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Abstract. The Hazarn-Kashnir(HK) terrain is located on thc northwestern margin of the Lesser Himalaya. The Hazara
Kaslh�mir Syntaxis (HKS)is onc of thc bold tectonic scars, which pl�ysically scperatc this terrain from rest of thcHimalaya.The major tcctonic fcaturcs sculpturing this terrain in the slhape of folds and faults are: Hazara-Kasmir
Syntaxis (HKS), Main Mantle Thrust (MMT),Main BoundaryThust (MBT), Panjal Thrust (PT), Hazara Thrust (HT)and Indus Valley Faults (1VF). Allhcse mcga-structures arc the abode of variablc scismicity and gencratc carthquakcs
of low to modcratc magnitudc. Among them, thc MMT, MBT,PT and the IVEF have hazardous scismic history. Thc
carthquake ofOctober, 8, 2005ofmagnitude 7.6 with its epicenter, locatcd south ofBalakot is linkcd with onc of thesc
faults, the MBT, Wvhich traverses the castern and westem flanks of the HKS.The deep mega-crustal deformations
beneath the Hazara-Kashmirterrain monitored through seismicity arc: Indus-Kohistan Seismic Zone (IKSZ), Hazara
Lower Scismic Zone (HLSZ) andTarbela Scismic Zone (TSZ). The cpicenter of cartlhquakes generally liesbctween 10-60km depth in the seismic zonc ofthe mega-crustal deformations in the HK terrain.The carthguakes generated at this depth
arc categorized as shallow and usually more hazardous. The successive cvents in the seismic profle betwcenycars
2003-2005were a reliable precursor to predict accumulation of energy, which ultimately caused the carthquakc on
October 8, 2005.

Introduction

The Hazaa-Kaslmir terrain inthc context of rcgional sur

face and sub-surface geology displays a complex scismo

tcctonic scenario (Talirkheli, 1970, 1982, 1983: Ali, 1975;

Talirkheli ct al., 1977, 1979; Armuruster, ct al., 1978:

Quitlmeycr et al., 1979, Talirkheli and Mattauer, 1984;

Ycats and Lawrence, 1984).

The carthquakc-prone stnictures occur botlh on the sur

facc as major lincaments and also at depui bencath the

surface as mcga crustal defomations.These fcatures arc

visible and can bc brought witlin the fold of geological

ivestigations by conducting geological mapping.

Their subsurface behaviour can be verificd by adopting

various geoplhysical methods, whercas the deep crustal

deformations occur at depth and their tectonic turbu

lence or configuration can be deduced by monitoring

deep crustal scismicity.

The mega-lineaments (HimalayanBoundary Fauls) nun

ning parallcl to the Himalayan front play an active role in

geotectonic cvolution ofits frontal domain.Scebar ct al.

(1981) bascd on seismic data delineated two major

deformational anomalics at custal lcvcl callcd Detach

ment Fault and Bascmcnt Fault. The Detaclucnt is ncarly

a horizontal fault that separates the underthrusting Indo

Pakistan shicld from theoverlying metamorphicand sedi

mentary rock fomations.The Basement marks the line

separating the shallowv dipping detachment fault from the

stceper dipping Basement.Thus, the faults in the Hazara

Kaslmirterrain are categorized citlher being thc offshoots

of Bascment or detachment. The scisnicity associated

with the Basement thrust is rclatively continuous with a

reduccd upper magnitude limit in the carthquakes. In case

of Dctachment, a rupturc occurs in vast arca ina singlc

cvcnt causing scver carthquakcs.

