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THE CALH,ORNIA-W ASHINGTON ARC OF PRIMARY TRIANGULATION. 

By A. L. BALDWIN. 
Computer, United States Coast and Geodetic S-11.rvey. 

GENERAL STATEMENT. 

In the spring of 1903 the Unit.eel States Coast and Geodetic Survey began the reconnoissance 
for an arc of primary triangulation· to extend from the primary trfangulation in northern Cali:.. 
fornia to Puget Sound. The work of reconnoissance was not done continuously in any one 
season, but was done a little at a time, in order to interfere as little a.s possible with the obser
vations. It was usually done slightly in advance of the triangulation, but at times simul
taneously with it, and so the two can not be discussed separately. The observing was com
pl~ted in four smmner seasons, beginning in June, 1903, and ending in July, 1906. 

The length of the primary triangultttion of this arc, a.long the axis of the scheme, is 577 
miles (929 kilometers) and the length of the subsidiary schemes, secondary in character, is 
about 30 miles (48 kilomet.ers). Fifty-seven stations constitute the main scheme. The mean 
latitude of the three old stations of the Thirty-ninth Parallel triangulation, from which the 
arc st1irted, is 39° 05', and the northernmost point lies in latitude 47° 23'. The triangulation 
follows closely the meridian of 122° 30'. 

'l11e positions and descriptions were prepared for publication by Mr. C. H. Swick. 
The greater portion of the work of making the difficult least square adjustments was done 

by Mr. E. H. Bowen and Mr. M. H. Doolittle, the adjustment of the elevations from the vertical 
·measures having been· made by the latter. 

The engineer intent-011ly upon securing the necessary information to enable him to extend 
his triangulntion or to _base other surveys upon it will find the inforn1ation he desires on pages 
31-78, commencing with the expln.nation of. "the table of positions, lengths, and azimuths. 
The index print.eel on pages 75-78, used in connection with the sketches nt the end of the 
publication, will enable· him to find quickly the da.ta for any given iocality. 

There were used to control the lengths i~1 this triangulation the Yolo base in California, 
t.he Willamette base, near Eugene, Oreg., and the Tacoma base, near Tiwomo., Wash. 

. The Yolo b1ise was measured in 1881 by Assistant George D~vidson, who published his 
report as Appendix No. 8 in the Re.port of the Coast and Geodetic Survey for 1882. The 
Willamette and Tacoma bases were measured by the party of Assistant 0. B. French in 1906.1 

Puring this season of 1906 six primary bases were measured, the other four being a part of 
the Ninety-eighth Meridian triangulat.ion. Complete :rheasurements were made on each base 
with 50-meter steel tapes. arnl also with invar tapes of the same length. 

PROGRESS OF THE TRIANGULATION. 

SEASON OF 1903. 

Early in 1903 Assist&nt 0. B. French was placed ·in charge of the field work and in April 
organized at Eugene, Oreg., a reconnoissance and building party, consisting of a foreman and 
four men, with 11. wagon a.nd four horses. 'Vith this party Mr. French conducted a recon-

1 s~e Appendix 4, U.S. Coast am! Geo<letil' Snrvey Report for 190i, "Six primary bases measured with steel and lnvar tapes. 
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6 THE CALIFORNIA-WASHINGTON ARC OF PRIMARY TRIANGULATION. 

noissance through the Willamette Valley to -connect with the triangulation of the Columbia 
River. By the latter part of May this was so far advanced that the observing could be started 
and a party, consisting of Mr. French, a recorder, and four other men, with two wagons and 
seven horses, started out from Eugene for the first station, Roman, leaving the first party to 
build signals. The work was pushed toward the Columbia River as far as the reconnoissance 
had been completed. Before the· end of September both parties rettirned to Eugene,. where 
a base and its connections with ·the main scheme were laid out and a part of the stations were 
occupied by the middle of October. Throughout the season the signal-building party was 
always in advance of the observing party, erecting signals, 9utting lines, opening ti·ails, and 
preparing camping grounds. The weather during the whole season was very disagreeable and 
uncertain and t:\l.e cause of much lost time, especially by the observing party, as it was rare 
that all the signals to be observed at a station were visible at one time. There were frequent 
long intervals of many days when no observations could be made. 

Between the middle of October and the middle of November :Mr. French and the foreman 
of the signal party made a reconnoissance southwar.d to connect with the triangulation of the 
Thirty-ninth Parallel, developing the scheme that with few changes was carried out in 1904. 

SEASON OF 1904. 

. In the season of 1904 the organization of the parties and the method of conductm:g the 
work were about the same as in 1903. Assistant J. S. Hill wns also assigned to the work, 
.thus enabling Assistant French to devote more time to ·reconnoissance without delaying the 
progress of the observing party. The parties were organized in April, when some additions 
were made to _the reconnoissance to complete the scheme betweei1 the Thirty-ninth Parn1lel 
triai1gulation and the work of the previous season, and a few stations were prepared for obser
vations. The observing started at Marysville Butte soon after May 1 and the season's work 
closed· about the middle of November. During this tiine the whole scheme between the old 
triangulation of the Thirty-ninth Parallel and the work of the previous season was completed. 
Between July 9 and August 10 Assistant French made a reconnoissance to connect the work 
of the Columbia River with that of Puget Sound, which practically settled the scheme of work 
for 1905. 

Many difficulties' were encountered during the season. During April and May snow and 
very strong winds g~eatly delayed the work. At station Soda smoke delayed the party at 
one time for six weeks. Many st.at.ions were difficult of access. Five stations were reached 

. ·by pack trains over distances from. 10 to 25 miles and along difficult and dangerous t.rn.ils. 
In each of two cases special trails had to be made for a distance of 4 miles and they were s~. 
steep that in one· case two horses went over backwards and the outfit had to be packed by 
men. In order to reach station Mears it was necessary to use ladders and hand lines. 

SEASON OF 1905. 

During the season of 1905 the organization of the parties and method of conducting the work 
were the same as during the previous season. The field work began about the middle of April 
and closed about the middle of October. · 

The region between the Columbia River and Puget ·Sound is a very difficult one through 
which to carry a primary triangulation. Many of the peaks that must be used are fin.t and 
heavily timbered and the roads and trails are almost impassable. It is also a region of very bad 
weather and this fact, together with the prevalence of forest fires, made the delays in observing 
very great·. The scheme that was laid out the preceding season proved to be entirely too expen
sive, on account of the very high signals required and the great amount of cutting of timber 
necessary. Further reconnoissance was therefore required and both parties took part in it, 
About June 1 the observing party began work in Oregon, completing the occupn.t.ion of four , 
stations in the Willamette base net. This party then moved to the vicinity of the Tacoma base 
and was engaged the rest of the month in signal building. Observing was resumed on July 1. 
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In spite of every effort the work connecting the Columbia River triangulation with that of Puget 
Sound was not completed during this season. Assistant Fl'.ench reported that the weather 
conditions during this season were the most unpropitioui? for such work that he had ever 
experienced. · · 

At three stations signals over 100 feet high were built., one being 130 feet high. At several 
·stations the instrument 'vas mounted on a high tree. In such cases the tree was guyed with 
iron wires and a staging was built about the tree. At one station over ~00. trees 4 feet or more 
in diameter and 200 feet high, be.sides many smaller ones, were cut to open lines. Long and 
ditngerous trails had to be constructed and several accidents happened on then1, which' fortu
nately were not serious except to the horses. At the last station the po.rty was co.ught in the 
snow and had difficulty in getting out. · 

SEASON OF 1906. 

During this season the work was ii1 charge of Assistant J. S. Hill, who organized a party 
on June 11 and finished the fast station on July 26, completing the 1n-imo.ry triangulation 
between the Columbia River and Puget Sound. He also made the connection between the 
primary triangulation and the Columbia River work. Between June 18 and 'July 26 the observ
ing party occupied seven prinrn.ry stations and incidentally traveled 250 miles by boat, 315 miles 
by wngon, and 130 miles by trail with pack o.nimals. 

METHODS OF OBSERVING EMPLOYED. 

The observations for the primary horizontal angles were made in accordance with the 
General Instructions for Primary Triangulation, as given on page~ 170-174 of Appendix 4, 
Report for 1.911. 

All the horizontnl angle· measures were made by the direction method, using the 12-iiich 
(30-centimeter) theodolites made in the Instrument Division of the Survey. These i1~stru
ments are described in Appendix 8, Report for 1904. The telescope used hn.s a cleo.r aperture 
of 61 millimeters n.nd its focal length is 74 centimeters. The circle is graduated to five-minute· 
spn.ces n.nd is read by the micrometer microscopes t_o single seconds. . 

PROGRAM OF OCCUPATION OF. STATIONS. 

In the following three tables the primary stations occupied during the several seasons are 
arranged in the order of their occupation. The second column of each table indicates the dn.ys 
on which primary horizontal observations were made, and the third column the number of such 
days. The letters (az.) ·after the name of a station indicates that observations for primary 
astronomic nzimuth were mn.de at that station. 

St.ations occupied. 

Assistant 0. B. FRENCH, chief of party and observer. 

SEASON OF 1903. 

Station · Days on which observations or primary horizontal I Number of 
directions were made days 

·. 
Roman June 17, I~. 19.'!?0, ::?3, ::?5. ~6, 28, ::?9 9 
Spencer (az.) July 7, 8, 9; Oct. 12. 13, 14 G 
Peterson July 14, 15, 16 3 
Mary (az.) Ju1y 25, 26 2 
Yam (az.) July 31; Aug. 3, ·!, 8, 9 .5 
Hult Aug. 11, 12, 13, 16 4 
Barnes (a.z.) Aug. 27, 28, 30; Sept. L 2 5 
Larch Serit. 8, 13, 14, 15 4 I 

Rauch Oct .. 1, 2, 6 3 
Willnmet.te south Oct. 7, 8, 10, 11 4 

base 



8 THE CALIFORNIA-WASHINGTON ARC OF PRIMARY TRIANGULATION. 

sw..tions occu.pied-Continued. 

Assistant 0. B. FRENCH. chief of party and observer, and Assistant J. S. HILL, observer. 

SEA.SON OF 1904. 

Station I Days on which observations or primary horizontal I Numh.er or 
directions were made. days 

Marysville Butte ~fay 3, 4, 5, 6, 10 5 
Snow Mountain May 16, 18 2 

east 
Kent (az.) l\Iay 25, 26, 27 3 
Lyons (az.) June 3, 4, 5, 6 4 
Round (az.) June 11, 12, 13 , 3 
Bally June 16, 17, 18, 19 4 
Mears June 24 1 
Spur June 29, 30; July 1, 2 4 
Gazelle (az.) July 4, 5. 6, 8 4 
Boliver July 12, 13, lll. 18 4 
Sterling July 26, 27, 30 3 
Soda Aug.3,4, 12;Sept.24,25 5 
Rust (az.) Sept. 28, 29 ' 2 
Black Oct.3, 4 :! 
Onion (az.) Oct. 12 l. 
White Oct. 18, 19 2 
Scott (az.) Oct .. 21. 22 2 
Yellow Oct. 27 1 
Fairview Oct. 31 1 

' 

Assistant 0. B. FRENCJ:I, ehief of party and observer, and Assistant J. S. HILL, observer. 

SEASON OF 1905. 

iltation Da~·s on which observations or primary horiwnt.al 1 ·Numl•er or 
directions were made days 

Ridge June 6, 7 2 
Willamette nort.h June 8 1. 

base 
Twin June 10, 11, 12 3 
Peterson June 13, 14 2 
Neill :3 July 1 1. 
Wash June 27, July 6, 7 3 
Smelt I July 7 1 
Dron July 10 1 
Gull .July 10 1. 
Kin ,July 11 1 
Tacoma ·astro- June 21, 22 2 

nomic station 
(az.) 

Bos July 13 1 
Burn July 14 1 
Tacoma south July 26, 27, 28, 29, 30 5 

base 
Tacoma north July 31, Aug. 2, 3 3 

base 
Hurst Aug. 5 l 
Pen Aug. 6, 7, 8, 9 4 
Bel (az.) Aug. 18, 19, 20, 21 4 
Huck Sept. 6, 11 2 
Hal Sef,t. 1, 3, 4, Aug. 30, 31 5 
Rain Ju y 22, Sept. l~, 15 3 
Toutle ser,t. 21 1 
Hurst Ju y 24, 25, Aug. 28 8 

-· 
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Bta.tions occ-u.pied-Continued. 

Assistant!. S. HILL, chief of party a.ncl observer. 

SEASON .OF 1906. 

Station I Days on which observat.ions of primarr horizonhll Number of 
directions were made days 

Bar\1es June 14, 113, 17, 18 .J 
Red June 23, 2.J, 25 3 
Larch June 30 1 
Star July4, 5 •) 

Davis July 10, ll, 12, 13 .J 
Lam (az.) July 15, lfl . 2 
J,en July 23, 24, 25. 26 4 

STATEMENT OF COSTS. 

The difficulty of separating the cost of the reconnoissance frcnn that of the triangulation, 
where the t\VO operations were cn.rried on simultaneously, forbids an accurate stn.tement of the 
cost of the former. It may fairly be stttted thitt the time spent on the reconnoissance during the 
first three seasons was approxinrn.tely 6. 2 ·months and the cost between $2500 and $3000. 
This makes the progress 93 miles per.month anrl the unit cost not far from $4.80 .per mile. . 

The following statement of costs for the triangulation may be considered correct.. 'These 
costs are computed for the whole arc and include the salaries of the observers while in the field 
and during the limited times 'before and after each sen.son while plo.nning and reporting the 
work. 
Number of months of observations ............. . 
Number of primary stations occupied ........... . 
Stations occupied p~r month ................... . 
Total field expenses ........................... . 
Cost fer station occupied ....................... . 
Tota number of points determined ............. . 

14.9 
5!1 
4 

$350::!9 
$5{14 
.183 

Cost per point determined .................... . 
N uml)er of miles of progres.~ .......... · ......... . 
Cost per mile of progress ...................... . 
1~rea in ma.in sche.me in square miles .......... . 
l.·ost per square nu le ........................... . 

STATEMENT OF ADJUSTMENTS. 

$192 
577 
$61 

22100 
$1.58 

No local adjustments wer~ made, these having become unnecessary since the a(~option of the 
present met.hod of supplying missing observations in broken sedes.1 

The line Snow Mountain west-Mount Helena had been fixed in length, direction, !_tnd 
position by the Thirty-ninth Parallel triangulation, and the re;sult is published on page 539 of 
Ap1)endi-x: 9, Rep(~rt for 1904. Similarly, the length, direct.ion, ru1d position of the line Marys
ville Butte-Mount Helena is published on pQ.ge 540 of the same report. Marysville Butte was 
determined from eight stations of the Thirty-ninth Parallel triangulation, using sL~ side equations, 
the angle equations being entirely lacking. The remo.ining parts of the triangle Snow Mom1tain 
west-Mo.rysville Butte-Mount Helena wei·e computed, and it was found that the two angles 
measured in 1904 required correct.ions of -0".71 and +1".32, respectively, to conform to the 
fixed computed angles. A single least square adjustment s~rved for .the entire primary 
scheme: The mea.'3ured bases, Willamette and Tacoma, compelled the use of two length equa.:.. 
tions, and the Laplace azimuths 2 computed at G~zelle, Willamette, and Tacoma made three 
azimuth equo.tions necess;iry. 

ABSTRACTS OF HORIZONTAL DIRECTIONS AND ELEVATION OF TELESCOPE ABOVE THE STATION 
MARK. 

All observed directions in the triangulation ha~e been given equal or unit weight.. Those 
direct.ions- were reduced to center where either the instrument or the object observed was not 
coincident. with the center of the station mark. ' 

1 See Appendix4, U.S. Coast and G~detic Survey Report for 19il, p.171. 
'A Lapl.ac>! azimuth I also called a true ~odetic azimuth), as used in this publication, is one computed at a station of the triangulation from 

coincident longitude a.nd azimuth observations, using the Lapl~eequation: (Astronomic azimuth-Laplare azimuth)+ sineoflatiLude (O\St.ronomic 
longitude-geodetic longitude) =zero,- (See pp. 17 3lld 18 of the Supplementary Jnwstigation in 1909 of the Fi~1ro of the Earth and Isostasy.) 
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The h~1-izontal directions are reckced to sea level. 
given by 

The correction exprnssed in seconds is 

e.2h sin2a cos2cp 
:3 p sin I" 

where e2 = (a
2 

r~ b
2

), h =height. of station sighted, p =the radius of curvature in a plane normal · 

to the meridian, cp =the latitude, and «=the azimuth counted from the south westward. 
In the follo-\ving table are also given the elevations of the telescope of the theodolite above 

the station mark at each of the primary stations. These elevations enable the reader to judge 
of the nmount of building done and they permit the engine~r or surveyor who uses the stations 
to form an estimate of the probable amount of building required to make any particular line 
clear. 

Station oc<"Upicd and clovation Number of 0 bserwd di1..,ction Fimll seconds 
or instnunent above station direction Object obsen"ed reduced to. sea airer figure 
mark le.vel adjustment 

0 ' 
,, 

' 
Mru·ysville Butte 16 Snow Mountain east 0 00 00.00 00. 6-1 

3.73 meti:>rs 17 Kent 33 11·2s.15 28.82 
18 Lyons 83 06 -12.00 42. 6-1 

Mount Helena 305 58 17.33 16.60 
Snow Mountain west 359 25 17. 60 18.33 

Snow Mountain east 5 Snow Mountain west 0 00 00.00 58.54 
1.58 meters 1 Kent 142 59 12.34 l::?. 30 

2 Lyons 184 37 ::?4.10 24.78 
3 Marysville Butte 245 25 31. 85 31. 93 

' 4 Mount. Helena 314 30 30.82 31.55 

Snow Mountain west Marvsville Butt.<> 0 00 00.00 00.36 
Motint Helena 69 1110.85 10.50 

20 Snow Mountain east 295 09 07.62 09.10 

Mount Hek·na Mount Dfa.blo 0 00 59.93 00. llO 
Snow Momit.aiu west 208 09 11. 473 11. 151 

19 Snow Mountain east 208 37 44.87 42.89 
Marysville Butte 265 31·14.565 14. 922 

Gazelle astronomic sta- 45b Spur 0 00 00.00 59.49 
t.ion. 45a Soda 242 13 53.98 54.50 

1. 95 meh·rs 

I 

Kent 21 Bally 0 00 00.02 00.04 
1.51 meters :12 Round 29 12 2-1.35 2-1.14 

23 Lyons 62 01 55.21 55. fl9 
24 l\iarysville Butte 130 43 32. 66 32. 60 
25 Snow Mountain east 175 05 58.30 58.07 

Lyons 15 Round 0 00 59.95 01. 03 
1.44 meters 11 Marysville Butte 212 56 26.00 24.84 

12 Snow Mountain east 249 01 61.06 61.25 
13 Kent 274 19 62.35 61. 62 
H Bally 317 17 11. 40 12.03 

Bally 28 Round 0 00 00.05 00.10 
a.Q6 meters 29 Lyons 4::! 13 01. 56 00.79 

30 Kent ' 117 14 10.57 10. 77 

I 
26 Boliver 282 44 32.07 32. 69 

Mears 307 33 04. 51 
27 Spur 311 53 12. 78 12. 69. 

Round 10 Spur --
0 00 59.89 00.19 

1.54 meters 6 Lyons 
I 

lH 15 49.37 48.30 
7 Kent 235 46 33.31 33. 17 
8 Bally ::?69 20 08.34 08. 46 
9 Mears 330 55 18.31 19. 12 

Mears 34 B(lliver 0 00 59.87 59. !19 
1.59 metepi 31 Spur 89 50 06.45 06. 9-1 

32 Round 19::? 05 14. 69 13.87 
33 Bally 258 03 15.04 l'i. 24 
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I Station occupied and elevation Nnm~eror., Observed direction Final secondsj I or instrument above station direction Object observed reduced to sea after figure 
mark level adjustment 

I 
I 0 I II 

Sterling 53 Soda --
0 00 00.03 59.90 

1.50 meters 54 Spur 60 51 45.03 44.83 
55 Boliwr 9::! 55 ::!9. 41 29.09 
51 Onion 258 ::!6 0'.l. 01 02. 12 
52 Rust \. 

31::! ::?6 01. ::?2 01. 78 

Spur 4:3 Bolivt·r 0 00 00.10 00.11 
1. 67 metet"S 43a Gazelle astronomie st.:1- 50 48 06.40 07. 29 

tion 
44 Sterliug 71 55 04.68 04.85 
4.5 Soda 95 06 45.90 45. 88 
40 Round ::!69 20 '.!.7. 85 ::!7. 44 
41 Ballv 310 33 59.83 59.57 
4" Mears 318 00 44. 57 44. 19 

Boliver 37 Spur 0 00 00.11. 00. 10 
2.54 meters 38 Mears 48 10 40. 17 40.06 

39 Bally 101 ::?5 '.!.8. 71 28. ::!3 
35. Sterliug ::!83 58 38. 63 39. 25 
36 Soda 305 33 31. ::JS 31. ::!6 

Soda 48 Sterling 0 00 00.00 00. ::?5 
1.55 meters 49 Onion 57 20 59.99 59. 7~ 

50 Rust 108 37 07.28 08.05 
46 Spur 264 03 19.78 19.66 
46a Gazelle. astronomic st.a- 281 5840.14: 39.63 

tion 
47 Boliver '.l94 30 14.!!0 14.10 

Rust 67 St.er ling 0 00 00.00 59.23 
1.74 meters 68 Onion tl2 50 46. 25 46.38 

69 White , 1010313.56 13.83 
70 Black 137 15 51.99 53.07 
66 Soda 336 11 00. 7::? 00.01 

Onion 56 White 0 00 00.00 00.45 
1.61 meters 57 Black 31 48 ::J.5. 91 ::?5. 55 

58 Rust. 77 51 31. 51 :n.27 
59 Soda 119 55 48. ::!7 48.10 
60 Sterling J..11 00 57.36 57.66 

White 63 Black 0 00 00.00 59.63 
6.67 meters 64 Rust. 49 58 50.86 50.98 

65 Onion us 55 02.30 01. 77 
61 Yellow ::!43 41 43.8::? 44.1::? 
62 Scott 271 1138.91 39.34 
6'.la. Fnirview 306 34 37.83 37.88 

Black 71 Rust 0 00 00.00 58.64 
1.53 meters 72 Onion 59 31 56.35 57.05 

73 White 93 48 34.84 35.26 
74 Scott. 125 0,1 47. 9::? 48.89 
75 Fairview 1710816.94 16.!!0 

Fairview 80a White 0 00 00.00 59.48 
1.72 meters 81 Scott 23 26 03.35 02.22 

82 Yellow 54 53 23.69 23.34 
83 Roman 81 39 !!4.54 !!5.12 
84 Spencer 110 00 45.96 46.59 
80 Black 310 44 55.6'.! 56.40 

Scott 78 Black 0 00 00.00 58.70 
1.74 meters 79 White 59 58 28.34 28: 12 

76 Yellow 189 44 2'.!.86 2'.l. 97 
77 Fairview. '.!98 47 '.l5. 48 26.91. 

Yellow 89 W'.hite 0 00 00.00 59.77 
!!.00 meters 85 Roman 178 40 38.63 38.70 

!l6 . Spencer ::!39 OG 47.80 48.00 
87 F,1.irviflw 297 46 09.74 09.78 
88 Scott. 337 15 48.07 48.00 

-



12 THE CALIFORNIA-WASHINGTON ARC OF PRIMARY TRIANGULATION. 

Station occupied and elevation Nnmberor Object observed 
Observed direction Finni seconds 

of instrument :tbove srotion direction red need to sea alter figure 
mark level adjustJ11ent 

0 I II 

Roman 103 Spencer 0 00 00.00 00. 19 
1.65 meters 104 Fairview 31 04 11. 58 11. 80 

105 Yellow 65 12 45.72 45. 52 
100 Mary 291 34 34.04 33.07 
101 Peterson 321 25 23. 53 23. 77 
102 Twin :330 41 33. 42 33.93 

Peterson 112 Twin 0 00 00.00 00.21 
1.80 meters 113 ~~ence~ 2 07 17.11 17.02· 

114 ' illamette south base l::! 02 ::!4. 57 24. 53 
115 Rauch 19 56 37.54 37.26 
116 Roman 3f> 19 25. 25 25.63 
117 Ridge 39 24 39.46 39.22 
118 Mary 81 41 22. 60 '>·~ JO 
119 Yam 159 38 :32. 55 32:68 
120 Hult 194·06 36.09 36.48 

Mary llO srencer . 0 00 (.)0.00 59.30 
1.68 meter!) " illamett.e south base l 21 10.01 

111 Roman 45 09 17.07 17. 72 
106 Yam 239 47 19.05 18.85 
107 Hult 264 35 34.37 34.88 
108 Peterson 301 21 56.32 57. 18 
109 Twin 326 42 41. 83 40. 72 

Ridge 358 46 44.40 

Spencer 98 Peterson 0 00 00.00 00.04 
1.77 meters !l9 Twin 1OS19.38 19.94 

90 Fairview 13112 05.23 04.21 
91 Yellow 197 25 26.30 26.36 
!)·~ Roman 251 46 38.49 37.59 
93 Rauch 270 37 26.91 27.64 
94 Willamette south base 311 51 09.89 10.22 
95 Mary 318 12 01.16 00.36 
96 Ridge 319 ]5 00.47 01. 02 
97 Willamet.t.e north base 32~ 26 41. 12 41. 57 

Rauch 140 Wilhl.mett.e south base 0 00 00.00 59. 76 
6.22 meters 141 Spencer 38 34 20.22 19.91 

136 Ridge 297 44 13. 19 12.67 
137 Wilb.mett.e nort.h base 323 25 50.80 51.36 
138 .Peterson 325 46 O!l. 09 09.68 
139 Twin 335 ll 36.46 36. 3t~ 

Ridge 135 Rauch 0 00 00.00 00.05 
2.54 meters 129 Mary 147 11 23.95 23.90 

130 Peterson 227 29 ~l7, 53 56.94 
131 Twin 256 4110.38 10.54 
132 Wilhunette nort.h base 310 54 60. 15 59.92 
133 Spencer 329 27 38. 79 39.34 
134 Wilhunette south bt1se 333 02 17.49 17.59 

Willamette north base 151 Rauch 0 00 00.00 00.27 
12 .84 meters 15::! Ridge 105 13 22.03 22. 13 

153 T"ivin 203 26 46.52 46.91 
149 SP.encer · 312 57 42.01 41.72 
150 "' 1llamet.te sout.h base 327 11 Oil. 75 · .09. 27 

Willamette south base 142 Rauch 0 00 00.00 59.59 
12.83 meters 143 Mary 87 30 00.53 f•2. 56 

144 Ridge 90 46 31. 35 30.84 
145 Willamette north base 110 37 00.75 00.61. 
146 Peterson 137 51 58. 15 57.91 
147 Twin · 145 36 46. 97 4ll. 53 
148 Spencer 259 48 02.20 01. 94 

Twin 121 ~~encer 0 00 00.00 59.69 
1.79 meters ].•)'> \l illaml:'tte south·bllse 16 31 35.58 35.46 

123 Rauch 26 06 25. '.!9 25.il 
124 Willll.mette nort.h base :37 47 28. 18 27.84 
125 Roman 41 19 56. 11 55.91 
126 Ridge . 65 20 14. 14 14.38 
l'.!7 Mary 103 46 25.82 26. 10 
128 Peterson 176 44 23.07 23.09 

-



THE CALIFORNIA-WASHINGTON ARC OF PRIMARY TRIANGULATION. 

Station occupied and ele\•ation Number of I Observed direction IFinalseconds 
of instrument above station direction Object obsen·ed reduced to sea a!Mr figure 
mark level adjustment 

0 
., ,, 

Ya.m 156 Hult. 0 00 00.00 00.19 
1.58 meters 157 Peterson 59 23 41. 58 41.57 

158 Mary [lfl 51 5{1. !:10 59. 90 
154 Barnes 282 51 50.59 50.88 
155 Larch 309 30 21.02 20.54 

. Hult 161 Yam 0 00 00. 00 f19. 92 
11.13 metl'rs 162 Barnes 69 11 05. 28 05.'39 

ltl3 Larch 109 ::?5 49. 52 f10. 23 
159 Pr~terfJOn 273 51. 40. 67 40. 21 
160 Mary 304 40 09. 69 09.43 

I 
Ln.rch 166 Darn es 0 00 00.00 59.89 

1.65 meters 167 Star 6-! 13 06.42 06.Sl 
168 Red 115 22 55. 56 55.86 
1G4 Hult 308 34 23.01 22. 88 
165 Yam 328 38 60.20 59. 76 

B:irnes 171 Larch 0 00 00.00 00.66 
4.63 mders 172 Hult. SS 19 47.53 47.04 

173 Yam 122 00 37. 47 37.56 
1G9 Davis 283 59 30. 10, 29.94 
170 Star 329 23 21.81 21. 71 

St:1r 182 Barnes 0 00 00.00 59.65 
l.2ll meters 179 Davis 76 04 01. 19 01. 64 

ISO Red 178 14 18. 61 19.10 
181 Larch 274 4~ 42.99 42.39 

Davis 186 Red 0 00 00.00 00. 12 
1..56 meters· 187 Star 38 39 32.-25 31:49 

188 B:t.rnes 97 1.1 41. 85 42.23 
183 Toutle 270 11 42. ~:!4 42. 71 
184 Lam 2fl7 55 51. 45 52.07 
185 Lc,n 309 10 20. 13 19. 39 

Red 175 Stnr 0 00 00.00 5!J. 05 
1.31 meters 176 Davis 39 10 13.92 13.96 

177 ·Lam 56 47 33.24 33. 74 
178 Len 92 49 41.21 41. 49 
174 L:irch 327 45 OS. 67 08.81 

.L:1m 201 Len 0 00 00.00 00.11 
1.53 meters 202 Red 61 59 39.51 39.26 

203 Davis 162 18 14. 19 13. [14 
200 Tout.le 286 28 44.77 45. 14 

Len 193 Ruck 0 00 00.00 01.00 
1.64 meters 194 Bel 43 05 50.04 48. 57 

189 R·~d 177 13 38. 18 37.85 
190 D:wis \ 2.52 44 35. 26 35.5i 
191 Lam 259 11 54.54 54.88 
192 Toutle 292 18 28.42 28.59 

Toutle 1991 Davis 0 00 00.00 59.'!.5 
2 .!J3 lllf'UJrS 195 Huek ]84 30 34.45 35.49 

1961 Bel 213 54 10.59 11. 00 
197 Lf'n '!.58 32 26.86 26.33 
198 La.rn 331 54 39. 27 39.00 

Del 211 I Toutle (I 00 00.00 00. 411 
l. 97 meters 212 Huek 37 44 45. 17 44.89 

2131 Hal . 41 05 3S. -14 37. 67 
214 'R:iin 55 27 10. 83 11. 31 

- 215 Hurst 87 05 27. 46 26. 5] 
210 J,en 335 25 30. :j2 31. GO 

Ruck 205 1:bl 0 00 00.00 00. 6ti 
1.54 metr~rs 206 Hurst 24 54 18.96 18. 8-J 

'!.07 Bel 110 53 44. 10 44.97 
208 Len 185 28 49.40 '48.84 
209 Toutle '!.23 4:) 30. 90 ·w. 3S 

I 204 Rain 338 33 11.51 12.21 



14 THE CALIFORNIA-WASHINGTON ARC OF PRIMARY TRIANGULATION. 

-
Station occupied and elevation Numberor I Observed direction Finaloeconds 

or instrument ahove station direction Object observed reduced to sea after figure 
1nark level adjustment 

- 0 I II 

Hal 216 Rain 0 00 00.00 00.34 
1.65 meters 217 Hurst 50 18 17. 55 17.52 

218 Tacoma north base 58 37 25.30 25. 42. 
219 Tacoma south base 58 55 27.83 27.92 

' 220 Pe11 77 2'1 46.84 46. 77 
~21 Bel 138 07.49.00 49.22 
222 Huck 203 53 12.96 12. 31):. 

Rain 228 Hal 0 00 00.00 59. 73 
3.99 meters 229 Huck 2 26 23.70 23. 35 

223 Hurst 262 34 56. 62 58. 25 
224 Tacoma north base 263 18·48.89 48.93 
225 Tacoma south base 272 2-1 29. 60 29.81 
226 Peu .290 53 00. 56 . 00. 32 
227 Bel 332 29 21. 85 20.83 

Pen 242 Tacoma north base 0 00 00. 00 59. 79 
33. 34 meters 238 ·Hal - 233 58 29.41 29.83 

239 Rain 267 26 46.09 45.89 
240 Hurst 3211118.53 18.96 
241 Tacoma south base 326 18 32.57 32. 13 

Bum 357 26 57.78 

Hurst 231 Ta<:"oma north base 0 00 00. 00 00.28 
3~. 55 meters 232 T,i.coma south base 68 59 18~27 18.42 

233 Pen 79 34 01. 52 01. 54 
234 Bel 99 04 00.08 01. 38 
23ti Hur:k 143 43 59.05 57. 71 
236 Hal 145 14 45.09 44.80 
237 Rain 177 31 28.02 27.79 

' 
·230 Bum 336 28 08.21 08.3~ 

Tacoma south bttse 248 Tttcoma.north base 0 00 00.00 00.00 
32.33 meters 243 Pen 112 05 00.83 00.98 

244 H,i.l 18115 39.88 40.94 
245 Rain 214 44 45.98 45.23 
246 Hurst 276 23 04.90 04.74 
:?47 Burn 344 12 37.84 37.54 

Tacoma north base 2ti2 Kin 0 00 00.00 00.55 ,. 38.28 meters 249 Pen 133 00 22.21 22.07 
250 Tacoma sou th l>ase 167 13 53.36 53.78 
2f1l Hal 168 11 32.85 32.25 
252 R:tiil 192 52 59.32 58.71 
2~,3 Hurst 194 37 40.90 40.56 
2M Burn 302 58 21.69 22.05 
261 Wash 323 57 47.21 47.59 

Burn 259 Wash 0 00 00.00 00.H 
,13.42 mete~s 260 Kin 76 02 49.34 48.98 

I. 255 T:i.coma nor.th h:l.8e 125 54 43.94 43.63 
256 Pen 133 .23 41. 08 41.70 
257 T.i.coma south ba8e 154 22 53.22 53.04 
258 Hurst 174 02 10.28 10.39 

Kin 268 Bos 0 00 00.00 59.92 
20. 05 meters 263 Tacoma north ba~e 159 37 09.46 08.95 

264 Bum 232 4:'\ 35. 59 35.88 
265 Wash 274 15 57.55 57.66 
266 D1·on 311 31 09.48 09.35 
267 Gull 316 33 18.39 18.69 

wa.~11 269 Smelt 0 00 00.00 59.83 
13.34 meters 270 Neill 2 42 32 01. 92 02.28 

271 Dron 91 45 21. 33 21. 40 
' 272 Gull 99 39 34.94 35. 27 

273 Bos 140 17 03.60 03. ~Jl) 
274 Kin 174 58 06.29 06.00 
275 Tacoma north base 204 17 05.00 04.42 

' 276 I Burn 237 22 55. 54 55.45 



THE CALIFORNIA~WASHINGTON ARC OF PRIMARY TR.TANµULATION. 

8 ta ti on occupied and elevation Number or of instrument above station direction Object observed 
mark 

Bo~ 277 Kin 
1.84 meters 278 Wash 

279 Dron 
280 Gull 

Gull 281 Bos 
1. 54 meters 282 .Kin 

283 Tacoma atrtronomic i::ta-
tio11 

284 Wash 

Dron 285 Bos 
2.56 meters 286 Kin 

287 W'Jsh 
288 S11rn1t· 
289 Neill 2 

Smelt 290 Neill 2 
3.84 meters 291 Dron 

292 Wash 

Neill 2 296 Smelt 
1.66 meters 293 Dron 

294 Tacoma astronoli1ic sta-
ti on 

295 Wash 

Ta.com11. astronomic st.a- 297 Neill 2 
t.ion 298 Gull 

5.40 meter.> 

CONDITION EQUATIONS. 
No. 

1. 0=+5.65-{4)+(5)+.(19)-(20) 
2. 0=-f-2.38-(3)+(5)+(16)-(20) 
3. 0=+0.02-(1)+(3)-(16)+(17)-(24)+(25) 
4. 0=+0.91-(ll+(2)-(12l+(l3)-(23H(25) 
5. 0=+0.14-(l.1)+(13)-(17)+(18)-(23)+(24) 
6. 0=-2.78-(13)+(14)-(21)+(23)-(29)+(30) 
7. 0=-0.82-(6)+(8)-(14)+(15)-(28)+(29) 
8: 0=-0.17-(7)+(8)-(21)+(22)-(28)+(30) 
9. 0=-0.47-(8)+(10)-(27)+(28)-(40)+(41) 

10. 0=+1.79-(9)+(10)-(31)+(32)-(40)+(42) 
11. 0=+0.91-(26)+(27)-(37)+(39)-(41)+(43) 
12. 0=-0.66+(31)-(34)-(37)+(38)-(42)+(43) 
13. 0=+0.59-(35)+(37)-(43)+(44)-(54)+(55) 
14. 0=+2.33-(4311)+(45)-(45a)+(45b).:...(46)+(46a) 
15. 0=-0.ll-(44>+(45)-(46)+148)-(53)+(54) 
16. 0=+0.49-(35)+(36)-(47)+ 48)- 53~+(55) 
17. 0=+0.23-(48)+(50)-(52)+ 53)- 66 +(67) 
18. 0=-1.95-(49)+(50)-(66)+ 68)- 58 +(59) 
19. 0=-1.89-(51)+(52)-(67)+(68)- 58)+(60) 
20. 0= -3.13-(57)+(58)-(68)+(70)- 71)+(72) 
21. 0=+1.25-(56)+(57)-(63)+(65)- 72)+(73) 
22. 0=-3.09-(63)+(64)-(69)+(70)- 71)+(73) 
23. 0=+2.88-(62a)+(63)-(73)+(75)-(SO)+(SOa) 
24. 0=+6.35-(74)+(75)-(77)+(78)-(80)+(81) 
25. 0=+2.64-(62)+{62a)-(77)+(79)-(80a)+(81) 
26. 0=-0.30-(61)+(62)+(76)-(79)-(88)+(89) 
27. 0=-2.00-(76)+(77)-(81)+(82)-(87)+(88) . 
28. 0=-l.89-(82)+(84)-(86)+(87)-(90l+(91) 
29. 0= -0.47-(82)+(83)-(85)+(87)-(104)+(10.5) 
30. O=+l.22-:-(85)+(86)-(91)+(92)-(103)+(105) 
.31. 0= -2.61-(92)+(95)~(100)+(103)-(110)+(111) 
32. 0= -l.36-(92)+(98)-(101)+(103)-(113)+(116) 
33. 0= -0.12-(100)+(101)-(108)+(111)-(116)+(118) 
34. 0= +2.94-(108)+(109)-(112)+(118)-(127)+(128) 
35. 0=-0.66-(101)+(102)-(112)+(116)-(121'>)+(128) 
36. 0=-0 .. 55-(98)+(99)-(112)+(113)-(121)+(128) 
37. 0= -0.95-(96)+(99)-(121)+(126)-(131)+(133) 
38. 0=-0.08-(112)+(117)-(126)+(128)-(130)+(131) 

Observed direction Final seconds 
reduced to sea after figure 
level adjustment 

0 'I II 

0 00 00.00 59.92 
59 34 55.62 55. 69 
96 51 39.04 39.09 

100 01 04.62 04.58 

0 00 00.00 59.82 
36 32 13.92 13.97 
63 27 46. 89 47. 50. 

