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CALIFORNIA-OREGON ARC OF PRECISE TRIANGULATION. 

I)y Uuon C. MITCHELL, Nathcmotin'an, and E. W. EIOXELBERO, Hydrographic and 
Gcodctu En'ngtnret. 

PART I. 
GENERAL STATEMENT. 

This publication contains tho rosults for tho arc of precise trianguln- 
tion oxtonding froin tho California-Washington arc in tho vicinity 
of Mount Shnsta in a northonstorly diroction across tho lowor ond of 
Orogon to a connoclion with the Utah-Washington arc just to tho west 
of Boiso, Itlnho. Tho California-Washington arc was moasurod in tho 
yonrs 1903-1906, and tho ad'usted rosults of that work will bo found 

tho rosults of tho Utah-Washington arc, moasurod in 1916-1016, will 
bo found in Special Publication No. 74. The region throu h which 
this California-Orogon arc runs mny bo most oasily idontifio CF and tho 
approximate location of tho control points which it dotorminod most 
roadily soon by roforonco to the indox and othor skatchos a t  tho ond 
of this volume. 

Tho tabulated arrangement of tho datn follows tho gonoral nrrange- 
mont now in me  in similar publications of the U. S. Const and Goo- 
dotic Survoy, arid in tho toxt relatin to thoso tablos, ns well as in 
sovoral gonornl statoments, tho worting is practically that of tho 
earlier publications. 

The reconnaissance for this arc was mado b J. S. Bilhy, signrtl- 
man, during the summer and fall of 1919. d. Eickelbor wns in 
charge of the triangulation party, a sub nrty of which, under%an. W. 

an8 signaf building was done during tho season of 1920. Tho offico 
adjustment nnd computation of this arc was made by Mr. Mitcholl, 
who also prepared this report. 

in U. S. Coast nnd Goodetic s urvoy Spocial Publication No. 13, whilo 

Ta lor, si nnlman, did the signal-buil x. ing. All of tho triangulation 

CJ.ARREB OF TRIANGULATION. 

Triangulation is dividod into different C ~ ~ S S O S  according to accuracy. 
The terms n plied to those classus haro recently bcon chnngod by 
qpomont  or roprosontnlivos of thg various Fcdoral inn -making 
bureaus. Four classos of triangulation are now proscribo cs and do- 
fined, namely, precise, primary, eocondmy, and tortimy. Tho f i t  
three of those are, respectivoly, equal 1n accuracy to tho classes * 

]nary, socondni , and tortiary, RS previously designated by tho U!% 

1 
Coast and Goo 1 otic Survoy. 



2 U. S. COAST AND GEODISTTC SUR.VISY. 

The ultimate criterion ap lied in classif ing tho difforont grades 
of triangulation is tho actua 7 orror in tho 7 cngth of an lino. This 
is indicatod by tho discrepancy betwocn tho motwru(~1ongtli of a 
baso lino and its length as computod through tho triangulation from 
tho last proceding baso. I n  precise triangulation such discrcpancics 
must not oxccod 1 part in 25,000, in primary triangulation 1 part in 
10,000, an4 in socondary triangulation 1 part in 5,000. Bcforo malc- 
in the comparison between thc com utod and mcasurod longths tho 
a 8 justmcnt of tho triangulation shou P d bo carried to tho point whorn 
tho sido and anglo ocluations h a w  bccn satisfied. I t  is also ncccssary 
to take into considrration the maximum actiial crror in tho mcasurc- 
ment of tho baso. 

To sccuro thc accuracy indicatcd abova, certain standards arc 
ado tod for tho field work, tho most important ono of which rclntcs 
to t R o closing crror of tlio trimglcs or tho discrepancy bctwccrl tlio 
sum of tho moasurcd an ’10s in a trianglo aut1 1 SO plus tlio sphcrical 
excoss of tho trianglc. L’In prccisc triangulation tho avorago closing 
error of tho trim ~10s must not be groat1 in excwss of l”, in primary 
not more than 3”, and in  socondary a B out 5”. Tho shape of the 
A ures in tha triangulation schome, tho frequency of bases, tho size 
o F tho instrument, and tho number and kind of observations are all 

ARRANCIEXENT OF SUBJECT HATTER. 

In Part I are givcn such data for the California-Oregon Rrc of pre- 
cise triangulation ns will ordinarily bo nerded for control purposes. 

Tho final results of a 8 stem of triangulation tako the form of 

point of tho triangulation, the azimuths of cach linc, an the logarithm f geogrnphic positions, whic K give tho latitude nnd lon itudo of each 
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of tho length in meters of each line, together with its length in meteix 
and foct. 

Goographic positions, with doscriptions and elevations of the 
stations, aro arrangod in tabulated form ixi Part I of this publication. 
Here the engineer and surveyor will find the data which will givo 
him control points for his local surveys. On page 9, under tho 
heading “How to find the data desired, ” is a description of the uso 
of tho tables. Tho tabulation of tho various kinds of dntn givcn in 

THE NORTH, AXER1CA.N DATUM. 

All geographic positions aro on the North Amoricnn dntum, a 
stnndnrd geodetic dntum adopted 1901 under the name of tho 
Unitcd States stnndard datum, but in 1913 having this dcsignntion 
changcd to North American datum. This chango in name camo 
about through the adoption of this datum as a standard for goodetic 
work by tho Canadian and Mexican Governments, and is n rocog- 
nition of the international character of tho datum. It is well for the 
en boor who may plan an extension of work from this arc, 
lnrfy at or near its western end, to kee this identity in min 

nato with tho results in this volume which are on the North L e r i c a n  
datum. 

thou h the results of the Wlrshington-E)aliforia arc are 
tho 6nited States stnndard datum, those results are 

EXPLANATION OF POBITIONB, LENOTHB, AND AZIMUTHB, AND OF THE 
NORTH AMERIOAN DATUM. 

All of the positions and azimuths have beon computed u on the 
Clarke sphoroid of 1866, aa oxpressed in meters, which hasteen in 
use in the U. S. Coast and Qeodetic Survey for many years. 



4 U. S. COAST AND GEODETIC SURVEY. 

After a spheroid has been ado ted and all the angles and len ths 

the computation of latitudes, lon itudos, and azimuths can be made, 

a standard azimuth of a line from that station. For convenience 
the adopted standard position (latitude and longitude) of a given 
station, together with the adopted standard azimuth of a line from 
that station, is called the geodetic datum. 

Tho precise triangulation in the United States was commenced at  
various points and existed a t  first as a number of detached portions 
in each of which the geodetic datum was nocossarily dependent only 
upon the astronomic stations connected with thnt particulnr 
tion. As cxamples of such detached portions of triangulation t ero 
may be mentioned the earl triangulation in New England and along 

gulation centerin on St. Louis and another portion of the samo 

tions of triangulation in California, in t e latitude of San Francisco, 
in the vicinit of Santa Barbara Channel, nnd in the vicinity of 
San Diego. $ith tho lapse of time these separate pieces expanded 
until they touched. 

The transcontinentnl trian ulation, the offico computation of which 

and ma B e them one continuous trian ulation. As soon RS this took 
place the logical necessity existed of %&carding tho old geodotic data 
used in these various pieces nnd substituting ono for the wholo coun- 
try, or at  least for as much of the country as is covered by continuous 
trinngulation. To do this was a ver tedious piece of work and in- 

known from that time until 1913 as the United States standard 
datum, but is now known as tho North American datum, 
and i t  was decided to reduce the positions to thnt datum ns rnpidly 
as possible. The datum adopted was that formerly in use in New 
England, and therefore its adoption, did not affect the ositions 

along tho Atlantic coast to North Carolina, nor those in tho States of 
New York, Pennsylvania, New Jcrse and Dclawnre. Tho adoptod 

nental Triangulation and in the Eastern Oblique Arc of tho United 
States, publications which deal primarily with tho purely scientific 
problem of tho determination of tho figure of the carth and which 
were prepared for publication before the ndoption of the new datum. 

As tho adoption of such a standard datum was a matter of consider- 
ablo importance, i t  is in order hero to explain the desirability of this 
ste more full . 
U. S. Coast and Geodetic Survey are, first, tho control of tho charts 
published by the Survey; second, the furnishing of the geo raphic 
positions (latitudes and longitudes), of accurately dotorminecf clova- 
tions, and of distances and azimuths, to officors connected with the 
Survey and to other organizations; third, tho determination of the 
figure of tho oarth. For the first and second objecta it is not nec- 
essary that the reference spheroid should be accurately that which 

in a triangulation have been ful P y fixed it is still necessary, be 9 ore 

to adopt a standard latitude and f ongitude for a specified station and 

Ror- 
the Atlantic cot-tst, a dotac K ed portion of the transcontinental trian- 

triangulation in t a e Rocky Mountain re 'on, and three separate por- 

was com letcd in 1899, joine % all of the detached portions mentioned 

volved much reliminary study to B etermine tho boat datum to be 
adopted. On E arch 13, 1901, tho superintendent adopted what was 

which had been used for geographic purposes in New Eng Q and nnd 

datum does not agree, however, wit i? that used in Tho Transconti- 

i? 

'fho main o c jects t6 bo attained by tho geodctic oporations of tho 
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most closoly fits the geoid within tho aroa covared, nor that tho 
adopted oodetic datum should bo absolutely tbe bwt, tbat  cap be 

desirable that the roference spheroid and the goodotic datum adoptcd 
shall bo, if possible, such a closo a proximation to tho truth that any 
correction which may heroaftor g o derived from the obsorvations 
which aro now, or may become, availablo shall not grcntly oxccrd 
the probable errors of such corrections. It is, however, vory desirablo 
that one s heroid and one geodetic datum bo usod for tho wholo 
country. f-n fact, this is absolutoly necossary if a goodotic survqy 
is to perform full the function of accurately coordinating all surveys 
within the arm &ch i t  covors. This is tho most important function 
of a To perform this function, it is also highly 

adopted for a country they bo rigidly adhorcd to, without chimgo, for 
all time unloss shown to bo largo1 in &or. 

In  striving to attain the thiriobject, the dotormination of the 
figure of the earth, the conditibns aro decidedly difforont. This 

rohlem concerns itself primnrily with n9 tronomic obvorvntions of 
fatitudo, longitude, and azimuth and with tho kcodetic positions of 
tho points a t  which tho astronomic obsorvations were mado, but is 
not concerned with tho goodotic positions of other points fixed by 
the triangulations. Tho goodotic ositions (latitudes and longitudes) 
of compnratively few points aro t K eroforo concorned in this problqm. 
Ihvevor in marked contrast to tho stutomonts mrtde in prccodln 
Paragraphs, i t  is dcsirahlo in doaling with this problorn that wit 
each new im ortant accession of data, a n’ow spheroid fittin tho 

goodotic latitudes longitudes, and nzimut fT s, of the highast degroe of 
, should Lo derived. 
orth American dlztum was adopted withroference to ositions 

furnishod for goographic purposes hut has no rdference to  t o prob- 
lem of tho dotcrmination of tho figuro of tho earth. It is adopted 
with rofcronco to tho enginccr’s problem of furnishing standard posi- 
tions and does not affect tho soientist’s problem of the dotormination 
of tho figuro of tho earth. 

rinciplcs which guidod in tho selection of the datum to be 
adoptc were: First, that tho ado ted datum should not differ widely 
from the ideal datum for which t o sum of the station errors in lati- 
tudo, longitude and azimuth should each be zoro; socond, it was 
dosirablo that t$o ado tod datum should roduco minimum chnngos 
in the publications of t E o U. S. Const and E aodctic Survoy, including 
Its charts; and, third, it was desirable, otlior things boinu oqu.4, to 
adopt that datum which allowed tho maximum number 07 positions 
nlread in the office files to remain unchanged, and therefore nocos- 
sitatodrn. minimum amount of now corn ubation. Theso considura- 
tions led to tho adoption, as the stnndarg, of that datum which had 
boon in use for many years in tho northeastorn roup of S tabs  and 
along tho Atlantic coast as far south as North 8 urolina. 

An examination of tho station errors of tho astronomic stations 
so far rcducod, scattored widoly over tho United States fromMaino to 
Louisiana nnd to Cnlifornia, lndicatod that this datum npproachus 
closely tho idod for which tho algobruic sum of the station orrom of 
each class would bo zero. 

derived B rom tho astronomic obsarvations a t  hand, Jt is simply 

oodntic survey. 
desirn R lo that when a cortnin spheroid and geodetic datum liuvo boon 

% 
goold with t f o  greatest possiblo accurac , and now valuos o ? the 

accuraY Tho R 

Tho 

R s 
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The North American datum, upon which the positions and azimuths 
given in this publication- depend, may he defined in terms of the posi- 
tion of tho station Meades llanch as follows: 

0 / / I  

+=39 13 26.686 
X=98 32 30.606 

a to Waldo=76 28 14.53 
Points are then said to be upon the North American datum when 

they are connected with the station Meades Ranch by a continuous 
triangulation, through which the corres ondin latitudes, longi- 
tudes, and azimuths have been compute X %  on t e Clarke spheroid 
of 1866, as expressed in meters, starting from the above data. 

USE O F  HORIZONTAL CONTROL DATA. 

The plan or map for any extensive en ineering project, whether or 

surveys. Federal and State mapping organizations have long been 
aware of the necessity for having all surveys based upon a common 
datum, but the local engineers and surveyors in this country have too 
often in the past been content, and in many cases com elled, to use a 

such a system is now becoming recognized, with the result that city 
and county surveys are being more generally placed u on a permanent 

One other factor must be taken into consideration b tho engineer 

splendid foresight has extended its triangulation control over the 
entire State for the pur os8 of defining property boundaries in terms 

stated in the following extracts from the Report on the Maryland 
Oyster Survey: 

The difliculties of accurately locating and prmnnently definin the boundnries of n 
farmer’s plantation on land, even with the aid of moIiumcnta, puflic roads, streams of 
water, and other pointi~ of roference are ofton great, judging from the di~putm fre- 
quently arising in connection wth boundaries. * it it 

There is on1 one point on the earth’s mrfnce at the intersection of an one parallel 
of lntitude anBany one meridinn of longitude, and therefore there cnn {e no dispute 
ss to the meaning of mch ngeographic definition of the location of R point, oven though 
all the original trinngulntion station marks ueed in ita dotormination, togethor with 
the chart on whichita position wasoriginally lotted, have been totnlly destroyed. 

In the cam of tho destruction of nn originaftrinngulation station mark, or any other 
p i n t  defined by n geogrnphic 7, IL competent geodetic engineer can reestnbliah 
ite exact location by means o a new Bystem of triangulation connecting wit+ otlier 
distant triangulation mnrks which have not been destroyed. 

In  a section of the country covered by adequate eodetic control 

not map construction is the rimary o % ject, should have all of its 
parts properly correlated and s f: ould be on the same datum as adjacent 

local datum for their surveys. The future economic B isndvantnge of 

basis by connecting them to stations on the, North A) merlcan datum. 

B As the States develop industrial1 the wil 9 undoubted1 
follow Of todat t e lead of one of the Eastern States, d t  assac usetts, which wit 

of latitude and longitu x e. The advantage of such a system is well 

the data are available to the en ineer for any of the !? ollowing opera- 
tions, in addition to their possi % le future use as a basis for cadastral 
surveys : 

(1) Extensive mapping.-The topographer needs as initial data 
for beginning a top0 aphic survey the distance and direction bo- 
tween two points a n f t h e  geo raphic position on tho North Ameri- 
can datum of one of them. k s  local triangulation, based on this 
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control, will prevont the accumulation of excessive errors as he car- 
ries on his ma ping operations. In  the event that the available 

join to convoniently he can measure a base and azmuth a t  some 
place visible from a precise or a primary trian ulation station and 
connect his bnso to the station by triangulation, t B us obtaining proper 
geogrnphic positions for his local surveys. 

Instructions for secondary (formerly cnlled tertiary) triangulation, 
suitable for the control of local surveys, may be found in U. S. Coast 
and Geodetic Survey Special Publication No. 26, which can be had at  
a nominal cost from tho Suporintondent of Documents, Government 
Printin Ofiice, Washington, D. C. 

(2) Jfoundary lines.-If i t  is desired to locate or to delimit 
accurately and pormnnontly tho boundaries of olitical subdivisions, 
such as States, counties, or cities, the metho 2 s indicated in pura- 
graph ( 1 )  may be followed. Whenevor possible, a line of the adjusted 
triangulation should bo used ns a basis for local surveys rather than 
u point, since a line gives tlio threo essentials of position, length, and 
direction. 

(3) Local intensive surveys.-The necossity for such surveys 
arises most froquontly in connection. with extensive improvements 
over a considorable area, or as.& basis for city laming, where the 

the requirements are somewhat different froin those in the two 
preceding oporations, for i t  is often necessary to extend precise or 
primnry control in considerable detail over the entire area affected, 
secondary triangulation or traverse then bein used to furnish addi- 
tional points for the survey. In  such a contro 5 survey the triangula- 
tion should invariably be started from a line of adjusted triangulation 
on tho North American datum. 

While i t  may be notod in tho preceding paragraphs that the azimuth 
and longth of one lino and the goo rnphic position of one end of that 

work as a buvis for now work, thcre is always grnvu dangor in dopond- 
ing upon this minimum of data. Thoro may bo failuro to identify 
tho truo station mnrk, or tho mark, though gonuino, may havo been 
tnmperod wilhur othorwise disturbed in position. This will, of course, 
introduco an orror into tho now work basad on them stations. It is 
the proscnt pructico in this Survoy, unloss unusual conditions render 
it unnecessary, to estabhh tlio intagrity of tho recovorod points by 
using a t  loast thrcc old stations as a basis for now work the third 
Htation sorving as a chock for tho two stations on which tho new 
work may actually dnpnnd. 

precise trinngu P ation in that region has lines of too great length to 

needs of a city are being anticipated for a num t er of years. Here 

lino congtitute tho essontinl data F or the comploto utilization of old 

In local survoys whore the area is of limited 
dosirable to use a systcm of plane coordinates, 
nected to Bomo point of tho precise or 
Tables for computing plum coordinates are 
Geodetic Survey Spociul Publication No. 71. 

Tho U. S. Coast and Geodetio Survoy will be glad to givo ndvico 
on any roblem arising out of tho use of its control points or on any 
proposoi extension of triangulation from them. 

. 

97455°-!22-2 
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EXPUNATION OF TABLES. 

ARRANQEMENT OF TABULATED DATA. 

In tho tables of ositions tho latitude and longitude of each point 
are given on tho d r t h  American datum (see p. 3) ; also tho length 
and azimuth of each line observod over, whether in ono way or both 
ways, to other P O h k  Of tho triangulation. N O  LENQTIIS O B  AZI- 
MUTI38 ARE REPEATED, AND FOR A QIVEN LINE THE LENQTEE AND 
AZIMUTH WILL BE FOUND OPPOSITE THE POSITION OF ONE OR THE 
OTHER OF TIIE TWO BTATIONB INVOLVED. 

Tho distances between stations in both motors and icot. 
To fttcilitato further tho use of tho R column is given of tho 
logarithms of tho lengths in meters. It must be romembcrod that it 
is tho logarithm of tho length in motors which is derived first in tho 
computation, tho longths in meters given in tho table being derived 
from the correspondlng logarithms and tho longths in feot in turn 
being derived from the len ths in motors b tho aid of tho conversion 
tables on pa es 23-30. d e r o  further wor E of considcrablo cxtcnt is 
contemplatei, an accumulation of error in tho last two oporations 
can be avoided by using the logarithm. 

EXPLANATION OF LENQTIIS. 

Tho lengths, as explained in tho discussion of the adjustmenb 
(see p. 37) depend upon the adjusted len ths of tho lines Dry-Squaw 

the California-$ashingtn arc, and upon the mcasurod longth of tho 
Paisley base. The lengths as given 10 tho tables are dl reduced to 
sea level. If tho actual length of a line simply reduced to tho 
horizontal is desired-that is, ita len th in ita actual clevation on 

level longth m givon a correction = (longth of l i e  as given) times 
moan elevation of tho two ends of thc lino in mcters 

of tho Utdh-Ore on arc of precise triangu 7 ation, and Bally-Boliver of 

tho surface of tho oarth-it may bo o 5 )taincd by adding to tho sea 

6 370 000 

Tho maximum value of this correction docs not cxcocd 2f a of tho 
length of any line of tho trianwlation horo publivhod. T!o  error 

exceed don of tho length of any portion of this triangulation, 
introduced by tho use of tho a s ovu npproximnte formula docs not 

AZIMUTH AND BACK AZIMUTH. 

Because of the convergence of the meridians tho azimuth and buck 
azimuth of R line do not differ by exactly 180°, tho amount of tho 
divergence varying with tho latitude and tho difforonco of longitude 
of the two points. To illustrate from tho tables, pa o 12, tho azimuth 
from Hoffman to Crano is 244’ SO’ 67”.33, whilo t % o back azimuth, 
or tho azimuth from Crano to Hoffman, is 65’ 43’ 29”.75. 

Tho azimuths of tho triangulation lines offer R very convenient and 
accurate means of testing tho error of tho magnotic noodle on a 
Burvcyor’s transit, and even tho azimuth over such short distances 
as those betwoen R station mark and its reference mark may bo used 



CALIFORNIA-OREGON PRECISE TRIANGULATION. 9 

for this purpose with fair accuracy, providod tho distanco is greater 
than 100 foot. 

ACODRACY OF DATA INDIOATED IN TABLES. 

