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Abstract The Lower Cretaceous Fahliyan Formation,

part of the Khami Group, unconformably overlies the Hith

Formation and is conformably overlain by the Gadvan

Formation in the study area in southern Iran. The Fahliyan

Formation is a reservoir rock in Zagros Basin. This for-

mation was investigated by a detailed petrographic analysis

in order to clarify the depositional facies and sedimentary

environment in the Kuh-e Siah Anticline in Boushehr

Province. Petrographic studies led to the recognition of 25

microfacies that were deposited in four facies belts: tidal

flat, lagoon, and shoal in inner ramp and shallow open-

marine in mid-ramp environment. An absence of turbidite

deposits, reefal facies, and gradual facies changes indicate

that the Fahliyan Formation was deposited on a carbonate

ramp. Calcareous algae and benthic foraminifera are

abundant in the shallow marine carbonates of the Fahliyan

Formation. These skeletal grains have been studied in order

to increase the understanding of their distributions in time

and space. A total of ten genera belonging to different

groups of calcareous algae and 16 genera of benthic

foraminifera are recognized from the Fahliyan Formation

at Kuh-e Siah section.

Keywords Microfacies � Calcareous algae � Benthic

foraminifer � Carbonate ramp environment � Fahliyan

Formation � Zagros � Iran

Introduction

The Mesozoic carbonate systems of the Arabian Plate form

one of the richest hydrocarbon provinces of the world. This

is mostly due to the combination of their large scale and the

presence of source rock, reservoir, and seal facies within the

same depositional system (e.g., Murris 1980). The remark-

able concentration of the three fundamental ingredients of a

petroleum system is to a large extent due to the repeated

formation of organic-rich shallow basins upon the Arabian

Plate. Their formation within large carbonate platform

successions assured the presence of significant source rock

accumulations next to, and in immediate contact with,

potential reservoir facies (Van Buchem et al. 2002).

The Kuh-e Siah anticline is located 25 km northeast of

Khormoj City, Boushehr Province, in southern Iran

(Fig. 1). The Fahliyan Formation was studied in detail at

51�310 E and 28�500 N in this paper.

The Fahliyan Formation in the Kuh-e Siah surface sec-

tion overlies the evaporites of the Upper Jurassic Hith

Formation with unconformable contact and underlies the

Lower Cretaceous Gadvan Formation conformably

(Fig. 2).

The Fahliyan Formation in the Kuh-e Siah area contains

limestone and dolomite that were deposited in four facies

belts in a ramp environment.

The goals of this study are: to determine the dasycla-

dacean algae and benthic foraminifer genera, to present the

main microfacies, and to interpret the depositional envi-

ronment of the Fahliyan Formation.
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Geological setting

The Kuh-e Siah anticline is located in Fars Salient in the

south of the Zagros fold-thrust belt (ZFTB) (Fig. 3). The

ZFTB in Iran forms the external part of the Zagros active

orogenic wedge. It includes a sequence of heterogeneous

latest Neoproterozoic–Phanerozoic sedimentary cover strata,

about 7–12 km thick (Alavi 2007).

The Zagros fold-thrust belt is the deformed state of the

Zagros sedimentary basin, a basin that extended over the

northeastern (present coordinates) Afro-Arabian continen-

tal margin and was affected by the Early Cretaceous to

present Zagros Orogeny. The Zagros fold-thrust belt, as the

external part of the Zagros Orogen (Alavi 1980, 1994),

extends southeast for nearly 2,000 km from southeastern

Turkey through northern Syria and northeastern Iraq to

western and southern Iran. The north western boundary of

the Zagros Orogen is chosen to be the East Anatolian

strike-slip fault (EAF) in southeastern Turkey and the

southeastern boundary of the Orogen is the Oman Line

(Falcon 1969) (Fig. 3).

The Zagros Orogen consists of three distinctive parallel

tectonic zones (Fig. 3) which from the northeast to the

southwest are: Urumieh–Dokhtar magmatic assemblage

Fig. 1 Location map of the

Kuh-e Siah section in SW Iran

(adapted from Fakhari 1994)
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(UDMA), Zagros imbricate zone (ZIZ), and Zagros fold-

thrust belt (ZFTB). The Zagros fold-thrust belt (the Zagros

‘‘simple folded zone’’ of Falcon 1974), with an average

width of 300 km, extends parallel and to the southwest of

the ZIZ. It constitutes the external (hence less-strained)

part of the orogen. In contrast to the ZIZ, in which exposed

structures are predominantly thrust faults, the ZFTB is

distinguished by its long (up to 150–200 km), en echelon,

‘‘whale-back’’ anticlines, which are spectacularly displayed

on satellite images (Alavi 2007).

The salients and recesses of the Zagros fold-thrust belt

from southeast to northwest are as: Fars salient, Dezful

recess (formerly ‘‘Dezful embayment’’), Lorestan salient

in Iran, and Karkuk recess (Karkuk embayment) in Iraq

(Alavi 2007).

At the beginning of the Cretaceous period, SW Iran was

located just north of the equator (less than 5�), and the

large-scale basin configuration had just changed from one

of a differentiated passive-margin of shallow and deep

shelves and intra-shelf basins which characterized the

Jurassic (Murris 1980) to that of a very low relief passive-

margin ramp setting (Al-Fares et al. 1998).

The sedimentary column in the Zagros Mountains is

classified into four groups of rocks accumulated in differ-

ent tectonosedimentary environments through latest Neo-

proterozoic to Phanerozoic (Alavi 2004, 2007). The

lowermost Jurassic to upper Turonian strata (third group)

form a number of megasequences that accumulated on a

shallow continental shelf, facing N and NE towards Neo-

Tethys in a paleoequatorial setting (Alavi 2004). Facies and

thickness changes in a short distance have been reported at

various stratigraphic sections in the Lower Cretaceous

sediments in the Zagros sedimentary basin (Setudehnia

1978; Sepehr and Cosgrove 2004). Alavi (2004) concluded

that facies variation, from SW to NE of Zagros Basin

through the Upper Jurassic to Lower Cretaceous, is due to

reactivation of pre-existing, predominantly N–S-trending

structural elements.

In Tithonian time, the climate in Middle East became

arid, so that extensive evaporites were deposited in a

Fig. 2 Outcrop views of the Fahliyan Formation in the Kuh-e Siah

section. a General view showing the Fahliyan Formation. b Lower

boundary of the Fahliyan Formation with the underlying Hith

Formation. c Upper boundary of the Fahliyan Formation with the

overlying Gadvan Formation
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sabkha environment. During the Early Cretaceous, there

was a gradual return to a more humid climate and ramp-

type carbonate deposition replaced the differential shelf. In

the Early to Middle Valanginian, a wide carbonate plat-

form existed. Through the Hauterivian and Barremian, the

trend of abundant clastic influx continued (Murris 1980).

