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Abstract - Carbonate Albian- Cenomanian successions include the most significant hydrocarbon source rocks in
the Zagros Basin. These successions, named the Kazhdumi Formation. Three stratigraphic sections in detail
were analyzed and a biostratigraphic zonation of the Albian- Cenomanian rocks is proposed. On the basis of the
recognized benthic foraminifera and algal association seven biozone were determined:

Mesorbitolina subconcava/ Hemicycllammina sigali Assemblage zone, Mesorbitolina aperta Taxon Range
Zone, Dasycladacea Assemblage Zone, O.(Mesorbitolina) texana Assemblage Zone, Dissocladella deserta
Taxon Range Zone, Trinocladus tripolitanus Taxon Range Zone, Mesorbitolina texana partial range
zone,Mesorbitolina subconcava range zone, Conicorbitolina onica Taxon range zone.
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1. Introduction

The Albian- Cenomanian deposits of Zagros basin deposited during a relative sea level rise (Ghazban, 2008) and
act as a regional source of hydrocarbon (Bordenave, 2002). It was a part of the SW passive margin of the Neo-
Tethys Ocean and the northeastern edge of the Arabian Plate (Ziegler, 2001). Kent et al. described the
Kazhdumi Formation for the first time, in an unpublished report in 1950. The formation is named after
Kazhdumi Castel in the Tang-e- Gurguda, 10 km north of Gachsaran.

According to James and Wynd (1965), the Kazhdumi Formation divided into two lateral facies, deep facies
(type section) and shallow facies (Figure 1). Deposits of the shallow facies of Kazhdumi Formation are full of
fossil fauna such as foraminifers (Bordenave, 2002). The shallow facies was spread in the Fars Zone, and
contained shallow limestone. This paper presents the results of the microfacies and microstratigraphical study,
based on the benthic foraminifera and algaal content of samples collected in the three sections along the Fars
Zone Basin.

2. Methods and study area

Three sections of the Kazhdumi Formation were measured bed by bed, and sampled in three areas (Kuh Gadvan,
222; Nagsh rustam, 259.79; Kuh Rahmat, 247.27 m in thick). The stratigraphic sections under study are located
northeast of Shiraz, which is the Interior Fars Zone (Fig2.), with geographic coordinates of: Kuh Gadvan 52° 55’
48" E and 29° 36' 18" N; Nagsh rustam 52° 50’ 60" E and 30° 02’ 38" N; Kuh Rahmat 52° 57’ 39" E and 29° 56
33.3" N (Fig. 1). More than 220 samples from Kazhdumi Formation were studied. All rock samples are housed
in the Department of Geology, Lorestan University. Samples were taken from the carbonate and marly layers
almost every meter, according to facies variation. Thin sections were provided for the analysis of benthic
foraminifera and algae.
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Fig. 1: Location map of the studied area in the Zagros region southwest of Iran (Naghshe-rostam section, Kuhe Rahmat section and Kuhe
Gadvan section) (adapted from Geological and Expolartion division, Tehran 1969)
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The fauna association, particularly the foraminifera, was used for the biostratigraphical interpretation, since they
are excellent bio-indicators for age dating, as well as the paleoenvironmental interpretation. Larger benthic
foraminifera developed complicated internal structures, which can be identified when they are randomly thin
sectioned. Beavington- Penny and Racey (2004) showed that because of rapid diversification of foraminifera,
these organisms can provide complete and detailed evidence for biostratigraphic analysis of the shelf limestone.
During the Aptian- Cenomanian, the benthic foraminifer assemblages in carbonate environments of Tethyan
realm were dominated by orbitolinids (Simmons et al. 2000, Schroeder et al. 2010) and therefore, we used the
orbitolinids biozonation in order to determine the Kazhdumi Formation age.

