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THE CALIFORNIA-WASHINGTON ARC OF PRIMARY TRJANGULATION. 

, . By A. L. BALDWIN. 
ConipictPr, United States Co& aid Geodetic S.ic.rucry. 

QENER.4L STATEMENT. 

In  the spring of 1903 the United States Coast and Geodetic Survey began the reconnoissance 
for an arc of primary triangulation. to extend from the primary trimgulntion in northern C!ali: 
fornia to Puget Sound. The work of reconnoissance was not done continuously in any one 
season, but was clone a little a t  a time, in order to interfere as little as possible wit,h the obser- 
vations. It was usually clone slightly in aclvance of t,lie triangulntion, hut at times simul- 
taneously witsh it, aiid so the two can not be discussed separately. The observing was com- 
pleted in four suimner sensons, beginning in June, 1903, and ending in July, 1906. 

"he length of the primary triangulation of t,his arc, along the asis of the sc.lienie, is 577 
miles (929 kilometers) and t81ie lengt,h of the subsidiary schemes, secondary in character, is 
about 30 d e s  (48 kilometers). The mean 
latitude of the three old stations of the Thirty-iiintali Parallel triangulation, from which the 
arc stilrted, is 39" 05', ant1 the northernmost point lies in latitude 47" 23'. The triangulation 
follows closely the meridian of 123" 30'. 

Fifty-seven stations constitute the main scheme. 

' l l ie  positions and descriptions were prepared for publication by Mr. C. H. Swick. 
The greater portion of the work of making the clificult least sqiare adjustments was done 

by Mr. E. H. Boweii and Mr. M. H. Doolittle, the adjustment of the elevations from the vertical 
iiieasiires having heeii made by the lntter. 
. The engineer intent-only upon securing the necessary inforniation to enable him to estend 
his trictngdation or to ,base other surveys upon it will find t,lie information he desixes on pages 
31-75, commencing with the esplanation of, 'the t.nb1e of positions, lengt,lis, and azimuths. 
The indes printed on pages 75-78, used in connection with 61ie sketches tit the end of t4lie 
publication, will enable' him to fiiicl quickly the dlita for any given locality. 

There were used to control t,he lengths ili this tri'nngulation the Tolo hnse in Chlifornin, 
tqlie Willmiette base, iienr Eugene, Oreg. , and the Taconia best?, near T:icoina, Wash. 

. The Yo10 base was measured in 1851 by Assistant George D&viclson, who published his 
report as Appendis No. S in the Report of the Coast and Geodetic Survey for 1682. The 
Willamette and Tacoina bases were measured by the party of Assistant 0. B. French in 190G.l 
During this season of  1906 six primary bases were measured, the d e r  four being a parta of 
the Ninety-eighth Mericlian triangul~t~ion. C!omplete diensurements were made on each base 
with 50-meter steel tapes ani1 also with invar tapes of Qie same length. 

PROGRESS OF THE TRIANGULATION. 

SEASON OF 1903. 

Early in 1903 Assist,wt 0. B. French was placed *in charge of the field work aiid in April 
organized at  Eugene, Oreg. , a reconnoissance and building party, consisting of a foreman and 
four inen, witrll a wagon and four limes. Titli this party Mr. French conducted n recon- 

1 See -4ppendix 4, U. S. Cmst and Geodetic Survey Report for lWi, " Six primary lases measured with steel and invar tapes. 
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6 THE CALIFORNIA-WASHINGTON ARC O F  PRIMARY TRIANGULATION. 

noissance through the Willsmette Valley to -connect with the briangula.tion of the Columbia 
River. By the latter part of May this WAS so far advanced that the obseilring 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 t8he fmt part;y to 
build signals. The work was pushed toward the Columbia River as far as tshe reconnoissance 
had been completed. Before the- end of September both parties returned to Eugene, . where 
a base and its connections with ‘t,lie main scheme were laid out, and a part of the stations were 
occupiecl by the middle of October. Tliroughou t the season the signal-builclhg party WRS 

Jways in advance of tlie observing party, erecting signals, cutting lines, opening trails, nncl 
preparing camping grounds. The weather cluring the whole season was very disagreeable and 
uncertain and t,he cause of mu& lost time, especially by the observing party, ns it, wss rare 
that all the signals to be observed a t  a station were visible at  one time. There were frequent 
long intervals of many days when no observations could be made. 

Between the micldle of October aiicl tlie middle of November Mr. French and t.he foreman 
of the signal party made a reconnoissance southward to connect with the triangulation of the 
Thirty-ninth Parallel, developing the scheme that wit.h few changes WRY carried out 111 1904. 

SEASON OF 1904. 

In  the season of 1904 the organization of the parties and tslie method of conduct&g tlie 
work were about tlie same as in 1903. Assistant J. S. Hill was also Assigned to t.lie worlc, 
,thus enabling Assistant! French to devote niore t h e  to .reconnoissa.iice without c-lelaying tlie 
progress of tslie observing party. The pwties were organized in April. when sonie aclditions 
were made to . tshe reconiioissance to coniplete the scheme betweeii the Thirty-ninth Par&l 
triangulation and tlie work of the previous season, aiitl a few stations were prepared for obser- 
vations. The observing started a t  Marysville Butte S O O I ~  after May 1 and tlie sessoI1’s work 
closed. about the middle of November. During this time tslie whole scheme between t,he old 
triaiigulation of the Thirty-iiint,h Parallel and the work of t,he previous season \vas conipleted. 
Between July 9 and August 10 Assistant, French macle n reconnoissnnce to connect tJie work 
of the Columbia River witli that of Puget Sound, which practkally settled the sclienie of work 
for 1905. 

During April and May snow and 
very strong winds greatly dehyecl the work. At station Soda smoke delayed t.he 1)art.y at 
one time for sis weeks. Five stations were reached 

, ‘by pack trains over distances from 10 to 35 miles and along dific.ult3 and dangerous tmils. 
In each of two cases special trails hid to be made for a distance of 4 niiles and tsliey were so . 
steep that in one’case two horses went over backwards and tahe outfit hac1 to be packed by 
men. In order to reach station hfears it was necessilry to use ladders and hand lines. 

Many difficulties were encountered during the season. 

Many stations were difficult of access. 

SEASON OF 1905. 

During the season of 1905 t,he organization of the parties and method of conclucthg the work 
were the same as during the previous season. The field work began about tlie mklclle of April 
and closed about tmhe micldle of October. 

The region between the Columbia River and Puget .Souncl is a very clifficult one through 
w1iic.h to cany a primary triangulation. Many of the peaks that niust be used are flttt and 
heavily tiniberecl and the roads and trails are diiiost impassable. It is dso s region of very bad 
G-eatlier and this fact, together with tlie prevalence of forest fires, macle tlie cleliiys in observing 
veiy greitt; The scheme that, was laid out the preceding season proved to be entirely too espen- 
sive, on mcount of the very high signals required snd tlie great aniount of cutting of tiniber 
nec&sni-y. Further recoiinoissance was t,lierefore required and both parties took part in it. 
About June 1 the observing party began work in Oregon, completing the occupdon of four , 

stat*ions in tlie Willamette base net. This party then moved to tslie vicinity of tlie Tacoins base 
and wits engaged the rest of the month in -signd building. Observing was resunied on July 1. 

. .  
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In spite of every effort the work connecting tshe C!olumbia River tiinngulntion with that of Puget 
Sound was not conipletecl during this season. Assistant French reported that the weather 
coniIitions during this season were tshe niost unpropitious for such work that he had ever 
esperiencecl. 

At several 
'stations t8he instrument was mounted on a high tree. In  such cases tlie tree was guyed with 
iron wires and n staging was built about the tree. At one station over 300. trees 4 feet or more 
in diameter and 200 feet high, besides many smaller ones, were cut tc, open lines. Long and 
clangerous trnils hac1 to be coiistructed anil several accidents hnplwnecl on theni, which' fortu- 
nately were not seiious escept to the horses. At the last station the ptrty was caught in the 
snow and hntl difficulty in getting out. 

. 

At trliree stations signals over 100 feet high were built,, one being 130 feet high. 

SEASON.  OF 1906. 

During this season the work was iii charge of Assistant J. S. Hill, who organized a party 
on June 11 and finished the last station on July 26, completing the piirn:ti-y triangulation 
between the Columbia River and Puget Sound. He also niacle the coiinection between tlie 
primai-y triangulation and the Clolunihin River work. Between June 1S aiicl 'July 26 the observ- 
ing party occupied seven p r h u y  stations and inciclentally t.rnveled250 miles by boat, 3 15 miles 
by wagon, and 130 niiles by trail with pack ttnimals. 

METHODS OF OBSERVING EMPLOYED. 

The observations for the. priiiiwy horizontal angles were made in sccorclance with the 
General Iiistructions for Primary Triangulation, as given on pages 170-174 of Appenclis 4, 
Report for 1.911. 

AJl the horizontd angle. ineasures were made by the direction metliocl, using tlie 1S-iiich 
(3@ceiitiniet,er) theodolites made in tshe Instrunlent, Division of t,he Survey. These instm- 
ment!s are described in Appenclis S, Report, for 190-2. The telescope used has a clear ape&.ture 
of 61 niillinietws and its focal length is 74 centimeters. The circle is graduated to five-minute. 
spaces and is rean by the mi&oniett?r microscopes to single secnncls. 

PROGRAM OF OCCUPATION OF. STATIONS. 

I n  the following three tables the primary stzitions occupied cluring the several seasons are 
amanget1 in tslie order of their occupation. The second column of each table indicates the ilays 
on which primiti-y horizontal observations .were macle, anil the third cohiinii the number of such 
&p. The letters (az.) 'after the naine of a stntaion indicat.es that observations for primary 
astronomic iuiinuth were iiiacle zit that station. 

8tations occupied. 
Assistint 0. R. FRENCR. chief of party and observer. 

SEASON OF 1W,. 

Station 

Roman 
Spencer (az.) 
Peterson 
Mary (az.) 
Yam (az.) 
Hult 
Barnes (z1z.) 
Larch 

base 

Days ou which observations of primary horizontal 
directions were made 

June 17, IS, 19,'20, 23. 25. 2G: %, 29 
July 7. S, 9; Oct. 15. 13. 14 
July 1.1. 15, 16 
.Tiilv 25. 26 

.I - - I - -  

Siiy 31; nug. 3, .i, s. 9 
Aug. 1 I., 12, 13,' 1G 
AIIP. 27. 2s. 30: Sent. 1. 2 
Seih. S, 13. 14,.15 
Oct.. 1: 2, G 
Oct. 7,  s, 10. 11 

Number of 
days 

? 
6 
3 
3 
.5 
4 
6 
4 
3 
4 
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Stations occzc.piea-Coiit,in~ied. 
Assistant 0. R. FRENCH. chief of party and observer, and Assistant J. S. HILL, oliwrver. 

SEASON OF 1904. 

Station 

3Inrysville Butte 
8 11 I) \v Mountain 

east 
Kent (az.) 
Lynns (az.) 
Round (az.) 
Bally 
Mears 
Spur 
Gazelle (32.) 
Boliver , 

Sterliiig 
Soda 
Rust ( az .) 
Black 
Onim (az.) 
Wlii te 
Scott (az.) 
Yellow 
Fairview 

Days on which observations of primary horizoiltn 
dircctions were made 

h1a.y 3, 4, 5 ,  6, 10 
May 16, 18 

May 35, 36, 57 
Julie 3. 4. 5 .  G 
June ii, is , ’ i3  . 
June 16. li, lS, 19 
June 24 
June 29. 30: Julv 1. 3 
July 4. 5. 6; 8 
July 12, 1.8. l f i  1s 
July 36, 37, 30 
dug. 3 ,4 ,13;  Sept. 34, 35 
Sept. 28, 59 
Oct.  3. 4 
Oct. 13 
Ckt. 18, 19 
Oct. 21. 55 
Oct. 37 
Oct. 31 

Assistant (3. B. FRENCH, chief of party and observer, and Assistant J. 

SEASON OF 1905. 

Station 

Ridge 
Willnmette iiort.11 

,,?Ye 
Twin 
Peterson 
Neil1 3 
Wasl1 
Snielt ’ 
Dron 
Gull 
Kin 
T ;t c o!n a ‘astro- 

iion11c station 
(nz. j 

130s 
Burn 
T a r o 111 n sout.li 

base 
T a c o 111 iiort.11 

base 
Horst 
Pen 
Bel (az.) 
Hack 
Hal 
Rain 
Toutle 
Hurst 

Days on which observations 01 primary horizontd 
directions were made 

June 6,; 
June S 

June 10, 11, 15 
June 13, 14 
July 1 
June 2i,  July B,7 
July 7 
July 10 
July 10 
Jiilp 11 
June 31, 33 

June 10, 11, 15 
June 13, 14 
July 1 
June 2i,  July B,7 
July 7 
July 10 
July 10 
Jiilp 11 
June 31, 33 

July 13 
July 14 
July 28, 37: 28, 29, 30 

J d y  31, Aug. 2, 3 

Aur. 5 ~~ 

Aui. 6, 7, S, 9 
All& Is, 19, 50, d l  
Sept. 6 ,  11 
8e t. 1, 3, 4, Aug. 30, 31 JJ~ 2s. Sent. 14.15 

. .  

’ 

Number of 
days 

5 
2 

3 
4 
3 
1 
1 
4 
4 
4 
3 
5 
9 

3 
I - 
1. 
5 

1 
1 

> 
d 

HILL, observer. 

5 
I. 

3 
3 
I. 
3 
1 
1 
1. 
1 
2 

1 
1 
5 

3 

1 
4 
1 

5 
3 
1 
2 

1 
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Station 

1 

,Stcr.tiom oceii.pitd-C!on t inued . 
Assistant J. 8. HILL, chief of party mid ulserver. 

SEASON ‘OF 1906. 

Days on which ol~servations of primary horiz6ni:ll 
directions were made 

Barhes , 

Red 
Lurch 
Star 
Davis 
Lam (nz.) 
Len 

June 14, 16, 17, IS 
June 2.3. 24. 25 
June 30 
July 4, 5 
July 10, 11, 13, 13 
July 15, 1G . 
July 23, 24, 25. 26 

STATEMENT OF COSTS. 

The difficulty of separating the cost of the recoiiiioissaiice froni that of the triangulation, 
where the tiko operations were citrrietl on siniultmieously, forbids an ac.curnte statement of the 
cost of the former. It may fairly be stated tllttt the time spent on the reconiioissance during the 
first three seasons was approximately 6. 2 ,months rtrlil the cost between $2500 and $3000. 
This makes the progress 93 miles per month and the unit cost not far froiii $4.S0 per mile. , 

The followbig statement of costs for the triangulatioii may be considered cdrrect.. ’These 
costs are komputed for the whole arc mid include the salaries of the observers while in the field 
and &iring the limited times ‘before and after each season while plnnning and reporting the 
Work. 
Nuni1)er of months of observations.. ............ 
Number of primary stations occupied. ........... 

Tot,al field expenses.. ~. ........................ 

Totafnurnber of puint,s deterinined .............. 

14.9 
59 
4 

$35029 

.1S3 

Stations occupied p.er month. ................... 

Cost er station orcupled. ....................... $594 

Cost er point detennined. .................... $192 
Fiiniter of niiles of progresy.. ................... 577 
Gust per mile of progress.. ..................... $61 
&ea in main scheme in sqiiare miles.. ......... -02100 
Cost per square mile.. .......................... $1.58 

STdTEMENT OF ADJUSTMENTS. 

~o local adjustments weri macle, these having l>econie unnecesvaiy since the acIoption of the 
present method of supplying inissing observations in brolcen series.’ 

The line Snow Mountain west-Mount Helena liacl been fixed in length, direction, nncl 
position by the Thirty-ninth Parallel triangulation, and the result is published on page 539 of 
Apl>enclis 9, Rep6rt for 1904. Similarly, the length, direct,i?a, wid position of the line Marys- 
vale Butte-hlount Helena is publisliecl on p g e  540 of the same report. Marysville Butte was 
tleteriiiiiiecl from eight stations of the Thirty-ninth Pardlel triangulation, using six side equations, 
the angle equations being entirely lacking. The remaining parts of the triangle Snow Mountain 
west-Mnrysville Butte-Mount Helena were coniputecl, anc l  it was found that the two angles 
ineasure(1 in 1904 required corrections of - 0”.71 nncl + 1”.32, respectively, to conform to tmlie 
fisecl computed angles. A single least square adjustment s~rvecl for .the entire primary 
s c h e m e :  The measured bases, Willamette an11 Tacoma, compelled the use of two length eyus- 
tions, and the Laplace azimuths a c.omj~ut.e,tl at ~azellr . ,  Mril1amette, and Tacoma made three 
aziniutli equtitions necessa1?7. 

ABSTRACTS OF HORIZONTAL DIRECTIOXS AND ELEV.4TION OF TELESCOPE AROVE THE STATION 
MARK. 

Those 
directions were reduced to center where either the instrument or the object observed was not 
coinciclent with the center of the station mark. 

’ 

All observed directions in the triangulnthn have been given equal or unit weight. 

\ 

1 See .Sppmndir 4, U. S. Coast and Geodetic Survey Report fur 1911, p. 171. 
2 A L a p h  arirriutli (also called a t.me geodetic azimuth), as uwd in this publication, is one computed at a station of the triangulation from 

ooinrident longitude aid azimuth observations, using the Laplace equation: (Astronomic azimuth-Laplace azimuth) + sineof lstiludc tmtronomic 
longitude-geodetic longitude! =zero. (See pp. 17 and IS of the Pupplenlentary Investigation in 1909 of the Figire of the Earth and Isoslasy.) 
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The liqrizontal directions are redccetl to sen level. 

. s i n k  cosa+ 

The correction espressetl in seconds is 
given by 

3 p sin I" 

where e'= -7, h=height. of station sighted, p= the radius of curvature in n plane normal 

to the meridinn, 4 = the latitude, n11cl n. = the axiniuth counted from the south westward. 
In  the follo&ig 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 eiigine9r or surveyor who uses the stations 
to form nn estimate of the  probable nniount of building required to make any particulnr line 

((73 - b 2 )  

(1,- 

clear. 

Station occupicd snd clcvotioii 
of iust.ruiuent above station 
mark 

Mnrysville Butte 
3.73 meters 

Snow Mountain cast 
1.55 meters 

811ow Mount,ain west 

Mount. Helena 

Gazelle astrouimir sta- 
t,ion. 
1.95 metvrs 

Kent 
1.51 meters 

Lyons 
1.44 meters 

Bally 
3.06 meters 

Round 
1.54 meters 

Mean 
1.59 meters 

Nuinber of 
direction 
_- 

16 
17 
1s 

5 
1 
2 
3 
4 

20 

19 

4% 
45s 

31 
32 
23 
24 
25 

15 
11 
13 
13 
14 

2s 
29 
30 
26 

27 

i n  
6 
7 
S 
9 

34 
31 
32 
33 

Snow Moiintrin east 
Kent 
Lyons 
Mount Helena 
snow Mountain west 

Snow Mountain west 
Kent 
Lyons 
Marysville Butte 
Mount. Helena 

Iv1,lnrysvillc B u t k  
Mount Heleiir 
Snow Mountain east 

Mount Diablo 
Snow Mouiitain west 
Snow Mountain east 
Marysville Butte 

Spur 
S O l h  

Bnlly 
Round 
Lyons 
Mkysville Butte 
Siiow Uountnin east 

Round 
M q s v i l l e  Butte 
Snow Mountain east 
Gent ' 

Bally 

Round 
Lyons , 
h e n t  
Boliver 
Mears 
Spur 

Spur 

hent  
Bally . 
Ivlears 

Boliver 
Spur 
Round 
Bally 

Lyons 

. . . ~  .... 

33 11 '28.15 
53 OB 43.00 

305 58 17.33 
359 35 17.GO 

0 00 00.00 
1Q 59 12.34 
1s4 37 34.10 
3-15 35 31.S5 
314 30 30. S3 

0 00 00.00 
69 11 10. S5 

395 09 07.62 

0 00 m3 
30s 09 11.473 
20s 37 44.87 
365 31.14.565 

0 00 00.00 
243 13 53.98 

0 00 00.02 
29 12 24.35 
63 01 55.51 

130 43 32.66 
175 05 5S.30 

0 00 5 9 . 5  
312 56 26.00 
349 01 61.06 
274 19 63.35 
317 17 11.40 

0 00 00.05 
455 13 01.56 

117 14 10.57 

307 33 
311 53 12.78 

0 00 69. s9 
174 15 49.37 
335 413 33.31 
369 30 OS. 34 
330 55 1s. 31 

0 0 0 5 9 . 7  
s9 50 06.45 

193 05 14.69 
255 03 15.04 

282 44 32.07 

- 

'inn1 second 
alter figurn 
ndjustmeut 

00.64 
2s. s2 
42.64 
16. GO 
1s. 33 

58. 5'4 
13.30 
24. 7s 
31. 93 
31.55 

00.36 
10.50 
09.10 

00.110 
11.151 
$2. s9 
14. v2'2. 

59.49 
54.50 

00.04 
24.14 
55. 69 
33. GO 
55.07 

01.03 
24.84 
GI. 35 
61. 62 
12.03 

00.10 
00.79 
10.77 
33. 69 
04.51 
12. G9 . 

00. I9 
4s. 30 
33.17 
OS. 46 
19.12 

59. !XI 
06. 9.1 
13. S7 
1.5. '2.4 

- 

- 

- 
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53 
54 
55 
51 
52 

11 

Soda 
Spur 
Boliver 
Onii-ln 
Rust \ 

Station occupied and elevation I of instrument above station I Lnark 

0 00 00.11. 
48 10 40.17 

101 35 28. 71 
2S3 58 38. 63 
305 33 31.28 

Object observed 

00.10' 
40.06 
38.23 
39.35 
31.26 

Sterliig 
1.50 meters 

0 00 00.00 
57 20 59.99 

10s 37 07.28 
264 03 19. 'is 
2S1 68 40.14 

Spur 
1.67 mete18 

00.29 
59.72 
OE.05 
19.66 
39.63 

Boliver 
2.54 meters 

I.-II on 57.36 

0 00 00.00 
49 5s 50.86 

113 55 02.30 
243 41 43.8' 
271 11 38.91 
306 34 37.83 

0 00 00.00 
59 31 56. 3.5 
93 48 3'4.84 

135 OJ 47.9' 
171 OS 16.94 

Soda 
1.55 meters 

. 

Rust 
1.74 meters 

0 00 00.00 
53 26 03.35 
54 53 23.69 
81 39 24.54 

110 00 45.96 

Ollioll 
1.61 meters 

59.48 ' 
M.52 

. 33.34 
25.12 
46.59 

Wlii te 
G.67 meters 

Black 
1.53 inel.ers 

Fairview 
1.T2 meters 

0 on 00.00 
59 5s 2s. 34 

IS9 44 52.86 
29s 47 35.48 

Scott 
1.74 meters 

Yellow 
2.00 meters 

58.70 
28.12 
33.97 
*x.91 

0 00 00.00 
I75 40 38. 63 
939 oc 47.50 
297 46 09.74 
33i 15 48.07 

43 
S3n 

44 
45 

. 40 
41 
A2 

- 
59.77 
38.70 
48. 00 
09. 78 
4S.00 

37 
38 
39 
35. 
36 

48 
49 

46 
46a 

47 

67 
68 
69 
70 
G6 

56 
57 
5s 
59 

- GO 

ti3 
64 
65 
61 
62 
@'a. 

50 

71 
73 
73 
74 
75 

80% 
81 
82 
53 
84 
80 

78 
i9 
76 
77 

S9 
85 
CG 
Si 
ES 

I 

Bulivrr 
Gazelle astronomic. ski- 

tion 
S terling 
Soda 
Roiind 
Bally 
Meam 

Spur 
Meam 

8 terling 
Soda 

Sterling 
Onion 

Spur 
Gazelle. astronomic st.a- 

tion 
Boliver 

S krling 
(311 ion 
Wliit,e . 
Black ' 

Soda 

IVliite 
Black 
Rust. 
Soda 
S t.erliiig 

Black 
Rust. 
Onion 
Yellow 
Scott 
Fiiirview 

Rust 
Onion 
White 
Scott, 
Fairview 

White 
Scott 
Yellow 
Roman 
Spencer 
Black 

Black 
White 
Yellow 
Fairview. 

White 
Roman 

. Spencer 
Fairview 
sr0t.t. 

Bally . .  

Rust 

Observed direction 
reduced to sea 
level 

0 I I.# 

0 00 00. 03 
60 51 45.03 
92 55 29.41 

25s '36 02.01 
313 "6 01.22 

Finalseconds 

adjustment I after I 
- 
59. 90 
44. Y3 
29.09 
02.13 
01.7s 

71 55 04.6s 

1 318 00 44.57 I 44.19 I 

I 394 30 14.20 

0 00 0o.M) 
tY2 50 46. 25 

101 03 13. -56 
137 15 51.99 
3:iG 11 00. 72 I 

0 00 00.00 
31 4s 25.91 
i 7  51 31.51 

119 55 4s. 27 

14.10 
- 
5 9 . 3  
46.38 
13.83 
53.07 
00.01 

00.45 
25.55 
81.57 
4s. 10 
57. ti6 

59.63 
- 
.. ~. 

50.98 
01.77 
4. 1" 
39.34 
37. 88 

5s. 64 
57.05 
35.36 
48.89 
16.20 

- 

I 310 44 55.62 I 56.40 1 
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station owupied and elevation 
of instrument :tbove station 
mark 

Roman 
1.65 meters 

Peterson 
1 .SO nieters 

Mary 
1.6s metera 

Spencer 
1.77 meters 

Rauch 
6.23 nieters 

Ridge 
3.54 nieters 

Willaniette north ba.se 
12.84 meters 

Wil1aniett.e snurh base 
12.S3 meters 

Twin 
1.79 meters 

Nnmlier or 
direction 

~ 

103 
104 
105 
100 
102 
10'2 

112 
113 
114 
115 
116 
117 
11s 
119 

' 120 

110 

1.11 
106 
107 
108 
109 

9s 
99 
90 

' 91 
92 
93 
94 
95 
96 
97 

140 
141 
136 
137 
13s 
139 

135 
129 
130 
131 
133 
1.33 
134 

151 
153 
153 

' 149 
150 

143 
143 
144 
145 
146 
147 
14s 

El 
, 122 

123 
124 
I25 
126 
127 
12s 

bhject observed 

Spencer 
Fairview 
Ye1 lo bv 
Mary 
Peterson 
Twin 
Twin . 
S encer 

Raucli 
Roman 
Ridge 
Mary 
Yan1 
Hult 

S iencer 
11 illainet.t,e south base 
Roman 
T a m  
'Hult 
Petereon 
Twin 
Ridge 

18 illamette south base 

! 

Peterson 
Twin 
Pairview 
Yellow 
Roman 
Rauch 
Willaniette muth base 
Mary 
Ridge 
1Villaniet.te north l~ase 

Willaniette south bnse 
Spencer 
Ridge 
1Vill:unette iiortb bnse 
Petermn 
Twin 
Rauch 
Mary 
Peterson 
Twin 
Wllnmette nort.11 base 
Spencer 
W'illainette south bnse 
Rauch 
Ridge 
Twin 
Spencer 
\\illnmette sout.li base 

Rauch 
Mary 
Ridge 
Willaniette north base 
Pe termn 
Twin 
Spencer 

4 encer is. illamstte south. base 
Rauch 
Willnmette 1iiat.h base 
Roman 
Ridgc: ' 

Mary 
Pt.terson 

Oliserrcd direction 
reduced t.o sea 
level 

0 I I/ 

0 00 00.00 
31 04 11.5s 
65 I3 45.7i 

291 34 34.04 
371 35 23. $3 
340 41 33.42 

0 00 00.00 
3 07 17.11 

E 03 24.57 
19 56 57.54 
36 19 25.35 
39 24 39.46 
81 41 22. GO 

159 38 z . 5 5  
194 .06 M.09 

0 00 00.00 
1. 21 

45 09 17.07 
239 47 19.05 
264 35 34.37 
301 21 56.32 
326 43 41. S3 
358 46 . 

0 00 QO.00 
1 os 19.3s 

131 12 05.23 
197 35 26.30 
251 46 35.49 
2 i O  37 26.91 
3ii Si  G i s G  
318 12 01.16 
319 15 00.47 
335 26 41.12 

0 00 00.00 
3s 31 3 o . z  

297 .ii i3. iG 
5'23 25 50. so 
325 46 09. 09 
335 11 36.46 

0 00 00.00 
147 11 23.95 
"7 29 57.53 ~. - . . . . . - 
256 41 10. '35 
310 54 60.15 
379 57 YS. i 9  
333 U3 17.49 

0 00 00.00 
105 13 99.03 
203 26 46. $2 
312 57 4'2.01 
327 11 09. 75 

0 00 00.00 
S7 30 00.53 
90 46 31.35 

110 37 0 . 7 5  
1.37 51 5s. 15 

'145 36 46.97 

0 00 00.00 
l 6  31 35. 5s 
26 08 95.29 

259 45.02. 20 

. ~ ~. 

37 47 28.18 
41 19 66.11 
65 20 14.14 

103 46 25. S2 
176 44 23.07 

inn1 second 
after figure 
idjustwent 

00.19 
11. so 
45.33 
33.07 
33.77 

. 53.93 

00. 31 
17.03. 
24.53 
37.26 
25.63 
39.22 
?3. I O  
32. GS 
36 4s 

10.01 
17.72 
18.85 
34.85 
57.1s 
40.73 
44.40 

00.04 
19.94 
04.21 
26.36 
37.59 
27.64 
10.32 
00.36 
01.02 
41.57 

59.76 
19.91 
12.67 
51.36 
09.68 
36.3ti 

00.05 
33.90 
56.94 
10.54 
59.92 
39.34 
17.59 

00. 27 
22.13 
46.91 
41.72 

,09.27 

E. 56 
30.84 
00.61. 
57.91 
46.53 
01.94 

35.46 
25. il 
27.84 
55.91 
14.38 
26.10 
23.09 

5m 

- 

59.59 

5- 
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Jtation occupied and elesotioii 
of iiatrument above station 
mark 
- 

1'n.m 
1.58 met,era 

Hult 
11.13 meters 

Larch 
l.65 meters 

Bnriics 
4.63 mctcrs 

Stsr 
1.29 m&rs 

Red 
1.31 meters 

SAum 
1.53 meters 

LCll 
1.64 mders 

Toutle 
3.93 meters 

Bel 
1.97 meters 

Huck 
1.54 meters 

Nuniher of 
direction 

156 
157 
15s 
154 
155 

161 
163 
163 
159 
I GO 

166 
167 
1.68 
16-4 
165 

171 
1 73 
173 
169 
170 

183 
1 79 
1so 
1s1 
1SG 
157 

' 1ss 
183 
1s4 
I s5 

:L75 
176 
177 
175 

. 174 

3131 
203 

300 

193 
1.94 
IS9 
190 
191 
193 

199 
195 
l.9G 
197 
19s 

21.1 
313 
213 
214 
31.5 
21.0 

205 
206 

. "07 
. "(IS 

209 
304 

xr3 

Hult. 
Pt: terson 
Mary 
Barnes 
Larch 

Yam 
Ba.nies 
Larch 
Petermi 
Mary 

Barnes 
Star 
Red 
Hult 
Ta.m 

Larch 
au1t. 
Y2.m 
Davis 
Star 

Baxl?es 
D J ~ U  
Red 
Larch 

RPd 
Star 
Bmies 
Tnutle 
Lam 
LCll 

Star 
Davis 
Lam 
&en 
L:trch 

Len 
Red 
ljnvis 
Tim t.le 

Huck 
Bel 
Rljd 
Jhvis 
I.nm 
' h i  tle 

Davis 
HWk 
Bel 
1,en 
Lam 

Toutle 
IIurk, 

Rlilll 
Hiirst 
J,cn 

1131 
Hurst 
13el 
Lei1 
Toutle 
Rain 

Ha! 

I 

Observed direction 
reduced to sea 
level 

0 'I I/ 

0 00 00.00 
59 23 41.58 
99 51 59. 90 

28" 51 60.59 
309 30 21.03 

' 0 00 00.00 
69 11 05.3s 

109 25 49.5'2 
. 273 61. 40.67 

304 40 09. 69 

o 00 on. 00 
64 13 06.42 

115 2" 55.56 
30s 34 23.01 
32s 3s 60.30 

0 00 00. 00 ss 19 17. 63 
122 00 37. 47 
383 59 30. 10, 
339 33 21. s1 

0 00 00.00 
76 04 01.19 

17s 14 IS. 61 
274 49 43.99 

0 on no. on . . . . . . 

36: 39 3 2 2 5  
9 i  1.1 41. S5 
3 0  11 42.34 
207 55 51. 45 
309 10 30.13 

(I no 00. on . . . . . . 

. 39 10 13.03 
56 47 33.24 
92 49 41.. 21 

327 43 0s. 67 

o 00 no. 00 
61 59 39.51 

160 IS 14. 29 
3SG 2S 44.77 

0 00 00.00 
43 05 50.04 

177 13 38.1s 
25" 44 35.26 
259 11 54.54 
292 1s 3s. 4?, 

o on 00.00 
IS-I An 34.45 
213 54 10.59 
25s 33 26. SG 
331 54 39. 27 

0 on 00.00 
37 44 -15.17 
41 05 3s. -14 
55 37 10. s3 
67 05 27. 46 

33.5 2.5 30. 52 

o 00 nn.06 
24 54 lS.9G 

110 53 44.10 
185 35 49.40 
'393 45 30.90 
336 33 11.51 

'ind rwconc 
sfter f i y r t  
rdjiistmeni 

00.19 
41.57 
59.90 
50. ss 
20.54 

K E  
05: 39 
50.33 
-in. 31 
09.43 

59.89 
OG. S1 
65.56 
23. ss 
59.7G 

00.66 
47.04 
37.56 
39.94 
31.71 

59.65 
01. G4 
19.10 
$2. 39 

00. IS 
31: 49 
43.33 
42.71 
52.07 
19.39 

59. 05 
13.96 
33.74 
41.49 
OS. 81 

00.11 
39.26 
13. 94 
45.14 

01. 00 
4s. 57 
35. S5 
35.57 
54. ss 
2s. 59 

59.25 
35.49 
11.00 
26.33 
39.09 

00. 41; 
44. $9 
37.67 
11.31 
26.51 
31.60 

00. GI; 1s. $1 
44.97 
4s. s4 
29.3s 
13.31 

- 

- 

- 

- 
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Hurst 
33.55 meters 

station occupied and elevation 
of instrument dJOVe station I inark 

. 

Rain 
3.99 metera 

, .  

33. 34 niet,ers 

Kin ' 

20.05 nieters 

Il'a¶ll 
13.34 lneters 

. .  

Tacoma south bnae 
33.33 meters 

Tacoma north base 1 .  35.25 meters , 

Yumher of 
direction 

316 
217 
21s 
219 
230 
321 

. 3"s 
329 
223 
8'23 
8'25 
Id 091; 

337 

242 
23s 
239 
3.10 
241 

.-I.>> 
Id- 

231 
332 
233 
234 
236 
S3G 
237 
' "YO 

34s 
3.G 
2-44 
245 
246 
247 

2 w  
249 
260 
361 
253 
253 

261 

959 
260 
355 

I 366 
257 
25s 

' 26s 
263 
264 
285 
286 
267 

369 
270 

, 371 
272 
273 
274 
275 

: 276 

254 

Object observed 

Rain 
Hurst 
Tacoma. iiorth base 
Tacoma south base 
Pen 
Bel 
Huck 

Hal 
Huck 
Hurst 
Tacoma north base 
Tacoma south base 
Pen 
Bel 

Twoma north base 
Hal 
Rain 
Huwt 
Twoniu south base 
€3 urn 

Tacoma north base 
Tscunia south base 
Pen 
Bel . 

Tuconia.north base 
Pen 
€Id 
Ruin 
Hun t  

Kin 
Pen 
Tacoma south base 
Hal 
Rail 
Hurst 
Burn 
~Vmh 

WWll 
Kin 
Taconia norf,li base 
Pen 
Taconia south llase 
Hurst 

Burn 

Bos 
Txcoma iiorth base 
Bllrn 
Wash 
Dron 
Gull1 

Smelt 
Neil1 2 
Dron 

Bos 
Kin 
Taconia north base 
Burn . 

Ci dl  

jhserved direction 
reduce1 to sea 
level 

0 / // 

0 00 00.00 
50 IS 17.55 
5s 37 35.30 
5s  55 37.83 
77 24 46. E4 

13s 07.49. W' 
203 53 12.96 

0 00 00.00 
a 26 23.70 

e@, 34 56. 
363 18.4s. S9 
272 2-1 29. 60 
290 53 00.56 
332 29 21.85 

0 00 00.00 
233 55 29.41 
367 36 46.09 
331 11 1S.53 
336 1s 33.57 
357 26 

0 00 00.00 
' 68 59 1s.37 

79 34 01.52 
99 04 00.0s 

143 33 59.05 
145 14 45.09 
177 31 38.02 
336 35 08.21 

0 00 00.00 
112 05 00. s3  
1S1 15 39.8s 
214 33 45.9s 
376 33 0-1.90 
344 12 37.84 

0 00 00.00 
133 00 22.21 
185 13 53.36 
168 11 32.85 
192 52 59.33 
19'4 37 40.90 
302 58 21.69 
323 57 47.21 

00000.00 
76 0. 49:34 

. 175 54 43.94 
133 23 41. os 
'154 22 53.22 
174 03 10.28 

0 00 00.00 
159 37 09.46 
232 43 35. 59 
274 15 57.55 
311 31 09.48 
316 33 15.39 

0 00 00.00 
-I2 32 01. g? 
91 15 31.33 
99 39 34.94 
140 17 03.60 
174 55 06. 29 
204 17 05.00 
937 22 55.54 

inal second 
&Iter djnstmeni figure 

00.34 ' 
17.52 
35.43. 
27. 52 
46.77 
49.22 , 
12. 36 . 

-59. 73 
23.35 
58.25 
4s. 93 
29. SI 

' 00.32 
20. s3 

29. s3 
45.89 
18.96 
35.13 
57.7s 

00.2s 
18.43 
01.54 
01.38 
57.71 
44. so 
37.79 

00. 00 
00.98 
40.94 
45.33 
04.74 
37.54 

on. 55 
2. 07 
53.75 
32.25 
58.71 
40.56 
23.05 
47.59 

00.14 
48. 9s 
43.63 
41.70 
53. 04 
10.39 

59.92 
os. 95 
35.8s 
57.66 
09.35 
18.69 

59.83 
0 2 . 3  
21.40 
35. "7 
03.96 
06.00 
04.42 
55.45 

- 

Z-Z 

at. 32 

- 

- 
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Tacoma astronomic sta- 
t.iun 

5.40 meters 

15 

597 
. 39s 

itation Oecupied aud elevatiou 
of instrument above station 
mark 

Bos 
l S 4  meters 

Gull 
1.54 meters 

Dron 
' 3.56 meters . 

Smelt 
3.84 meters 

Neill 2 
1.66 niet.era 

277 
27s 
279 
sso 
2s1 
2S2 
183 

28.1 

255 
386 
287 
288 
259 

290 
291 
3 2  

296 
293 
394 I 395 

Object ohserved 

Kin 
WMh 
Dron 
Gull 

Bos 
Kin 
Tacoma mtronomic eta- 

tion 
Wash 

Boa 
Kin 
Wmh 
Smelt 
Neill 2 

Neill 3 
Dron 
wa511 

Smelt 
Dron 
Tacoma astrononiic ski- 

t1011 
wash 

Neill 2 
Ciull 

no. 
CONDITIOF~ EQUATIONS. 

1. o~+~j.s5-(4)+(.~)t(isj-((30 

3. 0=+0.02 - (1)+(3) - (16)+(17) -(34)+(95) 
4. 0=+0.91-(1)+(2)-(12)+(l.3)-(23)+(!5) 
5.  0=+0.14-(1.1)+(13)-(17)+(18)--('23)+(,24) 
6. 0=-2.7S-(13)+(14)-(21)+(33)-(39)+(30) 
7. O=-O.S2-(6)+(S)- 14 +(15)-(3S)+(39) 
s.. o=-o.17-(7j+(s)-I23+(23)-(5S)+(30) 
9. 0=-0.47-(Sj+(l0)-(27)+ 28)-(40)+(41) 

10. 0=+1.79-(9!+(10)-(31)+[32)-(40)+(42) 
11. 0=+0.91--('%)+(27)-(37)+(39)-(41)+(43) 
13. O= -O.G6+(31)-(34)-(37)+(3S)-(45)+(43 

3s. o= -l.S9-(83)+(84) -(se)+(s7)-(90)+(91) 
39. O= -0.47-(%2)+(S3)- S5)+(S7)-(104 +(la!) 

