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ABSTRACT

Far-field solutions (source mechanism and focal depth) have

been obtained for nineteen events in the Sinkiang, China1 earthquake swarm

of August 1974. Both spectral and ratio-of-events fitting methods were em-

ployed. The solutions indicated two kinds of source mechanisms in this

swarm: vertical strike-slip and dip-slip with a dip angle of forty degrees.

The results suggested that these events occurred at shallow depth s with the

estimated source depth varying between 4 kin and 14 km.

The effective Rayleigh wave attenuation coefficients along sev-

eral specifi c travel paths have been determined for the periods of 10 seconds

to 50 seconds. The two-station method was applied to two sets of observed

data: the 1974 Sinkiang earthquake swarm and earthquakes used in the previ-

ous M S
_m

b study ( Turnbull et al. , 1975). This study yielded results for the

travel paths KON-OGD , KON-ALQ , KON-TLO , and TLO- ZLP (where KON ,
• OGD, TLO, and ZLP are VLPE stations).

The ori ginal and a modified version of the Tryggvason isotropic-

source method for the determination of the surface wave attenuation has been

formulated and implemented. They were employed to calculate the average

Rayleigh wave attenuation coefficients alon g the travel paths between the east-

ern Kazakh and three array stations (AL.PA , LIASA, and NORSAR) and those

between the U. S. Nevada test site (NTS) and the three array stations. All

availabl e surface wave data of 1975 EKZ and NTS events were used. The re-

sults indicated that the attenuation across the Eurasian continent was much

higher than that across the North American continent for the period between
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20 and 50 seconds. The general trend of the attenuation curve obtained here I
and that of Tryggvason ’s is quite similar , although the former shows a slightly -

higher attenuation. j
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- f SECTION I

IN TRODUCTION

Ii
- Durin g thi s report period , several investigations of the seismic
- source from far-field surface wave data have been continued. For the source

- 

- mechanism study, the surface waves of nineteen events in the Sinki ang, China,
earthquake swarm of August 19 74 are analy zed , and the r esults are discussed

- in Section II. In Section III, travel path effects are examined where several
appro aches to determine the surface wave energy attenuation are presented.

— Using the surface wave data of earthquakes (1974 Sinkiang earthquake swarm
and earthquakes used in previous M S

_m
b studies) and presumed underg round

nuclear explosions in 1975 from the East Kazakh and the Nevada test site ,
Rayleigh wave ener gy attenuation coefficients are calculated for various
tr avel path s of interest.
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SECTION II

- 
ANALYSIS OF THE SINKIANG, CHINA , EARTHQUAKE SWARM

OF AUGUST 1974

-

- 
J { .  A. INTRODUCTION

- Several Eurasian earthquakes were analyzed and discussed in

I - previous reports (Turnbull et al. , 1973 , 1974) . These events took place in

Central Eurasia near the Chinese-Russian border and were quite widely sep-

arated in terms of their locations and dates. This separation gave us the

chance to model several different source region structures and to study the

source mechanisms in them.

- 
During most of the month of August and the early part of Sep-

tember 1974, a major earthquake swarm of over 300 recorded events occurred

in Sinkiang, China. The geographic location of the swarm is shown in Figure

11-i, with the travel paths encountered to the VLPE stations: ALPA , NORSAR ,

and LASA. Its location is shown again by the boxed area in Figure 11-2, but

this time in relation to the major geologic features. A stu dy of thi s earth-

quake swarm offe red the following advantages:

a The opportunity to analyze a large number of events from a

small region , investigating the repeatability of source inechan-

- 
ism from event to event.

- 
• The possibility of using a master event or events with spectral

- ra tios to eliminate the travel path effects , which usually ar e
I complicated and not well understood; and the station instrument

respon se cor r ections, which sometimes are not too reliable

(especially those of VLPE stations) , fo r a better estimation of

the source parameters.
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I
• The opportunity to determine the effective surface wave atten-

uation along some specifi c travel paths , using the two-station
method with more than one event. I
In thi s section are presented discussions and results on the

source para meter estimation for the chosen events in this swarm. The travel
path attenuation using the available data from the swarm will be given in the
next sec tion where all discussions and results are devoted to the travel path
attenuation with other additional data and methods.

B . PROCEDURE OF ANALYSIS

Nineteen events from this earthquake swarm have been chosen
to be studied here . In selecting these nineteen events out of about sixty pro- Icessed events for this swarm , the following criteria were used:

• The event is a single event at all recording stations; that is, I
the mixed events due to the overlapping signal time gate s are
excluded.

• The observed data are available at three or more stations with Igood data quality. Hopefully, these stations are distributed in
two consecutive quadrants. i

Data quality is judged by the appearance~ of the time traces, the dispersion
curves , and the uncorrected amplitude spectra. The typical Rayleigh wave I
time traces , dispe rsion curves , and uncorrected amplitude spectra are given
in Appendix A for the event LX+SINK4SO18. I

To show their relative locations , Figure 11-3 displays the de-
tailed loca tions of these events. Their locations, dates , ori gin times , body-
wave magnitudes, and PDE depth s (if available) are given in Table Il-i. In-
form ation concerning the observatioh stations is given in Table Il-I for each

event. 

i
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I
I

TABLE Il-i I
1974 SINKIANG EARTHQUAKE SWARM

I
Location PDEOri gin

Event I. D. Latitude Longitude Date 
T ~

1
b 

Depth
tm(. (km )

LX +S 1NK+S00I 39. 5 73 .8 08/11/74 01 .13. 56 6.4 9

LX +SINK+S018 39. 5 73. 6 08/1 1/74 21 .21 .40 5 .9  9 I
LX+SINK+S024 39. 2 74. 0 08/12/74 2 1.17.48 5.2 27

LX+SINK4-SOSO 39. 7 73. 8 08/27/74 12 .56. 03 5. 8 - -  I

LX +SINK+S052 39. 4 73 .9  08/2 7/74  17.33. 39 5. 3 --

~~C+SINK+SO04 39. 3 73.8 08/11/74 05. 12 .33 5.4 -- I
LX +SINK+S005 39. 4 73 .8 08/11/74 05 .19 .33  5. 2 -_
LX+SINK+S006 39. 4 

— 

73.8 08/ 11/74 05.23. 52 5. 6 27 
-

LX+SINK+S008 39.4 73.9 08/11/74 07.02.08 5.Z --
LX+SINK+SO 1O 39. 2 73. 9 08/ 11/74 09. 08. 58 5. 1 12

LX +SINK+SO 11 39. 3 73 .6  08/11/74 12 .45 .39 5. 0 --

11 
LX+SINK+S017 39. 5 73 .7  08/11/74 20. 05. 30 5. 8 - -

LX+SINK+S023 39. 4 73. 9 08/ 12/ 74 14 .14 .54 5. 1 --
LX +SINK+S02 5 39. 4 73 .9 08/ 12/ 74 21 .57. 18 5. 0 --
LX+SINK+S031 39.4 73.9 08/14/74 22.06.53 5.0 --
LX+SINK+S036 39. 2 73. 9 08/ 17/74 23 .50.59  5.0 --
LX+SINK+S04 3 39. 2 74. 0 08/21/74 18.45. 17 5.0 --
LX+S1NK+5056 39. 4 73. 7 09/03/ 74 19.41.20 5.4 - -

