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PETROGRAPHICAL AND MICROFACIES STUDY OF SINJAR FORMATION
IN BAZYAN ANTICLINE, SULAIMANIYAH REGION (NORTHERN IRAQ)

Purpose. The work studies Sinjar formation (upper Paleocene — lower Eocene) within the Bazyan anticline in the Sulaimani-
yah region (northeastern Iraq). The facies analysis is based on the petrographic study of limestone deposits and is essential to
identify their nature. The sediments that formed Sinjar formation have a high content of skeletal granules which include a small
amount of red algae and residues of unicellular organisms-foraminifera.

Methodology. The method of work included two main aspects: field study and laboratory work. The first part included the field
description of the rocky excavation and modeling of 10 rocks samples from it within the Bazyan section. As for the second main
aspect, it included the preparation of 10 slides for petrographic study of Sinjar Formation rocks followed by a facial analysis of

these deposits.

Findings. Micro facial analysis showed that the sequences of Sinjar formation consist of three main facies. The wacky limestone
facies bears benthic foraminifera. The facies of compact limestone bears the benthic foraminifera and red algae while the compact

wacky limestone facies bears the fossils.

Originality. Wacky limestone facies bearing benthic foraminifera, compacted limestone facies bearing benthic foraminifera and
red algae, and wacky limestone facies bearing benthic foraminifera were selected and studied. Thus, according to the facial analy-
sis, Sinjar formation was deposited within the open shelf before the formation of the main deposit.

Practical value. Samples of rocks were obtained from the Bazyan anticline for further production of slides in order to study the
facies of this anticline, which allowed showing its lithostratigraphic column.

Keywords: petrographic analysis, micro facies, Sinjar formation, Bazyan anticline, Benthic foraminifera

Introduction. The arrange of the Mega sequence AP
10 across the Zagross Fore deepens in the north-central Ara-
bian Plate. Sinjar Formation (Paleocene-Lower Eocene) is
part of this Mega sequence. The excellent surface exposure of
Sinjar Formation First was described from the Jabal Sinjar
area (Near Mamissa Village). It consists of 176 m of Nummu-
litic shoal facies and algal reef. The thickness of the formation
is variable as in Derbendikhan area North East of Iraq where it
is 120 m [1]. Also facies and depositional environments of Sin-
jar Formation from many selected sections in Sulaimaniyah
city have been studied. Sinjar Formation is one of the less
widespread units of the Paleocene-Lower Eocene cycle, where
it is essentially distributed in an acute form and is to be found
mainly in the foothills and southern parts of the high folded
zones of Iraq.

The present article deals with the sediment logical study of
the Sinjar Limestone Formation exposed in the Bazyan fold of
Sulaimaniyah County in northeastern Iraq. In the present
study samples were collected from exposed sections at Bazyan.
The other attempt was made to reconstruct the depositional
environment of the formation, which is composed of lime-
stones. Khurmala and Sinjar Formations refer to the middle
part of the tectonic stratigraphic AP 10 Mega sequence [1].

This mega sequence is of Middle Paleocene — Eocene age
and includes six lithostratigraphic units in northern Iraq,
namely Kolosh formation, Sinjar formation, Khurmala for-
mation, Avanah formation, Gercus formation, and Pila Spi
Formation. There are many studies on the units of this mega
sequence regarding their stratigraphy, paleontology, and sedi-
mentology Al-Barzanji, Sh.J. (1989). The mainly exposed
part of Sinjar Formation is near the top of Sartak-Bamo,
Tasluja, Baranan (Glazarda), Pirat (its southwestern limb),
Haibat Sultan, Berke, and Bekhair Mountains. It has a thick-
ness of 20—130 meters and is composed of massive, thick, or
well-bedded highly fossiliferous limestone with occasional
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beds of dolomitic limestone [2]. The micro fossils and micro
facies studies of carbonate rocks have significant importance
due to more information or conclusions and results that de-
rived from this type of studies, about all subjects which are re-
lated to the carbonate rocks, like chemical, biological compo-
nents and structures. This research concerned with the study
of the micro facies and micro fossils of Sinjar Formation. The
topic of the research represents an approach to identification
of carbonate micro facies and microfossils. Thus, our study is
applied to an area extremely rich in Paleocene-Eocene repre-
sented by red algae.