Based on the sedimentary sequence, magmatism, metameorphism, structural setting and intensity of
deformation, Heydari et al, (2003) subdivided the Iranian Plateau into eight continental fragments, including
Zagros, Sanandaj- Syrjan, Urumieh- Dokhtar, Central Iran, Alborz, Kopeh-Dagh, Lut, and Makran

The Zagros is subdivided into different structural zones, including Interior Fars, Coastal Fars and Izeh (Sherkati
and Letozey, 2004). The study area is located in the Interior Fars. The Kazhdumi Formation was described for
the first time by Kent in an unpublished report in 1950. Prior to its formal definition, the rocks of the Kazhdumi
Formation were designated as the Ebad Formation (Motei, 1993).The formation is named after Kazhdumi Castel
in the Tang-e- Gurguda, 10 km north of Gachsaran. In the study area, the Kazhdumi Formation essentially
contained a gray medium to thick limestone and gray to yellow marly limestones. Basal contact of Kazhdumi
Formation with underlying Daryan Formation is associated with a zone of iron oxide, suggesting either a
shallowing or a possible diastem. The upper contact showed a gradational transition to the basal of Sarvak
Formation (Figure2, 3, 4).
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Figure 2: Lithostratigraphic column of the Kazhdumi Formation at Kuh-e-Naghsh-e Rostam section
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Figure 3: Lithostratigraphic column of the Kazhdumi Formation at Kuh-e-Rahmat section
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Figure 4: Lithostratigraphic column of the Kazhdumi Formation at Kuh-e-Gadvan section

Cherchi and Schroeder (2004) propose four evolutionary approaches for orbitolina:
1. Eopalorbitolina pertenuis - Palorbitolina
lenticularis (Early Barremian - Early Late Aptian)
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2 .Praeorbitolina cormyi — Mesorbitolina aperta

(Early Aptian - Early Cenomanian)

3 .Orbitolina sefini — Orbitolina concave (Late
Albian — Early Cenomanian)

4. Conicorbitolina moulladei— Conicorbitolina
conica (Late Albian — Middle Cenomanian)

In the evolutionary trend of Cherchi and Schroeder (2004), the genus Mesorbitolina is derived from the
evolution of the genus Praeorbitolina. In this evolutionary process, the defective embryonic fetal aptient of the
Praeorbitolina cormyi species has become more complex over time, ultimately in species. Mesorbitolina aperta

evolves (Fig. 6).
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Fig6; Evolution of the embryonic Praeorbitolina cormyi — Mesorbitolina aperta Cherchi & Schroeder, 2004

In the following figure, the evolution of the embryonic system of the orbitolina identified in three sections of
Naghshe-Rostam, Kuhe- Rahmat and Kuhe-Ghadvan (Figure 7)

Evolutionary evolution of identified orbitolina can be part of the evolutionary course of Mesorbitolina parva-
Conicorbitolina conica, according to Hoffeker (1963) and Cherchi and Schroeder (2004), which is introduced in

this study.
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As can be seen in the figure, a series of evolutionary changes are observed in the studied species, the most
important of which is as follows:
Increasing the size of the protoconch: The size of the protoconch increases with time as follows:

Nghshe-Rostam section: M.parva(0.07mm) M. texana (0.08-0.09mm), M.subconcava (0.14-0.16mm), M.
pervia (0.13-0.17mm),M. aperta (0.23 mm), C. Conica (0.18-0.24 mm).

Kuhe- Rahmat section:M.parva(0.05mm) M. texana (0.06-0.07 mm), M.subconcava (0.11-0.012mm), M.
pervia (0.13mm), M. aperta (0.15-0.18 mm), C. Conica (0.16-0.21mm),

Kuhe-Gadvan section: M.parva(0.05 mm) M. texana (0.08 mm), M.subconcava (0.12 mm), C. Conica (0.16-
0.20mm).

Increasing the size of the embryonic: with time, the size of the embryonic also increases:

Nghshe-Rostam section: M.parva(0.10-0.12 mm) M. texana (0.14-0.15 mm), M.subconcava (0.19-0.23mm),
M. pervia (0.2-0.24mm), M. aperta (0.21-0.27 mm), C. Conica (0.29-0.36mm).

Kuhe- Rahmat section: M.parva(0.11lmm) M. texana (0.14-0.17mm), M.subconcava (0.18-0.23 mm), M.
pervia (0.22-0.23mm), M. aperta (0.22-0.26 mm), C. Conica (0.23-0.33mm),

Kuhe-Gadvan section: M.parva(0.12 mm) ,M. texana (0.13-0.16 mm), M.subconcava (0.17-0.21 mm), C.
Conica (0.16-0.29mm).

