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ABSTRACT

During the Late Paleozoic and very Early Mesozoic, threegmups of igneous
rocks originated in the present day northwestern part of the Indo-Pakistani
subcontinental landmass: I ) The Peshawar plain alkaline igneous province
(PMP), 2) The Panjal volcanics and associated intrusive rocks of Kashmir and
Kaghan, and 3) The dolerite dykes in Peshawar, Hazara and Kashmir regions.
The P A P comprises the Tarbela complex (gabbros, albitites, granites), the
batholithic Ambela granitic complex (AGC: granites, syenites, carbonatite,
dolerites), the Shewa-Shahbazgarhi and the Warsali granites (some alkaline),
gabbros and dolerite, the Malakand granite, and the carbonatite complexes of
Sillai Patti (Malakand) and b e Shilman (Khyber). The Panjal volcanics consist
of flows (basalt, andesite, rhyolite and alkaline types), agglomerates and tuffs,
dolerites, gabbros and norites. The Panjal igneous activity spans from Carboniferous to Triassic, but it was most extensive and voluminous during Permian.
Dolerite dykes of the Peshawar, H w r a and Kashmir regions are quartz-hypersthene normative in character and have a Permian stratigraphic age.
Reliable age data are lacking for most of the PAIP, but the Koga alkaline
rocks within the AGC have Rb-Sr isochron ages o f 297-315 Ma, the U-Pb systematics of zircon in the Malakand granite suggest a Carboniferous age, and the
Shahbazgarhi porphyries have a Carboniferous stratigraphic age. The Panjal
volcanics and the dolerite dykes have similar (essentially Perm-Carboniferous)
stratigraphic ages. Based on the available geochemical data in combination with
the ages of the three groups of rocks, it is suggested that the present day
northwestern margin of the Indo-Pakistani landmass experienced a major episode
of swelling and rifting, with associated magmatism which culminated during Late
Carboniferous to Early Triassic.

INTRODUCTION

Based on the occurrence of alkaline rocks in Warsak, Shewa-Shahbazgarhi
(Coulson, 1936), Koga (Siddiqui, 1965, 1967; Siddiqui et al., 1968) and Tarbela, Kempe
& J a n (1970) suggested that an alkaline igneous province stretched across north
Pakistan. Subsequent geochemical and petrographic data on granitic rocks of Ambela
(Ahmad & Ahmed, 1974; Rafiq, 1987) and Malakand (Chaudhry et al., I974), and t h e
discovery of carbonatite complexes in Shilman (Jan et al., 1981) and Sillai Patti
(Chaudhry & Ashraf, 1977) provided further support to the idea that the Peshawar
plain alkaline igneous province (PAIP) extends for a distance of at least 150 km between
the Indus river and Pak-Afghan border (Fig. 1). Field data summarised in Kempe & J a n
(1980) indicate that the dkaline complexes are (I) generally emplaced along fault zones,
and (2) restricted in occurrence to Paleozoic and Precambrian rocks. To date none has
been reported in Mesozoic and Tertiary rocks.
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Kempe (1973) and Kempe & Jan (1980) suggested that the rocks of the alkaline
igneous province are associated with Tertiary rifting. Their conclusions, unfortunately,
were based on only two K-Ar dates from Koga (50 Ma) and Warsak (41 Ma). Although
additional Tertiary ages have also been reported for the Malakand granite (20-23 Ma
fission track and Ar-Ar), Warsak granite (40 - 43.5 Ma Ar-Ar), Loe Shilman and Sillai
Patti carbonatites ( 3 1 2 2 Ma Ar-Ar), and Ambela syenite (47.5 2 1.5 Ma Ar- Ar)

(%eitIer
et al.,1982; Maluski & Matte, 1984; Le Bas et al., 1987), it is likely that these
dates
tectonornetamorp hic events rather than magmatism (see Table 1). The
f e w reliable ages (Le Bas et al., 1987: Ambela; Zeitler, 1988: Malakand; Khan et al.,
19301 Sheba-~hahbazgarhi) and the total absence of these rocks in the post Paleozoic
sedi-entaQ
sequence favour a Late Paleozoic age for the PAIP.
The later part of the Paleozoic and beginning of the Mesozoic appears to have
beem a fe'-tile time for magma generation in this part of the subcontinent. In addition to
the
numerous dolerite dykes were emplaced in the thick sequences of slates and
associated
metasediments presently occurring between the Indus suture and the MBT.
T h e n therewas the volcanic activity of the Panjal cycle in Kashmir and adjoining areas.
T h i s rather extensive continental magmatism, spanning Carboniferous to Triassic
p e l - i o d and ranging from granite to carbonatite on the.one hand and mafic to rhyolitic
o n the other, is regarded by us to be connected to a major episode of continental
s w e l l i n g a n d rifting.
this paper we present an integrated summary of the three groups of rocks to
e l u c i d a t e t h e i r petrography, emplacement ages, and tectonic setting based mostly on
p~iblislled
data.

