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1. INTRODUCTION

The study area is called Nehbandan and is located between 
two blocks within the Sistan Suture Zone (Tirrul et al., 
1983), at eastern central Iran (Lut in west and Afghan in 
the East) (Babazadeh, 2003). The Sistan Suture Zone is a 
part of Cenozoic Alpide Suture of Sengör et al. (1988) and 
formed from the Early Cretaceous on the oceanic crust 
of the eastern branch of Neo-Tethys of Iran (Babazadeh, 
2003; Babazadeh & De Wever, 2004; Babazadeh et 
al., 2007). Within this Neo-Tethyan branch, shallow 
carbonate sediments with benthic foraminifera and red 
and green algae were the main sediment contributors 
deposited during Late Cretaceous to Middle Eocene 
(Babazadeh, 2003, 2008, 2010). 
Several stratigraphic studies have been carried out on 
the Sistan Suture Zone by Stocklin (1968, 1977), Takin 
(1972), Tirrul et al. (1983), Fauvlet & Eftekhar Nezhad 
(1990), McCall & Eftekhar Nezhad (1994). The first 
description of the stratigraphic divisions was provided by 
Stocklin et al. (1972), subsequently by Tirrul et al. (1983) 

and Babazadeh (2003) confirmed these observations. The 
structural history of Sistan Suture Zone began in the Early 
Cretaceous time (Early Aptian) (Babazadeh & De Wever, 
2004) and continued to the end of the Eocene (McCall & 
Eftekhar Nezhad, 1994; Babazadeh, 2003). In the Tethyan 
region, benthic foraminifera are mainly associated with 
ramp environment (Buxton & Pedley, 1989) and the 
relative distribution of different foraminifera was used 
as a valuable tool for paleoenvironmental reconstruction 
(Romero et al., 2002; Scheibner et al., 2003; Rasser et al., 
2005). Shape, size, abundance, diversity and component 
of shell in the foraminifera are influenced by depositional 
environments (abiotic conditions). For example, the high 
abundance and large size of the benthic foraminifera 
such as Nummulites with test diameters of up to 16 cm 
(Ungaro, 1994) are controlled by warm water conditions. 
The low diversity of benthic foraminifera might 
indicate a shallow and restricted environments with 
enhancement of nutrient and algal meadows. In fact, the 
benthic foraminifera assemblages are mainly sensitive 
to environmental changes caused by temperature and 

Revue de Paléobiologie, Genève (décembre 2020) 39 (2): 485-500

New stratigraphic data of Upper Paleocene-Lower Eocene carbonate deposits in 
east Iran: lithostratigraphic, biostratigraphic and sedimentological implications

Seyed Ahmad BaBazadeh

Department of science, Payame Noor University, Po. Box 19395-3697, Tehran, I. R. of Iran.
E-mail: Seyedbabazadeh@yahoo.com

Abstract
Lower Paleogene shallow marine carbonate rocks are exposed nearby the Shusf city in the Nehbandan area, East Central Iran. 
The sedimentary succession consists of siliciclastic rocks, siliciclastic-carbonate rocks, evaporitic rocks and carbonate rocks. The 
stratigraphic analysis of nearby the Shusf city allows to identify four informal rock units namely Palang, Chahchocho, Zibro and 
Debil formations in the study area. Likewise this paper introduces a detailed study of benthic foraminifera and four local assemblage 
zones from Selandian to Early Ilerdian age were established for the first time. These assemblages are correctable with the benthic 
foraminiferal assemblages from Adriatic area (Slovenia), Pyrenees (Spain) and Egypt. The wackestone facies contains the small and 
large porcelaneous foraminifera which accompany with small hyaline foraminifera, depositing approximately in the same depth in the 
inner ramp. The grainstone facies consists of hyaline foraminifera, which deposited in middle ramp. The distinctive characteristics of 
the middle ramp are thinning and flattening of the larger foraminifera shells. Ten microfacies types were recognized corresponding to 
ramp environment in three depositional settings (littoral, lagoon and barrier) based on sedimentological characteristics and foraminiferal 
assemblages. The identified microfacies are: evaporitic facies, siliciclastic facies, siliciclastic-carbonate facies, miliolid-pellet 
wackestone, Valvulina-miliolid wackestone, Alveolina-miliolid wackestone, green algal-Nummulites packstone, hyaline-porcellaneous 
foraminifera grainstone, hyaline foraminifera sandy limestone and hyaline foraminifera grainstone.

Keywords
Stratigraphy, Facies analysis, Carbonate rocks, Upper Paleocene-Lower Eocene, East Iran.

