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ABSTRACT

The results of a study of Mg vs m, Characteristics
of carthquakes in the Eastern Himalayan region are given
in this report. It is shown that in this region some
carthquakes occur which have MS Vs my characteristics
similar to cxplosions, exhibiting low surface wave
magnitudes rclative to body wave magnitudes, when seen
at the reporting stations available to this study. The
application of station corrections does not change the
general distribution and spread of points in the Ms
vs m. plane, and therefore it is unlikely that station
(or patli) effects are the source of the anomalies. Focal
depths of most of the cvents studied are shallow or
normal and can also be ruled out as causes of low
surface wave magnitudes. The geographical distribution
of anomalous cvents correlates with various prominent
geological features and prebably reflects the distri-
bution of tectonic stress in the area studied. The
existence of these anomalous events in certain areas
of the worldcan seriously decrecase the effectiveness
of the Ms vs my criterion in discriminating between
carthquakes and explosions, Detection of the Rayleigh
wave from these events is so difficult that further
understanding of their mechanism is depcndent on an
improved monitoring capability with good azimuthal
coverage,
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INTROIMICTLON

This report describes a study of M_vs charac-
teristics of carthquakes in a limited region comprising
the castern Nimalayas, and parts of Assam and Tibet,
This study is preliainary and is intended to be con-
tinned and cxpanded in scope,

M Vs characteristics are generally thought te be one
of the most ceffective seismic discriminants between carth
quakes and cexplosions, Karthquakes, in general, excite
wg period surface waves much more efficiently than
Jo nuclear explosions, The relative excitation of short-
period body waves and long-period surface waves by
carthquakes is likely to be determined by the charac-
teristics of the source, especially the stress in the
source region (Brune 1968; Wyss and Brunce 1908; Ryss
19704, 1970b; That:her 1972; Thatcher and Brune 1971
Hanks 1971,) The location of carthguake regions amd
their source characteristics are no thought to bhe
determined by the distribution ot lithospheric plate
boundaries and their relative motion (lsacks, Oliver,
and Sykes 1908; LePichon 1968),

It can he expected, therefore, that the source
characteristics, in particular, the stress present in
the sowrce region will vary considerably, depending on
the particular region considered, Recent rescarch has
shown that there is a wide variation in the relative
amplitude of short-period body waves and long-period
surface waves from carthquakes which cannot be explained

by dafferences in propagation paths or radiation patteras




{Thatcher 1972; Thatcher and Brune 1971; Marshall and
Basham 1972), Such variations are ol considerable
interest in the problem ol detection and identification
ol nmuclear cxplosions, since high-stress carthquakes

could be mistaken for nuclear explosions, On the other

} hand, nuclear explosions could be effectively hidden in
high-stress regions, From a long range point of view it
is also very important to map the distribution of stress,
since it contains information about deformational pro-
cesses currently in progress within the carth,

|

|

|
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t TECHNICAL DISCUSSION
r Data

The region studied is bounded by latitudes 27°N
and 34°N and longitudes 92°E and 100°L, and is shown
in Figure 1 along with the stations used. Gecographically
this region covers the castern-most part of the llimalaya
range and part of the north-south trending mountain
ranges which continue southward to Burma, Toward the
south, part of Assam is included, and in the north a
portion of the Tibetan Platcau. The available geological
information is not sufficient to describe the region
accurately, as would be desirable. (Gansser 1964;
Smirnov 1964,) A tecctonic map of the region has bcen
published by the Geologic Institute of the Academy cf
Sciences of the USSR, The Tibetan portion of the map
is based on recent Chinese works in the area. The map

is reproduced in Figure 2,

Tapes containing NOS epicentral data have bcecen
scarched for earthquakes occurring within this region
between 1960 and 1971, Approximately onc-hundred events
were found, Data for 67 cvents was ordercd, Most of the
remaining cvents were not ordered either because NOS
did not compute a body wave magnitude, or because their
magnitude was less than 4.0. The 67 cvents are listed
in Table IA. Coordinates and clecvations for the sta-

tions used are giver in Table IB. The same table also
shows the average distances and azimuths from the center

