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) INTRODUCTION

For a long time it has been known that large under-
ground nuclear explosions have small Mg values compared
to earthquakes having the same mp values as those of the
explosions. This conclusion has been found also to be
generally true for intermediate and smaller sized explo-
sions. That 1s, when a plot of the mp values as abscissae
and Ng values as ordinates is made, the earthquakes separate
from The explosions, with the latter lying below and to
the right of the earthquake points However, it has been
found that some earthquakes plot in or near the explosion
population. These are called anomalous earthquakes.

The primary purpose of this research is to search
for shallow-depth Eurasian earthquakes that have anoma-
lous mp: Mg values. Furthermore, because it is for inter-
mediate to smell magnitude events that it is most diffi-
cult to discriminate between earthquakes and explosions,
ﬁventa were selected which had mp values in the range of

to 5.5.

Other aims of the research are to identify geographi-
cal regions where anomalous earthquakes occur, to deter-
mine the effect, if any, of focal depth and focal mechanism
on observed mh: Mg values, to investigate differences in
the P-wave spectra of anomalous and non-anomalous earth-
quakes, and to determine Love-wave Mg(Mg ;) values for
anomalous earthquakes. )

METHODOLOGY

Standard techniques were used for determining the
and Mg values of the earthquakes and explosions studied.
That 1s, for mp evaluation the largest amplitude in the
first 3 cycles of the P-wave motion on the vertical-
component, short-period seismogram was used, along with
the Gutenberg-Richter (Richter, 1958) calibrating func-
tion. Average values, along with their standard :
deviations and the number of stations used, are reported,
as well as average my, values and the number of stations
as given by the National Earthquake Information Center
and the International Seismological Centre.

To determine M3 the largest amplitude of the verti-
cal component Rayleigh-wave motion in the period range
of 17 to 23 seconds was used, along with the formulas




Mg = 3.30 + 1.66 1og A + log AT for 25° ¢ A < 140°
and

Mg = 4.16 + 1.07 log A + log A/T for 10° < p < 25°

where A& 1s the epicentral distance in degrees, A is the
maximum ground motion in microns, and T is the period

in seconds. We examined the use of Mg formulas derived
for waves of periods substantially less than 20 seconds

as recorded at small to regional distances, and found in
general that they were not as satisfactory as the second
of the formulas given above (Nuttli and Kim, 1975). Mean
Mg values, along with their standard deviations and number
o? stations used, are presented. 1In general the National
Earthquake Information Center does not determine Ms values
for small to intermediate magnitude events, and the Inter-
national Seismological Centre never determines Mg values.

The seismograph stations whose data were used to
determine mp and M3 values were the World-Wide Standard
Seismograph Network (WWSSN) stations ALQ, AQU, BLA, BUL,
CHG, COL, JCT, DUG, GOL, KOD, KON, NIL, KBL, LPS, MAT,
KBS, NDI, NHA, 0GD, QUE, SEO, SHI and SHL and the Very
Long Period Experiment (VLPE) stations FBK, ALQ, TLO,
CH3, CTA and EIL.

Focal depths were determined for a selected number
of earthquakes, principally by means of the depth phases
PP and sS. When depths of earthquakes in an aftershock
sequence were compared, we also used the period of the
minimum in the Rayleigh-wave spectrum. The latter
method is principally of value in establishing that two
or more earthquakes of the same region have the same

depth, rather than in making an absolute determination
of that depth.

DATA

Much of the basic my: Mg data have already been pre-
sented in Sclentific Report No. 1 (Nuttli and Kim, 1974)
and Soientific Report No. 3 (Nuttli, Kim and Wen, 1975).
In Report No. 1 data for 96 earthquakes and 10 under-
ground explosions were given, and in Report No. 3 the
mpMg values for 155 earthquakes and 4 explosions were
presented. Inasmuch as these reports are readily avail-
able, a relisting of these data will not be given here.
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Table 1 presents the hypocentral coordinates of 37
earthquakes and 9 explosions whose mp: Mg values have not
been included in any previous report. able 2 gives the
Bp and M3 values of the events desoribed in Table 1.

