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SEISMICITY AND FAULT PLANE SOLUTIONS OF INTERMFDIATE 
DEPTH EARTHQUAKES I N  THE PAMIR-HINDU KUSH REGION 

S. TJ. Roecker,l O. V. SobolevaY2 I. L. 1iersesovy3 A. A. LukkY3 
D. HatzfeldY4 J. L. ChatelainY4 and P. Molnarl 

Abstract. Relocations of earthquakes, 
recorded by a l o c a l  network of s t a t ions  i n  
Afghanistan and Tadj ikis tan i n  1966 and 1967, 
ind ica te  a nwïow seismic zone (width 30 km) 
dipping s teeply i n t o  the  mantle t o  a depth of 
300 km beneath the  Pamir and Hindu Kush ranges. 
Very low seismici ty  was observed a t  depths l e s s  
than about 70 km, t h e  approximate depth of t h e  
Moho. C l e a r  gaps i n  a c t i v i t y  e x i s t  a l s o  within 
t h e  zone of intermediate depth seismici ty .  One 
gap, about 50 km wide near 37% and at depths 
grea te r  than 100 km, separates a s teeply north- 
ward dipping zone t o  the  southwest from a 
s teeply  southeastward dipping zone t o  the north- 
eas t .  This gap probably marks e i t h e r  a t e a r  i n  
t h e  downgoing s lab or a gap between two 
opposi te ly  dipping s labs .  Faul t  plane solut ions,  
determined by Soboleva f o r  events between 1960 
and 1967, general ly  show s teeply plunging T axes 
approximately within the planar seismic zone. 
They therefore  a re  grossly s i m i l a r  t o  those a t  
i s land  arcs  where no deep earthquskes occur and 
presumably r e s u l t  from gravi ta t iona l  body forces  
ac t ing  on a r e l a t i v e l y  dense s l ab  of l i thosphere.  
A t  the  same time the re  i s  a very l a r g e  var ia t ion  
i n  the  fault plane solut ions,  much l a rge r  than 
i s  common a t  i s l and  arcs .  

Introduction 

Although it does not have an i s land  arc  
s t ruc ture ,  t h e  Pamir-Hindu Kush region i s  the  
source of very high intermediate depth 
seismici ty .  This region i s  one of the  most 
ac t ive  sources of earthquakes f e l t  within the  
USSR, even though most of it l i e s  outs ide of the  
USSR, i n  Afghanistan. Accordingly, Soviet 
seismologists have devoted considerable 
a t t en t ion  t o  i t s  study. An extensive network of 
s t a t ions  has been operated i n  Tadj ikis tan fo r  20 
years by t h e  Tadjik I n s t i t u t e  of Seismo-Resistant 
Construction and Seismology (TISSS) of t h e  
Academy of Sciences of the Tadjik SSR and by the  
I n s t i t u t e  of Physics of the  Earth (IFZ) of the  
Academy of Sciences o f  the  USSR ( i n  Moscow). 
Moreover, i n  1966 and 1967 a spec ia l  network was  
i n s t a l l e d  i n  Afghanistan and along t h e  Soviet- 
Afghan boundary by t h e  IFZ t o  study the  seis- 
mici ty  and s t ruc ture  of t h i s  region. The data  i n  
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1966 and 1967 allowed t h e  most prec ise  determina- 
t i ons  of hypocenter t h a t  were possible  at  t h a t  
time [Lukk and Nersesov, 19701. 
centers  defined an approximately planar zone t h a t  
dips s teeply  i n t o  upper mantle and extends i n  an 
east-west d i rec t ion  f o r  near ly  700 km. With 
carefu l  ana ly t ica l  and graphical  techniques, but 
without t he  a id  of high-speed computers, Lukk 
and Iiersesov [1970] simultaneously determined a 
ve loc i ty  s t ruc ture  f o r  t he  c rus t  and upper 
mantle and located the  earthquakes. 
present  paper we extend t h e i r  study and present 
re locat ions of these  same events using a 
computer. 

used t o  i n f e r  a high-velocity zone surrounding 
t h e  seismic zone [Vinnik and Lukk, 1973, 1974; 
Vinnik e t  a l . ,  19771, and subsequent s tud ies  
suggested a corresponding high Q zone [Khalturin 
e t  a l . ,  1977; Molnar e t  a l . ,  19761. 
s tud ies  and others  [Bi l l ington e t  a l . ,  1977, 
Chatelain e t  a l . ,  1977, 1980; Malamud, 1973; 
Nowroozi, 1971, 19721 suggested a va r i e ty  of 
possible  configurations of s labs  of oceanic o r  
cont inental  l i thosphere t h a t  had been subducted 
i n  the  region. 

