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Abstract

Two USGS catalogs of earthquakes in the Southern Great Basin were edited to
remove man-made seisms. Editing reduced 11,988 entries to 8,161. Known
location of underground nuclear explosions provuded an opportunlty to assess
location accuracy showing that accuracy differed according to the source of
earthquake data. No evidence was found of explosions triggering earthquakes
distant from the working points. Relationships are developed between
earthquake magnitude and explosion yield for explosions at Pahute Mesa and
Yucca Flat. Comparison of the number of underground nuclear explosions with
the number of earthquakes of comparable magnstude shows the former exceeds the
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'  This work was performed under WBS 1.2.3.2.8.3.3.
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PREFACE

The Yucca Mountain Site Characterization Project (YMP), managed by the

" Office of Geologic Disposal of the Office of Civilian Radioactive Waste
' Management of the U. S. Department of Energy, is examining the feasibility of

siting a potential repository for commercial high-level nuclear wastes at

Yucca Mountain on and adjacent to the Nevada Test Site. This work, intended
to extend our -understanding of the ground motion at Yucca Mountain from both
earthquakes and the testing of nuclear weapons on the NTS, was funded jointly

- by the YMP and the Military Applications Weapons Test Program.
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INTRODUCTION

Nevada has é history of Significahﬁréérthquakes, and as a consequence,

. its historic earthquake catalogue has received considerable attention (Townley
- and Allen, 1939; Slemmons et al, 1965; Wood et al, 1966; Ryall et al, 1966;

and Gumper and Scholz 1971) . With the advent of underground nuclear testing,

‘the area on and around the Nevada Test Site (NTS) has been subjected to even

greater scrutiny (Hamilton et al, 1969; King et al, 1971; Hamilton et al,
1971; Fischer et al, 1972; Rogers et al, 1976; Rogers-et al, 1977a; and Rogers

“et al, 1977b). At the beginning of the Yucca Mountain Site Characterization

Project (YMP), an extensive net (the Southern Nevada Seismograph Network -

" SNSN) was installed on -and around the NTS (Rogers et a| 1981; Rogers et al,

1983) .

These and other sources have been used by the U.S. Geological Survey

(USGS) to compile two catalogs of earthquakes in the NTS vicinity. In August

1986, USGS provided a draft of an open file report (Meremonte and Rogers,

1987) on the Southern Great Basin Historical Catalog (SGBHC) to Sandia

National Laboratories. In January 1987, USGS also provided a tape of the
SGBHC earthquakes and those from the more recent SNSN measurements. This
report is the result of examining both catalogs.

Meremonte and Rogers were careful to acknowledge that many items in the .
SGBHC were man-made.seisms rather than natural earthquakes. These included
underground nuclear explosions, their collapses and aftershocks, chemical
explosive detonations, mine blasts, and seisms resulting from the filling and
subsequent level changes of Lake Mead. . In order that these catalogs could be
complete, USGS chose to retain the man-made events but to flag them where they
could be identified. To retain the man-made events in using the catalogs for
estimating seismic hazard W|th reSpect to Yucca Mountain results in an
exaggeration of the hazard. "WHi'le man-made events cause ground motion as do
earthquakes there are significant differences.. UNEs are totally predictable
in time and location, and quite predictable in energy release. HE tests, mine
blasts have similar predtctabvllty and are small energy releases. Lake Mead
events more nearly resemble natural earthquakes, but because they result from
reservoir filling, they represent an unnatural perturbation on natural
regional seismicity. .

In this report, we have identified and deleted man-made events, examined
the accuracy of hypocenter location, and considered the matter of triggering
earthquakes with underground nuclear explosions. A tape of the edited version
of the catalogs is available for further hazard analysis.

Not all underground nuclear explosions are announced to the public.
Thus, the date, time, and names of unannounced events are classified. To
avoid publication of classified information, dates and times of unannounced
events have been omitted.

-11-
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THE ‘DATA BASE

The 28 source codes used in the SGBHC of Meremonte and Rogers have been
retained and are reproduced in Appendix A. Some of the older sources gave
locations only to the nearest degree of latitude and longitude. ALX, ISC, and
KKG ordinarily have readings to the nearest 0.01 degree, and the balance to
the nearest 0.001 degree. A difference of 0.001 degree resolves into a
difference of about 110 m in latitude and 90 m in longitude. A later section
of this report treats theé accuracy actually achieved by some of the sources.
The various sources differed in a number of ways in the amount of data
provided and the detail in which it was presented.

