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Abstract: The Pir-Sabz Section of the Asmari Formation is located in the Interior Fars province, 
Zagros Basin (Iran). The Asmari Formation at the study area is 312 m in thickness and formed by 
massive bedded limestone. According to the identified index microfossils, three Oligocene assemblage 
biozones were recorded: 1) Globigerina spp., 2) Lepidocyclina – Operculina – Ditrupa, and 3) Ar-
chaias asmaricus – Archaias hensoni. Twelve facies types were recognized according to their texture, 
occurrence and abundance of foraminifera, scleractinian corals and other skeletal grains: F1 Bioclastic 
planktonic foraminiferal wackestone–packstone, F2 Bioclastic planktonic foraminiferal echinoid 
packstone, F3 Bioclastic Operculina packstone, F4 Bioclastic Lepidocyclinidae packstone–rudstone, 
F5 Bioclastic coralline algal Lepidocyclinidae packstone–rudstone, F6 Bioclastic Lepidocyclinidae – 
Nummulitidae wackestone–packstone–grainstone, F7 Bioclastic Lepidocyclinidae – Neorotalia – coral 
packstone–rudstone, F8 Coral boundstone, F9 Bioclastic porcellaneous foraminifera – coral packstone, 
F10 Bioclastic coralline algal bryozoan wackestone–packstone, F11 Bioclastic benthic foraminifera 
(perforate and imperforate) wackestone–packstone, and F12 Bioclastic benthic foraminifera (imper-
forate) wackestone–packstone. From the base to the top of the section the facies types indicate: F1 
aphotic zone and outer shelf; F2 aphotic to oligophotic zones on the outer and middle shelf (distal); F3 
and F4 oligophotic zone and distal middle shelf; F5, F6 and F7 mesophotic zone situated on the middle 
shelf (proximal); F8, F9, F10 and F11 euphotic zone and inner shelf (open marine), F12 euphotic zone 
and inner shelf (slightly restricted). The Pir-Sabz coral fauna has a clear Mediterranean affinity and is 
represented by at least six different scleractinian species which formed a non-reefal coral community 
on the proximal middle-shelf.
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1. Introduction

The Asmari Formation (Oligocene – Miocene) in the 
Zagros sedimentary basin is widespread and is of eco-
nomic interest due to its high reservoir potential for 
hydrocarbon accumulations. The formation mainly 
consists of limestone but also dolomitic limestone, 
dolomite, anhydrite (Kalhur anhydrite) and sandstone 
(Ahwaz sandstone; Motiei 2001; Fig. 1). The aim of 

this paper is to present a detailed description of the 
Asmari Formation from a 312 meter thick section out-
cropping in the Interior Fars province (Zagros Basin). 
This section, hereafter called the Pir-Sabz Section, has 
been studied in terms of biostratigraphy, microfacies, 
depositional environment and depositional model, with 
a special focus on benthic foraminifera and scleractin-
ian corals.
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2. Geological setting and location of the Pir-
Sabz Section

Based on the sedimentary successions, magmatism, 
metamorphic processes and plate tectonic units, Iran 
is subdivided into eight units and include Zagros, 
Sanandaj-Sirjan, Urumieh-Dokhtar, Central Iran, Ko-
peh Dagh, Lut and Makran (BerBerian & King 1981; 
Heydari et al. 2003). The Asmari Formation sediments 
were deposited on a carbonate platform at the margin 
of the northwestern Zagros sedimentary basin. The 
sedimentary and structural characteristics subdivide 
the Zagros Basin into the following units: Lurestan, 
Fars (Interior and Coastal), High Zagros, Dezful Em-
bayment and Izeh (Falcon 1974; Farzipour-Saein et al. 
2009; Fig. 3). With regard to the Zagros sedimentary 
basin classification, the study area is located in the In-
terior Fars (Fig. 3a, c).

The first studies on the Asmari Formation have 
been conducted by BuSK & Mayo (1918), ricHardSon 
(1924) and tHoMaS (1948). Further studies include the 
works of Wynd (1965), JaMeS & Wynd (1965), adaMS 
& BourgeoiS (1967), Kalantari (1986) and Motiei 
(1993). Recent studies have improved our knowledge 

on the biostratigraphy of the Asmari Formation (Sade-
gHi et al. 2010; SeyraFian et al. 2011; SaleH & Seyra-
Fian 2013) and the use of strontium isotopes shed new 
light on the stratigraphical framework (eHrenBerg et al. 
2007; laurSen et al. 2009; van BucHeM et al. 2010). Re-
cent research on the microfacies, depositional environ-
ments and paleoecology of the Asmari Formation have 
been conducted by FaKHari et al. (2008), raHMani et 
al. (2009), MoSSadegH et al. (2009), vaziri-MogHaddaM 
et al. (2010), avarJani et al. (2015), SHaBaFrooz et al. 
(2015), and taHeri et al. (2017).

The study area is located at the northeastern flank 
of the Dashtak anticline, 38 km north of Kazerun. 
The Pir-Sabz Section is situated in the Tang-e Chogan 
area and has the following coordinates: N 29°47’09”, 
E 51°38’03”. The study section is next to the Pir-Sabz 
village (Fig. 3b), where the Asmari Formation is well-
exposed. It gradually replaces shales of the Pabdeh For-
mation. Despite the widespread exposure of the over-
lying evaporitic Gachsaran Formation, the top of the 
study formation is slightly covered by alluvium (Fig. 
2). This section comprises greyish thin, medium and 
thick massive bedded limestones.

