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Abstract. This study investigates the biostratigraphy and depositional envi-
ronment of a carbonate unit located in the upper part of the Tanjero Formation,
exposed in Khanaqa Village within the Imbrication Zone of northeastern Iraq.
The unit comprises approximately three meters of massive and thick-bedded,
sandy, yellowish-grey, fossiliferous limestone, with thin intercalations of marly
bioclastic limestone in its lower section. Petrographic analysis, based on 18 thin
sections, reveals a diverse assemblage of shallow-marine macrofossils and mi-
crofossils, including corals, rudists, various benthic foraminifera, and algae. Mi-
crofacies analysis identified three dominant microfacies, further subdivided
into eight types, all characteristic of reefal environments. The benthic
foraminiferal assemblages indicate a Maastrichtian age for the studied deposits.
Based on lithological, petrographic, and paleontological evidence, the overall
characteristics of the carbonate unit are more consistent with those of the
Maastrichtian Aqra Formation. The occurrence of the Aqra Formation within
the upper part of the Tanjero Formation in the studied area reflects a significant
sea-level change, concurrent with tectonic activity in the Tanjero Basin during
the latest Cretaceous period in the Kurdistan Region of northern Iraq.

AncrpakT. OBaj pa/ ce 6aB1 6MocTpaTUrpadujoM U 1eN03ULHOHUM CpeiMHaMa
KapbOOHATHE jeIUHUIE OTKPHBEHE Y ropibeM Jiesy dopMmanuje Tanyepo, y ceny
Kanaka yHyTap 30He M6pukanuje ceBeporctouHor Mpaka. OBa jeguHuIa je
cacTaB/beHaA OJf TPU METPA MACHUBHOT U [le6eJI0 yCI0jeHOT, TeCKOBUTOT, XKyhKa-
CTO-CUBOT, POCHUIIOHOCHOT Kpeyraka ca TAaHKHUM MPOC/I0jIMa JIalOPOBUTUX
OHOKJIACTUYHUX KpeurakKa y owmeM Jey. [leTporpadcku onuc 3acHOBaH Ha 18
netporpadckux npenapara ykasao je Ha IpHUCyCTBO pa3HOBPCHHUX IJINTKOBO/-
HUX MaKpo- U MUKpodocuIa Kao IITO Cy KOpaJd, PyAUCTH U pasHe GEHTOHCKe
dopamMuHUdepe U anre. AHaaM3a MUKpodallija yKasasa je Ha IPUCYCTBO TPU
JIOMUHaHTHe MUKpodalyje, oJie/beHe y 0caM TUIIOBa KOjH KapaKTePUILY OKpy-
»Kerba rpebeHa. beHTocke dopamuHudepcke 3ajeAHNLE TOAPXKABAjy MaCTPUXT-
CKy CTAapOCT NpOy4YaBaHUX HacJara. Y 3aBUCHOCTHU Of, JINTOJIOLIKUX, 1eTPO-
rpadcKUx U aJeOHTOJIOLIKUX [J0Ka3a, OMNIITe KapaKTepHUCTHKe poyyaBaHe
KapbOOHATHE je/JUHMUIIE Cy CJIMYHE MAaCTPUXTCKO] AKkpa ¢popmarnuju. [IprucycTBo
Akpa popmaryje yHyTap ropwer gesa TaHepo ¢opmanuje y mpoydyaBaHOM
NOZpyYjy NOKa3yje OUMUIJIeJHY IPOMEHY HUBOA MOpa CUHXPOHY ca TEKTOHCKUM
npoMeHaMa 6aceHa TaHIIepo TOKOM KacHOT KpeJHOT Iepuo/a y pervuoHy CeBep-
Hor MUpaka u KypgucraHa.
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Introduction

The Kurdistan foreland basin, which was formed
during the Turonian as a result of the subduction
between the Arabian and Eurasian plates (LAwA &
KHAFAF, 2022; AL-Haj et al,, 2024), has undergone
numerous geometric changes, primarily due to the
ongoing collision of these plates. Successive tectonic
movements have led to the development of complex
folds and thrust faults, as well as variations in depo-
sitional environments (JassiM & Gorg, 2006). Diffe-
rent sedimentary basins lead to the formation of
different environments, each characterized by its
own distinct lithological and sedimentological fea-
tures (ABID et al., 2022).

Previous studies (Bupay, 1980; SHARAZWRI, 2023)
have debated the interpretation of the carbonate unit
occurrence within the upper part of the siliciclastic
Maastrichtian Tanjero Formation in the northeastern
Iraq (Kurdistan region). However, the presence of
characteristic Maastrichtian fossils (e.g., Orbitoides
medius) in various parts of the studied unit suggests
that it may represent a part of the Aqra Formation.

The studied carbonate unit was observed in
Khanaqa Village, where it emerges from the upper
part of the Tanjero Formation and underlies the Red
Bed Series (Suwais Group).

In Smilan and Mergasor areas, in the Imbrication
Zone of northeastern Iraq, Karim et al. (2022) and
SHARAZURI (2023) respectively, described a carbon-
ate succession in the upper part of Tanjero Forma-
tion and assigned it as a part of the Aqra Formation.
Similarly, Lawa & QADIR (2023) studied the upper
part of the Tanjero Formation in several locations
within the Sulaimani area and reported a carbonate
succession comparable to that described in the
present study:.

