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Seismicity and Focal Mechanisms for the Southern Great Basin
of Nevada and California in 1990

Abstract

For the calendar year 1990, the Southern Great Basin seismic network (SGBSN) recorded
about 1050 earthquakes in the SGB, as compared to 1190 in 1989. Local magnitudes, My,
ranged from 0.0 for various earthquakes to 3.2 for an earthquake on April 3,1990 5:47:58 UTC,
37.368° North, 117.358° West, Mud Lake, Nevada quadrangle. 95% of those earthquakes have
the property, My < 2.4. Within a 10 km radius of the center of Yucca Mountain, the site of
a potential national, high-level nuclear waste repository, one earthquake with M = 0.6 was
recorded at 40-Mile Wash. The estimated depth of focus of this earthquake is 3.8 km below
sea level. Other, smaller events may have also occurred in the immediate vicinity of Yucca
Mountain, but would have been below the detection threshold (M ~ 0.0 at Yucca Mountain).
Focal mechanisms are computed for seventeen earthquakes in the Nevada Test Site (NTS) and
in the SGB west of the NTS for the year 1990. Solutions are mostly strike-slip, although normal
slip is observed for a hypocenter at Stonewall Flat, Nevada, and reverse slip is observed for a
hypocenter at Tucki Mountain, California. The average direction of the focal mechanism P-axes
is North 47° East, with nearly horizontal inclination, and the average direction of the T-axes is
North 42° West, with nearly horizontal inclination, consistent with a regional tectonic model of
active northwest extension during the Holocene epoch.

Introduction

The SGBSN has operated continuously since August, 1978, with the current complement of
54 stations in place by mid-1981. Horizontal-component seismographs were added in 1984, and
a vertical-component seismograph south of Boulder City, Nevada, was added in August, 1988.
Figure 1 shows the current station locations, along with some of the major physiologic features.
Stations CPX and EPN were moved to less noisy sites in August and September, 1990, and
" renamed CPY and EPM, respectively.

The primary purpose of the network is to investigate the seismotectonic environment in
the vicinity of Yucca Mountain, Nevada, the potential site of a high-level, national nuclear waste
repository. Also, the network provides information on seismically active regions within about 160
km radial distance of Yucca Mountain. Seismic signals from the network are continuously teleme-
tered to the USGS data processing center in Golden, Colorado, where preliminary hypocenter
determination is perforried, along with research on focal mechanisms and faulting, on fluid-
induced seismicity, on attenuation of seismic waves, on velocity structure, and on other topics of
importance to the Yucca Mountain Project.

Operation of the seismic network is funded under an interagency agreement with the De-
partment of Energy, which provides Quality Assurance guidelines for the collection, analysis,
interpretation, and reporting of data. The seismic network data are collected as permanent
records to support site characterization. Because seismicity data in the SGB come from sources
and crustal paths that are, at best, approximately known, the hypocenters and analyses that are
presented in open-file format are necessarily preliminary. Any “final” report of seismicity in the
SGB should integrate information from all relevant sources, whereas the open-file reports of SGB
seismicity periodically published by the U.S.G.S., such as this one, are less comprehensive. All
hypocenters and focal mechanisms discussed in this report are preliminary.

Acknowledgments

Maintenance and periodic calibration of seimic stations and related field equipment is per-
formed by D. E. Overturf of the U. S. Geological Survey, and by contract technicians. Preliminary
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seismic event catagorizations, phase arrival time determinations, and hypocenter determinations
were performed by Miles Weida and Joel Duggar, also of the U. 8. Geological Survey.

Helpful reviews of this report were provided by Joan Gomberg and Margaret Hopper of the
U.S. Geological Survey, Branch of Geologic Risk Assessment.

Calibrations of Instruments

All seismographic systems in the SGBSN are periodically calibrated as specified in the Qual-
ity Assurance document, YMP-USGS Seismic Procedure 11, Seismometers are visited and cal-
ibrated every six months, or as needed. Calibration results are decmed acceptable when the
amplitude response of a seismographic system lies within a £:30% range of a nominal response,
in the frequency band 2 < f < 10 Hz. In actual field calibrations, systems are tested in the
frequency band 0.1 € f < 20 Hz. In these calibrations, the S13 systems generally display an
amplitude response within 10% of the nominal level at all measured frequencies, while the L4C
systems display responses within 25% of their nominal levels for frequencies 1 < f < 10 Haz,
For f < 2 Hz, the ti e system magnifications are rarely required, because wavelet periods corre-
sponding to peak-amplitude S-waves observed on secismograms of local SGB carthquakes, which
are scaled to obtain M| estimates, are almost always < 0.5 seconds.

Overview of Seismiciﬁy ir. .he SGB for 1990

Epicenters for all earthquakes occurring during the calendar year 1990 in the SGB for which
preliminary hypocenters could be determined are listed in Appendix A and shown in Figure
2. The southwestern part of the region is better covered by the Caltech seismic network at
Pasadena, California, and any study of strain and seismicity rates in the southwestern SGB
would benefit by merging data from their catalog with the SGBSN catalog. Many other portions
of the SGB shown in Figure 1 are extremely sparcely covered by SGBSN stations, or not covered
at all, extept for short-duration special studies conducted by other networks or laboratories.
The SGBSN also archives regional and teleseismic data and regularly provides it to interested
investigators. Epicenters for chemical explosions and probable explosions that were located by
the SGBEN are listed in Appendix B, and are shown in Appendix B, Figure B1. Epicenters
for nuclear device tests at Nevada Test Site (NTS) are listed in Appendix C, and are shown in
Figure C1. Some probable nuclear device detonation aftershock epicenters and cavity-collapse
rolated activity, located in the Silent Canyon Caldera, are denoted by “L” (low-frequency cvent)
in Figures 2, 7, and C1. They are also listed in Appendix C. Focal mechanism solutions derived
from data collected by the SGBSN for 17 earthquakes of 1990 are shown in the figures of Appendix
D. Appendix E contains station information, and Appendix F contains information about input
parameters to the hypocenter location program HYPOT1,

The earthquake data base whose hypocenters are listed in Appendix A is derived from
SGBSN seismic signals that were captured by a computer dedicated to seismic monitoring, and
from data read from 16 millimeter develocorder films, which serve as a backup to the computer
detection system. Events read from the develocorder are labeled with a DD in the “quality” field
of each hypocenter record of Appendix A. Measurements made from seismograms recorded on
the computer are generally more reliable, with impulsive P and § arrivals being determined to an
accuracy better than 0.02 sec (digitizing rate=104.167 sps/channel), versus 0.10 sec for arrivals
read from develocorder film, Hypocenters derived from computer-recorded events are labeled
“I” in the quality field. Seismograms from all SGBSN stations that display a usable signal for a
given local earthquake are written to computer magnetic tapes for permanent archiving. Copies
of these tapes are periodically distributed to the U.S.G.S. Local Records Center, and arc available
to interested investigators after annual seismicity reports are published.
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As many as five magnitude estimates are determined per event, (1) coda-average magnitude,
M,a, (2) duration magnitude, Mp, (3) local magnitude from horizontal component instruments
M}per, (4) local magnitude from vertical component instruments, M}*", and (5) local magnitude
from clipped records, ME“”. These are discussed in previous SGBSN data reports (for example,
Rogers and others, 1987). Standard error estimates in the hypocentral parameters are routinely
calculated in the program HYPO71 (Lee and Lahr, 1975), and some of these are listed in Appendix
A. Table 1 summarizes some of the hypocentral parameters computed by HYPOT71 for the digitally
recorded earthquake data of 1990, In Table 1, RMS is the average traveltime residual, # P+S
Phases is the number of phases used by the algorithm, Gap is the maximum azimuthal angle
without a station, Depth is the depth of focus estimate, Err(z) is the estimate of standard error
in depth, and A, is the minimum source-to-station epicentral distance.

Table 1. Selected statistical characteristics of a subset of the 1990 SGBSN seismicity catalog,?

Statistic | RMS | # P+S | M,, | M | Mp [M}or | My | Gap |Depth? [ Err(z) [ Apmin

(sec) | Phases ‘ (deg.) | (km) | (km) | (km)
Mean  |0.164 | 15.1 |1.54 | 1.67 |1.50 | 1.49 | 1.31 | 1578 | 3.96 | 2.48 | 16.47
Median |0.13 | 13 |1.48 | 1.60 |1.27| 1.44 | 1.25 | 147 | 3.31 | 1.30 | 12.3
Maximum | 2.16 | 56 [3.80 | 4.00 |2.50 |3.74% | 3.23 | 332 | 20.22 | 28.7 |141.0
Minimum [0.00 | 4 |0.66 | 0.80 |0.40| 0.10 | 0.02 | 42. | -20 | 00 | 02
N7 obs. | 946 | 946 | 736 | 358 | 33 | 528 | 909 | 879 | 879 | 879 | 879

1 Only events captured by digital monitoring system are included. Also, only events with Err(z)<
30 km are included in the tabulations for Gap, Depth, Err(z), and Apin.

2 Depth of focus is relative to sea level (0.0 km), positive below,

% One-station estimate, NEIC My, = 3.1 for this earthquake.

The average magnitude for SGB hypocenters of 1990 is about 1.5. Furthermore, 95% of those
hypocenters have My < 2.4. To further illustrate statistical properties of the hypocenter catalog,
plots of err(z) versus A, and err(z) versus source-to-station gap are shown in Figure 3. Although
err(z) correlates positively with these two parameters, the scattergrams show that the correlation is
weak, and many events having no nearby stations and/or poor coverage nevertheless are reported
with relatively low err(z) estimates (< 2 km). This tendency of HYPO71 to underestimate
uncertainty in depth estimates is shared by many currently available hypocenter determining
algorithms. This point is discussed by Gomberg and others (1990).

