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INTRODUCTION 
Very soon after the California earthquake in 1906 parties of the 

Coast and Geodetic Survey were organized to reoccupy 'a number of 
old triangulation stations in the vicinity of San Francisco Bay and 
to reobserve the angles of the triangles with a view to detecting 
movements which had taken placo since the first observations were 
made a number of years before. 

The reoccupation of thesettriangulation stations took place during 
the interval from July, 1906, to July, 1907. It extended con- 
tinuousl northwestward from tho stations Mount Tor0 and Santa 

len th and 50 miles in width. 
$he old triangulation had been done between the years 1851 and 

'1899 for the control of surveys upon which charts of the bureau 
were to be based. 

The results of the triangulation of 1906 and 1907, as compared 
with the older work arc3 contained in Appendix 3 of the re ort of 
the Coast and Geodetic Survey for 1907, by John F. H a g r d ,  at  
that time inspector of geodatic work, and A. I,. Baldwin, computer. 
In  the 1906-7 work 11 recise, 8 ppzimary, and 41 secondary stations 
were occupied. The $fferences between the old and the 1906-7 

eographic ositions are shown in tables in the report of the work. 

section ________________________________________- - - - - - -  2 

section-----~--_________________________-------------- 4 

sec t ion- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  13 
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Ana to i5 09s Mountain. The area covered was about 170 miles in 

1 
k v o  maps s ?l ow the earth movemnts on April 18, 1908, and in 1868. 
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FIG. 1.-Triangulation in California reobserved in 1822-23, northern section 
Obnervatlons were made et all stetions indicated, ampt Armello md Oavlota, In W B M ) ~  of lop md 

1923. The odglaal obrervationr were made prior to 1887. 
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Since the publication of the report by Hayford and Baldwin, it 
had been felt that the new trian lation should have been started 

stations Mount Diablo and Mocho (see fig. l ) ,  which were used as 
the base in the 1906-7 work. 

At the request of Dr. Arthur L. Day, director of the eo hysical 

mittee on seismolo of that institution, to the Director of the 
U. S. Coast and godotic Survey, plans were made for the re- 
occupation of precise triangulation stations in California, extending 
westward from Mount Lola and Round Top, two mountain peaks 
in the Sierra Nevada Mountains, in latitude approximately 39' 
and longitude 120°, westward to the coast and thence to the south 
and east to the Mexican border. The new work was bepiin in 1922. 

This work was designed to show es ccially whether any movements 

occupied by the Sierra Nevadas in the eastern part of the State. 
If the whole of the area of California and that just to the eastward 

from a point farther from the fau g. t of the 1906 earthquake than the 

laboratory of the Carnegie Institution and chairman o ?I! t e com- 

had occurred along the coast of Ca f ifornia with respect to the area 

were moving as a geological 
show small or no changes in the geo 
involved, but if the coast were 
while the interior remained fixed 
in the geographic positions of tho coast stations. 

The plan adopted called for. the early reoccu ation of the tri- 
angulation stations shown in Flpres 1 and 2. ?!!hey extend from 
Mount Lola and Round Top, with Mount Como as a check point, 
to Ross Mountain and Mount Tamalpais, on or near the coast, 
and thence along the coast of California to  the southward to a junction 
with the line joining San Jacinto and Cuyamaca, two stations of 
what has been. called the Texas-California arc. 

Durin the season of 1922, the work was extended from Mount 

Mocho. In 1923 the reoccupation of stations was begun at  Loma 
Prieta and Mocho. The work was carried southward in that year 
to the line Arguello-Gaviota where the observing party encountered 

Learn- 

was moved to the vicinity of San Diego, where observing be an a t  

and westward to the stations Laguna and Chaffee, inclusive (see 
fig. 2). The work was discontinued with those stations owing to 
the exhaustion of t h b  funds made available by Congress for the 
geodetic work to study earth qovements. 

Much credit is due Messrs. C. L. Garner and Floyd W. Houeh, 
the chiefs of the field work in 1922 and 1923, respectively, for &e 
efficiency and accuracy with which they carried on the operations, 
and also to the members of thoir parties. The office computation 
and ad'ustment were ably dono under the immediate direction of 
Dr. 0. k. Adams. 

It is proposed that during the season of 1924, the rsmainin 

Lola an c!i Round Top southward to  the stations Lorna Prieta and 

ing heaK t at  the weather was more favorable to the southwar B the party 

stations Cuyamaca and San Jacinto and was extended nort Yl  ward 

fogs whch threatened to delay operations material1 . 

stations (New San Mi el, Santa Cruz West, Santa Cruz East, an % 
Santa Barbara) will t-l e reoccupied and thus a junction formed 
between the northern and southern portions of the arc. 
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Further plans for testing earth movements in Californiathave not 
been perfected at the present time, althou h it is expected that the 

occupied and a connection made with the international latitude 
station at  Ukiah, and that at  least one quadrilateral of the Texas- 
California arc will be reobserved. This would extend fromathe line 

triangulation stations to the northward o 7 Ross Mountain will bs 

Cuyamaca-San Jacinto to triangulation stations near the Colorado 
River in the southeastern part of California. It is readily under- 
stood that, for the purpose of using trim ulation in detecting hori- 

tion stations rather far removed in distance from the area which is 
suspected of undergoing movements. 

zontal earth movements, connections shou 7 d be made with triangula- 
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REOCCUPATION OF TRIANGULATION STATIONS 

The old triangulation had been done for the purpose of controllin 
the geographic positions of charts along the coast of California an f 
coast. All of thc old triangulation had been compute f and adjusted 
to correlate those charts with the triangulation alon the Atlantic 

to the North American Datum a number of years before and there- 
fore the geographic positions resulting from the observed angles of 
the first occupations of the stations and from the observed angles of 
1922 and 1923 are in every way comparable. They are on the Sam0 
datum and they are computed to the same degree of refinement. 

INSTRUCTIONS 

The instructions issued to Clem L. Garner, chief of the party in 
1922, read in part as follows: 

You will begin observations for precise triangulation from the line Mount 
Lola-Round Top of the thirty-ninth parallel triangulation, with observations 
made on the station on Mount Como as a check on the identification of the old 
stations. 

This triangulation is t o  be executed in connection with investigations rclative 
to movements in the earth'u crust throughout the regidn over which you will 
work and i t  is, therefore, desirable to  make the triangulation as accurate as 
possible, without undue ex ense, in order that it may provide a proper base 
or future comparisons. &u will, therefore, take special precautions against 

conditions which would cause horizontal refraction and will adopt such an  
observing program as will secure triangle closing errors with 2.5" &s a maxi- 
mum, and with not more than 1" as a mean. It is recommended that each 
direction at a station be measured on at least two nights with not less than 12 
acceptable directions on each night. One direction at each station may have 
only 16 acceptable positions observed and these may be on a single night if by 
so doing a day may be saved and provided further that the closures are within 
the above limits. It is desirable to secure as good closing errors &s possible. 
with such a program, but if the results are not within the requirements you 
should increase the number of observations or the number of nights on which 
observations are made in order to secure results coming within the prescribed 
limits. 

Since it is important to have the astronomic azimuths of as many lines as 
possible, you will observe on Polaris for azimuth at each of your main scheme 
stations, provided your party will not be delayed aa much as a day at any one 
station to get the astronomic observations. An azimuth should be observed at 
alternate stations of the main scheme, even though the party is delayed thereby. 

Prominent objects whose geographic positions have not been determined 
should be observed on from the stations you occupy. You should also make 
connections with triangulation stations of the United States Geological Survey 
and of the Forest Service and also with the principal mark6 of the General Land 
Office whenever this can be done without delaying the progress of your party. 

The instructions issued to E'. W. Hough, chief of party o erating 
in 1923, were in all essential parts the same as those issuefto Mr. 
Garner for the 1922 season. 

\ 

You will extend the triangulation to the westward And southward. 

