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ABSTRACT

Recognition, identification, and correlation of formal lithostratigraphic units should
always follow the rules of the definition of lithostratigraphic units established in the
Stratigraphic Code of Nomenclature, set by the International Stratigraphic Commission.

This case study is attempting at elaborating on this argument by discussing the
identification and differentiation between the Sinjar and Khurmala formations in outcrop and
well sections.

Stratigraphic data for this study were compiled basin-wide, with nearly fifty localities of
both formations from the Zagros foreland basin of Kurdistan in NE Iragq. Examinations
include a review of microfacies documentation, Facies reinterpretation as well as sequence
analysis.

The Sinjar and Khurmala formations are carbonate units developed during the final filling
stage of the Zagros foreland basin of northeast Irag. The Sinjar Formation is characterized by
shallow marine coralgal-foraminiferal limestone of reefal, lagoonal, shoal, and overall ramp
setting. Other lithologies such as dolomitic limestone or marly limestone are minor and
secondary. The Khurmala Formation, on the other hand, is dominated by thick beds of
dolostone with secondary lithologies including recrystallized limestone and dolomitic
limestone and marly limestone. Microfacies analysis of the Khurmala Formation reveals that
it represents a lagoonal lithofacies equivalent to the lagoonal facies of the Sinjar Formation
but intensively dolomitized at specific areas of the basin. This close relationship between the
two formations, leading in some cases to mixing between both lithologies or rather confusion
and misidentification. The best way of differentiating between the two units is by adhering to
the lithostratigraphic rules and principles of the formal stratigraphic description, which
emphasize the formal lithostratigraphic description of each formation.

INTRODUCTION

Naming, describing, and distinguishing lithostratigraphic units is vital for working with
geologic units accorded formal status. Such procedures, if widely adopted would assure
consistent and uniform usage in classification and terminology, and therefore, promote
unambiguous stratigraphic communication (NACSN, 2021).
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Lithostratigraphic units like formations or members are formal rock units identified,
recognized, delimited, nominated, and distinguished from other likewise units based on
general lithologic characters and stratigraphic position. The North American Commission on
Stratigraphic Nomenclature was a pioneer in setting the rules and bases of how to identify and
recognize certain lithostratigraphic units (NACSN, 1961). In Article 3 and Article 4 of their
code, they explain in detail these rules. They emphasize in Article-4 “Article 4. A rock-
stratigraphic unit is a subdivision of the rocks in the earth's crust distinguished and delimited
on the basis of lithologic characteristics”. They add in remark (a) of the stratigraphic code,
Rock-stratigraphic units are recognized and defined by observable physical features rather
than by inferred geologic history. No changes had being made to this definition, which
emphasizes the importance of the lithologic characters in recognizing formal lithostratigraphic
units (NACSN, 1983; and 2021).

The International Commission on Stratigraphy (ICS) followed similar descriptions and
restrictions on this rule. They define lithostratigraphic units as A Lithostratigraphic unit is a
body of rocks that is defined and recognized on the basis of its lithologic properties or
combination of lithologic properties and stratigraphic relations (Hedberge, 1976; Salvador
1983; Murphy and Salvador, 1999).

In recent years the diversity and expansion of geological research and survey works led to
misidentification and confusion in recognizing some stratigraphically related formal units.
Misidentification stems from overlooking the basic lithologies and focusing on lithofacies
and/ or depositional environments as an identification tool, thus assigning the wrong unit.

The aim of this work is to apply the stratigraphic confusion between the Khurmala and
the Sinjar Formation of the Zagros foreland basin as a case study to demonstrate the
importance of relying on the lithology as a decisive factor in the identification of a given
lithostratigraphic unit. Both units are carbonate (Sinjar is mainly limestone and Khurmala is
dominantly dolostone) and deposited during the shoaling stage of the Zagros Foreland Basin
(Al-Qayim et al., 1988; Al-Qayim, 2011; 2019; 2021; 2022; and 2023, Lawa and Mardan,
2019; Karim et al., 2018; and Tamar-Agha et al., 2015). They are known of being closely and
stratigraphically related representing lateral facies change of the same shallow marine
carbonate unit (Bellen et al., 1959; Buday,1980; and Jassim and Goff, 2006).

MATERIAL AND METHODS

Research data are mainly based on the revision and re-evaluation of stratigraphic
sequence and facies analysis of 50 previously published studies on almost 50 localities (both
surface and subsurface) for Sinjar and Khurmala Formations (Figure 1). The microfacies
analysis of these studies is reviewed, and facies documentation is reinterpreted. The
stratigraphic status of these localities is revised in light of the foregoing lithostratigraphic
principles. Two localities are chosen as a reference section for a detailed presentation of ideal
lithologic characters for each formation. These are the Qaradagh (Branan Mountain,
Sulaimani area) locality for the Sinjar Formation, and the Gara Anticline (Dohuk area) for the
Khurmala Formation.
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Figure 1: Location Map of Northern Irag showing major tectonic zones and examined
localities. Detailed investigated reference sections are circled in red
(Tectonic divisions from Fouad, 2015).

