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Abstract – The Eocene Jahrum Formation in High
 Zagros was studied in Kuh-e- Soukhteh and North
Gahrou sections (southwest of Shahrekord region, Chahar-mahal Bakhtiari Province). This formation,
composed of limestone, marl, and dolomitic limestone (dolostone), accumulated on a marine platform
within the Neo-Tethys ocean realm. It yields a rich foraminiferal fauna, in which three larger benthic
foraminiferal assemblage zones were identified. Two assemblage zones in the North Gahrou section were
correlated to the Ypresian and Bartonian, and one assemblage zone is represented in the Kuh-e- Soukhteh
section and assigned to the Bartonian. In addition, three other groups of benthic foraminiferal associations
have been identified based on test wall type (porcellaneous, agglutinate, hyaline) and paleogeographical
significance. A discontinuity marked by a hiatus from Cuisian to Lutetian in the North Gahrou section was
most probably due to a concealed fault. According to microscopic textures and distribution of benthic
foraminifera and other components (peloids, intraclasts, etc.), a gentle depth gradient from the inner ramp to
the proximal outer ramp may be reconstructed.
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Résumé – Nouvelle biostratigraphie et analyse des microfaciès de la Formation éocène de Jahrum
(région de Shahrekord, Haut Zagros, Iran occidental). Une plateforme carbonatée au sein de la néo-
téthys. La formation éocène de Jahrum dans le Haut Zagros a été étudiée le long de deux coupes, Kuh-e-
Soukhteh et Gahrou-nord (sud-ouest de la Région de Shahrekord, Province de Chahar-mahal Bakhtiari).
Cette formation composée de calcaires, marnes et calcaires dolomitiques, s’est déposée en contexte de
plateforme au sein du domaine océanique néo-téthysien. La riche faune de foraminifères a permis
d’identifier trois biozones de grands foraminifères benthiques. Deux biozones de la coupe de Gahrou-nord
sont corrélées respectivement à l’Yprésien et au Bartonien tandis qu’une seule zone assignée au Bartonien a
été définie dans la coupe de Kuh-e- Soukhteh. De plus, trois autres groupes d’associations de foraminifères
benthiques ont été identifiés selon le type de test (porcellané, agglutiné, hyalin) et leur signification
paléogéographique. L’absence du Cuisien et du Lutétien dans la coupe de Gahrou-nord est probablement
due à une faille cachée. La distribution des microfaciès, des foraminifères benthiques et autres composants
(peletoïdes, intraclastes) permet de reconstituer un gradient modéré de profondeur évoluant depuis la rampe
interne jusqu’à la rampe externe proximale.
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1 Introduction

The geological history of Iran recorded several tectonic
events related to the Alpine-Himalayan orogeny, which
resulted from the collision of the Arabian Platform and
several derived microcontinents with Eurasia. Several tectonic
phases have contributed to the separation of sedimentary-
tectonic basins within the Iran platform, which may be
distinguished based on sedimentary facies and benthic
foraminiferal communities. After the Paleo-Tethys closure
in northern Iran (Alborz Margin) during the Middle Triassic,
rifting and oceanization (Neo-Tethys Realm) occurred again in
southwestern and eastern Iran since the Lower Cretaceous, the
traces of which are now distributed along the main Zagros
Thrust. As a consequence, the ancient Gondwana Margin was
fragmented into some microcontinents separated by marginal
basins. Afterward, the different microcontinents shifted
gradually northward and collided with Eurasia during the
Late Cretaceous to Upper Eocene period. The closure of
marginal basins by subduction formed ophiolitic belts, i.e.,
assemblages of ultrabasic and basaltic rocks, pelagic sediments
(radiolarian cherts and pelagic limestones), and subduction-
related (high-pressure low-temperature) metamorphic rocks
(Berberian and King, 1981; Babazadeh, 2003; Babazadeh and
De Wever, 2004a, 2004b). The continental collision of the
Arabian and Eurasian Plates resulted in the formation of the
Zagros Mountains (Takin, 1972; Agard et al., 2005). They are
located in the middle part of the Alpine-Himalayan Orogenic
Belt as a narrow northwest-southeast trending domain, which
extends from the Taurus (northeast of Turkey) to the Hormuz
Strait (southwest Iran) (Alavi, 2004) (Fig. 1). Owing to the
occurrence of several oil formations, detailed research was
carried out on the Neo-Tethysian Zagros sedimentary basin.
Special attention was paid to its Cenozoic components, which
include the Jahrum Formation, a shallow marine carbonate
platform unit of special interest because it is one of the
important reservoirs in the Zagros and Persian Gulf oil
province. However, despite many lithological and paleonto-
logical investigations conducted in different parts of Zagros
(James and Wynd, 1965; Kalantari, 1976, 1978, 1980, 1986,
1992; Stocklin and Setudehnia, 1991; Rahaghi, 1976, 1978,
1980, 1983; Khatibi Mehr and Moalemi, 2009; Babazadeh
et al., 2015; Babazadeh and Pazooki Ranginlou, 2015) a
precise paleo-environmental framework for Jahrum Formation
remains to be established. The purpose of this study is: 1) to
provide more data about microfacies and reconstruct the
evolution of the depositional environment in a well-
constrained stratigraphic framework during the Eocene; 2) to
introduce three foraminiferal biozones for correlation with
Eocene benthic foraminifera associations of east Iran and
neighboring countries (Pakistan and Turkey) and standard
biozonation scales of west Tethys.

2 Geologic setting

Because of the regional NW-SE structural trend, the
Shahrekord region is subdivided into northeast (Z1), central
(Z2), and southwest (Z3) fault-bounded zones (Fig. 2A). The
Central Zone (Z2) which is the object of the study in this
article, consists of the Gurpi, Jahrum, Pabdeh, and Asmari
Page 2 o
formations composed of Late Cretaceous to Paleogene red
clastic rocks, gray to cream limestone, and marl (Zahedi and
Rahmati Ilkhechi, 2006).

The Jahrum Formation at the type section consists of gray
to yellow dolomitic limestone and dolomite with a sugary
texture. The basal contact of this formation is conformable
with Maastrichtian-Paleocene Sachun Formation but its top is
covered by a regional disconformity with Oligo-Miocene
Asmari Formation (James and Wynd, 1965).

Two stratigraphic sections (Kuh-e- Soukhteh and North
Gahrou sections) were selected and measured in the southwest
of the Shahrekord region from the Gahrou area (Chahar-mahal
Bakhtiari province). In the studied sections, the Jahrum
Formation consists of alternating thick layers of massive
limestone interbedded with softer fine-grained limestone,
dolomitic limestone (dolostone), and marl. The basal contact
of the Jahrum Formation with the underlying Pabdeh
Formation is faulted in both sections, while its upper boundary
is an unconformity contact with the overlying Asmari
Formation, or is covered by alluvium. The stratigraphic
sections are located in a quadrant limited by N 32°00’ to
N 32°06’ Long. and E 50°55’ to E 51°00’ Lat. (Fig. 2B).

3 Materials and methods

The two sections were measured over a thickness of 157m
and 215m respectively and approximately 165 samples were
collected in the field. All specimens were stored and studied at
the geological laboratory of Tehran Payame Noor University,
Iran. Micro-texture analysis and micro-paleontological deter-
minations were performed under the plane light microscope.
Biotic and abiotic components such as foraminifers, bioclasts,
peloids, lumps, and intraclasts were determined after Rahaghi
(1980), Loeblich and Tappan (1987), Serra-Kiel et al. (1998),
Hottinger (2007), Sirel (2003, 2009), Dunham (1962), Embry
and Klovan (1971), Buxton and Pedley (1989) and Flugel
(2004).

4 Regional lithostratigraphy

Three structural zones are documented by the regional
NW-SE trend in the Shahrekord region of Chahar-mahal
Bakhtiari Province (Zahedi and Rahmati Ilkhechi, 2006). The
Northeast Zone (Z1) in the northeast of Zayandehrud consists
of metamorphic rocks unconformably overlain by Permian
basal conglomerate with metamorphic rock clasts embedded in
siliceous cement. In turn, the conglomerate is overlain by
Triassic, Jurassic, and Cretaceous marine platform deposits.

