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ABSTRACT

T.gte present work has resulted in the recognition of a. well developed
s‘tratigr‘aphic‘ succession of the Tethyan Himalayas exposed - in the mountain

ranges fr‘inging the northeastern Peshawar basin ( Swabi,

districts of the NWFP, Pakistan). The rocks range in age from Precambrian

through Paleozoic to Early Mesozoic and are composed of igneous, metam_orphic
and sedimentary rocks. A Preqamb_riah succession comprising of Salkhala and

Tanawal formauons make'é‘a basemenet to about 400 metres thick Paleozoic

successxon compmsmg Ambar Formation (Cambrian), Misri Banda Quartzite
(Early to Late Ordowc-mn) Pan;pn— Formanon (Late SiI_ur'i'an), ‘Nowshérar
Formation (Early Devonian), and Jafar Kwadao Formatiori ‘(EE‘H“IY Carboniferous).
Thesel metnasedimén‘tar‘y rocks provide evidence for Late Pa_leoioic (Caboniferous-
Per‘mian) intracon»tinven‘tal rifting,A the onset of which is ind:icatgd by ‘north-
derived clasts ’in‘ the Jafar Kahdao Fofm-avtion and iogether with extrusion of:

:iftrelated' volcanism in the form of alkaline acid porphyries and theiilite to

alkaline basalt horizons. A much greater variety of hypabyssal an s plutonic

rocks including carbonatite, ijeolite etc., are associated with this p'hase of

magmatism. Post Permian thermal subsidence and marine transgression led to

the deposition of the Early Mesozoic carbor_l,ate rocks which ‘ unconformably S

ove_rly the Karapa Greenschist.

The whole stfatigraphic successi"dn is considered to be developed in a

northward dipping epicontinental basin whlle the magmausm is related to the

'. rifting eplsode Most of the rocks have y1e1ded fossil ewdences regardmg then‘
‘ages whue a few have been dated by radmmatmc determmatxon The present
work descnbes some of the new ev1dences relating to the. Paleozow Mesozmc '
rrocks of the study area and their 1nterpretauon and 1mpl1cauon in the -

'reconstructxon of thr- regmnal geologwal framework of thls part of Tethyan ocuter

H_1m»al:ayas.

Mardan, and Bunét
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CHAPTER ONE

INTRODUCTION

1.1. Location amd Accessibility

The present work describes the stratigraphic and structural set-up of about
1600 square kilometres area lying in the Swabi, Mardan and Buner districts,
NWFP, Pakistan. The sttjdy area is covered by Survey of Pakistan topographic
sheet nos. 43 B/7, 8, 11 and 7 (Fig. 1). It is divided into two parts (Fig. 2). The
Swab1 drea (Map 1) is bounded by long. 72 to 72 45 E and lat. 34 6 19 to 34 20 N.

- ‘while the Rustam area (Map 2)15 bounded b--long.72 15 to72 30E. and lat. 34 15

to 34 30 N. In ‘terms of regional geological setting the study area forms a part of

the Swat nappe” (Treloar, 1989), which is bounded on the north by Kohistan Arc
and on the south by the Attock-Cherat range. The western limits of this nappe are

still not - clear, while in the east the Darband Ogm Thrust Fault separates it from
the Hazara nappe

A network of metalled and unmetalled roads gives an easy acces: = . most.of
the outcrops in the investigated area (Fig.3). The area is approachable from
_]ehangn‘a in the south, Tarbela Dam in the east, Mardan in the southwest and

, Mmgora in the north.

1.2. Purpose and Objsciive

- The study area is m‘os_tly covered by sedimentary.‘ 'me'tamorphic and igneouvs

rocks. The ’preSFnt work summarizes the results of a detailed geological mapp‘ing

around SwabL and Rustam areas on a 1:50, 000 scale (Map 1 & 2). This mapping was
undermken wxm tie mtent of establxshmg ‘the strangraphlc and structural set-
up of the area and their correlatmn at both local and regional scale. Smce the _

area makes the outer limits of the internal zone of the Indian plate (Coward et al,

1988), both mutamorphxc and unmetamorphosed sednmentary successions are’
encountered in this area. A relatlvely lesser degree of : uternal deformation has

fenabled the author to recognize, map and document a Precambnan to harly

: 'Mesozmc al *eqsmn whwh is comparable in its completness Wlth that of the Salt
"'Range (Gee 19891
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1.3. Geography

The area has a dry to subtropmal cl1mate with ho* summers and moderate
w1nters The magimum temperature during summer 1s 105 F (40 ¢) and minimum
temperatar during winise is 43 F (1 C). '

The rainfall nsux ls accwes from January to March and July to Septu mber,

Which are considercd to be the rainy seasons.

s

‘The area is thickly »populated and the average concentration of pulation is
about 500-559 persons per square kilometre (Survey of Pakistan, 1985). Pushto is
their mother language, while they can also understand and speak Urdu.

1.4. Method of Mapping

De‘tai‘led‘ geological m‘apping was carried out on 1:50,000 scale and was based

.on close spaced traverses from place to place. First, the aerial photographs

(1:40,00‘0 scale) were studied under stereoscope in the ‘lab'oratory and were later
on checked 1n the field. The geological details marked on the aerial photographs
were later on transferred to the ’t.opogx*ziphic sheets (1:100,000 scale).

1.5 Local Geological Sciting

The study area forms the northeastern flank of the Peshawar basin and
comprises a sequence of sedimeﬁtary and metasedimehtary rocks, ranging in age
from Pr'lé.cambriah through Paleozoic to Earl}} Mesozoic. The Precambrian and
Early Paleozoic (Cambrian) rocks are devoid of fossils, while the *Paleozoic-

- Mesozoic (from Ordovician to Triassic) contain fossils. To the north, the study area

is bounded by a grani?‘ic body of 'batholithic dimension called the :“‘f&mb'el'a
Granite Complex” (Rafiq and Jan, 1989). Martin et al. (1962) have named LiE cover

‘sequence as Chamla Sedimentary group The present stud1es have proved that

the cover sequence is similar to that exposed 1n the Rustam area and is Late
Paleozoic to Early Mesozoic in age. Furthér more, the cover sequence is neither

'separated by a fault from ‘the "Swabi sedimentary group nor it is as old as-

Cambnan as suggested pre vxously by Martin et al. (1962). To the West the geology
_exposed m the Tangi and Jamrud areas is almost identical to that found in the

’ ~ study area Shah et al. 1980; Khan A, ana Aslam,M 199-0)\ To the south, a wel;

|




established Early Paleozoic sequence is exposed in the Nowshera area (Stuafier,
1968; Pogue and Hussain, 1986) which is a continuation of the same sequence
‘exposed in t_he‘p»resently studied area. To the east, the stu dy area is separated from
the Ghandgha_r range and Hazara mappe by the Darband-Oghi Thrust Fault. The

Piecambrian basement rocks ° the study area (ie., Salkhala and Tanawal

formations) on which the Paleozoic-Mesozoic fossiliferous succession of the
Tethyan Hi'malaya‘ rests, are very much simi'ar to those found in the basal parts of
the Hazara nappe ahd different from those croping out in the Attock-Cherat and
Ghandghar ranges. The rocks exposed in the Alp_uri—Saidu areas, Swat, including
Manglaur Crystalline Schis't,“A:lpuri sj.licebu,s schist, Saidu calcareous graphitic
schist (Kazmi et al, 1984) and Nakani Ghar marble (Palmer-Rosengberg,
1985) are believed to be the high grade metamorphic equivalents of the Tanawal
Formation, Misri Banda Quartzite and Baroch Formation (Nakani Ghar marble),
respectively (Pogue et al. 1992). Similarly the Swat Granite Gne = .: and
a‘mphibolite can be co'rrela.ted with the Chinglai Gn-eiss and Karapa Greenschists
exposed in the study area (Pogue et al. 1992).

It is, therefore, suggested that the rocks exposed in the Nowshera, Swabi,
Swat (Buner, Saidu & Alpuri) areas are similar, forming a separate tectonic block
known as Swat nappe. The géology of the Swat nappe is distinct from the adjacent
Attock-Cherat and Gandghar ranges and comparable with that of the Hazara area
but may be broadly correlated with that of Vt;he Hazara area (Treloar, 1989).




CHAPTER TWO

STRATIGRAPHY

2.1 Introduction

The hill ranges to tiit north and northeast of Swabi consist prédominantiy of
stratified sedimentary and metamorphic rocks ranging in age from Precambrian
to. jurassic A suitz of igneous rocks comprising both acidic and basic compositions
occurs either as inirusions cutting across the older formations or as extrusion
mterstrahﬁed with the Carboniferrous strata (Map 1 & 2). A detailed apprm-ai of
the magmau; rgcks is given in chapter 3.

Earliest attempts on siratigraphic analyses of the Swabi and adjoining areas

was. that of Martin et al. (1962). They classified the metasedimentary rocks of the

area into. two groups .. a) Swabi- Chamla sedimentary group and b) Lower
Swat- Buner ‘schistcse croup. They recognised additional stratigraphic units in
this previously u:zloowan ared which included the Swat Granitic Gneiss, the

~ Ambela Granite and the Shewa porphyries. Until then, however, nothing was

known about the age of ihese rocks. Davies and Ahmed (1963) descrited
orthocenic nautiloids from the hills south of Swabi which indicated for the first

- time presence of Paleozoic rocks in this part of the Himalayas. Tiechert and

Siau-ffe_f (1965) confirmed this by describing a Paleozoic "r.ev'ef complex from near
Nowshera which contained a fossil assemblage of Devonian age. Stauffer‘(1968)
divided the sequence in the Nowshera area into three formauons whlch range in
age from Late Silurian to post Early Devonian.