ACCURACY 

On figures 1 and 2 are indicated the stations which were reoccupied 
in 1922 and 1923. The len ths of the lines of the old triangulation 

lateral with the triangulat3ion stations Monticollo and Vnca, at the 
northern end of the scheme, and the rnoasurcd line between Los 
Angeles northwest base and Los Angelos southotist base n t  the south- 
ern end of the arc. These two base lines are sufficient to control 

depend on the measured Yo Fi o base, which is connected by a quadri- 
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the lengths, for the individual figures between ,the bases are strong; 
that is, they are well shaped to carry the lengths through the 

are those due to the imperfections in the graduation of the horizontal 
circle of the theodolite, to the inaccurate pointing of the telescope 
on the lamp, heliograph, or pole a t  the distant station, to the reading 
of the micrometer microscopes, and to the effect of horizontal refrac- 
tion on the line of sight between the observer and the object observed 
on. The combined effect of all the errors except the last is not 

reat if good instruments are used and many measurements of the 
%irections are made. The effect of the refraction, however, can not 
be easily eliminated. It is greatest when a line passes near a hill 
or mountain side and the wind is blowing from the high ground 
across the line. It is the custom of the engineers of the Coast>and 
Geodetic Survey, in making tho selection of stations for new trian- 
ulation, to avoid lines that pass close to dopes. A line that is 

farely clear of an intervenin flat-topped ridge or plateau does not 
seem to be materially aff ecte f by lateral refraction. 

The effects of the accidental and systematic errors are largely 
eliminated b having a quadrilateral s stem instead of a chain of 

observations and in the derived lengths of the sides of the trian les. 
The probable error of a direction in the precise triangulation fione 

by the Coast and Geodetic Survey averages about f0”.50. The 
probable error of the reobserved directions in 1922 and 1923 of the 
triangulation in California is &0”.32. When it is realized that the 
sides of an angle of 1” are 1 foot apart at a distance of 40 miles it 
is readil seen that when the average closing error of 1” for a 

through the triangles with considerable accuracy. I t  is reasonably 
certain that should there be no actual ground movement between the 
time of making the first and the second set of observations along 
an arc of precise triangulation the differences in geogra hic position 

single triang f os. In  the quadrilateral t K ere are checks in the angle 

triangle 1 as been obtained, the geographic positions may be carried 

should usually not be more than 2 or 3 feet in 100 mi P es. 

DISCREPANCIES BETWEEN OLD AND NEW TRIANGULATION, 
NORTHERN SECTION 

Figure 3 shows by arrows the directions and distances between 
the positions of the old observing and that of the ears 1922 and 

If the arrow is pointing to the north the eographic osition from the 

earlier work. 
U on the assumption that no movement whatever has occurred 

which were first occu- 
pied in 1879, the arrows shown on the sketc would be actual earth 
movements which have occurred btweeen the earlier and the later 
ob3erving, provided there have been no errors whatsoever in the 

1923, for the triangulation stations at the northern en a” of the scheme. 

latest observing is to  the northward o F the one B erived from the 

for t R e stations Mount Lola and Round To k 

I See speciflatiom for trisngulation in S tal Publicatlon No. 26 of the U. R. Comt and Geodetic Eur- 
vey, entitled “General Insiructions for FieTWork of the Coast and Geodetic Survey.” 
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trian dation. This last assumption of course can not be true and, 

of errors of triangulation and earth movements. 
The differences in geogra hic positions for the stations Pine Hill, 

been caused by the errors in the observations made in the seventies 
and those in 1922 and 1923. For these stations the maximumdif- 
ference in osition is at Marysville Butte, 80 miles to the westward 
of Mount f d a ,  amounting to 3 feet to the northward. The differ- 
ences in position for the other four stations in uestion are small, 

consrderation the arrows re resenting the differences in geographic 

It seems reasonab f e to suppose from a, study of the differences 
in position to the westward of Mount Lola and Round Top to the 
stations Mount Helena and Vaca that the area involved has re- 
mained practically quiescent during the 40 or more years between 
the first and the last observations. It was found that the angles 
remeasured at Round Top and at Mount Lola in the triangle in- 
volvin those two stations and Mount Como, agreed very closely 

no distortion of that triangle had occurred since the first observa- 
tions. Apparently there has been no general movement or distor- 
tion of the central and eastern part of California between latitudes 
38' 30' and 39' 30'. 

When we study the changes in geographic ositions as shown by 

ment seems to be without any general order from Mount Ross to the 
line joining the stations Mount Toro and Santa Ana; and, second, 
that from Mount Toro and Santa Ana southward there is a pro- 
gressive change in eo aphic position8 with practical1 all of it tak- 

sections of the work should be given separate consideration, 
As this paper is designed to be only a reliminary report on earth 

it the results of the work of 1906-7. 
Some outstanding features of the new results are worthy of special 

remark. For instance, there seems to be a general trend to the 
southward of stations to the eastward of the San Andreas fault 
while the mean change of all of the stations, as a grou to the wost- 

There is some re ularity in direction and amount of the diff erences 
to  the nmthwar 6: of the line Mount Toro and Santa Ana on the east 
side of the fault. This is not true €or the west side. At Point 
Reyes Li hthouse the difference is 22 feet to the northward, while at 

Those two stations are only about 23 miles apart. At Santa Cruz 
the change is 2% feet to the southeast while at Point Pinou, about 
25 miles away, i t  is 10 feet to the northeast. 

The stations Mount Diablo and Mocho formini the basis for the 
1906 and 1907 triangulation have chan ed their positions 3% and 4 

there $' ore, the movements shown by the arrows are a combination 

Marysville Butte, Monticel P 0, Vaca, and Mount Helena could have 

being 2 feet or less. It is significant that for the 'ti ve stations under 

positions are pointin in di 2 erent directions. 

with t E e observations made in 1879. This is a clear indication that 

the arrows for the stations alon the coast, wor R ing from Ross Moun- 
tain southward we are struck B y two facts. First, that the move- 

ing place in a nop %g. er y direction. It would seem t K at these two 

movements in California no attempt wil P be made to incmporate in 

ward of the fault, down to station Mount Toro, is to t !t e northward. 

Farallon 5 ighthouse the difference is 6 feet to the southwestward. 

feet, respectively, to the southward. 5 t is not certain that all of 
106501-24t-2 
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?Flation these two differenees can be attributed to the errors of tri 
owing to  the very small differences which have appeme in the 
triangulation directly to the northward but it seems reasonably 
cei.tain that the errors due to t r im ulation may be of the order of 
magnitude of 2 or 3 feet at  Mount Siablo and Mocho and may, in 
fact, be as great as the differences in geogmphic positions shown for 
those two stations. 

tions Mount Helena and Vaca to Mount Toro and Santa Ana, in- 
olusive, are due entirely to actual earth movements, we should have 
to conclude that there is ng general trend of the earth’s surface &s 
a. whole in any one direction and that whatever movements may be 
taking lace or may have taken place in the last 40 years or so are 

tions. The resultant of all the &an t3s at stations between Mounb 
Ross to the north and the stations kount Tor0 and Santa Ana to 
the southward would be almost nothing as referred to the stations 
Round Top and Mount Lola. 

I t  is worthy of note that observations for latitude made at the 
Lick Observatory b Dr. R. H. Tucker during the last 20 or more 

gas not had any north or south drift Dr. Tucker’s o servations 
strengthen the results of the new triangulation in showin that 
Lick Observatory has not materially changed its position %wing 
the many years since triangulation observations were first made 
there. 

The two sections to  the north and south of stations Mount Tor0 
and Santa Ana seem to show that different typev of y e s s e s  i n  the 
earth’s crust have been at work or that the o d or t e new tri 
lation has been subjected to errors much greater than those usua ly 
present in precise triangulation. 

The names of the stations to the northward of Mount Toro and 
Sants Ana, including Round To and Mount Lola, together with 

the change in  latitude and longitude, and the resultant direction and 
tbmouat of change are There are also 

triangulation and for the triangulation made dun% the semon of 
1922 and 1923. 

Changes i n  geographic poeitione i f  Mount Lola and Round Top  are held fixed 

If it is assumed that the differences to the west and south of sta- . 

due to P oca1 causes and that the stresses are acting in many direc- 

E ears indicate that t Il e mountain on which the observator is located 

T- 

their geographic positions from t E e old and the dew triangulationa 

given for each station t f e date or dates when occupied for the earIy 
ven in the following table. 