The Central Zone (Z2) is a part of the High Zagros and is
located between the Saman–Fereidoon Shahr Thrust (F1) and
the Bazoft Thrust (F3). Based on the main Zagros Thrust Fault,
this zone is divided into two smaller sub-zones: Z2a and Z2b.
These two sub-zones consist of the Gurpi, Jahrum, Pabdeh, and
Asmari formations composed of Late Cretaceous to Paleogene
red clastic rocks, gray to cream limestone, and marl.

The Southwest Zone (Z3) is located southwest of the Karun
River and Karun Mountains. It consists of Mesozoic and
Cenozoic black shale, siltstone, and thin limestone and forms a
large part of the Zagros sedimentary basin. This zone is
separated from Z2 by the SW-verging Bazoft Thrust (F3). The
f 24



Fig. 1. Iran map showing the different geological zones of Iran (Alavi, 2004).
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study area (Kuh-e- Soukhteh and North Gahrou sections) is
exposed on the roadside in the Gahrou area (southwest
Shahrekord) and located in sub-zones Z2b of the structural
division of Chahar-mahal Bakhtiari province. Three groups of
rock units with different geological ages are represented on the
geological map of Shahrekord. The first group consists of a
succession of Cretaceous Orbitolina-bearing limestone and
Globotruncana-bearing argillaceous limestone and shale in the
eastern and western parts of the map respectively. The second
group corresponds to the Paleocene-Eocene conglomerate that
crops out on the western banks of Choghakhor lake and in the
northern part of the map. Finally, the third group consists of
Eocene limestone, shale, and marl spread over much of the
geological map of the region. The third group was the object of
the detailed stratigraphic and paleontological work presented
in this article.
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5 Lithostratigraphy

In the study area, the Jahrum Formation consists of three
main lithologies: limestone, marl, and dolomitic limestone
(dolostone) based on field observation.

5.1 Kuh-e- Soukhteh Section

About 80 samples have been collected from layer 1 to
layer 80, over a thickness of 157m. The index “As” represents
the Kuh-e- Soukhteh Section (Fig. 3). The six lithological units
of the Jahrum Formation are described as follows:
f

–

24
Unit 1 is about 52.5m thick and extends from the horizon
(bed) 1 to horizon (bed) 34 in stratigraphic order. This unit



Fig. 2. (A) Location of the study area in the High Zagros on the Chaharmahal Bakhtiari Province (Zahedi and Rahmati Ilkhechi, 2006);
(B) Location of the study area in Ardal geological map (1:250 000).
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consists of a sedimentary succession of gray argillaceous
limestone, thin layers of green marl, dolostone, and thin
dolomitic limestone. These carbonate facies consist of
mudstone, dolostone, intraclast packstone, miliolid–pellet
wackestone, etc.
–
 Unit 2 immediately overlies Unit 1. It is 10m thick and
extends from bed 35 to bed 40. It mainly consists of medium
bedded to thin-bedded gray limestone with intercalation of
argillaceous limestone. The carbonate facies is bioclastic
grainstone and Macetadiscus-miliolid-pellet wackestone.
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–

24
Unit 3, 38.5m thick, extends from bed 40 to bed 56. It is
mainly composed of medium to thick-bedded limestones.
The carbonate facies isMacetadiscus-miliolid-pelletwacke-
stone, conical porcellaneous-agglutinated foraminifera-
miliolid wackestone, and intraclast packstone.
–
 Unit 4 consists of thin layers of dolomitic limestone,
dolostone, and intercalation of limestone. It is 41m thick
and extends from bed57 to bed 74. The carbonate facies is
dolomiticwackestoneandconicalporcellaneous-agglutinated
foraminifera-miliolid wackestone.



Fig. 3. Correlation between Kuh-e- Soukhteh and North Gahrou columnar sections showing the different lithological units in the study area.
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–
 Unit 5, 7.5m thick, is composed of medium bedded
limestones. It is exposed in the interval between bed 75 and
bed 77. The carbonate facies is bioclastic grainstone
–
 Unit 6, 7.5m thick, extends from bed 78 to bed 80. It is
composed of gray to cream medium to thin-bedded
dolostone and dolomitic limestone. The carbonate facies is
dolomitic wackestone.
5.2 North Gahrou Section

About 93 samples have been collected from this section
215m thick, which consists of 93 individual beds. The index
“GH” represents the Gahrou area (Fig. 3). Seven lithological
units have been identified in the field from bottom to top:

–
 Unit 1, 45m thick, displays medium layers of gray
limestone and thin layers of cream limestone. It extends
from bed GH1 to bed GH22. The carbonate facies consist
of large hyaline foraminifera wackestone and packstone
with a variety of benthic foraminiferal fauna.
–
 Unit 2 consists of cream argillaceous limestone, and gray
thin-bedded limestone. It extends from bed GH23 to bed
GH36. It is 34m thick. Most of the biota are small
Nummulites Lamarck and thin layer Assilina d’Orbigny.
They are mainly composed of small hyaline foraminifera
wackestone and packstone facies.
–
 Unit 3 consists of an alternation of medium to thick layers
of cream and gray limestone. This unit extends from bed
GH37 to bed GH46 and is mainly composed of large
hyaline foraminifera wackestone and packstone. This unit
is 33m thick.
–
 Unit 4 consists of thin layers of gray argillaceous
limestone. It is exposed in the interval between bed
GH47 to bed GH56. This unit is 19m thick.
–
 Unit 5, 17m thick, consists of medium to thick layers of
cream limestone with many coarse-grained bioclasts. It is
mainly composed of porcellaneous foraminifera wacke-
stone facies and is exposed in the interval between bed
GH57 to bed GH63.
–
 Unit 6 consists of a succession of thin layers of gray to
cream limestone. It is mainly textured as Alveolina-
bioclast-pellet wackestone to grainstone facies. This unit is
25m thick and extends from bed GH64 to bed GH76.
–
 Unit 7, 42m thick, consists of cream limestone with many
coarse-grained bioclasts such as Gypsina Carter. It is
mainly composed of Gypsina-lump-bioclast grainstone
with inter-layers of bioclast-intraclast packstone facies.
This unit extends from bed GH77 to GH93.
6 Microfacies

According to Burchette andWright (1992), carbonate ramp
environments can be divided into three parts: 1) the internal
ramp between the upper part of the coastal surface and the
regular surface of the fair-weather wave base, which is affected
by the turbulence of waves; 2) the intermediate ramp between
the fair-weather wave base and storm-wave base along with the
displacement of the sediment during the flood. The water depth
varies from a few tens of meters to 100 to 200m and; 3) the
external ramp between underwater effect lines to deep basin.
According to the study of about 170 rock samples, eight facies
were identified and are described hereafter (Figs. 4 and 5).
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6.1 Kuh-e- Soukhteh Section
6.1.1 Tidal flat

Mudstone Facies (Pl. 1, fig. J)
It consists of light gray argillaceous micritic limestone that

contains rare small porcellaneous foraminifera, rare rotaliids
and pellets, and in places shows fenestral fabric. In this type of
facies microcrystalline calcite is widespread and micritization
is controlled by biological and chemical factors. The
occurrence of small and scattered porcellaneous foraminifera
in the mud-supported facies (micritic textures) represents a
near-shore environment (littoral zone) with low energy
(Buxton and Pedley, 1989; Romero et al., 2002).

