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Abstract

Research Area comprises of Punjab Monocline, Sulaiman Foredeep and Eastern Part of Sulaiman
Fold Belt (from east to west) in Central Indus Basin, Pakistan. Sargodha High is located in north-
east of a Seismic Profile AB. Time and Depth models show the subsurface crustal variations near
Sargodha High, which separates Upper Indus Basin from Central Indus Basin. The deposition of
Pre-Cambrian sediments is uniform in area and Paleozoic sediments (Permian & Cambrian) are
thinning in west. Mesozoic sediments (Cretaceous, Jurassic & Triassic) and younger sediments
(Paleocene) are not deposited in this part suggesting an uplift of Sargodha High during Paleozoic
time. An uneven distribution of Paleozoic rocks shows some thickness in east but erosion, thin-
ning and almost truncation in west indicate their depocenter in east. This also represents a time of
uplift of Sargodha High that shifts depocenter westward. Seismic data show a thick Mesozoic de-
position in west, which onlaps on the Permo-Triassic unconformity suggesting an area of non-de-
position. The gradual uplift of Sargodha high continues, which tilts the Mesozoic strata forming
wedge shape geometry.
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1. Introduction

Research area lies close to Sargodha High, which separates Upper Indus Basin from Lower Indus Basin, Pakis-
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tan (Figure 1). This area is scarcely investigated in past as this is a first research attempt in the area of such type,
in which seismic data are incorporated. Previously, in some cross sections Pre-Cambrian, Paleozoic (Permian,
Cambrian) and Mesozoic (Cetaceous, Jurassic, Triassic) were not discussed separately. Some cross-sections
were made only in Time domain. Mostly the geological cross-sections were made. The seismic data collected
were studied for the search of hydrocarbons (as the specific zones of interest were marked and only the struc-
tures and formations within this zone were studied). In this research, seismic data are incorporated to get time
and depth models of an area. This study is beneficial in various relevant fields such as Petroleum geology, Se-
dimentology, Seismic Stratigraphy, Structural geology, Tectonics, Geodynamics and Basin analysis for re-
searchers and industries.

2. Previous Work Done

A generalized view is obtained by the efforts of various authors.
[1] explained the tectonic configuration of the Sargodha Ridge as an outer “swell” due to loading of Indian
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Figure 1. Geological map showing the location of research area and a seismic line (www.gsp.com).
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Shield by the Himalayan thrusts. This suggests that Sargodha Ridge is seismically active and belongs to Punjab
seismic zone of [2] that includes the Hissar Ridge and extends to Dehli, India ([3]-[5]).

3. Objectives

To study an uplift of Sargodha High and changes in basin depocenters with the passage of time associated with
uplift.

4. Geology and Tectonics of Central Indus Basin

Research area lies in the Central Indus Basin of Pakistan. Central Indus Basin may be divided into following
broad tectonic divisions from east to west [6].

1) Punjab Platform; 2) Sulaiman Depression; 3) Sulaiman Fold Belt (Figure 1).

The basin is separated from Upper Indus Basin by the Sargodha High & Pezu uplift in north. It is bounded by
Indian shield in the east, marginal zone of Indian Plate in the west, and Sukkur rift in the south. It is the Sargod-
ha High in fact which is considered to be a divide between Upper Indus Basin and Lower Indus Basin [3].
Another major feature of basement topography, as seen on the gravity data, is the Khairpur-Jacobabad High &
its associated structures which grew through Jurassic & Cretaceous/Paleocene ages & divide the Lower Indus
Basin further into two basins namely Southern and Central Indus Basin. The Southern & Central Indus Basins
are separated by Jacobabad & Mari-Kandhkot highs together termed as the Sukkur Rift [7].

The oldest rocks exposed in this basin are of Triassic age (Wulgai Formation) while the oldest rocks pene-
trated through drilling are of Precambrian Salt Range Formation. The depth to the basement is about 15,000
meters in the Trough areas. Precambrian shield rocks are evident along the rim of the Indian Plate [6].

5. Punjab Platform

[3] describes this part as the eastern segment of Central Indus Basin where no surface outcrops of sedimentary
rocks are present. Tectonically it is a broad monocline dipping gently towards the Sulaiman Depression. Punjab
Platform is tectonically the least affected area because of its greater distance from collision zone. A number of
wells have been drilled on this platform. The stratigraphic sequence established on the basis of these wells re-
vealed some of the most significant stratigraphic pinch outs in Pakistan.

6. Sulaiman Foredeep

The Sulaiman Foredeep is also called Sulaiman Depression. This depression is longitudinally oriented area of
subsidence; it becomes arcuate and takes up a transverse orientation along its southern rim. Like many other
features, this depression was also formed as a result of the collision between two plates. The seismic evidence
shows some buried anticlines (e.g. Ramak) which may have been formed due to the flow of Eocene shales [6].

7. Sulaiman Fold Belt

This is a major tectonic feature in the proximity of collision zone & therefore contains a large number of dis-
turbed anticlinal features [6]. There are some large anticlines within Kirthar and Sulaiman belts and especially
along the eastern margins that are clearly detachments. The northward-striking east sulaiman structural play
domain has narrow, straight anticlines as long as tens of kilometers with limbs that are broken locally by steeply
dipping faults with reverse dip separation. These structures are interpreted as flower structures that are products
of large-scale distributive wrench faulting having a prospective reservoir like Ranikot Formation (Paleocene),
Pab Formation, Sember Formation and Lower Goru Formation of Cretaceous age [8]. Three basement faults
separate these basement blocks from each other and from the central part of the Indo-Pakistan Plate. The Khuz-
dar Block and the Sulaiman Block are separated by the Kirthar Basement Fault, the Sulaiman Block and the
Hazara Block by the Sulaiman Basement Fault and the Hazara Block and main body of the Indo-Pakistan Plate
to the east are separated by the Jhelum Basement Fault [9].