Tho rulo followod in rocont publications of this office has been to 
givo lntitudos and longitudos to thousandths of seconds for all oink, 

Points, tho positions of which are givon to hundredths of soconds 
only, nre markcd by footnotes as boing without check (obsorvod from 
only two stations) or chocked by verticals only. 

In  tho columns giving azimuths, distances, and logarithms of 
distances, the accuracy is lndicated to ti certain oxtent by the number 
of dccimak placos givon, it being undorstood that in onch case two 
doubtful figures nro givcn. In somo casos thoro is vory little doubt 
of tho corroctnoss of tho second figure from tho right, whilo in a fow 
casos somo doubt may bo cast on the thjrd figure from tho right. 

the positions of which nro fixod by fully adjustod triangu I; ation. 

IIOW TO FIND THE DATA DESIRED. 

Following tho index ut tho back of this publication arc four maps. 
Tho first is an indox map showing all moas in tho Unitod Statos 
covered by published triangulation rigidly corn uted on tho North 

schemo of triangulation plottod by latitudos and longitudes on a 
polyconic r joc t ion .  

Having ound tho names of tho points dosirod by means of theso 
trianvulation skotchos tho tablos ma thon bo convoniontl con- 
s u l t d  by using tho index at  tho on$Tof this publication. f n  tho 
nppropriately hoadod columns op osite tho name of oach station 
arc givon tho pagos on which may%o found its goographic position, 
description, and clavation abovo SOR lovol, and tho numbor of the 
dotailed skctch showing tho schomo of obsorvod lines from that 
station. 

American dntum. Tho othor throe aro detailo 1 maps showing tho 

1tELATED PUBLICATIONS. 

Enginaors and othors using tho data givon in this roport for the 
control of mais  and surveys will find It of holp to havo Special 
Publicutions N!v. 5 ,  8, and 71 of tho U. S. Coast andGoodotic Survey. 
Tho may bo obtninctd a t  a norniiinl cost from tho Suporintondont 
of r3bcumonts, Govormnont Printing Ofiico, Washi1 ton, D. C. 

Projcction of Maps Bnsod on Clarko’s Roforcnco Sphoroiti of 1866. ” 
This publication contains tho nocessary oxplanation of tho mothod 
crnployod in constructin a polyconic projoction, and also givos tho 

longitudo for nll latitudos. 
Spociul Publication No. 8 is ontitlod “Formulm and Tablos for tho 

Computation of Goodotic Positions..” As tho titlo of this publica- 
tion implios, tho data contahiod in it will onablo ono to coinputo tho 
sphorical coordinatov for triangulation whoro tho distancos and anglos 
from a known gcographic baso arc availablo. 

Spocial Publication No. 71 is ontitlod "Relation Botwoon Plane 
Roctiiiigular Coordinatos and Googra hic Positions. ” This book 

coordinatos €or locul survoys. 

Special Publicution No. 5 is oiititlod “Tnblos P or a Polyconic 

valuos in metcrs of tho B ogreos, minutos, and soconds of latitudo and 

contains tublos which will facilituto t K o uso by onginocrs of plane 
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The principal lists of geographic positions published on tho North 
American datum throughout tho United States, togother with 
descriptions of stations, are con tained in tho following publications 
of tho U. S. Coast and Geodetic Survey and of other organizations: 

Appendix 8 of the Re ort for 1888, positions i n  Connecticut. 
Ap endix 8 of the &port for 1893, positions i n  Pennsylvania, Dolawarc., arid 

Mawrand 
A pendix 6 of the Report for 1901, p i t i o n s  and descriptions in  K a i w  ant1 Nc- 

braaia. 
Ap en& 4 of the &port for 1903, positions and descriptions i n  K a m ,  Oklalioma, 

and %xaa. 
Appendix 9 of the  Report for 1904, positions and descriptions i n  California. 
Appendix 5 of the Report for 1005, positione and deecriptions in TexaH. 
Appendix 3 of tho Report for lY07, positions and descriptions i n  California. 
Appendix 6 of the Report for 1910, positions and descriptions i n  Califoriiia. 
Ap endix 4 of the Report for 1911, positions and dwcriptions i n  Nobraaka, hlinne- 

Appendix 6 of the Report for 1911, pceitions and description8 i n  Texm. 
Appendix 6 of tho Ite ort for 1911, positions and descriptions i n  Florida. 
Special Publication g o .  11, poaihons and descriptions in Texaa, New Mexivo, 

sots, Korth Dakota, and South Dakota. 

Arizona, and California. 
Special Publication No. 13. positions and descrintiorirJ in California. Orccon. and . -  , I ,  

\V&hin@n. 
Special Publication No. 16, positions and descriptions i n  Florida. 
Special Publication No. 17, positions and descriptions i n  Tcxaa. 
Special Publication No. 19, ty i t iona  and deacnptions i n  Colorado, Utah, Kcvatlrr, 

&ociaf Publication No. 24, positions and deecriptions i n  Alabama and MissiMi pi. 
Special Publication No. 30, f@itiona and dacriptione i n  West Virginia, OEio, 

Specdkubl icat ion No. 31, peaitions and d a k p t i o n s  i n  Oregon, Waellington, and 

Special Publication No. 43, ydtx'ns in Georgia. 
Special Publication No. 45, oscriptiona in Georgia. 
Spccial Publication No. 46, positions and descriptions in  Maine. 
Special Publication No. 54, positions and descriptions i n  Texaa. 
Special Publication No. 62, p i t i o n s  and deecriptions i n  Rhodc Island. 
Special Publication No. 70, p i t i o n s  and detmiptions i n  Kansaa. 
Special Publication No. 74, positions and deecriptions in Idaho, Oregon, and Wwli- 

Special Publication No. 76, poeitiona and dacriptione in  MascwrchuscttA. 
Special Publication No. 78, positions and descriptions along the Itio Cirandc arc in  

Special Publication No. 84, positions and descriptions in  California and Oregon. 
Ihport on triangulation of Greatcr Xcw York. 
Report on a ilan of sowerage for the  City of Cincinnati. 
Apendix EdE, pagw 2005-3031, Annual ltcport of tho Chief of Engineem, U. S. 

Prokwiionaf Pa cr No. 144, Corpe of Engineers, U. 5. Army, dcecriptions of pointe 

Publications of the Mwachusetta Commkion on Watorways nnd Public Lands. 
Various bulletins of the United Btates Geological Survey. 

W omin , Montana, South Da ota, and North Dakota. 

Kentuck Indiana, Illinois, anc Milissouri. 

California. 

ington. 

Texae. 

Army lW, oaitions of p o i n t  on and near the Great Lakes. 

on arid ncar the 8rea t  Lakes. 
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Principal poinla.. 
Con"nu0d 

Drnko. 1920 ....... 

U . S . COAST A N D  GEODETIC SURVEY . 

. . . . . . . . . . . . .  
42 18 14.021 15 54 04.22 1% 50 21.09 Crane ......... 4 442214 27811.31 0121(4.? 

120 OM 5 2 . W  125 30 21. 3.5 305 21 51 .&5 Round ........ 4:5591820: 3apu.rb!l1188Wl.b 
242 32 28.41 62 48 57.05 IlnrL .......... 4.5770318 :37705.%1 123uO1.3 I 

Geographic Yoaliona-Continued . 

Lakovlew bonrh 

Dog. 1020 ......... 
mark M 10,1920.120 

....... . .......... ... - ...... __ ........ _. . ~ 

I I I Dlstsnco . 

42 11 M . 
21 30 . M)I 32-5 19 12.62 145 w M . 1U Crano ......... 4.245.5740 17002.4 ;17750.8 

42 0; 08.3% I90 07 00.31 19 10 33.1% Cougar ........ 4.3453358 2214H.Oi 72004.1 
120 43 02.984 211 10 02.28 74 24 21.44 Lskovlowhench 4.4K5788H 3UWI . 23 1Kl397 . 6 

278 46 12.37 90 04 24.44 Crane 4.0nlW7 3WMI.63 131174.0 

119 47 17.136 2w) 30 27.W Coilgar ........ 4.4Mxu)DI 25.,1 . OF) 9 7 4  . n 

......... I innrk MI0 . 

Aspon. lo#) ....... 

WhdobWk,1820 .. 

Yonna. 1920 ...... ........ 
......... 

42 I R  6 7 . 3 ~  9 37 24.29 189 31 69.48 Ooownost ..... 4.8207133 07008 . .w 220139.3 
122 05 12.381 XH 42 3% 37 89 15 42.19 Yonnn ........ 4 . ~291739 07470 . x2 2213~~3.0  

330 19 41.M 1% 41 07.12 IIolImnn ...... 4.9537~30 8W.a !mL(Nuo2.8 

122 08 23.410 259 10 45.23 79 34 07.42 HoRmen ...... 4.0973.1(U 4UH13.13 IW!& n 
01 03 27.07 240 38 M . 49 Doliver ........ 4.78727% 01274.32 201030.8 

41 31 43.181 I02 10 37.73 342 13 22.30 0oa)cnwt ..... 4.3481031 22341.03 73287.a 

Cougar. 1920 ...... ........ 
........ ......... 

Bnlly, 1904 ........ 

McarN, 1904 ....... 

UOllVer, 1904 ...... 

C 10,1820 . 
Iron, 1'920 ......... 

40 30 11.939 ...................................................................... 
122 39 00.370 ....................................................................... 
41 07 29 . 16 28 10 . 81 190 20 20.42 Bally ......... 4.78OY37l m70.39 I m  . 137 

122 20 82.200 ....................................................................... 
41 15 35.575 2QR I I  54.84 11R 25 01 ..SO hfonr!i ......... 4.488WXI 3101R . 21 103734.27 

I22 40 40.811 351 3 43.00 171 31 48 . (10 Uully ......... 4 . ty170103 73724.21 2418711.04 

........ 
278 33 45.09 9M M Zi MI Crow 4.G5201MO 44K5i.21 147257.0 

119 03 13.703 71 25 07.11 251 21 05.0% Burns ........ 3.91989"' 8315.57 272R2.11 

43 15 47 . cnm 40 42 48.42 220 23 w . 51 Juniper ....... 4.7307610 p3797.30 1 7 0 m  . 2 
119 27 10.zml 105 14 37 . KI w 35 . m Wagontire .... 4 . WB'LX JOW . 80 ~ r w ~ s . 6  

. .......... 

I Wl 53 24.70 121 13 58.16 Jock .......... 4. i)7732$ 47WU . 37 1 W 7 . 2  

Hoffman. 1920 .... ........ ........ 

Klamath Palls 
ti  o n c h m n r k 
A 16,lOM . 

Boldlor, 19'20 ...... 

Goosoncst. 18ao ... ........ ...... 

I 
42 12 17.2k' 111 52 60.41 291 37 49.00 Aspon ......... 4 . 62243OU 33208 O~,Ioom6.4 

121 42 43.072 34M 37 15.30 1G8 43 37.95 UoUinnu ...... 4.827mB 07221 . M 2 " 5  

41 01 28 . 8 9  102 46 68.9 282 29 3.5.0 Urlrzly ........ 4.5534W 3570.QB I17324 9 
00 45 34.0 LIoRmm ...... 4.7753144 6WXl . 301195508: 4 

I 
121 33 44 . MI 180 45 12.5 

Genrhart. 1920 .... ........ ........ ........ 
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Qeographic positione--Continuod . 

Grizzly ........ 
IIoLImao ...... 
Soldlor ........ 

..... . . . . . . .  ___.- . . . . . .  

I I 

4 . 3 7 m  
4 . OOWXSI 
4.U11m 

Latltiido 
Station . 1 and I A z h i r t t i  . 

longttudo . 

b l d h t  ........ 
~ O l r I l l D I l  ...... 
urlzrly ........ 
Soldlor ........ 

317 33 33.8 

4 . 7 W l l  
4.02371, 

4 . n w w  
4 . C3W5 

TiirroL. 1920 ....... 1 41 2.1 hN.345' 45 13 41.6 
121 ou 30.729 120 20 40.8 

Ulxlo, I!UO ....... 

QrlzzIy ........ 
Soldlor ........ 
Dlxlo ........ 205 33 16.0 

4.7679741 
4 . w . w  
4.381678( 

Crator(U.Y.O.Y.) 40 41 64.072 
121 37 05 754 

Boiiniizn. IOM .. ..I 41 M M.CU 

~ ~ I I L O .  10 1 .... 40 M 37.38 

1820 . 

122 37 25.024 

122 52 18.Q!! 

tuln. pmk. 192U . I17 IO 3% OOX 

Junipor Moiintnlii. 44 12 28.M 
117 44 51.145 

Lookout M o u n .  I . 44 30 33.Tb17 

Pcalr. 1029 . 

B u r n t  R l v o r  441436.02 
Mountains, I ~ P  08 ou.10 
sutntnlt. 1020.' 

148 42 43.0 
IhO 75 43.0 
211 @I 27.4 

2 24 24.7 
!f0 44 w . 7 
L)l 31 42.0 

331 08 40 
ao 07 30 

32 0 57.3 
38 48 FJ . 3 

312 30 30.2 

347 ~8 08.3 
30 42 42.0 

301 35 10.4 

35213365 
320 42 03 

270 4n 3.1. I 

Bnlly ......... 
Uollvor ........ 
Ncrmrs ......... 

Hack 
nzlmutli . 

4.724(UQ 
4.377004 
4.1u218901 

0 .  " 
1'33 01 30.0 
43 :fi 47 . ( I  

I37 40 32.6 

222 55 44.0 
B o o  oQoQ.8 

Ni 30 40.8 

188 01 30.9 

8.5 44 27.8 

328 28 38.4 
0 27 G5 . 0 

zs a7 21.7 

sal m 38.8 

ai  2s 04.0 

I&? 23 22.7 
$20 38 40.2 
71 38 30.0 

$0 24 21 
151 17 27 

211 53 a . 4  

133 w 58.0 

210 28 12.8 
100 44 25.6 
121 38 48.8 

172 07 61 
147 06 17 

Z M  14 1.1. n 

II 05 13.0 

08 43 41.5 
I32 25 41.1 
167 38 48.3 
IOU 30 2o.a 

IN4 30 15 
1 8  24 24 

281 .53 30 
313 30 50 

I13 18 07 
127 67 10 

208 04 5 6  
&I 33 OH . 1 
W 68 16.7 

105 64 10 . 1 

103 21 08 
104 #) 10 

170 43 M1 
172 48 38 

10 51 32 
100 08 18 

10 fa 16 
100 21 16 

Dry ........... 
Boiilali ........ 
Squaw ........ 
Frooroout ..... 
Beulah ........ 
Gquaw ........ 
Dry ........... 

............. ___ 

4.70101(Y 
5.021(11~~ 
4.07W2 

4.821% 
4 . Bo0373 
6 . ma543 
3.812275 

6lnr ........... 
l'reereoul ..... 4.9w54 

4.014282 

C u s t l o  Rook 14401 18.411 
(u.s,o.S.atlm)lln 10 55.404 
1 U P  . 

Kings broontnlu. 43 48 45.45 
swnnrir. 1v20.'1 118 G2 05 . I7 

Owyhoo If 011 n - 42 I& 67.20 
tohis. Icillumit. 110 30 42.33 
1Vrn.' 

43 28 43.11 
Wmitllt, 19M.' ' I I 8  43 % 07 

I'lacidla I) u 11 o 

(lrlzzly. ....... 4.784201: 
Soldlor ........ 4 . U21M:V 
Dlxlo ......... 4.7WW71 

24821 67.1 
3110083 .0  
337 36 12.8 
340 27 20.4 

4 &1 42 
338 OU UI) 

112 47 IO 
134 08 36 

292 27 41 
307 25 30 

Dry  ........... 
Froemu1 ..... 
Doulnli ........ 
Btnr ........... 
Jack .......... 
Rlddlo ........ 
Etar ........... 
Yroezowt ..... 

Rlddlo ........ 
Jack .......... 

Mcars ......... 4 . m3381 
Uolly., ....... 4 . 5 w 7  

4.8513MY 
4.817533 
4 . "I142 
4.808154 

4 . aU7W 
4 . W 2 4 1  

Loo280 
6.012725 

6.033445 
4.8008)81!28 

1Ioniptoii nutie 1 43 40 n . w 

UIWY n m  slim- 43 33 20.76 
mil. 1m.i 120 01 %&I 

1'als loy h i g h  42 41 37.w 

1 w . a  

Y u n l t .  I(M0.'' 120 18 61.M 

whool. Ilagpde. 120 32 31.64 

Pnlsloy Motlidst 42 41 30.30 
Church. splro. 120 32 31.35 
IWM.' 

343 OB 40 
344 07 38 

3a 37 18 
362 44 30 

180 51 GO 
BO 20 

180 XI 43 
280 15 22 

amys ......... 
luiilpor ....... 
OmyY ......... 
Ehnrp ......... 
WhltC ........ 

Qmys ......... 4.3434001 
Itlddlo ........ t . M W 8  
Jack .......... I 4. RAxo52 

4 . 9 0 3 ~ ~  

4 . B l W 2  
4.811688 

4.245213 
4.0110)050 

Juulpur ....... 1 4.412202 

Ehar ........ 4.2U0.58 
W M k  ........ 4.00157 I 

M o t m  . 

w:m . i l  
40727 . 
4 m  . 7: 
53713.44 
42900.71 

7K592.3: 
4 . ~ ~ 5  . LP, 
57270.21 
24741) . 11 
24075 . 71 
4 m w  I (  
w 2 . 2 1  

TfiM4.41 
ZM"6 . 71 
15577.21 

42x82 . 5 
3m.i . I 

101'J:Ix . 0: 
wlu8 . 1; 
Cmx5.0( 
407W . 1. 

LOR778 . 41 
8171 . OI 

07331 . R 
lm84.7 

44no2.3( 
0.5405 . 1) 
1WiE . 9; 
73810 . (i! 
w 2 . 0  
Mli74 . n 

I14891.0 
102973.3 

1om5.2 
7w273.4 

22054.41 
lOM77K 71 
7.3700 . 31 
2<\98.21 

QlMl.4 

70008.4 
o m 4 . 5  

17588.7 
12014.3 

17M7.1 
1U7.0 

m i m a i  

57om . ri 

07045.2 

I~oot . 

77.11~~ 1 
193020.2 
l'J4142 u 
17014.8 
14001O . 9  

257848.3 
141W . 5 

IX70I4.0 
W1107.X 
78t)LuI . 4  

180027.4 
IB7ff-9.2 
1m05l .8- 

174020.0 
78171.6 
61100.2 

140723 
127041 

1M2M . 0 
9.1.w~U. 8 
3 0 4 8 . 6  

217373.8 
m295.0 
3.58884.1 
-7.7 

318328 
2BD9oR 

14WR8 . R 
2l:&u.o 

2421M 2 

%1036 
277470 

370038 

50720 . 0 

u7aa 

354347 
260083 

721J7.1 
300105.7 

84770.8 
m21 . 2 

321342 
301310 

271w 
212580 

67700 
3Q4m 

57530 ow% 
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Geographic 170ailiona-(~ntinucd. 

Station. 
Lntltiido 

longitude. 
slid Azlmuth. 

I- . -!--- 

30870.72 
35131. oa o m .  I O  

.'IO.*@. 45 
:I:Kll.2x 
413014.72 

813.01 

38010.n 
37307.20 
2070.7M 

40775. S 
K5117.1 

1311S7.0 
116216.4 
21952.0 

166713.1 
11iup. I 
1TKIML.II 

2067.4 

1280~1.5 
IZIW. 0 

R702.4 

13.?777.0 
2782M.0 

S u p  plemcnlary 
poinla-contd. 

C r o o k s  P e k ,  
hi hest point, 
140. 

D r n k o  P o s k  
lookout h W ,  

19% 

Peak flrst north 

i 

42 21 45.4471 Rl 18 44.2 
1% 08 01.015 252 ai .W.O 

3% 14 Oa. 6 

42 18 03.300 00 30 18.0 
120 09 24.053 126 44 07.2 

244 41 45.4 

pa 55 12.0 

, I , 

I M  30 114.2 

42 18 37.UD7 

Crater (or Magee) 40 41 23. M1 148 11 5R 
lookout house, 121 37 05.97 240 OS 16 
10. '  ' I  I 

;;; y.... . . . . 
IDrnko ... . ___.  . 

. . .. ._. . . 
4.001Ro71 
4. MIYIU52 
3. YI34W5 

I I 

1 Xo check on this wIt1oii. 
1 Pasition checked.\y vertlcals only. 

o f '  s t a t i o n  raoogu.~~ 
Drnke,10. 

. . .- - ... . .- ... . . _- . . 

Iiwk 
nzlmiith. 

2 1 u ~ i w . 2  
314 24 36.7 

0 ,  a 

zni 00 22.7 
72 20 34.7 

178 14 15.4 

240 13 42. A 
306 28 rn.8 
334 26 33.8 
04 42 0B.O 

200 30 00.0 
00 49 59. I 

104 24 S7.8 

4 58 n . 3  
3.3 27 01.7 

3% 10 59.3 
n 07 on. 5 
43 15 38.7 

255 30 m.!3 
288 40 42.1 

rn 01 10.0 

203 38 IR 
0 57 25 

06 48 27 
1.50 42 OH 

328 67 51 
00 28 51 

174 a2 22. o 
u9 01 04.2 

127 23 23.0 

214 07 35 
21 G9 28 

214 05 17 
22 00 24 

32 48 11.4 
75 OV 43. 2 

171 20 27.5 

320 38 07. Q 
224 40 'XI. 5 
1M2 24 #I. 7 

321 44 23 
74 W 04 

283 32 20.1 

23 13 !ai. 6 

2W 40 49. H 
12 39 25.7 
00 46 11.5 

3:a 35 07.4 

40 SI 89. a 

~ o p .  __. . . . . . . . 
Round.. . . . . . . 
LVhitn ... . . . . . . 
Drnko.. . . . . ._. 
?oilcar __.. ._.. 