LX+SINK+S059 39. 3 73 .9  09/07/74 15.46.31 4 .9  -- I
I

11-6 I
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These nineteen events are discussed in two groups , as m d i-

:ated in bo th Table s 11-1 and 11-2. The f i r s t  group consists of five events for

which both Ray leigh and Love wave data are available. The number of obser-

vation stations is betweeen six .,nd eight for this group. The remaining four-

teen events constitute the second group. It is noticed that observation stations

are distributed in the NE and the NW quadrants for all nineteen events. The

procedure used in the analysis of the events is as follows:

• Choice of source reg ion earth model - The layered earth model

is determined by comparing the source region earth s tructure

profiles with the known earth models (as discussed by Turnbull

et al. , 1974) . The Harkrider ’s medium response solutions are

cal culated for the selected earth model in order to produce the

theoretical amplitude spectra. For this swarm , it has been

found that the normal Gutenberg-Bullen earth model is most

appropriate.

• Data handling - Applying a series of narrowband filters (as

discussed by Turnbull et al. , 1974) , each component is ana-

lyzed for  evidence of multipathing. At each period , group

velocities are determined for each multipath , and then com-

pared to the standard group velocity curves for the type of

travel path encountered (see example in Appendix A). Estirnat—

ing the correct  mul tipath from this comparison, the amplitud e

spectra is obtained and then corrected for attenuation, geomet-

ric spreading , and instrument response.

• Source parameter determination - Spectral fittin g procedures

( Turnbull et al. , 1973) are then applied to the corrected spec-

tra, using a theoretical source model placed in the selec ted

layer earth model. Source parameters are estimated by first

using simple spectral fitting. A master (Or reference) event

11-9
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I
(or events) is picked based on the information obtained from the

spectral fitting. Then the rat io-of-events fitt ing is applied to

the rest  of the events in the same group using the selected rnas-

ter event (or events) as reference.

I
C. FAR-FIELD SOLUTION

1. Group-I

For thi s group, observed surface wave data are availabl e for I
both Ray lei gh and Love waves at most of the stations. The observation sta-

tions include all three array stations: ALPA, LASA , and NORSAR . In germ — I
eral , data quality is better at the array station th an at the VLPE. Here , we

f i r s t  apply the spectral f i t t ing  method using all available Ray leigh and Love I
wave data. For the five events in thi s group, the estimations of the source

parameters based on the minimum-residual criterion are listed in Table 11-3, I
and those based on the distribution-of-minimum— residual criterion are listed

in Tabl e 11-4. The distributions of m.inimum residuals of each parameter of

each event are shown in Figures 11-4 through 11-8 with their spectral fits.

Refe r r ing  to those f igures  of the spectral fi ts , it is noticed that

the spectral fits for the Love wave in general are poor in both spectral level

and in shape , except for the events LX +SINK+ S0 50 and S052. This is probabl y

caused by the poor quality of the observed Love wave spectra. To determine

whether the estimation of the source parameters will be significantly affected

by these poor Love wave data , we next apply the spectral fitting method using

Rayleigh wave data only. The results from this fitting are g iven in Tables

Il-S and 11-6 and in Figures 11-9 through 11-13. 1
Comparing the results obtained from two spectral fittings (see

Tables 11-3 and 11-5) , using both Rayleigh and Love wave and using Rayleigh I
wave only, no si gnificant differences in the source parameter estimations

have been obser ved , except the dip and slip angles for events LX+SINK+ S001 I
11-10 1
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TAB LE 11-3

ESTIMATIONS OF SOURCE PAR AMETERS OBTAINE D
BY AMPLITUDE SPECTRAL FITTING BASED

ON MINIMUM-RESIDUAL CRITERION:
ALL AVAI LAB LE LR AND LQ DATA

_________ 
Optimal Solution 

_____________

Event i. D. Depth Dip Ang le Slip Angle Strike Moment

______________  

Ii (km) 6
0 

A
° N#°E I0 15dyrm e-cm

LX+SINK+S00l 6 ±90 75 0. 123 x 10~

LX+SINK+S018 6 60 60 80 0.161 x 101

LX +SINIC+S024 6 40 -60 130 0.193

I LX+SINK+S050 4 ±90 35 0. 797

L.X+S1NK+SOSZ ±90 60 0.827 x I0~~

1~’ 
-

I

- 1 11—11
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I
TAB LE 11-5

ESTIMATIONS OF SOURCE PAR AMETERS OBTAINED
BY AMPLITUDE SPECTRAL FITTING BASED

ON MINIMUM-RESIDUAL CRITERION:
LR ONLY

________ 

Optimal Solution

Event ~. D. Depth - Dip Ang le Slip Ang le Strike Moment

h (km) ö° A? N~~°E lO 25 dyne-cm

LX +SINK+S001 10 90 0 0. 188 x 10 2

LX+SINK+S0 18 6 50 -30 120 0. 198 x 10 1

LX +SINK+S024 10 90 0 0. 597 1
LX+SINK+S050 4 ±90 55 0.707 1
LX+SINK+S0 52 4 

- 

±90 55 
— 

0. 890 x l O l 
-

III
I
Ii
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I
and S024. In fact , for events L X + S IN K + S0 50 and SO52 , the Love wave fits of

which are compatible with their  Ray lei gh wave fi ts , two spectral f i t t ings have

yi elded practically the same source parameter estimation. For events LX+

SINK+ SOO1 and S024 , the Love wave fits of which are poor , the spectral fit-

t ing using Ray lei gh wave onl y has changed the source mechanism solution

from di p-sli p to vertical s t r ike-sl ip .  This difference can be reasonably ex-

plained based on the observed fact  that the theoretical Raylei gh wave ampli-

tud e spectra of the pure dip-slip (sli p angle of 900) and the vertical s tr ike-sl ip

fault are very similar in shape , and the addition of the poor Love wave data in

the spectr al fitting does not h~ 1p in resolving this similarity. Although based

on the minimum-residual criterion, two spectral fittings have resulted in

quite di f ferent  source mechanisms for two events in thi s group. Based on the

dis t r ibu t ion-of-minimum-residual  cri terion , these fi ttings give more or less

the same probable ranges in the source parameter estimation.

