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 ABSTRACT

Geologic and geodetic sfudies were m‘ade\ in the area of Camp
Parks,l a 51te proposed for a 4600 ft- dlameter, c’:vlrcular, 200 BeV proton
accelerator in the western portion of the Livermore Va.lley The area .
is underlain by Pliocene sed_iments of the Orinda formation and by Quater-
nary alluvium, .and is trans eoted by the Calaveras, Pleasanton, and Parhs
faults.. The reflevcti'on of the. Pleasanton faults in fhe alluvial surface
suggests that the are’a‘ is p>resen‘tly undergoing active t‘ectonism.

A.geode‘tic‘network, established in 1964 in cooperation with the
U. S. Coast and Geodetic Surve;r, combined precise leveling across the
western Livermore Valley ano. pfeciee hofizontal measurements across
the Plea.santon and Calaveras faults. A px;eviously installed iarée—area
triangulation network encompa551ng the Livermore Valley was reobserved;‘
there were no 51gn1f1cant changes of pos:.tlon since 1947-1948. Reobser-

vation of the 1964 network one year 1a.ter showed the development of a

sub51dence basin in the southern San Ramon Valley with vertlcal differ-

ences.on the order of 0.05 ft,. consmtent_:vclockwa.se horizontal movement



ive ' . UCRL-17265 x

X

across the Pleasanton faults, and an:i apparent thrusting movement

across the Calaveras fault. Though the directions of horizontal move- *
ment are meani.ngful, the values of distance are questionable, since qnly ‘
one year elapsed betweén measurements. It is considered that subsidence
in response to withdrawal of ground water is superimposéd on tectonic
movements. |
.
q

v
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INTRODUCTION

In 1963, the Lawrence Radiat_ion Laboratory, under -th.e‘a.uspices
of the Atomic Energy Commission, organized an Accelerator Study
Gfoup for preliminary planning relative to a proposed 200-BeV proton
accelerator.

One of t‘he‘acti\vrities of the Study Group was to eveluate any require-
ments of the acceierator that mig]ot have an importeht bearing on site
selection. Camp Parks, in the western Livermore-Amador Valley (see
locati‘on and geologic map, Fig. '1‘) was recognized as a desirable si't‘e
from the standpomts of cost and prox1m1ty to the Radlatlon Laboratory,
transportation, water, power, and leading educatmnal 1nst1tut10ns The
engineering fea51b111ty of Camp Parks as a site needed to be determined.

Preliminary investigations included studies of the area's geology,
soils, earthquake history, tectonics, and subsidence, with a'view to
projections of future stability. The geologic, tectonic, end.subsidence
investigations are reported hefe.

The proposed particle accelerator would be circular (average
radius of 2300 ft), would be located underground, and would have as its
essential elements a vacuum pipe ih which the orbit of the protons would
be controlled by 528 magnets, each Weighing‘ap‘proximately 30 tons. The
setting and maintaining o.f the alignment of the magnets would be one of
the most critical parameters. Random misalignments of a single magnet
of 05.03 to 0.06 in. could be toierated; misalignments of this order would
be much less criticall if several of the magnets were constrained to move

together. Thus the probability of horizontal or vertical tectonic movements

as well as ground subsidence needed evaluation.
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For an evalugtion of the stability of the Camp Parks slitev, existing
‘data on groundéwater'levels, geodetic elevations and positions, and »
earthquake irivestigatidns were examined, and plans and specifications
drawn up for obtaining additional data through a geolégic and geodetic

survey program. ‘Descript_ionsvof the field observations and subsequent

-evaluations follow.

SITE GEOLOGY AND FAULTING

The s‘ite occu-pies gently southward-sloping alluvial terrain at the
base of 'foot‘hﬂl»s bordering the north side of the Livevrmore-,Amad.or
Valley. (The-regioﬁél geology of the area is described bry Hall (1958).
Detailed geo.logic mapping of the site area was done b.y Wollenbérg.)

The map (Fig. 1) shows the location and geologic séfting of the Camp Parks
area. Sandstone, siltsfone, and claystone in the Orinda'fo-rmlation of
Pliocene ‘age éroﬁ out in the hills ir_1 the northern part of Camp Parks,

and are overlain by alluvium to depths of 100 ft in the southern part.