The type section of the Fahliyan Formation is situated

on the south flank of Kuh-e Dal, near Fahliyan Village,

about 10 km north of Norabad Mamasani City, in the Za-

gros Mountains. The Fahliyan Formation is a massive

oolitic to pellety limestone with minor contemporaneous

brecciation in the basal part at the type section (James and

Wynd 1965). Variation in relative sea level led to the

deposition of two, third-order sequences in the type section

with sequence boundary types I and II in the Fahliyan

Formation with Neocomian age. The facies patterns clearly

indicate relative sea-level variations (Adabi et al. 2010).

Limestone sequences of the Sulaiy and Yamama For-

mations in Saudi Arabia/Iraq and the Minagish Formation

in Kuwait, and shale/sandstone interbedded limestone

sequences of the Ratawi Formation in Kuwait/Iraq are the

time equivalents of the Fahliyan Formation (Fig. 4). The

Yamama Formation in the Iraq consists of pelleted oolitic

and pseudo-oolitic carbonates, with abundant oomoldic and

vuggy porosities.

Ziegler (2001) suggested a shelf platform of the Arabian

Plate that was covered by shallow-water carbonates of the

Yamama Formation during the Berriasian to Valanginian

(144–132 Ma). Also, Sadooni (1997) proposed sedimen-

tation of Yamama Formation in SE Iraq on a leeward ramp

on the gentle slope of the Arabian Platform. The Berri-

asian-Valanginian Minagish Formation in an oilfield in

north Kuwait was deposited on a homoclinal carbonate

ramp (Davis et al. 1997). During the Neocomian-Aptian,

shallow-water carbonate sediments, containing a rich

assemblage of foraminifers and calcareous algae were

deposited in Zagros Mountains (Parvaneh Nejad Shirazi

2008). The Lower Cretaceous Fahliyan Formation was

formed on a homoclinal gently sloped carbonate ramp in

the studied area.

Materials and methods

Field studies, microscope-based investigations, and mi-

crofacies analyses were carried out on Kuh-e Siah outcrop

Fig. 3 Subdivisions of the Zagros orogenic belt (after Alavi 2007,

with some changes). Abbreviations: DR Dezful recess; EAF East

Anatolian Fault; FS Fars salient; KR Karkuk recess; LS Lorestan

salient; MFF Mountain front flexure; OL Oman Line; UDMA

Urumieh–Dokhtar magmatic assemblage; ZDF Zagros deformational

front; ZFTB Zagros fold-thrust belt; ZIZ Zagros imbricate zone; ZS
Zagros suture
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section and 238 thin sections of the Lower Cretaceous

Fahliyan Formation from outcrop were prepared.

For petrographic analysis, the grain and matrix per-

centages were estimated using visual percentage charts

(Flügel 1982). Dunham (1962) and Folk (1962) classifi-

cations were used for carbonate facies nomenclature. The

Wilson (1975) and Flügel (2004) facies belt descriptions

and sedimentary models were applied.

Facies types and depositional setting were interpreted

based on analyses of matrix and grains, compositional and

textural fabric, fossil content, energy index classification

and sedimentary data and by comparison with modern

environments (e.g., Wilson 1975; Tucker and Wright 1990;

Flügel 2004). Abundance of large benthic foraminifera,

green algae, sponge spicules, molluscs and echinoderms,

and non-skeletal grains (e.g., ooids, intraclasts, peloids, and

aggregate grains) was considered. Sedimentologic textures

and structures have been considered qualitatively.

Facies analysis and depositional environment

The thickness of the Fahliyan Formation in the Kuh-e Siah

area is 306 m and it contains stromatolitic layers and a

large variety of skeletal and non-skeletal grains, calcite

cements, micrite, and late diagenetic dolomites (Figs. 5

and 6).

Skeletal grains are mostly dasycladacean algae, benthic

foraminifera, gastropods, crinoids/echinoids, sponge

spicules, and bivalves. Non-skeletal grains are abundant

and consist mainly of ooids, intraclasts, peloids, and

aggregate grains (Figs. 5 and 6).

Based on lithology, sedimentary characteristics, tex-

tures, and fossil contents of outcrop samples from the study

area, there are 25 microfacies types in the Fahliyan For-

mation. Four main facies associations were distinguished,

from distal to proximal, these are: shallow open-marine,

shoal, lagoon, and tidal flat. These facies are described

briefly below.

Shallow open-marine facies belt

This facies belt comprised lime mudstone, sponge spicule

wackestone, sponge spicule-echinoderm wackestone, and

bioclast-sponge spicule wackestone. Bioclasts are composed

mainly of sponge spicules and echinoid/crinoid remains.

Subordinate are thin-shelled bivalves, benthic foraminifera,

and dasycladacean algal fragments that are not in situ. Due to

lack of reefal facies in the Fahliyan Formation, algal frag-

ments can be transported from lagoon to the shallow open-

marine environment (Flügel 2004). The dominance of

sponge spicules, the great amount of micrite, the scarcity of

benthic foraminifera and dasycladacean algae accompanied

by pyritization suggest a shallow, open-marine, and low-

energy depositional environment.

The open-marine facies belt was developed at the sea-

ward part of the platform margin. Sponge spicules-bioclast

Fig. 4 Lithostratigraphic chart of the Cretaceous of the Arabian Plate (Christian 1997 with some changes)
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wackestones are deposited in shallower parts, whereas

subordinate transported fragments of lagoonal environment

(e.g., some benthic foraminifera and dasycladacean algae)

are present. Mudstone to fossiliferous mudstone facies has

a large amount of mud and a low content of bioclasts (e.g.,

sponge spicule and thin-shelled bivalve) and therefore

indicates deeper parts of the basin. Due to the lack of

effective porosity, this facies belt has no reservoir quality.

Fig. 5 Stratigraphic column of the Fahliyan Formation in the Kuh-e Siah section with microfacies, microfossils, and depositional environments
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These microfacies from distal to proximal environments

consist of:

Mudstone

This microfacies consist of micrite with less than 10%

bioclasts (Fig. 7a). Bioclasts mainly are sponge spicules

and echinoid/crinoid remains with subordinate bivalve,

gastropod, small benthic foraminifer, green algae (such as

Acicularia sp.), and shell fragments. This microfacies is

equivalent to a fossiliferous micrite. Bioturbation is com-

mon. Pyritization is the major diagenetic process of this

microfacies. Partial dolomitization also occurs in some

intervals. Large amounts of micrite are indicative for a

low-energy environment. This microfacies is comparable

to SMF3 and RMF2 of Wilson (1975) and Flügel (2004),

respectively.

Sponge spicule wackestone

This microfacies is dominated by sponge spicules

(20–40%) with less than 10% of other bioclasts (Fig. 7b).

Subordinate bioclasts comprise mainly echinoid/crinoid

remains, thin-shelled bivalves, gastropod, stromatoporoid,

and algal fragments as well as benthic foraminifera such as

Lenticulina sp. and Trocholina sp. Authigenic quartz and

pyrite are the non-carbonate components present (Fig. 7c).

