, being used. 
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In the first of the foregoing examples of the relative use of v, h 
and r. is shown the record of certain observed horizontal angles 
from a fi~ed reference point to the sun's limbs, and now for the pur
pose of clearly stating the use of the notation A, the final reduction 
of that observation is here anticipated, in which the following result 
is obtained: 

Sun'8 azimuth. 

Referred to the N. point, A=N. 114° 07' 28/1 w. 
Referred to the S. point, A=S. 65° 52' 32/1 w. 
Recorded mean horizontal 

angle from flag S. to the 
sun SW ........... . ..... =S. 64° 52' 30" W. 

True bearing of flag ......... =S. 1 ° 00' 02/1 w. 

In general in altitude observations upon the sun it is convenient 
to record horizontal angles from a fixed reference point to the sun's 
limbs; this method is preferable in view of the rapid motion of the 
sun and the advantage of minimizing the period of the observation. 
In obsQrvations upon Polaris the same method is often convenient, 
and at other times it may be more convenient to mark points upon 
the ground to define the direction of observation, taking a proper 
mean of the several points to define the true line of sight to Polaris. 

Under adverse conditions an altitude observation upon the sun 
for azimuth may fail in the reversal of the transit on account of 
clouds or error in reading one of the angles of a series of observa
tions, in which case it may be desirable to reduce the single observa
tion upon the sun's limbs to equivalent corrected readings to the 
sun's center. In single observations on the sun, the reduction to 

the sun's center in azimuth = c!;'v; a refinement in the value of the 

sun's eemi~diameter is had by referring to the Ephemeris for the date 
of observation. 

An example of reduction to the sun's center in both vertical and 
horizontal angles follows: 
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Field record. 

9- Vertlcalangletosun's 
. lower 11mb -25° 20' 00" 

Bun's semi-diametar for re-
duction: to 08uter ... + 16' 00" 

Sun's center, 1/ -25° 36' 06" 

Hor. angle from flag S. to --
sun's right limb, BW. -65° 00' 00" 

Reduction to sun's cen· 
ter 

\6>.1 7' 7 cos 25° 36,-1 .9 1 ' 64" 

Hor. angle from flagB. to 
aun's08nter, BW. _Mo 42'00" 

===-

Final field notes. 

Mar. 18, 1910, I make an altitude obaerva. 
tlon upon the sun tor arbnuth, observ· 
ing. the sun's lower and right Umbs only; 
tall1ng to observe the sun's upper _ aua 
lett limbs in the reversal ot the traDsit on 
BCCOunt of clouds: 

Apparent time of observation, 8h.2m p. m. 
ObServed vertical angle to sun's lower 

limb, 25° 20' 00" corrected to the sun's 
center-25° 36' ofl'. 

Observed horirontal angle to sun's ridlt 
limb from fIaI! B. to sun SW., 65°00' 00", 
oorreoted to tile sun's center-MO 42' 08". 

66. Tables of mean refractions both in zenith and polar distance 
appear in the Standard Field Tables, arranged to meet the require
mentB of field use; see Tables 20 and 23. A table of coefficientB to 
apply to mean refractions in zenith or polar distance for variations 
in atmospheric pressure and temperature to obtain true values of 
refractions is given to meet occasional neceesity foritB U!e,. see 
Table 21. In the absence of a barometric instrument' to determine 
the atmospheric pressure, the argument "approximate elevation 
above sea. level" may usually be safely substituted. The differ
ences between 'the true and the tabulated refractions are generally 
small and negligible excepting for the combined effect of low appar
ent altitude of observation with great elevation above sea level or 
extremes of temperature. The following example of reduction 
illustrates the method to be employed in all reductionS from the 
tabulated refractions: 

Tabulated refraction =6' 45"=6'.75; elevation above sea. level 
=10,000 feet. for which elevation the coefficient is 0.70; tempera
ture at the time of observation =820 F., for which temperature the 
coefficient is 0.94; true refraction =0.70XO.94X6'.75=4'.44=4'26". 

TIME. 

57. The element of time enters into all azimuth determiaations 
to such an extent that the engineer should be able to arrive at the 
exact apparent time of all observations upon the sun and the exact 
local mean time of a.ll observations upon Polaris. The sun's declina
tion varies with the apparent time and the longitude west from 

1990°-31-6 
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Greenwich, and enters directly into all observations upon the sun 
for azimuth; thus the apparent time and longitude should be known 
to a. degree of accuracy commensurate with the refinement necessary 
in computing the sun's declination. The azimllth of Polaris varies 
with the local mean time of observation, which must pe known to 'a 
degree of accuracy consistent with the result wanted in the deter
mination of the true meridian. In observations upon Polaris at 
elongation precision in local mean time is unnecessary, but in hour 
angle observations upon Polaris it will be noted that at upper or 
lower culmination, in latitude 400 for example, Polaris varies l' in 
azimuth in about 2.5 minutes of time; this interval of time slowly 
increases toward elongation and in the latter position more than 
30 minutes of time are required for a change of I' in azimuth. 

6S. Conversion of standard time into local mean time: watch read
ing ± watch error in standard time by comparison ± correction for 
longitude; the correction for longitude is additive east and sub
tractive west of the standard meridian of the time belt; the con
version table "degrees to time" (Table 18, Standard Field Tables) 
is convenient in this reduction. 

Example of conversion of standard time into local mean time; 
longitude 770 01' 37/1.5 W.: 

Watch time of observation =6h 26m 40· p. m. 
Watch slow of .75th meridian standard time by 

comparison with a standard clock + 1 m 22' 
Correction for longitude of station 

(77 0 01' 37".5 W.=5h osm 06.51 ) -sm 06" 

Local mean time of observation =6h 19m 56' p. m. 

69. Conversion of apparent time into local mean time: apparent 
time of observation ± the equation of time; the equation of time is 
to be taken from the Ephemeris for the date of observation and cor
rected for the longitude and time of observation, conveniently 
interpolated as the interval from Greenwich noon to the time of 
observation; the watch error in local mean time is then found by 
taking the difference between the watch reading at the epoch of the 
observation and the reduced local mean time of observation. 

Example of conversion of apparent time into local mean time; 
longitude 77 0 01' 37",5W.: 
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Mar. IS, 1910, apparent time of altitude observa-
tion upon sun =3h 42m 11' p. IlL. 

Equation ot time, Gree:o.wich ap-
parent noon +sm 23.4' 

Interpolation for longitude of station 
5h osm W., and time of observation 
3h 42m, p . m., gh 50m after Green
wich noon, or S.83/24 of change 
(17.64') in 24 hours = - 6.5' 

Equation of time 

Local mean time of observation 
Watch time of observation 

Watch fast of local mean time 

+8- 16. 9' +8m 17' 

=3h 50m 28' 
=3h 57m 53' 

7m 25' 

TIME IN ITS RELATION TO :POLARIS OBSERVATIONS. 

60. Polaris, a star of the second magnitude, occupies a position 
in the northern heavens a little more than 10 from a line defined by 
the axis oI the earth's rotation, and on account of its brightness and 
proximity to the polar axis it ranks to the engineer as the most useful 
circumpolar star. It will be assumed that the engineer has learned 
how to identify the north star among its llSBOciates in the clear starlit 
heavens, especially with reference to the "pointers" in the con
stellation of the "Great Bear," which is popularly called the "Dip
per." Polaris (Ot Urare Minoris) is nearly on a line (or great circle) 
determined by the pole and the star "0 Cassiopeire," and both stars 
are located in the same direction from the pole. The same line (or 
great circle) passes near the star "r Urare Majoria" (another star of 
the "Dipper"), but the latter star is located on the opposite side of 
the pole. The engineer may note the relative position of the three 
stars aforementioned, if it is a clear night, and this will give an im
mediate indication of the approximate positionaf Polaris in its di
urnal circle at such time of observation. The novice should secure 
field demonstration in these details from an experienced observer. 
The three stars named are all of about the same brightness. In
structions will follow (sec. 99) regarding the positive identification 
of Polaris by instrumental methods during the twilight period, be
fore the star is visible to the naked eye, and the same process may 
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I 
I 

i 
I , 

NAKED·EYE IDENTIFICATION OF POLARIS. 

About noon Harch 23rd. 
About 6 a. m. lune 22nd. 
About midnight September 22nd. 
About 6 p. m. December 22nd. 
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be employed for verification of night observations, if there should 
be any doubt as in case the neighboring constellations are obscured 
by clouds. 

A skilliul engineer can readily observe Polaris at sunset or sunrise 
without artificial illumination, and with a very clear atmosphere 
can perform the observation when the sun is as much as 20 or 30 
minutes above the horizon. At My time that Polaris is visible any 
one of the various methods of Polaris observation for meridian, 
properly followed, is superior to any form of observation upon the 
SUD for the Bame purpose. In general, in public-land surveying, 
the best of all practices is found in the proper use of a solar instru
ment adjusted to the true meridian as established by Polaris obser
vation. 

Polaris has a diurnal circle about the earth's polar axis similar to 
the diurnal circle of other stars, though Polaris has the smallest circle 
of any naked-eye star. The daily circuit of Polaris is covered in one 
sidereal day of 24 sidereal hours, or an equivalent of 23 hours 56 
minutes 4.09 seconds of mean solar time. In ita diurnal circle Polaris 
crosses the meridian twice, once at upper culmination, or above the 
polar axis, and once at lower culmination, or below the polar axis. 

The direction of the apparent motion of Polaris is suggested by the 
following diagram: 

fig. 7. 

The pointings of the arrows on the above circle indicate the direc
tion of the apparent motion of Polaris in its diurnal path, while the 
pointings of the arrows on the lines tangent to the circle show the 
direction of travel at the epochs of culmination and elongation. If 
the engineer has any doubt in regard to the quadrant occupied by 
Polaris in its diurnal circle at the time of an observation, he may set 
the intersection of the telescope cross-wires exactly upon the star, 
then, without moving the instrument, note the direction of the star's 
motion and compare with the diagram. 
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The position of Polaris in ita diurnal circle at any time may be 

determined by reference to the mean time interval/rom upper cul

mination to any observed position west of the meridian, or by refer

ence to the IDean time intervalfrom any observed position east of the 

meridian to the succeeding upper culmination. 

6!. The Greenwich mean time of upper culmination of Polaris is 

tabulated in the Ephemeris for every day in the year, arranged for 

the ordinary civil date, a. m. or p. m. 

62. Local mean time of upper culmination of Polaris: the Green

wich mean time of upper culmination of Polaris is to be taken from 

the Ephemeris for the date of observation; the amount to be subtracted 

from the Greenwich mean time of upper culmination of Polaris 

to obtain the local mean time of upper culmination, in which the 

argument is the longitude west from Greenwich, is obtained from 

the table of sidereal conversions without computation; see Table 19, 

Standard Field Tables. 
Example of reduction from the Greenwich mean time of upper 

culmination of Polaris to the local mean time of upper culmination 

of Polaris, longitude 111° 15' W.: 

Aug. 12, 1910, Gr. U. C. of Polaris=;,4h OS.3m a. m. 

Red. to long: lllo 15' W., 1m 13' = - 1.2 

L. M. T. of U. C. of Polaris 

63. The Greenwich mean time of elongation of Polaris, latitude 

40°, is tabulated in the Ephemeris for everyday in the year, arranged 

for the ordinary civil date, a. m. or p. m. 

64. Local mean time of elongation of Polaris: the mean time of 

elongation of Polaris, Greenwich meridian, latitude 40°, is to be 

taken from the Ephemeris for the date of observation: the amount 

to be subtracted from the mean time of elongation of Polaris, Green

wich meridian, latitude 40°, to obtain the mean time of elongation 

of Polaris, local meridian, latitude 40°, in which the argument is the 

longitude west from Greenwich, is obtained from the tahle of side

real conversions (Table 19, Standard Field Tables) without compu

tation. The amount to apply to the local mean time of elongation 

oi Polaris latitude 40° to obtain the iocal mean time of elongation of 

Polaris at the latitude 0/ observation is tabulated in the Ephemeris 

in connection with the table of azimuths of Polaris at elongation. 

Examples of reduction from the GreenWich mean time of elonga

tion of Polaris, latitude 40°, to the local mean time of elongation of 

Polaris, latitude 64° 30' N., and longitude 146° 30' W.: 
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EASTERN ELONGATION. 

Sept. 9, 1910, Gr. E. E. of Polaris, Lat. 400 =8b 19.6'" p. m. 
Red. to long. 146° 30' W., 1'" 36" 1.6 
Red. to lat. 64° 30' N. = + 5.8 

L. M. T. of E. E. of Polaris Sl1 23.S'" p. m. 

WESTERN ELONGATION, SAME STATION. 

Oct. 16, 1910, Gr. W.E. of Polaris, lat. 400 =5h 4S.5'" a. m. 
Red. to long. 1460 30' W., 1m 36' - 1. 6 
Red. to lat. 64° 30' N. - 5. S 

L. M. T. of W. E. of Polaris 

65. Conversion of a mean time interval into a sidereal time inter
val, or vice versa: The amount to apply to one time interval to obtain 
the other time interval is found in the table of sidereal conversions 
(Table 19, Standard Field Tables) without computation. 

Example of conversion of a mean time interval into a sidereal 
time interval: 
Mean time hour angle of Polaris for an assumed 0 bser

vation in Alaska = 7h 32. 6m 

Conversion into equivalent sidereal hour angle 

Sidereal hour angle 

7b =1050 

33m = 80 15' 
12' 30" 

711 33" 50" 

=1130 27' 30" 

66. Hour angles of Polaris: a mean time hour angle of Polaris 
west of the meridian is the mean time interval/rom the local mean 
time of the last preceding upper culmination to the local mean time 
of observation of Polaris; a mean time hour angle of Polaris ea8t of the 
meridian is the mean time interval/rom the local mean time of ob
servation to the local mean time of the next succeeding upper cul
mination of Polaris. 

The above application of the term "hour angle" is a departure 
from conventional usage, which has been employed in order to Bim-
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plify the text. By this means one confusing step in the problem 
relating to hour angles for positions of Polaris east of the meridian is 
avoided. Polaris crosses the meridian at lower culmination at an 
hour angle of 11 h 5Sm 02', and in the arrangement of the various 
examples, the observations west of the meridian have been referred 
to the last preceding upper culmination, and those east of the merid.
ian have been referred to the next succeeding upper culmination, 
thus avoiding the introduction of any hour angles exceeding 11h 58m 

02'. 
Examplcsof computing hour angles of Polaris ; all taken out for 

longitude 117° 15' W.: 

West of th~ 1neridian, p . m. oben., U. C. in p . m. 

L. M. T. of oban., Feb. IS, 1911 
Gr. U. C. same date =3h 36. 5m p. m. 
Red. to long. 117° 15' W.= - l. 3 

Hour angle of Polaris, west 

=5h 20. 1m p. m. 

=3 35.2 p. m. 

=1h 44. 9m 

West o/tk meridian, p. m. obsn., U. C. in a. m. 

L. M. T. of oben., May 14, 1911 {+12 
= 7h 12.4m p. m. 

Gr. U. C. same date =1Oh 02. 1m a. m. 
Red. to long. 117° 15' W.= -l. 3 10 O.S a. m. 

Hour angle of Polaris, west 
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Welt o/the meridian, a. m. obrn., U. C. in p. m. 

L. M. T. of obsn., Nov. 3, 1911 

Gr. U. C., Nov. 2 
Red. to long. 117° 15' W. 

Hour angle of Polaris, west 

=1011 43.9m p. m. 
-1.3 

{
+12 
= (ih 31.6m It . m. 

=10 42 .6 p. m. 

= 7h4!l.om 

Welt o/the meridian, a. m. obsn., U. C. in a. m. 

L. M. T. of obsn., Aug. 11, 1911 
Gr. U . C., same date =4h 13.6m a. m. 
Red. to long. 117° 15' W. -1.3 

Hour angle of Polaris, west 

= 511 05 .9m !1. . m. 

= 4 12.3 a . m. 

= ()h 53.6m 

= " i 

East a/the meridian, p. m. obsn., U. C. in p. m. 

Gr. U . C. , Dec. 20, 1911 
Red. to long. 117° 15' W. 

L. M. T. of U. C., Dec. 20 
L. M. T. of obsn., same date 

Hour angle of Polaris, east 

= 7h 34.sm p. m. 
= -1.3 

= 7 33.5 p . m. 
= 4 35.1 p. m. 

= 2h 5S,4m 
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BaIt of the meridian, p. m. obsn., U. C. in a. m. 

Gr. U. C., Sept. 2, 1911 
Red. to long. 117° 15' W. 

L. lvI. T. of U. C., Sept. 2 

L. M. T. of obsn., Sept. 1 

Hour angle of Polaris, east 

= 2h 47.4'" a. m. 
-1.3 

{
= 2 46.1 a. m. 
+12 
= 6 34.0 p. m. 

8h 12.1'" 

East of the meridian, a. m. obsn., U. C. in p. m. 

Gr. U. C., Mar. 19, 1911 
Red. to long. 117° 15' W. 

L. M. T. of U. C., Mar. 19 

L. M. T. of obsn., same date 

Hour angle of Polaris, east 

= Ih 42.1m p. m. 
-1.3 

{
= 1 40.8 p. m. 
+12 
= 6 06.6 a. m. 
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East o/the meridian, a. m. obsn., U. C. in a. m. 

Gr. U. C., May 18, 1911 
Red. to long. 117° 15' W. 
L. M. T. of U. C., May 18 
L. M. T. of obsn. 
Hour angle of Polaris, east 

= 9h 46.4m a. m. 
-1.3 

= 9 45.1 a. m. 
= 4 42.9 a. m. 
= 5h 02.2m 

67. By reference to the preceding diagram showing the direction 
of motion of Polaris in its diurnal circle, Z~nif" 
the motion at western elongation is shown 
to be vertically downward, and at eastern 
elongation the motion is shown to be ver
tically upward. At the epoch of either 
western or eastern elongation the motion 
of Polaris in azimuth is zero. 

At the equator, if Polaris could be ob
served, the hour angle of Polaris atelon
gation would be 90° 0' 0" =6h om O· 
sidereal hour angle=5h 59m 1.02" mean 
time hour angle, but as stations of ob
servation are occupied in the higher 
latitudes the hour angle of Polaris at 
elongation decreases progressively. The 
reason for this is found in the fact that 
all vertical planes intersect at the ze
nith, and the point of tangency of a 
vertical plane with the diurnal circle of 
Polaris occurs at points corresponding 
to decreasing hour angles with the higher HQ;!;zon 

latitudes. The "spread" of the two FIG. 8. - The meridian and 
vertical planes intersecting Polaris at vertical planes tangent to 

the diurnal circle of Polaris 
eastern and western elongation increases as viewed from inside of the 
with the higher latitudes, giving in- celestial sphere. 

creasing azimuths at elongation with the more northern latitudes. 
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68. Mean time hour angle of Polaris at elongation: t=the sidereal 
hOllr angle in angular measure; this converted into time measure, 
and this in tum converted from a sidereal time interval into a mean 
time interval gives the mean time hour angle of Polaris at elongation: 

Cos t=cotan 6 tan I[> 

Example of computing the mean time hour angle of Polaris at 
elongation, April 3, 1915, in latitude 65° 0' N., on which date the 
declination of Polaris=88° 51' 20" N.: 

1[>=65° 0' ; 
0=88° 51' 20"; 

Sidereal hOllr angle 

log tan <I> 
" cotan 0 

" COB t 

Reduction to mean time hour angle 

Mean time hour angle at elongation 

0.331327 
8.300530 

8.631857 
=87° 32' 41" 

32'= 
41"= 

=5h 50m 11' 
-om 57" 

=5h 49m 14" 

ALTITUDE OBSERVATION OJ!' THE SUN FOR APPARENT TIME. 

69. Altitude observation of the sun for apparent time: t=hour 
angle from apparent noon in angular measure; reverse the signa of 
o for south declinations: 

'fan ~ t= /~in! (1+<1>-0) sin! (r-4>+0) 
-V cos! (1+1[>+1l) cos 2 (1-1[>-0) 

70. An altitude observation of the sun for time is made by deter
mining the correct altitude of the sun's center and recording the 
watch time at the epoch of observation. The following order of 
procedure is recommended for t4e elimination of instrumental errors, 
reduction to the sun's center, and practical elimination of differen
tial refraction : 

_~ . ll. OBSERVATION. 

Thoroughly level the transit. 
Observe the sun's upper limb, recording the watch time of observ81-

tion and vertical angle. 
Reverse the translt: 
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Observe the sun's lower limb, recording the watch time of observa
tion and vertical angle. 

The mean vertical angle is equivalent to the,vertical angle to the 
sun's center corresponding to the mean epoch of the watch readings. 

P. H. OBSERVATION. 

Thoroughly level the transit. 
Observe the sun's lower limb, recording the watch time of observa

tion and vertical angle. 
Reverse the transit. 
Observe the sun's upper limb, recording the watch time ofobserva

tion and vertical angle. 
The mean vertical angle is equivalent to the vertical angle to the 

sun's center corresponding to the mean epoch of the watch readings. 
Example of altitude observa,tion of the sun for apparent time: 

Final field notes. 

August 24. 1909, in latitude 37 0 16' 50" N., and longitude 102<> 12' 
W., I make an altitude observation upon the sun for time, making 
two observations, one each with the telescope in direct and reversed 
positions, observing opposite limbs of the Bun: 

Mean observed vertical angle =190 39' 30" 
Mean watch time of observation= 4h 56m 04" p. m. 
Watch slow of local mean time = om 56" 

Telescope. 

Field record. 

Sun's 
limbs. 

Direct..... .. . . ........................ . JjL 

Reversed... • . . . . . . . . . . . . . . . . . . . . . . . . . . . . -dr 

Watch time. Vertical angle. ' 

4 56 46 19 46 00 

~--~--I,--------
Mean.. ...... ..••..•.............. 4'5&004' 19° 39' 30"-v 

Refraction ............... . .....•................•..•............... _ - 2 40 
Parallax •. " . . ...•.••............ . . '" ..••....•.••..••...••..... " . _ + 0 08 
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True vertical angle=h=19°37' 
Zenith distance =1=70°23' 
Sun's declination =6=11 °05'N. 

1= 70°23' --
<1>= 37 17 

1=70°23' 
<1>=3717 

(1+<1»=107°40' 
8= 11°05' <+) 

(1-<1»=33°06' 
8=11°05' <+) 

! values= 
H+<I>+6)=118°45' 59°22'30" 22°05'30" 

(1+<1»=107°40' 
6= 11 05 <+) 

(1-<1>+0)=44°11' 

(1-<1»=33°06' 
8=11 05 (+) 

log sin !(1+<I>-8)= 
" sin !(\-<I>+8)= 

9.873054 
9.575291 

"COB !(1+<I>+8)=9. 707073 9.448345 
" cos !(I-<I>-o)=9. 991934 

" tan2!t 
" taD it 

9.699007 9.699007 

9.749338 
9. 874669 

!t=36°5<Y42" t=73°41'24// 

Apparent time ofobsel'V11.tion :;4h54m46"p.m. 
Equati9n of time +2 14 

Local mean time of observation=4h57moo"p. m. 
Watch time of observation =4 56 04 p. m. 

Watch slow of local mean time = Om56" 

73° =4h52m 
41' = 2~4' 
24"= 2' 

MERIDIAN OBSERVATION OF THE SUN FOR APPARENT NOON. 

'11. Meridian observation of the sun for apparent noon.-With the 
telescope in the meridian elevated to the sun's altitude, the watch 
times of transit of the sun's west and east limbs are noted, the mean 
of which is the watch time of apparent noon; if the observation fails 
foreitber limb the reduction to the sun's center is accomplished by 
adding or subtracting 68 seconds; a refinement in the amount of this 
time is had by referring to the Ephemeris for the time of the sun's 
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semi-diameter passing the meridian for the date of observation; the 
setting for the approximate altitude of the Bun':3 center is: 

vr'900-<I>±a 

OBSERVING PROGRAll. 

Determine the meridian by the best means at hand and compute 
the altitude settirlg for the sun. 

Level the transit, place the instrument in the meridian, and ele
vate the telescope to the altitude of the sun's center. 

Note the watch time of the sun's west limb tangent to the vertical 
wire. 

Note the watch time of the sun's east limb tangent to the vertical 
wire. 

Take the mean of the readings for the watch time of apparent 
noon from which to compute the watch error local mean time. 

Example of meridian observation of the sun for apparent noon: 

Finalfield notes. 

August 14, 1909, i~ latitude 37° 16' N., and longitude 102° 16' W., 
with the telescope in the meridian and elevated to the sun's altitude, 
I observe the sun's transit for'time, noting the watch time of transit 
of each limb: 

Mean watch time of apparent noon=12h oom 27" 
Watch slow of local mean time 4m 06" 

Field record. 

Setting: 90° 00' 
<I> r' (-) 37° 16' N. 
~ r' (+) 14° 25' N. 

v F 67° 09' 

Ef Watch time of transit, W.limb =l1h 59lD 22" 

~ Watch time of transit, E. limb =12 01 32 

Watch time of apparent noon 
Apparent noon =12h oom 00" 
Equation of time= + 4 33 

=12h oom 27" 

Local mean time of apparent noon=12 04 33 

Watch slow of local mean time 

The above form of meridian observation of the sun for apparent 
noon is by far the most convenient reliable method of time observation. 
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TIllE FllOH THE BOLAR A'M'ACHHENT. 

72. Several of the approved forms of solar apparatua, including 
principally the Smith solar attachment and the Burt solar compaaa, 
have a graduated arc or circle mounted nQrmal to the polar axis to 
indicate ~e apparent time of observation. . The reading of the time 
arc is most conveniently checked by comparison with the above 
form of meridian observation of the Bun for apparent noon. An 
error in the reading of the time arc or hour circle may be corrected 
by adjusting the circle, or allowed for as an index error. The reading 
of the hour circle may then be safely accepted as giving correct 
apparent time for use in computing or taking out required declina
tions of the sun for the various forms of solar observations. A proper 
reading of the hour circle may be safely accepted to indicate apparent 
time at which moment the watch reading may be noted, and the 
watch error local mean time determined as shown in the preceding 
example of conversion of apparent time into local mean time; this 
result derived for the watch error local mean time may then be safely 
used in observations on Polaris at elongation, but for observations 
upon Polaris by the hour angle method the time should be determined 
by one of the more refined methods already given. 

LATITUDE. 

73. It is absolutely necessary in the operation of any solar attach
ment to employ the correct latitude of the station, and in general in 
altitude observations upon the sun for azimuth or time the latitude 
must be well determined. In the public-land surveying practice 
all determinations of either time or latitude are an important part 
of the program of operations only so far as these functions finally 
enter into the establishment of the true meridian; all claaaes of 
observations given in the Manual have been arranged to facilitate 
the performance of solar instruments, and for this purpose a definite 
knowledge of the true latitude is highly important. No lack of 
reasonable precision should be allowed in the accepted latitude. 
The various forms of observations for latitude are very simple and a 
considerable series should be taken in every group of surveys, all 
reduced to the township boundaries for comparison, until a satis
factory mean has been obtained. 

HERIDlAN ALTITUDE OBSERVATION OF THE BUN FOR LATITUDE. 

7'. Meridian altitude ob8ervation oj the Bun jor latitude.-Reverse 
the sign of 8 for south. declinations: 

<!l=90o+8-h 
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The following observing program is recommended: 
Thoroughly level the transit and place the ielescope in the merid

ian elevated to the Bun's approximate altitude at noon. 
Observe the altitude of the sun's lower limb with the sun slightly 

east of the meridian. 
Reverse the transit. 
Observe the altitude of the sun's upper limb with the sun slightly 

west of the meridian. 
Take the mean observed vertical angle for the altitude of the 

sun's center at apparent noon. 
The following is an example of meridian altitude observation of 

the sun for latitude: 
Final field note8. 

October 5,1909, in approximate latitude 37° 20' N., and longitude 
102° 04' W., I make a meridian altitude observation of the sun for 
la.titude, observing the altitude of the sun's lower limb with the 
telescope in direct position, reversing the transit and observing the 
sun's upper limb: 

Apparent time of observation, noon=12h OOm. 00' 
Mean observed altitude =47° 59' 45" 
Reduced latitude =37° 19'.3 N. 

Field record. 

Setting: 90° 00' 
<I> ~ (-) 37° 20' N. 
Ii ~ (-) 4° 42' S. 

v ~ 47° 58' 
Lower limb 47° 42' 
Upper limb 48° 14' 

9-- Observed alt., lower limb, tel. dir.= 47° 43' DO" 

-10 Observed alt. , upper limb, tel. rev.=48° 16'30" 

Mean observed altitude, v 
Refraction 
Parallax 

= ,17° 59' 45" 
o 52 

+ 0 06 

h=47° &8' 59" 
Il= 4 41 42 S. 

<1>=37° 19'.3 N.=900-Ii-h=37 19 19 

90° 00' 00" 
1990·~31--6 
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76. The above-described observation is conveniently combined 
with the meridian observation of the sun for time, by observing 
simultaneously the sun's lower and west limbs, recording the watch 
time and the vertical angle and reversing the transit in the interval 
of about 2 minutes, and then observing simultaneously the sun's 
upper and east limbs. The settings for the approximate altitudes 
of the sun's lower and upper limbs, respectively, are: 

v~900 -</>±8=F16' 

Example of meridian observation of the sun for time and latitude: 

Firw,l field notes. 

June 8, 1910, in approximate latitude 380 54' N., and longitude 
77° 01'.6 W., I make a meridian observation of the sun for time and 
latitude, observing simultaneously the altitude of the sun's lower 
limb and the transit of the sun's west limb, reversing the telescope 
and observing simultaneously the altitude of the Bun's upper limb 
and the transit of the sun's east limb: 

Mean observed altitude 
Reduced latitude 

=73° 55' 30" 
=38° 53'.7 N. 

Mean watch time of observation=12h 06m 40' 
Watch fast of local mean time 7m 58' 

Field record. 

Setting: 
</>~ 
8= 

v~ 

Lower limb 
Upper limb 

90° 00' 
(-) 38° 54' N. 
( + ) 22° 40/ N. 

73° 55' 
73° 39' 
74° IF 

Position of telescope. Position of sun. Watch time Observed ver· 
transit. tical angle. 

Direct .......... .. ......... 9- 12h 05m 37' 

Reversed ................. . 12 07 42 

Mean........ ........ ........................ 12h Q6m 4()O 
Refraction .......... . ..... . .... . ...... . ..... . ...................... = 
Parallax ....... .. .. ... . . ............. .. ..... .. .... . ................ -

73 0 42' 30" 

74 08 30 

73 0 5.)' 30" 
-16 
+02 

11 .... ........... . ................................................... ~ 73 0 55' 16" 
~_22°49'()(Y';900+3 ........ .. .. ... ......... .. ... .. ................ . _112 49 00 

~38° 53'.7 N.-90o+l1-h .. .... e ••••••• ____ . _ . ____ _ ___ 0 •• 0 •••• _.0 •• "" 38° 53' 44" 
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Watch time of apparent noon ...... =12h 06m 40' 
Apparent noon ..... =12h 00'" 00' 
Equation of time .. = - 1 18 

Local mean time of apparent noon. =11 58 42 

Watch fast of local mean time ..... = 

= 
_ The known latitude of the above station is 38° 53' 40", but it can 

not be assumed that anyone altitude observation of the sun will 
always give a result so close to the true latitude. In general a better 
determination of the latitude by this method is poBBible only by 
making a series of observations on successive days, or by combining 
the result with Polaris observations for latitude. 

For the purpose of a test as to the accuracy of the above time 
observation, the SRme watch was compared with a Western Union 
telegraph clock as follows: 

75th meridian time of comparison. =12h oom 00' 
Correction for longitude 77° 1.6' ... = -08 06 

Local mean time of comparison ... =l1h 51m 54" 
Watch time of comparison ........ =11 59 56 

Watch fast of local mean time ..... = 8m 02' 
= 

ALTITUDE OBSERVATION OF POLARIS FOR LATITUDE. 

76. Altitude observation of Polaris at upper r:ulminationfor latitt¢e: 

q,=h+Il-90° 

Altitude observation of Polaris at lower r:ulmination for latitude: 
The mean time hour angle of Polaris at lower culmination is 11 
hours 58 minutes 2 seconds: 

q,=h+900-1l 

The settings for the approximate altitude of Polaris at upper and 
lower culminations, respectively, are: 

v~q,±(900-1l) 

The following program is recommended in altitude observations 
of Polaris at culmination for latitude. 

Compute the local mean time and watch time of culmination. 
Thoroughly level the transit. 
About four minutes before culmination observe the altitude of 

Polaris with the telescope in direct position. 
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Reverse the transit and observe the altitude of Polaris. 
Again level the transit. 
Observe the altitude of Polaris with the telescope in the reversed 

position. 
Reverse the transit to the direct position of the telescope and again 

observe the altitude of Polaris. 
Take the mean observed altitude to use in the reduction. 

Example of altitude observation of Polaris at lower culmination 
for latitude: 

Final field notes. 

June 19,1910, in approximate latitude 38° 54' N., and longitude 
77° 01'.6 W., I make an altitude observation on Polaris at lower 
culmination for latitude, making four observations, two each with 
the telescope in direct and reversed positions: 

Watch fast of 75th meridian 
standard time by comparison 

Mean watch time of observation 
Mean observed vertical angle 
Reduced latitude 

Field record. 

Setting: 90° 00' 
0~88° 49' 

90°-0 ~ 1° 11' 
cf>~38° 54' 

om 24" 
7h 44m 37" p . m. 

37° 44' 00" 
38° 53',4 N. 

v~37° 43'=</>-(90°-0) 

Gr. U. C. of Polaris, June 19,1910 
Reduction to longitude 77° 1.6' W. 
Reduction to lower culmination 

L. M. T. of L. C. of Pol.aris, June 19 
Watch fast of 75th meridian standard time by 

comparison with a Western Union telegraph 

7b 39.7m a. m. 
-0.8 

=+1158.0 

7h 36.9m p. m. 

7h 36m 54" p. In. 

clock =+ o 24 
8 06 Correction for longitude 77° 01'.6 W. =+ ----

Computed watch time of lower culmination 
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Tolescope. Watch 
time. 

Direct. • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 7h 40m 14· 
Reversed •• . • •. .•....... .... . . .. .. . . .......... .•. .. .. . . . ' 7 42. 45 
Reversed. • • . • . . . • • . . . . . . . . . . . . • . . • . . . . . . . . . . . . . . . . . . . . •. 7 46 39 
Direct. • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 7 48 50 
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Vertical 
aDgle. 

370 42' 30" 
37 44 30 
37 45 30 
37 43 30 

MeaD .. .. .... ... .. .... .. . . ... ....... .. .. . . . ... ... . . 1-;"1>-4 ... -3-7.-
1
--37--:"0-4--:"4'--:"00':-::' 

Refraction.. . . . . . . . . . . . . . . . . . . . .. •• . . . . . . . . . . . . . .. . . . . . . . . . . .. . . .. .. . -1 15 ----
11-37· 42' 45" 

&_880 49' 20"; 00·-8 •.. . ... ... ..... . .... . . .. ....... . .. •.. .... .. ... . . - 1 10 40 

0/>- 380 53'.4 N .-h+ (900 _8) •• •. .. .. . . . . .... ... ............ . .... . ...•. - 380 53' 25". 

76-A. To find the latitude by an altitude observation of Polaris 
at any hour angle, see section 133-A, page 13l. 

AZIMUTH. 

THE SOLAR ATTACHMENT. 

77. The solar attachment to the engineer's transit has been 
designed for instrumentally setting off the sides of the "pole-zenith
sun" triangle in agreement with their angular values at the station 
and time of observation. The sun's image may be brought into the 
line of collimation of an auxiliary telescope by orientation of the 
transit to the position where the instrumental parts are made pa.ra1lel 
to the respective sides of the celestial triangle, whereupon the verti
cal plane of the "pole-zenith" arc of the solar attachment will 
coincide with the true meridian. Skillfully handled, the solar at
tachment will give at once close approximations to the true meridian 
comparing favorably for accuracy with direct observations. The 
advantage in the proper use of the solar attachment is found in its 
rapid and close determinations of the meridian in heavy timber, 
dense undergrowth, and strong wind, in low swamp or on high 
mountain ascents, and under nearly all other difficult physical 
situations encountered in the field, avoiding in its proper use accumu
lativeerrors incident to the prolongation and deflection of transit 
lines, and deviations in the azimuth of latitudinal lines. On the 
public-land surveys, the Smith solar attachment, designed in 1880 
by Benjamin H. Smith, a United States surveyor of Colorado, has 
given the most general satisfaction. The later models, as perfected, 
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have been adopted as the standard instrument of the General Land 
Office cadastral surveying service. 

A description of the standard model of the Smith solar attachment 
is here given in order to preface a discussion of the theory, adjust
ment, test, and use of the instrument. A description of only one 
other solar instrument is included owing to the wide differences of 
design, and the impossibility of a general treatment of the adjust
ments, test, and use, without an elaboration of the subject beyond 
the purpose of the Manual. If nonstandard instruments are sup
plied to the engineers, the proper supervising officer will furnish 
suitable instructions regarding their adjustment and use. 

DESCRIPTION. 

78. The working parts of the Smith solar attachment consist of 
five fundamental features, each performing its own distinctive 
function. The principles involved have been adapted to various 
types of construction, and the efficiency of the different designs is 
related directly to the perfection which may be attained in making 
a proper adjustment in the field, the stability of the adjustments 
when made, and the compactness of the design, considering protec
tion to the working parts and proper distribution of weight. The 
five fundamental working parts consist of: 

1. An auxiliary telescope whose line of collimation is the polar 
axis of the solar attachment; the telescope may be revolved in col
lar bearings which are securely mounted on a verticaillmb. 

2. The vertical limb is mounted on a horizontal axis and has a 
graduated latitude arc in its vertical plane. 

3. A plane mirror at the objective end of the. auxiliary telescope 
with an axis normal to the line of collimation, and an arm leading 
to a graduated declination arc. 

4. An hour circle on the auxiliary telescope mounted normal to 
the line of collimation. 

5. A set of equatorial wires parallel to the axis of the reflector. 
In all the forms of constructio~ of the Smith solar attachment the 

auxiliary telescope is mounted in a vertical plane parallel to the 
transit telescope. Thus, if the instrument is in proper adjustment 
and oriented to the true meridian, the polar axis of the solar attach
ment may be made parallel to the earth's polar axis by setting off 
the true latitude of the station. The sun's rays are bToughtinto the 
auxiliary telescope by means of the mirror, tiue allowance being 
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FIG. 9.:-Thc solar transit a8 It appears in use. 
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made for the sun's declination north or south of the equator, but to 
bring the sun's image into the auxiliary telescope the latter must be 
revolved in its collar bearings until the reading of the hour circle 
agrees with the sun's apparent time. When the auxiliary telescope 
is thus revolved the sun's image will traverse the field of the eye
piece parallel to the equatorial wires with the limbs of the disk tan
gent to the same. If the transit is turned in azimuth the sun's image 
will immediately depart from the equatorial wires, except at noon 
when the image will follow the equatorial wires whether the transit 
be turned slightly in azimuth or the auxiliary telescope be revolved 
in hour angle. At apparent noon the declination arc is in a ver
tical plane and at this time an absolute determination may be made 
of the correctness of the reading of this arc. 

In the modem construction the Bolar attachment is mounted 
upon the east standard of a regular light mountain model full engi
neer's transit, the horizontal circle of which has a diameter of 4i 
inches, with a vertical circle of 4 inches diameter. The horizontal 
distance between the vertical planes of the transit and auxiliary tele
scopes is a trifle less than 4 inches. The auxiliary telescope has a 
focal length of 41 inches and a magnifying power of about 10 diam
eters. The latitude arc has a radius of 3 inches, and the declination 
arc has a radius of3! inches. Upon the latter arc the graduations 
read the true declination and, as the mirror needs to be turned only 
5° to correspond to a change of 10° in the sun's declination, thegradu
ations are made in one-half space, i. e., aninterva.l of 10° on the arc 
as graduated occupies a segment of only 5°. At zero declination 
the plane of the mirror is at 45° to the line of sight of the auxiliary 
telescope. Both telescopes are fitted with the necessary colored 
glass shades for observing the sun. The base plate of the solar is 
mounted upon three foot posts, adjustable by means of opposing 
capstan nuts. This three-point base forms a right-angled triangle, 
with one side horizontal and one side vertical, thereby permitting 
adjustment in either of two directions: (a) One about a horizontal 
axis, and (b) one about a vertical axis. Suitable capstan nuts are 
also placed at one end of the auxiliary telescope to provide for its 
proper adjustment with respect to the axis of the latitude arc. 

Good solar work must depend first of all upon the proper adjust
ment of the transit upon which it is mounted, with great care in keep
ing every working part cleaned, suitably oiled to work smoothly, and 
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protected from adverse weather and injury. The same precautions 
are due the solar attachment. It will give very efficient meridional 
performance if properly adjusted and operated; nothing less can be 
conceded. 

Before starting in with the adjustments it should be determined 
that the auxiliary telescope revolves smoothly in its collar bearings, 
neither too tight nor too loose; that there is free and smooth motion 
to the latitude and declination arcs; that the clamps are positive and 
the tangent motions smooth and free in either direction; that the 
eye-piece is carefully focused upon the cross wires; and that the 
objective is carefully focused upon any quite distant object, then 
secured in this position. The eye-piece turns freely and has a pin
which travels in a guide slot; this pin is not a clamp. The objective 
may be moved by first loosening, then pushing the screw, which will 
be found to travel in a guide slot near the lower (or lett hand) collar 
bearing. 

ADIUSTMENT. 

79. The field adjustments of the solar attachment should be con
sidered in the following order: 

1. The equatorial wires must be made parallel to the a:r;is of the 
reflector. 

2. The line of sight of the auxiliary telescope must lie in its true 
turning axis. 

3. The polar axis, or line of sight of the auxiliary telescope, must 
be normal to the axis of the latitude arc, describe a true vertical 
plane when turning on said axis, and said vertical plane must be 
parallel to the vertical plane of the transit telescope. 

4. The latitude arc should read zero when the auxiliary telescope 
is horizontal. 

5. The declination arc should at all times read the true declina
tion of the sun plus the refraction in polar distance. 

6. The hour circle should read the sun's apparent time. 
There are two or more methods of testing each and every adjust

ment, but those stated below are without doubt the simplest, and 
most rapid and reliable of all field methods. The true meridian 
should be established by Polaris or other independent observation, 
upon which to test the BOlar, but otherwise it plays only a small part 
in the adjustments of the solar attachment. The true latitude of the 
station must be definitely known. There should be a clear view to II. 
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distant object in the horizon, but if an object lesa than a mile away 
must be utilized due allowance may be made for the horizontal dis
tance between the vertical planes of the transit and auxiliary tele
scopes. 

1. The equatorial wires.-8et up the instrument as in a. regular 
solar observation, setting off the known latitude, declination and 
apparent time, and bring the sun's image accurately between the 
equatorial wires by orienting the transit approximately to the meri
dian, in which position the instrument should be clamped. (See 
fig. 9.) Turn the auxiliary telescope in hour angle, causing the sun's 
image to travel across the field from side to side. If the image follows 
the equatorial wires accurately the latter are parallel to the axis of 
the reflector as required. If the sun's image departs materially from 
the equatorial wires, the capstan screws which hold the diaphragm 
should be loosened and the reticle may be rotated until the equa.
torial wires are made to a"aree with the path of the sun's image acroBB 
the field, then return each capstan screw to a proper seat. 

2. Collimation oj the auxiliary telescope.-8wing the mirror to give 
A direct view through the auxiliary telescope. (See fig. 10.) Set 
the line of sight on a distant point and clamp the instrument. 
Revolve the auxiliary telescope 12 hours in hour angle. If the line 
of sight remains fixed on the distant point it agrees with the turning 
axis as required. If after revolution, the line of sight appears to be 
above or below, or to the right or left, of the distant point, one-half 
of the differences should be taken up with the capstan Bcrews which 
control the diaphragm. The test should be repeated until theauxili. 
ary telescope is in perfect collimation. 

3. The polar axis.-Carefully level the transit and then sight the 
main telescope to the distant point and clamp the instrumentj sight 
toward the same point with the auxiliary telescope, and place the 
striding level on the latitude axis. (See fig. 10.) The striding level 
should be reversed to see if there is any error in the level itself, and 
if so take the mean position for the true indication of the level. If 
the latitude axis is not horizontal it may be made so by adjusting the 
lower pair of capstan nuts on the base frame of the solar attachment. 
If the line of sight of the auxiliary telescope is not parallel to that 
of the main telescope it may be made parallel by means of the left
hand upper pair of capstan nuts on the base frame of the solar. After 
fulfilling the foregoing conditions turn the transit ISO? in azimutha.nd 
reverse both telescopes so as to sight again to the same distant object, 
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FIG. lO.-Dlrect sighting through the auxiliary telescope, with the mirror sWUDg to 
II central position, and showing the striding level on the latitude axis. 
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setting the main telescope upon the object. (See fig. 11.) If the 
auxiliary telescope does not again sight upon the distant object, one
half the error is due to its line of sight not being at right angles to the 
axis of the latitude arc. Take up half of the amount of the error 
by means of the pair of capstan nuts at one end of the auxiliary 
telescope, and take up half of the error by again correcting the 
left-hand upper pair of capstan nuts on the base frame of the solar. 
The line of sight of the auxiliary telescope should now be normal 
to the axis of the latitude arc, should describe a vertical plane when 
turning on said axis, and said vertical plane should be parallel tothe 
vertical plane of the transit telescope. The testa should be carefully 
repeated until the adjustments are perfected. 

4; The latitude 11ernier.-Carefully level the transit, clamp the 
latitude arc at zero, and place the striding level in position on 
the auxiliary telescope. (See fig . 12.) The striding level should be 
reversed to see if there is any error in the level itself, and if so take 
the mean position for the true indication of the level. If the aux
iliary telescope is not horizontal it may be made so by means of the 
tangent motion of the latitude arc. When the auxiliary telescope 
has been made truly horizontal the reading will indicate the index 
error of the vernier of the latitude arc. The vernier is held in posi
tion by two screws passing through elongated holes, and by loosening 
the screws the vernier may be shifted to read zero, or the difference 
from zero may be carried as an index error. 

5. The declinatwn 11ernier.-A few minutes before apparent noon 
set the instrument in the established meridian. Set off the known 
true latitude, allowing for any index error in the vernier of the lati
tude arc. Carefully level the transit and clamp the instrument 
with the main telescope in the meridian. Bring the sun's image 
into the field of the auxiliary telescope by turning this telescope in 
hour angle. At apparent noon bring the sun's image accurately 
between the equatorial wires by means of the tangent motion of the 
declination arc. The difference between the reading of the declina
tion arc and the calculated declination (corrected for refraction) 
will indicate the index error of the vernier of the declination arc . 
This vernier is also held in position by two screws passing through 
elongated holes, and by loosening the screws the vernier may be 
shifted to read the calculated declination for apparent noon of that 
date, or the difference may be carried as an index error. This test 
should be made every day the instrument is used. If by some 
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l'/G, H.-The au:<iliilfY telescope in reversed positicll 
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failure in the adjustments of the solar atta.chment a difference of as 
much as 30" from previous tests should be discovered in the noon 
observation, the new error will generally be found in one of three 
places: (a) The auxiliary telescope may be out of collimation; (b) the 
vernier of the latitude arc may have become loose and shifted; or (c) 
the vernier of the declination arc may have become loose and shifted. 
Any slight error in the other adjustments, or in the determination of 
the established meridian, will not appear in the noon test of the 
declination arc. 

6. The hour circle.-A few minutes before apparent noon set the 
instrument in the established meridian. Level the transit and clamp 
the instrument with the main telescope in the meridian and elevated 
to the sun's altitude. Set your watch to read 12 o'clock as the 
sun's center crOBBes the vertical wire of the main telescope. At any 
convenient time thereafter set off the proper readings on the latitude 
and declination arcs, and with the instrument in the meridian, bring 
the sun's image to the center of the field of the auxiliary telescope 
and observe the watch time. If the reading of the hour circle agrees 
with the watch it is in adjustment; if not, it may be made to read 
apparent time by loosening the set screw which holds the hour cir~le 
in position and shifting the circle until the reading agrees with the 
watch, care being taken not to move the auxiliary telescope in hour 
angle until after the set screw is again seated. The test may then 
be repeated as often as desirable. 

USE. 

80. Before using the solar attachment the latitude of the station 
and the sun's declination (properly corrected for refraction in polar 
distance) must be Imown and accurately set off on the respective 
arcs. The instrument is carefully leveled and the apparent time 
set off on the hour circle. The transit is then oriented to the meri
dian. The plates are generally:first set at zero and the sun's image 
brought into the field of the solar telescope before setting the lower 
clamp; thereupon the sun's image is brought accurately between 
the equatorial wires with the lower tangent motion; this gives the 
solar meridian. The transit may then be used for a.ny normal func
tion. The solar meridian may be tested as many times as may be 
desirable by simply setting the plates back to zero a.nd turning the 
auxiliary telescope in hour angle to the apparent time; this brings 
the sun's image again to the center of the field. The sun's declina
tion is constantly changing at a very slow rate, so that it is necessary 



INSTRUMENTS AND METHODS. 83 

FIG. 12.-The striding level on the auxiliary telescope. 
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to correct the reading on the declination arc with its tangent motion 
to agree with the declination of the sun for the apparent time of 
observation. 

The great advantage of the Smith solar over all other forms of 
solar attachment is found in the fact that the latitude and declina
tion arcs remain clamped while the transit is being used in any nor
mal function. Upon setting up at a second station it is necessary 
merely to correct the latitude and declination arcs with their tangent 
motions to agree with any change from the previous station. For 
thls reason it may be operated more rapidly than any other form 
of solar attachment. In fact, the solar meridian is so quickly deter
mined that the observation is usually repeated at every station. 

The same restrictions which must be recognized in making direct 
observations on the sun operate in the same way as a prohibition in 
the use of any solar instrument. There are only two such limita
tions: (1) When the sun is within two hours, or possibly an hour and 
one-half of the meridian; and (2) when the sun is low in the horizon. 
In the first instance, the sun's.relative rate of change in azimuth is 
much greater than the rate of change in altitude, and a small error 
in adjustment or in setting the arcs is greatly multiplied. In the 
second case the refractions are great, more or less uncertain, and 
changing rapidly. 

The latitude of the station should always be determined with 
great care. Altogether too many maps are unreliable in thls respect. 
If the latitude has been determined by competent observers, well 
and good, it may be free from error, but the direct altitude observa
tion upon the sun for latitude is so simple and the reduction so easy 
that every operator of a solar transit should make it a practice to 
accomplish direct observations on the sun for latitude on as many 
successive days as may be necessary to give a reliable determination . 
of the true latitude of any unknown station. 

TEST. 

81. When the Bolar attachment has been put in good adjustment 
it is proper to test it frequently on a true meridian established by 
Polaris observation or other approved method. The test consists 
merely in determining a meridian with the Bolar and comparing 
this indication with the true meridian establiahed by .other reliable 
method. The test should be repeated in ~. m. and p. m. hours at 
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frequent intervals, and the noon observation should most certainly 
be taken every day that the solar is used . 
. The selection of the method of observation to establish the true 

meridian will be made by the engineer, the facts relative to which 
are to appear in the finaUield notes, and..the solar attachment may 
be considered in satisfactory adjustment when all meridional tests 
during the usual hours of solar work are found to come within I' 30" 
of the true meridian, whereupon the certificate of the engineer's 
examination of the adjustments of his instrument will take the 
following form: 

Field record. 

Butf Sol81' Transit No. 8028. 
Sun's declination at Greenwich noon 
_5h58'" a. m., localapp.t. _18° 32' 04" S. 
Dur. 10", -382" 6 22 S. 

3b58"p. M. _18° 38' 26" S. 
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• Adjust auxUl81'ytelescope forcolUmation. 

Final field notes . 

• 
Nov. 16, 1911, at my station In Sec. 

35, T. 11 N., R. 6 E., 5th Prin. Mer., 
Arkansas, In latitude 35° 32.9' N., as 
determined by the mean of altitude 
observations on the sun on Sept. 26 
and 29, 1911, heretofore deSCribed, and 
longitude 90° 25' W.,I examine the ad
Justments of the Instrument and cor
rect all errors. I then test the solar 
apparatus by comparing its indications 
hourly with the true meridian estab
lished by Polaris otservation Sept. 26, 
1911 heretofore described. 

At9b :W;;;a. m. ,app.t. , I set off 35°33'N.; 
on the lat. arc; 18° 32'.5 S. Lon the dec!. 
arc; and determine a meriruan With the 
solar which I find to agree with the 
true meridian. 

At app. noon, with the lat. aro un
changed, I observe the sun on the 
meridian; the resultlnx reading of the 
dec!. arc is 18° 34'.5 S'l.~hich agrees 
With the computed decunation of the 
sun. 

At 3bO" p. m:.z app.t ... with the lat. arc 
unchanged, J. set OIl 18° 36' S., on the 
dec!. arc; and determine a meridian 
with the solar which I find · to agree 
with the true meridian. 

As all of the solar observations during 
the ususl hours of solar work come 
Within l' 30" of the true meridian I 
conclude that the adjustments of the 
Instrument are satisfactory . 

THE SOLAR COMPASS. 

82. The first solar instrument was designed in 1836 by William A. 
Burt, a United. States surveyor, of Michigan. Since its intro-

1990"-31-,-7 
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duction the instrument has been extensively used in public-land 
surveying; the Bolar compBBB has given general satisfaction and is 
still used to some extent in the public-land surveys, but in recent 
years it has been largely superseded by the more complete instru
ment already described. The Burt solar apparatus is designed for 
mounting upon an open-sight compBBB, commonly used in the 
early public-land surveys. A polar axis is fitted in line. with the 
terrestrial sights when the plate verniers are set at zero. The in
clination of the polar axis is controlled by a latitude arc mounted in 
the same vertical plane. Normal to the polar axis there is a revolv
ing arm upon which is mounted a declination arc and two eolar lines 
of collimation, one for north declination of the sun, and one for eouth 
declination. Each line of collimation consists of a lens and silver 
plate or disk mounted upon opposite ends of the revolving arm; 
parallel equatorial lines are drawn upon each disk symmetrical with 
the axis of the opposite lens. Two adjustments are peculiar to the 
Burt eolar compBBB, which are here given for the engineer's reference 
in the field; these adjustments should be made when the sun is within 
an hour of the meridian. 

(1) To make the Bolar lines of collimation parallel.-The declination 
arm will be detached and replaced by an auxiliary frame upon which 
the arm will be laid. Set the latitude and declination arcs approx
imately correct for the hour, date and station, and bring the sun's 
image upon either disk as in an orientation to the meridian. Now 
turn the arm over, without reversing from end to end, and see if the 
sun's image again comes between the equatorial lines; if not, adjust 
the disk for half the difference and repeat the test until satisfactory. 
When this has been accomplished, reverse the arm from end to end 
for the purpose of adjusting the second disk with respect to the 
opposite lens. Remove the auxiliary frame and attach the decIina-
tion arm in place. 

(2) To set the vernier of the declination arc.-8et the declination 
vernier to read approximately zero, and bring the sun's image upon 
either disk as in an orientation to the meridian, changing the eleva
tion of the polar axis as may be necessary to bring the solar line of 
collimation upon the sun. With the sun's image accurately between 
the equatorial lines, clamp all other motions and reverse the declina
tion arm on the polar axis, thus bringing into use the second line 
of collimation. Note if the image of the sun is now squarely between 
the second pair of equatorial lines; if not, correct half the differ-



INSTRUMENTS AND METHODS. 87 

ence by movement of the tangent screw of the declination arc. 
Again orient in azimuth to bring the sun's image accurately between 
the equatorial lines, clamp and reverse as before, repeating the test 
until satisfactory. When the lines of collimation have thus been 
made truly at right angles to the polar axis, the vernier may be shifted 
to read zero in this position. 

The general test of the Burt solar compass, by comparing its indica
tions, resulting from solar observations made during a. m. and p. m. 
hours, with the true meridian determined by independent method, 
is similar to the test of the Smith solar attachment except in respect 
to the test of the latitude arc. No provision is made for independent 
adjustment of the latitude arc, and in the operation of the Burt 
solar compass the latitude is used as given by the instrument resulting 
from a meridian observation on the sun. In this respect therefore 
the noon observation with the Burt solar compass differs from the 
noon observation with the Smith solar attachment. 

Example of noon observation with the Burt solar compass, in lati· 
tude 38° 53' 40" N., and 10Dgtitude 77° 01. 6' W.: 

"May 6, 1910: At this station I set off 16° 26' N. , on the declo arc ; 
and, at apparent noon, observe the sun on the meridian; the result
ing latitude is 38° 54' N." 

ERRORS IN" AZIMUTH, DUE TO SMALL ERRORS IN" DECLINATION" OR 

LATITUDE. 

83. It may frequently happen with a solar transit, especially at 
the beginning of a new surveyor with an instrument insufficiently 
tested, that the :first meridional trials are made with slight errors 
in the settings of the latitude and declination arcs, resulting in small 
errors in azimuth. This may be particularly true with a. solar 
compass prior to a determination of the instrumental latitude. The 
correction of such errors has been provided for in Table 22, Standard 
Field Tables, which may be applied to results of single observations 
with considerable certainty, but not so well to a series of observations 
as in ordinary line work owing to the changing values (for hours from 
noon) of the correction coefficients. The explanation with the table 
gives a key to the direction of the azimuth errors on account of small 
errors in setting the latitude and declination arcs. 

Forexample,at 9h 4oma. m., app. t., at a station in latitude assumed 
to be 46° 20' N., a test was made with a solar transit whereby the trial 
indication was found to fall 0° 05' west of the true meridian. Sub· 
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sequent determinations of the true latitude of the statiGn and of the 
correctnees of the vernier of the declination arc showed that the 
actual latitude of the station was 46° 21'.5 N., and that the vernier 
of the declination arc had an index error which gave readings 
0° O()l.5 S. ·of the calculated declination (i. e. reading 15° 19'.5 N. 
for a calculated declination of 15° 20' N.). Thus in the test the 
latitude arc was set 1'.5 S. of the correct latitude of the station, and 
the declination arc was actually set ()I.5 N. of the value that would 
have been set had the index error been known. 

Table 22 is entered to obtain the correction coefficient8: 

Hours from noon. 
Latitude. 

~~I 2h 20m. 3h ()m. 

45° 00' 2.83 2. 55 2. 00 
46 21.5 ... .. ........ 2. 62 .......... ... Declluatlon coeffi-
50 00 3.11 2.81 2. 20 clent. 

45 00 2.45 2. 10 1.41 
46 21. 5 .... . . . .... . 2. 16 . . .. ..... . .. Latitude coefficient . 

1. 56 I 50 00 2. 69 2.31 

The corrections are then applied as follows: 
Indication of fIOlar in test =8.0° 05'.0 W. 
Correction for declination = 0 01 .3 E.=(2.62XO.5) . .--/ 
Correction for latitude = 0 03 .2 E.=(2.16X1.5) 

Corrected indication of sola.r=S. 0° 00'.5 W. 

The above corrections will often serve to explain the apparent 
errors of the solar, but these are not intended for use in line work, 
and can not be accepted · in lieu of satisfactory subsequent tests 
based on correct values. : ' i 

In the above connection it should be explained that it is not 
deemed desirable to burden the official record with evidence of 
correction for index errors found in the verniers of the latitude and 
declination arcs, other than to state, when such are determined, that 
the same are forthwith removed or are allowed for in subsequent 
observations. 

POLARIS AT ELONGAT~ON. 

84. The engineer having thoroughly comddered the · theory · a.:iJ.d 
use of the solar instrument in its relation to the public-land surveys, 
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a.nd presumably mastered its operation, his attention is now directed 
to the approved methods of observation to establish the true meridian 
with which to make comparisons of the indications of the sohu
apparatus as a necessary test of such an instrument, or without a 
solar instrument, the establishment of the true meridian from which 
to project tra.nsit lines and to test the calculated course thereof., 

Of the various independent methods of observation to establish 
the true meridian, the simplest a.nd most reliable is found in the 
observation upon Polaris at eastern or western eloIlifation. 

Azimuth of Polaris at elongation: i 

Zenith 

Sin A=cOS & 
cos t!> 

I ) 

IJI 
I.~ 

/~ 
// 

1/ 
\ // 

. /1 

""~ I/~/ 
, 1/ 
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()6ssrv~ _' _________________ _ 
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The merldl~ and vertical Pl~ tangent to the diurnal circle of PolariS 'iIS v!ewe.: 
from outsl~ the oelestlalsphere. 
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Example of computing the azimuth of Polaris at elongation, Octo
ber 20, 1910, in latitude 460 20' N., on which date the declination of 
Polaris=88° 49' 48/1 N.: 

log cos a=8.310033 
" cos 4>=9.839140 

" sin A=8,470893 

A=Azimuth of Polaris at elongation=l 041' 41/1. 

85. A table of azimuths of Polaris at elongation for latitudes from 
250 to 700 N., appears in the Ephemeris, arguments: declination of 
Polaris, and latitude of station. 

Example in the use of the table of azimuths of Polaris at elongation, 
same date and station as above, showing the method of interpolation: 

Declination. 

Latitude. 88' 49' 40" I 88° 49' 48" I 88' 49' 50". 

Azimuths at elongation. 

46' 00' 1° 4r 15" 

I 
1° 41' 04" 

I 
1° 41' 01" 

46 20 1 41 42 
47 00 1 43 08 1 42 57 1 42 54 , 

By interpolation in the table the required azimuth of Polaris 
at elongation is therefore found to be 10 411 42/. 

86. An observation upon Polaris at elongation for azimuth con
sists in marking upon the ground a point to define the true line of 
sight to Polaris at the epoch of elongation, from which to layoff the 
true meridian. An equivalent process is to determine the true 
horizontal angle by deflection from a fixed reference point to Polaris 
at the epoch of elongation, by which to determine the true bearing 
of the reference point. 

l'OLAlW! AT ELONGATION, OBSERVING l'BOOBAJ.I "4. " 

87. Select the observing station anci ma.k:e suitable provision to 
mlU"k the line defining the direction of Polaris at elongation; the 
flag point should be from 5 to 10 chains N. of the transit point, and 
should be cleared of all obstruction before dark. Determine the 
local mean and watch time of elongation of Polaris, provide suitable 
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illumination for both the transit and flag point, and have every
thing in readiness as much as 15 minutes before the time of elonga
tion. 

Thoroughly level the transit. 
About six minutes before elongation, with the telescope in direct 

Position, bisect Polaris, note the watch time, and mark the direction., 
of eight. 

Reverse the traneit, bisect Polaris, note the watch time, and mark 
the direction of sight. 

Again level the transit. 
With the telescope in the reverse position bisect Polaris, note the ~ 

watch time, and mark the direction of sight. 
Reverse the transit to the direct position of the telescope, bisect 

Polaris, note the watch time, and mark the direction of sight. 
By daylight determine the mean (a) of the first and fourth sights, 

and (b) the mean of the second and third sights; then take the mean 
of points "a" and "b" to define the true direction of Polaris 
at elongation. 

The mean of the four watch readings may be taken as the watch 
time of observation, which if within four or five minutes of correct 
watch time of elongation, the mean position of Polaris during the 
observation will be within I" or 2'1 of true elongation. The proper 
value of the azimuth of Polaris at elongation having been taken £:om 
the table is then used to layoff the true meridian to the east for west
ern elongation or to the west for eastern elongation. 

The above program practically eliminates inetrumental errors 
in observation. In laying off the azimuth of Polaris, the angle may 
be laid off directly, if desired, checked by the method of repetitione, 
and corrected if necessary; or the azimuth angle may be laid off by 
the natural tangent method; this should then be checked by reading 
the angle on the plates. 

Example of observation of Polaris at elongation, observing pro
gram "a:" 
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I 
' . 

Fi~ld record. Final field notes. 

Sept. 10, 1911, Or, E. E. 
-8h17.om p. m. 

Sept. 10, 1911, In camp at the 
of Polaris, lat. 40° standard cor. ' of Tps: 1 N., 

Red. to long. 111° 45' W. - -1.2 Re. 39 and 40 E., Boise Mer. 
Red. to lat. 43° 22' 30" N. - +0.5 In latitude 43° 22'. 30" N., and -- lonfttude 111° 45' W. at 

L. M. T. of E. E. of Polaris ..... _8h16.3m p. m. 
8h 6.3m ¥> m., I. m. t, I 
observe olam at eaStern-

Watch slo~ ofl. m. t. _ -1. 7 elongation, making four ,oJ:>. 
-- servations, two each With 

Watch time of E. E. _8hI4.6m p.m. the . telescope iII direct and 
reversed POSltlouslnand mark 
the mean point the line 

Telescope. Watch Time. thus determined, on a peg 
driven firmly In the ground, 
5 cbs. N. 

DIreot ... ....................... 8h ()8m 26' p. m. Azimuth of Polaris at eMUirn Reversed ...................... 811 20 
Reversed ...................... 814 34 elongation_1° 36' '¥I". 
Direct ••....•.•.•.••••.•••..... 8 16 46 

Se~t. 11: I lay oft the azimuth of ---
Mean .................. . . 8" 12m46' p. m. olarls 1 ° 36' 30" to the west 

and m8rk' the meridian thus 
determined, by a tack in a Pa': 

Declination of Polarls- SSo 49' 54" N. 
driven firmly 1n the groun , 
5 cbs. N. 

Declination. 

Latitude. SS" 49' 50" Isso 49' 54" ISS" 49' 60" 

Azimuth. 

43° 00' 00" I" 35' 67" I 1° 35' 51" I 10 35' 43" 
43 22 30 1 3627 
4400 00 1 37 33 1 37 27 1 37 19 

The above program of observation of PolariB at elongation is the 
mOBt convenient method where there is an opportunity to mark the 
direction of the line of sight. Occasionally conditions obtain where 
it is impossible to define ' or mark the direction of the observation; 
the program may then be altered to the reading of deflection angles 
as shown in the next method. 

l'OLABIB AT ELONGATION, OBSEEVING PROGRAM (lb." 

88. Select the observing Btation and mark a point by driving 
a tack in a peg driven firmly in the ground approximately in the 
true meridian as detel1Ii.ined by the Bolar before Bunset, or choose 
other suitable reference mark in any direction. The reference 
point should not be nearer to the transit than 5 chains distant. Deter-
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mine the local mean and watch time ot elongation of Polaris, pro
vide suitable illumination for both the transit and llag point, and 
have everything in readiness as much as 10 minutes before the time 
of elongation. 

Thoroughly level the transit. 
About 6 minutes before elongation with the transit in direct 

position, read and note the dellection angle from the reference point 
to Polaris, noting also the watch time of observation. 

Reverse the transit and read and note the dellection angle from 
the reference point to Polaris, noting also the watch time of observa
tion. 

Again level the transit. 
With the transit in the reverse position again read and note the 

dellection angle from the reference point to Polaris and note the 
watch time of observation. 

Reverse the transit to the direct position and again read and note 
the dellection angle from the reference point to Polaris, and note 
the watch time of observation. 

As the position of Polaris remains within about 0° OIY 01" of true 
elongation for a period of about five or six minutes either side of the 
time of exact ~ongation, the observation may be considered s:tis
factory if all of the watch readings fall within the stated period. 

The mean of the four horizontal dellection angles may be taken 
to which must be applied the value of the azimuth of Polaris at 
elongation taken from the table, to obtain the true bearing of the 
reference llag, from which the true meridian lJlay be laid off, or the 
llag may be used as a reference point. 

A reference point in any direction may be used in the above 
method; the direction of the dellection from the reference point to 
Polaris should always be clearly stated. The insignificant figures 
of the final result may be discarded if the valUe of the bearing angle 
does not enter into another determination that demands great pre
cision. In the example below the true meridian may be laid off by 
accurately measuring a distance from the reference point, at right 
angles to the line of sight, found by multiplying the distance from 
the instrument to the reference point (660 ft.) by the tangent of the 
bearing angle (nat tan 0° 00' 44"=0.00021) which gives 0.14. ft. 
After laying off the true meridian the angle from the reference point 
may be checked by the method of repetitions. 
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Example of observation of Polaris at elongation, observing pro
gram "b": 

Field record. Final field notes. 

ApT. I, 1911, Gr. W. E. April 1, 1911, tn camp at the COl'. 
of Polaris, lat. 40° -61> 46.1'" p. m. of T~S. 6 and 6 N., Rs. 56 and 

Red. to long. 104° 39' W. - - 1.1 57 tu Prtn. Mer., Montana, 
" " lat. 46°13' N. - - 1.0 tnlatl de 46° 13' N.,and lor.g; -- tude 104° 39' W. at 6b 44. 

L. H. T. of W. E. of Polaris. -61> 44.Omp. m. t. m., 1. m. t., 'I observe Polar-
Watch slow of L. M. T. - - 2.9 at western elongation, malr--- ~ four observations, twoeach 
Watch time of W. E -61> 41.1'" p. m. th the telesco~ In direct 

and reversed posi 'ons, rea~ 
the deftection angle from a tac 

Telescope. Watch Deflection tn a ~ driven firmly tn the 
time. angle. f,0un , 10 chs. N., west to 

olarls: 
Azimuth of Po-

Direct .................. 6h 37'" 22- 1° 41' 00" larIs at west· 
em elangs-Reversed ............... 6 39 40 1 40 30 tlon - 1°41' 14" Reversed .............. . 6 43 14 1 4000 

Direct ................. . 6 45 30 1 4030 Mean deflec-
tion angle - 1 40 30 

Mean ................... 6h 41" 26- 1° 40' 30" ---
True bearing of 

mark -N.Oo 00' 44"W. 

Declination of Polaris-SSG 49' /is'' N. 

Declination. 

LatItude. 88° 49' 50" 1880 49' /is''1880 49' 60" 

Azimuth. 

46° 00' 1
0

41'01"1 1° 40' 50" 1 10 40' 47" 
46 13 1 41 14 
47 00 1 42 54 1 42 42 1 42 39 

S9. Both of the above observing programs require the engineer to 
compute in advance the correct watch time of elongation, and in so 
conducting the observation the minimum period is consumed in the 
observing program; every opportunity is also thuB afforded for re
versals to eliminate instrumental errors and otherwise to introduce 
creditable refinement. However, should the watch error be unknown, 
the observation m~y be conducted by following the motion of Polaris 
in azimuth during an ample period preceding elongation to insure 
that the epoch of the vertical motion of Polaris in its diurnal circle, 
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or zero motion in azimuth, is taking place, when the engineer marks 
the direction of sight thus defined. 

The rate of horizontal motion for the hour preceding elongation 
rapidly diminishes, the change in azimuth being to tho west for 
western elongation, or to the east for eastern elongation, when Polaris 
will follow the vertical cross-wire, after which the motion is reversed 
at an accelerating rate. This suggests a third, but less refined, ob
serving program. 

POLARIS A.T ELONGATION, OBSERVING PROGRAll "c." 
90. Select the observing station and make suitable provision to 

mark the line defining the direction of Polaris at elongation; provide 
suitable illumination for both the transit and flag point, and have 
everything in readiness as much as an hour before the time of elonga~ 
tion. 

Thoroughly level the transit. 
Bisect Polaris and note that the motion of the star carries it away 

from the vertical wire in the proper direction. As long as this motion' 
is discernible continue the bisection of Polaris by the tangent move': 
ment. When it can not be discerned in a period of several minut.ell 
that the. least litteral motion is taking place mark the direction o! 
sight upon the ground. 

Reverse and level the transit. 
Again bisect Polaris and mark the direction of sight upon the 

ground. 
Verify the position of Polaris in its diurnal circle by again bisect

ing the star and without changing the tangent motion note the move
ment of Polaris; the motion should still be nearly vertical, with a 
scarcely discernible movement in the opposite horizontal direction.: 

By daylight determine the mean of the sights, and establish the 
meridian by properly laying off the correct azimuth as described 
in observing program "a." 

AZIMUTH OF POLARIS AT ANY HOUR ANGLE. 

91. While no more reliable method is at the command of the engi
neer for the establishment of the true meridian than the observa-· 
tion upon Polaris at elongation, yet the epoch of elongation may 
occur at a very inconvenient time and should Polaris be obscured 
by clouds at the time of elongation the observation must fail. The 
"hour angle" method admits of observation upon Polaris for azi
muth at any time that the star is visible; the precise watch. error 
local mean time must be kn\?wn, bl,lt if this has been determined, 
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the hour angle method becomes at once the must convenient. The 
poB8ible accuracy of the result compares favorably in every way 
with the refinement to be obtained in an observation at elongation. 

The determination of the watch error local mean time and thecal
euIation of hour angles having been fully treated on previous pages, 
it remains only to state that the record of the time observation should 
appear in the field notes with the record of all observations upon 
Polaris for azimuth by the hour angle method, as the azimuth 
observation is incomplete without the time determination. With 
the meridian observation of the sun for apparent noon, and the use 
of the azimuth tables contained in the Ephemeris, the entire process 
becomes eo simple and yet eo highly refined that the engineer should 
early become thoroughly familiar with the hour angle me,thod. 

92. Azimuth of PolariB at any hour angle.-" t" =sidereal hour 
angle in angular measure; in hour angles exceeding 90° the function 
"-sin t/> COB t" becomespoeitive by virtue of the cosine of an angle 
between 900 and 2700 being treated as negative in analytical reduc-
tions: ' 

T A sint 
an cos t/> tan a-sin", cos t 

Example of computing the azimuth of Polaris, February 23,1911, 
at a mean time hour angle of 2h 37.4m , in latitude 330 2<Y N., on 
which date the declination of Polaris=88° 5<Y 08" N.: 
Mean time hour angle =2h37.4m 

=2h37m24. 2h =300 

37m = 9°15' 
Red. to sidereal hour angle= +'268 50· = 12' 3<Y' 

Sidereal hour angle 

log COB t/> = 9.921940 
.. tan 0 = 1. 691944 

====-
log sin t/> 
" COB t 

=9.739975 
=9.887666 

" cos t/> tan 0= 1. 613884 U sin <i> cos t=9., 627641 
====-

nat cos '" ~ 0=41.104 nat sh.t <l> ,COB t=O. 424 === nat sin t/> COB t"", O. 424 ( - ) 

Algebraic sum=40. 680' 
= ' 

log sin , 
.. 40:680 

" tan A 

=9.803127 ," 
=1. 609381 

=8.193746 
= 

bimuth'of Polaris at above hour angle, A=00'53' 42" 
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93. A table of azimuths of Polaris at all hour angles, for latitudeB 
from 30° to 50° N., appears in the Ephemeris, arguments: declina
tion of Polaris, mean time hour angle, and latitude of station. For 
other than the latitudes given in the table the engineer will be 
required to solve the above equation. 

Example in the UBe of the table of azimuths of Polaris at any 
hour angle, same date, hour angle and station as above, showing 
the method of interpolation: 

Azimuth of Polaris. 

Mean declination. Correction 
Meantime +88° 50' 05" Bubtractive 
hour angle. tor dec· 

llnstlon I,atltude. +88°50'10" 
32" 33° 20' 34° 

2h 29.6" 50'.7 51'.5 51'.9 0'.1 
37.4 53 .8 0.1 , 39.6 53 .5 54 .4 54 .8 0.1 

By interpolation in the table the required azimuth of Polaris is 
therefore found to be 0° 53'.8-0'.1=0° 53' 42/1 • 
. ~4. Example of computing the azimuth of Polaris, Sept. 11,1911, 

at amean time hour angle of 7h 25.1m , in latitude 42° 54' N., on which 
date the declination of Polaris=88° 49' 54" N.: 
Mean time hour angle .............. =7h 25.1m 7h =105° 

=7h 25m 068 26m= 6°30' 
Reduction to sidereal hour angle .• __ = +1 m 13" 19" = 4' 45" 

Sidereal hour angle . ................ =7h 26m 19" 

log COB 4> =9.864833 log Bin 4> 
" tan Ii. =1.690496 " COB t 

" COB 4> tan a =1.555329 " sin 4> COB t 

nat COB 4> tan Ii =35.919 nat sin 4> cO!! t 

" Bin 4>. COB 0 = . 250(+) log Bin t 

Algebraic Bum =36.169 " 36.169 

" tan.A 

Aziiauth of Polaris at above hour angle, A 

=111 ° 34' 45" 

=9.832969 
=9.565596 

=9.398565 ' 

= .250 

=9. 96844l 

. =1. 558337' 

=8.410104 
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91). Example in the use of the table of azimuths of Polaris at any 
hour angle, same date, hour angle and station as above: 

Azimuth of Polaris. 

Mean declination. Correction additive 

Mean time +88° 00' 06" for declination. 

hour angle. 
+88· 49' 

Latitude. 

42° 42° 64' «. 60" 00" 

7h 18.8m 87'.9 89'.2 90'.7 0'.1 0'.3 
25.1 88 .2 0.1 0.3 
28.8 86 .3 87.6 89.1 0.1 0.3 

By interpolation in the table the required azimuth of Polaris is 
therefore found to be 1° 28'.2+0'.2=1° 28' 24/1. 

96. An observation upon Polaris for azimuth by the hour angle 
method consist'! in marking upon the ground a point to define the 
true line of sight to Polaris at any convenient epoch, the watch error 
local mean time being known, from which line to layoff the true 
meridian. An equivalent process is to determine the true hori
zontal angle by deflection from a fixed reference point to Polaris at 
any convenient epoch, the watch error local mean time being known, 
by which to determine the true bearing of the reference point. 

HOUR ANGLE OBSERVATION OJ!' POLARIS, OBSERVING PROGRAX <la." 

97. Select the observing station and make suitable provision to 
mark the line defining the direction of Polar'.aB; the flag point should 
be from 5 to 10 chains north of the transit point; provide suitable 
illumination for both the transit and flag point. 

Thoroughly level the transit. 
With the telescope in the direct position, bisect Polaris, note the 

watch time, and mark the direction of sight. 
Reverse the transit, bisect Polaris, note the watch time, and 

mark the direction of sight. 
Again level the transit. 
With the telescope in the reverse position bisect Polaris, note the 

watch time, and mark the direction of sight. 
Reverse the transit to the direct position of the telescope, bisect 

Polaris, note the watch time, and mark the direction of sight. 
By daylight determine the mean (a) of the first and fourth sight'!, 

and (bl of the second and third sight'!; then take the mean of 
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points "a" and "b" to define the true direction of Polaris at the 
epoch of the average of the watch times of observation. 

Treat the reduction as one observation, applying the watch error 
to the average watch time of observation to obtain the correct local 
mean time of observation. 

Enter the table in the Ephemeris or make the computation to 
determine the value of the azimuth of Polaris at the epoch of the 
observation with the stated arguments: declination of Polaris, 
mean time hour angle and latitude; this value is then used to layoff 
the true meridian to the east if Polaris is observed west of the meri
dian or to the west if Polaris is observed east of the meridian. 

Example of hour angle observation of Polaris, observing program 
"a" : 

Field record . 

Meridian obsen'ation of the sun for apparent noon: 
<1>-37· 18' N. 90· 00' 
a- 4 36 S. 41 54 

Sun's W.llmb C:-

" E. 

Watch time ot app. noon 
A pp. noon _12" ()()m 00-
Equation ot time - -11 25 

L. M. T. ot apparent noon 

Watch fast ot I. m. t . 

Hour angle observation ot Polaris: 

v-48· 06' 
Watch time. 

-12' oom 18-

-12 02 26 

=12" 01m 22-

-11 48 35 

12m 47-

Final field notes. 

Oct. 5, 1910, In camp at the cor. 
ot sees. 6, 6" 31, and 32, on the 
S. bdy. ot r.31 S.,R.42 W., 
6th Prin. Mer'1.Co1o., In lati. 
tude 37· 17'.6 ~:z and longi. 
tude 102· 11' w., I make a 
meridian observation of the 
sun tor apparent noon: 

Watch time of obsn.=I2b 01" 
22-. 

Watch tast of I. m. t._12m 47'. 

Telescope. I Watch time. I 

D--Ir-oo-t-.-.. -.-. . -.-.. -.-.. ~.'~~~ =5~-~;: 40- p.-~-:--I I AVhe s!~ Sttaiion~ 5h ~.()m 
Reversed.. . .. . . . . . . . . . . . . . . . .. 5 49 49 an~e' 0bs6rV8ti~ on a;01~~ 
Reversed.. . . . . . . . . . . . . . . . . . . .. 5 51 36 east of the meridian makln 
Diroot... . . . . . . . . . . . . . . . . •..• .. 5 52 54 tour observations, two = 

M O' 50 45 with the telescope in direct 
Watchl~~~Oj-·Cm:i::.::::::::: -It 47·

p
•
m

. and reversed pOSitions, and 
mark the moan point In the 

L M T of ob •• 37 58 line thus deterrnliied, on a peg • .. sn .......... . .... 0 m. p. m. driven firmly In the ground, 
o· 38. ()m p. m. 8 cbs. N. 
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Field record, con. 

Gr. U. C. ot Polaris, Oct. 6, 1910 _Oh 32.7m a. m. 
Red. to long. 102' 11' W. ~ - 1.1 

----
L. M. T., U. C. ot Polaris, Oct. 6- Oh 31.6m a. m. 

+12 
L. M. 'f. otobsn., Oct. 5 - I; 38.0 p. m. 

Hour angle ot Polaris east ot the 
meridian = 6h 53.6m 

Declination ot Polarls-88° 49' 42" N. 

Mean 
time 
hour 
aogle. 

Azimuth of Polaris. 

Mean declination. 
+88° 49' 45" 

Correction 
additive I 
for dec-

Latitude. IInation I 
1 __ --,,--_--. ___ 1+88° 49' 40" 

38° 
------------1----11 
6h 48.9'" 

63.6 
58.9 

84'.5 

83 .5 

85'.9 
85.4 
84 .9 

86'.7 

85.7 

0'.1 
0.1 
0.1 

Azimuth of Polaris_1° 25'.4+0'.1-1° 25' 30" 

Final field notes, con. 

Watch time of obm., mean of 
four readings-5h li()aa 45-t p.m. 

Oct. 6, I lay otr the azimuth of 
PoWls, 1° 25'30', to the west, 
and mark the meridian thus 
determined, by a tack in a peg 
driven firmly In the ground, 
8cbs.N. 

HOVE ANGLE OBSEEVATION 011 POLAlUS, OBSERVING PROGRAK "b." 

98. Select the observing station and choose a suitable reference 
mark in any direction. The reference point should be at least 5 
chains distant. 

Thoroughly level the transit. 
With the telescope in the direct position, read and note the hori

zontal angle from the reference point to Polaris, noting the watch 
time at the moment Polaris is properly bisected. 

Reverse the transit and read and note the horizontal angle from 
the reference point to Polaris, noting the watch time at the moment 
Polaris is properly bisected. 

Again level the transit. 
With the telescope in the reverse position again read and note the 

horizontal angle from the reference point to Polaris, noting the 
watch time at the moment Polaris is properly bisected. 

Reverse the transit to the direct position of the telescope and again 
read and note the horizontal angle from the reference point to PolariB, 
noting the watch time at the moment Polaris is properly bisected. 

Treat the reduction as one observation, applying the watch error 
to the average watch time of observation to obtain the correct local 
mean time of observation. 
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The mean of the four horizontal deHection·, anglee may be taken, 
to which must be applied the proper value of the azimuth of Polaris 
at the mean epoch of the observation; to give the true bearing of the 
reference Hag, from which the true ineridian may be laid off, or 
'the Hag may be used for 'a reference point. 

Example of hour angle observntion of Polaris, observing program 
., b" : 

Field record. Flnalfleld notes. 

Hot. angle observation on Polaris: 

Horizontal angle March 21~0,at a transit P9int 
In Was ~n/D.C.,lnlati Telescope. from flag to Watch time. tude 38° 53 40' N., and I~. 

Polaris. tude 77° 1'.6 W., I find y 
comparison with a Western 

Direct ••.•••••• 177° 34' 30" 6h 22m 37' p. m. Union telersf,h clock that 
mih watch s .. 220 slow 0 Reversed . .. .•. 177 34 30 6 25 29 75 meridian standard time. Reversed .• •.. , 177 34 00 6 28 17 

Dlroot ••.•••••• 177 34 00 6 30 17 At the same station at 51> 19.9m E' m., I. Dl. t., I make an 
Mean ... 177° 34' 15" 51> 26m.4Qop.m. our angle obSefVlt,tIon on 

Watch slow of 75th mer. stand· Polaris, west of the meridian, 
ard time + ~ 2~ 

two each with the telescope 
Correction for longitude .•..••••.• - in direct and reversedposl· 

tions, reading the horizontal 
L. M. T. of obsn. Mar. 21, 1910- 51> 1~ ·560 de6ection ariCle from a fl!Ig 

6h 19. gm p. m. m:1e about 20 cbs. S., in the 
Gr. U. C. of Polaris, rection S.W-N to Polaris. 

SBme date ••••• _lh 33. om p. m. Watch time of obsn.-6h 26m 
Red. to lon'\v ·40' 1>. ill. 

77° 1.6' •••••• - - 0.9 - 1 32.1 p.m. Mean horizontal angle 
froml'olaris to 

Hour angle of Polaris west of ftag _177° 34' 15" N·W-S 
the meridian _4b 47.Bm Azimuth 

of Polaris- 1 26 24 W. 
Declination of Polaris _88° 49' 41'1 N. True bear· 

ing of 
Azimuth of Polaris. 'tlag - N.l79°00' 39":W. 

-So 0° 59' 21" W. 

Mean Mean declination. Correction 
time +88° 49' 45" additive 
hour for dec-
angle. linstion 

Latitude. +88° 49' 40" 

3S" 3So 54' 40° I ---------- . .. 
4h 39.2" 84'.2 85'.3 86'.7 0'.1 

47.8 86.3 0.1 , 
49.2 86 .4 86 .6 87.9 :0.1 

Azimuth of Polaris = 1° 26'.3+0'.1=1° 26' 24" -
1990°-31--8 
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POLARIS AT SUNSET OR SUNRISE. 

99. Polaris is conveniently observed for azimuth by the hour 
angle method at sunset or sunrise without artificial illuInination. 
The preparation for the observation consists in computing in advance 
the approximate settings in azimuth and altitude in order to find 
Polaris, and the plan contemplates an approximate reference 
meridian: With the time of sunset or sunrise assumed as the time of 
observation, the hour angle "t" and azimuth" A" are ascertained 
in order to find the position of Polaris in azimuth; the position in 
altitude is found by the method indicated in section l33-A, the 
vertical angle being equal to the latitude of the station plus the 
primary adjustment when Polaris is above the pole, or subtractive 
when below, taking this value from the tabulation given in the 
Ephemeris. 

ExanIple of computation of the position of Polaris at sunset, May 
6,1911, at a station in latitude 47° 20' N., and longitude 102° 40' W.: 

From the Ephemeris the declination of the sun is found to be 
16° 18' N., and by entering Table 17, of the Standard Field Tables, 
the apparent time of sunset is found to be 7h 15m p. m. 

Assumed time of obsn., May 6, 1911 7b 15m p. m. 
Gr. U. C. of Polaris, May 6 lOb 33. 5m a. m. +12 
Red. to long. 102° 40' W. -1.1 10 32.4 a. m. 

ABBumed hour angle of Po-
laris west of the meridian 

Azimuth of Polaris, W. 
Latitude of station =47° 20' 
Primary adjustment to the 

vertical angle elevation 
of Polaris, from the table 46( - ) 

ExanIple of computation of the position of Polaris at sunset, No
vember 6,1911, at a station in latitude 47° 20' N., and longitude 
102° 40' W.: 

From the Ephemeris the declination of the sun is found to be 
15° 44' S., and by entering Table 17, of the Standard Field Tables, 
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the apparent time of sunrise is found to be 7h 12m a. m., or of BUIl8et 
4h48m p. m. 
Gr. U. C. of Polaris, Nov. 6, 1911 
Red. to long. 1020 40' W. 

L. M. T. of U. C. of Polaris 
ABBumed time of observation 

=IOh 28. 2m p. m. 
-1.1 

=10h 27. 1m p. m. 
= 4 48 p. m. 

ABBumedhourangleofPolariscastofthemeridian= 5h 39. 1m 

Azimuth of Polaris, E. ;;e 10 43' 
Latitude of station =470 20' 
Primary adjustment to the ver-

tical angle elevation of Polaris, 
from the table 06 (+) 

Example of computation of the position of Polaris at sunrise, 
November 7,1911, and same station as above: 

ABBumed time of obsn., Nov. 7, 1911 

L. M. T. of U. C. of Polaris, Nov. 6 

={ 7h 12m a. m. 
+12 

10 27.1 p. m. 

ABBumedhourangleofPolariswestofthemeridian= 8h 44.9m 

10 16' Azimuth of Polaris, W. ;;e 
Latitude of station =470 20' ==== 
Primary adjustment to the 

vertical angle elevation 
of Polaris, from the table 46 ( - ) 

v;;e46° 34' 
= 

Thus at the above station in latitude 470 20' N., and longitude 
1020 40' W., to observe Polaris by the daylight method an approxi
mate meridian should be established with the solar before BUIl8et" 
then to find Polaris the following angles are set off: 

Horizontal Vertical 
angle. angle. 

Sunset May 6,1911________________________________________ 1° 17' W. 46° 34' 
Sunset Nov. 6,11111._______________________________________ 1° 43' E. 4.7° 26' 
Sunrise NOV. 7,1911 ____________________________________ --- 1° 16' W. 46° 34' 
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, !J'heabove "settings" are merely approximations, but sufficiently 
close, however, to bring Polaris reasonably near the center of the 
field of the telescope where the star will be found in plain view; ' 
the telescope should be focused upon a distant object, otherwise, 
though Polaris may be practically at the center of the field, it might 
be out of focus and therefore not observable during daylight. When 
Polaris has been found the above settings havelinawered their 
purpose and the observation may proceed in accordance with either 
observing program "a" or "b" of the hour angle method, the final 
reductions to be based upon the precise details of the observation. 
During the reversals of the transit the settings should be made each; 
time. The daylight hour angle method is particularly desirable be
cause the observation, including all instrumental work, marking of 
points upon the ground, etc., is accomplished without artificial illu
mination, and sunset is usually a convenient time to devote to this 
field duty. 

To recapitulate, the following general program will be foU1ld best 
adapted to the requirements of pUblic-landiiurveying practice; and 
will beused most extensively: 

Time: By meridian observation of the Bun for apparent noon. 
Latitude: By meridian altitude observation'of the Bun, 
Azimuth, true meridia.n upon which to test the solar apparatus: 

By hour angle observation on Polaris at sunset. 
Azimuth, Oll line: By the soIar transit properly adjusted to the 

true meridian. 

ALTITUDE OBSERVATION OF THE SUN FOR AZIMUTH; 

100. While the methods of observation upon Polaris for azimuth 
are unquestionably the most d'esirabIe in their relation to the theory 
and practice of public-laJ?d surveying, yet a very efficientalternatiye 
ui'iound in direct altitu4e observations uppn the sUnfdr aziIJitt$J 
with a number of equa'tionsatthedisposalof the etiiiriee~ to suit liis 
convenience. Du!ingihe shorter days of the year 8.nd :~ven qUite' 
often at any seaBon the engineer finds himself at a lOBS for time and 
suitable daylight hours in which to make the required tests of his 
solar attachment; conditions obtain making the required tests 
impossible if limited to a Polaris meridian in camp, without involv
ing unreasonable delay: ' It is in such cases that a direct altitude: 
observation upon' the sun for azimuth, on the actual line, of th.&: 
Slttve'y, find~ its most useful application. Presuming'the engineer-
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a.t work with a standard instrument with solar attachment, the 
accuracy of its adjustments can, by this method, be readily tested 
at work on line at any suitable morning or afternoon hour, without 
appreciable loss of time. Under working conditions any line deter
mined with the solar attachment may be used for reference pur
poses, while vertical and horizontal angles are recorded to the sun 
to obtain the necessary da.ta for computing the true bearing of the 
~stabliehed solar line. A series of three altitude observa.tions upon .
the sun, each with the telescope in direct and reversed positions, 
are required to guard against error; these are readily made in 10 
or 12 minutes, while the reductions may be made in the evening 
without 10llBof time from the line work. 

Other difficulties in the nature of temporary disability of the solar 
attachment, and cloudy nights preventing Polaris observations, 
or other aqverse conditions may sometimes obtain, during which~ 
periods, even for a few days, if the engineer is familiar with the 
method of direct altitude observation upon the sun for meridian, 
he can thus establish his linea and possibly realize a saving of the 
entire time of his party until the. trouble is removed. To the engi
neers who have used this method little more needs to be said in ita 
favor. but t,o those unfamiliar with it the suggestion is made to 
practice the observations and reductions ~til proficiency is attained, 
and in its application the reward will come many times during an. 
average season's work. 

Referring to the description of the standard instrument adopted 
by the General Land Office it will be noted that it is equipped with 
a full vertical circle, Ii. colored glass shade in the dust shutter of 
the eye-piece, and a prismatic eye-piece; these are essential to rapid 
and accurate altitude observations upon the sun. 

101. An altitude observation of the sun for azimuth consists in 
the simultaneous determination of th~truevertical and horizontal 
angles to the sun's center, the horizontal angle being referred to a 
fixed point. With the true vertical angle to the sun's center, the 
declination of the sun, and the latitude of the 'station all known, one 
oftha following equations is:enteredaild a calculation made of the 
azimuth of the Bun's center· at the epoch of observation, as referred 
to the true · meridian; the relation between the- sun's calculated : 
azimuth and the recorded angle to the suil's cenier gives the trae 
beariDg afthe' fixed refe-lance point. . ' 
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102. Altitude observation of the BUnfar azimuth.-Reverse the signs 
of "&" ior south declinations: 

Tan lA= Icos l (1+<1>+0) Bin l (1+<1>-&) 
"V cos l (1-<1>-0) sin 1 (1-<1>+&) 

The spherical angles" I", "<1>", and "0" appear in this equation 
combined as in the formula for the reduction of an altitude observa
tion of the sun for apparent time, and when it is desired to reduce 
for both time and azimuth, the above equation for azimuth is to be 
preferred to any that follow. 

108. Altitude observation of the BUnfar azimuth.-For south declin
ations the function "sin &" becomes negative by virtua of the sine 
of a negative angle being treated as negative in analytical reduc
tions: If the algebraic sign of the result is positive the azimuth" A" 
is referred to the north point, but if negative, the azimuth" A" is 
referred to the south point: 

sin Il 
Cos A cos <I> cos h tan <I> tan h 

The above equation is very convenient in reducing for azimuth 
only. 

104:. Altitude obllervation of the BUn for azimuth.-To many sur
veyors the following equation is familiarly expressed directly in 
terms of the spherical triangle" pole-zenith-sun:" Reverse the sign 
of "&" for south declinations: 

Pole to zenith =900 -<1>= colat.; 
Pole to sun =90%= codecl.; 
Zenith to sun =900 -h = coalt.; 
S=lsum of the three sides: 

Cos lA= lain. S ain (S-;-codecl.) 
, SlD colat. Sill coalt. 

OBSERVING PROGBAM, MORNING. 

106. Thoroughly level the transit. 
With the telescope in direct position observe and record the hori

zontal deflection angle from a. fixed reference point to the sun's right 
limb, and the vertical angle to the sun's upper limb; these observa
tions must be simultaneous, at the epoch of which the sun will appear 
as indicated; note the watch time at th~ epoch of the observation: d-

Reverse the transit. 
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Observe and record the horizontal deflection angle from the fixed 
reference point to the sun's left limb, and the vertical angle to the 
sun's lower limb; these observations must be simultaneous, at the 
epoch of which the sun will appear as indicated; note the watch 

time at the epoch of the observation: -p 
• The mean observed vertical and horizontal angles, and the mean 
watch time are to be used in the reduction; this program constitutes 
one complete altitude observation, which is repeated until a series 
of three complete direct and reversed observations are made. 

OBSEBVING PBOGBAK, AJTEBNOON. 

106. In the afternoon the program. is modified only as to the order 
in which the sun's limbs are observed, which is as follows: 

First observation, telescope direct, observe the sun's right and 

lower limbs: 9-
Second observation, telescope reversed, observe the Bun's left and 

upper limbs: ... h 
107. By the above observing programs the horizontal and ver

tical angles in the direct positions of the telescope will be found of 
about the same numerical values as in the reversed position of the 
telescope, by reason of the Bun passing in a direction that will carry 
it acrOBB the field of the telescope during the time taken in the re
versal and second setting. Differential refraction is therefore prac
tically eliminated, and it is desirable that the corresponding angles 
in the direct and reversed positions of the telescope be about the 
same rather than as far apart as would result in any other observing 
program. 

The most suitable hour for this observation is when the sun is 
moving rapidly in altitude as compared with a relatively small 
change in azimuth. When the Bun has been brought into about the 
proper position in the field of the telescope the observer by lateral 
motion of the horizontal tangent Bcrew on the plates keeps the vertical 
wire tangent to the sun's right or left limb while the upper or lower 
limb of the Bun by the direction of its motion gradually approaches 
the horizontal wire; at the epoch of proper tangency of the two limbs 
to the two wires the observation is completed by calling" time" and 
stopping aU motion until the angles are recorded. It is very helpful 
for an assistant to read the time and to enter all records. 
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108. Example of direct altitude observation of the .sun for azi
muth, sun north declination, and both north and BOuth of an east 
and west line: 

Final field note&. 

Aug. 2, 1909, at the cor. of Tps. 31 and 32 S., Re. 43 and 44 W., 
6th Prin. Mer., Colo., in latitude 37° 17'.5 N., and longitude 102° 
18'.6W., at 7h 30m. a. m., app. t., lsetofi37° 17'30/IN., on the lat. 
arc; 17° 52' N., on the declo arc; and determine a meridian with the 
BOlar, whence I tum 90° to the east and set a flag, about 20 chs. 
dist.; then to test this indication of the BOlar I make a series of three 
altitude observations of the sun for azimuth, each with the telescope 
in direct and reversed positions; observing opposite limbs of the sun, 
and reading the horizontal deflection angles from the flag to the sun: 

Obser· 
vation. 

1st 

H 

2nd 

" 

3rd 

" 

Telescope. Sun. Watch time. Vertical Horizontal angle 
angle. trom flag to sun. 

Direct ...... d- 7b 36m &I' 30· OS' 

Reversed ••• -f 7 38 15 29 48 

Mean •• ......................... - ..... -- .......... -- .. 29° 50' 30" _. 
Direct ...... d- . 7" 41'" 2()a 30° OS' 00" 

Reversed ••• -P 7 43 00 30 46 SO 

Mean .. .............. ... .............. 30· 52' 15" 

Direct ...... d- 7" 52'" 00' 33' OS' 00" 

Reversed ... _ b 7 53 48 32 53 30 I 
Mean .. ................. .. 7b 52'" 54' 32· 59' 15" 

By 1st oban. flag bears N. 89° 58' 57/1 E. 
By 2nd oban. flag bears N.89 58 26 E. 
By 3rd oban. flag bears N.89 58 38 E. 

Mean true bearing of flag N . .a9° 58' 40" E. 
Indicated error of BOlar 

attachment l' 20" 

Field record. 

O· OS' 30" to N. 

0 33 00 U II 

O· 20' 45" to N. 

O· 32' 00" to S. 

0 12 30 t ~ U 

O' 22' 15" to S. 

2· 11' 00" to S. 

~ 00 00 II II 

2' 00' 30" toS. 

The declination of the sun for the mean period of the three obser
vations=17° 51' 04/1 N. 
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The follOwing reductions are made to obtain the true vertical 
angles of the above observations: 

1st obsn. 
v =29° 56' 30" 

Refraction = -1 40 
Parallax + 8 

h =29° 54' 58/1 

2nd oben. 
30° 52' 15/1 

-1 36 
+ 8 

30° 50' 47/1 

3rd oben. 
32° 59' 15/1 

-1 28 
+ 8 

32° 57' 55/1 

The following examples of reduction are all by the equation: 
sin 8 

Cos A t/> h -tan t/> tan h cos COB 

log cos 4>=9.900674 log sin 8=9. 486493( +) log tant/>=9. 881708 
" cos h=9.937897 " tan h=9. 759970 

9.838571 9.838571 log 

log 9.6~7922 
nat (+) .44455 

(-) .43821 

cos A=(+) .00634 

nat(-) 

9.641678 

.43821 

A=True bearing of sun .=N. 89° 38' 12/1 E. 
Angle from sun to flag =( + ) 0 20 45 

True bearing of flag =N. 89° 58' 57/1 E. 

log cos 4>=9. 900674 log sin 8=9. 486493( +) log tan t/>=9. 881708 
" cos h=9. 933763 " tan h=9. 776132 

9. 834437 9.834437 

log 9. 652056 
nate + ) . 44880 

log 9.657840 

nat ( -) .45482 
(+) .44880 

cos A=( -) .00602 
A=True bearing of Bun =8. 89° 39' 19" E. 
Angle from Bun to flag =( + ) 0 22 15 

True bearing of flag =8. 90° 01' 34/1 E. 
=N. 89° 58' 26/1 E. 
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log COB rI>=9. 900674 log Bin 8=9. 486493( +) log tan rI>=9. 881708 
" COB h=9. 923762 " tan h=9. 811941 

9.824436 9.824436 log 9. 693649 

nat (-) . 49391 
(+) .45926 

log 9. 662057 
nat (+) . 45926 

A=True bearing of sun 
Angle from sun to flag 

cos A=( -) . 03465 
=8. 88° 00' 52" E. 
=(+)2 00 30 

True bearing of flag =8. 90° 01' 22" E. 
=N. 89° 58' 38" E. 