Beds of the Ofinda formation have been folded into anticlinal aﬁd syhclinal
structures, stri]:;e roughly N 60° W, and dip 30 to 40° on the average.

The alluvial sediments which overlie the Orinda formatioﬁ are
horizontally bedded or lentlicular and are fairly heterogenous. Some
clay is present in almost all horizons; loose éands_ are not predominant | 1
except in isolated small bodies. With the exception of the 4- to 5-foot-
thick surface layer of "adobe' and its underlying 2 -foot-thick layer of
brownish silt, there are no marked clay,v silt, or sand Horizons covering
e#tensive areas; rather the vertical distribution of alluvial types suggests

ra:domly thickening or thinning beds. Gravelley zones are common to
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both clayey and sandy vrvnati'ic'e.s and are not confined to one particular

horizon or area. The alluvium is quite compressible near the surface

‘but at depths of 60 to 100 ft, where it is in contact with the Orinda forma-

| tion, the alluvium is firm and nearly indistinguishable from the Orinda. -

~ Several faults transect the area (see Fig. 1). ‘The most prominent

" is the Calaveras which strikes roughly NNW and borders the wesf side
~of the Livermore-Amador Valley. The Pleasanton fault and its East
Branch roughly parallel the Calaveras fault and border the site on the

- west; the Parks fault’roughly parallels U. S. Highway 50 approximately

1 mile south of the site. A sharp change of relief and a line of springs

at the base of the hills in the northern portion of Camp Parks indicate

the northwestwa‘.'rd-strikving Hill Front fault.

Information from monument boreholes in the Camp Parks area

indicates the effects of the Pleasanton fault on the alluvium. Contoux.'s,
o i

" of the ground-water s'urface’(Fig. 2) immedié.fely wes.t of the West Branch

" of the Pleasanton faﬁlt show a depressed surfaclev, i'ndicating that the |
fault acts as a.low-permeability barrier, inhibiting flow from east to

'. west. (Water:-surfac.e contours were plétted from borehole datva collected
in the early Summef‘ of 1963 and Si)ring of 1964, and from well records

. furnished by the Calif; Dept. of Water Résoux;ées.) Contours of sand-~

. to-clay ratio (Fig. 3) cor:espon& roughly Eo _tvhev water surface; an areé
~of high clay content ifnmedia.tely west of the‘West Branch apparently |

.corresponds to the depressed water surface shown in Fig. 2.

The effects of the Pleasénton faults on Quaternary and Recent

~alluvium, and the expression of the faults on the topographic surface

- (as evidenced by contrast in tone on aerial photographs taken in 1940
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prior to construction of the military base) indicate that tectonic activity
may be presently occurring in the area. For this reason, preéise meas -

urements across the faults were emphasized in the geodetic program.

GEODETIC INVESTIGATIONS, 1964-65

'I‘o determine fhé site's tectonic stabiiity, the U. S. Coast and
Geodet_ié Survey observed the follolwing precise horizlonta'l.and verfical
co_ntrol_ﬁetworks for LRL:

('1)  remeasurement of a _lafge-area triangulation network‘cov‘er‘ing

the Livé‘rmore Valley area;

- (2). preciée ‘hori.;z.onta..l and vertical measurements of quadrilateral
fi}gurés spanning the Pleasanton faults.in"Camp Parks, .and a
f_o%xr-—fnonument.,' in-line figure spaﬁning fhe Calaveras fault
(_a;'céuracy for triaélgulation:: triangles close to within 1.se¢ond);

(3) installation of a network of bench mérks ‘and its pre.cise

1e'veli'ng 'fr‘om. Pleasanton thrdugh Camp Parks (accuracy for
leveling: loops close to \;vithin 3 rnm ><>squa1_'e root of their
~ distance in kil_o‘rne.t,ers).‘
Figure 1 shows the location ar}d layqut of the networks.

