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Abstract

Ammonite biostratigraphy could be used in age determination and correlation of rock units in different sedimentary basins.
Qumenjan section with 125 meters thickness is mainly formed by grey sandy limestone with grey and thick-bedded limestone
intercalations. The study area is located in the eastern margin of the Lut Block. For a stratigraphical study of Lower—Upper
Cretaceous deposits in southwestern of Qayen area, a stratigraphic section was selected and measured. Eight ammonites, including
Anisoceras, Calycoceras, Hypoturrilites, Hysteroceras, Mantelliceras, Puzosia, and Scaphites genera and thirteen representative
species were identified. Based on the identified assemblage fossils and comparison with international biozones, Hysteroceras
orbignyi subzone for Late Albian age, Mantelliceras mantelli biozone for the lower part of Early Cenomanian age, Mantelliceras
dixoni biozone for the upper part of Early Cenomanian age, and Turrilites costatus biozone for Middle Cenomanian age is
suggested. According to identified genera and species a Late Albian—Middle Cenomanian age is assigned for ammonite bearing of
the section. The first occurrence of Mantelliceras mantelli is taken as the base of Cenomanian. Compression of the identified
ammonites with other basins shows that the east Iran basin was a part of Tethys Realm during late Albian—middle Cenomanian.
Keywords: Biostratigraphy, Ammonite, Albian, Cenomanian, Qayen, East Iran.

Introduction
Ammonites are one of the best macrofossils for Cretaceous
biostratigraphy. The Albian and Cenomanian ammonites of
Kopet Dagh and Central Iran have been studied by numerous
researchers such as Seyed-Emami and Aryai (1981), Seyed-
Emami (1977), Seyed-Emami, (1982), Seyed-Emami et al.
(1984), Immel and Seyed-Emami (1985), Seyed-Emami and
Immel (1995, 1996), Immel et al. (1997), Mosavinia et al.
(2007), Mosavinia and Wilmsen (2011), Mosavinia et al.
(2014), and Wilmsen et al. (2015).

The Cretaceous deposits have spread in the east of Iran and

in Birjand and Qayen area. These deposits have different
facies. The Cretaceous rocks include conglomerate and
sandstone units in the base and then changed to limestones in
Late Barremain to Aptian. During Albian—Cenomanian, the
depth of the sedimentary basin increased and thin-bedded
limestones, marly limestones, and marls were deposited.

The Lower Cretaceous succession is composed of different
rock units that are outcropped in the eastern margin of Lut
Block. These deposits wusually start with a basal
conglomerate. “Orbitolinind Limestone” is an informal name
that is used for a succession containing Orbitolina limestone
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and marl intercalations. Aptian—-Cenomanian succession
mostly is composed of detrital, marl, and carbonate beds most
of which are biogenic sediments deposited in carbonate
platforms. Upper Cretaceous deposits are mostly widespread
in  Maastrichtian (Stocklin et al. 1972; Fauvelet and
Eftekharnezhad 1990). Flyschiod facies are also spread with
Ophiolites in Upper Cretaceous (Aghanabati2004).

One of the oldest studies conducted in the east of Iran is
published by Clap (1940). Several geological and
paleontological studies have been done by several researchers
such as Stocklin et al. (1972), Tirrul et al. (1983), Fauvelet
and Eftekharnezhad (1990), Berthiaux et al. (1991),
Raisossadat and Skelton (2005), Babazadeh et al. (2010),
Khazaei et al. (2011), Raisossadat et al. (2016), Sharifi et al.
(2016), Motamedalshariati et al. (2016), Raisossadat and
Noori (2016), Latifi et al. (2018), Raisossadat et al. (2017)
and Zarei et al. (2019).

Despite the above-mentioned studies , there still seems
the need to do more studies in paleontological fields.
Ammonites are known as useful fossil groups in age
determination and are used as biostratigraphical and
biozonation tool for the Cretaceous deposits. The aim of this
study is to provide an ammonite biozonation and a short
palaeobiogeographic discussion on the Cretaceous deposits of
the study area.