Surficial Tectonic Scars

The mega-gcotectonic features exposed on the surface

as faults in Hazara-Kaslumir terrain are geologically

mapped as: ()Hazara-Kashmir Syntaxis, (i)Main Mantle

Thrust, (iii) Main Boundary Thrust, (iv) Panjal Thrust,

(v) HazaraThrust and (vi) Indus Valley Faults. AIl these

faultis occur as major lincamcnts traversing the Hazara

Kashmir terrain Detailed investigations conducted on
thesc faults had shown movemcnts in some, but their

contribution to seismicity was poorly knowvn, till the avail

abilityofscismic data monitored through the Tarbela Dam
Seismological observatory (Fig. 1).
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Fig. 1. Citical Seismic Phase Scenario at Terbela

Seismological Observatory.



a)lazar-Kashmir Svutavis(|KS)isananoalousfolded quakes of October, 200S intensity,iy where in tbe te.

stnicture which cmanates from the Pir Panjal Rangc in gion, which comcs under its fold. It has also thc potctil

Kashmir and cxtcnds nothward till Balakot, where its tocause major cvents witlh large ruptures, Its scismic

Iwestem limb takesa loop to southhwest and extends witlh listory rcvcals several major cvcnts sprcad all along its

Muzaflarabad. Thc castern (lank of coursc in thc Hinalayan domain. Tomcntion a feuthis trend towards

Kangn(1905)andBilar(1934) in thc Middlc and EasterHKS is traverscd by (wo parallcl thnsts, thc Panjal

Ilimalayas are the ones, which lad yencratcd magnit�deThnst and the Main Boundary Thnst. Thc former is

>8 levcl carthquakes.
older and imolves P'recanbrian rock fonations, whercas,

the latterisvoung and involves the Murcc Formation of
d)Panjal Thrust constitutcs an important tcctonic

Oligo-Miocene age. Hypocenters of rclocatcd cartl
boundary, which playcd an activc rolc in the tcctonic

quakes indicate thatHKS isabout 30 km wide and nmost
cvolution of Hazaa-Kashmir tcrain. Thc thn�st cmanates

of its carthquakes cnmanate at 12-14 km deptlh Calkins ct
in Pir Panjal range in Kashmirand cxtcnds nortliward

al (1975) Lad reported a reversal movencntonthc faults
along the castcrn flank of thc Hazara-Kash�nir syntaxis

along the western linb of the syntaxis and suggcstcd
It lies at thc base of Prccan�brian mctamorplic rocks and

that the incrcascd soutlwest pressure from the Hina
tcctonically scparatcs the Salkhala unit of Prccambrian

layan boundary faultson thc castern limb of the syntaxis
age from theyounger Panjal imbricatc zonc of Palacozic

is responsible for this reversal. Tlhis tcctonic sccnario in
Mesozoic age (Talirkhcli, 1982). Thc Panjal Thust islo

the syntaxis points out to the main compressional movc
catcd on the rccciving cnd of nortlhwest press�urc causcd

ments, which are shifting to thc west and northwest and
by the Himalayan boundary faults and the resulting

stresscs gencratcd arc encrgizing the wcstem linsb of the
stresses are being transportcd to the west through

syntavis, which is the abode of the Main Boundary Hazara-Kashmir syntaxis and getting accumulated along
Thnust.The Muzafffarabad Fault, a temminal branclh of its westem limb targeting the MBT,Along the castern
MBT and tlhc cpiccntcr of Hazara-Kaslmir carthquake limb of thc synatxis, PT shows cluster of epicenters rang
are locatcd on the western limb of HKS and are the prod ing in magnitudes bctwcen4 and 5on the Riclhter scale
ucts of rclcasc of cnergy storcd in this zonc bycast-west Several cvents of magnitudes >5 and two of 6-6.4 as tlhe

coM ergcncc of the HKS. Bascd on the migraion of lie post-slhocks of October, 2005 carthquakc arc ncw addi

cpiccntcrs, the rupture crcatcd by this cartlquake is gco tion to thc scis�nic domainof tlhc castern limb ofsyntaxis,
logically cxtendcd bctwcen Bagh in Kasl�mir andBalakot whichis traversed by both PT and MBT.Quitc a number
in (Hazara). of thesc cvents as a result of aftcrshocks might havc

cmanatcd from thc Panjal Tlhn�st seismic zone.