The 23 nuclear explosions took place at the testing
sites in Novaya Zemlya, eastern Kazakhstan and western
Kazakhstan and at scattered sites in western Russias.
Figure 1 is a plot of the mp:Mg values of these explosions.
The dashed line in the figure ia the curve obtained by
Evernden et al (1971) from Nevada Test Site data when Mg
was determined from 20-second period Rayleigh waves. The
two solid-line curves mark the envelopes or outer bounds
of the Eurasian data. Prom the upper of these two curves
'i can see that all the explosion data satisfy the rela-
tion

mp - Mg > 1.2 for mp > 4.6.

The single point mp = 4.4, Mg = 3.3 of Figure 1 suggests
that for mp < 4.6 the difference m, - M3 may become

smaller than 1.2, with the difference decreas as
decreases. However, much more data in the small magni-

tude range than we have are required to justify such a
conclusion.

Table 3 contains a 1list of 33 earthquakes, out of
the 278 studied, which had mp minus Mg values of 1.2 or
greater, and which thus would overlap the explosion popu-
lation on an mp: Mg diagram. The mb: Mg values of these
earthquakes are plotted in Pigure 2, along with the ex-
plosion bounds as determined from Figure 1. From Figure
2 1t can be seen that the anomalous earthquakes listed in
Table 3 have mp: Mg values that spread over the range of
explosion values.

Considering next the non-anomalous earthquakes, our
data indicate that shallow oceanic margin earthquakes
(Aleutians, Kamchatka, Japan, Taiwan, Philippines, New
Hebrides, New Britain) all have mp: Mg values to the left
and above the upper-bound curve of t explosion popula-
tion. Thus they present no problem in being distinguished
from explosions. Figure 3 is a plot of mp: Mg values of
oceanic margin earthquakes,

All of the anomalous earthquakes that are listed in
Table 3 and plotted in Figure 2 are intraplate earthquakes.
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Not all intraplate earthquakes, however, are anomalous.
Thus, for example, of the 128 intraplate earthquakes that
we studied for the year 1972, only 23 had anomalous mp: Mg
values.

For the 1972 earthquakes, surface-wave magnitudes were
calculated using Love-wave amplitudes as well as the ampli-
tudes of the vertical-component Rayleigh waves. Of the
122 earthquakes for which Love-wave Mg values could be de-
termined, only 19 had |Mg R - Mg | > 0.3. Thus, in most
cases, the Mg p and L Values were essentially the
same. Of the’§9 which’Showed a significant difference,
only 6 had Mg 1 > Mg R. Thus there is little evidence of
small M vajues compared to ng L values, as might be
expecteﬁ’go occur 1g'¥he focal dépth were such that there
would be a minimum in the Rayleigh-wave spectrum at a
period near 20 seconds. From this we conclude that focal
depth (unless it is very large, i.e. greater than the
crustal thickness) cannot generally be called upon to ex-
plain small Mg values of earthquakes, and thus anomalous
mp: Mg values.

Evernden (1976) discussed the use of H§ L Values to
discriminate between earthquakes and explosidéns. At places
where the release of regional tectonic strain by the ex-
plosion is low, the resulting L Values are small com-
pared to the Mg g values. Of thé 23 explosions considered
in this report, Eove waves of 20-second period could be
identified for only two. The first i8 the East Kazakhstan
explosion of 16 August 1972, for which a very small ampli-
tude Love wave was tentatively identified at a single

VLPE station (KON). For this event Mg g is 3.7 and L

is 3.0. The second event occurred in lsvaya Zemlya oR’

28 August 1972. It was a large explosion, and 20-second
period Love waves were identified at 18 stations. For it
Mg,R Was 5.0 and Mg [ was 4.6.

MAINSHOCK~-AFTERSHOCK SEQUENCES

One of the most important findings of this study was
that some aftershocks of a sequence can have anomalous
m,: Mg values, whereas the mainshock and other aftershocks
have non-anomalous values. This finding is particularly
important because it enables us to obtain a better under-
standing of the cause of anomalous earthquakes, by elimina-
ting as an explanation certain characteristics that are
often proposed as the causes of anomalous mp: Mg values.
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i Among these are the source and receiver crust and the
E transmission path, which are identical for all events
i of a sequence for a given seismograph station, and the
; focal depth and focal mechanism, which are shown to be
. . the same for selected events of selected sequences.