PETROGRAPHY AND GENERAL ASPECTS

awar plain alkaline igneous province (PAIP)

Of the three groups of rocks discussed in this paper, the PAIP is the most
d i v e r s i f i e d in petrography. Kempc & Jan (1980) and Kempe (1983) considered ten
o c c u r r e n c e s that comprise the province. In the following we describe seven of these,
i g n o r i n g t h o s e of eastern Afghanistan and Mohmand for want of authentic data and
t h a t of M a n s e h r a for its dubious status.

1,b e Shilman, Khyber Agency. Sill-form bodies of carbonatite are emplaced
a 1 o x - r ~a n E-W-trending and N-dipping fault zone in pre-Mesozoic rocks of Khyber
A g e n c y , The main intrusion, reaching 170 m in width, extends for 2.5 km, passing
wes-t;vvard into Afghanistan. Isolated sheets of carbonatite occur further east. The
car&onatite comprises amphibole sovite which is intruded by biotite sovite and amp h i b ole a n k e r i t i c carbonatite. There is a zone of fenitization up to 100 m broad (Mian &
L e Bas, 1987). Syenites, lamprophyric rocks and Fe-rich hydrothermal veins are report e d l y associated with the carbonatites (Jan et al., 1981), and Butt (1990) has described
K - r i c h z-&s
from the complex.
G a b b r o and dolerite sills, generally not more than a few meters thick, occur to
t h e east alnd north of the carbonatite complex. These are amphibolitized and resemble

TABLE I. RADIOMETRIC AGES FROM THE ALKALINE IGNEOUS PROVINCE

LOCALITY

ROCK

SYSTEM

AGE (Ma)

REFERENCE

Carbonatite

K-Ar
(Bio)

31G

Ee Bas et al. (1987)

a) Granite

K-Ar
(Amp)
Ar-Ar
(Amp)
h-Ar
(Amp)
(Bio)
K-Ar
(mu

41

Kempe (1973)

1)Loe Shilman

2) Warsak

b)
c)

d) Kbl schist
a) Granite

b)
c)

F.T
(Ap-Zir)
Ar-Ar
(Mud
U-Pb
(Zir)

43.5 & 5

4 0 ~ 5
42 ~4
184L 17

Maluski & Matte
(1984)
Kempe (1986)

20

Zeitler (1982)

Carbonif.

Maluski & Matte
(1984)
Zeitler (1988)

31 ~2

Le Bas et al. (1987)

32.3 & 1.4
21.8 A 0.4

Qureshi et al. (1990)

50

Kempe (1973)

47.5 4.1.5

Maluski & Matte
(1984)
Le Bas et al. (1987)

22.8

2.2

4) Silai Patti
a) Carbonatite K-Ar
(Bio)
F.T
b
(Zir)
(Ap)

a) Syenite

b)
Syenite &
ijolite
d) Syenite
C)

K-Ar
(W.Rock)
Ar-Ar
(Bio)
Rb-Sr
(W.Rock)
U-Pb
(Zir)

315 & 15
297 & 4
Carbonif.

Zeitler (1988)

350 & 15

Kempe (1986)

6)Tarbela

those of the Warsak area, 35 knl to the east. Jan (1969) has described gabbroic bodies
in the intervening area which also contains isdated outcrops of granitic rocks like those
of Warsak. The relationship between the gabbros and carbonatite is not known, but Jan
et al. (1981) speculated that the two may be genetieally related. A K/Ar date of 3 1 2 ~
Ma on biotite was considered by Le Bas et al. (1987) to be the age of formation of the
car'bonatite .
2. Warsak. A. series of sill-form alkaline granites, microgranites, gabbros and dolerites
occurs in a 5 x 8 k m N-plunging syncline at Warsak (Coulson, 1936; Ahrnad et al.,1969;
Kempe, 1973,1983). The granitic rocks, some ofwhich are foliated and sheared, contain
aegirine, riebeckite, astrophyllite and/or biotite & garnet. The entire area has been
rnatamophosed in upper greenschist facies, and maiic rocks contain abundant amphibole
and relics of pyroxene. There are mafic tuffs, agglomerates and pillow lavas, raising the
possibility that some of the acidic rocks may also be volcanic (Kempe, 1978).Sniall bodies
of similar gabbroic and granitic rocks occur not only in Shilman to the west, but also 10
km to the south (Khan et al., 1970) and perhaps to the north.

The age relationship of the granitic and gabbroic rocks is not clear but the,
volcanic members seem to have preceded the intrusive phase. The W a r d area may
well be a good example of contemporaneous binlodal magmatism. On the basis of
limited data, Kenipe (1978) suggested that the whole may constitute a differentiated
series. Recent geochemical investigation (Khan, 1991) shows that the gabbros and
granites have the d~aracteristicsof continental rift magmatism. A K/Ar amphibole date
of 41 Ma was considered by Kempe (1973, 1983) as age of emplacement. This age,
however, is at odds with the 187 4.17 Ma K/Ar hornblende on a metamorphosed mdic
tuff (Kempe, 1986). Maluski and Matte, (1984) thought that their 40 to 43 Ma Ar/Ar
ages on amphiboles and biotite from Warsak were indicative of tectonometamorphic
arsak rocks are, however, strikingly similar in petrography and
geochemistry to those of Shewa-Shahbazgwhi (Coulson, 1936; Kempe, 1973, 1983),
which have a Carboniferous stratigraphic age (Khan et al., 1990).

