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Abstract

The Asmari Formation was logged and sampled in the Tang-e-Gojestan stratigraphic section (Eshgar Anticline, Izeh Zone) to study
microfacies, depositional environment and carbonate associations. The Asmari Formation with 298 m-thickness mainly consists of
thick-bedded/massive cliff-forming limestones (the lower to middle parts), passes upward into thin to medium-bedded limestones
with shale intercalations. The Asmari Formation rests conformably on the Pabdeh Formation, whereas the upper contact is covered.
Petrographic studies of 239 thin sections enabled the recognition of nine microfacies belongingto the outer, middle (distal and
proximal parts) and inner ramp (semi-restricted and restricted lagoons and tidal flat). The absence of syndepositional deformation
and slumped structures, gradual changes in microfacies, and the absence of a distinct bar and/or buildup, all suggest a homoclinal
carbonate ramp platform for the Asmari Formation in the section studied. Based on identified allochems, the carbonate associations
are represented by heterozoan types, including nannofor and forealgal which are characteristic of Cenozoic ramps.
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Introduction

Cenozoic carbonate platform evolution resulted from the
interplay of several factors, including local and global climate
change, tectonic activity, eustatic sea-level fluctuations, and
changes in dominant carbonate-producing organisms
(Hontzsch et al. 2013). Following the extinction of rudist reef-
building at the end of the Cretaceous, large benthic
foraminifera  (Nummulites, Assilina and Operculina,
Discocyclina and Alveolinids) became dominant carbonate
producers on the shallow carbonate platforms of the Tethys—
Arabian belt, particularly in the inner to middle platform
areas (Beavington-Penney and Racey 2004). The Oligo—Miocene
carbonate platform deposits are globally widespread (Pomar et
al. 2014). In southwestern Iran's Zagros foreland basin, an
Oligo—Miocene intra-shelf basin developed, characterized by
clastic sediments of the Eocene—early Miocene Razak
Formation, deep-water shales and marls of the Paleocene
through Oligocene Pabdeh Formation, and shallow-water
platform carbonates of the Oligocene—early Miocene Asmari
Formation (van Buchem et al. 2010; Allahkarampour Dill et al.
2018 and references therein). The Asmari Formation, a major oil

reservoir in the Zagros Basin and the Middle East is notable
for its extensive and accessible stratigraphic outcrops and
rich fossil content (including benthic foraminifera), making it
a focus of significant geological interest (Adams and Bourgeois
1967; Vaziri-Moghaddam et al. 2006; Ehrenberg et al. 2007; Laursen
et al. 2009; van Buchem et al. 2010; Sadeghi et al. 2011; Shabafroz
et al. 2015, 2020; Noorian et al. 2022). In this research, the Tang-
e-Gojestan section was studied to investigate the microfacies
and determine the sedimentary environments of the Asmari
Formation.

Material & Methods

The studied section was selected in the easternmost part of
the Izeh Zone (Fars subzone), 50 km NW of Nurabad
Mamasani city (coordinates: 30°29'37.95” N, 51°16'34.37"
E). The section was systematically sampled every 1 to 1.5 m.
For the purpose of this study, we investigated 239 thin
sections through the entire Asmari Formation and also the
topmost horizons of the Pabdeh Formation. The petrographic
characterization of the carbonate facies and depositional
environments is based on Dunham (1962), Embry and
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Klovan (1975) and Fligel (2010).