This microfacies is comparable to SMF8 and RMF3 of

Wilson (1975) and Flügel (2004), respectively, and corre-

sponds to biomicrite according to Folk (1962).

Sponge spicule-echinoderm wackestone

The main allochems of this microfacies are echinoderm

(15%) and sponge spicules (10%) (Fig. 7d). Large amounts

of shell fragments are also present. Bivalves, gastropods,

stromatoporoids, green algae, and benthic foraminifera are

rare. Pyritization is the major diagenetic process. This

microfacies is comparable to SMF12 and RMF7 of Wilson

(1975) and Flügel (2004) as well as biomicrite of Folk

(1962).

Bioclast-sponge spicule wackestone

This microfacies is dominated by sponge spicules (20%) as

well as subordinate thin-shelled bivalves and echinoid/

crinoid fragments. Dasycladacean algae, Lithocodium

aggregatum, benthic foraminifera, gastropods, stromatop-

oroid, and bivalves are also present (Fig. 7e). Bioturbation

is common. This microfacies is comparable to SMF8 and

RMF3 of Wilson (1975) and Flügel (2004), respectively

(biomicrite according to Folk 1962). Due to lack of a

Fig. 6 Legend of Fahliyan Formation stratigraphic column in the Kuh-e Siah section
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rimmed margin in the Fahliyan Formation, movement of

sediments was common and algal fragments could be

transported from lagoon to shallow open-marine

environments.

Shoal facies belt

The shoal facies belt was deposited in the platform margin

sub-environment. Eight microfacies are associated in this

sub-environment and are composed mainly of intraclasts,

ooids, peloids, bioclasts, and aggregate grains. Some ooids

are diagenetically altered by micritization and cementation

(first generation of fibrous and bladed cements followed by

equant or blocky cements). The abundance of allochems,

grain-supported texture, concentric ooids, good sorting and

roundness and subordinate mud content of this facies belt

indicate high-energy conditions (Tucker et al. 1993; Lucia

1999; Palma et al. 2007; Reolid et al. 2007; Adabi et al.

2010). All facies of this belt have no mud except the

aggregate-peloid packstone/grainstone, an environment

with lower energy conditions close to the lagoon as is

indicated by the abundance of Clypeina sp.

Based on faunal and lithological composition, this facies

belt developed within an inner ramp environment of the

lower parts of Kuh-e Siah section (Figs. 5 and 6).

Propagation of carbonate shoals is one of the factors that

characterize ramp environments (Elrick and Read 1991).

Peloids present in this facies belt show a transition from

low-energy to high-energy conditions. The presence of

intraclasts and peloids with sparry cement forms a peloid-

intraclast grainstone facies characteristic of channels which

cut shoals (Tucker and Wright 1990). This microfacies is

considered as high-energy shoal facies (Adabi et al. 2010).

The main porosities in this facies belts are interparticle,

intraparticle, vuggy, and moldic that are partially filled

with sparry cements. Dissolution, micritization, cementa-

tion, physical compaction, and in some intervals dolomi-

tization are major diagenetic fabrics.

Intraclast grainstone

Intraclasts (*25%) with good roundness are the dominant

component here (Fig. 7f). The size of intraclasts varies

from 100 lm to 4 mm (intraclasts were observed in two

size classes). Micritic peloids (5%) are also present. Dis-

solution and cementation (equant cement) are the main

diagenetic fabrics in this facies. This microfacies is com-

parable to SMF14 and RMF11 of Wilson (1975) and Flügel

(2004), respectively. This microfacies is an intrasparite

according to Folk (1962).

Peloid-intraclast grainstone

Intraclasts (*30%) and peloids (*25%) are the dominant

components (Fig. 7g). Intraclasts have good roundness

with 500 lm to 4 mm in size. Bioclast (*5%) include

green algae (such as Salpingoporella sp.), benthic forami-

nifera (such as Praechrysalidina infracretacea), gastro-

pods, echinoderms, and Lithocodium aggregatum, *5%

ooids are present. This microfacies is comparable to

SMF14 and RMF11 of Wilson (1975) and Flügel (2004),

respectively. This microfacies is a pelintrasparite (Folk

1962).

Bioclast-intraclast grainstone

This microfacies is characterized by the abundance of

coarse intraclasts (*30%) with up to 2 mm size (as flat

pebble conglomerate) and bioclasts (*15%) (Fig. 7h).

Bioclasts of this microfacies consisted of gastropods, bra-

chiopods, green algae (such as Salpingoporella sp. and

Angioporella sp.), benthic foraminifers (such as Textularia

sp. and Praechrysalidina infracretacea), echinoderms and

Lithocodium aggregatum. Peloids and ooids are subordi-

nate components. This microfacies is a biointrasparite

according to Folk (1962). Good roundness of intraclasts

proof high-energy conditions. Intraclasts have different

textures such as ooid packstone/grainstone and bioclast

wackestone with signs of transportation of intraclasts from

different parts of basin such as from the lagoon. The

presence of allochems in sparry calcite cement with lack of

micritic matrix points to high-energy conditions. This mi-

crofacies is comparable to SMF18 and RMF26 of Wilson

(1975) and Flügel (2004), respectively.

Fig. 7 Microfacies of the Kuh-e Siah section. a Mudstone, open-

marine facies, sample RAP.10879 (plane polarized light). b Sponge

spicule wackestone, open-marine facies, sample RAP.10815, PPL.

c Authigenic quartz in sponge spicule wackestone, open-marine facies,

sample RAP.10815, PPL. d Sponge spicules-echinoderm wackestone,

shallow open-marine facies, sample RAP.10880, PPL. e Bioclast-

sponge spicule wackestone, open-marine facies, sample RAP.10857,

PPL. f Intraclast grainstone, shoal facies, sample RAP.10808, PPL.

g Peloid-intraclast grainstone, shoal facies, sample RAP.10802,

PPL. h Bioclast-intraclast grainstone, shoal facies, sample RAP.

10798, PPL. i Aggregate-intraclast grainstone, shoal facies, sample

RAP.10796, PPL. j Ooid grainstone, shoal facies, sample RAP.10807,

PPL. k Ooid-peloid grainstone, shoal facies, sample RAP.10803, PPL.

l Intraclast-Clypeina grainstone, shoal facies, arrows indicate Clypeina
jurassica, sample RAP.10804, PPL. m Aggregate-peloid packstone/

grainstone, shoal facies, near lagoon, sample RAP.10797, PPL.

n Valdanchella-peloid wackestone/packstone, lagoon facies, sample

RAP.10825, PPL. o Peloid-textularid wackestone/packstone, lagoon

facies, sample RAP.10874, PPL

b
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Aggregate-intraclast grainstone

Intraclasts (*30%) and aggregate grains (*20%) are the

dominant components (Fig. 7i). Bioclasts, ooids, and pe-

loids are also present (*10%). This microfacies is an

intrasparite according to Folk (1962). The presence of in-

traclasts and aggregate grains in sparry calcite cement is

indicative of high-energy conditions (Adabi et al. 2010).

