
T 
IL

STUDY OF SELECTED EVENTS
IN THE CAUCAS US IN A SEISMIC

DISCRIMINATION CONTEXT

PA. SOBEL. Dii. VON SEGGERN. E.I. SWEETSER & D.W. RIVEII$~~ ‘n’ ’ c
$.,z.ic Data AaaJys is Ceate r

Teledyas Ge•tsc~. 314 Mutg .m.ry SU..t. Alexia dris Vir~isia 22314
U_i
-J

=
07 NOVEMBER 1077

APPROVED FOR PUBLIC RELEASE; DISTRIBUTION UNLIMITED.

S~~mr.d by

Tb. Outs... Adesuced Research Prijects Aisu cy (DAR PA)

ARPA Order N. 2551

M.mIt.r.d By
AFTAC/VSC

312 M. 1 .sry Strsst Alsuidris. V1i 1.I. 22314

u4t ~Jj



/ -

i i  L~~~~~I‘ f1’: 
~~~~: :

II 
0

•
• 

I
-

aj..

~~~~~~~ ~~

- .4

I 

~~~~~ ~~~
•

Disclaimer: Neither the Defense Advanced Research Projects Agency nor theMr Force Technical Applications Center will be responsible for informationcontained herein which has been supplied by other organizations orcontractors, and this document is subject to later revision as may be 4necessary, The views and conclusions presented are those o~ the authors Iand should not be Interpreted as necessarily representing t~e officialpoltc4 j , either expressed or Implied, of the Defense Advanted Research 
•

Projects Agency, the Air Force Technical Applications Cent , or the (ISGovernment.

• • 
.•



I,- 
~ 

— - ..

~~~ 

- ——- - - . . - . - —.
~~~

——-—---- ________________________________________
— .- . — •• • - —

~
—.-——.————-—- -... - ——- — —• .. .-.- •— 

~~~

—,. - — —. -.-.‘--- •1~I~~~

Unclassified
SECURITY Ct. AS$I~~IC*TI ON O~ Th IS PASt (Sh.e Sal. (ill.,. d;

REPORT rWIIUEIITATION PAtE READ tNSTRIJCTIONS
BEFORE COMPLETING FORM

( ~~~IU IflT .~~ _ ..fl 2. GOVT ACCESSION NO ~~. RIC IPIENrs CATA LOG NUMBER

~~~~~~~~~ ~~~ AC—TR—77—6 f —

TITL E (aid SUbIIII~) -r i

JTUDY OF~~ELECTED ~ VENTS IN THE CAUCASUS IN AJ 7! Technical r

~EISMIC DISCR DiINATION~~9NTEXT . =-  
I PERFORMING ORG REPORI NUMBER

,
- •- 

~:~ ±w 1rM
~~VaI S. CONTRA C T O R GRAN Nu MeER(.~

P. A./Sobe1~ 
E. t./~weetser 1

D H /von Seggern V D W /Rivers I ~~ ~~~~~~~~~~~~~ 
‘
~~

‘—
~~~~~~ 

~~~~~

S pINpomalso ORGANIZATION NAM E AND ADD RESS 
~~~~~~~~~~~~ 

-iT~~ as,Se r T  i.
BORIC UNI NUMBERS

Teledyne Ceotech
314 Montgomery Street V 870Alexandria, Virginia 22314 

T 9

II. CONTROLLING OFFICE NAM E AND AOO RE$5 f ~ç —t—’ —
~ 
.‘- ‘-

~~

Defense Advanced Resear ch Projects Agency ( /~ 
j  7 Nov~ 7~7Nuclea r Monitoring Research Office \.._. ~~~~~~~~~ PAGES

1400 Wilson Blvd. Arlington, Virginia 22209 68
II• MONITORING ASENCY NAME B ADDRES$(II dIII .,ail V...,, ConiraUffi~ WIl e.) 5 SECU RITY CLASS.  (of 11,la ,•porij

VELA Seismological Center (°1T ~~~~ Unclassified

Alexandria , Virgini: 22314 - $CHEDULE 
DOWN G RADING

1$. mETRISUTION STATEMENT (at dda RIpSel)

APPROVED FOR PUBLIC RELEASE ; DISTRIBUTION UNLIMITED.

I?. DISTRISU1ION STATE M ENT (.1 lb. .b.f?.cl .Rtsrad In AIoc~ 20. SI dIft. .nt f~ai. Riport)

1L SSJPPL IMENTARY NOTES

• Author’s Report Date 06/13/77

II. CIV 50001 (C.01511W 11 S~SlII ~I4. If i~~l•I~~~7 aid i4.,iIlIy ~p SI.cA INaiSI )

Seismic Discrimination Kazakh Explosions

M — 1% Seismic Attenuation

• Caucasus Earthquakes Seismic Source Spectrum 
~~ 

-
~~~~~

ASSYR ACT (Cs.UIwjB a, ,.. u 114. Sf ,.o...av aid Sd.nISIy bF BIOCA nu.,b.i)

Eight earthquakes from the Caucasus 6ccurring from 1971 to 1975 were examined

in a seismic discrimination context. Seismograms from ALPA, LASA, NORSAR, and
• the HCLP and the WWSSN stations were studied for source mechanism, Ms~

mb, corner
frequency, pP, complexity, and spectral ratio. All the Caucasus events can be
identified as earthquakes by means of pP and Ms:mb when compared to Kazakh and
southwest USSR explosions. However it seems plau8ible that these discriminants
could be rendered ineffective for events in the Caucasus by means of a shot

.iatray.
DO EOIT ,ow OF I NOv a, 5 OBSOL ETE Unclassified’1 

.

~~~~ ~ 
~~ b

SECURITY CLA $SIf l CATION OF TWIl PAG E (aii~~n fl*~•

N 
~ç~cjc— ~~~~-r

• 
~~~~~~~~~~~~~~~~~~~~~ $



I. ,

‘I

STUD? OF SELECTED EVENTS IN THE CAUCASUS IN A
SEISMIC DISCRIMINATION CONTEXT

SEISMIC DATA ANALYSIS CENTER REPORT NO.: SDAC—TR—77—6

AFTAC Project Authorization No.: VELA T/8709/B/ETR

Project Title: Seismic Data Analysis Center

ARPA Order No.: 2551

Name of Contractor: TELEDYNE GEOTECH

Contract No.: F08606—78—C—0007
- 

Date of Contract: 01 Oct 1977

o Amount of Contract: $2,674,245

Contract Expiration Date: 30 Sep 1978

Project Manager: Robert R. Blandford
(703) 836—3882

P. 0. Box 334, Alexandria, Virginia 22314

APPROVED FOR PUBLIC RELEASE; DISTRIBUTION UNLIMITED.

fri

C
• U

.
• 

- 
.-

S~
•• “~

‘‘
~~~