Discussion of Results & Conclusions

The Asmari Formation (298 m-thick) in the studied section
could be lithostratigraphically divided into the following
three units: the first unit consists of medium- to thick-bedded
limestones interbedded with shale beds, the second unit is
predominantly represented by massive and cliff-forming
limestones, and the third unit consists of thin to medium-
bedded limestones interbedded with shale beds. Field
observations and laboratory-obtained data indicate that the
lower boundary of the Asmari Formation with the Pabdeh
Formation is conformable. The upper contact of the
formation with the Gachsaran is covered and could not be
detected. Whereas in the adjacent outcrops in the Eshgar
Anticline, the Gachsaran Formation overlies the Asmari
Formation (Zare et al. 2019). The skeletal grains mostly
comprise  larger  benthic ~ foraminifera  (specially
Nummulitidae and Lepidocyclinidae), echinoids, gastropods,
bivalve, planktonic foraminifera, bryozoa, red algae, Ditrupa
and rare coral fragments. Petrographic studies of the studied
interval led to the recognition of nine microfacies including
MF1: planktonic foraminifera wackestone, MF2: planktonic
and larger benthic foraminifera bioclast wackestone, MF3:
larger hyaline benthic foraminifera wackestone/floatstone,
MF4: lenticular hyaline foraminifera bioclast
wackestone/packstone, MF5: porcelaneous and hyaline
foraminifera wackestone, MF6: Porcelaneous foraminifera
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wackestone, MF7: bioclast wackestone/mudstone, MFS8:
dolomudstone/dolostone, MF9: stromatolite  bindstone.
According to introduced microfacies and identified biota the
Asmari Formation was deposited on a ramp carbonate
platform (the inner, middle and outer ramp). The absence of
slumped structures, gradual microfacies changes, and the lack
of a distinct bar and/or buildups, all suggest a homoclinal
carbonate ramp. The Paleocene—Eocene Thermal Maximum
(PETM), which occurred 56 million years ago, had profound
effects on biota (Réhl et al. 2007). This event was associated
with rising sea-level, changes in ocean chemistry, increased
atmospheric CO,, the highest temperatures recorded in the
last 100 million years, and the prevalence of carbonate
platform deposits rich in large benthic foraminifera (Zachos et
al. 2001, 2003, 2008; Scheibner and Speijer 2008; Tosquella et al.
2022). Increased atmospheric CO,, in turn, led to ocean
acidification, and rising sea-surface temperatures caused
coral bleaching (the expulsion of zooxanthellae algae),
resulting in reduced coral reef growth or even complete
absence of these reef types (Zachos et al. 2005, White and
Schiebout 2008; Scheibner and Speijer 2008; Payros et al. 2010).
Consequently, most neritic carbonate platforms in the early
Cenozoic developed as ramps due to the absence of reef-
building organisms (Beavington-Penney et al. 2005; Tosquella et
al. 2022). Based on the identified allochems, the carbonate
associations in the studied section are limited to heterozoan
types (nannofor and forealgal associations) that are
widespread throughout the Cenozoic ramps.

d https://doi.org/10.22108/jssr.2024.142242.1292


https://doi.org/10.22108/jssr.2024.142242.1292

L P RT3 e T
V/\—Oqu.a AAEA d_)l A)Ls.f: QA v_’vlﬁ oJLs.i ‘VS"" E) J.g;_ Jl

VEY/ANY 8 b VRO i s

d.:.ajjidm
Ol K5 53 glem] Ll Bl S Slelanl 5 ogwy o lasw dao,lus 5,

F o 5 N . Z * (. .
Q.j.‘ u)‘m cl.'..:..n QJ';-"' WKl 44._1'\._1. rjl; Faisls ‘WL.JJ:U AJ; g)l.l)l.'.'...»‘ ¢® GL.;C&F 4.“-\?'
y.ezampanah@basu.ac.ir

7 Fou s . . . é e . é
Q.J.ﬂ céb‘rﬁ gQL‘.‘.MJ.\ WSS 4._1.\.4 V‘,.Lf« FAisls cwuw.») ons ng‘.'s.: Lg‘,ar.&.r‘.) ‘®6JJ'>"S Ioeo

mohammadgoodarzi45@yahoo.com

BY NC N

This is an open access article under the CC BY-NC-ND 4.0 License (https://creativecommons.org/licenses/by-nc-nd/4.0/).

