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Abstract

In this paper the hydrocarbon source rock potential of the Early Permian strata of the Choa-Khewra 
Road Section in eastern Salt Range and the Zaluch Nala Section in western Salt Range, Potwar Basin, 
Pakistan is presented. The six outcrop samples of organic clays from the Tobra and Dandot Formations from 
eastern Salt range while Warchha and Sardhai Formations from the Zaluch Nala sections were collected for 
the Total Organic Carbon (TOC) and Rock Eval Pyrolysis analyses. Various geochemical cross plots were 
constructed using the total organic carbon and pyrolysis values of the analyzed rock samples to know the 
qualitative assessment of organic matter and presence of any indigenous or migrated hydrocarbons. Our 
result shows that the Tobra Formation is thermally mature with 0.55 % and 0.83 % TOC hence Type III 
kerogen with a tendency to generate indigenous hydrocarbons. The Dandot Formation is thermally immature 
Type III kerogen, with 0.78 % TOC that can generate indigenous hydrocarbons. The Warchha and Sardhai 
formations both are thermally immature Type III kerogen and a 0.73 %; 1.05 % and 1 % respectively, with an 
indigenous hydrocarbons generation potential. The XRD results shows that the percentage of clay minerals 
i.e. ductile minerals are less than the brittle minerals i.e. Quartz etc. Brittleness Index for the Tobra, Dandot
and Warchha Formations shows brittle nature and are suitable for hydraulic fracturing while the Sardhai
formation shows less brittle material and considered suitable for fracking.

Keywords: Hydrocarbon, Lower Permian, Thermal maturity, Potwar basin.

1. Introduction

The energy crises of Pakistan need proper 
attention in order to device novel strategies for 
resolving this issue. Pakistan hosts a very good 
potential of hydrocarbon, the total prognosed 
potential is 282 trillion cubic feet (TCF) of 
natural gas, 27 billion barrels of oil and 185 
billion tons of coal. Presently, 47.6% of the total 
energy requirement is fulfilled by natural gas 
reserves (Kusskaraa, 2013). This data suggests 
that hydrocarbon potential of Pakistan have not 
been fully exploited, sedimentary area of 
Pakistan is 827,365 km2 out of which only 10-
20% area is studied and explored (Jamil et al., 
2009) (Fig.  1) .  Pakistan is  generally 
unexplored, despite the huge sedimentary 
terrain because onshore Indus Basin been 
primarily focused for hydrocarbon exploration. 
The energy supply is on downturn while its 

demand is rising as 45% reserves of discovered 
natural gas and 66.5% of oil been already 
consumed by the country (Jamil et al., 2009). 
And the fact is that majority of the discovered 
oil fields are mature in Pakistan due to which 
production could have considerable amount of 
downturn.

The main sedimentary basin of Pakistan is 
“The Indus Basin”,  which consist  of 
Precambrian to recent sediments (Ahmad et al., 
2018). The Salt Range and the Trans-Indus 
ranges, Indus Basin, Pakistan are considered as 
significant location for Late Paleozoic sections; 
nevertheless substantial research have not been 
carried out and just few studies exists on the 
stratigraphy and biostratigraphy (e.g. Noetling, 
1901; Teichert, 1967; Hussain, 1967; Wardlaw 
and Pogue, 1995; Mertmann, 1999, Jan et al., 
2009, Shah, 2009). In the western Salt Range
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area of the Indus Basin Permian age Nilawahan 
Group represents a thick sequence of clastic 
sediments (Krishnan 1960; Jan and Stephenson 
2011; Stephenson et al., 2013; Ahmad et al., 
2018). These sediments are poorly known in 
terms of their source rock potential, although 
substantial literature is available on their 
reservoir rock potential. However detail work 
on the said topic is scare to no existed, so for this 
purpose, the organic rich intervals in Tobra, 
Dandot, Warchha and Sardhai formations of the 
Lower Permian Nilawahan Group have been 
targeted to evaluate their source rock potential 
in the Potwar sub-Basin of Pakistan. 

