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Abstract

The studied wells were located in the Bandar Abbas, Southeast Persian Gulf, and crosscut mainly from Eocene to Oligocene
sequences spanning the Pabdeh, Jahrum, and Asmari formations respectively. The present work aims to characterize the
biostratigraphy of the Eocene—Oligocene transition based on planktic and benthic foraminifera. Upper Eocene—Oligocene
transition are subdivided into three lithostratigraphic units which are the Pabdeh Formation (Priabonian—Chattian), Jahrum
Formation (Priabonian), and Asmari Formation (Rupelian-Chattian). Based on the stratigraphical range of the studied
foraminifera, ten biozones have been established:- Morozovella velascoensis Zone (early Eocene) (I), Morozovella edgari
Zone (Ypressian) (II(, Morozovella formosa formosa Zone (Ypressian) (II1), Hantkenina alabamensis Highest-Occurrence
Zone (Priabonian) (IV), Turborotalia cerroazulensis cunialensis Zone (Priabonian) (V), Cassigerinella chiploensis—Pseu-
dohastigerina micra) Zone (Rupelian) (VI), Turborotalia ampliapertura Zone (Rupelian) (VII), Praegloborotalia opima
opima Zone (Rupelian) (VIII), Nummulites spp., Discocyclina spp. Zone (Chattian) (IX) and Eulepidina—Nephrolepidina-
Nummulites Zone (Chattian) (X). The recognized biozones were correlated with comparatively standards biozones for the
Tethyan realm which demonstrates a good comparison between the biostratigraphic zones that recognized in this study with
other biozones in different areas.
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Introduction

Zagros Basin which extended from northeastern Syria
through northern and northeastern Iraq into southwestern
Iran (Moghaddam et al. 2013, Fig. 1). Planktic and ben-
thic foraminifera are of great interest in the marine environ-
ment and are used as geological standard tools for biostrati-
graphic studies. (Hendy et al. 2004; Field et al. 2006; Olsson
et al. 2006; Ghafor 2011, 2015; Sajadi et al., 2015; Taheri
et al., 2017; Bejaoui et al 2019, Ghafor et al. 2021; Rashidi
et al. 2023; Al-Taee et al. 2024a). Biostratigraphy of the
Eocene—Oligocene transition in the folded Zagros moun-
tains has been studied by Rostami et al. (2014a; b), of four
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surface stratigraphic sections and one subsurface stratig-
raphy section crossing the deposits of Jahrum and Asmari
formations, they concluded that the age of the Jahrum For-
mation is late Paleocene to late Eocene based on the index
species of Alveolina, Misscellanea, Kathina, Opertorbito-
lites, Nummulites, and the Asmari Formation of Rupelian to
Burdigalian age, based on these index species Nummulites
fichteli-Nummulites vascus, Archaias asmaricus-Archaias
hensoni- Miogypsinoides complanatus Peneroplis evolu-
tus- Austroterillina howchini and Borelis melo group-Mean-
dropsina iranica. Raviz et al. (2020), show the presence of 5
planktic foraminifera and 2 large benthic foraminifers (LBF)
biozones in the Sabzevaran and Sad sections, NW Jiroft
(Iran), and determine Middle-Late Eocene to Rupelian and
Chattian ages. Foraminiferal specimens of the Jahrum and
Asmari formations have been studied by Adams and Bour-
geois (1967); Rahimzadeh (1994): Sadegholvad and Faghih
(2007); Hakimzadeh and Seyrafian, (2008); Sadeghi et al.
(2009); Mahmoodabadi et al. (2010); Rostami et al. 2014a,
b; Amiri-Bakhtiar and Norainejad 2014: Amirshahkarami
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Fig.1 Map of the Middle East showing the location of the Zagros
Basin (Sajadi et al. 2015)

and Zebarjadi 2018; Raviz et al. 2020). The studied wells
are located in southern Bandar Abbas Hinterland where the
strait of hormuz is located (Fig. 2). The aims of this study,
are to establish a high-resolution biostratigraphy study of
the Eocene—Oligocene transition based on planktic and
large benthic foraminifera, and the chronostratigraphic study
between Eocene and Oligocene deposit of Southern Iran is
not studied in detail from the viewpoint of biostratigraphy.

Geological setting

The Zagros Basin is the second largest basin in the Middle
East and is defined by a 7-14-km thick succession of cov-
erage sediments deposited over a region located along the
north-northeast edge of the Arabian plate, it was continuous
from the Paleozoic era to the Cenozoic era. The Paleogene
deposits in the Zagros Basin can be categorized into two
primary sedimentary sequences. (i.e., Jahrum cycle from
Paleocene to Oligocene and Asmari cycle from Oligocene to
early Miocene. The Zagros Basin is located in southwestern
Iran lying at the eastern edge of the Persian Gulf (Fig. 1)
and is a part of the Alpine-Himalayan Mountain chain (It
is A second nearly continuous chain of mountains can be
traced from Morocco in North Africa through Europe, then
across Turkey and Iran through the Himalayas to Southeast
Asia) that stretches across much of Southwest Asia and the
Middle East (Motiei 1993). Aghanabati (2004), clarified
that the Hormozgan province is located in Southern Iran
and is part of the Zagros Folded belt (Fig. 2). The Zagros
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Fold-and-Thrust Belt of Iran is a result of the Alpine oro-
genic events (Ricou et al. 1977; Sadeghi et al. 2009) in the
Alpine-Himalayan Mountain range. It extends in a NW-SE
direction from eastern Turkey to the Strait of Hormoz in
Southern Iran. The tectonic activity in this area was entirely
due to the convergence of the Arabian and Eurasian conti-
nents. After the closure of the Neo-Tethys basin, during late
Oligocene-early Miocene times, the Zagros Basin was grad-
ually narrowed, and the Asmari Formation was deposited
with a lithology including lithic sandstone (Ahwaz Member)
and evaporites (Kalhur Member) (Vaziri-Moghaddam et al.
2010; Ahmadhadi et al. 2007). The Zagros Fold-Thrust Belt
is one of the youngest mountain belts, located in the middle
part of the Alpine mountain system. The NW-SE trending
belt developed during the collisional stage between the Ara-
bian Plate and Central Iran in late Cretaceous (Ricou et al.
1977). The belt has been grouped into different structural
subzones including the High Zagros, the Zagros Simply
folded belt, and the Dezful embayment zones (Berberian
1995) from NE to SW from eastern Turkey to the Strait of
Hormoz in Southern Iran. The tectonic evolution of the
Zagros Mountains was entirely due to plate tectonics and
the converging of the Arabian and Eurasian continents.
The principal Cenozoic sediments consist of Paleocene to
Eocene shallow-water limestones and dolomites assigned
respectively to the Sachun—Jahrum formations and basinal
marl and marly limestone assigned to the Pabdeh Formation.
The Oligocene to Miocene Asmari Formation consists of
shallow-water, neritic limestones (Fig. 2, James and Wynd
1965; Motiei 1993), late Eocene unconformity, which is
only observed to the northeast, did not affect the deeper
basin to the southwest (Sepehr and Cosgrove 2004). In the
Oligocene-early Miocene, shallow marine shelf limestones
of the Asmari Formation were conformably deposited over
the Pabdeh Formation to the southwest. To the northeast,
the Asmari Formation was unconformably deposited over
the uplifted Jahrum Formation. Most of the interior Fars
stayed above sea level during the Oligocene (Berberian and
King 1981). (Fig. 3). The studied area has been selected
based on the exploration goals of new oil resources, to study
lithostratigraphy and biostratigraphy, transect along a NE to
SW of the Persian Gulf length 293.6 km. The nine selected
wells from east to west have been studied transactions modi-
fied after a Geological map (National Iranian Oil Company
2004). (Fig. 4).

Materials and methods

This study involves nine wells located in Southern Iran
(Fig. 2¢). These wells include the Pabdeh, Jahrum, and
Asmari formations. A detailed lithostratigraphic column
was drawn for each well (Figs. 5, 6, 7,8 ,9,10). A total of
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Fig.2 (A) Location map of Iran
showing the Zagros Zone; (B)
Structural map of the Zagros
Basin (Aghanabati 2004); (C)
The studied wells modified
after Geological map (National
Iranian Oil Company 2004)
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Fig.3 Cenozoic stratigraphic correlation chart of the Iranian sector of the Zagros Basin, adopted from (James and Wynd 1965)
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Fig.4 Biostratigraphic correlation chart of Eocene—Oligocene time’s scale of nine wells in Southeast Persian Gulf

2000 samples of cores and cuttings have been studied and
thin sections have been analyzed under the microscope for
biostratigraphic studies of the benthic foraminifera are based
on these studies (Adams and Bourgeois (967; Gedik 2014;
Ferrandez-Candell and Bover-Arnal, 2017; Moghaddam
et al. 2019), the taxonomic determination of the planktic
foraminifera is based on classification by (Pearson and wade
2015; Olsson et al. 2018; Leckie et al. 2018; Wade et al.
2018a; Seyrafian and Mojikhalifeh, 2005; Berggren and
Pearson, 2005; Wade et al. 2011; Sirel et al. 2013; Loeblich
and Tappan, 2015; Serra-Kiel et al. 2016; Roozpeykar and
Moghaddam 2016; Coccioni et al. 2018; Joudaki and Bagh-
bani 2018 and Moghaddam et al. 2019).