Submitted March 2020, accepted October 2020
Editorial handling: L. Cavin
DOI: 10.5281/zenodo.4460704



486 S. A. BaBazadeh

energy changes, nutrient input, water chemistry, locally 
substrate and sea level changes (depth gradient). 
The aims of this study are: 
1. to obtain Lower Paleogene biostratigraphic data from 

foraminiferal fauna that allows reconstruction of the 
palaeoenvironment from this region: 

2. to identify the foraminiferal assemblages in order to 
determine a precise age for new informal rock units, 

3. to determine the depositional history of the region by 
using a microfacies analysis.

2. GEOLOGICAL SETTING 

Lensch et al. (1984) were the first who recognized three 
major tectonic units (Turanian, Iranian and Arabian 
plates) in Iran. Later on, Stocklin (1968, 1974, 1977) 

identified the major tectonic units, which are separated 
from each other by ophiolitic complexes. These units were 
subdivided into smaller elements such as Kopet Dagh, 
Southern Caspian sea, Zagros thrust, Zagros folded belt, 
Alborz Mountains and Central Iran (Fig. 1). The Central 
Iran comprises Sanandaj-Sirjan belt, Orumiyeh-Dokhtar 
belt, Central-East-Iran microplate (Yazd, Tabas and Lut 
microblocks) (Davoudzadeh & Schmidt, 1981). The 
three components of the inner microcontinental nucleus 
(formerly termed the Lut block by Stocklin, 1968), the 
Yazd, Tabas, and Lut blocks are separated by fracture 
zones and they have been rearranged from their original 
position (Sengör et al., 1988). The Sistan Suture Zone 
(Sistan ocean) is one of the ophiolite complexes that 
extends from Makran Ranges northward to the Birjand 
area, locating between two micro-continental fragments 
that collided as a result of the tectonic migration of Lut 

Fig. 1: Modified sketch map of Iran showing the major tectonic units and inner microcontinental nucleus (Yazd, Tabas and Lut blocks) 
(Babazadeh, 2008).
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block towards the Afghan block (Babazadeh, 2003). 
The Lut block is situated in the central Iran plate and 
separated from the Afghan block by the Sistan Suture 
Zone. Accordingly, the Lut and Afghan blocks were 
covered by a shallow marine sea from Cretaceous 
to Eocene times, (Stöcklin et al., 1972) whereas the 
Iranian Eastern Zone was characterized by deep facies 
succession of pelagic planktonic limestones, radiolarian 
cherts and lower foreslope resedimented deposits in the 
lower peripheral domain to shallow water sediments 
composed of the upper foreslope resedimented deposits, 
containing benthonic foraminifera, and shelf carbonate 
platforms (Babazadeh, 2003, 2007, 2008, 2013). 

3. MATERIAL AND METHODS 

A total of 100 surface samples were collected from Lower 
Paleogene sedimentary rocks in the Shusf city near 
Nehbandan area, which is located in eastern Iran (Fig. 2). 
In the study area, the measured stratigraphic section 
is 330 m, consisting of sandy limestone, sandstone, 
limestone and gypsum. Forty-eight samples out of one 
hundred were only used for thin section and examined in 
the laboratory for lithostratigraphy, biostratigraphy and 
microfacies analysis using light microscopy. Thin-section 
study was performed using light microscopy. The generic 
names of the benthic foraminifera taxa and biozonation 
are based on classification of Rahaghi (1980), Loeblich & 
Tappan (1987), Serra-Kiel et al. (1998), Sirel (2009) and 
Babazadeh & Soltani (2015a, b). The limestones were 
classified according to depositional texture (Dunham, 
1962; Embry & Klovan, 1971). The determination of 
carbonate facies is based on petrographically studies to 
define the depositional environments of the concerned 
formations and the terminology of Buxton & Pedley 
(1989) and Flugel (2004). The Shusf stratigraphic section 
is characterized by a continuous stratigraphic succession 
in ascending stratigraphic order and is the best outcrop 
section for the Early Paleocene rocks in eastern Iran. 
The surface samples were deposited at the Geological 
Department of Tehran Payam Noor University, Iran. 

4. STRATIGRAPHY

The studied area is limited by 60° 13’ to 60° 18’ N and 
31° 47’ 52’’ to 31° 52’ 44’’ E. During Paleocene-Early 
Eocene (Early Paleogene) a shallow water carbonate 
ramp system occurred in the Nehbandan area from 
eastern Iran. The distribution of benthic foraminifera 
has been controlled by depth gradient and type of facies. 
The Paleogene sedimentary rocks are predominantly 
composed of four lithological units in field observation. 
They consist of siliciclastic unit, siliciclastic-carbonate 
unit, evaporitic unit and carbonate unit replaced by in 
ascending stratigraphical order. The siliciclastic deposits 