The particular convenience of the above equation is noted in the 
fact that the functions "cos rI>", "tan rI>", and "sin 8" are constant 
throughout the entire reduction, the function "h" being the only 
variable. 

109. The third of the above series is selected for an example of 
reduction by the equation: 

Cos! A= lru:n 8 sin (~-codecl.) 
'V Sill colat. Bill coalt. 

900-rI>=900-37° 17' 30" =52° 42' 30"=colat. 
90°- 8=90°-17° 51' 04"(+)=72 08 56 =codecl. 
900 -h=900-32° 57' 55" =57 02 05 =coalt. 

28=181 ° 53' 31" 

8= 90° 56' 45" 
codecl.=900-8= 72 08 56 

8-codecl.= 18° 47' 49" 
log sin S 
" sin (S-codecl.)= . 

9.999941 
9.508146 

" sin colat. 
" sin coal t. 

=9.900674 
=9.923762 

9.508087 

9.824436 9.824436 

9.683651 
9.841825 

" cos2 !A 
" cos !A 

!A 
A=True bearing of sun 
Angle from sun to flag 

True bearing of flag 

45° 59' 35" 
=N. 91° 59' 10" E. 
=(-) 2 00 30 

=N. 89° 58' 40" E. 
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The above equation is 88 good 88 any for the reduction of one obser
vation, but the reduction becomes laborious for a series of three 
observations. 

110. The third of the above series is also selected for an example· 
of reduction by the equation: 

Tan!A= cos! (r+4>+6) sin ! (r+4>-8) 
COB! (r-<I>-6) sin! (r-<I>+'I) 

h= 32° 57' 55" 

r= 57° 02' 05" 
<1>= 37 17 30 

r+<I>= 94° 19' 3'5" 
6= 17 51 04 (+) 

r=57° 02' 05" 
4>=37 17 30 

1"-4>=19° 44' 35" 
6=17 51 04 (+) 

r+4>+,,=112° 10' 39" 
!(r+4>+6)= 56° 05' 20" 

r-4>+8=37° 35' 39" 
!(r-4>+o) =18° 47' 50" 

r+4>= 94° 19' 35" 
0= 17 51 04 (+) 

r-<I>=19° 44' 35" 
0=17 51 04 (+) 

r-<I>-o= 1° 53' 31" r+4>-6= 76° 28' 31" 
!(r+4>-6)= 38° 14' 15" !(r-4>-o)= 0° 56' 45" 

log COB ,(r+<I>+6)= 
" sin !(r+<I>-o)= 

" COB !(r-<I>-6)=9. 999941 
" sin Hr-4>+6)=9. 508152 

9.508093 

log tan 3 !A= 
" tan !A= 

9.746561 
9.791636 

9 .. 538197 

9.508093 

0.030104 
0.015052 

,A= 45° 59' 34" 
A=True bearing of Bun =N. 91° 59' 08" E. 

Angle from Bun to flag= (-)2 00 30 

True bearing of flag =N. 89° 58' 88" E. 
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Ill. The above equation is as good as any for ilie reduction of one 
observation, but the reduction becomes laborious for a series of three 
observations. However, the advantage in using the above equation 
is found when it becomes desirable to reduce the observations for 
both time and azimuth. 

Let it be required to reduce the third observation of the above 
series for time, making the reduction by the following equation: 

Tan 1. t- lain Hr+ct>-o) sin ,Cr-ct>+o) 
:I --y cos Hr+ct>+o) cos ,(r-ct>-o) 

log sin ,(r+ct>-o)= 
" s41 ,(r-ct>+o)= 

" cos '(r+ct>+o)=9. 746561 
" cos ,(r-ct>-o)=9. 999941 

" tan 2 ,t 
"tan ,t 

, t 

9.746502 

=300 52' 34" 

9.791636 
9.508152 

9.299788 

9.746502 

9.553286 
9.776643 

t =610 45' 08" =41' 07m 01' 

Apparent time of observation =7h 52m 59' a. m. 
Equation of time == +6 ()5 

Local mean time of observation=7h 59m 04' a. m. 
Watch time of observation =7 52 54 

Watch slow of 1. m. t. 

112. Example of direct altitude observation of the sun for azimuth, 
Run south declination : 

Final field notes. 

March 18,1910, at a transit point in Washington, D. C., in latitude 
380 53' 40" N., and longitude 77 0 01'.6 W., at 3h 42m p. m., app. t., I 
make a series of three altitude obserVations upon the sun for azimuth, 
each with the telescope in direct and revereed positions, observing 
opposite limbBOf the sun, and reading the horizontal deflection 
angle from a flag pole about 20 chs. to the S., SW. to the sun: 



INSTRUMENTS AND METHODS. 113 

Obser· Telescope. Bun. Watch Vertical Horhonta1.angle flag 
vaUon. time. angle. to sun, ' . . 

1st ..... Direct •. ~ ' •• , '.' 9- 3h 56m 580 25° 20' 65° 00' toBW. 

" Reversed .... ~ 3 58 48 25 31 64 45 " " 
Yean. ... . ............ 3h 57'" 53- :U;~25' 30" . 64° 52' 30" (( II 

2nd .... Direct ....... 9- 4h 01'" 4So 24° 28~ 65° 56' .. " 
Reversed .... -b 4 03 10 24 44 65 36 

Yean. ............ .... . ....... 24° 36' 00" 65 Q 46' 00" 14 .. 
3rd .... DIrect ....... q.. 4h ODm 580 23° 44' 66° 44' 

Revel'Slld •... ~ 4 07 30 23 57 66 26 

·Yean" . ..... . .... .. . ............. 23-8)'30" 66° 35' 00" " " 

By 1st obsn. flag bears S. 1° 00' 02" W; 
" 2nd" " " S. 1 00 20 W. 
" 3rd" " " S. O' 59 50 W. 

Mean true bearing of fiag=:S. 1° 00' 04" W. 

Fuld record. 

The declination of the sun for the mean period of the three obser
vatiollB=l ° 02' 16" S. 

The following reductions are made to obtain the true vertical 
angles of the above observations: . 

1st oben. 2nd oben. 
v=25° 25' 30" 24° 361 00" 

Refraction= -2 00 -2 06 
Parallax= + OS + OS 

3rd oben. 
23° 50' 30" 

-2 10 
+ OS 

h=25° 23' 3S" 24° 34' 02" 23° 4S' 2S" 
,= = 
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118. The first of the above series is selected for an example of 
reduction by the equation: 

Tan ~A= /cos ~(£+c/>+8) sin !(r+c/>-8) 
V cos ~(r-c/>-8) sin ~(r-c/>+8) 

h= 25° 23' 38" 

r= 64° 36' 22" 
c/>= 38 53 40 

r+c/>=103° 30' 02" 
8= 1 02 16 (-) 

r=64° 36' 22" 
<1>=38 53 40 

r-4>=25° 42' 42" 
8= 1 02 16 ( -) 

r+c/>+8 =102° 27' 46" 
~(r+c/>+8)= 51° 13' 53" 

r-<I>+8=24° 40' 26" 
i(r-<I>+8)=12° 20' 13/1 

r+c/>=103° 30' 02" \-</>=25° 42' 42/1 
8= 1 02 16 (-) 8= 1 02 16 (-) 

r-<I>-8=26° 44' 58" r+c/>-8 =104° 32' 18" 
~(r+<I>-8)= 52° 16' 09" ~(r-<I>-8)=13° 22' 29" . 

log cos ~(r+4>+8)= 
" sin Hr+<I>-8)= 

" COl! ~(r-<I>-8)=9. 988058 
" sin !(r-<I>+8)=9. 329724 

log tan2 ~ A 
"tan !A 

9.317782 

9.796697 
9.898118 

9.694815 

9.317782 

0.377033 
0.188516 

~ A 57° 03' 44" 
A=True bearing of sun=N. 114° 07' 28" W. 

Angle from sun to fiag= ( + )64 52 30 

True bearing of flag=N. 178° 59' 58" W. 
=8. 1° 00' 02" W. 
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114:. Let it also be required to reduce the first observation of the 
above series for time, making the reduction by the following equa
tion: 

Tan t= lsin i(t+4>-8) sin i(t-4>+8) 
i -V COB i(t+4>+8) cos W-4>-8) 

log sin !(t+4>-B)= 9.898118 
" sin Ht-4>+8)= 9.329724 

" COB i(t+4>+B)= 
" COB i(t-4>-8)= 

9.796697 
9.988058 
9.784755 

9.227842 

9.784755 
log tan 2 i t= 9.443087 
" tan i t= 9. 721544 

i t=27° 46' 29" 
t=55° 32' 58//=3h 42m 12" 

Apparent time of obsn. =3h 42m 12" p. m. 
Equation of time = +8 17 
Local mean time of obsn.=3h 50m 29" p. m. 
Watch time of obsn. =3 57 53 
Watch fast of 1. m. t. 7m 24" 

75th meridian time of comparison with a Western 
Union telegraph clock =4h 30m 00" p. m. 
Correction for longitude = -08 06 
L. M. T. of comparison =4 21 54 
Watch time of comparison=4 29 20 
Watch fast of 1. m. t 7m 26" 

116. The second observation of the above series is selected for an 
example of reduction by the equation: 

Cos A sin 8 tan 4> tan h 
cos 4> COB h 

log cos 4>=9.891149 log sin 8=8.257958 ( -) log tan 4>=9.906733 
" cos h=9. 958790 " tan h =9. 660053 

9.849939 9.849939 log 9.566786 
log 8. 408019 nat ( - ) . 36880 
nat ( - ) .02559 ( - ) . 02559 

cos A=( - ) .39439 
A=True bearing of sun =8. 66° 46' 20" W. 

Angle from sun to fiag=( - )65 46 00 
True bearing of flag =8. 10 00' 20" W. 
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l1G. The.third obseryatiouqfthe above $1ri€!! ~selec~d:{9l'an 
e~mple of reduction by the equati9n: . . .", 

Cos i A= Ism. S sin (S~codec1.) 
. 'V Sill colat. Sill coalt. 

900-cf>=900-38° 53' 40/1 ;", 51° 06' 20/l=cplat. 
90° -8 =90° - 1 02 16 (-) = 91 02 16 =coded. 
900-h=900~23 48 28 = 66 11 32 =coalt. 

2 8=208°20' 08" 

8=104° 10' 04/1 
coded. =90° -8 = 91 02 16 

S-codecl.= 13° 07' 48/1 
log sin S 
" sin (S-codecl.) 

9.986585 
9.356334 

" sin colat. 
.. sin coalt. 

=9.891149 
=9.961376 

9.342919 

9.852525 9.852525 

log cos2 i. A = 9.490394 
" cos i A = 9.745197 

! A = 56° 12' 35/1 
A=True bearing of sun N. 112° 25'10" W. 

Angle from sun to flag =:= (+) 66 35 00 

True bearing of flag . = N. 179° 00' 10" W. 
8. O~ 59' 50/1 W. 

EQUAL ALTITUDE OBSERVATIONS OF THE SUN FOR MERIDIAN. 

117. The true llleridian may be established by the method of . 
equal altitude observations of the sun. The observation is not well 
adapted to line w~k, but it possesses a certain usefulness in camp, 
in that the engineer may thus. determine the true meridian by the 
sun with mere approximations as to time and latitude. 

The, fixation of the true meridian by this method depends upon 
the theory that the sun's center at equal altitudes. occupies sym
metrical positions . .in azimuth e¥t and west. of the meridian in 
the morning and in the afternoon except for the correction necea-
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sary to be applied due to the change in the sun's declination in 
the interval between the a. m. and p. m. observations: 

"dih": Correction in azimuth in minutes of angular measure to be 
applied to the mean position in azimuth to obtain the true 150uth 
point; the correction is to be applied to the east with a northerly 
hourly change in declination, or to the west with a southerly hourly 
change. 

"do": Change in declination of the sun from the a. m. to the p . m. 
observation, expressed in minutes of angular measure. 

"(t1+t2 )": The sum of the hour angles from apparent noon, or the 
total watch time from the a. m. to the p. m. observation, expreBfied 
in angular measure. 

dA _ 1do 
8-cos 4>sin~(tl +t2) 

The symmetry of the equal altitude observation is maintained 
by observing opposite limbs in azimuth in the a. m. and p. m. 
observations, in connection with the same limb in vertical angle 
in both observations. 

With ";do" and "H~+~)" calculated, the computation can be 
concluded by applying to "¥lo" the declination coefficient obtained 
by entering Table 22 of the Standard Field Tables, which gives 
coefficients for computing errors in azimuth due to small errors in 
declination, arguments: "4>" and "H~+~)." 

118. An equal altitude observation of the sun for azimuth consists 
in reading the horizontal deflection angles from a fixed reference 
point to opposite right or left limbs of the sun in a. m. and p. m. 
observations simultaneously with the same upper or lower limb 
at the epoch of equal vertical angle in botli observations, from the 
record of which a calculation is made of the bearing of the reference 
point as referred to the true meridian. To guard against error the 
engineer is required to make a series of three equal altitude obser
vations, taking the resulting mean. The most suitable a. m. and 
p. m. hours for this observation obtain when the sun is moving 
rapidly in altitude as compared with a relatively small change in 
azimuth . 

EQUAL ALTITUDE OBBERV ATIONS OF THE SUN, OBSERVING PROG1Ull. 

119. Select the observing station, or transit point, and a refere)1ce 
point preferably to the south, and not nearer than 5 or 10 chaine 
distant. 

1900' -31--9 
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Thoroughly level the traruri.t for the a. m. observation. 
Observe and record the horizontal deflection angle from the fixed 

reference point to the sun's right limb, and the vertical angle to the 
sun's lower limb; these observations must be simultaneous, at the 
epoch of which the sun will appear as indicated; note the watch 

time at the epoch of the observation: 9-
Thoroughly level the traruri.t for the p. m. observation. 
With the same vertical angle set off for the p. m. observation follow 

the sun's left limb until the sun's lower limb becomes tangent, as 
indicated, recording the watch time and horizontal deflection angle 

from the reference point: -P 
The above program constitutes one observation. A Belies of three 

observations are taken by three successive a. m. settings at intervals 
of about four or five minutes of time. In the p. m. the settings are 
of ~ourse made in the inverse order. 

Consider each equal altitude observation separately and subtract 
the lesser horizontal angle from the greater and divide by two. 

The mean of the three half-differences is then taken to determine 
the horizontal angle from the reference point to an uncorrected south 
point, this angle to be applied in a direction to equalize the south 
point between the two observed positions of the sun. 

Compute the differential azimuth correction due to the change in 
the sun's declination from the mean period of the a. m. to the mean 
period of the p. m. observations, and apply this angle to the mean 
ofthe half-differences as stated above; the differential azimuth cor
rection is to be applied to the east when the hourly change in the 
sun's declination is northerly or to the west when the hourly change 
in the sun's declination is southerly; the computed resultant angle 
indicates the bearing of the reference point referred to the true 
meridian. 

The correct apparent times of the observations do not need to be 
known, as the function "!(tl+t2)" equals one-half the time in hours 
and minutes, by the engineer's watch, from the a. m. to the p. m. 
observation. 

The equal altitude observation may be modified by taking a p. m. 
observation one day followed by an a. m. observation the next, in 
which case the functions "~do" and ";(tl+t2)" are to be computed 
for the period from the p. m. to the a. m. observation; and the differ-
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ential azimuth correction, "d A6 ", is then applied in the opposite 
direction. 

120. Example of equal altitude observation of the sun for azimuth: 

Final field notes. 

May 3, 1913, at a transit point in WWlhington, D. C., in latitude 380 

53' 40" N., and longitude 770 1'.6 W., at 9h27m a. m. and 2h33m p. m., 
app. t., I make a series of three equal altitude observations upon the 
sun for azimuth, reading the horizontal deflection angle from a 1l.ag
pole about 20 cha. to the S., SE. in the a. m. to the sun's right limb, 
and SW. in the p . m. to the sun's left limb; equal vertical angles 
being taken to the sun's lower limb. 

Observation. Sun. Watch Vertical Horizontal angle flag 
time. angle. to sun. 

1st n. m ......•...•.••• 9- 9h29m250 48°28'00" 67°20'00" toSE. 

3dp.m ............... ....p 241 40 652830 toSw. 

1 °51'30" (DUf.) 
= 

2da.m ............... '9- 9h32m5!Jo 49°05'00" 66°29'30" toSE' 

2dp.m ............... -P 238 1S 643800 toSW. ---Sum of hour angles •. , . ............. 5h05m250 
Mean hour angle .•.•• • ................. 2h32"42- 1 °51'30" (DUf.) 

3da.m •••••••••.• •••• f.j- 9h36m3Qo 49°43'00" 65°34'30" to SE. 

1st p. m .••••••••••••• ...p 234 45 63 4530 toSW. ---
1 °49'00" (Diff.) 

One-half differences, or bearing angles from uncorrected south 
point to flag: 

By 1st obsn.=8. 0° 55' 45/1 W. 
"2d "=8. 0 55 45 W. 
"3d "=8.0 54 30 W. 

Mean =S. 0° 55' 20" W. 
Differential azimuth correction= (+) 3' 53/1 

Mean true bearing of flag =S. 0° 59' 13/1 W. 
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Field record. 

:rhe hourly ch~ge ~ the Bun's dec1ination=44".3 N. 

N 

s 

Hor. ang. a. m.=A a. m.+x=A+x 
Hor. ang. p. m.=A p. m.-x=A+2dAa-x 
Hor. ang. a. m. -Hor. ang. p. m.=2x-2dAa 

Hor. aI\g. a. m. -hor. ang. p. m. d' A 
x=--- ---z +-'18 

The following computation is made to obtain the differential 
azimuth . correction for the above series: 

! dll=!X5.08X44.3=112"; log ~da=2.049218 
<1>=38 0 53' 40" N.; log COB <I> =9.891149 

i (t1+t:z) =211 32m 42' 
=380 10' 30" 

log sin Wl+t2) =9.791034 

9.682183 9.682183 

log d Aa~2.367035 
d Aa=Differential azimuth correction= 233// 

=3' 53// 
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121. The following reduction to obtlUn the value of the differ· 
ential azimuth correction for the above series is made with the use 
of Table 22 of the Standard Field Tables: 

Wl+ts), or hours from noon. I Latitude. 
2b 2b 33m 3" 

35° 00' 

I 
2.44 2.05 1.73 

as 64 2.16 
40 00 2.61 2.19 1.85 

Declination coefficient =2.16 
d A6=2.16 X l dil=2.16X1l2" =242" 
d A6=differential azimuth correction=4' 02" 

The small difference (09") in the computation of "d Aa" in the 
two processes of reduction is due to the error in adopting a coefficient 
obtained by linear interpolation in Table 22 of the Standard Field 
Tables, the tabl,ll.ar interval of which is large. Ordinarily the equal 
altitude method would be used when: the latitude of the station is 
uncertain, and the slight error in using the declinJttion coefficient 
taken Py linear interpolation from Table 22 is BlIla.l1 enough to be 
negligible. 

12\3. The Hecond a. m. and p. m. observations of the abcve series 
are selected for an example of reduction to the sun's center and 
direct computation of the sun's azimuth, and true bearing of the 
flag, by the equation: 

, sin 0 
Cos A= cos rJ> cos h -tan rJ> tan h 

Vertical angle to sun's lower limb=49° 05' 00" 
Reduction to sun's center =+ 15' 54/1 
Refraction 49/1 
Parallax =+ 06/ 

Sun's center, h =49 0 20' Il" 
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Declination of the SUD at Greenwich apparent noon =150 34' 37" N. 

Diff. in time to a. m. obsn.: 
For longitude = 5hogm 

For time, Q. m. = -2 33 

2.58 II = 2h35'" 
Diff. in declination to app. t. of a. m. obsn.: 

2.5SX44".3=114" l' 54/1 N . 

Sun's dec!. a. m. oben. = 150 36' 31/1 N. 

Diff.top.m.obsn.,already computed(2X1l2/1=2~W')= 3' 44/1 N . 

Sun's dec!. p. m. oben. =150 40' 15/1 N. 

a. m. obsn. p. m. obsD. 

log cos 4>=9.891149 log sin 0=9.429856(+) log ~iD 0=9. 431541( +) 

" cos h=9. 813992 

9.705141 9.705141 

"tan 4> =9.906733 log 9.7247::.5 

"tan h =0.065991 nat (+) .53054 

log 9.972724 
nat (-) .93913 (-) .93913 

cos A = (-) .40859 

A=true bearing of sun =S. 650 53' 02/1 E. 

Horizontal angle from 
flag to aun's right and 

9.705141 

log 9.726400 
nat (+) .53260 

(- ) .93913 

(- ) .40653 

S. 66° O<Y 47/1 W. 

left limbs = 66° 29' 30" to SE. 64° 38' O<Y' to SW. 

Reduction to sun's cen-
15.9' 

ter 
cos 49° 20' 

(+) 24'24" (+) 24' 24" 

Hor. ang. to sun's center = 66° 53' 54/1 to SE. 65° 02' 24" to SW. 

Sun's azimuth as com-
puted above =8. 65° 53' 02" E. S. 66° 00' 47" W. 

True bearing of flag =8. 1° 00' 52/1 W. S. 0° 58' 23/1 W. 

Mean true bearing of flag =8. 0° 59' 37/1 W. 

The discrepancy between the a. m. and p. m. results suggests a 

systematic instrumental error ordinarily eliminated by taking direct 
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and reversed observations, which in this instance is of opposite effect 
in a. m. and p. m. hours and apparently eliminated in the mean 
result. 

123. One additional fact should be noted relative to the several 
reductions of the above equal altitude observations: 

By above direct computation, A p. m. =66 0 00'47// 
A a. m. =650 53' 02/' 

Difference=2dA~ = 
dA~ = 

7' 45// 
3' 53// 

This value for dAa (3/ 53//) agrees with SaIne function as first 
computed. 

124:. Upon concluding the subject of azimuth determinations it 
will be of interest to note that the weighted mean of a large number 
of observations gives a value of S. 00 59' 25// W. for the azimuth of 
the line from the Washington, D. C., transit point to the flag pole here
to fore described. A comparison of the methods and results of the va
rious observations as given on the preceding pages suggests that the 
engineer should seldom be without means by which accurately to 
determine time, latitude, and azimuth at any place in the field, 
however remote, and should doubt arise as to his results a " check" 
by independent method is nearly always available and a certain 
guide as to the accuracy of the determinations. It might be added 
that a careful engineer will not fail to surround his methods with 
adequate verification to insure the accuracy required in the execution 
of the public-land surveys . 

THE TRUE PARALLEL OF LATITUDE. 

126. The base lines and standard parallels of the rectangular 
system are established on the true parallel of latitude; the random 
latitudinal township boundary lines are also projected on the same 
curve; this curve is defined by a plane at right angles to the earth's 
polar axis cutting the earth's surface on a small circle. At every 
point on the true parallel the curve bears due east and west, the 
direction of the line being at right angles to the meridian at every 
point along the line. Two point: at a distance of 20 chains apart on 
the SaIne parallel of latitude may be said to define the direction of 
the curve at either point, without appreciable error, but the projec
tion of a line so defined in either direction, easterly or westerly, 
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would deBCribe a great circle of the earth gradually departing south
erly from the true parallel. The great circle tangent to the paraHel 
at any origin or reference point along the parallel is known as the 
"tangent to the parallel, ' 'and it is coincident with the true latitude 
curve only at the point of origin. The rate of the change of the 
azimuth of the tangent is a function of the latitude on the earth's 
surface. The azimuth of the tangent varies directly as the distance 
from the origin, and the offset distance from the tangent to the 
parallel varies as the square of the distance from the point of tan
gency. A great circle connecting two distant points on the same 
latitude curve has the same angle with the meridian at both points 
and the azimuth of such a line at the two points of intersection is a 
function of one-half the distance between the points. 

There are thtee general methods of establishing a true parallel of 
latitude which may be employed independently to arrive at the 
same result: (1) The solar method; (2) the tangent method; and, 
(3) the secant method. 

SOLAR METHOD. 

126. The BOlar instruments are capable of following the true 
parallel of latitude ,without eubstantial offsets. If such an instru
ment, in good adjUBtment, is employed, the true meridian may be 
determined by obeervation with the solar at each transit point. A 
turn of 90° in either direction then defines the true parallel, and if 
sights are taken not longer than from 20 to 40 chains distant, the line 
so established does not appreciably differ from the theoretical 
parallel of latitude. The locus of the resulting line is a succession 
of points each one at right angles to the true meridian at the pre
vious station. However, during a period each day the B01ar is not 
available, and during this time, also whenever the sun may be 
obscured by clouds, or on account of a disturbanc'e of the adjust. 
ments of the solar attachment, and whenever an instrument without 
solar attachment is employed, reference must be made to a transit 
line from which to eetablish the true latitudecll'Ve by one of the 
following methods. 

'fANOENT METHOD. 

127. The tangent method of determination of the true latitude 
curve consists in establishing the true meridian at the point of 
beginning, from which a horizontal deflection angle of !WO is turtle<! 
to the east or west, as may be required, and the projection of the line 
thus determined is called the tangent. The tangent is projected 6 
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miles in a straight line, and as the measurements are completed for 
each corner point, proper offsets are measured north froID the tangent 
to the parallel, upon which line the corners are estab\ished. 

In Table 12, Standard Field Tables, are given the bearing angles 
or azimuths of the tangent to the parallel, referred to the true S. 
point, tabulated for allY degree of latitude from 25° to 70° N., for the 
end of each mile from 1 to 6 miles. At the point of beginning the 
tangent bears east or west, but as the projection of the tangent is 
continued the deviation to the south i.l1creases in accordance with 
rules already stated. 

In Table 13, Standard Field Tables, are shown the various offsets 
from the tangent north to the pal"dllel, tabulated for any degree of 
latitude from 25° to 70° N., for each half mile from t to 6 miles. 

The accompanying diagram illustrates the establishment of a 
standard parallel in latitude 45° 34'.5 N., by the tangent method. 
(See Fig. 14.) The form of record is shown in the specimen field notes. 

Objection to the use of the tangent method in a timbered country 
is found owing to the requirement that all blazing is to be made on 
the true surveyed lines. Also, all measurements to items of topog
raphy entered in the field notes are to be referred to the true estab
lished lines. These objections to the tangent method, on account of 
the increasing distance from the tangent to the parallel, are largely 
removed in the secant method. 

SEC_~NT METHOD. 

128. The designated secant is a great circle which cuts any true 
parallel of latitude at the first and fifth mile corners, and is tangent to 
an imaginary latitude curve at the third mile point. From the 
point of beginning to the third mile corner the secant has a north
easterly or northwesterly bearing; at the third mile corner the secant 
bears east or west; and from th(lthird to the sixth mile corners the 
secant has a southeasterly or southwesterly bearing, respectively, 
depending upon the direction of projection, east or west. From the 
point of beginning to the first mile corner and from the fifth to the 
sixth mile corners the secant lies south of the true parallel, and from 
the first to the fifth mile corners the secant lies north of the true 
parallel. It will thus be seen that the secant method is a mere 
modification of the tangent method, so arranged that the minimum 
offsets can be made from the projected transit line to the established 
true parallel of latitude. 
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The secant method of determination of the true latitude curve con
sists in establishing the true meridian at a point south of the begin
ning comer a measured distance taken from the table, from which 
meridian the proper horizontal deflection angle, as taken from the 
table, is turned to the northeast or northwest to define the secant. 
The secant is projected 6 miles in a straight line, and as the measure
ments are completed lor each corner point, proper offsets are meas
ured, north or south, from the secant to the parallel, upon which 
parallel the comers are established. 

In Table 14, Standard Field Tables, are given the bearing angles or 
azimuths of the secant, referred to the true N. point for the first 3 
miles, and the same symmetrical bearing angles or azimuths referred 
to the true S. point lor the last 3 miles, tabulated for any degree of 
latitude from 25° to 70° N., for the end of each mile from 0 to 6 
miles. 

In Table 15, Standard FIeld Tables, are shown the various offsets 
from the secant to the parallel, tabulated for any degree of latitude 
from 25° to 70° N., for each half mile from 0 to 6 miles. 

The accompanying diagram illustrates the establishment of a 
standard parallel in latitude 45° 34'.5 N. by the secant method. 
(See Fig. 15.) The form ofrecord is shown in the specimen field notes. 

The secant method is recommended for its simplicity of execution 
and proximity to the true latitude curve, as all p1easurements and 
cutting by this method are substantially on the true parallel. 

CONVERGENCY OF MERIDIANS. 

129. The linear amount of the convergency of two meridians io a 
function of their distance apart, of the length of the meridian between 
two reference parallels, of the latitude, and of the spheroidal form 
of the earth's surface. 

The following equation is convenient for the analytical compu
tation of the linear amount 6f the convergency on the parallel, of 
two meridians any distance apart, and any length. The correction 
for convergency in any closed figure is proportional to the area, and 
may be computed ftom an equivalent rectangular area: 
"mA": Measurement along the parallel. 
"m.t>": Measurement along the meridian. 
"a": Equatorial radius of the earth=3963.3 miles. 
"e": Factor of eccentricity, log e=8.915 2515. 
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"dmll.": Linear amount of the cOl1vergency on the parallel, of two 
meridians distance apart "mll.," and length "m,p" along 
the meridian: "dmll.", "mll.", "~" and "a" to be 
expressed in the same linear unit: 

drnll.=m" a~ tan <f>-jI-e2 sin2 d, 

Example of computation of the convergency of two meridians 24 
miles long and 24 miles apart in a mean latitude of 43° 20': 

nat 1 1.0000000 
log e =8. 915 2515 
" " =8. 915 2515 
" ~in 43° 20' =9.836 477 

" " =9.836 477 

" e:! Bin2 q, 
nat" " " 

=7.503457 
0.0031875 

" (1-e2 sin2 <f» = 0.9968125 
log " " " 9. 998 614 

" -jl=e"fifn";P =9.999 307 
" tan 48° 20' =9.9'74 720 
"24 =1. 380 211 
" =1. 380211 
"80* =1. 903 090 

" product =4.637539 
" 3963.3 =3.598057 

dm).. =1.039482 
lmt " 10.9517 chs. 

The convergency, measured on the parallel, of two meridiam 24 
miles apart and 24 miles long, in a mean latitude of 43° 20', is there
fore fOlmd to be 10.95 chains. The convergency of the ea.st and west 
bOlIDdaries of a regular township in the Bame latitude' would be 
equal to one-sixteenth of the convergency of the east and west 
bOlIDdaries of the quadl'angle as computed above, or 68.44 links, 
which agrees with the value taken from Table 11 of the Standard 
Field Tables. 

*This factor is introduced here for the purpose ot conversion from the unit ex
pressed in miles to the unit expressed in chains. 
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180. In Table 11, Standard Field Tables, are tabulated the linear 
amounts of the convergency of meridians, 6 miles long and 6 miles 
apart, for each degree of latitude from 25° to 70° N., together with 
the angle of convergency of the same meridians. These amounts of 
linear convergency are at once the proper corrections to apply to 
the north boundary of a regular township :in the computation of the 
closing error around a township, or other computation by which a 
theoretical length of a north or south boundary of a township is com
pared with the length of the opposite boundary; the tabulated linear 
amounts of convergency are equal to double the amounts of the offsets 
from a. tangent to the parallel at 6 miles for the same latitudes. 
Simple :interpolation may be made for any :intermediate latitude, 
and the amount of the convergency for a fractional township or other 
figure may be taken :in proportion to the tabulated convergency as 
the fractional area is to 36 square miles. 

The tabulated angle of convergency represents at once the devia
tion :in azimuth of the tangent from the parallel at 6 miles; and Ye, 
~, ~, %, and % of the tabulated angles of convergency represent 
at once the amounts of the correction :in the bearing of me ... idional 
section lines to compensate for convergency within a township. 

In the same table are given the differences of longitude for 6 miles 
:in both angular and time measure, also the differences of latitude, 
for 1 or 6 miles, in angular measure, in the various tabulated latitudes. 

181. In the plan of subdivision of townships the meridional section 
lines are established parallel to the east boundary or other governing 
line; this necessitates a slight correction on account of the angular 
convergency of meridians. Meridional section lines west of the 
governing line are deflected to the left of the bearing of the governing 
line the amount shown :in the second part of Table 2, Standard Field 
Tables, which is entered under two arguments: (1) Latitude, and (2) 
distance from the governing line. Meridional section lines east of a 
governing boundary are given the same amount of correction for 
bearing, but the deflection is made to the right. 

LENGTHS OF ARCS OF THE EARTH'S SURFACE. 

182. All computations :involving a difference of latitude for a 
given measurement along a meridian or the converse calculation, or 
other computations involving a difference of longitude for a given 
measurement along a parallel or a similar converse calculation, are 
readily accomplished by the use of the values given in Table 16, 
Standard Field Tables; this table gives the lengths in miles and 



INSTRUMENTS AND METHODS. 131 

decimal part of a mile of one degree of longitude measured on the 
parallel, and the lengths in miles of one degree of latitude measured 
on the meridian, for any latitude from 25° to 70° N. 

The above tabulated values may be reduced to miles and chains, 
or to chains or feet, as convenient. In taking out lengths of degrees 
of longitude measured on the parallel an exact linear interpolation 
may be made, and in taking out lengths of degrees of latitude meas
ured on the meridian the value should be taken out for the mean 
position in latitude of that portion of the meridian whose length it 
is desired to compute. 

133. The first part of Table 2, Standard Field Tables, has been 
arranged for the reference of the latitude of any point within a town
ship to the south boundary, the only argument being the miles and 
chains distant from the south boundary. Thus with the use of this 
table all observations for latitude within a township may be reduced 
to the south boundary; and conversely, given the latitude of the 
south boundary of a township, the latitude of any station within the 
township may readily be obtained by applying the difference given 
in the table for the known distance north. 

HOUR ANGLE OBSERVATION OF POLARIS FOR LATITUDE. 

133-A. Continuing subjects included in sections 73 to 76, inclu
sive, and sections 91 to 98, inclusive. The latitude may be deter
mined by an altitude observation of Polaris at any hour angle. By 
this method the vertical angles are read in pairs, or double pairs, 
with reversals of the position of the telescope, and watch time noted 
at each setting. The watch correction is required, which will be 
applied to the mean (or average) of the watch readings to obtain the 
correct local mean time of observation for the pair or double pairs of 
settings. The mean time hour angle of Polaris at the epoch of obser
vation is then taken out as in observations for azimuth, and the dec
lination of Polaris for the date will be ascertained in the Ephemeris. 

With the two values, mean time hour angle and declination, 
the latitude may be computed or there may be derived from the 
table in the Ephemeris the vertical angle equivalent for the position 
of Polaris above or below the earth's polar axis at the epoch of obser
vation. The latter value is applied to the observed vertical angle, 
corrected for refraction, to secure the true elevation of the pole, or 
the latitude of the station. The method may be combined with the 
observation for azimuth, or it may be used independently. 
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The vertical angle reduction is tabulated in the Ephemeris in a 
simplified form in which the two principal arguments are employed 
to secure a primary adjustment to the elevation of the pole, sub
tractive when Polaris is above the pole and additive when below; 
a emall supplemental correction is then secured from the table, with 
the arguments of mean time hour angle and obse~ved altitude. 

Example of hour angle observation of Polaris for latitude, making 
use of the table given in the Ephemeris: 

Final field notes. 

Yay 23,1929, at station No.1, in longitude 1000 00' W., I make an 
hour angle observation of Polaris for latitude, reading two vertical 
angles, one each with the telescope in direct and reversed positions: 

Mean observed vertical angle 35° 39' 30" 
Mean watch time of observation, p. m. 711 41 m 128 

Watch fast of l. m. t., determined by SE;Jt-
ting with a Western Union clock reading 
central standard time 40m 00' 

Reduced latitude 36° 29' 48/1 

Field record. 

I~our angle observation of Polaris for latitude: 
Telescope. Vertical angle. Watch time. 

Direct ••.....•.................. 35° 39' 00/1 7h 40m 44' p. m. 
Reversed ....................... 35 40 00 7 41 40 

Mean.... . . . . . . . . . . . . . . .. 35 0 39' 30" 7h 41m 12" p. m. 
Watch fast of local mean time .............. . 40 00 

L. M. T. of observation, May 23, 1929 7h Olm 12' p. ill. 

711 01. 2m p. ill. 
+12 

Gr. U. C. of Polaris, same 
date =9h 33. 2m a. m. 

Red. to longitude 1000 00' = -I. I 

Hour angle of Polaris west of the meridian 

Declination of Polaris 

9 32.1 a. m. 

+88 0 55' 15/1 
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Primary adjustment, additive, Polaris Mean obsd • D. 
~35· 39' 30" below the pole. ang., " 

Mean Carr. for relrac-
time tion = -1 20 
hour Declination. -----
angle. h =35° 38' 10" 

+88° 55' 00" +88° 55' 15" +88° 55' 20" 
Primary adJust-

ment to elev. 
01 pole. + 0° 51' 42" 

Supplemental 
9

h 
22.5

m I 0° 50' 46" 0° 50' 34" O· 50' 30" carr. -0 0 04 
29.1 0 51 42 Latitude of sta-
34.4 0 52 48 0 52 36 0 52 32 tion. =36° 29' 48" 

In order to proceed with the analytical reduction, it is convenient 
to begin with an angle a, computed from the equation: 

Tan a=t&n °t' in which equation the factor "cos t" becomes nega
COB 

tive for hour angles exceeding 90°, whereupon a will exceed 90°. 
The latitude may then be derived from the equation: 

Cos (q,-a) sin.a ~in It 
SID 

The above example of a field observation is reduced as follows : 

Mean time h. a. 9h 29. 1m log tan 8=1. 7249827 log sin .. -9.9999513 

Red. to sidereal h. a. +1. 6 

Sidereal h. n. 9" 30.7m 

Same, red. to ang. 
meas., t = 142° 40' 30" 

.. cos t = 9. 9004813 (-) h = 9. 7653968 

.. tan .. =1. 8245014 (-) 

a..- 90° 51' 30" 

9.7653481 
0-9. 9999230 

log cos (<1>-") =9.7654251 

By inspection it will be <1>_ .. =_54° 21' 40" 
seen that <1>-" is a neg- 4=+90° 51' 30" 
ative angle. 

Latitude of station ............ <1>= 36° 29' 50" 





CHAPTER III. 

SYSTEM OF RECTANGULAR SURVEYS. 

GENERAL SCHEME. 

184:. In the preceding chapters there has been outlined the BYS

tem of nomenclature and procedure relating, in general terms, to the 
survey of the public domain. It is confidently assumed that the 
United States surveyor has become impressed with the purpose of 
his task and the stability and dignity which should be attached to a 
work so great and important, commQnsurate with its broad founda
tion in law and science. 

For the purpose of disposal of the public domain the law provides, 
in general terms, for its description, subdivision and identification 
in conformity with the following general scheme: 

1st. The township, 6 miles square, containing 36 sections, each 1 
mile square. 

2d. The numbering of the townships meridionally into a range and 
latitudinally into a tier, from which the necessity at once appears 
for the selection of independent initial points, each to serve as an 
origin for the extension of surveys synchronously needed in somewhat 
widely separated localities, to provide for which, principal or gov
erning meridians and base lines have been established, to which 
might be related the surveys executed in each of such localities. 

3d. The establishment of guide meridians and correction lines or 
standard parallels at intervals sufficiently near each other to main
tain a practical workable adherence to the legal definition of the 
primary unit, the township 6 miles square, and at the same time to 
reduce to a minimum the number of corners required. 

4th. The placing of fractional sections on the north and west bound
aries of the township. 

5th. The subdivision of the townships into 36 sections by running 
parallel lines through the township from BOuth to north and from 
east to west at distances of 1 mile. . 

6th. The inflexible declaration of the integrity of the corners marked 
in the public surveys as the proper legal corners of the sections 
or of the Bubdivisions of the sections which they were intended to 

135 
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designate, together with the equally important provisions (a) that 
the boundru-y lines actually run and marked shall be and remain 
the proper boundary lines oithe sections or subdivisions for which 
they were intended · (b) that the length of such lines as returned 
by the surveyors shall be held as the true length thereof; and (c) 
that the sections shall be subdivided by rUimilig straight lines 
from the established quarter-section corners to the opposite estab
lished quarter-section corners. 

IS5. The townships wili be numbered to the north or south com
mencing with number 1 at the base line, and with range numbers to 
the Eidst ot west beginning with number 1 at the principal meridian. 

The Ii6 sectiom into which a township is subdivided are numbered 
comrlieilcing with number 1 in the northeast section of the township, 
proceeding therice west to section 6, thence south to section 7; thence 
east to section 12, and so on, alternately, to number 36 in the Bouth
east section. In the case of fractional townships, the sectioDs Will 
bear the same numbers they would have had if the townships were 
full, that is to say the section numbers should be employed which 
are the proper section numbers relating to the sides which are the 
governing boundaries, leaving any deficiency to fall on the opposite 
sides. 

138. The specimen field notes will serve to illustrate the method 
of running lines to form quadrangles 24 miles square ; the method 
of running the exterior lines of townships; and the method of sub
dividing regular townships. The methods here presented are 
designed to insure a full compliance With every practicable :require
ment, meaning and intent of the surveying laws. 

13'7. By the terms of the original law and by general practice 
section lines are surveyed from south to north and from east to west, 
in ordet uniformly to place excess or deficiency of measurement on 
the north and west sides of the townshipB. For convenience the 
exterior lines oli which subdivisions are based are called the govern
ing boundaries. In unusual CaBes the north and west boundaries 
may be employed to govern the subdivision of a township, and in 
extreme caseB an irregular towmhip may be without even a single 
governing boundary. 

INITIAL POINTS. 

138. Initial points from which the lines of the public surveys are 
to be extended will be established whenever necessary, under such 
special instructionS a8 Illay be prescribed ill each case by the COm-
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tnissioner of the General Land Office. The initial points are to be 
selected with a view to their control of extensive agricultural areas 
within reasonable geographical limitations. Upon the establish
m.ent of an initial point, the position of the point in latitude and longi
tude is to be determined by accurate field astronomical methods. 

During the period since the organization of the system of rectan
gular surveys numbered and locally named principal meridians and 
base lines have been established as shown by the accompanying 
tabular exhibit. These bases and meridians may be found by 
examining the iarge wall map of the United States published by the 
General Land Office; they are also shown upon the various official 
State maps, and upon a special map entitled "United States, Showing 
Principal Meridians, Base Lines and Areas Governed Thereby." 

139. The latitudes and longitudes given in the following table are 
based upon the best obtainable information, but in BOme caaes the 
values shown are only approximately correct owing to the fact that 
many of the initial points were fixed in position and the Btirveys 
therefrom largely completed before the same importance 'lVaa at
tached to the matter of accurate latitudes and longitudes as at the 
present time. It may also be noted, by way of explanaiion, that 
present-day facilities for accurate field astronomical determinations 
were not available to the early silrveyors. It is not exp(iCted that 
the values of the latitudes given in the table will be used as the 
basis of the calculation of the latitude of an unknown station; in lieu 
of a field determination thereof; except as an apptoximate value 
may satisfy all requirements. The coordinates of the earliest sur
veys in Ohio can not be conveniently tabulated, but they are shawn 
upon the maps as stated above. 

PRINCiPAL MERIDIAN. 

14:0. This line shall conform to the ttuES mendian and will be 
extended from the initial monument, either north or south, or m 
both directions, as the conditions may require; regular quarter
section and section torners will be established alternately at inter
vals of 40 chains, and regular township corners at intervals of 480 
chains; meander corners will be established at the intersection of 
the line with all meanderable bodies of water. 

141. In the survey of the principal meridian and the other 
standard lines (base lines, standard parallels and guide meridians), 
hereinafter described, two independent sets of measurements will 
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MERIDIANS AND BASE LINES OF THE UNITED STATES RECTANGULAR 
SURVEYS. 

L~itude Latitude 
Governing surveys (wholly or of principal of base 

Meridians. in part) in States of- meridians lines 
westfrom north from 

Greenwich. Equator. 

. , 
" . , 

" Black Hf11s •••••....•.. .. South Dakota •..•....... . " .. . 104 03 00 44 00 00 
Boise ••••••.••........... Idaho •........•...•.•.... •.... 116 24 15 43 22 31 
Chickasaw •••...... ..... . Mississippi. •...... ..•...... ... 89 15 00 34 59 00 
Choctaw •.•.............. •...• do ....••.............•... . 90 14 45 31 54 40 
Cimarron ....••.......... Oklahoma .•••••......... .. ... 103 00 00 36 30 00 
CoYrlb:r River •••...•..•.. Alaska •... ... ............ .. ... 145 18 42 61 49 11 
Fa anks •••••••.•..... . Alaska •.•. . ••................ 147 38 33 64 51 49 
Fifth Principal ......... . Arkansas, Iowa, Minnesota, 91 03 42 34 44 00 

Missouri, . North Dakota, 
and South Dakota. 

First PrincipaL ________ • Ohio and Indiana _____________ 84 48 50 41 00 00 Fourth PrincipaL _______ _ Illinois , ___________________ • ___ 90 28 45 40 00 30 Do _________________ __ Minnesota and Wisconsin _____ 90 28 45 42 30 00 
Gila and Salt River _____ • Arizona ___ • ___ ____ _____ ••• ____ 112 18 24 33 22 33 HumboldL ______________ California ___ • _________________ 124 07 11 40 25 04 HuntsviUe ______________ _ Alabama and Mississippi. ____ 86 34 45 35 00 00 Indian ___________________ Oklahoma _____________________ 97 14 30 34 30 00 Louisiana ______________ __ LouisiaDII , _________ ___ _____ ___ 92 24 15 31 00 00 Michigan ________________ Michigan and Ohio ___ __ __ ____ 84 22 24 42 26 30 
Mount Dlablo __ . ___ ... _ . . California and Nevada ______ .. 121 54 48 37 51 30 

~ :;.a~eitico Prtnclpai: : : 
Arizona and New Mexico _ •• _ . 108 32 45 35 45 00 
Colorado and New Mexico •••. 106 53 40 34 15 25 

Principal ••••••.... _ ... . . Montana •...... ... ...... . . .... 111 38 50 45 46 48 
SaltLake ••. . ...••••..... Utah •..•.... . .....•...•....... 111 54 00 40 46 04 
San Bernardino ••.•...... California .. ..... ....•... .. .... 116 56 15 34 07 10 
Second Principal _ •..... . Illinois and Indiana •... •.. . . .. 86 28 00 38 28 20 
Seward •••....•.•••..... . Alaska .... ... . ... ........ .. ... 149 21 53 60 07 26 
Sixth Principal ••........ Colorado, Kansas, Nebraska, 97 23 00 40 00 00 

South Dakota, and Wyo-
mi'lg. 

St. Helena •••......... • . • Louisiana •..•.......... . .. .. .. 91 09 15 31 00 00 
St. Stephens •••...•..... . Alabama and Misslssippl. •... . 88 02 00 31 00 00 
Tallahassee ..•.••....... . Florida ••.•............. ... ... 84 16 42 30 28 00 
Third Principal.. ........ Illinois ......•............ .. ... 89 10 15 38 28 20 
Uintah .•. . .. . ........... . Utah .......•.................. 109 57 30 40 26 20 
Ute ... .... .. •.••• .....•.. Colorado .•. .. .. ............... lOS 33 20 39 06 40 
Washington ••••.......... Mississippi. ... .. . ......... .... 91 09 15 31 00 00 
Wlllamette. _ ••••...•. _ . . Oregon and Washington ..•. .. 122 44 20 45 31 00 
Wind River ••.•..... _ .... Wyoming ................. . ... 108 48 40 43 01 20 

, The numbers lite carried to fractional township 29 north in Illinois, and are re
peated in Wisconsin, beginning with the south boundary of the State; the range 
numbers arc in regular order. 

, Latitude doubtful; is to be verilled. 

MEMO.: The east boundary of the State of Ohio, known as "Ellicott's Line," 
in longitude 80° 32' 20", was employed as the IIrst reference meridian, with township 
numbers counting from the Ohio River and range numbers in regular order. The 
township and range numbers within the United States military land in Ohio are 
counted from the south and east boundaries of the tract. 
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be employed, unless subdivisional closings thereon are provided in 
the same assignment with the standard line, in which case the clos
ings will furnish a satisfactory verification of the length of the lines 
thus surveyed. Where such closings are not to be made during the 
progress of the same survey, the proper supervising officer will pro
vide suitable instrnctions for the employment of a second set of 
chainmen, or for the duplication of the measurement by the one set 
of chainmen. In either case, where two independent sets of measure
ments are employed, the distance to the mean point, and the differ
ence between the measurements to each corner established, will be 
shown in the field notes; a form of record is given in the specimen 
field notes. 

142. Should the difference between the two sets of measurements 
of any standard line, as above provided, exceed 20 links per 80 chains, 
it is required that the line be remeasured to reduce tlie difference, 
'ile fnal measurement of the line only to be shown in the field notes. 
Should the successive independent tests of the alinement of any 
standard line, or the average tests of the solar attachment employed 
in the projection thereof, indicate that the line has deflected from 
the trne cardinal course to exceed 3' 00", the necessary corrections 
will be made to reduce the deviation in azimuth, the field notes of 
the true line only being shown. Every reasonable effort will be 
exer~ised to insure the accuracy of both the alinement and the meas
urement of the standard lines, and the stated discrepancies are the 
maximum that will be allowed in new surveys; corrective steps will 
be required where the differences are beyond the maximum. 

BASE LlNF.. 

143. From the initial monument the base line will be extended 
east and west on a true parallel of latitude; upon the true line stand
ard quarter-section and section corners will be established alter
nately at intervals of 40 chains, and standard township corners at 
intervals of 480 chains; meander comers will be established at the 
intersection of the line with all meanderable bodies of water. 

The manner of making the measurement of the base line and the 
accuracy of both the alinement and measurement will be the same 
as required in the survey of the principal meridian. Anyone of the 
methods heretofore set forth for the determination of the alinement 
of the true latitude curve may be used as existing conditions may 
require and the detailed process will be fully stated in the field notes. 
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STANDARD PARALLELS. 

144. Standard parallels, which are also called correction lines, 
are extended elU!t and west from the principal meridian, at intervalB 
of 24 roiles north and south of the base line, in the manner prescribed 
for the survey of the base line. 

Fi9·16. 

J I 

First Standard Par Itel North 

T.4N. .... .. 
III : • w 
~ c: T.3N. ta 

:0 c c '1: II 

" Gl .-
"0 ::E T.2N. "U 
'i: 'L: .. QI 

~ ~ 
T. I N, 

R.4W. R.3w' R.2W. ·R.IW. R.I E, R.2 E. R.3E. R.4E. 

Base \..1 Line .. Initial Point .. 
"0 T. IS, "0 .- .-::J 

~ c.!) -III T.2S . 
+- . ~ ... 
III 0 . .:- U) 
L 

C L 
i&: ·C ~ 

a. T.35. 

T.4S. 

I . Fir.st Sf'anClard Parallel outh 

Illustrating the survey ot quadrangles each embracing 16 townships bounded by 
standard lines, and showing the coordinate system of numbering the townships. 

14:6. Where standard parallels have been placed at intervals 
of 30 or 36 miles, under practice then permi.esible, and present con
ditions require additional standard lines fTom which to initiate new, 
or upon which to close the extension of old surveys, an intermediate 
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cOrrection line should be established to which a local name ril.ay be 
given, e. g., "Fifth Auxilia.ry Standa.rd Pa.rallel North," or "Cetial
Creek Correction Line," etc ., and the same will be run, in all respect3, 
like a regula.r standa.rd pa.rallel. 

GUIDE MERIDIANS. 

146. Guide meridiallB are extended north from the base line, 
or standard pa.rallels, at intervals of 24 miles east and west from 
the principal meridian, in the manner prescribed for running the 
principal meridian. Under all conditiollB the guide meridians 
will be terminated at the points of their intersections with the stand
ard parallels; the guide meridian is to be projected on the true meri
dian and the fractional measurement is to be placed in the last half 
mile. At the true point of intersection of the guide meridian with 
the standard parallel a closing toWllilhip corner is to be established.; 
the parallel will be retraced between the first standard corners east 
and west of the point for the dosing comer, in order to determine 
the exact alinement of the line closed upon, and the distance will 
be measured and recorded to the nearest corner on said standard 
parallel. 

147. When existing conditions require that such guide meridiana 
shall be run south from the base or correction linea, they will be ini
tiated at the theoretical point for the closing comer of the guide 
meridian, which will be calculated on the basis of the survey of the 
line from south to north initiated at the proper standard toWllilhip 
corner. At the theoretical point of intersection a closing tOWllilhip 
corner will be eatablished . 

148. Where guide meridians have been placed at intervals ex
ceeding the distance of 24 miles, and new governing lines are re
quired in order to limit the errors of the old or to control new sur
veys, a new guide meridian will be established, and a local name r. 
may be assigned to the same, e. g., "Twelfth Auxiliary Guide Merid
ian West," or "Grass Valley Guide Meridian," etc. These auxiliary 
guide meridians will be surveyed in aU respects like regub.r guide 
meridians. 

149. The above scheme covers the controlling lines contemplated 
under the reCtangular system, and results regularly in the survey of 
quadrangles bounded on the north and south by true p·arallels of 
latitude, and on the east and west by true meridians, 24 miles apart. 
One exception may now be noted which will be found to depart 
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from former practice, that is, where a guide meridian is carried 
forward at a time when uncertainty exists as to how the exterior and 
sub divisional surveys to the east may close upon it, the corners upon 
the Bame will be marked only for the surveys to the west. 

TOWNSHIP EXTERIORS. 

REGULAR ORDER. 

150. The controlling factors to be recognized in the establishment 
of new township boundary lines are found in the relation of these 
lines to the new sub divisional surveys which are to be executed. 
The south and east boundaries Me normally the governing lines of 
the subdivisional surveys. Defective conditions which may be 
found in previously established exteriors can not be eliminated 
where subdivisional lines have been initiated from or closed upon 
an old boundary, but the errors of the former surveys are not to be 
incorporated into the new, and where the previously established 
south and east boundaries can not on that account be used to govern 
the subdivision of the adjoining township, other controlling lines 
known as the sectional correction line and the sectional guide 
meridian, hereinafter described, will 11ll employed as expedient. A 
new meridional township exterior is normally the governing bound
ary of the township to the west, and a new latitudinal township 
exterior is normally the governing boundary of the township to the 
north; any new boundary should therefore be established with full 
consideration for its control upon the subdivisional surveys there
after to be executed. 

151. Whenever practicable the township exteriors will be sur
veyed successively through a quadrangle in ranges of townships, 
beginning with the townships on the south. The meridional bound
aries of the townships will have precedence in the order of survey 
and will be run from south to north on true meridians; quarter
section and section corners will be established alternately at intervals 
of 40 chains, and meander corners at the intersection of the line with 
all meanderable bodies of water; a temporary township corner will 
be set at a distance of 480 chains, pending a determination of the 
controlling factor upon which its final position will be governed, 
whereupon the temporary point will be replaced by a permanent 
corner in proper latitudinal position. The latitudinal township 
boundary will be run first as a random line, setting temporary 
corners, on a cardinal course, from the old toward the new meridional 
boundary, and corrected back on a true line if ideal conditions are 
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Fig.21. 
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found to obtain. Where both meridional boundaries are new lines 
or where both have been previously established, the random lati
tudinal boundary will be run from east to west. In either case, if 
defective conditione are not encountered, the random line will be 
corrected back on a true line; upon which will be established regu
lar quarter-section and section corners at intervals of 40 chaine, 
alternately, counting from the east, and meander corners at the 
intersection of the true line with all meanderable bodies of water. 
The bearing of the true line will be calculated on the basis of the 
falling of the random, and the fractional measurement will be placed 
in the west half mile. A meridional township exterior will be 
terminated at the point of its intersection with a standard parallel, 
placing the excess or deficiency in measurement in the northern
most half mile. At the point of intersection of the meridional 
boundary with a standard parallel a closing township corner will be 
established; the parallel will b\ retraced between the first standard 
corners east and west of the point for the closing corner, in order to 
determine the exact alinement of the line closed upon, and the 
distance will be measured and recorded to the nearest corner on said 
standard parallel. 

152. In order to complete the exteriors of a township it will often 
remain to establish a meridional boundary between previously estab
lished township corners; such boundaries will be run from south to 
north on random lines, with temporary corners set at intervals of 
40 chaine, and, if defective conditions are not encountered, the 
random will be corrected to a true line; by this plan the exceee or 
deficiency of measurement will be placed in the north half mile, lIB 

required by law, and double sets of corners will be avoided where 
unnecessary. 

153. The temporary points on any random exterior will be re
placed by permanent corners, in proper position, when the final true 
line adjustments for the latter have been fully determined; the 
true line will be properly blazed through timber, and distances to 
important items of topography will be adjusted to correct true 
line mellBurements. 

154:. The field notes will embrace a full and complete record of 
the manner in which the township exteriors are run and established. 
The notes will show how the alinement of the random latitudinal 
curve was determined, the direction of the projection, the amount 
of the falling north or south of the objective township corner, and the 
calculated return course or true line. 
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IRREGULAR ORDER AND PARTIAL SURVEYS. 

155. As the remaining unsurveyed public lands are.found to COll

tain less and less extensive areas surveyable under the law, it becomes 
necessary to depart from the ideal procedure in order more directly 
to reach the areas authorized for survey. The many possible com
binations are entirely too numerous to state in detail, but where an 
irregular order appears to be necessary such departure from the 
ideal order of survey will be specifically outlined in the written 
special instructions. Such departure should always be based on the 
principle of accomplishing, by whatever plan, the same relation of 
one township boundary to another as would have resulted from 
regular establishment under ideal conditions. 

In authorizing surveys to be executed it will not usually be pro
vided ·that exteriors are to be carried forward until the township is 
to be subdivided; thus where causes operate to prevent the establish
ment of the boundaries in full it is not imperative that the survey of 
the exterior lines be completed; under such conditions it may be 
found necessary to run section lines as offsets to township exteriors 
and such section lines will be run either on cardinal courses or 
parallel to the governing boundaries of such townships, or even 
established when subdividing, as existing conditions may require. 

GENERAL EXCEPTIONS. 

156. The above rules accord with former practice, except that in 
certain instances the random latitudinal boundaries will be run 
from west to east, instead of invariably from east to west,as here
tofore required. It is also deemed advisable to incorporate other 
exceptions which willleBSen the difficulties of subdivisional surveys 
frequently experienced in the past. 

It is especially desirable that the alinement of a new latitudinal 
boundary (which becomes the governing south boundary of the 
township to the north) shall not depart more than 14' from the true 
cardinal course; therefore the random line, run upon the cardinal 
course, may be made the true line where the falling would require 
A correction exceeding 14' of arc. Where the random latitudinal 
boundary thus closes on a new meridional exterior the temporary 
township corner may be adjusted to the latitude of the opposite 
township corner; but where both meridional boundaries have been 
previously surveyed a closing township corner will be established 
at the point of intersection of the random latitudinal line with the 



_~~L~L~Lt~+J1~4J~J+Li~+L
i6 -"'1- -5- - --4- - - -3 --1""-2- -1- -1--1 
1 TIl 1 I, II, 

~r'-~-~-+~~_+_l-~-_L-L-~-lJ 
J . 1 ~ 
1. -1 1 I I 1 1 .. 
11--' 1 1 1 1 ,~ 

- I. 1 1 0; \'i 
Lr -,- - -T - --I----1"""1~ --1- - -i ~ 

J I I t I. \Q I I'" 
L18- I·,J 1 .~ 

-1. 1 '" 1 I 0\' I ~ 
~'--I--_j- __ i-_.~-J---l ____ ~ , -I: I I l C,V 1 1 I ~ 

19- t I .l , I \'i 

t I 1, : ",'" 1 1 I ~ 
~t- r -- - ~_·,;.Y"':I_ -- -1--- -r- --,.~ 

J 10 I I . ~ 
+3b- J '.~ I .1 .1 I ~ J.i I 1 , I 1 I ~ 

+r--I-------T---"1----I- - --I? 
-I I 1 I. 1 1 I I I 

-f.l-31-, 1 1 1 1 
4 I 1 I ..L J- ...L __ .1.. ____ L __ I __ .J 

EtlSfonrt/ntlom,rllrurn on some /inl1. 

fig.24. 



S"YSTEJU OF RECT.\NGULU SUJlVETB. 1491 

Fig.2S. 
I L - IST-,!No,AR,D PAR1LL.£.l I ' I ! I 

L i ; iii i' i ' _._ " ii' t. ~ iii i i .( , iii i Calc. +- 1- ~ 1-.J....-t..l-l~Lt..Lt J-,-Lr J., -1- -I-Lt-Li ti* 
1-+ 6 --j- -5--1- -4- - --3--1-- i - -1- - 1--1" 

-l I I I I I I I I I (5 
[~~-~~-~-~-~-~-T-L~-~-~ r-l 1 I I 1 I 1 

1--7--1 I I I I loi 
r:: CI i I I 1 : O· I J § 
Q I-I-r -1-- - -l- - - -1- - - -,Q, - -l- -- .... 

'<: - -I 1 I 1 I \ Q I I:i; 
~ 1-1-18-1 1 I ).\~ I 1.1l 
~ ~ -1; I I I 'OQ 1 I .~ 
\I - +- I - 1- - - -l - - - r. -V _..J - . - - - - - -1 " 
~ l--I 1 1 II ~_ 1 : ~. 
'01"-1·19--1 I -- I I. t~ 
.... --I I I 1 'Oe- 1 1 I . • ; 
~ I-~.J._; __ -1--------f----I----Lc: 
t t- J: 1 1'\0: 1 '. 1 ,-; 
;g .-+3.0-, 1 I I 1 I ~ > 

I-~ 1 1 I I • 'i:; 
1-1- t·: - ... - - - L - - -1- - - 1 - - - 1 - - - - .. 

..J 1 1 1 1 II~ 
[.1.31--1 I I I I to 
.. J I 1 - I I'" 
_~~_~ __ L __ L __ L __ L __ J 

<;It/c. West on true linil, fheoreticol distance. . 
• Exterl.ors Inltlat.edat' a tl:\eol'etlca~ point for a closIng _ CCirner • 

. We$t en t('Ue line. to inf(!rsecf/on. 

J ono o--.. 3J·· -- .. - u 
Fig.2S. 



150 MANUAL OF SURVEnNG INSTRUCTIONS. 
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meridional boundary, or its projection to the north or south as the 
case may be. Likewise, where a meridional boundary is run as a 
random, the random will be made the true line if the adjustment for 
falling pl~ the usual correction to secure parallelism of the meridi-

fig.Z9. 
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Illustrating the adjustment In the direction of the meridional Unes of a subdlvi
slonal survey on account of convergency of meridians, also the 14' limit of the 
rectangular" safety zone." 

onal subdivwonal lines (on account of convergency of meridiana) 
would result in calculated bearings (in the northernmost miles of 
the latter lines) in excess of 14' from cardinal. This margin for the 
alinement of the random and true meridional lines of the Bubdivi
sional survey calls for a governing east boundary whose bearing will 
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fall within certain extremes suited to the latitude of the township, 
as for example (see second part of Table 2, Standard Field TabllllJ): 

Latitwie 25° N. 

1et!.Ii. Mer. Subdv. N. 0° 14.' E. 5th Mi. Mer. Subdv. N. 0° 14' W. 
Corr. for Conv. . +00 Con. for Conv. -02 

E. bdy. may be N. 0° 14' E. E. bdy. may be 

Latitude 70° N. 

1st Mi. Mer. Subdv. N. 0° 14' E. 5th Mi. Mer. Subdv. N. 0° 14' W. 
Con. for Conv. +02 Corr. for Conv. -10 

E. bdy. may be ~. 0° l6' E._ E. bdy. may be N. 0° 04' W. 

It will be :noted that the above text in reference to the 14' limit for 
exteriors applies only to the establishment of new bOlindariea. 
A previoUsly established boUndary every part of which is withiD 21' 
of cardi.nal will not be considered defective in alinement. Even in 
the case of new exteriors, where the ehgineer who establishes such 
line is also to subdivide the township of which such exterior is a 
governing boundary, the margin of 14' may be exceeded to a limited 
extent if the engineer is satisfied that existing conditions favor keep
ing within the 21' limit in the sub divisional survey. Thus it will be 
seen that the purpose of the 14' limit is merely to facilitate the estab
lishment of all Bubdivisionsl lines within the prescribed definite 
limit of 21' from cardinal. 

167. Another general exception may be noted where uncertainty 
exists as to how unsurveyed exteriors and subdivisional lines will 
close 'Qpon the newly established boundaries, in which case the cor
nets thereon may be marked only for the townships of which the 
new exteriors control the subdivisions. . 

COMPLETION OF PARTIALLY· SURVEYED EXTERIORS. 

lOS. Where the end portions of a township exterior have been 
pt\3¥iously Bttrveyed and cloeed upon, the fractional unsurveyed 
middle part will be completed by random and tttle line, without 
offset regardless of the deviation from cardinal; the fractional meas
urements will be placed as a general mle in the nurth and west 
half miles, thereby permitting the subdivisionallines to be extend~d 
as usual from, the BOUth to the north and from the east to the wen. 
In the 'case of. a fractional part of an exterior remaining unsurveyed 
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at either end of the line, the bounda.ry will be completed by random 
line, initiated at the previously established terminal monument, 
which will be projected on a cardinal course in the direction of the 
objective township comer. The random will be corrected to a 
true line where the calculated bearing of any Bubdiv.isional liue, 
governed by such exterior, comes within 14' from cardinal, and the 

STANDARD P~R""lLtL 

Fi9·30. 

fractional m6j\Buretnent will be placed generally in tile IlOl'tA .. 
west half miles. However, should. irregularity be deve16pM" or 
in the absence ot a previously establislled objective townBhi,p c~er. 
the pa.rtially surveyed exteriors will be completed ell <laniiMJ 
courses beginning as above; and in ei1hercase the tractiona.l me .... 
ureOlenm willgenera.11y be placed in tbte north and west half miles. 
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RETRACEMENTS BEFORE SUBDIVIDING. 

159. If any part or all of the boundaries of a township which 
is to be subdivided have been previously surveyed, and the proper 
supervising officer has reason to question the accuracy of any portion 
of such exteriors, or the condition of the corner monuments thereon, 
the fact will be stated in the written special instructions, and the 
engineer will be authorized and required, as a condition precedent 
to beginning the sub divisional survey of such township, to retrace 
such boundaries in order to determine the true alinement and lengths 
of the lines, to rebuild any corners found to be in a poor condition, 
and otherwise to accomplish the following purposes: 

(a) To locate all material errors, (b) to test every 1ine as to what 
alterations may be required, and (c) to determine all data necessary 
for the computation of the areas of all fractional lots. 

160. All data obtained in the retracements will be embodied in 
the. field notes and shown upon the plat of the survey, unless the 
retracement results are in substantial agreement with the record of 
the original survey, in which case a general statement to that effect 
may be made in the field notes, and the original record may be per
mitted to govern the data to be placed upon the plat. 

RECTANGULAR LIMrrs. 

161. Before approaching the subject of "subdivision of townships" 
it is necessary to consider the requirement of law relative to rectan
gular surveys, wherein the square mile, or section, is the unit of 
subdivision. The normal township will include 36 sections in all, 
25. of which are returned as containing 640 acres each; 10 sections (on 
the north and west boundaries) each contain regular aliquot parts 
totaling 480 acres with 4 additional fractional lots in each section, 
each lot containing 40 acres plus or minus definite differences to be 
determined in the survey; and, section 6 containing regular aliquot 
parts totaling 360 acres with 7 additional fmctional lots each con
taining 40 acres plus or minus certain definite differences to be 
determined in the survey, all as contemplated by law. The afore
.mentioned aliquot ~arts of 640 acres may be termed "regular or legal 
·subdivisions of a section," as a quarter section, a half-quarter section, 
or a quarter-quarter section, the legal minimum of which, for purposes 
Of disposal under the general land laws, is 40 acres. 

·162. In· the administration of the Burveying laws it has been 
necessary to establish a definite relation between rectangularity 
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(square miles of 640 acr.es, or aliquot parts thereof), as contemplated 
by law, Mid th(t !e!!Ulting ttnit of BttbdiviBionc consequent upon the 
practical application of aurveying theory to the marking out of 
the lines on the earth'S' suiface, wherein the ideal section is 
allowed to give way to one'whieh- xnay be termed' "regular." Such 
relation, as applied to the' boundaries of a section, has' been placed 
at the following limite: 

(a) For alinemenl:, not to exceed 2F from cardinal in ~ part; 
(b) for measurement, tne. distance between regular comers to be 
normal according to the plan of survey, with certain allowable 
adjustments not ro exceed 25 links in 4(} chains; and (c) for closure, 
not to exc~ed 50 links in either latitude or departure. 

Township exteriors, or portions thereof, will be consider-ed de
fective when they d1> not qualify within the above limits. It is also 
necessary, in order to subdivide a township regularly, to consider a 
fourth limit, as follows: 

(d) For position, the, corresponding section corners upon: the op
posite boundaries of the township tf} be so lecated that they may be 
connected by true lines which will not, deviate moN than 21' from 
cardinal. 

A previously established exterior will not 00. considered de
fective if the above llinits a.re sa.tisfied, and a. $Ubdivi8ional survey 
may proeeed in sa.fety if the rect,a;ngular limits (in such subdiVisional 
survey) are not exceeded. On the other haud, if the conditions 
relating to. the previously established g01'erning boundaries are such 
that the recfa,ngnlar limits hl1ve already been exceeded or that the 
danger point is likely to be reached at an early stage :itt. the subdi
visional survey, the necessary corrective steps will be taken before 
subdividing, as hereine.fter described. 

RECTIFICATION OF l>EFECTlTB EXTERIORS BEFORE SUBDIVIDINQl. AND 
METHOD OF ESTABLISHING NEW <ilOVERNING BOUNDARIES WHERE 
THE PREVIOUSLY SURVEYED EXTERIORS ARE FOUND TO BE DE
FECTIVE. 

168. Where subdivisionalllI.l.e8 ha.ve b06R initia.1;ed bam or closed 
upon an exterior prior to the subdivision of one of the adjoining 
townships, its alinement can not legally be changed. A defective 
boundary ]D.ot. so cfused upon may be. obEtera.ted, after connecting 
the old with the new monuments, whereupon a. new boundary will 
be projected in accordance with regular methods. If a legal claim 
of any cha:actu ~b. u ~aJ, fo~est-bomestea.d, smtill-helding, 
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railroad or canal right-of-way, reservoir site, etc., has been connected 
with any comer on an exterior which may be subject to rectification, 
the fact will be specifically stated in the written special instructions, 
and in case such exterior is found to be defective the engineer will 
accurately connect the old comer by course and distance with the 
new monument. Such old comers will not be destroyed, but the 
letters "W P" (signifying "witneM point") will be distinctly added 
to the original markings. A complete record of the connection from 
the new to the old monument, a description of the latter and its 
accessories, and the new markings, will be included in the field 
notes, and the position of the old monument will be shown on the 
plat of the survey. 

164. If a boundary is defective in measurement or position and is 
not subject to rectification, the location of the original comers will 
not be changed, but the marks thereon, and the marks upon or 
position of the accessories, may be appropriately altered to stand 
only for the sections of the previously established surveys. New 
comers to control the surveys of the adjoining township may then 
be established on the old line, but at regular distances of 40 and 80 
chains. Where new comers are placed on an oblique exterior (one 
whose bearing departs more than 10 from cardinal) the same will be 
so located for measurement that the oblique distance mUltiplied 
by the cosine or sine of the bearing angle, as the case may be, will 
result in cardinal equivalents of 40 and 80 chains. 

165. Where subdivisional lines· have been initiated from or 
closed upon one side of a portion of a township boundary prior to 
the subdivision of the township on the opposite side, while upon 
the remaining portion of the same such conditions do not interfere, 
said remaining portion may be obliterated, if found defective, 
whereupon a new line will be projected in accordance with regular 
methods. 

166 •. The position of the new exteriors, or of new comers on 
defective township boundaries must be established by an actual 
rerunning of such lines; the data acquired in surveying Bubdivisional 
lines closing upon defective exteriors can not be accepted in lieu 
of such retracement or resurvey. 

167. Instances will occur both in closing subdivisional surveys 
upon regular exteriors and in the retracement of defective bound
aries not subject to rectification where it will be developed that the 
original monuments have become lost or obliterated, or where such 
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corners may be identified in an advanced state of deterioration. All 
l!IUch exterior cornere win be reet'ltabl~hed and remonumented in 
their correct original positions in strict accordance with the pro
visions of Chaptera IV and V, and a complete recod thereof will be 
embodied in the field notes. 

168. The south boundary of a township is regularly the govern
ing latitudinal boundary and will be used as such unleBB defective 
in alinement; if defective in measurement, and not subject to rec
tification, the position of the original corners will not be changed, 
but the marks thereon and the acceBBories will be appropriately 
altered to stand ,only for the sections of the township to the south; 
new corners of two sections and quarter-section corners common to 
the sections of the township to the north will be established at reg
ular intervals of 40 cha.ins, counting from the eMt, and the excess 
or deficiency in measurement placed in the west half mile. If the 
south boundary ~ defective in alinement, a sectional correction 
line will be required. 

169. The east boundary of a. township is regularly the governing 
meridional boundary and will be used as such unleBIJ defective in 
alinement; if defective in measurement, and not subject to rectifi
cation, the position of the original corners will not be changed, but 
the marks thereon and the acceBSOries will be appropriately altered 
to stand only for the sections of the township to the east; new cor
ners of two eections and quarter-section corners common to the sec
tions of the township to the west will be establIshed at regularinter
vala of 40 chains, counting from the south. If the east boundary is 
defective in alinement a sectional guide meridian will be required. 

170. New west and north boundaries of a township become tfte 
governing meridional and latitudinal boundaries of the townships 
to the west and north, respectively, and are required to be properly 
established as such. 

171. New east and south boundaries of a township become the 
closing meridional and latitudinal boundaries of the townships to 
the east and south, respectively, and where by peculiar necessity 
the ideal plan must be modified and doubt exists as to how unsur
veyed lines may close upon same, the corners thereon may be estab
lished common only to the sections of the township of which the 
new lines are the governing boundaries. The corners appropriate 
to the sections upon the opposite side will be duly established as 
closing corners at the time of the survey of the subdivisional !inell 
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of the adjoining townships if tho original cornel'!' are then found to 
be defective in position, and where regular connections can be 
made the markS upon the original corners will. be appropriately 
altered to corners of maximum control. 

I SI"n. Par.d6f6t:fiv.lnm."surem.n~ I 
Prig. cors. ,,/fend fQ "n,g/6 p"lnts. 

fig .39. 

172. Where the preVIously established north or west bounda
ries are found to be defective in measurement or position and Bub
divisional surveys in the adjoining townships have been initiated 
upon the same, thereby preventing rectification, the markBfpon 
the original corners will be appropriately altered to corners 0 two 
sections and quarter-section corners common only to the sections of 
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the townships to the north or west, respectively. CIOBing section 
corners will be established when subdividing and the distance meas
ured to an original corner; new quarter-section corners, common to 
the sections of the township which is being subdivided, will be 
placed on the old . line at the mean distances between the closing 
section corners, or at 40 chains from one direction, depending upon 
the plan of the subdivision of the section. Where such previously 
establishlld north and west boundaries are defective in alinement, 
but not in measurement or position, no changes are required, and 
the section lines of the township ",hich is being subdivided will be 
connected regularly to the original corners; the resUlting fractional 
measurements will be placed uniformly in the north and west half 
miles. 

173. The diagrams which accompany the text illustrate the guid
ing principles involved in the method of establishing new govern
ing boundaries where the previously surveyed exteriors are found 
to be defective. Each diagram illustrates a simple condition affect
ing one boundary only, and the examples are taken only from the 
regular order of procedure. Combinations of two or more of the 
simple defective -conditions are best solved by an analysis of the 
complex problem into its several parts of simple defective 'condi
tions. The same statement is applicable to the solution of complex 
defective conditions encountered in the establishment of township 
exteriors under an irregular order of procedure. The engineer will 
be expected to exercise skill and judgment in dealing with similar 
field problems, but where extraordinary conditions are encountered 
which will not admit of analysis and solution in harmony with the 
principles herein set forth he will report the facts to the proper 
supervising officer for his counsel. 

TABLES OF LATITUDES AND DEPARTURES AND CLOSING ERRORS. 

174. Upon the completion of the survey of one or more township 
exteriors closing the figure of either a full or fractional township, a 
table of latitudes and departures and closing errors will be prepared, 
wherein due allowance for convergency of meridians will be intro
duced. The closing errors will furnish an immediate guide to the 
accuracy of the lines included in the table and, in case the limit of 
clOBure (m of the perimeter, in either latitude or departure) is ex
ceeded, will serve to show what additional retracements or other 
corrdCtive steps may be necessary in order to perfect the survey 
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before leaving the field. The table of latitudes and depart\ll'esand 
closing errors, including every part of an)' cloeed figure embracing 
township exteriors, baBed upon final field determination aftor ·all 
neceseo.ry retracements and final true lines havebeell completed, 
will be filed with the field tablets and computation sheets. The gen
eral subject of "limits of closure" will be :amplified hereinafter. 

SUBDIVISION OF TOWNSHIPS. 

REGULAR BOUNDARIES, 

175. The boundaries of a township will be considered within 
!lI.tisfactory governinglimits from which to control the BubdiviBional 
survey when the calculated 'position of the latter lines may be theo
retically pl'Ojected from said boundaries without invading the danger 
zone in respect to rectangular limits as pre,;iously described . . The 
danger zone has already been placed at theoretical bearings exceed
ing 14'from cardinal, and the corresponding zone in respect to 
lengths of lin~s may be placed at theoretical adjustments exceeding 
33 links per mile: 

n6. The direction of the east boundary may qua.lify anywhere 
within the governing limits set forth under the subject of "township 
exteriors,)) and where this boundary is broken in alinement, but 
otherwise within the governing limits, its mean course will be 
ildopted when considering the control upon the directi?n of the 
meridional subdivisionallines, 

177. The subdivision of a township may proceed in the nOli~al 
order, where the above conditions are satisfied, as follows: 

The meridional section lines will"'be initiated at the regularly 
established section corners on the souih boundary of the township 
and will be run from south to north parallel to the governing east 
boundary, or, in case the east boundary is within limits, but has 
been found oy retracement to be imperfect in alinement, the merid
;onal section lines will be run parallEil to the mean course of Buch east 
bOUndary. Regular quarter-section and section corners will be 
established alternately at intervals of 40 chains, as far as the northern
most interior section corner. The last miles of the meridional section 
lines will be continued as random lines, each successive line being 
run parallel to the true east boundary of the section to which it 
belongs; a temporary quarter-section corner will be set at 40 chains, 
the distances will be measured to the points of intersection · ,of the 
random lines with the north boundary of the township, and the 
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failings of the random lines east or west of the objective section 
corners will be noted, The rand oms will then be corrected to true 
lines by returning to accomplish the required markings between the 
section corners, including the permanent establishmetr.: of the 
quarter-section corneTs on the true lines at distances of 40 chain!! 
·from the 'south, thus placing the fractional measurements in the north 
half miles. The bearings of the true lines will be calculated on the 
basis of the faIlings of the randoms (see 'fableS, Standard Field 
Tables), Where the north boundary of the township is a base line or 
standard parallel, the last miles of the meridional section lines will 
be continued as true lines parallel to the east boundary of the town
ship, BOtting permanent quarter-section corners at 40 chains from 
the BOuth and closing section cornel'S at the points of intersection 
of the several lines with the base or standard or correction line,where 
the distances will be measured to the nearest corners on sai~ line. 
The adjustment of the bearing of all meridional section lines on 
account of convergency, of meridians has already been explained in 
Chapter II. 

178. The latitudinal section lines, except in the west range of 
sections, will normally be run from west to east on random lines 
.parallel to the south boundaries of the respective sections, setting 
temporary quarter-sectIon corners at 40 chains; the distances will be 
measured to the points of intersection of the random lines with the 
north and south lines passing through the objective section corners, 
and the {aHings of the random lines north or south of said corners will 
be noted, Each random will be corrected to a true line by returning 
to accomplish the required markings between the section corners, 
including the permanent establishment of quarter-section corners 
at the mid-points on the true lines. The bearings of the true lines 
will be calculated on the basis of the faIlings of the randoms (see 
Table 3, Standard Field Tables) , In the west range of sections the 
randomla.titudinal section lines wlll be run from east to west, parallel 
to the south boundaries of the respective sections, and on the true 
lines the permanent quarter-section corners will be established at 
40 chains from the east, thus placing the fractional measurements in 
the west half miles. 

179. Meander corners will be established at the points of inter
!l9Ction of the several true lines with all meanderable bodies of watl:lr, 

-1'80. The meridional section lines will have precedence in the 
·order of execution, and these will be surveyed success;vely, begin-

1990°-31--12 
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Ding with the first meridional section line counting from the east. 
A meridional section line will not be continued beyond a section 
corner until after the connecting latitudinal section line has been 
surveyed, and in the case of the fifth meridional.section line, both 
latitudinal section lines connecting east and west will be surveyed 
before continuing with the meridional line beyond a section 
corner. The successive meridional lines may be taken up at the 
convenience of the engineer at any time in order as previously 
stated, but none will be carried beyond uncompleted sections to the 
east. The field notes will be compiled in ranges of sections begin
ning with the easternmost, and the west two ranges will be compiled 
by alternating with the adjoining east and west sections. The 
specimen field notes exemplify the usual order of survey and the 
prescribed method of arranging the field notes. 

181. Thus, to recapitulate, the subdivisional survey will be com
menced at the corner of sections 35 and 36, on the south boundary of 
the township, and the line between sections 35 and 36 will be run 
parallel to the east boundary of the township, or to the mean course 
thereof, if it is imperfect in alinement, but within limits, establish
ing the quarter-section comer at 40 chains, and at 80 chains, the corner 
of sections 25, 26, 35 and 36. From the last-named corner, a random 
line will be run eastward, without blazing, parallel to the BOuth 
boundary of section 36, to its intersection with the east boundary of 
the township, placing at 40 chains from the point of begiIlrimg, a post· 
for temporary quarter-section comer. If the random line intersects 
said township boundary exactly at the corner of sections 25 and 36, 
it will be blazed back and established as the true line, the permanent 
quarter-section corner being established thereon, midway between 
the initial a.nd terminal section corners. If the random intersects 
said township boundary to the north or south of said corner, the 
falling will be cal'efully measured, and from the data thus obtained, 
the true return course will be calculated, and the true line blazed 
lind established, and the position of the quarter-section corner 
determined, as directed above. The meridional section line will 
be continued on the same plan, likewise the successive iatitudinal 
section lines except that each random will be run parallel to the true 
BOuth boundary of the section to which it belongs. After having 
established the west and north boundaries of section 12, the line 
between sections 1 and 2 will be projected northward, on a random 
line, parallel to the east boundarw of the township, or to its mean 
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course, as the case may be, setting a post for temporary quarter-sec
tion corner at 40 chaine, to its intersection with the north b01rodary 
of the township. If the random intersects said north boundary 
exactly at the co,rner of sections 1 and 2, it will be blazeC: back and 
established 88 the true line, the quarter-section corner being estab
lished permanently in its original temporary position, and the frac
tional measurement thrown into that portion of the line between the 

FIG. 40.-The nwnbers on the section lines indicate the normal order of sub-
division and arrangem9nt of the field notes. 

permanent quarter-section corner and the north boundary of the 
township. If, however, said random intersects the north boundary 
of the township, to the east or west of the corner of sections 1 and 2, 
the falling will be carefully measured, and from the data thus 
obtained the true return course will be calculated and the true line 
established, the permanent quarter-section corner being placed upon 
the same at 40 chains from the initial corner of the random line, 
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th~by throwing the fl'8.Ctional mea-surement in that portion lying 
between the quarter-section corner and the nor~ boundary of the 
township. When the north boundary of a towuship is l\ b3!!e li~e 
or standard parallel, the line between sections 1; and 2 will be run 
as a true line parallel to the east boundary of the township, or to its 
mean COUl'!\8, as the case may be; the quarter-section corner will be 
placed at 40 chains, and a closing corner will be established II-t the 
point of intersection with such base oi' standard line; Itud in ~uch case, 
the distance from said closing corner, to the nearest stlludard corner 
on /luch base or standard line, will be carefully measured and noted. 
The successive ranges of sections proceeding from east to west will 
be surveyed in the same manner; then after having established the 
west and north boundaries of. section 32, a random line will be 
initiated at the corner of sections 29, 30, 31 and 32, which will be 
projected westward parallel to the south boundary of the towJlShip, 
setting a temporary quarter-section corner at 40 chains, to an inter
section with the west boundary of the township, where the falling 
will be measured and the bearing of the true line calculated, where
upon the line between sections 30 and 31 will be permanently 
marked between the section corners, and the quarter-section corper 
thereon will be established at 40 chains from the east, thereby placing 
the fractional mea-sll!ement in·the west half mile as requj,te4 by law. 
The survey of the west two ranges of sections will be continued on 
the same plan, and the random line between sections 6 and 7 will be 
run west,.-ard parallel to the true line between sections 7 and 18; 
the random will be corrected to a true line mid the fractionallUea-sure
ment placed in the west half mile; finally the random line between 
sections 5 and 6 will be run northward parallel to the true line 
between sections 4 and 5; the random will be corrected to a true line 
and the fractional measurement placed in the north half mile. 

It may well \)e noted again that the meridional section li~es are 
surveypd as true lines for 5 miles, i. c., the lines are surveyed 
and permanently monumented in the first instance without later 
adjustment. Every means is placed at the disposal of the engineer 
by which he is e~pected to accomplish accurate results, and the 
system of survey provides amply for the adjustment of all reasonable 
closing errors. Thus, a slight error in the alinement of the meridional 
section lines is taken up in the measurement of the latitudinal lines 
which, in order to come within the rectangular li!llit, lllWit be 
within 50 links of 80 chains in length, except in the west range of 
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sections where the convergency of the meridional lines is regularly 
provided for; the accumulated error in alinetnent for the 5 miles of 
true meridional line is taken up in the sh;th m.ile, which is run 
random and, trlle; here the true line must be within ~' of cardinal 
in order to come within the rectangular limit. The slight, ordinary 
errors in the melloSurement of the meridional section lines are taken 
up by the adjustment of the bearings of the latitudinal section lines 
which, in order to come within the rectangular limit, must be within 
21' of cardinal; the accumulated error in measurement in running 
north is placed in the logt fractional half mile; here the meridional 
distance will be checked by a ca.lculated clOKing around the last 
section, and the latitudinal error tnust not exceed 50 links (or n-o-) 
in order to come within the usual limits of closure. The accuracy of 
the subdivisional survey will everywhere be tested by the usual 
rules for limits of closure, hereinafter described. The engineer 
I!hould discrimillate carefully between the limits for subdivision 
and limits of closure and note with due respect that whereas the 
latter may admit of differences as great as 50 links in anyone section, 
the former are controlled by the limit of rectangularity and will be 
exceeded if the accumulative error is greater than 31' in alinement, 
or st links per mile in measurement. The accumulative error must 
ever be guarded against and avoided, and the order of Burvey is 
arfll.nged with a view to furnishing continuous checks upon the 
accuracy of all lines. 

182. Any random Bubdivisionalline may be run for distance only 
where the objective section corner is in sight, but the beating will 
be recorded, and the usual rules for running random and true lines 
will be duly observed in every other respect. The random latitudinal 
section lines, except in the west range of sections, will normally 
be run from west to east, thus always closing upon a previously 
established section corner; but when under the exigencies of the field 
work, in order to economize the time of his party, the engineer may 
elect to project the random from east to west (always parallel to the 
south boundary of the section), a temporary sectioll corner (if the 
permanent corner has not already been established} will be set at 
SO chains, and the true point for the section corner will be determined 
as usual at the SO-chain point on the meridional section line, where
upon the connection of the random latitudinallille and the perma
nent marking of the true line will be completed as regularly provided. 
Examples of the authorized rules for running subdivisionallines will 
be found in the specimen field notes. 
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IRREGULAR BOUNDAtUES. 

183. Where either of the governing boundaries of a township is 
disqualified as a controlling line upon which to initiate a subdivi
sional survey, the neceBBary retracements and resurveys or altera
tions will be accomplished before subdividing as previously 
explained under the subject of township exteriors; thus may be 
assured every possible provision for a correct subdivisional survey 
except as either the south or the east boundary may be defective in 
alinement and not subject to rectification . 

SECTIONAL GUIDE MERIDIAN. 

184. If the east boundary of the township is defective in aline
ment, and can not be rectified, and the north boundary is thus made 
defective in position, the first meridional section line will be pro
jected on a true meridian to an intersection with t1te north boundary 
of the township where a closing section corner will be established 
and the distance measured to the nearest regular corner. The inter
mediate quarter-section and section corners will be established 
alternately at regular intervals of 40 chains, cOl!nting from the south, 
unleBB the south boundary of the township is itself defective in 
alinement. Where the north boundary is not defective in position 
(nor within the danger zone) with reference to the section comers 
on the south boundary (by reason ,pi the errors in the alinement of 
the east boundary being compensating), the first meridional section 
line will be projected 5 miles as a true line on a bearing calculated to 
intersect the objective section comer on the north boundary, and the 
last mile will be run as a random line on the same course and cor
rected to a true line after the falling has been measured. The 
remaining meridional section lines will be run parallel to the one 
first established, in the usual manner, to closing section comers on 
the last mile or random and true as the case may. be. . 

The fractional measurements of the latitudinal section lines in 
the first range of sections will be placed in the east half mile; else
where, unleBB the south boundary is defective in alinement, the 
latitudinal section lines will be run in the usual manner. 

SECTIONAL CORRECTION LINE. 

186 . . If the south boundary of the township is defective in aline
ment, and cannot be rectified, and the west boundary is thus made 
defective in position, a sectional correction line . will be surveyed 
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88 a. permanent line on a true latitudinal cunoe initiated at the first 
regular section corner on the east boundary and projected to an 
intersection with the 'West boundary of thetowll8hip whlll'.eacloaing 
section carner will be established and the distance measured to the 
nearest regu'lar corner. The intermediate qualiter-seciion and sec
tion cornerswiH be marked -as temporary ;poi~ta 9t regular intervale 
of 40 chains, alternately, counting from the east. Where the west 
boundary is not defective in position (nor within the danger zone) 
with reference to the section corners on the east boundary (by reason 
of the errors in,alinement of the south boundary being compensating), 
the first latitudinal section line will be pr<ljected 5 miles as a per
manent line on a bearing calculated to intersect the objective section 
comer on the west boundary; temporary quarter-section and section 
comers will be mal'ked at regular intervals of 40 chai!Js, .alternately I 
counting from the east. 

The section corners on the set~tional correction line will be estab
lished at the several points of intersection of the meridional section 
lines alined in the normal manner. Thereafter the quarter-section 
comers on -the sectional correction line w~h be established at the 
usual mid-point positions except in the east and west ranges of 
sections. The quarter-section corner between sections 25 and 36 
will be established at 40 chains from the west if tne east boundary is 
defective in alinement; otherWilie it will be fixed at the usual mid
point position. The quarter-l!Iection cotner between!!6ctiollB 30 and 
31 will be placed at 40 'chains from the east, and "if the sectional cor
rection line has not been terminated at a closing section comer on the 
west boundary of the township (as previously provided), the line 
between sections 30 and 31 will be run random and true in the normal 
manner. The quarter-section comers on the meridional section 
lines in the south tier of sections will be permanently established at 
40 chains south from the comers on the sectional correction line. 
The balance of the subdivisional lines will be continued from the 
sectional correction line in the usual manner. 

186. Where the south part of the east boundary, or the east part 
of the south boundary, is regular, and the balance of the exterior is 
found to be defective in alinement and not stibject-to rectification, 
the Bubdivisional survey will be made regular as far ·as pOBBible. 
The initial point for the sectional guide meridian, or for the sectional 
correction line, will be determined by existing conditions, and the 
subdivisionalsurvey cdntinued in harmony with the principles 
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already outlined. Thus the first meridional section line would be 
continu.ed as a sectional guide meridian if the north part oithe east 
boundary is defective in alinement and the north boundary is 
thereby made defective in position, but if the north boundary is not 
defective in position (nor within the danger zone) the first meridional 
section line should be continued on a course calculated to intersect 
the objective section corner on the north boundary. The same prin
ciple would be observed if the west part of the south boundary is 
defective in alinement and the west boundary is not defective in 
position (nor within the danger zone), but if the west boundary is 
thus made defective.in position the sectional correction line should 
be established on the true latitudinal curve. 

Under the provisions of the above paragraph it will be seen that 
the maximum number of normal sections are to be secured where the 
condition of the governing boundaries warrants a combination of the 
several general plans of subdivisional surv~;ys. The sections adjoin
ing the east boundary may be considered regular to the full extent 
of their conformity with the ' usual rectangular limits, and where 
such agreement obtains the quarter-section corners on the latitudinal 
section lines will be placed at the normal mid-point position. The 
sections adjoining the south boundary of the township can not be 
considered regular unless the mendionallines are established at 80 
chains in length, and the sections are otherwise in confortnity with 
the usual rectangular limits; certain exceptions to this rigid require
ment will be noted under the subject of "fragmentary subdi vision. " 

187. The field notes of subdivisional surveys embracing either a 
sectional guide meridian, a sectional correction line; or other gov
erning section line, will be compiled in the same regular order 
heretofore described, but appropriate explanatory remarks ' will be 
added indicative of the method and order of procedure. 

CLOSING SECTION LINES. 

188. In the event of defective north or west boundaries, not sub
ject to rectification, where the subdivisionallines can not be con
nected with the previously established exterior section corners, 
regularly by random and true lines not exceeding 21' from cardinal 
and at the same time not deviating more than 21' from a line parallel 
to the opposite (regular) boundary of the section, the normal posi
tions of the randoIDB will be made the true lines; a closing section 
corner will then be established at the point of intersection of the 
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section line with the original boundary, and the distance will be 
measured to the nearest "Original cotmlr. The quartez-.section cor
ners on th13 closing section lines will be placed uniformly at 40 chains 
from the south or east as the case may be. If Rot already accom
plished, the defective Ji)oundaries of the township Will be retraced 
as may be necessary, and the marks upon the original corners appro
priately altered as previously ptovided under the subject of rectifi
cation of defective exteriors, whereupon new quarter-section cor
ners, common to the sections of the township which is being subdi
vided, will be established on the original defective boundaries at 
the mean distance between the closing section cornet"!, or at 40 
chains from one dit~ction,dependihg lIpon 'the plan of the subdi
vision ot the section to which a particular quarter-secti&! corner 
belongs. 

189. Corner! of t"o sections on the governmg south or east boun
daries of a township will not be established as clO!!ing section 

. corners, but at regular distances by measurement on said boundaries 
as already provided under the subject of rectification of defective 
exteriors before subdividing; thereafter the position of said comers 
will control the Bubdlvi!!ional survey. 

190. "Where ~ section iB invaded by 'a State m" reaervaoon or grant 
boundary, or by a private claim of any description, such as mineral 
claims, forest-homestead claims, small-holding cla.i.nu!, etc., whose 
boundariee are at variance with the lines of legal subdivision, the 
distance ~>n the township boundary or section line to the point of 
intersection with the irregular boundary will be carefully measured, 
likewise the exact bearing of the irregular bmmdary win be deter
mined and the distance will be measured to the nearest eorner on 
such irregular boundary. Where a private claim is located entirely 
within too limits (If a section, a connection willi be made from 8 

regular corner on one of 'the boundaries of the section to a comer of 
the clal.nt, and the bearing and length of the connecting line will be 
carefUlly determined. In the la,tter case a connecting tt'aV€rse line 
will be tecorded, if one is run, but it will also' be reauced to the 
equivalent direct course and distance, aN of which will be stated in 
the field notes, and the course and length ot the direct connecting 
line will be shown upon the plat of the survey. 

191. If a survey is to be concluded upon an irregular boundary 
at varian~e with the linea 'Of legal subdivision, or if the sUlVey is to 
be continued ona blank line to acquire a definite locatioo upon the 
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opposite irreguiar boundary, but without monumenting the rec· 
tangular survey between sueh itregular boundaries, a closing town· 
ship or section comer, as the case may be, will be required at the 
point of intersection of the regular with the irregular line. On the 
other hand, if the survey is not to be so concluded, but ill to be con· 
tinued for the purpose of establishing a full complement of section 
and quarter-section corners for the control of the subdivision of e. 
section so invaded by a private claim, no closing corner will be 
required. 

192. In every case where a. closing township or section comer iB 
to be established upon a standard parallel; State, reservation, grant, 
or claim boundary, or upon an irregular section line or exterior, the 
line closed upon (if the latter was not established by the engineer 
who runs the closing line, or if not already retraced by him), will be 
retraced between the first comers to the right and left of the point 
for the closing comer, in order to determine the exact alinement of 
the line closed upon, to the end that the closing comer may be 
establiah-ed at the precise point of intersection of the two lines. The 
distance from the closing comer to the nearest corner on the line 
closed upon will always be measured and recorded. 

:' 
SUBDIVISION OF SECTIONS. 

193. The acts of Congress approved February 11, 1805, and April 
6, 1832, contain the fund'amental provisions for the subdivision 'of 
seCtions into quarter sections and quarter-quarter sections; the prin. 
ciples recognized by law have already been stated in Chapter I. 
The sections are not subdivided in the field by the United States 
surveyors unless provision therefor is specifically mentioned in the 
Written special instructions, but certain subdivision-of-section lines 
are always protracted upon the official plats, and the local surveyor 
who may be employed by entrytnen to run said lines in the field is 
compelled to Correlate the conditions as found upon the ground 
with those shown upon the approved plat. The United States sUr
veyor is required to so establish the official monuments that a 
proper foundation ill laid for the subdivision of the section, whereby 
the officially surveyed lines may be identified and the subdivision 
of the 5ection controlled as contemplated by law. 

194. The rectangtilarsystem provides for the unit of dispoea.l 
under the general land laws, broadly, the quarter-quarter section:of 
4Q acres, upon a plan in which the square mile, or section ot&40 
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acres, is the unit of subdivision, while the unit of survey is the town
ship of 36 sections. .All agricultural entries are based upon descrip
tions in accordance with legal subdivisions shown upon the offi
cial plat. The plats are constructed in harmony with the official 
field notes returned by the engineer. The land included in an 
entry is identified on the ground by fixed monuments established 
by the engineer. .A United States land patent grants to the entry
man a title of ownership to a tract defined by cel't!cin fixed monu
ments on the ground and related by description and outline to the 
official plat. The function of the United States surveyor has been 
fulfilled when he has properly executed and monumented his survey 
and returned an official record thereof in the shape of complete 
detailed field notes and a plat. The function of the local surveyor 
begins when he is employed as an expert to identify the lands which 
have passed into private ownership; this may be a simple or a most 
complex problem, depending largely upon the condition of the 
original monuments as affected principally by the lapse of time since 
the execution of the official survey. The work of the local surveyor 
usually includes the subdivision of the section, already mentioned 
as the official unit of subdivision, into the fractional parts shown 
upon the approved plat. In this capacity the local surveyor is per
forming a function contemplated by law, and he can not properly 
eerve his client or the public unless he ia familiar with the legal 
requirements concerning the subdivision of sections. In the event 
that the original monuments have become lost the surveyor can 
not hope effectively to recover said corners without a full. under
standing of the record concerning their original establishment, nor 
can the surveyor hope legally to restore the same until he has 
mastered not only the principles observed in the execution of the 
original survey, but the principles upon which the courts having 
jurisdiction over such matters have based their rulings. 

