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1. QUESTIONS

This seismological report is in response to specific questions on
seismicity raised for consideration by the G.E.T.R. Subcommittee.
These questions are:

1. Regional seismicity

a. Distribution of epicenters-~historic and recent instrumental
results,

b. Focal depths,

c. Accuracy of current seismic networks in the region as it
relates to a and b,

d. Focal mechanisms as related to the regional tectonics,

e. Relationship of hypocentral distributions in known or
postulated faulting, particularly the Livermore, Las
Positas and Verona faults.

2, Site seismicity

a. Are there seismographs operating on or near the site?
b. If so, what are the results? Specifically, are there
microearthquakes occurring on the site? If so, where?

It should be remarked that the letter of request stated that,

while the list of questions is long, many of them can be addressed
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briefly. With this in mind, thiy report directs itself m/ inly at the
basic seismological data and no attempt is made to anal-ze the seis-

micity in terms of future strong ground motion.

2. PRIMARY DATA SOURCES

A complete list of catalogued earthquakes for the area was con-
structed from three primary sources. The first is the comprehensive
historical catalog published by Townley and Allen for ncrthern
California. This catalog is now on magnetic tape and a retrieval
program was used to list all local earthquakes in the catalog from 1769
through 1910 within approximately 16 km of the GE plant. The second
source is the catalog of earthquakes located instrumentally by seismol-
ogists at the Berkeley Seismographic Station (Bolt and Miller, 1976).
Hypocenters were taken from this catalog for the period 1910 to 1969.
The catalog is now supplemented by Bulletins of the Seismographic
Station up to 1979. However, commencing in 1969, hypocenters of local
seismicity down to microseismic levels were determined by the U.S.
Geological Survey using a denser net of stations in central California.
Through the courtesy of the USGS, a complete listing of these epicen-
ters was retrieved from a magnetic tape file. Comparison showed that
all epicenters in the area common to both the Berkeley catalog and
the USGS catalog had close hypocentral values (about 2 km maximum).

For the sake of this study, USGS solutions were adopted from 1969
through 1979.
All epicenter coordinates from the three primary data sources

were merged on one magnetic tape and the total list, believed to be
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essentially complete so far as tabulated sources in this area are con-
cerned, is given in Appendix A. There are, in all, 965 epicenters
listed. The quality of the data obviously varies enormously (see
Section 5). For obvious reasons, the list progressively includes
earthquakes of smaller and smaller magnitude. It is only since 1969
that microearthquakes with magnitudes down to about 0.3 are included
in the catalog.

For convenience, the epicenters listed in Appendix A have been
plotted in Figure 1. It also shows the approximate locations of the
main faults in the area. There is a difficulty in relation to the
consistency of the fault mapping. Geological maps now available vary
in the detail of their mapping throughout the area shown in Figure 1.
This is largely because localized special studies have been made in
recent years in connection with, for example, the Sandia Laboratories
at Livermore, the Lawrence Livermore Laboratories, the GE plant and,
more recently, the Greenville earthquake sequence of January, 1980.
The result of this recent field work, not yet published or evaluated
thoroughly, is that variations in interpretation and interpolations
exist. The source of the faults shown on Figure 1 is a map made avail-

able by Earth Sciences Associates.

3. DISTRIBUTION OF EPICENTERS (QUESTION 1l.a)

The epicenters plotted on Figure 1 indicate that small earthquakes
down to microseismic magnitudes occur from time to time over most of
the region in question, many of them unrelated to mapped faults. It

would be premature, however, to make a firm conclusion on such corre-



lations. There is little question (see Section 5) that many of the
plotted epicenters have possible errors of over 5 km and, also, not
all small faults in the region are at present mapped.

Close study of Figure 1 indicates, however, that there are clus~-
ters of earthquakes which can be related to mapped tectonic features.
First, there is a rather dense concentration of earthquakes along the
Hayward fault (the most westerly fault shown in Figure 1). There is
also a clustering of earthquakes to the east of the Calaveras fault at
the southwast portion of the map. A further concentration of epicenters
occurs at the east boundary of the map in the vicinity of Corral
Hollow fault. There is also a cluster of earthquakes on the northwest
edge of Figure 1 which is associated with a microearthquake sequence in
the vicinity of the Tasajara Hills in 1977.

It should be pointed out here also that the map does not include
epicenters from the very recent earthquake sequence along the Greenville
fault (Bolt, McEvilly and Uhrhammer, 1980). This sequence had two
principal shocks, one on January 24 and one on January 27, 1980, of
magnitudes 5.5 and 5.8, respectively. The sequence consisted of hun-

dreds of small sarthquakes along the Greenville fault which showed surface rup-
ture, predominstely in a right-lateral sense, of a few cm offset (see
fault plane solutions in Section 4).

In this region the major Calaveras fault zone (Figure 1) is not
associated with many earthquake epicenters in the period of study
except at the southern end. This lack of micro-seismicity earthquakes

on sections of the Calaveras, Hayward or San Andreas faults in central
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California is not uncommon but the cause of such variability in micro~-
earthquake activity is, at the present time, unknown.