98 56 22.77 22.29 

0 00 00.00 59:92 
34 39 30.06 30.24 
94 11 34. 19 34.03 

1.35 13 54.80 54. 63 
182 13 53.00 53.24 

0 00 00.00 59.59 

I 
53 37 13.04 13.36 

100 49 31.16 31. 25 

0 00 00.00 00.33 
. 280 37 12. 98. 12.66 
304 14 12.70 12.88 

323 21 34.56 34.39 

0 00 00.00 59.81 
40 46 19.32 19.50 

15 



16 THE CALIFORNIA-WASHINGTON ARC OF l'BJMARY TJ:IIANGULATION. 

No. 
89. 0=+0.47-(93)+(96)-(133)+tl35)-(136)+{141) 
40. 0=-l.79-(115)+(117)-(130)+(135)-(136}+(138) 
41. 0= -0.14- 123}+\126)-(131 )+(135)-(136)+(139) 
42. 0=+0.90- 114)+(ll5)-(138)+(140)-(142}+(146) 
43. 0=+0.62- 93)+{94)-(140)+(141)+(142)-(148) 
44. 0=-0.13- 134)+~135)-(136)+(H0)-{142}+(144l 
45. 0=-0.36- 13'."!)+ 123)-(189)+(140)-(142}+(147 
46. 0= -1.28- 132)+ 134)-(144)+(14ii)-(150)+(152 
47. 0=-0.22- 137)+(140)-(142)+(l45)-(l50}+(l!Sl 
48. 0=+0.19-(94)+(97)-(145)+(148)-(149)+(100) 
49. O=+l.39-(122)+(124)-(145)+(147}+(100)-(153) 
50. 0=-l.70-(106)+(108)-(118)+(119)-(157}+(158) 
51. 0=-0.70-(100l+(107)-(156}+(15S)-(160}+(.L61) 
52. 0= -0.44-(119)+(120)-(156)+(157)-(159}+(161) 
53. 0= -0.67-(lM l+(lM)-(161 }+(162) -(172)+(173~ 
54. 0= + 1.01-(154 )+(i&5)-(165 l+(Hi6)-(l71)+(173 
5-5. 0=+0.53-(162)+(163)-(164)+(166)-(171)+(172 
56. 0= -l.51-(166)+(167)-(170}+(171)-(J 81)+( 182) 
57. 0=-2.00-(169)+\170)+(1711)-(182)-(187}+(188) 
58 .. 0= +2.27 -(167)+(168)-(174)+(175)-(180)+1181) 
59. 0=-0.15-(175)+(176)-(179)+(180)-(186)+(187 
GO. 0= -1. 74-(176)+(178)-118.S )+(186)-(189)+(190 
61. 0=+0.03-(1761+(177)- 184}+(186)-(202)+(:.'03 
62. 0=+1.69-(184)+(185)- 1!10}+(191)-(201)+(203 
63. 0= -O.S0-(183)+(184)- 198)+(199)+(200)-(203 
64. O=+O.OS-(19l)+(Hl3)-(197)+(198)-(200)+(201 
65. O=+l.70-(192)+(193)-(195)+(197)-(208)+(209 
66. 0=+3.20-(192)+(194)-(196)+(H17)-(210J+(211 
67. 0=+5.26-(l93l+(l94)-(207)+(:'lOS)-(210)f(212) 
68. 0=+1.01-(20.">l+(201)-(212H(2:rn i-c221)+(222) 
69. 0=-0.S2-(204l+(:ID.5)+(216l-(222)-(22Sl+(229) 
70. 0= -1.i9-(2J.al+(214)-(:"W)}+(221 )-(227 !+(228) 
n. o=+i.10-<204i+<206>-<22a>+l220>-<235H<237) 
72. 0=+5.62-(214)+(215 ),-(223 >+(227)-(234 l+(237) 
73. 0=+2.22-(216l+(217)-(22:;1J+l22S)-\236l+l237) 
74. 0=+0.34-(217)+(220)-(233)+(236)-(238)+(240) 
75. O=-+l.49-(223)+(226)-(233)+(237)-(2391+(240) 
76. 0=+0.ll-(219)+(220)-(238)+(211 )-(243 )+(244) 
77. 0=+1.59-(225 >+(226l-(239)+(241)-(243l+(245) 
78. 0=+1.31-(~~2)+(233)-(240J+(241)-(243l+('.!46) 
79. o-+:Ul-(218)+(219l-{244H(:l48)-(250J+(251) 
80. 0=+0.ll-(224}+(225)-(245)+(248)-(250)+(252) 
81. 0=+0.73-(231 )+(232)-(24f)J+(248)-(250l+(253) 
82. 0=-0.94-(241)+(242)+(243J-(:148)-(240J+(250) 
83. 0= -l.29-(230)+(:!31)-(253)+(254)-(255)-l-(258) 
84. 0=.-0.37-(247)+(248)-(250)+(254)-(2.55)+(257) 
85. 0=-1.04-(254)+(::!.55)-(260)+(:.!62)-(26:3)+(264) 
86. 0=-0.507(261J+(262i-(263)+(265}-(274)-l-(275) 
87. o~+O.·l8-(259J+(260)-(264J+(26''\)-(274H(276) 
~s. 0=+0.69-(265)+l26S)-(273J+(274)-(277H(278) 
89. 0=+0.10-(21m+(268l-(277.l+(280)-(28ll+(2S2) 
90. 0=+0.37-{272)+(:373)-(278)+(280)-(281 >+(284) 
91. 0=-0.44-(266)+(268)-(277)+(279)-(285)+(286) 
92. 0=-0.]9-'(:'!71)+(273)-(278)+(279)-(285)+(287) 
.93 .. O=+O.Ol-(269J+(271 )-(287 l+t:.>ss)-(291HI2t12) 
94. o- -1.&:3-(2691+(210 >-(290J +(2921-c:m51+(296) 
95. 0=-l.80-(288)+('289)-(290l+i::!91)-\293)+!296) . 
96. 0= -0.33-(270)+(272)+(283 )-(284)-\ 294)+(295)+(297)-(298) 
97. 0--IHl.3+~7.1 (lf})-254.9 (1!))+3.0 (20) 
98. 0=+6.5+2.83 (1)-2.37 (2)-0.46 13)+1.lii (ll)-4.4!j <12i+3.31 (13J+3.22 (16)-4.99 (17)+1.77 (18) 
99. 0=-0.4-0.lJl C6l-3.17 m+3.36C8l+2.20 (l.8)-4.54 (l.4)+2.28 tl5J+2.65 r21)-3.77 (22J+l.12 (23) 

100. 0=-+18.7+2.76 (8)-6.M (9J+3.79 00)-27.80 l3l l+l.62 (32>+~?6.l.S (331+1.85 !40)-43.9::! l41H42.07 (42) 
101. 0=-11.0+27.SO (31)-:~2.M (33)+4.56 !34)+1.88 (37)-S.Ol (381+6.13 t.3Vl+43.92 (411--113.20 (42l+2.34 (4::1) 
102. 0=-2.6+5.32 (35)-1;.83 (31'.ll+l.51 (37)-0.19 (43)-4.91 (44)+!'.>.10 (4!))+1.28 (53)-1.17 (54)-0.11 (55) 
10'3. 0=-1.4-0.43 (f>ll-1.92 (52J+2.35 (53)+2.33 (58)-7.19 (Wl+5.46160l+.;1-.65 (66)-4.77 ((li)+0.12 (68) 
104. O= -s.s+2.95 (561-3.40 C5'il+0.45 (581+:.uo (68)-5.58 (691+2.ss (701-0.14 m)-3.09 (72>+3.23 <73) 
105. 0-+6.0+2.92 (62)-2.96 (fJ2:iJ+3.47 (73)-5.50 (74)+2.03 (75>+0.66 CSOl-4.85 (SOn.)+4.19 (Sl)+0.04 (f,3) 
106. 0=+3.o-4.05 !61l+7.0l (6!3)-2.1.16 (62a)-4.S5 <SO:il+S.29 (81J-3:44 <82)-2.56 {S7)+7.5S (88)-5.02 (89) 
107. 0=-7.9-4.17 {82;+8.07 (83)-3J10 (84)-1.19 (85>+2.47 \86)-1.28 (87)-0.93 (90)+2.44 (91)-1.51 (92) 

. -3.49 (103)+6.59 !104)-3.10 (105) . 
108. 0=-1.1-0.92 !92)+3.28 (95)-2.313 (98)-3.(i7 (lOOJ+0.31 (101)-2.64 (103)-1.28 (108)+3.37 (110)-2.09 (1111 

-3.22 (113)+5.23 (116)-2.01 (ll8) 
109. 0=-68.S-0.74 (92)-105.90 !98)+106.64 (99)+12.90 (101)-16.6.5 (102)+3.75 (103}+53.87 (112)-56.84 (113) 

+2.97 t116) 
lJ.O. 0=+78.7-2.26 (9&)+105.90 (98.\-103.64 (00)-4.45 (108)+7.66 (109)-3.21 (110)-56.43 (112)+56.74 (11:3) 

-0.31 (118) • . . 
111. 0--228.G:_2i3.7 (95)+216.0 (96)-2.3 (99)-1.0 (121)+7.0 1126>-6.0 (127)+102.2 (129i-3.4 (131)-98.S (133) 
112. O=+l.3+2:56 (112)-6.23 (117)+3.67 (118}+6.84 {126l-6.01 (1271-0.83 (l:!SJ+2.0l (129l+l.3.S (130)-3.36 (131) 
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113. O=+l0.9+3.24(112)-5.80(115)+2.56(117)+3.77(130)-3.27(131)-0.50(135)+2.75(136)-12.68<rn8)+9.93(139) 
114. O=+l.3-1.84 (93)+1.86 (96)-0.02 (98)-ll.55 (113)+12.50 (115)-5.95 <117)+1.93 (130>+3.57 (133)-5.50 (135) 
115. 0=-319.8+106.34 (94)-108.15 (95)+1.81 (99)+7.10 (121>-10.25 (122)+3.15 (127)+8G.15 (143)+3.05 (147) 

-89.20 (148) 
116. 0=+219.3:--4.07 (114)+7.74 (117)-3.67 (118)+48.20 (129)-1.35 (130)-46.85 (134)-83.65 (143)+85.61 (144) 

-1.96 (146) 
117. 0=-20.3-14.34 (94)+16.23 (96)-1.89 (98)-12.03 (113)+16.10 (114)-4.07 (117)+0.59 (130)+33.7.0 (133) 

-34.29 (134) . 
118. 0=+3.4+9.87 (112)-25.03 (114>+15.16 (115)+12.48 (122)-8.74 (123)-3.74 (128)+12.68 (138)-17.24 (139) 

+4.56 (140)-2.33 (142)-13.16 (146)+15.49. (147) . 
119. 0=+7.8-2.40 (03)+9.47(94)-7.07107)-2.84 (137l+5.48 (140l-2.G4 (141)-8.31 (149\+ll.58 (150)-3.27 (151) 
120. 0=+2•3.5+16.23 (94)-29.24 (96)+13.01 (97)+6.27 (13:!)-39.97 (133)+33.70. (134l+5.84 (144)-2.31 (145) 

-3.53 (148>+8.31 (149)-5.97 (150)-2.34 (152) 
121. 0=-2.8-5.41 (122)+10.17 (123)-4.76 (124)-7.28 (137)+10.12 (139)-2.84 (140)+0.79 (142)+2.22 (145) 

-3.01 (147) 
.122. 0=-1.9-4.56 (106)+7.38 (107)-'-2.82 (108)-0.45 (118)+3.52 (119)-3.07 (120)-1.25 (15G)+3.72 (157)-2.47 (158) 

-3.53 (159)+4.99 (160)-1.46 (161) . ' 
123. 0=.+10.6-4.20 (154)+5.94 (155)-1.74 (156)-0.80 (161)+3.29 (162)-2.49 (163)-5.76 (164)+9.22 (165) 

-3.46 (166)-0.06 (171)+3.22 !172)-3.16 (173) . 
124. 0=+11.9-1.02 (166)+2.72 (167)-1.70 (168)-2.08 (169)+5.64 (170)-3.56 (171)-3.34 (174)+5.92 (175) 

-2.58 (176)-2.63 (186)+3.92 (187)-1.29 (188) 
1:.-!5. 0=+10.4-6.63 (176)+9.52 (177)-2.89 (178)-9.47 (184)+10.59 (185)-1.12 {186)-0.30 (189)+18.61 {190) 

-18.31 (191) ' 
. 1213. 0=+18.8+4.00 (183)-14.59 (184)+10.59. {185)+18.61 {190)-21.84 (191)+3.23 (192)+0.63 (197)-4.57 (198) 

+:t94 (199) 
127. 0=-6.8-0.86 (192)+3.ll (193)-2.25 (194)-3.74 {195)+5.87 {196)-2.13 {197)-0.58 (207)+3.25 (208) 

-2.67 (209)-4.60 (210)+7.32 (211)-2.72 (212) 
128. 0=-21.2+5.36 (204)-4.56 (205)-0.80 (207)+36.00 (212)-44.22 (213)+8.22 (214)+4.04 (227)-53.45 (228) 

+49.41 (229) ' . . . 
129. 0=-91.2-5.36 (204)+9.89 (205)-4.53 (206)+0.27 (223)+49.14 (228)-49.41 (229)-79.73 (235)+83.06 (236) 

-3.33 (237) 
130. 0=+4.6-4.78 (212)+6.59 (214)-1.81 {215)+0.37.(223)+3.65 (227)-4.02 (229)-2.13 {234)+5.28 (235)-3.15 (237) 
131. 0= + 11.2-1.75 (216)+5.86 (217)-4.11 (220)....:3.91 (223)+4.71 (226)-0.80 (228)-0.95 (233)+4.28 (236)-3.33 {237) 

-3.18 (238)+4.72 (239)-1.54 (240) ' . 
132. 0=-4.1-12.16 (223)+18.46 (~2LJ)-G.30 (22G)-ll.99 (::!3::!)+11.:?S (:?33)+0.71 {237)-1.:?7 {239)+23.50 (240) 

-22.23 (241) 
133. 0=-22.2-13.89 {217)+20.19 (219)-6.30 (220)-10.77 (232)+11.28 (233)-0.51 {236)+0.09 (238)+23.50 (240) 

-23.59 (241) ' 
134. 0=-118.3-401.2 {218)+407.5 {219)-6.3 {220)+0.l (238)+3.1 (241)-3.2 (242)-3.1 {249)+128.6 (250) 

-125.5 (251) . . 
135. 0=-15.2+0.81 (231)-12.09 (232)+11.28 {233)+23.50 (240)-26.66 (241)+3.16 (242)+3.10 (249)-7.16 (250) 

+4~~) ' . 
136. 0=+287.5-164.9 {223)+178.06 (224)-13.16 (225)-0.81 (::!31)+0.10 (232)+0.71 (2~7)-1.14 {245)+1.38 (246) 

-0.24 (248)-4.38 (250)+73.49 (252)-69.11 (253) 
137. 0=-85.5-3.16 (241)+3.16 (242)+0.85 (243)-7.45 (247)+6.60 (248)-47.27 (249)+47.27 (254)-59.42 {255) 

+63.30 (256)-3.88 (257) 
138. 0=+20.6+0.09 (230)+11.19 (232)-11.28 (233)-23.50 (240)+23.50 (241)+3.49 {243)-3.49 (247)-8.98 (256) 

+14.88 (257)-5.90 (258) 
139. 0=+2.5-5.49 (:!54)-1.78 (255)-0.52 (259)+2.30 {260)+8.38 (261)-2.89 (262)-0.64 (263)+3.02 (264)-2.38 (265) 

-3.75 (274)+6.98 (275)'--3.23 (276) . 
140. 0=-5.0-2.32 (265)+4.54 {267)-2.22 (268)-2.45 (272)+5.49 (273)-3.04 (274)-1.24 (277)+371 (278)-2.47 (280) 

-2.84 (281>+3.94 (282)-1.10 (284) . 
141. 0=-3.2-2.77 (265)+4.63 (266l-L86 (268)-1.86 {271)+4.90 (273)-3.04 (274)-1.24 (277)+4.0l {278)-2.77 (279) 

-3.04 {285)+4.28 (286)-1.24 (287) 
142. 0=-1.4-2.30 (269J+4.12 (270)-1.82 (271)-2.42 (287)+4.38 (288)-1.96 (289)-1.55 (290)+3.50 (291)-1.95 (292) 

-2.28 (293)+5.11 (295)-2.83 (296) . 
· 143. 0=-5.7-0.46 (l)+l.42 (3)-0.96 {5)+0.19 (6)-0.21 (8)+0.02 {10)-1.15 (11)+.1.15 {13)+2.28 (14)-2.28 (15) 

+I.77 (17)-1.77 (18)+0.99 (20)+1.12 {21)-1.12 (23)-2.15 ~24>+2.15 (25)+3.78 (26)-3.78 (27)-'0.56 (29) 
+0.56 (30)+5.32 (35)-5.32. (36)+0.42 {37)-0.42 (39)-2.40 40)+2.40 (41)-0.19 (43)+0.19 (45)-3.58 (46) 
+3.58 (47)-0.71 (48)+0.71 {50)+1.53 (51)-1.53 (52)+0.ll 53)-0.11 (55>+0.45 f56)-l.51 (58!+1.06 ~60) 
+LOS (61)-1.08 (62a)-l.03 {64)+1.03 (65)-4.77 (66>+4.77 (67)+2.8~ (69)-2.88 70)+0.14 (71J+0.33 73) 
-0 47 (75)-1.81 (80)+1.81 (80aJ+l.47 (82)-1.47 (84)+1.19 (85)-1.19 (86)-1.11 87)+1.ll {80)-0.93 90) 
+o:93 (91HI.32 (93)-1.32 (97HO.S3 (100)-1.80 (103.J+0.97 (105J+3.21 (109)-5.31 c11m+2.10 (111>+3.24(121) 
-2.72 (124)-0.52 (127)+2.28 (137)-2.84 (140)+0.56 (141)+0.79 (142)-0.79 (145)-0.75 (149)+0.75 (153) 

144. O=+l0.9+1.32 (93)-2.26 (95)-1.32 (97>+2.26 (99)-1.14 (106!+1.14 (108)+3.21 (109)-3.21 {110)+0.31 !112) 
-0.31 {118)-3.07 (119)+3.07• (120)+2.72 (121)-2.72 (124)-0.65 ~127)+0.65 (128>+2.28 (137)-2.84 140) 
+0.56 (141)+0.79 (1421-0.79 (145)-0.75 (149)+0.75 (153)-0.48 lf>4)+0.4S (156l+2.47 (157l-2.47 158) 
+0.14 (159)-0.14 (161)-2.49 {162)+2.49 (163)+1.68 (164)-2.10 166l+I.02 qa1)-2.os (169>+2.08 170) 
+3.16 ~172)-3.16 (173)+2.58 (175)-4.13 (176)+1.55 (178)+0.45 {179)-0.45 (180)+0.lS (181)-0.18 182) 
-2.60 183)+2.60 (185)+1.29 (187)-1.29 (188)+0.54 (189)-0.54 (190)-2.25 (193)+2.25 (194)-0.61 (195) 
+o.1s 197H0.43 (1991-2.01 (204)+2.0l (206!+2.67 (208>-2".67 (209>+1.lo (210J-2.91 (212>+1.81 (215) 
-4.28 (223)+3.91 (2213)+0.37 (229)-0.81 (231 >+0.81 (232)+2.13 {234J-:U3 (235)+1.54 (239) -4.16 (240) 
+2.62 (242)+0.24 (246)-0.24 {248)+1.14 (249)-1.14 (253) 

145. 0=-5.55-(6J+{10)-(11)+<15J+(l8)-(40l+(43a) 
146. o=-5.92+(45a)-(45b)-(4611)+(50)-(66J+(70)-{71)+{75)-(S0)+(84)-(90)+(94) . 
147. 0= -0.10-(94)+(98)-(113)+(120)-(159).+(163)-(164}+(168)-(174)+(178)-(189) +(194) -(210)+(213)+(220) 

-(221)-(238)+(242)-(249)+(262)-(263)+(268)-(277)-j-(280)-(281J+(283) 

77002°-13--2 
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ACCURACY AS INDICATED BY CORRECTIONS TO OBSERVED DIRE(~TIONS. 

The corrections to observed directions resulting from the figure adjustments indicated by 
the preceding observation equations ar~ ns follows: · 

T<tlik of co1·1·ettfons to obsenied dfrection.s. 

Number of Correction t:o Number of Corred.ion to Number of Corredion to Number of Corrertion to 
direction direction direction ui.rection direc•tion dil"ection dirertion dil"et·t.ion 

1 -0.040 52 +o. 556 105 -0.197 160 -0.'..!(il) 
2 +o. 681 53 -0.134 106 -0.203 161 -0.084 
3 +0.085 5-1 -0.'..!02 107 +0.50G 162 +0.108 
4 +o. 736 55 -0. 327 108 +o. 8:j8 163 +(l.708 
5 -1. 461 56 +0.452 109 -1.110 164 -0.130 

6 -1. 075 57 -0.3.'.15 llO -0. 703 165 -0.443 
7 -0.142 58 -0. '..!36 111 +0.653 166 -0.109 
8 +0.114 59 -0.167 112, +0.'..!14 167 +0.388 
9 +o. 807 60 +o. 306 113 -0.086 168 +o. 294 

10 +o. 291 61 +o. 299 114 -0.033 169 -0.160 

11 -1. 160 62 +0.431 115 -0. 280 170 -0.100 
12 +o. 187 62a +O.O:jl 116 +o. 384 171 +0.66:~ 
13 -0. 729 63 -0.31)9 117 -0. 237 172 -0.491 
14 +0.626 64 +0.123 ll8 -0.494 173 +o.oss 
15 +1.077 65 -0. 535 119 +0.137 174 +0.135 

16 +o. 643 66 -0. 707 120 +0.396 175 -0. 954 
17 +0.674 67 -0. 771 121 -0. 311 176 +o.oss 
18 +o. 643 68 +0.132 1·~'> -0.118 177 +o. 4~10 
19 -1. 976 69 +o. 267 123 +0.415 178 +0.28::! 
20 +1.478 70 +1.079 124 -0.340 179 +0.453 

21 +o. 023 71 -1. 363 125 -0.195 180 +o. 490. 
22 -0. 210 72 +o. 101 126 +0.::!43 181 -0. 597 
23 +0.481 73 +o. 424 127 +o. 2s5 182 . -0. 346 
24 -0.059 74 +o. 9i4 128 +0.021 183 +0.370 
25 -0.235 75. -0. 736 129 -0.050 184 +o. 616 

26 +0.618 76 +0.105 130 -0.591 185 -0. 740 
27 -0.094 77 +L 422 131 +0.162 186 +0.124 
:!8 +0.051 78 -1..304 132 -0.231 187 -0. 755 
:!9 -0. 770 79 -0. '..!'..!4 133 +o. 554 188 +o. 385 
30 +O. l96 so +o. 782 134 +0.103 189 -0.328 

31 +o. 494 80a -0. 518 13:j +0.0.53 190 +0.306 
32 -0. 816 81 -1. 133 136 -0.514 191 +0.331 
33 +o. 200 82 -0. 344 137 +0.562 192 +0.167 
34 +0.1:!2 83 +o. 582 138 +0.589 193 +o. 9f14 
35 +o. 611 84 +o. 6'..!•> 139 -0.095 194 -1. 470 

36 -0.024" 85 +0.070 140 -0. 237 195 +L 042 
37. -0. 009 86 +0.196 141 -0.305 196 +0.414 
38 -0. lOll 87 +o. 035 142 -0. 415 197 -0. 526 
39 -0. 478 88 -0. 070 143 +2.026 198 -0.181 
40 -0.400 89 -0. 231 144 -0. 513 199 -0. 748 

- 41 -0. 261 90 -1. 016 145 -0.144 200 +0.376 
42 -0. 381 91 +0.060 146 -0. 243 :!01 +0.115 
43 +o. oos 92 -0. 8fl8 147 -0. 447 202 -0. 247 
43a +0.891 93 +o. 729 HS -0.2tH 203 -0. 245 
44 +0.169 94 +o. 335 149 -0. 291 204 +0.696 

45 -0.020 95 -0. 800 . 150 -0. 475 20:~· +o. 657 
45a +o .. su 96 +o. 550 151 +o. 213 206 -0.126 
45b -0. 514 97 +0.447 152 +0.102 207 +0.8135 
-l6 ·.-0:123 98 +0.038 153 +0.3!11 208 -0.561) 
46a -0. 514 99 +o. 555 154 +o. 293 209 -1. 525 

47 -0.100 100 -0. (lfl6 155 -0.479 210 +L 079 
48 +0.::!44 101 +o. 23i 151) +O.l[l::l ::m +0.457 
49 ~o. ::i15 10:"! +o. 511 157 -0. 007 21::! -,0. 285 
50 +o. 761 103 +o. rn1 15g +0.001 213 -0. 777 
51 +O. lO!:I 104 +o. 224 159 -0.465 ::!14 +o. 477 
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Ta.bfr of corredio·1a; to obser1,al dfrcdions-Cont.inued . 
.. 

Numherof Correct.ion to Nnmberol Correl·t.irm t.o I N[nnberof Correction t.o Nnmherof Correction to I 
direction direct.ion direction diI"edion direction direction diI"ootion direetio11 

--------- I 
I 

215 -0. 9:j2 240 +o.435 260 -0. 365 280 -0.036 I 216 +0.342 2.U -0. ·140 261 +o. 376 281. -0.183 
217 -0. 027 242 -0. 213 26~ +o.550 ~8:! +0.050 
218 +o. 123 24:J +O. lfJO 2ti3 -0.503 283 +o. 610 
219 +0.095 244 +L 064 264 +0.294 284 -0.478 

220 -0.069 245 ·-o. 753 265 +0.115 285 -0.082 
221 +0.132 246 -0.161 21iU -0.128 286 +O. li7 
~~2 -0. 595 247 -u. 300 207 +o. 300 2s·1 -0.166 
223 +L 634 248 0.000 21)8 -0.078 288 -0.173 
224. +0.044 249 -0. Fiii 269 -0.167 289 +o. 244 

225 +o.::no 250 +0.416 :J70 +0.360 290 -0.409 
226 -0. 237 251 -0. 603 271 +0.068 291 +o. 324 
227 -1. 022 252 -0. 613 •)-•) 

~·~ +o. 331 292 +0.086 
228 -0. 276 253 -0. 339 2n +o. 361 293 -0. 325 
229 -0.353 254 +0.358 2i4 -0.287 294 +0.182 

230 +0.113 255 -0.314 275 -0.579 295 -O. li3 
231 +o. 232 256 +o. 619 276 -0.086 291) +0.325 
232 +0.146 257 -0.187 2i7 -0.082 297 -0.182 
233 +0.022 258 +0.110 278 +0.01)8 298 +0.182 
234 +L 303 259 +o.136 279 +o. 050 

235 -1. 341 
236 -0. 291 
237 -0. 233 
238 +o. 419 
239 -0.:Wl I 

I 

The maximum·, correction to an observed direction on the California-Washington arc is 
'.!".0:3, the correction at station Willamet.f.e :;outh base 011·statio11 :Mary. 

The probable error of an observed direction is 

in which .. r·p2 is the sum of the squn.res of the corrections to directions, and c is the number of 
conditions. 

The probable error of an observed direction for this n.rc is ±0" .. 5:3. Referring to the table 
on pn.ges 63 and 64 of Specin.l Publication No. 11, where the 6:3 sections of prinrnry trin.nguln.t.ion 
in the United States have been n.rrn.nged according t.o accumcy, this t.riangulatiun would belong 
in the less accurate portion between numbers 52 and 53. 

ACCURACY AS INDICATED BY CORRECTIONS TO ANGLES AND CLOSURES OF TRIANGLES. 
'· 

The correction to each angle is the algebraic. sum of the Cl>rrections to two direct.ions. 111 

order t.o make it possible to study the corrections to the separate angles they are shown in the 
following table. for every triangle ~n the primn.ry scheme. There nre also shown the errors of 
closures of the triangles, the corrected spherical angles and the spherical excess for each triangle. 
The plus sign prefixed to the error of closure of u. triangle indicates thnt the sum of the angl~s 

. is less than 180° plus the sphericn.l excess. The sphericn1 excess is a convenient indicatil•n of the 
size of the triangle, since it is proportional to the area. 
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Table of triangles. 

' 
Correetion to Error of 

St.atio11 angles from closure or Corrected spherical Spheric 
figure adjust- triangle angles exress 

mcnt 

al 

'· " . I " II 

Snow Mountain west -0. 71 69 1110.14 
Marysville Butte +I.32 53 26 61.73 15 .. 
Mount Helena 57 21 6:3. 77 

64 

Snow Mountain east +0.65 ·69 04 59.62 
Marysville Butte +0.64. +3.27 54 01 44.04 15.6 
Mount Helena +I.98 56 53 32.03 

9 

Snow Mountain east -1.54 114 34 26.61 
Marysville Butte +0.64 -2.38 0 34 42.31 0.1 
Snow Mountain we.st -1.48 64 50 51. 21) 

8 

Snow Mountain east. -2.19 45 29 26.99 
Mount Helena -1.98 -5.65 0 28 31. 74 0.1 3 
Snow Mountain west -1.48 134 02 01. 40 

Kent -0.18 44 22 25.46 
Marysville Butte +0.03 -0.02 33 11 28.18 13.2 
Snow Mount.ain east +0.13 10:? 26 19.(H 

8 

Lyons . +I.35 36 05 36.41 
Marysville Butte 0.00 +0.75 83 06 42.00 25.5 
Snow Mountain east -0.60 60 48 07.15 

6 

Lyons +0.43 61 :?3 36.78 
Marysville Butte -0.03 -0.14 49 55 13.82 27.5 
Kerit -0.54 68 41 313. 91 

1 

Lyons -0.(12 :?5 17 G0.37 
Snow Mountain east +0.72 -0.91 413812.48 15. 2' 3 
Kent -0.71 113 03 62.38 

Bally +0.(17 75 01 09.98 
Lyons +1.35 +2.78 42 57 10.40 16.0 
Kent +0.46 62 01 55.65 

3 

Round +0.93 61 30 44.87 
Lyons +I.81 +3.43 85 3(1 59.41 15.8 3 
Kent +0.69 32 49 31. 55 

Round +L 19 95 04 20.16 
Lyons I +0.45 +0,.82 42 42 49.00 9.8 
Bally -0.82 42 12 60.69 

Round +0.26 33 33 35.29 
Kent -0.:?3 +0.17 29 12 24.10 10.0 5 
Bnlly +o.14 117 14 10.66 

Mears ' +I.02 65 57 61. 37 
Round +0.69 61 35 10.66 7.6 
Bally 52 26 55.59 

Spur +0.15 4113 32.13 
Round +0.18 +0.47 {10 39 51. 73 11.2 i 
Bally +0.14 48 06 47.41 

Spur +0.03 48 40 16.75 
Round -0.51 -1. 79 29 04 41. 07 4.7 5 
Mears -1.31 102 15 06. 9:3 

Spur -0.12 7 26 44.62 
Bally 4 20 08.18 1.1 

I Menrs -0.29 168 13 08.30 
0 

Boliver -0.10 48 IO 39. 96 
Spur +0.39 +0.613 41 59 15. 92 2.8: 
Mears . +0.37 :;:9 50 06.95 

\ - -- ---·---·-
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ri:a.ble of triangle~Continued. 

Correction t.o Error cir 
Station angles from closure of Corrected spherical Spherical 

ftgnre adjust- triangle angles excess 
mont 

' 
" " 0 , 

" " Boliver -0.47 101 25 28.13 
Spur +0.27 -0.91 49 25 60.54 8.67 
Bally -0.71 29 OS 40.00 

Bolive,r -0.37 53 14 48.17 
Mears -0.08 101 56 44. 75 4.74 
BaJly 24 48 31. 82 

Gazelle astronomic sta-
ti on -1.03 117 46 04.99 

Soda -0.39 -2.33 17 55 19.97 3.55 
Spur -0.91 44 18 38.59 

Soda +0.02 30 26 54.44 
Spur -0.03 +0.01 95 06 45. 77 9.06 
Boliver. +0.02 54 26 28.85 

Sterling -0.07 60 51 44.93 
Soda +0.37 +0.11. 95 56 40.59 6.55 
Spur ·-0.19 23 11 41. 03 

Sterling -0."19 92 55 29.19 
Soda +0.34. -0.49 65 29 411.14 7.34 
Boliver -0.64 21 34 52.01 

Sterling -0.12 32 03 44.26 
Spur +0.16 -0.59 71 55 04.74 9.85 
Boliver -0.63 76 01 20.85 

Rust -0.06 23 48 59.22 
Soda +0.52 -0.23 108 37 07.80 5.14 
Sterling -0.69 . 47 33 58.12 

Onion +0.07 42 04 16.83 
Rust +0.84 +I. 95 86 39 46.37 ll. 53 
Soda +L04 51 16 08. :33 

Onion +0.54" ii3 09 26. 39 
Rust +0.90 +i.so 62 50 47.15 13.20 
Sterling +0.45 53 59 59.66 

Oni01i +0.47 21 05 09.56 
Soda -0.52 -0.29 57 20 59.47 6.81 
Sterling -0.24 101 3."3 57.78 

Black +2.06 59 31 58.41 
Rust +0.95 +3.13 74 25 06.69 10.82 
Onion +0.12 46 03 05.72 

White +0.49 49 58 51.. 35 
Black +I. 79 +3.09 93 48 36.63 7.22 
Rust +0.81 36 12 39.24 

White -0.16 113 55 02.14 
Black -0.28 -1.25 34 16 38.21 5.45 
Onion -0.81 31 48 25.10 

White -0.66 63 50 10. 78 
Rust +0.14 -1.21 38 12 27.45 9.05 
Onion ::-0.69 77 51 30.82 

Scott +LOS .:,9 58 29.42 
Black +0.55 +0.83 311313.63 3.34 
White ·-0.80 88 48 20.29 

Fairview -1.30 49 15 03.08 
Black -1.16 -2.88 17 lfl 40.94 5.77 
White -0.42 53 25 21.. 75 
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Ta.ble of tria.-ngles-Continued. 

Correction to Error of I Cormc%d sph~rical I Station angl1~s from closure or 8phl·rieal 
figure adjust- triangle :mgles execs::; 

' mc.nt 

" " . ' " " 
Fairview -1.91 72 41 05. 82 . 
Black -1. 71 -u.35 46 06 27.:n 4.92 
Scott -2. 73 61 12 31. 79 

Fairview -0.61 23 26 02.74 
White -0.38 -2.G4 35 22 58.54 2.49 
Scott -l.G5 121 11 01. 21 

Yellow -0.11 39 29 38.22 
Fairview +o. 79 +2.00 31 27 21. 13 3. 29 
Scott +L 32 109 03 03.94 

Yellow -0.27 62 13 49.99 
Fairview +0.17 -0.34 54 53 23.86 7. 62 
White -0.24 62 52 53.77 

Yellow -0.16 22 44 11. 77 
Scott +0.33 +o.:~o 129 45 54.85 1. 84 
White +1).13 27 29 55.22 

: ~encer +l.08 66 13 22. 15 
airview +0.97 +1.89 55 Oi 23.24 7.17 

Yellow -0.16 58 39 21. 78 

Roman +0.03 31 0-! 11.61 
Spencer +0.12 +0.20 120 34 33.38 6.46 

: Fairview +0.0:) 28 21 21. 47 

Roman -0.39 65 12 45.33 
Spencer -0. 96 ..LL~::? 54 21 11. 23 5.86 
Yellow +0.13 "60 26 09.30 

Roman -0.42 34 OS 33. 72 
' Fairview +o. 93 +0.47 26 46 01. 78. 6.57 

Yellow -0.04 119 05 "31. 07 

Marv +i. 35 45 09 18. 42" 
Spei1cer +0.10 +2.61 61) 2:) 22. 77 8.31 
Roman +L 16 68 2-'i 27. 12 

Peterson . -0.41 79 34 0:). OS 
· · SEencer +0.84 :-1. 13 41 47 59.68 6.88 

!\< ary -1. 51) 58 38 02. 12 

Peterson +0.47 33 12 08.61 
Spencer +0.9-! +L 36 108 13 22.45 7.48 
Roman -0.05 38 34 36.42 

Peterson -0.88 46 21 513. 47 
Roman +L 20 +0.12 29 50 50.69 i. il 
Mary -0. 20 103 47 20.55 

Twin +0.12 41 19 :)6. 23 
Spencer +L 45 +l..25 10\l 21 42.34 4.83 
Roman -0.32 29 18 26.26 

Twin +o. 59 103 41) 26.41 
Spencer +L 36 +2. 313. 42 5fJ 19.58 4. 57 
Mary +0.41 33 17 18.58 

Twin +0.33 176 44 2:3. 40 
Spencer +o. :j2 +0.55 1 08 19.110 0.11 
Peterson -o. :~o 2 07 11). 81 

Twin +0.48 1}2 26 30. 19 
Roman +1. 48 +3. 72 39 01) li0.86 s. 0:) 
~fary +L 7tl IS ::?fl 37.00 
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Table of triangle.s--Oonti.nued. 

i Correction to Error of I Station angles from closure of Con"eCted spherical SphP-ri~11I 
figlll'e adjust- triaugte angles ('X('('S3 

ruent 

----
" " . ' " " Twin +0.22 135 24 2i.1S 

Roman +0.2i +0.66 9 16 10.16 2. 76 
Petel'SOn +0.17 35 19 25.42 

Twin -0.27 72 57 56. 9S 
Mary -1. 96 -2.94 25 20 43.55 2. 4::! 
Petel'SOn -0.71 81 41 21. 89 

Ridge -0.54 so 18 33. 04 
Mary 57 24 47.22 3. 14 
Petel'SOD . -0.26 42 16 42.88 

Ridge +0.21 109 29 46.64 
Mary 32 04 03.68 2.04 
Twin +0.04 38 26 11. 72 

Ridge +0.75 29 11 ]:3,60 
Petel'SOn -0.45 +0.08 39 24 39.01 l. 32 
Twin -0.22 111 24 08.71 

Ridge +L 14 101 57 42.40 
Peterson -0.Ui +0.4S 37 17 22.20 3. f)2 
Spencer -0. f1l 40 44 59.02 

Ridge +0.39 72 46 28.80 
Twin +0.55 +0.95 65 20 14.69 2.41 
Spencer +0.01 41 53 18. 9::! 

Ridge -0.60 17i 43 44.56 
SEencer +1.35 1 O::l 60.66 0. 12 
l\ ary l 13 14. 90 

Rauch +i.11 28 01 57.01 
Ridge +0.64 +L i9 13::! 30 03.11 ::!.OS 
Peterson +0.04 19 2S 01. 96 

R,tuch +0.42 3i ::!7 ::!3. 69 
Ridge -0.11 +0.14 103 JS 49.51 1. S8 
Twin -0.17 39 13 48.6S 

Rauch +o. 21 100 50 07.24 
Ridge -0 .. 50 -0.4i 30 3::! 20. 71 1. 3;~ 
Spence.1· -0.18 48 37 33.38 

Rauch -0.1)8 9 ::!5 26.69 
Pete1"BOn -0.49 -1. 51 19 56 37.0f> 1. 12 
Twin -0.40 150 37 57.38 

Rauch -0.!lO 72 4S 10.23 
Peterson -0.19 -1. 78 17 49 20.24 2.8i 
Spencer -0. 69 89 22 32.40 

Rauch -0. 21 63 22 43.55 
Twin +o. n +0.34 2t1. Oil 2tl. 02 1. 86 
Spencer -0.18 90 30 52.29 

Willamette sout.h base -2.54 3 11.l 28.28 
l\Iary 2 34 25. Ill 0.20 
Ridge -0.15 174 09 06.31 

Willamette south ba~e -2.27 50 21 55.35 
l\fary 59 59 12.88 5.75 
Peterson -0.46 69 38 57.51 

Willamette south b:1se -2.47 58 Oil 43.97 
Mary 34 38 29.::!9 3.90 
Twiii. +0.·10 S7 14 f>O. 64 l 
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Table of triangles-(~ontinue.cl. 