Results
Lithostratigraphy

The Eocene—Oligocene successions of the studied wells are
extends for approximately 300 km in length and is about
5285 m -thick, and fully described and subdivided into three
lithostratigraphic units (Fig. 4). (1) the Pabdeh Formation
denoting of neritic-deep marine facies, and the Jahrum and
Asmari formations of the shallow marine facies (Taheri
2010).
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Jahrum Formation

The type section of the Jahrum Formation at Kuh-e Jahrum
in Fars province includes Paleocene to Eocene sediments
of dolomite and dolomitic limestone with a thickness of
467.5 m. (Setudehnia 1972; James and Wynd 1965). Jah-
rum Formation in the studied well is deposited at the south-
western end of the transect, composed of limestone at the
lower part of the unit and the upper part of the formation
consists of dolomitic limestone, the formation overlies the
Asmari Formation and it appears only at well no. 9 with 450
m -thick. (Table 1) (Fig. 10).

Pabdeh Formation

The type section of the Pabdeh Formation is located at the
Tang-e-Pabdeh on the southeastern end of Kuh-e-pabdeh
(Southwestern Iran). 2620 feet (798.576m) of low-weather-
ing grey shales and thin argillaceous limestones were meas-
ured. Hadavandkhani and Sadeghi (2010) and Khaloasgari
et al. (2023), studied the Pabdeh Formation in Southern
Iran, Zagros Basin, Pabdeh Formation in the present study,
composed of Globigerina deep-marine hemipelagic—pelagic
calcareous shale, marl, and lime-mudstone. The thickness of
this formation is varied from the eight wells of the studied
area (Table 1).
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Fig.5 The occurrence and range of foraminifera, with different biostratigraphic zonation schemes of Eocene/Oligocene times of the Pabdeh,

Jahrum, and Asmari formations in wells 1 and 2

Asmari Formation

The type section of the Asmari Formation was meas-
ured first in the Tang-e-Gele Torsh, Khuzestan province,
southwest Iran (Richardson 1924). It consists of 314 m of
limestones, dolomitic limestones, and argillaceous lime-
stones at the type locality (Thomas 1950). In the present
study, the Asmari Formation was obvious only in well no.
9 with a thickness of 450 m. (Table 1), and composed
of limestone, underlain by the Jahrum Formation. Rajab
and Ghafor, studied the Asmari Formation in the view
of biostratigraphy, microfacies, and depositional environ-
ment, in western Iran (In Press.

Biostratigraphy

In this study, the biozonation of nine wells was founded on
the apportionment of the planktic and benthic foraminif-
era and other microfossils (non-foraminifera) such as
bryozoa, algae, Onychocella, Tubucellaria sp., echinoid
fragments, gastropods, and coral fragments (Plates 1, 2).
Upper Eocene through lower Oligocene deposits, contains
60 species from 23 genera of planktic foraminifera, and 10
species among other microfossils such as coral and algae.
Ten biozones have been recognized in this study (Figs. 5,
6,7,8,9,10).

@ Springer
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Morozovella velascoensis Zone ()

soldadoensis and Morozovella acuta. The two index spe-
cies of Acarinina soldadoensis and Morozovella acuta

This zone is initially defined by Bolli, (1957). Biostrati-  indicate the biozone P5 (Morozovella velascoensis Inter-
graphic interval of this zone is characterized by the  val Zone). This zone occurs only in well 1 and appears
co-occurrent range of the nominate taxa of Acarinina  at a depth of 3160 m in the lower part of the Asmari
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Fig.9 The occurrence and range of foraminifera, with different biostratigraphic zonation schemes of Eocene-Oligocene times of the Pabdeh,

Jahrum, and Asmari formations in wells 7 and 8

sp., Quinqueloculina sp., Rotalia spp. Rotaliddae gen. et.
sp. indet. Globorotalina archaeomeandrii, Globorotalia
praesctiula, Morozovella cf. subbotinae, Morozovella
acuta, Morozovella lensiformis, Acarinina soldadoensis,

Formation, the thickness of this zone is about 50 m.

The most important microfossils in this zone includes:

Operculina sp., Elphidium sp., Heterostegina sp., Tri-

loculina trigonula, Neorotalia viennotti, Amphistegina
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Fig. 10 The occurrence and range of foraminifera, with different biostratigraphic zonation schemes of Eocene—Oligocene times of the Pabdeh,

Jahrum, and Asmari formations in well 9

Table 1 Thickness of the
Jahrum, Pabdeh, and Asmari

Jahrum formation Pabdeh formation

Asmari Formation

formations in the studied wells. Well-9

450m 50 m

Well-1 Well-2 Well-3 Well-4 Well-5 Well-6 Well-7 Well-8 Well-9
600m 725m 550m 600m 500m 400m 850m 450m

Acarinina intermedia, Chiloguembelina trintanensis, Par-
asubbotina varianta) with Tubucellaria sp., and algae.
Globorotalia (Morozovella) velascoensis has been found
in late Paleocene- early Eocene in the well-Tel Hajar-1,
Northwestern Iraq (Ghafor 1988; Al-Shaibani et al. 1993).
This biozone (P5) was recognized by Bolli and Saunders
(1985) and is correlative with biofacies 42 (Globorotalia

@ Springer

velascoensis-Globorotalia pseudomenardii assemblage
zone) of Wynd (1965). Based on the Lowest Occurrence
(LO) of Acarinina intermedia in the early Eocene age, this
zone is restricted to the Early Eocene.

This biozone is herein assigned to the Ypresian
(Eocene) that corresponds to 55.4-54.2 Ma, based on
Wade et al. 2011).
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Plate 1 (a-¢) Nummulites fichteli/intermedius (D’Archiac, 1846),
(Zone IX, Chattian), (a) Sample 4410, Well-9, X4, (b) Sample 3850,
Well-9, X4, (c¢) Sample 3830, Well-9, X4 (d) Asterigerina sp., d’
Orbigny, 1839), (Zone X, Chattian), Sample 4130, Well-9, X10; (e)
Operculina complanata (De France in Blainville, 1822), (Zone X,
Chattian) Sample 6930, Well-9, X4; (f) Amphistegina sp., d' Orbigny,
1826, (Zone IX, Chattian) Sample. 3750, Well-9, X10; (g) Asterige-
rina rotula (Kaufmann, 1867), (Zone X, Chattian), Sample 3870,
Well-9, X10; (h, i) Austrotrillina asmariensis Adams, 1968, (Zone

Morozovella edgari Zone (1l)

This zone is initially defined by Premoli Silva and Bolli
(1973). Biostratigraphic interval of this zone is characterized

B TR A
;\'\ A2 PUS ¥ s

IX, Chattian) (h) Sample 3830, Well-9, X10, (i) Sample 3670-75,
Well-3, X10; (j) Peneroplis thomasi, (Henson, 1950), (Zone IX,
Chattian) Sample. 3960, Well-9, X4; (k, 1) Elphidium sp.1, Mont-
fort, 1808, (Zone IX, Chattian), (k) Sample 4190, Well-9, (1) Sample
no. 4330, Well-9, X10; (m) Quinqueloculina sp. (d’ Orbigny, 1826),
(Zone IX, Chattian) Sample 4190, Well-9, X10; (n) Schlumbergina
sp., (Chalmas, 1882) (Zone IX, Chattian) Sample 4190, Well-9, X10;
(0) Valvulinid sp. 1, Sample 4370, Well-9, X10; (p) Discocyclina sp.,
Gumbel, 1870, (Zone X, Chattian) Sample 4520, Well-9, X

by the co-occurrent range of the nominate taxa of Igorina
tadjikistanensis and Chiloguembelina trinitatensis. This
zone appears above the Morozovella velascoensis zone. This
zone occurs only in well 1, the thickness of this zone is about
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40 m, the most diagnostic species in this zone include: Het-
erostegina sp., Neorotalia viennotti, Amphistegina sp., Quin-
queloculina sp., Rotalia spp. Nummulitidae gen. et. sp. indet.
Morozovella cf. subbotinae, Morozovella acuta, Morozovella
¢f- acuta, Morozovella sp., Acarinina soldadoensis, Aarinina
intermedia, Globanmalina sp., Chiloguembelina trintanen-
sis, Igornia tadjikistanensis, Parasubbotina varianta) with
Tubucellaria sp., and algae. It is equivalent to Morozovella
edgari Subzone proposed by Premoli Silva et al. (2003), in
Italy country., and This biozone is defined by the biostrati-
graphic interval between the Highest Occurrence (HO) of

@ Springer

Morozovella velascoensis and the simultaneous Lowest
Occurrence (LO) of Morozovella formosa formosa and/or
Morozovella lensiformis and is correlative with biofacies
42 (Globorotalia velascoensis-Globorotalia pseudomenardii
assemblage zone) of Wynd (1965). This zone is restricted
to the early Eocene.

