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Abstract

This research focuses on the lithostratigraphy and microbiostratigraphy im-
plications of the Gadvan and Darian Formations in a part of Zagros sedimen-
tary basin. The Gadvan and Darian Formations in the study area with a thick-
ness of 520 meters consist of gray to green marls and shales, dark-grey limes-
tones and Orbitolinalimestone with Late Barremian-Aptian age. According to
the lithostratigraphic investigations, the Gadvan and Darian Formations in
the study area are subdivided into eleven units. The upper boundary of the
Darian Formation with the Kazhdomi Formation and the lower boundary of
Gadvan Formation with the Fahliyan Formation are in the form of discon-
formity. Micropaleontological study of the Gadvan and Dariyan Formations
has led to the recognition 20 families, 45 genera, 35 species of benthic forami-
nifera, 2 genera of pelagic foraminifera and 8 genera and species of the calca-
reous algae. In this research, three biozones have been recognized by distribu-
tion of the larger benthic foraminifera in the Gadvan and Dariyan Formations
of the South Semirom, including: 1) Palorbitolina lenticularis-Choffatella de-
cipiens Concurrent Range Zone (middle Late Barremian to early Early Ap-
tian); 2) Praeorbitolina cormyi-Orbitolina (Mesorbitolina) lotzei Assemblage
Zone (late Early Aptian); 3): Orbitolina (Mesorbitolina) texanae-Orbitolina
(Mesorbitolina) parva Assemblage Zone (Middle to Late Aptian). Based on
the identified foraminifera, the age of the Gadvan and Darian Formations in
the study area is assigned to Late Barremian to Aptian.
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1. Introduction

The Gadvan and Darian Formations are thick carbonate strata as a part of Kha-
mi Group which is deposited in Zagros Zone, in south margin of Neotethys.
According to James and Wynd [1] in Jurassic to Early Cretaceous period, a se-
dimentary cycle which is composed of the Surmeh, Hith, Fahliyan, Gadvan and
Dariyan Formations in Zagros are called as Khami Group. The type sections of
Gadvan and Darian Formations are located 50 km from eastern end of the Shiraz
Mountain. The Gadvan and Darian Formations in the studied section have a
thickness of 520 meters in the south of Semirom in the southern slopes of Agh
Dagh Mountain in high Zagros Zone. The main objectives of this paper are to de-
scribe and interpret the lithostratigraphy and microbiostratigraphy of the Gadvan
and Darian Formations in the study area in order to understand the geological
evolution of the area during that time interval. The lithological aspect of the Gad-
van and Darian Formations is generally composed of thin- to medium-bedded
marly limestone, fossiliferous limestone (Gulf limestone), nodular limestones
and gray to brown, thick-bedded to massive Orbitolina sandy limestone according
to James and Wynd [1], Kalantari [2]. The Darian Formation is overlaid confor-
mably on the marls of the Gadvan Formation as a gradational lithostratigraphic
limit. Since the biostratigraphic limits of the Aptian successions change in some
parts of the Zagros Basin, Aptian biostratigraphy can be used as a tool for the in-

terpretation of faunal assemblage characteristics along the Zagros area.

2. Materials and Methods

Thin sections of collected samples from the Gadvan and Darian Formations in
the study area were studied under a binocular microscope and as a result, some
microfauna and 3 biozones were detected. Recognized biozones are in consis-
tency with biozones named by Schroeder et al [3], Schroeder and Newman [4],
Arnaud-Vanneau [5], Granier ef al. [6], Arnaud et al. [7], Conrad et al. [8], Sim-
mons [9], Simmons et al. [10], Bachmann and Hirsch [11], Harris et al [12], Husi-
nec et al. [13], Husinec [14], Wynd [15], Velic and Tisljar [16], Velic and Tisljar
[17], Gollesstaneh [18], and for the study of microfauna the concepts of Khosro-
tehrani [19] [20], Sampo [21], Loeblich and Tappan [22], Boudagher-Fadel [23],
Kalantary [24], Mehrnush and Partoazar [25]. Through studying final reports and
thin sections; identification of microfossils and photography, preparation of mi-
crofossil’s plates and their distribution in stratigraphy column and displaying
detected zones have been done.