Dolostone/dolomitic limestone Facies (Pl. 1, fig. K)
This facies consists of yellow to grey thin-bedded, finely

crystalline, homogeneous but in places laminated dolomite. As
a result of dolomitization, fossil fragments such as miliolids,
rotaliids, and small bivalves faded and disappeared so that it is
almost impossible to identify them. The dolomite grains are
small and rhomboidal in shape. The dolomite is diagenetically
recrystallized to coarser crystals. Vuggy porosities are also
abundant in dolostone. This dolostone facies can be compared
to dolo-mudstone facies of the Jahrum Formation from the Do
Kuhak region in the Fars area of south Iran (Babazadeh and
Pazooki Ranginlou, 2015).
6.1.2 Inner ramp (Lagoon)
f

–

24
Miliolid–pellet wackestone (Pl. 1, fig. L)
This type of facies is dominated by pellet and small
miliolids. It is characterized by the presence of micritic
limestone, micrite grains, and small porcellaneous forami-
nifera. The peloids are structureless, spherical, ellipsoidal,
and subrounded micritic grains. They are mostly well
preserved and show weak to moderate sorting. Subordinate
Valvulina sp. and bivalve fragments are present. This facies is
equivalent to that of the Kras Plateau in southwest Slovenia
(Zamagni et al., 2008) and the Campo section in Spain
(Rasser et al., 2005).

–
 Macetadiscus-miliolid-pellet wackestone (Pl. 1, figs. A
and M)
This yellow medium-bedded limestone contains miliolids,
micritic pellets, and Macetadiscus Hottinger, Serra-Kiel and
Gallardo-Garcia similar to the previous one except for the
presence of Macetadiscus Hottinger, Serra-Kiel and Gallardo-
Garcia. This facies shows a lateral paleoenvironmental
relationship with the miliolid-pellet wackestone facies. The
subordinate fauna consists of conical agglutinated foraminifera
(Coskinolina) with rare small rotaliids and without Alveolina
d’Orbigny. This facies is presented for the first time in the
Zagros Mountains.

–
 Conical porcellaneous-agglutinated foraminifera-mil-
iolid wackestone (Pl. 1, fig. Q; Pl. 2, fig. A)
This facies has a widespread distribution in this region and
occurs in the middle part of the columnar section. It consists of
dark grey micritic limestone containing flattened and conical
porcellaneous- agglutinated foraminifera (20–30%), and small
miliolids (40–50%). The other subordinate bioclasts (bivalves
and gastropods) account for 10–20%.



Fig. 4. Distribution of main microfacies in the Kuh-e- Soukhteh columnar section.
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Fig. 5. Distribution of main microfacies in the North Gahrou columnar section.
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Plate 1. Figs. A: Macetadiscus-miliolid-Pellet wackestone, A1: Kuh-e- Soukhteh section, As 45 and A2: Gahrou section, GH62;
Fig. B: Alveolina-pellet wackestone, Gahrou section, GH63; Fig. C: Alveolina-bioclast-pellet wackestone/grainstone, Gahrou section, GH72;
Fig. D: Bioclast-intraclast packstone/grainstone, Gahrou section, GH76; Fig. E: Gypsina-lump- bioclast grainstone, Gahrou section, GH77;
Fig. F: Hyaline foraminifera (Nummulites sp.) wackestone, Gahrou section, GH25; Fig. G: Porcellaneous-hyaline-foraminifera- Pellet
wackestone, Gahrou section, GH58; Fig. H: Large hyaline foraminifera (Assilina sp.) wackestone/packstone, Gahrou section, GH1;
Fig. I: Large hyaline foraminifera [(Operculina cf. patalensis (Davies)] wackestone, Gahrou section, GH5; Fig. J: Mudstone with miliolids,
Kuh-e- Soukhteh section, As 11; Fig. K: Dolostone or dolomitic limestone without fossils, Kuh-e- Soukhteh section, As 26; Fig. L: Miliolid-
Pellet wackestone, Kuh-e- Soukhteh section, As 40; Fig. M: Macetadiscus-miliolid-Pellet wackestone, Kuh-e- Soukhteh section, As 41;
Fig. N: Intraclast packstone with gastropods fragments, Kuh-e- Soukhteh section, As 19; Fig. O: Bioclastic grainstone, Kuh-e- Soukhteh
section, As 75; Fig. P: Hyaline-porcellaneous foraminifera wackestone, Kuh-e- Soukhteh section, As 38; Fig. Q: Conical porcellaneous
foraminifera-miliolid wackestone, Kuh-e- Soukhteh section, As 14; All scale bars = 1mm, except A2= 0.5mm.
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Plate 2. Fig. A: A1)CoskinolinaperperaHottingerandDrobne, axial section,Kuh-e-Soukhtehsection,As46,A2)Coskinolina liburnicaStache, axial
section, As 46; Fig. B: Coskinolina perpera Hottinger and Drobne, equatorial section, Kuh-e- Soukhteh section, As 38; Fig. C: Coskinolina perpera
Hottinger and Drobne, oblique section, Kuh-e- Soukhteh section, As 80; Fig. D:Daviesiconus cf. balsilliei (Davies), subaxial section, Gahrou section,
GH64; Fig. E: Daviesiconus cf. balsilliei (Davies), equatorial section, Gahrou section, GH63. Fig. F: Barattolites cf. trentinarensis Vecchio and
Hottinger equatorial section, Kuh-e- Soukhteh section, As 80; Fig. G:Macetadiscus cf. incolumnatusHottinger, axial section, Gahrou section, GH75;
Fig.H:Macetadiscus cf. incolumnatusHottinger, subaxial section,Kuh-e- Soukhteh section,As41;Fig. I:Alveolina cf. fusiformisStache, axial section,
Gahrou section, GH60; Fig. J:GyroidinellamagnaLe Calvez, equatorial section, Gahrou section, GH69; Fig. K: Fabiania cassis (Oppenheim), axial
section,Gahrou section,GH63;Fig.L:Medocia blayensisParvati, subaxial section,Kuh-e-Soukhteh section,As42;Fig.M:Rhabdoritesmalatyaensis
(Sirel), subaxial section, Kuh-e- Soukhteh section, As 42; Fig. N: Gypsina marianensis Hanzawa, axial section, Gahrou section, GH77;
Fig.O1:ArchaiasoperculiniformisHenson,oblique (nearly axial section),Kuh-e-Soukhtehsection,As77,Fig.O2:Penarchaiasglynnjonesi (Henson),
transverse sectionparallel to the axis of coiling,Kuh-e-Soukhteh section,As77;Fig. P:Assilinacf. laminosa (Gill), axial section,Gahrou section,GH1;
Fig. Q:Assilina cf. granulosa (d’Archiac), axial section, Gahrou section, GH38; Fig. R:Assilina cf. khorassanica (Rahaghi), subaxial section, Gahrou
section, GH3, Scale bars: 1mm. b: beam, ch: chamber, f: foramen, p: pillar, s: septum, sl: septulum, ma: marginal aperture.
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6.1.3 Middle ramp (shoal)
–
 Intraclast packstone (Pl. 1, fig. N)
This facies consists of thin tomediumbeddedgrey limestone
and appears as medium-grained (1–2mm) calcarenites in the
field. The intraclasts (up to 50%) and peloids (10–20%) are the
most abundant components of this facies. Smaller foraminifera
(miliolids) and other subordinate bioclasts account for 5–20%.
The intraclasts consist of silt to sand-sized carbonate grains
showing smooth or sub-angular edges displaced and re-
deposited by currents within the micritic matrix.

–
 Bioclastic grainstone (Pl. 1, fig. O)
This facies is a medium bedded yellow to grey finely
crystalline limestone. The dominant bioclasts (benthic
foraminifera), as well as bivalve and gastropod fragments,
are cemented by calcite. The presence of broken and abraded
large benthic foraminifera (Coskinolina, Macetadiscus, Hay-
manella, etc.) and rounded rotaliids (Medocia and Rotalia) in
sparitic cement suggest shallow-water sedimentation in low-
relief shoal environment. This facies accumulated in a shoal
close to sea level.

6.1.4 Middle ramp (back and fore shoal)
–
 Hyaline-porcellaneous foraminifera wackestone (Pl. 1,
fig. P)
This facies is a yellow to grey thin-bedded limestone with a
micritic matrix. The components are dominated by porcella-
neous or imperforate (e.g., Haymanella) and hyaline or
perforate foraminifera (semi-conical rotaliids, e.g., Rotalico-
nus and Medocia), the other components such as agglutinated
foraminifera and bivalve fragments are subordinate.

