
ABSTRACT

The present study is focused on the distribution of
earthquakes occurred in the area of Zindapir
Anticlinorium and its relationship with the basement of
the Indo-Pakistan Plate. Such information regarding the
involvement of basement in structural deformation is
crucial for understanding the tectonics of an area.

Review of the published data shows that in the area
of the Zindapir Anticlinorium, the basement of the Indo-
Pakistan Plate occurs at a depth of 10 km, whereas the
current study, based on occurrence of earthquakes
between 1966-1994 reveals concentration of high
magnitude earthquakes at a depth of more than 30
kilometers. It suggests that the basement of the Indo-
Pakistan is involved in structural deformation of
Zindapir Anticlinorium and its surroundings.

INTRODUCTION

The Sulaiman Foldbelt, a north-south trending mountain
chain is situated in the middle of the country with three fold
physiographic division; namely the Sulaiman Foldbelt in the
west, the Indus Foredeep in the middle and Punjab Platform
in the east (Figure 1). The Sulaiman Foldbelt consists of
shale, limestone, and sandstone strata of Mesozoic and
younger age. Zindapir Anticlinorium is an integral part of the
Sulaiman Foldbelt. It is marked by low altitude rocks, which
are built up of Paleocene through Plio-Pleistocene marine
sediments of the Indo-Pakistan Plate and is overlying by
thick Siwalik. Alluvial deposits brought by Indus River and
its tributaries cover the Indus Foredeep and the adjoining
west dipping Punjab Platform.

Field observations indicate that the structures style of
Zindapir Anticlinorium is characterized by high angle faults.
These faults are generally north-south trending. Additionally
at places en-echelon features and splay faults, which
truncate the regional fault obliquely are noticeable.

Based on interpretation of earthquakes data
supplemented with the field observations it is considered
that basement of the Indo-Pakistan Plate in the region of
the Zindapir Anticlinorium is involved in the structural
deformation of the region.
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PREVIOUS WORK

The previous work focused on the tectonic aspects of the
Sulaiman Foldbelt is discussed below.

Hunting Survey Corporation (HSC, 1961) with the help of
aerial photographs carried the first comprehensive and
integrated geological investigation in the region, providing
foundations for the stratigraphic and structural geological
framework.

Abdel - Gawad (1971) suggests that the change in
structural style within the Balochistan Arc is dominated by a
system of high angle wrench faults, trend north northeast-
south southwest, parallel to the Kirthar and Sulaiman
ranges, which he named the Kirthar and Sulaiman Wrench
Zone.

Hemphill and Kidwai (1973) mapped Bannu and Dera
Ismail Khan area in the northern pocket of the Sulaiman
Foldbelt and recognized strike-slip and thrust faults.

Rowlands (1978) interpreting the LANDSAT images of
the region with special reference to the area surrounding
the Kingri Fault, south- west of the Zindapir Anticlinorium,
suggests that the major structures of Balochistan Arc are
large scale left-lateral strike-slip faults with concomitant
thrust faulting associated with the collision of the Indian and
Eurasian plates.

Niamatullah et al., (1989) working around Gogai village
about 100 km in northwest of Duki, Balochistan, propose
the emplacement of nappe structures during Middle Eocene
to Early Oligocene time. They suggest that stratigraphic
sequences comprising Triassic and younger strata thrust
upon Ghazij Shale and subsequently folded during Plio-
Pliestocene time forming duplex structures.

Banks and Warburton (1986) presented thin–skinned
tectonics (Passive- Roof Duplex) model responsible for
structural deformation in the Kirthar and Sulaiman foldbelts.
This concept became very popular among petroleum
geologists till 2000 when one of the authors himself negated
their previous model of Passive-Roof Duplex-1986.

Humayon et al. (1991), Jadoon et al. (1994), conducted
structural interpretation of the eastern & central Sulaiman
Foldbelt, respectively based on surface geology and
seismic analysis. According to the mentioned researchers
the sedimentary strata detached from the basement with a
floor thrust in Paleozoic strata (duplex sequence occurs in
Jurassic and older strata) and roof-thrust (upper
detachment) in Cretaceous (Sembar Formation) except in
the frontal part of the Sulaiman Foldbelt where it occurs in
Eocene sequences.

Bannert et al., (1989), Bannert and Raza (1992), Bannert
et al; (1992, 1995), Bender and Raza (1995), suggest that
the oblique collision of the Eurasian and Indo-Pakistan
plates caused the development of large scale; N-S running,
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left-lateral strike-slip faults in the basement beneath the
present day re-entrants which are responsible for the
segmentation of the Indo-Pakistan Plate.

Coward (1994) discussed two possible models; thin-
skinned and inversion tectonics, for the structural
deformation of the Sulaiman foldbelt. The author realizes
the spectacular role of the inversion tectonics (thick-skinned
tectonic). According to the mentioned author the uplift within
the foldbelt from a regional is generated by reversal of
deep-seated, steep, originally extensional faults that have
been reactivated and thrust and involved basement

Ali et al. (1995) suggest that the Sulaiman Foldbelt is
deformed as a result of wrench tectonics.

