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ARTICLEINFO ABSTRACT
Atrticle history

The Basal area is situated in Upper Indus Basin of Pakistan dominatetebge thrust faulting alor

Received: 07 March, 219 with the involvement of salt tectonics, which are responsible for the formation of structural traps
Accepted: 30 August, 2019 area. Oil reserves in sedimentary rocks are the source of hydrocarbons for the energy and thes
Published: 04 September, 2019 are trappedn a structure provided by tectonics. Integration of geological and geophysical tools f

an insight to explore these reserves in the sub surface. Main focus of this research paper is to
Keywords a suitable structure favorable for hydrocarbon entraptrie the Basal area by integrating seismic

Compressional regime well log data near Fateh Jhang, Attock district, Upper Indus basin, Pakistan. The Upper Indus b
P gime, in compressional tectonic regime exhibiting thrust faulting with inference of overprir

Fault propagated anticline, transpresgnal strikeslip deformation. Basal oil field lies 77 km sowtbst of Islamabad with Ma
Petrophysical analysis, Boundary Thrust (MBT) in north, Khairi Murat thrust in south, Jhelum/Soan river in east and Indt
Upper Indus basin in west. Seismic data interpretation has been performed\a@n gieismic lines by marking faults

reservoir horizons of Chorgali and Lockhart formations using formation tops and makrgharts vie
analysis of multiple velocity functions (MVF) of all seismic lines. Mapping of the reservoir forn
have confimed the presence of faydtopagated anticlinal structure in study area. One main fault (tl
~ 100200 ms) and two back thrust faults Efented with moderate dipping angles have been mi
with dips towards North and South respectively. Petrophyaitalysis is done on the well Garhi04,
Gamma Ray, Resistivity and Porosity tracks have confirmed the presence of hydrocarbon in
Formation of Paleocene age. Three zones have been identified, out of which zone 2 is consid
favorable one de to less shale volume (Vsh), sufficient effective porosity and high hydro
saturation values.

1. Introduction Fateh Jhang. This field is located on a positive structure
Reflection seismic imaging is a fundamental tool fof€Sulted as a byproduct of complex Himalayan orogeny and
understanding the structure of the Earth's crust. The seisrfiidracterized by the thick repeated succession of late Eocene
data interpretation is amportant step as it is used to correlat@nd Miocene [2, 3]. The main productiveeesirs are of the
the surface geology with subsurface structures [1]. THedléocene and Miocene age.
interpretation of seismic reflection data is the fundamental previous studies by Jaswal et al. [2] confirmed that the
method for determining the geometry and displacement gfea lies in North Potwar Deformed Zone (NPDZ) and has
faults in the subsurface at lithosphewcreservoir scales [2]. imbricate, ramgflat duplex structures, triangle zones, and
Interpretation of seismic image data involves a certain degrégortening of 55 km (55%). According tlaswal [3] and
of knowledge in structural geology, stratigraphy and tectonBaker et al. [4] the area betwe&ihairi Murat Thrust and
settings, as well as an understanding of the physics behind gagsive back thrust (Dhurnal fault) forms a triangle zone. The
creation of a seismic image. Interpretenssiruse knowledge triangle zone arrangement of faults is a common feature of the
to produce a consistent solution that satisfies not only alreland basins throughout the world with associatetbisc
available data, but also confirms the expectations [3, 4ledges, sole thrusts and roof thrusts. This deeper level
Knowledge is acquired from new information by developinghortening has been accommodated by the development of a

new or modifying existing schemes (models). This study isassive roof back thrust emanating from the tip of the
performed to delineate the sub surface structural style anddguthernmost ramp in treibsurface [

evaluate the hydrocarbon potential in Chorgali and Lokhart

formations of the Basal anticline. 1.1. Geology of the Area

sasa ol feid s an exlusive Develpment an 2258 es it norh wester par of Paty bas,
Prodiction Lease ofOil and GasDevelopmentCompany are p?asSing ony its western and eastern sides respectively. Main
Limited (OGDCL) discovered in 1999, whent2 seismic Boundary Thrust (MBTand Khairi Murat Faults are running