STRATIGRAPHY

The Zagros foreland basin during the Late Paleocene — Early Eocene passes through a
shoaling stage during which shallow marine carbonates cover extensive parts of the basin.
These carbonates are represented by coralgal reef, nummulitic shoals, and tidal limestone of
the Sinjar Formation forming patchy-distributed banks developed over the forebulge
depozone of the basin (Al-Qayim, 2019; 2022; and 2023). These carbonates gradually extend
over the foredeep area of the basin forming an extensive lagoonal limestone and over the
back-bulge area in the form of ramp deposits. The first case is represented by the intermixing
with the upper part of the Kolosh Formation siliciclastic sediments, and the second show
intercalation within the back-bulge Aaliji Formation marlstone sediments (Al-Qayim, 2022).
Part of these limestones, especially the lagoonal limestone, were subjected to intensive
dolomitization at certain parts of the basin, which develops a cyclic sequence of thick-bedded
dolostone of the Khurmala Formation. At the final filling stage of the basin, reddish
subcontinental siliciclastic sediments of the Gercus Formation were deposited covering both
formations in many examined localities. Below is a brief review of the stratigraphic
association of each formation.

= Sinjar Formation

A limestone unit of bank and associated facies with extensive distribution. In type-section,
Bellen et al. (1959) described it as follows

“ Type locality and section.

— Location: Near the village of Mamissa, on the Jebel Sinjar, at lat. 36° 22' 33" N, long.
410 41' 23" E.
Brief description of the type section
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— Thickness: 577 feet (176 meters).

— Lithology: Limestone, showing elements of algal reef facies, lagoonal miliolid facies, and
shoal nummulitic facies usually recrystallized and yellowish.

— Fossils: Alveolina globosa Leymerie, Alveolina primaeva Reichel, Dictyoconus arabicus
Henson, Dictyokathina, simplex Smout, ldalina sinjarica Grimsdale, Miscellanea miscella
(d'Archiac and Haime), Nummulites atacicus Leymerie, Opertorbitolites sp., Saudia
labyrinthica (Grimsdale), Taberina daviesi Henson, discocyclinids, miliolids, operculinids,
valvulinids, Parachaetetes asvapatii Pia.

— Age: Paleocene, " lower" Eocene".

The formation has a patchy distribution over most parts of the basin from Sinjar to Dohuk
passing southeastwards into Shaglawa, Kirkuk, Dokan, Sulaimaniyah, and down to Sirwan
Valley (Figure 1) (Bellen et al., 1959; and Al-Qayim 2022). It shows massive-thick-bedded
limestone which often represents the bank associations such as the area of Sinjar, Sulaimani,
or Sirwan Valley (Bellen et al., 1959; Al-Syyab and Al-Siddiki, 1970; Mallick and Al-Qayim,
1985; Tamar-Agha et al., 2015; Al-Dulaimi and Al-Dulaimi, 2017; and Lawa and Mardan
2019). However, in other areas such as Dohuk, Bekhme, Shaglawa, Kolosh, and Dokan, it is
developed as intercalations of thin to medium-bedded limestone intermixed with the upper
part of the Kolosh Formation (Bellen et al., 1959; Al-Qayim and Salman, 1986; Al-Qayim
et al., 1988; Al-Qayim and Al-Shaibani, 1995; Karim, 1997; Tamar-Agha et al., 2015;
Al-Dulaimi and Al-Dulaimi, 2017; Lawa and Mardan, 2019; Barzani and Al-Qayim, 2019;
and Al-Qayim, 2022). The formation shows varieties of carbonate facies including coalgal
reef, nummulitic shoal, mollusck-miliolid lagoonal limestone, alveolinid shoals, and
stromatolitic tidal limestone of the bank facies association in addition to ramp carbonate
intercalations of bioclastic grainstone.

A field section at Branan Mountain of the Sulaimani area is measured and described in
detail as a reference section for the Sinjar Formation (Figure 2). The total thickness of the
Formation reaches 130 m. including the intercalated part with the Kolosh Formation
sediments. The section consists of 50 meters of thick limestone units of the bank facies
association (Figure 3a). The bank here consists of two massive units each reaching
20 — 25 m., and separated by 5 — 10 m green marly shale. Recognized facies include algal
grainstone (Figure 3b), nummulitic shoal (Figure 3c), and tidal limestone at the upper part
(Figure 3d). The lower part is represented by 80 meters of intercalations of fossiliferous
limestone with olive green silty shale and sandstone of the Kolosh Formation. The limestone
units of this interval are dominated by Nummulite, Assilina, Lepidocyclina, and other larger
benthic foraminiferal bioclasts representing lag or storm deposits of the ramp facies
(Figure 3e).

» Khurmala Formation

The Khurmal Formation is dominated by dolostone lithology and minor shale interlayers.
It is described by Bellen et al. (1959) as follows
“ Type locality and section.