Earthquake hypocenter determination requires that the investigator make a number of sim-
plifying assumptions about the nature of rock being sampled by seismic rays. In this report
and all prior SGBSN data reports, the earth models are assumed to be a sequence of horizontal
layers with constant P-wave and S-wave velocities are constant. The ratio of P to S velocity
i3 assumed constant in the medium, implying that the raypaths for those two body waves are
identical. Appendix F shows the two standard models, one for the immediate vicinity of Yucca
Mountain and the other for the rest of the southern Great Basin. Even for a fixed earth model,
variations in hypocenters may result from varying initial conditions (e.g., starting hypocenter) and
data weighting schemes. Some of these factors are discussed in the 1987 through 1989 seismicity
report (in preparation). To reduce the chance of HYPOT1 iterations converging to a local rather
than the global RMS minimum, starting depths of both zero and seven km are used; the reported
hypocenter in Appendix A is the one having the minimum RMS, In the case of equal RMS values,
the hypocenter resulting from the seven km starting depth is (arbitrarily) reported. No algorithm
is known that “finds” the true earth model;
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all available computer codes tend to smooth the earth’s roughness, and thereby probably bias
hypocenters in ways that defy simple error-statistic estimation, One may infer a strong appar-
ent horizontal velocity anisotropy from SGB P-wave traveltimes from Rainier Mesa and western
Yucca Flat nuclear device sources. Although these observed variations correspond to very shallow
crustal depths (probably not exceeding five to ten km below the earth’s surface), and may not
be representative of local earthquake source-to-station raypaths, they arc strong enough to result
in epicenter errors of three km for Rainier Mesa tests recorded at SGBSN stations when using
standard, horizontally isotropic, earth models and HYPO71 to determine the hypocenter. Most
NTS tests are located to within about one km of the true epicenter, however.

The multiple sources of hypocenter estimate uncertainty need to be considered when making
generalizations about the spatial distribution of SGB seismicity. Redetermination of hypocenters
using a variety of plausible earth models should be performed to discover the range of hypocenters
that could be associated with a given earthquake’s phase arrival time data before one concludes

~that the data unequivocally demonstrate the validity of some favorite hypothesis. Revisiting the
data in this way should result in the development of a more viable data base of hypocenters, which
is less dependent on vagaries of computer programs and model biases than the current catalog.

Notable Southern NTS Seismicity, 1990

Microearthquakes occur sporadically in the SGB, with detection rates varying from zero
per day to a few dozen per day. The first relatively concentrated seismicity for 1990 began on
January 26, at the northernmost end of Skull Mountain, Nevada Test Site. A focal mechanism
wag prepared for the mainshock of January 26, 1990, 10:34:15 UTC, having My, = 2.5, A pin = 6.4
km, depth about 5 km below sea level. The solutions indicate predominantly right-lateral strike
slip motion on an east-dipping, nearly north-south oriented fault, or predominantly left-lateral
strike slip motion on a north-dipping, east-west oriented fault (Figure D1). The mainshock is one
of about two dozen late January microearthquakes loosely distributed under the northern end of
Skull Mountain. The most prominant fault in the vicinity is the Cane Spring fault, a left-lateral
strike-slip fault trending ~ North 50° east, which may define the south-eastern boundary of Skull
Mountain (Poole and others, 1965, Ekren and Sargent, 1965). The focal mechanism solutions for
this Skull Mountain earthquake are not consistent with motion on the Cane Spring or en echelon
Skull Mountain faults in its vicinity. Depth sections of the Skull Mountain series hypocenters,
shown in Figure 4, show that events extend from near-surface to a depth of about six km below
sea level, Examination of the behavior of the root-mean-square travel-time residual (RMS) as a
function of assumed focal depth indicates that for some of these events the shallowest hypocenters
are poorly resolved. Figure 5 shows that RMS does not increase significantly with focal depth
until about six km below sea level. (This ambiguity could be reduced by increasing near-source
station. density which may be possible by deploying a temporary portable seismic net.) Figure 6
is a map of all preliminary epicenters in the same region as those of Figure 4 for the time period
August, 1978, through December, 1990. The average number of microearthquakes detected and
located by the SGBSN in this map region per year prior to 1990 is 42, For 1990, the number is
72.

Seismicity in the vicinity of the Cane Spring fault is examined here because the suggestion
has been advanced (Ken Fox, written communication) that a semi-continuous belt of seismicity
monitored by the SGBSN may illuminate a fault zone that extends northeast from the Amargosa
Desert of California and Nevada to the Pahranagat Shear Zone, southeast of Alamo, Nevada (see
Figure 1 for locations). If such a fault zone exists, it is difficult to find major surface-breaking
faults in the NTS that align with the zone and with seismicity concentrations. Gomberg (1991)
explores plane
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strain boundary clement models to show that major faults in the SGB may modify a regionally
uniform shear strain field to distribute concentrations of shear strain away from the major fault
traces. Concentrations of shear strain are found where faults bend and terminate., Therefore,
the relative absence of seismicity between Frenchman Flat and the Pahranagat shear zone may
not indicate the lack of northeast-trending faults connecting these two zones of relatively high
seismicity. Instead, such faults, if they exist, may be unusually long and straight. Alternate
interpretations of the low levels of seismicity between southern NTS and the Pahranagat Shear
Zone cannot be ruled out. Because SGBSN station coverage is at its sparsest at Nellis Air
Force Range, east of NT'S, with a resulting higher-than-average detection threshold magnitude, -
the SGBSN catalog provides little information to corroborate various hypotheses about crustal
deformation there.

Silent Canyon, Northwest NTS, Seismicity, in 1990

A series of earthquakes in the southern Silent Canyon Caldera (SCC), northern Nevada
Test Site, occurred in mid-February through late February, 1990, with sporadic tremors in later
months, A map of epicenters for Silent Canyon Caldera activity for 1990 is presented in Figure
7. The hypocenters are concentrated at a depth of about seven km below sea level, with few
less than six km. Depth sections (not shown) indicate the pc sibility of a northeast-dipping
seismically active plane, although patterns such as this may be due to depth-epicenter tradeoffs
associated with hypocentral uncertainty rather than to structure. Graphs of the S-wave traveltime
versus the P-wave traveltime for several SCC events (“Wadati diagrams”) suggest that locally,
Vp/Vs = 1.81 % 0.03, somewhat higher than the regional average (1.71). Inputting the 1.81 ratio
into HYPOT71 results in SCC event hypocenters being about one km shallower than those reported
here.

Typically, source spectra S-wave corner frequencies, f,, for SCC events, especially those
associated in time and space with nuclear device tests, are low, with f, < 5 Hz. The February
seismicity is unusual for SCC in that its frequency content is more typical of most SGB subregions,
with observed source corner frequencies, f, > 10 Hz, that one expects for microearthquakes. SCC
is geologically complex, and variation in frequency content of seismic coda for events in different
parts of the caldera may indicate strong local variations in Q as well as variations in seismic source
properties. ‘

Focal mechanism solutions for two of the February, 1990 SCC series earthquakes are shown in
Appendix D, Figures D2 and D3. Both focal mechanisms indicate oblique strike-slip, normal-slip
motion, although details of nodal plane orientations differ. Earthquakes having these sorts of focal
mechanisms might be expected in a region having oy ~ o,, with oy oriented in a WSW-ENE
direction, if a Coulomb yield criterion with a coefficient of friction, 4 = 0.75, is required, and prin-
cipal horizontal compressive stresses having magnitudes, oy ~ 40}, are locally present (Morrow
and Byerlee, 1984; Harmsen and Rogers, 1986). The February, 1990 SCC series is well modeled
by the standard double-couple focal mechanism, and the distribution of P-wave first motions nei-
ther suggests nor requires the presence of a substantial component of an isotropic (volumetric)
component to the source moment, unlike the almost exclusively dilatational distribution of P-
wave polarities for a few SCC earthquakes following BENHAM and other Silent Canyon Caldera
nuclear device tests,

Death Valley and Vicinity Seismicity in 1990

Death Valley is considered to be one of the most tectonically active regions of the southern
Great Basin. Hamilton (1988) states that “Death Valley is now being widened obliquely as the
ranges to the west move relatively northwestward away from those to the east. ... The northwest-
trending [Furnace Creek and Death Valley] strike-slip faults are thus transform faults to the
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extension recorded by the oblique slip on the north-trending Black Mountains frontal fanlts” (p72-
73). The SGBSN geographic coverage was designed to permit monitoring of seismicity having
My, > 1.5 in the vicinity of central and northern Death Valley, During the period 1979 through
1990, the central part of Death Valley has been relatively quiet, although activity localized at
Tucki Mountain and in the eastern Panamint Mountains, bounding Death Valley to the west,
are notably elevated relative to the regional levels. Tigure 8a shows all carthquake epicenters for
1990 in the vicinity of the central part of Death Valley, and Figure 8b shows all epicenters for
previous years of SGBSN monitoring, 1978 through 1989 (stations shown in Figure 8 define the
western perimeter of the network; west of the stations seismic moritoring is far less complete).
The central valley has a nearly complete absence of earthquake epicenters. Other faults known
to have had surface movement”in the last two to three million years are also shown in Figure 8;
correlation of epicenters with some of these faults is evidently much better than with the main
Death Valley fault or the Furnace Creek fault. Hamilton goes on, “the continuing Quaternary
extension of this [central] section of Death Valley may be accomodated by slip on a fault that dips
westward from the west base of the Black Mountains, ..., the continuation of that fault beneath
the west side of the valley and the Panamint Mountains is at a very gentle angle ...” (Hamilton,
1988, p. 76-77). The SGBSN may be monitoring seismicity oh a detachment fault, perhaps at
its interscction with other faults, or on other complicated structures in Death Valley, rather than
seismicity on the main strike-slip faults. Slip on the Furnace Creek and Death Valley faults must
be episodic, with the seismic network monitoring a quiescent moment in its evolution, or slip is
aseismic, occurring primarily by creep. The former alternative may be plausible if rock of the
central valley is experiencing significantly lower fluid pore pressures than that of the region to the
west. A study of the spatial correlation of microseismicity levels (number of events; cumulative
moment) with hydrologic parameters in the vicinity of Death Valley should be informative.