A more complete discussion of the data and con-
clusions 1s given in Appendix 1, which is a manuscript
of a paper submitted for publication. In this section
of the report we merely present some of the data and
summarize the conclusions.

e - e b

Mainshock-aftershock sequences in Szechwan province
of China, Tibet, the Irag-Iran border region and the New
Hebrides islands were investigated. Table 4 lists the
hypocentral coordinates and the m; and Mg values of the
earthquakes studied. For the events which were of suffi-
clently large magnitude, focal mechanisms and P and Ray-
lelgh-wave spectra were determined. The focal mechanism
solutions verified that the earthquakes of a given sequence
had nearly identical mechanisms, and the Rayleigh-wave
spectra, along with the time differences pP-P and sS-S8,
established that the events of a given sequence had nearly
identical focal depths.

?n.mw“'mTA v
s 2

From the P-wave spectra it was found that for earth-
kes of the same Mg or seismic moment, M,, the anoma-
ous earthquakes had smaller spectral corner periods than

! the non-anomalous ones. This indicated that there is a

! relative enrichment of the short-period part of the spec-
i trum for the anomalous earthquakes. Observations in the
time domain showed that for earthquakes of the same

the duration of the short-period P-wave motion was smaller
(more pulse-like) for anomalous than for non-anomalous
earthquakes, even though the maximum amplitude of the P~
wave motion was the same.

AL SRS SRS
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; Although we have no conclusive explanation as to the
4 cause of the anomalous aftershocks, the observations in

I both the frequency and time domains suggest they are re-
lated to the time history of the fault rupture and pos-
sibly to the stress drop.

RELEVANCE OF THE RESEARCH TO THE
DISCRIMINATION OF UNDERGROUND EXPLOSIONS

One point of immediate significance is the finding
that anomalous earthguakes do not osccur at plate margins,
. but rather only within the Eurasian plate. We did not
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look at earthquakes in other continental areas.) Because
earthquakes ococurring along plate margins constitute the
great majority of earthquakes, our finding suggests that
for this large class of earthquakes the mp: M3 criterion
will readily separate explosions from earthquakes.

A second point of significance is that the snomalous
earthquakes of Eurasia are not restricted to any single
or few geographic areas. Table 3 demonstrates that they
occur anywhere from southern Europe to eastern Asia.

Although from theory one might expect a minimum in
the Rayleigh-wave spectrum at 20-second period for a
certain range of focal depths within the crust, and thus
anomalous mp:Mg values for theae earthquakes, our data
suggest that for actual earthquakes recorded at a suffi-
cient number of stations this is not an important phenom-
enon. Nor does the character of the fault motion, whether
it be strike-slip or thrust faulting, lead to anomalous
mp: Mg values by itself if the Rayleigh waves are recorded
over a sufficlent range of azimuth.

The mainshock-aftershock studies indicate that for
some cases, at least, it is not focal depth, focal mech-
anism, source crust, crust-mantle transmission path or
receliver crust which is the cause of anomalous tMg
values., Whatever is the explanation, it causes the P-
wave spectra to be enriched at the short periods for the
anomalous earthquakes by shifting the spectral corner
period (or periods) to smaller values. Our finding that
anomalous my: Mg earthquakes fairly often occur as after-
shocks of intraplate earthquakes suggests that it might
be a difficult task to distinguish between a small magni-
tude explosion and an aftershock of an intraplate earth-
quake, if the explosion were deliberately detonated after
the mainshock.
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FIGURE CAPTIONS

Figure 1. mp:Mg values of Eurasian underground explo-
sions. The mp values are those of the International
Seismological Centre, and the Mg values are those
determined in the present study. The solid-line
curves mark the upper and lower bounds of the explo-
sion date. The dashed-line curve is the NTS explosion
curve, where Mg is determined from 20-second period
surface waves, as given by Evernden et al (1971).