2.  Geological setting

 India-Eurasia collision produced 2500 km 
extended Himalayan mountain range along the 
northern boundary of Indian plate (Le Fort, 
1975). According to Seeber et al. (1981) Indian 
plate is continuously subducting beneath the 
Eurasian plate. The Indian Plate subduction 
under Eurasia forms the key tectonic 
fabrication of Pakistan where it comprises of 
“Main Karakorum Thrust” (MKT), “Main 
Mantle Thrust” (MMT), “Main Boundary 
Thrust” (MBT) and the “Salt Range Thrust” 
(SRT) (Coward et al., 1986) (Fig 2). The Salt 
Range is active frontal zone of Himalayan 
orogeny formed as intraplate thrust after 

collision of Eurasian plate with Indian plate and 
shift of stress factor to south (Baker et al., 1988; 
Jaume & Lillie, 1988). The Salt Range makes 
the southern border of the Potwar Plateau along 
the northwestern side of the Indo-Pakistan 
Plate. The Salt Range is primarily divided into 
two sub divisions; the area to the East of the 
Indus River called “Main Salt Range” or “Cis-
Indus Salt Range” and the area located at its 
West is called “Trans-Indus Salt range” (Gee, 
1981; Yeats et al., 1984). The “Main Salt 
Range” is further divided into 3 divisions: The 
Eastern Salt Range (from Jogi Tila to 
Ni lawahan) ,  the  Cent ra l  Sa l t  Range 
(Nilawahan to Warchha) and the Western Salt 
Range (from Warchha to Kalabagh) (Yeats et al. 
1984). The Eocambrian to recent sediments are 
exposed in the Salt Range (Gee, 1981; Shah, 
2009).The Permian succession of the Salt 
Range is subdivided into two groups i.e. the 
Lower Nilanwahan Group represented 
dominantly by siliciclastic units and the Upper 
Zaluch Group, represented by the shallow 
marine dominantly carbonate units (Wardlaw 
& Pogue 1995; Jan et al. 2009). The Permian 
Nilawahan Group is comprised of four 
Formations namely Tobra, Dandot, Warchha 
and Sardhai formations of the Gondwanan 
affinity (Wardlaw & Pogue, 1995; Shah, 2009) 
(Fig. 3).

Fig.1 . Map  showing  Pakistan basins where Lower Indus basin is the  best
           suited for the shale gas exploration (Kusskaraa, 2013).
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3.   Materials and methods

  The outcrop samples of the potential 
source rock intervals within the Nilawahan 
Group rocks were collected from the Tobra i.e. 
TB1 and TB2 and Dandot (DND1) formations 
along the Choa-Khewra Road Section and 
samples from the Warchha i.e. WR1 and WR2 
and Sardhai (SD1) formations were collected 
from the Zaluch Nala Section. The number of 
samples represents almost all the organic rich 
intervals i.e. six collectively in these units.  
The organic geochemical analysis were carried 
out in Geology and Reservoir (G & R) Labs of 
the Oil and Gas Development Company 
Limited (OGDCL), Pakistan and Hydrocarbon 
Development Institute of Pakistan (HDIP) 
Labs. The Muffle furnace in G & R labs of 
OGDCL is used for TOC analysis while the 
Rock Eval 6 pyrolyzer (Turbo version) housed 
at HDIP labs was used for Rock Eval Pyrolysis. 
The Mapping of active source rock can easily 

be obtained from geochemical cross plots 
(Magoon & Dow, 1994). Different parameters 
were plotted using geochemical cross plots. 
These cross plots were prepared from surface 
Data (Peters & Cassa, 1994). The geochemical 
cross plots such as Tmax and Production Index 
were used to calculate maturation level of 
source rock and types of kerogen (Bacon et al. 
2000). Geochemical cross plots including HI vs 
OI cross plot, Tmax vs HI cross plot, GP vs 
TOC cross plot, Tmax vs PI cross plot and S1 vs 
TOC cross plot were used to define the Kerogen 
type, maturation level of source rock, source 
rock quality and indigenous or non-indigenous 
hydrocarbons generation potential respectively 
(Ahmad et al. 2018). The organic richness of 
the sample is calculated using TOC analysis 
(Jarvie, 1991) and measured in weight 
percentage (wt %). TOC is used to measure the 
hydrocarbon generation potential of a source 
rock. As the thermal maturity of the rock 
increases the value of TOC decreases. The