195. The General Land Office assumes no control or direction 
over the acts of local and county surveyors in the matters of sub
division of sections and reestablishment of lost corners of original 
surveys where the lands have passed into private ownership, 
nor will it issue instructions in such cases. It follows the 
general rule that disputes, arising from uncertain or erroneous loca
tion of corners, originally established by the United States, are to 
be settled by the proper local authorities or by amicable adjustment, 
and the office desires that the rules controlling the acts of its own 
surveying service be considered by all other surveyors as merely 
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advisory and explanatory of the principles which should prevail in 
performing such duties. 
~ The subject of restoration of lost comers will be treated in a 

later chapter, as the purpose here is to outline the principles con
cerning the subdivision of sections, which will be recognized alike 
by the General Land Office surveying service and by all local sur
veyors. 

SUBDIVISION BY PROTRACTION. 

196. Upon the plat of all regular sections the boundaries of the 
quarter sections are shown by broken straight lines connecting the 
opposite quarter-section comers. The sections bordering the north 
and wes't boundaries of a normal township, excepting section 6, 
are further subdivided by protraction into parts containing two regu
lar half-quarter sections and four lots, the latter containing the frac
tional areas resulting from the plan of subdivision of normal town
ships; the lines of the half-quarter sections are protracted from three 
points 20 chains distant from the line connecting the opposite 
quarter section comers, two of said distances counting on the oppo
site section lines and one counting on the line between the fractional 
quarter sections; the lines subdividing the fractional half-quarter 
sections into the fractional lots are protracted from mid-points on 
the opposite boundaries of the fractional quarter section. The two 
interior sixteenth-section comers on the boundaries of the fractional 
northwest quarter of section 6 are similarly fixed ail points 20 chains 
distant north and west from the center of the section, from which 
points lines are protracted to corresponding points on the west and 
north boundaries of the section, resulting in subdivisions containing 
one regular quarter-quarter section and three fractional lots. The 
fractional lots herein described will be numbered in a regular series 
progreBBively from east to west or from north to BOUth, in each sec
tion. As section 6 borders on both the north and west boundaries 
of the township, the fractional lots in the same will be numbered 
commencing with No.1 in the northeast, thence progreBBively west 
to No.4 in the northwest, and BOuth to.No. 7 in the southwest frac
tional quarter-quarter section. 

Entrymen are allowed, under the law, to acquire title to any 
regular quarter-quarter section, but as such subdivisions are aliquot 
parts of quarter sections based upon mid-point protr1l.Ction, it is not 
lie.emed neceBBary to indicate these lines upon the official plat. 
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197. Sections which are invaded by meanderable bodieos of water, 
or by approved claims at variance with the regular legal subdivisions, 
are subdivided by protraction into regular and fractional parts as 
may be necessary to form a suitable basis for the entry of the public 
lands remaining undisposed of, and to describe the latter separately 
and apart from the segregated areas. 

The meander line of a body of water and the boundary lines of 
private claims are platted in accordance with lines run or connec
tions made in the field; thereupon the sections so invaded are sub
divided as nearly as possible in conformity with the uniform plan 
already outlined. The subdivision-of-section lines are terminated 
at the meander line or claim boundary, as the case may be, but the 
position of the subdivision-of-section lines is controlled precisely 
as though the section had been completed regularly. In the case 
of a section whose boundary lines are in part within the limits of a 
meanderable body of water, or within the boundarieos of a private 
claim, the said fractional section lines are, for the purpose of 
uniformity, completed in theory, and the protracted position of 
the subdivision-of-section lines is controlled by the theoretical 
points so determined. 

198. In the subdivision of fractional sections as many regular 
part&. should be secured as possible, except to avoid thus creating 
poorly shaped fractional lots. Skill and judgment must be exercised 
to accomplish a subdivision which embraces simplicity of platting 
as well as a form to each and every lot that will prove to be equitable 
to the entryman. In the case of fractional lots along" the north and 
west boundaries of a township, and in other similar cases where a 
lot has a full normal width of 20 chains in one direction, it is gen
erally advisable to avoid areas of less than 10 or more than 50 ~es, 
but in the instance of fractional lots along a meander line or other 
irregular broken boundary; where the width of the lot in both direc
tions may be considerably less than 20 chains, resulting in tracts of 
more compact form, it is generally better to avoid an area of less 
than 5 or more than 45 acres. The purpose of the aforestated limits , 
is to create fractional lots of dimensions that will faciIitateall entries 
being made in a form that is optional with the entryman; an ad
herence to this practice will greatly reduce the necessity for the con
struction of supplemental plats now frequently demanded for no 
other purpose. Extreme lengths or narrow widths should be avoided; 
the longer direction should extend back from a meander line or 
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claim boundary rather than along the same. It is inconsistent that 
a fractional lot lie partly in two sections, and it is generally better, 
when consistent with other rules, to avoid fractional lots extending 
from one into another fractional quarter section. 

199. To secure a uniform system for numbering lots of fractional 
sections, including those above specified, imagine the section 
divided by parallel latitudinal lines into tiers, numbered from 
north to south; then, beginning with the eastern lot of the north 
tier, call it No.1, and continue the numbering west through the 
tier, then east in the second, west in the third, east in the fourth 
tier, etc., until all fractional lots have been numbered. A lot ex
tending north and south through two, or part of two tiers, will be 
numbered in the tier containing its greater area. In case any tier is 
without numbered lots, the numbering will be continued in the 
next tier to the BOuth. This method of numbering will apply to 
any part of a section. A section that has been partly surveyed at 
different times should have no duplication of lot numbers. 

200. When, by reason of irregular surveys or from other causes, 
the length of a township from BOuth to north exceeds the regular 
length of 480 chains, or the width from east to west exceeds 480 
chains, to Buch an extent as to require two or more tiers of lots along 
the north boundary , or two or more ranges of lots along the west 
boundary, as the case may be, the entire north or west portions of 
said sections beyond the regular legal subdivisions usually provided 
in these sections, will be suitably lotted, and to each let will lYe 
~igned a proper number. Certain exceptions to this rule will be 
found in Chapter VII, in the instance of townships which poBBeBB 
abnormal dimensions in one or both directions. 

201. If the first meridional section lin€' of a township has been 
established as a sectional guide meridian, or the first latitudinal 
section line has been established as a sectional correction line, 
fractional lots will result along the east or BOuth boundary of the 
township, as existing conditions may necessitate. Thus, where 
either the east or south boundaries of a township are defective in 
alinement (and not subject to rectification before subdividing) the 
sections bordering such defective boundaries will be subdivided by 
protraction in accordance with rules similar to those which operate 
in regard to sections bordering the north and west boundaries of a 
normal township. Other examples of subdivision of sections will be 
found under the general subject of "fragmentary subdivision." 
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SUBDIVISION BY SURVEY. 

202. The rules for subdivision of sections by actual survey in the 
field are based upon the laws governing the survey of the public lands, 
When cases arise which are not covered by these rules, and the 
advice of the General Land Office in the matter is desired, the letter 
of inquiry should, in every instance, contain a description of the 
particular tract or corner, with reference to township, range and 
section of the public surveys, to enable the office to consult the 
record; also a diagram showing conditions found, giving distances 
in chains and links and not in feet. . 

203. Preliminary~ subdivision it is essential to know the actual 
boundaries of the section, as it can not be subdivided legally until 
the section corners and quarter-section cornera have either been 
found or restored by proper methods, and the resulting courses and 
distances determined by survey. The practice of entering a section 
to survey a tract from only one or two corners, and those perhaps 
unreliable, :is unlawful. 

204:. The order of procedure is: First, identify or reestablish the 
boundary corners; next, fix the lines of quarter sections; then, form 
smaller tracts by equitable aild proportionate division, according 
to the following rules: 

201>. Subdivision of StCMm into quarter sections.-Under the 
provisions of the act of Congress approved February 11, 1805, the 
course to be pursued in the subdivision of sections into quarter sec
tions is to run straight lines from the established official quarter
section corners to the opposite corresponding corners. The pOint of 
intersection of the lines thus run will be the corner common to the 
se'eral quarter sections, or, iIi. other words, the leg8.I center of the 
section. 

Upon t4e lines closing on the north and west boundaries of a 
regular township the quarlkr-section corners are established by the 
United States surveyors at 40 chains to the north or west of the last 
interior section corners, and the excess or deficiency in the measure
ment is thrown into the half mile next to the township or range line, 
as the case may be. 

Where there are double sets of section corners on township and 
range lines the quarter-section corners for the sections south of the 
township lines and east of the range lines have not always been 
established in the field by the United states surveyors, but in sub
dividing such sections said quarter-section corners should be 80 
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placed as to suit the calculations of the areas of the quarter sections 
adjoining the township boundaries as expreBBed upon the official 
plat, adopting proportionate measurements where the new measure
ments of the north or west boundaries of the section differ from the 
original measurements. 

206. Subdivision of fractional sections.-The law provides that 
where opposite corresponding quarter-section corners have not been 
or can not be fixed, the subdivision-of-section lines should be ascer
tained by running from the established corners north, south, east 
or west lines, as the case may be, to the water course, reservation 
line, or other boundary of such fractional section, as represented 
upon the official plat. In this the law presumes the section lines 
surveyed and marked in the field by the United States surveyors to 
be due north and south or east and west lines, but this is not usually 
the case. Hence, in order to carry out the spirit of the law, it will 
be neceBBarY in running the sub divisional lines through fractional 
sections to adopt mean courses, where the section lines are not due 
lines, or to run the subdivision-of-section lines parallel to the east, 
south, west or north boundary of the section, as conditions may 
require, where there is no opposite section line. (See sec. 197.) 

207. Subdivision of quarter set)tions into quarter-quarter sections.
Preliminary to the subdivision of quarter sections, the quarter
quarter- or sixteenth-aection corners will be established at points 
midway between the section and quarter-section corners, and 
between the quarter-aection corners and the center of the sec
tion, except on the last half mile of the lines closing on irregular 
boundaries, where they should be placed at 20 chains, proportionate 
measurement, counting from the regular quarter-section corner. 

The quarter-quarter- or sixt.eenth-section corners having been 
established as directed above, the center lines of the quarter section 
will be run straight between opposite corresponding qualter-quarter
or sixteenth-aection corners on the quarter-aection boundaries. The 
intersection of the lines thus run will determine the legal center of a 
quarter section. 

208. Subdivision of fractional quarter sections.-The subdivisional 
lines of fractional quarter sections will be run from properly estab
lished quarter-quarter- or sixteenth-aection corners, with courses gov
erned by the conditions represented upon the official plat, to the 
lake, water-course or reservation which renders such tracts frac
tional. (See sec. 197.) 

• 
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209. By" proportionate meaBurement" is meant a measurement 
having the same ratio to that recorded in the original field notes as 
the length of the line by re-measurement bears to its length as given 
in the record. Reasonable discrepancies between former and new 
measurements may generally be expected. Errors may occur through 
many causes and should be as carefully avoided in re-meaBurementB 
as in original surveys. Instead of the old practice of "adjusting 
the chain" to suit the former meaBure, the distance obtained by 
a precise method is compared with that of the record, and the 
shortage or surplus is computed by proportion, producing the same 
result in a more reliable manner. For example: The length of the 
line from the quarter-section comer on the west boundary of section 
2 to the north line of the township, by the United States surveyor's 
measurement was reported as 43.40 chains, and by the county sur
veyor's measurement was found to be 42.90 chains; then the distance 
which the quarter-quarter- or Bixteenth-section comer should be 
located north of the quarter-section comer would be determined by 
proportion as followB: As 43.40 chains, the official measurement of 
the whole distance, iB to 42.90 chains, the county Burveyor's mllllBure~ 
ment of the same distance, BO iB 20 chains, original measurement, to 
19.77 chains by the county surveyor's measurement, Bhowing that 
by proportionate measurement in this case the quarter-quarter- or 
sixteenth-section comer should be set at 19.77 chains north of the 
quarter-section comer, instead of 20 chainB north of said comer, as 
represented on the official plat. In thiB manner the discrepancies 
between original and new measurements are equitably distributed . 

210. By way of recapitulation it Bhould be emphasized that when 
entrymen have acquired title to certain legal subdivisions they have 
become the owners of the identical ground area represented by the 
same Bubdivisions upon the official plat. It is a matter of expert or 
technical procedure to mark out the legal Bubdivisions called for in 
a patent, and entrymen are advised that a competent surveyor 
should be employed. The surveyor must necessarily identify the 
section boundaries and locate the legal center of the section in order to 
determine the boundaries of a quarter section. Then, if the boun
dariea of quarter-quarter sections, or fractionallota,.are to be deter
mined on the ground, the boundaries of the quarter 'section must be 
measured, and the sixteenth-eection comers thereon should be fixed 
in accordance with the proportional distancea represented upon the 
approved plat, thereupon the legal center of the quarter section 
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maybe duly located. Thus will be produced in the field the figUre 
represented upon the plat, every part of the former in true propor~ 
tion to the latter, where the elements of absolute distance and area 
have given away to correepondingproportional units as defined by 
fixed monuments ElfItablished in the original survey. 

FRAGMENTARY SUBDmSION OF TOWNSHIPS. 

211. In the preceding articles covering the subject of subdivision 
of townships every assumption was based upon initiating the sub
divisional survey upon regularly established exte~iorB, or, when 
necessary, a sectional guide meridian or a sectional correcti{)n line, 
or both, were to be established, upon which rested the control of 
the subdivision of the township. The subdivision of every full 
township may always be governed by the aforestatedrules, but many 
other factors operate in determining the method and order of pro-

t cedure to be adopted in the instance of fractional townships which 
have no linear south or east boundary, or in the case of continuing 
with the survey of partially subdivided townships, where one or more 
of the previously established section lines may be found to be de
fective in respect to the rectangular limit, or where partially sur
veyed 1!ections, or sections containing outlying areas protracted as 
surveyed, are to be completed. The engineer can not hope to 
master the subject of fragmentary subdivision of townships until 
he haB become thoroughly familiar with every question relating to 
the subdivision of sections, nor is it possible to give in the Manual 
an example of every intricate problem which may be encountered 
in the field; thus the following discussion deals primarily with the 
principles, which must be considered in the field, operating to 
control the engineer's method and order of procedure. I tis pOBBible, 
however, that CII868 may arise so comple,x in their charac.ter as to 
produce a feeling of doubt relative to the proper solution of the prob
lem; in which case the engineer will at once communicate with the 
proper supervising officer, submitting information, by letter and 
diagram,--of the exact condition aB found by him, and the neceBBary 
instructions will be forwarded as soon as practicable. 

' .. FRACTIONAL TOWNSHIPS. 

212. Where by reason of the presence of a large meanderable 
body of water, impassable objects, a State or reservation or grant 
boundary, or for other similar reasons a township is made fractional 
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and is without a full linear south or east boundary, and it has been 
found advisable to run section lines as offsets to the township ex
teriors, the fractional section lines south and east of said controlling 
lines will be projected opposite to the usual direction; the fractional 
measurements on said lines and the resulting fractional lots will be 
placed against the irregular boundary. If similar conditions obtain 
throughout the north or west part of a fractional township no depart
ure from the regular order of subdivision becomes necessary; in all 
such cases the fractional measurements on the exterior and subdi
visional lines, and the resulting fractional lots, will be placed to the 
north and west against the irregular boundary. 

218. Where on account of impassable objects or for other reasons 
no part of the south boundary of a township can be regularly 
established, the subdivision thereof may proceed from north to 
BOUth and from east to west, thereby throwing all fractional meas
urements and areas against the west boundary and the meanderable 
stream or other boundary limitingt;lle township on the south; if the 
east boundtry is without regular section comers and the north 
boundary has been run eastwardly as a true line, with section 
comers at regular intervals of 80 chains, the subdivision of the 
township may be made from west to east, in which case the frac
tional measurements and areas will be thrown against the irregular 
east boundary; on the other hand, if the north boundary of section 6 
is fractional, a sectional guide meridian will be initiated at the 
easternmost regular section corner on the north boundary of the 
township, which will be projected to the south to take the place of 
a governing east boundary, thus the subdivisional survey would be 
projected from north to south and from east to west, with fractional 
measurements, and resulting fractional Iota, on the east, BOUth and 
west boundaries of the township. The accompanying diagrams are 
illustrati"e of the principles which operate to control the subdivi
sion of partial townships. 

214:. A very considerable class of surveys now coming before the 
General Land Office embraces the continuation of the subdivisional 
survey of townships previously subdivided in part only, frequently 

~"including the completion of partially surveyed sections or of sec
tions containing outlying areas protracted as surveyed. If defective 
conditions are encountered in the previously established surveys, 
the problems concerning the procedure to be adopted mUltiply 
rapidly and require the greatest skill on the part of the engineer. 
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In the construction of new township plats the former practice of 
showing certain outlying 8J'eIlS of sections protracted as surveyed 
has been abandoned aa unsatisfactory and inconBistent with the 
Burveying laws. 

RETRACEMENTS. 

216. Practically all fragmentary surveys require more or less re
tracement of the original surveys in order to identify the initial and 
clOlling lines; such retracements will always be accompanied by the 
restoration of all lost comers adjacent to the sections embracing, in 
whole or in part, the areaa to be included in the extension survey, 
in-so-far as the section or subdivision-of-section lines controlling the 
new 8J'eM may depend upon the position of the previouslyestab
lished comers. The engineer will often be required, in order to de
termine properly the position of a lost comer, to retrace additional 
lines which 8J'e not the boundaries of sections containing the new 
areaa to be surveye<1', but no reestablishments on such lines are re
quired. The theoretical position of a lost corner may be at variance 
with an unofficial comer established by local survey, accepted and 
recognized by the owners of the private lands affected; thus much 
trouble between landowners is avoided if the reestablishments are 
confined strictly to those comers which control the position of the 
section boundaries or the subdivision-of-section lines affecting the 
public lands to be surveyed. A general exception to the foregoing 
rule will be made in the case of identified original comers which 
are adopted as a basis ·from which to control the reestablishments 
bordermg the public land sections; such original comers, if not in a 
good state of preservation, will be reconstruct'3d in first-class order, 
a complete record of which will be embodied in the field notes. All 
restorations' of lost comers will be made in strict accordance with 
the provisions of Chapter V of the Manual. In the instance of de
fective conditions contained in the previousIyesta,blished lines, ex
ceeding the rectangul8J' limit, even though all original comers may 
be fully identified and in a good state of preservation, the necessary 
retracements of the section boundaries will be made in order to de
termitte the factors entering into the closing error and to furnish 
suitable'datafor the calculation of the areas of the resultingfractional 
lots embraced in the extension survey. 
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COMPLETION OF PARTIALLY SURVEYED SECTIONS. 

!lS. Many assignments for fragmentary surveys require the com
pletion of the survey of portions of boundaries of sections heretofore 
unsurveyed, in which sections are contained areas fixed in position 
by less than the regular complement of corners usually established 
for the identification of the legal subdivisions of the section. In 
the completion of such partially surveyed sections, the engineer 
will be expected to give full consideration to the manner of pro
tecting acquired rights based upon the former approved plats. 

The following ten principles fire distinctly applicable to the sub
ject: 

1st. The legal procedure governing the subdivision of any 
normal section into quarter sections is based broadly on the 
principle t#J.at the partition lines may be definitely fixed by 
four oppoSIte quarter-section comers established on its bound
aries; the intersection of the true center lines thus controlled 
is the legal point for the interior quarter-section corner of a 
section . 
. 2d. The legal procedure governing the subdivision of regular 
quarter sections into quarter-quarter sections is based broadly 
on the same principle of controlling lines projected between 
opposite sixteenth-section corners of the quarter section, the 
latter corners established at mid-points on the true lines bound
ing the quarter section; the intersection of the true center 
lines of the quarter sect.ion is the legal point for the interior 
sixteenth-sectlon comer of such regular quarter section. 

3d. The legal procedure governing the subdivision of sections 
containing fractional lots into their component regular quarter
quarter sections and fractional lots is based on the same principle 
with the simple modification that the sixteenth-aection comers 
on the boundaries of such quarter sections are themselves 
established at distances conformable to the proportions shown 
on the official plat. 

4th. The fact that the full complement of four section comers 
of the section and aU of the four opposite quarter-section corners 
has not been established in an accepted survey does not impair 
the validity of any areas shown upon the ap:proved plat, and 
the legal procedure to be adopted in the extenslOn of die bound
aries of such sections must be such as to fix, within reasonable 
limits, the remaining quarter-section corners in a position 
_ which will protect the integrity of the original areas by con

. trolling center lines connecting the old and new quarter-section 
comers. 

5th. In the rectangular system the sect.ion is recognized as 
the unit of subdivision,and in proceeding with tbe extension 
of fragmentary surveys first consideration .. must necessarily be 
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given to the completion of the survey of fractional sections. 
No invasion of the original unit is tolerable if any portion of 
such unit has been surveyed, or if outlying areas have been 
shown :p,rotracted as surveyed. 

6th. 'Reasonable limits" for the fixation of the remaining 
quarter-section corners of a section in a position which will 
protect the integrity of the original areas of such section may 
be considered such as for alinement when not to exceed 21' 
from a cardinal course, and for measurement when not to exceed 
25 links from 40 chains where the opposite portion of the section 
boundary is shown as 40 chains, or in proportion as a limiting 
difference when the opposite portion of the section is more or 
less than 40 chains. This concession as to limits is made in 
the interest of sim»licity, where by such concession rectangu
larity of both the old and new surveys may be maintained if 
so harmonized. 

7th. The position of the new quarter-section corner which is 
to be established on the new opposite boundary of a fractional 
section will be controlled from one direction only if the old 
opposite distance has been made to count from one direction 
only, and the controlling measurement will be made to harmo
nize with the length of the opposite portion of the section, but 
if the old opposite distance has been made to count from two 
directions the position of the new quarter-section corner will 
he controlled from the two directions and the proportional 
lengths of the two portions of the new line will be made to 
harmonize with the proportional lengths of the two parts of 
the old opposite boundary, all as indicated by the dlstances 
and areas shown on the original approved plat. 

8th'. The underlying principles governing the rectangular 
surveying system are equally applicable to the comJ?letion of 
the survey of fractional sections, and given a conditlOn in an 
original survey which in all its various elements is "within 
limits I' within the meanin~ of the rectangular surveys, the 
simple plan of continuing III the same manner and order as 
would have been adopted in the original survey, if the same 
had not been discontinued, will accomplish usually in its 
simplest form the completion of the survey of fractional sections; 
this becomes the first duty of the engineer before proceeding 
with the survey of additional sections so that should irregularity 

· ... be developed, no invasion of partiaily surveyed sections can 
reBu! t from the irregularities of other sections. It follows in 
principle, when irregularity is developed, that the engineer 

.' Will be best prepared to determine the proper method of survey 
adapted to procure simplicity of correction of existing irregu
larities and an early resumption of regularity, when he is in 
possession of full data concerning the conditions of all the old 
lines limiting the fragmentary surveys and upon which the 
new lines are to be initiated or closed, his knowledge being 
based upon the results of actual retracement of such irregular 



SYSTEM OF RECTANGULAR SURVEYS. 

FI9·57. 
Random ahd frue . 

(ZODO) : ("rac.) (Zo.CO) f (20.00) 

I I 
I 3 2 1 
I 1 1 

eo '- __ .,.. _ . .J ____ _ L ___ _ 
I 1 
I I 

6 1 5 1 
I I 

~ 
~ 

4 

o,j 
Q-----... 

I I 
- - - -~~~~~~~~~~ 

~ 
7 ~ 

80 

f~ 
~ 

1- - - --~ 
I ~ 
: 8 .~ 

~ 
(20.00) : ({"roc.) ~ 

Shown os 
re9u/or. 

Random and frue 
(MOO) (Frr7c.) (20.00) I (20.00) 

I 
I 3 1 2 I 
1 1 1 
r - - .- - - -·1- - - -- -1-- - - -- . 

I I 
80 

I 1 
~ I 4 I 5 I 6 

o.j I I I 
() -----r------~~~~~~~~~~~ 
... I ~ 

I ~ 
1 7 ~ 
1 ~ 
~- - -- -- ~ 
1 ~ 

I ~ 
8 ~ 

(20.00) : (Frac ) ~ 

80 
Shown as 
re9u/or. 

197 

South boundary of section out oflimlts In measurement; southeast quarter protracte·: 
as llUIVeyed; and section to be completed. 

1990·~31--14 

, 



198 MANUAL OF SURVEYING INSTRUCTION!. 

-..;. 

Fig.58. 
Random ana' true. 

(20.00) : ( f'rae.) 20.00 20,00 I 

1 
t 3 I 2 I 

I I ~ 
I I 1 '0 
,- - - - - r- - - - - - .. - - - -"l 
1 : : ~ 

4 5 I 6 

80 

I 1 1 

- T - - -;:- - - - - ~~"~,~~~~,~~~"'" 
I ~ 
I 7 ~ 

~ 

80 
I l" 
I"---- .-t~ 

Shown as 

regular. 
I ~ 
1 ' r§ 

I 
M i d:e..0inf 

8 ~ 

~ 
...I[ 

Rono'om and trUB. 

(20.00) I ,rroc.) (20.00) (20.o.0) 

