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In Northern Irag, the Khurmala Formation sections at Sundor in
Duhok City and the Shiraswar section in Erbil City have been
studied from a sedimentary point of view. The formation's thickness
is 53 meters in the Sundor section and roughly 13.5 meters in the
Shiraswar section. Petrographic analysis of 48 thin sections of the
Khurmala Formation shows that the majority of skeletal grains are
of shallow marine environment and consist of fossils as benthonic
foraminifera, pelecypod, bryozoan, red algae, coral, and non-
skeletal granules including peloids, oolite and lithoclasts (intraclasts
and extraclast). Three main microfacies and five lithofacies are
identified based on field observations and petrographic analysis of
the formation. These include lime mudstone, lime wackestone, lime
packstone microfacies, and red algae bindstone lithofacies, coral
framestone lithofacies, algal lime bindstone lithofacies, cross
bedding bearing carbonate sand lithofacies and intraformational
conglomerate lithofacies. The results of the current study indicate
that the carbonate succession have been deposited in a spectrum of
sedimentary environments, as most of the facies are located
between the tidal flats environment to the upper parts of the slope
environment, and it should be noted that the facies diagnosed in the
carbonate succession exposed in the Shiraswar section differ in
most of them from those diagnosed in the Sundor section, and they
reflect the deposition of the reef environment, which calls for
changing the name of these carbonate succession exposed in the
Shiraswar section from the Khurmala Formation to the Sinjar
Formation.
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Introduction

The megasequences of the Middle Paleocene - Eocene are deposited in the period of
subduction regeneration and increased volcanic arc activities associated with the eventual
closure of the Neo-Tethys (Jassim and Goff, 2006). This tectonic activity was accompanied
by a lifting of the northeastern edge of the Arabian plate with the formation of basins and
barriers whose axis is northwest-southeast if these basins and barriers are located in the
northern and central parts of Irag, but if they are located in southern Irag, the direction of their
axis is east-west. The lifting of the northeastern edge of the Arabian plate during the early
Paleocene caused the loss of Danian sediments in most of the high fold zone and the foothills
zone. It should be noted here that recent studies have identified the presence of an almost
complete stratigraphic column of the boundary between Cretaceous and Paleocene formations
in some sections of northern Iraq (Sharbazheri, 2008). Another study that dealt with this topic
is the study of Malak (2011), who refers in his study to the Paleocene — Eocene sequences
(Kolosh Formation) in the Bekhme gorge indicating a slight loss of some of the biozone of the
planktonic foraminifera that represents the beginning of the deposition of Arabian plates
Megasequence (AP10). A regional unconformity was diagnosed at the base of the middle
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Eocene, according to which the Megasequence (AP10) was divided into two parts, the
sediments deposited during the Paleocene-early Eocene and the sediments deposited during
the late — middle Eocene. The Khurmala Formation falls within the middle part of the AP 10
(Sharland et al., 2001). What interests us in this study is the period in which the Khurmala
Formation (Paleocene-early Eocene) was deposited. During this period, within the unstable
shelf, two basins were developed, namely the Kolosh basin and the red beds basin found in
the northeastern region of Iraq, separated from each other by a barrier, which extends along
the Balambo-Tanjero zone that started from Amadiya City in the northwest and passed
Rowanduz and Rania towards Halabja in the southeast of Irag (Dunnington, 1953; in Jassim
and Goff, 2006). In the southwest of this barrier, a relatively narrow deep marine basin was
developed, which is filled with clastic sediments of Kolosh Formation and the limestone of
Sinjar and Khurmala formations in the shallow basin. Moving further southwest of this
barrier, especially the northeastern edges of the Mesopotamian basin, the Kolosh Formation is
eroded and replaced by Aaliji Formation (Jassim and Goff, 2006) (Fig. 1).

Fig. 1. Ancient geographical map of Iraq for the early Paleocene age (Agrawi et al. 2010).

The Khurmala Formation was first recorded by Bellen (1953) in the well of Kirkuk 114
(Bellen et al., 1959). The Khurmala Formation consists in its type section of recrystallized
limestone and dolomitic limestone containing in some parts pseudo oolite. Many studies
indicate the deposition of the Khurmala Formation within a range of environments
represented by the environment of lagoons and tidal environments. Kassab (1978) studied the
Khurmala Formation in the Kirkuk well (117), and stated that it consists of dolostone and
recrystallized limestone, and gave the formation an uncertain age of lower Eocene.

