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ABETACT
. The southern Tanawal region exposes a suite oF
metasedimentary rocks comprising , conglomerate, argillite,

quartzite and dolomite.The baszal seguence of un¥ossiliterrous

0]

quart;jtas ¢f Pre¢é#brian‘agé belaygs fa Téﬁamaj Faormation anid
is unqﬁﬁf&fﬁably‘ éverlain by thick =succession of argillite,
&ué}tzifé‘ﬂand dolﬁﬁite‘mf Cambrian age ; This assemblege of
T i : ‘ -
yaungéf ﬁgta5édimeﬁt§ is named as Sherwan Fomation.
o is?he‘smdthegnufaﬁamal area lies on the hanging wall side

oF the . Panjal ffaulti and i1Is largely influenced by the

deformétfanal,p&ttefﬁ.aSSG:iated mith thié fault. On largs scale

!
i

r@ series of nattheast—'frending cverturned anticlines— synclines

establisﬁ fhe‘étrucf;rél 5fyle of the region.
”fbej‘fauif_crqggfng the aréa are north— dipping thrust

and reéé;sg-féultgiAzsmqll scale baek thrhét'mhich is part of the

systéi'févprssent in the ;éntral part of the area.
Lo |

The overturned Yolds invariably 'verge southward.The
erientation of thrust and the fold vergence Iindicates southward
directed tectonic ‘tranﬁp&rt.SinCE‘the maior structure in the

vicinity of the area is the Panjal fault , it can be InTerread

1

i : 3

that the‘5tuctureﬁ5f]thi§,part of the region took shape during

the developﬁent ﬂf'thf; Tault.




INTRODUCTION




INTRODUCT ION

GEOGRAFPHIC DESCRIFTION

1

The study area Encampasées &8 sg.km. of the southern

Tanawal region {(plate '1).It lies in the survey of Fakistan
‘ ' ’ o

' /
topographic sheet No. 42 B/16 between latitudes 35) 4 20 and 34

/ Y72 I ) ’ 17 o 7 ,/
8 O N and longituked 72 53 30 and 73 © © E.The base map was

pfepaﬁéﬁ by Enlarging two times the guarter degree sheet.

¥

 'fThermajbr;city of the Tanawal area is Haripur which lies
B km.to tﬁe‘écuthfdf the area proper. Q.newly surfaced road named
Chapbéfﬁfdad“iéads 1tD the snutﬁern Tana@al area from Haripur.It
runskﬁéiliéiﬁh§ it§750uthérh‘and’western‘petiphery and provides

goud_,%etﬁions fofﬁStudy‘. Some paths connecting local villages

éllbﬁ déeper pénéiﬁétinn in the area. In saddition several stream
cou%Ses”fbiSécﬁingﬁthé hilly terrain provides good access toc the
remote pérté-m¥ thg?érEé.f

[ | -
- The:relief 'is moderate and ranges from 500 m. above the
sea level aﬁ;yéliéy:flnnrs to about 1080 m. above sea level at
the fﬁiﬁhesf:_péakfin the area .The ridges are mostly formed by

(R |
. [

dolbhiteF' e
R [ PR : ‘
“f.=m,‘Thg;wthe‘drainagE is captuwed by the Siran river which

démé}cdﬁés‘:{hé weStérn boundry of the area and join the Tarbela

lake near the southern margin of the area.

\



PURPOSE OF INUESTiGﬂf@DNS‘
The area ‘Qndef study remained néglected £ill  1975.
During the last 15 vyears lot of work has been carried out by
local and foreign geologists in Hazara and adjoining areas. The
priméry‘ aim of this investigation is to map various lithologies
in detail and work out the stratigraphic.prder. It is believed
that detailed:iﬂvestigatinns in small area Df‘thié \structuraliy
complicated and topographically rugéed te}rain of mountains will
be usefull in ééﬁébiisﬁiné the stratighéphic framework ot
southefdA Haééfa éﬁﬁ -Eqntinuation of similar litholagies in
Feshéw3E basin{ﬁ
‘.}ffhe }pFDJECt was talken up to cnncentrate on the role of
Fanjial faﬁlt'pn the the structural gEDmetry of the area and to

t [

cnnst?uct'-aj'gﬁru;tural_.ﬁqdel showing the“ tectonic transport

dlrectiun fﬁfréla£idﬁ'to tHe ‘adjpining areas.‘ﬁdditionally, the
- . 1nNéé£1ga§1nns w111 pFDVldE a sound base for the future

K ) .

iﬁ&eéﬁ;ggﬁ;unS ofjﬁhgfreglon.

‘ " . b

PREVIOUS * INVESTIGATIONS'

'iTheglinitiél, geologic observations in the southern
Tanawal 'area‘,were made by Waagen and Nynne (1872) . Their work
1nc1ude a genlng1ca1 sketch map of Hazara de&cr1b1nq the deta1led

stratlgraphy Df thE region. Later, Mlddlemlss (1894) published a

genlog1:al sketch map of Hazara from Black Mountains on the west

bank‘ d@ﬂ Indus rlyenheastward to Kunhar river. Both Waagen and
. DR T L S \ .
2




Middlemiss mentioned thick sequence of guartzites {Tanol

\

Quartzites) unconformably overlain by thick cabonate succession.

o

Wadia $1931)'cérried out detailgd stratigraphy of H

= &

including‘.the ’study area. Ali (1962 puﬁlished a paper on th
strafgéraﬁﬁy;inF ££Be“southern Tanawal area. He did detailed
‘stfafigraphic anﬁ structural study Df'the areda.

: ‘«Dﬁking 1961~ 1965 , the Tanawal area was mapped  in
detail as a,pérﬁ,of a joint US-Pakistan study of the geology of
H&iéféa‘ (E;1£iH5“et 51;1975).  They rejected the previous
‘nDh;ggi;tQ%§ f{DfT£hE ruﬁk seqdences exposed in southern Tanawal
‘arééifégaf”assigg?d' néw names and ages to the guartzite and
‘céhhaﬁéte,‘sqgcéssion‘ Egpcsed in the area. Publication of the
fésuléég +rom thié stqdy‘was delayed for ten years, during which
lat.DfIQka Haslﬁééh éar}ied out in Hazara region.