contain microconglomerate, coarse to medium grain 
sandstone, the siliciclastic-carbonate rocks comprise 
sandy limestone with intercalation of grainstone, whereas 
the evaporitic deposits contain gypsum and anhydrite and 
carbonate rocks composed of wackestone, grainstone and 
packstone. On the other hand, the stratigraphic section 
contains informal four formations (Palang, Chahchocho, 
Zibro and Debil formations) (Tirrul et al., 1983). The 
basal part of the section is in contact with the Lower 
Cretaceous colored melange and the upper contact is 
covered by alluvium (Fig. 3).
The lower part of the section (bed 1 to bed 17, about 120 m) 
consists of a succession of gray microconglomerate, 
yellow to gray sandy to silty limestone, grainstone, gray 
sandstone and yellow calcareous sand rich in hyaline 
and agglutinated benthic foraminifera (Miscellanites, 
Ranikothalia and Haymanella) with minor amount of 
miliolids. This part is referred to the Palang Formation. 
This formation comprises two lithological parts: 
siliciclastic unit and siliciclastic-carbonate unit with 
intercalation of carbonate rocks. Based on petrographic 
criteria, this formation is limited between bed 1 to bed 
17. The lower part of formation (bed 1 to bed 6) contains 
a little benthic foraminifera such as Miscellanites 
globularis (Rahaghi, 1978), Haymanella paleocenica 
Sirel, 1999, Akbarina primitiva (Rahaghi, 1983), 
Laffitteina cf. bibensis Marie, 1946, Miscellanites minutus 
(Rahaghi, 1983) and Ranikothalia catenula Cushman & 
Jarvis, 1932. This association is called Assemblage Zone 
I and corresponds to the Late Paleocene (Selandian) 
(Fig. 3). From chronostratigraphical point of view, this 
assemblage can be correlated to biozone 43 of James & 
Wynd (1965), or SBZ 2 of the classification of Serra- 
Kiel et al. (1998), or Sirel (2009) and Renema (2010) 
(Table 1). 
The upper part of the formation (bed 7 to bed 17) contains 
benthic foraminifera such as following: Ranikothalia 
catenula Cushman & Jarvis, 1932, Ranikothalia sindensis 
(Davies, 1927), Ranikothalia polatliensis Sirel, 2013, 
Idalina sinjarica Grimsdal, 1952, Assilina khorassanica 
Rahaghi, 1980 and Valvulina sp. 
This associated is called Assemblage Zone II which 
corresponds to the Late Paleocene (Thanetian) (Fig. 3), 
suggesting biozone 43 of James & Wynd (1965), or SBZ 
3 of Serra-Kiel et al. (1998), Sirel (2009), and Renema 
(2010) (Table 1). This formation can be correlated to type 
section of Jahrom Formation (James & Wynd, 1965) in 
south-west Iran. 
Remarks: Ranikothalia catenula Cushman & Jarvis, 
1932, Ranikothalia sindensis (Davies, 1927) and Mis-
cellanites minutus (Rahaghi, 1983) extend to the 
Thanetian. 
A rare number of miliolids and algal debris are also 
present. The sandstones consist of 10-20 cm thick 
beds separated by erosional surface and alternating 
with bioclastic grainstone. This formation consists of 
quartz and feldspar with angular to subangular shapes. 
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Intergranular spaces are filled by sparry calcite. The 
Palang Formation unconformably lies on the lower 
Cretaceous ophiolitic melange (Babazadeh & De Wever, 
2004) and is conformably underlain by succession of 
bedded limestones of the Chahchocho formation. This 
formation has been deposited in a mixed carbonate-
siliciclastic shore environment, suggesting a high energy 

environment with high clastic sediments input. The 
angular shape of the quartz indicates that its source were 
close to carbonate shelf. 
The Chahchocho Formation (bed 18 to bed 35, about 
135 m) consists of an alternation of 10-50 cm layers of 
packstone and wackstone with homogeneous lithology. 
The fossil assemblages are diverse with benthic 

Fig. 2: Geological maps of Nehbandan (Shusf) region showing geological section in eastern Iran.
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Fig. 3: Stratigraphic distribution of selected benthic foraminifera in the studied area.
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foraminifers such as Polymorphina khorassanica 
Babazadeh & Soltani, 2014, Polymorphina globularis 
Babazadeh & Soltani, 2014, Idalina sinjarica Grimsdal, 
1952, Glomalveolina primaeva Reiche, 1936, Lockhartia 
haimei (Davies, 1927), Lockhartia sp., Discocyclina 
seunesi Douville, 1922, Assilina yvettae Schaub, 1981, 
Fallotella alavensis Mangin, 1954, Cribrobulimina 
carniolica Hottinger & Drobne, 1980, Quinqueloculina 
sp., Biloculina sp., Triloculina sp., Valvulina sp. and 
small Nummulites group. Amongst the aforementioned 
foraminifers, the imperforate taxa are common whereas 
hyaline and aggulinated species are rare.
The above mentioned forminifers of this rock unit is 
called the Assemblage Zone III and corresponds to 
biozone 43 of James & Wynd (1965), or SBZ 3/4 of 
Serra-Kiel et al. (1998) and Renema (2010), indicating 
Late Palaeocene again. A gradual transition towards 
finer wackestone type deposits occurs near the top of 
packstone and bioclastic limestone indicating a low 
energy inner ramp environment.