Fig. 2. Tectonic map of Upper Indus Basin, Pakistan showing the study area (after Kazmi and Rana, 1982).
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 minimum value of TOC for a petroleum source 
rock is 0.5 wt %, but the rock is considered 
noncommercial for hydrocarbon production 
having less than 1.0 wt % by most geochemists 
(Hunt 1996). The minimum required value for 
source rock facies for shales is 0.5 wt % of TOC 
and for carbonates the value of TOC is 0.3 wt % 
(Tissot and Welte, 1984; Ahmad et al., 2018). 
Pyrolysis was carried out in a nitrogen inert 
atmosphere and oxidation oven is used to burn 
remaining carbon (Behar et al., 2001). 
According to a programmed temperature 
pattern the petroleum potential of rock samples 
by pyrolysis is being estimated. Flame 
ionization detector (FID) is used to identify the 
release of HC during pyrolysis. CO and CO2 
released during pyrolysis were calculated by 

infrared detectors. Initially 300 ℃ temperature 
is required to initiates the process of pyrolysis, 

which the gradually increase to 650 ℃ with 

increase of 25 ℃ per minute, trailed by the 

increase in temperature to 850 ℃ with increase 

of 20 ℃ per minute. Parameters documented 
during the pyrolysis analyses are; free/volatile 
hydrocarbons S1, amount of HC released 
during pyrolysis, Tmax, Hydrogen index and 
Oxygen index. S1 and S2 are measured in mg 
HC/g TOC unit (Johannes et al., 2006). The 
results were described on the basis of dry 
weigh t  (Mani  e t  a l . ,  2014) .  For  the 
determination of the type of kerogen and 
approximate level of maturation; oxygen index 
(OI) and hydrogen index (HI) are used (Ghori, 
1998). Low HI and high OI characterizes the 
gas prone kerogen while oil prone kerogen is 
determined by low OI and high HI (Tissot and 
Welte, 1978). The MS Excel was used for 
various cross plots of the TOC and Pyrolysis 
data. The graphic work was later finalized 
through the use of Corel Draw X7. Vitrinite 
reflectance (Ro %) is calculated by using 
formula after Jarvie (2007).  Vitrinite 
Reflectance = 0.018 Tmax – 7.16.

 The X-Ray Diffraction (XRD) analyses 
was carried out to determine the mineral 
composition of a rock.The XRD was carried out 
using X-ray Diffractometer JDX-3532, JEOL, 
(Japan) at the Centralized Resource Laboratory 
(CRL), University of Peshawar, Pakistan. The 
Cu-Kα (Alpha) source (λ=1.54 Å) was used in 
the 2θ range of 0-800 at 40 kV and 30 mA with 

1.030/min to determine the mineralogical 
composition (Shah et al., 2017). The percentage 
of the minerals were calculated by using the 
Match3 Software. The Brittleness Index (BI) 
can be defined on the basis of constituent 
minerals of the shale where talking of quartz 
tends to be more brittle minerals (Jarvie et al., 
2001; Jarvie et al., 2007).

 The Qz is the Quartz content, Ca is the 
carbonate content, and Cly is the clay content 
present in the rock sample by weight 
percentage. Quartz is the numerator while 
amount of quartz mineral, clays and carbonates 
are in denominator here it produces BI (Jarvie et 
al., 2007). 