o The bench marks co_fnprising the Camp Parks network are of
vrt_hre.e gengrai kinds. The most substantial type !(F;lig- 4) w_‘.aa;‘."designéji.k
and 'estab"lié-héd for‘lhori.z‘,ontal and vertical measurements By the Accel-
erator Study :le'dup early in 1964. Large 40-f66t_ bore holes (18 inches
in‘diar'rrle,t_er)- wére, .filied with concrete to near the grouﬁd surface. This
de:pth Wés c:oﬁsideréd édequate to isolate the ménuments from motion

cauéed'bf surface phe'norriena... The monuments, 16 inches in finished



-5- © UCRL-17265

. idiameter, wefe e}stabbl'ished' at corners of 'sé_lécted "fault strain quadri—
.1éter.atls;‘ spanning the Pleasanton and Pleasanton East Branch faults.
~ A line of similar rﬁonuments wés established on the.centerline of Dublin
Boulevard, vﬁfh two on each side of the Calaveras fault. Typical éections
of the deep monuments are shown on Fig. 4 The quadrilaterals and the ..
line, planned to afford a means fqr‘ detecting and mbnito‘ring small hori-
zontal and vex;tical ground mdvem_ents, are believéd to be responsive
to ground movefnent at the.4(.)-f't depth. - A second type of monument
consisted of a cdricre:t-e"’protective".mas.s-..su'rrorunding tﬁe- tép .'
of, but free from contact with.' a'copper-weld rod driven to refﬁsal at
de‘pths varying from 25 to 104 feet. Copper nails were set in the concrete
for use as sulrvfacevbenc_h ﬁarké. The rods are believed to be responsive
to vertical movement at the depth to which dfiven, but lack the necessary
' rigidity to sﬁ_ffice for horizontal ‘mealsuren'nents. The third type of monu-
ment is'a traditional 4-foot-long concrete post, the top of
which is flush with the surfacé of the ground. It may reflect both hori-

1]

zontal and vertical surface movements.

REGIONAL HORIZONTAL MOVEMENT

The network of first-order triangulation established by the U. S.
Coast and Geodetic Survey in 1947 and 1948 was reoccupied in 1964, The

triangulation stations occupied were as follows:

LIVERMORE EAST BASE 1947 DOOLAN 1947, replaced by
| - DOOLAN 2, 1957

LIVERMORE WEST BASE 1947
S o ALAMO 1947

VERN 1947 |
" FALLON 1946
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The Livermore Base Llne was remeasured by means of a Model
.2 A geodlmeter, and the overall length found consistent w1th taped lengths
measured‘ln 1948 (i.e.,. 1 part in 145 000)~. |

The remeasurement of the Livermore Valley net in 1964 showed
that no appreciable horizontal movement had occurred since 1948. The

net is encorﬁpassed by the larger quadrilateral, MOCHO-MT. DIABLO-MT. '
TAMALPAIS-VSIERRA MORENA, described by Whitten (1‘;59). A later
reporﬁ by Parkin (1965) indicates. that considerable clockw.ise distortion
with respect to a fixed liné, MT. DIABLO»MOCHO, occurred in that
quadrllateral between 1951 and 1957 from 1957 to 1963 very little dis-
tortion occurredo "The quiescence of the Livermore Valley area from .
1948 to 1964 is not compatible with indicated movement in the large'r

quadrilateral. This means that from 1948 to 1964 the Livermore Valley

did not undergo appreciable differential horizontal strain.. |

FAULT MOVEMENT

'Remeasurement after one year of the quédrilaterals spanning the

Pleasanton faults, and the line of monuments spanning the Calaveras

fault'indicates very small but consistent horizontal displacement. The

discrepancies between the 1964 and 1965 measurements are plotted as

vectors along with vertical control data on Fig. 5. Lengths of the vectors

are not conclusive evidence of the magnitudes of the horizontal movements

because of the shortness of the time base (one year); However, the

apparent clockwise directional trend on the quadrilaterals is significant,

indicating a right-lateral component across the Pleasanton faults. The
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. western border.

- marks and trlangulatlon stat:.ons in May ‘1964 and a

VComparable meth

* both occasions guarded against detractlon in accuracy thr

|

e | UCRL-17255

~ vectors indicate an apparent’ shortening of thellne spannivng the Calaveras. -

fat.lt .v1t‘1 a ahght right- lateral component

Combmma vertical and hor1zonta1 components across ‘the Calaveras -

' fault'sug ests a thrusting resultant w1th the west s1de moving over the

east. This is compatible.wu:h the observedee_stward d1p of the fault

 plane at the Calaveras Dam (Hall,', 1958) (abont 45 miles south. of Camp

Parks), 'and stratigraphic indications of a down-thrown east side,

VERTICAL MOVEMENT SURVEYS'

"The s'peciﬁcationsifor the"precise levelin_g ‘and the subsequent

-methods used were planned to ach1eve meaningful ground -movement data

~in the shortest pract1cab1e time.

