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SUMMARY

This report presents (1) a characterization of seismicity within 160 km (100 miles) of two
alternative sites proposed for a Superconducting Supercollider (SSC) facility in Tooele County,
Utah; and (2) an evaluation of implications for earthquake-induced ground motions and other
seismic hazards at the proposed sites. The candidate sites lie on the western periphery of the
northerly-trending Intermountain seismic belt and are marginal to areas of primary concemn for
seismic hazards in Utah. The site locations are 75 km or more west of the Wasatch fault and
within a domain of continuing Basin-Range extension characterized by (1) a low rate of
seismicity, and (2) late Quatemary surface faulting with recurrence intervals for individual
faults probably exceeding ten thousand years.

Two types of seismic source zones have the potential of producing damaging ground
motions at the sites. These include background seismicity below the threshold of surface fault-
ing of magnitude 6.0-6.5, and larger surface-faulting earthquakes of up to magnitude 7.510.2
on major mapped faults within 100 kln. Within a circle of 50-km radius around the center of
each proposed site, we estimate an average return period of 45 years for earthquakes of magni-
tude (ML) 4.0 or greater and 200 years for earthquakes of MLS.O and greater. Only one
earthquake of ML 2 4.0 is known to have occurred in either of these circular areas since
1850--an earthquake of estimated magnitude 4-5 in 1915.

Probabilistic estimates of earthquake ground-shaking hazard made by Algermissen et al.
(1982) indicate that, for a point in the general location of the proposed sites, a peak horizontal
acceleration of 0.1-0.2 g has a 90% probability of nonexceedance over a 50-year time period.
For this study, we performed some preliminary site-specific calculations of the ground-shaking
hazard using newly-developed information on seismic source zones, seismicity parameters, and
attenuation. Our preferred estimate for the peak horizontal acceleration with a 90% probability
of nonexceedance in 50 years along a ring of radius 13 km (the average radius of the proposed
SSC alignment) is 0.14 g. This acceleration value is sensitive to the functional relationship
used to predict peak horizontal acceleration as a function of magnitude and distance. Our cal-
culations are preliminary, but they do take into account the large size of the proposed SSC
ring, which causes probabilistic estimates of ground-shaking hazard for this facility to differ
from estimates of hazard at a point.
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1. INTRODUCTION

1.1 Background

In April 1987, seismologists at the University of Utah were contacted by the "Utah SSC
Proposal Team" regarding the characterization of seismicity relevant to the proposed siting of a
Superconducting Supercollider (SSC) in Utah. The University of Utah operates a regional
center for the recording and analysis of seismic activity in Utah and surrounding parts of the
Intermountain region—and it has an expert earthquake research group.

In order to meet the needs of the state of Utah’s proposal team for up-to-date and
comprehensive earthquake information required for site characterization, a contractual arrange-
ment was made for preparation of this technical report by the University of Utah Seismograph
Stations.

1.2 Purpose and Scope of This Report

Specifications outlined by the U.S. Department of Energy for proposed SSC sites, under
the heading "Seismicity and Faulting" (RFP section 2.2.3.1.4.), require a characterization of
site seismicity, an estimate of site-specific maximum ground acceleration, and the identification
of active faults in the site vicinity.

The basic purpose of this report is to present: (1) an accurate characterization of seismi-
city in the region surrounding two alternative sites proposed for an SSC facility in the desert
region of Tooele County, Utah (see Figure 1.1); and (2) an expert evaluation of existing infor-
mation having any implications for earthquake-induced ground motions or other seismic
hazards at the proposed SSC sites.

This report is intended to provide the "Utah SSC Proposal Team" with parts—but not
all—of the basic information required to complete the site characterization of "Seismicity and
Faulting." Its primary focus is on seismicity and potential earthquake ground motion. The
identification and evaluation of active faults in the immediate site vicinity was not included as
a task given to the authors of this report. That investigative task is being handled separately
by geologists of Dames & Moore, Salt Lake City. Nevertheless, discussion of active faulting
based primarily on published sources is included in this effort as part of an evaluation of the
seismotectonics of the region surrounding the proposed SSC sites and as part of an evaluation
of potential seismic sources.

Specific tasks given to the authors of this report by the "Utah SSC Proposal Team"
included the following:
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(@) General description of the regional seismotectonic framework relevant to proposed SSC
alignments in Ripple Valley and at the northem end of the Cedar Mountains (Figure 1.1).

(b) Compilation of historical and instrumental seismicity above magnitude 3 within 160 km
of the two SSC alignments, and of microseismicity within 60 km of the two alignments.

(c) Special investigation of seismic events included in the earthquake compilation, and
located in the near vicinity of the proposed SSC sites, for discrimination of artificial
events (e.g., events attributable to local blasting rather than genuine earthquake activity).

(d) Evaluation and interpretation of historical/instrumental seismicity relevant to the SSC can-
didate sites—including all seismicity in the near vicinity of the two alignments and
sources of moderate-to-large earthquakes at greater distance that could have significant
effects at the alignments. (This includes estimation of the maximum credible events at
these sources and the probability of such events occurring.)

(e) Identification and description of earthquake-related hazards that might represent adverse
risk factors for the proposed SSC facilities.

The remaining sections of this report have been structured to present results systemati-
cally keyed to the tasks outlined above. Section 2, "Regional Seismotectonic Framework"
addresses task (a). Section 3, "Historical and Instrumental Earthquake Record,” presents the
results of task (b); subsection 3.3 ("Blast Discrimination") describes the special discrimination
of artificial seismic events required for task (c). Section 4, "Evaluation and Interpretation of
Historical/Instrumental Seismicity," addresses task (d). Finally, the results of task (e) are dis-
cussed in section 4, "Considerations of Earthquake Hazards at the Proposed SSC Sites in
Tooele County."

1.3 Acknowledgments
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preparing this report. We thank D. Veneziano of the Massachusetts Institute of Technology;
T.P. Bamhard and R.C. Bucknam of the U.S. Geological Survey, Golden, Colorado; R.B.
Smith of the University of Utah; R.R. Youngs of Geomatrix Consultants, Inc., San Francisco;
and R.A. Martin of the U.S. Bureau of Reclamation, Denver, Colorado. The authors assume
full responsibility for any errors in interpretation or application.

We thank R. Foott and E. McHuron, Roger Foott Associates, Inc., San Francisco, and
L.T. Murdock, Dames & Moore, Salt Lake City, for facilitation of this work. Also, we thank
J.A. Barlow, L.B. Bumett, and J.E. Shemeta for substantial help in the report preparation.



2. REGIONAL SEISMOTECTONIC FRAMEWORK

2.1 General Setting of the Proposed SSC Sites

The candidate sites proposed for an SSC facility in western Utah lie near the eastern mar-
gin of the Basin and Range province (see Figure 2.1), a region of alluviated valleys and
northerly-trending mountain blocks reflecting broad extensional deformation during mid to late
Cenozoic time. G.K. Gilbert (1875, 1928) was among the first to recognize that most of these
mountain ranges are bounded by normal fault zones and that the topography of the Basin and
Range Province is the result of episodic movements on these fault zones that continues to the
present. The physiographic boundary between the Basin and Range province and the Middle
Rocky Mountains lies about 75 km to the east of the SSC sites and coincides with the Wasatch
fault. The latter is a 370-km-long active normal-fault zone along which young mountain blocks
have been uplifted to form a prominent west-facing topographic escarpment—the "Wasatch
Front"—from central Utah to just north of the Utah-Idaho border.

The eastemn margin of the the Basin and Range province roughly follows a northerly-
trending zone of crustal weakness and differential movement that has been persistent from late
Precambrian time to the present—the so-called "Wasatch Line" (Stokes, 1986). In late Quater-
nary and modem time, crustal deformation along this zone has been notably reflected by
recurrent surface faulting and uplift along the Wasatch fault and by seismic strain release (e.g.,
see Figure 2.3).

Seismotectonic deformation affects a broad region along the eastern margin of the Basin
and Range province, but the locus of relatively higher deformation qualitatively lies within the
eastern half of the domain of seismic zone 3 of the Uniform Building Code (UBC) shown in
Figure 2.1. Both the Ripple Valley and the Cedar Mountains candidate sites lie within UBC.
seismic zone 3. In subsequent sections of this report, we quantify the seismic characterization
of the candidate SSC sites, but a consistent theme is that—despite their location within UBC
seismic zone 3—the sites are marginal to, and on the west of, areas of primary concemn for
seismic hazards in Utah’s main seismic belt.

2.2 Intermountain Seismic Belt (ISB)

2.2.1 General Remarks

Figure 2.2 shows the location of the candidate SSC sites with respect to the Intermoun-
tain seismic belt (ISB)—an extensive zone of intraplate deformation within the western United
States—as depicted by Arabasz and Smith (1981) on the basis of various seismotectonic stu-
dies. It should be emphasized that the western boundary of the ISB in the vicinity of the SSC
sites is not well defined. We return to this point in section 4 after presenting detailed informa-
tion on seismicity and active faulting in the vicinity of the proposed sites.
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The ISB is a coherent belt of earthquake activity extending more than 1,300 km from
southem Nevada and northem Arizona to northwestern Montana (see Smith and Sbar, 1974,
Smith, 1978; Stickney and Bartholomew, 1987). In general, the ISB is characterized by late
Quaternary normal faulting, diffuse shallow seismicity (focal depths < 15-20 km), and episodic
scarp-forming earthquakes (M~6.5-7.7) associated with the complex interaction of subplates
within the western North American plate (e.g., Smith and Sbar, 1974; Smith, 1978). The ISB
follows the boundary between relatively thin crust and lithosphere of the Basin and Range pro-
vince and thicker more stable crust and lithosphere of the Middle Rocky Mountain and
Colorado Plateau provinces. Crustal thickness beneath the candidate SSC sites is approxi-
mately 3045 km. ‘

Since 1850, at least 16 independent earthquakes (aftershocks excluded) of magnitude 6.0
or greater have occurred within the ISB. Their locations and sizes are shown in Figure 2.2.
Three of these historical earthquakes were associated with documented surface faulting. Normal
fault scarps with maximum surface displacements of 5.5£0.3 m, 0.5 m, and 2.7 m, respec-
tively, were produced by the Ms7'5 Hebgen Lake, Montana, earthquake of August 1959
(Bonilla et al., 1984;), the Ms6.6 Hansel Valley, Utah, earthquake of March 1934 (Shenon,
1936;), and the Ms7.3 Borah Peak, Idaho, earthquake of October 1983 (Crone et. al., 1987).
Other large historical normal-faulting earthquakes have occurred in the western part of the
Basin and Range province in Nevada and California (Slemmons, 1980; Ryall and Van Wormer,
1980; Richter, 1958).

Figure 2.3 shows the location of the proposed SSC sites with respect to the distribution
of all historical main shocks of estimated Richter magnitude 4.0 or greater (or maximum
Modified Mercalli intensity V or greater) in the Utah region. The historical sample includes at
least fifteen independent main shocks that have had an estimated Richter magnitude of 5.5 or
greater (or a Modified Mercalli intensity of VII or greater). These earthquakes are listed in
Table 2.1 and their epicenters are shown as solid circles in Figure 2.3. Figure 2.3 illustrates
the marginal location of the SSC sites with respect to the main belt of historical seismicity.
Also, it illustrates that the Wasatch fault is but one break, albeit the longest and most prom-
inent, within a broad zone of deformation. We elaborate in sections 3 and 4 on the seismicity
and active faulting surrounding the proposed SSC sites.

22.2 Characteristics of the ISB within the Utah Region

Arabasz et al. (1980; see also Arabasz, 1984, and Arabasz and Julander, 1986) and
Zoback (1983) have published detailed descriptions of the seismicity and Cenozoic tectonics,
respectively, of the Wasatch Front area of north-central Utah encompassing the locations of the
candidate SSC sites. Also, Smith (1978), Arabasz and Smith (1981), and Smith and Bruhn
(1984) discuss key aspects of the regional seismotectonics of the ISB.

The ISB within the Utah region is notably characterized by: (1) a general predominance
of normal faulting, reflecting an extensional stress regime; (2) moderate background seismicity,
which is lower by a factor of 4 to 6 than that along the western North American plate boun-
dary (see Arabasz and Smith , 1981); (3) diffuse seismicity having weak correlation with major
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Local Date

1884 Nov 10
1887 Dec 05
1900 Aug 01
1901 Nov 13
1902 Nov 17

1909 Oct 05
1910 May 22
1914 May 13
1921 Sep 29
1921 Oct 01

1934 Mar 12
1959 Jul 21

1962 Aug 30
1966 Aug 16
1975 Mar 27

Lat(°N)

420
37.1
40.0
38.8
374

418
40.8
41.2
38.7
38.7

41.7
37.0
42.04
37.46
42.10

I Table includes earthquakes of maximum Modified Mercalli intensity of

Table 2.1 Largest Earthquakes in the Utah Region

(modified from Arabasz et al., 1979)

Long(°W)

1113
1125
112.1
112.1
1135

112.7
1119
1120
1122
112.2

112.8
1125
111.74
114.15
112.52

1850 through June 1987

Location

Bear Lake Valley
Kanab

Eureka

Richfield

Pine Valley

Hansel Valley
Salt Lake City
Ogden
Elsinore
Elsinore

Hansel Valley
Utah-Arizona border
Cache Valley
Nevada-Utah border
Pocatello Valley

Intensity  Magnitude

(MM)

Q0 00 ) 3 00 00O 3 3 oo

[o <M« WS o W o]

VI or greater, or of Richter magnitude 5.5 or greater. Magnitudes in
parentheses are estimated from intensity. Sample area: 36°45°N -
42°30°N, 108°45'W - 114°15°W. Aftershocks excluded.

ZRichter (1935, p. 24) estimated an M; value of 7.0. The value of

6.6 comes from Gutenberg and Richter (1954) and appears to be a surface-

wave magnitude.

3Doser and Smith (1982).
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©
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©
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active faults, and with focal depths almost exclusively shallower than 15-20 km; (4) relatively
long (1,000 yrs or more) average recurrence intervals for surface faulting on individual faults
or fault segments (e.g., Schwartz and Coppersmith, 1984); (5) the historical absence of any
surface-faulting earthquake larger than the Ms().6 Hansel Valley earthquake of 1934—despite
abundant late Quaternary and Holocene fault scarps; and (6) relatively low rates of crustal
strain (~2 x 10”19 sec™l; Eddington et al., 1987).

23 Late Quaternary and Historical Surface Faulting in the ISB and Basin and Range
Province

2.3.1 General Pattern of Late Quaternary Faulting

It is well accepted that the historical earthquake record provides an inadequate guide to
assessing seismic potential in the westem United States—and indeed in most seismically active
regions of the world—and that information from late Quatemnary faulting is essential to con-
sider (e.g., Allen, 1974, 1986; Wallace, 1981). In section 4 we will consider in detail the dis-
tribution of late Quatermnary faults in the vicinity of the proposed SSC sites. Here we give a
general perspective.

Figure 2.4a from Bucknam et al. (1980) and reproduced from Wallace (1981) gives an
overview of young faulting in western Utah based on fault scarp data. The Wasatch fault zone,
with abundant evidence of recurrent surface faulting during Holocene time (the last 10,000
years) dominates the neotectonics of the area. There is clear evidence of surface faulting dur-
ing late Quaternary time (approximately the last 500,000 years; Wallace, 1981) throughout
parts of the Basin and Range province to the west of the Wasatch fault. However, there appear
to be domains in which there is evidence of late Quaternary but no Holocene faulting, and
significantly large areas of the Basin and Range province in which late Quatemnary faulting is
absent. Eastern Nevada and parts of western Utah are thus characterized (Figure 2.4a,b; see
also Howard et al., 1978).

The location of the proposed SSC sites superposed on Figure 2.4a suggests that the sites
lie within a domain where some Holocene faulting has occurred. We examine this point in
more detail in section 4.2.2. It should be emphasized that the map of Figure 2.4a was not
intended to show all active or potentially active faults (Bucknam et al., 1980). According to
R.C. Bucknam (personal communication, 1987), many of the fault traces shown on that map
represent single-event scarps, and, in his judgment, there is no reason to believe that other
range-front faults could not produce surface-faulting earthquakes in the future. Implicitly, the
recurrence interval for such faulting on an individual fault or fault segment would exceed
several thousand years and could be much longer.

There currently exists no definitive map of known and suspected active faults in the Utah
region, so efforts were made to compile a base map of late Quaternary faulting for a regional
study area extending 160 km (100 miles) from the candidate SSC sites. The resulting map
shown in Figure 2.5, which relies chiefly on published sources, includes the traces of fault dis-
placements of Holocene (less than 10,000 yrs B.P.) and late Pleistocene (10,000 to about
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500,000 yrs B.P.) age. We proceed to describe the map compilation in general terms and then
provide more detailed information in section 4.2.2 on specific faults located within 100 km of
the perimeter of the candidate SSC sites.

The following sources were used to compile the digitized base map. of Figure 2.5: The
trace of the Wasatch fault is based chiefly on detailed mapping done by Cluff et al. (1970,
1973, 1974) and was taken, in part, from subsequent compilations by Davis (1983a,b; 1985).
Depiction of the West Valley fault zone near Salt Lake City is from unpublished mapping by
S.J. Olig and J. Keaton of Dames and Moore (personal communication, 1987). Faulting to the
east of the Wasatch fault throughout the "Wasatch Hinterland" in Utah is from detailed maps
of Sullivan et al. (1986) and Foley et al. (1986); that in Wyoming, from Gibbons and Dickey
(1983). The trace of the East Great Salt Lake fault, lying within the bounds of the Great Salt
Lake, was taken from Cook et al. (1980) and Viveiros (1986). Between 112°W and 114°W,
we relied heavily on maps of fault scarps in unconsolidated sediments published by Bucknam
(1977) and Bucknam and Anderson (1979b). West of 114°W, the small-scale map of Howard
et al. (1978) supports Wallace’s (1981) generalization of the absence of late Quatemnary fault-
ing in easternmost Nevada (Figure 2.4b). However, a few fault traces shown in Nevada west
of 114°W in the southwestern comer of the map are estimated to be of late Pleistocene, post-
Bonneville (less than 15,000 yrs B.P.) age (B.A. Schell, 1982, personal communication to R.B.
Smith). Faulting identified by Anderson and Miller (1979) and not mapped by others in the
"Western Desert" region of Utah was added for completeness. Finally, faulting to the north of
42°N in Idaho, other than the northem extension of the Wasatch fault, was taken from
Witkind (1975).

There is some inhomogeneity in Figure 2.5 in that some of the fault traces to the west of
the Wasatch fault within the Basin and Range province reflect only the extent of mapped fault
scarps in unconsolidated deposits and not necessarily the entire length of a seismogenic range-
front fault. The primary sources from which the map compilation was made wam of possible
incompleteness in recognizing late Quatemary faulting in the "Western Desert" region of Fig-
ure 2.5. Fluctuation of ancient Lake Bonneville, especially between about 25,000 yrs and
13,000 yrs ago (Currey et al., 1984), could have obliterated evidence of late Quaternary surface
faulting in many places.

2.3.2 Wasatch and East Great Salt Lake Fault Zones

Two first-order faults that form part of the seismotectonic framework of the region sur-
rounding the SSC sites (Figure 2.5) are the Wasatch fault zone and the East Great Salt Lake
fault. Here we briefly summarize their characteristics.