Methods. The method of work included two main aspects:
field study and laboratory work. The first part included the
field description of the rocky excavation and the modeling of
ten rocks samples from it within the Bazyan section. The in-
vestigated ten rock samples were collected along traverses in a
direction barrel to the strike of beds of seven sections at chosen
sites with a total number of ten rock samples in the study se-
lected and systematic sampling was done on the basis of litho-
logical and facies change. Two sections are along the main
road which cut through the anticline. The first thickest section
is from the type locality near the village of Kersi in the north-
ern limb where the upper and lower boundaries of the forma-
tion are distinct. The second is along the southern limb where
it starts from near Television Tower at the crest of the anticline
and ends at the last bend of the road. As for the second main
aspect, the laboratory one, it included the preparation of ten
thin sections, analysis, which allowed the identification of fa-
cies, and petrographic study of Sinjar Formation rocks after
treating them with red alizarin dye to distinguish calcite from
dolomite.

The study area is located in the north-east of Iraq in Sulai-
maniyah city within the Bazyan anticline, specifically the
southwest wing of the anticline. The anticline is more than
24 km away from the city center. The studied area is located at
longitude (517 917, 518 575) and latitude (3 929 208, 3 930 271)
as shown in Fig. 1. From the tectonic point, the study area falls
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Fig. 1. Location of samples in the study area

within the range of high folds, as it is characterized by high
mountains and severe folds [3]. Both Sinjar and Kolosh For-
mations are present in the Foot Hill Zone and on the south-
west margin of the High Folded zone. According to [4] the
south-west limit, the formation lies along a line crossing the
Foot Hill Zone from the south limit of the Sinjar Trough to the
Alan structure and passing through Demir Dagh, the north-
west end of Kirkuk and the south-west margin of the High
Folded Zone around Bawanur in the type area of the Kolosh
Formation Ditmar V. (1971).

Results. Stratigraphy and Lithology of Sinjar Formation.
Sinjar formation in the southwestern parts of Iraq is equivalent
to the Aliji and Al-Rad formations in age, while facies is equiv-
alent to Umm Radhuma and Akashat Jassim S.Z., Karim S.,
Basi M., Al-Mnbarak M. A. and Muniv J. (1984) in the east-
ern parts of Iraq is equivalent to the Khurmalah in age and fa-
cies equivalent Kolosh formation [5]. Sinjar (Eocene) Forma-
tions in Sulaimani and Dohuk area shown as outcropping, like
a narrow belt in the boundary between Low and High Folded
Zones. Khurmala Formation is the equivalent of temporal and
spatial lagoonal one. The mainly exposed part of Sinjar For-
mation is near the summit of Tasluja, Baranan (Glazarda),
Sartak Bamo, Haibat Sultan, Berke, Pirat (its southwestern
limb) and Bekher Mountains. It is composed of massive,
thick, or well bedded highly fossiliferous limestone with oc-
casional beds of dolomitic limestone [2].

The sequences of the study area consist of thick layers of

(Fig. 2) and thin layers of dolomite; the thickness of the sec-
tion is 9 m.

Fig. 3 shows the result and research, as for the exposed for-
mations within the Bazyan fold, which are from the older to
the recent formation of each; Kolosh Formation consists of
mud stone, whose thickness does not exceed 1 m; Sinjar For-
mation consists of thick layers of limestone and thin layers of
dolomite, the thickness of the section is 9 m, while Gercus
Formation does not exceed thickness of 6 m), it consists of red
clastic series and silt stone.

According to Lawa F. A. (2004), the lower contact between
Sinjar formation and Kolosh formation is unconformity con-
tact and the upper contact between Sinjar formation and Ger-
cus formation is also unconformity contact.

Petrography. Classification of carbonate rocks was used [6,
7] dividing carbonate deposits mainly into grains (skeletal and
non-skeletal) and Micrit, Sparite. 10 samples were carefully
studied under a polarized microscope to describe the lithic
components, their texture, and the fossil aggregates present in
them. The facies components were described on their basis,
and the modifications that occurred to them were identified
with the identification of the types of porosity. The following
is a description of the components diagnosed during the pres-
ent study.

Fig. 2. Field photo image for Sinjar formation within Bazyan
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Fig. 3. Stratigraphy column and facies distribution of Sinjar formation (by the researchers)
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Grains. Several nomenclatures were used to describe gran-
ular components whose sizes are greater than the sizes of the
ground components in which they are present, and the gran-
ules include both skeletal granules (represented by complete
fossil skeletons or parts of them) and non-skeletal ones and
include peloids, pellet, and intraclast [7].