Fig. 1. Cenozoic lithostratigraphy in the Zagros Basin (after Motiei 2001). The location of the study section is marked by 
a rectangle.
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3. Methods
In addition to section logging, field work included detailed 
analysis of fossil and facies change studies. Samples were 
taken in 1 to 2 meter intervals. In the laboratory, about 200 
thin sections were prepared and studied with an optical mi-
croscope. Identification of microfossils, genera and species 
are based on adaMS & BourgeoiS (1967), loeBlicH & tappan 
(1988) and Sirel (2003). Facies textures were identified fol-
lowing the classification of dunHaM (1962) and eMBry and 
Klovan (1971). Facies descriptions follow the nomenclature 
of WilSon (1975) and Flügel (2010). Paleoecological and pa-
leoenvironmental interpretations of foraminiferal assemblag-
es follow Beavington-penney & racey (2004), BoudagHer-
Fadal (2008), and BouKHary et al. (2008), among others.

3. Results

3.1. Revised biostratigraphy

The biostratigraphy of the Asmari Formation was first 
studied by tHoMaS (1948) using larger benthic fora-
minifera as index markers. Wynd (1965) introduced 
and referred the following biozones (zones 55-61) to 
the Asmari Formation: 55 (Globigerina spp.), 56 (Lepi-
docyclina – Operculina – Ditrupa), 57 (Nummulites 
intermedius – Nummulites vascus), 58 (Archaias oper-
culiniformis) and 59 (Austrotrillina howchini – Penero-
plis evolutus) for the Oligocene and zone 61 (Borelis 

melo curdica) for the Miocene (Burdigalian). adaMS 
& BourgeoiS (1967) later revised previous studies 
and presented the following biozonation: Eulepidina 
– Nephrolepidina – Nummulites assemblage zone for 
the Oligocene, Miogypsinoides – Archaias – Valvulinid 
assemblage zone for the Miocene (Aquitanian), with 
consideration of two sub-assemblage zones (Archaias 
asmaricus – Archaias hensoni and Elphidium sp. 14 
– Miogypsina) for the early to middle and middle to 
Late Aquitanian, respectively, and the Borelis melo 
group – Meandropsina iranica assemblage zone for the 
Burdigalian. The biozones, in association with assem-
blage zones (caHuzac & poignant 1997; Table 1), were 
based on biostratigraphic studies conducted through the 
Zagros (Asmari Formation) and Central Iranian ba-
sins (Qom Formation). eHrenBerg et al. (2007) again 
modified previous studies on the basis of information 
obtained from strontium isotope stratigraphy for the 
Asmari Formation and presented 5 biostratigraphy 
events based on index fossils (Nummulites, Spiroclyp-
eus blanckenhorni, Miogypsina, Archaias and Borelis 
melo curdica). Later, laurSen et al. (2009) and van Bu-
cHeM et al. (2010) presented a new biozonation for the 
Asmari Formation by using the strontium isotope and 
absolute age dating method (Table 2). In the Pir-Sabz 
Section of the Asmari Formation, a total of 34 genera 
of foraminifera were identified. Twenty five taxa were 

Fig. 2. General view of the Asmari Formation at the study area and the underlying Pabdeh Formation (northeastern flank 
of the Dashtak anticline, north of Kazerun; view to the southeast).
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identified to species level. This allowed the identifica-
tion of 3 assemblage zones.

3.1.1. Assemblage zone 1

Assemblage zone 1 occurs at the base of the Pir-Sabz 
Section, from the top of the Pabdeh Formation and 14 
meters into the Asmari Formation. This zone is char-
acterized by the presence of abundant specimens of 
Globigerina spp. Other microfossils include Globige-

rina spp., Ditrupa spp., Elphidium sp. 1, Elphidium sp., 
Discorbis sp., Paragloborotalia cf. P. nana, Paraglo-
borotalia cf. P. siakensis, Globoturborotalia cf. G. ci-
peroensi, Haplophragmium slingeri, Haplophragmium 
sp., and Lenticulina sp.

The assemblage zone 1 in the Pir-Sabz Section 
corresponds to the Globigerina spp. assemblage zone 
introduced by Wynd (1965) and adaMS & BourgeoiS 
(1967) and to the Globigerina spp. – Turborotalia cer-
roazulensis – Hantkenina zone of laurSen et al. (2009), 

