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Abstract

A moderately diverse larger foraminiferal is described from the NE Iraq, Baba Formation with important stratigraphy,
paleontology, microfacies, and palaeoenvironment implications. The fauna is dominated by hyaline perforated and
porcellaneous forms including Nummulites, Austrotrillina, Amphistegina, Archaias, Lepidocyclina, Spiroclypeus,
Operculina, and Neorotalia. The presence of those fossils allows the age of the formation to be determined as Late
Rupelian [Shallow Benthic Zone SBZ 22A] - Early Chattian [Shallow Benthic Zone SBZ 22B], based on the two
recognized biozones from older to younger: - Nummulites fichteli -Nummulites intermedius biozone and Lepidocyclina
[Eulephidina] dilatata- Nummulites intermedius- Nummulites fichteli biozone. The identified benthic foraminifera
were used to recognize three microfacies types: Nummulitic wackestone facies of inner-shelf environment, Nummulitic
wackestone-packstone facies of middle-shelf environment, and Epicyclical packstone facies of outer-shelf environment.
The palaeoenvironmental setting of the Baba Formation is interpreted as a shallow ramp lagoon environment rich
in nutrients, slightly hyper-saline with the shallowest part of the photic zone characterized by the genera Archaias
and Austrotrillina, the deeper part of the inner ramp with Nummulites, to the shallow part of the middle ramp with
Spiroclypeus and Operculina, to deeper middle ramp setting dominated by coralline rhodoliths along with Lepidocylinids.
Microfossils from Baranan and Kurdamir sections have been used for the regional correlations from Eocene-Early

Miocene.
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1. Introduction

Larger foraminifera were prolific carbonate producers in the
worldwide tropical to sub-tropical platform belts during the Pa-
leogene [1, 3]. Such carbonate-producing benthic biota is sen-
sitive to changing environmental conditions and thus have had
a rich and complex evolutionary diversity since the Cambrian
time [4]. Due to the high diversification and extinction rates of
the larger foraminiferal genera and species throughout the Eo-
cene and Oligocene, these organisms are key biostratigraphic
markers for this period [1, 5-7]. In addition, a major extinction
and turnover of larger foraminifera, and other organisms such as
scleractinian corals, occurred at the Oligocene—Miocene bound-
ary [1]. The Oligocene strata extend toward neighboring coun-
tries [equivalents] as in Turkey and are represented by red mud-
stone and claystone with nodular and massive gypsum, known
as Selimiye Formation while in SE.

Turkey is not recorded. In Iran, the Oligocene units were deter-
mined from North and Northwest as reefal carbonate facies, rep-
resented by Asmari and Khamir Formations which are correlat-
ed to Early Middle Oligocene Formations in Iraq [8]. In Syria
[Chilou Formation] from West and Northwest. The absence of
Oligocene deposits over most of Kuwait, due to the sea regres-
sive at the end of Eocene, and a widespread unconformity oc-
curred finally in Saudi Arabia, the Oligocene strata are missed.
According to, the Oligocene/Miocene boundary is located be-
tween the Tarjil and Ibrahim sequences and two sedimentary
cycles represented in Oligocene, the first cycle embraces Palani,
Sheikh Alas, and Shurau Formations [Rupelian] deposited in up-
per bathyal to intertidal environments, the second cycle includes
Tarjil, Baba and Bajwan Formations [Chattian], and the third
cycle represents Anah, Azkand, and Ibrahim Formations [Aqui-
tanian] [9] [Fig.1].
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Figure 1: Tertiary sequence stratigraphy of Iraq. The Oligocene-Miocene boundary was tentatively interpreted as occurring between
the Tarjil and Ibrahim sequences. Revised boundary the positions of, and maximum flooding surfaces [MFS] of are after [10-12].

The study includes sedimentological and sequence-stratigraphic
analyses and a larger foraminiferal biostratigraphic framework
for this sedimentary succession. The results fill a gap in the geo-
logical and paleontological knowledge of the Asmari Fm. in
this western marginal part of the Fars sub-basin and thus are of
significance for Oligocene—Miocene paleobiogeographic recon-
structions of the Tethyan Seaway, which connected the Indo-Pa-

cific and Mediterranean— Atlantic sides of Tethys through the
Iranian Plate [13, 14].