Among these five events , events LX+ SINK+ S018 and S052 are

chosen to be used as the reference event in the ra t io-of-events  fi t t ing,  based

on the observation that the spatial fitting solutions for these two events seem

to be more stable and yield a better spectral fi t .  The rat io-of-events  fitting

method is applied to the event LX-i- SINK+S0Ol using LX+SINK+ S018 as a refer-

ence and to events LX+ SINK+ S024 and S0 50 using LX+ SINK+ S052 as a refer-

ence. Refe r r ing  to Table 11-2 , these pairs  of events are picked such that two

events in the same pai r have the maximum number of common observation

stations. Estimations of the source parameters  obtained by the ratio-of-

events f i t t ing are presented in Tables 11-7 through 11-9, with the distributions

of minimum-residuals shown in Figures 11-14 through 11-16. For the event

LX+SINK+ S050 , the ratio-of-events f i t t ing has yielded an estimation of the

same source parameter as the spectral fi t t ing.  For the event LX+SINK+ S00l ,

the source parameter  estimation by the ratio-of-events fi t t ing favors the

s t r ike-s l ip  faul t , while  for the event LX+SINK+ S024 , the estimation favors

the di p-s l ip  faul t .
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TAB LE II -?

ESTIMATIONS OF SOURCE ~ AR AMETER S
OBTAINE D BY RATiO-OF-EVENTS FITTING I

Refe rence  Event : LX +SINK4-S0 18 I
Solutions for Event :  LX+SINK+S001 (SK+01/ R -1 8)

I
A. Solution by Min imum-Res idua l  Cri ter ion

_________________ _____________________________________________________________ I
_________ Op timal Solutio n

Event I. D. Depth Dip Angle Slip Angle Strike Moment
h (km) 6

0 A° N#°E 10 25 dyne-cm

LX+SINK+S00 1 8 80 -30 30 0. 148 x io 2 I
I
I

B. Solution by Distribution-Of-Minimum-Residual Criterion

Event I. D.: LX+SINK+S001

Source Parameters  Probable Range % Confidence

h 6- 10 84 1
6 

- 

70-90 79

A -30 , 0~ +30 93

25-40 23
• 115—130 38

11-46
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L

[ T AB LE 11-8

ESTIMATIONS OF SOURCE PARAMETERS
- [ OBTAINED BY RATIO-OF-EVENTS FITTING

Reference Event : LX+SINKI-S052

Solutions for Event: LX+SINK+S024 (SK+ 14/R-52 )

I
A. Solution by Minimum-Residual  Criterion

________ 

Optimal Solution 
____________

Event I. D. Depth Dip Angle Slip Angle Strike Moment
h (km) 60 A° N#°E 10 25 dyne-cm

LX +SINK+S024 4 ±90 
- 

65 0. 179

B. Solution by Di st r ibut ion-Of-Minimum-Residual  Cr i te r io n

Event I. D., : LX+SINK+S024

Source Parameters Probable Range % Confidence

h 0. 5-4 90

6 30-60 60

_______— _ _ _ _

I
1 11-47
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I
TAB LE 11-9

ESTIMATIONS OF SOURCE PAR A METERS
OBTAINED BY RATIO-OF-EVENTS FITTING

R e f e r e n c e Event  : LX +SINK+S052

Solutions for  Event :  LX +SINK+S050 ( S K + 5 0 / R - 5 2 )

A. Solution by M i n i m u m - R e s i d u a l  C r i t e r i o n

________ 

Optimal Solution

Event I. D. Dep th Dip Ang le Slip Angle Strike Mom ent
h ( km) A0 N~~°E io~~ d y ne-cm

LX +SINK+S050 4 ±90 65 0. 828

B . Solution by Dis t r ibut ion-Of-Minimum -Res idua l  Cr i ter  iofl

Event  1. D. :  LX +S 1NK+S050

Source Pa rame te r s  Probable Range  
- 

% Confidence

h 0. 5-6 84

6 30-60 
— 

82

A ±60 30

_______________________ ±90 42

• 30-90 66

T i
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The major  resul ts  f rom the anal ysis  of thi s group are as I

follows:

The f i t t i ng  using R a y lei gh wave onl y and that using both Ray-  I
lei gh and Love waves should give more or less  the same source

parameter es t imat ion.  When both Ray leig h and Love wave data I
a r e good and the i r  d a ta qua li ty ar e co mpatible , we can expect

to have mo re resolut ion in the s tr ike direct ion by using both

R a y lei gh and Love wave. This is thought to be expected , sin ce

the shape o f the  theoret ica l  amplitude spectra for the Ray lei gh

wave has more  va r ia t ions with  respect  to the source parameters

than  that for  the Love wave (Turnbul l et al. , 1973) , and the

theo ret ical  Love wave rad ia t ion  pat terns  of various periods of

i n t e r e s t  (10 to SO seconds) and have sharper  nodes for  the bet-

t er  diagno sis of the s t r ike d i rec t ion .  However , when th e Love

wave data a re pour as compared to the Ray lei gh , the addi tion of

the Lov e  wave dat a in the spect ra l  f i t t i ng  sometimes will change

the  es t imat ion  of the di p and slip ang le very  noticeably.

• The es t imated source pa rame te r s  for  this group ind ica te that I
f i ve  events all occu r r ed  at shallow depth (4 km - 10 km) with

two possible kinds  of source  mechanisms: dip-sli p and vertical I
s t r i ke - s l i p faul t s .

2. Group-lI  I
There are  four teen  events in this group. However , fo r th is  Igroup ,  observed  sur face wave data a re  available onl y for  the Ray leigh wave ,

and the number  i f  observa t ion  s ta t ions  is between three to f ive with all three  Iar ra y sta t ions ava i l abli t o r  only six events .  The data quality for this  group,

never theless, is as good as th a t of th e R ay lei gh wave for the f i r s t  group. I
Similar to the f i r s t  group , we f i r s t  apply the spectral f i t t ing

method to each event. The es t imat ions  of the source parameters based on I
11-52
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[ the minimum-res idual  c r i t e r ion  are  l i s ted  in Table 11-10 , an d th ose ba sed on

4 the d i s t r i b u t i o n- o f - m i n i m u m_ r e s i d u a l  cr i ter ion are listed in Table 11-11. The
dis t r ibut ions  of minimum res iduals  of each parameter  of each even t are given

in Appendix B. These resul ts  again indicate  that  for this group there  are two
kinds of source mechanisms --d ip-sli p and vertical s t r ike-s l ip  f au l t  - - and
the focal depths of thes~ events are all shallow , ranging between 4 km and 14
km.

We al so apply the ra t io -of -events  fi t t ing method to these events
us ing  the event LX4 SINK+ SO1O as a reference.  The event LX+SINK+ SOlO is
chosen to be the reference because: (1) this event has better spectral fi ts ,
especially for  three array stations; (2) the estimation of the focal depth f rom
the spectral  f i t t ing agrees quite well with the PDE depth; and (3) all other
events in this group have the la rges t  number of common observation stations
with this event. The results  obtained from the rat io-of-events  f i t t ing method

are presen ted in Tables 11-12 and 11-13.