of the region studied to all the stations. Elcven of




the 67 events were not used in the analysis, however,

duc to lack of or poor quality of data., Two additional
cvents were not analyzed because they were mixed with
other events. The total 13 events are indicated by
daggers in Table IA. Most of the events have shallow

or normal focal depths, and are scattered over all

parts of the region but there are the following main
areas of seismicity: the Himalayan front, the eastern
end of the plain of Assam and mountain ranges trending
southeast towards Burma, and a region at the junction
of the mountain ranges at around 30°N and 95°E which
exhibits swarmlike earthquake activity. There is

also a concentration of events around 33°N and 93°E,
Figure 1b from Yanshin (1966) shows that 30°N 95°F to be
close to a major fault which Lynr Sykes (personal
communication) suggests may be the India-Asia continental
block suture. The rest of the activity is scattered;
there are some possible zones of activity and inactivity
which cannot be seen clearly because of the paucity of
events, As pointed out by Fitch (1970), the region of
Tibet and Western China is very complex and the details
of regional plate motions have not been worked out yet,
The situation is different for the Himalayas and the
Crustal block of India. The recognition that India is
thrust under the Tibetan plateau predates the notion

of plate tectonics by many years. The majority of events
used in this study were listed by NOS as shallow or
normal depth earthquakes. These depths were presumably
determined from travel times and pP phases. Only one
earthquake has a depth exceeding 100 km, and only a

few are deeper than 50 km, Depth, therefore as we shall
see in more detajil later, cannot be an explanation for
the weak surface waves from some of the events,

-4.




For all the events, {ilm chips werce obtained from
the National Oceun Survey for the fellowing stations:
Shillong (SIHL), New Delhi (NDI), Kabul (KBL), Quetta
(QUE), Lahore (LAH), Poona (200), and Chiang Mai (CHG),
These stations are cquipped with the standard WWSSN
instrumentation. The period of the LP seismograph
pendulum was changed during the year 1965 from 30 seconds
to 15 seconds. This improved the detcction ol short
period (10-15 second) surface waves which for some small
events are the most prominent. Since most cvents of
interest were small in magnitude, it was decided not to

order datu for more distant stations,
{

Unfortunately there is not enough data availuble
to establish regional body wave magnitude formula in
the areas studied, as was done by Evernden (1967) for
the United States. The complexity of this region makes
it likely that several different crustal models would
be necessary to explain crustul phases at all stations,
The coverage of the stations is not sufficient to
establish such models. Attempts to find systematic
patterns of D phases at various stations and thus
separate them from depth phases yielded no conclusive
results., Search for pP phases also did not give consistent

results.

Computations

Magnitudes were computed for all events in the
sample. Short-period body wave magnitudes (mb) were
computed with the conventional Gutenberg formula, in
the absence of better body wave magnitude formulas for
the region. This undoubtedly contributes to the scatter

of my, values.

-5-




To cvuluate the network bias in m we scelected the
six ouc of the original 67 cvents for which the NOS
Earthquake Data Reports show eight or more stations uscd

in the calculation for m For five of the six events

b*

we also were able to calculate ap m, value. (Station

corrections were calculated and uscg to remove any
station bias with respect to the network, this would not
of course remove any nctwork hias.) On the average the
NOS magnitudes were larger by 0,2 ¢ 0,1 my (one standard
deviation of the mean). This value hecomes 0,1 * 0.15 if
stations for which A>90° or A<20° are excluded from the
NOS magnitude calculations but all other stations
reporting magnitudes are included. If our magnitudes
were corrected to remove this estimated bias, the carth-

quakes would look more explosion-like.

llad we used Veith and Clawson's (1972) m, curve
instead of Gutenberg's curve, our network bias would
have been reduced by 0,05 my

The surface wave magnitudes were computed by three
methods, (1) using the (modified) Prague formula:

Ms = log (A/T) + 1.66 logh - 0,18 (1)
where A is the maximum peak-to-peak amplitude in milli-

microns, (2) the method introduced by Marshall and Basham
(1972) for near distances:

M, = log A + B(T) + C(A) (2)

where A is the maximum zero-to-peak amplitude in milli-

microns, with a depth correction given by the equation

Mg = Mg+ L008h y (2a)