The focal mechanism shown in Figure 8(a) (also in Appendix D, Figure D9) for an earthquake
at Tucki Mountain, California, that occurred on July 25, 1990, 00:52:50 UTC, is the only example
of areverse-slip solution for data analysed in this report. (A focal mechanism for an earthquake on
March 16, 1982, at northern Tucki Mountain, California, one of whose nodal planes also displays
a large component of reverse slip, is discussed in Harmsen and Bufe (1991).) The epicenter of
that lone 1990 earthquake is at the southeast end of a northwest-trending lineation of earthquakes
that occurred sporadically over several years of monitoring. The northeast dipping nodal plane
of the focal mechanism, if the fault plane, indicates that the rock of Death Valley is pushing
over a possible mountain-bounding fault in eastern Tucki Mountain, If the alternate nodal plane
is the fault plane, then the rock of Death Valley is pushing under Tucki Mountain. From the
principal of minimum energy, the work required against gravity favors slip on the former nodal
plane. That the SGBSN observes reverse slip in what some geologists claim is the most actively
extending region within the SGB may appear ironic; however, if Tucki Mountain is an obstacle
to that extension, then reverse slip may be a required component of the total crustal deformation
response in its vicinity. Furthermore, thrust at Tucki Mtn, is predicted by models of strike-slip
along a curved fault, in this case, from the Furnace Creek fault to the Death Valley fault. There
is excellent agreement between the deformation implied by the Tucki Mtn. focal mechanism and
“secondary structure” predicted by a laboratory-scale photoelastic model of stress along a curved
fault (Freund, 1974, his Figure 27).

Because of the extrgmely low rate of occurrence of small-magnitude carthquakes in central
Death Valley, a more complete picture of current crustal deformation there is difficult to obtain. 1t
is plausible that the rock of the central valley has greater hydraulic conductivity, and consequently
Jower pore pressure, than the rock of the surrounding mountain ranges, resulting in greater
effective uormal stress across the major faults than exists across the secondary faults in the
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mountain ranges surrounding Death Valley. [t is also possible that the Death Valley-Furnace
Creek fault system is experiencing a quiescient moment in its evolution, or that deviatoric stress
levels are low (Rogers and others, 1091), or that the northwest trend of the Furnace Creck fault
is not suitable to permit slip in the current stress field,

Northwestern SGDB selsmicity, 1990

In the northwestern section of the southern Great Basin, several small serics of 0arbhqx1ukm
occurred in 1990, and four earthquakes in the region were analysed for focal mechanisms (figurc
9). On April 21, 17:55:52 UTC a strike-slip earthquake having M, = 2.0 occurred at the western
edge of Sarcobatus Flat, about 16 km south of Scottys Junction, Nevada (mechanismn labeled
“1” in Figure 9; Appendix D, Figure D4). The estimated depth of the earthquake is 7.2 + 1.4
km below sea level. On May 13, 00:48:11 UTC, an oblique normal-slip, strike-slip earthquake
having M = 1.9 occurred about 2.7 km east of the April 21 carthquake (mechanism labeled “2”
in Figure 9; Appendix D, Figure D5). The estimated depth of the May 18 carthquake is 6.3 4: 1.5
km below sea level. On November 1, 07:51:46 UTC, a normal-slip carthquake having M, = 2.4
occurred in Stonewall Flat about 18 km ESE of Goldfield, Nevada (mechanisin labeled “3” in
Figure 9; Appendix D, Figure D16). The estimated depth of the earthquake is 6.0+ 1.4 kin below
sea level. On December 13, 01:01:00 UTC, a strike-slip carthquake having My = 2.8 occurred
about 1 km east of the town of Gold Point, 14 km SE of Lida, Nevada, in an unnamed alluvial
valley west of Mt. Dunfee (mechanism labeled “4” in Figure 9; Appendix ), [igure D17). The
estimated depth of the December 13 earthquake is 2.8 4 1.0 km below sea level.

The northwestern SGB has been perennially seismically active, and listings and discussions
of preliminary hypocenters from the SGBSN may be found in Rogers and others (1987), Harmsen
and Rogers (1987), and Harmsen and Bufe (1991). Figure 10 shows all epicenters determined by
the SGBSN prior to 1990. Besides the areas seismically active in 1990, notable concentrations
of seismicity may be discerned in previous years’ monitoring in the Montezuma Range, in the
Palmetto Mountains west of Lida, Nevada, in the Last Chance Range, at Gold Mountain and
the Grapevine Mountains, in northern Death Valley, and in vario..s other mountains and valicys.
The strike-slip focal mechanism for the earthquake of December 13 contrasts with predominantly
normal-slip mechanisms for earthquakes about 5 to 10 km east of the December 13, 1990, epi-
center, reported in the three just-cited open-file reports. This close proximity of strike-slip and
dip-slip styles of deformation argues for the local presence of an axially symmetric stress field in
the vicinity of Slate Ridge, Nevada,

Sarcobatus Flat, Oasis Valley, and caldera seismicity, 1990

Central and eastern Sarcobatus Flat also have been seismically active during the period
of operation of the SGBSN. Seismicity at Sarcobatus I'lat for the period 1978 through 1983 is
reviewed in Rogers and others (1987), and listings of subsequent seismicity are given in Harmsen
and Rogers (1987) and Harmsen and Bufe (1991). Many clusters of seismicity continued to be
observed in eastern Sarcobatus Flat during 1990. Predominantly strike-slip focal mechanisms for
five earthquakes in eastern Sarcobatus Flat are shown in Figure 11 (mechanisms 2, 5, 7, 8, and 9,
respectively; Appendix D, Figures D6, D10, D13, D14, and D15, respectively). Magnitudes for
these Sarcobatus Flat events range from My = 1.1 for an earthquake of August 2, 1990, 05:15:02
UTC to My, = 2.6 for an earthquake of October 29, 1990, 02:37:27 UTC. Depth estitnates range
from 0.5 £ 0.5 km below sea level for an earthquake of September 6, 1990, 10:32:18 UTC, to
about 5.0 £ 1.4 kmn for earthquakes in Septernber and October. Figure 11 also shows two focal
mechanisms (numbers 3 and 6) near the western edge of the volcanic calderas that form the
western part of NTS, one (number 3) an oblique strike-slip, normal slip mechanism for an
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eartliquake on June 24, 1990, 23:56:38 UTC, west of the Black Mountain Caldera, having My, =
1.9 (Appendix D, Figure D7), and one (number 6) a strike-slip mechanism for an earthquake
on August 3, 1990, 20:23:556 UTC having My = 2.3 with epicenter at the western edge of the
Oasis Valley segment of the Timber Mountain-Oasis Valley caldera complex (W. Carr, written
communication, 1990) (Appendix D, Figure D9). Figure 11 displays another predominantly
strike-slip focal mechanism solution for a My, = 1.1 earthquake at Little Skull Mountain on July
22, 1990, 08:17:14 UTC (mechanism 4; Appendix D, Figure D8), Seismicity recorded by the
SGBSN for the period August 1, 1978 through December 31, 1990 in the same map region as
Figure 11 is plotted in Figure 12. This plot shows that Yucca Mountain, a seismically quict
place, is surrounded by zones of variable - but generally higher - seismicity levels. The western
edges of the volcanic caldera complexes appear to help define a diffuse, but distinctly visible,
north-south trending seismicity zone having length in excess of 50 km, which we designate as the
“Oagis Valley lineament” (A. M. Rogers and others, 1989, written communication).

Much of the diffuse seismicity in the interior of the Silent Canyon Caldera is low-frequency
activity associated with the Department of Energy’s nuclear device testing program (e.g., cavity
collapses), but most other seizinicity shown in Figure 12 is natural (epicenters from a few mining
blasts may have been misidentified as earthquake epicenters). The concentrations of seismicity at
some caldera and resurgent dome boundaries (e.g., Sleeping Butte segment boundary with Timber
Mountain caldera segment, labeled A in Figure 12; northeastern edge of Timber Mountain caldera
segment, labeled B; southern edge of Timber Mountain resurgent dome, labeled C) are spatially
similar to concentrations of seismicity along the southern edge of the Long Valley caldera (Savage
and Cockerham, 1984) which were widely held to be associated with dike intrusion. However, 1
do not wish to imply that these Timber Mountain seismicity patterns suggest the possibility of
an active volcanic process, only the possibility that caldera boundaries may continue to act as
stress concentrators some 9.5 million years after active volcanism occurred. Alternatively, one
may argue that zones or pockets of concentrated seismicity are observed throughout the SGB,
and the coincidence of some of them with caldera boundaries is not sufficient evidence to conclude
a causal relationship between the two. The spatial relationship between seismicity and caldera
structure is not new to the SGBSN data set. McKeown (1975) also noted that aftershocks of the
megaton-yield series of Pahute Mesa nuclear explosions of the late 1960s were mostly confined
to caldera faults and caldera-bounding faults (“ring fractures”). Aftershock distributions rarely
extended away from the calderas along basin-and-range faults.