I I biffer- 
ence in 

Statlon end dates of Lstltndes, seconds 
obaematiorrs oldandnew and 

meters, 
new-old 

. 0 ,  I I  

1876 ___.___ 38 43 11.112 +OW05 
Plne Hffl_-______._ {1922- _ _ _ _ _ _  38 4a 11.117 +O.i54m 

1876 _ _ _ _ _ _  ~ 39 12 22.881 +0!026 
Marysdle Bette.,{ im. _ _ _ _ _ _  3s 12 22387 +o. 8ohn 

1880... _ _ _ _  38 22 33.808 -EO20 
(1922. _ _ _ _ _ _  38 22 33.788 4 . 8 1 7 m  Vsoa- - ____. - -- - - - - 

Differ- 
ence in 

Longltudes, seronds 
oldandnew and 

meters, 
ntrw-old 

0 , ,I 

120 69 22.962 -0!021 
120 69 22.941 -0. M)7m 

121 49 11.640 -0’012 
121 40 11,W -0.288m 

122 05 01.888 -O!W 
122 06 01.986 -0.M3m 

Reaultant 
difference 

:ti% 

Pstl 

0. lfao 1. 7 

0. S I  2.8 

0. 021 2. 0 
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Changes in geographic positions if Mount Lola and Round Top are heldfixed-Con. 

-I 

Differ- 
ence in 
seconds 

and 
meters 
new-old 

-0:010 
-0.244n 

+0'018 
+O. 43511 

-01007 
-0.171n 

t0:om 
i 0. w n  
to1008 
+O. 145n 

+0!018 
+O. 43610 

+or042 
f l .  033m 

-01025 
-0.014m 

-01068 
-1.704ni 

f01072 
t 1.764m 

-0.032 
-0.7mm 
-0!026 
-0.644m 
-0*023 
-0.572111 
-0!009 
-0.229m 
-0.021 
-0, 519m 
1-07150 
k3.727.111 
-0'(169 
-4. leBm 
-0:008 
-0.225m 
-01022 
-0.550m 
-0.011 
-0.277m 
-0.038 
-0.953m 
-0!01@ 
-0.480111 
-0!030 
-0.768111 
-01007 
-0.178m 
-0!022 
-0.558m 
-0'028 
-4.663m 
-0.m 
-0. ZlOm 

Station and dates of 
observations 

1876. _ _ _ _ _ _  
1922 _ _ _ _ _ _  ~ 

Mt. Helena- _ _ _ _ _ _ _  1876..-.-.- (1922 _ _ _ _ _ _ _  
1882 _ - - - - _ _  
1922 ___.___ 

Mt. Diablo _ _ _ _  _ _ _  -{ 

Mt. Tamelpais. - -{ 
I 

Latitudes, 
old and new 

0 I I ,  

37 (12 55.48 
37 52 55.44 

38 40 11.08 
38 40 11.06, 

37 55 27.60 
37 55 27.451 

1874.-. _ _ _ _  
1922..-. _ _ _  
1880 _ _ _ _ _ _ _  
1891 _ _ _ _ _  _ _  
1922 .__- _ _ _  

8ierra M ~ ~ ~ ~ -  _ _ _ _  1883 --.-... (1823 ___-_.. 

188?-.. - _ _ _  
1923 .__.___ 

L~~~ prieta-...--- 188J- ---_.- (1923 ....-.. 