Refe r r ing  to Tables 11-10 and 11-12 , which are based on the
min imum-res idua l  cr i ter ion , there is good agreement between the focal depth
estimation f rom the spectral f i t t ing and that f rom the rat io-of-events fit t ing.
Althoug h for  several events two fi t t ings have yielded quite different  estima-

tio ns of the di p and the sli p ang le based on the minimum-residual cri terion ,
the probabl e ranges of the di p and the sli p angle estimations (see Tables 11-11

and 11-13) obtained f rom the f i t t ing are very similar. This is the same situ-

ation tha t  was observed and discussed in the f i r s t  group .

In Figure 1.1-17, we have plotted the estimated seismic moment

(m ) versus  bod ywave magnitud e (m ) for each event , in both the f i r s t  and the
se:ond group , in relation to the (a.?2-mnodel determined by Tsai (1972). We

see that there is close agreement.

f
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TAB LE 11-10

ESTIMATIONS OF SOURCE PAR AMETERS OBTAINED f
BY AMDLIT U DE SPECTRAL FITTING BASED

ON MINIMUM -RESIDUAL CRITERION
(PAG E I O F Z )  I

_ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

I
_________ Optimal Solution

Event  1. D. Depth Dip Ang le Slip Ang le Strike Moment I
_______________ h (km ) 60 X

O N~~°E lO 25 dyri e-cm

LX+SINK+S0 04 10 90 0 0. 391 I
LX+S 1NK+SOOS 4 40 -60 100 0.117

LX+S 1NK+S006 12 90 0 0.496 I
LX -+S1NK+S008 6 40 -60 95 0. 224

LX+S INK+SO 1O 10 90 0 0. 195 1

LX +SINK+SO 11 10 90 0 0. 265 x 10
_ i

1
LX +SINK +S0l7 10 90 0 0. 17 1 x 10 1

I
I
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TAB LE 11-10

ESTIMAT IONS OF SOURCE PARAME TERS OBTAINED
BY AMPLITUDE SPECT RAL FITTING BASED

ON MINIMUM-RESIDUAL CRITERIO N
(PAGE 2 OF 2)

_________ Optimal Solution

Event I. D. Depth Dip Ang le Slip Ang le Strike Moment

h (km) 60 A0 N~~°E I O 25 dyne-crn

LX +SINK+S02 3 8 80 0 125 0. 967 x

LX +SINK+S025 4 ±90 70 0. 254 x 10~~

LX+SINK+S03 i 8 90 0 0. 571 x 10
_ i

LX+SINK+S036 4 ±90 65 0.475 x 10
_ i

LX +SINK+S04 3 10 80 0 120 0.423 x 10
_ i

LX+SINK+S056 14 90 0 0. 387

LX+SINK+S059 14 90 0 0. 147
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I

TABLE 11-12

ESTIMATIONS OF SOURCE PARAMETERS OBTAINED
BY RAT IO-OF-EVENT FITTING BASED ON

MINIMUM-RESIDUAL CRITERIO N
(PAGE 1 O F 2 )

R e f e r e n c e :  LX+SINK+S0 i0 h l0km ,6 90 ,A ~~0,~~~~30 ,M~~0 . l 9 5

_________ 
Optimal Solution

Event  I. ID . Depth Dip Ang le Slip Ang le Strike Moment

h (km)  6 ° A° N~~°E lO 25
dyn e-cm

LX +SINK+5004 10 90 0 0. 426

LX+S INK+S 005 4 ±90 105 0. 893 x 10
_ i

LX ÷ SINK+S00 6 10 90 0 0. 675

L.X +S 1MK+S008 8 80 0 85 0. 262

LX +S I NK+S Oi l  6 ±90 60 0 . 1 3 3  x 10
_ i

LX +SINK+S 017 10 90 0 i~~~ 
0. 194 x 10 1

1
•1
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TAB LE 11-12

ESTIMATIONS OF SOURCE °AR AMETERS OBTAINED
BY R A T I O - O F - E V E N T S  FITTING BASED ON

M I N I M U M - R E S I D U A L  CRITERIO N
(PAG E 2 OF 2 )

R e f e r e n c e :  LX +SINK+S010 h lOkrn ,6 = 9 0 A = 0 ,#= 30,M= 0 .195

_________ 

Optimal Solution

Event  1. D. Depth Dip Ang le Slip Ang le Str ike Moment

______________  
h (km ) 60 

- 
A ° N#°E l O

25
dyri e_ cm

LX +SINK+S02 3 6 80 0 35 0. 676 x i0~~

LX +SINK+S 025 6 90 0 i~~~ 
0 .451 x 10 ’

• LX +SINK+S 03 1 6 80 0 30 0. 318 x 10
_ i

LX +SINK+S036 8 90 0 25 0. 177

LX +SINK+S04 3 6 ±90 60 0 .258 x 10
_ i

LX+SINK-fS059 6 90 

— 

0 0 .454 x 10
_ i

S
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I
D. CONCLUSIONS

Anal ysis  of the f a r - f i e l d  s u r f a c e  w~ive  spec t ra  of the n ine teen

events in the 1974 Sinkiang, China , ea r th q u a ke  swa rm h~~ y ie lded cons i s t en t l y

sh allow focal depth est imations rang ing f rom 4 km t 1 4  km for  these events.

This agrees  quite well with the PDE depth w h i c i  is  a v a i l a b l e  for  f ive  events

(see Table 11-1). Also , f rom the d i s t r i b u t i o n s  of the  m i n i m u m - r e s i d u a ls for

the foca l depth  esti mations obt ained , i t  is bel ieved tha t  the shal low-focal

depth esti mations should be quite reliable.  For t h e  es t ima t ions  of the di p and

the slip ang les , the resul ts  suggest  tha t  there  were  two possibl e k inds  of

source  mechanisms involved in thi s ear thquake swarm: The dip-sl i p faul t

probably was responsible for six events and the o ther  t h i r t e e n  e v e n t s  had

ve r t i ca l  str ike-sl ip faul ts .  It is conjectured , however , th at the ver t i cal

st r ike - s l ip  fault is the more probabl e source mechanism for events in this

ea rthquake swarm based on the following observed facts:

• The source parameter  estimations have resulted in the vertical

s t r ike -s l ip faul t  for  the maj o r i ty  of the events  ( t h i r t e e n  out  of

n i n e t e e n)  be ing  anal yzed for  this earthquake swarm. More-

ove r , f or  the se even ts with the di p-slip faul t , the d i s t r ibut ions

of the minimum-res iduals indicate that the s t r ike-s l ip fault  is

also possible.