The Tanjero Formation, regarded as a thick clas-
tic flysch facies, extends across large areas of the
Folded Zone in northeastern Iraq. It is highly hetero-
geneous and exhibits significant lateral facies vari-
ations. At its type section in the Sirwan Valley near
Halabja in the Kurdistan Region of northeastern
Iraq, the Tanjero Formation is divided into two
units. The lower unit, approximately 484 meters
thick, consists of marls containing globigerinids,
along with thin limestone and siltstone beds. The

44

upper unit, up to 1500 meters thick and dated to the
late Campanian-late Maastrichtian (AQrawi et al.,
2010), comprises silty marls, siltstones, conglomer-
ates, and sandy to silty bioclastic and reefal lime-
stones. The Aqra Formation was first defined by
BENNET (1945), as cited in BELLEN et al. (1959), as its
type section in Gali Sheikh Abdul-Aziz, located on
the Aqra Anticline in the High Folded Zone of north-
ern Iraq. This formation crops out in several loca-
tions across the Kurdistan Region of Iraq, either as
a distinct unit or interfingering with the upper part
of the Tanjero Formation. These localities include
Zanta Gorge, Gara Mountain, Bekhme Gorge, Diza,
Dare Tesu, Gundi-Shikavt, Zibar, Chalki, Ser Amadia,
Hadiena, Rawanduz, and the Chwarta—Mawat areas
(Bupay, 1980).

The formation was deposited during the late Cam-
panian-Maastrichtian as part of a reefal carbo-nate
system that developed throughout much of the
mountainous zone of Iraq (Bupay, 1980). It was origi-
nally described as a reef limestone complex consist-
ing of massive rudist- and shoal-type reefs, detrital
fore-reef limestones, and locally dolomitized beds,
sometimes impregnated with bitumen (BELLEN et al.,
1959). The thickness of the Aqra Formation ranges
from several hundred meters in the type area to a
maximum of approximately 1050 meters in other
locations. However, the formation thins rapidly to-
ward the southeast of the type area, where it forms
relatively thin tongues or interfingers with the Shi-
ranish and Tanjero formations only (Bupay, 1980).

The primary objective of this study is to integrate
field observations, petrographic analysis, and micro-
facies data in order to reconstruct the depositional
environment and assess the relative age of the
upper unit of the Tanjero Formation.

Geological setting

The studied section in Khanaqa Village is located
approximately 5 km north of Warte Town and 30 km
southeast of Rawanduz District, adjacent to the
main road connecting Soran and Ranya cities in
northeastern Iraq. The geographic coordinates of
the site are 44°46’38” E longitude and 36°32’13” N
latitude (Fig. 1).
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Fig. 1. Location map of the study area.

44°36'E 44°42'E ) 44°48'E Legend

. Studied area

. Shiranish Formaton

. Aqra & Bekhime Formations

|7 Kometen & Balanbo Formatons

§ . Qamchuga Fomation

[ Batantn, Gragu & Samord Formatins
Chiagara, Barsarin, Naoke Formations

. Sehkaniyan & Sarki Formafions
Merga Red Beds

te | Govanda Formaton

[ Suveis Red Bed Seis

E Naopurdan Group

. Walash Group

2z [ o Wetamapiic Seies

.§ [ serervie insion

= - Slope Sediments

[ vl Fan Sedinents

- Tanjero Formation
- Aqra Formation

Legend
. Study area

A cty

35°

Tectonically, the section lies within
the Imbricate Zone of northeastern
Iraq (Fig. 2a) and is situated on the
northeastern limb of the Spi Balies-
Mama Ruta Anticline (Fig. 2b). To the
northwest of the study area lies a
thrust belt and imbricate structures,
characterized by multiple thrust-fold
systems that have significantly de-
formed the stratigraphic succession.
BaLakl (2004) identified two major
structural belts surrounding the study
area: the Zozik-Rola Anticline to the
southwest and the Spi Balies-Mama
Ruta Anticline to the northeast. The
southwestern limb of the Spi Balies An-
ticline is steeper, thinner-skinned, and
shorter than the northeastern limb,
and is generally overturned. The core
of the Spi Balies-Mama Ruta Anticline
is composed of Lower Jurassic rocks
(Sarki Formation), while the Upper

I:l Zagros Suture
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- Mesopotamian Zone

34°
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Fig. 2. Tectonic and geological maps. a) Tectonic divisions of
Iraq showing the location of the study area (modified after
Fouap, 2015); b) Geological map of the studied area (after
SISSAKINAN, 2000 and DELizy et al., 2024).
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Cretaceous Tanjero Formation constitutes the limbs,
representing the youngest exposed unit (DELIZY et
al,, 2024) (Fig. 2b).

The geometric pattern of the studied carbonate
unit represents a typical small and patchy reef body,
characterized by a lensoidal shape. Its discontinu-
ous exposure within the uppermost part of the Tan-
jero Formation extends periodically-laterally south-
eastward toward the Mawat-Chwarta areas and
northwestward toward the Guezan, Smilan, and
Mergasor areas, where it exhibits significant in-
creases in thickness and fossil diversity (Fig. 3a).
Lithologically, the unit consists of approximately 3
meters of massive to thick-bedded, hard, sandy-de-
trital, yellowish-grey, lensoidal, fossiliferous lime-
stone, with intercalated thin (10 cm) marly lime-
stone beds rich in loftusiid foraminifera and rudists
(Figs. 3b, c). The lithological characteristics of this
unit are similar to those previously described in the
upper part of the Tanjero Formation by BELLEN et al.
(1959), Lawa (1983), AL-AMERI & LAwA (1986), SHAR-
BAZHERI (2007), GORMUs et al. (2018) in other areas
of the Kurdistan Region of Iragq.