Material & Methods

Based on the geological map and field observation, a
stratigraphical section was selected and measured in the
southwest of Qayen and in south of the Qumenjan Village.
The geographical coordinates of the base of the section are
58° 52' 11" E 33° 32' 19" N. Sixteen rock and ammonite
samples were collected. Ammonites were cleaned, covered
with  magnesium vapor and photographed. Collected
specimens were identified. The collected samples were stored
in the Department of Geology, University of Birjand.

Discussion of Results & Conclusion

The Qumenjan section with 125 meters thickness starts with
a conglomerated bed at the base, and then continues with
sandy limestones. The major part including a succession of
grey limestone and argillaceous limestone intercalations. In
this study, the following ammonites are identified:
Anisoceras plicatile, Calycoceras gentoni, Calycoceras
(Newboldiceras) asiaticum, Calycoceras sp., Hypoturrilites
sp.,  Hysteroceras orbignyi, Mantelliceras  dixoni,
Mantelliceras saxbii, Mantelliceras mantelli, Mantelliceras
cf. lymense, Puzosia (P.) sp., Scaphites sp. Based on
reported microfauna (Ahrari 2009; Moloudi 2014) and identified
ammonites a Late Aptian to Middle Cenomanian age is
suggested for the section.

Based on the identified ammonites, the following
biozones is suggested for the studied section:

Hysteroceras orbignyi subzone: this subzone is
introduced as an index subzone for the Late Albian. Range of
this zone is from the first occurrence of Hysteroceras
orbignyi to the first occurrence of Mantelliceras mantelli.
The associate ammonite is Puzosia sp. The thickness of this
subzone is 25 meters.

Mantelliceras mantelli Interval Zone: This zone is
reported from south of the UK, France, Spain, and Portugal
and south of Africa. Mantelliceras mantelli is discussed as
index zone of Early Cenomanian. The range of this zone is
from the first occurrence of Mantelliceras mantelli to the first
occurrence of Mantelliceras dixoni. The associate ammonites
are Hyphoplites cf. costosus, Hypoturrilites cf. gravesianus,
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Scaphites sp. The thickness of this subzone is 19 meters.

Mantelliceras dixoni Interval Zone: This zone is an index
zone for lower part of Middle Cenomanian. However, this
zone could confirm Middle Cenomanian. The range of this
zone is from the first occurrence of Mantelliceras dixoni to
the first occurrence of Turrilites costatus. The associate
ammonite is Mantelliceras cf. lymense. The thickness of this
subzone is 14 meters.

Turrilites costatus Interval Zone: This zone is introduced
by Hancock (1991). Alabushev (1995) introduced it as a
subzone. Wilmsen et al. (2007) mentioned Anisoceras
plicatile and Turrilites costatus as index fossils for
Acanthoceras rhotomagense Zone. Kennedy and Gale (2015)
reported Calycoceras gentoni from Middle Cenomanian.
Acanthoceras rhotomagense is reported as the index zone of
Middle Cenomanian. In the studied section A. rhotomagense
has not been reported. Therefore, based on the occurrence of
Turrilites aff. costatus Zone, Middle Cenomanian age is
suggested for the upper part of the section. The associate
assemblages include Calycoceras (Newboldiceras)
asiaticum, Calycoceras gentoni, Anisoceras plicatile and
Calycoceras sp.

Latitudinal and provincial control of ammonite faunas
was common throughout the Mesozoic. Both the ranks
(realm, province, etc.) and names have varied from author to
author. Tectonic movements and sea-level changes
(regressions and transgressions) caused seaways connecting
basins to open marine or close and led to several distinct new
basins or limitation of seaways and between marine basins.
Thus, numerous sub-realms and provinces have been named.

Three biogeographic realms existed during the
Mesozoic; Boreal Realm embraced the Arctic basins and the
seas extending southward from there over parts of North
America, Northern Europe, and Siberia. The Boreal seas were
largely landlocked but linked by narrow seaways to the
Tethyan Realm. The Tethyan Realm includes low latitude
areas such as Africa, the Pacific, the Middle East, and
America, and centered on the Paleo-Tethys Ocean. An
Austral Realm has also been proposed for high southerly
latitudes (Stevens 1973).