Fig. 3. Geological setting and status of the study section. a – Geological units of Iran (after Heydari et al. 2003); b – Map 
of access roads to the study section and c – Structural geology of the Zagros Basin (after Farzipour-Saein et al. 2009); The 
location of the study area is indicated by an asterisk.
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Fig. 4. Microfossils in the Asmari Formation in the Interior Fars area, Zagros Basin, a – Globoturborotalia cf. G. ciperoensi, 
axial section, sample No. 13C; b – Paragloborotalia cf. P. siakensis, axial section, sample No. 18C; c – Haplophragmium 
slingeri, axial section, sample No. 1C; d – Heterostegina sp., subaxial section, sample No. 193C; e – Operculina complanata, 
axial section, sample No. 92C; f – Ditrupa sp., transverse section, sample No. 92C; g – Nephrolepidina tournoueri, axial 
section, sample No. 134C; h – Nephrolepidina sp., axial section, sample No. 193C; i – Neorotalia viennoti, equatorial section, 
sample No. 292C; j – left view, Heterostegina sp., parallel section, right view, Heterostegina cf. H. praecursor, equatorial 
section, sample No. 118C; k – Discorbis sp., axial section, sample No. 202C; l – Spiroclypeus sp., subaxial section, sample 
No. 288C; m – Spirolina cf. S. cylindracea, transverse section, sample No. 252C; n – Peneroplis cf. P. thomasi, oblique 
section, sample No. 248C; o, p – Archaias sp., subaxial section, sample No. 278C; q – Meandropsina cf. M. iranica, axial 
section, sample No. 284C; r – Peneroplis farsensis, transverse section, sample No. 286C; s – Austrotrillina cf. A. howchini, 
transverse section, sample No. 212C; t – Sphaerogypsina globulus, equatorial section, sample No. 274C.



92 S. Mohsen Hatefi et al.

and is of Oligocene age (Tables 1, 2). The presence of 
Paragloborotalia cf. P. siakensis in assemblage 1 is 
indicative for a Late Chattian age (BoudagHer-Fadel 
2012).

3.1.2. Assemblage zone 2

Assemblage zone 2 covers the range from 14 to 276 
meters of the Asmari Formation. The zone is charac-
terized by the occurrence of Globigerina spp., Para-
globorotalia cf. P. siakensis, Ditrupa spp., Eulepidi-
na dilatata, Eulepidina elephantina, Eulepidina sp., 
Nephrolepidina tournoueri, Nephrolepidina sp., Lepi-
docyclina sp., Heterostegina assilinoides, Heteroste-
gina costata, Heterostegina cf. H. praecursor, Hetero-
stegina sp., Operculina complanata, Operculina sp., 
Neorotalia viennoti, Neorotalia sp., Elphidium sp. 1, 
Elphidium sp., a valvulinid taxon, Haplophragmium 
slingeri, Haplophragmium sp., Lenticulina sp., Pla-
norbulina sp., textulariids, Amphistegina sp., Discor-
bis sp., Onychocella sp., Pyrgo sp., Borelis sp., Subter-
ranophyllum thomasi, and Triloculina sp. Assemblage 
zone 2 corresponds to the Lepidocyclina – Operculina 
– Ditrupa assemblage zone of Wynd (1965) and the 
Lepidocyclina – Operculina – Ditrupa assemblage 
zone of laurSen et al. (2009) and is of Oligocene age 

(Rupelian–Chattian; Tables 1, 2). As mentioned above, 
the occurrence of Paragloborotalia cf. P. siakensis is 
indicative for a Late Chattian age (BoudagHer-Fadal 
2012). Therefore, assemblage 2 is also considered to be 
of Late Chattian age.

3.1.3. Assemblage zone 3

Assemblage zone 3 corresponds to the remaining upper 
part of the Pir-Sabz Section (from 276 to 312 meters). 
This zone was determined by the occurrence of Het-
erostegina sp., Austrotrillina asmariensis, Austrotril-
lina howchini, Austrotrillina sp., Archaias asmaricus, 
Archaias kirkukensis, Archaias sp., Peneroplis evolu-
tus, Peneroplis farsensis, Peneroplis thomasi, Penero-
plis sp., Neorotalia viennoti, Neorotalia sp., Elphid-
ium sp. 1, a valvulinid taxon, Triloculina trigonula, 
Triloculina sp., Borelis haueri, Borelis sp., Discorbis 
sp., Meandropsina iranica, Meandropsina anahensis, 
Meandropsina sp., textulariids, Bigenerina sp., Amphi-
stegina sp., Planorbulina sp., Pyrgo sp., Gastropoda, 
Spiroclypeus sp., Spirolina cf. cylindracea, Spirolina 
sp., Tubucellaria sp., and Sphaerogypsina globulus. As-
semblage zone 3 corresponds to the Archaias opercu-
liniformis subzone of Wynd (1965) and to the Archaias 
asmaricus – A. hensoni – Miogypsinoides complanatus 

Fig. 5. Microfacies of the Asmari Formation in the studied section: a, b – F1, Bioclastic planktonic foraminifera wacke-
stone–packstone, sample No. C3 and C11; c, d – F2, Bioclastic planktonic foraminifera echinoid packstone, samples No. 
C32 and C34; e – F3, Bioclastic Operculina packstone, sample No. C30; f – F4, Bioclastic Lepidocyclinidae packstone/
rudstone, sample No. C96A; g – F5, Bioclastic corallinacean Lepidocyclinidae packstone–rudstone, sample No. C109; h – 
F6, Bioclastic Lepidocyclinidae Nummulitidae wackestone–packstone–grainstone, sample No. C92A; (ML: miliolids, PL: 
planktonic foraminifera, GL: glauconite, PY: pyrite, EC: echinoid, DI: Ditrupa, CO: coralline algae, OP: Operculina, NU: 
Nummulitidae, LP: Lepidocyclindae, AM: Amphistegina, NE: Neorotalia, CR: coral, CR: bryozoan, GA: gasteropod, PN: 
Peneroplis, AR: Archaias, BI: bivalve).
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assemblage zone of laurSen et al. (2007) and is of Oli-
gocene age (Chattian; Tables 1, 2). As a result of this 
study, the Asmari Formation in the Pir-Sabz Section of 
the Interior Fars province (Zagros Basin) is of Oligo-
cene age (Late Chattian; Figs. 4, 7).