3. Sillai Patti. Asharaf and Chaudhry (1977) reported a carbonatite occurrence about 20
km west of Malakand. Le Bas et d.(1987) suggested that the mrbonatite was exnplaced
dong a thrust in the fornl of a 12 km long and 20 nz thick sheet. Butt (1989) presented
geochemical data for the carbonatite and also noted that the carbonatite is made up of
dyke-like bodies emplaced either within the metasediments or at their contact with
granitic rocks. .
The carbonatite, consisting of biotite-apatite sovite, amphibole-apatite sovite and
alkaline pyroxenites, has fenitized the country rocks, especially the granitic gneisses,
The latter appear to be an extension of Swat granitic gneisses which have been equated
by Jan et al. (1981) with those of Mansehra (516 A 16 Ma Rb/Sr whole-rock isochron
age: Le Fort et al., 1980). K/Ar dating on an undeformed biotite in the carbonatite has

yielded 3 1 ~ Ma
2 (Le Bas et al., 1987). An identical fission-track zircon age (32.3 2 1.4
Ma) has been determined by Qureshi (1990). These authors have argued that the
carbonatite, like that of Shilman, formed during Oligocene. Butt (1989), however,
thinks that this may be the age of metamorphic overprinting and that the cdmrlotite
may be late Paleozoic. We also prefer this possibility.
Before closing this section, we would like to mention that cclrbonnt,itc! (with
biotite, pyroxene, amphibole) and associated fenites also occur in Jambil area of Swat..
These are currently under our investigation. It is likely that further search would revuul
additional bodies of carbonatite in the region.
4. Malakand. In the M&kand Pass area, granitic rocks intrude illto the r l o d part, of on
ESE-plunging anticline made up of gneisses and schists (Sln~ms.19831. Khiun (196!3,
Chaudhry et al. (1974,1976) and Hamidullah et al. (1986) have p~esant~cd
pet.rographic
details and geochemistry of the rocks. The granite contains albite, niicroclinc, quartz,
muscovite, epidote, biotite, calcite, garnet, etc. Allanit,e and sphene arc common in
samples from Benton hydroelectric tunnel (Kempe & Jan, 1980). Pegmat.ilcs (sornc
carrying tourmaline and fluorite) and aplites are commonly nssocintadwith the gs:mit,cs.
The gneisses have more or less similar n~odesand have been cimnically tliviclctl i n t o
siliceous, silica-rich granitic and normal granitic types by IIa~niduIldiet, al. !1986). 7'1m c
authors and Chaudhry et al. (1976) suggested that the granites wcrc related t tl Cut. least,
some) granitic gneisses.
The Maldkand granite has a 20 Ma fission-track apatite a11d zircon agt! IZeitlct*,
1982) and an Ar-Ar muscovite age of 22.8 + 2.2 Ma (Mduski and Matic, 1984). 'I'hrs,
and in the light of chemical data of Chaudhly et al. (1976) who thought it to ?te'"hsicdly
a soda granite" , Kempe and Jan (1980) considered that the Malaksntll grmitc 1 1 1 : ~ ~
belong to the PAIF. Hamidullah et al. (1986) found the granit.c!to be pcwluminous m d
cdc-alkaline, and not related genetically to the PAIP. Rcccnt work an [J- Fb zivco~a
systematics shows that the Malakand granite is Carboniferous in age (%cit.lcr,198R).
We regard that 1) the Malakand granitic gneisses are tin extension of the Swat grmitk
gneisses of early Paleozoic age, and 2) The Malakand granite is o product of the
magmatic episodes of late Paleozoic and probably related to the PAIP.
5. Shewa-Shahbugarhi. Acidic porphyries/nlicrograniteswith basic irlt,rusions cover a
35 km2 triangular area near Shahbazgarhi. Isolated outcrops of such rocks occur 15 km
to the south (Martin et al., 1962) and further north near Rustam (Ilafiq, 19871,
suggesting that these sheared volcanic/su~volcanicrocks may once have covered n much
larger area. On the basis of petrography and geochemistry, these rock have 11cen
considered to be consanguineous with those of Warsak (Coulson, 1936; Kcmpe, 1973:
Kempe & Jan, 1970). The acidic rocks consist of an earlier garnetiferaus group containing
biotite and lacking alkaline ferromagnesian minerals, and later alkaline microgranites
with aegirine, riebeckite and biotite (Kempe, 1983). Difforont potxographic and

