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ABRSTRACT

The ﬁtruatqre‘nf'thﬁ wmrthefﬁ éandgﬁar Rarvge 1z shuwn ta be
mantrmﬁf&d by the folding'anﬁ faulting processes. Folding and
taulting has aphaf&ntly‘wxagg&r&ted the true fhjckneéseﬁ of the
strata. The majmrity ofF féjds (Fold are southeazt vergent
inﬁjca%jng & Smu%héast%dirﬁc%éd thrusfing, The other group of
fmlds'(Fj) Is &rjenfed perpendicular to the Fo folds, and
indicate a %mmpragsianidir@ction f?mm the NE, digfin&tly
Cdifferent fram thmse of\thé ?? fmldﬁ which iz from the NW. The
tbrugfjng gyﬁtem de@elopéd in the nmxtﬁern bandghar Range locally
Cdetines a smalj‘sﬁhubpen or Imbricate zone.

The stréfigraphjt ztatus and ages of ail the rmck% of the
narthern Ganﬁghaf Rarge havg been revised. Thi% Ftudy Indicated
th&t:all.thé régks of the'hmrthern Géndﬁhéf Rangé are of the
.Prat&fﬁzvfa‘mr‘eéfly Paleé;nic‘age-_ |

¢




CHAPTER—1
INTRODUCTION

Thm.NEmﬁw trendihg Gandéhar Range is located in the Hazara
distwitt some 40 km northwest of Islamabad, #ormihg & partial
barrier between the Haripuw and Feshawar basins (Figs.l % 2). The
rarge is the southwestern extension of the rocks of Hazara
district. The Campbellpmr basin is stretched on its south whereas
Cthe western boundary is mar ked by the alluvium of the Feshawar
basin., Te the north liés the Tanawal territory, exposing
dominantly the Tanawal Formation which is intruded by the
Marsehra granite of Cambrian age. The Margala and Ehanpur Hills,
Arm 1acatmdﬂtb the southeast and eaﬁt'resp@ctively.

The Gandghar Range, Attock-Cherat Rahgm, Margals Hills and
Halachitta Range are coliectively termed the Hill Ranges .
separated from each mther by ailuvial plaiﬁﬁ.(Fig.ﬂ). The rocks
af the northefn‘Hill Hahqas, ieee the Gandghar Hange and Attock-
Cherat Range are transitional between the high grade metamorphic
and plutonic rocks in the north and unmetamorphosed toreland |
basin Etréﬁm to the south. Rocks of the Hildl Ranges &re brouwght
Tt thml%mwﬁac@.albng ma jor ramps‘bran¢hing from & single
detamhmwmt gurface (Yeats and Lawrence, 1984) ., The Gandghar Range
was probably upliffad along the Pamjal fault (Fig.2). The Wahjaj
fault wmw'ﬁriginaliy r@mognizmd by Wadia C(1987) in the area
constituting the Hauaramﬂa%hmir syntaiis. He abmﬁidewmd ittt b

the basal ﬁliding plahe-mf a‘iarge TVEP ey called the K

sl
nappe. later, lekihg et élQ,(f??S) mapped the same #amlt‘tm_th&
west of the ayntmwi%;.ahd bave shown that ﬁh@ 4ém1t iﬁ‘ﬁ
Edmbiﬁatimm of r@vmr$e~slfp‘and stirike~slip mmtimnég with dip
aﬁglﬁ%‘ﬁwam ﬁ@“ﬁ'wr Wt vmwtiﬁal.lThwy'alﬁm showead that
nmrthwéﬁk mf‘Hariﬁuwiit cuts thrmugh the gastern front of the
'Gamdghaw Hmhgé; Py L Lard ef‘al;,(ih PreEp. ) argus that southwest of
]ﬁbmmttabad,the Pamjal'FaQIt s buried banéath'thm alluvium of the
Campb&ller and HaripuE.bé$inE‘aﬁd is mot amtting.thrmmgh'th%

gastern Gandghar Rardge.
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REGIDNAL GEDLOGY

e uulkz%nun o% ITndian and Furasian piﬂlc Mad shortensd the
crust, which was ag&mmmbdated by the.deve}ﬁpm@hf of an extensive
Ceouthward directed thrust system and associated {u!dlnq {(Coward
et al.,19032; Veats and Lawrence , 1984, Coward and Butler . 1@
Cowar et wl.,1988) Hpssart et al., 1986; Braeco et al., 1989) .
These thrusts include; the Main Earakoram Thrust (MET) , the Main
Mart e Thrust MMTY , the Mai Boundary Theust (MET) and the Salt
humqw-Thrumt (ERTY o A |

The MET separates the rocks Df_the fisian landmass from the
Eohistan island arc comples. The Asian landmass is composed of
'quelw%hg, sl ates, mérb}aﬁ and gquartzites that rahga in age from
late Faleozoic to early Tertiary (Tahnrlhn11,]9!?). The Kohistan
island arc is a maém ot clominmantly amphnbmlmt@s followed by
.dj.(:n'"ifo.c-ass.J metanowitas’(pyrmxene‘grahulitﬁg);and associated
velcanio rocks (Tahirkheli,1979).

The Kohistan island arc is separated- from the Indian plate
by the MMT. The Indian 1andma$§-diﬁplay$ the entire succession of
m'gmmlmgicml column, which is disrupted at various intervals by
thrust faults, e.q. the Panjal Fault, the MRT and the SKRT.

The MET separaté% thie ﬁrewcolliﬁimnal Faleozeic and Mésmzmic
sl mentar Y rocks of the Indian plate from the ymmmgwﬁ prost -
collisional Himal ayan mmllaﬁa'smdimeﬁtﬁ.

mwwhmrﬁ‘wt'alﬁgflqﬁl) have shown that the rocks to the south
af MMT are wnderlaicn by a single “detaﬁhm@nt surface” which
entends bwhmath;th@ entire Fobwar plétmmu and emerge south of the
S&lt Range éﬁ Balt Range Thrust (QRT). The SRT brings the entire
Salt ﬂmnuv BEOUBNCE OVEr the late ﬁnatornnry depasits (Yeats et
al.,1984),

The Farnjal fault»jmmtapmgé%<th@ chh%‘m$bprmwamhwian and
Cambri an agé to Carbmni%érmus_ag@ (Wadi &, 1987 Latif, 1970
Talking et al.,lv Y and marks the western limit of the Hazxara-
Kashmir syntaris. ‘ o '

The @mndghawiﬂmmgw.im‘lv"wiwd ror b Gf the Fanjal fault
(Figuﬁ)‘and wa§ pwmbably uplifted aimmg this fault délimiﬁimg the
Ceouthern wthmmmnm Gf the "internal’ zone (Coward et al .y 19as) .

The lwan‘xlxon of lhm Himalayan hinterland rocks to the £l and
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gtrmta iw marked by the rocks of the Hill Rang-ﬁ; The Gandghar
Fange is the northern most of thé Hill Ranges, and in the west it
is laterally continuous with the northern block of the Attock-
Cherat Raﬁg@ (Yeats and Hugaain,1987).‘The'range is therefore,
very important in studies involving the Himalayan hinterland-
Fmrmland relatimnﬁhip‘as it5 structuwral and stratigraphic

featweas will help to understand the transition in a much better
WIEY » ‘ o . - \J/

FREVIOUS WORK

The warliest published work available on the geelogy of the

Gandghar Ramge is that of Waagen and Wynne (18732), who described
the geology of the Hazara area:; Later, Wyrme (1879 prepared a
geological map of the Harara area at scale of 1 inch = 8 miles,
which contained three cross-sections through. the Gandghar Range.