The Wasatch fault is by far the best-studied fault depicted in Figure 2.5. Data from 5
trenches across the fault summarized by Schwartz and Coppersmith (1984) and Schwartz et al.
(1984) indicate late Quaternary slip rates of about 1 mm/yr and vertical displacements during
prehistoric earthquakes of 1.6-2.7 meters, with an average displacement per event of about 2
m. Average recurrence intervals determined at four trenching sites along the central part of the
fault between about 39°25°N and 41°00’N range from 1,700 to 3,000 years.
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Although the total length of the Wasatch fault is 370 km, only a fraction of its total fault
length is expected to break during a single earthquake, judging from the rupture lengths of his-
torical normal faulting earthquakes in the western United States summarized below in sections
2.3.3 and 2.3.4. Schwartz and Coppersmith (1984) proposed that the Wasatch fault is divided
up into 6 major segments (Figure 2.5) which break in separate earthquakes, and which range in
length from 35 km (the Salt Lake City and Nephi segments) to 70 km (the Ogden segment).
On the basis of this segmentation model, they calculated a preferred recurrence interval for the
entire fault zone of 444 years. In other words, they estimate that a large earthquake would be
expected to occur somewhere along the fault on the average of once every 444 years. More
recently, Machette et al. (1986) have suggested that some of the segments of Schwartz and
Coppersmth (1984) are subdivided into smaller segments, to give a total of ten fault segments
ranging in length from 14 to 57 km. If there are, in fact, ten segments, then it is not possible
to accurately determine recurrence intervals for the entire fault zone without information from
additional trenching. Youngs et al. (1987) estimate a return period for magnitude 7.0 or
greater events of 330190 years, depending on the number of segments and other uncertainties.

A second major fault zone shown in Figure 2.5 is one beneath the Great Salt Lake. This
fault zone, named the East Great Salt Lake fault zone by Cook et al. (1980), can be clearly
seen in seismic reflection profiles across the lake (Mikulich and Smith, 1974; Smith and Bruhn,
1984; Viveiros, 1986). Considering the block-faulted nature of the Basin and Range province
and the fact that the Promontory Mountains, Fremont Island, and Antelope Island form a
NNW-trending linear topographic high, the presence of a fault zone along the western side of
this topographic high is not particularly surprising. Reflection data and well data indicate that
the sedimentary basin underlying the lake deepens towards the east where it is bounded by the
East Great Salt Lake fault. The deepest part of the basin contains more than 10,000 feet
(3,048 m) of post-Miocene sedimentary rocks (Mikulich and Smith, 1974; Viveiros, 1986),
indicating major subsidence during the past 25 million years.

The East Great Salt Lake fault cuts sediments identified as Quaternary on the basis of
well data (Mikulich and Smith, 1974; Viveiros, 1986) and must be considered active. Seismic
reflection data (Mikulich and Smith, 1974; Viveiros 1986) indicate that the East Great Salt
Lake fault appears to offset sediments to within at least 0.015-0.025 sec two-way travel time
beneath the lake bottom, corresponding to an approximate depth of less than 14-23 m , which
implies that slip has occurred in the recent geologic past.

Viveiros (1986, p. 72) estimated fault slip rates on the East Great Salt Lake fault of 0.96
mm/yr during the Pliocene and 1.48 mm/yr during the Quaternary from the thicknesses of sedi-
mentary deposits—dependent upon an interpreted geometry of faulting. Pechmann (1987)
interpreted fault slip rates of about 0.4 mm/yr during the Pliocene and 0.5 mm/yr during the
Quatemary from a true-scale cross section constructed by Viveiros (1986). These slip rates are
about half the recent slip rates along the Wasatch fault.
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23.3 The 1959 Hebgen Lake and 1983 Borah Peak Earthquakes

As noted in section 2.2.1, the only historical earthquake in the Utah region known to
have produced surface faulting occurred on March 12, 1934, in Hansel Valley just north of the
Great Salt Lake (Figure 2.3). This earthquake was assigned a magnitude of 6.6 by Gutenberg
and Richter (1954), and is the largest earthquake to have occurred in the Utah region since
1850 (Arabasz et al., 1979). Because earthquakes with surface displacements much larger than
the Hansel Valley event (0.5 m) are expected to occur in Utah in the future based on geologic
evidence, we must rely upon information from large surface faulting earthquakes elsewhere in
the Intermountain seismic belt and in the Basin and Range province to predict their magnitudes
and other characteristics.

In the Intermountain seismic belt, there have been two large, historic normal faulting
earthquakes over magnitude 7.0, both of which produced surface rupture: the October 28,
1983, MS7.3 (NEIS determination) Borah Peak earthquake in central Idaho, and the August 18,
1959, (GMT), MS7.5 Hebgen Lake earthquake in southern Montana (Figure 2.2). These two
earthquakes are generally considered to be good models for future large earthquakes on the
Wasatch fault and other major faults in Utah (Smith and Richins, 1984; Doser, 1985a). The
surface wave magnitude (Ms) of 7.5 for the Hebgen Lake event is from Abe (1981), and ig
probably more accurate than the magnitude of 7.1 given in Figure 2.2, which is attributed by
Murphy and Brazee (1964) to Pasadena. The Hebgen Lake earthquake was accompanied by
35 km of surface faulting along the Red Canyon and Hebgen faults with vertical displacements
of up to 5.510.3 m (Bonilla et al., 1984; Witkind, 1964) and an average displacement of 2.1 m
(Hall and Sablock, 1985). The Borah Peak earthquake produced 36 km of surface faulting
along the Lost River and Arentson Gulch faults with vertical displacements of up to 2.7 m and
an average displacement of 0.8 m (Crone and Machette, 1984; Crone et al., 1987). Both earth-
quakes nucleated at depths of about 15-16 km and ruptured upward along faults dipping at
45°-60° (Doser, 1985a, b; Doser and Smith, 1985).

The most reliable and physically meaningful measurement of earthquake size is the
seismic moment, Mo’ (Aki, 1966) given by

M0 = uSd
where p is the shear modulus, S is the area of the rupture surface, and d is the average dis-

placement along the rupture surface. From the seismic moment, 2 moment magnitude, M
(Kanamori, 1977; Hanks and Kanamori, 1979) can be calculated from the definition

M, = @)og M, - 107

w

MW should be comparable to Ms for earthquakes of 5.0 < Mw < 7.5 (Hanks and Kanamori,
1979). The Hebgen Lake earthquake had a seismic moment of 1.0 x 1027 dyne-cm (Doser,
1985b), which converts to a moment magnitude of 7.3. The Borah Peak earthquake had a
moment of 2.1 x lO26 (Doser and Smith, 1985) to 3.1 x 1026 (Ekstrom and Dziewonski,
1985), which gives a moment magnitude of 6.8 to 7.0.
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2.3.4 Maximum Earthquake Size

The MS7.5 Hebgen Lake earthquake is considered by some to represent the maximum
earthquake for the Intermountain seismic belt (e.g. Doser, 1985a). However, it is worth noting
that earthquakes larger than this have occurred in the western Basin and Range Province.
Slemmons (1980) lists 13 historic surface faulting earthquakes in the western Great Basin.
These include two events of magnitude greater than 7.5: the March 26, 1872 Owens Valley,
California earthquake of estimated magnitude 8.0, and the October 3, 1915 Pleasant Valley,
Nevada earthquake of magnitude 7.75. Slemmons (1980) lists a rupture length of 110 km for
the Owens Valley event with a maximum displacement of 6.44 m, and a rupture length of 62
km with a maximum displacement of 5.6 m for the Pleasant Valley event. Thus, both of these
earthquakes have a maximum displacement comparable to that of the Hebgen Lake event, but
significantly longer rupture lengths. The magnitude of 7.75 for the Pleasant Valley event is
from Gutenberg and Richter (1954), and is nearly identical to the surface wave magnitude of
7.7 calculated by Abe (1981). The magnitude of the Owens Valley event is more controver-
sial, owing to the lack of seismographic instruments at the time. Magnitude estimates for this
earthquake based on felt reports range from 8.3 (Oakeshott et al., 1972) to 7.2 (Evernden,
1975). From the surface faulting, Beanland and Clark (1987) estimate a moment magnitude of
7510 7.7. '

The slip that occurred during the 1872 Owens Valley earthquake had a large strike-slip
component to it (Richter, 1958; Oakeshott et al., 1972) and may even have been dominantly
strike-slip (Beanland and Clark, 1987). Faults in the Wasatch Front region show predom-
inantly normal slip, although there is abundant evidence of strike-slip faulting in south-central
Utah (Anderson and Bamhard, 1984). Thus, the Pleasant Valley and Hebgen Lake earthquakes
may be better models for the maximum credible Wasatch Front earthquake than the Owens
Valley earthquake. The characteristics of the Pleasant Valley and Hebgen Lake earthquakes
suggest that future Wasatch Front earthquakes could have surface wave magnitudes of up 1o
7.5-7.7, rupture lengths of up to 35-65 km, and maximum vertical displacements of up to about
6 m. In this report we follow consensus judgment (e.g., Youngs et al., 1987) in adopting
MS7.5 as a maximum probable size, although a maximum credible size might be a few tenths
of a unit larger.

2.3.5 Threshold of Surface Faulting

Various authors (e.g. Arabasz, 1984; Arabasz and Julander, 1986; Doser, 1985a) have
suggested that the threshold magnitude for surface faulting in Utah is approximately 6.0-6.5.
This conclusion appears to be well founded based on the historical record of earthquakes in the
Intermountain seismic belt and in the Basin and Range Province. Bucknam et al. (1980) note
that all 7 historic earthquakes of ML6.3 or greater in the Great Basin have produced surface
faulting, including the 1934 ML6.6 Hansel Valley, Utah event. In their tabulation of 11 earth-
quakes with historic surface faulting in the Basin and Range Province, all 5 events with ML <
6.8 had maximum displacements of less than 1 meter. In the Intermountain seismic belt, Doser
(1985a) points out that neither the 1975 ML6.O Pocatello Valley earthquake or the 1975 ML6.1
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Yellowstone Park earthquake (Figure 2.2) had identifiable surface faulting, although both earth-
quakes were accompanied by an apparently coseismic subsidence of up to 12-13 cm (Buck-
nam, 1976; Pitt et al., 1979). The implication of the ML6.0-6.5 threshold for surface faulting
is that one can argue that earthquakes up to this size could occur anywhere in the Wasatch
Front region within the main seismic belt, even where there is no geologic evidence for surface
faulting. We elaborate in the following subsection.

2.4 Problematic Correlation of Seismicity with Geologic Structure

There are fundamental problems in correlating diffuse seismicity with mapped Cenozoic
faulting and subsurface geologic structure in the Utah region (e.g., Arabasz 1984; Arabasz and
Julander, 1986). Problems include: (1) uncertain subsurface structure, which typically is more
complex along the main seismic belt than apparent from the surface geology; (2) observations
of discordance between surface fault patterns and seismic fault slip at depth (Arabasz et al.,
1981; Zoback, 1983); (3) a paucity of historic surface faulting; and (4) inadequate focal-depth
resolution from regional seismic monitoring.

Crustal structure along the eastern Great Basin is known to involve vertically stacked
plates separated by low-angle detachments resulting from relict pre-Neogene thrustbelt structure
and/or Neogene extension (Allmendinger et al., 1983; Smith and Bruhn, 1984;). Smith and
Bruhn (1984) present a summary of seismic-reflection data that indicate the widespread pres-
ence of low-angle and downward-flattening faults in the subsurface and an intimate relationship
between pre-Neogene thrustbelt structure and young normal faults along the eastern Basin and
Range margin. Seismological evidence to date indicates that, at least for small to moderate
earthquakes, seismic slip in this region predominates on fault segments with moderate (=30°)
to high-angle dip (Zoback, 1983; Arabasz and Julander, 1986).

Given the relatively high threshold of surface faulting and observations of discordance
between surface fault patterns and seismic slip at depth, one can argue that—with the sole
exception of the 1934 Hansel Valley earthquake—no other of Utah’s 15 historical earthquakes
of ML5‘5 or greater (Table 1.1) can be confidently associated with a mapped surface fault.
Within the domain of Utah’s main seismic belt, future seismicity below the threshold of sur-
face faulting (ML approx. 6 to 6'4) thus cannot be confidently precluded by knowledge of the
surface geology alone. Where subsurface structure is complex, moderate size earthquakes may
occur on "blind" subsurface structures that have no direct surface expression.

On the basis of special earthquake studies in the southern Wasatch Front area, neighbor-
ing parts of central Utah, and southeastern Idaho, the following working hypothesis was
offered by Arabasz (1984; see also Arabasz and Julander, 1986) to explain observations of
diffuse background seismicity. Background seismicity, it was suggested, is fundamentally con-
trolled by variable mechanical behavior and internal structure of individual horizontal plates
within the seismogenic upper crust. Diffuse epicentral patterns may then result from the super-
position of seismicity occurring within individual plates, and also perhaps from favorable con-
ditions for block-interior rather than block-boundary microseismic slip. Figure 2.6 schemati-
cally shows some aspects of the working hypothesis relating diffuse seismicity to vertically

stacked plates in the upper crust.
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Figure 2.6 (a) Schematic geologic cross-section of the upper crust illustrating
complex association of seismicity with geological structure in the Intcrmountain
seismic belt. Starbursts indicate foci of moderate-to-large earthquakes; small
circles, microseismicity; lines in subsurface, faults. Arrows indicate sense of
slip on faults; two-directional arrows, extensional backsliding on pre-existing
low-angle faults possibly formed as thrust faults. Base of seismogenic layer is
approximately at 10-15 km depth. Letters identify aspects (not exhaustive) of
observations and a working hypothesis (Arabasz, 1984; Arabasz and Julander,
1986) relating seismicity to structure: (a) local predominance of seismicity
within a lower plate; (b) nucleation of a large normal-faulting earthquake near
the base of the seismogenic layer, hypothetically on an old thrust ramp, and
with linkage or an established rupture pathway to a major surface fault; (c)
occurrence of a moderate-size earthquake within a lower plate, without linkage
to a shallow structure; (d) occurrence of a moderate-size earthquake and
aftershocks on a secondary fault where an underlying detachment restricts
deformation to the upper plate; (e) diffuse block-interior microseismicity
predominating within an upper plate--perhaps responding to extension enhanced
by gravitational backsliding on an underlying detachment; and (f) diffuse
block-interior microseismicity within a lower plate where frequency of
occurrence is markedly lower than in the overlying plate.
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3. HISTORICAL AND INSTRUMENTAL EARTHQUAKE RECORD

3.1 Earthquake Recording in Utah

The most prominent sources of earthquake data for the Utah region are (1) compilations
made by the University of Utah (Arabasz et al., 1979; Richins et al., 1981, 1984; Brown et al.,
1986; also, unpublished data) and (2) data files of the National Geophysical Data Center,
National Oceanic and Atmospheric Administration (NOAA). In this paper, we rely heavily
upon the University of Utah’s data base, which represents the primary source of instrumental
earthquake data since mid-1962 for the region and which includes a comprehensive listing of
historical seismicity. A recent compilation published by the U.S. Geological Survey (Stover et
al., 1986) essentially duplicates the NOAA data file. It should be noted that the published
compilation of Stover et al. (1986) omits at least four shocks of magnitude 5 or greater since
1959—presumably due to editorial error.

The catalog of documented earthquakes in the Utah region, as elsewhere in the western
United States, is a mixed one variously relying upon early reports and newspaper accounts, and
later upon seismographic recordings during several stages of evolving instrumental coverage
(Figure 3.1; see Arabasz et al., 1979, for complete details).). The historical earthquake record
effectively dates from 1850 with the publication of the first newspaper in the region, shortly
after settlement by Mormon pioneers beginning in 1847. Instrumental earthquake locations in
the region, based on regional seismographic recordings in the westemn United States, date
chiefly from about 1950. The 1955 time frame shown in Figure 3.1 includes a seismograph
station at Salt Lake City and another to the north at Logan. Although seismographs were first
installed on the University of Utah campus in 1907, contributions to the instrumental location
of regional earthquakes postdate 1939 when photographic records from modern seismographs
began to be routinely forwarded from Salt Lake City to the U.S. Coast and Geodetic Survey.

Systematic computerized locations based on local seismographic coverage in the Utah
region by the University of Utah date from mid-1962. From that time to late 1974, a skeletal
statewide network of several widely-spaced stations was in operation (see 1965 time frame,
Figure 3.1). Since late 1974, the University of Utah has operated a modemn telemetered net-
work of high-gain short-period seismographic stations in the Intermountain region. Fifty-six
stations of an 85-station network currently lie within the Utah region (see 1985 time frame,
Figure 3.1) and provide regional seismographic monitoring of the area of the proposed SSC
sites. The seismographic data are centrally recorded at the University of Utah in Salt Lake
City. From 1974 through 1980 the recording was in analog form, and since January 1, 1981, in
digital form.

The proposed SSC sites lie along the western margin of Utah’s Wasatch Front region, for
which Arabasz et al. (1980) estimated the historical earthquake catalog to be complete for: I o
(Modified Mercalli epicentral intensity) =2 VIII (or ML 2~6.3) since 1850; Io 2VII (or ML
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2~5.7) since about 1880; and 1 o 2 VI (or ML 2~5.0) since about 1940. Completeness for Io
2V (or M; 2-4.3) was assumed since 1950. The threshold of completeness for instrumental
monitoring of this area since mid-1962 is estimated as ML 2.3 (Arabasz et al., 1980). We dis-
cuss below the thresholds of completeness for areas surrounding the SSC sites.

3.2 Earthquake Data Base

The study area for this report extends outward 160 km (100 miles) from the edges of the
proposed SSC sites (Figure 3.2). This area lies primarily within Utah, but also encompasses
parts of northeastem Nevada, southemn Idaho, and southwestern Wyoming. For task (b) of this
study (see section 1.2), we undertook a compilation of historical and instrumental seismicity
data within this study area. The solid box in Figure 3.2 labeled "Near-Site Region" extends
outward about 60 km from the centers of the two proposed SSC sites. Within the near-site
region, we analyzed all of the available data and performed a special blast discrimination study
(task (c), section 1.2). Elsewhere in the study area, the emphasis in this report is on earth-
quakes of ML 23.0.

In order to construct the most complete earthquake catalog possible for the study area, we
merged data from the University of Utah earthquake catalog with data from the Nevada earth-
quake catalog of the University of Nevada at Reno and the worldwide earthquake catalog of
the National Oceanic and Atmospheric Administration (NOAA). Together, these three catalogs
include all of the available epicentral data for this region. The study area west of 114°15'W
falls outside of the reporting area for the published University of Utah catalogs. However,
locatable earthquakes outside this reporting area are still included in the University of Utah
computer files. The Nevada earthquake catalog consists primarily of earthquakes located using
a telemetered network of seismograph stations operated by the University of Nevada since
1969 in western and southern Nevada (see, for example, Vetter and Corbett, 1987). The cata-
log also contains some older earthquakes from the catalog of Slemmons et al. (1965), whose
locations and magnitudes were determined on the basis of felt reports and sparse instrumental
data. The NOAA catalog was compiled from a wide variety of sources, and includes both
instrumental and non-instrumental epicentral locations and magnitudes (se¢ Rinehart et al.,
1985). The more recent locations in the NOAA catalog (post-1962) are from a widely-spaced
worldwide network of seismograph stations.

The best earthquake data available for the study area are from the University of Utah
seismic network, discussed in the previous section. Although the western half of the study
area lies beyond the boundaries of this network, (Figure 3.1), the University of Nevada stations
are located even farther from the study area. Consequently, we used the University of Utah
catalog as the primary data source for this study. The University of Nevada and NOAA cata-
logs were then searched for earthquakes within the study area that are not included within the
University of Utah catalog. There are 14 earthquakes listed in the Nevada catalog which are
not in the Utah catalog, and these were added to the compilation. The largest of these 14
earthquakes is a magnitude 5.2 earthquake on September 5, 1928, in the northwest comer of
the study area. The location of this earthquake was determined from S-P intervals measured
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on seismograms recorded at Reno, Nevada, and Mount Hamilton, California (Slemmons et al.,
1965). The rest of the additions from the Nevada catalog are all modemn instrumental locations
of post-1970 earthquakes in eastern Nevada.

The NOAA catalog included 28 earthquakes in the study region that were apparently not
listed in either the Utah or the Nevada catalogs. Since most of these entries were based on felt
reports, the origin times and locations are somewhat uncertain. We therefore carefully checked
these entries against other sources such as Williams and Tapper (1953), Arabasz and McKee
(1979), Coffman et al. (1982), and the United States Earthquakes Series, formerly published by
the U.S. Coast and Geodetic Survey and now published by the U.S. Geological Survey. From
these sources, we identified 10 of these 28 earthquakes as duplicates of earthquakes already in
the University of Utah catalog. The remaining 18 events were added to the compilation.