Increase in the number of divisions of the deuteroconch The number of divorced divisions in the evolution of
species increases.

Nghshe-Rostam section : M.parva(4-5) M. texana (6-7), M.subconcava (9-12), M. pervia (14), M. aperta (13-
16), C. Conica (14-18),

Kuhe- Rahmat section: M.parva(4) M. texana (7), M.subconcava (10-11), M. pervia (12), M. aperta (14), C.
Conica (14-15)

Kuhe-Gadvan section: M.parva(4) ,M. texana (7), M.subconcava (8-11), C. Conica (6-12).
Increasing the number of sub-ambryonic region division;

Nghshe-Rostam section : M.parva(3) M. texana (5-6), M.subconcava (7), M. pervia (8-9), M. aperta (8-10), C.
Conica (18-20),
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Kuhe- Rahmat section: M.parva(4) M. texana (5-6), M.subconcava (7-8), M. pervia (8), M. aperta (8-10), C.
Conica (16-17),

Kuhe-Gadvan section: M.parva(3) ,M. texana (3-5), M.subconcava (6), C. Conica (8-14).

Deformation in the sub-ambryonic region: sub-ambryonic region in M. texana, M. parva and to some extent in
M. subconcava is rectangular and trapezoidal in C. Conica

Protoconch change: the protoconch shape changes in the evolutionary curriculum so that

The protococonch in M. parva and M. texana are semi-spherical and in M. subconcava the protoconch is wider
and the protoconch width is larger than its height, and in C. Conica, the protoconch is half-shaped The sphere is
flat and the upper surface is convex.

Biostratigraphy

The sedimentary deposits of the study area yielded abundant larger benthic foraminifera. Therefore,
biostratigraphic zonation is based on these organisms. They show a widespread distribution, high diversity and
abundance in the studied sections, and thus are important for the biostratigraphic subdivision. Benthic
foraminifera reflect shallow environments and high-stress conditions, as indicated by generally low diversity,
dwarfing and sporadic presence of index species (Figure9). However, several intervals of the studied Albian—
Cenomanian succession show more diverse and abundant assemblages, and permit a good resolution when all
biostratigraphic data are combined. Based on the concepts of Veli¢ (2007), Schroeder et al. (2010) and
Gradstein et al. (2012), the following 7 biozones were defined (Figure 6 to 8).

Mesorbitolina texana Partial Range Zone
This biozone spans the total range of Mesorbitolina texana ( Veli¢, 2007).

Description: This biozone spans a long early to Middle Albian stratigraphic interval. The following, such as
Mesorbitolina texana, Orbitolina sp, Monteseciella arabica, Salpingoporella dinarica.

Correlation: The benthonic foraminifera assemblage described coincides with the O. (Mesorbitolina) texana
Biozone of South Pamyrides after Ghanem et al. (2012) and the same zone in the Adriatic Platform (Loeblich
and Tappan, 1988; Veli¢, 2007). Mid Cretaceous orbitolinid (Foraminiferida) record from the islands of Cres
and Los™inj (Croatia), and its regional stratigraphic correlation (Husinecl, Velic, 2000).

Age and Occurrence: The Mesorbitolina texana comprises the Middle to late Albian ((Husinecl, Velic, 2000;
Veli¢, 2007; Ghanem et al., 2012). The The Mesorbitolina texana Biozone is evident in the base of formation
31.54m in Kuhe Gadvan section.

Late Albian

Mesorbitolina subconcava/ Hemicycllammina sigali Assemblage Zone

Diagnosis: This biozone spans the total range of Mesorbitolina subconcava/ Hemicycllammina sigali (Velié,
2007; Schroeder et al, 2010; Ghanem et al., 2012).

Description: This biozone spans a long Middle- Late Albian stratigraphic interval. However, the lower part of
the Lower Albian is missing. The following late Albian index taxa, such as Mesorbitolina texana ,Orbitolina cf
parva, Favusella washitensis, Orbitolina sp, Conicorbitolina conica, Monteseciella Arabica, Salpingoporella
sp.

Correlation: The benthonic foraminifera assemblage described coincides with the Mesorbitolina subconcava/
Hemicycllammina sigali Biozone of South Pamyrides after Ghanem et al. (2012), and the same zone in the
Adriatic Platform (Velié, 2007).