Al-Banna et al. (2006) indicated in their study of the Khurmala Formation, which is
exposed at the northern limb of Bekher anticline, northeast of Duhok, that this formation was
deposited in environments extending from shallow shoal, lagoon environments, and the inter
tidal to supratidal environments. Karim (2009) also pointed out in her study to the Khurmala
Formation in Shaglawa area and to the presence of this formation in the form of a tongue at
the top of the Kolosh formation, and she concluded that the depositional environments of the
formation is the beach basins containing patch reef. Omer et al. (2014) studied the Khurmala
Formation, which is exposed in many parts of northern Irag and they mentioned that the
formation was subjected to different diagenetic processes such as micritization, compaction,
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dissolution, neomorphism, pyritization and cementation that occurred during marine to
shallow burial stages and culminated during intermediate to deep burial later stages. Malak
(2011) studied the Khurmala Formation in selected exposed sections within the Perat anticline
in Agra City, and he pointed out that the depositional environment of the formation is a
shallow marine environment distributed between shallow lagoon and tidal flats. Asaad and
Balaky (2018) studied the microfacies and the sedimentary environment of the Khurmala
Formation in Zanta area near the village of the Zanta and concluded that the formation was
deposited in a shallow, calm and semi-confined environment. Asaad et al. (2022) studied the
Khurmala Formation in Nerwa area near the Akre City, where the formation was divided into
three units, and based on the microfacies analysis of the Khurmala Formation, five
microfacies were diagnosed that reflect the deposition of the formation in the back reef and
the lagoon containing patch reef. The aims of the study is to determine the ancient
depositional environment of Khurmala Formation based on field evidence and microfacies
analysis, then determining the depositional model, and trying to prove that the carbonate
succession exposed in both sections belongs to the same formation, which is the Khurmala
Formation.

Geological Setting

The Khurmala Formation was studied in two exposed sections in northeastern Iraq
within the Governorates of Erbil and Dohuk, which are located tectonically within the
unstable zone and exclusively within the high fold zone (Fouad, 2015). The formation is
revealed in Sundor section within the Governorate of Dohuk at the coordinates 36° 54' 23" N
and 43° 05' 14" E, 15 km northeast of Duhok City. While the formation is revealed in
Shiraswar section within Shaglawa City northeast of Erbil Governorate at the coordinates 36°
24' 28" N and 44° 15' 26" E (Fig. 2).

3 4 ar o
2 \ X

4 & af o
X

Shiraswar|”

3 [——=0
Sundor . Section
|Section £ N p

LiT

vf'

iH

374

=

i - Inner plaform

D\drwpfumu
foredenp

DLOW folded zone

1 -hpdx folded zone

.Imb(icutc zone
. SUMIIT ZOTIC .

T = T T, ™ 3 - T
W A a’ 4 af a4 Iy s 57 Y

L4 s 1o 150 K
i f—

Fig. 2. Tectonic map of Irag showing the two sections of the study (after Fouad, 2015).
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Methods and Materials

The field study included many field trips for the study sections (Sundor and Shiraswar),
during which the best exposed paths were selected in terms of clarity of the succession of the
studied formation and the exposure of the upper and lower contacts, as well as measuring the
thickness of the beds and color of the rocks and describing the trace fossils, as well as many
field photographs were taken. 33 samples were collected from Sundor region and 15 samples
from Shiraswar region. 48 thin sections were made for all samples to be examined
microscopically to identify the rocks’ granules and mineral components in each rock sample,
to diagnose their internal fossils, to identify the diagenetic processes by which they have been
affected., and then to nomenclate their microfacies and lithofacies following Dunham
classification (1962) modified by Embry and Klovan (1971) in order to elucidate the
depositional environment of the formation and drawing finally its sedimentary model.

