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BGURCE MEOBAN!SM ol? TWO wma—mu BORDER EARTHQ,UAKESI

D D. SingH AND H,Aun K. Gprn’

lqtroduction _ :
Two strong earthquakes occurred in the Burma reg:on The USGS parameters for |
these twa evenis |re as follows : _
(1) Date: October 17, 1969 ; Origin time ; 01 : 25 : 12.4 ; focal depth 134 km; epicentre
ﬁS.I"N, 94.7°B ; magnitude m, == 6.0. . '
{2) Date: July 29, 1970 ; Origin time : 10 : 16 : 19 ; focal depth 53 km ; epicentre 26.0°N,
95 4°E ; magnitude my = 6.5, ' o '
Fault plane, solution for the first event hap been determmed by Banghar(1974-) and
Chandra (1978) using first motion dnrecuons nnd S-polanzauon angles and by Das and’
Filvon (1975) using .first motion du’gctwns onl; For tbg fault plane solution of the second
event, Banghsr (1974) and Chgng;p (1975) have uu;fi the body waves data and ‘Rutog:
(1976) has obtained the solution using beth bady.sndsurfice waves. Here we prelent the

detailed study of fault plane solution and seismic source parameters from P, S and lurflce
wave data,
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Fig. 1 Fault plane solution determined using first motions read from
long-period records. Filled circles and open circles represent
first-motion compressions and dilatations respecuvely P is the

. pressure axis or axis of maximum compression, T is the tension
axis or axis of least compression, X and Y are the poles of the
two nodal planes

1 #mper No. 5 presented at Kurukshetra Symposium.
2 Naticnal Geophysical Research Institute, Hydesrabad-7.
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Fault Plane lo!ntio-

Fisst moifon - diséctions -. Phompm mmpu-d 3 dls uﬁtmﬁl;p of 40, WWSSN
stations. The first motion directions for these two earthguakes are read from the long-period
vertical component of the recofds. These ‘first ‘motion diréétions are plotted on the lower

" hemisphere of the equal area projection. Figure 1 shows such plot for the first event.

- Angles. of incidence (i) are obtained from the extended distance (D) of Hodgson and
Storey {1953) using the relation Cotiy = D. The nodal planes are drawn separatmg the
comprestion and dilatations. The szimuth, dip and slip angle for the two events sre :

1. Planea: #=1326°, 3e=26°, Am32p
Planeb: 8 =274, 3=174, A w=288°
2. Planea: bm 19°, 3 =90°, Xwm 298°
Planeb : 6= 110°, 3 =128°, A =178°

We have used the S-wave po!anzat:on data for deﬁmng these two nodal planes.

S-wave polarization angles T S-wava pqlar:znuon angles are determined using the
records of 25 WWSSN stations. Fxgure 2 shows the plot of observed S-polarization angles
for. the 1969 earthquake. The standard déviation and average error are calculated by
varying the dip and strike of the nodal planes. These statistical: parameters are least for the
selected solution and these vaiues are listed in Table 1 for the 1970 event.

e’
)
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17th D¢t , 196D
Burmo - Wi border
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Fig. 2 Orientation of doub!é-couplé source from S-wave data. \
S-wave polarization directions are plotted by short lines b

Surface wave radiation pattern In the fauit plane solution determined with P and S, there
is ambiguity in selecting the fault plane out of the -two nodal planes, With the use of surface
waves it is possible .to define the fault plane as surface-waves ampluudes and initial phase
have been shown to be dependent on azimuth and various source characteristics like depth,

" strike, dip and slip angle.

We have studied fundamental mode Rayleigh and Love waves. Photocopies of long-
period vertical component seismograms are digitized for about six to eight minutes for the
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TABLE 1

Standard deviation and average error for different fault plane solution corresponding
to our S-wave data of July 29, 1970 earthqual:e

_ Plane | Plane 2
Reference S.D. Avarage errar  S.D. Average error
This study and Chandra (1975) 16.0 . 128 247 : 20,7
~ Banghar (1974) 32.4 - 28,1 32,4 28.1
Das and Filson (1975) 70.6 67.9 67.8 .61.4
Molnar et al. {1973) 56.7 51.4 56,0 50,1

Rayleigh waves and three to five minutes of horizontal components (NS and EW) for Love
wave, starting from the onset time. The digitization interval is taken to be 2.0 'or 2.3 sec.
The distribution of the statians covers the entire azimuth range. From the digitized data
the mean and linear trend is removed. It is then Fourier analysed using the Simpson's
method to get the amplitude and phase spectrum. These spectra are smooth using the
Hamming and Tukey formula (Blackman and Tukey, 1958). The observed radiation
pattern are obtained by plotting spectral amplitudes which are equalized at a certain
distance. We have equalized at a distance of 36° using the relation