F{ﬁalxy;f'fahirkhe;i and Majid (1977) did a detailed
petrégraphi;; 5£Q§y‘;Df the "Tanawal Formation" exposed in  the

nnrthérn géqt qf Gandghar range and southern Tanawal area.

d
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STRATIGRAFHY

INTRQbuchDN‘

"‘l1%he’ Léssengimalayas D# Hazara exposed ih Tanawal aricd
ﬁbboftggad’véreasﬂgqangist of a thick sequence of dolomites and
qquartzi£egr‘ThE - dolomite—gquartzite seguence is unconformably
undérléiﬁﬁ by vPreCémbrian‘ metasediments. The unconformity is
represented  by é well dEVéleEd conglomerate bed throughout
Hazara. énd ﬁaahmik; Similar rock seguences are present west of
river ;Indus,iﬁ RQstam~Swabi area {(FPogues, 198%2). The age of the
leDmité~¢quaktzité seguence was uﬁcertain till 1972, when Latif
fDrthé‘ 4if5t time feburted Cambrian fauna ‘Hyelithids ™ +from the
Dvefl?éﬁg:‘Ha;iraVShale’, néar Abbottabad area.

:‘ATwo bermégfmnsy ﬁrup out!'in thE‘study arga 3 Tanawal
Formation uncunfnfwébly'overlaiﬁ by the éherﬁan Faormatin. The two

formations ares tentatively assigned Frecambrian and Cambrian ages

respectively.The .. dominent lithologies in the area are

‘quartzites,'leDMiiES'énd argillites. As'a result of the present

1ol ; \ | -
study, the reviséq stratigraphic sequence for the southern

Tanawal area islprbposed'as under .
Name of Formation | : | Age

' Bherwan Formation Dolomite member
Buartzite unft' Cambrian?
Quartzitelméhbef' -
Argillite member
Un:mnformity"

Tanawal Formation Precambrian?




HISTDRICQL REUIEN

'l»The Ear11est dttempt to establish the stratigraphy of

Hazafa"was. made by Nadgen and Wynne (1872). They described &

series . of un+055111ferrous, partly  metamorphosed slates,
conglomerates, schists cand  quartzites wnder the. name *Tanol
Series’, ‘unconformably _Dverlain by a thick succession of

carbonates which thEY calléd ‘EEllethe Trias’ . Middlemiss (18%&)
working  in " Hazara, Eénamed the‘ *Tanol Series’ as ‘Tanol
guartzites’ and ' .aéscribed them ' as feldépéthiﬁ schistose
guartzites. He alsnfﬁhéngedvthe name Df7waagén and  Wynne (1872)
‘Below the Trias” as.‘InFra Trias . Firstly,‘he believed that the
Tanol guartzites forms the lower part Df‘the Infra Trias® and
are Imetamor—phicj‘equivalent: of the “Infra Trias’® but latter on
changed his opinion when faced some difficuifies in constructing
a map and section on the basis of this ésgﬁmption.'He mentioned
the possibility that thé“Iﬁfra Triés' are Equivalént partly or
wholly of the Darbdﬁf#éfbgg—Pérmjén of thé:Salt range.

::Hadia (1911) ;Eﬁeiled thé Tanol ﬁUartzites‘ as Tanawal

L v '

quartzités and correlated them w1th Muth quart;1tes of Kashmir,

Simla’ andm Garhwal areas Df India. Nadia (1957) cnrrelated the

boulder bed  _vHazara area with the Téiﬁhir boulder bed of

eastérn peninsular’tindia'and suggested a Faleozoic, probably
.1 PN =

PermD—CarbonyferDus age fDr the *Infra Trias series’

and Huhammad Ali (12461) wﬁfked ocut the detailed

aphy 04 Abbpttabad area and renamed the ‘Infra Trias® as

a




*Infra Trias GrDup'..Théy~djvidEd the group into two formations,
c:DﬂSiStiné;'Df .a. lmwéé ciésii; sequence followed kby an  upper
c:alcéreoq;igequence. fhey described the Taﬁallquartzites as Tanol
Fformafioﬁ;t in ‘igbé,.fhe same authors decidéd' to ﬁhange their
previous namenclatu#e..and ‘called the Infra Trias Group as
;hbbmttabad FDantan w1th a five- fuld subdivisiaon.

' ﬁI;i(}9&2) in. a paper abaué the geclogy of southwestern
ﬁfanawélrhﬂére;,  nameﬁ'lthe ‘carbcnate sequence  as 'ﬁbbmttabad
F:armatiﬁﬁ; ﬁncon%ormabiy,underlain by "Tanol Formation'.

Lééif ‘(197ﬂ3'working near beottabad area, rearranged
+ he stratlgréphy and gave group rank tD the Abbottabad Formation.
He descr1bed the Lower clastic sequen:e as kKakul Format1an and
+ he upper'caICareaus éeQuenCE as ’'Sirban Formation’. Latif (1972)
=nd Rushtnn (19?h) fnund Cambrlan fauna from the overlying Hazira
Shale nedr‘ﬁbbottabdd and suggested a lower Cambrian age for the
vﬂhbbmttdbad Group. Latlf (1972) has correlated the  Abbottabad
{Sr‘uup Nlth the pmst Blalnl sequence of' E1m1a, Garhwal , Kumaon of
India and Nestern Nepél:; |

Célkins r and Dthersw(1975), while.maﬁping thé' sounthern
H3 malayas of Hazara, spelled the Tannl as ~Ténawal, which is
wr-itten nn the tnpugrgph1c ShEEtS- They called the Abbottabad
F:cnrmétiun (Alliilqéélué; hlﬁqr1all Fo;matzon Df Triassic age on

Tt hie basis of iithclmglqal 51m11arities of the fbbpotabad Formation

Wi th thE'Kingriéli Formation.



REVISED STRATIGRAFHY

The revissd and prasvious stratigraphic schemss
proposed for the southern Tanawal area are shown in Takle 1.

i

Previously tﬁe dolomite—quartzite seqQuence of thé Tanawal and
Abbottabéd area was named as ﬁbbott;bad Fdrmatiun (ﬁli,l?ézi and
Kingiriali fDrmafgbn.(Eaikins et al., 1975). Bs a result of the
presenilinvéétigatidns‘the-dolomitE“quartzite seqﬁeﬁ:e exposed in
Tanaﬁali_areébis SEﬁéfated ffDm that of the Abbottabad area. New
ageév;éfél‘aééignéd:‘tu the formations on vthé basis of recent
research, cafriedgldut in-fhe Tanawal and_ adiacent areas. The
rea;ﬁpsf&whicﬁiéonfﬁﬁﬁéd tﬁe author to %epérate the Tanawal area

rncksif#Pumw\fhat of | the Abbottabad area, are based on the

P

+Dllqwin§ observations.