Yucca Mountain Seismicity, 1990

No earthquakes were detected by the SGBSN at Yucca Mountain in 1990; the nearest earth-
quake occurred in 40-Mile Wash four km east of Yucca Mountain Jan 14, 1990, 14:57:54 UTC,
M = 0.6 (Figure 13a). The depth of focus was well constrained at about 3.8 km below sea
level using the velocity model of Appendix F, Figure F2 (the Yucca Mountain model) (Figure
13b). Polarities of P-wave first motions were too ambiguous to usefully constrain focal mecha-
nism nodal planes. A temporary portable microearthquake network installed by the University
of Nevada, Reno, Nevada, in the vicinity of Yucca Mountain during the last quarter of 1990,
capable of recording earthquakes having magnitudes as low as My = —1.0, also showed that
Yucca Mountain is seismically quiet (Brune and others, 1991). Microseismicity at Yucca Moun-
tain recorded by the SGBSN in previous years is discussed in Rogers and others (1987), Harmsen
and Rogers (1987), and in an upcoming report on SGB seismicity for 1987 through 1989,

b-values

This report does not intend to provide a comprehensive analysis of b-values for SGBSN data.

19



¥ SEISMOGRAFPHIC STATION 0O CITY OR TOWN

o mag < 1.0 O 2.0 s mag < 3.0
010 s mag <20 (O 3.0 s mag

Figure 12.~ Seismicity in eastern Sarcobatus Flat and western NTS during the period August,
1978, through December, 1990, showing caldera boundaries (W. Carr, written communication,
1990). A concentration of seismicity at the Timber Mountain Caldera-Sleeping Butte segment
boundary is labeled “A.” Amnother concentration, at the northeastern boundary of the Timber
Mountain Caldera, is labeled “B,” and a third, at the southeastern edge of the resurgent dome of
the Timber Mountain Caldera, is labeled “C.” A few other seismicity concentrations at caldera
boundaries are evident, but unlabeled. No attempt was made prior to about 1982 to exclude
seismicity, either aftershocks or cavity collapses, that resulted from the Department of Energy’s
nuclear device testing program. After 1982, reporting of such phenomena was gradually phased
out of the SGBSN catalog. Such activity may comprise the majority of epicenters shown in the
Silent Canyon Caldera,
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However, because b-values are frequently considered when seismologists attempt to characterize
the seismotectonic framework of a region, a few estimates are provided here. Only SGBSN data
for the calendar year 1990 are used in the following determinations, also, only local magnitudes
are considered.

The goal is to estimaie the coefficient b in the relationship,

log Ny = a + bMy;,

where N; is the number of earthquakes in each “magnitude bin,” within which the hypocenter
magnitudes have the property |Mp; — M| < dM, where My, is the jth magnitude reading, and
i the ith bin, with midpoint My, and dM is the half-interval width. Various estimation methods
(least-square, marimum likelihood, and others) are used to estimate b. For vertical-component
instrument derived magnitudes, data partitioning in the magnitude range 1.3756 < M[°" < 3.375,
in magnitude intervals of 0.25, was observed to provide a sufficiently linear relation between
log N and M. The resultmg prehmmary b-value estimates are b = —1.03 (Ak1 method), b =
~1.01 (Page method), b = —1.01 (Karnik maximum likelihood method), b = —0.92 (Perkins
minimum x? fit), and b = —1.01 (Bender correction to Aki value). For horizontal-component
magnitudes, the magnitude range 1.375 < M}°" < 3.875, in magnitude intervals of 0.25, provides
an approximately linear log N versus M. The resulting b-value estimates are b=-093 (Aki
method), b = —0.93 (Page method), b = —~0.92 (Karnik maximum likelihood method), b= -0.88
(Perkins minimum x? method), and b = —0.92 (Bender correction to Aki value). These various
estimates are disqussed in Bender (1983). The consistently lower estimates for b when using
horizontal instrument My, data when compared to vertical instrument My data may result from
the lower gain settings of the horizontal instruments, which allow them to record larger magnitude
events on scale; also, the horizontal component magnitudes for M > 2.5 are, on average, higher
than corresponding vertical component magnitudes, further discussed in the 1987 to 1989 SGB
seismicity report. An arca for future research might be the assessment of local variations in
b-value, and the comparison of b-values for SGBSN data with those of adjacent parts of Nevada,
California and Utah. Variations are, according to frequently espoused dogma, significant because
many seismologists believe that b-value varies inversely with regional stress,
1
bx 5

In particular, we may wish to compare b-values within the SGB with that of the Central Nevada
Seismic Beit, which has experienced several My > 6 earthquakes in the twentieth century.

Some Comments on Regional Stresses and SGBSN Focal Mechanisms

The nature of the regional crustal stress tensor, how it varies laterally, vertically, temporally,
and how smooth or rough it is are all topics of great interest and great uncertainty both in the
SGB and in most continental crust. Earthquake focal mechanisms could theoretically provide
constraints on the range of plausible stress tensors, especially if more were known about local
material and fault properties, e.g., whether new faults are being formed or old faults are being
reactivated, if the latter, whether a Coulomb-Mohr criterion of failure is appropriate (Mogi,
1974), and if so, the range of coefficients of friction, u, that are present (Morrow and Byerlee,
1984), the local pore pressure, and the thermal regime. A commonly invoked assumption in
stress field determinations is that sliding occurs in the direction of maximum shear stress on a
given plane. This assumption is plausible for smooth planes of weakness; it is less plausible for
corrugated or
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undulating surfaces, on which motion is probably parallel to the direction of corrugation. In the
same vein, if u has directional variation (i.e., if 4 is a second order tensor rather than a scalar),
the underlying physics may require a revision of the standard assumptions,

The focal mechanism solutions for SGBSN data are themselves somewhat ambiguous, both as
a result of the regional character of the station distribution and the uncertainty in the source-to-
station raypaths. Some of these uncertainties are discussed in the 1987 to 1989 SGB seismicity
report. P-wave first motions are modeled as direct or refracted by HYPOT71, depending on
assumed focal depth (some cases well constrained, other cases poorly constrained) and source-to-
station distance (on average, a much better-constrained parameter). If wrongly modeled, raypath
take-off angles may affect the range of permissible double-couple mechanisms. Amplitudes of first
motions vary strongly with source radiation pattern as well as with path effects, and thus provide
ambiguous guidelines to the analyst trying to determine whether a particular arrival is direct or
refracted. With this uncertainty, focal mechanisms are nevertheless reported in Appendix D as
a preferred solution and, opticnally, one or two alternate solutions. The alternate mechanisms
of Appendix D altempt to display the range of the most-poorly constrained parameter, which
could be the strike, dip, or rake angle of one of the nodal planes. When fitting a potential stress
tensor to a population of earthquake focal mechanisms, the analyst must consider both nodal
planes of a given “preferred” solution, and should also consider the nodal planes from alternate
-solutions. Thus, an exponential growth in computer time is indicated by the permutations
and combinations: each earthquake may have a preferred solution and two (or more) solutions
exhibiting the maximum plausible variation in strike, dip, and rake angles. For a population of
n earthquakes, one may wish to consider > 6" permutations of nodal planes when analysing the
appropriateness of a given stress tensor, and must consider a wide range of initially plausible stress
tensors. Michael (1987) reviews various algorithms for stress tensor determination, in which the
algorithm either preselects the preferred plane or uses both nodal planes; pre-selection is biased
by the relative importance the algorithm places on various slip criteria, and no pre-selection
generally widens the confidence regions for principal compressive stress directions and relative
amplitudes. Whether stress field inversions should be performed for the set ox some subset of
focal mechanisms computed from 1979 through 1990 by analysis of SGBSN data is debatable,
but what the focal mechanisms can do is to provide a data base that may generally support or
contradict the hypothesis that some specific uniform stress tensor, determined by other means in
the vicinity of Yucca Mountain, extends regionally through some portion of the southern Great
Basin. ‘

Two less computer-intensive and assumption-dependent ways of describing the focal mecha-
nism data are to compute the average P-axis and T-axis directions, and to intersect compression
dihedra and tension dihedra, respectively. These analyses have been performed for mechanisms
reported in prior SGBSN data reports (e.g., Rogers and others, 1987). Table 2 presents 17 focal
mechanism solutions for SGB earthquakes of 1990, without consideration of plausible alternate
golutions. For 16 of these solutions (solution 10 excluded), the average P-axis, as determined
by Watson statistics (Schuenemeyer and others, 1972), trends North 46.6° East, with inclination
—6.8°, and the average T-axis trends North 41.9° West, with inclination —3.0°. Figure 14 is a
plot of those 17 P and T axes, with arrows in the directions of the just-noted average values. The
intersection of 16 P-dihedra of those focal mechanisms (the reverse-slip selution shown in Figure
D10 is again excluded) yields a pair of small area patches on the lower hemisphere, one in the
northeast quadrant, and a small sub-horizontal one in the southwest quadrant; the T-dihedra
intersect in larger patches centered in the northwest and southeast directions, in cones having
radius about 15° (Figure 15). These regions of intersection are plausible areas to search for the
directions of maximum and minimum principal compressive stresses when seeking a uniform
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SGB Focal Mechanism P and T axes 1890