Middleniss (1894) ,also published a geological map of Hazara from

TELaclk Mountadn on thée west bank of Indus River sastward to the

Funhear River at & scale of 1/2 inch = 1 mile. BHoth Wynne and

Middlemiss referred to various limestones in the Gandghar Range

but could not ascertain their age and relative stratigraphic

s b

2

thtwr.(i@ﬁﬂ) Whila working in the Kelachitta Renge also

visited th@iﬁduthern tip of the Bandgharlﬁange and specially

mentionecd the Slate Series, which he correlated with the pelitic
roacks of Attock. HMe assigned & Pernnsylvanian, possibly Cambrian

o Frecambrian age to these slates. Khan et al., (1949) described

Lhr e lithmlmgical units in the‘Gandghar Range (&) the Hazara

Slate Series (b)) the Infra-Triassic limestones and (o) the Tanol

CBuartzites. ALL (1962) while working in southwestern Tanawal

carea, also mapped the extreme northern part of the Gandghar

Range. In the gemloéicél'map'o+ Fakistarn, Haker and Jackson (1944)

showed the Gardghar Range to have Frecambrian rocks on ite

eastern side whereas the western half is consisting of Silurian=-

Daevorian rocks.
- The first detailed map of the entire Gandghar Range was

published by Tahirkheli (1971). He considered all the rock units

' prm%md>ih the Gandghar Range to be of Faleozoic age and

e




correl ated them with 1ithm1mgically similar units in the Ottack-
Chieralt Range and'ﬁouthewn Harara., Later, Calkins ot al., (1973)
published & g@mlmgimal map of the northern Gandghar Range and
described three rock units from the northern Gandghar Range (i)
the Pwmaambwiah(?):tmlordmvimian(?) Haw ara Fmrmatidn, {(ii) the
Ordovician (7). to Devorian(?) Tanawal Formation and (iii) the
Triassic Fingrialld Formation. They have also shown the Panidal
Fault passing thrmmgh the eastern Gandghar Range, separating
Hazara Formation to the west from the Hingriali Formation to the

past .

RATIONALE '
Though  fhe word: of Calkins et al., (1978 sufficiently explained
the geonlogy m#‘th@ northern Gandghar Range (Fig.3) but there were
still some qﬁmﬁtimNE that remained unanswered. For example, what
is the status of the Hazara Formation? UWhat is the exact age of
the Tanawal Formation? Nhak is the natuwre of the contact betwesn
the Hazara and Tanawal Formations? Whether the étatus of the
Eim@ﬁialivﬁmrmétiah i%{ju%ti#iad here? How did the Gandohar Range
detorm? Carn the varimuﬁ‘phagas of deformation of Hazara be also
patablished in the BGandghar Range? WHat ieg the significance of
the Fanjal fawlt in the deformation of the Gandghar Raﬁge?

The praesent study i% an attempt tmvan%warvth@ above
gquestions. Thefﬁtmdy was hased on the work of Calkins et &l

(1975 (Fig.3).

" ACCESSIBILITY .

Calking and his.Fmiimw workers had the advantage of the old
TarbelawHarinr road that ran along the northern end of the
range. After the Tarbela dam was built the lake water rose to an
‘mltitudm ot mbﬁut;ﬁmﬂ.meter, thus making the northern end more
diffdoult ﬁm_appﬁwméh but the critical areas cah be visited in &
boat., The Ghaziwﬁirihmtharipuf.rmadbéxpmﬁee'a tharough sectd on
thﬁmugh b Miﬂdlw wf thw'arwa; %imilawly_mll villages are '
_imtmwcmnn@mt@dA@ithéw by wnpaved roads or fool tracks.

| Two very large gtf&&mﬁ cross-cut the southeastern prar b e

Brpose very good sections. Elsewhere the continuwous and
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prcellently evposed rocks with Little vegetation further

facilitate the field work.

METHODOLOGY

Thes

howorls dw e

[ar G sedocted o the northern pert of the

Gandahar Range, between Lat. FAON and E4°@ N oand long. 78045 E

anc 7R B The total sres covered is approdimately 160 sq. k.
The base map waﬁ’pmwth# the Buwvey of Fakistan quadrangle Mo, 453
B/l -

;Thm Gandghar Range study was & part of an ongoing co~operative
‘pwmjwﬁt between Oregon State University, University of Feshawar
ared the walmgital Burvey of Fakistan. For this reasson the

meuthern Gandghaf FRange was studied by M.D.Hylland, an M.,

student of the OFsgon State University, and the northern part by

the writer., The aim of the project was to determine the local and

podonal structural and stratigraphic relationships of the rocks

comprising the northern Gandghar Range.

T mhﬁwwr the mwaw mentioned gquestions the writer cerried out
the present investigations as follows:

¥ studied the lithblmgical characters and contact relationships
of the Hazaré FDWMation (Marki Formation) in the Gandghar Kange,
in the area wagﬁ of Harinr and in Abbottabad area.

% ihveﬁﬁigat@d the iuwer and upper contacts of the Tanawal
Formation in its type area (Tanawal Territory) and in the
nprthmrh.@andghaf Rarge.

¥ Attention was particuwlarly focused on the nature of the
cmhtactg‘between various lithologies during their mapping.

% The Rirgriali ?Qrmatimm of Calkins et al., (1970 was studied
Lithologically ahd‘stratigraphically in the northern Gandghar
Farnge and in th@.Sh@rwan ArEa. ‘ |

* The area wag;mappéd o 1:50,000 5&al@, arnd. all the major and
most of th@‘mihmr structuwres were also mépped.’
* Orietations ®4 small and large folds were recorded carefnally

Cand were later plotted on an equal ares stereonet for the

possible establishment of the variouws phases of deformation.




CHAFPTER—2
STRATIGRAFPHY

The northern Gandghar Range displays fouwr stratigraphic

LI

essions (Fig.4). The basal sequence (Manki Formation) is
mostly composed of slates and phyllites, which are successively
overlain by two carbonate lithologies (Shahkot and Shekhai
Formations) and an alternating sequence of quartzite and phyllite
(Tamawal Formation). The entire sucCcession is profusely intruded
by basic igneous dikes of uﬁknown age. The range is diviegible
irnta a wm(twrm and an eastern block (Fig.%) separated by the
Baghdarra fault. The eastern block shows an al most cwmpietw
5@mcm5$ibm m*_tﬁe %tratav whereas in the western block two

RN !

me lithologies are missing (merrke

iy & wrnconformi ty) .
Th@~we$£@wm_blmck is imbricated (not shown on Fig.%) and all the
imbricated slices have the same stratigraphy. _

Tahirkheli (1971 described thraee lithelogies from the
BmmdghaF.Hmmgmj e Mqhmﬁ Nawan Lim@%fmn@ (Upper Ordovician to
‘10Q@w Silwrian), the Sirikot Hlate {(lower to middle Silurian) and
e Tarpakﬁi‘ﬁm&rﬁxita fupp@r Silurian to Devonian) and

correlated them with similar lithologies exposed in the Attock-

Chrer at Raﬁga. lLater, Calkins et al., (1975 m&ppwd the Siriliot
Blates as the Hazara Formation (Precambrian? to Ordovician?), the
Tarpakhi Guartzitée as tha.Tanawal Formation (Ordovician? to
D@vmmimn?5 ana‘thw Mobat Nawan Limestone as the f:nqr.a!z
‘memﬁtimm (Gmrbmﬁi?@rmuﬁ'fm Triassic) and correlated them with
rocks of the khisor amnd kEalachitta Hunqaan

| ﬁ&'m rﬁsult‘mF>prwgent study the nmmun(lntnru and status of
th

2 45 6 ID(P"’iS‘P$Vi%@d, because of two reasons. Firstly, the
glratigraphic peositions of these lithologies and identical

Lilholmnlﬁv in the adjijacent areas (Mazara % Attock-Cherat Range)

with which they have been previously correlated (e.g. Tahirkheli,
7Ly are hnamily similar. S@Qundly, being the samse lithologles

with almost similar characters in all the three areas i.e.

GBandghar Range, Attock-Cherat Range and southern Hazara, it is

appropriate tw'uaz the same names in order to create regional
Cronsistency ih'numﬁn<1aLurﬁ

”Hmﬁcé it im nuqumgtod 1th the dominantly slate/phyliite
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sequence of the Gandghar Range should be called thé "Manki
Formation" instead of Sirikot Slates (Tahirkheli,1971) or Hazara
Formation (Calkins et al.,197%5) . The invalidity of the term
Haxara Formation for these rocks is discussed in chapter 4. The
miﬁihtewpr@t@d Kingriali Formation is now shown to be the Bhekhai
Formation. Similarly the term Tarpakhi @uartzite is abandoned and
e name Tanawal demation is admpt@d} The Shahkot Formation is a
MW Lithology which was never reported betore, from the northern
Gaﬁdghar'ﬂamg@. A comparison of the rmames of the rocks of the
rorthern Gandghar Range by various aunthors is given in table 1.
The various iithological Wi ts cmmpriﬁing the northern

Gardghar Range are:

ROCK UNIT ' AGE

CIntrusive rocks ' ' Fermian{?)

