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ABSTRACT

The Oligecene-Miocene molasse have been developed throughout Potwar, Sulaiman and Kirthar
provinces due to uplifting caused by Himalayan Orogeny. In Sulaiman region the molasse is stratigraphically
designated as Chitarwata Formation. The formation is exposed as north-south trending strip in the eastern
margin of Sulaiman Range. Thirteen samples of the formation were collected from Rakhi Nala and analyzed
sedimentologically. Chitarwata Formation (Oligocene-Miocene) is grayish-white, medium to fine grained,
mesokurtic, fine skewed quartz arenite. Grains are subrounded to subangular. It consists of mainly quartz
bonded by calcarecus and ferruginous cement. The data plotted on Visher graph, show that Chitarwata
Formation was deposited in fluvio-deltaic to near shore environment, Similar observation was also made
on the basis of grain size pattern and plots of median diameter versus skewness and phi deviation. High
Fe and low Mg further confirmed freshwater to near shore deposition. The plots of SiO, versus log (K;0f
Na,O) suggest that Chitarwata Formation have tectonic affiliation with passive continental margin. These
sediments have been deposited by recycling of older rocks due to Himalayan orogeny, also revealed from
guartz-feldspar-lithic fragments triangular variation diagram.

Key words: Sedimentology, chitarwata formation, sandstone, rakhi nala, sulaiman range

INTRODUCTION

Sulaiman Range is one of the largest ranges of Pakistan (Fig.1) and occupies major part of Middle Indus Basin.
The range is an established gas prone area with many discoveries such as Sui, Uch, Zin, Pirkoh, Loti, Jandran, Qadir
Pur and Savi Ragha. The range consists of exposed rocks from Jurassic to Recent (Table 1). However older,
formations are encountered in many drilled wells. Radioactive mineralization is also common in the Siwalik (Middle
Miocene to Pliocene) molasse deposits.

The Chitarwata Formation of Oligocene-Miccene age is widely exposed as a north-south trending strip in the
eastern margin of Sulaiman Range (Fig. 2). It shows decrease in thickness from north (Domanda, 380 m) to south
(Rakhi Nala, 45 m). It is deposited in a fluvio-deltaic to near-shore environment. In the Rakhi Nala Section, it is
grayish white, medium grained, poor to medium sorted, sub-rounded to sub-angular, porous, permeable and friable
sandstone (Shah, 2002). These characters may designate the Chitarwata Formation as a good reservoir. Hamphill
and Kidwai (1973) presented a good document on Chitarwata Formation. Since than, little attention has been paid
to evaluate important characteristics of Chitarwata Formation. Present study deals with sedimentological
characteristics through grain-size and thin section analyses. It also assisted to asses the mechanism of transportation
and deposition of the fermation. Major element geochemistry of cementing materials is also presented, which will
facilitate not only the reservoir characteristics for hydrocarbons but also insight the possibilities of sandstone-hosted
mineral deposits such as iron, copper and uraniurm.

General geology and stratigraphy

The Sulaiman Range is part of the fold-and-thrust system along the northwestern margin of the Indo-Pakistan
Plate. The 250 km broad Sulaiman fold belt is bounded to the West by the left lateral strike slip Chaman fault zone.
The foredeep basin to the East and Scouth of the active Sulaiman lobe is formed mainly as a result of tectonic
compression between the Indian Plate and Afghan Block. Sulaiman lobe is developed by transpression as a result
of left lateral strike slip motion along the Chaman fault and Southward thrusting along the Western terminus of the
India sub-continent (Lawrence et al., 1981; Farah et al., 1984 and Quittmeyer et al., 1979).
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Fig. 2: Geological Map of study area (After Akhter and Masood, 1991)

The main structural elements in the Sulaiman fold belt are east-west trending arcuate folds and faults (Fig. 2),
which rotate rapidly to a north-south direction along the margin of the active fold belt. Imbricate faults are visible

at the surface only in the North {(HSC, 1960; Kazmi and Rana, 1982).