parallon L. 11. ~ _ _  1891..-. -. . (1922 ._.-___ 

Point Reyes L. H.{ 

Monticello _ _ _ _ _  -. - -{ 
Ross Mt -....-.....{ 

1~22. _ _ _ _ _ _  

Mwho _ _ _ _ _ _ _  ~ _ _ _ _  { 

Lick Observatory, 1RRZ-1887.. 
amalldome _.____ {le% ___-__ -  

Santa A ~ ~ - - -  _ _ _ _ _  1852.-.--.- (19% ......- 
~~~t T~~~ _ _ _ _ _ _  1886 - - - -__-  (19Z.L. _ _ _ _ _  

1852 -...-.. 
1WJ _ _ _ _ _ _ _  

muth 8tation--..{lQ23::::::: 

{ Qavilan.. ___._____ 
Santa CNZ Azi- 1852 

Point Pinos Lati. 1&54-1866.. 
tude Station. _ _ - _  { 1923. - _ _ _ _ _  

Point Pinos L. H--{ 1554-1988.- 
1923. _ _ _ _ _  ~ 

(1923 _ _ _ _ _  _ _  
SentaLueia .......{:~::::::: 

1884 _ _ _ _ _ _  Rocky Butte.----.{t823....--~ 

(19 x(....... 
1W.-. _ _ _ _  { 192.3 _ _ _ _ _ _ _  

8sn jose _ _ _ _ _  ~ _ _ _ _ _  1 9 4  ....--. (1923 _ _ _ _ _  _ _  
1923 _ _ _ _ _ _ _  Lospe- - - -_  - - 
1875 ....... 
1923-..-. _ _  Tepusqwt ... ~ __. -{ 

Arguello. _ _ _ _ _  ~ --,. !%------- { - _ _ _ _ _ -  
1873 ...-... 
(1923. - _ _ _ _ _  Qaviota. - _ _ _  _ _ _ -  _ _  

aepsedam _ _ _ _ _ _ _ _  ~ 1886 _ _ _ _ _  ~ - 

Cestle Mount _ _ _ _ _  1~80 _ _ _ _ _ _ _  
am LUIS _ _ _ _ _ _ _ _ _ _  

(1876....... 
~ - - - 

Differ- 
ence in 
wcondr 

and 
meters, 
new-olc 

-0.034 
-1.048n 

-01015 
-0.469n 

-0.051 
-1.672n 

+O!ll5 
+3. M6n 

-0.011 
-0.33Qn 
-0:04n 
-1.480II 

t0:w +o. 12311 

-0.035 
-1.07QU 

-0.037 
-1.141IK 

-0:021 
-0.647rt 

-0:037 
-1.141m 
-0y015 
-0.46% 
t0!032 
to. 988m 
4-0'044 
t 1.356m 
-Q!015 
-0.482111 
t. 0701 4 
I-0.43- 
-0959 
-4.901.111 
t.0!027 
I-0.832m 
i-0!067 
I-2.OB6m 
I-0!116 
C3.675m 
-0.088 
L2. 712111 
-0!149 
-4.69% 
r0!155 
-4.771m 
-0T197 
-6.071m 
-0:211 
-6.802m 
.-0:212 

+6.633m 
t0!240 
+7.395m 

37 59 4,5.41: 
37 59 45.62' 

38 39 50. E41 

38 30 20. &X 
38 30 20.531 

37 24 38.26( 
37 24 38.271 

37 28 39.69t 
37 28 39.661 

37 08 40. 91: 
37 08 40.87: 

37 41 58.2X 
37 41 58.2% 

as 39 m. 6 3 6  

37 20 31.511 
37 20 31.474 
36 M l9.36@ 
36 54 19.353 
36 31 34.712 
36 31 34.744 
36 45 20.910 
36 45 20.954 
36 58 42.033 
36 58 42.008 
36 37 59.186 
36 37 59.200 
36 38 01.651 , 36 38 01.392 

36 I8 53.630 

:: 2 ~~~~~ 

35 39 66.026 
36 30 68.142 

35 66 21.428 
35 16 41.102 
35 16 41.251 
36 18 55.652 
36 18 66.807 

J4 53 30.672 
34 54 37.432 
34 54 37.643 
34 34 h818.g67 
34 34 59.169 
34 30 07.460 
34 30 07.690 

36 18 53.603 

35 56 zi.xi8 

34 53 3n. 475 

Longitudes, 
old and new 

0 I ,, 
121 64 48.35. 
121 A4 48.34. 

122 37 57.81' 
2-22 37 57.83. 

122 35 4 5  24: 
122 35 45.231 

123 01 20.59: 
123 01 20.02: 

122 11 22.332 

123 07 09. 221 
123 07 09.23t 

122 18 28. w 
122 18 28.041 

121 33 18.781 

121 50 36.422 
121 50 36.354 

123 M, 03.805 
123 00 03.677 

121 38 31.707 
121 3& 31.675 
121 13 57.738 
121 13 57. 712 
121 36 32.276 
121 36 32.253 
121 31 11.350 
121 31 11.841 
122 03 18.680 
I22 03 18.673 
'21 65 31.632 
121 55 31.782 
121 55 66.939 
121 55 58.770 
20 49 26.362 
20 49 26.363 
21 25 05.937 
21 25 09.915 
21 03 32.003 
21 03 32,052 
20 20 22.908 
2U2922.946 
20 33 40.087 
20 53 40.106 
20 16 08.225 
20 16 LB.265 
20 36 19.944 
20 36 10.037 
20 11 09.854 
20 11 08.876 
20 33 38.011 
20 33 38.985 
20 11 63.426 
20 11 53.417 

122 11 aaz 

121 33 in. 7% 

__ 

Resiil t ant 
differenre 

in po- 
sitions 

- __ 
Melei 

1. 07r 

0. 63! 

1. 58! 

3.611 

0.361 

1.541 

1. OM 

1.241 

2. 051 

1,878 

1.387 

1.793 

L. 140 

L 3i4 

l. 695 

1.752 

I. 454 

I. 862 

'. 137 

,586 

,878 

.017 

.837 

,074 

,526 

5FJ 

390 
- - -  

- 
FCl 

3. 

2. 

5. : 

11. I 

1. : 

6. 1 

3. 

4. 1 

6. i 

6. 2 

4. ( 

2. f 

3.7 

4. 5 

2. 3 

2.3 

!l. 2 

2. 8 

7. 0 

1. 8 

9.4 

5. 1 

5.9 

b. 9 

1.4 

1. 5 

4. a 

- __ 
Direc- 
tion 
from 
old 

posi- 
tion 

clock- 
wise 
from 
south 
-- 
a ,  

346 54 

43 13 

353 48 

169 06 

2308 

16 25 

96 47 

330 21 

303 48 

69 51 

i25 22 

305 39 

110 07 

I89 20 

111 40 

86 37 

ll9 25 

95 08 

94 65 

,84 26 

60 38 

74 02 

70 59 

81 41 

76 OB 

85 48 

81 47 
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When the sketch showin the differences in position by arrows was 

earth movements and that the movements had been progressively 
greater to the southward. It was only after careful thought and 
analysis of the sketch that it was realized that some of the chan es 

have been caused by an unobserved shortening of a line of the tri- 
angulation during the old observin or during the observing of 1922 
and 1923. An analysis of the evi 8 ence for and against this idea is 
given below. 

It is evident that an undetected chan e in the length of a line of 

to the line and then the observing be continued from it after some 
lapse of time. The change in length due to earth movements would 
have to occur durin the interval between observations. Such a 
change was sus octet  but upon investigation it was found that no 

Mount Tamalpais-Mount Diablo. Except at  Mount Diablo all the 
directions at each station were observed in a single observing period; 
hence if any change in position of a station 2iad occurred during the 
occupation of a station or during the interval of time between the 
occupation of a station and the occupation of contiguous stations, the 
closing errors of the triangles involved would indicate the trouble. 

If the theodolite, lamp, and heliotrope had not been mounted 
over the same spot at  a station, the closing errors would have been 
affected. 

The very small trinngle closures discussed below show the absence 
of troubles like those mentioned in the two preceding paragraphs. 

first studied it was thoug B t that the changes were due to actual 

to the southward of the line Mount ToroSanta Ana might possi E 19 

an arc of triangulation might occur shoul fi the observing be completed 

such break in t E e observations had occurred to the south of the line 

OOMPARI80N OF OLD AND NEW TRIANGLES 

Data for the triangles extending from Mount Tamalpais and 
Mount Diablo southward to stations Arguello and Gaviota are given 
below. The triangles are shown in the same order as on pages 521 
to 523 of Appendix 9, Coast and Geodetic Survey Report for 1904. 
For any one triangle the angle at a station between the lines from 
that station to the other two stations follows the name of the station 
in question. The values given are for the adjusted spherical anwles. 
The seconds only are given for the ((new” or 1922 or 1923 varues. 
The differences in the values are given in the column headed “Differ- 
ence, new - old.” 
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Closing error of 
triangles 

Data for old and new angle8 

I 1 Bpheridanglea 

n:%ia 
-- 

,I 

+WM 
+00. 24 

--oQ 78 

8htiOM Number of 
triangle 1 Old 

- 
Old 

,, 
+an5 t 1 _ _ _ _ _ _ _ _ _ _ _  

2 _._____.___ 

3 _._____._._ 

4 _ _ _ _ _ _ _ _ _ _ _  
6 _.________- 

6 _._______-- 

7 _ _ _ _ _ _ _ _ _ - -  

a __________. 

9 _ _ _ _ _ _ _ _ _  _ _  
10 _ _ _ _ _ _ _ _ _ -  

11 _ _ _ _ _ _ _ _ - -  

12 .______--- 

13 _ _ _ _  ~ _ _ _ _ _  

14 _ _ _ _ _ _ _  _ - -  

16 -___.___-- 

Castle Mount. _ _ _ _ _ _ _ _  2 _ _ _ _  ~ _____.__ 38 26 OB. 614 
Rocky Butte _ _ _ _ _ _ _ _ _ _ _  ~ _ _ _ _ _ _ _  _ _ _ _ _  95 58 37.355 
Santa Lucia _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  45 36 m.443 

0 I I ,  

Mwho _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  ~ _ _ _ _  28 16 13.W 
Mount Tamalpa is.....-. _ _ _ - _  ~ __.__ 23 47 M 387 
Mount Diablo. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  128 55 87.04( 

Sierra Morena.. . . . . . . . . . . . . . . . . . . . .  67 27 08.012 
Mount Tamelpala _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  61 37 29.974 
Mount Diablo _ _ _ _ _ _ _ _  ~ _ _ _ _ _ _ _ _ _ _  _ _ _  80 55 29.41( 

SierraMotena. ____________________. 49 63 07.1& 
Mount Dlablo ... _______.____ ~ _ _ _ _ _ _  69 00 27.83( 
Mocho. _ _ _ _ _ _ _ _  _ _  _ _ _ _ _  ~ _ _ _ _ _ _ _  _ _ _ _ _ _  61 I33 33.38f 

Sierra Morena. _ _  _ _ _ _  _ _ _ _ _ _ _ _ _ _ _  _ _ _ _  107 20 18.175 
Mount Tamalpols. _ _ _ _ _  ~ _ _ _ _ _ _ _ _ _ _ _  37 49 33,687 
Mocho .-.-.-..-.....--------~-~--.-- 34 60 20.37E 