This biozone is herein assigned to the Ypresian (Eocene)
that corresponds to 34.3-33.7 Ma (54.2-54 Ma, based on
Wade et al. 2011).
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«Plate 2 (a) Acarinina intermedia Subbotina, 1953, (Zone I, Ypres-
sian), Sample 7040-50, Well-1, X40; (b)Morozovella lensiformis
(Subbotina, 1953), (Zone I, Ypressian), Sample 7040-50, Well-1,
X40; (c) Igorinatadjikistanensis (Bykova, 1953), (Zone I, Ypres-
sian), Sample 7050-60, Well-1, X40; (d, h) Clavigerinella sp., Bolli,
Loeblich&Tappan, 1957, (Zone V, Priabonian), (d) Sample 7920,
Well-7, X10, (h) Sample 5790, Well-8, X10; (e) Globanomalina sp.,
Haque, 1956, (Zone I, Ypressian), Sample 7030-35, Well-1, X40; (f)
Globigerina praebulloides (Blow, 1959), (Zone 1V, Priabonian), Sam-
ple 5720-30, Well-2, X40; (g) Turborotalia ampliapertura, (Bolli,
1957), (Zone 1V, Priabonian), Sample 5770-80, Well-3, X40 ; (i)
Parasubbotina varianata, (Subbotina, 1953), (Zone III, Ypressian)
Sample 7050-60, Well-1, X40; (j) Acarinina soldadoensis (Bron-
nimann, 1952), (Zone III, Ypressian) Sample 7020-30, Well-1, X40;
(k) Catapsydrax dissimilis (Subbotina, 1953), (Zone V, Priabonian),
Sample 7670, Well-7, X10; (1) Dentoglobigerina yeguaensis (Wein-
zierl & Aprplin, 1929), (Zone V, Priabonian), Sample. 7530,Well-7,
X40; (m) Globoturborotalia ouachitaensis (Howe & Wallace, 1932),
(Zone VII, Rupelian), Sample 7600, Well-8, X40; (n) Hantkenina
alabamensis (Cushman, 1925a), (Zone V, Piabonian ), Sample 8000,
Well-7, X10; (0) Chiloguembelina cubensis (Palmer, 1934), (Zone V,
Priabonian), Sample 5690, Well-6, X40; (p) Paragloborotalia opima
(Bolli, 1957), (Zone III, Rupelian), Sample 5690, Well-8, X10; (q)
Turborotalia cerroazulensis (Cole, 1928), (Zone V, Priabonian), Sam-
ple 7890, Well-7, X40; (r) Pseudohastigerina micra (Cole, 1927),
(Zone V, Priabonian), Sample 5770, Well-5, X40; (s) Turborotalia
pomeroli (Toumarkin & Bolli, 1970), (Zone V, Priabonian), Sample
7770, Well-7, X40; (t) Globoturborotalia ciproensis (Bolli, 1957),
(Zone V, Rupelian), Sample 5810, Well-3, X40; (u) Chiloguembelina
trinitatensis (Kushman & Renz, 1942), (Zone IlI, Ypressian), Sample
7050-60, Well-1, X40

Morozovella formosa formosa Zone (lll)

This zone is initially defined by Bolli, (1957), Biostrati-
graphic interval of this zone is characterized by the co-
occurrent range of the nominate taxa of Chiloguembe-
lina trinitatensis and Acarinina soldadoensis. This zone
is established only in well-5 and is restricted to the Early
Eocene, the thickness of this zone is about 150m. The most
diagnostic species in this zone includes: Heterostegina sp.,
Neorotalia viennotti, Amphistegina sp., Quinqueloculina sp.,
Rotalia spp. Nummulitidae gen. et. sp. indet. Morozovella
cf. subbotinae, Morozovella acuta, Morozovella formosa
formosa, Morozovella cf. acuta, Morozovella sp., Acarinina
soldadoensis, Aarinina intermedia, Globanmalina sp., Chi-
loguembelina trintanensis, Igornia tadjikistanensis, Parasu-
bbotina varianta, with Tubucellaria sp., and algae. This zone
is not disintegrated and is equivalent to biozones P6b-P7
(Morozovella lensiformis Subzone and Morozovella formosa
formosa Zone) of Premoli Silva et al. (2003). The subzone
P6b (Morozovella lensiformis Subzone) is defined by the
biostratigraphic interval between the LO of Morozovella
formosa formosa and/or Morozovella lensiformis and the
LO of Morozovella aragonensis. The subzone P7 (Morozo-
vella formosa formosa Zone) is defined by biostratigraphic
interval between the LO of Morozovella aragonensis and the

LO of Morozovella formosa formosa. These two biozones
are correlative with biofacies 42 (Globorotalia velascoensis-
Globorotalia pseudomenardii assemblage zone) of Wynd
(1965).

This biozone is herein assigned to the Ypresian (Eocene)
that corresponds to (54-52.3 Ma, based on Wade et al.
2011).

Hantkenina alabamensis Zone (IV)

This zone is marked only with LO of Hantkenina alaba-
mensis at the top borders. It is Highest-Occurrence-Range.
The thickness of this zone is about 25 m in well 2, 31 m
in well 3, and 80 m in well 8. The most diagnostic species
in this zone are Reucella sp., Globigerina sp., Globigerina
praebulloides, Hantkenina alabamensis, Globoturbortalia
quachiatensis, Pseudohastigerina micra, have been recog-
nized in this zone. This zone is equivalent to biozone E16
(Hantkenina alabamensis Highest-Occurrence Zone) of
Wade et al. (2011). This biozone is characterized by a par-
tial range of nominate taxons between the LO of Globigeri-
natheka index and the LO of Hantkenina alabamensis. This
biozone is characterized by wells 2, 3, and 8. This biozone
is correlative with biozone 52 (Globorotalia cerroazulen-
sis-Hantkenina assemblage zone) of Wynd (1965) and is
restricted to the late Eocene.

This biozone is herein assigned to the Priabonian
(Eocene) that corresponds to 34.3—33.7 Ma, based on Wade
etal. 2011).

Turborotalia cerroazulensis cunialensis Zone (V)

Biostratigraphic interval of this zone characterized by the
total range of Turborotalia cerroazulensis cunialensis.

The thickness of this zone is about 60 m in well 4, 90 m
in well 5, 7 m in well 6, and 400 m, in well 7.

The most important fauna in this zone are: Hantkenina
spp., Turborotalia cerroazulensis cunialensis, Globige-
rina spp., Globoturborotalia ouachitaensis, Globrotalia
praebulloides, Globortalia spp., Pseudohastigerina micra,
Turborotalia crreazulensis, Turborotalia pomeradli, Tur-
borotalia cocaensis, Turborotalia increbescensis, Chi-
loguembelina cubensis, Chiloguembelina sp., Hantkenina
alabamensis, Dentoglobigerina yeguaensis, Globanomalina
sp., Bulimina sp., Operculina sp., Globigerapsis kugleri,
Globorotalia spp., Haplofragmium sliengeri, Lenticulina
sp., Chiloguembelina sp., Catapsydrax dissimilis, Glo-
boturborotalia ciproensis, Tenuitella munda, Paraglob-
orotalia nana, Paragloborotalia siakensis, Turborotalia
ampliapertura, Clavigerinella sp. This zone is correspond-
ing to biozone P17 (Turborotalia cerroazulensis cunialensis
Total Range Zone) of Toumarkine and Bolli (1970). This
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biozone is characterized by the LO of Turborotalia cer-
roazulensis in wells 4 to 7. Turborotalia cerroazulensis has
been found in middle-Late Eocene sediments (Ghafor and
Al-Qayim 2021). The Hantkenina spp. is present in this
zone. The biozone P17 (Turborotalia cerroazulensis Total
Range Zone) is correlative with biofacies 52 (Globorota-
lia cerroazulensis-Hantkenina assemblage zone) of Wynd
(1965) and restricted to the late Eocene. It is equivalent to
the Acarinina bullbrooki and Morozovelloides lehneri bio-
zone of Ghafor and Al-Qayim (2021) and to the upper part
of Assilina spira- Lokharatia hunti zone by Al-Qayim and
Ghafor (2022). The associated fauna in well 7 is consist-
ing of Turborotalia cerroazulensis., Turborotalia pomeroli,
Turborotalia ampliapertura. Catapsydrax dissimilis and
Dentoglobigerina yguaensis.

This biozone is herein assigned to the Priabonian
(Eocene) that corresponds to 35.5-33.7 Ma, based on Wade
etal. 2011).