- 
z~ 

•

H 
_ _

~~



Fr-;- ~~ ‘~ T ‘ T ~~~
_
~

- -
~~~~~~ 

_ _ _ _ _ _ _ _

• .•~~~

ABSTRACT

Eight earthquakes from the Caucasus occurring from 1971 to 1975 were ex-
amined in a seismic discrimination context. Seismograms from ALPA, LASA,
NORSAR, and the HGLP and the WWSSN stations were studied for source mechanism,

H-rn,
0, 

corner frequency, pP, complexity, and spectral ratio. All the Caucasus

events can be identified as earthquakes by means of pP and MS:mb 
when compared to

Kazakh and southwest USSR explosions. However it seems plausible that these din—

criminants could be rendered ineffective for events in the Caucasus by means of

a shot array.
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Dls~ r in m a t  Ion par amt’ ters have been appi I ed in detail to eveut s 1 ron

only a tew nu t - l e a r  test sites and earthquake rc~~lons. I’hls s t u dy  is part 01

a series w h i c h  t X  ends t h&~se disc rim m t  Ion studies to  o the r  reg ions o t slia I —

low c•i Ft hquikes . Tb part i c u l i  r r t p o r  t examines eight soc Ii earthquakes in

the  Caucasus o t t he  ~‘SSR. Most e t t h e  e ar t h q u a k e s  in t h e  Caucasus are  pro b —

•th lv associated with large t h r u s t  f a u l t s , w h i c h  a re  a result of t lit ’ Me so—

t11t’ZOIC Alpin e or ogenv .  Actual seismogram a n a l y s i s  r ev e a l e d  that the e v e n t s

chosen we re too small to  determine their fault p lane  solutions. We determine

•Rerage H and m h tor the events in this study and app Iv other common dis—

c r imina t ion pa r ame ter s  such as I i rst not ions , com e r f r e q u e n c y ,  compl y

and short—period spectral rat jos to the data. Results for the  Cau casus  events

will be compa mcd to K .izakh and USSR CX I) los ions
• I
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TECTON I C S ETT I NC

Gen’ra 1 Feat tires

Figure 1 Is a map ol the Caucasus region . The p r i n c i pa l  geologic features

In this area trend northwest—south east and ar e  as SOC I at ed w i t h  the Me so—Cen ozo f  c

Alpin e omogeny . In gcnt- ’~ .l the seismicitv fol lows the  t rend  of the  m ou n t a i n s ,

hut zones of higher activ tv occur near  43N , 47F’~ and 4 1N , 48F. (Nowroozl , 1971).

In  ~;ene ma I the se ismi c i t  v is well enough d is t r ibut ed that no a rca i 5 exemp t from

high Sc i smic risk ac c o r d in g  to the  Russ Ian observ:i t I otis summarized In llyus et a I

1968’). The malor lt~’ of the earthquakes occur within t he  crust in the Caucasus

Mountains (Ket I ts—Borok , 1960; Byus et al . . 1968; Nowmoo~ i, 1 971): hut where the

Seismic zofle extends into the Casp ian Sea , the car t hquakes art’ subcrusta I, vi th
depths r ang ing  from SO to 150 km. These deepe r events  are possibly due to the
subsidence of the Casp Ian Bas In which has accumulated as much as 20 km of sed I—

men t in Its sou thern  port ion .

Source Mech~ n isms of Earthquakes

NE ! S ep i centers  for  events  in this area from •lanuary 1971 through February

I~ 7 S are shown In FIgure 1. The geologic faults in th i s  figure were i n f e r r e d

from a satel I ite plmtomosaic of the area. Most earthquakes are associated w i t h

th rust  f • t u l  ts in this fold be It s ince compress t on al  axes determined from fault—

p l ane so 1 ut ion are genera liv perpendicular to th trend o I the geolog ic st rue—

ture (Ke i 1 Is—Borok , 1960; Nowrooz I , 1 971). Wi t h i n  this dominan t  NW—SE strike ,

here is considerable var lance t o the Iau It —p l ane or i en tat! oi ls ;  and st r ike— sli p

not ion is not uncommon .

L ,j Velocity Model

r Deep seismic sounding studies report t-rusta 1 thicknesses r e a c hIn g  50 to 60

Nowroo~’ I , A. , 1971. Setsmo—te’c tonics of the  Pets Ian Plateau , Eastern Turkey
Caucasus, and Hindu—Rush  Reg ions , Bull. Sc! sin. - . Am . , 61, 117.

Byus , E. I . ,  A. D. Tskhakay.i, and H. M. Rubinsh tein , 1968. Regiona l seismic
zoning of the USSR: Georgia , in Seismic Z o n i n g  of the U SSR , edi ted by
S. V. Medvedev, Engl ish translation , Keter Publishing House, ~1erusaIem ,
Israel.

Ret I i s—Borok , V. I. , 1960. inves tl~ at ion of the Mechanism of Earthquakes,
Eug I isli trans Ia t ion , American Geopliys ica 1 Un ion , Washing ton , 1). C.

-8- J
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km In the Caucasus (Bel iayevsky et al., 1968; Borusk and Shalpo , 1976) and 35
to 40 km in the central Caspian Sea (Neprochnov , 1968). Table I shows the gen-
eral crustal and upper mantle velocity structure for the Caucasus area of Fig-
ure 1 (Beliayevsky et al., 1968).

L
Beliayevsky , N., A. Borisov, I. Valvovsky, and Y. Schukin , 1968, Transcontin-

en ta l  crustal  sections of the U . S . S . R .  and adjacent  areas , Canadian Jour-
nal of Earth Sciences, 5, 1967.

Borusk, A., and V. Shalpo, 1976, Correlat ion of endogenous processes in the
Great Caucasus and adjacent part of the Scythian Platform , in Geodyna-
mics: Progress and Prospects, ed. C. Drake, American Geophysical Union.

Neprochnov , H., 1968, Strucutre of the earht ’s crust of epicontinental seas:
Caspian , Black, and Mediterranean , Canadian Journal of Earth Sciences,
5, 1037.
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DATA

Ea r thquake Select ion

For this study shallow—focus earthquakes were selected from the Caucasus

Mountains and Caspian Sea regions. The NE IS list suggests that the large maj-

ority of the earthquakes in the Caucasus mountains occur within the crust.

Where the mountains extend into the Casp lan Sea , he ea rthquake s are subcrus—

tal , wi th  depths ranging from SO to 150 km. The ear th qua kes chosen were lim-

ited to the years 1971 to 1975 so that  we could u t i l i ze  the data from the large
seismic a rrays and the HGLP network.  In i t i a l l y ,  ea r thquakes  wi th  low M ,

relative to 51b’ we re sought; but  a survey of available M data revealed no

earthquakes with anomalously low M in this area f or 1971— 1975. Those earth-

qua k es w ith the lowest observed M values, again relative to 
~
1b’ (NORSAR

obse rvat ions) we re simp ly selected out .  We selected a total of 8 earthquakes

as listed in Table II and shown in Figure I. Table 11 also lists the depths

determined from pP observations at LASA, NORSAR , and selected WWSSN stations.

All of the selected events are located within the crust, except the Casplan

Sea earthquake (event 5).

Explosion Selection

The Caucasus earthquakes were compared to explosions in Kazakh and south-

west USSR which lie to the north and northeast of the Caucasus. We selected a

total of 8 explosions as listed in Table III for this comparison.

Seismic Stations

Digital data from the three arrays ALPA , LASA, and NORSAR and from the

available HCLP stations and film data from selected WWSSN stations were assem-

bled for these events. WWSSN stations were selected on the basis of magnifica—

tion and proximity to the region of study , and it is unlikely that stations not

used here would significantly add to the data base for these Caucasus events.

The available LASA and NORSAR short—period P recordings are shown in Figure

2. We have used the Al) subarray from LASA and the C3 subarray from NORSAR as in

our previous reports of this series in order to avoid signal loss at high fre-

quencies due to full—array beaming. The subarray beams have individual sen—

sors delayed according to the appropriate velocity.

—12—
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TABLE II

NEIS Parameters for Caucasus Earthquakes

Depth
This

Event Date Origin Time LAT (N°) LONG (°E) NEIS  S t u d y

• 1 7106280 10:53:45.7 42.400 43.300 4.6 34 16
4 2 710908 22:35:15.8 41.100 43.800 4.8 33 16

3 711015 17:08:06.3 41.428 48.571 4.9 33 3]
4 720203 02:29:21.9 40.719 48.403 5.1 39 23
5 731214 09:11:46.3 41.876 49.028 5.1 79 75
6 741223 05:22:08.4 43.128 47.049 4.9 33 33
7 750109 23:09:46.6 42.889 46.987 5.2 31 30 •8 750220 14:44:25.6 42.431 45.179 4.8 33 23

t

TABLE l i i

NEIS Parameters for Kazakh and southwest USSR Explosions

Event Date Origin Time LAT (°N) LONG (°E)

1 711222 06 59 56.3 47 .872 48.222 6.0
2 721003 08 59 57.8 46 .848 45.010 5.8
3 721124 09 59 57.8 51.843 64.152 5.2
4 730815 01 59 57.8 42 .711 67.410 5.3
5 730919 02 59 57.2 45.635 67.850 5.2
6 730930 04 59 57.5 51.608 54 .582 5.2
7 740625 03 56 57.6 49.889 78.115 4.8
8 741207 05 59 56.9 49.908 77.648 4.8

—13—
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Figure 2. LASA and NORSAR short—period P recordings for the Caucasus events
studied.
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Source E. t t  cc

We want t’d In it I al l y t o  I de n t  L I  y a source  m e ch an i sm I or e~tc h event so hat

we ceu Ed I red Le t t lie rat! I at ion pat  I. e• ru I or bully—w ave and sur  face—wave  phases

Dt’t cnn I nat ion I t 1w I au I t  p 1 aflL’s I or earth quakes whusc niagn It udt’s .t re be I ow

6.0 is gen er a l  ly not ret i a b l e  v i  t Ii t e l  c s ’  I uni te d a t a , and all our cart hquakes

hav e mb less than 6 • I-i rut met tons w er e  tI e c m i  ned when pous i h i t ’  I rem t he

dat a we had coil ct ted , .tutl  l i i  e m t  I ona 1 St I sino log I ca I Cent e r ( I  SC) bullet in

dat a was •i va I lab  It I t i m  e ve nt s  I t l i r oug l i  S • We have p lot ted a I I t h e  Ii rut

met I ens I t ’ r l i t  ( . iUt .iSus e ar l  l iquak es  in  I” i gu Ft J . t in I ti rt una t t ’ I v , I lie Sl ie r l  —

per led tIa I a were  not coils 1st ent  , and it is impos s lb It oii t lie Isis is t i t  t l i t ’

plots .11 ene (4) d d e  mm t u e  I n d i v i d u a l I an It p I .Ines because d I 1 at it i e u i a i  and

compress t o n a l  I I r u t  m o t i o n s  do h o t  se p a r at e  well. h owev er , t a k e n  t &igc t l i t r ,
the rt’ is a dom i nant -c o I comp i t S  S I ona I me t 1011 In t h e  c e nt r a l  to NE cent  ra 1

p ar t  & i I  t I n ’  I i-ca I sp here  p l o t s ;  t Ii  i s  won I~t Ft Su I I I rem t h r u s t  I au l  t lug N E in 
4

.1 d I r ec  t iou pe r l len d  I cii  l . i  r t o  ( lie I rend e l  I. lie Caucasus  Mount a ins  and is con—

— s t ’ui . i n t  w i t  Ii I. l i t  b et lv  u I  kn own  I o t a !  nit ’t - l i a u  hans I or this r eg i o n .

Corner I r equen t  I cu anti  se I urn Ic rnornt ’n t  s to r on r Ca ticauLIs ev e n t s  have been
— c ut  i mat t’d t rem slier (— p e r  i od I AS~\ and N ORS AR sj ~t ’ c I ra . T h e  Spec t ra ~ire shown in

F Igurt- -
~ . These spec I. ra a Fe I rein t li t ’ phased beams of t lie At) sub t r ray at  LASA

and C 3 suihar r.tv at NORSAR . ‘I he sanip I~ 1 t f l~~ t Ii was 6. -~ seconds. The u I g na t s

li .ive  be -eu ape re- ti , and the Inst Fume-n t  me spouse was removed I ron i t lie s i gn~t I and

no s~ spec t ma ; hut lit’ I i-a’ sl~e1’ t V i  lSi’t’ t’ 1101 bet ’fl sil l) t rae t dd I 1 0in I l it  s i gua I

~ l’~’~ t r i  — \ ( I  t ’uu ia I ion WaS F u -moved I rem t lie oh served ( t~ ~ (3 • 0) s p e c t r a  by

mu i t  I p l v  l u g  h~’ t h e  f a c t o r  ~-~~p [n I I * J wi t Ii a I * t i l  • 6 3 I or ~i Sour t ’c u i i t~t l t ’ 1

and .44 for a sou r ce  mode I at I A S , \  and t * ot  . 2 8  I or  u and .09 I or

son ret- mode Is a t  N OR SAR • The has is  I or I hos t ’ t * v at  iies w i l l  he shown l a t e r

j In t h i s  repo Ft  • Corn er  I requenc I t ’S were est m a t  ed wi I Ii t h e  ausump t ion ol

comp] t’ It’ ut rt - us d rep and a or asympt ot 1 c r e t  a t  I t ’ i i  t hi gli I req t ienc  I t S .

Many of the  cut  I rnat  es lie re of com e’ F I i ’quenc’~ anti long—per  i ott level a me t e n —

tun i s , and t host ’ w h i t - li  were made w i t  Ii 1 1 t I It’ con I idence are r e -p r e sen t e d  by

dashed 1 i nes i n  Fi gure  4 • Ocean lena l i v  we compu I ed spec I ra t o  r 256 second

wi neJ~w~ for those c~t St ’s w h e r e t lit ’ si gtia I — t o— n o i s e ’ r a t  lo was adeq IUi I . e  J t  I OWL ’ I~

I re qu ont ’ It ’s • For these  caSt’s I lie li ~q’e of t lie spec I ra was sul  I Ic  i en I I v  s l u l l —

i I i )  t lion t ’ I or  t lit ’ 6. 4 second windows  t twi t  we- have ne’ t shown t h e m .

— 15—



- - 