Instrumental magnitudes were not available for the 13 pre-1963 events added from the
NOAA catalog. We calculated magnitudes for these events from the maximum Modified Mer-
calli Intensity, I o with the Gutenberg and Richter (1956) relationship used by Arabasz and
McKee (1979) in assembling the Utah earthquake catalog for 1850 through June 1962:

My

A U.S. Geological Survey local magnitude (ML) was available for the most recent addition
from the NOAA catalog, a ML3.0 event on June 9, 1977 in eastern Nevada. Only body wave
magnitudes (mb) were available for the 4 NOAA events between 1963 and 1970, which had
mb’s of 3.4-3.7. This presented a problem since, according to Dewey (1987), my values in the
NOAA catalog for small (mbs4.0), shallow earthquakes before the mid-1970°s probably
overestimate event size by nearly one magnitude unit. Figure 3.3 is a plot of ML from the
University of Utah versus my from NOAA for events listed in Stover et al. (1986). It is clear
from this plot that the NOAA m, values are systematically higher that the University of Utah
ML values. A linear least squares regression of ML versus m, yields the relationship

- 0.892

=1+ @23),

M = 1.022mb

We used this relationship to convert the 4 NOAA my values in question to equivalent local
magnitudes.

Figure 3.4 is a plot of M; from the University of Utah versus M; from the University of
Nevada for 10 eastern Nevada earthquakes recorded by both networks. Although the data are
sparse, it appears that the Nevada magnitudes are systematically higher than the Utah magni-
tudes. A linear least squares regression yields the relationship

M, (UU) = 1.14 M (UN) — 0.984

In the interests of keeping the size measurements in the merged catalog consistent, we used
this equation to adjust the magnitudes of the 13 post-1974 earthquakes added from the Univer-
sity of Nevada catalog. The largest of these events had a magnitude of 4.3 in the Nevada cata-
log, which was revised downward to 3.9.
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of Nevada). Data are magnitude values from 10 post-1970 events recorded by both
the Utah and Nevada networks. Line shown is the least-squares linear regression
for ML (UU) as a function of ML (UN) (see text for relation).
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Appendix A lists all of the earthquakes in our compilation of magnitude 2.7 and greater.
The footnotes identify the events from the Nevada and NOAA catalogs.

3.3 Blast Discrimination

Blasting for mining, military ammunition disposal, construction, and seismic exploration
is common in the Utah region. Although efforts are made to remove these blasts from the
University of Utah earthquake bulletins before publication, the catalog does still include some
blasts. For this reason, we undertook a special investigation of seismic events included in our
compilation and located within the near-site region (solid box, Figure 3.2) in order to remove
any remaining blasts. Figure 3.5 shows all of these events (circles), together with the approxi-
mate locations of known blasting sites in the region (stars). The sites labeled Promontory
Point, USAF Disposal, and USAF South Range were found during the course of this study.
We routinely identify and remove blasts from the other 6 sites when compiling our published
earthquake bulletins (sce Brown et al., 1986). However, judging from the clusters of epi-
centers centered on these sites, it appears that this has not always been done consistently in the
past.

The procedure that we used to identify the blasts is similar to our routine blast discrimi-
nation procedure. We prepared listings of all seismic events within a 10 km radius, or, in
some cases, a 20 km radius of the centers of known blasting sites (circles, Figure 3.5). Events
within these areas that occurred during daytime hours are considered possible blasts. The sizes
of the search areas are designed to take into account both the area extent of the region over
which blasting takes place and the accuracy of the epicentral determinations. Since most of the
blasts are small (ML < 2.0) and most of the blasting sites in Figure 3.5 are located on the
fringes of the network (Figure 3.1), the location accuracy is probably no better than about +5
km for most events and may be worse for poorly recorded events.

As part of our current procedure for compiling the quarterly Utah preliminary epicenter
listings, we contact individual blasting operations and attempt to confirm the times and sources
of suspected blasts. Unfortunately, most blasters do not keep good records of their blasting
times and, at best, are only able to verify blasts that occurred within the past several months,
Since most of the suspected blasts in Figure 3.5 are old (89% occurred before 1983), it was
not possible to confirm individual seismic events as blasts in this manner. Nearly all of the
suspected blasts from 1983 through 1987 occurred at either the Southemn Pacific Promontory
Point quarry or the U.S. Air Force Ordinance Disposal area. For both localities, we were able
to verify that blasting was going on during the general time period when the suspected blasts
were observed.

On the basis of both their origin times and locations, we consider all but three of the
seismic events within the circles in Figure 3.5 to be probable blasts and have removed them
from the catalog for the study area. Occasional blasting is also done within the Dugway Prov-
ing Grounds in the southernmost part of Figure 3.5 (not shown). However, we did not feel
sufficiently confident in the non-seismic origin of the 4 events located on or near the Dugway
Proving Grounds to remove them from the catalog. Appendix B lists all of the probable blasts
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around each blasting site that we removed from the catalog. Since some of the circles in Fig-
ure 3.5 overlap, some of the events are listed under more than one site. To convert the UTC
origin times given in Appendix B to local time, subtract 7 hours to obtain a Mountain Standard
Time and 6 hours to obtain Mountain Daylight Time. Note the relatively small variations in
the origin times of the events given in each listing in Appendix B.

Appendix C lists the 28 seismic events within the area of Figure 3.5 that were left after
the probable blasts were removed. We believe that most of these events are earthquakes, but
we cannot rule out the possibility that some may still be blasts. Of the 28 events, 17 occur
between the hours of 8:00AM and 6:00PM, local time. This number is somewhat greater than
the 12 that would be expected given a random distribution of origin times, which should be the
case for a catalog that contains only naturally occurring seismic events.

3.4 Regional Seismicity

The epicenter map in Figure 3.6 shows earthquakes of M, 22.7 that occurred within the
study area between 1850 and March 31, 1987. Circles indicate earthquakes that occurred after
the establishment of the University of Utah network in July 1962, and squares indicate earlier
earthquakes. Table 3.1 is a tabulation of these earthquakes by magnitude. We estimate that
the current uniform detection threshold is about magnitude 3.0 in the westernmost part of the
study area where station coverage is poorest. (see section 4.3 below). The magnitude cutoff
of 2.7 was chosen to insure that all earthquakes of magnitude 3.0 and greater were included,
allowing for a magnitude uncertainty of +0.3. The blast discrimination study discussed above
did not encompass the entire study area, but the magnitude cutoff of 2.7 should serve to
remove virtually all of the unrecognized blasts. Note that none of the probable blasts that we
removed from the catalog (Appendix B) are larger than magnitude 2.3. The epicenters in Fig-
ure 3.6 are superimposed upon a map of late Quaternary fault scarps (<500,000 years, approxi-
mately), discussed below in section 4.

The western boundary of the ISB as depicted by Arabasz and Smith (1981) (Figure 2.2)
trends north-south through the center of Figure 3.6. This diffuse boundary is evidenced by
decreased seismic activity in the western half of Figure 3.6 relative to the eastern half of Fig-
ure 3.6, rather than a complete absence of activity west of the ISB boundary. The decreased
rate of seismic activity in the westem part of the study area extends to the larger magnitudes,
and is therefore not an artifact of the poor detection threshold in this region. Since the Univer-
sity of Utah seismic network was established in 1962, there have been only 2 independent
mainshocks of ML4.0-4.9 in the study area west of 113°05°, and none of ML 2 5.0. This
compares to 10 independent mainshocks of ML4.0-4.9. 2 of ML5.0-5.9, and 1 of ML6.0 in the
study area east of 113°05°. For the time period from 1850 through June 1962, the study area
west of 113°05° had 2 independent mainshocks of M4.0-4.9 and 2 of M5.0-5.9, while east of
113°05° there were 30 mainshocks of M4.0-4.9, 11 of MS5.0-5.9, and 3 of M6.0-6.9. Since
much of the pre-1962 catalog is based on felt reports, the distribution of earthquakes for this
period of time is probably biased by the concentration of population centers along the Wasatch
front. The more recent instrumental data, on the other hand, are very unlikely to be biased at
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TABLE 3.1

NUMBER OF EARTHQUAKES IN STUDY AREA*

M 1850-June1962  July 1962-March 1987  Total

L
2.7-3.9 82* 314* 396*
4.04.9 38 32) 18 (12) 56 (44)
5.0-5.9 16 (13) 22 18 (15)
6.0-6.9 4 (3) 1) 54)

*Counts in parentheses are for independent main shocks;
these were not determined for smaller events.
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the ML 2 4.0 level.

Figure 3.6 shows a conspicuous lack of epicenters within about 50 km of the proposed
SSC sites. The nearest concentration of seismic activity is located approximately 50 km north
of the western ring, between the Newfoundland and Hogup Mountains at location A in Figure
3.6. There has been sporadic earthquake activity of M, < 4.0 since at least 1965 at this local-
ity, including a swarm of 10 events (1.1 < ML < 3.2) in March and April of 1979 and another
swarm of 9 events (1.3 < ML < 3.1) in April of 1980. 60 km east of the eastern ring is a
cluster of earthquakes in the western Salt Lake Valley (location B, Figure 3.6). This cluster
includes the September 1962 ML5.2 Magna earthquake, and another earthquake of comparable
size in February 1943 (MM VI).

Independent mainshocks in the study area of magnitude 5.5 or greater (or MM VII or
greater) are numbered chronologically on Figure 3.6. The eight events, which are included in
Table 1.1 and also shown on Figure 2.3, are: (1) a magnitude 6.3 earthquake in Bear Lake
Valley in November, 1884, (2) a magnitude 5.7 earthquake near Eureka in August 1900, (3) a
magnitude 6.3 earthquake in Hansel Valley in October 1909, (4) a magnitude 5.7 earthquake
close to Salt Lake City in May 1910, (5) a magnitude 5.7 earthquake close to Ogden in May
1914, (6) a magnitude 6.6 earthquake in Hansel Valley in March 1934, (7) a magnitude 5.7
earthquake in Cache Valley in August 1962, and (8) a magnitude 6.0 earthquake in Pocatello
Valley in March 1975.

The apparent clustering of pre-1962 epicenters along the Wasatch fault (squares, Figure
3.6) largely reflects the concentration of cities and towns along the Wasatch front, since nonin-
strumental earthquake locations are assigned to the location where the felt effects are the
strongest (Arabasz et al., 1980). Thus, this clustering is not necessarily indicative of earth-
quake activity on the Wasatch fault itself. Of the eight ML 2 5.5 earthquakes, the Salt Lake
City and Ogden events are the only ones that might have been associated with the Wasatch
fault, and even these two could have been on some other nearby fauit.

3.5 Near-Site Seismicity

Figure 3.7 is a map showing all known earthquakes that occurred in the near-site region
(Figure 3.2) from 1850 through March 1987. The area shown extends outward about 60 km
from the centers of the two proposed SSC sites. Blasts have been removed from the catalog
for this region, as described in section 3.3 above.

Figure 3.7 confirms that the seismicity in the near vicinity of the proposed sites is indeed
very low. There are only 28 earthquakes on the plot in Figure 3.7, all from the University of
Utah catalog (Appendix C). The four events of M, 2 3.0 are labeled with their year of
occurrence and magnitude. At the northem edge of the area shown, the M; 4.0 and 3.6 events
in February and July of 1967, respectively, are part of the cluster of activity at location A in
Figure 3.6. The location of the January 1958 event in the Great Salt Lake is from instrumental
data, but the magnitude of 3.0 was arbitrarily assumed by Arabasz and McKee (1979) in the
absence of any size information. The location of the August 1915 M4.3 event was assumed on
the basis of felt reports, and may therefore be in error by up to 25-50 km (Arabasz and
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McKee, 1979).

The paucity of even small magnitude events within the area of Figure 3.7 may be at least
partially an artifact of the poor station coverage in this region (Figure 3.1). Nevertheless, large
numbers of small magnitude blasts (ML <2) have been detected and located in the eastemn part
of this area since the major expansion of the University of Utah network in 1974 (see, for
example, Appendix B). Thus, a uniform detection threshold since 1974 of ML 2.0-2.5 seems
reasonable for this area. During this time period (12.5 years), there have been 4 events of ML
2 2.0 and none of ML 22.5.

The August 11, 1915 earthquake is the largest known historical earthquake in the near-
site region, and therefore bears some discussion. This earthquake was felt at Iosepa, Utah,
which is located at the western foot of the Stansbury Range at 40°32'N, 112°44’W. A report
filed from an early observing station of the U.S. Weather Bureau at Iosepa indicated "rum-
bling” of approximately 6 sec duration accompanying a single shock at 10:20 GMT (03:20
a.m. local time) and an estimated Rossi-Forel intensity of VII (?) (or Modified Mercalli inten-
sity VI (7)) (S.D. Oaks, University of Colorado /USGS, personal communication, 1987).
Stover et al. (1986) have recently assigned a Modified Mercalli (MM) intensity of VI to the
shock, ascribing the intensity assignment to W.J. Humphreys in the Monthly Weather Review
of August 1915. The size estimate for this earthquake also appears as MM V (Coffman and
von Hake, 1973; see also Coffman et al., 1982), and MM VIII (?) (Williams and Tapper,
1953).

The size estimate for the August 11, 1915 earthquake listed in the University of Utah
catalog (Arabasz and McKee 1979) follows Coffman and von Hake (1973). An MM intensity
of V is approximately equivalent to M, 4.3. The assumed location listed in the University of
Utah catalog for the shock (40°30°’N, 112°39°W) is close to the location of the original felt
report at Iosepa. The value of MM intensity VI listed by Stover et al. (1986) would be
approximately equivalent to ML 5.0. The possibility of an estimated magnitude higher than the
value of 4.3 in the University of Utah catalog must be admitted. However, if the earthquake
originated close to Iosepa—say, along the range-front fault on the west side of the Stansbury
Mountains— our modern experience would make us doubt a magnitude as high as 5.0. We
base this judgment on the apparent absence of felt aftershocks and the absence of felt reports
in the populated parts of the Salt Lake Valley 50 to 70 km to the east, together with observa-
tions of the attenuation of intensity in Utah (McGuire, 1983). These arguments would not
necessarily apply if the earthquake originated, say, to the west of Iosepa in a distal direction
from the Salt Lake Valley.



33

4. EVALUATION AND INTERPRETATION OF
HISTORICAL/INSTRUMENTAL SEISMICITY

4.1 General Remarks

The purpose of this section is to provide an interpretation and evaluation of the observed
seismicity surrounding the SSC candidate sites with the goal of assessing the potential effects
on the proposed SSC alignments from future earthquake activity. A standard characterization
of seismicity involves (1) a compilation and description of the historical and modem earth-
quake record (which we have presented in section 3); (2) the identification and depiction of
seismic source zones within which earthquakes are likely to originate within the future; and (3)
the specification of seismicity parameters for respective source zones, including rates of activity
and the expected distribution of earthquakes as a function of size up to some maximum size.

Our current understanding of the regional seismotectonic framework for the proposed
SSC sites leads to the position that seismic hazard arises from two fundamental sources: first,
the occurrence of infrequent large (magnitude 6.5 to 7.5+0.2) surface-faulting earthquakes on
identifiable faults having evidence of late Quaternary displacemént; and, second, small to
moderate-size (up to magnitude 6.5) earthquakes that are not constrained in location to mapped
faults and which may occur randomly in space throughout broadly defined regions. This posi-
tion is consistent with the experience and judgment of seismologists and geologists working in
the Intermountain region. It is an outgrowth of the problematic correlation of seismicity and
geological structure that we have discussed in section 2.5 and of detailed studies of active
faulting in the region (e.g., Swan et al. 1980; Schwartz et al., 1984). An elaborate seismic
hazard study of the Wasatch Front region by Youngs et al. (1987) and another of the "Wasatch
Hinterland" by Sullivan et al. (1986) include identical premises; both studies are based on
detailed analyses of seismicity and seismic geology.

4.1.1 Mathematical Background for Rate Estimation

The most commonly uscd mathematical model for the occurrence of indepcndent earth-
quake main shocks is their representation by the well-known Poisson process, that is, a random
memoryless arrival process in which events occur with a stationary average rate A and with
interevent times that have an exponential distribution. In considering the estimation of rate of
earthquake occurrence—both from the historical and instrumental earthquake record and from
geological observations of surface-faulting—it will be convenient to use properties of the Pois-
son process. Accordingly, we present mathematical background in this section for later refer-
ence.

The fundamental equation that describes the probability mass function for a Poisson dis-
tribution (e.g., Benjamin and Comell, 1970) can be written in the form:

o e-n
pm|At) = (At -
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where A is the mean process rate and the random variable n represents the number of events
occurring within a time interval t. The equation reads that the probability of n events, given A
and t, is computed from the right-hand side of the equation.

The problem we wish to consider is one where A is not known a priori. Consider a
basic case in which a Poisson process is operative and n events are observed in t years. We
want to estimate the rate A given these observations. Appropriately, we can use a maximum-
likelihood approach in which a likelihood function, L(A), describes the relative likelihood that
the parameter A has a certain value, given the observations (e.g., Benjamin and Comell, 1970).
The likelihood function of A, given n events in ¢ years is given by (D. Veneziano, personal
communication, 1987):

L(A|n events in t years) = (A)%e™

The maximum-likelihood estimator of A is in fact n/t and gives the "most likely"
value of A. A plot of the likelihood function, for example Figure 4.1, gives the relative likeli-
hood of other values of A. If the likelihood function is normalized so that the area under its
curve equals 1.0, then the normalized likelihood function is in effect a probability density func-
tion of A, and confidence intervals can be identified in the usual way be relating the area under
the density curve to cutoff values. Figure 4.1 illustrates a normalized likelihood function for A
given an observation of 1 event in 15,000 years. The most likely value of A is 1 divided by
15,000 or 6.67 x 10'5 events/yr. There is a probability of 0.95 that the true value of A is less
than or equal 10 k.95 or3.13 x 10'4 eventsfyr. Hence, )»'95 provides an upper-bound estimate
of A that can be made with 95 percent confidence.

4.2 Seismic Source Zones

4.2.1 Source Zones Based on Seismicity

The summary plot of regional seismicity surrounding the proposed SSC sites (Figure
3.6), described in section 3.4, is dominated by small to moderate-size earthquakes, the largest
of which is the Ms6.6 Hansel Valley earthquake of 1934. Seismicity compilations with magni-
tude thresholds below the 2.7 value of Figure 3.6 emphasize the diffuse scatter of seismicity
(Arabasz et al., 1980; Arabasz, 1984), and results of detailed portable-array studies confirm the
pattern and verify that the spatial scatter is not simply due to inadequate epicentral precision
(e.g., Arabasz and Julander, 1986). Accordingly, we define a background source zone that
extends throughout the study area of Figure 3.6 and which has a maximum magnitude of
6.5—based on the magnitude 6.0 to 6.5 threshold of surface faulting (section 2.3.5). A similar
approach was adopted by Youngs et al. (1987). In their use of a logic-tree approach for
parameter selection, they adopted a maximum magnitude (with assigned weight) of 6 (0.2), 6%
(0.5), and 6% (0.3) for a background source zone.

Because we believe that earthquakes larger than magnitude 6.5 will occur on identifiable
faults, there remains no practical need to depict isolated source zones based on scismicity
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alone. This is particularly true for seismicity within the site vicinity (Figure 3.7), whose spatial
randomness is apparent. Inspection of the density pattemn of epicenters in Figure 3.6 suggests
distinct inhomogeneity in activity rate for a background source extending throughout the
regional study area. This problem is addressed specifically in section 4.3.

