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SEISMIC SPECTRA OF EVENTS AT REGIONAL DISTANCES

Abstract

About 40 underground puclear
explosions detonated at NTS were
chosen for analysls of thelr spectra
and any relationships they might have
to source parameters such as vield,
depth of burlal, ete.  The sample
covered a large vield range (20 ke
to “l Mt), Broadband (0.05-20 Hz)
data revorded by the four-station
seismic network operated by Lawreace
Livermore Labovatory were analyzed in
a search for unusual cxplosfon
signatures §n thelr spectra,  lLong
time windows (total wave train) as

well as shorter windows (for instance,

l'n) werce used as ilnput to calculate
the spectra. Much varfation in the
spectra of the long windows is
typical although some gross features
are similar, such as a dominant peak
in the microscismic window. The
variation is such that selection of
“corner frequencies" is fmpractical
and yicld scaling could not be
determined. Spectra for one NTS
earthquake showed more energy in
the short periods (<1 sec) as
well as in the long periods

(>8 sec) compared to those for

¥TS explosions.

Introduction

in recent years, the Lawrence
l.ivermore lLaboratory has operated a
~svation seismic network (ar Mina,
Landers, Kanab, and Elko) surrounding
the Nevada Test Site (NTS) at a
distance of 200 to 400 km. It is a
breadband vertical-component system
whose velocity response is approxi-
mately flat between 0.05 Hz and 20 Hz.
The system has Leen operated primarily

to record NTS shots.
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From these stations, we have
accumulated a large library of ex-
plosion recordings, of which a
substantial fraction has been
digitized.
population of about 40 explosiuns for
study (Table 1).
the analysis of velocity spectra of

Of these, we selected a
We are reporting on
selected NTS explosions and one NTS

earthquake using the duration of

essentially the whole wave train as



Table 1. Pertinent information for the explosions in this study.

No. of Yield® Depth

Name statdions? Date (kt) (m) Medium NTS area
Boxcar (1) 4=26-68 1200 1158 Rhyolite Pahute Mesa
Rickey 1) 6-15-68 L-1 683 Tuff Pahute Mesa
Chateaugay (1) 6-28-68 L-1 607 Tuff Pahute Mesa
Tanya (1) 7-30-68 L 381 Alluvium Yucca Valley
Sled 2) 5-29-68 L-I 729 TuffC Pahute Mesa
Noggin 2) 9-06-68  L-I 582  TuffS Yucca Valley
Knife A (2) 9-12-68 1. 332 Tuff Yucca Valley
Stoddard 2) 9-17-69 £~1 468 Tuff Yucca Valley
Crew @) 11-04-68  L-I 604  Tuff€ Yucca Valley
Knife B (3) 11-15-68 L 363 Alluvium Yucca Valley
Tinderbox (3) 11-22-68 L 440 Tuff Yucca Valley
Schooner (1) 12-08-68 35 107 Tuff Pahute Mesa
Benham (3) 12-19-68 1100 1402  Tuff® Pahute Mesa
Vise (3) 1-30-68 L-1 454 Alluvium Yucca Valley
Coffer (3) 3-21-69 <100 464 Alluvium Yucca Valley
Blenton (3) 4=30-69 L-I 557 Tuff Yucca Valley
Thistle (3) 4~30-69 L-1 560 Tutf Yucca Valley
Pucse (3) 5-07-69  L-I 599  Tuff® Pahute Mesa
Torrido (3) 5~27-69 L-1 514 Tuff Yucca Valley
Ildrim (2) 7-16-69 L-I 410 Tuf f Yucca Valley
Hutch (2) 7-16-69 L-L 549 Allusium Yucca Valley
Jorum 3y 9-16-69 LM 1158 Tuft€ Pahute Mesa
Pipkin 3) 10-08-69 1 617 Tuff/rhyolite Pahute Mesa
Pod {4) 10-29-69 L-1 312 Tuff Yucca Valley
Calabash (%) 10~29-69 110 624 Tuff® Yucca Valley
Piccalilli {2) 11-21-69 L-I 394 Tuff Yucca Valley
Grape A (4) 12-17-69 L-I 551 Tuff Yucca Valley
Lovage (4) 12-17-69 L 378 Alluvium Yucca “alley
Terrine (4) 12-18-69 L-I 457 Tuff Yucca Valley
Labis 3) 2-05-70 L-I 442 Tuff Yucca Valley
Cumarin {4) 2-25-70 L-I 408 Tuff Yucca Valley
Yannigan (4) 2-26=70 L-I 392 Alluvium Yucca Valley
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Table 1. (Continued)
No. of Yieldb Depth