— Location: LP.C. Well K-114 at lat. 45° 56'15.50" N, long. 430 45' 21.78" E; between
drilled depths 3225 and 3860 feet. The elevation of the well is 1185 feet and drilling was
completed 31.6.54.
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Brief description of the section.

— Thickness: Approximately 607 feet true thiclmess (185 meters)
— Lithology: Dolomite, sub-oolitic in parts, and finely recrystallized limestone. Probably
chemical limestones, interfingering strongly with material from the Kolosh formation.

— Fossils: Largely obliterated by recrystallization and dolomitization. Miliolids, Small
valvulinids, clavulinids, and very rare "ghosts" of indeterminable alveolinids Small
gastropods and fragments of Algae also occur, but these are not determinable either
specifically or generically.

— Age: Paleocene and “lower Eocene”

The dolomite is extensive and developed in varieties of textures (Barzani and Al-Qayim,
2019). The sequence often consists of cyclic, thick to massive, up to 2 meters dolostone units,
which alternate with thin shale horizons often barren of any fossils. Dolomitization is so
severe that most of the original components were destroyed and nothing is left but ghosts or
relics of some marine fossils, which points towards the lagoonal origin. Ghosts of
stromatolitic dolostone are often recognized at the top of each dolostone unit.
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Figure 3: a) General view of the Sinjar Formation at Branan Mt. near Sulaimaniyah
showing the development of bank limestone over the ramp facies. b) Algal packstone
limestone of Sinjar bank limestone, Branan Mt. ¢) nummulitic grainstone of the shoal
facies, Sinjar bank, Branan Mt. d) Pocket of storm bioclastic deposits within the green

sandstone of the Kolosh Formation, outer ramp, Branan section. €) The upper
part of the Sinjar bank of Branan section shows tidal limestone facies.
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A reference section, which typifies the Khurmala Formation is selected from Gara Mt. of
the Dohuk area. Its description and detailed lithology is burrowed from Barzani and Al-
Qayim (2019) and Al-Qayim and Barzani (2021).

The thickness of the Formation is 91 m and generally consists of buff to gray, medium to
thick-bedded stromatolitic dolostone alternating with thin beds of buff to dark gray shale or
marlstone. Shale interlayers increased in thickness upwards. The studied section is divided
into three units based on the dolostone/shale ratio (Figure 4). Microscopic study of these
dolomite shows that they consist mainly of fine to medium crystalline dolomite mosaic
(Barzani and Al-Qayim, 2019). Ghosts of the original components are rarely recognized and
represented by lagoonal fauna (Figure 5b). This sequence has general lithologic characters
quite similar to the sequence of the type section at the Kirkuk structure. Similar succession is
also examined from Geli Zanta (Figure 5c), Atrush (Figure 5d), and Agra (Figure 5e).
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Figure 4: The stratigraphic column of the Khurmala Formation at Gara Mt., Dohuk area,
showing detailed lithologic characters and units (After Barzani and Al-Qayim, 2019).



Emphasizing Lithostratigraphic Rules in Distinction of Formal Units: Sinjar Vs Khurmala
Formations, Case Study Basim Al-Oayim

Figure 5: a) General view of the Khurmala Formation at Gara Mt. Succession consists of
thick-bedded dolostone with thin shale interlayer. b) Varieties of the dolomite fabric of
the Khurmala section at Gara Mt. including ghost stromatolitic dolomite (A and D),
Medium crystalline (E), ghost of lagoonal bioclasts: valvulinids (E), miliolids (G),
and green algae (H). c) Thick dolostone units of Geli Zanta. d) Thick bedded
dolostone of Khurmala Formation at Atrush. e) Slightly marly dolostone of
Khurmala Formation at Agra.
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STRATIGRAPHIC REVISION

Based on the foregoing stratigraphic principles, the formal definitions of both formations,
and the stratigraphic status of each formation at the examined localities, the stratigraphic
identity of the 50 previously published studies was reviewed and re-evaluated. Revision
includes original facies sequence, lithologic association, and stratigraphic status. The
stratigraphy of some localities of these studies had been reinterpreted and changed in

accordance with principles of the international stratigraphic rules of nomenclature (Table 1).

Table 1: Listing of revisited localities from 50 previous studies showing their facies type,
main lithologic characters, original stratigraphic status, and the newly suggested stratigraphic
assignment by the current study. (Red labeling indicates changing a status).