~~~~~~~~~ ~~~~~TJ~~~~~~~_~~~~~~~~~~ ~~~~~~~~~~~ ~~~~~TT~~ ~~~~~ 
- _ _

EVENT I

H/
I

‘-
4 

I + + 
+

+t-
+

,
1

Fi gure 3. First motions for Caucasus earthquakes in the l ower h a i l  et the ’focal sphere (Wulff net).

—1 6— 

- 

-

~~~~~~~~



- ~~~~~~~~~ —~~ -‘- ‘~~~~~~~~~~~~~
- - - --

~~~~~~~~~
------

~~~
—-  ‘~

N EVENT 2

I 
Fi gure 3 (~ ‘t ’n~~ . ) First motions for  Ca ucasus earthquakes in the lower half 01

the fo~’a 1 sp here (Wul f I nt- t) .

— 17—

- ~~~~~~~~~~~~~~ - ~~~1~--



— - __
~~
•
~

_
~~

T-.w-’- ‘ Z ’~~~~ ~‘~‘ - _2  _
~~2~~~~~L - - - -  -.-

~~~~~~ 
- -

1’

N EVENT 3

÷

+
+ ÷ ~ _ ÷ +

+ ÷ H
“
4

+ ÷
+ +

+

FIgure 3 (e’ont.) First n~~t ions for (.aucastiu earthquakes in the lower half e ’ t
the Ioc.il sphere (Wul I

_
I ne- t )  .

—18— 4 L
~~~~•_ , ,  - - ----- ‘.-.-~~~-. - _

~~~ — — 
~~~~~~~~~~~~ ~~LA ~~— ~~~~~~~ -



— ‘———— -- 
-

- —-- — ‘

EVEN T 4

+ 
+

+ +- 
_ ++

_ +
+ HH - +

- + +

-+
+

+
- 

- - +

I’
Figure 3 (cont.) First motions for Caucasus earthquakes j~ the lower h a lf  ofthe focal sphere (Wulf f  n e t ) .

I

—19-

- - -‘ -~ -- —
~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~ -



F)

I

N EVENT S

Figure 3 (cont.) First motions  for Caucasus earthquakes in the lower lsu lf ofthe focal sphere (Wulff net).

L 

-20-



__“u ~~~~~~~~~~~~~~ ~~~~~~~~~~~ 

- 

-.-

N EVENT S

+

+ 
H

+

+ ++

Figu re 3 (con t .)  First  motions for  Caucasus ear th q u ak~~ in the lower half ofthe focal sphere (Wuiff net).

-21- L



~~~I~~~~~~ HTTTH~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~

,-,

N EVENT 1

H
÷

I÷

Figure 3 (cotit.) First motions for Caucasus earthquakes in the lower half of 
-

the focal sphere (Wuiff net) .  
-

— 

I

‘I —

—22—

~~~~ ~~~~~ - -



~~~~
-,

_ _  - - ‘~~ 
- - 

_ _ _ _

N EVEN T 8

1

+
+

H 
+

-

+
‘I

- 

FIgure 3 (con t .)  First motions for Caucasus ea r th quakes in the  lower hal f  of

I 

the focal sphere (W ul f f  n e t ) .

I

—23—



~Ti’~ T ~~~~~~ 
‘

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

c~1
‘ -I ~~

0/ in

U II / 5
• tn -u -

~‘4;~. ~~~/ 
I

¶ ~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~ 

— 

~~ øc i  u • —~~~— —  u~ 3 .0I 5 3 .  I
N \ - ‘ - in
i i  / -

<-S- - S

2 : H
I 3.S—~ hI3i3 ~~ONV N ) ~OI

1VN9IS 3 SI ON -

—24— 
-

J



- - - 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
w -

. 
~~~~~~-.. .

‘I

~~ fti / 
—

I. I I,;

~~
II II :‘

I i  • 
/ • ‘U ’-

— ~ L) ul

—~~~~
- 

(_
i- -‘ 

— - - . 
I~~ 1’

~ 
‘
‘ 

.
‘ ‘— - ~~.

~~ ‘ 
-
~ ~‘ t )

— ‘- ‘— “~~ ‘ 
— tn ‘U

I ‘ “ 
~~~

- - - ~~~~~~ i’.