CaLkm and Ahmed (1969) recogmzed a Paleozoic sequence in the area east
of the Indus szer in the Hazara which they assigned to the Tanawal and
Abbottabad formations (Table 1, column 1). It was realised that the Paleozoic
sequehc’:‘e rests. unéohformably on Précambrian metasediments which they
d1V1ded into Hazara and Salhhalw rormations. Hussain (1985) carried out regional

’ ‘geologlcal mappmg in the ~Attock-Cherat area and established the stratigraphic

order (Table 1, column 2). Pogue and Hussa.n (1986) revised the stratlgraphy of

'-the Nowsnera area (Table ‘1, column 3) on the bas1s of further fmdmgs of
' ‘Paleozoxc fossu assemblages Khan et al. (1988) ‘while carrying out regional

geologmal mappmg around the Tarbela dam d1v1ded the area into "western block

SR
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and eastern bLloci” (Tohle

L, column 4). They correlated the Paleozoic rocks of the
[ 1052 rocks exposed in the Nowshera area. The Proterozcic rocks
were correlated wilh thos¢ cutcroping in the Hazara area. Later on K. @ ¢ al,

(1990) and Hussain et al.(1990) found the upper Paleozoic and Early Mesozoic
rocks in the Rustam area (Map 2).

Tarbela area wiih

The present work on the siratigraphic analysis  results in the recognition
of a complete sequence from Precambrian to Early Mesozoic (Table 1, column 5},
It has been shown that the Nowshera sequence of Pogue and Hussain (1986) rests
unconformably on the Tanawal Formation which has been assigned a

Precambrian age in present study on the basis of its stratigraphic position below

the Cambri’an Ambar Formation. This work has also resulted in (1) delineation of
the spatial distribution of the Precambrian sequence in the Swabi and adjoining
areas which was previously usiknown and (2) subdivision of both the Salkhala
and the T a‘naw"'al formations into units which define the coi:nplete litho-
s;ratig'r_apnic spectrum within these formations Table 2 & 3). It is to be noted that
such information was previously lacking because of the common involvement of
the Precambrian -successions in the Himalayan tectonics in the rest of the
internal zone of the Indo-Pakistan continantal plate (Coward et al, 1988). In the
context of the Paleozoic succession, this work has succeeded in the recognition of
the stratigraphy younger than the Nowshera Formation, completing the sequence
upto jurasSic (Table 1, column 5). In the following, a detailed description of the
various stratigraphic formations is presented in terms of their cﬁviujl,}:_ibution,
lithological variation, contact relationships and bva-sis‘ for the assigned ages.

2.2 Precambrizm Succession

The Tethvan Himiaiayas (Gansser, 1964; Searle et al., 1987) are characterized
by a thick Phanerozoic :'uccession which is commonly fossilif errous. This rests on
a Precambrian basement Whiéh’is ma...ly argillaceous but carries significant
amount of dther lithologies including arenii:es and carbonates. In the NW
Himaiaya the Precamibrian basement has commonly been divided into a lower
Salkhala Formation, which is overlain by Dogra or their equivalent Hazara Siates.
These - in turn are overlam by the Tanawal Formation (Calkins et al., 1975) The
Salkhala and Tanawal formations are exposed in the study area, while tle Hazara
Fdrmation is m.issing The Darband-Oghi Thrust Fault is a i‘egional lineament
[ollowmg the course of the Indus river, which separates the area into twoO
tectomc blocks in the VlCLIlltY of the Tarbela dam (Khan et al., 1988). The NW.




'blvock.'of which the presently studied area is a part, eontains Precambrian
Salkhala Formation which is tectonically overlain by the Tanawal Formation.

These Precambrian rocks are unconformably overlain by a Paleozoic sdcces‘sio‘n\ '
In the tectonic block SE. of the Darband-Oghi Thrust Fauv', ho{vever.the Salkhala

Formation is missing, while the Hazara Formation is overlain by thé Precambrian
Sobra Formatieﬁ and the Tanawal Formation. Obviously this discrepancy in the
Precambuan succession is due to the interaction of tectonics which has been
analysed in details in the chapter on reglonal tectonics. In the following a
detailed ‘accouni of ihe Precambrian succession exposed m the Swabi and

- adjoining areas is prescaied. The Precambrian rocks from the Swabi area wmupped.
_during thi_s study are amonget the least metam-.orphosed rocks of their equivalents -

in northern Pakistan. Although, they are cojmmOnly folded, but are
stratigraphicall'y‘ coherent and less deformed internally than their counterparts
elsewhere in the northern Paktstdn (eg Besham, Hazara, Kaghan and Kashmtr

‘areas). In this secnon a detaned descrrpnon of the ltthologtcal characteristics of
" the Precambrian rocks is -pre.‘sentecl ‘together with a new hthos-tratrgraphxc

subdivision (Table 2 & 3). It is expected that a comparison with the Prec',amb‘rian

- rocks of the Swabi area may solve several of the str:atigr'aphic and tectonic

problems assoc1ated with the Precambrtan strata in the 1nternal zone of the
northwestern Himalaya.

2.2.1 Salkhala Formationm

2.2.1.1 Field Distribution

| Calkin and Ahmed (1969) mapped a"complex lithological assemblage

comprtsmg phylhtes sclusts limestone and quartzite at the r1ght bank of the
Indus rtver near the Tarbeta dam. mte to wmch they reffered to as the Salkhala
Formatron They showed it to be extending northward along the Indus river in the

Amb. Utmanza.1 area, flanked on the etther side by the Tanawal Formanon This
‘disposition of the Salkhala Formation was interpretted to be due to its ult«lbn in

the core of a large northward -Plunging antrform to. which they termed as the
Indus’ re entrant. The extreme northern tlp of this north Vergmg fold structures

ghﬁs recently been mapped by Wdhams (1989) con,fnrrmng that the Salkhala

Formatmn extends up to north of Darband where it plnges northward under the
Hazara nappe comprrsutg, of Tandwal Formatton and the Mansehra Granite. An

xmportant feature notec both by Calkin et al. (1975) and thltams (1989) is the .
- tectomc nature 01 the cuntact between th Salkhala and Tanawal formatmns




|
|

e g

. _,,_,A.._.F.
e p—

Durmg the course of thxu Wom it has been found that fold structures other
than the Indus reentrant may also contain Salkhala Formauon in their cores. The

" Swabi- Rustam areas in the notheast,ern parts of the Peshawar Plain, are folded

into a series of NW-SE siriking cylindrical fold structures, which are at a right
angle to the trend of the Indus reentrant (see chapter 4). In one of the aaticlines
called the Kundal antiform”, which trends NW-SE and runs for over 15
Kilometres between th»e right bank of the Indus river and upto the village
Ghurghu"shw, tbe core is ck:cupie:d by the Salkhala Formation with the Tanawal
and younger formations ocgurring at the flanks (Map 1). In this ar :“'ne the
lower stratigraphic levels of the Salkhala Formation are exposed at the right bank
of the Indus river in the vicinity of the village Gandaf. The .successively upper
stratigraphic levels of the Salkhala Formation are .e‘xposed westward in the
plunging direction of the anticline. |

2.2.1.2 Lithological :jubdivision

The Salkhala Formzition;iﬁ the study area is divided into three. units (Table
2). The lower miost unit consists of graphitic -schist, recrystallized limestone.'
phyllite and flaggy quartzite. The graphitic schiSt is dark to dark-grey, fine
grained and ‘comams disseminated quartz grains. The graphitic schist grades into
limestone, which is dark—grey to grey, medium to coarse grained, thin o medium
bedded and unfossiliferous. It is interbeded with phyllite. The quartzite is flaggy,
brownish—grey to light-grey, thin to medium bedded ard is highly ferruginous,
iron stammg along bedding planes and sheared surfaces are comimonly
obvserv‘ed Sedimentary structures like ripple marks and cross bedding are
frequently founui i iz cuoartzitic part of the formation. Hematite mineralization
is found in the lowor paris of the formation south of Gandaf. The lowest cxposed
unit is usually associzted with pyrite, indicating an aerobic condition during the
deposition of this purt of the formation. The exposed part of the lower unit ¢f the

Salkhala Formation may range upto 600 metres in thickness.

The middie unit is composed of pﬁyll’ite WhiCh is brownish-grey to
greemsh grey on weathered surface and greenish-grey to olive- grey on fresh
surfaces It is fine gr amed and thinly laminated with well developed slaty
cleavage Graphmc schust is locally present m ‘the phylhtes of this unit. Its
thickness is about 100 metres.’, ’




The upper most unit'of the Salkhala Formation consists of green-coloured

chlorite-bearing quariz-mica schists and minor quartzites (Table 2). The best
exposures of this unit are exposed near the village of Kundal in the hinge line of
the Westward plunging Kundal antiform. The basal part comprises alternating
homzons of browmsh grey and green-grey phyllites, while in the upper most
pﬂrt of the unit there are minor "arizons made up of quartzites, interbedded with
the phyllites. A charcteristic fe s;ature of this unit is the occurrence of rounded to
subrounded "pebbles” of_ quariz, embedded in the green chlorite-schist matrix,
: There is a gr«adual but distinct increase in the number of these quartz "Pebbles”
towards the top of this unit, where upto 70% of some of the horizons may consist
of them. An 1mportdn1 point regarding these "quartz pebbles is their
composition which is distinct from the quartzites occurring in the overlying
Tanawal Fo: mation.” They are made up of medium to coarse (upto 4 cm.) clear
quarfz crystals similar to those ‘commonly bccurring in the quartz veins but
unliké those éonstituting the quartzites. The quartz pebbles may be crif - -liy the
quartz veins which attained the present shape following intense sheaﬁug and
boundmagmg The unit is apprommately 300 metres thick.