Iqbal and Ali (1996 unpublished reports) and Iqbal and
Helmcke (1997), consider that Zindapir Anticlinorium is
developed as Positive Flower Structure due to left-lateral
strike-slip movement.

EARTHQUAKES DISTRIBUTION AND INTERPRETATION

American Council of National Seismic System (ACNSS)
offers the worldwide CNSS Earthquake Catalogue of raw
data for earthquakes distribution along with depth and
magnitude. The earthquakes data (1964-1996) for the area
between N 29o.00 to 32o.00 and E 69o.00 to 71o.00
(Zindapir and surroundings) is presented in table 1. This is
the area roughly lying on topographic sheets 39 I, J and K
in scale 1:250,000 of Survey of Pakistan. The said data is
geologically interpreted in this paper.

Based on the seismic interpretation of Humayon et al.,
(1991, Fig.10), the basement in the region of Zindapir
Anticlinorium occurs at a depth of about 10 kilometers
(Figure 2). The mentioned contribution of Humayon et al.,
(1991) is helping hint for structural understanding of the
area.

Figure 1- Satellite image showing the Western Foldbelt and Zindapir Anticlinorium.
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The earthquakes data is plotted and evaluated at
LANDSAT TM-5 image (Figure 3). The depth of the
earthquakes and its magnitudes have been plotted in cross
section along 30o latitude for the area of Zindapir Anticline
(Figure 4).

Most of the data represent earthquakes deeper than 10
km depth. Whereas as earlier said in Zindapir area 10 km is
the approximate depth of basement (Figure 2). Only some
hypocenters are located at depth less than 10 km. This is
very important information for structural interpretation such
as present day deformation is basement involved or
deformation above the basement postulated by Humayon et
al. (1991) and Jadoon et al. (1994) is, therefore, in question.

The seisomotectonic study conducted by by Verma et al.,
(1980) suggests that the Sulaiman Range and its eastern
foreland are at present mainly affected by strike-slip
faulting. Focal plane solution of nearly all earthquakes that
were investigated (Figure 5) indicates left-lateral sense of
motion and is in good agreement with the northward drift of
India.

CONCLUSION

The review of published data shows that the basement
occurs approximately at a depth of 10 kilometers in the
region of the eastern mountain front of the Sulaiman
Foldbelt in Pakistan. Whereas the earthquakes distribution
data reveals that the majority of high magnitude
earthquakes concentrate at a depth range of 30-35
kilometers. Thus, it is evident that the basement is involved
in structural deformation of the Zindapir Anticlinorium. It is
further vetted by focal plane solution, which seconds that
the area is deformed by strike-slip deformation (Verma,
1980).

In the light of the above findings it is concluded that due
to deformation in the basement, the pre-existing deep-
seated faults have been reactivated and give rise to
“Positive Flower Structure”at the surface. The existence of
Zindapir Anticlinorium is an evidence of the proposed
concept.

Table 1. Raw data of recent earthquakes of Zindapir area from CNSS Earthquake Catalogue (only bold-marked
data are plotted in figures 3 and 4).

S.No. Date Time Latitude Longitude Depth (Km) Magnitude
1. 07.02.1966 06:57:01.40 3006 7012׳” 24.00 4.80
2. 07.02.1966 07:28:19.00 3018׳ 70 ׳0 43.00 4.70
3. 07.02.1966 08:38:10.50 3006׳ 700׳ 9.00 4.70
4. 08.02.1966 05:53:05.20 3012׳ 7006׳ 6.00 5.10
5. 04.03.1966 06:01:01.00 3006׳ 700׳ 3.00 5.00
6. 25.04.1966 18:11:56.60 3006׳ 700׳ 33.00 4.70
7. 13.05.1966 23:12:35.40 300׳ 700׳ 26.00 400
8. 24.05.1966 04:35:24.90 300׳ 700׳ 26.00 3.90
9. 08.12.1966 02:07:07.30 2924׳ 700׳ 31.00 5.10
10. 25.04.1966 07:36:36.20 304948׳” 701948׳” 23.00 4.90
11. 10.09.1970 02:42:20.90 2954׳ 702324׳” 20.00 4.90
12. 05.06.1972 11:52:52.70 294612׳ 701836׳” 27.00 4.80
13. 27.06.1972 06:39:44.40 294124” 701612׳” 12.00 5.50
14. 27.06.1972 10:48:55.60 2945׳ 701612׳” 8.00 5.40
15. 27.10.1980 20:12:12.30 291236׳” 700824׳ 33.00 5.10
16. 03.11.1980 21:44:03.80 2915׳ 700412׳” 33.00 4.70
17. 04.11.1980 15:35:25.00 291048׳” 700448׳” 33.00 4.90
18. 26.12.1982 13:10:15.42 294129׳” 70036׳” 3.00 4.60
19. 29.12.1982 15:21:20.95 295736׳” 701048׳” 33.00 5.00
20. 12.04.1984 16:14:59.91 295736׳” 7015 33.00 4.5
21. 05.05.1985 19:34:59.35 304612׳” 701724׳” 33.40 5.30
22. 06.05.1985 03:04:22.71 305324׳” 701612׳” 36.60 5.60
23. 06.05.1985 03:27:00.68 304724׳” 702024׳” 34.10 5.10
24. 08.05.1985 17:10:41.28 305436׳” 701836׳” 33.00 5.40
25. 10.05.1985 01:56:23.20 305248׳” 702736׳” 33.00 4.40
26. 19.01.1986 14:45:47.27 304836׳” 7036׳ 33.00 4.90
27. 28.06.1988 18:47:49.34 ׳5624 705548׳” 52.10 4.70
28. 27.01.1989 23:13:13.86 3036׳ 701612׳” 33.00 4.70
29. 16.11.1990 04:18:23.44 295248׳” 703448׳” 33.00 4.70
30. 14.01.1991 09:12:40.08 302212׳ 700748׳” 33.00 4.40
31. 17.02.1992 09:09:05.14 301236׳” 704348׳” 33.00 4.00
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This is worth consideration finding from tectonic point of
view and Exploration Geologists may look into their
strategic exploration planning.