4.2.2 Fault-Specific Sources—Identification and Recency of Movement

Following the compilation of a map of late Pleistocene and Holocene faulting for the
regional study area (Figure 2.5), fault-specific seismic sources were identified within 100 km of
the perimeter of the candidate SSC sites. Twenty-one fault sources within that distance have
been labeled in Figure 4.2., and basic information compiled for these sources is summarized in
Table 4.1. A goal of the tabulation was the estimation of a maximum earthquake and the pro-
bability of such an event occurring within each identified fault source.

The rationale for special identification of fault-specific sources out to a distance of 100
km was the following. Campbell (1987) presents a range of median estimates of peak horizon-
tal acceleration appropriate for the Wasatch Front region incorporating variability in fault type,
site amplification, and anelastic attenuation. Taking the upper envelope of these median esti-
mates for a magnitude 7.5 earthquake, only earthquakes closer than 90 km contribute a peak
horizontal acceleration of 0.1 g or greater, which was judged to be an appropriate threshold of
interest.

With three exceptions, all of the fault sources labeled in Figure 4.2 are known to be
active. The exceptions are sources 1, 2, and 4, which have been included for the sake of argu-
ment. Source 1 is based on ongoing mapping of fault scarps within the Tooele 1° x 2° map
~ sheet by T.P. Barnhard of the U.S. Geological Survey (personal communication, 1987), as a
follow-up to earlier mapping by Bucknam (1977). Source 1 is identified as suspected Pleisto-
cene faulting on the east flank of the Cedar Mountains based on photolineaments which
Bambhard had not yet checked in the field. Source 2 represents suspected Quaternary faulting
on the west flank of the Lakeside Mountains described by Anderson and Miller (1979) from
earlier work. Such faulting does not appear on the map of Bucknam (1977), and T.P.
Bambhard (personal communication, 1987) recognizes a lineament at that location which closely
follows one contour interval, making it doubtful in his opinion that it is of fault origin. Source
4 represents suspected Quatemnary faulting on the east flank of the Newfoundland Mountains,
which Anderson and Miller (1979) ascribe to earlier mapping; at the same time they note a
personal communication from R.C. Bucknam expressing doubt in the existence of such faulting
at that location.

As typical for any compilation of fault parameters, complete information was not avail-
able for Table 4.1, and generalizations were necessary, especially regarding the recurrence of
faulting on an individual source. Beginning with the age of last movement, there is one fault
(source 3) within the 50-km-radius zone that may have ruptured in Holocene time. From
fault-scarp geomorphometry, T.B. Barnhard (personal communication, 1987) recognizes two
separate faulting events on source 3 located in northwestern Puddle Valley: (1) an event pre-
dating the Bonneville shoreline, which is dated as 15,000 yrs old; and (2) a younger post-
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TABLE 4.1 INFORMATION FOR FAULT-SPECIFIC SOURCESt
(KEYED TO FIGURE 4.2)

Fault Source

Age of
Last
Movement

Approx.
Length

Maximum
Magnitude.
MD

Minimum
Distance
To Site

Annual
Probability
of
Max. Earthquake

8a.

8b.

8c.

8d.

10.

E. flank of Cedar Mts.,
suspected Pleistocene
faulting (T. Bamhard,
USGS, pers. comm.,
1987)

W. flank of Lakeside

Mts., suspected Quaternary
fault (Anderson and Miller,
1979)

NW Puddle Valley
(Bucknam, 1977; T.
Barnhard, USGS, pers.
comm., 1987)

E. flank of Newfoundland
Mts., suspected Quaternary
fault (Anderson and Miller,
1979)

W. flank of Stansbury
Mts. (Bucknam, 1977,
T. Bamhard, USGS,
pers. comm., 1987)

Hansel Valley fault
(Youngs et al., 1987)

East Great Salt Lake
fault (Pechmann, 1987)

Wasatch fault, Ogden
segment (Youngs et al.,
1987; Schwartz and
Coppersmith, 1984)

West Valley fault zone
(Youngs et al., 1987; S.J.
Olig, written comm., 1986)

Wasatch fault, Salt

Lake City segment (Youngs
et al., 1987; Schwartz

and Coppersmith, 1984)

Wasatch fault, Provo
segment (Youngs et al.,
1987; Schwartz and
Coppersmith, 1984)

Ogden Valley fault zone
(Sullivan et al., 1986)

Morgan fault
(Sullivan et al., 1986)

(15K yr)

(>>15K yr)

9-15K yr

(>>15K yr)

20-24K yr

53 yr
<10K yr?

<500 yr

<10K yr

<2K yr

1-3K yr

>10K yr

<10K yr

10 km

5-7 km

27-10 km

15 km

30-40 km

25 km

53 km

78 km

18 km

45 km

70 km

218 km

18 km

6.6)

6.5)

6.6)

6.8)

(7.3)

7.0

(74)

7.5

6.75

7.5

15

6.9

6.9)

<5 km

10 km

20 km

10 km

95 km

45 km

75 km

65 km

75 km

90 km

95 km

(<10 x 107%)

(€10 x 104

(<10 x 107

(<10 x 104

€10 x 1074

<17x10%
[2.5-7.5] x 107

<10x 1073

<37x 104

<72 x10%

<712x10%

<4.0x 10

<40 x 107
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TABLE 4.1 (CONTINUED)

Age of
Last
Movemen

t

Approx.
Length

Maximum
Magnitude.
M

Minimum
Distance
To Site

Annual
Probability
of
Max. Earthquake

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

+Values in parentheses calculated or estimated in this report (see text).
*Computed value slightly less than 6.5; threshold value of 6.5 assumed.

East Canyon fault
(Sullivan et al., 1986)

N. Oquirrh Mits. fault
fault zone (Youngs et al,,
1987; T. Barnhard, USGS,
pers. comm., 1987)

Clover--NE flank of Onaqui
Mits. (Bucknam, 1977; T. Barn-
hard, USGS, pers. comm., 1987)
Everitt and Kaliser, 1980)

Saint John Station--central

Rush Valley (Bucknam, 1977;

T. Bamnhard, USGS, pers. comm.,
1987; Everitt and Kaliser, 1980)

Mercur--SW flank of

Oquirrh Mts. (Bucknam, 1977,
T. Barnhard, USGS, pers.
comm., 1987; Everitt and
Kaliser, 1980)

Topliff Hill--W flank of
Northern E. Tintic Mts.
(Bucknam, 1977; T. Bamhard,
USGS, pers. comm., 1987;
Everitt and Kaliser, 1980)

Vemon Hills (Bucknam,
1977; T. Bamhard, USGS,
pers. comm., 1987; Everitt
and Kaliser, 1980)

E. flank of Sheeprock

Mts. (Bucknam, 1977; T.
Barnhard, USGS, pers.
comm., 1987; Bucknam and
Anderson, 1979b; Everitt
and Kaliser, 1980)

E. flank of Fish Spring Mts.
(Bucknam and Anderson, 1979a,b)

SE flank of Deep Creck Mts.
(Bucknam and Anderson, 1979a,b)

NW flank of Deep Creek
Mts. (Bucknam, 1977; T.
Bamhard, USGS, pers.
comm., 1987)

>10K yr

8-13.5K yr

>15K yr

>15K yr?

>15K yr?

>15K yr?

>15K yr

>15K yr?

~2K yr
>15K yr

>15K yr

212 km

35 km

4-7 km

6 km

15 km

11 km

4-7 km

11-14 km

13 km

6 km

12 km

D

6.7)

1.3)

6.5)*

6.5)*

6.8)

6.7

6.5)

6.8)

6.3

(6.5)*

6.7

100 km

45 km

45 km

45 km

55 km

70 km

70 km

65 km

80 km

100 km

75 km

<4.0x 107

(€1.0 x 1074

(€1.0 x 1074

1.0 x 1074

<€1.0 x 1074

€1.0 x 10%)

€1.0 x 1074

(1.0 x 10%)

(1.0 x 1079

(1.0 x 107

(1.0 x 1074
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Bonneville event that occurred 9,000 years ago at the latest—making the faulting latest Pleisto-
cene or early Holocene (7). Hence, the generalization implied in Figure 2.4a that the SSC sites
lie within a domain of Holocene faulting is plausible but not certain.

Within the 50-t0-100-km distance range, Holocene faulting is well established on the
Wasatch fault zone (sources 8a, 8c, 8d), the West Valley fault zone (source 8b), the Morgan
fault (source 10), and along the eastern flank of the Fish Springs Mountains (source 19).
Holocene faulting seems highly probable on the East Great Salt Lake fault (source 7; see sec-
tion 2.3.2). On the other sources, the age of last movement is either unquestionable pre-
Holocene or the possibility of rupture in earliest Holocene time must be considered.

In the southeast quadrant from the SSC sites there are eight sources (5, 12, 13, 14, 15,
16, 17, 18) that lie within a domain characterized by Bucknam et al. (1980) as having late
Quaternary faulting but no Holocene faulting (compare Figures 2.4a and 4.2). Young faulting
on each of these sources has been studied by T.P. Bamhard (personal communication, 1987)
using fault-scarp geomorphometry, and he confirms that result. A possible exception is the
Northern Oquirrh Mountains fault zone (source 12), on which Barnhard recognizes a faulting
event younger than 15,000 years in age that may be "earliest Holocene at best." Youngs et al.
(1987) describe information suggesting a bracketing of the most recent faulting event on source
12 as between 8,000 and 13,500 years ago.

It should be noted that Everitt and Kaliser (1980) conflict in their interpretation with
those of Bucknam et al. (1980) and T.P. Barnhard in that the former interpret post-Bonneville
faulting on sources 5, 14, 15, 16, and 18—with the possibility of Holocene faulting on sources
5 and 18. Results of fault-scarp geomorphometry applied by Bamhard (personal communica-
tion, 1987) rely on studies by Pierce and Coleman (1986) for careful calibration, and, we sug-
gest, may be more reliable than those of Everitt and Kaliser (1980). Throughout the entire
area of the Tooele 1° x 2° map sheet (40°N-41°N, 112°W-114°W), Bamhard (personal com-
munication, 1987) has identified only two faults with evidence of faulting younger than 15,000
years—the faulting already described in Puddle Valley (source 3) and on the Northern Oquirrth
Mountains fault zone (source 12); regarding the most recent faulting on the west flank of the
Stansbury Mountains (source 5), Barnhard determines an estimated age of 20,000 to 24,000
years. In Table 4.1 we have queried the age of last movement on sources 14, 15, 16, and 18
to call attention to the conflicting interpretations of Everitt and Kaliser (1980).

42.3 Fault-Specific Sources—Recurrence and Maximum Magnitude

The information just presented on recency of faulting is important for estimates of
recurrence (and hence the annual probability of occurrence) for the maximum earthquake on
the fault-specific seismic sources. The best estimates of recurrence tabulated in Table 4.1 are
for sources 6, 8a, 8b, 8c, and 8d, for which Youngs et al. (1987) were able to use available
paleoseismicity data. Sullivan et al. (1986) similarly provide reasonable estimates for sources
9, 10, and 11, and an estimate by Pechmann (1987; see also section 2.3.2) for source 7 is rea-
sonably based. For the remainder of the faults in Table 4.1, all of which lie within the Basin
and Range province and within the "Western Desert” region, a generic approach was adopted
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for estimating the annual probability of occurrence of the maximum earthquake. These values
appear in parentheses. We proceed to explain our logic.

The faults we are considering total 15 in number (sources 1-5, 12-21) and lie 35-120 km
west of the Wasatch fault. Although slip-rate data are not readily available for these faults,
slip rates are likely to be of the order of 0.1-0.2 mm/yr or less (e.g., Schwartz, 1987), which is
the case for faulting away from the Wasatch fault in the Wasatch Hinterland (Sullivan et al.,
1986; Nelson and Van Arsdale, 1986) and for the East Cache and Hansel Valley faults
(Youngs et al., 1987). For one of the faults, the Northern Oquirrh fault zone (source 12),
Youngs et al., (1987) evaluate the slip rate as being 0.2 mm/yr or less with a subjective proba-
bility of 0.94. An average earthquake recurrence interval can be estimated by dividing the slip
rate into the displacement per event (Wallace, 1970). Assuming displacements of 1.04.0 m
(justified below), with a typical displacement on these faults of 2 m (T.P. Bamnhard, personal
communication, 1987), a slip rate of 0.1 mm/yr would imply an average recurrence of 10,000
to 40,000 yrs; similarly a slip rate of 0.2 mm/yr would imply an average recurrence of 5,000 to
20,000 yrs.

There are inadequate data in the Wasatch Front region to model the interevent times of
surface-faulting events on the same fault or fault segment, but such intervals in intraplate
environments such as the Great Basin are highly variable and can differ by a factor of four or
five (Schwartz, 1987). Wallace (1987) argues for considerable nonuniformity of fault
recurrence in the Great Basin. Thus while fault recurrence on major faults in California might
be more time-predictable because of high strain rates and relatively constant stress accumula-
tion (Schwartz, 1987), a Poisson model of random occurrence is reasonable to consider for
surface-faulting on the Basin-Range faults we are evaluating.

If we consider the occurrence of only one surface-faulting event during a period of
15,000 yrs, which was the described case for the Puddie Valley and Northem Oquirrh faults
(sources 3 and 12), then we can use the mathematical arguments developed in section 4.1.1 if
we assume a Poisson arrival process. The observation of 1 event in 15,000 yrs leads to an
upper-bound estimate of A at the 95-percent confidence level of 3.13 x 10'4 events/yr, or a
minimum average recurrence interval of 3200 yrs.

The observed pattem of late Pleistocene-Holocene surface faulting on the faults we are
considering provides an important perspective. We have pointed out that only 3 (sources 3,
12, and 19) of the 15 faults have produced surface-faulting during the past 15,000 years, and
only as single events. Allowing for argument the uncertainty introduced by the interpretations
of Everitt and Kaliser (1980), the number would increase to 7. Figure 4.3 shows a plot of pro-
babilities of observing no event, exactly one event, one event or less, and two events or less
during a period of 15,000 years—assuming different average recurrence intervals for a Poisson
process. The important observation is that the likelihood of observing the paucity of surface
faulting that in fact we see during the past 15,000 yrs is more consistent with an average
recurrence interval exceeding 10,000 yrs than the minimum interval of 3200 yrs that we first
calculated.
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Figure 4.3 Probabilities of occurrence of a specified number of
surface-faulting events, on an individual fault, during a period of
15,000 yrs as a function of average recurrence interval, assuming a
Poisson arrival process (see section 4.1.1 for background).
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Another way to view the observed pattern of late Pleistocene-Holocene surface faulting is
the following. From our observation of 3 to 7 surface-faulting events on 15 faults during a
time period of 15,000 yrs we can compute k‘95 using our likelihood-function approach again.
Assuming 3 events, X_95 = 0.51 events per 15,000 yers per fault—or 29,400 yrs average
recurrence per fault. Assuming 7 events, the average recurrence interval becomes 17,400 yrs.
Doubling the number of potentially active faults reduces the average recurrence interval per
fault to 8,700-14,700 yrs.

On the basis of inferred slip rates, the observation of 3 to 7 single-event fault scarps on
15 faults during the past 15,000 yrs, and the probabilities of observing such a paucity of fault-
ing as a function of recurrence interval, we judge that the average recurrence interval character-
izing the group of faults we are evaluating exceeds 10,000 yrs. We adopt 10,000 yrs as a con-
servative estimate and find no reason to assign a smaller value to any individual fault within
the group. Accordingly, the annual probability estimated for each fault source of this generic
group is €1.0 x 10 .

Our final consideration for the fault-specific seismic sources is that of assessing maximum
magnitude. Youngs et al. (1987) outline three general approaches to estimating maximum
magnitude for fault sources in the Wasatch Front region variously using three widely accepted
techniques based respectively on empirical estimates of magnitude from rupture length, rupture
area, and seismic moment. Estimates of maximum magnitude in Table 4.1 from Youngs et al.
(1987) for sources 6, 8a, 8b, 8c, and 8d are judged to be well-foundcd. The value tabulated is
the maximum value cited for those sources, even though it may not have had the greatest
weight in the logic-tree formulation by Youngs et al. (1987).

For consistency with the probabilistic hazard analysis of the Wasatch Front region carried
out by Youngs et al. (1987), we have judged it appropriate to follow their approach to max-
imum magnitude—with some suitable modifications. Figure 4.4 outlines the basic approach.
Where information on maximum fault displacement was available, procedure (A) was used;
otherwise, procedure (B) was more generally followed. The weighting scheme follows the
conditional subjective probabilities used by Youngs et al. (1987).

The specific empirical relations used in conjunction with the logic tree of Figure 4.4 were
the following. For estimation of magnitude from rupture length, the relation selected from
Slemmons (1982) was that for normal-slip earthquakes given by:

Ms = 0.809 + 1.341 (log length, meters)

A similar relation selected from Bonilla et al. (1984) was their relation based on data for all
faults and given by:

Ms = 6.04 + 0.708 (log length, kilometers)

For estimating magnitude from fault area, we have preferred to adopt a relation
from Singh et al. (1980) instead of one from Wyss (1979) that was used by Youngs et al.
(1987). The relation given by Singh et al. (1980) was derived from data for intraplate earth-
quakes and is given by:
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Figure 4.4 Logic-tree outline of methods and corresponding weights
used to assess a maximum magnitude for fault-specific sources (see text).
L represents rupture length; A, rupture area; Ms' surface-wave
magnitude; M, seismic moment.
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M = log (area, km?) + 4.53

Rupture area was estimated by assuming rupture on a fault dipping 60° extending to the bot-
tom of a seismogenic layer 15 km thick. The relation of Singh et al. (1980) was chosen
because of its agreeable predictions for the 1934 Hansel Valley, Utah, earthquake (MS = 6.8
versus 6.6 observed), the 1959 Hebgen Lake, Montana, earthquake (MS = 7.3 versus 7.5
observed), and the 1983 Borah Peak, Idaho, earthquake (Ms = 7.3 versus 7.3 observed).

We were able to use a moment magnitude approach for five fault sources for which T.P.
Bamhard (personal communication, 1987) was able to provide maximum displacements from
single-event scarps that had been carefully profiled—and for which the values were judged to
be representative of the maximum earthquake for those sources. These were: 4.08 m for the
Northern Oquirth Mountains fault zone (source 12), 3.86 m for the Stansbury Mountains fault
zone (source 5), 1.93 m for the Mercur fault (source 15), 2.34 m for the Puddle Valley fault
(source 3), and 0.65 m for the Clover fault (source 13). The average surface displacement d
was assumed to be 0.5 times the maximum displacement (see Youngs et al., 1987), from which
seismic moment M0 was estimated from the relation (section 2.3.3):

Mo = pSd
where W is the shear modulus (3.3 x 10 dyne/cmz) and S is the fault rupture area. Magnitude

was then estimated from a regression relationship derived by Youngs et al. (1987) by inverting
moment-versus-magnitude data for the Utah region from Doser and Smith (1982):

11

Ms =-16.22 + 0.885 log10 (Mo’ dyne-cm)

In the case of the East Great Salt Lake fault, it should be noted that the tabulated
length (and corresponding maximum magnitude) assumes that the fault is divided into two seg-
ments. For this fault, and all the others for which a maximum magnitude was estimated by the
procedure outlined in Figure 4.4, the estimated values are systematically in good agreement
with our seismological judgment and experience in the Intermountain seismic belt.

4.3 Seismicity Parameters

The standard way to characterize seismicity in any seismically active region is with the
Gutenberg-Richter exponential frequency-magnitude relationship given by

logN=a-bM

where N is the average number of independent events per year of magnitude M or greatcr and
a and b are constants appropriate for the particular region. If we define A as the average
number of events per year of M 2 3.0, then the above equation can be rewritten as

N=A lo—b(M—3.0)

For the purposes of this study, we are interested in modeling the frequency of
occurrence of earthquakes in the near-site vicinity of ML < 6.5, the approximate threshold of
surface faulting. We chose to define the near-site vicinity as a circle extending 50 km outward
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from the center of either of the proposed SSC sites (circles, Figure 3.7). These regions extend
35-38 km beyond the edges of the SSC rings. The area chosen was motivated both by seismi-
city patterns and by ground motion considerations. From Figures 3.6 and 3.7, the seismicity
within a 50 km radius of the centers of the rings appears to be spatially homogeneous, and
therefore we can assume that earthquakes have a uniform probability of occurrence anywhere
within these two circles. Regarding ground motions, the attenuation relationship of Campbell
(1987) predicts that a M; 6.5 earthquake at the edge of one of these circles would cause a peak
horizontal ground acceleration of 0.07-0.15 g on soil at the SSC site 35 km away. Ground
motion having a peak horizontal ground acceleration of 0.1 g is generally taken to be the thres-
hold of damage for weak construction.