MAIN THIS STUDY
SERIES| YEAR | AUTHOR LOCALITY | FACIES LITHOLOGY FORMATION FORMATION
Al-Syyab and - . - .
1 1970 Al-Siddiki Sinjar Algal Reef Limestone Sinjar Sinjar
2 1973 AI-OSn;girll( ane J. Maglub Lagoon | Marly Limestone Khurmala Sinjar
3 1975 Aljf:lukh Harrir Lagoon Limestone Khurmal Sinjar
4 1978 Kassab K-117 Shoal/ Marl)_/ Lst. and Kh.ur'mal thrmala
Lagoon D Limestone Sinjar Sinjar
Mallick and - Reef / . - .
5 1985 Al-Qayim Taslujah Shoal Limestone Sinjar Sinjar
6 1986 ARG & Shaglawa Lagoon | Marly Limestone Khurmala Sinjar
Salman
7 1988 | Al-Qayimetal. | Haibat Sultan Lagoon | Marly Limestone Khurmala Sinjar
8 1990 AI'Ql\ﬁZ;;T;Iand Koysanjaq Lagoon Limestone Khurmala Sinjar
Al-Sordashy Al- Shoal / . - .
9 1993 and Lawa Sulaimaniyah Reef Limestone Sinjar Sinjar
Al-Qayim
10 1995 and Bé';?n;e Lagoonal Limestone Khurmala Sinjar
Al-Shaibani g
11 1995 Al-Qayim Agra Lagoonal Dolostone Khurmala Khurmala
12 1995 Al-Qayim KoiSanjaq Lagoonal Limestone Khurmala Sinjar
13 1997 Karim Sartak - Bamo STl J Limestone Sinjar Sinjar
Lagoon
. . : Reef / . - .
14 2001 Al-Sordashi Sulaimaniyah Limestone Sinjar Sinjar
Lagoon
15 2005 Amen et al. Sinjar SE?;I/ Limestone Sinjar Sinjar
S Reef / 8 - L
16 2006 Lawa Sulaimaniyah Shoal Limestone Sinjar Sinjar
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Table 1: Continued

MAIN THIS STUDY
SERIES| YEAR | AUTHOR LOCALITY | FACIES LITHOLOGY FORMATION FORMATION
17 2006 (NHEENTIE Bakhair Mt. VIGEL S Limestone Khurmala Sinjar
etal. lagoon
Salih and W. - - L
18 2009 Y - Sulaimaniyah Reef Limestone Sinjar Sinjar
Al-Ehmeedy L) Limestone and -
19 2012 Dokan Reef Khurmala Sinjar
etal. Dolostone
Mound
20 2012 Al-Banna Bekhme Lagoon Limestone Khurmala Sinjar
etal. Agra Lagoon Dolostone Khurmala Khurmal
21 2016 Al-Sultan KoiSanjaq Lagoon Limestone Sinjar Sinjar
22 2014 Omer et al. Shaglawa Lagoon Limestone Khurmala Sinjar
23 2015 Tanlatlr;r\gha Derbandikhan Reef Limestone Sinjar Sinjar
24 oy | VETE AR Shmit Reef Limestone Sinjar Sinjar
et al. Selemani
Tamar Agha Reef / Limestone and Khurmala Khurmala /
e 20 et al. el B Lagoon D. Limestone /Sinjar Sinjar
26 2015 Tan;?ﬁgha Bekhme Lagoon Limestone Sinjar Sinjar
27 2015 Tarr;zir;IAgha Wara Milli Lagoon Limestone Sinjar Sinjar
28 2015 Tanzr;lb\gha Daigala Lagoon D. Limestone Khurmala Sinjar
29 2015 Tarr;zir;IAgha Harrir Lagoon Limestone Khurmala Sinjar
30 2015 Tanzr;lb\gha Agra Lagoon Dolostone Khurmala Khurmala
31 2015 Tan;z;r;lAgha Bashiga Lagoon Dolostone Khurmala Khurmala
32 2015 Tanzr;lb\gha Babylo Lagoon D. Limestone Khurmal Khurmala
33 2015 AI-EtBE;nna K-187 Reef Limestone Sinjar Sinjar
. Zhalla Shoal Limestone Sinjar Sinjar
e AR Gl Dararash Shoal Limestone Sinjar Sinjar
. KalkSmagq Lagoon Limestone Sinjar Sinjar
= 2 I Kalozh Lagoon Limestone Sinjar Sinjar
. Bekhme Lagoon Limestone Khurmala Sinjar
&L AU el Saru Kani Lagoon Limestone Khurmala Khurmala
Al-Dulaimi Reef /
37 2017 and DerbaniKhan Limestone Sinjar Sinjar
. Shoal
Al- Dulaimi