3.2. Facies types and depositional environments

Based on the study of 200 thin sections in association 
with field observations, 12 facies types were recog-
nized in the Asmari Formation at the Pir-Sabz Section. 
These facies types (F1-F12) were named according to 
sedimentary texture, assemblages of foraminifera and 
other skeletal components recorded in thin sections 
(dunHaM 1962; eMBry & Klovan 1971; WilSon 1975; 
Flügel 2010).

F1 Bioclastic planktonic foraminiferal wackestone–
packstone
F1 is characterized by fine grained and muddy mate-
rial and a grain-supported texture. Major elements of 
this facies are planktonic foraminifera (Globigerina 
and globorotalids without spines). Debris of echinoids, 

bryozoans, Neorotalia, Haplophragmium, Lenticulina, 
small miliolids and textulariids are minor elements. 
Non-skeletal components are represented by very fine 
quartz, rounded glauconite grains and pyrite in small 
quantities (Fig. 5a, b).

The presence of abundant planktonic foraminifera 
and the fine-grained texture reflects a depositional set-
ting in normal marine, deep and low-energy waters in 
an outer shelf environment (WilSon 1975; Buxton & 
pedley 1989; coSovic et al. 2004; geel 2000; Flügel 
2010). The occurrence of planktonic foraminifera, the 
lack of benthic symbiont-bearing foraminifers such as 
Nummulitidae or Lepidocyclinidae, and the absence 
of coralline algae suggest a deposition below the pho-
tic zone (coSovic et al. 2004; langer & Hottinger 
2000; FaJeMila et al. 2015). An autochthonous origin 
is suggested for rare fragments of smaller miliolid fora-
minifera. The presence of planktonic foraminifera, a 
fine-grained sediment texture and the lack of turbidite 
structures are characteristic for low energy stable envi-
ronmental conditions (Buxton & pedley 1989; coSovic 
et al. 2004; Flügel 2004).

Petrographical observations of glauconite elements 
have shown that they occur as individual grains and 
minute aggregates of green glauconite with an amor-

Fig. 6. Microfacies of the Asmari Formation in the studied section; a – F6, Bioclastic Nummulitidae packstone–grainstone; 
sample No. C118, b – F7, Bioclastic Lepidocyclinidae Neorotalia coral packstone/rudstone, sample No. C113; c – F7, Bioclas-
tic Neorotalia coral packstone–rudstone, sample No. C236A; d – F8, Coral boundstone, sample No. C193; e – F9, Bioclastic 
foraminifera (imperforate) coral packstone, sample No. C212; f – F10, Bioclastic coralline algal bryozoan wackestone–pack-
stone, sample No. C294; g – F11, Bioclastic benthic foraminifera (perforate and imperforate) wackestone–packstone, sample 
No. C280; h – F12, Bioclastic benthic foraminifera (imperforate) wackestone–packstone, sample No. C248B.
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phous to hypidiomorphic structure (HarriS & WHiting 
2000; cHang et al. 2008). Similar glauconite grains oc-
curring on outer shelf environments have been reported 
from different areas of the Zagros sedimentary basin, 
where a transitional facies from the Pabdeh to the As-
mari formations exists (Lali area: vaziri-MogHaddaM 
et al. 2006; Chamanbolbol area: aMirSHaHKaraMi et al. 
2007; Khaviz anticline: raHMani et al. 2009; northwest 
of the Zagros sedimentary basin: vaziri-MogHaddaM 
et al. 2010; Naura anticline: Sooltanian et al. 2011).

F2 Bioclastic planktonic foraminiferal echinoid 
packstone
The main elements of F2 are echinoids associated with 
debris of planktonic foraminifera. Minor elements are 
porcellaneous foraminifera (Pyrgo and Triloculina), 
bryozoans, Ditrupa, crushed coralline algae, Haplo-
phragmium, Neorotalia and textulariids. The texture in 
the F2 packstone is grain-supported. Quartz, glauconite 
and pyrite, although not frequent, are visible (Fig. 5c, 
d).

Reduced numbers of planktonic foraminifera and 
the appearance of small hyaline foraminifera reflect 
a slight decrease in water depth. The association of 
planktonic foraminifera and echinoids reveals that the 
deposition took place in normal marine waters with 
moderate wave energy (pedley 1996; geel 2000; po-
Mar 2001; Flügel 2010). The absence of larger symbi-
ont-bearing foraminifera suggests a deposition below 
the photic zone (coSovic et al. 2004) in the deeper part 
of a middle-to-outer shelf environment below the in-
fluence of storm waves (roMero et al. 2002; corda 
& Brandano 2003) on a soft fine-grained and muddy 
sea-floor (geel 2000; coSovic et al. 2004; BaSSi et al. 
2007). 

F3 Bioclastic Operculina packstone
The F3 facies shows a grain-supported fabric and the 
major skeletal component is Operculina, a larger sym-
biont-bearing foraminifer. The hyaline tests of Oper-
culina are either long and thin and well-preserved, or 
thick and crushed. The crushed Operculina shells are 
fractured and eroded. Secondary skeletal components 
include debris of echinoids, coralline algae, bryozoans, 
Neorotalia, Ditrupa, Lepidocyclina, Heterostegina, 
planktonic foraminifera and textulariids. Crushed 
shells of miliolids and unbroken shells of textulariids 
are also present (Fig. 5e).