. .  I 1 4  
To stntlon. 

(molars). 

4.7~73727 
4. WW7 
4.0028uOt 
2.81ooBJ( 

4.%N324 

1720.W~ 
23014.27 
0X7Y2.61 

5IN1.9 
17474. B 
225003. 8 

RWIO.. . . . . ._ 4. n i a m  
Jtnr.. . __. . . . . . 4. U30010i 

Roiind _.__.._. 
Wlilte .____.  .. . 
Iiinlpcr. ...... 

3.2172(13! 
4.37:{174! 
4. K1747N 

Moniiment Mom- 
ta ln(U.S .O.8 .  
cnirn), 1820. 

Lnkovlew c o u r t  

42 28 40.475 178 10 SO. R 
1 2 0 3 0 2 0 . S h 5  2020243.1 m 52 18.0 

42 11 22.1130 75 51 58.0 
house, flnlnl, '120 20 40.051 
1620. I 108 41 21.7 

DOF. .. . .... . . . 
L ii k e v I n w 

k n c h  xnnrk 
11 10. 

Cocignr. __. . . . . 

arizzly.. . . .._I 4. 0 7 ~ ~ 4  
Dlxlc.. . . . . . . . 4.0118h22 

4. %EUXv 
3.154021! 

4.429%41 

arlzzly Pen!, 
summit, 1 0 .  

Flshhole Moun- 
t n l n ,  tallelct 
tree, 1620.1 

Dwko.. . . . . . . .I 3.322000 
Jiiiilper.. ..___ 1 4.865402 
Hart .......... 4. GG7W 

118 12 48.4 

42 15 10.09 Z? 42 58 
120 38 1K 40 1Ho 57 a? 
42 15 15. &? 246 42 44 

120 47 45.40 330 38 68 

\loton. Foot. 1 

Dog.. . . ._. ._. . 
Couyur.. . . . . . . 
Coiianr.. . . . . . . 
Dog ... . . . . . . . . 

4.210MO 
3.7KI:W7 

4.171311 
4.213W:J 

Orlxrly.. . . . ._ 
Dlxio.. . .._. ._ 4.770205 

4.70W8 

70.31 250.4 
20175. 01 PW77. M 
73000. ux 241w. 1 

Mount McLnugh- 
1111 (or Mount 
P i t 0  lookout 
house, 1920. 

Weed Lumber 
CO., east chlm- 
ney, 1920.9 

Weed Lumber 
Co., west chlm- 
ney, 1 m . r  

Bollver lookoiit 
houso, 1929. 

Boiinnzn lookout 
houno, 1920. 

Rurney (u. 8. a. 8.1, 10.2 

Beatties Bulle, 
eummlt, 1 0 .  

42 !&I 41.7741 3.54 28 37.1 
122 18 64.332 278 1 R  43.G 

307 14 0u.c 

41 20 07.10 34 11 42 
122 22 27.80 201 53 23 

41 20 07.45 34 OB 24 
122 2" 28.14 201 54 18 

41 16 3R.480 212 411 10.5 
,122 40 48. L!57 254 57 40. ( 

351 24 20.; 

41 04 48.737 140 44 17. : 
122 37 2.5.124 ah4 34 44. ; 

2 25 12. ( 

40 48%.a4 111 58 10 
121 37 :in. 03 2s 35 04 

42 23 io.000 la? 48 GI.: 
119 19 82. W 140 58 34.: 

202 68 (YL. 
220 23 43.f 

Omsonost.. . . . 
Yonnu. ..._. . . 
Aslicii.. . . . . . . 

Eddy. .._..._. 
Oweneat.. . . . 

Eddy. ~ ....... 
Oooscncut ..... 

Bollvor.. . . . . . 
Eddy .._..._.. 
Unlly.. . .._. .. 

4. M77831 
4.940.YM 
4.373U05 

4.188404 
4. .Xi2014 

4.188004 
4 . T i x ? w  

1. HRZSl 
4.417XW 
4. a7272 

1M70.1 
31114.8 

15474.0 
311W.7 

MI755 
111W25 

Kt708 
111805 

Dollver.. . . . .. 
Eddy ......... 
Bnlly ........_ 

4.377320 
4 .4w03 
4.72450Y 

Kart .._._.... . 
Juiilpor.. . . . . . 
Jnck. ... _.... . 
Rlddlo.. . . . . . . 

4. MOW2 
4. HV20111 
4. PBWl 
5 . 0 1 m  
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TABLE OF ELEVATIONS. 

Mrn mnld- 
dlo bolnt. 

iummlt ..... 
Burns closrl* bo  n c h I Stntlon mark ' I Afctma. 

2aY7.0 

2571.9 
_ _  

mark C 19. 
Lakovlow bonch .... .do.. .... 

markM 10. I 1 Klamath Falls ... ..do.. .... 
bonch mark I hound.. ... 

._.do.. .... ... do.. .... ... do ...... .. .do.. .... 

M C t 0 8 .  
1204. OOlM 

1443.0557 

lYi4.5704 
2045.4 
1080.5 
1030.0 
W1.0 
2412 8 

A 15. 

ClasaP. I I 
Squaw .............. .do.. .... 

............. .do.. .... 
Breozwut ....... :. ... .do.. .... 
Btnr .................. do.. .... 
Crow.. ............... do.. .... 
Riddle.. ............ .do.. .... 
Burns ........... I . .  . ..do.. .... 
Jack. ............... .do.. .... 

Illyi.. .............. .do. ..... 
Beulah.. ....... .I: : : . .do.. .... 

I 

1800.15 
1978. 10 
005.08 

1770.58 
1071.68 

1841.08 
17BB.04 
1837.40 
1W. 12 
1708.49 

Grnys.. ..... ....I.. ... do.. .... lRR1.59 
Wsgonliro. .... .I_. ... do.. .... 1082.47 
Pnlslov sou th  ...... do.. .... 1354.39 

... do.. .... 

.. .do.. .... .. .do.. .... .. .do. ..... 
Finial ....... 

hpola.. .... 
:ah, top ... 
ropofhouso. 

jlround ..... 

Top of cnlm. 

Oround ..... 
Top ofhouso. 

Top ......... 
.... do.. .... 
Stntlonmnrk 

.. ..do.. .... .... do ...... 

... .do.. .... 
Ground. .... 
Cnlrn, top ... 
Topofhouso. 

Ground ..... 
Topofho~o.  

Grouud, .... 

Pnlsloy nortl? ..... do.. .... 1345.13 

.... 
bW0: 

base. 
Bharp.. do.. 1748 09 

1872 5 

1M7.6 iwa 4 
2387.0 
1345.7 

1348.6 

2M)o.Q 

W O  

2482.3 

2221.1 

25i0.2 
WDY. 0 

1125.3 

1127.3 

1084.4 

1871.1 
1ASKS 
1K52.0 
1701.3 

2309.2 

2472.0 

2045.3 

2124.0 

2407 

Dlnblo.. ........ !.....do.. .... 
Whlto ........... I ..... do ...... 
Juillpor.. ............ do.. .... 
Hart ... .........I.. ... do.. .... 
Droko.. ............. .do.. .... 
Round.. ........... ..do.. .... 
Dog.. .......... .I_. .. .do.. .... 
Crauo.. ............. .do.. .... 
Cougar ............... do.. .... 
Youna.. ............ ..do.. .... 
Aspon ........... ! ..... do.. .... 
IIoflmnti. ........... .(lo. ..... 
Qoosonosl.. ........ .(lo.. .... 
Bollvcr .............. .do.. .... Bnlly.. ......... I:.. . .do.. .... 

1873.14 
IHOl.(n 
ZC~'35.8" 
2444.37 
2535.34 

2278. 87 
2113.00 
2474.52 
241LOa 
2202. M 
Wn.53 
2410.3X 
2526.4R 
1692.4 
2451.5 

..... 21724 

Junlmr Moun- ..... do.. .... 1073.7 
tnln. 

MMr8.. ........ .I.. .. .do..  .... 
Whalohnck ........ ..do.. .... 
Grlrzly .......... 1: .... do ....... 
Eddy ...._....._I .... .do.. .... 

..... tnln. 

Mountalns. 
2381.9 

2174.1 
W1.73 
1005.00 
2763.44 

Frcf. 
4148.07 

4734.43 

4181.05 

6600.0 
0488.8 
3100.3 
m . 7  
6484.5 

0012.2 
5892.5 
6368.3 
5270.3 
%lo$. 6 

0173.2 
0501.2 
4443.6 

4413.1 

5738.1 

0145.6 
0207.1 
0079.2 
8010.0 
8318.0 

7470.6 

844e. 0 
7025 3 
7220. t 
x210. ,I 
w27.7 

11013.0 

7132 9 

0263.2 
8033.0 

09%. o 

nwo. o 
o m .  0 

m s .  n 

7 1 n  

6475 

7815 

- 

Stntlon. 

Class S-Con. 

CnstloRock (U. 

o$ :o:iiouLl- 
t b s .  

Kin sMountaln. 
P d a a  nutte.. 
Iron. ............ 
BtolnsMountain. 
Benttlcs Butte.. 

LltEle Junlper 

Qlass Butte.. ... 
Nountnln. 

Hainpton Butto. 
Crooks Ponk. ... 
Palsloy h i g h 

school. 

Polslcy Moth* 
dlst Church. 

Drakos P e n k  
IU. 9. 0. 9.). 

Ponk, 
M o n u m o n t  

biouitaln. 
Genrhnrt. ...... 
M o u n t  M D  

1,aiiahlln look. 
out lioirso. 

Weod 1,umbor 
Co., onst chlm- 

W?A Liimbor 
co., a~cstclllm. 
n 0 

Blncg Fox.. ... 
Tmrot. ........ 
Aoldler.. ..... .: 
Dlxlo. ......... 
Bald Mountnln 
(U. 9.0 .  Y. 

Burnoy (U. 6. 
0. S.). 

Bollvnr lookout 
houso. 

Crntcr (U. S. 
0. 8.) .  

Donnnzn look- 
out hoiiso. 

Graullo'. ...... 

---I- - 
Fed. 
j847 

$438 

0711 
5613 
6387 
0364 
7910 

0143 

m 
7834 
4415 

4425 

8402 

6218 

8144 

7297 

K3M 
Q510 

3702 

3698 

a 1 0  

0130 
6&10 
MI70 
6.5.- 

7871 

HI 12 

a 7 0  

GO71 

m 

am 

1 No chock 011 lhls olovntion. 

Nom.-Tho datum for all the elovations is me:m 8en lovcl. Tho stationfl nrc i n  
three clwos-first., time Rxod by direct connertion with eon lovcl, tho elevations of 
which aro sub'ect to a probable Orror of h0.l mctcr; Rccirntl, tho dntions in  t.hc innin 
echome fixed hy roriprocal mcwilrefl of vortical nnfilcs nrid s\il)jcc*t to ~~rol )n l ) lc  crrors 
varying from kO.1 to lt1.5 metcra; and, third, tho int.cncdion Rtations t.lio elcvntions 
of which are fixed by mwurement  of vertical anfilcs wliich uo not rwiprocd, tho 
atations not being occupied, and mb'w t to probahlo orrors which mny be rm gent  LU 
&3 meters. In tho third clnas are Ad a few supplornctntiiry stations thc elovatione 
of which were partly doterminod by reciprocal obscrvutions. 

07466°-22-3 

c 
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DESCRIPTIONS OF STATIONS. 

This list may bo convoniently consulted by reference to the illustra- 
tions a t  the end of this publication or to tho index. All azimuths 
given in the descriptions are reckoned continuously from truo south 
around by west to 360°, south boin Oo,  west 90°, north 180°, and 

as such. 
In general, oxcept whoro tho contrnry is specifically stated, the 

surface and underground marks are not in contact, so that a disturb- 
ance of the surface mark will not necessarily affect tho underground 
mark. Tho under round mark should be resorted to only in cases 

The name and datrs givcn in each description immcdiatcly after 
the count refer to the chicf of arty by whom tho station was 
cstablishe$ thc date of tho estabhhment of the station, and the 
date when the station was last recovered. 

Any person who finds that ono of tho stations herein dcscribod 
has been disturbed or that tho doscription no longer fits tho facts is 
requested to scnd such information to the Director, Coast and 
Geodetic Survey, Washington, D. C. 

east 270’. Where magnetic azimut R s are given they aro indicated 

whero there is cvi C f  cnce that the surfaco mark hns been disturbed. 

. 

MARKINQ OF RTATIONB. 

The standard disk station and roforence marks referred to in the 
following descriptions and notes consist of a disk and shank of brass 
cast in ono piece, as shown in figure No. 1. Tho disk of the station 
mark is 90 mm. in diameter, with a holc a t  the center surrounded 
by a 20-nm. equilateral triangle, and has tho following inscribod 
legend: “IJ .  S. Coast and Geodetihc Survey Triangulation Station. 
For information writo to the Superintendent, Washin ton, I). C. 
$250 fine or imprisonment for disturbing this mark.” ‘ h e  shnnk is 
17 mm. in diameter and 80 mm. long, with sovoral grooves cut 
around it to give a secure anchorage in concrete. 

Tho standard disk reference mark, shown in figure No. 1, is the 
same sizo and sha o as the station mark, with an arrow on tho top in 
lace of the trimg P e, which, when properly sot, points to tho station. 

! h e  legend is tho same, except tho words “reference mark” take tho 
place of tho words ‘I triangulation station. ” 

The following notes on tho marking of stations arc mntlo as gcncral 
as possiblo in order that i t  may not be nccesssry in tho field to describe 
small and unimportant variations. 

NOTE8 DEBCRIBINO BURFACE AND RUBBURPACE STATION MARKB, REFERENCE, AND 
WITNEBB MARKB.  

Surface marla. 

Note 1.-A standard disk station mark set id the top of (a )  n square block or post of 
concrete, ( b )  a concrete cylinder, (c) an irregular maea of concrete. 

Note 2.-A standard disk station mark wed ed in a drill hole in outcropping bod- 
rock (a) and surrounded by a trianglo chiseelei in the rook, (a) and surrounded by a 
circle c h i d e d  in the rock, (c) at the intersoction of two lines chiseled i n  the rock. 

Nole 3.-A standard diek station mark eet in concrete in a deproeeion in outcropping 
bedrock. 



Special Publication NO. 84 

FIG. l.--STANDARD M A R K S  OF THE U .  S. COAST AND G E O D t l  I C  > U K V t Y  

1 .  Reference ninrk.  
2 .  Bench mark.  
3. Magnetic station murk.  
4. Tri:in~:uiation station mark.  
5. Hydro[:ruphic station mnrk. 
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Note &-A standard disk s tnhn  mark wedged in a drill hole i n  a bowlder. 
Notc 5.-A standard disk station mark sot in concreto i n  a dopression i n  a bowldor. 
Notc 6.-A standard disk station mark set in concrote at tho center of tlio to of a 

tile (a) which is embedded i n  tho ground, ( 6 )  which is surroundod by a m a  ogcon- 
crctc, (c) which i s  fastened by means of concrete to tho upper end of a long wooden 
pile driven into the marsh, d )  which is sot i n  a block of concrete and projocts from 
12 to 20 i n c h a  above tho b \ ock. 

Underground mix .  

Note 7.-A block of concreto 3 feet below tho ground containing at tho center of 
ita upper surfaco (a) a standard disk station mark, ( b )  a copper bolt project,ing slightly 
abovo tho concrete, (c) an iron nail with the oint projecting above tho coqcrcto, 
(d) a i+w bottle with tho nock projectin a littfe abovo tho concreto, (e) an enrthen- 
ware jug with the mouth projecting a d e  above tho concreto. 

Note 8.-In bedrock (a) a standnrd disk station mark wedged i n  a drill hole, ( b )  
a standard disk station mark sot i n  concreto i n  a d o p r k o n ,  (c) a copper l d t  sot in  
cement i n  a drill holo or depression, ( d )  an iron spiko sot point up in cement i n  a drill 
hole or dcprewion. 

Note 9.--In a bowlder 3 feet below tho ground (a) a standard disk station mark 
wedged in a drill hole, (a) a standard disk etation mark set i n  concrete in a doprw- 
Sion, (c a copper bolt sot with cement in a.dril1 holo or d e p r k o n ,  (d) an iron spike 

Note l0.--Ern\m\dcd i n  earth 3 feet below tho surfaco of the ground (a) a bot.tle i n  
an upright position, ( b )  an earthenware jug i n  an u right poaition, ( c )  a brick in a 
horizontal position with a drill holo i n  ita upper sur&e. 

ReJercnce murks. 

Notell .-A standard disk reference mark dth tho arrow ointinfi toward the 
station sot dt tho center of the top of (a) a equnro block or post o!concrote, (6) a con- 
creto cylinder, (c) an irregular masa of concrote. 

Notel.t?.-A standard disk referonce mark with tho arrow pointing toward tho 
Etation (a) wedged i n  a drill holo in outcrop ing bedrock (a) sot in  c o l i ~ r ~ t o  in  a 
depremion in outcropping bedrock, (c) wedgel in  a drill hoie i n  a bowlder, ( d )  set in  
cioncreto in a deprewion in a bowlder. 

NotelY.-A stnndard disk reference mark with the m w  ppinting toward tho 
station sot i n  concroto a t  the centor of the top of a tile (a) which is emboddod in the 
ground, (a) which iR surrounded b a rnaaa of concrete, (c) whirh 18 fafhiiod by monm 
of concrete to tlio upper end of a yonp wooden pile driven into tho marsh, ( d )  which 
b set i n  n block of concrete and projects from 12 to 20 inch- abovo tho block. 

Witnesa marks. 

set u< B ccmont in  a drill holo or d e p r k o n .  

Note 14.--h conical mound of earth surrounded by a circular trench. 
Note 15.-A trco marked ivith ( u )  a triangular hlazo ~ l t h  a nail a t  tho centor and 

each apex of tho triangle, ( 6 )  a equaro blaze with a nail at the center and each corner 
of the square, ( c )  a blniso with a standard disk rofcrenco mark sot at ita center into 
the tree. 

A1)l)ITIONAL NOTE8 FOR TI118 PUBLICATION. 

Note 1G.-A +inch copper bolt 3 inches 1 0 9  comontcd into a drill hole i n  tho rock, 
while diroctly ahovo i t  arid in tho w n o  holo 1s canenkd an old-typo station mark, a 
disk and shank of h r w  cast in ono ioco, and having a raised flniigo around ita edge, 
with a polished centor surrounded t y  tho raised letters “U. S. C. & G. S. ” A crosa 
i n  tho top of the bolt and another i n  tho polished conter of tho disk murks the  station. 

Note 17.-Tho referonce mark is a unch or drill liolo in  t,ho to of n #inch copper 
bolt, comentod or loadod into a drill Role in  a rock with tho top o r  the  bolt fluah with 
tho surface of tho rock. 

Dry ‘Malliour County, Orcg.; C. V. Hodgson, 1916; 192O).-About 22 miles north- 
west of $do, 8 miles southwost of Ilro n, 0 miles southeast of Junipor h,Countnin, niid 
6 milos southwest of Charles Pr i tchar8ranch ,  on tho higheet point of the wost oiid of 
a bald ridge. Tho stut.ion was mnrkod ns doscnbed i n  noto 5 ,  with a refereiico niark, 
na described i n  noto E d ,  22.26 iiioters from tho station in azimuth 132’ GO’. Tho 

PRINCIPAL POINTS. 

For notes In rrgurd lo murking oI stutlons soo p. 18. 
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cairn, 7 feet in  diametor and 10 feet high, marking tho U. S. Geologicnl Survey station 
Dry Itidgo is  3.70 moters from the station in azimuth 30’ 47’. 

8 uaw (Canyon-Boise Coiintiea, Idaho, C. V. Hodpon, 1915; 1920).--0n or ncar 
thc h e  between Canyon and Boiso Countiw, about 11 miles north and G milcs east 
of Enimctt, about 5 milcs cast of Van 1)cuseri ranch, 24 milm 15. 10’ K.  from IT. hl. 
Shearer’s houso, on the highest and most northerly butte of Squaw Mountain, and 
about one-quarter milc south from Cold Springs, well known to the rnnclicrs of the 
vicinity. The station \vi19 ninrked as dcscribcd i n  notc 5, the bowlder ro’ccting 4 
inches above the surfacc of thc ground. The refcrericr mark, d c s c n ~ e d  in  noto 
12d, is at tho same elevation a~ tho station and 18 inches above the  ground. It is 
5.66 meters from tho station i n  azimuth 156’ 39’. 