10
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Table 1: Continued
MAIN THIS STUDY
SERIES| YEAR | AUTHOR LOCALITY | FACIES LITHOLOGY FORMATION FORMATION
Al-Dulaimi Reef /
38 2017 and Qaradagh Limestone Sinjar Sinjar
o Shoal
Al-Dulaimi
Al-Dulaimi Reef /
39 2017 and Wara Milli Limestone Sinjar Sinjar
o Shoal
Al-Dulaimi
40 2018 (e e Geli Zanta Lagoon Dolostone Khurmala Khurmala
Balaky
41 2018 Karim et al. DETR (S8 Lagoon D. Limestone Khurmala Sinjar
. Dari H Khidir Lagoon D. Limestone Khurmala Sinjar
e AU ermerel, Zawali Lagoon D. Limestone Khurmala Sinjar
43 2019 L SUEmE S15 ) Limestone Sinjar Sinjar
Mardan area Ramp
44 2019 Bl .and Gara Mt. Lagoon Dolostone Khurmala Khurmala
Al-Qayim
45 2020 Fattah et al. Dohuk Lagoon Dolo§tone e Khurmala Khurmala
D. Limestone
. Dolostone and Khurmala / Khurmala /
46 2020 Rashid et al. Tg-5, Tg-7 Lagoon D. Limestone Sinjar Sinjar
Al-Hadeedy + . .
47 2020 and Khalaf Hijran Lagoon Limestone Khurmala Sinjar
; Tg-4, Tg-5, Marly - .
48 2021 Hussein D. Tg-6 Lagoon LT Sinjar Sinjar
49 2021 Al-Qayim Spindar Lagoon Dolostone Khurmala Khurmala
and Barzani Berkyat Lagoon Dolostone Khurmala Khurmala
50 2021 (O . BarBuhar REE Limestone Sinjar Sinjar
and Barzani Mound
51 2022 Asaad et al. Berat Mt. Lalgg:fn d D. Limestone Khurmala Sinjar
DISCUSSION

As seen from Table (1), there are more than a dozen localities, which had been miss-
assigned to Khurmala Formation, and in fact, they should be considered as Sinjar Formation
using the International Stratigraphic Rules. This misidentification in many cases driven by
the influence of the lithofacies of a lagoonal depositional environment rather than the
dominating lithologic type. The other possible reason is that some localities of the Sinjar
Formation has being affected by a slight to moderate degree of dolomitization to produce
dolomitic limestone rather than dolostone of the Khurmala Formation. This had mislead some
authors to think that once these localities have some dolomite, they should be considered the
Khurmala Formation. In both cases, the dominating lithology is still limestone, and according
to the lithostratigraphic principles, they are considered as Sinjar Formation rather than
Khurmala Formation. Most of the reassigned localities (misidentified) of the Khurmal
Formation into Sinjar Formation belong to the lagoonal facies of the Sinjar Formation. These
localities are distributed in different areas but mainly around the Sulamaniyah area. The other

11
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case does not exist where a section of the Khurmala Formation is misrecognized as Sinjar
Formation. The reason is that the dolomite and dolostone are too striking character for the
Khurmala Formation to be missed. In addition, the limited distribution of the typical
Khurmala sections.

The newly assigned stratigraphy of the reviewed localities for both formations (Table 1)
is mapped to show the regional stratigraphic distribution of both formations within the Zagros
foreland basin (Figure 6). As seen from the map of Figure (6) the Khurmala Formation typical
lithology occupies only a limited part of the original lagoonal limestone facies of the basin. At
this area of the typical sequence of the Khurmal Formation where dolostone is the dominating
lithology, the formation has a limited distribution within the basin of North-Northwest Irag.
This triangular-shaped area has corners passing near Amadia, Bekhme, and Khurmala Dome
of the Kirkuk structure (Figure 6). Any carbonate units within the Kolosh Formation, beyond
this area should be considered as Sinjar Formation even if it represents a lagoonal lithofacies.

As far as the restriction of intensive dolomitization in this limited area of the basin, its
mechanism and origin are to be studied and discussed in another future research project.

2 43 44 45 46 &
[ ] zagros Suture Zone
]:I Wedge Top Zone

[:] Foredeep Flysch
[ Back-bulge Basin

374

he —Amadia
UERl

.
khihe Carbonate Banks
# \ Rawand P
2" - (Sinjar Fm.)
Snoni 7 N .
e S fshedh o rectes
Wamisa o g0 ' ) B (Sinjar Fm.)
e il SN © - Lagoonal Dolostone Facies
2 Koy Sg‘njaq 9\ (Khurmala Fm.) 36+

q-1

1 Dikan Dt

N
X o Surdash
Ry-1 Chw.arta Penjwin

K116
v
> A0
— chemcharal o7
Kz-5 °©K-109 S
SN e &

.Suj%imaniyah BANKS
1- Dohuk
Kirkuk 1 “ 2. Kirkuk
K Ja9 029 3- Sulaimaniah
J’]’M Derbandikiia S- Sinjar

Mk-2 ©
35+

[] Eroded Area

Akashat

0 50 Km

34

Figure 6: Stratigraphic distribution of Sinjar — Khurmala Formations of the Zagros
foreland basin (From Al-Qayim, 2023).

CONCLUSIONS

e In recognition, identification, and differentiation between the formal lithostratigraphic
units, we must adhere to the principles of the International Stratigraphic Guide, which
emphasize the “Main Lithology* as a distinction tool. This is important especially in
survey and geologic mapping, in addition to other research work.
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e The application of these rules in the distinction between the Sinjar and Khurmala
Formation, as a case study, reveals interesting results. The revision of the previous
stratigraphic status of both formations in fifty localities shows that many localities with
Khurmala Formation designation should be changed to Sinjar Formation. This
modification made the distribution of the Khurmala Formation to be limited to an area of
triangular shape with corners connecting the Amadya, Bekhme, and Kirkuk structure of
N — NW Iraqg.