I 3 2 

, I , .~ 
I 

0 

1- - - - - -'- - - - - _L - ~ - --."ii. 
I I ~ 

I I , ~. 
80 

4 ,5 6 

1 , 

, I I 

-----~------~~~~~~~
~~~ 

I "" ~ 
7 ~ 

1 ~ 
1 !i§ 
1-- - --1 
, ~ 

t I 8 ~ 
~ ~ 

~ . I ~ 
~L-__ ~M~/~~~~~,o~in~~f ____ ~ ______________ ___ 

80 
Shown as 

regular. 

East boundary ot section out ot llm1ts in aUnement; southeast quarter protracted 

as surveyed; and section to be completed. 



SYST},M OF RECTANGULAR SURVEYS. 199 

old lines. It must be granted that a skillful exercise of judg
ment by the engineer based upon his knowledge of the facts is 
far more desirable than to restrict him to the application of 
empirical rules devised to cover possible, but innumerable 
combinations of irregularity. 

9th. The completion of the survey of the partially surveyed 
sections will be made as nearly as possible in accordance with 
the regular rules for subdividing when the original lines are 
found to be within limits

i 
otherwise, such sections will be 

completed by surveying al lines in such a manner that each 
and every section (excepting in cases of unavoidable hiatus or 
overlap) shall have four regular boundaries without offsets, 
with four governing section corners and four controlling quarter
section corners in such positions as to maintain the integrity of 
the fractional areas already shown upon the original plat. The 
subdivision thereof may then be made by connecting the oppo
site quarter-section corners in the regular manner with resultmg 
locatIOns agreeable to the legal subdivisions shown upon the 
original plat. If an hiatus or overlap is unavoidable, the position 
of the new quarter-section corner or corners will be carefully 
determined for latitude on a meridional line or for departure 
on a latitudinal line on the same plan as would have resulted 
in the regular survey of a new boundary extending in full from 
the one or two directions which control the position of the new 
quarter-section corner or corners. 

lOth. Ad)oining sections must be considered separately 
when placmg the new quarter-section corners, and the new 
corner need not be common to the four quarters of the two 
adjoining sections unless the theoretical position for each section 
falls within 25 links of a common point in which case the differ
ence may be adjusted in such a manner as to secure maximum 
regularity. 

217. Let it be assumed that adjacent to two established section 
lines, the meridional line of which is out of limits in measurement, 
an outlying regular quarter section has been protracted as surveyed; 
then to complete the section the new section lines will be extended 
from the previously established section corners, parallel to the 
opposite established boundaries, or mean course thereof, to a mutual 
intersection. The quarter-section corner on the new latitudinal 
section line would be established regularly at the mean point, and 
would ordinarily be marked to control the subdivision of two sections. 
On the new meridional boundary one or two quarter-section corners 
may be required; one marked to control the subdivision of the section 
under consideration will be established at 40 chains from the original 
section corner; the same quarter-section comer would be marked to 
control the subdivision of the adjoining s~tion if the fractional 
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measurement is to be thrown in the same direction in the two sec
tions, otherwise an additional quarter-section corner marked to 
control the subdivision of the adjoining section would ordinarily 
be placed at 40 chains from the new section corner. Again, let the 
same condition be assumed with the exception that the latitudinal 
section line instead of the meridional line is found to be defective in 
measurement. Then, to complete the section, the new meridional 
line would be surveyed as in regular subdivision, parallel to the 
opposite meridional line, or mean course thereof, ordinarily with 
quarter-section and section corners of maximum control at 40 and 
80 chains, respectively. The new latitudinal section line would then 
be established on a true line between the section corners, and one or 
two quarter-section corners will be established as required; one 
marked to control the subdivision of the section under consideration 
will be established at 40 chains from the original section corner; the 
same quarter-section corner would be marked to control the sub
division of the adjoining section if the fractional measurement is 
to be thrown in the same direction in both sections, otherwise an 
additional quarter-section corner marked to control the subdivision 
of the adjoining section would ordinarily be placed at 40 chains from 
the new section corner. 

218. Let another assumption be made that adjacent to two estab
lished section lines, the meridional line of which is out of limits in 
alinement, an outlying regular quarter section has been protracted 
as surveyed; then to complete the section, the new meridional line 
will be projected as a sectional guide meridian, in accordance with 
the usual rules, ordinarily with quarter-section and section corners 
of maximum control at 40 and 80 chains, respectively. The new 
latitudinal section line would then be established on a true line 
between the section corners, with one or two quarter-section corners 
as required; one marked to control the subdivision of the section 
under consideration will be required at 40 chains from the original 
section corner; the same quarter-section corner would be marked 
to control the subdivision of the adjoining section if the fractional 
measurement is to be thrown in the same direction in both se~tions; 
otherwise an additional quarter-section comer marked to control 
the subdivision of the adjoining section will ordinarily be established 
at 40 chains from the new section corner. On the other hand, if 
the same conditions be assumed with the exception that the original 
latitudinal section line instead of the mer:idionalline is found to be 
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defective in alinement, then the new latitudinal section line will 
have to be established as a sectional correction line, exactly in 
accordance with the rules already given for running such lines, 
ordinarily with section corner of maximum control at its inter
section with the new merid.ional section line, and quarter-section 
corner of maximum control at mid-point. On the llew meridional 
section line one or two quarter-section corners may be required; 
one marked t. control the subdivision of the section under consid
eration will be established at 40 chains from the original section 
corner; the same quarter-section corner may be marked to control 
the subdivision of the adjoining section if the fractional measure
ment is to be placed in the same direction in the two sections, but 
if the fractional measurement is to be thrown in the opposite direction 
in the adjoining section an additional quarter-section corner marked 
to control the subdivision of that section would ordinarily be re
quired at 40 chains from the new section corner. 

219. Many cases will arise in the field involving combinations 
of two or more of the above simple examples, in which instance 
the engineer is advised to prepare a diagram illustrating the con
ditions found in the original survey, whereupon the new section 
lines may be shown with alinement in accordance with the usual 
rules for subdividing townships, noting that the new section lines 
are to be initiated at the previously established original section 
corners, and that the length of the meridional boundary will depend 
both upon the regUlarity of the length of the opposite original merid
ional section line and upon the alinement of the previously estab
lished latitudinal section line; thereupon the engineer may at once 
show upon his diagram the position of the necessary quarter-section 
corners on the new section lines, all in conformity with the simple 
rules already stated. 

220. Other instances will be found where half sections are shown 
upon the original approved plat protracted as surveyed, in some 
cases where only the opposite section liue has not been established 
and in other cases where parts of the adjacent as well asthe opposite 
section lines have not been established. In case only one section 
line remains to be established, it will be located upon the true line 
connecting the original section corners, regardless of bearing; the 
new opposite quarter-section corner marked to control the BU bdi
vision of the stated section will be placed at mid-point, regardless 
of the length of the new section line; the position of the q llartel'-
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section comer marked to control the subdivision of the adjoining 
section will depend upon the plan of subdividing the remaining 
public land. Partially surveyed section lines will be completed 
by extension, the alinement of the same being governed by the 
usual rules for regulv subdivision; the latitudinal or meridional 
position of the remaining section line (opposite to the half section 
protracted as surveyed) will usually be controlled by the position 
of the nearest original section corner, and the alinement of the same 
will depend upon the usual rules for regular subdivision; the new 
opposite quarter-section corner marked to control the subdivision 
of the section containing such half section protracted as surveyed 
will be placed at mid-point in every case; the position of the quarter
section corner marked to control the subdivision of the adjoining 
section will depend upon the manner of subdividing the remaining 
public land. 

221. Various other examples will be found where fractional areas, 
as along the north or west boundary of a township, are shown upon 
the original approved plat protracted as surveyed. In all such 
instances the same rules, heretofore stated, may be applied, with the 
single exception that a calculation must be made, based upon the 
areas shown upon the original plat, of the theoretical lengths of all 
lines not established in the original survey . Such calculated distances 
will then control instead of the usual regular lengths of section lines 
as heretofore assumed; also, if such calculated distances count from 
two directions, and irregularities are developed, the · calculations 
must again be resolved into proportional distances to agree with 
IIFtual measurements between the controlling points. 

222. On the accompanying diagrams are shown various exagger·· 
ated examples of the manner of completing the survey of irregular 
sections containing outlying areae protracted as surveyed, showing 
the application of the means necessary for the protection of the 
integrity of such areas. It is recognized that the general principles 
above set forth will not always permit the complete establishment 
and appropriate marking of all corners at the first determination of 
their locations, by reason of the fact that only the bringing up of the 
new surveys to be closed upon the completed units will develop 
the appropriate markings of the finished corner, but this need not 
impair the engineer's confidence in his knowledge of necessary pro
cedure in the initiatory work, to be recognized and applied appro
priately when the new surveys are brought up to their closings. 
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228. A distinctly different claes. of partially surveyed sections is 
found along erroneous meander lines shown upon approved plats of 
fractional townships. Such sections are never subject to completion 
except as definitely authorized in the written special instructions 
furnished to the engineer, as the approved plat must be held to 
represent correctly a true meanderable body of water until proven 
otherwise to the satisfaction of the Department of the Interior, as 
intimated in Chapter I. Numerous instances are on record, how
ever, where the evidence submitted to the Department is con
clusive that surveyors have erroneously clSBSified overflowed lands 
as meanderable, or where the recorded meander line does not and 
never did conform to the mean high-water elevation of an actual 
meandera.ble body of water, thus erroneously omitting considerable 
areas of land. The questions of title to such areas are ~xtremely 
intricate, and it is the practice of the General Land Office not to 
allow any extension of such original surveys until the procedure has 
been definitely authorized by the Secretary of the Interior. The 
surveying problems arise only when the extension of the original 
survey beyond the meander line shown upon the approved plat has 
been duly authorized. 

The reestablishment of the original meander line with a suitable 
monument at each angle point is a usual accompaniment of the 
above claBs of surveys, the purpose being to segregate definitely the 
previously surveyed areas from the unsurveyed public lands; it is 
more appropriate to consider the surveying questions thus involved 
along with other problems relating to the reestablishment of broken 
boundaries,where the subject will be found ineec.380,Chapter V. The 
next step in the field is to complete the partially surveyed sections 
and the procedure in practically every instance will be controlled 
by the rules already outlined in respect to the completion of the 
survey of sections containing outlying areas protracted as surveyed; 
it seems unnecessary to repeat the governing principles in such 
closely related cases. 

SUBDIVISION OF FRACTIONAL SECTIONS RESULTING FROM 

FRAGMENTARY SURVEYS. 

224:. The one best test of the fitness of a proposed method incident 
to the completion of partially surveyed sections will be found in 
platting the section for subdivision by protraction; thereupon the 
regular rules for subdivision of sections should be applicable. Thus 
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the position of the new quarter-section comers, established to con
trol the subdivision of a particular section in question, must be such 
as to permit the center lines from said points to the opposite original 
quarter-section corners to be connected in strict harmony with the 
conditions represented upon the original approved plat, disregard- J 
ing the effect upon the subdivision of the newly surveyed public 
land. Likewise the lines connecting the sixteenth-eection corners 
on the opposite boundaries of a quarter section must conform to the 
conditions represented upon the original plat. When the aubdi-
vision-of-section lines are thus platted the section may be considered ~, 
satisfactory if the integrity of the original areas is in no way violated. 
When the subdivision-of-section lines are platted as suggested, the 
permanent conditions affecting the new areas may be considered, and ,~ 
should be harmonized with the following additional rules: 

1st. The new areas should be complementary to the original areas 
by the extension of the subdivision-of-section lines as already pro
tracted upon the original plat, except as poorly shaped lots, or lots 
of too great or too little area, would result in violation of the regular 
rules for subdivision of sections. 

2d. The same meridional limit may be permitted, in the interest 
of regularity and simplicity of platting, as is ordinarily allowed in 
latitudinal section lines; i. e., a section may be considered regular 
whose boundary lines are all for alinement when not to exceed 21' 
from a cardinal course, and for measurement when not to exceed 25 
links from 40 chains between the section and quarter-eection corners. 
Such regular sections may be subdivided into regular quarter sec
tions and quarter-quarter sections as far as possible. A section 
having three regular boundary lines may be subdivided in accord-
ance with the usual rules for subdividing sections along the north 
and west boundaries of a normal township. A section having two 
adjacent regular boundary lines may be subdivided similarly to the 
manner in which section 6 of a normal township is treated. All 
other sections should be treated as irregular, with aubdivision-of-
section lines protracted to mid-points on the boundaries of the 
quarter sections, except as a calculated proportional position for ~ 
a sixteenth-eection corner is made necessary by reason of conditions 
relating to the complementary area shown upon the original plat. 

3d. All new fractional lots will be numbered beginning with the ,:; 
next higher number in the series of the same section already begun 
upon the previously approved plat, and proceeding in the usual ,j 

j 
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order in which fractional lots are normally numbered . The new 
series may begin with No.1 in eaae the fractional parts of the original 
area are not designated by lot mimber. 

COMPLETING THE SUBDIVISION OF A PARTIAL TOWNSHIP RESULTING 

FROM FRAGMENTAUY SURVEYS. 

226. After the partially surveyed sections have been fully 
completed the engineer may proceed with the subdivision of the 
remaining portions of the township. Every condition represents 
It separate problem, and few specific rules would serve any purpose 
in guiding the engineer to a definite procedure. Ii no irregularities 
are to be found in the previously established lines the new survey 
may proceed llormally, but if defective conditioDs are encountered 
the irregularities are not to be extended into unsurveyed sections 
any farther than necessary to. incorporate the resulting fractional 
measurements into suitable fractional lots adjoining the former 
surveys. Preference should be given to extending all surveys from 
south to north and from east to west, but if a better control is 
available by reversing the procedure in one or both directions, 
thus resulting in a simpler and better survey in respect to mini
mizing the number of extra corners as well as fractional lots, Buch 
reversal of procedure is fully warranted. The principle relating to 
controlling coordinate measurements in two directions at right 
angles, as along the south and east boundaries of a township, may 
be applied to the subdivisionallines best suited to control the llew 
surveys to be executed; and, if the selected bases are defective in 
alinement, in whole or in part, the new section lines may serve 
the function of a sectional guide meridian or a sectional correction 
line as required. The corners from which the new surveys are to 
be initiated and controlled in latitude and departure will be termed 
corners of four sections, or of two sections as appropriate, and where 
the terminal lines can not be connected regularly with the pre
viously established section corners by random and true line not 
exceeding 21' from cardinal, a closing section corner will be 
established in full accord with the principle relating to the estab
lishment of closing section corners on the north or west boundaries 
of a township where the latter lines are found to be defective in 
measurement. The fractional measurements of the closing section 
lines will be placed adjacent to the old surveys, and the distance 
from the closing section comer to the nearest original corner will 
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be measured; the onginal lines forming the boundary of the lands 
to be surveyed will be retraced, as already provided, and the marks 
upon the original corners wiil be appropriately modified as neces
sary; new quarter-eection corners marked to control the subdivision 
of the new sections will be established on the original lines at mid
points between the closing section corners, or at 40 chains from one 
direction, according to the manner in which a new section is to be 
subdivided. 

There are generally two or more ways in which a fragmentary 
subdivision may be executed, but a careful study of a sketch plat 
representing existing conditions will generally reveal the superi
ority of one method over another, and objectionable results should 
be avoided as far as existillg conditions relating to the original 
surveys will permit . 

MEANDERING. 

226. All navigable bodies of water and other important riven! 
and lakes (as hereinafter described) are to be segregated from the 
public lands at mean high-water elevation. The traverse of the 
margin of a permanent natural body of water is termed a meander 
line. 

The running of meander lines has always been authorized in the 
survey of public lands fronting on large streams and other bodies of 
water, but the mere fact that an irregular or sinuous line must be 
run, as in case of a reservation boundary, does not entitle it to be 
called a meander line except where it closely follows the bank of a 
stream or lake. The legal riparian rights connected with meander 
lines do not apply in case of other irregular lines, as the latter are 
strict boundaries. 

Mean high-water mark haa been defined in a State decision (47 
Iowa, 370) in substance as follows: High-water mark in the Missis
sippi River is to be determined from the river bed; and that only 
is river bed which the river occupies long enough to wrest it from 
vegetation. In another case (14 Penn. St., 59) a bank is defined as 
the continuous margin where vegetation ceases, and the shore is the 
sandy space between it and low-water mark. 

Numerous decisions in the United States Supreme Court and 
many of the State courts assert the principle that meander lines 
are not boundaries defining the area of ownership of tracts adjacent 
to waters. The general rule is well set forth (10 Iowa, 549) by 
saying that in a nav:igable stream, as the Des Moines River in Iowa. 
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high-wa.ter mark is the boundary line. When by action of the 
water the river bed changes, high-water mark changes and owner
ehip of adjoining land progresses with it . 

. Meander lines will not be established at the segregation line 
between upland and swamp or overflowed land, but at the ordinary 
high-wa.ter mark of the actual margin of the river or lake on which 
such swamp or overflowed lands border. 

227. Practically all inland boqies of water pass through an 
annual cycle of changes from mean low water to flood stages, 
between the extremes of which will be found mean high water. 
In regions of broken topography, especially where bodies of water 
are bounded by sharply sloping lands, the horizontal distance 
between · the margins of the various water elevations is compara
tively slight, and the engineer will not experience much difficulty 
in determining the horizontal position of mean high-water level 
with approximate accuracy; but in level regions, or in any locality 
where the meanderable bodies of water are bordered by relatively 
flat lands, the horizontal distance between the successive levels is 
relatively great. The engineer will find the most ;reliable indica
tion of mean high-water elevation in the evidence made by the 
water's action at its various stages, which will generally be found 
well marked in the soil, and in timbered localities a very certain 
indication of the locus of the various important water levels will be 
found in the belting of the native forest species. 

Mean high-water elevation will be found at the margin of the 
area occupied by the water for the greater portion of each average 
year; at this level a definite escarpment in the soil will generally 
be traceable, at the top of which is the true position for the engineer 
to run the meander line. A pronounced escarpment, the result of 
the action of storm and flood waters, will often be found above the 
principal water level, and separated from the latter by the storm 
or flood beach; another leBS evident escarpment will often be found 
at the average low-water level, especially of lakes, the lower escarp
ment being separated from the principal escarpment by the normal 
beach or shore. 'while these questions properly belong to the realm 
of geology, they should not be overlooked in the survey ola meander 
line. 

Where native forest trees are found in abundance bordering 
bodies of water, those trees showing evidence of having grown under 
favorable site conditions will be found accurately belted aloDg 
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contour lines; thus a certain class of mixed varieties common to a 
particular region will be found only on the lands seldom if ever 
overflowed; another group of forest species will be found on the 
lands which are inundated only a small portion of the growing season 
each year, and indicate the area which should be included in the 
clasSification of the uplands; other varieties of native forest trees 
will be found only within the zone of swamp and overflowed lands. 
All timber growth normally ceases at the margin of permanent water. 

228. At every point where either standard, township or section 
lines intersect the bank of a navigable stream, or any meanderable 
body of water, corners at such intersections will be established at 
the time of running these lines. Such monuments are called mean
der corners. In the survey of lands bordering on tide waters, mean
der corners may be temporarily set at the intersection of the sur
veyed lines with the margin of mean high tide, but no monument 
should be placed in a position exposed to the beatiDg of waves and 
the action of ice in severe weather. In all such cases a witness 
corner on the line surveyed, at a secure point near the true point 
for the meander corner, will be established. The crossing distance 
between meander corners on the same line will be ascertained by 
triangulation or direct measurement, and the full particulars will be 
given in the field notes. 

229. Inasmuch as it is not practicable in public-land surveys to 
meander in such a way as to follow and reproduce all the minute 
windings of the high-water line, the United States Supreme Court 
has given the principles governing the use and purpose of meandering 
shores in its decision in a noted case (R. R. Co. v. Schurmeir, 7 
Wallace, 286-287) as follows: 

"Meander lines are run in surveying fractional portions of the 
public lands bordering on navigable rivers, not as boundaries of 
the tract, but for the purpose of defining the sinuosities of the banks 
of the-stream, and as the means of ascertaining the quantity of land 
in the fraction subject to sale, which is to be paid for by the pur
chaser. In preparing the official plat from the field notes, the mean
der line is represented as the border line of the stream, and shows to 
It demonstration that the water-course, and not the meander line as 
actually run on the land, is the boundary." 

280. The engineer will commence the meander line at one of 
the meander corners, follow the bank or shore line, and determine 
the true bearing and .measure tho exact length of each course, from 
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the beginning to the next meander comer. All meander coursee 
are to be taken or counted from the true meridian and will be de.. 
termined with precision; "transit angles" showing only the amount 
of the deviation from the preceding course are not acceptable in 
field notes of meanders. For convenience the courses of meander 
lines should be adjusted to the exact quarter degree; meander 
lines are not strict boundaries and this method will give approxi
mate agreement with the minute sinuosities of mean high-water 
elevation. Again, for convenience of platting and computation, 
the engineer is required to adopt turning points at distances of whole 
chains, or multiples of 10 links, with odd links only in the final 
course. 

In cases where the engineer finds it impossible to carry his meander 
line along mean high-water mark, his notes should state the distance 
therefrom and the obstacles which justify the deviation. A table 
of latitudes and departures of the meander courses should be com
puted before leaving the vicinity, and if misclosure is found, indi
cating error in measurement or in reading courses, the lines should 
be rerun. 

All streams flowing into a river, lake or meanderable bayou 
will be noted, and the width at their mouths stated; also, the posi
tion, size and depth of springs, whether the water be pure or min
eral; also, the heads and mouths of all bayous, all rapids and bars, 
will be noted, with intersections to the upper and lower ends of the 
latter, to establish their exact situation. The elevation of the 
banks of lakes and streams, the height of falls and cascades, and 
the length and fall of rapids, will be recorded in the field notes. 

The field notes of meanders will show the comers from which the 
meanders commenced and upon which they closed, and will 
exhibit the meanders of each fractional section separately; following, 
and composing a part of such notes, will be given a description of the 
adjoining land, Boil and timber, and the depth of inundation to 
which the bottom land is subject. The utmost care will be taken 
to pass no object of topography, or change therein, without giving a 
particular description thereof in its proper place in the notes of the 
meanders. 

RIVERS. 

281. Proceeding downstream, the bank on the left hand is termed 
the left bank and that on the right hand the right bank. These 
terms will be universally used to distinguish the two banks of a 
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ri~er or stream. Navigable rivers and bayous, as well as all rivers 
not embraced in the class denominated "navigable," the right
angle width of which is 3 chains and upwards, will be mean
dered on both banks, at the ordinary mean high-water mark, by 
taking the general courses and distances of their sinuosities. RiVers 
not classed as navigable will not be meandered above the point 
where the average right-angle width ill less than 3 chains, except 
that streams which are less than 3 chains wide and which are so 
deep, swift and dl),ngerous as to be impassable may be meandered, 
where good agricultural lands along the banks require their separa
tion into fractional lots for the benefit of settlers. 

Shallow fresh-water streams, without <l,I1Y well-defi.ned channel or 
permanent banks, will not be meandered. Tidewater streams, 
whether more or less than 3 chains wide, should be meandered at 
ordinary high-water mark, as far as tidewater extends. 

LAKES. 

232. The meanders of all lakes of the area of 25 ~cres and up
wards, will be commenced at a meander corner and continued, as 
above directed for navigable streams; from said corner, the courses 
and distances of the entire margin of the same, and the intersections 
Wlth all meander corners established thereon, will be noted. 

In the case of lakes which are found to be located entirely within 
the boundaries of a section, a quarter-aection line, if one crosses 
the lake, will be run from one of the quarter-section corners, on a 
theoretical course to connect with the opposite quarter-section 
corner, to the margin of the lake, and the distance will be measured; 
tben at the point thus determined a "special meander corner" will 
be established. If a meanderable lake is found to be located en
tirelywithin a quarter section, an "auxiliary meander corner" will 
be established at aome suitable point on its margin, and a connect
ing line will be run from said monument to a regular corner on the 
section boundary. A connecting traverse line will be recorded, ·if 
one is run, but it will also be reduced to the equivalent direct con
necting course and distance, all of which will be stated in the field 
notes, and the course and length of the direct connecting line will be 
shown on the plat of the survey. 

The meander line of a lake lying within the interior of a sectioD 
will be initiated at the established special o~ auxiliary meander 
corner, as the case may be, and continued around the margin of the 
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normall!J,ke at its mean high-water level, to a closing at the point 
of- boginnlng. _ All proceedings are to be fully enwred in the field 
notes. . 

Ariificiallakes and reservoirs are not to be segregated from the. 
public lands, unless specially provided in the instructions, but the 
true position and extent of such bodies of water will be determined 
in the field and shown on the plat. 

ISLANDS. 

233. In the progress of the regular surveys every island above the 
mean high-water elevation of any meanderable body of water, -ex
cepting only those islan!iswhich may have formed in navigable podiea 
of water after the date of the admission of a State into the Union, wili 
be definitely located by triangulation or direct measurement 01' 

other suitable process, and will be meandered and shown upon the 
official plat. 

In the survey of the mainland fronting on any non-navigable 
body of water, any island opposite thereto,above mean high-water 
elevation, is subject to survey. Also, even though the United 
States may have parted with its title to the adjoining mainland, an 
island in any meandered body of water, navigable or non-navigable, 
known or proven to have been inexistence at the date of the admis
sion of a State into the Union, and at the date of the survey of the 
mainland, if omitted from said original survey, remains public land 
of the United States, and as such the island is subject to survey. 

The survey of islands not shown upon the original approved plats 
of subdivided townships is authorized by the Department only upon 
the receipt of formal application, and subject to the approval thereof. 
The proof of the time of the formation of such islands is often more or 
less difficult, and it is the practice of the Department to make a 
careful examination of the history of an island in relation to the 
question of its legal ownership before approving the application for. 
its survey. 

Any township boundary or section line which will intersect an 
island will be extended as nearly in accordanc.e with the pllUl of. 
regular surveys as conditions will pel'mit, and the usual township, 
section,quarter-seetion and meander comers will be established 
on the island. If an island falls in two sections ;only, the liAe be
tween those particular sections should be established in its proper 
theoretic;).l position based upon suitable sights and calculations . 
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If an island falls entirely in one section, and is large enough to be 
subdivided (over 50 acres in area), a suitable Bight or calculation 
will be made to locate on the margin of the island an intersection 
with the theoretical position of any suitable subdivision-of-section 
line, and at the point thus determined a "special meander corner" 
will be established. In the case of an island falling entirely in one 
section and found to be too smaU to be subdivided, an "auxiliary 
meander corner" will be established at any suitable point on its 
margin, which will be accurately connected with any regular cor
ner oil the mainland. The direct course and length of the connect
ing line will be given in the field notes, together with all eights, 
measurements, triangulations and traverse lines upon which the 
calculation may be based. The course and length of the direct con
necting line will be shown on the plat. 

The meander line of an island will be surveyed in harmony with 
principles and rules heretofore stated; all township and section lines 
crossing the island will be shown on the plat; and, if the island is 
large enough to be subdivided, the subdivision will be accomplished 
by the protraction of suitable subdivision-of-section lines in their 
correct theoretical position. 

Agricultural upland within the limits of swamp and overflowed 
lands should be so classified and shown upon the plat accordingly, 
~ut such land will not be meandered as an island. 

UMITS OF CLOSURE. 

284:. Under the general subjects of "township exteriors" and 
"subdivision of townships" certain definite limits were prescribed 
beyond which previously established surveys are classed as "de
fective," or in the case of new surveys corrective steps are required. 
Such limits constitute the standard of accuracy of the United States 
rectangular surveys, and, for convenience, have been variously re
ferred to as the "rectangular limit," "limit for the control of new 
surveys," "limit relating to defective exteriors and section lines," 
"limits for subdivision," etc., each expression having been formed 
to suit the descriptive exigency of the text. A more general re
quirement known as the "limit of closure" will be applied as a test 
of the accuracy of the alinement and measurement of all classes of 
lines embraced in any closed figure incident to the public-land sur
veys, and corrective steps will be required wherever this test dis
closes an error beyond the allowable limit. 
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The "error of closure" of a survey may be defined, in general 
terms, as the ratio of the length of the line representing the equiva
lent of the errors in latitude and departure (as found by a table of 
latitudes and departures) to the length of the perimeter of the figure 
constituting the survey; but, with due regard for the controlling 
coordinate governing lines of a rectan~lar survey, pronounced 
accuracy in latitude will not be permitted to offset gross error in 
departure, or vice versa, and, in order to be consistent with this 
fundamental theory, a double test must be applied in place of the 
one expressed in general terms. The "limit of closure" fixed for 
the United States rectangular surveys may be expressed by the 
fraction .h provided that the limit of closure in neither latitude 
nor departure exceeds 111-0-, and where a survey qualifies under the 
latter limit the former is bound to be satisfied; thus an accumulative 
error of 12; links per mile of perimeter, in either latitude or departure, 
will not be exceeded in an acceptable survey. The limit of closure 
as thus expressed may be applied to various specific conditions as 
heretofore stated. 

The latitudes and departures of a normal section shall each close 
within 50 links; of a normal range or tier of sections, within 175 
links; and of a normal township, within 300 links. The boundaries 
of each fractional section including irregular claim lines or meanders, 
or the meanders of an island or lake in the interior of a section, should 
close within a limit to be determined by the fraction rlo- when the 
error in either latitude or departure is considered separately; the 
same rule will be applied to all broken or irregular boundaries. 

Engineers are required to compute all doubtful closings while in 
the field in the immediate vicinity of a particular line, or series of 
lines, in question, and to accomplish all necessary corrective work 
before concluding a survey. 

MARKING LINES BETWEEN CORNERS. 

235. The marking of a survey upon the ground in such a manner 
as to fix forever the position of the legal lines in relation to the 
earth's surface is the final step in the field work, and is accomplished 
in three ways, which, if well executed, will individually or collec
tively furnish the means of the identification of the survey at even 
remote future dates. Careful attention to these details is one of the 
most important phases of the engineer's field work. (a) The regular 
corners of the public-land surveys are marked by fixed monuments 
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of specified character as described in Chapter IV; (b) the relation of 
the officially surveyed lines to natural topographical features is 
recorded in much detail as hereinafter outlined, and again exemc 
plified in the specimen field notes; and, (c) the locus of the legal 
lines, wherever living timber is encountered, is plainly marked 
upon the forest trees, which is accomplished by the process of 
"blazing" and by "hack" marks. 

A "blaze" is an ax mark which is made upon a tree trunk at about 
breast height, in which a flat scar is left upon the tree .surface. The 
bark and a very small amount of the live wood tissue are removed, 
leaving a smooth surface which forever brands the . tree. The size 
of the blaze depends ~mewhat upon the size of the tree, but is 
never made larger than the surface of an ax blade; a blaze 5 or 6 
inches in height and from 2 to 4 inches in width is ample to mark 
any tree. 

A "hack" is also an ax mark which is made upon a tree trunk at 
about breast height, in which a horizontal notch is cut into the 
surface of the tree. The notch is made " V -shaped," and is cut 
through the bark and well into the wood. Two hacks ,are cut in 
order to distinguish those made in the survey from accidental marks 
resulting from other causes; a vertical section of the completed 
official hack mark resembles a "double-V" (::2) extending across a 
tree from 2 to 6 inches in length, depending upon the diameter of 
the tree. The "hack" and "blaze" marks arc equally permallent, 
but so differllnt in character that one mark should never be mistaken 
for the other. 

The marking of trees along the surveyed lines was required by 
law' as positively as the erection of monuments, by the act of 1796, 
which is still in force. All lines on which are to be established the 
legal corners will be marked after this method, viz: Those' trees 
which may be intersected by the line will have two hacks 01' notches 
cut on each of the sides facing the line, without any other marks 
whatever. These arc calied. sight trees or line trees. 'A suffici~nt 
number of other trees stand.ing within 50 links of the line, On either 
side of it, will be blazed on two sides quartering toward the line, in 
order to render the line conSpicuous, and readily to' be traced in 
either direction, the hiazes to be opposite each other coinCiding 
in direction with the line where the trees stand very near it, and to 
a.pproach nearer each other toward t.he line the farther the line paaaes 
from the blazed trees. ; · . . ' . 
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. Due care will ever be taken to have the lines so well marked as to 
be readily followed, and to cut the blazes plainly enough to leave 
recognizable scars as long as the trees stand. This can be aCCOm
plished by blazing just through th; bark into the live wood ~issue. 
Where trees 2 inches or more in diameter occur along a line, the 
required blazes will not be omitted. Where trees have branches 
growing to the ground, the blazes will be omitted unless it is neces
sary to remove the branches to permit sighting. 

Lines are also to be marked by cutting away enough of the under
growth to facilitate correct sighting of inStruments. Where lines 
cross deep wooded valleys, by sighting over the tops, the usual 
blazing of trees in the low ground when accessible will be performed, 
that settlers IDII-Y find their proper limits of land and timber without 
special survey. The undergrowth will be especially well cut along 
all lines within distances of Ii chains of corner monuments and within 
2 chains of arteries of travel, to enable other surveyors and settlers 
to locate the survey readily, but the cutting of the undergrowth 
may be omitted in deep untraveled ra'.ines unless necessary for 
accurate sighting or measurement. 

Line trees and blazing will be marked only with reference to the 
established true line, and where lines are run by the "random and 
true" line method, the marking of line trees and the blazing will be 
accomplished by returning over the line after all corrections or ad
justments to the final line are definitely known. A sufficient number 
of temporary stakes should be set along a random line to render it 
generally unnecessary to rerun the true line instrumentally merely 
for the purpose of blazing the line through timber, as this can usually 
be accompJished by properly estimating the distance from the 
temporary stakes, but intersectio~s with line trees will be made with. 
precision, and distances thereto accurately measured. 

SUMMARY OF OBJECTS TO BE NOTED, AND SKETcHES'. 

236. The field notes and plat of a survey. are designed to furnish 
not only a technical record oLthe procedure, but also of equal im
portance a report upon the character of the land, soil and timber 
traversed by the survey, and a detailed schedule of the topographiCal 
leatilresalong every line, with accurate connections showing the 
re.1ation of the rectangular surveys to other surveys, to n~t).Jral 

.objects and to improvements. A triple purpose is thus served: (a) 
the technical procedure is made. a. matter of official record; (b. 



226 MANUAL OF SURVEYING INSTRUCTIONS. 

general information relating to, a region is gathered; and, (c) the 
"calls" of the field notes and the representations of the plat in 
respect to objects along the surveyed lines furnish important evi
dence by which the locus of the survey becomes practically un
changeable as contemplated by law. 

The specimen field notes and plats are intended to standardize 
the form of record, and many special matters relating to these sub
jects are brought together in Chapters VIII and IX, but before 
concluding the special questions concerning rectangular surveys 
it is deemed expedient to outline the technical and topographical 
features which are to be carefully observed and recorded in the 
field during the progress of the public-land surveys:-

1. The precise course and length of every line run, noting all 
necessary offsets therefrom, with the reason for making them, and 
method employed. 

2. The kind and diameter of all bearing trees, with the course 
and distance of the same from their respective corners, and the 
markings; all bearing objects and marks thereon, if any; and the 
precise relative position of witness corners to the true corners. 

3. The kind of material of which corners are constructed, their 
dimensions and markings, depth set in the ground, and their 
accessories. 

4. Trees on line. The name, diameter and distance on line to all 
trees which it intersects, and their markings. 

5. Intersections by line of land objects. The distance at which 
the line intersects the boundary lines of every reservation, town
site, or private claim, noting the exact bearing of such boundary 
lines, and the precise distance to the nearest boundary .comer; the 
center line of every railroad, canal, ditch, electric transmission line, 
or other right-of-way across public lands, noting the width of the 
right-of-way and the precise bearing of the center line; the change 
from one character of land to another, with the approximate bearing 
of the line of demarcation, and the estimated height in feet of the 
Mcents and descents over the principal slopes typifying the topog
raphy of the country traversed, with the direction of said slopes; 
the distance to and the direction of the principal ridges, spurs, 
divides, rim rock, precipitous cliffs, etc.; the distance to where the 
line enters or leaves heavy or scattering timber, with the approxi
mate bearing of the margin of all heavy timber, and the distance 
to where the line enters or leaves dense undergrowth. 
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6. Intersections by line of water objects. All unmeandered 
rivers, creeks and smaller water-courses which the line crosses; the 
distance measured on the true line to the center of the same in the 
case of the smaller streams, and to both banks in the case ofthe 
larger streams, the course downstream a t points of intersection, and 
their widths on line, if only the center is noted. All intermittent 
water-courses, such as ravines, gulches, arroyos, draws, dry-drains, etc. 

7. The land's surface; whether level, rolling, broken, hilly or 
mountainous. 

8. The soil; whether rocky, stony, gravelly, sandy, loam, clay, 
etc., and also whether first, second, third or fourth rate. 

9. Timber; the several kinds of timber and undergrowth, in the 
order in which they predominate. 

10. Bottom lands to be described as upland or swamp and over
flowed, as contradistinguished under the law, noting the extent and 
approximate position of the latter, and depth of overflow at sea
sonal periods. The segregation of lands fit for cultivation without 
artificial drainage, from the swamp and overflowed lands, where the 
latter are subject to selection by the States, is always accomplished 
by legal subdivision, and any smallest legal subdivision is classified 
as all upland or all swamp and overflowed land accordingly as more 
than half of the same may be of the character of the one or of the 
other class of lands; bottom lands will be classified with special 
consideration to these matters. 

11. Springs of water, whether fresh, saline, or mineral, with the 
course of the stream flowing therefrom. The location of all streams, 
springs, or water-holes, which because of their environment may 
be deemed to be of value in connection with the utilization of public 
grazing lands, and which may be designated as public watering 
places, will be specially noted. 

12. Lakes and ponds, describing their banks, tributaries and out
let, and whether the water is pure or stagnant, deep or shallow. 

13. Improvements; towns and villages; post offices; Indian occu
pancy; houses or cabins, fields, or other improvements, with owner's 
name; mineral claims; mill-sites; United States mineral monuments, 
and all other official monuments not belonging to the system of 
rectangular surveys; will be located by bearing and distance or by 
intersecting bearings from given points. 

14. Coal banks or beds, all ore bodies, with particular description 
of the same as to quality and extent; all mining surface improve· 
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m~nts .and underground workings; and salt licks . . All reliable in
tormation that .can .be obtained respecting these . objects, whether 
they be on the line or not, will appear in the general description. 

15, Roads and trails, 'Ivith their directions, whence and whither. 
16. Rapids, cataracts, cascades, or falls of water, in their approxi

mate position and estimated height of their fall in feet. 
17. Stone quarries and ledges of rocks, with the kind of stone they 

afford. 
IS. Natural curiosities, petrifactions, fossils, organic remains, etc.; 

also all archaeological remains, . such as cliff d wellinge, mounds, 
fortifications, or objects of like nature. 

19. The general average ofthe magnetic declination in the town
ship, with maximum known range of local attraction and other 
variations, will be stated in the general description, and the general 
average for tho township, subject to local attraction, will be shown 
upon the plat. 

20. General desc'iiption.-The above information will be summar
ized by townships in a general description which will be made the 
concluding part of the field notes of every survey. The general 
description will be made to embrace many more comprehensive de
tails in regard to the characteristics of the region than is feasible to 
cover as an intimate part of the technical record of the survey, as 
follows:-

Lanrl.-A general outline of the drainage and topographical fea
tures of the township and approximate range of elevation above sea 
leve.L 

Soil.-The prevailing and characteristic soil types. (See special 
reference to soil classification, Chap. VII.) 

.. rimber.-The predominant forest species, age, size, condition, etc. 
Evidence of mineral.-All known bodies of mineral,and lands 

whose formation suggests mineral-bearing characteristics, especially 
wit)l reference to lands of volcanic or igneous origin, will be listed 
byapproprlate legal subdivision, with brief description of the min
eral indications. On the other hand, if the. engineer finds no ap
parent indication of mineral deposits, a report to that effect will be 
eInbodied in the general description. 

Watering places.-The areas embracing all streams, springe, or . 
water holos as may be of special value as public watering places, 
in connection with . the utilization of public grazing lands, will be 
listed by appropriate legal subdivision, with brief description of the 
nature of such water supply. 
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Settlement.-The extent of the settlement at the time of the survey. 
Industry .-The industrial possibilities of the township, especially 

as to tho adaptability of the region to agricultural pursuits, stock 
raioing, lumbering, mining, or other profitable enterprise. 

Special.-All exceptional steps in the technical process of the 
survey, and other special matters required in paragraphs Nos. 1 to 
19, inclusive, ofthe above summary, not otherwise suitably recorded 
will be reported in the general description. 

In addition to the field notes the engineers are required to prepare, 
as the work progresses, an outline diagram showing the course and 
length of all established lines with connections, and a topographical 
sketch embracing all features usually shown upon the completed 
official township plat. These maps will be made to scale, drawn in 
pencil only, if desired, and will be kept up with the progress of the 
field work. The interiors of the sections will be fully completed; 
the topographical features will be sketched with care while in the 
view of the engineer, and the position within the section of the 
various details which arc to be shown on the completed plat will be 
located with an accuracy commensurate with their relative impor
tance. The design of the specimen township plat will be followed 
closely in the preparation of the outline dia"o-ram and topographical 
sketch plat, except that it will generally be desirable to employ 
a separate sheet for each of the two purposes. These maps will 
then form the basis of the official plat, the ultimate purpose of 
which is a true and complete graphic representation of the public 
lands surveyed. 

1990°-31--16 





CHAPTER IV. 

CORNER MONUMENTS. 

THE LEGAL SIGNIFICANCE OF A CORNER MONUMENT. 

287. It is one of the fundamental principles of the surveying laws 
that absolute permanency be attached to the public-land surveys 
when the lines have been officially established. The " survey" em
braces certain definite technical procedure, heretofore described, 
also the marking of certain fixed points, as will be described in this 
chapter, though the establishment of a survey may not be termed 
"completed" until the field notes and plat and every detail of the 
technical operation constituting the survey have been finally ac
cepted by the Commissioner of the General Land Office, all as con
templated by law. The law provides that the original comers 
established during the process of the survey shall forever remain 
fixed in position, even to disregarding technical errors in the execu
tion of the survey-where discrepancies may have passed undetected 
prior to the acceptance of the survey and the opening of the lands 
to entry-a.nd, as an aid to the matter of permanency, the Congress 
provides for the purchase of durable material for the comer monu
ments, also a penalty for the defacing of any marks relating to the 
locus of the survey. If it were possible to carry out the full intent 
of the surveying laws in regard to the aforementioned particulars, 
the most intricate of all technical and legal problems relating to sur
vey&-the questions pertaining to the reestablishment of lost cor
ner&-would be avoided. 

The courts attach major importance to authentic evidence relating 
to the original position of an official corner monument, such evidence 
being given far greater weight than the technical Iecord relating to 
bearings and lengths of lines, and it is assumed in the first instance 
that the original comers ahallaerve every necessary purpose for the 
identification of the survey delineated upon the official approved 
plat, and of the lands which have passed into private ownership. 
The legal si,gn.ificance of the original monuments, as thus briefly 
outlined, makes it mandatory upon the engineer to exercise con-

231 
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stant diligence in the workmanlike construction of lasting corners, 
and alertneBB in skillfully connecting the same with natural objects 
or improvements, to the end that the greatest possible permanency 
may be secured for the public-land surveys. 

238. Accordingly, if an enginebr is called upon to alter the con
dition of a previously established point, the utmost regard should 
be shown for the evidence of the original location of the monument, 
and the corner will be carefully reconstructed by such additional 
means as may be appropriate, without destroying the evidence which 
served to identify its legal position. A complete record will be kept 
of the description of the old monument as identified, and all altera
tions and additions thereto. 

239. Regulation monuments are employed to mark permanently 
the position of the quarter-sect jon, section, township and meander 
corners, appropriate to the subdivision of the public lands, as de
scribed in Chapter III; also at such sixteenth-section corners as the 
requirements of the written special instructions or the exigencies of 
the survey of fractional sections may demand; alB<> at all angle points 
along an irregular boundary line, and at intermediate intervals of 
40 and 80 chains along such limiting boundary. A more extended 
discussion of the subject of "angle points" and other monuments to 
be established upon irregular boundaries will be found in Chapter VIT. 

2!iO. The position of every corner monument will be "evidenced" 
by the best of snch accessories as may be available, and where the 
corner point itself can not be marked in the usual manner an 
appropriate "witness corner" will be established. A "witness 
meander corner" will be established upon secure ground wherever 
the intersection of . a surveyed line with the mean high-water ele
vationof a meanderable body of water falleat a point where the 
monument would be liable to destruction. 

2H. The field notes relating to the establishment of a corner 
monument will be introduced into the technical record of the survey 
at the logical place in the record where · the true position for the 
corner is indicated as having been attained. The record of the 
monument itself will embrace a description of: 

(a) The corner material, including itsdimerisions, in the order 
of length and diameter of an iron post; or length, width and breadth 
of a stone; or the breast height diameter of a tree; (b) the depth 
set in the ground, with mention of additional BuppOrt "jf any; 
(c) the significimce"of its pOSition; (d) the markings upOn the Iilonu-
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ment; and (e) the nature of the acceBBOries, including character, 
size, position, and markings. 

CORNER MATERIAL. 

242. The General Land Office has adopted a model iron poet for 
monumenting the public-land surveys, which will be generally 
used unleBB exceptional circumstances warrant a departure from 
this rule. This practice is deemed so important that the engineer 
is not authorized to exercise an option in the matter, but he may 
refer the question to the proper supervising officer, who may grant 
authority for the use of other suitable material, provided the reasons 
for departing from the general rule are sufficient, in which case a 
brief statement of the facts will be given in the field notes, in the 
form of an explanation as to why the model iron posts were not 
employed. 

The model iron post is made from commercial iron pipe, from 1 to 
3 inches in diameter, which is cut into lengths of about 36 inches; 
one end of the pipe is split for a distance of about 4 or 5 inches, and 
the two halves are spread (when heated) to form flanges or foot plates, 
at right angles to the axis of the pipe; a braBS cap is securely riveted 
to the opposite end of the pipe; and finally the pipe is filled with 
concrete. Unless otherwise provided in the written special instruc
tions, the iron posta will be employed as follows: 3-inch, for standard 
and closing township corners, corners of one, two or four townships, 
and as required for mile corners and angle points of special bound
ary surveys; 2-inch, for standard and closing section corners, and 
corners of one, two or four sections; and, I-inch, for quarter-sec
tion and meander corners, and as required for miscellaneous angle 
points, sixteenth-section corners and corners of special tract surveys. 
All witneBB earners are to be of the Bame size as would be used for 
the true corner. 

243. The caps of the iron posts are to be suitably and plainly 
marked with steel dies at the time when used; the posts will be 
setinthe ground about three-fourths of their length; and earth and 
stone, if the latter ' is at hand, will be tamped into the excavation 
to give the post a solid anchorage. 

244. Durable native stone may be substituted for the model iron 
post,if the procedure has been duly authorized, but no stone will 
be used which meaSures less than 20 inches in length, or leBB than 
6 inches in either of its minor dimenslons, or leSs than 1,000 cubic 
inchee in vOlume . . A stone should always be selected with regard 
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to its durability when exposed to the usual weathering influences. 
Stone will not be used as a corner monument where its position falls 
among large quantities of loose surface stone or slide rock. 
, 246. A stone will be suitably and legibly marked with a steel 
chisel or punch with such letters, figures, grooves or notches, as 
may be required, and will be set firmly in the ground about three
fourths of its length. 

246. Both iron post and stone monuments will always be set 
the usual depth in the ground unless it is impossible to complete 
the excavation, in which case the monument will be planted as 
deep as conditions will permit, and the necessary support will be 
secured by a stone mound. 

247. Where the comer point falls upon solid surface rock, pre
venting excavation, a cross eX) will be cut at the exact corner point, 
and, if feasible, the monument will be erected in the same position, 
supported by a large stone mound of broad base, so well constructed 
that it will possess thorough stability. 

248. Where the corner point falls exactly at the position occupied 
by a sound living tree, which is too large to be removed, the tree 
will be appropriately marked for the corner. 

WITNESS CORNERS. 

249. Where the true point for a comer falls within a roadway in 
such a place as to interfere with travel, a marked eX) stone will be 
deposited in the ground at the true comer point and a witness comer 
will be established at some suitable point, preferably on a surveyed 
linc, outside of the roadway. 

260. Where the true point for a comer falls upon insecure ground, 
or in an inaccessible place, such as within an unmeandered stream, 
lake or pond, or in a marsh, or upon a precipitous slope or cliff, a 
witness corner will be established at some suitable point, preferably 
on a surveyed line, where the monument may be permanently 
constructed. 

261. The engineer will be expected to exercise his best judgment 
in selecting the position for a witness comer, with a view to afford
ing a definite and convenient connection from the witness comer to 
the true point for the monument, for use in subsequent surveys to 
recover the legal position of the true corner. Extra effort will be 
exerted to accomplish the permanent establishment of a monument 
at its true comer point, wherever this is feasible, in order to avoid 
as much as possible the confusion to settlers and others caused by 
witness comers. 
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262. Only one witness corner will be established in each instance, 
and the same will be placed upon anyone of the surveyed lines lead
ing to a corner, if a suitable place, within a distance of 10 chains, is 
available, but if there is no secure place to be found on a surveyed 
line within the stated limiting distance, the witness corner may be 
located in any direction within a distance of 5 chains. On the other 
hand, if there is no suitable place within the latter radius, one or 
more legal subdivisions will be eliminated from the survey as pro
vided in Chapter VII. 

263. All of the lines of a survey will be completed in the regular 
manner, if the true point for a corner is accessible, but where the 
true point can not be attained, a line connecting therewith may be 
returned as surveyed if the same has been completed by the pro
jection and measurement of a suitable offset or traverse, resulting 
in a closed figure which approaches the true point for a monument 
within the limit prescribed for the establishment of witness corners. 

264. The field notes will show every detail of the relation of a 
witness corner to the tr1,lc point for a monumcnt, and the direct con
necting course and distance will be shown upon the plat of the survey. 

MARKING CORNERS. 

266. All classes of corner monuments are to be marked in accord
ance with a system hereinafter described which has been devised to 
furnish a ready identification of the character and position of the 
monument which bears the marks. Capital letters and Arabic figures 
are employed to mark iron post and tree corners, while upon stone 
corners certain additional marks termed "notches" and "grooves" 
are employed to convey the same information, but to lessen the labor 
incident to the marking process. The letters and figures upon a 
monument are designed to relate to the township, range and sec
tion to which the corner belongs; the notches and grooves upon a 
stone monument relate-in the case of an exterior corner-to the 
normal number of miles from the monument to the adjoining town
ship corners, and-in the case of a sub divisional cQrner-to the nor
mal number of miles from the monument to the township boundary 
lines, as hereinafter described, thus furnishing the means of ascer
taining the appropriate section numbers. 

266. All markings should be accomplished neatly, distinctly and 
durably; and the marks are to be carefully arranged. An assort
ment of steel dies, chisels, punches and timber scribes, in perfect 
condition for use, should always be at hand. 
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, 267. :A witneaa corner and its acceaaorieswill be . constructed and 
marked· similarly .to a regular cornerior which'it stands, with the 
additional letters "WC" to signify" witneaa corner." . 

258. The following schedule is an index of the ordinary marlings 
common to all claaaes of comers and acceaaories:~ 

Marks. To Indicate. Marks. To ind icate. 
AMC Auxiliary meander cor- R Range. 

nero S Section. 
AP Angle point. S South. 
BO Bearing ohject. SC Standard corner. 
BT Bearing tree. SE Southeast. 
C Center. SMe Special meander corner. 
CC Closing corner. SW Southwest. 
E East. T Township. 
M Mile. TR Tract. 
Me Meander corner. W West. 
N North. we Witness corner. 
NE Northeast. WP Witness point .. 
NW Northwest. t Quarter section. 
PL Public land (uneur- n Sixteenth section. 

veyed). 

MARKS ON mON POST MONUMENTS. 

269. The markings upon the bI'MB cap of an iron post should always 
be made to read from the south side of the monument, and all iroti 
posts will be marked with the year number at the .date when estab~ 
whed. 

260. Standard township corners are to be marked" S C" and the 
township on the north half, and the ranges and sections in the proper 
quadrants; as for example: 

SC 
T2S N 

RI7E IR I8E 
536.531 

1916 

261. Closing township corners are to be marked (to C" on the,haH . 
from which the closing line approaches the monument, with the' 
township (or range) on the same half, and the ranges (or townships) 
arid sections in the proper quadrants; also (as far as known at the' 
time) the township, range and section, or the initials or abbrevia-
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tionof the State, reservation, grant or private claim, upon which 
the- township -exterior closes; as for example: 

T25N RI7E T24N T20N 
536 T24N R 17 E RI20W 

5 1156 
53) 

UTAH 
532 CC 536 CC 

56 55 R17!: RI8E 
T24 N R 16E T23N TI9 N 

cc 1916 1916 
1916 

262. COTnI!rS common tofour townships are to be marked with the 
townships on the north and south halves, the ranges on the east and 
west halves, and the sections in the four quadrants; as for example: 

T23N 
R 17 E R 18E 
S36 531 

S I S6 
T 22 N 
1~16 

263. Corners common to two townships only are to be marked with 
the township (or range) common to both on the proper half, and the 
ranges (or townships) and sections in the proper quadrants; also (as 
far as known at the time) the township, range and section upon the 
opposite half; as for example: 

,T3 N 
R7W 
536 T2 N 

R6W 
SI 

T2 N 56 
1916 

TI45 
R7W R6W 
S 36 531 

T ISS R7 W SI 
1916 

264. COTnI!rS refming toone township only are to be marked with 
the township, range and section in the particular quadrant which is 
concerned; also (as far as known at the time) the township, range 
and section upon the opposite part; as for example: 

T20 N R5W 

~
T19N531 
R6W 
. 51 

1916 

T23N 
RI9W 

536 
T 22 N R 19W 

SI 
1916 

IT35N

. 
R44E 
531 

T~4N R43E 
51 
1916 
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266. Standard section C0T1IQ8 are to be marked "S C" and the 
township and range on the north half, and the sections in the proper 
quadrants; as for example: 

SC 
T25 N RI7E 

S 35 S36 

1916 

268. Closing section corners are to be marked "C C" and the 
township and range on the half from which the closing line approaches 
the monument, and the sections in the proper quadrants; also (as 
far as known at the time) the township, range and section, or the 
initials or abbreviation of the State, reservation, grant or private 
claim, upon which the section line closes, with the exception that 
in the case of an interior closing section corner, the township and 
range numbers will not be repeated; as for example: 

T 25 N RI7E TR48 TI4N 
535 

526 5Z5 510 
52

1
51 516 CC T 12 N R5W SI5 T24N RI7E CC R!6£ CC 1916 

1916 1916 

267. CorneTS common to JOUT sections are to be marked: (a) On 
an exterior, with the township (or range) common to the adjoining 
townships, the ranges (or townships) upon the opposite sides of the 
exterior, and the sections; and (b) a subdivisional comer, with the 
township, range and sections; all appropriately set forth as follows: 

T25N 
RI7E RISE 

512 57 

513 518 

1916 

T26N RI7E 
5351536 

52 51 
T25" 
1916 

T2:SN R17£ 
523 S24 

S 26 SZ5 
1916 

268. Section COrneTS common to two sections only are to be marked 
with the township and range on the half facing the sections to which 
the comer belongs, and the sections in the proper quadrants; also 
(as far as known at the time) the township, range and section upon 
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the opposite half, except that in the case of an interior comer, the 
township and range numbers will not be repeated; as for example: 

T 145 TI45 
512 

RIBE 
513 

RI7E 57 
1916 

T27N RI7W 
531 532 

T2GN RI7W 
56 
1916 

TI45 R20W 
510 5 II 

514 
1916 

269. Section corners referring to one section only are to be marked 
with the township, range and section in the particular quadrant 
which is concerned; also (if known at the time) the section upon 
the opposite part; as for example: 

S28 

1916 

270. Standard quarter-section corners are to be marked CIS C i'l 
and the section, all on the north half; as for example: 

sc 
ts 36 

1916 

271. Quarter-section corners of maximum control are to be marked 
(a) on a meridional line, "i" on the north, and the sections on the 
east and west halves; and, (b) on a latitudinal line, "i" on the 
west, and the sections on the north and south halves; as for example: 

A-

S 131 S 18 

1916 * 
521 

528 
1916 

272. Quarter-section corners of minimum control are to be marked 
"i" and the section, all on the half toward the particular section 
which is concerned; as for example: 

! S 4 
1916 

kS I6 

1916 
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278. Meander corneT8 are to be marked "M C" on the half toward 
the meanderable body of water, and the additional marks (a) on a 
standard parallel or other line controlling surveys to one side only, 
Wlth the tOW1lJlhip, range and section toward the surveyed land; 
(b) on an exterior, with the toW1lJlhip (or range) common to the 
adjoining toW1lJlhips, the ranges (or toW1lJlhips) upon the opposite 
sides of the exterior, and the sections; and, (c) on a subdivisional 
line, with the township, range and sections; all appropriately set 
forth as follows: 

T25N 
RI7E 

S33 

1916 

RI7W 

T24 N 
1916 

Wf
23N 

S35 
Me RI7W 

S2 
T22N 
1916 

Me 

1916 

T 25 N 
S 26 

----IMC· 
535 

RI7E 
1916 

274. T'M interior quarter-section and all sixteenth-section corners, 
when required by the written special instructions, are to be marked 
in accordance with the scheme shown in the following diagram: 
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1916 
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N~I 536 

c 
1916 

C4536 
1916 
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Stkl S36 

C 
1916 
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51 

i!I' 

E~~ 
536 

/916 
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1 
I 
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c--e 

536 
19!6 
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~536 E,,-
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r 
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-------1 
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I 
I 
I 
I 
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I _ ______ J 

275. Sixteenth-section corners of minimum control are to be marked 
with a key letter (N, E, S or W), to ,indicate the position of the 
monument, and "ilr" and the section, all on the half toward the 
particular section which is concerned; as for example: 

r-w E:~ 
N N 

sik 
536 ---rr 

5 EJ 
522 

Lw 
1916 1916 

Key 
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!7S. Special meander corners are to be marked in accordance with 
the following scheme: 

Key letters (N, E, S, W or 0) will be used in pairs to indicate 
the position of the subdivision - of - section line. 

*
-<:-1 

N N 
t I 
I . T 
S S 

LW-C-E.J 
Key 

The marks "S M 0" will be placed on the half toward the mean
derable body of water, and the section on the opposite half, as for 
example: 

SMC 

~ 
w 

1916 

SMC 

~ 
C 

1916 

E 

~ 
SMC 
1916 

~ SMt;;s SM~S N N C C S 5 
30 SMC 30 30 

1916 1916 1916 

277. Auxiliary meander cornera will be marked "A M 0" and the 
township, range and section; as for example: 

AMC 
T64N"R37W 

529 
1916 

278. Closing 8ubdivision - of - 8ection COrneTS are to be marked in 
accordance with the following scheme: 

Key letters (N, E, S, W or C) will be used in pairs to indicate 
the position of the subdivision - of - section line. 

n-I P I I 
. 5 

L W- C- E--1 
Key 
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The marks "c C" and the section will be placed on the half from 
which the closing line approaches the monument. 

(The marks "B I R" indicate "Blackfeet Indian Reservation.") 

PL PL P~~ 
. E C ~c 

~ ~ ;~= 
£: C 1916 

BIR B I R 
1916 1916 

P L PL/CC 
W N N 
~ 528 

W . BIR 

p~cc 
5 5 

S28 
BIR 

1916 81 R 1916 
1916 

279. Markings for miscellaneous angle polnfB along irregular 
boundaries: 

513 .AP4 T27~ 
, BIR 

ft I7W ; 
1916 

A" 
TI25 R90W 

S33 

1916 

TI6N R7£ 

. IAP2 
514 TR37 

1916 

~T20N 
12 R5W 

510 

1916 

For "angle point No. 4" on the 
boundary of the "Blackfeet In
dian Reservation," falling on 
surveyed land. 

For" angle point " on the south 
boundary of section 33; iiliper
seding an old standard comer on 
a defective line, not subject to 
rectification. 

For "angle point No.2" on 
the boundary of a private claim 
(" Tract No. 37 ") falling on sur
veyed land. 

For "angle point No. 12" on 
a reestablished meander line; tha 
marks "A P" and the aerial 
number will be placed on the 
half toward the land omitted 
from the original survey. 
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180. Markings for intermediate comere along.irregular boundaries: 

139 M~" For ';139th mile cciiJler" on 
N MEX the boundary line between the 

TEXAS States of "New Mexico and 
1916 Texas." 

Blr PL 

3M 
1916 

For "3d mile corner" on the 
boundary of the "Blackfeet In
dian Reservation," falling on 
unsurveyed land. 

~
25 N For "13th mile comer" on the 

B I R R 17 W boundary of the "Blackfeet In-
13 M 5 Z5 dian Reservation," falling on 

1916 surveyed land. 

MARKS ON STONE MONUMENTS. 

281. Where a stone monument is establiqhed the letters, figures, 
and grooves will be cut on the exp,osed faces or sides of the stone, 
but not on its top or end; the notches will be cut lipon the exposed 
vertical edges. Grooves are employed where the faces of a stone 
are oriented to the cardinal directions, and notches where the vertical 
edges are turned to the cardinalp~ints. All marks will be made 
from 1 to Ii inches in size, and will be plainly and permanently 
chiseled into the stone. 

282. Standard tOWTl8hip comers (oriented with the faces to the 
cardinal directions) are to be marked "s C" on the north face, with 
the township on the same face, ~d the ranges on the adjoining faces; 
as for example: . 

S C 25 N on N., 
18 E " E., and 
17 E " W. face. 

288. Closing toum.ahip OOl"I1erS (oriented with the faces to the 
cardinal direc~ioDS) are to be marked ., C C" and with six (or fewer) 
grooves on the face from which the closing line approaches the 
mOllument-the grooves to iJ;ldicate . the normal ilUmber of miles 
(or fractional pans) from the mruiument to the adjoining township 
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corner-with the township (or range) on the same face, and the 
ranges (or townships) on the a.djoining faces; also the initials or 
abbreviation of the State, reservation, grant or private claim, on 
the face toward such irregular tract as may be closed upon; as for 
exampie: 

20 N on N., 
C C 120 Wand 5 grooves (on line between sections 

5 and 32) on E., 

19 N on S., and 
UTAH" W. face. 

284. Corners common t%ur townships (oriented with the edges to 
the cardinal points) are to be marked with the townships on the 
northeast and BOuthwest faces, and the ranges on the southeast and 
northwest faces; as for example: 

23 Non NE., 
18 E " SE., 
22 N " SW., and 
17 E " NW. face. 

285. Corners common to two townships only (oriented with the 
faces to the cardinal directions) are to be marked with the town
ship (or range) common to both on the face toward the townships, 
and the ranges (or townships) on the adjoining faces; as for example: 

3 Non N., 
2 N " S., and 
7 W " W. face. 

286. CornerB re/ming to one township only (oriented with the 
edges to the cardinal points) are to be marked with the township 
and range on the face toward the particular township; as for 
example: 

23 N 7 W on NW. face. 

28? Standard section corneTS (oriented with the faces to the car
dinal directions) are to be marked "s C" on the north face, and 
with from one to five grooves on the east and west faces, the grooves 

1990'~31--17 
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to indicate, respectively, the number of miles from the monument to 
the adjoining (regular) township corner; as for example: 

SConN., 
1 groove on E., and 
5 grooves on W. face (standard corner of sec

tions 35 and 36). 

288. CwBing 8ection comer, ( oriented with the faces to the cardinal 
directions) are to be marked "C C" and with from one to six grooves 
on the face from which the closing line approaches the monument, 
and from one to five grooves on each ' of the adjoining faces-the 
grooves to indicate the number of miles (or fractional parts) from 
the monument to each of the three (regular) township boundary 
lines in the same directions, respectively-also the initials or 
abbreviation of the State, reservation, grant or private claim, on 
the face toward such irregular tract as may be closed upon; as for 
example: 

2 grooves on E., 
C C and 6 " "S., and 

4 " "W. face (on line between sec-
tions 2 and S closing 
on a standard par
allel). 

289. C01TIeT' comm.cn to jour 8ectiona (oriented with the edges to 
the cardinal points) are to be marked (a) on an exterior, with from 
one to five notches each on two opposite edges,north and south on a 
meridional line, and east and west on a latitudinal line, each to 
indicate, respectively, the number of miles from the monument to 
the adjoining (regular) township corner; and (b) a subdivisional 
corner, with from one to five notches on the east and south edges, 
each to indicate,reepectively, the number of miles from the monu
ment to the (regular) east and south township boundary lines; the 
subdivisional section corners of a fractional township will be marked 
with reference to the theoretical position of normal east and south 
boundaries, whether surveyed or not; as for example: 

2 notches on N. and 4 notches on S. edge (for corner of sec
tions 7,12,13 and 18 on a range line). 

2 notches on E. and 4 notches on W. edge (for corner of sec
tions 2, 3, 34 and 35 on a township line). 

2 notches on E. and 4 notches on S. edge (for corner of sec
tions 10, 11, 14 and 15 of a subdivisional survey). 



CORNER MONUMENTS. 247 

290. Section comers common to two sections only (oriented with 
the edges to the cardinal points) are to be marked with the sections on 
the faces toward the particular sections to which the comer belongs; 
as for example: 

S 13 on SW., and 
S 12 " NW. face (for comer of sections 12 and 13 on the east 

boundary of a township). 
S 11 on NE., and 
S 10 " NW. face (for corner of sections 10 and 11 of a subdivi

sional survey running north from the mon
ument) . 

291. Section corners referring to one section only (oriented with 
the edges to the cardinal points) are to be marked with the section 
on the face toward the particular section which is concerned; as for 
example: 

S 17 on NW. face (for southeast comer of section 17). 

292. Standard quarter-section corners (oriented with the faces to 
the cardinal directions) are to be marked" SCI" on the north face. 

293. Quarter-section corners of maximum control (oriented with the 
faces to the cardinal directions) are to be marked (a) on a meridional 
line, "1" on the west face; and (b) on a latitudinal line, "1" on the 
north · face. 

294. Quarter-section corners afminimum control (oriented with the 
faces to the cardinal directions) are to be marked "1" and the sec
tion, all on the face toward the particular section which is con
cerned; as for example: 

1 S 4 on S. face (for quarter-section corner on the north boundary 
of section 4). 

295. Meander corners (oriented with the faces to the cardinal 
directions) are to be marked "M C" on the face toward the mean
derable body of water, and with from one to six grooves on each of 
the other faces, each to indicate the number of miles (or fractional 
parts) from the monument to the (regular) township boundary line 
in the same direction, respectively; as for example: 

M ConN., 
6 grooves " E., 
4 " "S., and 
6 " " W. face (for meander corner of fractional sectioO.ll 

13 and 18, on the south side of a meander
able body of water). 
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296. SperiJll and auxiliary meander corner8 (oriented with the faces 
to the cardinal directions) are to be marked "S M C" or "A M C," 
as the CllBe may be, on the iace toward the meanderable body of 
water, and the section on the opposite face; llB for example: 

S M Con N., and 
S 19 "S. face (for special meander comer on a meridional 

subdivision-of-section line in section 19, 
on the south side of a meanderable body 
of water). 

S 20 on E., and 
AM C " W. face (for auxiliary meander comer in section 20, 

on the ellBt side of a meanderable body of 
water). 

MARKS ON TREE MONUMENTS. 

297. Where the true point for a corner is found to fall in the posi
tion occupied by a BOund living tree, which is too large to be removed, 
the tree will be made the monument. A tree will be removed if it 
is too small to be marked, and a witness comer will be established 
in preference to marking an unsound tree, if the latter can not be 
removed. 

298. The species of the tree and its diameter, breast height, will 
be noted, where a tree is to be made a monument, and the appro
priate marks will be made upon the trunk of the tree immediately 
above the root crown. A series of marks to be made upon a particu
lar side of a tree will be scribed in a vertical line reading downward. 

299. In the case of certain trees, including the llBpen, beech and 
locust (smooth, thin and permanently barked from sapling to ma
turity), the marks may be made preferably by scribing well into the 
bark and cambium (or live wood tissue) without blazing; the marks 
thus made will remain and be visible as long as the tree is sound; 
on the other hand, in the case of practically all rough barked trees, 
the marks should be scribed into a smooth, narrow, vertical blaze, 
specially prepared by removing just enough of the outer growth to 
expose a flat surface of the live wood tissue immediately under
neath the bark; the marks thus made will remain llB long as the tree 
is sound, but the blaze and marks will be covered by a gradual over
growth, showing an outward scar for many years. In regions sub
je~t to heavy snowfall it is desirable to make a small additional 
blaze at a height of 6 or 8 feet above the ground, which will serve 
to attract attention to the tree during the winter sellBon. The ends 
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pi all blazes should be smoothed off gradually without making a 
sharp c::ut into the cambium. The lower end of the blaze upon 
which the marks are placed should be about 6 inchefl above the root 
crown, and its length should be just sufficient to take the marlra. 

The practice relating to the manner of marking trees, as above 
outlined, is designed to cause the least possible injury to the tree, 
by enabling a rapid overgrowth; also, to place the marks in a position 
where they will remain on the stump if the trunk should be re
moved. Various practices have obtained in the past in different 
localities, some of which are objectionable by causing unnecessary 
injury to a tree, or on account of the marks being placed in a position 
where there is danger of their removal with the trunk in case the 
tree is cut down. 

800. The above theory applies equally to the marking of bearing 
trees, and the engineer is advised, when making retracements, re
surveys, etc., not to remove the overgrowth on a tree monument or 
bearing tree unless it is absolutely necessary to do so in order to 
identify positively the particular tree. In the case of trees which 
have been blazed before marking, the number of rings contained in 
the overgrowth (or its equivalent on the adjoining section of the 
tree) will furnish an exact count of the number of years (one annual 
ring for each growing season) from the date of original marking to 
the date when uncovered. After an old blaze has been uncovered, 
conditions are favorable for the decaying rrocess t{) set in, and the 
engineer should adol?t additional means to evidence the position 
of the corner. 

801. Standard township corners are to be marked "s e" and the 
township on the north side, and the ranges and sections on the east 
and west sides; as for example: 

seT 25 N on N., 
R 18 E S 31 " E., and 
R 17 E S 36 " W. side. 

802. Closing township corners are to be marked "e e" and the 
township (or range) on the side from which the closing line ap
proaches the monument, and the ranges (or townships) and sections 
on the adjoining sides ; also the initials or abbreviation of the State, 
reservation, grant or private claim, on the side toward any irregulsl' 
tract which may be closed upon; as for example: 

R 18 E S 6 on E., 
C e T 24 N " S., and 
R 17 E S 1 " W. side. 
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803. Corners common to Jour towrt8hipB are to be marked with the 
township and section on the northeast and southwest sides, and tho 
range and section on the southeast and northwest sides; 88 for ex
ample: 

T 23 N S 31 on NE., 
R 18 E S 6 " SE., 
T 22 N S 1 " SW., and 
R 17 E S 36 " NW. side. 

804:. Corners common to two townships only are to be marked with 
the township, range and section on the sides toward the particular 
townships; 88 for example: 

T 2 N R 7 W S Ion SW., and 
T 3 N R 7 W S 36 " NW. side. 

805. Corners reJerring to one township on~ ~re to be marked with 
the township, range, and section on the side toward the particular 
township which is concerned; as for example: 

T 23 N R 7 W S 36 on NW. side . 
806. Sto:ndlJrd section corners are to be marked "S C" and the 

township and range on the north side, and the sectioIlB on the east 
and west sides; as for example: 

SeT 25 N R 17 E on N., 
S 36 "E., and 
S 35 "W. side. 

807. CloBing section corners are to be marked "c C" and the 
township and range on the side from which the closing line approaches 
the monument, and the sections on the adjoining sides; also the 
initials or abbreviation of the State, reservation, grant or private 
claim on the side toward any irregular tract which may be closed 
upon; as for example: 

S 1 on E., 
C C T 24 N R 17 E " S., and 

S 2 :' W. side. 
808. Corners common to Jour sections are to be marked (a) on an 

exterior, with the township (or townships), ranges (or range) and 
sectioIlB; and (b) a subdivisional corner, with the township, range 
and section; all appropriately Bet forth as follows: 

T 25 N S 7 on NE., 
R 18 E S 18 " SE., 
R17 E S 13 " SW., and 

S 12 " NW. side. 
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T 26 N S 36 on NE., 
R 17 E S 1 " SE., 
T 25 N B 2 " SW., and 

B 35 " NW. side. 
T 25 N S 24 on NE., 
R 17 E S 25 " BE., 

S 26 " SW., and 
S 23 " NW. side. 
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809. Section COrneT8 comnwn to two sections only are to be marked 
with the township and section and the range and section on the 
sides toward the particular sections to which the comer belongs; 
as for example: 

T 14 S S 11 on NE., and 
R 20 W S 10" NW. side. 

810. Section corners referring to one 8ection only are to be marked 
with the township, range and section on the side toward the par
ticular section which is concerned; as for example: 

T 27 N R 16 W S 17 on NW. side. 
311. Standard quarter-section COrneTS are to be marked "S C t" 

and the section, all on the north side; as for example: 

SOt S 36 on N. side. 
812. Quarter-section corners of maximum control are to be marked 

(a) on a meridional line, "t" and the section on the west side, and 
the section on the east side; and (b) on a latitudinal line, "t" and 
the section on the north side, and the section on the south side; as 
for example: 

S 18 on E., Imd 
t S 13 " W. side. 

t S 21 on N., and 
S 28 " S. side. 

313. Quarter-section corners of minimum control are to be .marked 
"1" and the section, all on the side toward the particular section 
which is concerned; as for example: 

1 S 7 on E. side (for quarter-section comer on the west boundary 
of section 7). 

814. Meander corners are to be marked" Me" on the side toward 
the meanderable body of water, and the additional marks (a) on a 
standard parallel or other line controlling surveys to one side only, 
with the township, range and section on the side toward the Sllr-
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veyed land; (b) on an exterior, with the township (or range) common 
to the adjoining tow~ips on the side opposite the meanderable 
body of water, and the ranges (or townships) and the sections on 
the adjoining sides; and, (c ) on a sub divisional line, with the town-
6hip and range on the side opposite the meanderable body of water, 
and the sections on the adjoining sides; as for example: 

M C on E .} and 
T 25 N R 17 E S 33 " NW. side (for meander corner on a 

standard parallel, on the 
west side of a meander

T 24 Non N., 
It 18 E S 18 " E ., 

M C " S., and 
R 17 E S 13 " W. side 

T 23 N S 35 on N. , 
M C " E ., 

T 22 N S 2 " S., and 
R 17 W " W. side 

S 23 on N., 
T 25 N R 17 E " E., 

able body of water). 

(for meander corner on a range line, 
on the north side of a meanderable 
body of water) . 

(for meander corner on a township 
line, on the west side of a mean
derable body of water). 

S 26 " S., and 
M C " W. side (for meander corner on a lati

tudinal section line, on the 
east side of a meanderable 
body of water). 

M Con N., 
S 9 " E ., 

T 4 N R 7 W " S., and 
S 8 " W. side (for meander corner on a meridional 

section line, on the south side of 
a meanderable body of water) . 

315. Special and auxiliary meander earners are to be marked 
"8 M C" or "A M C", 8B the case may be, on the side toward the 
meanderable body of water, and the section on the opposite side; 
as for example: 
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S M C on E., and 
S 14 "W. side (for special meander corner on a latitudinal 

AM C on N., and 

8ubdivi~ion-of-section line in section 14, 
on the west side of a meanderable body 
of water). 

S 9 "S. side (for auxiliary meander corner in section 9, 
on the south side of a meanderable body 
of water). 

CORNER ACCESSORIES. 

316. The purpose of a corner accessory is to evidence the position 
of the original monument. A connection is made from the monu
ment to fixed natural or artificial objects in its immediate vicinity, 
whereby the former may be relocated from the latter, thus in the 
event of the destruction or removal of the corner monument, its 
original position may be identified as long as any part of the acces
sories remains in evidence. The accessories consist of three general 
classes, one or more of which are to be employed at each and every 
corner established in the public-land surveys, preference being 
given to the same in the order of their permanency conditi.onal 
upon the character of the ground in the locality of the monument, 
as follows: 

(a) Bearing trees, or other natural objects such as notable cliffs 
and boulders; perma,nent improvements; and memorials; (b) mound 
of stone; and (c) pits. 

317. The engineer can not perform any more important service 
in connection with his official duties than to employ whatever 
means may be necessary permanently and accurately to evidence 
the location of the legal corners established in his survey, and where 
the usual accessories, or combinations of the same, can not be em
ployed, such otb,er means should be adopted as will best serve the 
purpose. 

818. The accessories for witness corners will be the same as though 
the corner were eBtablished at its true point, but the marks upon 
the bearing trees or other objects will be preceded by the letters 
"W C", and the section number will be made to agree with the 
section in which the tree or object actually stands. 
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BEARING TREES, BEARING OBJECTS, AND MEMORIALS. 

319. Bearing trees, or other natural objects, are to be selected 
for marking when the same are available within a distance of 5 
chains of the corner monument, and where the regular quota, here
inafter described, is not available, one tree or object will be marked 
in each section affording such accessory. A full description of the 
tree or object will be embodied in the field notes lIB a part of the 
record of the corner monument. One tree, or object, will be marked 
in each section cornering at the monument, when available, and the 
true course and horizontal distance from the exact comer point to 
the center vertical axis of the tree at its root crown, or to the cross 
(X) upon a marked object, will be carefully determined and 
recorded with the description of the tree, or object, and its marks. 
The species oi a tree and its diameter, at brellBt height, will be 
recorded; and, in the case of a cliff or bowlder, the description will 
embrace such essential details lIB may be necessary to serve for its 
ready identification. 

820. The marks upon a bearing tree will be made upon the side 
facing the corner and will be scribed in the manuer already outlined 
for marking tree comer monuments. The marks will embrace the 
information suggested in the schedule hereinafter given, with such 
letters and figures lIB may be appropriate for a particular corner, and 
will include the letters "B T"; a tree will always be marked to agree 
with the section in which it stands, and will be marked in a vertical 
line reading downward, ending in the letters "B T" at the lower 
end of the blaze approximately 6 inches above the root crown. 

321. There is a great difference in the longevity of trees, and in 
their rate of decay, etc.; trees should therefore be selected, if possible, 
with a. view to the length of their probable life, their soundness, 
favorable site conditions and size. Sound trees from 6 to 8 inches 
in diameter, of the most hardy species, favorably located, are to be 
preferred for marking. Trees less than 4 inches in diameter will 
not be selected for marking if larger trees are a.vailable, and it is 
generally better to avoid marking fully matured trees, especially 
those showing signs of decay. Trees less than 4 inches in diameter, 
if no better trees are available, will be marked with the letters 
"B T" only. The species, size and exact position of the bearing 
trees are of vital importance, lIB this dat.a will generally serve to 
identify a bearing tree without uncovering the marks, or even to 
identify two or more stumps after all evidence of the marks has 
disappeared. 
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822. Generally only one tree will be marked in each section at 
a particular comer, but in certain instances, hereinafter described, 
two trees are required in a section. In such ClISes it is better to 
select trees of different species, or of widely different size, direction 
or distance, if the trees are of the same species, in order that confusion 
may be avoided in the future identification of a remaining tree where 
the companion tree has disappeared. 

828. A cross (X) and the letters "B 0" and the section number 
will be chiseled into a bearing object, if it is of rock formation, 
and the record should be such as to enable another surveyor to 
determine where the marks will be found. 

824. A connection to any permanent artificial object or improve
ment may be included in this general class of comer accessories. 
The field notes should be explicit in describing such objects, and 
should indicate the exact point to which a connection is made, as 
"southwest comer of foundation of Smith's house," "center of 
Smith's well," "pipe of Smith's windniill," etc. No marks will be 
made upon private property. 

825. In every case where it is impossible to make a single connec
tion to a bearing tree or other bearing object, as above described, 
and where a mound of stone or pits are impracticable, a suitable 
memorial will be deposited at the base of the monument. A memo
rial may consist of any durable article which will serve to identify 
the location of the comer in clISe the monument is destroyed. Such 
articles as glassware, stoneware, a marked (X) stone, a charred 
stake, a quart of charcoal, or pieces of metal will constitute a suit
able memorial. A full description of such articles will be embodied 
in the field notes wherever they are employed as a corner accessory. 

MOUND OF STONE. 

826. Where native stone is available and the surface of the 
ground is favorable, a mound of stone will be employed as an ac
cessory to a comer monument, provided that a full quota of trees or 
other bearing objects can not be utilized. A mound of stone erected 
lIS a comer accessory will be built as stably as possible, will consist 
of not fewer than five stones, and will be not less than 2 feet 
base and 1; feet high. In stony ground the size of the mound will 
be sufficiently increased to make it conspicuous. The position of 
the mound will be as shown in the schedule hereinafter stated, and 
the nearest point on its base will be separated about 6 inches distant, 
from the monument. The field notes will show the size andposi
tion of the mound. 
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327. Where it is necessary to support a monument in a' stone 
mound, no additional mound will be employed as an accessory; and, 
if beariilg trees or other objects are not available, a marked (X) 
stone or other memorial will be deposited at the base of the monu
ment. 

PITS. 

328. Where the full quota of trees or other bearing objects are 
unavailable for marking, the position of the monument will, under 
certain favorable conditions, be evidenced by pits. No pits should 
be dug in a roadway, or where the ground is overflowed for any con
siderable period, or upon steep slopes, or where the earth will wash, 
or in a loose or light soil, or where there is no native sod, or where 
suitable stone for a mound is at hand. 

A firm soil covered with a healthy native sod is most favorable 
for a permanent pit. Under such conditions the pits will gradually 
fill with a material slightly different from the original soil, and a new 
species of vegetation will generally take the place of the native 
grass; these characteristics, under favorable conditions, make it 
possible to identify the original location of the pits after the lapse 
of many years. 

329. All pits will be dug 18 inches square and 12 inches deep, 
with the nearest aide 3 feet distant from the corner monument, 
oriented with a square side (and not a corner) towards the monu
ment, arranged as shown in the schedule hereinafter given; the 
earth removed will be scattered in such a way that it will not again 
fill the pits. A description of the pits will be embodied in the 
field notes, and will include, in every instance, a statement of their 
size and position; this is particularly important in view of the 
fact that the practice herein outlined differs materially (in the inter
est of simplicity) from that set forth in earlier editions of the Manual. 

ARRANGEMENT AND MARKING OF CORNER ACCESSORIES. 

380. Standard toUYTIship corners. 
Standard section cornera. 

Two bearing trees, one in each section north of the standard 
parallel, each marked" S C" and the township, range and section; as 

T 25 N R 18 E S 31 S C B T. 
Mound of stone, north of corner. 
Three pits. one each on line north, east and west. 
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831. CloBing township OOT7lel'S. 

Closing section corners. 
Two bearing trees, one in each section to the right and left of the 

closing line, each marked "C C" and the township, range and 
section; as 

T 24. N R 18 E S 6 C C B T. 
Mound of stone, on the closing line. 
Three pits, one on the closing line and one each to the right and 

left on the line closed upon. 
332. Corners common tofour townships. 
Four bearing trees, one in each section, each marked with the 

township, range and section; as 

T 22 N R 17 E S 1 B T. 
Mound of stone, south of corner. 
Four pits, one each on line north, east, south and west. 
333. Corners oommon to two townships only. 
Two bearing trees, one in each section cornering at the monument, 

each marked with the township, range and section; as 
T 2 N R 7 W S 1 B T. 

Mound of stone, on the line between the two townships cornering 
at the monument . 

. Three pits, one each on the three lines connecting at the 
monument. 

334. Corners referring to one township only. 
Two bearing trees, both in the township cornering at the monument, 

each marked with the township, range and section; as 
T 23 N R 19 W S 36 B T. 

Mound of stone, in the township cornering at the monument, at 
45° from cardinal direction at the monument. 

Two pits, one each on the two lines connecting at the monument. 
335. Corners oommon to four sections. 
Four bearing trees, one in each section, each marked 'I"ith the 

township; range and section; as 

T 26 N R 17 E S 35 B T. 
Mound of etone, west of corner. 
Four pits, one in each section northeast, eoutheast, BOuthwest and 

northwest. 
836. Section oorners Common to two seetions only. 
Two bearing trees, one in each section cornering at the monument, 

each marked with the township, range and section; as· 
T 14 S R 17 E S 12 B T. 
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Mound of stone, on the line between the two sections cornering at 
the mcnument. 

Two pits, one in each section at 45° from cardinal direction at the 
monument. 

337. Section corners referring to one section only. 
Two bearing trees, both in the section cornering at the monument, 

each marked with the township, range and section; '118 

T 27 N R 16 W S 17 B T. 
Mound of stone, in the section cornering at the monument, at 45° 

from cardina.l direction at the monument. 
Two pits, one 3 feet and one 6 feet distant, both in the section cor

nering at the monument, at 45° from cardinal direction at the monu
ment. 

338. Standard quarter-section coners. 
Two bearing trees, both north of the standard parallel, each marked 

"1" and" S C" and the section; as 
t S 36 S C B T. 

Mound of stone, north of corner. 
Two pits, one each on line ell8t and west. 
839. Quarter-section corners of maximum controt. 
Two bearing trees, one in each section, each marked "1''' and the 

section; as 
t S 16 B T. 

Mound of stone: (a) On a meridional line, west of corner; and, 
(b) on a latitudinal line, north of corner. 

Two pits, one in each direction on the line passing through the 
monument. 

840. Quarter-section corners of minimum control. 
Two bearing trees, both in the partiCUlar section which is con

cerned, each marked "t" and the section; as 

is 7 B T. 
Mound of stone, in the particular section which is concerned, in a 

cardinal direction from the monument. 
'Cwo pits, one in each direction on the line passing through the 

monument. 
34:1. Meander corners. 
Two bearing trees: (a) On a standard parallel or other line con

trolling surveys to one side only, both in the particular section 
which is concerned:. and (b) on all other lines, on" in each section 
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to the right and left of the line; all marked "M C" and with the 
township, range and section; as 

T 25 N R 14 E S 32 M C B T. 
Mound of stone, on the surveyed line on the opposite side of the 

monument from the meanderable body of water. 
Two pits, one 3 feet and one 6 feet distant, on the surveyed line 

on the opposite side of the monument from the meanderable body 
of water. 

842. The interior quarter-section and all 8ixteenth-section COT7UiT8, 
when required by the written special instructions. 

Two bearing trees, marked (with letters and figures ending in 
"E T") as shown in the following diagram: 

Mound of stone, in a cardinal direction from the monument, as 
shown (with symbol" 4b ") in the following diagram: 

Two pits, in a cardinal direction from the monument, as shown 
(with symbol" 0 ") in the following diagram: 
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843. Sixteenth-8ection corners of minimum control. 
Two bearing trees, both .!n the particular section which is COD- . 

cerned, each marked with a key letter (N, E, S or W) to indica.te 
the position of the monument, and "n" and the section; as 

i
W E, 

N N 

N ~ 5 18 BT 

5 5 

Lw E..-J 
Key 

Mound of stone, in the particular section which is concerned, in 
a cardinal direction from the monument. 

Two pits, one in each direction on the section line passing through 
the monument. 

844. Special and auxiliary meander corners. 
Two bearing trees, each marked" S M C" or "A M C," as the case 

may be, and the section; as 
S 14 S M C B T, or 
S 14 A MC B T . 

. Mound of stone, on the. opposite side of the monument from the 
meanderable body of water. 

Two pits, one 3 feet and one 6 feet distant, on the opposite side of 
the monument from the meanderable body of water. 

S45. Closing subdivision-t)f-section corners . 
. Two bearing trees, both in the particular section which is COD

cerned, each marked "C C" and the section; as 
S9CCBT. 

·Yound of stone, on the closing line . 
Three pits, one on the closing line and one each to the right and 

left on the line closed upon. 
346. Miscellaneous angle points along irregular boundaries. 
(a) Two bearing trees, where the monuments are le88 than 1 mile 

apart, one on each side of the boundary; and (b) four bearing trees, 
where the monuments are 1 mile or more apart, two on each side of 
the boundary; each marked" A P " and a serial or section number, 
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or both, also the initials or abbreviation of the State, reservation, 
grant, private claim or public land, as appropriate; as 

A P 2 TR 37 B T, and 
A P S 14 B T (for "angle point No.2" on the boundary 

of a private claim "Tract No. 37" fall
ing on surveyed land). 

Mound of stone, on the medial line between the boundary linea 
intersecting at the monument, and in the direction toward the State, 
reservation, grant or private claim. 

Two pits, one in each direction on the lines intersecting at the 
monument. 

347. Intermediate corners along irregular boundaries. 
(a) Two bearing trees, where the monuments are less than 1 mile 

apart, one on each side of the boundary; and (b) four bearing trees, 
where the monuments are 1 mile or more apart, two on each side of 
the boundary; each marked with the number of the mile or half
mile corner and the letter "M" (to indicate "mile corner"), and 
the initials or abbreviation of the State, reservation, grant, private 
claim or public land, as appropriate; as 

47M COLO BT, and 
47 M OKLA BT (for "47th mile" corner on the boundary 

line between the States of "Colorado" 
and "Oklahoma"). 

Mound of stone, on a line at right angles to the boundary, and in 
direction toward the State, reservation, grant or private claim. 

Two pits, one in each direction on the boundary. 

TABLETrS IN CONcru!frI!l MONUMENTS AND IN ROOK OUTCROP. 

347-A. Brass tablets are supplied for use in making concrete 
monuments and for placing in rock outcrop. Concrete monu
ments, with the tablet imbedded in the top, are employed in 
speCial situations where a superior corner construction is re
quired and as authorized by the proper supervising officer. The 
tablet is 3~ inches in diameter and has a stem 3 inches long; the 
top bea rs the same inscription as that placed on the cap of all 
iron-post monuments. The design and dimensions of concrete 
monuments may be varied to suit the site conditions and the 
special requirements for a superior monument. The tablet may 
be used for marking corners which fall upon rock outcrop at any 

1990' --31--18 
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time without special authorization in lieu of an iron post sup
ported by a stone mouud and on slopes where a mound would be 
impracticable; a drill hole is made to receive the stem and a 
recess is made for the top so thut the tablet may be securely 
cemented in place and sealed against moisture entering below the 
top. All cementing and concrete construction to be permanent 
must be done with clean first-class materials, carefully propor
tioned. The corner marks to be made upon the tablet, and the 
selection and marking of the accessories will be the same as for 
iron-post monuments. 



CHAPTER V. 

RESTORATION OF LOST CORNERS. 

IDENTIFICATION OF EXISTENT CORNERS. 

84:8. It is the purpose of this chapter of the Manual to outline 
the guiding principles which are to be observed in the identification 
of existent corners, and thereafter to set forth the particular rules 
which are to be applied in the recovery of the position of lost corners 
originally established in the execution of the United States rec
tangular surveys. 

All surveyors, whether employed by the United States or not, 
are cautioned to note the difference between the regulations per
taining to the establishment of the original surveys of the public 
lands and those relating to the subsequent identification of said 
official surveys and the replacement of missing monuments thereof. 

In the exten~ion of the rectangular surveys it devolves upon the 
United States surveyor to identify the initial lines of his group and 
to replace all lost corners thereof. On the other hand in the sub
division of sections and in the location of property lines generally, 
it falls to the county or other local surveyor to identify the official 
corners, and where a required corner is missing the local surveyor 
will be called upon to recover the point. Thus it will be seen that 
local as well as United States surveyors are constantly called upon 
to search for existing evidence of original monuments, and in this 
work the surveyors will be guided by the same general methods. 
Should the search for a monument result in failure, the appropriate 
restorative surveying process to be observed by either surveyor will 
be based upon the same rules as hereinafter outlined. The text 
that follows draws no distinction between the duties of the two 
classes of surveyors. 

849. The terms "corner" and "monument" are used largely in 
the same sense, though a distinction should be noted to clarify the 
subject matter of this chapter. The term "corner" is employed 
to denote a point determined by the surveyingprocess, whereas the 
"monument" is the physical structure erected for the purpose of 
marking the corner point upon the earth's surface. 

263 
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350. An existent corner is one whose position can be identified 
by comparing the evidence of the monument or its accessories on 
the ground, with the record contained in the field notes of the 
original survey, or where the point can be determined otherwise 
by suitable testimony. 

351. The procesa of again bringing to light the physical evidence 
of an original monument is founded on the principle of intelligent 
search for the calls of the field notes of the original survey, guided 
by the controlling influence of known points. The problems 
incident to the search are vastly simplified whenever a retracement 
may be projected from known points, and the final search for a 
monument should cover the zone surrounding one, two, three or 
four temporary points as may be determined by connections with 
known corners in one, two, three or four directions, according to 
the number of points which will ultimately control the relocation 
in case the corner in question shOUld be declared lost. 

352. The character of the original monument is the most impor
tant factor in regard to its lasting qualities, and the search should 
be directed to an examination for such evidence as may reasonably 
be expected to remain. The evidence is bound to range from 
that which is least conclusive to that which is unquestionable, and 
the requisite support of corroborative evidence is necessary in 
direct proportion to the uncertainty of any featmo regarding whose 
authenticity there may be danger of dispute. 

A stone, wooden post, tree corner, deposit corner, and the modern 
iron post monument are all subject to more or less deteriorating 
changes through various influences, depending upon the character 
of the original monument, its local site conditlons, and the lapse of 
time, and all such factors should be taken into consideration when 
comparing the particular evidence in question with the description 
contained in the original field notes. 

353. If the evidence of the monument is not fully conclusive, the 
engineer's attention will be directed at once to the record acces
sories; this step is so generally necessary that it should be considered 
simultaneously with the search for the monument; in fact, in their 
broader significance the accessories are a part of the monument. 

The underlying principles relating to the identification of the 
corner accessories, subject to the changes_ which may be expected in 
the period interven41g after the date of the original survey, have 
already been fully outijDed in Chapter IV. It will . sllffice to state 
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that the evidence of the accesaolies should agree with the record 
contained in the field notes of the original survey, subject only to 
such changes as may reasonably be expected. 

354. In case of material disagreement between the particuhiI 
evidence in question and the record calls, the process of elimina
tion of those features regarding which there may be doubt, after 
making due allowance for natural changes, will serve a most useful 
purpose, as follows: 

(a) The character and dimensions of the monument in evidence 
should not be widely different from the record; 

(b) The markings in evidence should not be inconsistent with 
the record; and, 

(c) The nature of the accessories in evidence, including size, 
position and markings, should not be greatly at variance with the 
record. 

A certain measure of allowance for ordinary discrepancies should 
enter into the consideration of the evidence of a monument and its 
accessolies, and no definite rule can be laid down as to what shall be 
suffici~nt evidence in such cases. Much must be left to the skill, 
fidelity and good judgment of the engineer in the performance of 
his work, ever bealing in mind the relation of one monument to 
another, and the relation of all to the recorded natural objects and 
items of topography. 

355. A corner will not be considered as lost if its position can be 
recovered satisfactorily by means of the testimony and acts of wit
nesses having positive knowledge of the precise location of the 
original monument. The expert testimony of surveyors who may 
have identified the original monument prior to its destruction and 
thereupon recorded new accessories or connections, etc., is by far 
the most reliable, though landowners are often able to furnish 
valuable testimony. The greatest care is necessary in order to 
establish the bona fide character of the record intervening after the 
destruction of an original monument. Full inquiry may often 
serve to bring to light various records relating to the original cornere, 
and memoranda of private markings,· etc., and the engineer should 
make use of all such sources of information. The matter of boundary 
disputes should be carefully looked into in so far as adverse claimants 
may base their contentions upon evidence of the original survey, 
and if such disputes have resulted in a boundary suit, the record 
testimony and· the court's decision should be carefully· examined 
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relative to any information which may shed light upon the position 
of an original monument. 

The testimony of individuals may relate to knowledge of the orig
inal monument or the accessories, prior to their destruction, or to 
any other marks fixing the locus of the original survey, and the value 
of such testimony may be weighted in proportion to its completeneal 
and agreement with the calls of the field notes of the original survey, 
also upon the steps taken to preserve the location of the original 
marks. All such evidence should be put to the severest possible 
tests by confirmation relating to known original corners and other 
calls of the original field notes, particularly to line trees, blazed 
lines and items of topography. 

It is impossible to outline a definite rule for the acceptance or 
non-a.cceptance of the testimony of individuals. Corroborative evi
dence becomes neceBBary in direct proportion to the uncertainty of 
the particular statements advanced by the individual who testifies. 
It will be well for the engineer to bear in mind that conflicting 
statements and contrary views of interested parties are fruitful of 
boundary disputes. ' 

866. In those cases where witneBB corners were established in the 
original survey, the true point for the corner will be controlled by 
such witness corner, when the latter can be identified, by reference 
to the record in accordance with the general plan of the survey. 
The usual diligent search will be made for witneBB corners, but where 
the same can not be identified the position of the true point for the 
corner will usually be of major importance, rather than the point 
for the witness corner, and in such 'instances the engineer will pro
ceed directly to the re-determination of the true corner position, 
adopting the particular methods which should govern the case in 
hand. Should it become necessary to restore a lost witness corner 
the general principles hereinafter outlined will be observed. 

867. In the absence of an original monument, a line tree, oradefi
nite connection to natural objects, or to improvements, which can 
be identified, may each fix a. point of the original survey for 
both latitude and departure. The mean position of a bla.zed line, 
when identified as the original line, may sometimes help to fix a 
meridional line for departure, or a latitudinal line for latitude. Other 
calls of the original field notesin relation to various items of topogra.
phymay assist materially in the recovery of the locus of the original 
eurvey. Such evidence may be developed in an infinite variety. 
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It may be only such as to disprove other questionable features, 
or it may guide the engineer in a general way in arriving at the 
immediate vicinity of a line or corner, or in its best phases may be 
such as to fix the position of aline or corner beyond any doubt. 

358. A certain measure of allowance should be made for ordinary 
discrepancies in the calls relating to items of topography. Such 
evidences should be considered more particularly in the aggregate, 
and when they are found to be corroborative an average may be 
secured to control the final adjustment, which will be governed 
largely by the evidences nearest the particular corner in question, 
giving the greatest weight to those features which agree most harmo
niously with the record, and to such items as afford definite connec
tion. A careful analysis will generally reveal the merits of authentic 
evidences as opposed to unreliable features bearing resemblance to 
the calls of the field notes, and in this matter the engineer will find 
an opportunity to exercise his skill to the fullest capacity. 

359. It is a matter of utmost importance to determine where an 
identified call of the original field notes shall operate to control for 
both latitude and departure, or for either coordinate by itself, and 
finally as to the necessity for applying the rules for proportionate 
measurement where the distance between the identified points is 
considerable. 

RESTORATION OF LOST CORNERS. 

860. A lost corner is a point of a survey whose position can not 
be determined, beyond reasonable doubt, either from original traces 
or from other reliable evidence relating to the position of the original 
monument, and whose restoration on the earth's surface can be 
accomplished only by means of a suitable surveying process with 
reference to interdependent existent corners. 

361. The engineer is not prepared to consider the restoration of 
a lost corner until he has exhausted every other means of identifying 
its original position, and at this stage of his work he should have 
detenitined upon an approximate position of the original monument 
based upon his findings resulting from retracements leading from 
known corners to the lost corner, from one, two, three, or four direc
tions in accordance with the plan of the original survey. The prin
ciple of proportionate measW'ement, which most nearly harmonizes 
surveying practice with the legal and equitable considerations 
involved in controversies concerning lost land boundaries, enters 
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into the problem at this stage, and this plan of relocating a lost 
comer will always be employed unless outweighed to the contrary 
by physical evidence of the original survey. In cases where the 
relocated comer can not be made to harmonize with all the calls 
of the original field notes, due to unexplained discrepancy which 
is made apparent by the retracement, the engineer is required to 
determine which calls will be given major control, and those which 
must be subordinated. 

862. The preliminary retracements furnish the only possible 
means of arriving at the discrepancies of the cou!ses and distances 
of the original survey as compared with those derived in the process 
of re-running the lines, and the whole problem of proportionate meas
urement is one involving the adjustment of said discrepancies. The 
restoration of the lost comers can not proceed until the retl'acement 
of the original survey has been completed. The retracement will 
be based upon the courses and distances returned in the field notes 
of the original survey, or the equivalent by calculation, initiated 
and closed upon known original corners. Temporary stakes for 
future use in the relocation of all lost comers may be set when 
making the retracements. 

863. As has been observed, existing original corners can not be 
disturbed; consequently discrepancies between the new and the 
original record measurements of the line connecting the identified 
original corners will not in any manner affect measurements beyond 
said comers, but the differences will be distributed proportionally 
within the several intervals embraced in the line in question. 

864. A proportionate measurement is one resulting in concordant 
l"elation between all parts of an original record len"oth of a line and 
the new distances given to the several parts as determined by the 
re-measurement, in such a manner that the new distance given to 
any part of a line shall bear the same relation to the original record 
length of that part of the line as the new measurement of the whole 
line bears to the original record length of said line. The ordinary 
field problem consists in distributing the excess or deficiency 
determined by comparing the new measurement with the record 
distance between two original existent monuments, in such a man
ner that the amount of excess or deficiency given to each interval 
shall bear the same proportion to the whole difference as the record 
length of the interval bears to the whole record distance. After 
having applied the proportionate difference to the record length of 
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each interval the sum of the adjusted lengths will equal the new 
measurement of the whole distance. 

365. The term "single proportionate measurement" is applied 
to a new measurement made on a single line to determine the polri
tion thereon for restoring a lost corner, for example, a quarter-section 
corner on line between two original section corners. The term 
"double proportionate measurement" is employed to signify new 
measurements made between four original corners on intersecting 
meridional and latitudinal lines for the purpose of fixing by relation 
to both lines the position of a lost corner, for example, a corner 
common to four sections or four townships. 

366. It will almost invariably happen that discrepancies will be 
developed between the new mea&ll"ements and the original measure
ments recorded in the field notes. When these differences occur the 
engineer will generally be required to adopt a proportionate 
measurement based upon a process conforming to the method 
followed in the original survey. The principle of the preponder
ance of one line over another of less importance is recognized, in 
order to determine upon the procedure relative to single or double 
proportionate measurement, or other rule to be adopted in order 
to limit the control and at the same time harmonize the restorative 
process with the method followed in the original survey. Thus 
standard parallels will be given precedence over other township 
exteriors, and the latter will be given precedence over subdivisional 
lines; section corners will be relocated before the position of lost 
quarter-section corners can be determined. 

PRIMARY METHODS. 

(a) DOUBI.E PROPORTIONATE MEASUREMENT. 

367. The method of double proportionate measurement is genemIIy 
applicable to the restoration of lost corners of four townships and of 
lost interior corners of four sections. It is the best example of the 
basic principle that monuments north and south should control the 
latitudinal position of a lost corner, and monuments east and west 
should control the longitudinal position of a lost corner, upon a plan 
by which the influence of one identified original corner is balanced 
by the control of a corresponding original corner upon the opposite 
side of a particular missing corner which is to be restored, each 
identified original corner being given a controlling weight inversely 
proportional to its distance from the lost corner. 
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368. In order to restore a lost comer of four townships where all 
of the connecting lines have been established in the field, a retrace
ment will first be made between the nearest identified original 
comers on the meridional line, north and BOuth of the missing comer, 
upon which line a temporary stake will be placed at the proper 
proportionate distance. This will determine the latitude of the 
lost comer. N ext, the nearest original corners on the latitudinal line 
will be connected and a point thereon will be determined by pro
portionate measurement in a similar manner, independent of the 
temporary stake on the meridional line. The second temporary 
point will determine the position of the lost comer in departure. 
Then through the first temporary stake run a line east or west, and 
through the second temporary stake a line north or south, as relative 
situations may determine. The intersection of the two lines last run 
will define the position of the restored comer by "double propor
tionate measurement." 

869. In the accompanying diagram the points " A," "B," "C" 
and "D" (on the small scale) represent four original comers; and 
(on the large scale) "E" represents the proportional point between 
"A" and "B," for measurement only, and similarly, " F" represents 
the proportional point between "C" and "D." The point "X" 
sa.tisfies the first control for latitude, and the second control for 
departure. 

870. The plan of double proportionate measurement will be 
applied to the restoration of lost comers of four townships where all 
the lines therefrom have been run. Lost interior comers of four 
sections, where all the lines therefrom have been run, will also be 
reestablished by double proportionate measurement, after first 
relocating the required lost section comers on the township ex teriors. 
When a number of comers of four sections, and the intermediate 
quarter-section comers, are missing on all sides of the one BOUght 
to be reestablished, the entire distance must., of course, be re
measured between the nearest identified corners both north and 
BOuth, and east and west, in accordance with the rule laid down. 

871. Where one of the connecting lines has not been established 
in one direction from the missing township or section comer, the 
record distance to the nearest identified corner in the opposite 
direction will prevail in lieu of a proportional measurement. Thus, 
in the sa.me diagram, if the latitudinal line in the direction of 
the point"D" had not been established in the ori~al survey, the 
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position of the point "F" in departure would have been deter
mined by reference to the record distance from the point "C," 
whereupon the point "X" would have been fixed by cardinal offsets 
from the points" E" and" F" as before. Again, in rare instances, 
where the intersecting lines have been originally established in 
only two of the directions, the record distances to the nearest iden
tified corners on the two lines will control the position of the tem
porary points from which the cardinal offsets are to be made. 

(b) SINGLE PROPORTIONATE MEASUREMENT. 

872. The method of single proportionate measurement is gener
ally applicable to the restoration of lost corners on standard parallels 
and other lines established with reference to definite alinement in 
one direction only. Intermediate corners on township exteriors 
and other controlling boundary lines are to be included in this class. 

878. In order to restore a lost corner by single proportionate 
measurement, a retracement will be made connecting the nearest 
identified regular corners upon the particular line in question, the 
record of which shows no deflection in alinement; a temporary stake 
will be set on the preliminary line at the original record distance; 
the total distance will be measured, also the falling at the objective 
corner. The temporary stake will then be adjusted for the pro
portional part of the difference between the record distance and 
the re-measurement, also for its proportional part of the falling. 
Thus the adjusted position will fall on the true line connecting the 
nearest identified corners, and at the same proportional interval 
from either as existed in the original survey. Any number of lost 
points, on the same straight line, may be recovered by the same 
plan, setting a temporary corner for each at the time when making 
the retracement. On the retracement of an east and west line, the 
proper adjustments to secure the true latitudinal curve should be 
allowed for as outlined in Chapter II. 

374. Lost standard corners will be restored to their original 
positions on a base line, standard parallel or correction line, by 
single proportionate measurement on the line connecting the nearest 
identified original standard corners on opposite sides of the missing 
corner or corners, as the case may be. The term "original standard 
corners" will be understood to designate standard township, section 
and quarter-section corners, meander corners terminating the 
survey of a standard parallel, and closing corners in .those cases 
where they were originally established during the survey of a 



RESTORATION OF LOST CORNERS. 273 

standard parallel as comers from which to project surveys to the 
south. No .other meander or closing comers along a standard par
allel will control the restoration of lOst standard cornel'S. 

876. All lost exterior section and quarter-section corners will be 
restored by shigle proportionate measurement between the nearest 
identified corners on opposite sides of the missmg corner, north and 
south on a meridional Ime, or east and west on a latitudmal line, 
after the township comers have been identified or relocated. An 
exception to this rule will be noted in the case of any exterior the 
record of which shows irregularities in alinement between the ter
mmal township comers. (See sec. 380.) 

376. All lost interior quarter-section comers will be restored by 
single proportionate measurement between the adjoining section 
comers, after the section comers have been identified or relocated. 

377. Lost meander comers, origmally established on a line pro
jected across the meanderable body of water and marked upon the 
opposite side thereof will be relocated by single proportionate 
measurement, after the section or quarter-section comers upon the 
opposite sides of the missing meander comer have been duly 
identified or relocated. 

(c) CLOSING CORNERS. 

378. In order to reestablish a lost closing comer on a standard 
parallel or other controlling boundary, the line cloaed upon will be 
retraced, beginnmg at the comer on the standard parallel or other 
controlling boundary from which the connecting measurement was 
origmally macl~, itself properly identified or relocated; a temporary 
stake will be set at the original record connecting distance, and the 
total distance and falling will be noted at the next regular comer on 
the opposite side of the missing closing corner. The temporary stake 
will then be adjusted as in single proportionate measurement, i. e., 
the closing comer will be reestablished on the true line closed upon 
at the proper proportional interval between the nearest regular cor
ners to the right and left. An identified closing comer not actually 
located in the 1mB cloaed upon will determine the direction of the 
cloamg Ime, but not its legal termhtus; the latter is bound to fall at 
the true point of intersection of the two lines. The position of a 
restored closing corner should be verified by a retracement of the 
line whose terminus it was designed to mark. (See sec. 384.) 
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SECONDARY METHODS. 

879. The following methods involve special applications of the 
general rules of proportionate measurement for adoption in unusual 
cases where the ordinary control can not be obtained. 

(II) BROKEN BOUNDABIES. 

880. In order to restore one or more lost corners on a broken or 
irregular township exterior, or other controlling boundary, a retrace-
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ment will be initiated at the nearest identified original corner on the 
boundary, following out the record courses and distances, or the 
equivalent by calculation, setting a temporary staJre for each m.issing 
corner or angle point, until the next identified original corner has 
been attained, where a final temporary stake will be set at the record 
distance of the last course of the retracement. The closing error will 
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then be determined for course and distance from the last temporary 
stake to the objective original corner, and each temporary stake will 
thereafter be adjusted on the bearing of the closing error, a propor
tional amount of the length of the closing error equal to 1Jhe propor
tional part of the distance of the temporary stake from the initial 
point of the retracement, i. e., the particular distance to be measured 
at any temporary stake, on the bearing of the closing error, is to the 
whole length of the closing error as the distance of the particular 
temporary stake from the initial original comer is to the whole 
length of the retracement. Angle points and intermediate corners 
will be treated alike. 

(e) ORIGINAL CONTROL. 

381. Where a line has been terminated with reference to a meas
urement in one direction only, a lost comer will be restored by refer
ence to the original record bearing and distance, counting from the 
nearest regular corner, the latter having been duly identified or 
restored. Examples will be found where lines have been discon
tinued at the intersection with large meanderable bodies of 
water, or at the border of what was classed as impassable ground. 

(f) INDEX COBRECTION POR AVEBAGE EBROR IN ALINElfENT AND MEASUREMENT. 

382. In unusual cases where a retracement has been made of 
many miles of the originallinee, between identified origina.l corners, 
and there has been developed a definite surplus or deficiency in 
measurement, or a definite variation in alinement, characterizing 
the original survey, it will be proper to make allowance for such 
average "index error." Such adjustment will be taken care of 
automatically in all cases where there exists a suitable basis for 
proportional measurement, but in any case where such control is 
lacking, an index error, if conclusive, will be made use of by 
applying the determined correction to the record courses and dis
tances. If there is not conclusive evidence of such index error the 
record courses and distances will be allowed to prevail. 

SPECIAL CASES. 

883. Examples of special cases could be set forth almost indefi
nitely, but without bringing out important new principles. In 
some respects the treatment of a large number of special examples 
would serve to confuse the subject by seeming to warra.nt certain 
procedure as a general rule which in facio would not be proper were 
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the conditions altered; the latter occur in an infinite variety. 
Ample provision has been made for the United States surveyor to 
call upon a supervising officer for advice in difficult cases, and where 
necessary the latter is in a position to direct the surveyor to proceed 
with additional retracements in order to develop any data which 
should be considered before a decision is rendered. In trials oef 
boundary suits the court will generally consider many additional 
questions besides those concerned in the technical problem, and in 
such instances an academic study of hypothetical examples might 
Berve to cloud the real issue. It would be beyond the purpose of 
the Manual to invade the realm of non-technical matter while 
attempting to lay down the general principles involved in the 
restoration of lost comers. 

884. In all unusual instances, where on account of manifest 
distortion, or through extensive obliteration resulting in great 
distances between existing comers, or otherwise, the evidence of a 
survey can not be identified with Bufficient certainty to enable a 
suitable application of the various rules relating to the restoration 
of lost corners, the engineer is again advised to report the facts to 
the proper supervising officer. In the same connection, it is impor
tant that the engineer should not be confused with the notion that 
he is required, ot has any !luthority, to revert to the principles 
relating to the establishment of original surveys as an alternative in 
such cases. The methods incident to resurveys, as outlined in the 
next chapter, are designed to rectify unusual conditions which are 
widely at variance with the representations of the original approved 
plat and field notes. 

(g) MISCELLANEOUS CONTROL. 

385. It will be apparent to the experienced engineer that actual 
field conditions do not always furnish the basis for the application 
of the rules heretofore set forth, and while developing a consistent 
theory to apply in unusual cases the engineer will at once note that 
the first consideration relates to a more or less arbitrary limitation of 
the control to be adopted. No definite rule can be laid down, except 

. that there should be the closest possible adherence to the basic exam
ples already given in the text. The methods heretofore outlined 
readily harmonize surveying practice with legal decisions concerning 
the restoration of lost corners. A strictly consistent mathematical 
recovery of a lost comer, not based upon any known legal decision, 
may be obtained by allowing every known comer within a reasoll-
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able radius to enter into the control, each original corner being given 
a weight inversely proportional to its distance ·from the missing 
corner, and though the principle will lead to the same result in 
Bome cases as by the methods previously outlined, it will yield a 
slightly different result under other regular circumstances. For the 
latter reason a miscellaneous control based upon such mathematical 
principle will not be adopted except as specifically approved by 
the proper supervising officer after due consideration of the facts 
in regard to the applice.bility of the method in the absence of a. 
suitable basis for a regular control. 

386. Having thus safeguarded the application of the following 
method, the problem in the field will be developed by a series of re
tracements each beginning at an accepted corner, thence following 
out the record courses and distances, each retracement terminating 
at a temporary stake in the vicinity of the objective lost corner. 
Each stake will be given a weight inversely proportional to the dis
tance from the accepted corner to which it is related. The several 
temporary stakes will then be combined; the first two to be resolved 
into a point on the line between them, dividing the whole distance 
into two parts that will make the interval from either stake inversely 
proportional to the weights previously assigned, an~ the latter point 
will be given their combined weights . . The last point will then be 
correlated with the third temporary stake on a similar plan. Three 
or more original corners will thus exercise their influence upon the 
final resultant position for the corner which is to be restored. The 
result will be the same no matter what the order of connecting the 
temporary stakes may be, but the omission of any element of the 
control or the introduction of an additional original corner will alter 
the final position. The field of influence should accordingly be 
selected with a view to obtaining a resultant balanced position which 
can not be materially changed by the introduction of other known 
points of control. 

1990°-31--19 





CHAPTER VI. 
RESURVEYS. 

JUlUSDICTION. 

887. Certain important considerations are involved in the execu
tion of Government resurveys of an entirely different character 
from those relating strictly to the making of original surveys; these 
considerations present matters not referred to in Chapter V. There 
is a twofold object of a resurvey: First, the adequate protection of 
existing rights acquired under the original survey in the matter of 
their location on the earth's surface, and, second, the proper marking 
of the boundaries of the remaining public lands. 

888. As already noted in Chapter I, the Congress has authorized, 
under certain conditions, the re-marking of the public-land surveys. 
The acts relating to resurveys contemplate a restoration of the 
corners of the original surveys in those townships, (a) where the 
obliteration of the original monuments or other evidence of the 
position of the original lines has become so advanced that the land 
boundaries can be identified only through extensive retracements 
by experienced engineers of the General Land Office, and (b) where 
field investigation shows that conditions on the ground disagree with 
the representations upon the original plat to such an extent that the 
land boundaries can not be identified positively in one position to 
the exclusion of another, in consequence of which said plat should 
be disqualified as a basis for the disposal of remaining public land. 
While the Government may initiate a resurvey in the absence of any 
application therefor, as a rule, the steps preliminary to the authori
zation of a resurvey will be taken by the settlers interested in the 
land, through a showing of facts made to the proper supervising 
officer, setting forth the existing conditions with respect to the 
original survey and status of ownership of the lands. l • 

1 See current circular governing applies tlons tor resurveys. 

279 
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389. rhe engineer is advised to bear in mind the fact that in 
localities where resurveys are necessary the occasion for boundary 
disputes is Qver present; he should accordingly exercise the greatest 
care in his technical work in the field and in the record thereof, so 
that the result of the resurvey shall relieve existing difficulties as 
far as possible without introducing new complications. As in the 
case of original surveys, the records of all resurveys must form an 
enduring basis upon which depends the security of the title to all 
lands acquired thereunder, and the field notes should be so prepared 
that under the test of the closest possible scrutiny at all times, 
present and future , the record can be regarded as conclusive in the 
matter of the location of such rights. 

890. The General Land Office has exclusive jurisdiction over 
all matters pertaining to surveys and resurveys affecting the public 
lands; as between private owners of lands the title to which has 
passed out of the United States, final determination in the matter 
of fixing the position of disputed land boundaries rests with the local 
court of competent jurisdiction. The rules of procedure laid down 
by the General Land Office to guide its engineers in the re-marking 
of lines of previous surveys are intended to be in harmony with the 
leading court decisions in suits involving boundary disputes, and 
said rules should be so applied that the courts may, with security, 
accept without question the boundaries thus determined in so far 
as they represent the true location of a particular tract intended 
to be conveyed by a patent. Government resurveys are under
taken only by duly appointed United States surveyors acting 
under the authority of the Secretary of the Interior through the 
Commissioner of the General Land Office and under the immediate 
direction of subordinate supervising officers. 

LIMIT OF AUTHORITY OF ENGINEER. 

391. There are certain questions of a purely judicial nature 
involved in resurveys of every description where the decision js 
to be reserved to the General Land Office, particularly those relating 
to compliance with the general laws in respect to the entry of the 
public lands. Thus it comes within the reallL of the surveying 
process to identify and mark out on the ground the various legal 
subdivisions of the public domain; but it is a judicial question 
beyond the · function of the engineer to determine whether or not 
specified lands have been duly earned under a certain entry. In 
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the resurvey process the engineer will detennine whether or not 
lands embraced within a claim as occupied have been correctly 
related in position to the original survey, and where the demon
stration of this question may be one involving more or less uncer
tainty, as is often the case, the engineer will examine and weigh 
the evidence relating strictly to the surveying problem involved, 
and he will interpret the evidence in respect to its effect upon the 
manner in which the resurvey shall be executed looking to the 
protection of the valid rights acquired under the original survey. 
The engineer has no authority to enter into any a.,<7l'eements looking 
to the exchange of one subdivision for another, or to bind the General 
Land Office in this particular. 

BONA FIDE RIGHTS OF CLAIMANTS. 

392. In order to carry out the provisions of the laws relating to 
resurveys, the engineer should understand fully the meaning of 
the words "bona fide rights" and under what circumstances it will 
be held that such rights have ·been impaired by a resurvey. In 
this connection attention is again directed to the clause contained 
in the act of March 3, 1909 (35 Stat., 845), as amended by joint 
resolution approved June 25, 1910 (36 Stat., 884), which reads as 
follows: 

"That no such resurvey or retracement shall be so executed as to 
imP8ir the bona fide rights or claims of any claimant, entryman, or 
owner of lands affected by such resurvey or retracement. " 

The rights of claimants are to be given similar protection under 
the provisions of the act of September 21,1918 (40 Stat., 965). 

393. It will be understood that bona fide rights are those acquired 
in good faith under the law. Rights of this character can be affected 
by a resurvey only in the matter of POSITION or LOCATION on the 
earth's surface, and the engineer will be concerned only with the 
question as to whether lands covered by such rights have been 
actually LOCATED in good faith. Other questions of good faith, such 
as priority of occupation, possession, continuous residence, va.lUe 
of improvements, and cultivation, when considered apart from the 
question of the position of the original survey, do not in any manner 
affect the problem of resurvey. 

It is evident that the resurvey must afford adequate protection 
to bona fide rights vested in both improved and unimproved lands. 
In the final determination of the true position of all lands, whether 
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improved or unimproved, in the absence of original comers, the 
necessity for more or less flexibilit.y of method must be recognized, 
as the value of both of these classes of lands may be vitally affected 
by an arbitrary process of resurvey which is rigid in its application. 
Unimproved lands, however, where no apparent attempt has been 
made on the part of the owner to identify the same under their 
original descriptions (and where the inherent value of the lands in 
question is the same), are not neccssarily affected in the same manner. 
and such unimproved lands may be adjusted to a position found 
by the engineer to be conformable to adjoining or near-by tracts, 
where all may be held to qualify under the rule of acceptable loca
tion. 

394. The question arises whether the technical rules for the 
restoration of lost comers are to be rigidly applied in all caaes regard
less of their effect on the position of improvements, or whether the 
position of all improvemellts is to be accepted without question 
regardless of the relation or irrelation of such improvements to the 
existing evidence of the original survey and to the description 
contained in the entry. Manifestly these opposite extremes are 
equally unacceptable. Somewhere between them, therefore, will 
be found the ba.sis for a determination of the question as to when 
lands BO improved are to be regarded as having been LOCATED in 
good faith or otherwise. It is clear that no definite specific sct of 
rules can be laid down in advance for the determination of this 
question. This is a problem the solution of which must be found 
on the ground by the engineer; it is upon his judgment primarily 
that the responsibility for a determination of the question of good 
faith as to LOCATION must rest. The engineer may err in his judg
ment, but once this question is settled to his own satisfaction, the 
procedure to be adopted in the matter of the application of resurvey 
rules is no longer in doubt. 

395. It may be held generally that an entryman has located his 
lands in good faith (referred to herein as a.n acceptable location of 
a claim or of a local point), when it is evident that his interpretation 
of the record of the original survey as related to the nearest existing 
corners at the time the lands were located (as defined by his fencing, 
culture, or other improvements) is indicative of such a degree of 
care and diligence upon his part, or that of his surveyor, in the ascer
tainment of his boundaries, as might be expected in the exercise of 
ordinary intelligence under existing conditions. From this it 
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follows that lack of good faith is not neceBBllrily chargeable against 
'\n entryman if he has not located himself according to a rigid appli
cation of the rules laid down for the restoration of lost corners, where 
complicated conditions involve a double set of corners, both of 
which may be regarded as authentic; or where the nearest existing 
corners in one or more directions are an excessive distance away; 
or are improperly related to each other to an extraordinary degree: 
or where all evidences of the original survey which had been adopted 
by the entryman as a basis for hiB location have been lost before the 
resurvey is undertaken. Furthermore, the extent of recognition 
given by neighboring claimants to a local point used for the control 
of the location of claims very often carries with it the necessity for 
a consideration by the engineer of its influence in the matter of 
the acceptability of such locations under the foregoing rule of good 
faith. 

396. In cases involving extensive obliteration at the date of 
entry, the entryman or hiS successors in interest may be charged with 
the knowledge that the boundaries of the claim will probably be 
subject to more or less adjustment in the event of a resurvey, and 