Most, but not all, of the earthquakes in the RYC are listed in Slemmons
et al (1965). The latter source |ists many more earthquakes not shown in RYC,
presumably because of more distant geographic locations. Earthquakes from HSF
came from Hamilton et al (1969 and 1971), and those from ROW from Rogers et al
(1977b) . As would be expected from the tities, most of the events are
aftershocks following underground nuclear explosions (UNEs).

Those events |isted under KKG are not just from King et al (1971), but
rather Bayer et al (May 1972), Bayer (July 1972), Bayer (September 1972),

Bayer and King (October 1972), Bayer and King (November 1972), Bayer (December

1972), Bayer (January 1973), Bayer (February 1973), and Bayer (May 1973).

Man-Made Events

Five types of non-earthquake events were found in the catalogs: seisms
induced by impoundment of Lake Mead, mine blasting and chemical explosions,
UNEs, cavity collapses, and aftershocks following underground nuclear
explosions. The numbers of these events deleted are listed by source in

Table 1.

Lake Mead Earthquakes--When Lake Mead reservoir began filling in 1936, an

_increase in seismic activity was observed. (ver a span of about 40 years,

several efforts to measure the seismicity of the vicinity were made, including
one during 1972 and 1973 (Rogers and Lee, 1976). It is to be expected that
some of these earthquakes would find their way into the SGBHC. It is the
position taken here that reservoir-induced earthquakes are not indicative of
regional seismicity as it relates to a proposed repository at Yucca Mountain
funless, of course, a comparable reservoir is contemplated near Yucca
Mountain.) Lake Mead events had M5 or less and were 160 km or more from Yucca
Mountain, hence they do not add to the hazard there.

Accordingly, earthquakes which fell within 0.2 degree of the lake
perimeter, according to the criterion used by Meremonte and Rogers (1987),
were deleted. These numbered 428 and were distributed among the sources as

shown in Table 1.

-13-



Source

RYC
RYN

USE

Total SGBHC

SNSN

Grand Total

Total

66
168
395

18
226
2288
83
1340
1049
66
33
519
107

k%
241

6613

5375"

11988

*Located outside aftershock criteria
**Includes one outside map boundaries

Table 1. Sﬁmmary'of Events Deleted

Blasts UNEs,
Lake & HE Collapses,
Mead Explosions  Aftershocks Collapse*
6 2 2
2 1
294 1 17 1
1l
2
11 2 . 59 4
2159
19 12
19 7 111
24 16 2
1l 1 31 13
498
47 1
17 2
1l
406 11 2932 37
22 26 392 1l
428 37 3324 38

“Includes two duplicates
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Net

56
165
82

18
150
129

52

1203
1007

20

33

21

59

*%
222

3227

4934%

8161
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640206 16 17 49.54  Pre-Schooner A [Spruill and Paul (1965)]

640225~ 18 40 25.41 --Pre-Schooner C [Spruill and Paul (1965)]
640227 18 17 54.60 . Pre-Schooner D [Spruill and Paul (1965)]
710429 19 00 00.00 Mine Throw I [Carnes and Conway (1973)]
720510 - -~ 12 00 00.00 Pre Mine Dust
720522 - 23 27 00.00 Post Mine Throw #1
720523 22 15 00.00 ~ Post Mine Throw #2 )
720524 21 20 00.00 Post Mine Throw #3
720525 20 30 00.00 Post Mine Throw #4
720526 19 15 00.00 Post Mine Throw #5
800911 14 59 59.80 Nuclear Hardness & Survivability DH-1
. [Swartz et al (June 1981)]
810213 18 00 00.70 Nuclear Hardness & Survivability D-1
” [Noble et al (November 1981)]
810618 17 00 00.34 Nuclear Hardness & Survivability SH-1
- : . [Noble et al (January 1982)]

820429 04 00 00.54 USGS Seismic Refraction
: [Hoffman and Mooney (1984)]

There were other man-made explosions associated with mining at Bare
Mountain and construction and operation of an Air Force shock tube at Little
Skull Mountain. These are difficult to identify positively because times of
the explosions were not recorded. Some of these will be discussed in a later
section.

Underground Nuclear Explosions--There were 85 nuclear explosions included
in the catalogs that were identified by the same or nearly the same times:as
the recorded time of the explosions. Times for announced shots are in Table
2; unannounced shots are not identified. The difference in time between the
UNE and the related catalog entry is given in the table.