Loma Prieta.. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  ~ __._. 36 11 04.4M 
Mount Diablo. _ _ _ _ _ _  ~ _ _ _ _ _ _ _ _ _ _ _ _ _ _  31 06 64.364 
Mocho _ _ _ _  ~ _ _ _ _ _ _ _ _ _ _ _ _  ~ _ _ _ _ _  _ _ _  ___. 112 43 07.356 

Lorna Prleta- _ _ _  . . . . . . . . . . . . . . . . . . . .  46 51 45.97C 
Blerta Morena _ _ _ _  _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _  95 13 49.174 
Mount Diablo ..... _ _ _ _ _  ~ ________.__ 37 M 33.285 

Lorna Prieta -... _________________. _ _  83 02 50.428 
Sicrra Morc na... ~ ___________._._ __. 45 20 42.012 
Mooho ........ _ _ _ _  _ _ _ _ _ _ _  _ _ _ _  ~ _ _ _ _ _  ~ 51 36 33.968 

Santa Ana _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  42 80 14.683 
Lorna Prieta. _ _ _ _ _ _ _ _  ~ _ _ _ _ _ _ _ _ _ _  _ _ _ _  80 33 21.832 
Mocbo. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  ~ _ _ _ _ _ _ _ _ _ _ _  btl 36 3 a M M  

Mount Toro. . . . . . . . . . . . . . . . . . . . . . . .  20 !22 10.806 
Lorna Prieta _ _ _ _ _  ~ _ _ _ _ _ _  ~ _ _ _ _ _ _ _ _ _ _  ~ 130 00 01.482 
Mocho _ _ _ _  ~ _ _ _ _  ~ __._ _ _  _ _ _ _ _ _ _ _ _ _ _ _  _ _  28 37 64.088 

Mount Toro. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  56 18 32.776 
Lorna Prieta _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  __.__ 49 28 39.550 
Santa Ana ... _ _ _ _  _ _ _  _ _ _ _  ~ _ _ _ _ _ _ _ _ _ _ _  74 14 55.436 

Mount Toro .... _ _ _ _ _ _  _ _ _ _ _ _  ~ _ _ _ _ _ _  35 58 21.971 
Mooho _ _ _ _ _ _ _ _ _ _ _  ~ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _  26 68 36.484 
Sent8 Ana..-. _ _ _ _ _ _ _ _ _  ~ _ _ _ _  _ _ _ _  _ _ _ _  117 05 10.019 

Hepsedarn. - ~ _ _ _ _  _ _ _ _ _ _ _  _ _ _ _  ~ _ _ _ _ _ _ _  42 17 43.327 
Mount Toro. _.___ ~ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  69 40 43.759 
Santa Ana ... _ _ _ _ _ _ _ _ _ _  ~ _ _ _ _ _  ~ _ _ _ _ _ _  88 01 42432 

Santa Lucia __.__ ~ _ _ _ _  ~ _ _ _ _ _ _ _ _ _ _  _ _ _ _  33 07 17.480 
Mount Tor0 ..... _ _ _ _ _  _ _ _  _ _ _ _ _  _ _ _ _ _ _  119 21 05.520 
Santa Ana ... __.____________________ 27 31 42430 

Santa Lucia.. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _  92 30 24 831 
Mount Toro. _ _ _ _ _ _ _ _  ~ _ _ _ _ _ _ _ _ _ _ _  _ _ _  48 40 21.761 
Hepaedam.. _ _ _ _ _ _ _  ~ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  37 49 19.963 

Smta Lucia-. . . . . . . . . . . . . . . . . . . . .  _ _ _  59 23 07.351 
SantaAna.-..-. _ _ _ _  _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _  40 30 00.002 
Hepsedarn _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  80 07 03.280 

Rocky Butte .... ~ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _  - 47 32 29.783 

IIepsedam _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  M 23 10.603 

I 
{ 
1 
I 
{ 
1 
{ 

I 
{ 
I 
{ 
1 
1 
I 

{ 

Castle Mount . . . . . . . . . . . . . . . . . . . . . .  ~ 88 40 6@. 284 
19 ._________ Rocky Butte _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  48 26 07.873 11 IIepsedarn _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  62 83 08.388 
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Data for old and new angk-Gontinued. 

stations Number of 
triangle 1 Old 

I_ 

New 

I ,  

42.14 
49. ga 
38.49 

67.18 
13.08 
61. 73 

49.32 
62. 18 
23.24 

62.14 
34.82 
38. Qa 

05.22 
14.6% 

49.07 
28. 29 
47. BB 
02.37 
87.72 
22 74 

52.21 
41.65 
29.25 

M. 97 
00.83 
06. 61 

04. 78 
03.30 
68.07 

69. MI 
07. CQ 
66.88 

59. w 
20.90 
43.65 

61.44 

_ _ - _ _ -  - _ - _ _ _  
_ - -_ - -  
_ _ - _ - -  _- - -_-  _ - -__-  - 

Closing 
Differ- trim 

xz?i\d 
- 

Old -- 
I ,  ,f 

+Ol. 8e 
-00.78 } 4-2 811 
-01. 05 

-m 36 
$01.84 
-01.49 } u. 818 

} -1.M8 

$00.08 } -0.884 

-01.43 

$00. 39 

$1 ] -2.228 
$01.82 
-02.00 

4-01.91 

$01. 42 

-M 46 

4-01.21 
-0a 78 } -0.272 

-0.242 
.__------  

roc of 
ea 
i_ 

New 
- 

I f  

$1.90 

-0. M 

so. 8d 

+2 81 

$1. n 

-a u) 

4-2 17 

$0.44 

-2 40 

-0.67 

-1.28 

0.00 

. - - - -. . 

.----.. 
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I I I 
FIO. 3.-Discrepancles between old and new triangulation, northern section 

t 

The differences In geographic positions as computed from the early observations and from tho recant 
one8 are shown by arrows. The directibn of each arrow indicates the direction of shift in geographic 
posihon during the interval between the two sets of observations. A part of the change in eographlo 
positions Is due to unavoidable accidental errors in making the angle observatlons, but most of &e changea 
seem to indicate actual earth movements. In the computations it waa assumed that no earth movements 
had occurred at stations Mount Lola and Round Top on the Bferras. Those two statlona form the base 
for the computation of the new geographic positions o/ all the other stations shown on the sketch. 

108681. (Face p. 18) 
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The dates on which the stations to the southward of Mount 
Tamalpais and Mount Diablo were first occupied are given below: 

Mount Tamalpais- _ _ _ _ _ _ _  August to October, 1882. 
June to September, 1876. 

Mount Diablo, - - _ - - _ _ _  - November to December, 1884. 
June to Julv, 1892. 

Mocho- _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  August to October, 1887. 
Sierra Morena- - - -_______November ,  1883, to January, 1884. 
Loma Prieta _ _ _ _ _ _ _ _ _ _ _ _ _  February to March, 1884. 
Ssnta Ana- - _ _ _ - - _ _ _ _ _ _ _  November to December, 1885. 
Mount Toro _ _ _ _ _ _ _ _ _ _ _ _ _  Januar to February 1885. 
Hepseditm- - - - - _ - _ _ _  - _ _  -Decemger, 1885, to ianuary, 1886. 
Santa Lucia- _ - _ _ _ _ _ _ _ _ _ _ O c t o b e r ,  1886. 
Rocky Butte- - - - - - _ _ _ _ _ _  November, 1884, to January, 1885. 
Castle Mount.. _ - - - - --__..October, 1885. 
San Luis- - - _ _ _ _ _ _ _ _ _  _ _  - -November to December, 1883. 
San Jose- _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  January, 1884. 
Lospe- _ _  - - - _ _ _ _ _ _ _ _ _ _ _  February to May, 1883. 
Tepusquet- - _ _ - - -__-----October to  November, 1882. 
ArgiielIo-- _ - - _ _ _ _ _ _ _ _ _ _ _  December, 1875, to February, 1876. 
Gaviota _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  May and October to December, 1875. 

1922 and 1923. 

Stations occupled Date 

The recent observations at  the stations listed above were made in 

A careful analysis of the sketch showing the chan es in geographic 

anta Ana have been shortened b about 5.5 feet and had the line 

during the early triangulation, nearly all of the differences in position 
far the stations to the southward could be accounted for. The arrow 
a t  Mount Toro shows the approximate amount of shortening of the 
line needed, but the swing of the line around Mount Toro is to the 
southward. 

It does not Tern possible that any change occurred during the first 
triangulation which could have changed so much the length of the 
line. The evidence in the sizes of the closing errors of the triangles 
is a ainst the idea. 

&e four triangles involved in the quadrilateral, Lorna Prieta, 
Mocho, Santa Ana, and Mount Toro, have exceeding1 small closing 

while the average correction to a direction is only 0.10 second. 
All of the observations at  Mount TOM) and at Santa Ana were made 

in 1885, those at  Lorna Prieta in 1884, and those at Mocho in 1887. 
If there had been any earth movements affecting the lines to the 

extent that is needed to cause the change in geographic psitiods, 
certtlinly these movements could not have occurred in t is quad- 
rilateral between the observations of 1885 and 1887, for the closing 
errors of the triangles of the quadrilateral could not then have been 
so small as 0.404 second: The large relative movements of the posi- 
tions in the quadrilateral to the north of the line Mount Toro-Santa 
Ana would have required changes in the angles of from two to five 
seconds. A foot at  a distance of 40 miles subtends an angle of one 
second and many of the lines involved in the triangulation to the 
south of San Francisco are of the order of magnitude of 40 miles in 