To study the palaeobiogeographic conditions of Upper

Albian—-Lower Cenomanian in eastern lran, the ammonite
fauna of the studied section was compared with other
reported ammonites from different areas. The reported
ammonites from east of Iran show affinity with those
reported from Kopet Dagh, Central Iran, Europe, and USA.
The absence of Scholenbachia that is an index genus of the
Boreal Realm and the presence of some genera such as
Anisoceras, Scaphites, Hypoturrilites, and Puzosia could
suggest that the study area is a part of Tethys Realm.
However, the presence of Mantelliceras could show the
effects of the influence of Boreal.
The analysis of the ammonite stratigraphic distribution in the
selected section in east of Iran allowed us to establish the
faunal succession for the Upper Albian—Middle Cenomanian
in the region. Based on identified assemblage, the following
biozones are suggested. Hysetroceras orbignyi subzone is
suggested as index zone of Late Albian, Mantelliceras
mantelli Zone could confirm lower part of Early
Cenomanian, Mantelliceras dixoni Zone is known as the
upper part of Early Cenomanian and Turrilites costatus Zone
is suggested as Middle Cenomanian. Compression of the
identified ammonites with other basins shows that the east
Iran basin was a part of Tethys Realm during Late Albian—
Middle Cenomanian.

https//dorl.net/dor/ 20.1001.1.20087888.1400.37.1.6.2


https://dx.doi.org/10.22108/jssr.2020.122202.1155
https://jssr.ui.ac.ir/article_25121.html

el g SKar slarasy
VATV 0¥l ol ol AT gl ol cain 5 e Lo

VWAL AT 15y e WA NVNA g5 56

PB o g 53 s gl slesp 4l S gty oKz
(Oloxie g 5 »)

gy Al
Ol gl iz e oS50 ke 308 (ol e 0,8 eolied (T DLl iy ool s
snraeisosadat@birjand.ac.ir
Ol ) FFAV-1AYAD 2 Badis O1,e8 L5 el oy (im0 8 GLiils (Lig g g8 demeallis
mmosavinia@gmail.com
Ol i o i o ol LU,L; ASisls (el ey 0 S llils (ol Lo el
arkhazaei@birjand.ac.ir
Ol i s lior oy 5S o 55 ol ol (ol o 5 mlidany L1 i IS di gl 15 (gl pl e
shahram4040@yahoo.com

oS

WVpses Sl glaK 5 0l slanVobe L g psls lanle Sal glafw JI Jols Culs 2 VYO L Ol s 3
Ll o pd e oolinl s, il Glaas (S gladsly Gl 5 e e 3 K e Slallae ol (5 S
Sll) B es O g 5o V- ol Ll S gty K aar ka3 o) SHL B0 Al s sddaallas
Bl i A eds plols gl gl ol odd Sl 5 Olinl adlie ol g3 el iy K g Ol
s Anisoceras, Calycoceras, Hyphoplites, Hypoturrilites, Hysteroceras, Mantelliceras, Puzosia, Scaphites
Hysetroceras os5,5 (sl closinl bl finlie 5 oad plulis Jod fegome pwlulp conlgl @ arnly 55 VY
055 i olo g swl isu Larls Ll Mantelliceras mantelli oy «cpn ol op 25 25w L2l Llea OFbigNyi
She owlegin axls Llew Turrilites costatus oy 5 i oolese oYU isu axls Llew Mantelliceras dixoni
ol 2 sd e slgeiy sddandllas i gl She wle g = e el G 0l plulis a5 5 e i lal ol ok slgnig
Ol 8,2 o g das e Ol o plulid glac sol dulie S o jasiis |y ole s suc6 Mantelliceras mantelli 2~
el 83 g od3 1 e s il g = e 0

f)\ﬂl (jj.:.r LOS\S 4&9\.4};..4 ‘u:‘” ‘C,:.»fT Lé)&%cmﬁ)' :6.&:15 6&3_’}‘}

*

Jj:.w-ﬁ ok ¢
sl iagiy (Oloma g o )5 b g 5o b ol gl 4l S glaarig o Kamrcan s (VFr o) L 5 (gl 5l ol5> 68 oS g 5o ¢ pelslldl s
NEENYWVONY  lidssony 5 )t

@IOISIO)
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.2020.122202.1155 @ https//dorl.net/dor/ 20.1001.1.20087888.1400.37.1.6.2


https://dx.doi.org/10.22108/jssr.2020.122202.1155
https://jssr.ui.ac.ir/article_25121.html
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://orcid.org/0000-0003-3605-0408