Col lapses and Aftershocks--As a routine part of the weapons test effort
cavity collapses are monitored by a geophone net or video camera focuses on
surface ground zero (or both). Events concurrent (or nearly so) with the shot
time plus the collapse time were identified as collapses and were deleted.
Collapses have been observed as much as 2604 days after an event.

The rationale for deleting explosions and collapses is that they are
man-made. That for deleting aftershocks may not be quite as obvious inasmuch
as aftershocks could be considered small earthquakes occurrlng on pre-existing.
faults. The essence of whether they are man-made or natural is whether or not
slippage would have occurred in the absence of the explosion. An hypothesis
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Remarks:

(@
(b)

(c)

(d).

(e)
(£
(g)
(h)

Table 2. Location Accuraéy-(UNE and HE data - continued)

Reborted by National Earthuake Information Service (NEIS)
NEIS gave location only to 0.1 degree

Event time not precise .

Exact location not surVeyed

NEIS'quotéd event location

NEIS location not used or substantially rounded

Depth with respect to mean sea level

‘Hoffman & Mooney, 1984
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Thus, aftershocks are a result of the explosion rather than being l
triggered by it. The explosion alters the existing stress field, and :
adjustments are required to bring the field back into eqmllbrtum The 1.15
megaton test Benham (Hamilton, 1969) produced aftershocks until the Purse I
event 140 days later. .(Using the criteria described below, aftershocks
occurring more than four years later in precisely the locations Hamilton
observed Benham aftershocks provides strong evidence that they are .
attributable to Benham.) _

x B "I

|t

with time following the event. This is consistent with strain release

starting near the explosion and successively releasing with increasing

distance. Hamilton (1971) noted that 95 percent of the Benham aftershocks l
were within 14 km from ground zero.

Stress produced by se|sm|c waves is small compared with the Ilthostatlc l

Y~ -— o o &
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separated in time from the explosion signal and is viewed as a relatively rare

event. Possible triggering. is discussed in a later section of this report.

The criteria for defining and eliminating aftershocks used here differ
from those of Meremonte and Rogers (1987). Hamilton observed Benham
aftershocks to 14 km. If aftershocks are a return to equilibrium from stress
changes caused by the shock wave, the distance to a critical stress should
scale as the cube root of yield. Since the Benham yield was 1. 15 Mt the
scaled distance to the critical stress would be d = 1.336 km/kt1

The procedure for defining aftershocks was as follows:
a. The yie[d of"the most recent UNE was used to détérmine a distance d.
b. A curcle about" ground zero w1th a rad|us d was determlned

c. All catalog lustlngs subsequent to the time of the shot were scanned '
If any had a location within the circle it was ascribed to that UNE
and deleted from the catalog.

Attention was turned to the,next earlier UNE and the procedure repeated until
the earliest UNE was reached. This resulted in the determination and deletion
of 3314 listings. A useful follow-on study would be to compare these results
with results of other criteria and models for aftershock discrimination.

Since collapses occur below ground zero, they were also removed by this
same procedure. However, there were 38 collapses (identified as such by
temporal proximity to DOE determined collapse times) that fell beyond the
circles as defined above (Table 1). These were the result of a location error

in the catalogs which was Iarge relative to. the diameter of the circle for a
given UNE yueld ; “?"fbﬁ”

’ There are three locations within the area of concern where natural
earthquakes are known to occur: Thirsty Canyon, Massachusetts Mountain, and an
area of about 3.6 km north of the common intersection of Areas 18, 19, and 20.
Catalog listings falling within those areas were not deleted.

Location Accuracy

Slemmons et al (1965) divided their eplcenters into two groups--pre-1932
and post-1932, "in order to distinguish between early historic events with
poor epicentral locations, and modern events with better epicenters based on
instrumental information." Entries in the SGBHC deserve the same division.
There were 50 pre-1932 earthquakes |isted in the SGBHC. Six are from the RYC
source and are those of Slemmons et al. Thirty-four were attributed to BRP,
but only 10 are among those published by BRP. The remainder are unpublishked
data. Twenty of the 50 had locatlons given only to the nearest degree, a:ig 22
to the nearest 0. 1 degree.

Location error estimates decrease as the number of stations is increases.
These factors may affect latitude and longitude error estimates differentiy,
depending on where the stations recording the signal are located with respect
to the earthquake. There is some point at which the location error is so

‘large that the data are of little value in assessing the seismicity of the

-19-



~area as it relates to siting a waste repository. The selection of a cut-off
is purely subjective. Opinions solicited from several people suggested that

around 10 km would be 2 reasonable cut- of f.