31. O= -2.61-(92)+(9~)-(100)+(103)-(110)+(111.) 
32 .  O= -1.36 - (W)+(9S) - (101)+( 103) -(113)+(116) 
33. O= - 0.12 -(loo)+( 101) - (lOS)+ (11 1) - (11 6) +(118) 
34. O= +2.94-!10S)+ 109) -(lla)+(llS) -(137)+(1'%) 

36. O=-0.~55-(9S)+(99)-(112)+(113)-(121~+(13S) 

30. 0=+3..23 -(S5)+(SG) -[91)+(92) -(103{+(105) , 

35. 0.- -0.66 -(lOl)+{lO2) - (113)+(116) - (125)+(128) 

37. O= -0.95-(96j+(99)-(121)+(126)-(131)+(133) 
3s. o= -0.08-(112)+(117) - (126 j+( l%j - (130)+(131) 

>bserved dimtion 
reduced to sea 
level 

0 ' /  I /  

00000.00 
59 34 55.62 
96 51 39.04 

100 01 04. 62 

0 00 00.00 
36 32 13.92 
63 27 46.89 

98 56 23.77 

00000.00 
34 39 30.06 
94 11 34.19 

1.35 13 54. SO 
185 13 53.00 

0 00 00.00 
53 37 13.04 

100 49 31.16 

0 00 00.00 
,?SO 37 12.9s 
304 14 12.70 

333 31 34.56 

, 0 00 00.00 
40 46 19.32 

~ i S W O I l d !  
after figure 
BdjuStmeUt 

- 
59. 92 
55.69 

' 39.09 
04.55 

m 
13.97 
47.50. 

22. '79 

59.93 
30.24 
34.03 
54.63 
53.24 

59.59 
13.36 
31.25 

00.33 
13.66 
12. SS 

34.39 

69.81 
19.50 

- 

- 

- 
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No. 

40. O= -l.i9-(115)+(117) -(130)+(135)-(13G)+(138) 
39. 0=+0.47 -(93)+(96) -(133)+('135) - (136)+(141) 

123)+(1'16) -(131)+( 135)-(136)+(139 

93)+( 94) - (1401+( 141)+(142) -( 14s) 
134) + 135) - (1.36) +( 1.40) - (143)+( 144 
1?3)+[133) -(139)+( 140) -(142)+( 1471 
132)+( 134 -(14q+( 145) -( 150)+( 152 
137) + (1401 - (1+2)+( 1.45) - (1.50)+( 151) 

114j+(115j-(13s)+~140)-(1~2j+(146~ 

4s. 0=+0.19-(94)+(97')-(145)+(14S)-(l49)+(1W0) 

51. O= -0.70-(1.08)+(107)-(156)+(15S)- 160)+(.161) 
52. 0=-0.44-(119~+(120)-(156)+~15i)-~~59)+(.~61~ 

55. 0=+0.53- lG2)+(lG3)-(164)+(16G)- 71)+{17?) 
56. O=-1.51-~166)+(167)-(~~0)+(1i1)-~~S1)+( IS2 

58. 0=+2.57- lG7)+(l6s)-(17.I)+(175)--(1S0)+(151) 
59. O= -0.15-~175)+ 176)-( 179)+(18O) -(lSG)+( 187) 
GO. 0=-1.74-(171<)+\17!3)- lS5)+(1S6)-(1SO)+( 1.90 
61. 0=+0.03-(176)+(1i~)-~1S~)+(1~6)-(203)~(~@~ 
62. O=+l.G9-(lS~)+(lS;~)-(1~~0~+(~91)-(201)+(~0~ I 
63. o= -o.:;o-( i s3  )+(is4) -( 19sj+( 199)+(300) -( 203) 
64. o=+o.os-(i9ii+(iss)-(i97)+(19~)-(200)+(201 
65. 0=+1.70-(1%!)+(193)-(195)+(197)-(20S]+(209 
66. 0=+3.20-(192)+(1.94)-(196)+(197)-(210)+(311 
67. 0 ~ + 5 . ~ 6 - ( 1 9 ~ 3 ) + ( 1 0 ~ ~ ~ ~ - ( ~ 0 7 ) + ( 2 0 S ) ~ ( 2 1 0 ) ~ ( 2 1 2 )  

71. O= +1.$0-( 204)+( 208) - (22Y)+( 229) -( 235)+( 937) 
55. @= +5 .62 - e14)+( 215)!-( ?23)+( 527 ) - (234 )+( 237) 
73. 0=+5.23-(21ti)+(217)-(233)+(25S)--('~336)+(237) 

220) -( 233)+(23G -( 235 )+( 240) - (33)+j'237 I - (239 I + (240) 
i 6 .  O=+O. l l  -( 319)+( 220) - (23s )+( '341 j - (243 )+(244) 
77. o= +1.59 --(325 ,+( 226 ) -(239 )+( 241) - (243 )+W) 
79. o=+~.li-(2isj+(21ls~-(244)+(24S~-(2~0)+~2~l) 

81. o= +0.73 -( 231 )+(332) -(24G I +( 24s) --(SO) +(253) 

7s. O= +1.31-( 253 )+( 933) -( '340 j+( 241) --(3-K3 )+('l?46) 

SO. 01 +0.11-(224)+(?45) -( 245 )+( 24s) -(?SO)+( 252) 

82. O= -0.94 - (241 )+(?E)+( 5-13 ) - ( 24s ) - (349) + (250) 
53. O= -1.29 - (l?30)+(,'331) - (253)+(254) -( 2.55 )-t ( 05s) 
S4. O=,-O.:3i - (247)+(24S) -(350) +(254) -( 255) +( 257j 
S5. O= -1.04 -( 254 I+(  255) - (260 j+(  262 ) -(Xi:?)+( 264 
86. O= -0.50-( %I.)+( 262 j - (263)+(?65) -( 574 )+( 375) 
57. o= +O.G :( 259 )+(260) -( 264)+( 265) - (274 )+(276) 
SS. 0= +O.G9-(2ti5)+[26S) - (273)+( 274) - (277)+( 2%) 
89. 0=+0.10-(31ji)+(26S)-(Oi7)+(~S0j-(2S1)+(3S2) 
90. 0=+0.37 -(272)+(273) -C37S)+(8SO) -(2S1 )+(?%I) 
91. 0=-0 ,44- (266)+(3cjs) - (2 i i )+ ( ,~~9)  -(28,S)+!28G) 
92. O= -0.1 9 - ~ 1 ) + ( 2 7 3 )  -(27S)+(379) -(385)+( 2%) 
93 .. o= +o.01. - ( ~ C W  +(271) - ( 2 ~ i  +(m'i - (291) +( 202 j 
'$4. O= -1.53 -( 269)+(270) -( 280) +(2W I -( 205)+(296) 
95. O= -1.SO- (SSS)+(259) - (290) +I 291 )-\ 293 )+( 29G) 
96. O= -0.33-(270)+(272)+(?83) 
97. O=-I;41.3+307.1 (lG)-254.9 (l9)+3.0 (SO)  
9s. 0=+6.6+2.83 (1)-2.37 (2)-0.46 (3)+1.15 (1.1)-4.4Ii (12)+3.31 (13)+3.22 (16)-4.99 (17)+1.77 (1s) 

- (294)+( ?95)+(297)-(298) 

99. 0=-0.4-0.1.9 (ti)-3.17 (7j3-3.36 (S)+2.2S (1.3-4.54 (1.4)+2.2s 115)+2.G:, (21')-3.77 (2'214-1.1 (33'1 
100. 0=+18.7+2.i(i (S)-8.55 ($l)+3.79 (10)-27.80 (31.)+1.62 (32)+2F.lS (33)+1.85 (40)-43.93 (41)+42.07 (42) 
101. O= -11..6+2i.S0 (.71)-%3.3A (33)+4.56 (34)+1.8!3 (37)-8.01 f3P1+6.13 f,39)+43.~J2 (.411-4~~.26 (4214-2.34 (43:) 
102. 0=-2.6+5.32 @5)-r;.S3 (36)+1.51 (.77)-0.19 (43)-4.81 (44)+5.10 i45)+1.2S (53)-l.l.i (54)-0.11 (5.5) 
103. @=-1.4-@.43 (511-1.92 (51)+?.55 (53)+2.33 (5S)-i.7,9 (59)+5.40 (60)+4.Cv5 (66)--4.ii ((V)+0.1.2 (68) 
104. O= -3.S+2.95 (56)-3.40 (57)+0.45 (ZSj+3.i0 (GS)-5.58 (FOI+f!.SS (70)-0.14 (71)-3.09 (72)+3.33 (73) 
105. O=+fi.O+2.92 (F2)-2.98 (G2:1.)+3.47 f73)-5.50 (,74)+2.03' (75)+0.66 (S01-4.S5 (SOn)+4.113 (Sl)+0.04 (63) 
106. 0=+3.5-4.05 (61)+7.01 (62)-2.96 (f?%)-4.S5 (S0;1)+8.39 (81)-3:44 (83)-3.56 (S7)+7.5S (88)-5.02 (S9) 
107. 0=-7.9--4.17 ('S21+S.07 (S3j-3.QO (!4)-1.19 (S5)+2.47 (,SG)-l.SS (87)-0.93 (90I+2.44 (91)-1.-51 (P31 

-3.49 (103)+8.59 (.L04)-3.10 (105) 

-3.32 (113)+5.?3 (116)-2.01 (11s) 
105. O=-l.l-O.O (93)+3.35 (95)-9.38 (9S)-3.(;7 (100)+G.31 (101)-2.64 f,103)-1.35 (108)+3.37 (110)-2.09 (111 I 

109. 0=-6S.S-0.74 (92)-105.90 (9S)+lOF.F-I (99)+12.90 (101)-lF.65 (103:)+3.75 (103)+53.Si (112)-56.84 (113) 
+2.97 (116) 

-0.31 (11s) 8 .  

110. 0=+7S.7-2.36 (95)+105.90 (98!-103.D4 (99)-4.45 (108)+7.GG (109)-3.21 (110)-56.43 (112)+56.74 f.113) 

111. 0=-228.C-213.7 (95)+216.@ (96')-2.3 (99)-1.0 (121.)+7.0 f126)-6.0 (127)+10'3.2 (139)-:3.4 (1311-98.5 (133') 
119. 0=+1.3+2.56 (113)-6.23 (117)+3.67 illS)+G.S4 (126!-8.01 (13i)-O.S3 (12S)+2.01 (,129)+1.35 (130)-3.36 (131) 
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114. 0=+1.3--1.84 (93)+1.86 (96')-0.02 (95)-6.55 (113)+12.50 (115)-5.95 (115)+1.93 (130)+3.57 (133)-5.50 (135) 
115. 0=-319.8+106.34 (94)-108.16 (95)+1.81 (99)+7.10 I 121)-10.25 (123)+3.15 (12i)+8ti.15 (143)+3.05 (147j 

113. 0~+10.9+3.~(112)-5.80(115)+3.56~117)+3.77~1301-3.27(131)-0.50(135~+2.75(136~-13.~~1158~+9.93(139) 

-89.30 (148) 

-1.96 (146) 

-34.39 (134) 

116. 0=+319.3-4.07 (114)+7.74 (117)-3.67 (llS)+48.20 (,129)-1.35 (130)-46.85 (l34j-53.65 (143)+85.61 (144) 

117. 0=-20.3-14.34 (94)+16.23 (96)--1.89 (95)-13.03 (113)+16.10 (114)-4.07 (117)+0.59 (130)+33.7,0 (133) 

11s. 
119. 
120. 

151. 

.182. 

123. 

134. 

125. 

' m. 
137. 

12s. 

139. 

130. 
131. 

132. 

133. 

134. 

13.5. 

136. 

137. 

138. 

139. 

140. 

141. 

143. 

' 143. 

144. 

145. 
146. 
147. 

O= +3.4+9.87 7112) -35.03 (114)+15.16 (115)+12.-ls ( 15'3 -5.74 (123) -3.74 (128)+13.68 (135) -17.24 (139) 

0=+7.8-2.40 (03)+9.47 (94)-7.07 (97)-2.51 (137)+5.48 (140)-3.G-I (141) -8.31 (149)+11.58 j150)-3.37 (151) 
0=+20.5+16.23 t94)-29.24 (96)+13.01 t97')+6.27 (132)-39.97 (,133)+33.70. (13-1)+5.84 (144)--2.31 (145) 

0=-2.8-5.11 (12'7j+10.17 (1231-4.76 (124)-7.25 (135)+10.13 (139)-2.84 (140)+0.79 (143)+3.32 (145) 

O= -1.9-4.58 (106)+7.38 (l07)-2.S3 (lOS)-0.45 (118)+3.53 (119)-3.07 (120)-1.25 (150'j+3.73 (157)-3.47 (158) 

+4.515 (140)-2.33 (142)-13.16 (.146)+15.49. (147:) 

-3.53 (148)+8.31(149)-5.97 (150)-2.34 (152) 

-3.01 (147) 

-3.53 (159)+4.99 (160)-1.46 (161) 
0=,+10.6-4.20 (154)+5.94 (155)-1.74 (156)-0.80 (161jf3.29 i162)-2.49 (163)-5.7G (164)+9.32 (165) 

-3.16 ilGG)-o.08 (171)+3.22 (1731-3.16 (173) 
0=+11.9-1.0? (1~6)+2.72 (167)--1.70 (16s)-z!.o8 (i69)+5.a (170)-3.5~ (171)-3.34 (174)+5.92 (175) 

-3.55 (176)-2.63 (186)+3.93 (187)-1.29 (1%) 

-18.31 (191) 
0=+10.4-6.63 (176)+9.52 (177)-2.89 (178)-9.47 (lS4)+10.59 (155)-1.1'2 (156)-0.30 (1S9)+18.61 (190) 

O= +lS.S+4.00 (183) -14.59 ( 1 s )  +10.59, (185)+18.61 (190) -31.84 (191)+3.23 (19?)+0.63 (197) -1.57 (195) 
+a.94 (199) 

0=-6.5-0.86 (192)+3.11 (1931-2.35 (1941-3.74 (195)+5.57 (196)-3.13 (197)-0.58 (207)+3.35 (30s) 

0=-21.2+5.36 (304)-4.56 (305)-O.S0 (?07)+36.00 (2E)-U23 (313)+8.33 (214)+4.04 (237)-53.45 (228) 
-2.67 (209)-4.60 (210)+7.32 (211)-2.72 (212) 

+49.41 (229) 
k-91.3-5.36 (204)+9.89 (205)-4.53 (206)+0.37 (223)+49.14 (i28)-49.41 (229)-i9.73 (235)+53.06 (?36) 

0=+112-1.75 (216)+6.SG ~217)-4.11(?30)-3.91(?23)+4.71(336)-0.80 (28)-0.95 (233)+4.28 (236)-3.33 i2371 

O= -4.1-12.16 @3j+iS.46 (225;-6.30 (22G)-E.% (%2;-+1:.3S <233)+0.:? @5?)-?.2? (2%)+22.5@ (240) 

-3.33 (237) 

-3.1s (23sj+4.7:! (239)-1.54 (240) 

0=+4.6-4.78 (213)+6.59 (314)-1.51 (215)+0.37.(233)+3.G5 (227)-4.02 (.729)-2.13 (?34)+5.28 (335)-3.15 237 

-22.23 (241) 

-23.59 (241) 

-135.5 (351) 

0=-9'3.2-13.89 (217)+20.19 (219)-6.3? (220)-10.7; (232)+11.28 (333)-0.51 (236)+0.09 (238)+23.50 (240) 

0s -115.3-401.2 (318)+407.5 (219)-6.3 (330)+0.1 (235)+3.1 (241)-3.3 (342)-3.1 (319)+138.6 (250) 

0=-15.2+0.81 (331)-13.09 (232)+11.28 (833)+23.50 (340)-26.66 (%1)+3.16 (242)+3.10 (249)-7.16 (250) 
+4.06 (353) 

0=+2~7.5-1~4.9 (223)+17s.06 (224)--13.16 (525)-o.~i (33i)+o.io (e32)+0.71 (237)--1.14 (545)+1.38 (246) 
-0.54 (248)-4.38 ('350)+73.49 (!!W)-69.11 (353) 

+G3.30 (356)-3.58 (257) 

+14.88 (357)-5.90 (25s) 

-3.75 (374)+6.95 (275)-3.33 (?76) 

O= -85.5 - 3.16 (241)+3.16 (343) +O.S5 (3$3) -7.45 (347) +6.60 (248) -47.37 (249) +47.37 (354) -59.42 (255) 

0=+3G.6+0.09 (230)+11.19 (233)-11.25 (233)--33.50 (240)+23.50 (241)+3.49 (343)-3.49 (247)-8.98 (256) 

0=+3.5-5.49 c254) -1.78 (255)-0.52 (259)+3.30 (260)+8.38 (361)-2.89 (362)-0.64 (263)+3.02 (264)--3.38 (365) 

0=-5.0-2.33 (365)+4.54 (2671-2.52 (268)-2.45 (272)+5.49 (273) -3.04 (274)-1% (277)+371(278)-2.47 (280)  

, O= -5.92+(45aj - (4%) - (4Ga') + (60) - (66) + (70) - (71) +(75) - (SO) +(%I) - (90) +(94) 
. O= -0.10 -(94) +(98) - (113) +(EO) - (159).+(163) - (164) +(16S) - (174) +( 17s) - (189) +( 194) - (il0) +(213)+(220) 

--(3'211-(238)+(247) -(249)+(3G3)-((563)+(P6S) -(877)+(2SO) -(2S1)+(283) 

77002O-lL2 
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ACCURACY AS INDICATED BY CORRECTION8 TO OBSERVED DIRE'CTIONS. 

The correctioiis to observed clirecl.tiuiis resultiiig from the figure ncljustmeiits iiiclicabed by 
the preceding olmervntioii eyu:itioas are ns follows : 

TMt& ?f corroctia~u to observed cl.i.~ection.s. 

Number vl 
direction 

1 
8 
3 
4 
5 

6 
7 
8 
9 

' 10 

11 
12 
13 
14 
15 

16 
17 
1s 
19 
20 

51 
22 

' 3 
24 
35 

26 
57 
2s 
29 
30 

31 
35 
33 
34 
35 

36 
3;. 
3s 
39 
40 

' 41 
'42 
43 
J3a 

' 44 

45 
45a 
451, 
46 
4Ga 

47 
4s 
49 
50 
61 

lorrectioii to 
direction 

-0.040 
+o. 6S1 
+o. os5 
$0.736 
-1.461 

-1.075 
-0.142 
+o. 114 
+O. SO7 
$0.297 

-1. ?SO 
+o. IS7 
-0. 759 
+O. 628 
+l. 077 

$0. 643 
+O. 674 +@. 643 

+l. 478 

+o. 0% 
-0.210 
+o. 4s1 
-0.059 
-0.935 

+O. 618 
-0.094 
+o. 051. 
-0. i T O  
$0.196 

$0.494 
-0. S16 
+a. 200 
+o. l"2 
+O. 617 

-0.094' 
-0.009 
-0.106 
-0.4% 
-0.406 

-0.261 
-0. ss1 
+o. 00s 
$0. so1 
+o. 169 

-0.020 
+O. 514 
-0. 514 

.,-o: 1'3 
-0.514 

-0. I00 

-0.375 
$0. 767 
+o. 109 

-1.976 

fO. 3-14 

N 11 mlier o I 
dimtion 

52 
53 
54 
55 
56 

57 
58 
59 
GO 
61 

62 
6% 
63 
64 
65 

66 
67 
GS 
69 
70 

71 
78 
73 
74 
75 

' 76 
77 
7s 
79 so 
SOa 
SI. 
S8 
s3  
M 

S5 
SF 
s7 
SP 
S9 

90 
91 
9" 
93 
91 

95 
96 
9 i  
9s 
99 

100 
101 
1.02 
1 03 
104 

Coriwtion to 
diiection 

+o. 556 
-0.134 
-0.307 
-0.327 
$0.452 

-0.355 
-0. ?38 
-0.167 
+O. 306 
$0.299 

+O. 431 
+o. 051 
-0. 3Ii9 
+O. 123 
-0.535 

-0. 707 

+O. 132 
$0. 267 
+l. 079 

-0. 771 

. -1.363 
+O. io1 
+o. 424 
+o. 974 

+o. 10.5 
+l. 422 
-1.B30-1 
- 0 . 2 4  
+o. 752 

-0.518 
-1.133 
-0.344 
+0.5s2 
+O.  621; 

$0. 070 
+n. 198 
+o. 035 
-0.070 
-0. 331. 

' -1.016 
+n. Olj@ 
-0. sgs 
+O.i29 
+o. 335 

-0. so0 
$0. 550 
+o. 447 
+O. 038 
+o. 55.5 

-0.9GG 
$0.237 
$0.511 +o. 191 
+o. !24 

-0.736 

Number 01 
direction 

10.5 
108 
107 
10s 
109 

110 
111 
112, 
113 
114 

115 
116 
117 
11s 
119 

120 
' El 

155 
153 
124 

125 
126 
157 
12s 
129 

130 
131 
132 
133 

. 134 

135 
136 
137 
135 
139 

1.10 
141 
149 
113 
114 

145 
146 
147 
14s 
149 

. 150 
151 
152 
153 
154 

155 
151; 
157 
155 
159 

L:orrevtion to 
dimt/on 

-0.197 
-0.203 
+O. 504; 
+o. s5s 
-1.110 

-0.703 
+o. 653 
+o. 9 4  
-0.OSR 
-0.033 

- 0 . 3 0  
+o. 3s4 
-0.23'7 
-0.494 
+O. 137 

+O. 396 
-0.311 
-0.11s 
+o. 415 
-0.340 

-0.195 
+O. 9 3  
+o. 2s5 +o. 021 
-0.050 

-0.591 
+o. le2 
-0.231 
$0.554 
$0.103 

+@. 053 
-0.514 
+o. 5$2 
$0.589 
-0.095 

-0.23; 
-0.305 
-0.415 
+?. 036 
-0.513 

-0.144 

-0.447 
-O.%4 
-0.291 

-0.475 
+O.  273 
+0.7u:! 
+o. 351 
+0. 293 

-0.479 
$0. 182 
-0.007 
+o. 001 
-0. 465 

-0. 243 

160 
161 
1G2 
163 
la 
1.65 
166 
167 
16s 
169 

170 
171 
173 
173 
174 

175 
176 
177 
1% 
179 

180 
181 
1S3 
183 
1s4 

185 
1S6 

, 157 
18s 
1s9 

190 
191 
192 
193 
194 

195 
196 
197 
19s 
199 

200 
201 
"09 
203 
204 

"05' 
206 
207 
20s 
209 

210 
211 
21" 
"13 
"14 

Coriwtion to 
tlirccl.ion 

-0. 33; 
-0.084 
+O. 10s 
+O. 708 
-0.130 

-0.4r3 
-0.109 +o. 3ss +o. 294 
-0. lW 

-0.100 
+o. 663 
-0.491 
+o. oss 
+O. 135 

-0.954 
+o. 03s 
+o. 4pa +o. 2s" 
+o. 453 
+O. 490 
-0.597 
-0.346 
+O. Si0 +o. 616 

-0.740 
+O. 124 
-0.755 
+o. 385 
-0.32s 

+O. 308 
+O. 331 
+O. 167 
+o. 994 
-1.47u 

+l. 042 
+o. 414 
-0.526 
-0.1s1 
-0.74s 

+O. 37F 
+O. 115 
-0.247 
-0.245 
+O. 696 

+O. 66i 
-0.l2Ci 
$0. SG.5 
-0. 561: 
-1.5'25 

+l. 079 
+o. '457 
70.255 
-0. 777 
+o. 477 
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-0.365 
+O. 3irj 
+O. ,550 
-0.503 
+o. 394 
+o. 115 
-0. l.28 
+o. 300 
-0.0% 
-0.167 

+O. 360 
$0. 06s 
+o. 331 
+o. 361 
-0. "87 

-0.579 

Nnmher of 
dimtion -- 

215 
316 
217 
21s 
219 

330 
El 

a23 
.?34. 

3'25 
226 
9'27 
32s 
339 

230 
231 
233 
353 
234 

?35 
"36 
237 
238 
"39 

.I.>.> 
-&I 

Corrwtion to 
duwbiun 
-- 

-0.962 
+o. 3-E 
-0.027 

.. $0. 153 
+o. 095 

-0.069 
+o. 133 
-0.595 
+l. r34 
+O. 044 

+o. 910 
-0. 237 
- 1.033 
-0.276 
-0.353 

+O. 113 
+o. 2s; 
$0.246 
+O. 0.7.2 
+l. 303 

-1.341 
-0.291 
-0.533 

. +0.419 
-0.201 

Nnmher 01 
diiwtlun 

2-10 
241 
"3 
2.43 
244 

545 
246 
247 
24F 
2-19 

450 
251 
252 
553 
554 

555 
556 
357 
365 
259 

-- 

+0.435 1 
-0. .I40 
-n. 513 
+o. 150 
$1.064 

'-0. 753 
-0. IF1 
-u. 300 

u.OOO 
-0.146 

+O. 416 
-0. tius 
-0. ti13 
-0.339 
+o. 35s 

-0.314 
+O. til9 
- 0 . W  
$0.110 
+o. 136 

260 
261 
Ab2 
2ti3 
264 

265 
26ij 
3 j i  
26s 
269 

270 
Si1 
372 
273 
274 

575 
276 
377 
278 
279 

.l 

Correction to Number of 
direction dirwtion I-- 

+O. 068 
+O. 050 

280 
S l .  
"8" 
383 
384 

385 
286 
287 
255 
289 

290 
291 
292 
293 
294 

2996 
291; 
297 
298 

Cormtion to 1 
directioii 1 

-0.036 
-0.153 
+o. 050 
+O. 610 
-0.478 

-0. 0s': 
+O. 177 
-0.16ti 
-0.173 
+o. 344 
-0.409 
+o. 324 
+o. osti 
-0.325 
+o. lS'2 

-0.173 
+O. 325 
-0.182 
+o. 184 

The niasiiiiunil correctdoll to an observed direction on the C!a.lifni.liin-Wasliiiigtoii arc is 

The probable error of an observecl clirec.tion is 
3/'.03, the correction a t  station Willaiiiette soiit~h h u e  on.strttioii Mary. 

iii wliicli is the siiiii of the scl~iares of tlw correctims to directions, and c is the iiuiiiber of 
conditions. 

Referring to t.he tnhle 
011 pages 63 nlicl 64 of Special Public,ation No. 11, wliere the 63 sec.t,ioiis of priiiisry tri:i.iiguht,ioii 
j i i  the Unitecl States Iiave been a.rmngec1 according to i~c'curwy, this ta.iaiigultit,iuii would belong 
in the less nccurnte portion between numbers 55 a i d  53. 

The probable error of an observed clirec.tion for this n.rc is *0/'.53. 

-4CCUlZ-kCY -1s ,INDICATED BY C!OP,RE(>TIONS TO ANGLES AND CLOSURES OF TRIANGLES. 

The c,oiTectioii to each angle is the dlgebra.ic. suni of the c,urrectioiis tt:) two clircct,ioiis. In 
oriler to iiialce it possible to st>iirly the corrections t.0 the sep:w:tte nngles they are sli(Iwii in the 
following t,nble for every triangle in the priinnry scheme. There tire dso shown the errors of 
closuyes 'sf t]ie t,riaiig]es, tJie correc.ted spherical tingles and the sp1ic.ric.n.l excess for sncli trinngle. 
The plus sign prefixed to tlie error of closure of a triangle iiiclicatm t h t  the sum of t.! \e iuigles 
is less t,lian lSOo plus the spherica.1 excess. The spherical excess is a convenient iiiclicaticui of the 
size of tlie triangle, since it is 1~rcq)ortioiia.l to the area. 
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St31ion 

Snow Mountain west 
3hym-ille Butte 
Mount Helena 

Snow Mountsiii east 
Mxysville Butte 
Mount Helena 

Snow Mountain east 
Marysville Butte 
Snow Mountain wesL 

Snow Mountain east. 
Mount Helena 
Snow Mountain west 

Gent 
Marvsville Butte 
Suo& Mountain east 

Lyolls 
Mqsville Butte 
Snow Mountain east 

Lyons 
hI.wysville B1itt.e 
Kent 

Lyons 
Snow Mountain east 
Kent 

Bally 

Kent 

Round 

Kent 

Round 

Bally 

Round 
Kent 
Badly 

Mears 
Rouiid 
Bally 

Spur 
Round 
Ba.lly 

Spur 
Round 
Mears 

Spur 
Bally 
Mears 

Boliver . 
S1.w 
Meers 

Lyons 

Lyons 

Lyons I 

I 

CorwcLion to 
angles 1 ~ 1 n  

flgun? sdjust- 
m n t  

-0.71 
+l. 33 

+O. 65 
+O. 64 ' 

+l. 9s 

-1.54 
+O. 64 
-1.4s 

-2.19 
-1.9s 

'-1.48 

-0.1s 
+O. 03 
+O. 13 

+l. 35 
0.00 

-0.60 

+o. 43 
-0.03 
-0.54 

-0.92 
+o. 73 
-0.71 

+o. 97 
+l. 35 
+O. 4G 

+o. 93 
$1.81 
+o. 69 

+l. 19 
+O. 45 
-0. s7 

+o. 36 
-0. L'3 
+O. 14 

+l. 0 2  
+o. 69 

+o. 15 
+0.1s 
+o. 14 

+O. 03 
-0.51 
-1.31 

-0.19 

-0.29 

-0.10 
+o. 39 

. +0.3i 

-- 
Error or 

closure of 
triangle 

+3.27 

-3.38 

-5. 65 

-0.02 

+O. 75 

-0.14 

-0.91 

$2.78 

+3.4:3 

+0: S? 

+0. 17 

+o. 47 

-1.79 

+O. GG 

Corrected spherical 
angles 

69 11 10.14 
53 36 61.73 
57 21 65.77 

.69 04 59.62 
54 01 44.04 
56 53 39.03 

114 35 26.61 
0 34 4'7.31 
G4 50 51.2; 

45 39 26.99 
0 38 31.74 

134 02 01.40 

4-4 32 35.46 
33 11 2S.M 

103 36 19.64 

36 05 3ti.41 
83 06 42.00 
GO 4S 07.15 

61 33 36.7s 
49 55 13.%2 
GS 41 36.91 

95 15 G0.3T 
41 3s 13.4s 

113 03 G5.3S 

7.5 01 09.9s .. ._ .. ~~ 

4" 57 10.40 
e2 01 55.65 

61 30 44.Y7 
s5 39 59.41 
33 49 31.55 

95 04 20.16 
43 42 49.00 
42 13 60.69 

33 33 35.29 
29 13 24.10 

117 14 10.60 

65 57 61.37 
61 35 10.66 
53 36 55.59 

41 13 39.13 
90 39 51.73 
4S 06 47.41 

4S 40 1G.7.5 
39 04 41.07 

107 15 06.93 

7 36 44.62 
4 20 08.18 

16s 13 OS.30 

4s 10 39.96 
41 59 1.5.93 
S9 50 0fi. 9.5 

Spherical 
exres 

15. G4 

15.69 

0.18 

0.13 

13.28 

25.56 

37.51 

15. "3 

16. 03 

25. s3 

9.85 

10. 05 

7 .62  

'11.47 

4. 75 

1. I D  

2. s3 
\ 
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Tdle qf triangle&Continued. 

Station 

Boliver ' 

Spur 
Badly 

Bolivyr 
Mew- 
BaJly 

Gazelle astronomic sta- 
tion 

Soda 
Spur . 

Soda 
Spur 
Boliver . 

Sterling 
Soda 
Spin 

Sterling 
Soda 
Boliver 

Sterling 
Spur 
Boliver 

Rust 
Soda 
Sterling 

Onion 
Rust 
Soda 

Onioii 
Rust 
Sterling 

Onioii 
Soda 
Sterling 

Black 
Rust 
Onion 

White 
Black 
Rust 

White 
Black 
Onion 

White 
Rust 
Onion 

Scott 
R l d i  
White 

Fairview 
Black 
White 

[lorrpxtion to 
angles Irom 
Rguw adjust- 

ment 
-- 

I 

-0.47 
+o. 37 
-0.71 

-0.37 
-0. OS 

-1.03 
-0.39 
-0.91 

+o. 03 
-0.03 
$0.02 

-0.07 
+o. 37 
.-0.19 

-0:19 
+o. 34. 
-0.64 

-0.12 
+O. 16 
-0.63 

-0. 06 
+o. 52 
-0.69 

+o. 07 
+o. s4 
+l. 04 

+o. 51' 
+o. 90 
+o. 45 

+o. 47 
-0.5:! 
-0.24 

+ L O 6  +o. 95 
+o. 12 

+o. 49 
+l. 79 
+o. 81 
-0.16 
-0.2s 
-0. 81 

-0.66 
+o. 14 
TO. 69 

+l. os 
' +0.55 
,-0.80 

-1.30 
-1.16 
-0.42 

Error of 
closure of 
triangle 

-0.91 

-2.33 

+o. 01 

+0.11 . 

-0.49 

-0.59 

-0.23 

+l. 95 

+l. SO 

-0. 29 

+3.13 

+3.09 

-1. "5 

-1.21 

+o. s3 

-2. SY 

lorrected spherical 
angles 

-~ 
0 , I ,  

101 25 28.13 
49 25 60.54 
39 os 40.00 

53 14 4S.17 
101 56 44.75 
24 4s 31.83 

117 46 04.99 
17 55 19.97 
44 1s 38.59 

30 26 54.44 
95 06 45.77 
54 26 28.S5 

95 56 50.59 
23 11 41.03 

92 55 29.19 
65 39 4li.14 
31 34 52.01 

60 i1 44.93 

32 03 44.26 
7 1  55 04.74 
76 01 20.85 

23 48 59.8" 
108 37 07.80 
' 47 33 58.12 

43 04 16.83 
86 39 48.37 
51. 16 08.33 

ii3 09 26.39 
62 50 47.15 
53 59 59.66 

21 05 09.56 
57 20 59.47 

101 33 57.58 

59 31 55.41 
74 25 06.69 
46 03 05.72 

49 5s 5l.35 
93 4s 36.63 
36 19 39.24 

113 55 02.14 
34 ici 35.31 
31 4s 25.10 

63 5ti 10.78 
3s 12 27.45 
77 51 30.S3 

59 58 29.42 
si iS 13.R3 
ss 4s 20.29 

49 15 03.08 
t7  19 40.94 
53 25 2l .75  

SPhWiC81 
ex- 

,# 

S. 67 

4.74 

3.55 

9.06 

6.55 

7.34 

9.85 

5.14 

11.53 

13.20 

6.81 

10. s2 

7.23 

5.15 

9.05 

3.34 

5.77 
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Fairview 
Black 
Scott 

Fa.irview 
White 
Scott 

Yellow 
Fairview 
Scott; 

Yellow 
Fairview 
White 

Yellow 
Scott 
White 

g;Ev 
Yellow 

' Spencer 
Fairview 

Roman 
Spencer 
Yellow 

Ronmm1 
Fairview 
Yellow 

Mary 
Spencer 
Rclman 

Peterson 
' 8 eiicer 
d L y  

Pe t,erson 
Speiicer 
Rw11an 

Petelson 
ROIII~II 
Mary 

Twin 
Spencer 
Rolllall 

Twin 
Spencer 
Mary 

Twill 
Spencer 
Peterson 

Twin 

3Iary 

Roman 

RI:IIIVJII 

Ststion I t  
-1.91 
-1.71 
-2.73 

-0.61 
-0. 3s 
-1. F5 

-0.11 
+O. 59 
+l. 32 

-0.27 
+o. 1-7 
-0.24 

-0.16 
+o. 33 
+'J. 13 

+l. os 
+O. 9 i  
-0.16 

+o. 03 
+o. 1' 
+o. @5 

-0. 39 
-0.96 
+O. 19 

-0.42 
+O. 93 
-0.04 

+l. 35 
+a. 10 
+l. 16 

-0.41 
$0. s4 
-1.56 

+O. 47 
+o. 94 
-@. 05 

-0. FS 
$1. "0 
-0.20 

+o. 12 
$1.45 
-0.32 

+o. 59 
+l. 30 
+O. 41 

+o. 33 
$0.52 
-0. 30 

+o. 4s 
+l. 'Is 
+l .  71; 

-- 

Error or 
clawn? of 
lri*ugIe. 

" . 

4 . 3 5  

-2.64 

+2.00 

-0.34 

+o. 30 

fl. s9 

+@. 20 

L1. "3 

+O. 4 i  

+2. til 

-I. 13 

+l. 36 

+o. 12 

+I.. 25 

+2. 36 

+o. 55 

+3.7" 

0 I I #  

72 41 05.s" . 
46 06 27.31 
61 12 31.79 

93 56 02.74 
35 52 5s.54 

151 11 01.21 

39 29 38.92 
31 2 i  31.13 

109 03 03.04 

G2 13 49.99 
54 53 ?3. sli 
62 53 5 3 . E  

33 44 11.77 
129 45 54.S5 
si 29 55.33 

66 13 22.1.5 
55 0; 23.34 
5s 39 21. i s  
31 04 11.61 

1.20 34 33.3s 
3s 21 21.47 

65 12 45. 33 
54 21. 11.. 23 

'60 26 09.30 

,:34 OS 33. i 5  
26 46 01. is. 

119 05 '31. 07 

45 09 1s. 45' 

GS 2.5 2 i .  l3 

i 9  34 05.0s 
41 4i 59.65 
5s 3s E. 1' 

33 15 OP.61 
108 13 22.45 
3s 34 3Ii-E 

46 21 56. 47 
39 50 50.69 

103 47 20.55 

41 1.9 56. 03 
109 21 4'. 34 
39 1s 26.26 

103 46 26.41 
4' 56 19.5s 
33 li 1S.5S 

1iG 44 23. 40 
. 1 0s 19.90 

I! O i  11;. S1 

1 2  26 30. 19 
39 06 (io. so 
is 21; 37. 00 

66 25 03. ii 

4.92 

2.49 

3. 29 

7. li" 

1. S4 

5. 17 

6. 46 

5. s6 

G. 57 

8.31 

6. SS 

7.4s 

7. i1 

4. P3 

4.57 

a. I1 

8.05 
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Statiou 

Twiu 
Roman 
Peterson 

Twin 

Peterson 

Ridge 

h luy  

~ 2 k o n  

Ridge 

Twiu 

Ridge 
Peterson 
Twin 

Ridge 
PeterJon 
Spencer 

Ridge 
Twin 
Spencer 

Ridge 
S ewer 

M w J  

A L y  

I~aucll 
Ridge 
Pe t,emn 

Rauch 
Ridge 
Twin 

Raucli 
Ridge 
Spencer 

Rauch 
Petelson 
Twin 

Rauch 
Pe t,ewon 
Spencer 

Rauch 
Twin 
Spencer 

Lmectiin to 
angles Iroin 
igwe adjust- 

Neu t 

+o. 3'3 
+O. 27 
+O. 17 

-0.27 
-1.96 
-0.71 

-0.54 

-0.26 

+o. 21 

, +o.o4 

$0.75 
--O. 45 
-0.22 

+l. 14 
-0.15 
-0.51 

+O. 39 
+o. 55 
+o. 01 

-0.60 
+l. 35 

+l. 11 
+o. 64 
+o. 04 
+o. 14 
-0.11 
-0. 1.7 

$0.21 
-0. 50 
-0.1s 

-0. 1% 
-0.49 
-0.40 

-0. 90 
-0.19 
-0.69 

-0.21 
+o. 73 
-0.1s 
-.-I 54 

-0. 1.5 

-2.27 

-0.46 

-2. I 7  

+o. -10 

e. 