I n  addi t ion,  t h e  longer-term recording i n  
Tadjikistan has allowed the  determination of 
numerous fault plane solut ions of earthquakes 
with magnitudes ranging from about 4 3/4 t o  7 
[Soboleva, 1968a,b, 19721. 
proximity of many s t a t ions ,  much smaller events 
were studied than was ord inar i ly  poss ib le  with 
data from t h e  Tiorld-F7ide Standardized Seismo- 
graph Retwork (WWSSN) alone. Soboleva [1968a] 
discussed t h e  or ien ta t ions  of t he  P, T,  and B 
axes and t h e i r  re la t ionships  t o  the  seismic 
zone, but her in te rpre ta t ion  preceded t h e  
recognition of p l a t e  tec tonics  and more modern 
ideas  about such re la t ionships  [lsaclrs e t  a l .  , 
1968, 1969; Isacks and Molnar, 1969, 19711, 
Moreover , loca t ions  of these  events which 
occurred between 1960 and 1967 were 
su f f i c i en t ly  imprecise t o  revea l  systematic 
re la t ionships  between solut ion and loca t ion ,  
such as those observed by Chatelain e t  a l .  
[1980]. 
Nowroozi's 1971 relocat ions of the  events or 
hypocentral determinations given by the  
In te rna t iona l  Seismological Center (ISC) t o  
r e l a t e  t he  solut ions t o  the seismic zone 
defined by t h e  well-located earthquakes deter- 
mined liere f o r  smaller events i n  1966 and ~ 9 6 7 .  
We then discuss t h e  r e s u l t s  i n  l i g h t  of t he  
ideas  given by Isacks e t  a l .  11968, 19691 and 
Isacks and Molnar [1969, 19711. (Nersesov and 
Lukk take no respons ib i l i ty  f o r  t he  in te rpre ta -  
t i o n  given i n  t h a t  discussion.)  

These hypo- 

In  the  

The data  obtained with t h i s  network were a l so  

These 

Because of t h e  close 

I n  the  present paper we use e i t h e r  

Seismicity 

Three-component short-period seismograph 

s t a t ions ,  equipped with Soviet ~~~~~~~~~~~c~ mentai re 
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were operated a t  locat ions shown i n  Figure 1 
(and a t  other  s i t e s  not  used i n  t h i s  s tudy) .  
These instruments have a f l a t  frequency response 
f o r  displacement between about 5 and 30 Hz. 
Recording speeds w e r e  typ ica l ly  120 mm/min, and 
s igna ls  were usual ly  impulsive. Consequently, 
P wave a r r i v a l  times could be determined with 
uncer ta in t ies  l e s s  than a few tenths  of a 
second, and S waves a r r i v a l  times could be 
iden t i f i ed  with somewhat la rger  uncer ta in t ies ,  
about 1 s .  These t i m e s  were measured by A. A. 
Lukk and I. L. Nersesov. When possible ,  t he  
data  were supplemented by published a r r i v a l  
times from s t a t ions  a t  Warsak Dam, Pakistan 
(TJRK) , and Kabul, Afghanistan (KBL) . 

We re loca ted  the  earthquakes recorded by 
t h i s  network i n  1966 and 1967 using the  computer 
program HYP071, wri t ten  by Lee and Lahr [1975], 
assuming a modification of t h e  ve loc i ty  s t ruc ture  
determined by Lukk and Nersesov [1970]. A more 
complete discussion of the  ve loc i ty  s t ruc ture ,  

of the  loca t ion  procedure, and of t h e  various 
uncer ta in t ies  i s  given i n  the  companion paper 
[Chatelain e t  a l .  , 19801. Much of t h e  ana lys i s  
given i n  t h a t  study deals  with networks with 
some s t a t ions  i n  approximately the same places  
as  Soviet s t a t ions  were i n  1966 and 1967. 
fore  the  precis ion of t h e  locat ions i s  probably 
comparable. The Soviet network, however, i s  
concentrated t o  t h e  north of the  seismic zone, 
and t h e  temporary networks employed by Chatelain 
et a l .  [a9801 i n  1976 and 1977 were l a rge ly  
south of t he  zone. We found a systematic 
northward displacement (of about 1 0  lun) of t h e  
seismic zone using t h e  Soviet data compared 
with the  data  from 1976 and 1977, and we i n f e r  
t h a t  pronounced l a t e r a l  var ia t ion  i n  ve loc i ty  i n  
the  region may be the  cause of systematic 
differences between t h e  locat ions of events. 
Nevertheless, t he  uncer ta in t ies  i n  the  r e l a t i v e  
locat ions of events ( t h e i r  p rec is ion)  are l i k e l y  
t o  be approximately the  same f o r  e i the r  