Only the data collected by the SNSN from August 1, 1978 to September 30,
'1986 have calculated error estimates. There were 45 entries with error
estimates from 10 to 20 km, 13 from 20 to 30 km, 5 from 30 to 50, 10 from 50

to 100, and 7 over 100 km.

Where the number of stations is 4 or fewer, the hypocentral solution is
unique but not necessarily correct, and no error estimate is calcualted.
There are 3,239 such entries in the SNSN catalog. The location errors for
these entries could range from small to very large. If they were over 10 km
in the same ratio to the SNSN tota! as the 80 entries above, the number with
error estimates greater than 10 km would be increased to 85.
has been made to delete entries with large location errors,
be called to these location uncertainties.

attention should

A 10 km cut-off approximates a 0.1 degree uncertainty in location. In
the earlier years of the SGBHC, numerous locations were given only to the
It was

nearest degree and even more given only to the nearest 0.1 degree.
noted that many of the early earthquakes located to the nearest degree were at
38° latitude and 118° longitude, the region attributed to the Tonopah Junction
. earthquakes. Thus, although earlier sources rounded latitude and longitude,
by pure coincidence a significant portion of later earthquakes in that area
appear to be close to 38°, 118°. However, this does not diminish uncertainty
1n the location of early earthquakes. Most of these events are of little
consequence in assessing seismicity relative to siting the proposed repository

since they are about 185 km from Yucca Mountain.

The fact that a number of UNEs were included in the catalogs provides a
unique opportunity to assess the location accuracy published from the various

sources.

The earthquake catalogs contain information on events that can be
tdentified as UNEs or HE explosions. Most of the UNEs so identified are
unannounced events. Those identified as explosions are listed in Table 2.
The names, dates, and time of unannounced UNEs is classified data and have
been omitted from the table. This information is available from Sandia
National Laboratories for those who have access to classified information.

Listings are identified as UNEs or HE explosions by the closeness in time
to the known time of the explosions. HE shots were reported only to the
nearest minute, apparently from the experimenter’s watch resulting in some
large time differences (see lines 49, 50, 56, 58, 60, 61, and 62). The
fargest time difference for a UNE (line 63) appears to have resulted from a
one minute error in the time of the earthquake, since it was the only event
that day and the fargest reported by KKG (M 4.8) during the month of June

1971.

While no attempt



A

I . The brobab:lnf,y of a natura)l ‘earthquake falling within the time
T difference between a UNE and a listed. setsm is

: 1/nAt o - | &)
l‘ where At s _the time difference in seconds and n is the number of events
.. listed in time T in seconds. If T is taken as one day, then the probability
. .~ tased on time is shown in the table. All identified UNEs show that the
l, © probability that the listing is a'UNE is better than 1.900_0.

The location of each.specified UNE in the ltstmg can be compared with

l . hri-limu- a -i ﬂ,_}ﬁjiﬂp brock iar e ———  f —

4

J
p

X
a y
. .

nearest 0.1 or 0.01 degree. (Most were given to 0.001 degree.) This accounts
. ivr a portion of the distance errors.” A large error such as line 53 in
ll ' iable 2 (109 km) is associated with a high time probability that it is a UNE
{1:864,000). For fine 29, the probability is 1:99,300. These high time
‘ wubabzlntnes that the !lstnng is a UNE affirm t.hat the large distance

ll o Jdifferences. are a result of location errors.
! Probability that an event falling within a distance r from a UNE location
I[ ! UNE is _
p=1/ (A/nﬁrz) , (2)
' ‘ #tere n is the number of events listed in time T defined as above and A is the
n-ea monitored for earthquakes. Here it is.103,690 km? for the area between
fatrtude 35.5-38.5 N and longitude 114.5-118.0 W. This is the area covered by
l vhe USGS catalogs.. These probabilities are also given in the table. The:
iarger the r the smaller the probability that the event is a UNE. However,
~hiis must be weighed agaunst the tlme probablllty that it i1s a UNE.
‘ Table 3 1s a comparison of the Iocatlon accuracy by source for the
_ ~xplosion data. The table gives the number of events from each source, their
, fzrgest and smallest errors, and a log average (average of logarithms) .f the
. virors where the number of events is greater than 1. It was a judgment that

an arithmetic average would have biased strongly those source sets with large



Table 3. Comparison of Location Accuracy by Source (UNE and HE Data)