Aro = §t (Sin AsfSin Ay exp (TLHZN)

where
A, = the observed amplitude spectra
Ayo = the equalized spectral amplitude at a fixed distance
I = the instrumental correction
Q = the dissipation factor
U == the group velocity

Aj and ry == the distance of the stations from the epicentie in degrees and kiiomoters
As and ry = the equalized distance in degrees and kilometers (36° and 4000 km)

The Q) values are taken from Ben-Menahem (1965) at periods greater than 50 sec and from

Tsai and Aki(1969) at shorter periods. The instrumental correction is applied using the

_ relagign of lan-Mennhem et al. (1968).

The focal - mechnum determination by the surface wave radiation pattern consists of

-gomparing the observed radiation pattern with the theoretical one which is computed using

the relation given by Ben-Menahem and Harkrider (1964) for various fault orientations at
different time periods. This is an arduous process, because we have to test a large number
of fault orientations by making different combinations of strike, dip and slip angles.

The 1heoretical radiation patierns are computed for both the nodal planes determined
by other workers. In addition we tried some orientations close to these nodal pianes in the
ranges permitted frpm P wave data, The periods considered sare 20, 40, 50, 62.5, 80 and 100
sec. The nodal .plane ‘a’ mentioned earlier is giving the best fit and thus selected as the
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fault plane for these two ovents. The criteMd e the selection of the best-fit solution is that
the maximnm aumber of o poinw: should . fall pear, the pariphery_ of the thearetical
radiation patterns. Figure 3. 2 the obeerved . and .shaoretical gdiliation pattern for the
1970 earthquake. The scaling between the observed points and the theoretical curves are
done visually. “The seattering of the observed poliés in Figure $ may be due to departures
from 'the’ Assumptions of simple Tayersd: iwidia and point source model, B

Phass spectram  Phase spectrum can alto be used for the determination of the fault piane.
The observed phase spectrum is equalized at the seurce using the relation.of Udias and
and Arroyo (1970). The - theoretical . phase spectra. have been obtajned for Rayleigh and
Love waves with the method of Ben-Menahem and Harkrider (1964) for various fault plane
orientations, which were considered earlier. The theoretical phase spéctra ate compared
with the observed one at the source, for he time periods of 20 40, 60 and 50 sec. The best
fis solution obtained earlier are showing best fit with this data 'aisﬁ"a {Figure's),
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- Fig. }(a) Camparison of observed funda- Fig.3(b) Comparison of observed funda-
o mental - mode Rayleigh wave o mentitmode Love wave ampli-
 amplitudes (dots) with theoreti - tifles (dots) wiih theoretical
~cal radiation pattern (best i) - radiation pattérn (best 1) com-
.computed at six time periods . I puted atifx time pericds

. Aasulhmg,the fracture t:o"'q’be_" représented b7 ‘4 line of point sources moving ‘in one
‘dig'gqt:ion and .uiip‘glghg'.dimqtivit‘)}‘ifpﬁcﬁén of surface waves, we have determined th& direction
of rupture propagation. For' this determination, we selected the stations in- different
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Fig. 4 Comparison of observed fundamental-  Fig.5 Azimutha] location of the stations

PHASE

' mode Love wave phase spectrum (dots) with respect to the strike of the
with theoretical phase spactrum com~ fault plane. The arrow on the
puted at two time periods’ strike of the fault plane represents

) the direction of rupturo pwpagauon
L
azimuths luch thu. tluy In mfour avwdmmm mt,m tquqqnl plum (Figure 5).
The directivity function is determined at frequency interval of 0.000 Hz for four pair of
stations (Figure 6) from the Rayleigh wave spectruss. Fom apait ofAstioon. the mpacipl
amplitude for the second station is reduced to the distance of the first station and the ratio .
in taken-taing the siskplitude value of the firkt stition and this tedticed aiiipikude ds Heacribed
by Singh et. al.- (1975). The occurrence of the ﬁm mximu of mmlm ¢ dilfereikt

2% % Joy , 1970
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fault plane and the direction of rupture
propagation. Figure 7 illustrates how it is possible. Using this method, we haye determined
the direction of rupture propagation to be southward along the fault piane.

RUPTURE Da. |,
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Fig. 7 Maxima and minima of the directivity function and its relation b

| . tothe direction i?f‘ruptu{i_eﬁiﬁp'lg@tion (afte} Udias, 1971)
Bource Parisietérs From Body Wives.
LEVS PN y) ’ v Y « B i

. Sweface-wae. Mﬁfchw:m&y The _s'u-rf.a_ce, wave magnitude
the,zelation (Bath, 1966}, .