Oreg., E. W. Eickelberg, 1920).-:il)out 2 milcs cnat by  
south from the  town of h e ,  0.6 milo south from the Vale-Onturio road,, and on the 
highest point of a proniinont rocky butte, the highest i n  thcirnmedintc vicinity. The 
statiori was ninrked a~ described i n  note 2, whilc two reference mnrks, as described in  
note 12a, were set as follows: 17 inoters from the station in azimuth 303’ 29’ and 0.45 
meters from the station i n  azimuth 1‘35’ 47’. A U. 6. Geological Survey cairn is  4.12 

Vale (hlalheur Count 

meters from the  s t d o n  i n  azimuth 137’ 41’. 
Freezeout (Malheiir County, Oreg., E. W. Eickolberg, 1920).--About 40 mile8 

southwest from the town of Vale. about 15 miles south from TIarpcr, about 4 milea 
south from t h e  main Vale-Skull S ‘ring-Crane road, 2 miles north f r c h  an old dim r o d  
leading from the  main Vale-SkulfSpring road a t  a oint 3 miles euHt of Coyote Wclls 
via I3uckboard S I ~ I I R R  to the McKnight sheep ran& on the Vale-Watson road. Sta- 
tion bears north Ir‘orn the road at a point 53 niilcs east of lluckboard Springs, wherc i t  
l a d s  through 21 narro!v ga i n  the rock, but is not visible froin thc road. Tho U.  6. 
Gcolobicnl Siirvcy cann “Grass, ” on or near the  higlieRt oint of a ridge known ns 
E’reczcont l l i l l ~  j s  4.5  meters from tlie station i n  azimuth &8’ 01’. The Rtation wna 
marked a~ dcscribetl i n  riotc 4, while two rcfcrencc marks, ns d c s c r i l d  in  noto 12c, 
wcrc set as follows: 14.23 meters from tlic statiori in azimuth 222’ 48’ and 6.60 meters 
from the  station in  azimuth 306’ 03’. 
Beulah (Mulhcur County, Oreg., E. W. Eickclbcrg, 1020).-Al)out 5’milcs south- 

enat from Bcu1:rh post ofiicc, and about 1 2  miles north from Jiintura, on highest point 
i n  \icirity. St;at.ion is  nn hill directly behind ono which appears ne hi lirbt, one from 
13eulah. Tho station was markcd as doscribed i n  notc 2, whilo two rcfcrcnce marks 
a~ de8cribcd in note 12% were act as fol~ows: 17.01 metersfroni station in  azimuth 153’ 
42’ arid 6.12 mctcrs from station i n  azimuth 359’ 50’. 

Star (hlalherir County, Oreg., E. W. Eickelberg, 1020).-AI~or1t 15 milcs south- 
emt from Riversitlo about 2 miles emt of tho Rivervide-Crowley rond nbout 3 milcs 
tu)uthwest f ro i i i  the $tar ranch and 2 milw cast by south from the ranch hoi~so forrncrly 
owned by Stun A. Armstrong, and on tho southerly end arid highcet point of 6tar 
h1ount:un. The s t d o n  wmmarkcd a r ~  described in  note 2, wliilo two refcrcncc mnrks 
as describcd i n  nole E a ,  wereset as follows: 9.83 nictcrs from aption in  uziniuth 83’ 
23’ and 10.48 metcrH from station i n  azimuth 244’ 26’. 

Crow (liarncy County, Oreg., I;. W. lWicll)erg, 1920).--hbout 9.5 milvs Iiortli- 
east of Cranc, about 301nilea enat of Burns, and 5 mile8 by.rond and trail cn8t of thc Crow 
Camp ranch, nrid on the highest. point of Crow Camp Mountain. The station ww 
inarked 0s described i n  note 2, while two refercnco marks, as descnbcd i n  noto 12a, 
wero ect b follows: 13.19 meters from station in  ai.imuth 311’ 26’, and 12.95 mctors 
from station i n  azimuth 57’ 57’. U. S. Gcolobical Survey c:iirn “Crow ” is 3.90mcters 
from station i n  azimuth 173’ 58’. 

Riddle (Ilamcy County, Orcg., 15. w. Eickclbcrg, 1920).-About 2G miles 8011th- 
cost from Narrows, about 24 milcR south from Cranc, G miles eaat from Smith post 
oflice (lociilly known n~ Coon Town) 4 miles north of J’nmcs Paul ranch, and on tho 
eastern ond and hi hest p ( ~ i n t  of Riddle Mountain. The station was niarkcd as dcs- 
cribcd i n  not.0 2, w h e  two rcf ercnee marks, as describcd in  notc .12a, were sot as fol- 
lows: 16.65 meters from etation i n  azimuth 122’ 41’ and 4.75 nieters from station in  
azimuth 272’ 22’. 

Burne (Hamey County, Oreg., E. W. Eickclherg, 1920).--Al)out 7 miles wcst 
from J h m v ~ ,  4.4 miles north (by mood road from tho I ~ u r s - ~ c ~ i d  highway, and 

we& and to tlic I d t  of tho liill which appears to bo the  highest whon looking from 
Durns. The stat.ion wna marked na described i r i  noto 2, wliilo two roieronco marks, 
a8 t1cscril)od i n  note 12n, were act a~ follows: 6.18 meters from station iu azimuth 
354’ 41’ arid 8.42 meters from station in  azimuth 1G2’ 00’. 

011 the highwt. point of one of the Sapo l lcn IIi I Is. The Htation is about 2 miles farther 

- -. . . . . -. . . . . -. . . 

For nota In rogurd to  murklng of stutlons SLY) 1). 10. 
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Jack (Harncy County, Orog., R. W. Eickolbc 1020).-About 40 milos south 
from Burns, about 16 miles south from Narmw, a 3  4 milos we& from the Narrows- 
"P" Itsrich-Donio roud, on tho wcaterly arid Iiighcr of two prominorit hills kriown 
locnlly us the Jackam 13ut.tes. Tho stat.ion wm marked M descri1)ed in  noto 2, while 
a rcfereiico mark, as deecribod in  noto 12c, was sot 13.GG motors from station in  nzimrith 
329' 23'. 

Juniper (Ilarncy County, Oreg., E. W. Eickelberg, lVdO).-About GO miles north- 
emt from J,akcview, about 20 milos south from Butto, and 5 milcs east from Alknli 
Lnkc, on tlic IiigliCHt point of Big Juniper 13utte. Thc station wm marked ne dwcribod 
i n  noto 2, wliilo two rcforence marks, as doecribd in  noto 12a, were set in the followvhg 
aximuths from tho fltntion: 7' 12' and 118' 35'. 

Wagontire (Lake-llnrnoy Countiea, Oreg., 13. W. Eickelberg, 1920).- About 4 
miles west of tlic Ilurus-l1uti.o road, on Wagontiro Mountain, and about 100 mct.ers 
north of it8 liigliest point. This highost point liaa soveral mamivo rocks on it.  Tho 
station wlls ninrkcd by a stnndard disk station mark set in  tho center of a flnt rock 
about Gby 10 feet insizoaiidabout 1 footabove thelevcl of thoground. Tworcfcrenco 
marks, as doscribod in  noto 1211, were eet 88 followe: 13.43 mctcrs from station i n  
azimuth 353' 43' and 15.22 meters from station in azimuth 123' 15'. 

Diablo Lake County, Oreg., E. W. Eickelborg, 1920).-About 30 miles north of 

and about 50 meters south of its highost point. Tho station wm marked ns tIcscri1)Ld 
i n  note 2, whilo two refurenco marks, as described i n  noto 12n, wcrc set m follows: 
14.16 motors from station in  azimuth 1' 1 W  and 22.50 motors from stat,ion in  azimuth 
147'56'. 
Round (Lnkc County, Orog., E. W. Eickelberg, 1920).--About 19 milos south from 

PaiHlcy, 3 1  miles north from Lakekcviow, about one-hnlf milo south' from Round Pms, 
on the highest point of Round Mountain, and about (i meters muthcnst of a Forest 
Xervico lookout liouso undor construction (in 1020). Tho s t d o n  wn.9 niarkcd a8 de- 
scribed in  noto IC, whilo rcforonco marks, triangles cut. in t,ho west sitlss of two 
trees, w r c  29.12 mot.ors from tho station i n  azimuth 202' 26' and 2R.N motcrs 2;: 
station in  aximuth 234' 40'. 

Grays ( h k o  County, Orog., E. W. Eickcllmrg, lD2O).-About 00 milca nortlienet 
froin Lakeview, about 50 milos south from Ilutte, ;I inilce enst from Alknli Lakc, 
and un the  highest point of Grays Butto. Tho station mas mnrkod m tlescribcd in  
noto 2, whiile a reterunco mark, as doscribod in  noto 1%. wm Hot in  agimuth 207' 22' 

Pdslcy an( (I al)oui. 7 miles cmt of the north end of Summer Lako, 011 Diablo Jfountain, 

from the stntion. 
Sharp (Mnlhcur County, Oreg., E. W. Eickolhorg, 1920).-About 10 miles N .  

17' E, from Puisloy, nbout 23 miles wast from a wavon road loading from the Pnisloy- 
Butto and Burns road a t  a point 10 milos from Paisley, and on tho highest point of 
Sharp h t t c  or Sharp Top. The station benrs west froni the rond a t  a point 13.8 miles 
from Paisloy, but  is not visible from tho road. It W ~ E I  mnrkod n8 doscribed i n  note 2, 
whilo a rcforenco mark, aa doscribed in noto 12a, WW sot 6.24 meters from tho stntion 
in azimuth 195' 48'. 

\?rhite (Lake County, Or%., E. W. Eickolberg, 1920).--About 7 niilcs emt of 
Paislcy, about 3 milos northonat of tlio B X  white ranch IIOUEC, and on tho high& 
point of Co Ian lht tes .  Tho station was markod m dwcril)o<l in notc 2, rand n rcfcrcnco 
mark, as feescribed in  note 12a, waa sot 23.53 metors from tho station in  nzimuth 
24110 21)' - _ _  

Pakey north base (Lako County, Oreg., E. w. Eickolbo 192O).-About 10 
milos north of Pnidey, GOO meters wost of tho Paisley-Hoy r a n 8  road a t  the south 
bmo of tho southerly of two rocky buttes, tho only ones in  tho vicinity. Tho station 
wm marked dcscribd in  note 4, and a reforonco mark, as doscribed in noto 12c, 
was ROL 43.50 motors from tho station i n  azimuth 159' 51'. 

Paialey south baae (1,ake Count Orog., E.  W. Rickolborg, 1020).-About 
throo-fourths milo north of Pnisloy, a t  tk junction of the Paieloy-Silvcr Taka nnd tho 
Paisley-Uutto and B I I ~ I E  wagon road#, about 20 foot east of a corner fcncc met at tlio 
southenut corncr of r o d  crossing and G foot north of tho cnst and wcst iino fcnce 
The station was inarkod by  a etandnrd disk station mark sct in  n concrote block 12 
jrichcs squaro and 22 inchos high, and by, an u~~dorground mark, a stantlnrd disk set 
in  concroto 18 inchca bolow tho surfnco, with 2 inches of earth betwccii i t  nnd tho sur- 
face m r k .  A stnndard disk reference mark in  a coiicroto block siniilnr to tho one 
just doscribed wm plncod 7.97 motors fr?m tho station in  azimuth 71' 14'. 

1020).-About 9 milcs northeast of 
Plush post oltico, 7 miics by road and trail soutkfrom Lyons sheop ranch, and throo- 
fourths milo west from a dun road leading horn tho 1,yons shocp ranch to Old Poet, 

Hart (1,ako County Orog., E. W. Eickolbor 

~ 

For notea In rcgnrd l o  marklng of stutlons so0 p. 10. 
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on highest point of lIart Mountain, a well-known ridgo lying east of Warner Lake. 
Tho station wna marked as deecribed i n  note 4, while reference marks, as described 
in  noto 12c, wcro set na follows: 11.48 meters from station in  aeimitth 122’ 04’ and 
29.55 meters from Atation i n  azimuth 303’ 10’. 

1920).-About 8 miles southenat 
from Lakeview. on tho liirrhest Doint of Crane ?’eak. The station wna marked as 
Crane (T,ako County, Oreg., E. W. Eickelber 

described i n  noto 2, while two rerercnce marke, 88 tlescrihd in noto 12a, were set na 
follows: 19.8 moters from station in  azimuth 176’ 44’ and 9.9 mutcrs from station in 
azimuth 323’ 57‘. 

Drake (Lake County, Orog., E. W. Eickelborg, ?920).-About 14 miles northovt 
from T,akcview, 3 rniloa northeast from Bulls Prairio ranger station, fivo-eighths milo 
northeast from tho I’orost Service lookout on Drakes Peak, and on a round bald 
mountain about 1 3  milcs northwuHt from Drakes Peak. The stution was markod aa 
described i n  noto 4, whilo a reference mark, aa dwcribod in  noto IC, was sot 22.01 
meters from tho station in  azimuth 216’ 15’. 

Yonnn Klamath County, Orcg., K. W. Eickelbeg, 1920).-About 12 miles north- 
east from &onan+ on tho top of Yonna Butte, and $)out 70 motors oast from ita 
highest point. The station waa marked aa described i n  noto 2, whilo two refcrencu 
marks, na dwribed  in  noto 12a, were set as follows: 1.73 moters from station in azimuth 
354’ 23’ and 4.99 meters from station in azimuth 140’ 26’. 

Cougar (TAake Count Orog., E. W. Eickelburg, 1920).-About 18 miles northwost 
from Lake\icw, 5 milespy road and trail southwest from Thomna Crock rangor etntipn, 
33 m i l a  by trail from road leading from Lakovicw to Thomna Creck raiigeljtstatiori 
via blcsrnan Creck, and 10 meters southeast from Ia’orest Servico lookout Cou ar 
Peak.” Tlic station w u  marked as described in noto 4, whilo two rcferenco maria, 
as described i n  note 12c, wore scrt aa iollows: 11.42 metors from Htation i n  azimuth 
89’ 58’ and 5.44 motcrs from station in azimuth (1’ 05’. 

Lakeview bench mark M 16 (Laku County, Oreg., IC. W. Eickollmg, 1920).- 
On tho we& edge of tho town of Lakeview, on tho south side (ill fenco line) of tho 
J,akevicw-I<lamath Falls wagon road, and about 300 yarda west from tho N.  C .  0. 
Itnilroad crchwing. Tho station waa marked as descri1)ed i n  noto IC, whilo a roference 
mark, M dmcribed in note llc, WM set 18.45 metors from tho station it1 azimuth 
186’ 29’. 

Do La&e County, Orog., E: W. Eickelborg, 1920).-About 22 miles south 1)y wmt 

meters northemt from a Foreat Scrvico lookout which occupies tho I i i A i a t  point on Dog 
Mountain. Tho station was marked 88 doscnbod in note 2, and two refuronce marks, 
aa described in ~ioto 12a, were set na follows: 3.30 motors from station in azimuth 
0’ 14’ and 4.58 motcrs from station in  aeimutli 182’ 53’. 
Hoffman (SiHki ou County, Calif., E. W. Eickolborg, 192O).-About 32 miles 

northcast from b d l o u d ,  about 21 miles oaat by south from Bray 4 miles northeast 
from bIodicirio Lake rangcr station, and on the 1u hwt point of 13% Hoffman Mountain. 
The statio11 was rnarkod as described in  noto 2, wfilo two rofcrenco [narks, na t l c ~ c r h d  
in noto 12a, wero sot na follows: 11.51 meters from station in  azimuth 107’ 23’ and 11.07 
meters from station i n  azimuth 329’ 38’. 

Goosenest @iskiyou County Calif., E. W. Eickolborg, 1020).-About 20 milee 
e3st from Montaguc, Calif., on the high& point of Qootlonest Mountain, and at thG 
edge of a n  old crater. The station was marked as described in iioto 2. Thcre nro 
two rofcrence marks, one as dmcribod in note 12n, wua sot 31.12 metom from tho station 
in azimuth 343’ 15/, and tho other, an arrow cut  in  iiativo rock, L 16.06 moters from 
the station in azimuth 171’ 29’. 

Whaleback (Sis&you Count Calif., E; W. Eickolborg, 1920).--About 15 miles 
enat from Weed, Calif., on tho Kigheat point of Mack Crater Mountain. Tho station 
is on tho southenat odgo of an old crater and is surrounded by  a heavy growth of timber. 
It wm marltcd aa doscribed in  nota 2, whilo two reforonce marks, aa described i n  noto 
12a, w r o  act LM follows: 7.31 meters from station i n  azimuth 188’ 60’ and 8.78 meters 
from station i n  azimuth 26G’ 13’. 

Grizzly Shnsta County, Calif., E. W. Eickolberg, 1 0 2 0 ) . 4 n  top of Grizzly Peak, 
12 milos (3 I y road and 0 by trail) from IIondorson, Calif:, and about 30 meters north- 
onat of a lookout houso. The station waa marked as dewibcd i n  note 2, and two rofcr- 
once marks, as describod in note 12a woro sot EU follows: 26.58 motors from station 
i n  azimuth 382’ 19’ and 19.13 motera from station i n  azimuth 230’ 01’. 
Eddy (Siskiyou County, Calif., E. W. Eickulber , 1 9 2 0 ) . 4 n  top of Mount Eddy, 

about 15 miles by  road and trail from S i w n ,  Calif, a little bolow tlic highost point 
on tho mountairi, and about 18 metors east from a new lookout houso. The statio11 

from E L  a emow, 23 miles by t r a i h o r t h  by  west from Dog Lake ran Vcr station, and 6 

For notes In royrd LO mrrrklug of litnllonv so0 p.1(1. 
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iemarked by  a standard disk station mark, whilo two reference marks, ae deacribed 
in  note 1 2 4  wore set as follows: 30.02 metere from the station i n  azimuth 298" 43' 
and 14.32 metcrs from tho station i n  azimuth 97" 45'. 

AB en Klumnth Count , Oreg., E. W. E i c k o l b q ,  1920).--T,ocated 18 milee 
west From klamath IMls, Jreg., on tho highest point of Aspen Butto. The station 
was marked aa descrihod in note 2, and two reforenco marks, as described in note 12a,. 
wero set as follows: 6.31 meters from station i n  azimuth 338" 14' and 6.56 meters from 
station i n  azimuth 110" 54'. 

Boliver (Siski ou County, Calif., 0. 13. French, 1904; 1 9 2 0 ) . 4 n  tho north side 
of a largo oup orbowldore about 00 yards nor thmt  of tho highest part of tho summit 
of Mount Eott, known locally as Old Craggy or 13oliwr; this is tho hi h peak about 6 
miles i n  a southerly diroction from Callahan. Tho stntion ~ n a  markccfas described in  
note 18, while reforenco marks, ne duscribcd i n  note 17, wore sot as follows: 6.57 motera 
from station in wimuth 272O 41'and 9.88 nietere from station i n  azimuth 107" 47'. 

B d y  (Shseta County, Calif., 0. B. I+ench, 1904; 1920).+n tho northernmost 
of tho two main peaks of tho summit of 13all Mountain, a prominent and well-known 
mountain about 15 miles 1) road weat of Kodding. Tho station wae marked ae de- 
scribed in  note 16, tho marc being i n  tho top of a rock on tho north side of the moat 
prominont group of rocks on the peak and 5 or 6 feet bolow tho to of the group. Two 
referonce marks, as deacribed i n  nota 17, wero set as fol!ows: 4.2gmetere from station 
in azimuth 247O 07' and 10.62 motere from station i n  azimuth 1G4" 49'. 

Meara (Slinstn County Calif., 0. 11. J h n c h ,  1004; 192O).--About 4 or 6 milos 
west by  south from Cnstelja, and about southwest from Castlo Crags, on tho northern 
summit of the highcst rocky pcaks in tho region known locally ne Gra Rocks. Tho 
station is about 20 feot bolow tho highost art of the peak nnd nenr txo bluff on the 
south and east sides, with a ledge about 10 t o t  higher some 10 foot distaiit to tho south- 
eaet. Tho peak waa approached from tlio south and tho 30-foot bluff nonr tlio sta- 
tion surmounted by tho uee of laddcre. I n  1020 there was u wagon road from Cat+ 
tclla, up Cnstlo Creek, crossing Trinit Mountains divide 3 miles north of tho station 
nnd 14 miles by road from Cnstclla. $hie road follows on down tho hcadwatere of tho 
Trinit River, paasing within about 2 milos of the station. The station WUB markod ne 
cicscri?h i n  note 16. Two refuronce marks, ae doscribed iii noto 17, wore set as fol- 
lows: One in  a bowhlor nom the trail to tho station, 7.92 motera from the station i n  8zi- 
muth 70' 50';ttho othor in  a low bowlder enst of a high pointod rock, 17.77 meters from 
tho station in azimuth 143" 03'. 

BUPPLEN ENTARY POINTE. 

Bukni~ benoh mazk C 10 (Hnrnoy County, Oreg., E. W. Eickelheq, I%?O).- 
In tho town of 13iwns, Orog., 50 metore 164 feet) south of the south eud of the main 

wutlr, on tho roperty of C. 11. Voegtly. rho station was marked b y  a standar! 
1)cncli-mnrk d i g  in  the top of a concreto j m t ,  the station having boen sot by a urecb 

street, a t  tho 8outlieast corner of au old L arn,aud on tho enst side of a fence runnin 

- - -  levo1 partv in  1019. - 
E. W. Eickelber 1920).-About 23 miles wost of 

the 1hrns-1,akovkw via Plrik) road. Rcacliod toom Burns by  following this road 

houso, )ms to Roiith of hoiise, and follow around south side of \vullcy dong foothills 
to small and dilaiiidntccl schoolhouso: station is on Iron hfountnin and about throe- 

Iron (Ilarnoy Countv, Ore 

to a point whcro Irou (n Iouiitain bears about duo wost, then tuko road loading to ranch 

fourths milo weRdof schoolhouse. I t  'was innrkod as deacribod i n  noto 2. 
Gearhart (Klamath Couuty, Orcg., E. W. Eickolberg, 1920).--0u tho summit 

of Mount Gearhart, about 10 miles northcaet of Illy. Tho station wae markod 88 do- 
scribcd in  noto 2. 