Name stations® Date (kt) (m) Medium NTS area
Shaper %) 3-23-70  L-I 561  Tuff® Yucca Valley
Handley (4) 3-26-70 >1Me 1206  TuffS Pahute Mesa
Snubber (4) 4-~21-70 L 343 Tuff Yucca Valley
Can (4) 4-21-70 L-I 399 Tuff Yucca Valley
Beebalm (4) 5-01-70 L 390 Tuff Yucca Valley
Cornice (4) 5-15-70 -1 443 Tuff Yucca Vailey
Morrones %) 5-21-70 L-1 482 Tuff Yucca Valley
Flask %) 5-26-70 105 531 Tuff Yucca Valley
Arnice (4) 6-26-70 L-I 309 Alluvium Yucca Valley
Tijeras (4) 10-14-70  L-1 561  TuffS Yucca Valley
Abeytas (4) 11-05-70 L-1 394 Tuff Yucca Valley
Artesia (4) 12-16-70 L-1 485 Tuff Yucca Valley
Carpetbag (4) 12-17-70 220 662 Tuff Yucca Valley
Baneberry (3) 12-18-70 L 277 Tuff Yucca Valley

3N = Number of LLL stations for which broadband records existed.
L

= Low yield: 0 to 20 kt
L-1 = Low-intermediare yield: 20 to 200 kt
1 = Intermediatce yield: 200 to 1 Mt
LM = Low-megaton yield: about 1 Mt

©100% water-saturated because below the water table.

the time window.

The spectra have

been corrected for instrument response

but not for attenuation of the earth.

One of our objectives was to see

if we could quantify the character-

istlcs of explosion spectra in terms

of source-related parameters.

Another

—3-

surface wave enhancement.

objective was to see if any of our

population of explosions showed extra

If such

identify peculiarities such as

medium which might explain it.

enhancement existed, we hoped to

explosion geometry, location, or



Method

The seismic spectra were
calculated using the Fast Fourler
Transform technlquel from records
163.84 sec long digitized at 50 points
per sec., This gave BlY2 rotal polnts
per record, Each signal record began
approximately 10 sec before the onset
of the first arrival (Pn) wave. For
comparison, background noise records
were calculated also and consisted
of the time window just precedlng
the signal record of the same length
(163,84 sec).

Both a signal record and a
noise record from each of the four
stations were transformed for each
before

event studjed. However,

transforms were taken, the mean
value (blas) was removed from each
record and a 1% cosine taper
applied to the beginning and end.

Next, the spectra were smoothed

using a filtering tecunique which
treats the amplitude spectrum as

1¢ it were a signal with high
frequency noise which can be removed
by low-pass filtering. The fiiter
used was equivalent to a 50-polnt
smoothing operator. Finaily, the
smoothed amplitude spectra were
divided by the amplitude response

of the instrument in order to correct
the high and low frequency parts of
the spectra.

Power spectra were calculated as
well as amplltude spectra. Addition-
ally, since the selsmic recurds were
records of ground velocitv, they were
converted to ground displacement spec-
tra. Both smoothed and unsmoothed ver-
sions of the displacement and veloclty
spectra were calculated, although this
report iz limited to discussion of the

smoothed velocity spectra.

Analysis and Interpretation

Spectral calculations as outlined
above were made for the explosion
population of Table 1. The de~
scriptive information in the table is
from the nuclear explosion summary
of Springer and Kinnaman.2 A set of
the calculated ground velocity spectra
ii given in the Appendix. Because of

the format of these presentations, no

—4=

vertical scale is given; however, the
specira are plotted on a common
amplitude scale with a decade of
amplitude having the same dimension
on the graph as a decade of frequency.

Figures A-1 through 2A-4 in the
Appendix show the calculated spectra
of the wave trains recorded at the

four LLU stations for Yucca Valley



upderground nuclear ezplosions;

Figs. A-5 through A-8 show the same
spectra for Pahute Mesa explosions.

As Table 1 indicates, these populations
cover a wide range of vields, depths,
and coupliug wedia. The spectra are
arranged in order of Increasing
average spectral density energy

(from bottom tc top of each flgure).
This ordering reflects the relative
coupling efficiencies of the shot
media, the yields of the explosions,
and to some extent the effect that
near-source geclogy has on the pro-
pagat ing waves (absorption, scattering,
ete.).