ACKNOWLEDGEMENTS

The co-author of this paper, Professor Dr. Dietrich
Helmcke (late) former Head of Department of Photogeology
and Remote Sensing at Institute of Geology and Dynamics
of the Lithosphere-George August University Gottingen -
Germany (IGDL), who passed away on April 1, 2004, is
acknowledged for his efforts of undertaking a three years
(1995-1997) tripartite (HDIP-IGDL-BGR) project titled
“Hydrocarbon Evaluation of Zindapir Anticlinorium,
Sulaiman Foldbelt-Pakistan”.

This article is one of the out shoots of the said project. It
reflects his innovative ideas, which provide a launching pad
for researchers and explorationists.

The author is grateful to Mr. Hilal A.Raza, Director
General Hydrocarbon Development Institute of Pakistan,
who took high interest in materializing the mentioned
international project.

Mr. Wasim Ahmed, General Manager, HDIP Islamabad
Operations is acknowledged for encouragement.

Mr. S. Manshoor Ali, Chief Geologist, Petroleum Geology
Division, HDIP is indebted for challenging discussions and
critical reading of the manuscript.

Special thanks to Professor Dr. Sajjad Ahmed,
Department of Geology, University of Peshawar for critical
technical review and suggestions on the final manuscript.

Mr. Shahid Aziz, Computer Programmer at HDIP,
rendered all his efforts in composing of text and figures.

REFERENCES

Abdel G.M., 1971, Wrench movements in the Baluchistan Arc and
relation to Himalayan-Indian Ocean tectonics. Geol. Soc. Am.
Bull., 82, p.1235-1250.

Ali, M., A. Jalil and R. Ahmed, 1995, Evidence of wrench tectonics
in the Sulaiman Foldbelt, Pakistan and its implication for
hydrocarbon prospects in the abstract of Second South Asia
Geological Congress at Colombo, Srilanka, 18p.

Banks, C.J., and J. Warburton, 1986, “Passive Roof Duplex”
Geometry in the frontal structure of the Kirthar and Sulaiman
mountain belt, Pakistan: J. of Structural geology, v.4, no.2, p.5-
19.

Bannert, D., A. Cheema and A. Ahmed, 1989, Interpretation of
LANDSAT-MSS imagery of the Sulaiman and Kirthar ranges in
western Pakistan; HDIP-BGR internal report no.83.2068.1.

___, A. Cheema, A. Ahmed and U. Schaffer, 1992, The structural
development of the Western Foldbelt, Pakistan; Geology
Jahrbuch, reihe b, 80, 44 figs., 1 tab., 1 map, Hannover 1992.

___ and H. A. Raza, 1992, The segmentation of the Indo-Pakistan
Plate; Pakistan Jour. of Hydro. Research, v.4, no.2, p.4-18.

___, M. Iqbal and D. Helmcke, 1995, Surface and subsurface
evidence for the Existence of the Sualiman Basement Fault of
the North Western Indian Plate in Pakistan in the abstract of the
second south Asia Geological congress – Colombo, Sri Lanka,
21p.

Figure 2- Seismic lines showing the west dipping basement of Indo-Pakistan Plate between the area Punjab
Platform in the east and Sulaiman Foldbelt (Sakhi Sarwar-1) in the west (after Humayon et al., 1991).



Iqbal and Helmcke 45

Figure 3- Shows the distribution of earthquakes and its magnitude (after Iqbal & Helmcke,1997-unpublished data).

Figure 4- Plotting of the distribution of earthquakes, its magnitude and depth in the region of Zindapir
Anticlinorium.
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Figure 5: Schematic orientation of nodal planes of earthquakes at Pakistan (Verama et al., 1980). The nodal
planes at Zindapir point to earthquakes, which belong to strike-slip faulting.
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