3. Study Area

The study area is located in the south of Semirom (geological map of Semirom on
scale 1/100,000) and the south slopes of Agh Dagh Mountain, in the Zagros folded.
In the study section with co-ordinates: 31°05'08"N; 51°55'14"E (Figure 1), the
Gadvan Formation (150 m) consists of thin- to medium-bedded marly limestone,
marl, fossiliferous limestone and nodular limestone, and the Dariyan Formation

(370 m) consists of medium- to thick-bedded Orbitolinalimestones (Figure 2).
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Figure 1. (A) Showing the study area in Iran, (B) Location and access roads to the study area in south of Semirom, Zagros Basin,
(C) Location of the studied section in geological map of Semirom (scale 1/100,000) [26], (D) View of the Agh Dagh Mountain in
southern Semirom, photo is looking to north.
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Figure 2. (A) Fossiliferous limestone, (B) Nodular limestone, (C) Orbitolina limestone,
and (D) Thick-bedded limestone of Gadvan Formation.

3.1. Lithostratigraphy

A) Gadvan Formation: This formation with a thickness of 150 meters consists
of thin- to medium-bedded marly limestone, fossiliferous limestone (Gulf li-
mestone) and nodular limestone.

B) Darian Formation: This formation with a thickness of 370 meters consists
of fossiliferous limestone and, middle- and thick-bedded Orbitolina limestone

(Figure 2).

3.2. Research Method

The best stratigraphic section of Gadvan and Darian Formations in the study
area selected and, systematic sampling was done on the basis of lithological and
facies changes and in total 130 samples were collected. The study carried out for
achieving the desired goals and objectives included two stages: field studies and
Laboratory studies.

1) Field studies: First an investigation of the geological evidence was done to-
gether with a choice of the best section of the Gadvan and Darian Formations in
the study area and then 130 samples were taken of the total thickness of 520 me-
ters basis on the facies and lithological changes.

2) Laboratory studies: Microscopic thin sections were prepared and studied
with a polarized microscope. Also Pictures were taken of typical samples.

Gadvan Formation: Limestones of the Gadvan Formation with a thickness of
150 meters lies on Fahliyan Formation as a disconformity. These comprise the
following:

1) 35 meters of light-gray, medium-bedded Orbitolina marly limestones and
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trace of bivalves.

2) 15 meters of alluvial deposits were observed which had covered Gadvan
Formation.

3) 35 meters of light-gray, medium marly limestones with a trace of bivalve
and microfossil.

4) 35 meters of light-gray, medium-bedded to thick-bedded limestones (Bay
or Gulf limestones); on the surface have traces of irregular fractures and severe
local fragmentations were observed. The thickness of the layers is not fixed and,
at times, amounts to 100 centimeters (Figure 1). With regard to fossilization,
this layer is a bit poor compared to the lower layers.

5) 30 meters of light-gray, medium-bedded marly limestones which have iron

silica nodules and pieces of bivalves and gastropods (Figure 3).

3.3. Darian Formation

This formation lies on Gadvan Formation continuously. The distinguishing fea-
tures are the salient increase of benthic microfossils especially Orbitolinidae

family and lack of marly sediments. Layers of Darian Formation generally bear
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Figure 3. Lithological characteristics of the Gadvan and Darian Formations at the Agh
Dagh Mountain in South of Semirom.
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no considerable variety in color and light-gray, but regarding thickness, they are
varied, and that is, they are thin to thick-bedded. Lithologically, this formation is
divided into the following units:

1) 70 meters of light-gray, medium-bedded Orbitolinalimestones.

2) 30 meters of light-gray, thick-bedded limestones. They have gaps and crack
which are later filled with light color cement and are rather poor regarding fossi-
lization.

3) 75 meters of light-gray, medium-bedded limestones. They include large and
stretched bivalve’s pieces and are poor in terms of microfossils.

4) 70 meters of light-gray, medium-bedded Orbitolinalimestones.

5) 30 meters of light-gray, thick-bedded limestones which are rather poor in
terms of fossilization.

6) 95 meters of light-gray, medium-bedded Orbitolinalimestones (Figure 3).