Bioclasts are composed of gastropods, benthic foraminifers

(such as Praechrysalidina infracretacea), and dasyclada-

cean algae (e.g., Salpingoporella sp.). This microfacies is

comparable to SMF17 and RMF26 of Wilson (1975) and

Flügel (2004), respectively. This microfacies indicates

temporarily quiet energetic periods so that aggregates can

be formed.

Ooid grainstone

This microfacies is characterized by a high abundance of

ooid with concentric structure (*40%) (Fig. 7j). Subor-

dinate bioclast, intraclast and aggregate grains are also

present. Bioclasts of this microfacies consist of gastropods,

echinoderms and benthic foraminifers (mainly Praechry-

salidina infracretacea). This microfacies is an oosparite

according to Folk (1962). Composite and half moon ooids

as well as ooids with bioclast nuclei are observed in this

facies. This microfacies is comparable to SMF15 and

RMF29 of Wilson (1975) and Flügel (2004), respectively.

Ooid-peloid grainstone

This microfacies is characterized by a high abundance of

peloids (*30%) and micritized small ooids (*25%)

(Fig. 7k). Peloids have good sorting and roundness with

*0.4 mm size. Subordinate intraclasts, aggregate grains

and bioclasts are also present. Bioclasts of this microfacies

are composed of gastropods, echinoderms, benthic fora-

minifers (mainly Praechrysalidina infracretacea), and da-

sycladacean algae. This microfacies is a peloosparite

according to Folk (1962). This microfacies is comparable

to SMF16 and RMF29 of Wilson (1975) and Flügel (2004),

respectively.

Intraclast-Clypeina grainstone

This microfacies is characterized by the presence of

abundant Clypeina jurassica (*50%) and intraclast

(*15%) (Fig. 7l, intrabiosparite of Folk 1962). The lack of

muddy matrix in this microfacies shows deposition in a

high-energy environment. This microfacies is comparable

to SMF18 and RMF26 of Wilson (1975) and Flügel (2004),

respectively.

Aggregate-peloid packstone/grainstone

Peloids (up to 30%) and aggregate grains (10–15%) are the

dominant components of this microfacies (Fig. 7m, pelsp-

arite of Folk 1962). Subordinate bioclasts (dasycladacean

algae) and ooids are also present. This microfacies is

comparable to SMF16 and RMF27 of Wilson (1975) and

Flügel (2004), respectively.

Lagoon facies belt

Eight microfacies are associated with the lagoon sub-

environment. It is characterized by large amounts of mud

and the presence of abundant benthic foraminifers and

calcareous green algae associated with gastropods and

bivalves (Purser 1973; Tucker and Wright 1990; Flügel

2004; Husinec and Sokač 2006; Bachmann and Hirsch

2006; Palma et al. 2007; Adabi et al. 2010). Calcareous

algae are common in shallow-marine limestone of Creta-

ceous strata in the Zagros Mountains in SW Iran (Parvaneh

Nejad Shirazi 2008; Mosadegh and Parvaneh Nejad Shirazi

2009; Adabi et al. 2010). Dasycladacean algae inhabit

illuminated warm seas with normal salinity and are com-

mon in 3–5 m water depth (Wray 1977; Riding 1991).

Diverse skeletal grains with abundant calcareous green

algae present in the Fahliyan Formation. Some petro-

graphic evidence such as an abundance of aragonite skel-

etal and non-skeletal components calls for a sub-tropical

environment with original aragonite mineralogy (Adabi

et al. 2010).

Some components of the shallow open-marine envi-

ronment were transported by storm wave into the lagoon

(e.g., sponge spicules). Calcareous sponge spicules are also

present in low-energy environments with normal salinity in

depths of about 10 m and are associated with green algae

fragments (Wells 1965). Based on faunal and lithological

composition, this facies belt is part of the inner ramp

environment.

In the lagoon sub-environments bioclasts have a high

diversity and are associated with peloids (Bachmann and

Hirsch 2006; Adabi et al. 2010). Peloids are common in

some microfacies in this facies belt. Bioclastic peloid

packstones suggest higher energy conditions in a shallow

subtidal setting (Flügel 2004). The wackestone and pack-

stone textures indicate deposition in the proximal part of a

subtidal lagoon (Lasemi et al. 2008).

All of the facies in this facies belt deposited in the

lagoon sub-environment, but differ from each other by

their skeletal grain composition. Skeletal grains are in

micritic matrix and thus were deposited under low-energy

conditions.
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Micritization is one of the commonest destructive pro-

cesses in this sub-environment. One of the main charac-

teristics of the lagoon is that almost all aragonite shells

(e.g., Trocholina sp.) are preserved as moulds that are filled

with sparry calcite cement (Booler and Tucker 2002).

Boring and cementation are the other taphonomic features

that are observed. Dissolution and vuggy porosity in bio-

clast-peloid packstone facies is high. This microfacies is

located near the tidal flat sub-environment.

Valdanchella-peloid wackestone/packstone

This microfacies consists mainly of peloids (*20%) and

tests of the benthic foraminifer Valdanchella sp.) (*15%)

(Fig. 7n). Subordinate benthic foraminifers (such as Tex-

tularia sp., Praechrysalidina infracretacea, Praechrysali-

dina sp., Nautiloculina sp., Siphovalvulina sp., and

Trocholina sp.), dasycladacean algae, Lithocodium ag-

gregatum, gastropods, stromatoporoids, echinoid/crinoid

remains and sponge spicules are also observed (biopel-

micrite according to Folk 1962). Partly washed micrite

shows increasing water energy and indicates higher

energy parts of lagoon. This microfacies is comparable to

SMF10 and RMF13 of Wilson (1975) and Flügel (2004),

respectively.

Peloid-textularid wackestone/packstone

This microfacies consists mainly of benthic foraminifera

(Textularidae) (*30%) and peloids of 300-lm size

(*15%) with good sorting and roundness (Fig. 7o). Sub-

ordinate benthic foraminifera (such as Miliolidae, Cuneolina

sp., Trocholina sp., Pseudocyclammina sp., Pseudocyclam-

mina lituus, Praechrysalidina sp., Nautiloculina sp., and

Siphovalvulina sp.), green algae (such as Acicularia sp.),

gastropods, stromatoporoids, echinoid/crinoid remains,

bivalves, brachiopods, sponge spicules, and shell fragments

are also present (pelbiomicrite according to Folk 1962).

Pyrite (10%) is observed in some intervals. This microfacies

is comparable to SMF18 and RMF20 of Wilson (1975) and

Flügel (2004), respectively.

Trocholina wackestone

The main component of this microfacies is Trocholina sp.