Field Work

The Khurmala Formation is revealed in the Sundor section, where it appears as a tongue
shape overlapping the upper part of the Kolosh Formation (Fig. 3a). The thickness of the
formation is approximately (53) m. The formation generally consists of limestone, which is
well bedded in some parts and massive in others (Fig. 4). The appearance of the formation
begins with a (2) m thick bed of limestone and dolomitic limestone whose texture is rough,
followed upwards by (2.5) m thick hard dolomitic limestone bed containing some vugs in its
lower part. It is topped with a bed of high-hardness dolomitic limestone (3.7 m thick). This
part is followed by (3.5) m thick hard dolomitic limestone consisting of beds with thicknesses
range between 15 and 30 cm, as the lower part of this sequence is characterized by the
presence of limestone with spherical concretion structure, while the upper part of this
sequence is characterized by its high rigidity and containing gaps. This part is followed by
another sequence of ten m thick beds of limestone (2 m thick), coarse in touch (sandy)
containing spherical limestone concretion structure in its lower part, followed by a (0.7) m
bed of limestone containing fossils (Mollusca shells), followed by a (2) m thick bed of thin
laminated limestone with phacoid structure, topped by a (1) m thick bed of hard dolomitic
limestone containing vugs. The remaining ten meters part contains (4.30) m hard limestone.
This is followed by a yellow dolomitic limestone bed (3 m thick) characterized by increasing
hardness at the end of this bed. It is followed by a bed (1.5 m thick) of laminated limestone.

This is followed by a sequence of (20) m sandstone and shale with an olive color
representing the Kolosh Formation. The Khurmala Formation reappears again consisting of a
(5) m bed of very hard dolomitic limestone with vugs in its upper part. The formation
includes a bed of limestone (sandy in touch) about (1) m thick containing herringbone cross
bedding structure (Fig. 3b) followed by the reappearance of the Kolosh Formation (4 m
thick), which is directly above by the Gercus Formation.

In the Shiraswar section, the formation about (13.5) m thick) (Fig. 3c) consists of a (2)
m thick bed of yellow, friable marl at the bottom, which changes upwards to the gray-colored
marly limestone. It is then followed by a bed of limestone containing red algae with a
thickness of 40 cm, followed by a hard yellow limestone (1.5) m thick with fossils (Mollusca
shells) at the bottom. It is followed by a (0.5) m thick intraformational conglomerate
containing bioturbation (skolithos). It is followed by a (2) m thick bed of brittle marl with a
gray color, topped by a (2) m thick hard limestone that contains fossils and pieces of coral
(Fig. 3d) at the bottom, followed by a (1.5) m thick of marl and marly limestone with a gray
to yellow color, followed by (3) m thick hard dolomitic limestone beds with a thickness range
between 40-60 cm and some of the beds contain vugs and bituminous material (Fig. 5).



Eman Nathim Al-Assaf and  Zaid A. Malak

Fig. 3. (a) Field photograph showing the upper part of Khurmala Formation, Sundor section. (b)

Herringbone cross bedding, Sundor section. (c) Khurmala Formation in Shiraswar section. (d), Field
sample of coral (red arrows), sample no. 7, Shiraswar section.

Results

According to Dunham classification (1962) modified by Embry and Klovan (1971),
three main microfacies and five lithofacies are identified based on the field observations and
petrographic analysis of the studied Khurmala Formation. These include lime mudstone, lime
wackestone, lime packstone microfacies, and red algae bindstone lithofacies, coral framestone
lithofacies, algal lime bindstone lithofacies, cross bedding bearing carbonate sand lithofacies
and intraformational conglomerate lithofacies (Figs. 4 and 5). The first three microfacies are
divided into nine submicrofacies and the following is a presentation of the main and
submicrofacies.

1. Lime Mudstone Microfacies (M)

This microfacies is one of the widespread facies within the sequences of the formation
and it consists mainly of micrite with a small percentage of granules that do not exceed the
barrier (10 %). These granules consist of skeletal granules and bioclasts belonging to the
benthonic foraminifera and pelecypods. This microfacies is affected by severe diagenesis
processes, especially dolomitization. This microfacies is divided into two submicrofacies
according to the type of the its granules containment as follows:
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Peloidal- Fossiliferous Lime Mudstone Submicrofacies (M1)

This microfacies appears to consist of gray, hard limestone, near the lower contact
surface with the Kolosh Formation in Sundor section only. The thickness of this microfacies
is approximately (2) m characterized by the prevalence of pelecypod (2 %), benthonic
foraminifera (2 %) and pelloid (3 %) (Fig. 6a). The matrix consists of micrite, which turns in
some parts into microspar. The dissolution process is an important process where many types
of porosity have been diagnosed such as vuggy and moldic porosity. As well as
recrystallization and dolomitization where the sieve, spotted and mosaic texture are
distinguished.
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The general characteristics of this microfacies are similar to the general characteristics
of the standard microfacies (SMF-16) and the facies zone (FZ-8) (Flugel, 2010), as this
microfacies is deposited in the lagoon environments confined behind the barrier.