3.4. Microbiostratigraphy of the Gadvan and Darian Formations

According to studied microfauna, Gadvan and Darian Formations are very rich
in terms of fossil contents which can be utilized in determining the age (Figure
4) and identifying the sedimentary environment. This is 130 samples were taken
regularly and systematically in order to identify and describe foraminifera and
non-foraminifera time development, biozonation, and age determination of
Gadvan and Darian Formations in the study area. These were studied and pho-
tographed after preparation of thin section and segments and labeling. For the
purpose of the study, the following sources and articles have been used; Kho-
sro-tehrani [20], Sampo [21], Loeblich and Tappan [22], Boudagher-Fadel [23],
Kalantary [24], Mehrnush and Partoazar [25]. Micropaleontological study of the
Gadvan and Dariyan Formations has led to the recognition 20 families, 45 gene-
ra, 35 species of benthic foraminifera, 2 genera of pelagic foraminifera and 8 ge-
nera and species of the calcareous algae include 7Trocholina elongata, Dictyoco-
nus arabicus, Textularia sp., Lenticulina sp., Pseudocyclammina littus, Salpingo-
porell adinarica, Orbitolina sp., Pseudochrysalidina sp., Pseudocyclammina sp.,
Haplophragmoides sp., Cuneolina pavonia, Pseudochrysalidina arabica, Pseudo-
chrysalidina infracretace, Trocholina sagitten, Montsecella sp., Charentia sp.,
Pseudolitunella recheli, Debarina hahounerensis, Nezzazatinella picardi, Archal-
veolina sp., Hemicyclammina praesigali, Charentia cuvillieri, Palorbitolina sp.,
Balkhania balkhanica, Palorbitolina ultima, Pfendrina globosa, Lithocodium ag-
gregatum, Montiella elitzae, Permocalcalus sp., Montsecella sp., Choffatella sp.,
Choffatella decipiens, Nautiloculina oolithica, Pseudocyclammina hedbergi,
Vercorsella arenata, Iragia simplex, Orbitolina (Mesorbitolina) texana, Orbitoli-
na (Mesorbitolina) parva, Orbitolina kurdica, Marssonella trochus, Rumanolo-
culina pseudominima, Cylindroporella sp., Actinoporell sp., Orbitolina (Mesor-
bitolina) lotzei, Palorbitolina lenticularis, Quinqueloculina sp., Praeorbitolina
cormeyi, Everticyclammina hedbergi, Globigerinelloids sp., Hensonella sp., Hed-
bergella sp.

The biozonation of study sequence was done based on the frequency of larger
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foraminifers, especially Orbitolina with reference to their appearance and expi-

ration in Late Barremian-Aptian related to shallow areas of the platform to the

deep areas of the lagoon Pittet et al. [27].

Biozone I): Palorbitolina lenticularis-Chofiatella decipiens Concurrent Range

Zone (middle Late Barremian to early Early Aptian).

This biozone in this section stretches from the beginning up to sample No. 31

and is 180 meters thick (Figure 4). Its microfauna includes Trocholina elongata,
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Dictyoconus arabicus (Plat 1(B)), Textularia sp., Lenticulina sp., Pseudocyc
lamminalittus (Plat 1(C)), Salpingoporella dinarica (Plat 1(J)), Orbitolina sp.,
Pseudochrysalidina sp., Pseudocyclammina sp., Haplophragmoides sp., Cuneo-
lina pavonia (Plat 1(F)), Pseudochrysalidina arabica, Pseudochrysalidina infra-
cretace, Trocholina sagitten, Montsecella Arabica (Plat 2(F)), Charentia sp.
(Plat 1(L)), Pseudolitunella recheli (Plat 2(B)), Debarina hahounerensis, Nezza-

zatinella picardi, Archalveolina sp., Hemicyclammina sigali, Charentia cuvillieri,

Plat 1. (A) Charentia sp., Neumann, 1965, longitude-oblique section, Sample no., $92,
S115, Age: Middle to Late Aptian; (B) Dictyoconus arabicus, Guillaume, 1956, longitude