The presence of symbiont-bearing larger foramin-
ifera (Operculina and Heterostegina), coralline algae, 
echinoids and bryozoans indicate that the F3 facies has 

been formed in normal saline warm waters (geel 2000; 
BaSSi et al. 2007; Flügel 2010; langer et al. 2013) in 
the lower part of the photic zone (oligophotic). Under 
low light conditions, symbiont-bearing foraminifera in-
crease their shells to absorb the maximum light (Hal-
locK & glenn 1986; coSovic et al. 2004). Operculinids 
with elongated shells are typically deposited in middle 
shelf habitats (HoHenegger 1996, 2004; HallocK 1999; 
geel 2000; Beavington-penney & racey 2004; BaSSi 
et al. 2007; Hottinger 2007; Brandano et al. 2009; 
BaSSi & neBelSicK 2010; tHiSSen & langer 2017).

F4 Bioclastic Lepidocyclinidae packstone–rudstone 
The basic elements of this microfacies are hyaline 
elongated shells (>2 mm) of Lepidocyclinidae (Nephro-
lepidina and Eulepidina). Minor skeletal components 
comprise Amphistegina, Neorotalia, bryozoans, echi-
noids, coralline algal fragments, and oyster debris (Fig. 
5f).

The dominance of Lepidocyclinidae in F4 suggests 
a deposition in the lower photic zone in distal position 
of a distal middle shelf (pedley 1996; poMar 2001; 
corda & Brandano 2003). The well-preserved Lepi-
docyclinidae with elongated shells are an indication of 
open marine water with low to moderate wave energy. 
The association of Lepidocyclinidae with echinoids and 
coralline algae suggests a deposition in an oligophotic 
middle shelf setting (Barattolo et al. 2007; BaSSi et 
al. 2007; Brandano et al. 2009). Well-preserved elon-
gated and thinner Lepidocyclina shells indicate low 
water energy conditions (leutenegger 1984; HallocK 
1988), soft and stable substrates (HallocK & glenn 
1986; reiSS & Hottinger 1984; geel 2000; roMero et 
al. 2002) and low light conditions (Beavington-penney 
& racey 2004).

F5 Bioclastic coralline algal Lepidocyclinidae pack-
stone–rudstone
Coralline algae (Lithophyllum and Lithothamnion) and 
Lepidocyclinidae (Nephrolepidina and Eulepidina) are 
the main constituents of F5. Neorotalia, Amphistegina, 
textulariids, echinoid debris, Planorbulina, Ditrupa 
and peloids are minor associated elements. Some por-
cellaneous foraminifera, such as Pyrgo, Borelis and 
miliolids, were also recorded (Fig. 5g).

The abundance of coralline algae suggests photic 
zone conditions (pedley 1996; geel 2000; poMar 
2001; Flügel 2010). The presence of hyaline rounded 
and robust shells of Lepidocyclinidae and Nummuliti-
dae indicate an increase in light intensity and wave en-
ergy conditions in waters of a middle shelf environment 
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Fig. 7. Scleractinian corals of the Asmari Formation; a – Actinacis rollei; transverse section; b, c – Porites sp., sub-transverse 
and oblique sections; respectively; d – Caulastraea farsis, transverse section; e – Favia sp. 2 sensu ScHuSter 2002b, f – 
Leptoria bithecata; transverse section, field outcrop.
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(Beavington-penney & racey 2004; Barattolo et al. 
2007; neBelSicK et al. 2001; raSSer & piller 2004; 
Braga & BaSSi 2011; neBelSicK et al. 2013).

F6 Bioclastic Lepidocyclinidae – Nummulitidae 
wackestone–packstone–grainstone
Hyaline foraminifera (Lepidocyclinidae and Nummuli-
tidae) are major elements of this facies type and coral-
line algae, Amphistegina, Neorotalia, echinoids, oyster 
debris, and corals fragments are secondary components 
of F6. The tests of Lepidocyclinidae and nummulitids 
decrease in size but test walls become thicker (Fig. 5h). 
In F6, the size of coralline algal particles decreases. A 
number of thin sections show a variant of facies F6. 
This grain-supported subfacies is characterized by 
abundant, robust lens-shaped tests of Heterostegina 
(Bioclastic Nummulitidae packstone–grainstone; Fig. 
6a). 

The size of the Lepidocyclinidae shells and the 
small size of red algal fragments suggest shallow wa-
ters conditions in an upper middle shelf environment 
(corda & Brandano 2003; raSSer et al. 2005; BaSSi et 
al. 2007). In F6, coarse grained substrates, Lepidocy-
clina and Heterostegina shells with thicker and lensed 
shaped morphology, reflect an increase in water en-
ergy (geel 2000; roMero et al. 2002; BaSSi et al. 2007; 
Brandano et al. 2009; Flügel 2010). 

