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Abstract

The study area is located in the Fars area (Interior Fars sub-basin). This area,
which is part of the Zagros fold-thrust belt, is located in Zagros simple folded
sub zone. It is known as one of the most important regions in the world Gas
rich. In this area, anticlinal folds are a different orientation of such as the
North Western-South Eastern, East-West and North Eastern-South Western.
The Karbasi and Khaftar anticlines are case study anticlines in the interior
Fars sub-basin (Fassa area). The anticlines in the Fars region, which are lo-
cated in the Zagros fold-thrust belt, are valuable because they possess several
hydrocarbons. The main aim of this paper is evaluation of hydrocarbon po-
tential in the Jahrom area (Interior Fars) based on interpretation of the Iso-
pach maps and well data. This paper presents part of the results of a regional
study of the Coastal Fars area in the Zagros Simply folded belt, based on orig-
inal fieldwork, satellite images, structural sections, geological maps and well
data. In order to investigate of periods Nezamabad fault activity, Isopach
maps of the study area has been prepared based on well drilling data and the
thickness of the drilled formations. In this study utilizes the thickness of the
drilled formations in the study area, for each sedimentary unit was carried out
to prepare Isopach maps. The Isopach map prepared based on GIS software
method and exploration well data. The Nezamabad fault has been lacked of
activity at the deposition time of the Dalan, Kangan, Dashtak, Fahliyan, Gad-
van, Dariyan, Kazhdomi, Sarvak, Gurpi and Pabdeh formations within the
Khaftar and Karbasi anticline area. Accordingly, changes in basin floor, at the
time of sedimentation these formations has not been affected by the Nezama-
bad fault. Probably the Nezamabad fault has been activated during deposition
of the Surmeh, Hith, Laffan and Ilam formations and in this area paleo-basin
has been controlled by this fault. In other words, it seems that, activity of the
Nezamabad fault in this area have been limited to Jurassic and Cretaceous pe-
riods (Coniacian and Senomanian). This can means that in this periods time,
the Nezamabad fault have been active sedimentation along with tectonic
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processes and activities affected on thickness of the Surmeh, Hith, Laffan and
Ilam formations. Finally, it seems that the Nezamabad Fault activity has been
affected on the source rock, reservoir rock and cap rock and then controlled
distributing of hydrocarbon System of the study area in the Khaftar and Kar-
basi as anticlinal oil traps.
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1. Introduction

Hydrocarbon Reservoirs in the Middle East are mainly Mesozoic age; the struc-
tural traps, carbonate reservoir rock, reservoir depth average (less than 5.4 km)
and exploration have been in the past 60 years. The Zagros fold-thrust belt lo-
cated among the Himalayan-Alpine orogenic belt caused by the collision of the
Eurasian plate Arabian plate with the Eurasian plate slips Arabic has been
created [1]. Focus multiple source rocks and rich in organic matter Organic ma-
terials, porous and permeable reservoir rocks with good cap rock reservoir rocks
with well Porosity and permeability including appropriate cap rock in this area
has provided a unique conditions for the production and accumulation of hy-
drocarbons Production and accumulation of hydrocarbons [2].

The study area is located in the Fars area (Interior Fars sub-basin). This area,
which is part of the Zagros fold-thrust belt, is located in Zagros simple folded
sub zone. It is known as one of the most important regions in the world Gas
rich. In this area, anticlinal folds are a different orientation of such as the North
Western-South Eastern, East-West and North Eastern-South Western. Change
the orientation of axis anticline in this area can be show the activity of basement
faults. In addition, this case can relate to the rotation vector of Arabian Plate to
Iranian plate [3].