The carbonate of Kirkuk Group succession hosts major hydro-
carbon reserves and comprises nine formations and represent
three separate cycles of carbonate sedimentation [8, 15, 16] [Ta-
ble 1].
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Table 1: (A) Oligocene lithostratigraphic units and facies, (B) Lithostratigraphic units of Kirkuk Group subdivisions, based on age,

facies, and relationships between reef/back reef-fore reef and offshore facies [8, 15].
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Several studies have been conducted in Iraq, for Oligocene - Mio-
cene strata in Kirkuk Oil fields and High folded zones: - Buday,
Ghafor, Ghafor & Muhammad, Muhammed and Ghafor, Ghafor
and Ahmad, Ghafor and Najaflo, Ghafor et al., [17-33]. Baba
Formation was described for the first time, from the Kirkuk well
-10, on the Baba Dome of the Kirkuk structure, which is about 20
m thick and composed of porous dolomitized limestone, as the
fore-reef equivalent of lagoonal Bajwan Formation and changes

seawards into Tarjil Formation, that is from the second reef cycle
of the Middle Oligocene age, this formation is covered conform-
ably by the Bajwan Formation and underlies unconformably by
the Shurau Formation. Baba Formation is identified in the stud-
ied well, which is generally composed 35 m thick of light grey
milky white crystalline and massive fossiliferous limestone, the
formation overlies the Sheikh Alas Formation conformably and
is underlain by the Bajwan Formation [15] [Fig. 2].
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Figure 2: Lithostratigraphic column and microfacies of the Baba Formation at the Kirkuk Well-19 section.

The main aim of this research is to recognize larger benthic fora-
minifera and document the different microfacies, biostratigraphy
of the Kirkuk Group, facies relationships, and them environmen-
tal interpretations to produce an integrated depositional model
and compare it with regional and global data., to correlate the
results of the Kirkuk oil field with the neighboring Baranan well
(B) and Kurdamir wells [K1, k2, and K3].

1.1. Geological Setting
According to, the Oligocene succession of Iraq is restricted to

the Mesopotamian region with a relatively smaller thickness
than the Eocene succession [15]. Both upper and lower con-
tacts of the succession are confirmable. Oligocene and Lower
Miocene sediments from the High Folded Zone of Iraqi Zagros
have been studied paleontologically in the south of Sulaimani-
yah, Kurdistan Region, NE Iraq [20]. The studied oil fields of
the Kirkuk well-19 are located at the Himmerin-Makhul Sub-
zone-Foot Hill Zone of the unstable shelf area, within Kirkuk
Governorate, about 20-50 km. Northwest of Kirkuk City, North-
east Iraq [34] [Fig. 3].
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Figure 3: Location map of the studied area. A Tectonic map of Iraq after [35]. B Satellite map of the study area taken from Google

Earth.

Clarified that the northern areas of Iraq are considered geolog-
ically one of the most important areas since they have different
rock structures and are very complicated in morphology [34].
Therefore, these areas are very active tectonically and accord-
ing to, Iraq can be divided into three tectonically different areas;
Stable Shelf, Unstable Shelf, and Zagros Suture Zones. Baba
Formation on Kirkuk structure, oil well K-109 as the type lo-
cality, is defined by the coordinates: 44° 18’ 55" E, 35° 33" 08"
N. It is exposed in eastern Iraq and occurs widely in all wells
southeast of the Lesser Zab, on the Kirkuk structure, it also oc-
curs on the northeast flank of the Bai Hassan structure, and at the
surface of the northern dome of the Qarah Chauq Dagh. North-
wards, the Baba limestone formation is found in several M.P.C.
wells, including Qalian No. 1, Gullar No. 1, Gusair No. 1, and
wells on the Ain Zalah structure. To the west of its type locality,
the formation changes its facies into the Tarjil Formation which
disappears further west.

2. Materials and methods
From 35m thick of the studied well, 28 F34 samples are bor-

rowed from the Iraqi Oil Ministry and 40 petrographic thin sec-
tions from the calcareous units were examined. All the random
and oriented thin sections of the foraminiferal species described
and figured in this paper are deposited in the collection of Su-
laimani University, Iraq. A standard petrographic microscope
equipped with a digital camera was used to qualitatively identi-
fy the microfossils in the thin sections. Microfacies analysis was
carried out using the standard models of [36-39]. The identifi-
cation of the recognized benthic foraminifera and the biostrati-
graphic analysis are assisted by using, the studies of, were used
for the of paleoenvironmental interpretation [40-43].