Correction to Error of 
SLation· angles from . closure of Corrected spherical Spherical 

fig11re aoljnst- triangle angles exces.~ 
ffi(!Jlt 

" " . " " 
Willamette south base -2.29 172 l i 59. 38 
Mary 1 2110.71 0. 23. 
Spencer -l.13 6 20 50. 14 

Willamette south base +0.27 47 05 27.07 
Ridge +0.69 +0.76 105 32 20.65 2.41 
Peterson . -0.20 27 22 H.69 

Willamet.te. south baae +0.07 54 50 15.69 
Ridge -0.06 +0.37 76 21 07.05 1. 66 
Twin +0.36 48 48 38.92 

Willamette south base +0.25 169 01 31. 10 
Ridge -0.45 +0.02 3 34 38.25 0.15 
Spencer +0.22 7 23 50.80 

Willamette south base -0.20 7 44 48. 62 
Peterson -0.25 -0.31 12 02 24.32 0.57 
Twin +0.14 160 12 47.63 

Willamette south base -0.02 121 56 04.03 
Peterson +0.06 -0.26 9 55 07.52 1.36 
Spencer -0.30 48 OS 49.81 

Willamette south base +0.19 114 11 15.42 
Twin +0.19 +0.60 16 31 35.77 0.90 
Spencer +0.22 49 17 09. 71 

Willamette. south base -0.15 100 11 57. 65 
Spencer -0.40 -0.62 41 13 42.58 0.38 
Rauch -0.07 38 34 20.15 

Willamette south base -0.10 90 46 31. 25 
Rauch +0.28 +0.13 62 15 47.09 0.80 
Ridge -0.05 26 "57 42. 46 

Willamette south base +0.17 137 51 58.32 
Rauch -0.82 -0.90 . 34 13 50. 09 1. 13 
Peterson :-0. 25 7 54 12. 72 

Willamette south base -0.03 145 36 46.94 
Rauch -0.14 +0.36 24 48 23.40 0.58 
Twin +0.53 9 34 50.24 

Willamette north base -0.18 14 13 27.56 
~encer +0.11 -0.19 16 35 31. 34 0.23 
\ illamette south base -0.12 149 11 01. 33 

Willamette north base +0.56. 47 02 18.55 
Spencer -0. 28 ·-0.59 57 49 13.93 1. 03 
Rauch -0.87 75 08 28.55 

Willamette nor!h base +0.39 •, 152 15 40.41 
Spencer -0.10 +L07 9 11 40. 55 0.38 
Ridge +0 .. 78 18'32 39.42 

Willamette north base +0.75 32 48 51. 00 
Willamette south base +o. 21 +0.22 110 37 01. 02 0.42 
Rauch -0.80 36 34 08.40 

· Willamette north base +0.58 138 02 12.86 
Willamette south base +0.37 +L 28 19 50 29.77 0.30 
Ridge +0.33 22 07 17.67 

Willamette north base -0.17 105 13 21.86 
Rauch +LOS +l.19 25 41 38.69 0.68 
Ridge +0.28 49 04 60.rn 

I 
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' 

Tab1e of triangle.s-Continued. 

Correction to I Error of 
StaUun angles from closure of Col'l\l()ted sphel'ical Sphel'ical 

figure adjust- triangle 1mgles excess 
ment 

" " . ' " " Willamette north base -0. 68 109 30 .54.81 
Twin -0.03 -0.60 37 47 28. 15 1. 3:3 
Spencer +0.11 32 41 38.37 

Willamette north base +0.29 98 13 24. 78 
Ridge -0.39 +0.48 54 13 49.38 0. 70 
Twin +0.58 27 32 46. 54 

Willan1ette north bai;e -0.12 156 33 13.36 
Twin -0. 75 -1. 53 11 41 02.14 0.50 
Rauch -0.66 11 45 45.00 

Willamette nort.h base -0.87 123 44 22. 36 
Twin -0.22 -1. 39 2115 52.38 0. 61} 
Willamette south base -0.30 34 59 45.92 

Yam +0.01 40 28 18.33 
Peterson +0.63 +1. 70 77 57 10.58 7.24 
Mary +1.00 61 34 38.33 

Hult +0.20 30 48 29.22 
Petexson +0.89 +1.44 112 25 14. 38 5.90 
Mary +0.35 36 46 22.30 

Hult +o.38 86 08 19. 71 
Peterson +0.26 +o.44 34 28 03.80 4.89 
"Yam -0.20 59 23 41. 38 

Hult +0.18 55 19 50.49 
Mary +o. 11 +o. iO 24 48 16.03 6. 23 
Yam -0.19 99 51 59.71 

Barnes +0.58 I 33 40 50.52 
Hult +o. rn +0.67 69 11 05. 47 5.30 
Yam -0.10 77 08 09.31 

Larch -0.31 20 04 36.88 
Hult +o. 79 +1.15 109 25 50.31 6.84 
Yam +0.67 50 29 39.65 

Larch +0.02 51 25 37.01 
Hult +0.60 -0.53 40 14 44.84 8. 23 
Barnes -1.15 88 19 46.38 

Larch +0.33 31 20 60. 13 
.Yam -0. i7 -1. 01 26 38 29.66 6.69 
Barnes -0.57 122 00 36.90 

Star +0.25 85 10 17.26 
Larch +0.50 +J. 51 64 13 06.92 3.13 
Barnes +0.76 30 36 38. 95 

Davis +l.14 58 32 10.74 
Star +0.80 +2._GO 76 04 01.99 4.50 
Barnes +0.06 45 23 51. 77 

Red -1. 09 32 14 50.24 
Laxch -0.09 -2. 27 51 09 49.05 2.58 
Sta.r -1.09 96 35 23.29 

Reel ·+0.99 39 10 14. 91 
Star +0.04 +n. 15 102 10 17.46 :3. i4 
Davis -0.88 38 39 31.37 

Lam 0.00 100 18 34.68 
Red +0.46 -0.03 17 37 19. 78 2.52 
Dav fa -0.49 6:1 04 08.06 

I 
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Table of tri.amglfs-Continue.d. 

Con"P,Ction to I Error or 
Statiou angles from closure or Corn.'Cted •pherical Spherical 

figure adjust- triangle angles excess 
ment 

" " . ' " " Len +0.1)4 75 30 57. 72 
Red +0.2-1 +l. i-1 53 39 27.53 5.98 
Davis +o.8u 50 49 40.73 

Len +0.66 815817.02 
Red -0.'.!2 +0.08 36 02 07.75 3. 92 
Lam -0. 36 61 59 39. 15 

Len +0.03 6 '.!7 19.31 
Davis -1. 36 ~L 69 11 14 27. 3'.! 0.46 
Lam -0. 36 16'.! 18 13. 83 

Toutle 

I 
+0.35 73 2'.! 12. 76 

Len -0.17 -0.08 33 06 33.71 . 1.44 
Lam -0. 26. 73 3114.97 

Toutle I -0. 22 101 27 32.92 
Len 

! 
-0.14 -1. 47 39 33 53.02 2. 6'.! 

Davis -1.11 38 58 36.68 

Toutle -0.57 28 015 20.16 
Lam +0.6'.! +0.30 124 10 31.20 0. 7'.! 
Davis +0.25 27 44 09.36 

Huck -0. 96 38 16 -10.54 
Len +o. s:~ -l. 70 67 41 32.41 3. 79 
Tout.le -1. 5i 74 01 50.84 

Bel· -0.62 '.!4 34 28.86 
Len -1. 64 -3.20 no 47 rn. 98 4.17 
Toutle -0. 94 44 38 15.33 

Bel -1. 36 62 19 13.29 
L.en. -2. 47 -5.26 43 05 47.57 4.73 
Huck -1. ~3 74 3.5 03. 87 

Bel -0. 74 37 44 44.43 
Toutle -0. 63 -3. 76 29 23 35.51 4.35 
Huck -2. 39 112 51 44.41 

Hal -0. 73 65 45 23. 14 
Bel -0.·UI -1.01 3 20 52. 78 0.23 
Huck +o. 21. no 53 -14.31 

Rain I +0.75 27 30 38.90 
Bel +L 25 +1. 79 14 21 33. 64 1.42 
Hal -0. 21 138 07 48.88 

Rain +0.67 '.!9 57 02.52 
Bel +0.71) +L GO 17 42 2G.42 ].70 
Huck +0.17 132 20 32. 76 

Rain -0.0S ~ 26 23.6~ 
Hal +o. 94 +0.82 156 06 47.98 0.05 
Huck -0.04 21 21) 48. 45 

Hurst -2. 64 44 39 56.3'> 
Bel -0. 67 -2.3'.! 49 20 41.62 4.08 
Ruck +0.99 85 5!) 26. 13 

Hurst -1. 59 41) 10 43.42 
Bel -0.18 -1. 61 45 59 48.84 3.96 
Hal +o. IG 87 49 31. 70 

Hnmt -l. 53 78 27 26.41 
Bel -1. 4:{ -5. 62 

I 
313815.'.!0 4. 18 

Rain -2.llli 6{1 54 22. 57 
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Ta.ble (f tri.1£1~.gle8-Cont.inued. 

Correctinn to En·orof 
Stotion angles from closure or Cort~C"te1l spllt'ric·al Spherical 

ftgu~:i?rsi- triangle angles excess 

" " . I II II 

Hurst +.l. 05 1 30 47.09 
Huck -0. 78 -0. 30 '.!4 54 18. 18 0.11 
Hal -0. 57 153 34 54.84 

Hurst +L 11 3:3 47 30. 08 
Huck -0. 8'.! -1. 70 46 21 06. 6:3 1.80 
Rain -1. 99 99 51 25.09 

Hurst +0.06 32 16 42.99 
Hal -0. 37 -~. ~~ 50 18 17. 18 1. 64 
Rain -1. 91 97 25 01. 47 

Pen -0. 6::! 33 28 16.06 
Hal '-0. 41. -:-1-07 i7 24 46.43 1:89 
Rain -0. 1)4 69 06 59.40 

Pen +0.01 87 12 49.13 
Hal -0.04. -0.34 27 06 29.25 1. 64 
Hmst -0. 31 «l5 40.43.26 

Pen +o. 11:~ 53 44 33.07 
Rain -1. 87 -]. 4!1 28 18 02.07 1.39 
Hurst -0.25 97 5i 26.25 

Tacoma south base +0 .. 91 69 10 39.96 
Pen -0.86 -0.11 9::! '.!O O'.l. 30 1.11 
Hal -0.16 18 29 18.85 

, 
Tacoma south base -0.!10 10'.l 39 44.'.!5 
Pen -0. 24 -1. 59 58 51 46.24 1.00 
Rain -0.45 1s :is 30.51 

Tacoma sou th 1':1se - -0. 31 · 164 18 03.76 
PE-n -0.88 -J.:n 5 07 13.16 0.05 
Hurst, -0.12 10 34 43. 13 I I 

Tacoma south hn~e -l. 82 33 29 04.'.!8 
Hnl -0.25 -2.55 . 58 55 '.!7. 58 1.78 
Rain -0. 48 87 35 29.92 

Tacoma south IJ:1St• -1. 22 95 07 23.80 
H:1l +0.12 -1. 54 s 37 10.40 0.58 
Hurst -0.44 76 15 '.!6.38 

Tacoma south l_oase +0.59 613819.51 
R:iin -1. 42 -1. 21 9 49 31.56 0.44 
Hurst. -0. 38 108 32 09.37 

Tacoma north base +o. M 34 13 31. il 
Pen +o. 2:{ +0.9-1 33 41 27.66 0.35 
Tacoma south hasE" +0.15 

I 
11'.l 05 00. 98 I 

Tacoma north bnse -0.46 :35 ll. 10.18 
Pen -0. 63 -1. 28 ·126 01 29.96 l.4!J 
Hal -0. i9 18 47 21.35 

Tacoma 1Hirth b:ise -0.47 59 52 36.64 
Pen -0. OJ -0. 76 ·92 33 13. 90 1.93 
Rain -0.28 27 34 11. 39 

Tacoma ll(lrt.h bas(· -o. rn 613718.50 
Pen -0.65 -1.10 38 48 40. 82 0.58 
Hmst -0.26 79 34 01. 26 

Taemna north ba1>e -1.02 0 57 38.47 
Tncom:t south base -1..06 -2.]] li8 44 19.06 0.03 
Hal -0. 0:1 0 18 O'.l. 50 

I 
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Table of trfo:ngles-Continued. 

Correction to Error of 
Station angles from closurnof Corrected spheric:.\I Spherical 

,figure adjust- triangle angles exNss 
ment 

" " . ' " " 
Tacoma north base. -1. 03 25 39 04.93 
Tacoma south base +0.75 -0.11· 145 15 14. 77 0.58 
Rain +0.17 9 05 40.88 

Tacoma north base -0. 75 '27 '23 46. 79 

I 
Tacoma south base +0.16 -o.n 83 36 55.'26 0. 18 
Hurst -0.14 68 59 18. 13 

I 
Tacon•.a north base. -0.01 '24 41 26.46 
Hal -0.2'2 -0.55 58 37 25.08 ;"!. 33 
Rain -0.3'2 96 4110.79 

Ta<'oina north hase +0.26 '26 '2U OS. 31 
Hal +0.15 -0.16 8 19 07. 90 0.73 
Hurst -0.57 145 14 44.52 

Tacoma north base +0.27 1 44 41. 85 
Rain --1. 59 -1.83 0 43 50.68 0.04 
Hurst -0.51 177 31 27.51 . I Burn +0.93 7 28 58.07 
Taroma no1·t.h hase +0.50 169 57 59.98 0.06 
Pen 2 33 02.01 

. ' 

Burn +0.13 28 28 09.41 
Tal'oma north hase. -0.0ll +0.37 135 44 28.27 0.14 
Tal'oma sou th base +o.3o 15 47 22.46 

Burn +0.42 48 07 26.76 
Ta<.·mna north base +o. 10 +I.29 108 20 41. 49 0.21 
Hurst +0.17 23 31 51. 96 

I Burn -0.80 ::m 59 11. 34 
Pen 31 08 25. 65 0.43 
Tal'oma south base +0.45 127 52 23.44 

Burn -0.51 40 38 28.69 
Pen- 36 15 38.82 0. 'j;~ 
Hurst -0.09 103 05 5:3. 22 

Burn +o.so 19 3!l 17. 31) 
Tal'oma sou th base -0.14 +0.19 67 49 32.80 0.21} 
Hurst +0.03 92 31 10.09 

Kin +o.so 

I 
73 06 26.93 

Ta('oma 11o'rtl1 base +0.19 +L04 57 01 38.50 0.08 
Bum +0.05 49 51 54.65 

Wash ·-0.29 29 18 58.42 
Kin +0.62 +o.50 114 38 48. 71 0.09 
Ta<?Oma north base +0.17 36 02 12.96 

Wash +0.20 62 24 4fl.45 
Kin -0.18 -0.48 41 32 21. 78 0.07 
Bum -0.50 76 02 48.84 

Wash +0.49 33 05 51.03 
Ta<?Oma north base +0.0'2 +0.01) 20 59 '25.54 0.06 
Burn -0.45 125 5-1 43.49 

Boa +0.15 59 3·1 55. 77 
Kin -0.19 -0.69 85 4-1 02.21) ·0.01 
Wash -0.1)5 34 41 0'2.04 

Gull +0.23 36 32 14.15 
Bos +0.05 -0.10 100 0104.1)7 0.05 
Kin -0.38 43 26 41. 23 

-
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Table qf tria.ngles---Continued. 

I Correction to Erro1· of 
8t.at.irn1 angles from 

cln~ure of Corrected sphe1·ical Sphcrh:-nl 
figure adjust.- triangle angle3 excess 

ment 

" " 0 " " Gull -0.39 98 56 22.48 
Bos -0.11 -0.37 40 26 08.89 0.01)' 
Wash +0.03 40 37 28.!19 

Gull -0.53 62 24 08.32 
Kin +0.19 -0.9!1 42 17 21.03 0.08 
Wash -0.(;2 75 f8 30. n 
Dron +0.26 34 39 30.32 
Bos +0.13 +0.44 9() 51 39. 17 0.013 
Kin +O.Of> 48 28 50.57 

Dron -0.08 9-! 11 34.11 
Bos -0.02 +0.19 37 11} 43. 40 0.07 
Wash +0.29 48 ~l 42.M 

Dron -0.34 59 32 03.79 
Kin -0.24 -0.94 37 15 11. 1l9 0.08 
Wash -0.313 83 12 44.60 

Smelt -0.24 47 12 17.88 
Dron -0.01 -0.01 41 02 30.60 0.05 
Wash +0.24 91 45 21. 57 

Neill 2 +0.15 43 44 21. 73 
Dron +0.40 +0.36 88 02 19.31 0.06 
Wash -0.29 49 rn 19. i2 

Neill 2 -\-O. G5 

I 
79 ::!2 47. 1.l7 

Dron +0.42 +i.so 4!l 59 58. ll'.l O.O!l 
Smelt +0.73 5:3 :37 ]3. 77 

Neill 2 +0.50 31) 38 ::!5.94 
Wash +0.53 +1.53 42 32 02.45 0.05 
Smelt +0.50 100 4!l :n. llG 

Gull 7i 09 57.49 
Wash -0.0:3 57 07 ~2.!19 0.07 
Neill 2 45 42 39. Ml 

Tacoma astronomic sta-
ti on +0.37 40 41) 19.69 

Neill::! 26 35 08.08 0.05 
Gull 112 38 32.28 

The ma..~imum correct.ion ( - 2''. 73) to any angle is to the angle at. Scott. between the stations 

Fairview and Black. The mean error of an angle a= /~3 J.~, in which 5J~ is the sum of -V. n . 
the sqtiares of the dosing eiTOrs of the triangle and n is the number of triangles in the scheme, 
is for this ~re +0".97. The average dosing en·or of a trii1.ngle for the 148 triangles is l".22. 
There are 11 triangles with clo~ing errors greate~· than 3" .00 and the n~aximum is 6" .35. 

ACCORD OF BASES. 

There are three hn.ses which serve: to fix the length in the triangulation discussed in this 
report. 

The Yolo base in the Thirty-ninth Parnllel triangulation fixed the length of the line Snow 
Moi.mtain West-Mount Heleirn and also the other t\\_'o sides of the triangle Snow Mountain West.
Marysville Butte-Mount Helenn. The Willamette and Tacoma. bases furnish 'two import.ant, 
tests of the n.ccuracy of the triangufation. 
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In solving the normal equations in en.ch sect.ion of the figure adjustment the length c~quation 
was, as usual, n.ssigned to the Ja.st phtce, so that aft.er all the eonclitions relating to trin.ngle clo
sures and ratios of le.ngth lrn,d heen satisfied the di~crepa.ncy in length been.me known. In the 
following table the discrepancies developed between bases are given in te.i'lns of the ::;eve.nth place 
of logarithms and a.re also t.~xpressed as rn.t.ios. A plus sign before th1:1 discrepancy expressed in 
terms of logaritJuhs means tlrn.t the ;first base mentioned is longer ns mensured thtin as computed 
through the in~ervening triangulation fr.nu the secm~d base mentioned. 

Dioorep:mey D lserepaney In i;eventh 
Buses plaee or loga- P:l.Jlressed as a 

rithms ratio 

Mount Helena-Snow !\fountniu West to Willmnet,te +79 1/55000 
\Vil1,1met.te to Ta<:(lrn,i. -HJ l/2290(M) 

ACCO.RD OF AZIMUTHS. 

Laplnce azimuths were computed a.t three stat.ions of this tria.ngulat.ion, viz, at Ga.zelle 
astronc;nnie, Eugene astronomic, awl Tacoma astronomic. It was so certain that t.he Laplace 

· azimuth at each of these stations was more accurate than the geodetic azimuth c.omputed . 
through the triangulation tlrn.t the exist.ing diserepancy wns distributed by means of tlll'e_e 
azimuth equations. These azimuth equations were assigned positions next preceding the 
length equations in the solution of the normal equations, so that after all the conditions relating 
t.o closures of triangles n.nd rat.ios of sides ho.cl been satisfied, the discrepancy. in :izimuth 
became known. At Gn.zelle astronomic the dh;crepancy in azirnuth amounted to '3".14, the 
La.place azimuth being larger than the United States sta.ndard azimuth by that amount. At 
Eugene ast.ronomic the discrepancy in a.zimuth amounted to 2".98, the Laplace azimut.h being 
again great.er than·the geodetir. azimuth computed through the trin.ngulat.ion. · 

. Similarly, at ·Tacoma ast.rouomic the discrepru.1cy in azimuth amemit.ed to 3".95 and again 
the Laplace azimuth was larger t.lrnn the geodetic azimuth computed through the triangulation. 
It is (')vident therefore that. if t.11e United Stat.es standa1·1l azimuth 1tt. 't;I1e Tlrirt.y-ninth Parnlfol 
is without twist, this entire arc has developed a twi<;t amounting t.o· the sum of these three 
discrepancies, a. tot.al of 10".07. 

The nearest Lapla.ce st.titions in the Thiity-ninth Parallel t.riangulat.ion are at Sn.It Lake Cit.y 
and at Ogden,1 where the corrections to the United Sta-tes stondard value are -2".85 and -2".74, 
i·espee.tively. The nearest l..iaplace station in the Cnliforn'n. t.riangulation southward iq at 
San Diego, where the correction to the United St.ates standm·d value is -8".77. From these 
correct.ions it might be infe.rred that the Unite.d Stat.es st.a:µdard azimuth at. Mount Helena. 
i·equires also some correction of a miims sign, between :?".8 and S".S, and t.he total twist of 
1QUJJ7. would t.hen be increased~ Additional Laplace stations nearer the junction at Mount 
Helenl.l might. add to our knowledge, but the l.lzimut.h observ1itions made at Mount Tamalpais 
in 1859 and ag11jn i.J.1 1882 sho.wed t.lrnt a movement of t.he ea.rth lrnd tu.ken place between those 
date.s which wa.s large enough to increase the azimuth nearly eight seconds/ nn<l the line Mount 
Helena-~now Mount.nin west is not. too far from the dist.urbed area, to declare wit.h certainty 
that its azimut.h n~11y not htwe been affected by the same cause. 

TWIST IN TRIANGULATION. · 

. The errors which are to be expected in comput.e1l geodet.ic. azimuths 11re very much smaller 
than thoi>e which actually develop when tPst.ed hy t.l1e Lu.place azimuths. The expected error 
in this California-Washington arc: is only'.'!" :3, as computed by a formula involvi.ng the minimum 
number of lines with which .t.11e azimuth mny be can-ied (IO in thiq case), the probable error of 

' See Supplementary ImE":ltlgation Jn 1900 of the Fib'Ul'e (If the Earth and lsostasy, p. 20. 
•Seep. 99 of Appendb: 3, U.S. Coast and Geodet.ic Survey.R~port for Hl07. 
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an observed direction nnd tho number of cowlit.ions and direet.ions. 1 The amount actually 
developed was 10".I. In the California arc, of which the California-Washington arc i-s a con
tinuation, the error in. azimuth expecte1l n.t its extremity, near San- Diego, was ±2".9,. even 
though the azimuth wns citrried through 1,250 miles (2,000 kilometers) in the transcontinentnl 
triangulation nnrl 500 miles (80.0 kilometers) through the Californin arc. The actual 11.ccumu..: 
lat.ed error in azimuth found at San Diego was 8".S. At Son Diego the correction to reduce 
to Laplace or true azimuth was minus, whereas at Taconrn the required correction w:as plus. 

Confronted with these values for twist, the writer·suggests that they may be caused by the 
unequal heating of the theodolite by the .sun, even though the theodolite is protected from the 
direct rn.ys. On triangulation extending in a north and south direction, as this arc' does, where 
the observ11tions were nm.inly made in the late afternoon, the west side of the inst.run;1.ent is 
undoubtedly wn.riner than the Mst side and the resulting angles opening to the west and to the 
east should be subject to systematic errors of opposite signs, and therefore twist would develop. 
If thi-s theory is correct, an east and west a.re should develop only a small amount of twist, well 
within the limits for the expected error. Arcs on which the observing was done at night should 
develop no twist exceeding that allowed by the probable error, for the temperature of the east 
and west sides of the instrument would be equal. It is expected that this 'theory will be tested 
in the neilr future on n.11 of the arcs of primnry trin.nguln.tion now existing in the United States. 

EXPLANATION OF POSITIONS, LENGTHS, AND AZIMUTHS, AND OF THE UNITED STATES 
STANDARD DATUM. 

The lengths, as already fully explnined in connection with the adjustme.nt.s, all depend upon 
the Yolo, ·wilhunettt~,. and Tacoma bases. The lengths as given n.re all reduced to sea level. 
If the actual length of a. line 1:1imply reduced to the horizontal is desired, it may be obtained with 
all the accurnqy ordiirnrily needed by itdding to the sea-level length a.s given a correction= 

(l 1 f 1. . ) [menu elevntion of the two ends of the line in meters] Th . . . 
.engt l o me as given 6370000 , . e ma...~1-

mum value of this correction does not exceed "'Zioo for the length of any portion of the 
triangufo.tion here published. The maximum error made in the· use of the above approximate 
formula for the correction does notexceed~for the length of anyportionof this triangulation. 

The positions-that is, the latitudes, longitudes, and azimuths-need special explanation. 
All of the positions and azimuths have been computed upon the Clarke spheroid of 1S66, 

ns expressell in meters, which has been in use in the United States Coast and Geode.tic Survey 
for many yea.rs. 

Aft.er a spheroid has been adopted nnd all the angles n.nd lengths in :t triangulation have 
been fully ihed, it is still necessary, before the computation of ltititudes, longitudes, and azi
muths can be nrnde·, to adopt it stn.ndnrd la.titude and longitude for a specified stat.ion and a 
standnrd azimuth of a line from that station. For convenience, the adopted standard position 
(latitude and longitude} of a given stn.tfon, together with the adopted st.nndm·d azimuth of a 
line from that. stat.ion, is called the geodetic datum. 

The primary triangulation in the United States was commenced at vitrious point~ and 
existed itt first as a number of detached portions, in each of which t.he geodetic datum was neces-: 
sarily dependent only upon the astronomic stations con.neeted with tlrn.t pa.rticula.r portion. 
As examples of such detached portions of triangulation there mny be mentioned the early tri
angulation in New England and along the Atlantie const, n detached portion of the trnnsc.on
tinental triangulttt.ion centering on St. Louis and nnother portion of the same tria.nguh1tion in 
the Roeky l\fountai11 region, and three separate portions of t.ria.ngula.t.ion in Cnlifornia in the 
latitude of San Fra.neisco, in the vicinity of Santa Bn.rb:trn Channel, and in the vicinity of San 
Diego. ·with the laps·~ of time these separate pieces lwve expitnded until they have touched 
or overlnpped. ·· 

1 See }"igure of t.h~ E:wtJ1 au<l Isostasy from Measurements in the United States, p. l:U. 
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The transcontinental triangulation, of which the office computation was completed in 
1899, joins all of the detached portions mention.eel and nrnkes them one continuous triangulation. 
As soon as this took place the logical necessity existed of discarding the old geodetic data used 
in these various pieces a1id substituting one for the whole country, or-nt least for as much of the 
country as is covered by continuous triangulation.· To do this is a very heavy piece of work 
and involved much preliminary study to determine the best datum to be adopted. On March 
13, 1901, the superintendent adopted what is now known as the United States Standard Datum, 
and it was decided to reduce the positions to that datum as rapidly as possible. The datum 
adopted was tl~at formerly in use in New England, and therefore its adoption did not affect the 
positions which had been used for geographic purposes in New Englarid and along the Atlantic 
coast to North Carolina, nor those in the States of New York, Pennsylvania, New Jersey,· and 
Delaware. The adopted datum does not agree, however, with that. used in The Transcon
tinental Triangulation and in The Eastern Oblique Arc of the United States, publications which 
deal primarily with the purely scientific problem of the determination of the figure of the earth 
and which were prepiired for publication before the adoption of the new datum. 

As the adopt.ion of such a standard datum is a matter of considerable importance, it is in 
order here to explain the desirability of this step more fully. 

The main objects to be attained by the geodetic operatio1is of the United States Coast 1tnd 
Geodetic Survey are, first, the control of the clia.rts published by the Survey;.second, the fur
nishing of geographic positions (latitudes and l1mgitudes), of accurately determined elevations, 
and of distances and azimuths, to officers connected with the United States Coast and Geodetic 
Survey and to other organizations; third, the determination of the figure of the earth. For the 
first and second objects it is. not necessary that the reference spheroid should he accurately 
that which most closely fits the geoid within the area covered, nor that the adopted geodt,tic
datum should be absolutely the best that can be derived from the astronomic observations at 
hand. It. is simply desirable that the reference spheroid and the geodetic datum adopted shall 
be, if possible, such a close approximation to the truth that any correction which may hereafter 
be derived from the observations which are now or may become available. slrnll not greatly exceed 
the probable e1'rors of such corrections. It. is, however, very desirable that one spheroid and 
one geodetic datum be used for the whole country. In fact, this is absolutely necessary if a 
geodetic survey is to perform fully the function of accurately coordinating all surveys within 
the: area which it covers. This is. the most important function of a geodetic survey. To i>er
form this function it is also highly desirable that when a certain spheroid and geodetic datum 
have been adopted for a country they J)e rigidly adhered to, without change, for all time, unless 
shown t.o be largely in error. 

In striving to attain the third object, the determination of the figure of the earth, the con
ditions are decidedly different.. This problem concems it.self primarily with astronomic observa
tions of latitude, longitude, and azimuth, and with the geodetic positions of the points at which 
the astronomic. observations were made, but is not concerned with the geodetic positions of 
otl).er points fixed by the trianguhitions. The geodetic positions (latitudes and longitudes) of 
comparatively few points are therefore concerned in th.is problem. ·However, in marked contrast 
to the statements made in preceding pa~·agraphs, it is desirable in dealing with this problem 
that, with each new important. accession of data, a new spheroid fit.t.ing the geoid with the greatest 
possible accuracy, and new ·values of the geo~etic latitudes, longitudes, and azimuths of the . 
highest degree of accuracy, should be derived. 

The United States Standard Datum was adopted with reference to posit.ions furnished for 
geographic purposes, but has no reference to t.he problem of the determination of the figure of 

·the earth. It is adopted with reference to the engineer's problem of furnishing standard posi
tions and does not affect the scientist's problem of the determination of the figure of the earth. 

The principles which guided in the selec~ion of the datum to be adopted were: First, that 
the adopted datum should not differ widely from the idea.I datum for which the sum of the 
station en-ors in latitude, longitude, and azimuth should each be zero; second. it was desirable 
~at the. adopted datum .should produce minimum changes in the pub~ications of the Survey, 
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ineluding its charts; and, third, it_ was desirable, other' things being equal, to a.dopt that datum 
which allowed the ma~imum number of positions already in the office registers to rema.in un
changed, and therefore necessitated a minimum amount. of new computation. These consid
erations led to the adopt.ion as the Unit.eel States standard of the datum which had been in use 
for many yea1·s in the northeastern group of States a~1d along the Atlantic coast as far as North 
Carolina. 

An examination of the station errors available in 1903, on the United States Stnndard 
Datum, at: 246 latitude stat.ions, 76 longitude sta.tions, and 152 azimuth sta.tions, scattered 
widely over the United St.a.tes from Maine to Louisiana a.nd to Califomia, indicated that this 
datum approaches closely the ideal with w~ch the algebraic sum of the st.ation ffrors of each 
class would be zero.1 

The adopted United States Standard Datum, upon which the positions and azinmths 
given in this publication depend, may be defined in terms of the position of the station Meades 
Ranch as follows: · 

0 ,, 

1'=39 13 26.686 
..l.=98 32 30.506 

«to Waldo =7.5 28 14.52 

Points are then said to be upon the United States Standard Datum when they are con
nected with the stat.ion M:eades Ranch by a continuous triangulation, through which the cor
responding latitudes, longitudes, and azimut.hs have been computed on the Clnrke spheroid of 
1866, as e..~pressed in meters, starting from the n.bove data. 

The principal lists of geographic positions heretofore published on the United States 
Standard Datum throughout the whole United Stat.es are contained in the following publicc..-
tions of the United Strttes Coast and Geodetic Si1rvey mid of other organizatioiis: · 

Appendix 8 of the Report for 1885, positions in Mnssachusetts and Rhode Island; .Appell
dix ·s of the Report for 1888, positions in Connecticut; Appendix 8 of the Report for 1893, 
positions in Pennsylvania, Delawn.re, and Mn.ryland; .Appendix 10 of the Report for 1894, posi
tions in Massachusetts; Appendix 6 of the Report for 1901, positions in Kansas a.nd Nebraska; 
Appendix 3 of the Report. 'for 1902, positions in Kansas, Missouri, Nebraska, and Colorn.do; 
Appendix 4 of the Report for 1903, positions in Kansas, Oklahoma, and Texas; Appendix 9 of 
the Report for 1904, positions in California; Appendix 5 of the Report for 1905, positions in 
Texas; Appendix 3 of the Report for 1907, positions in California; Appendix 5 of the Report 
for 1910, positions in Californiii; Appendix· 4 of the Report for 1911, posit.ions in Nebraska, 
Minnesota, North Dakota, and South Dakota; Appendix 5 of the Report for 1911,· positions in 
Texas; Appendix 6 of the Report for 1911, positions in Florida; Special Publication No. 11, 
positions in Texas, New Me.xico, Arizona, and California; _in Appendix EEE, pages 29~5-3031, 
Aimual Report of the Chief of Engineers, 1902, positions of points on or near the Great Lakes; 
in the publications of the Massachusetts Harbor al.lCl Land Commission; and in various bulletins 
of the United States Geological Survey. 

TABLE OF POSITIONS. 

In the tables of positions the latitude and longitude of each point are given on the United 
States Standard Datum (see p. 31), also the length and azimuth of each line observed over, 
whether in one or both ways. Along with the latitude and longitude of each point the lengths 
and azimuths are given of lines from that point to other points.of the triangulation. No lengt.hs 
or azinmths are repeated, and for a given line the Iength and azimuth will generally be found 
opposite the position of the last mentioned of the two stations involved . 
. · For the convenience of the draftsman a column of "seconds in meters" is given, in which 

is plnced the length (in meters) of each small arc of a meridian or parallel corresponding to the 
. ' 

1 This is further borne out in the reduction of 765 astronomic stations in connection with the "Supplementary investigation in 1009 of the 
figure of the earth and isost.:lsy," by J, F. Hayford, published by the U.S. Coast :md Geodetic Sun-ey. 

77002°-13--3 
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seconds of the given lat.itude or longitude. To facilitate further the use of the tables, a column · 
is given of the logarithms of the lengths. It must be remembered that it is the logarithm 
which is derived first from the computation, the lengths given in this table b~ing then derived 

· from the corresponding logarithms. · 
The nile followed in recent publications of this Office has been to give latitudes and longi

tudes to thousalldths of seconds for all points the positions of which are fi..xed by fully &djuste<l 
triangulation. Points, the positions of which are given to hundredths of seconds only, are 
marked by footnotes as being without check (observed from only two stations) or checked by· 
vertica.Is only. . - . 

In the columns giving azimuths, distances, and logarithms of distances, the accuracy is 
indicated to a certain extent by the number of decimal places given, it being understoo~l that 
in each case two doubtful figures are given. In some cases there is very little doubt of the cor
rectuess of the second figure from the right, while in a few cases some doubt may be cast on the 
third figure from the right. 

These tables may be conveniently con:;mlted by using as finders the seven sketches at the 
end of this appendix, and tJ1e index 011 pages 75 to 78. In the third column of the index will be 
found for each point a reference to the- page on which its description is given, in the fourth 
column the number of the sketch on which it appears, and in the fifth column the page on which 
its elevation above sea level will be found. 