Cassigerinella chiploensis-Pseudohastigerina micra
Zone (VI)

Biostratigraphic interval of this zone was characterized by
the concurrent range zone of the nominate taxa between the
LO of Cassigerinella chiploensis to the LO of Pseudohasti-
gerina micra. The thickness of this zone is about 95m in well
3, 163 m, in well-4, and about 24 m in the well-5, 56m in
well 7, and 300m in well 8. This zone includes these plank-
tic foraminifera: Globorotalia opima opima, Turborotalia
increbcenus, Turborotalia cerroazulensis, Hantkenina spp.,
Globigerina praebulloides, Globoturborotalia cipreoen-
sis, Globigerina cips, angustimblicata, Bullimina sp. This
stratigraphic interval encompasses Zones P18 and P19 of
Blow (1969), Zone P18 and P19 (Cassigerinella chiploensis-
Pseudohastigerina micra Concurrent Range Zone) of Bolli
and Saunders (1985), Zones P17 and P18 of Berggren et al.
(1995), and Iaccarino and Premoli Silva (2005). This bio-
zone in well-2 is characterized by a biostratigraphic inter-
val between the LO of Hantkenina alabamensis to the LO
of Pseudohastigerina micra. The association fauna in this
interval encompasses Reussella sp., Chiloguembelina sp.,
Globigerina spp., Globigerina praebulloides. The biozone
P18-P19 is also identified and characterized in well-8 by the
biostratigraphic interval between the LO of Hantkenina spp.
to the LO of Pseudohastigerina micra. The Oligocene bio-
zonation is not disintegrated in the other wells and has been
reported to form a compound, except in wells- 4 and 5. The
biozone P18-P19 in well-4 is characterized by a biostrati-
graphic interval between the LO of Hantkenina spp. to the
LO of Turborotalia increbescens. This biozone in well- 5
is marked from the LO of Turborotalia cerroazulensis to

@ Springer

the LO of Pseudohastigerina micra. The biozone P18-P19
of (Bolli and Saunders 1985, and Iaccarino and Premoli
Silva 2005) is correlative with the Oligocene biozonation of
Wynd (1965) and Adams and Bourgeois (1967). This zone
is restricted to the Early Oligocene.

This biozone is herein assigned to the to the Rupelian
(Oligocene) that corresponds to 33.8-30.3 Ma, based on
Wade et al. 2011).

Turborotalia ampliapertura Zone (VII).

This zone is initially defined by Berggren et al. (1995),
Biostratigraphic interval of this zone is characterized by the
co-occurrent range of the nominate taxa of Pseudohastige-
rina and Turborotalia ampliapertura. The thickness of this
zone is about 95m in well 3, 54 m, in well 5, and, 66m
in well 7, and 18m in well 8. This biozone includes these
planktic foraminifera: Nummulites spp., Operculina sp.,
Triloculina sp., Reussella sp., Chiloguembelina cubensis,
Chiloguembelina sp., Globigerina spp., Turborotalia ampli-
apertura, Dentoglobigerina yguaensis, Globoturborotalia
ouachitaensis, Globigerina angulisuturalis, Globigerina
praebulloides, Pseudohastigerina micra, Globoturborota-
lia ouachitaensis, Praegloborotalia opima opima, Praeglo-
borotalia nana, Anomaniloides sp., Tenutella munda, and
Globigerina praebulloides. This biozone corresponds to the
P19 Interval Zone of Berggren et al. (1995). The zone is
re-defined concerning the original zone of Bolli (1957) and
coinciding with biozone P20 (Turborotalia ampliapertura
Interval Range Zone) of Iaccarino and Premoli Silva (2005),
it is exactly correlative with the biozone P20 of Iaccarino
and Premoli Silva (2005) except in well-8. The biostratig-
raphy interval at the top boundary of well-8 is marked from
the LO of Dentoglobigerina yeguaensis.. This biozone is
equivalent to the Turborotalia ampliapertura zone (Sajadi
et al. 2016) in southeastern Persian Gulf. The stratigraphy
interval in well-4 is equivalent to biozone P20 (Tuborotalia
ampliapertura Interval Zone) of Bolli and Saunders (1985)
which is characterized by biostratigraphic interval between
the LO of Turborotalia increbescens to the LO of Globoro-
talia opima opima. The Oligocene biozonation is not disin-
tegrated in the other wells and has been reported to form a
compound. This biozone is correlative with the Oligocene
biozonation of Wynd (1965), Adams and Bourgeois (1967).

This biozone is herein assigned to the to the Rupelian
(Oligocene) that corresponds to 30.3-29.4 Ma, based on.

Wade et al. 2011).

Paragloborotalia opima opima Zone (VIII).

This zone is initially defined by Berggren et al. (1995),
the biostratigraphic interval of this zone is characterized
by the total range of Paragloborotalia opima opima, the
thickness of this zone is about 60 m. in well 4, 300m in
well 3, 65m in well 6, 213m in well 7, and 70m in well
8. This zone includes these species of planktic and benthic
foraminifera:, Globoturborotalia ciproensis ciproensis and
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Globoturborotalia ciproensis angulisuturalis, Globigerina
praebulloides, Globigerina cip. angustiumblicata, Globige-
rina sp., Paragloborotalia opima opima, Paragloborotalia
nana, Paragloborotalia cf. nana, Paragloborotalia sikaensis,
Paragloborotalia semivera, Chiloguembelina sp., Anoma-
niloides sp., Catapsydrax dissimilina,., Catapsydrax sp.,
Globigerina officlnolis, Globigerina praebulloides, Glo-
bigerina angulisturalis, Globorotalia ouachitaensis, Glob-
orotalia ciproensis, Tenuitella munda, Chiloguembelina sp,
Chiloguembelina cubensis, Anomaniloides sp., Dentoglo-
bigerina yeguaensis, Pseudohastigerina micra,Operculina
spp., Numulites spp., Textularia spp., Trilocullina trigonula.
This biostratigraphy interval of this zone coincides with bio-
zone P21 (Globorotalia opima opima Taxon Range Zone) of
Bolli (1957). This biozone in wells- 3 and 4 is characterized
by the total range of the nominate taxon. In addition to the
restriction of the nominate taxon, based on Bolli (1957). This
stratigraphy interval in well-8 is equivalent to two subzones
P21a and P21b of Iaccarino and Premoli Silva (2005). The
subzone P21a in well-8 is marked from the LO of Dentoglo-
bigerina yeguaensis to the LO of Paragloborotalia semivera
and subzone P21b is marked from biostratigraphy interval
between the LO of Paragloborotalia semivera to the LO of
Chiloguembelina cubensis. The Oligocene biozonation is
not disintegrated in the other wells and has been reported
to form the compound. This biozone is equivalent to the
Globorotalia opima opima zone by (Sajadi et al. 2016) in
the southeastern Persian Gulf. The biozone P21 of Bolli and
Saunders (1985) and Iaccarino and Premoli Silva (2005) is
correlative with the Oligocene biozonation of Wynd (1965)
and Adams and Bourgeois (1967). This zone is restricted to
the Early Oligocene.

This biozone is herein assigned to the to the Rupelian
(Oligocene) that corresponds to 29.4-28.4 Ma, based on.

Wade et al. 2011).

Nummulites intermedius - Nummulites vascus Zone
(1X)

The biostratigraphic interval of this zone was characterized
by the assemblage of the nominate taxa (Nummulites inter-
medius-Nummulites vascus). The thickness of this zone is
100 m in well 6, 90 m. in well 8, 100 m in well 9, this zone
involves these species of benthic and planktic foraminif-
era: Rotalia sp., Bullimina sp., Nummulites spp., Nummu-
lites intermedius/fichteli, Nummulites spp., Lenticulina sp.,
Elphidium sp., Amphistegina sp., Haplofrugmina slingeri,
Schlumbergina sp., Elphidium spl., Quinqueloculina, Aus-
trotrillina asmariensis, Penarchiaus glynogonesi, Peneroplis
evolutus, Austrotrillina sp., Valvulina sp., Sphaerogypsina
sp., Sphaerogypsina globulus, Valvulinid sp., Operculina sp.,
Neorotalia viennotti, Reussella sp., Discocyclina sp., Glob-
ogerina spp., Praegloborotalia semivera, Praegloborotalia

sp., Chilohuembelina cubensis, Chiloguembelina sp., and
other microfossils such as echinoid fragments, coral frag-
ments, Onychosella sp., Tubucellaria sp., Bryozoa, and gas-
tropods. This zone is equivalent to biozone 5 (Nummulites
spp. Discocyclina spp. Assemblage Zone) of Adams and
Bourgeois (1967).

This biozone is herein assigned to the to the Chattian
(Oligocene) Based on Adams and Bourgeois (1967).