2.2. Microfacies analysis

Three carbonate sedimentary facies were recognized for the
Baba Formation in the study well to interpret the deposition-
al history, these facies are related to three depositional settings
[tidal flat, lagoon, and open marine] of inner, outer and middle
portions of a carbonate platform. The identified carbonate mi-
crofacies are [Fig. 4].
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Figure 4: Photomicrographs of Microfacies: a- Nummulitic Wackstone Packstone microfacies [MF1], b- Nummulitic Packstone
microfacies [MF2], c- Lepidocyclina Packstone Grainstone [MF3].

Nummulitic wackestone packstone microfacies [MF1]: The
thickness of these microfacies is about Sm and underlies the
Nummulitic Packstone Microfacies [MF1], with thickness rang-
es between Sm and it is recorded at the lower part of the studied
well, it mainly consists of skeletal allochems including benthic
perforate foraminifera species. Dissolution and partial recrystal-
lization processes are well defined in this microfacies type and
correlated with SMF4 of FZ4 of [Fig. 4a] [38, 39]. Due to the
predominance of mud-rich texture with miliolids and the pres-
ence of high diversity foraminiferal arrangement, a restricted
platform, very shallow lagoon is suggested for deposition of this
microfacies in the inner ramp environment [2, 44-47]. This mi-
crofacies is correlated with SMF4 of FZ4 of [38, 39].

Nummulitic packstone microfacies [MF2]: These microfacies
underlie the Lepidocyclina - packstone grainstone microfacies
[MF3], with thickness, ranges between 10m and is recorded at
the middle part of the studied well, including benthic foramin-
ifera species [Fig. 4b]. The presence of a large number of im-
perforate benthic foraminifer tests suggests that these facies was
deposited in a middle ramp setting and points to nutrient-rich
with the slightly hypersaline and warm euphotic condition. This

microfacies type can be correlated with SMFS8 of FZ7 [2, 3, 38,
39, 48-50].

Leptocyclina packstone grainstone microfacies [MF3]: These
microfacies overlie the Nummulitic packstone Microfacies
[MF2]. including benthic foraminifera species, it has thickness
ranges between 20m and it is recorded at the upper part of the
studied well, it is characterized by predominating the skeletal
grains of larger perforate foraminifera [Fig. 4c]. Recrystalliza-
tion and diagenesis processes affected these microfacies. This
microfacies type is compared with [FZ4 or FZ5] and SMF5 [38,
39].

2.3. Biostratigraphy

About 35 m thick of Oligocene succession has been studied bio-
stratigraphically with recognition of thirty species from twenty
genera of benthic foraminifera, in addition to gastropods, bi-
valves, coral, and calcareous algae [Fig 5, Plate I; Fig.6, Plate
2; Fig 7. Plate 3]. Based on the identified fossils two biozones
are recognized, the biozones are arranged from older to younger
[Fig. 8].

J Oil Gas Res Reyv, 2023

Volume 3 | Issue 1 | 87



Figure 5: Plate I, a- Peneroplis evolutus, oriented section, sample no.22; b- Lepidocyclina [Eulepidina] dilatatata, oriented section,
sample no. 22; c- Algae, sample no.23; d; Nephrolepidina marginata, axial section, sample no. 25; e- Neorotalia sp., sample no.25;
f- Lepidocyclina [Eulepidina] sp., axial section, sample no. 26; g- Operculina complanata, equatorial section, sample no. 12; 12; h-
Peneroplis thomasi, axial section, sample no.20; i- Coral, sample no.23; j- Neorotalia viennoti, [Greig], sample no. 18; k- Neorotalia
sp. , sample no.8.