6.2 North Gahrou Section

In this section, eight major facies defined by biota (fossil)
and abiotic (non-fossil) components are represented.

6.2.1 Inner ramp (Lagoon)
–
 Macetadiscus-miliolid-pellet wackestone (Pl. 1, fig. A)
This facies consists of grey micritic limestone, in which
pellets are the most abundant components (up to 40%),
followed by miliolids and Macetadiscus Hottinger, Serra-Kiel
& Gallardo-García. This facies is comparable to the facies
number four of the Kuh-e- Soukhteh. The presence of
Macetadiscus Hottinger, Serra-Kiel & Gallardo-García sug-
gests relatively shallower water than Alveolina facies. This
facies has a lateral paleoenvironmental relationship with the
Alveolina–pellet wackestone facies.

–
 Conical agglutinated foraminifera-Alveolina–pellet
wackestone (Pl. 1, fig. B)
This facies comprises yellow to grey thin-bedded
limestone. The main components are pellets (up to 45%)
and Alveolina d’Orbigny (15–35%). Subordinate components
are miliolid smaller foraminifera, Barattolites Hottinger,
Serra-Kiel & Gallardo-García and a few rotalids. The
Page 11
Alveolina d’Orbigny are important elements in the Lower
and Middle Eocene shallow-water deposits. They are also
abundant in the lagoon or enclosures behind the back shoal as
well as in the shoal and are found in relatively deeper water
than Orbitolites Lamarck. This facies is comparable to that of
the Birjand region in east Iran (Babazadeh, 2010; Babazadeh
and Alavi, 2013).
o

–

f 2
Alveolina-bioclast–pellet wackestone (Pl. 1, fig. C)
This facies consists of greymedium bedded limestones. The
Alveolina d’Orbigny and bioclasts (up to 50%) are in equal
abundance and are bounded by calcite cement. All other
components such as miliolids, Macetadiscus Hottinger, Serra-
Kiel & Gallardo-Garcia, and conical agglutinated foraminifera
are subordinate and distributed irregularly among the samples.
Pellets and bivalve fragments are less abundant. The presence of
Alveolinad’Orbigny indicates a lagoonal condition andoccurred
in a sheltered depositional environment at a protected shelf
(Hottinger, 1983; Beavington-Penney and Racey, 2004).

6.2.2 Shoal
–
 Bioclast – intraclast packstone/grainstone (Pl. 1, fig. D)
This facies consists of yellow medium bedded limestone
with coarse crystalline calcite. The intraclasts (up to 80%) and
bioclasts (10%) are the most abundant components in this
facies. The miliolid smaller foraminifera and pellets account
for 5–10%. Based on the presence of micritic texture and
calcite cement, this facies can change from packstone to
grainstone. Due to the low abundance of micrite and
dominance of bioclasts, this facies represents higher energy
than the previous facies.

–
 Gypsina-lump-bioclast grainstone (Pl. 1, fig. E)
In this facies, the main components are bioclasts as well as
Gypsina Carter and lumps (up to 70%). Subordinate
components are small milliolids, a few agglutinated forami-
nifera (Barattolites sp.), and echinoid fragments. Although this
facies separates the lagoon from the open sea, it represents a
high-energy environment as testified by the abundance of
intraclasts and bioclasts and the absence of micrite. This facies
is recognized for the first time in the Zagros Mountains.

6.2.3 Back shoal
–
 Small and thin-shelled hyaline foraminifera wacke-
stone (Pl. 1, fig. F)
This facies comprises yellow to grey thin-bedded limestones
with smallNummulitesLamarck andsmallOperculinad’Orbigny
as main components. The small Nummulites Lamarck are robust
and ovate whilst the small Operculina d’Orbigny are thin and
elongated.Thesmall and robustNummulitesLamarckoccurred in
a broad range of open marine environments on both ramp and
shelves and are generally absent from more restricted waters.

–
 Porcellaneous –Hyaline foraminifera-pellet wacke-
stone (Pl. 1, fig. G)
This facies consists of grey medium bedded limestone,
which contains porcellaneous foraminifera (Alveolina) out-
numbering hyaline foraminifera (small Nummulites). It reflects
an offshore transport of porcellaneous forms into the hyaline
4
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foraminiferal facies. The bioclasts and pellets are more
abundant in the micritic matrix. All other components such as
agglutinated conical foraminifera are subordinate and distrib-
uted irregularly among the samples. This facies is comparable
with the Do Kuhak region in the Fars area of south Iran
(Babazadeh and Pazooki Ranginlou, 2015).

6.2.4 Fore shoal
–
 Large hyaline foraminifera wackestone/packstone
(Pl. 1, figs. H–I)
Themajor fauna of this facies is constituted by large hyaline
thin to thick-shelled foraminifera. The densely packed
nummulitid tests (Operculina and Assilina) account for over
70% of the rock volume. Other components are Discocyclina
Gümbel and small Nummulites Lamarck. This facies is
comparable with MFT4 of the Kaboudeh section in east Iran
(Babazadeh, 2010).

7 Interpretation and depositional
environment

In the North Gahrou Section, during the Early Eocene
(Ilerdian), the large hyaline foraminifera wackestone is
repeated twice throughout the columnar section and occupies
the basal and middle part of the study section. This facies
indicates low-energy depositional condition in the proximal
outer ramp environment due to the presence of thin and
elongated shells of Operculina d’Orbigny and Assilina
d’Orbigny (Racey, 2001; Beavington-Penney et al., 2006).
It is followed up section by small hyaline foraminifera
wackestone and packstone, indicating somewhat shallower
water depths than the former facies, interpreted as the external
part of the middle ramp.

During the Bartonian, large hyaline foraminifera wacke-
stone,overlying thesuccessionofEarlyEocenedeposits, records
the reestablishment of the initial rampenvironment. It is overlain
by shallow water deposits with porcellaneous-hyaline forami-
nifera- pellet wackestone facies indicating a shallowing upward
trend in the fore shoal environment. It was followed by different
shallow-water facies such as Alveolina-bioclast-pellet wacke-
stone, conical agglutinated foraminifera-Alveolina-pellet
wackestoneandMacetadiscus-miliolid-pelletwackestone.They
are equivalent to the inner ramp facies of the Kuh-e- Soukhteh
section and occurred in the middle part of the study section
(units 3, 4, 5 and6). The bioclast-intraclast packstone/grainstone
andGypsina-lump-bioclast grainstone occupy the upper part of
the study section. They record the shoal environment in the
middle ramp setting and represent a high-energy deposit above
the fair-weather wave base. The lime muds are swept from the
grainstone and the bioclasts and intraclast are abundant in the
shoal environment.

In the Kuh-e- Soukhteh section, during the Bartonian, the
facies of mudstone with intercalation of dolomitic limestone
consists of small porcellaneous foraminifera (miliolids), rare
small hyaline perforate foraminifera (rotaliids), scarce pellets
and thin shells of bivalves. This type of association represents
a tidal flat in the coastal plain. It gradationally passes over to
wackestone with the incorporation of more bioclasts in
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places. Episodic currents washed peloids onto the lagoonal
environment and led to the formation of miliolid-pellet
wackestone. Back-stepping is proved by the appearance of the
wackestone containing conical porcellaneous forms (spiro-
liniform such as Neorhipidionina Hottinger), agglutinated
forms, and small miliolids. These facies exhibit an alternation
of thin layers of mudstone and relatively thicker wackestone
beds at the lower part of the section, which typically represent
a shallow water environment in the subtidal lagoon to back
shoal setting. The transition from tidal flats to lagoonal
environment occurred in a shallow subtidal environment. The
dominance of micritic sediments indicates a low-energy
depositional setting. Further up in the section, the bioclastic
grainstone with intraclast packstone and hyaline- porcellane-
ous foraminifera wackestone can be seen. The intraclast and
abraded fauna abound in the shoal setting. These facies
typically represent shoal and marginal shoal and extend from
the inner ramp to the proximal middle ramp setting, below
normal wave agitation depth but occasionally affected by
storms. They are followed by the Macetadiscus-miliolid-
pellet wackestone and conical porcellaneous-agglutinated-
miliolid foraminifera with some rotaliids in the middle part of
the section. This part is similar to the lower part of the section,
due to the presence of abundant porcellaneous foraminifers.
The uppermost part of the section consists of a succession of
dolomitic limestone and limestone with subordinate fora-
minifers (miliolids, small rotaliids, and coskinolinids)
associated with inter-bedded of bioclastic grainstone.