For the convepience of those who wish to convert the distances given in this table or the 
elevations given later on}rom meters into feet the following conversion ta.ble is here inserted: 

I II Meters . Feet Fee.t llfeters 

1 3.280833 1 0.3048006 
2 6.561667 2 0.6096012 
3 9.842500 3 0.9144018 
4 13.123333 4 1.2192024 

: I 

16. 4.04.167 5 1.5240030 

I 
19.685000 6 1.8288037 

7 22.965833 7 2.1336043 
8· 26.246667 s 2.4384049 
9 

I 
29.527500 9 2. 7432055 

I 10 32.808333 10 3.0480061 
---------------------

.. I 
Latitude Sec- Back Loga-Station and onds in Azimuth To stat.ion Distance 
longitude meters azimuth rithm 

-
Principal points . , ,, 0 ' " 0 ' " Meters 

Mount Helena 38 40 11.080 341.6 24S 56 18. 019 67 22'fl3.4ltl Mount Lola 213873.23 5.33015644 
1876 122 3i 5i.817 1397. 7 324 01 34. 822 lH 28 18.913 Mount Diablo 107728.96 5.03233246 

269 ~ 15.615 00 58 57.203 RolllldTop 229100.84 5. 3600267 

Marysville Butte 39 12 22.361 6.S9. 6 50 03 28. 78 229 32 49.63 Mount Helena 92269. 81 4.9650596 
1876 J21 49 11.540 276.9 103 30 30.51 282 54 51.87 Snow Mountain west 83129.44 4. 9197549 

Snow Mountain we.st 39 2"l 38. 452 1185.8 352 06 02.01 172 10 45.86 Mount Be.Jena 79298.64 4. 8992657 
1892 l:l2 45 28. 619 685.0 18 03 03.98 197 49 26. 49 Ross Mountain. 11)1704. 73 5.0073412 

Snow Mountain east 39 23 02.008 61.9 283 29 49.0S 104 OS 12.82 Marysville Butte 82741.44 4. 9177231 
1876 122 45 04. 847 116.0 352 34 48. 70 172 39 17.60' Mount Helena 79942. 78 4.9027792 

38 04 15.69 218 04 00.61 Snow Mountain west 922. 76 2.9650893 

Kent 39 58 01. 752 54.0 316 41 36 .. 16 137 16 41.1)()' Marysville Butte 115540.16 5.0627330 
1904 122 44 14. 449 342.S 1 04 01.62 181 03 29.H Snow Mount.run east 64768. 00 4.8113645 

Lyons 40 18 06. 101 lRS.2 7 18 50.85 187 II S4.S2 Marysville Butte 122611.0S 5.0885296 
1904 121 38 21.007 496. l 43 24 27. 26 22!! 41 41. 92 Snow Mountain east 139446.43 5.1444074 . 6S 42 27.63 247 w 59.25 Kent 100696. ill 5.0030155 

Daiiy 40 36 11.939 368.3 291 00 16. 70 11l 39 38.03 Lyons 92064. 79 4. 9640!)36 
1904 122 39 00.370 8. 7 6 01 26. 68 185 58 03.60 Kent 71026.97 4.851~3 

Hound 40 4!! 19.SS2 613.3 334 10 02.02 154 22 27.0.1 ~~~~s 62l03.91 4. 7931190 
1904 121 5i 26. Si3 629.S 35 40 46.89 215 10 27. 70 114242. 48 5.0578276 

.. . . '· 69 14 22.18 248 47 16.01 Bally 62695.07 4. 7972334 

Spur 41 24 14.648 451.!I 339 42 45.15 159 54 13. 91 Roun 70823.50 4.8501774 
. 1904 l!l"l 14 54. 491 1265. 7 20 5d 17. 28 :JOU 40 28.60 Bally I 95128.60 4.9783111 
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Latitude Sec- Back Loga-Stat.ion and onds in· Azimuth To station Distance 
longitude meters azimuth rithm 

' 

Principal points-Contd. . ' " 0 ' " 0 ' " ,v,1~rs 
Mears 41 07 29.538 911.3 208 15 OS.51 :lS 23 01. 90 Spur 352:!1.98 4.5468137 

1904 122 26 52. 260 1219.1 310 30 15.44 130 49 32. 84 Round 54422.85 4. 7357813 
16 28 16.81 196 20 20. 42 Bally 60376.39 4. 7808671 

Boliver (Cal.) 41 15 35.575 1007.5 250 01 H.88 70 22 17.82 ~ur 47264.02 4.6745307 
1904 122 46 46. 811 1089.8 298 11 54. 84 118 25 01.56 ears 31618. 27 4. 4!199381 

351 26 43.00 171 31 48.60 Bally 73724. 24 4. 8676103 

Suda (Oreg.) 42 03 54.670 1686.8 345 19 52.95 165 29 03.58 Spur 75875.33 4.8801006 
1904 12!! 28 41. 648 957.5 15 46 47. 39 195 34 46. 02 Boliver 92897. 87 4. 9680058 

Gazelle astronomic station 41 31 36.248 1118.3 183 13 35.19 3 15 12.92 Sotla 59900.25 4. 777-1286 
1904 122 31 08. 281 192.0 300 59 40.18 121 10 24. 99 Spur 211386. 99 4. 4213899 

Sterling (Oreg.) 42 01 03.864 119.2 261 00 09.26 81 16 33.53 Soda 34213. (L~ 4.5341916 
1904 122 53 11. 434 263.1 321 51 54.19 142 17 22.56 Spnr 86401.66 4.9.~221 

353 55 38.45 173 59 54. 01 Boliver 84640.63 4. 92757811 

Rust 42 37 10.930 337.3 9 58 58.92 189 53 41.33 Soda 62533.30 4. 7961114 
1904 122 21) 50. 147 1142.9 33 47 58.14 213 26 11.14 Sterling 80293.46 4.0046802 

Onion : 42 41 31. i62 980.1 276 02 52. 70 96 38 45.29 Rust 72802. 92 4.8621488 
. 1904 123 13 46. 921 1068.1 318 07 09.53 138 37 33.00 Soda 93169.15 4. 9692721 

339 12 19.09 159 26 11. 48 Sterling 80071. 78 4. 9034795 

Black 43 09 3i.503 1157.3 350 59 07.43 171 03 51. 98 Rust 60812.13 4. 7839002 
1904 122 27 48. 236 1089.8 oo a1 05.83 229 59 46.98 Onion 81362.00 4.9104227 

White 43 07 14. 428 445.3 264 24 10.96 84 4i 44.04 Black 46910.01 4.6il2655 
1~ 123 02 14. 761 333. 7 314 23 02.31 134 51 12. 74 Rust 79232. U 4.8989012 

18 19 13.10 198 11 21.87 Onion 50126.59 4. 7000681 

Scott 43 22 21. 758 671.5 295 36 15.65 116 00 57 .. 67 Black 54169.15 4. 7337500 
1904 123 03 50.517 1137.3 355 34 45.07 175 35 50.67 White 28083.48 4.4484509 

}"'air view 43 35 10. 459 322.8 341. 59 37. 72 162°07 24.98 Dlack 49726.19 4. 696.5851 
1904 122 39 08. 622 193.4 31 14 40.80 210 58 49.21 White OOlla.38 4. 7811331 

54 40 43.54 234 23 43.86 Scott 40889. 41 4. 6116108 

Yellow 43 32 48.849 1507.5 2135 37 03. 17 86 OS 04.66 Fairview 60770.94 4. 7836960 
1904 123 24 09. 51>'1 214.9 305 06 41. 39 125 00 39. 92 Scott 33550.1.)8 4. 525b"!l36 

327 50 53.15 148 05 55.44 White 55853 •. 69 4. 7470519 

Spencer 43 .59 (11). 715 22.1 320 57 05.87 141 15 27. 00 Fairview j6716.00 4. i537056 
1903 123 05 41. 248 919.3 27 10 28.02 206 57 41.38 Yellow 544i9.49 4. 73112330 

Homan 43 54 45.041 1~90.1 261 04 53.49 81 31 39. 25 Spencer 52195. 22 4. 7176307 
1903 123 44 14. 987 334.5 2~2 09 05.10 112 54 06. 43 Fairview 94618.63 4. 9759767 

326 17 38. 82 146 31 32.(L~ Yellow 48763.89 4.6&.'(1983 

Marr
903 

44 30 17. 369 536. l 327 37 54. 62 147 57 02.02 Spencer 68458. 53 4.8354276 
123 33 05. 732 126.6 12 47 13. 03 192 39 26.37 Roman 67471. 43 4. 8.."91199 

r•eterson 44 30 38.293 1182.0 9 50 19.67 189 45 01.69 Spenrer 59436.11 4. 7740504 
l!JO<I 12!! 58 (15. 537 122.3 43 02 28.28 222 3u 17. oo Roman 90538. 25 4. 9568321 

89 24 24. 75 2ti8 59 52. 49 Mary 4till9U. IS 4. •i004822 

'rwin 44 19 31.401 969.3 10 57 11.~4 190 53 21.59 Spencer 38685. 8.3 4.5$75519 
1905 123 00 11. 426 253.2 52 17 07. 7 231 46 27. 22 Roman 74:;63. SS 4.872'>285 

114 43 3i. 7.5 294 20 36.03 Mary 48015.44 4. 6813809 
LS7 41 34. 73 7 43 02.86 Peterson 20772. 15 4.317481-5 

Ridge 44 16 02.051 63.3 146 33 52.16 :i26 24 39. 71 Mary 31664.0i 4.5005667 
1905 123 19 55. 940 1240. 7 226 52 25. 20 47 07 41.87 Peterson 391i58. 11 4.5983320 

256 03 38.SO 76 17 26.03 Twin 27042. i8 4. 432().513 
328 50 07. 61 149 00 02.67 Spencer 36807.85 4.5659404 

Rauch 44 00 50.965 1573.0 179 22 37. 92 359 22 28.32 Ridge 28122.31 4. 4!00.110 
1903 123 19 42.158 939. l 207 24 34.93 27 39 39. 91 Peterson 62214.07 4. 793S886 

216 50 01. 62 37 03 37. 36 Twin 4.3271. 64 4. 6362034 
280 12 45.16 100 22 29.29 Spencer 19042. 44 4. 2797227 

Willamette south base H 04 06.905 213. 1 61 44 15.53 241 3'! 25. 01 Ranch· 127.'il.68 4. l(L5ii673 
1903 123 11 17. 933 399.1 14~ 14 18. 50 32~ 59 05.33 Mary 56484. 64 4. 7519303 

152 30 46. 78 332 24 45.86 Ridge 24893. li 4. 3960802 , 
199 36 13.85 19 45 27.19 l'etel"son . 52166. 74 4. 7173937 
207 21 02. 47 27 28 47. ll Twin 32144. 00 4 .. 507U20 
321 32 17.88 Hl 36 11.87 Spencer 1~'063. 61 4.0814772 

Willamette nort.h base 44 11 37.070 1144.4 25 09 09.0S 205 04 16.61 Rauch 22023. 74 4.3428910 
1905 123 12 41. 921 931.0 130 22 30.94 31017 28.19 Ritlge 12636. 24 4.1016178 

228 35 55. 72 4S 44 39.50 Twin 22100. 74 4.3457607 
338 06 50.53 158 11 43. 21 ~-Qfinrer . 25150.86 4.4005&29 
352 20 18.07 172 21 16.55 -V illamette sout.h bnse 14019. 38 4.1467287 

Seavies 2 44 06 24. 61)3 761. 2 28 21 03.50 208 17 12.93 Spencer 1551)5.0l 4.1921494 
1908 ; 123 00 09. 593 213.3 74 06 22.54 253 58 37.54 Willamette sonth basc li>lfH. 74 4.1893425 

Pisgah 44 00 19.836 612.2 76 54 39. 61 256 49 13.38 Spencer 1074l\.1)3 4.0012723 
1908 122· 57 51. 568 ; 1148.8 111 24 00. 79 291 14 40. 27 Willa.met.t.e sonth hnse 19274.05 4. 2849731 

' ; 164 45 or;. 65 344 43 30. l)i Sea,Ties 2 11671. 80 4.0ti71380 , 
Eui,<ene a.'!tJ"Onomie station 44 03 30.319 935.S 232 4i 15. 95 52 50 57.77 Seayies 2 8904.00 3.9495852 

1894 • . : 123 05 2$. 438 633.0 m ss 42.95 120 04 00. 50 Pisgah 11750.21 4.0i0045S 
l 57 54.04 181 57 45.14 Spencer 832G.04 3.9204384 .... . . ' 
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Latitude Sec- Back Logn- I Station and onds in Azimuth To station Distance 
longitude meters azimuth rithm 

-
Princii)a/ points-Contd. 

0 ' " 0 ' " 0 ' " Ue/ers 
Yam 45 03 4-1. 993 1388.9 3-1.i 14 12.38 16i 21 35.33 Peterson 6281>!.Sli 4. 79$1019 

1903 123 OS 3-1..292 i50.3 27 42 30. 71 20i 25 14.11) Mary IJ990i .1\1 4.$-145219 

Hult 44 57 48.151 1486.2 2"J 00 26.09 201 49 39.13 Peterson 54230.41 4. i3-l.2429 
1003 .J22 42 45.524 997.S . 52 48 55.91 232 13 30.19 Mary 83i42.39 4.9229453 

108 OS 46.40 2.Si 50 31. 00 Yam 3565S.4U 4.55211)19 

Da"l~(Oreg.J 45 31 36.526 1121.i; 357 18 16.35 17i HI 51. 87 Hult t\2f&.. 70 4. 7971754 
122 45 00.031 o. i 30 59 00.87 210 42 21.00 Yam 00103. 71 4. 7789013 

Larc'h (Oreg.) 45 31 59. 615 lSI0.4 38 01 16.39 217 34 3t•. 71 Hult 80147. 83 4.9038918 
1903 122 05 13. 018 2"2.5 58 05 5.3. 2i 237 20 51. :i5 Yam 979•>2. 33 4.0010591 

89 211 O:l. 40 2tl8 58 29. 97 Barnes 51802. lS 4. 7143480 

Star (Wash.) 4.; 44 4i. ill 1473.0 333 33 31.93 153 40 00.32 Lar<'h 264il. 61 4.4227804 I 1906 122 14 ](\. 2411 351.1 SS 43 49.19 238 21 51.02 Barnes 46811. S4 4. ti703557 

Davis (Wash.) 45 59 3i.4.52 1156.3 314 32 2').39 134 4i 51. IS Star "390i5.00 4.59189!JO 
1900 12"J 35 44. OOi 961.1 13 04 3i.13 192 5i 59.25 Barnes 5326tl.40 4. i:?W.533 

Red (Wash.) 45 5tl 07. 249 2Z3.S 25 01 li.31 204 49 49.3i Larch 49284.42 4.0927096 
1906 121 49 12. 344 2tl5. 9 57160i.55 236 58 OS.Ul Star 38644. i8 4.5Si0908 

96 26 22.46 2i5 52 55.02 Davis . ·004i3. 22 4. i81563f 

Warren (Oreg.) 45 48 33. 229 1025.9 225 52 Oi. SI 46 03 54.50 Davis 29504.23 4.4698843 
1903 122 52 08. 6i9 l8i.4 296 211 15. 40 116 59 49.iiS Larch 68230.2i 4.83.39iil 

3-1.3 29 22.08 103 34 2.S. 00 Barnes 32i31. 73 4.5149689 

Lam 46 o; 5•.903 17Si.8 293 35 59. •)4 114 03 42. 24 Red 54305.40 4. 73-1,8430 
1906 122 21 42.295 90$.0 33 54 3-l..3!! 213 48 4ti.96 Da\·is !Sf.07. i5 4.2000039 

Len 46 18 45.173 1394. 8 329 52 16. i6 150 05 49.99 Red ~20.72 4.0850313 
1906 122 OS oo.50S 10.9 45 2:J 14.48 225 03 14.29 Da,·is 50309. 34 4. 7016486 

51 50 33. iS 231 3ti 20.49 Lam 3!!263.10 4.508i061 

Tout.le 4•l Ii 10. 419 321. 7 2'\4 39 01. 27 84 5i Oi.49 Len 32288.32 4.5090454 
1905 12"J 33 02. 9il 63.6 338 01 14.03 158 05 05.52 Lam· 18392.59 4. 2\146430 

lj (H\ 3-1..19 186 04 3i. r.o Da,·is 32f>\16.06 4.5144954 

Huck 46 42 45.136 1393. s 332 25 33.37 152 38 39. 90 Len 50110. 83 4. f>!l99316 
1905 122 26 04. 5~3 97.G 10 42 13.91 190 37 10.43 Toutle 48221.32 4.1>832391 

Bel 46 47 04.983 153:9 15 .'i2 53. 9.5 195 44 2i.47 Len 54550.9i 4.73ll8025 
1905 121 5•) 22. 841 484.6 40 2i 22.81 220 f.M) 4.5. 94 1'outle 72585. 28 4.860-.."4811 

78 12 Oi. 24 25i 50 :!IJ.50 Huck 38001.55 4.5872i92 

Hal 41\ -!:l 52.344 1616.3 21\l 10 35. i3 81 3.3 00.02 Bel 39612.33 4. 5978.304 
1905 122 2i 08. 201 li4. l 321.i 55 58. 87 146 56 45. lS Huc•k . 2476. 21 3.39378..~ 

Rain 46 50 07. OOii 218.1 2i5 21 54. 89 95 54 33. Gt\ Bel 57237. 74 4. i576S25 
1905 122 41 00.422 199. 7 302 52 33. i9 123 02 4tl. 85 Hal 212ti7. 75 4.32ii217 

305 IS 5i.41 125 29 56. i4 Huck 23553.23 4.3i20505 

Hurst 4i 05 02.5411 i8.; 30i 07 42. 31 127 32 48.81} Bel 548133.28 4. 7392818 
1905 122 30 44. 966 948.5 351 4i 38.1).1 171 51 03.:lu Huck 41i23. ui 4.ti203825 

353 IS 2;. 73 li3 21 04.03 Hal 39491.49 4.5965035 
25 35 08. i2 205 2i 32.32 Rain 30643.15 I 4.4SC.3335 

Pen 47 02 05.064 156.4 20 34 48.1'.S 200 2i 33.28 Hal 3f"(l29. Ii I 4.5500543 
1905 122 li 11.732 2-1:7. 7 54 03 04. i4 2.33 45 34. 39 Rain 37635.00 4. 5i559!l5 

107 4i 3i. 81 2Si 31 42.4i Hurst 1801ti.3-I. I 4. 255600i 

Tacoma south base 47 04 38. 837 1199.3 292 4S 20.an 112· 54 50. 9i Pen 12223. i2 4.08i21J.32 
1905 122 26 05.422 114.4 1 59 00. 26 ISi 58 14.43 Hal 38514.80 4.5S5tl2ill 

35 28 04.55 215 17 03.S~ Rain 33016.51 4. 5187312 
97 06 24.06 27i 02 59.3-1, Hurst 5942.41 3. ii39623 

Tacoma north base 47 11 09.189 28!.8 32tl 29 52. 90 146 36 18.63 Pen 201~56 4.30402S3 
1005 122 25 58. 206 1225.5 0 43 24.tll 180 43 19.32 Tacoma south base 12055.SiO 4.osmm 

1 41 03.08 181 40 11.93 Hal 50568.14 4. i038770 
26 2"J 29.54 206 11 23. 00 Rain 43-1.6.S. 90 4. 63817Sl.J 
28 Oi 11.39 208 03 41. 21 Hurst 12834.17 4.108367i .,. 

Burn 47 13 50.673 1564.9 316 25 Oi.53 136 27 52.88 Tacoma north base liS~l.62 3. 83i6905 
1905 122 29 43. 535 915.i 323 54 05. KO 144 03 16.62 Pen 20041.63 4.4304208 

344 53 lfi.94 164 55 51). 86 Tacoma south b8Sll li650.12 4. 246i4i7 
4 32 34.29 184 31 49. 25 Hurst 163130.54 4.213i976 

Kin 4; 14 02.319 71.6 13 30 16.14 19.3 29 31.38 Tacoma north base 5498.45 3. i40"2404 
1905 l:t! 24 Si. 219 1203.6 S6 36 43.07 266 33 ,12. 88 Burn 6033.54 3. i805i20 

Wash 47 16 14.398 444.6 308 06 03.35 128 00 04.85 Kin 6606:58 a.s100767 
1905 12"2 29 04. 374 91.9 33i 25 01. ii 15i 27 18.42 Tacoma north base IOW6. i4 4.00888W 

10 30 52.80 190 3U 2-1.04 Burn 4514.25 3.6545858 

Boo 4i 15 59.493 1837.2 33 54 32.01 213 5.3 07.11 Kin 4359.53 3.6394393 
1905 1~ 23 01.599 33.6· 93 29 27. 78 2i3 25 01.31 Wa.sh 7639.85 3.8830851 

~ull 47 17 52.574 1623.6 313 53 29.85 133 55 36.67 Bos 5035.48 3. 7020410 
1891 l:t! 25 54. 219 1139.2 350 25 44.00 liO 26 25.88 Kin 7211.04 3.8579978 

52 -19 52.33 232 4i 32.62 Wash 5016.11 3.7003670 

Dron 47 18 00.812 25.1 310 43 39.16 130 46 11.18 Bos 5i39. i9 3. 7588960 
1905 12'.l 26 28.511 599.U 345 23 09.48 165 24 16.54 Kin 7611.11 3.8814482 

44 55 13.27 2"24 53 18. 75 Wash 4639.82 3. 6titi5016 
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---·---------,;-------~---~-----·~-------~-·--·-------.------,;-------, 

Station 

Principal polnta-C'ontd. 

Latitude 
and 

longitude 

Smelt 47 17 46.283 
I;?.:! 31 ::!8.575 

Neill :l 47 19 55. 014 
1005 122 29 28. 963 

Tacoma astronomic station 47 15 47. 911 
189'J 122 26 51. 446 

Supplementary points. 

Mount St. John 1 
190i 

Corning tower 
1904 

39 26 03.17 
122 41 32.14 

39 55 40. 774 
122 10 44.00S 

Corning astronomic station 39 55 40. 48 
1!108 122 10 44. 92 

Mount Linn,-top or peak 40 02 12.617 
1904 122 51 ll. 855 

Lassen Peak 
1904 

BullyChoop 
1904 

Redding courthouse 
1908 

40 29 18.614 
121 30 15. 513 

40 33 20.346 
12"J 45 58. 884 

40 34 58.278 
122 :l3 44. 281 

Hedding astronomic station 40 34 19.354 
1904 122 23 38. 684 

Redding south base 
1908 

40 34 28.152 
122 23 24. 911 

g,,('-
onds in Azimuth 
meters 

Back 
azimuth 

Cr I II 

To station 

1-1..."9. 3 265 53 53. 35 83 57 33. 87 Dron 
600.4 313 06 11.23 133 07 57.18 . Wash 