8. Stratigraphy of Area

The research area lies in Central Indus Basin of Pakistan (Figure 2). Stratigraphic correlation for Paleozoic and
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Figure 2. Stratigraphy of pakistan (Kadri, 1995).
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Pre-Cambrian rocks is performed from the wells in east (Darbula-01, Sarai Sidhu-01 and Bahawalpur East-01)
drilled in Platform area. The wells in western part of the area are drilled in Mesozoic rocks. They also indicate
the presence of Late Oligocene—Early Miocene sediments. The subsurface extend of these sediments is further
studied in Time and Depth Models generated in this study.

9. Methodology

Research is based on the Structural and Stratigraphical interpretation of a seismic Profile, which lies in north
eastern part of research area close to Sargodha High (Figure 1). Stratigraphic correlation of seismic data is done
with the help of well data, Formations’ top, Synthetics and general stratigraphy of area. Wells Kamiab-01, Sa-
ro-01 and Bhudhuana-01 are used for reflector correlation of formations from Jurassic to younger (Figure 3).
Also wells Saro-01 (south) and Darbula-01 (North) are used for reflector correlation of Pre-Cambrian and Pa-
leozoic formations (Figure 4). With the help of above mentioned wells the reflectors are marked on a seismic
section (Figure 5). The Time and Depth models are generated with the help of Average velocities (Figure 6) to
study the subsurface crustal variations in detail.

10. Interpretation

Features associated with an uplift of Sargodha High are present and marked on the seismic section (Figure 5).
Permo-Triassic unconformity is marked in Punjab Platform area. On the other hand western end shows the
presence of Pre-Cambrian sediments in the Sulaiman Foredeep area also. Time Model in Figure 7 shows sedi-
ments along with basement are uplifted in east near Sargodha High in Punjab Platform. Depth Model shows to-
wards Punjab Monocline (east), sedimentary cover is less than 2 km and it is more than 9 km thick in a Sulaiman
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Figure 3. Wells Kamiab-01, Saro-01 and Darbula-01 are used for reflector correlation of formations from Jurassic to young-
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Figure 4. Wells Saro-01 (south) and Darbula-01 (North) are used for reflector correlation of Pre-Cambrian and Paleozoic
formations.
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Figure 5. Seismic section of 835-LEA-107.
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Figure 6. Average velocities used in depth computations.

Foredeep area (Figure 8). Sargodha High lies close to north east of seismic Profile. The features shown in Figure 9
and Figure 10 suggest an uplift of Sargodha High during Paleozoic age. Permo-Triassic unconformity shows an
area of non deposition for Mesozoic and Paleocene sediments. It is confirmed by Triassic onlaps on Permian
strata (Figure 9). Another major episode of uplift of sediments is suggested after Paleocene age associated with
the collisional factor of Indian Plate.

A continuous deposition of Pre-cambrian is suggested in area. Afterwards Cambrian formations are deposited
with their depocenter in east and westward thinning of these sediments in section marks the western edge of ba-
sin. During Permian the deposition was not uniform and at that time the uplift of Sargodha High must have be-
gan. Thinning and onlapping of Cretaceous & Jurassic sediments in east explains an event of uplift of Sargodha
High shifted the depocenter for Mesozoic in west (Figure 10).
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A set of normal faults appears due to presence of a Salt dome (Figure 11). Normal faults of local extent are
generally associated with other structures whose geometry requires extension of crustal layers, e.g. domes etc.
structural domes cut by a system of normal faults commonly result from the intrusion of bodies of salt or magma.
The faults radiate from the center of the dome and may include a single major fault, one or two grabens or a Y

shaped set of grabens. At depth the faults terminate at or near the margin of the dome [10].

Cambrian and Pre-Cambrian sediments have a carbonate buildup (Figure 12). Carbonate buildups, including
reefs and banks, form important and prolific hydrocarbon reservoirs in many operating areas of the world, par-

ticularly in the US, Canada, North Africa, Mexico, Southeastern Asia and the Middle East.
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Figure 9. Permo-triassic unconformity in east towards punjab platform (zoomed image of seismic profile).
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Figure 10. Jurassic & cretaceous onlaps in east towards punjab monocline, indicating an area of non-deposi-

tion and suggesting sargodha high as an older feature than deposition of mesozoic sediments (zoomed image
of seismic section).

Figure 11. Salt dome and an associated graben structure on seismic profile.
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Figure 12. A buildup on seismic profile.

11. Discussion, Conclusions & Recommendations

Deposition of Pre-Cambrian strata is uniform throughout the area. In east of the seismic profile thick Cambrian
& Permian strata is deposited. The basin depocenter lies in east at that time. Onlaps show the Cretaceous, Juras-
sic & Triassic are not deposited in east towards Sargodha high, which suggests uplift in Paleozoic times. This
shifted the depocenter of Mesozoic sediments westward. The Cretaceous, Jurassic and Triassic sediment are
thick in west of seismic line. Paleozoic sediments are thinning in west.

Pre-Cambrian and Paleozoic sediments show a good hydrocarbon potentials for heavy oil in the eastern part
of area. A Salt dome and a Buildup (carbonate/clastic) structure are potential features for hydrocarbon accumu-
lation (heavy oil).
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