Klamath Fa& bench mark A 16 (Klamath County, Orog., E. W. Eickelberg, 
1920).--Al)out 4.4 milos cuHt of tho Whito Polican Ilotel a t  Klamath Falls, 1.3 miles 
cwt  of she1 bridge over irrigation canal, in  tho eouthwost corner of a field, 30 motore 
(98 h o t )  northwcwt of a houso ownod by &E. John A. Short, and 2 motors (7 feet) enat 
of tho Klamath Palls-Olone (or Morrill) road. Stntion was markod by  (L standard 
I)cnch-mark disk sot i n  top of n concroto post, having boon ostablished by a preciso 

Calif., E. W. Eickolborg, 1920).-Al,out 7 milea north- 
west from Palls ltivor A d d ,  23 milos west from Glenburn, and 3 mil- northeast from 
Cayton, on Soldior Mountain, B motcre wost from Icorcat Servico lookout Soldier. 
Tho station was markod as (Ioscribod i n  iiotn 2, and two roforenco marks, as doecribod 
in rioto 12n, wcro act ae follows: 7.36 motere (iiiclined) from tho stntion i n  azirhuth 
316" 21' and 15.40 inetura (iriclinod) from tho Etatioil i n  aximutli 115" 09'. 

I O V d  J)Wty. 
Soldier (Shasta Count 

For notes in rogard to  mrklng of stations 800 p. 10. 
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Black YOX (Si. ou County, Calif., E. W. Eickelbe 192O).-A Forost Service 
lookout p o d ,  15 miyes northcost of JlcCloud, Calif., onTighcst point of Black Pox 
Mountain. 

Turret (Modoc County, Calif., E. W. Rickelborg, 1920).-About 20 mil08 north of 
Bieber, 13 miles north of Lookout post office, and 4 milea by trail southeast of Happy 
Camp ranger station, on the Iiigliwt point of Turret hlountmn, and 9 metcrs west from 
Forost Service lookout B U 7 ) p J  Cump. The stationwas marked LIE described in  note 2, 
while reference marks wero sot as follows: No. 1 is a standard d k k  reference mark 
cemented i n  drill h o b  i n  tho concrete foundation of tho lookout house, 9.05 meters 
from station i n  azimuth 273' 54/; No. 2, a disk aa deecrilml in note 12a, is 8.10 meters 
from station in  azimuth 10(io 44/. 

Dixie TInssen County, Calif,, E. W. Eickolberg, 1920).-About 25 miles southeast 

highest point of first rango of lava rock hills lying north of 1)ixie Valley and vieible 
from tho Clark and a x  ranch house. The station ivos marked by a standard U. S. 
C. & G. S. disk station mark set in solid rock, whilo a stnndard U. S. Geological Survoy 
d k k  waa set in rock 2.68 meters from tho station in  azimuth 310° 0". 

Calif., E. W. Eickelberg, 1920).- 
About 8 miles south by  east from I k l l  River d i l e ,  1) milos southeast of tho Saint 
Johns ranch (W. S. UcrnnrtI), arid one-hnlf milo eaut of road leatliri southward from 
Saint Johns ranch. Tho station was marked by a U. S. Geologiw? Survoy brouze 
disk cemented i n  drill holo iii solid rock. 

C r a t e r  (U.  S. G. 8.) (Shna$ County, Calif., E. W. Eickelborg, l920).-About 13 
miles south from Uurney, I6 d e a n o r t h e s s t  from Whiternoro, 6 miles by  trnil northeast 
from Cow Crock ranger station, three-fourths mile northeast of k'orest Sorvice lookout 
Xape Ped:, on t.!~? northern and highest oint of a volcanic mountain known locally 
aa Magoo Peak. 1110 station waa marked g y  a staiidard U. S. Geological Survey disk, 
whilo standard C. & G. S. station aiid reference disks wero comented i n  drill holm in 
solid rock but  their positions not doterminod. 

Bonanza (Trinity Couut Calif., E. W. Eickolberg, 1920).-About 10 miles north 
of Trinity Center, a short &tance from I3onnnea King mine, and 26 yarde north of 
Bonanza King lookout. Tho station wm marked aa duscribed i n  note 2. 

Granite (Trinity Count Calif., E. W. Kickelberg, 1020).--'lon miles west of 
Trinity Center, on Graruto !'e&, and 150 yards northcaet of lookout home. The sta- 
tion waa marked os dmcribcd i n  noto 2. 

Burney U. S. G. S.) Sho~tn  County, Calif., 15. W. Eickclberg, 1920).-About 54 

LTamarack) wagon road, 2 miles north of old road leadinq from JLat Crock to Uurney 
dr ings ,  on h igha t  oint of prominont volcanic mountain known &B Uurnoy Dutte. 

ie station waa mar$ed by a U. 8. Geological Survey bronze d k k  set in a bowlder 
under a cairn having a 7-foot baao and hoight of 8 fcot. 

Station marked aa dmcrihed in note 2. 

of Burnt f tiver Nills, 2 t  miles north of tho Cox aiid Clark ranch i n  Dixio Valloy, on 

Bald Mounta in  (6. S. G. S.) ( S h t a  Count 

miles south 6 y east from I urncy, 4 milw eaet of Dry Lake on the Jhrney-Whitomore 

For notcs in regnard to marking of slotions sco p. 16. 
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Length-Feet to meten (.from 1 to 1000 uni&)-Continued. 

I 300 1 
2 
3 

5 
6 
7 
8 
9 

310 
1 
2 
3 
4 

5 
6 
7 
8 
9 

320 
1 
2 
3 
4 

4 

2 
7 
8 
9 

330 

2 
3 
4 

5 
6 

! 
4 

a41 
1 
2 
3 
4 

! 

1 

1 
I 

108.88021 
1 0 8 . 9 ~ 1  
107.28981 
107.69402 
107.89942 

--- 
Meters. 

400 
1 
2 
3 
4 

81.44018 
81.74498 
92.04978 
92.35458 
92.85839 

82.96410 
83.20889 
93.57379 
83.87850 
m. 18338 
84.48819 
m. 7m 
95.09779 
85.40250 
95.70739 

88.01219 
88.31088 
88.62170 

97.23139 

87.53620 
97.84100 
98.14580 
98.4MMo 
96.75640 

69.m 
89. aBb00 
BB. 60980 
ge.87400 

loo. 27940 

100. 88wx) 
101.18380 
101.49gso 
101.80340 

102.10820 
102.41300 
102.71781 
103.02201 
103.W41 

103.63221 
103.93701 
104. '24181 
104.64881 
104.1141 

105.15321 
105.40101 
105.7Wl 
loo. 07081 
lo& a7Ml 

96. 8285g 

100. m m  

110.04262 
110.94742 

111.25222 
111.55702 
111.86182 
112.18002 
11247142 

112.77623 
113.08103 
113.38583 
113.00083 
113.69643 

114.30023 
114.00503 
114.9OQ83 
116.21483 
116.61943 

116.82423 
116.1203 
116.43383 
110.73883 
117.04343 

- __ 
'oot. 
- 

350 
1 
2 
3 
4 

5 
6 
7 
8 
9 

360 
1 
2 
3 
4 

5 
6 
7 
8 
9 

370 
1 
2 
3 
4 

2 
'1 
8 
9 

38c 
1 
2 

3 
! 
1 

i 

1 

I 

I 

39( 
1 

4 

! 

I 
! 

3 
4 

s 
6 
7 
8 
9 

420 
1 
2 
3 
4 

5 
6 
7 
8 
9 

430 
1 
2 
3 
4 

1 1 & m  
ll9.17704 
119.4811w 
119.78804 
1!20.09144 

5 

ua 
1 
2 
3 
4 

Motem. 

121.82024 
122.22504 
122. G29& 
122.83405 
123.13945 

123.444% 
123. 74905 
124.053s 
1 2 4 . w  
124.08345 

124.06825 
1%. 27305 
125. b7785 
125. 88285 
126. 18746 

126.49225 

127.101s 
127.40865 

128.01626 
128.32106 
128.02586 
128.93088 
129.23646 

129.64m 
129. 84m 
130.14988 
130.45466 no. 76848 

lal. 36808 
131.07388 
131.97880 
la2 9B46 

la2.68827 
la2 89307 
13a. 19787 
la3. m7 laa. 80747 

l84. 11221 
184.41707 
l34.72187 
135.02087 
U6.38142 

136.8410; 
130.24bLli 
130. bM)8i 
l86.Wi 

im. 797m 

im.ni46 

1 a i . w  

m. aon 

- 
'oot. 

450 
1 
2 
3 
4 

5 
6 
1 
8 
9 

460 
1 
2 
3 
4 

5 
6 
1 

9 

470 
1 
2 
3 
4 

5 
6 
1 
8 
9 

480 
1 
2 
3 
4 

3 
6 

9 

496 
1 
2 z 
4 

a 

1 

4 
1 
1 

-- -- 
Meters. 

137. loOa 
137.40507 
137.70888 
138.07468 
138.37948 

138.68428 
138.88908 
139.28388 
139.58888 
la9.80348 

140.20828 
140.61308 
140.81 d 8 8  
141.12268 
141.42748 

141.732?8 
142.03708 

142.04ea 
142.96149 

143.26828 
143.68108 
143.88588 
144.17069 
144.47wo 

144.78029 
146.08608 
145.3mN 
146.69469 
145.89849 

146.804aB 
148.80806 
148. 81W 
147.21888 
147.5W 

147.82880 
148.13310 
148.48780 
148.74270 
149.047W 

148.35390 
148.66710 
149.96lsO 
160.20870 

160.87@30 
lGl.18110 
181.48500 
161.79070 
l.fN.wS0 

142. a4188 

1w.5nw 



- 
Feet. 

500 
I 
2 
3 
4 

5 
6 
7 
8 
9 

510 
1 
2 
3 
4 

5 
6 
D 
8 
9 

szo 
1 
2 
8 
4 

5 
6 
9 
a 
9 

- 

Y 
2 
3 
4 

5 
6 
1 
8 
0 

9 
2 
B 
4 

5 
6 
I 
I 
I 

107.84034 
107.94614 
168.24994 
168.55474 
168.868M 

188.1M34 
169.40014 
109.77394 
170.07874 
170.88864 

170.W334 
170.W14 
171.29794 
171.00274 
171.W764 

172.21234 
172.51715 
172.82105 
173.12L75 
173.43166 

173.73635 
174.04115 
174.34505 
174.63375 
174.85566 

176.28035 
176. bas15 
176.80D8t, 

170.47866 

177.08015 
177.39385 
177.60870 
ll&oo3M) 

178.30838 
178.01310 
178.01708 
178.22276 

178.83230 
180.13716 
180.44100 

170.17476 

i 7 e . 7 m  

in.wm 

180.7467e 

CALI1~0RNTA-0RlSGON PRISCISIS TRIASGULATION. 

Lengh-Feet to meters (fm 1 to 1000 units)-Cont,inued. 

€40 182.89037 650 
1 183.18517 1 
2 183.48887 2 
3 183.79477 3 
4 184.08867 4 

5 184.4MS7 5 
6 184.70917 6 
7 185.01307 7 
8 185.31877 8 
9 185.62367 9 

610 185.92837 ~LXI 
1 188.21317 1 
2 186.53707 2 
3 188.84277 3 
4 187.14767 4 

5 167.4b237 5 
6 187.75718 6 
7 188.00109 7 
8 188.30078 8 
9 188.67168 9 

620 188.97838 670 
1 188.25118 1 
2 188.5f!5OR 2 
3 lRB.AW78 3 
4 180.10568 4 

5 lQO.MX)3A 5 
190.8051X 6 
191.1ooO8 7 

9 191.7lW 9 

1 192.32018 1 
2 102.03308 2 
8 192.93870 3 
4 198.2abQ 4 

5 193.64839 5 
6 183.85319 6 
7 194.16788 7 
8 194.46279 8 

640 1ea.m 690 
1 196.37719 1 
2 185.68100 2 
3 ios.98070 3 

8 1~1.41478 a 

ao 192.02438 680 

9 im.?e7s~ 9 

162. a 1 3 0  

163.eiw 

152 70511 
163.00881 
163.31471 

1P. 92431 
164. 22911 
164.63391 
164.83871 
156.14351 

1I. 44831 
165.75311 
158.05701 
158.36271 
158.88761 

166.97231 
157.27711 
157.68102 
167.88872 
168.10162 

168.49032 

168.10562 
168.41072 
168.71662 

180. m 2  

180.0288a 
160.03472 

161.64432 
101.84012 lea. 16392 
102.46872 
1tM 7 w  

168. oBR93 
163.87313 
163.67703 
163.88273 
164.28763 

IM. 6Q!u3 
164.110713 
lI.20193 la. m 7 3  la. 81163 

100.11833 
108.42113 
188.72583 
167.03073 

168. mila 

ieo .aa i2  

iei.zma 

1131. iwsi 

100.1mo 

100.733oOo 
188.03480 
188.93880 

189.64440 
188.84820 
200.~00 
200.658m 
2Oo.em60 

201.1w 
201.47320 
201.77800 
20208280 

m.m1 
202.88721 

203.8w81 
203.91101 

m.21641 
201.62121 
201.82801 
205.13081 
#)5.13M)l 

!205.74041 
208.04621 
208.55001 

208.95881 

iQa4zm 

202.~3780 

2o3.somi 

m.am 

560 
1 
2 
3 
4 

5 
6 
7 
8 
9 

500 
1 
2 
3 
4 

5 
6 
7 
8 
9 

570 
1 
2 
8 
4 

5 
6 
7 
8 
9 

580 
1 
2 
3 
4 

!i 
6 
7 
8 
9 

590 
1 
2 
3 
4 

5 
6 
9 
a 
9 

700 

2 
i 

r" 
5 
6 
7 
8 
9 

no 
1 
2 
3 

5 
6 

8 
9 

no 
1 
2 
a 
4 

5 
6 
7 

9 

4 

. 7 

e 

. . 

Motnrs. Foot. Metora. Fwt. -- I l l  !I- 

201.26441 
m.Wo2a 
207.87402 
208.17882 
20848362 

208.78842 m. 00322 
206.39802 
208.70282 
210.007ea 

730 
1 
2 
3 
4 

5 

g 
8 
9 

210.31a42 

211.22082 

210.61722 
210.02202 

2l1.631oa 

211.83342 
ZU.14122 a12twa 
2 i a . 7 ~ ~  
pl3.(u683 

740 

s 
1 
2 

4 

5 
6 

9 

7 
a 

25 

MOt0r.3. 

n3. am 

a i~ .mai  ' 

218.- n3. om 
214.27483 

214.88448 
216.1xQ23 
215.494W 
215.70883 
218. iw 

ale. 40815 
216.71323 
'217.01803 
2 1 7 . 3 m  
2 1 7 . W  

n7. B3w 
218.23724 
21RMrW 
218.84884 
219.161M 

n9.4m4 
220. OOeM 
m.8m 

2m.88041 
221.28524 
221.m 
221. w 
222.19964 

2MW 
2aa.8ooa5 m. 111115 
223.41886 m. 12386 
224. O Z w  
2a4.33326 w. 89806 
224.94!&6 
225.24m 

m. MaM 
2%. 8572s 
a28.10205 a. 40006 
2Wme6 
m. 07648 m. 381% 
2a7.88806 
aa7.88m zaallm 

z i ~ . 7 e i w  

2x1. em 



26 

- 
Feet. 

750 
1 
2 
3 
4 

5 
6 
7 
8 
9 

760 
1 
2 
3 
4 

5 
6 
7 
8 
9 

770 
1 
2 
3 
4 

5 
' 6  

P 
8 
9 

780 
1 
2 
3 
4 

5 
6 
7 
9 

790 
1 
i 
3 
4 

5 
f 
1 
8 
5 

-- 

a 

ziil.~in$7 
235.015G7 

210.22047 
230.5'2327 
238.awn 
237.134S7 
237.43267 

237.74448 
2%8.04[)?Y 

231.04640 810 

Z2.25800 2 
232..%%7 3 
232.60707 4 

213.17247 5 
233.47727 G 
233.78207 7 
P:II.OXCR7 8 
234.39167 9 

z:ii.oxizn 1 

3 
4 

5 
G 
7 
8 
9 

830 
1 

?lio.RsoDo 
231.1.37U 

2.51.4GO50 
2j1.76;r10 

252 .3 i40  
252.07971 

232.07010 

3 
4 
5 
G 

8 
9 

7 

2Uj.79Gl:I 
l(i0.Ci'JfIJB 
2lIG.30:TJ 

2~0.5Ooj3 
267.WX3 
207.31013 
2lj7.01491 
2U7.01974 

208.22454 
2dH.82TJI 
2118.5311.1 
Zij0.13b9I 
260.44374 

M0.74W 
270.KI31 
270.35814 
27O.(iG?[)1 
2i0.90774 

271.Gi73.1 
271.63211 
272.18804 
272.40174 

ni.nm 

? 2 . 7 m  
m.10135 
LTi3.40015 
279.7lcM5 
214.0167s 

2 
3 
4 

5 
6 
7 
8 
9 

930 
1 
2 
3 
4 

5 
( 
7 
E s 

I 
2 
I 
4 

5 
C 
'r 
I 
S 

94c 

250.06052 900 
259.3ar32 1 
Z9.GW12 2 

2GO.20972 4 

200.061c2 5 
~ G O . Q M M ~  6 
201.21412 7 
2iil.Gl.992 8 
?131.82372 Q 
262.12a52 910 

xJ8.OM02 3 

%1.02G10 
241.33030 
2S1.63870 

251.94050 
y52.24530 
2t32.&5017 
2X2.85407 
233.15D77 

288.40487 
w3.70037 
2Y4.07417 
34.37897 
21(4.(38377 

2M.Q&?57 
2SG.2DSI7 
W.fUS17 
2%.IK)M7 m.mm 

2 
3 

. 4 

5 
6 
7 
8 
9 

980 
1 
2 
3 
4 

5 
6 
7 
8 
9 

. - . . . . .  . 
i 3Iutcrs. Pect. 

-ii- 

2.i3.89!;91 
23.20371 

2.54.81J.31 
2%. 1 IS1 1 

2U.7571 

m.mg1 

2 ~ ~ 4 r n i  

274.32055 950 
274.02535 1 
m . o ~ n i : ,  2 
275.23.105 3 
275.U975 4 

, 3 
4 

5 
6 
1 

9 
a 

2RO.61257 
%0.81737 
37.12217 
237.42697 
237.73178 

288.03058 
258.34138 

2 W O r n 8  
2119.2378 

w.u.1nm 

990 
1 
2 
3 
4 

5 
6 

8 
9 

7 

-_ _.- 
Xotcrs. 

239. too53 
280.8Cj39 
2W.lill19 
2w. 4i109 
2W.77973 

291.09453 
Z!l1.39&"+ 
291. G W Y  
201. OOROS 
202.303i8 

292.60850 
232.91330 
203.21819 
2 9 3 . 5 m  
203.82778 

294.13258 
204.43738 
294.74218 
205.01W 
295.35178 

295.85059 
235.00138 
ZW.2COlQ 
290. 5 7 m  
290.87570 

207.18059 
297.4WD 
207. iW20 
298.03W 
298.30080 

298.7LuGo m. m40 

m.w3m 
300.22560 
31B.53310 
300. KW20 
301.14300 
301.44780 

301.75200 
302.05740 
302.30220 
302.00701 
aO2.07181 

3(33.270131 
:iK3.5Yl.Il 
303. 83021 
ao4.19101 
304.40581 

200.31420 m. niw 

250.03251 
255.33731 
30.64211 
m.91031 
257.25171 

257.%132 
%.ltiUl2 
2%.47(M2 
253.77572 

zn . r f iuz  

830 I 1 
, Z 
I 3 
I 4 

6 
7 
6 

i D 

5 

240 70241 
?4l:Wi 
211.4U20S 
211.7oGb8 
2C?.01168 

242.31618 
24Z.(i2120 
2 5 2 . 9 m  
213.BOh0 
243.63339 

840 
1 
2 
3 
4 

5 
6 
7 
8 
0 



- - 
hfr- 
tot .i 
- 

c 
I 
i 

4 
.. 

