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Abstract

In this paper, the biological evolution of the carbonate platform of the Taleh Zang Formation with Paleocene age in the Kermanshah
region has been investigated in two stages (time interval) concentrating on fossil debris (such as algae, corals, and benthic
foraminifera). For this purpose, two suitable stratigraphic sections of this formation in the south (Kaboutar Bala section) and
southwest (Barikeh section) of Kermanshah were selected, sampled, and studied. For a broader view, the results of this study have
been compared with other parts of Tethys basin around the world. The depositional environment of the studied deposits of the Taleh
Zang Formation is a carbonate ramp and is probably a form a low gradient ramp due to underdeveloped coral constructions. The
gradient of this platform increases from the northwest (Barikeh section) to the southwest (Kaboutar Bala section). Four biofacies
were recognized in the studied successions, which include green algae, coral, green algae and benthic foraminifera as well as benthic
foraminifera and green algal biofacies. In the lower parts of the Taleh Zang Formation, the presence of algal and coral biofacies
(patch reefs) indicates the first stage of carbonate biological evolution of this formation, in that such biofacies has been identified in
the Paleocene sequences of other Tethys sectors. Throughout the time and in the upper parts of the Taleh Zang Formation, corals
have disappeared and the abundance of green algae is greatly reduced. By the presence of benthic foraminifera with low amounts of
green algae, the second stage of the biological evolution of the carbonate platform of the Taleh Zang Formation in the Kermanshah
region is formed. In the Early Eocene in Kermanshah region and in the studied successions, due to the seawater regression, the
production of carbonates in the Taleh Zang Formation stopped and the detrital red sediments of the Kashkan Formation replaced the
carbonates of the Taleh Zang Formation. However, the carbonate production of this formation continued in other areas of the Zagros
sedimentary basin (Lorestan province) until the Middle Eocene.

Keywords: Biofacies, Carbonate platform biological evolution, Taleh Zang Formation, Paleocene, Kermanshah.

Introduction

During the Early Paleogene (Paleocene to Eocene), the major
carbonate producers were algae, corals, and benthic
foraminifera. At the end of the Early Paleogene due to the
warming events such as the Paleocene—Eocene Thermal
Maximum (PETM), the increase in temperatures in the
oceans and CO, in the atmosphere led to the decline of corals
and the expansion of benthic foraminifera (Bernaola et al. 2007;
Zamagni et al. 2012; Zhang et al. 2018, 2020). At this time, larger
benthic  foraminifera, which could tolerate higher
temperatures, progressively became one of the main

carbonate producers (Pujalte et al. 2003; Scheibner and Speijer
2008). During the Paleocene-Eocene, three biological
evolutionary stages could be identified and separated in the
carbonate platforms around the world (Scheibner and Speijer
2008; Zamagni et al. 2012; Martin et al. 2020). In stage one, Late
Paleocene coralgal dominated platforms; in stage two, a
transitional latest Paleocene platform stage with coralgal
reefs dominating at middle palaeolatitudes and larger benthic
foraminifera dominated platforms at low palaeolatitudes; and
in stage three, Early Eocene larger foraminifera dominated
platforms in all latitudes. One of the areas where Paleogene
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carbonates can be abundantly identified and studied is SW
Iran, where during the Paleogene, the Taleh Zang Formation
has unique outcrops in Kermanshah and Lorestan provinces.
Algae, corals, and benthic foraminifera, which are the main
producers of the carbonates, have a significant abundance in
the Taleh Zang Formation in the Kermanshah region
(Shalalvand 2019; Shalalvand et al. 2019 a). Previous studies on
this formation have focused mainly on biostratigraphy in the
Lorestan Province (Maghfouri Moghaddam et al. 2008; Rajabi et
al. 2013; Shojaei Nejad et al. 2018) and in some cases
determining the sedimentary environment (Zohdi and Adabi
2008), none of which mention the existence of algal and coral
biofacies. In this study, besides identifying the algae and
corals, the possible relationship between the biofacies
changes of the Taleh Zang Formation is compared with the
biological evolution of the Paleocene—Eocene carbonate
platform exposed in other parts of the Tethys Basin. This
study makes an attempt to cover an important gap in
knowledge at middle latitudes (20" to 30") located between
the northern and southern Tethys platform.