4.  Results

4.1.  Source rock quality and organic richness

 The results of total organic carbon 
analysis of collected samples (Table 1) from the 
Permian rocks exposed in Choa-Khewra Road 
and Zaluch Nala sections is presented. The 
Tobra Formation sample TB1 have 0.55 wt % of 
TOC and sample TB2 have 0.83 wt % of TOC 
(Table 1) that correspond to a fair source rock. 
The Dandot Formation sample DND1 has TOC 
value of 0.78 wt % (Table 1) that shows a fair 
source rock potential (Bacon et al., 2000; 
Ahmad, 2018). The sample WR1 having 0.55 
wt % TOC and sample WR2 has 1.05 wt % of 
TOC (Table 1) of the Warchha Formation are 
reflected to having a fair source rock potential 
(Bacon et al., 2000). Similarly SD 1 sample of 
the Sardhai formation having 1 wt % of TOC 
(Table 1) is having a fair source rock potential.
Table 1. Results of TOC and pyrolysis analyses 
with vitrinite reflectance of the examined 
Permian Tobra Fm, Dandot Fm, Warchha Fm 
and Sardhai Fm of the Upper Indus Basin, 
Pakistan.

4.2.  Thermal maturity and type of kerogen

 The samples TB1 and TB2 of the Permian 
Tobra Formation consist of Type III kerogen 
evident from HI vs OI cross plot (Fig. 4), 
whileTmax vs HI cross plot suggests these to be
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 mature source rock (Fig. 5). The sample DND1 
of the Dandot formation as mentioned in Table1 
has Type III kerogen (Fig. 4) while Tmax vs HI 
cross plot corresponds to an immature source 
rock (Fig. 5). The Warchha Formation samples 
WR1 and WR2 as mentioned in Table 1 
represents Type III kerogen as illustrated by the 

HI and OI cross plot (Fig. 4) and Tmax vs HI 
cross plot suggests it to be an Immature source 
rock (Fig. 5). The Sardhai formation (sample 
SD1) of Lower Permian age represents a Type 
III kerogen determined from HI vs OI cross plot 
(Fig. 4) and Tmax vs HI cross plot shows an 
immature source rock (Fig 5).

Fig. 3. Show the sub figures of A). Generalized stratigraphic column of Nilawahan Group; B). Contact 
           between Tobra and Dandot formation at Choa-Khewra Road Section; C). Field photograph of Tobra 
           formation; D). Field photograph of Dandot formation; E). Field photograph of Warchha formation; 
           and F). Field photograph of Sardhai formation of Permian Nilawahan Group.

Table 1. Results of TOC and pyrolysis analyses with vitrinite reflectance of  the  examined  Permian  Tobra 
              Fm, Dandot Fm, Warchha Fm and Sardhai Fm of the Upper Indus Basin, Pakistan.

TOC: Total Organic Carbon. S1: Free hydrocarbon, mg HC/g rock. S2: Residual HC potential, mg HC/g rock.
S3: Yield of CO2, mg CO2/g rock. GP: Generation Potential (S1+S2). Tmax: Temperature at maximum of 
S2 peak. HI: Hydrogen Index ¼ S2 X 100/TOC, mg HC/g TOC. OI: Oxygen index ¼ S3 X 100/TOC, 
mg CO2/g TOC.  PI: Production Index (S1/ (S1+S2)).  Ro % (Vitrinite Reflectance) = 0.018 Tmax – 7.16.

Key to the Abbreviations used:
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Fig. 4. Shows of HI versus OI cross plot to determine Type of 
Kerogen of Permian Tobra, Dandot, Warchha and Sardhai 
formations samples from the study area (after Van-Krevelen, 
1961; Tissot and Welet, 1984).

Fig. 5. Shows  Tmax versus HI cross plot to cross check type of 
kerogen and maturity of Permian Tobra, Dandot, Warchha 
and Sardhai Formations samples from study area (after Hunt, 
1996).
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4.3. Source rock generation potential (GP)

 The total organic carbon content and 
generation potential values are used to 
construct a cross plot for the determination of 
hydrocarbons generation potential and source 
rock quality in the Nilawahan group rocks. The 
hydrocarbon generation potential and source 
rock quality in the Tobra, Dandot, Warchha and 
Sardhai formations, displays a poor quality of 
source rock as determined from GP vs TOC 
cross plot (Fig 6).