-().




where h is determined from Mg values taken at different
periods, and (3) a formula proposed by von Seggern (1970)
for necar distunces:

M, = leg (A/T) + 1,16 logh + 0.74 (3)

wherc A is the moximum peak-to-peak amplitude of the
surfuace wave train (in millimicrons), T is the wave
period, and A is the epicentral distance in degrees.
B(T) and C(A) are the period and uistance correction
factors which arce tabulated by Marshall and Basham, In
our calculations we used their tables computed for
Central Asian surface wave dispersion characteristics,
Other cquivalent approaches to the regionalization of
magnitude calculations with respect to dispersion
characteristics were reported by Alewine (1972) and
Basham (1971). Of the methods used, only Marshall and
Basham's method attempts to correcct for depta,

Results

The plots of M, versus my are given in Figures 3,
4 and 5., These magnitudes werc computed by averaging the
magnitudes at all available stations. Figure 3 shows the
surface wave magnitude computed from the Praguc formula,
Since the stations used are at small epicentral distances

for the arca studied, this formula tends to give low M,
cstimates, Of course if explosions were recorded at the
same distance, they also would have low MS values and
the separation would be unaffected, Figures 4 and 5

respectively show the magnitudes computed by the methods

g g e e T
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given by Marshall and Bashaip, (1¢78) with depth
corrections, and von Scggern (19705, These {ormulas
were designed to eliminatc the depende:nce of surface
wave magnitudes on cpicentral distance at short
distances (A<25”) and are therefore more applicable to
the problem investigated, Trend lines obtained by
Marshall and Basham (1972) using data reported by Capon

et al. (1907) for M,ovsomy dependence of carthquakes and

!
explosions in Central Asia are superimposed on all these
figures. The magnitudes given are scattered between the
two lines, and although most of them are above the explo-
sion lines some of them are fairly close to it, Magnitudes
computed by Marshall and Basham's method arc the least

scattered of all three cets of magnitudes shewn,

For ©11 ecvents for which body waves could be detected
at any station, surface waves couid also be detected at
SHL when SHI was operational. In general, for those events
for which surface waves could be detected only at SliL,
the noise was normal at the other stations, suggesting
that the signals truly were small and that the small
amplitude at SHL is not the effect only of a radiation

pattern,

Table IV shows all the computed magnitudes together
with averages.

In order to depict the gcographical distribution
of the magnitude characteristics, the M% Vs my plane in

all cases was subdivided into four parts by the lines

MS = m - 0.5 (4)
Ms = m - 1.0 (5)
Ms = mpo- (7] (6)
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In order to avoid cluttering the figures, these
lines are not shown on the MSVSIM) plots, but cvents
from the four parts of the MSVS m, planes are plotted
| with different symbols on a map having equal latitude |
| and longitude intervals, Since the region studied is

relatively close to the equator, this does not cause |
a great amount of arcal distortion. The squares on |

the plot indicate cvents which are the most explosionlike,
and fall below the line defined by equation (6), diamond
symbols denote events in the next part of the M, vs my
plane above this, crosses denote events falling into the
next division above, and finally, events which ar» above
the line defined in equation (4) are denoted by vertical
straight lines, Figures 24a through 24¢ show some cxamples
of scismograms which show the obvious differences in
the Rayleigh (and Love) wave excitation of events with |
similar body wave magnitudes. The event on the left in
Figures 24a,b,c show large Rayleigh waves and a large
L.ove wave pulse which is absent in the event on the
) right, S and Love wave cxcitation is uanother matter which
should be investigated further, llowever we may say here 1
1

that for none of the ecvents represcnted by a square in

Figures 6, 7, and 8 could S waves or Love waves greater
than the Rayleigh wave be scen,