F7 Bioclastic Lepidocyclinidae – Neorotalia – coral 
packstone–rudstone
Coral fragments (mostly of Poritidae and Porites cor-
als), Neorotalia and Lepidocyclinidae are the major 
constituents in F7. Minor elements include debris of 
coralline algae, small-sized hyaline foraminifera with 
Amphistegina, valvulinids, echinoids, bryozoans, pel-
oids, oyster debris, porcellaneous foraminifera and 
crushed flakes of large hyaline foraminifera (Lepido-
cyclinidae, Operculina, and Heterostegina). The coral 
fragments are larger than 2 mm. In between the coral 
branches, debris of porcellaneous and hyaline foramin-
ifera, peloids and other non-identifiable components 
were recorded (Fig. 6b). In some thin sections, frag-
ments of corals along with small Neorotalia (without 
Lepidocyclinidae) were noted. This microfacies repre-
sents a variant of the F7 facies type (bioclastic Neoro-
talia coral packstone–rudstone; Fig. 6c).

The presence of angular fragments of fixed and 
light-dependent calcareous organisms such as corals, 
coralline algae and larger symbiont-bearing foramin-
ifera suggest that deposition occurred in a photic zone 
environment subjected to high energy at shallow water-

depths (goldBecK & langer 2009; MaKled & langer 
2011). Facies type F7 reflects conditions of a shallow 
water setting of the middle shelf. Angular pieces of cor-
alline algae next to hyaline shells and a lack of corals 
in growth position differentiate facies F7 from typical 
reef facies (WilSon 1975; perrin et al. 1995; corda & 
Brandano 2003; Flügel 2010). The association of red 
algae, coral fragments, and lens-shaped and rounded 
hyaline foraminifera suggests a deposition in the me-
sophotic zone in an environment with relatively high 
water energy (poMar 2001). 

F8 Coral boundstone
Facies type F8 represents a coral boundstone mainly 
formed by massive and branching coral colonies ob-
served in growth position (Fig. 6d). The coral colonies 
do not constitute a continuous framework but rather 
occur as isolated colonies, small clusters, and coral 
patches. Coral growth forms include massive, branch-
ing, phaceloid, and meandroid colonies. Thin sections 
show that coral skeletons were subject to intense dia-
genesis involving dissolution and/or calcification. Al-
though this prevents any microstructural study, some 
coral specimens display a rather good preservation of 
their morphological and micro-morphological charac-
ters, and have been identified at generic and species 
levels. The coral fauna is dominated by poritids and 
comprises at least 6 different genera and species. They 
include Porites sp., Actinacis rollei, Leptoria bithecata, 
Caulastraea farsis, Astreopora sp., and Favia sp. (Fig. 
7; Table 3). The sediment between coral colonies con-
tains bioclasts including tests of foraminifera (Hetero-
stegina, Lepidocyclina, Amphistegina and Neorotalia, 
small miliolids: Biloculina, Triloculina and Quinque-
loculina). Other components are coralline algae, bryo-
zoans, echinoid fragments and mollusks.

The presence of zooxanthellate coral assemblages in 
growth position indicates that the development of this 
facies occurred in well-oxygenated clear waters on an 
open-marine platform. This coral community did not 
build a rigid wave-resistant framework capable to grow 
to sea-level. The coral framework density varies both 
laterally and vertically and there is a large spectrum 
of coral cover, from scattered coral colonies to dense 
frameworks (perrin et al. 1995). However, most coral 
assemblages in carbonate ramp settings occur as iso-
lated colonies, clusters of coral colonies or small-sized 
coral patches and represent non-reefal coral communi-
ties, like those observed in the Pir-Sabz Section of the 
Asmari Formation.
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F9 Bioclastic porcellaneous foraminifera – coral 
packstone
The main components of facies F9 are represented by 
crushed coral fragments and a variety of porcellaneous 

foraminifera. The porcellaneous foraminiferal assem-
blage include miliolids (Biloculina, Triloculina and 
Quinqueloculina), Meandropsina, Peneroplis, Archa-
ias, Austrotrillina, and Pyrgo. In this facies, porcel-

Fig. 8. Biostratigraphy and frequency of microfossils and types of sedimentary environments in the Asmari Formation in 
the Interior Fars province, Zagros Basin.
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laneous foraminifera more abundant and diverse than 
hyaline taxa. Less abundant constituents are small 
specimens of Amphistegina, Neorotalia, and lens-
shaped Heterostegina, Operculina and Lepidocyclini-
dae. Gastropods, coralline algae, echinoids and bryo-
zoan debris also occur as minor components. While 
corals in facies F8 were observed in growth position, 
these occur only as crushed fragments in facies type 
F9 (Fig. 6e).

The dominance of broken hyaline and porcella-
neous foraminifera next to fragments of corals, sug-
gests a deposition in a shallow inner shelf environment 
with high light intensity (Fournier et al. 2004; Flügel 
2010).

F10 Bioclastic coralline algal bryozoan wackestone–
packstone
The main components of this facies are bryozoans and 

Fig. 9. Deposition model and distribution of foraminifera, corals and coralline algae in the carbonate shelf of the Asmari 
Formation with variations in depth, light intensity and water energy (Fars province, northeast flank of the Dashtak anticline, 
north of Kazerun); a – planktonic foraminifera; b – Operculina complanata; c – Eulepidina elephantina; d – Coralline algae; 
e – Heterostegina sp.; f – Lepidocyclina sp.; g – Nephrolepidina tournoueri; h – Coral; i – Pyrgo sp.; j – Austrotrillina sp.; 
k – miliolids; l – Archaias sp.; m – Meandropsina sp. (adapted from Flügel 2010).
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coralline algae. Bivalves, echinoids, small individu-
als of Neorotalia, debris of Lepidocyclinidae, ultra-
fine quartz particles, intraclasts and porcellaneous 
foraminifera (Archaias and Peneroplis) are secondary 
constituents of F10. Some coralline algal and bivalve 
fragments are larger than 2 mm. Within their shells, 
trapped echinoid fragments and other skeletal debris 
are visible. Eroded fragments of bryozoans and porcel-
laneous foraminifera (1 mm size) were also observed 
(Fig. 6f).

