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COMPARISON OF OLD AND NEW TRIANGULATION IN 
CALIFORNIA 

By WILLIAM BOWIE, Chief, Division of Geodesy, Unated States Coast and Geodetic 
Survey 

INTRQDUCTION 
This is the third report made by the Coast and Geodetic Survey 

on the testing by triangulation of earth movements in California. 
The first one appeared as Appendix 3 of 1907, just after the 1906 
earthquake. The second was entitled “Earth Movements in Califor- 
nia,” Special Publication No. 106, and was printed in 1924. 

’The present report enables one to  draw very much more definite 
and accurate conclusions regarding earth movements in this region of 
seismic activity, owing to the availability of a stronger base from which 
t o  make the computation and adjustment of the triangulations to be 
compared. This base, or the basic data, resulted from the readjust- 
ment of the triangulation net of the western part of the country. 
The present report supersedes Special Publication No. 106. The 
conclusions arrived at  in the latter were found to have been based on 
insufficient evidence. 

The writer wishes to acknowledge the valuable assistance he has 
received from a number of the mathematicians of the division of 
Geodesy of the Coast and Geodetic Survey in carrying out the inves- 
tigations and in preparing this report. He wishes especially to men- 
tion Dr. 8. s. Adams, who had charge of the readjustment of the 
triangulation of the western half of the country and of the arcs in 
California; G. L. Fentress, who made the actual adjustments of the 
California arcs; and C. M. Swick, who edited this manuscript and 
supervised the preparation of the sketches. Much credit is due 
Clem L. Garner, F. W. Hough, and William Mussetter, the engineers 
who had charge of the field work of reobserving these arcs. The 
results obtained by them are of a high degree of excellence. 
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CHAPTER l,-GENERAL STATEMENT 

The United States Coast and Geodetic Survey began the reoccupa- 
tion of triangulation stations in California in 1922, but it is only now 
that the final results secured can be made available in definite form. 
This is owing to the fact that the readjustment of the triangulation 
net of the western half of the United States had to be made before 
the California triangulation, executed 30 years or more ago, could be 
accurately compared with the work done during the past six years. 

Where statements are made in this report to  the effect that certain 
stations have or have not moved it should be understood that the 
time interval involved extends from the completion of the first 
triangulation which was prior to  1900 to that of the second triangu- 
lation which was executed between 1922 and 1925.' The only excep- 
tion is for the triangulation across southern California to the east- 
ward of stations Cuyamaca and San Jacinto which was first executed 
in 1910 and 1911. 

FIXED POSITIONS AT ENDS OF CALIFORNIA ARC 

It can now be definitely stated that there has been no perceptible 
horizontal movement of the ground a t  those stations extending from 
Monticello and Vaca, in longitude approximately 1 2 2 O ,  eastward to 
Carson Sink, in longitude 118' 15'. It can also be stated that there 
is no definite indication of horizontal shifting of the ground at  the 
stations from San Jacinto and Cuyamaca to Kofa, in longitude 114O 
10'. This means that Mount Lola, Round Top, Pine Hill, Marys- 
ville Butte, Vaca, and Monticello have not changed in their horizon- 
tal positions with respect to Carson Sink nor have San Jacinto, Cuya- 
maca, American, and Butte changed with relation to  Kofa. These 
are significent facts, since they enable us to assume that San Jacinto 
and Cuyamaca on the south and Round Top and Mount Lola on the 
north are unmoved points. 

CHANGES IN POSITIONS IN SOUTHERN CALIFORNIA 

When we compare the old and new geographic positions of tri- 
angulation stations based on these four fixed points we were led to the 
conclusion that there have been no earth movements of detectable 
size between San Jacinto and Cuyamaca at  the south and Castle 
Mount and Santa Lucia to the northward. The changes in the geo- 
graphic positions from the old to the new triangulation, with sta- 
tions San Jacinto, Cuyamaca, Mount Lola, and Round Top held 
fixed, are shown in Figure 2. The positions of the fixed points result 
from the readjustment of the net of the western half of the country, 
in which is included the triangulation of California executed during 
the-past few years. These positions of the fixed points were then 
used as the basis for the adjustment of the old arc of triangulation 
executed 30 years or more ago. From the evidence shown in Figure 2, 
the definite conclusion was drawn that no earth movements occurred 
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GENERAL STATEMENT 3 

Discrepancy, feet 

1 ._____________....__ 

a t  stations between Lospe-Tepusquet and San Jacinto-Cuyamaca. 
Lospe and Tepusquet are two stations at  the western end of the arc 
of triangulation which extends eastward across California and into 
Nevada. Since they are a t  a junction of two arcs of 
the triangulation net, their positions resulting from the general 
adjustment are very strong. 

An inspection of Figure 2 indicates very definitely that there has 
been a gradual change in geographic positions of the triangulation 
stations from Lospe and Tepusquet to the vicinity of Castro and San 
Fernando. The shifts have been to the southward. Then from 
the latter two stations there is a gradual diminution of the changes in 
geographic positions until San Jacinto and Cuyamaca are reached. 
The maximum change in position for the stations to the south of 
Lospe and Tepusquet, if these stations are held fixed, is 3.6 feet, 
which occurs a t  station San Fernando. This station is nearly 100 
miles (about 500,000 feet) east-southeast of Tepusquet, the nearest 
one of the points held fixed in the adjustment. The change in position 
is only about 1 part in 140,000 of the distance between these two 
stations. This change can easily be accounted for by the accumula- 
tion of accidental errors of triangulation. 

Having this evidence, it was decided to make an adjustment of the 
old arc based on the new positions for Lospe-Tepusquet and San 
Jacinto-Cuyamaca. The changes in positions resulting from this 
adju’stment are shown in Figure 6. 

It would seem (see fig. 6) that there have been no earth movements 
of any great amount for stations Rocky Butte, San Luis, and San Jose 
with respect to Lospe and Tepusquet. The change in geographic 
position at  Rocky Butte is about 2% feet, but that station is nearly 
60 miles (or about 300,000 feet) from Lospe, and the change in position 
is approximately 1 part in 1OO,OOO of the distance between the two 
stations. Of course, it, can not be said definitely that there has been 
no actual earth movement a t  Rocky Butte with respect to stations 
Lospe and Tepusquet, but it would seem that the change in position 
is quite within the expected errors of triangulation. The subject of 
errors of triangulation will be discussed later in this report, 

(See fig. 4.) 
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Discrepancies as proportional parts-Continued 
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CHANGES IN POSITIONS IN NORTHERN HALF OF CALIFORNIA ARC 

The changes in geographic positions between Mount Lola and 
Round Top to the north and Lospe and Tepusquet to the south (see 
fig. 6) lead to the conclusion that there had been no earth movement 
a t  stations Mount Helena, Monticello, Marysville Butte, and Pine 
Hill between the date of the old triangulation and that of the new. It 
was therefore decided that an adjustment of the old work should be 
made, based on the new positions of stations Mount Helena and Mon- 
ticello to the north and Lospe and Tepusquet to the south. The 
results of this adjustment are shown in Figure 7. The changes in 
geographic positions thus obtained between the old and the new tri- 
angulations furnish the basis for the greater part of the report. Neces- 
sarily those triangulation stations which remained unchanged but 
which are nearest to those where actual earth movement is indicated 
or suspected are the ones which furnish the best means of comparison 
of the old and the new work. Where the distances are small between 
the stations which have not suffered from earth movements and those 
that have, then the relative effect of accidental errors of triangulation 
on the geographic positions is minimized. It is essential that we 
eliminate, as far as possible, the triangulation errors in order that we 
may know, a t  least approximately, what have been the changes due to 
actual earth movements. 

It is impossible to make a physical measurement without some 
error, and, therefore, the arrows shown in Figures 2, 3, 6, 7, and 8, 
although indicating the changes in geographc positions of the tri- 
angulation stations, do not truly represent earth movements. The 
trian ulation errors are combined with the actual earth movements in 
the cfifferences in geographic positions shown in the figures. The 
analyses of the triangulation errors made in this report will, it is 
hoped, enable the reader to arrive a t  correct conclusions as to 
which stations have actually moved and the probable extent of the 
movements. 

The changes in geographic positions of the triangulation stations 
between Castle Mount and Ross Mountain are so large as to make it 
seem practically certain that earth movement has occurred at some 
of the stations involved. It can not be said that each one of the 
stations has been subject to actual earth movement, but it is evident, 
when pairs of stations are considered, that there has been some 
distortion of the earth’s surface. 

Of course, every one is familiar with the fact that much distortion 
of the earth’s surface close to the San Andreas fault occurred during 



GENERAL STATEMENT 5 
the earthquake of 1906. This report does not deal with the extent 
of the local movements but i t , i s  an attempt to discover to what 
extent horizontal movements of the surface occurred a t  points used 
as triangulation stations which are at  varying distances from the 
active fault line. If first-order triangulation stations had, prior to 
1906, been established close to the fault and a t  gradually increasing 
distances from it, then a reoccupation of those stations would enable 
one to determine the extent of the deformation of the earth’s surface, 
in a horizontal sense, resulting from the 1906 earthquake. There 
were in existence, before 1906, a number of stations of third-order 
triangulation close to the fault line in the vicinity of San Francisco 
Bay and to the northward. The positions of some of these stations 
were redetermined in 1906 (see Appendix 3, report for 1907, Coast 
and Geodetic Survey). Third-order triangulation, as is well known, 
furnishes the lengths of triangle sides within about 1 part in 10,000 
of the lengths. This accuracy is only about one-tenth that of the 
first-order triangulation which is the basis of this report. It is hoped, 
however, that it will be possible before very long to make computa- 
tions and adjustments of the third-order triangulation in question 
with a view to learning whether the data involved will throw any 
light on the question of how far from a fault line or zone the earth’s 
surface is liable to be shifted during an earthquake. 

An inspection of Figure 7 indicates that there has been a definite 
south or southeast drift of stations Ross Mountain, Mount Hamilton, 
Loma Prieta, Santa Ana, and Hepsedam. Sierra Morena has moved 
to the northwest and Point Reyes Lighthouse has moved to the 
north. The most noticeable case of relative earth movement occurs 
for the pair of stations Ross Mountain and Point Reyes Lighthouse. 
There the shifts in position are about 10.4 feet northward for Point 
Reyes Lighthouse and slightly more than 3.5 feet southward for Ross 
Mountain. The relative movement of these two stations is about 
14 feet. 

CHANGES IN POSITIONS IN POINT ARENA SPUR 

A scheme of triangulation extends from Mount Helena, Ross 
Mountain, and Marysville Butte to Mount Sanhedrin and Snow 
Mountain West, thence southwestward to  the vicinity of Point Arena. 
The new triangulation in this section starts from Marysville Butte, 
Mount Helena, and Ross Mountain and hence is based upon a strong 
connection. In  the old work, however, the original connection was 
made with the line Mount Helena to  Ross Mountain and was a com- 
paratively weak connection. In 1904, when the arc extending north- 
ward to Puget Sound was started, the angle at  Marysville Butte 
between Mount Helena and Snow Mountain West was observed, as 
was also that at  Snow Mountain West between Marysville Butte and 
Mount Helena. Since the angle at Mount Helena, between Snow 
Mountain West and Marysville Butte was determined by the original 
work, this gave a closed triangle involving those three stations. 

I n  order to test whether or not Snow Mountain West has moved 
with respect to Marysville Butte and Mount Helena, both this old 
triangle and the triangle of 1925 were closed by applying in each case 
one-third of the closing correction of the triangle to each angle. The 
position of Snow Mountain West was then computed from the posi- 

6600”-2+2 
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tions of Marysville Butte and Mount Helena as fixed by the western 
adjustment, using both the old triangle and the 1925 triangle. 

The spherical angles in this triangle, after the closing corrections 
have been applied, are as follows: 

These differences in the angles are no more than could be expected 
in the triangulation, and they indicate quite clearly that Snow 
Mountain West has not moved with respect to  Marysville Butte and 
Mount Helena. 

The two positions of Snow Mountain West as computed through 
the two triangles differ in latitude by 0!’021 (or 0.65 meter) and in 
longitude by 0!’002 (or 0.05 meter), and the total difference in posi- 
tion is 0.65 meter (or 2.1 feet). This is only about 1 part in 128,000 
of the distance from Marysville Butte and only about 1 part in 122,000 
of the distance from Mount Helena. It is within the limits 
of what could be expected in triangulation. We are thus led to the 
conclusion that Snow Mountain West has not moved in relhtion to 
these two stations. 

With this fact established, it was decided to hold the line Mount 
Helena to Snow Mountain West as fixed by the western net adjust- 
ment and to compute both the old and the new work of the Point 
Arena spur from this fixed line in order to  obtain a comparison of the 
positions. The results of this computation are shown in Figure 8, 
and the comparison of angles is shown in the table on page 29. 

The changes in position for Mount Sanhedrin, Two Rock, Paxton, 
and Cleland are very small. The changes at  stations Fisher, Cold 
Spring, Dunn, Clark, and Lane, however, are such as to indicate defi- 
nite earth movements. The change a t  Cold Spring is 2.7 feet and a t  
Lane 7.4 feet. Although the change at  Cold Spring is not very large 
the station is only 14 miles from Paxton, and the ratio of the changes 
a t  those two stations to the distance between them is 1 : 30,000, which 
is greater than might be expected from the triangulation errors. All 
of these five stations at which the changes in position are large are 
close to the San Andreas fault. Station Lane is within a mile of the 
fault of 1906. The change at  each of these five stations is to the 
southeastward, which agrees in direction with the changes in position 
a t  Ross Mountain and other stations to the southward which are on 
the eastern side of the fault. 

The remainder of this report is devoted to the detailed data and 
their analyses on which the conclusions set forth in this general state- 
ment ape based. The geographic positions of the several trianpula- 
tion stations involved in the California studies are given in the table 
on page 37. These positions will enable one to plot the stations on 
maps showing geological formations and the locations of the active 
fault zones. 



CHAPTER 2.-TEST BY TRIANGULATION OF STABILITY OF 
THE EARTH’S SURFACE IN CALIFORNIA 

I n  chapter 1 there are given, in brief outline, the conclusions which 
may be drawn from a comparison of the geographic positions of sta- 
tions in California. The cornpadson is between the triangulation 
executed 30 years or more ago and that executed between the years 
1922 and 1925. In this chapter will be described the methods used 
in the field and in the office in securing the data. 