Materials and Methods

After studying the 1/250000 map of Kermanshah (Braud
1978) and 1/250000 map of Ilam-Kuhdasht (Llewellyn 1974),
the areas were survived and the outcrops (Barikeh and
Kaboutar Bala outcrop sections) were selected as parts of the
Zagros Paleocene deposits. Considering the aim of study,
accurate sampling on these two stratigraphic sections was
performed systematically at two-meter intervals. Finally, 130
hand specimens from Barikeh and 33 samples from Kaboutar
Bala sections were collected for petrographic studies. Articles
published by various researchers were used to recognize and
study the calcareous algae (Elliott 1968; Deloffre and Radoicic
1978; Barattolo 1998; Genot and Granier 2011; Granier et al. 2013;
Sobhi and Ahmed 2015; Bucur et al. 2016; Barani et al. 2017;
Granier et al. 2017; Bucur et al. 2018; Barattolo et al. 2019). The
identification of corals in this paper was also based on studies
of different researchers (Turnsek and Kosir 2004; Bernecker and
Weidlich 2005; Zamagni et al. 2012; Baron-Szabo 2018). Besides,
the biofacies present in this study were identified based on
field observations and compared with standard microfacies
introduced by Flugel (2010).

Discussion of Results and Conclusion

In this paper, four biofacies of green algae, coral, green algae
and benthic foraminifera as well as benthic foraminifera and
green algae biofacies were identified. The abundant presence
of benthic foraminifera and fragments of green algae led to
the biofacies being considered as separate biofacies from the
latter. According to the identified facies, the Taleh Zang
Formation in the Kermanshah region was deposited in a
shallow carbonate ramp during Paleocene. At this time,
which is the first stage of evolution of the Paleogene
carbonate platform, algae and corals are very widespread in
the Taleh Zang Formation. In this stage, two separate
biofacies have been identified, which include the green algae
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biofacies and the coral biofacies. These biofacies have also
been identified in many Paleocene carbonate deposits of the
Tethys Basin (Scheibner and Speijer 2008; Martin et al. 2020).
During the Late Paleocene and in the Upper Thanetian, with
the extinction of corals and most of the algae, the benthic
foraminifera was very widespread. This is another stage
(stage two) in the evolution of the carbonate platform of the
Taleh Zang Formation. At this stage, two biofacies were
identified and separated. These biofacies include the green
algae and benthic foraminifera as well as benthic
foraminifera and green algae biofacies. During the Early
Eocene in Kermanshah region, in contrast to the other areas
of the Zagros sedimentary Basin, the carbonate production of
the Taleh Zang Formation disappears completely. At this
time, Kashkan siliciclastic deposits including conglomerates
and sandstones formed in a fluvial sedimentary environment
(Rostami et al. 2019). In this paper, the obtained results are
compared with other similar Tethyan sectors to build a
broader view (Scheibner and Speijer 2008; Zamagni et al. 2012;
Martin et al. 2020).

The carbonate platforms in the West Carpathians (W-
Slovakia), the Pyrenean platform (France and Spain), and the
lonian Islands (Greece) are located in mid-latitudes (30°-45°
N). In these platforms, the major organisms in the first and
second evolutionary stages are composed of coralgal reefs
(Accordi et al. 1998; Baceta et al. 2005). In these areas, in the
third stage of biological evolution, benthic foraminifera plays
an important role, except in the Carpathian Mountains. In the
Carpathian region at the end of the Paleocene, the whole reef
complex was destroyed and no younger strata were recorded
(Kazmer et al. 2003; Bucek and Kohler 2017).

Carbonate platforms located in Tunisia, Western Morocco,
Sirte Basin (Libya), and Zagros Basin in Kermanshah region
with the presence of Taleh Zang Formation, are located at
intermediate latitudes (20°-30° N). During the Paleocene, in
some carbonate platforms (such as Morocco) of these areas,
coral reefs and benthic foraminifera are absent. The absence
of corals and benthic foraminifera makes this area different
from other areas (Jorry et al. 2006; Scheibner and Speijer 2008;
Martin et al. 2020).

Carbonate platforms in Oman, Northwest India, and
Northwest Somalia are also characterized by low latitudes
(0°-20° N). Coral reefs indicate the first stage of evolution of
these platforms. In the second evolutionary stage, coral reefs
and benthic foraminifera are generally present. In the Early
Eocene, the abundant presence of benthic foraminifera in all
regions describes the third stage (Carbone et al. 1993; Sarkar
2015; Tomas et al. 2016).