According to the existence of many active faults in Interior Fars area, faults
may be considered as a major factor control on the distribution of hydrocarbon
traps in the area. Including main faults in this region are the Nezamabad fault
(Figure 1) with the northeast-southwest trend with length about 265 km that
begins southern flank of the Shahini anticline and continues to the southeast
Neyriz area. This fault has been introduced for the first time by Barzegar (1994),
based on remote sensing. The study area is located in the Zagros Simply Folded
Belt of Iran and in the Fars province. The Karbasi and Khaftar anticlines are case
study anticlines in the interior Fars sub-basin (Fassa area). The anticlines in the
Fars region, which are located in the Zagros fold-thrust belt, are valuable be-
cause they possess several hydrocarbons. Some researchers have been studied on
the structural style and hydrocarbon traps in the Fars area [4]-[15]. In this re-
search, the main aim of this paper is Evaluation of hydrocarbon potential in the

Jahrom area (Interior Fars) based on interpretation of the Isopach maps and well

430

K2
o5
“2:0

Scientific Research Publishing



M. Hosseinpour et al.

data.

2. Material and Methods

This paper presents part of the results of a regional study of the Coastal Fars area
in the Zagros Simply folded belt, based on original fieldwork, satellite images,
structural sections, geological maps and well data. In order to investigate of pe-
riods Nezamabad fault activity, Isopach maps of the study area has been pre-
pared based on well drilling data and the thickness of the drilled formations. In
this study utilizes the thickness of the drilled formations in the study area, for
each sedimentary unit was carried out to prepare Isopach maps. The Isopach

map prepared based on GIS software (Version 10.4.1) method.

3. Geological Setting and Stratigraphy

The Zagros orogenic belt is located from Anatolian Eastern fault to Oman li-
neament in South of Iran and has Northwest-Southeast trend and this belt [16].
The Zagros belt as fold-thrust belt is limited from North boundary with Iran
plate and from South boundary with Northeastern edge of Arabian plate. In this
area, the continental-continental plates as Convergent boundary form the Ira-
nian and Arabian-African plates. These parts from upper cretaceous have been
formed as the Zagros orogenic belt and this convergent continuous up to now.

This convergent has created consequent to close the Neotethys [16]. The Zagros
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Figure 1. The distribution map of hydrocarbon reservoirs in the Zagros fold-thrust belt.
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orogenic belt is located from Anatolian Eastern part toward Oman line in South
of Iran [17] [18] [19] and has 200 - 300 km width and this belt.

The main dominant structures in the Zagros fold-thrust belt have folds and
thrusts with Northwestern-Southeastern trend. These structures has main ten-
dency toward Southwestern. Based on morphology view, this belt is divided to
High Zagros and Folded Zagros. This belt has average height of near to 1200
meters. According to structural classification, the Zagros fold-thrust belt from
Northeastern to Southeastern is divided to; High Zagros Thrust Belt, Simply
Folded Belt, Zagros Foredeep and Coastal Plane [16] [18] [20] [21]. Based on fa-
cies changes, the Zagros fold-thrust belt divided to Lurestan basin (Northwes-
tern of Zagros), Khuzestan basin (Central Zagros) and Fars basin (Southeastern
of Zagros) from Northwestern to Southeastern. The study area is located in the
Fars basin and this area belongs to the Fars basin. This Basin has three parts
contain the Interior Fars, External Fars and Bandar Abbas hinterland. The Ex-
ternal Fars has subdivided; Costal Fars and Sub-Costal Fars [20]. Based on geo-
logical facies units perpendicular to the Zagros belt, the Fars geological province
in this belt has divided into the Interior Fars, Sub-Coastal and Coastal Fars
sub-basins [20]. According this case, the study area is located in the Coastal Fars
sub-basin or Fars Platform (Figure 2, Figure 3). The significant geological cha-
racteristics in the Fars area are:

e The Fars area has platform conditions based on sedimentary facies and stra-

tigraphic characteristics. This case has caused continuity of Arabian base-

ment from the Qatar to the Fars area. This part has been entitled the Gav-
bandi Paleo-high [20].
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Figure 2. The study area and location of anticlines, salt plugs and maim faults.
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Bonab, 2013 [21]).

e The anticlinal structures have various trends such as Eastern-Western,
Northwestern-Southeastern and some of these anticlines have Northeastern-
Southwestern trend. The basement faults activity have caused or rotated of
Arabian plate to Iranian plate on the structures trends. The folding pattern in
the Fars area has concentric style. In this area, main decollement unit is
Hormoz series and minor decollements are the Dashtak Formation evapo-
rites, Gurpi and Pabdeh Formation Shales.