® P axis

O T axis
Figure 14.- Inclinations (plunges) and azimuths of 17 focal mechanism preferred solution P axes
and T axes for 1990 data reported in Appendix D are plotted on the equal area lower hemisphere
projection. The inward-directed tabs represent the orientation of the average P-axis for all but one
those data, and the outward-directed tabs represent the orientation of the average T-axis for all

but one of those data (the exceptional Tucki Mtn. reverse-slip mechanism, whose T-axis has an

arrow pointing towards it, is excluded from the averaging computations), Dashed circles represent
inclinations of 25°, 45°, and 65°, respectively.
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Number of mechanisms =16
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Figure 15.- Intersection of compressional first motion quadrants, containing the T axes of 16 of the
17 focal mechanisms of 1990, may constrain the location of minimum principal compressive stress
direction, a3, in a region where the stress tensor is uniform. The zones of intersection of the T
quadrants of those 16 focal mechanisms are shown surrounded by diamonds. Similarly, the zones
of intersection of the 16 focal mechanism P quadrants, which may constrain the location of the
maximum principal compressive stress direction, o;, are shown surrounded by x symbols. Regions
where all but one and all but two quadrants intersect are also shown in this figure.
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stress tensor that attempts to fit this set of focal mechanisms. The average P and T directions,
and the zones of quadrant intersection, agree fairly well with those of focal mechanism data
presented in previous SGBSN reports. For example, the average P-axis for SGB earthquake focal
mechanisms for the period 1987 through 1989 trends North 38° East, with inclination —5°, and
the average T axis for those data trends North 57° West, with inclination 2.8°. The differences
between the two data set averages result from a few anomalous solutions and from the broader
geographic region sampled in the 1987-1989 report. Individual and average focal mechanism data
for a much broader region, inc'uding all of Nevada and adjacent parts of California, are presented
in Rogers and others (1991).

Summary and Conclusions

e Yucca Mountain continues to exhibit very low rates of seismicity, but is surrounded by many
zones of relatively elevated, but low-magnitude, seismicity, such as Sarcobatus Flat, southern
Nevada Test Site (Rock Valley-Cane Spring fault zones), and Timber Mountain.

e Caldera boundaries should be considered as controlling structures for seismicity in the
vicinity of Yucca Mountain and Timber Mountain.

e Although no swarms, clusters, or magnitude 3+ earthquakes have been recorded in the
Oasis Valley west of the calderas of western NTS, more than a decade of seismic monitoring by
the SGBSN reveals an approximately linear north-south trending epicenter pattern with length
~ 50 km in that valley. This epicenter trend is about 25 km west of the center of Yucca Mtn.

e The fact that predominantly strike-slip seismicity is observed in at least equal abundance
to predominantly normal-slip seismicity during the monitoring period 1979-1990 suggests that
seismically active portions of the southern Great Basin enjoy a stress field having relatively large
maximum horizontal compressive stress, o g, comparable or even slightly greater than the vertical
crustal stress, o, &4 pgz.

e The nearly complete absence of seismicity on Death Valley and Furnace Creek faults during
the monitoring period 1979 through 1990, coupled with the presence of seismicity on the east
side of the Panamint Mountains, suggest that the local seismically active structures may be
rangefront faults, perhaps at their intersection with gently dipping faults spanning central Death
Valley from the western Black Mountains to the eastern Panamint Mountains.
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Appendix A

Earthquake locations for the year 1990
and quadrangle map names to which locations are keyed

The local hypocenter summary column headings are for the most part self-explanatory, UTC
is Universal Coordinated Time. Horizontal error equals v/sdz? + sdy?, where sdz and sdy refer to
the HYPOT1 standard errors in longitude and latitude, respectively. Vertical error is the HYPO71
standard error in depth (sdz). “AZI GAP” is the azimuthal gap, that is, the largest angle subtended
by the epicenter and any two circularly adjacent stations with positive phase weight. “Q1” and
“Q2” represent two HYPOT71 hypocenter quality estimates as defined by Lee and Lahr (1975).
“DS” is a code for data source: A for analog seismograms, (data scaled from develocorder films,
starting depth, zo, at 7 km for iterations), 1 for data scaled from digital seismograms. Various
values are tried for zo, the initial hypocenter guess. z and yo are always taken to be near the
earliest-reporting station. When equal final RMS values occur for solutions having different zo, the
- solution derived from the zo = 7.0 km starting value is reported (although the choice is arbitrary).

Mca is the coda-average magnitude, Md is the duration magnitude estimate, MLh is local mag-
nitude from horizontal-component instruments, MLv is local magnitude from vertical-component
instruments, MLc is the maximum of station magnitudes from overdriven (clipped) records. Am-
plitudes recovered from vertical-component data are multiplied by 1.75 to provide an approximate
horizontal-equivalent amplitude. The depths may be followed by one or two stars. One star means
that the depth-of-focus standard error estimate was very large (> half crustal thickness). Two
stars imply that the depth was fixed by HYPO71 during the last several iterations for hypocenter,
because the data Yacked resolving power for that parameter. DELMIN is the minimum source to
station distance in km, and RMS RES. is the root-mean-square travel time residual, defined in the
text of this report. #N PH. is the number of (P+8) phases having positive weight in the solution.
Finally, U.S.G.S. quadrangle is the name of 7% or 15 minute topographic quadrangle in which the
epicenter lies.

Appendix A excludes all “low-frequency” seismicity associated with NTS nuclear device tests.
Such phenomena include aftershocks at ultra-shallow hypocentral depths and cavity collapses.
Such events, though having a tectonic significance, are strongly associated in time and space with
testing, and their inclusion in the Appendix A seismicity catalog would probably bias any effort
to determine natural seismicity rates in the northern NTS from this catalog. See Appendix C of
this report for further details on these “low-frequency” events.
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Figure Al.- Quadrangle names in the northeast quarter of the southern Great Basin.
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Appendix B
Chemical explosion location data for the year 1990

The southern Great Basin of Nevada is seismically active from both natural and man-made
sources, Chemical explosion seismic data acquired by the SGBSN have been scaled to provide
information on the accuracy of the crustal model and location algorithm used by the SGBSN.
The following companies have been contacted and have provided helpful information on source
locations, times, and in some cases, TNT-equivalent source size:

(1) Bond International Gold, Denver, Colorado. Blasting at Ladd Mountain, Nev. (Bullfrog Hills
quadrangle), approximately daily (weekdays, 4 PM to 5 PM).

(2) Chemstar, Inc., Las Vegas, Nevada. Blasting at two limestone quarries, one in the Dry Lake,
Nevada, quadrangle, and one in the Sloan, Nevada, quadrangle. The Dry Lake quarry coordinates
are 36.361° North latitude, 114.915° West longitude.

(3) Cyprus Tonopah Mining, Tonopah, Nevada. Blasting in the San Antonia Mountains (San
Antonia Ranch quadrangle), usually in the AM.

(4) Frehner Construction, North Las Vegas, Nevada. Blasting at limestone quarry in Sloan, Nevada,
quadrangle.

(5) Saga Exploration Co., Beatty, Nevada. Blasting at Bare Mountain, Nevada, usually early to
late afternoon.

A number of other organizations are also known to be engaged in blasting in the southern Great
Basin of Nevada, but have not been contacted.

Column headings for this Appendix are identical to those for Appendix A. The depth of all blasts is
at the surface (plus < 100 feet, usually), but in many instances, hypocenters have been located with
depth as a free parameter, to examine the location algorithm and velocity model. If the hypocenter
depth is reported as -1.00, it was fixed at that value during hypocenter determination. All other
depths are freely determined. If the letters “PB” follow the depth estimate, the event is a probable
blast, but just enough ambiguity was present in the seismograms to prevent a certain judgment.
Far more hypocentral data from chemical explosions than are presented in this Appendix have
been detected and archived by the SGBSN, especially for years preceeding 1989, The decision was
made in late 1988 to scale data and to include all resulting hypocenters for known and probable
blasts into the catalog, but to flag them as blasts (or probable blasts).



118 117 116 116.0 W
38.5 1 1 t
v a
T0HOPAN
o
+ -+ v o+
W
o
0OLDHELD v v
v v a
v v v cATY
37.6 v t
o
nxo
LA v
v v v
— o
'ow v f-\L v ALawo
o I
v SCOTTYY JUMCTION oY v
v v
AN
N 0 v v
v vl " + 4
v
PR v
\\ n&hk 2 ?VOV ) v 5
9 \\\ v v4vn ’) 1B
AN \ o
s N Vs
v 'TW%V’I il v\\ ,a_.‘?._..»-—-»\ j
3 6 . 6 - N ANARCOSA YALLEY 1, o -
N IDAN BPRINGE v
N v
v AN W8
v
o o o
DARYIN A o
o o o
v PANRUMP o o
v \ ’ o LAS YEGAS
A0
N
-+ v + \\.\ e + o
Q1< \\ o HOULDER CTTY
[+]
o
° o
o
35.6 N ' 1 ? SN .
lc F!' 160 “’]0 ¥m V YEISHOGRAPHIC 9TATION CJ CITY OR TOWN

* mag < 1.0

0 20 S mag < 0.0

° 1.0 § mag « 2.0

O 0.0 £ mag

Figure B1, Epicenters for known and suspected chemical explosions detected by the SGBSN for
the calendar year 1990 are plotted in map view.
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Appendix C
Nuclear device tests and low-frequency shallow seismicity in the NTS, 1990

Hypocenter data for announced Nevada Test Site nuclear device tests occurring in 1990 are
listed in Table C1. Hypocenter parameters are listed as they are reported to the National Earth-
quake Information Center (NEIC) by the U, S. Department of Energy. Magnitude estimates are
provided by Berkeley Seismographic Laboratory or by the NEIC, NTS nuclear detonation ground
motions recorded at SGBSN stations are generally well beyond the seismograph dynamic range;
thus, only initial P-wave arrival times can be reliably scaled from SGBSN seismograms of nuclear
tests, The epicenters of the tests listed in Table C1 are plottod as octogons in Figure Cl1, along
with epicenters of located induced seismicity, plotted with the symbol “L.”