(20–40%) (Fig. 8a) and it corresponds to a biomicrite of

Folk (1962). Moulds of Trocholina sp. are filled by sparry

calcite cement and show the unstable mineralogy (arago-

nite) of this foraminifer (Figs. 8b and c). Subordinate

skeletal grains are sponge spicules, gastropods, bivalves,

echinoid/crinoid remains, dasycladacean algae (such as

Salpingoporella sp.), Lithocodium aggregatum, benthic

foraminifers (e.g., miliolids, Textularia sp., Pseudocy-

clammina lituus, Praechrysalidina infracretacea, Lenticu-

lina sp., Siphovalvulina sp., and Nezzazata sp.) and shell

fragments. Also, 2% authigenic quartz is seen in some

intervals. This microfacies is comparable to SMF18 and

RMF20 of Wilson (1975) and Flügel (2004), respectively.

Pseudocyclammina wackestone

The main component of this microfacies is Pseudocy-

clammina lituus (20–30%) (Fig. 8d). Subordinate skeletal

grains are sponge spicules, gastropods, bivalves, stroma-

toporoids, echinoid/crinoid debris, dasycladacean algae,

benthic foraminifers (e.g., miliolids, Textularia sp.,

Trocholina sp., Praechrysalidina sp., and Lenticulina sp.)

and shell fragments. This microfacies corresponds to a

biomicrite according to Folk (1962) and comparable to

SMF18 and RMF13 of Wilson (1975) and Flügel (2004),

respectively.

Salpingoporella wackestone/packstone

The main feature of this facies is the dominance of green

algae (Salpingoporella sp.) (*40%) (Fig. 8e); it corre-

sponds to a biomicrite according to Folk (1962). Other

minor biogenic components include sponge spicules, gas-

tropods, Lithocodium aggregatum, echinoid/crinoid debris

and benthic foraminifera (e.g., Trocholina sp., miliolids,

Praechrysalidina infracretacea, and Pseudocyclammina

lituus). The presence of dasycladacean green algae sug-

gests a very shallow marine setting (Wray 1977). These

bioclasts are characteristic for a lagoon sub-environment

(Wray 1977; Riding 1991, 2000; Adabi et al. 2010). This

microfacies is comparable to SMF18 and RMF17 of

Wilson (1975) and Flügel (2004), respectively.

Bioclast wackestone/packstone

The predominant skeletal grains are dasycladacean algae

(mainly Salpingoporella sp. and minor Actinoporella

podolica, Actinoporella sp. and Acicularia sp.) associated

with benthic foraminifers (e.g., Miliolidae, Trocholina sp.,

Pseudocyclammina lituus, Nautiloculina sp., Praechrysal-

idina infracretacea, Lenticulina sp. and Textularia sp.)

(*20–30%) (Fig. 8f). Other bioclast components are

sponge spicules, stromatoporoids, Lithocodium aggrega-

tum, gastropods, bivalves, echinoid/crinoid remains, and

shell fragments. Non-carbonate grains such as authigenic

quartz (2–5%) and pyrite (2–10%) are observed. This mi-

crofacies is a biomicrite according to Folk (1962) and

comparable to SMF18 and RMF20 of Wilson (1975) and

Flügel (2004), respectively.
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Lithocodium wackestone

The predominant skeletal grain is Lithocodium aggregatum

(*30%) (Fig. 8g). Subordinate biogenic components

include gastropods, dasycladacean algae, stromatoporoids,

echinoid/crinoid debris, benthic foraminifers, sponge

spicules, and bivalves. In some intervals, *10% intraclast

is observed. Authigenic quartz is present in some intervals.

This microfacies (biomicrite sensu Folk 1962) is compa-

rable to SMF18 and RMF17 of Wilson (1975) and Flügel

(2004), respectively.

Bioclast-peloid packstone

This microfacies consists mainly of peloids (*40%) and

bioclasts (mainly gastropods and small benthic foraminif-

era) (*10%). Peloids are well sorted and rounded

(Fig. 8h). Dasycladacean algae (Salpingoporella sp.) are

the other minor biogenic components. Ooids (*2%) and

intraclasts (*5%) are also present in some intervals. This

microfacies, a biopelmicrite sensu Folk (1962), is compa-

rable to SMF16 and RMF20 of Wilson (1975) and Flügel

(2004), respectively.

Tidal flat facies belt

Five microfacies are recognized in this sub-environment.

Strong dissolution processes and abundant vuggy porosity,

lamination, presence of silt, and sand-sized quartz and

fenestral fabric suggest deposition in supratidal to intertidal

environment. Low diversity faunal assemblages imply

stressed paleoecological conditions such as elevated

salinities. These criteria and association with shallow-

marine facies suggest a peritidal sub-environment (Adabi

2009; Bodzioch 2003). Stromatolite boundstone is also

observed and interpreted to have been deposited in inter-

tidal to supratidal environment (Palma et al. 2007).

Peloid-ooid grainstone

This microfacies is characterized by a high abundance of

ooids (* 30%) and peloids (*20%) (Fig. 8i). Subordi-

nate aggregate grains are also present. Different kinds of

ooids such as superficial ooids, composite ooids, micritic

ooids and spastoliths have been observed in this mi-

crofacies. These ooids are affected by dissolution and

therefore moldic porosity (oomold) is created. This facies

is located in the lower part of Kuh-e Siah section (Figs. 5

and 6). Association of this facies with dolomitized facies

of tidal flat sub-environment, lack of bioclasts, wide-

spread dissolution and abundant vuggy porosity indicate

a tidal flat sub-environment (Flügel 2004). This microf-

acies (oosparite sensu Folk 1962) is comparable to

SMF15 and RMF29 of Wilson (1975) and Flügel (2004),

respectively.

Alternation of peloid wackestone and peloid packstone/

grainstone

This microfacies consists mainly of peloids (*20% in

peloid wackestone and *40% in peloid packstone/grain-

stone) (Fig. 8j) and corresponds to a pelmicrite to pelspa-

rite according to Folk (1962). This alternation caused the

lamination. Presence of lamination, the low amount of bi-

oclasts and occurrence of fenestral porosity show a tidal

flat environment (Fig. 8k). Partly dolomitization is the

main diagenetic feature in this facies. This microfacies is

comparable to SMF16 and RMF22 of Wilson (1975) and

Flügel (2004), respectively.

Intraclast wackestone

The main components of this microfacies are intraclasts

(*20%) (Fig. 8l), and it consequently has been named

intramicrite according to Folk (1962). Lack of bioclasts,

fenestral porosity and association with tidal flat facies

indicates a tidal flat environment. Quartz grains (*2%)

with 50–80 lm (probably transported by wind) are

also observed. This microfacies is comparable to SMF24

and RMF24 of Wilson (1975) and Flügel (2004),

respectively.