M = log (A/T) + 1.66 log A + 3.30

M ﬁ determined using

where
A = the maximum ground amplitude in microns,
T = the corresponding time periods in the range of 18 to 22 sec.
A = the epicentral distance of the station in degrees.

The magnitude determined at each
energy E at each station s determined
relation (Richter, 1958).

station are listed in Table 2 and 3. The seismic
(Table 2 and 8) from the magnitude using the

logE = 1.5M + 1.8

-Seismic moment and apparent stress  The seismic moment from surface wave is determined

using the relation (Udias and Arroyo, 1970) assuming thc source time function 10 be a
step function, ' :

My we — . Ar] (212
®™ Kz Nez (8, o) | x(8) |

where

A; = the spectral amplitude of Rayleigh wave at the recording station
r = the distance of the station from epicentre
Kz = the wave number '



Station
MAT
TAB
JER
HLW
NUR
PMG
NAI
BUL

MBC
Average

Station

ANP
TAB
GUA
JER
18T
AAE
NUR
KEV
ATU
PMG
RAB
NAT
KBS
COP
NOR
AL&E
HNR
ADE
ESK
VAL
RES
R1V
PRE
GDH
PTO
PDA
Average

Distance

~ (deg)
39.74
43.76
52.96
56.50
60.37
60.64
61.27
77.45
78.70

Distance

(deg)
23.59
42.82
47.98
52.42
56.07
56.14
58.25
58.36
60.60
61.42
62.63
62.64
63.39
65.02
67.55
71.16
71.94
73.23
73.66
78.89
79.32
79.67
82.00
82.35
83.00
95.00

Source Mechanism Studies

TABLE 2
Surface Wave Data, October 17, 1969
Azimuth (1026 dyne—cm)
(deg) Mo
63 0.29
299 0.25
291 0.19
291 9.18
327 0.47
118 .0.26
254 0.08
241 0.36
08 082
. 0,32
TABLE 3
‘Surface Wave Data, July 29, 1970
Azimuth Mo M
(deg) (102 dyne-cm)
86 2.28 6.0
299 2.65 6.0
95 2.03 6.4
291 0.97 6.1
303 1.97 6.0
203 9.07 6.5
327 4.88 6.6
338 4,97 6.1
301 3.77 6.2
118 4.73 6.0
110 1.84 6.3
254 0.22 6.4
348 5.73 6.5
322 3.32 6.6
352 - 14,13 6.5
357 3.31 6.4
110 1.68 6.4
144 3.19 6.5
324 4,24 6.7
323 7.87 6.5
3 5.05 6.0
136 5.38 6.5
238 2.25 6.3
349 13.28 6.7
312 8.23 6.4
316 9.0% 6.6
4.83 6.4

69

M

5.5
5.7
5.8
5.6
5.8
5.4
5.7
5.8
5.6
5.7

Energy release, E
(1021 ergs)
0.63
0.63
2.51
0.89
0.63
3.55
5.01
0.89
1.26
0.63
1.78
2.51
3.55
5.01
3.55
2.51
2.51
3.55
7.08
3.55
0.63
3.55
1.78
7.08
2.51
5.01
2.80
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x(8) = the radiation pagierid. fumicon
My = thitieishiic sshasefit, ~. .+ - EI -1 ¥ o S
Using'“the spectral:mmptiide’ of Rayleigh wave:fsr 90 sec. period for i‘sbimber of ¥ations
the values of My are calcifated (Table 2 and 3), .- - _
The apparent stress ii a measure of the sttesses acting in the focal region of the
earthqyake. it can be writien {Aki, 1966; Brung,}%&) as

‘ - E
ST
where’ N
7 == the seisnric efficiency fapj?r ‘ .
g she average of the initiﬂ and final shear stpegxlevel on the fawit
# = the shear modulus :

With the values of seismic moment and energy release obtained earlier, the apparent stress js
estimated to be 2 bars for both the 1969 ind,&ﬂ éq;;_t__hqﬁku.

Soproe Pasamaters Erom Body ‘Waves ; S :
Seismic moment and source dimension: Té. determine the seismic moment and source
dimension from teleseismic ‘body-waves spectrum, we have selected 7 P-phases and 20
S-phases’ (horizontal cosponents)’ of- short and long-period records of 4 WWSSN stations.
Thess' P and S phases ate digitized ‘upto the sample length of 40 to 60sec. The digitization
interval for the short and: long-period:fecords are kept'to be 0,306 and-0.96 sec., respectively, -
We have used the WILD A8-Auiograph for digitisation. The data were Fourier analyzed
as desoribed for surfacé waves. The resulting spectra are corrected for the effect of
selamic ‘attenuation by multiplying & factor of exp (—wt/2 Q), where ¢t is the travel time
of the waves. The Q values are taken from Julian and Anderson { 1968). The resylting
spectrs are plotted on log-log graph paper. A few plots are shown in Figute 8 and the
corresponding signals in Figure 9 for the event of 1970. The resulting specira are
approximated with a- constant long-period spectral leve] §lo: a spectral corner fiequency
fo. and & high frequency spectral asymptote -7, Afier getting these values, the seismic
momeht and source difmension are estimated using the relation.