8 Biostratigraphy

The Jahrum Formation is rich in larger benthic foramini-
fers which were used for establishing the biostratigraphic
zonation. This formation, which represents marine strata in the
Shahrekord region, was rarely studied and poorly documented.
Based on larger benthic foraminifera, the Eocene Assemblage
Zones of Jahrum Formation were established by James and
Wynd (1965), Adams and Bourgeois (1967), Hottinger (2007),
and in the study area (Figs. 6A and 6B). In the current study
44 species of benthic foraminifera were identified for the first
time. The benthic foraminiferal fauna were collected from the
gray to cream limestone and argillaceous limestone present
throughout the two studied sections (North Gahrou and Kuh-e-
Soukhteh sections) (Figs. 5 and 6).

8.1 Assemblage Zones

Three assemblage zones were identified; Assemblage Zone
A and Assemblage Zone B, which occurred in the North
Gahrou section, and Assemblage Zone C represented in the
Kuh-e- Soukhteh section. Selected larger benthic foraminifera
are figured in Plates 2 and 3.

8.1.1 Assemblage Zone A (Fig. 7)

This zone is exposed in the lower part of the section and
extends from bed GH1 to bed GH 37. It is characterized by
the presence of the following species: Assilina cf.
khorassanica (Rahaghi), Assilina cf. laminosa (Gill), Assilina
cf. granulosa (d’Archiac), Assilina cf. subspinosa (Davies),
Operculina cf. patalensis (Davies), Nummulites globulus
of 24



Fig. 6. (A) Benthic foraminifera biozones of Wynd (1965) and Adams and Bourgeois (1967); (B) Benthic foraminifera biozones of Hottinger
(2007) and the study area.
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Plate 3. Fig. A: Nummulites ptukhiani Kacharava, equatorial section, Gahrou section, GH51; Fig. B: Nummulites ptukhiani Kacharava, axial
section, Gahrou section, GH47; Fig. C: Nummulites cf. fossulata Cizancourt, axial section, Gahrou section, GH11; Fig. D: Nummulites
malatyaensis Sirel, axial section, Gahrou section, GH90; Fig. E: Nummulites cf. malatyaensis Sirel, axial section, Gahrou section, GH93;
Fig. F: Nummulites malatyaensis Sirel, equatorial section, Gahrou section, GH90; Fig. G: Nummulites cf. perforatus (de Montfort), equatorial
section, Gahrou section, GH37; Fig. H: Nummulites cf. perforatus (de Montfort), axial section, Gahrou section, GH43; Fig. I: Nummulites
globulus Leymerie, equatorial section, Gahrou section, GH21; Fig. J: Nummulites globulus Leymerie, axial section, Gahrou section, GH21;
Fig. K: Nummulites atacicus Leymerie, equatorial section, Gahrou section, GH25; Fig. L: Nummulites atacicus Leymerie, semi axial section,
Gahrou section, GH25. Scale bars: 1mm.
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Leymerie, Nummulites atacicus Leymerie, and Nummulites
cf. fossulata de Cizancourt.

This zone was recognized in the lower part of the section
and attributed to the Early Eocene (Ypresian). It is equivalent
to the foraminiferal association of Lower Eocene deposits in
Sahlabad Province (Sistan Suture Zone; east Iran) (Babazadeh,
2008, 2010), Eocene beds of Kohat Potowar Basin, and Punjab
Salt Range in Pakistan as well (Akhtar and Butt, 1999; Mirza
et al., 2005; Ahmad et al., 2014). This zone can be correlated
with SBZ 8 of Serra-Kiel et al. (1998).

Stratigraphic range: Early Eocene (Ypresian: Ilerdian).

8.1.2 Assemblage Zone B (Fig. 7)

This zone is recognized in the upper part of the section and
extended from bed GH38 to bed GH93. It has been
characterized by an association of Nummulites cf. perforatus
(de Montfort), Nummulites ptukhiani Kacharava, Nummulites
malatyaensis Sirel, Alveolina cf. fusiformis Stache, Alveolina
elliptica (Sowerby), Gyroidinella magna Le Calvez, Maceta-
discus cf. incolumnatus Hottinger, Serra-Kiel and Gallardo-
Garcia, Barattolites sp., Daviesiconus cf. balsilliei (Davies),
Fabiania cassis (Oppenheim), Asterigerina rotula (Kauf-
mann), Gypsina marianensis Hanzawa, Europertia sp.,
Valvulina sp., and miliolids.

This zone is recognized in the upper part of the section and
assigned to the late Middle Eocene (Bartonian). This benthic
assemblage is similar to that of the west Tethys (Serra-Kiel
et al., 1998) and central Neo-Tethys realm (south, center, and
east Turkey) (Sirel, 2003; Deveciler, 2010, 2013). This zone
can be correlated with SBZ 17 & 18 of Serra-Kiel et al. (1998).

Stratigraphic range: late-Middle Eocene (Bartonian).
8.1.3 Assemblage Zone C (Fig. 8)

In the Kuh-e- Soukhteh section, one single assemblage zone
appeared continuously from the base to the top. This zone
consists of Rhabdorites malatyaensis (Sirel), Neorhipidionina
spiralisHottinger,Archaias operculiniformisHenson,Penarch-
aias glynnjonesi (Henson), Praerhapydionina delicateHenson,
Haymanellahuberi (Henson),Paraspirolinacf.giganteaFleury,
Spirolina cf. cylindracea Lamarck, Macetadiscus cf. incolum-
natus Hottinger, Coskinolina perpera Hottinger and Drobne,
Coskinolina liburnica Stache, Barattolites sp.,Daviesiconus cf.
balsilliei (Davies), Medocia blayensis Parvati, Rotaliconus
persicusHottinger,Rotalia sp.,Nurdanella cf. boluensisOzgen,
Biloculina sp., Triloculina sp., Quinqueloculina sp., and
Valvulina sp. According to Hottinger (2007), Serra-Kiel et al.
(2016) and Changaei et al. 2023 this association is the same as
that of central Neo-Tethys (Fars area, south Iran; Shahrekord
region, west Iran; Dhofar, Oman; Socotra Island, Yemen). The
Assemblage Zone C is equivalent to the Assemblage Zone B.
The biostratigraphic range of this assemblagemay be correlated
with SBZ17 & 18 of Serra-Kiel et al. (1998).

Stratigraphic range: late-Middle Eocene (Bartonian).

9 Paleontological remarks

Among the reportedbenthic foraminifera, only the following
taxa were selected for structural description and comparison.
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Coskinolina perpera Hottinger and Drobne, Daviesiconus
cf. balsilliei (Davies), Barattolites sp., Macetadiscus cf.
incolumnatus Hottinger, Serra-Kiel and Gallardo-Garcia,
Nummulites globulus Leymerie, Nummulites atacicus Leym-
erie, Nummulites cf. fossulata de Cizancourt, Nummulites
malatyensis Sirel, Nummulites cf. perforates (de Montfort),
Nummulites ptukhiani Kacharava, Assilina cf. laminosa Gill,
Assilina cf. khorassanica Rahaghi and Assilina cf. granulosa
(d’Archiac).

The genus Coskinolina Stache is characterized by a thick
agglutinated conical test with discontinuous pillars in the
internal structure and without radial partitions (beams and
intercalary beams) and rafters. The genus Barattolites Vecchio
and Hottinger differs from Coskinolina Stache in the presence
of beams and intercalary beams.