The Zibro Formation (bed 36 to bed 42, about 40 m) 
consists of an alternation of thin bedded wackestone 
with intercalation of evaporatic layers (gypsum and 
anhydrite) and presents two lithological horizons. This 
formation has been deposited in a low energy and 
sabkha (supratidal) environment. Erosional sedimentary 
structures are common (e.g. scour and filling) in some 
beds, suggesting tidal flat environment.
In term of composition and fossil assemblages, this 
formation is not similar to the underlying packstone and 
bioclastic limestone of Chahchocho Formation. The lower 
contact is concordant with the Chahchocho Formation 
but its upper contact is apparently conformable with the 
Debil Formation. However, there is a hiatus between the 
Zibro Formation and Debil Formation.
The Zibro Formation contains microfauna such as 
Polymorphina khorassanica Babazadeh & Soltani, 
2014, Polymorphina globularis Babazadeh & Soltani, 
2014, Idalina sinjarica Grimsdal, 1952, Glomalveolina 
primaeva Reichel, 1936, Quinqueloculina sp., Biloculina 

Table 1: Correlation and distribution of selected Paleogene foraminiferal species in the shallow benthic zone.
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sp. and Valvulina sp. In general, these associations 
correspond to a shallow benthic foraminiferal biozones 
(SBZ 3/4) of the classification of Serra-Kiel et al. (1998) 
and biozone 43 of James & Wynd (1965) (Table 1). This 
association is similar to the “Assemblage Zone III” and 
indicates a Late Paleocene (Thanetian) age (Fig. 3).
The Debil Formation has a thickness of 35 m and includes 
beds 43 to 48. This formation consists of alternation of 
wackestone, gray bioclastic limestone and yellow pellet-
miliolid limestone. This formation covered the Zibro 
Formation disconformably and is overlaid by alluvium. 
The bioclasts contain foraminifera such as Alveolina 
ellipsoidalis Gurubunun, 1883, Alveolina elliptica 
(Sowerby, 1840), Alveolina daniensis Drobne, 1977, 
Alveolina aff. solida Hottinger, 1960, Opertorbitolites 
douvillei Nuttall, 1925, Opertorbitolites minimus Henson, 
1950, Opertorbitolites gracilis Lehmann, 1961, small 
Nummulites groups, Cuvillierina sp., bivalve fragments 
and ostracods. Evidence, such as plenty wackestone, 
high percentage of miliolids and peloids indicates a 
quiet environment. The Assemblage Zone IV is present 
in the Debil Formation and is attributed to Early Eocene 
(Ilerdian). This assemblage zone is correctable to SBZ 6 
of Serra-Kiel (1998), and biozone 44 of James & Wynd 
(1965) (Table 1). Therefore, SBZ 5 of Serra-Kiel et al. 
(1998) is not present in the studied area. The selected 
benthic foraminifera are figured in Plates I and II. 
Remarks: The stratigraphic range of Alveolina elliptica 
(Sowerby, 1840) may start from SBZ 5 and extends to 
SBZ 13 (Serra-Kiel et al., 1998). 

5. FACIES ANALYSIS

The aim of the facies analysis is to integrate 
sedimentological and paleontological factors to evaluate 
the depositional history and environmental model. Ten 
main facies (MF) are determined by sedimentological 
textures and faunal components in thin section. They 
occurr in two facies belts (inner and middle ramps) 
and three depositional settings (littoral, lagoon and 
barrier). No stratigraphic indications of a steepened 
morphology (e.g. slump and turbidite) were recognized. 
All microfacies types were deposited on non-rimmed 
carbonate platform with no reef-derived components. 
The depositional setting of facies pattern is drown in 
Fig. 4. 

5.1. Littoral Zone

MF1: Evaporitic facies
This facies identified on the basis of sediment criteria, 
is believed to reflect the depositional environment. The 
widespread laminated sediments contain thin bedded 
marl and gypsum crystals and lack evidence of algal 
activity, as well as wave and current activity that indicate 

an evaporate environment. It should be mentioned that 
the gypsum crystals are occasionally replaced by micritic 
matrix and sparitic limestone. This facies was deposited 
on a low energy tidal flat or salt and brakish marshes 
under anoxic condition. For this reason, this facies 
indicates a supra tidal environment in littoral zone. Due 
to the lack of index fossils it is impossible to determine 
the age of these sediments. 