Figures 6, 7, and 8 siiow the plots obtained by

using various magnitude formulas. Although the classi- |
fication of some cvents changes depending on the
magnitude formulas uvsed, all plots show essentially the
same geographical distribution pattern., For this type |

of figure a transparent overlay is included in the back

pocket to facilitate geographical orientation,

-9-
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The most striking fecature of the map is the high
concentration of explosionlike events in an clongated
region centerved at about 30°N and 95°f., The carthquakes
shown in this region occurred mainly in two sequences
of cvents with body wave magnitudes ranging from 4.5 to 5,
onc of which occurred in June to Angust 1968, the other

in June to September 1969,

Besides this region there are two clear regions
which are also characterized by low MS values relative
to m, values, Oue is the frontual region of the llimalayas
also described by Marshall and Basham (1972), which shows
such events intermingled with uormal carthquakes., Auother
cvent was reported recently in this region, on October 24
1971 at 28,2N and 87,25 with my (NOS) = 5.1 and MS &

at LASA, NORSAR and CHIG. The other occupies the castern

end of Assam and north-south trending mouatain ranges
which join the llimalayas anl extend south towards Burmi.
The auomalous region at 30°N and 95°L mentioned above is
situated at *he castern end of the high mountains belonging
to the ftimalayas, where the trend of the mountains turns
towards the south, And a deep fault terminates pgainst
a Granitoid body, (See Figure 2.)

The observed magnitude characteristics are thus
secen to be correlated with geological features, probably
reflecting distribution of tectonic stress, Other treuds
may also be present but they arc not consistent on the
various plots presented here, and the number of cvents
is not sufficient to obtain a clear pattern, The interior
region of Tibet scems to be dominated by shallow carth-

quakes displaying normal carthquake M, s ny characteristics,




The least squares lines fitted to Msvs my valuces
of carthquakes ¢nd explosions in difficrent regions of the
carth have had slopes varying between 1.0 and 2.0 with
most of the reported values being slightly above 1. Since
in the previous figures the Msvs my planc was subdivided
with lines having a slope o’ 1.0, it is necessary to test
whether lines with a different slope would change the
general picture. Figures 9, 10, and 11 show results
obtained when the Msvs my planc was subdivided with the

lines
MS = 1.5 m - 3.0
Ms = 1,5 - S
M = 1.,5m - 2,6,

S b

The symbols were designated as before relative
to these new lines. The figures show that although the
classification of many cvents changed, the general
pattern is the same, That is, explosionlike cvents
falling into the lowermcst rcgions in the Msvs my plane
arc still concentrated in the same geographical regions,
Therefore, it is concluded that the slope of lines for
the given data set does not affect the geographical
distribution of various types of cvents.,

The average magnitude calculations presented above
arc influenced by path and station cffects, The station
effects cause bias due to incompleteness of data, since
a varying number of stations arc available lor indi-
vidual events, In order to estimate the station effects

e]]l=

(7)

(8)

(9)




—

-

the difference between magnitudes at various stations
were averaged. Table LI shows mcan magnitude differences
using Quetta (QUL) as a rceference station. The standard
deviation o” the differences from the mean are also
shown. Most differences were estimated using about
thirty cvents, cxcept those involving KBL which involved
only ahout 6-7 cvents. The table shows that SIL, CIG

and KBL tend to give considerably higher U cstimates
than the rest of the stations, .nd the same stations
tend to give low Ms values., Therefore carthquakes whose
MSVS my values are bascd on only thesce stations will
appear more explosionlike., M_ correcctions for Marshall
and Basham's Mq formula are the smallest of the three
Formulas considered, indicating that this one is the
most appropriate for determining MS for this region,

The Prague formula gives too small M, values at short
distances, while von Seggern's formuiu, based on NTS

and Western U.S., tends to overcorrect and gives too

high Ms values at short distances.