Methodology

This research involved a combination of field-
work and laboratory analysis, encompassing several
key tasks. These included examining the overall geo-
logy and structural relationships within the Upper
Cretaceous succession in the designated study area,
as well as identifying the most appropriate location
for the present investigation. A comprehensive as-
sessment of field relationships was conducted, in-
cluding a detailed description of the exposed carbo-
nate unit. Closely spaced sampling was performed,
accompanied by the construction of a columnar sec-
tion through sketching and appropriate field photo-
graphy. A total of 20 samples were collected from
selected outcrops. Eighteen thin sections were pre-
pared from limestone samples at the research cen-
ter workshop of Soran University. The thin sections
were stained with alizarin red solution following the
procedure of FRIEDMAN (1959), in order to differen-
tiate calcite from dolomite. Petrographic descrip-
tions, microfossil identification, and microfacies
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Fig. 3. Field photographs of the studied carbonate unit. a) Expo-

sure of the carbonate unit within the upper part of the Tanjero
Formation, underlying the Red Beds (Suwais Group); b) Massive,
thick-bedded, hard, sandy-detrital, lensoidal limestone with calcite
veins and interbedded marly limestone; c) Fossiliferous limestone

from the lower part of the unit showing a rudist fossil (red arrow).

analyses were carried out using a Carl Zeiss Jena
JENALAB POL polarizing microscope. Microfacies
types were determined according to DuNHAM’S
(1962) classification, and further correlated with the
facies zones of WiLsoN (1975) and the standard mi-
crofacies types defined by FLUGEL (2010) (Table 1).

Results

Stratigraphic succession of the studied
carbonate unit

The upper part of the Tanjero Formation in
Khanagqa Village, northeastern Iraq, is characterized
by the presence of an exposed carbonate unit that
sporadically occurs in other areas within the moun-
tainous belts of the northern Iraqi Kurdistan region.
This unit is approximately 3 meters thick and con-
sists of massive, thick-bedded, hard, sandy-detrital,

Geol. an. Balk. poluos., 86 (2), 43-55
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yellowish-grey, fossiliferous limestone, with an inter-
calation of a 10 cm-thick thin marly limestone rich in
loftusiid foraminifera and rudists. The unit crops out
and interfingers with the upper part of the Tanjero
Formation, underlying the Swiss Red Bed Series
(Fig. 4), and extends laterally for several hundred me-
ters before pinching out. Field observations, along
with sedimentological and paleontological charac-
teristics, indicate that the studied unit was deposited
in a shallow marine, typically reefal environment.

Biostratigraphy

The biostratigraphy of the studied carbonate unit
is primarily based on the analysis of benthonic and
planktonic foraminifera. The limestones of this for-
mation were analyzed for their fossil content, which
is crucial for dating the unit and understanding the
paleoenvironmental settings of the region. Some
biostratigraphically important taxa have been alte-
red by diagenetic processes, which affected the re-
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Fig. 4. Stratigraphic column of the Khanaqa section showing the fossil ranges within the carbonate unit.

Geol. an. Balk. poluos., 86 (2), 43-55

47



ARKAN O. SHARAZWRI, BZHAR A. DELIZY, SARDAR M. BALAKY, IRFAN SH. ASAAD & GORAN F. HASSAN

Fig. 5. Photomicrographs of the carbonate unit. a) Orbitoides apiculatus in a micritic matrix from the upper part of the unit; b) Or-
bitoides medius (green arrow) and Siderolites sp. (red arrow) from the middle part; c¢) Loftusia packstone submicrofacies with Loftusia
persica in micritic matrix; d) Benthic foraminiferal packstone submicrofacies with Sulcoperculina sp.; e) Abathomphalus mayaroensis
(red arrow) from the middle part of the unit; f) Boundstone facies showing coral and algae (stromatoporoids) framework with cement-

filled spaces; g) Algae (green arrow) and miliolid benthic foraminifera (red arrow) in micritic matrix; h) Rudist fragment in a micritic

background.
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solution of biostratigraphic data by modifying and
obscuring many fossils. The paleontological assem-
blage of the unit comprises numerous macro- and
microfossils, including bivalves, corals, algae, echino-
derms, gastropods, and benthonic foraminifera.
As previously mentioned, the Aqra Formation is typi-
cally regarded as being of Campanian-Maastrichtian
age. The biostratigraphy of the carbonate unit in the
selected section is illustrated in Fig. 4. The middle
to late Maastrichtian is thought to be the source of Or-
bitoides species such as Orbitoides apiculatus (Dou-
VILLE, 1902) (Fig. 5a) and Orbitoides medius (PApp &
KuPPER, 1968) (Fig. 5b). These are key index species
for the Maastrichtian, especially Orbitoides medius,
which was very abundant in the shallow-marine
carbonate platforms of the Tethyan realm during the
late Maastrichtian.