CTanawal Formation : Early to middle Cambrian ()
Shekhai Formaltion - Late Frecanbrian (7)
Shahlkot Formation o Precamiyri an

Marki Formation ‘ Frr @ ambr i an

MANKI FORMATION

The Manki Formation is e posed approximaiely pver two third

ot the total af@a ot the prément study. It forms & major bulk of
the strata comprising the hangingwall of the Baghdarra faalt
k(Fig;d). Th@ #drhatimn.iﬁ méinly composed of argillites, Sl&téﬁ,
phyllites, sandy phyllites and minor limestorne. The argillites
are gray, greenish gray, and brown on weathered swfaces. They
are fine @Waimed ard give esarthy odor when wet, The slates are
d#wh'gfay to black and fine grained. Fhyllites are commonly
‘gr@whiﬁh gray and oan weathered surfaces they are olive greesn or
brown,. The arqillites and slates are characterized by splintery
texture because of the presence of the two distinct swetse of
ci@avaEE. One of th@EEVSEtS, is dominant and parallel to
bedding. Latif (1969 Has suggested that this set may represent
thm:b@dding ftissility. Thé other set is axial plane cleavage..

Perfect slaty cleavage is rarely present.

1
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Table 1. Comparison of various nomerclatures for the rocks of

the northern Gémdghar‘ﬁahge.
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Dark gray to black, very fine grained, 2 to Z0cm thick,
quartzite bands are also rarely found. The 1ime5tone bands
interbedded with the slates and phyllites are yellowish brown,
very hard, and coamrsely crystal line (Fhoto.ol). They are rarely
contirmuous aﬁd thm'mamiQO.thicknesg of & ﬁinglé bhed is raraely
more than 2 meters. The principal acécurrence of the limestone is

b@tw

v Marwfian and Nera villages on the gastern flank of the
Gardghear Hange. v

The @Aade of mwtammrphiﬁm changes towards nmrth; ancd 1w
marked by the extensive quartz veining and & gradual petrological
change from argillit@ to slate to phyllite. .

In the northern Gandghar Range the upper contact of the Manki
Formation is gradational with the overlying Shahikot Formation.
Whereas, the lowsr contactkis_eith@r>nmt pmﬁitively'identi#ied ar
is not exdposed. Qmuthwafd, the Marmki Formation is in thrust
contact (Fig.4) with the Shekhai and Tanawal Formations along the
Fra

jhdarra fault. The base of the Manki Formation may be exposed
close to the Raghdarra fawlt zone. The thrust zone is exclusively

marked by carbonaceows slates and graphitic phyllites. Similar

Lithologies exposed mQrth of the Bandghar Raﬁgé along the Indus
River, were described as thevﬁélkhala Formation (Calkins ed¢ al.,
L7, The Salkhala Formatian at its type locality in Kashmir
consl sts of & thick sequence of carbonscecws slates, Qraphitic
phyllites aﬁd marb1e$ and have & gradational contach with the
Dogra Slates (Wadia, 1934). 14 the carboraceous slates and
grapﬁific ph?lliteﬁ exposed all . along the Baghdarra fault are
talien t@ be part of the Salkhala Formation, then the base of the

Marki Formation is gradational with the underlying rocks; a

contact r@lati@n%hiplﬁiMilar to that betwesn Dogra Slat andc

v

o

Balkhala Formation. Alternatively these thrust-zone rocks may

actually be a part of the Manki Formation locally metamorphosec
to hithW gqrades by the movement along the Baghdarra fault., 1f
this is the case then the base of the M@ﬁhiVmematiwm s not
erposad. ' o

vDu@ to dsoclinal folding the true thickness of the Manki
meMation is difficult to‘dmtermina.~Hmwevmr,'mutcrmp width i

the Gandghar Range indicate that it is more than 1200 m thick. @




Photdgréph 1. Th@‘limEEtQﬁ@ QHrtvpf the Manki Formation
interbedded with the Manki phyllites, which are alﬁm'empoﬁad inm
the background. The limestone is bacdly Erwd&d‘by the Tarbela Lake

water .,

i




metamorphosed part of the formation, and indicate a compre

sommon featuwre of the Manki Formation ig the small scale toloding.

Generally cheviran folds and kimk bands ocows i the more

3 Orval

force roughly parallel to foliation.

Bocording to Cr&wfmfd and Davies (1975), the age of Hazara
Jlmihmq which are equivalent to the Manki Formation (Holland et
uJ",IWJuJ, is Frecambrian ha%@d bn the Rb/8- whole-rock ages of

740,

for one sanple,and of 9E0+20 Ma, for ancther sample.

The basal b@dmlm# the Dvwrlying Cambrian Abbottabad FormsatLon
<unlnnn clasts . of Hazara Slabes oatif 1974 suguesting a

Frecambrian age of the Hazara Forma

s

SHAHKOT FORMATION

The smal 1 patehes c,ﬂf‘ limestone occurri reg all along the
contact of the Manki and Tamnawal Formations (Fig.&) e remnants
ot the bhasal lim@mtmmm of the Shahkot Formation. Previously these

limestorne patches were mapped as part of the Hazara Formation

(Mankd Formation) by Ldlhiﬁ% ed al., (1973 . RBased on its

slratigraphic positimn and lithological Eimilarity with the basxl

limegstone of the Shahkot Formation exposed in the Attock-Cherat
Range, they are considered to be equivalent to the basal
limestone of the Bhahkot Fdrmatimn.-Th@ maximum thickness of the
limestone exposed here is 3 mete ars. The entire formation is very
werl L ﬁ”ﬁﬁ%@d in the sowthern Gandghar Range (Hylland, in prep.)

énd‘in the Aftnuiw(hprat Hmnge (Hussain, 19843 Yeats and

.Huﬁbmln,lgﬁ/)

In vu>wncF the QhahkotIFmrmatiwn consists of linestone,
argillite and ﬁhaim. Thé’limastone_occur% at the hase of the
formation. In the present ﬁtudy area only the basal limestone is
erposed (@.g. south of Chuntrilvillage),

A The limestone is fine to medium grained, mediwn bedded,

vl lowish grey on fré sh surfaces and brownish grey on weathered

s i

ge. It contdins patches of white chert and is extermely

hard, Clasts of the underlying Manki Formation are poorly found
in it ‘ ' '

The formation has a gradational cormtact with the underlyving

Mk i Fmrmmtion, and an unconformable upper contact with the

;
<o

R O e




Tanawal Formation.

Hased on its stratigraphic position in the Attock-Cherat
FRaarge Yeats and Hussain (1987) have tentativelvy ansigned a
Frecambrian age to this formation. The Qfaﬁatimnal contact with
the wnderlying Frecambrian Manki Formation and lack of fossils
supports the suggestion of Yeats and Huwmmin'(1987).

SHEKHAI FORMATION

Tahirkheli (1970) designated a small outcrop of dolomitic
Limestorne, quartite and shale as "Shekhal Formation" after the
Shekhai village on the northern slopes of the Attock-Cheral
Range, abouwt 16 km west of Nowshera. He correlated it with the
Abbottabiad Formation and assigned a Fermo-Carboniferous age.
Yol 6 ‘

and Hussain (1987) considered the Shekhal Formation to be
of late Frecambrian(?) age. Tahirkheli (1@71) mappead & very
similar Lithology in the Gandghar Rangm as the early Faleozoic
Mohat: Nawan Limestone. Whereas Calking et al., (1979 mapped e
game Wit dn the morthern Gandghar Range as the Kingriali |
Formation of Trieassic age. HBased on the stratigraphic position
and lithological similarities hetween the Shekhal Formation of
the Attock-Cherat Range and the limestone unit exposed sowth of
Lhe Serrd village in the northern Gandghar Range, noted by the
wed ber ard Almed Hussain of Geological Survey of Pakistan (pere.
comm., 198%) it is suggested that this lithology be distinguished
as "Shekbhal Formation'.