Figure 6: Plate 11, a. Amphistegina sp. sample no. 10; b. Nummulites intermedius sample no. 11; c. Nummulites fichteli, equatorial
section, sample no.15; d. Austrotrillina paucialveolina, oriented section, sample no. 13; e. Pyrgo sp., sample no. 32; f. Nephrolepi-
dina marginata, oriented section, sample no.27; g. Amphestegina sp. sample no. 12; h. Operculina sp., axial section, sample no. 14;
i. Quinqueloculina sp., equatorial section, sample no. 20.
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2 Amm

Figure 7: a. Nummulites sp., sample no. 10; b. Eulepidina, axial section, sample no.26; c. Algae, sample no.23; d. Amphistegina
sp., sample no. 13; e. Nephrolepidina marginata, oriented section, sample no.27; f. Peneroplis sp., axial section, sample no. 23; g.
Quinqueloculina sp., equatorial section, sample no. 18; h. Archaias sp., sample no. 24.

2.4. Nummulites Ficteli- Nummulites Intermedius Assem-
blage Zone —Sbz22a- [Late Rupelian]

Definition: Biostratigraphic interval of this zone is characterized
by the association of the taxa Nummulites fichteli and Nummu-
lites intermedius.

Remarks: This zone is about 15 m thick from samples 1-18,
which starts with the First Appearance Datum (FAD) of Num-
mulites fichteli -Nummulites intermedius., and ended with the
Last Appearance Datum (LAD) of Lepidocyclina (Eulepidina)

dilatata. The most diagnostic species include Nummulites fichte-
li -Nummulites intermedius; Nummulites vascus; Nummulites
sp., Austrotrillina asmaricus; Austrotrillina paucialveolina, Aus-
trotrillina sp., Archaias kirkuknesis, Archaias sp., Peneroplis
hensoni; Peneroplis evolutus; Peneroplis sp; Operculina com-
palnata; Operculina sp., Spiroclypeus blankhorni : Spiroclypeus
sp., Heterostegina assilinoides , Neorotalia viennoti, Neorotalia
sp., Quinqueloculina sp., Textularia sp., Pyrgo sp., Ditrupa sp.,
Amphistegina sp., Miliolids, calcareous algae, coral, and mol-
lusks.
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Figure 8: Biostratigraphic column of the Baba Formation in the Kirkuk Well-19 Section.

Correlation: The biozone is correlated with comparatively well-
known biozones from other parts of the Tethys region which
showed a good comparison between these biostratigraphic zones
established in this study with other studies. e.g. it is equivalent
to the Nummulites vascus-Nummulites fichteli-Eulepidina zone,
established by, with the zone Nummulites fichteli - Nummulites
— vascus of correlated with the lower part of the zone Nummu-
lites fichteli - Nummulites — vascus- Spiroclypeus corphycus
—Eulepidina-formosides- Austrotrillina brummi- Austrotrillina
paucialveolina, that recorded by, to the zone Globigerina- Tur-
borotalia cerrazulensis- Hantkenina of two Nummulites vas-
cus-Nummulites fichteli zone of, it is equivalent to the Eulepi-
dina dilatata - Nephrolepidina marginata zone recorded by, and
finally to the zone Nummulites vascus-Nummulites fichteli, [Ta-
ble 2]. Age: Oligocene [Late Rupelian] [1, 23, 29, 51-53]

2.5. Leptidocyclina [Eulephidina] Dilatate-Nummulites Inter-
medius Fichteli Assemblage Zone- Sbz22b — [Early Chattian]
Definition: Biostratigraphic interval of this zone is characterized
by the association of the taxa Lepidocyclina [Eulephidina dilata-
ta; Nummulites intermedius and Nummulites fichteli.

Remarks: This zone is about 20 m thick from samples 19-28,
which starts with the First Appearance Datum [FAD] of Lepido-
cyclina [Eulephidina] dilatata- Lepidocyclina [Eulephidina] ele-
phantina and ended with the Last Appearance Datum [LAD] of
Nephrolepidina marginata. The most diagnostic species include

Lepidocyclina [Eulephidina] dilatata, Lepidocyclina (Eulephi-
dina) elephantina, Lepidocyclina [Eulephidina] sp., Nephro-
lepidina marginata, Nephrolepidina sp., Nummulites fichteli
-Nummulites intermedius; Austrotrillina asmaricus; Austrotril-
lina paucialveolina, Austrotrillina sp., Archaias kirkuknesis, Ar-
chaias sp., Peneroplis hensoni; Peneroplis evolutus; Peneroplis
sp; Operculina complanata; Operculina sp., Spiroclypeus blank-
horni : Spiroclypeus sp., Heterostegina assilinoides, Neorotalia
viennoti, Neorotalia sp., Quinqueloculina sp., Textularia sp.,
Pyrgo sp., Ditrupa sp., Amphestegina sp., Miliolids, calcareous
algae, coral, and mollusca.