Error of 
closul-e of 
trbugle 

,I 

+O. GG 

-2.94 

+o. os 

+o. 4s 

+O. 9.5 

+l. i 9  

+o. 14 

-0 .4i  

-1.5i 

-1.7s 

+o. 34 

2onwted spherical 
CIllglcS 

= I I ,  

135 24 27.15 
9 16 10.16 

35 19 25.42 

73 57 56.9s 
35 20 43.55 
s1 41 21.s9 

SO 1s 33.0-1: 
57 24 $7.22 

16 4ZSY 

109 29 46.64 
32 04 03.6s 
3Y 2ti 11.73 

29 11 13 .  (io 
39 24 39.02 

111 24 08.71 

101 57 44.40 
37 17 32.20 
40 44 59.02 

73 46 %SO 
85 20 14.69 
41 63 IS. 9:! 

177 $3 44.56 
1 o:! 60. Gti 
1 13 14.90 

2s 01 57.01 
133 30 03.11 

19 2s 01.96 

37 27 23.69 
103 IS 49.51 
39 13 48.68 

100 50 07.24 
30 32 20.71 
4s 37 33.3s 

9 25 26.61) 
19 56 3i .05  

150 37 57.3s 

72 4.S 10.33 
17 49 30.24 
59 22 32.40 

63 '2 43.55 
2G Oti 46.02 
90 30 52.29 

3 I6 2s.25 
2 34 25.61 

174 09 06.31 

50 21 55.33 
59 59 12. F(3 
69 35 57.5; 

5s 01: 43. 9 i  
34 35 79.29 
S i  14 50. ti4 

Spherical 
CXOtSB 

.- 

7. 76 

2. 42 

3.14 

2.04 

1.. 32 

3. ii2 

3.41 

0.12 

2. ps 

1. ss 

1.33 

1. 12 

2. Si 

1. S(i 

0.20 

5.75 

3.90 
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Table! qf trin~~.gZ~8-C!ontin~~e~~. 

Willamette south base 

Spencer 

Willamette south base 
Ridge 
PeGrson 

Willamette south base: 
Rid* 
Twgi 

Willaniette south base 
Ridge 
Spencer 

Willaxuette south base 
Peterson 
Twin 

IYillamette south base 
Peterson . 
Spencer 

Willaniette south base 
Twin 
Spencer 

Willaniette south base 
Spencer 
Rauch 

Willamette south base 
Rauch 
Ridge 

Willamette south base 
h u c h  
Peterson ' 

Willamette south base 
Rauch 
Twin 

Willaniette north base 

Mary 

Y 7  illarnette sout,li base 

Willaniette north base 
Spencer 
Rauch 

Willamette north base 
Spencer 
Ridge 

Willaniette north base 
Willeniette south base 
Rauch 

Willaniette north base 
Willamette south base 
Ridge 

Willainette north base 
Rauch 
Ridge 

Corrrrtion to 
angh-s fmni 
figure adjust. 

mmit 

-2.29 

-1.13 

+o. 27 
+O. 69 

' -0.20 

+O. 07 
-0.06 
+O. 36 

$0.35 
-0.45 
+o. 23 

-0.20 
-0.25 
+o. 14 
-0.03 
+O. 06 
-0.30 

+o. 19 
+o. 19 
+o. 22 
-0.15 
-0.40 
-0.07 

-0.10 
+o. 3s 
-0.05 

+O. 17 
-0. s2 
-0.25 

-0.03 
-0.14 
+O. 53 

-0.18 
+o. 11 
-0.13 

+O. 56. 
-0.38 
-0.57 

+o. 39 
-0.10 
+o. .7s 
+o. 75 
+o. 37 
-0. so 
+o. 5s 
+o. 37 
+o. 33 

+l. os 
+o. 2s 

-0.17 

Ermr of 
closure Of 
triaugle 

+O. 76 

+o. 37 

+o. 03 

-0.31 

-0.26 

+O. 60 

-0. G2 

+O. 13 

-0.90 

+O. 36 

-0.19 

-0.59 

+l. 07 

+o. 33 

+LZS 

+l. 19 

Cormcted spheric31 
anglcs 

0 I ,I 

1 . 2  17  59. 38 
1 21 10.71 
6 20 50.14 

47 05 27.07 
105 32 20.85 
57 22 14.69 

54 50 15.69 
7G 31 07.05 
45 45 38.92 

169 01 31.10 
3 34 3s.35 
7 33 50.80 

7 44 45.62 
13 02 24.32 
160 13 47.63 

151 56 04.03 
9 55 07.53 
4s os 49.81 
11.4 11 15. $2, 
16 31 35.77 
49 17 09.71 

100 11 57.65 
41 13 43.55 
35 34 20.15 

90 46 31.25 
63 J5 47.09 
26 57 42.46 

137 51 5s.32 
. 34 13 50.09 
7 54 12.72 

1.45 36 46. 94 
34 4s 23.40 
9 34 50.24 

14 13 27.56 
16 35 31.34 
149 11 01.33 

47 03 18.55 
57 49 13.93 
75 08 38.55 

152 15 40.41 
9 11 40.55 
lS.32 39.42 

33 4s 51.00 
110 37 01.03 
36 34 05.40 

138 02 12.86 
19 50 39.77 
22 07 17.67 

105 13 31.SG 
35 41 38.69 
49 04 60. 1 3  

Spherical 
CXceSS 

0.33 ' 

2.41. 

1.66 

0.15 

0. 57 

1.36 

0. 90 

0.3s 

0. so 

1.13 

0. 5s 

0. 23 

1.03 

0.3s 

0.42 

0. 30 

0.68 
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Stuliuu 

Willmiiet.te north ~JZIW. 
Twin 
Spencer 

Willaniette north base 
Ridge 
Twin 

Willaniette north base 
Twin 
Rauch ' 

Wil1amet.t.e 1iort.h base 
Twin 
Willamette ~011th base 

Yam 
Peterson 

Hult 
Peterson 
Mary 

Hnlt 
Peterson 
'Yam 

Hult 

Mary 

Barnes 
Hult 
Yam 

Larch 
Hnlt 
Yani 

Laxch 
Hult 
Barnes 

Larch 
. Yani 
Barnes 

stax 
Larch 
Barnes 

Davis 
Stitr 
Barnes 

Red 
Larch 
Stax 

Red 
Star 
Dnvie 

Lani 
Red 
Davie 

-0.68 
-0.03 
+o. 11 
$0.39 
-0.39 
+o. 5s 

-0.12 
-0.75 
-0.66 

-0.87 
-0.22 

b -0.30 

+o. 01 
+o. ti3 
+l. 06 

+o. 30 
+o. 89 
+o. 35 

+O. 38 
+O. 26 

, -0.20 

+o. 18 
+O. 71 
-0.19 

+O. 58 
t o .  I9 
-0.10 

-0.31 
$0.79 
+O. 67 

+o. 02 
+O. 60 
-1.15 

$0.33 
-0.77 
-0.57 

+o. 35 
+O. 50 
+O. 76 

+l. 14 
$0. so 
+O. 06 

-1. 09 
-0.09 
-1.09 

'+O. 99 
+o. 04 
-0. ss 
0. 00 

+o. 46 
-0.49 

Error of 
closure. of 
triangle 

-0. GO 

+o. 4s 

-1.53 

-1.39 

+l. 70 

$1.44 

+o. 44 

$0.70 

I 

$0.67 

$1.. 1.5 

-0. 53 

-1.01 

+ I .  .5l 

+3. ,oo 

-2.27 

+I). 1 5  

-0.03 

0 I I ,  

109 30 M S 1  
37 47 28. 15 
33 41 38.37 

98 13 24.78 
54 13 49.38 
27 32 46.54 

256 33 13.36 
11 41 02.14 
11 45 45.00 

123 44 23.36 
31 15 52.38 
34 59 45.92 

40 2s 1s.33 
77 57 10.5s 
61 34 3S.33 

30 48 29.28 
113 25 14.3s 
36 46 22.30 

86 OS 19.71 
34 2s 03.SO 
59 23 41.38 

55 19 50.49 
24 45 16.03 
99 51 59.71 

33 40 50.52 
69 11 05.47 
77 08 09.31 

30 04 36.88 
109 35 50.31 
50 29 39.65 

51 35 37.01 
40 14 44. 84 
SS 19 46.35 

31 30 60. 13 
26 38 29. GG 

1?3 00 36.90 

85 10 17.96 
64 13 06.92 
30 36 38.95 

5s 32 10.74 
76 04 01.99 
45 2.3 51.77 

:?2 14 50. 34 
51 09 49.05 
96 35 33.29 

39 1.0 14.91 
103 10 1.7. 46 
35 39 31.37 

i r f i  18 34.68 
17 37 19. 78 
B? 04 os. OG 

Jpheriml 
excess 

, 

1 . 3 3  

0. 70 

0.50 

0. 66 

7. 24 

5. 90 

4. 89 

6. 33 

. 5.30 

6. 84 

s. "3 

6. 69 

3. 13 

4.50 

2. .5s 

3. 74 

3. 52 
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Curnytetl spherical 
angles Stntioir 

+O.  OS 

-1.69 

Len ' 

Red 
Da.vis 

Len 
Red 
Lam 

Len 
Davis 
Lam 

Toiitle 
Len 
Lam ' 

Toutle 
Len 
Davis 

Toiitle 
Lam 
Davis 

Huck 
Leu 
Tout.le 

Bel. 
Leu 
Toutle 

Bel 
L,eii. 
Huck 

Bel 
Toutle 
Hiick 

Hal 
Bel 
Huck 

Rkiu 
Re1 
Hal 

Raiu 
fie1 
Huck 

Rain 
Hal 
Hiick 

Hurst 
He1 
Huck 

Hiirst 
Bel 

Hiirst 
Bel 
Rain 

Hal 

S1 5 s  17.07 
36 02 07.75 

, 61 59 39.15 

G 37 19.31 
11 14 27.32 
163 1s 13. e3 

I 

-0.0s 

Conwtion to 
angles fmni 

figure arljtut- 
ment 

73 32 13. 76 

7 3  3 1  14.97 
33 06 33.71 

+O. 1j-I 
+o. 24 
+o. sti 
$0.66 
-0.22 
-0. 3 G  

+o. ir3 
-1. 36 
-0.36 

+o. 35 
-0. 17 
-0.26 . 

-0. 3" 
-0. 14 
- 1 . 7 1  

-0.57 
+o. 62 
+o. 25 

-0.96 
-to. 85 
-1.5; 

-0.62 
-1.64 
-0.94 

-1.36 
-2.4 i  
-1.43 

-iJ. i 4  
-0. 63 
-2.39 

-0.53 
-0. 49 
+o. 21. 

+O. i 5  
+1. 25 
-0. 21 

+0. G i  
+O. 7G 
+o. 17 

-0. 0s 
+o. 94 
-0.04 

-2.64 
-0.67 
+o. 09 

-1.59 
-0.1s 
+ Q . l G  

-1.53 
-1.43 
-2. lili 

-1.47 
101 27 32.92 
39 3.3 53.03 
3s 5s 36.6s 

I I I  0 ' I  I ,  

+0.30 

I 75 30 55.72 1 50 45 40.73 
+1.74 53 39 27.53 

2s 05 20. 1.6 
134 10 31.20 

27 44 09.36 

-1.70 
3s l G  40.54 
67 41 33.41 
74 01 5o.s-l 

-3.20 
' 21 i 4  2s. S6 

110 47 15.9s 
14 3s 15.33 

-5.36 
62 19 13.29 
43 05 47.57 
74 %5 03.87 

+l. 79 

+].GO 

+O.SS 

-2 .32  

-1.61 

37 44 44.13 
-3 . iG I 29 23 35.51 

37 30 3s. 90 
14 21 93.64 

13s 07 4s. SS 

29 57 0'7.5'7 
li  4'7 36.42 

132 90 32. 76 

2 26 33.6.' 
1% OG 45.0S 
21 26 48.4.5 

44 39 56.35 
-19 30 41. 63 
s5 50 26.13 

46 10 43.4'7 
45 59 4s. s4 
87 49 31.70 

112 51 44.41 

65 45 23.14 
-1.01 3 20 59.7s 

110 53 44.31 

I 7s 37 36.41 
31 3s 15. 20 

-" " 1 G!I 54 93. 57 

Spherical 
PS@.SS 

5 . 9 s  

3. 97 

0.46 

. 1.44 

2. 13'7 

0. 72 

3. i 9  

4.17 

4. 73 

4. 3.5 

0. 23 

1. $2 

1. 70 

0.05 

4. os 

. 3.9G 

4. 1s 
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St3 tioii 

Hurst 
Buck 
Ea1 

EIurst 
Buck 
Ra.in 

Burst 
Ba.1 
Rain 

eeu 
En1 . 
Burst 

Correctinn to 
angles from 

flgure ad'ust 
meld - 

$1.05 
-0. 78 
-0.57 

+l. 11 
-0. s2 
-1.99 

+O. 06 
- 0 . 3 i  
-1. 91 

-0. 8'7 
-0. 41. 
-0. I)-1 

+(I. 01 
-0.04 
-0.31 

+O. 1::; 
- l. Si 
-0.35 

' +0..91 
-0. Sfi 
-0.16 

-0. 9@ 
-0.24 
-0. 4.5 

-0.31 ' 

-0.88 
-0.1" 

-1 .  p:! 
-0.35 
-0.48 

- 1 . 2  
+O. 1.2 
-0.44 

+O. 59 
-1.42 
-0. :js 
+o. 56 +@. 3:; +@. 15 

-0 .46 
' -0. GY 
' -0.19 

-0.47 
-0.01 
-0.3s 

' -0.19 
-0. 65 
-0. 26 

-1.0'' 
- 1.. 06 
- 0. I:ld 

-- 

Error of 
closure of 
triangle 

-0. 30 

-1. 71) 

- 2. 52 

- 1.. 07 

-0.34 

-1 .49 

-0.11 

-1.59 

-1.:<1 

-2. *55 , 

-1.54 

-1. 21 

+o. 94 

-1.3s 

-0.76 

-1.10 

-5.11 

0 , I ,  

1 30 47.09 
24 54 1s. 1s 

133 34 54. S4 

33 47 30. OS 
46 21 06.63 
99 51 25.09 

32 16 $2.99 
50 1s 17.15 
97 25 01.47 

33 38 16.06 
77 24 46.43 
69 06 59.40 

S7 13 49.13 
27 06.29. '75 
&5 40 -13. 36 

63 44 33.07 
3s IS 03.05 
9i 5 i  36.35 

69 10 39.96 
II'2 20 0'2. 30 
1,s 39 1s. s5 

10" 39 44.55 
5s 51 46.24 
1s 3s 30.51 

1G-l 18 03.76 
5 07 13.16 

10 34 43.13 

33 39 04.28 
. 6 S  55 27.5s 
Si 35 39.93 

95 07 "3.SO 
S Si 10.40 
iG 15 '76.3s 

61 35 19.51 
. 9 49 31.56 
108 32 09.37 

34 1.3 31. il 
33 41 3i.66 

112 05 00.9s 

35 1.1. 10.1s 

18 4 i  21.35 

59 V2 36. G4 
'9'7 33 13.90 
2 i  34 11.39 

61 37 IS. b0 

. i3G 01 29.96 

i s  $4 40. S' 
79 34 01.36 

0 57 3S.47 
l i s  44 19. OG 
. I) 1s 02.50 

Spherical 
excess 

0.11 

1. so 

1. G4 

1: 59 

1. 64 

1.39 

1.11 

1.00 

0.05 

1.7s 

0.5s 

0.44 

0. 35 

1. 49 

1. 03 

0. 5s 

0. 03  

27 
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' Table qf' ~~ian.gZe$-Coiitinued. 

Station 

Tacoma north base 
Twoma south base 
Rain 

Tacoma north base 
Tacoma south base 
Hurst 

Taconu nurth base 
Hal 
Rain ' 

Taconin ii~srth base 
Hal 
Hurst 

Taconla north base 
Rain 
Hurst 

Burn 
Tacoma north Imse 
Pen 

Burn 
Taroma nort,li lme 
Taroma sou th base 

Burn 
Tacoma north base 
Humt 

Burn 
Pen 
Taroma south haw 

Burn 
Pen. 
Hurst 

Burn 
Taconlu 8011 th base 
Hiimt 

Kin 
Tacoma ndrth base 
Burn 

Wash 
Kin 
Tamma n0rt.h baue 

Wash 
Kin 
Biiin 

Was11 
Tamnia north base 
Burn 

BO8 
Kin 
Wash 

GUll 
Bos 
Kin 

" 

:omction to 
angles lrom 
igure adjnst- 

men t 

-1.03 
+o. 75 
+O. 17 

-0.75 
+O. 16 
-0.14 

-0.01 
-0.23 
-0.3'1 

+o. 26 
+O. 15 
-0.57 

+o. 27 
-- 1.59 
-0.51 

+o. 93 
+O. 50 

t o .  13 
-0.06 
+O. 30 

+0.-13, 
+O. 70 
+O. 17 

-0. so 
4-0.45 

-0.51 

-0.09 

4-0.30 
-0.14 
+O. 03 

t o .  so 
+o. 19 
+O. 05 

'-0. 29 
+o. 63 
+O. 17 

+o. 20 
-0.18 
-0.50 

+o. 49 
+o. 02 
-0.45 

+O. 15 
-@. 19 
-0.65 

+o. 33 
+O. 05 

. -0.3s 

~ 

Error of 
ClOsUrF! of 

triangle 

-0.11- 

-0. 73 

-0.55 

-0.16 

-1.53 

+O. 35 

+l. 29 

+O. 19 

+l. 04 

+o. 50 

-0. -1s 

+o. 06 

-0. ti9 

-0.10 

0 I I ,  

25 39 04.93 
145 15 14.77 

9 05 40.88 

27 23 46.79 
83 36 55.26 
68 59 1s. 13 

24 41 26.46 
58 37 25.08 
96 41 10.79 

26 26 OS. 31 
8 19 07.90 

145 14 44.52 

1 44 41.85 
0 $3 .XI. 65 

177 31 25.51 

7 28 58.07 
169 57 59.98 

2 33 02.01 

28 2s 09.41 
135 44 38.27 
' 15 -17 32.46 

4s 05 36.76 
10s 20 41.49 

23 31  51.96 

20 59 11.34 
31 OS 25.65 

127 52 23.44 

40 38 2S.69 
36 15 38.S3 

103 05 5 3 . 2  

19 3!3 17.36 
65 49 38.80 
93 31 10.09 

73 06 26.93 
57 01 38.50 
49 51 54.65 

29 18 55.43 
114 38 48.71 
36 02 12.96 

62 24 49.45 
41 32 21.75 
76 02 48.84 

33 05 51.03 
20 59 25.54 

E 5  54 4.3.49 

59 34 55.77 
85 4.1 02.21; 
34 41 02.04 

36 32 14.15 
100 01 04.67 
43 26 41.23 

Spherical 
exwss 

. 0.5s 

0. 1s 

2. 33 

0. 73 

0.04 

0.06 

0.14 

0.21 

0.43 

(1. 7 3  

0.2.5 

, 0.08 

0.09 

0.07 

0.06 

' 0. O i  

0.05 
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Tdle of k*i.ci:ngles<!on tinu ed . 

Corrected sphericail 
niigles . 

0 , .I 

9s 56 5'2.48 
40 26 os.s9 
40 37 3 . 6 9  

89 

Spherical 
excess 

0. Oli .. 

. Stalioii 

34 39 30.33 
96 51 39.17 
4s 2s 50.57 

Gull 
Bos 
Wash 

0. 0ij 

GI111 
Kin 
Wadi 

94 11 34.11 
37 10 43.40 
48 31 45.56 

Dron 
Bos 
Kin 

0. Qi 
Dron 
Bos 
' W ~ h  

Droll 
Iiin 
Wadi 

59 32 03.59 
37 15 11.69 
83 E 44.60 

47 1'2 17.85 
41 0' "0.60 
91 45 51..5i 

Smelt 
Dron 
1T;tsIl 

0.08 

0.05 

Neill 2 
Dwn 
117as11 

40 4li 19.69 
56 35 0s.os 
119 3s 32.28 

Neill 3 
Dron 
Smelt 

0.05 

Neill 3 
Was11 
Smelt 

Gull ' 

Was11 
Neill 2 

Tacoma astronomic sta- 
tion 

Neill 3 
Gull 

Correctiou to 
angles from 
figure adjust- 

iiient 

-0. "9 
-0.11 
+O. 03 

-0.53 
+O. 19 
-0. C' 

+0. 26 
+O. 13 
+o. 05 

-0. os 
-0.02 
+O. 59 

-0.34 
-0.24 
-0.36 

-0.34 
-0.01 
+o. 24 

+o. 15 
+o. 40 
-0.29 

+o. 65 
+o. $2 
$0.53 

+o. 50 
$0.53 
+o. 50 

-0.03 

. +0.3i 

Error of 
clnsure of 
triangle 

-0.37 

-0.96 

+O. 44 

+O. 19 

-0.94 

-0.01 

+o. 26 

+l. so 

+l. 53 

G' 34 os. 3'' 
75 1.8 50. 7:3 
18 17 51.03 1 0.0s 

4" 44 21.73 
ss 0' 19.21 1 0.06 
49 13 1.9. 12 

0.06 I 79 32 47. 67 
46 59 58. f 2  
53 37 13. 77 

9ti 38 35.94 
42 3'' 0'2.45 1 0.05 

100 4!1 31.. li6 

7 i  09 57.49 I 

I 0.07 

57 07 32.99 
45 42 29.59 

Fairview nncl Black. The iiieaii error of an mgle a= in wliich LA2 is the sum of 

the sq&es of the dosing errors of the triniigle and n is the iiuiiiber of triangle: in the scheme, 
is for this arc +0".97. The nvcrtige closing error of a triangle for t,lie 14s triangles is 1".22. 
There are 11 triniigles with closing errors greater tjhm 3".00 n.nd the npsiniuni is 6".35. 

ACCORD OF BASES. 

There are three hases wliich serve to fis the length in the trixiigulntion discussed iii this 
report. 

The Yo10 base in the Thirty-iiiiith Pttri~.llel briaiigulabioii fised the length of t.he line Snow 
Mountain West-Momit HeleiirL and also the other two sides of t,he triangle Snow Mountain West.- 
Mnrysville Butte-Mount Helena. The Willainette niicl Twoma bases furnish 'two iinporbaiit 
tests of the accuracy of the triniigulatioii. 
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In solving trlie noriiial ey uatioiis in each suction of the figure adjust.ment the lengt,li quation 
was, as usual, il.ssigned trs the last plac.e, so t h t  af ter dl tlie c.oiiditioiis rdat.ing to triangle clo- 
sures aiicl rittios of length lisd been satisfied the c1iscrepanc.y in lengt,li becalm biown. In the 
following table t,he cliscrepmcics devcltloped lxtween bases are given in t,eriiis of tlie seveiitli place 
of logarithms s n c l  are d s o  espressecl as ratios. A plus sign befort.. t>he cliscreptiiic,y expressed in 
terns of logitrithiiis iiiems tBil. t t,lie first, base nien t>ii-iiied is longer as measurecl t h m  as coiiipi tecl 
through t,lie iiitmvcning t.riangulatinn frt m i  the sccoi~il base iiieiit,ionecl. 

Bases 

AC(::C!RD OF AZIMUTHS. 

Lnpla.ce azimuths were coniputet:l rtt t h e e  stations of this triangulation, viz, at  Ga.zelle 
astroiioiiiic., Eugene nstronoiiiiq nai l  Tacoma a.stronomic.. I t  was so certain t.1ia.t the Laplace 

. aziiiilit.11 at, each of thsae stations wa.s niore accurate t.1i-m the geodetic azimuth c.omputed , 
throngli tlie trriangula.tion that tlie esisting tliscrepa.iicy WAS distril>utec.l bp means of three 
a.ziin~itli eqiiatkms. These a.ziiiiuth equat.ioiis were assigned positions nest prec.eclllig tlie 
lengt,h equations in the d u t h  of blie normal eqtmtioiis, so tliitt after all the coiiclitioiis relating 
to closures of triangles mil ratios of sides 1in.d heen satisfied, tlie discrepancy in nziniuth 
became l~iiown. At Gazelle nstroiioiiiic, the disc.repanc.y in azimut.li amounted tmo ‘3”.14, the 
Lqilace azim~itli being larger tlinn the United States stitdart1 azimuth by that a.iiiount. At 
Eugene astronomic tlie c1iscrepa.nc.y in aziiiiuth amounted to 3”.9S, the Laplace azhiiuth lxing 
agitiii p a t e r  t1ia.n’t.he geodetir. azimuth computed through the t,riangulat,ina. 

. Similarly, n.t .Tac.onia astronomic t.lie tlisc.repa.iicy jn a,ziiiiutli ameuiitecl to 3/’.95 snd again 
the Lapltwe azimuth wa.s larger t.lian t.he geodetic, azimuth c,oiiiputecl through the t9riaiigulat,ion. 
It is eviclent therefore t11a.t~ if the TTnited States sta.nda,rd azimuth ats ‘t&e Tllu.ty-ninth Pardlel 
is without twist, this entire n.rc has developed a twist a.niount.ing to  the s~ini of these three 
cliscrepancies, n to td  of 1O”.Ui. 

The nea.reet La.pla.ce stations in the TI iirtpiintli Pn.raIle1 triangulatioii are at Salt Lske City 
and at Ogllen,1 where the corrections to the Unit.ec:l States stcuidard value are - 3/’.85 aiid - 2”.74, 
r~sp&.tiv~4g. The nearest, Laplace station hi the Cn1iforii;a tAii@ila~tic~n soutliwn.rc1 is at, 
Sa11 Diego, where the cnrrectioii to tlie ITiiiteil States standam1 vahe  is - S”.T7. From these 
correct,ioiis it niiglit be inferred t1ia.t the Unit.ed St.a.tes stailc1,zl.d azimuth at Mount Helena 
reqi1ires also some correction of a iiillius sign, between Z”.S alii1 S”.S,  anrl the t o t d  twist of 
1iY’.07 ,would then he incmased! Acldit,ional Laplace st.ntions iiea.rer the juaction at hfoumt 
Helena iiiiglit, a.dd t.n oiir knowledge, but tlie azhnutli olxervntioiis made at Mount Tanidpais 
in 1S59 and again in 1SS9 sho.wei:l t1in.t n movement4 of the ea.rtli 1in.tl taken place between those 
&ea wliich wa.s lwge c?nnugIi to iiicrea.se the azin~utli nearly eight secoi~ds,~ mid the line Mouiit 
ReJeiia-Siiow Mount.njn west. is not, too far frcni the disturbed men, to declare with certaiiit.y 
that its azii1iut.h nlay not have bee11 a.flecteeil ljy the sniiie cause. 

’ 

- 

T\\TRT IX TRIANGULATION. . 

, The errors w1iic.h are to Le espec.ted in conipi td  geodetic. aziinuths w e  very iiiuch smaller 
than those which actually develop wlien t e s t d  Iiy the 1,:i.plac.e aziinutlis. The espectecl error 
in this C1.aliforiiin-~xshlilgton arc, is only 3”.’3, ns c.oinputet1 by :L fnrniuiln involving the iiiiniiiimii 
number of lilies with which tlie azimuth may he carried (19 in this case), the probable error of 

- ~~ 

1 See Supplemrntary In\-e&tigbttion in 19W of the Fibwe Of the Earth mnd Isostasy, p. 20. 
:Beep. v9 of -4ppendiu 3, U. 5. Coast and Georletic Surwy,Report lor 190i. 
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a,ii observed ilhection nncl tha iiunil>er of conclitioiia nncl dheotions.' The nmount actually 
tlevelopeil was 1 O".1. In the Cn.liforiiia RSC, of wliich t.lie C!nliforiiil~-Wn.sli~igton arc is n coii- 
tinuation, the e i ~ o r  in. azimuth espectect at, its extremity, near Sari. Diego, was f2".9,, even 
though the azimuth WRS carried through 1,250 nides C2$0IJ kdonieters) hi the trmiscontineiitnl 
t,iia.ngilntioii and 500 miles (80j1 kilometers) through the Cnliforiiin arc. The actual ~cci i i i iu~ 
lnttil error in mimutli fouiitl st Snii Diego 1va.s S".S. ,4t Sa.n Diego the correction to recluce 
to 1,tqdace or tme nziiiiuth wa.s minus, whereas at  Tacoiiin tlie recluired correction wa.s plus. 

C!onfronted with these vadnes for twist, the writermggests that they iiiay be caused by the 
uneclw~l 1iea.t.ing of the t1ieol:lolite by the .sun, even t.lioug11 the theodolite is ~:irc~tectetl from the 
diwct, ra.ys. On t,riaagdntioii esteiidiiig in a north alii1 south direction, as this ar1.d' does, where 
the obseivntioiis were iiin.inly niitcle in the late afteriiooii, the west side of the jlistruipent iS 
.undoubtecUy wn.riiier than the e& side and the rcsulting angles opening to tli6 west and to the 
east should be subject to syst.emn.tic errors of opposite s i p s ,  and therefore twist would develop. 
Ir tliis theory is corrt?c,t, n n  e2i.st aiicl west n.rc dinulil develop only n sninll il.liioulit of test, well 
\&hili the limits for the espctecl error. Arcs on w1iic.h tlie observing was clone at iiiglit shoulcl 
clevelop no twist esceeding that nllciwed hy the probnble ei~or,  for t,he temperature of the east 
%lid \vest sides of the instrument would be equd. It is espectd that this 'theory will be tested 
in the new future on id1 of t.he arcs of priimry t.riniigulll,tioa iiow esistiiig in the United Sta.tes. 

EXPLANATION O F  POSITIONS, LENGTHS. AND AZIMUTHS, AND OF THE UNITED STATES 
STANDABD DATUM. 

, i  1 he leiigt;hs, n.s already fully explained in connection wit$ tlie n.cljustme.iit,s, all clepeiid upon 
the Yolo, Willniiiettt?,. and Tacoma bases. The lengths as wive11 itre id1 reclucecl to sea level. 
If tlie ii.otua1 length of n. line siiiiply reduced to the horizontal is desired, it niay be obtained with 
d l  the ,zccurwy ordinnrily needed by adcliiig to the sea-level length AS given a coiTectioii = 

(length of line as given) 

mum vdue of this correction does not exceed for the length of n.ny portion of the 
t,rin.iigula.tioii here puldished. The nia,siiiiuin error iii~cle in the. use of the above approxinixte 
formula for the oorrcc.t,ioii does not exceed - . . f o r  the length of any portion of this tfriaiigulatioii. 

The positions-thn t is, the Intitucles, longitudes, niid i~~ziiiiut.Iis--nee.cl special espluiiatioii. 
All of tl& 1~ositioiis and azimuths have been coiiiputed upon the Clarke spheroicl of lSCiG, 

ils esprcss~d in iiietcrs, which has been iii use in the United Stntes Coa.st and Geodetic: Survey 
for 1nnny yen.rs. 

Alter :i. spheroid has been adopted m d  dl the angles niid lengths in R trinngulation have 
been fully ikecl, it  is stsill necessq ,  before the computation of htitudes, longitudes, aac1 nzi- 
niutlis can be nit&, to nclopt it stnndiml In,titucle and 1oiigitucIe for a specifiecl station niicl a 
st8nndw.l'cl ~.zimuth. of n liiie from that station. For conveiiienc~e, the adopted stnncllwcl position 
(1n.titude n.nd h g i  tau&) of a given ~tnt~ioii, together with the adopted stmir1:ircl azimuth of a 
line froiii that stntjoii, is c2i.llecl the geodet>ic clntum. 

The primaiy t,riil.iigul~~t,ioii in the United States \v\lns cmiiiieiicecl a t  viwious poiiits and 
existed nt. first n.s it iiuiiil>e.r of cle~tnclwd portioiis, in cadi of which the. geodetic clat,iim wa.s iieces7 
sarily clei)endent only upon the astrcinomic stations ccmnected with tJia.ts pn.rticular portion. 
B s  exnniples of such detached portions of triangula.tion there 1iiit.y be meiitionecl the e;xr$ tri- 
angulation in New Englancl n.td along the Atlantic coast, LL cletachetl port& of the t,rniisc.on- 
tSiiineiital triaiigulatioa centering on St. Louis and nnotjlier lmtion of the snnie triniigu1:ttioii in 
t ~ i e  ~ o c l i y  Mountain. region, 21iic1 three separate portions of txin.ngulation in CMforiiin in the 
Iatitucle of S3.n Francisco, in the vicinity of Panta B~.rl>:i.rn Channel, and in the vicinity of Sm 
Diego. Wit41i t,lie l n p s ~ ~  of tinie these sepwate pieces hiwe expalidecl unbil t>liey have tOoiiohecl 
or overlnppecl. 

9 

iiieitii elevittioii of the two ends of t31ie line in meteis 1. The maxi- ' 63700OO , 

1 See Figure of the Earth and Isostasy from hlmuremmls in the  United States, p. 1% 
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The transcontinental triangulation, of which the office computation was completed in 
1S99, joins all of the cletachecl portions mentioned and makes them one contsinuous triangulation. 
As soon as this took place the logical necessit,y esisted of discarding the old geodetic, data used 
in these various pieces aiid substituting one for the whole countfry, or.at least for as much of the 
countiy as is covered by continuous triangulation. ' To do this is a. veiy heavy piece of work 
and involved much preliminary study to determine tlie best datum to be adopted. On March 
13, 1901, the supeiintendent adopted what is now known as tlie United States Standard Datum. 
and it was decided to reduce the positions to that, datum as rapiclly us possible. The clatuni 
adopted was that formerly in usc in Ncw England, and t,herefore its ndoptrion did not iiffect the 
positions wlficl; had been used for geographic purposes in New Englaiid and along the Atlantic 
coast to North Carolina, nor those in the States of New York, Pennsylva.nia, 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 St.ates, publications which 
deal primarily with the purely scientific probleni of the determination of the figure of the earth 
a.iid which were prepwid for publication before the adoption of the new datum. 

As the adopt.ion of such a standard datum is a niatt,er of consiclerable importance, it is in . 

order here to esplain the clesirability of this step more fully. 
The main objects to be attained by the geodetic operatioils of the United States Coast rtnd 

Geodetic. Survey are, first, the control of thd charts published by the Suney;.second, the fur- 
nishing of geographic positions (latitudes and longitudes), of accurately determined elevations, 
and of distances and azimuths, to officers connectecl with the United States Coast and Geodetic 
Survey and to other organizations; third, the deterinination of the figure of the earth. For the 
fir& and second objects it is, not necessary that the reference spheroid should be accurately 
tha.t which most closely fits the geoid within the area covered, nor that t,he adopted geodetic. 
datuni should be absolutely the best, that can be derived from the astronomic observations a t  
hand. It, is siniply desirable that the reference spheroid and the geodetic clatuni adopted shall 
be, if possible, such a close approsimntrion. to the truth that any correc.tion which niay hereafter 
be derivecl froiii the observations which are now or iiiay become nvailable shall not greatly esceed 
the probable eprors of such corrections. It is, however, very desirable that one spheroid and 
one geodetic clntuni be used for the whole country. In fact, this is absolutely necessary if a 
geodetic suivey is to perform fully the function of accurately coordinating a11 surveys within 
the: area which it covers. To ixr- 
forni this function it is also highly desirable that when a c.ertain spheroid and geodetic datum 
have been adopted for a country they lie rigidly adhered to, without c,hnnge, for all tinie, unless 
shown to be largely in error. 

In striving to attain the third object, the cleternlinat.ion of the figure of the ea.rtli, the con- 
ditaions are decidedly different,. This probleiii concerns he l f  primarily with astroiioiilic observa.- 
tions of latitude, longitude, and azimut,h, and with tlie geodetic. positions of the points at  which 
the astronomic. observations were made, but is not concerned with tlie geodetic. positions of 
otlpr points fised by the trinngulatioiis. The geocletic posit.ions (latitudes and longitudes) of 
conipamtively few points are therefore concerned in t lk  problem. However! in marked contrast 
t.0 the strtteiiients made in preceding paTagraphs, it is desirable in denling with this probleiii 
that, with each new important, accession of data, R n&v spheroid fitting the geoid with tlie greatest, 
possible accura.cy, and new values of the geodetic latitbdes, longitudes, and azimuths of tlie . 
highest degree of accuracy, should be clerived. 

The United States Standtwl Datum WRS adopted with referenc.e to posit4ions furnished for 
geographic. purposes, but has no reference to the problem of the determinntion of the figure of 

' tlie earth. It is a.cIoptec1 with reference to the engineer's problem of furnishing stanclarcl posi- 
tions a d  does not a.ffect the scientist's problem of the determination of the figure of the earth. . 

The principles which guided in t,he selection of the datum to be adopted were: First, that 
the adopted datum slioultl not differ wiclely from tlie ideal clat,uni for which the suin of the 
station errors in latitude, longitude, and nziniut,h should each be zero ; seconcl. it was desirable 
that the. adopted da.tum .should produce minimum chaages in the publica.tions of tlie Survey, 

This is, tshe most iinportsnt, function of a geodetic survey. 

' 

. 

I 
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including its chart.s ; and, t.hird, it was desirable, other’ things being eclua.1, to adopt t,hat clilt,um 
which allowed the iiinsiniuni nui&er of posit,ions already in the office registers to remain un- 
changed, and therefore necessitated a nliiiimuni aniount of new computation. These consid- 
erations led to t.he ndopt,ion 8s the United States stanclnrd of the dstuni which hac1 been in use 
for many years in t,lie northeastern group of States aIid dong t>lie Atlantic coast 3s far LS North 
Carolina. . 

hi exaniinat;ion of the station errors available in 1903, on the United States Standard 
Dat;llni, at, 346 latitucle sttitions, 76 longitude stations, and 3 52 azimuth sta.tions, scrrttered 
wideJy over the United Stat,es from Maine to Louisiana xiid to Cdifornia, indicated that this 
clatuni approaches closely the ideal with wGch t,he algebraic suni of t,he station errors of each 
cla.ss would be zero.’ 

The adopbecl United States Stanclard Datum, upon which the positions a.1~1 aziniuths 
given in this publication depend, niny be defined in terms of the position of the station Meades 
Ranch ns follows: 

0 ,  I I  

. +=39 13 26.6S6 
I = S S  32 30.506 

N to Waldo = i s  3S 14.53 ’ 

Points are then snicl t,o be upon the Uiiitecl States Standnrcl Datum when they are con- 
nected with the station Mea.des Ranch by n continuous t.riangulation, through which the cor- 
responding liltitudes, longitudes, and azimuths have been coniputecl on the C!ltdie spheroid of 
3.S66, as espressecl in meters, starting from the above data. 

The principnl lis0s of geographic positions heretofore published on the United States 
Standard Datum throughout the whole United St.a.tes are containecl in the following public& 
tions of the United States Coast and Geodetic Siirvey mid of other nrganizatioiis: 

Appendis S of the Report for 1SS5, positions in M:i.sswhusetts and Rhode Island; Appeli- 
cl is  .s of the Report for 1SS8, positions in Connecticut; Appendis 8 of t.he Report for 1893, 
positions in Pennsylvania, Delaware, and Maryland ; Appeiiclis 10 of tslie Report, for ISM, posi- 
tioils in Massachusetts; Appendis 6 of the Report for 1901 , pwit,ions in I<ansas nnd Nebraska; 
Appendis 3 of the Report, ‘for 1905 , positions in I<ans;i.s, Missouri , Kebmskn, nnd C!olornclo ; 
Appendix 4 of the Report for 1903, positions in 1<211isas, Oklahoma, and Texas; Appendis 9 of 

Report for 1904, positions in C!difornia; Appendis 5 of the Report for 1005, positions in 
Tesns; Appendis 3 of the Report for 1907, positions in Chlifornin; dppeiidis 5 of the Report 
for 1910, positions in California; Appendix’ 4 of the Report for 191 1, positions in Nebrt1,skn, 
hfilinesota, North Dakot21, and South Dakota; Appendis 5 of t,lie Report for 1911; !lositions in 
Texas; Appendis 6 of the Report for 1911, positions in Florida; Special Publication No. 11, 
positions in Tesns, New Mexico, Arizonh, ~ n c l  C!diforniil; in Appendix EEE, pages 2905-303 1, 
h i n l ~ a l  Report of the Chief of Engineers, 1902, positions of point,s on or near the Gre& Lakes; 
in t,hc publications of the Massachusetts Harbor iiid Land Coniniission ; and in various bulletins 
of the United States Geological Survey. 

TABLE OF POSITIONS. 