MF2: Siliciclastic facies
This facies is observed as gray sandstone in the field 
and consisted of rich in angular to subangular, fine to 
medium quartz, feldspar and low abundance of fossils. 
The sedimentary structures such as cross-bedding and 
graded-bedding are presented in this facies. The sand 
size grains indicate that the sedimentary basin frequently 
received detrital sediments from continental sources. 
The angular shape of the terrigenous minerals indicates 
that a sediment source was located near the carbonate 
shelf. The presence of cross-bedding and graded-bedding 
and lack of mud suggests a high energy environment, 
corresponding to littoral setting. The effective sorting is 
characteristic of very mature sediments above the fair-
weather wave base (FWWB). 

MF3: Siliciclastic – carbonate facies 
This facies consists of gray fine sandy and silty limestone. 
Likewise it contains high abundance of angular to sub-
angular quartz in the microcrystalline calcium carbonate 
matrix. This is a high fossiliferous facies and represents 
some fragments of foraminifera, bivalves and echinoderm 
spines. The benthic foraminifera such as Miscellanites 
and Ranikothalia are especially dominant. The presence 
of fine terrigenous grains with other carbonate skeletal 
allochems (bioclasts) in a micritic matrix refers to as 
bioclastic sandy limestone and represents characteristics 
of littoral setting (subtidal zone). The sandy facies was 
deposited in high energy setting above FWWB. 

5.2. Lagoon

MF4: Miliolid-pellet wackestone
This facies is mainly composed of pellets and miliolids, 
such as Idalina, Quiqueloculina, Triloculina, Biloculina, 
Pyrgo and Pseudolacazina. Other allochemical particles 
are green algae and echinoid spines. These allochemical 
components are floated in micritic matrix. This facies 
corresponds to an inner ramp environment above the 
FWWB and was reported by several authors (Bassi 
& Nebelsick, 2000; Nebelsick et al., 2005; Rasser et 
al., 2005; Babazadeh, 2010; Babazadeh & Pazooki 
Ranginlou, 2015). This facies occurred in littoral zone in 
a lagoonal environment. 

MF5: Valvulina-Miliolid wackestone
This facies is dominated by smaller miliolids. Other 
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Fig. 4: Stratigraphic column showing depositional setting of main facies.
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allochems are agglutinated foraminifera (e.g. Vulvulina), 
subordinate green algae and echinoderm fragments. This 
facies forms thick succession throughout the columnar 
section. The dominance of smaller miliolids occurs in 
a more restricted environment and represents a shallow 
water setting with low diverse fauna in high light 
intensity. This facies belongs to an environment from 
an inner ramp setting above the FWWB with restricted 
conditions. 

MF6: Alveolina-Miliolid wackestone
In this facies, Alveolina and miliolids display equal 
abundance and followed by echinoderm fragments. In 
addition, Orbitolites and Opertorbitolites are subordinate 
skeletal grains. This facies does not form thick successions 
in the columnar section. The association of alveolinids 
and miliolids represents an oligotypic community and 
occurred in shallow water. This facies was deposited in 
restricted lagoonal environment above the FWWB. It is 
comparable with MF4 in Kaboudeh section in eastern 
Iran (Babazadeh, 2010). 

MF7: Green algal - Nummulites packstone
The main components of this facies are green algae and 
small Nummulites. The green algae up to 70% can be 
abundant, the small Nummulites are subordinate and found 
constituting organism about 15% of the rock volume. The 
presence of abundant green algae with low Nummulites 
represents an inner ramp above of the FWWB for this 
microfacies. The Nummulites are robust, ovate and 
macrospheric forms and represent the relatively deepest 
organisms among the observed components. They occur 
within a broad range of open marine environments on 
both ramp and shelves. The presence of robust/ovate and 
dominated A-form population suggests a shallow marine 
environment affected by limiting conditions, such as 
slightly elevated nutrient level, favoring the development 
of a community of r-selection strategists. 

MF8: Hyaline-Porcelaneous foraminifera grainstone
in this facies the porcelaneous foraminifera are more 
abundant than the hyaline foraminifera. It reflects an 
offshore transport of porcelaneous forms into the hyaline 
foraminiferal facies. Likewise the bioclasts and pellets 
are present with less abundance. All other components 
are subordinate and distributed irregularly among the 
samples. This facies does not form thick succession in the 
studied area. The co-occurrence of hyaline foraminifera 
(normal marine fauna) and porcelaneous foraminifera 
(platform interior fauna) represents an open shelf 
platform (bioclastic shoal) suggesting that no effective 
barrier existed (Romero et al., 2002; Rasser et al., 2005). 
The MF 8 of study area is equivalent to MF4 of Do Kuhak 
section in Shiraz (Fars Province), MF7 of Posht darband 
section in Hamedan and MF2 of Gorgdareh section in 
Gachsaran from west, central and south Iran respectively 
(Babazadeh & Pazooki Ranginlou, 2015; Babazadeh 

& Rahmati, 2015; Babazadeh et al., 2015). A similar 
facies was reported from Paleogene carbonate ramp 
in western Cephalonia, Greece (Accordi et al., 1998), 
Early Oligocene deposits of Lower Inn Valley, Austria 
(Nebelsick et al., 2001), and Early Eocene deposits of 
Minerve section, France (Rasser et al., 2005). 

