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Abstract

Bai Hassan Oil field is considered one of the important north Iraq oil fields. The
giant oil field of Bai-Hassan is located near Kirkuk City in North Irag. The field
consists of two domes (in SE — NW direction) Kithka Dome and Dauod Dome
separated by a narrow saddle called Shashal saddle.
The current study is focused on microfacies analysis to interpret the stratigraphic
sequence of the Palani Formation (early — lower Oligocene age), Baba, Bajawan and
Tarjil Formations (middle Oligocene age).
The Bajawan Formation consists basically of five microfacies easily recognizable
throughout the thin section. These microfacies are Lime Mudstone Microfacies,
Miliolid Packestone Microfacies, Miliolid Grainstone Microfacies and Dolostone
Microfacies. The Baba Formation comprises four microfacies: Rutalia - Nummulites
Packstone Microfacies, Coral Boundstone Microfacies and Dolostone Microfacies.
Two microfacies have been recognized in Tarjil Formation, these are Lime Mudstone
Microfacies and Planktic foraminiferal packstone microfacies. In addition to two
microfacies within Palani Formation are Lime Mudstone and Planktonic foraminifera
Wackstone Microfacies.
The depositional environment of the studied formations and the analysis of their facies
components showed that they were deposited within the three parts of the ramp
environment, where the Palani Formation was deposited in the deeper part from the
outer ramp during TST and HST stages, while the Tarjil Formation was deposited at
the distal part of upper slope area from middle ramp environment during HST stage.
The Baba Formation was deposited on the swelling parts of the approximal part for
the middle ramp at the lower part (TST), and it was reached separately by MFS from
the distal part of inner ramp sediments which were deposited during HST as two
cycles. The Bajawan Formation with its two parts was deposited at the approximal
part from the inner ramp environment during the early and late HST stage.

Keywords:- Macrofacies Analysis, Sequence Stratigraphy, Oligocene formations,
Bai Hassan oil field
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1. Introduction

Iraq is considered one of the greatest countries - rich with hydrocarbon in the world most of
the Qil reservoir is located in Cretaceous and Tertiary rock units. Tertiary rocks are divided into
many sedimentary cycles. The Oligocene sediments are distributed relatively in Iraq a restricted
area, and also reduced in thickness [1].

The Oligocene is less represented than the Eocene. It occupied a limited area, located mainly
within the Mesopotamian [2]. The formations of the Oligocene are separated by break and
unconformity from both the underlying Eocene and Paleocene and the overlying Miocene.

The sequence of Oligocene carbonate is called the Kirkuk group comprises nine formations
(Anah, Azkand, Ibrahim, Bajawan, Baba, Tarjil, Shurau, Sheikh Alas and Palani) distributed
within upper, middle and lower Oligocene [3].

Bai Hassan Oil Field is considered one of the important northern Iraqg oil fields, the giant oil
field of Bai-Hassan is located near Kirkuk in North Iraq (Fig.1.1). The field has been discovered
in 1953 by the Iragi Oil Company (IPC) and having come on production in 1960 [4]. The
structure of the field is about 40 km long and about 3.5 km wide and consists of a longitudinal,
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sinusoidal, asymmetrical anticline. The southern limb of the structure is steeper and its slope is
about 37°-65° while the eastern limb slope is about 22°-35° [5].

The Oligocene rocks in Iragq were divided into the early Oligocene age which includes Shura,
Sheikh Alas, and Palani successions, while the middle Oligocene succession includes Bajawan,
Baba, and Tarjil successions, and the late Oligocene sequence includes Anah, Azkand, and
Ibrahim successions [6].

The Bai-Hassan small giant oil field is located geographically northwest of Kirkuk- northern
Iraq in the low folded zone according to [7] or zone of Hamren — Makhool according to Buday
and Jassim [8], which is an Unstable Shelf Zone (Figurel). Structurally, the oil field is
asymmetrical elongated anticline extended for 40km in length and 13.5km in width in-between
Kirkuk and Qara Chaug anticlines.

The field consists of two domes (in SE — NW direction) Kithka Dome and Dauod Dome
previously separated by a narrow saddle called Shahal saddle, Kithka dome is bigger in size
and higher structurally by (335m) than the Dauod dome.
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Figure 1: Location and structural map of the Bi Hassan oil field
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2. Methods of work
2.1 Preparation works:

In the current study, it has been viewed on the final reports of the oil wells that penetrated
the Oligocene rocks in Bi Hassan Oil Field to choose the best wells which have considerable
thickness, lithology, stratigraphy, structure and logs available of these wells.