Overall, it can be concluded that only two biological
evolutionary stages are present in the carbonate platform of
the Taleh Zang Formation in the Kermanshah region. The
first stage is quite similar to the platforms of the Carpathian,
Pyrenean, lonian Islands, Libya, Northwestern India, and
Northwestern Somalia. The second stage of the biological
evolution of the Taleh Zang Formation is also comparable to
the platforms located in Libya and Oman.

https//dorl.net/dor/ 20.1001.1.20087888.1400.37.1.3.9


http://dx.doi.org/10.22108/jssr.2020.124937.1186
https://jssr.ui.ac.ir/article_25131.htm

i s 5 ) Kar gl iy
FFXO Lo OFer e sl el AT Sl ol cain 5 e L

WA ATV 1y Gl WA/ PIYS i 5oy )

Ry b

oliile S Adkate 55 SS5ab Wil By S pah (e JolSS

Ol pl Ol g5 (i A ol con pshe U (Sl 5 sy Saad s 03 8 ) b2 1S (oS g haes
m.shalalvand@mail.sbu.ac.ir
Ol O, o L o5l e Ul; UL (L gy SaS = 0y S ol *;;.’bi Oy daes
m-adabi@sbu.ac.ir
Olpl 0l 3 (Dlomi 3 oS3 e she SUSTEs (i ipmes 05,5 SLslin] ((GARS Cymd]
Afshin.zohdi@znu.ac.ir

0 S

WSl ) ewd sl 2 8500 b oliile S 3t 5o el e 4 KO3l 3l Bl S ity ey JolSS ol hag 0
53 S el ol ol sl bl o 5o sk s el el ey 5 (Gle3 B31) Al s 0 (Sxy sla el 3 5 a0l e
Sk 4 lies Sl b a5 ()1 e ped Dbl liile S (L B b s 0 R s (VLS B s
Gty gy Lo b alie 55 s b 53 B Wb slagisn Ko b Ghagn ool 5l selcnse mlS Gas
B S s o Oy gots Vet | e sy g 03,208 iy (slaslisli 3508 s 4 4 ol Gy S oy SO S5l Li5lon 31 e o
53 Ak G LSS ) G5 Cpor S 4 (L 2 258 bt gl o Sl 6l S eyl od ol o30S
(S ) Bl e S s Bl Sl llole G5 S Al Gl s lest) ler el sl
(Sl 5l gl Sl 3 g S 5 Sty el b e bt Sulghns 5 Sty il g e S w5 Sl
Bl Kl pl glaoly S aan s BSS S A e s sSOL (Gl glaci ) Sl e 5 (S glas,lest o
WS35 3l VU la it 53 5 Ol Jsb s el edd Lol 55 et bl K3 sty sl 5 s alaeslasty e
SLSlr oS ol Lol jer Sty lajiial b sl L oS Wl o Sl Sl s LS Sl 5 08 e Bl WOl s
St 5o s okl S Ak 3 3,8 e JSG eliile S dikie 5 Kjals Wl Sl S oAk e oSS Sl e s
S Dligey 5 g JalS [ bay Ksali w3l sl S LSS dys O Sasim Dmns ety sl Olay 53 ediianllas
s by bl Kos 55 dle ol Glacly S LSSt s 355 0 S L3l gy S oKl 0KES W5l e 5
Al e aelsl Sl e sl G (Ol ) Olil) ST

oliile S ¢ op sl (KO3l Wl il S oty s JAlSS ¢ Bt S a3l

d):o‘J bJ&.ﬁl)ﬁ *
(et sy 5 S slata sy oLl S ddlate 5> S5l i3l Bl S o pedy s JalSSL(VF00) L gdns 5 g (o il
FE=¥0:())YYV

@I0ISIO)
2423-8007 / © 2021 BY NC_ND

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

d http://dx.doi.org/10.22108/jssr.2020.124937.1186  [2)  https//dorl.net/dor/ 20.1001.1.20087888.1400.37.1.3.9


http://dx.doi.org/10.22108/jssr.2020.124937.1186
https://jssr.ui.ac.ir/article_25131.htm
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://www.orcid.org/0000-0001-8338-7738

\Fo )l{a. ‘J}‘ a)\.a..."& J\Y&lﬁ o)u ¢@j deLw ‘6“‘[‘;‘“.‘}‘“)}6)&‘“:’: L;lh&h;}i A

By paT
R 33 3 e A Bl S Glae il Ol (pen o
S Jld gla sy s C;b L;LArA cllacils Sl 3
a5 Bl S 15w ¥e VL LU e s
5 Al sl S Ul Ll sl p Ols ((Shhal o
5 S glap ity sl o 0dis 4S5 51 Fend
s YO 3 ol sbilas e s e s Lies o
Jhd (s Jlad (28150 Jled (o pme 53 5 Lites
Lols Osaiz; Olnl 5 Olas b 2 b ¢ Jlosr o2
Sl waf .(Scheibner and Speijer 2008; Pomar et al. 2017)
Jsb o3 olile S dilae 53 Sjals Wil cadlas opl s
CS\) s a3 VA s Sldl s 5o s sl
sl 0l