Figure 2. mp: values of anomalous Eurasian earth-
quakes, fo¥ which mp-Mg > 1.2. The solid-line
curves are the upper and lower bounds of the ex-
plosion data, as given in Figure 1.

Pigure 3. mp:Mq values of Eurasian oceanic margin
earthquake¥ of 1972. The solid-line curves are
the upper and lower bounds of the explosion data,
as given in Figure 1.
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Figure 1. mp:Mg values of Eurasian underground explo- 1
sions. The m, values are those of the International :
Seismological Centre, and the Mg values are those
determined in the present study. The solid-line 1
curves mark the upper and lower bounds of the explo-
sion data. The dashed-line curve is the NTS explosion
ocurve, where Mg is determined from 20-second period i
surface waves, as given by Evernden et al (1971).
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Pigure 2. mp: values of anomalous Eurasian earth-
quakes, for which my-Mg > 1.2. The solid-line
curves are the upper and lower bounds of the ex-
plosion data, as given in Figure 1.
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APPENDIX 1.

SPECTRAL AND MAGNITUDE CHARACTERISTICS
OF ANONALOUS EURASIAN EARTHQUAKES
by
So Gu Kim® and Otto W. Nuttli

ABSTRACT

A number of mainshock-aftershock sequences in the Eurasian
interior contain some aftershocks whose my:Mg values are close
to those of underground explosions. This paper is concerned
with a study of the amplitude spectra of the P waves and Ray-
leigh waves for earthquakes of those mainshock-aftershock se-
quences. It is found that for any given sequence studied there
is little if any variation in focal depth or focal mechanism.
This rules out variations in these quantities as being the cause
of anomalous my:Mg values. A study of the P-wave spectra estab-
lishes that one or both of the corner periods of anomalous
earthquakes are smller than those of non-anomalous earth-
quakes of the same moment. Thus the cause of anomalous my: Mg
values of the earthquakes studied is a relative enrichment of
the short-period portion of the spectrum of the anomalous
events, which cannot be attributed to focal depth or focal

mechanism.

® Present address: Seismograph Service Corporation, Tulsa,
Oklahoma.
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INTRODUCTION
A recent study of m, and Mg values of approximately 300
intermediate-size Eurasian shallow-focus earthquakes revealed

that most anomalous earthquakes (events whose m,:Ng values are
closer to those of explosions than to those of ordinary earth-
quakes) occurred in the continental interior rather than at the
oceanic margins (Nuttli and Kim,1975). Additional study has
established that the majority of anomalous events ocscurred as
aftershocka, or in some cases foreshocks, of non-anomalous main-
shoocks. Not all foreshocks or aftershocks, however, were found
to be anomalous.

The validity of using mp: Ng values in distinguishing between
earthquakes and explosions has been explained (Molnar et al,
1969; Lieberman and Pomeroy, 1970) in terms of a number of fac-
tors, namely source-time functions, source size, properties of
the travel path, source mechanism and focal depth. Tsal and Aki
(1971) argued against the first two factors as being the primary
cause of the difference in mp: Mg values for earthquakes and ex-
plosions. Rather they maintained that the last two are dominant
after corrections due to differences in travel path are taken
into account. Evernden (1975) also concluded that anomalous
events can be explained principally by differences in source
mechanism and focal depth.

On the other hand, Kanamori and Anderson (1975) demonstrated
that inter-plate earthquakes which occur along or parallel to
major plate boundaries show low stress drop compared to intra-
plate earthquakes which occur within the plates. Forsyth (1975)

20




R R

T A AT

6 i T e

T TN

PIIVEY TRAF T

TR T IETE s ¥

i e o ey ot

S ———

concluded that anomalous my:Mg values observed for a foreshock-

mainshock-aftershock sequence in the Kirgiz-Sinkiang border re-
gion resulted from the source finiteness or the rupture-time
duration rather than from the focal depth or the focal mechan-

ism.