The most important lithostratigraphic variations observed in Sulaiman Depression and the Fold Belt 15 in
Paleocene/Eocene. This period marked the facies changes from north to south and east to west. The reason for this
variation is believed to be the presence of a number of new basins at that time, created due to collision of plates and
their irregular and non-uniform coalescence (Kadri, 1995). In late Eocene, collision and rotation between Eurasian
and Indian plates intensified and major transform faults, namely Chaman and Ornach-Nal faults began to develop and
MNeo-Tethys was virtually consumed leaving behind small sub-deltaic ponds separated by local intra-plate uplifts.
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Table 1: Stratigraphy of Sulaiman Range (After Akhter and Masood, 1991)

Age Formation Lithology Thickness(meters)
RECENT ALLUVIUM 6-7
......... UNCONFORMITY.......
PLEISTOCENE CHAUDHWAN FORMATION Conglomerate with claystone and sandstone 5650-2200
PLIOCENE LITRA FORMATION Sandstone with Claystone and Conglomerate 750-2000
MIOCENE VIHOWA FORMATION
......... UNCONFORMITY.......  Claystone with Sandstone 300-1000
OLIGOCENE-MIOCENE CHITARWATA FORMATION
......... UNCONFORMITY. ... Sandstone with Siltstone and Claystone 130-300
E.EOCENE-MIDDLE EOCENE KIRTHAR FORMATION Limestene, Marl, Shale and Claystone 300-950
E.EOCENE GHAZIJ FORMATION Shale. Limestone and Gypsum 140-600
PALEQCENE-E.EQCENE DUNGHAN FORMATION Limestone with Shale, Marl and Conglomerate 125-350
M.PALEOCENE BARA FORMATION Sandstone, Shale and minor Volcanic debris 650-140
PALEOCENE KHADRO FORMATION Sandstone with Shale, Siltstone and Limestone 160-360
L. CRETACEOUS MORO FORMATION
PAB SANDSTONE
FORT MUNRO FORMATION
MUGHAL KOT FORMATION
PARH LIMESTONE
U.JURASSIC-E.CRETACEOUS SEMBAR FORMATION Sandstone with Limestone and Shale. 54-160
Quartzose sandstone with Shale. 390-420
Limestene with Marl and Shale. 100-300
Sandstone, Claystone and Limestone. 160-1170
Limestone. 268-600
Clayston with Limestone and Sandstone 133-262

Tectonic activity related to the Himalayan Orogeny commenced during the late Eocene and continued through
the Oligocene, Miocene, Pliocene and Quaternary. Oligocene is marked by the most dramatic changes in the climate
due to Himalayan Orogeny, which caused marine regression from north to south. During this period shallow water
clastic sediments were deposited in this part of Indus Basin. In the Potwar region, Muree Formation is fluvial in
nature, whereas Nari Formation is mainly marine and developed in the Lower Indus Basin. Chitarwata Formation is
transitional between them.

Exposed rocks in the Sulaiman area can be divided into three main groups to emphasize their tectonic
significance (Raza et al., 1989). 1. Permian to Focene shallow marine shelf to deep marine rocks exposed in the fold
belt area (Kazmi and Rana, 1982); 2. Late Eocene 10 early Oligocene Khojak Flysch deposited between the Chaman
fault to the West and Muslimbagh Ophielite in the East and 3. Late Oligocene to Recent molasse deposited at the
deformation front. (Lawrence and Khan, 1991).

Chitarwata formation

Chitarwata Formation is present throughout in the foothills of the Sulaiman Range (Fig. 2) and southern part
of the Bugti Hills. The formation appears thin in the northern most parts and may wedge out along the western flank
of Sorai Ghar in Waziristan, while it is 400 m thick southwest of Domanda and 500 m in Chitarwata and Kanra
Nalas. It is almost uniform in thickness throughout the Dera Ghazi Khan area. Its thickness at Baghobandki is 250
m. It is 370 m in Khalgin Nala in Bugti area (Shah, 2002). In Dera Ghazi Khan and adjoining areas, Chitarwata
Formation consists of variegated sandstone, siltstone and clay stone. The sandstone is reddish brown and grayish
white coloured; medium to fine grained, grains are sub-rounded to sub-angular, thin to thick bedded friable and
calcareous in places. The siltstone Is reddish brown, friable, calcarecus and ferruginous. The claystone is reddish
brown and ferruginous (Akhter and Masood, 1991). The upper and lower contacts of Chitarwata Formation are
unconformable. The lower contact with the Kirthar Formation is disconformable with ferruginous beds marking the
contact. The upper contact with the "Siwalik Group” is also disconformable and is distinguished by a conglomeratic
unit containing rust coated sandstone and limestone pebbles (Shah, 2002).