4.4.  Hydrocarbon migration and expulsion 
history

 The PI and Tmax cross plot adopted after 
Tabatabaei (2017) is used to identify the 
thermal maturity of rock. The Permian Tobra 
formation is mature source rock with PI of 0. 
Dandot formation, Warchha formation, Sardhai 
formation is indicating an immature source 
rock with PI of 0, 0.5 & 1 and 0.7 respectively 
(Fig 7). The Tobra Formation lies in the Oil 
Window, Dandot Formation, Warchha and 
Sardhai Formation lies in the Immature -stained 
zone (Fig 7). The S1 vs TOC wt % cross plot for 
the studied samples collected from outcrop of 
Tobra formation, Dandot formation, Warchha 
and Sardhai formations illustrate source of the 
hydrocarbons as an Indigenous source (Fig. 8).

4.5.  Measurement of vitrinite reflectance (% 
Ro)

 The Vitrinite is the first component of coal 
and sedimentary kerogens (Dow, 1977). It is a 
maceral type which organic components of coal 
(Dow, 1977). It has shiny appearance like glass 
(vitreous). The vitreous material is resultant of 
material from cell wall or plants tissue from 
which coal was formed (Bjorlykke, 2010). 
Mature organic matter tends to give elevated 
reflectance of light. Thermal maturity of the 
kerogen can be calculated from Rock-Eval 
Pyrolysis, Therefore change of thermal 
maturity to reflectance of light will produce 
acceptable results (Dembicki, 2009).

 Key to use vitrinite is its sensitivity to 
temperature variation which correspond to the 
hydrocarbon generation i.e. 60 to 120o C. 
Therefore to evaluate the hydrocarbon source 

rock maturity, vitrinite reflectance is the best 
indicator. Generally the oil generation onset has 
0.5-0.6% reflectance and oil generation 
termination with 0.85-1.1% reflectance.  (Dow, 
1977; Selley, 1985; Mukhopadhyay, 1994; 
Hunt, 1996; Linley, 2014). According to the 
calculated Vitrinite reflectance results (Table. 
1), the Permian Tobra, Dandot, Warchha and 
Sardhai Formation Ro values lies between 0.5-
0.7 % and hence in oil window.

4.6.  Brittleness index

 The Brittleness Index (BI) depends on the 
percentage of brittle and ductile minerals, it 
mostly depends on quartz mineral which is a 
brittle mineral in nature. The clay minerals are 
ductile in nature while quartz, calcite dolomite 
are minerals that are brittle in nature. If the 
percentage of brittle minerals are more than the 
ductile minerals in a strata that strata is suitable 
for fracking and vice versa. Characteristic of 
shale reservoir is highly dependent on 
brittleness index. Barnett shale is the most 
productive reservoir, the wells are in the areas 
of 45% quartz and 27% clay content in the 
formation.

 The Tobra Formation (Fig. 9) has the 
highest quantity of Quartz (57.2%) and least 
constituent as Gypsum (2.1%) (Table 2), 
Dandot Formation (Fig. 10) has 89.2% of 
Quartz 1.9% of Dolomite (Table 2) while the 
Warchha Formation (Fig 11) has 74% Quartz 
and 25.9% clay minerals  and  Sardhai 
formation (Fig 12) shows that the highest 
quantity of Quartz (45.7%) and the lowest 
quantity of clay minerals (3.8%) (Table 2). The 
Tobra,  Dandot,  Warchha and Sardhai 
formations has BI values of 0.89, 0.89, 0.74 and 
0.46 respectively which shows that Tobra, 
Dandot and Warchha formations are Brittle in 
nature and suitable for fracking while Sardhai 
formation shows less brittle in nature and 
somehow suitable for hydraulic fracturing.
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Fig. 6. Variations in TOC content & GP to find out source rock quality of 
Permian Tobra, Dandot, Warchha and Sardhai formations samples 
from study area (after Ghori, 2002; Mohamed et al., 2015).