. DO
2423-8007 / © 2023 University of Isfahan D

@ https://doi.org/10.22108/jssr.2024.142242.1292


https://doi.org/10.22108/jssr.2024.142242.1292
https://doi.org/10.22108/jssr.2024.142242.1292
https://doi.org/10.22108/jssr.2024.142242.1292
https://portal.issn.org/resource/ISSN/2423-8007
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://orcid.org/0000-0001-5013-2026
https://orcid.org/0000-0002-6415-2981

\F"FJ}la)w‘\/\&lﬁwugé}dﬁdb‘wh&gy)}dj&%éhuiﬁjk #Y

Lo Seer S b A 03 5 0l 2 e
van ) ol el LSS e S cp a0 ilE 0550
JL..A Ll d‘dw 04,5 &b~ -l .(Buchem et al. 2010
G ol s et (SHL L) 8 slaaig
B3l) GeseS a0 ol s s Gl asl)
Allahkarampour Dill et al. 2018 and ) ol (g Ll
S e Olseas sleml L5l (references therein
b wbossls o 5 SN s 255 03 B O
5 oA 2 e s el gl il
o) s Glpme Blde Loppe uaes
Sl ) Sl S ol g (S gla il 5
Gl ol zmin gl male 503 208 Slidos @ 5 03 S
(Wynd 1965; Adams and Bourgeois 1967; Seyrafian 2000;
Vaziri-Moghaddam et al. 2006; Amirshahkarami et al. 2007;
Ehrenberg et al. 2007; Laursen et al. 2009; van Buchem et al.

2010; Sadeghi et al. 2011; Shabafrooz et al. 2015;
Allahkarampour Dill et al. 2018; Gharechelou et al. 2020;

Cosen b fagn pl Oleeea 5 Noorian et al. 2022)
oskear 35t cpl s Ll el J s (glodlsh
Sty psm) gbalaow 5 Lol o)
2@l kS K5 wbides by (Sobeml L3l
Sl sl ol andllas 5 (gl phses RSl B
(S ks il BLE s sl b VU 5 o
03y Dslite (IS gy Oboy 53 ad s Dl s
ol L3l G5 » bl Wsle blE iy 3 ol
b s G e Ok g s s el 4l ceiis
Ol sldisle b e w sl cpl cp s 50 JoHs
Coxdy ) e Liles (Motiei 2003) ool AT S
O STy cile LB 3 golenel L3le oYL 5
S5 2 OhleaS Ll BB 2in 55 o5 gosba s
Bl (S oleli)l 5 Jtls el sy arig O
Gl 0dld ISy LS Wl ey S

.(Motiei 2003)

4o s
Gl 3 S Ds 5 Gl S slap ity LISS
(Sl s e b 3 el Dl 3 Sl gl
03 i 5 alps O e e Sk (SO 5SS Lyl
ol edd IS Sl S I slendlS ) as sora
Slecdy, olelaxsl (5181 51 ey .(HoNtzsch et al. 2013)
Sty Sl il p el 5 sl > (B o354)
5 Assilina Nummulites) laizd o5 a3l S5
laaed 5 1 5 (Discocycling) sS4 (Operculina
Lyl,s L GoseS AN sl S (Alveolinids)
M5 s s BysCs plyl- et oS S 5,5l
L3S Ll ity Sle B s glais 5o 1) Sl S
sles S oml b 5l .(Beavington-Penney and Racey 2004)
03 SWL 2LEN 5 e 55 4 A b s feds S
G o O35l & a5 b pioman 5 S5 50 Olyso
sl o Slesl 5 Slhs 03 4 sgdeme iy oS (Sl
G (o oo o Oalainl 3 e SR

Kolsag s ek (Ll pomen 5 s

(Hottinger 1983; Hallock 1988, 1986; Romero et al. 2002;
Beavington-Penney and Racey 2004; Beavington-Penney et