b)Main Mantle Thnust is tlhc youngcst suturc of the
c) The Hazara Thrust scismically merges togcther tlhrecHimalayan domain. wlich buckles the Kolhistan arc with

isolated thrusts namcly, Thandiani, Sangargali and
the Indo-Pak and the Eurasian plates in the south and

Natlhiagali thrusts andextends westward from the Hazaranorth respcctivcly. Suturcs constitute the plate bound

Kaslhunir syntaxis. In this thrust in the west, the Prccam
arics and arc the sitcs of intcnsc gcological activitics.

brian Hazara slates, Cambrian dolomitic limestoncs of
The thrust after looping around the Nanga Parbat

Abbottabad Group and Palacocenc-Eoccnclimestone
Haramosh massif, adopts its course along tlhe northwcst

formalions arc involved in the thrust zonc, the fonner
cm fringe of Kashmirand Hazara, thus tectonically scpa
rating this terrain from the Kohistan Island arc. MMT is

(wo fornations thrust over tle latter. The thrust strikes
scismically active and beside bcing the source of con cast-west and from Nathiagali in Hazarapasses throughtiuous enuption of low to moderate scisnic events witlhin Abbottabad, HassanAbdaland after crossing the Indusits zone, has also on its rccord some major carthquakes river cmerges in thc Attock-Cherat range where it nergeswith their cpiccntcrs locatcd Malakand,Astorc and with thc Khainbad Fault. A ligh levcl shallow scismicityPattan in Kohistan. In these events, the seismicity ranged occurs along the HazaraTl�rust, westof the Indus river,betweenmagnitudes 5.5 and 6.1on the Riclhter scale.The whichis rcflected by cluster ofepicenters witlh 2.5 magniPaltan carnhquake of 1974 with magnitude 6.1 is tlhc high tudes distributed in the castern part of Peshawar plain.est level ofseismicity rccorded in the MMT Zone adja Among the historic events, there are someevnts ofccnt to thc Hazara Kashnir terain (Talirkhcli, 1983). magnitudes 4-4.9, spanning thc Klairabad Fault. The
c)The Main Boundary Thrust is one of tlhe youngest

shallow scismicity of thc thnust on the castern side ofthe
Indus in Hazara, is low or absent. Sccber and Ambn�steranong thrce mega-slhears of thhe Himalayas, which nuns
(1979) consider tlh�at tlhe inactive part of the HazaraThn�st

along its length for about 2500 k�n and in depth it is sluil
in its castern part is lockedand stresses gencated are

lower than others. The stresses generated duc to con
being accumulated for a grcater cvent. Most of these

vergence movements are migrating to the Himalayan front
cvents in HazaraThnust are not decper tlhan 40 km.

in the south, which is being accommodated by the mul
tiple shcar zones. Anong these shears one of the major )The Indus Valley Faults incorporate threc parallel
recipients is thc MBT.Thus, the MBT witlh its tangled

running laults, which cropout alongthe Indus valley
roots in thc Delachncnt,one oftheHimalayanBoundary

upstreamn and downstrcannofTarbclaDam.The sys
Faults and well netted in the Himalayan orogeny will tem includes thrce slhcars namcly: i) Dal Fault, ii)
remain a major tlreat witlh potential of yenerating carth Darband Fault and ii) the Mid-Valley Fault.
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DeepCnstal Delonnations

Thelocations and configurations ofdccp crustal defor
mations of Hazara-Kaslmir tcrmin wee deduccd fronm
the scismic data collectcd fronn the Tatbcla Dam Scismo
logical Observatory. Thescisnic obscrvations revcalcd
threc zoncs of nmcga cnistal deformations: i) Indus
Kohistan Scisnic Zonc (IKSZ) ii)HazaraLower Scismic
Zone(HLSZ) and ii) Tarbela Scismic Zonc (TSZ), Nonc
of these deep crustal delommations indicate rclation vith
the thick surficial geological or topographic fcatures
(Fig 2).
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Fig. 2. Surficial scismotcctonic contours ofHazara

Kashmir. MMT-MainMantle Thrust, MBT-Main

Boundary Thrust, PT-Panjal Thrust. HKS-Hazara

KashmirSyntaxis, DF-DarbandFault, DA-Dal Fault.