I 
5 

1C 
1 
1 
I 
4 

5 
f 
1 
E 
9 

20 
1 
2 

4 

5 
6 
I 
8 
9 

50 
1 
2 
3 
4 

5 
6 
7 
8 
9 

40 
1 
2 
3 
4 

5 
6 
7 
6 
9 

a 

104.01107 
167.3'223l 
170.WM 
173.88417 
177.10500 

180.44683 
18A.72607 
187.W750 
1 M ) . w 3  
193.56917 

100.85oOo 
200.13083 
203.41107 
 moo.^ 

213.25417 200'07333 
210.53m 

22?.k%F7 
21D.R15&7 

220.377~~3 

m.061C13 
232.03917 
23u.2Moo 
au.m.% 
242.78107 

243.34333 
252.02417 w.m"I 
250.1%?3 

2435.74760 
269.02333 
272.30017 
275.Mwxx) 

278.87083 
252.16101 
255.43250 
288.71333 
201.00417 

moom 

202.40~n7 

3.2m08 
(1.50167 
0.812-50 

13.12333 

lG.40417 
1% 0K.m 
22.OFw 
S I .  24607 
21). 62760 

82.80833 
i3fi.&%N7 
30.37000 
4 2 . m m  
15.93107 

49.21wI 
62.49333 
65.77417 
60. o5500 
02.33~33 

05.G1807 
~ 8 .  nu760 
12.11m 
p.46017 
~ 7 4 m  

82.oMR7 a. 30167 
BX.58rn 
01.W33 
05.14417 

OS. 42.500 
101. ';os3 
104.0&337 
104.20760 
111.54533 

114.82017 
116. Il(xx) 
121.3DO<Q 
124. G71G7 
127.05w) 

131.2333 
134.51417 
137. %:E43 

144.35067 

147.a3750 
1:iaUlw 
154.19917 
157.4Hooo 
loo, 7Mm3 

141.071~3 

100 
1 
2 
3 
4 

5 
6 
7 
8 
9 

110 
1 
2 
3 
4 i 5 
6 

8 
7 

9 
120 

1 
7, 
3 
4 

6 
7 
8 
9 

1 
2 
3 
4 

5 
0 
7 
8 
9 

5 

130 

51 

: 
! 
4 

I 

; 
t 
c 
6( 
1 
I 
: 
4 
I: 

; 
E 
S 

7c 
1 
2 
3 
4 

5 
6 
'1 

9 

e4 
1 
2 
3 
4 

5 
6 
7 
8 
9 

94 
1 
2 
3 
4 

5 
6 
7 
a 
9 

a 

3%.0%W 
331.3M17 
334.04SW 
337.025n3 
341.20007 

344.4R7M 
347.7GhRD 
361.04917 
364.SlooO 
357.01083 

380.80107 
801.17254 
307.45333 
a70.73417 
a74.01500 

3 7 7 . 2 0 ~  
380.67007 
3W.%760 
387.18833 
3W.41U17 

303.7oooo 
3W.080s3 
400.20107 
403.Trl250 
408.82333 

410.10417 
419.3Wx) 
410.ML5.93 
410.WWi 
423.22760 

420.ww 
420.78017 
433.07oOO 

430.b3107 

442.01250 
440.10333 
440.47417 
452.75SM 
4Ed.03583 

4G0.31087 

43O.+w% 

-- 
I, 

150 
1 
2 
3 
4 

5 
6 
7 
8 
9 

160 
1 
2 
9 
4 

s 
6 
7 
8 
9 

170 
1 
2 
3 
4 

5 
6 
7 
8 
9 

180 
1 
2 
9 
4 

5 
6 
7 
8 
9 

190 

, 4 o a . i ~  
4U5.4(883 
408.6RW7 
Ml.Uli7W 
6U5.241333 

608.52017 
611.81M)O 
618.00043 
618.37107 
G21.05250 

624.03333 
628.21417 
631.493M 
634.77533 
t 3 8 . r n 7  

641.337M) 
644.GlU33 
M7.9m17 
55l.IROo 
6 5 4 . 4 w  

657.74107 
M11.02250 
W4.3(W33 
lXl7.65.117 
GiO.t105oO 

674.14593 
G77.?2W17 
680.10750 
m.9w 
G87.20917 

II- 
zci 

1 
2 
: 
4 

! 
I 
{ 
5 

21c 
1 
2 
2 
4 

5 
6 
7 
8 
9 

220 
1 
2 
3 
4 

5 
6 
7 
8 
9 

Mw).(sooo 
603.63&43 
K1~.11167 
000.3um 
003.07333 

008.95417 
610.2350 
013.51543 
010.7Ws7 
020.07750 

11- 

a0 
1 
2 
3 
4 

5 
0 
7 
8 
g 

27 

I k t .  

05Il. 16007 
fm.44750 
6 0 2 . 7 m  
GFfl.o(M17 
000.28ooo 

072.57083 
076.85107 
070.13254 
682.41333 
085.604l7 

w.mm 
G02.25S.3 
695.533007 
098.81760 
70% 00533 

705.37917 
708.00000 
71 1.04083 
71.5.221G7 
7 1 8 . W  

721.78333 
7%.06(17 
72s. 34500 
731. f1%'JR3 
734.00881 

?S.18750 
141.40833 
744.i4017 
748.03000 
761.31083 

754.59187 
767. R W O  
701.15333 
7M. 43117 
707.713~1 

770.8851u 
774.27607 

r.W. 
784.11017 

787.4OoM) 
700. G W 3  
7U3.00107 
7!17.24W 
800. t2333 

so3.sM17 

813. (ilGo7 
818. umo 

277.55750 

€47.093 810.3W3 
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- __ - 
Me 
ters. 
- 

250 
1 
2 
3 
4 

5 
6 
7 
8 
9 

260 
1 
2 
3 
4 

s 
6 
9 

9 

270 
1 
2 
3 
4 

S 
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PART 11. 
GENERAL STATEMENT. 

Tho remaining paws of this publicution nrc devoted to n description 
of field methods, ttigulntions of cost c h t n  €or tlic vnrious operntions, 
and to a discussion of cri*ors 1i11d ~nct,hods of cidjustment. Tho con- 
dit,ion equntions and ot.hcr dntiL usctl in mnking t,hc ndjustmcnts tire 
also included. 

Wliilc thcsc miky bc of lit,tlc int,orest to t.lic enginccr who desires 
only the gcogriipliic positioiis of control points in  some piirticulnr 
arca, thcrc tirc n nunibcr of rciisons wliy tlioy should bo )ublishcd. 
The mcthods cniploycd in the iicld worl< iirc of interest., nn a vi~lue to 
local ormanisat.ions cwr ing on dctiiilcd t.riiirigulut.ion. Cost d a h  for 
all p u b h  work s l i o u d  bo published for tlic informition of thoso 
interested nncl as nn evidence thnt t.lw worlc is bcintr pcrfornicd 
economically. For tlio iniorniat.ioii oi tliosc usin(? tlic &ta tlic siza 
of the errors in tlic obscrvntions and tlie distr%ution of tlic dis- 
crcpmcies in tlic adjustnicnt should bc cvidciit in the publislicxl 
results. Finally, the condition cquutions nnd ot,licr udjustmcnt datu 
should be publishcd in order that future work mciy 110 started with 
certninty u t  tin point without rccourso to  tlie originid dntn; pub- 
lication of conipgtc results is the bcst insurance tiguiiist loss of originnl 
records by iirc or othcrwisc. In nny iuturc reprints of the diitri €or 
this arc of triungulntion only tlio preceding portions of this publicn- 
tion need be printed. 

Tho methods cm 1oyc.d in the ficld will bo described very briefly 

RECONNAISSANCE. 

first, with tlic cost ip actors for the various operations. 

The reconnaissanco for tlic Culifornia-Orcgon arc of precise trinn- 
gulation was madc by Siwdmnn J. S. 13ilby in tllo sumincr and €all 
of 1919. Mr. Bilby rctrc%ed liedding, Cnlif., on August 20 of that 
year, and nftcr completing arriingcmen ts for thc work, which included 
tho purchase of a half-ton mot.or truck, commcnccd uctuul work on 
the rcconnnissunce for tlio Mount, Sliustii region on .Scptomber 1. 
l l c  complctcd tlic rccon~inissnncc to a coiiiioctioii wllh tllo U tdi- 
Oregon nrc nci~r  NYSSIL, Ore ., 011 Octobcr 19. Chic of the objcct.s of 

points €or t,hc cnginccrs of tho Forest, Scr~icc.  As the ~*c(:o~int~iss~i~ice 
wlis cxtandcd it providctl points iilso in ICliiniiitli, hlodoc, und Frcmont 
National Forests. No towers wcrc rcquircd on this work, iind tho 
stunds for thc inst.i*uincnt wcrc constructcd by II building 1)cirt.y ulidcr 
tho direction of iiiicl just d i e d  of tlic obscr\.iiig p r t y .  'l'lic follow- 
ing sttltcmcnt gives the principii1 sttitistics for this rccoiiiiiiisstinco: 

tlic work in tlic vicinity o P Mount Sli~is.ti~ wiis to provide control 

IA'cllg~ll ol m:iiti ~clionic of r( ! ( !ot i t i :~ iK~tt i [ , (~ ,  in st:htiitc milcs. ..... 

K'cw poitits tic1cctc:tl (in:riu H ( . ~ ~ L ' I I ~ C H  37 t r ~ i t l  Hit pl)ltmc~iit:~ry 22). .. 

(lost, p r  riiilu of profiwta..  .................................... 

Cotil 1 ) ~  tlk~tioil E & c ~ c ~ .  .................................... $1 ti. 7 0  

550 
Arc& i l l  sqiiaro xiiilw.. ........................................ 22 000 

59 
Total ( W L  oi wwntiniwnicw. ................. ............. $989 

$1. 80 
( los t  1)vr txI1t:trc mil(:. ........................................ $0. 0.1 

31 



SIGNAL BUILDING. 

A subsitlinry party under Dnn W. Tnylor, signnlmnn, preceded tho 
observers nnd constructed stands for the support of' thc instrumont 
at the stations wliich were to be occupied. One of tlio six truc-lis 
providcd for the use of the observing nrty wns nssigncd to tho buil(1- 
ing party. This work W~LS cornplctel on'Scptember 1, 1020. I n  nll 
50 stands were built, tit un ilr-crnge cost per s t m d  of s:37.05. 

HORIZONTAL ANGLE OBSERVATIONS. 

Thc observing pnrty uritlcr Mr. Il=icliclbcrg cornincncctl work tit 
Redding, Cdif.,  on Junc 11, 1920, and closed the iicltl W O I ~ C  nt Vnlc, 
Orcg., on Octohcr 22 following. Durinv this'tinio 40 stations wcro 
occupied, 1 hnsc linc wiis mcmurcd, an$ 7 azimuths woro obscrvotl. 
A double ohserving party \viis uscd for i t h u t  two-thirds o f  the sctiso~i. 
Pnrt of the obscrving wiis done hy tlic chief of party u11d the rest by 
E. 0. Heiiton, hyc1rogr:iphic tint1 gcodctic: cngin(:cr, 1tntl W. Miissetter, 
extra observer. 

1 lie douhlc ohserving pnrty m d e  it ncccssury for clich light kccper 
to  sliow two light.s, one to cnch ohscrvcr. l n  oidcr to t)c nhlc to IitLvc 
both li4its ruperly ccntcrod, onch light Iiwpcr wns iui*nislic(l wit.li 
n st,ilntT m J c  in the fo1.m ot' n  ox w1tIi two opposito si(los Iiiissiiig. 
One light could I)c mourit,cd insitlc of this st.lirid uncl the otl ic~ on top 
of it. 

Seven lidit lwcpcrs were c:mploy~l tint! nssigncd singly to st.ntions, 
~ a c h  iitltl Kis own ctLmp 0 1 1  tiit,, wliicli \vi t l i  inst.rrimcrits tin(] provisioris 
vwiccl from 400 to ti00 poontls in wc+it. Jcac:h light 1m:pw wlis 
givm D schcdule of tlic stcLtions wliich h c :  wns to occupy mtl  thosc to 
which lie wns to show :i light. IIc was trninotl iii thc visiid use of t ho  
coritincntd hforso code for signding with the signal litmps' tint1 h l i o -  
tro cs, in order that  tlic observcr could kecp in c:losc: to11c:li with liirri 
tin( P inforrii him of tlic: ~ I ) S ( ~ I ~ V C I * ' S  r c c ~ i i i ~ ~ c r ~ ~ c ~ ~ i  ts. One truc*li wtis used 
in moving t.hc light 1x:cpms frorri station to st ntion. I~c:t.nilocl " In- 
structions to light, kecp(~rs" nix: given in S cc*i:tl 1'ul)lictition Yo. 05. 

D ~ I C  to function only t.lirougli the rissist:inco of cmployccs of tho 1J. S. 
truck drivrrs ILS light kc~cpcrs. At  the 

first four st.iitions, ing uvcrngctl 10 milcs, aninids were used, 
but thereafter rcsort.cd to on a.ccwunt of tho siiving 

of tl;o sfxt.ions to tlrivc the truc.lip, 
instmws t h y  wcro tli*ivc?n 

s c ~ c r n l  miles bcyond the point \vlici*o p~oplc  of tlw ncighborliood 
sliid it was possible foi. thcm to go, rind in two c~tsos, lit stlitions W~ig- 
ontire ant1 G r i ~ y s ,  tlic rriountnin n - : ~  c*liml)ctl with thc truc'lts. 

Unusiiril c~ifI'icuItics c:ncountc:rc:(~ in ttio work worc scvcre (lust, 
storms while cwssing tho Crmt S t d y  Dewrt cind i~ grciit tlcttl of 
xmolrc m d  htizc from rstcnsivc. forest iiros; also, it wns ~c\ i*y (liflicdt 
to socure wrnpetcnt mcn for liglit kec!pcrs r ~ n t l  ti*uc+lc tlrivers. Tlie 
yewon WLS vcr suc(:cssful, I i o \ v ~ v t ~ r ,  hotti i i i  ~'cgi~r(l to thc ncrc:.urucy 

r i  

The pmty cornmcnccd work w - i t h  only t. P I I T C  light 1wcpcis tint1 WILS 

obtained imd t r ie low cost p r  mil(: of  pi'ogress. (Scc pp. X and 46.) 
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FIG. 2 . -TRUCKS T R A V E L I N G  I N  C R E E K  TO AVOID I M P A S S A B L E  ROAD. 
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FIG. 3.-BACK PACKING INSTRUMENTAL OUTFIT. 

I-IG. 4.-U. S. FORESTRY S E R V I C E  LOOKOUT HOUSE ON 
M O U N T  EDDY. CALIF. 

FIG, 5.-OBSERVING TENT AT STATION SQUAW ON 
OCT. 20, 1920. 
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IXEI’I’l~I~C’I’lOXS (iOYEllNh’Q 1TlN OI3BER\’ATlONS. 

Tlic instructioiis for tlic o1)servntion of horizon t.al nnglcs on rccisc 
triangi11iit.ion i i i v  giwn in dctnil in U. S. Coilst and Gcodctic urwy 
Specitil 1’ul)licdoii No. 19 and will not bo ro catcd 1ic:rc. In brief, 
such instrumcnts nnd rncthotls arc uscd as 1\41 P insure that the mnsi- 
mum closin- crror of II triangle, is not grcntcr thnn 3”) wi.it.11 nn tLvcr1igc 
of about 1”. Tho frcyuency of bnscs, strcngtli of figures, and II,(TU- 

racy of angle Incusurcs must bc such tliiit the rncnsurcd longth of IL 
bnso will not difl’er by mom than 1 part in 25,000 from tho lcngth 11s 
computcd throut,.h tlic trinngulation from thc prccading h e .  

Tlic uencriil instructions for prcciso trinngulation RS ivcn in 

pttr t icul i ~ r s  : 
All o1)scrmtions for horizon tnl imglcs bctwc.cn pracisc stntions 

wcrc to bc mndc; nt night, unlcss to do so would materidly clclny thc 
piirty. I n  ordcr to mmimixc tlic cffect of tempcrnt.uro on the instru- 
ment, tlic circle wns shifted n ,proximatmoly 195’ in nzirnutli botwccn 

thoso shh\vn in tAc tthlc in page 35 of Special Publicntion No. 19. 
An cll’ort WILS i i i i i c h  to mulro all ohscrvutions for clcvntions bctwccn 

tho hours of 1 nnd 4 in tlio afternoon, tho pcriod of grcntcst iwnstiLii(:y 
in rcfrnction, but  tho instructions pcrmittcd some of tlic ol)scrviit.ions 
of vcrticul anglcs to lm mndo nt night, provided (I portion of tlio obscr- 
v d o n s  hncl bccn miitlc during daylight, and providing nlso tliiit lboso 
stntions which litid bcm observed upon during tho dtLy were rcob- 
scrwd ut; night, dong writ11 t.lie rcmnining stntions. 

Tlic ~’cconnt~issiinco ciillc>d for a Lu lace nziinuth u t  Lnkevicw, Orcg. 

lincs u t  citlicr cnd of tlio arc 11s dctorrnincd by LL prcliiiiiiinry compu- 
tation through tho trim-ulnt.ion was sntisfuctory, instxu(:tions wcro 
given to proccwd with tTio find computations without wniting for 
the longitudc ol)servat.ions tLt tho proposed Lapliice stntion. 

Spccinl P’u1)liciLtion NO. 10 wcrc amcncicd for tliis lire in the f: allowing 

cwli two positions, thus mn I iing. tlic altcrnntc settings 180’ from 

When it WLS found, howvcr,  that  t 7 10. ugrooment be.twccn tho fixed 

ISSTRUBIENTS AND NETIIODS. 

Tlic prccisc incnsurcs for horizontill directions wcro mndc ptw1.1~ 
with n stniidtird 12-inch direction tlicodolito such as hiis bccn 111 uso 
in tlio Survcy for n nunibcr of ycnrs and partly with one of tlic two 
Wtiiiscli~~ff 8-incli direction theodolites w iich were YW gonc:rously 
lotincd to the Survcy during tho war b Prof. Harold s acoby, lied 
of tlio dopurtmcnt of nstronomy of Co ;Y uni1)iu Univcrsity, in ordor 
thtit ccrtmn urgcmt work could bo done for tho Wnr T)cpartmc.nt. A 
part of tlio vertic:d iinglcs wcro riietisurctl with iLn ordiniiry vort i ( d  
circle instruincnt and IL pLrt with tho vurtictil circlo on tho \Vunschtllf 
thoodolitc. 

S‘I’A‘l’ISMENT 01” COSTS. 

‘rho following strhmient givcs u, bricf sununary of tho cost of tho 
oI)ser.viiig, inclurling tJic uziinutli observations, with nndysis that lutiy 
servo us 1~ I)& for coiiipurison with work of u siiiiilur chmucter OXI 

o thcr arcs : 
Total oxpca~m (incliiding d(:prcc*iat ion of trucks and wlary of olrscrvc~, 

1,invar milts of prop‘ss 1 tirough H(:~IUIIIC. .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
~ I I I H  aiiiirial ICUVC? ciuutd, b u t  excluding cwt ol bu.ye). .  . . . _. ._. _. -. _ _  _. . $IS OSX. 00 

X)O 
892. S9 Covt pcr inilc of p q p y y . .  . . . . . -. -. . . . . . . . . . ~. . . . . . . . ~. . . . . . . . . . . . . . . . 
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Number of square miles covered ....................................... $22 000 
Cost )cr R uarc mile. ................................................ $0.8" 

:{(i 
Number of stationv OL'CU )ied iri flupplernentd schcrnc! ................... '1 

8.17~. (10 
7 2  

~ : , l .  22 

Number 09 stations occupied in main schenio. ......................... 

CoRt er station orcwpird (two flupplcrncntil rqua~R onc Iircc'isc). ....... 
Nurnler of points whew cographi(: poRitiona were dvlc~rtninc!tl. ......... 
Cost per p i n t  determine$. ........................................... 

BASE MEASUREMXNT. 

One basc of prccise accuracy was measurcd on the CdifornL-Ore- 
on arc; i t  is just north of tho town of Paislcy, Oreg., and is 14.53 

filometcrs (9.03 miles) in length. It was measured according to flic 
standard instructions givm in S cciul Publicntion No. 19, using 
the 50-meter invar ta es, which P or n numbcr of ycnrs h i i w  hwn 
kept solely for prccisc 1 ase mcasurcmcnt. A stnteIiicnt of thc LLC(-U- 
rac obtained will bo found on page 35 of this puhlicntion. 

i i c  total cost of mcusuring tliis basc line was fsl1.12, wliicli in- 
cludcs labor, expressago, salary of chief of party, lumber, running 
expenses and depreciation of truck, ctc., bul no cliargc!s for the 
standardization of the t a p .  This gives u unit cost for Che Laso 
line of $55.82 per kilometer or $89.82 pcr mile. 

ETANDARDIZATION OF TAPES. 

The Paisle bnso line was moasurcd with invikr hnsc tiipes Nos. 
516, 517, an2521. Thew tnpcs w r c  stiintlardizcd a t  tho 13urcitu of 
Standards in July, 1920, and used on tho  base linc in  thc following 

ost-season standardization was midc in Fcbruiiry, 
October- 1921, but  as A t R e tnpcs had not bccn scnt dircctly in frorii tlic P d c y  
busc line for stiindardization but hud bccn used by anotlicr party to 
mcasure anothcr base linc (in Oklahomn) and hnd, thcidorc, possi- 
bly hcen subjected to conditions wkicli might have rotlucctl chunges 
bctwcen tho timo of tho mensuromcnt of tlic $ d c y  lmso Jirio 

ost-soason standardization, i t  wns deemcd iidvisit1)la to 

ing this hasc linc. These viilucs aro 11s follows, tho tiipes bcitig 
supported a t  the 0, 25, and 50 meter points: 

usc only t f ic values from the July, 10'20, sta~idcirdizution in comput- 

T,,, = 50.008496 meters f 0.026 mm. at  2 6 O . G  C. 
T5,,=5O.O095ci~ xncters 50.019 mm. a t  26O.3 C. 
T',, = 50.009248 inotcrs f0.031 mm. n l  26O.2 C. 

REDUCTION TO SEA LEVEL. 

Tho formula used for rcducing tho mcasurccl hnso line to its lcngth 
a t  sea levcl is- 

h 72 1L3 

r2 r3' c= -sr+s--s- otc. 

where C is the sea-level correction for a scction of measurctl lc71gth 
S, and of mean elcvation h above sea levcl, T being thc rcitlius of 
tho earth's curvaturo for tho iven scction. This corwction WLS 

scpnrcitcly for cnch scction, insteritl of h i n g  coinputed for uii up- 
plied to tho base line us a wholo, ns is somatimes dono. 

d computed for tho Paislcy biiso 5 ino scction by scc-tion, i d  up Aicd 
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COI\II’UTATION OI+‘ PAISLEY (OREG.) DASE LINE. 

Dciilnh Orcg ........................................................ 
Ihiriis, Orrg.. ....................................................... 
Jilii1pc-r Orep ........................................................ 

Ynttitn, 0rc.p.. ...................................................... 

H itltllo,’ Oroh‘.. .......................... ....................... 