Relatively high levels of seismicity are regularly recorded by SGBSN stations for periods
ranging from hours to days following NTS nuclear device tests. The seismicity listed in Appendix
C consists of events having characteristically lower-frequency seismic P coda and S coda than
that of the vast majority of earthquakes in the SGB. Most of the low-frequency activity can
be associated with nuclear device testing at Pahute Mesa, Yucca Flat, and in a few instances,
at Rainier Mesa. Some of these events may be identified as the cavity collapses of given tests,
although, in general, the heightened level of post-test seismicity often continues for days, with
no single event having clearly greater magnitude, as determined from SGBSN seismograms, than
many others in its vicinity. 'The grouping of these post-test events into Appendix C is based on
the visual appearance of their seismic coda, and on their spatial and, to a lesser degree, temporal
association with tests. Figure C2 is an example of four SGBSN seismograms of an aftershock (or
collapse) at Silent Canyon Caldera. A working hypothesis for the lower-than-average frequency
content for NTS test aftershock seismograms is that all of the aftershocks originate at very shallow
depths, where the seismic attenuation of rock is very high, due to relatively low confining pressure.

The majority of post-test seismicity is not routinely located by SGBSN staff, but the seimic
data are permanently archived on magnetic tapes. A list of event times for archived low-frequency
NTS seismicity that has not been analysed for hypocenter parameters is also included in the latter
part of Appendix C.

A few low-frequency events that are not located at NT'S are included in Appendix C, because
their seismic coda appears more similar to post-test, collapse-like seismicity than to earthquake
coda. Many of these are undoubtedly blasts in unconsolidated alluvium or intensely fractured
tuff. The verification that other explanations of these phenomena are invalid is left to future
investigation.

Table C1l. Announced nuclear device tests at Nevada Test Site in the calendar year 1990,

YRMODA |HR MN SECND | My, (SRC)1 Latitude |Longitude | Depth NAME
UTC CN) | (W) |(km)

900310 16 00 0.83 5.1 BRK | 37.1125 | 116.0652 |-0.77 METROPOLIS
900613 16 00 0.01 5.6 BRK | 37.2616 | 116.4201 {-1.28 BULLION
900621 18 15 0.00 4.1 BRK 36.9928 | 116.0045 |-0.90 AUSTIN
900725 15 00 0.06 4.8 NEIC |37.2069 | 116.2143 |-1.84 |MINERAL QUARRY
901012 17 30 0.08 54 BRK | 37.2479 | 116.4942 [-1.30 TENABO
901114 1917 0.71 5.1 BRK 37.2274 | 116.3712 |-1.46 HOUSTON

1 SRC: BRK=Seismographic Laboratory, Berkeley, California; NEIC= National Earthquake In-
formation Center, Golden, Colorado.
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Figure C1. Epicenters for announced NTS nuclear device tests detonated during the calendar year
1990 are shown in map view (octogon symbols), along with some nuclear-testing-induced activity
(“L” symbols). Location uncertainty of the “Ls” is high, due to low signal-to-noise ratios in the
seismograms of SGBSN instruments that record the collapses,
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1980 SGB LOW-~FREQUENCY EVENTS WITHOUT HYPOCENTER DETERMINATIONS
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Appendix D
Earthquake focal mechanisms for 1090

The focal mechanisms of Appendix D were obtained by selecting the best-ftting solution(s)
from the application of the computer program “FOCMEC” (Snoke and others, 1984) to the ray
data generated by HYPOT71, and in some instances, to amplitude data, We plot data on the lower
focal hemisphere using the equal-area projection (Lee and Stewart, 1979), The symbols represent
first-motion P—polarities, and their positions represent the points where the HYPO71-determined
raypaths intersect the focal hemisphere, The darkened circles represent impulsive compressional
arrivals, the -+ symbols represent emergent compressionals, the open circles represent impulsive
dilitationals, the — symbols represent emergent dilatationals, and the X symbols represent indeter-
minate or nodal readings. The + symbol at the center of each mechanism is not a compression; it
is a point of reference for readers who may wish to search for alternative solutions using a Schmidt
(equal area) net. SGBSN station names are printed adjacent to the first-motion symbol for many of
the solutions presented in Appendix D. In the following figures the P and T symbols represent the
pressure and tension axes, respectively, The X and 'Y symbols represent slip vectors for each nodal
plane, and B is the null axis, Primed P and T symbols are the respective vectors for alternate
(dashed) solutions when they are presented. Some mechanisms from previous SGB data reports
are composited using data from several events that are clustered in time and space. Composite
gsolutions are not present in the 1990 data set.

" For several mechanisms, the information contained in P-wave polarities was not adequate to
effectively constrain the range of permissable nodal planes. In these instances, first motion P- and
SV- amplitude data were gathered at selected stations, indicated by a large square around the
polarity symbol. The observed and theoretical log,,(SV/P), ratios and the difference between
the logarithms of observed and theoretical ratios are computed for hundreds of potential solutions
whose nodal planes conform to P-wave first-motion polarities, The theoretical values shown in
each figure are for the “optimum” solution shown, having the lowest rms error and fewest polarity
inconsistencies. If the difference between observed and theoretical values is greater than a specified
limit, erry,qq, that station’s amplitude data are not used in the solution and an asterisk is placed
by its name in the solution table. We always set err, .o < 0.3, corresponding to a maximum factor

between theoretical and observed amplitude ratios of 2.0.

Kisslinger and others (1981 and 1982) and Rogers and others (1987) discuss several assump-
tions that must be satisfled for the (SV/P), amplitude ratio method to be valid. Their comments
and observations are included herein by reference. For completeness, the actual formula used to
compute the theoretical (SV/P) amplitude ratio, as coded in focmec.for, is explicitly stated (from
Kisslinger and others, 1981 and 1982). The formula for the ratio of SV to P wave displacement
amplitude in the far fleld for elastic waves leaving a shear dislocation point source may be written

(SV/P)o = (“—if-)acoﬁ¢

- (cot § — tan §) sin A tan ¢sin A + 2sin ) + csc&cos/\tanqﬁcosA]
2D ’

where
D == cos A cos Asin ¢[— sin ¢ sin Asec § + cos ¢ csc §)

+sin Asin ¢ cos g sin A(cot § — tan 6) + sin A(cos® ¢ — sin® ¢sin® A).
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In this formula, V}, is the compressional wave velocity at the source, V, is the shear wave velocity, ¢
is the takeoff angle of the ray, measured upward from the z—axis, which points downward, § is the
‘angle between the fault plane normal and the 2 axis, A is the rake angle, measured in the fault plane,
and A is the source-to-station azimuth. While this formula is used to constrain focal mechanism
solution sets, we recognize that it is written for a point source in a homogeneous, isotropic medium.
For example, it would not be appropriate for fault zones having strongly contrasting rock properties
in the hanging wall and foot wall. If the reader is uncomfortable with the assumptions required
by the (SV/P), method, he should give little weight to the focal mechanisms ~onstrained by such
data in his assessments of SGB seismicity. |
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000128 10 34

!

P axis 231.51
T axis 138.83 3.21

CANE SPRING B axis 44.99 50.00

DATE&TIME: 900126 10 34 15,81
LAT:  36.811 LONG: 118.121 Y axis 29220 24.40
DEPTH, km: 5.08 +/~ 1.5 ML: 2.5 ' '

) = strike  dip rake
DMIN (kr2)= 6.4 Soln 1267.39 60.50 —28.34

Var 2' 265672 51.61 —-12.25

Thisg is th Inshook of rl F " -
eun?hqs'ake: gg 8? EgokgufoP:gk.“ ° Var 2" 266.70 63.05 13.71

TS, on January 26 ond 27, 1990,

A moderate oonatraint on the solution

sat is Imposed by the (SV/P)z amplitude
ratio at statlon WCT, whara

the observed ioglB(SV/P)z

equala 1.54@. Mogt naorby station
saismograms were ol Ippad For this eorthquake.

Figure D1. The focal mechanism solutions for this earthquake at Skull Mountain, Nevada Test
Site, indicate predominantly right-lateral sirike-slip motion on a north to north-northeast trending
fault, or predominantly left-lateral strike-slip motion on an east-west trending, north-dipping fault.
Some constraint on the range of solutions is imposed by the (SV/P)z amplitude ratio at station
WCT. The small mechanism in the upper right of this figure (and all other figures of Appendix
D) is a copy of the large mechanism’s preferred solution, with compressional quadrants darkened,

shown here to help the reader identify this mechanism when discussed in the main text of this
report.
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900216 11 49

azi plunge
P axis 232.39 29.50

SCY(‘V.JGFI'{AM PEAK T axis 337.26 24.40
DATE&TIME: 900215 11 49 57.83 B axis 100.00 50.00
LAT: 37.183 LONG: 116.379 X axis 288.51 39.81

DEPTH, kmm: 5.80 +/— 0.4 ML: 23 Y axis 193.83 3.21
DMIN (km)= 6.4 strike dip  rake

Soln 1283.83 86.79 -39.89
This earthquoke may be the Var 2' 283.22 B84.28 -34.50

malnshock of o short-1ived
sarles that ooourred near
Eoho Paeok, Navada Test Site,
on February 15. 1990.
Thim h¥pooen10r obtained from
o valooTty modal In whioh vp/ve=1.81.
following™a Waodat! diagram For the
horizontal-comp S-wave arrivala.