1699.0 312 55 19.83 132 57 32.48 Dron 
608.1 355 39 41. 56 175 39 59. 63 Wash 

32 18 07.50 212 16 39.57 Smelt 

14711.6 156 34 15.80 336 32 20.05 Neill 2 
1081.6 197 20 35.49 17 21 17.S.3 Gull 

97.8 176 16 31 
768. j 288 19 10 

356 14 4S 
108 52 2Q 

1257. 6 95 23 05. 04 275 01 34.16 
lO·H. 9 2"~7 46 57.18 4S 07 411.11 

338 49 44. 76 159 03 28. 06 

1248. 5 247 24 10 
1066.6 

389.1 195 17 14.5 
21U.O 253 44 09. 8 

315 46 2"~. 4 

574. 1 10 50 33. 3 
3r.s. 4 2s 56 28. 7 

61 31 00.3 

627. 6 241 41 39. 9 
1385. 4 286 03 36. 6 

357 49 40.2 

1797.6 96.06 13.3 
1041. 5 2.36 07 45.1 

597.0 99 11 08. 7 
909.8 173 44 41.4 

234 46 13.9 

67 24 11 

15 25 07.8 
74 31 09.3 

136 25 54.9 

190 38 25.4 
208 51 14.1 
240 43 16.5 

61 46 12.1 
106 47 28. l 
177 50 47. 7 

2i5 56 li'.2 
56 24 53.6 

279 01 09. l 
353 44 3i.8 
55 03 18. 7 

Kent 
Marysville Butte 

Kent 
I,yons 
Marysville Butte 

Coming ~ower 

Bally 
Lyons 
Marysville Butte 

Marysville Butte 

ff'~~s 
Bally 

~~~, 
Bally 
Rouud 

Bally 
Redding courthouse 
Round 

868. 3 50 02 58. 9 230 02 49. 9 Redding astronomic 
585. 9 station 

91 29 00.2 271 28 50.5 Hill 
153 53 14. 2 333 53 01. 6 Redding courthouse 

Redrllng north base 
·1908 

40 34 42.167 1300. 7 352 28 22. 7 172 28 24. 2 Redding south base 

Hill 
1908 

Crater Peak 
1904 

Thompson Peak 1 
1904 

Saw Tooth 
1904 

Mount }~ddy, cairn 
1904 

BhM>k Butte, cairn 
1904 ... 

Mount Shasta, top or 
1904 

122 23 27. 340 643. O 20 46 04. o 200 45 56. 6 Redding astronomic 
stat.ion 

34 47 58. O 214 4i 49. 9 Hill 
14117 01.8 321 16 50.8 Redding courthouse 

40 34 28. 446 877. 4 354 26 27. 4 174 26 28. 2 Reddh1g astronomic 
122 23 39.845 937.2 stat.ion 

40 41 54.374 
121 37 05.274 

40 56 37.67 
122 52 19.;ia 

40 58 21.905 
123 00 05. 396 

41 19 12. 449 
122 28 42. 470 

l i3 31 58. O 353 31 55. 1 Redding courthouse 

1677. 2 2 19 !!9. 9 
12:l.8 83 26 10.3 

124 23 11.6 

1162. 0 225 27 58 
452. 1 240 26 59 

678.4 232 35 06. l 
126.2 249 52 27.8 

324 01 15.2 

384.0 75 14 M.3 
987.8 180 00 4i.O 

244 04 37.5 

182 18 40. 7 
262 45 50. l 
303 50 35.4 

45 52 36 
60 43 42 

53 04 51.4 
70 14 16. i 

144 15 01.6 

255 (l'J 58.9 
0 00 47.6 

64 13 44.6 

Lyons 
Bally 
Mears 

Spur 
Mears 

Spur 
Mears 
Bally 

Boliver 
Soda 
Spur 

41 22 00.307 9.5 148 20 23.9 321 58 52.5 Sterling 
122 20 49. 936 1160. 6 141 07 ~'6. 9 321 uo 3i. 6 Gazelle astronomic 

41 · 24 33. 797 
122 11 38.482 

1042. 7 
893.8 

station 
243 19 os.o 63 23 03.0 Spur 
172 02 30. 6 351 57 16. 6 SOda 

343 25 01.5 
23 21 05.6 
34 01 48.5 
71 28 59.0 

139 46 03.1 
162 06 35.9 

163 34 21.4 
2CL1 03 ns.3 
213 51 45.8 
251 05 46.5 
319 18 24.3 
341 55 14.8' 

Round 
Bally 
Mears 
Boliver 
Sterling 
Soda 

China Mountain, not the 41 22 41. 420 
cairn 12"J 34 31.102 

1277. 8 4 12 29. 0 184 09 32. 3 
722. 7 52 33 09. 7 . 232 25 03.9 

Bally 
Boli\ier 
Soda 
Spur 

1904 

Russian Peak, north point 41 16 59.106 
~904 122 .57 03.164 

186 00 38.l 6 04 30.6 
263 53 09.2 84 06 07.2 

1823. 4 183 44 19. 2 
'3.6 256 53 40.8 

280 07 36.0 

3 46 53.2 
77 21 31.2 

100 14 22.5 

t Checked by vertical angles only. 

Sterling 
Spur 
Boliver 

Distance 

MtltrB 
6320.14 
4151.58 

5177.06 
ti832. 69 
4i02. 78 

8317. 79 
4033.36 

59:!00. tl 
. i\!376.0 

479"J3.97 
61958.90 
85868.67 

:!3.41 

652"~8.9 
107523.9 
127977.0 

144911.5 
23693.5 

119851. 7 

11176.0 
99i22.2 
65.39"J. 2 

21661. l 
445:11.8 

21951. 3 
1207.8 

45104.3 

422.6 

351.4 
10:14.9 

4:16. l 
752.6 

515.4 
637.0 

281.8 

9'J6. l 

44091.3 
smo.3 
84433 ~ 

73149.S 
409-19.0 

79280.8 
49517.9 
50626.0 

26103.3 
82750.8 
213Sl. l 

85107.9 
2"J841. 3 

9240.3 
78.135.2 

69943.8 
!17392.4 
380S9.6 
51700. I 
88806.4 
761>78 •. 7 

$62i9.2 
2J.j72.8 
76730.5 
27486.11 

81770.4 
60306.8 
14575.5 

Loga
rithm 

3.8007200 
3. 6182138 

3. 7140833 
3.83459W 
3.6723549 

3.9"~000711 
3.6056668 

4. 773030 
4.89968\1 

4. 6805528 
4. 79"Jl037 
4.9338347 

1.36933 

4.814440 
5.031505 
5.107132 

5.161103 
4.374630 
5.078644 

4. 048'l86 
4.998792 
4.815526 

4.335680 
4.648670 

4.341461 
3.082013 
4.654218 

2.625930 

2.545762 
3.014915 

2.639542 
2.876541 

2. 712126 
2.80412"J 

2.449913 

2.966656 

4.644353 
4.944089 
4. 9'.!6513 

4.864213 
4.612243 

4.$99168 
4. G94i62 
4. 704374 

4.416695 
4.917772 
4.330090 

4.929970 
4.358721 

3.965684 
4.893957 

4.844749 
4.988525 
4.580807 
4. 713995 
4.948444 
4. 884108 

4.935906 
4.333907 
4.884968 
4. 439125 

4.912596 
4. 780366 
4.1636.."'2 

37 
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I : 
I Latitude Bee- Back:\ 

r: 
Station and onds in Azim nth azimnt i To station Distance 

longitude meters 

----- ----
Supplementary .r.oints-

Continue . . . ' " Meters . ' " ' " ; Rnssinn Peak; south point I 41 16 58. 70 1810.8 256 53 00 ;; 20 51 ~ur 60311. 2 4. 780398 
1904 122 57 03.24 i5.4 :!92 25 38 112 45 31 en rs 45i01.9 4.659934 

Marble Mountain 41 34 46.625 1438.4 199 11 35.3 19 19 46.2 Sterling 51546.5 4. 712199 
1904 123 05 27.94i 647.4 2""-3 09 00.2 43 aa 31.4 Soda 74170.1 4.8702".l9 

285 12 26, 0 105 45 55.S Spur 73017.5 4.863427 
.. 

42 30 04.4 222 07 53.9 Boli\·er 69".!0l.4 4.8411115 - Little Shllsta 41 43 14.240 439.4 
1904 122 13 18. 490 42i.4 121 06 02.3 300 39 25.2 Sterling 04299. j 4.808:m 

151 00 27.3 330 50 10.8 Soda 43789.9 4 641374 

G~e Nest, tall tree (~o.l:f 41 48 58. 9'.!8 1818.0 36 03 53.7 215 52 42.6 Gazelle astronomic st&- 39747.9 4.599314 
1904 12"~ 14 19. 005 438.8 tion 

36 19 45.5 215 58 13.8 Boliver 76S40.3 't883890 
144 21 42.8 324 12 06.2 Soda 34039 .. 0 4.531977 
112 48 33.3 292 22 35.1 Sterling 58217.t\ 4. 765054 

Preston Penk (Cal.) 41 50 07. 93 244. j 198 10 15 IS 25 38 Onion 100218.3 5. 000947 
123 36 39.82 918.8 251 08 55 71 37 58 Sterl~g 63415. 7 4.SIJ.ll9i 

Greyback (Oreg.) 42 Ol\ 3i.101 1144. 7 185 55 39.3 5 58 ·58.l Onion 64982.4 4.812796 
1904 123 18 41. 721 958.5 210 31 32.S 31 01\ 01.1 Blnck 135820.7 5.132966 

286 OS 49.7 lOtl 25 54. 9 Sterling 36655.3 4.564137 

Pilot~4oc~ 42 01 51. li53 1593. 7 12 OS 01.3 191 5\1 15. 8 Flo liver 87578.8 4.942399 
122 33 36. 073 8:!9.8 86 59 17.2 266 46 10.4 Sterling 27080.5 4.432656 

240 41 59.1 . 60 45 16.4 Soda 7762.2 3.889986 
33\l 28 26.6 109 40 53.0 Spur 74302.4· 4.871003 

Siskiyou• 42 03 44.11 1361.0 151 24 26 331 05 35 Onion 79800.8 4.002040 
1904 122 45 49.09 1128. 7 21\9 06 50 89 18 18 Soda 23625.0 4.373372 

Kerby' 42 13 14.81 456.9 199 49 51 19 59 12 Onion 55688.7 4. 74S7f;7 
1904 123 27 31.l.84 8H.9 243 48 38 64 33 41 Rust 101757.0 5.007567 

Ashland Peak, cairn 42 04 52.547 Ir.21.3 148 14 12.4 32; 53 25.9 Onion 790C-O.O 4.90"2873 
1904 122 42 5i.867 1330.0 20ti 48 39.6 27·03 34. l Rust 137081.l.5 4.826635 

275 06 14.9 95 ·15 48. j Soda 19763.9 4.295873 : 332 :!9 50.9 152 48 31.S Spur 84676.5 4.927763 
' 3 20 37.4 183 18 05.3 Boliver 91380.0 4.900854 

Wagner 42 Oi 05. 737 177.0 149 38 40.8 329 20 13.1 Onion 73992.2 4.81.'>9181.l 
1.904 122 46 24. 287 558.0 192 16 58.1 12 29 34.1 Black 118526.6 5.073816 

212 04 35. 7 ·32 21 49.6 Rust 65838.1 4.818477 
283 28 19.0 103 40 11.4 Soda 25122.6 4.400065 

Aspen Peak 42 18 57.286 1767.6 49 23 40. 7 229 o; 54. 2 Soda 42675.5 4.l~'l0179 
1904 l:l!! 05 12.427 284.6 114 22 07.9 293 35 47.S Onion 102819.l 5.0120i4 

147 40 45.0 327 30 11.8 Rust 39~70.8 4.601743 

Monnt Pitt 42 26 41.964 1294.8 17 45 10.0 197 38 35. 2 Soda 44283.2 4.f.46239 
1904 122 18 54.365 1242.5 110 Zl 28.0 289 46 20. 7 Onion 79llOO.O 4. 90"'..8i~ 

171 22" li.4 351 16 14. 7 Black 80395.6 4.005232 
172 15 27.2 352 14 09.0 Rust 19586.5 4.291956 

Lost Prok• 42 30 50.92 1571.2 102 53 3; 282 09 35 Onion 91106. 2 1.959834 
1904 l'.!"2 08 42.90 979.3 125 19 26 305 11 14 Rust 20313.9 4.307793 

Central Point. astronomic 42 23 51.581 1591. 7 242 56 29.S 63 20 31.3 Rust 54593.6 4. 7ai1413 station 12"2 56 23. 451 536.3 313 5ll 45.S 134 15 22.8 Soda 5301\5. j 4. i:J.18137 
1904 

Centrnl Point latitude sto.- 42 23 51.512 1589.6 116 41 :!96 41 Central Point astro- 4.7i 0.678.5 tion l'.!"2 56 23.21\5 532.1 nom.ic station 

Union Peak 42 49 53.546 1652:2 Zl 30 40.6 203 25 35.9 Rust 25054.5 4.409163 
1903 122 13 21.078 478.7 79 42 19.8 259 01 18.0 Onion 83885.9 4.92368\1 

157 31 38.4 337 13 58.9 Fairview 908'.!9. 7 4.958228 

Mount Scott 42 55 24.019 741.2 38 57 11.5 218 43 40.3 Rnst 43304.8 4.636536 1904 l:?:! 00 55.549 1259. 7 75 54 57.5 255 05 21i.9 Onion 10"..5811. l •. 5.011101 
125 57 47. 4 305 39 2K. 7 Bla<'k 45013.3 4. rw;a341 -

Liao Rock 42 57 08.096 249.8 21 40 13. 7 201 32 56.4 Rust 39734.3 4.599165 1904 122 10 06. 336 143.6 71 56 52.6 251 13 35.6 Onion 91471. l 4.961284 
105 05 45.2 284 30 10.1 White 73249.6 4.864805 
134 00 04.6 313 47 59.6 Black 33.151.2 4.523112 
151 00 38.6 330 40 44.3 Fairview .80fi52.2 4.906616 

High.Rock 43 03 02.Mo' 91.0 99 58 :!9.9 279 3,; 51. 2 White 45656.3 4.659501 1904 12'.l '.!\\ 05.670 128.3 188 10 33.3 s 11 2i;.2 Black 12300.9 4.089936 
346 43 45.S 161.\ 49 22. 7 Rust 49196.5 4.691934 

Old Bailey 43 09 19.956 G15.8 58 22 56.4 237 H 39.0 Onion 97243.4 4.987860 191).1 122 .13 09.098 205.6 86 56 58.3 266 Zl 24.2 White 66684. 7 . 4.824026 
91 38 41.9 271 28 40.1) Black 198f.9.5 4.298188 

143 52 40. 2 323 34 49.3. FO:irvi~w 59349.6 4. 773418 
Walker Peak 1 . 43 u 33.r..s 1039.4 84 13 22 .:!f~155.55. Illack 34743.1 4.540868 1904 1~2 02 18.18 410.5 131 31 15 .:HI 05 51i Fairview 66233.1 4.821075 

·- .. .. -
'No <·he('k on this posiliun ...... 



THE CALIFORNIA-WASHINGTON ARC OF PRIMARY TRIANGULATION. 

Station 

Supplcmt11tar11 pohll&
Contlnned. 

Dodson (U.S. G. S.) 
1904 . 

Latitude 
and 

longitude 

43 Oi 10.131\ 
123 14 35.150 

Sec-
onds In Azimuth 
meters 

0 , ,, 

312. 8 12i 39 24. i 
i94.6 20i 16 30.9 

21\9 28 35.0 

Back 
azimuth 

30i 36 20.l 
2i 23 52.6 
S9 3i 01.:! 

To station 

Burg 
Scott 
White 

Rose 43 14 00. 0~8 2i8."9 233 53 46. SI 54 04 23. 33 Scott 
1904 123 19 18.555 418. 8 298 51 36. 64 119 03 li.19 White 

Burg 43 G9 42. 607 1314. 8 1 ii 54 02. 44 357 53 53. 30 Rose 
1904" 123 19 05.198 117.4 22116 38."67 41 27 05.61 Scott 

281 13 40. 24 101 25 !1. 18 White 

Roseburg latitude station 43 12 40. 769 1258.1 223 40 38. 71 43 41 57.67 Rose 
1904 123 21 13. 849 312. 6 332 08 06. 89 152 09 34. 93 Burg 

Quartz 
1904 

Diamonrl Peak 
1904. 

Mount Zion 1 

1903 

Russian Church, cross 
1908 

Springfield, Methodist 
Church 

1908 

Springfield, Christian 
Church 

1908 

Eugene, Deady Hall, west 
tov•er· 

1908 

Eugene, Geary School spire 
1908 

Ei~~~ch United Brethren 

1908 

Eugeue, Patterson School 
spin• 

1908 

Eugene, Baptist Church 
spire 

1908 

Eugene, W. 0. W. Rall 
spire 

1908 

Eugene, courthouse, flag-

po1&is 

Euge.ne, Methodist. Church 
1908 

Seavles cu. S. G. S.) • 

Ball Butte 
1903 

43 09 51. 770 
122 40 14.595 

43 31 16:014 
122 08 54.659 

43 47 29.576 
122 43 24. 335 

44 03 18.487 
123 10 36. 088 

44 02 53.545 
123 01 20.032 

44 02 51.552 
123 01 11. 024 

44 02 4'4'5 
123 04 32. 924 

44 03 22.161 
123 06 11. 803 

44 02 53. 966 
123 05 02. 786 

44 02 47.636 
123 04 4tt593 

44 03 05.830 
J23 05 19.023 

44 03 05 553 
123 05 46. 259 

44 03 06-273 
123 05 24.04\ 

44 02 56.857 
123 05 31. 498 

44 06 31.9i0 
122 59 54.656 

-1.3 58 4i.551) 
121 41 15. i65 

1597.6 so 52 53. 4 
329. 7 ISl 48 31. 6 

271 25 29.2 

494. 2 32 36 4i.1 
1227. 5 100 14 59. 1 

109 18 18.1 
124 18 40.2 

260 37 50.6 
1 4~ 16.9 

91 33 59. i 

212 23 49.1 
2i9 54 09.2 
288 12 24. i 
303 39 24.4 

White 
Fairview 
Black 

BhlCk 
Fairview 
Roman 
Spencer 

912. S 99 42 38. i 2i9 00 29. 5 Roman 
544. 1 125 -1.l 05. 6 305 25 3S. S Spencer 

·570. 6 148 04 20. l 
803.2 247 32.ll.5 

287 52 19.2 
320 20 05.3 

1652. 6 39 01 16. i 
445. 9 101 37 24. 9 

193 31" 04. 2 

1591.-1 40 13 27. 9 
245. 4 101 49 52. 3 

191 43 56.5 

1527. 0 135 34 35. 0 
732.9 

221 23 39.0 
12 10 13.9 

684. 0 JOI 29 14. 4 
262. 7 255 22 35. 7 

296 45 ll. 7 
355 JO 34.6 

ltl65. 6 J05 07 28. 9 
62. 0 15.l 01 50. s 

328 03 51.0 
6i 39 27.3 

108 01 10. 6 
140 29 30.3 

218 58 15.1 
281 3-1. 32. 2 

13 31 53. 2 

220 10 10.0 
281 46 43.3 

11 44 39.2 

315 33 56.-1. 

41 26 42. l 
192 09 26.3 

281 25 41.5 
i5 23 05. s 

!16 50 59.3 
li5 10 55. 8 

28.'I 0.3 O.~. I 
333 01 a.1.1 

Willamette south base 
Seavii's2 
Pisgah 
Spencer 

Spencer 
Ku~ne astronomicsta· 

hon 
Seavies 2 

SpencPr 
Eugeneast.ronomicsta

tlon 
Seavies 2 

Eugene astronomic sta
tfon 

Se1n-ies 2 
Spencer 

Willamett• svuih base 
Eugene astronomic sta

tion 
Pisgah 
Spencer 

Willamette south base 
Effo'ii'e astronom~sta-

225 03 4i. 3 45 Oi 11. 3 Seavies 2 
296 IS 37. 8 116 23 3i. 6 Pisgab 

1470. 3 9 51 58. 2 
1037. 3 144 44 27. 6 

2'.!'l 35 32.0 

li9.9 103 18 42.4 
423. 5 J64 30 0!1.1 

228 15 21!. s 
297 10 01.0 

171.4 2(lj 25 29. 7 
102\l.8 

230 36 09. 7 
295 46 25. 7 

193. 6 103 23 55. 9 
535.2 172 29 22.8 

22S 46 41.9 
296 58 OS. 6 

I i54. 8 105 41 44. 6 
iOl. 2 lS.l 46 22. 9 

228 Oi 33.9 
295 16 37. 7 

986. s 29 01 13. 7 
1215. 5 i3 39 13. 6 

1467. 6 60 56 47. 4 
351.4 88 Otl 211. 2 

90 41 41.0 

1~"9 51 20. 2 
324 43 58.6 

42 38 44. i 

283 14 32. 7 
344 30 02. 6 

48 19 04.1 
lli 15 11.9 

2i 25 42.1 

50 40 03.9 
ll5 51 55. 6 

283 19 49. 7 
352 29 19. 7 

4S 50 20.6 
lli 03 23. 0 

285 37 43.6 
3 46 25.0 

48 11 li.S 
115 21 5i. 2 

208 5; 12. j 
253 31 18. 2 

240 16 44.4 
2(\11 41 05.0 
269 43 03.5 

Spencer 
Eugene astronomic sta

tion 
SeaYit>s 2 

W ii tamette ~-outh base 
Eugeneast.ronomic sta-

tion 
Sea.V"ies 2 
Pisgah 

E~f::e astronomic sta· 

sea,•ies 2 
Pisgah 

Willamette south base 
Eifoe:e astronomic sta-

Seavies 2 
Pisgah 

Willamette south base 
Eu!!elle astronom!osta-

tlon 
Seavies 2 
Pisgah 

Spencer 
Willamette south base 

FnirYiew 
Roman 
Speneer 

Meters 
7706.1 

316G9.4 
16738.3 

25859. 6.S 
26426.56 

8227.53 
31214.99 
23288.13 

3767.03 
6218.42 

30226.3 
46891. 4 
16866.9 

47516.3 
41354. 7 

135233. 7 
91913.4 

82638.6 
36682. 3 

1760. 8 
1507i.3 
178\15. 6 
10316. 1 

9246.3 
5644.9 

6i01.9 

9326.1 
5853. 9 

6719.0 

1765.3 

8856.1) 
7222.? 

6952.0 
997.6 

12480.2 
&198 .. o 
8648.2 
1259.0 

9211. 4 
10716. 9 

7108.8 
1613.5 

9102. j 

8207. 9 
784.3 

9223.0 
11204.5 

861.2 

9689.2 
ll743. 5 

8096.0 
i48.6 

9297. 7 
11310. 2 

soiJs.4 
1035.0 

9614. 6 
11331.3 

15922.3 
15846.5 

89125. 1 
164i24. 4 
112893. 8 

1 No cherk ou this position. 'Checked lw n~rtical angles only. 

Loga
rithm. 

3.886832 
4.500640 
4.:r.!3711 

4.4126232 
4.4220406 

3.915269i 
4.4943632 
4.367134i 

3.5i59994 
3. i936802 

4.480385 
4.6i1003 
4.22i036 

4.676843 
4. 616525 
5.131085 
4.963379 

4.91i183 
4.56445i 

3.245722 
4. li8324 
4.252i46 
4. 01351,; 

3.965968 
3. 751653 

3. 826199 

. 3.9119699 
3. 76i444 

3. 827305 

3. 246821 

3.947284 
3.858699 

3. 842110 
2.998939 

4.096223 
3. \IO.S378 

3.936928 
3.100014 

3.964328 
4.030071 

3.851i94 
3.20i756 

3.9591i2 

3. 914232 
2.894509 

3.964873 
. 4.049392 

2.935103 

3.986290 
4. 06lli\l6 

3.9082i2 
2.Si4247 

3.968374 
4.0534il 

3.90354.3 
3. 014948 

3.982933 
4.054279 

4.20200i 
4.199933 

4.950000 
5.216i58 
5. 05:!6il) 

39 



40 THE CALIFORNIA-WASHINGTON ARC OF PRIMARY TRIANGULATION. 

La.titude Sec- Back Logo-St.1\lion and onds in Nzimuth 'l'n station Dist.'lnce 
longitnde meters azimuth rithm 

------ ---- - -
Supplc.!"""!ary ~ai11ls-

tunt.111ue1·. . ' " . ' " . ' " Jfetas 
St.. Mary nuue 44 05 00. 402 12. 4 54 34 20.3 233 54 42. 2 Fairview !1453-3.8 4. 975587 

1~03 121 41 54. 992 1223.5 S4 05 04. 6 262 40 05. i Roman 111-16.37.6 5. 216529 
S4 49 15. 3 263 51 01. 6 Spencer 112470.9 5.051040 

Sout.h Sister 44 06 14. 251 439.9 51 18 35. 7 230 41 52.5 Fairview 91410.3 4.960995 
1903 121 46 08. 254 183. 6 83 01) 38. 4 261 38 34.5 Roman 159294. 6 5.202201 

83 17 03.4 2t\2 21 45. 1 ~ence1· 107102. 8 5.029801 
115 41 46. 4 294 5130.7 et.t>rson 105$23. 7 5.024583 

Mi<l<lle Sister 44 OS 55. i6S 1721.3 48 29 01.0 227 52 52.6 Fairview 93746.9 4. 9719.~7 
l!J0.3 121 46 59. 750 1328.0 so 32 32. 2 259 37 48.4 Spencer 1011670. 4 5.028044 

SI 09 56. 6 259 48 26.5 Roman 158846.6 5. 200978 
11~ 2i 24. 0 292 37 43.2 Peterson 102708. 7 5.011607 

Xort.h Sister 44 10 01.464 45 ., 47 57 31.4 227 20 53.1 Fairview 95803.0 4.981379 
1903 121 46 I 7. 183 as1.s 793417.3 258 39 03.3 Spencer 107952.1 5.033231 

so 30 32.5 259 OS 32.0 Roman 160103.2 5.204400 
112 13 06.1 291 22 55.0 Peterson 102793.1 5.011964 

Nebo• 44 09 27. 05 834.9 356 25 48 176 2i 50 Fain·iew 63596.0 4. 8034.'lO 
1903 12'2 42 05.14 114.2 58 36 38 238 20 13 Spencer a6970.6 4.567857 

Herman Peak, woo<.led 44 07 29. 14 899.4 220 51 52 41 II 10 Mary 55978. 7 4. i480'.!3 
summit• 124 00 43. ii 971.S 316 51 55 137 03 22 Roman 32266.6 4.508753 

1903 

Prairie Peak, west tree 44 16 42.307 1305.8 14 21 17.1 194 15 52. i Roman 41958.9 4.622824 
1903 l:l-3 36 28. iii 638.0 190 06 28.8 10 08 50.8 Mary 25556.2 4.4074116 

308 24 09.5 128 45 35. 9 Spencer 52540.8 4. 7204!17 

Alsea Peak, partly clearell 44 25 27.8'.ll 858.7 22; 11 0"2.2 47 16 08.3 Mary 13100. 6 4.1111'275 
wooded summit 123 40 22. i46 50.~-1 260 03 23.ll 80 a3 01.0 Peterson 56896.3 4. 755084 

1904 5 12 21.3 185 09 39.5 Roman 57111. 2 4. 7567'Jl 

Cannibal Peak, highest 44 28 33.48 1033.4 261 49 41 82 01 38 Mary 2'2836.9 4.358638 
wooded summit 1 l:J:l 50 09.03 199.6 352 48 28 ·1725235 Roman 63099.9 4.8000..'9 

1903 

Mount Washington 44 19 57.346 1770.1 38 32 25. 7 21i 58 29. 8 Fairview 105607.3 5.lY'-3694 
1903 121 50 15. ti-38 346.5 69 20 51. 5 248 28 18.8 Spencer 107781. 9 5.0325-16 

i3 35 56.4 252 16 34. 7 Roman 159065.5 5.201576 
98 34 49.1 27i 2'.? 50. 5 Mary 137832.6 5.139352 

102 47 IS. I 281 59 49. 4 Peterson 11'2180.5 4.964639 

Hayrick 44 28 46.1.HO 1421. I 33 29 07.0 212 55 19. 5 Fairview 118610.5 5.074123 
1903 121 50 31. i24 iOl. l 61 36 02. 5 240 43 36.S w::~; 114:!46.8 5.057844 

68 05 14.2 246 45 57. 3 164000.3 5.215083 
91 47 12.2 270 35 19.1 Mary 136000.3 5.133540 

I.cit NippJ.3 44 29 49.672 15-33.2 36 09 59.1 215 48 15.8 ~~cer i()5.."7.6 4.848359 . l!J0.3 122 34 33. 718 745.0 90 58 23.5 270 17 21.8 7i591.1 4.8S9812 
92 54 31. 7 272 37 01.5 Peterson 31223.8 4.494486 

144 40 08.0 324 ltl 10.6 Yam 77201. 2 4.887624 

l.e.bimon, tall brick chim- 44 32 58.43 1803.6 49 46 03 229 43 21 Peterson 6694.0 3.825683 
JlP.y I 12'2 54 14.18 313.0 84 42 42 264 15 27 Mary 51724.6 4. 713tlll7 

100:1 

Corvalis closed cupola 1 44 :!3 59.9'2 184~.5 284 li H 104 30 04 Peterson 250:15.6 4.~985-.'iS 
1903 123 16 23. 92 5:!i.8 72 50 39 2.52 38 -56 Mary 23160. 8 4.364054 

Con•alis open cupohi 1 44 33 5-5.89 1':"25.:! ::?8-3 44 22 103 57 28 Peterson 25481. 7 4. 4062::!8 
1903 123 Ill 4~. lti 1018. 6 i2 46 27 ~5~ 35 00 Mary 22655.2 4.355167 

,\ lbany courU\O\lse cupola' H 38 05.82 li9.6 321 24 27 141 30 li Peterson lil\62.o 4.24i040 
1903 123 Oil 24.31 535.8 67 54 06 247 35 22 Mary as1so.o 4.581843 

Forest.Peak, t.all~st trees· 44 40 22.978 i09.3 40 55 31.0 2'20 46 56. 5 Mary 24714.5 4.392952 
1003 123 ·20 5::?. 841 1163. 9 200 27 53.5 20 36 34.5 Yam 46215 . .ll 4.664792 

237 04 37.3 57 31 29.5 Hult 59720. 7 4. 776125 

Rounrl Pel\k 44 3i 52. iOO 1627.0 66 32 19.8 246 16 03.4 Peterson - 33498.2 4.525021 
1903 -122 34 54.345 1197.9 80 00 05.7 2S9 19 15.6 Mary 78313. 7 4.8938.>8 

137 24 19.3 317 I)() 34.8 Yam 65297. i 4. 8148\18 
172 28 37.1 352 21 28.2 Barnes 100397.3 5.001722 

Thomas, cairn 44 38 10.938 337.6 66 11 53.3 245. 55 12.3 Peterson 34431.0 4.536950 
1903 12'2 34 19. 315 425. 7 79 42 15.8 259 01 01.0 Mary 79172.8 4.898576 

136 34 51.0 316 10 41. 7 Yam 65412.8 4.815663 

Mount Jefferson H 40 2\1. loo 899.9 535037.1 232 56 ltl.5 Spencer 1287S'il.4 5.109880 
llJ03 121 4i 55.280 1217.6 79 17 59.6 258 28 43. 7 Peterson 94639.6 4.9i60i3 

82 53 24.4 261 39 34.1 Mary 140470. I 5.147584 
112 33 05.6 291 36 11.6 Yam 114632.8 5.0593119 
141 59 59. 6 321 19 33.6 Barnes 120717. 4 5.081770 
166 43 29. 4 346 31 14.3 Larch 98()63.9 4.9915119 

Monmouth Peak 44 4i 51.810 1599.3 226 50 08.6 47 07 03.9 Yam 43124.9 4.634728 
1903 123 32 31. 994 703.2 254 01 14. l 74 36 21.4 Hult I 68082.6 4.833036 

I 18 42.3 181 18 18. 6 Mary 

I 

32556. 7 4. 512641 

Salem Capitol, dome 1 44 56 19. 4i 601.0 146 50 53 326 46 02 Yam 16434.8 - 4.21s;r14 
- 1903 1:?3 01 43. 50 953.8 263 37 32 83 50 56 Hult 25095.6 4.399597 

1 Checked by vertical angles only. 



THE CALIFORNIA-WASHINGTON ARC OF PRIMARY TRIANGULATION. 

Station 

Supplcme11tar11 f.ai11ts
Cont.i11uec. 

Cheinawn tank ' 
1903 -

Latitude. 
and 

longitude 

45 00 11.41 · 
l:?J 59 36. 91 

Sec
onds in 
meters 

Azimuth 

352. 2 119 19 23 
808. 4 281 11 15 

Back 
azimuth 

0 I I/ 

299 l:l 0.3 
101 :l3 10 

Yam 
Hult 

To stat.ion 

Table R oek, cairn 44 58 14. 226 439.2 62 41 39.8 241 49 11.6 
268 24 31.6 
278 32 12. 5 
330 35 59.0 

Mary 
Hult 
Yam 
Barnes 

1903 lZJ 18 33. OiS i24.IJ 88 41 38.0 
99 07 35.3 

150 54 46.0 

Arque.tt, cairn 45 04 19. 542 
1903 122 15 32.310 

603. 3 71 29 32. i 
i06. s 89 26 00. ti 

142 51 4:!.3 

251 10 17.5 
268 48 33.9 
322 30 45.8 

Hult 
Yam 
Barnes 

White church spire, west of 45 07 25.83 
Brooks 1 122 56 30. 05 

i9i. 4 :u4 34 45 
t\56. 7 06 41; 53 

134 44 28 
246 38 20 

Hult 
Yam 

1903 

l'ainlale Peak 1 - 45 1.5 09.9i 
l:l3 14 10.05 

30i. 8 30i 4i 30 
2Hl. 2 340 50 ;?l 

128 09 44 
160 54 19 

Hult 
Yam 

Sheridan Peak, highest 45 16. 53. 64 1655. 9 301 12 17 
10i6. 0 315 24 22 

121 43 31 
135 37 19 

Hult 
Yam green tree I 123 26 49. 37 

1903 

Squaw. calm 
1903 

l'agle cairn 1 
1903 

Mount. Hood 
1003 

Fir 
1903 

Mooument, General Land 
Survey 

1903 

Hill 
1903 

Cem 
1903 

Rh'er 
1903 

Oregonian 
1903 

45 13 51. 206 
122 02 24. 710 

45 16 25.38 
122 (l.j 54.19 

45 22 ~7.122 
121 41 48. 696 

45 31 23.055 
122 44 46. 238 

15.S!l.8 78 12 49.8 
5.19. 0 120 51 29. 4 

li3 47 48. 4 

783. 6 118 29 55. 3 
1181.5 li9 11 18.5 

83i. 3 73 33 10. 7 
1059. 6 102 00 29. 2 

·w:i 50 31.3 
lW 13 06. i 

ill.8 2115 11 01.5 
1003.6 8 09 29.8 

45 31 11. 933 368. 4 23 58 29. 5 
122 44 34.806 i55.4 144 09 u.o 

257 25 55. i 
300 21 10. 6 
353 45 48. 7 

298 01 22.3 
359 11 05.1 

252 3135.7 
281 15 27. 4 
282 07 15. j 
299 56 25.9 

115 11 39.9 
188 09 23.5 

203 58 15.0 
324 09 05.8 

Yam 
Barnes 
Larch 

.Barnes 
Larch 

Yam 
Barnes 
Balch 
Larch 

Cem 
Hill 

Hill 
Fir 

45 30 39.970 1234.0 li6 26 18.0 356 26 14.4 Barnes 
122 44 55.023 1194.3 240 10 43.2 60 11 27.9 Cem 

45 31 05. :i.10 161. s 123 20 05. o 3oa 19 rn. 7 Barnes 
122 43 52.328 1135.8 198 44 43.5 18 45 53.8 River 

45 34 28. 89 891. 9 285 42 28. 7 105 48 25. 4 Roeky .Butte 
122 42 13. 91 :io1. 6 34 07 13. 5 21-l 05 14. 9 Barnes 

45 31 13.21 407.8 161 11 03.4 341 09 55.6 Rh"er 
12"2 40 38. 9i 845. S 251 11 25. 6 ii 16 14. 4 Rocky Butte 

l'ort.land longitude station 45 31 08. 82 2i2. 3 
1887 lZJ 40 39. i5 862. 7 

l'ortlaml latitude slat.ion 
1887 

45 31 08.83 
122 40 39.84 

2i2. 6 187 56 52 
864.5 

7 56 53 Oregonian 

Port.land bP.nch mark 45 31 09. 07 280.0· Oregonian 
IV. S. G .. S.) 122 40 39. i7 Stl.1.1 

Harney !Wash.) 
1881 

lfalch 1 Oreg. i 
1881 

v~~~;~t parracks flag-

1903 

45 32 49.861 1539.3 81 09 2i.93 261 01 32.80 BarnPS 
122 33 54.303 1177.8 140 59 23.21 320 46 20.26 Warren 

Iii 15 37.M 357 14 li.96 Davis 

45 37 21. i34 6il.O 328 15 53.08 148 18 43.96 Rocky Butte 
122 37 53.538 1159.9 40 59 24.33 220 54 19.i4 Barnes 

45 31 54.574 10&1.S 80 15 16.28 260 13 29.77 Barnes 
122 42 30. 76.1 66i. 4 210 43 44. 61 30 47 02. 60 Hamey 

261 17 15. 30 81 :l3 23. 91 Rocky Butte 

45 37 3i.91 
122 39 36.M 

1170. 5 282 39 59. 2 
i81. 0 32 13 36. i 

102 41 12.5 
212 09 45.3 

Harney 
Barnes 

War::lischoolhousecupola• 1~~ ~11U~ 146i.3 345 42 09.3 165 47 36.3 Barnes 
287.6 69 43 50.8 249 43 11.1 Warren 

Mitchell 1 
1903 

Mount Adams 
1903 

Mount St. Helens 
1903 

46 01 53.001 
12"2 11 31. 940 

46 12 12.133 
121 29 24. 899 

46 11 53.028 
122 11 25. 864 

16:!6. 4 37 55 26. 5 
687.0 65 03 28.8 

374. 6 32 05 53. 1 
533.8 52 09 53.4 

52 54 14.0 
152 03 49.2 

1637.3 353 45 05.3 
554.5 30 24 56.9 

161 21 14.0 
196 21 43. 7 

217 31 27.4 
244 34 18.3 

211 40 11.3 
231 17 41.3 
231 59 59.1 
331 4~ 15.5 

173 49 32.9. 
2100051.4 
341 09 50. 7 

16 32 38.5 

Barnes 
Warren 

Larch 
Balch 
Barnes 
Bel 

Larch 
Barnes 
Hal 
Bel 

Distance 

."1:tltr8 
13485. 0 
:?!595.5 

111189.6 
31840.9 
66503. i 
i0841.4 

a;i46. 4 
611619. 7 
63539.5 

2-5.170.3 
li241.9 

52265.0 
:!2381.3 

67i44.5 
34125. 7 

88ili.2 
64596. 7 
:!3800.:! 

59406.9 
28844.4 

118745.2 
84113.8 
81053.5 
3526.'l.2 

1293.0 
1343. 7 

10i9.9 
423.6 

1749.4 
1568.4 

1758.5 
6640.3 

11258. 5 
6426. 7 

6382. 8 
9"273. 7 

136.6 

128. 7 

146:.'0.66 
37539.95 
49689.84 

9866.53 
14110.22 

3286.69 
lli53.53 
11334.39 

:l"J76.l 
13184.2 

32840.1 
1274.2 

i0902.3 
580:!5. 5 

87719.5 
. 120500.S 

1:!3884. 6 
i3257.2 

74331. 7 
86336.8 
62582.2 
67997.0 

1 Checked by vertical angles onlr. • No c'heck on this position. 

Loga
rithm 

4.129850 
4.354021 

5.046064 
4.502985 
4.822846 
4.850"-87 

4.5768i5 
4.842732 
4.803044 

4.404325 
4.2365$6 

4. 718211 
4.349885 

4.830874 
4. 533082 

4.948008 
4.810210 
4. 528919 

4. 773837 
4. 400062 

5.0i4616 
4. 9".!4867 
4. 9087i!l 
4.547322 

3.111594 
3.128313 

3.033393 
2. 6261168 

3.242892 
3.195468 

3.245153 
3.822185 

4.0514797 
a. 80700trl 

3.805008.S 
3.9672517 

2.13537 

2.10969 

4.1649670 
4.5744937 
4.6962679 

3.9941643 
4.1495337 

3.5167584 
4.0701684 
4.0543981 

3.357196 
4.120055 

4.516405 
3.1()5.."29 

·1.850660 
4. 763619 

4.943096 
5.080900 
5.091261 
4.864850 

4.8illi4 
4.936196 
4. 796451 
4.S.32490 
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·-----· I I Latitude Sel'- Back Lo~-:t· I Station and onds in .\dnmth To st:\tion Distance 
longitude meters azimuth rithm 

Suppleinentarv point~-
Continued . ' " . ' " . ., " Meters 

Min. 46 18 55.031 1699.2 36 54 48.26 216 54 40.5.1 I.en 380.i 2. 5.'!05528 
1906 1:?2 Oi 49. 82"2 lo&;.o 195 35 51.98 15 H 10. 73 JM 5,1196.2 4. 73.19685 

Deschn tes Peak 46 39 25.252 ii9.8 141 03 59. 3 3210010.8 Hal 1060i. 4 4. 0251)).g 
1905 122 21 5,1.262 1153. j lti6 44 01. 2 346 37 3.1.9 Durst 48i84. l 4.6&S278 

246 15 51.1 66 34 26.0 llel 35486.1 4.S.50058 

Mine<ral Peak 46 38 56.26 173i.2 150 54 20 330 38 47 Hurst 554-"'0. (I 4. 743674 
1905 . 122 09 2i.H 583.5 :?27 45 19 47 54 50 Bel 22481.8 4.351832 

High Rock 46 41 05.848 180.6 97 08 52.!l 2i6 44 46.4 Hal 42506.0 4.628450 
1905 121 54 01.859 39.5 133 4i 15.3 313 20 2i. l Hurst 6-1.37~.5 4.808714 

164 54 33.5 344 52 50.9 Bel 11486. 7 4.060194 

Goat Mount.ain 46 46 23.948 739.5 83 54 43. i 26.3 30 26.2 Hal 42726. 6 4.63(1Wl 
1905 l~l 53 47. 263 1002.8 111 01 08. 5 290 59 15.1 Bel 3535.4 3.MS-1-35 

Mount Ranier, high peak I 46 51 09. 215 284.5 i5 59 36.2 255 29 12.0 Hal M766.·I 4. 738514 
1905 121 45 25. 562 541.5 114 23 27.3 293 50 19. 5 Hurst 62984.3 4. 799232 

Mount Ranier ,bare summit 46 51 11.106 342.9 75 48 48.0 255 18 39.5 Hal 54339.!! 4. 735119 
1905 121 45 47.001 995. 7 114 30 34. 9 2113 57 42. i Hurst 62546.5 4. 796200 

Sharp Peak 47 01 04.392 135.6 8 27 5i.5 188 25 44.; Bel 26205.-1 4.418390 
1905 121 53 20. 964 442.8 53 37 01. 4 233 12 21.S Hal 53466.3 4. 728080 

99 03 14. 7 2iS 35 52.2 Hurst "4i932.!l 4. 680627 

Tacoma City Hall 47 15 28.463 Si9.0 177 53 26. 9 357 53 20.S Dron 4708.1 . 3.672844 
1905 122 26 20. 264 . 426.0 187 00 33.5 i 00 52.6 Gull 4484.0 3.651667 

257 03 27. 6 i7 05 53.5 Bos 4285.:! 3.6319;'2 
3!!6 42 !!6.2 146 43 27. !! Kin 3182.:1 ;i.502746 

Tacoma courthouse 4i 15 12. i80 394.7 122 44 24.8 302 42 41.3 Wash 3519.g 3.541'>524 
1905 122 26 43. 527 915.2 191 51 19. 7 11 51 55. 9 Gull 5042.5 3. 70264:! 

314 12 45.2 134 14 03.3 Kin 3119.9 3.494135 . 

Smelter st.ac•k, 300 feet high 47 li 51.813 1600.1 196 41 00. 6 16 41 40.G Neill2 3972.1 3.5990li 
1905 122 30 23. 274 489.0 247 Oi 19.4 67 10 45.5 Da.~h 6390.9 3.805562 

331 07 48. 6 151 OS 46. G Wash 3435.1 3.535934 

Brown Point Lighthouse 47 1$ 21.031 711.3 38 l}l 4$. 2 21$ 02 59.-1 Wash 5045.6 3. 702914 
1906 122 2f) 36. 330 763.2 128 05 49. 9 308 03 43.0 Neill!! 4605.8 3.f-.63308 

169 04 31. 7 349 04 03.4 Piner 2 4271. !I 3.630626 

Dash 47 19 12.171 375.9 37 39 18. 36 217 36 50.30 Wash 6932.54 3.8408923 
1857 122 !l5 42. 896 901.0 105 35 50.58 285 33 04.37 ~eill 2 4928.00 3.692tl708 

Piner 2 47 20 38.852 1199.9 324 10 34. 2f) 144 11 41.91 Dash 3301.11 3.5181)000 
1005 .122 27 14. 898 312.S 15 44 13.rl.J 195 42 5.3. 22 Wash S484.M 3.92862"2 

, 64 111 31. 98 244 17 53.39 Neill2 3123.19 3.49459$1 

Robinson 2 47 23 11. i20 362.0 28 27 36.29 208 !!5 15. 86 DllSh $113. 28 3. 92491.152 
1867 122 22 31.984 f.70.9 51 32 0.5. 8(1 231 2$ 3i. 75 I,iner 2 7584. 7'1 3. Si\19391 

DESCRIPTIONS OF STATIONS. 

This list may be conveniently consulted by reference to the illustrations at t.he end of t.his 
publication or tot.he index. All azimuths given in these descriptions are reckoned continuously 
from true south around by west to 360°, south being 0°, west 90°, north 180°, and east 270°. 
Where magnetic aziilluths are given they are indicated as such. · 

~ In general the surface and underg;ound marks are not in contact; so that a disturbance. 
of the surface mark will not necessarily affect the underground mark. The underground mark 
shol.1ld ·be resorted to only in cases where there is evidence that the surface mark has been 
disturbed. 

The elates and initials given in each description i.nuuediately after the county refer to the 
elate of establishment of the station, the man by whom it was established, and the elate when 
the station was last visited. · 

: Any person who finds that one of the stations herein described has been disturbed, or that 
the description no longer fits the facts, is requested to send such information to the Superin
tendent, U.S. Const and Geodetic Survey,· Washington, n·. C .. 

l\rn.RKING OF STATIONS. 

The old type of sta.tion mark referred to in the following notes and descriptions c-onsists of 
a disk and shank u.1ade of brass and cast in one piece. The disk is about 85 nun. in clituneter 
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and has a polished center sun·ounded by the raised letters "U.S. C. & G.S." and a raised flange 
around the edge. The shank is ~5 mm. in diameter and 75 mm. long, with a slit at the lower . 
end into which a wedge is inserted so that when it is driven into a drill hole in the rock, it will 
bulge at the bottom and so hold the mark securely in place. · 

GENERAL NOTES IN REGARD TO STATION MARKS. 

NOTE 1.-A three-eighths-inch copper bolt 3 inches long is cemented into a drill hole in 
the rock, and directly above the bolt in the same drill hole is cemented an old-type station mark, 
described in the preceding paragraph. A cross in the top of the copper bolt and another in the 
polished center of the disk mark the station. 

NOTE 2.-This marking is similar to that described in note I, except that the copper bolt 
and the disk are in separate bowklers a.nd the bowlcler containing the bolt is a.t some ·distance 
beneath the surface. The crosio on the disk is directly .above the 01ie on the bolt. The dimen
sions of the bowlders are givt~n in the descriptioi1 of the station. 

NOTE 3.-The sta.tion is marked by an old-type station mark, described above, cemented 
into a drill hole in the rock. No underground mark was used. 

REFERENCE MAR~. 

NoTE 4.-This mark is a drill or punch hole in the top of a three-eig11ths-inch copper bolt 3 
hiches long, which is leaded or cemented into a drill hole iu a rock wit.h the top of the bolt flush 
with the surface. 

PRINCIPAL POINTS . 

.Momit Helena (Napa County, Cal., W. E., 1876; 1908).-0n the summit of Mount. Helena, 
about 12 niiles to the northward of Ca.Iistoga. The station was originn.Ily marked by a· fine 
drill-hole and cross in the top of none-half-inch copper bolt 5 inchel'! long, which was cemented 
in a drill hole in bedrock, and hy a brick pier 3 bricks square and 43 inches high, built over the 
bolt. When visited in.1908 it was found that the pier had been dynamited. Other instrument 
J>iers are at the following distances and directions from the station: Collimator pier, 2 bricks 
square nntl 61 inches high, 2.27 meters northwest; transit pier, 2 by 3 bricks and. 39 inches 
high,"17.04 meters southwest; latitude pier, 2 by 2! bricks ttn<l 36 inches high, 17.74 meters 
southwest of "the station nnd l.68 met.el'S east of the transit pier; verticnl angle pier, 2 bricks 
squal"e and.44 inches high, 33.:n meters southwest of the station and 16.92 meters a little south 
of east of the latitude pier. A boundary mark between Lake and Napa Counties, a large 
drill hole in a basaltic rock, is 3.18 meters northwest of the station . 

.Mmysvi.lle. Butte. <.Sutter County, Cal., W~ E., 1876; 1904).-About 15 miles west of Marys
ville on the southeastern summit of the south butte of the Marysville Buttes, about 6 meters 
northenst of the highest. part of tho summit, and near tho steep cliff on the north side. The 
station is marked by an old-type station mark, described on page 43, set in a drill hole in a small 
rock embedded in the concrete that fills a depression in t.l1e solid rock. Below the concrete and 
directly under the station mark is a three-eighths-inch copper bolt. 3 inches long set in a drill 
hole in the solid rock. Three reference marks, each of which is a three-eighths-inch copper bolt 
3 inches long set in a drill hole in the rock, are at the following dishmces and azimuths from the 
station: 2.470 meters, 246° 48'; 2.635 meters, 5° 06'; and 2.915 meters, 103° 07'. 

Snow .MO'l.l:nta.in Wfst (Glenn and Lake Counties, Cal., E. F. D., 1892; 1904).-0n the 
highest point of the southwest summit of Snow Mountain. The summit. is about 300 meters 
long h1 a northwest and southeast direction and about. 50 met.ers wide nt the station and is 
covered with small broken stones. There are a few scrub pines just below the pitch of the ridge 
about 100 meters southeast. of the stat.ion. The sta.tion is marked- by a one-hn.lf-inch brass bolt 
3 inches long in a drill hole in the solid outcropping rock, ai1d by a concrete pier 1~ inches square 
and 44 inches high having embedded in its top a brass bolt directly above the one in the solid 
ro~. . . . - . 



44 THE CALIFORNIA-WASHINGTON ARC OF PRIMARY TRIANGULATION. 

Snow Mmuita·in cast (Glenn County, Cal., W. E., 1876; 1904).-0n the northernmost 
rock-croppings at the edge of the summit of the eastern peak of Snow :Mountain, about 5 miles 
south of Mount St. John and near the corner of Lake, Colusa, and Glenn Coui1ties. The sta
tion is marked by a half-inch copper bolt cemented in a drill hole in a hollow at about the 
middle of the highest point of rocks, with the top of the bolt about a half inch a.hove the sur
face and marked by a cross. The reference mai·ks are all drill holes in rocks, the first being 
distant .5.16 meters in azimuth 59° 57', the second 3.33 meters in azimuth 165° 39', and the 
third 6.89 meters in azimuth '.!48° 38'. 

Kent (Tehama County, Cal., 0. B. F., 1904).-0n a high ridge about 8 or 10 nrile.s ea.st 
by south from Mount Linn and abo1lt 18 miles by road in a northwesterly direction from Pas
kenta, on a peak locally known as Bald Rock, on a ledge on the east side of the summit and 
about 8 or 9 feet lower ti1a11 its lrighest part. Four or five hundred feet to the westward of 
the station and about 50 or 60 feet lower is a large, prominent, rocky knob. The station is 
marked according to note 1.1 The reference marks are described in note 4.1 The first one 
is in a large rock distant 5.01 meters in azimuth 212° 40', the second in a flat ledge distant 70.19 
meters in azimuth 285° 50', and the tlrird on the largest part of the ledge distant 47.7:3 meters 
in azimuth 5° 17'. · 

Lyons· (Tehama County, Cal., 0. B. F., 1904).-About 5 nriles east of Lyonsville post 
office on a ridge known locally as Bald Hill, about 300 yards from the summit of the ridge 
on the shoulder extending toward.Lyonsville and in the middle of a large group of bowlders. 
A Jone fir tree stands about 50 meters south by east from the stat.ion. The station is marked 
according to note 1.1 Two reference marks described in note 4,1 are in large rocks and at the 

·following distances and azimuths from the station: 29.69 meters, 126° 59'; and 20.22 meters, 
332° 22'. 

Bally (Shasta County, Cal., 0. B. F., 1904).-0n the northernmost of the two main pea.ks 
on t:µe sumnrit of Bally Mountain, a prominent and well-known mountain about 15 nriles ·by 
road west of Redding. The station mark, described in note 1,1 is in the top of a rock on the 
north side of the most prominent. group of rocks on the peak and 5 or 6 feet below the top of 
the group. Two reference marks, described in note 4,1 are at the following distances and 
azimuths from the station: 4.29 meters, 247°- 07'; and 10.62 meters, 154° 4!r. 

Round (Shasta County, Cal., 0. B. F., 1904).-0n the highest part of what is known as 
Round Mountain just·north of the post office of the same name. The station mark, described 
in note 1,1 is in a large bowlder winch projects about 6 inches out of the ground. Two ~·efer
ence marks, described in note 4,1 are at the following distances and azimuths from the statio1i: 
28.72 meters, 345° 30'; and 6.43 meters, 57° 13'. The soutl1 reference mark is in the most 
eastern rock of a prominent group of rocks nenr the south end of the summit. 

Spu:r (Siskiyou County, Cal., 0. B. F., 1904).-0n the west slope of Mount Shasta at an 
~levation of about 9,100 feet, in a position best identified by approaching the summit from 
Igema, by t.Jl.e road leading through Kite Canyon. In ascending this route several promi
nent peaks are discerned ahead· and from the right-hand one a narrow shoulder extends in 
a westerly direction, or toward Biack Butte. The station is about 50 meters below a.n abrupt 
change of slope of the ridge of this shoulder, and about 1 mile from the peak mentioned above. 
The station mark, described in note 1,1 is in the top of a large rock flush with the ground. Two 
reference m\U"ks described in note 4,1 are at the following distances and azimuths from the 
station: 13.77 meters, 165° 53'; and 8.10 meters, 228° 47'. 

Mears (Shasta County, Cal., 0. B. I!'., 1904).-About 4 or 5 miles west by south from 
Costella and about southwest from Castle Crags, on the southern summit of the hlghest rocky 
peaks in the region known locally as Gray Rocks. The station is about 20 feet below the 
highest part of the peak and near the bluff on the south and east sides, with a ledge 3 or 4 
fee~ higher about 10 feet distant toward the southeast. The peak was n.pproached from the 
south and the 30-foot bluff near the station surmounted by means of ladders. The station 

1 Seep. 43. 
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is marked according to note 1.1 Two reference marks, described in note 4,1 are located as 
follows: The first in a bowlder near the trail to the station, .and distant 7.92 metei;s in azi
muth 70° 50'; and the second, on a low bowlder east of a high pointed rock, and distant 17.77 
meters in azimuth 143° 03'. 

Bolitier · (SiskiJ·ou County, Cal., 0. B. F., 1904).-0n the uorth _side of a large group of 
bowlders about 60 yt1.rds northeast of. the highest part of the summit of Mount Scott, knmvn 
locally as Old Cro.ggy or Boliver, which is the high peak a.bout 5 miles in a southe.rly direction 
from Callahan. The station is marked according to note 1.1 Two reference marks, described 
iii note 4;1 are at the following distt1.nces and azimuths from the station: 6.57 meters, 272° 41'; 
and 9.88 meters, 107°, 47'. 

So<la (Jackson County, Oreg., 0. B. F., 1904).-0n a peak known locally as Old Bald:r, 
in the Siskiyou range of mountains, about 20 miles by road and tmil southeast of Ashland and 
5 miles ett.<:it by north from Pilot Rock, a prominent peak in the same range. The best 
approach is from Ashland via Sodt1. Springs and Davis' ranch. The station mark, described 
in note 1,1 is in n large rock whose upper surface is flush with the ground. Two reference 
marks, described in note 4,1 are in bowlders whose tops are but slightly n.bove ground and at 
the following distances and azimuths from the station: 12.91 meters, ::?99° .53'; and 23.95 
meters, 35° 36'. 

Gazelle ast·ronmnic sta.tion. (Siskiyou County, Cal., 0. B. F., l904; 1908).-About 250 yards 
north by east from the Gazelle railroad station nea.r the center of the top of a very prominent 
knoll and nbout 40 feet northeast of the largest bowlder on the knoll. The station mark, 
described in note 1,1 is in n 1;ock below the surface of the ground. Three reference marks, 
described in note 4,1 are at the following distances and azimuths from the station: 19.20 meters, 
~90° 13'; 0.nd 6.40 meters, 137° 39'. 

Sterling (Jackson County, Oreg., O. B. F., 1904).-In the Siskiyou range of mountains,.about 
25 miles southwest of Asltla11d and 2 miles west of .Mount Sterling, on the nodhernmost summit 
of u ridge just south of the Silver Fork basin and at the western eud of the long eitst.-and-west 
v11.lley which is just north of Mount Sterling. The station is about SO or 90 meters southeast 
of the highest point of the suJmnit in the cent.el" of a group of snrn.11 bowlders. The station 
nrn.rk, described in note 1, 1 is in the top of 11. large rock. Two reference 111arks, described in 
note 4,1 11.re at the following distances and aziniuths from the station: 34.85 meters, 18° 13'; 
and 20.44 meters, 136° 03'. · 

lli1.8t (Jackson County, Oreg., 0. B. F., 1904).-,--0n the highest summit of the peo.ks known 
loc:1.lly as tlui Black Buttes (Rustler on U. S., Geological Survey maps), 11.bout 20 llliles north of. 
l\fount Pitt and 26 miles by road and trail from Big Butte post office via Parker's ranch. The 
sto.tion is Jnarked according to note 1.1 Two reference lllarks, described in note 4,1 are at the 
following distances and azimuths from the station: 11.m15 meters, 264° 33'; and 10.13 meters, 
337° 53'. . 

Onion (Douglas County, Oreg., O. B. ·F., 1904):-0n the highest part of the bare summit 
of Onion Springs Mountain, about 1 mile south of the Onion Springs, and best reached from 
Glendale via Galesville and Gilpatrick's ranch. The station mark, described in note 1,1 is in a 
rocky ledge. Two reference marks, described in note 4,1 are located us follows: One in a 
prominent ledge ·and 24.62 meters from the station in azimuth 91° 50', and the other in an 
inconspicuous, low bowlder at the western edge of the sumJnit and distant 47.22 meters in 
azimuth 183° 47'. 

Black (Douglas County, Oreg., 0. B. F., 1904).-Near the northeast corner of the highest 
part of the summit of Black Rock, a high, prominent, rocky peak about 40 miles in a direct 
line e11.st of Roseburg and north and northwest of some near-by higher wooded peaks. The 
station mark, described in note 1, 1 is in the solid rock of the summit. Two ref ere.nee marks, 
described in note 4,1 are also in solid rock and at the following distances and azimuths from 
the station: 13.78 meters, 4° 55'; !l.nd 6.47 meters, :397° 45'. 

1 Seep. 43. 
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White (Douglas County, 9reg.1 0. B. F., 1904).-0n the highe.st part of the sumn1it of 
White Rock, a prominent peak about 15 miles east of Roseburg. The station mark, described 
in note 1,1 is in a large bowlder. ·A reference mark, described in note 4,1 is in a large bowlder 
just east of a prominent ledge and is 34.44 meters from the station, in azi.muth 353° 11 i. 

Scott (Douglas County, O!eg., 0. B. F., 1904).-0n the highest part of the summit of Mount 
Scott, about 20 miles northeast of Roseburg. The station mark, described in note 1,1 is in a 
large bowlder. Two reference marks, described in note .4,1 are located as follows: One in a 
white rock at about the middle of a prominent ledgt1 and 32.71 meters from the station in 
azimuth 195° 02'; and the other in a rocky ledge near the edge of the brush and 18.17 meters 
distant in azhuuth 305° 42'. 

F'a.-irvie.w (Lane Count~', Oreg., 0. B. F., 1904).-0n the west side of the summit of Fair
view Peak in the Bohemia Mountains, about 25 miles southeast of Cott11gegro,re and 6 miles 
by road·_ from Mineral post office.· The station mark, described in note 1,1 is in. a bowlder. 
Three reference marks described in note 4, 1 are in rock ledges and at t.J1e following distances and 
azimuths from the station: 6;69 meters, 74° 29'; 2.92 meters, 181° 39'; and about 175 feet.,. 
266° 09'. 

Yellow (Douglas County, Oreg., 0. B. F., 1904).-0n the highest summit of the timbered 
ridge about 10 miles west of Yoncalla. The station is marked a.ccording to note 2,1 the subsur
face mark in a bowlder 8 by 12 by 16 inches placed 18 inches beneath the surface, and the surface 
mark in a bowlder-10 by 20 by 30 inches, the top of which is flush with the surface of the ground. 
A reference mark, described in note 4/ is in a rock ledge and 22.62 mete1'S from the station in 
azi.Iuuth 334 ° 37'. Two other reference marks, consisting of three-sixteenths· inch copper wii'es 
3 inches long set in bowlders, are at the following distances and azimut:hs from the station: 
21.04 meters, 1.97° 31'; and 20.70 mete.rs, 107° 02'. 

Spence.1' (Lane County, Oreg., 0. B. F., 1903).-This station is near a United States Geolog-· 
ical Survey station. It is· on the south encl and highest point of the summit of Spence1~ Butte, 
about· 4 miles south of E\tgene. Two trees used by the Ge_ological Survey are at the 11.orth Nld 
of the summit, which is in the form of a ridge. The station is markoo acco1·ding to note 1.1 

Two refere.nce marks, described in i1ote 4, 1 are in rocks near the station, one distant 5.338 
meters in azimuth. 175° 02', and the other 4.570 meters in az1nmth 328° 51'. The Geological 
Survey station is 7.970 meters from the stat.ion ill azimuth 176° 12'. . 

Roman (Douglas Count.y, Oreg., 0. B. F., 1903; 1908).-0n the most. westerly of the two 
suinmit.s of the highost penk of the Coast Range, known as Roman Nose or Saddle Mol.m.tain, 
situated near the north line of Douglas County about 5 miles sout.I1west ?f the junction of Wild 
Cat Creek with the Siuslaw Ri.ver. It is on the highest point of the summit, about 6 feet.from 
the southern edge of the bluff and 20 feet from the steep part of the slope east of the station . 

. The peak is bare except. for a few low shrubs, and has a steep bluff on the south side and a gentle 
grassy-slope on the north side. ';!'he station is marked according to note 2, 1 the subsurface mark 
in a bowlder 12 by 12 by 24 -inches, 18 inches below the surface, set with the a.xis east and 
west, and the surface mark in a bowld~r measuring about a foot on each side. Two reference 
marks, de.scribed in note 4,1 are located ·as follows: One in the nearest out.cropping of th~ solid 
rock 14.760 meters from the station ip. azinrnth 148° 06', and thl:l other in a projecting bowlder 
6.775 meters from the sta.t.ion in azimuth 20.5° 33'. Arrows point.ii1g to the reference marks 
are cut in the rock nea.r each mark .. Au old burned stump is a.bout 5 fe~t from the station in. 
azimuth 232°. . . 

. Ma1'1f (Benton Coui1ty, Oreg,,_ O'., B. F., 1903 .: 1908) .-On the highest point of the grassy 
f!!Uliuu.it of Ma.ry Peak, about south-southwest from Corvallis. The station is marked according· 
t.o note 2,1 the subsurface mark in a flat st.one 4 inches thick and 19 inches in di~meter 22 inches . 
bdow the surface, and the surface mark in a .. bowlder 16 by 18 by 30 inches, the top- of which is 
flush with the surface of the grouncl. . Two reference mn.rks, described in note 4, 1 are ii1 bowl<:lers, 
and at the following distances a.iHl azimuths from the st.at.ion: 13.77 meters, 326° 22'; and 
2fl.3~ meters, 58° 11 '. · 

'Seep. ~3. 
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Peters.on (Linn County, Oreg., 0. B. F., 1903).-About 4 miles southwest of Lebanon on 
the highest part of the most westerly of the two summits known as Peterson Butte. The 
station ~s marked according to note 1.1 Two reference marks, described in note 4,1 are located 