Lnkrvidw bciie*li murk hi 10, Orrg.. ................................. 

Cii~ow:iiuut, (‘aiif.. ................................................... 
~ _ _ _ . - - ~  

35 

Ocl. 7 1020 IS f 0 . 4 5  
scp1.20: IO:! I 4  * . 3Y  
S ~ y ) l  27 lC20 1.5 f .91  
Scpt: 14 1020 I 4  f .5x  
tkt. 2x, 30, 18 f .5!l 

A I I ~ .  5 1920 12 f .90 
IW20. 

July 14: IO20 12 +. .40 -_--- ___- 

. I_I..._. .. ....... 
I 

Rcclioii. Dnio. 

. -. - ... __ .. .. -. 

l’nisloy iiorth him--104 .. 

i n 4 - m  ................. 

2M)- l’nluloy m r t h  1)nse.. 

Srction. 

I. 

b p c  
NO. 

51G 
82 1 
517 
510 
:12 I 
5:! I 
t2 1 
617 

Iiirliiiii- I-- tlor,. 

I Ncftra. 
-1. 1417 
-1.1417 

...... Piii~lry riort l i  I)nsc--101 

1@1-200 ....................... - 
2 W - h k l r y  soiilh IJIIRP 

Sm 
lovol. 
. 

Nrlrra , 
-I.W1l8 
-l.O(ilO 
- .%lho 
- .MlHO 
- .IKISO 
- .0730 
- .07:10 

Blctars 1- 

.............. ____ .......... . .  

I (:orruc%iony. 

C. Nrfrrr. 
0. Bi -0.w50 
‘J. 7 - . (xwl:I 

1 I .  ZI - .0240 
1I.lKl , - .@2M 
7.44 1 - .(Uj60 
4 0 I 0435 
5: 47 I : : 0302 

mm. 
02.10 w. M) 
50.25 
54.70 

101.20 
IOl.’Lo 

Tolnl Ioiig~.li of bus0 liiiu.. ............................................... 14 5?7.%%i 
hlcnii olcvnlioii nl l m o  11110 iilwvr srn Icvol- 1530 niolurs. 
Tho ]irol)nlilo r.rrnr (if this Ilnsu liiin from wrors of incasurltig niid irobnljly iiicludiiiji crrlniii s hxnatla 

crrors of tI iv  sluiiilurclirutioiis 111 ilia topcs is i l 1 . 0  min., c v d i  uorrarponds to uii orror oY; pnrt in 
1 L.m MI. 

*(Grwtinii fnr rnlaiiury. 
ASTRONOMIC WORK. 

Tlicro TWIT no iistronomic Intitudcs or longitudos obscrvod dong 
this arc. Tho rcconniiiss~~i~co provided for n LiLpltico station n t  
Ltiltcview, Orcg., nnd nn astronomic tuimuth wiis ol)scrvcd there, 
but i t  wts Inter clwidcd not to cornplcto thc s t ihon 1,y.dctormining 
its iistrorioniic lonvitudc. Azimuths wcro 01)scr~cd n t  c~nllt stations 
of this arc, but  t t c  azimuth a t  ono of tlicso stations, Grizzly, was 
rcjcctcd whcn t h o  f ind computntions w r c  madc. Thcso azimuths 
~i1-c inscrtcd here that tho data along this arc may bc complcto in 
onc pu1)licntion. 

Tho diitcs of occupiition of tho various stntions and tho probublo 
crrors of thc dctcrmincd nzimuths arc ns follows: 

I’rogruiu OJ occupulicm OJ cuiiitulli stulio71~. 
- ........... _. . . . .  -. .... - - . . . . . . . . . .  - . . .  . . . .  .-- .. 

I 

Stntli)ii. 
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In the following table arc given tho astronomic azimuths rcsulting 
from thew observations, tho gcodctic azimuths of tho same lines, nrid 
the resulting deflection of the vcrticd rcduccd to thc prime vcrtical. 

I 
I-- 

I D ,  ,, 
Beiilnh, Oreg ... 43 62 l:i.M~,j 
Itidtllc, Oreg.. . 43 WI 0'. 213 
Biiriis, O r w  .... I 43 3.1 ,IZ..IWI 
.luiii wr OreK.. 42 65 48.9RH 
I ,  n 1, o ' r i  0 w I 

brnrh mnrk 
hi I l l ,  Orvg ...I 42 11  :iG.OXR 

Yoliiin, Orrg.. 

Qendctic 
longitiido. 

(1 erxlrt in 
azimuth. 

T 0 
stnllwi- 

0 t I ,  

3.19 7.3 .47. n'.'. 
17U 21 5X. K2 

221 51 18.71 
34.1 1.5 43. n2 

I10 47 17.03 
272 IM 5O.m 
25 40 21.69 

Star.. .. 
('row ... 
J i u k . .  . 
Uuriis.. 

Coiignr. 
( 011 vir. 
I.:&. . 

__ -- 
Aslrp- 
iiiirnic 

nzl- 
11111111 
(W- 
oiids 

oiily). 
__ 

-i:i.:ici - I .  om;i 
- 2x2 - l . l ) - l l . i  
- 5.7.1 -1.Il7IU 

- 11;. .I2 -1.1011 
- .4.xn -l.lKl7!) 
- '3.10 -1.1216 

- ti. 07 -- 1. IXi>li 

1 +' is the geodetic Inlitudc. 

ANALYSIS OF COGTS, FIELD AND OFFICE. 

For the purpose of showing unit costs in a condensed form, and 
also of comparing tho rclntive cost of the vnrious opcrntions con- 
nected with the determination of gcodetic control points, thcro 
follows IL t,abulntion of thcso factors : 
.... -_ ... . . . . . . . . . . . .  . ~ __ 

Kind or oprrnlion. Totnl 
DOSL. 

Dollnra. 
Rrconnoissniicc ................................................ US!) 
Sigiinl Imildiiig.. ............................................... 1x93 
Trinii~lnlloii  niid nzliiiiith olxicrvntioiis.. ..................... 18 nx'i 
naso mmwrornciit ............................................. HI 1 

Told,  5cld ............................................... 21 i s U  1 :ilk!.i')!i 1 :$!l.Cl I (1.ilD 

Omcocompiltnliori ............................................. 1% 17.57 2 . : ~ )  0. IHi 
Compiling niitl puhlishinl: ( c s t i n l o d )  ......................... .i IInw) 1 13.1(!1 I 1. x2 I [I. (w 

Total, otnco .............................................. ! m i 5  I :ji.,ii; I. 11' I o. i o  

picld rind omco. ........................................ .I 2.1 us1 ITKTI-K ri1.0~ 
__ - 1-1 

DifTcrent arcs of triangulation show a great divcrgenco in tho cost 
pcr point dctcrmincd and tho cost per 6( iiarc milc, both of which 
w e  lurgcly dcpcndrnt upon the length of iincs in tho scheme. The 
cost cr milo of progress through the middle of tho schomc, howvwcr, 

of estimation of costs. The cost per milo of progress for various 
arcs nrc givcn bclow. Thcsc costs includc tho  signal building but 
do not inclutlo the cost of rcconniiissrincc nnd base metmmmcnts. 

is re r ativcly constant and furnishes a good brisk of comparison or 

Kinc:ty-oi$ith mcritliaii arc. (after 1901). ............................ $63 
l'c~xa~-(~:~11for11i:r arc. ............................................. :i2 
Orit! liitritlrcd : m l  ftiiirtli riicrit1i:iii art' .............................. 31) 
Utah-\V:mhinglon arcs.. .......................................... 30 
Cnlifol.rii;i-W.~}iirlgtoli arr (acc al)ovc). ............................ 36 
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STATEMENT OF ADJUSTMENTS. 

After all obscrvcd directions and the mcnsurcd bnsc lino had bocn 
reduced to scn lcvol, tho cntiro arc was adjusted by thc mcttliod of 
lcnst squnrcs, using pn? set of equations. ‘l’ho disorcpimcics which 
it was necessary to climinntc wcro distributed in tlic following classes: 

I:qi~c~tions. 
Closive of triangles .............................................. 61 
1)iscrqniicics in  trinnglo sides.. ................................... 19 
1,nngtli ditxwpmciw.. .......................................... 2 
1)iRcrcparicy in 1at.itudo. ......................................... 1 
1)kc:rcp;riicy in longitii(le-. ....................................... I 
Discrcpmcy in azimuth.. ....................................... 1 

making t~ total of 75 cquations. Thcsc equations will 1)c found 
in detail on pagcs 41 and 42, while tho results of tlicir solution uro 
given on ptigo 43. 

DIYUREI’ASCXES Ih’ IXNGTII, KLIJIU111, AND I’OSITION. 

I n  examining tho lenst-squtircs nrljustmcnt for critcrions of tlio 
accurncy of this triangulation, IVC find thnt nftcr tho anglo and sido 
cquiitions wcrc si1 tisfid tlic lcngtli discw mnc dcvclopd bctwccn 

of precise trinngulution was 03 in tlio sovcnt,li plnco of logarithms or 
1 part in 4(i 800, and t.ho discrc 1nnc.y bctwccn tlic sntno bnso n~ld  

triiingu1ation \viis 72 in the scronth p1iic.o of logtirithms or 1 pnrt in 
145 700. The inciisurod lcngth of the busc is sliortcr tlian its lcngtli 
compu tcd from tlic lino I ~ r ~ ~ - S q u ; i w  nnd longer tlinn its length ~0111- 
putcd from tlic lino 13iilly-I3oliver. 

No Lapluco azimuths wcro obscrvcd, though ono lind bccn pro- 
posed in tho rcconnaissimcc. 1 L  was omittcid, purt,ly from oconomic 

. considcrnt,ions, and pnrtly becuuso tlio prc!liminciry corn )utntion of 

rclating to unglcs, sides, rinci 1cngt.lis (but not7ntit utlo and longitutlo) 
hntl bocn sntisfiotl tlic discrcpnncy remaining bctwccri tho nxiniuth 
of tho line 13ally-13olivcr 11s lixcd b tho tidjustmunt of tho Cdiforniti- 

CliliforIiiti-(~rcgon trimgu~ation Troni tlic finxi lino bry-squt Lw wtis 
2”.ci2 , tho azimuth curried through from tho lino Dry-Squnw being 
too small. 

Tho discrcpnncy which tho latitude cquiition was rc uircxl to 

discrcpuncy wns 0”.1S0, cqunl to 4.40 meters or 14.4 fccl.. ft will 
thus bo seen tliiit tho total discrepancy in position which roninincd 
for tho liit,itude t~tid longitudo oquations to eliniiuntc, aftcr nll condi- 
t.ions in nngles, sides, lengths, and azimuth hud bccn sutisfictl, wiis 
only about 28 fcet. Tho gcodctic mit ion of station Bolivcr tis 

in latitude and too small inyoiigitudc. 

tho Puislcy bnsc und tlio line Ihy-Squuw o ! tho ‘6 tdi-Wusl-Lin,gton arc 

tho line 13nIly-I3olivcr of tho Cn I ifornin-Wnsliingrtoli arc of 1)rcciso 

tho triungulation scemod to just,ify so doiw. Aftcr nl \ cclunt ions 

WtLsliington arc of pwciso trianw r ution und as Lroudit t,llrough tlic 

eliminnto WM 0”.2:%8, cquul to  7.34 mctcrs or 24.1 fcct; t ho  7 onuitucio 

computed tlirough tho ti*ii~ncrulation 1 roin sttition Dry ww too 1 ~ g o  

HORIZONTAL DIRECTIONS AND ELEVATIONS O F  TELESCOPE 
ABOVE THE STATION MARKS. 

Wlmrcvcr cithcr tho instrurncnt or tlic objoct obsorvod wis not 
diroctly over tlio center of tho slation liiiirlr tliu obscrvcd dircct ion 
was rcducod to contor. All obsorvod diroctioris on this arc of pre- 
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Ol~jcct o l w r w i l .  

cisc triangulation were ivcn cqunl or unit weight, nnd 1111 werc rcduccd 

e2h sin 2 a  COS= 4 Reduction to sett level (exprcsscd in seconds of arc) = ~ 

2 p  sin 1" 
whcro e2= - -  , a is thc earth's equatorial radius and b is tho 

to sea level, using thc P ollowing formula: 

(a2 - l)?) 
a2 

Observed dirw 
tlon Icdllcrtl to 

scu. lorcl. 

0 I ,, 

polar scmi-diarnctcr, h is thc licight above sca lcvcl of thc stntion 
observed, p is the rutlius of curvaturc of thc carth in n llano normal 

azimuth of tlic clircction rcckoncd from tlie south around through the 
west. This computation is fitcilitatctl by computing a part of the 

to tho m e d i a n ,  C$ is the latitude of thc station occupicc I , nnd CY is tho 

I'rrezcout ....................... 
Star ............................. 
I3culnh ......................... 
Sf111nw .......................... 
Valo ............................ 

formula, e2 for every altcrnutc dcgrcc of latitude within the 
2 p  sin I"' 

(1 00 00.00 
T2 11 oh 18 
52 54 10.52 

2'4 33 04.10 
307 05 13.61 

rangc of thc triangulation being consitlcred, iintl in  tcrpolating from 
the tahlc thus formcd for the values a t  tlic scprtratc stations. 

I n  thc followinm tablc arc givcn for all prccisc trinngulntion stations 
of the Californiu-bcgon arc tho lists of obscrvcd directions rcduccd 
to sea lcvcl, the numbcrs assigned tliosc directions in thc Icust-squares 
adjustment, the ad'usted dircctions, and tho elcviitioiis of tho tol- 
escopo of the tlico d olitc above the station murlts. Dircctions of a 
secondary charactcr., from or to stations not included in tho principal 
leastcsquarcs adjustment, may bc obtained from the azimuths listed 
with the table of gcogruphic positions (see p.11). 

Abstract o j  horizoritnl dmrl ions und clcculions rd l d c s i v p c  ctlone shtion ~tmrka. 
__-_ ............. - ........ .. -. .................. 

Elation occupiacl nnd !lcvnlion of 
tcloscor)~ a m u  stntioti Inarh. 

I lar  o 
dircc. 

I- 
Dry, 1.45 mctors ....................... 

Squaw, 1.4 1 Inclcrs.. ................... 

Valc, 1.41 niclcrs ....................... 

Frcczcoul, 1.27 mclcrs ................. 

Bculnh, 1.40 rncters.. .................. 

\'nlo. ........................... I 0 00 00.00 
Dry ............................. 1 4  59 04.91 
Frcozeout ...................... I 340 31 ~ 3 . 3 7  

I+.wcout ....................... ! 0 00 00.00 
Try ............................. x2 40 18.60 
bclunw .......................... I 225 00 0~3.07 

fltsr ............................. I II 00 00.00 
130ulali .......................... 74 21 00.22 Illy,. ............................ I I24 3H 41.67 

............................. l l i U  03 42U 
Squaw .......................... I 194 44 EdI.55 

Dry ............................. ! 0 00 00.00 
I.'rcczroitt ........................ i l i  48 (YJ.70 
Star ............................. I ]?;I I 1  ?7.W 
Itidrllc' . .  ....................... .; 1:n.l 47 17.31 
Crow ............................ i li4 33 '27.25 

Illddlc .......................... I -! IX )  M.OO 

Dry ............................. ' 141) 41) 51.32 

Crow ............................ :?I) I? p:I.U7 
l~eulall .......................... 11.1 ,I1 L2.W 

F'rcezeoul.. ......... ............I 173 67 WJ.M 

- - 
R i i n l  
O c o l l t l A  
nftor 
I1 wro 

mont. 
.c/just- 

, 
80.03 
M. 12 
15.20 
M. 03 
14.23 

m m. (m 

G 7  

07. e1 

63.68 

18.11 

00.1s 
00.12 
41.55 
42 117 

00.67 
00.81 
28. I1 
10.43 
a. 84 

00.34 
65.40 
22.70 
GI. 80 
OB. 04 

MI. m 
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Abstract of horizontal directions a d  elevations o j  telescope nhove station mnrks--('ontd. 

object obuurvd. 

.- ...... . .- .. . . . . . . . .  ____... .. -_ 

Obscrvnd dlroc 
lloii rodtired LC 

sen lcvcl. 
Station occu ) i d  nnd olovntlon of 

tolmcopo nbovo stntlon mnrk. 

Crnno ........................... 
Drnkc ........................... 
i{onnd .......................... 
I)lnl)lo .......................... Hnrt. 1.28 meters.. ................... 

0 00 00.00 
I!) 34 :wKi 
50 Zi 05.01 
Mi I X  2,1.!11 

Round. 1.38 meton.. ................ 

Hurt  ............................ 

rk M 111.. ... 
Itonnd .......................... 
I h k c  ........................... 
Hnrt  ............................ 
Ilollmnn.. ...................... 
Ijog ............................. 
Yonnn .......................... 

............. 

.................... .................... 

.................... 

.................... 
Lnkovlow lanch  mnrk )I lti..... 
Crane ........................... 

Drnko, 1.28 molen  ................... 
?:I; 3% 25.02 

0 (If) OO.M 
15 OX :i!i. 2u 
25 OH 2X.34 
6.5 3 4  Id.%? 
02 3% 411.0R 

FJ5 28 IM. 70 
32r 4s 5 x 0 5  
RJU OS u.. 'd 

000on.00 
108 05 10.H2 
154 28 04.57 

0 (w) 00.00 
65 03 01.43 
70 38 12.00 

Crnne, 1.36 melon.. .................. 

1 ) O R . .  ........................... 
IIoRmnn ........................ 
Yorinn.. ........................ 
b l l I l d  .......................... 

Lnkoviow h n c h  mnrk AI 16,1.!27 mctcr! 

Dog, I .  GO metcrs.. ................... 

]OX 
1:i.i 
I m  
2J5 

Congnr, 1.57 motors.. ................. 

CnuRnr ........................... 
Cmno ........................... 
IIoflmnn ........................ 
Gooscnest ....................... 
Afipell ........................... 
Roillid .......................... 
Solillcr .......................... 
Grizzly .......................... 
M'11nlnl)nck ...................... 
Goosenest ....................... 
A J ~ C I I  ........................... 
Yonnn .......................... 
Colrpnr .......................... 
Crnno ........................... 
Yonnn .......................... 
IIoRmnn ........................ 
Uoosouesl ....................... 
Hoffman ........................ 
W'hnlolmck ...................... 
Rtldy ........................... 
Asrun ........................... 
Yonnn .......................... 
ZIoRmnn ........................ 
Urlzzly .......................... 
Eddy ........................... 
Iloliver .......................... 
QWWIWt ....................... 

Yonnn, 1.48 moton .................... 
(1 00 00.00 

10 32 xi.44 
1M DO 47.47 
137 44 0 0 . 7 ~  
I77 OH 41.12 
341 10 13.13 

0 M w.00 
33 ffi 20.43 
7x 4 X  31.00 

101 42 40.75 
140 &; !&n7 
105 4(1 4t1.47 
223 30 O!,?L3 
244 05 19.10 

n OM1 00.fK) 
01 37 02.55 

100 54 45.13 

0 00 00.00 
00 11 44.68 

103 47 42.90 
2ti7 30 P . 1 4  
307 I1 07.77 

0 M 00.0 
M'3 05 30.0.1 

151 37 fw).W 
llil 52 41.77 
203 OB 62.42 

HoRmnn, 1.10 mctors .................. 

Aspcn, 1.12 motors .................... 

Gwsoncst, 1.85 molcrs.. .............. 

Wlinlobnek, 1.15 metors ............... 

- 

Iln 
)r 
rei 
on 

__ 
HI 

9( 
91 
9: 

Bc 
1(K 
101 
1 Oi 
I M 

O( 
07 
9c 

03 
94 
9: 

n! 

in7 
IO> 
I(L 
I II 
I l l  
1 0 4  
111.5 
IUC 

116 

117 

I12 
I I 3  
I14 

I i n  

... 
I I P  
11f1 
12U 
I21 
122 
123 

I 25 
I 20 
127 
12H 
120 
124 

ID0 
131 
I32 
133 
134 
135 
130 

137 
138 
130 

142 
13 
44  
40 
141 

45 
40 
47 
48 
.4@ 

... 

- - . . . . . . . . . . . . .  ...... _- - ........ ... 

i 

........ ___ ... - I .  , ,, 

Ilnrt  ............................ 0 00 00.00 
Drnku ........................... I :{z i s  71i wi 
Crnnc. .......................... 
C o I 1 I: n r .......................... 
Y ~ I I I I I I . .  ........................ 
Ihntrlo. ......................... 
Wliltc ........................... 
Juniper. ........................ 

... "_ 

I12 00 4.1.22 
113 a? 18. 17 
1W 4 1  38.35 
?Ill 42 42.02 
AM 44 47.94 
:iIO 47 32.08 

Drnkc ........................... 0 
Lnkovicw Iniiali murk $1 I ( i .  .... XI 
Crano ........................... 311 

0w) 
14 
37 
4x 
39 
10  
42 

..... 
211.43 
4 l . M  

3s. &'I 
45.73 
42.28 

:io. ni 

..... 