Fig. 7. Variations in Tmax and Production Index for maturity and oil & 
gas generation of Permian Tobra, Dandot, Warchha and Sardhai 
formations samples from study area (after Tabatabaei, 2017).
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Fig. 8. S1 versus TOC% for indigenous and non-indigenous 
Hydrocarbons in Permian Tobra, Dandot, Warchha and 
Sardhai formations samples from study area (after Hunt 1996).

Fig. 9. Shows X-Ray diffraction results of Tobra Formation from study area.

Table 2. The Composite Table shows the mineralogical distribution (% age of Quartz, Calcite, Dolomite, 
Gypsum and Clay Minerals) and Brittleness Index (BI) of Permian Tobra, Dandot, Warchha and 
Sardhai formations.
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Fig. 10. Shows X-Ray diffraction results of Dandot Formation from study area.

Fig. 11. Shows X-Ray diffraction results of Warchha Formation from study area.
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Fig. 12. Shows X-Ray diffraction results of Sardhai Formation from study area.

5.  Discussion 

 The potential source rock has the 
tendency to generate sufficient quantity of 
hydrocarbon which later can migrate to a 
reservoir rock (Law, 1999). As source rock is 
the primary element of a petroleum play 
therefore the determination of Kerogen type, its 
thermal maturity are of key importance in 
evaluating the hydrocarbon potential of an area 
(Peters and Cassa, 1994; Rodriguez and Philp, 
2010). The brownish, greenish-grey to grey 
color of the considered organic rich samples of 
shale from Tobra, Dandot, Warchha and 
Sardhai formations indicates moderate content 
of organic matter (Potter et al., 1980; Pettijohn, 
1984; Varma et al., 2014). The minimum value 
of TOC for a petroleum source rock is 0.5 wt %, 
however most organic geochemists do not 
consider the rocks with less than 1.0 wt % 
organic carbon as potential source rock (Hunt, 
1996). The least valve of TOC for petroleum 
source rock facies for shales is 0.5 wt % and 0.3 
wt % for carbonates (Tissot and Welte, 1984; 
Ahmad et al., 2018). The laboratory calculated 
values of TOC varies from 0.55-0.83 wt% for 
Tobra Formation; 0.78 wt% for Dandot 
Formation, 0.73-1.05 wt% for Warchha 
Formation and 1 wt% for Sardhai Formation. 
The highest TOC content is observed in the 

samples of Warchha Formation. The difference 
in the TOC content in the sedimentary sequence 
is caused by deposition environment of 
sediments, decomposition of organic matter, 
and temperature increase with increase in burial 
depth (Schlesinger, 1977; Potter et al., 1980; 
Hunt, 1996; Stein, 2007; Wang, 2013). The best 
environment for preservation of organic matter 
in the sedimentary sequence is low energy 
anoxic environment (Demaison and Moore 
1980). The low TOC content of the analyzed 
samples from all the stratigraphic units can be 
attributed to the depositional environment as 
these units are mostly deposited in terrestrial to 
shallow marine environments (Shah, et al., 
2010; Ghazi, et al., 2012; Jan, et al., 2016; Jan, 
et al., 2017).  

 The amount of temperature at which the 
maximum amount of hydrocarbons are released 
from the disintegration of kerogen is Tmax. For 
Type III kerogen the boundary between 

immature and mature kerogen is 430 ℃ and the 
limit between over-mature and mature kerogen 

is 460 ℃ (Espitaliè, 1986). The samples from 
Tobra Formation have Tmax values of 430 and 

439 ℃ and those of the Dandot Formation has 

Tmax value of 441℃ which shows that the 
kerogen in these formations is thermally
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mature. The samples from Warchha and 
Sardhai formations have Tmax values of 428, 