I n  the tables of positions bhe latitude and longitude of each point are given on the United 
States Standard Datum (see p. 31), also the lengt,h 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 froni that point to other poiiits.of t,he trimgulstion. No length 
or aziniuths are repeated, and for a given line the h g t h  n1id 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 nieters” is given, in which 
is pltkced the length (in meters) of each sniall arc of a. meridian or parallel corresponding to the 

I This is further borne out in the reduction of 765 astronomic stat im In connection with the “Supplementary hlvesti@tion in l!W9 of the 
figure of the earth and isostasy,” by J. F. Hayford, published by the U. S. Coast and Geodetic Sunw.  

77009°--14’z 
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seconds of bhe given latitude or longitude. To facilitate furt,her the use of the tables, a column ' 
is given of the logarithms of the lengtrhs. It must be renienibered that it is the logmithni 
which is clerived first, from tmhe computation, the lengths given hi this table being then derived 

' . from the corresponding logaritrhms. 
The nile followed in recent publications of tslis Office has been to give latitudes and loa@- 

tudes to tliousnridths of seconds for points the positions of which are fi2ecl by fully rtdjusted 
triangulation. Points, t,lie positions of which are given to hundredths of seconds only, n.re 
niarked by footnotes as being without check (observed from only two stations) or checked by. 
verticds only.. 

indicated to a certain extent by the number of decinial places given, it being uiiderstoo(1 that 
in each case two doubtful figures are given. 
rectness of the second figure from the riglit, wlde in a few cases some doubt may be cast on the 
third figure froni the right. 

These tables may be c.onvenient1y consulted by using as finders the seven sketches at  the 
end of this appendix, and the indes on pages 75 to 78. In the third c.oluiiin of the hides will be 
found for eac.h point a reference to the-p'age on which its description is given, in the fourth 
column the nuniber of t1he sketch on which it appears, and hi 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 tlis table or the 
elevations given later on, from meters into feet the following conversion ta.ble is here inserted : 

In the c.olunins giving azimuths, distances, and logarithms of distmces, the accuracy is . 

In some cases there is very little doubt of the cor- . 

. 

3.380833 
6. 561667 
9.542500 
13. 133333 
16.404167 
19.6S5000 
23.965833 
2G.246667 
29.537500 
32. SO8333 

Station 

1 
2 
3 

, 4  
5 
6 
7 
S 
9 

10 

Primipal poinls 

18i6 . 
Mount Helena 

iVrler.9 
213373.23 
107'129.96 
a29100.84 

92339.81 
S3129.44 

7929s.64 
101704.73 

Snow Mountain west 

Snow Mountain east. . 
1s92 

I S 6  

' ' 

5.33015641 
5.03235246 
5 . 3 m 7  

4.9650596 
4.9197549 

1 . m m 7  
5.0073412 

Kent 
1914 . .  

341.6 
139i.7 

Lyons 

h i i y  

1904 

190-1 

1904 
Round 

0 ,  I, 0 ,  I ,  

215 56 18.019 67 22-03.41t 
324 01 34.S22 144 ?S 18.912 
269 30 15.615 90 55 57 .m 

Spur 
, ' 1904 

54.0 
3 8 .  5 

496.1 
1~8.2 

36S.3 
8.i 

629.8 
613.3 

. 
451.9 

1215 7 

Meters . 

1 
3 
3 
4 
5 
6 
7 

316 41 36..16 
1 04 01.62 

43 24 27.26 
6s 42 37.63 

291 00 16.70 

137 16 41.00' 
IS1 03 3.44  

222 41 41.92 
24'1 59 59.25 

111 39 3S.03 
6 0 1  1.1 1S555803.60 

215 10 27.70 
24s 47 16.01 

159 54 13.91 
?ou 40 2% WJ 

7 is 5 0 . ~ 5  187 11 FASZ 

8 4  IO 0z.w 154 22 2 7 . ~  
35 40 46.S9 
fl9 I4 22.16 

8 9  42 6 . 1 5  
2il 56 l i .  23 

. 8 '  1 1: 

!mM.70 
71026.57 

62203.91 
114242. 4s 
62695.07 

7oS33.50 
9512s. 60 

Feet )) Feet 

4.96WG6 
4.S514Z33 

4.7931190 
5.0576376 
4.7972331 

4.5501774 
4.97s3111 

-- - II- 
Meters 

0.3W5006 
0.6096012 
0.9144018 
1.3192034 
1.5250030 
1.8285037 
2.1336043 
3.4384049 
2.7332055 
3.04SOOG1 

~ 

Latitude 
and 

longitude 

,, I ,I 

38 Jo 11.m 
132 3 i  57.Sli 

39 12 22.361 
121 49 11.540 

39 22 3s.452 
E2 45 2S.619 

39 23 02W8 
122 45 01.847 

39 58 01.752 
122 44 14. UY 
4n is m.101 

121 3s 31.W 

40 36 11.939 
122 39 00.370 

40 4s 1 9 . a  
131 5 i  26.Si3 

41 24 14.64s 
12 14 51.491 

69.6 50 03 28 7s 2293349.63 
276.9 1103 7330 30:51 129 S4 51.M 

To stat.ion 

Mount Lola 
Mount Diablo 
Round Top 
Mount Helena 
Snow Mountain west 

Mount Helena 
Ross Mountain, 

Marysville Butte 
Mount Helena 
Snow Mountain west 

Marvsville Butte 
Snow Mountain east 

Marysville Butte 
Snow Mountain enst 
Kent 

Lyons ' 

Kent 

Lvons 
Cent 
Bally 

noun 
Bally 

Distance 

62741.44 4.9177331 
i9942.7S 4. W27792 

922.76 ?.LJ65(bS93 I 
1155m. 16 5.062737330 
6476S.B I 4.5113645 

125611. 05 5. osss2b6 
139446.43 5.1444074 
1WjQ6.X 1 5.,m0155 
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Station 

Principal puinls-Coutd. 

Boliver (Cal.) 
1904 

Soda (oreg.) 
1004 

Gazelle astronomic station 
1904 

Sterliug (ureg.) 
1904 

Rus t  
1904 ' 

oiiiciu , . 
' 1904 

Black 
1904 

White 
1904 

Scott 

Pairview 

1904 

1904 

TCl lOW I . 
1904 

Mary 
1903 

I'cterson I'm 

Twin 
1905 

Ridge 
1905 

Rauch 
190.3 

Willamette south bxsc 
lW 

Willamette north base 
1905 

. .  Seavies 2 

Pisgah j 
1908 

' m : .  , 

E o g n e  mtsonomic station 
1594 * . : 

Latitude 
and 

longitude 

0 , I ,  

41 07 29.538 In 26 52.260 

41 15 35:575 
122 46 46.811 

42 03 54.670 
I33 38 41. ti# 

41 31 36.24s 
122 31 OS.281 

4'2 u1 03.864 
122 53 11.434 

42 37 10.930 
122 20 50.147 

42 41 31.762 
123 13 46.921 

43 09 3i.503 
122 27 45.236 

43 07 14.438 
1 3  02 14.761 

43 22 21.759 
123 03 50.517 

43 35 10.459 
132 39 os. 8 2  

43 32 4s. &9 
123 24 09.51 

43 59 IN. 715 
1.23 WJ 4 1 . m  

43 54 45.041 
123 44 14.9S7 

44 30 17.3M 
123 33 05. i32 

44 30 3s. 2% 
123 58 05.537 

44 19 31.401 
123 00 11.426 

44 16 ll2.051 
19 s i 9 4 0  

44 00 50.965 
123 19 42.158 

44 04 M.% 
123.11 l7.%33 

44 11 37.0a 
1?3 12 41.921 

+I 06 ar.w;i 
1 8  00 09.593 

44 00 19.531 
123'57 51.M 

44 03 30.319 
123 05 S.43S 

911.3 
1319.1 

lMJ7.5 
las9.8 

1m. 8 
957.5 

1118. 3 
192.0 

119. 2 
263.1 

337.3 
1142.9 

w. 1 
1068.1 

1157.3 
1os9. 8 

445.3 
333.7 

671.5 
1137.3 

322.8 
193.4 

1507.5 
214.9 

2 . 1  
919.3 

1390.1 
334.5 

536.1 
126.6 

1152.0 
122.3 

969.3 
253.2 

63. 
1240.1 

1573.0 
gag. 1 

213.1 
390.1 

1144. 4 
931.0 

761.2 
213.3 

612.2 
1l.Lp.B 

935. s 
G33.c 

. .  

Azimuth 

0 , I, 

WY 15 m.51 
110 30 15.44 
16 B 16.81 

80 01 14 .s  
38 11 54.84 
351 ?6 43.00 

%.I5 19 32.95 
15 48 47.39 

183 13 35.19 
300 59 4U.lS 

261 00 09.26 
321 51 54.19 
353 55 38.45 

9 58 1 . 9 2  
33 47 5s. 14 

276 02 52.70 
318 07 09.53 
339 12 19.09 

350 59 U7.43 
50 31 05.53 

264 24 10.86 
314 23 02.31 
18 19 13.10 

295 36 15.65 
355 34 45.07 

341 59 3i.72 
31 14 40.S0 
54 40 43.54 

2% 37 03.17 
305 06 41.39 
327 50 53.15 

320 57 05.87 
27 10 'B.? 

261 04 53.49 
2Y2 09 05.10 
3 1  17 3S.82 

327 37 54.62 
12 47 13.03 

9 50 19.67 
43 02 2s.% 
s9 24 24.7.5 

10 57 11. 4 
52 17 07.g7 

114 43 37.75 
LS7 41 3 4 . 3  

146 33 52.16 
2% 52 8 . 2 0  
1 8  03 3s.,w 
3 s  50 07.51 

179 22 37.92 
207 24 34.93 
316 50 01.62 
S O  12 45.16 

61 44 15.53 
14Y 14 lS.50 
I52 30 46. is 
199 36 13.55 
207 21 0?.4i 
321 32 l 7 . S  

25 09 09.0s 
130 22 30.94 
2?s 35 55.72 
338 06 50.53 
352 20 18.07 

2s 21 03.50 
74 06 22.54 

76 54 39.61 
111 %I 00.79 
1C-l 45 or;. G5 

Z32 47 15.95 
299 BL 42.35 

1 5 7  51.01 

Rack 
azimuth 

0 I ,I 

I 23 01.00 
130 49 32. S4 
196 20 20.42 

70 22 17.82 
118 25 01.56 
171.31 45.60 

1 6  29 03.58 
195 34 46.U2 

3 15 12.92 
l2 l  1u w.99 

S1 16 33.53 
14'2 17 22.56 
l i 3  5Y 54.01 

189 53 41.33 
213 26 11.14 

96 38 45.29 
135 37 33.00 
159 26 11.48 

171 03 51.9s 
229 59 48. gs 

84 4 i  44.04 
134 51 12.74 
19S 11 21.87 

116 00 57:67 
175 35 50.ti7 

162'0i 24.98 
210 5s 49.21 
234 23 43.86 

s6 (w 0L.m 
1% 20 39.92 
1.1s 05 55.44 

141 15 27.W 
'2DG 57 41.39 

81 31 39.25 
112 54 06. 43 

147 57 02.02 
192 39 26.37 

1s9 45 01.69 
2 2  3u li.0ti 
ns GY 52.49 

190 53 31.69 
231 46 27. P 
294 20 38.03 

7 13 02.s6 

.Lb 24 39.71 
47 07 41. 87 
76 17 26.03 

149 00 02.87 

359 32 3 . 3 ?  
27 39 39. I1  
37 03 3i.36 

1110 22 29.29 

241 38 1 . 0 1  
32s 59 05.33 
332 24 45.8 

19 45 27.19 
27 !2S 47.11 
141 36 11.s7 

205 04 16.61 
310 17 2% 19 
4s 44 39.x  

155 11 43.21 
172 21 16.55 

20s li 12.M 
253 58 37.54 

256 49 13.38 
291 14 4o.m 
3J-1 43 30. ti7 

52 50 57. 77 
1% 01 0O.s 

146 31 32.m 

'9.. 

1s1 57 ,+. 11 

T o  station 

Spur 
Rouud 
Bally 

2;s 
Bally 

Spur 
Boliver 

3Oda 
Spur 

Sods 
Spnr 
Boliver 

Soda. 
S h l l n g  

Rust 
Soda. 
Sterlmg 

Rust 
Onion 

Black 
Rust 
Onion 
Black 
White 

Black 
White 
Scott 

Fairview 
Scott 
White 

Fairview 
Yellow 

Spencer 
Fairview 
Yeellow 

Spencer 
Roman 

spencer 
Hornan 
Nary 
Spericer 
Roman 
Nary 
Peterson 

Mary 
Peterson 
Twin 
Spencer 

Ridge 
Peterson 
Twin 
Speucer 

Rauch 
M a w  
R i d i e  
Peterson 
Twiu 
Sbencer 

Spencer 
Willmwtte soirth bm 
spencer 
Willamette sooth ~ R S I  
Seavies 2 

Seavies 2 
Pisgah 
Spencer 

Distance 

Mcttrs 
35331.9s 
5422. El 
tiuI(7ti. 39 

4 7 M .  or] 
gl6lS. 27 
13724. ?4 

7175.33 
Y2897.87 

5 m .  25 
203%. gY 

34213.0.. 
S6401.6lj 
84WI. 63 

62533.30 
bW93.46 

7m2.92 
93169.15 
80011. iJ3 

60512.13 

46910.01 
7932.11 
501%. 59 

54169.15 
28083.4s 
49728.19 
W1'B. 38 
4W9. 41 

6Oi'Io. 94 
3150. us 
55853.69 

i6718.00 
54479.49 

52195.22 
94618.63 
48763.L(9 

li!wis. 53 
07471.43 

59436.11 
90588.25 
4196.18 

3 m .  $3 
i 4 W .  SS 
w15.44 
m70'li3.15 

31664.Ui 
3!3lj5s. 11 
27042.78 
3 W i .  55 

2S122.31 
62214. 07 
432il. 64 
1904'3.44 

12i51.Rs 
56484. fi4 
24593. li  
52166. 74 
32144.90 
1:w. 61 

2rn3.74 
12UG. 31 
221Fd). i 4  
25150. SI5 
14019.3s 

1.55G.01 
1Mi2. i 4  

1 0i46.M 
1934.05 
llG71.N 

m. 00 
11750.21 
S32G. 04 

suu. m 

Log* 
rithm 

4.54W37 
4.7357813 
4.7,Wil 

4.6745307 
4 . 4 m 3 1  
4. 8676103 

4. W1W)G 
4. wlHJ58 

4.7774m 
4.4213S99 

4.5341916 
4. am221 
4.92757w) 

4.7961114 
4.0046Su2 

4.5021.158 
4.9692721 
4. 90.34795 

4 . 7 s 3 m  
4.9104237 

4.6713655 
4. S9sW12 
4 . 7 W 1  

4.7337520 
4. w 0 9  

4. 6C&Vi1 
4.7811331 
4.61161M 

4.7s36960 
4.525ti936 
4.7470519 

4.7537056 
4.73m30 

4.717610i 
4.9750767 
4.,&%?&3 

4. .S354276 
4. s39llM) 

4.7740504 
4.9565321 
4. tiW#P 

4.5S75519 
4. s i 2 m 5  
4. W13Sn9 
4.3174515 

4.5005Mi 

4.4320513 
4. SlFJY404 

4. n3ww 
4.63362034 
4.2797-z7 

4.l(r5.5673 
4.7519303 
4 . 3 m 2  
4.7173937 
4.50711'20 
4.OS14772 

4.342M)lO 
4.101617s 
4.345760; 
4. m05529 
4.14672Si 

4.1931494 
4 . 1 ~ 4 ~  

4.512733 
4. S 9 7 3 l  
J.O(i713SO 

3.9195552 
1.0i00456 
3.9m3s4 

4 . 5 ~ 2 0  

-1.44win 
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Station 

Principal points-Contd. 

YSm 

Hult 
1903 

lwx( 

Barnrs (Oreg.) 

Larch (Ores.) 
1W 

1903 

Star (Wssh.) 
la06 

Davis (Wash.) 
1906 

Red (Wash.) 
1906 

Warren (Oreg.) 
1903 

Lam 

Len 

19o(i 

1900 

Toutle 
1905 ' 

Hurk 

Bel 

1905 ' 

1905 

H a1 

R3iJl 

1905 

1905 , 

Hurst 
190.5 

Pen 
1905 

Tacoma south base ' 

1905 

T m m a  north base 
1905 

D. 

Burn 
1905 

Iim 

Wash 
1905 

1905 

BOR 
1905 

1891 
Gull 

DlVn 
1905 

Latitude 
and 

longitude 

0 I ,I 

45 03 44.993 
123 w 34.292 
44 5 i  45.151 

122 4? 45.524 

45 31 36.526 
123 45 00.031 

45 31 59.615 
193 05 13.015 

45 44 4 i .  i l l  
1?2 14 16.24li 

45 59 3i.452 
122 35 44.W 

45 51; 07.?49 
l?l  49 12.344 

45 4s 33.2s  
122 52 OS.Gi9 

46 07 57." 
122 2 i  42.295 

46 IS 45.li3 
l?2 &s 00.5w 

4 0  li  10.419 
I22 33 O?.Oil  

46 42 45.136 
l?? 26 01.593 

46 47 01.953 
121 51; 22.S1 

4r, 43 5?.344 
12? 2 i  OS.201 

46 50 0 i . W  
122 41 09.42? 

4 i  oj 02.549 
122 30 44.9w 

A i  O? 05.6~ 
12? li 11.732 

47 04 3S.W 
122 ?G 05.422 

4 i  11 8.1§9 
122 25 5 s . m  

47 13 50.673 
122 29 43.535 

47 14 e.319 
E! 24 5i.219 

4 i  16 14.395 
E 2  "9 04.374 

4i 15 59.493 
12 23 01.599 

4 i  li  52.574 
l?? 25 54.?19 

4; IS 00.51? 
1% "5 ?S.511 

13s .  9 
i50.3 

141.2 
697. s 

1127.5 
0.1 

1510.4 
252.5 

1473.0 
351.1 

115G.3 
9G1.1 

23 .  S 
m.9 

1025.9 
1Si. 4 

liS7. S 
90s. 0 

1394. S 
10.9 

391.i 
Q. 6 

1393s 
97. c 

153:9 
4s. 6 

1616.3 
li4.1 

21s. 1 
199.7 

is. i 
91s. 5 

156.4 
247. i 

1199.3 
114.4 

253.6 
13%. 5 

1 5 ~ .  Q 
915. i 

i l . f  
m3. t 

444. t 
91. L 

183i.Z 
33.t 

1E3. 
1139.. 

?5. I 
599. I 

Azimuth 

D I ,I 

W i  14 13.38 
27 42 30.71 

22 00 ?G.OQ 
5? 4s 55.91 

108 os 46.40 

35; 1s 16.35 
30 59 OLS7 

3s 01 16.39 
58 05 53.Z 
89 2(; 53.40 

333 33 31.93 
5s 43 49.19 

314 32 m.39 
13 04 3i. 13 

25 01 li.31 
57 16 07.55 
9G 26 2.46 

235 52 07. S 
296 21: 15.40 
3.43 P 22.0s 

293 35 59.12 
33 54 34.32 

329 5? 1B.X 
45 28 14.45 
51 50 33.7s 

2A4 39 01.?7 
355 01 14.03 

ti (wi  34.19 

332 25 33.3i 
10 43 13.91 

15 .52 53.95 
40 2 i  22.S1 
78 13 07. ?4 

2til 10 35.i3 
3% 55 5S.Si 

3i5 21 54. W 
302 52 33. i 9  
305 1s 5i.41 

30i 0; 42.31 
351 4 i  35.M 
353 18 5 . 7 3  
?5 35 w.i2  

30 34 4s. 1.8 
54 03 M.i4 

10; 4 i  37. S1 

1 59 OU.?li 
35 Io1.55 
97 06 24.06 

32G 29 52.90 
0 4-3 ?A61 

% 22 29.M 
28 0i  11.39 

316 35 Oi.53 
323 51 05.w 
344 53 1li.w 

4 32 34.29 

13 30 16.14 
s6 36 43.0; 

30s 06 m.35 
337 25 01. ii 
10 30 5-3.M 

33 54 32.01 
93 L3 27.i8 

313 53 3.s 
350 25 44.00 
52 49 52.33 

310 43 39.16 
345 93 09.a 
44 55 13.5  

292 AS w a n  

1 41 03.11s 

Back 
azimuth 

0 , ,I 

I G i  41 35.33 
!0i 25 14.16 

D1 49 39.13 
B2 13 30.19 
337 50 31.00 

177 19 51.57 
210 42 P1.N 

217 34 3G. il 
237 20 51.35 
zIi-3 5s 3.u7  

I53 40 NJ3? 
BY 21 51.u3 

I34 4 i  51.1s 
192 5; 59.25 

204 49 49. 37 

ti5 52 55.02 

46 03 54.50 
116 59 49.58 
1W 34 I.@ 

114 03 42.3 
213 4s 46.9G 

150 05 49.99 
!EJ 03 14.29 
231 36 20.49 

& 57 tli.49 
15s oj 05.52 
ISG 01 3i. la 
15? 35 39.90 
190 3; 10.43 

195 44 n . 4 7  
220 rJ0 45.91 
?ji 50 29.50 

s1 3 00.02 
146 56 45.1s 

95 51 33.w> 
123 O? 46. s5 
125 P 56. i4  

127 32 4S.N 
171 51 03.36 
I73  21 01.03 
205 2 i  32.3? 

XHI 2 i  $ 3 . ~  
2% 45 34.39 
2Si 37 42.47 

I l?. 54 50.9i 
lS1 5s 14.43 
215 l i  03.W 
2 i i  02 59.34 

146 36 1s. Q 
lLW 43 19.32 
181 40 11.93 
206 11 23.00 
m 03 41.21 

136 27 5?.%q 
144 03 1 6 . 1  
1Ij.I 55 SI:.* 
1 s  31 49.25 

193 20 31.35 
"66 33J2.8 

11s 09 04.85 
15; 27 18.42 
190 30 24.04 

913 53 0;. 11 
273 25 01.31 

133 55 36.67 
170 26 2 5 . S  
232 47 32.62 

130 46 11.15 
lG5 24 1 5 . 2  
P 4  53 1s. i5  

uli 5s as. M 

Tu station 

Peterson 
Mary 

Peterson 
Mary 
Tam 
Hiilt 
Tam 
Hult 
Y a m  
Barns 

Larch 
Barns  

Star 
BsrW 

Larch 
Star 
Davis 

Daris 
Lurch 
Barnes 

Red 
Davis 

Red 
Davis 
Lam 

Len 
Lam' 
Davis 

Len 
Toiitle 
Hucli 

Bel 
Huck 

Bel 
Hal 
Huck 
Bel 
Huck 
Hal 
RSiJl 

H d 
Rain 
Horst 

Prn 

Rain 
Hurst 

Hal 

Pen 
Tacoma south base 
H d  
Rain 
.Horst 

Tacoma north bsse 
Pen 
Taroma south base 
Hurst 

Tacoma north base 
Burn 

6 in 
Tacoma north base 
Bum 
Kin 
W s h  

BOS 
Kin 
Wash 

BOR 
Kin 
Wash 

Distauce 

Meters 
62SliJ. Sli 
G99Oi. 19 

2230. 41 
s?iU. 39 
35G5s. 4u 

IiXNB. 70 
W103.71 

8014i. 83 
9i962. 33 
51W2.18 

mil. 61 
46811. Sl 

' 390i5.00 
53%. 40 

492%. 42 
3 W .  i S  

' W473.22 

29504. 23 
-0. 2 i  
32731. i 3  

55305.40 
1sC~7.75 

4SI20.72 
50309.34 
32G3.10 

322#.3? 
18391.59 
32FW5.06 

50110. 53 
.bs221.3? 

W 0 .  9 i  
73585.2s 
3 W l .  55 

3961113.33 
w75.21 

5737. i4  
21267. 75 
23553. 23 

54sm. I 
4123. tii 
39491.49 
30613.15 

3Cii29. l i  
37635. M 
1". 34 

12223. i? 
38514.N 
33010.51 
5913.41 

12055.570 
505i*. 14 
434ts. (XI 
1?&. li 

liRsl.62 
2W1.4j3 
17650.13 
1WljO. 54 

5495.45 
w . 5 4  

GauG: 5S 
102OIj. i 4  
4514.25 

4359.53 
iG39.85 

5035. I 
i211.M 
5016.11 

5i39. is 
r611.11 
4639.82 

rn1Q 56 

Low- 
rithm 

4.i951oi9 
4. SI45219 

4. i342429 
4 . 9 2 m 1  
4.5521619 

4.i9ili54 
4.7769013 

4.9WS918 
4.99910591 
4. i 1 M W  

4.4227501 
4.6703557 

4 . 5 9 1 ~  
4. i M 3  

4. ug27096 
4 . 5 S i W  
4. iS15631' 

4 . 4 G 9 W  
4. s339iil 
4.5149Wd 

4.7w0 
4.2iiflG939 

4.fS50313 
4.iOlMSlj 
4. josiOGl 

4.5090154 
4. ?GMX30 
4.5144954 

4. W3239l 

4. i3W25 
4. .StWILi 
4.5Si2i92 

4.59iS304 
3.3937632 

4. i 5 7 L S  
4.3377217 
4.37ZQ5 

4. i39318 
4. ti203f92.5 
4.596503j 
4. w3335 

4 . 5 5 w  
4.57559(15 
4.255w7 

4.08iX%3? 
4.5S562iG 
4.518731? 
3. ii396?3 

4.3010291 
4.WillSii 
4. io38770 
4.l3Sl7.% 
4.1OS3tiii 

3. S3iG905 
4. 4301238 
4.36i4iT 
4.2137976 

3.7W2W 
3. iSO5i20 

3. Sl9976i 
4. o@&stw 

3.6394393 
3.85;(0851 

3. mD110 

3. Irn6iO 

3.7- 
3.88144E 
3.W5015 

4. r m 3 i o  

3. fwlys 

3.s5i9978 
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Principal ppolnts-Contd. 

Smelt 

Neil1 ? 
1905 

Tacoma astronomicstation 
1892 

Supplcmin~ary points. 

1904 

1904 . 

Corning astronomic station 

Mount Linnl.top 01 peak 

Mount St. John 1 

Corning tower 

1- 

1904 

Lsssen Peak 
1904 

Bully Choop 
1904 

Reddiug courthouse 

llcdding astronomic station 
1908 

1904 . 

~ 

~ , ,, 
4 i  17 48.2S3 1E9.3 

1?2 31 28.5i5 WO.4 

4 i  I9 55.014 1699.0 
1"" 29 28.963 m. 1 

47 15 4i.911 l4i9.6 
122 26 51.116 1OS1.6 

39 26 03.17 97.6 
122 41 32.14 iti8.7 

39 55 40. i i 4  125i. 6 
122 10 44.m 1044.9 

39 55 40.46 1248. 5 
1% 10 44.92 1086.6 

40 02 1p. 617 3.89.1 
12 51 11.&55 2Sl.O 

40 29 18.614 574.1 
121 3p 15.513 3fS.4 

40 33 20.340 62i.6 
182 45 5S.W 130.4  

40 34 56.278 1797.6 
122 ?3 44.261 1041.5 

40 34 19.354 597.0 
I22 ?3 3s.w 009.6 

ReddLig soulh base 
1908 

40 34 28.152 
122 23 24.911 

40 34 42.167 
122 23 27.340 

Hill 
190s 

Craler Pcak 
1004 

Thompson Peak 1 
1904 

Saw Tooth 
1904 

Nount Eddy, cairn 
Is(w 

9 . 3  585.9 

1800.7 
643.0 

Black Bntte, cairn 
'm a 

40 56 3i.67 
122 52 19.33 

40 58 21.W5 
123 00 05.396 

Mount Shasta, top of 
1904 

11t2.0 
452.1 

6iS.4 
126.2 

41 19 12. 449 
1 3  28 $2.470 

41 2200.307 
122 20 49.936 

41,?4 33.797 
1 2  11 3 L 4 E  

364.0 
Y87.8 

9.5 
1160.6 

1042.7 
M.8 

Chiia Mountain, not the 
cairn 

lsoI 

Russian Peak, north point 
1904 

Azimuth 

0 I I ,  

265 53 53.3: 
313 OB 1 1 . 3  

319 5s 19.83 
355 39 41.56 
32 18 07.M 

156 34 15.M 
197 3 35.49 

l i6  16 31 
255 19 10 

05 ?3 05.04 
E7 46 57.1s 
338 49 44.76 

247 24 10 

I95 l i  14.5 
5 3  44 09.8 
115 46 ?2.4 

10 50 33.3 
28 56 2s. 7 
61 31 m.3  

241 41 39.9 
?SF, 03 36.6 

96.06 13.3 
236 07 45.1 

99 11 as.7 
l i3  44 41.4 
234 46 13.9 

50 02 58.9 

91 29 00.2 
I53 53 14.2 

m 46 04.0 

34 47 s . 0  
141 I7 01.6 

354 26 27.4 

l i 3  31 58.0 

2 19 1.9 
$3 26 10.3 

I24 23 11.6 

E5 ?7 58 
240 26 59 

32 35 08.1 
249 52 5 . 8  
324 01 15.2 

i5 14 54.3 
180 00 4 i .0  
244 01 37.5 

148 20 23.9 
141 07 1.9 

li2 O2 30.6 

3.43 25 01.5 
23 21 05.6 
34 01 48.5 
71 28 59.0 

139 46 03.1 
162 06 35.9 

4 12 29.0 
52 33 09.7 

166 00 36.1 
283 53 09.2 

1M 44 19.2 
256 53 40.8 
?SO 07 36.0 

357 49 40.2 

352 m 22.7 

253 19 as.0 

Back azimuth 

0 , I ,  

65 57 33.87 
133 07 5i.18 

132 5 i  32.48 
175 39 59.63 
212 16 39.57 

336 31 ?0.05 
17 21 17.53 

358 I4 48 
106 I '20 

275 01 34.16 
4.3 07 4Y. 11 

159 03 28.06 

6 i  24 11 

i5 25 07.8 
d4 31 09.3 

136 25 54.9 

190 38 25.4 
205 51 14.1 
240 43 16.5 

61 46 1?.1 
106 47 9 . 1  
l i7  50 47.7 

?i5 S l i . 2  
56 24 53.6 

279 01 09.1 
353 44 3i.S 
55 03 16.7 

230 a? 49.9 

271 28 50.5 
333 53 01.6 

1 2  28 24.2 
200 45 56.6 

214 4 i  49.9 
321 16 j0.8 

l i 4  26 28.2 

353 31 55.1 

1,p2 18 40.7 
?E 45 so. 1 
303 50 35.4 

45 52 36 
60 53 42 

70 14 16. I 
1.14 15 01.6 

255 (r2 5s. 9 
0 00 4i.6 
64 13 44.6 

321 58 52.5 
321 w 37.6 

63 303.0 
351 57 16.6 

163 34 21.4 
203 03 ns.3 
213 51 45.8 
251 05 46.5 
319 18 24.3 
341 55 14.8' 

1% 09 31.3 
?32 25 03.9 

6 04 30.6 
64 08 07.2 

3 46 53.2 
77 21 31.2 

100 I4 22.5 

53 04 51.: 

~ 

To station 

Dron 
Wash 

Neil1 2 
Gull 

Kent 
Marysville Butte 

Kent 
Lyons 
Narysville Butte 

Corning towr 

Bally 
Lyons 
Marysville Butte 

biarysville Butte 
Lyons 
bent 

Bdly 
Lyons 
Pent 
Bally 
Round 

Bdly 
Redding courthouse 
Round 

Redding astronomic 

Hill 
Redding courthouse 

station 

Redding south base 
Redding astronomic 

Hill 
Redding courthouse 

station 

Reddhg astronomic 

Redding courthouse 

Lvons 
Bdly 
Meam 

Spur 
Meam 

S ur 
&am 
Bslly 

Boliver 
Soda 
Spur 

Sterling 
Gazelle astnmomic 

Spur 
Soda . 

station 

station 

Round 
Bally 
Meam 
Boliver 
Sterllng 
Soda 

Bally 
BoliVer 
Soda 
Spur 

Sterling 
Spur 
Boliver 

Mdfrs 
6320.14 
4151.I 

5177.06 
W?. 8 
4iE. 78 

m i .  79 
4033.36 

59%. 6 . XBi6.0 

4i923.97 
6195s. 90 
SjSBS. 67 

D. 41 

65?26.9 
107593.9 
125977.0 

144911.5 
23693.5 

119851.7 

11176.0 
99732.2 
65392. '3. 

21661.1 
44611.6 

21951.3 
EO7.8 

451lU.3 

$22.6 

351.4 
1Iyl4.9 

436.1 
752.6 

515.4 
637.0 

S 1 . 6  

926.1 

44091.3 
6 X O .  3 w. 2 

73149.6 
40419.0 

79280. s 
49517.9 
5oa28.0 

%Im. 3 
62750.8 
213%. 1 

65107.9 
?2Ml. 3 

9?40.3 
iSYJ5.2 

69943.8 
97392.4 
38059.6 
51iliO. 1 

i6576..7 

8629.2 
21.572.8 
76730.5 
2i488.9 

81i70.4 

F. 4 

Cjcn?. 8 
14570.5 

3 . m m  
3.418136 

3.714fB3 
3. s345!Eo 
3.4723519 

3.92mi9 
a. lmitil38 

4.773w0 
4.w36s9 

4.6s05528 
1. i921037 
4.933B47 

1.36%33 

4. 814440 
5.031505 
5.107132 

5.161103 
1.374630 
5.078644 

4.04&?86 
4.996792 
4. 815526 

4.335880 
4.646670 

4.341461 
3.082013 
4.654m 

2.625930 

2. 545762 
3.014915 

2.839542 
2.876541 

2.712126 
2. W1?2 

2.449913 

2.966656 

4.644353 
4. !MmS9 
4.816513 

4.664213 
4.612243 

4. m1GS 
4. W4ia 
4. ioW74 

4.416695 
4.917772 
4.33o090 

4.929970 
4.85SRl 

3.985654 
4.893957 

4. w 7 4 9  
4.994525 
4 . 5 m  
4.713M 
4.418444 
4.594108 

4. ~59cli3 
4. .333907 
4.884968 
4. a9125 

4.912596 
4.780166 
4.163622 

37 

I Checked by vertical angles only. \ 
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station . 

Supplcmfntar# oints- 

3usshn Peak, southpomtl 
1904 . 

Yarhle Mountain 
1904 

Little Shasta 
1904 

Continup;P. , 

. .  

coke Nest, tsii tree (psi: j 
1YM 

Preston Peak (Cal.) 

Greyback (Oreg.) 

Pilot. R . O C ~  

lW4 

1904 

Siki$oul 
1904 

limby 1 
1904 

1904 
Ashlad Peak. Calm 

Wagner 
1.904 

Aspm Peak 
1904 

Nount Pitt 
1904 

LostPrakl _ '  

Central Point, nstronomii 

1904 ' ' 

station 
1904 

Centrnl Point latitude sta 
tion 

Union Peak 
lW3 

Mount Scott 
la04 

Lim Rork 
. 

High. Rock 
1904 

Old Bailey 
1W-t 

Walker Peak 1 . : 
lsoJ 

Latitude 
and 

longitude 

0 I I #  

41 16 58.70 
?:! 57 03.24 

41 34 46.B5 
.23 05 %.Mi 

41 43 14.240 
.?2 13 18.490 

41 48 5 8 . m  
I82 14 19.005 

41 50 07.93 
123 36 39 .S  

42 IM 3i. 101 
123 1s 41.721 

44 01 51.1353 
122 31 36.073 

42 a3 44.11 
1'22 45 49.09 

42 13 14.51 
123 Si 38 .S  

42 04 52.547 
122 42 5 i . W  

41 O i  05.737 
121 40 24.?S7 

42 18 57.3236 
1'32 05 12.427 

42 20 4 1 . w  
1% 1s 54.365 

42 30 50.92 
1'?2 as .E90 
42 23 51.581 

182 54 23.451 

$2 3 51.512 
182 54 23.2rs 

42 49 53.546 
1?2 13 21.Oi8 

$2 55 24.015 
122 00 55.549 

42 5 i  08.0% 
122 10 06.33C 

43 oc o 2 . m  
1% ?9 05.6iC 

43 09 19.95t 
122 13 09.W 

43 11 33.m 
192 U? 18. 18 

Seo ids m 
letem 

1SlO.S 
i5.4 

lBS.4 
GI7.4 

439.4 
42i. 4 

1sis.n 
as. 8 

244.7 
91s. s 

1144.7 
95s. 5 

lm.i 
8 3 .  8 

1361.0 
ll2S.7 

436.9 
844.9 

lli21.3 
1330.0 

li7.0 
55s. 0 

1707.6 
284. 6 

194.8 
1%'. 5 

1571.2 
979.3 

1591.7 
536.3 

1589.6 
532.1 

1G55?: 2 
47s. 7 

751.2 
1'259.1 

249.8 
143.6 

91.0 
128.3 

615.6 
205. e 

1M9.4 
410.5 
- 

Azimuth 

0 I ,I 

?5G 53 00 
9 2  25 38 

I99 11 35.3 
2% 09 00.2 
2% 12 21i.o 

42 30 04.4 
121 06 02.3 
151 00 2i.3 

36 03 53.7 

36 19 45.5 
I44 21 42.8 
112 68 33.3 

198 10 15 
251 08 55 

155 55'39.3 
110 31 32.8 
?8c, 08 49.7 

1'3 OS 01.3 
So 59 17.2 

240 41 59.1 
339 28 2G.G 

151 34 3, 
2li9 06 50 

1W 49 51 
343 48 36 

148 14 12.4 
2% 48 39.6 
275 06 14.9 
332 29 50.9 

3 20 3i.4 

149 3s 40.8 
192 16 58.1 
21'2 04 35.7 

49 23 40.7 
114 22 07.9 
147 40 45.0 

17 45 1O.C 
110 23 2s.c 
171 2 . l i . 4  
l i 2  15 2i.2 

102 53 3 i  
1 8  19 26 

242 56 3.1 
313 51; 45.6 

116 41 

2s 28 19.0 

23 30 40.( 
79 45 19.t 

157 31 36.4 

38 5 i  11.: 
75 54 5i.! 

125 57 47.. 

21 40 13.; 

105 05 45.. 
134 00 04.( 
151 00 38.t 

18s 10 33.. 
346 43 45.L 

r l  56 52.! 

99 5s ?9.! 

;; g; 
91 38 41.! 

143 5" 40.: 

84 13 "? 
131 31 15 

B d i  
acimiitL 

0 I I ,  

ii 20 51 

19 19 46.2 
43 33 31.4 

105 45 55.8 

??? b7 53.9 
3ng 39 8 . 2  
330 50 10,s 

11? 45 31 

215 5? 42.6 

915 55 13.S 
324 12 oG.2 
?9? 22 35.1 

1s I 3s 
71 37 58 

5 1 '58 .1  
31 01; 01.1 

loti 25 54.9 

191 59 15.8 
21iG 46 10.4 

GO 45 16.4 
159 40 j3.0 

331 05 35 
89 18 18 

19 59 12 
G4 33 41 

327 53 25.9 
27'03 34.1 
95 I 5  48.5 

152 4s 31.8 
lS3 18 05.3 

3% 20 13.1 
12 29 34.1 

.32 21 49.6 

2 9  O i  34.2 
?93 35 47.5 
3?7 30 11.8 

197 38 35.2 
259 46 2o.i 
351 16 14.5 
352 14 09.0 

282 09 35 
303 11 14 

G3 20 31.3 
134 15 22.8 

336 41 

103 40 11:4 

203 15 35.9 
8 9  01 19.0 
337 13 58.9 

255 05 3 . 9  
305 39 26.7 

201 32 56.4 
251 13 35.6 
2&1 30 10.1 
313 47 59.13 
330 40 44.3 

279 35 51.2 
8 11 ?ti.? 