It was decided to define station corrections in
such a way that the mcan of the corrections is zero,
that is, if all stations in the data group arec avail-
able, the mecan magnitude remains unchanged. This method
would make corrections for data with incomplete sets of
stations bhut would not change the bias of the network
used, The corrections thus defined for M, turn out to
be fairly small, but some of the corrections for m, are
large. Nevertheless, the bias introduced by the small
network is judged to be small, since over all average m

values are very close to the NOS values, which are typi-

cally bascd on observations at 3-5 telescismic stations,




Even if the station magnitude differences between KBL

and the rest of the stations were disregarded, which

could be just.fied on the basis of too few observations
for this station, thc average my values would not decrease

by more thar 0.2 magnitude units,

Table V shows the corrected magnitudes. Marshall 4
and Basham's depth correction has heen applied by using

the NOS reported depth (33 km for normal events) in
formula 2a. Measurement at the different Rayleigh wave ]
periods required to cstimate h was often impossible

becausc of the pulse-like character of the close-in

Rayleigh waves which were thc only ones seen for the

anomalous events, The corrections reduce the average

standard dcviation of mat individual stations around

the event mecan values to one-half of the original value

and are thus fairly effective. Figures 12, 13, and 16

are the corresponding Msvs m, plots.

Since the Marshall and Basham method uses a depth
correction the average Ms valce determined by this
method is relatively high. However, Marshall and
Basham (1972) found that application of the depth
correction does not cause a shift in the explosions but
only in the earthquakes, théreby increasing the

separation between the two populations.

Further light is thrown on the effect of depth on
MS vs my by Figure 14 wherc depth corrections have not been
applied, but where the events of greater than 60 km depth
have been indicated by squares; and the events of unknown
depth by filled upright triangles. We see that there




arc many shallow ecvents near the explosiun population
mean. Of course if by using digital reccording the
spectral depth estimate could be made, ard if, as
Marshall and Basham assert, the explosion porulation
does not move and if the anomalous events do move up

on the MS vs m plot, then Figure 14 would be much like
Figure 13 and show better separation. In Figure 15 the
Marshall and Basham MS values are plotted against NOS
my values. This figure may be compared with Figure 13,
In Figure 13 there are no events for which Ms <my - .55
although three iare very close. Thus use of NOS ny values
results in cvents being more anomalous than does usec of
the SDL my values, This is in accord with the bias
calculations in the Computations section. As an example
of the dangers of using NOS magnitudes, consider the
point in the stippled region with m, = 555+ This my
value comes from one observation at SHL, a distance

of 7.1°. The SDL magnitude, with station corrections,
is 4,32, This preblem is also present in the work of
Landers (1972) wherc his NOS magnitudes for Tibetan
cvents average 0,25 my higher than ours. Becausc he

did not apply depth corrections, his M, values are on
the average 0.23 MS lower. Thus his results are about
0.5 magnitude units "more anomalous' than ours.

Figures 17, 18, 19, and 20 show the gecographical
distribution of various types of cvents as defined by
lines of unit slope described above after corrections
have been applied, Although classification of individual
cvents changes somewhat, the general pattern did not,
Although in Figure 18 no events with observed Rayleigh

-14-
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waves remain for which M, < m, - 1.5, three of them are

very close to the line.

Station corrections were also computed by the joiut
magnitude determination (JMD) method (von Seggern, 1972)
using only events recorded by at least three stations,
The corrections and the slopes and intercepts of the
least squares lincar fit to points in the log 4 - log A
plane arc given in Table I11 (A is the amplitude of P
and Rayleigh waves respectively.) Figures 2la and 21b
show plots of log A before and after the corrections for
P were applied. A visible decrease of scatter results 1if
station corrections arc used,

Figures 22a end 22b show a similar plot for Rayleigh
wave amplitudes. In this case the decrease of scatter due
to the application of corrections is negligible.

Figure 23 shews a plot of event factors (F, for surface
waves versus Fh for P waves) which is analogous to the
MS - my plots. Triangles denote cvents whose surface
waves were recorded at less than three stations, and
these events were excluded for the JMD calculaticns,
Since many of these events have anomalously low surface
wave amplitudes, and are thercfore of prime interest

in this study, their relative cvent factors were
computed subsequently using the exponential decay factor
and station corrcctions derived for the more complete
data set. It was found that the relative positions and
the scatter of cvents in the F_ - Fy, plane is similar
to those in the M vs my plots, and the geographical
distribution of cxplosnon and carthquake type events is

unaltered.