Age and Occurrence: The M. subconcava Zone comprises the Middle to late Albian (Simmons et al., 2000;
Veli¢, 2007; Ghanem et al., 2012). The M. subconcava Biozone is evident in the base of formation to 174.4m in
the Naghshe-rostam section. This biozone is equal to the Dasycladacea Assemblage Zone (Wynd, 1965).

Mesorbitolina subconcava Range Zone

Diagnosis: This biozone spans the total range of Mesorbitolina subconcava (Veli¢, 2007; Schroeder et al, 2010;
Ghanem et al., 2012).

Description: This biozone spans a long Middle- Late Albian stratigraphic interval. The following late Albian
index taxa, such as Mesorbitolina texana, Salpingoporella dinarica, Orbitolina parva, Orbitolina sp.,
Marsonella trochus.

Correlation: The benthonic foraminifera assemblage described coincides with the Mesorbitolina subconcava
Biozone of South Pamyrides after Ghanem et al. (2012) and the same zone in the Adriatic Platform (Veli¢,
2007).
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Age and Occurrence: The M. subconcava Zone comprises the Middle to late Albian (Simmons et al., 2000;
Veli¢, 2007; Ghanem et al., 2012). The M. subconcava Biozone is evident in the 31.54 of formation to 96.5m in
Kuhe Gadvan section.

O. (Mesorbitolina) texana Assemblage Zone

Diagnosis: This biozone spans the total range of O. (Mesorbitolina) texana (Velic” et al., 2007; Gus’ic” &
Jelaska, 1993).

Description: This biozone spans a long Middle- Late Albian stratigraphic interval. However, the lower part of
the Lower Albian is missing (compare Sequence ApCR1). The following late Albian index taxa, such as
Favusella washitensis, Orbitolina sp, Conicorbitolina conica, Monteseciella Arabica, Marsonella trochus,
Salpingoporella sp.

Correlation: The benthonic foraminifera assemblage described coincides with the O. (Mesorbitolina) texana
Biozone of South Pamyrides after Ghanem et al. (2012) and the same zone in the Adriatic Platform (Veli¢,
2007), Mid Cretaceous orbitolinid (Foraminiferida)record from the islands of Cres and Los inj(Croatia) and its
regional stratigraphic correlation (Husinecl, Velic, 2000).

Age and Occurrence: The O. (Mesorbitolina) texana comprises the Middle to late Albian ((Husinecl, Velic,
2000; Veli¢, 2007; Ghanem et al., 2012). The The O. (Mesorbitolina) texana Biozone is evident in 1.5m of
formation t0125.92m in Kuh-e Rahmat section. This biozone equal to Dissocladella deserta (Wynd, 1965).

Early Cenomanian

Conicorbitoina concava Taxon Range Zone

Diagnosis: This biozone spans the total range of Conicorbitoina concava (Veli¢, 2007).

Description: This biozone spans a long early Cenomanian stratigraphic. The following late Albian index taxa,
such as Conicorbitolina conica, Orbitolina concava, Biserial lituolid, Cuneolina pavonia, Dicyclina
schlumbergeri.

Correlation: The benthonic foraminifera assemblage described coincides with the Conicorbitoina concava
Biozone of Biostratigraphy and carbon-isotope stratigraphy of the uppermost Aptian to Upper Cenomanian

strata of the South Palmyrides, Syria Hussam Ghanem, Mikhail Mouty and Jochen Kuss (2012). The Late
Albian to Early Cenomanian succession at Mont Risou near Rosans (Drome, SE France).

Age and Occurrence: The Conicorbitoina concava Taxon Range Zone comprises the early Cenomanian (1998;
Veli¢, 2007; Ghanem et al., 2012). The Mesorbitolina aperta Taxon Range Zone Biozone is evident in 174.4m
to 252.79m in Kuhe Naghsh-e¢ Rostam section. This biozone equal to Dasycladacea Assemblage Zone (Wynd,
1965.

Conicorbitolina cuvilleri / Conicorbitolina conica Assemblage Zone

Diagnosis: This biozone spans the total range of Conicorbitolina cuvilleri / Conicorbitolina conica (Veli¢,
2007).