= A

‘ﬁ{”!Haiéfa ;éﬁ‘ﬁé-&iﬁiaed into twoifétratigraﬁhic—tectmni:
znnés; wgich aré‘Fréﬁ: npr£h‘ to south as Tanawal =zone thrust
aver  the Anbatiéﬁéa zone (Fig.1). The Tanawal zone consists of
thick .éaqugaéebbfi*;naﬁai Fnrmaﬁinp v un&on%ormably overlain by
dnlnmite¥qqaftzitéfSéqﬁéﬁﬁe. Recently Pogue (198%9) has reported =
quartzigé uﬁifiqveﬁiyiﬁg fhe ddlomite~quartéite sequence exposed
in ‘£héfé63e{§}fshéruép Syncline kcalkins‘ét'al; 1975) , narth of

RN P I : -
the méppedjatea (Fig.1). He considered this quartzite unit to be

the équibaieht"df‘Misfi Banda Buartzite of Rustam—Swabi area.

. |
! .

" The Aﬁﬁbtééﬁad‘zoné starts with Hazara Formation at the
base, unconformably overlain by the Abbottabad Formation which is
in turn‘bvérlain by the Tarnawai group (Latif; 1970). The Tanawal

Formation 15 EDmp¥Eﬁé1y7mis5ing in the Abbottabad zone ( Fig. 1).

| | oo . 7
| E , i L L



Haripur . S e 2Km,”

Fig.1. Geological sketch amu odn,Hm:mzm,_‘;m..&.ﬁamomﬂmmma mﬁmmmgo&ﬁm% o
interpretted after Latif,1972;Calkins & others,1975;G.Fuch,1975).
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| Middlemiss{1896) M.ATi(1962) Catlkins & Others Suggted by author
(1975) .
Dolomite. Dolomite ooqom?m
“member unit member
- n ’
2 =
+ . - 2 m .
. [(e] B -
Infra-Triass & Quartzite . © | Lower quartzite: - - Quartzite .
: _ ° member £ " unit 2 member. o
an - s ‘ = c
© 2 ©
1 © — —
- ._.IW -~ s - - M - AW -
- IS Quartz mica W Phyllite Z Araillit S -
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|2 schist member Vm unit = omber o
Basal conglome-{  "|.~ .. . . .
rate member . S : ) -
L Unconformity —— Unconformity - Unconformity—— Unconformity ———
Tanol Quartzites Tanol  Formation Tanawal Férmation |° Tanawal - Formation W .
Q
-
o.
‘ L TablTe ‘Stratigraphic schemes for the southern Tanawal area, as proposed by various authors. ERe
| -
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The Taﬁ%ﬁa1<_zmné is‘lmcéted in the bhanging wall of the Fanisl
Fauit Qﬁithb iz the boundary between the two zones and is
characﬁerised'by a displacement with both thrust and strike-siip
compnneﬁté (Célkinséf él; 1975, AiDng Panjal_fault'cnnsiderabie
displacément‘mfvvariﬁua facies has occured .

éomparing‘ ﬁhe "stratigraphic position of the dolomite-—
quaftzitE‘ Seqﬁen:é‘m¥.Tanawal zone with that of +the Abbottabad
znné;ﬁﬂéi Feﬁarkabie‘IdiEEimilaFity can be observed (Tab. 2).
ﬁdditidﬁéily thE'lithﬁluéi:al comparison of the two zones shows
that a higher grade;ﬁetamorphic rocks are exposed iﬁ the Tanawal
zone. |

On the basis ' of above mentioned observations the
nomencl ature and‘,égeé bf the Tanawal zone rocks is revised in

order to separate the rocks of the two Zones.

b S SR



| Tanawal zone(Suggested Abbotabad zone(Marks&AH,I
by author&Pogue,1989) 1962;Latif,1970)
Misri banda quartzite Tarnawai group .
Sherwan Formation L ‘ Abbottébad Formation
(Dolomite- Quartz1te) . (DoTomite-Sand stone)
.f_f;__Un;onformftyf if — — Unconformity -
‘,ifanawa1 Fdrmati6hf l‘"flﬂf Hazara Fortmation

Tab 2 Strat1graph1c pos1t1on of ‘the dolomite sequence exposed in Abbottabad
' ~and TanaWa1 zones =




FORMATIONAL DESCRIFTIONS

Tanawal Formation

Stratotype

”Thei type ‘locality is named after & former tribal  area
o ' T \

called Tanawa1, Whicﬁ is located sast Df‘river Indus and north of

Harip&f}

Lithology

. S !
In the study area, the {formation mainly consist of

mediua—beadéd, 1igﬁt gfey to yellowish—white guartzite which
weatheré"tb"ffaintly‘Eeddish and “yellowish~white colows. The
quértzite: is bihéérbedded‘with gréy argiilites in kplaces. The
'gréih ;§éie"ﬁf thquuartziﬁe range from fine to coarse. In the
upp;r.;fratigFébﬁjﬁ 1évE1s, the‘qu;rtzité‘ié subconglomeratic in
places (Fig. é), Thé'qdértzite is profusely chQEQbedded {(Fig. 3)
and ripple harks'jafelfdund rarely on the inter?aces betweesn
quartz%te aﬁd'argi}diteﬂigFﬂng 4)., Iron sbe&ks can be Seeé in the
ﬁuartziteb;dgvnfﬁéﬂﬁffnﬁmatian. a

Relaiiohzgg‘adjaﬁéﬁt!rDcEs.'

In ]thezhstudy area the lower contact of the Tanawal
: L

Formation is @ not exposed whereas its upper contact is

unconformable with the overlying Sherwan Formation
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of Tanawal Formation showing right side up.
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-~

F1g4 .‘.‘_‘_O_'s,ci-]flat__iQAn‘IIfl'ipfme marks in the'quartzite ofTanawal Formation showing

"‘_'L‘:vrf"_ig:ht v‘sj" de u’,p,;: |

14




' Distribution and Thickness

\
i

» Tbé formatiqn :rﬁpg out almné lén gxtensive belt,
strechiﬁg”;%rﬁm Haripur‘tu Dérhand and Mansehra through Sherwan
area whiEh  forms the Tanéwal territory of Hazara. It 1= &liso
exposed fﬁ,thetwest of riQef Indus upto Swaﬁi area (Fogue;198%).
The fDrmatipn is‘intgnsely folded and faulted, so it is wvery
difficult ' to méasuré;the thickness. The estimated thickness is

about I00 meters in the study area.