• The theoretical amplitude spectra of the vertical s t r i ke - s l i p

faul t and those of the normal dip-sl ip faul t  (i . c , sli p an gle of

+ 90
0

) are  very s imilar  in shape.

• The previousl y-anal y zed ear t hq uakes in th i s  reg ion seem to

favor  the s t r ike - s l i p faul t (Tsai  and Shen , 1972; Turnbull et

al. • 1973 , 1974) .

The est imation of the s t r ike direct ion for  the events with ver t ical  s t r ike - s l ip
0 0 0 0 . . .f au l t s  is about N40 —5 0  W (or N5 0 —40 E). This is qui te  cons i s t en t  f r o m

event to event.
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V

SECTIO N III

TRAVEL PATH ATTENUATION

A. INTRODUCTION

There  ar e several f ac to r s  which can aff ect the spectral lev el
and shape of the observed far-f ie ld surface wave amplitude spect ra  of a given

seismi c event. These factors can be conveniently lumped into three  groups:
th e so urce mech ani sm , the travel path effect , and the ins t rument  response of
the obse rvation station. Therefore , in order to estimate the seismic source

parameters  using the observed fa r - f ie ld  surface wave spectra , some appropri-
ate correc tions to the observed spectra must be made. The correct ions  for
the instrument response and the geometric spreading,  whi ch are con sidered

par t  of the travel path ef fec t  here , are trivial ; whil e the co r rec tion for the

energy a t t enua t ion, which is the other part  of the travel pa th ef fe ct , generall y
is not well known due to the limited knowled ge of ~he surface wave energy dis-
sipation.

The  travel path attenuation correction is important  in the esti-
mation of the seismic source parameters  by the spectral fitt ing method using
observed f a r - f ie ld  sur face  wave data. The level of the attenuation curve as
the funct ion of f requency  can affect  the estimation of the seismi c moment , and

the general  shape of the curve will affect  the estimation of the focal depth and
source mechan i sm.  So fa r , when no reliable knowledge of energy attenuation
along the travel paths of i n t e r e s t  is available , the Tryggvason ’s energy atten-
uation curve for the normal cont inenta l  path (Tryggvason , 1965) has been used.
The ~cneral  shape of the Tryggvar ~ n curve is believed to be reasonable while
t h e  level  of the  curve  seems too low (Tryggvason , 1965; Anderson , 1964) . It

III-!



is the purpose of this sectio n to obtain the surface  wave at tenuation curves

for several travel paths of interest .

Several methods to de termine  the surfac e wave a t tenua t ion  coef-

f ic ient  will be derived and discussed in Subsection B. In Subsect ion C, these

methods are app lied to several groups of observed su r face  wave data , and

Ray leig h wave ene rgy  a t tenuat ion curves  are obtained for  several  travel paths

of in teres t .

B. METHODS

The term ‘energy  dissipation’ or ‘energy attenuation ’ used

throu g hout this section is chosen to indicate all energy lost along the travel

path inc lud ing absorp ti on , reflected energy,  and scat tered energy.

In the following derivation , it is assumed that there  is no

energy t r a n s f e r r e d  f rom one f requency to the other along the travel path and

tha t the obser ved amplitude spectrum has been correc ted  for  the statio n in-

s t r ur n e n t  response.  Two methods will be described below: the two-sta t ion

met hod w h i c h  can be emplo y ed by the ear thquake data , and the  i so t rop ic-

source  method whi ch is suitable for  the exp losion data,

1. Two-Station Method 1
The observed sur face  wave amp litude spectra  of a g iven seis-

mic event recorded at two stat ions can be related as follows : I
____ = R(01

, O
2~ 

f) 
(:::

~~)1
4f 2  

e
_ k

Al (f)D
1 +k~~~(f)D

2 (111-1)

wh e r e  I
A .(f)  is the observed ampli tude spec t rum for  f requency  f at s tat ion i ,

k A .(f)  is the amplitude at tenuation coeff ic ient  for frequenc y f along I
the travel path i (great  c i rc le  path uetween the  seismic event

and station i ),

111-2
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D . is the ep icenter  distance in km to stat ion i

is the epicenter  distance in degrees to station i

t 0. is the source azimuthal  ang le to station i • and

R(O1
, O
~
, f) is the ratio of the source excitat ion in 01 to that in Oz

for f requenc y f

In equation ( U I - i )  the t e rm R(O 1, O2 , f) accounts for  the non-

circular  radiation pat tern  of the source. For an isotropic source , R(O 1, 0,., f)

• is one. For an anisotropic source , such as an earthquake, in general,

R(01
, 0
~
, f) is d i f ferent  f rom one. However , R(0 1

, O
~

, f) will be one if 01
is equal to °2 

regardless of source type. That is , wh en two obser vation

sta t ions  are on the same grea t  circle path between the seismic event and the

stat ion and have the same azimuthal  ang le , equation (111-1) can be reduced

as follows :

A
1

( f)  fsin ~~2
’.
\

l I 2  
~
k A

( f ) ( D l 
- D

2 )

A2 (f)  = 

~~sin ~~1) 
e (111-2)

where k A
(f) now is the amp li tude a t t enua t ion coe ff icient  for f requenc y f

along the t ravel  path between sta t ion s 1 and 2 . The re fo re , equation (111-2)

can be app lied to t h e app rop r iate ea r th q uak e data to c alcu late t he t r ave l path

at ten uat ion as f ollows :

IA (f)1
21n 1 

1 
~~~~~~~ .

LA (f)j
k E (f) Zk A(f) = D

2 
- D

1 
(111-3)

where k E
(f)  is the e n e r g y  a t tenua t ion  coeff ic ient  for f reque nc y f

e

111-3
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1
2. Isotr op ic Source Method I

Tryggvason ’ s approach assumes that  radiatio n is isotrop ic and
that  a t tenuat ion is the same along all event-s ta t ion travel paths. Then the
energy a t tenua t ion  coeff ic ient  can be estimated from the following equation by
using the far -field observed surface wave spectra at several observation sta-
tions for one exp losion (Tryggvason , 1965) : 

1
2InA .( f )  ÷ fn s i n ~ C2

(f) - D i kE (f) i = 1, NSITE (111-4)

where A ., ~., D., and k have the same meaning as before . C is a con-i E 2
stant  depending on f r equency  and the size of exp losion. NSITE is the number
of observa t ion  stat ions . In equation (111-4), k

E and C2 are two unknown Ipa rame te r s  to be estimated.  Hence , when NSITE is greater  than two ,
and C2 can be estimated by the l eas t-squares  method , i. e.,  minimizing the
following quant i ty :

NSITE
€ = 

~~~~~~~ [~c - D i kE ) - (2!ri A. 4- ~tr1 s ir1&)]
2 

. (111 -5)
1=1  

1
The es t imated k will be as follows:E

NSITE E [(Zfr iA 4- f n s in ~~~)D ]- (ED) [~~~(2!aA + / n s in ~~~)]k E 
.. — — —- - 