\ I
I I - - - - • - ‘-

4_I 4_) - - -. 
U

“ “ ‘I ~~
as - 

- • - 4.) 3.~~ ’
VI ~~) 

-
, - , - —

I -~ 
.
‘ - 

4’,

- -
‘ 

— __ - . -

I ( - - - - -

I. - _
‘ ‘ - ~~~

- - 1 / ~ Cu~~~u

- I / - ::1 f1

~~~ ‘

~~~ 
- 

- -~~~~~-‘

4 - 
4~ 4

VI -~~~ 
- , -

-
. — — ‘

-
- - ‘  

~ 4

in
* — ‘I - 

_ I; ’’
VI f /’ - -  - c

I- “ .1 ’~~
-
. 0 4’)

II’ - I / i ’ ~
1’ ~~

a
_ _ _ _ _ _  

-~ 
-r

— — — _

a — —“ I - — •1• 1’
(‘~“-—ShI3u ~~oNvr O $o~ ~

-;
4 

‘II

II

1VN 9IS 3ShON

- 
- -



~~
‘ I ~~~~~~~~~~~~~~

- - - ____________ — 
—

5 
2

i :4~:E: 11
~~ /~~~ 

• 
~~~ 

* 3 .0

SM SM 

SM

a a. ~~~
VI VI \ N \
SM SM ‘

~‘ ‘  ‘ “

= = ~~~~~~~~~~~~~~~~~~~~~ 
‘-~~~~~~~~~~~~~~~ -- 

~~~~~
~~~ -‘ 

u ~~~~~~~~~~~~ 

-

as as ~~~~~~~~~~
// •~

SM ~~~
— 1 /4  - ‘a / 1 -  ~~~~

— 1/ 
~~

-

~~

-

VI 1/ k ’ ’
SMp.. SM I
SM ~‘~L~’ .a~

SM 117 eda l i i  I 
‘U

VI ~~~

~~~~~~~~~~~ ‘ J  ~~ SIa “ I  •a

— -- -~~~~~~~~- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
-
~~~~~~~~~

--

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

- -

— 
0 

0

(1 - — 
C (7 -

~~~

I 310 SU31 3V *ONVN I lot
I”

11.~

H • —

iv~~,s 3SION

—26—

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
t 

-- - 

-



/
/ 

2/
a a U , .a a
II II 3/ II

. •I.. 
~
._ 

I I-

-~~~~— ~~ - ~~~~~— •,_-~~~~l.
, _ 0I - -~~~ - 

_
;~~~

___.
)_

________ I-’ CS 
- - -

~~~~~~

.
.•-/ • 

-. -
~~

• .-4I — — .e 
~__

w I n
• - I  

- - 
-
~~~ .

-- I n c

~~‘H~~• .-
‘ I ’  

di Ha. as -. - 
~~~~~~* 

c n nVI VI - ‘1 - •
. 

a S M  U)
— =  ‘-_ wSM SM 

~ I .a a ‘ .: 
i-i/ I

—o -~~~ •a. as 
•- 

in
‘~~~ ‘

~~~ / ‘ i  • -

~~~• SM —~ f i  •
~~ CVI ~ • ‘

I/ / i’ • -
- •

•

SM II 

~--f i 
-

~~~~~ 

~
I

~~~~~~~~~~~~~ lo~

I,

• 
1YN OI S 3SI ON

—27 --



a
— (A

• a a In
- - -

• • o w
US U

• 
- i- - - - :  :~~~

— - -—

‘t ,~~~~I 1
_ _ __ 

•
‘- - 

—

‘ - - s -I-. -
. “

:; ‘ ~~
\,

__ 

.~~~~~ ~~.

—
~~ 

_ _ _ _  _ _ _

* 
— *----

• (~~~‘— sNJJ 3WoNvN ) 1.1
w

• 14
SI SI

bOas • .4
VI 1~.

1~N9IS ISION

- I

— 28 —

-,-~~~~~~~~~~



_

~~~“~-~~~~~~~~~~~~~~~ T~~~~~~
- ---——~~~ T :—- -—- ” ~~ ‘

~

1.

a

CI
a. / a 5 .
• a 7 a

- U 
~ 

~~ / IS

— I —

~~~
s

w i n

- 
~~~~~~~~ 

-_

~~~~~ 

‘~~ ~I -
- a a ~~ i

— 
-~~~ 0

- 
~~~~~~~~~~~ - - ~~~~~~~~

-~ 
•(•____~ ‘

~~
-
~ : )- tj~~~ 

- -

,~ ~~~~
—

~~~~~~
---

-- - - -, C

J .~u((~~~~~~
\ 

:
_ 

~~~~ 
— 

•a ~~
- ,) -) •_ _ 5_ _ _

>,
( •~~

.

• (H
’-

I 
~_ 

~~~~~~~~~~~ 

- -

~~ 

- 

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

~~~ I
(‘~.‘— SII3L3INONVNP lot

- -

I as

H
1VN9IS ~SI ON

I

— 29—



~~~~~~~_____ _ --‘-~~~~~~~~~~~~ ‘ - .- ~~~~~~~--— 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

---5 - --- 5----- -- —5 --’- -“---5- —5--—- - - - —5. - — _~~~~_ _ _ _ _._~~~~~~_ L _ _ _ . ._ L . S ~~_ _ - - _ _ _~~~- —

‘I

a
a. — 

IA
0 a

N •
UI u o w

Sp.. I—

‘
~. 

~~~~~~~~~~~
(I 

(
~c~ •~::ia a CI / —.~~~~-~~~---. ~~. w c

~ /<<~~ -‘ D
SM SM ~~~~~~~~~~~ i (5)a. a. .

~~~~~~~~~ . . .S M
,~‘ ((

SM SM - . “-c’-. ~ SM 1-i uJ . - -( ‘ - a( ‘;:::~
SM 

•
r ’~ ~ (J~~~~~VI •

— •t ~~
‘

SM ~~~~~~~

H
I’ 3” —SII3L3WONVN) lot

- - 5-Ia
as as

•

• _
~_r~~ ~~ T

— —J~~~~~~ I ._t~~ 
~p.. w-- L a .— a a.

‘)VNSIS ISION
I -ç

-30- 

-
~~

- 
S 

- -- —~~~~ 
-- __

~~~~~~~~~~ 4 _ S
’_

-~~~~~~~ ‘~~~~



‘ ~~~~~~~~~ - --- — - ~~~~~~~~~~ -- - -  — J~~~~~~~~~~~ : T - ~~~~
- 

_
~~~~~~~~~~~~~~~~

- -

: a .

a a a
II SI SI

‘ n o

~~

11
H ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

/ -
~~ 

\ c : . .-
~~

I - -~~~~-~
-
- • ‘ -

/ “—
~~~~~~ -,;-~

/ ~~~~~~~~~~~~~ 
‘
~ •

~ ~~~~
H _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

• ‘L-.~-
-
~

”
- ‘ ‘ 1

i~ •
~~~~~

•
•

~

, ~;
—

-d _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
_ .  -

~~

a aa. a 0 0 0 C
—

( 3” —SII3ilWONV N) 101

4 L
1VNSI S 3810N

SM

—

— 31—



-- — ~~~~~~~~~~~~~~~~~~~~~~~ - -~~- - - -~
i

~
iiiT - -_ _ _ _ _

/ .~~~
a 

(5’)‘-Id Ø N/ ©a
US SI o w

/

- 

- 

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

~~~~~~: 

•~
g~; 

a. (
S M S M  ‘II -

17i) 4k SM i n C~ I .d 

~~ o w
a. as

-, a a  \~k
7JJJa

-
a —

VI

/~ -SM ..a. SM ~~~~~~~~ 

c wFl— VI -
• —

UI

2
w

-% 0 0 0 0 a aCI a - ,.~
I 

I I(~ °‘—St~3uI~oNvN ; So,
w

~! —
~~~~~

-‘! .$:. 
~~:‘)VN 9IS 3810NSM

—32—

i- I  - - 5- - - -



- 5~-’ 
~~~

•_

~~

_ 5 i5_ _  

~L~:- - TTH 
— --

~~ 
r— 

~~~~ ~~~~~~ ~~
C_ I

I

j- - 
:: r.- -~~~~~~~~cn

I —  ~~~~~ ~~~~~~~a a. _, 
- - - - 

- -
-Ip.. I’— j~ -~~~-- 

- .- - - 

~~. w c4_I 4.) (r — - - 
0. 0SM SM 1 ~~~~ ‘- U) 0.a. as - -I)-— a

VI VI —
-

- - - --- - - - ‘

/ — (U 1-.SM SM 
0 1 40 a \ \ A  - SM 1 4 o -~a

a .
~~ dl - - -a. a. - ‘ - 5-’

II~~~~~~~ /~~~~~~~~~~~~ -

• 
—5%( ~~/

‘

• •~1~
/~ •l

#
~

’ 
II

. 
~~~~~~~

I :1

!
I 1~a. 

-

I -o 
V V V -

~~~~:a. • 0 0 0 0 0 0 0
CI - ‘r 17 0

t~”-St~]i3~~ONVN So

1VN 9IS 3SIONSM

—33—

LA -~~~~~~~-- --~~-- 



~: T~~~’~~TIIT _J 5-
~~~~ _ _  

i — - ~~~~r~
- - - - -
~~

a ina a
a j~ a
II 

~~ / UI SI

~~~~~~~
-

~~~~~~~~
-
~~~~~~•-~~ 

‘
-

~~
~~~~~ H

• 12 ~>2  ~~
‘

: / — ~~~~~~~~~~~ .~~~ In

— z cn~~~

- 

/ —
c r 7  ‘ 

:::--

1S) ,- --

SM

a. -4,-, - I n c
• Vo w

F —~ (1’ ~.“ ( 5 ) 5a. a. \(~~~I 14

SM
VI ~~~ P11— a  ‘-111 ~~~~_J

a —
SM 

VI
p . . S M

K

a.~~ —
5 

~~~ 4J

•ci -~~ w
0 —-o I

I — 2
• a a a a 4.

— a -r CI
I I I 

-
~~~

( ‘3°S—S~~i~WO NV N) 101
w

a
a. a.