Noter “As no sectieons are measured, so the thicknes  measurements
are based orn Arigrnometric calculations .wusing outcrop width

measurcments.

fnge and Correlation

No fDSEilS?%ﬁQVE bEEn reported so far from the Tanawal

B |

Formation. The aﬁejégsighed tD?the Formation by the previous

workers is mainly ﬁased on its Strafigraphiz position and
lithological similarities with other rocks in Hazara . and

adipining areas. Latif (1972) reported Cambrian fauna Ffrom the

‘Hazira Shale which underlies the Abbottabad Formation. In the

study area the Tanawal Formation is overlain by Sherwan Formation
. | ) o0
which is ‘CDFFélatiVE with the Abbottabad Formation . So &

Precambrian  age can be inferred for the Tanawal ~ Formation. In

northern - Hazara, ;fhé' Man5ehra granite iﬁtrudes the Tanawal

Fnrmatimﬁ}ﬁLé/#nrt and: others (1980) reported a whole rock Rb/S5r

1
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age of 516 Mé for the granite bmdy, thus restricting the Tanawal
Fofmatichf.tu Frecambrian age. The formation is correlated with
Muth qUa?tzit;‘bf KaShmir by earlier workers (Wadia,1931; Latif,

1970; Calkins and others, 1973).

Sherwan Formation.

Stratotype ' ,

’fﬁe name ‘féherwanf is intrnduEEdbhere to denote the
lenﬁite-ignd qqértzite7éequence abqve the Tanawal Formation in
the Tanawal a%ea; THé'typé‘im:ality‘is designated Sherwan because
the farmaﬁion'gs be§£ e$po5ed in She;wan area thuugh‘the present

study was carried put south of Sherwan area. Reference section in

. ) L . o 7
the studyiarea‘ig located east of Darwaza village (Lat. 34 5 M

. ' o' . /- . . ,‘3' . . ' .
LDng.l72‘57’E)g'1Q'kmlnDrth of Haripur City.

Litﬁofogg? B
- L ‘ |

\ _Lithnlmgicaliy vfhE ¥Drmétiqn is divided into three
members wﬁichf are.‘fram:bpftdm to  top as ‘argiliite m;mber,
quartzite hembEr éﬁd dqldmite member. The dblumite member has

.
N
e

qdartzite unit in'fhé,fbfm_of lenses (Fig. 5).

Argilliteﬂﬁember_»

‘Thei'basaLJ part of the member - at several localiities
consist of conglomerate bed which has poorely sorted clasts. Thé

conganerate is not restricted to the base of the member. The

16
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clasts ﬁﬁainly ‘chsi;t 5% white to grey quartzi£55 and agrey
argilliﬁé@fambedded in argiliacemus and éandy matrix. The clasts
ranges inﬂsiiE,§rDﬁ”3 few cm to aﬁnut 40 tﬁ'in dia@eter and are
commonly elbgated parallel to the beddihg {Fig. &). The
cmﬁglbﬁéfgfe ,jé' abQQt F0 meter thick in places. It gradually
passeslﬁéhéfd'ih£p dafﬁ'grsy argillites. fHE argillites contains
sahd§i é;a15iity infer&alatinns at vériuus-stratigraphic levels.
The EStim%ﬁedfthicknésé of the member rangeé between 100 and 120

meters. It'p355E§ 5han1y‘upward into the next member.

Guartzite membar

it ‘mainiy CDﬁéist of medium to thick-bedded guartzites.
It start%‘{rnm{itsVtieF.cbntact-wiéh light grey, +ine—grained
quarf;iﬁé,'%plinwed*ﬁy éréenish—grey‘quartiitérand at the top it
grades”iﬁﬁoxcdafse¥aﬁa@néd yeilnwish—white quartzites. The grain
size bréﬁéés .fhb@f %§ne tal coarse. The ' upper yellowish-white
guartzite is vérylf;aaré5+grained and on weathering produces
rubbly matérial. The_‘duéﬁtzite is cross—bedded (Fig. 7y and
argillaceocus laminatjpns,afe commnn.‘The thj:kness of this member
is“var{agle a&a ranéégifram 150 to 210 mgtéfs. It‘atiains mex 1 mum
thickness south éf-“fw'fyivllgge Chanjaliala (Flate 1. Its upper
:Dntéct ‘Qith the ﬁv;}lyiﬁg'leDmitE‘membér‘is sharpfand about a
one meter thick bed of dolomitic guartzite is observed which can
be calléd:as‘gritsfdne.

!
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Fig.6. Conglomerate byedlat the base of the argillite member of Sherwan
Lo Formation. - ‘
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Fig.7. Croés—bed%edég

Uarfzﬁte of the
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Sherwan Formation showing right

side.
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This member staf‘fs ét the ‘t)ase"vwith browrj weathering,
coarsely re:rystallized, medium—-bedded dplﬁmite which is sandy
and have chert nodules and lenses. This grades upward into thin
to mediun—bedded, white, grey and pinkish dolﬁmite which is Fine
recrystallized and has argillaceuus larﬁiﬁatimns,, resembling
stramatolites localily. At about a &0 mete'r height -FF‘E:m the base,
the dolomite has a guite peysistaﬁt't‘:ed D-F quartzite-argillite in
the form of lenses_'.énd‘j.is aeéi‘v‘gnated as guartzite unit. Above the
quartzité:|Lzﬁi»t', 'theidollc;mi"té is medium—grailned, grey‘in colour on
fresh -_é_.qrfac:g*‘s:‘_ and "u'ae-ather"s to | browni sh—greay .CDIDUF. The
weathér;éi;l}v-"-:_rsur—.fac'éé A"."ré‘sémblé butcher 's chmépiﬁg board. In the
upper hcﬁ*izoﬁ Cof ;v1:_whe:‘member cherty (Fi‘g.‘B) and argillaceocus
layersv "ar:‘e . :Bmmnn‘ (Flg '-?).‘ Also dark gl;'ey” ‘iimesstcme beds are

'

+ound 1n -Few places.l Its thlckness is estlmated about 400 meters.

{ '

The IDwer cmntact w1th the. gquartzite member is shar p. Its wuper

r
- \

contact‘._ is nnt expuged 1n the study area. "However, a &0 -°meter

thlck: lense I:HF Emnglnmerate is seen in the core of the largest

. : a / /7
Synclblne: D'f the area,.nor‘th of village Alull (Lat. Z4 S 0 My

.o NP i J

Long. 72 ._:8 D E) ?'(F’late 1). The cunglomerate CDnEl‘:tS of 80X
) ' !

argillite, lD/ quartzlte and 5% dolomite clasts. The qguartzite

clasts are grey t'n whlte, well rounded, embedded in coarse-
gr‘ained - quar‘tz:te or argillaceous quartzitic matrix. The

quartz:tte' t:lasts a’r"‘e‘. sometimes so densely packed that ‘it m&y be

21



called anclésf'SUﬁbnrted.