survey was done in the area. GaxkD1 well was drilled by . : e
OGDCL in 2002. This well was giving production in past, butr)' the North while Salt Range ThIUSRT) lies in the south

now it is abandoned. It is situated about 77 km southwest 5(13' zhestt?{]léfltjrfeiuI';Sr’epLoeﬁ;%aetéoTofoéis'f;T;Z%ebonﬁz 2gﬂ
Islamabad and lies in Attoakistrict and specifically close to pop-up y
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movement along the decollement surface. It has plenty
tectonic structures and hosts continental margins,k thi

72°40°
4

marine sedimentary sequence of source, reservoir and (LD

rocks [6]. Potwar basin is bounded to the south by the S
Range escarpment, where rocks of Precambrian to Terti
are exposed. Infr&€ambrian evaporites of unknown true
thickness were depositeth Potwar in restricted and
hypersaline environments. It is caused by carbonate bar

developed over the east bank of the Jhelumnteant, north

of present Kala Chitta and Margala ranges along Precambr

basement lineaments, which isolated the Potwambmom

Kashmir and Hazara, where open marine conditions prevail
[6]. A number of active structural features dominate this pa

of Potwar basin as shown in Fig. 1a [7].
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Fig. 1a: Tectonic map showing major tectonic subdivisions of Potwar regon
with red highlighted study area [7].

Northern Potwar

EARLY TO MIDOLE l Kamial Formation,

MOCENE
[a] Ao
QUATERNARY EARLY MIOCENE Murree Fomation
@ Potwar Clay.

PLIOCENE SomnFormalon

LATEMOCENE [Ta ] Nogr Formaton,

230

Chorgal Format )
EOCENE [@ Imen }’

™ \Vy /
Margata Hil Fornation |- 8,8 18
ga¥a Hil Formation. L & #
= ‘ Y, ‘
7, )

GEOLOGICAL SYMBOLS
Contact solid where well exposed

MIDOLE MOCENE Chiji Formaton,

Dashed where partly covered
Anticline shawing traco of
axial plane and plunge of axis
Syncline showing trace of
axdal plane and plungo of axis
Overturned syncline

L Striko and dip of badding
Strike and dip of

overturned badding 3325

Fig. 1b: Geological mapof thestudy areaindicating diff erent local fauts [9].

The localized geological map tife area has been shown
in theFig. 1b [9]. The oldest formation present in this area is
Salt Range Formation of Precambrian age, which is
dominantly composed of Halite with subordinate marl,
dolomite and shales, and is best developed and exposed in the
Eastern Salt Range. The salt lies unconfotgnain the
Precambrian basement rocks. The overlying platform
sequence consists of Cambrian to Eocene shallow water
sediments with major unconformities at the base of Permian
and Paleocene [10].

The Potwar basin was raised during Ordovician to
Carboniferog; therefore, no sediments of this time interval
were deposited in the basin. The second sudden alteration to
the sedimentary system is represented by the complete lack of
the Mesozoic sedimentary sequence, including late Permian

represents Passive Roof Duplew Cretaceous, throughouhe eastern Potwar basin. In

geometry, where thrusted anticlines are the potential target$esozoic time, the depocenter was in central Potwar basin,
Further north in the North Potwar Deformed Zone (NPDZyhere a thick Mesozoic sedimentary section is present as
imbricated antiformal stacks are the main targets. The Kohgttown in Fig. 2 [11].