MF-Mid. Valley Fault, IKSZ-IndusKohistan Seis

mic Zone,HT-HazaraThust.KF-KhairabadFault

and CF-Cherat Fault.

i. The Indus Kolhistan Seismic Zone: It is onc of the

most clearly defincd deep crustal structures, whiclh

cxtcnds north-westwardbeyond the nosc of Hazara

Kashmir syntaxis. In the nortl�west, it terminates in

the vicinity of Pattan in Kohistan. Its tcctonic rela

tionship with the Main Mantle Thrust, the southern

Himalayan suture and buckling KohistanArc with the

Indo-Pak Plate is not well defincd. However, it is be

licvcd tlhat the incrcase in its seis�nicity close to its

nortlhern ternination may bc duc to its interference

with the active part of tlhe MMT. Thc IKSZis a Basc

mentThrust, whcrc the bascment matcrial penetratcd

deeper bcncath the Higher Himalaya. On the basis of

focal mechanism interpretation (Seeberet al., 1981),

the IKSZ is a thnust dipping to thc north-west and

covcrs an arca of about 120 km long and 25 k�m wide.

Its seismicity extends to about 70km depth. Majority

of the cpiccnters along this zonc have focal depth of

12 to 24 km.Afer the Octobcr 8, 2005 carthquakc.

with itscpiccnter locatcd in thc MBT Zonc on thc west

cmlankofHazara-Kashmir syntasis, the post-shock scis

miccvcnts are migrating towards thc northem cbb of the

syntaxis. Itappears that these shocks havc activatcd the

IKSZ. Asa result, the post-sliock scismic cvents are con
ccntrating on its south-castern termination in the vicin

ity ofHKS.Among over 1800 post-shocks, quitc a num

ber of cvcnts ranging bctwccn magnitudes 4 and 5on the

Richter scale havc so far been rccordcd in this zone.

ii. The IHazara Lover SeismicZone: It strikes soutlh

west and runs at a distance of 70 k�n to the southcast

of IKSZ.II isa vertical right lateral strikc-slip fault

and is interpreled as the weslern extension ofthe Main

Basement Fault. It passes underncath the Tarbela Dam
Network at a maximum depth of S0 km and a part of

this zonc, 1which is scismic, occurs bctwecn 18 and 8
km below the surface. Its historical seisnicity on its

western extension revcals cpicenters of low to moder

ate magnitudc. Howcver,this fault remained �nuch less

active during the period of Tarbela network opcra

tions. Armbruster ctal. (1978)have described a north

cast dipping fault, which branches off tlhe HLSZ and

extends northwest at about 35 km depth. This off

slhoot has been found to be feebly active and its ex

tension is recorded underneath the TDN. I has been

tentatively interpreted as the Hazara Thrust. This in

terprctation brings thc two structurcs: the surficial

Mid. Valley Fault and the deep crustal Hazara Thrust

(more or lcss following thc same trend) under the

Tarbela Dam Network. However, the structural rela

tionship between these two faults is not yet clcar. The

seismicity onHLSZ basement fault is low relativc to

the scismicity on the IKSZ, although both the seismic

crustal structures can be traccd scismically for at lcast

100km.According to Secberand Armbruster(1979)
the Taxila cvent of25AD could be associated with the

carthquake generated by the HLSZ.

ii. The Trbela Seisnmic Zone: It is constitutes sharply

bounded clusters of hypoccnters near the centre of the

Tarbcla Dam Network, whiclh overlies the north-soutlh

striking Hazara Lower Scismic Zone.The scisnic zonc is

25km long. 15 km wideand20km deep lying below the

Tarbela Dam Network and sharply truncated by the De

tachment at its lowerboundary at 17km depth. During

1973-76, out of the8000 local cvents recorded at Tarbela

Dam Seismic Observatory, 1495 seismic slhocks wer gen

eratcd in the area ly ing witlin the fold ofTarbela Seisnic

Zone.Their lhypocenters range from 0 to 20km depth,

with varying magnitudes of 2 to S.5. Sccber et al.(1981)
Ihave considered this z01ea potcntial sourcc of the maxi

mum intensity carthquakes (M.6.5) for the Tarbela sitc.