VI

H

1VN~ IS JSION
SM

U 
— - -5- --- - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



-— 
-
~~

-,-—-
~~~~~ 

-‘ ,--
~~ 

-
~~~~~~ — - - -- 

~~~~~~~~~~~~~~~~~~~ 
— - - - —

- —-
~~~~~~~~~~~~~~~~~~~

-
~~~~~

--- -
~~~~~~~~~~~~

- - --_— - 5 - —- -—- -5—— --

(Aas as — 
SCd a a ( A .

a a
II  SI II S

c~~~oC ;- ;- ;-

~~~ 

-I__

~~~~~~~~~~~II•__ ~~~~~~~~

U

-

I t~ °~—SB3uw QNvN ) hi

- 1VN9IS 3SIONMO

—3 5—

-

- -55-

- S



-7 ’  — -~ 
- - 

~~~~~~~~~~~~~~~~~~~~~~~ ~ 
- - 

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

- 

- - -- -
- - - - 

—
~~~~~ - - - —-

1-,

as -I ~a a
a a

US II
• ( n op.. ~H _

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

~~~ — - 
~~~~~~~~~~~~~~~~

C C çç~~- -
SM SM - — — ‘U0 a r~ ‘z :  ‘4.4

- ~~
‘1 - - -~~~~

--
~~~~ 

::~ -- a - uc —
-.d ..S 5 

— C-ias a. 
— 

- - ~~~~~~— — 
-
~~f / ~/ .- - - - - - - - - 

—•~ * 
.- ‘ ,-  5 -- ’ W a~

•- (‘~~~~~ ).. 3 0o SM ~d “— “—
~‘-... ~~ €. ~~ 3SI ~~~~~~~~~~~~~~~~~~~~~~~ _

:- 

_
o
a~~~~ ~~~~~~~SI

( (( —
~~~~ ‘ n 1 4

SM~~~~~ /// •/
—~~~~~ 

( (‘( 
‘

4

SM — \ I I  ~-
‘ S E

~~ SM j ,~y ~/ Sa j~j - ’ 
~‘1 4-4VI 4.) 

~~~~~~~~~~~~~~a VI /# /a 
~~~,-I

3~ I.~I

I,’,,) z~

/

,4, 
in-

, 
O SII < a.

-a‘1 - - • 
< 4-5’a (/) 142

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
I

V V V V
O 0 0 0 0 0 0 a 0
* CI Cd — 0 — Pd CI aI I I I

(‘
~°°—SiHl3ñONVN ) I0~

w
‘4a a

VI

: —

~~~~
==-

~~~~ 

~~~~1VN9I S 
~SION

—36—

-~~~L - — —  

._~~~~~~~~~~.
_ __.1



.~~~~~ • ‘
~~~~~~~

5 - 5 -
~~~

—
~~ 

5-

~~~~~~~~~~

5- 5- 5- 5-’

~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ‘~T- ‘~~ ~~ r--~~ ~~~ • -I
~75~~~~~~ 

-

Sc i smic moment  v i  s ~- ,i I t ’ u i t t  ed f r o m  t he l o n g — p e r  tRI  1) ()( IV —W ~IV e S b C  t ra I

d j~ 1~ lacemtlflt u es I m a t  ed in F i ~u re 
!~ ~~ Il1~ t lie i- c 1 a t  10)1

- ~~I) Cl

~I = —

0 R

wlit ’ re R 
- 

was ass umed t ~ ‘ be u n i t  v due to  l a c k  of kn ow ledge o t the I n c  i i  n e c -h—

a f l i s m , v a l ue s  of from Us h l e  I a p p r o p r i a t  0 4) ti’e s o u rc e  ( 1( 1) 111  ~e re  used ,

and the  d i  vt rgence I a c t o r  I) was a p p l i e d  1. Ren — ~1ena 1 em e t a I . , 1965) . A gr a p h

of moment versus  co rne r  f r e q u e n - v  i s  shown iii F i g u r e  5. Our e ven t s  ía I i  clos i ’
tO  or be tween the  c o n s t an t  st  ross  d rop  l i n e s  o I  U ank s  and l’h i t e l i e r  ( 1 9 7 2 )

m ica  t ing t h a t  our  e v e n t s  a r t - of Lu te m e d  f a t  e st r e s s  d r o p .

We at  tempted to I hid t h e  l.R r a d i a t  ion p a t t e r n  f or  each event  by p l o t t i n g

the  a n t i  logs of t h e  ~I Vil 1 ues for e s c i ,  event  as listed in Table IV . The

r e s u l t s  f o r  t he  lar ge s t  N ea rl  h qu ake  , eve n t  7, are  shown in Figure 6. The

maximum an t  i l o g  is p 14 )  t t e d Ofl t h e ou t  t’r i’ i rc I e , and all t lie o t h e r  a n t i  log

values are  s c a l e d  l i ne a r  l v  between tht e i- en t e r  of t he  p lo t  and the  r a d i u s  of

the  c i r cl e .  The obse rved  d i s t r i b u t i o n  of a m p l i t u d e s  does not  obviously con—

forri to  any  quad r i r o l e  r i d  i at ion pat  t e r n  , wh ic-h is prob abi  v due to  v a ry i n g

propaga t ion e f t  i c !  t’oup led w i t h  t he  t a t - ge c pi c e n t r a l  d i s t a n c e s  and the  small

magnitude 0! t he  e v e n t  s s t u d i e d .  The s c a t t e r  of d a t ; i  p o i n t s  f o r  all t~ic e v e n t s

was s~- poor t h a t  no a t  t -I Hp t was made 11) f ind the  b e s t — f i t t i n g  r a d i a t i o n  p a t —

t e r ns

Prop ii~a t  t o n I I  t ec t  S

We mt -as u red ri-I t a t  I ye mant  ie a t  I enua t ton a l o n g  t he  pa t  lis f rom the  Ca u c a s us

to  LAS1\ and N I ) l ~~,\i- ~ • ho o n ly  two s i t e s  f o r  whi ch we had sho r t—per iod  d i g i t a l

dat  a .  Our me is ure m e - n I of at C enuat  ion is t h e  f a c t  or t ~~~, wh ich i s  the  t rave  I

t ime along  the  r ay  p a t h  d i v i d e d  by t i l e  average at  t enua t  ion f a c t o r  Q.

• 
g, -n— ~1t-n ihie m , A. , S • Smi t Ii , and 1’. Teng,  1965. A p r o c e d u r e  for souri’e studies

f rom s pec t  rums of 1ong—p er ~ od s e i smic  body wave s , B u l l .  Seism . Soc. Amer.,
5’i , 203 .

Ihinks , 1., and W . T h a t c her , 1q 7 2 .  A g rap h i c a l  r e p re s e n t a t i o n  of s e i s m i c  sour t ’e

• pa rame 1cc-s 1 J. Geo p l v s , Res .  . 77 , 4393.
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Vs FA)~1~E I V

Magn it ode Dat .t for (ati t’_ C S US Ear th quakes

EV(’ Ilt I

Station -\ in M
b s

— BI lL 64. ()  4.76

CIIC il • 1 4 . 2 1

COt 72 .  1 A .44
¶ LASA 87. 2

MM’ 69 . 4 5.50
NM 44 . 1 4.19
NI!. 15.0 4.56

N ORSA R 26 . 9 6. 19
N I IR I l .  I 4 .1 1)

2 1.78
5DB 61 . 5 4 .68
SIlL 43.0 4.16 P 1
‘I’OL 15 . 1 4.85 4

AvERA (;I-: 4.46 4.44

Event  .!