There- 

A 

c' I I 

Fig. 1. 
earthquakes a t  various depths: so l id  t r i ang le s ,  50-100 km; open t r i ang le s ,  100-150 ka; 
inverted t r i ang le s ,  150-200 ka; pluses ,  200-250 Ina; and Y's, 250-300 km. 

Map of region showing pos i t ion  of s t a t ions  ( so l id  diamonds) and epicenter of 
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Fig. 2. 
plane so lu t ions  i n  abbreviated balloon f o r m t .  
with quadrants with compressional f i r s t  motions i n  black, and locations of earthquakes 
with f a u l t  plane solutions are from T?owooci [1971] 01- t he  1%. 
t m  events i n  Table 1 and Appendis A. 

Naps of 1966-1967 epicenters of event,s i n  different .  depth ranges and f a u l t  
Lower hemisphere d iagrms are shown 

Fiunbers corresponrd 

configuration of s t a t ions .  Por the  majority of 
the  events we estimate t h a t  uncer ta in t ies  i n  the  
precision of t.he Cept.lis and hypocenters a re  
a b m t  10 lm and That t he re  could also be 
systematic e r ro r s  of the same amoun?. 

0.7 sec [Chatelain e t  a l . ,  19801 are plo t ted  i n  
F ia i r e  1 anfi a r e  l i s t e d  ir, Tshle  Al.' Maps fo r  
separate depth ranges a r e  given i n  Figure 2,  and 
c ross  sections are shown i n  Figure 3. This 
arrangercent of p l o t s  i s  the  same as i n  L'hatelain 
e t  a l .  [15fdj], and the  general fea tures  of the  
seismicity a r e  s i m i l a r .  As noted i n  &her 
stiidies, t h e  seismic zone digs steeply (Figure 
3) and i s  c r ien ted  approsimately e2st-west 
(Figures 1 ard 2 )  [EiLlington e t  d., 1977: 
Chatelain e t  a ï .  ~ 1g7;; Lulik and IIerses.w, 1"2; 
I'IELlamud, 1.972; Miowroozi, 14711. Vest of 
approxixately 71'~ the cone Trends east-west , 
but to the east it t rends  Kore nearly nwtheast-  
southwest. A s  t.he data from the stuclies 
reference? abo-:e sliow, at depths greater than 
ahout 150 luz, t h e  east-west. z x e  dips steeply t o  
the  nsrt,li, and the  northeast-anuttiwest zone dips 
s teeply  ta  tile srjutheast (Figure 2 ) .  

prec ise ly  determined hypocenters than for  t he  
previous studies.  there are  slsc some fes tures  
t h a t  vere less c l ea r ly  resclyie?. i n  most of these  
e a r ï i e r  s?u j ies .  kt shd.lrl.wer depths (70-170 
k n l ,  botfi zones appear t o  dip a t  shaïlower s n ~ ~ e s  
thsn a t  grea te r  depths ( F i g r e  ? ) ?  a re su l t  also 
obtained b:r h i l ï i ng tcn  e t  $d.. [1377]. ~t the 
same time the re  i s  a ~ e r y  l o w  leveï  of se i s -  
a i c i t y  a t  depths shallower thsn about 70 I-zn 
(Figure 3 ) .  
inaccurate loce t ions  b u t  r e f l e c t s  mixk 11;wer 
seismicit,y i n  t he  c rus t  t . k n  i n  the 7mderlying 
mantle. 