This fact enables one to visualize the great changes in the 
le*Th- ang ea which are involved in the changas in the geographic positions. 

ositions indicatos that, should the line between a o w t  Toro and 

swung about 2.4 seconds of arc to t !L e northward around Mount Tor0 

errors, the largest one bein only 0.404 second. The 9 axgest correc- 
tion to the 12 directions o B that quadrilateral is only 0.372 second, 
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For the four trian les of the old work of the quadrilateral just to the 
south of the line bount Toro-Santa Ana the maximum closing error 
is 1”.391 and the adjustment of the quadrilateral gave a maximum 
correction to a direction of only 0”.728. The observations at  the 
four stations of the quadrilateral were made durin 1885. There 

affected material1 the geographic positions of those four stations 

In the quadrilateral Santa Lucia-Hepsedam- Castle Mount- ocky 
Butte, the average closing error of the triangles from the old observa- 
tions is about 1”.5. These errors are not la e enough to have caused 

of course the errors are uite inadequate to cause the changes in the 

stations un Ar consideration. 
In view of the evidence set forth above we are forced to the con- 

clusion that no relative earth movements occurred while the first 
series of observations were made (1884-1887) at the stations between 
Mocho on the north and Rocky Butte on the south, which could have 
caused the great changes in geographic position between the old and 
the new trian lation. 

It is desira i? le to test the reault of the recent observations with a 
view to learning whether the progressive increase in the changes in 
geo aphic ositions to the southward of the stations Mount Tor0 
an P R  Santa na may be due to errors in them. 

The four triangles from recent observations in the quadrilateral to 
the north of Mount Toro and Santa Ana have closing errors of 0”.36, 
1”.90, O’I.34, and 1”.20. With such small closin errors we mi ht 

as a result of errors of observation alone. The relative motion 
between Mocho and Mount Tor0 is about 7 feet, between Santa Ana 
and each of the stations Mount Tor0 and Lama Prieta about 4 feet, 
and between Lorna Prieta and Mount Toro 8 feet. There is no pos- 
sibility-of an thing being present in the recent observations at  the 
stations of t 1 e quadrilateral under discussion which could have 
changed the length of the line joining stations Mount Toro and Santa 
Ana sufficient to account for the changes in gedgraphic positions of 
the stations to the southward. 

The two recently observed quadrilaterals below the line Mount 
ToroSanta Ana show small closing errors of triangles. The largest 
closing error in the first quadrilateral is 1”.30 mth  an average of 
0”.67. In the second quadrilateral to the southward the values are 
2”.12 for the largest closing error of a triangle with a mean closure 
of 1”.53. With closin errors of triangles as small as those indicated 
above, we can not fin 3 any cause in the recent observations for the 
chan es in positions for stations between Mocho and Rocky Butte. 

Mocho to Rock Butte seem to have been due in large part to earth 
movements an i not $0 errors of the observations made either in the 
middle eighties or during the past two years. The parts which may 
be due to observational errors are small aa compared with those caused 
by earth movements. 
As the changes in ition for the stations Pine Hill, Marysville 

Butte. Monticello, E n t  Helena, and Vaca, just to the west of 

surely could not have occurred any earth movement w fl ich could have 

the relative movements in the four stations o ? this quadrilateral. And 

geopaphic ositions in 1 icated by the arrows on Figure 3, for the 

during the period 9 rom the first to the last observations for the r p .  

expect no change in position of a station greater t E an about 1.5 B eet 

Re 7 ative changes in the geographic positions of the stations from 
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Mount Lola and Round Top, we small it  does not seem probable 
that any error in length from observations alone could have developed 
in the triangles formed by them, either in the old or the new observa- 
tions, which could have caused the large changes in positions to the 
southward. 

The transcontinental arc crossed California in a double uadri- 

Conness. The western stations were Mount Helena, Mount Tamal- 
pais, Mount Diablo, and Mocho. No closin error of the 18 tri- 

great aa 1".00. This shows the old work to have been of great accu- 
rac and strength. 

$he Yo10 base, which controls the lengths of the western portion 
of the transcontinental arc, was connected with the lines joining 
Mount Helena, Mount Tamalpais, and Mount Diablo through the 
stations Monticello and Vaca. There were only 3 of the 19 trian les 

closures of 2".60, 1".06, and 1".29. 

lateral from the lines Mount Lola-Round Top and Round Top- %I ount 

angles, from the original observations, involve f in the scheme was as 

of the base net whose closures were greater than 1".00. Those 3 E ad 

t 
* a 4  

FIG. 4.-Discrepanoies between old and new triangulation, southern section 

The computations of the new geographic positions are based u on stations San Jacinto and CUYamace, 
which aro assumed to have remnined Axed. The now geograpfic positions were computed through a 
single chain of triangles without leaat square adlustment of the quadrilaterals Involved In the scheme. 
Possibl the differences in geographic positions would have been smaller had the adjustment been made. 
Prohadymost of the changes in position shown by the arrows are due tu incidental errors in the trimgu- 
lation and in the method of computation. 

There are 6 triangles from the lines joinin the 3 stations Mocho, 

transcontinental arc to the line Mp ocho-Lorna Prieta. Four of the 
closing errors are less than 0".40, while the other two closures are 

part of the net, due to observational errors. 
There were 37 trim les forming the 1922 net, extending from 

Mount Lola and Roun c f  Top to the line Lorna Prieta-Mocho. Only 
9 of them had closing errors greater than 1".00 and only 4 were 
greater than 1".50, and none was as large as 2".OO. 

Mount Diablo, and Mount Tamal ais, a t  t 5 e western end of the 

1".29 and 1".35. The triangles are well shaped and there is 
ably very little error in the length of the line, at  the southern 
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With all the evidence set forth above we must reach the decision 
that there was no earth movement along or across a line of the tri- 
angulation during the early or recent observations which could have 
changed the length of the line by approximately 4 feet in 40 miles. 
As was stated earlier, such an undetected chan e in the line Mount 

st the southern stations shown by arrows on Figure 3. Such a change 
in length could not have occurred. 

There are rather lar e closing errors for the triangles of the figure 
Rock Butte-Castle &fount to hspe-Tepusquet from both the old 

5”.52 with an avera e of 2”.04. From the new observations the. 

ing errore of the old and the new work seem in some way to have 
been caused b lateral refraction of the lines. A repetition of the 
obeervations o s the directions involved in some of the large closing 
errore did not materidl affect the results. I t  is rather strange that 
this figure should have goen so much affected by large closin errors 

tions to the northward had smal P closmg BITOS for both the old and 
the new work. 

To the southward of the line Lospe-Tepusquet the ola closures 
wepe small and no stations to their southward, except Arguello, were 
occupied in 1923, though the directions from those two stations on 
Argue110 and Gaviota were observed in that year. Those observa- 
tions made it possible to compute the new geographic positions of 
Arguello and Gaviota from two triangles, one of which had only two 
observed anglee. There is no evidence from the angles and triangles 
of the old and the new work which points definitely to changes in the 
lengths of the triangle sides that would make the large changes in the 