Stat  1 011 A in
ii s

69 .5 4 .9 1
lW! 61.8 4.97

CIIC S I • 8 4 . 76
cot. 71 . 6 4 .37
E l! I 1.6 4.29
KOl) 42 .8 6. 63
KON 28 .0 4.57 4.17

l.A Sit 88. 6 1.93

~-tAL 11. 1 4. 17
dl i .  24 . 4 5 . 11
NORSAR 18.2 4.88 1.62
NUR 2 2 . 7  4. 5 1
(lCD 80.7 ‘0.44
P00 14. 2 !~ • 76 .94
QUE 11 .7 4.05
Sill, 42.5 4.56 1.79

T01• 1’, .~
) 4.70 1.84

AV 1- RACE 6.65 1.92
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_ _ _ _ _ _ _

—
~ Even t  I S

- 
-t 

S t a t  ion A Iiit

AI PA 7 3 .0 3. 67
RAO 65.8 5.01)
BI ll.  64. 1 4. 66

48 . 3 4 . 99 3. 66
COl. 1? . ‘t . 04
E l I .  1 . 2  3.80 2 .96

- - FBK 7 3 .0 3.88
(:011 5 5 . 1  5 .25
KOl) 40 .2 4 . 4 2
RON 30.0 4 • /  i. ,‘~~LASA 89.4 5 .28 3.51
MM. 40.8 4.84
MAT 66.5 4.84 4 . 8 3
NIL 21.0 5.12
N ORSAR 30 .0 4 .7 5  3.58
NUR 24 .0 4. 87
(Xil) 82 .8 4 .4 5P0() 31.4 4.58
QtlE 18.6 3.93 3.42
Sill. 38.9 4.91 3 .63
11.0 39. 3 3.09 5

AVERA G E 4 . 7 6  3.71

Event 4

S t a t i on A m P1h s
AI.P A 7 3 .7  4. 67
AI .Q 100 .9 5.2 2
ALQ 100.9 5.4 3
BAG 66.0 5 .00 4 .54
BIll .  63 .6  4 .96
CH(; 48.2 4 .4 6
CHG 48.2 4.60
COl. 73.6 5 .31 4 .94
CTA 108.7 5 .22
El I. 15.6 4 .4 7
FRK 74.0 4 .60
RON 30 . 5  4 . 1 1
RON 30.5 5 .09
LASA 90. 1 5 .67 4 .57
MAT 67.0 5.38
NA I 4~~. 3 4 .68 4 .70
N I l .  20 .9 4 .79
NOR 46 .2  4 .58
NORSAR 30.5 5.29
NUR 24 .6  5 . 2 2  5 .uO
OCI) 8 3 . 3  5 0 3
QUE 18.3 4 .28  4 :45
SOB 64. 3 4.84 4.99Sill. 38 .9 4 .47
101. 39 .4 4 .88 4 .29

AV ERAGE 4.93 4 .77
£

. 1  
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• Event 5

Station 1%

ALPA 72.5 3.83
ALQ 100.0 4.46
BAG 65.5 5.26
BUL 64.8 4.80
CHG 48.0 4 .80
COL 72.4 5.16
CTA 108.5 4.00
DAG 44.4 5.09
KOD 40 .3 4.10
KON 29.9 3.83
LASA 89.1 5.56 3.90
MAT 66.0 4.25
NAI 44.5 4.00
NIL 20.7 4 .94
NORSAR 29 .9 5. 49 3.38
NUR 23 .8 5.27¶ QUE 18.5 4.01
SDB 65.5 4.96
SHL 38.7 4.51

V TLO 39.6 3.72
‘1 AVERAGE 4. 89 3.86

Event 6

Station in. M
D S

ALQ 98.3 4.60 4 .77
BAG 66.9 5.00 4.55
BUL 65.5 5.06 4.61
CHG 49.7 4.97 4.24
CHG 49.7 4.48
CTA 110.1 4.53
DAG 42.8 4.60
DAV 76.8 4.87
KIP 111.4 4.71

- j MAL 39.4 4.80 4.59
MAT 66.7 4.96 4.97

- 

- 

MAT 66.7 5.10
NAI 45.3 4.87 4.44
NIL 22.5 4.79- 

- NIJR 22.0 5.23
OGD 80.8 4.70
QUE 20.5 3.79
SDB 65.6 4.57

-
. TLO 37.8 4.14

AVERAG E 4.86 4.57

—41— I ’
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Event 7

Station mb M

ALPA 71.6 4.78
ALQ 98.5 5.07 4.88
ALQ 98.5 4.82
BAG 67.0 5.54 4.85
BUL 65.3 5.00 4.83
CHG 49.7 5.30
COL 71.6 5.03 4.99
CTA 110.1 4.61
DAG 43.0 4.70
CDt-I 53.9 5.09
LASA 87.7 5.89
MAL 39.4 4.76 4.28
MAT 66.9 5.57
MAT 66.9 5.42
NAI 45.1 5.01 4.76
NIL 22.5 5.29 4.61I NORSAR 28.1 5.01 4.70
NUR 22.2 5.22