Dolomitized Lime Mudstone Submicrofacies (M2)

This microfacies is spread in the upper parts of the formation in the Shiraswar section,
where it is found in the form of hard limestone bed up to (3) m thick, and some beds contain
empty vugs. This microfacies is characterized by a scarce granules content (except two to
three pieces of fossils of unknown origin) and a low percentage (1%) of the detrital quartz and
chert spread in the micritic matrix (Fig. 6 b). The dolomitization is one of the most prominent
modifying processes diagnosed in this microfacies represented by suture mosaic cement and
vuggy porosity, some of the vugs are filled with gypsum.

This microfacies is similar to the standard microfacies (SMF-23) and the facies zone
(FZ-8-9) (Flugel, 2010), as this microfacies is deposited in the environment of tidal flats.
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Fig. 6. (a) Peloidal (p) — fossiliferous (F) lime mudstone submicrofacies, sample no. 2, Sundor section. (b)
Dolomitized lime mudstone submicrofacies, sample no. 13, Shiraswar section.

2. Lime Wackestone Microfacies (W)

This microfacies is generally composed of (50-10) % carbonate granules within a
micritic matrix. The granules of this microfacies consist of benthonic foraminifera, ostracod,
bryozoa, algae and coral remain, as well as intraclasts. Depending on the types of its granular
content, this microfacies is divided into four submicrofacies:

Fossiliferous Lime Wackestone Submicrofacies (W1)

This microfacies is spread in the upper parts of the Khurmala Formation in Sundor
section only. This microfacies is represented by hard limestone beds with thickness ranges
between (5-6) m, and contains vugs in different parts of the facies. This microfacies consists
of benthonic foraminifera (10-35%) and pelecypod (5%), as well as low percentages of
echinoderms, lithoclasts and peloid in a small percentage (Fig. 7a). The matrix consists
mainly of micrite. The most important diagenesis processes affected this microfacies are
dissolution (vugs, mold and intergranular porosity) and dolomitization, sieve, spotted and
suture mosaic fabric are distinguished as well. Recrystallization and cementation (granular
cement) are distinguished too.

When comparing this microfacies with the standard microfacies of Wilson (1975,
Flugel, 2010), we notice that this microfacies is similar to the standard microfacies (SMF-18)
and deposited within the facies range (FZ8), which represents the interior marine platform
environment (restricted lagoon).
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Bioclastic Lime Wackestone Submicrofacies(W?2)

This microfacies is approximately (4) m thick and is spread in the lower parts of the
formation in Sundor section, where it consists of limestone beds of medium hardness with a
rough texture and contains few vugs. This microfacies consists mainly of bioclasts, which are
generally characterized by different shapes and sizes ranging between (20-45%), represented
by benthonic foraminifera, pelecypod, echinoderms and ostracods bioclasts, all of which are
buried in a micritic matrix (Fig. 7 b). The vuggy, mold and intergranular porosity are present,
as well as dolomitization, where sieve, spotted and suture mosaic texture are distinguished
too. Recrystallization and cementation (granular cement) are present too.

This microfacies is similar to the standard microfacies (SMF-10) and deposited within
the (FZ-7), which represents the interior platform environment (open marine).

Fig. 7. (a) Fossiliferous lime wackestone submicrofacies, sample no. 6, Sundor section. (b) Bioclastic lime
wackestone submicrofacies, sample no. 10, Sundor section.

Rotalid Lime Wackestone Submicrofacies(W3)

This microfacies is spread in the middle part of the formation in the Shiraswar section
and the lower part of the formation in the Sundor section. It consists of gray to yellow
limestone and marly limestone beds of about (15-120) cm. thick in Shiraswar and Sandor
sections. This microfacies is characterized by a large prevalence of Rotalid tests with a
percentage of (15-25%), as well as the presence of miliolid, ostracoda, echinoderm and
pelecypod (Fig. 8 a). The matrix consists mainly of micrite. The dissolution (vuggy, mold),
recrystallization and cementation (granular and blocky cement) have been distinguished.

This microfacies is similar to the standard microfacies (SMF18) and deposited within
the (FZ7-8), which represents the environment of open water circulation lagoon and restricted

platform.