According to Brapy (1869), Loftusia persica (Fig. 5¢)
is indicative of the late Maastrichtian. Omphalocyc-
lus sp. (BronN, 1853) was long considered a mono-
specific genus, but recent studies have described seve-
ral new species (GUNTER et al, 2002; Ozcan, 2007). In his
stratigraphic review, Ozcan (2007) reported Omphalo-
cyclus sp. (Fig. 5d) from strata as old as the late Cam-
panian to late Maastrichtian. The species Lepidorbi-
toides sp. (SIVESTRI, 1907), recorded in the Aqra For-
mation, is restricted to the middle Maastrichtian.
Sulcoperculina sp. (THALMANN, 1939) (Fig. 5d) domina-
ted during the late Campanian to early Maastrichtian.
The planktonic foraminifer Abathomphalus maya-
roensis (BoLLl, 1951) (Fig. 5e) is a very useful index
fossil for the late Maastrichtian. Siderolites sp. (LA-
MARCK, 1801) (Fig. 5b) represents an age range from
the late Campanian to late Maastrichtian. Conse-
quently, the biostratigraphic range of the recorded
fossils in the studied carbonate unit mainly corre-
sponds to the Maastrichtian age.

Petrography and microfacies analysis

The examined carbonate unit is characterized by
an abundant assemblage of shallow-water macrofos-
sils, microfossils, and bioclastic components. The di-
versity of petrographic constituents allowed for the
recognition of various microfacies, which are crucial
for determining and describing the depositional en-

Geol. an. Balk. poluos., 86 (2), 43-55

vironment. In this study, the most common fossils in-
clude corals (Fig. 5f), algae (Fig. 5g), rudists (Fig. 5h),
and common benthonic foraminifera such as loftusi-
ids (Fig. 5¢), miliolids (Fig. 5g), and orbitoids (Fig. 5a).
Microfacies types were identified according to Dun-
HAM'S (1962) classification andcorrelated with the
standard microfacies (SMF) types of FLuGEl (2010)
and facies zones (FZ) of WiLsoN (1975) to reconstruct
the depositional environment. Three main microfa-
cies were recognized: packstone, grainstone, and
boundstone, with seve-ral subdivisions within the
packstone category (Table 1).

Packstone microfacies

This microfacies is the most common among all
identified types within the studied unit and is cha-
racterized by the presence of up to 60% skeletal
grains. The dominant skeletal components include
abundant benthic foraminifera (miliolids, orbitoids,
loftusiids), along with rudists, algae, and corals.
The packstone microfacies is the dominant facies and
is observed throughout the entire carbonate unit.
The main diagenetic processes affecting this mi-
crofacies are cementation and micritization. Six sub-
microfacies types have been identified: Loftusia
packstone (Fig. 5¢), Orbitoides packstone (Fig. 6a),
Benthic foraminiferal packstone (Fig. 5d), Rudistid
packstone (Fig. 6b), Algal packstone (Fig. 6¢), and
Miliolids packstone (Figs. 6d and 6e). These sub-
micro-facies types correspond to SMF 6, 10, and 18
of FLUGEL (2010), indicating deposition in back-reef
(SMF 10) and fore-reef (SMF 6 and 18) environ-
ments (Table 1).

Bioclastic grainstone microfacies

The grainstone microfacies is characterized by
well-sorted and densely packed grains. Although less
common than other microfacies types, it is observed
in the upper part of the studied carbonate unit. The
dominant bioclasts include benthic foraminifera,
algae, and corals (Fig. 6f). The primary diagenetic
processes affecting this microfacies are cementation,
micritization, and compaction. This facies corresponds
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to SMF 11 of FLUGEL (2010), which is indicative of dep-
osition within a back-reef environment (Table 1).

between skeletal components are filled with micrite
(Fig. 5f). This facies corresponds to SMF 7 of FLUGEL

Table 1. Main microfacies and subdivisions of the carbonate unit in the studied section.

Main ; .
microfacies Subdivision of Blapeneshieaams SI.\.IIF Depositional
+ (FLUGEL, A
DuUNHAM DUNHAM (1962) : environments
Type of grains 2010)
(1962)
The main components are
. ’ Loftusia persica and other benthic
(MFL)aLapisia foraminifera within micritic SMF 10 Back reef
packstone . s e .
matrix. The main diagenetic
feature is cementation.
(MF2): Benthic The major components are
foraminiferal benthic foraminifera SMF 10 Back reef
packstone (Sulcoperculina sp.) and corals.
The main skeletal grains in this
(MF3): Orbitoides sub-microfacies are Orbitoides -
i (Lepidorbitoides) and miliolids. SMF 18 8
packstone o P - (Back reef)
Packstone Micritization is the main
diagenetic process.
The main skeletal grains in this
(MF4): Rudistid submlcrof?laes are the rudist SMF 6 —,
packstone fragments. Diagenetic features are
cementation and neomorphism.
(MF5): Algal -benthic The algae and benthic
foraminiferal foraminifera (Peneroplis evolutus) SMF 18 Back reef
packstone are the main skeletal grains.
The major components are
(MF6): Miliolids bethlc foram}nlfera (Pyrgo, SMF 18 Back reef
packstone Quinqueloculina) and algae
fragments.
The main skeletal grains in this
(MF7): Bioclastic submicrofacies are benthic SRS
Grainstone ; o ; SMF 11 (Shoal) to
grainstone foraminifera (Textularia), corals,
Back reef
algae.
The main components are corals
Boundstone (MF8): Boundstone and algae, cementation is major SMF 7 Core reef
diagenetic process in this facies.