Distance Difference (km)

Numer . “Smallest Iog Avg. " Largest
AIX 2 2.91 5.61 10.82
BRK 1 4.56
ERP 15 1.06 3.06 19.70
GDY 32 1.84 6.21 43.55
HSF 1 23.90
IsC 4 7.12 ' 23.89 109.29
KKG 8 0.14 0.30 7.81
PAS 1 21.42
PX ;__________;____g_gﬁ 4.73 16.25
RYN 6 1.32 7.91 15.74
SNSN 10 0.56 1.53 7.12
_22_
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. Remarks:
(a)
(b)
(c)
(d)
(e)
(£)
(g)
(h)
(1)
(3
(k)
(1)
(m)

Table 4. Location Accuracy (Collapse Data - continued)

Reported by National Earthquake Information Service (NEIS)
NEIS gave location only to 0.1 degree

Event time not precise

Exact location not surveyed

NEIS quoted event location

NEIS location not used or substantially rounded

"Depth with respect to mean sealevel
‘Hoffman & Mooney, 1984

Outside aftershock criteria

NEIS identified as an aftershock
NEIS identified as a collapse
Possible natural earthquake
Possible aftershock

NS SN B SaN M0 R Uy

o s



detonation time plus the time to collapse. Only five collapse times are’
suspect. Those for Fontina (line 33) and Backbeach (line 37) may be

associated aftershocks. Those for Cornice (line 3), Cup (line 10), and Asiago -
(line 34) are possibly natural earthquakes. Relatively low probabilities

' : aennart .fhiry_i-uh'--:-_'ﬂ:‘- ¥~ " : - .
i

Three ISC listings (fFines 18, 22, and 23) have small miss distances
bacause the item was identified as a collapse by National Earthquake
Information Service (NEIS)., PDS has 19 items which NEIS identified as
collapses, but it appears that the given |ocat|ons were used in only six cases

(lines, 54 -59) .

’Table 5 compares location accuracy by source. Use of announced locations
of collapses and the possible natural earthquakes have been omitted. in
determining the distances given in the table. Comparlson of the log average
values in Tables 3 and 5 shows that only for GDY is the Iocatuon .accuracy
about the same .

Entries from the SNSN after mid-1978 show calculated error estimates for
both latitude and longitude. Table 6 lists the last 10 explosions from
Table 2 together with the estimated errors. These in turn.-are compared with
the actual error using the distance between the calculated and actual latitude
and longitude. The next two columns are the ratio of calculated error to
actual error. Error ratios range from 0.08 to 2.33 and have log averages of
0.52 for latitude and 0.31 for longitude. There is poor correlation between
the ratios and the Quality HYPO71 Estimate [Lee, et al (1975)]. These ten
events, while a small sample, suggest that the estimated errors present an
optimistic view of the accuracy of location.

Triggering Earthquakes

An argument could be made that the shockwave propagating outward from an
explosion might trigger an earthquake on a fault at considerable distance, and
that this might account for some of the larger miss distances. For this to be
true, the earthquake would have to follow the explosion by an interval of time
consistent with a propagation velocity appropriate for the distance between
the two. There were only 7 candidates as shown in Table 7. Those on lines 1,
2, 3, 4, 5, and 7 had velocities greater than would be expected from
velocities observed from nuclear explosions on NTS at the distances shown.
that on line 6 fits the velocity criterion, but it also was from GDY, and well
within the range of miss distances for that source (see Table 3). That on
line 5 followed the UNE (line 16, Table 2) by 17.8 seconds. Event yueld was
was small, and an approximation of strain at about 112 km is 1.9 x 107 8--about
that caused by earth tides. Since triggering is thus unlikely, (time
probability is 1:809) the interpretation here is that the seism (M4.3, RYN) is
a natural earthquake unrelated to the UNE.

The data suggest that it is unlikely that any of the reported events was
an earthquake triggered by an explosion at a distance from the explosion.

/
.