Somv brief comments on some of
the spectra are appropriate. For
instance, for the spectra of many
of the smiller events (Beebalm,
Snubber, Stoddard, Abeytas, Lovage,
Knife-A, Knife-B, and Schooner) the
broad peak in the spectra in the 0.1-
Hz to 0.2-Hz range is due to micro-
seismic noise contamination. There
is a similar but smaller effect for
Baneberry, Tanya, and Coffer.

One of the stated objectives ni
this work was to attempt to gquantify
the explosion spectra for character-
istics associated with the source.
This was not possible because of
significant variations in the spectra
which appeared to be related to
slight differences in location
(presumably giving differences in

propagation path). These variations

-5-

deserve more study, but for the
moment we will mention the gross
similarities in the spectra and
comment on some of the "exceptions,"”
those spectra which appear to be
substantially different from spectra
vith similar sousr-e parameters.

For instance, or2 exception is
the spectrum of the Tanya explosion
in Fig. A-la which appears o be
shified to higher frequencies with
respect to the others. Tanya was
a low-yield test drronated in dry
2lluvium at a shallow depth. Whether
the a parent spectral shift is a
result of source-related or
prcpagation-path-related parame .ers
cannot be determined tecause only
the Mina station data are available.

The Baneberry spectra in
Fig. A-la, A-2a, A-3a, and A~4 are
different in at least one respect:
the spectral amplitude at at~ut
2 Hz is markedly reduced compareZ
to other shot spectsa at Mina, Kanab,
Landers, and perhaps also at Elko.
Since this characteristic prevails
at most of the stations, it seems
to be sourve-related rather than
propagation~path related. Banzberry
vented significant radioactivity
through hot gases finding their way to
the surface, and that is the only
obvious "difference" in the source
compared to other tests. Such a
connection is speculative at best——

the seismic data alone are no".




definftive enough to give specific
answers.

The Vise and Morrones spectra at
Kanab (Fig. A-~2a) are somewhat
similar to each other, but they lack
the prominent spectral peak at
about 0.7 Hz that is characteristic
of che Kanab spectra for most Yucca
explosions.

As 5 general rule, the spectra
at a given station show the greatest
simiiarity with each other at the
long-period end. Figures A~5 through
A~%, which give spectra at the four
stations for Pahute Mesa detonations,
i1llustrate this. Although there
are evceptions such as Schooner
(which may bu explained, at least in
this case, by its being an excavation
experiment}, most of the spectra
are very similar in the 0.08- to 0.4~
Hz region which is dominated by
Rayleigh-wae energy. The spectra
at Landers (Fig. A-7) are the most
similar-looking group over cthe
entire spectral range compared to
those at other stations.

An examination of these results
indicates considerable variatioa in
the shapes of the spectra even though
some gross features are characteristic
of all.

each of the spectra occurs in the

For instance the peak of

frequency range 0.3 to 0.7 Hz (about
1.5- to 3-sec periods). The slope
of the high~frequency side of the

spectra varies from about -2 to -3.

6

The variation does not appea~ to be
related to vield or to any obvious
geophysical parameter such as depth
of burial out is probably a resalt of
neiar=source propagiation duc to the
complicated erustal structure in the
XTS viclnity and te distance of
propagation (attenuation). FEven these
smoothed spectya exhibit coasiderable
"notching” that is probzably due to
reverberations (echoes) in the
crust at the source and at the
recelver.

The slope of the low-frequency
side is aiso quite variable among
these spectra, ranging from about 1
to 2 or so. This variation can be
astributed to interaction of micro-
seismic noise, Rayleigh-wave signal,
and instrumental noise introduced
when instrumont correcrions were
made to the spectra. More of these
matters will be discussed later. At
this point it is sufficient to
state that the variations in the
spectra of the whele wave trains
precluded a quanticative analysis
in terms of source-reslated pirameters.
Such an analysis may be possible
if the wave train can be separated
into distinct phase contributions,
and we will pursue tlose possibilities
in the future.