IGC 49 2 . 7  

3 7  91 39.l 
>%6 23 24.: 
271 26 40.1 %?a 34 49.3 

9s 5 5 . 5 5 .  
311 05 3; 

218 a 4n.3 

To station 

3ter1ing 
lotla 
Spur 

3olirer 
Sterling 
Soda 

:azelle astronomic sts- 
tion 

Bolirer 
30da 
Sterling 

Dnion 
lterlpg 

Dnion 
BlWk 
Sterling 

Roliver 
Sterling 
soda 
3pur 

Onion 

Dnion 
Rust 

Onion 
Rust 
Bods 
3pur 
Rolirer 

Onion 
Blwk 
Rust 
soda 

Soda ' 

Onion 
Rust 

8oda ' 
Onion 
Black . 
Rust 

Onion 
Rilst ' ' 

RUSt 
Soda 

Bod3 

Central Point astro- 
nomic station 

Rust 
Onion 
Fairview 

Rnst 
Onion 
BlWk 

Rust 
Onion 
white 
Black. 
Fairview' 

White 
Bhek 
Rust 

Onion 
White 
Black 
Fairview 

n h k  
Fairview - . .  

Distance 

-- 

Metm 
60311.2 
45701.9 

51546 5 
74liO. 1 
73017.5 

WBl  .4 
W99. i 
8789.9 

39i1i.9 

7lj5.10.3 
34039. 0 
S217.8 

100218.3 
63415.7 

64982.4 
1355B. 7 
36655.3 

87578.8 
m . 5  

7802.4. 

7 m .  8 
233n25.0 

55688.7 
101i57.0 

7WXJ.O 
677081i. 5 
19763.9 
U i 6 . 5  
91360.0 

73992.2 
1185%. ti 
&%us. 1 
25122.6 

42675.5 
1 ~ S l 9 . 1  
39WO. S 

44?s3.2 
is1160.0 
803%. (i 
195SG. 5 

ne. 2 

~i i r f i . ?  
LW13.9 

545S.6 
5301%. i 

1.X 

2xi4.5 
S3s5.9 
m-9.7 

43304.8 1wm. 1 
45013.3 

39734.3 
91471.1 
73349. 6 
33751.2 
.WI1.? 

4 5 w . 3  
1000.9 
491%. 5 

97243.4 
GG68A. 7 
lW4.5  
59349. 6 

34i43.1 
w 3 3 . 1  

T.opa- rithm 

4. imw 
4.G5W3.1 

4.712199 
4.s7w?9 
4.8G3421 

4.M115 
4.mm 
4 641374 

4.599314 

4.531m 
4.7G5M.l 

5.oOoINi 
4.#G?l9i 

4.61?796 . 
5.13% 
4. ax137 

4.942399 
4.43?G56 
3.Rfi99RG 
4.871003 

4.902Ou, 
4.3i3372 

4.7457(ii 
5.00751ii 

4. W2Si3 
4.826635 
4. %Si3 
4. EiiG3 
4.9lW54 

4.Wi186 
5 . W 1 6  
4. $15477 
4.4lxlnj5 

4.1370179 
5.01!Bi4 
4.001743 

4. B 4 G m  
4. %EA73 
4.905232 
4.291956 

4.mw 
4.307i93 

4.73il413 
4. i'2813i 

0. mi 

3.583590 

4.409lI3 
4. mljg9 
4.95823 

4. G36536 
i. 5.011101 

4.599165 
4.96114 
1.866805 
4.53112 
4.906610 

4.659501 
4.089936 
4.ljgl934 

4.851860 
4.8Wm 
4. ?96188 
4.773418 

4.540869 
4. €21075 

4. r w u i  

1 No rherk on this positiun. . ' 
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To ststiou 

39 

1 riskinre. station ,, I -  
3cott 
Il'hite I 

Supplrmrntar# oh&- 
Contimid 

Dodsou (U. S. I:. S.) 
1904 ' 

k e  

Burg 

1% 

1904 

Roseburg latitude station 

Quartz 

1904 . 

RW ' 
3cot.t 
iVhte 

R W  
Burg 

White 
Fairview 
Black 

Fnirvlew 
Roman 
3peucer 

Roman 
Spencer 

WVillamette south base 
Seavies 2 
Piygah 
Spencer 

BhCl;. 

MountZion' . 

Russian Church, cross 
1903 

1908 

s encer 

seavles 2 

&gene nst rouomicsta- 
twn 

SpringEeld, Met.liodist 
Church 

1908 

5 encer 9 u enesstronomicstr 
t h  

Seavies 2 

Eu eneastronomic st& 
t&?l 

Seal~Il?S 2 
Spencer . 

\Villnmcttr wuih IM 
Eu ne astronomic sta 

t& 
Pisgah 
Spencer 

Willamette south bas@ 
Eugene astronombsta. 

smvieu2 ' risw ' 

tion 

Eugene, Deady Hall, wesl 
tovw. 

1908 

Eugene, Geary Schoolspirt 
1WS 

ELI ene United Brethrer 
C k h  

1908 

~ i g e u e ,  Patterson sciioo 
spirs 

1908 

' I  
Eugpe, W. 0. W. nnl 1 
Eugene, courthouse, flag 

% 0 8  

Eugene, Methodist. Church 
1 m  

Latitude 
and 

longitude 

4 , I, 

13 O i  10.136 
23 14 35.150 

43 14 09.03s 
P 19 18.555 

43 c9 42.607 
23 19 05.19s 

43 12 40.769 
Z3 21 13.849 

43 09 51.770 
22 40 14.595 

43 31 l6:Ol.l 
21 os 54.659 

43 47 29.576 
22 43 24.335 

44 03 18.487 
3 10 36.08 

44 02 53.545 
23 01 20.032 

44 02 51.552 
2.3 01 11.024 

44 02 434'5 
23 04 32.924 

44 03 22.161 
?Y 06 11.503 

44 02 53.966 
23 05 112.786 

44 02 47.636 
123 04 46.593 

44 03 05.S30 
123 05 19.023 

44 03 05 553 
I23 05 46.259 

44 03 06.372 
1% 05 24.041 

44 03 50.W 
123 05 31.491 

W 06 31. 9il 
122 59 54.651 

4.3 5s  4i.551 
131 41 15.W 

-- 

See- 
mds in 
meters 
- 

312.8 
i94. G 

2 X . 9  
418. 8 

117.4 

158. 1 
312.6 

1587.6 
329.7 

494.2 
1327.5 

1314. a 

912. 8 
544.1 

,570.6 m. 2 

1652.6 
445.9 

1591.-1 
245.4 

152'1.0 
732 9 

684.0 
262.7 

1lu35.6 
62.0 

1470.3 
1037.3 

179.9 
423. 5 

171.4 
i m .  a 

193. 
535.1 

li54. I 
. iO1.d 

986.1 
1215. : 
1407. I 
351.. 

- 

Azimuth 

0 I ,I 

37 39 24.; 
y7 16 30.9 

28 35.0 

r(3 53 46.81 
!9S 51 36.64 

77 54 02.44 
!21 16 38.67 
81  13 40.24 

m 40 3s.71 
132 OS 06.89 

SO 52 53.4 
81 4S 31.6 
! i l  25 28.2 

32 36 47.1 
100 14 59.1 
109 18 18.1 
124 18 40.4 

99 42 38.i 
15 41 05.6 

148 a4 20.1 
M i  32.11.5 
157 52 19.2 
120 20 05.3 

39 01 16.i 
101 3i 24.9 

IB 31'04.2 

40 13 27.9 
101 49 52.3 

igi 43 50.5 

I35 34 35.0 

221 23 39.0 
12 10 13.9 

101 29 14.4 
255 22 35.7 

296 45 11.5 
355 10 34.6 

105 07 28.9 
15.3 ni 50.8 

2% 03 4 i .3  
3 6  18 3i.Y 

9 51 58.2 
144 44 27.6 

222 35 32.0 

103 18 u . 4  
164 30 09.1 

225 15 2S.5 
297 10 01.0 

?Oi 25 29.7 

230 36 09.7 
295 46 1 . 7  

103 !23 55.9 
172 29 22.8 

225 46 41.9 
296 5Y M.6 

105 41 44.6 
153 46 22.9 

2 3  O i  33.9 
295 16 37.7 

3 01 13.7 
J 39 13.6 

8 50 47.4 
88 06 26.2 
90 41 41.0 

Back 
szimiitli 

0 , ,I 

O i  36 20.1 
?i 23 53.6 
89 37 01.2 

54 04 23.33 
19 03 l i .19 

41 27 05.61 
01 ?5 11.18 

43 41 57.67 
52 09 34.93 

BO 37 50.6 

91 33 59. d 

'12 23 49.1 
54 09.3 

SR 12 24.i 
03 39 24.4 

05 25 38.8 

28 03 51.0 
6 i  39 27.3 
(8 01 10.6 
40 29 30.3 

!1S 58 15.1 
I 1  34 32.2 

13 31 53.2 

!%J 10 10.0 
81  40 43.3 

11 44 39.2 

il5 33 50.4 

41 3 42.1 
L92 09 26.3 

57 53 13.311 

1 49 16.2 

'79 00 29.5 

51 25 41.5 
15 53 05.8 

I10 50 59.3 
li5 10 55.8 

2s a3 BF. 1 
133 01 51. I 

45 O i  11.3 
116 53 3i.6 

159 51 20.2 
324 43 58. 6 

42 %* 44.7 

Pi3 14 32.7 
344 30 O?. 6 

48 19 M. 1 
117 15 11.9 

2i 25 42.1 

50 40 C3.9 
115 51 55.6 

2 s  19 49.7 
352 29 19. i 

a 50 20.6 
117 03 53.0 

2S5 37 83.6 
3 + 23.0 

48 11 l i .9  
115 21 57.2 

208 57 12.; 
253 31 18.2 

3M 16 44.4 
266 41 05.c 
m43 03.5 

3iirg 
Scott 
White ' 

Wilhmette south base 

7706.1 
316cR. 4 
10i3S. 3 

Seavies 2 
Pisgah 

Eugene astmnomir sta 
t l 0 U  

Seavies 2 
P ispdh 
Willnmette southbase 
E u p e  astrunomicsta 

t1on 
Seavles 2 
Pisgah 

\Vilhmettesouth base 
EU e sstronombsta 

Swries 2 
Pisph 

S emer 
dillamette south base 

Fairview 
Roman 
Spencer 

tP 

5s59.6s 
16426.56 

527.53 
31214.99 
23%. 13 

3767. 03 
6218.42 

30226.3 
46S91.4 
16866.9 

47516.3 
41354.7 

135233.5 
91913.4 

93638. 6 
3W2.3 

1'160. 8 
15077.3 
l iLW. 6 
10316.1 

9246.3 
5644.9 

6i01.9 

MK(2ti. 1 

0719.0 

1765.3 

lG6.9 
i222.7 

6952.0 
99i. 6 

124so. 2 m. 9 

W8. 2 
159 .0  

9211.4 
10716.9 

710S. 8 
1613.5, 

9102.7 

784.3 

9223.0 
11204.5 

861.2 

sBs9. a 
11743.5 

5 s 3 . 9  

5207. Q 

%. 
9297.7 

11310.2 

soog4 
1035.0 

9014.6 
11331.3 

15922.3 
15M. 5 

s9125.1 
1Mi24. 4 
115893.8 

3. s w 3 2  
4.5Uoti40 
4.23711 

4.4126232 
4. .l2mo8 

3.9152697 
4.4943632 
4.367134i 

3.5759994 
3.7936802 

4.4ao385 
4.671093 
4.227036 

4.61w 
4.61625 
5.131065 
4.963379 

4 . 9 l i l S  
4.56445'1 

3. m7aa 
4.173324 
4.252i.46 
4.013513 

3.96596.5 
3.751653 

3.526199 

. 3.9(w899 
3.76i4-M 

3. $.nos 
3.246821 

3.947234 
3.858699 

3. w 1 1 0  
2.99s93Y 

4.096223 
3. m73 

3 . 9 3 m  
3.1110014 

3.964328 
4.030051 

3.851i94 
3. ?Oii56 

3.959172 

3.914!23232 
2.894509 

3.984573 
' 4.049392 

2.935103 

3 . 9 s 6 m  
4.069i96 

3.9os2i2 
2. Si4247 

3. 96S3i4 
4.0534il 

3.903543 
3.014948 

3. 9s2933 
4.054279 

4.20200; 
4.199933 

4. 95oooo 
5. 216i58 
5. o51;n 

Checked by vertical angles ouly. 
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Station 

. 

South Sister 
1903 

Middle Sister 
IW3 

Xorth Sister 
1903 

Neb0 1 
1903 

Herman Peak, wooded 
summit 1 

19iw 

Prairie Peak, west tree 
1903 

AI= Peak. partly clewed 
wooded summit 

1801 

Cannibal Peak highrsl 
wooded summlt 1 

Mount Washington 

19w 

1903 

Hayrick 
1903 

I ~ b a n o n .  tall brick chim 
ne); I 

l9M 

1903 

laoS 

1903 

1W 

Corvalis closrd cupola I 

Corvalis open cupola 1 

~ I i a n y  courthouse cupola 

Forest.Peak, tallest t m s  

Round Peak 
1W 

Thomas, cairn 
1903 

Mount Jefferson 
1W 

Monmouth Peak 
1903 

Salem Capitol, dome I - 1903 

L a  titi] de 
and 

longitiide 

0 I I ,  

44 16 00.402 
21 41 54.992 

W 06 14.251 
21 46 0 S . 5 4  

44 OS 55. itW 
121 46 59.i54 

44 10 ni.4w 
121 46 li. 1S3 

44 09 2i.05 
122 42 05.14 

44 07 29.14 
1?4 WJ 43.71 

44 16 q2.3Oi 
E3 36 ?S. i i l  

44 25 ?i.@l 
I23 40 22. i 4 t  

44 2s 33. I 
18 50 09.03 

44 I9 57.34t 
IS1 50 15.li7c 

44 2s 46.MI 
L21 54 31.724 

44 29 49.67: 
IF2 34 33. il! 

44 33 5% 8 
122 54 14.1s 

44 33 5v.92 
1'23 16 4 . W  

44 33 55.89 
1?3 16 4c. 16 

44 38 05.62 
E3 011 24.31 

44 40 ??.9il 
E 3  .?O 52. FA. 

44 3 i  52. iM 
E? 34 54.34; 

44 3s 10.w 
E2 34 19.31! 

44 40 ?9.ljl 
121 4 i  55.?sI 

44 4 i  51.811 
123 33 31.99 

44 56 10.4i 
1% 01 43.50 

- 
Sec-. 

nds in 
neteis 
-- 

12.4 
1%. 5 

439.9 
1s. 6 

1i21.3 
13%. 0 

45.2 
PSI. s 

s4. 2 
114. I 

,w. 4 
9i1. 8 

1305.8 
C38. 0 

SS. i 
50% 1 

1033.4 
199.6 

170 .1  
346.5 

1421.1 
701.1 

1573.2 
i45.0 

1W. 6 
313.0 

1s49.5 
33.8 

125.2 
101s. 6 

li9.6 
635.8 

709.3 
1163.9 

1627.0 
1197.9 

337.6 
4?5. 7 

!m. 9 
M7.6 

1599.3 
im.2 

6111.0 
953.8 

Xzimutli 

0 I ,I 

54 34 20.3 
64 05 04.6 
SI 49 15.3 

51 18 35.; 
53 00 35. 4 
rs3 l i  m.4 

115 41 48.4 

4s 29 01.0 so 32 32.3 

113 2 i  24.0 

47 57 31.4 
i9 34 17.3 
80 30 32.5 

112 13 06.1 

5s 36 3s 

220 51 52 
316 51 55 

si ns 51i6 

356 zs 4s 

14 21 17.1 
190 06 28.8 
308 24 09.5 

2li 11 02.2 
m 03 23.8 

5 12 21.3 

261 49 41 
332 48 2s 

38 32 25.7 
69 20 51.5 
i3 35 56.4 
!% 34 49.1 

1E 47 18.1 

33 29 07.0 
61 36 E . 5  
88 05 14.2 
91 4; 12.2 

36 09 59.1 
'90 5s 31.5 
92 54 31.7 

144 40 08.0 

49 46 03 
SI 1'2 I? 

?E4 17 11 
2 50 39 

2 s  44 22 
B 46 27 

321 24 27 
l Z i  54 06 

40 65 31.C 
?MI 27 5 3 . 5  
'3337 04 37.3 

66 33 19.8 
a3 (10 05.5 

137 24 19.3 
172 2s 37.1 

66 11 53.3 
i9 4'2 15.6 

136 34 51.0 

j3 50 37.1 
49 17 59.f 
8.2 53 ?4.4 

11'2 33 05.E 
141 59 59.t 
166 43 29.4 

226 XI 08.f 
254 01 14.1 

1 1s 4'2.3 

146 50 53 
263 37 33 

Rack 
azimuth 

0 I I .  

233 54 42.2 
262 40 05. i 
263 51 01.6 

zu) 41 52.5 
281 3s 34.5 
262 21 45.1 
294 51 30.7 

227 52 52.6 
259 37 48.4 
259 48 26.5 
292 37 a . 2  

22; ?o 53.1 
5 s  39 03.3 
259 0.5 32.0 
9 1  21 55.0 

1i6 27 50 
%Q 10 13 

41 11 10 
137 03 22 

194 15 32.i 
10 m 50.8 

1?8 45 35.9 

47 16 m.3 so 33 01.0 
185 09 39.5 

6? 01 38 
liz 52 35 

21i 58 29. 8 
248 2s 18.8 
252 16 34.7 
277 ?2 50.5 
281 59 49.4 

212 55 19.5 
240 43 36.8 
246 45 5'1.3 
270 35 19.1 

215 48 15.8 
270 li 21.8 
2 z  37 01.5 
324 16 10.6 

?29 43 21 
261 15 27 

104 30 04 
?.52 38 56 

1w 57 ?8 21s:: 35 00 

141 30 17 
247 3.5 .2 

2% 46 56.5 
20 36 34.5 
57 31 29.5 

246 16 w.4 
259 19 15.6 
31i 00 34.8 
352 21 28.2 

?45 55 E 3  
259 01 01.0 
316 10 41.7 

?32 5G 16.5 
258 2s 43.7 
261 39 31.1 
291 36 11.6 
321 19 33.6 
346 31 14.3 

47 07 01.9 
74 36 21.4 

181 18 18.6 

3?6 46 02 
83 50 56 

'Yn station 

:airview 
Zoman 
;pencer 

Fairview 
Roman 

FKEn 
Fairview 
Spencer 
Romm 
Petmwn 

Fairview 
Spencer 
Ronman 
Peterson 

Fairview 
3pencer 

MWY 
Roman 

Rnmm 

&:Lr 
Mary 
Peterson 
Roman 

:%an 

Fairview 
spencer 
Roman 
Mary 
Peterson 
Fairview 

M=Y 
%E 
FEW 
P e t e m  
PSm 

Peterson 
Mary 

Peterson 
Mary 

PeterSon 
MWY 

Peterson 
Mary . 

PCtrnOII 
Mary 
Pam 
Barnes 
Peterson 

1 am hlw 

Psm . 
Hult 
Mary 

Yam 
Rult 

Xstmce 

-- 

Mflcrs 
045S3.8 

llwG37.6 
112470.9 

91410.3 
1592114.6 
l07lcn. s 
105S3. i 

93746.9 
1016r0.4 
l5KU6. 6 
1o?ns. 7 

laic?.  1 
16n103.2 
102i93.1 

6s596.0 
B69i0.6 

5597s. 7 
32266.6 

41958.9 
'355%. 2 
s254ll. 8 

131W. 6 
5esy6. 3 
5 i l l l .2  

22S6.9 
wm. 9 

1054307.3 
10i7S1.9 
159065.5 
l3i632.6 
OLlso. 5 

118610.5 
114246.8 
1&4ooo. 3 
136000.3 

iO5?7.6 
7i591.1 

7201.2 

6894.0 
51724. B 

?5(u35. 
23160. F 
25481.1 
22655.2 

1i6E.C 
3S180. f 

24714. : 
46215.E 
59720. i 

78113. 
65297. i 

1oO397. t 

34431. ( 
5 9 1 2  I 
65412. L 

128789.' 
94639.1 

l4oliO. I 
114632.f 
l?Oili.! 
95063.! 

43124. < 
6w32. I 
32556. ; 

16434.1 
25095. I 

95q. 0 

3103.8 

33498.; 

Logo. 
rithm 

4.075585 
5.316% 
5.051040 

4.960905 
5.20m1 
5. m 1  
5. ow5s3 

4. 9i195i 
5. o m  
5. m 7 s  
L011607 

4.9S13i9 
5.033231 
5. m400 
5.011964 

4. sa3430 
4.56iSi 

4.508753 

4. 62?&?4 
4. Mi496 
4. =!I7 

4.118275 
4. iW 
4. 756721 

4.35863s 
4.80m2 

5.0??694 
5.032546 
5.201576 
5.139352 
4.964639 

5.074123 
5.057544 
5.215Os3 
5.133540 

4. s4s359 
4. ss9s1'2 
4.494488 
4.587624 

3.6254s 
4.71887 

4. a9S55.s 
4.361i54 

4.40622s 
4.355167 

4.247oJo 
4.581643 

4.39291 
4. w4A2 
4. 776125 

4.525021 
4.SgjsjS 
4.814586 
5.001722 

4.16950 
4.8%5i6 
4.81- 

5 . 1 m  
4.9i60i3 
5.1475% 
5.059Clls 
5.M1770 
4.991als 

4.634723 
4.833036 
4.512641 

. 4.215ifA 
4.390597 

4. i4WB 

I Checked hy \-ertical angles only. 
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Station 

- 

Supp1rinmtar.u oilits- 
continuek 

iryuett, caim 
1003 

\Vhitechiirch spire, w s t  01 
Broolis 1 

1903 

I.'airdaIe Peak 1 

Sheridan Peak, highest 
greentree1 

1903 

Squaw. cairn 
1903 

Fir 

Monument, General Land 
1903 

Surrey 
1903 

1003 

19m . 

1903 

1903 

1S7 

Hill 

Cem 

River 

Oregonian 

I'ortland longitude station 

l'nrtland latitude station 

I'nrtlan~l hnch mark 

llmky 13utle (Oreg.) 

1887 

ID.  8.  t;..s.> 

1 ,w 

Horney I Wash.) 

llalch I Oreg. i 

l p s l  

IS81 

Vancouver Barracks flag 
s l d  m'est * 

1SCn 

3903 

1903 

19m 

Warren schoolhouse cup011 

Mitchdl 1 

Mount A d m s  

Mount. St. Helens 
l9W 

Latitude 
and 

lougitude 
~~ 

0 , I ,  

45 00 11.41. 
22 59 36.91 

44 58 14.228 
22 18 33.0iS 

45 04 19.32 
22 15 32.310 

45 n i  25.83 
22 56 30.05 

45 15 09.K 
3 14 10.05 

45 16 53.64 
123 26 49.37 

45 13 51.206 
122 02 24.510 

45 16 25.38 
I22 M 54.19 

45 22 2i.1'22 
121 11 48."3 

45 31 23.055 
I?? 4i 46.33s 

45 31 11.933 
I?? 44 34.806 

45 30 39.970 
122 44 55.013 

45 31 05.230 
1 2  43 52.328 

45 34 28. 89 
122 42 13.91 

45 31 13.21 
102 40 38.9i 

45 31 os.9'2 
122 M 39.i5 

45 31 08.83 
122 40 39.s  

45 31 09.07 
IS? 40 39.i7 

45 32 49.861 
122 33 54.303 

45 37 21. i34 
13 37 53.53s 

45 31 54.574 
122 42 30.7R3 

45 37 3i.91 
E 2  39 36.04 

45 48 4i.53 
1?2 51 13.32 

1?2 11 31.W 

46 12 12.1% 
121 29 24.M 

46 ni 53.001 

46 11 53.m 
122 11 25.w 

see-, 
Ids in 
ieters 
- 

332.3 
&Is. 4 

489.2 
724. I) 

603.3 
i06.8 

i9 i .  4 
6 6 .  7 

30i. 8 
219." 

1655.9 
lOi6. 0 

1m. s 
539. a 

is. G 
1181.5 

Si. 3 
1059.6 

i l1.F 

368.4 
i55.4 

1'234. [ 
1194.3 

iim. E 

181.: 

Pl.! 
1135.8 

.w1. t 

40;. $ 
s 5 .  I 

,w2.; 

272. 
534. i 

280. 
s63.: 

1539.: 
117.1 

a,-.> .. -,-.< 

6i l.( 
ll59.! 

1 M .  I 
867. 

l l i n . !  
781.1 

146i.z 
287.1 

1636. 
687.1 

3i4. 
533. 

1637. 
554. 

Azimuth 

0 I I ,  

119 19 .B . 
?S1 11 15 

62 41 39.8 
bs 41 38.0 
99 a i  35.3 

150 54 46.0 

i 1  29 32. 7 
S9 26 06.6 

1.E 51 42.3 

914 34 45 
ti6 46 53 

30i 4 i  30 
340 50 21 
801 12 li . 
315 24 22 

i S  12 49.8 
I"0 51 9 . 4  
l i 3  47 48.4 

11s 29 55.3 
lis 11 1s.5 

i 3  33 10.7 
1m 00 29.2 
102 50 31.3 
120 13 06.i 

3 5  11 01.5 
s 09 29.8 

?3 58 29.5 
154 09 14.0 

176 26 18.0 
240 10 43.2 

123 20 05.0 
19s 44 43.5 

285 I 28. i 
34 0; 13.5 

161 11 03.4 
251 11 25.6 

187 56 52 

81 09 2 i . S  
140 3 23.21 
lii 15 37.04 

328 15 53.N 
40 59 24.33 

80 15 16.2 
210 43 44.61 
261 17 15.3[ 

282 39 59.2 
32 13 36.i 

345 42 09.3 
69 43 50.8 

37 55 26.5 
65 G3 28.8 

32 05 53.1 
52 09 53.4 
52 54 14.0 

152 03 49.2 

353 45 05.3 
30 24 56.9 

161 ?1 14.0 
196 21 43.7 

Rack 
azimuth 

0 I I ,  

!99 13 @I 
IU1 23 10 

!41 i 9  11.6 
!Os 24 31.6 
!i8 39 12.5 
130 35 59.0 

!5l 10 17.5 
!Gs 48 33.9 
1 3  30 45s 

134 44 28 
!4G 3s 20 

128 09 44 
160 54 19 

121 43 31 
135 37 19 

257 25 55. i 
300 21 10.6 
353 45 45.7 

398 01 22.3 
359 11 05.1 

252 31 35. i 
?81 15 27.4 
282 07 15. i 
2gg 56 25.9 

115 11 39.9 
188 09 23.5 

!W 58 15.0 
324 09 05.8 

356 26 14.4 
80 11 47.9 

3@3 19 16.7 
18 45 53.8 

105 48 25.1 
214 05 14.9 

311 09 55.6 
il 16 14.4 

7 5 6 5 3  

261 01 32.g 

357 14 17.91 

148 18 43.N 
220 54 19.i. 

260 13 29.7 
30 47 02.a 
81 33 23.9 

102 41 12.5 
212 09 45.3 

165 47 36.3 
249 43 11.1 

21; 31 27.4 
244 34 18.3 

211 40 11.3 
231 17 41.3 
231 59 59.1 
331 44 15.5 

153 49 32.9 
210 00 51.4 
341 09 50.7 

16 32 38.5 

320 46 m.24 

To stat.ion 

iam 
3ult 

ZX 
ism 
3arnes 

Hult 
i am 
3arnas 
Hult 
L-am 

Hult 
i'am 

LIult 
Tom 

Pam 
Barnes 
Lsreh 

Barnes 
Larch 

Pam 
BWIl@S 
Balch 
Larch 

:em 
Hill 

Eill 
Fir 

Ba- 
Cem 

BWll@S 
River 

Rwliy.Butte 
Barnes 

River 
Rocky Butte 

Oregonian 

Oregonian 

Barnes 
Warren 
Davis 

Rocky Butte 
Barnes 

Bames 
Hamev 
Rocky' Butte 

Harney 
Barnes 

Barnes 
Warren 
Bm€S 
Warren 

Lmh 
Balch . 
Barnes 
Bel 

Lmh 
Barnes 
Hal 
Bel 

>istanre 

Metfrs 
13485.0 
?2595.5 

l l l lS9.6 
31,W. 9 
66503.1 
i&!?-Il. 4 

87i46.4 
69619. i 
u s 9 . 5  

2.Vio. 3 
17241.9 

52265.0 
2381.3 

Bii44.5 
31125.7 

88717.2 

.33wu.? 

59m. 9 
2.844.4 

118745.2 
84113.8 
S1053.5 
35263.2 

E93.0 
1343.7 

l o x  9 
423. 6 

!xi!jli. i 

li49. 1 
1568.4 

15%. 5 
6640.3 

11255.5 
W 6 .  7 

6382. .s 
8273.7 

136.6 

128.7 

146-2.6 
37539.9 
49689. 8 

w. 5 
14110.2 

3286.6 
11753.5 
11834.8 

?276.1 
13184.2 

3"&10.1 
1'274.2 

iW. 3 
m 5 . 5  

87719.5 
120500. E 
,3257.2 

i4331. i 
86336. f 
625s2. : 
6i997.( 

1?3aC. B 

1 Checked by vertical angles only. 2 No check on this positlon. 

4. lm 
4.3M21 

5. M6m.I 
4 . 5 m W  
4.82346 
4. w 2 7  

4.576875 
4.842732 
4.803044 

4. w 2 5  
4 . 3 w  

4.718211 
4.349863 

4.830874 
4.533m 

4.94wsoo8 
4.810?10 
4.5-919 

4.773837 
4.460062 

5.0i4516 
4.9WfI7 
4 .90878 
4. M73P 

3.111594 
3. rml3 
3.133393' 
2.626968 

3.242m 
3.195468 

8.&?2185 

4. (1514797 
3. 80m 

3.8050085 
3.9672517 

a.245153 

2.13537 

2.10969 

4.1649670 
4.5744937 
4.6962679 

3.9941643 
4.1495337 

3.5167584 
1.0701684 
4.0543981 

3.357196 
4.120055 

4.518405 
3.1052 

.I. 850660 
4.763619 

4.943006 
5. o80990 
5.091261 
4.564850 

4.8i l l i4 
4.936196 
4. i96451 
4.12490 
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Sh t i in  

Swppleinmtarq poiiah- 
Continued 

MiIl. 

Deschutes Peak 

19% 

1905 

Mineral Peak 
1905.  

High Rock 
1905 

Goat Mountahi 
1905 

Mount Ranier, high peak 
1905 

Mount Ranhr,bare siimmi 
1905 

Sharp Peak 
1905 

Tacoma City Hall 
1905 

Tacoma courthouse 
1905 

Smelter stack, 330 feet higt 
1905 

Brown Point Lighthouse 
19or, 

Dash 
1%; 

Piner 2 
19% 

Robinson 2 
l!X7 

Latitude 
and 

Longitude 

0 , I ,  

46 IS 55.031 
122 07 49.6?2 

46 39 3.232 
1 2  21 54.?6? 

40 38 56.20 
1 2  09 2i.W 

4641 05.M 
121 54 01.859 

46 40 33.948 
121 53 47.?63 

i 6  51 09.?15 
121 45 25.562 

40 51 11.106 
121 45 Ji.001 

47 01 04.392 
121 3 20.964 

47 15 ?S.403 
l?? 16 20.264 

4i 15 12.i.W 
12? 26 43.327 

47 l i  51.S13 
122 30 =.ai4 

47 18 37.031 
122 2G 38.330 

47 I9 12.171 
122 25 42.896 

122 27 14.s98 

47 23 ll.i?o 
122 22 31.9% 

47 a0 3 s . m  

See- 
onds in 
meters 
- 

1099.2 
la%. 0 

ii9.! 
113.1 

173i.2 
583.5 

180.6 
39.5 

739.5 
1m. 8 

281.5 
541.5 

3 4 . 9  

135.6 
4.42.8 

sa. 0 
426.0 

gsq. 7 

3%. i 
915.1 

1m. 1 
4s. 0 

711.3 
763.3 

375.9 
901.0 

1199.9 
212.8 

362.0 
G70.9 

Azimuth 

0 I I ,  

36 54 48.?6 
195 35 51.9s 

166 44 01.- 
?46 15 51.1 

150 54 ?4 
?2i 15 19 

97 a3 32.5 
133 47 15.3 
164 54 33.5 

83 54 4.7 
111 01 08.5 

i5  59 36.2 
114 23 s7.3 

i5  48 48.0 
114 30 34.9 

S 97 5i.5 
53 37 01.4 
99 03 14.7 

177 53 ?6.9 
187 00 33.5 
257 03 ?7.0 
320 4? 26.2 

l?? 44 ?4.S 
191 51 19.7 
314 I? 45.2 

196 41 00.6 
zL7 O i  19.4 
331 07 4S.6 

38 DL 48.2 
128 05 49.9 
1G9 01 31.7 

37 39 18.36 
105 35 50.5s 

331 10 3 4 . s  
15 44 13.W 
GI 19 31.99 

2s 27 36.29 
51 32 0S.M 

141 03 59.: 

Back 
azimuth 

0 - I  I ,  

216 54 40.53 
15 44 10.2 

331 00 1n.s 
346 37 S3.9 
66 34 26.0 

330 38 47 
47 54 50 

570 44 46.4 
313 ?0 27.1 
344 5? 50.9 

L%3 30 26.2 
2tkl 59 15.1 

25.5 ?9 E O  
2% 50 19.5 

?55 IS 39.5 
?%I 57 42.7 

188 15 44.i 
533 12 21.S 
?is 35 52.2 

357 53 3 . S  
7 00 52.6 

77 05 53.5 
146 43 37.2 

302 .4? 41.3 
11 51 55.9 

134 14 (w.3 

16 41 40.0 
G i  10 45.5 

151 08 a . 6  

218 02 59.4 

349 w 03.4 

21i 36 50.30 
2% 33 W.3i 

144 11 41.91 
185 $2 53.2'2 
W 17 53.39 

208 25 15.M 
231 2Y 3 i . X  

305 03 43.0 

To st:\tion 

Len 
Bel 

Hal 
Burst 
He1 

IIUrst 
Bel 

Hal 
R w t  , 
Bel 

Hal 
Bel 

€Id 
Hurst 

Hal 
Hurst 

Bel 
Hal 
Hurst 

Dron 
Gull 
130s 
bill 

Wash ' 

c;llll 
Kin 

Neill 2 
DR4l  
Wmh 

Wash 
Neill 3 
l'iner 2 

Wmh 
Neil1 2 

Dnsh 
Wash 
Neill ? 

Dash 
Piner 2 

Distance 

llleltrs 

54198. - 
1060i. 4 
*%I. 1 
35486. 1 

554??. 9 
2481.5 

42506.0 
6575%. 5 
11486.7 

427?6. 6 
3535.4 

54766. .1 e?w. 3 

5439. Y 
E516.5 

?6205..4 
53466.3 

' 4W?. 2 

4iw. 1 
44% 0 
4283.2 
31S2.5 

3519.8 
5042.5 
3119.9 

3972.1 
lmo. 9 
3435.1 

5045.0 
4m. 8 
4271.13 

GQ32.54 
4928.00 

3301.11 
(H(H.54 
3133.19 

6113.8% 
iXU. 71 

360. b 

_. - 

LO&%- 
rithm 

~. 

?.5%32S 
4. a3m 

4. e55605 
4. W 7 8  
4.5jaoj9 

4.743074 
+35183S 

4.628150 
4.S.08714 
4. w19.4 

4 . 6 3 m  
8.5lY45 

4. i38jl.L 
4.799?32 

4.735119 
4. mo3 

4.41a3m 
4. 7 2 m  
4. w6?; 

3. b7261i 
3.651067 
3.119R 
3.5Wi4371 

3.54m4 
3. iO?MS 
3.4W135 ' 

3.5990li 
3. $05562 
3.535934 

3.i0291.L 

3.030020 

3. sm923 
3. Hs2Gi05 

3.9mw2 
3.49459,s 

3.924991$2 
3. s m 9 1  

3. ~ 3 0 s  

3. mma 

DESCRIPTIONS OF STATIONS. 

- This list niay be conveniently consulted by rdference to the illustrations a t  the end of this 
publication or to the index. All azimuths given in these descriptions a.re reckoned continuously 
froni true south around by west to 360°, south being O", west 90°, north lSO", and enst 270". 
Where magnetic azhuths  are given they are intlicnt,ed as such. 

of the surface mark will not necessarily affect the underground mark. The underground mark 
slicii11d.be resorted to only in cases where taliere is evidence that the surface mark has Been 
disturbed . 

The dates a.nd initids given in 6nc.h dewription hiiniediately after the county refer to the 
date of establishnient of the station, the man by whom it was established, and the date when 
the station was last visited. 

' Any person who finds thatv one of the stations herein described has been disturbed, or tha,t 
the desciiption no longer fits the facts, is requested to send such inforniation to the Superin- 
tendent, U. S. Coast and Geodetic Survey; Washington, D'. C!. . 

In general the surface a.nd underground niarks are not in contact; so that n distnrbunce- 

MARKIATG OF STATIONS. 

The old type of sta.tion mark referred to in the following notes m d  descriptions consists of 
The disk is a.bout 85 nini. in diameter a disk and shank a i d e  of brass and cast in one piece. 
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and has a polished center surrounded by the raked letters “IT. S. C!. k G.S.” and araised flange 
around the edge. The sha.nk is 25 mm. in diameter aiid 75 mni. long, with a slit a t  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 nia.rk securely in place. 

43. 

. 

- 
GENERAL NOTES IN REGARD TO STATION MARKS. 

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

NOTE 2.-This marking is similar tso that described in note 1,  escept that the copper bolt 
and tlie disk me in separate bowlders a.nd the bowlder containing the bolt is at  some distance 
beneath the surface. The dimen- 
sions of the bowldeix  re given in tlie descriptioii of the station. 

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

polished center of the disk iiiark the station. _ .  

Tlie cross on tlie disk is directly .above the on’e on tlie bolt. 

REFERENCE MAR?. 

Nom 4.-Tliis mark is a drill or punch hole in the top of n tliree-eigiit,hs-inchi copper bolt 3 
&lies long, which is lencled or cemented into n drill hole in a rock with t-lie top of t,lie bolt flush 
with thc surface. 

PRINCIPAL POINTS. 

Mount IIetena (Naps County, C d . ,  W. E., 1S7G; 1908).-0n the suniniit of Mount Helena, 
about 12 ni&s to the northward of Cdistoga. Tlie station was origiiidly niarkecl by ti fine 
drill- hole a i i d  cross in tlie top of n. one-half-inch copper bolt 5 Ilic.1ies long, which was cemented 
in a drill hole in bedrock, mid by a brick pier 3 bricks square and 43 inclies high, built over tlie 
bolt. Other instrument 
piers me at the following distances and clbec.tions from the station : C!olliniiitor pier, 3 bricks 
square aiid 61. inches high, 2.57 meters northwest; transit pier,, 3 by 3 bricks and. 39 inches 
high,- 17.04 meters southwest; latitutle pier, 2 by 23 bricks and 36 inches high, 17.74 meters 
soutliwest of ‘tho station nnrl 1 .GS meteis &st of the transit pier; vertical angle pier, 3 l>ric.ks 
square and.44 inchcs liigli, 33.31 iiieters southwest of the station and 16.92 iiieters a little south 
of east of the lntitutlc pier. A bounclnry mark between Lake and Napa Counties, a large 
drill hole in a basaltic rock, is 3.1s meters northwest of the station. 

Mmymille Butte (.Sutter Chnty ,  Cad., W: E., 1876; 1904).-Ahout 16 niiles west of Marys- 
ville 011 the southeitstern suniiiiit of the south butte of tlie Marysville Buttes, about 6 nieters 
nortlieast of t.he liigliostc part, of t,hc summit, and new the steep cliff on the north side. The 
station is marked by an old-type station ninrk, described on page 42, set in a drill hole in a sniall 
rock embedded in the concrete that fills a depression in the solid rock. Below tlie concrete and 
ciirectly under the station msrk is n three-eighths-inch copper bolt, 3 inches long set in a driU 
hole in the solid rock. Three reference marks, eac.11 of whic.h is a tlii.ee-ei,aht,lis-iiicli copper bolt 
3 iiiches long set in a drill hole in the rock, are a t  tlie following distances and nzhnuths froni the 
stsation: 2.470 meters, 246’ 45’; ’7.635 meters, 5’ 06’; and 2.915 meters, 103O 07‘. 