Boundstone microfacies

The dominant components of this facies are red
algae and rudists, accompanied by other bioclasts
that appear as sheet-like and lamellar skeletal struc-
tures. This facies is observed in the lower part of the
studied carbonate unit. It forms a reef framework,
where most corals are encrusted or coated by other
bioclastic material. In the boundstone facies, corals
are the dominant framework builders and show ev-
idence of slight neomorphism. Cavities and spaces
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(2010), which is characteristic of reef core or reef
framework environments (Table. 1).

Depositional environment

The petrographic and microfacies analyses of the
studied carbonate unit from the upper part of the
Tanjero Formation indicate that the main skeletal
components are rudists and larger benthic forami-
nifera (Loftusia, Orbitoides), along with algae, co-
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Fig. 6. Photomicrographs of submicrofacies in the carbonate unit. a) Orbitoides (Lepidorbitoides sp.) packstone submicrofacies; b)

Rudist packstone submicrofacies; c) Algal benthic foraminiferal packstone submicrofacies; d) Miliolids (Pyrgo sp.) packstone submi-

crofacies; e) Miliolids (Quinqueloculina sp.) packstone submicrofacies; f) Bioclastic grainstone submicrofacies composed of benthic

foraminifera, corals, and algal fragments.

rals, and smaller benthic foraminifera (miliolids).
The presence of rudist debris and Omphalocyclus
suggests deposition in reef and fore-reef environ-
ments (FLUGEL, 2010). The occurrence of bioclastic
grainstone rich in benthic foraminifera, coral frag-

Geol. an. Balk. poluos., 86 (2), 43-55

ments, and algae points to transport from high-en-
ergy to lower-energy environments (e.g., from shoals
or reef flanks to back-reef settings) (BouDAGHER-
FADEL, 2008; FLUGEL, 2010; DELIZY & SHINGALY, 2022).
Moreover, the dominance of Loftusia sp., miliolids,
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pelecypods, and algae supports deposition in back-
reef and shallow-water environments (AssaD et al.,
2024; BaLAKY et al,, 2025). The association of Loftu-
sia sp. and solitary corals further supports a shallow,
semi-protected marine setting, typical of reef and
back-reef environments (HENSON, 1950; AL-OMERI et
al,, 1989). Additional indicators of back-reef settings
include the presence of common benthic foramini-
fera and rudist bivalve debris (ALSHARHAN 1995;
FLUGEL, 2010). According to the MuURrAY (1960) and
FLUGEL, (2010), miliolids are typically found in re-
stricted to semi-restricted marine lagoons (back-
reef) in shallow waters less than 50 meters deep.
Algae, on the other hand, are predominant in tropi-
cal to subtropical shallow waters near reef cores or
back-reef areas (Bucur & SAsARraN, 2005). Based on
the above evidence, it can be concluded that the mi-
crofacies types of the studied carbonate unit corre-
spond to SMFs 6, 7, 10, 11, and 18 of FLuGEL (2010),
which are indicative of shallow-marine environments
within a typical reefal system (including fore-reef,
reef, and back-reef settings). A proposed depositional
model for the studied carbonate unit in the Khanaqa
section is presented in Fig. 7.

Discussion

In the studied section, the upper part of the
Tanjero Formation is characterized by the presence
of a 3-meter-thick, massive, and bedded fossilifer-
ous carbonate unit. Detailed field observations and
microscopic analysis of 18 thin sections reveal that
the general characteristics of this unit closely re-
semble those of the Maastrichtian Aqra Formation.
Petrographic analysis identified a diverse assem-
blage of shallow-marine macro- and microfossils, in-
cluding Loftusia sp., Orbitoides, Miliolids, algae,
corals, rudist debris, Omphalocyclus macroporus,
Lepidorbitoides sp., Orbitoides medius, Sulcoper-
culina sp., and Abathomphalus mayaroensis—similar
to fossils previously described from the Aqra For-
mation by BELLEN et al., (1959), MALAK & AL-BANNA
(2014) and AL-BANNA & ALRASHDI (2023) in northern
Iraq. These fossil assemblages are distributed
across different microfacies types, Packstone, Grain-
stone, and Boundstone, which correspond to the
standard microfacies (SMF) of FLUGEL (2010) and
represent fore-reef, reef, and back-reef depositional
settings.

Back reef Fore reef
Tidal flat lagoon Reef core Organic build up Shelf margin Open (deep) sea
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Fig. 7. Proposed depositional model of the studied carbonate unit in the Khanaqa section, Kurdistan Region, NE Iraq.
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The relative age of the studied unit is determined
based on several benthic foraminiferal species that
are key indicators of the latest Cretaceous, a time
when rudists were particularly prolific. Previous
studies have referred the Aqra Formation to the Cam-
panian-Maastrichtian interval. In this study, the
presence of Sulcoperculina sp. (THALMANN, 1939) in-
dicates a late Campanian to early Maastrichtian age,
while Orbitoides species (e.g., Orbitoides apiculatus
and Orbitoides medius) and Lepidorbitoides sp. sug-
gest a middle to late Maastrichtian age. Additionally,
Loftusia persica (Brapy, 1869) and Abathomphalus
mayaroensis (BoLLl, 1951) and Siderolites sp. (La-
MARCK, 1801) are indicative of a late Campanian to
late Maastrichtian age.