area has experienced very complex deformation style due *~

A Age Thickness Formation Lithology
the development of multiple detachment levels an m
compressions as well as strike slip motion. The area . Pliocene | 001500 | Siwallks
. . g u Miocene 900-3000 Kamilial
represented by antiformal stack and possibly flowe § &
. . . a o
structures, thrusted anticlines, pop and fault propagating = * Murree
fOIdS [6]. Eocene | soaso Chorgali o
Sakesar
Geologically, basal anticline is developed due to Khail Nammal z
Murat thrust and is a part of NPDZ. MBT juxtaposed th Faleocene NS ol A
Miocene Murree Formation against the Eocene limestor | | Hangu :
The surface exposure of this fault is more promineset u Mesozolc & ///// v
thrusting of the Eocene Chorgali strata over the Murre Early Permien | WNNH0S20 Amb [T N
Formation. In the regions, with intense tectonic deformatiol Sardal j

Dandot

some surface features mismatch subsurface structures du
decollements at different levels. In such circumstances, it
necessaryo integrate seismic data with surface geologic:
information for precise delineation of ssbrface @
configuration of various structures [8].
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Fig. 2: Stratigraphy of Potwar basin, Pekistan [11].
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The geological history of this bias begins from — meds,
Precambrian age. East of Potwar basin isaakéd and the N g g AR
cores of these salt anticlines are thrusted and originated due &} =o§ ﬁ; 3
the compression of Himalayan orogeny in Miocéti®cene . s
age. The oil and gas in the area has been produced feom t =
fractured carbonates of Paleocene and Eocene age b g + "
Mesozoic sandstones and Paleozoic carbonates ar Ef T 7o &
sandstones has produced additional oil in the area [11]. Th mi TR T ——comim.
carbonates and evaporitic sequence are mostly in the st 1=
surface in the northern Potwar esmpared to the eastern g .ﬁtj - §
western and southern Potwar. So, there is maximum chanc  ° I/ N ] 2
that hydrocarbons being charged and trapped in th A : g
subsurface [12]. The borehole stratigraphy of G¥rtil ——il
well is given in Table 1. F700 3az200
Table 1: Borehole stratigraphic sucgies of Garhix-01 well. Fig. 3: Base‘ map representing dip and strike lines along with well
GarhiX-01.

Formation Top zg;matlon Top I(:nc:)rmatlon Top  Thickness (m) 3. Methodology

Murree Miocene 0.00 4014.00 Seismic interpretation is an art of identifying, correlating

Kohat Eocene 4014.00 48.00 and understanding the geological structure of the subsurface

through geologictime using seismic data [17]. It is a

Murree Miocene 4062.00 66.00 technique or tool by which we try to transform the whole
Kohat Eocene 4128.00 48.00 seismic information into structural or stratigraphic model of
Murree Miocene 4176.00 268.00 the earth. It is rare that correctness or incorrectness of
Kohat Eocene 4444.00 113.00 interpretation is ascertained, because actual geology is
Kuldana Eocene 4557.00 198.00 rarely known in well manner. Therefore, it is important to
Chorgali Eocene 4755.00 31.00 know all about the area, including gravity data, well
Sakesar Eocene 4786.00 100.00 information, surface geology as well as g_eologlc and physical
Nammal Eocene 4886.00 49.00 concept [18]. Intgrval and average vglocny from the_wejl lo
data are often different from seismic data depending upon
Patala Paleocene 4935.00 52.00 structure of the area.
Lockhart Paleocene 4987.00 313.00