Coskinolina perpera Hottinger and Drobne (Pl. 2,
figs. A–C) has a thicker wall than all other species of the
same genus. The pillars show an irregular pattern and are
loosely disposed of in the central part of the cone test. The
sutures are depressed and the cone base is slightly convex. The
genusDaviesiconusHottinger and Drobne is close to the genus
Barattolites Vecchio and Hottinger due to the trochospiral
nepionic stage in both generations and simple exoskeleton but
differs in the presence of marginal apertures, small trochospiral
early growth stage and the absence of intercalary beams.

In our material, Daviesiconus cf. balsilliei (Davies) (Pl. 2,
figs. D–E) has an axial cone diameter of 1.25mm and the basal
cone diameter of 1.1–1.25mm in megalospheric form. The
ratio between basal length and axial length (flattening index,
Rb/a) is approximately 1. This specimen shows an isometric
form and plots on the normal line of the flattening index
diagram (Babazadeh 2022). It is similar to the specimens of
Daviesiconus balsilliei (Davies) collected from former
Yugoslavia (Hottinger and Drobne, 1980) but it differs from
those ofOman andYemen (Serra-Kiel et al., 2016) in the smaller
size of the test.

The Barattolites cf. trentinarensis Vecchio and Hottinger
(Pl. 2, fig. F) from the Iranian specimens (our material) has a
larger sizewith respect to theBarattolites trentinarensisVecchio
and Hottinger from the Trentinara Formation of southern Italy.

The genus Macetadiscus Hottinger, Serra-Kiel, and
Gallardo-Garcia was established by Serra-Kiel et al. (2016)
and reported by Nafarieh et al. (2019) from the Fars area in
southern Iran. It is represented in this paper for the first time in
the Shahrekord area. This genus is characterized by the
porcellaneous flattened-discoidal test with two or three
chambers without skeletal elements in nepionic stage (primary
cyclic chambers), discontinuous septula in the annular
chambers of the neanic stage, and the presence of foramina
in lines with crosswise-oblique axes (Serra-Kiel et al., 2016).
Macetadiscus Hottinger, Serra-Kiel, and Gallardo-Garcia
differs from Omanodiscus Hottinger, Serra-Kiel, and Gal-
lardo-Garcia by the presence of discontinuous septula in
annular chambers and the absence of pillars. It is also
distinguished fromOrbitolites Lamarck,MardinellaMeriç and
Coruh and Azzarolina Vicedo and Serra-Kiel by the presence
of discontinuous septula in annular chambers and the absence
of the septula in the primary cyclic chambers and the pillars
respectively. The cyclic chambers of Orbitolites Lamarck are
subdivided into numerous chamberlets by oblique septula
of 24



Fig. 7. Distribution of benthic foraminifera in the North Gahrou columnar section.
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Fig. 8. Distribution of the benthic foraminifera in the Kuh-e- Soukhteh columnar section.
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(partitions) unlike Mardinella Meriç and Coruh with septula
perpendicular to the chamber walls.

In our samples, Macetadiscus cf. incolumnatus Hottinger,
Serra-Kiel, and Gallardo-Garcia (Pl. 2, figs. G–H) seems to be
similar to the materials collected by Nafarieh et al. (2019) from
the Fars area (south Iran). The term confer (cf) is used for this
specimen due to incomplete skeletal structure and the absence
of an equatorial section in our material.

The megalospheric test of Assilina cf. laminosa Gill (Pl. 2,
fig. P) is discoidal to lenticular in shape and shows a medium to
thick wall with an elongated periphery. It is smooth and
characterized by laminations on the surface of the test as
ornamentations. The central part of the test is covered by
granules. The diameter of the test ranges from 7mm to 10mm
and the thickness from 1.5mm to 2mm. This species is
characterized by an internally laminated shell wall. This
species is accompanied by Assilina cf. granulosa (d’Archiac),
Nummulites atacicus Leymerie and N. globulus Leymerie. The
stratigraphic range is attributed to the Early Eocene.

The megalospheric form of Assilina cf. granulosa
(d’Archiac) (Pl. 2, fig. Q) is flattened to lenticular in shape
and has a diameter of 5.5–7mm and a thickness of 0.8–1mm.
This species shows thin to medium wall with a rounded
periphery and a small depression in the central area. The
granular ornamentations are well developed on the surface of
the test. The spiral cord is thin to medium in thickness. This
species is characterized by a heavily granulated surface with
distinct septal ridges. It is associated with Nummulites atacicus
Leymerie, N. cf. fossulata de Cizancourt, N. globulus
Leymerie, and Assilina cf. laminosa Gill indicating the
Ilerdian stage (SBZ 8).

The megalospheric test of Assilina cf. khorassanica
Rahaghi (Pl. 2, fig. R) is lenticular in shape and shows a
thick wall with a sharp periphery and elevated central part. The
central part of the test is covered by pustules. The diameter of
the test ranges from 6mm to 8mm and the thickness from
2.5mm to 3.5mm. The present specimen is similar to
Rahaghi’s materials but differs by its smaller size. This
species is distinguished from A. cf. laminosa Gill by its thicker
wall and more elevated central part of the test. It is found in the
Early Eocene limestone of the lower part of the North Gahrou
section with the other assilinids and nummulitids such as
Assilina cf. granulosa (d’Archiac), A. cf. laminosa Gill,
Nummulites globulus Leymerie and N. atacicus Leymerie.

Nummulites globulus Leymerie (Pl. 3, figs. I–J) is globular
to biconical in shape with a diameter ranging from 2.5mm to
2.9mm and a thickness from 1 to 1–1.75mm, for the A form.
B-forms were not found in the examined samples. This species
shows wedge-shaped chamber cavities with alar prolonga-
tions. The pillars are observed in the central part of the test.
Septa are almost straight to slightly curved and angular
towards the periphery. The chambers are uniformly rectangular
to rhombic and increase gradually in size. There are 5whorls in
a radius of 1.375mm in the equatorial section. The spacing of
whorls increases slowly. The height of the chambers is larger
than the width. The axial section is characterized by its
biconvex form with the thick spiral lamina and the thick
marginal cord. The Nummulites globulus Leymerie is
distinguished from other associated Nummulites Lamarck by
having a smaller and globular test, a rather smooth surface,
thick spiral laminae, and almost straight to slightly curved
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septa. The present specimen shows some similarities to those
described by Blondeau (1972). The Nummulites globulus
Leymerie is associated with Nummulites atacicus Leymerie,
Nummulites cf. fossulata de Cizancourt, Assilina cf. laminosa
Gill and Assilina cf. granulosa (d’Archiac) indicating the
Ilerdian stage (SBZ 8). The biometrical data is documented in
Figure 9.

Nummulites atacicus Leymerie (Pl. 3, figs. K–L) is
lenticular in shape. The diameter of A-forms ranges from
3.3 to 3.5mm and thickness from 1.7mm to 2.7mm. B-forms
are not found in the examined samples. The equatorial section
shows 5whorls in a radius of 1.75mm. The spacing of whorls
increases slowly till the end. The septa are arched and inclined
towards the periphery. The height of the chambers is larger
than the width. The axial section is characterized by regular
whorls, narrow spiral cavity, thick spiral lamina, and medium
marginal cord. The pillars are observed in the central part of the
test.

It is closely similar to Nummulites praecursor de la Harpe
which is distinguished by the slightly larger size of the test with
regular septa and more chambers per whorl (Racey, 1995). It is
also often confused with Nummulites globulus Leymerie and
Nummulites discorbinus Schlotheim from which it is distin-
guished by its small proloculus and more chambers per whorl.

The co-occurrencs of N. atacicus Leymerie and N.
globulus Leymerie represents an excellent global biostrati-
graphic marker of the Early Eocene (Middle Illerdian). So, the
stratigraphic range of this species is considered Ilerdian
(SBZ 8). The biometrical data is documented in Figure 9.