As a result, the biostratigraphic data from the
studied carbonate unit primarily support a Maas-
trichtian age, correlating laterally with the Aqra For-
mation within the upper part of the Tanjero For-
mation across various parts of the Iraqi Kurdistan re-
gion. These findings suggest that during the latest
Cretaceous, due to sea-level fluctuations and tectonic
activity, intertonguing occurred between the Aqra
Formation and the siliciclastic turbidites of the upper
Tanjero Formation (LAwA & QADIR, 2023). These con-
ditions extended sporadically toward the southeast
of the studied area.

Conclusions

The main conclusions of the current study are:

1. The upper part of the Tanjero Formation in the
Khanaqa Village is characterized by the presence of
a massive, thick-bedded, fossiliferous carbonate unit,
which sporadically crops out in several areas across
the northern Iraqi Kurdistan region.

2. Based on DunHAM’s (1962) classification, three
main microfacies and eight sub-microfacies have
been identified. These correspond to SMF types 6, 7,
10, 11, and 18 of FLUGEL (2010), indicating deposition
within a fully developed reefal environment.

3. Several biostratigraphically important taxa
(Loftusia persica, Orbitoides apiculatus, Orbitoides
medius, Sulcoperculina sp., Siderolites sp.,and Abath-
omphalus mayaroensis) confirm a Maastrichtian age
for the studied carbonate unit.

Geol. an. Balk. poluos., 86 (2), 43-55

4. The general sedimentological features and fos-
sil assemblages of the studied unit closely corre-
spond to those of the Maastrichtian Aqra Formation.

5. During the latest Cretaceous (Maastrichtian), the
Aqra Formation inter-fingered with the siliciclastic
turbidites of the upper Tanjero Formation in the
Khanaga area. This depositional setting also occurred
sporadically toward the southeast of the study area.

Acknowledgments

The authors send their appreciation to scientific re-
search center Soran University for helping and facilities
during laboratory works. We would like to express our sin-
cere gratitude to the three anonymous reviewers for their
valuable comments and constructive suggestions, which
have greatly contributed to improving the quality of this

paper.

References

ABID, A.A., AsaAD, 1.S. & Pasha, S.M. 2022. Foraminiferal as-
semblage, microfacies analysis, and depositional envi-
ronment of Tanjero Formation (Late Cretaceous) in
Hujran section, Northeast Erbil City, Kurdistan Region,
Iraq. Arabian Journal of Geosciences, 15 (3): 259.
https://doi.org/10.1007/s12517-022-09563-9

AL-AMER], TK. & Lawa, F.A. 1986. Paleoecological and fau-
nal interaction within Aqra limestone formation
(N-Iraq). Journal of the Geological Society of Iraq, 19:
7-27.

AL-BANNA, N.Y. & AL-RasHeD], M.A. 2023. Facies analysis and
sequence stratigraphy of Late Cretaceous Aqra Forma-
tion, Northern Iraq. Iraqi Bulletin of Geology and Mining,
19 (2): 19-35. https://doi.org/10.59150/ibgm1902a02

AL-Haj, M.A,, AsaAD, 1.S., AL-TAEE, N.T. & BALAKY, S.M. 2024.
Depositional Model of Early-Middle Turonian deep
water Gulneri Formation, in selected outcrop and sub-
surface sections in Northern Iraq. Iraqi Geological Jour-
nal, 57 (1B): 26-39.
https://doi.org/10.46717/igj.57.1B.3ms-2024-2-12

AL-OmaAR], F.,, AL-RapoaNn], M. & Lawa, F.A. 1989. Biostrati-
graphy of Aqra Limestone Formation (Upper Creta-
ceous); Northern Iraq. Journal of the Geological Society
of Iraq, 22 (2): 44-55.

53



ARKAN O. SHARAZWRI, BZHAR A. DELIZY, SARDAR M. BALAKY, IRFAN SH. ASAAD & GORAN F. HASSAN

AL-SHARHAN, A. 1995. Facies variation, diagenesis and ex-
ploration potential of the Cretaceous rudist-bearing
carbonate of the Arabian Gulf. AAPG Bulletin, 79 (4):
531-550. https://doi.org/10.1306/8D2B1584-171E-
11D7-8645000102C1865D

AsaaD, 1.Sh., AHmAD, A.M. & BaLAKY, S.M. 2024. Lithostra-
tigraphy and microfacies analysis of Middle-Late
Eocene Pila Spi Formation in Sheikh Turab section,
Safin anticline, Kurdistan region of Iraq. Boletin de la
Sociedad Geolégica Mexicana, 76 (3):1-18.

BaLaki, H.G. 2004. Geometry and structural history of
Zozik-Rola and Spi Balies-Mama Ruta structures of the
Zagros fold thrust belt in NE Iraqi Kurdistan. Unpubl.
MSc. Thesis, University of Salahadin, Iraq, 103pp.

BALAKY, S.M., TAMAR-AGHA, M.Y., AsaaD, [.Sh. & Rapwan A.E.
2025. Sedimentology of Lower Triassic (Induan
stage) mixed carbonate-siliciclastic succession of an
epeiric carbonate ramp at the northeastern passive
margin of Arabian Plate, Northern Iraq - Kurdistan re-
gion. Geological Journal, 60 (6): 1304-1328.
https://doi.org/10.1002/gj.5124

BELLEN, R.C., VAN DunNINGTON, H.V., WETZEL, R. & MORTON,
D. 1959. Lexique Stratigraphique International Asia,
Iraqg. Centre national de la recherche scientifique,
333 pp.

BoLLi, H.M. 1951. The genus Globotruncana in Trinidad,
B.W.L.: Notes on Occurrence, Nomenclature and Rela-
tionships between Species. Journal of Paleontology,
25(2):187-199.