Whenever a severe earthquake occurs on land, a movement of the 
earth’s surface close to the fault zone may be noted on the ground. 
The land may move vertically or horizontally or in both directions. 
These movements will affect the elevations of bench marks and the 
geographic positions of triangulation stations located within the active 
area. The question of how far from an active fault zone the ,vertical 
and hofizontal movements occur is an important one to the student of 
seismology. Some hold that the affected area is quite local, confined 
to within a few miles of the active fault, while others believe that the 
whole region surrounding the earthquake center is in movement. It 
is evident that to settle this very interesting and important question 
the geophysicists must have somp, definite measurements. It is also 
important that they should know whether there are earth movements 
of measurable amounts prior to the actual breaking of the ground that 
causes an earthquake. 

In  order that light may be thrown on these matters, the United 
States Coast and Geodetic Survey has, for the past six years, co- 
operated with the advisory committee in seismology of the Carnegie 
Institution of Washington, of which committee Dr. Arthur L. Day, 
director of the geophysical laboratory of that institution, is chairman. 
Doctor Day presented the plan of determining earth movements in 
California to Col. E. Lester Jones, Director of the United States 
Coast and Geodetic Survey, with the result that the latter askedfor and 
was granted by Congress an appropriation of $15,000 for the fiscal 
year ended June 30, 1923, with which to begin a study of the problem. 
An appropriation has been made for each year since that time, the 
amount now being $10,000. 

TEST MADE AFTER EARTHQUAKE OF 1906 

Soon after the earthquake of 1906 observers of the Coast and 
Geodetic Survey reoccupied a number of old triangulation stations 
established in the vicinity of San Francisco Bay many years before. 
Angles were reobserved and positions were redetermined for the 
several stations involved. A report on the work appeared as 
Appendix 3 of the report of the Coast and Geodetic Survey for 
1907. The authors of this publication were John F. Hayford, a t  
that time in charge of the geodetic division of the United States Coast 
and Geodetic Survey, and A. L. Baldwin, chief mathematician of that 
division. 

7 



8 U. S. COAST AND GEODETIC SURVEY 

Hayford and Baldwin held fixed the geographic positions of the 
stations Mount Diablo, Mocho, and Santa Ana and determined the 
changes from the old to the 1906-7 geographic positions. Their 
computation involved a few of the same stations as does the present 
paper and, in addition, quite a number of subsidiary or third-order 
stations located in San Francisco Bay and along the outer coast. 

Hayford and Baldwin were somewhat handicapped by not having 
the positions for the main-scheme triangulation stations that are now 
available as a result of the readjustment of the triangulation net of 
the western half of the country. It is inevitable, therefore, that the 
changes in geographic positions shown by their hvestigations should 
not correspond to those given in the present paper. 

It is probable that the results given in this paper d furnish the 
basis for further determinations of geographic positions along the 
coast of California. It is hoped that opportunity will be presented 
for combining the observations made in 1906-7 a t ‘  the subsidiary 
stations mentioned above with the triangulation data for the main- 
scheme stations secured between the years 1922 and 1925, in order 
to get fuller information regarding changes i n  geographic positions at  
those Hayford-Baldwin stations which lie close to the San Andreas 
fault. The amount of work involved in making the necessary com- 
putations and adjustments will prevent this being done for some time 
to come. 

NEW TEST MADE IN 1922-1928 

In  conferences between Doctor Day and officials of the ,United 
States Coast and Geodetic Survey it was decided that a readjustment 
of the old triangulation should be made from stations Mount Lola 
and Round Top on the Sierra Nevadas in approximate latitude 39O 
and longitude 120°, westward to the coast and then along the coast 
to stations San Jacinto and Cuyamaca, which are comp.aratively near 
the coast in southern California. 

It is fortunate that several years ago in charting the coasts and in 
making a connection between the Atlantic and Phcific coasts by 
triangulation, a net of first-order stations was established along the 
coast of California and along the thirty-ninth parallel of latitude. 
It is also fortunate that these stations, established between the years 
-1855 and 1899, were substantially marked or monumented. Every 
one of the main-scheme stations of the old triangulation except 
Forty Acre Opening was recovered during the triangulation oper- 
ations of 1922-25. At stations Rocky Butte and Chaffee the monu- 
ments had been broken, but the observer in charge of the new work, 
Floyd W. Hough, reported that the new station on Rocky Butte 
was certainly within 3 or 4 inches of the old station and that at  station 
,Chaffee “A new station was established as near as possible to the old 
one, and it is believed to be not more than 4 inches away from the 
old station.” We may assume that all the stations except Forty 
Acre Opening were exactly recovered. 

The first field work undertaken in carrying out the cooperative 
plan between the Coast and Geodetic Survey and the advisory com- 
mittee in seismology of the Carnegie Institution was the reoccupation 
of the triangulation stations from Mount Lola and Round Top west- 
ward to the coast and southeastward to stations Lospe and Tepusquet, 
appro~imatelyinlatitude35~. Next the work was extended northward 

(See fig. 1.) 
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from stations San Jacinto and Cuyamaca a t  the south to stations 
Chaffee and Laguna, in longitude approximately 119’ 15’. There 
remained a small gap between stations Lospe and Tepusquet and 
stations Chaffee and Laguna that had to wait until the succeeding 
season. 

PRELIMINARY REPORT 

The interest in the results of this California work was so great 
that a preliminary report was made by the author, which appeared 
in 1924 as Special Publication No. 1 O G  of the United States Coast 
and Geodetic Survey, under the title “Earth Movements in Cali- 
fornia.” That publication gave the changes in geographic positions 
resulting from the new triangulation. The only points held fixed 
in the adjustment of the northern part of the new work were Mount 
Lola and Round Top, and there were no checks in azimuth and 
length a t  stations Lospe and Tepusquet a t  the end of the arc. 

A comparison of the old and the new positions in this northern 
part indicated some very great changes in geographic positions 
which were apparently larger than could be accounted for by the 
errors of triangulation alone. On the other hand, the new triangu- 
lation from San Jacinto and Cuyamaca westward to Chaffee and 
Laguna did not disclose any very great changes in geographic posi- 
tions. 

Later the new triangulation was extended across the gap from 
Lospe and Tepusquet to Chaffee and Laguna. When this had been 
done the indications were that the very large changes reported in 
Special Publication No. 106, amounting to approximately 24 feet as 
a maximum at  stations Tepusquet and Lospe, must have been due 
largely to accumulated errors of triangulation and not to actual 
earth movements. It was not possible, however, a t  the time this 
gap was spanned to separate the effect of errors of triangulation and 
of actual earth movements. This had to wait till the results of the 
readjustment of the triangulation net of the western half of the 
United States were available. 

TEST OF FIXED POSITIONS 

After the triangulation had been completed from Mount Lola and 
Round Top to San Jacinto and Cuyamdca, it was thought best by the 
chairman of the advisory committee in seismology of the Carnegie 
Institution of Washington and the officials of the Coast and Geodetic 
Survey to extend the new triangulation to the eastward from both 
ends. The new work would indicate whether there had been earth 
movements to the eastward of Mount Lola and Round Top, the 
stations held fixed a t  the north, and of San Jacinto and Cuyamaca, 
those held fixed at  the south. This was considered of such importance 
that the triangulation to the eastward of Mount Lola and Round Top 
was extended to station Carson Sink, in approximate latitude 39’ 35‘ 
and longitude 118’ 15’, a distance of approximately 110 miles from 
Mount Lola. The triangulation to the eastward of Cuyamaca and 
San Jacinto was extended to station Kofa, in approximate latitude 
33’ 20‘ and longitude 114’ 05’, a distance of approximately 155 miles 
from Cuyaniaca. 

The changes in geographic positions of the triangulation stations 
to the eastward of Mount Lola and Round Top are shown in Figure 3. 
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It is remarkable that  the changes at  Mount Como, Mount Grant, 
and Carson Sink are each less than 1 foot and that the change in 
position a t  Pah Rah is slightly less than 2% feet. These changes are 
so small that they come well within the limits of accuracy which may 
be expected in triangulation. ,There is no indication whatever of any 
relative earth movements of these stations. We may, therefore, 
assume that Mount Lola and Round Top have not changed their 

positions since the 
first triangulation 
observations w e r e  
made at  them about 
50 years ago. 

With regard to the 
work to the eastward 
of San Jacinto and 
Cuyamaca, we note 
that the change in 
geographic position 
at  station American 
(see fig. 3) is less than 
1% feet, although 
American is 108 
miles distant from 
C u y a m a c a .  The 
ratio of this change 
to the distance be- 
tween that station 
and Cuyamaca is so 
small that it may 
be asserted t h a t  
the change is due to 
triangulation uncer- 
tainties. W i t h re- 
gard to Kofa, the 
change in geographic 
position is about 3% 
feet and the distance 
from that station to 
Cuyamaca is more 
than 150miles,or ap- 
proximately 800,000 
feet. The ratio is 

less than 1 part in 200,000, and therefore this change at  Kofa can be 
considered as1 having been caused by errors of triangulation. 

With regard to station Butte, there is some uncertainty as to 
whether or not the change of position, amounting to slightly more than 
5 feet, is entirely due to errors of triangulation. The distance from 
Butte to San Jacinto is79 miles (or approximately420,000 feet), and the 
ratio of the change to the distance is about 1 part in 80,000. This 
ratio is small, and the change of position is probably due to errors of 
triangulation alone. When the changes at  Butte and Kofa are com- 
pared it is found that the relative change in position is approximately 
6% feet. The distance between them is about 75 .miles, or approxl- 
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mately 400,000 feet. The ratio is therefore approximately 1 part in 
60,000. Both of these last two ratios are quite small, though they are 
larger than the ratios of the corrections to lengths of the various 
sections as obtained in the readjustment of the western triangulation 
net. It 
must be remembered that stations Cuyamaca, San Jacinto, Butte, 
and American are in a single quadrilateral. I n  such a figure it is 
improbable that the length of a line between any two of the 
triangulation stations is known with certainty within 1 part in 50,000. 
The above ratios are smaller than this. 

I n  the new triangulation Kofa, Butte, and American form one 
triangle, and in this triangle the angle a t  Kofa was not reobserved. 
We seem to be justified from the above evidence and analysis of the 
data to conclude that there is no clear indication of earth movement a t  
station Butte. We may therefore assume that there has been no earth 
movement to the eastward of stations Cuyamaca and San Jacinto. 

It would seem from an analysis of the differences between the old 
and the new anglesj together with the changes in geographic positions 
a t  the stations to the eastward of Mount Lola and Round Top, and of 
Cuyamaca and San Jacinto, that we are justified in assuming or 
concluding that Mount Lola and Round Top have not changed their 
positions relative to San Jacinto and Cuyamaca. We also seem to 
be justified in assuming that none of these stations have changed in 
absolute position with respect to the triangulation net of the whole 
country. 

EXTENSION OF SPUR TO POINT ARENA 

The latter were seldom greater than 1 part in 150,000. 

In  1925 the new triangulation was extended northward from Ross 
Mountain, Mount Helena, and Marysville Butte to Mount San- 
hedrin and then down to Point Arena Lighthouse and to the Ukiah 
latitude station. This was done partly with funds of the Coast and 
Geodetic Survey and partly with money furnished by the Carnegie 
Institution of Washington. 

All of the stations shown in Figure 8 had’been established previ- 
ous to 1905 by the Coast and Geodetic Survey. Unfortunately, 
Point Arena Lighthouse, whose position had been determined in the 
old triangulation, was moved in 1908, so that the original station 
could not be recovered. 

Station ,Forty-Acre Opening probably was not exactly recovered 
by the 1925 party. The station was marked originally by a shallow 
drill hole in outcropping rock. This rock was found rather badly 
disintegrated in 1925. The observer discovered a slight depression 
that might have been the old station, but he was not absolutely 
sure. It is well, therefore, to consider that  station Forty-Acre 
Opening was not recovered. 

The Ukiah latitude station had not been included in the old triangu- 
lation scheme, and hence it is not possible to learn whether any earth 
movement occurred there during the 1906 earthquake or a t  other times 
in the past. It was included, however, in the new scheme, so that, 
a t  any time in the future, new t?iangulation can be used to determine 
whether or not the station has shifted in position. Its position is as 
follows: Latitude, 39O 08’ 14!’496; longitude, 123’ 12’ 381’127. 

The triangulation to the northward of Ross Mountain and Mount 
Helena is of first-order accuracy, except from stations Fisher and Cold 
Spring to Point Arena Lighthouse which was third order in accuracy. 



CHAPTER 3.-DISCUSSION OF FIRST-ORDER 
TRIANGULATION 

METHODS EMPLOYED ON CALIFORNIA TRIANGULATION 

The specifications for first-order triangulation require that the 
average closing errors of the triangles-that is, the deviation of the 
sum of the three observed angles from 180' plus the spherical excess 
of the t r ianglemust  not be more than about 1 second and that the 
individual closing errors must seldom exceed 3 seconds. Both the 
old and new work in California conform to these requirements. 
Although the specifications for the old work in California were not 
as definite as those now in use, nevertheless the results were of high 
accuracy and conform in general to present-day standards. The old 
triangulation depended for the control of the lengths of triangle sides 
on bases measured in the vicinity of Los Angeles and Palo Alto, 
Calif., and Salt Lake City, Utah. 

I n  the execution of the new work it was decided to strive for even 
greater accuracy than is usually obtained in first-order triangulation. 
The observing at  each station was done on a t  least two nights instead 
of one, and double the usual number of observations were made. 
The average closing errors of the triangles in both the old and the 
new work were satisfactory. 

It may be said that as great accuracy as may be desired can be 
obtained from triangulation. To secure this extreme accuracy, 
however, a tremendous effort would have to be made, and the cost 
in time and money would be great. The most exact measuring of 
this kind that has been done in the United States was that involved 
in the measurement of a base line and the determination by triangu- 
lation of the distance between San Antonio Peak and Mount Wilson 
in southern California for the use of Dr. A. A. Michelson in determin- 
ing the velocity of light. The uncertainty in the distance between 
those two peaks, approximately 22 miles apart, as furnished to him 
by this bureau was not greater than 0.2.foot. 