Three oil wells have been chosen and (250) thin sections of samples cover all formations at the
Bai Hassan structure in the Kirkuk area (North Oil Company).

2.2 Practical work

The selected thin sections of Oligocene succession have been studied in North Oil Company
laboratories by using the polarized microscope. It has been described petrographically for facies
interpretation and classification and also to indicate the important digenetic processes which
lead to the determination of the depositional environments and construction of the model of
sedimentation, where the number of slides for wells Bh-20, Bh-92, and Bh-122 about 350 slides
are chosen.

3. Geological Settings
3.1 Tectonic Setting

This Megasequence is associated with the collision of Neo-Tethyan terrains along the north
and east sides of the Arabian Plate, resulting in the folding and thrusting of the Neo-Tethyan
terrains. Co-incident was the opening of the Gulf of Aden and the Red Sea, accompanied by
thermal uplift, flood basalts, and rifting on the south and west sides of the plate. The Gulf of
Aden opened first during the Oligocene time, followed by the Red Sea in the early Miocene [9,
10].

There is more than one classification of tectonics in Iraq: according to Sharland et al., [11]
Iraq is divided tectonically into three different areas: Stable Shelf, Unstable Shelf and the
Zagros Suture (Figure 2). The Zagros Central Faulting Zone is characterized by a thick
sedimentary cover (as much as 13 km thick) and well-developed folding formed by long,
narrow, NW-SE trending anticlines separated by broad, flat synclines. Several major
commercial oil fields are situated in this area, including Kirkuk, Bai Hassan, and Jambur [12].
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Figure 2: Tectonic subdivision map of Iraq [13].

Bai Hassan Oil Field has extended previous mapping to include associated fault frameworks
consisting of an imbricate front thrust and back thrust fault set within each of the two structures;
in addition, northeast-southwest trending tear faults are present within the Bai Hassan structure
to accommodate differential fault movement on the separate and loosely coupled lateral thrust
sheet segments comprising the front and back thrusts age [14].

Bai Hassan Oil Field is one of several elongated, asymmetrical, doubly plunging anticlines
that characterize the Foothills Region of the Unstable Shelf Zone in eastern Irag. The northwest-
southeast trending structure measures 34 km long and 3.8 km wide. Bed dips on the flanks are
approximately 40 degrees while the noses plunge at approximately 5 degrees. The dipmeter
data acquired on early wells show local dips of more than 50 degrees that are most likely
associated with faults [8].

The top of the structure is relatively flat with dips less than 10 degrees noted. Two individual
domes separated by a shallow saddle make up the Bai Hassan structure. Kithka Dome is the
larger and more prolific of the two domes. It has a significant surface expression that is easy to
see on remote-sensing images. The Dauod Dome does not have a surface expression, is smaller,
and is less prolific. Consequently, it was not discovered and produced until several years after
production was established on Kithka Dome [8].

The two domes are physically separated by the Shahal Saddle. The Shahal Saddle is likely
associated with a deep-seated, axis perpendicular, extension fault that was reactivated and
influential in the general structural development of the Bai Hassan oil field during Miocene
compression and folding. It is also likely that the structure is still in compression today [8].

Two distinctly different periods of tectonism are responsible for the creation of the present-
day structure and resulting stratigraphy. Early pre29 Tertiary rifting caused by extension of the
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Arabian and Eurasian plates created a graben system of normal faults and basement fault blocks
that were covered with a thick succession of platform carbonates. The onset of compression in
the early Tertiary resulted in the closing and shallowing of the ancestral Cretaceous seaway [8].

3.2 Stratigraphic setting

The Kirkuk Group represents a major part of the “Main Limestone” (Middle-Upper Eocene
and Oligocene). The term “Main Limestone” is an informal term introduced to indicate the first
main oil pay zone of the Kirkuk structure. nine Oligocene formations of the Kirkuk Group that
occur in the Kirkuk structure [1, 14, 15] are the Shurau, Sheikh Alas, Palani, Bajawan, Baba,
Tarjil, Anah, Azkand and Ibrahim formations in one stratigraphic package (Figure 3). The
absence of certain formations of the Kirkuk group may reflect the palaeo-configuration of the
basin [16]. However, because Kirkuk Group formations existed in Folded Zone “HFZ” will be
missing usually.