EARTHQUAKES STUDIED

In this paper we restrict our discussion to single mainshock-
aftershock sequences 1n the Szechwan province of China, in Tibet,
in the Irag-Iran border region and in the New Hebrides Islands.
Table 1 gives the latitude, longitude, origin time and focal
depth as determined by the National Earthquake Information Ser-
vice for the earthquakes whose focal mechanisms and P-wave and
Rayleigh-wave spectra were determined in this study. Also in-

cluded are the my and Mg values as determined by us.

An 1inspection of Table 1 will show that the hypocentral co-
ordinates of the earthquakes of a given sequence show little
variation. The time differences, pP - P and sS - S, when they
could be observed, indicated a nearly constant focal depth for
all the events of a sequence. Further evidence for the same
focal depth is given by the periods of the minimum in the Ray- ;
leigh-wave spectra, which for a given station are almost constant {
for all the events of a sequence. Sample Raylelgh-wave spectra »L
for two stations for the Szechwan and New Hebrides earthquakes %
are given in Flgures 1 and 2, respectively.

For all four earthquake sequences the focal mechanisms of

individual earthguakes of a given sequence are remarkably

similar. This is demonstrated in Figures 3a and 3b, in which
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solutions based on the sign of the onset of the iong-period P
motion are presented.

By selecting for study events of mainshock-aftershock se-
quances which have the same hypocentral coordinates, the same
focal mechanism and the same transmission path, we eliminate
many of the quantities which have been proposed in explanation
of anomalous m,:Mg values. We can thus restrict our attention
to quantities such as source finiteness, rupture veloscity and
stress drop.

Although we shall not present a physical explianation as
to why some earthquakes have anomalous -b:ns values, we wish
to point out certain ways in which the spectra of anomalous
earthquakes differ from those of non-anomalous ones. We shall
leave to others the interpretation of these spectral differ-
ences, and merely note that differences in the corner periods
and slopes of body-wave spectra have been interpreted in terms
of source finiteness (Hanks and Wyss, 1972; Forsyth, 1975) and
of fractional stress drop (Brune, 1970).

TIME-DOMAIN OBSERVATIONS

Direct observation of the seismograms led us origiaelly to
a study of mainshock-aftershock sequences in a search for
anomalous events. That is, by looking at the seismograms we
could see that events which produced nearly the same P-wave
amplitudes at a station produced noticeably different Rayleigh-
wave amplitudes. Pigure 4 gives some examples. On the left-
hand side are the seismograms for the Szechwan earthquakes.
The upper left shows the P-wave motion at two stations, BUL
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and SHK, for the three events. Maximum amplitudes in the first
few cycles are about the same (the onset of the P motion at SHK
for event no. 3 is obscured by the minute marks; its peak and
trough almost touch the trace above and below, respectively).

The Rayleigh-wave amplitudes for event no. 3, as recorded at sta-
tion SHI, are noticeably less than for events 1 and 2.

The P waves and Rayleigh waves for the two Tibetan events
are given in the right-hand side of Figure 4. The P-waves are
shown for stations NUR, STU and KTG and the Rayleigh waves for
station KTG. Although the duration of the P waves of event no.l
is greater than of no. 2, the amplitudes of the first few cycles
of P of no. 1 are almost the same as the amplitude of no. 2,
which would result in nearly similar mp values for the two earth-
quakes. The surface-wave amplitudes of event no. 1, however, are
much greater than of event no. 2, as can be seen from the lower
right-hand figure.

Pigures 5 and 6 show as examples m,: Mg plots for the Tibet
and New Hebrides earthquakes, respectively. The points labeled
1 and 2 in PFigure 5 refer to the Tibetan earthquakes no. 1 and 2
in Table 1. The other points refer to earthquakes for which
m,: Mg values could be determined but which were too small for
spectral analysis. Curve a in Figure 5 is a least-square linear

fit to m,: Mg data from 64 non-anomalous Eurasian earthquake
values, and curve ¢ a similar fit for 11 Eurasian underground
explosion values. The data sets were taken from Nuttli and Kim
(1975). Curve b 1s a linear fit to the Tibetan data points, in-

dicated by x's in the figure. Note that the mainshock (event
no. 1) as well as two of the other Tibetan events would be
23