The Khaftar and Karbasi anticlines are located in the Interior Fars region (Fa-
sa area). Trend of the Khaftar anticline has three orientations consisting North-
Northeast, East-West and South-Southwest. This anticline is bounded from
north by Kuh-e Qazi anticline, from north-northeast by Qutbabad anticline,
from south-southeast by the Karbasi anticline and from southwest by Sim anti-
clines (Figure 2). The trend of the Karbasi anticline is N60°W. This anticline is
bounded from south by the Chaghal, from southwest by the Noura, from north-
northeast by the Khaftar and from north-northeast by the Jahrom anticlines
(Figure 2). The Karbasi anticline is an elongated structure with 40 km length
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and 7.5 km width in the Asmari horizon. The Khaftar anticline is an asymmetric
structure with 45 km length and 12.5 km width in the Asmari horizon on the

surface (Figure 4).

4. Evaluation of Hydrocarbon Potential in the Jahrom Area

The Zagros fold-thrust belt is located in the Alpine-Himalayan mountain belt
that has been created by the collision of the Eurasian plate with Arabian plate
[1]. Focus of multiple source rocks and very rich in organic matter, porous and
permeable reservoir rocks with good cap rock in this area has provided unique
conditions for the production and accumulation of hydrocarbons in the region
[2]. Fars region is part of the Zagros simply folded sub-basin that has about 15
percent of the world's gas reserves [22]. In this study, the Nezamabad fault effect
on deposition of formations in the external Fars region was chosen as a case
study. Then with providing the Isopach maps for source, reservoir rocks and cap
rock in the external Fars region to identify the Nezamabad fault effect and basin
modeling during deposition of the formations, being successful, being economic
and or non-economic of drilling in anticlines adjacent the fault will be discussed.
The source rock, reservoir and cap rock as key factors are considered in the ex-
ploration of hydrocarbon resources. Therefore, that accurate recognition of each
of them, along with the changes occurred, causing different functions. Therefore,
that it can cause changes and evolution of the nature of a hydrocarbon system.
Such as effective parameters, it can be noted that the activity of basement faults

and its effect on hydrocarbon systems. Because of basement faults, can play the

oas

ovi

29°0'0"N

Pk
v

VoS

ok

MuPlaj

h O

o

Wi

Oas’

MuPlaj

z
N

Qt Legend

Qt )  Exploration Well

- Salt Plug

——— Stream

Main Fault

l:l Lake

l:l Plbk :Pliocene ,Bakhtiyari Formation

|:| MuPlaj :Miocene-U.Pliocene ,Aghajari Formation
I:l Mmn :Miocene ,Mishan Formation

I:l OMr :Oligocene-Miocene ,Razak

:] Mgs :Miocene ,Gachsaran Formation

l:l MPIfgrp :Miocene-Pliocene ,Fars group

l:l OMas :Oligocene-Miocene ,Asmari Formation
I:l Eja :Eocene ,Jahrum Formation

I:l EOas-ja :Eocene-Oligocene ,Asmari-Jahrum Formation

esa

sl

: ,@%%m

EOasia

aftar Apg;,

MoPlaj &

:] Kgu :Cretaceous ,Gurpi Formation

I:l PeEsa :Paleocene-Eocene ,Sachun Formation

- Ktb :Cretaceous ,Tarbur Formation

- Ksv :Cretaceous ,Sarvak Formation

- KEpd-gu :Cretaceous-Eocene ,Pabdeh-Gurpi Formation
- Kbgp :Cretaceous ,Bangestan group

- JKkgp :Jurassic-Cretaceous ,Khami group

:] Qt :Coarse and ?ne grain Alluvium

ey

i Pk

o )

EOasia

owr

Qt

i T T T T T T T T 1
i 60 Kilometers

Figure 4. Geological map of the study area.
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role constructive or destructive in the production and accumulation of hydro-
carbons. Based on these case, in this research we have investigation of the Evalu-
ation hydrocarbon potential in the Jahrom area by prepared Isopach maps of the

Jahrom area and interpretation these maps via exploration well data.