The Shekhal Formation is only @xpos

wed A the %muth@m%t&rﬁ
part of the northern Gandghar Range. [t forms the foot-wall
strata of the Baghdarra fault (Fig.4). The formation attains its
maEst i muam thiﬁkneﬁm souwth of the ALl Masiid stream and towards
north dts owtcrop width gets narrower because of slicing by the
Baghdarra fault which runs close to the waétwrn front of the
ARG ‘ '

The Shekbai Formation is composed of limestone and marble
with subordinate argillite, shale and guartzite. The limestone is
Fine Grad red , cry%tﬁlline, thin to medium b@ddwd,,with
oeeasionally thicker beds or massive units. Mostly the bed

—e

bbb e range between 3 obto 20 gm. It is usuwally yvallowlsh gray

L




S

to light and dark gray but brownish gray and light brown or pink
colored beds are‘alﬁo seen. A few beds show parallel alignment of
iron streaks that produce a lineation. The weathered suwfaces are
typically light gray or light brown and are relatively smooth.
The limestone is locally métamorphoéed to white or creamy marble
in the cleose vicinity of basic ighneous intrusions.

Argillite and shale ococur as intercalations. They aré mostly
green, greenish gray, thinly laminated, occasionally calcareous
ard weather to greenish Drown powdery stuff.

The base of the Shekhal Formation is not exposed in the
novrthern Gandghar Range. However, in the southern Gandghar Range
the Shekhal Formation has a conformable lower contact with the
Uteh Ehattal Formation. The upper contact of the Shekbhai
Formation is fauwlted against the Manki Formation.

The formation is about 450 meters thick and is devoid of

fonsile. Pased on its relative stratigraphic position in the

Attock-Cherat Range (Yeats % Huﬁgain,1®87) and southern GFandgh e
Rarige (Hylland,in prep.), it is tentatively assigned a late

For-ecauntor i e (7)) age.

TANAWAL FORMATION

Wyrme (1879) mamed the alternating quartzite and phyllite

- 1

sequence of the Tamnawal aresa (8W Hazara) as "Tanol Group", amd_
grbernded the same nane for the rocks exposed on the mmrthﬂ@st@#h
and easterrn sides of the northern Gandghar Range. Middlemiss
(1894) dirncluded these rocks in the lower part of the Infra-Trias
as the "Tanol GQuartzites". Both, Wynne and Middlemiss were not
abile to determine ite stratigraphic position relative to the
other formations of Hazara.

The term "Tanol" is the name of a tribe, living in the
north and mothwest of Haripur and Tanawal is their territory. The
TTanol " were #irﬁt‘%palt‘”Tmnawal” by Wadia (1931), and included
"strongly arenaceous and quartzitic sediments” occurring within
the Irfra-Trias in the Tanawal Formatior. Ali  (1962) e 2t e
the term "Tanol" and restricted it to the clastic sequence
betwaen the Harara Slate erMatiwn (Manki Frepmatdon) - and the

Abbottabad Formation., Tdentical lithologiaes on the wast W%hﬂ of




the Indus River were mapped as  "Chamla Quartzoites’ by Martin et
al., 1945 . The same lithology throughout Hazara and west of

Indus River was mapped by Calkins et al., (1975 as Tanawal

Formation. Tahirkheli (1971) mapped these rocks in the Sandghar

Rarige as Terpakbi Guartzites. The name Tanawal Formation is
adopted here to create & regional consistency in nomenclature.

The Tanawal Formation is exposed on the southe

ey A
northwestern side of the narthern Gandghar Range (Fig.4). In the

Gardghar Range the Tanawal Formation consi

of bthree members:
the basal conglomerate member, the middle gquartzite-phyllite
mearmby ey and the upper gquartazite member . '

The basal conglomerate member represents an unconformi by
‘bmtwm@m the umdérlying Shahkot Formation and the overlying
Tamawél Farmation., The cmnglmmerata menber is exposed only in the
western part of the northern Gandghar Ramge (Fig.d).

The cmhglmm@ratm consists of pebbles of guartzite and
sandetong embedded in & sandy matrig. The guartzite pebbles are

dirty white, light greern and brownish on weathered swrfaces.

Sanmstmmm'p@bblaﬁ are light green on fresh surfaces and brows on
weathered surfaces and are coarse gralned and poorly cemanted.
The pebbles range from 2mm to 4cm in disameter, but mucaﬁimmally
pekhixles having diam@ters of 20 tao EOcm are also found (Photoo2 A
LY. A gradual decrease in o the size of ﬁwbblwg is ocbserved
‘tmwérdg top of the member. The top most bed is very coarse
grained sand and has no pebbles. The pebbles are élmngatw aricl
aligned parallel to the beddings. Mica flakes have developed
around somne pebbles in such a‘hann@r that they impart an augen
structure to the rock. The mafrim is mainly‘tmmpmsed aof coarse
quartz g'ainavand fine clay particles, roughly having a ratio of
TOY and B0%. The abundanc@ of mica flakes hmf only imparts &
micagemum sheen but also a slippery or ﬁoapy touch to the bedding
5urﬁacm5~4The‘quaﬁtity of mica flakes decr@éﬁés downward in the
megmb e . Similarly the ratio of the coarse gquartz graims to the
CFine olay particles d@créa%es’towardﬁ theée bottom of the member.
In the h@rth@ﬁn Gandghar Range, the upper contact of the
maﬁallcmnglommrat@ m@mbér is faulted agaimat‘thﬁ upper quartzite
member of the Tanmwml_ﬁbrm&timh'(Pig-ﬂ). Wheroas, its lower |

1ty




Flriotograph 2.

M ity B

CThe hasal conglomerate of the Tanawal Formation,

a close look at a boulder..

i)




cmnta@t i unconformable with the basal limestone of the Shahkot
'Formatimn,

The middle member igfmnly exposed in the sastern part of the
e thern Gandgharvﬁange (Fig.#)..This'memb@rbcmnsiatsyof an
altmrmatimg'ﬁéquéﬁca of quartaitéﬁ and phyllites. The gquartzites
are white, yellowish white and brown on weathered surfaces. Théy
EIE VEEY hard,vmmmpaqtv‘raary%talliz@d, mexcli wm b@dd@d and cross-
Bedded in %DME pthﬁ. West of Siri village, asymmetric‘hipple
mar ks were observed which indicate & current divection from
southwest to northeast. Th@kphyllitwﬁ are dark gray, Drownish
gray and greenish gray and weather to brownish white powdery
R AR Cleavagéﬁ are poorly developed and at some places they
Mave kink‘bahdﬁ and chevron folds. , '

The upper contact af the middie member is faulted against
e Markd Formatd on and the lower contact de nmt'mxpmﬁmm;
The upper member s eusposed in the northwestern part of the
o thern Gardghar Réng@ (Fig.4). It is dmmimantly composed of
Couartzite with shaley orbphyllitit partirngs. The quartzife'iﬁ
micium to thick bedded, white to yellowish white and weathers to
bwm@nimh whi te. The‘quartzité is recrystallized and breaks into-
sharp angular fragments. The beds are differentiated by phyllitic

partings that are few millimeters to few centimeters thick. Tt

e characteristic brown specks of probably iron or magnesium
oxide. The quartzite is exclusively cross-bedded and the

Lrvber 4 e

hetw@@n'bedg are commonly ripple-marked. Another
charactmri%tic ard often diagnostic %Eatu#@ is the presence of
tmuwmalihm‘ég AN ACCEssory min@ral;‘fl

Thie upper contact of the Tanawal Formation is not exposed in
e Gmmdgh&w Hamgw;‘How@ver, in thélsmuth9wn Tanawal area, mmrth
éa%t of'th@ Gandghar Range and narth of Haripur, the Tanawal
Formnation is‘uncbm+ormably mverlain.by‘thé‘ﬁhmrwahvFmvmatiom
‘(Mhmad,in prep.) . The lowar contétt of the Tanawél Formatién'is
th@n¥mfmablé with'thm'ﬁaﬁalylimeﬁtmne'wf Qﬁahkwﬂ ?ormatimm.

Tahéwal memation was assigned different éqég by early
workers., The most raljébie,ég@ af the ¥dfmatimn‘cmm@5 from the |
wadiometricadatihg‘o¥ the4Mansehra granite whith‘intrud@s the
Tanaw&} ﬁ@ﬁmétimh’iﬁ hmfﬁhﬁfﬁ HaméWa;‘Tha whmlwade Rty / S égé'm+

al




“le+lé Ma'aﬁ reported by LeFort et alQ,Kl@BD) restricts the age
af the Tanawal Formatiorn ftrom middle to late Cambrian or older.
SIn the southern Tanawal area (Fig;é), north of Haripur, the
TJarnawal Formation is unconformably overlain by a seguence of
'phyliit@, quartzité and dolomite of the Sherwan Formation
(Almad,in prep.s) which resemble the Abbottabad FQFmStimn of

Cambr i anrn m@m'thug restricting the Tarnawal Formation to early
Cambrian or older. The dolomite member of the Sherwan Formation
i idmntiumlutw the late Cmmbrian Ambar Ddlmhite ot the Feshawar
bagim.(H"Rnpogue,'perﬁ.commu,1989),‘in which case the Tanawal

Formation will belong to the middle Cambrian or older.