Most of thc larger evcents in this zone are located at about

12-14 km depth andcoveran arca ofabout 500sq.kn.

Seismic Potential ofMMega Structures

Deiails of the turbulences generated by seismically

nctive str�ctures ofthc Hazara-Kaslmirtermain, havcbccn
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obtained tby threc prev ious studies: one is supplicd by

TDSOscismic record for ycars 2000 to 2005, published

by NESPAK in 1990, which covers scismic cvents

bewecn 1904 and 1989 and a rcccnt publication by Lisa

ct al. (2008) with seismo-tectonic details of northwest

llimalaya, Bascd on the available information, onc can

delincate ive isolatcd scismic zoncs on the map of

Harara-Kashmir terrin, where large concentrations of

cpicenters are noted. These are: i) In the vicinity of

Pattan, north and south of MMT (M.3-5.9). i)Northern

and nortlhwestern tips of Hazan-KaslhmirSyntaxis

(M.3-5), ii) West oftheHKScovering the arca around

Nathiagali, Murree, Abbottabad, Havelian and Haripur

(M. 3-5,9), iv) around Tarbcla Dam Nctwotk and norh

west of Darband (M. 3-5.9) and v) west of the Attock

Cherat Rangc across thec Indus river (M. 2.5-4.5). All

these scismic zones fall within the domains of the surfi

cial and deep cn�stal mega-stnictures. A major part of

the scismicity is cnuptcd by the Basemcnt faults, which

are continuous, yiclding low to moderate magnitude

cvents. Fivc familics of faults, which havc significant

seismic record of contribution to the seis�mo-tcctonic

domainof Hazan-Kasumirterain are: MBT, PT, HKS
and MMT which are surficial structures, whercas IKSZ

and TSZ are dcep cn�stal stn�ctures.

The scismic history of MBT, besides gencrating tlhe

October S, 2005 carthquake is associated with several

largc cvents in the middle andcasterm Himalayas. Earlier

this Balakot-Muzaflarabad belt in Hazara-Kaslumir ter

ain has witncssed a major seismic cnuption, leading to

creation ofa nupture namedas Muzaffarabad fault, which

is considercd an offshoot of MBT.The factors respon

sible to activate MBT in Balakot-Muzaffarabad belt are:

northern tip of the Hazara-Kaslmir sy ntaxis, where thrce

tcctonically active faults: Indus Kohistan Scis�mic Zonc,

Panjal Tl�rust and Main Boundary Thrust convcrge and
constitute a very active scismic source zonc, which dis

plays a cluster of epiccnters of variable magnitudes

(Fig 2). This zone bascd on the cexposed scismotectonic

contours may be dclincated at 15-20 km adius from

Balakot and is distinguished as Tiple Scismic Junction

This scismic zone is critical to the arca around, specifi

cally the westem flank of the Hazara-Kashmir syntaxis,

which due to stress accumulation is alrcady under con

stant strain The MBT traverses this flank afier it loops

around the northerm tipofthe syntaxis at Balakot. Thus,
a slight tectonic uplheaval creatcd in this zonc can desta

bilize the MBT for larger events. Beside this factor, thc
inherent linkage of thc MBT with the Detaclument, one of
the acive boundary faults of thc Himalaya can bc more
devastating and may lead to large seismic lazards and
great ruptures.