Because of the very low rate of seismicity within the circular areas marked on Figure 3.7,
it is not possible to obtain estimates of the seismicity parameters A and b directly from the
observed seismicity in these regions. Within these regions, we believe that the earthquake
catalog is complete above ML3.O since July 1962 and above ML2.0-2.5 since October 1974.
However, no earthquakes of ML 2 3.0 have been observed since July 1962 and only 4 earth-
quakes of ML 2 2.0 and none of M, 2 2.5 have been observed since October 1974. Because
of the lack of earthquake activity above the uniform detection thresholds, we decided to incor-
porate information from a larger region in order to obtain estimates of earthquake recurrence.

In order to obtain meaningful estimates of earthquake recurrence from seismicity data, it
is first necessary to remove from the data set dependent events such as aftershocks, foreshocks,
and swarms. Shimizu (1987) identified dependent and independent events in the University of
Utah catalog for the period July 1962 through December 1985 by applying the local clustering
method of Veneziano and Van Dyck (1986). Shimizu’s listing of independent events of ML 2
2.0 in the catalog for this time period was supplied to us on computer tape by D. Veneziano.
The listing contained 468 events within the study area. To this listing, we added 8 indepen-
dent events of M; 2 2.0 from the University of Nevada and NOAA catalogs. We used the
resulting catalog of 476 mainshocks to determine detection thresholds and seismicity parame-
ters for our study area.

One way to identify the uniform detection threshold for an area is to use a recurrence
plot (log N versus M) to find the magnitude below which the observed frequency of events
drops below the frequency expected from a linear extrapolation of the curve for larger events.
Figure 4.5 is a cumulative recurrence plot for independent mainshocks in the western and
eastern halves of the study area (solid curves) and in the study area as a whole (dots) from
July 1962 through December 1985. The curve for the eastern half of the study area shows no
signs of leveling off at smaller magnitudes. If anything, it appears to have a steeper slope for
M, < 3.0. The curve for the westemn half of the study area does not have a very well-defined
slope above magnitude 3 due to the small number of events. Nevertheless, the observed fre-
quency of earthquakes smaller than about magnitude 3 appears to fall below the expected fre-
quency extrapolated from the larger events. Based on Figure 4.5 and similar plots for the time
periods July 1962 through September 1974 and October 1974 through December 1985, we
estimate that the uniform detection threshold since July 1962 is MLS.O in the western half of
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Figure 4.5 Recurrence data for independent mainshocks in the study area

from July 1962 through December 1985. The plot shows the cumulative number
of earthquakes per year greater than or equal to the local magnitude, ML'

given on the horizontal axis. The solid curves show the data for the westemn

and eastern halves of the study area, with the dividing line at 113°05’W

(Figure 3.6). The dots show the data for the entire study area. The straight

line through the dots for M; 2 3.0 has a slope, b, of 0.6410.09,

calculated using the maximum likelihood method of Weichert (1980).



48

the study area and MLZ.O or less in the eastern half of the study area.

To determine an overall b-value for the study area, we fit a straight line to the recurrence
data for independent mainshocks (dots, Figure 4.5) above ML3.0 using the maximum likeli-
hood technique of Weichert (1980). The resulting line, which is shown on Figure 4.5, has a
slope of b = 0.64+0.09. Since b values do not tend to vary greatly from one region to another,
it is reasonable to assume that this b-value also applies to the near-site region (Figure 3.7). -

Unfortunately, estimating an A-value for the region within 50 km of the SSC sites is not
as straightforward as estimating a b-value. On a regional scale (Figure 3.6), the proposed SSC
sites lie within a transition zone between the very active Wasatch front area to the cast and the
less active Great Salt Lake Desert to the west (see section 3.4 above). Thus, there is consider-
able uncertainty regarding the appropriate geographic area from which to calculate the A-value.
The lack of seismicity near the sites suggests that the rate of activity there is probably more
similar to that of the western half of the study area (Figure 3.6) than to the eastern hulf of the
study arca. We therefore decided to calculate estimates for A based on the observed scismicity
in the following three areas: (1) a circle of 100 km radius around the center of the Cedar
Mountains Site (eastem site, Figure 3.6); (2) the study area west of 113°05°; and (3) the study
area as a whole. In our judgment, these values should constitute respectively a best cstimate,
lower bound, and upper bound for A.

During the 23.5 year period from July 1962 through December 1985, there were 9
independent mainshocks of ML 2 3.0 within the 100 km circle around the Cedar Mountains
site. During this same period of time there were 13 such events in the western half of the
study area and 60 such events in the entire study area. Nommalizing these rates of occurrence
to a circular region of radius 50 km yields average rates of 0.096, 0.068, and 0.157 M 2 3.0
events per year, respectively. The latter rate of 0.157 derived from the earthquake count for
the entire study area represents an average between the normalized rates for the eastern and
western halves of the study area. Since we wish to use the rate for the entire study area as an
upper bound on the A value, it is perhaps more appropriate to use the upper bound estimate for
this rate at the 95% confidence level, 0.187, rather than the maximum likelihood estimate of
0.157 (see section 4.1.1). Thus, our upper bound estimate for the A-value is 0.187, our best
estimate is 0.096, and our lower bound is 0.068. We used these A values, together with b-
values of 0.64+0.09, to calculate best estimates and lower and upper bounds on the recurrence
rates of earthquakes in the vicinity of the SSC sites.

Table 4.2 lists average retum periods for earthquakes within 50 km of the proposed SSC
sites. The preferred estimates shown for each magnitude cutoff were calculated using A =
0.096 and b = 0.64. The values in parentheses are lower and upper limits calculated using lim-
iting values for the recurrence parameters estimated above: A = 0.187, b =055, and A =
0.068, b = 0.73. The preferred estimates for the retum periods given in Table 4.2 secm rea-
sonable in light of the observed near-site seismicity (section 3.5). Within 50 km of the sites
(circles, Figure 3.7), available records indicate a ML4-5 event in 1915, a MLS.O (assumed)
event in 1958, a M, 2.5 event in 1965, and four M; 2.0-2.3 events from October 1974 through
March 1987. This observed activity is well within the expected levels given the estimated
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TABLE 4.2

ESTIMATED AVERAGE RETURN PERIODS FOR EARTHQUAKES
WITHIN 50 KM OF THE CENTER OF ALTERNATIVE SSC SITES

ML Return Period*

(years)
>2.0 2 (1-3)
>3.0 10 (5-15)

24.0 45 (20-80)
25.0 200 (70-420)

26.0 870 (240-2300)

*The first number given is our preferred estimate. The
numbers in parentheses give the lower and upper limits.



50

return periods listed in Table 4.2.

A more rigorous way to compare the observed and predicted seismicity rates is to apply
the Poisson model to the earthquake activity in this region (see section 4.1.1). As mentioned
previously, we believe that the earthquake catalog for the area shown in Figure 3.7 is complete
at the ML 2 3.0 level since July 1962. No ML 2 3.0 events have occurred within a 50 km
radius of either site since then. For a Poisson process, the probability P of having no
occurrences within a time period t is given by

p=e¥t

Setting t = 25 years and Y = A, we obtain P = 18% for A = 0.068, P = 9% for A = 0.096, and
P = 1% for A = .187. The first two probabilities are low but within the realm of possibility.
The last probability is very small. Thus, this calculation suggests that an A value of 0.068-
0.096 is much more likely than 0.187, which can be regarded as a very conservative upper
limit.

4.4 Estimation of Site-Specific Ground Motion

Probabilistic estimates of maximum ground acceleration in Utah have been published by
Bucknam et al. (1980), Algermissen et al, (1982), and Youngs et al. (1987). Of these studies,
only that of Algermissen et al. (1982) encompasses the proposed SSC sites. On their map
showing horizontal acceleration values in rock with a 90% probability of not being exceeded in
50 years, the sites fall between the 0.1 g and 0.2 g contours but closer to the 0.1 g contour
(Figure 4.6). We therefore infer a value for the proposed SSC sites of about 0.15 g. For a
250 year exposure period, the sites lie close to the 0.4 g contour, indicating a 90% nonex-
ceedance acceleration level of 0.4 g.

The study by Youngs et al. (1987) presents detailed probabilistic estimates of ground
motion for the Wasatch front region, but unfortunately their study area only extends westward
to about 112°20°. Along the western boundary of their study area at the latitude of the SSC
sites, peak horizontal ground accelerations on rock with a 90% probability of not being
exceeded are approximately 0.2 g and 0.5 g, for exposure times of SO and 250 years, respec-
tively. Since their peak acceleration contours decrease westward going away from the Wasatch
fault, the acceleration values at the SSC sites should be less than these. Thus, the results of
Youngs et al. (1987) are compatible with those of Algermissen et al. (1982) for the proposed
SSC locations.

Bucknam et al. (1980) calculated maximum ground accelerations on rock with a 90%
probability of nonexceedance in 50 years along a profile extending westward from the Wasatch
fault near Salt Lake City. Although their calculation incorporated only earthquakes originating
along the Wasatch fault zone, the Wasatch fault zone is a major contributor to seismic hazard
in the region near the fault. This is especially true if one considers the Wasatch fault zone to
be an important source of moderate as well as large earthquakes, as did Bucknam et al. Ata
distance of 75 km from the fault, the distance of the closest proposed SSC ring, their results
indicate probable accelerations of 0.1 or less (Figure 4.7). These numbers are somewhat
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smaller than the value of 0.15 g estimated from the map of Algermissen et al. (1982), but this
is expected since the latter study includes more seismic sources.

As a check on these published studies, we performed some simplified site-specific proba-
bilistic calculations of ground shaking hazard using the method of Comell (1968). Our calcu-
lation incorporated the two fundamental types of earthquake sources discussed above: (1)
moderate (ML < 6.5) earthquakes within a circular source area of radius 50 km centered on the
site, and (2) the fault-specific sources in Table 4.1, which have maximum magnitudes of 6.5-
7.5. Earthquakes within the circular source area are assumed to be independent in size and
location, have a spatially uniform probability of occurrence, and have an exponential magnitude
distribution. We used the seismicity parameters estimated in the previous section to character-
ize this source area. For the fault-specific sources, only the contribution of the maximum
earthquake to the hazard was included in the computation. For these maximum earthquakes,
the contribution to the annual probability of exceedance of a given peak acceleration value is
the product of two factors: (1) the annual probability of occurrence of the earthquake, and (2)
the probability that the given peak acceleration level will be exceeded if an earthquake with the
specified magnitude and distance occurs. For sources 1, 2, and 4, the contribution to the
hazard was multiplied by an additional factor of 0.5 to reflect the uncertainty regarding whether
or not these faults are active.

Peak horizontal acceleration as a function of magnitude and distance was calculated using
the constrained relationship of Campbell (1987). In this relationship, we used Campbell’s
value of anelastic attenuation for California (0.0059) and constants appropriate for strike-slip
earthquakes (as opposed to reverse-slip earthquakes, the only other choice available) and deep
soil ( 10 m) or rock conditions. The natural log of the peak acceleration was assumed to be
normally distributed about the predicted median value with a standard deviation of 0.3, the
standard error given by Campbell. Some assumption about the depths of the earthquakes was
necessary since Campbell defines source-to-sitc distance as the shortest distance between the
site and the zone of seismogenic rupture. We assumed that the zone of scismogenic rupture
penetrates to within 5 km of the surface for all earthquakes included in the computation. How-
ever, the assumed depth is important only for the small to moderate earthquakes (ML 30to
6.5) very near the site.

Most probabilistic ground motion studies, including the three published for Utah cited
above, calculate the annual probability that various peak ground motion values will be
exceeded at a specific point or series of points on the map. Because of the large size of the
planned SSC facility, such an approach may underestimate the hazard to the facility as a
whole. Accordingly, we decided to calculate the annual probability that ground acceleration
values would be exceeded somewhere on a circle of radius 13 km, the average radius of the
proposed SSC rings. For the small to moderate "background” earthquakes, events both inside
and outside the circle were included in the computation. For the fault-specific sources, the
source-to-site distance used was the minimum distance from the fault to either of the two pro-
posed SSC rings, as listed in Table 4.1. Since most of the active faults in Table 4.1 lie to the
east of the proposed sites (Figure 4.2), this set of distances is more applicable to the Cedar
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Mountains (eastern) ring than to the Ripple Valley ring, but is conservative for either of the
two rings considered separately.

Figure 4.8 presents preliminary graphs of the probability of exceedance per year versus
peak horizontal ground acceleration for the proposed SSC rings. The three different curves
were calculated using the three sets of seismicity parameters determined in section 4.3.
Assuming that earthquake occurrence is a Poisson process, peak acceleration values having a
90% probability of nonexceedance in 50 years have an annual probability of 0.0021 or a retumn
period of 475 years (horizontal line, Figure 4.8). For the middle curve (our best estimate) this
acceleration value is 0.14 g. For the other two curves, the values are 0.11 and 0.20. Peak
acceleration values having a 90% probability of nonexceedance in 250 years have a mean
annual probability of 0.00042 or a return period of 2373 years. Our best estimate for this
value is 0.27 g with lower and upper bounds of 0.23 g and 0.33 g, respectively.

Campbell (1987) presents another set of median attenuation curves for peak horizontal
acceleration that he believes represent an upper bound for Utah given the current state of
knowledge. These upper bound curves were calculated using a lower value for the anelastic
attenuation constant (0.0044), plus a multiplicative factor of 1.4 derived for reverse and thrust
earthquakes and an additional multiplicative factor of 1.5 for amplification on shallow soils
(<10 m deep). The upper bound curves predict peak horizontal accelerations about a factor of
two higher than his other set of curves. The multiplicative factor of 1.4 for reverse faults was
found by regression analysis. The rationale for applying this factor in a normal-faulting regime
such as Utah is that both normal faults and reverse faults typically have non-vertical dips. It is
possible that the higher ground motions observed for reverse faults are due primarily to the
fault dip rather than to the sense of slip. The amplification factor for shallow soils may apply
to some parts of the Cedar Mountains site near the range front. Additionally, Campbell (1987)
speculates that this factor may be appropriate for thick unconsolidated deposits, such as those
in the Salt Lake Valley where U.S. Geological Survey seismologists have observed large
amplifications of spectral velocities in certain frequency bands (Hays and King, 1982, 1984a,
1984b; Rogers et al., 1984; King et al., 1987).

The dashed curves in Figure 4.9 show the results of the hazard computation using
Campbell’s upper bound peak acceleration relationship. The annual probabilities of exceedance
for all acceleration levels are significantly higher than those indicated by the solid curves.
Acceleration values with a 90% probability of nonexceedance in 50 years are 0.24 g, 0.30 g, or
0.44 g, depending on the seismicity parameters assumed. For a 250 year exposure time, the
values are 0.49 g, 0.57 g, and 0.70 g.

It is important to keep in mind that the calculations of probabilistic peak acceleration
presented in Figures 4.8 and 4.9 are not directly comparable to the published calculations sum-
marized in Figures 4.6 and 4.7. Our calculations are for a ring of radius 13 km rather than for
point localities, and should therefore show a higher level of hazard. In order to assess the
effect of the size and geometry of the proposed facility on our calculations, we determined
another set of hazard curves for a point located at the center of the Cedar Mountains site (Fig-
ure 4.10). To compute these curves, we set the radius of the ring equal to zero in our program
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Figure 4.8 Preliminary graphs showing the probability of exceedance per year
for peak horizontal ground accelerations on soil at the proposed SSC sites.
The middle curve with dots showing the computed probability values was
calculated using our best estimate for the seismicity parameters. The other
two curves were calculated with the seismicity parameters used to determine
the upper and lower limits on the return periods listed in Table 4.2. The
vertical axis at the right shows the average return period in years (the
inverse of the annual probability). The horizontal line marks the 475 year
retumn period. The peak acceleration values with this retumn period (labeled)
have a 90% probability of not being exceeded in 50 years.
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Figure 4.9 Altemative estimates of the ground shaking hazard at the SSC
sites. The solid curves are the same as in Figure 4.8. The dashed curves
were calculated with the same three sets of seismicity parameters but using
the upper bound peak acceleration estimates of Campbell (1987) (see text).
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Figure 4.10 Preliminary graphs showing the probability of exceedance per
year for peak horizontal ground accelerations on soil at the center of the
proposed Cedar Mountains SSC site. The solid curves were calculated using
a peak acceleration relationship determined by Campbell (1987). The dashed
curves were calculated using an altemative upper-bound peak acceleration
relationship proposed by Campbell (1987). The three different curves in each
set correspond to the three different sets of seismicity parameters determined
in section 4.3. The 6 curves are similar to those in Figures 4.8 and 4.9,
except that the probabilities of exceedance are for a single point location
and not for the entire SSC ring.
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and replaced the distances of the fault-specific sources listed in Table 4.1 with the minimum
distances between the faults and the center of the Cedar Mountains ring. All of the other
parameters used in the calculation were kept the same.

Figure 4.10 shows the hazard curves for the center of the Cedar Mountains site. Com-
parison of these six curves with the six curves shown in Figure 4.9 indicates that the annual
probability of exceeding a given peak acceleration value at the center of the Cedar Mountains
ring is a factor of 2 to 6 lower than the annual probability of exceeding the same acceleration
value somewhere along the ring. This decrease in the rate of exceedance is due to a decreased
contribution from both the fault-specific sources and the random MLSG.S earthquakes, but
especially the latter. Hazard curves for other locations within and on the proposed SSC rings
should be similar to those in Figure 4.10, at least for the return periods of primary interests for
this study (500 years or less). Thus, the probability of exceeding a given acceleration value at
any particular point on the proposed SSC rings appears to be significantly lower than the pro-
bability of exceedance for the ring as a whole.

From Figure 4.10, estimates of the peak horizontal acceleration having a 90% probability
of nonexceedance in 50 years at the center of the Cedar Mountains site range from 0.06 to
0.22 g, depending on the seismicity parameters assumed and the relationship used to predict
peak acceleration as a function of magnitude and distance. These accelerations are a factor of
two smaller than the corresponding probabilistic accelerations for the ring indicated on Figure
4.9. The value of 0.15 g inferred from the map of Algermissen et al. (1982) (Figure 4.6) falls
near the middle of the 0.06 to 0.22 g range, but is larger than the value of 0.07 g obtained
using our preferred input parameters (solid curve with dots, Figure 4.10). The difference
between our preferred estimate of 0.07 g and the estimate of 0.15 g from the Algermissen et
al. map appears to be attributable primarily to differences in the seismicity parameters used in
the calculations. In the Algermissen et al. study, the SSC sites lie within a seismic source
zone that includes a large part of the Intermountain seismic belt in Utah. The data presented in
this study, however, show that the rate of earthquake activity near the sites is markedly lower
than it is to the east in the main part of the Intermountain seismic belt in Utah. Algermissen et
al. (1982) used the attenuation relationship of Schnabel and Seed (1973) for their calculations.
This relationship in general predicts peak accelerations that are closer to Campbell’s lower
bound values than his upper bound values.