IAp-pendix i s  a-xKL&le v i t h  entiye a r t i c i e  T~TI 

Al1 loca t ions  w i t h  Ems res idua ls  less  than 

Eecause o f  t he  g rea t e r  number of more 

This i s  not a cusequence of 

microfiche. 
Uniori, 2C1ijC Flcrida  AT^. , I!. V. , Washiiqton, Di: 

X C I I ~ ? .  Fseumeiit. J60-00:; $CE.. O O .  P a p e n t  must 
sccompan:. or.4er. 

firder fram the  American Geophysical 

The seismic zone i s  not a continuous planar 
zone with unifornilg distribuzed seismicity but 
ins tead  contains pronounced gaps i n  a c t i v i t y  arid 
t i g h t  c lus t e r s  of concen%-ated a c t i v i t y .  One 
gap, :leai- EÏ%, i s  c l ea r  a t  a l l  depths 
(Figure E and sec5ion FF' i n  Figure 3 ) .  This 
gap, approximately 50 km wide, seems to separate 
t h e  cones t h a t  d ip  north and southeast (Figures 
1 arid 31, and it i s  tempting t o  suggest t h a t  the 
slab of l i thosphere i n  which the  earthquakes 
presumab.bl;r occur i s  discontirmous there .  This 
gas i n  actAvity i s  alsc clear i n  t h e  da t a  
discussed by Chatelain e t  a l .  [1980]. 

of thP ccne betwem depths of sbout 150 and I f 4  
km separates regions of shallaver and deeper 
acti-ïi2y (p ro f i l e s  BE' Ci:', 2nd HH' i n  Figure 
? l .  Although there  ma? not be enough events t o  
convincingly demonstrate i t s  existence here,  t h i s  
gap i s  particularl.; c lear  i n  the data described 
by Chatelain e t  a l .  [1.920]. Tliere i s  a 
suegestion also of a narrow gap i n  activit:i 
between 200 and 250 h a t  about 70.7"E (Figure 
2 and p r o f i l e  HH' i n  Pig1.u-e 3 )  which i s  very 
c lea r  i n  tne data from 1977 [&atelain e t  aï., 
1!?6C,, Figure 51. 

dePth the  width of the zone i a  about 30 1x1, a 
resul t ,  similar to t h a t  i;f Billingtoii e t  a l .  
[ ïp771 but much nãrrower +.han t h e  data from most 
previous s t u d i e s  s~ig&est; [ e . g . ,  Luirk and Beree- 
POT, 1.970; I.IalamiiB, 1373; I J o " m i .  19711. 
t h e  incer ta i i i t i es  i n  the lacatioris,  t,he 1.ridt.h 
could be narrower i n  m o s t .  re.:iolis, except 
possibl:? near 71"E. and zt depths grea te r  than 
800 km. There t h e  zone seems t o  divide int,o 
t w o  separate zones separated by a ~ a p  i n  ac t iv i t j -  
shout. 20 Irm wide (Figure 2 arid prof i le  DS' i n  
F igwe  3 ) .  
: \ T i t i l  t h e  s.me statticna. and nuì- estimation of the  
errors i n  locz?iions sugps t . s  chat t h i s  separat,ion 
i s  r e a l .  Xerertheless, wTth 8 mwe favzrible 
s tz t i i jn  d i s t r ibu t ion  *lie southern br-mch i s  not 
-,yJpzrent i n  t.he date :xt ctiz.telain et. al. [1!3,301. 

Eecause mos* i;f t h e  gaps and c lus t e r s  ir, t h e  

A l ess  well-defined gap i n  t h e  western pa r t  

filong most, of t he  x n e  and below about 150-ka 

Given 

Events i n  both c lus t e r s  were located 
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seismici ty  i n  1966 and 1967 a re  evident i n  the  
data  obtained i n  1976 and 1977 [Chatelain e t  a l .  , 
19801, ire do not consider them t o  be a r t i f a c t s  
of short  t i m e  periods of recording. 
same time t h e  data  a re  c l ea r ly  inadequate t o  
show t h a t  these  fea tures  a re  representat ive of 
much longer periods of time. A c lose cor re la t ion  
o f  pecu l i a r i t i e s  i n  f a u l t  plane solut ions with 
hypocentral pos i t ions  [Chatelain e t  a l . ,  19803, 
however, suggests t h a t  these  c lus t e r s  and gaps 
r e f l e c t  var ia t ions  i n  the  s t a t e  of stress and 
therefore  may be representat ive of t h e  se i s -  
mici ty  f o r  longer time periods than considered 
here. 

I 
A t  t he  

f 

G 50 mo m mo xu O 

- 

- ;PL.; 
*-. 