geographic positions. The chan es, if due to the triangulation rather 

accumulated gradually from the north down to the line Mount Toro- 
Santa Ana or a similar change develo ing entirely in the region 

above seems to be positively against the latter view. 

ToroSanta Ana could have explained practica fi y all of the changes 

and t K e new observations. The aaximm closure for the old work is 
maximum closure is 2 9 ’.81 with an average of 1”.28. The large clos- 

in the observations of widely se arated periods while the o B serva- 

than to earth movements, wou f d require a large change in length 

around stations Mount Toro and Santa AI na. The evidence set forth 

REOOMPUTATION OF SECTION OF ARU NORTH OF SANTA BARBARA 
CHANNEL 

There has been no great distortion of the trian lation from Mount 
Tory and Santa Ana southward to Lospe and !l!$usquet. This fact 
is clearly indicated by the data shown graphically on Figure 3. The 

resulting from a corn utation extending north- 

and the 1923 angles were used, are shown by 
arrows on Figure 5. As the area covered b the scheme of triangu- 
lation has not chan ed much in shape, there gave been no progressive 

Toro and Santa Ana. 

Tepusquet in which t % e old positions of the two 

changes in the ang ’i es and derived distances southward from Mount 
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The data used in construclting Figure 5 are given in the following 
table: 

Changes in geographic positions i f  Lospe and Tepusquet are held fixed 

Meter8 

2. Mw 

0. gse 

2.540 

0.797 

0.641 

1.599 

0.774 

0.820 

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

0.291 

0.257 

Station end dates of 
observations 

Feet 

8.5  

3.2 

8.3 

2. 6 

1.8 

5.2 

2.5 

2. 7 

-_ -_  ~ 

- - - -_  

1.0 

0.8 

A 

Latitudes, 
old and new 

0 , ,, 
36 54 19.888 
36 54 19.315 

36 31 34.712 

38 18 1.803 
36 18 53.637 

36 08 45.328 
36 Os 45.311 

35 39 M.026 
35 3(1 66.012 

35 56 21.338 
35 56 11.291 

35 16 41.102 
35 16 41.077 

33 18 56.652 
35 18 66.625 

34 68 38.475 

84 64 37.432 

BB a i  ~ 8 9 3  

_ _ - _ - _ _ _ - _ _ _  

_ _ - - - _ _ _ _ _ _ _  
34 34 58.957 
34 34 58.Q49 

34 30 07.460 
34 30 07.451 
- .. 

_I_ 

Diff erencc 
In JBcuIldi 

and 
meters, 
uewsld 

-0.053 
-1.634m 

-0.019 
-0.686m 

-0.086 
-a. Wrn 

-0.017 
-0.524m 

-0.014 
-0.431m 

- 1. w m  
-0.026 
-0.77om 

-OW28 
-0.801m 

-0!6(7 

_.____. - _  
_ _ _ _ _ _ _ - _  
_ _ _ - _ _ _ - -  -__-__--. 
-0.008 
-0.247m 

+0.001 
+o. mim 

P 

Longitudes, 
old and new 

e , ,, 
121 13 57.738 
121 13 57.857 

121 36 32.276 
121 36 32.244 

120 49 28.382 
110 49 26.301 

121 25 05.937 
121 25 05.913 

121 03 32.063 
121 03 32.054 

120 20 22.881 

110 33 40.087 
120 33 40.090 

120 16 08.225 
120 16 OB. 218 

120 38 19. W4 

120 11 09.m 

120 33 39.011 
120 33 39.005 

120 11 53.m 
120 11 63.416 

120 m 22. w 

_ _  ___________.  

- _ _ - - - _ - - - _ _ _  

= 

Difference 
in second! 

md 
meters, 
new-old 

-0.081 
-2. m m  
-0.038 
-0.796m 

-0.081 
-1.532m 

-01024 
-0. Boom 

-0.327m 

-0.677m 

+0!003 
+O. 076m 

-0.007 
-0.177m 

-0.013 

-0.027 

_ _ _ _  

- 
Dkec-. 
tion 
from 

)Id po- 
sition 
Clock- 
wise 
from 
south 

O f  

309 11 

306 23 

328 12 

311 OB 

322.49 

334 57 

5 3 8  

347 33 

. - - - - - - 

328 13 

% 18 

Had there been no change in the distmce between Lospe and 
Tepusquet nor in the geographic positions of those stations, we, 
might 'ustly conclude that stations Santa Ana, Hepsedam, and 
Castle h o u n t  were the on1 ones, shown on Figure 5,  which had 
sure1 shifted in osition. $here is aome probability that San Luis 

other five stations the changes are rat er small. 
The great accuracy of the old and of the new triangulations to the 

north of Mount Toro and Santa Ana, as shown by the small triangle 
closures, seems to preclude the accumulation from the northward 
of the great change in length of the lines of the trian les near those 
stations durin the old or the new observations, whic 5 is needed to 

!'he evidence points toward actual earth movements, involving 
the stations from Mount Toro and Santa Ana southward, between 
the early and I&te observations. Some of the chan e in geographic 

ositions is, of course, due to unavoidable errors in t fl e triangulation, 
!ut the major part of the changes appears to have been due to hori- 
zontal shfting of the earth's surface. 

!i and B an Jose ha B moved toward Los e and Tepusquet, but at the 

0x lain the di P erence in positions to the southward. 
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When a connection hasjbeen made in the vicinity of $anta Barbara 
Channel, between stations Argue110 and Gaviota to the northward 
and stations Chaffee and Laguna to the southward, it will be possible 
to get additional evidence as to whether the lar e differences in 

are due to errors in triangulation or to actual earth movements. 
geographic position just to the northward of Santa % arbara Channel 

lm- IltP h10' 

t- + - t =  

f 

I I I I 
Fro. 5.-Relative dlscrepaneies north of Banta Barbara Chsnnel 

The arrows shown on this sketch representwhe differences In geograpblc positions of certain tdangu- 
lation stations on the assumption that no changes in geographic positions, due to earth movements, had 
occurred at statlons h s p e  and Tepusquet. In Figure 3, large earth movements are indicated for most 
of the stations shown on this sketch, but on Flgure 3 Mount Lola and Round Top were used as the 
bsse Cor the computation of the new geographic positions. 

DISCREPANCIES BETWEEN OLD AND NEW TRIANGULATION, SOUTH- 
ERN SECTION 

A very careful inspection of the angles of the trian les from the 

that there has been very little change in any of the angles from the 
time they were observed in the nineties, when the triangulation 
stations were first established. 

If there has been a chan e in the length of one of the lines of the 
u per triangulation, say, M! ount ToroSanta Ana, as indicated above, 
t en there should be a proportionate increase in the changes in eo- 

aphic ositions with the distance from the vicinity of the ine 
k u n t  qoro-Santa Ana throughout the scheme to the stations San 
Jacinto and Cuyamaca. The direction of change in the geographic 

line Cuyamaca-San Jacinto to the line Laguna-Cha 8 ee indicates 

I? I 
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with the changes in:the direction of the axis 

has been an actual movement of the 
earth to cause the large changes in the geographic positions of the 
triangulation stations lust above the Santa Barbara Channel, and 
should no change have occurred in the positions of the triangula- 
tion stations to the southward of that channel, then when the north- 
ern and 
joined and the 
using the now 
progressive change in the 
is practically certain have occurred 
in the region covered 

to the southward. 6 
Pacific arc of 

precise triangulation, the movement has all been in one direction 
without appreciable distortion of the block of the crust involved. 
As the lengths of the line between stations San Juan and Los Angeles 
northwest base, as computed from the Los Angeles base through 
the old angles, and from the Michelson base through recent angles, 
differ by only 0.13 meter, or only about 1 part in 200,000 of the 
length of the line, it seems that no expanding or contracting of the 
area involved has occurred. 

ositions of the stations at the southern end of 

not to have been in any way affected, to ether wth data showing 

triangulation was i one, are shown in the following table: 
Changes i n  geographic positions i n  southern California 

The geogra hic 
the arc, base ( P R  on t e stations San Jacinto and Cuyamaca, assumed 

the differences in eographic positions of t B e stations since the first 

Station and dates of 
observations 

rmx- 
(1923 _ _  Santiago ___-___ _ _  - - - - -. 

1834.. 
1'XZ323.. 
1WU)o.. 

Niguel_____.__ _ _  _ _  - _ _  - _ _  
1923.. 
1883.. 

8811 Juan _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
1923-. Sen Pedro _.___________ ~ 

{ 1828.. Wilson Peak _ _ _ _ _ _ _ _ _ _ _ _  