2.2.1.3 Comtact Emﬁmmm

The lower contact af the Salkhala Formation is nowhere exposed in the

studled area. As far as the upper contact with the Tanawal Formation is concerned,
it is lined by a fault both in the parts of ,the studied area as well as in the area
around and norih of the Tarbela dam (Calkin et al, 1975; Williams, 1989). Local
presence of pebbly beds at the contact with the Tanawal Formation has induced
some workers to suggest that the Salkhala-Tanawal contact is deposmonal The
composmon of the “"pebbles” in these so called conglomerate beds is however

suggestive of- ‘deuvauon from quartz veins probably through tectonism rather -

than by erosion of quartzne lithologies. The quartzite I hologxes could not be
der’ived by erosion anyway, since the quartzites of the Tanawal Formation were
yet to- be denosned and there 1s very little quartzﬂ.e component in the Salkhala
Formation itself. Thurefors, the contact between the Salkhala and the Tanawal
formations may be ,Vrtamﬂ all along its extension (Calkin et al, 1975; William,
1989).

22.1.4 hAge

No direct evidence either palaeontological, radiometric or even

i
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Tabl‘e 2:

Formation Thicknes Lithological £xplanation
S Metre# Feet | column '
Tanawa.‘. 'L‘Urm ‘ ' % Limestone
1000 T ‘ '
' sl 55 Marble
U}spej: ) :
' =] Argillite/phyllite
’z_ | lece| Quartzite
o
o Middle - Graph‘itic schist -
< - v
= [ s == Chlorite-»quartz-—mca
E:d' 5004 m— schist _
& Ry E:] argillaceous
< : , .
- : l | arenaceous
; ‘ Lower = 1000 = ' :
’bj ' B s = 4 ‘Cros’sb_eddin;’g
-
v cow— {ez] Sheared quartz-
i b pabbles
1 >
_ l‘“ﬁ, Fault
0 - \<\/ ) ’ L
' ' (I %) >&] Base not exposed
ATaS
Generalized Columnar Sect:.on show:ing the varied lithologies

of Salkhala Formation exposed in the study area.




statigraphic is avaﬂa‘ble for the age of the Salkhala Formation in the study area
and its surroundings. In Kashmir, Wadia (1928 and- 1931), recognised a sequence
ih which a thick umit of slates, termed the Dogra Slates", conformably overlie
the 'Salk,hala Formation. Calkin et al. (1975) correlated the Dogra Slates with the

hazaré Formation for which ..cre is a radmmetrm age of 750 Ma available
| (Crawford and Davies, 19/’5) On the basis of this indirect correlation a
Precambrian age is assigned to the Salkha '\ Formation. '

2.2.2 Tanawal Formation

The widely distributed arenaceous sequence in the Hazara area of Northern
Pakistan has commonly been included in the Tanawal Formation (Latif, 1970;
Calkin et al., 1975). Calkin and Ahmed (1969) has shown the Tanawa! Formation
extending into the area west of the Indus river, near the Tarbela dam. % . resent

" work has been able to trace out the complete . distribution of the Tanawal

Formation west of the Indus river in the hill ranges north and northeast of Swabi.
More than two}third of the presently study area is occupied by the Tanawal ‘

" Formation (Map 1). In the eastern parts of the ‘mapped area, the Tanawal

Formation is interfolded together Wlth the underlymg Salkhala Formanon and
overlymg Paleozow roch

‘z 2 2.1 Lithofogical Description

The lowers most part of the formauon is composed of brownl.sh~grey to

,hght -grey and white, coarse gramed medlum to thmk bedded, hard and compact

uartzxte_(T‘able 4): Sedx_mentatjy structures like cross bedding and gradded
structure are well deyveloped. Iron staining along the bedding. planes, joints and .

- fractured ‘planes is commonly found. Dark-grey, ttick bedded to massive,

unfoss111ferous and recxystahsed limestone is found in the form of lenses. The

_ limestoric «.50 contains mtercalauons of graphitic schist. Tmckness of this umnit is

about 1200 metres.

The middls unit consists predommantly of argllhte with minor quartzite.
Tne arguhte is g,tu.ms!rgrey to olive-grey, fme gramed thmiy laminated and

‘cleavage 1s poorly dcveloped or lacking. The quartzxte is found in the form of
llenses and is light- rey fine gramed thm bedded and hard T_ms unit 1s,’

ap proxxmately 500 mettes in thxckness




Formation | Unit . thicknes |Lithological ‘ Explanation
| : . metre column 1
Lk ) Ambar Farmatlen e b
| " - |
§ . o ©98 Quartzite |
e v . ..
- 1 !E!! Limestone lenses
P ' S .
. r'E ; Graphitic Schist
pper | ) fo o @ '
. e Argillaceous
= 2000 o Rl .
E T — - Arenaceous
E"“ ‘ --. —.’- | .
r ;;3 _..:.'.. : Crossb‘edd_irzg
" h";',
g =4 | ‘- Teé¢tonic Contact
o - == .
- Middld | — - . [::j Unconformable
o | — - : ¢ contact
E; [—
o}
& .
< 1060 -
[}
Lower:
[Saikhots Formation 0 .l )

Table 3: Generaliz’ed: columnar Section showing the varied 'li‘th.olhog_ies
: - of Tanawal Formation exposed in the study area. '




: 4beneath the Misri Banda Quartzite. The present study has resulted in the

2:2.3.1 Ambar Forwmaiion

- The upper most unit of the Tanawal Formation comprises nibstly of
quartzite with phyllite inter.calations. The quartzite is br_oWnish-grey. thick-
bedded cross bedded hard compact and forms high ridges Barite'én‘d magnetite
mineralization is restrxcted to this unit mostly along the shear zones and iaults

Its thickness is apprommately 1_,9@0 metres.

' 2.2.2.2 Contact Refations

The Tanawal Formation is unconformably overlain by ’thle Ambar
For manon of Cambman age This is indicated by al18-21 metres thick conglomerate
bed occupymg the contact between the two formatlons cons1st1ng of pebbles and
cobbles of quartzite embedded in a groundmass of quartzﬂe and phyllite. The
lower contact wrth the Salkhala Formation, as dlscussed above, .is \i-obably
tectonic. R |

2223 Age

- The Tanawal Format-ion is devoid of fossils and thus lacks any direct
evidence of age. Its exi:nsion in the Hazara area, east and northe’-asf of the

presently studied area is extensively intruded by a granite “of batholithic

dimension, which has been radiometrically uated to be 516 Ma (LeFort et al, 1980).
T‘hi,s implies a Cambrian or older age for the Tanawal Formation. Star‘igrap_hically,
the Tanawal Formation in the Hazara area is overlain by the ‘Abbottabad

. Formation which is in turn, overlain by the Tarnawai'Formation The Hazira

member of this: iormatlon has yielded an Early Cambrian fauna (l‘uchs and
Mostler 1972 Rushton 1973 Talent and Mawson 1979) whlch 1mplles a Late

' .proterozmc age for the- Tanawal Foz mation.

223 PALE@LZ@}{& SUOCESSION

The name Ambar Dolomite was introduced by Staufl‘er (1968) for the basal
parts of the Lower Devonlan Nowshera Formatlon Pogue and Hussain (1986)-
however, suggested that the Ambar Dolomlte occurs as a dlscrete formatlon ‘

recogmtlon that the Ambar Dolomlte occurs as ‘a formatlon between the Tarlawal

in _ S
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Formaticon ‘and Misri Banda Quartzite. The name has been also changed to “Ambar
Formation” as the formation not only contains Limestone and dolomite but
includes calcareous quartzite and subordinate 'phyllite. In the Presem!y .uapped
area, the Ambar Formation is exposéd in the limbs of large syncline kncwn as the
"Maneri synclinorium” just north and 'nor'theast of Swabi and ‘i‘n the cores of tight
anticiixies west and northwest of village Totalai (map 1).

The dolemite of ‘he Ambar Formation is light-grey to pinkish-grey,
medium to thick bedded and massive at places. The dolomite contains algal
laminations and poor development of snamatblite. Chert in the form of ve‘ins.
nodules and stringérs is found commonly. C'allcite veins and veinlets are quite
common. It coniains greenish-grey and maroon coloured, thinly laminated
phyllite in the upper part ‘and thin bedded, fine grained, flaggy calcar¢ous
quartzite in the lower part. | ’

The lower contact of the Ambar qumaﬁbn is u«r}.'confdrmable Wim the
Tanawal Formation and is marked by cobble conglomerate. The clasts of quar tzite
are embedded 1n a groundmass of dolomitic quartme and phyllite. The upper .
contact of the formalion is also unconformable with the Misri Banda Quartzite. In_
the Dander and (_“;_u_m areas, the unconform1ty is marked by a conglomerate
bed which consists of pe bbl% and cobbles of quartzite with dolomite in matrix. It
has to be noted ih at the Ambat Formation is not consistent in its lateral extent.

' For instance, in the bwawal svnc‘lmcrlum in the northern parts of the prescntily

mapped area (Map 1), the formation may or may not exmt between the Tanawal
Formation and the me Banda Quartzne Where Ambar Formauon is absent, the
Misri Banda Q.ucu'tmte rests u.nco\nformably on the Tanawal ’Form‘auon. The
thinckness of the formation is about 550 metres just southwest of Boka village.

The Ambar Formation has similarvli_tholog‘ies and occupies the same
st;atigraphib position as the 'Abbottaba‘d'Formation’ in Hazara (Latif, 1970). In

‘particular' the Sherwan and associated synclines contain dolmite with butcher-
_chap Weathermg (Plate 1) which 1s overlain by Skohthus -bearing feldspdtlnc
_quartzxte (Pogue et al. 1992), which together form a sequence closely resemblmg

the Ambar Formatxon and Misri Souda Quartzﬂe sequence of the Swabi area. The

vupper part of the Abbottabad Formatmn in Hazara area has yielded hylolithes,

which 1nd1cate an Early Cambnan age (Fuch., and Mostler. 1972). The Misri Banda

: Quartzxte which overhes the Ambar Formatlon has yielded fauna of Early to Middle'

Ord0v1c1an age The strangrapmc posmon of the Ambar Formation bulow the
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Plate 1: Photooraph showmg butcher-chap wcathrmo |
Iound in the dolomllc of Ambar Pormation
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Misri Banda Quarizite suggests a Cambrian age.
2.2.3.2 Misri Bamda Quartzite

- The term "Misri Banda Quartzite" was first applied by Stauffer (1968) for the

calcareous and dolomitic quartzite overlying reef bearing limestone of the

Nowshera Formation (Table 5). Later, Poque and Hussain (1986) restricted the
name for the unconforiuably bounded are_naceou's‘syequence between the Ambar
and Panjpir formations (the then Kander Phyllite of Stauffer, 1968). The type
section of the Misri Banda Ogartzite is located near Misri Banda village about
10 kilometres northeast of Nowshera, (lat. 34 01 N.and long. 70 06 05 E.).