The 2D seismic interpretation is achieved in a parallel
The Patala Formation containing oil shales withd886 manner with the geological interpretation. In order to mark the
Total Organic Content (TOC) acts the proven source rock ffrmations of different ages well data of Ga¥i0l was
the Potwar basin and also in this area-1#2 The thin  ytjlized. Well is located on the seismic dip line 33 so TD chart
skinned tectonics have developed the traps creating te prepared by using the RMS velocities given on it.
faulted anticlines, popp and positive flower structures aboverormations are then named by correlating the information
PreCambrian salt. Ere in the study area, two main reservoirg|otted on time depth chart. Two formations of different ages
have been identified and targetdzhsed on the available | ockhart Paleoene and Chorgali Eocene were considered
literature and kerogen history. The lower one is Lockhafhyorable for hydrocarbon presence based on geological
Formation which is being charged by the shales of Hangistory. Using the velocity information, available borehole
Formation lying at the bottom. The secougper) reservoir and geological well data, the picked seismic horizons have
is Chorgali and Sakesar formations, which is being fed yeen calibrated on all the seismic lin@he time data was
Patala shales. The lateral and vertical seals to the reserveliign utilized for constructing the structural map of the
are provided by the Kuldana clays and Patala shalgesncerned formations in order to validate the structure
respectively [15, 16]. interpreted on seismic data. Time and depth chart is shown
2 Available Data below ?n Fig. 4. For making t_he time contour maps, timgs are
] ) ] .. read directly from the sections and so are immediately
_ Data used for structatinterpretation consist of 5 seismic 5y ajjaple for mapping. TWT contours represent contour lines
lines with one well of GarkK-01. Base map typically shows paying the same time values. These are plotted on base map
the orientation of seismic lines, shot points and well locatioghere |atitude/longitude values of each shot point are given.
with a geographic reference such as latitude and longitud&yr mappingthe area ofnterest is digitized in such a way
The base map is shown in Fig \Bell logs including gamma hat ends of seismic lines are cut off in order to reduce the
ray, caliper, setpotential, resistivity, neutron, density andchances of errors. A time grid for each horizon is generated,
sonic were available for petrophysical analysis. Well data fg,q represented by different colors showing the marked

Eocene formations was not available, so reservoir propertigsrizon time. The contour map is generdtesing Kingdom
were evaluated only for Lockhart FormatimiPaleocene age. gofiware (used for Geological and Geophysical Data

Interpretation).
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Fig. 4: Timed(_apth chart showing depth and corre_sponding time of Chorgali Fig. 5: Interpreted seismic section of line 9BSL-33.
Formation (sky blue color) and Lockhart Limestone (green color).
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Based on continuity of the amplitude of the waves and bes
coherency, horizons are marked and this happens when tl
acoustic impedance changes in the sub surface. After th
confirmation of horizons, Chorgali and Lockhart formations
were pickedon control line. During demarcation of horizons
it was made sure that every fault is justified with horizons. In
case of compressional regime, if there is a hanging wall the
the horizon should be relatively uplifted with respect to the
corresponding footvall and if there is foot wall then the
horizon should be relatively downthrown with respect to
corresponding hanging wall. Chorgali (R1) got confirmed at
control line 991BSL-33 with sky blue reflector lying exactly
beneath the well shot point no. BR35 at 2.25 seconds time
while Lockhart (R2) with green color at 2.38 seconds time. F1
is the main thrust fault while F2 and F3 are the back thrusts
dipping in north and south directions, respectively.
Interpreted seismic sections of lines 93L-33 and 994 4.1  Mapping
BSL-32 are shown in Figs. 5 and 6, respectively. Salt range
thrust is also marked at the base while Murree thrust \}ﬁq
delineated in the Siwaliks on the top. As the area lies
compressional tectonics which there is high chance P
repetition of strata dut thrust impact. This repetition can
clearly be observed on the seismic data.

Fig. 6: Interpreted seismic section of line 9BSL-32.

The contour interval of Chorgali contour map is 0.18 sec

ile 1.1 sec for Lodkart formation. The central portion is

d to orange in color for Chorgali and yellow to green for

ckhart which according to the scale shows the smallest

values of time ranging between 2.1 to 2.3 sec and 2.7 to 2.9

sec corresponding to the topographighhi This central
The overall structure in the study area is being controllggbrtion is bounded by thrust fault representing the-ymop

by three detachments. Salt Range Thrust provides the baaaticlinal structure. While moving away from the crestal part

detachments due to the evaporites of Salt Range Formatine values increase progressively and so does the

while middle and upper detachments are marked by Middt@rresponding values of depth. Time contour maps of

and Murree thrusts, respectively, in gypsiferous marls &thorgali and Lakhart formations are shown in Figs. 7 and 8,

Kuldana Formation and clays of Murree Formation, causingspectively.