Gy S g0 O 53 Ol e &S ble 5 S
5 0lpl 08 b sy 85 adllas 5 SLulis 1, 05530
OF 53 0586 Oboy 5o &S ol o 813 e, dds
Ol 5 olisle S Ghlis 55 owe &y goay SS3ab 350
| L R B TS - Ry LN PUCERy)
S A S35 b (Gl Lo 25) o S15
Aghanabati ) >)l> sl U sl s 85 gde «Sal
Ll sy e 5 Wldose, oldles (2010
23 lame G AS 0Ly oliile S Rilats )3 03 540 G5l
(Shalalvand et al. 2019 a, b) cwlaaiy pl sl d“‘“’VS
OBl 5l S Ko gla il b5 Lol o S
Sosals Ll glaanig 53 doua S s s o
ls 25 855 5 Sl

oliw 3 ol 5 wsle b el i Sldlas
Maghfouri ) bl fod 4 Ges 5 03y S ek
Moghaddam et al. 2008; Rajabi et al. 2013; Shojaei Nejad et
ZONGi ) 3y Jams § 55 (oS 41 L8k 00 )3 5 (al. 2018

U'l\ J‘ r‘JS@A )3 C_,..A‘ °Jj-,’ ‘b)"j’“ (and Adabl 2008

FVRYYS
dee (gl B ol oot 03 Jb
5 Lok LS U Lol 5 sl Lgurw:;gjl
5 S Ol l sl o ol o2 Sz gla il 2
Sl 555 Sty Sl i 5 s B Lol e
wbes Sl sl s @ Sde Sl e Lilaxdls (6 zeS
Paleocene-Eocene  Thermal ) .l —- gl
ol st emman 5 la g3l gles Auf581 L (Maximum
Bernaola et al. 2007; Zamagni et al. 2012; Zhang et al. ) CO,
oS Ao s > gy slasltl (2018; Zhang et al. 2020
b yaisl b Ol ol g Llasy o 51y asl  als
Jos 1y i sl &S Gl Sop gl ense S
by S ol DS 5 31 (S w5 B s
Pujalte et al. 2003; Scheibner and Speijer ) L& Las

.(2008
B P N SR RT R I PSR
ol ol S8 5 plobis Loy ub w &L S 6La¢,i:g
Scheibner and Speijer 2008; Zamagni et al. 2012; Martin et )

2l Lle,le oS (al. 2020

Al 4 e e ol (Stage 1) Jsl LSS ds e )
e 535S bl LS Sl b sl
By patde S

Cogony dse ol (Stage 2) pss LIS Al s Y
AT S s B S s by us IS i
oy bl el by el sla S
3 s wWlam b o S s,
2B gla o e K 55 58 n S sle il
D gt P Rt

a8 ol e o # T (SHAGR B) pye LSS A e X
ols 53 L Ao ool ol Glate 25 el

Sop Sty glojiinl b memd b ollax sla o0

d http://dx.doi.org/10.22108/jssr.2020.124937.1186 @ https//dorl.net/dor/ 20.1001.1.20087888.1400.37.1.3.9


http://dx.doi.org/10.22108/jssr.2020.124937.1186
https://jssr.ui.ac.ir/article_25131.htm

¥q IS 5 L Il dasms

olisle S Aikaie 53 SS3al Wil Bl S oty peas JalST

S S 8503 YT 5 4L e Sl (S G503 T sl
A g S50 shade T eles 51 5 cdls VU 558
5 S 3l Sl K SSE 5 ekl sk
36 ablie b3 (pal 0y 5 5ol Gy S imas
Alizarin- Red- ) 563 o l5dl Joloe b oSy Soo
o9, 4« (K. Ferricyanide) el Aol B (Stain
Ol M Sy Sn SaS w5 (55215, Dickson 1965
el 5l Sl ol aallas 5 yaseis gl ad anllas
e Ve 5 abe Sl ag 5SS sl