as follows: One in the lower part of the uortherly sloping face of the largest rock on the south 
side of the summit, and 4.645 meters fron). "the station in azimuth 7° 30'; and the other in the 
ledge just east of the largest rock on the north side of the summit, and 3.270 meters distant in 
azimuth 185° 00'. . 

Twin (Linn County, Oreg., 0. B. F., 1905).-0n the farm of Mr. Gentry near the southwest 
corner of sec. 24, T. 14, R. 3 W., about 6 or 7 miles from Rowland. It is on the highest sununit 

· of ·a partly wood~d ridge, the south slope being bnre and the north slope wooded, and about 
8 or 10 meters southeast of the highest point of the summit. The station is marked according 
to note 2/ the underground mark in a. stone !\.bout 2 feet bel~w the surface and the surface mark 
in a large stone about 6 inches below the surfo.ce. Three reference mar~, described in note 4,1 
are at the following di.stances and azimuths from the station: 6.66 meters,· 314 ° 4~'; 6.:39 meters, 
53° 57'; and 6.87 meters, 155° 44'. The last~mentioned reference nuu·k is near the highest 
point of the summit. . 

Ridge (Lane COlinty, Oreg., 0. B. F., 1905).-0n the highest part of a ridge on land owned 
by Mr. J. J. Winn, ·about It miles north of his residence, and nbont 10 miles by road in a north
westerly direction from Junction City. The station is marked a.ccordi.ng to note 2,1 with the 
subsurface mark 1.5 feet below the surf ace. Three reference marks, described in note 4, 1 are 
in inconspicuous bowlders flush with the surface of the ground, and at the following distances 
and azimuths from the station: 4.86 meters, 164° 32'; 30.69 meters, 278° 43'; and 9.73 meters, 
356° 15'. A triangular blaze in a large maple tree is 11.63 meters from the statio11 in azimuth 
9~0 16', and a similar blaze in a large fir tree is 8:45 meters distant in azimuth 213° 33'. . 

Rauch (Lane County, Oreg., 0. B. F., 1903).-About 12 miles west by south from Eugene, 
'.?t miles southwest of Llewellyn post· office and about one~half mile west. of the road leading 
from Llewellyn to Crow post office, on land belonging to Mrs. Frances Rauch. It is about 150 
meters enst of the summit on the north side of a sloping ridge about 300 feet higher t.han t.he 
valley through which the road runs, the first prominent ridge encountered in going from Llewel
lyn to .Crow n.ml the only ridge in the vicinity from which Willamette south base can be seen. 
The station is about 200 feet west of a point where the ridge becomes steeper. The station was 
marked according t.o note 2,1 the underground mark in a small flat. st.one 3 feet below the smface 
n.llll the surface mark iu a rock 1tbout. 12 by 1~ by 18 inches flush with the surface. .Two refei·- _ 
ence marks, described in note 4,1 ~e located as follows: One in a rock 10by10by18 inches on 
the highest part of the ridge and 11.96 meters from the stat.ion in azinmth 286° 02', and the 
other in n. rock 6 by S by 14 inches distant 12.22 meters in azimut11 51° 46'. 

Willamette. south ba.se (Lane County, _Qreg., 0. B. F., 1903; l~OS).-About 5 miles from 
Eugene and 2:20 meters south of the Eugene-Elmira road on" lnnd belonging t.o William Nelson. 
It is about. 100 nieters north of n. ln.rge gravel pit, 78 meters from the line fence bet.ween William 
Nelson and M. Nelson, and it.bout in line with the we.st face of the barn bekmging to William 
Nelson which is 86.79 meters north of the station. The st.a.ti.on is marked with old-type station 
mark described on piige 42, placed in the center of a 6-inch drain tile and both embedded in a 
pillar of concrete 2 feet long, 36 inches in dinmet.er at the base, 18 inches in diameter at the top, 
and set in the ground so that the tops of the pillar and tile and stat.ion mm·k are all flush wit~1 
the surf ace of the ground. Six inches below the foot of this pillar a cross in the top of a 
!-inch copper bolt, embedded in a block of concrete 10 by 24 by 24 inches, forms the "su bsur
fo.ce mark. In 1906 .a concrete pillar. 2! feet high, 18 inches squa.re at the base and 12 inches 
sqi1m·e at the top, with t.he letters "lL S. C. S.''.on the south side, was set over the smface mark. 
The first .reference mark is a J-inch copper bolt in a concrete block 12 by 12 by 18 inches, 
the toi) of which· is flush with the ground with a .similar block and bolt directly beneath it as 
su bsmface mark, dist.nut '.?l~.'.?9 meters from t.}1~ st.at.kin in azimuth 177° 32' O'.?". The second 
mark, similar to the .first, is at. the jmic;tio~. of the ~·oad fence and that dividing the farms of 

. -
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William Nelson and l\f. Nelson, ttnd 225.16 meters from tl1e station in azimuth 200° 19' 30". 
The third reference mttrk, similar to the preceding two but with no subsurface mark, is in the line 
of the boundary fence 78.38 meters from the station in azimuth 265° 16' 42". The fourth mark 
is a !-inch copper bolt. leaded into a drill hole in a large sto1ie in the southwest corner of the 
foundation of the main part of William Nelson's barn, and. is 86.79 meters from the station in 
azimuth 181° 30' 16". . 

Wi"llmne.tte. rl-0rtli. base (Lane County, Oreg., 0. B. F., 1905; 1908).-0ne and one-half 
miles south and one-half mile west of Junction City in the east center of sec. 7, T. 16, R. 4 W., 
on land owned by ~Ir. William M. Pittney of .Junction City. It. is in the northeast corner of 
a field on the south side of the inain east-and-west road, about 71 yards from the north-and
south fence to the east and 4 or 5 vards from the fence on the south side of the road, and almost 
opposite the main gat.e wluch lea~ls into the barnyard corral of the farm across the road. The 
subsurface station mark is a three-eighths inch copper bolt 6 inches long, set in a block of con
crete 3! by 4 feet ai1d 10 inches deep, placed 3 feet below the surface. The surface mark is 
ru1 old-type stat.ion mark described on page 42, set in the top of a concrete pier 3! feet square 
at the base, 1! feet square at the top, and .2 feet 5 inches deep, the top of which is flush with 
the surface of the ground. Surrounding the station mark and embedded in the concrete is an 
S-inch drain tile 1 foot. long with its rim about flush with the top of the pier. Each of the. three 
reference marks consists of two three-e.ighths inch copper bolt.s, 3 inches long, each set in the top 
of a concrete post 1 foot square, the subsurface post being 9 inches long and 2! to 3 foe.t below the 
surface, and the surface mark about 2 feet long, with its top 4 inches below the surface. The 
first reference mnrk is 6 inches south of the fence on the south side of the road and about in 
the prolongation of the fence line on the west side of the corral mentioned above, and is 32.058 
meters from the station in ·azimuth 97° 10'. The second mark is in the co1:ral across the road, 
about 10 inches from the road fence and 6 or S fee.t. east of the east end of the main road gate, 
1111d is 19.876 meters from the st.a.tion in azimuth 186° ~4'. The third mark is on the south side 
of the main road, 12 or 15 feet from the road fence, and 6 inches west of the north-and-south 
fence, at a distance from the stat.ion of 65.076 meters in azimuth ~71 ° 26'. 

Sea:l'i.es 2 (Lane Comity, Oreg., W. H.B., 1908).-In the same loca.lit.y as Sem..'·ies (U.S. G. S.). 
(See p. 56.) It is on the south slope of the peak near the lower edge of t.he first timber from the 
top and almost in line with Spencer (see p. 46) and the tnngent line to the west bank of the 
McKcnsie River at the big curve in the flat below the stat.ion. The stntion is marked by a drill 
hole in the rock and by piles of rock around the tripod erected at the station. 

P.isga.h (Lane County, Oreg., W. H. B., 1908L-Locitted north and east from Goshen on a 
hill known as Mount Pisgah, about 200 feet sontlnvest., or toward Spencer Butte, from the_ 
highest point of the hill. The station is on top of a rock about 4 by 6 feet in area, projecting 
16 inches above the ground, the largest one of a. cluster of rocks and, with the exception of a 
large rock on the west slope about 17.5 feet to the, north, the largest rock in the vicinity. Sta
tion is mru·ked by a one-half inch drill hole 1 ! inches deep, 6 inches from the west edge of the 
rock and 23 inches from its south point .. 

Enge-ne. ast1'onom.ic station (Lane County, Oreg., 0. B. F., 1904: 1908).-This stat.ion is 
identical with the United Stat.es Geological Survey station. It. is on the east. encl of Skinners 
Butte, near Eugene, Oreg., just above the reservoir and north of the. railroad station, on the 
site of the old obsei·vatory of Oregon Sta.te University. It was learned in 1908 that. the land 
was to be converted into a park and thnt the station would be demolished, so two marble. refer-

. ence st.ones, projecting 2 inches above the surface and bearing on the top the letters "U. S." 
with a cross between, were set to preserve the station. The first 5 by 5 by 18 inches is 18._294 
meters from the station in azimuth 119° 59', and the second, 4 by 7 by 14 inches in size is on 
the south brow of the hill 12.211 meters from the stat.ion in azimuth 52° 47'. A large con
crete "0" on the brow of the hill overlooking the raih·oad stat.ion is in azimuth 2 ° from the 
station. The distance between the two reference marks is 17 .625 meters; and from the first 
reference mark the Patte.rson School spire is in azimuth 31.5° 28', and the spire of the Humphrey 
Memorial •Methodist Church is in azimuth 353° 53'. 
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;Yam. (Polk County, Oreg., 0. B. F., 1903; 1908).-0n the highest point of the highest of 
a group of hills about 12 miles northwest of Salem, and about 10 meters south of a wire fence 
which passes over the summit. A slightly lower wooded hill is about n, half mile northwest of 
the station and a group of hills is about halfway between the station and Salem. The.st.ation 
is marked according to note 2,1 the surface mark in n bowlder 1.5 by 18 by 18 inches with its 
top flush _With the surface of the ground, and the subsurface mark in a bowlder 8 by 16 by 16 
inches and 23 inches below the surface mark. - Two reference marks, des~ribed in note 4, 1 are 
in bowlders about 14 by 18 by 1.8 inches with their tops flush with the surface of the grow1d1 

and '"'ith a few loose stones piled about them for idei1tification. One is in the line of the wire 
fence, 11.06 meters from the station in azimuth 197° 10', and the ot.her 8.59 meters from the 
station in azimuth 329° 07'. · - · 

Hult (Marion County, Oreg.,_ 0. B. F., 1903).-0n a prominent bare hill about 6 miles 
by road and 4 miles 'in a straight line so9theast of Silverton, just south of the road from Silver
ton to Hult post office and on the farm of .i\i Porter. It is 01i the 'northeast side of the hill 
and slightly lower than the sumniit, 17 feet from a line fence on the west, a:nd 8 feet from another 
fence on the south. The surface and- underground marks at this station are crosses cut in 
the tops of one-half inch copper. bohs embedded in bowlders, the underground mark being in 
a bowlder about 12 by 14 by 14 inches, with its top 1.9 feet belo\\; the surface mark, which is 
in a bowlder about 14 by 18 by 24 inches, with its axis north and south. Two reference marks, 
described iii note 4,1 are located as follows: One in a bowkler about 14 by 16 by 16 inches, set 
in the fence line 5.79 ·meters from the station in azimuth 108° 55', and the other in a bowlder 
ubout 14 by 16 by 24 inches, set in the fence line 7.l~:j meters fo;nu the stntion in azimuth 
304° 40'. . 

Barnes (Multnomah County, Oreg., 0. B. F., 1903).-0n a cleared hill about 4 miles west 
of Portland, between the Barnes and Cornell roads, and just east of the highest hill in this range 
which hill is still densely wooded. It is on the south edge of the hill about 100 fe~t southeast of 

· a fir' tree and some small maple trees, and close to the north side of a large stump. The station 
is marked according to note 2,1 the surface mark in a stone 8 by 14 by 18 inches ,.,,;th its top flush 
with the surface of the ground, and the subsurface mark in a stone 6 by 12 by 18 inches ll feet 
below the surface mark. Two reference marks, described in note 4,1 and set at the roots of 
stumps on the sides facing the station are located as follows: One in a bowlder ·15 inches in 
diameter, distant 15.80 meters fro_m the station in aziinuth 156° 11'; and the2ther in a bowl<ler 
12 inches in diameter 7 .02 meters from the stntion in azimuth 233° 23'. A third reference mark 
consists of a cross in the top of a bowlder 10 .inches in diameter buried 15 inches beneath the 
surface and of a copper bolt directly above the cross, in a bowlder 14 by 14 by 18 inches set with 
its top flush with the surface of the ground. It is about 3 feet north of the main east-and-west 
fence line, about 30 feet east of where this fence crosses the highest part of the ridge, about 3 
feet east of a fence extending northward from this feBce imd 44.95 meters from the station in 
azimuth 184° 35'.- · 

Larch (Multnomah County, Oreg., 0. B. F., 1903).-Southeast of Bridal Veil, a town on the 
Columbia River, on the highest peak of Larch Mountain and on the west point of a small rock 
ledge which is on the north end of a spur from the main summit. The ledge. is about 20 feet 
higher than the spur of which it forms the end, and descends abntptly on -the north in a cliff 
about 100 feet high. It can be reached either from Bridal Veil or Latourell via Donahue's 
logging camp. The station is mnrked according to note 1.1 Two reference marks, described in 
note 4,1 are in the east summit of the ledge, one in rather a low place 10.89 meters from the 
station in azimuth 298° 51', and the other near the east end of the summit 15.01 meters from 
the station in azimuth 287° 02'. 

Star (Clark County, Wash., .T. S. H., 1906).-0n the most southerly of the two summits of 
Silver Star l\fountnin, ~n the line betwe-M Clark and Skamania Counties, 

0

about 35 miles northeast 
of Vancouver. The st.a.ti.on was marked _according to note 3.1 Two reference marks, described 

77002°-13-4_ 
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in note 4,1 are at the following d!stances and azimuths from the station: .5.910 me.ters, 305° 43'; 
and 5.160 meters, 26° 11'. 

Dm,is (Cowlitz County, Wash., J. S. H., 1906).-About 14 miles northeast of Woodland 
on the highest point of a hill on a north-and-south ridge which may be reached from Woodland by 
following the road up the Lewis River to the Fisher place and packing .from there. The station 
is marked according to note 3.1 Two reference marks, described in note 4,' are at the following 
distances and a.zimuths from the station: 5.61meters,15° 02'; and 5.37 meters, 96° .51'. 

Re.cl (Skamania County, Wash., J. S. H., 1906).-0n the. highest point of a bald, red hill 
near the sources of the Little White Salmon and Lewis Rivers and not fnr from Klickitat Pass. 
It is best rea.ched from W11ite Sa.lmon on the Columbia River via Guler post office, Ice Cave, 
Peterson's prairie, Goose Lake, Steamboat Lake, and the Indian race track, being about 1 mile 
southwest from the last plnce and 1! miles west of Steamboat Lake. The station is marked 
according to note 3.1 Two reference marks, described in note 4,1 are a.t the following distances 
and azimuths from the station: 7.400 meters, 96° 14'; and 5.42:3 meters, 188° 46'. 

Wa·rre.·n (Columbia County, Oreg., 0. B. F., 1903).-About a mile southwest of Warren, a 
station on the Northern Pacific Railway, on a slight elevation or ridge near the west side of a 
pasture owned by :Mr. E. Harnes and about· 250 meters north of an east-and-west -road. The 
station is marked according to note 2,1 the surface mark. in a bowlder 8 by 24 by 24 inches with 
the letters "U.S." cut in the north side and the subsurface mark inn stone 6 by 12 by 18 inches 
buried 18 inches below the ground. Three reference marks, described in note 4,1' are in the 
north-and-south fence line to the west of the station. The middle reference mark of the three 
is 246.7 meters north of the north road fence and the other two are each ahout 30 meters distant 
from the middle mark, one north nnd the other south. They are at the following distances 
and azimuths from the station: 23.67 meters, 93° 15'; 37.46 meters, 41° 26'; and 37.95 meters · 

. ' 142° 46'. 
Lmn (Cowlit~ County, Wash., J. S. H., ·1906).-0n the highest part of t.l1e heavily wooded 

summit of Elk Mountain, about 35 miles northeast ~f Woodland. The station is marked accord
ing to note 3.1 Two reference marks, described in note 4,1 are .at the followin:g distances and 
azimuths from the stntion: 6.28 meters, 36° 56'; and 10.84 meters, 319° 02'. 

Len (Sknmania County, Wash., J. S. H., 1906).-In the northwestern part of Skamania 
County, about 10 miles nort.h of Mount St. Helens and a short distance northeast of Spirit Lake. 
Spirit Lake can be reached by stage road from Cast.le Rock via Toutle nncl St .. Helens. and from 
the south landing on this lake t4e peak on wh1.ch the station is located appears as a rocky summit 
through a gap almost clue north. The station is marked according fr1 note 3.1 Two reference 
marks, described 1.n note. 4,1 are at the following distances and a.zimuths from the stati.Oi.1: 3.::?60 
meters, 215° 15'; and 12.::!20 meters, 138° 0-l'. 

Toutle (Cowlitz County, Wnsh._. 0. B. F., 1905).-0n t.he top of a conical hill, the highest 
point of a long ridge, known locally as Gum Mountain, between the north and south forks of the 
Tout.le River and about 20 miles east of Castl.e Rock. The summit was heavily timbered in 
1905 nnd lines of sight were cleared. The station is reached- from Cast.le Rock ~ia Tout.le and 
St. Helens a.nd the main road left at a point about ::l ! ~ miles east of St .. Helens at Muniker's 
place, from where t-l1e station is·about 3 miles clistant in a southerly direction. The station is 
mn.rked according to note 2,1 the underground mark in a stone 12 inches in diameter ::l feet below 
the ground and the surface mark in a bowlcler l::l by 18 by 24 inches. The reference marks are 
copper bolts set in t.11e center of triangular blazes on each of three stumps on the sides facing 
the st'.ation, the first being 9.24 meters from the station in azimuth 104° 22', the second 9.13 
meters, in azimuth 165° 16', and the t.hird 7.90 met.ers, in azimuth 345° 34'. Two blazed trees 
are at the following distances nnd azimuths from the station: 18.24 meters, 15:3° 52'; and ::l6.44 
meters, 257° 50~. 

Huik· (Lewis County, Wash., 0. B. F., 1905).-0n a high, bald summit, known locally as 
Huckleberry Mountain, and about 8 mil.es northwest of the highest point of the Deschutes 
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Mounta.ins in this region. The station is on a level place on the summit and about 60 feet 
north of 11 sha.ql rocky point of al?out the same height. The station is marked by a one-hall 
inch drill hole 1 inch deep in the top of a bowlder 8 by 8 by 10 inches set .flush with the surface 
of the ground. The reference marks, three in number, are similar drill holes in solid ledges 
along the west side of the ridge a little below its top, and at the following distances and azimuths 
from the station: 13.65 meters, 40°; 7.-30 meters, 60°; and 5.60 meters, 136°. 

Be.l (Pierce County, Wash., 0. B. F., 1905).-0n a high rocky peak known as "Bel Jacket," 
about 10 or 12 miles a li.ttle south of west of Mount Tacoma, and about 9 H ·miles by road from 
Ashford. From Ashford there is a wagon road leading to Messler's place about .5 miles distant, 
then a trail in the direction of Bald Rock and Eagle Rock, which leads to a small lake from where 
the peak mn.y be seen about one-half mile distant a little to the west of north. The station is 
marked accorcli.ng to note 3.1 Three reference inarks, described in note 4,1 are at the followiug 
distances nnd azimuths from the station: 7.26 meters, 328° 46'; 5.24 meters, 16° 22'; and 5.94 
meters, 188° ::?9'. A drill hole is 16.89 meters from the station in azimuth 15° 01'. · 

Hal (Lewis County, Wash., 0. B .. F., 1905).-0n the highest point of the most western one 
of the high, ba.ld summits of the Deschutes Mountains near the northern line of Lewis County 
and due south of Tacoma .. From the north the mountain appears as a symmetrical cone and 
is best approached from Yehn, a town on the Northern Pacific Railway, via Peter Stone's ranch, 
which is about 14 miles southeast of Yelm and a short distance north of the station. The station 
is near the south point of the hilltop and marked according to -note 3·. 1 Three reference marks, 
described in note 4, 1 are located as follows: The first in a large bowlder, 10.55 meters from the 
station in azimuth 166° 24', the second in a broad sloping ledge 4.81 meters distant in azimuth 
333° 35', and the third in about the highest point of rocks 2.71 met.ers distant in azimuth 13° 07'. 

Ra.in (Thurston County, Wash., O. B. F., 1905).-About 10 meters northwest of the 
highest point of a prominent high hill about 4 miles south-southeast of the town of Rainier, 
about 1,200 feet above it, and just vi~ible over the top of the timber from the town. It is prob
ably in sec. 33, T. 16, R. 1 E., and it is about a mile west-northwest of the ranch on the top of the 
ridge owned by N. N. Bungard. The station is marked according to note 2,1 the subsurface 
mark in a bowlder about 10 by 12 by 12 iuches and 15 inches below the surf ace of the grqund, 
and the surface mark in a bowlder 12 by 20 by 20 inches. Two reference marks, described in 
note 4,1 are located as follows: One in a large bowlder at the.highest part of the hill, 8.75 meters 
from the sta.t.ion in azimuth 8° 54', and the other in a bowlder at some disto,nce down the slope 
of th(} hill nml 13.78 meters from the station in u.zimuth 218° 42'. · 

llu.rst (Pierce County, Wash., 0. B. F., 1905).-Near the north end and highest part of 
the timbered hill about 400 meters slightly south of west ~rom the railroad station at Hillhurst, 
a town on the Northern ·Pacific Railway, and about one-half mile· southwest of the store and 
post office. The hill is ncross the road south from the Cottage Grove farm, owned by Mr. Bucholt.z. 

_The station is mnrked at the surface wit.h an old-type station· mark, described on page 42, set 
in a concrete block 12 inches square and 18 inches deep, and underground by a one-half inch 
copper bolt. 4 inches long set in the solid ground or native cement 3 feet beneath the surface. 
There are two reference marks, one of which is 11. copper bolt set in the only forge roek in the 
neighborhood, 40.34 meters from the st.at.ion :l.n azimuth 252° 40', and the other is a similiu
copper bolt in tt bowlder 10 by 12 by 12 inches flush with the surface of the ground, with a 
smaller bowlder 8 by 10 by 10 inches directly below it, and is 13.52 meters from the station in 
azimuth 150° 41 '. _ 

Pen (Pierce County, Wash., 0. B. F., 1905)._:_A.bout one-half mile south of Graham, a sta
t.ion on the Tacoma Eastern Railroad, nbout one-half mile northwest of Mr. Hansen's house, 
and 75 or 100 meters to the westward of the highest pru·t of a fiat, pa.rtly"cleared summit. The 
station is marked according to note 2.1 Three reference marks, described in note, 4,1 are at the 
following dist.ances and azi.nrnths from the station: 18.93 meters, 242° 50'; 17 .80 meters, 
37° 58'; a.nd ~3.15 meters, 160° 53'. 
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Tacoma s&uth ba.se (Pierce County, Wash., 0. B. F., 1905).-About 10 n{iles south of 
Tacoma and 2.mil(\s south of Spana way Lake, on land belonging to William Sekor, in the prolonga
tion of Pacific A venue_ of Tacoma. From the top of the hill in South Tacoma this street is 
nearly a straight line and Tacoma base line lies along it. The stat.ion is on the highest bench 
near the south si<le of Sekor's property n.nd nen.r the highest point.of the bench, being about 10 
feet west of a small. but prominent knoll. It is 1'78.5 meters from the fence on the ·south side 
of the field and 154.8 meters from tJie fence on the west side. The· station is marked underground 
by a cross in the head of a one-htilf inch copper bolt. 3 inches long set in a block of concrete 2! 
feet. square and 6 inches thick 3 feet beneath the surface, and at the surface by an old-type 
stat.ion mark, described on page 42, set in the top of a concrete cube 2! feet on an edge which 
has ~ 4-inch drain tile 2 feet long at the cente~ with its top flush with the surf ace of the con
crete. There are three reference marks, each consisting of a copper bolt set in a concrete block 
18 inches square and 6 inches thick buried 3 feet below the surface, and of a similar bolt above 
it in a concrete block 18 inches square and 30 inches deep, its top 2 inches below the surface of 
the ground. ·They are at the following distances and azimuths from the station: 49.658 meters, 
263° 50'; 38.938 meters, 347° 25';· and 61.153 meters, 173° 25'. 

Ta.co-ma 1w1·th base (Pierce County, Wash., O.·B. F., 1905).--0n Fern Hill, 4 miles south of 
Tacoma and about one-fourth i'nile north of the crossing of Pae.i:fic Avenue and the Puyallup 
Electric Rfi:ilway. It is on a prominent.knoll'j'ust. s·outh of the house owned and· occupied by 
H. A. Wilhelmi, 8.5 meters south of his south line and 19.met.ers east of the east line of Pacific 
Avenue. The subsurface mark at the station is a' cross in the head of a one-half inch copper bolt 
3 inches long set. in a block of concrete 30 by 30 inches and 6 inches thick, 3 feet beneath the 
st1rface. The surface mark is an old-type stat.ion mark, described on page 42, set in a concrete· 
cube 2! feet on an edge which has it 4-inch drain tile 2 feet. long at the cent.er with its top flush 
with the surf ace of the concrete. There are three reference marks, ench consisting of n one
eighth inch copper wire embedded in nn underground block of concrete 14 by 14 inclies.nnd 6 
inches thick set 3 feet below the surf ace, and of a ·surf ace mnrk consisting of a similar 
wire· in a block 14 by 14 by 30 inches set with the top flush with the surface of the ground. 
They are located as follows: The first, just north of Dr. Rynning's north fence and 4 feet east. of 
the east line of Pncific Avenue, 92.325 meters from the st.at.ion in azimuth 10° 19'; the second, 
south of the back part of Wilhelmi's house· and just south of his south fence, 47.757 meters from 
the station in azimuth 259° 51'; and the third just. south of Wilhelmi's south fence and 2 feet 
east of the east line of Pacific Avenue, 19.672 meters from t.he stat.ion in azimuth 117° 04'. 

B'ltrn (Pierce County, Wasli., 0. B. F., 1905).-0n a prominent. ridge 2 or 3 Jlliles south
west of the centrnl port of the city of '.Ta.coma, west of that p:trt of the valley which is traversed 
by the Northern Pncific Railway in an east-a.nd-west direetion :tnd almost in line with the 
enst-ancl-west portion of the track, about three-fourths of a mile from its western end. It is 
on a summit about one-half mile west of n prominent schoolhouse, 1tbout 300 met'ers southeast. 
of a house,· and about 30 meters north of it privnte ro1td le1tding ·from the house to the school
house. The station is marked according to note 2,1 with the subsurface bowlder about 2 feet 
below the surface. Three referenee mnrks, described in note 4,1 are located as follows: The 
first. near a. trail along the ridge and 23.53 meters from the stat.ion, in azimuth 160° 44'; the 
second on the north edge of the rond 25.13 meters distant, in· azimuth 3'.?0° 00'; a.nd the third 
near the beginning of a slope 25.47 meters distant, in a.zimuth 85° 34'. 

11.in (Pierce County, Wa.sh., 0. B. F., 1905).-0n the top of a prominent hill in the south
eastern part of Tacoma., just south of McKinley Park, in the block between Thirty-second 
Street and Wright Avenue and K and L Streets nnd very nearly lrn1fway between Thirty
second Street and Wright Avenue. It is directly in line with the gitble ends of the N. P. B. A.
Hospitnl, a lnrge brick building a couple of hundred y1trds to the west.ward of the station. The 
stat.ion is marked according 'to note 2.1 Two .reference marks, described in note 4, 1 nre at the 
following distances and azimuths from the stat.ion: 24.55 meters; 215° 48'; n.nd 18.47 meters, 
294° 50'. 
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Wa.sk (Pierce County, Wash., 0. B. F., 1905).-In the northwestern part of Tacoma; 
near the middle of Twenty-fifth Street and about 5 yards east of t.he east line of Washington 
Street projected across Twenty-fifth Street at their intersection. The station is marked by 
an old-type stntion mark, described on pn.ge 42, in a bowlder 18 by 24 by 30 inches, which is 
buried w·ith its top a.bout 5 inches below the surface of the ground. Two reference marks, 
en.ch consisting of a punch mark in the heo.d of n. copper slug in a stone'2 feet below the surfnce 
and of a similn.r slug in.a stone directly above the lower mark and a.bout 3 inches beneath the 
surface, are located as follows: One at the n01theast iiitersection of Twenty-fifth and Wash
ington Stre"ets, n.bout 1 ! feet east of the east line of W nshington Street, 1 foot north of the 
north line of Twent.y-fifth Street nnd 9.634 meters from the station, in n.zimuth 1.53° 20'; and 
the other at the southen.st intersection of the same streets, n.bout 3 feet from Washington Street, 

. 1 foot south of the south line of Twenty-fifth Street nnd 17.(13 meters from the station, in, 
n.zimuth 12° 22'. 

Bos (Pierce County, Wash., 0. B. F., 1905).-ln the flat a.bout 2 miles east of Tacoma 
a.nd one-third of a mile south of the trestle leading from the city across the marsh to the mills 
on the east side of the vn,lley. It is about 75 meters n01thea.st of tl. small white house at the 
north end of the strip of fast land which extends farthest into ~he miirsh nnd on a very slight 
elevation, clenr of trees and buildings, on the edge of a slough. The station is marked accord
ing to note 2,1 tlie lower nrnrk in a smil.ll bowlder 15 inch~s below the surfn.ce n.nd the upper 
inn.rk in a bowlder about 10 inches in diameter projecting 3 inches above the surface of the 
ground. There are no reference marks, hut a broken-topped fir tree is about 60 meters from 
the station, in n.zimuth 331° 44', and the west corner of the small white house is 77.72 meters 
disttmt, in azinu;th 13° 54'. 

Gull (King County, Wash., J. J. G., 1891; 1905).-0n Commencement Bil.y, north of 
Tacoma, and about l mile southeast from Brown Point Lighthouse, on the bold bluff nbout 
125 feet high, which is conspicuous on npproaching the point from ·Tncomn. - The station is 
about 15 feet from the edge of the bluff and in mnge with the tower of the Lowell School in 
Tacoma a.nd the left timgent of the tall, dark, cylindrical building with a dome roof, which 
belongs to the Tiwomn. Lumber Co.'s mill, and bears 11.bout southwest from the station. The 
statio~ is marked by n bottle buried 2! feet below the surface and by a 1111.il in a pine stub n.t. 
the surface of the ground. 

D·ron (King County, Wash., 0. B. F:, 1905).-0n Commencement Bay, about one-half 
mile southeast of Brown Point Lighthouse and about one-hti.lf mile west of sttl.tion (lull. · It is 
on the highest piwt of tt bluff point about 60 feet above the wnter and ::?O or 2.5 feet inl.imd from 
the edge of the bluff, in 11. thicket of madrmrn trees, some of which were felled to clear the line 
to station Neill . . The stil.tion is mn.rked a.cconling to note 2.1 Two reference marks, described 
in note 4,1 are at the following distnnces n.nd azimuths from t.he stitt.ion: 4.42 meters, 175° OS';. 
and 5.01 meters, 308° Q3'. 

Smelt (Pierce County, Wash., 0. B. F., 1905).-0n a ridge in the e:x:trei:iie northwestern part 
of Tacoma just south of Point Defiance Park. To reach the station follow the electric line, which 
runs to the smelter, to a point abotit 300 yards beyond where the cars make the last turn at 
Highland Park, and there take the road which-leads t.oward the west, follc~wing it unt.il the top 
of the ridge is reached. From there keep along the ridge toward the north until the Brown 
Point lighthouse and the left tangent to the second smelter chimney to the north of the 300-foot 
smelter stack a.i•e in range, then follow this range to within 5 .or 10 yards of the edge of the 
plateau. The station is not far from the west encl of the main ridge, considerably below the 
highest point, and at a.bout the same elevation as a small knoll some 300 feet. to the west. The 
station is marked M;cording to note :3,1 except that the subsurface mark is a one-half inch clrili 
hole in a stone 18 inches below the surface. The surfac.e mark is in a bowlder 10 by 18 by 18 
inches set flush with the surface of the ground. One reference mark consist.s of punch holes in 
the heads of copper slugs set in each of two st.ones, one 15 inches underground and the Q,the.r at. 
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the surface, 28.55 meters from the st.ation in azimuth 27° 38'. The other reference mark is a 
copper slug set in a stone in place 53.16 meters from the station in azimuth 236° 33'. 

Ne.ill 2 (Pierce C-0unty, Wash., 0. B. F., 1905).-0n Neill Point at the southeast end of 
Vashon Island, about 6 or 8 feet above high-water mark and 15 feet inland from it. The station 
is marked only by a tack in the top of a pine stub. 

Ta.coma astronom-ic station (Pierce County, Wash., J. F. P., 1892; 1905).-A stone pier 
near the north end of Wrights Park, Tacoma. A brick pier) 7 inches square and 5! ·feet long, 
used for latitude observations in 1894, is 1:3 feet 3 inches clue east of the station. 

SUPPLEl\-IENTARY POINTS. 

Corning t&wer (Tehama County, Cal., 0. B. F., 1904).-The tower at the south end of the 
Maywood Colonization Building, a wood and plaster structure, just across the street from the 
'Maywood Hotel and southwest from the railroad stiition. 

Corning astmnom.ic station (Tehama County, Cal., W. H.B., 1908).-0n the vacant lot just 
west of the Maywood Colonization Building at Corning. (See Corning tower", above.) The 
station is not marked but the following distances and azimuths to different parts of the Maywood 
Colonization Building were measured. Tower, 23.40 meters, 247° 24'.2; northwest corner of the 
porch-like part of the building known as the Arcade, 31.40 meters, 207° 55'.2.: and southwest 
corner of the same Arcade, 16.64 meters, :34:3° 17'.8. 

Redding co-u1·thonse (Shasta County, Cal., 0. B. F., 1904;, 1908).-The center of the top of 
the dome of the courthouse upon which stands the statue of justice. The statue is eccentric to 
the center of the dome by about It feet. A triangle with a small hole at the center is cut in the 
floor of the dome directly below the center of the dome and may be used as the station. 

Redding ast·ronom:ic sta.tio·n (Shasta County, Cal., 0. B. F., 1904; 1908).-0n a prominent 
hill nbout three-fourths of a mile south t>y west from the railroad station at Redding. To reacl' 
the station follow the railroad tmck south to milepost 259, which is m11:rkecl'at present by a bonrcl 
nailed to a telegraph pol!'), where will be found a United Sta.tes Geological Survey bench mark, a 
metnl tube with a brass top, and from here the station is west about one-fourth of a mile. The 
station is on the brow of a hill somewhat t!)ward the south edge and not quite at the highest 
point. A live oak about 6 inches in diameter is on the edge of the.hill just north of the line· to 
the Geological Survey bench mark and a leaning pine tree about a quarter of a mile distant is in 
line with the Redding courthouse. The station is marked according to note 1,1 in th~ top of t"\ 

large bowlder projecting 4 inches above the ground. Two reference marks, described in note 
4,1 are at the following distances and azimuths from the station: 20.2~ meters, 115° 49'; and 9.99 
meters, 188° 17'. · 

Re<lrl-ing sonth base (Shastn County, Cal., W. H. B., 1908).-Ahout 1.5 feet. enst of the m.il
road track nt Redding and opposit.e a large steel oil tank. The stat~on is mnrked only by a 
nail in the top of a wooden stub and by the three instrument stubs. · 

Reililing r1-01·th base (Shasta County, Cal., W. H.B., 1908).-Near the.northwest corner of the 
cemetery south of the milroad station at Redding and about 15 feet east of the track. The 

- station is marked only by .a nail in a wooden stub and by the three instrument stubs a.round it. 
Hi1l (Shastn County, Cal., W. H.B., 1908).-0n the east brow of a ridge just north of the 

~-idge on which Redding a.stronmnic stat-i.onis located (see above), nnd almost on the line between 
that station and the courthouse at Redding. The station is marked only by a wooden st.uh 
ancl the three instrument stubs surrounding it. 

Central Point asf'/'onom:i.c sta.tion (Jackson County, Oreg., 0. B. F., 1904; 1908).-About 2 
miles north of Central Point, near the intersection of the Southern Pacific Railway and the 
count.y road and in the northwest corner of the field which is just eMt of the county road 
and south of the private road leading to the house occupied by George Mims. The station is 
about 30 meters from the railroad. · (See Oentral Point lat-itnde station, below). The under
ground mark at the station is a three-fourths inch ·drill hole in the top of a trinu.gular granite 
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rock, set in cement 15 inches below the surface of the ground·. The surface mark is an old-type 
station mark, described on page 42, set in the top of a gra.nit.e rock which projects 3 inches above 
the surface and which is embedded in a mass of concrete 30 inches square and 12 inches deep. 
The reference mark, o. United States Geological Survey bench mark. is at the intersection of the 
railroad and the county road, just east of the mil on the en.st side of the road and 28.15 meters 
from the station ill azimuth 31° 55'. 

Central Poi·nt latitude. statfon (Jackson County, Oreg., W. H.B., 1908).-Near Oentral Point 
astmnmnic station (see above) and marked only by a wooden pier. The following distances and 
azimuths were measured: Astro'i10mic.station, 4.77 meters, 116° 41'; United Stn.tes Geological 
Survey bench mark (reference mark of astronomic station), 28.82 meters, 41° 18'. The north 
and west fences of the field are, respectively, 6.18 meters and 15.55 meters from the sto.tion. 

Rose (Douglas County, Oreg., O. B. F., 1904).-0n the highest point of the highest. bald 
summit of a ridge about It miles north of Roseburg. The st.a.tion is marked according to not~ 
2,1· the underground mark in a mass of concrete 1 foot be.low the surfitee and the surface mark 
in a bowlder 9 by 14 by 18 inches flush with the surface of the ground. Two refere1ice marks, 
described in note 4,1 are at the following distances and azimuths from the.station: 16.71 meters, 
12° 24'; and 7.49 meters, 125° 23'. 

Burg (Douglas County, Oreg., 0. B. F., 1904).-0n a high, bald summit about 3 miles 
southeast of Roseburg. . As seen from the iron bridge over the river just west of the roilroad 
station, it is the.highest and most distant pea.k visible up a small valley. The station is marked · 
according to note 2,1 the underground mark in a mass of concrete 13 inches be.low the surface, 
and the surface ma.rk in a bowlder 10 by 12 by 14 inches set flush with the surface of the grpund. 
The reference 1mu·k, described in note 4,1 is in a bowlde.r just over the edge of the hill, 10.24 
meters from the station in azimuth 11~0 45'. 

Ro.<Jebw·g lat·itude station (Douglas .County, Oreg., 0. B. F., 1904).-0n the point of a s1)ur 
across the river from the town of Roseburg, about 100 feet west from the end of the bridge 
a.nd 60 feet above it. The stntion is .nrnrked nccording to note 1,1 set~in a ledge of rock. Two 
reference marks, de.scrihed in note 4,1 are locat.ed as follows: .One in a prominent ledge 18.18 
meters from the st1itio1i'in azimuth 30° 17', and the other in the side of a ledge fli1sh with the 
ground, 3~.30 meters from the stat.ion in a.zimuth 109° 05'. 

Springfield Jlfethodist Ckurch (Lane County, Oreg., W. H. B., 1908).-The lower and less 
prominent of the two churches at Springfield. 

Sprinrtficld (!lwi11t·ian Oli,.urdi (Lu.ne County, Oreg., W. H. B., 1908).-The. taller n.nd more 
prominent. of the two churches a.t Springfield.. 

Deady Il<tll, west tower (Lane County, Oreg., W. H.B., 1908).-Deady Holl is one of the two 
larger buildings of the University of Oregon at Eugene and has large squa.re towers at both 
the ettst and west. ends. 

Geary School 8pire., Engene (Lane County, Oreg., W. IL B.; 1908).-The Gea.ry School is 
the pubP,c school located at West Fourth and l\fadison Streets, Eugene. 

U11.:i.te.<l Brethren Oh:nrch spire., E1igene. (Lane County, Oreg., W. H. B., 1908).-At East 
Eleventh and Ferry Streets, Eugene. 

Patterson School spire, E1tgeri.e. (Lane Count.y, Oreg., W. H. B., 1908).-The public school 
lociited one block west of the southwest comer of the campus of the University of Oregon, at 
Eugene. 

B(iptist Cku.rch spi.1·e, Eugene. (Lane County, Oreg., W. H. B., 1908).-At East Eighth and 
Pearl Streets, Eugene. 

W. 0. W. Hall spire, Eugene (Lane County, Oreg., W. H. B., 1908).-The old Episcopal 
Church located at West Eighth and Lincoh1 Streets, Eugene, which. is now being used as a hall 
by the Woodmen of the World. 

Courthouse ff,agpole (Lane Count.y, Oreg., W. H. B., 1908).-At. East Eighth and Oak 
Streets, Eugene. 
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Me.tlwd-ist Chu1·ch spire (Lane County, Oreg., W. H.B., 1908).-The. Humphrey Memorial 
.~L E. Church located at West Tenth and Willamette Streets, Eugene. 

Seav-i.es ( U. 8. G. 8.) (Lane County, Oreg., O. B. F., 1904).-This station is identical with 
the United States Geological Survey station of the same name. It is· on the most southern of 
the high ~ulls, about 6 miles northeast of Eugene and about 30 or 40 feet southwest of and slightly 
lower tha.n the highest part of the hill. The station is marked by a square stone 4 by 4 by 24 
inches with its top a little below the sudace. The old Geological Survey signal was still stnnding 
in 1904, anchored in place by rocks, and was not disturbed. 

Monu.m.ent, Gener<il Lmul. 8u.-1"1.•ey (Multnomah County, 01'eg., 0. B. F., 1903).-The initial 
intersection of tl1e "First Standard Pai·allel and the Willamette Meridian, a short distance 
southeast of Barnes. (See p. 49.) The station· is in a fence corner and is marked by a stone 
post projecting 1 ! feet above the ground. 

R-i.iw· (Multnomah County, Oreg., 0. B. F., 1903).-Near the junction of the two suburbs 
.of Portland known as Arbor Lodge and Peninsula, on the east bank of the Willamette River 
about a mile east of Columbia Universit.y. It is on a slight elevation, the highest in the vicinity, 
and in the fence line on the north side of the boulevard along the river bank. It was placed 
as far east as possible and still keep the Oregonian Building in view. The stat.ion is marked by 
crosses cut. in the tops of two bowlders, one placed near the surface of the ground and the other 
directly beneath at a depth of L7 feet, each stone bearing the letters "U. S. C. S." cut in the. 
top. . 

. Oregonian (lvfoltnomah County, Oreg., 0. B. F., 1903).-The tall iron pole at the south
east corner of the tower of the Oregonian Building at the northwest corner of Sixth and Adler 
Streets, Portfond. · · 

Po1il.and longitwle sta.tion (Multnomah County, ·Oreg., C. H. S., 1887; 1905).:._T~s station 
has been destroyed. . . 

Portlmnd la.t-it·u(lc sta.fio·n (Multnomah County, Oreg., C. H. S., 1887; 1.905).-This station 
has heen destroyed. . 

Rocl.·y Bu.tte (Multnomah County, Oreg., C. R., 1889; 1903).-0n. the north side of the 
highest part of t.he brush-covered summit of the butte, about 2 miles northeast of Montavilla. 
The station is marked by a hole drilled hi a large round-topped bowlder. 

Ha.r-ne·y (Clarke Count.y, Wash., C. R., 1881; 1903).-0n the north bank of the Columbia 
River, about 1~ miles above the United Stat.es wharf at Vancouver, on the sloping bare bluff 
inunediately above the road leading from v ancouver up the river. It is almost in front of t.he 
"Harney House," on land formerly owned by Gen. Harney, and n.bout 80 meters east of the 
fence inclosing the rn.ce t.rnck. The underground ma.rk consists of a glass bottle placed 3 feet 
below the f!Urface, with the neck up, the center of the neck marking the stat.ion, and three 
other bottles pla.ced on their sides at a depth of about 1 foot and at distances of about 6 feet 
from the ce11ter, with the necks of the bottles pointing toward the center. The surface mark 
is a small drill hole 2 inches deep inn. .basaltic bowlder, weighing about 350 pounds, placed with 
its top flush with the aurfoce of the ground. The followiiig bearings to the right of magnetic 
north were read at. the stat.ion: East. chimney of Harne:r House, 27° 05'; triangle on tree 
7 4 ° 28'; white house on south side of rh-er, 172° 55'; ventilator on barn, 220° 06'; and corner 
of race track fence, 276° 47'. 

Ba.Zeh (Mult.no;rnah County, Oreg., C. R., 1881; 1906).-This station was occupied for azi
muth ~n 1886. It is immediately northwest of the city limits of Portland, a.bout a mile south 
of the ·wmamette River, on the first small level bench of the spur making out from the ridge west 
.of the Cornell road, and about 255 feet ;;i.bove the road. The station is marked underground 
_by a broken-necked bottle placed neck up 2 feet below the surface, and by a cross in the top 
of a. CO})}W-r bolt set in concrete 6 inc.lie.s above the bottle, 3.lld a.t the surface by a cross on an. 
old-type station mark described_ on page 42, set. in concrete, which is inscribed with the letters 
''C. & G. S." The refePence marks are.the remains of two brick piers built in line to.the 
west of t.he stat.ion, with their foundation about ~O inches below the smface, the nearest edge 
of the first pier being about 1 meter west of the station. 
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· Dash (King County, Wash., G. D., 1857; 1905).-0n the sand spit called Dash Point, 
a.bout 1 miJe northeast of Brown Point Lighthouse and 10 or 12 feet back from the high-water 
mark. The station is inclosed within a wall of old timbers to protect it from the washing of 
the- waves, and is marked by it one-half inch drill hole 2 inchea deep in a stone buried a foot 
·beneath the surface. Two reference marks, probably drill holes in bowlders. are at the follow
ing distances and azimuths from the station: 18.05 meters, 284~ 34'; and 37.3:J meters, 352° 
21'. A blazed fir tree is .about 60 meters distant in azi.nmt.h 324° 41'. 

J;'·inn· 2 (King County, Wash., 0. R. F., 1905).-0n the southeast point of Ma.ury Island, 
about 25 feet aboYe h_igh j.ide and 30 or 40 feet inland f!om high-water mark. A group of four 
piles is 30 or 40 meters east of the station, and a large rock, the largest. in the vicinity, is in the 
water 50 9r 60 meters south and o. little west from the station. The station is marked by· a 
three-fourths inch drill hole in a large stone set flush with the surface, and underground by a 
similar drill hole in a stoue· 2 feet beliJw the surf ace of the ground. Two reference marks, each 
consisting of surface and subsurface stones, 'o.re at the following distances and· azimuths from 
the sf.at.ion: 4.61 meter.;, 86° .55'; and 4.65 meters, 167° 45'. 

Robinson 2 (King County, Wash., J. S. L., 1867; 1905).-0n Robinson Point, on Maury 
Island, about 300 meters southwest of the scaffol_d light, on a bluff about 20 feet above Iµgh 
tide and 30 feet inland from high-wa.t.er mark. Th~ station is 95 meters southwest of the light 
keeper's dwelling, 42 meters southwest from the southeast corner of the light keeper's shed or 