The Middle-Late Eocene basin is represented by a transgression stage with high subsidence,
where the sea level had been raised and covered the northeastern and eastern parts of the
Mesopotamian basin by deep-sea deposits (Jaddala Formation) [17]. This succession was
underlying the Oligocene which was described by [18] as marly limestone with planktonic
foraminifera in the southeastern part of the Mesopotamian basin center during the transgressive
and highstand conditions.

Tertiary formations are the most widespread deposit on the surface and in the subsurface section
throughout almost all the structural units of Iraq. However, the Tertiary sediments have a small
areal extent in the high folded, Imbricated and northern thrust zone unit. The studied formations,
therefore, have various facies and include typical eugeosyniclinal sediments, molasses and
sediments of the platform cover. The Tertiary group can be divided into individual sedimentary
cycles. Ditmar et al., [19] situate the boundary between the two main development stages of
Irag on the lower and middle Eocene boundary, considering the middle Eocene-Quaternary
periods as on a bigger sedimentary cycle, corresponding to the late and post geosynclinals
development stage. The following cycles were established:

a. Paleocene — lower Eocene.

b. late Lower Eocene — upper Eocene.

c. Oligocene.

d. lower and middle Miocene.

e. upper Miocene — Pliocene.

f. Quaternary.
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Figure 3: Stratigraphic section shows the Tertiary sequence of Iraq appeared as a natural
boundary (modified by [20])

The Oligocene period is marked by the uplift and first folding of the Tertiary eugeosyncline
and by a well-expressed regressive phase on the shelf.

There are now some problems concerning the stratigraphy of the Oligocene and
consequently the boundaries of the cycle too. Bellen [1] introduced a tripartite vertical and
horizontal division, claiming the precent of lower, middle and upper Oligocene, each of them
is in three facies i.e., backreef/reef, forereef and basinal facies. backreef/reef (Bajawan
Formation) and forereef (Baba Formation) Originally the succession was introduced by [14, 1],
the Shurau, Sheik Alas, and Palani formations are of Early — Lower Oligocene age Baba,
Bajawan and Tarjile Formations of the middle Oligocene age and Anah, Azkand and Ibrahim
Formations of late — upper Oligocene (Figure 3).

The Baba Formation, on the other hand, consists of soft fossiliferous, dolomitic limestones.
The Formation is characterized by the dominance of large Foraminifera Lipidocyclina, Large
Mollusks, and Echinoid [6], The Bajawan Formation was defined by [1] it comprises tight
backreef miliolid limestone alternating with porous, partly dolomite, The upper boundary is
unconformable with overlaying Basalt Fars Conglomerate (Lower Fares) formation in all wells.

The lower boundary is conformable with the underlying Shurau Formation in all studied
wells, except well K-152 where unconformable with Tarjil Formation.
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Henson [21] established the original stratigraphy and the reef concept (backreef, reef, forereef
and basin) for this group in the Kirkuk Oil Field. It has been argued by [5] that the Oligocene
succession is bounded by breaks and unconformities at both its lower and upper contacts. It
would be located in the first sequence of Megasequence AP11 and Ng10 [2].

The sequences show lateral facies variations from basinal to the reef and back reef facies
(Table 3). Ditmar et al., [19] modified Bellen’s divisions into only two sequences rather than
three based on lithological and well-log correlation; they arranged the formations into two
sequences: a lower sequence comprising the Palani, Sheikh Alas, Shurau and Tarjil formations
and the upper sequence comprising the Ibrahim, Anah, Azkand, Bajawan and Baba Formations.

4. Microfacies Analysis

The description of carbonate rocks of Kirkuk Group formations is according to the carbonate
rocks classification by Dunham [22] and modified by Embry and Klovan [23], (Figure 4).
Microfacies determination from Bajawan, Baba, Tarjil and Palani Formations based on
sedimentological features and skeletal and non-skeletal components. Four carbonate
microfacies are distinguished from Bajawan Formation and two microfacies are described from
Baba Formation and four in both Tarjil and Palani Formations. These Facies associations are
compared with the models of standard microfacies and depositional environment belts of
carbonates proposed by [24, 25].
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Figure 4 : Classification of carbonate rocks [22], and modified by [23].