The preceding discussion dealt
with general similarities and
dissimilarities in the entire set

of calculated spectra as presented
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in the Appendix.  The tollowing

dizcussion points out more specifie

examples and comparisons,
of

Figure Lo shows the sectlons

the broaaband train which

WV
comtribate to the various parts ot
The

the computed spectrun. surtace=

wave energy s cotventrated in the
Cime sepment after 35 see trom
initial onnet.  The pear of the Mina

velovity s trun tor Pabate Hesa
explosions dotonated gear or belm
the water table is formed primarily
crersy arriving within 6

by P-wave

see ab initial enset.  However, the

prak tor intermediate and low-
fatermediate vield explosions
Tocaged below the static water
tablv in Yueca Valley seems to be
formed by a mixture of these
early P vaves and some very late-
arriving energy. Ve will show an
example of this later. The slope of
the spectrum on the high—frequency
side is about -3, but as mcentioned
carlier there is Juite a variation
from shot to shot even at the same
station. Also, since severa!l
phases may be mlxed even within
tie short 6~-sec segment and siace
earth attenuation has not keen
corrected for, interpretiug this
slope in rerms of source function
should be done cautiously. if at all.
The spectral peak at about 1 Hz
is dominated by P energy rather than

SV energy as Fig. lb shows. Since
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we are sooking at vertical (omponert
data only, we are not obscervinp ¥
all.

Figure 2

cnergy at

sives examply s 0 ot

varfstfon of <pectra as 2 fo-. tion o
SN C paraneters and o path. Lo
Flg. 2a are spectra at Mina or ta

Yucea Valley shots of about the same
vieid and depth separated by about
4.3 km in the divection nearly
perpendtoular to the azinuth toward
the starion. Dopzh of burial for
and for Terrine was

the

arfive was Li4 @

Tower U Tr. [N

of

457 . The Spe

flgure are Nedse Segment oF the

“a

same duration immedlatels vroceding

the shets.  Notice the difference in
the microscismic noise levels:
Cornice < detonated In May 1970 and

Terrine in December 1969, and the
differenc in the noise spectra
{llustrates the seasonal! varlarion
in misroseismic noise levels rvpical
a factor of 3

at our statiops~-about

in the 5~ ro 8-sec range.

Figure 2b shows spectra at Mina
of four ~xplosieons detonated at widely
separated locations in Yurcca Valley.
Coffer zad Crew were lucated several
kilometers north and slightly west of
the Lovage and Abeytas locations
(see Fig. 3). Coffer was buried at
465 m, Crew ar 604 m, Lovage ar 378 m,
and Abeytas at 394 m. Crew was the
only shot firad below the sratic water
table level. 71.e yields of theso

shots sps . a factor of four. The
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Fig, 1. Handley explosion recorded

at Mina, (a) Seismic wave
train; (b) relative grcund
velocity spectra for tle
time segments indicated;

(c) relative ground velocity
spectra for the time seg~
ments indicated.

similarity of the spectra, despite
the differences in source parameters,
tends to suggest that propagatien
path diffzrences are producing the
major portion of the differences in
spectra from one shot to another at
a given station.

Figure 2c shows the variation of
the velocity spectra for Handley at

our four statlons. Mina is 190 km

from the Handley location, Kanab 331

-8

km, Landers 323 km, and Elko 398 km.
Qur four stations essentially cover
the four gquandrants and give good
azimuthal coverage but not good
distance coverage (over g similar
azimuth).
the tendency of the earth to attenuate

However, one can see

more and more of the high frequency
seismic energy as distance increases.
The large amplitude at about 0.8

Hz in tbe Mina and Kanab spectra is
substantially attenuated relative to
the rest of the spectrum at the Landers
and Elko distances. However, this is
only a general trend and applies more
to the high-frequency portions of

the spectra and not to the low-
frequency portions. Portions of the
spectra formed by 5- to 10-sec
Rayleigh waves seem to be more
dependent on particular travel paths
than on distance. This suggests

that there are significant diffarences
in Rayleigh wave propagation at the
regional level in the Western U.S.,
thus suggesting significant structural

differences in the earth's crust.
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Figure 2d shows the effect of
yield on the spectrum as seen at our
Landers station.
is of yield, not of depth or medium,
because Carpetbag and Crew have more
similar depths than do Coffer and
Crew, yet the former pair’s spectra
show a relatively large difference.
These resulcs would indicate a
larger surface wave magnitude (MS)
relative to compressional body-wave
magnitude (mb) for Carpetbag than
for Coffer or Crew with about the
same MS relative to m for Coffer
and Crew. These three explosions
were within a kilometer laterally
of each other; thus their propagation
paths might be considered identical
for all but the higher~frequency
waves, Earlier work showed rhat
long-period wave amplitudes scale
with yield with a higher exponent
than do P-wave amplitudes.3 These
spectra show the same trend in that
as yileld increases, the differences
in amplitudes at longer periods
tend to be greater than those at
shorter periods.