this sequence to repeat. These three detachments resulted i

thﬁ Stackg‘(ﬁ otfhthet seeguce formu;gtha dtu?lexcgeobmetrytdepth, i.e., meters. This gives more accurate position of the
where midadle thrust acting as root thrust for L.ambrian 9, ;4 in the subsurface. The interpretation of depth contour

!Eoc?:nle squlzjzenc% \f’;/h'd; IS tflerthl\tjlr bisected by baCkS.thruﬁéTiap is like that dne for time contour map except that in case
.., Flan and floor trust for Miocene sequence. since depth contour map, the units are in meters instead of

the thrustst_ln this ??Ckled sequence dipards north resulting milliseconds and now depth is displayed instead of time. The
INto an active root duplex. map of seismic time is projected to display the structure of

horizons in the subsurface. Take a map that is more truly
related to the subsurface shapes, depthmist be calculated

rE)epth contour map represents the horizon in units of
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Fig. 8: Time contour map of Lockhart limestone. Fig. 10: Depth contour map of Lockhart Limestone.

from the times. The idea of converting the times to depths §glibrated with the well and contour data validates the seismic
very reasonable in case of showing the subsurface structug@guctural analysis. The seismic structural interpretation and

depth calculations. structural high. The closure is tweay fault bounded.

The depth contour maps are generated by using the Mapping done at the reservoir level very closely matched
contour interval of 200 m and the variations in the colg#ith the structure interpreted on the seismic sections where
representhanges in the depth. The scale shows the values®fPlex geometry is visible with repeated Méoe and recent
depth ranging between 338000 m and 2250150 m for Strata and splays of SRT and Murre thrust.

Chorgali and Lockhart formations, respectively. The centrgl  petrophysical Analysis

portion is shallowest ac_:cordlng to the depth yalu_e scale and4|_§.1 Neutrondensity lithological crossplot
bounded on the both sidbg thrust faults making it a pegp

geometry and the structure de\/e]oped is knownwaﬁfau]t In order to determine the Iithological variations in the
bounded anticline. As moving from the crestal portion theockhart Formation, NeutreDPensity (ND) Lithological
values are increasing across the faults. The central portion §@ssplot hasbeen prepared. The standard lithological
widely spaced values showing thenteness of the strata Crossplot depicting the three major lithologies, i.e., sandstone,
while narrow contours respond to the re|ative|y Steep@mestone and dolomite has been used in the Prizm module of
portion. The crestal point lies at approximately 4800 m arfdiscovery software suite for the identification of lithology.
5020 m; the depth contour maps are shown in F|gs 9 and MUtronDensity |ith0|ogicacr055p|0t is shown in Flg 11.

for Chorgali and Lockhart formations, respectively. Depgh
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The log data of Bulk Density (RHOB) and Neutroncolored curves gsct the major lithological changes, whereas
Porosity (NPHI) recorded against the Lockhart Formatioeach lithological curve has been marked with the porosity
(49875229 m) in the GarhX-01 well has been plotted on thevalues through which the porosity ranges within the
N-D Lithological crossplot. Two major lithological zonesformations can also be determined.
have been marked according to the data distribution on the . )
lithological crossplot, i.e., dolomite and limestone. The blu#-2.2 Well log interpretation
polygon marked on the crossplot represents the data cluster|_ockhart Limestone of Paleocene dges been interpreted
covering the Dolomite lithological curve, whereas the reph terms of its Petrophysical properties for the identification
polygon represestthe Limestone lithology. The top 40 mof good reservoir zones. The basic three log types including
(49875027 m) interval of the Lockhart Formation showshe lithological logs, porosity logs and fluid indicator logs
Dolomite, whereas the rest of the 202 m interval (502have been used for the interpretation. GammaogySP log
5229 m) has been identified as the Limestone lithology. Thghd caliper log have been plotted in the track 1, resistivity logs
porosity range within the Limestone intervglless than 5% in track 2 and porosity logs in track 3. As per the lithological
whereas in the Dolomite, the average porosity is around 108ivisions identified using ND cross plot, the overall log trend
Facies column representing the Dolomite and Limestor# gamma ray indicates very low values witbamstant trend
intervals and their respective-Dllog curves are also shownin the limestone interval showing clean lithology. However,