I n  ordinary first-order triangulation, frequently spoken of as pre- 
cise or primary, the procedure is to measure base lines along an arc 
a t  intervals of approximately 200 or 300 miles, depending on the 
length of the triangle sides, and to measure the horizontal angles of 
each of the triangles involved in the net. The base measurement is 
done with two or more invar tapes, and check measurements are 
made to insure against blunders. The probable error of the length 
of a base line is usually about 1 part in 1,000,000, and the actual error 
is seldom greater than 1 part in 300,000. Such an accuracy means 
that a base 10 miles long is not in error by more than 0.2 foot. The 
base measurement is reduced to sea level in order that the computa- 
tions of the triangulation may be referred to a mathematical surface 
rather than to the irregular one which constitutes the actual surface 
of the earth. 

12 
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The measurement of the horizontal angles of the triangles is made 
with theodolites of the greatest precision. The theodolite is similar 
to an engineer's transit, but the workmanship is very much more 
perfect, the,horizontal circle is larger, the graduations are made with 
greater accuracy, and the reading of the scale during the observations 
is made with micrometer microscopes. 

In triangulation of first order 32 pointings are made on each of the 
stations contiguous to the station that is being occupied by the 
observer. The mean of these observations for any one station is 
taken as the measure of the direction to that station. In  making the 
computations the observations are treated in pairs, and the mean of 
each pair (one observation made with the telescope direct and the 
other with it in the reverse position) is considered as a single deter- 
mination. The average deviation of a single determination from the 
mean of all of the determinations of a direction is about two seconds. 
The maximum allowable deviation is only four seconds. 

The effect of errors in the angle measurements is largely eliminated 
by the methods employed and by making a number of repetitions. 
There remains, however, one error having a considerable effect that 
is rather difficult to eliminate, namely, what we call lateral refraction. 
Where a line between two stations passes close to a mountain or hill- 
side or over a valley where there is a decided vertical movement of 
air during the period of the observations, the line may be deviated 
sidewise a second of.arc or more. This is a systematic or constant 
error that is not indwated by a variation in the individual measure- 
ments of a direction. Its presence can not be detected until the three 
angles of the triangle in which this line occurs have been measured 
and their sum compared with the theoretical sum, which is 180' plus 
the spherical excess of the triangle. 

The great accuracy required in first-order triangulation may be 
better understood if one realizes that at  a distance of 40 miles from the 
observer the sides of an angle of 1 second diverge only 1 foot. For 
other distances the divergence is in the same proportion, of course; 
that is, at  20 miles the divergence of a 1-second angle is foot and 
a t  100 miles it is 2% feet. It is well to keep these values in mind 
when considering the effect of unavoidable errors in triangulation 
measurements on the geographic positions of the stations. 

LAPLACE AZIMUTHS 

In  spite of the great accuracy with which horizontal angle measure- 
ments are made, there is always present a tendency for an arc of 
triangulation to swerve to the right or left of the direction of progress. 
This swerving may be, and probably is, due to meteorological condi- 
tions. It is nearly always greater than can be accounted for by the 
accidental errors in the angle observations. 

To overcome this swerving of an arc of triangulation from its true 
direction the Coast and Geodetic Survey employs what are called 
Laplace azimuths. The use of these azimuths has marked a great 
step forward in the adjustment of arcs and nets of triangulation. 
A Laplace azimuth is one which is derived from astronomic observa- 
tions on Polaris by applying a correction for the tilting of the meridian 
with respect to the spheroid, 

6600°-2&---3 
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It is well known to all who are engaged on triangulation that astro- 
nomic latitudes, longitudes, and azimuths are affected by what are 
termed “deflections of the vertical.” Triangulation computations 
must be made on the spheroid, the mathematical surface that most 
nearly coincides with the geoid or sea-level surface. The sea-level 
surface is a t  all places a t  right angles to the direction of gravity, but 
the direction of gravity is influenced by near-by mountain masses or 
even large hills. A n e w b y  valley has a similar effect on the plumb 
line but in a negative sense. At points along the coast the plumb line 
is drawn out of the normal to the spheroid owing to the mass above 
sea level on the continental side and the deficieqcy of mass in the 
waters of the ocean on the opposite side. 

It is possible to determine the deflection of the vertical or the tilting 
of the meridian by comparine the astronomic latitudes and longitudes 
with geodetic latitudes and Pongitudes determined by triangulation. 
The astronomic latitudes and longitudes can be observed with such 
accuracy that redeterminations of the values will generally show an 
agreement with the original ones of about 15 feet in latitude and 
about 40 feet in longitude. The geodetic latitudes and longitudes 
can be determined with an accuracy that compares with that of the 
astronomic observations. When the astronomic latitudes and longi- 
tudes are compared with the geodetic values it is sometimes found 
that they differ as much as 20 or 30 seconds (corresponding to a half 
mile or more in linear measure) in extreme cases and that the agree- 
ment is very seldom less than 2 seconds. Two seconds in latitude is 
approximately 200 feet, and two seconds in longitude in latitude 39’ 
is approximately 170 feet. 

For a Laplace station azimuth observations are made on Polaris a t  
a triangulation station whose astronomic longitude has also been 
dctermined. The amount the vertical is deflected is obtained by 
comparing the two values of the longitude, and a correction is then 
applied to the azimuth observations to make them conform to the 
values which would be obtained if the horizontal circle of the theodo- 
lite could be placed in a plane tangent to the mathematical spheroid 
a t  the point of observation. I n  other words, the Laplace azimuth 
obtained by the above process is merely the observed astronomic 
azimuth corrected for the tilting of the meridian. 

ACCURACY OF TRIANGULATION A S  DISCLOSED BY THE READJUST- 
MENT OF THE NET IN WESTERN UNITED STATES 

The triangulation of the Coast and Geodetic Survey, done prior to 
1908, had been adjusted in long arcs across the country without the 
use of Laplace azimuths. At about that time it was realized that 
Laplace azimuths are an essential part of triangulation, but the net- 
work of the United States was then so far from completion that it 
was not thought necessary to disturb the geographic positions of the 
arcs previourly adjusted. As new arcs were measured they were 
made to fit between the old ones, and since the discrepancies involved 
in the loops or arcs were not excessive, i t  was believed that no read- 
justment of the old work would be needed. This opinion, however, 
was later found to be erroneous when the triangulation had become 
greatly extended. As the large loops were divided by new arcs it 
became increasingly dlfticult to fit the new into the old arcs, and 
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very large corrections had to be applied to the new work. This led 
to the conclusion that the whole western half of the tnangulation net 
of the United States should be readjusted in order that all arcs 
forming a circuit should take their proportionate share of the closing 
error of the loop. 

For a long time it was not thought feasible, although very desir- 
able, to make this readjustment because, by the old methods (now 
held to be classical), the work involved might be something like 50 
to 75 years of computing for one expert mathematician. It might 
have taken 25 or 30 years to complete the work, since only a few 
mathematicians could have been employed on the scheme at  the same 
time. Fortunately, a method was devised at  the office of the Coast 
and Geodetic Survey which makes it possible to adjust a triangula- 
tion net over large areas in a short time and with a relatively small 
amount of effort. A dozen or more mathematicians were able to 
work simultaneously on the western net, and in 15 months the 
readjustment was completed in so far as obtaining the most probable 
positions of the junction points of the various arcs in the net was 
concerned. 

The method used in making this readjustment is described in 
Serial No. 350, which appeared in 1926. The preliminary results of 
the adjustment are contained in Special Publication No. 134, Geo- 
detic Operations in th? United States, January 1, 1924, to December 
31, 1926, which was issued in 1927. 

This readjustment really served many purposes, but the immediate 
one was to furnish a more reliable datum on which to base the tri- 
angulation of western Canada and Alaska. This was accomplished 
by obtaining the most prabable positions for triangulation stations 
in northwestern Washington irom which computations could be 
carried through an arc of triangulation extending along the coast of 
British Columbia and through southeastern Alaska. 

In using the new method, the first step was to determine the most 
probable value for the length and azimuth of a line a t  each junction 
of the arcs of triangulatiqn. Each of the various arcs wasthen 
adjusted between the junction points by holding fixed the lengths 
and azimuths of the junction lines and any bases and Laplace azi- 
muths along the arc. Then, starting at  Meades Ranch, the station 
used in defining the North American datum, geographic positions 
were computed through the various arcs and the discrepancies a t  
the different junction points were obtained. With these data the 
method of least squares was used to determine the most probable 
values for the latitude and longitude of a selected station at  each 
junction point of the system. The intermediate arcs were then 
fitted in between the junction stations. 

Figures 4 and 5 show the great accuracy that exists in the tri- 
angulation of the western half of the country when the lengths and 
azimuths are controlled by an adequate number of base lines and 
Laplace azimuths. It will be noticed in Figure 4 that for the 16 loops 
of triangulation in the net the average closure of a loop is about 1 part 
in 435,000 and that there are only two loops that have closing errofs 
greater than 1 part in 200,000. * 

1 Serial No. 350, Report on the Readjustment of the First-Order Triangulation Net ofdhe Western Part 
of the United States, by 0. S. Adams. 
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In Figure 5 are given the corrections which were applied to the 
several sections in order to make the loops, of which the sections 
form parts, close exactly. The first number is the correction to the 

latitude in meters, the second is the correction to the longitude in 
meters, and the third is the total correction in geographic position 
in meters. On the opposite side of the line is given the ratio the cor- 
rection to the position bears to the length of the section. 
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It will be noticed that the average correction to a sectipn is about 
1 part in 300,000. Only 15 of the 42 sections have corrections greater 
than 1 part in 200,000, and the largest correction is 1 part in 120,000. 

The data given on Figures 4 and 5 show that the accumulated error 
in an arc of triangulation which has been adjusted into a net is, in the 
majority of cases, smaller than 1 part in 200,000 of the distance from 
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the starting point. One part in 200,000 is equivalentato about. 1 inch 
in 3 miles, 1 foot in 40 miles, or 2% feet in 100 miles. Of course, on 
an occasional arc the error may be greater than this. 

When an arc is started from two stations whose geographic posi- 
tions, distance apart, and azimuth of the line between them are held 
fixed, but there are no Laplace azimuths or base lines along the arc to 
control it, then the positions computed through the triangulation may 
be in error by an amount much greater than 1 part in 200,000. This 
was evidently the case with the first computation of the arc extending 
from Mount Lola and Round Top southward to the stations Arguello 
and Gaviota, shown in Figure 1 of this publication, and in Figure 3 of 
Special Publication No. 106. The distance of the center of the line 
joining Arguello and Gaviota from a point midway between Mount 
Lola and Round Top through the axis of the triangulation is about 
400 miles. The error to be expected in the geographic position 
through such a distance where no base line or Laplace azimuth was 
used might be of the order of 20 or 30 feet. The actual difference in 
geographic position found at  Gaviota was 24 feet or 1 part in 88,000 
of the distance and that a t  Arguello was 22 feet. As stated in Special 
Publication No. 106, a careful inspection of the observations, made 
both prior to 1900 and during recent years a t  the various triangulation 
stations involved, failed to disclose any blunder that might cause the 
large changes in geographic positions. There must have been n 
bunching of accidental errors of triangulation which caused the rather 
large rate of accumulation of change in geographic position from sta- 
tions Mount Toro and Santa Ana to Arguello and Gaviota and which 
resulted in the large changes in position a t  the latter two points. 

Having in mind the accuracy obtained in extending arcs of triangu- 
lation across country, as indicated by the closing errors of the loops of 
triangulation in the western half of the United States, and the correc- 
tions which had to be applied to thc several sections, we are now in a 
better position to decide whether the differences in geographic posi- 
tions found at  triangulation stations in California are due to earth 
movements or to accidental errors of triangulation. 

It is believed that, as a working rule, we may assume that the 
distance in a quadrilateral between any two of the stations forming i t  
should be correct within 1 part in 75,000. An exception to this would 
be the case of a short line of a quadrilateral opposite a very small angle. 
When a triangulation has been reobserved over the same stations, an 
error in a line of 1 part in 75,000, but of the opposite sign to what it 
was in the original work, might result in a difference in the lengths as 
determined by the old and the new triangulation of about 1 part in 
40,000. Therefore, if the ratio of the change in geographic positions 
between two stations of a quadrilatera1 to the distance between those 
stations is less than 1 part in 40,000, we may assume that the r:lative 
change in position is likely to have been caused by the unavoldablc 
errors of triangulation. 

Judging from the small corrections to the sections of the triangula- 
tion net of the western half of the country as determined 1n the read- 
justment, we may conclude that for properly adjusted tnangulatjon 
the uncertainty, due to triangulation errors, of the geographlc posltlon 
of one triangulation station with respect to that of another which is * 

several quadrilaterals away should seldom be greater than about 1 part 
in 150,000. Where triangulation is reobserved over the same stations, 
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the ratio of the differences in geographic positions for two stations as 
determined by the old and the new work should not be greater than 1 
part in 75,000 of the distance between the stations. This is the 
maximum limit which should seldom be exceeded. Where two sta- 
tions are widely separated-say, 200 miles or more-their relative 
changes in geographic position from errors of triangulation alone 
should seldom exceed 1 part in 100,000 of the distance between the 
stations. 

ACCURACY OF ANGLE MEASUREMENTS IN FIRST-ORDER 
TRIANGULATION 

Prior to the work done in California the Coast and Geodetic Survey 
had no extensive data in regard to the agreement to be expected in 
redeterminations of triangulation angles. The California data enables 
us to form a rather clear idea of what agreement to expect where the 
stations apparently have not changed their geographic positions. 

In  another part of this report evidence is presented (p. 44) to show 
that probably Monticello, Mount Helena, and Vaca have not shifted 
in geographic positions with respect to Mount Lola and Round Top. 
(See fig. 6 . )  Evidence is also presented (p. 35) which indicates that 
there have been no earth movements for the stations from Mount 
Lola and Round Top to Carson Sink. 

Between Mount Helena and Monticello on the west and Mount 
Grant and Carson Sink on the east there are 90 angles. Of these 
angles, 78 hare changes less than 1 second, 11 show changes between 
1 and 2 seconds, and only one has a change greater than 2 seconds. 
This maximum change is 2.65 seconds. 

For the 14 angles between Cuyamaca and San Jacinto on the west 
and Kofa on the east 7 have changes less than 1 second, 5 have changes 
between 1 and 2 seconds, and only 2 have changes greater than 2 
seconds. Only three have changes greater than 1.5 .seconds. The 
maximum difference between an old and a new angle is 2.21 seconds. 