Sueffer, 1968 Pogue apd_Hussain, 1986
Misri Banda Quartzite -,
Nowshera For mation ‘ Nowshera Formation
Kandar Phyllite - : ' Panj- . Formation
| ‘ , | | Misri Banda Quaftzite
“mbar Dolomite Ambar Dolomite

‘Stratigraphic cei-up of the ‘Nowshera area estabhshed by Stauffer, 1968
and Pogue encd Hugsain, 1986,

_’ In the present siudy area, Martin et al (’1962) mapped the outcrops of the
Misri Banda Quartzite south of Swabi as "Swabi Quartzite” and north of Swabi in
e T
‘the Chamla valley as "Chamla Quartzite”. The formauon is dommantly composed of

quartzne Wﬁ.h subordinate argillite and contams conglomerate hor1zons in the -

basal part The quarimte is brownish-grey to hght grey, fine grained, thin to
thick bedded, hard, compact, calcareous and dolomitic. Cross bedding' (Plate 2)

" gradded structures andriple marks are well preserved. At places tube- -shuped

burrows are"als;o ‘found. Ferruginous encrustation along the bedding planes,
joints and fracture surfaces are commonly observed. The 'mtercalated argillite is

greemsh grey to browmsh -grey, thmly laminated, and fohauons are lacking or“

poorly developed.. The Misri Bwnda Quartzite can be easily dxstmguxshed from the

rest of the formauons on the basis of its typmal reddish-brown weat.hermg .

topography Its thickness is about 600 metres

Wlthxn the lower part of the formauon two conglomerate honzons oceur -
' locamy (e g., these occur southeast and southwest of the Dandar v1llage) The lower .
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Plate 2: _Photograph showing cross stratification found in the
- Musri Banda Quartzite, which are up-side down.
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~ conglomerate bed is composed of rounded, subrounded and angular clasts of
quartzite emtedded in & matrix of quartzite. This conglomerate bed is very hard,
compact and of local nature, The upper conglomerate bed is composed of rounded

to subrounded guartziie clasts in a phyllite matrix.

The Misri Banda Quartzite unconformably overl‘es the Ambar Formation.
This is mdmated by a conglomerate bed which is composed of subrounded to
angular clasts of limestone, while the cemennng matermis are calcareous
quartzite. In the study area the formatlon is devoid of foss1ls while the upper
part of the formation in the Nowshera area contains ichno fossil "Cruziana
indicating its age to be Early to Middle OrdoVician (Pogue and Hussain,

1986).
2.2.3.3 Panjpir Formatios .

The term "Panjpir Formation” was ‘ntroduced by Pogue and Hussain (1986)
for the arginaoeous sequence below the Nowshera Formation and above the Misri
.B‘anda Quartzite. The upper most 60 metres of the Panjpir Form&tion exposed
b'en‘eath the Nowshera For_mation» just north of Nowshera town was mapped by
Stauffer (1968) as "Kandar Phyllite”. Martin et al (1962) mapped the outcrops of
the Panjpir and Jafar Kandao formations as "Swabi Shale” and "Chamla Shale"
fespectively as members of Swabi-Chamla sedimentary group in the swd'y area.
Its type locality is located near Panj pif village about 5 Kilometres : - .east of

. Swabi town at. 34 05 32 N. and long. 72 29 42 E).

The formanon is well exposed in the southern western and northern parts

.of the study area (map 1), It is composed dommantly of argillites with'
'lnterbedded crinoidal limestone metamltstone and argxllaceous gquartzite. These
rocks are generally d.arbgrey to browmsh -grey, ‘sxlty, fissile and c_hlormc.

Siaty ‘oleavage is pooi ly developed Baking effects in the argillites are observed
where it is in contact with the Ambela Gramte (eg north of Naugram) Its

‘ .thmkness is about 900 metres northwest of Dakara

In the ;s‘w‘dy area its lower and upper contacts with the Misri Banda
Quartzite and Nowshera Formation respectwely are transxtlonal while in the
INowshera area both the contacts are. unconformable (Pogue and Hussam 1986).
The limestone Ienses of the formauon bear conodonts =y Late S11ur1an Age (Pogue

and Hussam 1986).

13



2234 Wowshera Formaticn

The name " Nowshera Formation" was given by Stauffer (19\6:8)@{@{' the
fossiliferous carbonates above the Kandar phyllite and below tihe Zviuf_ﬁan.da,

Quartzite. Pogue and Hussain (1986) restricted the name for the fossiﬁfsrou’s‘

carbonate rocks above the Panjpir Formation. The Panjpir Formation is overlain
by a thick carbonate sequence of reef type with subordinate quartzite and

‘phyllite, which has been included in t'he Nowshéra Tormation by Pogue abd
- Hussain (1986). Previous'vy, Stauffer (1968) consmlered only the reef carbonate as
~ the Nowshera Formation. ‘fartin et al. (1962) named similar outcrops in the Swabi

area as "Kala Limestone” and Manen Marble". The type locality ~of  the

formation lies 3.5 Kilometres north of Nowshera (lat. 30 01 34 N. and long 71 59

40 E.) along the Nowshera- -Risalpur road.

‘The Nowuhera Formauon 18 well exposed in the western and. northern parts
of the study area (Map 1). In the Swawm synchnonum. it occupxes the core of
the syncline and is intruded by the Ambela Granite. It is also found in the form
of xenoliths ( e.g., Bagh marble) in the Ambela Granite. ‘

The tormatml is mmposed of hmestone dolomlte marble calcareous
quartzxte and subordinate argxlhte The limestone and marble are hxg,hly
jointed, fractured and Iu‘asﬂlterous. Chlonuzauo_n is found along the fr’actmed

surfaces at places. The marble. is ‘l-ight—gréy on weathered surface and white, dark

and green on fresh surfaces. Diabase dykes/sills are 's'parSely distributed, The

upper part of the formatxon contains coarse grained, friable, cr’ossbedded

'carbonate cemented smdstone The Cross- beddmgs are ups1de down mdwaung

: overturnxnfr of the strata and comcxde Wn.h the northern overturned limb or the
Maneri Synchnorxum (Map 1). ' o B

Its upper contact Wlth the Jafar Kandao Formauon is unconformable as

indicated by a conglomerate bed which consxsts of pebbles of quartz1te embedded
m a carbonate cemented matmx The Nowshera Formauon has been assxgned Early
to Late Devoman age on the bas1s of conodont studies (POgue and Hussam. 1986).

S,
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2.2.3.5 Jafer Handao Formalion

Khan et al. (1990) proposed the term “"Jafar Kandao Fbr'matiml'f for both the
argillites and ;he Shewa-shahbazghari porphyries eiposed alo_ng the wesiern and
northwestern peripheries of the ’A:mbelka Granite in the Rustam area. These two

units of different origin are so much intercalated tha* it is difficult to separate
-them. The same nomenclature is retained in the prefsent work. The type locality is

Jafar kanda0 about 5 kilometres southeast of Rustam on the left side of lower Swat
canal (lat. 34 18 40 vl aad long. 72 17 56 E). Beside the type locality and the better
known Shewu- 'asi'zzaw.hbazagharj,area, the formation is also exposed east of Baroch,
Banda and Karapa areas of Mardan and Buner districts respectively (Map 2).
The _preSeni studies have shown that contrary to the previously thought

- structurally resivicted extent (Martin et al,, 1962; Kempe, 1973), the Shewa-

‘Shahbazghari porphyries have a much larger aerial extent showing cyclic
intercalation with ihe argillites. This suggests that the deposition of the’ argillites
and _ihe emplacement of the porphyries took place simultaneouvsly in a basin. As
such the whole sequence is treated as a seyparate, distinct and mappabhle time—‘ro'ck
unit. Martin et al. (1962) named these airgillite's as "Swabi pebbly shale". |

The formation comprises dominantly of argillites, limestones, quarizites
and conglomerates The argﬂhte is rusty -brown to greenish-grey and olive- grey.
fine gramed wrth poorly. developed cleavage The limestone found in the form of

lenses contains abundant conodonts. The sandstone found about 1 kilometre north _

of Maneri, along the Swabi-Salim Khan road, is coarse grained, calcareous, friable

and crossbedded. The cross stratifications is upside down, coincident with the |
,riorvtihe:rn overturned lirab of the Maneri synclinorium (Map 1). Its thickness is

about 1500 metres.

.

The porphyry is volcdnic to _sub,volczinic in origin and has a cyclic

1nterca1at10n with the argillites. It contains columnar joints which are well

developed a.nd preserved (Plate 4). At places it is tuffaceous soft, friable thh B

kaolinization restricted to the shear zones and fractures The contu " hetween
the mtercalatmg porphyries and the argillites is very sharp (Plate 3. m,nohths ‘
of the porphyry are found in the Ambela Granite just east of Rustam ‘and

‘northeast of Jafar Kandao, indicating that the Ambela Gramte is younger han
the porphymes (Jafa.r Kandao’ Formatmn) The formauon is overlam by Karapa .
' Greenschist ‘which .is well expose‘d in the .Ka‘rapa pass. -

I
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Besides the lype locality, the greenschxst is also exposed in the Banda and
Malandrai Kandao. The volcanics which are now metamorphosed to amphibolite
grade may be equivalent to the Panjal trap volcamc below the Permo-
Triassic rocks in northwesterm India and Kashmir. |

- On th-.e'basis of conodonts conected from the limestone from the type
locality, the formation has been assigned Early Carbomrerous age (Pogue, pers.
Comm.). This age is further confirmed by .its straugrapmc posmon above the
Nowshera Formation of Early to Middle Devonian age. ‘

1

2.2.4. mﬁmzms: SUCCESSION

2241 Baroch Formation »

The name "Baroch Formvat‘ion" is proposed for the widely distributed
carbonate sequence exposed in the northwestern paris of the study area (Map 2.
Its type locality is designated at Baroch about 7 k‘il'om»etres north of Rustam (lat. M
26 N. and log. 72 17 50 E). These rocks were mappea® by Martin et al. (1962) as
"Marble and Calcarecus schist" of the Lower Swat- Buner Schlaiosc Group.
Stauffer (1968) correlatzd these rocks wnh the Nowshera For maution on the basis
of poorly presuw,d corals. Kazmi et al (1984) named these rocks as "Kushulu

" Formation" a member of Alpuri Group. Ihe name "Baroch Formation" is suggested

here because it is well exposed at this _location with an easy access.