31 al. 2005; Zamagni et al. 2008; Gradstein et al. 2020)
Oy Ol sl Oboj L3 Asny glaanilil (5 b
Klos gy a5 5,50 bys Soydes Sl e s 55553 o
33 Gledes Slx L S (g e (Racey 2001)
sl ol 5 Lol S tusu)s gl
2 esdke (Perrin 2002) ol a3y ol e Sl g
bS5 Gl ¢35 S S sla el b
(Buxton and Pedley 1989; b il 5l e S b s 50
9 Pedley 1998; Aguirre et al. 2000; Rasser and Piller 2004)
OBLSUI 5 a4 Slo/ g pises Slo) B35de b 3
(Halfar and Mutti 2005) Lus Las laols s i
S 03 Sl e S 80 sleaiy
Cod s .(Pomar et al. 2014) £yl Osecty Lis >l

d https://doi.org/10.22108/jssr.2024.142242.1292


https://doi.org/10.22108/jssr.2024.142242.1292
https://doi.org/10.22108/jssr.2024.142242.1292

l4s LSJJJﬁM}uLL_:rLEGA”Ji

Ol K5 53 olend L3l Bly S Slebezal 5 gy Gladoses oo lust 555

B D e L I T
oo 5 Ol K5 by ooty Sag3 5 Slbosler
skl ol Slane e B
Yr YA TVAOY 5 3,5 ok OV 153 YIAVY adiaallas

sddanlllas oy & ow fws sbaol) 5 Sl o Cond 5
Ol BE ng“ D) )\ u,ll;u u..s.j-g;aj& B olaxIlae U':’J"
Lo Okt o dld speskS 00 s 5 b

el Sl o e OhlaS = Ol — 5Ly s e Gobsl sddanla
S oesS s Jeee 3 ep Al Bl el L0
N N N s @ % & A

Y% High Zagros Fault

©
Main Zagros Thrust F

J’ Study section
> Anticlines
e Town

30 Km
[ |

‘ol s L Farzipour-Saein et al. 2009 31 azs 3 5« w515 osm) s g ksl 23 (A=) K

L Shabafrooz et al. 2015 31 4= 8 ) (B) sddasdlas b 5 4 oo fws saol, 5 oWl i Cund g0 (o

(& s

Fig 1- A. Structural map of the Zagros fold and thrust belt (modified after Farzipour-
Saein et al. 2009), B. location and access roads of the studied area (modified after

Shabafrooz et al. 2015)

clie YW sl sl S Slelazrl s CE|S
e 5 Solemol Wl slaanig 5l Sy Son SL
Loddag ablie .ol odd 4 obily 5L L i
Sl s adlllan (Ol 0) Sy S 5 ol
(Dunham 1962; Embry ;| Lao,lcs 5y e 5 (ghuatl

lale>s -oa5 5 and Klovan 1971; Geel, 2000; Fliigel 2010)

la Sy, 9 Wesls
Ol SlanS S5 bl 5 ol e Ghilon 5
Golomal L3 I 51 (ol s g Sladllas i
A el 62 1O LY Lol b5 Slatn ) 50n
(Sl st 5 ASl Gl bl e ¢ ame

JJ_A ZJ\)\}&H)LSLAM LLAG)L_«}‘)J'.:)M

d https://doi.org/10.22108/jssr.2024.142242.1292


https://doi.org/10.22108/jssr.2024.142242.1292
https://doi.org/10.22108/jssr.2024.142242.1292

\F"FJ}la)u‘\/\&lﬁwugé}dﬁdb‘wmgy)}éj&%éhﬁjk #f

o gms SAS|y 5 iy ol 5 eddasllas 3L ablie
G033 Sl o reas Oyl Sl Ll
o— 4 (Laursen et al. 2009; Van Buchem et al. 2010)
Jodm) A e (G055 50 = ks 50) s smam s 5

.0

Wilson 1975; Buxton and Pedley ) 3| s, Jdos a51)0 5

ol esla_wl (1989; Tucker and Wright 1990; Fligel 2010

el

o g mls
d)@% S )

53 SO 5 Sy gl jaial b lalld g s 5l

sddaslllas 5y sy GO9S =)

Table 1- Biozonation of the study section

Biozone

Thickness (m)

Age Formation

Borelis melo curdica- Borelis melo
melo Assemblage Zone

19m Burdigalian Asmari
(from 287 to 297 m)