It has been shown elsewhere in this report (p. 36) that the changes in 
geographic positions between stations Lospe and Tepusquet on the 
north and San Jacinto and Cuyamaca on the south are so small that 
they may be due entirely to the errors in triangulation. No actual 
earth movements are evident at  these stations. In  this arc of tri- 
angulation there are 150 angles. The changes between the old and 
the new angles are less than 1 second for 105 angles, between 1 and 2 
seconds for 42 angles, and between 2 and 3 seconds for 3 of the 
angles. The maximum correction to an angle is 2.66 seconds, and 
the next smaller is 2.39 seconds. 

This distribution of the differences bctween the old and the new 
angles seems to follow closely the law of distribution of accidental 
errors. It would appear that these errors are really accidental, as 
the average of the closing errors of the triangles is only about 1 
secnnd end the rnax?lm::m c!~sLig error is sddoiii IiiOre iliuu 3 sec- 
onds. As previously stated, the closing error of a triangle is the 
difference between 180' and the sum of the three observed angles 
less the spherical excess. The correction for spherical excess is to 
take account of the fact that the observed angles are spherical rather 
than plane. 

(See fig. 3.) 
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Since for the 254 angles under consideration there are only 6 with 
changes greater than 2 seconds, we may safely conclude that any 
difference between an old and a new angle that is greater than 3 
seconds is an indication of actual earth movement at  one or more 
of the stations of the triangle of which the angle considered is a part. 
It might even be reasonably assumed that any difference between 
an old and a new angle of 2.4 seconds is an indication of earth move- 
ment, since there were only two angles of the 254 considered that 
have changes greater than that amount. It is possible that some of 
the differences as small as 2 seconds may be actually due to  earth 
movements rather than to accidental errors of observation, but there 
seems to be no method of differentiating the effects of the two causes. 
It may be said, however, that, those stations having changes as great 
as 2 seconds should be reoccupied in the future to learn whether or 
not any progressive changes are occurring in the angles. 



CHAPTER 4.-ANALYSES AND INTERPRETATION OF ANGLE 
CHANGES IN CALIFORNIA TRIANGULATION 

ANGLE CHANGES IN NORTHERN HALF OF CALIFORNIA ARC 

If we assume that any change of 3 seconds in an angle is a definite 
indication of earth movement, we find, in considering the triangles 
from h/Iount Helena and Monticello on the north toward Lospe and 
Tepusquet at  the south, that no angles changed more than 2 seconds 
until the triangle is reached which involves stations Sierra Morena, 
Mount Tamalpais, and Mount Diablo. In this triangle the new 
angle at  Sierra Morena is 3.44 seconds larger than the old one, that 
at  Mount Tamalpais is 5.21 seconds larger, and that a t  Mount 
Diablo is 8.65 seconds smaller than the old one. In the triangle 
involving stations Mocho, Sierra Morena, and Mount Tamalpais the 
new angle a t  Mocho is 5.86 seconds smaller, a t  Mount Tamalpais 
3.76 seconds larger, and at  Sierra Morena 2.10 seconds larger than 
the old ones. In the triangle formed by the stations Mocho, Sierra 
Morena, and Mount Diablo the new angle at  Mocho is 5.48 seconds 
'smaller than the old one, the angle at  Sierra Morena remains prac- 
tically the,same, and the new angle at  Mount Diablo is larger than 
the old one by 6.82 seconds. The three triangles mentioned above 
surely indicate an earth movement, and the movement seems to have 
been a t  station Sierra Morena, since this station is in each of the 
three triangles. There is no change greater than 1.83 seconds in the 
triangle Mocho, Mount Tamalpais, and Mount Diablo. 

In the triangle Loma Prieta, Sierra Morena, and Mount Diablo the 
angle at Lorna Prieta has changed very little, but a t  Sierra Morena 
it has decreased 7.18 seconds, and at  Mount Diablo it has increased 
8.41 seconds. In the triangle Loma Prieta, Sierra Morena, and 
Mocho the angle a t  the first station has decreased only 1.85 seconds, 
but a t  the second station the angle has decreased 5.84 seconds, and 
at  the third station it has increased 7.69 seconds. Here again the 
two triangles involve Sierra Morena. This station surely must have 
moved with respect to the other stations involved in the triangles. 

The greatest change in the triangle Loma Prieta, Mount Diablo, 
and Mocho is only 2.21 seconds, so it is diacult to tell whether any 
relative earth movement has occurred among those stations. The 
ratio of the relative change a t  Mount Diablo and Loma Prieta to the 
distance between those two stations is 1 part in 70,000. 

I n  the triangle Santa Ana, Lorna Prieta, and Mocho there is an 
increase of 3.10 seconds in the Loma Prieta angle and a decrease of 
2.36 seconds in the hllocho angle. There has evidently been a small 
amount of earth movement in one or more of these three stations. 

In  the triangle Mount Toro, Loma Prieta, and Mocho there has 
been an increase in the Loma Prieta angle of 4.32 seconds and a 
decrease in the Mocho angle of 3.43 seconds. In the triangle Mount 
Toro, Lorna Prieta, and Santa Ana the angle a t  Mount Toro has 

6 6 0 0 " - 2 8 4  21 
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1.. ......... 

2 ........... 

3.. ......... 

4 ........... 

5 ........... 

increased 2.63 seconds and the angle at  Santa Ana has decreased 
3.85 seconds. The angle a t  Loma Prieta changed only 1.22 seconds. 
In  the triangle Mount Toro, Mocho, and Santa Ana the angle at  
M o u u t  Toro has hicreitsed 3.52 seconds, and at  Santa -4iit-i it. has 
decreased 4.59 seconds. The angle at  Mocho has changed about 
1 second. Mount Tor0 is the only station that is common to these 
three triangles, and the indications are that it is the station which 
has moved with respect to the others. Of course, i t  may be that 
Mount Toro has remained fixed while all of the other stations have 
moved with respect to it, but there is no direct evidence in thc angles 
to show what stations actually moved. 

Some information in regard to Mount Tor0 may be obtained from 
a consideration of the three triangles involving the station Gavilan. 
That station was not one of the main-scheme stations in the old work 
but a supplementary one. In the triangle involving Gavilan, Santa 
Ana, and Mount Toro the angle at  Gavilan has decreased 12.80 
seconds, the one a t  Santa Ana has increased 7.89 seconds, and the 
one a t  Mount Toro has increased 4.91 seconds. In the triangle 
involving Gavilan, Mount Toro, and Lorna Prieta the only angle 
that changed more than 2.4 seconds is the one a t  Loma Prieta, which 
increased 3.76 seconds. In the triangle Gavilan, Loma Prieta, and 
Santa Ana the angle a t  Gavilan has increased 14.18 seconds, the one 
a t  Loma Prieta has decreased 2.52 seconds, and the one a t  Santa Ana 
has decreased 11.66 seconds. Mount Toro is in two of these triangles, 
each of which has had decided changes in the angles. There has 
undoubtedly been relative movement between G a d a n  and Mount 
Toro. Gavilan has also changed position decidedly with respect to 
Lorna Prieta and Santa Ana, as is indicated by the changes in the 
angles of the third triangle mentioned above. 

Comparison of angles, new and old triangulation 

CUYAMACA-SAN JACINTO TO KOFA 

. .-- 

Butte .................................................. 
Cuyamacs. ............................................ 
San Jacinto- ........................................... 

American.. ............................................ 
Cuyamaca- ............................................ 
San Jacinto.. .......................................... 

American.. 
Cuyamacs. ............................................ 
Butte .................................................. 

American. 
San Jacinto 
Butte .................................................. 

Kofa. 
American. ............................................. 
Butte .................................................. 

i 
1 
i 

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

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

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

Number of 
triangle 

60.45 
10.89 
18.51 

46.36 
26.90 
2Q.W 

47.98 
16.01 
28.88 

01.62 
49.45 
29.33 

49. 99 
39.24 
50.97 

Stations 

-- 

-1.10 
+2.21 
-1.11 

+O. 22 
4-0.04 
-0.26 

+1.65 
-2.20 
+0.53 

+1.45 
-0.88 
-0.57 

-0. 64 
-0.84 
+1.48 

Differ- Spherical angles' 

New 

0 , I ,  

42 54 59.35 
63 33 13.10 
53 32 17.40 

27 22 46.58 
96 45 26.94 
55 52 28.80 

51 07 49.65 
33 12 13.81 
95 40 FJ.41 

23 45 03.07 
17 39 48.57 

138 35 28.56 

62 38 49.35 
83 15 38.40 
44 05 52.45 
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Comparison of angles, new and old triangulation-Continued 

LOSPE-TEPUSQ LJET T O  SAN JA4CINTO-CUYAMACA 

I I Spherical angles 

I Number of 
triangle Stations I New 

0 , ,, 
41 55 59.05 
52 04 21.92 
85 59 43.44 

50 01 59.54 
86 03 07.92 
43 54 55.92 

111 45 07.99 
33 58 46.00 
34 16 08.84 

61 43 08.45 
42 04 47.52 
76 12 07.89 

33 30 00.47 
59 59 37.39 
86 30 26.87 

48 37 22.88 
99 52 58.55 
31 29 45.35 

66 19 05.38 
66 22 58.08 
47 18 02.01 

17 41 42.50 
28 29 52.04 

133 48 28.88 

76 48 04.59 
55 18 31.86 
47 63 28.22 

36 51 00.41 
121 55 22.41 
21 13 41.00 

66 41 42.44 
66 36 50.55 
46 41 30.15 

29 50 42.03 
26 39 47.22 

123 29 34.74 

69 47 58.07 
57 52 58.21 
52 19 06.80 

36 09 08.59 
102 06 58.01 
41 43 58.16 

48 17 58.30 
44 13 59.80 
87 28 04.77 

12 08 49.71 

::: 1" G2.g 

52 41 44.50 
102 51 31.35 
24 26 46.94 

78 32 07.39 
54 33 33.05 
46 54 21.19 

25 50 22.89 
19 47 1286 

134 22 25.96 

10 92 08.64 

- 
Old 

60.82 
21.57 
4202 

60.29 
07.66 
55.43 

07.01 
46.09 
09.73 

06.72 
46.59 
10. 55 

00.26 
39.78 
24.69 

22.65 
57.76 
46.37 

05. 50 
57. 50 
02.47 

42.85 
53.41 
27.16 

03.25 
31. 20 
30.22 

00.02 
22.00 
41.80 

41.93 
50.80 
30.41 

41.91 
48  42 
33.66 

58.77 
56.81 
07. 50 

08-64 
57.50 
58.62 

58.11 
60.69 
04.07 

49.47 
08.88 
E. % 

44.89 
31.07 
46.83 

08- 77 
32.96 
19. 90 

23.88 
13.86 
23.97 

- - 
Differ- 
ences, 
iew-old 

-1.77 
M. 35 
+l. 42 

-0.75 
+O. 26 +o. 49 

+o. 98 
-0.09 
-0.89 

+l. 73 +o. 93 
-2.68 

+o. 21 
-2 39 
+2 18 

M. 23 
$0.79 
-1.02 

-0.12 
+O. 58 
-0.46 

-0.35 
-1.37 
+l. 72 

+l. 34 
44. 68 
-200 

+o. 39 
+a 41 
-0.80 

+O. 51 
-0.25 
-0. 26 

+o. 12 
-1. 20 
+l. os 
-0.70 
+l. 40 
-0.70 

-0.05 
44.51 
-0. 46 

+o. 19 
-0.89 
+O. 70 

4-0.24 
-0.24 
!?. E 

-0.39 
44. 28 
44. 11 

-1.38 
+am 
+l. 29 

-0.99 
-1.00 
+l. 99 
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Comparison of angles, new and old triangulation-Continued 

LOSPE-TEPUSQUET T O  SAN JACINTO-CUYAAIACA-Continued 

I I j Spherical angles 
Number of 

triangle Stations 

San Juan ____________________-----.- ~ _ _ _ _ _ _ _ _  ~ ____.______ 36 20 17.73 
Southeast Base . . . . . . . . . . . . . . . . . . . . .  ~ . . . . . . . . . . . . . . . . . . . .  91 56 43.65 
Northwest Base-.. _________.____ __._ __________..________ 51 42 59.65 

- 
Old 
- 
42.87 
34.37 
44.36 

53.93 
20.41 
43.42 

24.57 
22.50 
16.85 

24.60 
51.20 
46.39 

26.30 
10.33 
27.86 

41.26 
47.83 
38.93 

14.96 
48. 99 w. 50 

33.29 
55.67 
33.29 

32.29 
14.95 
14.19 

15. 07 
10.62 
38.89 

42% 
12.52 
05. 60 

50.85 
15.21 
54.94 

17.58 
42.92 
60.53 

21.69 
M). 14 
40.84 

26. 73 
20.01 
14.72 

30.84 
15.68 
19.73 

04.11 
11.99 
46.44 

43.42 
24.47 
56.17 

47.37 
40.15 
42  74 

- - 
Differ- 
ences, 
iew-old 

-0.62 
-1.16 
+l. 78 

M. 09 
+O. 98 
-1.07 

-0.17 
-1.04 
+l. 21 

-0.11 
-1.18 
+l. 29 

M. 23 
-1.65 
+l. 42 

-0.20 
-0.62 
M. 82 

-0.43 
-0.21 
+o. 64 
-0.47 
+o. 67 
-0.20 

-1.93 
+o. 95 
H.98 

-1.76 
4-1.62 
+o. 14 

44.17 
-0.51 
+o. 34 
M. 64 
-1.20 
+o. 56 

M. 15 
+o. 73 
-0.88 

-0.64 
+o. 56 
-0.02 

-0.49 
M. 39 
+o. 10 

-1.18 
+l. 08 
+o. 12 

-0.69 
+o. 37 
M. 32 

-0.87 
-0.44 
4-1.31 

-0.80 
4-0.62 
+o. 18 



ANALYSES OF ANGLE CHANGES 

31.70 
45.47 
08.00 

Comparison of angles, new and old triangulation-Continued 
LOSPE-TEPUSQUET T O  SAN JACINTO-CUYA_hlAC-~--Continued 