Miliolid Lime Wackestone Submicrofacies (W4)

This microfacies is spread at the bottom of the formation in the Shiraswar section (about
0.5 m thick) and composed of hard limestone. This microfacies consists of benthonic
foraminifera tests (Miliolid) (15-40%). Peneroplis, pelecypod, echinoderm and red algae
(3%) (Fig.8 b). The miliolid is characterized by its large size (1 mm) and its good preservation
as well as the presence of large pieces of pelecypod. Dissolution (vugs, moldic, channels and
intergranular porosity), recrystallization, cementation (granular, syntaxial rim cement),
physical compaction and oxides are diagnosed.

When comparing this microfacies with the standard microfacies of Wilson (1975 and
Flugel, 2010), it appears that this microfacies is similar to the standard microfacies (SMF-18)
deposited within (FZ-8), which represents the lagoon and the restricted platform environment.
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Fig. 8. (a) Rotalid lime wackestone submicrofacies, sample no. 9, Shiraswar section. (b) Miliolid lime
wackestone submicrofacies, sample no. 5, Shiraswar section.

3. Lime Packstone Microfacies (P)

This microfacies is characterized by a high abundance of granules pressed with each
other with low micritic matrix. The microfacies diagnosed in the Khurmala formation is
characterized by their low prevalence, despite the diversity of their granule components, most
of which consist of benthonic foraminifera, pelecypod, ostracoda, pieces of green and red
algae, echinoderms, as well as bioclasts. This microfacies is divided into three submicrofacies
depending on different granular components:

Bioclastic Lime Packstone Submicrofacies (P1)

This microfacies is spread in the middle part of the formation in Sundor section only,
with a thickness ranging between (3.5-9) m as white and hard limestone beds characterized by
containing vugs in some levels of a white color. The microfacies is composed of benthonic
foraminifera, pelecypod, ostracoda, red algae, echinoderms and bryozoan bioclasts (Fig. 9a).
The microfacies is affected by dissolution (vuggy, moldic, intergranular and channels
porosity), recrystallization, cementation (granular, interparticle cement) and physical
compaction are distinguished.

This microfacies is similar to the standard microfacies (SMF-10) and deposited within
(FZ-T), which represents the interior platform environment (open marine).

Lithoclastic Lime Packstone Submicrofacies (P2)

This microfacies is spread at the bottom of the formation in Shiraswar section, with a
thickness of (1) m as gray marly limestone. This microfacies consists of lithoclasts and
bioclasts up to (70%) of benthonic foraminifera, pelecypod, ostracoda and echinoderms (Fig.9
b). This microfacies shows a kind of thin laminae. Dissolution, recrystallization, cementation
(granular cement), and physical compression are distinguished. It appears that this microfacies
is similar to the standard microfacies (SMF-4) deposited within (FZ-3-4), which represents
fore reef environment.
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Fig. 9. (a) Bioclastic (arrow b) lime packstone submicrofacies, sample no. 25, Sundor section. (b)
Lithoclastic (arrow L) lime packstone submicrofacies, sample no. 1, Shiraswar section.

Red Algal -Bioclastic Lime Packstone Submicrofacies (P3)

This microfacies is spread at the bottom of the formation in Shiraswar section with a
thickness of (1) m and appears as hard marly limestone bed. It consists of red algae (10%),
echinoderms and benthonic foraminifera (8%) and bioclasts (30%) (Fig. 10a). Dissolution
(channels and vuggy porosity), recrystallization and cementation and physical compaction are
diagnosed.

When comparing this microfacies with the standard microfacies of Wilson (1975, and
Flugel, 2010), it appears that this microfacies is similar to the standard microfacies (SMF-5)
and deposited within (FZ-4), which represents the slope environment (Slope).

4. Red Algal Bindstone Lithofacies (R)

This microfacies is spread at the bottom of the formation in the Shiraswar section only,
with a thickness of (1.5) m. This microfacies is represented in the field as hard limestone beds
containing red algae. The microfacies consists of red algae (Lithophyllum sp.) and
echinoderms, benthonic foraminifera, pelecypods in low proportions (Fig. 10 b). The most
important diagenesis processes recorded are dissolution (channels porosity), recrystallization
and cementation (granular and syntaxial rim cement). This microfacies is similar to the
standard microfacies (SMF-7) deposited within (FZ5), which represents the platform margin

Fig. 10. (a) Red algal (arrow R)-bioclastic (arrow b) lime packstone submicrofacies, sample no. 2,
Shiraswar section. (b) Red algal bindstone lithofacies, sample no. 3, Shiraswar section.