1:11131 
;aiwiiis 
nftcr 
fl ~ i i  ro 
adjllsl- 
mont. - 

,I 

00. OT, 
35. .*dl 
w. so 
21. xz 
57.48 

m 
in .  22 

241. lil 
44. 31 

33, lis 
42. OY 
47.53 
33.24 

00.25 
17.3X 
24.49 

00.0 
30. 2s 
2.3. xi 
411. X I  
0.1.21 
LY.  (HI 
M.'U 

6- 
10. Oci 
04. W 

Hi. 1 4  

.H) 
01.78 
11.88 

m 5  
25.77 
42. ol) 
:if.). 011 
90.23 
411.03 
41.W 

m 
ni.:i2 

B2. Hx 
47.01 

41.W 
12. U I  

00.0 
:u1. :w 
: !a11 
41.25 
2J. rg 
4ti. w 
10.01 
?l.M 

6o.Jz 
02.01 
46.34 

w. 41 
44.55 
43.03 
21.73 
MI. a4 

?iGG 
40.1G 
01.Ta 
41.w 
62.05 
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Abstrcicl of liorizvnlal dircctionr md cIci~i i l ivm of lclrscopc nbow slation murkr-Coii1.d. 

- .  _. -_ - . 

Stntlon occiiplrd and olovnlion of 
telwcopo nbovo stntion mark. 

NUN 
brol  
dlroc 
tlon. 

Hnlly, 1.43 niuten.. .......... ..........I{ 1: 

0 00 00.00 
(U On 2w.13 

20.1 42 05.47 
33.5 04 47.7U 

130 47 nx.02 

1 0  
Hollvor, 2.41 mcbrs.. .................. 

60.22 
26.10 

05.04 
47.41 

00.25 

. . . . .  - . . .  . . . . . . . .  - .. .. 

Objorl olmrived. 

0 00 00.00 
18 42 M.44 
61 32 37.71 

Ilnlly .......................... 
I3ollvnr. ........................ 

5b'.t(7 
W.01 
37.05 

. . ~ ~  
ICddy .......................... 
Wlinlelm?k .................... 
UOITNUII.. .................... 

0 00 M.OO 
14 a1.50 
30 40 #5.5.71 

110 43 35.51 

Wlinlelmk.. .................. 
Grizsly.. ...................... 
I3ully. ........................ 
Ilollvor.. ...................... 
Omnost .  .................... 
llolivor ........................ 
Eddy.. ....................... 
Grizzly ........................ 
Whnlebnck .................... 
1Sddy.. ....................... 
(irlzzly ........................ 
Iinlly ......................... 

wo 
25.01 
1~5.78 
37.11 

. . .  . . .  . . .  - . . .  - .. 

I I'lnn1 

57 28 51.07 ' 52.N) 
71 20 47.40 47.10 

118 62 01.71 00.90 
170 4H 20.30 23.23 

No. 
CONDITION E QUATION S. 

50(7)+2.15(1?)-0. txi(1:{)+4. ~ ~ ( 1 4 ) .  

11. 0-- 0.10 - 20)+(21)-(zo)+(27)-(32)+(34). 
12. 0-+ 0.u) -4.43 17 +0.20 111 5 8a 10 1.41(~)+2.71(21)-1.30(??)-0.7ti(2t)+l.~~(~)-0.~(~) 

-5.3013$+U.fd133~--3:161~~, 
13. n- - 0.07 - n + P - 31 + BZ - 35 +(XI . 
14. 0-- 2.90 -I.i+l.i-I:Ial+(:37l-tPi+r.l.  
15. 0-+ 1.07 - 30 + 31 - 30 + a7 - 42 + 44 . 

21. 0-+ 0.m - 47)i 48 s + 50 + 59 - 01 . 
21. 0-+ 0.a -(rd +(u)-(50 + 00 - w + w . 
25. 0-- 0.64 -(53)+(54)-(04)+(&3)-(73)+(74). 

2". 0-+ 0.33 

21. 0-+ 0.442-2.373 47 +2.~(48)-0.226~0)-0.153(M)+0.410(~' s))-o.m(.w)-o.m(oi) +2.m(t3) 
-1.077{G4]. 

20. 
27. 0- - 0.13 - ~ ~ ~ + ~ ~ 7 ~ - ~ 7 0 ~ ~ ~ ~ ~ ~ ~ { ~ ~ ~ ~ ~ :  
28. 

20. 0-+ 0.03 -(OO + 00) (72)+ 73 (76)+(70 .. 
30. 0-- 0.22 -(70~+h2)Z(70)+/77~Z(R1)+(~~. 

0-- 0.31 - 52 + D + 70 

0- + 2322- 0.450 52)+1.174(53)-0.71 (54 -0.128(04)+2.820((O)-Z0G0(07)-3.5~(L15)+R.G.(H(80) 
-O.Oor,(Ln). 

31. 0-- 

32. 0-- 
33. 0- + 
34. 0-+ 
35. 0-+ 
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No. 
m. 
37. 
3h. 
39. 
40. 

41. 
42 
43. 
44. 
45. 

40. 
47. 
48. 
49. 

60. 
51. 

52. 
63. 

54. 
6G. 

50. 

67. 
I&. 
59. 
00. 

01. 
02. 
03. 
GI. 
05. 

60. 
67. 
08. 

BO. 
70. 

71. 

7 2  

73. 

74. 

76. 

0- - i .2o- ( io7)+( io~)- ( i1~) - t (117)- ( i i~) i - ( i io ) .  
0- -l2.76-2. Ol(lWi)+ 7.78(11V)-5.77(1W)- 1.47(112)+0. W(ll3)-4. fiO(1l.I)- 11.10(118)i-11.4R(119) 

0- +0. 48-2.20(101)+7.72(1oF,)-5. SZ(l07)+0. lO(llO)+ 1.7,1(121)- 1.93(122)-7. W ( m )  -1-7.1G(lX) 

0- -0.74- 127) + (129)- (I:<{)+ (W)- ( 137)+ (138 . 
0- -0.18- 128)+ (1ZU -( 1:i7)+ (130)-(140)+ (I4f . 
0- 1-O.M-2. 57(127)+3. T!(I2l)-O.O5(12cJ)-l. 13(137)+3.70(13X)--2.57(130)+0. oU(140)+1.69(141) 

-0.015(127)--3. M(I:i4)+9. 61(1%5)-6. U5(1W). . 

0- - l ~ . G 8 - ~ 1 ~ ) + ( 1 ~ ] - ( I ~ ~ ~ ) f ( l ~ I ) - ( l 4 1 ) + ~ 1 ~ ~  I 
- 1. wI( 142). 

O--O.SI- 14b + 147 152 + 1.53 +(lS)-(lGLl). 
O = + O  ~ - ~ ~ 1 3 ~ ~ + ~ 1 ~ 1 ~ ~ ~ 1 4 5 ~ + ~ 1 ~ ~ - ( 1 ~ ) + ( 1 ~ ~  . 
O-+Ib.32-2.11(130)+7.~(l3l)-4.W(l32)-1.21()142)+3.42(143)-2. 21(14,i)-l. oJ(lS2)+3.5O(153) 

-1.05(154)-1.o2(1G5)-4.53(1511)+6.55(169). 

0- +o. . ~ - ( i 4 0  +(i48) i a ) + ( i ~ ~ ) - ( i o o ) + ( i u 2 ) .  
0- -0. ( ~ - ( i 5 1 ~ , . ( 1 5 - 2 ) ~ ( 1 ~ ~ ) +  (157)-( ia i )+(iuq.  
0- - 2.72+0. M2(140)-12.45(147)+11.03(14tl)+8. 43(151)-10~37(1G2)+1.94(163)+8.17(1Go)-12 Ol(101) 

0- -13. 
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+ .114 - .os2 + .I10 
- .In2 
- .010 
- .I41 + .IOU + .075 - .I21 + . 2 m  
- .120 + .07R + .472 - .370 - .wo 

COMPUTED CORRECTIONS TO OBSERVED DIRECTIONS. 

A lenst-squares solution of tho proceding condition equations ro- 
s u l k d  in tho following corrections to tho observed directions : 

l i i b l c  of corrections to  obscrvcd direclioiis. 

1 

Nirmlar of 
dlrmliorr. 

1 
2 
20 
3 
4 
5 

01 ll 

7 
X 
U 

10 

11 
12 
13 
1.1 
15 
10 
17 
1x 
10 
20 

21 
22 
2 3  
24 
25 

zn 
zx 
27 

20 
30 

31 
32 
33 
3 1 
35 

II-- 

+I). 221 - .37u 
-I- .140 + .M3 
- ,150 - ..IS7 

+ .0lO + ,737 

-1.227 
-t .17H 

+ .%7 I1 
+ .I12 
f . € a 7  - .a77 - .400 + .344 
- ,514 - .zoo + .535 - . 1 f d  + .la3 

- ..In2 

41 
41 
43 
4 4 
45 
4(i 
47 
4s 
49 
GO 
51 
52 
83 
GI 
6-5 
50 
67 
6X 
GO 
60 
01 
ti2 
w 
01 
I3 
OB 
G7 
ox 
68 
70 
71 
72 
73 
74 
75 

77 
7x 
7u 
80 

SI 
v2 
h3 
84 
s.5 

70 

:orrcctlon Niirnlnr of 
:) diroctioi). diruct~oi). II 

-11.070 + .013 + .4U1 
- .3;IG - .4w 

4- .23l i  
- ,114 
- .032 
- .039 
4. .I22 + .m)8 + .la4 
- .231 - . t i 0  
- ,304 
- ,071 
+Lo02 
- .la0 + .IS2 - ,177 - ,240 - .in0 

Re 
87 
&Y 
&!I 
w 
01 
V2 
03 
01 
v5 

ut1 
u7 
OX 
W 
100 

101 
102 
1(M 
1 @I 
105 

100 
107 
108 
IC9 
110 

111 
112 
113 
114 
116 

I10 
117 
I I8 
110 
1 ‘x) 

121 
122 
123 
124 
1 25 

__ - . .. _ _  . -. . 

Corroction h’iitntwr of 
3 diroc:tiori. dirwtiou. li 

- .I21 
- . I 4 0  
+ .245 + .3l5 

+ .OM + .ON\ - . C O Y  + .21fl - .IO3 

- .I65 
- .202 

- .I44 - .lUG 
- .In1 
+ .320 - .(iuz + .137 + ,147 
+ .374 

- .&?!I - .210 - .uoo 

+ .a40 

+ .;?os 

121; 
127 
118 
1211 
130 

131 
132 
1:r3 
13 I 
135 

130 
137 
1 38 
130 
1.10 

141 
142 
1.13 
144 
145 

14G 
147 
1.18 
149 
160 

151 
1 52 
163 
164 
155 

15(1 
1.57 
1&Y 
150 
1 (io 

I(i l  
1112 
162 
1(13 
IGl 
101 
0 

. . . 
:ornvtlon 
I dirwtioi1. 

-n. r a  
+ .470 + ..uti + ,437  + .*lo 
- .M5 
+ ,502 - .mil) - ,211 - . W l  

+ .s45 - .:I 
+ . :I(i(l 
i- .214 - .413 
- .027 + ,450 - ,128 
+1.(120 - .3LM 
-t ,213 + ,445 + .I11 - .370 + .I15 
+ . O M  - .211 - .7w - .070 + .OB 
+ ,034 + .170 
- . a 0  
- -  ,782 
-1. 2.14 

- .GI0 . + .I170 
-1- I .  w24 + . IS4 - .l‘& - .Wl 

T h o  rnt~xirnurn correction to ttn observcd diroction is + lF99. 
‘l’ho probthle error of an obsorvod diroction is givon by tho for- 

muln : 

in which Zul is tho sum of tho squares of tho corrections to diroctions 
and c is tho numbor of conditions. Tho probnhlo crror of an ob- 
served diroetion rosulting from tho figure adjustment for this arc of 
prociso triangulation is f 0?26. 
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CORRECTIONS TO ANGLES AND CLOSURES O F  TRIANGLES. 

The correction to each angle is the algebraic difforcnco of the correc- 
tions to two directions. I n  order to mako i t  possible t o  study tho cor- 
rections to the separate angles, t h y  aro shown in tho following tahlo 
for every triangle in the preciso schemc. There are shown the COI*I'C(:- 
tions to the angles.rcsultmg from tho figure adjustment, the errors of 
closuro of tho trimglcs, tho corrected spherical angles, and tho 
spherical excess for ench trim IC. The plus sign prefixctl to  the 

less than 180° plus tho spherical excess. Tho sphericid cxcess is a 
convenient indicntion of tho size of the triangle, since it is propor- 
tional to tho area. 

Table o/ triangles. 

error of closure of a triangle in f* icatcs that  t l i u  sum of the angles is 

station. 

__ .. .- .......... - 
corrcc- 
lioll l o  
nnglcs Error Corrcctcd Sphrr- 
from llro nfLr i -  whcrical lcnl 

angles. cxcoss. 

menl. 
&jlrsL- m'glc. 

-- 
,, ,, . , ,# 

......... 
Dry ......... 

.... 
44 25 01.32 

Val0 

Sqimw.. +O. G2 

Dr ......... Proor.eout...+0.31 

Frwzoout.. 

......... "ILL 

. 
Dry. ........ 
tiqunw.. .... -0.07 

Frwzmiit ... 
valo ......... 
Squnw.. .... 
Stnr. ........ -0.70 
Frwzoout.. . -0.24 

Dry ......... 
rraczoout ... +o. 07 

Bculnh. 

Dry.. ........ Reiilnh 

titnr. 

34 27 11.47 

F? 10 17.7X 
124 38 41.37 

Dry ......... fO.01 1-0.40 {nlllxi.Io 5.34 

..... 
M 17 41.42 

...... 
........ 

.. ........ 
..... ...... Riddlo. 

IlCUlllh 
BLnr. ........ -0.5% 

Crow. ....... -0.12 70 OB ao. 57 

......... 
....... 

Beulah ...... 
Itiddlo.. .... +0.21 21 20 G8.W 

Crow. 

} 
{ O R  43 15.00 
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ACCURACY 014’ OIIYERVATIONS. 

The maximum correction to any angle is +22GGl. to tho angle at 
Dinhlc bctwccn Juniper and Hart. The averago closing error, 
takon without regard to sign, for  tho 69 closcd trim lcs of this arc 
is 01/92, whilo the maximum closing error is 3!‘40. f h e  general in- 
structions for prcciso triangulthon requiro that tho averago closin 
error shall not hc over 1!’00, while the maximum closing error sha 
seldom excocd 3!‘00. I n  this triangulation only two tricmgles have 
closing errors in cxcess of this. 

Tho following tablo gives statistics for closures of trianglcs and 
rclated orrors for this arc of precise t r im ulation. The moan orror 
of an anglo was computed from tho formu i: a: 

R 

in which ZAa is the Bum of the squurcs of the closing crrors of tho 
triangles, and n is tho number of trisnglcs. . 

HTATINTICH RIIOWINU ACCURACY 01,’ TIW4NUULATION. 

...................................... Total number of triangles.. r n  
Number of triangles with P ~ I H  closlircn ......................... 40 
Nunibor of trinnglw with lninu~~ closures.. ..................... 29 
AVcragO closuro Of trianglo ..................................... W02 
Maximum closuro of trianglo.. ................................ 3.40 
Moan omor of nn angle ......................................... fO. 72 
Probable error of an observed direction.. ...................... &O. 26 
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For purposes of comparison a tablo showing tho closing errors of 
a numbcr of other arcs of preciso triimgulntion is given below: 

hvrrnpn 
rloshig orror. 

Ninety eighth meridinn arc, Alice, Tex., to (:olomhrw, hlexico .... OKG3 

Ninety-cighth meridian nrr ...................................... 0.92 
Tcxw-Cnlifomia nrc.. ........................................... 0.90 

Cnlifornin-Oregon arc (in this ublicntion) ......................... 0.02 
One 11unt1rcx1 and fourth mcriXinn arc ............................. 0.99 
11io Gninde arc .................................................. 1.01 
Tmmcmtinclnhl nrc ............................................. 1.06 
Utah-Wt~rhington nrc.. ......................................... I .  12 
Emtcrn obliqrie arc.. ............................................ 1.10 
Cnlifornin-Washington arc ........................................ 1.22 

It will bo noted from tho abovo that tho arc of reciso tainngulntion 
consitlord in this publication, whcn judgcd Ky tho critrrion of 
uverngc closuro of trinnglcs, ranks high as compnrc?d with o tlicr arcs 
of tho sumo ordcr, tying for third lucc in a cornpiirison of 10 arcs. 

by t,ho probnhlo orror, d,  of un observed direction, wc find that t h o  viilrio 
givcn on pcigo 46 of this publication, nuincly f OW, would l)n pluccd 
with tho sixth und seventh vulues in a tablo of GG suctions of triungu- 
lution urrunvd in ordcr of accurncy. This tablo is shown on pugcs 

If wo upply tho moro rigid test P or acciirucy, which is indiciLtei1 

79 and 80 o B Spccial Publication No. 19. 

ured at both ends of most of tho lines; theso aro cullc ($ reciprocal ob- 

obsci~vi~tions were ma Y e *  thFt is, tho vcrtioal tingles wero mcilsurcd a t  

COMPUTATION, ADJUSTMENT, AND ACCURACY O F  THE ELEVA- 
TIONS. 

I n  tho main schomo of tho triangulation vertical an 10s were mom- 

servations. For n o d  u11 lines to intorsection points nonraci.proca% 

tho occupied point on tLo intorsection point, but  not in tho ruverso 
diroction. 

I n  computing tho difference of elevation betwoon two points 
whero corrcs onding rociprocul obsorvtitions wero mude, tlio obsorvoct 
double mnit f 1 distanccs wcro first rcducod to tho zenith distunccs of 
tho lino connecting tho two stution marks, and then tho diflormco of 
elevation of tho station marks ww cornputad by tho formula: 

In  this formula (hz-h , )  is tho diffarcnco of elovation, Tz and t 
tho ruduccd zunith distttnccs a t  the stations, s tlio longtli and p 
tho moan radius of curvature of tho lino cunnecting tho stcitions. 
This formula will bo found reduced to an easily handled workin 
form with proparcd tables on p a p  207 ot  scq. of U. S. Cocist an 
Goodctic Survey S ecial PubliciLtion No. 25, Application of Lcust 
S uares to Triangu f ation. 

%he loast-squarcs adjustment of tho mciin schonio of verticnl iu!glos 
involved 27 new stations and 7 stations whoso olovations, dcteriniiicd 
in previous sousons by spirit lcvoling or by vorticiil an lcs, wc'ro til- 

2 

reudy known and wore held us fixed. Theso wcro formo 5 76 obsorvu- 
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tion equations, rcquirin the solution of 29 normal equations. From 
this com utation was 8 wived the probable error of k1.2G meters 
for a d d r e n c o  of elevation ovcr a lino of length 31.7 kilometers 
(19.7 miles), this being tho length of lino corrt 2s p ondinf to an obser- 
vation of weight unity. Tho probable error for any a justed diffcr- 
ence of clevntion may bo dctcrmincd by assuming i t  and tho pro1ml)lo 
error of an observation of weight unity to bo in tho samo proportion 
as the lcngths of tlio lincs involvcd. 

I n  computing the differenco of elevation detwminetl by n non- 
reciprociil obscrvntion, the. obscrvcd zenith distanco was eithcr re- 
duccd to the zenith distnnco nt the station miwk or clso correction 
for hcight of instrument above mnrlc was applicd to tho derived 
differenco of clevntion. The foxmula used for computing tho dXer- 
Once of elavation is: 

{,- (!J-m)--,7 

- m) --ii - 1.- - 
p sin 1 

S 

p b i n  1 p sin 1” 

h -h -sAR . - ~ . 
a I -  

h where A = 1 + --1* the correction for (?lovation of tho known station, R 
is tho reduction factor from arc to chord, and m is the coefficient of 
rcfraction dorived from tlio com utution of tho reciprocal obscrvu- 

as in the formula for rcci rocal observations given above. A moro 

and tables is givcn in Special Publication No. 28 refcrrod to above. 
Tho datum for all tho clcvations is mean sea lcvol. Tho stations 

are in thrco clnssos: First, thoso fixcd h direct conncction with 

probable error of fO.l motor; second, tho stations in tho main 
schemo fixcd by rcciprocd mensurcs of vcrtical anglcs and subject 
to probablo crrors vcwying from fO.l meter to f 1.5 metors; and, 
third, tho supplcmcntnry and intcrscction points whoso elevations, 
with a few cxccptions, wcro dctermincd by nonrociprocal zenith dis- 
tanco ohsnrvations from stations of tho main schemo. The few ex- 
c(?p tions aro whero reciprocal obscfvations wcro mndo along lines 
connecting main schemo stations with occupied su plcmcmtary sta- 
tions. Thcso elevations aro of varying degrees o P accurtlcy, somo 
of them being subject to probnblo errors as grerkt ns st3 mcteru. 
Thoy aro hcre ivcn to the puhlic becauso they aro probably tho best 

which aro mountain peaks, and becauso t cy aro undoiibtcdly of 
aufficicn t accuracy €or general gcogra hic and mapping purposes. 

P 

tions at the samo station. Tho ot P ier symbols hrtvo tho snmo meaning 

completo cxplanntion of t F iis formula togcthcr with a working form 

precise level clevations, tho elevations o P which nre subject; to a 

R values availsb F o for tho clevations of tho oints narnctd, many of 

The table of elevations is givtn in c a r t  1. (Yoe p. IS.) 
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FtO. 8.-Trlangulotlon, vloinlty of Redding, Calli., t o  vlolnlty of Klnmnth Fells, Oreg. 



50 U. S. COAST AND GEODETIC SURVEY. 

- +  

- +  

- +  

a ! O G B S l  Butte 

4. + + i  
I' ! 

1 1. t I .  
FIO. Q.-Trlangulation, vlclulty of Klnmath Y&, Orcg., to vlcidly of U n l l  Lako, Ore& 
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FIO. lO.-Trla~lgula&, vlolnlly of Alkall Lake, Oreg., t o  Idaho-Oregon Stale h0. 
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