barn, and about 2 meters west of the fence which extends southwest from the corner of the 
shed. A large madrona tree at the top of the bluff is 15 or 20 meters southwest of the sto.tion . 

. The station is markerl underground by a one-half inch drill hole in a stoile buried 1 foot deep 
and at the surface by a similar hole in a sf.one, directly above the lower mark, set with its top 
flush with the surface of the ground. One reference mark· is. a one-half inch drill hole in a solid 
stone which is in line with the fence ninning southwest from the shed, and is 2.93 metel'8 from 
the station in azimuth 26° 25'. The ot.her reference mark consiats of surface and subsurface 
st.ones, the lower one l! feet beneath the surfnce, and is 10.62 meters from the station: in 
al'.im 11th 1 s.5 ° 06'. 

COMPUTATION, ADJUSTMENT, AND ACCURACY OF THE ELEVATIONS. 

The zenith distances directly observed at each station were first computed. These zenith 
clista.nces were correc~ecl for height of the object observed and of instrument so as to refer 
them a.II to the ground at each station or to the station marks. 

The differenl'e of elevation of each pair of stations in the ma1n scheme was then computed 
from the observations over the line joining them by the formula ' 

h J l/ ( . [ 712+h1 8
2 J 

.2 -111 c=s tan.::! ( 2 -(1l l + -2p + 1 ~p2 

in which 71.2 and h1 are elevations of the stat.ions, ( 2 and ( 1 are the measured zenith distances 
as corrected for height of instrument and o{object observed, 8 is the horizontal distance between 
the stations, and p is the radius of curvature. 

As t.here are always two or more lines to each new station, many rigid ~o.n<litions exist 
between the observed difference of elevation, even if the connections with the precise leveling 
were ignored, ancl the least square adjustment furnishes the readiest accurate means of deriving 
the required elevations. 

The elevations of the primary scheme throughout the arc from the stations of the Thirty
ninth Parallel triangulation, to Puget Sound were adjusted in three sets of equations. 

The first adjustment involved a.II station~ of the primary scheme from the Thirty-ninth 
Parallel to the Willamette base. 

The second adjustment fixed the elevations. of the primary stations eonnecting the Tacom_!l. 
base with the Puget Sound tria.ngulation. 
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The third adjustment :fixed the elevations of the primary stat.ions between the Willamette 
base net and the Tacoma base as well as the 8econdary stations connecting t.hese with the 
Columbia River. 

In the first adjustment. the elevations of stations Redding astronomic, Gazelle astronomic, 
Central Point ·a."lt-ronomic, and Roseburg latitude were held fixed at 202.16, 848.28, 369.92, 
and 165.24 meters, respectively. These elevaf.ions were determined directly from the leveling 
of the United States Geological Survey. The precise leveling over 'the base and over a side 
line 1 kilometer in length connected the terminal marks of the Willamette base with the bench 
mark 4 miles north 9f Irving, also established in 1903 by the United States Geological Survey. 
The elevation published for this bench mark 1 was increased by 0.286 foot (0.087 meter) and 
the elevations 101.36 and 116.59 meters a.dopted for the Willamette north base and south 
base, respectively. . 

The elevations of Mount Helena and Snow Mountain West were held fixed by the adjust
ment published in Special Publication No. 4, page 279, as 1322.08 and 2145.66 meters, respec
tively. The zenith distances measured at these stations in 1876 and 1892 were used to fi.x 
the elevations. of Snow ]\fountain East and Marysville Butte. They were first changed by 
eliminating all observations made near sunrise and sunset, as these have been proved unre
liable. They were then treated as recipi:_ocal o~servat.ions in connection with the zenith dis
tances measured in 1904 at the latter stations. The elevation of Snow .Mountain East was 
held fixed at 2,150.56 meters as determined directly from Snow !\fountain West, a line only 923 
meters in length. 

The elevations of the 26 remaining stations connected by the observations are unknowns, 
to be determined by least squares_ from the 82 observed differences of elevation indicated below. 

In the following tabulation there are shown the observed differences of elevation treated 
in the first adjustment, together with their adjusted values. The weight p assigned to each 
observed difference of elevation is inversely proportional to the square of the length's of the 
line between stat.ions in meters and was conveniently computed hy the formula log p = 10 - 2 
log s. The observed difference of elevation is given the sign of the elevation of the second 
station named minus the elevation of the first~ The quantity contained in the last column 
but one is the correction-to be added to an observed difference of elevation to obtai~1 the adjusted 
difference of elevation. -

.Adjnstment qf el.emtions-Thirt-y-ninth Parallel. to WiU.a:m.ette base. 

Station 1 

Mount Helena 
Snow Mountain east 
·Marvsville. Butte. 
Sno\v Mountain e.:tst 
Snow Mouu t..."tin east 
Marysville Butte 
Kent 
Kent 
Ly1.ons 
Redding 
Kent 
Lyons 
Bally 
Bally 
Round 
Rally 
Spur 
Round 
Spur 

-

St~'tit.111:? I 
I 

I 
Marysville. Butte. 
Marysville Butte 
Kent 
Kent 

• Lvons 
Lyons 
Lyons 
Bally 
Ballv 
Bally 

I 
Round 

·Round 
Round 
Spur 

I Spur 
Boliver 
Boliver 
Mears 
Mears 

Weight 
p 

1.18 
l. 46 
0.75 
2. 3b I 
o. 51 I 
0.67 
0.99 
1. 98 
1. 18 

20. 75 
0.77 
2.59 
2.55 
1. 10 
2.00 
1. 84 
4.48 
3.37 
8.05 

Obser\'ed 
differenre of 
ele.vations 

h:-111 

.Urttr8 
- 679. 36 
-1509. 66 
+1400. 46 
- 117.49 
- 113.31 
+1401. 75 

1. 46 
- 140. 12 
- 138.32 
+1690 . .u 
- 984. 139 
- 984. 99 
- 849. 51 
+ 878.12 
+1728. 70 
+ 51ll. 09 
- 314. 61 
+11:30. 59 

593.20 

•Seep. 134, Report ror 1907. 

Adjusted 
difference or 
elevations 

b,,...1., 

JifrltT8 

- 684. 06 
-1512. 54 
+i394.88 
- 117. 66 
- 119.11 I 
+1393. 37 

1. 51 
- 140.49 
- 139. 03 
+1690. 20 
- 989. 49 
- 988. 00 
- 848.97 
+ 874. 52 
+1723. 49 
+ 559. 17 
- 315. 35 
+1130. 67 
- 592. 82 

Adjusted 
1ninus 

obsef\·ed 

" 
-~ftllTS 

- 4.70 
- 2. 88 
- 5.58 
- 0.17 
- 5. 86 
- 8. 38 
- 0.051 
- 0.37 
- 0. 71 
- 0. 21 
- 4.80 
- 3.01 
+ 0.54 
- 3. 60 
- 5. 21 
- 1. 92 
- 0. 74 
+ 0.08 
+ 0.38 

pv' 

---

26. 1 
12. 1 
23.3 

0. 1 
17.5 
47.0 
0.0 
0.3 
0.6 

·0.9 
17. 7 
23.5 
0. 7 

14.3 
54.3 
6.8 
2.5 
0.0 
1. 0 
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Adj11.st·11umt of elei,atfons-Th.i1·ty-ninth Parallel to TVill.a-inette base-Continued. 

I 
Adjusted .A1~N:~ct Observed I 

Station 1 Station 2 Weight difference or difterence or pvO p l'levations ' elevations observed 
ht-h1 ht-ht v 

----
"liell'TB .UrlN'B Metrra 

Boliver Mears 10.00 - 277.13 - 277.47 - 0.34 1. 2 
Spur Sterling 1.34 - 529. 07 - 527.60 + 1.47 2.9 
Boliver Sterling 1. 40 - 214. 04 - 212.25 + 1. 79 4.5 
Spur Soda 1.70 - 910. 22 - 909.51 + 0.71 0.8 

l 
Boliver Soda 1.16 _ 589. 01 I - 594. 16 - 5.15 ,. 30.7 
Sterling Soda 8.55 - 382. 03 - 381.91 + 0.12 i 0. 1 
Spur Gazelle 14.35 -1917. 40 -1918. 60 - 1.20 20.6 
Soda Gazelle 2.79 -1008. 31 I -1009. 09 - 0.781 1. 7 
Sterling Onion 1. 561 - 643. 06 - 642.14 + 0.921 1. 3 
Soda Onion 1. 15 - 265. 881 - 260. 23 + 5.65 36.7 
Sterling Rust 1. 55 - 349. 39 - 348.11 - 1. 28 2.5 
Soda Rust 2.56 + 34. :i9 + 33.80 - 0.59 0.9 
Onion Rust 1.89 + 296. 041 + 294. 03 - 2.011 7. 6 
Soda Central Point as tr o - 3.55 -1485.41 -1487.45 - 2.04 14.8 

nomk station 
Onion White 3.98 - 378. 66 I - 374. 42 + 4.24 71. 6 
Rust White 1.59 - 666. 36 - 668. 45 - 2.09 6. 9 

• Onion Black 1. 51 + 2so. 62 I + 276. 97 - 3.65 20. 1 
White Black 4.54 + 650.041 + 651. 39 + 1. 35 8.3 
White Scott 12.71 + 70. 91 + 71.91 + 1. 00 12. 7 
Black Seott 3.40 - 579. 12 I - 579. 48 + 0.24 2.0 
White Bmg .18. 45 - 614. 951 - 614. 02 + 0.93 16. 0 
Scott Burg 10.26 -- 685.60 - 685.93 - 0.33 1. 1 
Sc(1tt Rose 14.96 - 842. 961 - 841. 32 + 1.64 J· 40.2 
Burg Rose 147.60 - 155. 371 - 1.55, 39 - 0.021 0.0 
White Rose 14.32 - 770. 06 - 769. 41 + 0.65 6.0 
Burg R(•Seburg latitude station 258.80 - 443. 53 - 443.46 + 0.07 1. 3 

,Rose R11seburg latit.ude sta.tfon 704. 70 - 288.12 - 288. 07 + ~.05 1. 8 
White Fairview 2.74 + 5~2· ~o I + 58:3. 54 - 1.66 7.6 
Blaek Fairview 4.05 - 61.19 - 67.85 - 0.06 0.2 
Scott \ Fairview 5.98 + 511. 90 + 511. 63 - 0.27 0.4 
White Yellow 3.21 - 467. 84 -- 476. :18 - 8.54 234.0 
Scott Yellow 8.89 - 541. 63 - 548. 29 - 0.66 3.9 
l~airview Roman 1.12 - 929. 52 - 933. 98 - 4.46 22.3 
Yellow Roman 4.21 + 124. 231 + 125. 94 + 1. 71 12.3 
Fairview Spencer 3.11 -1179. 641 -nso. Oli - 0.42 0 .. 5 
Yellow Spencer 3.37 - 108.13 - 120. 14 -12. 01 486.0 
Roman ~'fencer 3.67 - 245. 30 - 246. 08 - 0. 78 2.2 
Roman w :tr~· 2.20 + 376.11 + 376. 57 + 0.46 0.5 
Spencer l\ilal")' 2. 13 + (\20. 631 + 622.65 + 2.02 8.7 
Ruman . Peterson 1.22 - 434. n I - 435. 05 - 0.34 0. 1 
Spencer Peterson 2.83 - 188. 71 - 188 .. 97 - 0.26 0.2 
Mary Peterson 4.64 - 812. 75 I - 811. 62 + 1.13 5.9 
Roman Twin 1.80 - 484. 93 I - 482. 47 + 2.46 10.9 
Spencer Twin 6.68 - 235.93. - 236.39 - 0.46 1.4 
Mary Twin 4.34 - 859. 01 I - 859.0<1 + 0.03, o.o 
Peterson Twin 23. 17 - 47.44 - 47.42 + 0.02 o.o 
Spencer Ridge 7.38 - 2~5. 01 I - 265. 18 - 0.17 o.o 
Peterson Ridge 6.35 - 75. 79 I - 76. 21 - 0.42 1. 1 
Twin Ridge - 13.68 - 28. 69 - 28. 79 - 0.10 0. 1 
Spencer , Rauch 27.61 - 423.18 1 - 423. 96 - 0. 78 16.8 
Peterson Rauch 2.59 - 235. 91 I - 234. 99 + 0.92 :1. 2 
Twin · Rauch 5.35 - 188.00 - 187. 57 + 0.43 1.0 
Ridge Rauch 12. 65 I - 159. 32 i - 158. 78 I + 0.54 3.7 
Spenc·er Willamette north b1i~e 15. 81 I - .524. 13 ·1 - 524. 84 - 0. 71 5.2 
Twin Wilhimette north base 20.32 - 288.04 - 288. 45 - 0.41 3. 5 
Ridge Willamette north base . ·62. 66 I - 259. 46 I - 259. 661 - 0. 20 2.5 
Rau eh Willamette north base _20. 61 I - 99. 83 - 100. 88 I - 1.0.'j 22.7 
Spencer Willamette south base 68. 87 _ 509. 40 I - 509. 61 - 0.21 3. 0 
Peterson Willamet.te south base I 3.67 - 321. 72 - 320. 64 I + 1.08 4.3 
Twin Willamette south baf<C 9.68 - 274.19 - 213. 22 I + 0. 97 !I. 1 
Ridge \Villamet.te south base I 11.i. 14 - 244. 481 - 244.43 + 0.05 o.o 
Rauch \Villamette south base 

I 
61.52 - 85. 84 - 85.651 + 0.1!:11 :3. 2 

I . 
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The probable error of an observat.ion of weight unity derived from the preceding adjust
ment is ± 1.08 meters. _In other words, the reciprocal observations over a line :31.7 kilometers 
(19i miles) long,1 this being the length of line corresponding to unit weight, detennined the 
difference of elevation of two points with such a degree of accuracy thut it is n.n even chance 
whether the error is greater or"less than 1.08 met.ors. 

This probable error is unfair because of ·the fact that observations at the stations Roman 
and Spencer in June and .July, 1903, were used in connection with those at Yellow and Fairview 
in October, 1904. The necessary nssumi:>tion that the refraction is the. same in the reciprocal 
observations was. undoubtedly wrong in this cnse. The rea.son the four lines we~e retnined in 
the adjustment wa.s to comiect the elevations of the two seasons. A rejection of the two lines, 
Yellow-Spencer and Yellow-White, reduces the probable error of an observation of unit weight 
from ± 1.08 to ±0.77 met~r. The latter is believed to represent more foit.hfully the value of 
the vertical angle results in this work. . 

. _The probable en·ors for lines of other than unit length were assumed to be proportional to 
their lengths. .. 

The probable errors of the elevations of the six stations fixed by the spirit leveling done 
by the United States Geological Survey are doubtless well within ±0.3.meter. The probable 
error approaches this value for stations adjacent to those fixed by the leveling and Is greatest 
for the most remot.e stations. The probable error of the elevation of Mount Helena was com
puted as ±0.63 meter and of Snow Mountain 'Vest as·± l.14 meters.2 Snow :Mount.ain West 
may be considered as the lenst accurately determined and this probable error, clerivecl from 
the old w9rk, ± 1.14 meters, may be assumed to ·be as large as for any station in the entire a.re. 

The new elevation here computed for Marysville Butte, 1338.0 meters, very properly super
secle.s that published on page 313 of Special Publication No. 4, which wns detennined solely 
from nonreciprocal observations from which the early morning and la.t.e evening observations 
were not elimiirntecl. 

Thc:i elevations of the stations of the main scheme from the Tacoma base to the connection 
with the Puget Sound triangulation were obtained from the second adjustment as shown in the 
tabulation below. The elevntion of Tacoma City Hall, a bench mark of the United States 
Geologict1l Survey, .wa.s held fi..xecl at 33.518 mete.rs, 11 published elevation derived from tidal 
observations by this Survey. In addition to this the observed difference of elevation, - Ul:3 
meters, between Ta.coma nort.h base and south b\).se was superseded ·by the difference of eleva
tion, -2.13 meters, from the precise levels run over the base line by the party measuring the 
base. . -

There is, then, iii this section one fi..xed elevation and one fi..xed differei1ce of elevation. 
The elevations of the rn remain:ll1g stations connec.ted by the observations are the unknowns to 
be determined by least squares from the :34 differences of elevation indicated in the following 
tabulation. They o.re shown in the same form used for the first adjustment., except that the 
weight p assigned to each difference of eleyation was computed by the f9rmula log p = 9 - 2 log s. 

''rhis is t.he usual unit weight. A weight ten tim~.> a.~ large was used in the above table. 
•Seep. 279, U. S. Coast and Geodetic Survey Special Publication No. 4. · 
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Adfu .. ~tme.nt of de.mt:fo.n.y.-P1iget Sound to Tacoma base.. 

I 
Obsen·eoJ Adjusted ,\rlj11sted 

Statio111 Station 2 Weight. dilferenre or dilfemnre of minus ob- /Iv' p eleYations elevations served 
h2-h1 ho-111 I' 

}.fetas Jlt'lers ,Vrias 
Tacoma C!ty Hall Kin 99 + 69.00 + 68. 946 -0. 054 0.287 
Tacoma City Hall Bos 54 - 30.96 - 30: 925 +0.035 0.065 
Kin Bos 5:3 - 99.83 - 9\l. Sil -0. 041 0.090 
Kin Gull 19 - 50.87 - 50. 789 +0.081 0. 125 
Bos Gull 39 + 49. 14 + 49. 082 -0. 058 0. 133 
Tacoma (~ity Hall Gull 50 + 18.09 + 18.157 +0.007 0.225 
Tacoma Cit.v Hall Dron 45 - 5.93 - 5.928 +o. 002 0.000 
Kin . Dron 17 - 74. 95 - 74. 874 +0.076 0.099 
Bos Dron 30 . + 24. 94 + 24. 997 +o. 051 0.096 

. Kin Wash 23 + 13. 94 + 13. 814 -0.126 0.366 
Bos Wash 17 +113. 67 +113. 685 +o. 015 0.003. 
Gull Waah 40 + 64. 57 + 64. 1303 +0.033 0.044 
Dron Wash 46 + 88. 52 + 88. 688 +o. 168 1. 297 
Wash Smelt 58 - 20.03 ~ 20. 140 -0.110 0.702 
Dron Smelt 25 + 68. 50 + 68. 548 +0.048 0.058 
Dron Neill 2 37 - 23.·41 - 23. 567 -0.1.57 0.910 
Wash Neill 2 21 -112.11 -112. 255 -0. 145 0.441 
Smelt - Neill2 45 - 92. 00 - 92. 115 -0.115 0.594 
Wash Piner 2 14 -104. 47 -104. 039 +o. 431 2.601 
Wash Dash 21 -114. 21 -113. 894 +o. 316 2.098 
Neill 2 Dash 41 - 1. 33 - 1.639 -0. 309 3.916 
Piner 2 Dash 92 - 9.92 - 9.855 +0.065 0.386 
Wash Bum 49 + 5.81 + 5.860 +0.050 0. 122 
Kin Bum 28 + 19.74 + 19. 674 -0. 066 0.123 
Tacoma north base Kin 3:~ - 22. 27 - 22. 231 +0.039 0.036 

. Wnsh . Tacoma north base 10 + 8.35 + 8.417 +0.067 0.045 
Bum Tacoma north base 21 + 2.62 + 2.557 -0. 063 0.084 
Gull Tacoma astronomic sta- 62 + 43.09 + 43. 112 +0.022 0.031 

ti on 
Neill 2 Tacoma astronomic sta- 14 

ti on 
+ 90.86 + 90. 764 -0. 096 0.129 . 

Burn Tacoma south base 3.2 + 0.56 + 0.427 -0.133 0.057 
Tacoma south base Hurst 28 + 6.66 + 6.635 -0.025 0.017 
Tacoma. north base Hurst 6. 1 + 4.77 + 4.505 -0~265 0.428 
Burn Hurst 3.7 + 6.43 + 7.062 +o. 632 1 .·-178 
Tacoma north base Tacoma south base 6.9 -· I. 93 - 2. 13 -0. 200 0.276 

I 
The probable error of an obsel'vation of weight. unity derived from the preceding-adjustment 

is ±0.61 meter. In other words, the reciprocal observations over a line 31.7 kilometers (19! 
miles) long, this being t.he length of the line corresponding to unit. weight, determined tl1e differ
ence of elevation· of two points with such a degree of accuracy that. it is· an even chance whether 
the error is great.er or less than 0.61 met.er. The probable e1Tors for lines. of otl1er lengtJ1s were 
assumed to be proportional to their lengths. 

The probable error oft.he elevation of the station fixed by connection with the mean tide at 
Tacoma may be safely assumed at. ±0.1.5 meter. The probable eiTor approaches this value for 
stat.ions adjacent to this station and is greatest for the most remote s-tations. The ends of the 
Tacoma base, connected as they are by precise levels, are the most. remote and the probable 
error was computed for the base as a limiting value and was found to 'be ± 0.09 met.er from t.he 
vertical angle measures nlone. _When combined with the probable error of the :fi..xed elevation 
it.becomes ±0.17 meter. 

In the third adjustment the elevations of the stations Mary and Peterson were held :fi..'\:ed as 
deterrnined by the first. adjustinent, as 1248.82 and 437.22 meters, respectively. Similarly, the 
elevations of Tacoma north base, Tacoma south base, and Hurst were known from t.he second 
adjustment and their fixed elevations are 124.70, 122.57, and 129.20 meters, respectively. The 
secondary station Oregoninn was :fi..'\:ed in elevation froni a bench mark of the United States 
Geological Survey in Portland, Oreg. The elevation of top of tower is 69.22 meters. 

The elevations of the 18 remaining stations connected by the observations are unknowns to 
be determined by least squares from the 52 observed differences of elevation indicated below. In 
this tabulation t.he observed differences of elevation are treated as int.he first adjustment.. 
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Adj1t8tment of ele.vatfons- Willmnftte base net to Tacoma .base. 

Ol:iserved Adjusted Adjusted I Station I Station 2 Weight diO'erenc.e. or 11il'fere11ce ol ·minus 
pb~ - p elevations ~~leYat.ions obse.rved 

h1-h1 h1-h1 v. 

;lldtr8 Jlrtcrs Jfclrra 
Mary Yam 2.05 - 896.20 - 894. 41 +1. 79 6.6 
Pet.erson Yam 2.53 - 82.62 - 82.81 -0.19 0. 1 
Mary Hult 1. 43 - 866.86 - 865.54 +1.32 2.5 
Peterson Hult 3.40 - 52. <18 - 53.94 -1.46 ~ ... 

/,M 

Yam Hult 7.87 + 29.00 + 28.87 -0.13 0. 1 
Yam Barnes 2. i7 + 27.45 +. 29.10 +L 65 7.5 
Hult· Barnes 2.55 + 0.40 + 0.23 -0.17 0.1 
Yam Larch 1.04 + 880.84 + 880.48 -0.36 0.1 
Hult Larch 1. 56 + 853.94 + 851. 61 -2.33 8.5 
Barnes Larch 3.72 + 852.41 + 851.38 -1.03 3.9 
Barnes Warren 9.33 - 344.26 - 344.61 -0.35 1. 1 
Larch Warren 2. 15 - 1197. 05 - 1195. 99 +1.06 2. 4. 
Barnes Rocky Butte -t6. 77 - 198.36 - 198.22 +0.14 0.9 
Warren Rocky Butte 7.10 + 147.67 + 146. 39 -1.28 11. 6 
Barnes River 242. 10 - 333.32 - 333.36 -0.04 0.4 
Rocky Butte River iS.90 - 135.21 - 135. 14 +0.07 0.4 
Barnes Harney 50.23 - 344.69 - 344.82 -0.13 0.9 
Roeky Butte Harney 102.80 - 146. 66 - 146.60 +0.06 0.4 
Rocky Butte Oregonian 116.40 - 115.94 - 116. 07 -0.13 2.0 
River Oregonian 245.50 + 19.08 + 19.07 -0.01 0.0 
Barnes Davis 3.52 + 514.86 + 516. 81 +I.95 13.4 
Warren Davis 11.48 + 860.72 + 861.42 +0.70 5.7· 
Barnes Star 4.57 + 942.41 + 945.15 +2.74 34.3 
Larch Star 14.26 + 95.20 + 93. i7 -1.43 29. 1 
Davis Star 6.55 + 427.60 + 428.34 +0.74 3.6 
Larch Red 4.12 + 279.93 + 282.42 +2.49 25.5 
Davis Red 2. 74 + 617.64 + 616.99 -0.65 1. 2 
Star Red 6.70 + 189.10 + 188.65 -0.45 1. 3 
Davis Lam 28.91 + 481.99 + 482. i6 +o. n 17. 1 
Red Lam 3.39 - 137.31 - 134.23 +3.0S 32.2 
Davis Len 3.95 + 886.21 + 885.30 -0.91 3.3 
Red Len 4.27 + 269.47 + 268.31 -1.16 5.8 
Lam Len 9.62 + 401. 47 + 402.54 +1.07 11. 0 
Davis Toutle 9.35 + 102.09 + 101.38 -0. 71 5.1 
Lam Toutle 29.58 ·- 382.14 - 381.38 +0.76 17.1 
Len Tout.le 9.59 - 784.05 - 783.92 -0.13 0.2 
Len Huck 3.98 - 624.84 - 624. 72 +0.12 0.1 
Toutle Huck 4.30 + 156.61 + 159.20 +2.59 28.9 

I Toutle Bel 1. 90 + 664.25 + 66i.36 +3.11 18.4 
Hal Bel 6. 31 + 560.40 + 561. 61 +L 21 9.2 
Huck Rain 18.03 - 621. 29 - 622.91 -1. 62 4i.2 
Hal Rain 22. 13 - 570.56 - 569.46 +i.10 26.8 
Bel Rain 3.06 - 1132. 58 - 1131.07 +L 51 7.0. 
Hal Pen 7.71 - 825.37 - 825.34 +0.03 0.0 
Rain Pen 7.06 - 255.30 - 25.5. 88 -0.58 2.4 
Hurst Pen 30.83 + 152. 41 + 152.91 +0.50 7. "7 
Tacoma south base Pen 67.00 + 159.54 + 159.54 0.00 0.0 
Tacoma north base Pen 24.67 + 157.87 + 157.41 -0.46 5.2 
Tacoma sou th base Rain 9.18 + 415.77 + 415.42 -0.35 1. 1 
Tacoma north basi:i Rain 5.30 + 413.37 + 413.29 -0.08 0.3 
Hurst Bel 3.32 + 1542. 54 + 1539. 86 -2.68 23.S 
TaNma eouth basi:i H•tl 6. 74 + 986. 18 + 984.88 -1. 30 11. 4 

! I 

The probable error of an observation of weight unity derived from t.he preceding adjust
ment is ±0.78 meter. The reciprocal observations, t.herefore, over a line 31.7" kilometers 
(19i miles) long determined the difference of elevation of t.wo points with such a degree of 
accuracy t.hat it is an even chance whether the error is greater or less than 0.78 met.er. The 
probable errors for lines of ot.her lengths were assumed to be proportional to their lengths. 

The probable error of the Tacoma base was found to be ±0.17 met.er. The probable error 
of the st.at.ions Mary and Peterson, being directly connect.eel with the Willamette base, probably 
does not exceed thic;i, and the probable error of the bench mark Oregonian must be well within 
this sitme 0.17 meter. The probable error approaches t.his value for stations adjace1!t. t.o these 
and is great.est for the most remote st.a.tions. It is a safe assumption that the probable error of 
the other st.at.ions nowhere exceeds I meter. 
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ELEVATION OF MOUNT SHASTA. 

One of the results of the vertical angle adjustments was a new elevation of Mount Shasta. 
This elevation was computed from reciprocal observations over six lines varying from 38 to 97 
kilometers in lengt.h. The-first complitation was made using a mean value of the coefficient, m, 
of 0.066, and the results-had a range of 14.6 meters. A final computation was made using the 
vu.lue for the coefficient of refraction which was a mean of the values computed from the lines 
radiating from the observing station, but correcte<l for the mean elevation of the line. The 
following a.re the values for the height of Mount Shasta: 

From Round ••......................... ~. . . . . . . . . . . . . 1043. 36+3272. 69=4316, 05 
From Bally~ ........................................... 1892. 35+2424. 21=4316. 56 
From Mears .....•...................................... 2174. 00+2142. 55=4316. 55 
From Boliver .......................................... 2451.45+1867.28=4318. 73 
From Sterling ........................................... 2239. 0:'1+2070. 00=4309. 03 
From Soda ................ .". . . . . . . . . . . . . . . . . . . . . . . . . . . 1857. 11 +2558. 37 =4315. 48 

p=2.0 
1.1 
6.9 
3.7 
1.3 
1. 7 

Weighted me.all......... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4316. 5 meters 
(or 14162 feet). 

ACCURACY OF VERTICAL ANGLE RESULTS IN THE UNITED STATES. 

In the following table 25 sections of vertical angle results of triangulation in the United 
States hn.ving separate least square adjustments have been arranged in order of accuracy, the 
most accurate being placed first. The best test of accuracy is believed to be the pro"Qable error 
of an observation of unit weight. Such an observation is here considered as the reciprocal non
simultaneous observations over the length of line corresponding to unit weight, considered as 
:n.7 kilometers (19i miles). 

Sections of triangulation in order of accuracy. 

Un. Probable er· Sec- Season Seetion of triangulation Obser- known ror of an ob· tlon vations elev a-
tions servation 

l 1899-1900 Ninety-eighth Meridian, Shelton-Page 39 15 ±0.23 
2 1902 Ninety-eighth Meridinn, El Reno-Duncan 14 7 ±0.24 
3 1900-1903 Ninety-eighth Meridiau, Page to Brown Valley 74 28 ±0.39 
4 1904-1905 Ninety-eighth Meridian, Brown Valley-Duluth 109 . 48 ±0.42 
5 1902 Ninety-eighth Meridian, Bowie-Ste~henville 41 15 ±0.42 
f) 1890-1899 Ninety-eight.Ii Meridian, Salina-She. ton 87 29 ±0.47 
7 1902 Ninety-eighth Meridian, Duncan-Bowie 22 10 ±0.52 
8 1902 Ninety-eighth Meridaiu, Stephenville-Lampasas 35 11 ±0.55 
!) 1906-190i Ninety-eighth Me.ridiap., Fergus Falls-Canada 86 29 ±0.58 

10 1902 Ninety-eighth Meridian, Waukomis-El Reno 18 8 ±0.59 
11 1905 California-Washington arc, Tacoma base northward 34 11 ±0.61 
12 1908--1909 Texas-California arc, Kyle-McCleuny to Stanton 71 26 ±0.70 
13 1873-1885 Cn.Jifornia arc, Mount Toro-Santa Cruz. · 28 .. 9 ±0.77 
14. 1903-1004 California-Washington arc, south end · 83 27 ±0.77 
15 1903-1906 California-Washington arc, Willamette base to Tacoma base 52 18 ±0.78 
16 1903-HI04 Ninety-eighth Meridian, Brown Valley base 31 10 ±0.85 
17 "1904-1905 Ninety-eight.Ji Me1idian, Se~uin to Laguna Madre 57 29 ±0.88 
18 1890-1899 California. arc, Sau Pedro-So edad 23 7 ±0.88 
19 1899-1901 Ninety-ei~hth Me1idian, Thirty-ninth Parallel-Anthony 53 19 ±0.91 

. 20 1910--1911 Texa<i-Cahfornia an-, De.ming to California · 72 2ll" ±0.!ll 
21 · 1909-1910 Texas-California arc, Stanton-Deming 106 38 ±0.92 
22 1873-1898 California arc, Santa Cmz-San Pedro .. 20 7 ±1.05 
23 1901-1902 Ninety-eighth Meridian, Anthony-Waukomis 16 6 ±1.09 

. 
I ±0.68 

24 1878-1895 Thirty-nintl1 Pamlle.I, Pikes Peak-Roun<l Top 71 28 ±1.20 
25 1859-1892 Thirty-niut.11 Pnrallel. Point. Arena-Mount. Dmblo 48 15 ±1. 83 - -

'Mean. 
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It has been declared to be "useless to aim at a high degree of accuracy in verticnl measures 
since the irregular variation of the refraction from hour to hour and day to day produces changes 
iI1 vertical angles which affect. the tens of seconds and sometimes even the minutes." 1 Should 
not this declaration be modified ~ 

In considering the result.s in the above table it should be noted that the least accurate 
groups are those of the Transcontinental Arc where the observations extended over a great many 
days but at hours of the day when the refraction w1ls great. The most. accurate of the sections 
are the ones of the Ninety-eighth Meridian where the observations were confined to the·hours 
nearest the time of minimum refraction, 11 a. m. to 3 p. m. The indiscriminate mean of the 
probable errors, excluding the two least accurate sections, is ± 0.68 meter or an uncertainty of 
4". 43 in the zenith distance. Zenith distances, which are affected by unusual refraction to 
the e..xtent of "tens of seconds and sometimes miimtes,'.' would exceed 3! times the probable. 
error and would be subject. to rejection. 

The sections where the lines are longest appear to have less accuracy, and this can be readily 
accounted for by the effect bf t.lie differences in the station errors between the ends of the line 
over which the ·zenith distances are observed. · No effort has been· made to correct. the zenith 
distances for this difference in stat.ion errors. A second cause for the decrease in accuracy on 
the long lines is t.he necessarily longer interval between the observations at the ends of these 
lines allowing seasonal changes in the refraction to occur .. 

In conclusion, the results would indicate that the aim should be for a few accurat.e measures 
of the zenith distances on more than one day and between 12 and 2 p. m. (or bet.t.er, between 10 
and 12 a. m. if t.4e lines are near the coast.), with no long interval of time between the observa
tions at the two ends of a line. (See pages 253 to 256 of Special Publication' No. 4 2 for a dis
cussion of the times of maxiinum and minimum refraction at coast and interior stat.ions.) 

ELEVATIONS 

The datum for all the elcva,t.ions fa mean sea level. 
. The st.at.ions are in three classes: First., those fi..xed directly by the spirit leveling, and of 

which the elevaf.ions are subject to a probable en-or varying from 0.15 to 0.3 meters; secenil, 
the stations in the main sch~me fixed by recip~·ocal measures of vertical angles and which are 
subject to probable err01·s vn.rying from ±0.2 to ± 1.1 meters, and, thi.rri, the intersection 
stations, of which the elevations a.re fi..xed by measurements of vertical angles which are not 
reciproca.l, the intersection stations not. being occupied, and whose elevations are subject to 

. probable errors which may be great as ± 3 meters iI1 some cases. 
· The accuracy wit.h which ench elevation in the mai.n scheme is determined depends mainly 
upon the remoteness of that station from the nearest one of which the elevation is fiJ.:ed by 
spirit leveling, as indicated in class 1 of the followi.I'J.g table. Station Snow Mountain west is 
probably least accurately determined of all the stations in the main scheme. 

· For a table to be used in converting feet to meters; or vice versa, see page 34. 

TABLE OF ELEVATIONS 

T~-i·rt·y-ni-nth Para.llel to Willamette base 

Station I Point. to which elevation refers 

' 
Class 1 

Redding astronomic station Station mark 
Gazelle astronomic station Station mark 
Central Point astronomic station Stat.ion mark 
Rose.burg latitude st.at.ion Station mark 
Willamette north base Station mark 
Willamette south base Stat.ion mark 

I 
•See 1'· 282, Ap~ndix 3. Report for 1002. 

I Elevation 

Meters 
!l02.1G 
&18.28 
369.92 
165.24 
101.36 
116. 59 

•The Transcontinental Triangulation, by Chas. A. Schott. Special Publication No. 4, U. 8. Coast and Geodetic Sun·ey. 

I 
I 
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TABLE OF ELEVATIONS-Continued. 

Thirty-nfoJh Paralld to lVillamette base-Continued. 

Stat.ion Point to which ~le\•at.ion refers EleYat.ion 

Cla8s2 
MtUT8 

Mount Helena · Station mark 1322.1 
Snow Mountain west Top of pier 2145. 7 
Snow Mountain east Station mark 2150.6 
Marysville Butte Station mark 638.0 
Kent Stat.ion mark 2032.9 
Lyons Station mark 2031. 4 
DaUy Station mark 189::!. 4. 
Rouna Station mark 1043.4 
Spur Stat.ion mark 2766.9 
.Boliver Station mark 2451. 5 
Mears Stat.ion mark 2174. 1 
Sterling Station mark 2239.3 
Socia Station mark 1857.4 
Onion Station m1trk 1597.l 
Rust Station mark 1891. 2 
White Station mark 1222.7 
Black Station mark 1874. 1 
Scott Station mark 1294.6 
Burg I St.'l.tion mark 608.7 
Rose Station mark 453.3 
Fairview Station mark 1806 .. 3 
Yellow Station mark 746.3 
Roman St.'l.tion mark 872.3 
~)encer Stittion mark 626.2 
I\· ary Station mark 1248.8 
Peterson Station mark 437.2 
Twin Station mark 389.8 
Ridge Station mark 361.0 
Rauch Station mark 202.2 

Cl.as8 8 

Lassen Peak Top 3189.9 
!\fount Linn Top 2463.8 
!\fount. St. John Top 2057.6 
Bully Choop Top 2126.8 
Crater Peak Top 2646.5 
Saw T0<:1th Summit 2717.4 
Thompson Pe:1k Top 2555.0 
Russia.n Peak, north point Highest summit 2494.3 
Pilot. Rock Summit 1803.9 
Cl1imt !\fountain Summit · 2606.2 
Ashland Peak summit 2296.7 
Marble Mountain Summit 2533.3 
!\fount Eddy Summit 2754.8 
Mount Shast."-t. Top of peak 4316.3 
Goose Nest Tree-top 2398.5 
Rerld ing- Courthouse Tangent to roof 198.3 
Little Shasta Top of peak 2532.9 
Black Butte Top of cairn 1933.8 
Preston Peak Top of peak 2232.2 
Gn•vback Top of peak 2149.5 
Siskiyou ·Top of peak 2178. 4 
W:igner Highest summit 2::!11. 4 
Kei;by Toi) 1689.5 
l\<Iomit Pitt Summit 2893.6 
Lost Peak Top 2446.2 

I 
Aspen Peak Top ::!50::!. 0 
!\fount Scott Top of peak ::!717. 7 
Liao Rock Top 2484.0 
Hi<>h Rock Top IS93.8 
Uiiion Peak Top 2347.9 

1 Old Dailey Top 2!548.3 
Dodson (U.S. G. S.) Top of peak !)84.5 
Diamond Peak Top of peak 2679.7 
Quart.z Top of peak 1686.4 
l\fount Washington I Top oi peak 2368.0 

77002°-13--5 
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TABLE OF ELEVATIONS-Continued 

Th.il't-y-ninth. Parallel to Williamette base-Continued 

Station Po~t to which elevation rer~rs 

ClaJJs 8-0ontinued 

Mount Zion 
North Sister 
Hayrick . 
Middle Sister 
Nebo. 
SL)Uth Sister 
Ball Bul;te 
St. Marv Butte 
Prairie Peak 
Alsea Peak 
Cannibal 
Herman 
S<!avies (U.S. G. S.) 
Mount Jefferson 
Left Nipple 
Corvallis clused cupola 
Corvalli1< open cupola 
Albany Court.house 
Lebanon 
Capitol, Salern 

·-

Top of peak 
Top of peak 
Top of peak 
Top of peak 
Top of peak 
Top of Jleak 
Top of peak 
Top of peak 
Top of peak 
Top of peak 
Top of peak 
Top of peak 
Top of peak 
Top of peak 
Top of peak 
Bottom of cupola, top of roof 
Bottom of cupola, top 0£ roof 
Base, large cupola 
Top of tall brick chimney 
Top, large part of dome 

Willamette b<tse net to Tacoma. base. 

1. 

Elevation 

J!etas 
H06.4 
3068.4 
::!3i5. ::! 
3059.6 
1037.4 
3155. 2 
2756.6 
2789.6 
1047.6 
1100. 8 
869. -1 
634. 7 
607.3 

3207.2 
12-13.4 

91l. 3 
98.2 
88.1 

135.3 
100.4 

.----------·--·-- ---------,,------------------------. 

Oregonian 

Y;tm 
Hult 
Eames 
Larch 
Warren 
Rocky Butte 
River 
Harney 
Davis 
Star 
Red 
Lam 
Len· 
Toutle 
Huck 
Hal 
Bel 
Rain 
Pen · 
Cem 
Hill 
Fir 

Class 1 

Class 2 

Monument, General Land Survey 

Round Peak 
Thomas 
Forest Peak 
White church spire 
l\fonmouU1 Pett k 
Table Hock 
Arquett., cairn 
Squaw 
Chemawa tank 
Sheridan 
Fairdale 
Mount Ifoocl 
Mount Adams 

Class 3 

Top of Tower 

Station mark 
Station mark 
Station mark 
Station mark 
Station mark 
Station mark 
Stat.ion mark 
Stat.ion mark 
Station mark 
Station mark 
St.at.ion mark 
Stat.ion mark 
Station mark 
Stat.ion mark 
Station ma·rk 
Stat.ion mark 
St:it.ion mark 
Station.mark 
St:ltion mark 
Station mark 
Station mark 
St.at.ion mark 
Stat.ion mark 

Tl>P (ii pe;,k 
Top of peak 
Top of peak 
Top of sqnare part 
Top of peak 
Top of peak 
Top of peak 
T(•P of peak . 
Foot of t:mk. t.:•p of tower 
Top of peak 
Top of pe:ik 
Top of peak 

I 'fop of_1:ieak 

69.22 

354.4 
383.S 
383.5 

1234.9 
38.9 

185.3 
50.2 
38.7 

900.3 
1328.7 
1°517. 3 
1383. 1 
li85.6 
1001. 7 
1160.9 
llOi.5 
16G9.l 
538.0 
282.1 
8::m. s 
296.8 
345.9 

. ~89. i 

1312.8 
1320.5 
671. 9 
72.0 

984.6 
148i.8 
1417.4 
1455.9 

77.0 
941.1 
780.5 

3421. 2 
3757.0 
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TABLE OF ELEVATIONS-Continued 

Willamette hwJe net to Tac01na base-Continued 

Station Point to which elevation refers· 

Class 8-Continued 

Mount St. Helens Top of peak 
Deschutes Peak Top of peak 
High Rock Top of l)~ak 
Sharp Peak Top of })eak 
Mineral Peak Top of peak 
Mount Rainier Bare summit 
Mount Rainier Highest point 
Goat Mountain Top of peak 
Mitchell Top of peak 
Eagle, cairn Top of pt>ak 

Tacoma base to Puget Smmd 

Class 1 
Tacoma City Hall U.S.G.S.B.M. 

CT,ass re 
Gull Station mark 
Dron St.ation mark 
Bos Station mark 
Kin Stat.ion mark 
Wash Station mark 
Smelt Station mark 
Neill 2 Station mark 
Dash Station mark 
Piner 2 Station mark 
Tacoma astronomic .Stat.ion mark 
Tac(lma north base Station mark 
Burn Station mark 
Tacoma south base Station mark 
Hurst Station mark 

Class 3 

Smelter stack Top of stack 
Bmwn Point Lighthouse Top of light shaft 
Tacoma Courthouse Top of cupola 

I 

67 

Elevation 

MfttTll 

2955.6 
1318.8 
1733.5 
1769.4 
1446.5 
4389.5 
4410.7 
1847.8 
1::!13. 7 
1283.0 

33.52 

51. 67 
27.59 
2.59 

1()-,2, 46 
115.86 
96.14 
4.0::l 
2.38 

12.24 
94.79 

124.70 
122. 14 
122.57 
129. ::?O 

132.7 
8.5 

153.1 
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Index to positions, descriptions. sketcli.es, and rlcmti011 .. 9 

Station 

Alha.ny court.house cupola ............................................ . 
Alsea. Peak, part.ly eleared, wooded summit ............................ . 
Arq uet.t., cairn ...................................................... . 
Ashland Pen.k, cairn .••••............................................. 
Aspen Peak ...............•......................................... 
Astronomic station: 

Cen tm.J Point ••..••.•..•......................................... 
Corning ....•.•••••••.•••••....................................... 
Eugene ....•••••••.••••.•.. .' .................................... . 
Gazelle .....••.•.•.••••.••...................................... 
Redding ..•.••••••.•••..•.•...................................... 
Tacoma ......••...• · ••.••.•....................................... 

Balch ......•••....•.••.••••..•....................................... 
Ba.II Butte ..............•...... ." ................................... . 
Ball~'. .. ·.; ....... ·.· .....•.....•....................................... 
Ba pt.1st Church spire, Eugene ••..•..................................... 
Barnes ............................................................. . 
Bel ...........................•...................................... 
Bench mlll"k, Portland ..•.••.•....................................... · 
Black ...... : ........ · ..........•.•............................ · ....... . 
Black But.te, cairn ..•.••••••..•....................................... 
Boliver (Cal.) .....•........•••....................................... 
Bos .......................•......................................... 
Brown Point Lighthouse ....••....................................... 
Bully Choop ........................................................ . 
Burg ............................................................... . 
Burn .....................•.......................................... 
Q.anniba.J Peak, highest wooded summit ............................... . 
Uem ........•••.•.....•••...••••.....•.............................. 
Cent.ml Point astronomic station ..................................... . 
Cent.ral Point latitude station ......................................... . 
Chemawa tu.nk ...................................................... . 
China Mountain (not the cairn) ....................................... . 
Christian Church spire, Springfield ................................... . '2iLy _flu.II, Tacom:i ........... : ....................................... . 
t..:ornmg astrononuc stat10n .......................................... _. 
Corning tower ....... _ ................................................ . 
Corvallis, closed cupola ..•........................................... 
Corvallis, open cupola ........................................ · ........ . 
CourthouRe: 

~~a~W~;/~~~~~:: :-.-.-.-:::::: : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 
Crat~;-ip~~1k~-~~1=-~1~."::::~·_-_-_-::::::::::::::::::::::::::::::::::::::::: 
Dash ........••....................................................... 
Da.vis ..............•........................... : ................... . 
Deady Hall, west tower, Eugene ...................................... . 
Deschutes Pea.k ..•................................................... 
Dia:nond Penk ...........•.......................................... · 
Dco<lson (U.S. G. 8.) ................................................. . 
Dron ............... : ..•.............................................. 
Eagle, ca.irn ..•...•......••........................................... 
Eugene: 

Ast.ronomic station ..•.•••......................................... 
Baptist Church spire ............................................. . 
Court.house flagpole ............................................... . 
Deady Hall, west tower ...................... .' .................. · 1 
Geary Schoolepire .............................................. . 
Methodist Church.: ......................... ' .................... . 
Pat.t.erson SchoohpHe ........................................... · 1 
Unii.e<l Brethren Church spire ................................... . 
W. 0. W. Hallspire ................................. · ............. . 

Posit.ion 

Page 
40 
40 
41 
38 
38 

38 
37 
35 
35 
37 
37 
41 
39 
34 
39 
36 
36 
41 
35 
37 
35 
36 
42 
37 
39 
36 
40 
41 
38 
38 
41 
37 
39· 
4::! 
37 
37 
40 
40 

39 
37 
42 
37 
42 
36 
39 
4::! 
39 
39 
36 
41 

35 
39 
39 
39 
39 
39 
39 
39 
39 

Des.:.ription 

Page 
------·---
................. 
______ ., ___ 

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

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

54 
54, 
48 
45 
54 
54 
56 

................. 
44 
55 
49 
51 

............... 
45 

............... 
45 
53 

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

................ 
55 
52 

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

............... 
54 
55 

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

................. 
55 

............... 
54 
54 

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

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

55 
54 

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

'57 
50 
55 

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

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

................ 
53 

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

48 
55 
55 
55 
55 
56 
55 
55 
55 

Sketch Elev.1tion 

Numbu Page 
6 66 
5 66 
6 66 
4 65 
4 65 

4 64 
3 .............. 
5 ................ 
4 64 
3 64 
7 67 
6 ··-·--·---
5 1)6 

3,4 65 
5 ·······---
6 66 
7 ti6 
6 ------·---
5 65 
4 65 
4 65 
7 67 
7 67 
3 65 
5 65 
7 67 
5 66 
6 66 
4 64 
4 .............. 
6 66 
4 65 
5 ··--------
7 67 
3 . ............. 
3 -·····----
6 66 
6 66 

5 ................. 
3 65 
7 67 

3,4 65 
7 67 

6,7 66 
5 ................ 
7 67 
5 65 
5 65 
7 67 
6 67 

5 ............ 
5 ............... 
5 ......... • ....... 
5 -----·-·--
5 ----------
5 ----···--· 
5 ............... 
5 ---······· 
5 .............. 
75 
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Index to posifi:ontJ, de.scri.ptions, sketches, and elei•ations--Cont.inue.d. 

St:it.ion Position Description Sketch Elevation 

Fairdale Peak ....... : ............ __ . __ . ______________ . _ . __ .... ____ .. 
Page Page Number Page 

41 ---------- 6 66 
Fairview _______ ........... _ . __ .. _ ...... _____ .. _____ .... _ . _ ... ____ . __ 35 4fj 5 6" •J 
Fir ..................... ______________ -- ____ . ·- __ . ___ . __ . _. ·- ___ . _. _ 41 ---------- 6 66 
Forest Pea.k, tallest trees .. _ ......... ____ . ____ . ___ ... _____ ... ___ ... __ _ 
Gazelle a><trouomic stat.ion .......... ___ - - - - ___ . __ . _. __ . __ .. ______ .. ___ _ 

40 ---------- 6 66 
3:) 45 4 G-1 

Geary School spire, Eugene ... _. ______________ . _____ . ____ ....... __ ... _ 
Goat l\'foun tain. ___ . __ .. __________ . __________ .. __________ ... ____ ... __ 

39 55 5 .......... 
4:! ---------- 7 67 

Goose Nest., tall tree ... _ .. _. _____ : ___ . - - - ____ . - __ . ______ ..... __ .... __ 38 ---------- 4 65 

g~;ff~~-C~---_·_·:::::::::::::::::::::: :: :: ::: :: ::: :: :: ::: : : : : :: : : : : : :: : : 38 ·····----- 4 65 
36 53 7 67 

J;fa.I •• ________ . - - - - -- - --.. -- - . - - - - --- -- - -- - -- - .... - ... - . - - - - . - ... - . - . - 36 51 7 66 

g~~~ilk:: _-:: _- _·_-_ -_:::::::::::;:::::::::::::::: : : : : : : : : : : : : : : : : : : : : : : : : 
Herman Peak, wooded summ1\ .... ___ . __ . _ .. _ ..... _ .. _ .. _____ . _. _ .. _. _ 

41 I 56 6 G6 
40 ---------· 5 61) 
40 ---------- 5 6G 

i~}~(~~~~f ~~~~~i_:_:·:·:·:·:·:::::::: :·:::::::::::: :.: : : : : : : : : : : : : :·:::::::: 
g~:~~~~~~:>_-_-_·.-::::::::::::::::::.: ::: :: ::: ::: : : : : :: : : : : : : :: : : : : :: : : :: 
Hult ........................... ·_. --- . - . - - . - - . - ... _. __ .... -- ____ .. __ .. 

38 ---------- 5 % 
4:! ------·--- 7 fi7 
37 54 :> .......... 
41 -········· Ii 66 
36 50. 7 66 
36 49 6 66 

HuIBt. ____ . -............ _ .. - _____ . _. - - - - _ - __ .... __ . _ ... ___ . __ .. ____ . 36 51 7 67 
Kent .. -----···--··········--·-·-------·---·--·---- .. ··--·-·--- ... ·-- 34 44. 3 65 

~i1~~:_-_-_-_-_-_-_-_:::: : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 38 ---------- 4 65 
36 5" 7 67 ~ 

Lani .. ·---···-·-.-_--------- ______ . ________ . __ ._ .. __ ._ ... ·--._ .. ___ .. _ 36 50 "' 116 ' Larch ....................... - - - . - -- ___ -- -- - -- .. - -- ... - . - - . - . - -- ·- .. -- 36 49 6 66 
Lassen Pe:tk ... _____ . ____ . _______ . _. _. ___ .. __ ... _. _. __ . _. ____ .. __ .. ·. _ 37 ---------- 3 65 
Latitude stat.ion: 

l~~entral Point .. - .. ______ . _ - __ -.. _. ____ . ___ ..... _. __ ..... _. __ ...... . 38 55 4 --------·-Portland .. _ . ________ . __ . ___ . ___ . _________ . _ . _ ..... _ . ____ .. _ . _ .. _ 41 56 6 ----------Roseburg _________________ -- - . ____ --- -- - -- .. - . - ... _ -- -- - ... _ - .... _ 39 55 5 64 
Lebanon, tall brick chimney._ .... ____ . ______ . ___ ._._. _____ .... __ .... __ 

t:~;- ~i_r:~~~::::::::::::::::::::::::::::::::::::::::::::: : : : : : : : : : : : : : 
40 ---------- 6 66 
40 ---------- 5 66 
36 50 7 60 

Liao Rn<:'k------·-------------'---- ___ ..... __ .. _. _ ..... _ .. _ .... __ .... __ 38 ----·----- 5 6:) 
Li tr le Shasta._._._ .. -... __ .. - . - . ____ . ·_ - ... - .. _. - - .... _. - . : .... _ .. _ .. _ 38 .......... 4 65 
•Longitude st.at.ion, Port.land. - .. __ . ___ - - - . - .. - _ - .... ___ ........ _ ... _ .. 
Lost. Peak .. - - - - ___ .. - - . - .... - . - . - - _ - - - - - ... - . - ... - ...... - . - - ... - ... -

41 56 6 ----------
38 ---------· 4 65 

1~von11 .. _. __ ...... _____ ........ __ ... _____ . ____ . _ . ___ . _ .. ___ . ____ . __ . _ . 34 44 3 65 
Marble ]\fountain ................... , .. -- --- --- . - -- .... ·- - . - .. __ .... __ 38 ........... 4 65 
]1.-lary .... ______ . ___ ............ __ . _ .. _. - - - - . - _. - ... _ ..... ____ . : . ___ .. 
Ma.rysville Butte. __ -.............. _ ; ... - - .. - - . - - - - - .... - . - - . - . _. - ... _ 
J\1ears __ : __ . _______ -.......•........ - . -.... - - - - - - ... - - - . - - ... - - - ... - -

35 ·46 5,6 65 
34 43 3 65 
35 44 4 65 

Methodist Church: 

:l~~~~fi~"i<l"," ~pi~~-------::::::::::::::::::::::::::::::::::.::::::::::: 
]1.-l~ddle Sister .........•............... _ . - - . - . __ - - . _ - __ . - - - .. ___ . _ - ___ -1 
M1n ....... -----·---·----·-··-···-·············-·-----·----·-·------·--
Mineral Peak ............. _ .... __ ... _. __ - -·_ - - . _ - - - _ - ___ - .. - . _____ - ___ _ 
J\1ikhelL __ . __ . _ .. _. - ... _ .. _ - . - .. ____ - - . - - - - - - . - . - - .... - - - - - - - - _. - - - -
Monmouth Peak .. ____ . ___ .· .. ____ . ___ - - .. - - . - - - - - - . - . _. - - - - .. ___ - .. __ 

39 56 5 ----------
39 55 5 ---------· 
40 ........... r,, 6f.i 
4'.! j::::::::::I 7 ----------
4'.! ·7 67 
41 ........... 6 67 
40 ---------- 6 66 

Monument, General Land Survey .......... : - . - _ - . - _ - - ___ . - .. _ - _. _. - __ _ 
J\1ount AO.a.ms ... ___ .. __ . ____ . ______ ..... - - - __ .... _ - ___ .. - . - ___ . · .. ___ _ 

41 56 6 66 
41 ---------- 7 66 

Mount Eddy, cairn_ - _______ - - - _ - __ . _ . - - - - - . - . - - - . - - - .. - . - - . - ... - - - - . 
]!,fount li<:'lena. ____ ... ___ .. _. _______ . ___ - .. ___ - .. - .. - __ .... _: ___ . - . __ 

"'"' 4 65 ;)j ----------
34 43 3 65 

J\:lount Hood ......... --. - ____ - - - - - ____ - - . - - - - - .... - . - .. - - - - - - - - ... - - - - 41 ---------- 6 66 
J\1ount .Tefferson ..... - ____ . __ - - . _ - __ ... - - - - - . - . - . - - - - - .... - - - - .. - - - . - . 40 ---------- 6 66 
]!,fount Linn ........ _. _______ - ______ . _. _. - . - - . - . - - - .... _ - - - - - .. - _ - - .. -
Mount Pit.t.. __ . ____ . __ . ___ . _. __ . ____ . ___ - - - - - _ - - ... - ___ - - - - . - . __ - - . __ 

37 ---------- 3 65 
38 ........... 4 65 

Moimt Rainier, bare summit. ___ . _________ - - .. _ - . - .. - ___ - - - - _____ .. - - _ 4'.! .......... 7 67 
Mount Rainier, high peak ..... __ .. _____ .. _. ___ . - . - - __ . _. - .. - ___ .. - - __ _ 
:Mount St. Helens .......... _ . - - - - .. - . - . - . - - - - . - . - - . - - .... - - - - - .. - - - - .. 

42 ------···· 7 67 
41 --------·- 7 67 

Mount St .. John ........... _ - _ --- -- - . - . -- -- -- .. - ---- - .. - - . - -- - . ----- - -· 37 .......... 3 65 
J\fount Scot.t .... -..... - - - .. - - . - - . - - - - . - : - - .. - - - - - - - . - · - - - - - · · · - - - - · - · · 38 ------·--- 5 65 