4.1. Dalan and Kangan Formations

The Dalan Formation with Upper Permian age is as the important reservoir ho-
rizon in the Fars area of the Zagros fold-thrust Belt. In the study area, thickness
of this formation varies from 760 m to 800 m especially in the Khaftar and Kar-
basi anticlines. According to thickness variations Isopach map of the Dalan ho-
rizon, it seems that the Nezamabad fault has been inactive at the time of upper
Permian as the main fault in the study area (Figure 5).

The Kangan and Dalan formations have created a reservoir horizon of the
Dehram is known as Gas rich reservoir in the Fars province. According to stu-
dies, the thickness of this formation is the same in the Isopach map anticlines
Karbasi and Khaftar. It seems tectonic processes have been inactive during Kan-
gan sedimentation of the Formation and in the Early Triassic time. Accordingly,

also the fault has been not Nezamabad activity in the area (Figure 5).

4.2. Dashtak Formation

The Dashtak formation is as significant cap rock, for Dehram Groups reservoirs
in the Fars area. Thickness of this formation in the study area has been increased
from West to East. According to the curves of Isopach map, which are as
non-parallel to the Nezamabad fault, it seems that this fault has not been acti-

vated at Middle Triassic time (Figure 5).

4.3. Surmeh Formation

The Surmeh Formation (Upper Middle Jurassic) there is a wide range distribu-
tion in the Fars area. This formation in the study area has variations thickness
from 760 to 900 meters. The maximum and minimum thickness of this forma-
tion exists in the northwestern part of the Khaftar anticline and in the southeas-

tern part the Karbasi anticline (Figure 5).

4.4, Hith Formation

It seems that activity the Nezamabad fault has been begun from Jurassic and
continued to Jurassic Late. Probably active faults and tectonic processes has led
to uplift of the basin has been provided in the anticlines Karbasi and Khaftar and
conditions of accumulation evaporite sediments and sedimentation of the For-
mation Hith. The Curves Isopach parallel with the fault the Nezamabad within
Khaftar and Karbasi anticlines can be indicative of fault activity Nezamabad
(Figure 6).

4.5. Fahlian Formation

Based on prepared Isopach map, Fahlian Formation thickness has been in-
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creased from south to north and to the northeast (Figure 6). The Northeast of
the study area has a maximum thickness of this formation and it seems that ba-
sin has been located in the deeper part of the study area. According to Isopach
map, Isopach curves is non-parallel with the Nezamabad fault, therefore, it
seems that the Nezamabad fault has been inactive at the time of deposition of

Fahlian formation (Figure 6).
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Figure 6. Isopach maps of formations in the study area, the Khaftar and Karbasi anticlines (from Upper Jurassic to Lower
Cretaceous (Aptian): (A) Isopach Map of the Hith Formation (Upper Jurassic); (B) Isopach map the Fahliyan Formation (Lower
Cretaceous, Neocomian); (C) Isopach map of the Gadvan Formation (Lower Cretaceous, Barremian); (D) Isopach map of the
Surmeh Formation (Lower Cretaceous, Aptian).

4.6. Gadvan and Dariyan Formations

The Gadvan Formation with Barmiyan ageis considered the source rock for Da-
riyan horizon. Based on Isopach map, it seems that the basin has been condi-
tions similar depth during deposition of this formation in the Khaftar and Kar-
basi anticlines. Therefore, the Nezamabad fault fault is has been inactive Neza-

mabad (Figure 6).
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4.7.Kazhdomi, Sarvak, Laffan and Ilam Formations

The Nezamabad fault inactivity has been continued during the sedimentation
Kazhdomi and Sarvak formations. However, the reactivation of the Nezamabad
fault has been begun in the Upper Cretaceous (Coniacian Stage and Santonian
Stage). In the study area, activity fault atthis timehas been led to variation thick-
ness of the Laffan and Ilam Formations. The thickness Curves in the Isopach
map is parallel with trend of the Nezamabad fault and changes in thickness
around this fault can be attributed to activity of the Nezamabad fault begun in
the Upper Cretaceous (Coniacian Stage and Santonian Stage) (Figure 7).
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Figure 7. Isopach maps of formations in the study area around the Khaftar and Karbasi anticlines (from Lower Cretaceous
(Albian) to Upper Cretaceous (Santonian) : (A) Isopach Map of the Kazhdomi Formation (Lower Cretaceous, Albian); (B)
Isopach map the Sarvak Formation (Upper Cretaceous, Cenomanian); (C) Isopach map of the Ilam Formation (Upper
Cretaceous, Coniacian); (D) Isopach map of the Laffan Formation (Upper Cretaceous, Santonian).
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4.8. Pabdeh and Gurpi Formations