Nummulites spp. Discocyclina spp. Zone (X)

The biostratigraphic interval of this zone was characterized
by the assemblage of the nominate taxa Nummulites spp.
Discocyclina spp. This zone occurs in well-9 with a thick-
ness about 142 m, it includes: Nummulites fichteli/interme-
dius, Amphistegina sp., Asterigerina rotula., Schlumberge-
rina sp., Quinqueloculina sp., Austrotrillina sp., Valvulinid
sp., Elphidium sp. 1, Elphidium sp. 14, Rotalia sp., Lentic-
ulina sp., Haplofragmina slingeri, Austrotrillina asmarien-
sis, Austrotrillina sp., Quinqueloculina sp., Penarchaias
glynnjonesi, Peneroplis oevolutus, Peneroplis thomasi,
Spharegypsina sp., Operculina sp., Neorotalia viennotti,
Reusella sp., Discocycllina sp., Onychocella sp., Tubucel-
laria sp coral fragments, bryozoa, gastropods,,., and echi-
noid fragments. This zone is equivalent to biozone 3 (Eule-
pidina-Nephrolepidina-Nummulite assemblage Zone) of
Adams and Bourgeois (1967). This zone is equivalent to the
Globoturborotalia ciproensis zone by (Sajadi et al. 2016) in
the southeastern of the Persian Gulf. This biozone is equiva-
lent to the Lower Asmari (Thomas 1949). It is equivalent
to Nummulitic vascus-Nummulitic fichteli zone by Ghafor
and Najaflo (2021), to the Nummulitic fichteli -Nummulitic
vascus zone of Ghafor and Ahmad (2021).

This biozone is herein assigned to the to the Chattian
(Oligocene) Based on Adams and Bourgeois (1967).

Discussion

Based on the latest biozonation, ten biozones have been rec-
ognized. These biozones are considered to be Eocene—Oli-
gocene in age. These established biozones have been corre-
lated very well in the studied transect. Upper Eocene through
Lower Oligocene deposits, at the study transect, contains
abundant planktic and benthic foraminifera. According to
Toumarkine and Bolli (1970), the LO for each of three sub-
species (Turborotalia cerroazulensis cerroazulensis, Tur-
borotalia cerroazulensis cocoaensis, Turborotalia cerroa-
zulensis cunialensis) marks the Eocene—Oligocene transition
and Hantkenina spp., showing the biostratigraphy range of
Late Eocene time. The simultaneous extinctions of Hant-
kenina spp. and Turborotalia cerroazolensis lineage are now
widely accepted as a biostratigraphic datum that marks the
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Eocene—Oligocene transition (Snyder et al. 1984). Those
microfossils most useful for recognition of the Eocene—Oli-
gocene transition are subspecies of Turborotalia cerroazu-
lensis (Premoli Silva et al. 2003). The rapid evolution of
Hantkenina from Clavigerinella was via a previously unde-
scribed intermediate form (Pearson et al. 20064, b, c¢). Based
on Isotope records, the ranges of Turborotalia cerroazulensis
and Turborotalia pomeroli are near the middle/late Eocene
boundary (Premec-Fucek 2006; Pearson 2006). Based on
the new study of Wade et al. (2011), the LO for Hantkenina
alabamensis marks the Eocene/Oligocene boundary. The
Eocene-Oligocene transition in the Adriatic Sea is clearly
defined by the extinction of all hantkeninids, the Turboro-
talia cerroazulensis group, and the last globigerinathekid
species Globigerinatheka tropicalis (Fucek and Kucen-
jak 2013). Molina et al. (2016), show that the Integrated
biostratigraphy by means of planktic foraminifera, calcar-
eous nannofossils, and larger benthic foraminifera from a
continuous marine section at Norofia (Cuba) the extinction
of orthophragminids lies in the Rupelian (early Oligo-
cene). Rapid mass extinction event in planktic foraminifera
occurred at the Eocene—Oligocene transition, in northeast-
ern Tunisia, including the extinction of the Turborotalids
(Turborotalia cerroazulensis, Turborotalia cocoaensis and

Turborotalia cunialensis) followed by a significant size
reduction of the genus Pseudohastigerina and the extinction
of the hantkeninids (Hantkenina alabamensis, Hantkenina
brevispina, Hantkenina nanggulanensis and Cribrohant-
kenina lazzarii), which mark the Eocene—Oligocene tran-
sition. (Karoui-Yaakoub et al. 2017). In the current study
three lithostratigraphic units have been recognized which
are Pabdeh, Jahrum and asmari formations that corresponds
to the lithostratigraphic units in Iraq, that Jahrum Formation
is equivalent to the Kolosh, Aaliji, and Sinjar formations in
Iraq (Ghafor 1988; Sharbazheri et al. 2009, 2011; Al Fattah
etal. 2017, 2018, 2020a, 2020b; Al-Nuaimy et al. 2020; Al-
Taee et al. 2024a,b,c), and the upper part of the Pabdeh For-
mation is equivalent to the Tarjil, Shurau, Baba, and Bajwan
formations in Iraq (Ghafor 2022; Ghafor and Najaflo 2022),
and the lower part of the Pabdeh Formation is equivalent
to the Avanah and Jaddala formations in Iraq (Asaad 2022;
Al-Sultan 2018), finally the Asmari Formation is equivalent
to the Azkand, Baba, Anah, Serikagni, Ibrahim, Jerebi, and
Euphrates formations in Iraq (Buday 1980; Ghafor 2004;
Ghafor and Najaflo 2022). The microscopic investigation
revealed the presence of common planktic foraminifera, i.e.,
Turborotalia cerroazulensis, Turborotalia pomeroli, Tur-
borotalia cocoaensis, Clavigerinella sp., Dentoglobigerina

Table 2 Correlation chart showing the biostratigraphic zones of this study with the other studies in Iraq.
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yeguaensis, Globoturborotalia ouachitaensis, Turborotalia
increbescens, Pseudohastigerina micra, Globigerina prae-
bulloides, Turborotalia ampliapertura, Globoturborotalia
ciproensis, Chiloguembelina trinitatensis, Chiloguemblina
cubensis, Paragloborotalia opima opima and Paragloboro-
talia nana, with variable percentages of benthic foraminif-
era mainly belonging to the Nummulites fichteli/interme-
dius, Nummulites spp., Elphidium sp. 14, Amphistegina sp.,
Asterigerina rotula, Schlumbergerina sp., Quinqueloculina
sp., Valvulinid sp., Peneroplis evolutus, Neorotalia vien-
noti, Reussella sp., Haplophragmium slingeri. The recog-
nized biozones (Zone [—Zone X) in the current study were
correlated with the biozones established in Iraq (Table 2).
The distributions of larger benthic foraminifera in the well-9
section are determined by the Eocene—Oligocene transition
and age of the Jahrum and Asmari formations. Based on
above mentioned well-known planktic and benthic zonal
scheme, the Eocene—Oligocene transition continues and
occurs in open marine deposits of the Pabdeh Formation
and finally leads to the shallow marine carbonates of the
Jahrum and Asmari formations in the nine wells of the
studied area, (Plates 1, 2). The Eocene-Oligocene transi-
tion is identified and integrated throughout the study tran-
sect, except in well-1, which exposes a biostratigraphy gap
(Wynd 1965). According to micropaleontological data, the
Eocene—Oligocene transition is continuing. The integrated
biostratigraphy (planktic and benthic foraminifera) shows
that the Eocene—Oligocene transition of this region have 10
biozones).

Conclusions

Three formations have been recognized in this study:- (1) the
Jahrum Formation (Proabonian), (2) Pabdeh Formation (Pri-
abonian-Chattian), and (3) the Asmari Formation (Rupelian-
Chattian). The proposed biozonation and age determinations
is based on planktic and benthic foraminifera and compared
with biozones from the tethyan and realms. The Eocene—Oli-
gocene transition characterized biostratigraphically. More
than 50 species of planktic and benthic foraminifera have
been identified in the studied wells, among the recorded
index species markers of this work, we considier Turboro-
talia and Hantekenina ( LO as reliable proxies/ indicators of
the Eocene—Oligocene boundary. Based on these results the
Eocene—Oligocene transition at the study area is continuing
and conformable throughout the NE-SW transection, except
in well-1, where an unconformity (or hiatus) is supposed
to occur spanning the middle Eocene to late Oligocene.
Depending on the results the Jahrum Formation extended
from the Ypresian to Priabonian ( Eocene) age, the Pabdeh

Formation to the Priabonia (Eocene) age, and the Asmari
Formation from Rupelian to Chattian (Oligocene) age.

Acknowledgements We thank the editorial board of this journal and
all the reviewers for reviewing our manuscript.

Author contributions All the authors participated in this manuscript,
that Dr Roya fanati write all the sections from the abstract to the con-
clusion, Dr sajadi draw all the figures and wrote the suggestions on
all the sections, and Ghafor read the manuscript carefully and made
the corrections and preparing the plates and figures, references and
discussions.

Funding No funding was received.

Data availability No datasets were generated or analysed during the
current study.

Declarations

Conflict of interest Authors have no competing interests and no inter-
est declaration.