that in the process of fixing the boundaries of groups of claims a 
general control applied to all must be favored as far as possible in 
the interest of equal fairness to all and of simplicity of resurvey. 
Even in the presence of extensive obliteration of the original survey, 
a daim which manifestly shows that no attempt has been made to 
relate the same in some manner to the original survey can not gener
ally be regarded as having been located in good faith. 

397. Cases will arise where it may be evident that lands have 
been OCCUPIED in good faith, but whose boundaries as occupied are 
clearly in disagreement with the demonstrated position of the legal 
subdivisions called for in the description. Obviously the rule of 
good faith as to location can not apply, and relief must be sought 
through the process of amended entry (act of Feb. 24, 1909, 35 Stat., 
645) to cover the legal subdivisions actually earned, rather than 
through an alteration of the position of established lines. This is a 
process of adjudication rather than one of resurvey. A case of this 
character should be regarded as an "erroneous location," in pre
cisely the same manner as would obtain if the question of resurvey 
were not involved. 

898. The recognition of the principle that the restoration of a cor
ner may be influenced by the position of one or more existing claims 
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warrants, within suitable limits, the acceptance of an unofficial deter
mination, in the manner hereinafter stated, which would not neces-
3arily agree with that resulting from a. rigid application of arbitrary 
rules laid down for the restoration of lost corners. 

GENERAL FIELD METHODS. 

899. There are two recognized methods of making Government 
resurveys-DEPENDENT and INDEPENDENT--and in general, any 
field condition that may arise can be taken care of by the applica
tion of one or the other method . . 

400. The DEPENDENT resurvey is designed to accomplisharestora
tion of what purports to be the original conditions according to the 
record, based, first, upon identified existing corners of the original 
survey and other recognized and acceptable points of control, and, 
second, upon the restoration of missing corners by proportionate meas
urement in harmony with the record of the original survey. This 
type of resurvey is applicable to those cases showing fairly concordant 
relation between conditions on the ground and the record of the origi
nal survey. Titles, areas and descriptions should remain abso
lutely unchanged in the typical dependent resurvey. 

401. The INDEPENDENT resurvey provides methods adapted to con
siderable areas of public land where the original survey can not be 
identified with any degree of certainty in accordance with the repre
sentations of the approved plat and field notes, and where the pre
vailing conditions are such that strictly restorative processes, when 
applied as an inflexible rule between existing monuments or adopted 
comer positions, are either inadequate or lead to unsatisfactory re
sults. This type of resurvey provides for the segregation of indi
vidual tracts when necessary, or a conformation of individual tracts 
to the subdivisions of the resurvey if suitable. These processes are 
found to be more flexible in their application than those of the 
strictly dependent type, but at the same time they duly protect all 
private rights which have been acquired upon the basis of the origi
nal approved survey and plat. With respect to the identification and 
description of the public lands involved, the independent type of re
survey supersedes the record of the original survey. This will be 
made apparent by the representations of the approved resurvey plat. 

402. The basic principle, with respect to the protection of bona 
fide rights, involved in one type of resurvey is identical with that 
of the other type, whether dependent or independent; they are both 
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to be regarded as a demonstration, on the part of the General Land 
Office, in the light of the best evidence available, by means of the 
legal subdivisions of a dependent resurvey or by the tract segrega
tions of an independent resurvey, of the original position of entered 
or patented legal subdivisions or lots included in the original descrip
tion when related to the original survey. There is no legal authority 
for the substitution of the methods incident to an independent re
survey in disregard of identified evidence of the original survey. 

403. The neceBBity for both types of resurvey is encountered in 
the field; the applicability of one or the other method is altogether 
a question depending upon local conditions, such as extent of oblit
eration, relative harmony of identified and recognized points, and 
extent of disposals by the Government. These questions should not 
be judged in advance of a comprehensive field examination. 

404. In general, a preliminary field examination will be required 
and authorized before the resurvey is to be undertaken. 

The purpose of an investigation is to develop the extent of the 
obliteration of the evidence of the original survey, the extent of 
settlement, the agricultural possibilities of the township, and any 
other information from which the necessity for, and the propriet.y 
of, the proposed resurvey may be determined. 

A second purpose to be subserved by an investigation is the 
aBBCmbling of sufficient data concerning the local survey conditions 
to permit a proper type selection; and with this end in view the 
examining engineer should investigate and report upon the relative 
position of the evidence of the original survey; the degree to which 
identified points are concordant or the reverse; the extent to which cor
ners discordantly related have been made the basis of claim locations; 
the presenco of ono or more systems of unofficial local surveys which 
have been recognized and adopted by the claimants in fixing their 
boundaries; and the degree to which conflicts are to be anticipated. 

400. The proper supervising officer will provide the examining 
engineer with suitable instructions in which the scope of the exam
ination will be indicated and attention will be directed to the par
ticular considerations which should receive attention. During the 
progreBB of the investigation interested parties should be informed, 
upon inquiry, that the work then in progress is merely preliminary 
and only for the purpose of gaining information, and that if resurvey 
is ultimately authorized all valid rights will then be protected as 
required by law. 
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406. The examiner's report should contain definite recommenda
tionR concerning the type of resurvey which, in his judgment, should 
properly be applied in view of the prevailing conditions. 

When the report and recommendations of the examiner, with 
those of the B'Ilpervising officer, have been received by the General 
Land Office, the situation will be considered, the appropriate type 
of resurvey will ble determined, and the preparation of special instruc
tions for the resurvey will be authorized. 

407. The special instructions, which must of necessity be based 
largely upon the data provided by the examination, will indicate 
the scope of the work, and, regardless of whether the lands are to be 
dependently or independently resurveyed, the necessary retrace
menta will be made to fix the outboundaries of the township or 
townships designated for resurvey. With the limiting boundaries 
once restored so as to protect under the rules already laid down all 
existing property rights in the adjoining lands not to be resurveyed, 
the plan of procedure outlined in the instructions should, under 
the known conditions, prodUce satisfactory results, and adherence 
thereto is expected. If, however, unforeseen conditions are devel
oped in the progress of the resurvey, which may apparently render 
the special instructions inapplicable or likely to produce incon
sistent or unsatisfactory results, it is of the utmost importance that 
the engineer suspend further monumentation of the comers; and 
after such additional retracement and investigation as may be neces
sary to a proper understanding of the situation, he should report the 
facts to the proper supervising officer and request further instructions. 

408. During the progress of the resurvey the engineer should 
advise all interested parties, as occasion and opportunity may offer, 
that the resurvey is not to be regarded as official or binding upon the 
United States until duly accepted by the Commissioner of the Gen
eral Land Office, as provided by law, and that no contemplated 
alteration in the poaition of improvements or claim boundaries 
should be made in advance of the official acceptance of the resurvey. 

THE DEPENDENT RESURVEY. 

GENERAL CONTROL. 

409. A dependent resurvey is an official re-marking of the original 
lines upon a plan whereby existing evidence of the original survey 
is given primary control over the position of the lines to be reestab
lished. A certain amount of flexibility (as hereinafter described) 
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is allowable in the dependent resurvey when necessa.ry for the 
protection of bona fide rights of claimants, particularly in those 
cases where no objection is found to adopting a point acceptably 
located under the rule of good faith already laid down, when only 
slightly at variance with the theoretical position of the same. 

410. In theory the process consists, first, in the retracement and 
reestablishment of the township exteriors; second, the identifica
tion of all existing interior corners or other evidence of the original 
survey; and, third, the determination, by a suitable field procedure, 
of the theoretical position of all missing corners as indicated by a 
proper interpretation of the record of the original survey in relation 
to Buch existing evidence. The actual field process may be varied 
to some extent in order to meet local conditions or to suit the con
venience of the engineer, but the theoretical position finally deter
mined must be identical with that which would result from a strict 
application of the principles of proportional measurement. When 
this has been accomplished, attention should be given to the adop
tion, as an integral part of the re3urvey system, of corner positions 
determined by the evidences, of whatever character, of acceptable 
claim location. Such evidences may, for convenience, be termed 
"collateral evidence" as distinguished from direct evidence of the 
original survey. 

411. The process of the dependent re3urvey differs in scope from 
that applied for the usual restoration of one or more lost corners, 
and the rules governing a resurvey bring into consideration ill a 
more comprehensive manner the position of recognized land bound
aries, in the absence of evidence of the original corners. The engi
neer has noted the detailed instructions set forth in Chapter V 
looking to the identification of existing evidence of the original 
survey and the application of the rules of proportionate measurement 
for the determination of the theoretical position of lost corners. 
These rules will be applied in the dependent resurvey generally 
with respect to the township as a unit, wherein the means of identi
fication of each and every existent cornel' will be exhausted and the 
theoretical position determined for each lost corner. The former 
are to be considered as fixed points (except in most unusual 
cases) and may be monumented at any time; the latter will be 
subjected to the possible influence of points which may afterwards 
be determined to be acceptably located under the same rule of good 
faith, and will be marked only as temporary points until this ques
tion has been disposed of. 
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4:12. A complete retracement of the original survey will be made, 
based upon known corners, it being assumed that the exterior 
boundaries of the township to be resurveyed have been identified 
or restored under the rules already laid down in Chapter V, and 
under those relating to the acceptability of a local point or claim 
location. It is not usually possible to follow the method and order 
of procedure shown in the record of the original survey (owing to 
missing corners), but the complete system of lines will be run out by 
preliminary retracement, usually beginning with the meridional 
lines between known corners, followed by the latitudinal lines 
between known corners, noting the intersections with the said 
meridional lines. The engineer must be supplied with a complete 
copy of the record of the original survey, and temporary reference 
stakes may be set on the meridional lines at the record measurement 
for each corner point. 

4:18. The preliminary retracements will lead at once to the 
identification of the prominent evidence of the original survey and 
a trial calculation will follow as to the latitudinal and longitudinal 
adjustments at each missing corner, to suit the proportions which 
may be derived when based upon these known corners. A second 
and more exhaustive search will then follow within the zone of the 
probable location of each missing corner for the more obscure evi
dence of the original survey. At this stage of his field work the 
engineer should exhaust every possible means of identifying the 
existent corners of the original survey. In many respects, the 
engineer will be compelled to devise his own methods as the actual 
field conditions seem to warrant, and his skill and judgment as an 
engineer should function to the fullest capacity. 

If additional evidences of the original survey are found by this 
process, a second trial calculation will then be made as to the lati
tudinal and longitudinal adjustments of the temporary reference 
stakes previously set at each missing corner, to suit the proportional 
measurements derived from all of the known original corners-
exactly as outlined in Chapter V. These calculated adjustments 
will determine the theoretical location of each lost corner with 
reference to all existing evidence of the original survey. 

In the absence of other considerations, the theoretical points thus 
determined by proportionate measurement, based upon existing 
original corners, are fixed to a mathematical certainty, and when 
these points have been determined, the evidence of the original 
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survey and the record thereof have served their pritnary purpose. 
Then, ruid not until that time, is the engineer prepared to consider 
the weight of Buch collateral evidence as may be available. 

414:. The question now to be determined is whether the position 
of the lands claimed, occupied or improved is to be adopted under 
the rule of good faith as to location, and whether, if BO adopted, the 
claims thus acceptably located can all be properly protected by the 
dependent plan of resurvey. If the position of any claim fails to 
qualify under the said rule of good faith it may be disregarded as to 
the effect produced thereon by the plan of dependent resurvey. On 
the other hand, if these claims are held to be acceptably located 
under the same rule, they may be adopted as the determining factor 
in the position of the missing corner or corners; and if the claims 
are in such concordant relation to each other and to the identified 
evidences of the original survey as to receive full protection by the 
dependent plan of resurvey, the engineer may proceed with full 
assurance of the adequacy of the plan. Otherwise, the question of 
other processes analogous to those of an independent resurvey (as 
hereinafter explained) must be considered. 

If two or more claims are acceptably located, but are discordantly 
related to each other to a considerable degree (by virtue of irregu
larities in the original survey), it will be clear that the general plan 
of dependent resurvey may not afford protection to such claims; 
whereupon the influence thereof must be rejected in favor of the 
theoretical point previously determined by proportional measure
ment. In this case, as before stated, some other process must be 
adopted to protect the acceptably located claims. 

415. These acceptably located points for the missing corners will 
receive all the authority and significance of an identified original 
corner, and when the influence thereof on the dependent plan of 
resurvey has been combined with that of the existing original corners 
previously identified, the latitudinal and longitudinal adjustments 
of the t emporary points on the meridional lines may be made 
accordingly . 

416. In cases of distortion, if the distorted lines are to be adopted 
in the plan of dependent resurvey, it should be remembered that the 
lengths of lines, when subject to double proportion,are comparable 
only when reduced to cardinal equivalents or to equivalents along 
the direct lines between the nearest exi.sting corners. 
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417. Many situations will arise where it will be manifest to the 
engineer that it is better to accept a position baaed upon local 
interpretation rather than to disturb satisfactory existing condi
tions. The engineer will endeavor to avoid disturbing the posi
tion of locally recognized lines when such action may adversely 
affect improvements, and at the same time extreme caution will 
be exercised in the matter of adopting local points of control, which 
when accepted must be given, as above stated, a significance similar 
to that of an original corner and be allowed to function on an equality 
therewith. The acceptance of duly qualified and locally recognized 
points of control should aid materially in obtaining simplicity of 
resurvey and avoid the need for special metes-and-bounds surveys 
(as hereinafter described), which would differ only slightly in posi
tion from the regular lines of the resurvey. In this manner a flexi
bility will be introduced in the application of a dependent resurvey, 
at least to the point of protecting satisfactory local adjustments. 

4:18. The engineer should fully understand that the field of 
influence to be exercised by any acceptable location must be re
stricted to that already covered in a larger way by the existing 
evidences of the original survey, and that the adjustive proceas 
is of more or leB8 local application. In this connection, it should 
be noted that the record of the original survey can not be abandoned 
in favor of an indiscriminate adoption of property corners, all or a 
portion of which fail to qualify as aforestated, nor is it to be 8.B8umed 
that because a large number or all of the claims within a township 
are consistently related among themselves to an arbitrary system 
of control which is itself altogether unrelated to the original survey, 
that such system is qualified for adoption as the basis of a depend
ent resurvey. 

419. Thus where bona fide rights, as defined hereinbefore, are 
found to have been definitely established with reference to the 
location of lands the position of which can not otherwise be fully 
demonstrated by existing evidence of the original survey, the 
engineer engaged in the resurvey will reject the theoretical point 
determined by the primary control in favor of a. near-by duly qualified 
corresponding point, the position of which has been agreed upon 
by the adjoining property owners. Such a point may be recognized 
as the best ava.ilable evidence of the true position for a corner; as 
previously stated its acceptance by the engineer confers upon the 
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point a significance similar to that of an original corner position, 
and thus avoids disturbing satisfactory local adjustments. Chief 
among this cla& of evidence fonning the basis of the recognized 
position of land boundaries are recorded monuments established 
by local surveyors, duly agreed upon by the interested property 
owners; the position of boundary fences determined in the same 
manner; and the center lines of public roads and drainage or itriga
tion ditches, when intended to be located on the subdivisional 
lines of the public-land surveys. The local record in these cases, 
when available, may furnish the connecting link to the previously 
identified evidence of the original survey, but even in the absence 
of a conclum.ve record, if a point qualifies as a·bove outlined, the 
presumption is strong that its position bears satisfactory relation 
to the original survey and that its correctness can not be succeSB· 
fully disputed . Points which actually qualify as aforestated may 
be accepted a.~ the best available evidence of the true position of 
the original survey. 

420. The technical record of the resurvey should clearly set 
forth the reasons for the acceptance of a local point, where unofficial 
detenninations of the above character do not represent actual marks 
of the originsl survey. Such recognized and acceptable local marks 
will be preserved, and described in the record of the resurvey. New 
monuments will be established as required, in addition to, but with. 
out destroying the evidence of, the local marks. 

RE .ERTABLISHMENT OJ! TRUE LINES. 

421. As already stated, with the combined control of the depend
ent resurvey fully detennined, the final calculation will be made 
as to the latitudinal and longitudinal adjustments of the temporary 
reference stakes previously set at the remaining missing corners. 
The final calculations will be based upon the known position of the 
corners of the general control as thus adopted, upon the plan of 
proportionate measurement, all as provided in Chapter V. The 
result of this process balances in regular proportion the differences 
between the measurements shown in the record of the original sur
vey and those derived in the retracement. Thus the true lines of 
the dependent resurvey are finally determined through the iniiu
ence exercised by the identified existent corners of the original 
survey and every other identified call of the record thereof, and 
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such other collateral evidence of the position of recognized land 
boundaries as may be properly adopted for such influence. 

422. The field procedure incident to the running and measure
ment of the true lines of the dependent resurvey will conform to 
the requirements of Chapter II, while the marking of lines between 
corners and the notation of objects to be recorded will conform to 
the provisions of Chapter III, and the monumentation of the survey 
will comply with Chapter IV. The technical record of the resur
vey will be broadened to show the relationship between the original 
survey and its reestablished lines. 

423. The field note description of an identified or accepted corner 
will be introduced into the technical record of the resurvey at the 
place in the true line notes where the position for the corner is indi
cated as having been attained. The record will embrace: 

(a) A complete deacription of the remaining evidence of the origi-
nal monument; 

(b) A complete description of the new monument; 
(c) A complete description of the original accessories as identified; 
(d) A complete description of the new accessories; 
(e) A concise statement relating to the recovery of a corner based 

upon identified line trees, blazed lines, items of topography, or 
other calls of the field notes of the original survey, in the absence 
of evidence of the monument or its accessories; and, 

(f) A statement of fact relating to the relocation of an obliterated 
monument; or a statement of the determining features leading to 
the acceptance of a recognized local corner. 

424. General titles (in addition to the regular page heading) will 
be inserted in the field notes of dependent resurveys to indicate the 
character of the resurvey, the technical record of which follows. 
Such titles will be inserted in the body of the field notes, as appro
priate, and will show the name of the original surveyor and the year 
in which the original survey was executed; as, for example: 

"Reestablishment of the surveys executed by John B. Smith, 
U. S. Surveyor, in 1842," 
and additional memoranda will be added as appropriate, explana
tory of the method of control adopted in the restoration of one or 
more lost corners. 

425. In addition to the usual showing of data upon the township 
plat, the plat of a dependent resurvey should carry a memorandum 



RESURVEYS. 293. 

for the information of the public to the effect (modified as special 
circumstances may warrant) that-

"This plat of the resurvey of T, --, R. --, delineates a retrace
ment and reestablishment of the lines of the original survey a~ shown 
upon the plat approved --- (date), in their true original position 
according to the best available evidence of the positiou of the orig
inal corners; all differences between the measurements shown on 
the original plat and those derived in the retracement have been 
distributed proportionally between accepted corners in accordance 
with surveymg rules; reference will be made to the original plat 
for the showing of the areas and more detailed descriptions of the 
various smaller subdivisions." 

ADDITIONAL METHODS FOR THE PROTECTION OF BONA FIDE RIGHTS. 

426. In the execution of a dependent resurvey there may possibly 
arise rare cases where locally established corners controlling valuable 
improvements are so discordantly related to the existing -authentic 
evidences of the original survey that such local corners can not qualify 
for adoption as acceptable collateral evidence (secs. 414 and 417), 
there being no legal authority for a disregard of the identified evi
dence of the original survey (secB. 395, 397, and 402). The usual 
appropriate treatment of this situation, where possible of application, 
consists in an amendment of the entry (sec. 397) from the entered to 
the occupied legal subdivisions in terms of the original survey. 
These cases are decidedly exceptional in any township where regular 
control has been developed by careful retracement and thorough 
search. No general remedy has been devised other than that of 
amendment of entry, and where such method appears to be imprac
ticable the engineer will submit a detailed report of the conditions 
found, with recommendation for procedure suited to the particular 
situation to be dealt with and designed for protection to the claim
ant's improvements, but on a plan that will not disturb those who 
have acquired legal righta in tho matter of consistent location. 

EXAMPLE. 

427. A hypothetical example of a dependent l'esurvey follows in 
the text, wherein a showing of typical conditions will be presented. 
In this connection it will be observed that the application of the 
rules for the execution of a dependent resurvey is generally made 
with respect to the township as a unit. In this hypothetical case 
it is presumed that a sufficient number of original corners can be 
identified to enable the restoration oi the township exteriors resulting 
in a satisfactory closure. Upon retracement of the interior lines, 
some evidence of the original survey is developed, also certain 

19\JO'.- 31- -20 
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recognized and acceptable corners. All claims arc found to be 
conformable. 

The engineer will proceed with the complete retraccmcnt of the 
interior section lines. In this proceBB he will employ instrumental 
methods and make the measurements as provided in Chapter II. 
lie will be guided by the suggestions given in Chapter V in regaro 
to the search for evidence of the original survey, and beyond that 
he will devise his own methods in the search as the actual field 
conditions seem to warrant. Temporary reference stakes will be 
set where the original corners arc not at once identified (though 
the use of local reference points will 1e unobjectionable). It. will 
be assumed that a single system of reference stakes has been em
ployed, as this scheme lends itself more readily to theoretical discus
sion, as well as practical utility in the field, and allows the utmost 
freedom as to the order in which the retracements arc made. 

Having completed the reestablishment of the township exteriors 
and the retracement of the interior linea, the engineer will be con
cerned with the two primary considerations, heretofore discussed, 
which it is his duty to harmonize: First, the restoration of what the 
record purports to be original conditions; and, second, the protection 
of the bona fide rights of claimants in the mat/pr or locatio.!], The 
first requirement must be fulfilled with reference to the evidence 
of the original survey, and the discovery and identification of actual 
original corners is paramount, bearing in mind that the development 
of a single additional original corner adds manifest conclusiveneBB 
to the work. These identified points when combined with thoBe 
acceptably located constitute the general control. The second 
item, which does not directly affect the technical procedure, has 
been fully discuBBed hereinbefore. 

KEY TO DIAGRAM, FIG. 69. 
A. Identified original comer. 
B. Intarsection of centor lines of public crossroads. intendod to be located at section 

comer and generally so recognized; accepted as best available evidence of comer. 
C and D. Identified original comers. 
E. Comer established by local surveyor; record shows proper appUcation of the 

method of double proportionate measurement; gonernlly recognized as correct posi· 
tlon 01 comer; ncceptod on an equality with an identified original comer. 

F-M. inclusive. Identified original comers. 
N. Same lIS B. 
O. Identified original comer. 
P. Intorsection of mean pOSition of meridional and latitudinal blazed lines through 

virgin timber; age count on overgrowth qua\!fles tor date of original survey. 
Q. Restored comer basod upon control furnished by latitudinal position of bllued 

lJ.De as above and fixed in departure by distance to original Une troo. 
R. IclentUled orildnal corner. 
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S. BameasE. 
T. Position determlned by location of improvements; point agrees approximately 

with the theoretical position and It is recognized by adjoining claimants; improve
ments would be adversely affected by change of point. 

U. 8ameasE. 
V IIDd W. Same as T. 
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METHOD. 

After completing all retracements and having determined upon the 
general control to be adopted, as indicated in the diagram and accom
panying key, the true lines of the dependent resurvey, beginning at 
the southeast corner of the township, will be reestablished as follows: 

SINGLE PROPORTIONATE MEASUREMENT. 

Lines: A-B, B-a, A-C, C-D, D-E, E-F, F-G, G-H, H-I, a-J, 
J-K, K-L, L-M, and M-I. 

DOUBLE PROPORTIONATE MEASUREMENT. 

Section corners: 1, £-N and b-F; 2, £-N and c-8; 3, o-p and d-X; 
4,C-Qand b-F; 5, C-Qandc-8;6,C-Q andN-U;7,C-Qandd-X; 8, 
g-S and b-F; 9, U-n and d-X; 10, U-n and Q-G; 11, D-L and b-1<'; 
12, D-L and V-i; 13, D-L and W-j; 14, D-L and d-X; 15, D-L and 
Q-G; 16, h-X and b-F; 17, h-X and V-i; 18, h-X and W-j; 19, 
X-M andQ-G. 

INTERIOR QUARTER-SECTION CORNERS. 

All missing interior quarter-section corners by single proportionate 
measurement on line between the adjoining section corners as above 
determined. 

FIELD DATA. 

The retracements develop the following data in regard to the 
relative position of certain points of control and the temporary stakes: 

Beginning at f, North, 40.00 chains, set temporary stake; 80.00 
chains, set temporary stake; 120.00 chains, set temporary stake; 
160.00 chains, set temporary stake; 200.00 chains, set temporary 
stake; 241.20 chains, fall 90 links W. of N; meridional excess f-N = 
1.20 chains=40 links per 80.00 chains. 

Beginning at b, West, 40.00 chains, set temporary stake; 80.46 
chains, fall 20 links N. of temporary stake previously set; record of 
original survey shows length of line 80.22 chains; continue west, 
etc., to F; latitudinal deficiency b-F=84 links=14 links per 80.00 
chains. 

Beginning at 2 (temporary stake), East, 40.00 chains, set tempo
rary stake; 80.82 chains, fall 44 links S. of c; record of original sur
vey shows length of line 79.90 chains; run west from temporary stake 
at 2 on similar plan; latitudinal excess c-8=66 links=22 links per 
80.00 chains. 

CALCULATIONS. 

The adjustments of the temporary stakes to true line position, 
and the determination of the bearings and lengths of the reestab
lished true lines, are calculated as follow~: 
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BETWEEN SECTIONS 35 AND 36. 

Memo. Course. tance. I •• • <,. " • DiR'/ N' S I E In-" 
----------1-----1--1------.--

Retracementl-l... .............. North. 80.00 80.00 ............•..•.... 
Adjustment at 1 for meridional ..................... .40 .........•..••...... 

excess. 
Adjustment at 1 for latitudinal ................................... 0.38 .... _. 

deficiency, 80.46-(80.22-0. 14). 

TlUollnef-l. .................... N. 0"16' E. 80.40 80.40 ....... .38 ..... . 

i~l~~l~~~l:l~::::::::::::::::: :::::::::::::: ::::::: 
AdJustllleut atl; sec. cor. (mean) ......... _ ..... _ ..... . 

.00 

.40 

.20 

.00 

.38 ..••.. 

.19 ..... . 

BETWEEN SECTIONS 25 AND 26. 

Adjustment at 1 from tlUe to ............................ 0.40 .. , . . . . 0.38 
temporary. 

Retracement 1-2................. North. 80.00 80.00 ................... . 
Adjustment at 2 for meridional ..•.................. .80 ................... . 

excess. 
Adjustment at 2 for latitudinal ................•......•........... 0.70 .....• 

excess, 80. 82- (79.90 +0.22). 

. ...•.. 80.80 .40 .70 .38 
.40 ....... .38 .....• 

IJ'rue line 1-2....... . . . . . . . . . . .. . . N. O' 14' E. 80.40 80. 40 __ . _ . . . .32 ....•• 

.40 ._._." 
• 80 ...... . i~~:~:~l :n:::: ::::::::::::: ::: ::::::::::: ::::::: .38 ..••.• 

.70 .....• 

Adjustment ati sec. cor. (mean) •.............. ::::::: 
1.20 
.60 

1.08 .....• 
.54 ..... . 

BETWEEN SECTIONS 23 AND 24. 

Adjustment at 2 from true to ..••...................•.... O. 80 .•••... 1 0.70 
temporary. 

Retracement 2-N................ North. 81. 20 81. 20 ...................• 
Random line to N •.• .. .. . .. .... . East .90 .............. 0.90 ..... . 

....... 81.20 .80 .90 .70 
.80 ....... .70 ..... . 

Trueline2-N .................... N.0"9' E. 80.40 80.40 ... _... .20 ..... . 

Adjustment at 2................. .............. ....... .80 ... _. _. .70 ..... . 
Adjustment from 80.00 ch. point ..................... 1.20....... .90 ..... . 

on random to N. 

. ...... 2.00 ....... 1.60 ..... . 
Adjustment atl; sec. cor. (mean). .............. ....... 1.00 ....... .80 .... _ . 
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BETWEEN SECTIONS 2S AND 36. 

Memo. Course. Di.
tance. N. s. E. W. 

---------1·----1---1------ -
Retracement b-l. _.............. West. 80.46....... ....... ....... 80.46 
Random line to temporary stake ............................ 0.20 ............ . 

at 1. 
Adjustment at 1 temporary to ..................... 0.40 ....... 0.38 ..... . 

true. 

.40 .20 .38 80. 46 

.20 ....... ....... .38 

True line b-l .................... N. 89° 51' W. 80.08 .20 .............. 80.08 

Adj'ustment at b •.. , •........ : .............................. . 
Ad ustment from 80.00 ch. pomt ............... 00 ••••••••••• 

on random to temporary stake 

.00 ....... .00 

.20 ....... .46 

at 1. 
Adjustment at 1 temporary to ..................... .40 .38 ...... 

true. 

. ::::::: J& .. :.2~.1 .. :.~~. J~ 
.... ... .20 ....... ....... .08 

Adjustment atl sec. cor. (mean) - ............ _. ....... . 10 ..... 'ToO . . .. .04 

BETWEEN SECTIONS 24 AND 20. 

~ to random line.. . . . . . . . . . . . . . .. .............. ....... ....... O. 44 .... . .. . ... _ . 
Retracement c-2 (reversed)...... West. 80.82....... ....... ....... 80.82 
Adjustment at 2 temporary to ..................... O. SO ....... 0.70 ..... . 
. true. 

.SO .44 .70 SO.82 

.44 ....... ....... .70 

True line c-2...... . . . . . . . . . .. .... N. 89° 45' W. SO. 12 .36. . . . . .. ....... 80. 12 

Adjustment from 80.00 ch. point 
, on random to c. 
Adjustment at 2 temporary to 

true. 

. 44 ...... . .82 ..... . 

·············r::::: 1::: ::::::: 1::: :::::: 
Adjustment at t sec. cor. (mean)"I"' ... . ... _ ... '\' . . . . . . .62 . 76 ..... . 

THE INDEPENDENT RESURVEY. 

428. An independent resurvey is an official re-subdivision of the 
public lands distinct from the original survey which it ~ designed 
to supersede. The independent resurvey is accomplished by three 
distinct steps: 

(a) The reestablishment of the outboundaries of the lands subject 
to resurvey, following the method of a dependent resurvey; 
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(b) The segregation of lands embraced in any valid claim where 
the initial steps have been taken looking to the disposal of the title 
of the United States based upon the former approved plat; and, 

(c) New exterior, eubdivisional and meander lines as necessary, 
established upon a new regular plan, which, for every purpose of 
identification and description of the public lands involved, becomes 
the prevailing survey. . 

REESTABLISHMENT OF OUTBOUNDARIES. 

429. The limiting boundaries of the lands subject to independent 
resurvey must agree with the previously established and identified 
exteri.or or subdivisionallines of the approved original surveys. In 
order to qualify 8S a suitable limiting boundary as aforementioned, 
a line of the accepted established surveys will be selected Which 
can be conclusively identified (by existing original or properly re
stored corners) in one position to the exclusion of all others and 
which by its known position adequately protects all rights (located 
in good faith 8S hereinbefore defined) based upon any township plat 
showing subdivisions of the public lands adjacent to said boundary. 
Such outboundaries of the lands to be resurveyed by the independent 
process must necessarily be retraced and reestablished in their true 
original position. The lands upon one side of such outboundary are 
to be re-subdivided upon a new plan, while upon the opposite side of 
such line the original subdivisions are to be strictly maintained and 
none of the original conditions are to be disturbed . 

430. The outboundaries are generally selected along the locus of 
the previously established township exteriors where the existing 
evidence gives positive proof of the location of the original survey, 
and where conditions on the ground are harmoniously related to the 
record of said original survey. In special cases certain section lines 
may fully qualify as suitable lines to mark the limit of the inde
pendent resurvey; Buch section lines will then be duly retraced and 
reestablished in their true original position. Particular attention 
will be given to this very important subject at the time when the 
field examination is made with a view to maintaining the original 
survey as far as consistent. 

431. In those cases where a proper limiting boundary can not be 
secured without involving the necessity for the inclusion in the 
group of a greater number of townships than administratively prac
ticable to execute in one assignment, the necessity may arise for the 
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extension of tract segregations (as hereinafter outlined) into a town
ship ungrouped for resurvey. In such cases, under specific 
authority of the General Land Office, any tract found to extend 
across such group outboundary will be segregated in full, whether 
or not the tract was originally described as in the township to be 
resurveyed, and the necessary steps will thereupon be taken by the 
General Land Office in the matter of suspension of the lands in the 
adjoining township from further disposal and of additional investi
gations with a view to a resurvey of all or a portion of the said 
adjoining township. (See second rule, sec. 445.) 

432. The special instructions will show specifically what lines 
have been selected to limit the independent resurvey, and the engi
neer engaged in the execution of such resurvey will proceed with 
the retracement and reestablishment of said outboundaries as a con
dition precedent to beginning the independent resurvey. 

433. Where tho new lines of the independent resurvey are Dot to 
be initiated or closed upon the restored original corners of the rees
tablished outboundaries of the independent resurvey, said restored 
corners will be marked only with reference to the township, range 
and section to which they will thenceforth relate, and new regular 
corners of minimum control will be established as necessary to govern 
the lines of the independent resurvey, all as provided in sec. 164, 
Chapter III. During the preliminary st.ages of the resurvey there 
will often be more or le,ss doubt as to whether an old corner will retain 
its former control or will have to be altered, and until this uncer
tainty has been removed the marking of a corner and its accessories 
should be deferred. The monumentation will follow the final deter
mination of the future significance of each point. Where an old 
point is to be perpetuated merely to control the former alinement, 
but not the corner of a subdivision, its future significance will be that 
of an " angle point" only imd the monument and its accessories will 
be marked accordingly. 

METES-AND-BOUNDS SURVEY OF PRIVATF. Cf.AIMS. 

434. After the reestablishment of the outboundaries of the lands 
subject to independent resurvey has been accomplished in accord
ance with the requirements of the special instructions, the engineer's 
attention will be directed to the segregation or marking out of all duly 
entered, selected, reserved (in certain cases), granted, or patented 
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lands whose description may be based upon the former approved plat, 
and which can not be conformed to the lines of the resurvey. 

435. A status diagram will be furnished to the engineer showing 
all patented lands, valid entries, school sections, and other land 
grants, and all other disposals, reservations, or selections of lands 
whose position and description aro based upon the original survey 
and plat, and whose boundaries can not legally be disturbed. In 
every case the various tracts shown upon the status diagram will 
be protected either by individual "metes-and-bounds" surveyor 
by the assignment of appropriate subdivisions of the resurvey in 
case the latter lines (new section lines, or center lines of sections 
or quarter sections) are found to coincide or approxi.mately agree 
with the boundaries of said tracts. 

436. It is not to be understood that the metes-and-bounds survey 
of private claims must be completed before beginning the projection 
of the new lines of the independent resurvey. It has merely been 
deemed logical to consider the subject of the tract segregations in 
advance of the question of the establishment of new lines. The fact 
is that engineers will find it eX'Pedient to carry both branches of the 
survey along together in the locality of tho camp or other field head
quarters. 

437. The jurisdiction of the General Land Office, the limit of the 
authority of the engineer; and tho bona fide rights of claimants, 
where entered or patented lands are involved, remain absolutely the 
same whether the resurvey is to be made upon the dependent or 
independent plan. Thus where the independent type of resurvey 
has been adopted as more feasible, identified corners of the original 
survey in the immediate vicinity of lands to be segregated will be 
employed for the control of the location of such lands. The question 
of the good faith of tho entryman will in every case be fully con
sidered, as previously outlined in this chapter, and where tho evi
dence of the original survey is so obliterated that a charge of a lack 
of good faith can not be brought against an entryman whose claim 
boundaries may differ from a. theoretical location determined by 
more rigid surveying rules, the available collateral evidence is to be 
regarded as the best indication of the original position of the claim, 
and the same will be employed as far as consistent for the control of 
the location of the boundaries of such claim. (See sec. 395.) 

438. Where there is sufficient evidence of the original survey, the 
identification of the areas to be segregated, resulting from the sub-
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division of the original sections, will proceed in accordance with the 
provisions of Chapters III and V, and every corner or angle point 
of each tract as thus located will be marked upon the ground. 

439. Where the engineer can not point out, by suitable identi
fication of the original surveys, the definite location of an entry 
based upon the former approved plat, the claimant or owner of such 
lands will be consulted as to the position of his boundary lines. The 
boundaries of the private claim, so determined, will be fixed, as 
between the private and public lands, subject to the official accept
ance of the resurvey. Where dispute is encountered in regard to 
the adjustment of the line between adjoining patented tracts, each 
acceptably located under the rules already laid down, which can 
not be reconciled or suitably disposed of by surveying process, the 
tracts will be surveyed in conflict, as hereinafter provided, and so 
shown on the resurvey plat; the questions arising out of such conflict 
will be given administrative review with the field notes of the 
resurvey. 

440. The owner of an unidentified claim will be called upon to 
indicate the boundary lines thereof if possible, and in this connec
tion, should occasion arise, the engineer will explain the manner of 
adjusting differences between adjoining claims and what will con
stitute an acceptable location of a claim. The latter condition 
demands a form agreeing with the original entry, approximately 
regular boundaries, an area not widely inconsistent with that shown 
upon the original plat, and a location as nearly correct as may be 
expected from the existing evidence of the original survey, without 
overlapping into an adjoining township not subject to resurvey, 
except as provided in section 431. In every case where the out
boundaries of the lands subject to "independent resurvey," have 
been reestablished by the "dependent" or "restorative" plan, the 
subdivisions of a tract situated and originally described as along or 
upon the opposite sides of such outboundary must agree ·with the 
line reestablished and harmonize in relative position. 

441. In the execution of an independent resurvey, therefore, 
the identity of each tract to be segregated therein or indicated 
by conformation to the lines of the resurvey, whether patented 
or unpatented, must be maintained, and the engineer will not be 
allowed to change materially the configuration of a tract as shown 
by its original description in order to indemnify the owner thereof 
against deficiencies in area, to eliminate conflicts between entries, 
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or for any other purpose. If improvements have been located in 
good faith, the segregation survey should be 80 executed, or the 
conformation to the lines of the resurvey so indicated, as to cover 
as nearly as possible these improvements and at the same time 
maintain substantially the form of the entry as originally described. 
No departure from this rule will he allowed. 

442. The question of amendment of entries for the purpose of 
permitting adjustments in terms of the resurvey involving lands 
not included within the original tract is a matter for the adjudica
tion of the General Land Office after the resurvey has been accepted 
and the plats thereof filed in the district land office. 

448. In case of absentee owners an attempt should be made to 
establish communication, if necessary, in order that the claimant 
may point out the lands subject to a metes-and-bounds survey. If 
the owner can not he found and there is no visible indication, such 
as a boundary fence, of the location of the limits of a claim, the 
engineer will exercise the alternative of locating the claim from 
the nearest original point of control or from a point of a neighboring 
claim, or of assigning to the entered or patented lands the appropri
ate subdivisions of the resurvey, all subject to the principles here
inbefore set forth. The controlling factors in such locations will be 
based upon the individual and neighborhood improvements (such 
as buildings, wells, springs of water, cultivated lands, public roads, 
fences, corners of recognized private surveys, etc.) which may indi
cate the evident intention of the entryman or patentee as to the 
position of his land. 

444. Each non-conformable valid claim in a township will be 
given a serial tract number, commencing with No. 37 in the smallest 
numbered and entered section of the original plat, progressing 
through the township in the order in which lots and sections are 
numbered. A tract number will be used but once in a township, 
and if any tract lies partly in two or more townships subject to 
resurvey the number applied to the tract in the first township 
resurveyed will not be used for other tracts in the adjoining town
ship. 

445. The follO\ving rules will be observed in the execution of the 
metes-and-bounds survey of all specially designated tracts: 

1st. Each claim, acceptably located, but at variance with the lines 
of the resurvey, will be surveyed and monumented at each angle 
point. 
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2d. Where a port.\on of a claim is originally described as in a town
ship not subject to resurvey, such portion of the claim will not be 
surveyed by metes and bounds, provided the limiting boundary is 
found to qUaliif as set forth in sec. 429. The portion of the claim 
originally described as in the township to be resurveyed should 
ordinarily be defined in a position (either by segregation or confor
mation to the lines of the resurvey) which is properly related to tho 
identified or restored corners on the limiting boundary. (See 
sec. 431.) 

3d. Where the boundaries of a claim are unacceptably located as 
pointed out by the claimant, the engineer will proceed with a proper 
survey of the tract in accordance with rules already stated which 
will result in a suitable relation to the original survey, and the corners 
of the tract as thus located will be monumented. If the claimant 
protests against such location, the engineer will request that the pro
test be made in writing (to be submitted with the returns of the re
survey), and wi'll thereupon make an accurate connection with the 
corners of the claim as unacceptably located, to be made the subject 
of a complete report by the engineer in his field notes, reviewing 
the facts with reference to the question of location. As a further 
protection to an entryman thus unacceptably located see sec. 455. 

4th. Where,through a compliance by the engineer with the general 
rules above laid down, the metes-and-bounds segregation of a claim 
(or the conformation thereof to the lines of the resurvey) within the 
field of an independent resurvey (or the related subdivisions within 
the field of a dependent resurvey) fails to cover any or all of the 
lands, occupied, improved, or claimed by the entryman, patentee, 
or present owner, and the latter indicates a desire to amend his 
entry, that fact will be stated in the field notes, and a separate full 
report will be submitted describing the subdivisions actually occu
pied and BOught to be acquired under the amended entry, but which 
are not covered by the tract as surveyed, all looking to the protection 
of the title to the lands actually earned.! 

5th. Where it so happens that the regular quarter-quarter sections 
embraced within a claim fall in approximately the same position as 
the regular quarter-quarter sections of the resurvey, and the entry
man or patentee indicates a desire to conform his claim to the re
survey, and no apparent objection is found by the engineer, the 
facts will be stated in the field notes, and the claim will be so indi-

1 See current circular relating to amendment of entries. 
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cated upon the resurvey plat. Under this cu-cumstance the metes
and-bounds survey of the tract will be omitted. However, where 
any tract whose original description includes any fractional lot, or 
where any part of a tract falls upon any fractional lot of the resurvey, 
the tracts will be segregated as a whole by metes-and-bounds survey, 
even though some or all of the lines of the tract may coincide with 
certain Bubdivisional lines of the resurvey. 

6th. Conflicting tracts, each acceptably located, will be surveyed 
and monumented, and conflict shown upon the resurvey plat. 
Each intersection of conflicting boundaries will be determined 
upon the ground and recorded in the field notes, and the latter will 
show the number of acres in conflict with each other tract. 

7th. The angle points of a tract will be designated by serial num
bers beginning with No.1 at the northeast corner, and proceeding 
around the claim, running westerly £rOnl the initial corner. An angle 
point may be common to one, two, three, or four tracts, and will be 
monumented and marked as provided in Chapter IV; as for example: 

AP 4 AP 3 . T 26 N R 17 f; T26N RI7E 
TR 38 TR 37 5 14 

AP ' I AP I lAP 2i .~ AP 2 ,I .,... 514 
TA 45 TA 46 TA 38 'fA 37 ',TR 37 

1919 19.19.t 1919 

8th. No accessories will be required with the monuments at the 
angle points of the metes-and-bounds survey. 

446. The proper supervising officer will furnish the engineer 
with an abstract of the valid entries, selections, reservations, patents, 
and grants, based upon the original plat of any township (or portion 
thereof) subject to resurvey, and the said resurvcy can not be re
garded as complete until each and every claim described in said 
abstract of entries (and shown on the status diagram) as in the town
ship to be resurveyed has received full protection in the matter 
of location. Aside from those disposals described as in the township 
to be resurveyed, there will also be furnished to the engineer, as a 
matter of information, the status of all clallus in the adjacent sec
tions of all adjoining townships ungrouped for resurvey. The 
abstract will be included with the other data to accompany the writ
tim special instructions providing for a resurvey. 

447. The field notes .of the metes-and-bounds survey of each 
valId claim will be preceded by a . copy of the abstract of entry 
thereof. A brief statement will then follow in each instance (or 
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with suitable reference), concerning the principal factors controlling 
the location of the particular tract, and whether or not the claimant 
was consulted, or communicated with, in the matter of the identifi
cation of the boundaries of his claim. The statement should be 
clear a.s to whether the location of a claim, shown either as a tract 
segregation or as conforming to the lines of the resurvey, was 
controlled by collateral e'vidence, or by one or more identified 
comers of the original survey, nearby or remotely located, or by its 
relation to adjoining tracts. In case all of the tract segregations 
within a township can be covered by one general statement, the same 
should appear at the beginning of the field notes of the metes-and
bounds surveys. The field notes should be made to account for 
each and every tract shown upon the status diagram. 

448. All claims should be accounted for on the resurvey plat, 
and alkvill be shown either as segregated tracts or a.s conforming to 
the lines of the resurvey, as the case may be, with outline indicated 
by heavy black lines. An exception to this rule will be made in 
those rare cases where all the claims within a township have been 
conformed to the linos of the resurvey under their original description, 
in which event a statement may be made on the margin of the plat 
that-
•• All claims originally described as in this township are intended to 
conform to the lines of the resurvey under their original description. " 

449. As a further safeguard that the returns of independent 
resurveys may be conclusive in the matter of the significance of 
the tract segregations, the plats thereof will show a statement that-

"All tract segregations shown hereon re:present the position and 
form of said tracts under the original descnption as referred to the 
original survey, located as such on the ground according to the best 
available evidence of their true position." 

41)0. The above statement will be modified if one or more of all 
the claims shown on the status diagram are conformed to the lines of 
the resurvey, either under the original description or by different 
legal subdivisions, as follows: 

•• All tract segregations shown hereon and all other claims shown to 
conform to the lines of the resurvey, whether by the ori~nal or new 
legal subdivisions, represent the position and form of saId tracts un
der the original descnption as referred to the original survey, located 
a.s such on the ground according to the best available evidence of 
their true position. " 
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451. The projection and measurement of the lines of the metes
and-bounds survey a.nd the technical record in respect to the same 
will conform to the usual practice in regular surveys. While the 
mapping of important items of topography and valuable permanent 
impl'ovements will be given attention with regard to this feature of 
the resurvey plat, yet it will be apparent that the amount of data to 
be tUtown in connection with the metes-and-bounds surwys makes 
it impossible, at the usual scale, to show objects of little relative 
importance. This class of memoranda taken during the progress of 
the work will not be required in the field notes of metes-and-bounds 
surveys. 

452. At least one angle point of each tract survey will be definitely 
connected with one of the regular corners of the resurvey, and where 
lines of claims are intersected by lines of the resurvey a connection 
will be made from the point of intelSection to the nearest claim cor
ner and recorded in the field notes of the regular section line. The 
latter will be considered a satisfactory connection to all adjoining 
claims located within the interior of either section. Where an ex
tensive system of tract segregations has been surveyed, the interior 
tracts of the block will not require individual reference connections. 
The establishment of closing corners on the regular line when entering 
or leaving public land will conform to the general practice in this 
respect as provided in sec. 191, Chapter III. 

THE PROJECTION OF NEW LINES. 

453. The peculiar conditions of the situation which necessitate 
an independent resurvey render it impOBBible to formulate general 
rules suited to all cases. Experience has demonstrated the neces
sity for giving deliberate attention to the unique problems of subdi
vision which are to be found in each definite example. The general 
practice is to secure an engineer's report of the actual conditions 
involved in a particular independent resurvey, upon consideration 
of which there may be devised the best plan for a re-subdivision of 
the vacant public lands, and the latter will be set forth in the special 
instructions. The possibility of placing the regular lines of the 
independent resurvey so as to obtain maximum agreement with the 
position of the boundaries of conformable claims will be fully con
sidered with a view to eliminating or reducing the necessity for 
tract s'egregations, if possible, where this can be accomplished in 
harmony with the rules previously outlined. The examiner's 
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recommendations in these matters should be explicit and responsive 
to his special advantages in the opportunity of working out the tech
nical problem while on the ground. 

454. A problem involving the re-subdivision of vacant public 
lands, as in an independent resurvey, should be approached in the 
same way as practically all problems in fragmentary subdivision, 
though the independent resurvey may at times involve the re-sub
division of a group of many townships wherein all conditions, except 
perhaps with relation to the tract segregation surveys, may be 
comparatively regular. First attention will be given to completing 
the new township exteriors which are to be independently resur
veyed after having reestablished the outboundaries of the group on 
the dependent plan. The new exteriors will be carried forward and 
completed in harmony with the rules set forth in Chapter III for 
the establishment of original smveys. The new section lines will 
be run out and marked as in regular or fragmentary subdivision as 
the situation may be and new meander lines will be run as required. 
The new exterior and subdivisional lines will usually be extended 
across small blocks of tract segregation surveys, noting connections 
as previously stated, and in such cases the new lines and corners 
will be fully monumented regardless of the fact that some points 
will fall within the tract segregation surveys. The latter points 
are required in their usual function to determine the subdivision 
of the public lands affected. 

455. A general exception to the rule of extending the lines of 
the independent resurvey across the tract segregations will be made 
in those townships or portions thereof so densely covered by private 
claims that the remaining parcels of public lands may be as well or 
better identified and described for ·expediency with reference to 
isolated tract numbers. In such cases closing corners will be re
quired on the regular lines when entering or leaving public land. 
The regular lines mayor may not be extended as blank lines acrOBB 
the tract segregations, according to the plan of running the new 
section lines of the resurvey. Where this method is employed it 
will be neceBBary to assign tract numbers to the vacant parcels of 
public land and to mark the angle points thereof accordingly. Where 
a parcel of vacant public land is to be identified on this plan, such 
vacant tracts will be surveyed by metes and bounds in accordance 
with the usual rules. Rare cases may arise where it will be deemed 
expedient to segregate by metes-and-bounds survey certain quarter-
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quarter sections of vacant lands in accordance with the system of 
the original survey as indicated by l¥ijoining tract segregations for 
the purpose of affording a better basis of dispoeal or for amendment 
of entries. Such segregations will not be made unless it is con
clusively shown by the engineer that the fractionaJ. lots and regular 
quarter-quarter sections of the resurvey are inadequate as a · basis 
of disposal under existing conditions of occupancy on the part of 
settlers or of entrymen who may propose to amend. The special 
instructions will be made as explicit as possible in these details, 
which will be determined upon when the plan of the resurvey is 
under consideration by the supervising officer. 

456. Where a section of the resurvey is invaded by patented 
tract segregations, but not by unpatented entries or selections, the 
lotting of the public lands will be carried out in accordance with 
the usual plan of lotting within fractional sections as outlined in 
Chapter III. The numbering of the fractional lots will begin with 
the number next higher than tha highest number employed .in the 
section of the original survey which bears the lIame township, 
range and section number. This plan is intended to avoid any 
possible confusion which might arise from a duplication in the use 
of the ea.me lot numbers. 

457. A departure from the usual rule for lotting is necessary in 
order to provide suitable descriptions within unpatented entries and 
selections where such tract segregations may be subject to relin
quishment or cancellation, also in other cases, to facilitate a subdi
vision of isolated tracts of public lands surveyed by metes and 
bounds. Two methods have been found available, each one better 
suited to particular situations. N either method involves any change 
in the instructions for the field procedure heretofore laid down. The 
discussion of the merits of the two methods and the examples of 
their use are better adapted to the text of Chapter IX, where the 
subject will be found in connection with other details to be shown 
upon the resurvey plats. 

458. The general requirements of Chapters II, III and IV will 
be fully observed in every respect throughout the execution of the 
independent resurvey and in the technical record thereof. General 
titles (in addition to the regular page heading) will be inserted in 
the field notes to indicate clearly the character of the independent 
resurvey, the technical record of which follows; such titles will be 

1990'-31--21 
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inserted in the body of the field notes, as appropriate, and will shol'! 
the iullsignificance of all lines; as for example: 

(a) "Metes-and-bounds survey of private claims as originally lo
cated in accordance with the survey executed by John B. Smith, 
U. S. Surveyor, in 1842;" and 

(b) "Independent resurvey, superseding the survey executed by 
John B. Smith, U.S. Surveyor, in 1842.'~ 

469. All monuments of the onginal survey, not otherwise re
ported upon, when traces thereof have been found, will be con
nected by course and distance with a corner of the resurvey, and 
such connection and a description of the traces of the original corner 
as identified will be recorded in the field notes of the resurvey. A 
useless monument will be destroyed after the point is found to be 
no longer needed for the survey of a claim of any kind whose loca
tion may in any way depend upon such monument. (See sec. 163, 
Chapter III.) 

460. Further exemplification of the approved practices incident 
,to the successive field steps and preparation of the field notes and 
resurvey plats will be found in the chapters that follow. 



• CHAPTER VII. 

SPECIAL SURVEYS AND INSTRUCTIONS. 

SPECIAL. INSTRUCTIONS. 

461. The detail of the work to be accomplished In any survey 
assignment is set out in written special instructions which are 
issued to guide the chief of field party. The special instruc
tions are prepared subject to the approval of the Commissioner 
of the General Land Office, by or under the advice of the rank
ing supervisory officer in direct administrative charge of the 
work to be done. The special instructions may give emphasis 
to any provision of the Manual which may be more or less un
usual iI.! application, but the purpose is more especially to set 
out the extent of the work intended, and the method and order 
of procedurE!! in the survey. The special instructions will ordi
narily be written in the third person, and, coupled with the 
Manual, will contain aU necessary specifications for the survey. 
At the proper time the execution of the field work will be 
assigned to a selected chief of field party. 

462. The special instructions are an important unit of the 
record relating to the survey, and it is exceedingly desirable 
that certain information bearing upon it be set out both for 
immediate and future reference. The following arrangement 
of the subject matter will be adhered to so far as may be 
appropliate, in order that there may be a similarity of practice 
throughout the several surveying districts: 

1. Title: Special Instructions; Group No. ---, 
(State); nature of survey, and location by township, range, 
and meridian. 

2. Preliminary statement (bearing no address) : In the execu
tion of the surveys included under Group No. ---, -
(State), the chief of field party Is authorized and directed to 
make the described examination, retracements, reestablishment 
of points of control, surveys, and resurveys hereinafter set out, 
and will be guided by the Manual of Surveying Instructions, 
the provisions of the following special instructions, and such 
supplemental instructions as may be issued pursliant to the 
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312 MANUAL OF SURVEYING INSTRUCTIONS. 

report of complications developed duri.ng the progress of the . 
work or by reason of additional authorization. 

3. Office authority to proceed with the described field work 
is contained in letter "E," --- (number), dated ---, 
based upon the application of ---. A brief statement of 
the nature of and the names of the parties who subscribed to 
the application will be set out, together with a reference to any 
appropriate citation of departmental instructions or authoriza
tion, or to any special act of Congress relating to the survey. 

4. Appropriation: The costs of the field and office work in
curred in the execution of the surveys herein directed, within 
approved official regulation, are payable from the appropriation 
for .. Surveying public lands" (if the nature of the survey is 
such as to come within the provisions of the! general act). 
Where a special appropriation has been made, its exact title 
will be given, or if the cost is chargeable to a special deposit the 
exact title of the latter will be given, together with a citation 
of the act of Oongress under which such deposit has been 
receIVed. 

5. Limit and character of work: Under this heading there 
will be described by township, range, and meridian the lines 
which are to be surveyed, together with designation by section 
numbers where parts of townships are intended. If the work 
involves other than original surveys, the statement here will be 
extended to indicate the character of the fragmentary survey, 
or the type of resurvey, or the nature of the field examination, 
according to what has been authorized and what is expected of 
the engineer. It will be desirable generally, except in the case 
of strictly original surveys, to supply whatever supporting state· 
ments there may be needed, taken from the authorization or 
elsewhere in the record, for an Understanding of the technical 
or legal questions relating to the work. Where private rights 
may be involved, which is often the case, the facts as known 
should be clearly brought out, and a statement made of such 
rules of practice as may require consideration in the field. 

6. History of earlier surveys: Every new survey and all 
retracements and resurveys are predicated upon what has been 
previously accepted, and to the end that the engineer may pro
ceed with the new work understandingly, a review of the estab
lished surveys will be carried into the special instructions. 
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Full explanations will be given in the event of known or pre
sumed complications. 

7. Method and order of procedure: If the work to be done 
Is primarily the extension of the original surveys, the statement 
of it will follow Manual principles and will be taken up in the 
following order: 

( a) Standard parallels and guide meridians; 
(b) Township exteriors; and, 
(0) Subdivisions, including a reference to the running ot 

meander lines if this class of work is expected, and to the sub· 
division of sections if required in whole or in part. 

The instructions for each township should be completed sepa· 
rately, and so far as practicable the work should be set out in 
the order in which it is to be followed in the field. If there Is 
any reason to anticipate complications, a statement of the treat
ment of the problem will serve both to inform the engineer as to 
what may be expected and to indicate the approved method that 
would be applied on the assumed hypothesis. Where helpful 
to call attention to the Manual rules, the references may be 
made by chapter and section numbers, but the engineer Is 
charged with the responsibility of an understanding of all regu· 
lar practice and familiarity with the Manual as a reference 
guide in unusual cases, and the burden of this is not to be 
transferred to the special instructions. 

If the work involves other than original surveys, the respon
sibility for a statement of the situation and for the formulation 
of detailed specifications for the execution of whatever exami
nations, fragmentary surveys, resurveys, topographic surveys, 
or special monumentatlon may be required will pass to the 
author of the special instructions. There follows in this chap
ter a discussion of a number of the more usual types of special 
surveys,including subjects not appearing heretofore. 

8. Diagrams: In the case of original surveys a blue-print 
diagram to accompany the special instructions will generally 
be desirable. Ordinarily the diagram will be constructed on a 
scale of at least 80 chains to an inch, and should indicate the 
record surveys within 2 miles of the limiting boundaries of the 
group. The directions and lengths of the established lines 
should be shown, together with the principal topographical 
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features. The new work will be shown distinctively, and the 
method of procedure should be Indicated where that will be 
helpful. All areas returned as surveyed will be clearly repre
sented, together with the status of any outlying areas which 
the previous plats may show protracted as though surveyed. 
The author of the special Instructions will give attention to the 
matter of any known claims, or improvements, or monuments 
of other official surveys, as indicated in paragraphs 5 and 13, 
section 236, Chapter III, and will bring this out in the special 
instructions. (See sec. 435, Ch. VI, for the requirement that a 
status diagram be furnished with the instructions for inde
pendent resurveys.) 

9. Field notes, plats, and reports: The special instructions 
should point out what will be expected in connection with the 
preparation of the returns, with a view both to the specific 
understanding of what will be required and to the noting of 
the subjects which are to be given attention in the field. If 
anything is required in the way of a preliminary report or dia
gram to be sent in during the progress of the work, or if special 
lotting or other unusual matters are to be given consideration at 
the time of the preparation of the final returns, attention will 
be given to the same in the special instructions. There will 
also be noted the necessity for returning, for official use, the 
original copy of the special instructions, and all other papers 
which belong with the office record, and the data that may be 
added in the field. includinit the field computation sheets. 

10. Modification of the instructions: The special instructions 
will ordinarily be signed by the ranking supervising officer in 
direct administrative charge of the work to be done, and will 
close with the advice that should conditions arise appearing to 
demand additional instructions, or require an interpretation of 
the instructions as issued, or which apparently make the speCial 
instructions inapplicable as prepared, the chief of field party will 
be expected promptly to submit a report of the situation, with 
such recommendations for office consideration as may be 
responsIve to the authorization. 

SUBDIVISION OF SECTIONS. 

463. If there is need for the subdivision of sections the subject 
will be brought out in the special instructions, and if any un-
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usual methods are required the saUle will be noted. The most 
frequent examples are those of Indian allotment surveys, sub
divisions within reclamation projects, and in various types of 
fragmentary surveys where needed in order to mark the boun
daries of the public land remaining undisposed of. Subdivisions 
of sections are occasionally required to avoid a possibility of 
incorrect local survey, and sometimes in lieu of a remonumen
tation of disputed section 01' quarter-section corner positions 
affecting patented lands. Wherever so intended the subdivision
of-section lines will be run out in accordance with the adopted 
sectional lottings, and the monuments established. 

464. The customary lottings are not to be found on many plats 
of the very old surveys, and the information about the recog
nized or adopted parts of the sections can be secured only by 
reference to the record of the disposals. The latter will more 
frequently show a disposal by aliquot parts, except within frac
tional sections, but often without the usual complement of quar
ter-section corners regularly established as under the practlcWl 
set out in the several Manual editions. An inquiry into the 
assigned areas will sometimes be the only means of ardving at 
the intended disposals. In some very old surveys the usual 
quarter-sectlon corners were not established on all true lines 
of survey, but the record will show instead that .. half-mile" 
pOints were marked on the r andom line and not corrected to the 
true-Une mid-point position. All such unusual problems should 
be brought out in the special instructions, as the diversity of the 
questions ariSing on the subject and the very limited appllca
bllity of many of the answers precludes Manual treatment. 

465. Where special methods are unavoidable the steps should 
be made to conform as nearly as may be with the rules for 
the subdivision of sections as based upon the acts of Congress 
approved February 11, 1805, and April 5, 1832, already fully 
exemplified in Chapters I and III. 

INDIAN ALLOTMENT SURVEYS. 

466. The special requirements of Indian allotment surveys are 
few. The surveys are made in order to mark the boundaries of 
individual allotments. It is .the practice to run out all the 
bounding lines, and to monument all of the corners. Generally 



316 MANUAL OF SURVEYING INSTRUCTIONS. 

the awarded allotments conform to legal subdivisions, and in 
such cases the lines are run in accordance with the rules for 
the subdivision of sections. 

467. All regular corners are marked in the usual manner, and 
ordinarily there is added the letter A (standing for allotment) 
and the allotment number, in each of the several quadrants, as 
appropriate. Allotment numbers are employed serially with 
the various Indian tribes or families, assigned by the Bureau 
of Indian Affairs, when making an award of tribal lands. In 
some cases, as when two or more Indian tribes have rights
within the same reservation, a designating letter is used to 
precede the allotment number, dropping the letter A as sug
gested, and substituting the first letter of the name of the Indian 
tribe, as K 191 (for Kiowa allotment No. 191), or 0 242 (for 
Oomanche allotment No. 242), or A 367 (for Apache allotment 
No. 367). Status diagrams which show the allotment awards 
are furnished with the special instructions for the survey . 

• 468. If a section is to be subdivided, the center quarter-section 
corner Will always be monumented whether or not it may be the 
corner of an allotment, and likewise if a quarter section is to be 
subdivided the sixteenth-section corners on the quarter-section 
boundaries and at its center will always be mOllumented. No 
other monuments of lower order will be established except at 
the determined allotment corners. The latter will be marked 
only with the designating letter lUlU proper allotment number or 
numbers in the several quadrants, as appropriate. 

469. As complete plat deSignations are usually a necessity for 
the allotment work, the awarding of Indian lands is rarely per
formed at . the time of making the subdivision of the township, 
but the marking of the allotment corners at some subsequent 
time will not assume the characterIstics of a resurvey except as 
the intervening years have served to bring about an adVanced 
state of obliteration of the monuments. In the latter case, the 
rules for making a limited dependent resurvey are usually ap
plied, and a resurvey plat is required In order to Show the 
resulting data. Figure 70 is an Illustration of this type ot" plat. 
It is always essential to furnish a field-note record to support 
the allotment surveY,and to supply the deSCriptions of the 
established monuments. 
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This includes a limited dependent l'eSUI'Vey ot the sec
tion-line boundaries, a subdivision of the sections as 
needed, and the marking ot all corners of the several 
Indian allotments, 
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470. The authority for the assignment of land to individual 
Indians is found in both the general and special allotment acts, 
under which it has been the practice of making awards in some 
cases in units of less than the usual quarter-quarter section. 
One act provides that where the improvements of two or more 
Indians have been made on the same legal subdivision of land, 
unless they shall otherwise agree, a provisional line may be run 
dividing said lands between them, and the land to which each is 
entitled shall be equalized in the assignment of the remainder 
of the land to which they are entitled, while in another act it 
was provided that not less than 2% nor more than 10 acres of 
timber land be included in anyone allotment. 'rhere will be no 
question in regard to the treatment of those cases where the 
allotment descriptions are in terms of aliquot parts of the sec
tion, but in some cases it is apparent that the descriptions can 
be stated only in terms of metes and bounds in some way defi
nitely correlated with the section-line boundaries, to which 
included tract there will be assigned a lot number within the 
parts of the one or more sections involved, the lotting numbers 

• thus resulting to be independent of the serial allotment number. 
471. In some cases where the Indian lands border meandered 

bodies of water, it will be found that due to the processes of 
erosion or accretion, or to the construction of a dam which holds 
the water at a higher level, or to the recession of the water 
during the years intervening between the date of the subdivision 
of the township und the date of the allotment survey, material 
changes in the shore line will have taken place. In some cases 
it is the practice to remeander the body of water in order to 
amend the plat to show the true conditions at the date of the 
allotment survey, making new lottings within the fractional sec
tions. A demonstration of the methods employed for the amend
ment of the plat in such cases is contained in sections 639 to 
643, Chapter IX. If the situation is one within the class of 
erroneous' meanders the rules to be followed will be found in 
sections 511 to 529, this chapter. Whatever needs to be done in 
this type of work should be brought out clearly in the special 
instructions for the survey, or in supplemental instructions 
where the facts were unknown in the first instance. 
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METES-A.ND-BOUNDS SURVEYS. 

412. There are many irregular tracts which are nonconform
able to legal subdivisions, which require survey by metes and 
bounds. In section 190, Chapter III, mention is made of those 
which are found most frequently. In all such surveys monu
ments are required at each angle point of the tract boundary, 
which are given serial numbers beginning with No. 1 at the 
initial point, and there will be added some appropriate desig
nating letter, letters, or tract number. Intermediate mile cor
ners are required between the angle points if the length of one 
or more courses exceeds 1 mile. Examples of the usual marks 
for such angle points and intermediate corners are given in 
sections 279, 280, 346, and 347, Chapter IV. If the tract is lo
cated upon surveyed land a connecting line will be rnn from the 
initial point to a regular corner of the subdlvisional survey, as 
required in section 190, Chapter III, but if the location is within 
an unsurveyed township, specific advice regarding the running 
of a connecting line, or the establishment of a location monu
ment, or the determination of the geographic position of the 
initial point will be supplied in the special instructions for the 
survey. 

TOWN-SITE SURVEYS. 

413. The acts of Congress approved March 3, 1863 (12 Stat. 
754), and March 3, 1877 (19 Stat. 392), as carried forward into 
sections 2380 and 2381 Revised Statutes, and numerous special 
acts, make provision for the Executive withdrawal of public 
lands for subdivision Into town-site blocks and lots, both urban 
and suburban, and for disposal in such units. 

The normal Government town site has a rectangular plan 
wherever, and so far as, the site conditions so permit, but 
where the situation is not suitable for a simple street and 
block system a preliminary examination is made in order to 
ascertain a layout which will afford the best use of the ground 
available for improvement, with suitllble grades for streets, give 
proper regard for existing locations where rights have already 
been acquired, and provide for ra ilroad or other rights of way, 
station grounds, lake-shore front;age, natural park areas, and 
other Important conditions which should have consideration. 
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474. Only the fundamental requirements of town-site surveys 
can well be presented here as the character of the area, the 
topography, its location, and whether it is a new town site or an 
addition to an old one, will to a large extent determine the 
detail of the street and block system. A preliminary field 
examination and topographic survey will be of the greatest 
value as an aid to ascertainin~ the layout best suited to the 
situation, and the special instructions will call for a preliminary 
report of the proposed plan where this can be done, otherwise 
much of the responsibility for the detail of the survey will 
have to be passed to the chief of the field party. 

475. In the typical town site the blocks may be made 300 feet 
square, and usually not over 320 feet by 400 feet, with a 20-
foot alley running the long dimension of the block. The princi
pal streets are usually made 80 feet in width, though fl:e
quentIy as much as 100 feet where the greater width appears 
to be needed or desirable, and the less important intersecting 
streets are seldom given a width of less than 60 feet. An alley 
is usually placed in each block, 20 feet in width and paralleling 
the principal street system. The normal frontage of the lots 
is 50 feet, which run back in rectangular form to the alley. 
Where conditions are suitable the whole system is laid out 
on cardinal, and in all town sites the blocks are given serial 
numbers, usually beginning with the northeast block and pro
ceeding with the numbers alternately to the west and to the 
east. The lots are given serial numbers within the block. 

476. It will be noted that the foot unit is employed on all 
town-site surveys, and long steel tapes graduated in that unit 
are furnished for the purpose. In most cases the necessary 
accuracy can be secured only with the use of a spring balance 
for the maintenance of the proper tension, and with allowance 
for temperature corrections to the degree at which the tape Is 
standard. 

477. In making the town-site survey the greatest care wlll be 
exercised to identify the original section-line boundaries and to 
execute the subdivision of the section or sections in the proper 
legal manner for the ascertainment of the assigned town-site 
boundaries. Permanent monuments will be placed at each turn
Ing point of the . t«;lwn-site boundary lines. These may be the 
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3-inch iron post, or a tablet seated in a concrete block as large 

as 8 inches square and 86 inches long, marked with the usual 

subdivisional identification marks, the capital-letter initials of 

the town-site name, and the letters "T S," in the appropriate 

quadrant. The boundary streets, and the other streets, blocks, 

and lots are then laid out, permanent control monuments estab,

lished, and connecting line measurements made, as may be 

necessary to afford an exact relocation of any point; and to 

secure all data respecting true bearings and deflection angles, 

both for the center lines of the streets and for the block lines, 

the connecting lines to the permanent monuments, and the di

mensions of all streets, blocks, and lots. All of this sort of data 

is carried to the tOWD-site plat, and its sufficiency may be tested 

by the ability to readily ascertain the position of any given 

point, and to calculate the area of any individual lot. 

478. A number of permanent monuments will be placed at the 

intersections of the street center lines and connections made to 

the block corners so as fully to insure .a complete and ready 

restoration of any block corner. The 2-inch iron post, or a 

tablet seated in a concrete block as large as 6 inches square 

and 24 inches long, may be employed for this purpose. These 

should be subsurface monuments, placed as much as 1 foot be

low the probable grade line of the street, and marked only for 

the point of intersection. 
479. In ordinary cases hardwood stakes are employed for the 

block corners, and to mark the front corners of each lot, also 

to mark the intersections of the alley side lines with the block 

lines. The points here called for are always to be monumented, 

and a more durable marker, such as a galvanized-iron pIpe 

will _ be employed where the- site conditions are unfavorable to 

the preservation of a wooden stake. · The block corner and 

alley stakes are usually made 2 inches square and 24 Inches 

long; the lot corners 1 by 2 by 24 inches; the latter are set only 

on the block lines and not on the alley lines. The block cor

ners only are marked with the appropriate numbering. 

480. The field traverse of the tOWD·site boundaries will ordi

narily be made to close within an error of not toexceed rnTI, 
and never to exceed "ltfrsTI' The determined lengths of lines and 

their bearings will be balanced, so as to secure a perfect closure 
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for the data which are to be carried to the plat. The required 
accuracy can always be secured by the method of repetitions for 
the turning of angles, and by the method of measurement herein 
authorized, due regard being given to the reduction of lengths of 
lines to the true horizontal distances. This class of data, as 
well as that hereinafter mentioned, should be such as to leave no 
discrepancy whatever in any calculated position, whether work
ing from one permanent monument to another, or between any 
two points. 

481. Lengths of lines and all angles or bearings will be deter
mined in the field for all irregular blocks and lots; and the side 
lines of the lots, and their back lines, will always be measured 
in the field, and the dimensions carried to the plat, wherever 
needed, as when said lines can not readily be located by the 
method of intersections. 

482. The field notes of the town-site survey wlll show the 
retracement of the old section-line boundaries, the restoration 
of any needed corners, and the subdivision of the sections, all 
complete as may be needed for the ascertainment of the town
site boundaries, and for the description of the controlling 
monuments. All important connecting lines and measurements 
between the boundary monuments and the corners of the 
block lines, or to the permanent monuments marking the street 
center lines adjacent to the boundaries, will be given in the field 
notes. The plan followed in the town-site survey will be ex
plained, and a general statement made as to the monumenta
Uon; beyond this it will be noted that the further detail of all 
directions and lengths of lines has been carried to the plat, 
but is omitted in the field-note record. If there are any im" 
provements unavoidably left in confiict with the town-site 
layout the information will be brought out in the field notes, 
but omitted from the plat. 

483. The town-site plats are usually published at a scale of 
200 feet to an inch, but they are frequently drawn at a some
what larger scale, subject to reduction when published. A mar
ginal diagram is usually supplied in order to show the relation 
of the town-site boundaries to the local section-line control, with 
directions and lengths of lines here given in the chain unit; 
tenths of links will . be supplied where' approprlatefor making 
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a precise reduction to the lengths of lines shown on the main 

drawing. 
484. On the main drawing all lengths of lines will be shown 

in the foot unit, With tenths where needed. All directions and 

lengths of lines, intersection angles, and connecting lines to 

monuments will beglven on, the plat with a view to the ready 

location of any point by calculation from the pOints of perma

nent control, and for the ascertainment direct from the plat of 

the area of any individual lot. 
485. The block and lot numbers will be shown, areas of all lots 

to the nearest square foot, and the streets will be given desig

nating letters, or numbers, or names. In the drafting of the 

data for the regular blocks some of the figures which would be 

applied in each lot of the bloclr may be omitted if it is left clear 

within the block that the lottings are regular for dimension 

and area. 
486. All permanent monuments will be shown on the main 

drawing and connecting data supplied. The widths of the 

streets and alleys will be plainly shown, but not repeated need

lessly. Where .all of tbe lots in any block are of the same dimen

sions, it will be sufficient to show the measurements only along 

the block lines, as the depth of each lot will be indicated by the 

length shown from the block corner to the alley corner. A 

memorandum will be supplied to note the general plan of monu

mentation, with an outline description of the monuments. 

487. If there are reservations for public-school grounds, or of 

ground for other public buildings or parlrs, the provision there

for will be stated in the special instructions. The deSignated 

blocks will be shown upon the plat, numbered regularly and 

titled, but not subdivided. 
488. References will be made to Chapter IX for the usual 

requirements regarding the title and the certlftcates which are 

to appear on the town-site drawing. 

SURVEY OF PARTS OF SECTIONS. 

489. In section 252, Chapter IV, there is a statement of con

ditions where portions of the section boundaries are inaccessible, 

impassable, or so insecure that acceptable monumentation is 

impracticable, which if found to prevail will necessitate the 
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elimination of parts of sections. The situations thus assumed 
are so rare, if allowance is made for increase of cost of sur
vey where warranted, that general rules can not well be an· 
nounced. The questions to be considered are more particularly 
administrative, and ordinarily w1U be given attention in the 
special instructions. The subject matter here set out pertains 
only to the technical processes which are new to the survey of 
rectangular boundaries of parts of sections. Figures 71, 72, 73, 
and 74 show examples. 

490. The west boundary of section 27 (fig. 71) is shown dis
continued at the regular place for the south sixteenth-section 
corner, which is monumented, and the north boundary at 40.00 
chains, established parallel to the south boundary. The sub
division-of-section lines are run random on theoretical courses 
and distances, and closing error distributed, with final results 
(assumed) as shown on the drawing. The several interior 
sixteenth-section corners on the lines run are all to be monu
mented, including the one on the east and west center line of 
the section. 

491. The south boundary of section 9 (fig. 72) is shown dis
continued at the east sixteenth-section corner, and the north 
boundary at the west sixteenth-section corner, both of which 
are monumented, both lines having been established parallel to 
the nearest completed latitudinal line southward in that range 
of sections. The subdivislon-of-section lines are run random on 
theoretical courses and distances, and closing error distributed, 
with final results (assumed) as shown on the drawing. Here 
the center quarter-section corner and the two slxteenth-sectlon 
corners on the east and west center line are all to be monu
mented. 

492. In the illustration showing section 8 (fig. 73) the process 
is similar, excepting that the closing error in latitude is all 
placed in the west line of lot 2. All of the turning points are 
monumented, also the south sixteenth-section corner on the north 
and south center line, and the west sixteenth-section corner on 
the east and west center line. 

493. In section 18 (fig. 74) the closing error In departure is 
all placed in the south Une of lot 3, it having been assumed that 
( a) the corner of sections 7, 8, 17 and 18 was fixed by survey 
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from the east or north, or (b) if from the west, that the frac
tional length of the north line of lot 1 had been determined by 
appropriate calculation. 

494. The several processes are summarized in the following 
rules: 

1. Complete the survey of all regular exterior boundaries and 
subdivisional lines normally, as far as accessible under the 
Manual rules and special instructions. 

2. Where an exterior boundary is to be discontinued the 
line will be established on a cardinal course and on the last 
mile monumented regularly to the nearest 20.00, 40.00, or 60.00 
ch. point. 

3. Where a subdivisional line is to be discontinued, it will 
be established (for alinement) parallel to the governing ex
terior or section boundary (and for length) 20.00, 40.00, or 
60.00 chs., as the situation may be. 

4. The terminal sixteenth or quarter-section corner will be 
monumented; the quarter-section corner will be monumented in 
every case where the point has been attained. 

5. Assign theoretical bearings to the subdivision-of-section 
lines closing the area to be surveyed within a section, each line 
parallel to the governing section boundary, with the lengths 
ordinarily employed for the calculation of areas, as 20.00, 40.00, 
60.00, or 80.00 chs., rUsregartling the ordinary allowable excess 
or deficiency in the length of the latitudinal boundary of the 
section. 

6. Run a random line closing the area to be surveyed, on the 
courses and distances derived in rule No.5, and set a tempo
rary interior sixteenth or quarter-section corner at each turn
ing point and at the intersections of the center lines of the 
section. 

7. Except as noted in rule No. 10, the closing error will be 
distributed as provided in section 380, Chapter V, and the 
ihterior sixteenth and quarter-section corners called for in rule 
No. 6 wm be monumented. 

B.The interior sixteenth and quarter-section corners thus 
established, together with the usual points on the regular sec
tion boundaries, will be employed to control the position of the 
center lines of the section and of the several quarter sections. 
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9. If the length of a boundary of any resulting quarter..quarter 
section di1fers from 20.00 cbs. in excess of 12% Ike., or if its 
direction deviates from cardinal in excess of 21' (by reason of 
disregarding the ordinary allowable excess or deficiency in the 
length of the latitudinal boundary of the section), a lot number 
will be assigned to such quarter-quarter section; the lot area 
will be derived under the usual rule applicable to the calcula
tion of areas of fractional quarter-quarter sections. 

10. In the north tier of sections the closing error in latitude 
will be placed as normally in the north tier of lots, and in the 
west range of sections the closing error in aeparttwfJ will be 
placed as normally in the west range of lots, unless the sub
divisional survey may be made from north to south or from 
west to east under the rules which permit that procedure. 

495. The field notes will show the complete random and true 
line courses and distances, the usual topography on the true 
lines, the description of all monuments, and a description · of 
the difficulties which warranted an elimination of parts of the 
section or sections. 

496. Reading the act of Congress approved February 11, 1805, 
wherein it is stated that "all the corners marked in the pubUc 
surveys shall be established as the proper corners of sections, or 
subdivisions of sections, which they were intended to designate. 
and that corners of half and quarter sections not marked shall 
be placed as nearly as possible equidistant from those two cor
ners which stand ou the same line," and "the boundary lines 
which shall not have been actually run and marked as afore
said shall be ascertained by running straight lines from the 
established corners to the opposite corresponding corners," it is 
apparent that to complete the sUbdivision-oi-section lines in any 
section where the above-described practice has been invoked,· 
leaving the section-line boundaries more or less uncompleted, 
the posItion of the said remaining subdivlsion-of-section lines 
within the surveyed area will be determined first by running 
straight lines between the nearest established control . for the 
~tional center lines, with the pOSition for the center quarter
section cornel' at the intersection of the latter lines, unless 
previously marked, placing the remaining interior sixteenth
/ilection corners on the sectional center lines at mid-points be
tween the exterior quarter-section corners and the center qual'-
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ter-section corner, except within the sections normally frac
tional; and, second, the center lines of the several quarter sec
tions will then be completed separately on a similar plan based 
u.pon the control as developed. In all sections normally frac
tional the usual regard will be given for the placing of the 
fractional unit in proper relation to the regular or proportional 
20-chain units. 

497. The running of a traverse line as a boundary along the 
margin of omitted mountainous areas, and sometimes in the 
omission of other areas classed as impassable, was frequently 
practiced at one time, but was later discontinued owing to the 
large number of fractional lots thus unnecessarily created, as 
sooner or later, in a large majority of cases, the advance of 
settlemeat demanded the completion of the subdivisions across 
the omitteu lands. However, an occasional sUl'Vey of this type 
is desirable in order to meet a peculiar situation where the 
rectangular boundaries can not be completed within the sec
tion, but the examples are decidedly infrequent, and the method 
should be authorizeu in the speCial instructions only when 
supported by ample justification. In such surveys the angle 
points of the traverse line are given serial numbers in each 
fractional section, and the points are monumented. The sub
division-of-section lines are protracted only, unless a defini
tion upon the ground should be required for some good reason. 

ELONGATED SECTIONS. 

498. The rule (sec. 200, Ch. III) for numbering the lots within 
elongated sections is illustrated by }"'igure 75. The example 
shows 12 instead of the 4 normal lots. Cases of this type, 
t.hough infrequent, are sometimes even more exaggerated. The 
condition may occur when clOSing along either the northern or 
western township boundary. or anywhere within a township 
on completing fragmentary subdivisions. 

499. Additional monuments are required on such seetion bound
aries where the length of the closing line exceeds 85 chains 
(sees. 161, 177, 178, and 198, Ch. III) ; these will be placed at 
intervals of 40 chains counting from the regular quarter-section 
corner. Tbe plan for the special marking is derived from tbe 
J:esulting lot ijumhers. It is Illustrated in Figure 76. Thesame 
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FIG. 75.-Elongated section. 

The rule for numbering the lots is given In section 200 
Chapter III. 

figure shows an example for marking monuments set at inter

vals of 20 chains, and within the section, where special circum

stances call for them. 

500. In the very · unusual situations where the distance be' 

tween the regular position for the township boundaries is so 
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FIG. 76.-Elongated section. 
The plan for marking all special monuments here 1l1ustrated is 

derived from the a ssigned lot numbers. 

great that elongated sections in excess of 120 chains would 
result from the application of the above rules, it Is better that 
new half-township (or half-range ) numbers be created in order 
to cover the area located between a new normal exterior at 
480 chains and the next regular township boundary. 
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501. The numbering of the sections within a half township 
(or half range) will depend upon the selection of the governing 
boundaries to be employed. Preference will be given to normal 
procedure, where conditions warrant. The survey and monu
mentation will follow the usual rules for fragmentary subdivi
sion of townships. 

502. It is obvious that where elongated sections occur within 
the interior parts of a township, growing out of partially com
pleted but grossly irregular subdivisions, new half townships 
can not be created. In such cases the rules stated in sections 
498 and 499 will be applied. 

503. If the situation is unknown at the time when the special 
instructions are being prepared, and therefore not fully treated 
therein, the chief of field party will report the facts and await 
the receipt of definite instructions as to the procedure. 

MINERAL SEGREGATION SURVEYS. 

504. The type of work here described is one which involves 
a metes-and-bounds survey of a body of land classified as min
eral bearing, but an area which has not been covered by a 
mineral-patent survey. The field work in these cases will in
clude a retracement and remonumentation of the section boun
daries, with attendant restorations of obliterated corner posi
tions where required. The authority for this class of work will 
issue, as needed in conformity with office regulations, as stated 
in section 631, Chapter IX. 

505. The segregation survey is not a mineral survey in the 
usual accepted sense as defined in Chapter X, as it confers no 
permanent rights upon the mineral claimant. Though the pur
pose is to ascertain the boundaries and position of one or more 
mining claims, it is not made primarily to define the mining 
claims, but rather in order to determine the limits and appro
priate description of the adjoining agricultural land, where the 
latter is covered by pending entry. No survey of this kind is 
required except as needed to supply data for the accomplish
ment of the necessary fractional lotting, or where a showing 
has been made of obliteration of monuments, or distortion of 
lines belonging to the subdivisional survey, or both. The condi
tion of the section-line boundaries will always be verified in this 
type of survey. 
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506. Where regular conditions are found the mineral segre
gation survey will consist only in running not less than two 
connecting lines from identified corners of the subdivisional 
survey to a corner or corners of the mineral location as segre
gated, followed by a survey of the outboundades of the mining 
claim or group of claims, thus supplyIng the data equivalent to 
those ordinarily furnished by a mineral-patent survey. 

507. Monuments, usually l-inch iron posts, will be placed at 
the angle points along the boundary of the mining claim, or out
boundaries of a group of claims, and within the section or 
sections which include the pending agricultural entry, as may 
be needed in order to complete the marking of the limits of the 
latter. The monuments so established will be marked with the 
initials of the name of the mining claim or claims to which it 
belongs, and with the corner number or numbers counted as 
an angle point of the mining claim or claims, aU in a manner 
similar to the practice directed for making mineral-patent sur
veys . . See sections 706, 710, 711, 712, 722, 723 and 724, Chapter 
X. If the monument at the corner of the mineral location is in 
proper position, constructed of durable material, and suitably 
marked, the monument may be adopted without any alterations, 
and a description thereof will be entered in the field notes . 

. 508. In townships where there appears to be an extensive ob
literation of monuments, or where the condition of the lines 
does not conform to the original plat and field notes, the survey 
needed wlll consist of such retracements and restorations of 
the corners of the section-line boundaries as may be necessary 
to define the pending agricultural entries. If the distortion of 
the section lines is so great as to warrant the subdivision of 
one or more sections, the work authorized will be described in 
the special instructions. 

509. The retracement of the lines of the mineral location 
should be made with the same degree of accuracy which is de
manded in a mineral-patent survey. See !leCtions 690, 691 and 
704, . Chapter X. All measurements are to be returned in the 
chain unit. It is essential that the requirements regarding the 
legal length and wIdth of the mineral claims be observed, in
cluding parallelism of end lines, that is, to confine the claim to 
the legal length along the mineral lode, placing the side lines 
within the legal width as determined from the center of the 
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vein at the surface, and that the end lines of each claim shall 
be parallel. The segregated claim is to be made identical with, 
or be embraced within, the boundaries of its location, as pro
vided in the mining regulations. If not identical, a bearing and 
distance will be given from each established corner of the survey 
to the corresponding corner of the location. See sections 696, 
698, 699, 701, 702, 703 and 704, Chapter X. 

510. All rules for the plat construction will be found in 
Chapter IX. 

ERRONEOUSLY OMITTED AREAS. 

511. This title is employed to denominate lands that are not 
shown upon the original township plat, which are so situated 
as to have been excluded from the survey by some gross dis
crepancy in the location of. a meander line as given by the 
field-note record. In the typical cases the unsurveyed land is 
found to be situated between the actual bank of a lake, stream, 
or tide water, and the meander line as given by the field-note 
record, though a considerable number of cases of erroneous 
meanders have been found in the older surveys of the south 
where temporarily overflowed lands, or swamp and overflowed 
lands (strictly classified as such), were mistakenly traversed as 
if they were permanent meanderable bodies of water; and a few 
cases have developed where no bodies of water ever existed in 
fact. All are treated in the same manner as those where the 
discrepancy is traceable directly to a grossly erroneous position 
for the record meander line. The converse is found in those 
cases of areas of water surface that were erroneously included, 
where the record meander line is found to depart from the 
actual bank line in the opposite direction so as to extend into 
the body of water, thus representing an included area to be land 
instead of water. The term is not applicable where the differ
ences can be traced to changes in the water level, or to erosion 
or accretion subsequent to survey. 

512. The question of the ownership of the marginal areas and 
of the legal boundaries of the fractional subdivisions that have 
been disposed of by the United States can be determined only 
through a consideration of the rights of the proprietors who 
have acquired title based upon the representations of the origi
nal township plat. The marginal discrepancies fall at once into 
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two classes, those that may be regarded merely as technical dif
ferences, and those that constitute erroneous omisswn, as where 
In the latter class the plat and field notes of the original survey 
are so grossly in error as to bear no reasonable conformity with 
the bank line. These principles are laid down in the leading 
court and departmental decisions on the subject, and have been 
referred to previously In sections 223, 226, and 229, Chapter III. 

The right of the owner of a fractional lot to the possession 
of the land which fronts upon the actual bank line, in all ordi
nary cases, is derived from the principle that a meander line is 
not a boundary in the usual sense, it being the intention of the 
Government to convey title to the water's edge. If there should 
be changes in the position of the bank line, as by accretion, or 
by recession of the water, the ownership may, in many States, 
include the new land, but this is a claim of an entirely ditlerent 
chamctel', being one that has its origin in the State or common 
law, and is called a riparian right. The law, in many States, 
grants additional exercise of authority within the bed of the 
body of water, with which the text here is not concerned. 

The Government conveyance of title to a fractional sub
division fronting upon a nonnavigable stream, unless specific 
reservations are indicated, either in the patent from the Federal 
Government or In the laws of the State in which the land is 
located, carries ownership to the middle of the stream. 

The above principles are set out in the syllabus in 50 L. D. 
678, as follows : 

Public lands-Courts-Vested rights-Statutes: Whenever 
the question arises in any court, State or Federal, as to whether 
the title to land, which had once been the property of the 
United States, has passed, that question must be resolved by 
the laws of the United States; but when, according to those 
laws, the title shall have passed, then that property, like other 
property in the State, is subject to the laws of the State, so 
far as those laws are consistent with the admission that the title 
passed and vested according to the laws of the United States. 

Navigable waters-Riparian rights: Upon the admission of 
a State into the Union the title to all lands under the navigable 
waters within the State inures to the State as an incident of 
sovereignty. and the laws of the State govern with respect 
to the extent of the riparian rights of the shore owners. 

Public lands-Patent-Riparian rights: With respect to pub
lic lands bordering on nonnavigable bodies of water, the Gov
ernment assumes the position of a private owner, and when 
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it parts with its title to those lands, without reservation or 
restriction, the extent of the title of the patentee to the lands 
under water is governed by the laws of the State within which 
the lands are situated. . 

Survey-Fraud-Lake-Boundary-Publlc lands-Riparian 
rights: Where a survey was fraudulent or grossly inaccurate 
in that it purported to bound tracts of public landi! upon a 
body of water, when in fact no such body of water existed 
at or near the meander line, the false meander line and not 
an Imaginary line to fill out the fraction of the normal sub
division marks the limits of the grant of a lot abutting thereon, 
and, upon discovery of the mistake, the Government may survey 
and dispose of the omitted area as a part of the public domain. 

513. The first thing to be established, where the principle of 
erroneous o~ission is to be set up, is to show affirmatively that 
the area was lana in place at the date of the original subdivision 
of the township and at the date of the admission of, the State 
into the Union, SO that if found similar to the surveyed lands 
the usual inference that the official survey was correct may be 
set aside, and the conclusion substituted that the land should 
have been covered by that survey; but, before looking upon 
a discrepancy as one constituting erroneous omission, or an 
omission in the contemplation of the controlling decisions on the 
subject, a convincing showing is needed on the fact that the 
representations of the original plat and field notes are grossly 
in error. 

514. The appUcations for the extension of the subdivisional 
lines so as to include the areas erroneously omitted from the 
original survey are in most cases initiated either, by settlers 
upon the omitted land or by the owners of the adjoining land. 
The owner of the surveyed land, or a claimant who has pur
chased from said owner, may apply for the survey of the 
omitted area as a preliminary to proceeding with steps to quiet 
the title. In the latter event the possibility of an adverse 
claim mayor may not be present, but the immediate question 
is the merit of the application under the acts of C'ongress 
which grant relief in these cases. In nearly all cases the 
points to be determined require a field examination to verify 
the showing made in the application, and to safeguard the 
action of the department upon it. It should be understood 
that it is objectionable in principle to amend a plat in any of 
these cases pxcept upon the showing of large and unwarranted 
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discrepancies, or by demonstration of equitable title in the 
Government, as otherwise the making of the corrective survey 
is frequently at the hazard of interference with ' private rights ; 
and it should be understood that no proof is required to. show 
the whys and wherefores of an erroneous meander line, but 
rather that the line as run and as represented on the plat and 
in the field notes is in effect grossly in error. The rule is con
cisely stated in 29 L. D. 521: 

It is not necessary to search for the source of the error. The 
result is the same whether such error arose from mistake, In
advertence, incompetence, or fraud on the part of the men who 
made the former survey. 

515. The general procedure in the survey of lands erroneously 
omitted is outlined in section 223, Chapter III, and section 380, 
Chapter V. The angle points of the original record-meander 
courses are given serial numbers, avo.iding duplication of the 
numbers where there are two or more of such record-meander 
lines within a section. The adjusted positions for the angle 
points are monumellted, and marked as shown in sections 279 
and 346, Chapter IV. 

516. The requirements for making the plats to represent this 
type of survey are outlined In sections 639 to 644, Chapter IX. 

517. It is important that the plat should carry a memo
randum precisely stating the situation with reference to the 
survey represented thereon, as: 

The position of ' the original record-meander courses of the 
so-called Moon Lake is shown by an Irregular line with num
bered angle points. This line as thus originally reported was 
grossly in error, and has therefore been marked as a fixed 
boundary, with the directions and lengths of the several courses 
adjusted to the record of the original survey. 

The position of the original record-mean del' courses of Ferry 
Lake fronting along lot 4, section 9, and lots 2, 3, and 4, section 
10, is shown by an irregular line with numbered angle points. 
This line as thus originally reported was grossly in error, and 
has therefore been marked as a fixed boundary, with the direc
tions and lengths of the several courses adjusted to the record 
of the original survey. 

The position of the original record-meander courses of a lake 
reported as having been lr 'ated in section 36 is shown by an 
irregular line with numbered angle points. This line as thus 
originally reported was grossly in error, and, with the excep
tion of certain courses fronting along lots 1, 2, and 9, has there-
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fore been marked as a fixed boundary, with the directions and 
lengths of the several courses adjusted to the record of the 
original survey. . .j 

518. A memorandum will also be supplied wIth reference to 
the dependent resurvey of the several section-line boundaries, as 
required in section 425, Chapter VI. 

519. If there should be substantial areas of accretion to be 
dealt with that fact will be brought .out in the special instruc
tions, with an outline of the governing procedure, and the sur
veying work In reference to all accretion areas will be distinctly 
mentioned In the field notes and so shown upon the plat. 

520. Accretion is a term in general use to denote the landS 
formed by the deposit of material along the bank of a body of 
water, or to denote land uncovered by the recession of the 
water as by the lowering of its level, and the right to such 
newly made land, unless reserved to the State, attaches to the 
ownership of the ground along which the accretion Is formed. 
Where the title to the original subdivisions along nonnavigable 
bodies of water is still in the Government, and where there is 
similar title along navigable waters in those States where 
there is no legal reservation to the State, such title carries the 
right of the Government to subdivide the lands formed by 
accretion, or by the recession of the water, and to dispose of 
the same under the general land laws. If the original sub
divisions were disposed of prior to the formation of the accre
tion, or If the accretions that are formed along navigable 
waters are reserved by State law, the Government has no juris
diction. 

521. A few examples of the survey of erroneously omitted 
areas, wIth a revIew of the facts, will serve to illustrate the 
practice: 

522. Moon Lake case: The plat of T. 12 N., R. 9 E., fifth prin
cipal merIdIan, Arkansas, approved October ZT, 1845, shows a 
meandered lake occupying the greater part of sections 22 and 27, 
and extendIng a short dIstance into section 26. The field note:,; 
of the Une between sections 26 and 27 call for an Intersection 
with the southeast side of "Sunk Lake," here classed as im
passable and navIgable. The surrounding fractional subdivisions 
as surveyed were all patented to the State under the provisions 
of the swamp land grant. 
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FIG. 71.-The Moon Lake case. 
As no such body of water was ever present, riparian 

rights do not attach (sec. 523). 

The case originated on the report of the removal of timber 
from portions of the area, under the color of title arising 
through the ownership of the adjoining land, but it was indi
cated clearly in the report that practically all of the area was 
bigh, dry land, covered witb a growth of large timber, with no 
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differenee in the character of the land from that which had 
been included in the original subdivIsion, and that the topog
raphy, elevation, and timber all revealed little if any change 
since the date of the subdivision of the township. 

The greater part of the tract was found to be covered with 
various species of oak, maple, cottonwood, hickory, sycamore, 
hackberry, cypress, and willow, many of the trees being of 
great age, 300 years or more, and many of them indicating 
strictly upland site conditions. Altogether the area was found 
to be level land, at about the same elevation and in some places 
higher than the surrounding lands, though there was evidence 
of what had been a slough along parts of the edge of the so
called lake. 

523. By decision dated November 30, 1909, bearing depart
mental approval, the Commissioner of the General Land Office 
held that the area, 853.25 acres, was not a navigable lake on 
June 15, 1836, the date when Arkansas was admitted into the 
Union, nor in 1841 at the date of the subdivision of the township, 
but as the land was in place at that period and not havIng been 
permanently covered by water, it was part of the public domain, 
and that title had not passed from the Government. 

On November 5, 1917, the Supreme Court of the United States 
announced an opinion (245 U. S. 24) denying the merits of the 
riparian claimants to the area within the meander line of the 
so-called lake, restating two legal propositions held indisputable 
because settled by previous decisions: 

First. Where, in a survey of the public domain a body of water 
or lake is found to exist and is meandered, the result of such 
meander is to exclude the area from the survey and to cause it 
as thus separated to become subject to the riparian rights of 
the respective owners abutting on the meander line in accord
ance with the laws of the several States. Hardin v. Jordan, 
140 U. R 371; Kean v. Calumet Canal Co., 190 U. S. 452,459; 
Hardin v. Shedd, 190 U. S. 508, 519. 

Second. But where upon the assumption of the existence of a 
body of water or lake a meander line is through fraud or error 
mistakenly run because there is no such body of water, riparian 
rights do not attach because in the nature of things. the condi
tion upon which they depend does not exist and upon the. dis
covery of the mistake it is within the power of the Land Depart
ment of the United States to deal with the area which was 
excluded· from the survey, to cause it to be surveyed and to law-
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fully dispose of it. Niles 'V. Cedar Point Club, 175 U. S. 300; 
French-Glenn Live Stock Co. 1J. Springer, 185 U. S. 47; Security 
Land & Exploration Co. 'V. Burns, 193 U. S. 167; Chapman & 
Dewey Lumber Co. 'V. St. Francis Levee District, 232 U. S. 186. 

Other important pOints in this and similar cases are found 
. summarized in the syllabus: 

If, in the making of a survey of public lands, un area is 
through fruud or mistake meandered as a body of wuter or lake 
where no such body of water exists, riparian rights do not 
accrue to the surrounding lands, and the Land Department, 
upon discovering the error, has power to deal with the mean
dered area, to cause it to be surveyed, and lawfully to dispose 
of it. 

The fact that its administrative officers, before discovery of 
the error, have treated such a meandered tract as subjected to 
the riparian rights of abutting owners, under the State laws, 
and consequently as not subject to disposal under the laws of 
the United States, can not estop the United States from assert
ing its title in a controversy with an abutting owner; and even 
as against such an owner, who acquired his property before the 
mistake was discovered and in reliance upon actions and repre
sentations of Federal officers carrying assurance that such ripa
rian rights existed, the United States may equitably correct the 
mistake and protect its title to the meandered land. 'rhe equi
ties of the abutting owner, if any, in such circumstances are not 
cognizable judicially, but should be addressed to the legislative 
department of the Government. 

The swamp land act of September 28, 1850 (ch. 84, 9 Stat. 
(19), did not convey land of its own force, without survey, se
lection, or patent. 

524. The surveying work to be done in the Moon Lake case 
consisted of a retracement of the boundaries of the several sec
tions, a restoration of the obliterated corners, a remonu
mentation of all of the corners, a retracement of the record 
meander line with monumentation of the angle pOints, and a 
completion of the fractional section lines. (See sec. 515.) 

525. Ferry Lake eo.8c: The plat of T. 20 N., R. 16 W., La. Mer., 
Louisiana, approved August 31, 1839, shows the north boundary 
of the township discontinued on the bank of Ferry Lake. The 
line between sections 10 and 11, in harmony with the remaining 
subdivisions, was discontinued· on the lake bank, but the line 
between sections 3 and 10, instead of being extended to the main 
lake front was stopped on an arm or bay of the lake. The 
meander line through section 3 could be, and was run with 

1990°-31--23 
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Fro. 78.-The Ferry Lake case. 
The contour representing the mean high-water elevation of the lake in 

the year 1812, wheu Louisiana was admitted Into the Union, and in 
1839, when the townsblr was subdivided, is sbown tbus: ............ . .. 

Tbe circumstances, as wei as the extent and cbaracter of tbe lands, 
necessitate the conclusion that the omission was of deliberate purpose 
Or the result of such gross and palpahle error as to constitute in 
effect a fraud upon the Government (sec. 526). 
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reasonable conformity, but in section 10, owing to the failure 
to extend the northern section boundary to the main lake front, 
there was no possibility of running a true meander line; and, 
excepting the end courses, the record line, as developed, bears 
no proper relation to the actual bank. 

The plat of fractional sections 4, 9, and 10 of the same town
ship, approved August 18, 1871, represents an extension of the 
lines between sections 3 and 10, and between sections 4 and 9, to 
the main lake front. The corner of sections 3, 4, 9, and 10 was 
established in this survey, also a meander corner on the west 
side of a narrow bayou which drains out of the north part of 
section 9; but again, for no apparent reason, in rnnning south 
on the line between sections 9 and 10 the survey was terminated 
at a pOint more than 3,400 feet north of the bank of Ferry Lake. 
A part of the meander courses in sections 4 and 9 were accu
rately run, but the remaining courses, particularly those which 
connected with the terminal point on the line between sections 
\) and 10, were merely a traverse line through the woods, though 
represented in the field notes alld shown on the plat to be the 
bank of the lake. 

Such was the situation in this township until oil and gas 
were discovered in large quantities, when in the years 1909 and 
1910 applications were filed with the department to make 
mineral locations, not only on the areas that had been erro
neously omitted from the official surveys, but within the bed 
of the lake, it being alleged that large errors had been malle 
in the running of the meander lines, that the lake itself was 
merely a temporary body of water, and that it had not been 
in existence as a navigable lake, such as would belong to the 
State by right of sovereignty, and reserved to the State on 
admission into the Union on April 30, 1812. In 1910 all of the 
fractional lots adjoining the omitted area had been disposed of 
by the United States. 

The report of the field investigation included a review of con
siderable historical data, expert studies of the geology of the 
lake basin, expert examination of the forest trees, and the sur
veying situation, all leading to corroborative conclusions that 
Ferry Lake was in fact present in 1812 as a navigable body of 
water, though there had been a marked recession of the lake 
by 1910, and that in neither of the surveys m~de in 1839 and 
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IB71.had the lake been correctly meandered in sections 9 and 
10, either as it was at the dates of the surveys or as it was 1n 
1812. 

The soil, topography, and timber on the omitted area were 
identically the same as found on the surveyed land, and for the 
greater part of the length of the record meander line there was 
not the slightest Indication of there ever having been a lake 
bank or water-washed escarpment of any kind. The forest 
growth on the omitted land, which in the one body In sections 
9, 10, 15, and 16 amounted to 229.67 acres, included overcup oall:, 
sweet gum, and red gum on the lower levels, and 011 the re
mainder post oak, black-jack oak, Spanish oak, hickory, pln"\ 
and other varieties, many of them of great age, and clearly the 
descendants of a mixed forest that had occupied the situation 
for many centuries. The overcup oak was found to occupy a 
belt immediately above a belt of cypress timber principally, but 
with some other varieties, which were found occupying the plain 
terraces above and below an escarpment, easily traceable, which 
had been made by the waters of Ferry I,ake, and which con
tinue<!, without interruption, around the entire basin. A coo
tour survey showed the elevations in the omitted area In sec
tions 9 and 10 to range up to 17 feet above the former lake level. 

526. Upon a review of the record, the Attorney General of the 
United States, In a letter to the Secretary of the Interior, dated 
September 11, 1916, concluded-

That no action should be taken to enforce or assert any 
claim by the Government to that portion of the area involved 
which is covered by the waters of the lake because if the State's 
title by virtue of its sovereignty should fail for any reason, I 
see no way of successfully resisting her claim under the swamp 
land. grant. 

However, In so far as concerns the land lying between the 
old meander line and the waters of the lalte, I enth'ely agree 
with you that it constitutes unsurveyed public land of the 
United States, and * * *. 

On January 2., 1923, the Supreme Court of the United States 
announced an opinion (260 U. S. 561, (63), denying the claims 
to the land in sections 9, 10, 15, and 16, adverse to those of the 
Government, and commented: 

The inaccuracy of the plat Is plainly apparent upon a like 
inspection. Why ---" made the survey and returned the plat 
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as he did isa matter of speculation, but the facts demonstrate 
that no survey of the large, compact body of land, which in
cludes the tract in controversy, was ever made. The circu,m
stances, as well as the extent and character of the lands, 
necessitate the conclusion that the omission was of deUberate 
purpose or the result of such gross -and palpable error" as to 
constitute in effect a fraud upon the Government. 

527. The surveying work to be done in the Ferry Lake case 
consisted of the steps already noted in the Moon Lake case 
(see secs. 515 and 524) ; also a monumentation of the contour 
which agreed with the evident mean high-water elevation of 
the lake as it was in the year 1812. The contour line, owing 
to the recession of the waters, was needed to mark the boundary 
of the public land; thus recognizing, in principle, not only the 
sovereignty of the State over the bed of the lake, but as well 
the reservation to the State, under her law, of the land uncov
ered by the recession of the water. 

528. Crooked Lake rund Bear Lake case: The plat of T. 43 N., 
R. 6 E., 4th Prin. Mer., Wisconsin, approved April 6, 1863, 
shows a meandered lake in section 36. Meander corners were 
established regularly on the south and east boundaries of the 
section. The field notes show the running of meander courses 
through the section on opposite sides of the lake, and call for 
high banks, along timbered land. No mention Is made of an 
arm of a lake extending northwesterly into section 25. The 
fractional lottings were disposed of according to the repre
~entations of the plat. 

By letter dated April 16, 1923, the Commissioner of the 
General Land Office advised the Secretary of the Interior of 
an application to make a forest Heu selection for the NE 14 
SW 14 section 36 (lot 15, fig. 79), which according to the rep
resentations of the township plat would be located entirely 
within the bed of the meandered lake as above described. This 
letter contains a review of the facts as developed by a field 
examination, and concludes with a recommendation that the 
land theretofore shown as u meandered lake be surveyed and 
a proper plat constructed. The proposed action bears depart
mental approval. 

The report of the field examination showed the folloWing 
facts: 
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The south and east boundaries of the section cross two 
lakes instead of one, the lal.es being separated by a body of 
land amounting to 236.90 acres contained within the lines 
represented' on the original plat as the banks of the one 
meandered lake. This area is rolling upland ranging up to 50 

,,~ 
41.97 9 ,,~ 

SeC:361~. , ___ . ________ _ ~ ~ 

3~~ 236:~6\ 8 

:'352,\ 
, " ·-·· ~ i - · · -'---- -----.,--. - - --~ 

7 

West' 

lI'lG. 79.-The Crooked Lake and Bear Lake 
case. 

-The south and east boundaries of the sec· 
tion cross two lakes Instead of one, the 
lakeS being separated by a large body of 
land, ranging up to 110 feet above the 
level of either lake, and heavily for
ested, while the shores of the lakes are 
well defined. 

Witness angle points Nos. 6 and 7 are es
tablished on the bank In order to show 
the directions of the lines running from 
angle points Nos. 5 and 8. 

feet above the level of either lake, and forested with pine, 
hemlock, birch, maple and spruce timber. There was no evi
dence of any changes in the water level of the lakes, nor of 
any escarpment along the fictitious meander courses connecting 
them, these lines having been found to traverse rolling land 
instead of following a contour, with not the slightest difrerence 
between the character of the land, soil or timber on the area 



SPECIAL SURVEYS AND INSTRUCTIONfI. 347 

theretofore surveyed and that which had been omitted. The 
shores of the two lakes were well defined, with banks from 
three to eight feet high, bordered by a strip of level land 
from 10 to 30 feet in width, surrounded by rolling hills. The 
geologic formation, as well as the forest trees, indicated great 
age. 

529. The surveying work to be done consisted of the steps 
previously outlined in the Moon Lake case. (See secs. 515 and 
524.) 

SWAMP AND OVERFLOW£!) LANDS. 

'I1DE LANDS. 

530. References are made in section 8 to the coastal limits of 
the public domain as defined by mean high tide, and in section 
4, Chapter I, to the several acts of Congress which granted to 
certain States the swamp lands within their respective bound
aries. The references are continued in sections 226 to 233, and 
in paragraph 10, section 236, Chapter III, under the general 
subjects of the meandering of bodies of water and classification 
of land. 

Tide lands include all coastal areas that are situated above 
mean low tIde and below mean high tide, particularly as such 
areas are alternately uncovered and covered by the ebb and 
flow of the ordinary daily tides. Overflowed lands include 
essentially the lower levels within a stream flood plain 8S dis· 
tinguished from the higher levels, according to the characteristic 
effect of submergence where long continued. Swamp lands 
include aU other marshes and intermittent ponds which do not 
have effective natural drainage, particularly where such condi
tions are long continued. 

531. The Supreme Court of the United States in Baer "'. 
Moran Bros. Co. (153 U. S. 287), states that tide lands are those 
which are uncovered at low tide and are covered at ordinary 
high tide. In Pollard's Lessee 17'. Hagan (15 Curtis, 391, 400, 
the Supreme Court held: 

The shores of navigable waters and the soil under them 
were not granted by the Constitution of the United States, 
but were reserved to the States, respecUvely-

and In Mumford v. Wardell (6 Wall. 423, 436) the court saId: 
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The settled rule of law in this court is that the shores 
of nil vigable waters and the soil under the same in the 
original States, were not granted by the Constitution to 
the United States, but were reserved to the several States, 
and that the new States, since admitted, have the same 
rights, sovereignty, and jnrisdiction in that behalf as the 
original States possess within their respective borders. 

In San Francisco v. LeRoy (188 U. S. 656. 611), the. court 
stated: 

The lands which passed to the State upon her admis
sion to the Union were not those which were affected 
occasionally by the tide, but only those over which tide
water flowed, so continuously as to prevent their use and 

• occupation. To r ender lands tidelallds, which tile State 
by v.1rtue of her sovereignty could claim, there must have 
been such continuity of the flow of tidewater over them, 
or ' such regularity of the flow within every twenty-four 
hours, as to render them unfit for cultivation, the growth 
of 'grassesor other uses to which upland is applied. 

532. In the light of the declsions it is clearly indicated that 
coastal" salt marShes" that are covered by the dally tide be
long to the States by right of sovereignty, and such areas are 
not subject to survey. Coastal marshes that are not covered 
by the daily tide are subject to survey, but being low in elevu
ti6n and usually saturated will be classified as swamp and 
overflowed within the meaning of the several grants. 

533. Riparian rights, as defined by the laws of the several 
States, which are applIcable within the beds of lakes, streams, 
and Udal waters, are not enforceable over the swamp and over~ 
flowed lands granted to the Stater>. 

534. Where surveys or fleld examinations are to be made cov
ering or relating' to swamp and overflowed lands, the special 
instructions should point out the particular questions which. are 
presented;' and in general, in aid of the adjustments which are 
required by the swamp land granting acts, the following rules 
wlll beobgerved: 

1. According to section 3 of the swamp land grant of 1850, 
any legal subdivision the greater part of which Is "wet and 
unfit for cultivation," shall be included in the list, but when t1j(~ 
greater part of a subdivision is not ,of that character the whole 
of it shall be excluded. The" legal subdivision" mentiolled 
herein is the usual quarter-quartei- section or lot as showll by 
the plat of survey. . 
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2. In order to bring land within the definition of the several 
swamp land granting acts, the greater part of anY quarter
quarter section or any lot must have been so swampy or sub
ject to overflow during the planting, growing, or harvesting 
season, in the majority of years at or near the date of the 
grant, as to be unfit for cultivation in any staple CTOP of the 
region in which it to;; located, without the use of 1I0me artUlcilll 
means of reclama tion, such as levee protection or drainage 
ditches. 

3. A subdivision which becomes swampy or overflowed at a 
season of the year When this condition does not interfere with 
the planting, cultivating, or harvesting of a crop at the proper 
time and by the ordinary methods, and so not being "made 
unfit thereby for cultivation," does not pass to the State undel' 
the swamp-land 'grant. 

4. Tame grass or hay, when prOduced by the ordinary meth
ods of preparing the ground, will .be considered a staple crop, 
as well as the cereals, or cotton, Or tobacco. 

5. In the administration of the several ncts granting the 
swamp lands, the Stntes have been allowed optional methods 
of preparing the lists otthe subdivisions that Rre to be identi
fied as swamp and overflowed within the meaning of 8llidacj:s, 
but in every survey, the duty devolves upon the engineer to 
determine with accuracy the position and extent of the swamp 
and overflowed land within the ' area under surVey, regardless 
of the methods employed by the States in asserting claims. 

6. The States of Alabama, Arkansas, Indiana, Louisiana, 
Michigan, Minnesota (excepting as to lands witbin the Indian 
reservations), MissIssippi, Ohio, and Wisconsin have elected to 
base their swamp-land lists on the field-note record, and in these 
States it is imperative that the field notes of the survey,tnc'lnde 
u specific list of the subdivisions each of which is more than 00 
per cent wet and unfit for cultivation, regarding such character 
as at the date of the passage of the granting act. 

7. In California, under the act ot JUly 23, 1866 (14 Stat. 21&), 
the swamp-land lists are based upon the representations of the 
plat of the survey, and in this .State it is imperative that the 
plats <!orrectly show the conditions in tbis respect. 

S. The selection ot the swamp lands within the States of 
Florida, Illinois, Iowa, Missouri, and Oregon, and within the 
Indian reservatiOllS in the State of Minnesota, is based upon 
investigations and reports by representatives of the State and 
of the General Land Office, but this does not set aside the 
Manual requirements for the usual complete showing of the 
character of the land. 

5S5.It is always of importance to note any marked changes 
in the water level and drainage condItions of the region, and to 
ascertain the situation which obtained at the date of the grant-
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ing act, and in all such inquiries it is proper to secure the testi
mony of persons who have known the lands for the longest 
periods. The most convincing evidence relative to the character 
of the land at the date of the granting act will be afforded by 
the older native forest trees, if any are present, or where their 
stumps· remain, as these will refiect their site conditions with 
great certainty. 

This line of investigation will require an inquiry into the 
ha.bitat of the forest species which are found, particularly as to 
whether the usual range of the tree is within low wet ground, 
as for example the cypress, tupelo, sweet gum, water ash, water 
locust, and red bay of the southern latitudes, and the tamarack, 
white cedar, black spruce, swamp spruce, and black ash of the 
northern latitudes of the United States. The presence of any 
of the species named indicates the possibility of swamp land, 
and while conclusive with some of them, others of the species 
named have a wider range and may be found associated with 
upland varieties. If upland varieties are present the plain 
inference will be that the site conditions are that of upland, 
even though a forest species may favor moist rich soil. 

SOIL CLASSIFICATION. 

536. The subject of soil classification is referred to in para
graphs 8 and 20, section 236, Chapter III. It is one of consider
able importance when related to the development of the public 
domain, not only to the prospective settler but for the value to 
be found in this field-note information for use in all general soil 
surveys and in the administration of forest lands. While it is 
beyond the purpose of the Manual to go into a subject which 
belongs properly to another scientific branch, yet it is apparent 
(R. S. 2395; Manual, sec. 8, subsec. 99, Ch. I) that the general 
laws require the engineer to note and to report upon the soil 
types. 

537. The objective to be stressed in this line of observation is 
to report upon the characteristic soil types, which when COll

sidered in relation to the normal moisture conditions, including 
precipitation and drainage, the possibility of irrigation at 
reasonable cost, the climatic conditions, elevation above sea 
level, and latitude, will bring out the adaptability of the soil 



SPECIAL SURVEYS AND INSTRUCTIONS. 351 

. for farming purposes, grazing or forestry, or whether it is desert 
or waste rocky land. 

538. A layman's outline only is here presented, to the end that 
it may serve as a guide to the engineer, both in the :field and for 
his inquiry into technical books on the subject as may be needed 
for an intelligent understanding of the various soil types, their 
make-up, and their use: 

1. Soil types, based on texture: Gravel, coarse and fine; sand, 
coarse and :fine; sandy loam; sUt loam; loam; clay, heavy and 
light; and muck. 

2. Structure: Single grained, pulverulent, and lumpy. 
3. Color: Surface soil a~d subson, both when dry and when 

wet. 
4. Depth: Surface soil and subsoil. 
5. Location: River bottom or :fiood plain, bench, slope, plateau, 

prairie, and mountain. 
6. Topography: Level, rolling, broken, hilly, and mountain

ous; and elevation above sea level. 
7. Drainage: Direction, depth to water table, and quality, as 

poor, good, or erosive. 
8. Mode of formation: Water laid, glacier laid, wind laid, 

and residual. 
9. Chemical pI'opeliles: Acidity, alkalinity, and humus content. 
10. Geological derivation: 
(a) Sedimentary rocks: (1) Formed of fragments of other 

rock transported from their sources and deposited as conglom
erate, sandstone, and shale; and (2) formed by simple precipi
tation from solution, as limestone, or of secretions of organisms, 
as some coastal rocks. 

(b) Metamorpblc rocks: Formed througb cbange in constitu
tion, especially those due to great pressure, heat, and water, and 
resulting in a more compact or more bigbly crystalline condi~ 
tion, including, for example, quartzite, marble, slate, and schist; 

(0) Igneous rocks: Formed through the action of intense heat, 
including, for example (first, eruptive rocks), basalt, lava, and 
volcanic ash; (second, trap rock) felsite and quartz-porphyry; 
and (third, granular rock) granite, diorite, and porphyry. 

539. Tbe soll bas its origin in the material wbicb comes from 
tbe distintegration of the rocks. Roots and other vegetable 
matter in the soil are by decay gradually converted into bumus, 
which is found only in the surface soil, and in quantittes which 
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vary , with the activity and profusion of plant life. Plant food 
comes from the chemical elements contained within the rock 
and the humus, one 1s the product of the inorganic, the other a 
product of the decomposition of the organic matter. There are 
foor elements that the plants mainly need In soils-phosphorus, 
potassium, nitrogen, and calcium-the others usually being 
present in plentiful supply and so of less importance in consid
eriDg the fertility. The physical properties of the humus are 
of the greatest importance to the relation of the fertility of the 
soil, and the humus confers upon the soil the power of absorbing 
and retainWg the moisture. 

The soil bacteria thrive best in one which is rich in decaying 
vegetation, with favorable proportions of lime, a ir, light, 
warmth, and moisture, and through their presence much nitro
gen is taken from the air for storage in the ground . . The rela
tion of these things leads to the notable observation that soils 
seem to select their plants, or vice versa. There is found in a 
certain soil type one class of grasses or forest cover, in another 
soil very di1!erent plant life. These are the keys to a study of 
the soils, and when all are considered in connection with the 
~oistur~, climatic, and otner conditions of the environment will 
very largely determine its value for agriculture, stock grazing, 
or forestry. 

540. The following is an illustration of a general description 
of the land and soil types found within u selected township, 
designed to bring out rather minute references to t4e soil 
structure: 

Land, level, and gently rolling plateau, with elevation from 
500 to 700 feet .above sea level. Soil, fine sandy loam; surface 
soll dark graY to black, rich in humus, from 10 to 15 inches 
deep; subsOil, ' light brown loam, 36 incbes deep, resting on 
gravel bed; sedimentary origin, lake laId. Drainage good, the 
stream system being the - river and .its tributarle/il. The 
normal precipitation of the reg10n 1$ ordinarily deficient for 
general farming, but the soil Is well adapted to any of the 
cereals usually grown1n thIs latitude by dry·farmini methods, 
and it produces excellent grasses, both native and tame. 



CHAPTER VIII. 

FIELD NOTES. 

THE GENERAL PLAN. 

541. The field notes are the written record of the survey. It 
is essential that this record show an appropriate identification 
of the lines previously established from which the survey has 
been extended, with suitable "calls" referring to the aline
ment and measurements, description of topography along the 
Jines surveyed, and monumentation of the work. All new 
subdivisions to be platted and the quantity of land in each 
unit are derived from the field notes, and this record will be, 
in turn, the basis for the identification of the boundaries. The 
early laws on public-land surveys comprehended the impor. 
tance of the field notes, and this chapter of the Manual Is de
voted to outlining the requirements, with examples of the 
various forms of record. 

542. The initial notes are kept in pocket field tablets. The 
final field notes .for filing are transcribed from the field tablets, 
and are typewritten upon regulation field note paper. It is 
desirable that the final field notes be made to conform to the 
general arrangement and phraseology set out in the Manual. 
It is obvious, for practical reasons, that a large part of the 
final field uotes must be extended fwm an abbreviated field 
record, and equally apparent that much of the minute detail 
of the initial notes may be appropriately summarized into a 
form of record which will refer directly to the completed 
survey. This distinction in the two stages of the record is 
carried through the text. The subject in hand is that of the 
final field notes, the record that is extended from the field 
tablets; this record is termed the" field Mtes." 

543. There will be entered in the field tablets all appropriate 
notes of the method and the order of the procedure; the dates 
will be shown when engaged upon each part of the work; and 
the division will be noted if the work is divided between two 
or more parties. These notes will also show the minute detail 
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of all observations for time, latitude, and azimuth; the result
ing directions of the lines run; the measurements; and all 
necessary descriptions. The preceding chapters contain ex
plicit instructions on these subjects which do not need to be 
repeated. It suffic(>s to state that the record made in the field 
tablets should supply, along the plan already laid down in the 
preceding chapters, all information which may be needed for 
a complete verification of the final transcript record. 

544. The need for choice of methods in handling the great 
variety of survey types makes it desirable that judgment be 
exercised as to whether part of the work of entering the initinl 
record in the field tabletS' shall be allotted to one or more assist
ants, and how the notes are to be arranged. The chief of field 
party is necessarily churged with responsibility for the accuracy 
and sufficiency of this record, all subject to the approval of the 
proper supervising officer. The work of transcribing the record 
usually receives the personal attention of the engineer, but as 
that is not always the case, it is important that the arrange
ment of the notes in the tablets and the use of abbreviations be 
such as to be readily understood by others who are familiar 
with the technical processes. It follows that due regard should 
be given to the Manual requirements and form, though it is 
intended that set forms of expression be usP.{! fiexibly and modi
fied when necessary to conform to the survey procedure. The 
work of the reviewing officers will be directed to the funda
mental requirements of the Manual and the written special 
instructions, and the comments, if any, a.~ to the form of the 
final field notes, will be based upon broad grounds. 

545. The field note8 will be compiled in .. books" as directed 
by the proper supervising officer. A separate book will be em
ployed for the subdivisional notes of each township. Exteriors 
may be combined in the same book with the subdivisional lines 