1 
- 
i 1~~ ~~~~~ ~~ . ‘

- (111-6)( E D .) ( ~~~ D.) - NSITE (D .D.)1 1 1 1 1 i i

NSITE Iwhere  . stands fo r . -

i= 1 

1To facil i tate the later discussion , this ori g inal Tryggvason ’s approach will be
named as ISM-A. It can be easily shown that equation (111-6) will be reduced Ito equation (111-3) of the two-stat ion method when NSITE is equal to two , as
expected.  p
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I
The ISM-A utilizes only the observed surface wave spectra

from one explosion. When the re  are several explosions taking place in the
same ar ea , the best  usage of these available data by the ISM-A will be that
when k

Ej is estimated from equation (111-6) by using the observed spectra of
one explosion j , and the final estimate of kE is obt ained by some curve -
fit t ing technique or jus t  by taking the following simple average:

NEXP
k E = 

~~~ 
k

Ej /N E X P  (III-7)
j = 1

where NEXP is the number of available explosions . When there is a suffic-

ientl y large numbe r of the observation stations , the variation between kE ’s
and k

Ej ’s can be expected to be small. However , when the number of obser-
vation stations is too small , sa y three , large variations among kEi ’s can be
expected. For this case , to take the advantage of several available explosives
and to best utiliz e the observed data , we can modif y the ISM-A by simultane-
ously taking all explo sions into account in the estimation of k

E as follows .

Modification of equation (111-4) by considering all available ex-
plos ions at the same ti me yields the following result:

2 f n A.. + j n s in~~~ C . - D..kZj ij E

i = 1 , NSITE j = 1 , NEXP (111-8)
where now:

A .. is the observed amp litude spectrum for frequency f at sta-

tion i due to the explosion j
D .~ , 

~~~

., is the epicenter  distance in km and degrees , respectively,

between the station i and the exp losion j
C2 . is a constant  for frequenc y I and explosion j.

111—5
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1
Proceed as in the ISM-A , but this time minimiz e the follow- I

ing quantity:

NEX P NSITE Ie = ~~~ - D
u k

E
) - (2mnA

1~ 
+ In sin%)] ~~

. (111-9)
3 1  1

The estimated k will be as follows :E

NSITE E~~~[(Z2nA.. + !nsin& .) (D.. ) ]_  E[~~~(2 fnA .. + fnsiri&.)](~~ D. . )
k = 3 1 1J 1) 13 3 1 13 1 1)

E 
E[( ED .)( ~~~ D. .) ]  - NSITE EE (D.. D. .)
3 1 13 1 13 3 1  13 13 

1
NEXP NSITE

where . ari d . stand for and , respectively. (111-10)
j=1 i=l

We will call this modified approach an ISM-B. With ISM-B , I
as long as NSITE�2 and NEXP�2 , the energy at tenuation coefficient  kE
can be estimated; while with ISM-A , NS1TE must  be greater  than two in order  (
to est imate kE. When NSITE 2 , the ISM-A can offer only the de terminis t ic

value of kE
) as does the two-s ta t ion method. With a small number of avail- I

able obser v at ions s t a t ions , t he re fo re , the ISM-B probabl y will yield a better

es t imate  of kE , as long as NEXP� 2 , 1
C. RESULTS I

To calculate the sur face  wave energy  at tenuation for the t ravel

paths of in teres t , the methods discussed in the previous subsect ion are ap-

plied to two classes of observed data: Ray leigh waves of the earthquake and

of the explosion. Here , before the app lication of these methods , the observed

Ray lei gh wave data are preprocessed by narrowband f i l ter ing to eliminate

any possible multipathing , as done in Section II. The observed Ray leigh wave

spec t ra  are obtained and then corrected for the station ins t rument  response.

111-6 I
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I
1. Earthquake Data

Two sets of earthquake data - - the 1974 Sinkiang, China ,

earthquake swarm and earthquakes used in the previous M
S

_m
b study (Turn -

bull et al. , 1975) - - were examined to determine which events could be em-

ployed by the two-station method. As previously mentioned (see Subsection

B-l ) ,  with earthquake data , the two-sta tion method can be applied to the events

which have two observation stations lying on the same great circle path with

the same source azimuth.

For the 1974 Sinkiang swarm, there were  five events which

approximately satisf y the above requirement. The pertinent information about

the events and stations for these five events is given in Tabl e 111-1 with the

event-station travel paths plotted in Figure 111-i. The two stations involved

are VLPE stations at Toledo , Spain ( TLO), and La Paz , Bolivia (ZLP) .  It is

noticed that,althoug h these two stations are not quite on the same event-station

great  circle path , their event-station travel path s are fairl y close: two source

azimuths d i f fe r ing  by 3. 5 degrees. The calculated energy attenuation coeffic-

ients along this travel path ( TLO-ZLP) are plotted in Figure 111-2 , wi th the

variation among events given as a vertical bar and the average values of kE
for various frequencies  connected by a solid line.

For earthquakes used in the previous M S
_m

b study (59 events),

three events were fo un d suitable for the two-station method. The pert inent

information about the events and the stations is listed in Tabl e 111-2 with the

event-stat ion travel paths plotted in Figure III-. 3. Three travel paths for

which the two-station method can be used to calculate the travel path attenu-

ation are  as follows:

• KON (VLPE station at Kongsberg,  Norway) to TLO obtainable

from the event LX-f- KURSP+ 425 ,

• KON to OGD (VLPE station at Ogdensburg,  New Je r sey)  ob-

tainabl e f rom the event LX÷ CAUCA+ 124 , and

111-7
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TABLE 111-2
1. INFORMATION OF EVENTS AND STATIONS

(a) Path KON -TLO

- 
Event :  LX+KURSP+42 5 ; 04/ 05 /73  ; 43. 6N , 147. 7E ; m b ~~~

Latitude Longitude *AZ 40 4k mStation °N °E _ _ _ _ _ _ _ _ _ _  __________ _ _ _ _ _ _ _ _ _ _

KON 59. 7 9. 59 -20. 9 71. 3 7937. 9

1. 
TLO 39. 7 -4. 02 -21. 3 92. 9 10336. 2

1.