BouDAGHER-FADEL, M.K. 2008. Evolution and Geological Sig-
nificance of Larger Benthic Foraminifera. Elsevier,
Amsterdam, 540pp.

Brapy, G.S. 1869. A Monograph of the Recent British Os-
tracoda. Transactions of the Zoological Society of Lon-
don, 4: 353-393.

BronN, H.G. & ROEMER, E. 1853. Lethaea Geognostica; vierte
Periode; Kreide-Gebirge, Aufl. 3, Bd. 2, Theil 5 (1851-
1852). Stuttgart: E. Schweizerbart, 95pp.

Bucur, LI & SAsARAN, E. 2005. Relationship between algae
and environment: an Early Cretaceous case study,
Trascau Mountains, Romania. Facies, 51: 274-286.
https://doi.org/10.1007/s10347-005-0001-9

Bupay, T. 1980. The Regional Geology of Iraq. Stratigraphy
and Paleogeography, Vol. 1, Dar Al- Kutub Publication,
Mosul, Iraq, 445pp.

DELIzy, B.A. & SHINGALY, W.S. 2022. Microfacies analysis and
depositional environment of Sarki Formation (Early

54

Jurassic), Rawanduz area, Kurdistan Region, Northern
Iraq. Tikrit Journal of Pure Science, 27 (1): 24-35.
https://doi.org/10.25130/tjps.v27i1.79

DELIZY, B.A, SHINGALY, W.S & BALAKY, S.M. 2024. Dolomi-
tization model of the Lower Jurassic Sarki Formation
depending on petrography and Carbon/Oxygen iso-
topes, Northeastern Iraq-Kurdistan region. Jordan
Journal of Earth & Environmental Sciences, 15 (3):
174-182.

DELIZY, B.A., NOURMOHAMMADI, M.S., AsaAD, I.S. & OMAR, S.A.
2024. Sedimentology of Late Jurassic-Early Creta-
ceous Chia Gara Formation in Rawanduz area, Kurdis-
tan region-Iraq. Journal of Sedimentary Environments,
9:859-873.

DouviLLE, H. 1902. Sur les Orbitoides et Lepidocyclines.
Bulletin de la Société Géologique de France, 4( 2): 1-20.

DunHaM, R.H. 1962. Classification of carbonate rocks ac-
cording to de positional texture. In: Ham, W.E. (Ed.).
Classification of carbonate rocks. AAPG. Memoir., 1:
108-121

FLuGEL, E. 2010. Microfacies of Carbonate Rocks, Analy-
sis, Interpretation and Application. Springer-Verlag,
Berlin, 976 pp.

Fouap, S.F. 2015. Tectonic map of Iraq, scale 1: 1000 000,
2012. Iraqi Bulletin of Geology and Mining, 11 (1): 1-7.

FRrRIEDMAN, G.M. 1959. Identification of carbonate minerals
by staining methods. Journal of Sedimentary Petro-
logy, 29 (2): 87-97.

GORMUS, M., Nuaimy, Q.A.M. & Lawa, F.A. 2018. Quantitative
data on the genus Loftusia from the Zagros Mts.,
northern Iraq. Acta Geologica Polonica, 68 (2): 207-
218. https://doi.org/10.1515/agp-2017-0025

GUNTER, M.E., BANDY, O.L. & LANGER, M.R. 2002. A new species
of Omphalocyclus (Foraminiferida) from the Upper Cre-
taceous of Jamaica and its stratigraphical signifi-
cance. Journal of Foraminiferal Research, 32 (1): 3-30.

HEenson, F.R.S. 1950. Cretaceous and Tertiary Reef Forma-
tions and associated sediments in Middle East. AAPG
Bulletin, 34 (2): 215-138.

Jassim, S.Z. & GoFF, ].C. 2006. Geology of Iraq. Dolin, Prague
and Moravian Museum, Brno, 341pp.

KariM, K.H., Daoup, H., ABDULA, R.A. & SHAREZWRI, A.O. 2022.
Occurrence and relationship of the Aqra, Bekhme and
Govanda formations in the Soran (Rawanduz) area,
Kurdistan Region, northeastern Iraq. Bulletin of the
Geological Society of Malaysia, 73 (1): 67-77.

DOI: 10.7186/bgsm73202206

Geol. an. Balk. poluos., 86 (2), 43-55



Biostratigraphy and depositional setting of the carbonate unit within the upper part of the Maastrichtian Tanjero Formation in the ...

LAMARcK, ].B. 1801. Systéme des animaux sans vertebres;
ou, Tableau général des classes, des ordres et des gen-
res de ces animaux. LAuteur, Paris, 432pp.

Lawa, F. 1983. Microfacies of the Aqra Formation in its
type section. Unpubl. MSc. Thesis, University of Mosul,
145pp.

Lawa, F. & AL-KHAFAF, A. 2022. Biostratigraphy of Dokan
and Gulneri formations from Kosrat Anticline, Su-
laimani Area, Kurdistan Region-Iraq. [raqi Bulletin of
Geology and Mining, 18 (2): 25-42.