ry and Shams (1983)
geochemical divisions
d,
are amphbo1it.e
and Ahmad et al. (1990). The mafic i
facies(?) metamorphosed gabbros and dolerites containing hornblende (hastingsite) and
egidote.
Chaudhry & Shams (1983) presented major element geochemistry of the acidic
rocks and concluded that they are the product of anatectic melts of deep crustal origin,
eniplaced during alternate periods of tension and compression related to subduction of
the Indian plate during late Cretaceos-early Tertiary. Ahmad et al. (1990) noted that
the basic rocks share the characteristics of continental ood b d t s and were (along
with the alkaline and perdkaline acidic rocks) emplaced during continental rifting.
According to Khan et d.(1990), the "Shewa porphyritic microgranites" occur in
cyclic intercalations with Early Carboniferous sediments (cono onts age). This discovery is important because, 1) the Shewa-Shahbazgarhi porphyries may a t least partly
be volcanic (? tuffs and flows), 2) this is the first stratigraphic age on any rock in the
FAIP. This age is in conformity with those determined radiometrically for Malakand,
Tarbela and parts of Ambela, and 3) the close siniilarity of these rocks with those of
Warsak leads to speculate that the latter may also be Carboniferous.
6. Ambela Oranitir Complex (AGO. Covering about 900 kd,the AGC is by far the
largest body of the PAIP. Following the initial brief description (Martin et d.,1962),
Siddiqui et al. (1968) presented the petrology of the alkaline rocks from the western part
of the AGC in Koga area. Since then much more work has been done on this complex,
of which that by Chaudhry et al. (1981)) Rafiq (1987) and Mian (1987) is particularly
important. M q & J a n (1988,1989) presented details of petrography and geochemistry,
and classified the complex into three major groups of rocks. Group I, the product of the
first magmatic episode, consists of granites and alkali granites which occupy 70 % of
the batholith. Group 11, following the granites sequentially, comprises quartz syenites,
syenites, feldspathoidal syenites, ijolite and carbonatite. Considerable metasomatism
accompanied the successive phases of intrusions in this group. Finally, the complexwas
invaded by dolerite and lamprophyre dykes which occupy 5 % area and constitute the
group 111. As elsewhere, the dolerites display alteration/metarnorphism and contain
considerable amounts of hornblende and epidote. These have continental tholeiitic
affinity (Raltiq & Jan, 1990)

-

The granitic rocks range from dominantly peraluminous through metaluminous
to mildly alkaline, derived from melts by anatexis due to crustal thinning and rifing.
Different degrees of partial melting and fractional crystallization led to variation in the
composition of these rocks. With deepening of the zone of magma generation in the
crust, the underlying mantle was activated, resulting in influx of volatiles and alkalies.
This led to the generation of magma batches which were succesively more SiOa-undersaturated and alkaline, resulting in production of group I1 rocks (Rafiq & Jan, 1989).

Based on a 50 Ma K/Ar syenite date, Kempe (1973) pro osed that the cornpPex
formed during Eocene. Such an idea was further substantiated by a 50 Ma Ar/Ar biotite
age from a syenite (Maluski & Matte, 1984). Hence Kempe & Jan (1980) equated these
rocks with those of Warsak, Shewa and Tarbela, and placed them in the PAIP (see also
Ahmad & Ahmed, 1974). Le Bas et al. (1987) reported that the alkaline rocks of Koga
have Rb/Sr isochron age of 297 & 4 to 315
15 Ma. Zeitler (1988) also found a
Carboniferous U-Fb zircon age for the syenite. The AGC is mainly intrusive into the
sedimentary rocks of Siluro-Devonian age, however, late pegmatites and veins occur in
Early Triassic rocks (S. R. Khan, pers. corn.). The batholith contains xenoliths of (?
cover) volcanics similar to those of Shewa-Shahbazgarhi (
'4 et d - 9 1988). On these
grounds it can be safely concluded that the AGC was emplaced mainly during Carboniferous between 300 and 350 m.y. ago.
7. Tarbela. The Tarbela " alkaline " complex comprises gabbroic rocks (oldest), dolerites,
a variety of albitites, normal and sodic granites, albite-carbonate rock/breccia, and (?)
carbonatites (youngest) (Jan et al., 1981). The rocks stretch for at least 4 km, but many
outcrops have been removed or covered during the construction of the dam. The complex
may have been intruded along a fault zone between the Tanawals and Salkhalas. Some
of the gabbroic intrusions display insitu differentiation, with one intrusion grading from
pyroxenitic outer margin to leucogabbroic/dioritic interior with a core of" intrusive "
albitites. Considerable metasomatic activity accompanied the rocks with the development of scapolite, albite, d o n a t e , quartz and pyrite. some albitized country rocks
resemble adinoles and it has been suggested that most albitites may be metasomatic (Le
Bas, pers. corn. 1985).
Amongst typical alkaline minerals, sodic amphiboles and pyroxenes are
restricted to sodic granites, now removed. However, trace elements in albite-carbonate
rocks and the high quantity of albite carbonate along with consistent presence of zircon,
rutile and/or sphene in most albitites are suggestive of their alkaline affinity. The
alkaline affinity of the gabbroic rocks is suggested by the abundance of amphibole
(hornblende, kaersutite, hastingsite), low An content of plagioclase, clinopyroxene
composition, the general absence of primary quartz, and the possibly high Ti content
reflected in amphibole, sphene and ilmenite. Preliminary geochemistry supports this
view. Kempe (1986) has reported a K/Ar date on hornblende from an albitite as 350
15Ma, which is close to the formation age of the nearby Ambela granitic complex.

