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ABSTRACT

The Aaliji Formation in wells (BH.52, BH.90, BH.138, and BH.188) in Bai Hassan
Oil Field in Low Folded Zone northern Irag has been studied to recognize the
palaeoenvironment and sequence stratigraphic development. The formation is bounded
unconformably with the underlain Shiranish Formation and the overlain Jaddala
Formation. The microfacies analysis and the nature of accumulation of both planktonic
and benthonic foraminifera indicate the two microfacies associations; where the first one
represents deep shelf environment, which is responsible for the deposition of the
Planktonic Foraminiferal Lime Wackestone Microfacies and Planktonic Foraminiferal
Lime Packstone Microfacies, while the second association represents the deep-sea
environment that is responsible for deposition of Lime Mudstone Microfacies. The
sequence boundaries were marked on SB1 surface on the bottom and the top of the
succession while SB2 surface is placed at the top of the sequence (1) as shallowing-
upward beneath deepening upward units. Sequence (1) placed on SB1 surface that
separates the Cretaceous from the Palaeogene successions where it formed outer shelf to
upper-middle bathyal, and comprised the Planktonic Foraminiferal Lime Wackestone
Microfacies as a Transgression System Tract TST deepening-upward ended with
Maximum Flooding Surface MFS represented by Mudstone microfacies in BH.188 Well.
It is followed by the Planktonic Foraminiferal Lime Packstone Microfacies that represent
the Highstand System Tract HST as a shallowing-upward ended by SB2. Sequence (2)
begins with a new Transgression System Tract TST that formed the outer shelf and
bounded with Maximum Flooding Surface MFS. The Highstand System Tract HST that
shallowing-upward which ended by SB1 between the Aaliji and Jaddala Formations.

Keywords:  Aaliji Formation, Bai Hassan, Iraq, Sequence Stratigraphy,
Palaeoenvironment.
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INTRODUCTION

The Aaliji Formation was first described by Bellen (1950) in northwest Syria beside a
supplementary section (Well Kirkuk.109) in Iraq as marl and marly limestone with light
to dark grey color, the lower contact represents a regional unconformity surface with
Shiranish Formation. Al- Omari, (1970) determined the age of the formation as Early-
Late Paleocene while Al-Kassab et al., (1986) showed that the formation belongs to the
Middle Paleocene-Early Eocene. The depositional environment was determined based on
the ostracods accumulation as deep marine within the bathyal zone (Aziz, 1997) during
the Middle-Late Paleocene (Al-Juboury, 2011). Also, the upper contact is an
unconformity surface with Jaddala Formation due to the changing of lithology and
fossils in addition to the occurrence of glauconite and pyrite with an extensive increase in
the gamma-ray log at the top of the formation (Al-Jwaini, 2016). Al-Hyaly and Al-
Badrani, (2019) determined the age of the formation as Middle Paleocene Early Eocene
depending on calcareous nannofossils.

The present research aims to determine the palaeoenvironment and sequence
development of Aaliji Formation in accordance with the microfacies associations and the
nature of planktonic and benthonic foraminifers occurrence.

MATERIALS AND METHODS

Four wells were selected within Bai Hassan Oil Field about 30 Km northwest of
Kirkuk City which is considered as a subsurface anticline extended to northwest-
southeast with the same direction of Zagros Mountain extension between (397000 -
407000) eastern and (3945000 - 3951000) northern in accordance with UTM coordinates
in Hemrin-Makhul Subzone within the Foothill Zone (Jassim and Goff, 2006). The field
is bounded by Kirkuk Qil Field in the east and northeast while is bounded by the Khabaz
structure in the southeast (Map 1).

Forty cutting samples and one hundred thin sections from four wells (BH.52, BH.90,
BH.138, and BH.188) in Bai Hassan Oil Field were chosen for this study. Twenty-five
thin sections were made in the Applied Geology Department, College of Sciences, Tikrit
University, while seventy-five thin sections were lent from the Geology Department in
North Oil Company (NOC). A detailed petrographic examination was made on these thin
sections using a polarized microscope in addition to well logs analysis to determine
microfacies associations, diagenesis process, palaeoenvironment, and sequence
development of the Aaliji Formation.

Petrography
The petrographic description showed that the Aaliji Formation is comprised of many
skeletal grains and non-skeletal grains besides the matrix.