Figure D2. The focal mechanism solutions for this southern Silent Canyon caldera mainshock of
February 15, 1990, indicate right-lateral strike slip motion on a north-northeast trending, east
dipping fault, or oblique motion on a nearly vertically dipping, east-southeast trending fault.
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P axis 70.34 48.98
SCRUGHAM PEAK T axis 33147 7.64
DATE&TIME: 800227 8 168 59.24 B axis 235.00 39.99
LAT: 37.197 LONG: 116.379 X axis 120.77 286.07

DEPTH, km: 6.46 +/-~ 0.8 ML 2.0 Y axis 7.55 38.87
DMIN (km)— 5.3 strike dip rake
Soln 1 97.55 51.13 -34.38
Thls eurthquoke moy ba the
?eaf shook oF a ahorf lived
aerloa hat ovourred naor
Eoho Paak, Navada Tast Site.
on February 27, 199@.

This ooen?er obtainad From
o velooTty madel in which vp/va=l.Bl.

Figure D3. The focal mechanism solution for this southern Silent Canyon caldera earthquake

of February 27, 1990, indicates oblique normal-slip strike-slip motion on nodal planes trending
northeast-southwest and east-west, respectively.
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azi plunge
P axis 218.66 1.72

DATE&TIME: 900421 17 55 52.77 ’ )
X axis 263.19 15.21
DEPTH, km: 6.64 +/- 1.9 ML: 2.0 : .
DMIN (km)= 186.0 strike dip rake

Soln 1 86.70 7730 15.60

Var 2' 264,50 87.90 —-24.70
Logl@(S/P)z Amplitudes For Above Solutions
Dashed (Extensional) Solid (Campr.)
STA Observed Theoratical Difference ' Theor. DIFF,
WCT  @.1427 B.8295 0.1132 0.1299 @.9128
MZP  @.5206 8.5935 -@.08729 B.5168 @.0038
RMS average error Extenaional @.18 Comprass. .81

Figure D4. The focal mechanism solutions for this earthquake in northwest Sarcobatus Flat (Bonnie
Claire SE quadrangle), Nevada indicate predominantly right-lateral strike slip on a north trending
fault or left-lateral strike slip on an east trending fault. Solutions are constrained by two (SV/P),
amplitude ratios, but include members having a small component of reverse slip and others having
a small component of normal slip.
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P axis 187.08 51.75
T axis 306.86 21.39
BONNIE CLAIRE SE B axis 49.93 3002
DATE&TIME: 900513 0 48 11.70 X oxia 266.10 5441
LAT: 87.117 LONG: 117.035 : :

. - . Y axis 160.30 17.30
DEPTH, km: 6.20 +/ 1.0 ML: 1.9 strike  dip  reke
Soln 1240.30 72.70 -58.40
Var 2' 234.30 31.60 -36.30

Thia § batus Flat thquak " -3
s the Firat and Igrgag(;Fquggv:rol Var 27261.60 50.10 -22.90

that ooourred In Hou\.{q. 1990 at thia
looation, Firgt motTon constraint is

not gr'aaf. but provides only extentional
to efrike-slip possibilities,

Figure D5. The focal mechanism for this Sarcobatus Flat earthquake is not well constrained, but

solutions are all predominantly strike slip to predominantly normal slip, with T axes oriented
west-northwest to east-southeast.
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azi plunge

P axis 53.91 8.41

:. T axis 145.60 11.28

SPRINGDA B B axis 287.97 75.88
LAT: 87,98 LONG: 116.876 ; ‘

h - _ Y axis 180.00 2.00
DEPTH, ki 0.97 +/- 0.5 ML: 1.5 strike  dip  rake

DMIN (kimn): 14.5 Soln 1280.00 88.00 14.00
Var 2' 285.00 85.00 —0.44

The 8:47 Uf( event {5 une of the larger Var 2728020 80.30 2.80

of saveral 'whal low anr‘?hquakee at Soroobatus
Flo ta, early June.

he oompr‘ese'lnnol (0) Inoonslsfanog
of station THD Ia noiay.

Figure D6. The focal mechanism solutions for this Sarcobatus Flat earthquake are all px.-edomi-
nantly strike-slip on steeply dipping nodal planes, Sense of slip is right lateral on the apprqxxmately
north-south trending nodal planes, and is left lateral on the approximately east-west trending nodal
planes,
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azi plunge
P axis 24272 41.65

BLACK Mo W b s Mos2 1400
DATE&TIME: 800824 23 55 38.93 a ’ '

. , X axis 303.36 390.88
LAT: 37.201 LONG: 116.738 Y axis 198.20 17.39
DEPTH, km: 4.7 +/- 1.3 ML: 1.9 : ;
DMIN (km)= 8.8 strike dip rake

Soln 1288.20 72.61 -42.19

Polarity inoonsistencies at LOP
{Lookout“Paak) ond OCS (Quaen City
Summit) are for station, of
eploentral distances Qt. 70 kn,

Figure D7. The focal mechanism for this northern Oasis Valley earthquake, whose epicenter lies
just west of the Black Mountain Caldera, indicates oblique strike-slip normal-slip motion. The
strike slip component of motion is right lateral on the northeast-southwest trending nodal plane,
and is left lateral on the west-northwest trending nodal plane.
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P axis 261.87 21.62
- T axis 147.85 31.43
JACKASS FLATS B axis 10.41 50.32
DATE&TIME: 900722 8 17 14.02 X axis 10795 6.21
LAT: 38.863 LONG: 116.318 ' '

DEPTH, km: 2.82 +/__ 0.4 ML: 1.1 Y axis 203.00 39.00

DMIN = 0.2 strike dip rake
(lemm) Soln 1293.00 61.00 8.00

Th ot Faln] Var 2' 200.00 41.00 12.00
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data nn|¥. For this sarthquak
ra
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Figure D8. The focal mechanism solutions for this Jackass Flats earthquake indicate predominantly
strike-slip motion, oblique right lateral on the north-northeast trending nodal planes, or left-lateral
on the north-dipping, west-northwest trending nodal planes.
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azi  plunge

P axis 229.56 4.98
rovis i Tos gt
DATE&TIME: 9007256 0 52 50.39 : :

LAT: 36568 LONG: 117.044 yaxis D419 39.82

DEPTH, km: 8.06 +/— 0.7 ML 2.2 ; :

DMIN (km)= 18.8 strike  dip = rake
Soln 131407 40.26 B2.25

Tha earthquoke eplcenter s at the
eastarn egga of Tuoki Mountaln,
Califarnia Tha earthquake Is ot the
southeast end of a series that ooourred
aver a several year perlod. whose
eploantera dafina a northwast-southeast
lInear trend parallel to the

Furnaca Craek Fault.

Figure D9. The focal mechanism solutions for this Sarcobatus Flat earthquake indicate right
lateral strike slip on north trending, steeply dipping nodal planes or left lateral strike slip on west

trending, steeply dipping nodal planes. Some constraint on the range of solutions is provided by
(SV/P), ratios at stations SGV and GMN.
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SPRINGDALE

DATE&TIME: 900802 5 16 2.88

LAT: 87.147 LONG: 116.982

DEPTH, km: 6.00 +/— 8.2 ML: 1.1
DMIN (km)= 18.9

Two station ratics shouwing distinat!
Iur‘gen P omp|itude than ST amplttude uere
vsed fo oonstrain the set of aoceptable
nodal planes for this Soroobatus Flat
earthquokae.

azi

P axis 40.07
T axis 309.93
B axis 149,97
X axis 264.91
Y axis 355.08

strike
Soln 1 85.08
Var 2' 84.01

900008 & 16

plunge
1.71
4,70

86.00
2.11
4.63
dip rake
8647 2.12
79.45 -10.73

Figure D10. The focal mechanism tor this earthquake at the western edge of Death Valley indicates
almost pure reverse slip motion on the two northwest trending nodal planes, Reverse faulting is

almost never observed by the SGBSN for SGB earthquakes.
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azi plunge
P axis 20.64 8.89

T axis 12040 4.99
SPRINGDALE B axis 239.94 79.96
DATE&TIME: 900803 20 23 55.89 X axis 7624 9.69
LAT: 37.087 LONG: 116.764 Y axis 344.80 2.60
DEPTH, km: —-1.08 +/~ 0.4 ML: 2.3 X ;
DMIN (km)= 7.1 strike dip rake

Soln 1 7480 8740 -9.70
Var 2' 74,90 88.30 -9.86

These two solutions are found by Foomeo.
lelng'ulm veg?or“ lnor‘egenfu ?P ?fdegmeu
n azimuth and plunge.

at station HCY ?dlzggnoengswn?hlsgp:::::‘\t.