along with the cross plot. the top 40 m dolomite interval shows relatively greater values
Garhi-X-01 T— of gamma ray. The resistivity logs show significant separation
NPHI/PHOB/Vshl F,gm within the limestone unit where the deep resistivitiga are
EEsEsE=aEEE=z SEEET e - SO more than 1000 ohym in most of the strata. This separation
2 {%3 between the Micro Spherically Focused Log (MSFL) and

3 Latero Log Deep (LLD) curve depicts prominent invasion
gjj‘ [**¢ profile having high resistive fluid in the tinvaded zone

: (probably oitbearirg zone), whereas relatively less resistive
drilling fluid within the invaded zone. The same effect can be
identified based on the neutron density croger. Although

4 there is less variation in the neutron curve which suggests the
~+—m=mo  presence of oil insteadf ggas but density values show
relatively greater deflections towards the lower side.

{sisoo Three reservoir zones (Table 2) have been marked within
EEEEEsmzinzzs j H H the Lockhart Limestone on the basis of log curve trends which
e so0  provide the indications for the presence of hydrocarfihe

NPHI low values of gamma ray log, separation between the MSFL
e e and LLD resistivity curves and - crossover have been
identified on different intervals which shows the probable
hydrocarbon bearing zones. All three zones have been

Throughout the log interval, neutron log shows very led¥ghlighted in Fig. 12These zones are named as Zone 1,
variation within the Limestone interval whereas the neutrofone 2 and Zone 3 and their thicknesses are 59.3 m, 7.9 m and
curve within the Dolomite interval shows relatively more20-6 m, respectively. The basic Petrophysical properties
variations. Apart from the neutron curve, the VariationWthh have been determined within the Lockhart Limestone
displayed in the density curve specifically the low values dicludes the volume of shale, volume of clean
RHOB might be due to the presence of fractures which cou{olomite/Limestone), average porosity, effective porosity,
be filled with hydrocarbons resulting in the decrease d¥ater saturation and hydrocarbon saturation.
density values. If the fractures are filled With the gas, theiple 2: Results of the physical properties calculated for the three zones of
values of neutroiog should also be deflecting towards the.ockhart Formation. (MD: Measured Depth, m: meters, Vshl: Volume of
lower side. In this case only the density log curve shows movade, PHIE: Effective Porosity, Sw: Saturation of water, Sh: Saturation of
variations, but the neutron log values are very much staglg!rocaons)

0.0 0.20 0.

40
Vshl

Fig. 11: Lithological cross pldit/w Nphi/Rho B Vs Vsh.

except for some minor fluctuations of aroun@ %6 porosity ~ Zone Zone 1 Zone 2 Zone 3
values on the neutron scaléi§ might be due to the presence top mp (m) 5050 5139 5157
of oil in the fractures within the Lockhart Limestone. The ;. . MD (m) 5109 5147 5177

green polygon is marked for the data cluster showing low

values of density depicting the hydrocarbon effect. Thickness (m) °9 8 20
Average Vshl (%) 6.1 2.9 3.8

Neutron Porosity (NPHI) values have been plotted on they e age pHiE (%) o8 31 29
x-axis whereas the Bulk Density (RHOB) values are on theAverage Sw (%) 29 )8 43