Skeletal grains are mainly represented by well preserved, small-sized, thin-walled, and
light-colored planktonic foraminifera like: Morozovella, Acarinina, Subbotina,
Globorotalia, and logarina. Sometimes benthonic foraminifera such as Anomalinoides,
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Lenticulina, Cibicidoides, Rosalia, and Textularia are found with large size, thick walls,
and compacted chambers relative to the planktonic foraminifera (Pl. 1A). In addition,
rare well-preserved ostracoda and different bioclasts are existed (Pl. 1B). Non-skeletal
grains are not recognized within Aaliji Formation.
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Map (1): Location map and tectonic setting of study area (Al-Juboury, 2011).
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Plate (1): (A) Planktonic foraminifera Morozovella (red arrow) and biserial fossil
with pyritization (white arrow), BH.138, Depth (1624 m), 20x, (B)
Ostracods with micritic matrix, BH.52, Depth (1172-1173 m), 20x. (C)
Authigenic minerals glauconite (red arrow) and pyrite (yellow arrow) with
intraparticle porosity (white arrow), BH.52, Depth (1154-1155m), 20x.

Some pyrite was recognized filling pores and shells in all studied wells (PI.1C),
whereas some glauconite was recognized concentrated on the upper limit of the
formation associated with pyrite with increasing gamma-ray log in wells BH.52, BH.138,
and BH.188, which may indicate an unconformity surface (Pl. 1, Diag. 1). The matrix is
represented only by fine-grained carbonate (micrite) with dark brown color which
indicates low energy depositional environment. Finally, the Aaliji Formation carbonates
are consisting of mud-supported textures like lime mudstones and wackestones.

RESULTS AND DISCUSSION
Microfacies associations
The Aaliji Formation carbonates were classified using Dunham (1962) classification.
Two microfacies association were distinguished in the studied succession each
representing a distinct depositional environment; they include deep sea and deep shelf
environments as shown below:

Deep shelf environment
This environment is represented by two microfacies; planktonic foraminiferal lime
wackestone microfacies, and planktonic foraminiferal lime packstone microfacies. The
planktonic lime wackestone microfacies has widespread distribution within the Aaliji
Formation where it is recognized in the lower and upper parts of the formation (Diag.1)
and it formed about (10-40%) of skeletal grains which composed mainly of planktonic
52
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foraminifera such as Subbotina, Morozovella, and Acarinina, in addition to rare
benthonic foraminifera and bioclasts. The skeletal grains are distributed within a dark
brown micrite matrix (P.3A). This microfacies is affected by many types of diagenesis
process like compaction (mechanical and chemical), cementation like blocky cement,
and pyritization filling the shells of foraminifera (Pls. 2 A, B). The percent of planktonic
foraminifera to the total assemblages foraminifera (planktonic and benthonic) has been
calculated to be about 70-80%, which mean that this facies was deposited in the outer
shelf- upper bathyal environment with depth between (150-300 m) (Gibson, 1989; Haq
and Boersma, 1998). The planktonic lime packstone microfacies has restricted
distribution and is found only within the lower part of the formation above the
Planktonic Foraminiferal Lime Wackestone Microfacies (Diag. 1); and it essentially
comprised from planktonic foraminifera with spherical chambers, such as the genus
Subbotina and Acarinina in addition to rare shells of benthonic foraminifera and
bioclasts. This microfacies contains glauconite mineral that distributed within the micrite
matrix. In addition, microspar and pyrite appear filling the shells of planktonic
foraminifera (P1.2D). The percentage of planktonic foraminifera/total assemblage of
planktonic and benthonic foraminifera in this microfacies reaches 90%, which indicates
deposition within the middle-upper bathyal with depth about (200-800 m) (Gibson, 1989;
Alegret and Thomas, 2001).

Deep-sea environment

This association is characterized by the lime mudstone microfacies which occurs in the
middle parts of the formation ( Diag.1) and it essentially consists of dark brown micrite
with a low percentage of skeletal grains (less than 10%) that mainly composed of
planktonic foraminifera in addition to some benthonic foraminifera and bioclasts.
Dolomitization with subhedral and euhedral rhombs is the most affected diagenetic
features on this microfacies (Pls.2C, 3F). The planktonic/total foraminifera accumulation
percent is about (60-75%) which indicates that the microfacies was deposited within the
outer shelf environment with a depth ranging between (100-200 m) (Gibson, 1989).