The Panjal volcanics
Having a wide dishibution and covering about 12000 km2 area, the Panjal
volcaniw are a prominent feature of NW Himalaya. They occur in an up to 40 km broad
belt of intermittent outcrops extending NW from Zanskar through Fir Panjal range,
Neelum and Kag an valleys, turning around the western Himalayan syntaxis to

Balakot. The volcanics are a succession (up to 2500 m thi ) of thin (mostly a few cms
to 3 m) basaltic flows with interbedded tuffs and limestone, underlain by agglomeratic
slates, grits, pyroclastics, limestone/marble, graphitic schists, pelitic schists and
metaconglomerate. Wadia (1961) also reported dykes and laccoliths of mafic cohposition in the volcanics. Included here are the volcanic rocks of S u m and those of Zanskar
which consist of Late Carboniferous-Early Permian basaltic flows (Srikantia et al.,
6978). It is not clear but some volcanic members of the P
may be the equivalent of
Panjd.
The Panjal volcanics have been stratigraphically assigned to Late Carboniferous
to Triassic, but much of the volcanic activity took place during the Permian (Pareek,
1982; Gupta et al., 1982). Ghazanfar et al. (1986) and Chaudhry et al. (1987) divided the
rocks into Panjal formation (volcanics) of Permian age and Chushal formation (agglomeratic slate, etc. ) of Late Carboniferous age. The volcanics are dominantly basaltic
in composition, but andesite, rhyolite, trachyte, and subordinate nepheline basalt,
ankeramite and limburgite also occur (Honegger et d.,1982).The basaltic members are
orphyritic but some have pyroxene/plagioclase phenocrysts in a finegrained or glassy matrix. In Azad Kashmir and Kaghan the top of the succession
contains a high proportion of tuffs and ashes (mostly intermediate to acidic), and the
flows locally appear to have pillow structure (Chaudhry et al., 1986).
The volcanics have undergone varied degrees of alteration, metamorphism and
deformation. Tight folding-iscommon throughout and the rocks may display shearing,
schistosity and flow banding. They are greenish and amygdaloidal, but locally "mottled
due to black and dark green amygdules in red and white mineral aggregates (Greco,
1986; Sinha, 1981). Epidote , calcite, chalcedony and jasper are widespread alteration
products (Pascoe, 1949). Metamorphic grade has been reported to increase from south
with zeolite and greenschist facies (Papritz & Rey, 1989) to green schist (Chaudhry et
al., 1986) or even'amphibolite facies in the north (Greco et al., 1989). Spencer et al. (this
volume) report eclogites derived from the Panjal volcanics in the upper part of the
Kaghan valley.

eshawar-Hazara- shmir dolerites
Between the Indus Suture and the Main Boundary Thrust (MBT), there are
numerous dolerite bodies in the Precambrian to Paleozoic rocks of NWFP and Kashmir. Notable occurrences are those of Attock-Cherat Range (Wadia, 1957; Tahirkheli,
1970 ), Khyber Agency (Khan et al., 1970; Shah et al., 1980), Hazara (Shams et al.,
1968; Calkins et al.,1975), and Kashmir (Wadia, 1961; Pascoe, 1949). The association of
such rocks in the P A P has already been discussed in a previous section.

The dolerites commonly occur as sills and dykes, but locally as stock-like boclitx.
They rarely exceed 10 m in thickness and a few hundred meters in length. Loollly the
dykes may occur in swarms. Available data on the orientation of dykes show E-W
trends in Khyber Agency (Shah et al., 1980), Attock-Cherat (&rim & Sufyan, 1986)
and Hazara (Calkin & Ahmad, 1968). In at least two places where associnted with a
central gabbroic plug, the dolerites occur in a radial pattern. The dykes were probably
subjected to late thrusting events during Himalayan orogeny, which may have xllodified
their regional trends, however, their parallelism is preserved.
Only limited miner&$c.al
data have been presented for these rocks in AttockCherat (&rim & Sufyan, 1986) and Mansehra (Ahmed, 1985). Common minerals ill
these rocks consist mostly of plagioclase (An 45-71), augik Fe-Ti oxide, biotite, pigeo
nite, hornblende, epidote, and chlorite. A few rocks contain olivine (Fo 3.8-62). Many can
be classified as dolerites, but some are lamprophyres, norites and gabbros. Sonle of the
latter in Kashmir have acted as feeder dykes, sills and bosses to the h n j d volcunics
(Paseoe, 1949). The rocks have experienced low grade metamo~phisrnand weathering:
chlorite, epidote, secondary amphibole and sodic plsgioclase are common. Some gnrrlct
amphibolites in the basement rocks of Kaghan valley have been considerctl thc suhsurface equivalent of the Panjal volcanics (Papritz & Rey, 1989).
The dolerites intrude Late Paleozoic rocks (upper Permian in Ilhylm Agency;
Shah et al., 1980, and Carboniferous in Attock-Cherat Range), but they have not been
reported from Mesozoic-Tertiary rocks including the Triiassic of Ktilachita (A, IT~~ssain
pers. Comm). Therefore, it can be concluded that many of the dolerites may bc of
Permian to Early Triassic age, but some may be older and related to the P A P and early
Panjal cycle.
Sheet-like bodies of metabasites (amphibolites) of uncertain age occur in the
Malakand-Swat area. Humayun (1986) reported their affinity with continental flood
basalts associated with early riffing of the Paleotetllys (Siluro-Devonian).