Lawa, F.A. & QADIR, H. 2023. New Biostratigraphic ideas
about the Cretaceous/Paleogene boundary from se-
lected sections in Kurdistan-Mesopotamian Foreland
Basin, Northern Iraq. Iraqi National Journal of Earth
Sciences, 23 (2): 124-156.
https://doi.org/10.33899/earth.2023.139689.1069

MaLAK, Z.A. & AL-BANaa, N.Y. 2014. Sequence stratigraphy
of Aqra Formation (Late Upper Campanian-Maas-
trichtian) in Geli Zanta Gorge, Northern Iraq. Arabian
Journal of Geosciences, 7: 971-985.

Murray, R.C. 1960. Origin of porosity in carbonate rocks.
Journal of Sedimentary Research, 30 (1): 59-84.

Ozcan, E. 2007. Morphometric analysis of the genus Om-
phalocyclus from the Late Cretaceous of Turkey: new
data on its stratigraphic distribution in Mediter-
ranean Tethys and description of two new taxa. Cre-
taceous Research, 28: 621-641.
https://doi.org/10.1016/j.cretres.2006.09.002

Papp, A. & KUPPER, H. 1968. Die Foraminiferenfauna der
Gosau (Oberkreide) von Gams (Steiermark). Mitteilun-
gen der Geologischen Gesellschaft in Wien, 61: 1-114.

SHARAZWRI, A.O. 2023. Paleontology and Stratigraphy of the
Govanda Formation and the Underlying Unit in Kurdi-
stan Region, Iraq. Unpubl. MSc. Thesis, Soran Univer-
sity, Erbil, Iraq, 125pp.

SHERWANI, G.H., NAQISHBANDI, S.F. & BALAKY, S.M. 2006. Mi-
crofacies and environmental analysis of Harur Forma-
tion (Early Carboniferous) - Northern Iraqi Kurdistan.
Iraqi Bulletin of Geology and Mining, 2 (2): 39-55.

SILVESTRI, A. 1907. Probabile origine d’alcune Orbitoidine.
Rivista Italiana di Paleontologia, 13: 79-81.

SissakiaN, V.K. 2000. Geological Map of Iraq, 1:1000000,
GEOSURVE, Baghdad, Iraq.

THALMANN, H. 1939. Zur Stratigraphie und Mikropaldon-
tologie der Kreide in den Ostalpen (Stratigraphy and
Micropaleontology of the Cretaceous in the Eastern
Alps). Eclogae Geologicae Helvetiae, 32: 299-374.

Geol. an. Balk. poluos., 86 (2), 43-55

WiLsoN, J.L. 1975. Carbonate Facies in Geologic History.
Springer-Verlag, Berlin, 47 1pp.

Pe3ume

Bbuoctparurpaduja u cesuMeHTallIOHE
Cpe/iMHe KapOOHATHe jeAUHULIE Y
ropmeM Jiejly MaaCTPUXTCKe
®opmanumje Tanepo y ceay Kanaka,
UMOpuUKanMOHA 30Ha, CEBEPOUCTOYHH
Hpak - pernoH Kypaucrana

Topwu feo dopmanuje Tannepo y ceny Kanaka
KapaKTepHulle NPHUCYCTBO MacHUBHE, ZiebeJsio ycoje-
He, pocusiHe kKapOOHATHE jeIUHUILE, KOja Ce TOBpe-
MEHO jaB/ba Ha HEKOJIMKO N0/ py4Yja LIUPOM CeBep-
Hor Jiesa Upaukor Kypaucrana. Iletporpadcka aHa-
JIM3a je MokasaJjia IpUCyCTBO Pa3HOBPCHUX MJIUTKO-
BOJJHUX MaKpO- U MUKPOGEHTOCKHUX OpraHu3ama,
ykJbyuyjyhu Loftusia sp., Orbitoides, anre, kopaJe,
ocTaTtke pyaucta, Omphalocyclus macroporus, Lepi-
dorbitoides sp., Orbitoides medius, Sulcoperculina sp.
u Abathomphalus mayaroensis. Ha ocHoBy /laHxa-
MoBe kjaacudukanuje (1962), uzeHTduKoBaHe Cy
TPH IJIaBHe MUKpodanuje U ocaM noaMUKpoda-
nuja. OHu oxrosapajy tunosuma CMO® 6, 7, 10, 11
u 18 npema FLUGEL (2010), mto yka3syje Ha Jeno-
HOBame€ Y MOTIYHO Pa3BUjeHOM OKpPYKemy Irpebe-
Ha. Hekosinko 6uocTpaTurpadcku BaXKHUX TaKCo-
Ha (Loftusia persica, Orbitoides apiculatus, Orbitoi-
des medius, Sulcoperculina sp., Siderolites sp. v Aba-
thomphalus mayaroensis) noTBphyjy MacTpuxr-
CKy CTapOCT UCTpPaKMBaHe KapOOHATHE jeJUHHUIIE.
Omnute ceJUMEHTOJIONIKE KapaKTepUCTHKe U do-
CUJIHE 3ajeJHUIIE UCTTUTHUBAHE jeINHUIIE OJIUCKO O/I-
roBapajy OHMMa U3 MacTpUxTcke ¢popMaruje Akpe.
TokoM kacHe kpege (MacTpuxT), dopmaiuja Akpe
ca CUJIMLMKJIACTUYHUM TYypOUJUTHMA je uMasa
YIUIMB y ropwy Gpopmanujy Taniepo y o6sactu Ka-
Haka. OBO J1eN03UIIMOHO OKPYKEHE Ce TOBPEMEHO
jaBJbaJIo U Ka jyTOUCTOKY UCIIUTUBAHOT NOJAPYyYja.
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