in the survey of a single township, but in extensive surveys the 
standard parallels and guide meridians will be separated from 
the township exteriors, and the latter will be separated from 
the subdivisional and meander lines in such a way as the 
proper supervising officer may deem appropriate for the per
manent filing ·of the record. The several books of the same 
series will be given designating letters, as A, B, C, et<'. 
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TITLES. 

M6. Each book of field notes will be Included in a regulation 
cover, with approprIate title setting out general information as 
follows: 

1. The description of the lines recorded in that book; 
2. The principal meridian to which the survey refers; 
3. The State in which the survey is located; 
4. The name or names of the engineers by whom the work 

was executed; 
5. The date of the special instructions, with serial group 

number, and date of approval; 
6. The date of the assignment instructions; and, 
7. The dates of the beginning and completion of the work 

included in that book. 

(Or) 

(Or) 

(Or) 

(Or) 

EXAMPLES OF TITLES. 

Fipld Note~ 
Of the Survey O'C the 

Tenth Standard Parallel North, 
Alon\h the South Boundary of '.fownship 41 North, 

'r rough Ranges ~~d1the15, and 16 West; 

J<'ourth Guide Meridian We" t, 
Through 'l'ownsblpt;l 41, 42, 43, and 44 North, 

Between Ranges 16 and 17 West. 

East and North BoundarieR of 
Townships 41 and 42 North, 

Ranges 15 and 16 West. 

Subdlvlslona! and Meander Lines ot 
Township 41 North, Range 15 West. 

West and North Boundaries 
and 

Subdivlsional and Meander Lines ot 
Township 41 North, Range 13 West. 

(All) 
Of the Sixth Principal Meridian 

In the State of Wyoming, 
Executed by 

Wm. C. Jones, U. S. Cadastral Engineer. 

John B. Smith and Fred A. Brown, 
U. S. Cadastral Engineers. 

(All) 

Under special instructions dated June 30, 1927, which pro
vided for the surveys included under Group No. 156, bearing 
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the approval of the Commissioner of the General Land Office 
under date of July 10, 1927 j and assignment instructions dated 
July 15, 1927, addressed to the above-named engineer (or 
engineers) . 

Survey commenced July 25, 1927. 
Survey completed October 10, 1927. 
547. The descriptive portion of the title will be appropriately 

modified if there is a fractional portion of a township included 
in a survey, and for all resurveys and fragmentary surveys, as 
for example: 

(Or) 

(Or) 

(Or) 

(Or) 

(Or) 

Along 

Field Notes 
Of the Survey of 

A po~tlon of the Subdivislonal Lines 
Completing (or continuing) the 

Subdivision of 
'l' ownshlp 39 South, Range 18 East. 

Field Notes 
Of the Survey of 

Four Islands in Burntside Lake, 
In Sections 13, 20, and 29, 

Township 63 North , Range 13 West. 

I!'ield Notes 
Of thp Surve y of 

Fiddlers Island in Venice Ba y, 
In Section 1, 

Township 39 South, Range 18 East . 

Field Not es 
Of the Dependent Resurvey of the 

Exterior and Subdlvlsional .Lines of 
Township 18 South, Range 59 West. 

Field Notes 
Of the Dependent Resurvey of the 
Eleventh Standard Paraliel North . 

the South Boundary of Township 45 North, 
Throll~h Range 79 West ; 

The East Boundary of 
Township 45 North , Range 80 West; 

and the 
South Boundary of 

Township 46 North, Range 79 West. 

Field Notes 
Of the Independent Resurvey of the 

East Boundary and Subdlvisional Lines of 
Township 45 North . Range 79 West, 

. and 
Metes-and-Bounds Survey of Priva te Claims. 



(Or) 

(Or) 

(Or) 

FTFlJ,D NOTES. 

. FIeld Notes 
Of the Dependent Resurvey of the Boundaries of the 

AnastasIa Island Lighthouse and M1Iitary Reservations, 
In Sectious 21, 22 27, and 28, 

Township 7 South, Range 30 East. 

Field Notes 
Of the Dependent Resurvey al)li Extension of Lines 

Subdividing the so-callM Moon Lake, 
In Sections 22, 26, nnd 27, 

TownshIp 12 North, Range 9 East. 

Field Notes 
Of the Dependent ReBurver. and Extension of Lines 

Subdividing Land Bordering E erry Lake and James Bayou, 
In Sections 9, 10, 15, nnd 16, 

'I'ownshlp 20 North, Range 16 West. 
(Or( 

(Or) 

(Or) 

:Field Notes 
Of the Retracement anli Extension of Lin"B 

Subdividing Accretion Area Bordering Red River, 
IncludIng Riverbed Trncts, 

In Sections 4, 5, and 8, 
~'ownship 5 South, Range 14 West. 

Field Notes 
Of the Dependent Resurvey of the Section Boundnrles, 

The; Subdivision of tbe SectioIls, 
and 

The Jlistabllshment of Corners of Indian Allotments, 
Sections 9, 10, 8,nd 15, 

Townehlp 143 Nortb , Range 8Q West. 

FIeld Notes 
Of the Dependent Resurvey of the Section Boundaries, 

'rhe Subdivision of the Sections, 
and 

The Establishment of the Boundru:y, Block and Lot Corners, 
And Street Center-Lines of thc 

Town Bite oLLacdu F'lnmbeau, in 
Sections. 5 and. 8, 

Township 40 North, Range 5 Ea~t. 
(Or) 

FIeld Notes 
Of the Dependent Resurvey of the Section Boundaries, 

And the Metes-and"Bonnds Survey of a body of land cl9Rsl
lled as mineral bearing, Included within the Whitmore 
Quartz and the Monday Quartz Mining Claims,· In 

Section 22, 
Township 7 North, Range 12 East. 

INDEX. 

357 

548. Upon the completion of the field notes of each bOok there 
will be prepared a small-scale index diagram of the llnes 
included in that book. A form diagram will be employed ordi· 

1990'-31--U 
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narily, but it is frequently necessary to construct a special dia· 
gram to suit the work; In the . latter case a sheet of regulation 
field-note paper, or a sheet of the same size, will be employed, 
and a scale adopted that is suited to the available space. It is 
usually preferable to orient the diagram with north to the top 
of the page, though sometimes the outline of the work is such 
that it is better to orient the diagram with north to the left· 
hand (or binding) edge. The Index diagram should show all of 
the lines the record of which is included within the book, with 
page numbers referring to such record to be shown upon the 
lines of the diagram. Meanders and other irregular lines will 
be drawn and indexed. The index sheet will be inserted in the 
book on the inside of the front cover, to appear on the right
hand side, without page number; no field notes will be written 
on the index sheet. 

PAGE HEADINGS. 

549. Each page of the field notes will be given a heading. 
Such heading will be a I-line summary of the title of the field 
notes to be found on that page. New headings will be employed 
within the body of the field notes where changes are made to a 
new division of the survey; this wiII become the heading of the 
pages that follow. Examples will be found in the specimen 
field notes. 

ABBREVIATIONS. 

550. The following abbreviations, especially suited to field 
notes of surveys and designed for brevity, are permitted in the 
final transcript record, and are employed generally in the field 
notes where repetitions in the form of the record and the expres
sions used are such as to make the abbreviations readily under
stood. These abbreviations are employed in the field-note record 
in addition to those shown in Chapter II for analytical notation 
of observations, and those shown in Chapter IV for marks upon 
monuments. Some of these abbreviations, as appropriate, are 
employed upon the township plat. An extended explanation of 
the use of the trigonometric formulas frequently employed is 
contained in Tables 24 and 25, Standard Field Tables. All ab
breviations will be given capital or lower-case letters the same 
as would be proper if the spelling were to be completed. 
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TABLE O~ ilBREVU'I10N8. 

A. for acres. mer. for meridian. 
alt. for altitude. mkd. for marked. 
a.m. for forenoon. M. S. for mineral survey. 
ang. for angle. nat. for natural function. 
app. noon. for apparent noon. N. for north. 
app. t. for apparent time. NE. for northeast 
asc. for ascend. NW. for northwest. 
astron. for astronomical. No. for number. 
B. M. for bench mark. obs. for observe. 
bet. for between. obsn. for observation. 
bdy., bdrs. for boundary, boundaries. p. m. for afternoon. 
ch. , chs. for chain, chains. pt. for point. 
cor., corso for comer, comers. Prin. Mer. for principal meridian. 
corr. for correction. W sec. for quarter section. 
decl. for declination. R., Es. for range, ranges. 
dep. for departure. red. for reduction. 
desc. for descend. re'V. for reverse. 
dlam. for diameter. S. for second, seconds. 
dUI. for ditIerence. Bee., sees. for section, sections. 
dIr. for direct. S. for south. 
d ist. for distance. SE. for southeast. 
E. for east. SW. for southwest. 
e. e. for eastern elongatioll. sq. for square. 
elev. for elevation. Stan. Par. for standard parallel. 
elong. for elongation. sta. for station. 
ft. for foot, feet. tele. for telescope. 
frae. for fractional. temp. for temporary. 
Gr. for Greenwich. t . for time (and hour angle) . 
G.M. for guide meridian. T ., Tp., Tps. for township, townships. 
hor. for horizontal. trl. for triangulation. 
h. for hour, hours. u . C. for upper culmination. 
h. a. for hour angle. U.S.L.M. for United States location 
in., ins. for inch, inches. monument. 
lat. for lat itUde. U.S.M. M. for United States mineral 
lk.,lks. for link, links. monument. 
I. m. noon. for local mean noon. vert. for vertical. 
I. m. t . for local mean time. w. corr. for watch correction. 
log. for logarithmic function. w. t. for watch time. 
long. for longitude. W. for west. 
I. C. for lower culmination. w.e. for western elongation. 
m. for minute, minutes. x. for separating dimension 
meas. for measurement. values. 

THE DETAILED FIELD-NOTE RECORD. 

551. Coming now to the body of the field notes, attention is 
again directed to those sections of the preceding chapters which 
deal with the preliminaries of the field work and to the Manual 
requirements in regard to the field-note record. 
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552. The purpose of the record, in reference to the introduc
tory statements, is to qualify the survey structure; the data 
to be supplied are as follows: 

1. A . description of the instruments employed, and the ad
justments and tests (a reference to where the record will be 
found may be supplied if it is contained in · another book of field 
notes of the same series) ; 

2. A description of the measuring t apes, and their test for 
accuracy; 

3. A description of any special methods employed; 
4. A description of the pOint of begInning and its geographic 

position; and, 
5. The observed magnetic variation. 

553. The following list will assist in locating many 8pecific 
1'equirementa in regard to the field-note record, with examples 
of forms of record: 

Measurements: Descriptions required, sections 16, 23, 35, 141, 
142,575; exnmples, sections 18, 20, 27, 29, 32, 33, 38. 

Instruments, and requirements as to their adjustment: De
scriptions required, sections 41, 42, 43, 44, 45, 46. 

Observations for time: Descriptions required, section 91; ex· 
amples, sections 51, 55, 70, 71, 75. 

Observations for lati tude : Descriptions required, section 73; 
examples, sections 74, 75, 76, 82, 133-A. 

Observations for azimuth: Descriptions required, sections 40, 
81; examples, seetions 81, 87. 88, 97, 98, 108. 112, 120. 

Standard lines; Sections 141, 142, 143, 140. 
Township exteriors: Sections 151, 154, 160, 163, 167. 
Subdivisional lines: Sections 180, 187, 190, 192, 215, 228, 230, 

232, 233, 235, 236. 
Monuments: Sections 238, 241, 254, 324, 325. 
Resurveys: Sections 420, 422, 423, 424, 445, 447, 452, 458, 

459. 
Indian allotment surveys: Section 46fJ. 
Town-site surveys: Section 482. 
Rectangular boundaries of parts of sections: Section 495. 
Mineral segregation surveys: Section 507. 
Erroneously omitted areas: Section 519. 

554. A fun description of all monuments belonging to the 
established s urveys, upon which the new lines are to be 
initiated or closed, will always be furnished with the written 
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special instructions. Upon the identification of such monu
ments, if in good condition, the new field"note record may take 
the form, "which is a ---, firmly set, marked and witnessed 
as described in the ofilcial record "; but if a monument does not 
conform to the record, or if it is found to be in poor condi
tion, a complete description will be supplied; a description of 
the monument as reconstructed will always be entered if any 
changes are made. 

555. The complete description of a monument will be entered • 
once only. In subsequent notes the expression "heretofore de
scribed" may be employed when referring to a point of a pre
vions survey already occupied in the new survey; all new cor
ners recorded· will be referred to by name only, without repeat. 
ing the description of the monument, as for example: "the cor. 
of secs. 2, 3, 10, and 11 "; or "the standard COl'. of sees. 33 and 
34"; or "the cor. of sees. 5, 6, 31, and 32, on the S. Bdy. of 
the Tp." 

556. The character of the land, soil, and forest cover upon the 
lines surveyed will be summarized at the conclusion a:f the 
field notes of each mile. The reeord of the mile w1l1 be closed 
by a Une drawn across the page. A general description of a 
township· as Ii whole, with regard to topography, soil, forest 
cover, merchantable timber, native grasses, water supply and 
drainage, minerals, settlement, and improvements, will be sup
plied at the conclusion of the subdivisional notes. 

557. The record of the names of the assistants and the cer
tificates of the engineer and supervising officer will take the 
f01'l1ls.glven in the specimen field notes. 

SPECIMEN FIELD NOTES. 

558. In the specimen field notes (appendix) there are shown 
the several forms of description of the approved types of corner 
monuments. The types that are employed ordinarily are given 
prominence, but those that are used in exceptional circum
stances are included in order to supply a form of description. 
The indicated departures from the usual type of monumentation 
(iron post corners) are not to be construed as an authoriza
tion to disregard the standard practice which is outlined in 
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Chapter IV, as such authorization, if any, will be found in the 
special instructions, or will be contained in ~ formal letter 
from the proper supervising officer. 

In the specimen field notes some page headings are shown in 
italics in order to conform with printing style, and in the para
graph entries which give the descriptive calls along the lines 
surveyed the second and following lines are indented one space 
to conform with printing style; the italics as mentioned will 

, not be indicated in the typewritten field notes, nor will the 
indentation refer~ed to be made. Descriptions of bearing trees 
and other accessories will be Indented as indicated. In the 
ordinary descriptive style as printed the proper names of the 
princIpal meridians are not capitalized unless abbreviated. In 
tabulations no period is shown after an abbreviation If the latter 
is followed by a leader. A comma is inserted preceding the con
junction" and," as in .. the corner of sections 3, 4, 9, and 10." 
Such differences in printing from the approved typewritten style 
employed in writing field notes are noted here as unavoidable. 

559. Other specimen field notes as needed to show the miscel
laneous forms of record which relate to the general and spe
cialized class of surveys and resurveys to be found in the usual 
work of a surveying district will be supplied by the proper 
superviSing officer. A liberal assortment of such specimen 
field notes, with their accompanying plats, all carefully con
sidered, should be at hand for reference purposes. 

560. The specimen field notes are carried in the Manual ap
pendix, beginning on page 463. Below the title is an index of 
the forms Of record that are to be found in the specimen field 
notes; the appropriate graphic indexes are supplied on pages 
467 and 491. 



CHAPTER IX. 
PLATS. 

THE IMPORTANCE OF THE PLAT. 

561. The term" plat," as employed technically, refers to the 
drawing which represents the lines surveyed, established, re
traced, or resurveyed, showing the direction and length of each 
of such lines; the relation to the adjoining official surveys; the 
boundaries, description, and area of each parcel of the land 
subdivided; and, as nearly as may be practicable, a delinea
tion of the topography of the region, including a representation 
of the culture and improvemeL\ts within the limits of the survey. 
The purpose of the plat and its relation to the survey have been 
pointed out in sections 193, 194, and 210, Chapter III. Upon 
the approval of the field notes and plat by the proper supervis
ing officer, and the acceptance of the same by the Commissioner 
of the General Land Office, the survey may be termed officially 
established or completed, and it follows that the survey does 
not attain official or legal status until thus completed. 

562. It is a well-settled prinCiple of law that a plat becomes a 
part of every Government land patent that refers to any sub
divisions whose descriptions are to be found upon such plat, 
and that the legal significance of the plat in this respect is fully 
as important as though a copy of such plat had been incorpo
rated into such patent. The same applies to any subsequent 
deeds of transfer. The public land is not to be regarded as 
" surveyed" until it has been duly shown upon an approved 
plat, and no subdivisions are to be "disposed of" until so 
identified. 

563. As ordinarily conceived, an original survey of public 
lands does not asoertam boundaries; it creates them. Hence, 
the running of lines in the field and the laying out and platting 
of townships, sections, and legal subdivisions are not alone 
sufficient to constitute a survey. Until all conditions as to 
approval have been complied with, the public lands are to be 
regarded as unsurveyed and not subject to disposal. It follows 
that although a survey may have been physically made, if it be 
disapproved by the duly authorized administrative officers, the 
public lands which were the subject of the survey are still to 

363 
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be classed as unsurveyed. In other words, to justify the appli
cation of the term "surveyed" to a body of public land some
thing is required beyond the completion of the field work and 
the consequent laying out of the boundaries, and the thing that 
is required is the approval of the work of the engineer. If, 
pending such approval, and still more, if after- disapproval of 
the survey, the pubUc lands in contemplation of law are Un
surveyed, it may follow that when the survey originally ap
proved and platted is subsequently annulled, as to the unappl'o
prlated public lands, because the lines and marks established 
have become obliterated, such public lands may revert to 1m 
unsurveyed status for all purposes of settlement and sale. A 
purpose thus to annul such survey may be disclosed by an act 
of Congress or by departmental order directing a resurvey to 
supersede the original, plainly based upon the fact of sllch 
obliteration. With the disappearance of the physical evidence,,; 
a survey survives only as an historical event; As a tangible, 
present fact it ceases to exist, and a new survey lIlay become 
necessary to reestablish the status of the area over which it hUtl 
extended as surveyed lands of the United States. 

564. Entries and disposals are based upon and are defined · b~ 
the monuments or other evi<1ences of the controlling officia l 
survey, and so long as these evidences are in existence the pInt 
of the survey is an official exhibit from which certain infor
mation and record data are obtainable. It is presumed that 
such plat correctly represents the actual field conditions, but 
1r there are discrepancies the indications of the plat must give 
way to the evidence of the corners in place, as it is with refer
ence to the monuments on the ground that the lands are iden
tified, lind the affidavit of the entryman is made that he is 
well acquainted with each and every legal subdivision thereof. 

565. The foregoing reference to the superiority of the con
trolling monuments must not be confused with those cases 
wherein resurvey procedure is involved, as in the absence of 
visible evidences of the original survey, the field notes and 
plat are the best means of identification of the areas disposed 
of, and being the sole subsisting record, the field notes and 
plat will retain tbis purpose until the entries have been re
defined, whereupon the plat of the resurvey becomes in turn the 
exhibit of the true conditions 011 the ground. 
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566. The requirements of the plat and the process of its pro
duction, the ascertainment of areas, amounts, or quantities 
shown, and the use of conventional symbols employed to deline
ate the topography will be set forth in this chapter. 

SPECIMEN TOWNSHIP PLAT. 

567. This is a revision of the specimen township plat which 
accompanied the Manual of 1902. (See Insert No.1.) An effort 
has been made to secure maximum clarity of the essential fea
tures of the subdivisional survey with a standardization ' of the 
lettering which refers to section numbers, lot numbers, areas, 
and lengths and directions of lines, in suitable styles and gages, 
all in conformity with relative importance. The style of letter
ing which bas been selected is intended to combine the greatest 
possible simplicity of execution with minimum liabilty of loss 
of definition on reproduction. 

568. There has been added the detail of lengths of lines apper
taining to fractional subdivisions in order to reveal the basis of 
the computation of all areas in harmony with the plan of sub
diviSion of each section as shown. The distances noted in paren
theses are those regular and fractional portions of lines between 
established monuments which constitute the boundaries of the 
quarter-quarter sections and fractional subdivisions bounded 
thereby; the parentheses are employed where the record is not 
supplied by the field notes; the lengths indicate what was used 
in the calculation of areas. The same lengths are to be adopted 
proportionately whenever there is a need for an establishment 
of sixteenth-section corners on the section boundaries, and for 
control points for the subdivision of sections. 

569. The base drawing and all important improvements, works, 
or structures, and all names, where required, are in black. 
(See Insert No.2.) The term "base drawing" as here em
ployed refers to . the lines showing . aU section boundaries, sub
divisions of sections, and any other lines of segregation, such 
as mineral. or private claim boundaries, meander lines (unless 
to be shown in blue), together with all lettering, referring to 
title, names, memorandum, certificates, section nUlJlbers, lot 
numbers, areas, and lengths and directions of lines. The base 
drawing is one stripped of every detail nonessential to the iden
tification of the subdivisions shown upon the plat. It is this 



366 MANUAL OF SURVEYING INSTRUCTIONS. 

de1lnition, with the descriptions suitable for the disposal of 
title to the land, that characterizes a plat as distinguished from 
a map. It is intended that the arrangement of data on all base 
dra wings be made as nearly uniform as possible in harmony 
with the specimen plat, subject only to the unavoidable need for 
modification where irregular lottings must be made. 

570. The specimen townshIp plat shows a number of improve
ments over former methods of representing map features. These 
changes have been harmonized with modern practice in so far 
as adaptable to the plat. A noticeable improvement has been 
introduced by the use of transparent overprints for represent
ing map data, to be employed on certain types of plats where 
former methods have proven to be inetrective. In this connec
tion it should be observed that a substantial part of current 
work is made up of two classes of surveys wbich present tbe 
most important and increasingly difficult questions of mappIng: 
(1) where the remaining original SUbdivisions are located in 
rough mountain regions; and (2) where in tbe execution of re
surveys there isa demand that the reliable topographic data 
exercise a more important infiuence in ascertaining the control 
to be adopted. A growing disappointment in dealing with plats 
of these types bas come about through the inadequate results 
obtainable by tbe use of all black map symbols without con
fusion with or the obscuring of the essential data of the base 
drawing. This bas been overcome by the use of transparent 
overprints where needed. Colors are not proposed for the gen
eral run of simple plats. 

DRAFTING THE BASE DBA WING. 

571. Township plats are generally drawn on the scale of 40 
cbalns to 1 inch, on sheets 19 by 24 incbes wben trImmed. The 
scale is often enlarged to 20 chains to 1 inch, for showing irregu
lar portions of parts of townshIps; the scale of 10 cbains to 
linch or larger is employed where necessary. The size of the 
sbeets will always be made 19 by 24 inches, regardless of the 
scale or area to be sbown; this is important on account of the 
need for uniformity in the dimensions of filing devIces. A bor
der-line rectangle 16% by 20 inches is right for the normal 
township plat; the lengtb may be regulated between 18 and 21% 
inches if the subject is correspondingly smaller or larger. 
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5'72. The plat subject should be compiled or laid out with a 
good grade, medium hard drawing pencil, one which will make a 
clean mark, but not so hard that it will engrave the lines. 

573. The township will be drafted as a plane, without allow
ance for reduction from the spheroid, as is required in the mak
ing of small-scale topographic maps showing large areas. All 
regular townships may be laid out as a rectangular grid, with 
allowance for fractional measurements along the north tier and 
west range of sections. 

574. In the case of irregular townships, or those containing 
meanderable bodies of water, and lines of segregation such as 
mineral or private claim boundaries, the drawing should be 
laid out from the field closing sheets, duly balanced. The 
exteriors should be closed and balanced, then each section, and 
last the subdivisions within each section. The point of origin 
Is then selected on the drawing, from which point the exteriors 
are carefully laid out, each salient being accurately located by 
scaling, from the point of origin, the balanced values of the 
total latitude and departure of that salient. The section boun
daries are then laid out similarly from suitable pOints of origin 
on the exteriors. Finally the subdivisions of each section, in
cluding the necessary llnes of segregation and meander lines, 
are accurately scaled by the method of total latitudes and de
partures from an origin on the section boundary. On this plan 
the work may be laid out without introducing accumulative 
errors of scaling. 

575. Elements of triangulation figures and offset Hnes will not 
be shown on the plat when the field procedure results in duly 
ascertaining, indirectly, the course and length of the line sought 
to be established. Such diagrams should be shown in the field 
notes if needed for a clear understanding of the procedure, but 
are not required on the plat. 

576. Township plats will show the complete condition of all 
their exteriors, including all closing and standard township 
and section corners, and connecting courses and distances. A 
line common to two townships will be drawn with equal com
pleteness for both, as far as approved surveys will permit. The 
relative position of and data for near-by corners of one or two 
townships and closing township corners, if established, will be 
shown. Corners common to four townships will be shown only 
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ail referring to the subdivisional survey on that plat. Separate 
diagrams of township exteriors are not required. 

577. A township made fractional by an adjacent reservation 
or private land grant, will have the intervening boundary prop
erly lettered, and the .mile posts and connecting distances 
shown. The proper designation of the area omitted will be 
shown. 

578. Where a fractional po-rtion of a township is surveyed, the 
condition of adjacent areas wlll ' be shown clearly by words 
lettered tbereoll, such as: "Unsurveyed," "U. S. National For
est," "Rancho San Luis," "Surveyed by John Smith, 1877," 
"Waste Lava Bed," or other explanation. 

579. On plats of fragmentary surveys areas previously sur
veyed will ·have the sections and lots drawn in blank, to show 
the l'elation of old and new work. 

580. The line of demarcation between a~'eas previously counted 
in the total acreage surveyed and the new surveys will be dis
tinctly shown. A light diagonal shading with black ink on 
the side previously surveyell is recommended to distinguish 
such a line. 

581. Each regular section will show the center lines only and 
the area as 640 acres. In all other sections where lottings are 
required each subdivision must be distinctly shown. Where a 
Sel.>tioll contains one. or more fractional lots, it::! regular parts 
will show the usual areas as 40, SO, or 160 acres; the fractional 
lots will each show the assigned lot number and quantity com
puted to the nearest Xoo of an acre. 'I'he total area of public 
land within each irregular section will be shown as equal to 
the sum of the several parts, as identified by the plat, and dis
regarding parts omitted. 

582. The complete technique of laying out the regular and 
fractional subdivisions of sections and the designations of the 
same by reference to aliquot parts and serial lot numbers is 
covered by sections Hi3 to 233, Inclusive, Chapter III. 

583. With reference to plats which are to show the completion 
of remaining parts of sections not previously surveyed, par
ticularly in regard to sections where parts have .. been shown as 
outlying areas protracted us surveyed (see secs. 214 to 222, In
clusive, Chapter III), it is the practice, where irregular con
ditions are fOWld on the ground nnd no entries have been made, 
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to etrect an annulment of the showing on the former plat, in 
order thus to simplify the execution and platting of the new 
surveys. Occasionally it may be desirable to resurvey a limited 
area, including entire sections previously returned as surveyed, 
where no rights to the land have been acquired, if in so doing 
a more satisfactory result may be obtained. An order sus
pending part or all of the previous survey is required in such 
cases. 

COMPUTATION OF AREAS. 

584. The deficiency in area which results from the convergency 
of meridians is placed normally in the fractional lots adjoining 
the west boundary of the township. Here sections 7, 18, 19, 30, 
and 31, each usually contains lots 1 to 4, inclusive, whose meridi
onal dimensions are all an even 20.00 chains; the dimensions of 
the latitudinal boundaries of these lots are computed propor
tionately from the fractional measurements ascertained on the 
section lines. The area, in acres, of each lot is then found 
simply by adding the lengths, in chains, of itS north and south 
boundaries. 

585. For example, taking section 30, shown on the specImen 
plat, the dimensIons of the latitudinal boundaries, and the areas 
are found as follows: 

(1) 
~ ____________ 18.21 
S ____________ 18. 245 

(2) 
18.245 
18.28 

(3) 
18.28 
18.315 

(4) 
18.315 chs. 
18.35 " 

36. 455i 36. 525 36. 595 36. 665 acres 
36.45(+) 36.53(-) 36.59(+) 36.67(-)" 

586. The areas of lots 5, 6, and 7, section 6, are ascertained 
Similarly, making due allowance, when calculating the length 
of the north boundary of lot 5, for any material variation from 
20.00 chaIns in the meridionaZ dImension of lot 4. 

587. The surplus or deficIency in area which results from the 
discrepancy in the meridional measurements between the exte
rior boundaries and the subdivisional lines is placed normally 
in the fractional lots adjoining the north boundary of the town
ship. Here sections 1 to 5, inclusive, each usually contains lots 
1 to 4, inclusive, whose dimensions on their latitudinal bound
aries are all treated as an even 20.00 chains; the meridional 
dimensions of these lots and their areas are computed on the 
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plan heretofore described for the fractional lots adjoining the 
west boundary of the township. 

588. The areas of lots 1, 2, and 3, section 6, are ascertained 
similarly, making "due allowance when calculating the length 
of the west boundary of lot 3, for the departure across lot 4, 
where more or less than 20.00 chains. The area of lot 4, sec
tion 6, in acres, may be ascertained by taking the product of 
its mean dimensions in chains, divided by 10. 

589. The following is an example of ascertaining the areas of 
the fractional lots in section 6, shown on the specimen township 
plat: 

(1) E ____________ 2Q 05 
VV ___________ 20.037 

40. 087 
40. 09 

(5) N ____________ 17.78 
S ____________ 17.81 

35. 59 

(2) 
20. 037 
20. 024 
40. 061 
40. 06 

(6) 
17.81 
17.84 
35.65 

2. 0005 X 17. 765= 

(3) 
20. 024 
20.011 

(4) 
20.011 chs. 
20.000 " 

40. 035 acres 
40.03 (+) " 

20.005 mean 
(7) = 

17.84 17.75 cbs. 
17.87 17.78" 

acres 
17.765 mean 
35. 539 acres 
35.54 " 

590. For purpose of computation of areas, where three sides of 
a section are regular and only one side irregular, the irregular 
boundary may be treated as a straight line it there is no break 
in alinement in that boundary in excess of 21' of arc; in such 
sections, if the field notes show that the cardinal length of the 
irregular boundary is within the usual limit of 50 links in 80.00 
chains, the regular dimensions will be treated as having values 
in multiples of 20.00 chains. In the event that portions of the 
irregular boundary differ in course by more than 21' of arc, the 
break in alinement will be recognized and such adjustment of 
the lengths of lines which form the basis for the computation of 
the areas will be made as to bring all dimensions to a proper 
closing with the field measurements, taking into consideration 
the direction of the opposite governing boundary with respect to 
the areas of the regular portions of the section. The elements 
which enter into the computation of the areas will be derived 
from the balanced closure. 
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591. Example, Figure A-B-E-F. As the sec
tion is otherwise regular, the areas of the Elh 
and Elh W% are based on the assumption that 
the line A-F is SO.OO chains in length and paral
lel to the governing east boundary, disregard
ing the allowable error in closure. The lengths 
of the lines A-B and E-F are given by the field 
measurements: the intervening dimensions are 
obtained by the following calculations: 

:N. E. 
'Westing A--IL_. __ 
N.O· M' ill ______ 25.:m ~·5. 16 
N.Oo 12' E ______ 40. 00 40.05 
N.O· 24' 1<; ________ H.77 14.79 
IilAsting E-F __ . __ 

79.90 
Add to B-E_____ . lLl 

80.00 

Line A-li' ________ _ 80.00 

N. E. W. 

.:m 

.14 

.10 
10.55 

11.18 
11.07 

.11 

W. 
11.07 

11.07 

:::: :~:~~: 120. 00 
5.16 

11.07 S. bdy. lot 4. 
-.31 
+.03 • 03 For llnoA-F . 

10.79 S. bdy. lot 3. 
-.08 
+.01 .01 For line A-F. 

11.07 
.31 

.08 

-- 25.16 
14.84 . 05 

.39 10.72 
-.05 
+.02 

1O.fl9 

Lot 3 at C. 

• 02 For line A-F . 

S. bdy. lot 2. 
J.ineC-D ___ 20.00 .07 -.07 

+.02 ]l'or line A-F. 

5.21 

. ---- 40.05 
Line D -·E __ ._, 14. 79 

LineE-F ___ _ 

80.00 
'------''----

.02 

10. 64 S. bdy. lot 1. 
.02 -.02 

I 
+.01 .01 For line A-F'. 

---. .14 - 10. (i;l L~t 1 at D . 
.10 -.10 

I
+- 02 .02 For line A-J,'. 

10.55 ___ -10.55 __ N. bdy. lot 1. 

11. 18 I 11. 07 . 11 
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The areas are then computed as follows: 
Loti: 10.55 

10.63 

21. 18X 14. 79=313. 25 

10.63 
10.64 

21. 27X 5.21=110.82 

Lot 2: 10.64 
10.6!J 

= 21. 33 acrcs. 

Lot 3: 10. 69 
10. 72 

424. 07 to be divided by 20. 
= 21. 20 acres. 

21. 41 X 14.84=317.72 

10. 72 
10.79 

21.51 X 5. 16= 110.99 

Lot 4: 10.79 
11.07 

=21. 86 acres. 

428.71 to be divided by 20. 
= 21. 44 acres. 

373 

592. In all irregular sections and in sections that are invaded 
by meanderable bodies of water, or by lines of segregation, the 
center lines of the section and the center lines of each quarter 
section in turn are given calculated values based upon the bal
anced field closing sheets. Points of intersection of the center 
lines with the meander lines or other lines of segregation are 
then computed in order to complete the boundaries of each 
fractional lot. With the results of these computations at hand 

1990 '-31--25 
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the area of each fractional lot may be most readlly computed 
by the method of "double meridian distances." 

593. In order to proceed with a computation by double me
ridian distances, the closing error of the figure is first to be 
eliminated, or the traverse of its boundary to be balanced, by 
the most applicable rule. The generl11 rule is that the correction 

to be applied to the{ldatitUde }Of any course is to the total 
eparture 

error in {ldatitUdte }as the length of the course is to the perime-
epar urc 

tel' of the figure. Another method of balancing the closing error 
will be applicable if the purpose is to apply a uniform correction 
to the directions and lengths of lines. 

The double meridian distances of the several courses, 0.1' 

D.M.n;s, are then computed by the followillg rules: 

(1) The D.M.D. of the first course equals the departure, or 
the increment in easting or westing, of the course itself; 

(2) The D.M.D. of the second course, aJld each of the succeed
ing courses in turn, is ascertained by taking the D.l\1.D. of the 
preceding course, plus the departure of the preceding course, 
plus the departure of the course itspIf; and, 

(3) The D.M.D. of the last course· is numerically equal to its 
departure, but with opposite sign, thus verifying the value of 
each preceding D.M.D. 

For convenience in making the computations, the differences 

In{~ae~~~~~re} to the{~~~h }are treated as of vositive f;ign, to the 

{::s\h} as of negative sign. The point of beginning is taken at 

the westernmost salient of the figure, and the direction of the 
traverse is run counterclockwise. On this plan each D.M.D. and 
the algebraic sign of the final result are of positive sign. 

The next step in the process is to multiply the latitude of each 
course by the double meridian distance of the course ; the posi
tive products are arranged in a colUmn for "north areas," and 
the negative products in a column for" south areas." The sum 
of the negative products is to be subtracted from the sum of the 
positive products. The area, corresponding to the unit of meas
urement that Is employed, Is ascertained by taking one-half of 
the last result. Where the unit of measurement Is the chain, 
the area in square chains Is to be divided by 10 to give the area 
in acres. 
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The field closing sheets may be readily adapted to the calcula
tion of areas by the method of double meridian distances; two 
examples follow: 

594. Tabling and calculations of T. 15 N., R. 20 E., Diamond 
Hock, in Lins Lake, in section 18:' 

I,atitudes. I Departures. Total •. 

~ • ai 

I i ~ 
~ = .ci ,s A Z 

~ ~ ~ li ::;j ..; I'i. .,; 0 E 5 ~ A Z ~ 
co 

Z u Z Ul ~ <Xi A - ----------------
Tie N.71030'E_ 21.44 6.80 ___ •••• 20.33 •• __ •• _ ••••• __ • __ ._ •• 6.80 20.33 

----1----------
5 S. 86° 46' E. 
4 N . 33° 00' E_ 
3 N, 48° 30' W_ 
2 S. 61° 15' W _ 
1 S. 16° 30' E. 

+H 
3,19 ....... 0.18 3.I8H ..... 4.73. .... _ .M 6.62 
2.20 1. 84\-2 _ ..•. _. 1. 20 .. _ .. 9.12 16.83_ ••.. 8. 46H 
3. 50 2. 32 .............. 2.627.70 17. 86"_;..10.78H 
2.90 .. .. ... 1.39~~ ...••.. 2.54 2. 54 _ • ..•• 3.~ 9.39 
2,70 . .. .... 2.59 .77 ..... .77. ....• 1. \l9 6.80 

23.52 
24.72 
22.10 
19.66 
20. 33 

--------I·--I---I--~--_l---
4.16\-2 4.16~~ 5.15H 5.16 _ .... 34.69 6.38 ..•........•• 

+H 6.38 

14.49 4. 16\-2 4.16\-2 5. 16 ~. 16 ._._. 28.31 Double area. 

D.M.D's 14. 1~ Square chains. 
Be~iu total la1o. and der.' at (1) 0.77 0. 12 (4) 1. 41 Acres. 

M. C. on W. bdy. sec. 1 , for + . 77 +1.20 
purposes of platting. +3.19 -2.62 

Begin D.M.D's at angie 
Numbering of courses as (5) 4.73 7.70 (3) point of meanders farthest 

taken from field notes, order +3.19 -2.62 west, end of course No. 2 
reversed to counterclockwise. +1.20 -2.54 running SW., or end of 

(4) 9.12 2.54 (2) 
course No.1 running NW. 
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595. Tabling and calculations of T. 15 N., R. 20 E., right 
bank of Yellowstone River, in section 25: 

1 
2 

3 
4 

Ii 

o 

s 

!E 
§ 
0 

s. 0° 01' E._ 

8. fi9° 156' E .. 
North •.• _. __ 

8.85° 00' W. 
S.72° 00' W. 

8.64° 30' W. 
S.400 30' W. 

S.77° 45' W. 

N.76°OO'W. 

S.800 00' W. 

8.81°08' W. 

!i 
~ 
.~ 
~ 

5.36 

79.96 
23.20 

13.00 
7.10 

13.00 
5.40 

7.00 

7.40 

12.00 

19.43 

Latitudes. 

.d l 1l 
Z --

--.-.- 5.36 

------ .00 
23.20 ------.01 

------ 1. 13 
------ 2.19 

-.01 
------ 5.60 
------ 4.11 

-.01 
------ 1. 49 
+.01 
1.79 ------.01 

-- .... -- 2.08 
-.01 

------ 3.00 

Departures. 

gi ~ 
I:: 1il ----

0.00 ------
+.04 
79.96 ------------ ------

+.01 
------ 12.95 
------ 6.75 

+.01 
------ 11.73 
------ 3.51 

--_ .. -- 6.84 

------ 7.18 

------ 11.82 
+.01 

-.. ---- 19.19 

Totals • 
• .n 
~ I i :i I"i 
~ ! >i. 
A :i '" ai ~ ------------
0.00 -------- -------- 0.00 0.00 

SO. 00 -------- 7.20 -.09 80.00 
160.00 3,712.00 -------- 23.11 SO. 00 

147.04 -------- 164. 68 21.99 67.04 
127.33 -------- 278.85 19.80 60.29 

108.84 -------- 608.42 14.21 48.55 
93.59 -------- 384.65 10.10 45.04 

83.24 -------- 123.20 8.62 3S.20 

69.22 124.60 -------- 10.42 31.02 

50.22 -------- 103.96 8. 31i 19.20 

19.20 -- .. ----- 57.41 Ii. 36 0.00 

__ __ __ 24. 99 25. 05 79. 96 79.97. _____ 3,836. 60 I, 728. 37 
__ . ___ +.01 -.05 +.04 +.03 ______ 1,728.37 
--------------1------
84.33 25.00 25. 00 80.00 SO. 00 ______ 2, 108. 23 Double area. 

Begin travarse and D.M.D's at M. C. on W. 
bdy. of sec. 25. 

Begin totallats. and deps. at point for S. 7\. sec. 
cor. on W. bdy. of sec. 25, for purposes of platting. 

Numharlng of courses as taken from field notes. 

1,054. 11 Sqnare chains. 

105. 41 Acres, sum of lots 5 
to 8, incl. 
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Tabling and calculations of T. 15 N., R. 20 E., section 25, 
lots 5 and 6: 

Latitudes. Departures. I 
t!,d~. D.M.D's. N.areas. S.areas 

North. South. East. West. 1 

---I-~-· o-~-~~-~-~:-'~-E~~--~-~:-I-~-9:-~-3 :~~~: _~:~~_ :~~~~ :==:=:= ____ ~:~-I:~~~: :~~~:~~ 
1 S. 85° 00' W __ _ 13.00 _______ 1.12 ______ _ 12.96 'n.04 ________ 30.28 

No. Course. 

2 S. 72°00'W __ _ 7. 10 ____ ___ 2.19 ____ ___ 6.75 7.33 ____ ____ 16.05 
3 S.64°3O'W __ .. 33 _______ .14 _______ .29 . 29 _____ __ _ .04 

----1----------
23.20 23.20 20.00 20.00 __________ 928.00 46.77 

__ 1 ___________ 46. 77 __ 

881. 23 

44.06 Lot 5. 
--.1---------1----1-----�----.�----4-----4----�-----South ____ ___ _ _ 

S. 89° 56' E __ _ 
North ________ _ 

3 S. 64° 30' W __ _ 
4 S. 40° 30' W __ _ 
5 S. 77° 45' W __ _ 

~::l& _____ __ 9: ~ -20:00- ::::::: ----20:00- -------- ---0:40 
19. 73 111.73 _______ _______ _______ 40. 00 789. 20 ______ _ 
12. 67 _______ 5.45 ______ _ II. 45 28. SS ________ ISS. 60 
5. 40 _______ 4.11 __ _____ 3. 51 13. 59 ________ 55. ~5 
5. 16 _______ 1.09 ______ _ 5.04 5.04 ____ ____ 5. 49 
I-----1- ---------------

19.73 19.73 20. 00 20.00 __________ 789.20 217.34 
217.34 

571. 86 
1-

28.59 Lot 6, 
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Tabling and calculations of T. 1~ N., R. 20 E., section 25, 
lots 7 and 8: 

Latitudes. Departures 
Dis- . D.M.D's. N.areas. S.area... 

tance. North. South. EBBt. West, 
No. Coune_ 

--1-----·1----------------;...-.. 
S. 0° 01' E____ 8.51 _______ 8.61 _________________________ __ __________ .. 
S. 89° 56' E ___ 20.00 _______ .03 20. 00 _._____ 20. 00 .. ______ 0.60 
North.________ 9.QI 9.06 ______ . _______ _______ 40. 00 362.40 ___ ... _ 

6 S. 77°45' W ___ 1.84 _______ .39 _______ 1.80 38.20 . _______ 14.90 
6 N . 76°00' W __ 7. 40 1.80 ______________ 7.18 29.22 52.60 ______ _ 
7 S. 80°00' W ___ 11.19 _______ 1.93 _______ 11.02 11.02 ________ 21.27 

------------c--
lO.86 10.86 20.00 20. 00 _________ _ 415.00 36. n 

36. 77 
1--/-----11-----1--1---------

378.23 

18.91 Lot 7. 
-·1-----1-- ·----------------

S. 0° 01' E ___ _ .______ 5.36 _. __ ___ ______________ • ________________ _ 
S. 89° 56' E __ _ _______ .02 20.00 _______ 20.00 . ___ ____ .40 
N. 0° 01' W __ _ 8. 51 _______ _______ _______ 40.00 340.40 ______ _ 

7 S. 80° 00' W __ _ 

5.36 
20.00 
8.61 
.81 

19.43 
.14 _______ .80 39.20 ________ 5.49 

8 S. 81° QI' W __ _ _______ 2. 911 _____ __ 19. 20 19.20 ________ 57.41 

--I--------~--
8. 51 8.61 20.00 20.00 __________ 340.40 63.30 

63.30 

277.lO 
13. 85 Lot 8. 

INKING THE DRAWING_ 

596. The best bla'ck drawing Ink should always be employed, 
anll the inl, should never be diluted. The drafting work should 
be sharp and clear, uniform in density of color, and the lettering 
standardized as to gage and style. It is important to bear in 
mind that if the drafting is done with a diluted ink or otherwise 
left gray in appearance, it will be lost in varying degrees during 
the process of reproduction. 

597. The drafting work should be open, malting reasonable 
allowance for needed separation of detail. This wii! help to 
avoid a tendency for work to close across narrow spaces during 
reproduction. Where necessary, the detail of improvements, 
works, or structures should be discontinued in order to avoid 
overlapping or obscuring the more essential features of the 
plat. The arrangement of some of the more minute data on 
the specimen township plat illustra tes the minimum to which 
the work may be condensed safely_ Attention is directed to the 
!lpace allowed between the Ipttering an(l the alljacent lines; 
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this Is never less than the space between the upper two poInts 
of the gage for the lettering; this Is the rule where the drawing 
is to be reproduced at the same scale; proportionately more 
space should be allowed on special drawings where a reduction 
of scale is to be made on reproduction. The same safeguar(ls 
should be applied in spacing the adjOining letters, and it will 
be noted that the spacing between letters bears a definite rela
tion to the gage employed. 

598. An experienced draftsman will endeavor to keep the 
drawing as clean as possible, so as to avoid needless eraSing. 
A cover sheet, with an opening, is recommended. The sharp, 
black lines must be preserved in their original clear-cut effect, 
or else, unless carefully retOUChed, there will follow a certain 
loss in the process of reproduction. 

LETTERING. 

599. All letters nnd figures are drafted in the pure Gothic, or 
Simple block style. Sample alphabets and numbers, both ver
tical and slantillg, capitals and lower case, are shown on Insert 
No.3. In the smaller gages the letters and figures are drawn 
as single lines; it is ordinarily called single-stroke lettering. 
In the larger gages double parallel lines are required, usually 
made by single stroke, after which the form is filled in. The 
same gages and similar styles will be selected if lettering devices 
are employed. 

600. The following outline shows the usual styles and gages; 
the gage refers to a drafting tool which bears the corresponding 
Dumber: 

Title .... ____ ._ .. _ ... _._._._. ___ ..... _ .. __ 
Sections ___ .. _. ___ .. __ .. ___ . ____ .. _. __ .... 
Total areas . _____________________________ _ 
Lot numbers and areas, usually .. __ . __ . __ 
Proper names or land objects, towns, vil· 

lages, works, and structures, Bnd tab
ular data. 

Proper names of water areas and streams __ 
Directions and lengths or lines and other 

technical data. 
Explanatory notes, kinds of timber, des· 

tl Dation of roads, and similar data. 
Certificates __ . ______ ... _. _. ___ ... ___ .. ___ _ 

Gage. 

60 
20 
15 
12 

20-10 

20-10 
15-10 

llHO 

15 

Style. 

Vertical, caps. 
Vertical, cap. and I. c. 
Vertical. 

Do. 
Vertical, caps., or cap. and I. c. 

Slanting. caps., (lr cap. and 1. c. 
Slanting, caps. 

Slanting, cap. and I. c. 

Do. 
._-- ----- - .-~ --~-.-.. .. -.--'---------
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601. At this stage of the drafting work attention should be 
given to the showing of the directions and lengths of all neces
sary connecting lines, in addition to the data which ordinarily 

~ 
~ 
S::i 
~ 

(/787) I 

I _______ -1 

S89 '3"2 E. 7787 
4CJ.tlCl 

LlNS LAK£ 

Sec.18 
FIG. S1.-Boundarles of Lake City town site. 

Additional sheets, drawn to a larger scale, are employed 
In order to show the detail of complicated situations. 

appears on the section boundaries. The requirements are set 
out in sections 1.63, 190, 232, 233, and 254, Chapters III and IV. 
Additional sheets, drawn to a larger scale, are employed in 
order to show the detail of complicated situations. 
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TOPOGRAPHY. 

602. Coming now to a consideration of the map features ot 
the plat, it is thought best to point out first that generally 
only the most essential topographic data need be shown upon 
the plat. All classes of topography are encountered in prac
tice. Some plats may not require the showing of any topog
raphy, otherR Ulay require the showing of many different fea
tures, where the drawing in addition to being a plat may be a 
complete topographic map. Whatever may be the requirements 
of the Situation, it is intended that the important map features 
be delineated by the standard symbols adopted by the Board 
of Surveys and Maps of the Federal Government. A summary 
of what is required is contained in section 236, Chapter III. 

603. In the preparation of the drawing the first question to 
he considered, after the completion of the base and before 
adding the topography, is how the important map features arc 
to be shown without obscuring the base clata. In simple cases 
all work may be done readily in lJlnck ink on the base drawing. 
In the difficult cases several overprints in transparent colors 
will be required. Good judgment should be exercised regard
ing what is essential, and how the essential things may ble' 
Nhown without unwarranted cost. 

604. If the situation requires a transparent overprint of a 
cer·tain conventional color all of the group of map features 
which are nsually shown in that color will be included. The 
specimen plat is intended as an example where all map fea
tures, with the exception of certain improvements, works, or 
~tl'nctures nre shown in conventional transparent overprints. 

605. Where colors are not required, as in the more simple 
('liSCH, all map features 01' groups of features will be delineated 
upon the base drnwiug in black ink, following the conventional 
symbols, and with tire exercise of the greatest care that the map 
features do not iuterfere with or overlap, or too closely ap
proach the base data. In all such simple cases the topography 
will be shown as in the following outline: 
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SIMPLE DRAWINGS, ALL BLACK. 

Low relief __________________________ Black hachure. 

Wagon roads and highways __________ Black lines, parallel. 
Pack trail __________________________ RIack line, broken. 
Culture _____________________________ Black pattern. 
Alkali lIats __________________________ Black depression-contour 

and pattern. 
Sand dunes _________________________ Black pattern. 

'Vater surface, large rivers and lakes_ Black mea n d erline, 
without water Hnes. 

Minor drainage _____________________ Black line, or broken 
line and dots. 

Ponds ______________________________ Black pattern. 
Marsh____________________________ __ ])0. 

Timber on level and gentle slopes_____ ])0. 

606. Where groups of important map features are extensive 
or complicated, or are of such a character that it is impracti
cable to execute the drawing in black without detriment to the 
base, transparent overprints will be employed as shown in the 
following outlines: 

BROWN OVERPRINT. 

Low relief where important, and all 
heavy relieL ______________________ Brown bachure. 

Wagon roads and highways __________ Brown lines, parallel. 
Pack trail __________________________ . Brown line,. broken. 
Culture ____________________________ . Brown pattern. 
AlkaU l1ats _________________________ . Brown depression-con. 

tour and pattern. 
Sand dunes _________________________ . Brown pattern. 

BLUE OVERPRINT. 

Water surface, large rivers and lakes_ Blue meander line and 
blue water lines. 

Minor drainnge _____________________ . Blue line, or broken line 
and dots. 

Ponds _______________________________ Blue pattern. 
Mursh ______________________________ . ])0. 
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GBEBlN OVERPRINT. 

Timber on level and gentle slopes____ Green pattern. 
Timber op- steep slopes ______________ . Kind, lettered in black, 

or green pattern (to 
be transferred from a 
special overlay.) (See 
sees. 608, 609, 612, 
and 616.) 

607. In making the drawing, where overprints are required, a 
separate sheet is employed, known as the overlay, upon which 
will be drawn in blaok ink all natural features which are to 
be shown by overprint. (See Insert No.3.) It is important 
that this sheet be of the same quality, well-seasoned drawing 
paper as that used for the base, using the same exact scale and 
making provision for exact "register" when combined with the 
base drawing. 

Before cutting large sheets of drawing paper the draftsman 
should mark parallel pencil lines on each unit to be cut, on the 
proper face, and thereafter execute all work on the face of the 
paper, and see that companion sheets are not turned at right 
angles. This will avoid much trouble in registration of com
panion sheets through unequal expansion or contraction due to 
moisture conditions or changes of temperature. 

608. Usually it will be best to transfer the section boundaries 
accurately from the base drawing to the overlay, by carefully 
pricking through, then showing the Jines in pencil only, excepting 
that for purposes of assembling the positions of a few section 
corners should be indicated by very short intersecting fine black 
llnes. The township corners and the center point of the town
ship will generally sel've best for purposes of registration. Ad
ditional points may be employed if the work is complicated. 
The several groups of map features as may suit the situation 
will then be drawn on the overlay, all to be in black ink. Only 
a single overlay is required ordinarily as the severul colors are 
separated in the process of reproduction. 

609. On the specimen plat there has been no overlapping of 
natural features, and therefore no occasion fOJ: dlfIlcult separa
tion of colors. It is recommended that this practice be observed 
generally. Ordinarily the important map features do not oYer-
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lap, excepting timber and relief. Where both occur and both 
should be shown, the presence of the timber may be indicated by 
appropriate lettering, but this practice will Dot give the margin 
of the forested areas, so that if it is a matter of importance the 
color plan may be secured by the drafting on a second overlay, 
in black ink, of the appropriate timber pattern, with its true out
line, this special sheet to furnish the green overprint. 

610. Ordinarily, the hachure is utilized to show abrupt changes 
in elevation within level and gently rolling regions, such differ
ences as the eye would quickly note on the ground and readily 
follow. The hachure is also employed to show all important 
mesas, peaks, ridges, spurs, and heavy slopes, in such a manner 
as to portray the bold relief without attempting to show unim
portant and minor detail. Only the most important slopes will 
be shown in a gently rolling country, and care wlll be needed 
in drafting to avoid giving a rolling mountainous region the 
appearance of abrupt or high mountainous slopes. 

611. The blue overprint is intended only where there are 
streams and lakes of major importance, or where the drainage 
features, if shown iIt black, would tend to obscure the base, as 
where there are numerous lakes and streams, or extensive ponds 
or marshes to be shown in areas of swamp and overflowed lands. 

612. The green overprint is likewise intended for use only 
where numerous distinctions must be shown between forested 
and nonforested areas and where the cost of the overprint is 
justified, as in the case of important forest areas. 

FIELD SKETCH. 

613. Preference should be given to the use of form lines on the 
field sketch plat to show heavy relief. The form lines are in
tended to be approximate contours, but are largely sketched 
without an exact interval or precise elevation above sea level. 
The form lines carry a much better portrayal of heavy relief 
than can possibly be shown by the hachure alone, and readily 
Indicate to the engineer and draftsman the position and out
line of abrupt changes In slope and the extent of ascents · and 
descents. The hachure is fundamentally dependent upon the 
approximate contour line for relative slopes and forms. All 
available data for eievatIon above sea level and extent of ascents 
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and descents along the surveyed lines may be incorporated in 
the form-line sketch. To most engineers after practice, the 
form lines are more readily, uniformly, and accurately secured 
than to draw the hachure initially on the field sketch without 
that guide. Where this is done the draftsman will transfer the 
form lines to the overlay, in pencil only, then supply the artistic 
hachuring to bring Ollt the true forms. 

614. A well-executed and reasonably accurate field sketch plat 
is a necessity, if the draftsman is to obtain a representative re
sult, and the engineer is expected to exercise good judgment in 
doing what is required in the field. A choice of methods is 
available for ascertaining the map data within the interior of 
sections, to be accomplished always with regard for the prac
tical value of the work for the purpose of the plat and the 
economic manner of obtaining the data. The crest or divide 
forms, slope forms, s tream or drainage lines, and meander lines 
of the larger bodies of water, together constitute the natural 
skeleton of the map, and when carefully drawn may be readily 
and correctly interpreted. 

615. The proper supervising officer will outline, in the speCial 
instructions for each survey, any exceptional methods which are 
to be employed in the field in the ascertainment of the topo
graphic data, and how the data are to be shown upon the field 
sketch or map, particularly where the situation requies spe
cial consideration, and where it can be foreseen that one or 
more groups of map features so predominate the situation that 
overprints will be required on the completed plat, us heretofore 
described. The field !Sketch becomes the draftsman's guide, and 
together with tiie fieid notes, the record to be followed. It 
suffices to state that /iuch record should be truly representative 
of the situation on the ground, with an accuracy in its various 
details which will refiect the practical relative importance. 

616. OccaSionally, in connection with resurveys, for example, 
the development of the map data of the region may even precede 
other parts of the survey work, for its great value in making 
restorations of lost or obliterated monuments, and for ascer
taining the location of roads, improvements, and cultivated tracts 
upon patented and entered lands. Additional examples of the 
enlarged importance of the map features of the plat w1l1 be 
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found in certain classes of surveys within Indian and forest 
reservations, coal fields, mineral areas, water-power sites, reser
voir sites, irrigation projects, and other regions of relatively 
large prospective value. In these cases, which frequently em
brace regions of extremely bold reUef, coordinated cadastral and 
topographic surveys are. made if and when deemed to be ad
visable for administrative purposes. The relief is shown by 
brown contour lines, and the timber by green pattern, as con· 
ventional for topographic maps. 

617. The names of natural features will be correctly given 
according to accepted usage. Engineers are not authorized to 
report names of their own selection, but in case of doubt will 
submit the question through official channels for re.ference to 
the United States Geographic Board. 

TITLE. 

618. Every plat will be given a title similar to that on the 
specimen plat. This shows the position, the principal meridian, 
and the State in which the township is located. Fractional por
tions of townships showing original subdivisional surveys may 
usually be given the same title without confusion, and it is 
usually desirable to do so in order to identify the plat in the 
simplest possible manner. Where supplemental plats and frag
mentary subdivisional surveys are necessary, and for all re
survey plats, some appropriate subheading, to qualify the nature 
of the survey, is usually desirable. Tbe subject is again referred 
to in section 668. The title and date of approval usually suffice 
to identify a plat; the subheading, if employed, will explain the 
special purpose of the plat. 

TABULAR DATA. 

619. The purpose of the tabular data shown on the specimen 
township plat is to consolidate the record of the subSisting sur
veys. The form may be modified to suit special requirements. 

CERTIFICATES. 

620. Tbe administrative act of surveying the pubUc lands is 
confided to the Commissioner of the General Land Office under 
the direction of the Secretary of the Interior. (R. S. 453; 
Mllnual, sec. 8, sub sec. 32, Ch. I.) It is competent fOT the 
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commissioner, acting within this authority, to direct how sur
veys shall be made and plats constructed, and to require that 
both field notes and plats be subject to examination, approval, 
and acceptance. 

621. All surveying returns are now prepared for the approval 
of the Supervisor of Surveys, and when so approved wlll be 
forwarded to the Commissioner of the General Land Office, for 
consideration and acceptance, when satisfactory. The adminis
trative details of the technical examination of the work prior 
to the approval and acceptance of surveys are prescribed by 
departmental r egulations. The forms of approval and accept
ance are shown on the specimen township plat. 

DISPOSITION OF THE ORIGINAL, DUPLICATE, AND TRIPLICATE 
PLATS, AND ADDITIONAL COPIES. 

622. The usual prnctice, where no overprints are required, is 
to secure a photolithographic edition of the original plat, one 
copy of which is filed in the General Land Office as the official 
lluplicate, anll one transmitted to the proper United States 
district land Office as the official triplicate. A small supply, 
printed on map paper, is held in the General Land Office for 
other official nse and for sale to the public. Certified copies are 
secured from this source. The original plat is returned to the 
proper public survey office to be permanently filed with the 
field notes of the survey. 

623. The original returns of current surveys within those 
States where the public survey offices have been discontinued 
lire filed in the General Land Office. The dUplicates of the 
plat and field notes of such surveys are furnished to the proper 
State office, noted in section 1, Chapter I. 

624. In the types of plats where overprints are required, the 
certificates will be completed liS usual on the base drawing. 
One photolithographic copy, with all map features supplied, will 
be taken from the press without the signatures. New autograph 
signatures will be mnde on this plat, which then becomes the 
official original. The base drawing and overlay, and a copy 
of each coior overprint will be returned to the proper pubUc 
survey office to be filed for such subsequent use as may be 
required. 
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SUPPLEMENTAL PLATS. 

625. A supplemental plat is one designed to show a revised 
subdivision of one or more sections without change in the sec
tion boundaries, and usually without other modification of the 
original .survey excepting where necessary for the segregation 
of lands to be eliminated. 

626. A distinction is needed between plats designed to show a 
revised subdivision of certain sections and those required to 
show additional fmgmentary areas that were omitted from the 
previously approved plats of the same fractional sections. Ex
cluding now the plats which involve parts of sections that were 
not completed in the first instance, supplemental plats are most 
frequently required in order to show the segregation of mineral 
lands from adjoining agricultural lands, where the former are 
included in mineral claim surveys made subsequent to the ori;;
inal subdivision of the township, or where tile mineral claims 
were overlooked at the time of the approvul of the original 
township plat. 

627. Similar supplemental plats are required for the lotting of 
public lands surrounding private claims of every description 
where the latter were not segregated at the time of the original 
subdivision of the public lands .. Supplemental plats are fre
quently required for the segregation of forest homestead surveys, 
llnd also to facilitate allotments of Indian lanGs in small frac
tional units. Occasionally a sUPlllemental plat is required for 
the entry of public lands where the original plat failed to pro
vide units suitable for disposal, and in other cases where special 
laws or regulations permit the entry of public lands in frac
tional units not provided by the original plat. 

628. All supplemental plats should show a proper reference 
to the originul approved plat, the purpose of and the authority 
for its preparation, and all additional technical data, without 
unnecessary duplication of that carried by the originai plat. It 
Is usually desirable to furnish the directions and lengths of the 
section boundaries, and to show data derived by retracements. 
The scale of the supplemental plat may be enlarged to 20 or 10 
chains to an inch as appropl'iate. The new fractional lots will 
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be numbered as required in sections 199 and 224, Chapter III, 
and proper quantities shown. No revision of the total area 
within the section is required, and there is generally no occasion 
for showing topography. 

629. The computation of the areas of the several fractional 
lots will be based upon the subsisting record, including the data 
derived by retracements where field work is required. The re
sults of the computations will ordinarily require some propor
tionate adjustment to secure a sum of the several partsi within 
each original quarter-quarter section or fractional lot, equal to 
the area returned on the original plat. If the retracements show 
an excessive discrepancy in the record, as defined by section 661, 
the areas derived by e:1act calculation will be employed. 

630. A few additional considerations will be applied to supple
mental plats which are to show a segregation of mineral land. 
The revised lotting will be designed to accommodate only the 
pending entry, as there is generally no way of.foreseeing the 
type of entry that may be made subsequently on the vacant 
areas. The lengths of lines given by the record of a mineral 
patent survey are in the foot unit; a conversion to the c;hain 
unit is required to the extent that the data are needed in the 
computation of areas to be shown on the supplemental plat. 
The equivalent distances will be shown to the nearest tenth of 
a link. The scale of the mineral segregation plat will be ex
pressed in both units, but the values on the face of the drawing 
will be given in the chain unit only. 

631. The authority for the preparation of supplemental plats 
issues only from tlIe General Lund Office and as may be neces
sary to accommodate pending entries. In every case the status 
of the SUl'l'ounding subdivisiolls must be examined in the Gen
eral Land Office and care exereisec1 tha t no changes are con
templated which will affect any adjoining entry 01' patent. If 
additional field work is required, the public survey office will 
request authority to issue the usual special instructions. 

632. The eertificates of approval and acceptance will take the 
forms shown in the illustrations, modified as may be appropriate. 

1990°-31--26 
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633. IllUstration on opposite page. 
A modified form of lotting to accommodate an unusual entry, 

based entirely upon the public land survey record on file In the 
public survey office, and without additional field work. 

Title: Township No.8 North, Range No. 20 West, of the San 
Bernardino Meridian, California. Supplemental Plat of Sec
tion 19. 

Scale: 20 chains to an inch. 
Certificates: PUBLIC SURVEY OFFICE, 

San Francisco, Calif., April 30, 1926. 
The above supplemental plat of section 19, Township No. 8 

North, Range No. 20 West, of the San Bernardino Meridian, 
California, based upon the plat approved October 8, 1880, show
ing a SUbdivision of original lots 3 and 4, to accommodate home
stead entry Los Angeles 035503, prepared in accordance with 
instructions contained in the Commissioner's letter .. E" dated 
April 20, 1926, is hereby approved. (Signed) _____________________________ _ 

Office Cad(L~tral Engineer. 

DEPARTMENT OF THE INTERIOR, 
GENERAL LAND OFFICE, 

Washingtcm, D. C., May 14, 1926. 
The amended lottings represented by this supplemental plat 

having been correctly made in accordance with the regulations 
of this office, the plat is hereby accepted. 

(Signed) _____________________________ _ 

A8sistant Commi8sioner. 

634. Illustration on opposite page. 
A fractional lotting made subsequent to two forest homestead 

entry surveys, based entirely upon the public land and forest 
homestead entry survey records on file in the Washington office, 
and without additional field work. 

Title: Township No.5 South, Range No.5 East, of the Black 
Hills Meridian, South Dakota. Supplemental Plat of Section 15. 

Scale: 10 chains to an inch. 
Certificate: DEPARTMENT OF THE INTERIOR, 

GENERAL LAND OFFICE, 
Wa8Mngtcm, D. C., November 23, 1926. 

The above supplemental plat of section 15, Township No. 5 
South, Range No. 5 East, of the Black Hills Meridian, South 
Dakota, based upon the plat approved May 23, 1899, showing 
lottlngs of fractional areas created by the segregation of forest 
homestead entry surveys Nos. 263 and 477, to accommodate 
additional homestead entry Pierre 024993, having been cor
rectly prepared in accordance with the regulations of this office, 
is hereby approved. 

(Signed) 
Assistant Oommissioner. 
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635. Illustration on opposite page. 
Segregation of patented mineral claims, based entirely upon 

the public land and mineral liurvey records on file in the public 
survey office, and without additiona l field work. 'l' he data 
shown along the boundaries of lots 2 and 3 are derived by cal
culation. 

Showing one-half of original drawing. 
Title: Township No. 13 South, Hange No. 41 East, of the WH

lamette Meridian, Oregon. Supplemental Plat of Section 29. 
Scale: 10 chains (or G60 feet) to an inch . 
Certificates: 

PUBLIO SURVEY OFFICE. 
Pot·tland, Oreg., D ec61nber 6, 1926. 

'l'he above supplemental plat of section 29, Township No. 13 
South, Range No. 41 East, of the 'Villamette Meridian, Oregon, 
based upon the plat approved Decemher 13, 1871, showing lot
tings of fractional area:> r-reated by the segregation of the Red, 
White, and Blue ; Red, White, and Blue No.4; Belfast; and 
Champion lodes of mineral survey No. 759, to accommodate 
homestead entry Vale 08873, prepared in accordance with in-
8tructions contained in the Commissioner's letter .. N" dated 
April 12, 1926, is hereby approved. (Signed) ___________________ __________ _ 

Office Cada8tral Engineer. 

DEPARTMENT OF THE INTERIOR, 
GENERAL LAND OFFICE, 

Wa8hington, D. C., February 24, 1921. 
The amended Jottings represented by this supplemental plat 

having been correctly made in accordance with the regulations 
of this office, the plat is hereby accepted. 

(Signed ) _____________________ __ ___ __ _ _ 
A88i8tant COmmi8'8Wl1e1". 
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636. Illustration on opposite page. 
Elimination of unperfected mineral claims, based entirely 

upon the public land and mineral survey records on file in the 
public survey office, and without additional field work. This 
is an amendment of a prior supplemental plat. The claims 
shown invade origina l lots 1, 2, 3, and 4; the same numbers 
were employed on the supplemental plat approved February 6, 
1904. Lots 5 to 11, inclusive, excepting lot 10, shown on the 
latter plat, aU vacant, are consolidated in the amended lottings. 

Showing one-half of original drawing. 
Title: Township No. 14 South, Range No. 81 West, of the Sixth 

PrinCipal Meridian, Colorado. Supplemental Plat of Section 31. 
Scale: 10 chains (or 660 feet) to an inch. 
Certifica tes : 

OFFICE OF tT. S. SUPERVISOR OF SURVEYS, 
Denver, aolo., January 18, 19~7. 

'rhe above supplemental plat of section 31, Township No. 14 
South, Range No. 81 West, of the Sixth Principal Meridian, 
Colorado, based upon the plats approved August 22, 1882, and 
February 6, 1904, showing regular and fractional lottings re
stored to status of vacant public land, caused by the elimination 
of the unperfected Hillerton and Vanadium placer claims covered 
by mineral surveys Nos. 439 and 440, to accommodate forest 
homestead entry Glenwood Springs 026705, prepared in accord
ance with instructions contained in the Commissioner's letter 
" N" dated January 8, 1927, is hereby approved. 

(Signed) _____________________________ _ 

Adminill'tmtive Oadastml Engineer. 

DEPABTMElNT OF THE INTERIOR, 
GENElRAL LA.ND OFFICE, 

Washtington, D. a., March, 28, 1927. 
The amended lottings represented by this supplemental plat 

having been correctly made in accordance with the regulations 
of this office, the plat is hereby accepted. 

(Signed) _____________________________ _ 

Assilltant Oommissioner. 
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637. Illustration on opposite page. 
Hegregation of patented mineral claim, including a retrace

ment and remonumentation of the section boundaries. Field 
work required to secure connecting line from pubUc land to 
mineral survey monument. 

Showing one-half of original drawing. 
Title: Township No. 20 South, Range No. 10 East, of the Gila 

Imd Salt River i\1erid in 11 , Arizona. Suppieml'ntnl Plat of See· 
tiOll 24. 

Scnle: 10 chains (or 600 feet) to an inch. 
Record of suhsisting surveys: 
Dependent resurvey of the boundaries of section 24. Hnd sur

vey of connecting line to U. S. M. M., deriving lottings of frac
tional areas created· by the segregation of the Lillie lode of 
mineral SUl'vey 1'\0. 562, to accommodate indemnity school selec
tion Phoenix 030024, executed hy Roger F. Wii~()n, United States 
Transitman, December 20 and 21. 19'24. under special instructions 
dated June If), 1924, for Group No. 13a, authorized by the Com
missioner's letter" E" dated March 8, 1924. 

E. My. sUl'veyed by Lewis Wolfley, D. S., in 1885, and sub
divisional lines hy G. J. Roskruge, D. S., in 1886, as shown upon 
the plat approved Murch 27, 1888. 

Certificates: 
OFFICE OF U. S. SUPEIIWISOR OF SURVEYS. 

Denver, Colo., July 113, 1921. 
The above supplemental plat of Rection 24, Township 1'\0. 20 

South, Range No. 10 East, of the Gila and Salt River Meridian, 
Arizona, is ·strietly cOllformahle to the field notes of the survey 
thereof which have been examined alld approved. 

(Signed) _____________________________ _ 

U. S. Supervisor of Sw·,/)eys. 

DEPAR!rMENT O~' THE I NTI<:RIOU, 
GENEIRAL LAN)} OFFICE, 

Washin.gton, D .O .. Ou/obcl" n, .1921. 
'fhe survey repl'e!'<cnted hy this plat havillg heen eorrectly 

exeeuted in accordanee with the requil'emcntR of law and the 
rei,'lllations of t.his otfiee, is hereby aecepted. 

(Signed) ________________ _ . ____________ _ 

Lislristant (Jomm·i-8sio'Y/el·. 
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638. Illustration on opposite page. 
Metes-and-bounds survey of a body of land classified as 

mineral bearing, but not covered by a mineral patent survey, 
including a l'etracement and remonumentation of the section 
boundaries. As the l'etracement shows un excess ive discrepancy 
in the record, the areas of lots 1 and 2, wlU:h are vacant, have 
bcen computed under the provisions of section 661. 

Showing one-half of original drawing. 
Title: Township No. 21 South, Range No. 70 West, of the Sixth 

Principal Meridian, Colorado. Supplemental Plat of Section 20. 
Scale: 10 chains (or 660 feet) to an incl!. 
Record of subsisting suryeys: 
Depeudent r esurvey of the boundarieN of section 20, with 

metes-and-bounds survey of land classified as mineral hearing, 
and connectillg lines, deriving lottings of fractional areas of 
adjoining nonmineral land, to accommodate homestead entry 
Pueblo 044617, f'xecuted by Roy E . Chase, United States Cadas
tral }Jngineer. October 7 to 12, 1927, inclusive, under special 
instructions dated September 14, 1927, for Group No. 203, au
thorized by the Commissioner's letter" E " dated June 24, 1927. 

Boundaries of section 20 surveyed by Albert W. Brewster, 
D. S., in 1879, as shown UPOll the plat approved October 23, 
1879. 

Certificates: 
OFFICE OF UNITED STATES SuP);"'RVlSOR m' SURVEYS, 

Df'nver, Colo., November 22, 1927. 
The above supplemental plat of section 20, Township No. 21 

South, Range No. 70 West, of the Sixth Principal Meriuian, Colo
rado, is strictly conformable to the field notes of the survey 
thereof which ha\"e been examined and approved. (Signed) ______________________________ , 

U. S. Sl~pervi80r of Surveys. 

DEPARTMENT OF THE INTERIOIl, 
GENERAL LAND OFFICE, 

Wa8hington, D . C., Deeem·ber 7, 1927. 
The survey represented by this plat having been correctly 

executed in accordance with the requirements of law and the 
regulations of this office, is hereby accepted. 

(Signed) 
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PLATS OF FRAGMENTARY SURVEYS. 

639. The term "fragmentary survey" may be appropriately 
applied to all surveys that are required to identify parts of sec
tions that were not completed in the first instance. In this 
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Representing fractional subdivisions as a1rected by erosion and accre
tion after 8urvey, without introducing questions of riparian rights. 
The subdivisions affected are shown in two parts : " a" denoting land 
area and .. b" water area; a proportional adjustment Is made in the 
computation of the quantltles, if necessary, in order to make the Bum 
of .. a" and "b" equal to the original total. 

class may be included partially surveyed sections; omitted 
islands, if title is in the United States; sucb areas as lands in 
place at date of original subdivision situated between a grossly 
erroneous 01' fictitious meander line and the actual bank of a 
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stream or lake, where r!parian rights do not obtain as under the 
usual doctrine; and other lands of substantial value and extent, 
which for various reasons were not included ~n the original 
surveys. 

640. These types of SUl'veys require departmental considera
tion on the questions of title involved and invariably require 
more or less of an extension of the former surveys. The un
usual features of this class of field work, and the things to be 
considered in the preparation of the special instructions there
for, are properly the subject of Chapter VII. 

641. In fill such fragmentary surveys the new lottings are 
essentially in addition to but without changing the former sub
divisions. '.fhe sum of the areas of the new lots in each section 
wlIl be shown. The scale of the plats may be enlarged as 
appropriate. 

642. A notable exception to the principle that no changes 
should be made in the former lottings is found in those cases 
which involve retracements or resurveys where eroBion bas 
occurred along the bank of a stream or lake or other body of 
water which substantially changes the configuration of the 
former lots, and where it may be desirable to show the quantity 
of land remaining and that destroyed. Similar problems in 
platting are found in those cases of erroneous meandering where 
the record position of the original meander line is found to fall 
within the body of water. In these cases the former lot bound
aries where situated within the water area are indicated in 
light broken lines, and the quantities of each subdivision affected 
are shown in two parts: part" a " denoting land area and part 
"b" denoting water area; these areas are computed propor
tionately according to the amount shown for the original sub
division, the sum of "a" and "b" being made equal to the 
original total. A memorandum to this effect should appear upon 
the plat. 

643. All technical data in reference to the retracement, rees
tablishment and extension of the section boundaries and con
necting lines, and the complete topographical representation 
over the additional areas, will be shown upon the plats of frag
mentary surveys. If the retracements and remonumentation 
assume the character of a dependent resurvey of the boundaries 
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of one or more sections, that fact will be indicated 011 the plat 
together with a proper showing of the important map data 
throughout the entire area surveyed and resurveyed. Ther~ 

will also be shown all appropriate reference to the former 
approved plats, and a citation of the departmental decision 
which Iluthorized the extension survey. 

644. The certificates of approval and acceptance on plats of 
fragmentary surveys will take the usual form; the necessary 
memorandum will be modeled after the examples given for 
the special cases already explained in Chapter VII. 

RESURVEY PLATS. 

645. A somewhat different type of plat is required for repre
senting resurveys as defined ill Chapter VI., In aU cases where 
valid rights have been acquired based upon a prior subdivision, 
it is Important that the plat of the resurvey clearly identify the 
lands so involved, and that the plat of the resurvey indicate 
the descriptions of such lands with reference to the former plat. 
The subdivision of the remaining public lands mayor may not 
be modified, according to the type of resurvey. 

646. A resurvey by the United States after the issuance of a 
patent does not affect the rights of the patentee under the 
former survey and plat. The United States, so long as it has 
not conveyed the title, may resurvey or reestablish boundaries. 
'I.'his is done as may appear necessary, but the resurvey can Dot 
affect the rights of owners situated outside of the boundaries 
of the public lands. The authority to make resurveys is subject 
to the necessary limitation that the courts may protect the 
private rights based upon the former survey and plat against 
interference by the corrective survey. The courts may properly 
take jurisdiction over matters of interference and hear disputes 
relating to the position of the former lines. 

647. The peculiar requirements of the resurvey plat with 
respect to indicating the position of the alienated lands are set 
out in the memorandum forms which appear in sections 425, 
448, 449, and 450, Chapter VI. It remains to be shown how 
the identification is to ve accomplished in the case of tract 
segregations, as required in section 448, Chapter VI, but no 
new principles are involved. 
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648. The tract segregations will be laid out on the plats ot 
resurveys as any private land claim would be shown upon an 
original plat, but in order to show the detail of complicatecl 
situations one or more additional sheets are frequently ncces
!!ary. If a claim is found to be conformable as defined in 
section 445, fifth paragraph, Chapter VI, its boundaries may be 
shown by givillg greater weight to such parts of the regular 
subdivision-of-section lines of the resurvey. In every case the 
ontline of all tract segregations is to be shown on the first or 
principal sheet on the normal plan usually employed to show 
other types of private land claims. 

649. On any of the several sheets as appropriate un index will 
be supplied to tabulate the description of each tract in terms 
of the original plat. The following index form is acceptable: 

Index to segregated tracts. 

Tract. Original survey. 

No. Entry and status. Tp. Rg. Sec. Subdvn. 

---
39 Buffalo 2979. 58 75 29 NWUNWU. 

RE. 08 75 29 S ~ NW U. 
W. J. Williams. 58 75 29 NWUSWU. 
Patented. 

---
41 Buffalo 1567. 58 75 20 SE U SW U. 

D.E. 58 75 20 W Y.SEU. 
W. J. Williams. 58 75 29 NEUNWU. 
Pendiug. 

1-
77 Designated school section. 58 75 36 All. 

95 Sundance 03186. 58 74 30 Lot 1. 
D.E. 58 74 30 Lot 2. 
C. R. Massey. 
Final certificate. 

101 Vacant. 58 75 24 Lot 4. 

102 Vacant. 58 75 23 NE U BE U. 
-----

650. In some cases there is a demand for the description of a 
tract in terms of its component parts as determined by the 
original survey; in these exceptional cases, and only as deemed 
to be appropriate, the several parts may be indicated by letters 
A, B, C, etc., with the index modified as followS: 
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Inde(1) to 8egregated tracts. 

Tract. Original survey. Component 
parts. 

No. Entry and status. Tp. Rg. 800·1 Subdvn. Sub- Area. tract. 

-- --
42 Buffalo 0833. 58 75 20 NE~SEM. B 40.00 

H.E. 58 75 21 Lot 4. A a2.00 
Tbomas R. Williams. 58 75 21 NW~SWM. C 40.00 
Pending. 58 75 21 SWUBWM. D 40.00 --

46 Buffalo 08642. .~8 75 24 Lot 3. A 28.12 
H.E. 58 75 24 NWM8W~ B 40.00 
Emmet Cain. 58 75 24 NE~BW~. C 40.00 
Pending. 58 75 24 8E~SW~. D 40.00 

651. The above method is well adapted to the identification 
Ilnd subdivision of isolated tracts of public lands where said 
tracts have been surveyed by metes and bounds. In these 
cases the arrangement of the data carried by the index will 
be the same, and the status of the tract will be shown as vacant. 

652. If there are one or more conformable claims to be identi
fied by amended description in terms of the resurvey, without 
segregation by metes and bounds, another form of index will 
be required, as follows; 

IndellJ to appropriated subtUv-isiortS. 

Tract. Original survey. Resurvey. 

Entry and status. Tp. Rg. Sec. Subdvn. 'rp. Rg. Set.. Subdvn. 
-_._- --_._------ --
Buffalo 984. 45 79 12 NE ~ SEU- 45 79 12 8W~SE~. 
T.&8. 45 79 12 NWU8E~. 45 79 12 8E~8WU. 
Fred A. Jones. 45 79 12 NEUSW~. 45 79 12 8W~SWU. 
Pending. 

-- --
Buffalo. 45 79 12 BEMSE~. 45 79 13 NW~NE~. 
I. S. S. List 6. 
Approved. 

653. The several forms of index may be readily combined into 
one tabulation, if desirable, in which case it should be given 
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original plat. 

1990'-31--27 

405 



406 MANUAL OF SURVEYING INSTRUCTIONS. 

a general title as IndellJ to Segregated Traots and Appropriated 
SUbllivi8wns; the bl;"acket for .. component" parts lllay be filled 
in only as needed. 

654. The special requirements for lotting fractional parts of 
sections that are invaded by tract segregations are set out in 
sections 456 and 457, Chapter VI, and are illustrated by the 
diagrams which accompany the text. 

655. Occasionally there is a need for denoting the several 
parts of a tract in terms of quarter-quarter sections and frac
tional lots of the re8urvev. This may be accomplished by pro
traction, showing lot numbers and areas as determined by 
the resurvey. The lottings within the tract should be made 
to complete the adjoining fractional quarter-quarter sections 
of the resurvey. This tYl)e of lotting requires no change in 
the index. 

656. Where a tract is to be sudivided, preference will be given 
to the method best suited to the situation: (1) If it is deemed 
essential to perpetuate the units of the original survey then the 
lines of the quarter-quarter sections so established will be 
shown; but (2) in those cases of relinquishment or cancellation 
where it appears probable that any new entry will be coupled 
with adjoining lottings by the resurvey then a lotting within the 
segregated tract as determined by the section boundaries of the 
resurvey should be adopted. It may well be noted that in the 
great majority of cases the patent eventually issues in accord
ance with the original entry, and the necessity for the subdivi
sion of segregated tracts is exceptional. If the circumstances 
indicate the necessity for the subdivision of a tract at the time 
of the preparation of the resurvey plat, the proper supervising 
officer wiII exercise judl,,'1llent based upon the type of disposal 
and the purpose to be served, but where such necessity is not 
clearly apparent no subdivision of this nature will be made. 
A supplemental plat may be prepared at a later date to meet 
specific requirements. 

657. If there are overlapping claims as defined in section 445, 
sixth paragraph, Chapter VI, the conflict will be indicated on 
the plat of the resurvey; the component parts will be protracted, 
but no new lot numbers will be aSSigned nor quantities shown 
within the segregated tracts that are involved in the conflict. 
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A memorandum will be added to the index as follows: See field 
notes for the area of any part of a tract in conflict with another 
traot. Tbe uninvolved public land outside of the segregated 
tracts wlll be lotted regularly as heretofore provided. .. 

658. No memorandum or other declaration will be inserted or 
shown upon a plat of a resurvey that can be construed as an 
adjudication of a settlement right, entry, or State selection or 
right under any grant as to status nor as an adjudication of 
a conflict, excepting as appropriate action on the case may 
have been taken prior to the date of the approval of the resur
vey plat. 

659. The usual technical data in reference to the direction and 
and lengths of lines will be shown upon the plats of resurveys 
arranged on the several sheets as may be appropriate. The 
fractional distances along the section lines, the record inter
sections of the lines of the resurvey with the lines of claims, 
and the connecting distances to the angle pOints of the tract 
surveys will be shown in such a manner as to indicate the 
values employed in the computation of the areas of the public
land subdivisions. The lettering will follow the styles and 
gages shown upon the specimen township plat. The complete 
topographical repl'esentation will always be carried by the 
first or principal sheet. 1.'he section numbers will be carried 
on all of the sheets. The . first or principal sheet of a series 
will carry a memorandum of the total number of sheets in that 
series. 

660. On plats of independent resurveys the lot numbers and 
areas within the sections that are invaded by nonconformable 
tract segregations will usually be shown on the additional 
sheets, where such sheets are required, otherwise the lot num
bers and areas will be shown on the first or prinCipal sheet. 

661. On plats of dependent resurveys the areas of the sub
divisions are shown only in those exceptional cases where 
the differences between the actual quantity of the vacant sub
divisions ·as found by resurvey and the former area as returned 
on thcQrigiual approved plat are so great as to warrantrevl
sion. :Inthatcasethe'luestion Of n revision sbould rest UpOII 
the elemEmtotquantityrather than upon that offustPrtion, 
and for practical purposes a variation of as much as '2:00 acres 
to the quarter-(}uart.er section has been found advisable before 
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FIG. 90.-Tract segregations in conlUct, but not an adequate 
basil for amendment of descriptions. It there are overlap
ping claims the conflict will be indicated on the plat of the 
resurvey. 
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lottlngs; applicable after the adjudication of the rights, A 
supplemental plat will be issued subsequent to the adjudica
tion of the rights involved wIthIn a contllct, 
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making a change. If amendment is required, new lot numbers 
will be assigned to each vacant subdivision, and the total area 
within the section w1ll be shown as the sum of the several lots 
as thus revised. 

662. The total area shown within each independently resur· 
veyed section, or within a dependently resurveyed section where 
revised lottings have been founa necessary, will indicate the 
sum of the several parts which are to be identified for purposes 
of disposal by exclusive reference to the resurvey plat. In the 
tabular data to be supplied on the plat of a dependent resur
vey, giving the area resurveye(j, the number of acres will be 
the same as the total shown on the ori~inal plat. except as 
revised lottings have been required under the rule stated ill 
section 661, in which case the total should refiect the proper 
amount of the increase or decrease. In the tabular data to be 
supplied on the plat of an independent resurvey. ~iYing the 
area r"!surveyed, the number of acres will be shown in two 
parts: (1) Total area of tract segre~ations and conformed 
entries; and (2) total area subject to entry. If a tract over· 
laps a township boundary, only the part within the township 
will be counted in this total; and if there are conflicting tract 
segregations or conformed entries, the area in conflict will 
be counted once only. 

663. The first or principal sheet of the plat of a rel<urvey will 
carry an appropliate memorandum of the authority upon which 
the resurvey was made; all of the sheets will show the usual 
forms of certificates of approval and acceptance. 

664. Office instructions for the preparation of a supplement:ll 
plat will be issued subsequent to the adjudication of the rights 
involved within a conflict when required to facilitate an amend· 
ment of entry or patent. On the supplemental plat lot numbers 
will be assigned to the revised component parts of each adjudl· 
cated tract, serially within the sections of the resurvey. and 
areas shown. to nfford descriptions thnt are conflict free. In 
these cases the :mpplemental plat will carry a revised index to 
t.he segregated tl'llcts -shown and a refel'ence to the precpding 
plat.luthe index the -descriptions in terms of the original sur· 
veyofthose tract subdivisions that are found reduced by rea· 
son of the previous conflict will be omitted. and in the columns 
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of resurvey descriptions and areas of component parts will be 
substituted the appropriate section numbers, lot numbers, and 
areas of the reduced tract subdivisions that are conflict free. 

665. The usual rules of field procedure will be observed in the 
protraction of the tract subdivisions-i. e., if by dependent re
survey, or where adequate control is shown in the record, the 
original sections will be subdivided regularly-but if by inde
pendent resurvey and limited control for the tract segregations, 
the points for all intermediate sixteenth-section, quarter-section, 
and section corners on the original tract boundaries will be 
determined by proportionate intervals between the established 
angle points, and the interior lines will be drawn to connect cor
responding points on the opposite sides of the tract boundaries, 
fixing the corners of each component part by intersections. The 
areas to be computed will be based upon the data derived in the 
resurvey. If additional field work is required in order to supply 
data needed in the computations or otherwise, the public survey 
office will request authority to issue the usual special instructions. 

666. The following table is a revised index conforming to 
Figure 91: 

IndeaJ to segregated, tracts. 

Tract. Original survey. Compo- Resurvey. nent parts.' 

.... 
~ Entry and status. Tp. Rg. Sec. Subdvn. """ Area. Tp. Rg. Sec. Subdvn. ='''' 11l~ 

- --- - - ---

38 Buffalo 010118. 44 80 1 Lot 4. A 35.16 
A.H.E. 44 80 1 SWJ4NWJ4. H 40.00 
Ralph R. Bald- 44 80 2 Lot 1. B 35.86 

win. 
Pending. 44 80 2 Lot 2. C 36.06 

44 80 2 SWJ4NEJ4. F 40.00 
44 80 2 SEJ4NEJ4. G 40.00 

28.81 44 80 3 Lot 5. 
30.97 44 80 3 Lot 7. 

39 Buffalo 09382. 44 80 1 W~SWJ4. 
H.E. 44 80 2 SEJ4. 
Ralph R. Bald- 44 80 2 E~SWJ4. 

win. 
Patented. 

-_. __ ._---
, See sec. 650. 
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Index to 8egregated tracts-Continued 

Tract. Original survey. Compo- Resurvey. nent parts. 

~ Entry and status. Tp. Rg. Sec. Subdvn. 
;,.; 

Area. Tp. 
I 

t1JS Rg. Sec. Subdvn. 

__ 1-
41 Buftalo 09311. 44 80 a Lot!. A 36.66 

H.E. 44 SO 3 Lot 2. B 36.85 
Henry J. Brun· 44 80 3 Lot 3. C 37.00 
nl~. 44 SO 3 SWtrW~. D 40.00 

Pend ng. 44 80 3 S .NE •. E 40.00 
44 80 3 NW~SEJ4. 0 40.00 
44 80 3 NEJ4 WU. H 40. 00 , 

39.76 44 80 3 Lot 6. 

43 Bullalo 011734. 44 80 3 SWUSWU. C 40.00 
H.E. 44 80 10 NWUNWU· D 40.00 
Perrdj Barnes. 44 80 10 SEUNWU. G 40.00 
Pen Ing. 44 80 10 SWUNW7<. H 40.00 

28.32 44 80 3 Lot 9. 
4.47 44 80 3 Lot 10. 
2.94 44 80 4 Lot 9. 
0.41 44 80 4 Lot 10. 
2.12 44 80 9 Lot S. 
8.42 44 80 10 Lot 8. 

25.37 44 80 10 Lot 9. 

44 Butfalo 07532. 44 80 10 NEUNEJ4. H 40.00 
H .E. 44 80 11 NWJ4NEJ4. E 40.00 
Antoine Faw'll. 44 80 11 NEJ4NWJ4. ~' 40.00 
Pending. 44 80 11 NWUNWU. 0 40.00 

27.51 44 80 3 Lot 8. 
32.90 44 80 3 Lot 11. 

I 38.12 44 80 3 Lot 12. 

667. A word of caution to the engineers and draftsmen who 
are engaged upon the platting of resurveys is needed in order 
to guard against a possible misinterpretation of the rules on 
that subject, to the effect that it is not expected that the differ
ent cases can aU be brought into a similar treatment. The 
contributing factors to be dealt with appear in considerable 
variety, and the methods suited to those situations which may 
not be involved in a particular case should be promptly set 
aside, 80 as to avoid the introduction of unnecessary compUca
tions. The normal resurvey may be brought within a fairly 
definite, standardized drafting practice, but each unusual case 
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needs u special analysis with the purpose that the proper super
vising officer may exercise discretion as to how the detail may 
be most suitably platted. 

TITLE SUBHEADINGS. 

668. The yarious types of special plats will be given the usual 
title by towllship, range, meridian, and State (gage 60), with 
appropriate subheading (gages 30-15) modeled after one of the 
following forms: 

(1) Supplemental Plat of Section 15. 
(2) Plat of Four Islands in Burntside LaJ{e. 
(3) Plat of Fiddlers Island in Venice Bay. 
(4) Dependent Resurvey. 
(5) Independent Resurvey with Tract Segregations. 
(G) Indel)endent Uesurvey with Tract Segregations, 

Sheet No.2 
(7) Anasta flia Island Lighthouse and Military Reservations, 

Dependent Resurvey. 
(8) Dependent Resurvey and Extension of Lines Subdividing 

Land Borderln~ Ferry Lake and James Bayou. 
({) Dependent Resurvey and Extension of Lines Subdividing 

the so-called Moon Lake. 
( 10) Retracellent and Extension of Lines Subdividing Accre

t ion Area Bordering Red River, Including Riverbed 
Tracts. 





CHAPTER X. 

MINERAL SURVEYS. 

APPOINTMENT OF MINERAL SURVEYORS. 

669. There is set out in this chapter all matters i'elating' to 
the duties of a United States mineral surveyor, and to the 
field anu office proceuure to be observed in the execution of 
mineral sUrYeys and the filing of the returns. 

670. 1.'he act of March 3, 1925, Manual, section 9, Chapter I, 
necessitated a detailed revision of the regulations governing the 
administration of minerai sutTeys, but the field operations are 
fixed by former legal requirements and long continued practice. 
A full statement of the administrative control of the generlll 
public land surveys, with citations of the autilorities,is con
tained in Chapter I, and in section 1 there is a Ust of the 
several public survey offices. The citations which referspe
cifically to the making of mineral surveys will be found in the 
following sections, where closely related to tile sulJject matter. 

671. Under section 2334 of the Revised Statutes of the United 
States, as amendeu by the act of March 3, 1925, the United 
States Supervisor of Surveys may appoint as United States 
mineral surveyor, in each land district or State where mineral 
lands are located, as many competent surveyors as shall apply. 

672. Application for appointment as United States mineral 
sUl'veyor shouid be addressed to the public survey office in. the 
district for which appointment is desired. An examination will 
be made there of the applicant's technical qualifications, and if 
found to be satisfactory, that office will forward the application 
to the chief of field division, General Land Office, for report 
regarding the applicant's general reputation and fitness. fDr -the 
position. If favorable, recommendation for appointment will be 
made to the supervisor of surveys, who will issue an· appoint" 
ment,addressing the same through the publ1c survey . office, and 

415 
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call1ng upon the appointee to file the required bond (sec. 679). 
The bond will be forwarded to the supervisor of surveys for 
approval; the papers will then be forwarded to the Commis
sioner of the General Land Office for acceptance. Notice of the 
acceptance will be mailed to the public survey office, with copy 
to the supervisor of surveys, and the former will advise the 
mineral surveyor. In the event of adverse recommendation, the 
chief of field division will report direct to the General Land 
Office, and at the same time will notify the public survey office. 

673. Mineral surveyors may, at the same time, hold appoint
ments in more than one State or district. (20 L. D. 163.) 

674. In the matter of reappointments, notice should be given 
the mineral surveyor 60 days prior to the expiration of his 
bond, with request that he signify his intentions regarding its 
renewal. If answered in the affirmative, the chief of field 
division will be called upon for the customary report. Favor
able report will be followed by notice to file renewal bond, the 
approval and acceptance of which will follow the procedure for 
original bonds. 

675. A biennial report will be submitted by each public survey 
office to the General Land Office on the sufficiency of the surety 
for each mineral surveyor on the roll for the district. 

676. In case of failure to file renewal bond, or in the event of 
resignation or death, the name of the mineral surveyor will be 
dropped from the roll, and the General Land Office will be noti
fied of the action through the office of the supervisor of surveys. 

677. The supervisor of surveys has authority to suspend or 
revoke for cause the appointments of mineral surveyors, but 
the latter wlll be allowed the right of appeal. An appeal will 
be filed with the supervisor of surveys, who will at once trans
mit It, with a full report, to the General Laud Office. (20 
L. D. 283.) 

678. The appointment of a mineral surveyor Is not for any 
fixed period, the continuation thereof depending upon the char
acter of the service. The supervisor of surveys will therefore 
not appoint mineral surveyors for a speCified term. While 
under the act of March 2, 1895 (28 Stat. 807), mineral sur
veyors' bonds are examined every two years as to their suffi· 
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clency, and new bonds required every four years from the dates 
of their acceptance, the latter requirement Is not because the 
term has then expired. 

679. A mineral surveyor is not authorized to perform any 
work under hIs appointment until his official bond shall have 
been accepted by the CommissIoner of the General Land Office. 
The bond shall be in the sum of $5,000, and will become effec
tive, and the liability of the principal and surety will begin 
with its acceptance by the Commil!sioner of the General Land 
Office. 

680. Bonds can not be canceled, nor can the surety thereon 
withdraw so as to relieve the liability during the time the prin
cipal performs official duties thereunder. The most that may 
be done is to relleve the surety of future responsibility through 
formal notice from the CommIssioner of the General Land 
Office of the acceptance of a new bond or of the resignation of 
the princIpal. 

681. The claImant is require<lIn all cases to make satisfactory 
arrangements with the mineral surveyor for the payment for 
his services; the United States will not be responsible for the 
settlement. Neither the supervisor of surveys nor the Commis
sioner of the General Land Office has jurisdiction in the settle
ment of differences relative to the payment of charges made by 
mineral surveyors. These are matters of private contract, to be 
enforced in the ordinary manner-I. e., In the local courts. The 
department hal:>, llOwever, authority to investigate allegations 
regarding the officIal actions of mineral surveyors, Including 
combInations to fix prices for survey work, and on sufficient 
showIng of cause will suspend or revoke an appointment. 

682. A mineral surveyor is precluded from acting, either di
rectlyor indirectly, as attorney in mineral claIms. HIs duty in 
any partkular case ceases when he has executed the SUl'vey and 
returned the field notes and prelimInary plat with report to the 
public survey office, but he may be called upon to verify, or cor
rect if necessary, any part of the field work or the record 
thereof, pending the approval of the survey. He will not be 
allowed to prepare for the mineral claimant application papers 
for patent or otherwise perform the duties of an attorney before 
the district land office. 
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683. The mineral surveyor will be held to a strict account
ability for the faithful discharge of his duties, and will be re
quired to observe fully the requirements and regulations in 
force aft'ecting mineral surveys. If found incompetent, careless 
in the discharge of his duties, or willfully guilty of a violation 
of the regulations, his appointment will be subject to revocation. 

684. A mineral surveyor is within the purview of section 452, 
Revised Statutes, which prohibits officers, clerks, and employees 
of the General Land Office from directly or indirectly purchas
ing or becoming interested in the purchase of allY of the public 
lands, upon penalty of forfeiture of official position. (36 
L. D. 61.) 

GENERAL INSTRUCTIONS. 

685. No return by a mineral surveyor will b~ recognized as 
official unless it is over his signature as a United States mineral 
surveyor and made in pursuance of a special order from the 
proper public survey office. After he has received an order, 
he is required to make the survey and return the prescribed 
field notes and preliminary plat thereof without undue delay. 

686. Application for the survey of a mining claim, accom
panied by a certified copy of the location certificate and requi
site deposit of the e~timllted cost of the office work (sec. 687) 
should be made to the public survey office for the district in 
which the claim is located. This office will receipt for the de
posit, issue an order for the survey, if appropriate, admini!3ter 
all office work in connection therewith, approving plat and 
field notes of such survey, and otherwise perform the duties 
prescribed by the mining regulations, including certification as 
to expenditure made upon the claim. 

687. The public survey office will furnish the applicant an esti
mate of -the cost of the final platting and other office work in 
connection with the survey, and the applicant will forward 
this amount in the form of cash, money order, or certified 
check, for which receipt will issue. Office work will be chill'ged 
at actual cost, and if the original deposit is found insufficient 
"It further deposit will be caned for, or if found excessive or the 
survey -abandoned before approvaJ, a refund of the unearned 
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amount may be obtained: The claimant wlll be notified of any 
excess amonnt upon the approval or abandonment of the sur
vey, and blank application for refund wiU be furnished. 

688. A mineral surveyor should not combine tbe duties of sur
veyor and notar~.' public in the same CU~l' by adminil;tering oaths 
to the parties in intcl'ellt. It is prefel'llble that the oaths of his 
field assistants be taken before some officer duly authorized to 
administer oaths. In ca ses, however, where great delay, ex
lJense, or inconvenience would result from a strict complianc(~ 
with this rule, the mineral surveyor is authori7.ed to administer 
the neces!'ary oaths to his assistants, but where this is done 
he will submit It full written report of the cil'eumstances which 
l'equired this action; otherwise he is required to have nothing 
to do with a elll"<' exeept in his official capacity as a mineral 
surveyor. 

689. Claimants, their !tttome),s, 01' parties in interest are not 
to he employed as assistants in making mineral surveys. 

690. All lengths of lines are to be retumed as their true horl
:7.0utal ~quiYHI~nts in the foot unit, as determined by the gen
eral method;;; of measurement prescrihed in sections 16, 17, 3ri, 
;ai, ami 37, Chapter II. 'rhe high degree of aceurncy reqniroo 
in the making of mineral surveys calls for careful steel-tape 
llIeasurements; and if needed in orfiei' to secure acceptable re
sults, a spiing balnnee may be used and temperature correc
tions applie(l. 

691. All mine!'al surveys ure to be made with an instrument 
by which the meridian may be determined independently of 
the magnetic neeelle, Ilnd the directions of all lines are to be 
referred to the true meridian. An engineer's transit with or 
without a solnr attachment may be employed nnd any method 
(Iescribed in Chaptpl" II may be used. The true course of at 
least one line of each fmr..-ey is to be a scel'talnoo at the time of 
the survpy by observation either upon the sun or Polaris by 
one of the methods given in sections 84 to 124, inclusive, Chap
ter II, with proper verification of the time and latitude; the 
methods so employed and the results will be r<.'eorded in the 
field notes of the survey. 

692. '.rhe magnetic variation is to be noted at each corner of 
the survey; if it is the same at the several corners one state-
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ment to this etrect, and the value of the declination w1l1 be 
given in the field notes. The variation will be noted and re
corded at each corner of the survey where ditrerences are found. 

REQUmEMENTS OF FIELD WORK. 

693. The tenn "survey" as here employed includes the usual 
technical procedure, and also all examinations required for the 
preparation of the affidavits of an expenditure of $500 for de
velopment purposes, descl'ipti ve reports on placer claims, and 
any other reports to be made by the mineral surveyor. 

694. In every case the survey made and l'eported is to be an 
actual survey on the grotmd in full detail, made by the mineral 
surveyor in person after the receipt of the order, and without 
reference to any knowledge he may have previously acquired by 
reaHon of huving made the location surveyor otherwise, and 
the record will show the actual facts existing at the time. 
This precludes a calculation of the connections to corners of the 
public survey and to mineral monuments, or of any other lines 
of the survey, through prior surveys, unless it is satisfactorily 
shown in his report that he has retraced such lines and found 
them to be correct. (6 L. D. 718; 7 L. D.81.) 

695. The survey of a mining claim may include several con
tiguous locations owned in common, but in conformity with 
statutory requirements such survey record will distinguish the 
several locations and exhibit the boundaries of each. (5 L .• D. 
199; 6 L. D. 808; 29 L. D. 085.) 

696. The survey will be made in strict conformity with, or be 
embraced within, the lines of the location upon which the 
order is based. If the survey and location are identical that 
fact will be clearly stated in the field notes. If not identical, 
a bearing and distance will be given from each established 
corner of the survey to the corresponding corner of the loca
tion. The lines of the location as found upon the ground will 
be laid down upon the preliminary plat in such manner as to 
contrast and show their relation to the lines of survey. (1 
L. D. 081.) 

697. The survey will be given but one number. A location 
under the mining laws can legally be made only of a tract or 
piece of land embraced within one set of boundary lines; and 
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two or more tracts merely cornering with each other can 
not legally be embraced In a single location. (33 L. D. GOO; 
35 L. D. 485.) 

698. III accordance with the principle that courses and dis
tances must give way when in confiict with fixed objects and 
monuments, the mineml surveyor will not under Bny circum
stances change the corners of the location for the purpose of 
making them conform to the description in the record. If the 
diffierence from the location certificate is slight, it may be 
explained in the field notes, as indicated in the specimen field 
notes. 

699. The act of Congress of May 10, 1872, expressly provides 
that "the location must be distinctly marked upon the ground 
so that its boundaries can be readily tmced," and "that all 
records of mining claims hereafter made shall contain the name 
or names of the locators, the date of the locatioll, and such a 
description of the claim or claims located, by reference to some 
natural object or permanent monument, as will identify the 
claim." (R. S. 2324.) 

700. A single discovery working can not support more than 
one location. (16 L. D. 1.) 

701. These provisions of law must be strictly complied with 
in each case to entitle the claimant to a survey and patent, and 
should a claimant under a location made subsequent to the 
passage of the act of May 10, 1872, who has not complied with 
said requirements in regard to marking the location upon the 
ground and recording the location certificate, apply for a survey, 
the mineral surveyor will decline to make it. (1 L. D. 581.) 
He will report the facts to the public survey office and await 
further instructions. 

702. If after having obtained an order for survey the appli
cant should find that the record of location does not practi
cally describe the location as staked upon the ground, he should 
file a certified copy of an amended location certificate, correctly 
describing the claim, and obtain an amended order for survey. 

703. Should the survey be applied for under a location made 
prior to May 10, 1872 (R. S. 2332), the mineral surveyor 
will be governed by the special Instructions accompanying the 
order for survey. 

1990°-31--28 
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704. No mining claim located subsequent to May 10, 1872, 
should exceed the statutory limit in width on each side of the 
center of the vein, or 1,500 feet in length. All surveys must 
dose within 0.50 feet in 1,000 feet, and the errol' must not IlC 
such as to make the claim exceed the statutory limit. In the 
ubsence of proof to the contrary, the discovery point is held to 
be the center of the vein on the surface. The course and length 
of the lode line or presumed course of the vein should be markecl 
upon the plat Dnd specifically described In the field notes. 

LODE LINE AND ,END LINES. 

705. It was held in 35 Lund Decisions, 22 (syllabus), that

There is no warrant in the mining laws for extending, arbitra
rily and without allY basis of faet thcrefor, the veiu 01' lode 
line of 11 location in an inegular and zigzag manner for the 
purpose of controlling the length or situation of the exterior 
lines of the locution to suit tllc convenience, real 01' imagined, 
of the lo('ator. 

The eud lines of a lode location must lie straight and parallel 
to eaeh other and when at right ilngles with the side lines may 
uot exceed 600 feet ill length. 

The mining laws contemplate that the end lines of a lode 
claim shall have suh~tantial ('xistence in fact, and in length 
shall reasonably comport with the width of the claim as located. 

METHOD AND ORDER OF PROCEDURE. 

706. III making the official survey, cornel' No. 1 of each loca
tion embraced in the claim will be established at the angle near
est the puhlic suney cornel' or milleral monument to which 
connection is made. If conneetion is made both to a cornel' 
of the public survey and to a mineral monument, corner No. 1 
8hould be placel1 nearest the corner of the public survey. 

707. Connect corner No.1 of eacll location by COUl'se and dis
tance with the nearest cornel' of the public surveyor with a 
United States mineral monument if the claim lies within 2 miles 
of such corner or monument. If Loth are within the requireu 
distance, it will be connected with the nearest corner of the 
public survey. (7 L. D. 475; pal'. 135, Mining Circular, April 
11, 1922.) 

708. When the corner tied to is not the nearest record, cornel', 
a statement should be made that it is the nearest or most 
acce~;;ible corner that could lie found after diligent search. 
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709. When a mining claim is situated within the limits of a 
township the survey of which is in good standing, but where no 
corner of the survey can be found within 2 miles of the claim, 
after diligent search, cOllllection may be made with a mineral 
monument, which in turn will be connected with an established 
public survey corner. 

710. From corner No.1 the successive boundaries of each loca
tion will be run in regular manner, numbering the remaining 
corners in consecutive order. 

711. A lode and a mill site embraced in one survey will be dis
tinguished by the letters A and B, respectively, following the 
number of the sUl'vey, The corners of the mill site will be 
numbered independently of those of the lode. Corner No.1 of 
the mill site will be connected with a corner of the lode claim 
as well as with a corner of the public surveyor mineral monu
ment. 

712. When a placer claim includes lodes, or when several con
tiguous placer 01' lode locations am included as one claim in olle 
survey, the corners of each locution will be given a separate 
consecutive numerical designation, beginlling with corner No.1 
in each case, In the former case, describe the placer claim 
first in the field notes. 

CONFLICTS. 

713. When the exterior lines of a claim conflict with the 
survey of another claim, the distances to the points of inter
section and the courses and distances along the line intersected 
from an established corner of such confiicting claim to such 
points of intersection should be reported in the field notes: 
Provided, That where a corner of theconfiicting survey falls 
within the claim being surveyed, this comer should be selected 
from which to give the tie. When the same line of a conflict 
is intersected by two lines of the survey, the tie will be given 
from the same corner of the conflicting survey at both inter
sections. 

714. When the lines of two locations of the survey intersect, 
only the point of intersection will be given on the line being 
described. 

715. Conflicts with unsurveyed .lQcations will not be reported 
unless excluded from the net area claimed. 
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716. Surveyed claims owned by the applicant, In contuct with 
or contiguous to the survey, wlU be reported in the field notes. 

717. A connecting line should be run from some corner of the 
survey to a corner of each conflicting survey, also to a corner of 
each confiicting unsurveyed location that is to be excluded. 

718. Connection will also be given to any survey, the record 
position of which is within 100 feet of the lines of the survey 
being executed; also to any other neighboring survey, the loca
tion of which is not definitely fixed by the record. Such con
nections will be made and confiicts shown according to the 
boundaries of the neighboring or confiicting claims as each is 
marked, defined, and actually established upon the gronnd. 
The field notes wlU fully and speCifically state how and by what 
visible evidence the several conflicting surveys were identified 
on the ground, as well as those which appear to confilct, accord
ing to their returned tie or boundary lines, and report all 
material errors or discrepancies found in such surveys. In the 
survey of a group of contiguous claims where any corners are 
common to two or more claims of the group, bearings should be 
mentioned but once and the corner described as a common 
corner in the claim first mentioned In the field notes. 

MINERAL MONUMENTS. 

719. When a survey is situated in a district where there are 
no corners of the public suney and no other monuments within 
2 miles, a minerai monument will be established. The site, 
when practicable, should be some prominent point, giving good 
visibility from every direction, and the site should be so chosen 
that the permanency of the monument will not be endangered 
by snow, rock, or land movements or other natural causes. Its 
position with reference to latitude ami longitude should be re
corded as accurately as the known data and the instruments 
used will afford. 

720. The monument should consist of a stone not less than 80 
inches long, 20 inches wide, and 6 inches thick, set two-thirds in 
the ground, with a conical mound of stone 4 feet high and 6 feet 
base alongside. 'I'he letters "U S M M" followed by the num
ber of the survey in connection with which it is established will 
be plainly chiseled upon the stone. The exact reference point 
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will be indicated on the monument by a cross (x) chiseled on 
the top. Any necessary departure from the prescribed material 
and size of monument is to be explained. 

721. From the monument the precise course and distance wlll 
be taken to two or more bearing trees or rocks, and to any 
well-known and permanent objects in the vicinity, such as 
buildings, shafts, mouths of ad its, prominent rocl,s, or the con
fluence of streams. Bearing trees wllI be properly scribed 
"B T" and the bearing rocks chiseled "B R" together with 
the number of the mineral monument; the exact point on the 
tree or stone to which connection is made to be indicated by 
a cross or other unmistakahle mark. Bearings should also 
be taken to prominent mountain peaks, and the approximate 
distance Rnd direction ascertained to the nearest town or mining 
camp. A detailed description of the mineral monument, with 
a topographic map of its location, will be furni~hed. 

CORNER MONUMENTS. 

722. Corner monuments may conSist of the following material, 
given in the order of preference: 

(A) Tubular iron posts with flaring base, cement core, and 
brass cap for marking with steel dies, of the type adopted for 
public land surveys; 

(B) A stone at least 24 inches long, set 16 inches in the 
ground, with a conical mound of stone, 1% feet high, 2 feet 
base, alongside; or, 

(C) A rock in place. 
If none of the foregoing material Is available, a concrete 

post, 24 inches long, 6 inches square, set 16 inches in the ground, 
or hardwood post at least 3 feet long by 4 Inches square, set 
24 inches in the ground, and surrounded by a substantial mound 
of stone or earth, may be used. Should it become necessary to 
vary from these instructions, the returns will contain a full 
statement of the reason therefor. 

723. All corners wlll be established in a permanent and work
manlike manner, and the distinguishing initial letter or letters. 
corner, and survey numbers will be neatly chiseled or scribed 
on the side facing the claim. The precise corner point wllI be 
permanently Indicated on the monument. When a rock in place 
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is used, its dimensions above ground will be stated, and a· cross 
chiseled at the exact corner point. Corners common to two or 
more locations will bear the initial letter and corner number of 
each location. 

724. In case the paint for the corner is inaccessible or un
suitable, a witness corner will be established, which will bear 
the letters" W C" in addition to the regular markings. When 
practicable the witness cornel' should be located upon a line of 
the survey and as near as possible to the true corner point, 
with which it must be connected by course and distance. The 
reason for the establishment of a witness corner will be stated 
in the field notes. 

725. The position of all corners should be recorded by course 
and distance to bearing trees, rocks, and other permanent ob
jects, as prescribed in the establishment of mineral mOlluments, 
and when no objects are available the field notes should so state. 

TOPOGRAPHY. 

726. Note carefully all topogruphic features of the claim,. tak
ing distances on the lines to intersections with all streams, 
gulches, ditches, ravines, mountain ridges, roads, trails, etc., 
with their widths, courses, and other data that may be required 
for mapping purposes. If the claim is situated within a town 
site, all important municipal improvements, and the street and 
block system, will be located for mapping purposes. 

FIELD NOTES. 

727. Field notes aDd other reports must be typewritten in 
black-record ink, and upon the proper blanks, which will be 
furnished by the public survey office upon application. No in
terlineations or erasures are permissible, and no abbreviations 
or symbols may be used excepting those shown in section 550, 
Chapter VIII, and as employed in the specimen field notes, 
appendix, page 517. 

728. The mineral surveyor will prepare and file a preliminary 
plat on tracing cloth, drawn on a scale of 200 feet to an inch, 
if practicable, in conformity with the speCimen plat herewith, 
the lines of the claim surveyedbei!lg shown heavier in contrast 
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with conflicting claims. A copy of such calculations of areas 
as are made by double meridian distances and of all triangula
tions or traverse lines will also be furnished. 

729. In order that the results of the survey may be reported 
in a uniform manner, the field notes nnd preliminary plat will 
IJe prepared in strict conformity with the specimen field notes 
and plat, which are made part of these instructions. They are 
designed to furnish all needed information concerning tlle 
manner of describing the boundaries, corners, lode lines, con
nections, intersections, conflicts, and Improvements, and of 
stating the magnetic variation, area, location, and other data 
connected witll the survey of mineral claims, and to prescribe 
certain forms of affidavits for the surveyor and his assistants. 

730. Throughout the description of the survey, after each ref
erence to the lines or corners of a location, give the name there
of, and if unsurveyed state the fact. If reference is made to a 
location Included in a prior official snryey, the survey number 
will be given, followed by the name of the location. 

731. '.rhe total area of each location in H group embraced by 
its exterior boundarleH, and also the area in conflict with each 
intersecting sUr\'ey or claim, should be stated. 'Vhen locations 
of the survey conflict with each other, such conflicts should be 
stated only In connection with the location from which the 
conflicting area is excluded. 

732. The fleld notes and plat of survey should not show ex
clusions, 01' attempt to :Sllecify the net area of the claim. These 
are matters for the applicant to state in connection with his ap
plication for patent, and the notices posted and published. The 
field notes should merely show the total and net areas of COIl

fllct, so that any oxclusion desired may be readily made. 
733. If any prior conflicting survey is not to be excluded by 

the claimant in his application for patent, the fact should be 
stated in a separate report filed with the survey returns, so 
that the statement of area can be pl'operly examined. 

734. The field notes should state specifically whether the 
claim is upon surveyed or unsurveyed public lands, giving in 
the former case the quarter section, township, and range in 
which it Is located, and in the latter the township and range as 
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nearly as can be determined by the information at hand. When 
upon surveyed lands, the section boundaries should be indicated 
by full lines and quarter sections by broken lines. 

735. The title-page should contain the post-office address of 
the claimaqt 01' his authorized agent. 

IMPROVEMENTS. 

736. In Revised Statutes, 2325, it is directed that at least 
$500 shall be expended upon a mineral claim as a prerequisite 
to patent. 

737. In preparing the certificate of the value of the improve
ments, the form shown in the speclmen field notes will be 
followed. 

738. Only actual expenditures and mining improvements made 
by the claimant or his grantors, having a direct relation to 
the development of the claim, are to be included in the estimate. 
Labor or improvements, within the meaning of the statute, are 
deemed to have been had on a mining claim, whether it consists 
of one location or several, when the labor is performed or the 
improvements are made for its development-that is, to facili
tate the extraction of the met.als it may contain. (6 L. D. 2.22.) 

739. The expenditures required may be made on the surface 
or in running u tunnel, drifts, or crosscuts for the development 
of the claim. Improvements of any other character, such as 
buildings, machinery, or roadways, will be excluded from the 
estimate unless it is clearly shown that they are associated with 
actual excavations, such as cuts, tunnels, and shafts, and are 
essential to the practical development and to actually facili
tate the extraction of mineral. Mills for ore treatment, or 
roadwuys, tramways, or trails built for transporting the ex
tracted ore from the mine, are not to be included. 

740. All mining and other improvements on the claim will be 
located by course and distance from corners of the survey, or 
from points on the indicated lode line, specifying with particu
larity the dimensions and character of each. The improvements 
upon each location should be numbered consecutively, the point 
of discovery always being No. 1. Improvements made by a 
former locator who has abandoned his claim are not to be 
Included in the estimate, but should be described by separate 
statement in lhe field notes and shown on the plat. 
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741. The field notes will show In detail the value of each mIn
ing improvement included in the estimate of expenditures, and 
when a tunnel or other improvement has- been made for the 
development of other claims in connection with the one for 
which survey is made, the name, ownership, and survey num
ber, if any, of each claim to be credited, and the value of the 
interest credited to each will be stated. 

742. When a lode and mill site are included in the same sur
vey, an expenditure of $500 Is required upon the lode claim 
only. 

743. When a survey embraces several locations held in com
mon, constituting one entire claim whether lode or placer, an 
expenditure of $500 for each location embraced In the group 
will be required. 

744. It is held in 35 Land Decisions, 361 (syllabus), that-

Where several contiguous mining claims are held in common 
and expenditures are made upon an improvement intended to 
aid in the common development of all of the claims so held, and 
which is of such character as to redound to the benefit of all, 
such improvement is properly called a common improvement. 

Each of a group of contiguous mining claims held in common 
and developed by a common improvement has an equal, undi
vided interest in such improvement, which is to be determined 
by a calculation based upon the number of cla ims in the group 
and the value of the common improvement. 

There is no authority in law for an unequal assignment of 
credits out of the cost of an improvement made for the common 
benefit of a number of mining claims, or the apportionment of a 
physical segment of an improvement of that character to any 
particular claim or claims of the number, such an arbitrary 
judgment of credits as the exigencies of the case may seem to 
require being- utterly at variance with the essential idea inherent 
in the term .. a common improvement." 

In any patent proceedings where a part of a group of mining 
claims is applied for and reliance is had upon a common im
provement, the land department should be fully advised as to 
the total number of claims embraced in the group, as to theil' 
ownership, and as to their relative situations, properly deUne
ated upon an authenticated map or diagram. Such information 
should always be furnished in connection with the first pro
ceeding involving an application of credit from the common im
provement, and should be referred to and properly supplemented 
in each subsequent patent application in which a like credit Is 
sought to be applied. 
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745. It is also held in 36 Lund Decisions, 551 (syllabus), 
that-

A common improvement or system, offered for patent purposes, 
although of sufficient aggregate value and of the prerequisite 
benefit to all the mining claims of a group, can not be accepted 
as it then stands in full satisfaction of the statutory require
ment as to such of the claims the location of which it preceded, 
the law requiring that an expenditure of at least $500 shall 
succeed the location of every claim. 

If the requisite benefit to the group is shown, or to the extent 
of such of the claims as are so benefited, and the elements of 
contiguity and common interest in the claims concerned appear; 
if the improvement represents a total value sufficient for patent 
purposes for the number of claims so involved; if for each claim 
located after the partial construction of the improvement the 
latter has been subsequently extended so as to represent an 
added value of not less than $500, each is entitled under the 
law to a share of the value of the common improvement in its 
entirety, no claim receiving more or less than another from that 
source, participating therein without distinction or difference, 
and as to each the statutory requirement is satisfied. 

'146. The explanatory statement in such cases should be given 
in the field notes or affidavit at the conclusion of the descrip
tion of the improvements included in the estimate of expendi
ture, and should be as full and explicit as the facts in the case 
warrant, dealing only with improvements, conditions, and cir
cumstances as they actually existed at the time of surveyor 
examination. 

'147. If the value of the labor and improvements upon a min
eral claim is less than $500 at the time of survey, authority is 
given to file thereafter supplem\'ntal proof showing $500 ex
penditure made prior to the expiration of the period of publi
cation. The information on which to base this proof must be 
derived by the mineral surveyor, who makes the actnal sur
vey, from a careful examination upon the premises. 

'148. Only improvements made by the claimant or his grantors 
subsequent to the location of the claim are available under the 
statutes for patent expenditure. The public survey office cer
tUies to this fact and as the certificate is based on the report 
of the mineral surveyor, the latter should exercise special care 
to see that such improvements only are reported. 
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DESCRIPTIVE ,REPORTS ON PLACER CLAIMS. 

749. By General Land Office circular approved April 11, 1922, 
paragraph 167, the mineral surveyor is required to make 11 full 
examination of all placer claims at the time of survey, and to 
file with his field notes a descriptive report, under oath, duly 
corroborated by one or more disinterested persons and covering 
the following items: 

(A) The quality and composition of the soil, uud the kind 
Ilnd amount of timber and other vegetation; 

(B) The location and size of streams, and such other matter 
as may appear upon the surface of the claims; 

(0) The character, extent, and position of all surface and 
underground workings for mining purposes; 

(D) The proximity of centers of trade or residence; 
(E) The proximity of well-known systems of lode deposits 

or of individual lodes; 
(F) The use or adaptablllty of the claim for placer mining, 

including the availability of water in sufficient quantity for 
practical opera tions ; 

(G) Works or expenditures made by the claimant or his 
grantors for the development of the claim; and, 

(H) The true position of all known mines, salt licks, salt 
springs, and mill sites. \Vhell none is known to exist on the 
claim, the fact wlll be so stated. 

AMENDED SURVEYS. 

750. Amended surveys are ordered only by the General Land 
Office, and inasmuch as the conditions and circumstances pecu
liar to each separate case and the object sought by the required 
amendment are set forth in the instructions from that office, 
and alone govern all special matters relative to the manner of 
making such surveys and the form and subject matter to be 
embraced in the field notes thereof, but fpw general rUles can 
be laid down. 

751. 'l'he amended surveys are to be made in strict conformity 
with, or be embraced within, the lines of the original survey. 
If the amended and original surveyS are identical, that fact 
will be distinctly stated in the field notes. If not identical, the 
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bearing and distance are to be given from each established 
corner of the amended survey to the corresponding corner of 
the original survey. The lines of the original survey, as found 
upon the ground, are to be laid down upon the preliminary plat 
in such manner as to contrast and show their relation to the 
lines of the amended survey. 

752. The field notes of the amended survey are to be prepared 
on the same size and form of blanks as are required for the field 
notes of the original survey, and the abbreviation "Am." will 
be used after the survey number wherever it OI:CUl·S. 

PLATS. 

753. The order of approval of surveys of mineral claims is 
prescribed by General Land Office circular dated April 11, 1922: 

The mining survey first applied for shall have the priority of 
action in all stages of office procedure, including the delivery 
thereof, over any other survey of the same ground or any por
tion thereof. The survey of a claim which confiicts with one 
previously applied for will not be approved until the survey first 
applied for has been completed, examined, platted, and approved. 

754. Chapter IX is devoted to the subject of plat making and 
in so far as applicable will be followed. In addition, the fol
lowing instructions relating especially to mineral plats will be 
observed. The returns of the sU1'Vey when filed in the public 
survey office will be carefully examined and compared with the 
records to determine that all confiicts with prior approved 
surveys are correctly shown, that all connecting lines given 
are in harmony with the record, that all material errors 
found in prior surveys are fully reported, and that the calcula
tions of intersections and of confiicting areas are correct. The 
final plat will be prepared on the standard form, drawn on 
a scale of 200 feet to an inch when practicable. (See Speci
men Mineral Plat, Insert No.4.) The scale should be large 
enough to illustrate clearly the field notes, showing the im· 
provements, confilcts, and physical features described therein, 
together with all courses and distnnces of intersecting lines and 
connecting lines, where space will permit. Any topographic 
features described in the field notes tending to confuse 01' 

obscure the plat may be omitted, but as the copy of the plat 
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posted on the claim is a notice to the public of the ground 
applied for, all wagon roads, streams, and other objects that 
may aid in locating the surveyed ground should be shown. 
In case the entire survey can not be shown on the form plat 
on a scale large enough to be clear, two or more sheets may be 
used and numbered consecutively, each sheet bearing the in-
scription, "Survey No. ______ , Sheet No. ______ ." The last 
sheet, carrying the certificate of approval, should be on the 
form plat and the extra sheets on blank sheets of the same 
width, and not longer than the form plat. 

755. The approval of a mineral survey is final, no acceptance 
being required as in the case of the public land subdivisional sur
veys. When approved, the plat will be forwarded to the 
General Land Office for reproduction, and upon its return two 
copies will be mounted; one for filing with the district land 
office, and one for the claimant, together with a transcript of 
the field notes, to accompany his application for patent. One 
unmounted copy will be furnished the claimant for posting, and 
an extra copy when a mill site is included in the survey. 
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35 Stat. 347. Purchase of metal or other equally durable 
monuments. 

35 Stat. 1099, S(>C. 67. Penalty tor the destruction of survey 
monuments. 

35 Stat. 845, 36 Stat. 884, 40 Stat. 965. Resurv~y of publlc 
lands where needed, and resurvey of privately owned lands 
uuder certain conditions. 

36 Stat. 703, 740. Selection of surveyors_ 
43 Stat. 1144. Administration, etc., transferred to field sur

veying service. 
44 Stat. 672. Field notes, etc., of surveys may be turned over 

to the States. 
Former pl'Oct/ce 1naelJ!elZ by reference to 8eoUon number, codifica-

tion of the publio land latD8_______________________________ 9 
Sec. 77. Surveyors general, how and where appointed. 
Sec. 87. Transfer of papers and discontinuance of office in 

case ot completed surveys. 
Sec_ 88. Devolution of powers upon commissioner in case of 

discontinuance. 
Sec. 89. Free access to pnblic records delivered to States, and 

condition of such delivery. 
Admission of States iuto the Union__________________________ 1 
Aliquot parts of sections, legal subdlvlsions___________________ 161 
Allowable limits (see index, Rectangular limit8) _________ 162,174,234 
Alteration of marks on exterior monuments from maximum to 

minimum control under certain conditions, or vice versa_____ 157, 
159,162,163,164,168,169,171,172,188 

On interior monuments_________________________________ 225 
Alteration or reconstruction of corner monuments; regard for 

original location; field-note record_________________________ 238 
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Section. 
Altitude observation of the Bun for azimuth; adaptation of meth

ods to public-land surveying practice; Instrumental specltlca
tions; series required to guard against error; 8ubdivision 01 
8ubject not alphabetic____________________________________ 100 

Method employed______________________________________ 101 
Equations _______________________________________ 102,103,104 

Observing program, mornlng____________________________ 105 
Same, afternoon___________________________________ 106 

Analysis of observing program__________________________ 107 
Example, sun in north declination; form of record; specimen 

fOrm ot reduction____________________________________ 108 
Same, specimen form of reduction _________________ 109, 110 
Same, identical data, specimen form of reduction for 

time___________________________________________ 111 
Example, sun in south declination; form of record_________ 112 

Same, specimen form of reductlon___________________ 113 
Same, identical data, specimen form of reduction for 

tlme___________________________________________ 114 
Same, specimen form of reduction for azimuth only __ 115,116 

Angle points _____________________ 239,433,438,445 (1),452,472,515 
Arrangement and marking of accessories ___________ 346,445 (8) 
Marks on iron posts ______________________________ 279,445 (7) 

Arrangement and marking of corner accessories, and marking 
of corner monuments. (See index, Each ClasB of C01'lU»'B.) 

Artificial lakes and reservoirs will be located but not segregated__ 232 
Auxiliary correction lines__________________________________ 145 
Auxiliary guide meridians__________________________________ 148 
Auxiliary meander corners ________________________________ 232,233 

Arrangement and marking of accessorles_________________ 344 
Marks on iron posts___________________________________ 277 
Marks on stone monuments_____________________________ 296 
Marks on tree monuments_______________________________ 315 

Auxiliary standard parallels_________________________________ 145 
Azimuth by Polaris at elongation; equation; example___________ 84 

Methods employed, watch correction known_______________ 86 
Observing program" a "; example; form of record_____ 87 
Observing program .. b "; example; form of record____ 88 

Method employed, watch correction unknown; observing pro-gram "c" __________________________________________ 89,90 

Azimuth by Polaris at any hour angle; record of observation for 
time required In field notes_______________________________ 91 

Equation; example, hour angle less than 90·_____________ 92 
Example In the use of the EphemeriS, hour angle less than 90· ________________________________________________ 93 

Example in the use of the equation, hour angle exceeding 
90·_________________________________________________ 94 

Example in the use of the Ephemeris, hour angle exceeding 90· ________________________________________________ 95 

1990·-31--29 
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Al1muth by Polaris at auy hour angle; etc.-Continued. Section. 
Methods employed -____________________________________ 96 

Observing program" a"; example; form of record_____ 97 

Observing program" b"; example; form of record____ 98 

Azimuth by the solar attachment____________________________ 77 

Design of InstrumenL__________________________________ 78 

Instrumental adjustments_______________________________ 79 

Use of InstrumenL_____________________________________ 80 

Tests and example: form of record_____________________ _ 81 

Azimuth by the solar compass; description of Instrument, adjust-
ments and test __________________________________________ 82 

Azimuth errors, solar attachment or solar compass, due to uncer

tainties either In the sun's declination or the lattitude; elimi-

nation: explanation, Table 22, Standard Field Tables; example_ 83 

Base line, method of survey, accuracy required __________ 141, 142, 143 

Standard quarter-section, section, and township corners____ 14;~ 

Bearing objects____________________________________________ 319 

Marks and field-note record____________________________ __ 323 

Bearing trees______________________________________________ 319 

Blaze and scribe marks; overgrowth; surface marks________ 299 

Field-note record, species, diameter, nnd positlon__________ 311l 

Marks (see Index, Each ClaBB of corners) _________________ 320 

Principles to be obesrved in selection: id<;ntlfication and pro-

tection after marking: marking additional trees ___ 300,321,322 

Ring count furnishes estimate of date when marked________ 300 

Blazing true line through tlmbeL____________________________ 235 

Center quarter-section corner, requIred in special cases_________ 193, 
215,224,2<19,468 

Arrsngement and marking of accessorics__________________ 342 

Marks on iron posts____________________________________ 274 

Closing section corners _______________ 172,177,184,185,188,191, 225 

Arrangement and marking of accessorles_________________ 331 

Marks on Iron posts____________________________________ 266 

Marks on stone monuments_____________________________ 288 

Marks on tree monuments_______________________________ 307 

Closing subdivislon-of-sectlon corners, required in special cuses__ 193, 
215,224,239 

Arrangement and marking of accessorles__________________ 345 

Marks on iron posts____________________________________ 278 

Closing township corners _____________________ 146, 147, 151, 156, 191 

Arrangement and marking of accessorieB-_________________ 331 

Marks on iron posts___________________________________ 261 

Marks on stone monuments_____________________________ 283 

Marks on tree monuments______________________________ 302 

Comparison, field tapes with standard________________________ Hi 

Completion of partially surveyed sections (see index, SubcU1>I8ion 
of a township, thia 8ubJect) _____________________________ 216, 224 
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Computatlonff, .-elati:ng to oonstffictio-n of plats: SectiOD. 
Apportionment of areas in certain cases ________________ 629, 642 
Areas, in general, by method ot double meridian dis-tIlnces ____________________________________________ 592,593 

Examples _______________________________________ 594,595 

Areas, rectangular lots, neither dimension treated as 20.00 
chs_________________________________________________ 588 

Example__________________________________________ 589 
Areas, rectangular lots, one dimension treated as 20.00 

chs ____ '-_____________________ . ____________ 584, 586, 587, 588 
Examples _______________________________________ 585,589 

Areas within Irregular sections; sections containing meander 
courses or broken boundary llnes ____________________ 592, 593 

Examples _______________________________________ 594,595 

Areas within sections having only one side irregular_______ 590 
Example__________________________________________ 591 

Lv.titudes and departures, balancing the closure, and posi-
tions by total latitudes and departures _______________ 574,593 

Examples _______________________________________ 594,595 

Revised areas shown in certain cases ___________________ 629,661 
Convergency of meridians; corrections in closure to be applied; 

equntion; example _______________________________________ 129 

Angle of convergency; computation of offsets trom the tan-
gent to the parallel; explanation, Table 11, Standard 
Field Tablcs_________________________________________ 130 

Closure, township exterlors______________________________ 174 
Corners along irregular bOundaries: 

Arrangement and marking of accessorles ________________ 346,347 
Marks on iron posts __________________________________ 279, 280 
Mlle corners__________________________________________ 472 

Comers of two scctions, method of establlshmenL ____________ 189,225 
Correction lines (see Index, StandarcL parallelB) ________________ 144 
Deposits (memorials) _____________________________________ 325,327 

Direction of lincs, referred to the true meridian; magnetlc 
needle unqualifiedly prohlblted_____________________________ 40 

Drafting, relating to con8tructi01ll of plata: 
Areas Ilnd sUbdivision-of-sectlon lines to be shown_________ 581 
Center lines of sections and quarter sections______________ 196 
Compllatlon of drawlng_________________________________ 572 
Completing the boundaries and subdivisions of partially sur-

veyed sections; subdlvlslonal lines of fractlonat town-shlps _________________________________________ 216,224,225 

Current practice, improvements In methods________________ 570 
Data along Irregular boundarles__________________________ 577 
Data along township exterlors___________________________ 576 
Directions and distances shown along section bOundaries____ 561, 

, 568,569 
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Drafting, relatino to COllstruction of plats-Continued. Section. Fteld drawings ______________________________________ 236, 613 

Development of map datu _____________________ 614, 615, 616 
Fractional 10t8 _______________________________________ 137,198 

Fractional townships and fragmentary surveys; relation to 
adjoining areas or surveys ______________________ 578,579,580 

Inking the drawing_ ___________________________________ 596 
Arrangement, spacing, and safeguards ______________ 597, 598 

Lettering _____________________________ ________________ 599 
Certificates ________________________________ ~ ____ 620,621 
Geographic names___________________ _______________ 617 
Sample alphabets and numerals. (See Insert No.3). 
Styles and gages _________________________________ 600,668 

Tabular data______________________________________ 619 
Titles, and subheadings ___________________________ 618, 668 

Locations by balanced total latitudes and departures _____ 574, 593 
Examples _______________________________________ 594, 595 

Offset lines not shown_______ ___________________ ________ 575 
ldeander lines __________________ _____________ 229,569, 605,606 

Pian of lotting_________________________________________ 582 
Plane projectlon_______________________________________ 573 
Outlying areas relating to former plats___________________ li83 

No additional outlying areas shown on new plats_____ _ 214 
Scale, and dimensions of sheets ________________________ li71,601 
Xopography___________________________________________ 602 

Coordinated cadastral and topographic survey8________ 616 
Development of hachure from form llnes_____________ 613 
ldap features in biack______________________________ 605 
ldap fea tures in colors __________________ 606,610,611,612 
:Map features should not obscure or interfere with base 

drawing; transparent overprints required on diftlcult drawings ________ _________________________ 603,604,605 

Preparation of overlay______________________________ 607 
Example. (See InIfflrt No.3. ) 
Reglstra tlon___________________________ ________ 608 
Separation of colors _________________________ 608, 609 

Special overlay for tlmbel' in certain cascs_______ 606, 
609,612, 616 

Rellef ordinarily shown by hachure ____________ 60li, 606, 610 
Summary of requirements______________ _____________ 236 
Symbols__________________________________________ 602 
Timber _____________________________ 605,606,600,612,616 

Water surface and drainage features ___________ 605,606,611 
Elongated sections _________________________________________ 498 

Creation of new halt townships under some condltlons_____ 500 
Numbel'lng of sectlons______________________________ 501 

Lot numbers __________________________ ________________ 200 

Monumentation of survey, Including special slxteenth·section 
corners when requlred________________________________ 499 

Procedure to be given iu special Instructions_____________ _ 503 
Situation within the interior portions of townshlps____ ____ 502 