GEOCHEMISTRY

For the different groups of rocks discussed here, considerable geochemical data
have been presented, especially over the past 20 years. In the following we use these
data to arrive at conclusions regarding the tectonic environments prevailing during the
development of these rocks. Our work is mostly based on literature data except for new
XRF analyses for Mansehra and Attock-Cherat dolerites, and Tarbela gabbros along
with microprobe data for the latter. It may be mentioned that the time relation of the
dolerites and mafic members of the complexes of the PAIP are not clear to us. Despite
the possibility that they may be contemporaneous and related, we have treated them
separately in the following.

gneous province
Figure 2 shows the mantle-normalized abundances of some trace elements for
the r n d c rocks from Wars& (A), Shewa-Shahbazgarhi (B1,B2),and Tarbela (C). They
dl display enrichment of large ion lithoghile elements (LEL) relative to high field
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Fig. 2. Mantlonormdized spidergrams for the mafic rocks of the PAIP. Normalizing values after
Wood (1979). The Warsak rocks (A) show analogy with initial rift tholeiitcs (IRT) of Holm
(1985). The Shewa Shahbazgarhi doleritcs (Bl) and gabbros (B2)have trace element
patterns characteristic of continental tholciites, especially t he right tilting slope and
negative Nb anomaly of the dolcritcs. (CT) is the average composition of continental
tholeiitic basalts (Holm, 1985). Thc patterns depart from the average trend at the Sr, P
and Ti points, indicating mineralogical control. The Tarbela mafic rocks (C) follow the
pattern of average continental tholciites. Source of data for Shewa Shahbazgarhi: Ahmad
et al. (This Vol.); Warsak: Khan (Un pub. M. Phil. data).

strength elements (HFS), and their spidergrams broadly resemble average continental
flood basalt,. The Warsak rocks show component of initial rifting in their genesis (Khan
1991),and can be related to an event of continental splitting. Chemically they are distinct
from the rest of the m&c rocks of the PAIP. The pyroxene composition from Tarbela
gabbroic rocks (Fig.3) support their affinity with non-orogenic suite. The mafic rocks
from the four complexes plot in the field of tholeiites on MFA diagram (Fig. 4), however,
some alkaline characters are obvious. The Tarbela gabbroic rocks (nine analyses), for
example, contain 2 to 6 % TiOz, 0.1 to 0.5 % h 0 5 , and 1.5to 4.5 % Nan0 + K2O.
Considerable amount of data have been presented for the granitic and alkaline
rocks of the PAIP.Chemically the silicic rocks are predominantly granitic but some
classify as adamellite, granodiorite and monzonite, and range from peraluminous to
alkaline and perahline in character (cf. Rafiq & Jan, 1989). The continental affinities
d these rocks can be pointed out from their chemistry and their paleogeographic
location during their emplacement in the Late Paleozoic. Figure (5) shows a ylot of
CaO/(NazO + K2O) against SiOz with fields for type extensional and compressional
suites. It can be seen that the PAP rocks fall along the extensional suites.
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Fig. 3 (Left). Tectonic discrimination diagram, based on the composition of clinopyroxcnes in
the mafic rocks of the PAIP. Fields for orogenic and non orogcnic basalts are after
Leterricr ct al. (1982). Source of data for Manschra: Ahmad, (1985);Attock-Cherat: Karim
and Sdyan (Unpub. M. Sc. data).

Fig. 4 (Right). MFA diagram for the mafic rocks of the PAIP. CA is the boundary between
calc-alkaline and tholeiitic series, aftcr Irvinc and Baragar (1971). SK is the trend of
Skaergaard liquid. All iron expressed as Fa*.Rocks containing excess alkalies fall off
the trend of Skaergaard liquid, but occupy the tholciitic field. Sourcc of data for Shewa
Shahbaz Garhi: Ahmad ct al. (This Volume); Ambela: Rafiq, (Un pub. Ph.D. data); others
as in Fig. 2 & 3.

Pearce et dl. (1984) used trace elements to distinguish within plate, volcanic arc,
collision and orogenic granites. The Rb vs Si02, Rb vs Y + Nb and Nb vs Y diagrams
unequivocally classify the PAIP granitic rocks to have originated in within-plate environments (Fig. 6). It is then obvious that both the mafic and granitic members of the
PAIP have apparently originated in continental tectonic regime.