The formation comprlses of 11mestone marble, dolomitic hmestone and
calcareous schist. The hmestone is grey in colour, fme grained, thin to medmm
bedded. The marble is gre‘y to light-grey on weathered surface and white to green‘
an‘d black on fresh surface. Cream coloured, medium to thick b._edded. fine gr amed

dolomiti¢c limestone is also intercalated with the li.n'ies‘ton-e which gives a
" bituminous smell when hitted with a hammer. The calcareous schist found in the

basal p'art" of the formation is thinly laminated, fine grained and ijnt‘ercalated‘wﬁh
thin bedded limestone. This forination is characterized by tight isoclinal fold'i‘ng,

whose axis are running northeast to southwest The tmckness of the formanon is
: about 1200 metres |

Its coniact with the oVerlying Tor Kamar‘Dolomite is gradational. ‘On the

‘bas1s of the condonts Late Tnassm age has been assxgned to the formauon (Pogue '
Pers. Comn) ' : |




2.2.4.2 Tor Eamar Dolomite

The name "Tor Kamar Dolomite” is proposed for the dolomite found above
the Baroch Formati'(’)n. Its type locality is désignated"at Tor Kamar about 3.5
kilometres west of Karapa pass (lat. 72 17 50 N.‘and long. 34 27 E). Martin et
al. (1902, mapped the limestone, marble, dolomite and calcareous schists
collectively as iic upper most part of the "Lower Swat-E.ner schistose group’.
Palmer-Rosenburing (1985) named the marble and the limestone member of the

- Lower. Swat - Buaer schistose group collectively as the Nakani Ghar marl:rlc, Later
on Ahmed et al{1987) gave it the formation status. It is the youngebt rock wait in-

the study area and is always found in the cores of synclines (Map 2).

The dolomite is light-grey on weathered surface and nailky Whlte on fresh

’surface fine grained, thick bedded, masswe hard and resistant, thus makes high

ridges in the area under investigation. It can ea511y be distinguished from other
formations on the basis of its typical white topography even from a long dm&ance.
Calcite veins and veinlets are commonly observed. Due to metamorphism® the
corals are poorly preServéd. The (thickness of the_formation. is approximately _15,00
metres.

The Tor Kamar Dolomite has been assigned Late Triassic-]Jurassic age purﬂely
on the basis of its saugrapmc position above the Baroch Formauon of Late
Triassic (Pogue, pers. comm.).
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»DEF@SITIONAL HISTORY AND TECTONICS

The study area consists of a fairly continous marine succession of Paleozoic

and some Early Mesozoic rocl’s resting unconformabley over the Precambrlan

basement comprlslng Sallqhala and Tanawal formations. The sedlmentary record

of the Tethyan Hlmalyan zone characterlzes the geosynclinal stage of the .

evolution of the meala‘yan Orogen. The Himalayan geosynclme appeared over a
Precambrian basement at the beginning of the Phanerozoic, time and it was closed
during the Tertiary Orogenic phase. This geosynclinal history is marked by
certain breaks in the deposnlon These breaks are represented by unconforinities

found at the contacts of different litho- straugraphlc units.

- The Salkhala Formation consists of various types of schisiéf ‘marble,

crystallme limestone and subordinate quartzite and phyllite. It is the oldest
metasedlmentary unit representlng deep marine sedlmentatlon The Salkhala

Formanon has undergone greenschlst l‘ames metamorphism and has a-
penetratlve follatlon markecl by slaty cleavage These features have not been”

observed in the overiying Paleozoic- Mesozoic success-lon._ This indicate
deformation of the Saliiala sediments after the culmination of -‘the'ir“ deposition.
Note a tectonic event of Late Precambrian age is already recorded in the northern
Pakistan (Baig et al., 1988; Williams, 1989). In the study area the Salkhala

Forma‘uon is overlain tectonically by the Tanawal Formation, while 'in the Hazara

area it is overlain by Hazara Formation (equivalent to Manki Formation), Calkin et
al. (1975). After the deposition of the Salkhala Formation, the marine

environment reestabllshed 1tself in the Late- Precambrlan perlod during which -
quartzite and ar gillite of Tanawal For mation were ,depos_f,*.-e.d in a shallow-marine ’

environment.

Aftel' a short but pronounced 'upr‘leaval represented by an unconformity at

" the top of the Tanawal Formation a deep marlne' environment restored itself {

durlng Early Cambrian period and resulted ln the depomtmn of dolommc

: llmestone and quarulte of Ambar l‘ormauon.

Soon after the cleposmon of the Ambar Formatlon the area was emerged

mdlcated by a conglomerate bed, which is composed of pebbles and cobbles of
_quartmte embedded in a quartzite groundmass. This was soon followed by the
depositon of pure quartzlte of Misri Banda Quatzn;e durmg Early to Late Ordovmlan
period in the shallow marme envn'onment Small lenses of conglomerate of local
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nature are found in the basal part of formation
and’

indicating rapid uphaaval
subm,érgence of the area dljr‘ing this period. The Misri Banda Quartzite is
followed by the deposition of argillites with minor limestone lenses of Punijpir
2 deep sea environment during Late Silurian period. The
Panjpié' ‘_Formez.zicm is succeeded by the deposition bf reef limestone of Nowshera
Formalt'ion in & shallow marine environment during Early Devo‘nian.‘

Formation indicatiiy

After the d-epbsiiion of the Nowshera Formation the area was resub mé‘rged
and resulted in the deposition of argillites and emplacément of porphyries
(Martin's ~ Shewa-Shahbazghari porphyritic microgranite) of Jafar Kandao
Formation during Early Carboniferous period. During Early to Late Carboniferous
and even in Permoj— Triasic time, the area was subjected to severe tectonic activity
and rifting that resulted in the int_rusion of alkaline to peralkaline ignéous rocks
along the northern margin of the Peshawar basin (Pogue et al., 199"2‘) This was
followed by the deposumn of limestone, marble, arg1111te of Baroch Formation in a
deep marine environment during Triassic period. The deposxtwn of the Tor Kamar

Dolomite which is the youngest Lthologxcal unit 1n the study area, took place
durmg Late Triassic - Jurassic. '
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Age

Jurassic

Triassic

¢ Lithic Unit

' Karépa greenschist

Permia,

Early

Carbonifercus| "

Eafly'
Devoniagn

Early-Middle
' Silurian
|Barly-Hidale |
" Ordovician .

Cambrian

1 Precambrian

Misri Banda quartzite

‘Tanawal Formation

.Preca¢bfian

Middle  Salkhala Formation

Tor Kamar Dolomite

Baroch Formation

Jafar Kandao Fdrmatiou

Nowshera Formation

Panjpir Formation

Ambar Fdrmatiqn

Teble 4: Columnar-Section showing the detalled lithologies
© . of the different stratigraphic Units expused in

- the study arca.
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CHAPTER THREE

MAGMATISM
3.1 -I»ntr_odu’ctmm
A restrlcted part of the internal zone of the Indlan contlnental plate in NW.

-Hlmalayas comprising Peshawar Plain and lower Swat valley is charactemzed by
~an assemblage of  plutonic igneous rocks which delﬁme an alkaline igneous

_province (Kempe and Jan, 19‘;7‘0," 1980; Kempe, 1973, 1983; LeBas et al, 1987,

Jan and Karim, 1990). The various igneous complexes of the province inciude
 Shilman, Warsak, Tarbela, Shewa-Shahbazghari, Ambela, Koga, Malakand and
S1la1 Pattai and cempmse a dwerse asse mblage of rocks mcludmg peralkalme to
allcalme pranites, syenites, feldspatholdal ‘syenites, carbonatites, ueolltes
meltelgltes and albitites. A phase of tholeutlc basm magrna is closely associated,
both in space and time Wlth the alkallne magmatlc activity in the Peshawar Plain
alkaline province. This basic magmausm occurs in both plutonic and 'wpabyssal
bodies in ‘the form of mtruswe plugs, dykes and 51lls (eg Warsak Tarbela)
Hitherto, no extrusive e‘q’u‘lvalents of either alkalme or basic compo,s.ltlon‘ have

been r‘ep‘o‘rte;d, t_hough Kempe (1973) considered some of the basic rocks at Warsak

to be metamorphosed tuffs and lava flows.