Skeletal granules. They are represented by the skeletal fos-
sils and their parts as granules that present the main part of
limestone to form Sinjar formation. The limestone facies of
Sinjar formation are characterized by an abundance of fossils
represented by the benthic foraminifera that include the gen-
eral grains (Nummulite sp, Alveolina), Figs. 4, A—C as well as
the diagnosis of red algae, Figs. 4, C, D. These clusters are
abundant information rocks, according to several studies, in-
cluding [8—10]. Non-Skeletal granules. The limestone rocks
of Sinjar formation are characterized by their non-structural
grains represented by pellet and clastic Figs. 4, E, F.

Matrix. The study on slides of limestone rocks showed that
the matrix consists of micrite and sparite, according to [7] and
feature the following:

1. Micrite. The Matrix consists of microcrystalline calcite
crystals with a size of less than 4 microns whose granular com-
ponents are embedded (Selley R.C., 2000). Micrite appears
like a matrix within the facies of limestone rocks, as the micrite
in the formation rocks is affected by the process of recrystalli-
zation and the transformation of the micrite into fine spar or
affected by the process of dolomitization and transforming it
into dolomite.

2. Sparite. 1t is in the form of large calcite crystals that are
distinguished from micrite by their larger size. These crystals
are formed in ancient limestone rocks by recrystallization of
primary lime grains, sedimentation, or micrites into fine spars.

Diagenesis process. This process includes all the physical,
chemical and bio changes that occur in limestone, starting
from the moment of deposition until it acquires the state of
petrification (Tucker M. E., 1982). Some of the most impor-
tant morphological processes affecting limestone rocks of the
study area, which were distinguished under the polarized mi-
croscope, are dissolution, dolomitization, recrystallization,

Fig. 4. Skeletal and non-skeletal grains:

A — Benthonic Foraminifera; B — Nummulites S; C — Alveolina
& Alge; D — Benthonic Foraminifera & Alge; E — Pellet; F —
Lithoclasts

while quartz and cement were distinguished under the micro-
scope, but in small ratios.

Dissolution is one of the most important diagenesis pro-
cesses that occur in limestone rocks, which leads to the occur-
rence of porosity in the rocks called secondary porosity, due to
the dissolution of rock components that have the ability to dis-
solve [11], shown in Fig. 5, E, while dolomite is formed as a
result of change in the magnesium ion instead of Calcium ion,
so dolomite mineral is formed as a result of primary deposition
or as a result of modification processes. The dolomitization
process leads to an increase in the porosity [12] and through
the study of thin slides, it was observed that very fine crystals of
dolomite mineral formed during the modification processes,
which is shown in Fig. 5, D.

As for the recrystallization process, it effects the skeletal
and non-structural grains, as the micrite is partially or com-
pletely transformed into fine spar [13] as shown in Fig. 5, F

Facies analysis. The facies analysis depends on the petro-
graphic study of limestone rocks and the associated sediments
to identify the nature of those rocks [14]. The sediments that
formed Sinjar formation have high content of skeletal gran-
ules. Foraminifer is the main component of skeletal granules
and a few red algae and organism debris. The most important
transformational processes affecting the formation rocks are
the process of dissolution, dolomitization, micritization, and
cementation, depending on the petrographic components
(matrix and granules) according to the classification of this
through the petrographic study and depending on the rock
contents of the granules [6].

Sinjar formation was divided into three facies as shown in
Fig. 3, Table, and compared with standards facies and living
zones suggested by [ 14, 15] to estimate the sedimentation envi-
ronment. The following is a description of the diagnosed
facies.

Benthonic Foraminiferal lime wackestone microfacies. The
benthic foraminifer in this facies constitutes approximately
30 % of the total skeletal granules represented by the genera
(Alveolina, Nummulites sp) Fig. 5, 4and 5 % of the non-skel-
etal granules, where these facies are located in the lower, mid-

Fig. 5. Microfacies and Diagenetic process:

A — Benthonic Foraminifera wackestone Microfacies; B — Ben-
thonic Foraminifera — Red Alge packstone Microfacies; C — Fos-
siliferous wackestone — packstone Microfacies; D — Dolomitiza-
tion within Nummulites; E — Vuggy porosity and Cementation
process; F — Intercrystalline porosity
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dle, and upper parts of the formation (Fig. 3). In this facies
calcite and dolomite are found, as well as sparite and micrite at
a rate of 65 %. Diagenesis presses that affected these facies are
dissolution (porous molding) and dolomitization (Fig. 5, D).
These facies appear in the upper part of the formation. These
facies are similar to the standard facies (SMF-9) deposited
within the facies zone (FZ-7) according to Classification [14,
15], which represents the open sea environment (open sea
shelf).