The Panjal Volcanics
The Panjal volcanics show a variable degree of alteration rendering major element chemistry unreliable for inferring magmatic affinities (Humayun et al., 1987).
Hundreds of major element analyses, many of which accompany trace elements, have
been published, but few REE data have been presented on these rocks. The Panjal
volcanics show compositions of rhyolite, andesite, basalt and trachyte (Pareek, 1982)
and are tholeiitic to mildly alkaline in character (Honegger et al., 1982; Gupta, 1982).
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Fig. 5. CaO/(NapO cK20) vs SiOz plot for distinguishing type compressional suite from typc
extensional tectonic suites. Fields extrapolated from data compiled by Pctro ct al. (1980).
The silicic rocks of thePAIP follow the trend of type extensional tectonic suites. Source
of Data: Chaudhry & Shams (1983); Chaudhry et al. (1984), (1976); Hamidullah et al.
(1986); Kempe (1973); Rafiq & Jan (1989).

Honegger et al. (1982) noted that the Zr and Rb abundances in Panjal basalts are
very high for M O B , the light REE are enriched by a factor of 4-5 relative to MORB and
are similar to plateau basalts. Papritz & Rey (1989) used trace element data from
western syntaxis area for inferring paleotectonic environments during eruption of the
Panj~olcanics,~asBc~rnp~dtBeir~rm~ts
with Honeggearet a1.3982 j f ~ Suri
r
area.
There is a strong suggestion that these rocks originated in within-plate environments.
Fig. (7) shows the mantle-normalizedtrace element spidergrams for the Panjal basalts.
The patterns compare well with continental tholeiites.
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Fig. 6. Tectonic discrimination diagrams for silicic rocks. The PAIP rocks arc characterized as
within-plate on these plots. Field boundaries after Pcarce et al. (1984). Source of data as
in Fig. 5.

The Peshawar-Hazara-KashmirDolerites
Despite a widespread occurrence, little geochemical work has been performed on
the dolerites. Ignoring the mafic rocks associated with the PAIP,the only geochemical
data available on these rocks can be found in Karim & Sufyan (1986) and one analysis
in Le Fort et al. (1980). Since 1986, we have performed XRF analyses on ten samples for
trace elements to arrive at some conclusion regarding their origin.
The dolerite dykes are mostly quartz-hypersthene normative, and classify as
basalt and andesite. Fig. (8) shows the mantle normalized abundance patterns for some

of the trace elements from Attock-Cherat Range (A) and Mansehra (B). The patterns
for Mansehra show semblance with average continental tholeiites. The Attock-Cherat
dolerites show enrichment in LIL elements relative to HFS elements (Rbfl values
2.4-9.7). The negative slope, Nb trough and shapes of the spidergrams are comparable
with those for average continental tholeiites. Generalised pattern for REEs is apparent
from L a p ratios (values range from 2.1 to 6.1) and indicates LREEs enrichment
relative to HREEs, which supports their a%nities with continental basalts. Their
within-plate character is further supported by the Nb-Ti-Th plot of Holm (1985) in
which all the samples consistently plot in the within-plate field (Fig. 9). Clinopyroxene
compositions of dolerite dykes in the Attock-Cherat Range and Mansehra occupy the
field of non-orogenic suites on Ti+ Cr vs Ca discrimination diagram (Fig. 3).
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Fig. 7. Mantle-normalized spidergrams for the Panjal basalts. Normalizing values after Wood
(1979). These share features such as negative slope, Nb trough and shape o f the
spidergram with that of the average continental tholeiitc (CT) of Holm (198G). La valucil
below detection are taken as zero. Source of data Honegger ct al. (1982).

CONCLUSION AND DISCUSSION

In the preceding pages we summarised pertinent data on field, petrographic and
geochemical aspects of the PAIP, the Panjal volcanics and the Peshawar-Hazara-Kashmir dolerites. Some important conclusions can be readily reached.

1) All the three groups of rocks have originated within a restricted range of time.
The magmatism started in Early Carboniferous and terminated in (? Early) Triassic,
with its peak during Pennsylvanian to Permian. There is a possibility that the PAIP is
a little older than the Panjal volcanics. If true, it would mean that the magmatism
became younger to the east. Although in a few areas the doleritic rocks are the

subsu~-facemanifestation of the Panjal volcanics, the time and genetic relationship of
the three groups of rocks are not clear. More field and age data are required.

Fig. 8. Mtintlc-nt~rrnalixcdspidcrgrams for thc c2oleritc dykw in the Attock-Chcrat Range (A)
and Manschra (B), Normallzing vdua after Woad (1979). Thuir patturns cloady match
average continental tholciitic basalt (CT)of Holm (1985),except for thr?scgmcnt; Rb-Ba,
a consequence of mobility of thmc dcments t o dtcratian. Saurcc of data for AttockChcrat: &rim and Sufyan (Unpub. M.Sc. data),