Miogypsina - Elphidium sp. 14- 144 m Aquitanian Asmari
Peneroplis farsensis Assemblage zone | (from 134 to 278 m)
Archaias asmaricus - Archaias 104 m Chattian Asmari
hensoni— Miogypsinoides compalanatus | (from 30 to 134 m)
Assemblage Zone
Lepidocyclina — Operculina - Ditrupa 20m Rupelian- Asmari
Assemblage Zone from 10 to 30 m) Chattian

LS Sl e (Sl K 5l sdas jsbay Sle Sio
(B yas ¥ SC8) Sl oz Sy gt SIS 5 553 0
A 5 b e (S5U LSl 5l GBS i
Sl 5 baand 51 slo)ly 2 a8 55d o LSS Y s
(€ i T IS o b Slae¥ok
K5 5 dl ol b el gy A5k ol VL e
ol 3l g Kl o BB s sdianlllas gla i
(Zare et al. 2019) Ol;LS W3l 3 53 ales 5o o ot
S35l 5 05 caden b D pen &SI L 5

.(Shabafrooz et al. 2015) 5,15 | 3

s Lz g Loyl 5,
ol Jolls DS S5 5 3 s kg ls p sal JI5
L3k oy Coend el (gled A5l 1 5 el 35l
SH3U SO Sy ST K 5 b s Sl el
Lilw saeB) SVL Canas o s IS ¥ hu e U
Sl 48 543 e 03558 Sl laaVols » (gole]
L3l 33 5o Jome 53 ould S DS 0352 2 p 6
saban Cube s e YAA L gl il ool st
Gl GAsSCSE s Y s wla&Kn bl sdes
U g glacSal&an bols o s i (Y K2)
(A as Y ISE) b glaVOke b e S &Y s

d https://doi.org/10.22108/jssr.2024.142242.1292


https://doi.org/10.22108/jssr.2024.142242.1292
https://doi.org/10.22108/jssr.2024.142242.1292

70 6)')J‘5§.L¢.>mjat.‘v rUzP A.”Ji

SlezS S5 3 oleml L3le Bl S Slelazal 5 sy Gladasms dlao bt 5,

23 Jwe Fe sbSai&n (& f‘_;J\A..»T 9okl sbuile om i 50 5l (Sesp sl (WY s
YL s s s b Yole b aV ke s U S50 g Sal & (0 gbem] wijle Sle gl jisu

Fig 2- A. Close up view of transitional boundary of the Asmari Formation with
the Pabdeh Formation; B. CIliff forming limestones in the middle parts of the
Asmari Formation; C. The thin to medium bedded limestones interbedded with
shaly layers in the upper parts of the Asmari Formation. Abbreviations: Fm.:
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Fig 3- Identified microfacies in the studied area, A) planktonic foraminifera wackestone (MF1), B) planktonic
and larger benthic foraminifera bioclast wackestone (MF2), C) larger hyaline benthic foraminifera
wackestone/floatstone (MF3), D). lenticular hyaline foraminifera bioclast wackestone/packstone (MF4), E)
Porcelaneous and hyaline foraminifera wackestone (MF5), F) Porcelaneous foraminifera wackestone (MF6),
G) Bioclast wackestone/mudstone (MF7), H) Dolomudstone/Dolostone (MF8), 1) Stromatolite Bindstone
(MF9). Abbreviations: P. planktonic foraminifera, O. Operculina, D. Ditrupa, B. Bivalve, Eu. Eulepidina, S.
Spiroclypeous, R. Rotalia viennoti, H. Heterostegina, R-A. Red algal, M. Miogypsinoides, El. Elphidium, Q.
Quinqueloculina, Mil. miliolids, Me. Meandropsina, Ar. Archaias.
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Fig 4- Lithostratigraphic log, microfacies distribution along with proposed depositional environments of the

Asmari Formation in the studied section.
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Fig 6- Identified carbonate associations in the studied area, A. Nannofor carbonate associations, B. Forealgal
(LB-foralgal) carbonate associations, and C. Foramol carbonate associations
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