5.3. Shoal

MF9: Hyaline foraminifera sandy limestone (shoal)
The transition between the pure limestone (wackestone, 
packstone, etc.) and sandy limestone is marked by 
the presence of an extraclastic particle as quartz and 
feldspar. The deposits accumulated in a mixed carbonate-
siliciclastic where high hydrodynamic energy led to the 
fragmentation of the benthic foraminifera. The angular 
shape of the quartz clasts indicates a sediment source that 
was situated relatively close to the area of the carbonate 
shelf. 
The Assilina-Operculina dominated assemblage 
consists of common flattened Assilina associated with 
rare small rotaliids. The fossil assemblage consists of 
large foraminifera (k-strategist foraminifera, long life 
span) such as Assilina and Operculina with subordinate 
agglutinated foraminifera (Valvulina). According to 
Hallock & Glenn (1986), the MF9 is thought to be 
restricted to stable environments, suggesting slightly 
nutrient depleted and normal salinity. The large and 
flat form of Assilina can be interpreted as living in the 
deeper part of the photic zone (Racey, 1994). Since it is 
a shallow water dweller in back and fore reef and sand 
shoal environments (Gilham & Bristow, 1998).

MF10: Hyaline foraminifera grainstone (shoal)
The transition between the sandy limestone and 
grainstone is gradual and made up of an increasing 
frequency of grainstone layers within the sandy 
limestone. In this facies, the fossil assemblage is 
dominated by high diversity of small and megalospheric 
form (r-strategist foraminifera) of Miscellanites, 
Ranikothalia and Valvulina. The r-strategist condition 
represents rapid growth, short generation times, small 
size and high nutrient. This shoal is mainly built of 
Ranikothalia deposited in a sparitic cement. It can be 
equivalent to Ranikothalia and Miscellanea forming 
shoals in Egypt (Scheibner et al., 2003). The small 
rotaliids (Rotalia, Miscellanites, etc.) and agglutinated 
foraminifera (Valvulina) are indicative to shallow water 
in lagoonal and open marine environment (Geel, 2000). 
Likewise, Miscellanea belongs to shallow water fauna of 
the Thanetian (Zamagni et al., 2008) and Early Eocene 
(Babazadeh, 2008, 2010). This genus seems to be a 
reef dweller (Pignatti, 1994) but it occurs in the shoal 
environment in the studied area as well (Pl. III). 
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6. DISCUSSION 

The integration of facies study and faunal assemblages 
indicates a generalized environmental model that 
occurred in the inner to middle ramp setting. The main 
foraminferal groups which are used in this study are: 1. the 
foraminifera are diverse and abundant, 2. the foraminifera 
have characteristics that depend on environment and 
can be used to interpret environmental setting, 3. the 
foraminifera mainly occupied tropical and subtropical 
oligothrophic and mesotrophic paleoenvironments from 
the littoral zone to the lower limit of the photic zone, 4. 
most of the genera or species of the foraminifera replaced 
each other over a short period of time. 
It is certain that the presence of miliolid bearing bedded 
marl and gypsum in the MF 1 indicates a short regression 
and transgression. The alternation of supratidal 
sediments with marly limestone indicates high reductive 
swamp that are seasonally dried and occasionally with 
marine miliolid limestone due to minor sea level rise. 
The sandstones and silty to sandy limestones in the MF2 
and MF3 accumulated in a mixed carbonate-siliciclastic 
environment in the littoral zone. The presence of cross 
bedding structures in silty to sandy limestones shows 
high energy environment. These facies suggested a 
position close to the shoreline which is supported by a 
high degree of fragmentation of bioclasts. The miliolids 
and valvulinids mud-supported facies (MF4 & MF5) have 
a widespread distribution and represent a shallow water 
setting with low energy and high light intensity (Buxton & 
Pedley, 1989). The presence of mud-supported limestone 
with oligotypic fauna (smaller miliolid) indicates low 
energy, locally restricted conditions (lagoon) whereas the 
grainstone facies and sandy limestone are characteristic 
for high energy in the shoal setting. The Alveolina-
dominated association in MF6, has been considered as 
a marker in inner ramp and influenced by siliciclastic 
input (Rasser et al., 2005; Scheibner et al., 2007). The 
alveolinids bearing facies shows relatively deeper (more 
offshore) water than orbitolitids and occurred in protected 