Snou, Illountcrin west (Glenn and Lake Counties, Cd., E. F. D., 1S93; 1901).-On the 
highest point of the southwest8 summit of Snow Mountain. The summits is about 300 metem 
long in northwest and southeast direction and about, 50 meters wide a.t the station and is 
coverecl wit,h small broken stones. There m e  a few scrub pines just below the pitch of the ridge 
about 100 meders southeastv of the statmion. Tlie station is marked. by a one-lidf-inch brass bolt 
3 hiches long in a drill hole in the solid outcropping rock, niicl by a concrete pier 13 inches square 
and 44 inches high having . .  embedded in its top it brass bolt directly nbove the one in the solid 
rock. 

Whcii visited in’ 190s it was found that tlie pier had been dynaniit8ed. 

, 
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Snow Mou:r&iia cast (Glenn County, Cal., W: E., 1576; 1904).-0n the northernmost 
rock-croppings a t  tlie edge of the summit of t8he eastern peak of Snow Mouiitain, about 5 miles 
south of Mount St. John and near the corner of Lake, Colusa, and Glenn Couiities. The sta- 
tion is marked by n, half-inch copper bolt cemented in a clrill holi? in a hollow ats about the 
middle of the highest point of rocks, wit,li the top of the bolt about a half inch ztbove the sur- 
face and niarked by a cross. Tlie reference nisi-ks me all drill holes in rocks, tlie first being 
clistant '5.16 meters in aziniut,li 59" Si', the second 3.33 meters in azimuth 165' 39', and the 
third 639 meters in aziinutli 345' 3s'. 

Kent (Tehania County, Cal., 0. B. F., 1904).-on a high ridge about S or 10 nliles east 
by south from Mount Liiin and aboilt 18 miles by r o d  in a nort,hwesterly direction from Pas- 
kenta, on a peak locally known as Bald Rock, on a ledge on the enst side of the suniniit and 
about S or 9 feet lower tlian its highest part. Four or five huiidred feet to the westward of 
the station and about 50 or 60 feet lower is a large, prominent, rocky knob. The station is 
marked ricc.ording to note 1.' The first one 
is in a large ro6.k distant 5.01 meters in azimuth 213' 40', tahe second in R flat ledge distant 70.19 
meters in azimuth 385' 50', and the tllird on the largest part of t,he ledge distant 47.72 meters 
in azimuth 5,' 17'. 

Lyons (Tehania County, Cal., 0. B. F., 1904).-About 5 nliles east of Lyonsville post 
0ffic.e on a ridge known locally as Bald Hill, about 300 yards from the suinniit of the ridge 
on the shoulder esteiiding toward.Lyonsvi1le and in the middle of a large group of bowlders. 
A lone fir tree stands about 50 meters south by e& froin the station. The station is marked 
a.ccording to note 1.' Two refsrei1c.e marks described in note 4,' are in lmge rocks and a t  the 

'following distances and azimuths from the station: 29.69 meters, 126' 59'; and 30.2 meters, 
333' 22'. 

BaUy (Shasba County, Cal., 0. B. F., 1904).-0n tshe northernmost of tlie two main peaks 
on the suninlit of Bally Mountain, R prominent and well-known niouiitalii about 15 miles'by 
road west of Redding. The station mark, described in note 1,' is in the top of a rock on tslie 
north side of the moat proniiiient group of rocks on the peak and 5 or 8 feet below the top of 
the group. Two reference ma.rks, described in note 4,' are a t  the following distances sild 
aziniuths froni the station: 4.39 meters, 247'- 07'; and 10.62 meters, 154' 4!1!. 

Round (Shasta County, Cd.,  0. B. F., 1904).-0n the highest part of what is known RS 

Round Mountain just.north of the post office of the same mine. Tlie station mark, described 
in note 1,' is hi n large bowlder wllich projects about 6 inches out of the ground. T-70 refer- 
ence marks, described in note 4,' are a t  the following distances and aziiiiuths from the statioii: 
23.73 meteis, 345' 30'; mid 6.43 meters, 57' 13'. The south reference mark is in the niost 
eastern rock of a prominent group of rocks neitr the south end of the summit. 

S p y  (Siskiyou County, Ca.l., 0. B. F., 1904).-0n the west slope of Mount Shasts a t  an 
elevation of about 9,100 feet, in a position best identified by approaching the summit3 from 
Igema, by the road leading through Kite Canyon. In ascending this route several promi- 
nent peaks are discerned ahead' and froni the right-hand one a narrow shoulder estends in 
a westerly direction, or town.rd Black Butte. The station is about 50 meters below an abrupt 
change of slope of the iiclgs of this shoulder, and about 1 iiiile from the peak mentioned above. 
Tlie station niark, described in note 1,' is in the top of a large rock flush with t,lie ground. Two 
reference n i & s  desmibed in note 4: are a t  the following distances and azimuths from the 
station: 13.77 meters, 165' 53'; and S.10 meters, 338' 47'. 

Mears (Shasta County, Cal., 0. B. F., 1904).-About 4 or 5 miles west by south from 
Castella and about southwest from Castle Crags, on tlie southern summit of the highest rocky 
peaks in the region known locally as Gray Rocks. The station is about 50 feet below the 
highest part of the peak and near the bluff on the south and east sides, with a ledge 3 or 4 
feet higher about 10 feet distant toward the southeast. The peak was npproached from the 
south and the 30-foot bluff near the station surmounted by means of ladders. The station 

Tlie reference marks are described in note 4.' 

. 

. 

1 See p. 43. 
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is marked according to note 1.' Two reference marks, described in not,c 4,' tire located as 
follows: The first in a bowlder near t,he trail to  tlie station, find distant 7.93 meteF in nzi- 
mutli 70" 50'; a.nd the second, on a low bowlder east, of a high pointed rock, and distant 17.77 
meters in azimuth 143" 03'. 

Bo8i!izw.(SisBiyou County, Cal., 0. B. F., 1904).-on the iiortli ,side of a le.rge group of 
bowlders about 60 yarcls northeast of .the highest part of the suniiiiit of Mount Scott, known 
loc.ally as Old Ckaggy or Boliver, which is the. high peak about 5 lid& in n sout.lie.rly direction 
from C!alldian. The. station is marked acc.ording to note 1 .l Two reference marks, described 
h note 4;l are at the following distances and azimuths from the station: 6.57 meters, 273" 41'; 
aiicl 9.8s meters, 107", 4i ' .  

Soda (Jackson C!ount,y, Oreg., 0. B. F., 1904).-0n n peak kno~7n locally as Old Baldy, 
in the Siskiyou range of mountains, about 20 iiiiles by road and trail southeast of Ashland and 
5 miles emt by north from Pilot Rock, a prominent peak in the sanie range. The best 
approach is from Ashland via Soda Springs niid Davis' ranch. The stration mark, described 
in note 1 ,' is in 11. large rock whose upper suifilce is flush with the ground. Two reference 
marks, described in note 4,l lire in bowlders whose t . op  are but slightly ebo.rv ground nnd at 
tlie following distances and aziniuths from tlie station: 12.91 meteis, 299" 53'; and 23.95 
meters, 35' 36'. 

Qo.diie nstron.rr,nie station (Siskiyou C!oiinty, Cal., 0. B. I?.? 1904; 1905) .-About 350 yards 
north by east from the Gazelle railroad station iieitr the center of the top of a very proiiiineiit 
knoll and about 40 feet northeast of t.he largest bowlder on the knoll. The statioii mark, 
(1escribe.d in note 3, '  is in n iock below the surface of the ground. Three reference marks, 
described in note 4,' are nt tlie following distances and azimuths from tlie st.ntioii: 19.20 meters, 
390" 13'; jnd 6.40 meteis, 137" 39'. 

Ste&ti,g (.Jackson Couiitj-, Oreg., 0. B. F., 1904) .-In the Siskiyou range of iiiouiitaiiis,.about 
25 miles southwest of Sslilniid and 2 miles west of Mount Sterling, on the iiortl~erimiost snmniit 
of ridge just south of tlie Silver Pork bnsiii and at t,he western end of the long eiistxiid-west 
salley wliicli is just iiort,li of Mount Sterling. The station is about SO or 80 niet,ei-s southeast 
of the highest point of the suiiiiiiit in the centsei- of n group of sinal1 bowlders. The station 
imrk, described i i i  note 1,' is in the top of a large rock. Two reference i i ~ ~ r k s ,  described in 
note 4,' are at tlie following distances and aziiliuths from tlie station: 3AS5 meteis, 1s" 13'; 
and 20.44 iiicters, 13GO 03'. 

Kzrst (Jackson County, Oreg., 0. B. I?., 1904).-On the highest summit of the peaks kiiowii 
1oc.nlly as the Bliwk Buttes (Rustler 0.11 U. S., Geological Survey maps), about 20 miles north of, 
Mount Pitt aid 36 miles by road and trail from Big Butte post office via Parker's ranch. The 
station is marked according t.o note 1.' Two reference mark ,  described in note 4,' are at t.lw 
following distances and azimuths froni tlie station: 11.995 meters, 264" 33' ; and 10.13 meteis. 
337O 53'. 

Onion (Douglas County, Oreg., 0. B. F., 1904),-On tlie highest part of the bare summit 
of Onion Springs Mount$ain, about 1 mile sout,h of the Onion Springs, and best reached froiii 
Glendale via Gr~lesville and Gilpatrick's rancli. Tlie station mark, clescribed in note 1,' is in n 
rocky ledge. Two reference iiiwks, described in note 4,l are located as follows: One in a 
prominent ledge  and 24.62 iiieteis from the station in azimuth 91' 50', aiicl the other in ai 
inconspicuous, lorn bowlder ut the western edge of the sumiiiit and distant 47.33 meters in 
azimuth 1S3" 47'. 

BZuk (Douglas County, Oreg., 0. B. I?., 1904).-Nenr t,he northeast corner of the highest 
part of the. sumniit of Black Rock, a high, proinine.nt, rocky peak about 40 miles in a direct 
line east of Roseburg and north and northwest of sonic near-by higher wooded peaks. The 
station piark, described in note 1 , l  is in the solid rock of the summit. Two reference marks, 
described in note 4,' m e  also in solid rock and at the following distances and azimuths from 
the station: 13.7s meters, 4' 55'; md 6.47 meters, 397" 45'. 

. 
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1Phite (Douglas County, Oreg., 0. B. F.! 1904).-0n the higlie,st pHst of Bhe summit of 
White Rock, a prominent peak about 15 d e s  east of Roseburg. The station mark, described 
in note 1,l is in a large bowlder. . A reference mark, described in note 4,' is in a large bowlder 
just east of a proiiiiiieiit ledge and is 34.44 meters from the station, in aziiiiuth 353' 11'. 

Scott (Douglas County, Oreg., 0. B. F., 1904).-On the highest, part of the summit of Mount 
Scott, about 20 miles northeast of Roseburg. The station inark, described in note 1,l is in a 
large bowlder. Two reference marks, described in note 4?' are located as follows: One in a 
white roc.k at about the middle of a prominent ledge and 32.71 meters from the station in 
azimuth 195' 03'; and the other in a rocky ledge near the edge of the brush and 1S.17 imters 
distant in t-tziiiiuth 305' 43'. 

F&z&w (Lane C'ounty, Oreg., 0. B. F., 1904).-On the west side of the summit of Fair- 
view Penk in the Bohemi~ Mountains, about 25 miles southeast of Cotttigegrove and 6 miles 
by road]froni Mineral post office.. The station mark, described in note 1,' is in a bowlder. 
Three reference niarks described in note 4,' are in rock ledges and at, t,lie following distances and 
azimuths from the station: 6;69 meters, 74' 29'; 2.92 niet,ers, 181' 39'; and about 175 feet,. 
266' 09'. 

I'eJZow (Douglas C!ounty, Oreg., 0. B. F., 1904).--0n the highest suniinit of tlie timbered 
ridge about 10 ndes west of Toncalla. The station is marked according t.o note 2,l tlie subsur- 
face mark in a bowlder S by 12 by 16 inches placed 1s inches beneath the surface, and the surface 
mark in a bowlder. 10 by 20 by 30 inches, tlie top of which is flush vdh the siirfitce of the ground. 

. A reference mark, described in note 4,: is in a rock ledge and 33.63 metem from the station in 
azimuth 334' 37'. Two other reference marks, consisting of three-sisteentShs' inch copper wires 
.? inches long set in bowlders, are at  the followiag distances and azimuths from the station: 
21.04 meters, 1.97' 31': and 20.70 met'sru, 10'7' 08'. 

Spencer (Lane County, Oreg., 0. B. F., 1903).-This etation is near n United States Geolog-' 
icrtl Survey statJon. It is  on the south end and highest point of the summit of Spencei Butte, 
about. 4 miles south of Eugene. .Two trees used by the Geological S u i ~ e y  arc at  t,he north end 
of the sunimit, whic.li is in the form of a ridge. The station is marked according to note 1.' 
Two reference nifirks, described in liote 4,' are in rocks new the station, one distant 5.338 
nieters in azimuth 175' 03', and the other 1.570 meters in n~iniut~li 328' 51'. The Geological 
Survey station is 7.970 meters from the station in aziiii&h 176' 12'. 

Roman. (Dougltis County, Oreg., 0. B. F., 1903: 1908).-oii tlie most, westerly of the two 
summits of the highest p : i k  of the Coast Range, known as R.oniarl Nose or Saddle Moktain, 
situated near the n01~11 line of Douglas County about 5 niilis sou thwest, of the junctioii of Wild 
Cat Creek with the Siuslaiw River. I t  is on the liighest, point of t,lilc? sunknit, about 6 f&.froni 
tlie southern edge of the bluff and 20 feet from the stJeep part of the slope east of the station. 

.The peak is bare escept for a few low shrubs, and has n st,eep bluff on the south side and a gentle 
grassy-slope on the north side. The station is nia,rked nccording to note 2,' t.lie subsurface mark 
in a bowlder 12 by 12 by 24 inches, 1s inc.hes below talle surface, set with tlie axis east a.nd 
west, and tlie si1rfnc.e mark in a bowlder nieasuring about a foot on each side. Two reference 
niarks, deswjbed in iiot,e 4,' are located 'as follows: One in the nearest outcropping of the solid 
rock 14.760 meters fr&m tlie st'atiyn in aziniuth 14So 06', and the other in a projecting bowlder 
6.775 meters from the station in pzimutli 206' 33'. Arrows pointing to the reference marks 
are c.ut in the rock new cadi mark. . Au old burned stuinp is about 5 feet from the station ill 
aziinuth 232O. 

Mmy (Benton C'ouiit;)r, Oreit,, 0.: B. F., 1903; 19OS).-On the highest point of the grassy 
suiiliifit of Mary Peak, about south-southwest from ('0137allis. The stnt.ion is nmrked according . 
to note 2,' the subsurface iiiark iii a flat stone 4 Uwhes thick and 19 iiiches in diameter 23 inches , 

bdow tlie surface, and the surfac.e niark in a. bowlder 16 by 1s by 30 inches, the top of which is 
flush with the surfa.ce of the grouiicl. .Two reference niawks, described in note 4,' are in bowlders, 
sild at the following dist.nnces nIid aziniuths from tlie ststion: 13.i7 meters, 3'76' 22'; and 

- 

. 
29.36 meters, 5s0 11'. 
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Peterson &inn County, Oreg., 0'. B. F., 1903).-About 4 miles southwest of Lebanon on 
tshe highest part of the most westerly of the two summits hiown as Peterson Butte. The 
station is marked according to no& 1.1 Two refer&e mmks, described in note 4,l are located 
:is follows: One hi the lower part of the northerly sloping face of the largest rock on the south 
side of t8he summit, and 4.645 meters fronl 'the station in azimuth 7" 30'; and the other in the 
ledge just east of the largest rock on the north side of tfhe siininiit, and 3.370 meters distmt in 
azimuth 155" 00'. 

Twin (Linn County, Oreg., 0. B. F., 1905) . -~n the fai-ni of Mr. Geiitry near't,he southwest 
corner of sec. 24, T. 14, R. 3 W., about, 6 or 7 niiles from Rowland. It is on the highest summit 

. of 'a partly woodecl ridge, t,le south slope being bare and tvhe north slope wooded, and about 
S or 10 meters southeast of the highest point of the summit. The station is marked according 
to not@ the unilergrouncl mark in u stone about 3 feet below tlie surface and the surface inark 
in a large stone about 6 inches below the surface. Three reference mark, described in note 4,' 
are at  the followhg clistances and azimuths from tlie station: 6.66 meters,'314" 43'; 6.39 meters, 
53" 57'; m d  6.57 meters, 155" 44'. The la~strnientionecl reference mark is near tshe highest 
point of the sumiiiit. 

Ridge (Lane County, Oreg., 0. B. F., 1905).-on t,lie highest, part of a ridge on land owned 
by Mr. J. J. Winn, 'about 14 niiles north of his residence, ant1 about 10 niiles lq road in a north- 
westerly tlirection from Junction City. The station is marked awc.orcling to note 2,l with the , 

subsurface mark 1.5 feet below the surface. Three referenc.e marks, described hi note 4,' are 
in incoiispicuous bowlders flush with tlie surface of the ground, and a t  the following distances 
ancl azimuths from t,lie station: 4.S6 meters, 164' 33'; 30.69 meters, 378' 43'; and 9.73 meters, 
356' 15'. A triangular blaze in a large maple tree is 11.63 meters from the statioii in azimuth 

~ 93" 16', and a similar blaze iu a large fir tree is Si45 meters distant hi azimuth 213' 33'. 
Rauc7b (Lane County, Oreg., 0. B. F., 1903).-About8 12 miles west, by south from Eugke, 

23 miles southwest of Llewellyn post' office ancl about oneAalf mile west of the road leading 
from Llewellyn to Crow post otlice, on laid belonging to Mrs. Frances Rauch. It, is about 150 
metws enst of the summit on the north side of a sloping ridge about 300 feet higher t,han the 
vdley througli which the road 1'11ns, the first prominent ridge encountered in going from Llewel- 
lyn to .C!ro\17 nncl the only ridge in the vicinity from which ~7illaniet~tme soutsh base can be seen. 
The station is about 200 feet west of a point where the ridge becomes steeper. The stat,ion was 
marked accorcling to note 3,' the uiidergrouncl mark in a. sniall flat stone 3 feet below the surface 
:mtL the surfwe mark in ii rock s bout 12 by 13 by 1s inches flush with t,lie surface. .Two der--  
ence mwks, described ili note 4,' p e  located as follows: Oiie in a rock 10 by 10 by 1s inches on 
the highest pwt of the ridge mcl 11.96 meters from the station in azimutsli 2S6" 03', aiicl the 
other in ti rock G by S by 14 iiiclies distant 12.32 meters in azimuth 51" 46'. 

1ViZZmnettr. south base (Lnne C!ouiity, Oreg. ,. 0. B. F., 1903; 19OS).-About 5 miles from 
Eugene and 320 meters south of the Eugene-Elniira road 011' land belonging t.o William Nelson. 
It is n,bout 100 nieters north of R large gravel pit, 78 meters from tahe line fence between William 
Nelson ancl hl. Nelson, and about, in line with the west fa.ce of the bani belonging to William 
Nelson which is 86.79 meters north of t.he station. The station is marked with old-type station 
mark described on prtge 42, plxcecl in the center of a 6-inch drain tile and both embeddecl in a 
pillar of concrete 3 feet long, 36 inches in dinmeter at tlie base, 1s inches in cIianiet,er at; trhe top, 
ancl set in t,lie ground so that the tops of t.lie pillar and t,de ancl st'ation mark are dl flush wit,li 
the surface of the grouncl. Six inches below the foot of this pillar a cross in the top of a 
+inch copper bolt, embedded in 2% block of concrete 10 by 24 by 34 imhes, forms thesubsur- 
fme mkk. In  1906 a concrete pillar. 23 feet high, 1s inches syume at the base and 12 kiches 
scjiiare at tlie top, witrh talle let,ters " I T .  S. C. S.?'.on the soutli side, was set over the surface mark. 
The fast .reference mark is a +-iiicli copper bolt in a c,oncrete block 12 by 13 by 18 inches, 
the toil of which. is flush with' t.lie gotlnd with a .siniilnr block mcl bolt clirectly beneath it as 
subsurfwe niark, distant 313.29 meters from t,lie st.at.ion in azhiut.li 177" 33' 03". The sec.cjncl 
mark, similar t,o the,first,, is at  the ju31C:tion. of the . .  road fence and t,hhat dividing the farms of 

. 
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William Nelson itntl M. Nelson, m c l  225.16 meteis from the station in aziniuth 300’ 19’ 3C”. 
The third reference mark, similar to the preceding two but with no subsurface mark, is in t,he line 
of the bounclmy fence 78.38 meters from the stmation in azimuth 365O 16’ 42”. The fourth m d i  
is a +inch copper bolt, leitded into a drill hole in a large stone in t,he southwest corner of the 
foundation of the main part of W i l l i k  Nelson’s barn, and is 86.79 meters from the station in 
aziniuth 181’ 30’ 16”. 

I.lri.Ranwttc! nQrt7$, base (Lane County, Oreg., 0. B. F., 1905; 1908).-oiie and one:half 
nziles south mid one-half mile west of Junctsion C5tp in the east, center of sec. 7, T. 16, R. 4 W., 
on land owned by hlr. William M. Pittney of Junction City. It is in the nort,henst, corner of 
a field on the south side of the niaiii east-ancl-west road, about 71 yarcls from the north-mcl- 
south fence to the east and 4 or 5 grtrcls from the fence on the south side of the road, and almost. 
opposit6 the main gate wl~& lesds into the barnyard corral of the farm across t,he road. The 
subsurface station mark is a t.liree-eighths iiich c.opper bolt 6 inches long, set in a block of con- 
crete 33 by 4 feet aiid 10 inches deep, placed 3 feet, below the surface. The surface niwk is 
an old-type station mark described on page iL2, set in t,he top of ii  concret,e pier 33 feet! square 
at the base, 1 4  feet square a t  the top, and ,2 feet 5 inches deep, the top of which is flush with 
the surface of the grouncl. Surrounding the stat,ion mark ancl embedded in the concrete is a.n 
S-inch drain tile 1 foot long with its rim about flush with t,he top of the pier. Each of the t,liree 
reference marks consists of two three-eighths inch copper bolts, 3 inches long, each set, in the bop 
of n concrete post 1 foot square, the subsurface post being 9 inches long ancl 29 to 3 feet below the 
surface, a.nd the surface mark a.bout 3 feet long, with its top 4 inc.hes below the surface. The 
fiist reference mark is 6 inches south of the feiice on t.he south side of the r o d  and a.bout in 
the prolonga.tion of t,he fenc.e line on the west side of the corral mentioned above, and is 32.058 
meters from the station in .azimuth 97’ 10’. The second miirk is in the corral across tlie roa.d, 
about 10 inches from the road fence and 6 or S feet east of the east end of the niain road gat.e, 
and is 19.Si6 meters from the sta.t.ion in a.zimuth 186’ 24’. The third mark is on the south side 
of the niniii roctd, 1’3 or 15 feet from the road fence. and 6 inches west of 6he iiortli-~icl-sout,h 
fence! at a distance from tlie station of 65.076 niet.ers in azimuth 271’ 26’. 

,S’emi,rs 2 (Lane Comity, Oreg., W. H. B., 190S).-In the same locality as SmvieB [ IT .  8. G. A’.). 
(See p. 56. )  It is on t.he south dope of the peak near the lower edge of the fiist. timber from the 
top and almost in line with Sprncer (see p. 46) and the t,nngent line to the west. bank of the 
k1cKciisie River a t  tlie big curve in the flat below the st.nt;ion. The stsation is marked by R drill 
hole in the rock mid by piles of rock arouncl the tiipocl erected at. the station. 

P,isgo.h (Lane County, Oreg., W. H. B., 190S).-Locatecl nort,h mid east from Goshen on a 
hill known as Mount Pisgah, about 300 feet soothwest.. or toward Spencer But,te, froni the. 
highest point of the hill. The station is on top of a rock about 4 by 6 feet! in area, projecting 
16 inclies above the grouiicl, t,he largest one of a. c.luster of rocks and, with the esception of R 

1a.rge rock 011 the west slope a.l>out lis feet to the north, t.he largest rock in the vicinity. &a- 
tion is mwked by a one-half inch drill hole 14 indies deep, 8 inches from the west, edge of the 
rock and 23 inches from its south point. . 

Ewgerre. astronomic station (Lane County, Oreg., 0. B. F., 1904: 190S).-Tliis station is 
idexitical with the Unit,ed States Geological Survey station. It’ is on the east. end of S h e m  
Butte, near Eugene, Oreg., just above tlie reservoir mid north of the railroad station, on the 

. site of the old observatory of Oregon Sta.te University. I t  was learned in 1908 that. the land 
was to be converted into a park and ththst the station would be demolished, so two marble refer- 

. eiice stoiies! projecting 2 inches above the surface and bearing on the top the lettcxs “U. s.” 
with a cross between, were set to preserve the station. The fist 5 by 5 by 1s inches is lS.,294 
meters from the station in azimuth 119’ 59’, and the second, 4 by 7 by 14 inches hi size is on 
the south brow of t*lie hill 12.211 meters from the st,at.ion in a.ziniuth 53’ 47’. A large c.on- 
Crete “0” on the brow of the hill overlooking the railroad st,ation is in a.zimi1t.h 3’ from the 
stat,ion. The dista.nce between the two reference marks is 17.635 meters; and from the fki 
reference mark the Patterson School spire is in a.zimutli 31.5’ 38‘, and t,lie spire of tlie Humphrey 
Memorial *Methodist, Church is in azimuth 353’ 53’. 

’ 
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I-me (Polk County, Oreg., 0. B. F., 19'03; 19OS).-On the highest point of tlie highest of ' 

a group of hills about 18 miles northwest of Salem, aiicl about, 10 meters south of a \\-ire fence 
which passes over t.he summit. A slightly lower wooded hill is abouta n half mile northwest of 
the station and it group of hills is about halfway between tlie station ~ n c l  Sdeni. The 'station 
is marked according to note 2,l the surface mark in a bowlder 15 by 1s  by 1s inches with its 
top flushriith the surface of the ground, mid the subsurface mwlr in a bowlder 8 by 10 by 16 
iiiches and 23 inches below the surface mark.- Two reference niirks, desc.ribet1 in note 4,' are 
in bowlders about 14 by 1s by l.S inches with their tops flush with the surface of the ground, 
a.nd with a few loose stones piled about them for ideiit,ificntion. One is iu the line of the wire 
fence, 11.06 meters from tlie station in aziniuJh 197' lo', sild t,he other S.59 niebeis froin the 
stntion in azimuth 339' 07'. 

H d t  (Marion County, Oreg., 0. B. F., 19031.-on a prominent bare hill about 6 d e s  
by road and 4 miles'ip a st,raiglit line soytheast of Silverton, just south of tlie road from Silver- 
t,on to Hult post office and on the farm of Ai Porter. It, is oii the iiortheast side of the ld l  
a.nd slightly lower than the summit, 17 feet from a line fence on the west, ind S feet from mother 
fence on the south. The surfnce mid- underground inarks at this station are crosses cut iu 
the tops of one-half inch copper' bolts embeclded in bowlders, t,he unclergrouiicl mark being in 
n bowlder about 13 by 14 by 14 inches, with its top 1.9 fcct belo& t,he surface ma.rk, which is 
in a bowlder about 14 by 1 s  by 24 inches, with it,s axis n0rt.h mid south. Two reference marks, 
described hi note 4,l are located as follows: One in n bowlder about 14 by 16 by 10 inches, set 
in the fence line 5.79 meteis from the station in nziniut'h 10s' 55', mid the other ill a bowlder 
about 14 by 16 by 34 inches, set in the fence line 7.125 meters from the station in a.ziimuth 
304' 40'. 

Bum1,e.s (Multnomah County, Oreg., 0. B. F., 1903).-01i a cleared hill about 4 miles west 
of Portland, between the Barnes mid 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 feet southeast of 
z i  fil? tree and some small maple trees, and close to the north side of a large stunip. Tlie station 
is marked according to note 2,l tlie surface mn.rk hi a stone S by 14 by 1S inches with its top flush 
with the surface of the groiind, a.nd the subsurface niark 111 R stone 6 by 13 by 1s  inches 1$ feet 
below the surface mark. Two reference marks, described in note 4,l m d  set at  the roots of 
stunips on the sides facing the station me loca.ted as folio%: One in a bowlder '15 inc.hes in 
clinmeter, distant 15.SO nieters froin the station Ui aziinut,h 156" 11'; rtnd the other in a bowlder 
12 inches in diameter 7.02 meters from the station in tiziniuth 333' 33'. A tli%d reference inark 
consists of a cross in the top of a bowlder 10 inches in diamet.er buried 15 hic.hes beneath the 
surface and of a copper bolt directly above tlie cross, in it 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-ancl-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 estending northward from t,liis feme nnd 44.95 meters from t.he stition iu 
azimuth 1S4= 35'.. 

Larch (Multnomah County, Oreg., 0. B. F., 1903).--Soutlieast of Bridal Veil, a town on the 
Columbia River, on the highest peak of Larch Mountah sncl on the west point of a sniall rock 
ledge Ivhich is on tlie north end of a spur from the inah summit. The ledge,is about 20 feet 
liiglier than the spur of which it forms the end, and descends abruptly on'tlie north in a cliff 
about io0 feet high. It ca.n be reached either from Bridal Veil or Latourell via Donahue's 
logging cnnip. T~vo reference marks, described in 
note 4,1 are in the east suniinit o€ the ledge, one in rather a. low place 10.S9 meters from the 
station in azimuth 39So 51', and the other near the east end of the summit. 15.01 meteis from 
t.he station in aziniut,li Si' 03'. 

Star (Clark County, Wash., J. S. H., 1906).-Oii the iiiost, southerly of tlie two suniniits of . 
Silver Star Mounta.in, on the line between Clark and Skaiiiania Counties, about 35 miles northeast 
o f  Vancouver. Two reference marks, described 

The station is mnrkecl according to note 1.l 

The station was marked -according t,o not.e 3: 
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in note 4,l we  a t  the following cl@tanc.es a.nd azimuths from the stabion: 5.910 me.ters, 305' 43'; 
and 5.160 meters, 36' 11'. 

Davis (Cowlitz County, Wnsh., J. S. H., 19061.-About 14 d e s  northeast of Woodland 
on the highest point of it hill on a north-niid-south ridge which .niay be reached from Woodland by 
following the road up the Lewis River to tlie Fisher place and packing.frorn there. The station 
is marked acc.orcling to note 3.1 Two reference marks, described in note 4,' are a t  the following 
distances and a.zhnutlis from the station: 5.61 meteiu, 15' 03'; aiid 5.37 meters, 96" 51'. 

Red (Skamania County, Wash., J. S. H., 19OG).-On the. highest point of a bald, red hill 
near tlie sources of the Little White Salmon nncl Lewis Rivers aiid not far from Iaickitat Pass. 
It is best reached from Wliite Stdinon on the Columbia River via Guler post office, Ice Cave, 
Peterson's prairie, Goose Lake, Steamboat La.ke, and the Inclian race track, beinlo about 1 inile 
southwest from the last, place and 1;5 miles west of Steamboat Lake. The station is niar1re.d 
acc.orcling to note 3.l Two reference niarks, described in note 4,l are n.t the followhg distances 
and azimuths from the station: 7.400 meters, 9G' 14'; and 5.433 meters, 158' 46'. 

IVawen, (Coluinbia County, Oreg., 0. B. F., 1903).-Ahout a mile sout.hwest of Wa,rren, n 
station on the Northern Pacific Rdtvay, on a slight elevation or ridge near the west side of a 
pasture owned by Ivh. E. Harnes and about' 250 meters north of an east-and-west-road. The 
station is niarked according to note 2,' the surface mark. in a bowlder 8 by 24 by 24 inches wit11 
the letters "U. S." cut in tlie north side and the subsi1rfac.e niark in t t  stone 6 by 12 by 1s inches 
buried 18 inches belo'w the ground. Three reference ma.rks, desc.ribed in note 4,l' a.re in the 
north-and-soutli fence line to the west of the station. The middle reference mark of t,he three 
is 246.7 meters north of the north roscl fence and the other two are each ahout 30 meters distant 
froin the midclle mark, one north mcl the other south. They are at  the following distances 
and azimuths from the station: 23.67 meters, 93' 15'; 37.46 meteis, 41' 26'; aiid 37.95 meters, . 

142' 46'. 
Lam (Cowlitz County, Wash., J. S. H.,'1906).--0n the highest p r t  of the heavily wooded 

summii of Elk Mountain, about 35 miles northeast qf Woodland. The statmion is marked accord- 
ing to note 3.l Two reference marks, described in note 4,' are ,at the following distances and 
azimuths from the station: 6.3s meters, 36' 56'; and 10.84 meters, 319' 03'. 

Lm (Skamania County, Wa.sli., J. S. H., 1906).-11i th6 northwestern part of Skamania 
C!ounty, about 10 niiles north of Mount St. Helens and a short clistance northeast of Spirit Lake. 
Spirit Lake can he reached by stage r o d  froiii Castmle Rock via Toutle and St. Helens. and from 
the south landing on this lake the peak on which tlie station is located appears as R rocky summit 
througli a gap almost due north. 
marks, desciibecl in note. 4,' are at t-he following distances nncl azimuths from the stat&: 3.260 
met,ers, 315' 15'; and 12.230 meters, 138" 04'. 

Toutle (C!owlitz County, Wnsh.! 0. B. F., 1905).-On the top of a conical ldl, the highkt 
point of a long ridge, known locally as Gum hlouiitnin, between the north and south forks of t,he 
Toutle River nncl about 80 miles east of Chst1.e Rock. The suiiiniit was heavily timbered in 
1905 aiid lines of sight were cleared. The station is reached from Chstvle Rock via Toutle and 
St. Helens and the main r o d  left at a p i n t  about 2?5 miles east of St. Helens at Muniker's 
place, from where the station is.about 3 miles distant in a southerly clirect.ion. The station is 
marked according to note 3,' the unclerground mark in a stone 12 inches in cliameter 5 feet below 
tlie ground and the surface mark in a bowlder 12 by 1s by 54 inches. 
copper bolts set in tlie cent,er of triangulitr blazes on each of three stumps on tlie sides facing 
the station, the first being 9.54 meters from the station in azimut.h 104' 22', the second 9.13 
met,ers, in azimuth lG5O 16', and the third 7.90 meters, in aziniut,li 345' 34'. Two blazed trees 
are a t  the following distances m d  a,ziniuths from the station: 18.34 meteis, 153' 53'; and 36.44 
meters, 257' 50.'. 

13u.clX. (Lewis C!ount,y, Wash., 0. A. F., 1805).-011 a high, bald summit, known locally as 
Huckleberry Mount-uin, and about S mi!es northwest of the highest point of the Descliu tes 

e. ' 

The station is marked according io note 3.' Two referelice . 

The reference marks are . 

. 
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Mountains in this region. The station is on a level place on the sunimit mid about 60 feet 
north of L shaip rocky point of about the sanie height. The station is marked by a one-half 
inch drill hole 1 inch deep in t8he top of a bowlder S by S by 10 inches set flush witsli the surface 
of t.he ground. The reference niarks, three in number, are similar drill holes in solid ledges 
along tlie west side of the ridge a little below its top, mid at the following distances und azimuths 
froin the station: 13.65 meters, 40'; 7 3 0  meteis, 60'; and 5.60 meters, 136'. 

Bel (Pierce County, Wash., 0. B. F., 1905).-on a high rocky peak known as "Bel Jacket," 
about 10 or 1'1 miles a little south of west of Mount Tacoiiia, and about 9?,imiiles by road fronr 
Ashford. From Ashford there is E wagon road leacling to Messier's place about 5 nliles distant, 
then a h i 1  in the clirect'ion of Bald Rock ana Eagle Rock, wllich leads to a small lake from wliere 
the peak niay be seen about one-half niile distant a little to the west of nort,li. Tlle station is 
marked according to note 3.l Three reference harks, described in note 4,' are a t  the following 
dist,ances imd azimuths from the station: 7.26 meters, 328' 46'; 5.34 meteis, 16' 23'; and 5.94 
meters, 1S8' 39'. 

Hal (Lewis County, Wash., 0. B..F., 1905).-0ii the highest point of the most westeiii oiie 
of the high, bsld summits of the Deschutes Mountains near the northern line of Lewis County 
and due south of Tacoma.. Froni t'he north the niountrtili appeai3 as a syniiiietrical coire and 
is best approached from Yehn, n town on the Northern Pacific Railway, via Peter Stone's ranch, 
which is about 14 miles sout,lieast of Telm and a short distance north of the station. The station 
is near the south point of the hilltop and marked according to note 3.' Three reference marks, 
described in note 4,' are located as follows: The first in a large bowlder, 10.55 nieteis from tlie 
station in aziniuth 166' 34', the sec,oncl in a broad sloping ledge 4.81 meters distant in azimuth 
333' 35', and the third in about the highest point of rocks 3.71 iiiebels distant in azimuth 13' 07'. 

Rain (Thurston County, Wash., 0. B. F., 1$05).-About 10 meters northwest of tlie 
highest point of a prominent high hill about 4 miles south-soutlieast of the town of Rainier, 
about 1,200 feet above it, and just visible over tlie top of tlie 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 tlie 
ridge owned by N. N. Bungard. The station is marked according to note 3,' the subsurface 
inark in a bowlder about 10 by 12 by 13 inches and 15 inches below the surface of the ground, 
nncl the surface mark in a bowlder 12 by 20 by 30 inches. Two reference marks, described in 
note 4,' are located is  follows: One in a large bowlder at  the'highest part of the hill, 8.75 meters 
from the station in azimuth 8' 54', and the other in a bowlder at  some ilistnnce down the slo,pe 
of the hill rriid 13.7s meters from the station in t u b u t h  218O 43'. 

IYwst (Pierce County, Wash., 0. B. F., 1905).-Near the north end nncl highest part of 
the timbered hill about 400 meters slightly south of west from the railroad station at  Hillhurst, 
a town on tlie Northern .Pacific Railway, and about one-half mile. sout,liwest of the store and 
post office. The hill is i~cross t,he road south froni the Cottage Grovc farm, owned by Mr. Bucholtz. 
The station is marked at the surface with an old-type sta.tioii.mark, described on page 43, set 
in a c.onc.rete block 13 inches square aiid IS inches deep, and underground by B one-hidf 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 a copper bolt set in the oidg large rock in the 
iieighborhoocl, 40.31 meters from Llie station in nzuiiuth 252" 40', and the other is a sindiu 
copper bolt in a bowlder 10 by 13 by 13 inches flush with the surface of the ground? with a 
sinder bowlder S by 10 by 10 inches clirectly below it, ancl is 13.53 meters from t,lie station in 
azimuth 150' 11'. 

Pen (Pierce C!ount,y, Wash., 0. B. F., 1905).LAbout one-half mile south of Grahani, a stn- 
tion on the Tacoma Eastern Railroad, rtbout one-half mile northwest of Mr. Hansen's house, 
ancl 75 or 100 meters to the westward of the highest part of a flat, pwtly'clein.ec1 summit. The 
station is marked according to note 2.1 Three reference ~narks, described in note, 4: are at the 
following clistances and azimuths from the station: 1S.93 meteis, 342' 50'; 17.80 nieteiu, 
37' 5s';  and 23.35 meters, 160' 53'. 

A drill hole i s  16.89 iiietels from the station in azimuth 15' 01': 

. 

' 

I Seep. 43. 
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Tacoma siruth 'b(i.se (Pierce County, Wash., 0. B. F., 1905).-About 10 rides south of 
Tacoma and 2-miles south of Spanaway Lake, on land belonging to Williani Sekor, in the prolonga- 
tion of PaC.ific Avenue. of Tacoma. Froni tlie top of the hill in South Tac.onia this street is 
nearly a straight line and Tacoma base line lies dong it. The station is on tlie highest bench 
near tlie south side of Sekor's property and near the highest poinkof the bench, being about 10 
feet west of a snialLbut prominent knoll. It is 1'7S.5 meters from the fence on the'soutli side 
'df the field and 154.S meters from tlie fence on the west side. The'station is niarkd underground 
by a cross in the head of a one-linlf inch copper bolt, 3 inches long set in il, block of concrete 24 
feet square mid 6 inches t,liic.k 3 feet beneath the surface, and n t  the surface by an old-type 
statmion mark, clesciibecl on page 43, set in the top of a concrete cube 24 feet on an edge which 
has + 4-inch drain tile 2 feet long at tlie center with its top flush with the surface of the con- 
crete. There are three reference marks, each consistifig of a copper bolt set in a concrete block 
1s inches square and 6 inc.lles thick buried 3 feet below the surface, and of a siniilnr bolt above 
it in a concrete block 1s inches square and 30 inches deep, its top 2 inches below the surface of 

- tlie grouncl. ' They are n.t Olie following distances and azimuths froni tlie station: 49.658 meters, 
263' 50'; 38.938 meters, 347' 35'; and 61.153 meters, 173' 25'. 