5. Coral Framestone Lithofacies (C)
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This microfacies appears in the central part of the formation in a Shiraswar section with
a thickness of (1) m as hard limestone bed. This microfacies is characterized by the
prevalence of coral that prevails in the microfacies with a few benthonic foraminiferal
bioclasts and pelecypods that spread between the branches of the coral (Fig. 3 d). The
microfacies is affected by recrystallization and cementation where granular cement is
distinguished. This microfacies is similar to the standard microfacies (SMF-7) and deposited
within (FZ-5), which represents the platform margin reef.

6. Algal lime Bindstone Lithofacies (A)

This microfacies appears at the top of the formation in the Shiraswar section only as a
hard dolomitic limestone bed (1 m thick) and some parts of the bed contain vugs and
bituminous materials. The microfacies consists of algae (undiagnosed) that are horizontal in
arrangement (Fig. 11 a, b), but are subjected to strong and severe dolomitization, so that the
distinction of its internal structures is seen except for some pieces. Dolomitization process
(suture mosaic) is distinguished, in addition to a few extraclastic and intraclastic granules
arranged horizontally with pieces of quartz and gypsum filling in some small vugs. This
microfacies is similar to the standard microfacies (SMF-20) and deposited within the facies
zone &F_Z-Q , which represents the env

A RS (R

| '.(;;..

o R
R Hge 1 WY
S

Fig. 11. (a) Algal lime bindstone under thin section (A), sample no. 15, Shiraswar section. (b) Field sample
of algal lime bindstone lithofacies, sample No. 15, Shiraswar section.

7. Cross bedding bearing carbonate sand lithofacies (CSL)

These facies are spread at the top of the formation in Sundor section only with a
thickness of up to (1) m, where this facies consists of hard limestone that contains the cross-
bedding of the herringbone (Fig. 3 b.). This microfacies consists mainly of bioclasts and
extraclast (2-40%). Some benthonic foraminifera test of unknown origin and bioclasts are
present (Fig. 6 d). The extraclasts are represented by detrital quartz scattered in the micritic
matrix, which is characterized by affected by dolomitization (sieve, spotted and suture mosaic
cement), dissolution (vuggy and moldic porosity), cementation (granular cement) and
recrystallization are present. Several studies have indicated that such a microfacies can be
deposited in the tidal channels within subtidal to intertidal environments, which are located
below and above low tide (Bogg, 1995), deposited by carrying the bottom during the high
velocity phase of tidal cycles (Onuigbo et al., 2012).

8. Intraformational conglomerate lithofacies

This facies appears in Shiraswar section only, in the form of a beds approximately (40)
cm thick of intraformational conglomerate, which is characterized by containing bioturbation
(Skolithos) in the form of straight vertical pipes with a diameter of (1) cm. This lithofacies is
usually found in the upper part of subtidal and intertidal environments (Eren et al., 2002). The
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presence of bioturbation in these facies usually indicates a high activity of benthic organisms
because the sedimentation conditions are suitable for their living and such conditions are
usually found in intertidal environments (Boggs, 2006).

Depositional environment and model

Depending on the microfacies diagnosed from the Khurmala Formation for both
sections, there is a clear difference in the types of the microfacies diagnosed in each section,
and this difference may be attributed to tectonic factors and to the sea level variation
accompanied by a significant change in the energy of sea currents, which put its clear
fingerprints in the formation facies (Qader, 2020). Based on the microfacies analysis, which
shows a similarity in the general characteristics of the formation microfacies with the general
characteristics of the standard microfacies installed by Flugel, it is found that the formation is
deposited in a range of sedimentary environments, where most of the microfacies are located
within the facies zone located between the (Fz— 9) represented by the tidal flat environment to
the (FZ-4) represented by the slope environment, which shows a pattern of shallow in the
sedimentary basin from the bottom of the formation to the top as shown below:

1. Tidal Flat Environment

The microfacies of this environment are located at the top of the Khurmala Formation in
the Shiraswar section, with a thickness of up to (0.5) m represented by the algal lime
bindstone lithofacies (A) and the intraformational conglomerate lithofacies at the middle part
of the formation. This microfacies consists of algal lamination (undiagnose) that are subjected
to severe dolomitization with some vugs (bird's eye) containing gypsum as well as quartz
pieces. Severe dolomitization with some bird's eye is clear evidence on the deposition of this
microfacies at the top of the intertidal environment to the supratidal environment. The
presence of the intraformational conglomerate lithofacies is another evidence to the intertidal
environment (Shinn, 1983; Flugel, 2010).