2) Despite petrographic diversity from mafic t o silicic and alkaline composition,
all three groups of rocks appear to have originated in similar tectonic environments.
Several of the PAIP complexes are bimodal, the granitic rocks sharing the affinities of
those from continental extensional regimes. The mafic rocks are mostly tholeiitic with
traits of continental flood basalts. Geochemistry and paleogeog&iphy, then, clearly
suggest that the rocks originated within a continental plate during an extensional
regime.
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Fig. 9. Tectonic discriminationplot for thc Attock-Chcrat dolcritcs. Fields of plate margins and
within-platc after Holm (1985). Sourcc of data as in Fig. 8.
3) The three groups of rocks occur in a 500 km x 150 km zone dong the
northwestern edge of the Indian plate between the Indus Suture and the MBT. The
dolerites occur in much of the area, whereas the PMP and the Panjal volcanics occur,
respectively, to the west and east of the Hazara-Kashmir syntaxis, Whether this means
that the area to the west of the syntaxis is eroded to a deeper level or the volcanics did
not extend that far cannot be ascertained at this stage. Again additional work is
rgq@r&
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To sum it up, then, in the northwestern margin of the present day subcontinent
there was an extensive Permo-Carboniferous magmatism with chemical characteristics
typical of continental extensional environments. This conforms to the previously held
views about the three groups of rocks.

Kempe & Jan (1980) suggested that the PAP was associated with rifting in the
Peshawar valley. The rifting was assumed to be related to relief tension, following
compression release initiated by collision between the Kohistan arc and the Indian
plate. Kempe (1983), and h f i q & Jan (1989) also favoured doming and rifting
mechanism for these rocks. Le Bas et al. (1987) regarded that the PAIP was not related
to the Himalayan collision, that there were two alkaline magmatic episodes (Carboniferous and Oligocene), and that there is no evidence of rifting at least in the case of
Oligocene earbonatite complexes. We agree with them in assigning the PAIP to PermoCarboniferous but regard the Oligocene K/Ar and FT dates to record thermotectonic
events.
Nakazawa et al. (1975) and Honegger et al. (1982) suggested that the environmental conditions during the eruption of the Panjal volcanies were coastal subaqueous
to subaerial and terrigenous as indicated by the associated rocks. Much earlier on,
Pascoe (1968) opined that the volcanics were erupted on an old coastal land surface
subjected to occasional transgressional sea or a submarine shelf. Acharyya (1973)
proposed that the Permo-Carboniferous Panjal volcanics and clastic sediments accumulated in tectonically active basins. Andrews-Speed & Brookfield (1982) thought that
these rocks indicate rifting on a previously stable continental shelf. Many others have
also favoured a rift-related origin for the Panjal traps (Honegger et al., 1982; Pareek,
1982; Humayun et al., 1987; Papritz & Rey, 1989).
Structural evidence for extensional tectonics in NW Himalayas is inadequate.
The Paleozoic stratigraphy of the southern Tibet (Lhasa block) is identical to that of
Gondwanaland (Tapponnier e h l . , 1981) and it has been suggested that the Lhasa block
may have 'been contiguous with India during Permo-Carboniferous. Occurrence of
shallow water marine sediments of this age in southern Tibet and NW India, for
example, suggests that the two were not separated by a large, open ocean. AndrewSpeed & Brookfield (1982) have summarised data which point to similar closeness
between India and Karakoram plate (which also contains volcanics of the same age and
petrography as the Panjal). The eruption of the Panjal volcanics was, however, followed
by the evolution of a passive (Atlantic Type) continental margin in Triassic (Steckler
and Watts, 1978; Papritz & Rey, 19891, during which time lateral differences in facies
became evidcnt. Bassoulet et al. (1978) noted that the extensional tectonic activity at
the break of Pcrmo-Triassic is documented by a distinct change in sedimentary environments from neritic to pelagic. With the development of this continental margin,
the- &s&r ef-voleanism,-which ww thaelific to i d i l l y ilkdine during ~ e r m o Carboniferous, changed to typical nlkdli-basalt series during the Triassic. Thus LatePaleozoic lifting led to break up of microcontinents from Gondwana and opening up of
an ocean during Triassic and Early Jurassic.
We conclude that despite a lack of structural evidence, the Permo-Carboniferous
magmatism on the NW edge of the Indo-Pak subcontinent was the manifestation of

doming, cmstd thinning, and rifting (cf. Kent, 1991). Continental rifting is commonly

associated with three types of igneous activity: intrusion of basic dykes and alkaline
complexes, and extrusion of laws (Windley, 1984). The PAIP-Panjal-dolerite trio i n
NW Himdaya represents a perfect analogy. Bimodal magmatism typify several known
extensional settings and occurs in rift environments of all ages. The significance of
bimodal magmatism in rifts has been noted by Barberi et al. (1982), arsh, (1987) and
Piccirillo et al. (1987). The lack of structural evidence for rifting may partly be due to
insufficiently detailed studies. Besides, the Mesozoic-Tertiary deformation, geomorphological changes and sedimentation may have obscured such rift-related features.
The rifting and magmatism may ultimately be tied up to a hot spot (dGupta et d.,
1982). In the present day configuration, the proposed rift system has a NW-SE trend in
Kashmir and Zanskar, along which flows the Jhelum river (Pareek, 1982). West of the
syntaxjs in the Peshawar plain, it seems to have a north curving E-W trend, raising the
possibility that the Peshawar plain may be a rifted graben.
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