Quartzite Unit .

 V+he dolomite member has thick and guite persistant lenses
of QQarféite—argilijfe‘ai an approximate stratigraphic height of
70 to HO metérs\afjvar@mué places; The unit has about 20 meters
thick argiliites.aE.tHE‘base followed uﬁward gradaticnally by a
60 metE}'tﬁick,gre?qtbimurad guartzite. The guartzite is medium—
bedded, %iUEfgkaiﬁed and‘occasionaliy cross—bedded. Pyrite cubes

are present rarely

Distribution and thickness
. ’ f . i

The Bhérwan ?Drmatiun is widely distributed in the 1ower
and upper Tanawal region. The thickness is estimated to be 730

meters in the study.. area.,

1

Age and corrélatibﬁ
‘ - R

Recently;Pééué‘v' (i98?) hasf reported Ordovician
quartzites(ﬂisri{f~ﬁandé' .éﬁartzite) qvérlying the Sherwan
Fnrmafinn,'nurth g¥1thej5tudy area in the core of Shewan syncline
iFig.i&.Thus a ?Camb#ian age cane be inferréd for the Sherwan
Formation.The fnfmation can be cnrreia£éd with the fimbar

Formation of Rustam— Swabi area on lithological basfs.

Remarks

It is very difficult to differentiate between the Tanawal

2732
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Butcher chop weathering feature in the dolomite member of Sherwan

Formation.

Fig.8

he Sherwan Formation.

nber of t
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Chert 1ayerérW1thin‘the dolo
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" Rustan-Swabi area Southern Tanawal area
(Pogue, 1989) o (suggested by author)
'« [Polomite member
| -.Ambar Formation Lo y?%«;g Quartzite member
R . L e .
S %:0: Argillite member
‘Unconformity =~ | | ‘Unconformity !
o S : : ’ P .
| Tanawal Formation Tanawal Formation

;o

;»03%‘Prpposgq‘cmrreiatinn‘mi the rocks of southern
; Tanawal area with Rustam—Swabi area.
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quartzit;;'andffhe‘QUértzite member of the Sherwan Formation  in

Duttfoﬁ;  The? are neafly identical in coinur, grain size and
L ‘ : - ,I .

bedding. The only difference is that, the argillite interbsds are

very regular in Tanawal quartzites and iron specks are more

prominent‘which_lack in the Sherwan Formation.
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' STRUCTURAL GEOLDGY

FTECTONIC SETTING

1

The Tanawal area‘is located in the Hazara foreland Fold-
éand—thrust‘belt of Himalayas. The Hiﬁalayan mountain chain is the
—esult of CD}Illeﬂ between fhe canvergent platea of India and
fAcsia (F1g Ay The cnllision of plates and the result;ng Himalayan
~ ange dates back to 4@ Ma (HDlnar and TappDnler, 1975 . The north
ran1ng Indlan. Flnte and the south mDv1ng 951an plate had a wedge
t:f island ar# terfazn which was sandwiched in between the two
gnlatesu:tbwardsﬁ thei}‘ weé£érh part. THE 'sﬁﬁrtening processes
r-esultiﬂg FrDm £He, cclllslnn are partly accomodated by the
'thlckenlng of crust and partly by thrust1ng (Molnar, 1784). Theses
;JrDCESEES are 5t111 chtlnuanlng and an active FDreland fold—and-
'thrust belt‘ Ha§!:+pr$ed along the sputhern margin of the
}4ima1ayas;v{Thi§{ fﬁ;élahd Feld—andfthrust belt rconsist of the
‘cjeformedr;ndbmgféﬁorggﬁseﬁ'Fﬁcks of the nurihern margin of Indian
Faiate aqd largely cﬁmpr1se of FPrecambrian elements (Gansser,
19643 Lé #Drt 197u,_Vald1ya, 179843 Ahmad ahd Alam, 1978).

The tectonlc Style n¥ the Hagara fmreland fold-and-thrust

t:elt 15 cnntrolled by three structural elements i.e Main Mantle

_1:hrust lylng tcwards -northy Hazara—Kashmir syntamis towards
r?urth—east' and"Haln Euundary thrust loéatéd towards south
CFig.1).

Along the Main Mantle Thrust the kKohistan island arc

sequence [Dver%Eidesjfhe'hurfhern edge of the Indian plate which
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consist of Precambrian pelites iﬁtruﬁed by Cambrian granites (e
Fort et al., 1?863, ThE”éu£ure>i5 highly deformed and in places
it is a zone of éduth dire:ted thrust systems witﬁ associated
melanges {(Lawrence  §ﬁd Hazmi,'1?84). Iﬁ‘ Hazara the southesrn
boundary of this zone of intense deformation :an‘be éxtanded uptio
Oghi shear zone (Coward et al., iéBb).(Fig.S}

in the Tanawal area Precambrian rocké are thrust over the
PaleD;DiC seguence of Abbottabad area alang ‘thE Fanjal +Fault
{(Fig.2). Further south the same rocks are tﬁrust‘over*the Murree
Formation {(Eocence and Miocene mﬁlasse sedimentsj along the Msin
Boundary thrust.

In Ha=zara énd‘wéstgrn Kashﬁir, the structral trends are
greatly \ig$iﬁencéd‘59;fhé{défurmatinn patterns associated with
the Qa;a?éfﬂashhifvsyﬁtaxis. The northwetern Himalayas runs in &
gentie ‘tQEQé agfdséfﬁprthern‘lndia and KaSh&ir and the geologic
structures abrupﬁlyJﬁfurn bé;k upon themselyés in Kashmir and
Hazaraf;éFéé;‘%;ﬁ#iﬁg;é‘tight loop which penetrates desp in the

TR e o | ) . | ‘ i
Himalayaﬁigrange;‘wadia (1931) Ffor the first time reported this

inflextiémﬂ-iﬁ}the géﬁlbgic‘strike and named it "The Syntaxis of
northwestﬁlfHi@alayé"q_gHE mapped two, nearly parallel and
pérsisfantﬁfﬁhfq$t 'féultsp wrapping all around the syntaxis