Ta.comx n,o~th. bnse (Pierce County, Wash., 0:B. F., 1 9 1 1 5 ) . 4 n  Fern Hill, 4 miles south of 
Tacoma and about one-fourth &le north of the crossing of Pacific Avenue nncl thc Puyallup 
Electric Railway. It is on a prominents knoll"justs s'outli of the house owned and' occupied by 
H. A. Wilhklmi, 5.5 meters south of his south line and 19'nieters east of tlie enst line of Pacific 
Avenue. The subsui-face nlark at the station is a'cross in the head of a one-half inch copper bolt 
3 inches long set, in n block of concrete 30 by 30 inches nncl 6 inches thick, 3 feet beneath the 
siirface. The surface mark is-an old-type st,ation mark, described on page 43, set in a concrete' 
cube 33 feet on nn edge which has R, 4-inch t h i n  tile 3 feet, long n t  the center with its top flush 
with the surface of .the concrete. There are t h e e  reference marks! e d i  consisting of a one- 
eighth inch copper wire embeclded in an undergrouncl block of concrete 14 by 14 inches .ancl 6 
inches thick set, 3 feet below the surfac.e, and of a surface mark consisting of n similar 
wire-in a block 14 by 14 by 30 inches set with the top flush with the surfac.e of tlie grouncl. 
They are located as follows: The first,, just norbli of Dr. Rynning's north fence and 4 feet e b t  of 
the enst line of Pacific Avenue, 92.335 meters froni the statmion in nziniutli 10' 19'; the second, 
south of tlie back p u t  of Wilhelnii's house' and just south of his south fence, 47.757 mete1.s froni 
the station in nzimiith 259' 51'; and the third just, south of Wilhelnii's south fence ancl 3 feet 
enst of the enst line of Pac.ific. Avenue, 19.673 meters from the station in azimuth 117O 04'. 

B w n  (Pierce County, Wasli., 0. B. F., 1905j.-on a proniinent ridge 3 or 3 wiles south- 
west of the centrd part of the city of Ta,c.oiiin, west of that part of the valley which is traversed 
by the Northern Pacific Railway in :in enst-mcl-west direction and alniost in line with the 
east-sncl-west portion of tlie track, about three-fourths of R mile from its western end. It is 
on a suinniit about one-hnlf mile west of 11 prominent schoolhouse, 2ibout 300 nieters southeast 
of n house,'and nbout 30 nieteis north of a private roscl 1eacling.froni t.he house to the sc.hoo1- 
house. The station is 1112irl~ed according to note 3,l with the subsurface bowlder about 3 feet 
below the surface. Three reference ninrks, described in note 4,' are located as follows: The 
first near a trail along the ridge nncl 33.53 meters from the sta.t.ion, in nziniuth 160' 41'; the 
second on the north edge of the r o d  35.13 meters distant, in. azimuth 330' 00'; n.nd the third 
near tlie beginning of 11 slope 35.47 meters clistnnt, in rLziniuth P5' 34'. 

I h  (Pierce County, Wash., 0. B. F., 1905).-on the top of n prominent hill in the south- 
ea.stern part of Tacoma, just south of McKinley Park, in the block between Thirty-second 
Street and Wright Avenue snd K and L Streets and very nenrly halfwciy between Thirty- 
second Street a d  Wright Avenue. It is clirec.tly in line with the gable encls of the N. P. B. A.- 
Hospital, a large brick building a couple of hundred yards to t.he westwnrd of the station. The 
station is marked according t o  note 3.l Two .reference miirks, clesc.ribed in note 4,' are at  the 
following distances and azimuths from the station: 24.55 meters; 2 1 5 O  4s'; ancl 1S.47 ni 
394' 50'. 

' 
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Wash (Pierce County, Wash., 0. B. F., 1905J.-In tlie northwestem part of Tacoma; 
near the niiclclle of Twenty-fifth Street and about 5 yards east of tShe east line of Washington 
Street projec.ted RC~OSS Twenty-fifth Street at their hitelsection. The station is niarked by 
an old-type station mark, ilescriberl on page 42, in n bowlder 1s by 24 by 30 inches, which is 
buried w'ith its top about 5 inches below the surface of the ground. Two reference marks, 
ench consisting of n punch inark in the hsad of a copper slug in n stone\8 feet below the surface 
and of a siniilitr slug in.a stone directly above tlie lower mark nncl &out 3 inches beneath tlie 
surface, a.re located as follows : One at the noithenst iiltersection of Twenty-fifth and Wash- 
ington StrGets, about 1+ feet east of tlie east line of Washington Street, 1 foot north of tlie 
north line of Twenty-fifth Street niid 9.G31 meteis froni the station, in :~zjniuth 153' 30'; and 
the other at the southee.st intersection of the same streets, :tbout 3 feet froni Wn.shington Street, 
1 foot south of tlie south line of Twenty-fifth Street and 17.713 meters from tlie station, in, 
azimuth 12' 22'. 

Bos (Pierce County, Wash., 0. B. F., 1905).-In the flat &out 8 miles east of Taconia 
i d  one-third of a inile south of the trestle leading from the city ac.ross the nixrsli to the mills 
on the east side of the valley. I t  is about 75 meteis noitlienst of :I small white house at  the 
north end of the strip of fast land which extends farthest into the niaish and on a very slight 
elevation, c l e ~ r  of trees and builclings, on the edge of n slough. The station is marked accord- 
ing to note 8,' &e lower ninrk in a sinall bowlder 15 inchFs below the surface and the upper 
inark in n bowlder about 10 inches in dia.nieter projecting 3 indies above the surface of the 
ground. There are no reference marks, biit a broken-topped fir tree is about 60 meteis from 
the station, in ixzimutli 331' 44', and the west corner of tlie small white house is 77.78 meters 
distant, in azimuth 13' 54'. 

G7dZ (King County, Wash., J. 3. G., 1S91; 1905).-on Commencement Bay, nortli of 
Tacoina, and about 1. mile southeast from Brown Point Lighthouse, on the bold bluff about 
125 feet high: which is conspicuous on ctpprod1in.g the point from -Taconlix. - The statick is 
about 15 feet from the edge of the bluff and in range with the tower of the Lowell School in 
Tacoma n.nd the left t:mgent of the tall, dark, cylindricnl building with a dome roof, which 
belongs to the Taconin Lumber Co.'s mill, nncl bears about southwest froni the station. The 
station is ninrkecl by R bottle buried 8+ feet below the surface i d  by n, mil in a pine stub at .  
the surface of the ground. 

Dron (Icing County, Wash., 0. B. Vi, 1905).--0n Coiiinienc~enient Bay, about one-half 
mile southeast of Brown Point Liglithouse ancl ahout one-Idf niile west of station Gull. . It is 
on the liigliest pnrt of :I bluff point about GO feet above tlie ~7r.nter nnd 20 or 25 feet inl+id from 
the edge of the bluff, in R t1iic.ke.t of madrona trees, sonie of which were felled to clear the line 
to ststion Nei'll. . The station is marked ording to note 2.' Two reference marks, described 
in note 4,' are at tlie following distmces m c l  azimuths froin t.lie stittion: 4.42 ineters, 675O OS';. 
aiicl 5.03. meters, 30s' 03'. 

Snubt (Pierce County, Wdi . ,  0. B. F., 1905) .-On a ridge in the estseipe northwestern part 
of Tacoma just south of Point Defiance Park. To reach the station follow tlie electric line, wliich 
runs to tslie smelter, to a point about 300 yards beyond where the cars make the last turn at  
Higlilnnd Park, mid there take the road wliich.leads bowarc1 t.he west, follqwing it unt.il the top 
of tslie ridge is reached. Froin there keep doiig the ridge toward tolie iiortli until the Brown 
Point lightoliouse and the left tangent to the secoiicl smelter chinineg to t,lie north of the 300-foot 
smelter stack a ie  in range, then follow t!liis range to within 5 .or 10 yards of t,he edge of tJie 
plateau. The station is not far froni the west eiicl of tlie niitin ridge, considerably below the 
highest point,, and n t  about the sanie elevation as n small knoll sonie 300 feet, to t,lie west. The. 
station is niwkecl nc,cordhg to note 2,l escept t81iat the subsurface inark is a one-lidf inch drill 
hole in n stone 1s inches below the surface. The surfwe inwk is in a bowlder 10 by 1s by 18 
inches set flush with the surface of tflie ground. One reference mark consist,s of p i i i c : h  holes in 
the heads of copper slugs set in each o f  two st,ones, one 15 i d i e s  ~i~idergroiin~ a i d  tlie qtlrer at. 

. .  1 seep. 13. . -- I 
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the surface, 23.55 meters from the station in azimuth 27' 3s'. The other reference mark is a 
copper slug set in a stone in place 53.16 meters from the station in azimuth 236' 33'. 

NdZ d (Pierce County, Wash., 0. B. F., 1905).-on Neill Point at  t,lie sout,heast end of 
Vashon I'slancl, about 6 or S 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. 

Tmonta ci&ronont.ic station (Pierce County, Wash., J. F. P., 1892; 1905).-A stone pier 
near the north end of Wrights Pnrk, Tacoma. A brick pier17 inches square and 53'feet long, 
used for latitude observations in 1594, is 12 feet 3 iiiches due east of the station. 

SUPPLEMENTARY POINTS. 

Corning tows,> (Tehmna County, Cd., 0. B. F., 1904).-The t,ower a t  the south end of tlie 
Maywood Colonization Building, a wood and plaster structure, just across the street from the 
'Bfaywood Hotel and southwest from tlie railroad station. 

C'oming nsfrotiot)iic stn.ti.on. (Tehama County, Crtl., W. H. B., 1908).-on the vacant lot just 
west of tmlie Maywood Colonization Building at  Coiming. (See Corning tower', above.) The 
station is not marked but the following distanc.es and azimuths to different parts of the Maywood 
Colonization Building were measured. Tower, 23.40 meters, 247' 24'2 ; northwest, comer of the 
porch-like part of the building known as the Arcade, 31.40 met.ers, 307' 55'2; mid southwest 
comer of the same Arcade, 16.64 met,ers, 343' 17'S. 

Redding co.u&ousc! (Shasta County, Cal., 0. B. F., 1904;. 190S).-The center of the top of 
the dome of the courthouse upon which stands t,he statue of justice. The statue is eccentric. to 
tlie center of the dome by about 1;5 feet. A triangle with a small hole at the center is cut in the 
floor of the dome direct,ly below t,he center of tlie dome and may be used as the station. 

Rtddi;)z.g ustron.om:ic sfation (Shasta C!ouiity, Cal., 0. B. F., 1904; 190s) .-On a 1)rominent 
hill about three-fourths of a mile south by west from the railroad station tit Redcling. To reacl; 
the station follow the railroad track south' to milepost 259, which is markecl'at present by a bo:~rcl 
nailed to a telegraph pole, where will be found a United States Geolo$cd Survey bench mark, a 
nietctl 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 bill somewhat toward the south edge and not yuit,e a t  the higliest 
point. A live oak about 6 inches in c1irtmet.e.r is 011 t,lie edge of the'hill just north of the line to 
the Geological Survey bench mark and a leaning pine tree about a quarter of n mile distant is in ' 

line wit,li tlie Recldiiig courtliouse,. The. station is li1arliecl according to note 1,' in t,he top of B 

large bowlder projecting 4 inches above tlie ground. Two reference marks, described iii note 
4,' are a t  tlie following distances and aziniuths from the station: 90.22 meters, 115' 49'; and 9.99 
meters, 18s' li'. 

'RrcMin.g s0.11.li7~ base (Shastil County, CM., W. H. B., 190S).-Ahouts 15 feet east of the mil- 
road t r d  a t  Redding and opposite a large steel oil tank. The station is mii..rked only by n 
nail in the top of a wooden stub and by the three instrument stubs. 
. Rtdding mrt7~ bast (Sliasta Comity, Cd., W. H. B., 190s) .-Near the'nortliwest comer of the 
cemetery soiith of the railroad statidn at  Redding and about 15 feet east of the t,racli. The 
station is marked oidy by.n nail in a wooclen stub aacl by t.lie three instrument stubs nround it. 

Hi71 (Shasta County, Gal., W. H. B., 190S).-On the east brow of a ridge just north of the 
I-idge on w1iic.h Redding astron.omic stn,ti.o.n is located (see above), and almost on the line hetweeii 
&at station ancl t.lie courthouse at  Redcling. The statioii is marked only by L wooden stub 
and tslie tsliree instrument stubs surrounding it. 

C%wtraZ Point o:sfron.omi,c station (Jac,kson County, Oreg., 0. B. F., 1904; 190S).-About 2 
miles north of Central Point, near the intersection oi' the Southern Pacific Railway a.nd the 
county road ancl in the northwest corner of the field which is just e,&, of tlie county r0a.d 
and south of the private road leading to the house occupied by George Mims. The station is 
about 30 meters from the milrosd. ' (See C;'t.ntrn.Z Point latit?& shtion,  below). The under- 
ground mark at tlie stmation is a three-fourths inch .drill hole in the top of a tri:i.igular granite 

' 

1 see p. 43. 
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rock, set in cenient 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 granite rock w1iic.li projects 2 inches above 
t.he surface and which is embedded in a mass of concret,e 30 inches square ancl 12 inches deep. 
Tlie reference marl:, a. United States Geologicd Survey bench iiifirk, is a t  tzhe intersection of the 
railroad mid tlie county road, just east of the rail on t,he enst side of the road ,mcl 23.15 nieters 
from the station in azimuth 31' 55'. 

C!twhxZ Point latitw.de station (Jackson County, Oreg., W. H. B., 19OS).-Near Central Point 
ast~onmnic station (see above) and marked only by a wooden pier. Tlie following distances and 
nziniu tlis were measured : Astroiioniic 'station, 4.77 meteis, 1 16' 41 '; Unit,ecl St.a.t.es Geological 
Survey bench niark (reference niark of astronoiiiic station), SS.SS meteis, 41 ' 1s'. The north 
and west fences of tlie field are, respectively, 6.1s meters and 15.55 meters from the station. 

Rose (Douglas County, Oreg., 0. B. F., 1904).-On the highest point of the higliest. bald 
suniniit of a ridge about 13 d e s  north of Roseburg. The stat-ion is niarked according t.0 note 
2,'. the underground mark in a inass of concrete 1 foot below the surftwe and the surface inark 
in a bowlder 9 by 14 by 1s inches flush with the surface of the ground. n v o  referelice inarb, 
described in note 4,' are a t  the following distances ancl aziniuths from the'station: 16.71 meters, 
13' 34'; and 7.49 meters, 125' 33'. 

Burg (Douglas County, Oreg., 0. B. F., 1 9 0 1 ) . 4 n  a high, bald suminit about 3 miles 
southeast of Roseburg. , As seen from the iron bridge over the river just west of the rdroad 
station, i t  is tlie.highest and niost distant peak visible up n sniall v d e y .  
according to note 2,' the underground niark in a niass of concrete 13 inches below the surface, 
and the surface ninrk in a bowlder 10 by 13 by 14 inches set flush with the surface of tlie grpund. 
The reference intwk, described in note 4,' is in n bowlder just over the edge of the hill, 10.24 
meters from the station in aziniutli 1 1 3 O  45'. 

Rosebwg Zatitirdz station (Douglas ,County, Oreg., 0. B. F., 1904).-0n the point of n spur 
across tlie river from tlie town of Roseburg, about 100 feet west from tlie end of the bridge 
nncl 60 feet above it. The station is jiinrkecl according to note 1,' se t jn  a ledge of rock. Two 
reference ~nnrl~s,  clesc.rihec1 in note 4,' we located ns follows: One iii a prominent ledge 1S.18 
meters froin the station'in aziniutli 30' 17', and the other in the side of a ledge f l k h  wit,li the 
gro~nd, 33.30 iiietms from the station in nziniutli 109' 05'. 

~S'p+~~g$cZd I1fet71.odht C7twrch (Latie County, Oreg., W. H. B., 19OS).-Tlie lower and less 
prominent of the two churches a t  Springfield. 

Spr..in.~fit.M C'7wistian Qhuirc:7~ (Lwc County, Oreg., W. H. B., 1908).-Tlie tdler and more 
prominent of tlie two churches at  Springfield. 

Dzdy fId1,  west tower (Lane County, Oreg., W. H. B., 190S).-Deacly Hall is one of the two 
larger buildings of the University of Oregon a t  Eugene nncl lias large square towels a t  hoth 
the east and west ends. 

Ocaq sc71.0ol .\'pire, Eugene (Lane County, Oreg., W. €1. B.; 1908).-Tlie Genry Sclinol is 
the public sc.lioo1 located at  West Fourth and Maclison Streets, Eugene. 

Un.i.ted B~c?t7~~71. C'11:tmh spire, Eugene (Lane County, Oreg., W. 11. B., 190s) .--,4t Etut 
Eleventh iiucl Ferry Streets, Eugene. 

Pattewo,i. 8chod q i r c ,  Eugene (Lane Comitvy, Oreg., W. H. B., 190S).-The public sc.hool 
located one b1oc.k west of the southwest corner of the c.aiiqxis of the ZJiiiveisity of Oregon, a t  
Eugene. 

Baptist 6'7ci(.rch. spire, Eugene (Lane County, Oreg., W. H. B., 19OS).-At East Eighth and 
Pearl Streets, Eugene. 

W. 0. W. Hall spire, Eu.gene (Lane County, Oreg., W. H. B., 1908).-Tlie old Episcopal 
Cliurcli located a t  West Eighth and Lincoln Streets, Eugene, wliidi. is now being used as a l i d  
by the Woodnieii of the World. 

~hurt7~0usr. jZagpole (Lane County, Oreg., W. H. B., loOS).-At, East Eighth and Oak 
Streets, Eugene. 

The station is niiirked . 
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Methodist C'7vuwh spire (Lane Coiinty, Oreg., W. N. B., 190S).-The, Huniplwey .Menioiial 
,&I. E. C1iiirc.h located a t  West_ Tenth and Willaniette Streets, Eugene. 

Seavi.es (U. S. G. S.) (Lane Count,v, Oreg., 0. B. F., 1904).-This stration is identical wit,li 
the Uilitecl States Geological Survey station of the sanie nanie. It is-on tlie most southern of 
the high hills, about 6 d e s  northeast of Eugene and about 30 or 40 feet southwest of and slightly 
lower t l i h  the highest part of the hill. The station is marked by a square stone 4 by 4 by 34 
inches witli its top a little below the surface. The old Geological S11177e.y signal was still stimcling 
in 1904, a.iichored in place by rocks, and was not, disturbed. 

IlIonu.m.en,t, Qencrul Lasid Swwy (Multnoinali County, Oreg., 0. B. F., l903).-The initid 
intersection of tlie First Standard Para.llel and the Willaniette Meiidian, a short distance 
southeast of B C ~ M S .  The station'is in a fence corner and is marked by a stone 
post projec.ting 13 feet above the ground. 

Ri.mr (hhltnoiiiah County, Oreg., 0. B. F., 1903).-Near the junction of the two suburbs 
.of Portland known as Arbor Lodge and Peninsula, on tlie east bank of the Willamette River 
about a mile east of Colunibia University. It is on a slight elevation, tslie highest in the vicinity, 
ancl in the fence line on tlie north side of the b0111e~;tl.d along tlie river bank. It was placecl 
its far east as possilde ~ n c l  still keep tlie Oregonian Building in view. The station is marked by 
crosses cut, in the tops of two bowlders, one placed near the surface of the ground and the other 
directly benea.tli at a depth of 1;7 feet, each stone hearing the letters "IT. S. C. S." cut in tslie 
top. 

Oregonian (Miiltnoindi County, Oreg., 0. B. F., 1903).-The tall iron pole at the sout,h- 
easi corner of t,lie tower of the Oregoilim Building at t.lie northwest corner of Sixth and Adler 
St.reets, Por t.1a.d. 

Por&nd Zonqitde stu.fion. (Alultnomah County, .Oreg., C!. H. P., 1587; 1905) .-This station 
has been destroyed. . 

Porthnd Iutitwlc stn.fion (Multnomah County, Oreg., C. H. S., 1587; 1.905).-This station 
has h e n  dest,royed. 

Rod!/ Butte. (Mult.iioniah Cbuiit.j-, Oreg., C. R., 18x9; 1903) .-On the north side of the 
higliest part. of the brush-covered summit of the I~utte, about 2 niiles nortlieast of itlontm'illa.. 
The st.ntion is marked by n hole drilled hi R large round-topped bowlder. 

LTa;pnu:y (Clarke County, Wash., C!. R., 1581 ; 1903).-On t.lie north bank of the Columbia 
River, about 13 miles aho,ove trhe United Stat.es wharf at Vancouver, on t.he sloping b'we bluff 
iniiiiecliately above the roa.cl 1ea.cIing from Vmicouver up the river. It is almost in front of the 
I'Ha.rney House," on land foimierly ownecl by Gen. Harney, and &out SO meters east of t,he 
fence inclosing the rwe t,rti.C.li. The uiiclerground niarlr c0nsist.s of a glass botde placed 3 feet 
helow the. sni-fnce, with t.lie neck up, the c.e.nte.r of the neck niarkiiig t.he station, and three 
c,t,her bottles l>la,ced on their sides at  a depth of about 1 foot ancl at. distances of about 6 feet 
from t.hi center, with t$e necks of t,he bot.t,les pointing toward the center. The surface iiiark 
is smdl drill hole 3 inches deep in it basaltic bowlder, weighing about, 350 pounds, placed with 
it.s t q )  flush with t,lie surface of' the gouncl. The followiiig henlings to tho riglit of magiiet.ic 
north were read at. the stat.ion: East cliininey of Hnrney House, 37' 05'; t r h g l e  on tree 
74' 2s';  white house 011 south sitlc of river, 172' 55'; ventilator on lmni, 230' OB'; mid corner 
of race t.ra.ck fence, 276' 47'. 

ficrZrh. (Afultnoniah County, Oreg., C!. R., 1SSI : 1906) .-This station was oc.cupied for mi- 
niut,h in 1SSG. It. is immediately no!.tliwest of the city liniit,s of Port,land, about a mile sout,h 
of the Wil1miet.te River, on the &st sniall l e ~ e l  hencli of t81ie spcr iiidiing out from the ridge west 
,of t.he C'oniell road, and al>out 255 feet a.l)c)ve t,he road. The st,atioii is marked underground 
.b~7 a broken-necked bott.le placecl neck up 3 feet below the surface, ancl by a cross in the top 
of n c,oppe,r bolt set, in conc.ret,e 6 inc1ie.s above the bottle, wid at. the swface by n cross 011 a11 
old-t.ype station ni2wk de.ac.ribec1 on page 42, set in concrete, whic.11 is inscribed with t.he letteis 
"C!. tk G. $3.'' The refewnce &rks ~ e ' t h c  remains of two brick pieis built in line to-the 
west, of the stat,ion, with t,l:eir founcln.t.ioii a.hout. 20 inches below the siii.fa.ce, the nearest edge 
of the filrjt, pier being about 1 meter west of the st.ttt.ion. 

(See p. 49.) 

- 
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' Dash (King County, Wash., C. D., 1S57; 1905).-on the sand spit called Dash Point, 

a.bout 1 mile nort!lieast of Brown Point Liglithouse and 10 or 12 feet back from the high-water 
marl<. The st.atbon is inclbsecl within a ~ a l l  of old t.inibers t.0 protect. it from trhe washing of 
t.he- waves, and is miirked by c t  one-half inch drill hole 2 inc.lie.3 deep in a stone buried n foot 
beneat-li t-lie surface. Two reference marks, probably drill holes in bowldeis. we at tslie follow- 
ing dist.anc.es and azimuths from the st,atioii: 18.05 met.ei%, 2340 34'; and 37.33 meters, 353' 
21'. A blazed fir tree is .about, 60 meters clistant in azkiiuth 334" 41'. 

Pine,. 9 (King C!ounty, Wash., 0. R. F., 190.5).-011 the southeast point of Ma.11ry Island, 
about 55 feet aboi-e high t i le mid 30 or 40 feet inlaaid froni high-water mark. A group of four 
piles is 30 or 40 meters east of t*lie station, a.ncl a Ia.rge rock, the la.rgest> in the vicinity, is in the 
water 50 or 60 nieters south and a little west froin the station. The station is marked by'  a 
t,hree-fourt,hs inch drill hole in a large stone set flush with t,lie surface, and underground by a 
siniilw drill hole in n stoiie'2 feet below the surface of the ground. Two reference marks, each 
consisting of surface am1 subsuiface stones, lire ab the following distances and. aziniu ths froni 
the sthtion: 4.61 meterr;, S6O 55'; and 4.65 nietei3, 167' 45'. 

Robinson 9 (King Count.y, Wash., J. S. L., 1867; 1905).-on Robinson Poult, on Maury 
Island, a.bout 300 nieters southwest. of the scrtffold light, on a bluff about 30 feet above high 
tide a.nd 30 feet inlancl from high-wn.ter niark. The station is 95 niet,ers sout.hwest of t.he light 
keeper's dwelling, 43 nieters southwest, froin t.lie sout.heast comer of the light keeper's shed or 
barn, and about 2 meters west of the fence wliicli estends sout.liwesta from the comer of the 
shed. A large madrona tree at  the top of the bluff is 15 or 30 meters sout.liwest of the station. 
The station is marker1 underground by a one-half inch drill hole in n atoiie huriecl 1 foot deep 
a n d  at t4lie surface by n siinilar hole in a stone, directly above the lower marl<, set wit.h its top 
flush with the surface of t.lie grouail. One reference nimk'is. a ohe-half inch driU hole in a solid 
stone which is in line witell the fence r~iiiniiig sout.hwest from the shed, and is 2.93 ni 
the station in uiinuth 3 6 O  25'. The o tlier reference niark conaiat,s of surface and subsurface 
stones, the lower one 1.3 feet beneat.)i the surfnce, and is 10.62 meters from the statioii in 
aziniu tIi I sio OB'. 

- 

COMPUTATION, ADJUSTMENT, AND ACCURACY OF THE ELEVATIONS. 

The xeni t.1.1 distances directly observed at  each station weiv fiist coiiq~i ted. These zenith 
distances were correctecl for height of the object observed ancl Qf instrument YO as to refer 
them a11 to the ground at each station or to the station niarls. 

The di8erence of elevation of each pair of stations in the main scheme was then ci>iiiputsed 
from the observations over the line joining them by the foriiiula . . 

in which h, ancl 74 aiv. elevations of t,he stmathmu, c2 and cl are the measiired zenith distances 
RS coi:rect~ed for height of instrument and of'object observed, s is the horizontal distance between 
the stations, a.nd p is the radius of c.uilratme. 

As .tlieiv! are always t.wo or more lines to each new station, many rigid conditions esist 
between the ohseivecl diference of eleva.tion, even if the. connections with the pmcise leveling 
were ignored, and the least square adjistiiient fiirnishes the i.eadiest accurate nieans of deriving 
the required elevations. 

The elevations of the prinia.iy scheiiie. throughout the arc from the stations of the Thirty- 
ninth Psrsllel tiianglgu1a;tion~to Puget Souncl were acljustecl in thite sets of equations. 

Tlie fiist adju~tnient involved all stat.ions of the primary scheme from the Thirty-ninth 
Parallel to the Willamette base. 

The second atrljustnient fised the eleva.tionu. of the piiniary st,at.hns connecting the Tacoma 
bass wit.11 t.he Puget Souiicl tria.ngulation. 
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The third adjustiiient fixed the elevations of the primary st.at.ions between tlie Willaniette 
base net and the Ta.conia base as well as the secondary st,stions connecting t,hese with the 
Columbia River. 

In the fiist adjustment. the elevations of stations Reclding astronomic, Gazelle astronomic, 
Central Point . asironomic, and Roseburg latitude were held fisecl at 203.16, SiS.3S, 369.92, 
and 165.24 meteis, respectively. These elevations 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 termina.1 marks of the Willaniette base with the bench 
mark 4 niiles north of Irving, also est,thlishecl in 1903 by the United States Geological Smvey. 
The elevation published for this bench mark was increased by 0.286 foot (O.OS7 meter) and 
the elevations 101.36 and 116.59 meteis adopted for the Willainette north base and sout,h 
base, respectively. 

The elevations of Mount Helena and Snow Mountain West were held fised by the adjust- 
ment published in Special Pnblic,ation No. 4, page 379, as 1333.08 and 2145.66 iiietem, respec- 
tively. The zenith distances measured at  these stations in 1576 and 1S92 were used to fLx 
the elevations, of Snow Mountain East and Ivfarysville Butte. They were first changed by 
eliminating all observations made near swi:.ise and sunset, as these have been proved unr+ 
liable. They were then treated as reciprocal obseiwhons in connection with the zenith die- 
tancss measuid in I904 at the lat.ter stat.ions. The elevation of Snow Mountain East WAS 

held fised at 2,150.56 meteis 5s determined directly froni Snow Mountain West, n line only 923 
meteis in length. 

The elevations of the 26 remaining stat,ions coiinec ted by the observations are unknowns, 
to be doterniincd by least squaivs from the 8'2 observed differences of elevation indic.ated below. 

In  the following tabulation there are shown the observed differences of elevation treated 
in the fiist adjustment, together with their adjusted values. The weight. p assigned t.o esc.11 
observed difference of elevation is inversely proportional to the square of the length' 6 of the 
line between stations in meters and was conveniently coiiiputed hy the formula log j' = 10 - i' 
log s. The observed difference of elevation is given the sign of the elevation of the second 
station naiiied minus the elevation of the first: The quantity contained in the last column 
but one is the correction-t,o be ndcled to an observed cliilerence of elevation to obtaip tlie acljust,ecl 
diflerence of elevation. - 

IvI/Iclunt Helena 
Snow Mountain east 
.Marysville Butte 
Snow Muuntain enst 
Siinw MI-IUII bin east 
MaryrJville Butte , 
Kent 
Kent 
Lyl.lns 
Redding 
Kent 
Lynns 
Bally 
Bnlly 
Round 
Rally 
Spur 
Round 
Spur 

Mwysville Butte 
htarysville Butte 
Kent 
Kent 
LYIJIIS 
Lyms 
LVUllS 

Bally 
Bally 
Round 
RI Bund 
Rnimnd 
Spur 
Spur 
Boliver 
Boliver 
Mears 
Meara 

Billy 

Weight 
P 

1.18 
1. 46 
0. 7.5 
2. 3b 
0. 51 
0. 67 
0. 99 
1. 9s 
1. 18 

30.75 
0. 77 
3. 59 
e. 55 
1.10 
3. 00 
1.54 
4. 48 
3. 37 
8. 0.5 

-- 
Observed 

difference of 
elevntions 

hrlr t  

MC9m 
- 679.36 
- 1509.66 + 1400.48 
- 117.49 
- 113.31 
+1401.75 
- 1.46 
- 140.12 
- 138. 32 
+1690.41 
- 984. 69 
- 984.99 
- 849.51 + 875. 12 
+17"8. 70 + 561.09 
- 314.61 + 1150.59 
- 593.20 

Adjusted 
difference of 
elevntions 

h sir I 

Ilfrtcrs - G54.06 
- 1513.51 
+iw. ss 
- 117. 66 
- 119.17 
f1393. 37 
- 1.51 
- 140.49 
- 139. 03 
+l690.20 
- 989.49 
- 988.00 
- 848.97 + s74.52 
+1723.49 + 559.17 
- 315.35 
+1130.67 
- 593. S? 
--- 

Adjusted 
tninrts 

observed 
2: 

m t r ~  
- 4.70 
- 3.ss 
- 5.58 
- 0.17 
- 5.56 
- s.35 - 0.05 
- 0.37 
- 0.71 - 0.21 
- 4.50 - 3.01 + 0.54 
- 3. GO 
- 5.21 
- 1.92 
- 0.71 + 0.08 
3. 0.35 

'6. 1 
15. 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. S 
3. 5 
0.0 
1.0 

1 Seep. 134, Report for 1 ~ 7 .  
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Adjwknent qf elez~at , ioiu-T~~i~~t~-i i in. t~,  Paidle1 to TVillamette 6ase-Continued. 

Statiou 1 

Boliver 
Spur 
Boliver 
Spur . 
Boliver 
Sterling 
Spur 
Soda 
Sterling 
Soda 
Sterling 
Sod0 
Onion 
Soda 

Onion 
Ruet 
Onion 
White 
White 
Black 
White 
Scott . 
Saltt 
Bug 
White 
Burg 
,Rose 
White 
l k d i  
Scott 
Whitc 
Scott 
Pairview 
Yellow 
Fairview 
Yellow 
Roniaii 
Roman 
Spencer; 
Ruman . 
Spencer 
Mary 
Roman 
Spencer 
Mary 
Peterson 
Spencer 
Peterson 
Twin 

\ 

Spencer I 
Petewoq 
Twin 
Ridge . 
Spencer 
Twin 
Ridge 
Rnuch 
Spencer 
Peterson 
Twin 
Ridge 
Rarich 

~~ 

Station 2 

Mears 
Sterling 
Sterliug 
Soda 
Soda 
Soda 
Gszelle 
Gazelle 
Onion 
Onion 
Rust 
Rtist 
Rust 
Central Point a s t r o - 
White 
White 
Black 
Black 
Scott 
Scutt 
H lug 
Burg 
R W  
Ruse 
Rose 
Roseburg latitude statio1 
R ~ ~ ~ e l y g  latitude atatk 
Fairview 
Fajrbjew 
Fairview 
Yellow 
Yellow 
RO~I~LII 
Roman 
Spencer 
Spen rer 
8 )ewer 
A r y -  
I!iLay 
Peterson 
Pet erson 
Petersnn 
Twin 
Twin 
Twin 
Twin 
Ridge 
Ridge 
Ridge - 
Raurh 
Rauch 
Rauch 
Rauch 
\Villamette north base 
Willamette north Lase 
Willaiiiette north ham 
\.FTillmnette north haw 
Willarnette wnth base 
\ViIlamette snutli base 
\Villamette soiitli baw 
Willamette south base 
Willarnette anuth ba.w 

nomic station 

10.00 
1.34 
1.40 
1. 70 
1. 16 
8. 55 

14.35 
3.79 
1. 56 
1. 15 
1. 55 
2. 56 
1. 89 
3. 55 

3. 9s 
1. 59 
1. 51 
4.54 

12.71 
3. 40 

.IS. 4.5 
10.26 
14.96 

147. 60 
14.3" 

258. SO 
704. 70 

2. 71 
4. 05 
5. 98 
3.21 
8. 89 
1. I:! 
4. 31 
3.11 
3. 37 
3.67 
2. 20 
2. 13 
1. 32 
2. 83 
4. 64 
1. so 
6. 68 
4. 34 

23.17 
7. 3s 
6. 35 

13. 68 
27.61 
3. 59 
5. 35 

12.65 
15. s1 
20. 32 

. '62. 66 
,30. 61. 
65. 87 
3. 67 
9. 68 

lti. 14 
61. 52 

Observed 
difference of, 
elevations 

&hi 

.iielrrs - 277.13 - 529.07 - 214.04 - 910.32 - 589.01 - 383.03 
-1917.40 - 1008.31 - 643.06 - 385.88 - 349.39 + 34.39 + 296.04 - 1485.41 

- 378.66 - 666.36 -+ 280.62 +- 650.04 
3- 70.91 - 579.72 - 614.95 
-- 685. GO - 843.96 
- 155.37 - 770.06 
- 443.53 - 2 s .  12 + 585.20 
- 6 i .  79 + 511.90 - 467.84 - 54i.63 - 929.52 + 124.23 
- 1179. 64 - 108.13 - 245.30 + 376.11 + 620.C3 - 434. 71. - 188.71 - 812.75 - 4s4. 93 - 235.93 - 859.07 - 47.44 - 365.01 - 75.79 - 28. 69 - 4'23.18 
- 235.91 - 1S8.00 - 159.32 
- -524. 13 - 285.04 - 359.46 - 99.53 - 509.40 - 331.72 - 274.19 - 244.48 - 85. 84 

-- 

Adjusted 
difference of 
elevations 

h r h  I 

-41ctPrs - 277.47 
- 527. GO 
- 313.25 
- 909.51 
- 594.16 
- 381.91 
- 191s. 60 
- 1009.09 - 643.14 
- 260.23 - 348.11 + 53. 80 + 294.03 
- 1487.45 

- 374. $2 
- 66s. 45 + 276.97 + 651.39 + 71.91 
- 579.48 - 614.02 
- 685.93 
- 841.32 
- 155.39 - 769.41 
- 443.46 
- 988.07 + 583. 54 
- 67.85 + 511.63 
-- 478.38 
- 54s. 29 
- 933. 98 + 125.94 
- 1180.06 - 120.14 
- 246.05 + 376.57 + 622.65 
- $55.05 
- 183. 97 
- 811.63 
- 482.47 
- 236.39 
- 859.04 - 47.43 
- 265. 18 
- 76.21 
- 28.79 
- 435.96 
- 234.99 
- 187.57 
- 158.75 
- 524.84 
- 2S8.45 - 259.66 
- 100. ss 
- 509.61 - 320. 64 
- 273.22 
- 244.43 - 85.G5 

Adjusted 
ll l inUS 

observed 
V 

iUetrr8 - 0.34 + 1.47 + 1.79 + 0.71 
- 5. 15 + 0.12 
- 1.20 
- 0.78 + 0.92 + 5. 65 
- 1.38 - 0.59 
- 3.01 
- 2.04 

+ 4.24 
- 3.09 
- 3.65 + 1.35 + 1.00 + 0.24 + 0.93 
- 0.33 + 1.64 
- 0.02 + 0.65 + 0.07 + 3.05 
- 1.66 
- 0.06 
- 0.27 
- 8.54 
- 0.66 
- 4.46 + 1.71 
- 0.43 
-E. 01 
- 0.78 + 0.46 + 2.0'2 
- 0.34 
- 0.26 + 1.13 + 2.46 
- 0.46 + 0.03, + 0.03 
- 0.17 - 0.45 
- 0.10 
- 0.78 + 0.92 + 0.43 + 0.54 
- 0.71 - 0.41 
- 0.20 
- 1.05 
- 0.21 + 1.08 + 0.97 + 0.05 + 0.19 

59 

1. 2 
2.9 
4.5 
0. 8 

30. 7 
0.1 

20.6 
1. 7 
1.3 

36. 7 
2. 5 
0. 9 
7. 6 

14. 8 

71. 6 
6. 8 

20. 1 
8. 3 

13. 7 
2. 0 

16.0 
1. 1 
40. 2 

6. 0 
1.3 
1. 8 
7. 6 
0. 2 
0. 4 

3%. 0 
3. 9 

22.3 
12. 3 
0. 5 

4SG. 0 
2. 2 
0. 5 
8.7 
0.1 
0. 2 
5.9 

10. 9 
1.4  
0.0 
0.0 
0.0 
1. 1 
0. 1 

16. 8 
2.3 
1. 0 
3. 7 
5. 2 
3. 5 
a. 5 

22. 7 
3.0 
4. 3 
9. 1 
0. 0 
2. 3 

0. a 
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The probable error of an observat3ion of weight uility derived from the preceding adjust- 
. ment is f 1.0s meters. In other words, the reciprocal observations over a h i e  31.7 kilometem 

(193 miles) long,l this being the length of h i e  corresponding to unit weightr, deteniihied the 
difference of elevation of two points with such a degree of accuracy that it is : ~ i  even chance 
whetlier the error is greater or'less tliaii 1.0s metsers. 