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Section. 
Ephemeris of the Sun and Polaris, and Tables ot Azimuths and 

Altitudes of Polaris, a supplement to the ManuaL____________ 13 
Equal altitude observation of the sun for azimuth; equation em-

ployed; exact time and latitude not requlred________________ 117 
Method employed; series required to guard against error ___ _ 118 
Observing program; plan ot reductlon____________________ 119 
Example; complete analytical reduction; form or record____ 120 
Same, specimen form of reduction by, and explanation of 

Table 22, Standard Field Tables_______________________ 121 
Same, reduction to sun's center and verification by independ-

ent analytical process_______________________________ 12:2 
Same, verification of differential azimuth_________________ 1~:I 

Erroneously omitted areus ______________________________ 5,223,511 
Accretion, considerations involved _____________ 511,512, 519, 520 

Definition and jurisdiction__________________________ 520 
Angle points of record-meander courses are ascertained, and 

points monumented ________________________________ 223,515 

AppIlcations for survey, and field exuminations____________ 514 
Completion ot partially surveyed sectIons (see Index, Subil;'" 

vision 0/ a township, thiB 8ubject) _______________ 216,223, 2:24 
Erroneous omlsslon____________________________________ 51;\ 
Examples, illustration of practlce_______________________ 521 

Crooked Lake and Bear Lakl} CaBe: 
Field examination showed two lakes Instead ot one_ 528 
Merits of case_________________________________ 528 
Surveying procedure___________________________ 52n 

Ferry Lake Ca8e: 
Field examination showed location ot record

meander courses at great distance trom actual 
bank_______________________________________ 525 

:Merits of case, court's oplnlon__________________ 526 
Surveying procedure___________________________ 527 

Moon Lak~ Case: 
Field examination showed no body ot water ever 

present as represented_______________________ 522 
Merits of case, court's opiniou___________________ 523 
Surveying procedure____________________________ 524 

Meander Hne is not a boundary in the usual sellse, but It 
loses this character in the event of fraud or gross error _ 229, 512 

Plat construction ____________________________________ 516, 519 
Memorandum ____________________________________ 517,518 

Restoration ot lost corners, broken boundaries; reestabllsh-
ment ot meander courses (see index, Subdivi8ion. of a town-
ship, fraoHonal, fragmentary, or partial SUrveyB) ___ 223,380,515 

Erroneous meander lines (see Index, (1) Oompletfofl; of parHally 
8urveyed 8ection8; (ll) erroneously omitted areaB; ana (8) re-
e8tabli8hment of broken, boundarie8)________________________ 223 

Error of closure (see index, Rectangular UmitB) ______________ 162,174 
Dcfinltlon______ ___ ____ _ _ _ _ __ _ _ __ ___ ___ __ ___________ _ __ 234 
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Section. 
Jj;vidence of location of monuments controll1ng over record of 

directions and lengths of llnes ___________________ 10, 134, 237, 564 
Field notes: 

Abbreviations ___________________________________ ______ 550 

Certlficates____________________________________________ 557 
ClasSification, land, soil, and timber (see index, Lan!! claBsi-
~aUon) ___________________ ___ ___ ______ ___ __________ 556 

Compilation of final l'ecord__ ___________________________ 545 
Field-note record-

~'orms of record___________________ ________ ________ 560 
Specimen field notes _______________________ _______ 5li8,5li9 

Summary of data and objects to be noteu___ __ _________ 236 
Field notes and field tablets, definition of terms____________ 542 
General description of area subdivlded____________________ 556 
Genet'al plan and requlrements ________________________ li41,55:! 
Index dlagrnm _______________________________ ... ________ 548 

Introductory descriptions, explanations, and record of tests 
of instrument _______________________________________ 552 

Monuments, descriptions relating to initia l aud closing lines; 
description if monument is reconstruct ed_______________ 554 

References, If description bas been eutered in current 
rccord__________________________________________ 5Gu 

Names of field assistants________________________________ 557 
Page headlngs__ ____________________________________ ___ 549 
Record entered In field notes (8ee general index, all Bub-

fect8}____________________ ___________________________ 551 
List of specific requirements and supplementa l index___ r,r;~ 

Record entered in field tablets___ _______ ________________ 54:1 
Responsibility for records, supervision; conformation to gen-

eral practlce____________________________________ __ ___ 544 
Specbnen field notes __________________ _______ __ _______ 558,559 

Autborlzed metbods of survey _____________________ 136,182 
Forms of record and supplemental index corner monu-

ments and miscellaneous forms of record_____ ______ 560 
List of specific requirements and supplemental indcx__ 553 
Summary of data and objects to be noted____ _____ ___ 236 

Title data; examples of form______________________ ____ __ 546 
Examples, miscellaneous classes of surveys____________ 547 

Governing township boundaries; l'ule for placing excess or de-
ficiency of measuremenL ________________________________ 137,161 

Guide meridians, met bod of survey, accuracy required ____ 141,142,146 
Closings, retracement of and connecting measurement on 

standard parallels or base Une__________________ ____ __ 146 
Closing township corners _____________________ 146, 147, 151, 156 
Monuments marked for minimum control under certain con-

dHions_____________________________________________ 149 
When surveyed from north to soutb_____ _________________ 147 

Historical review of laws (see index, Rectangular 8urvey·ing 
:rystCln _________ __ ______ .. ___ _ . __ __________ ____ __ __ _____ ____ ____ 6, 7, 8 
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Section. 
Horizontal angles, method of repetitions by translt_____________ 36 
Impassable objects, State, reservation or grant boundary, and 

large meanderable bodies of water, restricting subdivisional 
surveys_________________________________________________ 212 

Improvements on public lands_______________________________ 236 
Index errors of verniers; field-note statemenL________________ 83 
Index of marks employed on corner monuments_______________ 258 

Marking corner monuments (see index, Eacl~ claS8 of cor-
nel·8). 

Indian allotment surveys___________________________________ 466 
Center quarter-section corners, sixteenth-section corners, and 

corners of lower order_______________________________ 468 
Lands bordering meandered bodies of water_______________ 471 
Limited dependent resurveys, field-note record and plats 

thereof_____________________________________________ 469 
Marks on monuments _________________________________ 467,468 

Status diagrams_______________________________________ 467 
Units of less than quarter-quarter sections_________________ 470 

Instruments, descriptions, forms of record, methods, require-
ments of field-note record ________________________________ 41,553 

Approval and test; field-note record; final tests ________ 4:.l, 46, 553 
Solar transit and solar compass methods__________________ 45 

Interior quarter-section corner. (See index, Center quarter-
8eotion. corner.) 

Iron posts, adopted generally for corner monuments; description; 
exceptions; sizes as employed for several classes of corners __ 239, 242 

Marking, and setting In ground_________________________ 243 
Marks. (See index, Each CIMS of corner8.) 
Memorial required under certain conditions______________ 327 
Point~ 011 rock outcrop ___________________________ 247, 347 (0) 

Support in stone mound jf needed _____________________ 246,327 
Year number and orientation____________________________ 259 

Islands (see index, Meander lines) _________________________ 226, 233 
Lakes (see index, Meander lines) __________________________ 226, 232 
Land classification, drainage, mineral, relief, soil, timber, topog-

raphy, water supply _____________________________________ 236 

Forest trees reflect their site conditions in relation to draln-nge _______________________________________________ 227,535 

Salt marshes bordering coastal areas_____________________ 532 
SoU classification _______________________ 236 (8), 236 (20), 536 

Origin, and relation to plant life____________________ 039 
Outline of properties_______________________________ 538 
Purpose, and relation to other conditions_____________ 537 
Soli type, example of classification___________________ 540 

Swamp and overflowed lands ___________________ 4,236 (10),530 
Ascertainment of conditions at date of granting act___ 535 
Riparian rights are not applicable___________________ 533 
Rulee of procedure_________________________________ 534 
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Land classification, drainage, ctc.-Continued. Section. Tide lands ____________________________________________ 3,530 

Character as recognized by the courts; tidal areas are 
not subject to survey as public land8_______________ 531 

Latitude, a factor in all solar and stellar observatlons__________ 73 
Altitude observation of Polaris at any hour angle; equation; 

example; form of record; observing program; use of table 
given In the Ephemeris _______________________ 76 (a), 133 (a) 

Altitude observation of Polaris at culmination; equation; 
example; form of record; observing program___________ 7G 

Meridian altitude observation of the sun; equation; ex-
ample; form of record; observing program_____________ 74 

Meridian altitude observation of the sun, combined with the 
sun's-transit observation for apparent noon____________ 75 

Latitude, differential within a township; explanation, Table 2, 
Standard Field Tables___________________________________ 133 

Legal subdivisions, aliquot parts of sections__________________ 161 
Lengths of arcs of the earth's surface; explanation, Table 16, 

Standard Field Tables _____________________________ ._______ IH2 
Limits, for aJlnement, measurement, and closure, regular sections; 

for position, township exterlors _________________________ 162,23·1 
Ta ble of latitudes and departures and closing errors of town-

ship exterlors_______________________________________ 174 
Line trees________________________________________________ 235 
Lottings of new areas not to be shown unless control is provided 

by survey and monumentation __________________________ 214,215 
Magnetic decUnatlon ______________ ____________ ___________ 236 (HI) 

Usc of needle prohlblted_____ _______________________ ___ 40 
Manuals of Surveying Instructlons___________ _______ _________ 11 
Marking corner monuments; identification of position by letters, 

ligures, grooves, and notches______________________________ 255 
Index of marks employed______________________________ 258 
Iron posts, year number, and orlentat\on_________________ 259 
Marking tools ____________________________ __ ___ ___ __ .. __ 256 

Marks. (See index, Bach class of cornel's. ) 
Stone monuments _____________________ __________ . __ ._ .__ _ 281 
Tree monuments _____________________ __________ _____ _ 297, 298 

Witness corners_______________________________________ 257 
Marking Hnes between corners; blaze and hack marks; line trees; 

marks relate to true line only; methods and requirements; 
undergrowth_____________________________________________ 235 

Meander corners _______________________ 140, 143, 151, 179, 228, 233 
Arrangement and marking of accesRorles_____ __ ___ _______ _ 341 
Marks on iron posts____________________________________ 273 
Marks on stone monuments______________________________ 295 
Marks on tree monuments_______________________________ 314 

Meander Hnes; mean high-water elevation, legal definition, loca-
tlon ~____________ _ _____________________________________ _ 226 

Artificial lakes and reservoirs will be locnted but not Begr", 
gated _____ .. __ _ ____________ _ _ __ __ _______ ____ __ _____ __ 232 



INDEX. 445 

Meander lines; etc.-Continued. Section. 
Aux1l!ary meander corners ____________________________ 232,233 
Bank line marked by action of water, explanation of con· 

trolling escarpmenL_________________________________ 227 
Distances across water, field·note record ________________ 228,233 
Islands, rules for survey and meandering and for ascertain· 

ing their location; date of formation of islands to be con
sidered when found in navigable bodies of water and in all 
imgmeutary surveys; field-note record; subdivision _____ _ 

Lakes, rules fOr meandering and for ascertaining their loca
233 

tion if entirely within a section________________________ 232 
~eander corners _____________________________________ 228,233 

Method of surveying meander lines; accuracy required; field-
note record; objects to be noted________________________ 230 

Navigable waters ______________________________________ 3 

Rivers, rules fOl' meandering____________________________ 231 
Special meander corners ______________________________ 232,233 
Upland within swamp and overfiowed lands to be traversed 

but not segregated as an lsland _______________________ _ 
Use and purpose of meander lines, legal conceptlon ________ _ 

Mean high-water elevation (see index, Meander lincs) __________ _ 
Measurements, by long steel tape; reductions to horizontal equiva-

lents and differences of elevation _________________________ _ 
Example, using traverse tables ______________________ _ 

Diagrams for reductions _______________________________ _ 
Example, using dlagrams __________________________ _ 

Reliability and efficiency _______________________________ _ 

Measurements, by stadia; field-note record; reductions to hori
zontal distances and differences of elevation; specifications for 
rods and limitations; tests of stadia-wire intervaL ________ _ 

Example, field-note record, ratio 1: 132 __________________ _ 
Same, ratio 1: 100 ________________________________ _ 

Example, general statements in field notes _______________ _ 
Example, test of wire interval, ratio 1: 132 ______________ _ 

Same, ratio 1: 100 ________________________________ _ 

Explanation, adaptation to public-land surveying practice, 
mUo 1: 132 ________________________________________ _ 

Same, ratio 1: 100 ________________________________ _ 

I!Jxplanation, Table 5, Standard Field Tables; field-note 
record, essential details only _________________________ _ 

Explanation, ~ralJle 6, Standard Field ~rubles _______________ _ 
Recapitulation, approved practlcc ________________________ _ 
Trigonometric notation and equations ____________________ _ 

~easurements, by triangulation, methods, and requirements of 
field-note rccord _________________________________________ _ 

Angles by method of repetitions _________________________ _ 
Angles to be balanced _________________________________ _ 
Base·lIne measurements ________________________________ _ 
Examples, showing forms of field-note rccord ______________ _ 
Recapitulation, approved pradice____________ _ _ _ _ _ __ _ ________ _ 
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Bectlon. 
Measurements, requirements of field-note record ________ 16, 17, 35, 553 
Memorials (deposits) _____________________________________ 325,327 

Meridians and base lines, initial points; maps thereof; table of 
latitudes and longitudes _________________________________ 138, 139 

Meridional section lines, parallel to the governing township 
boundary; explanation, Table 2, Standard Field Tables_______ 131 

~Ietes·and·hounds surveys of Irregular tracts__________________ 472 
Mineral segregation surveys (see Index, thi8 8ubJect) ______ 504 
Segregation of appropriated subdivisions within Independent 

resurveys (see index, Re8Urvey8, independent' method) _____ 445 
Mineral segregation surveys_________________________________ 504 

Connecting lines, and traverse of boundaries of mineral 
clalm_______________________________________________ 506 

Lotting of agricultural land Is principal objective_________ 505 
Monumentatlon________________________________________ 507 
Plat construction ______________________________________ 510 

Procedure regarding survey of mineral claim_____________ 509 
Retracements, and restoration of lost corners under certain 

conditions of distortion or obllteration of section-line 
boundaries__________________________________________ 608 

Mineral surveys: 
Amended surveys _____________________________________ 750, 751 

Applications for survey and order________________________ 686 
Appointment of mineral surveyors ____________ _________ 671,683 

Applications and qualifications______________________ 672 
Appointment and bond effective when acceptcd________ 679 
Compensation for profeSsional servlces_______________ 681 
Limitation of professional scrvices _________________ 682,688 
Professional dlstrlct________________________________ 673 
Reappointments____________________________________ 674 
Suspension of appolntments _______________________ 677,684 

Bond required of mineral surveyor _______________________ 679 
Biennial Inquiry ___________________________________ 675 

Failure to continue bond___________________________ 676 
Liability continues eft'ectlve_______________________ __ 680 
New bond required after four yearB-____________ __ ___ 678 

Boundaries of each claim to be ascertalned_______________ 695 
Amended location certlficate_________________________ 702 
BoundarIes confined to location _____________ __ 696,698,699 
Failure to show discovery or to mark boundarieS' of location ________________________________________ 701 

Locations prior to May 10, 1872____________________ 'l03 
Closure of boundarles__________________________________ 704 
Computation sheets ____________________________________ 728 

Connecting lines to corners of conflicting surveys, and to 
locations, If excluded _______________________________ 713,717 

Claims under same ownershlp_______________________ 716 
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Mineral surveys-Continued. Section. 
Connecting lines to corners of conflicting surveys, and to 

locations, it excluded-Continued. 
jl'ield-note record___________________________ ________ 718 
Two locations of same survey_______________________ 714 
Unsurveyed locations_______________________________ 71(; 

Connecting lines to corners of neighboring surveys_________ 718 
Connecting lines to mineral monument or subdivlslonsl corner _____________________ _____________ __________ 707, 709 

Corner of mill site_________________________________ 711 
Nearest record corner to be noted or accounted for ____ 708 

Corner monuments, establishmcnL_________ ____________ __ 723 
Bearing objects and trees___________________________ 725 
Marks_________________________ ____ ____ _____ ______ 723 
MaterlaL________________ _______ __ ___ _____________ 722 
Witness corners___ _______________________________ __ 724 

Deposit for cost of office work__ ________________________ 687 
Direction of Iines..__________ ____ _______________________ 691 
Discovery polnL __ ____ _________ _____________ _ . ____ 700, 704,740 
Employment of assistants___ _______ ______ __ ____________ 689 

Oatbs_______________________ ___ ________ __________ 688 
Field-note record ____________ __________________________ ~ 727 

Address of clalmanL________________ ________ _______ 735 
Amended surveys __ __ __________ ________ __________ 751, 752 

Areas to be shown or reported _________________ 731,732,733 
Improvements _____ __ __________________ ____ __ 740,741,746 
I&de Ilne_________________________________________ 704 
Names of locations and survey numbers___ ____________ 730 
References to subdivlsional survey ____ ___ _______ ~____ 734 
Specimen field notes____________________ ___ _________ 729 
Topography ___________________ __ ____ ___ _____ 721,726,754 

Improvements (or development) ____ _______ ____________ __ 736 
Certificate _______ ____________ _____ __ _ _____________ 737 
Common improvements ________ ___________ 741,743,744, 745 
Labor or improvements (or development), definltlon __ 738, 739 
I&catlon to be ascertalned___________ _______________ 740 
Mill site included with lode clalm____________ ________ 742 
Numbering ________________________________________ 740 

Report to be made if improved under abandoned loca-
tion __________________________________________ 740,748 

Supplemental prooL_______________________________ 747 
Value to be ascertalned__________ ___________________ 741 

Lengtb and width of clalm ____________________________ 704,705 

I.ode-line position to be recorded In field notes and shown 
upon plat ________ .. ___ . ___ ________ _____ ______ ______ __ _ 

Quallftcations __ ____ __________________ _______ __ ___ _ 
Magnetic varlation ____ ________ .. ____ ____________ _______ _ 
Measurement of lInes __ _____ ____ ____ ____ __ __ __________ _ _ 

704 
705 
692 
690 
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Mineral Burveys--Continueil. Section. 
Mineral laws _________________________________________ 670 

Appointments --_________________________________ 671,678 
Improvements _____________________________ ~_______ 736 
LocatIons prIor to May 10, 1872_____________________ 703 
Locations to be markciL_______________ _____________ 699 
Restrictions on mineraI surveyor____________________ 681 

Mineral monum~nt, cstablishmenL________ ______ ________ 719 
BearIng objects and trees, topographic map___________ 721 
Construction and marks____________________________ 720 

Mineral surveys _______________________ . __________ 669,683,685 
Definition _______________________________________ 693,694 

NumberIng of corners ________________________________ 706,710 
Contiguous clalms___________________ _________ __ ___ 712 
Mill sitL_____________________________ ___ __ _______ 711 
Placer claims ___________ ____ _____ _________ .. ________ _ 712 

Placer claims, descrIptive report_________________________ 749 
Plat ___________ ______________________________________ 728 

Amended surveys___________________ __ _____________ 751 
Approval_________________________________________ 7uG 
Certificate _____________________ __ _______ ___ _______ 754 

Detail to be sbown________________________________ 754 
Iijsposltlon_______________________________________ 755 
Lode line__________________________________ _______ 704 
Order of approval_________________________________ 753 
Specimen mineral plat_____________________________ 754 
Subdlvisional survey to be sbown____ ________________ 734 

Survey numbeL _____________________________________ 6!l7 , 711 
Topography ____ ~ ________________________________ 721,726,754 

Monumentation of corners; durable construction required; per-
manence of legal status attaches to acceptance of survey ______ 237 

Accessories and witness corners (see indexes, 8ame 8ubJect8) _ 240 
Field-note record_______________________________________ 241 
Marks. (See Index, Each, cla88 of corner8.) 
Regulation monuments provided_________________________ 23!J 

Monuments on rock outcrop ____________________________ 247,347 (a) 

Mound of eurth omitted in current practice____________________ 329 
Mound of stonc____________________________________________ 326 

Omitted under certain conditions; marked stone i1eposlt or 
other memorial to be suppUed_________________________ 327 

See index, Each cla8S of corners. 
Navigable waters, sovereignty within the States; tide lands and 

beds of navigable waters not subject to survey_______________ II 
Numbering, townships, sectlons______________________________ 135 

Fractional lots ___________________________________ 196,199,200 

Lot numbers not to be duplicated within a section_________ 224 
Observations for time, latitude, and azimuth; adaptation of 

mctbods to public-Jand surveying practice; recapitulatioD_____ 99 
Observations for time, latitude, and azimuth; comparison of 

methods; verification of resuIts_____________________ ___ ____ 124 
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Section. 
Observations for time, latitude, and azimuth; conventional nota

tion; equations or formulas; general statement; requirements 
of field-note record; Standard Field Tables _________________ 47,553 

Analytical notation, with diagrams, examples, and symbols 
employed-

Approximatlon__ _ _____ ___ _____ _ _ __ _____ _____ __ __ ___ 48 

Azimuth; reduction to the sun's center; example________ ___ 55 
Declination of the sun or Polaris; examples_______________ 54 
Latitude ___________________________________________ ___ 52 

Longitude_____________________________________________ 53 
Observed vertical angle, and reduction to tbe sun's center__ 49 
True vertical angle ; correction for refraction ; correction tor 

the sun 's parallax; examples __________________________ 50, 56 
True zenith distance; examples__________________________ 51 

Obsolete corners to be connected to new monuments; former to 
be removed if useless, or preserved under certain conditions; 
field-note record ___________ ____ ___ ___ _____ __ _______ ______ 163 

Outlying areas (see index, Subdivl8ion of a tov;n,8hip, completion 
of partially 8urveyed 8ections) ____________________________ 216 

Parallels of latitude; tangents or great circles; relation of lines_ 125 
Parallels of latitude; estDbllshment__________________________ 125 

Solar method; limltations____________________________ __ 126 
Tangent method; explanation, Tables 12 and 13, Standard 

Field Tables; necessary objectlons_____________________ 127 
Secant method; explanation, Tables 14 and 15, Standard 

Field Tables; this method generally recommendf'd_______ 128 
Pits; characteristics; favorable conditions essential (see index, 

Each cla88 or cornet'8) ____________________________________ 328 
Specifications__________________________________________ 329 

Plats, construction of field drawings ___________________ __ __ 236,614 
Plats, in genera"l---origina~ surveys: 

Acceptance completes legal status of survey _____________ 561,620 
Annullment or disapproval in, in eft'ect, a cancellation of 

Burvey _____ ______________ ~-------------------------- 563 
Base drawing (see Insert No.2) _________________________ 569 
Certificates; jurisdiction, approval, and acceptance _______ 620,624 

Forms____________________________________________ 621 
Copies for publiC, and certified coples____________________ 622 
Descriptions of public land, for identification, relate to ofll-

clal plat____________________________________________ 562 
Detail of directions and lengtbs of lines and areas________ 286, 

561,568,569,581 
Connecting llneB _______________ 168, 190, 232, 233, 254, 601 

Disposition of original, duplicate, and trlpllcate _________ 622, 623 Overlay ____________ :______________________________ 624 

Fragmentary surveys___________________________________ 689 
Areas, lotting, and scale____________________________ 641 
Certificates and memorandum ____ ____ ________ _____ 643,644 
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Plats, in genera~orioina! surveys-Continued. 
Fragmentary surveys-Continued. Section. 

Correlation with originaL__________________________ 643 
Detail of directions and lengths of llnes and topog-

raphy___________________________________________ 6-1:3 
Erosion and accretion subsequent to original survey, re-

vised lottlngs and areas prior to dlsposal___________ 642 
Extension ot former sur..-eys and Iluthority therefor_____ 640 
Plats of tragmentary surveys as distinguished from sup-

plemental plats ________________________________ 626, 627 
Titles and subheadings_________________ ____ ________ 6G8 

Geographic names__________________ _________ ___________ 617 
Mineral plats (see index, Mineral surveys) ________________ 754 
Outlying areas rela ting to former plats___________________ 58:3 

No additional outlylag areas shown on new plats______ 214 
Purpose and relation to survey ____________ 193, 194,210,564,566 
Specimen township plat (see Insert No. 1)________________ 567 
Tabular data__________________________________________ 610 
Titles and subheadlngs _______________________________ 618, 668 

Points in Inaccessible or Insecure places______________________ 250 
Points in roadwayB_________________________________________ 24() 
Polaris at sunset or sunrise; method employed; settings In azi-

muth and altitude; explanation, Table 17, Standard Field 
Tables; examples in the use of the Ephemeris __________ 99,133 (a.) 

Polaris, the North Star; accuracy of observations; diagram of 
constellations; explanation of diurnal circle; naked-eye ideuti-
fication _______________________ __ ________________________ 60 

Conversion, mean time interval in to an equivalent sidereal' 
time Interval, or ..-ice versa; example; explanation, Table 
19, Standard Field 'rables_____________________________ 6;; 

Elongation, Greenwich meridlan_________________________ 63 
Elongation, local meridian; examples; explanation, Table 19, 

Standard Field Tables; reduction for Jatitude____________ 64 
Hour angles at elongation, variable, and azimuths; explana-

tion and diagram____________________________________ 67 
Hour angles, definition as used; diagrams; examples ; value 

at lower culmlnatlon_________________________________ 66 
Mean time hour angle at elongation; equation; example____ 68 
Upper culmination, Greenwich meridllln__________________ 61 
Upper culmination, local meridian; example; explanation, 

Table 19, Stalldard Field Tables_______________________ 62 
PrinCipal meridian, method of survey, accuracy required ___ 140,141,142 
Public lands, acquisition of title, outline by States______________ 1 
Public lands, disposal of title, constitutional authority and lllws__ 2 
Public lands, jurisdiction In reference to survey and disposal of 

tltle____________________________________________________ r. 
Public survey offices, location, active public-land States_________ 1 
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Section . 
Quarter-~ect1on corners _______ 140,151,177,178,184,185,217,218,220 

Arrangement and marking of accesaorles ________________ 339, 340 
Marks on Iron posts __________________________________ 271,272 
Marks on stone monuments ___________________________ 293,294 
Marks on tree monuments _____________________________ 312,313 

Quarter-section corners, new, of minimum controL ____________ . 164, 
168,169,l71,172,188,2l7,2l8,220,225 

Records, field notes and plats, where tiled, by States____________ 1 
Rectangular limits, regular sections; for allnem('nt; tor measure-

ment; for closure _________________ . _____________________ 162,234 

Township exterIors, for posltion_________________________ 162 
Same, for closurc______________________________________ 174 

Rectangular surveying system, general rules: (1) All established 
lines unchangeahle after passing of title; (2) Identified monu
men ts control over recorded directions and lengths of lines; 
(3) rules for location ot sixteenth-section corners; (4) rule tor 
location of center lines of regular sections; (5) rule for loca
tion at center lines of tractional sections; (6) lost or ohlit-
erated corners to he restored to original Iocatlons __________ 10, 134 

Rectangular surveying system, historical revIew of laws________ (I 

General Land Office, Department of the Interior; marking of 
corners; position fixed for 'all unmarked subdiVision-of. 
~ectlon lines; protection of surveyors; townships, section!'!, 
subdivision of sections, and frRctional lot8_____________ 7, !; 

Rectification of defective exteriors before suhdlvldlng (see Index, 
'l'oumship boundaries, t ermed def ectivl} under certain condi-tions) ____________________ ______________________________ 16:'; 

Refmction, In zenith distance, in polar distance; corrections fo[' 
barometric pressure and temperature; explanatious, 'rabies 20, 
21, and 23, Standard FIeld Tables_________________________ 116 

Restoration of lost cOl'ners: 
Adjustments to latitudinal curvL______________________ _ 3n 
Application of control for latitude or departure of fixc<l 

points, 01' lines, 01' rule of proportionate measuremenL___ 359, 
361,366,38;' 

Broken boundarics-________________ ____ __ _ ____________ _ :1.'10 
Corner Rnd monument, deftnltlons_______________________ 849 

Existent corner____________________________________ 350 
Lost corner_______________________________________ 360 

Discrepancies: 
Directions and lengths of IInes ________________ 362,366,382 
Evidence of monuments_________ _____________________ 354 
Identified positions can not be disturbed______________ 36a 
Record of topography _______________________ _______ _ 358 
Unexplalned_______________________________________ 361 

Double proportionate measurement: 
Corners of four townsbips ________________________ 368,370 
Diagram_______________ __ _______ ______________ _____ 369 
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Restoration of lost corners-Continued. 
Double proportionate measurement-Continued. Section. 

Interior corners of four sections_____________________ 370 
~ethod _________________________________________ 367,368 

Record distances in one or two directions ___________ 371,382 
Evidence, relating to monuments and established lines______ 352 

Accessories________________________________________ 353 
Blazing through timber, line trees, recorded objects, and 

topography______________________________________ 357 
Allowance for discrepancies in record of topography _ 358 

Disagreement with record, resulting from natural causes_ 354 
Identified positions can not be disturbed______________ 86;: 
Testimony of individuals and collateral records________ 3,,:; 
Unexplained dlscrepancies___________________________ 361 

Existent corner, definition_______________________________ 350 
Extensive obliteration or distortion______________________ 384 
General principles, search for and identification of evidence; 

restoration of obUterated monuments___________________ 3·48, 
350,351,361,363,366,383,385,564 

Index correction for average error in alinement and measure· 
ment_______________________________________________ 382 

Limitation of controL ____________________________ 366, 385, 386 
Lost corner, definitlon__________________________________ 360 
~iscellaneous control, principle involved__________________ 385 

Method ___________________________________________ 386 

Order of precedence and limitation of controL _______ 366,385,386 
Proportionate measurements-

Broken boundarles_________________________________ 880 
Definition; distribution of excess or deficleney in lengths 

of lines ___________________________________ 364,366,382 

ExtenSive obliteration or distortion__________________ 384 
Principles involved and applicatlon__________________ 359, 

361,363,367,372,384,385 
Single and double proportionate posltlons_____________ 365 
Special applications ______________________________ ::l7D, 38:: 

Record bearing and distanc(' ___________________________ :l81,382 
Record distances in one or two directions _______________ 371, 382 
Rctracements and search for evidencc ______________ ::51, 3G1, B62 

Development of positions from map datR-_____________ 616 
Single proportionate measurement-

Adjustmpnts to latitudinal curve_____________________ 373 
Closing corncrs __________________________________ 378,384 
Exterior section corners____________________________ 375 
Irregularities in aIlnemenL_________________________ 380 
Meander corners __________________________________ 377,381 
~ethod _________________________________________ 372, 37:) 
Quarter·sectlon corners ___________________________ 375,376 
Standard corners _________________________________ 372,374 

Special cases ________________________________ ::83, 384, 385, 386 
Witness Corne1'8 _________ .. ___________ .. _ _ _____ _ __ _ _ _ _____ 356 
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Resurveys: Section. 
Acceptable but unotliclal corner determination, influence exer-

cised by --__________________________________________ 398 

Acceptable location of a claim; definition of good falth ___ 395,437 
All work Bubject to approvaL___________________________ 408 
Amendment of entry; erroneous location, definition of, and 

treatment _________________________________ 397,426,442,455 
Authorizations ____________________________ .. _ __________ 388 
Bona fide rlghtB of clalmants __________________________ 392,437 

Concernerl only In the matter of position ___ ________ 393,304 
Boundary disputes; titles and legal boundaries _____ 389, 441, 646 
Collateral evidence_____________________________________ 304 

Infiuence upon restoration of lost corners, and tract 
segregations _______ 395,402,414,417,418,419,426,437,441 

Collateral evidence when acceptable Is given full weight; 
points to be monumented ; to be explained In the field-note 
record ____________________________________ 415,420,421,437 

Conditions which necessitate _____________________ ._ ______ 388 
Depenrlent method, definition __________________________ 400,400 

Complete retracements required _________ ___________ 412, 41 :J 
Example__ __ ______________________________________ 4~7 

Field·note recorrl; monumentatlon; process; USe of col-
lateral evidence ________________________ 410,411,422,42:1 

Field-note record, requlrements ____________ 420,422,423,424 
Memorandum on plats ___ _____________ ________ 425,658, 6ua 

Development of methods; preliminary examina tiona; report; 
special instructlons _____________ ____ 404, 405,406,453,454,455 

Positions secured from develope(l Dlap data____________ 616 
Distorted lines to be reduced to ca rdinal equivalen t~ for 

comparison______________________ ____________________ 416 
Extensive obliteration; genl'l'ul adjustment" In pOSition are 

applied _____________________________________ ___ _____ 396 
Improvements _____ __________ ___ _________ ______________ 394 

Limitation of Intlue,ncc ____ 396,397,414,417,418,426,438,440 
Independent method, definitloll _________________ _______ 401 , 428 

Absentee owners; assistance to owners; segregation of 
ullid,·ntlficd claim"- ____ ________________________ 440,4-13 

Appropriated subdivisions all to be located; configura-
tion to be maintained ___ _______________________ 441, 446 

Closing corners and connecting lines; coordination of 
metes-and-bounds survey& und new surveys; monu-
Dlcntatlon ___ _______ .. .. ______ ___ __ 4:;2, 454, 455, 458, 45!l 

Confiicts between segregated claims; pl'ocedur" ______ 439,44(; 
Conformable valid claims; limitations; treatmenL __ 445, 453 
Conformable valid claims and metes·and-bounds segrega-

tlons; each tract to be accounted for; field-note rec-
ord; procedure; topography _ 431, 445, 447, 448, 451, 452, 4::;8 

Extension of tract segregations; unsatl~factory limiting-
boundaries _____ .. ____ _ .. __ .. ,_ .. _. ___ _ .. ___ ____ , __ __ 431,440 

1 !:l!:loo·-:n .. · .. -:lO 
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Resurveys-Continued. 
Independent method-Continued. Section. 

Field-note record, requirements ____ 445,447,452, 458,459,657 
General requirements; field-note tltles ______________ 458, 460 
Limiting boundaries resurveyed by dependent method__ 429, 

430,432,454 
Lot numbers; new lottings ___________ 456,457,654,655,656 
Marks on monuments of limiting boundaries ________ 433, 458 
Memorandum on plnts ________________ 448,449,450,658,663 
Metes-and-bounds survey of 110nconformable valid 

claims; amendment of entry; conflicting tracts; limit
ing boundaries; monumentation; nnmberlng; unac-
ceptable locations _________________ 426, 444, 445, 446, 454 

Monuments of original survey; connecting llnes and field-
note record; removal of useless monuments_________ 45!J 

New subdivision of the public lands ____ 428, 453, 454,455, 45:> 
Order of procednre ___________________ 436,453,454,455,458 
Plats to show valid claims; exceptions; memorandum on 

plats _____________________________ 448,449,450,645,658 

Segregation of appropriated subdivisions, and control; 
status diagrams ________________ 434,435,437,438,440,446 

Vacant parcels of public land; exceptions; isolated 
tracts; mOllumentation _________________________ 455,458 

Jurisdiction over patented lands, public lands_ 10,390,391,437,646 
Plat of resurvey supercedes original as an exhibit of con-ditions ________________________________________ 565,645,646 

Principal methods; titles _____________________________ 399,40:1 

Protection of bona fide rights of claimants________________ 402, 
426,428,437,440,441,446,646 

Purpose_______________________________________________ 387 
Special instructions, suspension of monumentation under un-

nsual circumstances________________________ 407, 426, 446, 455 
Resurvey plats: 

Certiflcates____________________________________________ 66:: 
Dependent resurveys: 

Areas; revision 8hown in certain exceptional cases____ 6tH. 
662,665 

Memorandum on plats ________________ 425,647,658,659,663 
Totul areas within sections and tabular data__________ 662 

Detail of directions and lengths of lines, lettering, and 
topography__________________________________________ 659 

Independent resurveys: Areas _______________________________________ 660,662,665 

Index, appropriated subdivisions; example __________ 652, 653 
Index, isolated tracts of vacant public lands__________ 651 
Index, overlapping claims; reference to areas in conflict- 657 
Index, segregated tracks; examplc _________________ 649,653 

Same, including component parts as necessary; ex-
ample ____ - -- _______________________ .. _________ 650,653 
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Resurvey plats-Continued. 
Independent resurveys-Continued. Section. 

Lot number~, new Jottings; vacant public lands________ 456, 
654,657,660 

Same, unpatented entries or selections, and iSOlated 
tracts of vacant public lands; may be lotted In 
terms of resurvey under special condltlons_ 457, 655, 656 

Memorandum on plats ________ 448,449,450,647,658,659,663 
Metes·and-bounds surveys, detail of directions and 

lengths of lines, and topography___________________ 451 
Overlapping claims _______________________ 445 (6),657,658 
Protraction of tract subdlvisions____________________ 665 
Supplemental plats, showing revised form of conflict-

free lottlngs _______________________________ 664, 665, 666 

Total lucas within sections, and tabular data_________ 662 
Valid claims to be shown or accounted for; methods __ 445 (5) , 

445 (6), 448, 647, 648 
Methods to be suited to conditlons______________________ 667 
Plat of resurvey supercedes original as an exhibit of con-

ditions _______________________________________ 565, 645, 646 
Titles and subheadings _______ __________________________ 668 

Rivers (see Index, Meander Unes) __ _______________________ 226,231 
Sectional correction IIne _________________ __ ___ __ ___ ___ 150,168,185 
Sectlonar guide mcridiaIL _______ ______________________ 150,169,184 

Conditions where required In fractional, fragmentary, or par-
tial subdlvlsiou of a townshlp_________________________ 213 

Section corners ___ ___________________________ 140,151,177,184,185 
Arrangement and marking of accessories ____________ 335, 336, 337 
Marks on Iroll posts ______________________________ 267,268,269 
Marks On stone monument8 _______________________ 289, 290, 291 
Marks on tree monuments ________________________ 308, 309, 310 

Section lines, when run as olIsets to township exterior8 _______ 155, 212 
Settlement on publlc lands__________________________________ 236 
Sixteenth-sectlon corners, required in special cases_____________ 193, 

215,224,239,468 
Arrangement and marking of acc~ssorles ________________ :342, 343 
Marks on Iron posts _____________________________ _____ 274,275 

Soil classification (see index, Land closBitlcation)______________ 536 
Speclal instructions for all surveys___________________________ 461 

Appropriation ________________________________________ 462 (4) 
Authorization ________________________________________ 462 (3) 
Diagrams and status data _____________________________ 462 (8) 

Field notes, plats, and reports; computation sheets and other 
field papers ________________________________________ 462 (9) 

Field sketch plats and other drawlngs ______ 236, 613,614, 615, 616 
History of earller surveys _______________________ ______ 462 (6) 
Limit and character of work _____ _____ _________________ 462 (51 
)Iethod and order of procedure __ __ _____________________ 462 (7) 
MOdification of Instructions ___________________________ 462 (10) 
Preliminary statemenL ______ .. _ .. _ ... _ .. ______ ___ ___ ____ 462 (2) 
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Special Instructions for all surveys-Continued. Section. 
Record ot establ1shed surveys__________________ __________ 554 
Speciat types of corner monuments _________________ 347 (a), 558 
Subdivision of sections by survey_______________________ 463 
Title data _______________________________________ ___ _ 402 (1) 

Special meander corners __________________________________ 232,233 

Arrangement and marking of accessorles_________________ 344 
Marks on iron posts___________________________________ 276 
Marks on stone monuments_____________________________ 296 
Marks on tree monuments__________________ ___ _________ 315 

Iiltandard Field Tables, a supplement to the ManuaL___________ 12 
Standard Field Tables, explanatlons_________________________ 12 

Table 2 ____________________________________________ 131,133 
0______________________________________________ 28 
6______________________________________________ 25 

11____________________________________________ __ 130 
12______________ __ ____ __________________________ 127 
13______________________________________________ 127 
14_______________________ _______________________ 128 
15______________________________________________ 128 
16______________________________________________ 132 
17______________________________________________ 99 
18________________ ______________________________ 58 
19 ___________________________________________ 62,64,65 

20______________________________________________ 56 
21______________________________________________ 56 
22 _____________________________________________ 83,121 

23______________________________________________ 56 
Standard lines, definition; two sets of measurements required 

under certain conditlons ________________________________ 141,149 
Method of survey, accuracy required_____________________ 142 

Standard parallels, method of survey, accuracy requlred__ 141, 142, 144 
Standard quarter-section, section, and township corners________ 143 

Arrangement and marking of accessories ________________ 330,338 
Marks on iron posts _____________________________ 260,265,270 
Marks on stone monuments _______________________ 282,287,292 
Marks on tree monuments _________________________ 301,306,311 

Stone corner monuments employed under certain conditions; mini-
mum dimensions; qunUty __________________________________ 244 

Marking, and setting in ground ________________________ 245,281 

Marks. (See Index, Each! class of COrneT8.) 
Memorial required under certain condltlons_______________ 327 
Points on rock outcrop__________________________ 247,347 (a) 
Support in stone mound if needed ____________________ 246,327 

SubdiVision of a township, completion of partially surveyed sec-
tions; principles Involved _______________________________ 216, 224 

Diagrams and examples _______________________________ 219, 222 

Fractional areas, lengths of lines to be resolved into pro-
portional dlstauces______ __ ______________ _ _____ _______ 221 
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Subdivision of II. township, etc.-Continued. Section. 
Outlying areas, plat to be annulled If irregular, and it no 

entries have been made_______________________________ 583 
Rectification of Inherited errors in allnement ___________ 218, 220 
Rectification of inherited errors in measuremenL ________ 217,220 
Suhdlvlslon of fractional sections resulting from completion 

of fragmentary survey~_______________________________ 224 
SubdiviSion of a township, fractional, fragmentary, or partial 

Burveys__________________________ _______________________ 211 
Alteration of marks on previously established monuments 

where necessary; closing section corners; corners of two 
Hcctlons; lottlngs adjacent to previously surveyed lines 
If defective; quarter-section corners, new, of minimum 
control____________________________________________ _ 225 

Determination of closing error, and data for calculatIon of 
areas__________________________________ _____________ 215 

Direction of survey from north to south, and from west to 
east under cer tain condltions ___________________ 212,213,225 

Erroneous meander lines (see Index, Erroneou8ly omitted areas ) __________________________________________ 5,223,511 

Impassable objects, State, reservation, or grant boundary, 
and large meanderable bodies of water, restricting sub-
divisional surveys____________________________________ 212 

Lottlngs of ncw areas not to be shown unless control Is pro· 
vlded by survey and monumentation _________________ 214,215 

New lots and numbers; lot numbers not to be duplicated 
within a section; rectangular limits extended to meridional 
lines; rules for subdivision of sections resulting from frag-
mentary surveys_____________________________________ 224 

Restoration of lost or obliterated corne.rs; Oeld-note record__ 167, 
215,463 

Retracement of defective exteriors and section-line boundaries ' 
of older surveys; field-note record _______________ 188,192, 215 

Sectional correction line or sectional guide me.rldlan re-
quired under certaIn condltions ______________________ 213,225 

Section IIncs, when run as offsets to township exterlors_____ 212 
Subdivision of a townShip, Irregular boundurles; closing section, 

quarter-section, and section corners; excess or deficIency of 
measurement; sectional correction line; sectional guide me-
rldian ____________________________________________ 183, 184, 185 

ClOSing section IInes ________________________ ______ 188,191,192 
Conne.ctlng measurements to boundaries of States, reserva-

tions, grants, and Rll p~lvate claims; field-note record ___ 190, 192 
Corners of two sections _________________________________ , 189 
Fjeld-note record_______________________________________ 187 
Maximum: number of normal sections to be secured; rec-

tangular I1mlts______________________________________ 186 
Retracement of defective exteriors ___________________ --- 188,192 
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Section. 
Subdivision of a township, regular bOundarles________________ 181 

Closings, retracement ot, and conne.cting measurement on 
standard parallels or base lIne________________________ 177 

Closing section corners_________________________________ 177 
Connecting measurements to boundaries of States, reserva-

tions, grants, and all private claims; field·note record __ 190, 192 
Discrepancies in alinement and measurement; distribution; 

avoidance of accumulative errors ____________________ 181,234 
Excess or deficiency of measurement: 

Latitudinal section lines, in west half miles___________ 178 
Meridional section lines, In north half miles___________ 177 

}<'ield-note record_______________________________________ 180 
Governing limits for township boundaries, quHlIfications____ 175 
Latitudinal section lines, by random and true line; certain 

quarter-section corners at mW·points___________________ 178 
Same, direction of survey; random for distance only ill 

certain cases____________________________________ 182 
Mean course of east boundary for controL ______________ 176, 177 
Meander corners_______________________________________ 179 
Meridional section lines given precedence__ _______________ 180 
Meridional section Hnes, parallel to governing east boundary, 

or to mean course thereoL____________________________ 177 
Quarter-section corners _______________________________ 177, 178 
Recapitulation_________________________________________ 181 
Rectangular lImits_____________________________________ 162 
Section corners________________________________________ 177 

Subdivision of sections by protraction; normal plan____________ 196 
I"ractional lotting carried Into all Irregular sections________ 201 
Limits, area and form of fl'actional lots.._________________ 198 
Lines are terminated at boundaries of private claims, etc., 

and at pOSition of record meander courses______________ 197 
Numbering of tractional lots __________________ 196, 199, 200, 224 
Rules for subdiviSion of sections resulting from fragmentary 

l;lDrveys_____________________________________________ 224 
SubdiVision of sections by survey, general rules ______________ 202,210 

Center lines of sections; rule for fixing position of unmuI'ked 
quarter-section corners ______________________________ _ 

Same, rule tor adoption of mean course between section 
boundaries, or parallel to governing boundary of 
fractional sections ______________________________ _ 

Center lines of quarter sections; rule for placing slxteenth-
section corners _____________________________________ _ 

Same, fractional quarter sectlons ___________________ _ 
Control from points on section boundaries is essentlaL ____ _ 
Lines to be surveyed, if required, will be noted in special 

205 

206 

207 
208 
203 

instructlons_________________________________________ 463 
Order of procedure_____________________________________ 204 
Proportionate measurements requlred __________ ____ .. ___ ._ 209,210 
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Section. 
Subdivision of sections by survey, unusual cases_______________ 464 

~ethods______________________________________________ 465 
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usuaUy run by local surveyors ___________________________ 193, 210 

Local authorities have jurisdiction over disputes regarding 
work performed by local surveyors_____________________ 195 

Parts of sections are related as shown by official plaL ___ 194,210 
Sllmmary of data and objects to be noted In field-note record____ 236 

Forms of record_______________________________________ 560 
Specimen field notes __________________________________ 558,559 

Sun's declination, determination by computation, by diagram; 
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Supplemental plats_________________________________________ 625 
Additional field work If required ______________________ 631,665 
Apportionment of areas_________________________________ 629 
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Certlftcates ______________________________________ 628,631, 632 
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Deflnltlon_____________________________________________ 625 
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free lottlngs __________________________________ 664, 665, 666 
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~ey8)----------------------------------------------- 630 
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Titles and subheadings_________________________________ 668 

Survey of parts of sections__________________________________ 489 
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Field-note record_____________ __________________________ 495 
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Rules_________________________________________________ 494 
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ship exterlors____ ____ _________________________ _____ _____ 174 
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Time, a factor In all solor and stellar observatlons____________ 57 

Altitude observation ot the sun for apparent time; equation; 
example; form of r ecord; observing program ___ __ ______ _ 

Conversion, apparent into local mean time; examplc _______ _ 
Conversion, standard into local mean time; example _______ _ 
eqna tlon of time; example _______ ____ ____ _ .. _____ ____ __ . ____ _ 
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Section . 
Time, a factor in all solar and stellar observations-Continued. 

Explanation, Table 18, Standard Field Tables ____________ _ 
Hour circle, solar compass and solar transit; limited accu-racy ot time rcadlng ________________________________ _ 
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Closure_______ _________ _______________________________ 174 
Defective In measurement or position and not subject to rectification _________________________________________ Hl4 
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Marks on 1ron posts _________ .. ___________ . _________ 262,263,264 
Marks on stone monuments __ . __ _ .. _________________ 284, ~8[l , 28G 
Marks on trce monullwnts __ .. ___________ .. __ _______ 303,304,30:; 
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Section_ 
Town-site surveys__________________________________________ 473 

Accuracy and closure _________________________________ 476,480 

Block, lot, and alley corner stakes_______________________ 479 
Boundaries and boundary monume.nts____________________ 477 
Detall sbown upon plaL __ 477,480,481,482,483,484,483, 486,488 
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Examination of site condit!ons__________________________ 474 
Field-note record_______________________________________ 482 
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survey______________________________________________ 482 
~etbods ____________________________________ 476,477,480,481 

~onuments 011 street center llnes________ _____ ___________ 478 
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Numbering of blocks and lots______________ ________ ________ 475 
Reservations - ____________________________________ ___ .__ 487 

Tree corner monuments ___________________________________ 2-18,297 
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True line surveys, offsets, and traverscs_____________________ 253 
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not segregated as an 16Iund_______________________________ 233 
Witness corners____________________________________________ 240 

Accessorles____________________________________________ 318 
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of posltion__________________________________________ 251 
Construction nnd mnrks___________________________ ____ __ 257 
Data shown upon plaL__ _______________________________ _ 254 
Field-note record_______________________________________ 254 
~eander corners _____________________________________ 228,240 
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In any direction under certain conditions_______________ 252 

Points in inaccessible or insecure pluces__________________ 2[;0 
Points in roadways_____________________________________ 249 
Sizes , same as required for monument at true polnL_______ 242 
Survey of parts of sections ___________________________ 252,489 
True line surveys, offsets, and traverses_______ __________ 253 

Witness trees (see iudex, Becwing tree8)______________________ 319 
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SPECIMEN FIELD NOTES AND PLATS, 

The following lis>t will assist in locating the tornlfB of rec01'<l 
supplied by the specimen field note", which are cnrrled in the 
Manual appendix: 
Standard township corner: Page, 

Iron post and bearing trees__ _______________ ___ ___ ________________________ 474 
Stone and mound of slone_ _________ ____________ ____ __ ____________________ 476 

Closing township corner: 
Iron post and bearing trees ___ ___ __ ___ __ ______ ___ __ ___ _______ _____ 475,483 
Stone and mound of stone_ _____ __ ____ ___________ ____________ _____ ________ 476 

Corner common to four townships: Iron post and mound of stone____________ 482 
Standard section corner: Iron post and bearing troos___________________ _______ 471 
Closing section corner: 

Iron posL _______________________ ____ __ ___ ___ ________ __ _____ _____ ___ 497,498,499 
Stone_ ________ __ _________ ___ ___ _____ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __ __ _ __ ___ _ _____ _ _ ____ __ 498 
Bearing trees_ __________ ______ __ _ _ _ _ _ _ _ ___ __ _ _ _ _ _ _ __ __ ____ _ ________ ______ _ 498 
Mound of stone ___________________ ________ __ ____ ____________ ___ ___ ______ 497,498 

Corner co=on to four sections: 
Iron posL ______________________ _____ _____ __ _____ __ _____ __________ __ 480,485,494 
Stono _______________ __ ____ __ ____ __ __ ____ ___ ______ __ __ __ ____ _____ _____ 479,485,499 
Tablet____________ ____ ___ ___________ ____ __ __ __ __ __ __ _ ___ _ _____ ____ _ _ __ ____ 503 
Bearing trees __________________ __ ____ ___ ___ __ ____ ___ ___ __________ __ _ 479,485,494 
Mound of stone ______________________ ______ __ ___ ______ __ _____ __ _ 480,485,496,499 
Pits ____ __ _______________ ___ ____ ________________ _____________ ___________ 496, 504 

Standard quarrer-section corner: 
Iron post and bearing trees _________ __ ____ _________________________ _____ 470,475 
Stone and mound of stone_ ____ _______________ __ __ __ __ ____________ __ ______ 472 

Tablet and bearing tre68___________________ _________________ ______________ 471 
Quarter-section corners of maximum control: 

Iron posL _________ _______ _______ _________ ____ __ ______ __________ 478,485,495, 505 
Stone _______________ __ ________ ____ __ ____ ____ __ __ __ _____ ________ _ 479,485,499,500 
TableL ______________________ __ _____ ___ __ ____ ______ __________ __ _____ 481,602, 50( 

Bearing trees _______________________ __ __ __ _______ _____ ___________ 479,483,486, 495 
Mound of stone __________________________________ __ ___ __________ 480,485,500,605 
Pits ____ __ ___ _________________________ _____ • _____ ___ ___ _________ 478,485,494,497 

Meander corners on standard lines and township exteriors: 
Iron post- _________ ___ ___ _____ ____ _________ ___ _______ _______ ________ 473,481,486 
Stono ___ ______ _______________ __ ___ _____ _________ _____ ___ ___ __________ 472, 481, 486 
Bearing troos _________________ ____ __ ____ ____ __ _____ ___________ __ ___ ____ __ 473,486 
Mound of 8tone ________________ __ __ __ ___ _______ __ ___ ___ ___ __ ________ __ 472,481,486 
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Meander corners on subdlvisionallines: Page. 
Iron post. ______________________________________________________ 495,501,505,508 
Stone ___________________________________________________________________ 496, 502 
Bearing trees ___________________________________________________ 496,501,505,506 
Mound of stone ______________________________ . ______________________ 496,502,508 

Mineral survey, lode claims aud mill site, complete__________________________ 517 
Miscellaneous monuments: 

Auxiliary meander corner _______________________________________________ 509,514 
Bearing object__________________________________ _ __ _ _ _ _ _ __ _ ____ ___________ 472 
Line tree_ _ ____ ______ _ _ __ _ __ _ ____ _____________ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ __ _______ ___ 499 
Monuments on rock in place ____________________________________________ 471,481 
Monuments reconstructed ______________________________________ 496,500,003,504 
Monuments referring to other than the rectangular surveys _________ 471,475,497 
Mouuments without accessories ________________________________ 499,500,501,002 
Special meander corner _________________________________________________ 511,514 
Subdivision of section, with interior quarter-section and sixteenth-section 

corners, and corners on boundaries of town site__________________________ 512 
Tree monument. __________________________________ . _ _____ __ _ _____________ llO6 
United States mineral monument _______________________________________ 507,514 
Witness corners _________________________________________________________ 475,494 

Miscellaneous descriptions and forms of record: 
Altitude observation of the sun for azimuth _____________________________ 474,477 
Altitude observation of the sun for time and azimuth___ __________________ 469 
Certificates___ __ ________ _ _ ____________ __ ___ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __ _ ____ ________ 516 
Distances by stadia _________________________________________________ 496,501,509 
Distances by triangulation __________________________________________ 472,507,510 
Engineer's transit, without solar attachment._____________________________ 469 
General description of township__________________________________________ 515 
Graphic indeL _________________________________________________________ 467,491 
List of field assistants, and duties_________________________________________ 516 
Maguetic declination or variation ___________________________________ 470,493,516 
Meridian observation of the sun for time__________________________________ 478 
Meridian observation of the sun for time and latitude ___________________ 469,493 
Polaris observation for azimuth, elongation method _________________ 478,484,493 
Polaris observation for azimuth and latitude, hour-angle method__________ 469 
Solar transit.______ __ __ _ __ ____ __ _______ __ _ _ _ _ __ _ __ __ __ __ _ _ _ _ ___ ___________ 493 
Steel tapes ______________________________________________________________ 469,493 

Table of latitudes and departures, and closing errors______________________ 487 
Test of solar attachment ______________________________________________ 493,515 
Test of stadia wire intervaL______________________________________________ 494 
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SPECIMEN FIELD NOTES 
OF THE SURV,EY OF THE 

THIRD STANDARD PARALLEL NORTH, 
ALONG THE SOUTH BOUNDARY OF TOWNSHIP 13 NORTH. 

THROUGH RANGES 21, 22. 23. AND 24 EAST; 

THE SIXTH GUIDE MERIDIAN EAST, 
'I'HROUGH TOWNSHIPS 13. 14. 15. AND 16 NORTH. 

BETWEEN RANGES 24 AND 25 EAST; 

AND THE 

WEST AND NORTH BOUNDARIES OF 

TOWNSHIP 13 NORTH, RANGE 24 EAST. 

Note: Remainder of title omitted. 
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Third standard pamlld no1"th, along tlbc 80utlb boundary of 
'1'. 13 N., R. 21 E • 

Chain8. 

. , ... - -,-- .. --~~ ... ---------
The survey was executcd with n ------ engineer's tmnslt, Serial No. ----I 

Model No. ____ , property of the General I,and Ollice. The horizonta 
circle has a diameter of 5}ii Ins. and two double opposite verniers reading 
to 30"; the dilUIleter of tho vertical circle Is 5 ins., with one double vernier 
reading to single minutes. The instnllnent was III good condition and, 
having hoon plucod in sati3factory adjustment prior to beginning the survey 
and tested antl found [rcc irom appreciable error, was approved by the 
district cadastral engineer on Aug. 10, 1927. 

As the Iille to be established runs over a country that Is beavily timhered, 
but mostly without" dense undergrowth, tbe secant method was selected; 
tile controlling meridian was established by observation upon Polaris, AS 

shown in the field notes; the bearing of the secant was deflected from the 
meridian by ropetition of angles and was carried forward by transit line, 
taking the moan of direct and reversed sights at each instrument station, 
and r~moving nil obstructing timber. 

The mensuremp,nts were m ade with two _______ steel tapes, one 5 ehs. 
and one 8 ells. in length; each tape is graduated every link for the first 100 
lks. and thereafter at intervals of 10 Iks. The tapes were tested by com-
parison with a ____________ st:rmlard and found correct. Both sets of 
measurements were made on the slop~; the vertical angles were determined 
by clinometers in good. adjustment; tho field notes show the horizontal 
equivalents. 

Aug. 16, 1\)27, at the point of beginning, in latitude 36° 59.6' N., andlongi. 
tude 10.5° 04.W W .,:18 shown in tho dat>' furnished with the special inst,ruc
tions, 1 make Ii series of three observations for the determination, and veri .. 
tIcation, of tIme, latitude and azimuth, to be employed on the survey, 
os follows: 

(1) An hour anglo observation of Polaris west of the meridian, making 
four readings, two each with the telescope in direct and reversed positions, 
marking the mean point in the line thus determined, on a peg driven firmly 
in the ground, 12.60 clts. N. of station. 

Mean watch lime of observatiolJ, n. m .. ___________________ 50 07m 2()0 
MelllJ altitude of Polarls ___________________________________ 38° 03' 00" 

(2) An altitude observation of the sun, first setting on the snn's uPJlf'r 
and right limbs, then, !lftrr reversol of the inst.rument, setting on tho lowrr 
and left limb,!; the 1J0rizolltal angles are 1ll(l::ISurc<i from tho mean poin t In 
the line determined by the Polaris observation. 

Mean watch tlmo of observation, a. m .. ___ ______ __________ 8h 45m 44-
Menn vertic"1 unglo ________ .. __________ ______ ______ ____ ___ 40° 59' 45" 
:Mcan horizontal anglo __________________ ________ __________ 1050 12' 00" 
Reduced hearing of point on peg _____________________ .... _ N.Oo 25'04"W. 
Reduced wat0h slow of I. m. t _____________________________ 3m 30-

(3) A noon ohscrvation of the sun, tIrst set.ting on the sun's lower limh 
and noting the transit of the west lImb, then, after reversal of the instru
Ulent, setting on the upper limb and notIng the trarisit of tho eust 11mb. 

Mer.n observed altitude ________________ __ _________________ 66° 54' 00" 
Mean watch time of obscrvatloll ___________________________ 12h oom 48-
Reduced latitude ___________________ .. ___________________ ,_ 36° 59' «"N. 
Retlnced watch slow of I. m. t.. ____________ __ _______ .. _____ 3'" 28' 

HI90 0 - 31--- 31 469 
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(1) Having verIfied the watch error and latitude, I complete the reduc· 
tion of the hour angle observation of Polaris. with the following results: 
Mean azimuth of PolarIs, west .••.............• .........•• 0° 25' 10" 
Reduced latitude •••••.•..•.•••••••.•..•.•..•..... . ...•.••• 36· 59' 30" N. 

Bearing of the secant In lat. of sta ........... . ............. N. 89°58'00"E. 
Bearing of poln t on peg ..... ... ........................... N. O· 25' 10" W. 

Angle to be turned. ••••.. . .... .••••• ................ ...... 90° 23' 10" 

Turning from the mean poInt In the line determIned by the Polaris ob· 
servatlon& I set a flag on the secant; tbe multiple angle of tour repetitions 
reads 361 32' 30", which indIcates an angle of 90° 23' 07W'. 

The observed magnetIc variation is- O-/E. 

BegInnIng at the standard oor. of Tps. 13 N., Rs. 20 and 21 E., wbich Is a 
granite stone, 12x8xl0 Ins. above ground, firmly set, marked and wit· 
nessed as described In the officIal record. 

East, with tbe establisbment ot the third standard parallel north, along 
the S. bdl'. ot sec. 31, T. 13 N., R. 21 E., on a transIt line dcscribmg the 
secant, which starts trom a point 4 lks. S. of the Tp. cor., and bears 
N . 89· 58' E. 

Over gently rolling land, through scattering pine and spruce. 

28.10 Enter beavy timber, bears NW. and SE. 

Ditf. bet. m68S. ot 40.00 chs., by two sets of chainmen, is 2 Ik8.; posItion of 
mIddle point-

By 1st set, 40.01 chs. 
By 2d set 39.99 chs.; the mean of which is 

40. 00 N. 2lks. from the secant, 

Set an iron post, 3 ft. long, 1 in. diam., 27 ins. in the ground, for standard 
14: sec. cor., with brass cap mkd. 

se 
~ 

11127 

from which 

A. yellow pine, 10 Ins. diam., bears N. 64~0 E ., 48lks. dist., mkd. 14: 8 
31 S C B T. 

A blue spruce, 8 ins. dlam., bears N. 1414:° W., 127 lks. dist., mkd. 14: 
S 31 S C B T. 

46.50 Enter clearIng, bears N. 35° E. and S. 35° W. 

47.00 A wagon road, following tbe line of the clearIng. 

58. 00 A settler's cabin bears N., 16 cbl!. dist. 

63.50 Enter beavy timber, bears N . and S. 

Dltf. bet. meas. of SO.OO cbs., by two sets of cbalnmen, Is 4 Iks.; posItion of 
middle point-

By 1st set, SO.02 cbs. 
By 2d set, 79.98 cbs.; tbe mean of wblcb I~ 
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Cbalna. so. 00 On the secant, 

Bet an Iron post, 3 ft. long, 2 Ins. d1am., 'P Ins. In the groUlld, for standard 
cor. of sees. 31 and 32, with brass cap mkd. 

SC 
T 13 N R 21£ 

S 31 S 32 

1927 
from which 

A yellow plne, 9 ins. diam., bears N. 3I~0 E ., 22 Iks. dist., mkd. T 13 
N R 21 E S 32 S C B T. 

A yellow pine, 8 ins. diam., bears N. 67° W., 114 !ks. dist., mkd. T 13 
N R 21 E S 31 S C B T. 

Land, gently rolling. 
Soil, loam; 1st rate. 
Timber, yellow pine and blue spruce, with some juniper. 

East, along the S. bdy. of sec. 32, on a transit line describing the secant, 
which bears N . 89° 58.i' E. 

Over rolling land, through heavy pine and Juniper. 

12. 00 Begin descent of 60 ft. over NE. slope. 

18.40 Turkey Creek, 20 Iks. wide, course S. 50° E .; asc. 175 ft. over broken SW. 
slope. 

Dill. bet. moos. of 40.00 cbs., by two sets ot chainmen, is 4 Iks. ; position ot 
middle point-

By 1st set, 40.02 chs. 
By 2d set, 39.98 cbs.; the mean of which is 

40.00 S. 11k. from the secant, 

Point taIls on a sandstone bowlder, 7x5x2 tt. above ground, which I mark 
tor standard ~ sec. cor., seating a brass tablet, 3~ Ins. dlam., 3 In.stem, 
with top mkd. 

sc 
is 32 

1~27 from which 

A juniper, 8 Ius. dlam., bears N. 33~0 E., 22 lks. dlst., mkd. ~ B 32 
S C ET. 

A juniper, 11 Ins. dlam., bears N. 84~0 W., 1921ks. dist., mkd. ~ S 32 
S C BT. 

46.20 A sandstone rim rock, 12 ft. high, bears N. 450 W. and S. 00° E.; thence over 
nearly levelland. 

56. 72 A bench mark of the U . S. GeolOirlcal Survey, published elevation 7,946.987 
ft. abovo mean sea level, bears South, 6.62 chs. dlst.; a brass tablet seated 
in a sandstone bowlder, conforming to the record. 

Dill. bet. moos. of 80.00 chs., by two sets of chainmen, Is 6 lks.; position at 
middle polnt-

By 1st set, 80.03 chs. 
By 2d set, 79.97 chs.; the mean of which is 
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ehalm. 
80.00 S. 2lks. from the secant, 

Set an iron post, 3 ft. long, 2 Ins. dlam., 18 ins. In the ground to bedrock and 
In a mound of stone to top, for standard cor. of secs. 32 and 33, with bra.<s 
cap mkd. ' . . . 

SC 
T 13 N R 21 E 

S 32 S 33 

1927 
from which 

A yellow pine, 9 ins. (liam., bears N. 42Uo E., 27 Iko. Liist., mkd. 'I' J3 
N R 21 E S 33 S C B T. 

A large sandstone outcropping, the hlglJest point of which bears N. 57° 
35' W., 87 lI(s. dist., mkd. S 32 X }j O. 

Land, rolling, west of creek; level table-land above top of slope cast of creck. 
Soil, rich loam, 1st rate; sandy loam, 2d rate; and stony, 4th rnte. 
Timber, mostly juniper, with soma yellow pine find bluc spruce. 

NOTE.-The field notes of tho survey of the S. My. of sees. 33, 34, and 35 
continue on the same form, and ore omitt~d here. 'l' he field notes of the S. 
bdy. of sec. 36 hovo been varied in order to show certain ot.hcr forms of 
record. 

I--------------------------------~------
East, along tho S. buy. of sec. 36, on a transit line describing the secant, 

which bears S. 89° 58.7' E. 

Over level land, through dense undergrowth . 

DiH. bet. meas. of 40.00 chs., by two sets of chainmen, is nothing; 

40.00 N. 2 Iks. from tho secant, 

Set a sandstone, 24.l10x6 ins., IG ins. in the ground, for standard ~~ scc. cor., 
mkd. S C U on N. face; and mise a monnd of stone, 2 ft. base, IH ft. high, 
N.ofcol'. 

45. 00 Begin gradual descent. 

DiH. bet. mens. of 48.92 ells., by two sets of chainmen, is nothing; 

(8.92 Bank of Crystal Lake, hears N. 42° E. and S. 37° W. 

N. 2.4 Iks. from the secant, 

Set a sandstone, 27x8x8 ins., 18 Ins. In the ground, for meunder cor. of 
Irac. sec. 36, mkd. 

6 grooves on N., 
M C on E., and 
6 grooves on W. face; and raise a mound of stone, 
2 ft. base, l~ ft. high, W. of cor. 

In order to determine the distanc" Rcross the lnke by triangulation, I use 
the above station on tho socnnt as point A, and sot a /lag B on the secant 
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on the opposite side of the Jake; point 0 is taken northeasterly on the west 
side; the mean distance from .A to 0 Is 11.450 cha., 

By 1st set of chaillmen=1l.451 chs. 
By 2d set of clIaillmcn=1l.449 chs. 

·c 

"'. CJ.~ .,0 
~ 0. " , .. ID 

A 
Ae;O~ !)!) 

B 

All angles by 3 repetitions, with a closing error of 0° 0' 20" balanced to 180°, 
as follows; 

At point A=48° 01' 55". 
At pOint B=42° 10' 35". 
At point 0 =890 47' 30". 

Distance across lake= 17.054 cbs. 

65.1174 Point B. 

56.00 Bank oflake, hears N. 500 E. and S. 45° W. 

N . 3.3 Iks. from the secant, 

Set an iron post, 3 ft. long, 1 in.-diam. , Z1 Ins. in the ground, for meander 
cor. of frae. sec. 3G, with brass cap mkd. 

~
;II~N 

536 
Me 

1927 
from which 

A yellow pine, Sins. diam., bears N. G2~0 E., 29lks. dist., mkd. T 13 
N R 21 E S 36 M C B '1'. 

A blue spruce, 14 Ins. diem., bears N. 78Mo E., 3121ks. dlst., mkd. T . 
13 N R 21 E S 36 M C B 'r. 

Enter heavy spruce, bears N. 500 E. and S. 45°W.; asc. 215 ft. over stony 
NW. slope. 

Diil. bet . meas. of 80.00 cbs., by two sets of chainmen, is 11k.; pOSition of 
middle pOint-

By 1st set, 80.005 cbs. 
By 2d set, 79.995 chs.; the mean of which is 

80.00 N. 4 lb. from the secant, 
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Chains. 
80t an Iron post, 3 It. long, 3 ins. dlam., 24 ins. In the ground, lor standard 

cor. 01 Tps. 13 N., Rs. 21 and 22 E ., with brass cap mkd. 

SC 
T 13N 

R 21 E R 22 E 
S 36 S 31 

1927 
Irom which 

A blUe spruce"., 12 ins. dlam., bears N. 37~0 E ., 114 lks. dlst., mkd. T 
13 N R 22 ,I!; 8 31 8 0 B T. 

A blue spruce, 9 Ins. diam.:.! bears N. 64~O W., 127lks. dist., mkd. T 
13 N R 21 E S 36 SOB ·l·. 

Land, nearly level, west 01 lake; broken, eMt of lake. 
Soil, sandy loam, 2d rate; and stony, 3d rate. 
Timber, blue spruce with some yellow pine and aspen; undergrowth, oak 

brush. 

Aug. 21: At this point, in order to verify the a1lnement 01 the secant, I 
make an altitude observation 01 the sun, first setting on the sun's upper and 
right limbs, then, after reversal of the instrument, setting on the lower 
and lelt limbs; the horizontal angles are measured Irom a back-6lght 
flag D on the secant. 

Mean watch time of obsn., 8. m .•....•..........•..•... 9h 08"' 5& 
Mean vertical anglo. _ ......•• _ ..•....•••••..•••.•••••.. 44° 54' 15" 
Mean horizontal angle ....... _ .......•••.••.•...•...... 158° 06' 30" 
Reduced bearing 01 flag D •.••.• ~ .....••••••.....••••.•. N. 89° 57' 27" W. 

As the theoretical bearing 01 the secant at this point is N . 89° 58.0 'W. the 
observation indicates that the line bas been carried forward acceptably. 

'l'hird sta·n-aara pm'aZZel north, along the 
80uth boundary of T. 13 N., R. 22 E. 

Tolay off a deflection angle 01 3' 55",ln order to describe a secant through 
Range 22 East, I set a back·sight tiag E, 3.00 Iks. (2.61 ft .) to the south 
of the back·sight flag D previously described, the latter point being located 
on the secant at 45.00 chs. running E . on the S. bdl'. 01 sec. 36; then, to 
verify the angle at the station on the secant at tho standard Tp. cor., sub
tended by the two flags, I make 6 ropetltions and find tbat the multiple 
angle roads 0° 23' 30". 

East, with the establishment 01 the third standard parallel north, along 
the S. bdl'. of sec . 31, T. 13 N., R. 22 E., on " transit line describing the 
secant, which starts from a point 4lks. S. of the 'I' p. cor., and bears N. 89° 
58'E. 

Ascond 65 ft. over stony NW. slope; through heavy pine. 

3.50 Ridgo, bears N . 60° E. and S. 60° W .; dese. 240 ft . over 8E. slope. 

22. 30 . Base of rldgo, bears N. 65° E. and 8. 65° W.; continue gradual descent. 

I DIfl'. bet . meas. 01 38.40 chs ., by two sets of chainmen, is 2 lks.; pOSition 
. of middle point-

I TIy 1st set, 38.41 chs. 
By 2<1 set, 38.39 cbs.; the mean 01 which is 
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Chaina. 
38.40 N . 2.1 Iks. from the secant, 

Set an iron post, 3 ft. long, 1 In. diBID., 27 Ins. In the ground, for witness 
standard ~ sec. cor., with brass cap mkd. 

we 
se 

~s 31 

1927 
from which 

A yellow pine, 9 ins. diBm., bears North, 16 Iks. dlst., mkd. W e U S 31 
se BT. 

A yellow pinc.l. 10 Ins. diem., bears N. 577110 W., 92 Iks. dlst., mka. we 
~ S 31 S e!i T. 

40.00 True point for standard ~ sec. cor. flllls in the bed of a dry creek channel, 
60 Iks. wide, course N. 700 E.; water In pools south of line; ssc. gradually. 

Diff. bet. meas. 01 54.96 chs., by two sets 01 chainmen, Is 3 Iks.; position 
of middle point-

By 1st set, 54.975 chs. 
By 2d set, 54.1145 chs .; the mean 01 which is 

54.96 N. 1.2 Iks. from the secant, 

Intersect the W. bdy. of the Las Animas Land Grant. 

Set an iron post, 3 ft. long, 3 ina. diam., 24 ins. in the ground, for closing 
cor. of frac. T.13 N., R. 22 E., with brass cap mkd. 

cc 

1927 

from which 

A.f~lloN ~i~'ik~~sc%a~.'r~rs N. 22'Ao 
W., 671ks. dist., mkd. 

A yellow pinc, 7 ins. diam., bears N. 74~0 W., 135 lks. dist., mkd. 
T 13 N R 22 E S 31 C C B T. 

From this point the 14th MI. Cor. of the grant boundary bears N . 330 

38' E., 27.84 chs. dist .; a saudstone, 16x12 Ins., standing firmly 6 ins. above 
the top of a mound 01 stone, 6 ft. bftSC, 3 ft. high, marked nnd witnessed 
as described in the official rccord. 

From the same point the 15th MI. Cor. 01 the grant boundary bears 
S. 330 38' W., 51.96 chs. dist.; a pine tree, 34 Ins. in diameter; the surface 
scars on the tree, and on the bearing trees, and the kind and position of 
thc lattcr, agree with the olIlcial record; I do not uncover the marks. 
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Chains. 
Land, genUy rolling and broken. 
Soil, ssndy loam, 2d rate; and stony, 4tb rate. 
Timber, yellow pine. 

1---------- ----------.. ----- ---
Tbence I extend the secant on a hlank lino across tho grant . 

DiU. bet. meas. of 392.78 chs., by two sets of cllflinmen, is 81ks.; position of 
middle point-

By 1st set, 392.82 chs. 
By 2d set, 392.74 ehs. 

1------------_··_-_·_------
East, along the S. My. or sec. 36, on a transit line dcs'Jribing the secant, whicb 

bears S. 89° 58.3' E. 

47.74 N . 2.4 Iks. from the secant, 

Intorsect the E. bdy. 01 the grant. 

Set a sandstone, 32x10x8 ins., 22 iDS. in the !:round, for closing cor. of frac. 
T. 13 N., H. 22 E., mkd. 

13 Non N., 
C C 22 E Bnd 1 groove on E., Bnd 
L A I .. Q on W. face; Bnd raise a mound or stone, 

2 ft. vase, 1 ~~ ft. high, E. of cor. 

From this point tho nh Mi. Cor. of tho grant boundary beal'S S . 0° 42' E., 
19.12 chs. dist.; a ssndstone bpwlder, 81.5.1:3 ft. above ground, marked and 
witnessed as described in the official record. 

From the same pOint tho 8th Mi. Cor. of the grant boundary bears N. 0° 
42' W .• 60.62 chs. d!st.; a snndstone, 12x8xG ins. above ground, firmly set, 
marked and witnessed as descriued in the official record. 

Thence over nearly levelland. 

Dill'. bet. meas. of 32.26 cbs., by two sets of chainmen, is nothia!!; 

80. 00 N . 4 lks. from tbe secant, 

Set s sandstone, 36xlO:x8 ins., 24 ius. in th;,\ gr<J1lll<.i, for stundard (or. ol 
'l'ps. 13 N ., Us. 22 and 23 E., mkd. 

S C 13 N on N., 
23 E on Eo, and 
22 E on W. face; and raise a mOllnd of stone, 
S ft. base, 3 ft. h igh, N. of cor. 

Land, nearly leve!. 
Soil, sandy loam and stony; 3d rate. 
No timber. 

Aug. 24: At this point, in order to verify the aUnemont or the secant, I 
make a series of three altitude observations of the sun for azimuth, each with 
the telescope in direct and reversed positions, observing opposite limbs of 
the sun; the horizontal angles are measured from II baek·sight flag au the 
secant. 
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------------ -_._-------------------
Ghairu [ ____ --. _____ ,._. ________ . _______ _ 

Observa- Telescope Sun tion 

FirsL _____ DirecL ____ d-
Do ________ Revel'sed ___ -P 

Mean ___ ---------.---

I 
Second. ___ DirecL ____ a-Do ____ ___ _ Reversed ___ 

-P Mean ___ -------------

'l' hird _____ Dircct- ---- d-Do ________ lteversed __ 

Mean _______________ _ 

Watch time 

9b04m 30' 
906 12 

9b05m21' 

9b()9mOO' 
911 05 

OhlOm()2' 

9b13m05' 
9 15 00 

Vertleal 
an!;i~ 

43°50'00" 
43 36 30 

43°43' 16" I 
4<1°30'00" 
443200 

44°35'30" 

45°25'00" 
45 1300 

Horizontal 
angle 

--

157°28'30'/ 
157 50 30 

15io39'30" 

156°28'CO" 
156 4300 

156°35'30" 

By flrst obocrvation flHg bcars _________________________ N. 89° 58' 15" W. 
By second observation flag be3rs _______________________ N. 89° 58' 00" W' 
By third observation flag hears _________________________ N. 89° 58' 26" W. 

Mean tnto heariug of lIug ______________________________ N . 89° 58' 14" W. 
'l'heoreticaJ hearing of the secauL ______________________ N. 89°!;S' 00" W. 

Indicated discrepancy between observations for merid
iAn on Aug. 16 and 24, including the accumulated 
error in the alinement of the secant _________________ _ ,00 00' \4' 

NOTE,-The fleld notes of the survey olthe third standard parallel north, 
along the S. bdy. of'I'ps. 13 N., Us. 23 and 24 E ., continue on the same form, 
and Rre omitted here. An entry indicates that at the standard cor. of Tps. 
13 N., Rs. 24 and 25 E., an angle was turned from thesecnnt to the meridian 
and tbat the verification of the aUnement of the seCc~nt would be found in 
the observation for meridian made for the survey of thelsixth guide meridian 
east 

MEMORANDUM. 

The alinement of the secsnt is to be verified always by an azimuth obser
vation at the end of the run; if the line is to be continued more than 12 miles 
a new meridian will ordinarily be employed for control at intervals ot not to 
exceed 12 miles. 

Tho form of tile record of the survey of 8 standard parallel by the tangant 
method will be similar to tbat of tho specimen field notes by the secant meth
od, and does not need to he ext.ended here. The tangent method may as 
well be employed if the parallel runs Over a country that is comparatively 
free from heavy tim bel' and dense underb'l·owth. 

If the solar transit method is employed tha resulting line will contorm to 
the pcrallel without making offsets. There is no other essential difterence 
in the form of the rccord. 'I'il is method will be given preference in regions 
that !Irc heavily timbered or covered by very dense undergrowth, where 
the work incident to opening a transit line would add unnecessarily to the 
cost of the survey. 

Ordinarily only one sct of measurements will be required on the standard 
parallel if the special instructions provide that the township is to be sub
divided. 

A summary description of the region crossed by a standard parallel will 
be supplied at the close of the 1Ield notes, or the Information may be carried 
in the general description of the subdivisional survey. 

AUGUST 28 1927. 



SillJth guide meridian eMt, through T. 13 N., bet. Rs. 24 
and 25 E. 

Chalm. 
Aug. 29, 1927, at the standard cor. of Tps. 13 N., Rs. 24 and 25 E., In Jatl· 

tude 30° 59.6' N., and longitude 104° 3S.3' W., as computed by reference to 
the values given for the standard cor. of Tps. 13 N., Rs. 20 and 21 E., I 
make a noon observation of the sun for time, and an observation upon 
Polaris at eastern elongation for meridian, as follows: 

Watch time of transit of sun's west limb __________________ ._ ... 11b 54w 48' 
Watch time of transit of sun's east limb ............ _____ • ______ 11 56 56 
Mean ________ .. _ .. ________ ___________ ___ ___ __ __ __ ___ ___ ____ __ __ 11 b 55m 52-
Reduced watch slow of I. m. t__ _____________________________ 5m l()O 

At 9b 10.0m p. m., I.m.t., or 9b 04.Sm watch time, I observe Polaris at 
eastern elongation, making 6 settings, 3 each with the telescope in direct and 
reversed positions, accumulating the horizontal angle, measured by the 
method of repetitions, counting from a sigual light at my flag point 16.10 
chs. N. of station. 

I Horizontal angle, 6 repetitioll!l ___________________________ _ 
I Reduced angle __________________________ -- --__ --- ---- ----

Azimuth of Polaris at e. e _______________________________ _ 
SO 13' 30" 
1° 22' 15" 
1° 21' 48" 

True bearing of point on peg _______________ • _______ . _____ -N-.O-o -00-' -27-"-W-. 

In order to mark the true meridian I set a second tack point, 0.21 !ks. 

I 
(0.14 ft.) to the east of the original point; then, to verify the angle at the 

, standard Tp. cor., subtended by the 2 points on the p,eg, I make 10 repeti· 
, tions and find that the ,nultiple angle reads 0° 04' 30 '. 

The observed magnetic variation is _0 -'E. 

Thence from the standard cor. of Tps. 13 N., Rs. 24 and 25 E., 

North, with the establishment of the sixth guide meridian east, through 
T. 13 N., bet. Rs. 24 and 25 E., bet. secs. 31 and 36. 

Over nearly levelland. 

Dill. bet. meas. of 40.00 chs., by two sets of chainmen, is nothing; 

10. 00 Set an iron post, 3 ft. long, 1 in. diam., 26 ins. in the ground, for ~ sec. cor., 
with brass cap mkd. 

~ 

5361531 

1927 

18x1Sx12 Ina., N. and S. of post, 3 ft. dist. 

43. 50 Begin graduul !\Scont. 

478 

dig pli" 
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Chain,. 
07.00 Top of ascent; enter heavy juniper and pinon, bears NE. and SW.; descend 

over gradual NW. slope. 

Dift. bet. meas. of 80.00 chs., by two sets of chainmen, is 11k.; position of 

middle point-
By 1st set, 79.995 cbs. 
By 2d set, 80.005 cbs.; the mean of which is 

~. 00 Set a sandstone, 24xIOx6 ins., 16 ins. in the ground, fOl" cor. of sees. 25, 30, 

31, and 36, mkd. with 5 notches on N. and 1 notch on B. edge; from which 

A juniper, IO ins. diam., bears N. 64%0 E ., 70 Iks. dist., mkd. T 13 N }{ 
25 E S 30B '1'. 

A jnniper, 12 ins. diam., bears S. 69%0 E., H Iks. dlst., mkd. T 13 N R 

25 E S 31 B T. 

A juniper. 10 ins. dlam., bears S. 79J.i0 W ., 59 Iks. dist., mkd. T 1;1 

N R 24 E S 36 B T . 

A innipel', 20 ins. diam., bears N . 74'}4c W.,2'20 !ks. dist., mkd . '1' n 
N }{ U E S 25 B T. 

Land, level and gently rolling. 
Soil, sandy loam, 2<1 rate; and stony, 4th rste. 
Timoor, juniper snd pinon. 

North, bet. socs. 25 and 30. 

Descend gradually througb heavy juniper and piiion. 

21.50 An ungraded wagon road, bears NW. and BE., from Fort Myer to Valley 

City. 

23.20 An arroyo, course SW.; asc. 100 ft . over BE. slope. 

DifT. bet. meas. of 40.00 cbs., by two sets of cbainmen, is 2 Iks. ; positlon 
of middle point-

By 1st set, 39.99 cbs. 
By 2d set, 40.01 chs.; the mean of which is 

·10.00 Set a sandstone, 21x8x6 ins., 14 Ins. in the ground , for H sec. cor., mkd. 

Han W. face; from which 

A iuniper, 8 ins. diam., bears N . 60}i° E., 28lks. dist., mkd.!4 S 30 B T. 

A juniper, 11 ins. diam., benrs West, 89 Iks. dist., mkd. !4 S 25 D '1'. 

G4.2O Top of ascent; leave timber, bears N. 600 E. and S. 600 W.; desc. gradually. 

76.00 An arroyo, course S. 650 W.; ase. 50 ft . to sec. cor. 

Difr. bet. meas. of 80.00 chs., by two sets of chainmen, ill 3 !ks.; position 
of middle point-

By 1st set, 79.985 chs. 
By 2d set, 80.015 cbs.; the mean of which ill 
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ehalm. 
SO.OO Set an iron post, 3 ft. long, 2 ins. dlam., 26 ins. In the ground, for cor. of sees. 

19, 24, 25, and 30, with brllSS cap mkd. 

T 13 N 
R 24 E R 25 E 

S 24 519 

5 25 530 

1927 

of stone, 2 ft. base, 1711 ft. high, W. of cor. 

Land, rolling and broken. 
Soil, sandy loam, 2d rate; and stony, 4th rate. 
Timber, junipor and pinon. 

North, bet. sees. 19 and 24. 

Ase. ov~r broken land. 

raise a mound 

2.10 Top of ascent; enter scattering piiion and dense undergrowth. 

DifI. bet. meas. of 40.00 chs., by two sets of chainmen, is nothing; 

40. 00 Set an iron post, 3 ft. long, 1 ill. diQIIl., 26 ins. ill the ground, for ~ sec. oor .. 
with brass cap. mkd. 

of stonc, 2 ft. base, 1711 ft. high, W. of cor. 

56.00 Leave sCl',ttering timber. 

64.20 An arroyo, course N. 60° W.; asc. 85 ft. to sec. cor. 

ralse a mound 

Dill. bet. meas. of 80.00 chs., by two sets of chainmen, is 11k.; position of 
middle point-

By 1st set, SO.005 chs. 
By 2d set, 79.995 chs.; the moan of which is 

80.00 Set an iron post, 3 ft. long, 2 ins. dinm., 24 ins . in tlJe grotmd, for cor. of 
secs. 13, 18, 19, and 24, with brass cap mkd. 

T 13 N 
R 24 E R 2 . .5 £ 

513 518 

S:14 519 

1927 

of stone, 2 fl.. base, 1~ ft . higb, W. of cor. 
raise 8 · mound 
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Land, broken. 
Soil, sandy loam and stony; 3d rate. 
Timber, scattering pinon; undergrowth, sagebrusb. 

NOTE.-The field notcs 01 tho survey of the line bet. secs. 13 and 18, and 

bet. sees. 7 and 12, continue au the same lorm, and are omitted here. 

Nortb, bet . sees. I and 6. 

Dese. 40 ft. over broken NE. slope, through dense undergrowth. 

7.90 A graded wagon road, beRrs N . BOO W. and S. BOO E., from Ft. Myer to 

Douglass P. O. 

I 
Dlff. bet . mollS. of 9.10 clls., by two sets of chainmen, is nothing; 

9.10 Right bank of the South Fork of Trapper River, course S. 80° E.; banks 

I 2 to 6 ft . bigll; water at present low stage from 1 to 3 It. deep. 

,
. Set 80 iron poot, 3 ft. long, 1 in. diam., 27 ins. In the ground, for meander 

cor. of frac. seCS. I and 6, with brass cap mkd. 
Me 

SIS 6 
R24E R2.5E 

T 13 N 
1927 

of stone, 2 ft . base, IJ.ji ft . high, S. of cor. 
raise a mound 

DistancD across river by steel tape measurement, by botb sels of chainmen, 

4.60 cbs. 

13. 70 Left bank of river. 

Set a wllShed Oint bowlder, 32xl4.~8 ins., 24 ins. In the ground, for meander 
oor. of frae. secs. 1 and 6, mkd. 

1 groove on N., 
6 grooves on E. , 
Me on S., and 
6 grooves on W. faee; and raise a mound of stone, 

.~ ft. base, 3 ft . high, N. of cor. 

Asc. 160 ft . over broken S. slope. 

:l'J.80 Hidgc, bears E. and W.; desc. 60 fl.. ; enter scattering juniper 80d piflon. 

Diff. bet. mCllS. of 40.00 cbs., by two set" of chainmen, is 2Iks.; posit.ion 0 

middle point-
By 1st set, 39.99 chs. 
By 2<1 set, 40.01 cbs.; the mean of which is 

40.00 P oint falls on a sandstone bowlder, 8x5x21t. above ground, which I mark [or 
7, sec. cor., seating B brass tablet, 3~ ins. d18m., 3 in. stem, with top mk<l. 

from which 
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CIIaim. 
A pillon, 8 ins. dlam., bears S. M~o E., 297 Iks. dist., mkd. U S 6 B T. 
A Juniper, 9 Ins. dism., bears S. 65° W., 84lks. dist., mkd. US 1 B T. 

46.60 An arroyo, course N. 760 E.; continue over nearly level land. 
07.60 Leave scattering timber. 

Diti. bet. meas. of 80.00 chs., by two sets of chainmen, is 4 !ks.; position of middle point-
By 1st set, 79.98 chs. 
By 2d set, 80.02 chs.; the mean of which Is 

80.00 Set an Iron post, 3 ft. long, 3 ins. dlam., 26 ins. in the ground, for eer. of Tp:;. 13 and 14 N., Rs. 24 and 25 E., with brass cap mkd. 

T 14 N 
R24E R2SE 

S 36 S 31 

SIS 6 
T 13 N 
1927 

of stone, 6 ft. base, 3 ft. high, S. of cor. 
Land, southern portion broken, balance level. Soil, Il8ndy loam, 2d rate; and stony, 3d rate. Timber, juniper and pitlon; undergrowth, sagebrush. 

raise a mound 

SEPTEMBER 2, 1 U27. 

Si41;th guide meridian east, 
thrOugh T. 14 N., bet. Rs. 24 and, 25 E. 

NOTE.-The field notos of the survey of the sixth guide meridisn east, through Tps. 14, 15, and 16 N ., bet. Rs. 24 and 2~ E., continue on the same form, and all but the last mile are omitted here. An entry shows an observation for meridian at the cor. o[ Tps. 14 and 15 N., Rs. 24 and 26 E., for the verification of the alinement to that point, and for the control of the balanoe of the survey. 

8i.IJJth gu-ide meridian east, 
through T. 16 N., bet. R.~. ~4 and 25 E. 

I
N orth, bet. sees. 1 and 6. 
Over broken W. slope. through heavy pine, juniper, and pillon, and dense undergrowth; asc. 26 [to to top of spur. 

3.00 Spur from ridge, slopes W.; dese. gradually over steep W. slope. 
12. 70 Gulch, course S. 30· W.; asc. 360 ft. to spur. 

29.80 Spur from ridge, slopes SW.;:continue asoent of 126 ft . over steep W. sJopo. 
Dur. bet. meas. of 40.00 chs., by two sets of chainmen, is 4 Iks.; position of middle point-

By 1st set, 40.02 obs. 
By 2d set, 39.98 chs.; tbe mean of which is 
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C/lalm. 
40.00 Bet an iron post, 3 ft. long, 1 in. diam., 16lns. In the ground to bed rock, and 

In a mound of stone to top, for ~ sec. cor., with brass cap mkd. 

from which 

A yellow pine, 14 Ins. diam., bears S. 36',40 E., 64lks. dlst., mkd. ~ e 6 

BT. 
A yellow pine, 12 Ins. diam., bears S. 72~0 W., 00 Iks. dlst., mkd. ~ S 1 

BT. 

41. 00 Spur from ridge, slopes W.; desc. 125 ft. 

44.20 Deep draw, dmins W.; steep ascent 01300 ft. 

57.00 Top 0/ steep ascent; continue gradual ascant. 

67.00 Divide bet. South }' ork and North Fork of Trapper River, bears East and 

S. 75° W.; dege. 225ft. to cor. 

Diff. bet. meas. of 81. 44 cbs., by two sets 01 chainmen, Is 6 Iks.; position of 

middle point-
By 1st set, B1. 47 chs. 
By 2d set, 81. 41 cbs.; the moan 01 which is 

~l. 44 Intersect the Fourth Standard Parallel North. 

Set an iron post, 3 ft. long, 3 ins. diam., 12 ins. In the ground to bedrockt 
and In a mound of stone to top, lor closing cor. of Tps. 16 N., Rs. :u ana 
25 E., with brass cap mkd. 

T 17 N R 24 E 
536 

51/5e 
R24E Rl!5E 

T 16N 
CC 
1927 

from which 

A Juniper, 12 ins. diam., bears S. 33J~o E., 68lks. dlst., mkd. '1' 16 N R 25 

ES6CCBT. 

A ycllow pine, 9 ins. diam., bears S.72~0 W ., 129lks. dlst., mkd. '1' 16 

N R 24 E SIC C B'r. 

From point ofinterscction the standard ~ sec. cor., S. bdy. sec. 36, '1'.17 N., 

R. 24 E., bears S. 890 66' E., 12.76 chs.lilst. ; a sandstone, 121816 ins. above 

ground, mkd. and witnessed as described in the officini record. 
From the same point thestllndard cor. ofsecs. 35 and 36, '1'.17 N ., R . 24 E., 

bears N. 890 66' W., 27.1B chs. dlst.; a sandstone, 14xBins., standing firmly 

8 ins. abovo the top of " mound of stone, 4 ft. base, 2 ft. high, marked and 

witnessed as described In the official record. 
Land, mountainous. 
Soil, sandy and stony; 3d and 4th rates. 
Timber, yellow pine, Juniper, and plilon; undergrowth, service and oak 

brush. 
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Chaln8.! 
Sept. 11: At the closing Tp. cor., in order to verify the slinement of the sixth guide ~eridl8D east, I blsoo.t Polaris, follow. the motion of the star to eastern elongation, at 8h 19. 1m )1.111., I. m. t ., and marl: the direction upon s peg driven firmly in the Groun d H cbs. N.; I t1 ,en reverse the instru· ment, again bisect Polnris, and mErk the airection upon the peg. Without changing tho instrument in horizontal moHon, I sight to Poiaris to mako certltin that the settings were mado at e!on~"tioD; there appeared to be no deviation in azimutlI for some 15 or 20 minu~c3. 

Sept. 12: I lay off the azimuth of r eb rig, 1° 22' 06", to the west of the menn direction determined by the oi>serv;1tion and sct a poin t for tbe tes t meridian; then, by direct and rew rsed sights,l ascertain that the angle snbtcnded by the last back'sight l1ag, Iloar tho top of the divide 011 tbo guide meridian HS established, is Ie"s thOil 0' 01' 00" from this line. --........ - .. - . . __ ._-_._ ._--_._------_. 
M.EMOltA!n)U~l, 

Ordinarily only one sct of measurements will be required on the b'lJidll meridian where the special iURtructions provide that the township is to be subdivided. 

A snmmary description of the region orossed by a gnide nlcridinn will he snpJllied at the end of the field notes, or it may be included in the general description of the subdivision ,,1 sllrvey. 
SE PTEblDER 12, 1927. 

West bowndal'V of T. 13 N. , R . 24 R. 
MEMORANIlUM. 

The field notes of the survey of " meridiom;l township boundary will ordinarily take the form of the specim?n field notes of the sixth guido meridian east, with only OIle set of measurements. 
NOTE.-Spccimen field notes omitted. 

North boundary of '1'. 13 N., R. 2,1 E. 
Sept. 19, 1927, at the· cor. of Tps. 13 and 14 N., Rs. 24 and 25 E., in hili· tude 37° 04.8' N., flll lllongitude lO·1° 38.3' W., us compnted bl' reference to the values given for the standard cor. of 'I'ps. 1:1 N ., Rs. 20 nud 21 E ., I turn 900 frOln a flag pOint proviously located on the sixth guide meridian east, and run 

West, on a random Hne, mnking proper oITsets to the north from tho tan· gent to the p;lrullt'l at in tervals of 40.!}O clls. , setting temp. ~i sec. and sec. corso along the line bet. Tps. 13 and 14 N ., R. 24 E . At 47Y.25 ehs., tho r o.rallel in tersects a N . und S. line. 25 lks. S. of the cor. of Tps. 13 and 14 N., Rs. 23 and 24 E. 1'be correction is 4.2Iks. N . per mile, counting from tbe poInt of beginning. 

Thence 

S. 89° 58' E. , bet. secs. 6 and 31, marking and blazing the true Une. 
Asc. over SW. slope, throngb dense undergrowth. 

30.25 llidge, bears N. 15° E. nnd S. 15° W. 
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chains.j 
34.00 Head of draw, drains S. 

39. 26 Set an iron post, 3 ft. long, 1 in. diam., 26 Ins. in the ground, for ~ sec. 
cor., with brass cap mkd. 

,S 31 

456 
1927 

raise 8 mound 
of :;tone, 2 ft. base, 1)1 ft. high, N. of cor. 

46.90 Ridge, bears N. lliO E. and S. 15° W.; desc. 100 ii. over graduul E. slopo. 

77.50 1 Draw, dl'Hins N E.; asc. gradually. 

79.25 Sl,t nn iron post, :l ft. long, 2 ins. diam., 26 ins. in the ground, (or cor. of 
seCB. Ii, 6, 31, and 32, with bruss cup mkd. 

T 14 N R 24 E 
S 31 S 32 

S 6 S 5 
T 13 N 
1927 

of stonc, 2 ft. base, IH ft. high, W. of cor. 

Land, rolling mountainous. 
Soil, sandy; 2rl aud 3d rate. 
No timber; undergrow th, sagebrush. 

S. 89° 58' E., bet. sees. 5 and 32. 

raise a mound 

Over rolling N . slope, changing to E. slope; through dense undergrowth. 

29.50 Gulch, course SE.; asc. to spur. 

35.60 Point of spur from ridge, slopes S.; leave undergrowth and enter scat
tering; juniper; tlcsc. gradually. 

·10. ()() Set 11 sandstone, 24x8.6 ins., 16 ins. in the ground , for % sec. cor., mkd. U. 
on N. fuce; dig pits, 18x18xl2 ins., E. nnd \\'. of stono, 3 ft. dist. 

41.50 Draw, drains S. ; asc. gmduully. 

5;3, 00 'rop of slope; d~u. 50 ft. to creek. 

GO.oo Crooked W"sh Creok, 30 Iks. wide, dry, COtlrse S. 20° W.; asc. 150 ft. 

77.-00 Ridge, bears N. and S.; dese. gradually to co~. 

20.00 SOL n sandstone, 20xlOx8 ins., 13 Ins. in the ground, for cor. of sees. 4,5,32, 
lmd 33, mkd. with 4 notches on E. and 2 notches on W.edge; from which 

A juniper, 20 ins. diam., bears N. 36° 35' W., 423 lk:s. dist., mkd. T 14 
N R 24 E S 32 B T. 

Raise a mound of stone, 2 ft. base, 1)1 ft. high, W. of cor. 

1900°-31--32 
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1 
Chai'M. 

Land, rolUng mountainous. 
Soil, sandy and stony; 3d rate. 
Timber, scattering juniper; undergrowth, greasewood and sagebrush. 

NOTE.-!l'ho field notes ot the survey of the line bet. sees. 4 and 33, 3 and 
34, and bet. sec·s. 2 and 35, continuo on the same torm, and IIro omitted here. 
1------------------ - .. -------

S. 890 ,,g' E., bot. sees. 1 and 36. 

Desrend gmdually through hca vy jWliper and piilon and dense under
growth. 

11.40 A graded wagon road, bears N. MO W. and S. 5/i0 Eo, from !"t. Myer to 
Douglass P . O. 

16.20 Right bank of the South Fork ot Traj;per River, course S. 50° E.; bunks 
2 to 5 ft. high, wilter at present low stage from 1 to 3 Ct . deep. 

Srt an iron post, 3 ft. long, 1 In . dinm., 27 ins. in tho ground. tor meowl,'r 
cor. of Crac:. sal's. 1 and 36, with brass rap mkd. . 

R 2: ~4sN3h~ 
5 1 

T 13 N 
11127 

from which 

A juniper, 14 Ins. dinm., bears N . 70;4° W., 142 lks. dist., mkd. T 14 
NIt 24 E S 36 Men T. 

A juniper, 10 ins. diam., bears S. 21%0 "' ., 9h Iks. dist., mk<i. T 13 
N R 24 E S 1 M C B '1'. 

Width of river about 4.50 chs.; distance across online by ste~l tape measure· 
nlent, 7.15 cbs. 

23.35 Left bank of river. 

Set a washed flint bowlder, 28xI6~8 Ins., 21 ins. in tho ground, for meander 
cor. offrac. sees. 1 and 36, mkd. 

G grooves on N., 
1 groove on E., 
6 grooves on S., and 
M C on W. fnce; and raise n mound of stone, 

5 ft. lJase, 3 ft. high, E. of COr. • 

I Asc. 150 ft. over broken SW. slope, through scattering plilon. 

40.00 I Set an Iron post, 3 ft . long, 1 in. diam., 26 ins. in the ground, for ~ sec. cor., 
with brass cnp mkd. 

I S 36 

i~ 
1927 

from whicb 

." piiion , 9 illS. dialll., bears S. 2110 4U' W., 3871ks. dist., mkd.;4 SIn 't. 

H:l if'o a nlOund of stOlle, 2 ft. I> :1.S(\, l ~~ rL high, N. of cor. 
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Ridge, bears NW. and SE.; desc. 35 It.. 

Base of slopel bears NW. and SE.; leave 8catt.ering timber; continue over 
nearly leve land. 

80.00 The cor. of Tps. 13 and 14 N., Rs. 24 and 25 E. 

Land, mostly broken; eastern part nenrly level. 
Soil, sandy loam, 2d rate; and stony, 3d ntte. 
Timber, juniper and pinon; undergrowth, sagebrush. 
1---------------------··-.---.- ... . 

MEMORANDUM. 

A summary description of the region crossed by tho township exteriors 
wlll be supplied ut the close o( the field notes, excepting where it may !.xl 
included In the general description of the subdivisional survey. 

A table o( lat.itudes and departures of the boundaries of the townships 
whose exteriors have been duly completed, showing proper allowances 
(or convergency, and the reduced closing errors, will be llIed with the 
proper supervising officer with tha field tablets, computation sheets and other 
data that pertain to the survey. 

The (allowing Is an example: 

Boundarie8 oj T. 13 N ., R. !!4 E. 

True bearing. tPr:;;;. N. S. E. w. 
1------1----·1--- ------. 

Chains. Chaim. Chaim. Chains. Chain. 
3d Stan. Par. N ___ EasL __ . .. __ 480.00 ________________ 180.00 _. __ . __ 
6th Ouide Mer. E. North _____ __ 480. 00 480.00 ____ ____ __ . ____ _ . . _ . . . . 
North boundary __ N.S9°5S'W_ 479.25 .25 ________ . _______ 479. 2~ 
West boundary ___ South _______ 480.00 ____ ____ 480.00 . __ . ________ __ _ 
Convergency __ ~ ___ _________ • ____________ ._. _. ___________ ,._______ . .J[, 

Totals ______________________________ 480.25 480.00 480.00 '!7U. ~O 

-------------
480.00 , ____ . __ . 479.80 .. ___ ... 

~~g~ ~ ~:b~J:ire::::::::::::::::::::::: ___ ~~~~_ :::::::: ·--ii:2O- ::::::: 

The table will not be carried to the field notes. 

NOTE.-This completes the field work directed in the special instructions. 
Names o( flSSistants omitted . 
Certificates omitted. 

SEPTEMBER 21, 1927. 





SPECIMEN FIELD NOTES 
OF THE SURVEY OF THE 

SUBDIVISIONAL AND MEANDER LINES OF 

TOWNSHIP 15 NORTH, RANGE 20 EAST, 

OF THE PRINCIPAL MERIDIAN, 

IN THE STATE OF MONTANA 
Executed by 

ROBERT ACRES, U. S. Cadastral Engineer. 

Under special instructions dated April 1, 192.5, which provided for the surveys 
included under Group No. 123, bearing the approval of tbe Commissioner of tbe 
General Land Office uneler elate of April 10, 1925, and assignment instructions elated 
May 20, 1925, addressed to tbe above·named engineer. 

Rurvey commenced June 1, 1925. 
Survey completed June 30, 1925. 
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Cha/m. 

S1tbdiviswn of T. 15 N., R. 20 E. 

The subdivisional survey of township 15 north, range 20 east, was exe· 
cuted with a light·mountaln solar transit made by .•..•..•.•.•••.. , Serial 
No ....... , constructed in nccordance with the st!mdard specifications of 
the General Land Office. The horiwntal circle has a diameter of 4).j; ins., 
with two double opposite verniers reading to single minutes; the vertical 
circle has a diameter of .. ins., with one double vernier reading to single 
minutes; the telescope has fixed stadia wires, ratio 1:132, with a focnl cou· 
stnnt of 1.2 Iks. The instrument is equipped with the improved Smith 
solar attnchment; radius of latitude arc 2~ ins., and of declination arc 
3).j; ins., each with verniers reading to single minutes. The instrument 
wns In good condition, and having been placed in satisfactory adjustment 
prior to beginning the survey, and tested and found free from appreciablo 
error, was approved by the district cadastral engineer on May 25, 1925. 
I examined all the instrumental adjustments before making the field tests 
hereinafter recorded. 

The d iroctions of the subdivisionallines were determined by solar transl t 
method. The mea.~moments were made with a .••••••• steel tape, 5 chs. 
in length, graduated every link for the first 100 !ks., and the balance at 
intervals of 10 lks. The tape was tested by comparison with a ...••...•• 
stand"d and found corroct. The measmements were made on the slope, 
nnd the vertical angle ot each intervnl was ascertained by !l clinometer 
in good adjustm6nt; the horizontal equivalents are entered in the field 
note record. Some of the distances were determined by stadia method as 
shown in the record. 

The data furnished with the special instrnctions gives the geographic 
po~ition for tho SE. cer. of the 'l'p., as follows: latitude 45° 45.0' N., 
>lnd longitude 107° 54.0' w. 

June I, 1925, in camp on the Yellowstone River near the center of the 
NE ~ of sec. 35, at 3b OO.7m a. Ill. , I. m. t., or 3b 12.3m a. m. by my watch, 
which reads correct 105th meridian time as determined by radio signals 
I observe Polaris at eastern elongation, making two sights each with the' 
telescope in direct nud reversed positions, and place a tack at tbe mean 
point, on 8 peg driven firmly in tbe growld 8 chs. N . Atter sunrise, I 
layoff the azimnth of Polaris, 1° 34' 42", and make a meridian mark on a 
second peg, 22.04 lks. (14.08 ft.) to the west of the mean point in the line 
determined by tho observation; I verily the angle by a vernier reading 
of the instrument. 

In order to verify the latitude ot tbis station and the reading ot my watch, 
I make a meridian observation of the sun, first setting on tho lower limb 
and noting the transit of the west limh, then, aftor reversal of the instrnment, 
setting on the upper limb and noting the transit of tho east limb, as follows: 

Mean observed altitude •••.•.••..•••..•••••••••••••••••••••••• 00° 18' 30" 
Reduced latitude ..........••.......•.....••••••..••••••••••••• 45° 45' 45" 
Mean watch time of observation ..........••••....••••••..•••• 12b OOm 24' 
Watch fast 01 1. m. 1. .... . .... _ ... .... .•.•••.•••••••••••.••••• 11m 4!l' 
Same, by reference to radio time signals and calculated differ· 

ence in longitude •••••.•••••.••••••.•.••••••••••••••••••••••. 11m 36' 

Every 30 min. from 6 to 10.30 a. m. and from 1.30 to 0 p. m., r make proper 
settings on the arcs of the solar attachment ~nd ascertain that tbe resultmg 
orientation of the·iustrument, when compared with tho meridian established 
by Polaris observation, has a m~ximul1l error of less than l' 30". 

I repeat the tests of the arcs daily by noon observation, and verify the 
meridional indications at freqnent intervals throughout the survey. 

'fhe observed magnetic declination is _0 - ' E. 
493 
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--- ------- --- --- -------- -- ---- - - ---------- --------
C/ioim. 

I make the toll owing test of tbe stadia wire Interval: 
Horizontal length of base by steel tape measurement. _____ 17. 180 cha. 
Mean of 1..0 rod readings at dilIerent bours during tbe day, vertical rod ______________________ ____ __ _____ ____________ 8.703 ft. 
Vertical angle ot test. _______________________ ____ __________ +5· 41' 

K-131.487. 
Reduced error in 10 cha., correction to be subtracted______ 4.0Iks. 

I commence the subdivislonal survey at the cor. ot soos. 1,2,35, and 36, on 
the S. bdy. ot the Tp., which is a sandstone, 8x6x5 ins. above ground, 
firmly set, marked and witnessed as described In the official record. 

N. O· 01' W ., bet. secs. 35 find 36. 

Over level bottom land. 

20. 00 Enter scattering ash and cottonwood. 

29. 30 BE. cor. ot field ; leave scattering timber. 

31. 50 A settler's cabin bears West, 6.00 chs. dlst. 

39. 50 Set an Iron post, 3 ft. long, 1 in. diam., Z1 ins. In the ground, tor witne.<s ~~ 
sec. cor., with brass cap mkd. 

we , 
i 

535j53e 

Cg25 

18x18112 Ins., N. and S. ot post, 3 tt. dist. 
dig pits, 

Enter an ungraded road, bears N. along soot ion line, find E. to Mound City. 

40.00 True point tor ~ soo. cor. talls in road. 

Deposit a sandstone, 14x8x5 Ins., mkd. X, 24 ins. In tbe ground. 

50. 50 NE. cor. ot field . 

51. 50 Road to Bozeman bears N. 70· W. 

57.50 Enter hea~ ash and cottonwood, and dense nndergrowth, bears N. 54° E. 
and S. 54 W. 

72. 00 Leave undergrowth. 

80.00 Set an iron post, 3 ft. long, 2 ins. diam., 27 Ins. in the ground, tor cor. of secs. 
25, 26, 35, and 36, with brass cap mkd. 

TIS N R 20 E 
S 26 525 

S 35 53G 
1925 

from which 

A ~nB ~~ll~r~ns. dialtl., bears N. 22° ~; . , 201ks. dis!', mkd_ T 15 N R 
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A green ash, 23 ins. dlam., bears 8. 71U· E., 371ks. dist., mkd. T 15 N R 
20 E 836 B T. 

A£~n8~~ilVns. diem., bears S. 64° W., 411ks. dist., mkd. T 15 N R 

A cottonwood, 13 Ins. dlam., bears N. 21Uo W., 361ks. dist ., mkd. T 15 
NR20ES26BT. 

Land, level bottom; uorthern 20 chs. subject to overflow. 
8011, alluvial, s!lt and loam; 1st rate. 
Timber, green ash and cottonwood; undergrowth, willow. 

8 . 89° 57' E., on a random line llet. sees. 26 and 36. 

40. 00 Set temp. U sec. cor. 

79.96 Intersect E. bdy. of Tp., 3lks. N. of cor. of secs. 25,30, 31, and 36, which Is a 
sandstone, 8x5x5 Ins. above ground, marked and witnessed as described 
in the official record. 

Thence 

N . 89° 56' W., on true line bet. secs. 25 aud 36. 

Over level bottom land, through scattering ash end cottonwood. 

Hi.20 Cherry Creek, 121k8. wide, course NW. 

39.98 Set an iron post, 3 ft. long. 1 in. diam., 27 ins. in the ground, for ~ sec. cor ., 
with hrass cap mkd . 

.t~ 
• S 36 

1925 
from which 

A green ash, 8 Ins. dilllI!., bears N . 64~0 W., 124 Iks. dlst., mkd. ~ S 
25B T. 

A green ash, 7 ins. diam., bears S. 65U· W., 189 Iks. dist., rnkd. ~ S 
3613 T. 

79. 96 The cor. of sees. 25, 26, 35, end 36. 

Lund, level bottom; mostly subject to overflow. 
Soil, alluvial, silt and loam; 1st rate. 
Thllber, green ash Rnd cottonwood. 

N. 0° 01' W., bet. secs. 26 and 26. 
Over level bottom land, through heavy ash and cottonwood. 

25. 36 Right bank of Yellowstone River, course N. 81°-E.; banks 2 to 12 ft. high; 
water Is high at present stage and from 1 to 8 ft. deep. 

Set an iron post, 3 ft. long, 1 in. dlam., 27 ins. in the ground, for meander cor . 
of (rae. sees. 25 and 26, witlll>rass cap mkd. 

Me 

from which 
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{)"airls. ! 
A cottonwood, 12 ins. diam., bears S. 18~0 E., 16 lks. dist., mkd. T 15 

N R 20 E S 25 M C B T. 

A green ash, II ins. dium., bears S. 74Yz° W .• 25 !ks. dist., mkd . T 15 
N R 20 E S 26 Me B T. 

Stadia to lort bunk or river: 12.096 and 12.088 rt ., -{)o 10'. 

49.46 Left bank or river. 

Set a washed granite boulder, 3u9:\:7 ins., 24 ins. in tbe ground, for meander 
cor. or Crae. secs. 25 and 26, mkd. 

5 grooves. on N., 
] groove on E., 
Me on S., and 
" grooves on W. race; rrom wllicb 
A green ash, IO ins. diam .• bears N. 34~0 E., 228 Iks. dlst., mkd. T IS 

N R 20 E S 25 Men T. 
Raise a mound .. stone, 5 ct. base, 3 ft. high N. of eor. 

Enter scnttering timber. 

52.60 Blurf, 20 rt. high, bears E. and W.; leave timber. 

63.80 Telephone line, bears E. find W. 

80.00 Set an iron post, 3 ft. 10DI(, 2 ins. diam., 26 ins. in tho ground, for cor. of 
secs. 23, 24, 25, and 26, with brass cap mkd. 

TIS N R 20E 
S 23 524 

526 525 
1925 

18xl8x12 iDS., in each sec., 3 ft. dist. 

Land, nearly level; 52 ells. bottom land subject to overll.ow. 
Soil, alluvial, silt and loam. 1st rate; and sandy, 2d rate. 
Timber, greell ash alld cottonwood, soutb of river. 

S. 89° 56' E., on a random line bet. secs. 24 and 25. 

40.00 Set temp. ~ sec. cor. 

dig pits. 

79. 98 Intersect F.. bdy. of Tp., 3 lks. N . of cor. of sees. 19, 24, 25, and 30, whioh is 
a sandstone, 12x9x5 ins., poorly mkd. witb 4 notcbes on one edge and ~ 
notches on opposite edge, lying on tbe ground on the east side of a small 
mound of stone. 

At point for cor., 
Set an iron post, 3 ft. long, 2 ins. diam., 27 ins., in tbe grollDd, for cor. of 

sees. 19, 24, 25, and 30, with brass cap mkd. 
TIS N 

R20E R21E 
S 24 S 19 

525 530 
Ig25 

of stone, 2 ft. base, 1Yz ft. high, W. of cor. 
raise a monnd 



Chains. 

38.00 

39. 99 

SUBDIVISION OF T. 15 N., R. 20 E. 

Thence 

N. 89° 55' W., on true line bet. secs. 24 and 25. 

Over levelland. 

Fletcber's dinner station and corral bears South, 8 cbs. dist. 

497 

Set an iron post., 3 ft. long, 1 in. diam., 27 ins. in t.he ground, tor ~ sec. 
cor., with brass cap mk<l. 

!~ 
• S 25 

1925 

18x18xl2 ins., E. and W. at post, 3 It. dist. 
dig pits, 

70.00 A graded road, bears N. 73° W. and S. 73° E., from Mound City to Lewis
town. 

79. 98 The cor. of sees. 23, 24, 25, and 26. 

Land, level. 
Soil. sandy; 2d and 3d mto. 
No timber. 

NOTE.-The field notes continue in tbe regular order and on the same form; 
the record of 3 miles omitted. 

S. 89° 55' E., on a random line bet. secs. 12 and 13. 

SO.03 Intersect E. udy. of Tp., 7lks. N. of cor. of secs. 7, 12, 13, and 18, which is a 
sandRtone, 8x5x8 ins. above ground, firmly set, marked and witnessed as 
doscribad in the official record. 

Thence 

N. 89° 52' W., on true line bet. sees. 12 and 13. 

Over nearly levellr.nd. 

31. 49 Intorsect the NE. bdy. of the Rancho San Bl!l8. 

Set nn iron post, 3 ft. long, 2 ins. dlnm., 27 ins. in the ground, for closing 
cor. at trac. sees. 12 and 1:1, with brass cap mkd. 

RS~~2N CC 
LG SI3 

R 20 E 
1925 

of stone, 2 ft. baBe, 1~ ft. hJgh, E. of cor. 
raise a mound 

From this point the 5th MJ. Cor. at the grant boundary bears S. 33° 00' E, • 
. 7.00 chs. dlst.; a I1mest<!nel 15x8x5 Ins. above ground, firmly set, marked 
and witnessed tI8 descrlcea In the omcla! record. 
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eMina. 
Thence on a blank line across the grant. 

40. 0H' Point for ~ sec. cor. 

67. 07 Intersect the NW. bdy. of the grant. 

Set a granite stone, 25x7x6Ins., 16 iDS. In the ground, for closing cor. of trao. 
secs. 12 and 13, mkd. 

2 grooves on N . ./.. 
R B B L Gon E., 
4 grooves on B., and 
C 0 and 6 grooves on W. face; and raise B mound of stoDe, 

2 ft. base, 1l-2 ft. high, W. of cor. 

From this point the 3H MI. Oor.of the grant boundary bears N.19° 30' W., 
12.00 chs. dist.; a flint stone, 12x6x8 Ins. above ground, firmly set, marked 
and witnessed as described in the official record. 

The closing corner is located on the top of a ridge bearing N. 15° W. and 
S. 15° E.; thence over rough stony ground. 

76. 00 B~gin descent over broken SW. slope. 

80.03 The cor. of sees. 11, 12, 13, and 14. 

Land, eastern part, level; western partbmountainoUB. 
Soil, sandy loam, 2d rate; and stony, 4t rate. 
No timber. 

N. 0° 01' W., bet. secs. 11 and 12. 

AsooQ.d over broken BW. slope. 

11. ()() Top of ascent, bears N. 50° W. and B. 50° E.; thence over nearly levelland. 

3l1. ()() Intersect the NW. bdy. of the Rancho San BIas. 

Set an iron post, 3 ft. long, 2 ins. dl .. m., 26 Ins. In the ground, for closing cor. 
01 Ime. secs. II and 12, with brass cap mkd. 

1925 
from which 

A lone jUniper, 20 Ins. diam., bears S. 34° 25' W ., 484 lks. dlat., mkd. 
T 15 N R 20 E B 11 0 C B T. 

Raise a mound of stone, 2 ft. base, 1~ ft . high, S. of cor. 

From this point Cor . No.7 of the grant boundary bears N. 1~· 30' W. 
7.40 chs. dist.; a granite bowlder, 6"4xl~ ft. above ground, marked ana 
witnessed as described in the official record. 
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Chain3. 
Thence on a blank line ncross the grant. 

40. 00 Point for >i sec. cor. 

44.32 Intersect tbe NW . bdy. of the grant. 

Set an Iron post, 3 ft. long, 2 ins. diam., 15 ins. In the ground to bedrockr with a granite stone, lOx7x6 Ins., mkd. X, deposited at the base, anu 
in a mound of stone to top, for clOSing cor. of frac. secs. 11 Bnd 12, with 
brass cap mkd. 

From this point Cor. No. 7 of the grant boundary bears S. 73° 00' W., 
2.58 cbs. dist., previously described. 

Thence over rolling ground. 

60. SO A creek, 6lks. wide, course SE. 

SO. 00 Set a granite stone, 24x1Ox7 Ins., 16 Ins. In the ground, for cor. of sees. I, 2, 
11, and 12, mkd. with 1 noten on E . and 5 notches on S. edge; aud raise 
a mound of stone, 2 ft. base, 17li ft. high, W. of cor. 

Land, mountainous. 
Soil, sandy clay, 3d rate; and stony, 4th rate. 
Timber, a few scattering juniper. 

s. 89° 52' E., on a random line bet. secs. 1 Bnd 12. 

40.00 Set temp. >i sec. cor. 

SO.04 Intersect E . bdy. of Tp., 7lks. N. of cor. of sees. 1,6,7, and 12, which is 
~t~~~sfJ'~? Je~~rlb~~·inl:b~~iri'J'~lv:e~~cr:nd, firIllly set, marked and 

Thence 

N. 89° 49' W., on true line bet. secs. 1 and 12. 

Over rolling land. 

3.60 Enter a grove of heavy oak timber, boors North and S. 20° W. 

18.07 A burr oak, 12 ins. diam., on line, mkd. with two hacks each on E. and W. 
sides. 

40.02 Set n grarute stOlle, 28,l1xO Ins., 18 ins. in tbe groulld, for ~. SCC. COl·., mktl. 
>i 011 N. fr.ce ; from which 

A burr oak, \I Ins. diam., bears N. 19~0 W., 22 Iks. dist., mkd. >i S 1 
BT. 

A burr oak, 11 Ins. diam., bears B. 65~0 W ., 129 Iks. <lIst ., mkd. J4 S 
12BT. 

41. 10 A ravlntl, course S. 20° W. 

49. 60 A ravine, course S. 30° W. 
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Chaillt. 
69.00 Leave grove, bears NE. and 8E. 

BO. 04 The cor. ofsecs.l, 2,11, and 12. 

I 
40.00 I 
79.77 

Land, rolling mountainous. 
Soil, sandy clay, 3d rate; and stony, 4th rate. 
Timber, burr oak. 

N . 0° 01' W., on a random line bet. secs. 1 and 2. 

Sct. temp. }i sec. cor. 

Interscct N. bdy. of the Tp. at the cor. of sces. I, 2, 35, and 36, which is a 
limestone, 16x6x5 ins., mkd. with 1 notch on E. and 5 notches on W. edge, 
looscly set, with small mound of stone on the W. 

At point for cor. 

Set an iron post, H ft . long, 2 ins. dlrun./ 10 ins. in the ground to bedrock, with 
the origin,,1 stone deposited at the oase, and in a mound 01 stono to top, 
for cor. of sees. 1,2,35, aIJd 36, with brass cap mkd. 

Thence 

T 16 N R 20 E 

535 536 

. 52 5 I 
T 15 N 
1925 

S. 0° 01' E., on true line bet. sees. 1 and 2. 

Ovcr rolling land. 

30.50 I An arroyo, course N. 70° E. 

39.771 Set a limestone, 2OxlOx6 ins., 13 ins. in the ground, fol' }i sec. cor., mkd. 
}i on W. face; and mise a mound 01 stone, 2 It. base, 1~ It. high, W. of cor. 

79.77 I Tbe cor. of sees. I, 2, 11 , and 12. 

Land, rolling mountainous. 
Soil, sandy clay; 3d rate. 
No timber. 

Thence from the cor. 01 sees. 2, 3, 34, and 35, on the S. bdy. of the Tp., which 
Is a sandstone, 14x8x8 ins. above ground, firmly set, marked and witnessed 
as described in thc official record. 

N. 0° 02' W., bet. sces. 34 and 35. 

Over level bottom land. 

40. 00 Sct a sandstone, 28xlOxB ins., 21 Ins. In the ground, for Y4 sec. cor., mkd. 
}i on W. fnce; and raise a mound 01 stone, 2 ft. base, 1~ ft. high, W. 01 cor. 
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"hains. 
42.00 Leave bottom land, bears N. 70° E. and S. 70° W.; ascend sandy ridge. 

46.00 Top of wind-blown sand ridge, bears N. 70° E. and S. 70° W. 

00.00 Foot of sand ridge; thence over neorly level land . 

I!O.OO Set an iron post, 3 ft. long, 2 ins. diam., in a concrcte form, 8 ins. upper 

diam. , 14 ins. lower diam., and 36 illS. long, 24 ins. in the ground, for cor. of 

sees. 26, 27, 34, and 35, with brass cap mkd. 

No suitable accessory. 

T 15 N R 20 E 
527 526 

534 535 
1925 

Land, south-half, level bottom subject to overflow; north-half, level sandy 

plain. 
Soil, alluvial, silt and loam, 1st rate; and sandy, 3d rate. 
No timber. 

S. 89° 57' E., on a random line bet. secs. 26 and 35. 

iO.OO Set temp. U sec. cor. 

48. 13 Left bank of river; set temp. meander cor. 

Stadia to right bank: 9. 063 and 9.051 ft., level. 

66.32 Right bank of river; set terup. meander cor. 

1!O.06 Intersect N . and S. line, 3 Iks. S. of cor. of sees. 25, 26, 3.'" and 36. 

Thence 

N. 89° 58' W., on true line bet. secs. 26 and 35. 

Over level bottom land, through heavy ash and cottonwood. 

13.74 Right bank of Yellowstone River, course N. 20° W.; banks 2 to 10 ft. high; 

water is bigh at present stage and from 1 to 8 ft. deep. 

Set an iron post, 3 ft. long, 1 in . diam., 27 ins. in the ground, for meander 

cor. of frac. secs. 26 and 35, with brass cap mkd. 

1925 
from which 

A green ash, 9 Ins. diam., bears N. 49~· E., 26 lks. dist., mkd. T 15 

N R 20 E S 26 M C B T. 

A cottonwood, 13 ins. diam., bears S. 38~0 E., 21 !ks. dist., mkd. T 15 

N R 20 E S 31i Me B T. 

1990°-31--33 
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Chains. 
31. 93 Left bank of river. 

Set a washed granite bowlder, 40xl2x8 ins., 30 Ins. In the ground, for 
meander cor. of frac. sees. 26 and 35, mkd. 

5 grooves on N ., 
M Con E., 
1 groove on S., and 
5 grooves on W . face; and raise a mound of stone, 

5 ft. base, 3 ft. high, W. of cor. 

Ascend gradually through scattering timber. 

37.50 Leave timber. 

40. 03 Set a granite stone, 24xl2x8 ins., 16 ins. in the ground, for U sec. cor., mkd 
U on N. face; from which 

A green 8jih, 14 ins. diam., bears N. 28° 50' E., 328 !ks. dist., mkd. ~~ 
S 26 B T. 

A green ash, 9 ins. diam., bears 8. 78° 05' E., 278 Iks. dlst., mkd. U 
S35B'r. 

70.50 An ungraded road, bears N. 68° W. and S. 68° E., from Mound City to 
Bozeman. . 

SO. 06 The cor. of sees. ~6, 27, 34, and 3(;. 

Land, east of river, level bottom subject to overflow; west of river, level 
upland. 

Soil, alluvial, silt and loam, 1st rate; and sandy, 3d rate. 
Timber, green ash and cottonwood. 

NOTE.-The field notes continue in the regular order, and on the same 
form ; the record of 1:1 miles omitted. 

N. 0° 03' W., bet. sees. 21 and 22. 

Ovor levelland. 

13.90 Enter marsh, bears N. 60° E. and N. 80° W. 

40. 00 Set a bras~ tablet, 3)4 ins. dlam., 3 in. stem, in a cylindrical concrete form, 
36 ins. long, 6 ins. diana., 24 ins. In the ground, for U sec. cor., with top. 
mkd. 

No jiuitable accessory. 

53.60 Leave marsh, bears N. 30° W. and S. 60° E. 
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Chains. 
80.00 Set a brass tablet, 3Vz ins. diam., 3 in. stem, in a concrete form, 8 ins. upper 

diam., 14 ins. lower diam., 36 ins. long, 24 ins. in tho ground, for cor. of 
sees. 15, 16, 21, and 22, with top mkd. 

40.00 

80.00 

No suitable accessory. 

TIS N R 20 E 
516 515 

S 21 S 22 
1925 

Land, level; 39. 70 chs., swamp and overflowed. 
Soil, rich loam; 1st rate. 
No timber. 

NOTE.-The field notes continue in the regular order, and on the same 
form; the record of 17 miles omitted. 

The cor. of sees. 5, 6, 31, and 32, on the S. bdy. of the Tp., Is a limestone 
1.5x8x6 ins., poorly mkd. with 5 notches on one edge and 1 notch on opposite 
edge, lying on the ground on the east side of a small mound of stone. 

At point for cor. 

Set an iron post, 3 ft. long, 2 ins. diam., 27 ins. in the ground, for cor. of secs. 
5, 6, 31, and 32, with brass cap mkd. 

TI5N R20E 
S 3 I S 32 

S 6 S 5 
T 14 N 

1925 

of stone, 2 ft. base, 1Vz ft. high, W. of cor. 

N. 0° 05' W., bet. sees. 31 and 32. 

Over levelland. 

raise a mound 

Set a brass tablet, 3Vz ins. diam., 3 in. stem, in a cylindrical concrete form, 
36 ins. long, 6 Ins. diam., 24 Ins. in the ground, for J4 sec. cor., with top 
mkd. 

No suitable accessory. 

I 
4' 

S 31/ S 32 

1925 

Set an iron post, 3 ft. long, 2 ins. diam., 27 ins. in the ground, for cor. of sees. 
29, 30, 31, and 32, with brass cap mkd. 

TI5N R20E 
S 30 529 

531 S 32 
1925 

of stone, 2 ft. base, 1Vz ft. high, W. of cor. 
raise a mound 
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Chains. 
Land, level. 
Soil, sandy; 3rd rate. 
No timber. 

S. 89° 57' E., on a random line bet. secs. 29 and 32. 

40.00 Set temp. !4 sec. COf. 

79.96 Intersect N. and S. line, 7Iks..,N. of cor. of secs. 28, 29, 32, and 33. 

Thence 

N. 89° 54' W., on true line bet. secs. 29 and 32. 

Over level land. 

14.50 Base of slope, bears N. 30° E. and S. 30° W. 

16. 50 Top of slope. 

28.50 

39.98 

A spring bears South, 2. 50 chs. dist. 

Set a brass tablet, 3~ ins. diam., 3 in. stem, in a cylindrical concrete form, 
36 ins. long, 6 ins. diam., 24 ins. in the ground, for !4 sec. cor., with 
topmkd. 

No suitable accessory. 

529 
.1.--
4 S 32 

1925 

79.96 The cor. of sees. 29, 30, 31, and 3:1-

Land, level. 
Soil, sandy; 3d rate. 
No timber. 

N. 89° 57' W., on a random line bet. secs. 30 and 31. 

40.00 Set temp. !4 sec. cor. 

78.35 Intersect W. bdy. of Tp. at the cor. of secs. 25, 30, 31, and 36, where I find 
the evidence of four pits, one in each section, NE., SE., SW., and NW., 
with a part of an old stake bearing incomplete scribe marks lying in the 
SE. pit. 

At point for cor. 

Set an iron post, 3 ft. long, 2 ins. diam., 27 ins. in the ground, for cor. of sees. 
25, 30, 31, and 36, with brass cap mkd. 

TIS N 
R 19E R 20 E 

S 25 S 30 

536 S 31 
1925 

IBltlBlt12 ins., in each sec. 5~ ft. dist. 
renew the pits 
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Thence 

S. 89° 57' E., on true line bet. sees. 30 and 31. 

Over levelland. 

505 

38.3.'i Set an iron post, 3 ft. long, I in . diam., '%l ins. in the ground, for U sec. cor., 
with brass cap mkd. 

S 30 .1 __ _ 

• S 31 
1925 

IS:c18x12 ins., E . and W. of post, 3 ft. dist. 

78.35 The cor. of sees. 29, 30, 31, and 32. 

Land, level. 
Soil, sandy clay; 2d rate. 
No timber. 

dig pits, 

NOTE.-The field notes continue in the regular order and on the same 
form; the record of 3 miles omitted. 

N. 0° 05' W., bet. sees. 19 and 20. 

Descend over stony N. slope. 

2.00 Base of slope, bears N. SOo E. and S. SOo W. 

40.00 Set an iron post, 3 ft. long, I in. diam., '%l ins. In the ground, for U sec. cor., 
with brass cap mkd. 

I 
;{ 

SI9 \ 520 

1~2S 

of stone, 2 ft. base. 17!! ft. high, W. of cor. 

44.50 South bank of Llns Lake, bears N. 74° W. and East. 

ralse a mound 

Set an iron post, 3 ft. long, 1 in. diam., 27 ins. in the ground, for meander 
cor. of frac. sees. 19 and 20, with brass cap mkd. 

~ 
T I~'~ I ~ ~~ E 

1925 
from which 

A~~~e~,~ 1M'.JI:ft;: bears S.!777!!" E., 221lks. dlst., mkd. T 15 N 

A green ash, 10 Ins. diam., bears West, 327 lks. dlst., mkd. '1' 15 N 
R 20 E S 19 M C B T. 
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Chains. 
Land, gently rolling. 
Soil, rich loam; 1st rate. 
Timber, scattering green ash and box elder along lake shore. 

Thence from the cor. of sees. 16, 17, 20, and 21. 

N. 890 54' W., bot. sees. 17 and 20. 

Descending gradually over gently rolling land. 

20.50 An ungraded wagon road, bears N. and S. 

28.70 Irrigation ditch, bears N. 30° E. and S. 30° W.; entex cultivated field. 

36.50 Leave field; enter heavy ash and boxelder, bears N. 30° E. and S. 30° W. 

40.00 Set an iron post, 3 ft. long, 1 in. diam., 27 ins. in the ground, for U sec. cor., 
with brass cap mkd. 

517 
~---
<I 520 

"125 
from which 

A box elder, 12 ins. diam., bears N. 22~0 W., 119 Iks. dist., mkd. U S 
17 B T. 

A green ash, 13 ius. dium., bears S. 70)10 W., 28 Iks. dist., mkd. X S 
20 B T. 

43.20 East bank oC Ling Lake, bears N. 100 E. and S. 39%;° W. 

A green ash, 8 ins. dilUll., for meander cor. of frae. sees. 17 and 20, mkd. 

S170nN., 
T 15 N R 20 Ie on E., 
S 20 on S., and 
Mean W. side; 

Cram which 

A green ash, 10 ins. diam., bears N. 40%0 E., 20 Iks. dist.. mkd. T Iii 
N R 20 E S 17 Men T. 

A box elder, 6 ins. diam., bears S. 62)iO E., 114 Iks. dist., mkd. T 15 N 
R 20 E S 20 Men T. 

Land, gently rolling. 
Soil, loam; 1st rate. 
Timber, mostly green ash and box elder, with some cottonwood. 

-------------------_._---
NOTE. 

The line bet. secs. 8 and 17 is established next by running from the cor. oC 
sees. 8, 9, 16, and 17, N. 890 54' W., parallel to the 8. bdy. of sec. 17, 80.00 
cbs., with ~ sec. cor. at 40.00 chs. 

The line bet. sees. 17 and 18 is then established by running Cram the cor_ 
of sees. 7, 8, 17, and 18, S. 0° 05' E., parallel to the E. bdy. of sec. 17, 20.19 
chs., to the north bank of Lins Lake. 
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The line bet. secs. 7 and 18 is established by random and true line method 
with closing sec. cars. on the E. and W. bdrs. of the Lake City 'l'ownsite, 
but without a ~ sec. cor. as the point for the s~me falls within the townsite . 

. 'rhe field notes call for a point for the ~ sec. cor. at 40.00 chs. from tho east. 
The !'emainin~ 4 miles of the regular suhdivisionnilincs aro established in 

tho normal m Anner, and at the ~ sec. cor. on the line bet. sees. 5 and ~ the 
hearing and distance t.o the U. S. Mineral Monument, located in tho 
S'V !-i BE }4, sec. 5, is determined and recorded. 

------ - - - .-_.- ---- - . . 

IVY ISLAND. 

In order to establish the line bet. sees. IS and 19, which crosses Ivy Island 
in LiDS Lake, I return to t he meander cor. of frae . sees. 17 and 20, and sight 
N. 89° 54' W., on an ext~nsion of the section line, to a temp. point on thn 
SE. bank of the island. 

At the point on tho island 1 observe the bearing to tho meander cor. of 
frae. secs. 19 and 20, OIl t he south bank of the lake, and by calculation de
termine that this position is 80.04 cbs. N. of the S. bdy of sec. 19. 1 then 
move tll0 temp. point 4 lks. south. 

From the adjusted point the meander cor. of frac. secs. 19 and 20 bears 
S. Iio 20' 30" E ., and the llle'lllder cor. of frac . sees. 17 and 20 bears S. 89° 57' 
30" E. 

A s a base for the triangulation I employ the meanders of the lake in sec. 
20, hereinafter descri bed, which roduco to an equivalent direct line 00-
tween the meander corners with a bearing of N. 40° 01' E., and a length of 
51.08 chs. 

'rhe calculated angles of the triangle arc shown in t ho folbwing diagram: 

N. 89" 57' 30" W. 
40.07 , 3 Cj' 

" 0
1 

AA 

The resulting distances across the lake are N. 89° 57' 30" W., 40.07 chs., 
and N. 5° 20' 30" W., 35.66 chs. 

The latter course and distance reduco to a northing of 35.50 chs. , and a 
westing of 3.32 chs.; the allowance for the hearing of tbe E . bdy. of sec. 19, 
continued to the theoretical paint for the cor. of sees. 17, 18, 19, and 20, in 
thc lake, is 5 Iks., making tbe net westiug 3.27 chs. 

N. 89° 58' W., bet. sees. 18 and 19. 

Over water. 

3.27 The adJustedpointon the SE. bank o!Ivy Island; the bank bearsN. 47~0 E . 
and S. 47~ W. 
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G1.ains. 
Set an Iron post, 3 ft. long, 1 in. dlam., Zi ins. in the ground, for meander 

cor. of frac . secs. 18 and 19, with brass cap mkd. 

~
T:~N. 

--- MC 
5 19 

R 20 E 
1925 

from which 

A burr oak, 9 Ins. diam., bears N. 16~0 W., 291ks. dlst., mkd. T 15 
NR20ESI8MCBT. 

A green ash, 8 ins. diam., bears S. 78%:° W., 1271ks. dist., mkd. T 15 
N R 20 E S 19 M C B T. 

Thence over level land, across Ivy Island. 

7. 38 The SW. bank of the Island, bears N. 5)1° W . and S. 62° E. 

Set an iron post, 3 ft. long, 1 in. diam., 27 ins. In tbe ground, for meander 
cor. of frac. secs. 18 and 19, with brass cap mkd. 

MCIo:----
519 

R 20 E 
1925 

of stone, 2 ft. base, 1)1 ft. high, E. of cor. 
raise a mound 

Land, nearly level; being higher to the north side of tho island. 
Soli, rich hmo, 1st rate; and stony, 3d rate. 
Timber, sC3ttcring burr oak ami grecn ash. 

MEANDEHS OF IVY ISLAND . 

Thence with the meanders of Ivy Island In sec. 18. 

Along the top of a well-defined escarpment situated at the upper side 01 11 
gravelly beach. 

N . 5° 30' W., 2.90 chs. 

N. 35° 00' W., 1.60 chs. 

S. 45° 15' W., lAO chs. 

S. 56° 00' W., 2.30 chs. 

N. 73° 30' W., 4.50 chs. 

N. 38° 00' W., 6.40 chs. On this course the bank Increases in height Irom 
3 to 15 ft., and the beach becomes narrow aud 
rocky. 

N. 12° 00' E., 4.20 chs. 

N. 59° Iti' E., ;"',,30 chs. On this course the bank becomes a nearly vertical 
cliff, 35 It . above mean high water. 
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East, 2.60 chs. 

S. 360 00' E., 3.80 cbs. 

S. [,60 15' E., 6.40 cbs. On tbis course leave clilT; bank gradually becomes 
lower, down to a hoight of about 4 ft. 

S. 29° 00' E., 7.00 chs. 

ll . 47 0 15' W., 3.40 cbs. Tbe meander cor. of fmc. sees. 18 and 19. 

Land, rolling. 
Soil, loanl, 1st rate; and stony , 3d rate. 
Timber, scattering burr oak and green ~sh; undergrowth, ivy, 

Thence in sec. 19. 

Along the t.op of a low bank, from 1 to 4 ft . in heigbt, on the upper side of a 
gravolly beach. 

S. 47 0 15' W., 2.50 chs. 

N. 530 10' W., 2.84 cbs. 'fhe meander cor. of frac. secs. 18 and 19, and place 
of beginning. 

Land, level. 
Soil, loam, 1st rate; and gravelly, 2d rate. 
Timber, scattering bUff oak and green ash; no undergrowth. 

The detail of the improvements on the island is carriod to the general 
description at the close of the field notes, and to the plat of the survey. 

DIAMOND ROCK. 

In order to survey a small island called Diamond Rock, in Lins Lake, 
in sec. 18, I proceed to the meander cor. of frac. 'l'ps. 15 N., Rs. 19 and 20 
E., on the south bank of the lake, which is a limestone, 14 x 8 x 8 ins. above 
ground, firmly set, marked and witnessed as described in the official record . 

N. 71 0 30' E., on 11 connecting line. 

Ovor water. 

Distance by stadia; 10.752 and 10.761 ft., level. 

21. 44 The SW. bank of Diamond Rock at mean high water elevation. 

Set a brass tablet, 3~ ins. diam., 3 in . stem, in solid rock, for auxiliary 
llleand~r cor. in sec. 18, wit.h top mkd. 

AMC 
TI5NR20E 

SI8 

1925 

of stone, 2 ft. base, 1~ ft. high, NE. of cor. 
raise a mound 
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CllaJns. 
From this point tho meandor cor. of frac. 'l'ps. 1.5 N., Us. 19 and 20 E., 

on the north tmnk of tile lake, benr, N. 25° 02' W.· the connecting distance, 
by trianr,ulnt.ion, Wil.h the ,ro" dinr, distance on the w. bdy. of the 1'p. as 
the base, is 48.(Hj ehs.; a juniper post, 4 ins. sq., 1 ft. nbove ground, firmly 
set, marked a.nd witne::sed as described In the official record. 

Thence with the mcanuers of the islanu. 

Along t.ho tnp of a low, but well·defined bank, cn the upper sideofa gravelly 
beach. 

N. 16° 30' W., 2.70 chs. 

N. (HO 15' :E., 2Jm chs. 

S. 48° 30' E., 3.50 ells. 

S. 33° 00' W., 2.20 chs. 

N. 86c 4G' W., 3.J9 ells. The anxiliary meander cor. 

Land,loYcl. 
Soil, gravelly loam; 2d ",te. 
No timber. 

HEANDEltS OF LlNS. LAKE. 

r return to the maander cor. of frac. Tps. 15 N., Us. 19 and 20 E., on tho 
sonth bank of the lake, heretoiore described. 

Thence with the meanders of Lins J,,,ke in se". l!J. 

NOTF..- The dC~:1 il of 15 coarses, running to tile meander cor. of frac. 
sees. 19 and 20, omitteu. 

Thence in seo.2O. 

Along the top of a well·defined bank, from 2 to 4 ft. in height, on the npper 
side of a gravelly boaeh; through scattering ash and oak. 

S. 89° 45' E., 6.10 chs. 

N. 57° 00' E., 12.00 chs. 

N. 37° 30' E ., 10.50 chs. 

N. 46° 00' E ., 5.00 chs. 

N. 23° 15' E., 9.90 clls. On tbis course enter a belt of heavy ash and oak, 
parallel to the bank. 

N. 39° 45' E., 10.18 chs. The meander cor. of frac. soes. 17 and 20. 

Land, level. 
Soil, gra veily lo,,:u; 2d rate. 
TiIllher, green fish ~nd burr onk. 

NOTE.-The meanders continue around the north hank of the lake 
through secs. 17 and 18, on the same form; the record omitted. 
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CLEAR LAKE. 

I return to the ~ sec. cor. on the N. bdy. of sec. 33. 

S. 0° 03' E., on tbe tbeoretical bearing of tbe N. and S. center line of sec. 33. 

Over levelland. 

3.50 Spring brancb, 8 Iks. wide, course S. 80° E. 

24.00 North bank of Clear Lake, bears S. 53° E. and S. 52° W. 

Set an iron post, 3 ft. long, 1 iu. dia.m., 27 ins. in the ground, (or special 
meander cor., witb brass ca.]! mkd. 

c 

;k: 
SMC 
1925 

01 stone, 2 ft. base, 1Y:i ft. bigh, N. of cor. 

Thence wltb tbe meanders of tbe lako. 

raise a mound 

Along tbe top of a well-defined bank, from 6 to 10 ft. in height. 

S. 53° 00' E., 17.00 cbs. At 11.00 chs. enter grove of scattering ash and oak; 
at end of course, the ontlet of a spring branch, 
12lks. wide. 

S. 3° 00' E., 13.00 cbs. At 7.00 chs.leave "cuttering timber. 

S. 0° 30' W., 7.20 cbs. At end of conrse, tho outlet of tbo lake, 20 lks. wide, 
conrse SE. 

S. 70° 00' W ., 15.10 cbs. Along 11 belt of heavy ash and oak, parallel to the 
bank. 

N. 63° 45' W., 10.00 chs. At 7.00 chs.leave timber. 

N. 13° 00' W., 21.00 chs. At end of course, the outlet of a spring branch, 8 
lks. wide. 

N. 52" 00' E., 17 .34 chs. Along scattering timber for 8 chs. At end of course, 
the special meanucr cor. 

Land, level anu gently rolling. 
Soil, loam; 1st rate. 
Timber, green ash and burr oak. 

MEANDERS OF THE YELLOWSTONE RIVER. 

I proceed to the meander cor. of frac. Tps. 15 N., Rs. 20 and 21 E., on the 
right bank of the Yellowstone River, which is a sandstone, 16x9x7 iDS. above 
ground, firmly set, marked and witnessed as described in the official record. 

Thence upstream with the meanders of the right bank of the river, in 
sec . 25. 
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Chainl!. 
Over bottom land, along a well-defined cut-bank, from 2 to 12 ft. high, 

through heavy ash and cottonwood. 

S. 85° 00' W., 13.00 chs. 

S. 72° 00' W., 7.10 chs. 

S. 64° 30' W., 13.00 chs. 

S. 40° 30' W., 5.40 chs. At end of course, mouth of Cherry Creek, 14 lks. 
wide. 

S. 77° 45' W _. 7.00 cbs. 

N. 76° 00' W •• 7.40 cbs. 

S. SOo 00' W_. 12.00 chs. 

S. 81° 08' W •• 19.43 chs. The meander cor. of frac. sees. 25 and 26. 

Land, level bottom; subject to overflow. 
Soil, alluvial, silt and loam; 1st rate. 
Timber, green ash and cottonwood. 

-----------_._-----------
Thence in sec. 26. 

NOTE.-The meanders of the right bank are continued upstream in secs. 
26 and 35, to the S. bdy. of the Tp.; the field notes then show the meanders 
of the left bank running downstream in sees. 35, 26, and 25, all on the same 
form; the record is omitted. 

1-----------------------------------
LAKE CITY TOWN SITE. 

By an examination on the ground and in consultation with the surveyor 
who was employed by the applicants for the subdivision of the Lake City 
town site, I ascertain that a preliminary survey was initiated at the )4 sec. 
cor. on the W. bdy. of sec. 7, wit.h the int.ention of conforming the N. bdy. 
of the town site to the E. and W. center line of this section, when officially 
established. A calculated position for the W. \-16 sec. cor. on that line was 
adopted as the temp. NW. cor. of the town site, and the temp. NE. cor. 
was placed at a point where a line running south would include all contem
plated improvements; the temporary E. and W. bdrs. were run south to 
Lins Lake. I find that this general plan can be adhered to. 

Transit methods, without the use of the solar attachment, were employed 
in the survey of the boundaries and subdivision of sees. 7 and 18, and in 
the survey of the E. bdy. of the town site, the azimuths being referred to 
a meridian established by Polaris observation, as follows: 

(NoTK-Record of observation upon Polaris at eastern elongation, at 
the cor. of sees. 7,8, 17, and 18, omitted.) 

I proceed with the subdivision of secs. 7 and 18, and with the establish
ment of the town-site boundaries, with the following true-line results. 

I return to the true point for the )4 sec. cor. on the S. bdy. of sec. 7, thence 

N. 0° 05' W., on the N. and S. center line. 

40.00 Intersect the E. and W. center line. 

SO.04 The )4 sec. cor. on the N. bdy. of sec. 7. 
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Thence from the J4 sec. cor. on the E. bdy. 01 sec. 7. 

N. 89° 66' W., on the E. Bnd W. center line. 

513 

Set an Iron post\ 3 ft. long, 3 Ins. dllWl., In a concrete form, 8 Ins. upper 
dllWl./14 Ins. ower dilWl., 36 Ins. long, 24 Ins. In the ground, for NE. 
cor. 0 town site, with bl'BBS cap mkd. 

S 7 

C LC 157 C 
TS 

1925 

From this point the temp. NE. cor. bears North, 71ks. dist.; a limestone, 
21x14x9Ins., mkd. NE COR L C; I remove the stone. 

Thence continue on the E. and W. center line, along the N. bdy. of the 
town site. 

40. 00 Intersect the N. and S. center line. 

60.00 

Set an iron post, 3 ft. long, 1 In. dilWl., in a concrete form, 8 ins. upper 
diam., 14 Ins. lower dilWl., 36 ins. long, 24 Ins. In the ground, for center 
J4 sec. cor., with brass cap mkd. 

ci 57 

LCTS 
1925 

Set an Iron post, 3 ft. long, 3 Ins. dllWl., in B concrete form, 8 Ins. upper 
dilWl., H Ins. lower dilWl., 36 Ins. long, 24 Ins. In the ground, for W. ~. 
sec. cor. Bnd NW. cor. of town site, with brass cap mkd. 

w;\ 
5 7 

c~c 
S 7 LC 

T5 
1925 

From this point the temp. NW. cor. bears N. 81° (6' E ., 14 lks. dlst.; 
an oak: POSt, (Ins. sq., 4 ft. long, mkd. NW COR L C; I remove the POSt. 

Thence continue on the E. and W. center line. 

77.886 The J4 sec. cor. on the W. bdy. of sec. 7, which is B limestone, 12x8x10 Ins. 
Bbove ground, firmly set, marked and witnessed as described In the 
official record. 

Thence from the NE. cor. of the town site. 

S. O·05' E ., on the E. bdy. of tbe town site. 

40.00 The closing cor. of sees. 7 and 18. 

Thence in sec. 18. 
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Chains. 
7. 53 The north bank of Lins Lake. 

Set an iron post, 3 ft. long, 3 ins. diam., in a concrete form 8 ins. upper 
diam. t 14 ins. lower diam., 36 ins. lon'g, 24 ins. in the ground, for llIll.iliary 
meanuer cor. Ilnd SE. cor. of town site, with brass cap mkd. 

:~I~~~NE 
~ 

AMC 
1925 

From this point the temp. SE. cor. bears West, 61ks. dist.; a limestone, 
18x9x6 ins., mkd. SE COR L C; I remove the stone. 

1- - -------- .. . .... -- -

Thence from the W. J.16 sec. cor. on the E . and W. center line of sec. 7, and 
NW. cor. of town site. 

S. 0° 05' E., on the N . and S. center line of tho SW U and W. My. of the 
town site. 

40.00 The closing cor. of sees. 7 and 18 at the point for the W. J.io sec. cor. 

Thence in sec. 18, on the N. and S. center line of the NW ~. 

29.50 The north bank of Lins Lake. 

Set an iron postt 3 It. long, 3 ins. diam., in a concrete form, 8 ins. upp~r diam., 
14 Ins. lower aiam., 36 ins. long, 24 ins. in the ground, for speCial meander 
cor. and SW. cor. of town site, with brass cap mkd. 

W 

~ 
W 

SMC 
1925 

From this point the temp. SW. cor. bears East, 4lks. dlst.; alimestone 
16x8x6 ins., mkd. SW COR L 0; I remove the stone. 

MEMORANDUM. 

The segregation of the mineral claims in sees. 4 and 5 and the computation 
or the areas of the surrouuding fractional lots that are subject to entry as 
up;riculturalland are derived by aid of the field notes and plats of the mineral 
patent surveys, which show tile connccting courses and distances to the 
U. S. Mineral Monument located in the SW J4 SE~, sec. 5. The position 
of the latter monument, with reference to the quarter-section corner on the 
south boundary of the section, is shown in the record of the subdivislonal 
survey. Ordinarily, the courses and distances along the boundaries of the 
mineral claims can not he shown at the scale of the township plat, ·in addi
tion to the more essential information . 

The surve·y of the boundaries of the Rancho San Bias was made under 
the provisions of the public land laws (RS., 2447; Manual, sec. 8, subsec. 
118), prior to the snbdivision of the township. 
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The location of the right of way of the Montana & Manitoba R. R. with 
reference to the subdivisional survey is ascertained by notation of the inter
sections on the section boundaries, and by aid of the map filed with the 
application for" right of way across public land. The land occupied by the 
railroad is not segregated from tho public lands excepting within a town site. 

}'iNAL TEST OF SOLAR ATTACIJMENT. 

June 30: At the cor. of sees. 7, 8. 17, and 18, at ob 45'" a. m ., app. t., I sot off 
45° 4W 30" N., on the lat. arc; 23° 13' N., on the decl. flrc; ancl orient the 
instrument with tbe solar; the line of Sight agrees with the meridian estab
lished by Polaris observation. 

At 4b :JOm p. m., app. t" I set oft 4.,0 48' 30" N., on the lat. arc; 23° 11' N., 
on the decl. arc; and repeat the test of the solar; the line of sight agrees with 
the meridian established by Polaris observation. 

JUNE 30, 1925. 

GENERAL DESCItlPTION. 

A considerable variety of I •• nd and soil aro found in Township 15 North, 
Range 20 East. The general clevf.tion of the township is about 4,500 to 
4,800 ft . above sea loyel; tho summit of the Litllo Snowy Mountains, which 
extends into secs. 2 and ~, is about l,200 ft. higher. Most of the northern 
and northeastern portion of tile township is rotH!h and stony. the centra1 
part gently rolling, and the southern part nearly level. 'rhe soil of tbe bot
tom land along tho Yellowstone River is an alluvial silt and loam; much 01 
the soil in the central part of the towm,hip is n black loam, but the south 
western part is vory sandy. There lli one small alkali flat which is located 
along th~ line between sees. 23 and 24. There is a heavy stand of cottonwood 
and green ash along the right bank of the river in sec. 25, a grove of heavy 
burr oak along the line betweon secS. 1 and 12, and a good growth of yellow 
pine, burr oak and til' timber over most of tbe mountain region. 

The Yellowstone River crosses the southeastern pf1rt of the townsbip; It 
is 8. meanderable steesol, under surveying rl1 :es, but thl~re is DO I!8vigation 
on the river, owing principall;; to the swift current Illld occasional rapids; 
there is a ferry operating in sec. 35. There is some actual navigation on 
Lins Lake, which is a deep aut! permanent bod y of water; only the upper 
end of the lake extends into this town,hip. Cle3r Lake is a permanent 
body of water, and me,mderable under the 1-In.nu:ll regulations. 'fhero is 
an extens ive marsh in sees, 16, 21, and 22, which evidently was thoi bed of 
a former shallow lake; the marSh, and a group of sprin~s which are situated 
along the line betweon sees. 9 and 10, drain into Lins Lake. 'I'here are 
three good springs in seCB. 28 and 32, all of considerable flow, which are 
tributary to Clear Lake. 

The most important developments at the present time are the gold
bearing Quartz miueral claims in sees. 4 and 5, and the Momana & M anitoba 
H. R., whieh crosses the northwestern part of the township. There is a 
limestone Quarry in the NW Ji SW!1 sec, 9, which may be considerably 
expanded if there , hould he n <lemaml for buildiug stone In this vicinity. 
The proposed Lake City town site is well chosen and offers many advantages. 
The applicants for the town site subdivision aro making a bona flde eflort 
to encourage an interest in the ~ituation. 

There are tl;,·oo settlers in sees. 17 and 20 who have small fields in cultiva
tion, undor irrigtttion; three addit ional settlers, one in sec. 19, one ill sec, 25, 
and one in sec. 3.'), h:wc lnacle their tir~ t inlprovements, and One of them has 
about 40 acros in cultivation. 'J'he settlement will cloubtle:;s be considerably 
increased whenever there is a demund for the bud, but at the present tim(, 
the predominating interest i~ in stock graZing, a:> tltore is an excellent growth 
of native grass o'l'er most of the townsh ip, which Ilourishes excepting duriug 
perieds at drouth, and tho township al!ords nn unusual water supply. 
There are several small cottages on Ivy Island, [n I,ins Lake, which are 
occupied at interva.\s during the sumruer months, but apparently no one 
has made a permanent settlement on the island. 
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At several corner points in the subdivision o( the township the site con· 
dltions are such that a superior monumentation was desirable. In most 
of these places this was secured by the employment of an iron post, or a 
tablet, set in a concrete form shaped as a (rustrum of a cone 8 ins. upper 
diam., 14 ins. lower diam., 36 ins. long, which were constructed at the points 
where required. In a few places a mblet was used set in a cylindrical 
(orm o( concrete, 36 ins. long, 6 ins. in diam.; a number of these were con· 
structed in camp, aUowed to thoroughly set, then transported to the points 
where needed. There were no trees or stone in those situations where no 
accessories are recorded, Rnd the soil was not sufficiently firm (or pits. 

The average o( a considerable number of readings ovor ali parts of the 
township gives a value o( 18° 10' E. (or the mean magnotic declination. 
There is a range of 20' in local attraction. 

FIELD ASSISTANTS. 
Names. Capacitv. 

Ohainman. 

Ohainman. 

Flagman. 

AxnmD. 

CERTIFICATE OF UNITED STATES CADASTRAL ENGINEER. 

I, Robert Acres, United States cadastral engineer hereby certify upon honor, that 
in pursuance of special instructions bearing date of the 1st day of April, 1925, received 
from the district cadastral engineer for Montana, with assignment Instructions datcd 
May 20,1925, I have surveyed the subdivisional and meander lines of Township No. 
15 North, Range No. 20 East) of the Principal Meridian, in the State of Montana, 
which are represented In the loregoing field notes as having been executed by me anu 
under my direction; and that said survey has been made in strict conformit,y with 
said instructions, the M anual o( Instructions (or tbe Survey of the Public Lands of 
the United States, and in the specific ILanner described in the foregoing field notes. 

(Signed) ROBERT ACRES, 
U. S. Cadastral Enuineer. 

HELENA, MONT., March 81, 19~6. 

CERTIFICATE OF APPROVAL. 

OFFICE OF U. S. SUPERVISOR OF SURVEYS, 
Denver, C%., September 15, 1926. 

The foregoing field notes of the survey of the subdivisional and meander lines of 
Township No. 15 North, Range No. 2OEast,of the Principal Meridian, Montana, exc· 
cuted by Robert Acres, United States cadastral engineer, under special instructions 
dated April 1, 1925, and assignment instructions dated May 20, 1925, having been 
critically examined, and the necessary corrections made prior to their certificati on 
by the engineer, the s~id field notes, and the survey as described, are hcrehy 
approved. 

(Signed) -------u.-s.-s.;perVisor-ols,;Tvev8. 

CERTIFICATE OF TRANSCRIPT. 

I certify that the foregoing transcript of the field notes of the above·described surveys 
In T. 15 N., R. 20 E., is II true copy of the original field notes on rue in the public 
survey olllce. 

(Signed) ---··--u.-s.-Supervisorois,;rvev,. 



SPECIMEN FIELD NOTES. 

MINERAL SURVEY NO. 20220 A AND B. 

PUEBLO LAND DISTRICT. 

FIELD NOTES 

OF THE SURVEY OF THE MINING CLAIM OF 

THE GOLD MINING COMPANY 

KNOWN AS THE JIM DANDY. PRINCE. AND PROTECTOR LODES 
AND' DUMP MILL SITE. 

Cottonwood Mining District. Chaffee County, Colo. 

Sections 7. 8. 17. and 18. Township 16 South. Range 80 West. of the Sixth 
Principal Meridian. 

Surveyed under inlltructions dated February 9. 1928, by B. B. Sanda. 
U. S. Mineral Surveyor. 

Survey commenced March 2, 1928: completed March 14. 1928. 

Addres. of claimant's ag"ent • .John .Jone., 561 FOlter Building, Denver. 
Colo. 

Date. of amended locations: Protector lode, .June 16, 1926: Prince lode. 
Ausu,t 10, 1927. 

Dates of locations: .Jim Dandy lode, .July 26, 1912: Dump Mill site. 
AUKU.t 10, 1927. 
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Bur1:ey No. 20220 A. 

--- - -- .. ------
Peet. 

Mfneral SllIvey No. 20220 A and B was made wfth a ________ • __ Precise 
Transit No. ____ , model No. ____ , with horizontal limb 6.25 ins. dlam., 
having two double opposite verniers, and full vertical circle 5 ins. diam., 
having one double vernier; the verniers read to one minute of arc; the eye
pi""," is equipped with a colored glass shade set in the dust sbutter for mak
ing direct observations upon the sun. The inotrument was in good condi
tion at the time of the survey and all adjustments were in good order. 
An a. m. altitude observation of the sun for time and azimuth, and at 