4.1 Microfacies of Bajawan Formation
Bajawan Formation consists basically of five microfacies easily recognizable throughout the
thin section, these microfacies are:

4.1.1 Lime Mudstone Microfacies

This facies is composed mainly of micrite and shells of fossils<10% according to Dunham
[22]. The thickness of this facies ranges between 5 and 10 m. It is found in the upper and lower
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part of the Bajawan Formation in well BH-20, and BH-92. This microfacies is similar to
standard microfacies (SMF19) that are deposited in the facies zone (FZ-8) according to [24,
25].

4.1.2 Miliolid Packestone microfacies

This facies is composed of imperforate foraminifera (miliolids, peneroplids) and other
benthic foraminiferas. In addition, Rotalia is composed of dense lime wackestone This facies
occurs at the upper and lower parts of the Bajawan Formation in all studied wells at a thickness
of about 5 — 15 m. The main facies in the Bajwan Formation is miliolidae wackestone to
packstone. They are associated with benthic foraminifera and echinoid fragment(pl,1/E&F).
This facies appears in all the studied wells ( BH-92, BH-122 and BH-20 ). It was deposited in
a semi-restricted marine environment (back-reef facies). The presence of a large number of
imperforate benthic foraminifer tests suggests that this microfacies is similar to standard
microfacies SMF-12 of [25], that deposited in the facies zone FZ-5.

4.1.3 Dolostone microfacies
This microfacies is characterized by dolomitized limestone which appeared in two wells
(BH-122, BH-20 and BH-92) with a thickness of about 5-15m.

IR AR IR ] wh
P N O O Y B, (RS,
1. Lime mudstone - BH-20, depth 1380m, X10
2. Miliolid Packstone - BH-20, depth 1375m, X10

3. Dolostone - BH-20, depth 1385m, X10
4. Miliolid grainstone - BH-20, depth 1405m, X4

4.1.4 Miliolid Grainstone microfacies

This facies is composed of imperforate foraminifera (miliolids). Other common constituents
include benthic foraminifera such as Spirolina Ousteriaca and plisipoda paches. This facies
appeared in the upper part of wells BH-122 and BH-92, Where the thickness of this facies is
about 8-10m respectively.
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4.2 Microfacies of Baba Formation
Baba Formation comprises four microfacies diagnosed by the study of the thin section, these
microfacies are:

4.2.1 Rutalia - Nummulites Packstone Microfacies (RNP)

This microfacies is predominantly composed of lime packstone, which represents the upper,
middle and lower part of the Baba Formation. The predominant grain types are large perforate
foraminifera consisting of, Nummulites, Mesophylum sp., Rotalia , and Archuphylum (pl,2/E).

This facies appeared in all wells, which they consider are the main facies for Baba
Formations and occur in the middle and lower part in different thicknesses of about 10- 40m.
in all studied wells.

Larger foraminifera is typically associated with tropical and subtropical shallow-water
carbonate sediments [26]. They can form a considerable portion of the skeletal debris of reef
and platform environments, It was deposited in the reef to an open marine environment The
limited diversity of plentiful hyaline, large and flat foraminifera such as Nummulite and Rotalia
and the presence of typical open marine, normal salinity and Oligophotic Zone in a shallow
open marine setting [27]. This flattened test shapes suggest that this microfacies was deposited
in the lower photic zone in the distal middle ramp [28, 26, 29, 30, 31, 32, 33]. This microfacies
is similar to standard microfacies [25] that was deposited in the facies zone FZ-7.

4.2.2 Coral Boundstone Microfacies (CB)

It is present as a patch reef which are common in open (non-restricted) lagoons and/or barrier
reef which separated the open marine from a restricted lagoon [34]. This microfacies is
predominantly composed of coral and echinoid fragments, coral is abundant (pl,2/D). This has
appeared in BH-20, BH-92 and BH-122 wells with thicknesses of about 5m and 10m
respectively. Coral, boundstone microfacies is the most abundant microfacies in reef
environment (coral build-up reef facies) as coralline boundstone. The presence of coral refers
to the upper part of a carbonate slope environment in an oligotrophic situation [24, 25]. This
microfacies is similar to standard microfacies SMF-7 of Flugel [25] that was deposited in the
facies zone FZ-5.