References

Adams CG, Bourgeois E (1967) Asmari biostratigraphy. Unpublished
report, Geological and Exploration Division, Iranian Oil Offshore
Company

Aghanabati A (2004) Geology of Iran. Geological Survey of Iran,
Tehran

Ahmadhadi F, Lacombe O, Marc Daniel J (2007) Early reactivation
of basement faults in central Zagros (SW Iran), evidence from
pre-folding fracture populations in Asmari Formation and lower
tertiary paleogeography. In: Lacombe O, Lave J, Roure F, Verges
J (eds) Thrust Belts and Foreland Basins. Springer, Berlin, pp
205-228

Al-Fattah AN, Al-Juboury AI, Ghafor I (2017) Paleocene-Eocene
Thermal Maximum (PETM) of Northern Iraq. Lambert Academic
Publishing, Mauritius, p 212

Al-Fattah AN, Al-Juboury Al, Ghafor I (2018) Rock Magnetic Proper-
ties during the Paleocene-Eocene Thermal Maximum (PETM):
Records from P/E boundary Sections (Sinjar, Shaglawa) in Iraq.
Iraqi Nat J Earth Sci 18(1):55-74. https://doi.org/10.33899/earth.
2018.159279

Al-Fattah AN, Al-Juboury Al, Ghafor IM (2020a) Paleocene-Eocene
thermal maximum record of northern Iraq: multidisciplinary
indicators and an environmental scenario. ] Earth Environ Sci
1(2):126-145

Al-Fattah AN, Al-Juboury AI, Ghafor I (2020b) Significance of
Foraminifera during the Paleocene-Eocene thermal maximum
(RETM) in the Aaliji and Kolosh formation. Iraqi Bull Geol Min-
ing 16(2):33-50

Al-Nuaimy Q, Sharbazheri KM, Ghafor IM (2020) Cretaceous / Paleo-
gene boundary analysis by planktic foraminiferal biozonation in
the Western Zagros Fold-Thrust Belt (Smaquli Valley), Sulaim-
ani Governorate, NE- Iraq. Kirkuk Univ J Sci Stud (KUJSS)
15(3):45-81

Al-Qayim B, Ghafor IM (2022) Biostratigraphy and Paleoenvironments
of benthic Foraminifera from lower part of the Damlouk Member,
Western Desert Iraq. Iraqi J Sci. https://doi.org/10.24996/ijs5.2022.
63.11.19

@ Springer


https://doi.org/10.33899/earth.2018.159279
https://doi.org/10.33899/earth.2018.159279
https://doi.org/10.24996/ijs.2022.63.11.19
https://doi.org/10.24996/ijs.2022.63.11.19

86 Page 18 of 20

Carbonates and Evaporites (2024) 39:86

Al-Shaibani SK, Al-Hashimi H, Ghafor IM, (1993) Biostratigraphy of
the Cretaceous-Tertiary boundary in well Tel Hajar no. 1, Sinjar
area, northwest Iraq. Iraqi Geological J 26(2):77-97.

Al-Sultan HAA (2018) Depositional setting of the Jaddala Formation
at Kirkuk and Bai Hassan Fields. Kirkuk Area J Univ Babylon,
Pure App Sci 26(4):162-172

Al-Taee NT, Al-Juboury AL, Ghafor IM, Rowe GZH (2024a)
Biostratigraphy and paleoecology of the Sinjar formation (Late
Paleocene-early Eocene) in the Dokan and Sinjar areas. Iraq
Iraqi Geol J 57(1A):221-249. https://doi.org/10.46717/igj.57.
1A.17ms-2024-1-28

Al-Taee NT, Al-Juboury AL, Ghafor IM, Rowe GZH (2024b) Depo-
sitional environment of the late Paleocene-early Eocene Sinjar
Formation, Iraq: Implications from facies analysis, mineralogical
and geochemical proxies. Heliyon. https://doi.org/10.1016/j.heliy
on.2024.e25657

Al-Taee NT, Al-Juboury AL, Ghafor IM (2024c) Mineralogical and
Geochemical variations across the Paleocene- Eocene Sinjar For-
mation, Dokan area, Northeastern Iraq. Iraqi National J Earth Sci
24(1):25-139. https://doi.org/10.33899/earth.2023.142953.1138

Amiri-Bakhtiar H, Norainejad Kh (2014) Stratigraphic review of the
Zagros-Jahrum formation. Explor Prod J NIOC 1393(115):30-31
((In Persian))

Amirshahkarami M, Zebarjadi E (2018) Late Paleocene to Early
Eocene larger benthic foraminifera biozones and microfacies in
Estahbanate area. Southwest Iran Thetyan Biozones Correl Carb
Evaporites 33:869-884

Assad IS (2022) Lithostratigraphy and microfacies analysis of Avanah
Formation (Middle Eocene) in Gomaspan section northeast Erbil
City, Kurdistan region. Iraq Kuwait J Sci 49(3):1-21

Bahroudi A, Koyi Hemin A (2004) (2004) Tectono-sedimentary frame-
work of the Gachsaran formation in the Zagros foreland basin.
Mar Pet Geol 21:1295-1310

Bejaoui A, Saidi E, Zaghbib-Turki D (2019) Small benthic foraminif-
eral biostratigraphy and palacoecology during the Campanian-
Maastrichtian transition in north-westernduring the Campanian-
Maastrichtian transition in north-western Tunisia. Turk J Earth
SciTurk J Earth Sci 28(4):500-530

Berberian M (1995) Master “blind” thrust faults hidden under the
Zagros folds: active basement tectonics and surface morpho-
tectonics. Tectonophysics 241:193-224

Berberian M, King G (1981) Towards a paleogeography and tectonic
evolution of Iran. Can J Earth Sci 18:10-265

Berggren w, Pearson P, (2005) A revised tropical to subtropical
Paleogene Planktonic Foraminiferal zonation. J Foramin Res
35(4):279-298

Blow WH, Banner FT (1969) Late middle Eocene to Recent planktonic
foraminiferal biostratigraphy, 1st International conference Plank-
ton Microfossils. Geneva 2:199-422

Bolli HM (1957) Planktonic foraminifera from the Oligocene-Mio-
cene Cipro and Lengua formation of Trinidad. Baltim Wash Int
Museum 215:97-123

Bolli HM, Saunders J.B, (1985) Oligocene to Holocene low latitude
Planktic Foraminifera,in Plankton stratigraphy. In: Hans M.Bolli,
John B.Saunders, Katharina Perch-Nielson(Eds), Cambridge,
University Press. Boudagher-Fadel MK, (2018) Evolution and
geological significance oflarger benthic foraminifera. Press, UC.

Coccioni R, Montanari A, Bice D, Brinkhuis H, Deino A, Frontalini
F, Lirer F, Maiorano F, Monechi S, Pross J, Rochette P, Sagnotti
L, Sideri M, Sprovieri M, Tateo F, Touchar Y, Stefaan Simaeys
V, Williams GL (2018) The Global Stratotype Section and Point
(GSSP) for the base of the Chattian Stage (Paleogene System,
Oligocene Series) at Monte Cagnero. Italy, Episodes 41(1):17-32

Farman T, Ghasemi E, Beiranvand B, Maleki Porazmiani S (2019)
Biozonation, Paleobathymetry and paleoenvironmental study

@ Springer

of the Gurpi formation in southwestern Iran. Iranian J Earth
Sci 12(1):54-68

Fucek VP, Kucenjak MH (2013) PlanktonicForaminiferalBiostratig-
raphyAcrosstheEocene—OligoceneBoundary in the North Adri-
aticSea. STRATI. https://doi.org/10.1007/978-3-319-04364-7_
20

Geological map (2004) Zagros structures National Iranian Oil Com-
pany (NIOC), Exploration Directorate.

Ghafor IM (2015) Evolutionary aspects of Lepidocyclina (Nephrole-
pidina) from Baba formation (late Oligocene) in Bai-Hassan well-
25, Kirkuk area, Northeast Iraq. Arab J Geosci 8(11):9423-9431.
https://doi.org/10.1007/s12517-015-1865-9

Ghafor IM (1988) Planktonic foraminifera and biostratigraphy of the
Aaliji Formation and the nature of its contact with the Shiranish
Formation in Well Tel-Hajar No. 1. Sinjar area, Northwestern
Iraq. Unpubl. M. Sc. Thesis, Geology Department University of
Salahaddin, Iraq, 206 P

Ghafor IM (2004) Biometric analysis of Lepidocyclina (Nephroli-
pidina) and Miogipsinids from Baba and Azkand Formations
(Oligocene-Miocene) in Kirkuk area, Iraq”, Unpublished Ph.D.
thesis, College of Science, Sulaimani University, Iraq.