(b) Path KON-OGD

I
E v en t :  LX-CAUCA- 124  ; 02/ 03 /72  ; 40. ON , 48.4E ; mb 5. 1

Latitude LongitudeSta t ion AZ 4° 4 km
__________ °N °E __________ __________ __________

KON 59. 7 9. 59 -37. 9 31. 1 3464. 4I
, 

_________________________ _________________________ ________________________ ________________________ _________________________ ________________________

OGD 41 . 1 -74. 6 -39. 5 84. 0 9344. 0
I

(c)  Path KON-ALQ

Event: LX +GTURP+ 134 ; 02/ 19/73 ; 40. ZN , 33. 9E ; mb= ~ 9

* **Latitude Longi tude AZ 4° 4 kmStation °N °E - _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _

KON 59. 7 9. 59 -30. 0 24 . 7 2747. 1

AW 34 . 9  -106 .5  - 3 1 . 7  96. 6 10749. 7

* AZ:  Source  az im u t h  + for  NE
-
~ ** 4 :  Epicen te r  dis tanc e in degrees  and km

i l l — l i
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I
f . . KON to ALQ (VLPE station at Albuquerque, New Mexico) ob-

tainable from the event LX+ GTURP+ 134.

Again, the two stations involved are not exactly on the same event-station

great circle path ; however , the difference is small as compared to that in the

previous TLO-ZLP path; the source azimuths of the two stations differing by

0.4 degree for KON-TLO path , 1.6 degrees for KON -OGD path , and 1.7

degrees for KON to ALQ path . The calculated energy attenuation coefficients

for these three path s are shown in Figure 111-4.

Among these four travel paths, the KON-OGD path lies mostly

in the Atlantic Ocean; the KON-TLO path lies mostly along the continental

shelf of the west coast of Europe; the KON-ALQ and the TLO-ZLP paths are

mixed, more continental for the former and more oceanic for the latter.

Referring to Figures III-Z and 111-4, it is no ticed that the calculated attenuation

curves are quite irregular and comparison seems hard. However , the calcu-

lated attenuation coefficients here seem to be reasonable in the sense that they

correspond to the realistic Q values between 100 and 1000 , where Q = Z lrf/ kEU

and U is the group velocity at frequency f. One common feature for these

four paths is that the attenuation coefficients for the 10-second period here

appears to be too low relative to the other periods. This is judged from the

existing knowledge that for the continental path the attenuation should increase

significantly with decr easing period in the shorter periods (Try ggvason , 1965k

and the oceanic path usually has hi gher attenuation than the continental 1 ath ,

especially for the shorter periods. The exact cause for this relatively low

attenuation coefficient at 10 seconds is not known; but may possibly be caused

by the improper instrument response correction for the 10-second period, as

commonly observed at the VLPE station s and by the fact that the observed 10-

second energy was relatively small and the extraction of the 10-second spec-

trum could not be made accurately.

L I
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For the KON-OGD path, the computed attenuation coef f i c ien t

!~ at 40 seconds is unreasonably low (only 10~~ kin4) and those at 45 and 50
seconds are negative, physically impossible. One possible explanation is
that these two stations are not exactly on the same event-station great circle
path, the great circl e path being very close to the nodal direction of the Ray-
leigh wave radiation pattern. For the periods between 15 and 35 seconds, the
level of the attenua tion curve obtained here is compatible with that obtained
by Tsai and Aki (1969) for some other oceanic path across the Atlantic
Ocean , although the detailed variations are quite different.

For the KON-TLO path, the level of the computed attenuation

curve is higher than that obtained for the other three paths here. This seems
unusual , since the KON-TLO path is mostly continental while the other three

• are either entirely oceanic or mixed. This situation, however , will also be

I observed for the average travel path in the northern part of Eurasia as we

apply the isotropic-source method to the explosion data in the following sub-.

I section.

2. Explosion Data

Long period Rayleigh waves of presumed underground explosions

p from the U. S. Nevada test site (NTS) and from the Russian eastern Kazaich

(EKZ) taking place during the first six months of 1975 when the recordings at
three array stations (ALPA , LASA , and NORSAR) were all readily available

on-line to SDAC were examined in order to estimate the average Rayleigh wave

attenuation for the travel paths from NTS and EKZ to three array stations.

Five NTS and three EKZ events were available and usable for this purpose.

• p For NTS events, the observed Rayleigh wave data were available and good at
all three array stations; while for EKZ events data quality was not as good as

I that of the NTS and two events did not have LASA recordings.

• Table 111-3 presents the information of evente and stations per-( tinent to the calculation. The Involved event-station great circle paths are

1 111—lI

*_ _  - - _ _ _ _ _



• • - —  — ~~~~~~~~~~~~~~ - ———~• • ~
_ • •~ • V •__o__~_•,~

___ 
-- —~~~~~~~~~ • —-

L — — * 
s .

— * — ~~ C’ — N — N — N — — ~~ CO in 0
. . . . . . . . I •CO — in ~fl -. ~~ — (~ ) — CO — CO N 0’ NCO ~~ F -N  F- C F-~~~’ N~~~ F-~~~’ ~~~~~ ~f l ’ 0  m a

• ~~ 0 —. —‘ — N N4 0  CO CO CO CO CO

0 ~~4 — -~ — C’ 0 0’
‘4 1~ 1~ ‘0 P- tnC N N N N N ‘4’ ‘4’z I

* 0 .0 C’ 00 — N — N — N ‘4~ C’
N N 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~N — ~~ — — — ~~ ..., .~~. ~ 1 CO F-
~ 1 • 

~‘) N (
~) (~ 1 N44 — -i — — C

_ _  _ _  _ _  — —  _ _  _ _  —

U) C’ —~ N C’ C’ o. .0
1-’ in ‘0 m m ‘Z 4 m m m m m

‘44

—i ;- - -— —

~t ) ( 4~ C ’r -  C O e J  C O N  C O N  00 0’ ‘ 4 4~~
‘4. ~~~~ ~ c m m  m m  C’0 0’~

..j 00F- m m m m~~ m.o  m~~ in in in — .0 0’‘~~ 0 F- ‘0 F- F- F- ‘0 ~0 .0F- m m m .0 .0 .0
Iaj~ ~~ 

_ _ _  _ _ _

~~~~U) 
4 ‘44 ‘44 ‘4~ EN N ~ m m m o o — .~~(~J N N N

1-’ ~~~~~~~~~~~ N 0 00 00 ‘4’ .0 0’

_ _  
E
_ _  ~~ 4 I It) It In It) ‘4~
V 05

.0 0 0 0 m 0 0
114 

~~~~~~~4 tt~ 4 4 4 co~ o~ c~ ,~~~~O —4 — —4 — — F- F- CO— — — — — (44 4;:3 I I I I I

-4 •— — .~~ 44I-. 0 I)3 ~~ N N 0 0 0 00 0 0 ~~~~~~4~ • I I I •F- CO F- F- F- 0’ 0 0’m m m ~~‘ in ~ . 
‘V

114 ‘

Z — — — V
— in in in in in in in in .2F- F- F- F- F- F- F- F-C; — ~~~ . ~~~ 

,-.- ~ . .0 ‘44 m m 0’ — N 0(t) — 0 0 — N
~~~~ -I. ~~~~ ~~~ ~~ . ~~~ 

.•-• ~~~ 
I . .

in ‘0 .0
_ _ _ _ _ _ _  _ _ _  

C 
_ _ _  _ _ _  

0 .2._

111—18

• 

_ _

~~~~~~~~~~~~~~~~~

_•

~~~

_

~

V •• • • V

~

•

~~~

••

~~~~~~~~~~~~~~~~~~~ 

__



~~~~~~ V V V  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

- -

plotted in Figures 111-5 and 111-6 for NTS and EKZ events , respectively. It
is noticed that these travel paths are mostly continental - - over the northern

[ part of North America for NTS events and over Eurasia for EKZ events. This

uniformity among the tr avel paths is desirable in using the isotropic-source

[ method.