Detailed stratigraphic an:’,sis carried out in parts of the Swabi, Mardan

~ and Buner districts, at the northeastern edge of the Peshawar Plain, indicate

' closely spaced, both in space and time, bim ‘dal volcamsm from tlus part of the

. Peshawar Plam Data is presented for satlgraphlc control on the age and nature
of the emplacement l‘or these igneous rocks I consider that the acid volcamcsi:
reported here are extrusive eqmvalents of the subvolcamc Shewa- Shahbazgharl
and Warsak mlcroporphyrles (porphyntlc mlcrogramtes of Kempe, 1973):
Whereas the basaltic volcanics are correlatlve with Panjal volcanics of Kashmlr ‘

and Kaghan valleys and the extensive - su1te of tholeiitic basic dyl{es spread‘ over
~ the most part of the mternal zone of the Indlan plate in Peshawar pl: Swat,

H.azara and Kashmir areas - (eg. dykes m the Precambr1an slates, Warsak and
Tarbela basic iﬂtrusioﬁs) The occurrence of these volcamcs at a spectl‘lc

stratlgrapluc posmon in the Late Paleozoic successwn of the Peshawar Plam and
lower Swat has strong 1mphcatlons for the age and nature of the magmatlsm m
the alkallne provmce % ’
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3.2 Geological Setting

The area discussed here lies at the jlinction of the Swabi, Mardan and
Buner districts (Fig. 3). The southwestern part of the mapped area (Map 2),
covmpris.es about 35 square kilometres isolated outcrop of microporphyriés.
of Shewa-Shahbazghari (Martin et al. 1962., Kempe, 1973). The foothills to the
Swat Hnmalaya in the northeast comprlse a large 1opolu.hm body of A-tyne
‘ granites called the Ambela Granite Complex ( Rafiq and Jan, 1989) The Ambela
Granite intrudes a succession of predominantly metased1mentary rocks which
are exposed at its northern, western and southern contacts. The volcanic rocks
being reported in this paper are part of this stratigraphic succession.

A systematic stratigraphic ana;ysis of the Peshawar Pl‘aifn and lower Swat
including the country rocks of the Ambela Granite Complex have recently been

~carried out by Khan et al. (1990) and Hussam et al (1990) They divide the rocks

exposed at the western contact of the Ambela Granite mto three formauons which
include Jafar Kandao and Baroch formatmns and Tor Kamar Dolomite. Among

these formations the first one is Late Paleozoic, while the remammg two are .

Early Mesozoic (Map 2), envisaged to have been deposn:ed in a subsiding (rifting)
basin Wh1ch gave way to the Tethys ocean On the southern sm_e,‘th,,‘; Ambela
Granite is in contact with the Tanawal Formation, Misri Banda Quartzite, Panjpir
and Nowshera formations (Map 1). ' |

2.2.3.1 Chinglai Gueisses:

‘The Chinglai Gneiss3s are exposed on the northern border of the study area

(Map 1) between Chingmii in the West and Dhand in the east. It is 'in contact with
the Ambela Granite Complex and Koga Syemtes The contact between the Chinglai

Gneisses and the Ambel.ﬁ Gr amte Complex is marked by a regmnal shear zone. This .
shear zone is anastomosing m nature, in Wh1ch the - sheared syemte contain

lensmd‘s of relatively undeforme_d, syenite. However the distinct petromgicél

and mineralogical differences between the Chinglai Gne1-ss and syenite suggest -
that pmor to their shearmg the contact was mtruswe 1n whxch the Ambela -

Granite was 1ntruded
The Chmglzu Gne1sses are two micas augen gnexsses These are leucocrauc,

med1um to coarse jray ained and well gneissosed. The gnexssosny is expressed by an
_ahgnment of mma and feldspar mmerals It 1s mamly composed of feldspar
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quartz, biotite, muscovite, amphibole/pyroxene and some iron ore. The iron
bearmg minerals are oxidised on the weathering surfaces. The phenocrysts of
microcline are mostly randomly oriented and occassionally roughly allgned to
give a possible direction of flow and characterized by carlsbad twining. When
involved in the cm-scale shearmg, the phenocrysts are converted to augen-
shaped porphyroclasts.

The Chinglai Gneiss is traditionally grouped with the Ambela ‘Gran’ite a

Complex (Rafiq, 1987). However, the present study shows that the Chinglai

Gneisses are distinct from all phases of the Ambela Granite Complex in terms of ‘

texture, mineral composition and gneissosity They cl>sest analogy of the Chinglai
Gneisses is exposed in the Lower Swat and Hazara areas in the form of Swat and
Mansehra gramtes raspv'uvely These granxts as in the case of Chinglai Gne1sses
are biotite and muscovite bearing *sgether thh large pheoncrysts and
porphyroclasts of feldspar. The Ambela Granite on the other hand is leucocratic,
equxgranuldr and non foliated. ‘

On the basis of the the above descnbed 51m11ar1t1es the Chmglau Guiisses
may be assmged a Cambnan age similar to the Mansehra Gramte (LeF(rt et al.,

19‘80).

SATURATED AND UNDER SATURATED
ALEALINE AND PERALKALINE MAGRMATISHM

2.2.4.1 Jafsr Eandzo Formation

The porphyries were previously considered as a fault bounded isolated »

outcrop exposed in the Machai, Sh‘eWa and Sh»ah»bazghari‘triangle (Martin et al.,
1962; Kempe, 1973: Kempe and Jan, 1970 and Rafiq. 1987). The present study has

~ shown that porphyries are also exposed in the Jafar Kandao Malandrai, Banda

and Karapa areas of Mardan and Buner districts and show cyclic mtercalanons
\thh the argllhtes of the Jafar Kandao Formation (Plate 5). This suggests that Lhe
emplacement of porphyritic rhyolites and deposition of argillites took place.

- contemporaneously. As such the whole sequence is treated as separate dwtmct -

and mappable time-rock umt

The porphymes are subvolcamc in omgm and are composed of porphyntxc
rhyohte. tuffs and quartz veins. The porphyrmc rhyolite is leucocratic, fme

gramed, porphyrmc and commonly foliated. Columnar joints (Plate 4) and fl,ow_

22




B

e

Platé 3: Pi}iotograph showing sharp contact between the

and argillites of Jaffar Kandao Formation.

, pOIphy‘ri‘es}-




Plate 4: Typical hexagonal Columnar Jomts found in the porphyrxes of
Jafar Kandao Formauon.




~ Plate 5: Iptércalatioh 'bctwecn rhyolite pbrphjrry (white)
and argi_]li-ite (greenish-white) of Jafar Kandao Formation.
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 Plate 6: An hotizon of fine grained porphyritic thyolite
- (creamy-white) interbedded with argillites (pinkish-grey)
of Kandao and a (martz vein cutting acrcss, the pophyry.




texturvs-..ce well developed and preserved. At places, it is tuffaceous, soft and

friable. Quartz veins {rom few cenumetre to 2 metre thick are commonly obaerved
within the porphyritic rhyolite and argillite of Jafar Kandao Formatmn Locally

quartz vein is cutiing across the porphyrle.s and does not extend into the -

overlymg aod underlying argdhtes (Plate 5). Kaolinization is restricted io the

sheared zones Aenohths of the porphynes are found in the Ambela Granite just

southeast of village Rustam indicating that the Ambela Granite is younger than
the porphyries. The Porphyries have been considered as a part of the Ja-fa-r
Kandao Formation and are thus assigned an Early Carboniferous age to it.

2.2.42 Ambela Grznite Complex

The name "Ambela Granite” was introduced by' Martin et al. (1962) and later
on it was renamed as, "Ambela Granite Complex" by Siddiqui (1965) and Raﬂq
(1987). The Ambela Gramte Complex has many phases of intrusions and ranges in
composmon from alkaline to neralkaline (Rafig and Jan, 1989). The granite is
1eucocbatic relatively finer grained, fractured jointed, porphyritic and localhj
foliated. The foliation in the granite is expressed by ahgn ment of phenocrysts of
feldspar and mica. It is mainly composed of quartz, ohgoclase tourmalme b1ot1te
and accessory magneute sphene and tourmaline,

The granite is further- intrude,d by aplites, pegmatities, syenites,
carbonatites and diabasic dykes. All these younger intrusions are fresh, hard and
standing out due to their resistance to weatheri‘ng.‘whﬂe the older granite is
highly weathered. The granite has an intrusive contact with il - Tanawal,
Panjpir, Nowshera and Jafar Kandao formatrons Xenohths of the oo'r_‘ph\yries
and Nowshera Formanon (ie,

Bagh marble) are found in the Ambela Granite mdncatmg that the former
two are older than the later Intrusron of the Ambela Granite Complex took place

during Late Carbomferc us. The Ambela granite has been assigned (+_316 Ma) age
on the basis of Rb/Sr wliole rock isochron data (LeBas et al.,, 1987). N

2.2.43 Eoga HNepheline Syenite

‘ The nepheline syenite intrudes the Ambela Granite Complefx through ‘out E
but is more concentrated . in the area around Koga. This is dark—grey 1o rUSty-

brown on wheathered surf ace, whxle the fresh colour is grey to geemsh grey. It
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is fine to coarse-grained, hard, fresh and characterized by spheroidal weathring.
It is mainly composed of albite, microcline ‘calcite, nepheline, quartz and black

coloured minerals. At places fluorite and needle like yellowish-browa crystals of
sphene/apame are present. ’

2.2 4.4. Narangi Carbomatite

The carbonatite has a close genetic relationship with the subsilicic alkaline
1gneous rocks such as nepheline syemte It is found in the Narangi Kandao and
northeast of Surai Malandrai (Map 2).