considered non-anomalous. Event no. 2, as well as 6 others,

would be considered suspicious by the my:Mg criterion. The two
remaining events definitely fall in the explosion population.
Curves a and ¢ of Figure 6 are the same as described for
Figure 5. 1If event no. 2 is considered to be the malnshock,
its Mg value 1is even larger than for the ordinary Eurasian earth-
quake of my = 5.9. The foreshock (no. 1) and all the aftershocks
also scatter around curve a. Curve b 1is the linear fit to the
eight data points of the figure. Thus none of the New Hebrides

earthquakes would be consldered to have anomalous mb:MS values.
RAYLEIGH-WAVE SPECTRA

Rayleligh-wave ground-motion spectra were obtained from
analysis of the long-period, vertical-component seismograms.
Statlions were selected so that the path from epicenter to sta-
tion was pure continental or pure oceanic. The observed spectra
were adjusted for the effects of geometric spreading and anelas-
tic attenuation, to reduce them as if the seismograph station
were 1000 km from the epicenter.

Sample spectra are shown in Filgures 1 and 2. Values below
10 sec are unreliable due to both small instrument magnification
and low signal amplitude. The spectra can be used for two pur-
poses: 1) to determine whether differences in log spectral
amplitude at 20-sec period are equal to differences in Mg values,
l.e. to test the equivalence of amplitude differences in the
frequency domain with amplitude differences in the time domain,

2) to determine the selsmic moment of the various earthquakes,
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by comparing sepectral levels of actual earthquakes with those
calculated for a unit-moment, double-couple source at the appro-
priate azimuth for a distance of 1000 imms.

Table 2 presents the Mg differences and the differences in

the log spectral amplitude at 20-sec period for the 11 events

in the 4 geographic regions. The number n refers to the number
of stations whose spectral amplitudes were used to obtain an
average 10g,, 4A. In general the differences between 4 Mg and
10g;9 2 A are small, of the order of 0.1 to 0.2 Mg units. The
exception 1s the set of Szechwan earthquakes; either Mg of event
no. 1 is too small or its 20-sec period spectral amplitude is
too large. From studies of the P-wave spectra we believe that
the Ng value of this event is about 0.3 units too large, which
corresponds to one standard deviation.

Table 3 compares the selsmic moment, as obtained from the
Rayleigh-wave spectrum, with the body-wave magnitude. From the
table it can be seen that non-anomalous earthquakes of a given
body-wave magnitude have larger moments than anomalous earthquakes
of the same magnitude, sometimes by more than a power of ten.

P-WAVE SPECTRA
P-wave ground-motion spectra were determined from the LPZ
and SPZ seismograms for stations at teleseismic distances. As
they were not normalized to any particular epicentral distance,
in camparing them one should compare the spectra of an individual
station for an individual mainshock-aftershock sequence. Pigures
8, 9, 10 and 11 give sample apectra for a few of the stations

whose data were utilized. The amall open circles refer to
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spectral values obtained from analysis of the short-period seis-

mograms, and the continuous curve to spectral values obtained
from the long-period seismograms. Because of low signal-to-
noise ratios the speotral values obtained from the long-period
seismograms are not valid for periods less than 3 sec.

The spectra can be approximated by three straight-line seg-
ments, namely: a flat portion extending from an infinite period
to a corner period called Toy, & sloping straight line extending
12* and a
third straight line, of slope greater than the second, extend-

from the corner period T;; to a second corner period T

ing from corner period 112 to the short periods. The first and

second of these curves, intersecting at period T are super-

1’
imposed on the spectra in Figures 7 through 10. o!ro- the figures
it can be noted that in genersl the non-znomalous earthquakes
have larger values of T01 than the anomalous ones.