Elliott 1968; ) 13,8 &1l Cileses O Sia gt o5 A eslaza

Deloffre and Radoicic 1978; Barattolo 1998; Genot and
Granier 2011; Granier et al. 2013; Sobhi and Ahmed 2015;
Bucur et al. 2016; Barani et al. 2017; Granier at al. 2017;

ol slails s .(Bucur et al. 2018; Barattolo et al. 2019

Turnsek and Kosir ls jass sl 55 JSags opl 5o
2004; Bernecker and Weidlich 2005; Zamagni et al.
ol glals s .ol sy 2012; Baron-Szabo 2018

Dunham 1962;  slagduail 31 osw, slas s
Oeomes (] sdd eslazwl Embry and Klovan 1971
Sl s ol o ol glacles, lull
S s AElT Gl sy s ol Sldalis

el 0 ¢l>.;,| Flugel 2010

o oyL3l Sl e s Sl laeslaty 3 5m s 4 clalllas
Cly‘l ells o oedle wadlas cpl ys pl by el
Sl e Gl B el e 5 LS
ol s JolSO L Sl Sl ae slasle
on o e BB K 00 el — el b sl S
Goadd ey gy Kol Uil Bdlas ol sl
sl slase 03 s Sl Dbl eSS
5 Gl e iy o o &l (s T B YY) Sl

S o SLLE SGS o

TRIF I
5 e sl tasy adlle 51 (rasn cnl el Lz
Cie S Nl VXD el SlanE e
«Braud 1978) oliile S V:YOer+r 5 (Llewellyn 1974)
o w Sl s VisS S s seS
5SS ek (SN E e e
S Bleas (VU 5 s sl O35 eie
sl s () 1K) WS ol S el slaaiig
oliae i s ol e ol 53 edddlis Gilaal
Jols 03 5 Solatunw Sy s L 558 5 a0 5 )
Olts &S ola e 53) Ao 335 (gols pa e (g Y

Lol Sy (as clls p wlol g g LAl gl

d")  http://dx.doi.org/10.22108/jssr.2020.124937.1186  [2)  https//dorl.net/dor/ 20.1001.1.20087888.1400.37.1.3.9


http://dx.doi.org/10.22108/jssr.2020.124937.1186
https://jssr.ui.ac.ir/article_25131.htm

\Fo )l{a. ‘J}‘ a)\.a..."& J\Y&lﬁ a)l.a..:: ¢@j del.w ‘s“t*:“f}“JﬁéJ&‘“ﬁ' L;lhu;hjj‘i O

34307 00" N =

347207 00" N =

34° 10" 00" N =

34° 00" 00" N =

33°50° 00" N =

© 407 00" N = 'y
337407 00" N N ’

I I I I I

w (5] m w m

=) = =) =) =)

S =3 S =3 S

=3 = =3 = =

& 3 b 3 =

3 3 ) [ [

<+ < < <+ <

Mas}ad—‘
Tﬂwan [
] Shiraz
L A@%
Vo gy T
;
&
. §ro- ® L., _// ool
. albesyse Bp aemaa PP (e ps

oddandlas gl By 4 g s g g 2 CanBse ) JSS
Fig 1- Geographical location and access route to the studied sections.

2o Ul —oliile S ol sl Fr mals
E: 46 41 ULl Slawie b sl 655 ool
o TAY i onl ol sds w315 N2 347137007 5 00°
S3U gauaY L Sal ek Bas oS 3,15 Culies
Carlon mamen 5 OOl 3 b Voke ol por 4 Slos 5 G
WSl e s Sl Lol el el LSS
(Shalalvand 2019) ol el a3 S L j5 s sl
Coded sy Dok sddanlllas 5oy 53 sl ol
oy g ar g bl 48 813 Ol 15l W5l g5
ol bl i s OIS Wil gl K8 s Kvanls
S ks Cades 5wl Sosen W e (B p
RGN PN B
SrodS P 03 il S mldes
olise S Ol gd g
ol 4 815 (Cda S el VYO el e

wa Js A )

SEIAT 0800 o) pon i psael oLl ar Slamss
—oliile S o5 bslr Ll ;5 45 ool N 33756 00°
‘J;J J:lf UJ»‘ 2 &)4.15 JUJLMJ .J)‘J Q‘MJ J:}-)Ji
Sl B 70 L LY b)‘b s u“"j’dtt'. s ;J)Jou