Los Angela northwest 1889 

base. { 1023:: 
Loa Angeles sonthesst 1889 

bsse. (1923:: 
186%.. { 1923.. CMtrO _ _ _ _ _ _ _  _ _  - _ _ _ _  _ _ _ _  

San Fernando _ _ _ _ _ _ _ _ _ _  {::E:: 
lanta Clara ________.___ 
Laguna _ _ _ _ _ _ _  _ _ _ _ _ _  _ _  
Chaff 88. - - - - - - _ _  - - - 

{ 
{ 
{ 
lam.. 

1898.. 
{1923 . - 

1857.. 
(1973 _ _  

1867.. 
1923.- 

Latitudes 
old and new 

___. - 
0 I I1  

33 42 38.617 
33 42 38.619 

33 30 45.473 
33 30 45.461 
33 54 50.138 
33 54 60.1% 
83 44 46.585 
33 44 46.609 

34 13 26.201 

33 65 06.628 

:: 2% 
34 05 w,u4 
34 05 OB.200 

",", ;: 

34 13 u i . 2 ~ 2  

33 55 06.848 

34 19 33.234 
34 19 33.177 
34 06 31.666 
34 OB 31.613 
84 18 03.039 
34 18 02.971 

)iff erence 
n seconds mz& 
new-old 

f0!002 
+O. 062m 

-0:OlE 

-0!012 
-0.37Om 

-0.370m 

-o:oin 
-0.483m 

-a ~ 7 m  

-0.68nm 

-0.021 

-0!019 

-0!016 
-0.49Sm 
-OW44 

-Of044 

-Or057 

-0.042 

-01088 

-1.968m 

-1.358m 

-1.7Mm 

-1.2B(m 

-2 086m 

Difference 
In socondf 

and 
metors 
new-old 

Longitudes 
old and now 

-I__- 

0 , #I 

117 32 01.192 
117 32 01. %A3 

117 44 01.1% 

117 44 15.277 
117 44 15.284 

117 44 01.150 

118 20 07.461 
118 20 07.402 

I18 03 89. ~ l i  

118 03 23. rn 

118 03 39.808 

118 03 23.777 

117 50 30.319 
117 66 30.333 
118 47 084.33 

118 38 01.464 

I19 01 IS. US7 

119 03 61.742 

119 19 49.301 

118 47 OB. 438 

118 36 01.470 

119 02 19.003 

119 03 61.754 

119 19 49.302 

___- 

+0!014 
+o. 36om 

+0!017 
+0.439m 
+0!017 
+O. 137x11 
-0.002 
-0,061m 
+0!035 
+O. 8Mm 
+0!019 
+O. 48Bm 
+0!014 +o. 38om 
+0!006 
+O. 128m 

+O. 1M)m 
+o:o1a 
+O. 4Wm 
+0!012 
+O. 308m 
+0!001 
+O. OZBm 

+0:016 

Resultant 
difference in 

positions 

. __ 
MClcTS 

0.365 

0.574 

0.573 

0.496 

1.105 

0.762 

a 610 

1.362 

1.416 

1.803 

1.330 

2.oB.5 

I- 

Feet 

1.2 

1.9 

1. 9 

1. 6 

ae 

2.6 

2 0  

4' 5 

4. 6 

5.9 

4.4 

6. 8 - 

- - 
Dlrec- 
tion 
from 
t,",iK 
dock- 
wise 
from 
louth 
- 

0 ,  

w46 

49 53 

49 46 

364 06 

54 10 

39 50 

36 08 

524 

10 47 

13 07 

13 23 

7 0 4  - 
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The data are too few to justify a discussion of the processes which 
may have been o erating to cause changes in geographic positions 

Toro and Santa Ana. But it is apparently justifiable to con- 
clude that whatever rocesses are at  work are local and that there 

covered b the investigations to move in a single direction at  an 

within the'crust just below the affected areas and tha; there is no 
force, in the upper crust at  least, competent to cause changes in 
geographic positions of the triangulation stations operating from 
the ocean basins towwd the continents or under the continental 
mass acting toward the oceans. 

along the San An 1 reas fault to the northward of the stations Mount 

is no general trend o P any large portion of the surfaco of California 

appreciab 9 e rate. It seems probable that the forces acting are 

GRAVITY ANOMALIES IN WIFORNIA 

Gravity stations which were established in California by the Coast 
end Geodetic Survey have been reduced by the isostatic method. 
The results for these stations are ublished in Special Publication 
No. 99 of the Coast and Geodetic s? urvey, but it is desirable to give 
in this publication some essential data for the stations in question. 
There are @yen below the names, numbers, geographic positions, 
and isostatic anomalies for the California gravity stations and the ' 
locations of these stations are shown graphically with isostatic 
anomaly contours on Figure 6 .  The numbers used for the stations 
in the table and on the illustration are the same as those used for 
these stations in Special Publications Nos. 40 and 99. 

All of the isostatic anomalies for gravit stations in California are 
ne rttive exce t one and that is zero. TLs fact might lead one to 

this is probabl not true, since the stations are on recent geological 

located to be negative. This is caused by the presence of material 
li hter than normal in the form of recent unconsolidated sediments 
w 8 ich have a smaller attractive effect on the pendulum than would 
material of normal density. The effect of material of light or heavy 
densit near gravity stations is discussed a t  length in Special Publica- 
tions 80s. 40 and 99 of the Coast and Geodetic Survey. 

between the observed and 
puted values are based on 
corrections 

to a depth of 
would result if the depth used were 96 

be f ieve that t ?l e crust beneath is out of isostatic equilibrium, but 

formations an B there is a tendency for the anomalies a t  stations so 

The gravity anomalies a t  stations in California, with inte 
values are shown on Figure 6. The anomalies are the di r l a t e d  erences 

known, but the changes would not be sufficient to modify materially 
the results of the isostatic investigations in which gravity data are 
used. 

3 See p. 8 of Rpecial Publlcstlon No. 60. 
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----------- 
z. k f + + 

t + .  

’\ ‘. 
\ + 

t -*. + 

1 
I - - * -  

-+ + t rt 
I I 1 I 

Fro. I3-Ctravity determinations in California 

This illustration shows the location of the gravity stations established In California and the gravity 
snomalfes. Thc anomalies are given to the third place of declmlrls in dynes. The contours indicate the 
lines of equal gravity anomalies and are constructed by interpolations between the several stations. The 
stations are numbered the same as in sp~clal publication No. 88 Of the United States C’oast and Geodetic 
Survey. 

+ 
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The following table contains data for the California gravity stations, 
which will be of use in connection with Figure 6. 

Data for gravity etations in California 

atstion 

Number 1 Name 

i 
Latitude 

___ 
0 ,  

54. _ _ _ _ _  _ _ _ _  San Francisco. ~ _ _ _ _ _ _ _ _ _ _  ~ _ _ _ _ _ _  _ _ _ _  _ _ _ _ _  ~ _ _ _ _  37 47.6 
55 _ _ _ _ _ _ _ _ _  ~ Mount Hamilton _ _ _ _ _ _ _  ~ _ _ _ _  ~ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  37 20.4 
66 _ _ _ _ _ _ _ _ _ _  Compton _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  - - -> _ _ _ _ _ _ _  ~ 33 63.4 

33 60.8 
34 11.1 
34 35 
&5 03.2 
36 03.8 

34 16.8 
34 28.9 
36 10.6 
36 07.8 
38 36.0 

36 61.1 
37 26.6 
37 19.4 
38 04.0 
38 27.3 

Longitude 

0 ,  

122 25.7 

llR 13.2 
122 19.8 
120 11.4 

122 07.2 
121 29.8 
123 22 
124 09.7 
122 43.0 

117 W.9 
117 22.5 
117 12.5 
117 45.2 
118 11.6 

118 23.3 
118 18.9 
118 08 
118 10.4 
119 24.0 

119 17.6 
120 28.3 
120 43.9 
121 01.2 
121 63.8 

121 24 
122 08.7 
122 23.3 
122 48.7 
123 03.8 

121 386 

- - 
Eleva- 
tion 

__. 

M e w s  
114 

1,282 
20 

$$ 
66 
7 

420 
12 
Y 

7 
39 
393 
268 

8 

23 
187 sos 
831) 
257 

24 
85 
13 
122 

6 

88 
15 
16 
8 
7 

- - 
Iso- 

static 
mom- 
& 

-0.023 -. ax3 -. ow -. 010 -. 028 

.Ooo -. 012 -.ma -. 048 -. 028 

-. 031 -. 014 -. 053 -. 032 -. Or2 
-. 030 -. 021 -. 030 -. 039 -. 062 

-. 081 -. 037 -. 028 -. 030 -. a30 
-.OM) -. 019 -. 028 -. 019 -.ma 
-- 

If the crust of the earth under California, as a whole, is in isostatic 
equilibrium, it would seem that the earthquakes and movements of 
the surface are due to local causes resulting from the erosion of the 
highlands and the de osition of material in contiguous valleys and 

below the affected regions. 
along the coast or to t R e expansion or contraction of crustal material 

in geographic positions for a1 P of the precise triangulation in Cali- 

whic K earthquakes are likely to occur. 

CONCLUSION 

After the close of the observing season of 1924 when additional 
data are available, another re ort will be made to give the changes 

fornia to the southward of the thirty-ninth parallel. 
The results so far obtained show the necessity of continuing the 

geodetic operations in California and their extension to other areas, 
if we are to learn the rates a t  which earth movements take place 
horizontally and vertically. All this may have a great influence on 
the rediction of the places and possibly the approximate times a t  

0 