=1 %=




It is intceresting to speculate about the reasons

for the explosionlike character of many events of this
region. Besides the high stress at the source it is
possible that in the surrounding regions, especially in
the thick, high-Q crust of Tibet, the propagation of
high-frequency P waves is especially effective, and
this could cause the Msvs my values to be more cxplosion-
like. This supposition is contradicted, however by the
dominant periods of the P waves, which range between
0.5 - 2 seconds with an average around 1,2 seconds,
while P waves in regions of high Q show much higher
frequencies, (Isacks et al, 1968.) That the anomalous
cvents are indeed earthquakes and not explosions is
indicated by the fact that many arrivals on the short
period instruments are dilatations, A study of these
and other phases is continuing, It will he difficult
however to do a truly detinitive study until improved
stations and arrays are available in the area,

I't must also be noted that the maximum Rayleigh wave
amplitudes of many small events occurred at very short
periods (8 - 15 seconds), For deep events the domirant
period should have been larger. The dependence of surface
wave excitation on depth ic more Critical at short
periods and better depth determination could improve MS
values. Whether this would change the character of the
anomalous events is not clear at this point,

We should emphasize that the depth corrections usced
in this report were made using NOS depths, not MS measure-
ments as done by Marshall and Basham, Thus discriminatycn
could only he aided by this technique. We were unable to




measure a sufficient number of periods for any but a few
events to determine a depth indcpendent of NOS. Strictly
following Marshall and Basham's proccdure would have
resulted therefore in almost no depth corrections being
applicd.

«17-




CONCLUSIONS

Some earthquakes in the castern Himalaya region
exhibit anomalously low Ms values relative to my values,
The geographical distribution of such events shows a
pattern which correlates with various geological
features, the frontal region of Himalayan mountain
ranges and the sudlen change of the trend of mountain
ranges at 30°N and 95°E. Application of station or
depth corrections does not change the general geo-
graphical pattern of anomalous events., We tentatively
conclude that the anomalous Ms vs my character is due
to high stresses in the source region, The absolute
values of Ms and m, are such that they resemble explo-
sions detonated in other regions of the earth,