• QUE 20.4 4.01
SDB 65.4 4.96 5.31
TLO 37.8 4.14

AVERAGE 5.13 4.78

Event 8

Station in. M-
- 

b S
ALPA 72.2 3.69ALQ 98.4 4.60 4.62BUL 64.4 4.36
CHG 50.9 4.54 3.39COL 72 .2 4.73
DAG 43.0 4.80-

. - CDH 53.8 4.91
KIP 112.6 4.58LASA 87.7 5.19 4.01
MAT 68.2 4.25
NIL 23.6 4.50
NORSAR 27.7 4.49
NUR 21.9 4 .79
OCD 80.4 4.74 4.07QUE 21.3 4.67 3. 59SDB 64 .3  4 .70  . 

-
~~~

- 
-SIlL 41.6 4 .33  3.68TLO 36 .7 3 .78AVERAGE 4.67 3.97

—42— 
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Figure 6. Observe d LR amp11 tud~5 (1 — 20 5cc) for  Caucasus event 7 .
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(-Fe determine t* by f i r s t  normalizing and then summing the spect ra shown

in Figure 4 for  each of the two paths — Caucasus to LASA and Caucasus to NOR—
SAR . These averages are shown in Figure 7 and 8 and represent the average
relative ground displacement density spectra at the t rue sites. If we assume
that  the sour ce spect ra has an f 2 

fall off at high frequencies, then

F(f) S.f 2. e
_
~
ft*

for frequenceis above the corner frequency where F ( f )  is the average of the

observed spectrum (corrected for  seismograph response), S is the sou rce spec—
trum scale constant, and f is frequency in Hz. Then a f t e r  taking the natural  - 

-

log of this equation

&n [ F ( f ) ]  + 2 .Z n ( f )  = _ -il t *f + R.n(S)

If we plot 9.n [ F ( f ) J  ÷ 2.tn(f) versus frequency for each path , as shown in Fig—

ures 9 and 11, the slope of the graph is —i~t~~. We calculated the slope in the

frequency range 1.0 to 2.5 Hz, where the signal to noise ratio was highest,

and presumably beyond the corner frequency so that the high—frequency asyptotic
—2slope of f characterizes the source spectrum. Figure 5 shows that some of

1’ the corner frequencies are above 1 Hz, so the data may not be well fitted by

J the above equation; but if a higher frequency range were used, we would ser—

iously contaminate the average spectra with background noise. The e f f e c t  of

using spectral estimates at frequencies below the corner frequency is to bias

the slope or t~ toward a lower value than the actual one. Thus our t* results

here are not as reliable as needed to confidently quantify the attenuation
- - along the two paths. Similarly , the equation for a source spectra with an f 3

fall off is

kn [F(f)) + 3.R.n(f) = _itt*f  + 9~n( S)

If we plot the left hand side of this relation versus frequency for each path

as shown in Figures 10 and 12 , the slope of the graph is again _lTt*; but it is

based on an assumed f 3 source spectrum. The t~ values for an f 2 source model

are .63 ± .08 for the Caucasus to LASA path and .28 ± .06 for the Caucasus
to NORSAR path. The t~ values for an f 3 source model are .44 ± .08 for the
Caucasus to LASA path and .09 ÷ .05 for the Caucasus to NORSAR path.  We add

that there is a predominance of theoretical models which imply a f
2 source

spectrum rather than a ~
.3 

one (Geller, 1976).

Geller , R. J., 1976. Scaling relations for earthquake source parameters and
magnitude, Bull. Seism. Soc. Am., 66, 1501.

—
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—3.0 -

—4 .0 —-_____

0.0 1.0 2.0 3.0 4.0 5.0

- 
FRE QUENCY (Hz)

Figure 7. Average of all short—period P spectra for the path Caucasus to LASA.
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Figure 8. Average of all short—period P spectra for the path Caucasus to
NORSAR.
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-

.
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—6.0 -

- I  
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FI gure 9. Ln(F) + 2. ln (f) versus frequency for the pat t i  Caucasus to LASA.
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0.0
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~
0 2
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’
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Figure 10. Ln(F) + 3 .ln ( f )  versus frequency for the path Caucasus to LASA.
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• C A U C A S U S  TO N O R S A R

—1.0
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Figure 11 . I,n(F) + 2. ln(f) versus frequency for the path Caucasus to NORSAR.
S
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Figure 12. Ln(F) ÷ 3•ln(f) versus frequency for the path Caucasus to NORSAR. 
*
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I’he re appt - .I r s t o  h. i s  -~ rca 1 •l i f e  r em-c i n  .~ I t t I lu . i t  ion I) t~t wt-t-n t lie t c.-~-

p a t h s  .ts rove. i  led i i i  the ~tp~-~-t I I ;  not  t l U  t h e  w . I v c I  e l i t e  i n  Figur e 2 do not

c i . - a r l v  r e t  l .~~t th is . h. ,1ti~~.lsIIi-t t o  Nt ~ I-~S.\l~ p , i t l i  h i s  l e s s  . lt t . - IIII,I ! iOn , IS

• expected since ill. - ‘ i t  Ii i s  m. - s l  i v thi r oii ~.ti c O O t  I I ief ltal  s h i e l d  a t ~~- . i s . Values

01 t~ b r  t i l e -  t -x p los  i o n s  I or  in  I s o u rc e nct.lel we -r e  ,* iso calculated (von

Se’ggc rn and B l and  I i d • I ‘~ 72 • Fhi est - * v i i  t ies a r e  . I ~ + . 1 7 I ’  r t h e  sout  liwe - s t

USSR (events 1 i c - I  2 )  t o  l.. \~ .\ 11 t h , .2 1 + • F I or t h e  We st  K a : i a k h i  ( even t s  3

t h r o u g h  ~~ t o  L\*\ pat ii , . 1 1  .0 • I or  t h e  vest Ka:.ikii t o  NO R SAR p a t h , . l h  ±

.10 f o r  the  Eas t  k . i c . i ~~I t  ( c v  n t .s ~ and 8 1 t o  l ASA p a t h  and .05 + .08 f o r  t he

I . ist  k.i~~i L I t  to  N I 1~~~ - \ E  s i t  h N i 1ESAR s i g n a ls  were  not recove red b r  t h e  s o ut h —

w est  U SSR exp  lo s  i • - i i ~ . . c t e d , t lie exp ios  ion t * ~‘ , i l  ties I or  t lie p a t h s  to

N L ) RSA R .ir e lower  t l i . i i i  t h e  v _ i  1 t i e ~~ t t ’ i  t h e  j ’ . l t  is to  LAS1\ 5 Hh-~~ t h e p a t h  to

Nc ) R S A R  i s  t ii r o c i g  ii  c Oil t m e n  t t i l sli ie Id a r e .1S wh i Ic t h a t  to LASA i a ~~se~ t h r o u g h

t u e  h i d  r e comp I c - a t  ed t t -~- t  on tc  p r o v i n c e  of t h e  w e s t e r n  Un i te ’d S t a t  es , where

- i t t  eflti,l 1. i on is  known t. o he high.

Vo n St -gge -r n  and Sobe I ( l~ 7~ ) have presented a me thoel of pr edict ing 20—

ste ~ond Ray lei gh—wave a m p l i t u d e s  by ge o m e t r i c a l  ray t r , i c  i ng - Th e i r  work  shows

that l~tt cral changes in 20 — second  l.R—phase ye b c  I tv can cause  maj or mu l t i p a t h—

tog and also large teleseisnic amp l itude variations due to accumulated small—

st-ale ret rti ct 100 et tects. l j~~tire I I i l l u s t r a te s  t h e  p a t h s  of raY s w h i c h  result

or e v e n t  7 ( 42 .  ~)N , 47 .  01- ) . (The r ay s  wh 1 ch pass c lose to t he N o r  t Ii P o l e ’ We ’ 1 1 ’

stopped c l o Se ’ to  t h a t  p o i n t  due to r t i v — t  r ae- ing n u m e r i c -a l  p rob l  ems near t h e  po ]  es .

No .it t emp t is made t o  q t i , l n  t i t  I ye I ’  re - I  at  c t l te ’se p a t  F e ril s 1 o ob s e r v e d  LR amp l i t u d e s

s ine . - we canno t  .-o r _~~~
- t t he  p red i i~ t i ’d amp 1 i t  ni le  f o r  source  me’chi an i 5111, bu t  We ’ c ’ an

qua l i t a t  i v e lv  co f l lp t i re’ t l i ~’ p a t t e r n  of r:i~~ t o  M r e s i d u a l s  c . i i c u l t i t e d  f ront  t he’

magnitude data in T.ib 1 e I V .  tTh ere t he r ay s  cross  we can cXl~ec t e .ithier cOflSt m c —

t i ye - intert e-reflce ( large - posit i vc  re -s t d c t a l s  .cs at  1\l. i~ , ~L\ U , 0( h) and SI)B in

lab Ic IV o r  Jest  i ti c t i v. j i l t e r  e’ r e l i c -c ( 1.i rge nega t ive  l e s  dciii i s  as a t  N O R S A R ,

Q t ’E and TIlL) . l’he’ ~I r e S  idcia  I s  a t  C}k and LA SA a i c  l l e ’c. i l  t 1 \ e ’ • as can be pre—

- 

- 

dic  ted f r o m  t h e  ci ~ V e  i i . ins r ;ivp a t l i s  n c i i  t hose s i tes  • S t a t  i o n s  wh i  c-h r e cor d  a

st .ib I.- amp litude ar e - des ! rable ’ f o r  e~t i l ih i - a t  ing a source’ re-g I O U  ill magn ittie l e

von Segge rn , D. , and R • B l a n d  fo rd , I Ci 72 .  Son rce t i me f u nc  t b u s  and Spec’ t ra
fo r  underground 0ue le ar  explosions , c.eop ht ~’s , ~ . , ~ I , 8 3 — Q 7

von 5e c.ge’ i-n , I). , and P. Sohe I • 1 q 7 l-:xpe rintents in ref tnt rig N 5 es t i m a t  es f o r

seismic events . SDAC Report N~ I R —  7 ~~
— 17 , Te ledvne (~eetech , Al ex andr ia ,

\ i r g i n j a .
— 51—
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DISCRIMINATION ASPEC rS
a

M-
S

In this and the following sections we apply several common discriminants

- 

-
between earthquakes and explosions to the Caucasus earthquakes and Kazakh and

Southwest Russia explosions. We independently determined average M and m.D
values for the Caucasus events in Table II using WWSSN stations, HGLP stations,

and the ALPA, LASA , and NORSAR arrays. The data used in the average estimates

F is listed in Table IV. Negative values in the table indicate noise measure—

ments which were used as upper bounds for the signal amplitudes. Magnitudes

were computed according to the formulas

log (A/T) + B(t c )

N — log (AlT)  + 1.66 log A + 0.3

where A one—half the peak—to—peak maximum recorded amplitude reduced to m~i

ground disp lacement ,

I period in sec- nds (restricted to 17 to 23 sec for M calculations),

-~ = ep icentral distance in degrees,

Gutenberg—Richter correction term for surface—focus P waves.

We also independently determined M for the Kazakh and Southwest USSR explo—

sions in Table III using the NORSAR array and HGLP stations. The data used

in the average estimates for explosion M are listed in Table V, and explo—

sion m.
D 
values are from the NEtS list. Throughout we have used a method of

magnitude averaging proposed by Ringdal (1976) in which the magnitudes at the
‘
~j individual stations are assumed to follow a Gaussian distribution. Among this

distribution, amplitudes corresponding to some magnitudes will fall below the

noise level; and Ringdal’s method then substitutes a noise measurement at those
- - stations which don’t detect and computes the maximum likelihood estimate of

magnitude based on measured signals and noise. The effect of this procedure is

to more accurately define the magnitude of events not widely recorded ; more

specifically, it usually results in a lower magnitude than that produced by

routine averaging of observed magnitudes. The M— m
b 

plot using this method for

all the events of this study is shown in Figure 14. Note that two explosions

(events 7 and 8 in East Kazakh) had no LR detections, and an upper bound has

been plotted for M5 using the NORSAR noise level of Table V.

Ringdal , F ., 1976 , Max imum—likelihood est imate of event magnitude, Bull.
Seism. Soc. Am., 66, 789. - -
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TABLE V

Magnitude Data for Kazakh and southwest USSR Explosions

Event 1

- 
- 

Station A M
S

• CHG 50.1 4.25
EIL 21.0 4.25
KON 25.2 4.25
NAO 35.9 4.92

AVERAGE 4 .44

Event 2

Station Lb M

KON 24 .3 3. 25
NAO 25.4 3.55

AVERAGE 3.40

Event 3

Station A M
S

CHG 42.8 —3.44
KON 30.7 2.86

AVERAGE 2.86

Event 4

Station A M
S

CHG 35.8 —3.83
KON 38.4 3.67
MAT 53.3 —3.85

AVERAGE 3.60

—55—
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Even t 5

Station A H
S a

KON 36.6 3.31
MAT 52.1 —4.08) - AVERAGE 3.31

i_S -

Event 6

Station A H
S

KON 26.0 3.54
AVERAGE 3.54

Event 7

Sta tion Lb M I 

-5

NAO 38.1 —2.61
AVERAGE —2 .61 (maximum)

Event 8

Station A M
S

NAO 38.9 —3 .10
AVERAGE —3.10 (maximum)
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The magn itude averages of those events where many of the readings are

noise levels are lower than what would result if only measured signal ampli—

tudes were used , as expected from Rjngda1~$ method. Where only noise measure—

meets were used in the M determination, an arrow in the figure represents

the maximum H value. The line M m —1.5 (suggested as a discriminant line
s s b

by Blandford and Clark (1975) and earlier workers) clearly separates the Cau—

casus earthquakes from the Kazakh and southwest USSR explosion population .

This line would also separate the suite of Asian events studied by the Dahlman

et al. (1974). The Kazakh and southwest USSR explosions are located approxi—

mately 10 to 25 degrees north and northeast, respectively , of the Caucasus

earthquakes.

Corner Frequency and Long—Period Spectral Level

Figure 15 is a plot of ~u f  versus corner frequency for the Caucasus

earthquakes and Kazakh and southwest USSR explosions recorded at LASA and

NORSAR. No long—period P phases were recorded at the long—period arrays due
- -q 

to the small magnitudes of the events , so the values of were estimated

from the spectral data of the short—period vertical component. Hanks and

Thatcher (1972) have shown that, for a given long—period level, tunchitka explo—

sions have a higher corner frequency than Aleutian earthquakes. The physical

basis of this discriminant Is the smaller source time dimension of the explo—

sion for a given long—period level. However, Figure 15 shows no separation

between the Caucasus earthquakes and the Kazakh and Southwest USSR explosions.

There is a slight trend toward higher corner frequencies for lower for

the explosions and the earthquakes. The lack of a clear discriminant could be

due to characteristics of the sources examined in this study. Another possible

exp lanat ion is that , due to the low magn itude of the events studied here, a

clear asymptotic value of 
~~~O 1 was not possible in most cases.