Ghafor IM (2011) Microfacies and biostratigraphy of Baba formation
(Late Oligocene) in Bai Hassan, Oil Well-25. Iraqi Bull Geol Min-
ing 7(3):25-32. https://ibgm-iq.org/ibgm/index.php/ibgm/article/
view/153

Ghafor IM (2022) Biostratigraphy and microfacies of Azkand forma-
tion in Qarah Chaugh-Dagh Section, Kirkuk Area (Northeastern
Iraq). In: Proceedings of the 2nd Springer conference of the Ara-
bian Journal of Geosciences (CAJG-2), Tunisia 2019. https://doi.
org/10.1007/978-3-030-72547-1_54

Ghafor IM, Al-Qayim, B (2021) Planktic Foraminiferal biostratigraphy
of the upper part of the Damlouk member, ratga formation, west-
ern desert, Iraq. Iraqi National J Earth Sci 21(2):49-62. https://
doi.org/10.33899/earth.2021.170385

Ghafor IM, Ahmad PM (2021) Stratigraphy of the Oligoceneearly Mio-
cene successions, Sangaw area, Kurdistan Region. NE-Iraq. Arab J
Geosci 14(6):1-117. https://doi.org/10.1007/s12517-021-06697-0

Ghafor IM, Najaflo S (2022) Biostratigraphy, microfacies, paleoen-
vironment, and paleoecological study of the Oligocene (Late
Rupelian-Early Chattian) baba formation, Kirkuk area. North-
east Iraq Carb Evaporites 37(7):1-15. https://doi.org/10.1007/
s13146-021-00753-2

Ghafor IM, Ahmad PM, khafaf AO (2023) Biostratigraphy and paleo-
ecology of the Anah formation in Kurdistan region, Iraq. Iraq-
Iraqi Bullion Geol Mining 19(1):17-28. https://doi.org/10.1007/
978-3-030-72547-1_54

Habibia T, Jan K. Nielsenb j, Alena A. Ponedelnikc, Dmitry A. Ruban
() Palaeogeographical peculiarities of the Pabdeh Formation
(Paleogene) in Iran: New evidence of global diversity-determined
geological heritag

Hadavandkhani, N., Sadeghi, A. 2010. Biostratigraphy of the Danian/
Selandian transition: A case study from Kamestan anticline sec-
tion, northwest of Izeh city in Khuzestan province, Southern Iran,
Nature procedings.

Hakimzadeh S, Seyrafian A (2008) Late oligocene early miocen-
benthic foraminifera andbiostratigraphy of the Asmari Formation,
south Yasuj, north centra Zagros. Iran, Carbonates Evaporites
23(1):1-10

Taccarino SM, Premoli Silva I (2005) Practical manual of Oligocene to
Middle Miocene Planktonic Foraminifera. University of Perugia
Italy, International School on Planktonic Foraminifera

Karoui-Yaakoub N, Grira C, Negra MMS, MH, Molin, E, (2017)
Planktic foraminiferal biostratigraphy, paleoecology and chron-
ostratigraphy across the Eocene/Oligocene boundary in north-
ern Tunisia. J Afr Earth Sc 125:126-136. https://doi.org/10.
1016/j.jafrearsci.2016.11.009


https://doi.org/10.46717/igj.57.1A.17ms-2024-1-28
https://doi.org/10.46717/igj.57.1A.17ms-2024-1-28
https://doi.org/10.1016/j.heliyon.2024.e25657
https://doi.org/10.1016/j.heliyon.2024.e25657
https://doi.org/10.33899/earth.2023.142953.1138
https://doi.org/10.1007/978-3-319-04364-7_20
https://doi.org/10.1007/978-3-319-04364-7_20
https://doi.org/10.1007/s12517-015-1865-9
https://ibgm-iq.org/ibgm/index.php/ibgm/article/view/153
https://ibgm-iq.org/ibgm/index.php/ibgm/article/view/153
https://doi.org/10.1007/978-3-030-72547-1_54
https://doi.org/10.1007/978-3-030-72547-1_54
https://doi.org/10.33899/earth.2021.170385
https://doi.org/10.33899/earth.2021.170385
https://doi.org/10.1007/s12517-021-06697-0
https://doi.org/10.1007/s13146-021-00753-2
https://doi.org/10.1007/s13146-021-00753-2
https://doi.org/10.1007/978-3-030-72547-1_54
https://doi.org/10.1007/978-3-030-72547-1_54
https://doi.org/10.1016/j.jafrearsci.2016.11.009
https://doi.org/10.1016/j.jafrearsci.2016.11.009

Carbonates and Evaporites (2024) 39:86

Page190f20 86

Khaloasgari Z, Amirshahkarami N, Koorosh Sharifabad K (2023)
Biostratigraphy of the Pabdeh Formation based on planktonic
foraminifera in the Tang-e-Chogan section in Interior Fars
Zagros Basin. J Stratigr Sedimentol Res 39(1):55-76

Laursen GV, Monibi S, Allan TL, Pickard NAH, Hosseiney A, Vin-
cent B, Hamon Y, Van Buchem FSP, Moallemi A, Druillion G,
(2009) The Asmari Formation revisited: changed stratigraphic
Allocation and new biozonation. In: First international Petro-
leum Conference and Exhibition, Shiraz, Iran.

Leckie, R. M., Wade, B. S., Pearson, P. N., Fraass, A. J., King, D. J.,
Olsson, R. K., W. A. Berggren, (2018) Taxonomy, biostratig-
raphy, and phylogeny of Oligocene and early Miocene Para-
globorotalia and Parasubbotina, Atlas of Oligocene Planktonic
Foraminifera:125-178.

Lirer F, Foresi LM, Laccarino SM., Salvatorini G, Turco , Cosen-
tino,. C. Sierro FJ, , . Caruso A, (2019) Mediterranean Neogene
planktonic foraminifer biozonation and biochronology, Earth-
Science, 196.

Mahmoodabadi R, Afghah M, Somayea S (2010) High Resolution
Sequence Stratigraphy and Depositional Environment of Pab-
deh Formation in Dashte — Arjan Area (Shiraz, Fars, Zagros,
Iran), Conference: World Academy of Science, Engineering and
Technology, Volume: 4

Moghaddam H, Seyrafian A, Taheri A, Motiei H (2010) Oligocene-
Miocene ramp system (Asmari Formation) in the NW of the
Zagros Basin, Iran: Microfacies, paleoenvironment and depo-
sitional sequence. Revista Mexicana De Ciencias Geoldgicas
27:56-71

Moghaddam IM, Moradi A, Rozpaykar A (2013) Microbiostratigra-
phy and sequence stratigraphy of Oligocene—Miocene Asmari
formation in south west of Lurestan Basin, SW Iran. J Basic
App Sci Res 3(3):1045-1056

Moghaddam IM, Roozpeykar A, Shirmohamadi G, (2019) Biostratig-
raphy of early Oligocene-Early Miocene benthic foraminiferain-
Lorestan Zone, south-west Iran. Indian Journal of Geo- Marine
Sciences, 48(6): 925-935. http://nopr.niscair.res.in/handle/
123456789/48439

Molina E, Torres-Silva AL Corié S, Briguglio A (2016) Integrated
biostratigraphy across the Eocene/Oligocene boundary at
Noroiia, Cuba, andthe question of the extinction of orthophrag-
minids. Newsl Stratigr 49(1):27-40. https://doi.org/10.1127/
nos/2015/0069

Motiei. H,. (1993) Stratigraphy of Zagros, Treatise of Geology of
Iran, Iran Geological Survey, pp. 281-289.

Olsson, R.K., Hemleben, C., Huber, B.T. Berggren, W.A. (2006)
Taxonomy, Biostratigraphy, and Phylogeny of Eocene Glo-
bigerina, Globoturborotalita, Subbotina, and Turborotalita. In:
Pearson, P.N., Olsson, R.K., Hemleben, C., Huber, B.T. and
Berggren, W.A., Eds., Atlas of Eocene Planktonic Foraminif-
era, Cushman Foundation for Foraminiferal Research, Special
Publication 41, Chap. 6, 111-168.

Olsson, R.K., Hemleben, Ch., Coxall, H.K. and B.S. Wade, (2018)
Taxonomy, biostratigraphy, and phylogeny of Oligocene Ciper-
oella n. gen., in Wade, B.S., Olsson, R.K., Pearson, P.N., Huber,
B.T. and Berggren, W.A. (eds.), Atlas of Oligocene Planktonic
Foraminifera, Cushman Foundation of Foraminiferal Research,
Special Publication 46: 215-230.

Pearson PN, Olsson RK, Huber BT, Hemleben C, Berggren WA,
Coxall HK, Premec Fucek V, Premoli Silva I, Wade B (2006a)
Recent advances in the study of eocene planktonic foraminifera.
Anuario Do Instituto De Geociéncias 29(1):357-358

Pearson, Olsson, , Huber, Hemleben, and Berggren. 2006. Atlas of
Eocene planktonic foraminifera.

Pearson, Olsson, , Huber, Hemleben, and Berggren. (2006) Atlas of
Eocene planktonic foraminifera.