* z  
- .?*y 
- 
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Fault  Plane Solutions 

Since most of t he  data  used t o  determine the  
f a u l t  plane solut ions were rad ia ted  i n t o  the  
upper hemisphere of t h e  foca l  sphere, upper 
hemisphere diagrams f o r  a l l  of t he  solut ions a re  
given i n  Appendix A. 
l i s t e d  i n  Table 1. To f a c i l i t a t e  comparison with 
data i n  other s tud ies ,  however, lower hemispheres 
given i n  abbreviated balloon format i n  Figure 2 
for earthquakes a t  d i f f e ren t  depths, and back 
hemispheres a re  given i n  Figure 3 i n  t h e  cross  
sect ions.  These solut ions were determined by 
Soboleva [1968a,b, 1972, new unpublished da ta ,  

Per t inent  parameters a re  
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19781, and among those discussed i n  her papers , 
these include only t h e  ones t o  which she 
assigned the  highest qua l i ty  f ac to r .  They 
include essentiallg.  a l l  esents between 1960 and 
1,967 f o r  which it was possible t o  de temine  a 
solution with Soviet data.  The loca t ions  of 
these  earthquakes were taken from Xowroozi's 
[1?71] t abula t ion  f o r  events occurring i n  1960- 
1963 and from t h e  ISC l i s t i n g s  fo r  t h e  more 
recent events. We assume t h a t  the  uncertainty i n  
the  loca t ions  of some of these may be 10 km, but 
f o r  most it i s  probably 20 kc. 

i n  these  da t a  i s  t h a t  the  T axes a r e  ne,arly 
v e r t i c a l  i n  n o s t  cases,  a r e s u l t  noted by 
Soboleva [1968a, 19721 and observed with 
sa lu t ions  determined witn other data [e .g . ,  
Bill ington e t  a l . ,  1,977; Chatelain et  a l . ,  1980: 
Isacks and Molnar , 1071; €Towrcosi , 19$7]. h û n g  
Soboleca's b e t t e r  constrained solutions,  those 
used here, t h e  T s x i s  i s  i n  a l l  Lut tm c m e s  
more nearly v e r t i c a l  than the  F ax is .  

i s  t h e  wide var ie ty  of f a u l t  plane solutinns.  
This cont ras t s  markedly with islaEd a r c  struc- 
t u r e s ,  vliere faul? plane solutions of in te r -  
mediate and of deep earthquakes a r e  usually very 
s imi la r  t o  one another within the a rc  and i n  t h e  
same der th  range [Isacks and Molnar, 19711. 
Solutions f o r  events 71, TE,, 80, and F.2 were 
obtained both from Soviet recordings, most of 
which were rad ia ted  i n t o  t h e  upper hemisphere 
of t h e  f o c a l  sphere (Appenäiix A ) ,  and from da ta  
of t h e  WJSSW, which were radiated i n t c  t he  lower 
hemisphere [Chatelain et. a l . ,  19%, Table 1, 

Frobably the  most obvious generali ty reflecteri  

Perhaps t.hc most notable fea ture  i n  Figure 2 

Appendix A] .  
by l e s s  than 10' and always l e s s  than 1T0, t h e i r  
approximate uncertainty. This suggests t h a t  
l o c a l l y  heterogeneous ve loc i ty  s t ruc tu res  do not 
cause t h e  l a rge  observed var ia t ion  i n  the  
so lc t ions  and that- there i s  a r e a l  va r i a t ion  i n  
the  o r i en ta t ion  of t h e  f au l t  planes.  

Variation i n  f a u l t  plane so lu t ions  w a s  noted 
f o r  t h e  l a r g e r  events (M z. 5.5)  i n  t h e  Hindu Kush 
region, but much of  t h i s  var ia t ion  i s  systematic 
[Chatelain e t  a l . ,  19801. Eear 70.6% most of 
t he  P axes trend northeast-southwest , becominE 
more nearly north-soutl; ne.%r 70.8OE and 

near 71.0"E (Figure 2). Although many of t he  
solutions presented here f i t  t h i s  general  
pa t te rn ,  pa r t i cu la r ly  t h e  l a rge r  events,  t he re  
i s  s t i l l  a very l a rge  sca t t e r .  
solutions present.ed here a re  not a s  wel l  
constrained as those determined with the  WWSSW, 
the  va r i a t ion  i n  t h e  observed f i r s t  motions of 
t he  F waves requi res  l a rge  differences amoq t h e  
so lu t ions  ( see  Appendix A ) .  Ve t,hink t h a t  t he  
var iab i l i t j r  within localized regions may not be 
r e a l  but i s  simply a consequence of l a rge  e r ro r s  
i n  t.he loca t ions  sf the events. ¡:hatelain e t  a l .  
[1980] found very la rge  differences i n  f a u l t  
plane so lu t ions  of earthquakes only 20-30 lun 
apar t .  Therefore e r rors  ir: localrions of t h i s  
amount , vhich are d i f f i c u l t  t o  eliminate,  
could introduce an apparently random s c a t t e r  o f  
so lu t ions ,  whereas i n  f a c t  there  i s  a simple 
regional var ia t ion .  