Mg = 1%:‘ 4npRv3 (Keilis - Borok, 1959)

RN

234y
rom 'TIA (Brune, 1970)

where ‘ :
i p:== the density at the source

v == the wave velocity of the appropriate phase at the source
T #» the radius of the circular source dimension
Rim= the term- which accounts for the geometrical spreading in a._!'lat
stratified earth model '
Rep = the radiation paitern function,

The 4yonge value of the seismic moment and source dimension is listed in table 4.
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Fig. 8 Fourier amplitude spectra of short and long-period S-wave for
some of the stations
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Fig. 9 Short and ‘long-period S-waves recorded in the horizontal
components

* Stress drop, dislocation and radiated emergy The stress drop of an earthquake is governed
by the minimum tectonic stress and the material strength in the wicinity of the source
region. We obtain the siress drop using the folloﬁving'_ relation (Brune, 1970) for a circular
source model, '

7 M,
Ao=g 5

After getting the fault area A = & 12 and seismic moment, the average dislocation across
the fault plane is estimated using the relation o
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Using Brune’s (1970) source model, the radiated energy, Ex is estimated from the relation,
' 3 (ﬁ/ro)w )]
Ea 153.3""Rf° [3(27 )(l

f; = the highest frequency for the reliable s;}ectral data.

where

All these source parameters are listed in Table 4.

TABLE 4
Source Parameter Estimates From Body Waves Spectra
Seismic moment Source dimension  Stress drop  Average Radiated
Fvent M, r As Dislocation  Energy
(1026 dyne.cm) {km.) (bars) ] Er
’ (cm.) (1010 ergs)
17 October, 0.9 52 0.3 4 Ex(P)=1.79
1969
29 July, 4.11 25.1 11 69 Ea(P)=7.19
1970 .
Eg(S)=1.35
Discussion

The earthquake of July 29, 1970 occurred near the junction of the Himalayan and
the Burmese mountain ranges. The mechanism solution for this event as inferred from
surface wave indicates the near vertical north-nerth-east striking plane to be the fault plane
which is consistent with the structural response results of Agrawal (1972)., It gives a
combination of normal faulting and right lateral strike-slip movement. The directions of
rupture propagation is obtained to be southward. The earthquake of 1970 is possibly
astociated with some pre-existing NNE striking fault, the eastern side block of which is

indicated to have moved southward. The northern tip of the nearby Mandalay fault has
a NNE strike,

The earthquake of October 17, 1969 occurred in southern Burma at 23° latitude.
The fault plane solution worked out for.this event by us and other workers indicate thrust
faulting. Unlike other events in Burma, the axis of pressure is parallel to the trend of the
Burmese arc and thrusting direction is towards south. Out of the two nodal planes, the
planeé which strikes E-W is obtained to be the same by all the workers. The other shallow
dipping plane is dipping southeast (Banghar, 1974; Chandra, 1975), south (Das and
Filson, 1975) or southwest (present study). From surface wave we define the fault plane
to have strike 146° and dip 26° SW. This fault shows thrust faulting and component of
sirike-siip movement. The directivity result shows that direction of rupture piopagation
is southward along the shallow dipping fault plane. This shows that earthquake may
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have resulted from the north-south compression caused by the southward underthrusting
of the Burmese block or contortion of the descending lithosphere at a depth of 134 km.

Conclusions

The focal mechanisms are obtained for two Burina-India Bordgr earthquake using
P-wave first motion directions, S-wave polarization angles and surface waves specira.
The 1969 earthquake indicates a combination of thrust and strike slip faulting along a
plane with strike N 34° W; dip 26° SW and sip angle 321°. For the evént of July 29,
1970 the fault plane is indicated to be near vertical and striking north-north-sast. Direction .
of rupture propagat:on is southward along the fault plane as inferred from the directivity
function.

. The 1969 earthquake shows change in the direction of thrusting and may luggelt the
contortion in the descending lithosphere of the ‘Indian piate at a depth of 134 km. 1he
earthquake had a very low! stress drop indicating that it may be due to movement on
pre-existing fault,
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