Let us now consider the plot of epicenters within about 6 km from
the GE site (GETR in Figure 1) and any relationship with the Verona
fault. There are 12 epicenters in the vicinity above magnitude 2
(see Numbers keyed on Figure 1).

Number 1. A sequence of 5 earthquakes occurring on March 28

and 29, 1943. The largest was assigned a magnitude
of 4.2; one had a magnitude of 2.8 and three had no
assigned magnitude.

Number 2. A magnitude 2.5 earthquake on June 10, 1943.

Number 3. A magnitude 3.6 earthquake on March 31, 1943.

Number 4. A magnitude 3.7 earthquake on November 13, 1945.

Number 5. A magnitude 2.5 earthquake on June 20, 1957.

Number 6. A magnitude 3.0 earthquake on July 12, 1932.

Number 7. A magnitude 2.1 earthquake on September 10, 1970.

Number 8. A magnitude 2.0 earthquake on August 6, 1979.

Association of these earthquakes with faults such as the Verona
and Calaveras is speculative, given the uncertainties of epicenter
and fault location. Earthquakes Numbers 1-6 were located using
few stations with an azimuthal coverage of only about 100°. In most
cases, the readings came from only the threc stations of the Berkeley
network, Berkeley, Mt. Hamilton and Palo Alto. The exceptions were
the magnitude 4.2 earthquake in 1943 and the magnitude 2.5 earthquake

in 1957. The 1943 event also used readings from the Fresno station,




which is at a distance of over 200 km to the southeast. The 1957
earthquake used also a reading from the San Francisco station.

Given the readings in the Berkeley Bulletin for these earthquakes,
relocations were made with a modern computer program and these produced
a change of only a few km in the epicenters. An exception was the epi-
center for the 1957 earthquake which did not formally converge for the
crustal model adopted, indicating a considerable range of uncertainty
in the solution. Also, event Number 2 above was found to shift sig-
nificantly towards the northwest.

Events Numbers 7 and 8 were located by the USGS using 17 and 25
stations, respectively. However, the small energy of these two earth-

quakes reduced significantly the first motion readings (see Sectiom 6).

4, FOCAL DEPTHS (QUESTIOJ 1.b)

The dense seismographic networks of the last decade in the region
around the site (Hayward, Calaveras fault zones, etc.) have indicated
that local earthquake foci are situated almost without exception in
the upper 16 km of the Earth's crust. Indeed, as can be seen from the
focal depths published in the Table in the Appendix (see particularly 1969-
1979 for highest precision), the majority of focal depths range between
8 km and 3 km, with a few as shallow as 1 km. Of particular interest
is the estimate of focal depth of the largest earthquake in the last
ten years within 5 km of the GE plant, i.e. Number 8 in Section 3. This
was formally given a focal depth of 5.7 km. It might also be remarked

that the two principal earthquakes of the 1980 Greenville sequence,




which were located with great care, had focal depths of 12 and 15 km,

respectively.

5. ACCURACY OF ESTIMATIONS (QUESTION l.c)

Some remarks on the solutions given in the Appendix have already
been made. It is unnecessary to streus that the epicenters taken from
the historical Townley-Allen catalog might be in error by well over 10
km, because they are based largely on felt reports (and thus upon the
density of population at the time).

From 1910 until about 1969, the seismographs at Berkeley (44 km
from the site) and Mt. Hamilton (36 km from the site) were the nearest
modern stations with good timing. Therefore, locations of local earth-
quakes depended largely on readings of P and S waves from these two
stations, supplemented by readings from other stations further to the
west and sometimes Fresno to the southeast. It is rather difficult
to place a precision on the solutions during this period. In order to
assess the uncertainty, one of the Grevnville sequence (18h57',
February 21, 1980) was relocated, using only the stations Mt. Hamilton,
Berkeley and Pilarcitas Creek on the San Francisco Peninsula. These
stations are meant to replicate the available stations before the
telemetry networks. The relocation gave a solution that converged
(when the depth was constrained to 5.0 km) but was about 10 km to the
northwest of the precise location obtained using the present local
network. There is thus a suggestion that uncertainties in locating
earthquakes up to about 1969 could have been as large as 10 km(although

many may have less error than this rather high figure. A consequence
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is that a particular epicenter in this time interval might, in fsact,
be associated with a different fault from the one shown adjacent in

Figure 1.

6. FOCAL MECHANISMS (QUESTION 1.d)

It will be obvious from the small magnitudes of recent earthquakes
listed in the Appendix in the vicinity of the GE plant that it is not
possible to make meaningful fault plane solutions in most cases from
polarity readings from the few local stations available. Indeed, only
13 stations are available, even in the best cases, for local events in
1979. Nevertheless, an attempt was made to determine a likely mechan-
ism for the rost promising of the earthquakes nearest to the Verona
fault in Figure 1. This is the earthquake of August 6, 1979 (Number 8
in Section 3 and Figure 1).

The polarity of the first P motions at the 12 available telemetry
stations was consistent with right-lateral motion along a fault strik-
ing approximately north but with uncertainty of up to 10°. One of the
stations was inconsistent with pure dip-slip faulting.