53



Sequence stratigraphy and paleoenvironment

Microfaceis | Dee Deep
Age |Fm. | Depth Lithology p
£t IG| shelf | Sea
(m) Jo 50,100 VI WP |G _
T
=
“ o
2 | 38
..A.A A*
~AAEAAA 1605
- 1610
o - 1615
[=
@
(8]
(o]
w [~ 1620
. =
- 2
{ [ —
=
2 | E es
2 S
o =
Q2 e,
s | & [ 1630
Q =
-
[~ 1635
[~ 1640
™ 1645
~AAPAA 1650
- | =
z | 58
s | %[ 1655

Diagram (1): Microfacies and depositional environment of Aliji Formation in
BH.52 Well.
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Plate (2): (A) Planktonic foraminiferal lime wackestone microfacies with micritic
matrix and planktonic genus Morozovella with molded pyrite, BH.90,
Depth (1250-1252m), 20x.; (B) Planktonic foraminiferal lime wackesone
microfacies with micritic mass ground and Rotalia, BH.188, 20x.; (C)
Lime mudstone microfacies, BH.52, Depth (1164 m), 20x.; (D) Planktonic
foraminiferal lime packstone microfacies with extensive dolomitization
BH.52, Depth (1175- 1176m), 20x.; (E) Planktonic foraminiferal lime
packstone microfacies with planktonic foraminifera and micritic matrix,
BH.188, Depth (1310m), 20x.; (F) Planktonic foraminiferal lime
packstone microfacies with Morozovella affected by micritization (red
arrow) and cementation (yellow arrow) and biserial (blue arrow), BH.52,
Depth (1172-1173m), 40x.
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Plate (3): (A) Micritization in Planktonic foraminiferal lime wackestone microfacies
(white arrows), BH.52, Depth (1157-1158m), 20x;(B-) Blocky cement in
Planktonic foraminiferal lime wackestone microfacies, BH.90, Depth
(1248-1249m),20x; (C) Fractures generation (white arrow) and fossils
deformation (red arrows) due to mechanical compaction in Planktonic
foraminiferal lime packstone microfacies, BH.52, Depth (1172-1173m),
20x; (D) Hummocky stylolite due to chemical compaction (red arrows)
and cementation by blocky cement in Planktonic foraminiferal lime
wackestone microfacies, BH.52, Depth (1180m), 20x; (E) Deformed
planktonic foraminifera with diagenetic features include fracturing due to
mechanical compaction (red arrow), cementation (blue arrow),
silicification (grey arrow), and precipitation of authigenic minerals of
pyrite (yellow arrows) and glauconite (white arrow) in Planktonic
foraminiferal lime wackestone microfacies, BH.138, Depth (1604 m), 40x;
(F) Benthic foraminifera with a euhedral crystal of dolomite in Planktonic
foraminiferal lime wackestone microfacies, BH.138, Depth (1604 m), 40x;
(G) Silicification (yellow arrow) and pyritization (red arrow),
BH.52,Depth (1153-1154 m), 20x.; (H) Silicification (yellow arrow) and
glauconite (white arrow), BH.138, Depth (1604m), 40x.
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Palaeoenvironment
In the current study, two palaeoenvironments of the Aaliji Formation were concluded

depending on classification of environments by Koutsokos and Hart (1990) (Diag.1). As
it is known that various species of foraminifera coexist within deep or shallow
environments where the planktonic foraminifera are abundant in deep water
environments in contrast to benthonic foraminifera which become abundant in shallow
environments (Keller et al., 2007) and the increasing in the ratio of planktonic /
benthonic foraminifera can give an indicator to the open sea environment (Murray, 1978).
furthermore, benthonic foraminifera can be use as indicator to the depth of environment
because of their sensitivity to the environments changing (Sari et al., 2008).

Aaliji Formation consists of three microfacies: wackestone bearing planktonic
foraminifer's microfacies (the dominant microfacies in the formation), mudstone
microfacies and packstone microfacies where the third one has limited occurrence in the
formation. These microfacies have been associated with different species and genus of
foraminifera such as Morozovella, Acarinina, Subbotina, logarina, Oragonesis,
Globorotalia, Nodosarids and Bolivinids. It is seen that the percent ratio of planktonic /
total of foraminifera reaches to (70-85%) which means that the deposition was taken
place in upper bathyal in deep-sea environments with depth ranging between (200 — 500
m) (Gibson, 1989 and Haqg and Boersma, 1998). In addition, many genera of benthonic
foraminifera have been distinguished in the Aaliji Formation like Anomalinoides,
Lenticulina, Bathysiphon, Cibicidoides, Gyroidinoides, Nuttallides, and Marrsonella;
which refer to deposition in outer shelf within deep shelf environments. Koutsoukos
(1985) showed that the foraminifera of genuses Anomalinoides and Lenticulina are
coexist in outer shelf — upper bathyal environments.

The climate conditions during the period of Aaliji deposition can be concluded from
the high prevalent coexisting of planktonic foraminifera percent ratio especially of both
genera Morozovella and Acarinina which indicated tropic and semi tropic conditions
(Hag and Boersma, 1998) where the percent ratio increased in the low latitude and
decreased in high latitudes (Arenillas and Molina, 1996). Therefore, it can be concluded
that the prevalent climatic conditions during deposition of Aaliji Formation were tropic
to semi-tropic in deep shelf environment and deep-sea environment (Diag. 2).
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Diagram (2): A depositional model of the Aaliji Formation in the studied area.