Pearson PN (1995) planktonic foraminifer biostratigraphy and the
development of pelagic caps on guyots in the Marshall Islands
Group, in Haggerty, J., Premoli Silva, 1., Rack, F., McNutt, M.K.
(Eds.), Proceeding of the Ocean Drilling Program, Scientific
Results, v. 144, p. 21-59.

Petrolink G (1998) Exploration and production features the United
Arab Emirates and Iran. Geo Arabia 3:427-455

PremecFucek V, Pearson P (2006) Isotope records from Turborota-
lia cerroazulensis and Turborotalia pomeroli near the middle/
late Eocene boundary (North Adriatic Sea, Croatia). Anuério do
Instituto de Geociéncias 1:359-360

Premoli SI, Rettori R, Verga D (2003) Practical manual of Paleocene
and Eocene Planktonic Foraminifera. University of Perugia Italy,
International School on Planktonic Foraminifera

Premoli Silva , I, and Bolli, H. M., (1973) Late Cretaceous to Eocene
planktonic foraminifera and stratigraphy of Leg 15 sites in the
Caribbean Sea, in Edgar, N. T., Saunders, J. B., and others, Initial
Results of the Deep Sea illing Project: Washington, D.C. (U.S.
Government Printing Office), v. 15, p. 449-547.

Rahimzadeh F, (1994) Geology of Iran: Oligocene-Miocene, Pliocene.
Geological Survey of Iran, Tehran

Rajabi P, Ghafor I, (2024) Stratigraphy, microfacies, paleoenviron-
ments and paleoecology of Asmari Formation (Oligocene - Mio-
cene), Zagros basin, Western Iran. Iraqi Geol J 57(2c)

Raviz R, Afghah M, Shirazi M (2020) Biostratigraphy of Late Eocene-
Oligocene deposits based on planktonic and larger benthic
foraminifera in the Sabzevaran and Sad sections, NW Jiroft (Iran).
Revue de Paléobiologie, Geneve 39(1):183-197

Richardson RK (1924) The geology and oil measures of southwest
Persia. J Institute Pet Technol 43:256-296

Ricou LE, Braud J, Brunn JH (1977) Le Zagros Mem Hors. Ser Soc
Geol 8:33-52

Rostami F, Vaziri S, Aghanabati S, Ahmadi V (2014a) Microbi-
ostratigraphy of the Eocene/Oligocene boundary in the inte-
rior Fars (Folded Zagros). Int J Biol Pharm Appl Sci (IIBPAS)
3(10):2259-2279

Rostami F, Vaziri S, Aghanabati S, Ahmadi V (2014b) Lithostratigra-
phy and Sequence microbiostratigraphy of Jahrum formation in
interior fars zone (folded Zagros). MAGNT Res Rep 2(4):344-359

Sadeghi R, Vaziri-Moghaddam H, Taheri A (2009) Biostratigraphy and
paleoecology of the Oligo-Miocene succession in Fars and Khuz-
estan areas (Zagros Basin, SW Iran). Hist Biol 21(1-2):17-31

Sadegholvad MJ, Faghih A (2007) Age and microfacies of the Jahrum
Formation, Zagros mountains, Iran. Geophysical Res, Abstracts

Sajadi SH, Baghbani D, Daneshian I, Moezabad MK (2016) Stra-
tigraphy of Oligocene-Miocene salt deposits in the SE Persian
Gulf. Carbonates Evaporites 31:277-288. https://doi.org/10.1007/
s13146-015-0263-4

Serra-Kie J, Gallardo-Garcia A, Razin P, Robinet J, Roger J, Grelaud
Robin CC (2016) Middle Eocene-Early Miocene larger foraminif-
era from Dhofar (Oman) and Socotra Island (Yemen). Arab J Geo-
sci. https://doi.org/10.1007/s12517-015-2243-3

Seyrafian A (2000) Microfacies and depositional environments of
Asmari formation at Dehdez area (a correlation across central
Zagros Basin. Carbonate and Evaporates. https://doi.org/10.1007/
BF03175819

Sharbazheri KM, Ghafor IM, Muhammed QA (2009) Biostratigraphy
of the cretaceous/tertiary boundary in the Sirwan Valley (Sulaim-
ani Region, Kurdistan, NE Iraq). Geol Carpath 60(5):381-396.
https://doi.org/10.2478/v10096-009-0028-x

Sharbazheri K, Ghafor IM, Al Nuaimy QAM (2011) Biostratigraphy of
the Cretaceous/Paleocene boundary in Dokan area. Sulaimanyiah,
Kurdistan region, Kurdistan, NE-Iraq, Iragi Bulletin of Geology
and Mining 7(3):1-24

Sirel E, Ozgen-Erdem N, Kangal O (2013) Systematics and biostratig-
raphy of Oligocene (Rupelian- early Chattian) foraminifera from

@ Springer


http://nopr.niscair.res.in/handle/
https://doi.org/10.1127/nos/2015/0069
https://doi.org/10.1127/nos/2015/0069
https://doi.org/10.1007/s13146-015-0263-4
https://doi.org/10.1007/s13146-015-0263-4
https://doi.org/10.1007/s12517-015-2243-3
https://doi.org/10.1007/BF03175819
https://doi.org/10.1007/BF03175819
https://doi.org/10.2478/v10096-009-0028-x

86 Page 20 of 20

Carbonates and Evaporites (2024) 39:86

lagoonal-very shallow water limestone in the eastern Sivas basin
(central Turkey). Geologia Croatica 66(2):83—110. https://doi.org/
10.4154/GC.2013.07

Snyder SW, Miuller C, Miller KG (1984) E-O boundary Biostrati-
graphic recongnition and gradual paleoceanographic change at
DSDP site 549. Geology 12:112-115

Taheri A (2010) Paleoenvironmental model and sequence stratigraphy
for the Oligo-Miocene foraminiferal limestone in east of Dogon-
badan. Stratigr Sedimentol Res 40(3):15-30

Thomas AN, (1949) Tentative isopachyte map of the Upper Asmari
Limestone, the Oligocene and Lower Miocene in S. W. Iran.

Thomas AN, (1950) The Asmari Formation of south-west Iran. Report
of the 18th International Geological Congress (Great Britain),
6:35-44.

Toumarkine M, Bolli HM (1970) Evolution de Turborotalia cerroa-
zulensis (Cole) dans I’Eocene moyen et superieur de Possagno
(Italie). Revue De Mi-Cropaleontol 13:131-134

Wade PPB (2015) Systematic taxonomy of exceptionally well-pre-
served planktonic foraminifera from the Eocene/Oligocene bound-
ary of Tanzania. Cushman Found Foraminifer Res Special Publ
45(45):1-85

Wade BS, Pearson PN, Berggren WA, Pilike H (2011) Review and
revision of Cenozoic tropical planktonic foraminiferal biostratig-
raphy and calibration to the geomagnetic polarity and astronomi-
cal time scale. Earth- Sci Rev 104:111-142

@ Springer

Wade, B. S., Pearson, P. N., Olsson, R. K., Fraass, A. J., Leckie, R. M.,
C. Hemleben, (2018a) Taxonomy, biostratigraphy, and phylogeny
of Oligocene and lower Miocene Dentoglobigerina and Globo-
quadrina”, Atlas of Oligocene Planktonic Foraminifera: 331-384.

WilliamBerggren AW, Pearson P (2005) A revised tropical to subtropi-
cal paleogene planktonic foraminiferal zonation. J Foramin Res
35(4):279-298

Wynd JGA, JG, (1965) Stratigraphic nomenclature of Iranian Oil Con-
surtium agreement area. Am Asso Petrol Geol Bull 49:2182-2245

Wynd JG, (1965) Biofacies of the Iranian Oil Consortium Agreement
area. Unpublished Report of Iranian Oil Operating Companies
Geological and Exploration Division.

Publisher's Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

Springer Nature or its licensor (e.g. a society or other partner) holds
exclusive rights to this article under a publishing agreement with the
author(s) or other rightsholder(s); author self-archiving of the accepted
manuscript version of this article is solely governed by the terms of
such publishing agreement and applicable law.


https://doi.org/10.4154/GC.2013.07
https://doi.org/10.4154/GC.2013.07

	Foraminiferal biostratigraphy across the Eocene–Oligocene transition, in the Zagros Basin, Southern Iran
	Abstract
	Introduction
	Geological setting
	Materials and methods
	Results
	Lithostratigraphy
	Jahrum Formation
	Pabdeh Formation
	Asmari Formation

	Biostratigraphy
	Morozovella velascoensis Zone (I)
	Morozovella edgari Zone (II)
	Morozovella formosa formosa Zone (III)
	2011).

	Hantkenina alabamensis Zone (IV)
	Turborotalia cerroazulensis cunialensis Zone (V)
	Cassigerinella chiploensis-Pseudohastigerina micra Zone (VI)
	Nummulites intermedius – Nummulites vascus Zone (IX)
	Nummulites spp. Discocyclina spp. Zone (X)

	Discussion
	Conclusions
	Acknowledgements 
	References