4.2.4 Dolostone Microfacies (D)
This microfacies has appeared in two wells (BH92, BH122) with thicknesses of about 50m
- 5m respectively.
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1. Rutalia - Nummulites Packstone -BH-20, depth 1672m, X10
2. Coral Boundstone -BH-122, depth 1370m, X10

3. Dolostone — BH-92, 1605.30

4.3 Microfacies of Tarjil Formation

This formation is composed of 25m of marly limestone in BH-92 and BH-122. The lower
boundary of the Tarjil Formation is unconformable with the underlying Palani Formation (Early
Oligocene) according to [14]. Two microfacies have been recognized in Tarjil Formation.

4.3.1 Lime Mudstone Microfacies (LM)
This microfacies appears in wells BH-92 and BH-122 with a thickness of about 5m.

4.3.2 Planktonic foraminiferal Packstone microfacies (PP)

This microfacies is predominantly composed of lime packstone, which represents the upper,
middle and lower part of the Baba Formation. The predominant grain types are large perforate
foraminifera consisting of Mesophylum sp., (pl,2/E). This microfacies was appeared in two
wells (BH122 and BH92) about thickness(2-5m).

4.4 Microfacies of Palani Formation

This formation appears only in BH-92 with a thickness of about 20m of marly limestone.
The upper boundary of the Palani Formation is unconformable with the overlying Tarjil
Formation (Middle Oligocene) according to [14]. Two microfacies have been recognized in
Tarjil Formation.
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4.4.1 Lime Mudstone Microfacies
This microfacies appears in the middle part of wells BH-92 with a thickness of about 6m.

4.4.2 Planktonic foraminifera Wackstone Microfacies (PWP)
This microfacies appears only in well BH- 92 with a thickness of about 10 m, and it’s
characterized by crowds of planktonic foraminifera.

Plate-3

LF 9
Lime mudstone - BH-92, depth 1661m, X10
Planktonic Packestone - BH-122, depth 1111m, X4
Lime mudstone - BH-92, depth 1695m, X4
planktonic foraminifera wackstone - BH-92, depth 1690m, X10

NS S

5. Sequence Stratigraphy and Depositional Environment Modeling

First of all, we must mention the existence of several facts that characterize the Bai Hassan
Oil Field, which is the overlap among three basic elements in sequence stratigraphy
architecture, these elements are climate, Eustacy (sea level change), as well as accommodation
space which were responsible for the production of the sequence stratigraphy that appeared in
the studied reservoir, this interference was identified through the appearance of four formations
from total nine formations representing the Kirkuk group in the study area. The Oligocene is a
period of coldness. The globe, and what was known as Ice houses appeared, this case was
referred to by many references such as [35, 36, 37], which were inferred by the disappearance
of plankton foraminifera in contrast to the increases in the number of benthonic foraminifera.

The depositional environment of the studied formations and the analysis of their facies
components showed that they were deposited within the three parts of the ramp environment,
where the Palani formation was deposited in the deeper part from the outer ramp, while the
Tarjil Formation was deposited at the distal part of upper slope area from middle ramp
environment. The Baba Formation was deposited on the swelling parts of the approximal part
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of the middle ramp, and it reached a distal part of the inner ramp. The Bajawan Formation with
its two parts was deposited at the approximal part from the inner ramp environment (Figure 5).
The ramp depositional environment of studied formations from nearby Kirkuk Oilfield was
suggested by [38], and also from the Zagros basin of Iran by [39].

Bajawan Fm, Baba Fm, Tarjil Fm. Palani Fm.

Basin /
Deeper intra-shelf

Shoreface
inner ramp

Slope /
Outer ramp

Normal wave base

Storm wave base

Packstone, Boundstone Benthonic Mudstone,
Grainstone, foram Wackestone,
Mudstone and Packstone Planktonic
Dolstone foram
Packstone

Figure 5 : Depositional environments models for studied succession.

The influence on the climate in the study area was not rapid and not sudden changes, the
evidence for this is the presence of Palani formation at the Daoud area, in the lower part of
which an MFS (Figure 6) as a sequence boundary type three was distinguished at the end of
TST stacking pattern, this boundary characterized by the accumulation of planktonic
foraminifera, while this boundary did not appear at either Shashal or Kithka area respectively
because Palani Formation is an absence at the two areas, also it should be noted that the basinal
character formation from Kirkuk group appears at Kirkuk oilfield adjacent to the studied
oilfield, as well as some of these formations disappear at Khabaz oilfield, which is an oil field
adjacent to the Kirkuk Oil Field [38, 40]. This evidence shows that the influence of the climate
(Icehouse) was not significant at the early Oligocene in the study area, at least, but its effect on
the sea level was very clear. Therefore, it was found a mix of an accumulation from a very small
number (at Daoud area) of planktonic foraminifera with an increased number of benthonic
foraminifera in the Tarjil Formation, and the planktonic foraminifera disappeared.