(Fig.l).lThe puter one which he called Fanjal fault considered to
be the Bésal'slfding ﬁiané of a large’nappe "The Hashmir nappe".
Along this faulpfthé~Fre;ambrian rocks of the Lesser Himalayas

are thrust ig thﬁ SDuth_DVEF the Carbonifercous—Eocene systems of

b Ty " 29
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Hazara,anézﬁééhmif.:The inner one, ﬂurree‘faglt, along which the
Carbaﬁi#éf¢u5  tﬁ  EDcene systems are thrust over the Eocene-
Miacéﬁé;hoiasse'cf Murree Formatioﬁf

TBE agis. ﬁf the svntaxis is Drieﬁted slightly west of
north and have severely‘de%mrmeﬁ the rocks of the Hazara area.
The Murree molasse iﬁ‘the syntaxis is itself folded indicating =&
southward peragatiﬁ. The two main‘baunda&y faults loop around
the syntaxis and aldhg-thé~western flank, north of Ealakmts they
join each octher. Soétﬁ of Balakot they agéin séparate, the Panial
fault follows a southwestward direction towards the Haripur plain
and separate the Tanawal area rocks from that of Abbottabad
{Fig.1). The Murree {auit {(Main Bmﬁndary fhfust) from Balakot

.

follows & scuthward direction and runs all along Margalla hills.

Latter it turns west towards Kalachitta rénge and can be traced

upto kKohat area.

Along the Mainm Béﬁﬁdéry thrust, thrgsting of the folded

and imbricated Cambrian-Eocene sequence over the Eocene-Mibcens
R /. I B v :

-
v

mblasset;éediments;ﬁﬁéuggésts ~the collision and uplift by end

Eocene;tiﬁés]{ﬁpﬁéﬁd{ét al.y 1984).
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STRUCTURAL GEOMETRY

‘THE aefprmation features of the area are characteristics
of the Forelénd fold-and-thrust beit of northern Pakistan. This
belt .h#s; dé&eluped' during the méin fectanic Evéntg af the
‘Himalayén Dfpgeny.:"ﬁll the major fauwlts in the study area and
north u%“it are dipping north. The majority of folds have
developed along east-west axes and vergé southward. These
featurésgiﬁditate é southward tectonic transport which is typical

of the foreland fold-and-thrust belt of the Himalavas.
Folds

Calkins et . al (1973 was the first to map the =outhern

Tanawal area in detail. He mentioned numerous east—west trending
T ) .

|
i
{

large scale, gentie‘té open, symmetric and asymmetric folds which
gently plunge nDrthféast.TwD distinct sfyle of folding have been
recognised  in the study area i.e. Large scale asymmetric folds

and overturned #Dlds. Tha Tanawal .and Sherwan Formations are

i

-

folded into a spbparailel‘system of overturned anticlines and

synclines and open asymmetric synclines.
i

Overturned Folds

The DVErtufﬁihg iﬁ the folds is best represented where

;dnly yfanawérf Furmaﬁiah is exposed or where the upper dolomite

membef,qf{theﬁshérwan‘Farmatidn has been removed by erosion. The




only plaééfﬁherg dmlumite beds are Dvertufned is near the village
uppef ﬁiid?? élangv“tﬁe north-western #1;nk of the largast
syncline in the.éreé:(PlatE 1}.

"'¥ﬁ;,f§naw51‘ﬁuartzites, SDutH of village Soha are folded
intn.a ;éfié5 ﬁ+ honpiﬁhging DvertQFnEd anticiines and synclines
.treﬁdihgﬁ? ﬁérfh—easﬁ‘land east-north—east,. Thess folds are
DvertﬁrﬁédV towards south-east which is in conformity with the
general ﬁEctDﬂi; behaviour of the area. Further socuth-east near
village Burakki, between the two major synclines of the area, the
quartzite"memgér Df' SHErwan Formation is tightly‘ overturned
towards ‘south—east anﬂ marks the termination‘of the only thrust
fault of ;the _arEa .(Plateib.,The aﬁis of this anticline is
parallellftc that‘ﬁ# Dtﬁef overturned folds in the north-uwest.
Furthe&.}ﬁbﬁfh; 'thev,QhDie Sﬁerwan and the underlying Tanawal
Fufmatinh::isv Fpldéﬁféﬁté é major overturned, syncline wverging
sputh. THE fold rﬁagvpa#allel to the other folds and its axis
plunges éhailowely‘(abqut‘iﬂ') in thé north—eastern directimn,

East of village  Chanjaliala, there is an overturned
anticlinel in.afhé ;iénaﬁ;}’Furmatiun. Thi5:¥old is boundsd by
: R ‘ : : ‘ :
thrust fault in tﬁéiééﬁth—ééat and a‘back.thrust towards noirth-
weét.  Thei£rend D{ tﬁé hihge of thig anticline is east-west to
! nnrtﬁ—eéstk

Dtﬁer Folds

The mapped area 1is Eharacteriégd by three major

"\
--r
P ]



synclines. The 4twé ,ﬁarthern synclines afe nearly of egual
wavelength' éﬁd afel‘comﬁarativély smallier than = the third
(snutherﬁ?- Dné. Théf& iz a distinct structural discontinuity
betwaén1 £gE5e  +Dld5band the southern syncline (Flate 1). This
discontinuity is a thrust along which the rD:ks exposed towards
nnrthfwest Df thé-areé are pushed southward.

“Tﬁéutﬁp northern synclines are produced by the folding of
both theiTanaﬂal anduéﬁerwan Formatigns. Both of these are nesrly
egqual ‘in_size. Thesé arE ﬁﬁen, asymmetric énﬁ non plunging. The
troﬁgﬁs §F§thE twq synciines trend north-east.

THE  largest; syncline of the region lies at the south-
sastern védge raf taa‘ mépﬁed area (FLate 1. It is open and
asymmetric near itsAnose i.é at its south-west part, but towards
north—eaégw it qenerglly gets overturned. A wvery interesting
phennmenun.is Dbserved durlng the traverse frnm the nose towards
nDrth~Ea§£  along the ncrtthn limb of this syncline i.e the
gantly{faiﬁp;ng beds get steeper. b§p5 ranging {ruﬁ 45 to &0
south—easﬁ' afe‘cdmmanwiﬁ fhé western part.'ét‘the middle of " the
syncllne vertlcal beddlnglls common and in the ex treme east, the
beds d1p 5teepl§ but d15t1nctly towards nDrth west. The axis of
the syncllne trends NqDE and plunges shallgwely towards north-

Eaét.“; Co ' ﬁ

Smalliscalé foldss asépciated with large #nlda

SMéllvscale3DverturnEd and other folds are common on the

Z4
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limbsjfnf'iagre'¥bids, specially in thin bedded dolomite. They
‘rangejgih, amp1itu&é from Z0-50 centimsters. The trend of these
Emaliéfﬂfnids and their geometry is remarkably similar to that of

the Iawge folds.
Faults

The major faults of the mapped area are thrust and
reverse faults. Few minor faults indicated by offset beds have

alsu_beeﬁ Méﬁped.