The microfacies of this environment also appears at the top of the formation in Sundor
section with a thickness of up to (1) m, where it consists of hard sandy limestone with rough
texture that contains the large cross bedding of the herringbone type. This microfacies
consists mainly of bioclasts and extraclasts with some benthonic foraminifera tests. Many
studies indicate the development and formation of this type of cross bedding in many
sediments and is formed in several different ways in many environments including the tidal
flat (intertidal) environment (Tentirri, 2011). Constant changes in tidal energy play a key role
in producing this sedimentary structure (Multti et al., 1985).

2. Platform Interior (Restricted lagoon to open marine) Environment

This environment is represented by (FZ-8), which represents the restricted lagoon
environment, and (FZ-7) represented by the open marine environment. This environment is a
shallow marine environment and is located behind sandy barrier islands or reef, thus making
the environment less connected to the open sea and characterized by the predominance of
wacke lime microfacies (Hallam, 1981; Read, 1985; Flugel, 2010). The microfacies of this
environment are represented in the Khurmala Formations in Sandor section with the following
submicrofacies: peloidal-fossiliferous lime mudstone (M1), fossiliferous lime wackestone
(W1), bioclastic lime wackestone (W2), rotalid lime wackestone (W3) and bioclastic lime
packstone (P1). In Shiraswar section, it is represented by the following secondary standard
facies: dolomitized lime mudstone (M2), rotalid lime wackestone (W3) and miliolid lime
wackestone (W4). The microfacies of this environment occupy the largest part of the
Khurmala Formation in Sandor section, while occupying the upper and middle parts of the
formation in Shiraswar section.
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Several studies have indicated that microfacies are composed largely of lime mud
indicating low energy sedimentary environment conditions, and that their containment of
peloids indicating their deposition in shallow marine environments including restricted lagoon
environments (EI-Azabi , Al-Araby, 2007, Simo, et al., 2023 and Al-Shammary, et al., 2023).

On the other hand, the prevalence of benthonic foraminifera, especially the genera
Miliolid (Quinqueloculina, Triloculina), rotalid and their bioclasts, indicates their presence in
the shallow lagoon environment (Brasier, 1980). The prevalence of miliolid and rotalid refers
to the shallow lagoon’s environment (Bathurst, 1971) and restricted lagoons behind the reefs
(Ghose, 1977), with a water depth of less than (30) m based on the presence of the genera of
Quinqueloculina. The great diversity of benthonic foraminifera, especially the miliolid in
these environments, undoubtedly reflects the conditions of prosperity within a marine
environment with a depth of less than (40) m and warm waters and high salinity. These
sediments reflect the environment of shallow semi restricted lagoon (Hallock and Clenn,
1986; Brasier, 1980).

3. Reef Environment

The microfacies of this environment appears only in the Shiraswar section within the
lower and middle parts of the formation represented by the lithoclastic lime packstone
microfacies (P2), red algal-bioclastic lime packstone microfacies (P3), red algal bindstone
lithofacies (R) and coral framestone lithofacies (C).

The bioclastic lime packstone and red algae consist of echinoderms bioclasts andred
algae. The most important manifestation of these deposits is the presence of thin lamination,
which results from the volumetric sorting of bioclasts arranged in the form of parallel laminae
and deposited close to the reef body towards the open sea (Dabrio et al., 1981, Assad, et al.,
2022). These sediments are often formed by the influence of waves and sea currents, as well
as the influence of organisms, as the aforementioned factors lead to the erosion and cracking
of the reef that are transported to the fore reef or slope, as they are deposited there (Bathurst,
1971; James and Ginsburg, 1979). This microfacies represents the first stage of growth of the
reef called stabilization (Sholle et al., 2003).