The co-occurrence of bryozoans, coralline algae, 
and porcellaneous foraminifera suggests a deposition 
in a sheltered inner shelf setting (corda & Brandano 
2003). Large skeletal grains in lime matrix indicate a 
quiet environment with limited water energy. The pres-
ence of bryozoans and coralline algae, indicates a per-
manent connection with the open marine environment 
(Flügel 2010). The large size (>2 mm) of skeletal com-
ponents in a mud-supported matrix reflects low energy 
conditions (geel 2000; HoHenegger 2000; roMero et 
al. 2002; Brandano et al. 2009; BaSSi & neBelSicK 
2010; neBelSicK et al. 2013).

F11 Bioclastic benthic foraminifera wackestone–
packstone
The components of F11 are diverse and comprise hya-
line foraminifera (Amphistegina, Neorotalia, and de-
bris of Lepidocyclinidae, Operculina and Heteroste-
gina) and porcellaneous taxa (miliolids, Borelis, Archa-
ias, Peneroplis, Meandropsina and Austrotrillina). The 
minor elements include broken echinoid and bryozoan 
fragments, debris of coralline algae, gastropods and bi-
valves. The texture is mud-to-grain supported (Fig. 6g).

The co-occurrence of shallow lagoonal and open-
marine foraminifera reveals a deposition in a shallow 
environment with high light intensity in an inner shelf 
setting (geel 2000; corda & Brandano, 2003; BaSSi 
et al. 2007; Brandano et al. 2009). The presence of 
symbiont-bearing porcellaneous foraminifera (Archa-
ias, Peneroplis and Borelis) in F11 reflect a shallow 
water environment with phytal substrates provided ei-
ther by seagrasses or macroalgae (langer 1988, 1993, 
1998; perry & Beavington-penney 2005; Beavington-
penney et al. 2006; toMáS et al. 2016).

F12 Bioclastic benthic foraminifera (imperforate) 
wackestone–packstone
The main constituents of this facies are porcellaneous 
foraminifera which form a diverse assemblage. The as-
semblage includes individuals of Archaias, Peneroplis, 
Austrotrillina, Pyrgo, Borelis and Meandropsina. Less 

frequent components are small specimens of Neorota-
lia, gastropods and bivalve debris. Texture varies from 
mud- to grain-supported. Walls of most porcellaneous 
foraminifera appear to be thinner than in other facies 
types (Fig. 6h). Hyaline foraminifera are lacking. Gas-
tropod and bivalve fragments increase in abundance 
relatively to facies F11.

Muddy texture and the presence of porcellaneous 
foraminifera in mud- to grain-supported matrix in 
F12 suggest a deposition in a shallow water environ-
ment with low water energy. The diverse porcellaneous 
biotas suggests lagoonal or inner shelf conditions in 
a shallow water environment. The presence of abun-
dant specimens of Archaias indicates a water depth 
of less than 20 meters (geel 2000; corda & Bran-
dano 2003; vaziri-MogHaddaM et al. 2006; BaSSi et al. 
2007; Brandano et al. 2009; BaSSi & neBelSicK 2010, 
langer & Hottinger 2000; Murray 1991; HallocK & 
glenn 1986; WeinMann et al. 2013). Seagrass or algal 
substrates are indicated by the presence of ephiphytic 
foraminifera such as Archaias and Peneroplis.

4. Discussion

4.1. Deposition model

Microfacies analysis including the composition and dis-
tribution of foraminifera are used as key factors to de-
termine the depositional environment of past habitats. 
At the Pir-Sabz Section, the Asmari Formation shows 
that the main components of sediments are larger sym-
biont-bearing benthic foraminifera, coralline algae and 
coral fragments. The composition and distribution of 
twelve facies types suggests a shallowing upward trend 
during the deposition of the Asmari Formation with a 
carbonate platform that is characterized by an inshore-
offshore gradient (Flügel 2010). True coral reef struc-
tures and/or typical oolithic barriers are lacking and 
suggest that the sedimentation of the Asmari Formation 
in the Interior Fars province (north of Kazerun) has 
likely occurred on an open carbonate shelf. The twelve 
facies types identified reflect the facies zonation along 
the carbonate shelf transect from the outer (facies F1) 
and middle shelf (from F2 to F7) towards inner shelf 
habitats (F8 to F12; Figs. 8, 9).

4.2. The coral fauna and its significance

Six coral taxa have been identified in our samples from 
the Pir-Sabz Section. All of them have to be considered 



100 S. Mohsen Hatefi et al.

as zooxanthellate-like (ZL) scleractinian corals accord-
ing to criteria described in (perrin & BoSellini 2012). 
Although evaluation of the taxonomical richness of the 
scleractinian fauna in the Pir-Sabz area is still prelimi-
nary, it should be noted that ZL coral faunas worldwide 
were typically of low to moderate diversity during the 
Early Oligocene and began to diversify from the middle 
to the Late Oligocene (perrin 2002).