/

N

CThe entire Gandghar Range is intruded by basic igneous rockse

INTRUSIVE ROCKS

which are in the form of sills and dikes. The same kind of dikes
have also baen reported from the Attock-Cherat Range (Hussain,
1984y Harim and Sufyan,1989) , from the western Hazara Ranges
(Bhams éﬁd Ahmed , 1W&Q§ Ahmed, 1985) and from the Feshawar basin

(. R Fogue, pers.comm. ,198%) . The intrusive bodies are generally

Aless than O meter thick. They are diabasic in nature and are
ﬁtructurally»defQFMEd alongwith the country rock. Farim and
Su%ymmﬂ(l@ﬁ@),‘wn’thm basis of chemistry of these dikes, have
shown that they are the tholeiites of continental flood basalt
affinity. A Bimilaf origin has been proposed for the Fanjal
Volcanics (Honegg@h et al.,lQBRi. Thﬁ‘Panja1 Volocanics are
intermadiate to basic schistose rocks that ocour along the apes
ard the ea%tefnilimb of the Hazaramﬂéahmir syntaxis and are
amn¥m?mably overlain by Triassic marine strata (Rossart et

al.ﬁlﬁﬁa).'The diabase dikes of the Gandghar Range may be

correl atidve with‘the Fran jal Volcanics. The age of these rocks is
nmt‘cmrtaihﬁ but in the Feshawar basin, diabase intrusions of
similar affinity have been found to ococur in strata as voung as
Carboriferows (Fogue,k.R. pers.comm.,198%) and thus they may be

Farmiarn or younger.
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SUMMARY

The pwméent %tudy-FEViewed the status of the carbohate
lithology exposed arouhd Badwalian village (Fig.4) on the gastern
fFlank of the Gandghar Range. The rDCEB are similear in all
characters to the carbonates of the Shekhai Formation exposed in
the Attock-Cherat Hang@.{Therm%mre, in the northern Gandghar
Rarmge, the Kingriali Formation of Calking et al., (1978 is now
‘intwrﬁrwtmd to be the Shekhai Formation. Furthermore this
lithaology is rot dolomitic in character hut is dominantly a
limestone Lithology with ?ww gdolomitic beds at various
stratigraphic intervals.

The Shekhai Formation did not yveilded any megafossils.
Samples of the Shekhal limestone were analyzed by Dr.B RO Wardlaw
(pers. comm.,1989) for conodorts, but couldn’t get any
microtossils. The Precambrian age assigned to it is based on its
relative stratigraphic hm%itimn e, it underlies the esarly to
middle Cambrian Tanawal Formation.

The altérnating qumrtxite~phyliit@ s@ouence exposed north of
Serd- village (Fig.4) is identical to the quartzite-phyllite pac-t
of fhm‘Tmnawalyﬁdrmatiwn exposed in the southern Tanawal area.
This unit is therefore, interpreted as the middle member of the
Tanawal Formation. Previously, the same unit was mapped by
Calking et aI.,(lQ?ﬁi as the upper'part of the Kingriali
Formation. ' ‘

'Similary the 1imaﬁtnne‘uhit b@twé@m the Mafki and the
Tarawal Formations ig_cmnsidefed to be the part of the basal
limestone of the Shahkot Formation. The same lim@ﬁtmm@ Was
formerly included in the Hazara Formatiun (Marnki Faormation) by
Calkins et al., (1975), |




Y CHAPTER—S
STRUCTURE  FART I _DATA

The structural setting of thé‘Bandghaf Range in relation to the

major structuwres of northern Fakistan is shown im F

-

iguwre &. The

Gancghar Rarmge: strata are thrust over the Frecambrian, faleozoic

ar metiary Vocks.mmp@sed in the Ehanpuwr Hilles and small

outcrops within thé Campbhellpuwr basin along the FPanjal faalt
Myl Lamd et al..in prmp.)} The range is de*mwma@ by an imbricate
structure, the frontal thrust of which is the Famnjal Fault .
The strata of the southeastern part of the Gandghar Range are
folded into a northeast plunging overtuwned anticline,the Firthan
ahtimline,v(Hyllahd et al. in prep.) whose normz)l limb is im part
faul ted by the Baghdarra fault (Fig.6 area ). The outer most
bheds of thm mvérturned'limb-are émVered by the alluvium of the
Hard pue basir., The deformation of the range as & whole ig
attributmd to the movements on the Fanjal and associated faults.
The morthern Gandghar Range is a small imbricate 2one
characterized by three north dipping thrusts and a number of
south verging folds of two distinet generations. In several
sections small structuwres like cleavages, foliaﬁimnﬁ glto. have

aléd b e ear wbaa?v&d.A
FAULTS

The imporbant fsults recognized in the nmﬁthwrm Gandghar Range
(Fig.4) ircludes: ' ‘

1. The Gadwalian Fault

2. The Baghdarra Fault

%, The Sirikot Fault '

4. The Darfah'Fault

'

The Gadwalian Fault

The Gadwalian fault is a small fault, named after the Gadwalian
village, which is located about 14 km west of Haripur (Fig.4).

Prwyiwuﬁly thig fault was Mapﬁed A% a’nmrmml contact between the

CBhelibal and Tanawal Formations (Calkins et al., 1975 . It brings

'

AR
o |



the Shekhai limestone (footwall) against the Tamawal Formation
(hangingwall), The fault is not visible as & discrete line or
zone but there are some positive indications of faulting. For

inst

village, some calcite and quartzite veins in the Shekhai

Formation are truncated by the atfata of the Tanawal Formation.
Mlen & Ethin-section of the Shekbhai limestone from the "contact”
between the Shekhai and Tanawal Formations, revealed shearing and
crushing of the calcite grains. Similérly the limestone which is

otherwiss 1Light gray, gets bluish near the “cmntact”g pratrably

se of shearing and increased content of graphitic matter.’
The +tault could partly be mapped because of the steepness. of
the strata and rugged topography. The section exposing the fault

in the stream west of the Seri villagm Mas some striations and

folds that show that the fault ig a dip-slip normal fault

- o
i

. N
The Baghdarra Fault

The Re

ey whii o

rdarra faullt de named after the Baghdarra vills

is located aﬁpr simately 3 km southwest of the Firthan ,the
l.. )

M ghe

I&]

pealk dn the southsrn Gandghar Rand

e (Fig. & area $). The

aghdarra fault jurtaposes the Precambrian Manki Formation and
the Prmtérmﬁmim Shekhai mmd Tmn&wal'Fmrmatimnﬁ (Fig;d), Trves Magisi
Formation is egpmged in the hangingwall of the Raghdarra fault
and the footwall is comnpossd of Shekhai and Tanawal Formations.

Though no definitive measurements of the fault dip were possible

to get, vet at most places the fault is nearly vertical . Huandreds

of dirag folds developed in the fault zone indicate that the fault
had & reverse-slip movement.

My lland . Gin prep.) Mappmd the southern Gandghar Range and

studied oriented phyllite samples from the Baghdarra fault zone,

in th@‘viciﬁity of the RBRaghdarra village. MHis study reveal s

[ e

zrice of small (O.S-1mm diameter) subhedral to euhedral garnet

porphyeobl ast

%, around which the foliation was deformned

asymnetrically and also the presence of kink bands and a poorly

devel oped s-o fabric. These teaturas mww~wugga%tivm Of @ @ver se -

slip digplﬁéem@mt_alung the Raghdarra fault.