REFERENCES

Al-Banna, N., Al-Mutwali, M. and Al-Ghrear, J., 2006. Facies Analysis and Depositional Environment of
Khurmala Formation in Bekhair Anticline — Dohuk Area, North Irag. Iragi Nat. Jour. Earth Sci., Vol.6
No.2, p.13-22.

Al-Banna, N., Al-Mutwali, M. and Malak, Z.J., 2012. Paleocene Stratigraphy in Agra and Bekhme Areas,
Northern Irag. Stratigraphic Analysis of Layered Deposits, Dr. Omer Elitok (Ed.), ISBN: 978-953-51-
0578-7, InTech Books, Croatia. Chapter 9, p. 227 — 252.

Al-Banna, N., Malak, Z. and Al-Mutwali, M., 2015. Sequence stratigraphy of Paleocene — Eocene successions in
selected oil wells, Kirkuk area, northern Iraq. Arabian Journal of Geoscience, DOI 10.1007/s12517-014-
1547-z.

Al-Dulaimi, E. and Al-Dulaimi, S., 2017. A Study of Biostratigraphy of Sinjar Formation in selected sections
from Northern Irag. Iraqi Journal of Science, Vol.58, No.2B, p. 891 — 916.

Al-Ehmeedy, L., Al-Lihaibi, F. and Al-Maiamary, F., 2012. Microfacies Analysis and facies model of Khurmala
Formation (U. Paleocene — L. Eocene), Dokan Area, northeastern Irag. Tikrit Journal of Pure Science,
Vol.17, No.3, p. 186 — 195.

Al-Hadeedy, M. and Khalaf, S., 2020. Paleoenvironmental Study of Khurmala Formation by Ostracoda in
Shaglawa and DoHukArea, Northern Irag. Iragi National Journal of Earth Science, Mosul, Vol.20, No.2,
p. 148 — 164.

Al-Omari, F. and Sadek A. 1973. Geological Study on Gebel Maglub Area, Northern Irag. Jour. Geol. Society of
Irag, Vol.6, p. 66 — 82.

Al-Qayim, B. and Salman, L., 1986. Lithofacies Analysis of Kolosh Formation Shaglawa Area, North Iraq.
Journal of the Geological Society of Irag, Vol.19, No.3, p. 107 — 122.

Al-Qayim, B., Al-Shaibani, S. and Nissan, B., 1988. Stratigraphic Evolution of Paleogene Sequence, Haibat-
Sultan, Northeast Irag. Journal of the Geological Society of Irag, Vol.21, No.2, p. 51 — 65.

Al-Qayim, B. and Nissan, B., 1990. Sedimentary Facies Analysis of Paleogene Mixed Carbonate — Clastic
Sequence, Haibat-Sultan, Northeast Iraq. Iraqi Journal of Science, Vol.30, No.4, p. 525 — 557.
Al-Qayim, B., 1995. Sedimentary Facies Anatomy of Khurmala Formation, Northern Iraq. Iragi Geological

Journal, VVol.28, No.1, p. 36 — 46.

Al-Qayim, B. and Al-Shaibani, S., 1995. Lithostratigraphy of Cretaceous Tertiary Transect Bekhme Gorge, NE
Irag. Iragi Geological Journal, Vol.28, No.2, p. 127 — 136.

Al-Qayim, B., 2011. Foreland Basin Evolution of the Northeastern Arabian Margin, Kurdistan Region, Irag.
Accepted for oral presentation at the AAPG Annual Meeting, Houston, Texas, Program with extended
abstract.

Al-Qayim, B., 2019. Stratigraphic Differentiation of the Zagros Foreland Basin sequence, Kurdistan Region,
(Northern Irag): Sequence, Impact on oil Accumulation, Ch.64 In: M. Boughdiri et al. (eds),
PaleoBiodiversity and Tectono- Sedimentary Records in the Mediterranean Tethys and Related Eastern
Areas, Advances in Science, Technology, and Innovation. Springer Nature Switzerland, p. 267 — 269.

Al-Qayim, B., 2021. The Zagros foreland basin: Three in one, Basin Evolution in NE Iraq: Revisited. Geolrag-1,
The first International Conference for natural resources, University of Tikrit, Baghdad, and Sulaimaniyah.
Extended abstract, p.62 — 66.

Al-Qayim, B. and Barzani, A., 2021. Facies and Stratigraphic Associations of Sinjar and Khurmala Formation,
Dohuk Area, Kurdistan Region, Irag. Arabian Journal of Geosciences. Springer, Vol.14, No.3, 165pp.