On the basis of these properties Chitarwata Formation can serve as a good reservoir in the middle and northern
part of Sulaiman Range. Eni-LASMO Qil Pakistan has drilled a dry well (Ramak 1) southwest of Dera Ismail Khan,
considering Chitarwata Formation as probable reservoir. Reservoir quality was proved to be goed in outcrop and fair
in the subsurface with average porosities of 16% and 9% respectively (Watts and Ali, 1994).
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MATERIALS AND METHODS

Samples of Chitarwata Formation were collected from section close to Rakhi Nala in Sulaiman Range. Friable
samples were used for direct grain size analysis. Grain size analysis of indurated sandstone was conducted by
disintegration of original rock samples into their component particles. Through chemical treatments, all collected
samples were prepared for grain size analysis using standard sieving and sedimentation techniques of Griffith (1967)
and Tucker (1988). Thin sections of relatively harder samples were prepared in the laboratory of Geological Survey
Pakistan (GSP), Karachi. Thin sections of sandstone were prepared and studied with the help of Polarizing
microscope (Laborlux Pols). Photomicrography of selected samples was done with the help of Photoautomat Wild
Leitz (MPS 46). For chemical analysis, samples were digested in Aqua Regia. Sedium and K were estimated using
Gallenkamp FGA 350L flame-photometer. Silica (Si0O,) was determined gravimetrically, Ca and Mg were measured
by EDTA titration,

RESULTS AND DISCUSSION

Grain size analysis

Particle size distribution is one of the basic descriptive characters of clastic sediments, which is important in
understanding the mechanism operative during transportation and deposition, as well as the distance of sediment
transport. Particle size also determines properties such as porosity and permeability. Particle size distribution analysis
through sieving is presented here (Fig. 3). The data was analyzed through statistical means.

Samples of Chitarwata Formation are composed of medium to fing-grained sand with moderate sorting. The
Sandstone is generally friable and loosely cemented, grains are subangular to subrounded, due to loose packing
permeability is high. Also relatively lesser amounts of silty and clayey material in Chitarwata sandstone cause the
high permeability.

The values of kurtosis for Chitarwata sandstone show the Mesokurtic or moderately sorted sands (Table 2). It
has medium peorosity and high permeability. The roundness of grains indicates notable amount of transportation of
material from source to basin of deposition. According to Visher (1969) the data, plotted on probability scale, show
that Chitarwata sandstone was deposited in fluvio-deltaic to near-shore environment (Table 3).

Thin section study

The samples of Chitarwata Formation in thin section shows guartz as main constituent (Fig. 4); lesser amounts
of silt and clay matrix are also present. Quartz grains are highly fractured that show the tectonic pressure (Fig. 4A).
Occurrence of microfractures within the detrital quartz grain is the evidence of burial diagenesis due to compaction
(Mujtaba and Memon, 1990). These microfractures have been filled by authigenic quartz or CaCQ, cement,
indicating that cementation took place after compaction. Overgrowth of quartz can be produced quite adequately by
the pressure solution of the original clastic quartz. The quartz dissclved at their peints of contact and silica in
solution is immediately precipitated as secondary quartz around the grains in position of low pressure. This is
minéralogically mature sandstone in which quartz is the dominant constituent with minor feldspar, lithic fragments
crert, biotite and muscovite (Fig. 4B and C). Heavy minerals are also present in which magnetite, garnet and
tourmaline are commen. It is loosely cemented sandstone. Siliceous, ferruginous and calcareous type of cement is
common. Reddish- brown patches indicate ferruginous cement. Stylolytic boundaries show that dissolution was
caused by the interaction between overburden stress and pore water. The samples have fairly high porosity, which
is mostly intergranular and it is reduced due to diagenetic changes like compaction, overgrowth of quartz, calcitic
cementation and pore pressure solution effect.

Microscopic and chemical studies of Chitarwata sandstone show the varieties of cement in which siliceous,
calcareous and ferruginous cements are included (Table 4). These cements are results of deep burial, pressure
solution, chemical dissolution and precipitation from saturated solutions. Siliceous cement was deposited in the form
of overgrowth of silica on the detrital quartz grains (Fig. 4A) Sutured contacts among grains show the pressure
solution effect. Sippel (1968) has suggested that many sutured grain contacts also arise from the growth
interference of secondary growth on detrital grains. For cementation a specific environment for precipitation must
be necessary so that for siliceous cement there would be acidic and low pH environment,

Besides silicecus, calcareous cement is also present in Chitarwata sandstone but all cements were not deposited
at the same time instead they were deposited inresponse to the environments and saturation of particular component

in the pore fluids. Both calcite and quartz occur as cement in sandstone, the calcite usually postdates the quartz.
Boundaries between quartz cement, which occurs as overgrowths on quartz particles and calcite cement indicate that
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Fig. 3: Grain size analysis of Chitarwata Sandstone