Sequence Development

The main geological processes that control the formation of sediments are the change
in sea level, the tectonic factor, accommodation, and the preparation of sediments
(Brown and Fisher, 1977; Emery and Myers, 1996). The Aaliji Formation belongs to
AP10 and it consists of two 3" order sequences bounded by two SB1 surfaces in Bai
Hassan oilfield, where the lower boundary that separates between the Cretaceous and the
Palaeogene sequences is considered as a regional unconformity surface. As well as, the
existence of the Palaeogene planktonic foraminifera instead of the absence of the keeled
Cretaceous planktonic foraminifera, and the occurrence of the glauconite and pyrite
authegenic minerals associated with extensive increasing with gamma ray log. The first
sequence starts with a Transgressive System Tract (TST) after a regional regression
located as SB1 surface on the top of the lower succession (Late Cretaceous Shiranish
Formation). This system tract is thickest in well BH.188 towards the east of the study
area, and it is represented by deep shelf association of planktonic foraminiferal lime
wackestone microfacies that followed by deep-sea association of lime mudstone
microfacies, which represent the maximum flooding surface (MFS). A short Highstand
System Tract (HST) followed this (MFS) as shallowing upward of deep shelf association
with planktonic foraminiferal lime packstone microfacies. This sequence is bounded by
(SB2) surface. The second sequence begins with a new transgressive system tract (TST)
of deep-sea association of lime mudstone microfacies, which ended with Maximum
Flooding Surface (MFS) followed by a Highstand System Tract (HST) of deep shelf
association with planktonic foraminiferal wackestone microfacies that ended with (SB1)
surface which separate the Paleocene Aaliji Formation from the Eocene Jaddala
Formation (Diag. 3).

Correlation sequences during the Palaeogene

The sequence (AP10) took a period of time (29 Ma) extending between ages (63-34
Ma), where the lower boundary of this sequence was fixed at age (63 Ma) at the surface
of the unconformity between the late Cretaceous and early Palacogene sequences, which
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occurred at the end of the collision that led to the rise of ophiolites along the northeastern
edge of the Arabian plate at the end of the Cretaceous (Sharland et al., 2001).

The upper boundary, it was set at age (34 Ma), which represents the beginning of the
opening of the Red Sea between the Arabian and African plates (Beydoun, 1991; Goff et
al., 1995). Also Sharland et al. (2001) recorded two maximum flooding surfaces during
the succession (AP10), the first surface (MFS Pg10) at age (58 Ma) and the second (MFS
Pg20) at age (49 Ma).

Al-Jubouri (2011) study of the formation in Khabbaz field, recorded the loss of
biozones of Early Paleocene represented by (PO, Pa, P1, P2), and that the Morozovella
angulata zone represents the beginning of the marine transgressive it deposited Aliji
Formation in that region and in which the Maximum Flooding Surface at Paleocene
period, which is comparable to (MFS Pg10) in Saudi Arabia and northern Iraq. Despite
the relative discrepancy with the age of the Maximum Flooding surface in northern Iraq,
the Arabian plate suffered from a wide marine transgressive during the Paleocene
(Sharland et al., 2001).
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Diagram (3): Sequence stratigraphic correlation of Aaliji Formation in the studied
area.

CONCLUSIONS
The dominant microfacies are planktonic wackestone microfacies, lime mudstone
microfacies with less abundant of planktonic packstone microfacies. Both lower contact
with Shiranish Formation and upper contact with Jaddala Formation are unconformity
surfaces due to faunal changing and concentration of pyrite and glauconite. The
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palaeoenvironments of formation have been deduced on basis of petrographic study and
microfacies analysis with coexisting of planktonic and benthonic foraminifera as outer
shelf-upper bathyal environments. Determine sequence (1) started SB1 surface that
separates the Cretaceous from the Palaeogene successions the sequence begins with a
Transgression System Tract TST deepening-upward ended with Maximum Flooding
Surface MFS and the Highstand System Tract HST as a shallowing-upward ended by
SB2 and Sequence (2) begins with a new Transgression System Tract TST and bounded
with Maximum Flooding Surface MFS. The Highstand System Tract HST of this
sequence that shallowing-upward which ended by SB1 that separate between the Aaliji
Formation and the Jaddala Formation.

Despite the relative discrepancy with the age of the Maximum Flooding surface in
northern Iraq, the recent study considers the Arabian plate suffered from a wide marine
transgressive during the Paleocene.
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