-0.48 
+O.47 
+0.01 

I 
Number of 

triangle Stations 
Spherical angles 

New 

0 , I ,  

0 31 55.98 
0 20 36.93 

179 07 27.14 

44 01 10.30 
89 14 30.77 
46 44 28.13 

105 04 22.03 
21 54 50.00 
53 00 52.32 

61' 03 11.73 
19 37 14.79 
99 19 38.89 

64 28 06.28 
43 28 14.03 
72 03 45.98 

20 26 55.98 
19 57 51.72 

139 35 15.64 

40 36 15.75 
39 32 11.50 
!23 51 34.87 

14 45 27.76 
121 21 19.38 
43 53 17.97 

28 00 55.17 
121 53 15.36 
30 06 02.41 

13 15 27.41 
136 59 14.89 
29 45 25.48 

13 33 27.34 
80 23 42.89 
88 02 58.79 

41 17 37.49 
52 44 M.96 
85 58 35.13 

- 
Old 

56.05 
36.99 
27.01 

11.53 
28.94 
28.73 

23.67 
48.79 
51.89 

12.14 
14.01 
39.26 

06. 81 
13.26 
46.22 

55.28 
51.00 
17. Or, 

16.86 
09.95 
35.31 

28.87 
17. 65 
18.59 

56. 73 
13.70 
02.51 

27.86 
14.40 
25.52 

27.18 
42.49 
59.15 

36.62 
07.89 
35.07 

MOUNT HELENA-MONTICELLO TO MOUNT QRANT-CARSON SINK 

25 

~ __ 

Differ- 
ences, 
iew-old 

-0.07 
-0.06 
+O. 13 

-1. 23 
+l. 83 
-0.60 

-1. 64 
+l. 21 
+o. 43 

-0.41 
4-0.78 
-0.37 

-0.53 
+o. 77 
-0.24 

+o. 70 
4-0.72 
-1.42 

-1.11 
+l. 55 
-0. 44 

-1.11 
+l. 73 
-0.62 

-1.56 
fl. 66 
-0.10 

-0.45 +o. 49 
-0.04 

+O. 16 
+o. 20 
-0.36 

+O. 87 
-0.93 
+o. 06 

Mount Diablo- ._ _ _ _ _ _ _  _ _  _ _ _ _ _  _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Mount Helena. _ _ _ _  _ _ _ _ _  ~ . . . . . . . . . . . . . . . . . . . .  _ _  _ _ _ _ _ _ _ _ _  
Marysville Butte--. - _ _  _ _  . . . . . . . . . . . . . . . . . . . .  - _ _ _  _ _ _ _ _ _ _  

20 
19 

139 

38 
94 
46 

18 
150 
10 

39 
33 

107 

69 
74 
35 

34 
105 
40 

20 00.56 
56 16.97 
43 47.87 

40 31.22 
28 45.94 
51 08.01 

20 30.66 
48 18.87 
51 17.16 

31 32.67 
17 27.15 
11 03.29 

27 53.26 
32 28.97 
59 50.85 

25 00.78 
01 29.93 
34 15.50 

00.82 
16.44 
48.14 

-0.26 
+O. 53 
-0.27 

30.88 -0.22 

18.92 I +0.24 
18.89 1 -0.02 

;:el 2:g 
02.78 +0.51 

30.86 -0.73 :::: I :::: 
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Comparison of angles, new and old triangulation-Continued 

MOUNT HELENA-MONTICELLO TO MOUNT QRANT-CARSON SIXK-Continued 

i 1 Spherical angles 
Number of 

triangle Stations I Xew 

58 54 54.5: 
9G 40 16.Z 
24 25 3 2 5  

27 15 49.4 
55 53 59.61 
9G 50 25.6: 

21 54 10.6 
116 50 53.6 
41 15 01.8 

14 05 40.3 
29 56 20.5' 

135 58 03.11 

20 03 31.1 
53 13 44.1 

106 42 53.2 

0 16 29.4 
0 28 10.0 

179 15 20.5 

18 37 00.1 
136 26 13. 1 
24 58 5i.4 

39 12 28.6 
71 46 22.6 
69 01 21.9 

58 7.3 31.7 
62 37 05.6 
58 59 39.3 

- 
Old 
- 

13.28 
13.54 
43.50 

15.67 
12.29 
12.91 

a. 40 
52.79 
s. 42 

49.84 
41.31 
D1.U 

14.31 
40.54 
13.8: 

24.E 
29.0: 
30. 1 6  

47. 1: 
10.4 
31.61 

46.9f 
%.9! 
47.81 

47.81 
08. (L 
22.3 

25.2 
52.8 
03.4 

55. 1' 
15. 2 
32.8 

48.5 
00.7 
25.4 

10.5 
54.1 
01. 3 

40.5 
20.3 
03.0 

31.4 
44.1 
52.8 

29.3 
00.9 
20.7 

00.2 
13. C 
57. E 

28. i 
23. i 
21. f 

33. I 
05. f 
37. I 

- - 
iffer- 
o e s ,  
w-old 

- 
4-0.01 
-1.25 
+l. 24 

+o. 44 +o. 17 
-0.61 

-0.14 
+o. OB 
+o. 08 

+o. 39 
+o. 95 
-1. 34 

+o. 10 
-0.11 
+o. 01 

$: z 
-1.01 

So. 52 
-0.44 
-0.08 

+l. 59 
-0.71 
-0.88 

+l. OB 
-0. 44 
-0.62 

-2 65 
+l. 78 
+O. 87 

-0.67 
+I. 04 
-0.37 

+o. 89 
-1.08 
4-0.19 

+o. 03 +o. 45 
-0.48 

-0. 26 
+o. n 
+o. 04 
-0.33 
-0.05 
+O. 38 

+O. 07 
44.13 
-0.20 

-0.15 
44.17 
-0.02 

+o. 41 
-0.73 
+O. 32 

-1.39 
0 
+l. 39 
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Comparison of angles. new and old triangulation-Continued 

MOUKT HELENA-MONTICELLO T O  MOUNT GRANT-CARSON SINK-Continued 

213 .......... 

27 .......... 

28 .......... 

29 .......... 

30 .......... 

I I Spherical anglas 

0 I 

Round Top ............................................. 46 21 05.52 
Mount Como ........................................... 99 15 12.88 
Mount Grant ........................................... 34 23 53.38 

Mount Como ........................................... 129 58 45.27 
PahRah ................................................ 23 39 57.38 
Mount Grant ........................................... 26 21 30.31 

Pah Rah 54 15 20.68 
Carson Sink ............................................. 79 30 33.45 
Mount Grant ........................................... 46 14 39.09 

Mount Como 70 37 39.33 
Carson Sink ...... 9 ...................................... 36 46 34.26 
Mount Grant ........................................... 72 36 09.40 

Carson Sink 42 43 59.19 
Mount Como ........ .................................. 59 21 05.94 

1 
1 
{ 

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

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

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

Pah Rah ................................................ 77 55 18.06 

Number of 
triangle 

Vam .................................................... 
1 ........... Mount Helena .......................................... 

Monticello .............................................. 

Mount Tamelpsis ....................................... 
2 ........... Mount Helena .......................................... 

Vaca .................................................... 

Mount Tamalpais 
3 .......... Montimllo .............................................. 

Vaca .................................................... 

Mount Tamalpais 
4 ........... Mount Helena .......................................... 

Mount Diablo .......................................... 

Mount Diablo 
5 ........... Mount Tamalpah ....................................... 

Vaca .................................................... 

Mount Diablo 
6. .......... Mount Helena .......................................... 

Vacs .................................................... 

Mount Diablo 
7 ........... Monticello .............................................. 

Vaca .................................................... 

Mount Diablo 
8 ........... Mount Tsmalpais ....................................... 

Monticello .............................................. 

Mount Diablo 
9 ........... Mount Helena .......................................... 

!)Mount Tamalpais ....................................... 
10 ..........I Mount Helena .......................................... 

, (hfonticello .............................................. 

11 .......... Mount Tamalpais ....................................... 
Mount Diablo .......................................... 

1 
1 
{ 
1 
1 
1 
\ 
I 1 Monticello .............................................. 

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

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

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

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

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

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

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

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

Stations 1 New 

39 31 32.67 
33 17 27.15 

107 11 03.29 

43 53 25.78 
53 40 13.30 
82 26 30.73 

18 23 18.28 
39 38 43.14 

121 58 03.40 

86 28 25.12 
33 43 56.33 
49 47 51.13 

70 07 51.69 
52 34 59.34 
57 17 17.14 

20 20 00.56 
19 56 16.97 

139 43 47.87 

0 16 29.45 
0 28 10.07 

179 15 20.54 

69 51 22.24 
70 58 17.62 
39 10 33.07 

20 03 31.11 
53 13 44.12 

106 42 53.22 

25 30 07.M 
86 57 40.45 
67 32 20.15 

57 27 13.Z 
61 37 34.62 
60 55 20.50 

MOUNT HELENA-MONTICELLO TO LOSPE-TEPUSQUET 

Moeho .................................................. 34 50 14.64 
12 .......... ........................................... 107 20 18.44 

Mount Tamalp ah... .................................... 37 49 37.06 

Mocho .................................................. 61 06 28.56 
13 .......... Sierra Morena ........................................... 49 53 05.16 

.......................................... 69 00 34.46 

. 
Old 

05.87 
12.88 
53.03 

45.94 
56.96 
30.06 

20.48 
33.23 
39.51 

39.35 
34.08 
09.56 

59.16 
06.59 
17 . 44 
- 

. 

32.81 
28.02 
02.28 

27.50 
13.46 
28.85 

19.42 
43.74 
01.66 

25.51 
56.94 
50.13 

51.16 
58.01 
19 . 00 
01.03 
16.52 
4i . 85 
29.42 
09.98 
20.66 

21.74 
17.43 
33.76 

31.61 
44.54 
52.30 

08.08 
41.48 
18.54 

09.84 
29.41 
29.15 

20 . 50 
16.34 
33.30 

34 . 04 
06.50 
27 . 64 

. . 

Differ- 
:nces, 
ew-old 

-0.35 
0 

+o .35 

-0.67 
+O . 42 
+o . 25 

+o . 20 
+o.22 
-0.42 

-0.02 
+O .18 
-0.16 

M.03 
-0.65 
+O .62 

. 
-0.14 
-0.87 
+1 .01 

-1.72 
-0.16 
+1 .88 

-1.14 
-0.60 
+1 .74 

-0.39 
-0.61 
+1 . 00 

+o . 53 
+1 .33 
-1.86 

-0.47 
+o . 45 
+o .02 

+O .03 
+o .09 
-0.12 

+o .50 
+O . 19 
-0.69 

-0.50 
-0.42 +o .92 

-0.58 
-1.03 
+I .61 

+3.44 
+5.21 
-8.65 

-5.86 
+2.10 
+3.76 

-3.48 
-1.34 
+6.82 
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Mocho .................................................. 

Mount Diablo .......................................... 

Lorna Prieta ............................................ 
15 .......... Sierra Morcna ........................................... 

Mount Diablo .......................................... 

Lorna Prieta ..... 2 ...................................... 
16 .......... Sierra Morenil ........................................... 

Mocha .................................................. 

Lorna Prieta 
li .......... Mount Diablo .......................................... 

Macho .................................................. 

Santa Ana 
18 .......... Lorna Pricta ............................................ 

Mocho .................................................. 

Mount Toro 
19 .......... Lorna Prieta ............................................ 

Mccho .................................................. 

Mount Tor0 
20 .......... Lorna Priota ............................................ 

Santa Ana .............................................. 

Mount Toro 
21 .......... Mocha .................................................. 

Santa Ana .............................................. 

Hepsedam 
22 .......... Mount Tor0 ............................................ 

Ssnta Ana .............................................. 

Santa Lucia 
Z.'.......... Mount Toro ............................................ 

Santa Ana .............................................. 

Santa Lucia 
24 .......... Mount Toro ............................................ 

Eepsedam .............................................. 

Santa Lucia 
25 .......... Santa Ana .............................................. 

Hepsedam .............................................. 

Rocky Butte 
26 .......... Santa Lucia ............................................. 

~Iepsedaxn .............................................. 

Castle Mount ........................................... 
Rocky Butte ................................. : .......... 
Santa Lucia ............................................. 

....................................... 14.--.- ..... Mount Tamalpais 

i 
{ 
{ 
{ 
i 
1 
1 
{ 
{ 
{ 
{ 

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

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

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

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

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

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

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

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

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

............................................ 
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Comparison of angles. new and old triangulation-Continued 

MOUNT HELENA-MONTICELLO TO LOSPE-TEPUSQUET-Continued 

I I 
I Spherical angles I 

29 .......... 

30 .......... 

31 .......... 

32 .......... 

Number of 
triangle 

Castle Mount ........................................... 
Santa Lucia 
Hepsedam .............................................. 

San Jose 
Rocky Butte ............................................ 
Castle Mount ........................................... 

San Luis 
Rocky Butte ............................................ 
Castle Mount ........................................... 

San Luis 
Rocky Bnlte ............................................ 
San Jos e ................................................ 

............................................. { 
1 
{ 

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

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

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

Stations I- New 

0 . .. 
26 16 13.9: 
23 47 57.54 

129 55 54.g 

46 51 45.2f 
95 13 41.4! 
37 54 41 . 71 

83 02 48.64 
45 20 36.2 
51 36 41.4; 

36 11 03.41 
31 05 52.7! 

112 43 10.0: 

42 50 13.86 
80 33 25.10 
56 36 28.13 

20 22 09.60 
130 00 06.38 
29 37 50.39 

56 18 34.73 
49 26 41.28 
74 14 51.75 

35 .5G 25.13 
26 58 . 37.74 

117 05 05.61 

42 17 42.02 
69 40 40.73 
6s 01 46.77 

33 07 20.32 
119 21 00.76 
27 31 44.41 

92 30 29.71 
49 40 19.9; 
37 49 1 G . g  

59 23 09.3c 
40 ZJ 02 . 3c 
80 07 58.a 

47 32 32.84 
78 04 23 . 1 4  
54 23 12.8( 

38 25 06.S 
95 58 37.3: 
45 36 27 . U 

68 40 55.05 
48 26 04.48 
62 53 10.71 

30 15 48.52 
32 27 55.68 

117 16 23.51 

56 02 57.36 
53 28 12.88 
70 28 61.70 

61 30 42.31 
68 40 49.66 
49 48 38.62 

127 19 34.40 
1.5 12 36.78 
3 i  n 52.21 

~ 

Old 
. 
,, 

13 . 54 
56.13 
56.79 

46.49 
48.62 
33.30 

50.51 
42.12 
33.78 

04.02 
54.34 
07.82 

14.60 
22.00 
30.49 

10.49 
02.06 
53.82 

32.10 
40.06 
55.60 

21.61 
36.67 
10.20 

43.39 
43.52 
42.61 

17 . 53 
05.19 
42.71 

24.85 
21.67 
20.32 

07.02 
59 . YO 
03.71 

29.91 
27.94 
10 . Y3 

06.90 
37.07 
27.34 

56.79 
07.16 
06.29 

49.89 
60 . 60 
17.22 

57.12 
14.87 
59.95 

41.56 
51.05 
37.98 

35.24 
36.18 
51.97 

. 
~ 

Differ- 
ences 
iew-ofd 

+O .38 
+1.45 
-1.83 

-1 . 23 
-7.18 
+8.41 

-1.85 
-5.84 
4-7.69 

-0.62 
-1.59 
+2.21 

-0.74 
+3.10 
-2.36 

-0.89 
+4.32 
-3.43 

+2.63 
+1 .22 
-3.85 

+3.52 
+1 .07 
-4.59 

-1.37 
-2.79 
+4.16 

+2.79 
-4.49 
+1 .70 

+5.16 
-1.70 
-3.46 

+2.31 
+2.46 
-4.83 

+2.93 
-4.80 
+1.81 

-0.37 
+o .25 
+o .12 

-1.74 
-2.68 
+4.42 

-1.37 
-4.92 
+6 .B  

+o .24 
-1.G9 
+1 .75 

+o . 75 
-1.39 
+o .64 
-0.84 
+o .60 
+o . 24 
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Comparison oj angles. new and old triangulation-Continued 

MOUNT HELENA-MONTICELLO TO LOSPE-TEPUSQUET-Continued 

San Luis ................................................ 
San Jose ................................................ 