Nummulites cf. fossulata de Cizancourt (Pl. 3, fig. C) is
characterized by the small lenticular test with a central
depression and sharp periphery. The shape of the test is an
angular “dumb-bell” in an axial section. The biometric data are
measured based on the axial section because, in the axial
section, this species appears to be very unique. The test has a
diameter of 1.75–1.85mm and a thickness of 0.85–0.9mm.
This species is closely similar to the recorded specimens of
Racey (1995). TheNummulites cf. fossulata de Cizancourt was
originally found in Afghanistan by de Cizancourt (1938) in the
Early Eocene. It was reported by Racey (1995) from Late
Cuisian to Early Lutetian deposits. This species is reported for
the first time from the Jahrum Formation in the study area. It is
associated with N. globulus Leymerie and N. atacicus
Leymerie, indicating an Early Eocene age.

The megalospheric form of Nummulites cf. perforatus (de
Montfort) (Pl. 3,figs.G–H) showsan inflated testwith a rounded
periphery. The diameter of the test ranges between 4.5mm and
7mm and the thickness from 1.58mm to 2.7mm. The diameter
of proloculus ranges from 0.6 to 0.85mm. The spiral whorls are
regular. No microspheric forms were found in our material. The
septa are inclined and slightly curved. This species is associated
with Nummulites ptukhiani Kacharava and Assilina cf.
granulosa (d’Archiac) and its biostratigraphic range is assigned
to Bartonian. Due to the absence of centered equatorial sections,
we prefer to use the term confer (cf.) to determine the taxa. The
biometrical data is documented in Figure 9.

The megalospheric form of Nummulites malatyensis Sirel
(Pl. 3, figs. D–F) shows an inflated lenticular test with a
strongly rounded periphery. The diameter of the test ranges
from 2.2 to 2.6mm and the thickness from 1.6mm to 1.75mm.
The spherical to sub-spherical proloculus has a diameter of
of 24



Fig. 9. Comparison of small A- forms based on biometrical data between Nummulites taxa of the study area and the specimens of Blondeau
(1972), Schaub (1981), Abdulsamad (2000), Sirel (2003), and Deveciler (2013).
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0.25–0.35mm. The thickness of the spire is uniform in all
whorls. The rate of the spiral opening increases gradually and
is constant until the last whorl.

Nummulites malatyensis Sirel was first reported by Sirel
(2003) in Bartonian limestone of the Develi section
(Malatya). In this study area, this species was found in the
calcareous rocks overlying the carbonate succession contain-
ing Nummulites ptukhiani Kacharava, Alveolina cf. fusiformis
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Stache, Gyroidinella magna Le Calvez, and Fabiania
cassis (Oppenheim). The biometrical data is documented in
Figure 9.

Nummulites ptukhiani Kacharava (Pl. 3, figs. A–B) has a
diameter of 3.2–4mmanda thicknessof 1.5–1.9mmfor4whorls,
in the megalospheric form. The proloculus is 0.25–0.35mm in
diameter. Nomicrospheric formswere found in ourmaterial. The
spiral laminae are thick, up to half of the height of the chambers in
of 24
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the innerwhorls.Chambers are generally higher thanwide in each
spiral whorl. The pillars are visible and create granules at the
surfaceof the test. Thebiometrical data is documented inFigure9.

10 Discussion

The sedimentary model for Tethyan carbonate ramps was
proposed by Buxton & Pedley (1989) based on sedimentolog-
ical and biological characteristics common to depositional
environments of present-day ramps (Purser, 1973; Reiss and
Hottinger, 1984). Buxton and Pedley (1989) distinguished a
succession of facies belts that extends from the protected zone
of the inner ramp, characterized by peritidal and lagoonal
muddy facies, to deeper zones of the middle and outer ramp.

The littoral zone (tidal flat) consists of rare foraminiferal
facies, represented by mudstones and dolostone or dolomitic
limestones.Themudstonescontain thin shellsofbivalves, scarce
pellets,miliolids, and small rotaliids. This association represents
an oligotypic community of epifaunal benthos and indicates a
low-energy depositional setting (Zamagni et al., 2008). The
dolo-micritization is a diagenetic process in restricted sedimen-
tary environments. The succession of dolostone and dolomitic
limestone is usually formed in the low-energy domain of
intertidal and subtidal environments in littoral to lagoonal
settings (Wilson andEvans, 2002;Al-Saad, 2005; Ivanova et al.,
2008; Wilmsen et al., 2010). The main sedimentological
characteristic of these facies is a rhythmic alternation of
mudstone and dolomitic limestone (dolostone). Therefore, the
absence of planktic foraminifera and the presence of small
porcellaneous foraminifera (miliolids) indicate low-energy
environment with inshore condition in the littoral zone.

The lagoonal microfacies consist of miliolid-pellet wacke-
stone facies, Macetadiscus-miliolid-pellet wackestone facies,
and conical porcellaneous- agglutinated foraminifera-miliolid
wackestone facies in Kuh-e- Soukhteh section, and Maceta-
discus-miliolid-pellet wackestone facies, conical agglutinated
foraminifera-Alveolina-pellet wackestone facies, and Alveo-
lina- bioclastic- pellet wackestone facies in the North Gahrou
section. These microfacies generally contain small porcella-
neous foraminifera (miliolids), small rotaliids, large discoidal
soritids, and agglutinated conical foraminifera. They spread in
low-energy environments with relatively slow currents and
hint to the restricted environment of the inner ramp (Geel,
2000; Rasser et al., 2005; Badenas and Aurell, 2010). This
interpretation is supported by the presence of carbonate mud
and the absence of structures indicative of high-energy events.

The small porcellaneous foraminifera dominated the
shallowest waters in the restricted lagoon in the inner ramp
setting, while the large discoidal soritids (Macetadiscus
Hottinger) and conical porcellaneous (Neorhipidionina Hot-
tinger) foraminifera were restricted to the inner and proximal
middle ramp. The high diversity of porcellaneous foraminifers
was developed in meso- to oligotrophic shallow water
environments (Reiss and Hottinger, 1984; Hallock, 1984,
1988; Buxton and Pedley, 1989; Romero et al., 2002). The
Macetadiscus bearing facies has a lateral paleoenvironmental
relationship with the Alveolina facies. The presence of
Macetadiscus Hottinger, Serra-Kiel and Gallardo-Garcia
suggests relatively shallower water than the Alveolina facies.
The Alveolina d’Orbigny is an important element in Lower and
Middle Eocene shallow-water deposits. They are also
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abundant in the lagoon or enclosure behind the back shoal
as well as in the shoal and are found in relatively deeper
water than Orbitolites Lamarck and Macetadiscus Hottinger,
Serra-Kiel and Gallardo-Garcia. According to Hottinger
(1983), the Alveolina facies can occur in protected shelf and
higher energy shoal environments.

Porcellaneous foraminifera with large conical shapes
occurred in tropical carbonate platforms within the upper
part of the photic zone (Reiss and Hottinger, 1984; Hohenegger
et al., 2000). According to Nebelsick et al. (2005) and
Barattolo et al. (2007), the Middle and Late Eocene larger
conical porcellaneous foraminifera were restricted to the
proximal middle ramp setting. The recorded facies (conical
porcellaneous-agglutinated foraminifera-miliolid wackestone)
represents shallow water setting with high light intensity and
low substrate stability without turbidity. The conical aggluti-
nated foraminifera are documented as the shallowest associa-
tion of larger foraminifera, below tidal level, in the upper part
of photic zone and indicate a depth of less than 40m. The
distribution of Paleogene conical agglutinated foraminifers
depended to the nature of substrate. They seem to prefer the
soft substrates and occur wackestone with fine-grained
particles and mud. According to Vecchio and Hottinger
(2007), the presence of mud level along with conical
agglutinated foraminifera wackestone in the stratigraphic
section, indicates low water energy environment that can occur
in shallow water lagoon setting.

The shoal environment is represented by different facies
types such as intraclast packstone and bioclastic grainstone in
the Kuh-e- Soukhteh section and bioclast-intraclast packstone/
grainstone, andGypsina-lump-bioclast grainstone in the North
Gahrou section. The shoal area is characterized by a great
abundance of rounded bioclasts. The presence of skeletal
grains, the high abundance of intraclasts, sparry calcite cement,
and lack of lime mud in the shoal facies are also indicative of a
high-energy environment.

