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Introduction

Sub-Himalaya of India in Jammu & Kashmir
(J&K) situated between Main Boundary Thrust (MBT)and
Himalayan Frontal thrust (HFT) is a part of Himalayan thrust
fold belt (Formally known as Himalayan  Foothills), a
product of the ongoing collision between the Eurasian and
Indian plates (Fig.l). Deformation throughout the Hima-
layan  foreland is taking place as the Indian shield is
overridden by sediments along the northern margin.
Southward migrating thrust sheets from the Himalaya shed
their erosional products into active foredeep ( Jhelum plain
in Pakistan, Ganges plain in India ) which itself migrates
southward (Acharya & Ray 1982)

J&K  sub-Himalaya (Fig.2) is bounded  by  Lesser
Himalaya  in the north and east, Potwar Plateau of Pakistan
(P/P) in the west and rest of the Indian sub-Himalaya in the
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Summary

Potwar Plateau of Pakistan sub-Himalaya and J&K sub-Himalaya of India are separated by Jhelum fault. Both
parts of sub-Himalaya are covered mainly by the outcrops of Murree and Siwa1ik Formations. However, thrust sheets of
Mesozoic—Paleozoic strata and evaporites which are exposed in Pakistan part could not come at the surface in Indian sub-
Himalaya. These rocks are absent in the established stratigraphy of the Himalayan foothills basin of India in view of the fact
that neither they are outcropping nor they have been encountered in any of the wells drilled so far. Due to this missing
stratigraphy, various experts have given overall low rating for hydrocarbon exploration in thrust fold belt of Himalayan
foothills of India. The comparison of recently acquired 2D seismic multi channel reflection data in Poonch—Rajauri area of
J&K with Kohat-Potwar Plateau of Pakistan reveal that Eocene carbonates and Mesozoic-Paleozoic strata likely to exist in
Poonch-Rajauri area of J&K. Two seismic lines, one from Bannu depression and the other from Rajauri-Darha1 area of J&K
sub-Himalaya where Mesozoic-Paleozoic strata is fully preserved and relatively less disturbed from thrusting have been
compared. This study suggests that Siwalik & Murree Formations are underlain by Eocene carbonates and  Mesozoic-
Paleozoic Strata. Reflection events corresponding to these strata are of similar in seismic characters. Time thickness of
different sequences matches at both the places. Stratigraphic interpretation of seismic reflections suggests that these   platform
strata seem to be coeval with similar thickness and lithologies; deposited in shallow marine environment.

Excellent hydrocarbon potential is indicated in J&K sub-Himalaya   as Eocene carbonates and Mesozoic-Paleozoic
rocks are known to be producing commercial hydrocarbon in thrust fold of Pakistan sub-Himalaya. J&K sub-Himalaya have
several features such as presence of shallow marine and paralic nature of sediments relatively at shallower depth. Unconformities
at various levels, sufficient overburden etc. which promise good hydrocarbon potential in the area.

south. Potwar Plateau and sub-Himalaya of India are
separated by Jhelum fault at Jhelum syntaxial bend.

The sub-Himalaya on either side of Jhelum fault
is covered mainly by Tertiary sedments and the outcrops of
Mesozoic -Paleozoic rocks are restricted to Pakistan sub-
Himalaya (table-1). However, they are exposed in the
allochthon block of MBT in J&K lesser Himalaya . Their
absence at the surface suggest that either they are absent in
subsurface or they are absent from thrusting in the Indian
sub-Himalaya. In the established stratigraphy of Himalayan
Foothills basin (table-2), Mesozoic-Paleozoic strata has
been shown absent as neither they are outcropping nor they
have been encountered in any of the wells drilled so far.
However, only two wells which have penetrated below the
Tertiary sequences, happen to be very close to Himalayan
frontal thrust and rest of the wells which are away from the
HFT have not penetrated the entire thickness of Tertiary.
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Table 1 : Table 2 :

Fig. 1. Location and plate tectonic setting of region (After Khan et.al., 1986)
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Therefore the possibility of Mesozoic-Paleozoic strata
occurring in the subsurface particularly away from the HFT
can not be ruled out, as all the sequences are onlapping
against the basement which is dipping towards north-east.
Pakistan side appear to be uninterrupted except for the
Jhelum  syntaxial band.

Methodology

The  approach of stratigraphic  interpretation  of
seismic reflections of an area of known subsurface
stratigraphy and their comparison with other area of
unknown stratigraphy, play an important role in predicting
the age, thickness and lithology of a succession of strata.
Two seismic lines of relatively less disturbed area where a
succession of strata are fully preserved i.e., one from Bannu
depression of Kohat-Potwar Plateau of Pakistan (Fig.3) and
the other from Rajauri-Darhal area of J&K sub-Himalaya
(Fig.4) have been chosen for comparison on the same
vertical scale (Two Way Time) as Himalayan Foothills on
the Indian side as well as Pakistan side appear to be
uninterrupted except for the Jhelum  syntaxial band.