Correlation: The biozone is correlated with these biostratigraph-
ic zones that are recorded outside of Iraq. e.g. Miogypsinoides
complanatus zone [SBZ22B] of [1]. Archaias asmaricus- Ar-
chaias hensoni- Miogypsinoides complanatus Zone of Lauresen
the upper part of Nummulites fichteli - Nummulites — vascus-
Spiroclypeus corphycus —Eulepidina-formosides- Austrotrillina
brummi- Austrotrillina paucialveolina zone, established by Lep-
idcyclina-Operculina- Ditrupa zone of Joudaki and Baghbani
and Mughaddam [43, 51]. The biozone is correlated with these
biostratigraphic zones that recorded inside of Iraq e.g. Lepido-
cyclina (Eulepidina) dilatata- Nummulites vascus-Nummulites
fichteli zone of Qader; to the Prachapydionina delicata-Pen-
eroplis evolutus zone of Ghafor & Ahmad, it is corresponds to
the lower part of Assemblage Zone II by Ghafor(a), and finally
this zone is equivalent to the Lepidocyclina [Eulepidina] dila-
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tata- Nummulites vascus-Nummulites fichteli zone recorded by
Ghafor(b), [Table 2]. Age: Oligocene [Early Chattian] [22, 23,

29, 53].

System / Period Paleogene
Series / Epoch Oligocene
Stage / Age . .
- Late Rupelian| Early Chattian
Studies
SBZ22A SBZ722B
Nummulites
vascus-
Cauhaz & . Miogypsinoides
. Nummulites
Poigmant, 1997 . complanatus
fichteli -
L Zone
Eulepidina
Zone
Archaias
Nummulites asmaricus-
Lauresenet al., | fichteli - Archaias hensoni-
2009 Nummulites - | Miogypsinoides
g vascus Zone complanatus
= Zone
D
-E Nummulites fichteli — Nummulites
A . . g
5 Serra Kiel et al. {armostdes, Eulepidina vascuf 3
2016 Spiroclypeus corphycus Austrotrillina
brummi Austrotrillina paucialveolina
Zone
Globigerina-
Joudaki & Turborotalia | Lepidocyclina-
Baghbanni, |cerrazulensis- Operculina-
2018 Hantkenina Ditrupa Zone
Zone
Nummulites . .
Lepidcyclina-
Mugahddam et vascus- Overculina
al. 2019 Nummulites D f 7o
n
fichteli Zone Hrupa ¢
Lepidocyclina(Eu
Nummulites |lepidina) dilatata-|
Qader, 2020 vascus- Nummulites
r
ader, Nummulites vascus-
fichteli Zone Nummulites
fichteli Zone
Eulepidi
u. epidina Praehapydionina
dilatata - )
=3 Ghafor & Nephrolepidi delicata-
< ephrolepidin
= Ahmad, 2021 P .p B Peneroplis
a marginata
S 8 evolutus Zone
g Zone
= Lepidocyclina (E
lepidi
Nummulites " ‘fpl ina)
dilatata -
Ghafor & vascus- 3
X . Nummulites
Najaflo, 2021 | Nummulites
fichteli Zone vaseus-
Nummulites
fichteli Zone
Ghafor, 2022a Assemblage Zone
11
Lepidocyclina
Ni lites (Eulepidina)
. . . fichteli dilatata -
Biozonation of this . .
Nummulites Nummulites
Study, 2023 . . .
intermedius fichteli -
Zone Nummulites
intermedius Zone

Table 2: Comparisons of zonal schemes of the studied section with those proposed by some authors.
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2.6. Depositional Environment

Three microfacies were recognized from the Baba Formation in
the study area, these facies are related to three depositional set-
tings [inner ramp, middle ramp, and outer ramp] of a carbonate

platform. The profile for the deposition of the Baba Formation at
the studied well shows a northwest-to-southeast transition from
the inner to outer ramp environment as follows [Fig. 9].
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Figure 9: Depositional model of the distribution of main components in the Baba Formation of the studied well. The interpretation

is based on Fliigel [39].