d http://dx.doi.org/10.22108/jssr.2020.124937.1186

=

oddanlllas sla b (g0 (elidain o (ldins)
Bl S gladsls 5l K elisle S okl s Kjas sl
83,5 e sl 3 a5 (Falcon 1961) cowl Oliw ) &5 5>
(el LD @ oaxg Lol as S I3 LSl
u S 5wl S Olsw 5l las semme 3l sddanlllas |5
LS GoeoS ol lams o et Tos 5 K355 500
U e sl Ol 53 (7 5 Y la JSK8) ol o
oo 3l dIssS o b S 3 ST Dl sl
L (Alavi 2004) Llodd arig 5,8 dmiwo 5,5 adl= >
Sl Sl S b as s ol WSy pAS Al
sladle s« Ol cpl s ol sl R
Sl s e S B bl Sl S e Lls SO
L olacgslsl cnl Ol S o3 soal asls lagylsl 0 1) 55
So3al 5 0led slaile L baoly S 5 0lKEs Wl
.(Janbaz et al. 2018) L 45 o 4l

Lbe 51 ebdeer Fpo s SRl agn s
oz 5 DBl ol s YU s asie gl e L S5
1wl o

sl S Op Cgar s 1aS0LL el Sy

https//dorl.net/dor/ 20.1001.1.20087888.1400.37.1.3.9


http://dx.doi.org/10.22108/jssr.2020.124937.1186
https://jssr.ui.ac.ir/article_25131.htm

o) Ql)&mﬁ}&)um

aL:}LAJSiEJe;AJ:&)'«UJ})'L,.i:tUSpi:li ) PSS

Sl 0 J:g.&.: k;:ﬂjjj) é)‘.)iﬁ 9 &.&T gi.wu )‘ EJ.«&
Llea VU 558 5 oYU 5 o 55 5 ,e (Shalalvand 2019)

5 Ol Wle b odion 5wty g 4L

d

LEGEND

46° 45

E E 1 Old terraces and
8 Z Q gravel fans

: Fars Group
L | Conglomerates, red marls

Shahbazan Formation

Dolomites i
Kashkan Formation ] 4
Conglomerates, sandstones g %
and red marls <+ <

Taleh Zang Formation 34°10° 34°10°

Limestones, neritic

Amiran Formation
Flysch, marly-sandy

* JF —

Studied section Fault First class road Motorable track

OF 55 sudacalllan oy Jose S oLiile S VYOt e Ll ey &3 5 e =Y IS
(o3b33 e 5 b Braud 1978) el oas jasele

Fig 2- Part of the 1/250000 geological map of Kermanshah which the
studied section is specified (Braud 1978; by redrawing).

LEGEND
>
g Alluvium and
g Recent Deposits
= Qt

o
liocen

8

Paleocene |00

AN 0 2 4 6 8
—j— K.

Upper
Cretaceous|

/ Fault 417 Anticlinal Axis

i? Studied section

| Village

OF 53 oddasllie by Jous oS CdansS —p3h1 V/YO 0 alidopmey A2E 31 (e T IS0
(o,ks> oo 5 L tLleWellYn 1974) cosl oas asets

Fig 3- Part of the 1/250000 geological map of llam-Kuhdasht which the
studied section is specified (Llewellyn 1974; by redrawing).

http://dx.doi.org/10.22108/jssr.2020.124937.1186 @ https//dorl.net/dor/ 20.1001.1.20087888.1400.37.1.3.9


http://dx.doi.org/10.22108/jssr.2020.124937.1186
https://jssr.ui.ac.ir/article_25131.htm

Vet Sleredst o)led AY Gl o5lat ozing oo dlo ¢ ulibio gy 5 )SS0r sla 253 or

g dd g Ol el A5l b K5al Wil ) e A teddaddlas sla B 53 Kjal Wil 5l gl e palar -F IS
Sy wlbas € tdlmd o dmy 3 g OIKES W5l b K3als W5le Vb 50 5l K5 pled B G ,8 coms
e E ol ol s e Sl glae b g5l Sal glaKiw 51 S35 ol D ¥ e b Jaw e Sal sl

formation.
Sloss b Voo Sl gbSen 43 53 ol e
S I
L TaslsdS ls o s sl ol as LS5
5 b oylast) pl SOl s oy SO B P Iyl s
gt S Gl 5 e S e o
LSl ol 0 K20) col ois 53 0SS b oSy
s SUT b2 S8 S 5w a5 L Slse 3l ol 02
L Llodd Ly okl gl Ologs L 5 il ol ol
Cymopolia sp., glsl sS4 oy
Cymopolia edwarsi, Indopolia satyavanti, Clypeina

d http://dx.doi.org/10.22108/jssr.2020.124937.1186

Al ol 55 Gl e el gl e polas 5N SKsy

Fig 4- Field images of the Taleh Zang Formation in the studied sections. A) Lower boundary of
the Taleh Zang Formation with the Amiran Formation (view to the east). B) Close view of the
upper boundary of the Taleh Zang Formation with the Kashkan Formation (view to the north).
C) Close view of medium to thick-bedded limestone. D) Close view of limestone containing green
algal biofacies in this formation. E) Close view of the field images of coral biofacies in this