”
s



The Sirikot Fault

The Sirikot fault ie named after the Sirikot village, which is
located approximately 1% km west-northwest of Haripur (Fig.4).
The major portion of the fault rumns through the Manki Formation,
but the northern pa-t of the fault brings the Manki Formation
against the basal conglomerate member of the Tanawal Formation.
The nmrthmfn tip wf the fault because of the erosion by the
Tarbela lake water, eiposes an excellent section of the {ault
zone where one to two meter thick black fault gouge can be seen
kphmtmnﬁ)" The fault gougr consists of black graphitic schist
with crushed pebbl@m of gquartzite and limestone. The faullt gouge
T OTTE iﬁvbwmadwr,at the baﬁé and gradually gets marrawer towards
Cthe top i.e. near the swface. This deg@ shaping ot the fault
gwug@ @ﬂplainﬁ why the fault is not exposed ab the swwface, but
is clearly visible in the cross-sections. There are two places
where this fault can be seen, one is aboult 172 bm west of Tamduwl a
village and the other iz in a reoad-—-ocut ﬁmctimh, om bhe Sirikaot-
Har i pue rmad, about 4 km east of Silrikot (Fig.4 % Fhoto.od) . The
fault gouge &lso has hig blocks of the Shekhai limestone, which
still f@tmim their‘$in@‘laminatimm$, intra-laminar fold closures

and microfolds. These blocks range in size from 259 ocm to 3 neter
in diameter.

The Sirikot fauwlt ewposed in the section west of the Tandul s

as

village, is vertical, but dips more tham 70 to the morthwest in
the section on Sirikot-Haripur road (Fhotoe.4) . The sense of
movement on the fault plane is reverse-slip, which is indicated

by the associated drag folds and lkink bands.

The Darrah Fault

Thig fault is located in the extreme nmfthwwst of the Géndghar
Rarge. It is named after the Darrah village, which is located
about 4 km northwest of the Sirikot village (Figed). Qome of the
striations observed on the surface of a-quartzite bed in the
Darrah gtwéam, indicate @ dip-slip component of mwvemaﬁt &Nd‘th&
Cdrag folds in the limestone and argillité% immedistely below the
Fault zone indicaté_ﬁ raversa-slip sense mf Ehéarimg. This fault -

i mubvmrticalg and in one section i.e. southwest of the Darrak



Fhotograph &, The Sirikot fault. gouge, expmséd along the
Tarbmla"Lake.va‘tha left is the Tanawal Formation and +to
right is the Manki Formation. : B ‘

the




Flhotograph 4.  The Sirikot fault zone on the Hieikot-Haripur road

section. The light color rocks are the Marki phyllites  and the

darker rocks make the fault gouge. Kevin is holding onto & blook
S of Shekhai limestone embedded in the fault gouge.
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stream, the fault plane dips in opposite direction (Fhoto.®).

The Darrah fault 1 (Figs;4 and B8) is a small fault devel opecd
in the hangingwall of the Darrah fault. It jutaposes the basal
Manki Formation and the uppér quartzite member of the Tanawal
Formation. The fault is dipping ét more than 8%° towards south.
lalimh@nﬁidwm-mbﬁwwvéd on its hangingwall and footwall strata
indicate & dipwﬁlip motion. Some vaguely developed drag foldse in
the argillites of the Manki Formation indilcate a reverse-slip

movemnsnt , suggesting that it is a back-thrust.

.ﬁughmf Rarge is dominated by the southeast directed
thrusting, which is typical of the HMimalayas, As & resulit the
gl e Gahdgﬁaw Rarmge is deformed imtm souwbh/souwtheast varging
Folds, For edample, the Firthan Anticline is developed in the
hangingwall of the Pmnj&l fault (Hyilahd, iNoprep.s) din response
“to o the movement along this fault (Fig.é).

The Manki Formation being argillacecus is more prone ©o
folding. The Marmki Formation has developed.from large to
mesoscopl o and even microscopic size folds, The great thickness
of the Manki Formation is due to tﬁm isoclinal folding ot the
rocks. The MankiAFmrmatiDn is folded inho PNUMET S antitliﬁmg,
synclines, chevron folds and kink bands. The folds are commonly
fractured or faulted along their hinges. In the vicinity of the
major faults, the Manhﬁ‘Fmrmatiqn developed drag folds, which
hélp‘in deducimgvtha sense of shearing on the associated fault.

The Shekhai Formation which is dominéntly a carbonate
:1ithmlmgyy produced eve catching folds. Close to the Baghdareras
tfault the SBhekhai 1ime$tone‘diﬁplays LM Ous fdldﬁ, Which are
oriented parallel to the NE-SW direction (Fig.7). Similarly the
Pifthaﬁ pnkicline and hundreds of folds developed on its . limbs
are all oriented parallel to the NE-SW direction (see area § in
Fig.&). The strike of the Baghdarra fault i ss"|:;ar'iz‘ll.1é1 to the
attitudes of these folds suggesting &a possibility that these
folds may haveAFormmd iﬁ‘rﬁﬁpDh%E to. the meéMemt albng the
Baghdarra fault. Two phagés of deformation have been wetablishead

by irnterpreting the sterecnet plots of these folds.

20



Fhotograph 8. The Darrah fault, exposed in the Darrah stream
(looking towards southwest). The fault ie dipping in the opposite
ol ion in this section. The basal conglomerate of the Tanawal
Formation (to left) is jurtaposed with the upper guartzite member
tto right) of the same formation.
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+ F1 Folds

. F2 Folds 7

Figure 7. Fald

axes of Fy and Fn genefatimns,\plmtted'on an
equal  area net. ' AR v v : S
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Gﬁ,clmﬁeiy gxamining th@‘thimly beddad Shekhai limestone, it
becomnes evident that each bed has some darker bands that are
folded within the single bed (Fhoto.éa). This intra-laminar
CFalding shmwﬁ.that the apﬁarent‘beddihg_ﬁuwﬁaces are 8y instead
af Bee The original bedding surfaces may be represented by Lhe
present darker bands which now form the fold closures within

these apparent bedding (8¢) surfaces. These folds are termed as

Fyofolds (Fig.7) produced by the deformation phase Dy, The other
phase  of $m1dihg (Fe) i the one in which the ﬁl-aF@ folded
(Fhoto. bl % Fig;V)u Thw.FR folds are assoclated with the Dg'pha%@ .

of deformation. The Fa folds include the Firthan Anticline, and

Furdreds of mesoscopic folds developed on. the limbs of the

anticline, All of th&ge Frn folds are southeast verging and plunge .

towards northeast.

The Tanawal Formation is mostly guartzite and thus it didn 't

deform directly. Some folds which are developed in the Tanawal

Formations are few meters across and have fractured hinges. They

can bhe seen on the road side just west of the Seri village. -

MICROSTRUCTURES

The argillites and phyllités of the ManHi Formation commonly
display two sets of cleavages. The splintery texture of the rochks

of the Manki formation is due to these cleavages.

One set of these cleavages is dominamt and parallel to
béddimg.AThi%'smt may be repr@senting the bedding fissility of
these rocks, as is suggested by Latif (1969). The other set of
Clmmvagw iw the anial plane éleavagé.'Per¥@ct‘ﬁlaty wleavage is
Crarely dévelppedn |

© The Shekhai limestbhe‘does not exhibit any cleéavages.
However , at few places, for example in the Gadwalian stream, the

Limestone bas some fractures that are filled with secondary

minerals (mostly calcite). In some of the beds iron specks are

aligned in %traight.linES'that,dafiné mineral lineation.
The phyllite af the Tanawal Formation &lso ghmw'gome_ﬁoufly

developed cleavages.

ey
Featt



Fhotograph 6 a. The Shtekhai limestone with its darker bands
(Eey) folded into Fq foldsj b The Sy surfaces of 't:.l"ur.-;1
game limestorne folded into Faqo lerds. '
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STRUCTURE
FART II SYNTHESIS OF DTS

The data gathered from the present work in the northern Gardghar
Range and also frrom field-work in the southern Gandghar Range,
Logether with the data from previous literature is all put
Emgmth@wvto model the systematic.development of the structure of
the northern Band ghar Range.