Blandford , R. R., and D . Clark , 1975 , Variability of seismic waveforms record—
ed at LASA from small subregion of Kamchatka, SDAC—TR—75—l2 Teledyne Ceo—
.tech, Alexandria, Virginia.

Dahiman, 0., I. H. Israelson , A. Austegard , and G. Hornstrom, 1974 , Defini—
- - tion and identification of seismic events in tile USSR, Bull. Seism. Soc,

~!!!.‘ 
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Long—Period Body—wave Excitation
There were too few long—period P observations to determine average event

ratios of these quantities to other phases. All of the long—period P observa—

tions were close to the noise level, as would be expected for these small—mag-

nitude events. No clear long—period S waves were observed on the recordings

analyzed for the Caucasus earthquakes.

Depth of Focus

All of the Caucasus events studied here, except event 6, had apparent pP

phases recorded at either LASA or NORSAR or both arrays. Some of the picks

made here are tenuous of course. No LASA or NORSAR short—period data was

available for event 6; however, pP for event 6 was observed at a few of the

WWSSN stations. The pP phases recorded at the WWSSN stations agreed with the

depths determined at LASA and NORSAR for all cases and in fact helped to

establish che LASA or NORSAR pP picks in some cases. Thus many low M —in.

events in this region could be identified as earthquakes on the basis of P

observations. pP was of course not identified for the explosions, but this

fact alone cannot function as a positive discriminant. Although for crustal

depth events there is little pP moveout, when both LASA and NORSAR pP observa—

dons were made for the same event they showed the correct sense of moveout.

Complexities

We have computed the “complexity ” parameter as seen at LASA and NORSAR

for the Caucasus earthquakes and Kazakh and southwest USSR explosions in the

manner given by Lambert et al. (1969).. Figure 16 shows the complexity values

versus 
~
1
b~ 

We reiterate that LASA and NORSAR beams show apparent pP signals

in most cases since this presense will tend to enhance complexity. The com-

plexity numbers for the Caucasus events were generally higher than, but over—

lap with, the numbers for the explosions. The lowest complexity numbers for

the Caucasus events for event 5, a possible subcrustal event in the Caspian

Sea. The low complexity value for this event is likely due to the late arri-

val of the pP signal, beyond the 30—sec signal window used.

Lanibert, D., D. von Seggern, S. Alexander, and G. Galat, 1969. The LONGSHOT
Experiment, Volume II. Comprehensive Analysis, SDL Report No. 234, Tele—
dyne Geotech , Alexandria , Virginia.
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Spectral ratios have been calculated at LASA and NORSAR according to aform suggested by Lacoss (1969) 

51.95 / .85
R = / A ( f ) df 

/‘ I A ( f ) d f
1.55 / .45

where sums of the equivalent terms of the discrete Fourier transform havereplaced the amplitude spectrum integrals A(f)df. These ratios for the spec— - -tra uncorrected for attenuation are plotted against in Figure 17 for theCaucasus earthquakes and Kazakh and southwest USSR explosions. The spectralratios for the same P recordings are Plotted in Figure 18 after correcting forattenuation with t* values for ci~~
2 

sour ce models for both earthquakes andexplosions and for a source model for earthquakes. Bars connect the spec—tral values resulting from the t*’s for the two different earthquake sourcemodels.

The amplitudes of the P spectra were greater than the amplitudes of thenoise spectra i~ the frequency range 0.4 to 2.0 Hz for all of the LASA andNORSAR beams. The spectral ratio did not clearly depend on in,
0, 

M , or depth.In general the explosions show larger spectral ratios than the Caucasus earth-quakes, but the explosion and earthquake populations cannot be said to separ—ate.

Radiation Pattern

Some body waves for all the Caucasus events show distinct dilatatjonaifirst motions, suggesting that these events are earthquakes. However, due tothe low magnitude of these events, first motions were difficult to determineon most records. The overlapping compressioflal and dilatational first motionson the focal sphere diagrams indicate that this is not a reliable discriminant.— We were not able to determine a radiation pattern from the LR amplitudes owingto the large scatter, which is caused by propagation effects, such as Q dif-ferences, dispersion effects on time—domain amplitudes, and focusing or defo-cusing due to refraction as illustrated in the predicted raypaths in Figure 13.

Lacoss, R., 1969. A large_popula~j0~ L-ASA discrimination experiment, TechnicalNote 1969—24 , Lincoln Laboratory, Lexington, Massachusetts.
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S/ i ’  E x c i t a ti o n

As would be expected for these small magnitude events , there were no
- s l l or t—pcr l od  S observat ions f rom the Cau~ ~~us events to determine the ratio

of S/p ground dis~ 1acement. No clear long—period S phases were seen either.
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SUMMARY -.•
Ei ght ea r thquakes f rom the  Caucasus and eI°lit Kazakh and southwest  USS R

exp losions were examined in a seismic discrimination context. Most of the

Caucasus events lie close to major  f au l t s  observed in s a t el l i t e  p hotographs . 
- 

-

I t  was impossible on the basis of first motions to determine i n d i v i d u a l

fau l t—plane  so lu t ions  due to the small  m a g n i t u d e s  of the  events , but  t h r u s t

faulting may be ind icat ed  by the  c o m p o si t e  p a t t e r n .  We were also unab le  to

determine a r ad ia t ion  p a t t e r n  f r o m  the  LR amp l i t u d e s , p robab ly  due to varying

p r o p a g a t i o n  e f f e c t s . The f o l l o w ing c h a r a c t e r ist i c s  of the Caucasus events

ind ica t e  that a l l  the events  are  earthquakes:

— Al l  the  presunled ea r thquakes  had appa rent  pP phases recorded at LASA ,

NOR SAR , or some of the- WWSSN stations.

— A l l  the- Caucasus events fail above the l ine M = m — 1.5. The Kazakh
s h

and the  sou thwes t  US SR explos ions  l i e  below the l ine.
4 1 -

Reca l l  tha t the Caucasus earthquakes were chosen on the basis  t ha t  they

had t h e  lowest N values , r e l a t i v e  to nL
b~~ 

in a p r e l i m i n a r y  survey . We no t e

tha t  shot a r r a y s  could be used to r a i se  the  N of an explosion by about 0.3

N units or more , plac ing i t  close t o  t he  ea r t h q u a k e  p o pu l a t i o n  s tud ied  here5
S

Comp l e x i t y ,  moment vs. corner f requency , and spec t r a l  r a t i o  were not

p a r t i c u l a r l y  u s e f u l  d i s c r im i nan t s  in t h i s  data set .  The low magni tudes  of

t h e  ear t h q u a k e s  s t ud i ed  i~erc (nib f rom 4 .46  to  5.13 and f rom 3.71 to 4 .78)
made ’ clear d i sc r i m i n a t i o n  d i f f i c u l t  w i t h  th e  a v a i l a b l e  data , except f o r  M S

_m
b

data , and p robabl y represent  nearly the  lowcst t h r e s h ol d  of m u l t i— d i s c r l m l n an t
a n a l ysi s  f o r  the source region  and s t a t  Ions used in  th i s  r epor t .  The i n s t a l—
lat ion  of h i g h — q u a l i t y  SRO s t a t i o n s  In As ia wi l l  permit  the  examinat ion  of

lowe r magn i tude  events w i t h  m u lt i s t a t i on  sho r t—per iod  data .
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