The Tarjil Formation at Daoud and Shashal areas is characterized by large benthonic
foraminifera and represents the HST pattern (Figures 7 & 8), this disappearance of planktonic
foraminifera from the sediment of the Tarjil Formation refers to the fact that the effect of
Icehouse was at its pears and the disappear Tarjil Formation at Kithka area refer to no available
positive accommodation. The Baba formation revealed a different pattern from system tracts
(Figure 5-28) in the three parts of the study areas the response to the interaction between the
change in sea level to the two facies of accommodation either positive and negative face, both
factors affected by the tectonic subsidence or uplift, the tectonic subsidence helped. in the
presence of the TST Pattern with two types of sequence boundary.

The growth of Patches of coral in the higher parts of the basin at the late HST due to the
instability of basin topography as a response to the tectonic effect at the Daoud area, which
represents the deeper part of the studied area. The Shashal and Kithka areas which represented
the shallow parts compared to the Daond area revealed an HST pattern, and the growth of Coral
Patches and accumulation of large benthonic foraminifera, with the complete disappearance of
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planktonic foraminifera, this disappearance was not due to Icehouse, but due to the instability
of the sedimentary basin. With the development of the sedimentary basin at fate Oligocene
under tectonic instability influence and its different topography produces as well as the
influence on the sea level, also with the end of Icehouse effect on the study area the sediments
of the Bajawan Formation were deposited at the three parts of the study area. The Daoud and
Kithk areas characterized at the early LST pattern by packstone microfacies as well as
dolostone, those two facies were improved the reservoir quality at the lower part of the Bajawan
Formation, while the late HST Pattern was responsible for Shashal and Kithka areas from the
improve the reservoir quality through the packstone microfacies as well as dolostone, with the
late LST pattern the Shashal area characterized through the grainstone, while, the Kithka area
characterized by mudstone in addition to grainstone microfacies, also Daoud area revealed the
same two microfacies.

The similarity between the distribution of the same microfacies at the Kithka and Daoud
areas refers to the fact that the Shashal area was higher than these two areas which means that
the Shashal area was uplifted at the end of the Oligocene. These differences among the three
parts of the study area toward the tectonic and its responsibility from accommodation
availability as well as the sea level change were continued to the end of the Oligocene due to
compressional tectonics influence on the study area along the Oligocene [41, 42, 35].
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Figure 6 : Reveal the microfacies distribution and stacking pattern at Daoud area within Bai

Hassan oil field (BH-92)
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6. Conclusions

The current study focused on microfacies analysis to interpret the stratigraphic sequence of
the Palani Formation (early — lower Oligocene age), Baba, Bajawan and Tarjil Formations
(middle Oligocene age).

Bajawan Formation consists basically of five microfacies easily recognizable throughout the
thin section. These microfacies are Lime Mudstone Microfacies, Miliolid Packestone
Microfacies, Miliolid Grainston Microfacies, and dolostone Microfacies. The Baba Formation
comprises four microfacies that are diagnosed by the study of the thin section, these microfacies
are Rutalia - Nummulites Packstone Microfacies, Coral Boundstone Microfacies, and
Dolostone Microfacies. Two microfacies have been recognized in Tarjil Formation, there are
Lim Mudstone Microfacies and Planktic foraminiferal packstone microfacies. Two microfacies
that have been recognized in Tarjil Formation are Lime Mudstone Microfacies and Planktonic
foraminifera Wackstone-Packston Microfacies.

The depositional environment of the studied formations and the analysis of their facies
components showed that they were deposited within the three parts of the ramp environment,
where the Palani formation was deposited in the deeper part from the outer ramp during TST
and HST stages, while the Tarjil Formation was deposited at the distal part of upper slope area
from middle ramp environment during HST stage. The Baba Formation was deposited on the
swelling parts of the approximal part for the middle ramp at the lower part (TST), and it reached
separately by MFS from the distal part of inner ramp sediments which was deposited during
HST as two cycles. The Bajawan Formation with its two parts was deposited at the proximal
part from the inner ramp environment during the early and late HST stage.
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