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

o sl Sal SlacKin 55 o g5 2l 0 ASS 5055
2 S e b dS Sl o) b Sl n S Al S
sl Sl lain 551155 0lnl 5,5 5 555 2 0Ll
ol o O5le b LG oy 53 a8 555 003 5 )8 4 o)
wlib 5L Soleyou = onl sy slaciys, o
el 51 Sy oise s diledd LKa5 wlu S 5 Sole (ol
o3 S Bl S Gla S ) S Sl (S5l Sl
22 i YL AL S laa iy Lleds iy 2 0
Stocklin et al. 1972; ) dllacils 5 28 s iy tule
L 4wl S slaciys, .(Fauvelet and Eftekhar nezhad 1990
G 03 5 bl Slaas soma Lol pon 1di 8L
.(Aghanabati 2004) s ,Is u,quS ol

il 5 5 S e O s el danllle Ak
5o by 515 el a8 S8 ) Sl B
03 4wl S gladsts 58 0 g Ol ol G0 sladsl
S 5 Sl slaisle wle d o IS 51 biee o356 dilae
{(Fauvelet and Eftekhar nezhad 1990) Lo |25 Sal

23 bl B S ey ol el glatee
3 5 B Ol et o8 s 0l S Sl
Slasien L oy onl el o Ol Ol g3 (sl s,
PRPVECICIPIN R RPDYE I o SUPUEI o SN
VYO Calis 4 5,3 Jsb il )Y 5 aids OF 5 x5 OA
O USE) Gl ol (1 0 5 o 55 (S S o3Il e
SN oS Ve (b 5l ey GBI ddlaie 4 g s 6
i oy Al Oy 5 LB~y AT ol
il Bl Sl ey LS YO Cilas b 5 Cor e
Sl ose L aS ey o Ol 8 (Sligy 45 0Ll G b
bv )y o (S eSO )5 eddandllas 5y gy 55
O K)ol o 2l

d http://dx.doi.org/10.22108/jssr.2020.122202.1155 @

FVRYYS
G i S hmlis g b e o g 1 L ol
b S Sla Sl Sl o L b o o gime 4nl S 53
) 0l axdlze ‘-A:«o—e 6L€.&h_9j§ Jil"” 9 uﬁ,.:;}a] J"L“"J’
Seyed-Emami and Aryai (1981), Seyed-Emami (1977),
Seyed-Emami (1982), Seyed-Emami et al. (1984),
Immel and Seyed Emami (1985), Seyed-Emami and

Immel (1995, 1996), Immel et al. (1997), Mosavinia et
al. (2007), Mosavinia and Wilmsen (2011), Mosavinia

B Cl.M_S ~'s= ,>etal. (2014), Wilmsen et al. (2015)
les S andlas (555 0 Ol

Ao S0 2bod Sorie L Olnl oo anl S slaaiiy
Sl gy glatlider gla Saisl 5 as 3Bl ol bl
o slaa iy 5 g3bbs SIS el > (Gees 4
slaeig Gl s Gl ilS b i S K8 6
S IS0 ens i aU il 5 obos Sl S
Berberian and ) 8L aelsl 4wl S 6,55 OLL U el pl 5 A5
.(King 1981

et S S5 D) Skl A S S
S Wyls 1y 655 0 Ol Al S s gl Sal ek
S A gl H b lale 2o )3 5ol i O son
L (S 63,5 e Selyss =2V ol 5 glaKe
Ol wbiday s glaesls . Ulauds 568 b
5 o 5 edd SLel ol 0les 51 Ups (6,0 da3 o0
Ol ) bl J,<.3: Lilea sl adls aslsl 5 gl U @Lf
SLel wlsais glag,lsl slaaie LLss 58 55
(Darvishzadeh 1991) 3 5.5 o 43555 YU Cans @

P s K (e 53 Rl G L5 4l S glaaniys

Slao,last ) Cosmas baiy ol b ot 5 2.8
ssban p s b S Glaai iy S e e des il
il Sl K g slad=ls 5l JSKins o5 28