All six genera identified in the Pir-Sabz Section are 
known from the Oligocene of the circum-Mediterra-
nean regions. Most of them originated in the Eocene 
of the Tethys or the Caribbean (veron 2000), excepted 
Actinacis and a few doubtful records of Favia recorded 
from the Tethyan Cretaceous. One genus, Actinacis, is 
fossil and disappeared at the end of the Chattian. The 
five other genera are still extant taxa from the Indo-
Pacific coral biogeographical province, with Favia 
and Porites belonging to both present-day Indo-Pacific 
and Western Atlantic Provinces. The four coral species 
identified in the Pir-Sabz Section are all Mediterranean 
taxa. With the exception of Actinacis rollei, which dis-
plays an extended spatial distribution within Mediter-
ranean regions during the Oligocene, the three other 
species are known from the Oligocene of the Eastern 
Mediterranean area (sensu perrin & BoSellini 2012), 
including Caulastrea farsis, which was only known 
from the Abadeh Section in Central Iran (ScHuSter 
2002a). The coral fauna described by ScHuSter (ScHuS-
ter & Wielandt 1999; ScHuSter 2002a) from the Oli-
gocene of Abadeh (Qom Formation; Esfahan-Sirjan 
fore-arc basin, Iran) is a mixture between species of 
Mediterranean affinity and Indo-Pacific species. By 
contrast, the coral fauna of the Pir-Sabz Section ap-
pears to have no species in common with the nearest 
known Indo-Pacific Oligocene ZL-coral fauna of the 
Nari Series of Sind described by duncan (1880), nor 
with the Early Miocene coral fauna of the Makran area 
(Mccall et al. 1994). Therefore, the biogeographical 
affinity of the Pir-Sabz coral fauna is clearly Mediter-
ranean, but due to the need of taxonomical revisions 
of the Sind corals and the preliminary information 
concerning the Asmari corals in the Interior Fars area, 
overlap of a few species with the Indo-Pacific fauna 
cannot be definitively ruled out (Table 3). 

5. Conclusions

The Asmari Formation in the Interior Fars of the 
Zagros Basin consists of a 312 meters sequence of 
medium to massive greyish limestone. Based on the 

appearance and extinction of index microfossils, 3 as-
semblage zones were identified: 1 – Globigerina sp., 
2 – Lepidocyclina, Operculina, Ditrupa and 3 – Ar-
chaias asmaricus – Archaias hensoni. All three as-
semblage zones are of Oligocene age (Late Chattian). 
Twelve facies types, characterized by mud-to-grain 
supported textures in association with the occurrence 
of hyaline and porcellaneous foraminifera, echinoids, 
coralline algae and corals, were deposited in an open 
shelf setting. The outer shelf is characterized by the 
presence of abundant planktonic foraminifera that were 
deposited below the storm wave base. An outer to distal 
middle shelf setting is suggested by the occurrence of 
echinoids and planktonic foraminifera. A distal middle 
shelf habitat is indicated by the occurrence of elongated 
and thin-walled hyaline foraminifera associated with 
coralline algae, echinoids and bryozoan debris. Proxi-
mal middle shelf conditions are reflected by the occur-
rence of robust and lens-shaped hyaline foraminifera in 
association with coral, coralline algae, echinoids and 
bryozoan fragments. A mixture of hyaline/porcella-
neous foraminifera and corals and a gradual transition 
towards porcellaneous foraminiferal assemblages sug-
gest an inner shelf setting. The proximal middle shelf 
assemblages contains non-reefal ZL-coral community 
assemblages that occur as isolated colonies or as small 
coral patches. The biogeographical affinity of this coral 
fauna is strictly Mediterranean, with a marked affinity 
to the eastern Mediterranean Oligocene coral fauna. 
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Table 1. Assemblage zones for the Asmari Formation and Oligocene–Miocene basins in Europe.
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Table 2. Assemblage biozones in the Asmari Formation in the Interior Fars province, Zagros Basin (northeastern flank of 
the Dashtak anticline, north of Kazerun).

Table 3. Oligocene corals identified in the Pir-Sabz Section, Asmari Formation. Symbiotic status from perrin & BoSellini 
(2012).

Species Symbiotic status Regional distribution Known distribution Stratigraphical range
Family Acroporidae Verrill (1902)

Astreopora sp. ZL
Family Actinacididae Vaughan & Wells (1943)

Actinacis rollei reuSS 
(1864) ZL Tethys & 

Mediterranean widespread Late Eocene – Late 
Oligocene

Family Poritidae gray (1842)
Porites sp. ZL

Family Faviidae gregory (1900)
Caulastraea farsis 
ScHuSter (2002a) ZL Mediterranean Abadeh Section, Central Iran, 

E. Mediterranean Late Oligocene

Favia sp. 2 sensu 
ScHuSter (2002b) ZL Mediterranean Doutsiko, Mesohellenic Basin, 

E. Mediterranean Late Oligocene

Leptoria bithecata 
ScHuSter (2002b) ZL Mediterranean Doutsiko, Mesohellenic Basin, 

E. Mediterranean
Early and Late 
Oligocene