~~~l~~~~h'fc'liig~~~r~:tl~~;l;;;:'sh~~nn;~~'h~tc~~~u~~ir:no~~l~~~~~wW~ 
submitted for examination. All azimuths in this record are referred to the 
true meridian thus determined, by the method of deflection angles and 
calculated courses. 

The lines wcre meo.<urcd with a ____ ____ _ steel tape IiOO feet. in length, 
graduated every foot for 100 It., and the remainder at. intervals 01 10 It.; 
and a ____ __ steel tape 50 feet in length, graduated to Icet, tenths and 
hundredths; both tapes were compared witll a ____ ___ stantinrd at the timo 
of lJeginning the survey, and found correct. 

All lines and connections of this survey wcre run by direct methods 
where the lines are accessihle; the inaccessible lines were rnn by traverse 
methods, as sbown by the calculation sheets herewith submitted. 

The magnetic variation observed at each corner 01 the snrvey gave a 
uni!orm value of 15° 30' E. 

JIM DAN DY LODE. 

Beginning at Cor. 1\0. I of the Jim Dandy Lode, where I-

Set a granite stone, 26.lIOX8 ins., 14 ins. in the ground to bedrock, sur
rounded by amound olstone to top, lor Cor. No.1, mkd. J D-I-PRI-l 
-20220 A; from which 

The cor. of secs. 7J.!" 17, and IS, '1' . 16 S., R. 80 W., 6th Prin. Mer., 
bears S. 55° 40' w ., 212.5 ft. dist.; an iron post, 2 ins. diam., 12 ins. 
ahove ground, firmly set, marked and witnessed as described in the 
official record. 

Cor. NO.1 Sur. No. 19557 Alley fode bears K. 55° 19' W., 360 It. dist . 

Cor. No. I Sur. No. 101421. X. L. lode, claimant herein, bears S. 40° 
4S' W., 642.7 ft. dist. 

Cor. No.3 Sur. No. 18837 C. O. D. lode bears N. 58° 45' E ., 208.47 ft. 
dist. 

A yellow pine, 14 illS. diam., beal's N. 10° 00' E ., 38.3 ft. dist., mkd. 
J D 1-202'2() A 1J T. 

A distant peak, known as Barren Mt., bears N . 55° 57' W. 

Thence N. 28° 50' W. 

IW.28 Intersect line 3-4 Sur. No. 19142 L X. L. lode at a point from which Cor. 
No.3 bears N . 61° 27' E., 871.43 It. dist. 

370. 2s1 Intersect line 4-1 Sur. N o. 10557 Alley lode at a point Irom which Cor. 
No.4 benrs N . 44° 30' E., 1,332.42 ft. dist. 

456.67 Intersect line 4-1 Protector lode of this survey. 

519 
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Feet. 
535.9 Cor. No.2. 

Set a white oak post, 36 ins. long, 5 ins. sq., 24 ins. in the ground, and in a 
mound o(stone, for Cor. No.2, mkd. J D -2- PRI -2- 20220 A; (rom which 

A granite rock ill place, 34x46 ins., 26 ins. abovo the ground, bears 
S. 24° 00' E., 10.5 ft. dist., mkd. X B R-JD-2-2022O A. 

Thence N. 50° 2'3' E. 

679. 32 Intersect line 3-4 Protector lode of this survey. 

1,150.19 

1,230.73 

1,291. 67 

1,500.0 

Intersect line 4-1 Snr. No. 20062 Copper lode at a point from which Cor. 
No.4 bears S. 59° 25' E., 94.5 It. dlSt. 

Intersect line 1-2 Sur. No. 12071 Major lode at a point lrom which Cor. 
No.2 bears S. 11° 00' E., 101.3 ft. dist. 

Intersect line 3-4 Sur. No. 19557 Alley lode at a point from which Cor. 
No.4 bears S. 45° 30' E., 26.31 ft. dist. 

Cor. No.3. 

On line 3-4 Sur. No. 20062 Copper lode. 

On granite bedrock outcrop, even with the general surface, point for Cor. 
No.3. mkd. X-J D-3-2022O A; from which 

Cor. No.4 Sur. No. 20062 Copper lode bears S. 34° 45' W., 330.0 ft. 
dist.; identical with Cor. No.2 Sur. No. 12071 Major lode. 

A silver spruce, 16 ins. diam., bears N. 40° 00' E., 47.0 ft. dist., mkd. 
J D 3-20220 A B '1'. 

Theuce S. 28° 50' E. 

241. 9 Intersect line 2-3 Sur. No. 12071 Major lode at a point from which Cor. 
)I o. 2 bears 8. 79° 00' W., 310.46 ft. dist. 

404.5 Intersect line 1-2 Sur. No. 19910 Golden lode, claimant herein, at a point 
from which Cor. No.1 bears S. 47° 12' W., 620.0 ft. dist. 

53.5.9 Cor. No.4. 

This corner falls on a rock slide where a permanent monument can not 1:;0 
established; from this point 

Cor. No.1 Sur. No. 19910 Golden lode bears S. 59° 20' W., GOl.D ft. dist. 

Thence S. 50° 23' W. 

99.66 A granite bowlder, 26x48 ins., 36 ins. above ground, for witroess Cor. No.1, 
mkd. X-W C-J D-4-20220 A. 

(;12. (12 Intersect Cor. No.3 Sur. No. 19142 I. X. L. lodo established on line (;- ( 
Sur. No. 1(1\)10 Golden lode at " point from which Cor. No.1 boars 
N. 28° 33' W., 96.46 ft. dist. 

1,500.0 Cor. No.1, and place of beginning. • 
PRINCE LODE. 

Beginning at Cor. No.1 of the Prince Lode, which is identical with Cor. 
No.1 of tho Jim Dandy lode oflhis survey, and agrees with a corner of the 
location. 
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Feet. 
Thence N. 28° 00' W. 

170.18 mtersect line 3-4 Sur. No. 19142 I. X. L. lode at a point from which Cor. 
No.4 bears S. 61° 27' W., 628.67 ft. dist. 

370.28 Intersect line 4-1 Sur. No. 19557 Alley lode at II point from which Cor. 
No.1 bears S. 44° 30' W., 167.58 ft. dist. 

456.67 Intersect line 4-1 Protector lode of this survey. 

535.9 Cor. No.2. which is identical with Cor. No.2 01 the Jim Dandy lode 01 this 
survey, and agrees with a comer of the Io<;st!on. 

Thence S. 41° 58' W. 

215.3 Intersect line 1-2 Sur. No. 19557 Alley lode at a point from which Cor. 
No. 1 bears S. 45° 30' E ., 149.14 It. dist. 

3.16 Center 01 wagon road, bears N. 15° W. and S. 15° E. 

598.76 Intersect line 1-2 Sur. No. 4923 Idella lode at a point from which Cor. No.1 
bears N. 24° 48' E., 399.35 It. dist. 

756.32 Intersect line 4-1 Protector lode of this survey. 

891 Left bank of Chalk Creek, 18 ft. wide, course S. 42° E. 

930 Wagon road, bears N. 40° W. and S. 40° E. 

1,504.0 Cor. No.3. 

Set a schist rock, 28xlOx6 ins., 18 ins. in the ground, for Cor. No. a, mkd. 
PRI-3-20220 A; from which 

A sHver spruce, 14 ins. diam., bears N. 10° 00' E., 15.0 ft. dist., mkd. 
PRI-3-20220 A B T . 

A yellow pine, 26 ins. diam., bears S. 45° 00' E., 22.0 It. dist., mkd. 
PRI-3-20220 A B T . 

A corner of the location bears N. 28° 50' W., 12.b ft. dist. 

Thence S. 28° 50' E. 

331. 8 Intersect line 1-2 Sur. No. 4923 Idella lode at a point from which Cor. No. I 
bears N. 24° 48' E., 1,461.0 ft . dist. 

507.3 Cor. No.4. 

Set a brass tablet, 3~ ins. diam., 3 in. stem, in a concrete post, 24 ins. long, 
6 ins. sq., 16 ins. in the ground, for Cor. No.4, with top mkd. PRI-4-20220 
A; from which 

Cor. No.2 Sur. No. 4923 IdeUalode bears N. 38° 00' W., 157.72 It. dist. 

A point on granite bedrock outcrop, even with the general surface, 
bears S. 26° 00' E., 20.0 ft . dist., mkd. XBR-PRI-4-20220 A. 

A comer of the location bears S. 28° 00' E., 16.1 ft. dist. 
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Feet. 
Thence N. 43° 00' E. 

220.0 Cor. No.2 Dump Mill Site of this survey. 

180 Creek, 2 ft. wide, course North. 

665 Wagon road, bears N. 55° W. and S. 55° E. 

772 Right hank of Cbalk Creek, 16 ft. wide, course S. 47° E. 

880.0 Cor. No. I Dump Mill Site of this survey. 

1,084.8 Intersect line 1-2 Sur. No. 19142 r. X. L. lode at a point from which Cor. 
No. 1 bears S. 61° 'n' W., 240.5 ft. dist. 

1,108 Wagon road, bears N. 42° W. and S. 42° E. 

1,2i!1.6 Intersect tbe line bet. secs. 17 and 18, at a point from which tbe cor. of 
sees. 7, 8, 17, and 18, bears North, 68.3 ft. dlst., previou~ly described. 

En~r T. & S. Entry No. 2611. 

1,331. 0 Intersect the line bet. secs. 8 and 17, at a point from which the cor. of set'S. 
7,8, 17, Rnd 18, bears N. 89° li9' W., 63.7 ft . dist. 

Leave T. &; S. Entl-y No. 2611. 

1.494.9 Cor. No.1, and plat'O of beginning. 

PROTECTOR LODE. 

Beginning lit Cor. No.1 of the Protector Lode-

A granite rock in place, 14xli6 ins., J8 ins. above ground, for Cor. No. J, 
mkd. X-PRO-I-20220 A; from which 

The cor. of secs. 7,8,17, and 18, bears N. 88° 16' Eo, 64.0.1 ft. dist . ; 
previously described. 

Cor. Nos. I of the Jim D andy and the Prince lodes of this survey bears 
N. 80° 19' E., 827.1 It .. d ist . 

Thence N. 42° 11' W. 

245.44 Int.ersect line a-4 Sur. No. 4923 Idella lode at II point from which Cor. No.4 
bears N. 24° 48' E., 518.26 ft . dist. 

310 Left bank of Chalk Creek, 20 ft. wide, rourse S. 2° E . 

600.0 Cor. No.2. 

Set a galvanized Iron post, 3 ft . long, 2 fns. diam., 24 ins. in the ground, for 
Cor. No.2, with brass CllP mkd. PRO-2-20220 A; from which 

Cor. No.4 Sur. No. 4923 IdeUa lode bears N. 65° 29' E., 500.6 ft . di&t. 

Cor. No.2 Sur. No. 20100 Silver lode, claimant herein, bears N. 39° 44' 
K, 381.6 ft. dist. 

A yellow pine. 12 In. •. dillm., boors N. 20° 00' W., 35.0 ft. dist., illkd. 
PUO-2-20220 ABT. 

A yellow pine, 14 ins. diam., bears S. 51" 00' W. , ~'2.0 ft. dist ., mkd . 
PUO-2-2022O ABT. 
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Feet. 
Thence N. 47° 49' E. 

70 Right bank of Chalk Creek, 19 ft . wide, course S. 30° E . 

557.88 Intersect line 1-2 Sur. No. 20100 Silver lodeata point from which Cor. NO. 2 
bears S. 6-1° 25' W., 187.91 ft. dist. 

625 

1,390.0 

1, SO(l.O 

Wagon road, bears N. 22° W. and S. 22° E . 

A granit.e clilI, 120 ft. hi~h , bears N . 80° E. and S. 80° W., for witness Cor. 
No.3, mkd. X-WC-PHO-3-20220 A, at a point 5 ft. above tbe base. 

Cor. No.3. 

This corner f"llsM an inaccessible point on the clilI, described above. wbere 
a monument can not be established . 

Thence S. 42° 11' E. 

40 Dase of cliff, bears N. 82° E. and S. 80· W. 

280.77 Intersect line 1-2 Sur. N o. 20100 Silver lode at a point from which Cor. No. 
2 bears S. 64° 25' W., 1,170.98 ft. dist. 

342.0', Intersect line 2-3 Sur. No. 19557 Alley lode at a point from which Cor. No. 
Z bears S. 44° 30' W ., 903.05 ft. dist. 

553. 3 Intersect line 2-3 Jim Dandy lode of tbis survey. 

coo. 0 Cor . No.4. 

Gun. !l4 

8R9.61 

1, 054 

t, 312. 10 

1,431. 05 

1, 500.0 

Set a granite stone, 25xl0x9 ins., 16 ins. in the ground, for Cor. No.4, m kd. 
PRO-4-20220 A; from which 

Cor. No.4 Sur. No. 19557 Alley lode bears N. 48° 28' E., 613.35 ft. dist. 

No local bearing objects or bearing trees available. 

Thence S. 47° 49' W. 

Intersect t he common line 1-2 Jim Dandy and Prince lodes of t h is survey. 

Intersect line 1-2 Sur. N o. 19557 Alley lode at a point from which C or. No. 
2 bears N . 45° 30' W., 20(;.06 ft. dist. 

Wagon roall, bears N.15° W. and S.15° E. 

Intersect line 1-2 Sur. No. 4923 Idolla lode at a point from which Cor. No. 
1 hears N . 24° 48' E., 440.63 ft . dist. 

Intersect line 2-3 P rince lode of this survey. 

Cor. No. J, and place of begInnIng. 

LODE LINES. 

The presumed course of the vein of ~8ch of the several lode locations em· 
hraced in this survey, counted from the respective points of discovery, is 
as follows: 

Jim Dandy lode, S. 50° Zl' W., 496 ft .; and, N. SOo Zl' E. , 1,004 ft . 

Prince lode, S. 42° 25' W., 651 ft.; and, N. 42° 25' E., 849 ft. 

Protector lode, S. 47° 49' W ., 73 ft.; and, N. 47" 49' E., 1,427 ft. 



Feet. 

Survey No. 20220 B. 

DUMP MILL SrfE. 

Beginning at Cor. Uo. 1 of the Dump Mill Site, on lino 4-1 Prince lode oC 
this survey, where I 

Set a brass tablet, 3Vo ins. diam., 3-in. stem, in a concrete !lost, 24 in long, 
6 ins. SQ., 16 ins. in the ground, and surrounded by a mound of stone, for 
Cor. No. I, with top mkd. DMS-I-2022O B; from which 

The cor. of secs. 7, 8,17, and 18, bears N. 36° 28' E., 410.3 Ct. dist.; pr y
ously described. 

Thence S. 43° 00' W. 

92 Lef~ bank of Chalk Creek. 

215 Wagon road. 

400 Creek. 

600.0 Cor. No.2, on line 4-1 Prince lode of this survey. 

A yellow pine stump, 18 ins. diam., 3 ft. high, squared to 10xIO ins., mkd. 
DMS- 2-2022O B; from which 

A yellow pine stump, 18 ins. ~iam., 26 ins. higb, bears S. 80° 00' E., 
17.5 ft . dist., mkd. DMS-2-2022O B B T. 

'fhenoo S. 47° 00' E . 

220 Creek, 2 ft. wide, course N. 50° Eo 

330.0 Cor. No.3. 

Set a granite stone, 24x14,,8 ins., 12 ins. in the ground to hed rock, sur
rounded by a mound of stone to top, for Cor. No.3, mkd. DMS-3·-
20220 B. 

No local bearing ohjects or hearing trees available. 

'I'hence N. 43° 00' E. 

390 Wagon road, bears N. 40° W. and S. 40° E. 

425 Right bank oC Cbalk Creek, 23 Ct. wide, course S. 35° E. 

600.0 Cor. No.4. 

Set a granite stone, 26xlOx8 ins., 14 ins. in the ground to hedrock, sur· 
rounded hy a mound of stone to top, Cor Cor. No.4, mkd. DMS-4-
20220 B; from which 

A yellow pine, 16 ins. diem., bears N. 15° 00' E., 20.0 ft. dis!., 
mkd. DMS-4-20220 B B 'f. 

Thence N. 47° 00' W. 

330.0 Cor. No.1, and place of beginning. 

The Dump Mill Site contains 5.00 acres. 
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Survey No. 20220 A and B. 

AREAS. 
At'l"es. 

Total area, Jim Dandy lode.. . .....••....•..••...•••••...•• 18.129 

Area in conflict with-

Tract A, hereinafter described..... .. ....... . ..................... 1'.450 
Sur. No. 12071 M ajor lode.. . .... . . .. ....... . .. ....... . ........ .... 1.095 
Sur. No. 191421. X . I,.lode . . . ____ .. . ______ . __ __ . . . . . __ . ..•.. __ ... 1. 708 
Sur. No. 19557 Alley lode . .•....... ... . __ . .. ____ .........••.. ____ . 2.815 
Sur. No. 19557 Alley lode, exelusive of its conflict with Su •. 

No. 12071 Major lode .... __ •................ .. __ •.. . ....•...... . 2.767 
Sur. No. 19910 Golden lodo . •. __ ..•.................. __ . __ . . . __ ... 1. 572 
Sur. No. 19910 Golden lode, e.elusive of its conflict with Tract A.... 1.122 
Sur. No. 20062 Copper lodo •. _. __ .•... __ ...•.. ___ . • . . __ ..... • _____ 0.357 
Sur. No. 20062 Copper lodo, exclusive of its conflict with: 

(1) Sur. No. 12071 Major lode . . •.......•.... •.••.... _ .•.• _.... 0.082 
(2) Sur. No. 19557 Alley lode . .. .. ........... . ...... ... ...... . 0.246 
(3) Surs. Nos. 12071 and 19557 Major and Alley lodes .. . .. __ __ . 0.030 

Total aroa, Princelode ...... . . _ ..... _ . . _ . ..•. . . _ ....••.. _ .. 17. 003 

Area in conflict w it11-

T. & S. Entry No. 2614 . __ •• ____ .• • __ .•••.•.•.• ••• ••• ••••. • •• • ••• • 0.050 
Sur. No. 4923 ldella lode . . .......... __ ........... . ... . ...... . _.... 3.258 
Sur. No. 191421. X. L. lodc .... __ ....... __ ...... _.. ........ ... .... 3.744 
Sur. No. 19142 I. X. L. lode, e,clusive of its conflict with T . & S. 

Entry No. 2614 •••.• __ .•••. ____ •.• __ ...... ... .. __ • • ••••• •• • ___ ._ 3.694 
Sur. No. 19557 Alley lode .. . ___ . . ... __ ...... .. .... . .. __ ....• . . _... 0.675 

Total area, Protector lode ....................••....•..•..... 20.661 

Area in conflict with-

Sur. No. 4923 ldella lode .. . . .... _ . •.. ......•. . ....••.• _ ..•.•. ____ . 3.82G 
Sur. No. 19557 Alley lode .• .... __ . .. . _ ...... . _ ......•. _ ...... __ ._. 4.776 
Sur. No. 20100 Silver !ode ... __ .... .. . ___ ...........•. _............ 3.036 
Jim Dandy lode of this survey __ _ ... _____ __ .. ..... ... __ .. __ .. ___ .• 0.981 
Jim Dandy lode of this survey, exdusive of its conflict with Sur. 

No. 19557 Alley 10de . .. . . __ ......• ____ __ . .... ___ .• ........•. ____ 0.000 
l ' rince lode of this survey .. . __ .. __ ... .... ... ...... . ......... . __ .. . O. 6W 
Prince lode of this survey, exclusive of its contlict with: 

(1) Sur. No. 4923 Idella lode ..•.... __ ...... _ .. .. . .....••... _.. 0.628 
(2) Sur. No. 19057 Alley lode .• • __ .•....... ___ .•.. _ ....•.. __ ._ 0.342 
(3) Surs. Nos. 4923 and 19557 Idella and Alley lodes ...... __ ___ 0. 320 

Total area, Dump II·TiII Site .. .... __ ........... _ .. . _ .. _. ___ • 5.000 

TRACT A. 

That portion of Sur. No. 19910 Golden lode in conllict with Jim Dandy 
lode of this survey, excluded by said Golden lode in favor of a location 
now abandoned, is bounded and described us follows: 

Beginning at Cor. No.4 Jim Dandy Jode-
Thence N. 28° 50' W., 131.4 ft., to line 1-2 Golden lode; 
Thence S. 47° 12' W., 275.6 It., to a point on same line; 
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No.1. 

No.2. 

No.3. 

No. l. 

No.2. 

No. I. 

Thence N. 79° 00' E., 237.6 It., to line 4-1 Jim Dandy lode; 
Thence N. 50° 23' E ., 42.0 It., to place 01 beginning. 

Tract A contnins 0.450 ncres. 

LOCATION. 

This gurv .• y is Iocr-ted in the SE U sec. 7, SW Usee. 8, NW Usee. 
17, and NE ~sec. 18, 01 '1'. 16 S., R. 8OW., oltho sixth principal meridian . 

The survey of the Jim Dandy and Protector lodes "nd the Dump Mill 
Site is identical with the respective location or amended location as marked 
on the ground. 

EXPENDITURE OF $500 

I certify that tho value 01 tbe labor and improvements made upon or 
lor the benefit 01 each of the lode locations embraced in said mining claim 
by the claimant or its grantors is not less than $000, and that said improve
ments consist of: 

The discovery cut of the Jim Dandy lode, thc face of which being the di1;
covery point, is on the lode line 496 It. Irom a point on line 1-2, 301.3 
It. from Cor. No. I; 6 ft. wide, 15 ft . face, runs N. 50° 23' E ., 30 ft. to 
face and portal of tunnel 5,7 ft. in size, running N. 50° E., 23 ft. to 
breast; at breast is" winzo 5x5 ft., 20 ft. deep; tunnel and winze timbered. 

Value of cut, tunnel and Winze, $380. 

A tunnel 5x7 It. in size, the portal oC which bears N. 70° 57' E ./373.5 ft., 
from Cor. No.2 Jim Dandy lode, and runs N. 51° 03' E., 148 t ., thence 
N. 31° 45' E ., 17.5 ft ., thence N . 50° 31' E., 49ft. to breast; partly CIl\-cd 

Value, $2,300. 

A trench, the west end of which bears N. 38° 12' E., 395ft., from Cor. No. 
1 Jim Dandy lode; 4 ft . wide, 8ft. deep, running N.1So E., 40 ft. 

Value, $125. 

The discovery cut of the Prince lode, the face of which being the discovery 
point, is on the lode line 849 ft., S. 42° 25' W., from the center of line 1-2; 
6 ft. wide, 13 ft. face; running N. 42° 25' E., 20 It. to face. 

Value, $100. 

A shalt, the center 01 which bears N. 20° 42' E., 450 ft., from Cor. No.4 
Prince lode; 4x7 ft .• 3 ft . deep. 

Value, $130. 

The discovery shaft of the Protector lode, the centM 01 which being the 
discovery point, is on the center line 73 ft. from the center of line 1-2; 
6x8 ft., lS ft. deep, partly timbered. 

Value, $200. 

An interest in a common improvement described as follows: 

A. tunnel 6x7 ft. in size, the portal of which bears S. 34° 00' W., 668 ft., 
from Cor. No.1 Prince lode; running N. 3° 30' E., 230 ft., to Sta. 1; 
thenco N. 23° 30' E., 280 ft., to pt. A, and 350 ft., to Sta. 2; thence N. 
7° 45' E., 19 It., to pt. B 100 ft., to pt. C, and 210 ft. to breast at dato 
of survey. At pt. Al ~ drift 5x7.ft. i.n size, runs No 74~ 30' E ., 55.6 ft. tll 
breast. At pt. B, a anlt 5x7ft. III SIze, runs N. 58 E ., 70.8 ft. to breast 
and foot of raise 5x5 ft., 16 ft. high. At pt. C is the beginning of a stope, 
70 It. long, 4 ft. wide, and averaging 30 ft. in height. 

Value of tunnel, drifts, raise, and stope, $14,200. 
Value of ono-eighth interest, $1,775. 

This improvement is in course oC construction for the development of the 
three lodes of this survey and Sur. No. In142 1. X. L. lode, Sur. No. lVOlO 
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Golden lode, Sur. No. 20100 Silver lode, and the Lead King and Daisy 
lodes, unsurveyed, which ure all the contiguous lode claims owned in com· 
man within the range of benefit of said tunnel. 

The surface rises rapidly to the north and east from the portal of the tun· 
nel and the extension in its present course, with necessary laterals, affords 
the most practical and economical means of developing each of the stated 
lodes at depth. 

Five hundred dollars or over has been expended in this improvement in 
such a manner as tends to the development of each lode of this survey 
subsequent to its location and to the time since which common ownership 
and contiguity have prevailed; therefore an undivided one-eighth interest 
in its value is hereby credited to each of said lodes and a liko interest 
apportioned to each of the other stated lodes of the common group. 

'rhe first 165 ft. of this ttUmel, valued at $2,400 wus credited to Sur. No. 
19142 1. X. L. lode. 

An undivided one·half interest in the first 290 ft., valued at $2,200, was 
credited to Sur. No. 19910 Golden lode. 

An undivided ono·fifth interest in the first 510 ft., valued at $1,520, was 
credited to Sur. No. 20100 Silver lode. 

Except as above stated, no portion of or interest in this improvement 
has been credited heretoforo as patent expenditure to any lode claim. 

O'l'HEH IMPHOVEMENTS. 

A ent 6 ft. wide, the face of which bears S. 17° 42' W., 402 ft .• from Cor. 
No.2 Prince lodo; runs East 20 ft., to 12 ft. /"ce. 

A shaft, 4x6 ft., 10 ft. deep, the center of whieh bears N. 37° 17' E., 318 
ft., from Cor. No.1 Jim Dandy lode. 

Claimant of each unknown. 

A plank oro bin, 14x2O ft., 3 ft. deep, the north corner of which bears 
S. 3° 00' W., 210 ft., from Cor. No. 1 Dump :Mill Site; the long sides bear 
N. 20° W. 

Claimant herein. 

A frame compressor house and shop, the NK comer of which bears S. 
25° ()()' E., 80 ft., from Cor. No.1 Dum;) Mill Site; 16x30 ft. in size; the long 
sides bear N. 8.,° W. 

Claimant herein. 

A frame bunk bouse, the NE. corller of which boars S. 50° 00' W., 690 ft. 
from Cor. No.1 Priuc'llode; 2Ox50 ft. ill size; the long sides bear N. 86° W. 

Claimant herein . 

..\. bridge, the east end of which beers 8.3°00' W., 153ft., from Cor. No. 1 
Dump Mill Site; of logs and planks, 10 ft. wide and 30 ft. long, bearing 
N. 50° E. 

Claimant herein. 

OTHER CORNER DESCRIPTIONS. 

Sur. No. 4923 Idella Lode: Cars. Nos. I 3, and 4 are granite stones, 
firmly set and properly marked; Cor. NO.2 has been destroyed. Line 3-4 
was found to be approximately correct as approve,l; line 4-1 was found to 

r be S. 65° 05' E., 299.4 ft., inste:ld of S. 65° 12 E., 300 ft., as approved; lino 
1-2 is shown as approved. From Cor. No.1 the cor. of seC'!. 7,8,17, and 18, 
bears S. 31° 56' K, 590.9 ft., instead of S. 33° 47' E., 005.0 ft., as approved. 

Sur. No. 12071 Major lode: Cor. No.2 is a pine post, firmly set and 
properly marked; no other corners could be found. All lines shown as 
approved. O'wing to the absence of Cor. No.1, the apparent error in the 
connecting line to the cor. of secs. 7, 8, 17, and 18, could not be verified. 
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Sur. No. 18837 O. O. D. lode: Cor. No.3 Is a graolte stone, firmly set 
and properly marked. 

Sur. No. 19142 I . X . L. lode: Corso Nos. 2, a, and 4 are pine posts, fi rmly 
set and properly marked; Cor. No.1 could not be found. Lines 2--3 and 
3-4 are correct as approved; lines 1-2 and 4-1 are sbown as approved. 

Sur. No.U9557 Alley lode: Cor. No.1 is a pine post, and Cor. No. 4 is a 
granite stone, botb firmly set and properly marked; Corso Nos. 2 and 3, 
Including all accessories, bave become obliterated, leaving no evidences 
of tbeir original positions. Line 4-1 was found to be 8. 44° 30' W., 1,500.0 
ft., Instead of S. 44° 20' W., 1,500.0 ft., as approved; lines 1-2 and 3-4 are 
sbown at r ight angles to line 4-1, and each 300 ft. long as approved; tbis 
makes line 2--3 N. 44° 30' E ., instead of N. 44° 20' E. as approved, and lines 
1-2 and 4-3 each N. 45° 30' W., instead of N. 45° 40' W., as approved. From 
Cor. No.4 of the Alley lode, Cor. No.2 Sur. No. 12071 Major lode bears 
S. 21° 10' W., 128.7 ft. , instead of S. 20° 35' W., 136 ft ., as approved. 

Sur. No. 19910 Golden lode: Cor~. Nos. I, 2, and 6 are granite stones, 
firmly set and properly marked. Lines 1-2 and 6-1 are correct as approved. 

Sur. No. 20062 Copper lode: Corso Nos. I, 2, and 3 are pine posts, firmly 
set and properly marked. Cor. No. 4 is identical with Cor. No.2 Sur. No. 
12071 Major lode, described above. All lines are correct as approved. 

Sur. No. 20100 Silver lode: Corso Nos. 1 and 2 are granite stones, firmly 
set and properly marked . Line 1-2 is correct as approved. 

(MElIo.-Here explain any allowable disagreement with the location 
certificate, and show the cause.) 

LIST OF ASSISTANTS. 

A list ot the names of the Individuals employed by H. B. Sa nds, 
United States mineral surveyor, to assist in running, measuring, and 
marking the lines, corners, and boundaries described in the foregOing 
field notes of the survey of the mining claim of the Gold Mining Co., 
known as the Jim Dandy, Prince and Protector Lodes, and Dump Mill 
Site, and showing the respective capacities in which they acted. 

FRANK DlIINNIS, Chainman. 

FINAL OATHS OF ASSISTANTS. 

I, Frank Dennis, do solemnly swear that I aSSisted H. B. Sands, 
United States mineral surveyor, In marking the corners and surveying 
the bonndaries of the mining claim ot the Gold Mining Co., known a s 
the Jim Dandy, Prince and Protector Lodes, and Dump Mill Site, r ep
resented in the foregoing field not es as having been surveyed by said 
mineral surveyor and under his direction; a nd that said snrvey has 
been in all respects, to the best of my knowledge and belief, faithfully 
and correctly executed, and the corner and boundary monuments estab
lished according to law and the Instructions furnished. 

(Signed) FRANK DENNIS, Ohatnm"n. 
Subscribed and sworn to by the above-named person befOre me this 

15th day of March, 1928. 
[BUL.] (Signed) MARGARET H. BROWN, 

Notary Publio in and for th6 (]ity ana Oounty of Denv p,r, 0010. 
My commission expires June 24, 1930. 
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FINAL OATH OF UNITED STATES MINERAL SURVEYOR. 

I, H. B. Sands, United States mineral surveyor, do solemnly swe'ar 
that, in pursuance of instructions received from the office cadastral 
engineer, at Denver, Colo., dated February 9, 1928, I have, in strict 
conformity to the laws of the United States, the official regulations and 
instructions thereunder, and the instructions of said office cadastral en
gineer, faithfully and correctly executed the survey of the mining claim 
of the Gold Mining Co., known as the Jim Dandy, Prince and Protector 
Lodes, and Dump Mill Site, situate in Cottonwood mining district, 
Chaffee County, Colo., in sections 7, 8, 17, and 18, Township No. 16 
South, Range No. 80 West, of the Sixth Principal Meridian, and desig
nated as survey No. 20220, A and B, us represented in the foregOing 
field notes, which accurately show the boundaries of said mining claim 
as distinctly marked by monuments on the ground, and described in the 
attached copy of each location certificate, which was received by me 
from the office cadastral engineer with said instructions, and that all 
corners of said survey have heen established and perpetuated in strict 
accordance with the law, official regulations, and instructions there
under; and I do further solemnly swear that the foregoing are the 
true and original field notes of said survey and my report therein, and 
that the labor expended and improvements made upon or for the 
benefit of each of the lode locations embraced in said mining claim 
by claimant or its grantors are as therein fully stated, and that th" 
character, extent, location, and itemized value thereof are specified 
therein with particularity and full detail, and that no portion of or 
interest in said labor or improvements so credited to this claim has 
been included in the estimate of expenditures upon any other claim. 

(Signed) II. B. SANDS, 
U. 8. Mineral Surveyor. 

Subscribed and sworn to hy the said H. B. Sands, United States 
mineral surveyor, before me, a notary public in and for the city and 
county o-t Denver, Colo., this 15th day of March, 19:;)8. 

[SEAL.] (Signed) MARGARET R. BROWN, 

Notary PlWlic. 
My commission expires June 24, 1930. 
(NOTE.-The copies of the location certificates received with the sur

vey order will be attached to the returns following this page.) 

CERTIFICATE OF APPROVAL OF FIELD NOTES AND SURVEY OF 
MINING CLAIM. 

DEPARTMENT OF THE INTERIOR, 
PUBLIC SURVEY OFFICID, 

Denver, 0010., April is, 19188. 
I, office cadastral engineer at Denver, Colo., do hereby certify that 

the foregoing and hereto attached field notes and return of the survey 
of the mining claim ot the Gold Mining Co., known as the Jim Dandy, 
Prince, and Protector Lodes, and Dump Mill Site, situate in Cotton-
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wood mining district, Chall'ee County, Colo., In sections 7, 8, 17, and 18, 
Township No. 16 South, Range No. 80 West, of the Sixth Principal 
Meridian, designated as survey No. 20220 A and B, executed by H. B. 
Sands, United States mineral surveyor, March 14, 1928, under my 
instructions dated February 9, 1928, have been critically examined 
and the necessary corrections and explanations made, and the said field 
notes and return, and the survey they describe, are hereby approved. 
The certified copy of each location certi1lcate filed by the applicant for 
survey is on file in this office and a true copy of said certified copy of 
each location certificate is included and made a part of the transcript 
of the field notes. 

(Signed) 
Of(tce Caaastral Engineer. 

FINAL CERTIFICATE ON FIELD NOTES. 

J):mPARTMENT OF THE INTlllRIOR, 

PUBLIC SURVEY OFFICE, 

Denver, Colo., April 1!8, 19~8. 

I, office cadastral engineer at Denver, Colo., do hereby certify that 
the foregoing transcript of the field notes, return and approval of the 
survey of the mining claim of the Gold Mining Co., known as the Jim 
Dandy, Prince, and Protector Lodes, and Dump Mill Site, situate in 
Cottonwood miuing district, Chall'ee County, Colo., In sections 7, 8, 17, 
and 18, Township No. 16 South, Range No. 80 West, of the Sixth Prin
cipal Meridian, and designated as survey No. 20220 A and B, has been 
correctly copied from the originals on file in this office; that said field 
notes furnish such an accurate description of said mining claims as 
will, If incorporated into a patent, serve fully to identify the premises, 
and that such reference is made therelIi to natural objects or perma
nent monuments as will perpetuate and fix the locus thereof. 

And I further certify that $500 worth of labor has been expended 
or improvements made upon or for the benefit of each of the lode loca
tions embraced in said mining claim by claimant or its grantors, and 
tha t said improvemen ts consist of 2 cu ta, 2 shafts, 2 tunnels, a winz~. 
a trench, and an interest in a commOIl improvement, value $8,560, and 
that no portion of or interest in said labor or improvements has been 
included in the estimate of expenditures upon any other claim. 

r further certify that the plat thereof, filed in the United States 
district land office at Pueblo, Colo., is correct and in conformity with 
the foregoing field notes. 

(Signed) 
Offlce Oadastral Engineer. 

o 
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