Majar faults

il

o ‘ 1
Three major faults have been identified in the area. Two

of these are north — west dipping and the third ornge 1is
south-east dippihg back thrust (PLate 1). Fullnwing is a brief
description of the major faults.

IR
Thrust fault e

This fault is the most prominent structure of the area.

It appears on ﬁhe surface at the eastern side of Darwaza viliage
where it follows a north—-eastern direction and finally merges

i .
into an overturned anticline near village Gurakki. The fault

strikes north-east and dip north-west at‘mbderate angle. Along
: ! ‘ :

this faultgthe Precambrian Tanawal Formation is thrust over the

\

il

Cambrian Sherwan Formation.




"‘_+ sma11 sca]e folds
By Large scale fo]ds

and larc sca1e fo]ds
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Baﬁk Thrust

v

It is located on:the western side D{1Darwaza village. It
strikegv nDrth~south:‘and'dip east at mmdeéie angle;- Along this
fault the Dvertu;neleanaQal quartiite is pushed northward over
the Sherwan FErmaténn. The overturned %anawal ‘guartzite 1looks
like a pop—up structure in bestween two opposite dipping faults.
This fault is of local esxtent.

' .
Reverse fault

"

This fault is located west of Ehanjaliala“village. it
strikes east-west and dips toward nﬁrth'éith high angle. Eince
the =fau}t .is 1D:éteé.wi£hi6 quaftzite ﬁémber of the Sherwan
Fmrmatiqn% nb"chéé#tgﬁg“is visible. However, the effect of
faulting;;can:‘ﬁév‘sééﬁ in\the;ennrmmus ‘thickness of quartzite

exposéQ 1é§u£hf¢f 9?ilége Chanjaliala. This quartzite is exposed

an +the twnflimhs df}fhé adjacent syncline.‘ﬁlthaugh the dips of

the nbrthgﬁnxli@pw§¥ thi$i5ynt1inE are steeper, the difference

[

.betwéethhe*but:rcp‘fhickness of the two limbs is far much to be
' explained without a fault (Plate 1).

. .
Lo

Hinnr f§uIt§ l, > '; fQ,

'iTwnf mihpr?{fauité are mapped in the area including a
reverse'aﬁd ﬁ&rmalf¥éuit.
Loh T ) PRI .“ .' 'A N i . L
The reverse -fadlts is lpcated south of wvillage Kachhi

along fHe’ndrth;westéFn edge of the adjacent syncling (Flate 1).

-
-



o

It bringé‘fhe quart#ita mehbar of the Eherwan Fprmatimn over the
dolomite member of he 5ame Formation.

a miﬁnr normal {aultlis mapped north of ViIAQE ﬁ1u1i along
the main stream. Along this fault ﬁhe dolomite member of the
Sherwan #Drmatimn is,ih'cantact with the quértzite mémber of the

same Formation (FLate 1). its trend is north-south and its east

side is up.
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SYNTHESIS QE_STRUCTURAL GEOMETRY

The stﬁdylérea‘is located in the foreland fold - and -
thrust belt of Hazéfa Himalayvas KFig;’iQ).’ In  the following
pages the inferentés drawn by the organization ana synthesis of
field data are given. The interpretation of stressses responsible
fmrl producing the deformational pattern of the area has been
done. |

The rock formations of the areé strike north-east anag
dip towards northwest (Plate 1). The axes of the major folds are
parallel to regipﬁaltétriﬁe; The overtufned fold have comsistant
Southwafd yefgence ';"é majﬁr fhrust traced in the area runs
nprtheést ;, 5Dutthst'_and dips northwest. North of Darwaza
villaééf §>n1qca1. bacE thrust is mappéd (Flate 1). It strikes
nDrth—. ﬁdrthfeastfénﬂ dips towards suuthéast at moderate angle.
The‘,attitgdé dat§Janmajbr and minor fault planes is plotted o
équéii%féa75#£“éhdi§ra:ﬁessed to find the precise orientation of
"stfésEé$j 

Déeﬁéting' iﬁ'the ares at the time of their formation
R er i D EET \
(Figeldy.. .. o0

-

! Do ; ,. ) . ) i Py
- The direction of compressional stresses is oriented N4GW

U
[

énal,igyfhoriégﬁiéf5>' The 5puthward directed asymmetry of the
‘struttuEES‘iﬁdicafé;a sgu£h~éastwérd directed tectonic transport
" of the fegién. :Thé ébnve mentioned paﬁtern and syhmetry of the
strﬁctﬁres matﬁheénﬁith characteristic deformational style of the
+orél$naffnid%and—£hrust’belt of Himalayas.

| A?:‘Tﬁefmappédvarea iz located along‘the sputhern margin of
Taﬁé@%i&zgné; whiCh ¢Dﬁpri5e5 the hanging wall rock sequences of

=9




. poles df:fau1t'piénes'
® BaéE'%hrust‘vs

Thrust fault

Figl4. An equal area plot showing the poles of the major faults and

orientation of stress axes.
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the Panjal %ault‘iFié.-I}.. Along the Fanial fault the Tanawal
zone is pﬁshed south—-eastward over the Abbottabad ‘EDHE. The
surface traces of Fanjal fault is not ezpm;éd‘in the study ares.
It is burried benaéﬁhithe Haripuf plain‘t§Ward5 scﬁth~east bt
the effects of this majmr‘étructure can be felt and seen in the
major part of the reginn.‘ ThE relationgﬁip of the deformation of
the study area and the Panial fault is largely based on the
observations made by the previocus workers {Calkins et alsy
1975, B.Fuch; 1975, Hvlland et al; In press).l