The Narang1 Kandao Carbonatite occur in the form of lenses, pockets and
veins and confined to the western part of *he syenite body. The carbonatite is
.rusty -brown on Weathered surface and white on fresh surface, coarse-grained
and tacks foliation. It is composed of calcite, microcline, pyrozene and magneute.
Finitization has also taken place near the contact’ of carbonatite and nepheline
syeﬁite. .The‘ carbonatite found near SUr_ai Malandr‘a«i (Map 2) is coarse grained
and massive. | - |

 BASIC MAGMATISM
.2.2'.4.5 Dolerite Dykes

Dolerite intrusions in the form of sills, dyk‘es and irregular bodies are
randomly distributed in the stratified and igneous rocks older than Permian in
age. These intrusions are Lighly altered and deéply WEaihéned and . display baked
zohes along the contacts. These are coarse grained toward vce'n_tre and become fine .
gramed toward peripheries. They occ'u'r” widely near‘ Banda Kandab Dheri,
southeast of Boka Kandao north. and northwest of Naugram (Map 1). The dolerite
dykes are light-grey to greemsh grey in colour, fine to medium grained and
‘masszve The main mmeral consntuents are. plagxoclase calcxte and iron oxide in
chlorite-clay groundmass These mtrusmns are further mtruded by . quartz veins
and veinlets which are mostly stained with ferruginous materials. The dolorite
dykes of the studied area are. consxdered to be feeders to whe Karapa Greenscmst
‘(metavolcamcs) and thus asmgned a Permlan age
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2246 Karapa Greenschist

The Karapa Greenschist occupies a well defined stratigraphic position on
top of the Jafar Kandao Formation and below the Baroch Formatio: Tt is well

exposed in the Karapa pass (lat. 34 29 30 N. and long. 72 28 20 E.), aboui i;kilo&meterl

south of Daggar, the district headquarter of Bunér. Swat (Fig}. 3). It is also exposed
in the Banda, Malandrai Kandao and Malandrai areas. The greehschist occupies
the same stratigraphic position as the Panjal volcanics in Kashmir and Indi=
below the Permo-Triassic limestone ( Pogue et at., 1992). Such types of rocks are
more widely distribut‘""ed and are found in the Kaghan and Kashmir areas as

compared to the alkaline igneous rdcks which are restricted to wthe_ area beiween

the Indus river in the east and Warsak iu the west (Khan et al., 1990).

25
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IMPLICATIONS

Whereas the external zone of the Himalayan thrust fold belt is completely
devoid of magmatic rocks, they are not uncommon in the Coward's internal zone
(Fig. 6). Leaving apart the basement gneisses, such as those exposed in the
Nangap’arbat and Besham syntaxis, there are at least two major phases of granite
magmatism since Cambrian (LeFort et al. 1980., Jan et al. 1981., Shams, 1983). The
first type include the peraluminous, porphyritic two micas augen gneisses. They
include Chinglai Gneisses, Swat and Mansehra Granites which are of a Cambrian
age (LeFort et al., 1980). The Chinglai Gne_iéses_ are exposed in the northern parts
of the study area (Map 1) separated on the east from the Mansehra Granite by the
gorge of Indus river and from the Swat Granite in the rior_th by a normal __faul.t
(Pogue et al., 1992). All these plutons are considered correlative bas_edv on their
textural, pertrological, geochemical compbsitiqn and intrusive relationship. The
second type is distinctly alkaline to peralkaline in c.heinistry and resembles
closely with post orogenic A-type granites (Whalen et al., 1987). These granites
are typically distributed in @ semicircle around the western, northern and
northeastern fringes of the Peshawar Plain and include Warsak, She\va-
Shahbézghari, Ambela, and Malakand granite occurrences. They are spaually
associated with a suite of undersaturated to mildly oversaturated alkaline to
peralkaline magmatism which gives rise to a diverse assemblage of rocks
rangmg from carbonatites, through ijeolites, meluegltes feldspathoidal syemtes
to syemtes and quartz syenites. They have been considered to define an alkaline
province in the area occupied by Peshawaﬁr Plain and its surroundings. T‘he-

‘alkaline to peralkaline magmatism in the Peshawar Plain is accompanjed by

basic magmatlsm whxch occurs in the form of an extenswe suite of i ,ic dykes,
sills and mmor intrusivé bodies of a. plutomc character. This magmatism may be
less voluminous than the 'A-type granites, but unhkte the latter, is much more

wide spread in its distribution from Attock—Cherat ratig'e‘ in the south to the Upper‘m
Kaghan and Kashmir fvalleys in the north. ' o

All these 1gneous rocks are wb;ect of detailed petrologlcal studies for last
several decades. However, httle was kno m, untit recently about’ the stratxgraphy'_

~of the host rocks, except for those inter-stratified with th_e Panjal basic volcanics.
which yield Permian f'o‘s.sils. This led t0 a reliance solely on the radiometric data -

for the age of the magmatism in the Peshawar Plain alkaline province, which was.
often misinterpreted. For mstance Kempe (1973) reported K/Ar ages of 41, 50 and -
100 Ma determmed on rexbecklte blom.e and. nephehne minerals separated from
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the Warsak Granites and Koga Syenites, and arbitrarily selected 50 Ma as the age

of emplacement of the alkaline province magmatism. Maluski and Mz {1984) |
presented Ar 40/ Ar 39 data on amphiboles and biotite from the Warszk G v'-x-"ﬂ‘aites
yielding ages of 43.5, 40 and 42 Ma which they interpreted to be tectono-
metamorphic, but their age of emplacement for the Malakand Granite (23 Ma)
turned out to be much less than that determined by Zeitler,(1988) on Zircon as -
Carboniferous. LeBas et al (1987) presented Rb/Sr whole-rock isochron data for
the Ambela Granite t.f'if:iding ages of 300 Ma, but cdnside'red the Sillai pattai
Carbonatite to be emplaced at 31 Ma based on a K/At- 'age.on biotite, which is
lighly questionable in the hght of existénce of a tectonometamorphic event of.

: tms age in the same area (Treloar et al, 1989),

. A detailed reappraisal of stratigraphy in the recent years in the paris of
Peshawar Plain and lower Swat valley have resulted in opening new avenueb for
danng the Peshawar Plain alkaline magmatmm ‘with a much greater rehablhty
than before (Khanetal. 1988, 1990; H,u‘ssvam_ et al, 199¢. and Pogue et al,, 1992).

The occurence of basalt as a distin:ct stratigraphic horizon in the upper
parts of the Jafar Kandac Formation confirms their Late Carboniferous-Permian

age, which coincie;tts‘mosely with the agé of the Paﬁjal volcanics from nm‘thernb

Paktstan Interestingly, Whe:eas the strata older than this age is almost always
cross cut by basic dykes, there is a sharp lack of basic dykes and sills in the
younger i.e., post Permian strata. We assign ‘all the plutonic and hypobassai tﬁ_ock::

in the Peshawar Plain to this event of baéiomagmati’sm in Carboniferrous-

Permian. It has to be noted thé.t a suite of dykes and s_ills in the Kagh.an’v _aréa has
been considered by Papritz and Ray" (1989) to be intfusive equivalents of the
Permmn Panjal Volcamcs This Would imply a wide spread basm 'magmatic
activity at the noxthern margm of the Indxan plate 111 Late Carbon‘xferous—

'Permlan time.

There is a strong 1nd1cat1on that the acid volcamsm was erupted more

or less simulataneously with the basm volcanics, but. 1ntercalattons ‘at several_

horizones, in the Jafar : Kandao Formation, both below ~and wuhm the
greenscmst umt suggest a wutez span of the magmatlc acuvn.y than that of the

~ basic magmalism. Unlike in the case of basic magmausm ‘there is an mdxcatton-

that the plutomc equwalents of the acid volcamcs may be of the same age or |

. 'younger A lack of deformauon in the Ambela, and Warsak gramtes compared to-
'the tectomsed acid volcantcs of the ]afar Kandao Formatmn favours a younger age
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of some of the phases of the A-type gramtes in the Peshawar Plain. It has to be
noted that a similar relationship exists in the Warsak Igneous Complex where
sheared mxcroporhyrles are cut across by relatwely undeformed peralkalme

~ granites (T.Tahirkheli,1990). We suggest that there was a Carboniferous to
Permian acidic magmatic activity (the magma was peraluminous but had A-type

geochemical character), whicl:was both erupted and emplaced in lower level
plutohs (e.g., sheared garnetiferous microporphyries iﬁ Warsak, T.Tahirkheli,
1990) and Shewa-Shahba_zghari, early phase peraluminous-metaluminous
granites in the Ambela complex (Rafig and v_]an,' 1989). This was followed by a
phase of peralkaline granites in Late Carboniferous-Permian which included = the
péfalkaline micrbporbhyries of Warsak and Shewa—Shahbazghan main
Warsak Granite and some late phases in the Ambela complex. |

_Thére bave been suggestions that the alkaline and peralkaline magmatism‘
in the Peshawar Plain is related with Permian-Triassic rifting of .he S ondwana

[Jan and Karim, 1990). Despite a contrasung composmon a more or less". similar_

tectonic settmg of origin is suggested by the basw magmatic rocks (7. Tahirkheh
1990) This is however, not understood that Why the A-type granites and

peralkahne saturated to undersaturated rocks are restmcted only to the Peshawar

plain, whereas basic magmatic rocks are w1despreacl througout the Indxan plate
north of the Panjal faul..

The stratigraphic, radiometric and structural evidence indicate a ma‘jor

rifting during Late-Paleozoic. A model is presentied in (Fig. 4), which exhibits :
" the interacalation of tectonics, sedimentation and magmausm in the Peshawar
Plain. The pre~ rifting sedlmentary rocks. were deposited as late as the Late _‘

Devoman in.a northward deepmg eptcontmental sea (Fig 4a). The Upletmg, and

emergence of the epicontinental basin was accompamed by the normal faults and o
‘ femplacement of porphynuc alkahne rhyohuc flows dyIL .S, sills and basalt flows
(Fig. 4b). This bimodal, both acidic and basic volcamsm continued in to the Late

Carbomfm‘"us Permian period as did the erosion of the Early Carboniferous
mghlands whlch were largely' submerged by Early Carboniferous. (Fig. 4c).
The area was again uphftecl and accompamed by the inception of the alkalme
magmansm (Ambela Granite Complex) in the Late Carboniferous period (Fig. 4d).

- This rifting was. soon followed by subs1dence wmch resu__lted in the marine
: sednmentanon during Late Triassic- Jurassm (Fig. 4e) . This rifting sequence
- provide direct evidence for the Late Carboniferous- Pernnan fragmentauon of the
.Enorthern Gondwana for the fn‘st tlme from Pakistan.
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Fig. 4: A model showing temporal intercalation between tectonics,

“sedimentation and magmatism in the parts of the Peshawar plain
(After Pogue et al., 1992).

a). Paleozoic ma: e sedimentation on a Precambrian ‘
basement previously intruded by Swat Gramtc (8G)
and Chmglal Gneisses (CQ).

b). Normal faulting associated wnth Late Paleozoic rifting

separates the Chinglai Gneisses from the swat Granite.
Intrusion and emplacement of acid volcanics and

plutons equivalent to Shewa-Shahbazghari porphyries ds).
). Intrusion of Ambela Granite (AG) and basic dykes.

d). Emplace:ment‘ of Karapa basalts.