Peloid-intraclast wackestone/packstone

This microfacies consists of intraclasts (*25%) and pe-

loids (*20%) (Fig. 8m). Pisoids are also present in this

facies (*10%) (Fig. 8n). Silt-sized (40–50 lm) quartz

Fig. 8 Microfacies of the Kuh-e Siah section. a Trocholina wacke-

stone, lagoon facies, sample RAP.10855, PPL. b Mold of Trocholina
sp. has been filled with sparry calcite cement, lagoon facies, sample

RAP.10852, PPL. c Mold of Trocholina sp. has been filled with sparry

cement, lagoon facies, sample RAP.10852 (cross polarized light).

d Pseudocyclammina wackestone, lagoon facies, arrow shows

Pseudocyclammina lituus, sample RAP.10824, PPL. e Salpingoporella
wackestone/packstone, lagoon facies, sample RAP.10819, PPL.

f Bioclast wackestone/packstone, lagoon facies, sample RAP.10828,

PPL. g Lithocodium wackestone, lagoon facies, sample RAP.10812,

PPL. h Bioclast-peloid packstone, lagoon facies, sample RAP.10799,

PPL. i Peloid-ooid grainstone, tidal flat facies, sample RAP.10794,

PPL. j Alternation of peloid wackestone and peloid packstone/

grainstone, tidal flat facies, sample RAP.10809, PPL. k Fenestral

porosity, tidal flat facies, sample RAP.10809, PPL. l Intraclast

wackestone, tidal flat facies, sample RAP.10810, PPL. m Peloid-

intraclast wackestone/packstone, tidal flat facies, sample RAP.10841,

PPL. n Pisoid in peloid-intraclast wackestone/packstone, tidal flat

facies, sample RAP.10841, PPL. o Stromatolite boundstone, tidal flat

facies, sample RAP.10834, PPL

b
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(transported by wind) is observed in this facies (*20%).

This facies underwent extensive dissolution. Fenestral,

vuggy, and moldic porosities are the main porosities in this

facies. This microfacies corresponds to a pelintramicrite

according to Folk (1962) and was deposited in upper

intertidal to supratidal sub-environment. This microfacies

is comparable to SMF24 and RMF24 of Wilson (1975) and

Flügel (2004), respectively.

Stromatolite boundstone

This microfacies consists of stromatolite laminae (Fig. 8o)

and was affected by extensive dissolution and dolomitiza-

tion in some intervals. Mineralization with iron oxide is

seen in some parts. Silt and sand-sized (50–100 lm) quartz

grains (transported by wind) (2–20%) are also observed.

Stromatolite lamination, large amounts of fenestral, and

vuggy porosities show an intertidal to supratidal sub-

environment. This microfacies, a biolithite according to

Folk (1962), is comparable to SMF20 and RMF22 of

Wilson (1975) and Flügel (2004), respectively.

Paleoenvironmental model

The Lower Cretaceous Fahliyan Formation (Neocomian) of

the Zagros Mountains was deposited on a gently dipping

carbonate ramp (Hosseini and Conrad 2008; Mosadegh and

Parvaneh Nejad Shirazi 2009). In this study, this formation

is also interpreted to have been deposited on a carbonate

ramp with a very gentle slope (Fig. 9). The lack of any

marginal reef development, absence of major break of

slope from shoreline into deeper water, no evidence of

resedimentation (e.g., calciturbidites), and the presence of

high-energy grainstone facies are consistent with the Fa-

hliyan Formation having been deposited on a carbonate

ramp (Wright 1986; Tucker et al. 1993).

According to Burchette and Wright (1992), carbonate

ramp environments are separated into (1) the inner ramp

between upper shoreface and FWWB, which is constantly

affected by wave agitation (2) the middle ramp, between

FWWB and storm-wave base with sediment reworking by

storms (water depths between a few tens of meters and

100–200 m), and (3) the outer ramp below normal storm-

wave base down to the basin plain. In the studied section,

the inner ramp depositional environment includes tidal flat,

lagoon and shoal sub-environments, and mid-ramp

includes the shallow open-marine sub-environment. In the

shoal sub-environment, grainstones are common. In the

lagoon, the microfacies are mud-rich and dominated by

benthic foraminifers and green algae. Sponge spicules are

very common in the microfacies of the mid-ramp,

associated with green algae and small benthic foraminifers

in shallower parts (Fig. 9).

Paleoecological analyses

The most important skeletal components of the studied

carbonate samples are calcareous green algae and benthic

foraminifera. These bioclasts are strongly controlled by

local ecological conditions (Husinec and Sokač 2006). In

the absence of open-marine organisms (e.g., planktonic

foraminifera, etc.), which are commonly used in high-res-

olution biostratigraphy, these organisms play a key role in

chronological dating (Husinec and Sokač 2006; Hosseini

and Conrad 2008). We studied the Early Cretaceous benthic

foraminifera and calcareous algae in order to better under-

stand the distribution of these microorganisms and deter-

mination the age of formation. The Fahliyan Formation in

Kuh-e Siah area corresponds with biozone 14, the Neoco-

mian Pseudocyclammina lituus-Trocholina assemblage

zone, and reaches biozone 15, the Choffatella-Cyclammina

assemblage zone of Barremian-Aptian age (Wynd 1965).

We suggest a Neocomian–Early Barremian age for the age

of the Fahliyan Formation here (Figs. 5 and 6).

A total of ten genera belonging to different groups of

calcareous algae and 16 genera of benthic foraminifera

have been recognized from the sedimentary units of the

Kuh-e Siah section (Figs. 10, 11 and 12).

In the Cretaceous of Iran, calcareous algae are one of the

less studied groups compared to the other fossil groups

such as foraminifers, molluscs, and others (Parvaneh Nejad

Shirazi 2008).

Gollestaneh (1965) studied the Upper Jurassic–Lower

Cretaceous calcareous algae in SW Iran for the first time

and reported several taxa from this area. Since then, his

paper was used as a reference for algal identification in

Iran. In this paper, some taxa from the Kuh-e Siah section

in the Zagros Mountains were recognized.

Dasycladacean algae are the most abundant fauna in this

area (Fig. 10). They are associated with subtidal, some-

times restricted (lagoonal) environments (Bucur and

Săsăran 2005).

Calcareous algae in the Fahliyan Formation in the Kuh-e

Siah are illustrated in Fig. 10. The following taxa were

distinguished:

Salpingoporella sp., Salpingoporella annulata, Salpin-

goporella dinarica, Salpingoporella urladanasi, Clypeina

jurassica, Angioporella sp., Cylindroporella sp., Neomeris

sp., Actinoporella sp., Actinoporella podolica, Acicularia

sp., Neoteutloporella sp., Heteroporella lemoinei, Baci-

nella irregularis (Lithocodium aggregatum), an enigmatic

microencruster interpreted as cyanobacteria (e.g., Camoin

and Maurin 1988; Schmid 1996).
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The lower boundary of the Fahliyan Formation is do-

lomitized but the lower intervals are associated with the

appearance of Salpingoporella annulata, Salpingoporella

sp., Clypeina jurassica, Salpingoporella dinarica, Neo-

teutloporella sp., and Heteroporella lemoinei (Figs. 5 and

6). These bioclasts were only observed in the lower part of

the section and indicate Neocomian age. Salpingoporella

annulata was observed in Neocomian times elsewhere

(Husinec and Sokač 2006).