Figure 11 shows simplified P-wave spectra for each of the
four earthquake sequences, as determined from the seismograms
of a single station for an individual sequence. In most cases
the part of the spectrum between the corner periods r°1 and !12
has a slope of 1.3 to 2.0, and the part between T;2 and 1-sec
period has a slope of 3 to 4. Differences in spectral level at
l-sec period are in general in good agreement with m, differ-
ences as obtained from time-domain measurements of the seismo-
grams. Differences in spectral level at the long periods agree
in a qualitative, 1if not always an exaot quantitative, way with
differences in seismic moment and Mg.
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The curves for NUR-Tibet of Figure 11 show that although
the two earthquakes have the same m, (1-sec spectral amplitude),
the non-anomalous earthquake (no. 1) has longer corner periods
and a larger seismic moment. The curves for TIK-Szechwan of
Figure 11 also show approximately the same spectral levels at
1 sec, but lesser commer periods and long-period amplitudes for
anomalous events no. 3 and 1. Similarly, anomalous Irsq-Iran
events no. 2 and 3 have about the same spectral amplitudes at
1l sec, but lesser corner periods than the non-anomalous event
no. 1. If we consider the seiamic moment, proportional to the
long-period spectral amplitude, to be a more fundamental property
of earthquakes than the m, value, then we can conclude that for
a given seismic moment an anomalous earthquake has smaller cor-
ner periods and a larger l-sec spectral amplitude than a non-

anomalous one.

DISCUSSION AND CONCLUSIONS

We have shown that earthquakes with anomalous lbzlk values
occur in some of the foreshocks and aftershocks of sequences
in SzZechwan Province, Tibet and Iraq-Iran earthquakes of the
Eurasian interior. The earthquakes in a given sequence, non-
anomalous and anomalous alike, have similar focal depth and fo-
cal mechanism. Thus neither differences in these focal param-
eters nor in the transmission path froam source to station can
be called upon to explain the anomalous earthquakes.

In all, we considered 29 earthquakes in the regions men-
tioned above plus 8 in the New Hebrides region. Although there

27
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is some ambiguity as to what constitutes an anomalous =t Mg

value, as many as 24 of the 29 can be considered to be anoma-
lous or near-anomalous events. All of the 8 New Nebrides
events, on the other hand, are non-anomalous.

We found that a common feature of the anomalous events
was that the corner periods of their P-wave spectra were less
than those of non-anomalous events which had the same m, value.
We also observed in the time domain, that for earthquakes of
the same Ey , the duration of the short-period P-wave motion was
less (more pulse-like) for the anomalous than for the ion-
anomalous events.

The findings of this study have some bearing on the probles
of nuclear test detection, in addition to the obvious one that
some intra-plate foreshooks and aftershocks possess anomalous
m,: Mg values. Because these anomalous values can be explained
in terms of shorter corner periods and thus an enrichment of
the short-period portion of the P-wave spectrum, rather than
in differences in the long-period portion or the seismic moment,
it follows that methods of discrimination that compare the long-
period portions of explosion and earthquake-generated waves,
such as relative excitation of Rayleigh and Love waves, will
be unaffected by the results discussed here. Thus the methods
of discrimination which utilize exclusively the long-period
portion of the surface and/or body-wave spectra should be use-
ful in discriminating between explosions and those relatively

few earthquakes which are clasaified as anomalous by the conven-

tional my: Mg analysis.
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i
5 TABLE 2
E"! COMPARISON OF AMg AND LOG AA VALUES
:
H Region Earthquake Pair AMS log aA
Szechwan Province No. 2 - No. 1 0.6 0.21 {n = B)
No. 1 - No. 3 o 0.49 (n = 6)
No. 2 - No. 3 0.7 0.70 (n = 6)
Irag-Iran Border No. 1 - No. 2 0.5 0.51 (n = 4)
No. 1 - No. 3 0.8 0.80 (n = 4)
‘ No. 2 - No. 3 0.4 0.29 (n = 4)
E Tibet Ho. 1 - Ho. 20 1.90  1.55 (o~ 2) |
;g New Hebrides Islands No. 2 - No. 1 1.39 1.26 (n = 4) |
3 No. 3 - No. 1 0.53 0.37 (n = 4) ‘
! No. 2 = No. 3 0.86  0.99 (n = 4)
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TABLE 3

L

COMPARISON OF my, AND M, FOR ANOMALOUS AND NON-

Earthquake

Iraq-Iran No.
Irag-Iran No.