This probable error is unfair because of .the fact that observat,ioiis at the stations Roman 
and Spencer in June and .July, 1903, were used in coiuiection with tliose a t  Yellow and Fairvihw 
in Oc.tober, 1904. Tlie necessary asUuiiili tioii tsliatv tslie refraction is t,hq saint? in tlie reciprocal 
observations was, undoubteclly wrong in this citse. The re8son the four hies were retained in 
the acljustnientr w w  t.o coiuicc.ts the elevations of the two seasolis. 9 rejection of the two files, 
TeUciw-Spencer aiicl Yellow-Wliit~, reduces tlie probable error of an obseivatioii of unit weight 
from 5 1.0s to 50.77 iiietq. The Iatter is believod to represent niorc fBthfully tlie vdue of 
tlie vert,ical angle results in this work. 

. The probable errois for lines of other tlirwi unit 1engt.h were nssunied t.6 be proportional to 
tlieii Iengtlis. 

The probable e i ~ o i s  of the elevations of t>he six stnt.ioiis fixed by the spirit leveling done 
by the United States Geological Survey are doubt.less well within f 0.3. meter. The probable 
error approaches this value for stations adjacent to those fisecl by the leveling and greatest 
for the inost remotme stations. The probable error of the elevation of Mount Helena was coni- 
puted n.s 50.63 meter niid of Snow Mountain West as. & 1..14 iuetem? Snow h;fount.ain West 
niay be considered as t>ha least accurately deteminecl and this probable error, derived from 
the old v-crk, -I: 1.14 meters, niay he assunierl t,o'be as large as for any station in the entire n.rc. 

Tlie new elevation liere compiitetl for Mnrpville Butte, 63S.O met,ers, very properly super- 
sedes that publislied on page 31.2 of Special Publication No. 4, which W L ~  determined solely 
from nonreciprocal obuervatioiis from which tlie e d y  morning and late evening observations 
were not. eliminated. . 

The elevations of the stations of the iiiahi scheme from t,he Tacoma base to tlie connection 
with the Puget Sound tri;in&lntion were obtained froin the secoiicl adjustliient its shown in the 
tabulnt4ion below. The elevntion of Tncoiiia City Hall, 2% bench niark of the Uuited States 
Geolo.gica1 Survey, .wm held fixed atm 33.518 meters, a publishecl elevation derived from tidal 
observatioils by this Survey. In adclitsion to this the observed diff erelice of elevation, - 1.93 
meteis, be tween T21conia north bitse alii1 sou tell bnse mas supeiseded 'by the diff erence of eleva- 
tion, -2.13 meters, from the precise levels rii~i over tlie base line by the party mensuriiig the 
base. , 

There is, then, in tliis section one &xed elevation and one fixed difference of elevation. 
The elevations of the 1 3  remaining stations coniiectecl by the observations are the unknowns t,o 
be deteiinined by least squares from the 34 differences of elevation indicated in the following 
tabulation. They are shou~ii in the same foiiu used for the first adjustnient,, escept that the 
weight p nssigned to each difference of sleaation was c.oliiputec1 by the formula log p = 9 - 2 log s. 

. .  

' 

' 

1 'Phis is the usual unit weight. A weight ten tinies as large was used iu the +me table. 
ZSee p. 579, U. S. Coast and Geodetic Survey Sgecial Publication No. 4. 
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Obser\-ed 
ifference of 
denations 

Ae-hi 

THE C!ALIFORNIh-WASHIN(iTON ARC! OF PR1MAR.Y TRIANGULATION. 

L4djii..st~ill~e.nt of Ple.2m~~ot~e.-P1&gegpf Somd to Tueoniu bass. 

Adjusted 
differenre 01 
elevations 
. hr-hi 

Statioii I 

Afcttrs + 69.00 
- 30.96 
- 99. 83 
- 50. S7 + 49. 14 + 18.09 
- 5.93 
- 74.95 + 34.94 + 13.94 
+113. 67 + 64.57 + SS. 5'2 
- 30.03 + 68.50 
- 33.41 
- 112.11 
- 92.00 
-104.47 
-114.21 
- 1.33 
- 9.92 + 5.51 + 19.74 
+ 8.35 + 2.63 + 43.09 
+ 90.S6 

+ 0.56 + 6.66 + 4.77 + 6.43 

.>.-I 6-J - -I. "7 

- .  1.93 

Tacoma City Hall 
Tacoma Cit,y Hall 
Pin 
Kin 
Bos 
Tacoma City Hall 
Tacoma CiPp Hall 
Kin 
Boa 
Pin 
Bos 
( h l l  
Dron 
IVash 
Droll 
Droll 
Wad1 
Smelt 
\Ira& 
Wash 
Neill 2 
Piner 2 
Wash 
Kin 
Taconia north base 

' Wnsh 

Meters + 6S.946 
- 30:925 
- 90. Si1 
- SO. is9 + 49.0s': + 1S.157 
- 5.92s 
- 74.874 + 24.997 + 13.814 
+11:3. 685 + 64. ri03 + 85.688 
- 20.110 + 68.518 
- 23. 567 
-1112.255 
- 92.115 
- 104.039 
-113. S94 
- 1.639 
- 9.855 + 5.860 + 19.674 
+ 8.417 + 2.557 + 43.112 
+ 90.764 
+ 0.4'27 + 6.635 + 4.505 + 7.06? 

- F2.531 

- 3. 13 

Burn 
Gull 

Neil1 2 

l3urii 
Tacoma south base 
Tacoma. iiorth base 
Burn 
Tacoma north base 

Station 2 

Kin 
BOP 
80s 
Gull 
Gull 
Gull 
Dron 
Dron 
Dron 
Wash 
Wash 
madl 
Wash 
Smelt 
Smelt 
Neill 3 
Neill 3 
Neill 2 
Piner 2 
Dash 
Dash 
Dash 
Burn 
Burn 
Kin 
Tacoma north base 
Tnconia north base 
Tacoma astronomic sta- 

tion 
Tacoma asstronomic st?- 

tion 
Tacoma south base 
Hunt 
Hunt 
Hunt 
Tacoma south base 

- 
Weight. 

P 

99 . 
.54 
53 
19 
39 
50 
4.5 
17 
30 
23 
17 
40 
46 
58 
25 
37 
31 
45 
14 
21 
41 
98 
49 
38 
33 
10 
21 
62 

14 

3. 2 
2s . 
6. 1 
3. 7 
6. 9 

I- 

Arljiisted 
inintis oh- 
servetl 

I' 

X c f w s  
-0.054 
+O. 036 
-0.041 
+O. 081. 
-0.055 
+O. OG7 
+o. 002 
+O. 076 
+O. 057 
-0.126 
+o. 015 
+O. 033 
+o. 168 
-0.110 
+o. 048 
-0. 157 
-0.145 
-0.115 
$0.431 
+O. 316 
-0.309 
+O. 065 

+O. 039 
$0.067 
-0.069 
+O. 02s 

-0.09F 

-0.13: 
-0.02: 
-0: 26: 
$0. 632 
-0. LW 

+o. 050 
-0.066 
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D. 287 
0.065 
0.090 
D. 125 
D. 153 
0. 3'5 
0.000 
0.099 
0.096 
0.366 
0.003. 
0.044 
1.297 
0.703 
0.058 
0.910 
0.441 
0.594 
3. 601 
2.098 
3.9113 
0.333 
0.15a 
0.133 
0.036 
0.045 
0. os4 
0.031 

0. E 9  

0.057 
0.017 
0.425 
I :j78 
0.376 
- 

The probable error of an obsefvation of weight. unity derived froin the precediiig-acljustment 
is f0.61 meter. In other words, the reciprocal observations over a line 31.7 kilometers (193 
miles) long, this being trhe length of the line corresponding to unit weight, determined the differ- 
ence of elevation'of two poi1it.s with such a degree of accuracy that it is'nn even chance whetl)er 
t.he error is greater or less than 0.61 meter. The probable errors for lines. of'other lengths were 
assunied to be proportiona.1 bo t-heir lengths. 

The probable error of the elevation of the station fixed by connection with the mean tide at 
Tacoma may be safely assullied a t  3~0.15 meter. The probable error approaches tsliis value for 
stations adjacent to this station and is greatest! for the most remote &tations. The ends of the 
Tacoma base, connected as they are by precise levels, are the most remotme and t,he probable 
error was computed for the base as a limiting value ancl was found t.0 'he f 0.09 meter from the 
vertical angle measures nlone. -When combined witrh the pro beble erivr of tslie fisecl elevation 
it 'becomes f 0.17 meter. 

In tlie third adjustment the elevations of the stations Mary ancl Peterson were held fised ~8 
determined by the first ndjustnient, as 124S.rsS and 437.33 meters, respectively. Similarly, the 
elevations of Tacoma north base, Tacoma south base, nnrl Huist were knowii froni the second 
adjustnient and their fised elevations are 134.70, 133.57, and 129.20 meters, respect;ively. The 
seconilary station Oregonian was Lsed in elevation froni n bench niark of the United States 
Geological Survey in Port,land, Oreg. 

The elevations of t,he 18 renivnining stations connected by the observvntions are unknowns to 
be determined by least squares from the 52 observed differences of elevation indicated below. In 
t.his tribulation the observed differences of eleiration are treated as in the first adjustment. . 

. 

The elevation of top of tower is 69.53 meters. 
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Adjwdmmt of dtvatwns- Willcc?nette base nit to Tacoma .base. 

Station 1 

M a r y  
Pe tersoii 
A f V  
Peterson 
Yam 
Yam 

Yam 
Hult 
Barnes 
Barnes 
Larch 
Barnes 
Warren . 
Barnes 
Rocky BuQte 
Barnes 
Rocky Butte 
Rocky Butte 
River 
Barnes 
Warren 
Barnes 
Larch 
Davis 
Larch 
Davis . 
Star 
Davis 
Red 
Davis 
Red 
Lam 
Davis 
Lam 
Len . 
Len 
Toutle 
Toutle 
Hal 
Huck 
Hal 
Bel 
Hal 
Rain. 
Hurst 
Tacoma aoiitli base 
Tacoma north bue 
Tacoma south base 

Hult . 

Tacoma nort.1, b& 
Hurst 
Tacsnia south base 

Stxtion 1 

Tam 
Tam 
Hult 
Hult 
Hult 
Barnes 
Barnes 
Larch 
Larch 
Larch 
Warren 
\Varren 
Rocky Butte 
Rocky Butte 
River 
River 
Harney 
Harney 
Oregonian 
Oregonian 
Davis 
Dnvis 
Star 
Star 
Star 
Red 
Red 
Red 
Lam 
L W  
Len 
Len 
Len 
Toutle 
Tourle 
Tout.le 
Huck 
Huck 
Bel 
Bel 
Rain 
Rain 
Rain 
Pen 
Pen 
Pen 
Pen . 
Pen 
Rain 
Rsin ~~~ 

Bel 
Ha1 

Weight 
- P  

3.05 
2. 53 
1.43 
3.40 
7. 87 
2. 77 
2.55 
1.04 
1.56 
3.72 
9.33 
2. 15 

46.77 
7.10 

243.10 
75. 90 
50. "3 

102.80 
116.40 
245.50 

3.52 
11.48 
4.57 

14.26 
6.55 
4.12 
2. 74 
6. 70 

28. 91 
3.39 
3.95 
4.27 
9.62 
9.35 

29.58 
9.59 
3.98 
4.30 
1.90 
6.31 

18.03 
22.13 
3.06 
7. 71 
7.06 

so. s3 

24.67 
9.18 

3-32 
6. 74 

67. oa 

5.3a 

0 hserved 
diflerence of 
elevations 

ht-hi 

Mt tcr8 
- 596.20 
- 83.63 
- 866.86 
- 59.4s + 29.00 + 27.45 
f 0.40 + SSO.84 + s53.94 + 852.11 
- 344.96 
- 1197.05 
- 198.36 + 147.6i 
- 335. SI! 
- 135.21 
- 344.69 
- 146.66 
- 115.94 + 19.0s + 514.86 + 860.72 + 942.41 + 95.20 + 427.60 + 279.93 + 617.64 + 189.10 + 481.99 

+ 886.31 + 269.47 + 401.47 + 102.09 
- 352.14 
- 784.05 
- 634.84 + 156.61 + 664.35 + 560.40 

- 137.31 

- 631.29 
- 570.56 
- 1132.58 
- 525.37 
- 255.30 + 153.41 + 159. M + 157.87 + 415.i7 + 413.37 + 1542.54 + 986. IS 

Adjusted 
diffewice 01 
elevations 

hr-Rl 

Mrtrrs 
- 894.41 
- 82.51 
- S65.54 
- 53.94 
f 2S.S7 
f 29.10 
f 0.23 
f SSO.48 
f 552.61 + 551.3s 
- 344.61 
- 1195.99 
- 195.22 
f 146.39 
- 333.36 
- 135.14 
- 344. fi" 
- 146.60 
- 1.16.07 
f 19.07 + 516.81 
f 861.43 
f 94.5.15 
f 93.77 + 428.34 + 282.42 + 61G.99 + 158.65 
+ 452.76 
- 1 3 4 . 3  + 885.30 + 365.31 + 402.54 + 101.38 
- 381.38 
- 783.93 
- 634.72 + 159. 30 + 667.36 + 561.61 
- 65". 91 
- 569.46 
- 1131.07 
- 835.34 
- 255.88 + 152.91 + 159.54 + 157.11 + 415.42 + 413.29 + 1539.N + 954.8s 

Adiusted 
. minus 
observed 

R .  

Mrrrr8 
+1.79 
-0.19 
+l. 33 
-1.46 
-0.13 
+l. 65 
-0.17 
-0.36 
-2.33 
-1.03 
-0.35 
+l. 06 
+o. 14 
-1.28 
-0.04 
+O. 07 
-0.13 
+O. 06 
-0.13 
-0.01 
+l. 95 
+O. 70 
+2.74 
-1.43 
+o. 74 
+2.49 
-0.65 
-0.45 
+o. 77 
+3. os 
-0.91 
-1.16 
+l. 07 
-0.71 
+O. 76 
-0.13 
+o. 13 
+2.59 
+3.11 
+l. 31 
-1.62 
+l. 10 
+l. 51 
+O. 03 
-0.55 
+O. 50 

0.00 
-0.46 
-0.35 
-0. os 
-2. 68 
-1.30 

,jib* 

- 

, 6.6 
0. 1 
2.5 
7.3 
0. 1 
7. 5 
0.1 
0. 1 
8.5 
3.9 
1. 1 
3. 4 . 
0. 9 

11. 6 
0.4 
0.4 
0.9 
0.4 
2.0  
0.0 

13.4 
5. 7. 

34.3 
29. 1 
3.6 

25.5 
1. 2 
1.3 

17. 1 
32.2 
3.3 
5. e 

11. 0 
5.1 

17. 1 
0. 3 
0.1 

28.9 1s. 4 
9. 2 

17. 3 
26.8 

7. 0. 
0.0 
2.4 
7. 7 
0.0 
5.2 
1. 1 
0.3 

23. s 
11.4 
- 

The probable: error of an observation of weight unity derived from t81ie preceding adjust- 
ment is f0.78 meter. The reciprocal observations, therefore, over n line 31.7' kilometers 
(193 nliles) long deterinined the difference of elevation of two points with such n degree of 
a.ccuracy that it is an even c.1ianc.e whether the error is greater or less t.han 0.78 meter. The 
probable errors for lines of otjher lengths were a.ssunied to be proportional to their lengths. 

The probable error of the Taconia base was found to be f O . l i  meter. The probable error 
of the stations E1ai-y and Peterson, being direc.tly connected with the Willaniette base, probably 
does not exceed this, and the probable error of the bench ma.rk Oregonian must be well withiti 
tshis same 0.17 meter. The probable error approaches this value for stations adjaceqt, to these 
mid is grea.test, for the iiiost remote stations. It is a safe assumption that the probable error of 
the other stations nowhere exceeds 1 meter. 
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ELEVATION O F  MOUKT SHASTA. 

One of the results of the vertical angle adjustments was a new elevation of Mount Sliasta. 
This elevation was coniputecl from reciprocal observations over s k  lilies varying from 38 to 97 
kilometers in le~igt~h. The-first conipii tation was niade using a niean value of the coefficieiit, m, 
of 0.066, mid the results.had a range of 14.G meters. A filial computation was macle using the 
value for the coeffic.ien t of refra.c.tion which was a niem of the vdues coniputecl from the lilies 
radiating from t,he observing station, but correc.t8erl for the mean elevatioii of the line. The 
followiiig n.re t.he values for the height of Mount Sliasta: 

Fr01ii ROIIII~. . . . -. . - -. - - - -. -. . -. . . . . . . - -. . . . . -. -. . -. - 1043.36+3'?7?. 69=43lD: 05 
From Bally ... _.._._. -. -. -. -. - -. -. - -. . 1893.35+3.1'24. 31=4316.56 
Fro111 h1e;wrs. .___._.. . . . . . . -. . . . . . . . -. . . . . . . . . -. . . -. . . . . 5174.00+5143.55=4316.55 
From Boliver _..._. __. . -. - - . . . -. . . -. . . -. . . . - - - . -. . . -. . . 3451.45f1867. 38=4318.73 
Froiii Sterling.. ___.  . . _._. - - - -. -. . . . . -. . . . - - - -. - - . . . . .._ - ?339.03+20'i0.0=4:309.03 

p=3.0 
1'. 1 
6.9 
3.7 
1.3 

c 

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

SOCIS ... . . . . . -. . -. -. . -. -. -. . . . . -. -. -. -. _. . -. . . . . 1857.11+'755S. 37=4315.48 1.7 

Weighted mean.. . - - - - - . . . . . - - . - . - . . . . . . . - . . - . . - - - . . . - . . . . - . . . . . . . . 431 6. 5 nieters 
for 141152 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 having separate least square adjustments have been arranged in order of accumcy, the 
niost accurate being placed first. The best test of accuracy is believed to be the probable error 
of an obsei-vation of unit weight. Such an observation is here considered as the reciprocal non- 
S i ~ l l l ~ ~ ~ l ~ ~ l J S  obseivations over the length of line correspoiiding to unit weight, considered as 
31.7 kilometers (198 d e s ) .  

Sections qf trkngulatim in order of acwracy. 

Season 

1899-1900 
1 no. 

1900-1903 
190-1-1905 

1903 
1s90-1s99 

19w. 
1903 

1906-19007 
1903 
1905 

190s-1909 
1873-1SS5 
1903-1904 
1903-1906 
1903-1904 

' 1904-1905 
1s90-1899 
1899-1901 
1910-1911 
1909-1910 
lS73-lS98 
1901-1902 

lSicS-lS95, 
lS59-1S92 

Section UI triangulation 

Ninety-eighth Meridian, SheIt,on-Page 
Ninety-eighth Merit1 inn, El Reno-Duncan 
Ninety-eighth Meridian, Page to Brown Valley 
Ninety-eighth Meridian, Brown Valley-Doluth 
Ninety-eighth Meridian, Bowie-St.e henville 
Ninety-eiglit,h hleridian. Salina-She?ton 
Ninety-eighth Meridian, Duncan-Bowie 
Ninety-eighth Meridain, Stephenville-Lainpaaaa 
Ninety-eighth Meridian, Fergus Falls-Canada 
Ninety-eighth Meridia.n, Waukomis-El Reno 
C~~.liforni~Washhigtoii arc, Taconia base northward 
Texas-California arc, Kyle-McCleiiny to Stanton 
(-hlifornia arc, Mount Toro-Santa Cruz. 
('alifurnia-~~~nsliingtoii mc, south end 
c::iElifornia-W~i81iii~g~ii a.rc, Willa.niet,te base to Tacoma base 
Kinety-eighth Meridian, Brown Valley 1:me 
Ninety-eighth Me~idian, Re uin to Laguna Y d r e  
Cdiforiiia arc, 8an Pedro-Ssedad 
Ninety-eighth hferidian, Thirty-ninth Pyallel-Anthony 
Tesas-California arc, Deniing to Califorilia 
Teras-California arc, St.anton-Deming 
(hlifornia arc, Sant.a Cniz-San Pedro 
Ninetyeiglith Meridian, Anthony-Waukomis 

Thirty-ninth Parallel. Pikes Peak-Round Top 
Thirt.y-nint.li Parallel. Point, ?Ireiin-Moiint. Diablo 

1 Mean. 

- 
Jbser- 
'ation! 

39 
14 
74 

109 
41 
87 
33 
35 
86 
18 
34 
71 
*7q . 
83 
52 
31 
57 
23 
53 
73 

106 
30 
16 

r C  

71 
48 

- 
c n -  

inown 
eleva. 
tions 

15 

28 
48 
15 
39 
10 
11 
29 
S 

11 
36 
9 

'77 
18 
10 
39 

19 
26' 
3s 
7 
F 

- 
I 

I 

28 
1.5 

Probable er. 
or of an ob. 
sermtion 

*o. 33 
*o. 34 
*o. 39 
*o. 43 
*to. 43 
50.47 
&O. 53 
*O. 55 
*O. 5s 
*O. 59 
*O. 61 
*O. 70 
*o. 77 
*o. 77 
*o. 78 
24.85 
*o. 88 
*o. ss 
*o. 91 
*o. 91. 
*o. 93 
f 1.05 
*l. 09 

' *o. 0's 
*l. 20 
*l.  83 
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I t  has been dechred to be ‘iuseless to aim a t  a high degree of mxiracy in vertic. a 1 measures 
. since the irregular variation of blie refrmtion from hour to hour nnd day to day produces chmges 

in’ vertical a.ngles w1iic.h affect, blie tens of seconds and sonietinies even t,he minutes.” Should 
not this declamtion be nioclified ? 

In considering the results in the above table it should be noted that t,he least. accurate 
groups are those of the Triinscontinen tal Arc where the observations extended over A great niany 
days but at hours of tlie day when tlie refraction w : ~  great. Tlie mostm accurate of t,he sections 
a.re the ones of the Ninety-eighth Meridiaii where the observa.tioiis were confined to the- hours 
nearest the time of minimuni refraction, 11 a. m. to 3 p. ni. The iudiscriniinate nieaii of the 
probable errors, excluding the two least accurate sections, is f 0.68 meter or an uncertainty of 
4”. 43 in the zenith distance. Zenith distances, which are affected by unusual refraction to 
the cxteiit of tens of seconds and sonietinies inhiiites,’.’ would esceed 33 times the probable. 
error and would be subject, to rejcc.tion. 

The sections where the lines are longest appear to have less accuracy, and t,his can be readily 
accounted for by the effect of the differences in the station errors between tlie ends of the h i e  
over which the zenitsh distances are observed. ’ No effort, has been’ niade to correct. the zenith 
distances for this difference in station errors. A second cause for the d~crea~se in accuracy on 
the long lines is the necessarily longer interva.1 between the observations at t,he ends of these 
lines allowing seasonal changes in the refrnc.tion to occur.. 

In conclusion, t,he results would inclicate that tlie aiin should be for a few accurnte ineasures 
of the zenith distances on more than one dag andbetween 12 and 2 p. m. (or better, between 10 
and 12 8.  ni. if the lines are near the coast), with no long interval of time betweeii tqlie observa- 
tions at the two ends of a line. (See pages 253 t.o 256 of Spec.ial Publicatioii No. 4? for a. clis- 
cussioii of trhe times of niasiiiiuni and minimum refraction at  c0a.s t and interior stations.) 

ELEVATIONS 

The rlatuni for all the e lmdons  is mean sen level. 
The stations are in three chases: First, those &xed tlirect,ly by the spirit! leveling, a d  of 

whic.h  lie elevations are subject to a probable error varying from 0.15 to 0.3 metmeis; second, 
the stations in the main scheme &sed by recipToca.1 nieasures of vertical angles and which are 
subject to probable errors vmying from f0.3 to f l . 1  meters, and, third, the int.ersection 
stations, of which the elevations are &xed by measurements of vertical angles which are not 
reciprocal, the intersection ststions not, being occupied, mid whose elevations a.re subject 60 

probable errors which may be great as f3 meters in some cases. 
The accurac.y wit,h which ewh elevation in t.he main scheme is determined depends mainly 

upon the remoteness of t.hat station from the nearest. one of which the elevation is fised by 
spirit levding, as indicated in clsss 1 of t,he followiiig table. Station Snow Mountaiii west is 
probably least accurat,ely determined of all tlie stations in the main scheme. 

. 
. 

For a table t.o be used in converting feet to meters,‘ or vice versa, see page 34. 

TABLE OF ELEVATIOgS 

Station I Point. to whirh elevation refers 1 Elevation [ 

C‘lass I 

Redding astronomic station 
Gazelle astrononiic station 
Central Point aatrononiic station 
Rowburg latitude stat.ion 
Willamette north base 
Willaniette south base . 

Station mark 
Station niark 
Starion mark 
Station mark 
Station mark 
Station mark 

Jfttrrs 
302.16 
84s. 28 
389.952 
165.24 
101.36 
116.59 

1 See 11. 2S2, Appendix 3. Report for 1902. 
ZThe Trmnscontinental Triangulation, by Chas. A.  Fchott. Specla1 Publication No. 1, U. S. Coast and Geodetic Survey. 
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TABLE OF ELEVATIONS-Continued. 

Thirty-n.in,i71 Pnrcd7~l io IWamette base--Continuecl. 
~- 

St at ion 

C!lnSs 2 
Mount Heleiva 
Snow Mount~ain west 
Snow Mountain e& 
Marysville Butte 
Kent 
Lvons 

Rouna ' 

l3i.lly 

Spur 
Boliver 
Blesrs 
Sterling 
Soda 
On ion 
Rust, 
Wliite 
Black 
Scott 
Burg 
Rose 
Fairview 
Yellow 
Ronian 
8 wncer 
dar y 
Peterson 
Twin 
Ridge 
Rauch 

Lassen Peak 
Mount L.inn . 
klloumt. St. John 

(:rat,& Peak 
Saw Tooth 
Thonipson Penk 
Russian Peak, north p a l t  
Pilot. Rock 
China Mountain 
Ashland Peak 
Marble Mountain 
Mount Eddy 
Mount Bhash 
Qcmse Nest 
Rerlding Courthouse 
Little Shasta 
Black Ilutte 
Prest,oii Peak . 
G rc!vbnc k 
Biskiyou 
\I- I :  I, w c r  
Kerby 
Mount Pitt 
Lost Peak 
Aspen Peak 
hlount Scott 
Liao Rock 
Hich Rock, 
Union Ppak 
Old Bailey 

Dian!ond Peak 
Quart,z 
Mount Washingtnn 

Bully c:hoop 

I?ndson (U. e. G. 8.) 

- 
770W0-13-5 

Point to which elevation refers 
-. .. 

Station mark 
Top of pier 
h t i o n  nia.rk 
Station mark 
8tat.ilon mark 
Station mark 
Station mark 
Station mark 
Stat,ion mark 
Station mark 
Station mark 
St,ation mark 
Stat.imi mark 
Shticm mark 
Station maik 
8t,zt,ion mark 
Station mark 
Station mark 
Station mark 
Station mark 
Station mark 
Station mark 
Station mark 
Station mark 
Station mark 
Station msrk- 
Station rnnrk 
Statioii inark 
Station mark 

To; 
Summit 
TOP 
Highest summit 
Suinniit 
Summit . 
Suniniit 
Summit 
Summit 
Top of peak 
Tree-top 
Tangent to roof 
Top of peak 
Top of cairn 
Top of peak 
Top of peak 
Top of peak 
Highest summit 
Top 
Summit , 

TOP 
Ton 
Toil of peak 
Top 
TOP 
Top 
Top 
Top of peak 
Top of peak 
Top of peak 
Top of peak 

Elcvat.ion 
~~ 

Mmrs 
1322.1 
2145.7 
3150. G 
635.0 

3032.9 
2031.4 
lN2. 4 ' 
1043.4 
2766.9 
2451.5 
2174.1 
'"'39.3 
1S57.4 
1597.1 
1S9l. 3 
1333.7 
1874.1 
1394. G 
GOS. 7 
453.3 

1806..3 
746.3 
572.3 
626.2 

124s. 8 
437.2 
389.8 
361.0 
302.2 

3189.9 
2.163. s 
2057.6 
3126.8 
2646.5 
2717. -1 
2555.0 
2494.3 
1S03.9 
2608.2 
9296. 7 
2533.3 
2754.8 
4316.3 
339s. 5 
19s. 2 

2532.9 
1933. S 
2232.2 
2149.6 
21.7s. 4 
2411.4 
lrjS9.5 
3 5 3 . 6  
2446.2 
"502.0 
2717.7 
2484.0 
1S93. S 
2347.9 
5548.3 
9s4.5 

2579.7 
1GSF. 4 
2368.0 

. 

. 
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TABLE OF ELEVATIO~S-~ontinued 

Th.irty-ninth. Parallel to Williaiamatte base-C!ont.inued 

StBtWIl 

G'lnss $--Continued 

Mount Zion 
North Sister 
Hayrick , 

Middle Sister ' 

Nebn . 
South Sister 
Ball Butte 
St. Marv Butte 
Prairie Peak 
Alsea Peak 
Cannibal 
Herman 
Seavies (U. S. G. S.) 
Mount Jeffersnn 
Left Nipple 
Cnrvallis closed cupola 
Corvallis ripen cupda 
Albany Courthnuse 
Lebanon 
Capitol, Saleni 

Po@ to which elevation refers 1 Elevation 

-I - 

Top of peak 
Top of peak 
Top of peak 
Top of peak 
Top of peak 
Top of peak 
Top of peak 
Top nf peak 
Top ~f peak 
Top nf peak 
Top of peak 
Top of peak 
Top of p a k  
Top nf peak 
Top of peak 
Bottom of cupola, top of roof 
Bottom of cupala, tiq3 of roof 
Rase, large cupola 
Top of tall brick chimney 
Top, l a p  part of dcme 

JIc& rs 
1406.4 
306s. 4 
2375.2 
3059.6 
1037.4 

* 3155.2 
5556.6 
239.6 
1047. 6 
1100.8 
S69. 4 
634.7 
C07.3 

3'". 3 
1313.4 

96. 3 
9s. 3 
ss. 1 
135.3 
1110.4 

. --.- - 

I'lrss 1 
Oregonian 

Y;tm ' ' 

Hult ' 
Barnes 
Larch 
Warren 
Rocky Butte 
River 
Haniey 
Davis 
Star 
Red 
Lam 
Leu 
Toutle 
Huck 
Hal 
Bel 
Rain 
Pen 
<!em 
Hill 
Fir 
Monument, General Land Survey 

, Ch82 

!:'luss s 
Round Peak 
Thonias 
Forest Peak 
White church hpire 
Moiimou(.h Peak 
TaLle Hock 
Arquett., &rn 

Cliemawa tank 
Sheridan 
Fairclale 
Mount Hood 
3Inunt Adanis 

Squaw 

Top of Tower 

Station mark 
Station mark 
Station mark 
Station mark 
8t.ation mzrk 
Station mark 
Stat,ioii inark ' 

Ptat,ioii mark 
Station mark 
Station mark 
St,at.ion mark 
St.at,inn mark 
St.at.ioii mark 
Stnt.inn mark 
Station mark 
Station mark 
Station mark 
Station. mark 
Station mark 
St.at.iou niark 
8tatb:in mark 
St,at,ion nlnrk 
Station mark 

Top oi perk . 
Top vf peak 
Top of peak 
Top of square part 
Top of peak 
Top of peak 
Top of p ~ k  
Tq)  nf peak 
Foot of huik. talp nf tnwer 
Top uf p e ~ k  

TI 11) of  peak 
T I I ~  of lwnk 

Top of pesk 

G 9 . Z  

354.4 
3s3.3 
333.5 
1234.9 
3s. 9 
1%. 3 
50.2 
3s. 7 
900.3 
133s. 7 
1517.3 
1353.1 
1785.6 
1001.7 
11FO. 9 
110i. 5 
lGG9.1 
53s. 0 
3s7.1 
535. s 
356.8 
315.9 

. 39.7 

131'3.8 
13'70.5 
Gil. 9 
72.0 
984.6 
14S. S 
1417.4 
1455.9 
77.0 
941.1 
7so. 5 
3421.2 
3757.0 
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TABLE OF ELEVATIONS-Contiuued 

Willaniette %e net to Tacoma base-Continued 

Station 

Closs $-Continued 

Mount St. Heleiis 
Deschutee Peak 
High Rock 
Sharp Peak 
Mineral Peak 
Mount Rainier 
Mount Rainier 
Goat Mountain 
Nit,chell 
Eagle, cairn 

ckllS8 1 
Tacoma City Hall 

Point to which elevation refers' I Elevatlon 

C h 8  9 
Gull 
Dron 
Bus 
Kin 
Wash 
Smelt ' 

Neil1 2 
Dash 
Piner 2 
Tacoma mtronomic 
Tacc:lma north base 
Burn 
Tacoma south h e  
Hurst 

c:loss 8 

Smelter stack 
Brown Point Lighthouse 
Tar.wiia Courthouse 

Top of peak 
Top of peak 
Top of peak 
Tup of peak 
Top of peak 
Bere suniniit 
Highest pnint 
Top of peak 
Topof peak ' 

Top of peak 

I M t t m  
I 2955.6 

1318. S 
1733.5 
1769.4 
1446.5 
4380.5 ' 

4410.7 
1S47.8 
1313. 7 
'12S3.0 

U.S.G.P.B.M. 

Station mark 
Station nisrk 
Staticin mark 
Stat,inn mark 
St,ation mark 
Station mark 
Station mark 
Station mark I 
Station mark 
Stat,ion mark 
Station mark 
Station mark 
Station mark 
Skition mark 

Top of stack 
Top of light shalt 
Top of cupcila 

33.52 

51.67 
27.59 
3.59 

10.1.4G 
115.86 
96.14 
4.02 
2.35 
12.24 
94.79 
124.70 
122. 14 
122.57 
129.20 

132.7 
s. 5 

153.1 

67 
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Ni,. -I. 

123130' 123700' IZZ'l30' ' 122°]oo' 

Bally-Roun,l t.o Onion-Rist. 
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No. G .  . 

Mary-Peterson to Davis-Red. 
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DavisHerl t o  Pugct Sound. 



. 1 Position Station 

Allinn y court~liorise cupola .............................................. 
Alsen . Peak, pa.rt.ly cleared, wooded summit ............................. 
Arqnet.t., cairn ....................................................... 
Aslilnnd Peak, ca.irn .................................................. 
Aspen Penk ......................................................... 
Astm~ioinic station : 

Cent,r;i.l Point .................................................... 
Corn jng .......................................................... 
Eugene ........................................................... 
Gaielle ......................................................... 
Redding ......................................................... 
Tacnnia ........................................................... 

Balch ................................................................ 
Ball h t t e  ........................................................... 
Bally ............................................................... 
Raptist Church spire, Eugene .......................................... 
Barnes .............................................................. 
Bel .................................................................. 
Bench niwk, Portland ................................................ 
Black ...... :.. ........................................................ 
Black Ih t te ,  cairn .................................................... 
Boliver (Ca.1.) ........................................................ 
Bos ................................................................. 
Brown Point Lighthouse ............................................. 
Bully (:hoop ......................................................... 
Burg ................................................................ 
Biim ................................................................ 
Cannilsa.1 Peak, highest wooded summit ................................ 
Cem ................................................................ 
Centra.1 Point astronomic station ...................................... 
sentsnl Point latitude Ptation .......................................... 
Chemann tmk ....................................................... 
China Moiintain (not the cairn) ........................................ 
Chris1in.n Church spire, Springfield .................................... 
Cily Ua.11, Tawma ................................................... 
Corning nstrononiic station ............................................ 
Corning tower ......................................................... 
(:orvnllls, clijsed cupola .............................................. 
(lorvallis, open cupola .................................................. 
Courthouse : 

Eiipene, flaLgpole .................................................. 
Redding ......................................................... 
Tacoma., cupola ................................................... 

Crafer Peak .......................................................... 
Dash ................................................................. 
navis ............................................................... 
Deady Hall . west t.ower, Eugene ....................................... 
Dcschiites Peak ...................................................... 
Diamond P e d  ....................................................... 
Dc~lson (U . 8 . G . S.) .................................................. 
Dron ................................................................. 
Eugene: 

Astrononiic station ................................................ 
Raptist Church spire .............................................. 
(lourthouse flagpole ................................................ 
Deady Hall, west tower ....................... '. .................. 
Geari School spire ............................................... 
Met.hodist. Church ........................... : ..................... 
Pzit.t,erscm School spire ............................................ 

Eagle, a i m  .......................................................... 

Unir.ed Brethren C:hnrch spire .................................... 
1%'. 0 . W . Hell spire ............................................... 
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h d e x  to position .s, dtwri.ptions? sketdcs.  nn.d oZrz,atiotz.h.--Cont,inued. 

Posit ion 
-~ 

Fajrrlale Peak ....................................................... 
Fairview ............................................................ 
Fir ................................................................. 
Forest Penk, tallest trees ............................................. 
Gnzdle ~ ~ t m u o m i c  station ............................................. 
Ciearv School spire, Eu, vene ........................................... 
Cia~t '~~ .wnta in  ...................................................... 
Goose Nest., tall t.ree. ................................................ 
Greyback ............................................................ 
Gull ................................................................ 
Hal. ................................................................. 
Harney .............................................................. 
Hayrick .............................................................. 
Herinan Peak, wooded summit ........................................ 
High Rock (Oreg . ) 
High Rnck (Wash .: ) ................................................... 
Hill iiM.) ............................................................. 
Hill (Oreg.! .......................................................... 

. Huck ................................................................ 
Hul t ................................................................... 
Hnmt ............................................................... 
Kent ................................................................ 
Kerby ............................................................... 
hin. ......... -1- ...................................................... 
Lam .................................................................. 
Larch ................................................................ 
Lassen Pe:t k .......................................................... 
Latit.ride station: 

Centrnl Point ...................................................... 
Portland ........................................................ 
Roseb ti=. ........................................................ 

Lebandn, tall brick chimney ........................................... 
Left Nipple .......................................................... 
Zen .................................................................. 
Liao Rnck ............................................................. 
Little. Shastn ........................................................... 
,Longitude s ta t.ion, Portkmd .......................................... 
Lost . Peak ........................................................... 
Ikons ................................................................ 
hfarble A.Iountain ..................................................... 
E/Ia n.................................................................. 
h h ~ ~ s v i l l e  Butte ................... : ................................. 
Mews ............................................................... 
Methodist Church: 

Eugene ............................ -: ............................ 
Springfield, spire .................................................. 

Yiddle q'-t ,.is.er ......................................................... 
Min ................................................................... 
Minenl Peak ......................................................... 
Mitchell ............................................................. 
MOIIIIIIXI~~ P d i  ...................................................... 
hfonumrnt, General h n d  Survey .......... 1 ........................... 
Mount Adnnis ......................................................... 
Mount Eddy, cairn .................................................. 
Mount Helena ........................................................ 
h h n t  Hood .......................................................... 
hfount Sefferson ...................................................... 
E/Iount I inn  .......................................................... 
Monnt Pitt ........................................................... 
Mount Rainier, bare summit .......................................... 
Mount Rainier, high peak ............................................. 
Mount S t  . Helens ..................................................... 
Mount S t  .. John ....................................................... 
Mount Scot& ........................... 1 .............................. 
Mount Bliash, top of ............... ...... c .  ......................... 
Mount Waslihigton ....................... 1 ........................... 
Mount Zion ......................................................... 
Nebo ............................................................... 
Neil1 2 .................................................. ........... 

................ ................................... : 

.. 
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I&E.C to positiom. descriptions. sketches. miid eir~~~~.ons-Contilluecl. 

Tac.oin:i~-. ................... ..................................... 
. Willa.inet.te ...................................................... 

Nortli Sister ......................................................... 
Old Bailey ........................................................... 
Onion ................................................................. 
Oregonian ............................................................ 
Patterson 8ChoOl spire, Eugene ........................................ 
Pen .... :_ ................. I .......................................... 
Petermil .............................................................. 
Pilot Rock .......................................................... 
Piner 2 .............................................................. 
Pisglh ............................................................. 
Porikmcl: 

Bench insrk ...................................................... 
Latitude station .................................................. 

Prsirie €’elk, west . tree ............................................... 

Quarka .............................................................. 
Rain ................................................................. 
Rnui.11- ............................................................. 
Red ................................................................ 
R.ec1 d h g  : 

Asc.ronoiiiic station .... 1. .......................................... 
Courthouse ...................................................... 
Xortli l m e  ...................................................... 
South ).lase ....................................................... 

Riclgc ................................................................ 
R.iver. .............................................................. 
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