.......... ........................................... 33 Castle Mount 

I 1 Spherical angles 

65 48 52.09 
20 40 23.08 
93 30 49.57 

I Number of 
triangle 

Lospe ................................................... 
35 .......... Rocky Butte ............................................ 

San Jose ................................................ 

Stations 

58 46 51.74 
35 55 04.87 
85 18 14.93 

1 New 

36 .......... 

-1 l o .  .. 

Lospe ................................................... J 2 7 4 6 0 2 . 4 5  
San Luis ................................................ 104 23 37.66 

{SanJose ................................................. 47 50 22.72 

Tepusquet .............................................. 
37 .......... Lospe .................................................. 

San Luis ............................................... 

Tepusquet ............................................. 
34 .......... Lospe ................................................... 

San Jose ............................................. 

Lospe ................................................... 31 00 49.29 
34 .......... Rocky Butte ............................................ 20 42 28.09 

San Luis ................................................ 128 16 47.94 

52 43 04.67 
81 45 03.65 
45 31 55.81 

83 03 58.93 
53 59 01.20 
42 57 06.28 

Tepusquet ............................................. 
39 .......... San Luis ............................................... 

SanJose .............................................. 
30 20 52.26 
58 51 41.85 
90 47 29.00 

Ross Mountain ......................................... 
42 .......... Mount Diablo .......................................... 

Mount Tamalpais ....................................... 

Mount Hamilton ........................................ 
43 .......... Lorna Prieta ............................................ 

Sierra Morenil ........................................... 

Mount Hamilton ........................................ 
44 .......... Lorna Prieta ............................................ 

Mocho .................................................. 

Ross Mountain ......................................... 58 15 43.83 
40 .......... Mount Helena .......................................... 102 52 42.84 

hlount Diablo .......................................... 20 51 45.63 

21 35 32.58 
28 56 05.50 

129 28 31.26 

62 35 23.59 
85 49 24.68 
31 35 15.92 

172 05 23.69 
2 46 36.02 
5 08 00.47 

Ross Mountain ......................................... 77 51 16.41 
41 .......... Mount Helena .......................................... 69 08 46.51 

Mount Tamallisis ....................................... 33 00 06.14 

Mount Hamilton ....................................... 
45 .......... Sierra Morenil ........................................... 

Mocho .................................................. 

109 30 00.10 
13 45 20.36 
56 44 41.94 

Gavilan ................................................. 140 26 08.51 
46 .......... SantaAna .............................................. 18 22 65.42 

Mount Toro ............................................ 21 09 47.39 

Qavilan ................................................. 126 31 51.04 
47 .......... Mount Toro 35 08 47.34 

Lorna Prietn ............................................ 18 19 24.28 
............................................ 

Qavilan ................................................. 93 01 60.45 
48 .......... Lorna Prieta ............................................ 31 07 17.00 

Santa Ana .............................................. 55 50 46.33 

MOUNT HELENA-ROSS MOUNTAIN TO POLNT ARENA 

. 
Old 
. 

53.68 
21.97 
49.09 

49.24 
29.64 
46.44 

49.32 
05.82 
16.40 

00.08 
38.32 
24.43 

07.58 
01.99 
54.56 

57.73 
01.91 
04.77 

50.15 
43.76 
29.20 

40.73 
46.94 
44.63 

13.23 
50.00 
05.84 

32.49 
05.50 
31.35 

16.14 
26.54 
21.51 

23.57 
35.92 
00.69 

07.43 
20.32 
34.65 

21.31 
57 . 53 
42.48 

52.42 
49.72 
20.52 

46 . 27 
19.52 
57 . 99 
__ 

29 

. . 
Differ- 
ences, 
iew-old 

. 

-1.59 
+I .11 
+o .48 

+O .05 
-1.55 
+1 . a 
i-2.42 
-0.95 
-1.47 

t-2.37 
-0.66 
-1.71 

-2.91 
+1 .66 
+I .25 

-0.80 
-0.71 
+ I  .51 

+2.11 
-1.91 
.o . 20 

+3.10 
-4.10 
+I .00 

+3.19 
-3.49 
+O . 30 

+o .09 
0 

-0.09 

+7.45 
-1.86 
-5.59 

+o .12 
+0 .10 
-0.22 

-7.33 
+o .04 
+7 . 29 

-12.80 
+7.89 
+4.91 

-1.38 
.2 .38 
+3.76 

i-14.18 
-2.52 

-11.66 
- 

Snow Mountain West ............................. 25 57 00.26 01.96 -1.70 
1 ........... Mount Helena .................................. 1 105 16 27.71 I 24.31 1 +3.40 

Ross Mountain ...................................... 48 46 40.98 42.68 -1.70 

Mount Sanhedrin ....................................... 38 55 09.69 
2 ........... Snow Mountain West ................................... 12.5 58 36.81 

Mount Helena .......................................... I 15 06 18.85 

09.76 
37.74 
17 . 85 

-0.07 
-0.93 
+I . 00 
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3 ........... 

4.... ....... 

6.. ......... 

6.. ......... 

7 ........... 

8 ........... 

9 ........... 

10 .......... 

11 .......... 

12 .......... 

13 .......... 

14 .......... 

15 .......... 

16 .......... 

17 .......... 

18 .......... 

19 .......... 

u) .......... 
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IMount Sanhedrin ....................................... 
fnow Mountain West .................................. 
Ross R.Iountain ......................................... 
Mount Sanhedrin ....................................... 
Mount Helena .......................................... 
Ross Mountain- ........................................ 

Cold Spring 
Mount Sanhedrin ....................................... 
Snow Mountain West ................................... 

Cold Spring 
Mount Sanhedrin ....................................... 
Mount Helena .......................................... 

Cold Spring 
Snow Mountain West ................................... 
Mount Relena .......................................... 

Two Rock 
Mount Sanhedrin ....................................... 
Cold Spring ............................................. 

Paxton 
Cold Spring ............................................. 
Tw-o Rock .............................................. 

Paxton 
Cold Spring ............................................. 
Mount Sanhedrin ....................................... 

Payton 
Two Rock .............................................. 
Mount Sanhedrin ....................................... 

Fisher 
Two Rock .............................................. 
Paxton .................................................. 

Fisher 
Two Rock .............................................. 
Cold Spring ............................................. 

Fisher 
Paxton .................................................. 
Cold Spring ............................................. 

Cleland 
Paxton .................................................. 
Sanhedrin .............................................. 

Clark 
Fisher ................................................... 
Cold Sprin: ............................................. 

Dum.-- 
Fisher .................................................. 
Cold Spring ............................................. 

Dunn 
Fisher ................................................... 
Clark ................................................... 

Dunn 
Cold Spring ............................................. 
Clark ................................................... 

Lane 
Dunn ................................................... 
Clark ................................................... 

{ 
1 
{ 
{ 
{ 
1 
{ 
i 
1 
1 
1 
i 
i 
\ 
! 
{ 

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

Comparison oj  angles. new and old triangulation-Continued 

MOUNT HELENA-ROSS hIOUNTAIN TO POINT SRENA-Continued 

I Number of 
triangle 8 tat ions j New 

~~ 

0 r .. 
63 11 47.91 

100 01 36.5: 
16 46 43.83 

24 16 38.21 
90 IO 08.s 
G5 33 24.81 

25 10 21.06 

58 33 55.01 
9t, IO 49.40 

82 50 23.78 
57 1.5 39.71 
39 54 1o.x 
57 40 02.73 
67 19 41.g 
55 00 29.7: 

1% 46 20.77 
UI 27 00.97 
23 46 40.85 

100 00 36.00 
45 17 35.48 
34 41 50.06 

148 21 58.76 
21 30 64.63 
10 07 W.97 

48 21 20.76 
95 04 30.71 
36 a 10.84 

51 36 07.81 
45 OB 20.14 
83 17 33.79 

110 53 50.39 
10 24 30.09 
58 41 40.13 

59 17 42.58 
16 43 0221 

103 59 15.61 

88 01 39.30 
82 58 48.96 
8 59 32.58 

45 33 47.21 
74 30 41.42 
59 55 31.53 

43 53 56.41 
87 57 55.67 
48 07 08.07 

110 21 54.96 
13 27 14.25 
56 IO 50.83 

66 27 <58.55 
11 47 23.46 

101 44 38.04 

20 26 35.90 
118 12 27.66 
41 20 56.46 

... ._ 

Old 

49.x 
35 . 7> 
43 . cu 
39.7i 
OB.4f 
25 . 7f 
19 . 2: 
52.41 
53.7; 

20.9: 
42.7: 
10.7t 

01.71 
43.9; 
28 . €4 
23 . CY 
59.64 
39.4c 

32 . 7E 
37.0; 
51.64 

52.14 
57.6; 
11.5: 

19.3f 
31. 8E 
11 . 11 
07 . 83 
23.53 
30.31 

42.9 
31 . Sl  
45% 

35.13 
02.4c 
22.87 

36.6 
53.1 
31 . 1 

45.1 
56.0 
19.1 

49.9 
72.5 
57.7 

41 . 1 
10.5 
62.4 

51.2 
21.3 
47 . 6 

25.6 
54.2 
40.2 
__ 

. __ 

Difkr- 
ences, 
iewald 

__ 

.1 . 52 
+O . 7 7  
+0 .75 

-1.45 
+2.40 
.o .Y5 

., 3. 08 
+I . 24 

+2.86 
-3.01 
+O . 15 

$1.02 
-2.17 
+I .15 

-2.78 
+1 .33 
+1 .45 

+3.22 
-1.59 
-1.63 

+4.62 
.3 . M 
-1.58 

+I .40 
-1 .16  
-0.24 

-0.02 
-3.39 
+3.41 

+7.43 
.1. i B  
-5.67 

+i .45 
-0.19 
.7 .211 

+2.7 
-4.2 
+l . 5  

+2.1 
-14.6 
f12.4 

+! .84 

+G . 5  
-16.8 
+lo .4 

+13.9 
-2.3 

.11 . B 

+7.4 
+2.2 
.Y . G 

+IO . 3 
-26.5 
+16.3 
- 
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In  the triangle Hepsedam, Mount Toro, and Santa Ana one angle 
has decreased 2.79 seconds, another has increased 4.16 seconds, and 
the third has changed less than 1.5 seconds. In  the triangle Santa 
Lucia, Mount Toro, and Santa Ana the angle at  the first station has 
increased 2.79 seconds, at  the second it has decreased 4.49 seconds, 
and at  the third it has increased 1.70 seconds. In  the triangle Santa 
Ana, Mount Toro, and Hepsedam one of the angles increased 5.16 
seconds, another decreased 3.46 seconds, and the third changed less 
than 2 seconds. In  the triangle Santa Lucia, Santa Ana, and Hep- 
sedam the changes in the angles were 2.37 seconds, 2.46 seconds, and 
4.83 seconds. The four stations in the quadrilateral involving 
the above four triangles have had some relative movements. It 
will be noticed from Figure 7 that the positions of Santa Ana and 
Hepsedam have shifted to the southeastward about the same amount, 
and that the changes in position at Mount Toro and Santa Lucia are 
in the same general direction but much smaller than at  Santa Ana and 
Hepsedam. 

Another quadrilateral involves the four stations Santa Lucia, Hep- 
sedam, CastleMount, and Rocky Butte. Thelargest changeinan angle 
of the triangle Santa Lucia, Castle Mount, and Rocky Butte is only 
0.37 second. This is a clear indication that there has been no relative 
earth movement involving those stations. On the other hand, in the 
three triangles of which Hepsedam is one of the stations the angles 
have changed various amounts up to 6.29 seconds. Six of the nine 
angles involved have changed more than 2 seconds. This seems to 
b a clear case of earth movement either a t  Hepsedam or at  all of the 

seems more logical to conclude that Hepsedam has moved than that the 
other three have, especially as Castle Mount is on the same side of the 
San Andreas fault as Hepsedam, while Santa Lucia and Rocky Butte 
are on the opposite side. Any movement on one side of that fault 
would most likely have been in the opposite direction to that on the 
other side. 

The next quadrilateral to the south involves the stations Rocky 
Butte, Castle Mount, San Jose, and San Luis. In  this there are only 
three angles which have changes greater than 1.5 seconds. One is 
the angle a t  Rocky Butte between San Jose and Castle Mount, where 
the change is 1.99 seconds; another is the one at  Castle Mount be- 
tween San Jose and Rocky Butte, where the change is 1.75 seconds; 
and the third is at  San Luis between Castle Mount and San Jose, 
where the change is 1.59 seconds. The small changes in the angles of 
this quadrilateral indicate that there has been no decided relative 
earth movement. 

The last quadrilateral in the arc between Mount Helena and Mon- 
ticello a t  the north and Lospe and Tepusquet at  the south involves 
stations San Luis, San Jose, Lospe, and Tepusquet. There are only 

more than 2 seconds. The maximum c.hange is 2.91 seconds at  
Tepusquet, between Lospe and San Luis. This change is somewhat 
more than one might expect, but there is no definite indication of any 
relative movement among the stations involved. 