shelf in high energetic shoal environment (Hottinger, 
1983). The nummulitids facies in MF7 represents 
parautochtonous and deposited in shallow environments 
from middle shelf. The dominance of green algae 
together with low frequency of small Nummulites in this 
facies indicates deposition within the inner ramp, outer 
lagoon and behind of shoal (Racey, 2001). Romero et 
al. (2002) expressed that the small Nummulites occurred 
in an open marine environment during Eocene, whereas 
in the Paleocene they are found within the inner ramp 
in the studied area. Therefore, the small Nummulites 
can be distributed from inner ramp to outer ramp (open 
marine) during Early Paleogene. On the other hand, 
the small Nummulites were spread throughout Tethyan 
region from eastern Alps to Middle East (eastern Iran) 
(Rasser et al., 1999; Bassi & Nebelsick, 2000; Nebelsick 
et al., 2005; Babazadeh, 2010). The facies containing the 
porcelaneous and hyaline foraminifera in MF 8 shows 
a transport from on-shore to off-shore setting because 
the alveolinids and nummulitids thrive in different 
environments. In addition, it seems that this facies was 
deposited at the boundary between inner and middle ramp. 
In the facies MF9, the large hyaline and agglutinated 
foraminifera in the shoal environment are generally 
considered to be shallow water in middle ramp setting. 
The Assilina dominated assemblage was developed on 
a soft sandy substrate bearing of foraminifera and other 
bioclast fragments in the shallow part of the mid-ramp. 
The flattened shape of Assilina suggests reduced light 
condition (Zamagni et al., 2008). The rotaliids in the 
MF10 are very frequent in the inner neritic facies rich 
in terrigenous mud but rarely found in clean carbonates 
(Luterbacher, 1984). The extinct Cuvillierina is reported 
in calcareous and terrigenous littoral deposits, but is 
rare in other facies (Ferrer et al., 1973) and mainly in 
shaly littoral deposits (Luterbacher, 1984), whereas 
Cuvillierina was reported in clean carbonate platform 
facies and resedimented facies (allodapic limestone) in 
the eastern Iran (Babazadeh, 2003, 2005, 2008). The 
Miscellanea (Miscellanites) is generally associated with 

Plate I

Fig. 1: Ranikothalia catenula Cushman & Jarvis, 1932, sandy limestone, Sh 14.
Fig. 2: Ranikothalia catenula Cushman & Jarvis, 1932, grainstone to packstone, Sh 17a. 
Fig. 3: Haymanella paleocenica Sirel, 1999, sandy limestone, Sh 10.
Fig. 4: Ranikothalia cf. polatliensis Sirel, 2013, sandy limestone, Sh 10. 
Fig. 5: Ranikothalia sindensis (Davies, 1927), sandy limestone, Sh 14, X 40.
Fig. 6: Laffitteina cf. bibensis Marie, 1946, grainstone, Sh 4.
Fig. 7: a: Miscellanites globularis (Rahaghi, 1978), b: Ranikothalia catenula Cushman & Jarvis, 1932, c: Nummulitoides margaretae 

Haynes & Nwabufo-Ene, 1988, microconglomerate, Sh 1. 
Fig. 8: Akbarina primitive (Rahaghi, 1983), sandstone, Sh 6. 
Fig. 9: a: Discocyclina cf. seunesi Douville, 1922, b: Ranikothalia cf. sindensis (Davies, 1927), bioclastic limestone, Sh 18. 
Fig. 10: a: Idalina sinjarica Grimsdal, 1952, b: Valvulina sp., wackestone, Sh 39, X 40. 
Fig. 11: Idalina sinjarica Grimsdal, 1952, wackestone, Sh 36. 
Fig. 12: Vania cf. anatolica Sirel & Gunduz, 1985, sandy limestone, Sh 25.
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rotaliids in fine grained packstone, whereas it occurred 
in grainstone facies in this area. The association of 
nummulitids and Discocyclina are typical recorded in 
deeper water. 
In fact, the small rotaliids, miliolids and Valvulina 
accompanied by Assilina and Ranikothalia are dominant 
in the Paleocene, indicating inner to middle ramp system. 
The large porcelaneous foraminifera such as Alveolina, 
Orbitolites and Opertorbitolites are characteristic for the 
Ilerdian age and thrived in the inner ramp environment. 

7. CONCLUSION

- The Palang Formation is mainly represented by a 
mixed carbonate-siliciclastic facies whereas the other 
formations such as Chahchocho and Debil formations 
are generally dominated by carbonate facies. 