Repetxtlon of the first- order levehng over the network of bench

“marks indicated def1n_1te ground subs1dence in the Amador and San Ramon
Valleys. The Pleasanton fault in the Camp Parks area forms the eastern

border of the San Ramon Valley subsidence area, the Calaveras fault the

The Pleasanton East Branch fault and Parks fault do

" not seem to 1nf1uence the sub31dence Actlve pumping is presently under- '
- way about'l mile east of the Ca‘laveras monument line in the subsidence
" basin. This groundwater supplies the r'apidl'y growing‘res'idential develop~

_ments ‘in the area.

Prec1se first-order levelmg was run over the netwonks of bench

gam in June 1965.

ods and mstruments and use of the same field party on

ough diffe ring

' techniques.
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Figur.es' v6' and 7 show the elevétion .disc're'pancies in the 13 -month
peribd at de_i)th“ and at the .surface. Discrepancies in Fig. | 6 result from
compariséns 1n which the e_levaﬁon of Benéh -M'ar_l_( B-8 near Sunol was
held constant on both ye'ars,. Figure 7 results from ¢Omparisons of the
surveys of surface bench marks, also measured 'With,reépect to Bench
' Mark B-8 near- Sunol. Differential vertical movement between the sur-
face and underlying firm material is evident.‘ | S

If, despife all knowﬁ precautions, sm‘allb accumulative or com-
pensatory errors exist in the surveys, they are more likely to become
signiﬁcant with increasihg. distance f‘rom' thévorigin.- Selection of Bench
Mark P-1 in Camp Parks as a base instead of Bench Mark B-8 near
Sunol (see Fig, 1) fac111tates 1nterpretat10n and tends to obv1ate the magm—»_
tude of error accumulation, Figures 8 and 9 show the elevatién discrep--
ancies derived by equating at P-1 rather than at B-S. Figure 8 shows
 zero discrepancies 6ver part of the primary area of interest, eliminates
élmost all of th_e indications of uplift: (\;vhic‘h are quéstionable), abnd pfo-
vides a réaéonable s.catteri.ng of subsidence indications east of the
Pleasanton faﬁlt and riorth,of U. S. 50 that ;.re 'genei'ally too smé.ll (1 to |
3 mm) té be conclusive, |

| Comparison of Figs. 7 and 9 shows that lequating the surveys at

P-1 does not make the surface bench mark discrepancies entirely reason-

able. The magnitude of the uplift indications is decreased and the sub-
sidence indications are increased; this condition is more acceptable than

the reverse.
L4 : : : ) : ' '
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We ha-d considered that tﬁe Parks fault (Fig. | 1), striking nearly
east-west about o_'nve rn.ile south of Camp Parks, would serve as a '"buffer,
.sirhilar to the Pleaéénton faults, isolating the Camp Parks area from
expected water-withdrawal subsidence in thev Amado‘r-Val‘ley. - This ex-
pectation was based on the Thronsen and Hansen (1963) study of the
Livermore Vailey groundwater regime, in which the Parks fault was
shown as a ioxv -permeability bérrier, inhibiting the south@ard flow of
groundwater from the northern recharge area into équifers in the valley
alluvium. Examination of the vertical-control contour.map (Fig. 6) indi~
cates that the Parks fault does not appreéiably affect the subsidénce con-
tours as does the West Branch of the Pleasanton fault.. This may be due
perhaps, to the present introduction of South Bay Aqueduct water.intb
valley aquifers northeast of Pleasanton, retarding subsidence in thé

groundwater sub-basin bounded by the Pleasanton and Livermore faults.