There are three triangles by which Ross Mountain is connected with 
stations Mount Helena, Mount Diablo, and Mount Tamalpais. In  
the triangle Ross Mountain, Mount Helena, and Mount Diablo one 

t l ree stations Santa Lucia, Rocky Butte, and Castle Mount. It 

3 =f the 12 q ? ] : l c s  invo!vcd in this quGdr;,!atcrG! W&h have 
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angle has increased 3.10 seconds, another has decreased 4.10 seconds, 
and the third has'changed only 1 second. In  the triangle Ross Moun- 
tain, Mount Helena, and Mount Tamalpais one angle has increased 
3.19 seconds, another has decreased 3.49 seconds, and the third angle 
h ~ s  changed less that secend. In the tri i ingle RGSS Moiintgiln, 
Mount Diablo, and Mount Tamalpais the changes are all less than a 
second. In  the triangle involving Mount Tamalpais, Mount Helena, 
and Mdunt Diablo (see p. 27) the greatest change in an angle is only 
1 second. If we consider these various triangles, we are led to the con- 
clusion that Ross Mountain has moved with respect to the other three 
stations. 

Mount Hamilton is a supplemental station which has been con- 
nected by means of three triangles with stations Loma Prieta, Sierra 
Morena,. and Mocho. In  the triangle Mount Hamilton, Loma 
Prieta, and Sierra Morena one angle has increased 7.45 seconds, 
another has decreased 5.59 seconds, and the third has changed less 
than 2 seconds. In  the triangle involving Mount Hamilton, Loma 
Prieta, and Mocho, which has two very small angles, the changes 
are in no case greater than 0.30 second. In  the triangle involvlng 
Mount Hamilton, Sierra Morena, and Mocho one of the angles has 
decreased 7.33 seconds, another has increased 7.29 seconds, and the 
third has had practically no change. It seems reasonable to con- 
clude from the evidence furnished by these triangles and from the 
changes shown in Figure 7 that Sierra Morena has moved with 
respect to Mount Hamilton but that Mount Hamilton has not moved 
with respect to Mocho and Lonia Prieta. 

We may summarize the evidence and conclusions regarding earth 
movements between stations Mount Helena and Monticello to the 
northward and Lospe and Tepusquet to the southward, as follows: 
From the angle changes no actual earth movements are indicated 
a t  stations Vaca, Mount Tamalpais, Mount Diablo, and Mocho. 
There is a decided earth movement indicated by the angles for 
Sierra Morena and probably also for Loma Prieta. Gavilan has 
surely changed in position with respect to the stations surrounding 
it. Mount Hamilton has changed its geographic position in the 
same general direction as stations Mocho and Loma Prieta, but there 
is no indication that the change of position a t  Mount Hamilton is 
due to  earth movement. If it has changed with respect to Mount 
Helena and Monticello to the north and Lospe and Tepusquet to the 
south, the change is quite small. 

The indications are that Santa Ana and Hepsedam have changed in 
position as a result of earth movements. This is also true of station 
Gavilan, since it has been shown that the position of Mocho has not 
changed from earth movements. Gavilan is only 50 miles from 
Mocho, and the change in position a t  Mocho is about 4 feet. It is 
seen from the angles a t  stations to  the north of Mocho that no de- 
cided earth movements a t  Mocho are indicated. The change in 
position at Gavilan is only about 1 foot, but it is possible that the 
stations surrounding Gavilan are affected by errors of the triangula- 
tion to  the extent of the change at Mocho. If that is true, then the 
change at  Gavilan must have been to the northwestward rather 
than to  the northeastward, as indicated in Figure 7. 

There have undoubtedly been changes in geographic positions at  
stations Hepsedam and Santa Ana, but apparently no earthmovemeiits 
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have taken place a t  stations Santa Lucia, Castle Mount, Rocky 
Butte, San Luis, and San Jose. 

There are no triangles common to both the old and the new work 
involving station Farallon Lighthouse, but the angles in the triangles 
in both the old and the new work were observed accurately. Con- 
clusions regarding that station must be based solely on evidence 
furnished by the ratio of the change in geographic position to the 
distances to near-by stations. The change in geographic position 
shown in Figure 7 for Farallon Lighthouse seems to show some 
earth movement for that station. 

No triangles were compared for station Point Reyes Lighthouse, 
but the change in geographic position for that station is such as to 
indicate positively that earth movement has occurred there. 

It will be seen, then, that earth movements have occurred a t  Ross 
Mountain, Point Reyes Lighthouse, Sierra Morena, Loma Prieta, 
Gavilan, and Hepsedam, and that movements may have occurred also 
at Santa Ana and Mount Hamilton. At the latter two stations the 
movements were rather small, not more than about 2 feet. 

ANGLE CHANGES IN POINT ARENA SPUR 

In the triangle involving Mount Helena, Mount Sanhedrin, and 
Snow Mountain West, no one of the angles changed more than 1 
second. This would seem to indicate that there has been no relative 
earth movement of these three stations. In  the triangle formed by 
Snow Mountain West, Mount Helena, and Ross Mountain one angle 
has changed 3.4 seconds and each of the other two 1.7 seconds. 
These changes indicate some relative movement of the three stations 
involved. This, however, is not definite, since in the triangle formed 
by the stations Mount Sanhedrin, Snow Mountain West, and Ross 
Mountain there is only one of the angles which has changed more 
than 1 second, and that change is only 1.52 seconds. In  the triangle 
formed by the stations Mount Sanhedrin, Mount Helena, and Ross 
Mountain one angle has changed 2.4 seconds, another 1.45 seconds, 
and the third less than 1 second. 

It is very difEicult to judge from the triangles involving stations 
Mount Sanhedrin, Snow Mountain West, Ross Mountain, and Mount 
Helena whether any earth movements have occurred a t  Mount San- 
hedrin and Snow Mountain West with respect to Mount Helena. 
Several of the angles seem to indicate some movement, but it would 
be diacult, from the triangles, to tell just where the movement, 
if any, occurred. 

The triangles formed by the stations to the westward of Mount 
Sanhedrin and Snow Mountain West show some rather large changes 
since the first work was done. For instance, in the triangle Cold 
Spring, Mount Sanhedrin, and Snow Mountain West there is one 
chmge nf 3.0n eece~ds.  This c h m , ~ - ~  6” 6 mreakr a a y  be expected 
from errors of triangulation. The two other angles of the triangle 
changed 1.84 and 1.24 seconds, respectively. In  the triangle formed 
by the stations Cold Spring, Mount Sanhedrin, and Mount Helena 
one angle has changed 2.86 seconds and another 3.01 seconds. These 
are indications of earth movement. In  the triangle Cold Spring, 
Snow Mountain West, and Mount Helena there is onlyone change 
greater than 2 seconds; that one is 2.17 seconds. The other changes 
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are approximately 1 second each. There is no definite indication 
in this triangle of relative earth movement. A consideration of the 
changes involved in these three triangles seems to indicate that soma 
earth movement has probably occurred a t  Cold Spring. 

Stations Two Rock and Paston are connected by triangles with 
stations Mount Sanhedrin and Cold Spring. The four triangles 
involved have three angles that changed more than 3 seconds. The 
amounts of these changes are 4.62, 3.04, and 3.22 seconds. These 
changes are large enough to indicate some relative earth movement 
of the four stations. There is no clear indication as to which of the 
stations have remained fixed and which have moved. 

Station Fisher is connected by three triangles with stations Two 
Rock, Paston, and Cold Spring. Four of the angles involved have 
changed 7.26, 5.67, 7.45, and 7.43 seconds, respectively, and two 
others have changed between 3 and 4 seconds. This would seem to 
indicate very clearly that there has been decided relative earth move- 
ment a t  these four stations. 

Stations Clark and Dunn are connected with stations Fisher and 
Cold Spring by four triangles in which there are some very large 
changes in the angles. I n  the tiiangle Clark, Fisher, and Cold Spring 
one of the angles changed 14.6 seconds and another 12.4 seconds. 
I n  the triangle Dunn, Fisher, and Cold Spring one change is 6.5 
seconds, another 16.8 seconds, and the third 10.4 seconds. I n  the 
triangle Dunn, Fisher, and Clark one of the angles has changed 
13.9 seconds, another 11.6 seconds, and the third 2.3 seconds. I n  
the last triangle of the quadrilateral under discussion, which is formed 
by stations Dunn, Cold Spring, and Clark, one angle has changed 
7.4 seconds, another 9.6 seconds, and the third 2.2 seconds. The 
great changes that occurred in this uadrilateral Dunn, Clark, 

movements. The lines in this quadrilateral are very short, the longest 
one being only 6.6 miles. Dunn and Clark are just to the eastward 
of the San Andreas fault, and it is probable that they have moved. 
A consideration of this and the changes in the preceding quadrilaterals 
point to movements also at  Fisher and Cold Spring. 

Station Lane, to the west of Dunn and Clark, was established by 
only a single triangle. The angles of this triangle have very large 
changes. The change a t  Lane is 10.3 seconds, a t  Dunn 26.5 seconds, 
and a t  Clark 16.3 seconds. These large changes show beyond 
question relative movement of the stations Lane, Dunn, and Clark. 
It is understood that station Lane is to the east of and very close 
to the San Andeas fault. 

In  considering the stations involved in the net to the westward of 
Snow Mountain West and Mount Helena, we may say quite definitely 
that there have been earth movements involving stations Lane, 
Dunn, Clark, and Fisher, and probably Cold Spring. There does 
not seem to be definite information to indicate any earth movements 
a t  stations Paxton, Two Rock, Cleland, and Mount Sanhedrin. 

The old station Cleland and the new stations North, Forty Acre 
Opening, and Ukiah magnetic station were used to connect the inter- 
national latitude station a t  Uluah with the triangulation scheme of 
California. The magnetic station is close to the latitude observatory, 
and these two points were joined by a traverse in order to connect 
the observatory with the triangulation scheme. 

Fisher, and Cold Spring indicate most de 1 nitely that there were earth 

(See p. 11.) 



CHAPTER 5.-ANALYSES OF CHANGES IN GEOGRAPHIC 
POSITIONS 

If we keep in mind t'he accuracy which may be obtained in extending 
arcs of triangulation across country, as indicated by the closing errors 
of loops of triangulation in the western half of the United States and 
the corrections which were applied to the several sections of that tri- 
angulation (see p. 14), we are in a position to judge whether the 
changes in the positions of the triangulation stations of California are 
due mostly to errors of observation or to earth movements. 

CHANGES TO THE EASTWARD OF THE FIXED ENDS OF CALIFORNIA 
ARC 

When Mount Lola and Round Top were held fixed in the positions 
determined by the readjustment of the western half of the country, 
and the old and the new triangulations to the eastward were fitted to 
those points, the results indicated in Figure 3 were obtained. The 
changes in the positions of the stations involved are very slight. The 
largest change is a t  Pah Rah, 2.2 feet to the eastward. The changes 
at Mount Como, Mount Grant, and Carson Sink are less than 1 foot 
each. The distance from Pah Rah to hfount Lola is about 52 miles, 
and therefore the change in position at Pah Rah is only about 1 part 
in 125,000 of that distance. The slight changes in position for the 
stations under consideration are within the limits of those to be 
expccted from the errors of even first-order triangulation. They do 
not indicate any actual earth movement with respect to Mount Lola 
and Round Top. 

I n  Figure 3 are shown the changes in geographic positions for sta- 
tions Butte, American, and Kofa, with respect to Cuyamaca and San 
Jacinto. The change in position a t  American is 1.4 feet, and its 
distance to Cuyamaca is 108 miles. The ratio of the change in posi- 
tion to the distance is about 1 part in 400,000, which is far within the 
limit of error to be expected in triangulation. Butte is 79 miles from 
San Jacinto, and the change in its position is 5.1 feet. The ratio of the 
change to the distance is about 1 part in 80,000, and this may be due 
to the accidental errors of triangulation, since Butte is in the same 
quadrilateral with San Jacinto. (See p. 18.) The distance between 
Butte and American is about 60 miles, and the relative change in 
geographic position between these two stations is 6.3 feet. The ratio 
is 1 part in 50,000, which again is within, but close to, the limit that 
may be expected from triangulation errors in a quadrilateral. 

I n  the triangle American-Butte-Kofa only the angles a t  the first two 
stations were observed in the new triangulation. The new position 
of Kofa differs 3.5 feet from the old one. This is quite small in rela- 
tion to its distance from Cuyamaca, and it is small enough with 
respect to the distances from American and Butte to be due to errors 
of triangulation. There seems to be no distinct or definite indication 
of any earth movement a t  these stations with respect to San Jacinto 
and Cuyamaca. 

35 
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CHANGES IN CALIFORNIA ARC 

An analysis of the changes in geographic positions shown in Figure 
2, where Mount Lola and Round Top in the north and San Jacinto 
and Cuyamam in the s m t h  were held fixedj seems to indicate rather 
clearly that there was no earth movement a t  the stations between 
San Luis and San Jose and the stations San Jacinto and Cuyamaca, 
but there is a decided indication of earth movements a t  some of the 
stations to the north of San Luis and San Jose. 
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It was thought desirable to make another adjustment of the tri- 
angulation by holding fixed the positions of Lospe and Tepusquet 
as determined by the readjustment of the western half of tha coun- 
try. These two stations are close to a new base line and also are 
at  the end of a new arc of triangulation extending eastward. The 
results of this adjustment, when the three pairs of stations, Mount 
Lola-Round Top, Lospe-Tepusquet, and San Jacinto-Cuyamaca, were 
held fixed, are shown in Figure 6 .  Here, again, the stations between 
Lospe and Tepusquet and San Jacinto-Cuyamaca show very mod- 
erate changes in position. The changes gradually increase from the 
nort,hward until San Fernando and Wilson Peak are reached, where 
they amount to about 3.5 feet, then gradually decrease to 2 feet at  
stations Santiego and Niguel. The changes, of course, are zero 
at  San Jacinto and Cuyamaca, since those stations were held &xed. 
These small changes are an indication that no earth movements have 
occurred at  the stations involved. 

Considering now the part of the arc north of Lospe and Tepusquet, 
we find very small changes at, stations Marysville Butte, Mount 
Helena, Monticello, and Vaca. The change at  Pine Hill was not 
computed, but it would doubtless be less than 1 foot. (See fig. 2.) 
A t  Marysville Butte the change in position is 1.3 feet, or 1 part in 
325,000 of the distance from Mount Lola. The change in position 
at  Mount Helena is 2.7 feet, and the distance from Mount Lola is 
133 miles. The ratio is 1 part in 260,000. The changes a t  Monticello 
and Vaca are 2.4 and 1.9 feet, respectively. They are almost exactly 
in the same direction as the change at  Mount Helena. 