Al-Qayim, B., 2022. Stratigraphy of the Paleogene Tethyan Carbonate Banks and the Diachronous Arabian
Plate Convergence. In: Ciner A. et al. (eds) Recent Research on Geomorphology, Sedimentology,
Marine Geosciences and Geochemistry. CAJG 2019. Advances in Science, Technology, and
Innovation (IEREK Interdisciplinary Series for Sustainable Development). Springer, Cham.
p. 205 — 208. https://doi.org/10.1007/978-3-030-72547-1_45.

13


https://doi.org/10.1007/978-3-030-72547-1_45

Emphasizing Lithostratigraphic Rules in Distinction of Formal Units: Sinjar Vs Khurmala
Formations, Case Study Basim Al-Oayim

Al-Qayim, B., 2023. Stratigraphic Architecture, facies associations, and Paleogeographic Evolution of the
Paleogene Forebulge Carbonate Banks, Zagros Foreland Basin, Northeast Iraq. Arabian Journal of
Geoscience (in press).

Al-Shaikh, Z., Saleh, S. and Abdo, H., 1975. Contribution to the Geology of Shaglawa — Harir Area. Journal of
the Geological Society of Irag. Special Issue, p. 15 — 26.

AlSultan, H., 2016. Sequence Development of the Sinjar Formation at Jabal Sinjar and Koi Sanjak, Northern
Irag. International Journal of ChemTech Research, Vol.9, No.11, p. 374 — 381.

Al-Surdashy, A. and Lawa, F., 1993. Stratigraphy, Microfacies and depositional environment of Sinjar
Formation In selected sections from (NE-Iraqg). Journal of Zanko Salahaddin. (Special issue of the 2"
scientific conference of the University of Salahaddin).

Al-Surdashy, A., 2001. Paleoenvironmental Reconstruction by Calcareous Algae at Paleocene — Early Eocene In
North-East Irag. Journal of Zankoy Sulaimani (JZS) Part (A), Vol.4, No.1, p. 101 — 116.

Al-Syyab, A. and Al-Siddiki, A., 1970, Microfacies of Sinjar Formation. Jour. of Geol. Soc. of Irag, VVol.3, No.1,
p.3-8.

Tamar-Agha, M., Salih, A. and Al-Zaidy, A., 2015. Depositional setting and basin development of the Paleocene
— Lower Eocene Sinjar and Khurmala formations, Northern Irag. Arabian Journal of Geosciences, Vol.8,
No.11, p. 9441 — 9467.

Amin, M., Al-Mutwali, M. and Thanoon, A., 2005. Microfacies and Paleoenvironment of Sinjar Formation
(Paleocene — Early Eocene), Sinjar Area, Northern Iraq. Rafidain Journal of Science (Special Issue),
p. 1-20.

Asaad, I. and Balaky, S., 2018. Microfacies Analysis and Depositional Environment of Khurmala Formation
(Paleocene — Lower Eocene) in the Zanta Village, Agra District, Kurdistan Region, Irag. Iragi Bull. Geol.
Mini., Vol.14, No.2, p. 1 - 15.

Asaad, 1., Al-Haj, M. and Malak, Z., 2022. Depositional Setting of Khurmala Formation (Paleocene — Early
Eocene) in Nerwa Section, Berat Anticline, Kurdistan Region, Northern Irag. Iraqi Geological Jour.,
Vol.55, No.1F, p. 20 — 39.

Barzani, A. and Al-Qayim, B., 2019. Dolomitization and porosity Evaluation of Khurmala Formation Gara
Anticline, Dohuk Area, Kurdistan Region, Irag. Iragi Geological Journal, Vol.52, No.2, p. 1 - 17.

Bellen, R.C. Van, Dunnington, H.V., Wetzel, R. and Morton, D. 1959. Lexique Stratigraphique International.
ASIE, Fascicule 10a, Iraq, Paris, 333pp.

Buday, T., 1980. The Regional Geology of Irag: VVol. 1 Stratigraphy. Geol. Survey. Min. Invest., Baghdad, Iraq,
352pp.

Fattah, A., Al-Juboury, A. and Ghafor, 1., 2020. Paleocene — Eocene Thermal Maximum Record of Northern
Irag: Multidisciplinary Indicators and an Environmental Scenario. Jordan Journal of Earth and
Environmental Sciences, Vol.11, No.2, p. 126 — 145.

Fouad, S., 2015. Tectonic map of Irag, Scale 1: 1000 000, 3" edition, 2012, Iragi Bull. Geol. Min., Vol.11, No.1,
p.1-7.

Hedberge, H., 1976. International Stratigraphic Guide. IUGS International Commission on Stratigraphy, First
edition, John Wiley and Sons, Inc. 207pp.

Hussein, D., 2021. Evaluation of Reservoir Potentiality of the Sinjar Formation within the Tag-Taq Oil Field,
Kurdistan Region, Irag. Iragi Bull. Geol. Min., Vol17, No.1, p. 73 — 85.

Jassim, S.Z. and Goff, T., 2006. Phanerozoic development of the northern Arabian Plate. In S.Z. Jassim and J.C.
Goff, (Eds.), Geology of Irag. Dolin, Prague and Moravian Museum, Brno, 341pp.