Comparision of Seismic Data

Multi channel 2D seismic data has been acquired
in Poonch- Rajauri –Darhal area inJ&K by using radio
telemetry system. Seismic line AA’ from Bannu depression
of Kohat- P/P has been interpreted by Khan et al.,1986
(Fig.3). Seismic lines AA’ in J&K area and  BB′  of Potwar
Plateau used under the study, can easily be compared with
each other by bringing them to same vertical scale The
seismic section (fig-4) can be divided in two parts i.e.,
discontinuous weak amplitude events upto 2.5 seconds.(twt)
representing the succession of Oligocene-Miocene
continental strata comprising mostly of Murree and Siwalik
Formations and the continuous, high amplitude events
between 2.5 to 3.5 sec (TWT) represent the pre-Murree
deposits.In the former part of the seismic section, the poor
quality of reflections is suggestive of steeply dipping rocks
and exhibits relatively low impedance contrast. Whereas,
the latter part is suggestive of gently dipping strata having
high impedance contrast, with the topmost sequence having
similarity in seismic characters with that of Pakistan Eocene
and Paleocene carbonates. This sequence shows some thrust
related fold but below this sequence other sequences do

Fig. 2. Generalised Tectyonic map of northern Pakistan and J&K sub-Himalayan
(Modified after Kazmi and Rana, 1982)
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Fig. 3. Profile along Line AA' Indicating presence of Palezole, Mesozolc and Tertiary Succession in subsurface in Banu depression of
Pakistan sub Himalaya (for Locaiton see Fig2) (Source : M.A. Khan et al)

Fig.4 (a) Profile AA’ in part showing Paleozoic and Mesozioc
successions in Bannu depression in Kahat Potwar Plateau of
Pakistant. For location see fig. 2. (after Khan et.al. 1986)

Fig. 4 (b) Profile BB’ in part of K&K area India showing different
sequences which are similar in character and thickness. For
location see fig. 2.

not appear to be deformed which suggests that the
decollernent in this area is probably below the base of
Eocene carbonates.

Stratigraphy prediction from the seismic data:

As reflection events in both the area are similar in character
and matches at two way time scale Figure 4 ). Seismic

section of J&K area can easily be divided into different
sequences ( Figure-5) as some unconformities are clearly
visible on the reflection data. Seismic events overlain by
sequence-I which exhibits discontinuous and weak reflection
events corresponds mainly to the Tertiary molasse.
Reflection characters suggest that the strata has been
deposited in continental environment.
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The strata pertaining to Tertiary molasses is
intensely deformed subsequently due to thrusting and
became complicated geometrically, giving rise to poor
reflection events on a seismogram. Below the molasse is a
series of strong, parallel, continuous reflection of moderate
to high amplitude. These reflections represent the platform
of Paleocene & Eocene sequences and can be easily
recognised  throughout the Salt Range and Kohat-Potwar
plateaus (Edward et al.,1989) as well in J&K sub-Himalayas.
Sequence-I with top and bottom of high amplitude events
parallel to sub parallel are the platform carbonates deposited
in shallow marine environment during Paleocene-Eocene
time. Sequences-II and III exhibit poor reflection events
deposited in Cretaceous and Jurassic period respectively.

Hydrocarbon potential

In view of the presence of Eocene carbonates, J&K
sub-Himalaya seems to be favorable locale for hydrocarbon
accumulations. These deformed rocks are overlain by thick
deposits of Siwalik and Murree Formations which provide
sufficient overburden and optimum geothermal gradient.
Thick shale within the Murree formation may act as a good
seal. The area is rich in Mesozoic-Paleozoic deposits which
has source and reservoir facies and these are producing
hydrocarbons in P/P of Pakistan which are adjacent to J&k
area of India. J&K sub-Hima1aya has several structural traps
formed mainly due to thrust propagation as a result of
Himalayan orogeny. Stratigraphic traps due to the presence
of unconformi-ties at several levels are also likely to be
present in this area. In addition to Eocene carbonates,

Mesozoic-Paleozoic strata also have some hydrocarbon
potential.Migrating hydrocarbons are likely to be
accumulated in the Siwalik and Murree Formations as
commercial hydrocarbons are being produced in Pakistan
from Murree Formation. Eocene carbonates in J&K area
exist relatively at shallower level and therefore they are the
easily drillable targets. The area need meticulous seismic
mapping and well planned exploratory drilling for the
commercial discovery of the hidden hydrocarbon treasures
of this area.

Limitations of the study

The study of seismic line BB’ in J&K area is based
mainly on the interpretation of seismic data carried out by
Khan et al.,1986 of seismic line AA’. The area under study,
which is based on comparison of seismic signature in the
absence of well control shows similarity in deposition of a
particular succession of strata deposited in two different
parts of same basin which are seperated by the Jhelum fault.

Conc1usions

Stratigraphic interpretations of seismic reflection
data of J&K sub-Himalaya of India and its comparison with
Potwar Plateau of Pakistan reveals the following :-

(i) Seismic characters and their time thicknesses  of
different sequences of Kohat Potwar Plateau of
Pakistan and J&K sub-Hima-laya matches with each
other.

Fig. 5. Seismic line BB’ showing different sequences in JK sub Himalaya (for Locations see fig2.)
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(ii)  Strata underlain by Murree Formation is coeval at both
the places.

(iii) Eocene-Paleocene   carbonates   which   are    producing
hydrocarbons  in  P/P of Pakistan have been  identified
for  the first time in Indian sub-Himalaya in J&K area.

(iv) Mesozoic-Paleozoic strata which till now is considered
to be absent  in Indian sub-Himalaya observed to be
present with the  help of seismic character matching.

(v) Thickness of Mesozoic-Paleozoic strata is good
enough to generate commercial hydrocarbons in this
area.

(vi) The study is likely to change the existing strategy of
exploration of sub-Himalaya in India with Subathu as
source rock, sandstone in Murree and  Siwalik Groups
as reservoirs to a new one with source  rocks and
reservoirs in Tertiary, Mesozoic and Paleozoic rocks.

Views expressed in this paper are that of the
author(s) only and may not necessarily be of ONGC.
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