The adjustment of the whole California arc holding fixed Mount 
Lola and Round Top to the north and San Jacinto and Cuyaniaca 

the south indicated that there has not been any general earth 
movement for the area covered by the triangulation in California. 
To study the local changes in geographic positions, it seemed desir- 
able to make adjustments between stations that are not at  great 
distances apart. Of course, the stations held fixed in these more 
local adjustments should be those for which no earth movements 
are indicated by the general adjustment. As stated above the 
changes a t  Mount Helena and Monticello are very small. We are 
therefore justified in assuming that they have not changed in posi- 
tion owing to earth movement. An adjustment was made holding 
these two stations and Lospe and Tepusquet fixed in the positions 
determined by the readjustment of the net of the western part of the 
country. The results are shown in Figure 7. 

ANALYSIS OF CHANGES IN POSITIONS WHEN LOSPE. TEPUSQUET, MOUNT HELENA 
AND MONTICELLO ARE HELD FIXED 

The changes in geographic positions shown in Figure 7 indicate 
conclusively that there have been relative movements between some 
of the contiguous stations. It is rather difficult to determine just 
which one of the two stations of any pair has moved. This is due 
to the fact that the ratios of the shifts in geographic positions to the 
distances of the stations from the near end of the arc are not much 
larger than might be accounted for by the accumulated accidental 
errors of triangulation. 

The change in geographic position a t  Mount Hamilton is about 
5 feet, and the distance from Mount Helena is about 105 miles. 
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The ratio is 1 part in 110,000. It will be noticed that the changes 
in position of Mocho and Loma Prieta are practically the same as 
that a t  Mount Hamilton. If Mount Hamilton actually moved in 
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geographic position, then it is reasonably certain that Loma Prieta 
and Mocho moved with it in the same general direction and approxi- 
mately the same amount. Santa Ana, just to the southward of 
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Mount Hamilton, has changed in geographic posStion about 1% feet 
more than has Mount Hamilton. The distance between Santa Ana 
and Mount Hamilton is about 37 miles. The ratio of the relative 
change to the distance is less than 1 part in 100,000, and therefore it 
is rather difficult to say whether or not Santa h a  has moved with 
respect to Mount Hamilton or the other two stations mentioned above. 

With regard to Hepsedam, we find that its change of position is 
only 0.2 foot less than the change at  Santa Ana and the direction of 
the change is approximately the same. The distance between Santa 
Ana and Hepsedam is about 45 miles, and so the ratio of relative 
change to the distance is smaller than 1 part in 1,000,000. The rela- 
tive change is most certainly due to errors of triangulation. 

When we consider the relative changes in geographic position for 
stations Castle Mount, Mount Toro, Santa Lucia, Rocky Butte, San 
Luis, and San Jose, and the changes at  those stations with relation 
to Lospe and Tepusquet, we must conclude that they come well within 
the limits of accuracy of triangulation. For instance, the change in 
position of San Luis is only 2.7 feet, and its distance from Lospe is 
about 27 miles. This 
is slightly more than we ordinarily expect in triangulation, but it must 
be remembered that San Luis is in the same quadrilateral with Lospe 
and Tepusquet, and, in many cases, errors as great as 1 part in 50,000 
in the length of one side of a tfiangle with respect to that of another 
side of the same triangle can occur. At San Jose the change of posi- 
tion is only 1.7 feet, and the ratio of this change to the distance from 
Lospe is less than 1 part in 100,000. 

A careful analysis of the changes a t  all of the six stations mentioned 
above would show that there is no clear indication of any actual rela- 
tive movements of the stations of the group. 

For station Gavilan, we find that the change in position is only about 
1 foot. This'is insignificant as compared with the distance of Gavilan 
from Mount Helena. 
to Mount Toro, however, is about 3.2 feet, and the distance between 
them is only about 17 miles. The ratio is approximately 1 part in 
27,000, and this would indicate some actual earth movement. 

If we compare the changes at  Gavilan and Santa Ana, we find a 
relative change in position of 6.6 feet. As the distance between 
them is about 19 miles, the ratio. of relative movement to distance 
is about 1 part in 15,000 and indicates an actual relative earth 
movement. 

Loma Prieta is about 30 miles from Gavilan, and the relative change 
in geographic position is approximately 5.5. feet. The ratio is about 
1 part in 30,000 and again indicates a relatlve earth movement. 

The distance between Mount Diablo and Mount Hamilton is 
approximately 40 miles, and the relative change in geographic posi- 
tions is 3.2 feet. The ratio 1s less than 1 part in 60,000, which, 
although a slight indication of earth movement, may be due to acci- 
dental errors of triangulation. The distance between Loma Prieta 
and Sierra Morena is about 33 miles, and the relative change in posi- 
tion is near1 11 feet. The ratio here is slightly less than 1 part in 
15,000 and c9 efinitely indicates relative earth movements. 

The change in geographic position a t  Mount Tamalpais is 2.9 feet, 
and its distance from Mount Helena is 52 miles. The ratio is approm- 

The ratio is approximately 1 part in 53,000. 

The relative change of Gavilan with respect' 
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mately 1 part in 100,000. . This does not indicate earth movement at  
Mount Tamalpais. 

There seems to be no definite indication of relative earth movement 
between Mount Tamalpais and Mount Diablo. The distance be- 
tween these two stations is about 37 miles, and the relative change is 
about 1.5 feet. The ratio is less than 1 part in 100,000. 

There is strong indication of earth movements a t  Point Reyes 
Lighthouse and a t  Ross Mountain with respect to Mount Helena. 
The relative change of geographic position between Ross Mountain 
and Point Reyes Lighthouse is about 14 feet, and the distance is 
about 35 miles. The ratio is about 1 part in 13,000, which is a definite 
indication of relative earth movements. It seems reasonably certain 
that Ross Mountain has moved southward and Point Reyes Light- 
house northward. 

It can be seen from the preceding discussion that it is rather difficult 
to arrive a t  a definite conclusion regarding absolute earth movements 
at the triangulation stations between Mount Helena and Monticello 
to the northward and Lospe and Tepusquet to the southward. There 
is some indication, however, that the group of stations involving 
Loma Prieta, Mount Hamilton, Mocho, Santa Ana, and Hepsedam 
has moved to the southeastward. This seems more likely than that 
stations Mount Diablo, Santa Lucia, Rocky Butte, and Castle Mount 
have actually moved in geographic position or that the relative changes 
in positions are due entirely to accidental errors of triangulation. We 
can say with assurance that there has been relative earth movement 
of the three stations Loma Prieta, ' Mount Hamilton, and Mocho 
in relation to station Sierra Morena to the northward and Gavilan 
to the southward, but just what the absolute movements are with 
respect to Mount Helena and Monticello can not be discovered from 
the triangulation. 

There seems to be no definite evidence of earth movement a t  sta- 
tions Vaca, Mount Diablo, and Mount Tamalpais with respect to  
Mount Helena and Monticello. At Farallon Lighthouse the relative 
change in geographic position with respect to Mount Tamalpais is 7.2 
feet and the &stance is 27 miles. The ratio is about 1 part in 20,000 
which is an indication of relative earth movement for this pair of 
stations. If, as concluded above, Mount Tamalpais has not moved 
with respect to Mount Helena and Monticello, then Farallon Light- 
house has moved to the northwestward of the position it occupied - 
37 years ago. 

As stated above, there has been a decided relative movement be- 
tween Point Reyes'Lighthouse and Ross Mountain as well as an abso- 
lute movement of those two stations with respect to Mount Helena 
and Monticello. 

ANALYSIS OF CHANGES IN POSITION AT STATIONS OF THE POINT ARENA SPUR 

The changes in geographic position for the stations of the Point 
Arena spur are shown in Figure 8. The change a t  
Mount Sanhedrin is 2 feet. Since the distance between Mount 
Sanhedrin and Snow Mountain West is about 20 miles, the relative 
change is a little more than 1 part in 50,000. The change at Two 
Rock is 2.4 feet, which is about 1 part in 75,000 of the distance 
between that station and Snow Mountain West. The changes in 

(See also p. 5.) 
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position a t  Paxton and Cleland are each less than 1 foot. It would 
appear from the comparatively small changes a t  Mount Sanhedrin, 
Two Rock, Paxton, and Cleland with respect to Snow Mountain West 
that there probably has not been any earth movement a t  these 
stations. 

When we consider the group of stations consisting of Fisher, Cold 
Spring, Dunn, Clark, and Lane, we find that the smallest change is 
for station Cold Spring, namely, 2.7 feet, to the southeastward. The 
maximum change is 7.4 feet, to the southeastward, for station Lane. 
The distance of Fisher from Paxton, the nearest station to the east- 
ward, is about 15 miles, and the relative change is 3.2 feet. The 
ratio is approximately 1 part in 26,000. The relative movement 
between Two Rock and Paxton is only 1.4 feet, and the distance is 
17 miles. 

There seems to be no definite indication of earth movement a t  Two 
Rock with respect to Paxton, but there seems to have been some move- 

The ratio is about 1 part in 65,000. 
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FIG. 8.-Changes of positions on  Point Arena spur 

ment a t  Cold Spring with 
respect to Paxton. This 
movement is further in- 
dicated by the fact that 
the change of position 
a t  Fisher, which is only 
4 miles from Cold Spring, 
is 3.3 feet, almost the 
same as a t  Cold Spring 
and in almost the same 
direction. The change 
of position at  Clark is 
5.2 feet and that a t  
Dunn is 5.3 feet. 

It seems certain that 
there has been relative 
earth movement a t  the 
10 stations from Snow 
Mountain West to Lane, 
and absolute movements 
seem to be indicated a t  
stations Lane, Clark, 
Dunn, Fisher, and Cold 

Spring. As mentioned on pa e 6, these stations are close to the San 
Andreas fault. 
Cold Spring is only about 10 miles from it. All of these stations are 
to the east of the fault, and the changes in position are all to the 
southeastward. This agrees with the general direction of the changes 
at  Mount Hamilton, Loma Prieta, Santa Ana, and Hepsedam, which 
are also to the eastward of the San Andreas fault. 

SUMMARY 

We may draw some definite conclusions from the investigation 
that has been made of the triangulation of California with a view to 
testing the stability of the earth's surface in the horizontal direction. 
There seems to have been no change in geographic positions of detect- 
able size of Mount Lola and Round Top, approximately in latitude 
39' with respect to Cuyamaca and San Jacinto, whose mean latitude 

Lane is sai f to be within a mile of the fault and 
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is approximately 3 3 O  30’, and no one of these four stations seems to 
have changed position with respect to more inland stations of the tri- 
angulation net. No earth movements can be detected a t  the stations 
from Mount Lola and Round Top to station Carson Sink in Nevada 
and none at  stations American and Kofa to  the eastward of San Jacinto 
and Cuyamaca. Probably no earth movement has occurred a t  station 
Butte, which lies about 80 miles east of San Jacinto. There seems 
to have been no movement a t  the stations between Mount Helena 
and Mount Lola, and none a t  the intermediate stations from San 
Luis and San Jose, in latitude approximately 35’ 20’, to San Jacinto 
and Cuyamaca. There has been no earth movement a t  stations 
Snow Mountain West, Mount Sanhedrin, Two Rock, Paxton, and 
Cleland, which lie to the north of parallel 3 9 O .  

There are definite indications of earth movements a t  stations Lane, 
Dunn, Clark, and probably Fisher and Cold Spring. There has been a 
large relative earth movement between Point Reyes Lighthouse and 
Ross Mountain and some absolute movement at  each of them. 

There have been earth movements a t  stations Sierra Morena, 
Loma Prieta, Gavilan, Santa Ana, and Hepsedam. There may have 
been some movement a t  Mocho, Mount Hamilton, and Castle Mount, 
but this is not absolutely certain. It is probable that there has been 
some movement a t  Farallon Lighthouse, but the movement, if any, has 
not been great. It seems probable, from the evidence, that there was 
no earth movement at station Rocky Butte. There may have been 
some earth movement a t  stations Mount Toro, and Santa Lucia, but 
if so, the amounts were small. 

There has been no movement a t  station Vaca, nor is there any 
definite indication of earth movement at  Mount Diablo. The change 
at Mount Tamalpais could have been caused by the unavoidable 
errors of triangulation, but there is a possibility of a slight movement 
a t  that station. 

The comparison of the old and new triangulations of California 
seems to show that the largest earth movements occurred close to 
the fault line of the 1906 earthquake. No definite statement can be 
made as to how far from the fault actual movements occurred, but 
the available evidence indicates that stations more than. 20 mles 
from the fault were not affected or, if so, by only slight amounts. 

The trend of the changes a t  stations to the eastward of the fault, 
where earth movements are indicated, is to the southeastward. The 
trend of the changes at  Point Reyes Lighthouse and Sierra Morena, 
two stations to the westward of the fault, is to the northward or 
northwestward. Gavilan, a station to the westward of the fault and 
close to it, shows very little change in position, only slightly more than 
1 foot and that to the northeastward. An analysis of the angles at  
Gavilan and at  stations near by seems to indicate, however, that 
Gavilan has changed more than is indicated by the arrow shown in 
Figure 7. This is probably due to the impossibility of separating 
the effects of triangulation errors and earth movements in the changes 
of positions a t  the stations surrounding Gavilan. 

The results of the investigations seem to indicate that future testing 
of earth movements in a seismic region should probably be done by 
means of short arcs of triangulation of the first order extending across 
the fault line or zone. There should be stations close to the fault 
and others a t  varying distances up to about 25 miles to each side of 
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the zone to be studied. These stations could be reoccupied a t  certain 
intervals of time. The accuracy of the work, as far as base measure- 
ments and the measurement of angles are concerned, can be made 
great enough to detect movements that are larger than about 1 part 
in 50,000 of the distance between contiguous stations. This is a 
relative discrepancy of about 0.1 foot per mile. 

It has been suggested by some investigators that monuments be 
placed across a fault zone exactly in a straight line and the distances 
between the monuments accurately determined. The alignment 
could then be checked from time to time and the distances remeas- 
ured. This plan is impracticable, because of the great difiiculty of 
measuring with tapes over broken terrain such as exists along the San 
Andreas fault. The triangulation method is easier to put into opera- 
tion, and it is believed that the results would be quite as satisfactory 
as if the alignment method were employed. 
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