CONCLUSIONS

It is doubtful if suc_é.essive geodetic surveys for earfh movement
have ever shown as much consistency. The horizqﬁtal survey discrep-
‘ancy vectors are cons‘i‘*stently cibckwise with reference to the pointé held
fixed, but are too small in magnitude to. be vent'irely acceptable as proof
of horizontal ground movement v&itﬁout further measurable movement at
" the Pleasanton fault line. ‘The Pleasanton fault is evidently a barrier or
partial barrier to groundwater and aécounts for differential subsidence
with respéct to the fault, |

Althbugh rﬁinor in magnitude, vertical differential groﬁhd move-

ment is shown at the Calaveras fault. The differential movement on the
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east portion of the Calaveras f'au_lt.rnonumve'nt line is undoubtedly ground
subsidenc‘e. ~The higher elevations of the two stations west of the fault
on this line may represent a é_mé.ll survey-—erfor accumﬁlation and datum
disérépancy and shouid not be iﬁterpreted as uplift, yet. If horizontal
movement is confirmed here by later repetitions:, a good case will have
been made for thrusting movement. Geological evidence of thrust fault-
ing has been reported elsewherev alq‘r_xg >the Calaveras fault. |

We must not rule out the‘ possibility of tectonic downward move-
ment of the valley block'along the Border faults, and this may indeed. be
the backgrbund upon whiéh the water withdrawal subsidence is super-
imposed. o |

The Lawrence Radiation Laboratory is unable to continue support
of rem.easurement.sl ove? these nefworks. 'An ifnportant contribution
awaits the organization with authority .in' earth sciences and incentive to

continue the investigations for a few more years.

"This work was done 'undef the auspices of the U. S. Atomic

Energy Commission.

The cooperation of the U. S. Coast and Geodetic Survey who .

performed the geodetic work is gratefully acknowledged.
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FIGURE CAPTIONS |

Figure 1. Geologic map also showing the geodetic network in the - |

vicinity of the Livei'more and Amador Valleys, Alameda Co., Calif. " o

Geologic base after Thronsen and Hansen (1963)‘;

Geoldgic symbols

Qal Quaternary alluvium - K Cretaceous formations

TQl Livermore gravels | | —-—I%I—_--— upthrown fault

downthrown
Tpo Orinda formation - ~ — —— location approximate

Tm Miocene formations o <« .« « location inferred

Geodetic symbbls»‘

e Deep concrete monuments o Large area triangulation
' ' stations

— - — Leveling traverses

Figure 2. Contours on ground-water surface in Camp Parks alluvium.

Shaded area is Orinda formation. Datum is sea level.

Figure 3. Contours of sand/clay ratio in upper 40 feet of Camp Parks

alluvium. Shaded area is Orinda formation.
Figure 4. Cross sections of deep concrete monuments.

Figure 5. Diagram showing horizontal and vertical movemeﬁt from ' ¢
May 1964 to June 1965 in Camp. Parks areé. Vectorsv indicate
horizontal movement; numerais indicate vertical movement. V_erticai
discrepancies in thdusandths of a foot. Data taken 'from deep concrete

monuments. (a) Fault strain quadrilaterals. Vertical discrepancies

»
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. ' e‘quated at bench mark P-1. (b) Dublin Boulevard line. Vertical .

discrepancies equated at bench mark B-=8 near Sunol.

Figure 6. Contours showing vertical movement at depth from May 1964

to June 1965 in the Camp Parks area. Vertical discrepancies

equated at B-8 near Sunol. Values in thousandths of a foot.

Figure 7. . Contours showmg vert1cal movement of the surface in May

1964 and June 1965 in the Camp Parks area. Measurements made

on surface bench marks equated with respect to B-8 near Sunol
Values in thousandths of a foot. | |

Figure 8. Values of vertical mcvement at depth‘ in the Camp Parks area.

Measurements made from deep-seated bench marks equated with

‘ respect to P-1. Values in thousandt.hs-‘of a foot.

g Figure 9. Values of vertlcal movement at the surface in the Camp Parks
area. Measurements made on surface bench marks equated at P- i.

Values in thous an.dths of a foot.
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o
‘ This report was prepared as an account of Government
sponsored work. Neither the United States, nor the Com-
mission, nor any person acting on behalf of the Commission:
A. Makes any warranty or representation, expressed or
implied, with respect to the accuracy, completeness,
or usefulness of the information contained in this
report, or that the use of any information, appa-
ratus, method, or process disclosed in this report
may not infringe privately owned rights; or
B. Assumes any liabilities with respect to the use of,
or for damages resulting from the use of any infor-
mation, apparatus, method, or process disclosed in
this report. ‘
As used in the above, "person acting on behalf of the
Commission" includes any employee or contractor of the Com-
mission, or employee of such contractor, to the extent that
such employee or contractor of the Commission, or employee
of such contractor prepares, disseminates, or provides access
to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.
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