Calcareous algae have traditionally been considered as

very suitable ecological and paleoenvironmental indica-

tions (Wray 1977; Roux 1985; Bosence 1991; Berger and

Kaever 1992; De Castro 1997). As the case with other

fossils, ecological considerations based on dasycladacean

algae are founded on the principle of uniformitarianism.

Jaffrezo (1980) emphasized that the ecological informa-

tion regarding present-day dasycladacean algae is scarce

and, apparently, often contradictory, but some essential

data on the ecology of modern dasycladacean algae are

provided (Valet 1979; Berger and Kaever 1992). The

ecology of living dasycladacean algae is defined by the

relationship with their substrate, temperature, light, and

salinity.

According to Valet (1979), it is not the substrate that

influences the distribution of living dasycladacean algae,

but water temperature determined by the climate. Recent

dasycladacean algae are tropical–subtropical forms and,

even if some degree of variation occurs, they develop best

in warm waters. According to Berger and Kaever (1992),

the temperature tolerance of recent dasycladacean algae is

low with most genera occurring between 20�C isocrymes

(15�C according to Jaffrezo 1980). One of the effects of

low temperatures on these algae is the inhibition of calci-

fication (Bucur and Săsăran 2005). Calcification of some

dasycladacean algae was observed in the studied area,

which indicates high temperature.

According to Valet (1979), most living dasycladacean

algae can hardly tolerate strong light. As far as bathymetry

is concerned, most present-day dasycladacean algae are

known from 0 to 10 m depth interval and they prefer

normal marine conditions.

Benthic foraminifers that were observed in the Fahliyan

Formation in the Kuh-e Siah are illustrated in Figs. 11 and

12. The following taxa were recognized:

Quinqueloculina sp., Trocholina sp., Trocholina elon-

gate, Pseudocyclammina lituus, Pseudocyclammina sp.,

Fig. 9 Schematic diagram of a ramp platform carbonate environment of the Fahliyan Formation. FWWB fair weather wave base; SWB storm

wave base
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Siphovalvulina sp., Belorussiella sp., Praechrysalidina in-

fracretacea, Mayncina sp., Mayncina bulgarica, Pfende-

rina sp., Lenticulina sp., Dukhania sp., Everticyclammina

sp., Evertycyclammina hedbergi, Charentia sp., Nautiloc-

ulina oolithica, Nautiloculina sp., Cuneolina sp., Val-

danchella sp., Choffatella sp.

Pfenderina sp. and Dukhania sp. were only observed in

the lower part of the section and indicate Neocomian age,

but Choffatella sp. was only observed in the upper part

of the section and indicates Early Barremian age (Figs. 5

and 6).

Paleoecological and -bathymetric investigations indicate

that the studied samples were deposited in a tropical

shallow-marine (inner to mid-ramp) platform environment

with salinity ranging from normal marine to hypersaline (in

tidal flat sub-environment). The character of inner-plat-

form, shallow coastal waters, restricts the occurrence of

fully marine organisms and carbonate producers are

restricted to sea grasses, molluscs, benthic foraminifera,

and calcareous green algae (Bosence and Wilson 2003).

Such environments correspond to tidal flat microfacies of

Kuh-e Siah area and those of Early Cretaceous in the area

investigated, which were extensively colonized by almost

exclusively benthic associations (predominantly gastropods

and some foraminifera and calcareous algae in the lagoon

sub-environment).

In Fahliyan Formation of the Kuh-Siah area, subtidal

deposits occur in the external platform area (e.g., bioclast

intraclast grainstone with various bioclast types) and the

internal platform area. The subtidal limestones from the

internal platform are characterized by bioturbated peloidal-

bioclastic muds. Diversity of marine fauna and flora (for

example in bioclast intraclast grainstone microfacies)

indicates open shallow-water environments. Under restric-

tive conditions (for example in bioclast peloid packstone),

biota were less diverse, showing dominance of gastropods

and few small foraminifer species (Fig. 8h).

Among calcareous algae, Salpingoporella annulata and

Actinoporella podolica are indicative mainly for the

internal platform domain, either open, or sometimes

restrictive (lagoonal) (Bucur and Săsăran 2005). These

bioclasts in the Fahliyan Formation were mainly observed

in lagoon and shoal facies belts (Figs. 5 and 6). Salpin-

goporella annulata in some cases is characteristic for

restricted environments where it forms monospecific

assemblages (Bucur and Săsăran 2005), but most of the

authors consider Salpingoporella annulata to be an index

fossil for normal marine environments (Conrad 1977;

Jaffrezo and Renard 1979; Jaffrezo 1980). In the studied

section, Salpingoporella annulata was observed in differ-

ent facies belts such as lagoon, shoal, and shallow open-

marine sub-environments and shows both normal marine

and restricted environments.

Salpingoporella dinarica species deserve special inter-

est in comparison to the other species (Carras et al. 2006).

This species is very tolerant, as shown by the fact that it

flourished in low energy, restricted marine environments

(for a review of the genus Salpingoporella, see Carras et al.

2006). In the studied section, Salpingoporella dinarica was

observed in lagoon sub-environment.

Among benthic foraminifera in the Kuh-e Siah section,

Trocholina sp., Trocholina elongate, Pseudocyclammina

lituus, Pseudocyclammina sp., Siphovalvulina sp., Lentic-

ulina sp., Nautiloculina oolithica, Nautiloculina sp. and

Choffatella sp. were observed in lagoon and shallow open-

marine facies belts, which indicates both normal marine

and restricted environments (Figs. 5 and 6). Pfenderina sp.,

Dukhania sp., Belorussiella sp., Cuneolina sp., Everticy-

clammina sp., and Evertycyclammina hedbergi have low

distribution in the studied area. Pfenderina sp. and Dukh-

ania sp. were only observed in lagoonal environments,

which indicates they prefer restricted environments

(Figs. 5 and 6). Belorussiella sp. and Cuneolina sp. were

observed in lagoon and shoal sub-environments. Prae-

chrysalidina infracretacea has high distribution vertically

and laterally in the Kuh-e Siah section and was distin-

guished in lagoon, shoal, and shallow open-marine facies

belts, which shows that they lived in both normal marine

and restricted environments. Everticyclammina sp. and

Evertycyclammina hedbergi were only recognized in

shallow open-marine sub-environment indicating normal

marine conditions (Figs. 5 and 6).