We first applied ISM-A to both NTS and EKZ events. The
L average energy attenuation coefficients, kE , for periods from 10 to 50 sec-

f 
onds computed by equations (111-6) and (III -?) are plotted in Figure 111-7.

- Notice that the estimated kE values from EKZ events are more scattered

than those from NTS events. Thi s is thought to be reasonable, since for EK Z
• - events data quality was not as good as that of NTS because the number of obser-

vation stations were fewer and the kE values were averaged over a fewer num-
• ber of events. We next applied ISM-B to the same events listed in Table 111-3.

I The estimated kE values are again plotted In Figure 111-7. Referring to

Figure 111-7, it is fair to say that the ISM-A and the ISM-B have yielded corn-

1 
patible results. However , the ISM-B estimated attenuation curves appear to

be smoothed and to offer better estimates for the general trend of the attenu-

I ation curve in the low frequency range of 20 to 50 seconds. For comparison

purposes , the Tryggvaeon attenuation curve ( Tryggvason , 1965) is also shown

{ in Figure 111-7.

Again referring to Figure 111-7, but this time focusing attention

on the attenuation curves obtained from NTS events (NTS curve) and those ob-

tained from EKZ events (EK Z curve) , it Is not hard to see that the EKZ curve

and the NTS curve are quite different in two respects. First, the level of the

EKZ curve is much higher than that of the N TS curve in the low frequency

11 range of 20 to 50 seconds. Second, the EKZ curve has a maximum value at

40 seconds and decreases toward both longer and shorter periods (down to 15
( 1 seconds); while the NI’S curve has a minimum value at 35 seconds and in-

creases toward both longer and shorter periods.
Ii
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The frequency variation of the EKZ curve may not be reliable

and probably is not too significant , since the estimated kE values from EKZ

events are scattered , as discussed earlier , and the attenuation curve here

has been obtained by just connecting the kE values for nine discrete frequen-

cies. However , the large difference between the EKZ curve and the NTS curve

in the level of the attenuation curve is thought to be believabl e, since it merely

reflects the large difference between the observed signal amplitudes of EKZ

even ts and those of NTS events , as shown in the following figure. Figure 111-8

shows the observed Raylei gh wave traces recorded at NORSAR for 4 / 3 0/ 7 5

NTS event ( N T S I 4 3 O/ 7 5 N 0 )  and for 4 /27/75  EKZ event (EKZ/ 42 71 75N0) . Also

given in the figure are the values of the bodywave magnitude (mb), the epicenter

dis tance (a), and the maximum recorded amplitude ( zero-to -peak) in computer

count (CC). It is noticed that E K Z I 4 2 7/ 7 5 N 0  had a half-magnitude larger inb
and about one-half time smaller ~l than N TS/430/75 (5. 6 versus 5. 2 and 38°

versus 730); yet two events produced almost the same observed signal ampli-

• 
tude (55. 2 CC versus 51. 5 CC) . A simple explanation is that the energy atten-

uation along the path from EKZ to NORSAR is much larger than that along the

path from NTS to NORSAR .

Comparing the N TS curve with the Tryggvasori curve , it is

found that general trends of two curves are quite similar , especially when a

straight line is fitted through the NTS curve from 50 to 20 seconds. The gen-

eral trend is that the kE ha s a local maximum of 50 seconds , dec r eases

slowly toward 20 seconds, and increases linearly f rom ao to 10 seconds.
Nevertheless, a small difference does exist betweet. the two curves; namely,

• the NTS curve has a little bit higher value at 20 seconds and increases faster

toward 10 seconds.
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D. CONCLUSIONS

Rayleigh wave energy attenuation coefficients in the period
range of 10 to 50 seconds have been estimated for several travel pa ths by
applying the two-station method and the isotropic-source method to the earth-
quake and explosion data. In general , the results ar e thought to be reasonably
realistic. However , no attempt has been made to interpret the obtained atten-
ua tion curves in terms of the Q-val ue s of the earth structure. The attenuation
coefficients computed here are intended to be used for the travel path attenu-
ation cor rection in the far-field source parameter estimation and possibly in

the calculation of surface wave magnitude. Based on the knowledge ga ined

from the travel path attenuation study presented here , the following remarks
can be stated:

• The two-station method is simple; however , its practical appli-
cation is thought to be limited due to the fact that it is hard to
have two stations lie exactl y on the same event-station great
circle path . Serious error in the computed energy attenuation
can be made when the source azimuths of two stations are not

• exactl y the same and are close to the nodal direction of the
surface wave radiation pattern.

• A noticeabl e difference in the frequency variation of the corn-

I puted atten uation curve can be expected among different travel
7 paths. Hence , it seems that the attenuation coefficients ob-

I 
tam ed for a specific travel path by the two-station method can ,
at best , be used along that path.

I • The ISM-B applied to a small number of observation stations
with many availabl e events can be expected to yield compatible

I results as the ISM-A applied to a lar ge number of observation
stations with one single event. When only the small number of

1 111—25
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observation stations with many events is availabl e, the ISM-B
can be expected to do better . However , with the ISM-B the
data quality should be good and consistent among events; other-
wise , the compu t ed kE values can be ne gative and physically
unrealistic.

• The average Raylei gh wave attenuation coefficients estimated
from the NTS events for the travel paths from NTS to three
ar ray  stations agree quite well with the Tryggvason attenuation
curve , althoug h the former  has a little bit higher value for the
short periods.

• Based on the observed Raylei gh wave data used here , the large
energy attenuation coeff ic ients  obtained for the path from EKZ
to thre e arra y stations are believabl e, although this seems
unusual and rnay not be a general situation.
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APPENDIX A

Observed surface waves for the event LX+SINK+S018 in the

1974 Sinkiang, China,earthquake swarm are shown in the following figures.

These fig ures are thought to be rep resentative for the events in this swarm.

In these figures , for each observation station, the recorded sur face wave

trace is given fi r st , followed by the average group velocity curve for that

t ravel path and the uncorrected amplitude spectrum which are obtained

I 
from the narrowband filtering process.
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APPE NDIX B

The following figures present  the distribution of the minimu .n

residuals of each source parameter for the second group of eve nts discussed

In Subsection li-C with their spatial fits .
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