2.7. Inner-Ramp Environment

MFT1 facies is distinguished in this area that occurs in a proximal
shore-face environment at the lower part of the formation and it
is characterized by microfacies mainly consisting of skeletal al-
lochems and including different genera, [Archaias, Austrotrilli-
na, Nummulites, Neorotalia, Pyrgo, coral and algae] these com-
ponents are of hypersaline stressful, low-energy shallow water
environment in near-shore settings [39]. [MF1] microfacies of
the studied wells were deposited within the FZ3 and FZ4 of Wil-
son and Fliigel [38, 39].

2.8. Mid-Ramp Environment

MF2 microfacies are distinguished in this area at the middle part
of the formation, the limestones are composed of bioclastic cor-
al, and include different genera [Spiroclypeus, Amphistegina,
Peneroplis, Operculina, and algae], indicating tropical and sub-
tropical shallow- water environmental conditions of the lagoonal
type, with a water depth less than 20 meters [4, 54]. These facies
were deposited within the FZ7 of, with a high-energy area that
corresponds to the shoal or middle ramp environment [28 ,38,
39].

2.9. Outer-Ramp Environment

MF3 microfacies are distinguished in this area at the upper part
of the formation and are mainly composed of different genera
[Lepidocyclina, Nephrolepidina, Austrotrillina, Neorotalia, Am-
phistegina, Operculina, Peneroplis, and algae]. The combina-

tion of larger foraminifera and micritic matrix [Nummulite and
Lepidocyclina], association with echinoids fragments that took
place in the lower photic zone in a distal-open marine environ-
ment [44, 55, 56]. According to the presence of Lepidocyclina
and Nummulites shows that these microfacies occurred in deep
water and the lower photic/oligophotic zone [3, 6, 57]. These
facies were deposited within the FZ9 of [38, 39]. According to
the recognized microfacies, the Baba Formation was deposited
from inner to outer ramp environments.

3. Discussions and Interpretation

Generally, within the Kirkuk embayment, Oligocene-Early Mio-
cene shows progressive shallowing upwards with a major de-
pression mainly. Show that the Oligocene cycle consists of the
Palani, Sheikh Alas, and Shurau Formations extending through
a variety of depositional environments [10]. Considered the Pal-
ani and part of the Tarjil and Sheikh Alas formations as forming
one cycle in the Late Eocene [8]. The present interpretation of
the Kirkuk Well-19 of the studied section shows that the age of
the Baba Formation is shown to be close to Late Rupelian-Early
Chattian, as follows:

3.1. Nummulites fichteli -Nummulites intermedius Zone [Late
Rupelian]

Recognized this benthic foraminifer [Nummulites fichteli -Num-
mulites intermedius; Nummulites vascus; Austrotrillina paucial-
veolina, Archaias sp, Peneroplis sp. Spiroclypeus sp] from the
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Early Oligocene (Rupelian) age [58].

3.2. Lepidocyclina [Eulephidina] Dilatata-Nummulites In-
termedius-Nummulites Fichteli Zone [Early Chattian].

According to these benthic foraminifera [Lepidocyclina [Eu-
lephidina] dilatata, Lepidocyclina [Eulephidina] elephantina,
Lepidocyclina [Eulephidina] sp., Nephrolepidina marginata,
Nephrolepidina sp., Eulepidina-Nephrolepidina], are the min
important index fossils of the Chattian age, the palacoenviron-
mental of the Baba Formation is interpreted as:- Shallow ramp
lagoon, rich nutrient, hyper-saline characterized by the genera
Archaias and Austrotrillina, the inner ramp with Nummulites,
middle ramp with Spiroclypeus and Operculina, the Paleo-
gene-Neogene corals thrived mainly in the mesophotic to oli-
gophotic conditions and can be applied to the present one that
seen in the upper part of the section Lepidocyclina [Eulephidina]
dilatata - Nummulites intermedius-Nummulites fichteli Assem-
blage Zone], which is the important and first documentation of
the whole ramp profile. The gathered evidence about the Oligo-
cene environment is strong and unique during Late Oligocene
when the inner shelf of the carbonate platform was uplifted and
transformed to terrestrial land temporarily [13, 30, 54, 57].