The f a u l t  plane solutions f o r  t he  shallower 
e-cents (7G-lg0 km) include l a rge  components of 

In  general ,  the parameters d i f f e r  
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t h rus t  f au l t i ng ,  therefore  with s teeply  d i g i n g  
T axes, and with P axes or iented approximately 
northwest-southeast (Figure 2 ) .  The dip of t h e  
seismic zone i s  not well defined i n  t h i s  depth 
range (Figure 3) but seems t o  increase with 
depth. It i s  poss ib le  t h a t  f o r  some of these 
events one of t h e  nodal planes i s  p a r a l l e l  t o  
t he  seismic zone (event 53 i n  AA'; event 77 i n  
DD' ;  events 38, 41, 43, 44, 58, and 73 i n  EE'; 
and event 65 i n  GG' of Figure 3).  
case the  s l i p  during earthquake might represent  
displacement along a f au l t  p a r a l l e l  t o  the  
seismic zone [VinniIr and Lukk, 1973, 1974; 
Vinnik e t  a l .  , 19771. 
unusual f o r  earthquakes a t  these depths, but 
perhaps i n  Asia the  p l a t e s  a re  th icker  than a t  
i s land  a rc s  [e .g . ,  Vinnik et  a l .  , 19771. These 
earthquakes would then r e s u l t  from r e l a t i v e  
p l a t e  motion, not i n t e rna l  deformation of t he  
do5mgoing s lab  as  a t  i s land  arcs  [Isacks and 
Molna- , 19711 . 
southeast P axes fo r  these  events (Figures 2 
and 3) a r e  s imilar  t o  those of shallower, 
c rus t a l  events f u r t h e r  south [Prevot e t  a l . ,  
19801. A t  t he  same time t h e  solut ions i n  
Figure 2 a re  su f f i c i en t ly  d i f fe ren t  that the  
s l i p  vectors  de f in i t e ly  d i f f e r  from one another. 
Therefore only some, i f  any, of these events 
between 70 and 150 km could r e f l e c t  s l i p  of one 
p l a t e  pas t  another. They might r e f l e c t  more 
d i f fuse  deformation resu l t ing  from northwest- 
southeast compressive s t r e s s  due t o  t h e  India- 
Eurasia co l l i s ion .  

t h e  deeper of these events (near 150-km depth) 
could ind ica te  in t e rna l  deformation of t he  
downgoing s lab ,  a s  i s  typ ica l  of intermediate 
depth events a t  i s l and  arcs .  
i n  t he  loca t ions  of these events and i n  the  
configuration of the  seismic zone do not allow 
t h i s  t o  be resolved. 

I n  such a 

Such a phenomenon i s  

The approximately horizontal  northwest- 

Alternat ively,  t he  nearly v e r t i c a l  T axes f o r  

The uncer ta in t ies  

Summary 

A study of earthquakes occurring i n  1966 and 
1967 i n  the  Pamir-Hindu Kush region and recorded 
by a r e l a t i v e l y  dense network of l o c a l  s t a t ions  
revea ls  severa l  unusual pa t te rns  i n  the  
seismici ty .  
so  t h a t  t h e  intermediate depth zone does not 
continue t o  t h e  ea r th ' s  surface along any c l ea r  
zone. Two poss ib le  explanations a re  e i t h e r  t h a t  
convergence between India  and Eurasia continues, 
with deformation i n  the  c rus t  occurring 
aseismical ly ,  o r  t h a t  convergence i s  absorbed 
f a r t h e r  north (or south) ,  with the  intermediate 
depth earthquakes occurring i n  a s lab  of 
l i thosphere hanging i n  the  mantle. These two 
explanations a re  not mutually exclusive. 