An interesting result of our probabilistic hazard calculation for the proposed SSC facility
(Figures 4.8 and 4.9) is that for return periods of 475 years, the dominant contribution to the
hazard is from moderate earthquakes of up to magnitude 6.5. These contribute 74% to 86% of
the hazard, depending on the assumptions used. If the hazard at a particular location such as
the center of the Cedar Mountains site is considered (Figure 4.10), the moderate earthquakes
contribute 54% to 85% of the hazard at return periods of 475 years. Doubling the radius of
the circular source area and quadrupling the A value has a negligible effect on the hazard
curves. This demonstrates that our chosen source radius of SO km is sufficiently large for this
calculation, at least when earthquakes of M; < 6.5 are the only ones considered. The fault-
specific sources of magnitude 6.5 and larger become the dominant source of hazard for retum
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periods longer than 1500 years or more, depending on the parameters used for the calculation
and whether it is done for a ring or for a point.

The range in the hazard curves shown in Figures 4.9 and 4.10 is unfortunately rather
large, but is not unusual for studies of this type (see, for example, Youngs et al.(1987)). The
problem of uncertainty in hazard calculations is usually handled by either selecting a preferred
estimate or else by generating a large number of curves using different assumptions weighted
as to their likelihood and then calculating a mean or median curve. The latter approach is
clearly beyond the scope of this study. A design acceleration value of 0.1 - 0.2 g appears to
be reasonable for a time period of 50 years and a 90% probability of nonexceedance, based on
published studies and the solid curves in Figures 4.8 and 4.9. However, it should be kept in
mind that differing assumptions about ground motions can result in acceleration values that are
a factor of two higher than this.



S. CONSIDERATIONS OF EARTHQUAKE HAZARDS AT
THE PROPOSED SSC SITES IN TOOELE COUNTY

In this final section, we present a brief discussion of earthquake-related hazards that
might represent adverse risk factors for the proposed SSC facilities. Our intent is not to repeat
the discussion of previous sections, nor to provide an exhaustive analysis of site-specific
hazards. Rather, the outline is intended to serve a "Devil’s Advocate," brainstorming purpose.

5.1 Ground Motion

5.1.1 General Remarks

Over time periods comparable to the anticipated lifetime of the SSC facility (Iess than 50
years), the dominant contribution to the ground-shaking hazard comes from possible moderate
earthquakes of ML < 6.5 that could occur in the near vicinity (within 50 km) of the proposed
SSC sites. This is true despite the relatively low historical seismicity in this area, because all
of the nearby major faults capable of generating larger earthquakes have recurrence intervals
that are long relative to the return periods of interest.

Quantification of the ground-shaking hazard is subject to uncertainty because of problems
in defining the seismicity rate and the lack of data on strong ground motion from earthquakes
in Utah. The probabilistic ground motion map for the United States published by Algermissen
et al. (1982) indicates that a peak horizontal ground acceleration of about 0.15 g has a 90%
probability of not being exceeded in 50 years at a point in the general area of the proposed
sites. We obtained a valuc of 0.14 g for the proposed facility from some preliminary site-
specific calculations that we performed using the attenuation relationship of Campbell (1987)
and our best estimate of the seismicity parameters. Our calculations fall far short of a com-
plete probabilistic evaluation of ground shaking hazard for the site, but they do incorporate
up-to-date information and properly take into account the large size of the proposed SSC ring.

A noteworthy conclusion of our preliminary hazard calculations is that the large size of
the proposed SSC facility is an important factor that needs to be taken into account in any pro-
babilistic evaluation of the ground shaking hazard. Most critical facilities are small enough
that they can be treated adequately as a point location for these types of studies, but this is not
true for the Supercollider. At the location of the proposed SSC sites in Utah, we found that
the annual probability of exceeding a given peak acceleration somewhere along a ring of radius
13 km is significantly higher than the probability of exceeding this acceleration at any specific
point such as the center of the ring. We expect that this will be true for any site located within
a seismically active region because: (1) the average distance between a ring of radius 13 km
and a group of potential earthquake sources will always be less than the average distance
between any specific point on the ring and the same group of sources, (2) ground motion from
earthquakes attenuates significantly over a distance of 26 km, the average diameter of the
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proposed SSC ring.

For purposes of design, the probability of exceeding a critical level of ground motion
anywhere along the ring would appear to be more pertinent than the probability of exceeding
this acceleration at a particular location. Thus, we consider the set of curves in Figures 4.8
and 4.9 to be a more relevant characterization of the ground-shaking hazard to the facility than
the curves in Figure 4.10. However, for purposes of comparison with published regional stu-
dies and with site-specific studies for other candidate SSC sites that do not take into account
the size of the rings, the set of curves in Figure 4.10 should be used.

In both Figures 4.9 and 4.10, the middle solid curve with the dots represents our best
preliminary estimate of the ground-shaking hazard. However, use of Campbell’s altemative
upper bound curves for peak horizontal acceleration in our calculations leads to significantly
different results, as indicated by the dashed curves with dots. The acceleration with a 90%
probability of nonexceedance in 50 years along the SSC ring increases by a factor of two to
0.30 g, given our best-estimate seismicity parameters (Figure 4.9). Although this higher value
cannot be ruled out given the present state of knowledge, it is important to note that most pub-
lished attenuation relationships in current use would lead to values more consistent with our
preferred estimate of 0.14 g.

Campbell’s attenuation relationships have been developed as part of a U.S. Geological
Survey earthquake hazards program focused on the Wasatch Front, and will be considered by
many to represent the state-of-the-art for application in Utah. Nevertheless, Campbell’s
attenuation relationships may not be universally agreed upon by other practitioners. Future stu-
dies should help to reduce the uncertainty in ground motion estimates for normal-faulting earth-
quakes in Utah.

5.1.2 Site Effects

The seismic velocities and othcr mechanical properties of the surficial materials underly-
ing a site are well known to have a major effect on the shape and amplitude of the spectrum of
ground motion. Essentially, deep and/or soft unconsolidated material has a tendency to
amplify ground motions at certain periods, particularly periods longer than about 0.5 sec (e.g.
Seed and Idriss, 1982, pp. 43-47). Such effects have been well documented in alluvial valleys
along the Wasatch Front by U.S. Geological Survey seismologists (Hays and King, 1982,
1984a, 1984b; Rogers et al., 1984; King et al., 1987). Since both of the proposed SSC sites
would lie partially on unconsolidated alluvial and lake deposits, the possible amplification of
earthquake ground motion by this material should be taken into account in any detailed seismic
design study.

In general, the material underlying a site appears to have a much smaller effect on max-
imum ground accelerations than it does on ground velocities. According to Seed and Idriss
(1982, p. 34-37), values of peak acceleration in soils are not appreciably different from those
on rock, and may even be substantially less on some materials such as soft to medium stiff
clay and sand. The peak acceleration relationship of Campbell (1987), however, contains an
empirically-derived amplification factor of 1.5 for soils less than 10 m deep. The physical
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cause of this amplification is probably resonance within the low velocity soils (Campbell,
1987). Campbell argues that this amplification factor may also be applicable to deeper uncon-
solidated deposits in Utah, where large amplification of spectral velocities relative to rock sites
has been measured (see references cited above). This factor was included in the calculation of
the dashed hazard curves in Figure 4.9, but not the solid curves. Regardless of whether or not
Campbell’s amplification factor is applicable to peak ground accelerations at the proposed SSC
sites, it is reasonable to expect some amplification of ground velocity in certain frequency
bands at those parts of the sites underlain by unconsolidated deposits. These possible site
effects should be carefully evaluated and incorporated into the seismic design criteria.

5.2 Surface Faulting Earthquakes

5.2.1 General Remarks

Seismic hazards at the SSC sites associated with possible surface-faulting earthquakes
include strong ground shaking, the potential for surface rupture at the sites, and possible static
deformation from nearby surface faulting. We have developed a perspective in this report that
there is a likelihood of very long recurrence intervals for surface faulting on any individual
fault or fault segment. Nevertheless, fault scarps perhaps as young as 9,000 years lie only 10
km to the north of the Cedar Mountains site in Puddle Valley, and the Cedar Mountains align-
ment straddles the Cedar Mountains where there must be some finite (albeit low) probability of
range-front faulting. First, we will briefly summarize some key points made in earlier sections
and then consider some additional factors.

We can begin by affirming the premise that the historical and instrumental earthquake
record provides an inadequate guide to assessing seismic potential at the SSC sites and that
information from late Quaternary faulting is essential to consider (section 2.3.1). Seismicity is
clearly very low in the immediate vicinity of the proposed sites (Figure 3.7), and the sites are
marginal to, and arguably outside of Utah’s main seismic belt (e.g. Figures 2.3, 3.6). Back-
ground seismicity, however, does not simply correlate with mapped Cenozoic faulting in the
Intermountain seismic belt (section 2.4), such that the potential for surface faulting effectively
must be considered independently of observed seismicity. The occurrence of the 1983 MS 7.3
Borah Peak, Idaho, surface-faulting earthquake in an area of low historic seismicity (Richins et
al., 1987; Dewey, 1987)—but in an area of clearly recognizable late Quatemnary faulting— is a
case in point.

The SSC sites lie within a part of the Basin and Range province where there is clear evi-
dence of late Pleistocene and some Holocene faulting (section 4.2.2). Slip rates on these faults
are inferred to be of the order of 0.1 to 0.2 mm/yr or less (section 4.2.3), 5 to 10 times lower
than on the Wasatch fault (e.g., Schwartz and Coppersmith, 1984; Machette et al., 1986;
Youngs et al., 1987). Various lines of probabilistic reasoning suggest that active faults in the
general vicinity of the SSC sites have average recurrence intervals for surface faulting on an
individual fault or fault segment of the order of 10,000 years or perhaps significantly more
(section 4.2.3).
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We have noted that the record of late Quaternary faulting in the "Western Desert" region
surrounding the SSC sites is incomplete because of fluctuations of ancient Lake Bonneville,
although the Holocene record of any significant surface faulting should be complete (section
2.3.1). Because of the presence of many single-event fault scarps in this region, the incom-
plete late Quaternary record, and the low slip rates (long recurrence), the possibility of future
surface rupture cannot be confidently restricted to those fault sources identified in Table 4.1
and Figure 4.2

If recurrence intervals of surface faulting on an individual fault are of the order of 10,000
years, and if many of the faults have not ruptured in Holocene time, can it be argued that such
lengthy elapse times now imply an increased probability of faulting? Limits of applicability of
the memoryless Poisson process for probabilistic hazard analysis have recently been investi-
gated for similar problems in the central and eastern United States (EPRI, 1986). The result is
that probabilistic hazard estimates for 50-year exposure periods based on a Poisson model are
generally adequate if (1) the average recurrence interval exceeds the elapscd time since the last
significant event, and (2) if there is reason to believe that a fault displays strongly regular,
"characteristic time" behavior.

It is conceivable that for some (many?) of the faults in the "Westermn Desert" region the
elapsed time since the last earthquake exceeds the average recurrence interval, but there is no
evidence of strongly regular, "characteristic time" behavior on these faults. Thus, there simply
is no way to resolve this issue. Conventional wisdom argues that, lacking evidence to the con-
trary, the Poisson model is not unreasonable physically, and the sum of non-Poissonian
processes may be approximately Poisson (EPRI, 1986).

A final consideration for surface-faulting is the thesis developed by Wallace (1987) that
"slip accompanied by surface faulting events, and displacement of range blocks in the Great
Basin province..., have not been uniform."” Wallace (1987) argues for the spatial and temporal
grouping of large surface faulting events such that periods of active faulting might be separated
by dormant periods that may last tens of thousands of years."

Machette et al. (1986) have suggested a causal relationship between an apparent increase
in slip rate on the Wasatch fault about 15,000 years ago and isostatic rebound caused by the
catastrophic draining of Lake Bonneville. Speculative arguments might be made that many of
the fault scarps in the "Westemn Desert" region could reflect temporal clustering of surface
faulting events in latest Pleistocene-early Holocene time due to effects of Lake Bonneville. If
so, then the average recurrence intervals that we calculated for these faults may in fact be
longer than we have estimated.

5.2.2 Static Deformation from Nearby Surface Faulting

Large normal-faulting earthquakes can cause permanent tilting of the ground surface at
distances of up to 20 km or more from the surfacc fault trace. To illustrate the nature and
magnitude of this effect, Figure 5.1 shows profiles of elevation changes caused by the Hebgen
Lake, Borah Peak, and Dixie Valley (Nevada, 1954) earthquakes. All three of these earth-
quakes were accompanied by substantial surface faulting (see section 2.3.3). In the case of the
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Hebgen Lake earthquake, surface faulting occurred on two separate fault traces separated by
about 5 km along the measured profile. With this in mind, it is clear from Figure 5.1 that the
vertical displacements and tilting are greatest near the surface break and gradually diminish at
larger distances.

Earthquakes that do not cause surface faulting may cause warping of the ground surface
above the subsurface fault. As we mentioned in section 2.3.5, both the 1975 ML6.0 Pocatello
Valley earthquake and the 1975 ML 6.1 Yellowstone Park earthquake produced apparently
coseismic subsidence of up to 12-13 c¢m, but no identifiable surface faulting. For any earth-
quake, the amount of deformation at the ground surface will depend on such factors as the
amount of displacement on the fault and the size, geometry, and depth extent of the fault
break.

In the vicinity of the proposed SSC sites, surface-faulting earthquakes on faults 1 through
5 (Figure 4.2) could cause measurable ground tilting at the rings. The other fault-specific
sources in Figure 4.2 are too far away to cause tilting at the sites. There is some question
about whether or not faults 1, 2 and 4 are active. If they are, then the annual probability of an
earthquake on these faults and on faults 3 and 5 also is judged to be less than 1.0 x 10
(Table 4.1). Moderate earthquakes of ML < 6.5, below the threshold of surface faulting, are
more likely to occur near the sites. However, earthquakes of this size would have to occur
within less than 10 km of the ring in order to cause tectonic deformation of more than about 1
cm. From Table 4.2, the estimated return period for earthquakes of ML 2 5.0 within 50 km of
the center of either proposed site is 200 years. Since the maximum radius of the ring is about
15 km, the estimated retumn period for earthquakes within 10 km of the site perimeter would be
about 4 times this or 800 years. Thus, the probability of earthquake-induced ground deforma-
tion at the proposed SSC sites is very small.
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APPENDICES

Explanation

The purpose of the following appendices is to provide documentation of the seismicity

data base that was specially compiled for this site-evaluation study and which forms the basis
of analyses described in the main body of this report. The database consists of three important
files of seismic events:

(1) Appendix A -- A compilation of all identified earthquakes of esimated magnitude 2.6 and

)

3

greater within 160 km of the proposed SSC sites (study area, Figure 3.2) that are
included in the historical and instrumental earthquake record. Epicenters for these earth-
quakes are plotted in Figure 3.6.

Appendix B -- A listing of seismic events located within the near-site region of the pro-
posed SSC sites (see Figures 3.2 and 3.5) and included in the University of Utah earth-
quake catalog--but which have been identified in this study as artificial seismic events by
special investigation. None of these events are included in the listings of either Appendix
A or Appendix C.

Appendix C -- A listing of all seismic events included in the University of Utah earth-
quake catalog and located within the near-site region defined in Figure 3.2. Artificial
seismic events tablulated in Appendix B have been removed. The events listed here are
believed to be genuine earthquakes. Their epicenters are plotted in Figure 3.7.
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Data Explanation For Pre-July 1962 Earthquake Listing
(Adapted From Page 119 of Arabasz, et al, 1979)

This listing includes all earthquakes in the study area in the University of Utah historic

catalog and additional events from the University of Nevada and NOAA catalogs. The follow-
ing data are listed for each event:

1.

Year (yr), date, and origin time (orig time) in Universal or Greenwich Mean Time
(GMT). Origin time given in hours and minutes for non-instrumental locations, and in
hours, minutes, and seconds for instrumental locations.

Earthquake location coordinates in degrees and minutes of north latitude (lat-n) and west
longitude (Jong-w). For non-instrumental locations, epicenter is assumed; in most cases,
assigned coordinates correspond to location of town or city where felt effects were
strongest. Epicentral accuracy = & 25-50 km.

MAG, estimated Richter magnitude determined in one of four ways, as indicated by a
suffix: (1) I implies estimate from maximum Modified Mercalli Intensity (INT) assuming
the Gutenberg-Richter relation (Gutenberg and Richter, 1956, Bull. Seism. Soc. Am. 46,
105-145): MAG = 1 + 2/3 (INT); (2) M implies magnitude determined by Seismological
Laboratory in Pasadena, (3) N implies magnitude estimated by University of Nevada
(Reference 5, see below); and (4) X implies value arbitrarily assumed for event of
unidentified size; X = 2.3 for non-instrumental locations, and 3.0 for instrumental loca-
tions.

INT, maximum Modified Mercalli Intensity. Unless otherwise noted, intensity is from
Reference 1 (see below) for earthquakes through 1949, and from Reference 8 (see below)
thereafter. Where sources disagree on maximum intensity, range is indicated a a com-
ment and a maximum value has been interpreted. For events of unidentified size (X
suffix in MAG column), intensity II arbitrarily assumed for non-instrumental locations--
and no intensity assigned for instrumental locations.

Comments: Compilation of the 1850-1962 catalog has involved the careful checking and
correlation of numerous sources--and extensive annotation. For convenience, several
abbreviations and numbered references have been used, as outlined below. Earthquakes
without comments generally are from Reference 1 for 1850-1949, and from either Refer-
ence 6 (instrumental) or Reference 8 (non-instrumental) for 1950-1962.
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Abbreviations
LOC: location ASSGN: assigned
INT: intensity (Modified Mercalli) A’SHOCK: aftershock
PAS: Pasadena, Seismological Laboratory F’'SHOCK: foreshock
NEV: University of Nevada, Reno SALT LK: Salt Lake
ID: Idaho MAG: magnitude
UT: Utah UNR: event from NEV catalog

NOAA: event from NOAA catalog
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Data Explanation for Post-July 1962 Earthquake Listing

The following data are listed for each event:

1.

Year (YR), date and origin time in Universal Coordinated Time (UTC). Subtract seven
hours to convert to Mountain Standard Time (MST).

Earthquake location coordinates in degrees and minutes of north latitude (LAT-N) and
west longitude (LONG-W), and depth in kilometers. "*" indicates poor depth resolution:
no recording stations within 10 km or twice the depth.

MAG, computed local magnitude for each earthquake. "W" indicates Wood-Anderson
records were used.

NO, number of P and S readings used in solution.

GAP, largest azimuthal separation in degrees between recording stations used in the solu-
tion.

DMN, epicentral distance in kilometers to the closest station.

RMS, root-mean-square error in seconds of the travel-time residuals:

RMS = [E(WRY/EW)H2
where;

Ri is the observed minus the computed arrival time for the i-th
P or S reading,

Wi is the relative weight given to the i-th P or S arrival time
(0.0 for no weight through 1.0 for full weight).
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APPENDIX A.

Earthquake Listings for Events 160 km from SSC Sites
1) Pre-Network Earthquakes (Pre-July 1962)

2) Post-Network Earthquakes (July 1962 - March 1987)
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Historical Earthquakes 160 km Fram SSC Sites

yr

1850 222
1853 1201
1853 1201
1868 1017
1873 1218

1873
1874
1874
1876
1878

1227
618
618
322
821

1878
1880
1880
1880
1881

907
712
917
1227
1016

1883
1884
1884
1889
1893

928
1110
1208
1207

830

1894
1894
1895
1896
1896

108
718
727
607
913

1896
1899
190
19 1
191

1003
1213
801
811
811

19
19

2 105

3
19 5

6

6

723
1111
524
1019

19
19

19 9 1006
19 9 1117
1910 522
1910 523
1913 412

date orig time

2200
1815
1845
1030
1400

0300
0600
0700

1200

1900
0500
0627

0700

1100
0850

1100
2330

1800
2250
2225
0530
0130

1550
1350
0745
1600
1800

0114
0834
2300
2110

200

0250
0630
1428
1545
0825

lat-n

40-44

39-42.
40-14.

39-21
42-13

40-58
40-44
40-44
40-44

40-44
41-58

40-44.
.00
39-32.