The interpretation of the depositional model of the Baba For-
mation from the studied well is based on the study of Fliigel
[39]. The studied well of the Baba Formation, about 35 m thick
shows that the paleoenvironment of the Baba Formation char-
acterized by the carbonate ramp model includes three microfa-
cies the distal part of the formation penetrated only outer ramp
deposits [MF3], the frontal part penetrated only inner ramp de-
posits [MF1] and the middle part consists mainly of [MF2], the
increase in sprite and the size of foraminifera from MF1 to MF3
indicates the increase in wave energy, these microfacies found
in Oligocene Tethyan inner-outer ramp of the shallow euphotic
zone [60].

Occurrence of these marine faunas [Nummulites spp., Lepidocy-
clina spp., Nephrolepidina spp. Austrotrillina paucialveolina, Ar-
chaias sp., Peneroplis sp. Spiroclypeus sp. Eulepidina-Nephro-
lepidina] in the Oligocene sediment of the study area suggests
that communication between the Northeastern and Southwestern
provinces of the western Tethys Region still existed. The closure
of the Tethys during the Oligocene had a major impact on ocean
circulation and climate [61]. The Lower Oligocene deposits re-
corded in the study area are equivalent to the Jordan and part of
marine Siliciclastics and marly limestones of the Dabba/Tinha
Formations found in the subsurface of northern Egypt, whereas
on the southern African/Arabian plate a phase of southward re-
treat occurred leading to a deposition of continental to fluviatile
or deltaic siliciclastics [14, 62].

Oligocene rocks from Baranan and Kurdamir sections, rich in
microfossils related to the genera of benthic foraminifera, Lep-
idocyclina; Nephrolepidina, Neorotalia; Heterostegina Schlum-
bergerina; Borelis melo; Spiroloculina; Pyrgo; Austrotrillina;
Nummulites; miliolids. [Fig 10, Plate 4]. Three boreholes from

Baranan and Kurdamir sections were logged. Investigations
of the Eocene Cycle and five Oligocene-Miocene cycles were
undertaken, where the first cycle of the Eocene rocks includes
Jadala, Avana, and Pilaspi formations, while the first cycle of the
Oligocene includes, Palani, Shekh Ala, and Shurau formations.
Tarjil, Baba, and Bajwan formations show as the third cycle, and
the four-cycle includes Ibrahim, Azkand, and Anah formations,
and the Lower Miocene cycles include Dhiban and Jerebi for-
mations [63-88].

DR eSS L o

Figure 10: Plate 4. a. Lepidocyclina [Nephrolepidina] sp.
[2601.71 m, 100 pll]; b- Neorotalia viennoti [2514.46 m], c.
Nephrolepidina praemarginata. [Douvillé], [2574.42 m, 100
p[1]; d. Nephrolepidina marginata [Michelotti, 1841] [576.80 m,
100 u[1]; e. Heterostegina sp., [2571.11m, 100 u[1]; f. Neorota-
lia viennoti [Greig], [2613.93 m; 100 p[1]; g. Schlumbergerina
sp. [2570.32 m; 100 p]; h. Borelis melo curdica (2562.82 m;
100 u); i. Spiroloculina sp., (2665.95; 100 pll); j. Pyrgo sp.
[2586.86 m; 100 pnl1]; k. Ostracoda, small bivalved crustaceans,
are found as articulated or disarticulated valves. Carapace struc-
ture is a stable micro-prismatic calcite that gives a sweeping
extinction in XN. [2667.33 m; 100 ull]; 1. Austrotrillina pau-
cialveolina Grimsdale, 1952, [2570.32 m; 100 p[1] m. Austro-
trillina howchini [Schlumberger], [2565.95 m; 100 plJ]; n- A.
Nummulites vascus Joly and Leymerie, [2639.58 m; 250 pl];
B. Miliolids [2639.58 m; 250 pnl].

3.3. Regional Correlation

Eocene cycle: Eocene showed carbonate lagoonal facies - car-
bonate margin facies, and carbonate basinal facies. This cycle
consists of the Pilaspi, Avanah, and Jaddala formations [Fig. 11].