-18-
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List of Events

TABLE

DATE ORIGIN COORDINATLES DEPTII GEOGRADPIHITCAL
MO DAY YR TIME N.LAT. i, LONG. KM RLGION
05 26 60 20 5 7.0% 27:0 93,0 * 6,3 Assam India
09 02 60 13 46 5,0t 28.7 08,3 L SRV, Tibet
0o 23 60 5 20 27,0¢t 27.6 9,2 81 4.1 India-Burma
09 28 60 5 29 30,0t 32.4 95.8 L 5.2 W. China
0o 02 63 7 7 587.9 27.8 95.6 143 4.9 Assam, India
07 05 63 7 19 15.8 27,7 92.1 * 4,2 Assam, India
10 08 63 251 6,0 28,6 9SHyl! 24 5.4 Assum, India
11 16 63 11 39 37.8 28,1 95.1 37 4,7 Assam, India
0l 07 o4 4 50 37.0 29.8 98,7 46 5.0 lastern Tibet
01 27 64 5 29 27.0 29,2 97.2 * 4.9 Southern Tibet
0o 10 64 17 55 42.9 31.8 93,1 71 5.0 Tibet
09 01 64 13 22 36,6% 27,2 92,3 * 5.7 India-China Bor Reg
10 06 64 2 54 32,7+ 30,3 94.6 L] 4.5 Tibet
10 21 64 23 9 18,3t 28,1 93.8 37 5.9 India-China Bor Reg
11 10 64 17 13 3.y 29,8 92.2 69 4,6 Tibet
04 30 65 713 23.1 28.3 96,0 * 1.4 India-China Bor Reg
06 04 65 15 56 56.9 31,7 95.2 " 5.0 Tibet
07 31 65 16 36 53.8 32.7 93,2 " 4.9 Tibet
07 31 65 17 7 52.6 32.7 93,1 * 4,7 Tibet
07 31 65 19 1 9.4 32.8 93.0 * 4,4 Tibet
07 31 65 21 44 47.8 32,7 93,1 21 4,9 Tibat
N8 01 65 14 14 1.7 32,6 93.6 * 5.5 Tibet
08 01 65 20 9 17.9 32.6 93,3 32 5.3 Tibet
08 02 65 17 49 47,0 32.8 93,3 * 4,8 Tibet
10 06 65 S NI R N2 N2 29.2 96.1 27 5.4 India-China Bor Reg
12 09 65 20 26 4.0 27,5 92.5 22 5.3 India-China Bor Reg
01 31 66 2 35 5.8 27.9 99,6 * 5.6 Yunnan Prov., China
03 07 66 22 36 3,0t 29,2 98,6 17 5.2 Tibet
03 14 06 4 42 50,0 2.4 97.4 L] 4,9 Tibet
05 27 o6 14 35 5.0 27.4 96,5 51 4.8 Burma-1lndia Bor Reg
07 05 66 10 1 22,0 27.5 92,4 77 4,8 India-China Bor Reg
09 11 66 15 55 20,0 £87.0 95,8 37 5.0 Burma-India Bor Reg
09 26 66 5 10 58,1 27.5 92,6 " 5.0 Indi--China Bor Reg
09 26 66 6 3 48,0 27,6 92,7 » 4,2 India-China Bor Reg
03 11 67 16 56 48,7 28,4 94,4 7 583 India-China Bor Reg
03 14 o7 6 58 4,6 28.4 94.3 24 5.9 India-China Bor Reg
07 07 o7 22 56 30,8 27.8 92,2 * 4,9 India-China Bor Reg
08 15 67 APl P03 3.1 93.7 * 5.7 Tibet
02 16 08 5 37 54,2 33.7 95.1 " 4,8 Tsinghai Province, China
06 28 08 20 34 55,3 30,1 95,1 44 4,8 Tibet
06 30 08 S 4 10,0 30,2 94,8 42 4,8 Tibet
07 01 o8 11 10,0 30,3 94,5 28 4.3 Tibet
07 04 08 o 45 58,0 30,3 94,9 L 4,7 Tibet
07 13 08 08 LIS ISR 30.3 94,6 " 5,0 Tibet
07 14 o8 18 12 41.,C 30,3 94,8 202 4,9 Tibet
07 15 o8 5 9 5,9 30,3 95,0 22 4,8 Tibet
07 1o 08 22 23 7.0 30,3 94.8 40 4.8 Tibet
07 19 08 18 48 59,0+¢ 30.2 94,9 * 4,9 Tibet
07 23 08 20 51 47,9 30.3 94,9 30 1.9 Tibet
07 25 68 3 34 13,9 30.2 94,8 * 1.8 Tibet
07 2o 68 12 44 3.0 20,4 95,0 " 4,9 India-China Bor Reg
08 23 OR 12 1 16.5 30,3 94,9 * 4,8 Tibet
08 24 08 14 20 7.4 30.0 95,1 56 1,6 Tibet
N8 25 68 17 55 5.3 30,4 94.8 19 4.8 Tibet
08 29 o8 19 51 24,6 30,2 95,1 * 5.0 Tibet
09 01 o8 5 59 26,6 30,3 94,8 par 5.0 Tibet
09 03 68 17 45 54,1 30.2 94,8 53 4.9 Tibet
09 04 08 1 40 4.0 33,5 97,5 " 1,8 Tsinghai Province, China
09 11 68 3 7 32,0 30,3 94,9 38 1.3 Tibet
09 1o 08 17 2 40,0+ 28,6 95,7 60 4,7 India-China Bor Reg
06 14 09 3 28 29.6% 31,7 94,6 " 5.3 Tibet
08 15 69 7 15 37,0 30,2 95,0 " 5,2 Tibet
11 24 69 2 LGl & 30,6 98.9 12 4.6 Tibet
n2 08 70 19 7 30,0 31,1 93.5 " 4,5 Tibet
02 19 70 7 10 1,8+ 27.4 94,0 18 5.5 Eastern India
05 08 70 11 8 8.4 32.8 95,2 35 4,5 libet
06 24 70 0 43 1.9 28,5 95,6 " 4.8 India-China Bor Reg

*hepth constrained to 33 km for NOAA location,
+Lvent not used in analysis due to lack of or poor quality of data,
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TABLL 11