This brings up another question
ahout scaling: do the frequencies
of spectral peaks scale with the
cute root of tiie yield as might be
expected for P waves from simple
spherical explosion source models?
Notice that the peak in the spectra
of these explosions occurs at

about the same frequency. But, since

=11~

We believe the effect

we are looking at spectra of the
entire wave train which may be
dominated by the Rayleigh wave

and its higher modes, we should not
be too surprised at this result.
Generation of Rayleigh waves by
explosions is naot completely under-
stood, so no definitive answer can
be given here. Also, the spectral
peak may be masked by the effect

of attenuation, i.e., lower yields
which generate characteristic high
frequency energy compared to higher
yields will suffer more attenuation.
Their spectra will appear to have
lower peak frequencies.

Figure &4 illustrates the
complexity of the problem and the
danger of using spectra of stations
at regional distances (and in
particulsr at one station) to
make source-related conclusions
about the ideal spherical sources
that explosions are often assumed
to be., As noted earlier, these
three explosions were at essentially
the same lacation and now, while
the Coffer and Crew spectra are
nearly identical except at higher
frequencies, the Carpetbag spectrum
not only is larger in amplitude but
has suffered a substantial shift in
frequency of the peak. The time
traces of Carpetbag and Coffer are
shown to illustrate the point further
as well as to show the soi.rce of the

spectral difference. The large late
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Three explosions recorded at
Mina. (a) Spectra for
Carpetbag, Coffer, and Crew
explosions; (b) seismic wave
train for Coffer; (c) seis-
mic wave train of Carpetbag.
The Crew wave train is sim-
ilar to the Coffer wave
train.

h, in the Carpetbag signal are
essentially non-existent for Coffer
and Crew., This would suggest a basic
difference in the source function of
Carpetbag as compared to Coffer and
Crew from the standpoint of the
energy partitioning at or very near
the explosion.

Figure 4 is one of the more ex-—
treme examples of non-reproducibility,
and it shows the problem we have in
characterizing NTS underground
explosions by their spectral shapes.
In attempting to determine if peak
frequency scales as the cube root
of yield, we grossly oversimplified
the spectra. We simply picked the
frequency at which the spectral peak
occurred and plotted it versus yield
at each station, We regret not being
able to show these plots because of
the classification of yields.
However, the dependence of this
parameter on yield was weak,
especially over the lower half of the
vield range where almost no dependence
appeared to exist (approximately the
sixth root, or less, of yield). The
yield range was roughly 2 orders ot
magnitude.

Furthermore, we considered the
spectra of only the first several
seconds of P phases for Chateaugay
and for Handley (two shots at Pahute
Mesa). The frequencies of the
spectral peaks did not scale as the

cube root of yield. As a matter of

-12-




fact, the peaks appeared to i.e at the

same frequency. Thus, we conclude
that oversimplified spherical
source models do not apply across

the board to NTS explosions.

Earlier

work suggested a similar conclusicn.J

If this weak dependence of peak

frequency on explosion yield really

exists, it explains why some investi-

gators observe the MQ/mb relarion

as a stralght line.

Figure 5 shows a comparison at
our four stations of the spectra
of two events of about the same
body-wave magnitude--one is the
Massachusetts Mountain earrhquake,
the other is the underground nuclear
Approximate dis-
tances to the stations are: Mina
250 km, Kanab 285 km, Elko 425 km,
and Landers 283 km.
are about 10 km apart.

explosion lovage.

The rwo events
The

100 =rr T T T Ty E
? Mina ] ;
IOE_ 1 —E E_
- 3 2 3 E
1
= 33 F
0.1 3 E
E ‘ Legend
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Fig. 5.

~--- Lovage
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Frequency — Hz

Comparisons of sigral spectra and noisc spectra for the Lovage

cxplosions and an NT$ carthquake from selsmograms produced at the

four LLL statfens.
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earthquake occurred just before a
planned nuclear test, so we have
excellent data for 1it. The lower
pair of curves in each plot are the
spectra of a segment of noise
immediately preceding the event's
signals. Body-wave magnitude (mb)
for the earchquake was about 4 and
depth about 4-1/2 km.4

of spectral amplitudes at about 1 Hz,

On the basis

the m 's of the two events are
presumed equivalent.