Calkins et al {1275) considered tﬁat the basal SEqUEnRCE
of rocks exposed on both sides of the Panial Fault' @as similar
and was happed as Hazara FDrmat1Dﬁ. -prever,‘ dufing recent
investigations (Hylland et al. In press)”if-is found that the
two séqgénceé  dlffgr greatly in the 11th010gy aﬁd degree of
metamérpﬁism.'Théfsqﬁehces in'the fontwall D{ tha Fanjal fault in
the vv1:1n1ty af Hasanvﬁbdal ‘and Haripur 15 arénaceuus and shows
no degree of ﬁgtamnrpﬁlgm. The hanging wall rocks of this fault
Dbservédyﬂin-‘tﬁéj Bandghar’range are arglllaceaus and display
greenschlgt ’metamérphlsm.‘, The basal sequence of Haripur and
,Hasan ﬁbdal area‘{is_simjlar to thg Dakhner Formation D% the

. [ . .
Qttock—cherat "rahéé? whiéh is correlative with the Hazara
Fnrmaffdnthegfs'Q'Hﬁssain' 1287). The argillacemus sequence of
‘the Eandghar range is 51mllur to the Manki FDrmatlan of Attock-—
Cherat range;

 The 'dEfDrmatiDnal history of +the area is closely

associated wlth the Evnlutlan and developement of Fanial Ffault
: : ' 41
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(Fig.1). This leEk,é? the fault has greétly»defurmed the rock
sequences present in it. A structural mmdei shmwing'the SEQUERCE
of events that occured during the movements on the Panijal +ault
is shown in figure 195 a;b, % c. |
|

The structural style of the southern Tanawal ares haé
devloped during the Himalayan Drugeny.. As the | deformation
proceeded south of the Main Mantle Thrust a basal shearing plane
developed beneath the.Tanéwgl’area.The Panjal fault is the result
of a major ramp in. the basal decolloment exposed socuth-sast of
the study area (F;g 1& L 17).Th15.fau1t brings argillaceous faci
(Manki Formatlmn ) over arenaceous facies (Dakhner Formation ?in
the. v1c1n1ty DF Hdsan Abdal(Hylland et al In pressi.The Fanial
fault 15 not studled in the mapped area. .

ijhw‘baﬁgliﬁhearlng plane is assumed to be located at or
near éhéfgasé p¥'aréillaceﬁus'facﬁes.lt is_shggested that +irst
thé‘mdyéﬁeﬁ£s qccur%q'aloag the basal shearing plane beneath tha
Taﬁaw%i:Eéfea,wh?cﬁ.éﬁt‘éqused south of it and later due to the
'cnnt{nuépg‘ﬁDQeméqﬁgsélpng‘tha Fanjal ¥aQ1t the Tanawal area was
1defmrmedffﬁe fm;ppéQJgtruttﬁréé in the study area shows that the
Panjal Fé@lt‘ékhibifykamp and flat geometry beneath it (Fig.17).

' The vqniy  §hru5t‘ fault mapped in the study arsa is
believed éa,béng.rgmp‘segment from the basal sheariﬁg plane.This
ramp’ segment Tcut fUp—SEctiDn the competent quartzite ot the
Tanawal ’FDrmatlon and brlnqs these older rocks over the younger

Sherwan FDrmat1Dn (Flg 17) . Furthermmre, it is suggested that this
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‘Panja1 fault

— ‘ : S ‘ v IND E X .
Cs / i / Cqmbrion
//‘ Sherwan formation

Pet - // ‘ o Precc'mbr;lan
& / Ped Tanawal formation

i ~ L : )
— e PEm s - Precambrian

—— [ U SPY .

Dakhner ermotion

Precambrian

(a) , Manki formation

T / ’
L e
(b)

L Ped

N
N

R Pem S ped .

L)

Fig.15. Proposed structural model showing the sequential deveiopment of warious
a.b & c) surface structures in relation with the Panjal fault.
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l‘\.am_px Eeﬁment_ has ﬁeveiﬁped‘later in the hanging vwall of the
P anjal  {§Q1t.‘ Had this ramp segment prgduéed.earlier than the
Sanjal fault',it might have brought tﬁé“argillaceous facies
(Hanki.Farmatiqn ) tD the surface. This ramp therefore developed
X ater Néné'.ﬁaslirEéﬁbnsible for reléase of the severe strain
C:Dnditiaﬁ“éauéed:byvthe‘continuaus movements on the Fanial fault.
‘ ThE large“scale ‘Fulds mapped Iin the arsa are in
‘t:onfprﬁity:‘with' the abcvé mentioned ramp and flat geometry
{Fig.1ls $  17);Theb majmf anticline is located above the ramp
Esegment‘whereas the,éynciiﬁés are lb;ated‘abﬁve the flat segments
=nd all‘bthese fDldg 'wefg developed as a result of this
subsidiary f%ult fthét detached 'from the basal shearing
pjlane(Fig.ié 5;5&C§7~ | |
:,The'r’timiﬁg' 6%7 uplift along ‘the‘ FPanial Ffault is
\Jncérféiﬁif Thé -oéeffurnéd"foldslk in the area | are  south
\Jergent,ﬁﬁich‘ .Qbufét'bé. Expected if a"séuth-easf‘ directed

L]

thrusting had occured along the Panjal fault.
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CONCLUSIONS

On  the basié‘ of present work ';. the following main
conclusions /ére dréwn‘cphcerning the stratigraphy ghd structursa
of the éfea. |

”it is géneraily believed that the dolomite — guartzite
sequence CShEFwan:FDrmatiDn) of Tanawal a}ea can be correlated
with 1théf; dmlamite‘éequen:e (ﬁbbmttabaa Formation? exposed 1in
Abbottéggd '§rea} Tﬁe,present work shows that the rock sequences
QflséutﬁefﬁfHazafa téﬁibeidivided iqtm two téctnnm—gtratigraphia
zdne$:ti;e Ténawaf iznne énd‘Abthtabad idnes H the former i3
‘thrus£ ‘éy§r the lateF almﬁg Parnjal fault.Thus the Tanawal Zane
which ‘cbmﬁrises lﬁhel‘hénging wall of the Ffault is entirely
different. from the ebudttabad zane.
. The rDckAaéqueﬁﬁés of Tanawal zone are correlative with

the Etratigfaphic drder established recently by Fogue (198%) in
Rustam-Swabi area. .

R O

i . .['. ..'>‘ B Y C .
4;‘Q_d15t1nct:’suuth—eastward vergence of the structures of

the ‘ares is observed which is in conformity with the regional

structuﬁél sfyiévuﬁffhe‘ﬂazara Himalaya.

| Panijal féﬁltAthchvrunE south of the are#,has & great
structugalz contrDi' ‘mverb this part of Hazara. Thus the
deformationa# :ﬁat£érn Sf fhe area i.e fD?dS axes, fault traces

and vergence directiohs are in direct conformity with this major

stfﬂcﬁure of the régibh.‘
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