Figure D11, The focal mechanism solutions for this Sarcobatus Flat earthquake are predominantly
strike slip, right lateral on the north-northwest trending nodal plane, or left lateral on the west-
southwest trending nodal plane, The depth-of-focus estimate is at the earth’s surface, which is an
unlikely depth for earthquakes. A deeper-focus hypocenter would yield a wider range of acceptable
focal mechanism solutions from the same first-motion polarities when compared to the two solutions
shown in this figure.
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STONEWALL PASS axis 288.42  9.36
DATE&TIME: 900821 22 0 24.17 R s 1oton 2002
LAT: 37.439 LONG: 117.229 Y axis 311.00 50.80
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Figure D12, The focal mechanism solutions for this earthquake at Stonewall Flat, Nevada, indicate
predominantly normal slip on north trending and northeast trending nodal planes. The velocity
model used for preliminary hypocenter and focal mechanism determination has an interfuce at 12
km below sea level, below which V,, = 6.5 km/sec, to a depth of 24 km,
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azi plunge
P axis 46,60 38.86

s s i e
DATE&TIME: 900906 4 58 34.41 ‘ '

) X axis 107.24 41,64
LAT: 87092 LONG: 116,878 v e aan 1400
DEPTH, km: 6.00 +/- 1.2 ML 2,0 t. ai
DMIN (km)= 14.7 strike p  rake

Soln 1 9443 76,00 -43.22

Tha abova thooanfev hoas depth fixed at

flva km balal sea leval. A amall Improvemant
in RH8 traval t|me residual ocours For a
free-depth solution at about ons ke below
seo lavel (0,12 aeo va B.14 mecl. but the
Inltial P-yave orrivals at moat SGB statlons
quenr to be dlrect rather than refraoted.
auggeat Ing that the truae depth of Foous Ia
graatar 1Eun ona k

.
0oql@(8V/P)z for S5 km hypooantar:
3 Th Mo

Obwerve woretloal Difference Station
0.4599 B.6136 -0, 1537 GVN
0.6884 B.7213 -0.0329 FMT

Pigure D13, The focal mechanism for this Sarcobatus Flat earthquake indicates predominantly
right lateral strike slip on a north-south trending, west dipping nodal plane, or oblique normal

slip strike slip on an east-west trending, steeply dipping nodal plane. (SV/P), amplitude ratios
were collected at stations GYVIN and FMT to constrain the range of acceptable focal mechanism

solutions,
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Figure D14. The focal mechanism solutions for this shallow Sarcobatus Flat earthquake all indicate
right-lateral strike slip on north trending nodal planes, or left-lateral strike slip on west trending
nodal planes.
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SPRINGDALE B axis 369.83 75.00
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predominont |y strike slip. some hoving
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normal alip.

Figure D15. The focal mechanism solutions for this 5 km below sea level Sarcobatus Flat earthquake

all indicate right-lateral strike slip on approximately north trending nodal planes, or left-lateral
strike slip on west trending nodal planes.
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DEPTH, km: 5.98 +/— 1.4 ML: 2.4 : .
DMIN (km)= 22.8 strike dip rake

Soln 1290.00 77.00 -38.00
Var 2' 280.00 87.00 —35.00

This Gold Flat earthquoke is the mainshook Var 2" 120.00 90.00 85.00
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awloh Range. Tha RHS trave!-time reaidual
raph for Yhis earthquaoke Is essentlaliy Flat
or fixed-dapth hypocenters rnngln? from
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Figure D16. The focal mechanism solutions for this Gold Flat, Nevada, earthquake indicate oblique
normal (or reverse) slip - strike slip on the west-northwest trending, almost vertical-dipping nodal
planes, or right lateral strike slip on the east-northeast trending, soutlieast dipping nodal planes.
The depth of focus is poorly resolved for this earthquake, with a virtually flat minimum in the
RMS travel time residual function from surface focus to 6 km below sea level.
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Figure D17. The focal mechanism solutions for this earthquake about 8 km north of Slate Ridge,
Nevada indicate predominantly strike slip deformation on all nodal planes, with right lateral motion
on the north-northwest trending, near vertical dipping planes, or left lateral motion on the west-
southwest, steeply southeast-dipping planes.
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Appendix E
Station codes, locations, and instrumentation

Appendix E contains a list of SGBSN station names, coordinates, and other descriptive infor-
mation. Instrument codes refer to the seismometer, amplifier/VCO, and discriminator packages
for each station. For the current network, codes 1 through 7 are valid. Any other codes are for
systems having unknown frequency response, which are no longer operating in the SGBSN. The
following table shows the major components comprising the seven current seismographic systems.

Table E1. Major components in seismographic systems comprising the SGBSN during 1990, All
seismometers have natural frequency, f, = 1.0 Hz. The (analog) output of the discriminators is
digitized on a PDP 11/34 computer, with sampling rate = 104.167 sps/channel.

KIND SEISMOMETER Motion Amplifier/VCO Discriminator
1 Mark L4C vertical Tricom 649 Tricom 642
2 Teledyne S13 vertical Tricom 649 Tricom 642
3 Teledyne S13 vert., horiz. Teledyne Geotech 42.50 Teledyne 4612
4 Mark L4C vertical Teledyne Geotech 42.50 Tricom 642
5 Mark L4C horizontal Teledyne Geotech 42,50 Teledyne 4612
6 Teledyne S13 vertical Teledyne Geotech 42.50 Tricom 642
7 Ranger RR-1 vertical Teledyne Geotech 42.50 Teledyne 4612

Magnification curves for representative seismograph systems in the SGBSN may be found in
Rogers and others (1987) and in Harmsen and Bufe (1991).
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Appendix F

Input parameters to HYPOT71

HYPO71.FOR, version 1.001, was baselined for use by the Yucca Mountain Project, with CID
YMP-USGS/GDD0001.02, on October 22, 1990. This version of HYPO71 requires a minimum
of three input files, (1), a header file, containing crustal velocity information, weighting scheme
information, iteration-controlling parameters, and 1/O-controlling parameters, (2), a station file,
containing most of the information shown in Appendix E, above, and (3), a phase file, containing
P and S phase arrival times and information for determining earthquake magnitude. The data of
item (1) are presented in Appendix E, and will not be repeated here. The data of item (3) are too
bulky for inclusion in this report, but are available on request,.

Two header files are used, depending on the source zone. For most earthquakes occurring in
the SGB, the file nvhead.dat, having the velocity model shown in Figure F1 (a) is input. For
earthquakes occurring in the immediate vicinity of Yucca Mountain, the file nvhead.ymt, having
the velocity model shown in Figure F1 (b), is input. Copies of these two files are shown below.
For meanings of the “Control Card” parameters, the reader should consult Lee and Lahr (1975).
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The below Ilnes are a |lsting of nvhead.dat, used os an input fite to HYPO71.

HEAD

RESET
RESET
RESET
RESET
RESET
RESET
RESET
RESET
RESET
RESET
RESET
RESET
RESET
RESET
RESET
RESET
RESET

TEST
TEST
TEST
TEST
TEST
TEST
TEST
TEST
TEST
TEST
TEST
TEST
TEST
TEST
TEST

N OOONOUM P GN —
PRI ENRRLONDY

—_ s

TEST{16

TEST

17

.38000000E+0 1
.59000000E+01
.61500000E+01
.65000000E+0 1
. 69000000E+0 1
.78000000E+01
.06000000E+00

7.

1.

220.

0.55009

20,0000

0.5000
9.0500
5.0000
1.0000

~-1.27600

1.66600

2.90227
100,0009
12.0000

0.5000
1.0000

-2,0500

9.0009

0.852

-1.768
.00000000E+2Q
.10000000E+01
. 30Q0R000E+21
. 15000000E+02
+24000000E+02
. 32000000E+22
. 00000000E+029

1.7 3 0

%) 7 9

Imax # of lterations/solution

1 11

@ 0.90

o 0.909

The.below Ilnes are a [Isting of nvhead.ymt, used as an Input flle to HYPO71.

HEAD

RESET
RESET
RESET
RESET
RESET
RESET
RESET
RESET
RESET
RESET
RESET
RESET
RESET
RESET
RESET
RESET
RESET

+32000000E+21

TEST
TEST
TEST
TEST
TEST
TEST
TEST
TEST
TEST
TEST
TEST
TEST
TEST
TEST
TEST
TEST
TEST

PPN
DA PULUHN20OVONOORPEUN

17

.46000000E+91
. 57000000E+21
.62000000E+01
.65000000E+01
. 768000000E+21
. 00000000E+00
7. 5. ge.

0.1000

30.0209

9.5000
2.0509
5.0000
1.0000

=1.,27600

1.66600

0.00227
100.0000

8.0000
9.5000
1.0000

-1.2009

2.0000
2.852
-1.7686

.00000000E+Q0

.05000000E+01
.25000000£+01
.4000000QE+91

.15000000E+02

. 32000000E+02
.0000R00QE+00

1.7% 3 9

@ 7 2

1 1111

e 0.09

In this flie, a silghtly different waighting scheme with respect to
distance |s Invoked than In nvhead.dot, above. In the former file, weights

taper from 1. to @. in a |inear manner for epicantral distances between

2 0.00

10 and 220 km. In the latter flle, weights taper from 1. to @, for dlistances
between 5 and 90 km.
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(a)

DERPTH (KM
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VELOCITY (KM/SEQ)

VELOCITY (KM/SEC)

Figure F1. (a) Primary (P) and secondary (S) wave velocities as a function of depth (0.0 = sea
level) for the standard model used to locate southern Great Basin earthquakes. The interface at 15
km is optional. (b) P and S wave velocities as a function of depth for the Yucca Mountain region,
being an idealization of the model proposed by Hoffman and Mooney (1984). ‘
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