260



Pak. J. Applied Sci., 3 (4): 256-265, 2003

Fig. 4: Photomicrographs of Chitarwata Formation showing mineralogy, texture and digenetic attitudes A) Sample
Mo. 1, B) Sample No. 5 and C) Sample No. 12. Cross Nicols
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Fig. 5: The plots of log K,O/Na,0 vs. Si0, showing dominance of passive continental margin as environment of
cementation (After Rosser and Korsch, 1986)
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Fig. 7: Depositional environment of Chitarwata Sandstone based on statical parameters

the calcite was deposited later than the overgrowth. Where deposition of overgrowth occur later than the
interpenetration of adjacent particles, the sequence commenly is (1) initial particle interpenetration (2) deposition of
guartz cement (3) crystallization of calcite in remaining void spaces and as replacement of guartz. The CaCO; might
be locally derived as a result of the dissolution of limestone bedrocks and precipitated from CaCO; saturated pore
waters in high pH and basic environment. Ferruginous cement in Chitarwata sandstone shows the oxidizing
envirecnment of deposition, probably Fe was derived from the dissolution of iron bearing rocks.

Geochemistry

Normative mineralogical analysis of Chitarwata sandstone is presented here (Table 4), is based on chemical
analysis. Mineralogy of rock provides information about depositional environment, energy conditions, salinity,
tectonics, depth, oxidation/ reduction, acidity and alkalinity of the basin. Average abundance of quartz (Si0,) is
about 79.72%, which indicates the tectonic instability of depositional basin due to rapid subsidence of basin. High
percentage of quartz also point to the rapid sedimentation.

Average concentration of total iron (Fe,0;) is about 2.75% (Table 4) by weight. Iron is mainly present as
cementing material and its high concentration reflects the shallow water alkaline environment of deposition because
iron precipitates in basic environment in the form of oxides (Hematite and limonite) and become mobile in acidic
environment. It also shows the positive redox potential that indicates oxidizing environment of deposition
(Brownlow, 1996).

Average amount of calcite and dolomite in the samples of sandstone are 15.60 and 1.89% respectively. They
mainly occur as cementing material and probably came through dissolution from limestones and squashing of shales
of older formations and precipitate in slightly alkaline environment. In contrast to calcite, dolomite is very low, which
is probably the reflection of low salinity of the diagenetic water (Tucker, 1990). Mean Mg/Ca ratio is about 0.038
that indicates river water deposition at approximately 350 mg/l TDS. However sample 5 has relatively high Mg/Ca
ratio (0.28).

Average quantity of Na,O and K,O is 0.44 and 0.17 respectively. Very low concentrations of alkalis in the
samples of Chitarwata Formation indicate lesser effect of chemical weathering and low concentration of feldspar in
sediments. Low concentration of both these elements also indicates fresh water environment of deposition because
total dissolved salts is directly proportional to concentration of Na,O and K,O.

Composition, provenance and tectonics: The Chitarwata Formation is composed of terrigencus sands that are
produced by weathering and breakdown of preexisting sedimentary rocks. The sands were transported, sorted and
modified by moving fluids. From these study it reveals as Quartz Arenite (Dott,1964) or Orthoquartzite (Folk, 1968).

Composition of detrital sandstone can easily reflect the tectonic setting of its provenance region (Tucker, 2001
and Rollinson, 1993). The tectonic environment of deposition can also be determined by plotting log K:Q/Na,O vs.
Si0, (Roser and Korsch, 1986). The plots of log K,O/Na,O vs. Si0, (Fig. 5) show dominance of passive continental
margin as envireonment of cementation. It shows good agreement for sedimentation on the trailing edge thick
continental crust (Indian Plate) at passive continental margin.
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Table 2: Statistical parameters of Chitarwata Sandstone

Sample # Skewness Remarks Kurtosis Remarks

1 -0.265 Coarse Skewed 1.138 Leptokurtic
2 0.250 Fine Skewed 1.042 Mesokurtic
3 0.218 Fine Skewed 0.868 Platykurtic
4 0.193 Fine Skewed 1.186 Leptokurtic
5 -0.094 Coarse Skewed 1.062 Mesokurtic
6 -0.039 Coarse Skewed 1.050 Mesokurtic
7 -0.018 Coarse Skewed 1.040 Mesokurtic
8 -0.002 Coarse Skewed 1.366 Leptokurtic
9 0.133 Fine Skewed 1.083 Mesokurtic
10 0.187 Fine Skewed 0.716 Platykurtic
11 0.122 Fine Skewed 1.008 Mesokurtic
12 -0.123 Coarse Skewed 1.655 Veryleptokurtic
13 0.127 Fine Skewed 0.925 Mesokurtic