Table 5."Compérison of Location Accuracy by Source (Collapse Daté)

Qistgnce Difference (km) '
Number Smallest - Log Avg, Largest

AX 2 11.07 24.3  53.52
BRP 2 1.79 10.67 63.51
GDY 5 0.33 ~5.96  18.56
HSF 1 0.595

1sC 20 . 0.54 18.82 124.82
PAS 2 9.92 ~16.50 27.42
X 17 2.81 7.56  26.01
RYN . 2 18.53 31.08 52.13
SNSN 4 2.126 5.49 ~21.379
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Baféﬁﬂountain and Bare MountainﬂFau1t

I

Bare Mountain fault has received ¢8nsiderable attention as a fault close
to Yucca Mountain that conceivably could be active. Table 8 lists 45 entries

 from the SNSN catalog that .fall within the boundarles of the Bare Mountain

quadrangie (Map GQ-157, Cornwall and Kleinhampl, 1961). Of these, 16 fell
within the vicinity of the Bare Mountain fault. Thirteen of these occurred on
weekdays between 8 a.m. and 6:30 p.m. local time and were near the Sterling
(Panama) mine. All occurred after 1980 when the mine resumed operations. The
14 we label as mine blasts (B) are shown in the next-to-last column of the
table and can be compared with the last column which is the USGS notation.

One at 9:29 p.m. could be either a blast or an earthquake. Nine have
calculated depths above sea level. None of the 14 has a magnitude larger than
1.31. ‘The remaining two, which are lnterpreted as natural earthquakes on or
near Bare Mountain fault (labeled F in Table 8) have magnitudes of only 0.77
and 1.50. The SGBHC iists an additional M 3 event that occurred in August

- 1948 about 2 km from the Bare Mountain fault and the Sterling mine.

Deletlng these mine blasts leaves evidence that the seismicity ovaare
Mountain and the Bare Mountain fault is little different from the region
around it.

Three listings in Table 8 in November 1985 are located at the north end
of Bare Mountain. The three items have been retained, because they appear
unrelated to.the Bare Mountain fault and because mining activities there have
not been confirmed.

Yucca Mountain Seismicigi

Yucca Mountain is within the Tonopah Spring SW quadrangle (Map GQ-439,
Lipman and McKay, 1965) ‘Thére is?only one M 3.6 earthquake in the SGBHC.
This entry is from PAS and has an accuracy as indicated in Table 5; thus, it
easily could have fallen outside the boundaries of the quadrangie.

The SNSN catalog has eight entries that fall within the Tonopah Spring SW
quadrangle, five of which are identified as blasts, probably associated with
construction activities. The remaining three had magnitudes of 0.63, 0.09,
and 0.01. Thus, the Yucca Mountain area appears to be relatively quiescent.
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EARTHQUAKE LOCATIONS

To better portray earthquake locations, maps were prepared with locations
plotted. The maps are separated between original listing (all data) and after
deletions (modified). There is a map with limits 35.6 to 38.5° latitude and
114.5 to 118.0° longitude and a close-up of NTS with limits 36.5 to 37.5° and
115.7 to 116.7°. There are separate maps for magnitude increments: 0 (no.
magnltude determined), O to 1 (read >0 to <1}, etc Maps for each source are

. in separate appendlces as follows:

Source Appendi x

ALX B B
BRK

" BRP
CVH
ERS -
FPH
GDY
HSF
ISC
KKG
PAS
PDX

- PHM
ROW
RYC
‘RYN
SHJ
USE -

Total SGBHCI#
SNSN

C—*I(D;U,D’UCDZZ[—XC_H.IO'HFHO(S

Table 9 summarizes the distribution by magnitude and source of the
original (unmodified) listing of earthquakes as shown on the maps. Table 10
does the same for the modified Ilst;ng after removal of man- -made seismic
events. : :

Page T-2 shows the locations of earthquakes for which no magnitude was

‘determined. It also shows where UNE-related and Lake Mead seisms were

deleted. Table 9 shows that most of the events with no magnitude came from

- KKG, ‘and that contribution can be seen in Page K-2. Magnitudes were not

determined for 'so many KKG events because instruments were set to a high
sensitivity such that peaks were clipp=d and magnitude could not be determined
from amplitude. Page K-2 shows that natural earthquakes on the NTS in the
vicinity of Massachusetts Mountain, Frenchman Flat, and Ranger Mountain have
been retained. :

- Figures T-4 and T-5 show that many small (0.01 to 1.0) magnitude events
were concentrated on Pahute Mesa and were removed having been identified as
UNE aftershocks. The same pattern follows for magnitudes 1.01 to 2.00
(Figures T-6 and T-7). The remaining figures in Appendix T exhibit a similar
effect. Note in Table 9 that the majority of the earthquakes came with
def ined magnitudes came from PAS, HSF, and ROW. Note in Appendix L that most
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