=

oliile S dalae j3 Kjali Ll S slre lus
S s s s 5 S5 sl s 1S o)
e S il e bl baee sl s
Glaolast, ol Sxo glainuel ps TandsdS il
St ek s glofn S edd gluls f
sl dlosle s VU a4 ol

Sl 05y B 058 ) o Sl e S5 )
S s 53 sdes Ojswas o)l ol G S
Sltalie 3 4 3l b oL i She B gl

https//dorl.net/dor/ 20.1001.1.20087888.1400.37.1.3.9


http://dx.doi.org/10.22108/jssr.2020.124937.1186
https://jssr.ui.ac.ir/article_25131.htm

ov IS 5 L Il dasms

olisle S Aikaie 53 SS3al Wil Bl S oty peas JalST

WNpes Sal (S bl 5 ol es Slialis
LSl el cpl s |85 Lol gl el
Sl b5 doys YO B YO Sl b TaudsdS puls e
o ok 45 ol doyn Yo BYO Sl b e S
53 (581l 5 13 505 2l daslaiS 55 i) LapS T S
O5Sy padiped 53 5 05uSs CoL Ll Sen (slae
(Y KE) Wlas 3513

O5mSs) o Sl 5 Sty sl o 5l Y
S oyl pl G S s S il gl
b ol WoisS iy els slacand 5 Tams
b Lo sto Sl Gain &y pots ol oo Sl ooy 2 52
salie ol glan o L S sl Yo
(W, e b)) Sy gla il B 558 0
o ot 4y a8 Wloylest 55 ol sbias |35 (6l 5! R
Sy 53 gy s 2lS 5 laglaiS 53 dlos 3l LanS T S
sy Y JSE) e S 15 oSy b b ol S
Sl 5l slaes 5 S sl il 36 28 5 Olgl 3
4 S Ime lojlus ) sl pl Sl ol Eoly
Sgban S b 3 Y o led &yl

23 o e Glaels, Ol 5 ebdas O
dadr 53 ol odd SLIA S 53 0l pmy 1 sla
ol sl S s Claxis S jsba 500
el ol w1, K sals Wl s ol glulbil slas L

rotella, Acroporella chiapasis, Neomeris plagenesis,
Lol 5b G o) o L 5 o> Uteria merienda
Barattolo 1998; ) ol (pw b)) il 21l B - 0ls
Bucur et al. 2016; Granier at al. 2017; Bucur et al. 2018;

.(Barattolo et al. 2019

Ssl Oyl B O0padil) Glr e en) ool X
Spas Ll Sle U planl gla i s b (Ol
sy 4L B 0o s K e edalin WL 548 Sy s
=l s 5 ol Slhalin s oolu ) pl L0
sdalie S5y 0 S b (5 pSs BY s Sal b
Ao y3 O B YO Slsl 2 L Ol e clys Oladad 545
) o3 el esls LSS 1y ol a5l S i
o854 OB lan 5 OlIE i, e Jods ol
ol b 5 Lol e Cods 8310 48 e sdalia
23 3 Okl s ol (pl SL ol ol Zsby
L. U8 s5d sdalin Osnadslh O o olad el
wld el O o (555 S slos pS Slallas 4 ax 5
Oculina conferta, Bacarella Joli lol- s ¢l

vipavica, Dendrophyllia candelabrum, Actinacis
cognata, Litharaea subepithecata, Goniopora sp.

ShosSEl AT g s S Gl e & s
Zamagni et al. 2012; Weiss and Martindale ) <ol -y 530

(2019
PP UV AW S P WS W S W S WS
bty ol (S il B 5 e S (5> 00

23 5 3gh e 0 id AL Sp 2Ll B Sl gla i s

Ko w5lw 5l sl anilas Sl by 5 edd plulis glo s ;) Olasein SR 3 laeds -\ Jgas
Table 1-A summary of the most important facies features identified in the studied sections of the Taleh Zang

Formation.
iy Al e sl o)l ol
Is 3 clacs - 05 B 0 5208
- - lf S A - N N
PRy 2500 7 A5k Taslsds S Sl g5l
€ oS 05y b 0528 5
. ;:).;jj'wu «S B
A ) RN Wpbes e S 5 e Sl L~
e ) SRS > . ol
Sy el
e gl = s Gy slaglas s
g E Ol o O gind sl B O gmails
S Gyl (slaes e Sl OB B0 il