Figure 5 illustrates several
significant points. First, the
long-period, Rayleigh-wave amplitudes
for the earthquake are about an order
of magnitude larger than those for
the shot, when short-period
amplitudes are about equal. Thus,
the Ms-mb method would discriminate
between this earthquake and the
representative explosion. Second,
the peak of the Rayleigh-wave signal
spectrum occurs in the microseismic
window for both the earthquake and
the explosion. Thus, as at tele-
seismic distances, the microseismic
noise levels would be the limiting
factor in the practical application
at regional distances of the Ms/mb
discriminant, presuming one
always must measutre an Hs. At
first, one might be tempted to set up
a detection system in the regional
distance ranges with instrument
response peaks coinciding with the

s 1 peaks in order to obtain
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maximum S/N, However, a smore thorough
analysis should be performed

before such systems are designed,
because it may be that actual S/X
could be optimized at a frequency
other than that at which amplitudes

of the microseisms and these signals
are greatest. A steeper slope
appears to exist for the low-
frequency side of the noise spectra
than for that of the earthquake
signal. That suggests S/N is larger
at lower frequencies than at the peak
frequencies.

Third, notice the high~frequency
side of these spectra. Recall that
the Lovage spectra are typical of
many shot spectra. The earthquake
has an apparently lower slope than
does Lovage which would suggest that
the equivalent source function of the
earthquake is more impulsive at
time t

0
explosion.

than is that of the Lovage
We assumed the earth's
attenuation is about the same for
the two because of the shallow
depth of the earthquake focus. To
check this, we calculated the
relative amount of spectral amplitude
loss for the explosion compared to
the earthquake using the expression
for amplitude attenuation

—uR

eZCQ
where w is circular frequeuncy (27nf),
R is the difference in P-wave,

travel-path distance for the two



events, ¢ is P~wave velocity over
this parct of the travel path, and
1/Q is the specific attenuation
factor.5 For this case, R is

about 5 km and ¢ is abour 5 km/sec}
R/c is taken to be essentially uniry.
It is clear that the more critical
parameters in the above erxpression are
w(or f) and Q.
and/or low values of ¢ will give

Large values of f
large attenuations. Using a
conservative value for Q of 25,

the expression above yields a
predicted amplitude reduction of
about 50% at 5 Hz for the explosion
compared to the earthquake. This

is much less than is seen in Fig. 5
where there is typically an order-
of-magnitude difference at zbout

5 Hz between the spectral amplitude

of the explosion and that of the earth-
quake. It would require an extremely
low Q for the crust to accounit for
such a large difference. Thus, we
presume that most of the difference

1s related to real differences in

the svurce functions of the earthquake
and explrsion.

Furthermore, notice that the
spectra of the two events are very
similar at a given station at
This
implies that propagation paths

frequencies around 1 Hz.

are similar for 1l-Hz waves and that
che lirge d’'iferences observed at
higher and lower frequencies are
related to source~mechanism
differences, not to propagation-path
differences. 1If this is true, com-
pared to the explosion this earth-
quake is characterized by one or
more of the following:

e A more discontinuous displace-
ment history at t = 0 (high stress
drop?).

® A shorter rise time in the
source function (a slower displace-
ment or a smaller volume over which
displacemenc took place).

¢ A more slowly decaying, or a
non-decaying, source function (i.e.,

greater permanent displacement).
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Summary and Conclusions

In this study we attempted to
identify underground nuclear explo-
sions whose regional spectra were
grossly dif ferent from typical exp’n-
sion spectra. In particular we were
interested in finding any explosions
that showed enhancement of the long-
period portions of the spectra. How-
ever, only a few spectra could be
categorized as "grossly different," and
in general these tended to be incon-
sistently different, suggesting propa-
gation path as the reason, i.e.,
spectra at fcur different stations for
the same explosion were not all grossly
different from those for a typical ex-
plosion. We did find spectra which
showed some apparent enhancement of
loug-period energy, but again this fea-
ture did not show up consistently at

all stations for a given explosion.

One of the most significant
results of this study came from
comparing the spectra of an TS
earthquake with those of an explosion
of about the same body-wave magnitude.
As might be expected, the earthquake
spectra showed relatively greater
energy in long-period surface waves
than did the explosion spectra. The
interesting result was that the
earthquake spectra showed relatively
greater energy in high-frequency
(>2 Hz) P waves than did the
explosion spectra. In additinon, it
appears that either the slope of the
high-frequency part (P-wave) of the
spectrum for the earthquake is less
than that for the explosion or the
"corner" frequency of the earthquake
spectrum is greater than that for the

explosion.
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Appendix. Calculated Velocity Spectra.
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