Irag-Iran No.

Szechwan No.
New Hebrides
Szechwan No.
Szechwan No.
New Hebrides
New Hebrides
Tibet No. 1

Tibet No. 2

-]

No. 3
No.

ANOMALOUS EARTHQUAKES

3
o

L2 O B )

O o d W N ok bk o

N O N G g AR \n
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Mo (dyne-cm)
Anomalous Non-anomalous
5.5 x 1023

1.9 x 1024
2.8 x 1023
3.2 x 1023
3.6 x 102%
1.8 = 1024
1.1 x 1024
8.5 x 1024
9.0 x 1022
3.3 x 1025
1.2 x 102%




Fig.

Fig.

Flg.

Fig.

Fig.

3b

3b

Figure Captions

Rayleigh-wave spectra of Szechwan earthquakes as re-
corded at stations NDI and QUE and normalized to a
distance of 1000 km.

Raylelgh-wave spectra of New Hebrides earthquakes as
recorded at stations JCT and OGD and normalized to a
distance of 1000 km.

Focal mechanism solutions for Szechwan earthquakes
(above) and Irag-Iran earthquakes (below). Compres-
sions are indicated by octagons, dilatations by tri-
angles and small amplitude arrivals by X's.

Focal mechanlism soluticns for the Tibet earthquakes
(above) and the New Hebrides earthquakes (below).
(above) P-wave motion on SPZ records for the Szechwan
earthquakes (left) and tne Tibet earthquakes (right).
For the Szechwan earthquakes the station on the left
is BUL, at an epicentral distance of 87.3o and an azi-
muth of 19.9°, and the station on the right is SHX,

at an eplicentral distance of 25.9o and an azimuth of
265.20. For the Tibet earthquakes the station on the
top 1s NUR ( A = 40.4°, BAZ = 94.1°), 1in the middle is
STU ( A = 50.7°, BAZ = 73.9°) and on the bottom is KTG
( A=63.1°% BAZ = 0.0°%).

(bottom) Rayleigh-wave motion at station SHI ( A = 44.3°,
BAZ = 77.8°) for the Szechwan earthquake (left) and at
statlon KTG ( A = 63.1°, BAZ = 60.6°) for the Tibet

earvnquake (right).
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Flg. 5

Fig. 7

Fig. 8

Pig. 9

Fig. 10

Fig. 11

-b:ls disgram for the Tibetan earthquakes. Nos. 1 and
2 refer to the earthquakes listed in Table 1. Curve &
is the linear least-square fit to 54 non-anomalous
Eurasian earthquakes. Curve b is the least-square rit
to the Tibetan earthquake data, indicated by X's.
Curve ¢ is the least-square fit to 11 underground

e e

Eurasian explosion data.

,: Mg diagram for the New Hebrides earthquakes, indi-
cated by X's. Nos. 1, 2 and 3 refer to the earthquakes
listed in Table 1. Curve b is the linear least-square
fit to the New Hebrides data. Curves & and ¢ are as
in Pig. 5.

P-wave amplitude spectra at stations TIK and COL for
the Szechwan earthquakes. The continuous curve rep-

resents the spectrum obtained from the long-period,

vertical-component seismogram and the circles the
spectral values obtained from the short-period, ver-
tical-component seismogram.

P—un?e amplitude spectra at stations STU, NUR and

KTG for the Tibetan earthquakes.

P-wave amplitude spectra at stations AAE and SHL for
the Iraq-Iran earthquakes.

P-wave amplitude spectra at stations MAT and SHL for
the New Hebrides earthquakes.

Simplified P-wave spectra for the Szechwan earthquakes

as recorded at station TIK (upper left), the Iraq-Iran
earthquakes as recorded at station SHL (upper right),
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the Tibet earthquakes as recorded at station NUR
(lower left) and the New Hebrides earthquakes as re-
oorded at station SHL (lower right). The differences
in amplitude at 1-sec period scale as differences in
mp, and the differences in amplitude at 20-sec period
as differences in Mg. The corner period T, for
Sgechwan earthquakes no. 1 and 3 1s less than 1 seec.
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