427 ℃ and 429 ℃ respectively, which shows 
that immature kerogen is present in these 
formations. Diverse type of hydrocarbons can 
be produced from different type of kerogens. 
Kerogen has variety of compositions which is 
dependable on the composition of organic 
matter and can be divided into 3 main types. 
The Type I Kerogen contains high lipid content 
and it is a representative of oil bearing shales 
(Eble et al., 2015). The Type II kerogen is a 
composite mixture of marine organisms, algae 
and plant remains, this type of kerogen is the 
common source of oil generation (Bjorlykke, 
2010). The Type III Kerogen which is also 
known as humic kerogen is mainly the 
derivative of organic remains of land plants i.e. 
tannins, cellulose and lignin (Bjorlykke, 2010). 
The initial H/C ratio in Type III Kerogen is low 
and initial Oxygen-Carbon (O/C) ratio is high 
of this type, it can generate abundant carbon 
dioxide, water and methane during maturation 
and is the common source of gas generation. 
The direct relationship between hydrocarbon 
generation potential and pyrolysis data is 
specified in several studies (Bordenave, 1993; 
Hunt, 1996). The HI and OI values are 
measured by mg HC/g TOC unit. Peters and 
Cassa (1994) defines the threshold values of HI 
for source rock: rock sample having Type III 
kerogen and the HI values less than 200 is 
expected to generate gas. A rock sample would 
generate gas as a main product and oil in less 
amount having HI values greater than 200, 
whereas samples can generate oil with HI 
values greater than 300 (Bordenave, 1993; 
Hunt, 1996).

 The studied samples of the Tobra, Dandot, 
Warchha and Sardhai formations have Type III 
kerogen, and can produce gas. While the HI 
values for these formations ranges from 0-9 
S2/TOC which is very low and indicates the 
generation of gas from the organic rich horizons 
of these formations. The organic rich intervals 
in Tobra formation is capable of generating oil 
owing to mature Type III kerogen.

 The generation potential (GP) of a rock is 
represented by the amount of volatile 
hydrocarbons (S1) and hydrocarbons generated 
during pyrolysis (S2). A rock have less or no oil 
generation and gas generation when the value 

of GP is less than 2 mg HC/g. Moderate to fair 
potential of a rock indicates the GP values 
ranges between 2 to 6 mg HC/g. and 
hydrocarbon produces above 6 mg HC/g 
indicates good to excellent potential of a rock 
(Tissot and Welte, 1985; Dyman et al., 1996). 
The generation potential of the Tobra, Dandot, 
Warchha and Sardhai formations ranges from 
0-0.05 which is less than 2 which shows that 
these formations can generate less amount of oil 
and have some potential for gas generation.

 The Type I and II kerogen have production 
index (PI) values > 0.1 while the PI values 
ranges from 0.1-0.2 for Type III kerogen. The 
PI values of Tobra, Dandot, Warchha and 
Sardhai formation suggests that samples 
analyzed from these formations have Type III 
kerogen. The PI and Tmax cross plot proposed 
that the Tobra formation lies in thermally 
mature oil zone, while the Dandot, Warchha 
and Sardhai formations lies in thermally 
immature contaminated zone. The S1 and TOC 
cross plot indicated that the samples analyzed 
from The Tobra, Dandot, Warchha and Sardhai 
formations have indigenous hydrocarbons.

6.  Conclusion

 The organic rich intervals in Tobra 
Formation exposed along Choa-Khewra Road 
Section consist of mature Type III kerogen and 
is able to generate indigenous hydrocarbons i.e. 
gas and condensates.  The organic rich intervals 
in Dandot Formation exposed along Choa-
Khewra Road and Warchha, and Sardhai 
formations exposed in the Zaluch Nala Section 
are immature, and contains Type III kerogen, 
c a p a b l e  o f  g e n e r a t i n g  i n d i g e n o u s 
hydrocarbons. The vitrinite reflectance values 
of the analyzed samples from studied 
formations lies in the oil generation zone. The 
Tobra,  Dandot,  Warchha and Sardhai 
formations has BI values of 0.89, 0.89, 0.74 and 
0.46 respectively which shows that Tobra, 
Dandot and Warchha formations are Brittle in 
nature and suitable for fracking while the 
Sardhai formation shows is not suitable for 
hydraulic fracturing. 
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