The distribution of the Oligocene succession [basinal and reef—
back-reef deposits] in Iraq closely follows the pattern set in Mid-
dle to Late Eocene times. Reef—back-reef limestone has a linear
outcrop across northern Iraq from the northwest [the eastern part
of the studied area] to the southeast [9]. In the Baraan well, the
Palani Formation of the Lower Oligocene and Baba Formation
as the tongue has been shown [Figs. 12].
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Figure 11: Baranan well B1; Kurdamir wells K3, K1, and K2 indicating Eocene cycle [Pilaspi, Avanah, and Jaddala formations].
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Figure 12: Location of Baranan well B1; Kurdamir wells K3, K1, and K2 indicating the Palani Formation of the Lower Oligocene

and Sheikh Alas Formation.

Based on the lithologic and biostratigraphy data, the study area
shows a variety of sedimentary facies within each formation. The
grouping of facies within each formation and their distribution
within the Baba Basin has been interpreted as carbonate margin
facies and primary reservoir facies, Accordingly, the Oligocene
deposits were subdivided into the following sedimentary cycles:

3.4. Oligocene First Cycle — Rupelian

This cycle consists of the Palani, Sheikh Alas, and Shurau for-
mations, extending from the carbonate lagoonal facies-carbonate
margin facies to the carbonate basinal faces [Fig. 12], through a
variety of depositional environments [18]. Considered the Palani

and parts of the Tarjil and Sheikh Alas formations as forming
one cycle in the Early Oligoene [8].

3.5. Oligocene Second Cycle-Chattian

The Late Rupelian transgression continued into the Early Chat-
tian. It showed fluctuations but was generally more extensive
than the earlier transgressive cycle [9]. This cycle consists of
the Tarjil, Baba, and Bajwan formations, which extend through
a variety of carbonate lagoonal facies-carbonate margin facies to
the carbonate basinal faces [Fig.13], depositional environments
[10]. Considered the Palani and part of the Tarjil and Sheikh
Alas formations as forming one cycle in the Late Eocene [8].
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Figure 13: Baranan well B1; Kurdamir wells K3, K1, and K2 indicating Tarjil, Baba, and Bajawan formation
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3.6. Oligocene Third Cycle-Chattian-Aquitanian

The Late Chattian transgression continued into the Early Aqui-
tanian. It showed fluctuations but was generally more extensive

Ibrahim, Azkand, and Anah formations, which extend through a
variety of carbonate lagoonal facies-carbonate margin facies to
the carbonate basinal faces [Fig. 14], depositional environments

than the earlier transgressive cycle [9]. This cycle consists of the  [10].
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Figure 14: B1 Baranan well -1; K3; K1 and K2 are Kurdamir wells indicating Azkand and Anah formations

3.7. Lower Miocene Cycle

Early Miocene showed tidal flat hypersaline lagoonal facies to carbonate outer ramp. This cycle consists of the Euphrates and Seri-

kagni formations [Fig. 15], depositional environments [10].
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Figure 15: Baranan well B1; Kurdamir wells K3, K1, and K2 indicating Euphrates and Serikagni formations.

4. Conclusions
This study revealed the following conclusions:

The Late Oligocene rock units of the Baba Formation in the
Kirkuk well-19 section, were studied for the first time in de-
tail from a point view of bio stratigraphically, microfacies,
and paleoenvironment.

Nummulites fichteli -Nummulites intermedius Assemblage
zone and Lepidocyclina [Eulepidina] dilatata- Nummulites
intermedius- Nummulites fichteli Assemblage zone were
recognized in the Late Rupelian-Early Chattian of the stud-
ied well.

Biostratigraphic correlation of the Baba Formation with
other parts of the Tethys region showed a good comparison
between the biostratigraphic zones established in this study
with other studies.

Baba Formation, its environment determined from the in-
ner shelf - middle-shelf to outer-shelf environment, these
rock units display cyclic sedimentation and relatively rapid
lateral facies changes that may be related to deposition on
the shelf.

It was deposited in a very shallow lagoon, nutrient-rich with

a slightly hypersaline and warm euphotic condition.

The relative correlations of sedimentary cycles of the Oligo-
cene deposits suggest that

the north Arabian platform was flooded twice during the
Rupelian and Chattian transgressions.

Conflict of Interests: The authors declare no conflict of inter-
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