- The Zibro Formation is mainly composed of gypsum 
and anhydrite with intercalation of thin bedded 
limestone, as a result, it shows evaporatic conditions.

- In the studied area, the small benthic foraminifera and 
the green algae are dominant in the Late Paleocene 
facies, whereas the corals are mostly rare or absent, 
and large benthic foraminifera such as Assilina 
and Ranikothalia are abundant as well. Also the 
Ranikothalia shoal in Late Paleocene is relatively 
similar to that identified in Egypt.

- The large benthic foraminifera such as Alveolina and 
Nummulites are dominant in the Early Eocene, whereas 
corals are rare and red algae are completely absent in 
the studied area. This condition can be compared to mid 
latitude (northern Tethys, SW Slovenia and Spain) and 
low latitude areas (southern Tethys, Egypt) (Zamagni 
et al., 2008). 

- Based on sedimentological and paleontological data, 
ten main facies in three depositional settings (littoral, 
lagoon and barrier) have been reconstructed.

- The three first facies (MF1 to MF3) deposited in the 
littoral zone, the MF4 to MF8 indicate the lagoonal 
zone and the MF9 and MF10 reveal a barrier zone. 

- The porcelaneous foraminifera, such as miliolids, 
Alveolina and Orbitolites dominate in the limestone 
(wackestone facies), whereas the hyaline foraminifera 
as Assilina and Ranikothalia are present in the sandy 
limestone (siliciclastic-carbonate facies).

- The small porcelaneous foraminifera, such as miliolids 
representing an oligotypic community, were recorded 
in the lagoonal environment (inner ramp), the large 
porcelaneous foraminifera, such as Alveolina and 
Orbitoilites, are prominent in protected shallow 
water environment (inner ramp), the co-occurrence of 
porcelaneous foraminifera and hyaline foraminifera 
indicate the boundary between inner and middle 
ramp, and at last the hyaline foraminifera containing 
the Assilina and Ranikothalia occurred in the shallow 
part of the middle ramp, and high energetic shoal 
environment. Overall, the benthic foraminifera show a 
transition from inner ramp to middle ramp setting. 

- Based on the benthic foraminifera, four assemblage 
zones were established. 

- The absence of SBZ 5 shows a stratigraphic gap caused 
by evaporatic situation in the supra tidal environment.
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Plate II

Fig. 1: a: Assilina yvettae Schaub, 1981, b: Assilina khorassanica Rahaghi, 1980, sandy limestone, Sh 27. 
Fig. 2: Cribrobulimina carniolica Hottinger & Drobne, 1980, wackestone, Sh 33. 
Fig. 3: Miscellanea miscella d’Archiac & Haime, 1853, sandy limestone, Sh 25. 
Fig. 4: a: Glomalveolina primaeva Reichel, 1936, b: Lacazina cf. blumenthali, limestone, Sh 30. 
Fig. 5: Vania anatolica Sirel & Gunduz, 1985, sandy limestone, Sh 25. 
Fig. 6: Fallotella alavensis Mangin, 1954, sandy limestone, Sh 25. 
Fig. 7: Glomalveolina primaeva Reichel, 1936, wackestone, Sh 29. 
Fig. 8: Glomalveolina levis Hottinger, 1960, wackestone, Sh 30. 
Fig. 9: Alveolina daniensis Drobne, 1977, wackestone, Sh 45. 
Fig. 10: Alveolina ellipsoidalis Gurubunun, 1883, wackestone, Sh 45. 
Fig. 11: Alveolina elliptica (Sowerby, 1840), wackestone to packstone, Sh 46. 
Fig. 12: Opertorbitolites gracilis Lehmann, 1961 and small Nummulites group, wackestone, Sh 46.
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Plate III

Fig. 1: Siliciclastic facies (medium grain sandstone), Sh 5. 
Fig. 2: Siliciclastic-carbonate facies (yellow sandy limestone), Sh 11. 
Fig. 3: Green algal - Nummulites packstone facies (gray limestone), Sh 22. 
Fig. 4: Valvulina-miliolid wackestone facies (cream limestone), Sh 35. 
Fig. 5: Alveolina-miliolid wackestone facies (beige limestone), Alveolina sp. and Lacazina sp., Sh 45. 
Fig. 6: Miliolid-pellet wackestone facies (gray limestone), Sh 38. 
Fig. 7: Hyaline-porcelanous foraminifera grainstone facies (cream limestone), Sh 4. 
Fig. 8: Hyaline foraminifera grainstone facies (Purple limestone), Ranikothalia sp. (form A), Sh 17b. 
Fig. 9: Hyaline foraminifera sandy limestone facies (red sandy limestone), small Nummulites group and Assilina sp., Sh 26. 
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