section, Sample no., Transverse oblique section, no. S68, Age: Early to Late Aptian; (C)
Pseudocyclammina lituus Maync, 1953, longitude-oblique section, Sample no., S5, S83,
Age: Early to Middle Aptian; (D) Dictyoconus pachymarginalis, Schroeder, 1960, longi-
tude section, Sample no., Transverse oblique section, no. S68, Age: Early to Late Aptian;
(E) Praeorbitolina cormyi. Schroeder, 1965, Longitude section, Sample no., S40, S97, Age:
Early Aptian; (F) Cuneolina pavonia, Dorbigny, 1949, longitude section, Sample no., S3,
S7, Age: Aptian; (G) Orbitolina sp., 1849, Transverse oblique section, Sample no no. S15,
Age: Early to Late Aptian; (H) Iragia simplex Henson, 1948, Longitude section, Sample
no., 40, S97, Age: Middle to Late Aptian; (I) Ostercoda; (]) Salpingoporella dinarica Ra-
doicic, 1959, longitude-oblique section, Sample no., S14, S70, Age: Early to Middle Aptian;
(L) Choffatella littus Schlumberger, 1905, longitude-oblique section, Sample no., S14, S70,
Age: Early to Middle Aptian; (K) Mesorbitolina sp., 1849, longitude-oblique section,
Sample no., S83, S106, Age: Middle to Late Aptian.
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Palorbitolina sp., Balkhania balkhanica (Plat 2(E)), Palorbitolina ultima, Pfendri-
na globosa, Lithocodium aggregatum, Montiella elitzae, Permocalcalus sp., Mont-
secella sp., Choffatella sp., Choffatella decipiens, Nautiloculina oolithica, Pseudo-
cyclammina hedbergi, Vercorsella arenata (Plat 2(M)), Iragia simplex (Plat 1(H)),

Orbitolina kurdica, Marssonella trochus, Rumanoloculina pseudominima,

Plat 2. (A) Palorbitolina lenticularis Blumenbach, 1805, longitude-oblique section, Sam-
ple no., S14, S26, Age: Early Aptian; (B) Pseudolituonella recheli, Marie, 1955, Longitude
section, Sample no., S40, S97, Age: Late Aptian; (C) Palorbitolina lenticularis Blumenbach,
1805, longitude-oblique section, Sample no., S14, S26, Age: Early Aptian; (D) Zrocholina

campanella, Arnaud-Vanneau 1988, longitude-oblique section, Sample no., S14, 526, Age:
Early Aptian; (E) Balkhania balkhanica Mamontova, 1966, longitude section, Sample no.,
S5, S20, Age: Early Aptian; (F) Montseciella arabica Henson, 1948, Transverse oblique
section, Sample no., S68, Age: Early to Late Aptian; (G) Mesorbitolina parva Douglas,
1960 longitude-oblique section, Sample no., S86, S126, Age: Middal to Late Aptian; (H)
Nummuloculina sp., Steinmann, 1881, longitude section, Sample no., S5, S20, Age: Early
Aptian; (I) Praechrysalidina infracretacea Luperto sinni, 1979, longitude section, Sample
no., S22, S32, Age: Middle Aptian; (J), (K) Palorbitolina lenticularis Blumenbach, 1805,
longitude-oblique section, Sample no., S14, S26, Age: Early Aptian; (M) Vercorsella
arenata Arnaud-Vanneau, 1980, longitude section, Sample no., S2, S6, Age: Early Aptian.
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Cylindroporella sp., Actinoporell sp., Praechrysalidina infracretacea (Plat 2(I)),
Palorbitolina lenticularis (Plat 2(A), Plat 2(C), Plat 2(]), Plat 2(K)), Quinque-
loculina sp., Everticyclammina hedbergi, Globigerinelloids sp., Hensonella sp.,
Hedbergella sp., Dictyoconus pachymarginalis (Plat 1(D)), Gaudriyan sp., Tro-
cholina campanella (Plat 2(D)).

This biozone has been reported by Schroeder et al. 3], Schroeder and Newman
[4], Arnaud-Vanneau [5], Granier et al [6], Arnaud et al [7], Conrad et al. [8],
Simmons [9], Simmons et al. [10], Bachmann and Hirsch [11], Harris et al. [12],
Husinec et al. [13], Husinec [14], Wynd [15], Velic and Tisljar [16], Velic and
Tisljar [17], Gollesstaneh [18]. The biozone has been reported from Oman, Iraq,
Yemen, Bahrain, Qatar, Venezuela and various regions of Iran.

Biozone II): Praeorbitolina cormyi-Orbitolina (Mesorbitolina) lotzei Assem-
blage Zone (late Early Aptian).

This biozone in the studied section develops from sample 32 to 69, and is 145
meters thick (Figure 4). Its microfauna includes Pseudochrysalidina arabica,
Pseudochrysalidina infracretace, Iragia simplex, Montiella elitzae, Hemicyclam-
mina sigali, Dictyoconus arabicus, Textularia sp., Lenticulina sp., Archoalveolina
sp., Quinqueloculina sp., Nezzazatinella picardi, Charentia cuvilieri, Charentia
sp., Nezzazatinella picardi, Cuneolina pavonia, Everticyclammina hedbergi,
Pseudolitunella recheli, Pfendrina globosa, Palorbitolina sp., Mayncina bulgari-
ca, Siphoralulina sp., Orbitolina kurdica, Charentia cuvilieri, Montsecella Arabi-
ca, Pseudocyclammina hedbergi, Cylindroporella sp.