Benthonic Foraminifera — Red Algae lime packstone Micro-
facies. These facies were identified within Sinjar Formation
sediments, which appear in the central part of the formation
(Fig. 3), which contain between 50—90 % of skeletal and non-
structural grains ranging according to the classification of [6].
The benthic foraminifera in this facies consist of approximate-
ly 50—60 % of the total skeletal granules presented by the gen-
era (Alveolina, Nummulites sp). In addition, red algae were
found with a lower percentage (Fig. 5, B), as well as non-skel-
etal granules within this facies with the percentage of 15—10 %
represented by Pellet, Lithoclastic. The diagenesis processes
affecting these facies are Micritization, dolomitization, and
dissolution, represented by moldic porosity, intergranular po-
rosity, intercrystalline porosity, and cementation (Fig. 5, F).
These facies appear in the middle part of the formation and
they are similar to the standard facies (SMF-8) deposited
within the facies zone (FZ-7) according to the classification of
[14, 15], which presents the open sea environment (open sea
shelf).

Fossiliferous lime wackestone — packstone Microfacies. This
facies was identified in the middle part of the formation, which
contains a percentage of skeletal grains between 30—60 % rep-
resented by the genera (Alveolina, Nummulites sp) (Fig. 5, C).
Also, sparite and micrite were found as cement at a percentage
of 30—65 %. Diagenesis processes affecting these facies are
micritization, dolomitization, dissolution (moldic porosity,
intergranular porosity, intercrystalline porosity, Fig. 5, F),
and cementation. These facies appear in the middle part of the
formation (Fig. 3). These facies are similar to the standard fa-
cies (SMF-8) deposited within the facies zone (FZ-7) accord-
ing to the classification of [14, 15], which represents the open
sea environment (open sea shelf).

Depositional environment. The ancient environmental con-
ditions can be determined by studying the rock characteristics
of these sediments and diagnosing their textures and micro fa-
cies, as well as diagnosing the types of bio crowd that are pres-
ent in them. Many researchers have shown that the sedimen-
tary environment of Sinjar formation was deposited in the en-
vironment of the reef according to [16], while Bellen V.R.C.,
Dunnington H.V., Wetzel R. and Morton D. M. (1959) ex-
plained that the formation rocks were deposited in three envi-
ronmental locations (Back reef, reef, fore reef) [17], while [18,
19] agreed that the collection of benthic foraminifers, espe-
cially Alveolina and Nummulites, accompanied by algae, rep-
resents Fore reef. Sinjar Formation may be was deposited in
many environments but predominantly in shallow water fore-

Table
Microfacies of Sinjar Formation

Diagnostic features Equivalence

nggomfiilggz) (main skeletal grain +common to Wilson
diagenetic process) (1975) SMF
Lime wack stone | Alveolina + Numulites sp SMF-9
Dolomitization + solution
Lime pack stone | Alveolina + Numulites sp + SMF-8

lithoclasts

Dolomitization + solution +
Micritization + Recrystalization +
cementation

reef, reef, and lagoonal environments through cycle (upper
Paleocene-Lowe Eocene), bordered from lower by clastic Ko-
losh Formation and upper bordered by Gercus Formation
(Eocene) Al-Surdashy A. M. A. (1988). The depositional envi-
ronment of Sinjar formation is shallow marine (Reefal) envi-
ronment.

During the current study, three main facies were distin-
guished within the rocks of Sinjar Formation, which are the
wacky limestone facies bearing benthic foraminifera, the facies
of compact limestone bearing the benthic foraminifera — red
algae, and the compact wacky limestone facies — bearing the
fossils. Within these facies, much benthic foraminifera spread
following (Alveolina, Nummulites sp) that live in the areas of
reef in shallow marine waters with high currents [7]. The na-
ture of the sedimentary basin during the Eocene period was
characterized by its shallowness towards the northeast and the
increase in the depth of the basin towards the southwest [20].
With the beginning of the Eocene era and after the total con-
sumption of the new Tethys Sea crust, a collision occurred
between the passive edge of the Arab plate and the effective
edge of the Iranian and Turkish plates. The lithology of these
two different edges became deposited in sequence beside to
each other in sedimentary and tectonic [21]. Because of this
collision, a lifting operation took place at the edges of the Ira-
nian and Turkish layers and it led to deposition of the red lay-
ers represented by the formation of Jerkas, also the rise of Lis-
terian faults in the land area, which resulted in the rise of one
region and the depression of another. In addition, shallow seas
and lagoon basins formed on the edge of the Arabian plate. In
these seas, micro facies of Sinjar formation developed.