(s gy Glaes = LUy,

L I
S S 15 551 2l

Qoo o golie

e . < o aeal = O o
. e Sl St il ol 0 S
ﬂu%ébﬁaéf

d")  http://dx.doi.org/10.22108/jssr.2020.124937.1186  [2)  https//dorl.net/dor/ 20.1001.1.20087888.1400.37.1.3.9


http://dx.doi.org/10.22108/jssr.2020.124937.1186
https://jssr.ui.ac.ir/article_25131.htm

VP Hle edsloyled CAY&\.:% oyled cr:.é.hj‘_;wdl.u cwmgy)jé)&&ﬁ- 6‘*&*}}’, of

@MH&&MAJL&J}‘&S&L@J D UAJQJLAJ &ja\b .\J}L.e J.AKS J}‘ fd.’f)} onbuF&ﬂj 3)\...")*0 Jg...'&
S Lo 4 s a1 51 5oy

E)Cymopolia edwarsi, F)Cymopolia sp., G)Cymopolia elongate, H) Indopolia satyavanti, 1)Clypeina aff.
Occidentalis, J) Halimeda cf. fragiles, K) Cymopolia aff. Tibetica, L) Neomeris cf. plagensis.

Fig 5- Green algal biofacies identified in the first stage of evolution of the Taleh Zang Formation.

Figures A to D) Overview of green algal biofacies.

Figures E to L) Closer view of the green algae, which are: E) Cymopolia edwarsi, F) Cymopolia sp., G)
Cymopolia elongate, H) Indopolia satyavanti, 1) Clypeina aff. occidentalis, J) Halimeda cf. fragiles, K)
Cymopolia aff. tibetica, L) Neomeris cf. plagensis
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Fig 6- Coral biofacies identified in the first stage of evolution of the Taleh Zang Formation. Types of corals are:
A) Dendrophyllia candelabrum, B) Oculina conferta, C) Acropora sp., D) Oculina becki, E) Goniopora sp., F)
Bacarella vipavica, G)Actinacis sp., H) Litharaea subepithecata.
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Fig 7- Green algae and benthic foraminifera biofacies (A, B, C). In figure A, the red arrow shows the green algae

Halimeda nana, and the yellow arrow shows the miliolid foraminifera.

Benthic foraminifera and green algae biofacies (D, E, F, G, H). Identifying foraminifera are: D) Elazigina sp., E)
Prearhapidionina sp., H) Miscellana miscella.

These two biofacies separated according to the abundance of benthic foraminifera and the relative depth of the

studied sections.
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Fig 9- Model of biological evolutionary stages of the Taleh Zang Formation in
Zagros Basin. As it clear, in the first stage and during the Paleocene, the main
organisms include algal and coral colonies. At this stage, individual algae are
also present in the shallow part. In the second stage and in the latest Paleocene,
corals destroyed and replaced by benthic foraminifera. At this stage, a number
of green algae are also seen in shallow areas. In the third stage in Early Eocene,

the carbonates of the Taleh Zang Formation replaced by the Kashkan
siliciclastic Formation.
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Fig 10- Paleogeographical map of Paleocene-Eocene and distribution of organisms in the mid-Paleocene (Stage
1), Late Paleocene (Stage 2) and Early Eocene (Stage 3). (Adapted from Scheibner and Speijer 2008 as well as
https://www.odsn.de/odsn/services/paleomap/about_map.html by redrawing and applying changes). The numbers in
this image are based on the information presented in the text and Fig 11 and are: 1) West Carpathians, 2)
Pyreanean, 3) Ionian Islands, 4) Tunisia, 5) West Morocco, 6) Libya, 7) Zagros Basin (Kermanshah, Iran), 8)
Oman, 9) NW India, 10) NW Somalia.
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Fig 11- A schematic picture of the dominant organisms associated with the three stages of
biological evolution of the Tethys carbonate platforms as shown in Fig 10 (taken from Scheibner
and Speijer 2008, with redrawing and modification). The thick black lines separate the basins at
middle (30 - 45°), intermediate (20 - 30°) and low (below 20°) paleolatitudes. As it clear, the
dominant organisms and biofacies of the Zagros Basin in Kermanshah region are completely
similar to the first stages of platforms 1, 2, 3, 6, 9 and 10 and the second stages of platforms 6
and 8.
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