Red algae, found in the R microfacies, are the most important marine organisms that
have a key role in building the general structure of algal reef (Ghose, 1977) such as the
ancient Miocene reefs in Malta, and modern reefs as in the Maerl region in northeastern
Atlantic (Maerl - NE Atlantic), and these red algae usually build algal reefs within an area that
extends towards the open sea, as they absorb most of the energy of the sea waves and their
appearance depends on many main factors as the water depth and their position from the
equator (Bosence, 1983), the presence of these species of red algae (Lithophyllum sp.) in this
microfacies, the reef edge environments, and sometimes the deeper parts of the middle shelf
environment (Ghose, 1977; Racz, 1979) within warm subtropics characterized by a low water
depth (50) m and high water energy (Misra et al., 2000). This microfacies may represent the
second stage of growth of the reef, which is called colonization.

On the other hand, the facies consist of coral builder of the reef as well as the presence
of red algae as well with a few benthonic foraminifera and pelecypod bioclasts that spread
between the branches of coral. The presence of adherent organisms in these facies that have
the ability to build calcareous skeletal (coral and red algae) with the presence of organisms
accompanying the facies (benthonic foraminifera, echinoderms and mollusks), all indicate the
development of reef patch, perhaps in lagoons, or a complete reef grows if the conditions are
suitable for its development and in all four stages. The patches reef are small, separated from
each other and reach up to several meters thick (Selley, 1976), and these patches reef usually
grow on a base (shallow rubble) consisting of red algae debris, echinoderms and lithoclasts
that form a ground on which the coral settles in the form of patch within shallow lagoons (Al-
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Qayim, 1995), which are characterized by depths not exceeding (50) m with warm water
within the area of the inner shelf or the lagoon environment (Checconi et al., 2007).

From the foregoing, it is clear that the Khurmala Formation in Sundor section has been
deposited in a rather shallow marine environment extending from the top to the bottom of the
formation, from the tidal flat environment (intertidal to subtidal environments) at the top of
the formation through the lagoon environment to the open marine environment within the
interior marine platform, indicating the shallowing in the marine sediments towards the top of
the formation, without the development of any type of sedimentation representing the reef
environment.

As for the microfacies diagnosed in the Khurmala Formation in the Shiraswar section, it
reflects the deposition of the formation through a spectrum of environments extending from
the base of the formation top, represented by the reef environment, passing through the
interior marine platform environment (open marine and lagoon) and ending with the tidal flat
environments.

Consequently, as a result of the difference in the lithofacies and microfacies diagnosed
in the Shiraswar section, which are completely different from the facies diagnosed in the
Sundor section, it is clear that it is not possible to decide at all that both carbonate succession
is of the same formation, which is Khurmala. However, the facies diagnosed in the Shiraswar
section are similar in content and sedimentary environment to those of the Sinjar Formation.
As most of the facies are diagnosed in many previous studies of Sinjar Formation, including
studies Al-Haj and Al-Hamdani (2005; Daoud, 2009; Barzani and Al-Qayim, 2021) in the
Sinjar area west of Mosul, Hazar Mird and Qazan southwest of Sulaymaniyah City and the
Baribahar area in Dohuk, respectively, are similar to what was diagnosed in the Shiraswar
section. Therefore, we propose to change the name of the exposed carbonate succession in the
Shiraswar section from the Khurmala Formation to the Sinjar Formation. Perhaps the rimmed
carbonate platform model is one of the most suitable models that describe the depositional
environment of the two formations (Fig. 12).

Sundor section

Fig. 12. Rimmed carbonate platform model that describes the depositional environment of the
Khurmala /Sinjar Formation.
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Conclusion

1. Based on field observations and petrographic examination of the Khurmala
Formation, and the microfacies analysis, the formation is deposited in a variety of
sedimentary settings from the tidal flat passing through interior platform and reef
environments from the top to the base of the formation in the two sections; theses facies zone
in the sedimentary basin has a shallow pattern.

2. According to the field observations, lithofacies, and microfacies, we propose to
rename the exposed carbonate succession in the Shiraswar section to Sinjar Formation instead
of the old name Khurmala Formation, because the nature of its microfacies and lithofacies
components is significantly different from that diagnosed in the Khurmala Formation in the
Sundor section. As the facies containing red algae and coral are present in the exposed
carbonate succession in the Shiraswar section and not diagnosed in the Sundor section, and
this comes in line with many previous studies that diagnosed the presence of such facies in the
Sinjar Formation, as we mentioned previously.
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