'Thﬁ Gadwalian fault may ba a part of the g@riéa of north—
south trernding faults in the vicinity of the Tarbela area
Rammi , 1979, Séeb&w and Armbruster 1979 . A number of gar-thiguake
mpitmmtmrm are located along th@S@kFaultﬁ, maihly near the
re b e @md-m# ﬁhw fracture zone. Based on the ﬁ@iﬁmimity arcl
mmb§?qu&mt faunlt plane solwtions, ﬁﬁmbfu%t@w et al.,{(1978) have
shown that these %aultsAaré 5teaply dipping and are characterized
tay rmvmﬁsa and strike slip motiomﬁ; The abrupt northward
truncation of the Gamdgﬁar FRange may be because of & strike slip
mmﬁmm@ht along mhm of th@ﬁ@‘¥ault5Q It may be possible that the
Gacwal ian fault aldng with other faults (described by Fazmi , 1979)
o may have formed as tear fauits'tu compensate the differential
ratoe of mwvwm@nt_d¥ the thrust sheet along a major basal
detachment swface (Seeber et al.,1981).

Deformation m*.thé.Baghdarra’Fault alongwith the footwall
stirata suwggest that the Baghdawra‘$ault is older than the Farmjal
fault,kbacaugm the hangingwall of the Fanjal fault is also the
foptwall of the Haghdarra fault. The possibility of the Gadwalian
fault being & latﬁrai rahp is ruled out by the fact that it does
et cfm%ﬁ the Baghdarra fault. Inét@ad the Haghdarra fault
terminates the novthern end of the Badwalian fault. In such &

oy

case the Badwalian fault ﬁust he aldek thah'the Baghdarra fault.
Similarly the Sirikot fault is aither>branching from the -
Baghdarera #auit br'im‘términéted bylthe Raghdarra fault. If the
former is true then they may be of the 5am® ég@ or»cimﬁely
fbllmw}ng &ach~othmk.‘ﬁhd i+ tha»lattér_iﬁ trqe then the Sirikot
#émlk mast be older than the Eaghdérkalfault. No age constraints

were possible to get on the Darrah fault. But the geometric set-

up of these faults suggest that the BGadwalian fault is the

i
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oldest, followed by the Darrah fault, Birikot fault, Baghdarra
fault and lastly by the Panjal fault.

Bll these faults have few thirigs in common. Firstly, all of
thenm trend more or less in the same direction i.e. NE-SW.
secondly, the basal sequence of their hangingwalls is always the
Mariki Formation. And thirdly, they do not crwhﬁmtut one another.
ML these featwres suggest that they are part of an imbricate
syslemn, emarging from a common detachment suwrface that is
cristing at the base of or within the Manki Formabtion (Fig.8).

the Gandghar Range is separated from the rocks of the
Elhvanpus and Eherimar Hills by the Panjal fault (Fig,Q)u Thig
entire Gardghar Range strata form the hangingwall of the Fanjal
Pault and the footwall strata is cdmpmgwd of the rocks of thm'
Ehrampue e Eherimar Hills, The steeper dimﬁ of the hangingwall
stirala ot the Panjal fault as compared to that of its footwall
shvacke and the deformation of the structuwres of the hangingwal)
roche sugaoest that the Fanjal fault is yvouwnger than all other

el ts of the Gandghar Range.

The order of development of these +multﬁ‘5mqr3$t that the
detormataon is foreland-directed, and the entire Gandghar Range
te being carried in a piggy-back style by the Fanjal fault. The
pigoy-back style of thrusting in the range is also supported by
bhe geometeical element 5 (cdip angles) of the rocks., The dip
angles of the hangingwall rocks of each individual thrust are
steaper than those of their ré%peativm footwall strata, which is

consietent with the geometry of a piggy-back thrusting style.

FHASES OF DEFORMATION

Twe phases

of deformation i.e. Dy anc Do are recognized in the

Bandghar Range strata, BEvidence (two distinct se of folds) for
these two phases of deformation is recorded by the carbonate

Foeslie of the SBhekbhal Formation.

The: Dy phase of deformation is documented by the presence of

the Fy folds. The development -of the Fp; folds involves the
folding af the Solmuw4mm@%u The ordiegntation of the Fq folds
decfing o distinct domain (Fig.7)Y. This domaln owes its existenos

o oa force which is different from the one that caused the




el e tawlting event.s As the Fy tolds anvolve folding of 8
Tty whileh suggests that the Dy phase must be older than the
dacthlar ma ranlting event. The very distinct r‘:atL'u"'ee of the &y
St o es, which are now the apparent. bradchng suwtaces, may

vt cate brecambrian deformation of the S5, swfaces, as 1s also
swaaested by Haig et al., (1988). However, the exact mnatwre and
wiiee cet o bhiee Dy phase of deformation is not known.

Iher Dey phase of deformation is documented by the Fo tolds
kg 7)), which were formed by the folding of the 81 swifaces. The
vergernce and the matual }Sc—xv‘all@eli sm of the F- folds suggest a
comproecssional force from the northwest. The deforming force of
the Haghdarra fault, Fanjal fault and of the Fo folds appears to
be Lhe same, i.e. they owe thelr formation to & force frrom the
nor Lhwest, Gimilarly the intensity of occurrence of the
wesoncapie Mo folds increases near the Baghdarra fault, whiach
suauesl that both of them were formed under & single deforming
fonr e, The movement on the FPanjal fault folded the entire
Footwal |Lostrata (hangingwal 1 of the Fanjal fault) of the _
Haghidarrs fault into a huge soukbheast verging and northeast

planging anticling (the Pirthan Anticline) .




CHAFTER—4
DISCUSSION

The Farjal fault is recognized by‘th& fact that 1t brirgs the

FZ'." =T

ambrian basement rocks over the upper Faleozolic or yourger
strats (Wadia, 195%7) . The fault gseparating the Manki Formation and
e cafhmﬁah@m which were formerly thought to be part of the
Triassio Hiﬁgfimli Formation, was mapped as the Farmjal fault

(Calkins et al., 1975, The pre&ént study interpret these

carbonates as the Precambrian Shekhai Formation and therefore,
precludes the existence of the Fanjal fault in the Garndghar

Rarg e ., Hyllaﬁd et al., in prep.) argue that the FParnjal fault ie
blomied beneath the alluvium of the Haripur and Campbellpur
baﬁim%r N

ALY the thrust faults of the Gandghar Range have the Manki
Fmrmatiom as the basal detachment level , from which these thrusts
branch and imbricate the range. In this imbricate structure the
Famjal fault is the #fmntal thrust. '

 Eammi (1979) with the heIp of satellite imageries mapped
savaral strike-slip ?aults trernding N8 in the Tarbela area.
Similﬁfiy the seismic data also supports their existence (Seebers
and mrmbrugter,AQVQ). The northward abrupt truncation of the
Gandghar Range is probably because of one of such faults.

The relative ages of the Qarious fault of the northern
Bandghar Rarge ara‘wpen to quemtion. The Gadwalian fault which is
considered to be the oldest fault may actually be the youngest
Fault if it i%'a5$Qmad that it is a lateral ramp developad i the
hahgimgwall of the Fanjal fault. Though apparently the Baghdarra
fault truncates the northern end of the Gadwalian fault
ﬁuﬁgwﬁting that the former is older than the latter.

The rdﬁks of the ﬁurtharn Fakistan can be grouped into the
“imté#nal” and “@xt@rhal” zones (Coward gt al.,1988). The
intermnal z2one is aharact@rized by having the high grade rocks
wiﬁh their southermn limit at the FPanjal fault. The external zone
i characterized by having unmetamorpbosed sediments with their
northern limit at the Nathia Gaii~Cherat fault. The Nathia Gali

~and Cherat faults are laterally continuous and are equivalent in




that they are the southern most thrusts that bring the
:Pﬁ@cmmbriah baﬁgmmnt*rocks to the surface. Similarly Yeats and
Hussain (1987) have suggested that the Khairabad fault is the
western continuation of the Farmjal' fault and latérally juxtapose
the Gandghar Range with the Attock-Cherat Range. The rochks south
af the khalrabad-Fanjal fault and‘north of the Nathia Gali-Cherat
faults are either slightly metamorphosed to areenschist facies or
a1 e umm@tammwphbﬁwd sediment. I suggest that the internal and
Extarnal zones should be separated by a transitional zone, which
s characterized hy’having the least metamorphosed Precambrian
basemert rooks, my@rlmin WAV virtuéily urimetamorphosed sediments.