The fossiles which varnished in this Biozone are: Orbitolina (Mesorbitolina)
lozei, Palorbitolina sp., Orbitolina kurdica, Palorbitolina lenticularis, Siphoralu-
lina sp., Mayncina bulgarica, Nautiloculina oolithica, Praeorbitolina cormyi
(Plat 1(E)), Orbitolina kurdica, Pfendrina globosa, Montsecella Arabica, Choffa-
tella littus (Plat 1(L)).

This biozone has been reported by Schroeder et al [3], Arnaud-Vanneau [5],
Simmons et al. [10], Schroeder [28]. This biozone has been reported from Oman,
Iraq, Yemen, Bahrain, Qatar, Southeast Ethiopia, and various locations of Iran.

Biozone III): Orbitolina (Mesorbitolina) texanae-Orbitolina (Mesorbitolina)
parva Assemblage Zone (Middle to Late Aptian).

This biozone in the studied section stretches from sample No. 70 to 130, and
is 195 meters thick (Figure 4). Its microfauna includes Dictyoconus arabicus,
Textularia sp., Lenticulina sp., Pseudocyclammina littus, Orbitolina sp., Pseudo-
chrysalidina sp., Pseudocyclammina sp., Pseudochrysalidina arabica, Pseudoch-
rysalidina infracretace, Pseudolitunella recheli, Nezzazatinella picardi, Hemicyc-
lammina sigali, Lithocodium aggregatum, Montiella elitzae, Permocalcalus sp.,
Montsecella sp., Pseudocyclammina hedbergi, Orbitolina (Mesorbitolina) tex-
anae, Orbitolina (Mesorbitolina) parva (Plat 2(G)), Marssonella trochus, Ruma-
noloculina pseudominima, Cylindroporella sp., Actinoporell sp., Quinqueloculi-
na sp., Iragia simplex, Hemicyclammina sigali, Cuneolina pavonia, Charentia
sp., Trocholina sagitten, Debarina hahounerensis, Salpingoporella dinaris, Arc-

halveolina sp., Everticyclammina hedbergi, Cylindroporella sp., Nummuloculina
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sp. (Plat 2(H)).

The fossils which appeared in this biozone are: Nezzazatinella picardi Orbito-
lina (Mesorbitolina) texanae.

The fossiles which varnished in this biozone are: Pseudocyclammina littus,
Montsecella sp., Iraqia simplex, Hemicyclammina sigali, Orbitolina (Mesorbito-
lina) texanae indicates the boundary between Middle-Late Aptian and Late Ap-
tian in the Middle East and the Mediterranean region.

This biozone has been reported Arnaud-Vanneau [5], Rosenfeld et al [29],
Rosenfeld et al [30], Matsukawa and Tomishita [31], Afghah et al [32], Moosa-
vizadeh et al [33].

4. Conclusion

A rich foraminiferal, especially Orbitolina association has been determined in
Late Barremian-Aptian limestones at the Agh Dagh Mountain in South of Se-
mirom. According to the lithostratigraphic investigations, the Gadvan and Da-
rian formations in the study area are subdivided into eleven units. Micropaleon-
tological study of the Gadvan and Dariyan formations has led to the recognition
of 20 families, 45 genera, 35 species of benthic foraminifera, 2 genera of pelagic
foraminifera and 8 genera and species of the calcareous algae. In this research,
three biozones have been recognized by distribution of the larger benthic fora-
minifera in the Gadvan and Dariyan formations of the South Semirom. The age
of the Gadvan and Darian formations is Late Barremian-Aptian. These forma-
tions are represented by marly limestone and marl, and medium- to thick-
bedded limestone containing Orbitolina in the Zagros Basin. The Darian Forma-
tion overlies the Gadvan Formation and is covered by the Kazhdomi Formation.
Orbitolinids in association with calcareous algae and echinoderms in slightly ar-
gillaceous limestones are interpreted to have been deposited in relatively high

tropic conditions (mesotrophic).
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