The small and thin shelled hyaline foraminifera wacke-
stone facies, and hyaline-porcellaneous foraminifera wacke-
stone facies could be found in the back and fore shoals in the
study area. These facies extend throughout the shallow water
inner-middle ramp. The small and robustNummulites Lamarck
were spread throughout the Tethyan region from the eastern
Alps to the Middle East (eastern Iran) and occurred in a broad
range of open marine environments during the Eocene,
whereas they are found within the inner ramp during the
Paleocene (Rasser et al., 1999; Romero et al., 2002; Bassi
et al., 2007; Nebelsick et al., 2005; Babazadeh, 2003). The co-
occurrence of small Nummulites Lamarck and small thin
shelled Operculinas d’Orbigny suggests shallow depth inner
and middle ramp settings. It is affected by limiting conditions,
such as slightly elevated nutrient levels, favoring the
development of a community of r-selection strategists.
Meanwhile, the small hyaline and agglutinated foraminifera
(Coskinolina Stache) are shallow water dwellers and occurred
in lagoon and open marine environments, at depth less than
40m. (Ghose, 1977; Geel, 2000; Zamagni et al., 2008).
Therefore, the facies of small hyaline foraminifera wackestone
can be distributed from the inner ramp to the proximal outer
ramp (open marine) and shelves during the Early Paleogene.

The hyaline foraminifera such as Rotalia Lamarck,
Rotaliconus Hottinger, and Medocia Parvati are not limited
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to a specific environment and distributed from the inner ramp
to proximal outer ramp (open marine), meanwhile the large
hyaline foraminifera (Assilina d’Orbigny, Nummulites
Lamarck, Operculina d’Orbigny, etc.) appeared in a broad
rangeofopenmarine environments andoccurred indeeperwater
(middle ramp to proximal outer ramp) and low energy setting
during the Eocene. They were spread throughout the Tethyan
realm from the eastern Alps to the Middle East (eastern Iran).

The hyaline-porcellaneous foraminifera wackestone facies
is very heterogeneous due to the presence of two different types
of foraminifera and is considered to occur in shallow water
middle ramp setting. The small rotaliids and large soritids are
representative of hyaline and porcellaneous foraminifera
respectively. They are major contributors to Eocene carbonate
sediments and present a wide geographic distribution. On the
other hand, the co-occurrence of hyaline and porcellaneous
foraminifera represents an open shelf platform or low relief with
the connectionbetween the front andbehind relief. This suggests
that no effective barrier existed (Romero et al., 2002; Rasser
et al., 2005) and/or that porcellaneous foraminifera were
transported from the shallow environment to deeper areas
(Hohenegger et al., 1999). A similar facies was reported from
Paleogene carbonate ramp in western Cephalonia, Greece
(Accordi et al., 1998), Early Oligocene deposits of Lower Inn
Valley (Nebelsick et al., 2001), and Early Eocene deposits of
Minerve section, France (Rasser et al., 2005).

The fossil assemblage consisting of large foraminifera (k-
strategist foraminifera, long life span) such as Assilina
d’Orbigny and Operculina d’Orbigny with subordinate
agglutinated foraminifera (Valvulina d’Orbigny), are thought
to be restricted to stable, slightly nutrient-depleted environ-
ments, normal marine salinity values, and lower limit of the
photic zone (Hallock and Glenn, 1986). Therefore, Assilina
d’Orbigny and Operculina d’Orbigny in the large hyaline
foraminifera wackestone/packstone facies were adapted to a
reduced light condition in an open platform (ramp) and
occurred in deeper water (proximal outer ramp) and low
energy setting (Buxton and Pedley, 1989).

In the study section, all of the recorded shallow water
benthic foraminiferal associations could be classified by the
composition and morphology of the test in three groups: 1)
porcellaneous, 2) agglutinated, and 3) hyaline. The Porcella-
neous foraminiferal group is subdivided into three categories:
a) simple forms, b) fusiform/discoidal forms, and c) planispi-
ral/conical-fan forms.

The simple Porcellaneous foraminiferal forms have a small
test with an imperforate wall. They consist of Nurdanella cf.
boluensis Ozgen, Biloculina sp., Triloculina sp., and Quinque-
loculina sp. Alveolina fusiformis Stache and Alveolina elliptica
(Sowerby) are porcellaneous foraminifers with fusiform shape.
WhileMacetadiscus cf. incolumnatusHottinger, andOrbitolites
complanatus Lamarck are porcellaneous foraminifers with
discoidal shape. The planispiral-conical-fan shape forms consist
of Penearchaias glynnjonesi (Henson), Archaias operculini-
formis Henson, Rhabdorites malatyaensis (Sirel), Praerhapy-
dionina delicate Henson, Haymanella huberi (Henson),
Paraspirolina gigantea Fleury, Spirolina cylindracea Lamarck,
and Neorhipidionina spiralis Hottinger.

Four taxa including Coskinolina perpera Hottinger and
Drobne, Daviesiconus cf. balsilliei (Davies), Barattolites sp.,
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and Valvulina sp. are related to the agglutinated foraminiferal
group.

The hyaline foraminiferal group is characterized by an
association composed of nummulitids (Nummulites Lamarck,
Assilina d’Orbigny and Operculina d’Orbigny) and rotalids
such as Medocia blayensis Parvati, Rotaliconus persicus
Hottinger, Gyroidinella magna Le Calvez and Fabiania cassis
(Oppenheim), Asterigerina rotula (Kaufmann), Gypsina
marianensis Hanzawa, Europertia sp., and Rotalia sp.

The Early Eocene (Ypresian) age is indicated by the
foraminiferal Assemblage A in the lower part of the North
Gahrou section.Whereas typical lateMiddleEocene (Bartonian)
species related toAssemblagesB andAssemblageC, are present
in the upper part of North Gahrou and throughout Kuh-e-
Soukhteh sections as well. The absence of Cuisian and Lutetian
benthic foraminifera in the North Gahrou section is most
probably due to a concealed fault unnoticed duringfieldwork.At
last, the stratigraphic studies improve the resolution of Eocene
carbonate microfacies and benthic foraminiferal biozonation,
which were poorly established in this region.
11 Conclusions
o

–

f 2
In the study area, the Jahrum Formation consists of three
main lithofacies: limestone, marl and dolostone/dolomitic
limestone. It yields a rich benthic foraminiferal fauna that
took place in the Tethyan carbonate ramp environment.
–
 Based on the stratigraphic range of index benthic
foraminifera, three assemblage zones are recognized for
the Jahrum Formation in the two studied sections:
Assemblage A of the Gahrou section is assigned to the
Early Eocene (Ypresian), while the Assemblage B of the
Gahrou section and the Assemblage C of Kuh-e- Soukhteh
section are considered late Middle Eocene (Bartonian) in
age. These assemblages are comparable with the benthic
foraminifera assemblages of west Tethys and neighboring
countries in the Middle East and indicated an extension of
the Neo-Tethys realm from the Zagros passive margin
(west Iran) to the Sistan Suture Zone (east Iran).
–
 The absence of Cuisian and Lutetian benthic foraminifera
between two assemblage zones in the North Gahrou section
is related to fault disruption.
–
 The pattern of foraminiferal distribution in the Kuh-e-
Soukhteh section shows a shallow water environment with
relative deepening through time. Whereas, the distribution
of microfacies in the North Gahrou section, indicates
shallowing upward.
–
 The Jahrum Formation corresponds to the progressive onset
of a carbonate ramp characterized by protected low-energy
environments with scarce influence of tidal waves. The
analysis of carbonate facies suggests a homoclinal ramp
setting with the transition from inner ramp to proximal outer
ramp on the gently seaward-sloping morphology.
–
 There was no evidence of re-sedimentation or turbidite
sediments indicating breakage in the carbonate platform.
Also, there are no reef-making fossil structures or large and
important reefs that separate the open sea from the
restricted and semi-restricted parts of the basin.
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