’ Magnitude Differences Between Stations

(M - M )
QUETTA STATION
\IS
Mg Marshall M
Station my, (Prague) & Basham (von éoggcrn)
AT, g b YT i ) 5 RS9 £ 30 /1 T 7. 1
GG -.003° 1004, 045 =+ 015 - 000 w5005 - )7 =066
NDE - 138 2,004 045 012 - 000 011 - 200 013
LAl -.083 £,050 157 +017 - .083 + 017 - ,258 =+ 018
Poo  -.189 +£,013 .303 o010 - 087 010 - ,225 01l
QUL 000 000 L0000 000
KBL -1.07 =100 146 + 080 254 007 128 4,000




TABLE T11

Results of Joint Magnitude Determination (JMD) Calculations
I waves
Slope 2247 + ,215 (95% confidence limits)

Intercept 1,537

Corrcctions
Number of

Station Correction Events

SIIL .13 30
CHG -.21 43
NDI -.03 30
LAH .33 9
P00 .16 28
QUE -.17 47
KBL .94 6

Ruyleigh waves

Slope 2903+ 191

Intercept 4,549

Corrections N Bers O

Station Correction livents

SHL .01 34
CHG -,01 33
NDI -.03 30
LLAH .04 20
P00 .14 23
QUL -.06 36
KBL -, 16 6

Note: Corrections are to be subtracted from the observations
(log A/T) corrected for exponential distarce dependence.
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Figure 0, Ccographical distribution of various Mg Vs my types,
helinition of types is determined by cquations 4, 5, and ¢ in
text. Prague formula was used for Mg,
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Figure 7, Geographical distribution of various Mg vsmp types.
Delinition of types is determined by equations 4, 5, and 6 in
text, Marshall and Basham method was used for Mg.
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PDefinition of types is determined by equations 4, 5, and 6 in
text. Von Seggern's formula was used for M.
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Figure 10, Geographical distribution of various Mg vsmy types.
bBefinition of type is determined by cquations 7, 8, and 9 in
text, Marshall and Basham method used for Mg,
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Figure 11, Geographical distribution of viarious Mg vs mpy types.
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rext, Von Seggern's formulas was used for Ms‘
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Figure 12, Mgvsm, values corrected for mean station magnitude
differences “prior to averaging, Prague formula was usced for M,
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Figure 13, Mgvsm values corrected for mean station magnitude
differences prior to averaging. Marshall and Basham's method
with depth corrections was used for Mg,
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Figure 15, Mg computed with the method oi Marshall and Basham
(with depth corrections) plotted with NOS mp values. Stippled
region shows area occupied by cexplosions in the paper by
Marshall and Basham (1972). Bars give one standard deviation
of the mean for selected evernits, (¢ 0/2)
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Figure 17, Geographical distribution of varions Mg vs my
Mg vs mp, values were corrected for mean station mngnitudc
differences prior to averaging. Praguce formula was used for M.
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Figure 18, Geographical distribution of various Mg vs mp types., {
Mg vs mp values were corrected for mean station magnltude differences

prior to averaging. Marshall and Basham's method was used for Mg,
with depth corrections,
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Figure 1Y, Geographical distribution of various Mg vsmp types.
Mg vs my values were corrected for mean station magnitude differences
prior to averaging. Marshall and Basham's method was used for M,

without depth corrections.
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Figure 21a, P wave log A vs log A plots before and after the
application of station corrections determined by the joint
magnitude determination method.
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Figure 21b, P wave log A vs log A plots before and after the

application of station corrections determined by the joint

magnitude determination method, J
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Figure 22a., Rayleigh wave log A vs log A plots before and after
the application of station corrections determined by the joint
magnitude determination method,
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IFigure 22b. Rayleigh wave log A vs log A plots before and
after the apnlication of station corrections determined by
the joint magnitude determination method,
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Figure 24a, Comparison of normal (left) and aromalous cvent
secismograms (right?
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Figure 24¢, Comparison of normal (left) and anomalous event
scismograms (right).
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Figure 24d, Comparison of normal (left) and anomalous event
scismograms (right).
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Figure 24¢. Comparison of normal (left) and anomalous event
scismograms (right).
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