The Pabdeh Formation with Paleocene-Eocene age has changes in the study area
and thickness from 100 to 200 meters. The Gurpi Formation (Campanian age-
Maestrichtian) has a thickness variation from 150 meters to 400 meters. Based
on Figure 8, toward the north, the thickness of the Gurpi Formation has been
increased. Based, Isopach maps of the study area (Figure 8), thickness variations
of the Pabdeh and Gurpi formations have not observed gradually and sudden
changes in the thickness of these formations besides the Nezamabad fault.
Therefore, it seems that, the Nezamabad fault has not activity in this timescales
mentioned above and has not effect on the structure and hydrocarbon potential
of the Khaftar and Karbasi anticlines. Based on the prepared Isopach maps may
be tectonic process and the Nezamabad fault have been inactive during sedi-
mentation of the Pabdeh and Gurpi Formation (Figure 8).

5. Conclusions

e The Nezamabad fault has been lacked of activity at the deposition time of the
Dalan, Kangan, Dashtak, Fahliyan, Gadvan, Dariyan, Kazhdomi, Sarvak,
Gurpi and Pabdeh formations within the Khaftar and Karbasi anticline area.
Accordingly, changes in basin floor, at the time of sedimentation these for-
mations has not been affected by the Nezamabad fault.
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Figure 8. Isopach maps of formations in the study area around the Khaftar and Karbasi anticlines (from Upper Cretaceous
(Campanian-Maastrichtian) to Paleocene): (A) Isopach Map of the Gurpi Formation (Upper Cretaceous, Campanian-Maas-
trichtian); (B) Isopach map the Pabdeh Formation (Paleocene-Eocene).
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e Probably the Nezamabad fault has been activated during deposition of the
Surmeh, Hith, Laffan and Ilam formations and in this area paleo-basin has
been controlled by this fault. In other words, it seems that, activity of the
Nezamabad fault in this area have been limited to Jurassic and Cretaceous
periods (Coniacian and Senomanian). This can means that in this periods
time, the Nezamabad fault have been active sedimentation along with tec-
tonic processes and activities affected on thickness of the Surmeh, Hith, Laf-
fan and Ilam formations.

It seems that, Paleo-basin in the study area in the northern part has been un-
der the influence of tensile forces and in the southern part by compressional
force after uplift and sedimentation Hith formation. Possibly, with the compres-
sion force, sedimentation formation Gadvan has been continued in the relatively
deep of the basin and continuity of operation of compression force has been
created relatively deep conditions in the study area. Assuming proper expansion
of organic matter in the basins of the study area is probably provided suitable
conditions for source rock formation Gadvan. In the northern part of the study
area, basin subsidence during sedimentation formations Kazhdomi and Sarvak
probably has a positive effect on Hydrocarbon potential in the formation Gad-
van Khaftar. However, it seems that Nezamabad fault activity, has been changed,
Gadvan Formation hydrocarbon potential in the Khaftar.

The Kazhdomi Formation placed in relatively deep to support in this area
could be the source rock properties in this formation. It seems that the Nezama-
bad fault and operation of uplift of the area, along with cropping out of the
Khaftar salt plug in Khaftar anticline has led to outcropped Group Bangestan.
Therefore, in general, it seems that the Bangestan reservoir horizons have no
value in this area from hydrocarbon potential.

Finally, it seems that the Nezamabad Fault activity has been affected on the
source rock, reservoir rock and cap rock and then controlled distributing of hy-
drocarbon system of the study area in the Khaftar and Karbasi as anticlinal oil
traps.
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