Allheshears are seis�mically active andamong them the
decp crustal Indus Kolistan Scismic Zone slhows a large
number of epicenters distributed all along its domain,
cxcccding in conccntration from thc others.The scis�mic
ity in its zone varies from magnitudes 3.5 to 5.5 and the
higler level

concentrations occur in the vicinity of its
terminations ncar MMT andHKS, located in the nortlh

and soutl, The Panjal Thrust along its coursc on the

castem limb of Hazam-Kashumir sy ntaxisindicatesa laroe

mnber of isolatcd epicenters in thc rangc of magnitudes

3to 3.9, wvith somc cvcnts culmninating in 4.9 magnit�ude

West of the syntaxis along its coursc through Balakot

Chitta Bata, Mansclhra and Bassu Maia inHaripur plain

the cpiccntcrs of mngnitudes 3,5 to 5.9 arc associatcd

wilhinits /011c. OIcorthe latlcr cvcnts is locatcd no� fhr

from the castern flank of the GandglarRange.

The Tarbcla Scismic Zonc covcrs 500sq km arca under

Iying the Tatbela Dam nctwork and lies about 20km decnp

bencath thc surface. This decp cnistal structure is also

�IC ofthe ajor initants for the TrbclaDam.It is a sourc

of maxinmum numberoflocal cvcnts,theIarger oncs in the

ange of magnitudes 4-5.5. After MBT, this stnucturc is

the sccond in the Hazara-Kashunir domain, which is

tagged with the Detachment and has potcntial of gener

ating large scismic cvents. According to Sccber ct al.

(1981), it can be the sourcc of sever carthquakes for

Tarbcla Dam.

Pre and Post Hzara-KashmirEarthquake

Prediction of carthquakes is still far from achieving an

authentic scicntific base to forccast time and location of

occurrence. However, there are somc carthquake precur

sors, which are being followcd and onc of them is based

on historical and prevailing scismic cvents. In case of

Hazara-Kaslunir terrain, tlhe detail of ycar-wisc distribu

tion offoreshocks reveals that fronm ycar 2003 onwards
tillOctober 7, 2005, onc day before the maincvent, ther

appeared progressive increase in the seismic activity.

whichculminatcd in916 cvents, when the carthquake of

magnitude 7.6 occurTcd. Subscqucnt to this catastrophe,

thc shocks continucd with upward trend, adding 448

sliocks. increasing tlhe tolal number to 13� cvents al the

cnd ofycar 200s. This progressive increase in frequen

cies of seis�niccvents fromyear 2003 onvward wasastrong

signal to remain alert for any untoward incident.A seri

ous cxercise could have helped to forccast the seismic

upheaval, whichpavedway for Hazara-Kashmir carth

quake (Ambrascys, 1995). Most of the carthquake pre
cursors are still considered an academicexercise, but

studies of some can help to predict the level of energy

built-up in an area to forecast seismic upheaval without

pinpointing intensities, location and the time ofarival of

the major events.

Mitigation Measures

Hazarn-Kaslunir has emergedas the most vulnerable seis

mic z0ne after the devastating eartlhquake. This seismic

scenario necessitates preparedness from grass-root levei

to mitigate such hazards in future. Seismic zoning at macrn

and micro levcls are a pre-rcquisite to assess the vulner

ability of the carthquake-prone stuctures and to delin

catc the higlh risk zones.

Tlie upgadation of the current nctwork for the carth

quake probe in the country is important step. which



slhould be undertaken without delay. In this program,

seismologists and geologists nccd to develop and strcam

line tlcir facilities in the Observatory which vwill enable

them to produce technical data compatible with the mod
em technology during ficld work. More observatories

may be establisled in the high risk seismic zones. A peri

odic report may be prcparcd by cach observatory and

data gathered sliould be exchanged among geologists

and gcoplysicists working in the universities and re

scarch institutes.

Developmcnt ofmanpower resource is nccessary to run

the sophisticatcd labs and observatorics. Hcnce, scien

tists slhouldhave an opportunity for periodic training in

the obscvalories abroad to update their technical

know-how and get abreast with the modem trends in the

carthquake technology.
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