41-42

39-54

41-13

39-15.
.25

41-58
39-45

39-32

41-44
40-44

40-44

42-13.
.00

41- 5

41-58.
.45
.00

41-13
42-18

41-46
41-44
40-44
40-44

.94

36
35

.67
.62

.75
.94
.94
39-31.
.94

64

.94
.58

94

54

.60
42- 0.
.45

83

.60
41-13.
.54
39- 9.
39-42.

45

19
36

.26
.94
39-57.
.94
40-14.

15
35
62

25

.00
.66
.94
.94
42-18.

00

long-w

111-50.95
111-49.90
111-39.33
111-35.26
111-24.00

111-53
111-50.95
111-50.95
111-34.89
111-50.95

.08

111-50
112-13.
111-50.
113- 6.
111-27.

.95
80
95
60
35

112- 7.80
111-16.00
111-57.55
111-38.23
112-43.19

113-23.40
111-57.55
111-27.35
111-49.10
111-49.90

111-49.
111-50.95
112- 6.84
111-50.95
111-39.33

85

111-24.00
111-55.00
112-43.15
111-57.55
111-18.00

112-40.00
112- 9.72
111-50.95
111-50.95
112- 0.

W WLk ww W WWwWunh WWWwAW WWwWhswW WL WWWw WWhhw

LR A V)

mag int

.71
.31
31
.01
71

.11
71
.71
.01
.0I

.01
.31
11
.0I
.01

.11
31
.01
71
71

31
.0I
.71
.01
11

.01l
71
71
.01
.01

.01
.0I
.31
31
31

31
31
.71
.01
31

comments

4 (18)

5(1)

5 (1)

3 THREE SHXCXS (1)

4 ASSQN PARIS,ID (1)

(1)
THREE SHOCXS (1)

(98 o R A

INT=5-6,TWO SHOXXS (1)
INT=4-5
™O SHOXXS,LATE PM (1)

WWhnnw

LOC ASSIMED (1,3)

b WwWoo

5 (4) HAS WRONG DATE
6 INT=5-7

Hwh

WWweWw

3 LOC ASSIMED (1)
3 LOC ASSIMED (1)
5 SHDSHINE, ID SHOCXX? (1)
5 THREE SHOCXS (1)
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Historical Earthquakes 160 km From SSC Sites

yr

1914
1914
1915
1915
1915

1915
1915
1915
1915
1915

1915
1916
1918
1919
1920

1920
1920
1920
1923
1923

1925
1926
1926
1926
1928

1932
1932
1934
1934
1934

1934
1934
1934
1934
1934

1934
1934
1934
1935
1935

408
513
315
715
730

811
920
1003
1003
1004

1005
205
1016
507
918

919
1120
1217

607

907

1201
728
729

1219
905

1111
1221
130
312
312

315
315
317
407
414

506
506
704
709
709

date orig time lat-n
1606 40-59.00
1715 41-13.45
325 42-18.00
2200 40-14.35
1850 41-44 .66
1020 40-30.00
0128 39-59.58
0150 40-44 .94
656 42- 0.
1200 41-55.19
0800 40- 6.00
0625 39-58.37
1145 41-55.19
2230 39-31.64
2010 41-30.61
1350 41-30.61
0435 41-30.61
0955 41-30.61
0415 41-44 .26
1839 41-55.26
0730 40-44 .94
0425 41-58.22
1850 41-58.22
0330 39-57.00
536 42- 6.00
1000 40-31.04
0613 40-44 .94
2021 40-44 .94
1505 48.00 41-42.00
1820 12.00 41-42.00
1202 41-42.00
1347 41-42.00
2240 41-46.50
216 40-30.00
2126 32.00 41-30.00
0809 42.00 41-42.00
830 42- 6.00
0030 41-58.25
1059 40-44 .94
1205 40-30.00

long-w mag int

111-55.00
111-57.55
111-18.00
111-39.33
112- 9.72

112-39
111-29
111-50
111-30
112- 3

.00
.40
.95
.00
.25

114- 0.

111-46.87
112- 3.25
111-34.89
112- 0.95

112- 0
112- 0.95
112- 0.95
111-49.85
111-48.41

.95

111-50.95
111-52.72
111-52.72
111-57.60
115-12.00

111-28.27
111-50.95
111-50.95
112-48.00
112-48.00

112-48.00
112-48.00
112- 5.70
111-30.00
112-30.00

112-48.00
112- 6.00
112-43.15
111-50.95
111-36.00

4.

5
4
5
4

HWWwWhH W Wwwh

W h Wb o

WnWwWWwWhaWn AN W WW

W WwWwWwu

L1
.31
.01
.31

.31
.01
.01
.01
.0I 3

315
315
.0I 3
.71 4
31

31
31
11
315
71

L W W ww

22239 2o 58

W e MO

comments
31 5 LOC ASSWIMED (1)
7 INT=6-7
5 NOAA
6
5 ASSGN GARLAND,UT (1)

5 INT=5-8 ,LOC ASSUIMED (1)
3 TWO SHOCXS (1)

3 (1)

6 NOAA

INT=5-7,LOC FROM (4)
ASSGN SANTAQUIN,UT (1,3)
5 INT=5-6

5 INT=5-6

5 INT=5-6

4 A’SHOXX? (1)

4

N DWW

INT=8-9,PAS (5,8,9)
A’SHXX,PAS (5,8,9)

N O MWW A

INT ASSUMED, A’ SHXX (5)
INT ASSIMED,A’SHOX (5)

NOAA
A’SHXX (1,5,6,8,9)

~N W WL O

A’SHXX,PAS (5,8,9)
NOAA
INT=4-5
NOAA



Historical Earthquakes 160 km Fram SSC Sites

yr date orig time lat-n

1937 1118 2350 42- 6.00
1938 318 39-59.58
1938 630 1337 40-44 .94
1939 331 0640 40-44 .94
1940 1123 1300 39-15.83
1940 1125 1425 39-15.83
1941 620 1520 41-44 .26
1942 418 0545 42.00 41-30.00
1942 418 1615 42-12.00
1942 604 2204 39-34.80
1943 222 1420 40-42.00
1943 312 1245 39-21.67
1943 410 2242 40-42.00
1943 411 1932 40-42.00
1946 506 0230 41-43.80
1946 1025 1653 40-42.60
1947 307 1414 40-44 .94
1947 328 1102 40-39.90
1948 1104 1318 39-15.83
1949 307 0650 40-44 .94
1949 307 0709 40-44 .94
1949 1118 1911 40-30.00
1949 1119 1845 41- 6.00
1950 102 1953 04.00 41-30.00
1950 220 1459 40- 2.32
1950 225 1337 37.00 40- 0.

1950 508 2235 40- 2.32
1950 721 1923 41-44.26
1951 123 1333 39-42.36
1951 812 0026 40-14.35
1952 721 0100 39-58.37
1952 723 1928 40-44 .94
1952 928 2000 40-23.81
1953 524 0254 29.00 40-30.00
1953 816 1600 40-46.80
1954 1101 0745 41-44 .26
1955 202 1923 40-47.00
1955 512 2257 40-54.82
1955 625 0500 41- 2.51
1957 721 1730 02.00 41-30.00

long-w

113-54.00
111-29.40
111-50.95
111-50.95
111-38.23

111-38.23
111-49.85
112-18.00
112-18.00
111-39.00

112- 4
111-35
112- 4
112- 4
112- 7

.80
.26
.80
.80
.80

112- 6
111-50
111-53.40
111-38.23
111-50.95

.30
.95

111-50.95
111-36.00
111-36.00
112- 0.
111-43.76
112- 0.

111-43.76
111-49.85
111-49.90
111-39.33

111-46.87
111-50.95
111-51.64
111-30.00
111-57.00

111-49.85
111-56.00
111-52.64
111-40.49
113- 0.

Wb WwWwwWww HW A WL Wb WW W W H WL

W H Www

HWWwasWw

mag int

.01
.31
71
71

1
.01
.31
.71
.31

.01
.71
31
.01
31

.01
.01
.11
.31
.01l

11
.71
.71
3N
71

W HdWww

caments

4N 6 NEV (1,2,5)

3

5 SALT IK VALLEY? (1)
4

4

4 A’ SHOX?

3

5 HANSEL VALLEY? (1,6,8)
4 NDAA

5 ™WO SHOCXS (1)

6 W. SALT IK VALLEY (1,6,8)
4

5 W. SALT IK VALLEY (1,8)
3 A’SHXX

5 LOC ASSUIMED (1)

INT=4-5

AV A WW

INT=4-6 (4,6,8,11)

INT=4-5,FEB 4? (4,8,12)
5 LOC ASSIMED (8)
4

.0X 0 (6)
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Historical Earthquakes 160 km From SSC Sites

yr

1957
1957
1958
1958
1958

1958
1958
1958
1958
1958

1959
1960
1960
1960
1961

1961
1961
1961
1961
1961

date

1025
1026
105
213
217

1128
1201
1201
1202
1211

104
506
709
820
416

525
1015
1016
1017
1017

orig

1626
0146
1700
2252
1157

1330
2050
2230
0323
0930

0022
2028
2136
0801
0502

1828
2105
1913
0059
0354

time

47.
41
04

30

41
08.
08.

42
40
54.
39.

03.
02
06
41
46

.00

.00

.00
.00

.00
.50
.80
.70

00 40- 0.
.00 40- 0.
.00 41- 0.
40-20.

39-30
39-42

00
50

42-18
39-30
41-30
30
30 39-20
20
39-12
39-12
39-12

lat-n

42-18.
.40

42-12.
.00
.00
.00
40- 0.

50

.00

.70
39-42.
39-42.
39-42.
39-31.

70
70
70
80

.00
.00
.00

00

00

long-w

111- 0.
111- 0.
112-30.00
111-26.40
113- 0.

111-50.00
111-50.00
111-50.00
111-50.00
111- 1.20

111-24.00
111- O.
112- 0.
111-18.00
111-39.60

111-54.00
111-24.00
111-30.00
111-30.00
112-30.00

nunber of earthquakes

mag int comments

3.0X 0 (6)

3.0X 0 A’SHXX? (6)

3.0X 0 (6)

5.0I 6 (6,8,10)

3.0X 0 (6)

4.31 5 INT=4-5 (4,8,13)
4.31 5 INT=4-5 (4,8,13)**
3.71 4 INT=3-4 ,A’SHXX(4,6,8,13)
4.31 5 INT=4-5,A’SHXX(4,6,8,13)
3.71 4 (8)

4.31 5 LOC ASSWVED (8)
3.0X 0 (6)

3.0X 0 (6)

4.31 5 S\ARM

5.01 6 INT=4-6 (4,6,8,14)
3.0X 0 (6)

3.0X 0 (6)

3.0X 0 A’SHOCXX? (6)

3.0X 0 A’SHOXX? (6)

3.0X 0 (6)

= 140



Earthquakes 160 km From SSC Sites

yr date

62
62
+62
+62
+62

62
+62
62
62
63

63
63
63
63
63

63
63
63
+63
+63

63
63
+63
63
63

b AR I 4 A AR A

64
65

65
65
65
65
65

709
830
831
831
905

905
907
909
914
707

709
709
710
814
816

816
817
817
828
1215

1221
1225
1226
1229
1229

107
107
121
220
302

305
812
906
1018
511

617
705
727
910
1001

orig time

703
1335
100
1030
300

1604

847
1438
1316
1920

1520
2025
1832
1230

321

700
509
1023
13
1136

302
2355
155
406
415

1155
1253
2331
2019

729

1240
504
1903
1833
150

1522
1717
2023
2147
2158

5
24

27.
.00
.92
.94
39.

20
8
54

40
25
49
2
4

58.
.42

8.
12.
23.

7

19.
31
.50
9.

14
14

0

31.
.45
.75
.20
.74

45
39
48
19

50
47
33

25

6

6
57
44
43

.47
.41
0.
0.
0.

78

59

.85
.80
.76
.44
.23

87
61
90
60

43

50

.20

72

.06
.09
.75
20.
.41

80

.15
.07
.30
.60
.66

lat-n

40-19.
42- 2.
.00
.00
.00

41-30
41-30
41-30

40-42
41-36

41-50.
.07
.96

42- 7
39-31

39-31.
.70
.20
41-37.
39-28.

40- 1
40- 1

41-39.
.75

41-33

40-24.
40-54.
39-12.

39-20

39-26.
.00
.45
.39

39-12
39- 9
39- 8

39- 9.
.81
39- 9.
.79
.73

39- 8

39-24
39-29

39- 8
39- 8
39-10

41-43.

40-57

39-30.
.95
40-22.
.63
.52

39-13

39-25
39-27

19
12

.92
.00

80

71
30
57
66
03

00
00

.06

33

33

39

.36
.87
.93

55

.98

82

12

long-w

111-50.
111-44,
111-30.
111-30.
111-30.

112- 5.
111-30.
111-46.
111-42
111-54.

111-54
111-11
111-14
112- 4
111-59

112- 9.
112- 7
111- 1.
111-54
114-12

114-12.
114-13.
114-12
114- 7.
114-17

114- 6.
114-10.
114-10.
114-13.
111-52

114- 9
112- 9
111-27
111-43
111-31

111-13
111-26.
111-20.
111-28.
115- 7.

14
46
00
00
00

33
00
17

.78

51

.29
.41
.95
.24
.31

82

.95

56

.00
.00

01
66

.00

84

.44

05
43
20
06

.38

.83
.81
.81
.77
.16

.24

13
91
33
07

86

depth mag no

NN NN

N NSNS N NN

LIRS BEN EENS BEN |

SO OV

N NNO N

W WA

NN O N

.0*
.0*

.0*

.0*
.0*
.0*

.0*
.0*
.0*
.0*
.0*

.0*
.0*
.0*

.0*
.0*

.0*
.0

.0*
.0
.0*
.0*
.0*

.0*
.0*
.0~
.0*
.0*

.0*
.0*
.0*
.0*
.0*

www s w
L’L°§§ S;L-
NN IS N W]

HWWLIND
w\lqzxo

S NDW U
;% &;Labaég
O O

NNV W
N AN O

NhwWNOND DWW WD

g2me®

[SIVLRN S S S ]
eooozoo

-t
AN OOV

QOO NS

ANOOO O 0 AN 30O

W ~J N0 N

[= N0 NS BEN -

gap

133
221

188

214
253
89

229
92
93

267

237

236
232
127

137
143

103
219

121
122
122
141
232

121
166
223
207
241

225
130
110
124
155

dmn  rms

O OO =0
S OO OOC

21 0.

0 0.
120 0.
150 0.
95 0.

94 0
570
59 0.
97 0
102 0

68 0
60 0.
60 0.
73 0.

w N
NOo

41

44
23
33

11
.78

39

.15

.49
.54
.44

.41
.08

.42
.20

.51
.95
.45
.44
.25

.37
.31
.74
.36
.31

.16
.67

15
08
71
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Earthquakes 160 km Fram SSC Sites

yr date orig time lat-n long-w depth mag no gap dnén rms
65 1029 1652 50.28 41-19.15 113-23.26 7.0* 3.W 9 203 133 0.51
66 211 2036 21.99 42-15.15 111-16.63 7.0* 2.8 8 284 172 0.75
66 317 1147 47.41 41-39.66 111-33.63 7.0* 4.6V 8 199 22 0.46
66 418 47 29.51 39-17.58 112- 3.93 7.0* 2.7 7 103 114 0.58
66 424 300 1.85 39-33.79 111-33.86 7.0* 2.7 6 123 65 0.72
66 1114 1430 49.88 41-44.70 112-43.85 7.0* 3.2 8 144 76 0.46
67 216 1921 35.19 41-16.40 113-20.03 7.0* 4.0W 10 199 127 0.60
67 403 2117 12.30 39-26.57 111- 4.45 7.0* 2.7 7 137 29 0.37
67 721 1527 57.49 41-15.85 113-17.91 7.0* 3.6¥ 8 198 125 0.28
67 902 1004 7.17 41- 9.78 111-31.92 7.0 2.7 8 118 51 0.25
67 922 739 53.92 41-20.75 113-21.97 7.0* 3.1 8 204 136 0.59
67 924 500 28.58 40-42.46 112- 5.90 7.0* 3.0 8 145 22 0.17
67 1207 1333 22.49 41-17.17 111-44.26 7.0* 3.7W 15 127 51 0.53
67 1209 1935 44.00 41-37.44 111-44.59 7.0* 2.7 11 152 14 0.52
68 116 858 41.53 39-18.00 112- 3.72 4.1 3.5W 7 156 113 0.25
68 116 917 50.54 39-17.40 112- 2.69 7.0* 3.4W 13 102 112 0.45
68 116 920 10.26 39-18.78 112- 2.69 7.0* 3.3W 9 155 111 0.38
68 116 941 44 .38 39-16.78 112- 1.52 7.0* 3.2W 13 131 111 0.44
68 116 942 52.13 39-15.93 112- 2.28 7.0* 3.9W 7 156 112 0.27
68 307 417 6.77 42-12.32 112-46.98 7.0* 3.0 11 255 95 0.82
68 328 448 8.47 41-19.65 113-28.10 7.0* 2.7 7 206 137 0.74
68 802 707 2.49 39-30.92 111- 2.54 7.0* 2.9 10 106 22 0.50
68 1117 1433 38.19 39-31.42 110-58.16 7.0* 3.5W 13 93 16 0.42
69 730 2359 56.33 40- 1.85 111-55.29 7.02.9 6 85 78 0.64
70 329 1240 40.34 41-39.74 113-50.39 7.0* 4.7W 10 203 168 0.57
+70 726 2157 58.90 39-16.68 114-58.80 5.0 2.9 S5 O 00O.
70 1025 746 42.40 39- 9.46 111-26.35 7.0* 2.7 13 113 73 0.82
70 1025 748 21.94 39-10.28 111-24.72 7.0* 3. IW 6 174 71 0.49
71 420 919 15.04 39-21.41 111-55.16 7.0* 2.7 10 134 99 0.44
71 422 2301 2.81 39-24.63 111-56.46 7.0* 3.IW 8 96 100 0.34
72 306 1333 24.92 41-52.70 111-36.65 7.0*% 3.2W 10 166 22 0.46
72 427 804 55.74 39-11.86 111-26.75 7.0 2.7 5169 71 0.26
72 612 1302 29.31 41-36.51 111-44.76 7.0*% 2.7 5 132 15 0.42
72 1001 1942 29.52 40-30.36 111-20.91 7.0* 4.3W 13 90 36 0.53
72 1016 2149 31.19 40-25.27 111- 0.97 7.0* 3.4W 9 129 65 0.53
73 206 1023 59.52 39-54.14 111-51.28 7.0* 2.7 5182 75 0.22
73 414 645 46.52 42- 2.57 112-37.87- 7.0* 4.2V 19 64 75 0.88
73 722 1235 52.76 41-55.82 112-24.93 7.0* 2.9 6 283 54 0.13
73 819 1913 4.80 40-17.04 111-26.00 7.0* 2.7 8 121 42 0.61
73 1120 2336 30.33 41-59.75 112-40.60 7.0* 3.4W 10 125 77 0.54
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Earthquakes 160 km From SSC Sites