Five other fault plane solutions are available for the general area
and these are shown in Figure 2. The Figure is from a special report
prepared for Sandia Laboratories, Livermore, California and prepared
by URS/John Blume and Associates, Engineers, in September, 1978.
(Earthquakes marked A, C and D are alsc indicated in Figure 1; event
B lies off Figure 1.) The data used were from the Berkeley and USGS

seismographic files. Only for the earthquake marked A, about 15 km
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from the GE site is there a suggestion of a possitle general association
with the northwest-trending faults of which the Verona fault may be
a member. This earthquake (6/28/65) has a magnitude of 3.6. Eleven
polarity P readings were available. Reasonably well distributed in
azimuth, they indicate a right-lateral strike-slip event. The fault
plane solutions for earthquakes marked C and D are, again, predomi-
nately right-lateral strike-slip, in agreement with the general tec-
tonic trends and strain field of this area. These earthquakes
(8/31/76, magnitude = 3.3, and 6/21/77, magnitude = 4.6) are members
of the cluster of seismicity near the Corral Hollow fault (Figure 1).
Three other solutions are available for earthquakes associated
with the Greenville fault. The earthquake marked B (Figure 2, 12/29/69,
magnitude = 3.8) had only seven observed polarities which were also con-
sistent with right-lateral strike-slip motion  Fault plane solutions
for the two principal shocks of the January, 1980 Greenville sequence
are given as Figures 3 and 4. It will be seen that, for these recent
earthquakes, sufficient observations of polarity are available to
make the fault plane solutions relatively reliable. An important con-
clusion is that the right-lateral motion shown predominately in these
earthquakes is in agreement with the offset seen along the Greenville
fault at the surface.

7. RELATIONS BETWEEN HYPOCENTERS AND FAULTS (QUESTION l.e)

Some comments on this question have already been made in the pre-
ceding sections. Apart from the concentration along the Hayward fault

shown in Figure 1 and the unequivocal concentration along the Greenville
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fault in the January, 1980 sequence when surface rupture occurred
(not shown in Figure 1), causative and mechanical connections between
the earthquakes in Appendix A and known faults in the area are not
available. Even the Calaveras fault, which is a major through-going
fault (like the Hayward fault) does not have seismicity closely asso-
ciated with it in this region during the last 100 years.

The Hayward fault is known to have been the source of the large
earthquakes of June 10, 1836 and October 21, 1868. In the first earth-
quake, 8. face rupture was reported between Mission San Jose and San
Pablo; in the 1868 earthquake, surface rupture was reported between
Warm Springs and San Leandro. It is not clear whether destructive
earthquakes have involved motion of the Calaveras fault in historic
times. It has been suggested that the earthquakes of July 3, 1861 arose
from movement on the Calaveras fault with high intensities of shaking
reported from the San Ramon valley. There are some reports of ground
surface displacement which may or may not have been associated with
the Calaveras fault. Reports, however, are not at all clear on these
matters. Another even less-well supported suggestion of association
with the Calaveras fault is the earthquake of March 30, 1898.

Specific mention was made in the questions of the relation between
hypocenters on the known Livermore, Las Positas and Verona faults.
Correlations can be attempted from the plot shown in Figure 1 but
there appears to be considerable doubt concerning any concentrations
of earthquakes along any one of these faults. There have veen reports

of some slight cracking corresponding to the mapped position of the
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Las Positas fault following the Greenville earthquake sequence of
January, 1980 but there is no information available which would locate
aftershocks of this sequence along the Las Positas fault.

It is possible to speculate that the group of earthquakes to the
northwest of the GE plant may be associated with slips along faults
parallel to the Verona fault as mapped in Figure 1. It is clear,
however, from Figure 1 that in the vicinity of the General Electric
plant no earthquakes above magnitude 3 have occurred in the last decade

and none above magnitude 4 for the last 37 years.

8, SEISMICITY OF THE SITE (QUESTICN 2)

There are no seismographs operating in the General Electric facil-
ity. The nearest seismographs that are now operational in the area
are 3 telemetry stations of the USGS and LLL networks. These are CPL
(USGS) at a distance of 7.5 km from the site; CLO4 (LLL) at a distance
of 4 km; and CLO5 (LLL) at a distance of 3 km.

It may be appropriate here to comment on the value of running a
microearthquake r2t at the site itself. Because certain assumptions
have been made that the Verona fault is active and that it could be the
locus of a large (postulated magnitude 6) earthquake, then the issue of
activity of the fault appears not to arise. The detection of micre-
earthquakes would not alter this assumption. The question of the
mechanism of fault displacements on the Veorona fault would similarly
not be affected by a small network of stations on the site. These would

not give sufficient coverage unless a regional network were employed



to enable meaningful fault plane solutions to be made. The seismicity
level indicated in Figure 1 entails that such a network would have to
be operated for a considerable time before there would be any hope of

obtaining definite fault plane solutions.
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Appendix A

List of Catalogued Earthquakes
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