The Gandghar Ramge is located immediately to the north of
the Fanial fault at the fringe of the internal and transitional
rones, which suggests that the regional metamorphism of the rocks
of the Gmhdghar Range will be of very low grade.'This is
ﬁuhpértEd by the fact that the biatite%garnet isograd is located
mmﬁ%id@r&bly north of the Gandghar Raﬁge'(Célkimﬁ et al., L1975
with. the Gandghar Range strata occuwrring in the chlorite zone of
fram the Gandghar Range (Hylland, in prep.) occur within a narrow
zmhw adjacent to the Baghdarra fault. In which case it isg
'pmﬁﬁlblé that they are the result of fricticnal shear heating
associated  with mdvemant%’along the fault.

Previou%ly‘the basal sequences oh either side of the Panjal
fault were considered to be the same i.e. the Hazara Formation.
The pr@émnt study showed that the tweo have major differences. The
hasal sequence ih the footwall of the Panjal fault is arenaceocus
arnd has no evidence of metamorphism.. Whereas, the basal sequence
ih the hangingwall.m$ the Panjai fault is argillaceous and
di%play% gveehschiét‘¥acies meﬁambrphism. The basal seguence of
the qudghar'ﬁaﬁge (in the hangingwall of the Panjal fault) is
idertical to the Mahki'FormétiDn of the northern block of the
;MthWGRFQhwwét’Rangm, mnd the bésal sequence in the footwall of
' ﬁh@ Panjéi‘fault‘ig-ﬁimilér to‘thelbahhner-Parmation ot the
cwﬁfwﬁl block of ﬁh@ Attock-Cherat Rahga. It is theretore,
ghgg@5£@d'that'tha basal sequence in the hangingwall of the

ram jal fault be called as "Manki Formation" and reserve the term
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5‘--1‘ e @t Format ion for the one in the footwall of the Fanjal fault.
) The carbonate lithology south of Seri village (Fi g4 in the
€5 = cdabiar Range was previ ously mapped as the upper Ordovician to
PR e Siluwrian Mohat Nawan Limestone (Tahirkheli y1971) and the
P 4, exm@mic Kingriali dolomite (Cal Kins et al.,1975). The prasent
Canolwacdy  shows that the said lithology is dominantly of limestone
g by Few beds of dolomite in it, and is in no way related to the
b o eairdali Formation. Tahirkheli (1971) mapped two limestone units
LA G ¢.e:-:v- Mohat N awan Limestone and th & Firthan Limestone) between
Bep- 4. village and the Firthan. He correlated the Farthan Limestone
wi iy i;'w‘ée Shekhai Limestone of the Attock-Oherat Range. The
cexmizined Lithological description of the Mohat VNC-.\L.*J{RFI and Pirthan

(Tahirkheli, 1970) and that of the Shekhai Limestone

b mmemsoon
¢ abririkheli, 1970) of the Attock-Cherat Range are exactly similary
a st which is also supported by the field observations. It e

;l“-. by gy e -.F or @ sugpested that the d omi nantly carbon ate lithol ogy

o B o Wl e X 3

2 bhe Seri village and the Firthan, on the sdastern f1lank of

e Gandghar Range shouwld be treated as the Shekhal Formation.
e age of Shekhai Formation was inter preted to be FPermo-

[ ;a_s"" Ezomiferouws (Tahirkhell 1970, Thise was bhased on his

o veelation of this formation with the Abbottabad Formation, It

e mame correlation is valid, then the Shekhal Formation will

L IRV G oa noearly Cambrian age, because the Abbottabac Formatien is

™ <:3p§ .r:;r'(:)'veci he of sarly Cambriamn age (Latif,1974). Furthermore, in

the attock-Cherat Range (Yeats and Hussain,1987) and in the

sttt harn Bandghar Range (Hylland, in prep.), the Shekhai

Farmation has a quartzite bed at its b«mw wh ich suggests that a

Coriessiderable amount of time 1 apsed b eetweezh the deposition of the

Wt e Lying P m ambrian tteh Ehattak Forpation and the Shekbai

F e ration., ‘ J

The alternating guartzite-phyllite sequence north of the

SR Il

i

village was previously mapped as the Tarpakhi Quartzite

Faaty p ke i y L9713 and upper gquartzite of the Kingriali Formation

)
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7 e shown that ddentical lithologies exist in this area as
P2 af the Tanawal Formation. Hence it is appropriate to

Y ssg cder this lithology as part of the Tanawal Formation.
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Furthermore, Calking et . al.,(197%) had mapped them as upper
quartxitéﬁ of the Kingriali Formation,. because they thought that
the Shekhad Férmation i a dolomite of the Kingriali Formation.
The field description of these quartzites does nof matoh with the
1ithwlﬁgimal description of the Kingriali Formation (Shah,1977).
The lower contact of the Tanawal Formation has been reported
to differ at various places. (Calkins et al., 1975 . At Sobrah Gali
it ig marked by a conglomerate, wheresas south of Garhl Habibullah
it ds gradational with the underlying Hazara Formation (Calkins
@t a].,l@7ﬁ5~ The unconformable 1ower contact of the Tanawal
Formatiorn with the Frecambrian Salkhala Formation was also

r@pdrt@d by Wadia (1931). In the Qtudy area the Tamnawal Formation

e separated by a mmnglmh@rata'bmd from the und@flying limestone
Jof ke Prmcambriam Shahkot Formation. Earlier workers (Calkins et
aj,,i@?ﬁ) havmjcdnﬁidérad thfﬁ limestone bed as part of the
Hazara Formation (Manki Formation). Nher@ag; the writer maps it
as the bDasal limestone of the Shahkmt Formation becaunse of its
bithological similarity and stratigraphic position with that
f o meadt i .

The Gandghar Range can beydivid@d into fouw structural
blocks that are justaposed alang the Haghdarra, $irikeot and
Dérrah faults. The three broéhﬁ'nmrth of the Raghdarra fault have

the same stratigraphy and constitute the western Gandghar Range

S Er at from the eastern Gandghar Range by the Raghdarra fault.
The eastearn Géndgha? Rangé ié having a complete succession of
Prmwambrimnntm Cambrian Fﬁﬁks (Fig.5) includimg thie basal Manki
Formation followed by the Shahkot Formation, Utch khattak
Fmrmétimﬁ, ﬁh@khaijﬁmrmatioh and. the Tanawal Formation. Whereas,
in the western Gandghar Range the stratigraphy is interrupted by
&n unmanfmrmity between the basal limestone of the Shahkot
-memmﬁimh amd thé averlying Tanawal Formation. Here not only most
o ﬁhm Shahkdt Fdfmétion i miﬁﬁing, but the whole of thé Ut ch
Fhattak and Shekhai Formations are also missing. The sequence of
VEr L s 1ithwlogi@ﬁ‘bf these blocks suggest that their basin of
deposition was gradually geftihg shallower towards wést‘(Fig.ﬁ)"
The timing of upli%t of thw Gamdghar Range along the Fanjal fault

s ot Hnowh.iHowmer, a heterolithic conglomerate bed within a




sretion of the ;ampbéllpur‘basin i1l along the Haro River
cortaing bduld@rﬁ of diorite and granite up to X meter in
diameter. and is directly overlain by normally-magnetized
lacustrine sediments (Hurbamk,i@%ﬁ). This conglomerate had been
dépmmitfﬁ by.a fluvial agent more power{ul’than the modern Haro

R v (FigL? area ). It ig possible that the ancestral Indus

R ovenr flowesd throwgh the eastern Sampbalipur basin, as swgoested
by Wynre (LE79), and was diverted by uplift of the Gandghar Range

gome time during the Brunhes chron (Burbank, 1982) .

FY
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CONCL USION V4

The detormation of the Gandghar Range is not only due to the
folding pwom@sﬁea,'but also involves -imbrication.

The imbricate zrone is characterized by the Raghdarra, Sirikot,

.

amd Darrah faults. ' ' ‘ ' o

The imbricated zone makes up the hapging wall of the Fanjal

datl b o . ' -

Twey distinct sets of folds have been recorded which indicate

two 5&pawaté phageﬁlof deformation.

The carbonate lithmlmgy'fTwiagsic Hingriﬁli‘ﬁmrmation of
Emlkins et al.,197%) is here praved to bé the Frecambrian
Shektiai Formation. |

Thie altmrnaﬁiﬁg cuartzite/phyllite wnit cocurring north of

HBeri village, which was previously shown to be part of the

Eingriali Formation (Calkins et al.,197%) is now intarpwated

“to ke the middle member of the Cambrian(?) Tanawal Formation.

Ages of all the rocks of the Bandghar - Rarge have been

completely revised. . - ‘ -
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