The Fahliyan Formation overlies the anhydrite containing

Hith Formation in the Kuh-e Siah section. Due to high

evaporation and large amounts of anhydrite deposits, the

Hith Formation is characterized by relatively low diversity

and distribution of fauna and flora in this area. In the Kuh-e

Siah outcrop, different parts can be distinguished in the

carbonate platform of the Fahliyan Formation, ranging from

very shallow water, intertidal setting with algal mats, to high-

energy shoal facies and shallow open-marine wackestones

representing a mid-ramp setting. The shallowest microfacies

Fig. 10 Calcareous algae of the Kuh-e Siah section. a Salpingopo-
rella sp., sample RAP.10798, PPL. b Salpingoporella urladanasi,
sample RAP.10857, PPL. c Salpingoporella dinarica, sample

RAP.10819, PPL. d Salpingoporella annulata, sample RAP.10819,

PPL. e Salpingoporella sp., sample RAP.10859, PPL. f Acicularia sp.,

sample RAP.10859, PPL. g Heteroporella lemoinei, sample RAP.

10820, PPL. h Clypeina jurassica, sample RAP.10804, PPL. i Clype-
ina jurassica, sample RAP.10804, PPL. j Angioporella sp., sample

RAP.10798, PPL. k Bacinella irregularis (Lithocodium aggregatum),
sample RAP. 10812, PPL. l Cylindroporella sp., sample RAP.10859,

PPL. m Neomeris sp., sample RAP.10859, PPL. n Actinoporella
podolica, sample RAP. 10812, PPL. o Neoteutloporell sp. (1) and

Clypeina jurassica (2), sample RAP.10804, PPL

b

Facies (2011) 57:101–122 117

123



118 Facies (2011) 57:101–122

123



have been observed in the lower parts of the formation,

including stromatolites and fenestral fabrics indicative of an

intertidal environment. In the upper parts of this formation,

the microfacies indicating an open-marine environment with

fauna consisting of green algae (dascycladaceans) with

additional Lithocodium and a variety of benthic foraminifera

(Figs. 5 and 6).

The basal boundary of Fahliyan Formation defined as

type I sequence boundary, due to subaerial exposure indi-

cated by brecciated dolomites (Adabi et al. 2010). General

sea-level rise with flooding of the previously exposed areas

allowed the establishment of a regional carbonate platform

during the Neocomian. This was followed by progradation

of the Fahliyan carbonate platform and finally deposition of

the deeper marine Gadvan Formation. The upper boundary

of the Fahliyan Formation is traced by retrogradation of

deeper marine limestone and marls of the Gadvan Forma-

tion (Adabi et al. 2010).

The upper parts of the Fahliyan and Gadvan Formations

were a period of important clay supply in the Kuh-e Siah

section. This part is distinguished by deposition of deeper

microfacies (Figs. 5 and 6). Mud-dominated skeletal

limestone is the dominant facies of the carbonate beds in

the upper parts of the Fahliyan and Gadvan Formations.

The Gadvan Formation is characterized by less diverse

faunal assemblage in the mid-ramp setting, dominated by

bivalves, echinoderms, and sponge spicules (Figs. 5 and 6).

All of this information indicates that the Fahliyan Forma-

tion is part of a transgressive megacycle.

Conclusions

1. In the Fars area (Kuh-e Siah) of Zagros Basin, the

Fahliyan Formation is generally represented by shal-

low-water limestone. It overlies the evaporitic sedi-

ments of the Hith Formation unconformably and is

overlain conformably by dark shale and argillaceous

limestone of the Gadvan Formation.

2. In the Fahliyan Formation, four facies belts were

recognized from the distal to the proximal part of the

platform. These are: open-marine, lagoon, shoal, and

tidal flat.

3. In this area, the Fahliyan Formation consists of 25

microfacies in open-marine, lagoon, shoal and tidal flat

facies belts. The open-marine facies belt is character-

ized by predominantly muddy microfacies (mudstone/

wackestone). Sponge spicules and echinoid/crinoid

remains are the main bioclasts of this facies belt. The

shoal facies belt is distinguished by grain-supported

texture and composed mainly of intraclasts, ooids,

peloids, bioclasts and aggregate grains with good

sorting and roundness. The lagoonal sub-environment

is characterized by predominantly muddy microfacies

(wackestone/packstone) and is particularly rich in

benthic foraminifers and calcareous algae. The tidal

flat sub-environment is distinguished by strong disso-

lution processes and abundant vuggy porosity, lami-

nation, presence of silt and sand-sized quartz grains,

fenestral fabric, and low-diversity faunal assemblages.

4. The present study indicates that the Fahliyan Forma-

tion was deposited on a homoclinal carbonate ramp

with a gentle slope.

5. A total of ten genera belonging to different groups of

calcareous algae and 16 genera of benthic foraminifera

have been recognized from sedimentary units of the

Kuh-e Siah section.

6. Based on micropaleontological data, the age of Neo-

comian–Early Barremian has been determined for the

Fahliyan Formation.

7. The abundance of dasycladacean algae and benthic

foraminifers in Lower Cretaceous deposits indicate a

shallow-water depositional environment (inner to

mid-ramp) within the zone of effective light

penetration.

8. Based on paleoecological analyses, dasycladacean

algae and benthic foraminifers of studied area shows

both normal marine and restricted environments.

9. During the Neocomian, a shallow-water platform

formed in the Kuh-e Siah area. This platform was

flooded and the Fahliyan platform started to grow.

The seaward margin of this platform was dominated

mainly by grainstone microfacies, and lagoon

sub-environment is muddy and algal and benthic

foraminifers dominated. Mud-dominated skeletal

limestone is the dominant microfacies of the carbon-

ate beds in the upper parts of the Fahliyan and

Gadvan Formations, which indicates deeper marine

conditions. The Fahliyan and Gadvan time interval

was a period of important clay supply in the Kuh-e

Siah section.

Fig. 11 Benthic foraminifers of the Kuh-e Siah section. a Trocholina
elongata, sample RAP.10865, PPL. b Trocholina sp., sample

RAP.10812, PPL. c Trocholina sp., sample RAP.10852, PPL.

d Quinqueloculina sp. (1) and Trocholina sp. (2), sample RAP.

10847, PPL. e Everticyclammina sp., sample RAP.10848, PPL.

f Belorussiella sp., sample RAP.10796, PPL. g Belorussiella sp.,

sample RAP.10805, PPL. h Praechrysalidina infracretacea, sample

RAP.10812, PPL. i Praechrysalidina infracretacea, sample RAP.

10860, PPL. j Dukhania sp., sample RAP.10820, PPL. k Pfenderina
sp., sample RAP.10799, PPL. l Pseudocyclammina lituus, sample

RAP.10865, PPL. m Pseudocyclammina sp., sample RAP.10866,

PPL. n Charentia sp., sample RAP.10863, PPL. o Charentia sp.,

sample RAP.10873, PPL

b
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Mésogée. PhD thesis. Etat é Sci Nat, University P et M Curie

Jaffrezo M, Renard M (1979) Eléments en traces de calcaires à
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