Fig. 6 represents the sedimentary model of the study area,
which shows the stratigraphy of the shallow micro facies of Sin-
jar Formation over the deep micro facies of Kolosh Formation.

Conclusions. The current study reached the following re-
sults:

1. The petrographic study showed that Sinjar formation
within the Bazyan fold in the current study is composed main-
ly of benthic foraminifera represented by the genera (Num-
mulites sp, Alveolina) and red algae with lower percentages of
organic clastic.

2. The petrographic study added that the formation rocks
were affected by the diagenesis processes, the most important
of which are dolomitization, micritization, cementation and
dissolution (moldic porosity), (intergranular porosity), (inter-
crystalline porosity), and cementation.

3. The facies study showed three main facies, which are:
A — the wacky limestone facies bearing benthic foraminifera;
B — the facies of compact limestone bearing the benthic fora-
minifera — red algae; C — the compact wacky limestone fa-
cies — bearing the fossils.

Shelf

Legend

h] Limestone Mudstone

Fig. 6. Depositional model of Sinjar formation (by the researchers)
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4. The depositional environment was found open sea shelf
at the fore reef.
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aHTUKJiHaMi B perioHi CynelimaHis (miBHiYHUU cxin Ipa-
Ky). @anianbHuii aHaIi3 TPYHTYETHCS Ha TMeTporpadiyHo-
MY AOCJIiIKEeHHi BaITHIKOBUX BilIKJIaJeHb i € HEOOXiTHUM
711 BU3HAUYeHHs ix mpupomu. Omamu, mo chopmyBanu
CHMHIIKapChKy CBUTY, BIIpi3HSIIOTbCS BHUCOKHUM BMiCTOM
CKEJIeTHUX TpaHyJ, $IKi BKJIIOYAIOTh HEBEIWKY KiTbKiCTh
YEPBOHUX BOMOPOCTEN i 3aJUINKIB ONHOKJIITUHHUX Opra-
Hi3MiB-dopaMiHidep.

Metoauka. MeTonrka BUKOHaHHSI poOOTH BKJTIoYaJia IBa
OCHOBHI acCIeKTH: MOJbOBI TOCTIIXKEeHHS i1 1abopaTopHi po-
ootu. [lepira yacTHa — MOJBLOBUI ONTUC CKEJIBHOT BUIMKY i
MonentoBaHHS 10 3pa3KiB TipchbKuX Mmopin 3 Hei B Mexax ba-
3ilicekoro po3pisy. Lo cTtocyeTbcst Ipyroro oCHOBHOTO ac-
MEeKTY, TO BiH BKJIIOYAB MiAroToBKy 10 muticdiB mist metporpa-
(hiuHOTO BUBUEHHS MOpin CUHIKAPCHKOI CBITU 3 HACTYITHUM
(amiaTbHUM aHAII30M LIMX BiIKJIaaCHbD.

PesyabraTn. MikpodanianbHuii aHai3 mokasas, 110 MO-
CimoBHICTh TIacTiB CHMHIKAPCHKOI CBITM CKIIAHAETHCS i3
TPbOX OCHOBHUX (auiii. XrumMepHa 3a (OpMOIO BalHsIKOBa
dauig mictuth 6eHTOCHI (hopamiHicdepu. Darliss MITBHUX
BaITHSIKiB MiCTUTh OEHTOCHI (hopaMiHihepu Ta YepBOHI BOJIO-
pOCTi, i TpeTst KOMIMaKTHa (allisi XMMepPHUX 3a (OPMOIO Ball-
HSIKiB, 110 MiCTUTb CKaM’SIHiJIOCTi.

HaykoBa noBu3Ha. byiu BunisieHi i mOoCiiXeHi: Bam-
HsIKOBa (allisi, 10 Mae XUMepHi popMu Ta MiCTUTh OEH-
TocHi dopaminidepu; daiis yminbHeHNX BamHAKIB, 110
MiCTUTh OeHTOCHi ¢dopamiHidepu Ta 4epBOHi BOAOPOCTI;
XrMepHa 3a GopMOI0 KOMIIAKTHA (hallist BAIHSKY, 1110 Mic-
TUTb OeHTOCHI hopamiHidepu. Takum ynHOM, 3rigHO 3 Da-
mianrbHUM aHanizoM, CHHIXapchKa CBiTa Bigkiamacs Ha
BinkpuTomy 1ieab®di nepen moyatkoM GopMyBaHHSI OCHO-
BHOTO MOKJIay.
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