To a f i rs t  approximation the  seismici ty  i s  
confined t o  a narrow (width <30 lau) planar zone 
t h a t  d ips  s teeply  i n t o  the  mantle. 
suggest a pronounced gap near 3To€J t h a t  
separates  a s teeply  north dipping zone i n  the  
west from a s teeply  southeast dipping zone i n  
t h e  northeast .  
represent  a discont inui ty  i n  the  downgoing s l ab  
of l i thosphere or  even a gap between two 
l i thospher ic  s labs  [see Chatelain e t  a l .  , 19801. 
There i s  a suggestion of a decrease i n  the  dip 

Seismicity i n  the  c rus t  i s  very low 

The data  

This gap i n  a c t i v i t y  could 

of t h e  zones a t  shallower depths (~100 km), but  
because of the  l ack  of cont inui ty  of seismici ty  
t o  the  surface, it i s  d i f f i c u l t  t o  t r ace  e i t h e r  
inferred zone t o  a place a t  the  ea r th ' s  surface,  
where subduction of t h e  s l ab  would have 
occurred. The dips  of t he  seismic zone suggest 
a southerly source of t he  western zone and a 
norther ly  source f o r  t he  eastern zone, an idea 
expressed by o thers  from the  f au l t i ng  and 
geologic s t ruc tu re  along t h e  northern margin of 
t h e  Pamir [k%alturin e t  a l .  , 1977; Malamud, 
1973; Molnar e t  a l .  , 1973; Ulomov, 1974; Vinnik 
and Lukk, 1973, 1974; Vinnik e t  a l . ,  1,0771. 
This i n t e rp re t a t ion  i s  cer ta in ly  not  required by 
t h e  da ta ,  and Bil l ington e t  a l .  [1977] give other  
possible scenarios. 

The gap i n  a c t i v i t y  a t  3 7 O  i s  not the  o n l y  
gap, and c lus t e r s  of a c t i v i t y  a l so  occur. Since 
these  gaps and c lus t e r s  a r e  evident i n  da ta  
obtained during short  periods of recording 1 0  
years l a t e r ,  we think t h a t  they a r e  representa- 
t i v e  of t h e  seismici ty  fo r  a t  l e a s t  t ens  of 
years .  Perhaps they have pers i s ted  hundreds o$ 
thousands of years  [Chatelain e t  a l .  , 19801. 

We used f a u l t  plane solut ions of earthquakes 
i n  1960-1967 , determined by Soboleva [1968a, 
19721, but assumed the  locat ions given i n  
Iiowroozi [a9711 and ISC. The T axes, i n  general ,  
plunge a t  s teep angles and l i e  approximately 
within the  plane of t h e  seismic zone. 
conform t o  the  gross pa t te rn  fo r  intermediate 
depth events a t  i s l and  arcs  where the re  a re  no 
deep events or where the re  i s  a gap i n  se i smic i ty  
between intelmediate and deep events [Isacks and 
bblnar, 1969, 19711. Therefore most of them 
presumably r e s u l t  from s t r e s s  i n  a downgoing 
(or hanging) s l ab  of l i thosphere.  The important 
parameters would be t h e  or ien ta t ion  of t h e  P,  T ,  
and 33 axes, not t h e  nodal planes or s l i p  vectors .  
The downdipping T &xes imply tha t  g rav i t a t iona l  
body forces  tend t o  p u l l  t h e  s lab dotm [Isacks 
and Molnar , 1969, 1971 1. 

The only exception t o  t h i s  pa t te rn  might be 
fo r  events a t  shallower depths (70-150 knl), 
where the  seismic zones seem t o  dip l e s s  
s teeply.  
events show tha t  one plane could be p a r a l l e l  t o  
the  seismic zone. If t h e  plane of seismici ty  
marks a f a u l t ,  then t h e  displacement might 
represent s l i p  of one p l a t e  with respect  t o  
another. The data  do not require  t h i s  
in te rpre ta t ion ,  however. 

Faul t  plane solut ions of deeper events (180- 
230 lau) a l so  show considerable v a r i a b i l i t y .  
Although t h e  regional  var ia t ion  i n  solut ions 
discussed by Chatelain e t  a l .  [1980] descr ibes  
much of t h e  var ia t ion  i n  t h e  data  presented 
here, t he  s c a t t e r  i s  s t i l l  very l a rge .  We 
suspect t h a t  t h e  s c a t t e r  i s  only apparent and 
i s  due t o  e r ro r s  i n  t h e  locat ions.  

Thus they 

Solutions f o r  some but not a l l  of these  
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