Description: This biozone spans a long early Cenomanian stratigraphic. The following late Albian index taxa,
such as Conicorbitolina conica, Orbitolina concava, Biserial lituolid.

Correlation: The benthonic foraminifera assemblage described coincides with the Conicorbitolina cuvilleri /
Conicorbitolina conica Biozone of Biostratigraphy and carbon-isotope stratigraphy of the uppermost Aptian to
Upper Cenomanian strata of the South Palmyrides, Syria Hussam Ghanem, Mikhail Mouty and Jochen Kuss
(2012). The Late Albian to Early Cenomanian succession at Mont Risou near Rosans (Drome, SE France),

Microfossil assemblages and the Cenomanian-Turonian. Mixed siliciclastic and carbonate platform of Albian—
Cenomanian age from the Iberian Basin, Spain.

Age and Occurrence: The Conicorbitolina cuvilleri / Conicorbitolina conica Biozone comprises the early
Cenomanian (Veli¢, 2007; Ghanem et al., 2012). The Conicorbitolina cuvilleri / Conicorbitolina conica Biozone
Biozone is evident in 125.92m to 242.27m in Kuhe Rahmat section. This biozone equal to Trinocladus
tripolitanus (Wynd, 1965).

Conicorbitolina conica Taxon Range Zone

Diagnosis: This biozone spans the total range of Conicorbitolina conica (Veli¢, 2007).

Description: This biozone spans a long early Cenomanian stratigraphic. The following late Albian index taxa,
such as Conicorbitolina conica , Orbitolina sp., chrysidalina sp.

Correlation: The benthonic foraminifera assemblage described coincides with the Conicorbitolina conica
Biozone of Biostratigraphy and carbon-isotope stratigraphy of the uppermost Aptian to Upper Cenomanian
strata of the South Palmyrides, Syria Hussam Ghanem, Mikhail Mouty and Jochen Kuss (2012). The Late
Albian to Early Cenomanian succession at Mont Risou near Rosans (Drome, SE France). Microfossil
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assemblages and the Cenomanian-Turonian. Mixed siliciclastic and carbonate platform of Albian—Cenomanian
age from the Aberian Basin, Spain.

Age and Occurrence: Conicorbitolina conica Biozone comprises the early Cenomanian (Veli¢, 2007; Ghanem
et al., 2012). The Conicorbitolina conica Biozone Biozone is evident in 96.5m to 212.88m in Kuhe Gadvan
section.
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Figure 6: Biostratigraphic column of the Kazhdumi Formation at Kuh-e-Naghsh-e Rostam
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Figure 7: Biostratigraphic column of the Kazhdumi Formation at Kuh-e-Rahmat section
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Figure 8: Biostratigraphic column of the Kazhdumi Formation at Kuh-e-Gadvan
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Figure9: Benthic foraminifers of the Kazhdumi Formation; A) Mesorbitolina subconcava, sample no.K3; B) Mesorbitolina texana, sample
no0.K37; C) Mesorbitolina parva, sample no.K4, D) Mesorbitolina pervia, sample no. K19, E) Salpingoporella dinarica, sample no.K11; F)
Iragia sp., K48; H) Orbitolina (Conicorbitolina) conica,K53; 1) Orbitolina (Conicorbitolina) conica, sample no. 65; G) Favusella
washitensis, sample no.K9; J) Marsonella trochus, sample no.K6; K) Textullaria sp., sample no.K12.

Conclusions

The Kazhdumi Formation is composed of gray medium to thick limestone and gray to yellow marly limestones
in three sections studied. Micropalaeontological and biostratigraphical study of the Kazhdumi Formation led d
to establishment of 7 biozones. Mesorbitolina texana Partial range zone; Mesorbitolina subconcava/
Hemicycllammina sigali Assemblage Zone; Mesorbitolina subconcava Range Zone; O. (Mesorbitolina)
texana Assemblage Zone; Conicorbitoina concava Taxon Range Zone; Conicorbitolina cuvilleri /
Conicorbitolina conica Assemblage Zone; Conicorbitolina conica Taxon Range Zone. Based on the
occurrence of large benthic foraminifera and algae associations, the Kazhdumi Formation at the study area is
Albian to Early Cenomanian in age.
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