yr date orig time lat-n long-w  depth mag no gap dmn rms
73 1120 2347 44 .45 41-57.87 112-40.99 7.0* 2.7 7 286 76 0.33
73 1203 1842 47.31 42- 0.21 112-46.64 7.0* 2.7 8 289 85 0.32
73 1203 2059 58.25 42- 0.38 112-49.14 7.0 2.9 8 290 88 0.48
74 712 836 4.72 39-25.90 112- 7.85 7.0* 2.W 6 245 77 0.28
74 903 444 41.90 39-33.07 111- 0.42 7.0* 2.7 4 150 18 0.22
74 1228 1357 42.58 41-55.72 111-57.20 7.0* 2.8 13 310 23 0.33
75 327 448 51.71 42- 3.95 112-32.05 5.5 4.2W 11 159 34 0.12
75 328 231 5.99 42- 3.77 112-31.48 5.0 6.0W 11 159 33 0.13
75 328 259 54.11 42- 3.06 112-31.83 5.0 3.0V 10 159 33 0.14
75 328 314 29.04 42- 6.35 112-31.36 5.0 3.3W 9 159 34 0.11
75 328 330 44.40 42- 4.81 112-33.46 5.0 3.W 11 160 36 0.10
75 328 404 58.01 42- 4.21 112-31.22 11.3 3.3W 11 159 33 0.15
75 328 518 54.11 42- 1.40 112-30.00 5.0 3.IW 10 158 31 0.08
75 328 552 15.98 42- 0.17 112-32.10 8.7 2.9 11 160 34 0.06
75 328 652 33.33 41-53.50 111-47.03 6.7 3.0W 14 170 9 0.27
75 328 742 45.27 42- 4.35 112-31.57 9.1 2.8W 11 159 33 0.13
75 328 811 23.25 42- 4.18 112-26.76 5.0 2.7 11 155 27 0.16
75 328 1122 24.13 42- 4.80 112-31.59 10.2 3. W 11 159 33 0.20
75 328 1126 16.07 42- 2.51 112-28.03 5.0 3.0V 11 156 28 0.06
75 328 1307 45.41 42- 1.67 112-29.18 5.0 2.8W 11 157 29 0.15
75 328 1311 16.46 42- 4.61 112-29.01 5.0 3.1W 11 157 30 0.08
75 328 1615 6.40 42- 4.96 112-34.46 9.1 3.8W 11 161 37 0.15
75 328 1642 33.94 42- 4.63 112-31.11 5.0 2. W 11 159 33 0.14
75 328 1757 41.28 42- 6.42 112-28.07 5.0 2.8W 11 156 29 0.16
75 328 1830 7.73 42- 3.77 112-31.53 9.3 3.W 11 159 33 0.13
75 328 1921 45.33 42- 3.04 112-31.57 5.8 3.0W 11 159 33 0.15
75 328 2132 55.90 42- 0.31 112-28.05 5.0 3.IW 11 157 28 0.07
75 328 2205 10.95 42- 2.84 112-30.57 15.8 3.2W 11 158 31 0.11
75 329 129 53.19 42- 1.14 112-29.43 5.0 3.0W 13 158 7 0.13
75 329 147 23.98 42- 3.62 112-31.97 4.5 3. W13 159 7 0.11
75 329 218 19.23 42- 6.80 112-27.26 5.0 3.0W13 155 4 0.14
75 329 544 32.02 42- 7.43 112-28.48 5.0 3.3W 12 156 6 0.19
75 329 549 1.89 42- 8.85 112-29.03 5.9 2.8W 12 157 9 0.12
75 329 824 10.29 42- 2.00 112-35.81 5.0 2.8W 10 184 39 0.19
75 329 932 13.91 42- 0.14 112-32.26 5.6 3.2W 11 160 34 0.15
75 329 1301 19.89 42- 2.00 112-31.09 6.8 4. W13 159 7 0.15
75 329 1432 42.27 42- 4.20 112-33.16 5.0 3.0W 11 160 35 0.11
75 329 1543 43.63 42- 7.35 112-34.85 5.0 3.3W 11 161 139 0.33
75 330 514 5.11 42- 2.20 112-27.76 5.0 2.8W 8 91 4 0.04
75 330 532 29.27 41-59.92 112-29.56 5.0 2.8W 11 112 9 0.19
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gap dnmn  mms
78 3 0.06
110 5 0.08
78 30.14
141 4 0.15
253 26 0.14
255 27 0.15
258 27 0.12
286 33 0.07
260 28 0.13
145 7 0.16
178 18 0.11

0 00.56
181 15 0.27
179 18 0.19
201 36 0.19

0 00.

0 00.95
196 14 0.27
277 2 0.08
190 19 0.29
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0 00.
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177 21 0.32
185 43 0.32
184 16 0.17
201 30 0.28
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0 01.03
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134 4 0.19
156 29 0.42
270 8 0.13
273 11 0.26
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gap dmn rms
201 10 0.12
238 10 0.16
139 42 0.52
199 38 0.22
199 40 0.19
199 39 0.25
199 39 0.19
201 40 0.25
215 62 0.56
248 40 0.40
87 23 0.16
187 43 0.52
0 00.
98 20 0.20
85 300.35
70 13 0.26
71 7 0.23
107 10 0.29
196 25 0.49
63 18 0.23
102 44 0.53
123 5 0.33
124 3 0.29
107 5 0.23
124 4 0.27
125 5 0.26
129 7 0.36
120 26 0.34
119 3 0.26
135 4 0.13
124 25 0.47
129 41 0.30
218 65 0.31
229 66 0.46
218 64 0.30
157 17 0.21
116 45 0.46
60 16 0.31
125 5 0.31
236 68 0.30
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w23
.7 15
5w 28
.0 9
4w 17

.7 13
.9 16
W 14
.8W 21
.IW 20

.8 16
7022
LW 32
.IW 37
.0W 26

.IW 32
5w 27
.8W 18
.8W 29
.Iw 33
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.7 11
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.8W 18
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LW 24
.OW 38
7027
.OW 26
W12

gap dmin rms
213 65 0.30
264 67 0.24
70 16 0.25
121 67 0.29
113 60 0.37
114 61 0.31
105 16 0.35
101 86 0.35
208 49 0.24
106 34 0.35
291 27 0.22
72 7 0.30
110 19 0.29
143 32 0.29
137 11 0.19
137 12 0.24
133 58 0.51
123 49 0.24
133 19 0.20
130 19 0.27
66 30 0.30
62 27 0.50
96 43 0.32
81 11 0.31
120 28 0.36
93 33 0.45
157 32 0.36
92 32 0.38
122 18 0.28
49 13 0.35
165 50 0.24
66 15 0.33
229 16 0.24
236 176 0.21
257 158 0.41
102 37 0.51
130 20 0.28
66 14 0.32
92 7 0.35
95 34 0.33
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116 5 0.42
116 7 0.32
81 15 0.17
109 17 0.24
109 18 0.25
101 84 0.45
169 15 0.42
132 22 0.26
90 16 0.25
73 16 0.34
64 12 0.27
116 16 0.27
161 5 0.25
106 22 0.32
87 21 0.36
95 21 0.42
90 22 0.31
334 227 1.92
118 46 0.35
155 18 0.25
153 17 0.27
162 127 0.65
250 144 0.96
75 34 0.32
154 18 0.34
71 16 0.27
78 4 0.27
149 20 0.35
74 11 0.33
75 12 0.14
195 67 0.24
74 11 0.26
73 11 0.17
73 11 0.21
160 68 0.26
117 47 0.39
114 47 0.41
147 63 0.38
74 11 0.28
114 47 0.45



Earthquakes 160 km Fram SSC Sites

yr date orig time lat-n long-w depth mag no gap dmn mms

87 226 1301 22.55 41-49.61 112-19.60 2.8 2.8W 25 75 11 0.29
87 227 2210 59.02 41-49.10 112-19.23 0.3 2.9 19 75 120.14
87 228 2116 10.67 41-49.71 112-20.08 5.8 2.7 16 75 11 0.12
87 309 1341 23.13 40- 4.52 114-39.48 7.1 2.W 17 210 114 0.34
87 310 128 12.18 41-52.30 112-43.08 0.2 2.8 26 150 11 0.22
#87 310 508 33.87 40-25.59 114-15.75 10.0 2.9 11 326 307 1.24
87 311 156 7.84 40- 7.49 114-19.95 5.2 3.4W 25 207 91 0.40
87 311 1311 29.47 39-14.73 111-37.75 0.8 2.7 17 82 7 0.37
87 311 1531 2.98 39-14.99 111-38.18 1.6 2.9 25 81 7 0.37
87 317 1507 58.17 41-50.22 112-20.35 0.3 2.8W 30 77 10 0.28
87 322 241 55.10 41-52.58 112-42.24 1.7 3.4W 25 164 12 0.20
87 323 318 8.08 40- 7.52 114-23.16 1.6 2.9W 19 202 95 0.32
87 323 407 0.06 40- 6.64 114-22.90 1.9 3.4W 36 184 94 0.35
#87 323 447 45.33 40- 4.05 114-13.08 10.0 2.7 6 325 304 0.63
87 323 559 12.50 40- 6.67 114-19.01 3.6 3.0W 22 199 90 0.25

nunber of earthquakes = 335

+ indicates events fram the NOAA cataog
# indicates events from the University of Nevada cataog

* indicates poor depth control
W indicates Wood-Anderson data used for magnitude calculation
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Blasts 10 km From Dolamite Mine

yr date orig time lat-n long-w depth mag no gap dmn rms

74 429 2019 50.38 40-40.93 112-35.77 7.0* 1.9 3 261 57 0.

75 1103 1820 26.51 40-39.16 112-33.05 7.0* 0.7 6 165 20 0.35
76 123 54 56.48 40-40.86 112-36.86 7.0* 1.3 11 175 20 0.32
76 207 418 29.66 40-38.81 112-33.84 7.0* 1.1 12 166 31 0.21
76 224 2249 37.81 40-40.59 112-36.34 7.0* 1.1 7 174 20 0.57
76 423 1829 41.02 40-38.91 112-34.38 7.0* 1.3 10 167 21 0.47
76 520 2159 21.31 40-39.15 112-33.19 7.0 1.3 6 165 20 0.18
76 604 2225 42.53 40-42.35 112-41.33 7.0* 1.5 7 187 22 0.55
76 628 2329 54.12 40-43.02 112-36.17 1.0 1.0 10 165 16 0.68
76 807 129 36.23 40-39.89 112-35.29 7.0* 1.8 6 175 47 0.50
76 903 2136 8.95 40-39.51 112-34.20 2.1 1.1 7 173 20 0.30
76 915 1734 41.26 40-39.36 112-33.36 7.0* 1.9 6 184 45 0.40
76 1105 2313 13.28 40-39.63 112-33.49 7.0* 1.1 14 166 27 0.45
76 1123 2354 34.84 40-41.79 112-35.08 7.0* 0.9 11 172 24 0.30
76 1204 345 38.60 40-40.61 112-40.41 7.0* 1.4 6 187 29 0.21
76 1209 313 45.18 40-39.11 112-31.83 7.0* 0.8 5 159 28 0.26
77 110 2227 45.68 40-38.42 112-31.13 7.0* 0.7 6 144 29 0.20
77 126 1307 28.01 40-39.15 112-34.73 7.0* 1.1 12 167 29 0.36
77 204 2036 12.98 40-39.81 112-34.54 7.0* 0.7 7 151 27 0.43
77 218 1443 56.27 40-40.68 112-37.50 7.0* 0.8 12 158 27 0.31
77 302 303 56.80 40-41.45 112-39.69 7.0* 0.7 8 162 27 0.37
77 309 2325 49.60 40-37.66 112-33.33 7.0 0.5 6 163 31 0.17
77 315 1318 13.68 40-38.79 112-33.81 7.0* 1.1 8 165 29 0.25
77 331 359 23.12 40-39.05 112-34.17 7.0* 0.8 13 150 29 0.28
77 405 232 22.78 40-37.21 112-32.29 7.0* 0.9 8 145 32 0.17
77 420 2053 28.01 40-42.76 112-36.36 7.0* 0.8 12 156 23 0.41
77 429 624 28.33 40-39.44 112-33.28 7.0* 1.2 11 148 28 0.33
77 504 2307 6.95 40-37.36 112-34.21 7.0* 1.2 15 149 32 0.29
77 623 2221 6.30 40-39.49 112-33.06 7.0* 0.7 5 164 28 0.33
77 707 1233 47.19 40-39.95 112-37.80 7.0+ 0.8 6 176 28 0.10
77 713 2234 17.03 40-42.23 112-32.90 7.0* 0.9 4 167 23 0.12
77 801 2242 51.02 40-41.98 112-37.65 7.0* 1.5 10 178 58 0.44
77 810 1328 46.35 40-40.10 112-36.40 7.0* 1.4 7 155 55 0.22
77 817 2246 46.42 40-39.39 112-36.00 7.0* 1.1 5 184 29 0.10
77 930 2211 22.88 40-39.96 112-37.81 7.0* 1.0 10 158 28 0.36
77 1013 232 11.12 40-41.05 112-39.01 7.0* 1.0 8 177 27 0.38
78 116 2153 57.02 40-39.85 112-38.57 7.0* 0.1 7 159 29 0.50
78 124 1436 30.48 40-39.66 112-33.60 7.0* 0.7 7 169 27 0.28
78 510 2308 7.34 40-42.87 112-35.25 1.1 1.1 6 210 13 0.40

nunber of events = 39



Blasts 10 km From Ireco
yr date orig time lat-n long-w  depth mag no gap dmm rmms
75 225 1614 22.40 40-15.21 112-22.32 7.0* 1.7 5 241 31 0.58
78 428 1650 36.70 40-18.02 112-21.90 7.0 2.2 8 171 27 0.25
number of events = 2

* indicates poor depth control
W indicates Wood-Anderson data used for magnitude calculation
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Blasts 10 km From Mercur Mine
yr date orig time lat-n long-w depth mag no gap dmn  mms
80 214 2120 41.62 40-18.62 112-13.7

5 2.2
80 417 1957 29.25 40-18.42 112-13.70 2.4
80 930 1953 27.94 40-20.09 112-15.73 7.0

1.0 7199 18 0.37
0.9 7182 18 0.47
0.8 9 144 18 0.76

*

number of events = 3

* indicates poor depth control
W indicates Wood-Anderson data used for magnitude calculation
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Blasts 20 km From Tooele Army Depot

yr date orig time lat-n long-w  depth mag no gap
80 1114 1726 58.33 40-24.22 112-16.40 7.0* 1.6
81 902 2035 21.65 40-27.45 112-19.72 0.3 1.5
87 327 138 2.92 40-29.05 112-30.34 8.1 1.1

number of events = 43

* indicates poor depth control

W indicates Wood-Anderson data used for magnitude calculation
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41-13.
41-13.

41-12
41- 8

41-13.

41-13
41-12
41-13

41-13.

41-13
41- 8

41-13.

41- 7

41- 5.

41- 2.

41- 5
41- 5

41-12.

41- 5

.24
.74
.97
.35
57

15
.82
.32
.88
82

.18
.69
45
.27
.44

33
35
.74

.68
41-13.

71

30
.05
.93
.42
08

.45
.96
89
.86
84

51
.18
.34
81
.56

long-w

113-12

112-54.

112-53

112-52.
112-52.

112-54.
112-55.

112-52

112-52.
112-53.

112-52,
112-53.
112-58.
112-52.
112-59.

112-52

112-52.
112-54.

112-54
112-54

112-54
112-51

112-53.

112-52
112-54

112-54

112-50.

112-54

112-54.

113- 1

112-50
113- 1
113- 0
112-54
113- 0

number of events =

* indicates poor depth control
W indicates Wood-Anderson data used for magnitude

.89
30
.40
32
78

53
76
7
31
18

31
39
15
17
13

.73
58
18
.01
.45

.04
.80
31
.05
.76

.76
16
.07
86
.12

.18
.07
.84
.35
.83
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depth mag

35
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Do OO
~ 00 \O 00

.0*
.0*
.0*
.0*
.0*

.0*
.0*
.0*
.0*
.0*

.0*
.0*
.0*
.0*
.0*

.0*
.0*
.0*
.0*
.0*

.0*
.0*
.0*
.0*
.0*

.0*
.0*
.3
.3
.8

et ok otk [

bt o ek ek ek
(=21 S IV T N P N

ek poud ke
hONW N

- OO0 O ot O b
00 NC dO NOYW =N [l 20 S IV W Vo]

BN ONON GO W

SIS S
O == N - W

no

5
8
13
13

7
12
11

7

8
11

12
8
12
7
9

10
12

8
13
10

O O O =

11

18
17
12

17
21
10
17

gap dnmn  rms
259 113 0.37
200 43 0.27
200 44 0.31
198 43 0.21
199 43 0.22
202 45 0.26
202 51 0.51
199 43 0.05
217 43 0.22
200 43 0.24
198 43 0.19
200 44 0.25
236 84 0.39
198 57 0.21
207 106 0.24
225 43 0.27
190 43 0.20
234 45 0.17
192 42 0.26
202 45 0.17
193 45 0.27
189 42 0.18
226 44 0.13
189 42 0.25
195 46 0.13
202 46 0.28
252 38 0.20
193 44 0.35
194 51 0.26
191 83 0.31
205 52 0.42
199 46 0.26
204 46 0.26
232 46 0.20
204 48 0.24
calculation
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APPENDIX C.

Earthquake Listings for Events in the Near-Site Region
1) Pre-Network Earthquakes (Pre-July 1962)

2) Post-Network Earthquakes (July 1962 - March 1987)
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Historical Earthquakes 70 km Fram SSC Site Midpoint
- yr date orig time lat-n long-w  mag int comments
1915 811 1020 40-30.00 112-39.00 4.31 5 INT=5-8,LOC ASSIMED (1)
1958 105 1700 04.00 41- 0. 112-30.00 3.0X 0 (6)
number of earthquakes = 2

* indicates poor depth control
W indicates Wood-Anderson data used for magnitude calculation



Earthquakes 70

yr date orig

64 326 2201

64
65
66
67

67
70
75
75
75

75
76
76
76
71

79
79
79
80
81

81
82
82
82
84

86

627
1029
417
216

721
1008
104
204
610

616
330
1019
1023
311

327
329
1115
1014
711

1024

822
1124
1128
1119

1018

2310
1851

958
1921

1527
601
850

1540
933

2001
1500
1651
1503
2246

1545
1017
1229
1138
1120

18
2009
1757

411
831

44
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km Fram SSC Side Midpoint

time lat-n long-w depth mag no gap dmn rms

47.41 40-50.60 113-49.50 7.0* 2.4 5 223 112 0.78
39.15 41-15.84 113-10.09 7.0* 2.4 7 259 122 0.44
51.49 41- 1.24 113-28.43 7.0* 2.5 6 189 107 0.05
51.34 41-16.97 113-27.35 7.0* 2.0 7 203 132 0.52
35.19 41-16.40 113-20.03 7.0* 4.0W 10 199 127 0.60
57.49 41-15.85 113-17.91 7.0* 3.6~ 8 198 125 0.28
59.76 40-50.27 112-15.58 7.0* 2.1 8 234 35 1.10
8.30 40-39.61 112-46.14 7.0* 1.2 5 315 61 0.12
29.56 40-19.42 113- 6.52 7.0* 1.7 5 321 28 0.16
48.25 40-32.45 112-51.90 7.0* 1.2 11 210 38 0.16
4.02 40-41.89 112-18.45 7.0* 0.9 6 134 9 0.06
2.26 40-29.61 112-51.96 7.0* 0.7 10 209 33 0.28
33.68 40-43.29 112-43.12 7.0* 0.8 7 213 27 0.09
22.96 40-40.34 112-49.89 7.0* 1.3 10 206 38 0.17
16.30 40-21.33 112-44.38 7.0* 0.9 6 174 18 0.30
49.59 40-12.76 113-17.44 7.0* 1.1 12 201 40 0.37
15.75 40-28.84 113-12.55 7.0 2.2 28 264 76 0.40
47.61 40-52.01 112-55.04 7.0* 2.0 20 193 34 0.41
59.67 40-40.10 113-47.85 7.0% 2.1 16 233 98 0.40
16.81 40-27.44 113-11.71 6.1 1.7 21 181 43 0.19
1.54 40-21.54 112-18.81 7.0 1.5 8 267 49 0.11
27.61 40-17.19 112-46.82 3.5 2.3 23 175 10 0.36
17.17 40-44.02 112-13.68 5.1 1.9 33 90 7 0.23
24.22 40-58.62 112-29.21 6.3 0.8 9 168 6 0.27
15.54 40-51.48 112-31.94 9.1 0.4 16 171 7 0.29
18.71 41-15.52 113- 6.89 2.2 1.3 12 219 60 0.20

number of earthquakes = 26

* indicates poor depth control
W indicates Wood-Anderson data used for magnitude calculation