y-axis. The changes in the lithology in terms of shale content X
(Vshl) are shown by the color variations along trexis. The _Average sh (%) n 2 57
red (sandstone), black (limestone) and blue (dolomite)
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In Fig. 12, Track 4 presents the calculated volume of shalBhe presence of Basal decollement and transition of folds into
average and effective porosities are given in track 5, wherdasilts and faults into decollement are regular features of the
track 6 gives the calculated results of fluid saturation withithin-skinned deformation [19]. The hydrocarbonse ar
the LockhartLimestone. In the top 40 m Dolomite interval,commonly produced from stacked Cambrian to Eocene clastic
the average volume of shale is 47%, whereas this intenald carbonate reservoirs which have an average thickness of
shows relatively good porosity values, but the strata is fully km. These strata are overlain by at least 5 km of Miocene
saturated with water which is also confirmed by the lowand younger continental molasse sedimentation in the deepest
resistivity values. The Limestonaterval of the Lockhart part of the foeland basin [20]. The current study is done for
formation shows relatively good results in terms ofhe structural analysis and hydrocarbon potential of the Basal
hydrocarbon saturation. Three zones have been identifiadticline, which is a part of Himalayan orogeny in north
within this limestone interval. Zone 1 is marked from 5050 rRotwar basin. Structurally the area lies in compressional
to 5109 m having thickness of 59 m. This 59 m zone does megime characterized by domirtathrust faulting, fault
show continues trend with high hydrocarbon saturation, rathgropagated anticlines and pop up structures. Seismic data
has some small alternate intervals of water saturated zoniesluding five dip and strike lines have been utilizE€dntour
However, the average volume of shale in this zone is 6.18taps confirm the presence of pop up anticlinal structure in
with 2.8% effective porosity and 71.4% hydrocarborthe study area. Contour maps generated at thel lef
saturation. Paleocene and Eocene also confirm the faulted anticline and

pop-up geometry present in the subsurface which has been
delineated on the seismic sections. Depth structural maps also
confirmed the placement of well point at the crestal high. In
Basal ptential reservoirs were Lockhart and Chorgali of late
Paleocene and Eocene respectively which were probably
charged by the Patala Formation of early Paleocene. The
presence of ®&vay fault bounded structure is confirmed
through seismic interpretation, whilthe seal to that is
provided by the Murree Formation of Miocene age. Trapping
mechanism in the Basal oil field were revealed to be fault
associated twavay dip closure and possibly served as the
trapping mechanism for the reservoirs [21, 22]. As the log
data of Chorgali Formation was not available; therefore,
petrophysical analysis has been done only on Lockhart
Formation of well Garhi X01. Three hydrocarbon bearing
zones were identified based on the zones of interest criteria
showing fair potential thimesses. Although, the thickness of
Zone 1 and 3 was more than the zoni@2 zone 2 out of three
was considered best having 2.9% Vsh, 3.Hftective
porosity and 72% Sh, respectively.

6. Conclusions

The area under study, lies in North Potwar Defor@eae
(NPDZ) and has imbricate, ranflat duplex structures. The
area is highly folded, faulted and fractured. Because of the
nearness of Basal area to the Khairi Murat Range, the Basal

Zone 2 is marked from 5139 m to 5147 m with the totadrea shows overturning behavior with mesoscalevsutical
thickness of around 8 m. This zone shows very low volume &flding dueto associated transpressional tectonics. The axis
shale value of 2.9% with effective porgsi8.1% and 72% of the fold follows the general trend of the fault, i.e.,-8%W
hydrocarbon saturation. The third zone is marked from tifrection. The Lockhart Limestone is considered as main
depth of 5157 m to 5177 m having overall thickness of 20 rfeservoir as it shows enough percentage of hydrocarbon
This zone shows relatively higher water saturation of abog@turation with good fracturesffective porosity.

43% making 57% of hydrocarbon saturation. The values ?{eferences
effective porosity in this interval is 2.9% and having very IeSﬁ]
shale volume of only 3%.

Fig. 12: Well log interpretation of Well Garhi 01 with highlighted zones
of interest in Lockhart Limestone.
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5. Results and Discussion y PP

2

The Himalayan foreland in North Pakistan is an activ[e]
system. To evaluate its geometry, it is essential to map
detachment/decollement surfaces hmseathey control the [
trapping mechanism of the overlying sedimentary sequence.
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