Table 3: Environment of deposition of Chitarwata Sandstone (After Visher, 1969)

Saltation Suspension Rolling
Sample # C.T Phi F.T Phi F.T Phi C.T Phi Environment
1 2.8 1.6 = 4.5 No limit Wave zone
2 3.0 4.5 =45 No limit Wave zone
3 1.5 3.3 3.5-4.5 No limit Plunge zone
4 2.7 3.8 3.850 No limit Wave zone
5 0.7 4.5 =45 No limit Beach zone
b 2.8 3.9 3.9-5.0 No limit Wave zone
7 1.8 4.1 4.1-5.0 No limit Plunge zone
a8 1.0 3.9 3.9-5.0 1.0 Beach zone
9 2.0 3.6 3.6-5.0 No limit Wave zone
10 2.0 3.6 3.6-5.0 No limit Wave zone
11 -0.2 3.9 3.9-5.0 -0.1-0.2 Beach zone
12 0.7 4.5 =45 =0.7 Beach zone
13 1.0 3.5 3.5-5.0 1-2 Beach zone

Table 4: Normative chemical analysis of Chitanvata Sandstone

Sample # Si0, CaCoO, CaMg(CO4), Fe O, Total% Log {K,O/Na,0)
1 771.52 16.94 3.31 2.22 99.99 1.36
2 81.64 12.52 3.31 2.47 99.99 2.37
3 75.09 20.66 2.21 2.02 99.98 2.92
4 82.98 13.77 1.10 2.15 100.00 2.48
5 87.09 4.4 6.82 1.67 99.99 1.79
6 86.70 9.94 1.10 2.25 99.99 1.47
7 73.01 23.13 1.10 2.75 99.99 2.88
a 81.35 12.57 3.31 2.75 99.98 2.13
9 78.84 18.65 0.10 2.37 99.96 2.73
10 82.00 14.30 1.12 2.57 99.99 1.80
11 76.40 19.91 1.08 2.60 99.99 4.00
12 83.21 9.26 0.06 7.32 99.85 2.15
13 70.57 26.74 0.07 2.60 99.98 1.72

The modal analysis of quartz-feldspar-lithic grains in the form of triangular variation diagram (Dickinson, 1985)
illustrates different provenances. The plots of Chitarwata Formation show tectonic relation with fold thrust belt
(Himalayan) and recycled orogen as principal type of sedimentary provenance (Fig. 6). Grain size distribution and
their statistical analysis (Median diameter, skewness and phi deviation) provides good reflection of environment of
deposition (Fig. 7). Grain size distribution pattern (Fig. 3) designate dominance of fluvial to transitional
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environments. The plots of skewness and phi deviation vs. median diameter (Fig. 7) exhibit influence of near shore
environment, which is characterized by both river and wave action.

Samples of Chitarwata Formation are composed of medium to fine-grained sand, which mainly consisting of
guartz with feldspar, lithic fragments crert, biotite and muscovite and classified as quartz arenite. The Sandstone is
friable and loosely cemented, the grains are subangular to subrounded.

The data plotted on Visher graph, show that Chitarwata sandstone was deposited in fluvic-deltaic to near shore
environment. The roundness of grains shows the notable transportation of material from source to basin of
deposition. The value of kurtosis for Chitarwata sandstone shows the Mesokurtic or moderately sorted sands. It has
medium porosity and high permeability.

Microscopic and chemical studies of Chitarwata sandstone show the varieties of cement in which siliceous,
calcareous and ferruginous cements are included. These cements are results of depth of burial, pressure solution,
dissolution and precipitation of saturated solutions.

High concentration of Fe reflects the shallow marine oxidizing basic environment of deposition. Low Mg and
Mqg/Ca ratio indicates fresh to near shore water of deposition. Low alkalis (K and Na) also suggestive of deposition
in low salinity water.

The plots of log K,0/Na,0 vs. SiO, show dominance of passive continental margin as environment of
cementation. It shows good agreement for sedimentation on the trailing edge thick continental crust (Indian Plate)
at passive continental margin. The plots of Chitarwata Formation on guartz-feldspar-lithic grains variation diagram
show tectonic relation with fold thrust belt (Himalayan) and recycled orogen as principal type of sedimentary
provenance.
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