Karim, K., 1997. Stratigraphy of Sartag-Bamo Area from Northern Irag. Retrieved from http://Kurdistan
Geology.com/?p=384.

Karim, K., 2016. Facies Changes Between Kolosh and Sinjar Formation Along Zagros Fold-Thrust Belt in Iraqgi
Kurdistan Region. Journal of Geography and Geology, Vol.8, No.1, p. 1 - 13.

Karim, K., Daoud, H. and Kuradawy, A., 2018. Record of Khurmala Fpormatiopn (Late Paleocene — Early
Eocene) in the Sulaimani Governorate, Kurdistan region, Northeast Iraq. lragi Geological Journal,
Vol.51, No.1, p. 34 — 55.

Kassab, 1., 1978. Foraminiferida of the Subsurface Lower Tertiary of Northern Iragq. Journal of the Geological
Society of Iraq, p. 119 — 159.

Lawa, F., 2006. Sequence stratigraphy, facies associations, and Petroleum system of Ma’astrchtian - Selandian-
Thanetian- Yepressian and Lutetian successions, from Kurdistan Region, NE-lrag. GEO 2006 Middle
East Conference and Exhibition; Manama, Bahrain. Abstract Book.

Lawa, F. and Mardan, F., 2019. Sequence stratigraphic analysis of the Middle Paleocene-Middle Eocene in the
Sulaimani District (Kurdistan Region), North Irag. In: M. Boughdiri et al. (eds), PaleoBiodiversity and
Tectono-Sedimentary Records in the Mediterranean Tethys and Related Eastern Areas, Advances in
Science, Technology, and Innovation. Springer Nature Switzerland, p. 291 — 291.

14


http://kurdistan/

Iragi Bulletin of Geology and Mining Vol.19, No.1, 2023 pl-15

Mallick, K. and Al-Qayim, B., 1985. Sedimentology of Sinjar Limestone Formation Sulaimania Area,
Northeastern Irag. Acta Mineralogica-Petrographica, Vol. XXVII, p. 101 — 116.

Murphy, M., and Salvador, A., 1999. International Stratigraphic Guide, IUGS, International Commission on
Stratigraphy. Episode, Vol.22, No.4, p. 255 — 271.

North American Commission on Stratigraphic Nomenclature (NACSN), 1961. North American Stratigraphic
Code. American Association of Petroleum Geologists Bulletin, VVol.45, p. 645 — 665.

North American Commission on Stratigraphic Nomenclature (NACSN), 1983. North American Stratigraphic
Code. American Association of Petroleum Geologists Bulletin, VVol.67, p. 841 — 875.

North American Commission on Stratigraphic Nomenclature (NACSN), 2021. North American Stratigraphic
Code. Stratigraphy, Vol.18, No.3, p. 153 — 204.

Omer, M., Omer, D. and Zebari, B., 2014. High-resolution cathodoluminescence spectroscopy of carbonate
cementation in Khurmala Formation (Paleocene — L. Eocene) from Iragi Kurdistan Region, Northern Irag.
Journal of African Earth Sciences, Vol.100, p. 243 — 258.

Rashid, F.N. Hussien, D.O. and Zangana, H., 2020. Petrophysical Investigation of the Khurmala Formation in
Tag Taq Oil Field, Zagros Folded Belt. ARO-The Scientific Journal of Koya University, Vol.8, No.1.
DOI:10.14500/ar0.10556.

Salvador A. (ed.), 1983. International Stratigraphic Guide, 2nd ed. Trondheim: International Union of Geological
Sciences, Boulder, CO: Geological Society of America, 207pp.

Salih, H. and Yassin, A., 2009. Microfossils and Carbonate Microfacies of Sinjar Formation, West of
Sulaimaniyah City, Kurdistan Region, NE Irag. lragi Bulletin of Geology and Mining, Vol.5, No.2,
p. 13 - 26.

About the author

Dr. Basim A. Al-Qayim earned his B.Sc. and M.Sc. degrees in Geology
from the University of Baghdad, Iraq, and his Ph.D. in Stratigraphy from
the University of Pittsburgh, USA. Since then he has taught at several
universities including Sulaimaniyah, Salahaddin Baghdad, Komar
University (Iraq), Sana’a, and Thamar University (Yemen), Since 2004
he had been working as a Professor of Geology at Sulaimani University,
Irag. After retirement in 2020, he is affiliated with the University of
Sulaimani as a senior professor. He has published more than 100
scientific papers published in local and international Journals, mainly on
the geology of Irag. He is a member of the editorial board of the Iraqi
Bulletin of Geology and Mining, Irag, and a member of several
International Geological Societies. His research interests include
sequence stratigraphy, tectonostratigraphy, sedimentology, and
petroleum geology of the Zagros Foreland Basin of Iraq.

e-mail: basim.algayim@univsul.edu.iq

15