“e). Early Mesozoic marine sedimentation on the:
Karapa basalts.
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CAPTER FOUR

STRUCTURE

The inernal zone of the Indian piate northern Pakistan has been divided in to six
major tectonic blocks known as Bana, Besham, Hazara, upper & lower Kaghan and Swat
nappes (Treloar 1989). The present study area makes the southern part of the Swat nappe.
The Swat nappe is separated to the south from the Attock Cherat range and to the east f rom
the Hazara nappe by the Darband-Oghi Thrust Fault The- western extension of the Swat

nappe is still not known however, Paleozoxc rocks similar to that of t.he swat area are well
exposecl in the Jamrud area, Khuber Agency.

4.1 Structure of the study area: | _ )
4.1.1 Folds

T he major folds mapped .1 the study area defines an arcute pattern. The
fold axes of the major folds trend Nw-SE in the éastern part of the study area, E-W
in the central part (Map 1) and changes to NE-SW in the western part (Map 2),
resulting in the development of an arc shape struéture, similar to the indus re-

‘en_t‘rant, Hazara-Kashmir syntaxis and the _Besham syntaxis. Small folds are

.comv'monly encou11pered in the limbs of the major folds. B__oth the major and small
scale folds are asymetrical, tighi overturne‘dv south"verging and their axes are -
parallel to each other. The folds found in the western part (Map 2) are open. and

- upnght

In addition to the folds defi mmg an arcute pattern in the Swawali area (Map
_1.), a N-S oriented syncline has been mapped It is typxcally an open fold* of local
nature. Arcuation may be result of a N- S compressmn while the N-S omented

- Swawai synclinorium may have developed due to a latq: E-W compreSsmn.

4.1.2 FAULTS

Faults found in the siud'y area could be classified into 1) thrust faults or
reverse faults and  2) strike-slip faults. '
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4.1.2.1 Thrust Fawnlg

The most 1mportant thrust fault mapped in the area is the, "Darband-Oghi
Thrust Fault first reported by Calkin and Ahmed (1969). Noth of Tarbela jam the
fault trends NE-SW, while in the area between Tarbela dam in the east and
Nowshera in the west, it runs in the E-W direction along the Kabul river. This E-W
trendiné‘ part could be consider as frontal ramp of the Swat nappe, where the
sense of movement is right lateral. The age of the Darband-Oghi Thrust Fault 1s
not known, howc,ver according to seeber and Ambuster (1980) it is setsmtcauy
active, suggest a recent age for it Further, the seismogrph installed at Tarbela
damsne also tndmat«e epicenire of the earthquake along this fault

‘Other thrust fault recognized in the study 'area is named as, "Kuﬁdal Fault”.
This fault is folded by later foiding and towards east meets with Darband-Oghi |
Thrust Fault Foidmg suggests that is could be older than-the Darband-Oghi Thrust
Fault

4122 Strike-Slip I-‘ault.s

Two set of strike-slip faults are recognized in the study area and are* rtght
lateral. One of these trend between NE-SW and other trend NW-SE and have left
lateral sense of slip.

‘A major right late;al NE-SW trending fault runs along the Totalai khawar _
and displaces the' folded strata of the Manc -i synclinorium and Kundal antifor m.
‘ The rtght lateral dtsplacement is clear on the map. A dtsplacement of about 15
ktlometre is estimated. Other rtght lateral NE-SW trendmg fault is located just west
of Ch-tnglat (between the Ambela Granite and the Chinglai Gneiss). These faults
could be secondary riedal shear of Dafband—_-_()ghi Trust Fault (Fig. Sa)

- 4.1.3 Structural Aﬂalysiﬁ and Discussion

If we condsider that major fold defhiing an arcute batt_ern developed ‘due to
a N-S compression, they could be cOrrelated with the southward :transported Swat
-nappe. The folds coutd be detachment folds in this nappe (th 5b) or fault |
| fpropagauon folds at the tips of blind splays of Darband Oght Thrust Fault (Fig 5¢).
'Acruatton may be result of N-S compressxon agamst mgtd Ambela Granite or due
to a later E w compressma as suggested for Hazara Kashmir Syntaxvs and Besham
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syntaxis (Treloar, 1989), The Swawai synclinorium, with a north-south fold axis
can also be correlated on a regional scale with the Indus re-entrant, Hazara-

Kashmir syntazis and Besham syntaxis or may be secondary' product of arcuation
itself. | ' - |

The Kundal fault which marks the contact between the Salkhala and _
Tanawal for mations is itself folded alqng phase-1 isoclinal folds and thus can not

be responsible for the. large scale fold structures observed in the study area and is
older than folding.
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REGIONAL TECTONICS

The northern Pakistan has been divided into three broad regions on

the basis of stratigraphic successions, grade of metamorphism and igneous

activities (Coward et al, 1988). The three regions from north to south are the
Asian continantal plate, Kohistan arc and the Indian continantal plate, separated
by the Main Karakoram thrust (MKT) and the Mai.n_' Mantle Thrust (MMT)
réspéétively The Indian plate 18 further divided into twb zones (Coward et al,
1988) by the Hissartang fault. The northern zone between the H1ssartang fault
and MMT is known as Internal zone while the southern zone is called as external
zone. Treloar et al. (1989) has recognised six major crustai nappes in the Coward's
Internal zone between Panjal Fault and the Main Mantle Thrust (MMT) (Fig. 12).
Each nappe is internally imbricated, separated by ma;or thrusts and
st‘ratigraphicall’y distinct from those adjacent to it. The six major thrust sheetis are
the Banna, Besham, Hazara, Upper Kaghan, Lower Kaghan and the Swat nappe.
The present study area makes the svouthern part of the Swat nappe.

The Swat nappe to the north, is separated from the Besham napbe by a
shear zone known as Alpuri Thrust (Trelaor et al., 198_9), while its southern
boundary is noi yet been exactly marked. Kazmi, (1984) and Lawrence et al,

" (1989) are of the opinion that the Swat nappe ic .composed of Prec,ambria.nﬁ‘

Manglaur crystalline sc¢hists (equivalent to Tanawal Formation),. Which are
~_intruded by Swat Gmmte and unconformably overlam by - siliceous and
argillaceous schists, amphibolites marble:. and calcareous schists/marbles of the
Alpuri Group These s1hceous/arg111aceous schists marble and amphlbohtes
may be equﬂant to the Jafar Kandao and Baroch formations and Karapa
Greenschist respectively. ' Ha‘mayun (1986) describes this cover. group as
Paleozoic. . '

The prcsent opinion ‘is that there is a continous stratigraphic ‘succession

rangmg in age from Precambrian to _]urassm in the arca between Nowshera to

the south and Alpuri to the north mcludmg the present study area. As such the.
SWat nappe-is separated from the Besham nappe in the north and Hazara nap- pe in

the east by the Alpun and Darband- Oghi thrusts, The geology of the Swat nappe 15'

different from the adjacent Hazara and Besham nappes as well as the Gandghar

and Attock-Cherat ranges. In Nowshera and Tarbela areas, the Darb}and Ogh;‘
Thrust Fault separates the Swat nappe to the east from Gandghar range and to the
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south from the Attock-Cherat range.

This is suggested on the basis of distinct
lithologies of the Attock-Cherat and Gandghar ranges '-from those exposed in the
‘Swat nappe as well as in the study area. Furthermore, the rocks exposed in the
Gandgha1 and Attock-Cherat ranges are less metamorphosed and devoid of fossils.

No igneocus rocka eXcept dolermc intrusions -are reported from these ranges. in

contrast the Precambrian sequence constituting the basement for the Paleozoic-
Mesozoic succession of the Tethyan Himalaya is comprising of Salkhala and
Tanawal formations. In the study area the Salkhala Formation is tectonica‘ll‘y
overlain by Tanawal Formation, which is unconforma®iy overlain by an almost
complete paleozoic and Early Mvesozoic succession. Thivs sequence is intruded by
numeirvul. plutomc (like Swat Granité and Chinglai Gneiss) rocks during

Cambrian. The Shewa porphyries, Ambela Granite, Warsak Granite, the Tarbela.

alkaline granite, Koga Syenites and Narangi‘ Carbonatites were intruded during
Carboniferous as a result of Late Daleozoic intraoontinantal rifting. Similar
stratigrap_hic evidences for Paleozoic rifting have been documented in Zansker
and _Spiti areas of India, where Permian marine sediments unconformably
overly the fault bounded highlands (Gaetani et al., 1990).

Accordingly, the timing and geochemistry of the Panjal Vo_lca_nics in

Kashmir and Zansker also support their association Wi_th Late' Paleozoic rifting
(Bhat et al, 1981; Sengor, 1984). Sengor (1984) proposed that the Panjal
volcanics were genetically related to the rifting. |

The Internal zone is further characterized by folds, imbricated 'base-ment-

. cover sequence back thrusts and strtke slip faults. The sedtmentary and

metasedtmentary rocks of the ‘;wat nappe mcludmg the present. sutdy ' area,
are l‘osstltferous moreé metamorphosed and intruded by numerous igneous
rocks. . The exeternal zone conststs of non-metamorphosed Precambrian to

' Recent sediments. No igneous intrusions have been found in this zone. There is

another thrust south of Hissartang fault, known as "Mair‘l Boundary Thrust”
(MBT). There is a thick imbricated Sequence of Miocene to Quaternary niolasse
known aS‘ Siwalik Group Thts forms. part of the foreland ‘basin of western

‘mealayan ranges and Komstan arc
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