~~~:~~ ~:i~;;;;!~~::::::::::::::: '.::::: :~:::::::::::::::::::::::::: 
J\1oun t Zion - .. - ____ . - ... - __ - - - - ..... - - . - . - - . - - - - ..... - - - - - .. - - - - . - . . · 

37 .......... 4 65 
40 5 6----------- ;) 

39 ---------- 5 136 
Nebo .. ------------···-·---·-··-···------·-··-··-·-·-----···-·---··· 40 ............ 5 66 
Neill 2. _. ___ ..... ____ .. _. _______________ . __________ . __ .. , ______ . ___ _ 37 54 7 67 
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lnde..v to positions, de.scriptfons, sketches, <wd ele.vati.ons-Continued. 

Station Position Des~ript.ion Sketch Elevntion 

Page. Page. Numbfr. Page. 
37 54 3 ----····--
36 52 7 67 

North hase: 
Reckling ............................. _____ . _______ . __ . ____ . ___ . _ . 
Tacom:i.. ....... ____ .. _ .. ____ , __ .. ____________ . __ .... _ . _______ . _ .. _ 

· \Villa.mette .... _ - . - _ - - . - . _ - - - - - - . - . - - - - - - - - . - - - . - - - - - - .. - . - - - - - - - 35 48 5 64 
North Sister._ -.. ___ . ___ . ____ . _____ -_ - . _ .. _. __ . __ . _. _. ______ - . _. ____ _ 40 ---------- 5 66 

38 ---------- •5 65 
35 45 4,5 65 g!jo~~~~~::::::::: : : : : : : : : : : : : .: : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 

Oregonian .......••.. - - - - - - . - . - - . - - - - - - - . - - - - - - . - - - .. - - . - - - . - - ... - - - - - 41 56 6 66 
39 55 5 ·····-···· 
36 51 7 66 

Patte1'Son School spire, Eugene._. _____ . ____ . __ .. _. _. __ . ____ . ____ . _. __ _ 
Pen .... ." ........... ___ - - - . , . - _ - _ .. - . - - - _. _. ____ . - - - ___ - . - - - - - - - - - ... -

· Peterson .. _ ....... - - - .. - . - . ·_ - - - - . - . - - . - . - - - - - - - - .. - . - - - - .. - - - . - - - - . - - 35 47 5,6 65 
Pilot Roek ..... _ . _____ . _ . __ .. __ . __ . ___ . __ . ________ . ______ . _________ . 38 ---------- 4 65 
Piner 2 .... _. _. _ ..... _______ . __ . _ .. ___ . _. ____ . ______ . _______ - . _. ____ _ 4:! 57 7 67 
Pisg:.th •. _ ... _ .. - ______ . ___ - .. ________ . ____ . _. _____ . ___ . __ ... - . ____ . 35 48 5 -·-···----
Portland: 

Beneh mark .......... __ - .. _. ___ . _. ____ . __ . _____ . ___ . __ .... ______ . . 41 ............ 6 ----------
L:ttitude st.:tt.ion _. _ .. - - . - - _ . - - .. - . - .. _ - - _ . - - - .. _ . - ... - - - - - . - - - - - - - 41 56 6 ----------

·H 56 6 ···-----·-
40 ------· .. 5 66 

. Longitude station._ .. -. --. ___ . - . - . - - . __ . _ . - .. - - __ - -.. - - --- _ - .. - -- -
Pr:iirie Pe,tk, west. tree._ - - . - . _. _ -_ -- - . - ___ . _ .. - . - - . - . - - -- . - - - -- - .. - - -
Presti:m Peak ..... _ . ___ . - - . - .. __ . _ . _ - - - _______ . __ - . _ . _____ - . - __ . __ .. - 38 ---------- 4 65 

39 -----····- 5 65 
36 51 7 66 ~~i~~~::: :: ::: : : :::::::::: :·::::::::::::::::::::::::::::::::::::::::: 

Rmu':h. ··--·········-- ---·-- __ ------ - -- _. _____ - .. ______ - . -- -- __ .. - . - 35 47 5 65 
Red .. -····-·········-- -- -·-- - .. - ___ '._ -- -- - . - -- -- - . -- -- ----~------ - . 36 50 6, 7 66 
Reddh1g: . . , . 

Ast.rononne station ...... -.... - - - - - - .. - - - . - - . - . - .. - - - - - - .. - - - - . - - - . 37 54 3 64 
Courthouse. - _. _ ... _ - - - . __ .. - - . - - . - _. ___ - - - - - - __ .. - - - - - - ... - - - - . - 37 54 3 1)5 
Nor1·h h:1se. ·-····-- , ______ . _. _______ . _. _____________ . _. ________ . 37 54 3 -------·-· South base .. _._ .. ______ ._. ______ ._. ____ .. _._._. ___ . ____ . ________ . 37 54 3 ----------

Ridge ... - - . - .. - . - - - . - - - - - - · - - - - - - - · · - - - · - - - - · - · - - - · · · - - - ·- - - · · - - - - - · - 3:j 47 5 65 
River_ . _ . ___ .... - . _ - - - - - . - - - . - - - .. - - - - ... - . - - - . - - - - - . - . - - - - - - - . - - - - - 41 56 6 66 
Robh1&ln 2 ... _ .· ..... _. _. _. _ - _. _. __ . __ - - . _ .. ____ . - . ____ - - - . - - - _ - - . - - - - 42 57 7 ·-·-------

41 56 6 66 
35 46 5 fi5 

Rocky Butte.•. -- . ----- - .. - ---·· -- -- --- __ - . - -- -- - . -- -- -- .. - -- -- - --· - . 
Roman ............... ---·----:·-···--------··-----····----··--------. 
R=--·--···------------------------------------------··-----·····--- 39 55 5 65 

39 55 5 fi4 
34 44 3,4 ti5 

Rosehurg lat.it.udo station. - - - __ - - . - - . - . - __ .. - - - - - - - - . - - . - . - .. - - - - - .... 
Round __ ..... ______ .. _ ... _ . _ . __ .. _ . _____ . _ .. ____ ... __ . ___ .. _____ .. _ . 
Round Peak ..... _ . ___ . ___ ... _ . _ ........ __ . _ . _ . - - - - _ - .. - - - - . - - .. - - - - . - 40 ---------· I) t)G 
Russian Church. cross .. _._ .. _ .. _______ . - .. _. ___ . _ - - ____ - . - - . - .. - . - - - - - 39 --------·· 5 ----------

3·7 ---------- 4 65 
38 ·--------- 4 ---·----·-
35 45 4.5 f.ifJ 

Russfan Peak, Jlllrth point. .... _. _____ .. _______ ... - ____ -- - --- -- . - - -- - -
RHssfon Peak, south point. ___ ... ______ . __ . _______ . _____ . ".. - - . ____ .. - -
Rust .. __________ ._. ________ .... ______ ... ________ . ________ .. ______ _ 
St. Mary Butte. ___ ..... ___ ..... _. ____ . __ ... _. __ - .. ___ ..... - . _____ . _. 40 ···----·-· 5 flfl 

40 ---------· 6 f)I) 
37 -····----- 4 65 

Salem Ca.pit.ol, dom·~ ____ - ... __ , .. - . - - - __ . _ .... - - - - _ . - . - - - . - . - . - - - . - .. 
S:iw Tooth .. -- - - . --- -- - - -- ... - - --- -- - ·- - - - ... - . - -- - - - ------ ... - --- . -
Seott. ............................ _. ___ .. ____ . _ .... _, __ .. _. __ . ___ . ___ _ 35 46 5 65 

39 fJ6 fJ 66 
35 48 5 -········-~~~~:l~~ ~~-·- ~: ~: ~-· !: : ·. -.-.-~::::::::::::::::::::::::::::::::::::::::::: 
42 ----·-···· 7 67 
41 ---------- 6 1)6 
38 ·--------- 4 fi5 
37 .:,3 7 67 

Slrnrp Peak .......... - - . - -·_ . _ . _ ..... - - - . _ ...... - . - .... - - . - ... - - - - -.. . 
~!1e1:1d:m Peak, highest. green tree ... ___ . _. _ .. ____ . _. _____ .. - . - _ .... - - -
t:\1sk1you ...... - ... ___ ..... - - __ - - .... - - - . - .... - - . - - .. - - - - . - ... - - - - .. - . 
Smelt .......... _ . ______ . ____ . ___ .. _ . _ . _____ ... _ . ___ .. ___ . _ ... _____ .. . 

42 ···----·-· 7 fi7 
34 44 3 65 

Smelter st<tck, 300 feet. high. ___ ._._ -... __ . _ ..... - . __ .. - . - - - ... - -- -- .. 
Snow Mountain east .. - . - - - - . - .. - .. - - - - .. - - - . - - - . - . - - - . - . - - - - - - .. - . - - -
Snow Monntain west.:._. ____ .... _. ___ .... _____ .... _. _ .. - .. - .. _ .... - - 34 43 3 65 
Sod.a. ................. ". ... ··-·-···-·---------·-·----·------·------· .. -- 35 45 4 65 
Sout.h hase: 

37 54 3 -·-······· 
36 52 7 67 

Redding ........ ___ -- - .... ______ -- _. ____ --- ---- ... ---·-. - -- - -- -· - . 
Tacoma .. - _ .... _ . __ . _ . __ .. _ . _ . _ .. - _ . ___ . ___ . _____ .. _ . ____ .. -_____ _ 
\Vilhunette _ .... _ . __ . _ . _ . _ ... __ . _ .. _ . _ . _ . __ ... ___ ... - -· - - - ..... - - - 35 47 5 64 

South Sister. -.... __ .. _ ... - . _. _ .. - - -... __ . - - - . - - -- . - . - - ... - . - - - .. - - - - 40 -··------- 5 ll6 
35 46 5 1)5 

39 55 5 ----------
39 55 5 ---------· 
34 44 4 1)5 
41 --------·· 6 66 
36 49 6 1)6 

Spencer __ ......... __ . ___ . - - - _ . __ . - - - - . _ .. _ . - . - , .. _ .. - - - .. - . - . - . - ... - -
Springfii:>lcl: 

0hristfan Church spire -.... -... -.. - ... - - . - - .. - . - . - .. - - - - ... - - - - - . -
:Metl1odist Church spire .. _ .. _ .. - - . - _ - . - - - . - - . - - - . - . - - . - - - - ... - . - - -

Spur ..••....... -·-···· ... _____ . __ . ____ .. _._. ____ -· ____ .. ___ -·- .. ____ _ 
Squaw, cairn ......... - . - .. - - - . - - - ..... - . - .... - . - . - - - .... - - - - - . - ..... -
St.ar .... _ -- -... - __ . _ .. - . - . -.. - . - -..... - . - . - - . - - - -- . - . - . - - .. - - - -.... - -

35 45 4 65 
41 ·········· 6 66 

Sterln1g _ ... __ - . _ . _ .. -.... - .. - . - .... - - . - - - : - . - . - . - ... - - .. - - - - - - - .. - - -
Table Rock, caini. .. _ ...... - . _ ... - . - . - - . - . - - - ... - .. - . - - . - . -··. - - - . - - -
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lnde.:r; to positions, de.scriptio11.s, sketches, and. elev<ttions-Continuecl. 

Station Position Delirription Skekh Elevation 

Tacoma: . . . Page 
37 
42 
42 
36 
31) 
40 
37 
36 
35 
38 
39 
41 

Page 
54 

Number Page 
Astronomic station •.•.•.••........................................ 

.City Hall cupofa ....••..•........................................ 
Courthouse cupola •.••........................................... 
North base ..................................................... . 
South base ...•................................. ' ........ ." ...... . 

Thomtls, cairn ....•••.•.....•......................................... 
Thompson Peak •••••.•....................................... ·- ...... . 
Tout.le ................•............ - . - . - ..... - · - .. - - - - .. - - - - - - - · - · - -
Twin ................................. - . - - . - . - · · - . - - · - . - - - - - · - - - · - · -
Union Peak ..................... , .................................. . 
United BretJ1ren Church spire, Eugene ................. , ... : .......... . 
Vancouver Barracks flagstaff. ·west .................................... . 

;:w:::·p~~k.".":.::: :::::::: :: : :':::::: :: : : : : : : : : : : : : : : : : : : : : : : :·::::::: 
'Varre.n ...................... -.- ....•........ · ........ - - - - - - - . - - - - - - - - -
Wtirren Schoolhouse cupoht ••......................................... 
\Vash ........................... - -- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - · - - · · 
\\7hit.e: .... - - -•.. - . - - - - • - - • - - - .. - - - - - - - - . - - - - . - - - - . - - . - . - - - - - - - - - - - - - . 
White Church spire, west. of Brooks ................................... . 
Willamette north base ............................................... . 
Willamette south base ......................................... : ... · .. . 
W. 0. W. Hall spire. Eugene ........................................ . 
Ya.in ................................................................ . 
Yellow ............................................................. . 

52 
52 

50 
47 

55 

38 . ·---- ... -
38 - -- --- - - - . 
36 50 
41 - . - . - . - - .. 
31) 53 
35 46 
41. - - - - - - - - - . 
35 481 35 47 
39 55 
36 I 49

1 
35 I 46 · 

~~-~~~~~~~~~~~~~~~~~~~~~~~~~~-'--~~---

0 

7 67 
7 67 
7 67 
7 67 
7 67 
6 66 
4 65 
7 66 
5 65 
5 65 
5 - ---------
6 - -- -- -- .... 
4 65 

~ 1---- """"66 
6 . --- --- - --
7 67 
5 65 
6 66 
5 64 
5 64 
5 ----------
t; 66 
ij fi5 