SO L Vsane Lozt ol s gaisy o) S5 5,

https//dorl.net/dor/ 20.1001.1.20087888.1400.37.1.6.2


https://dx.doi.org/10.22108/jssr.2020.122202.1155
https://jssr.ui.ac.ir/article_25121.html

g OSan 5 SlsLl sy ool s (Olmte s 3 B 0,2 Cogm 53 sl (slie 4l S slaaig 6 Kiatr

33°37%

58°50% 59°10”

To Sarayan

Caspian
Sea

Khoonik
* Qumenjan

® Village
* Studied section
First Class Road

Roum

Sceound Class Road

To Birjand

33°26”

Scale
0 25 10 km.
sddanlllas ddas 4 g fws lgal) 5 ol o S pe ) SO
Fig 1- Geographical position and access roads to study area

P o g ey Al S Dlga o 1 (el S
S D) G

L s (s, 5,L > Raisossadat et al. (2016)
S 53 4wl S Dl L3l ar s & 3 5 ulide
L3 S Eom 56 Al o) Sk

iU ople i — T (sl 5ol Sharifi et al. (2016)
S ey 6

S sleas S s B adal e
Motamedalshariati 1, -5G &akaw ;5 aub S sla 2ol 3
SISt 3 (2016)
b Jled Ol sl e b S ST gl fed 5
Oy 3w Sysl solus, dLatifi et al. (2018) 1, 56

(Raisossadat and Noori

551 2l 5L Raisossadat et al. (2016) 1, G o &
Lo o o s el ol e il b
s ke 5 el 5, 5 Raisossadat et al. (2017)
addllae Zarei et al. (2019) 1, .5 4wl S laaiy
..,\..a‘oJJS
BE )_}«A c‘\ib 2 o.\.&rl}u‘ LSLAQJ':‘A}J”'.! ;u».b lJ
ls ol 5L i Oldlas 4 e glaais
ki andlae oS hd leas Sl s w el

d http://dx.doi.org/10.22108/jssr.2020.122202.1155 @

FRIF Ky
Sy il 3 eddelnl Glatash n S e
o Gl 01l B8 s slaarig oS coul Clap (1940)
ol 03,8 oma 3l g5 5 5 VL AL S

Sask il 3 sl slajtasy Sl
Sldie glulis jskieay a5 ol Stocklin et al. (1972)
el o el (55 0

adlas |y Olieews 5,5 e Tirrul et al. (1983)
Lles S

iii s,l5S Fauvelet and Eftekharnezhad (1990)

A3 S e [y B0 Sl

VXOwe v Ll e 424 Berthiaux et al. (1991)
Ls S ag |, B

s by Jods Slo dadllas 51 50158 s
4SS el Ol G —d s Sl s Jl Lac—osy,
Lles S iz Raisossadat and Skelton (2005)

= 3 85l 5L Babazadeh et al. (2010)
sl S gy S 5 0o L b sl SIS Xy,
R e
Lles S &1 allia

83l gls) Cansn s,y slaslass 55 Khazaei et al. (2011)

https//dorl.net/dor/ 20.1001.1.20087888.1400.37.1.6.2


https://dx.doi.org/10.22108/jssr.2020.122202.1155
https://jssr.ui.ac.ir/article_25121.html

Vo Sle edslo)led AY oy oslad cozing (o L (olib gy 5 5,k slatas Y

sladsly Jold ac sama ol Ll Glo)B (6K 5L
G e S Sl (sloasls &Kl 5 |08
el B B el o b Sls g 1 e Sal GlaKe
s g Gas il U el (b s e s
el 5 Sty Sal glaan glaasly 5 2in
S g5 de ez 353 0 w8 gl ool sl
S ole) oslesy 3 53 55 L s Vb Al S
s LSS 5 lsle sy bl eSS (Kal
Fauvelet and Eftekhar nezhad ) > 35 oo sdalive s Siw 50U
.(1990

3050 &S gladsly S b JCagh Al s
in a5 S ST = s Sl 55 4 iyls (IK)
Db 0 dsd Kop5e 8 ol e S Umly SO e tizes
5 0l Ky s ol e 3 sline Culss Al oyl
Setale (Gladsly s 503 MalS aiian 5 ol ke
Slad>ly 4y 555 0 olss Of 53 Gl o &y pos 30
i O 6o edl B sl e b oty &b S (S
Lol o Jy K basly de games .l 0l
(Y JK2) das e 0L

Lithology
. “_ﬂ Loose alluvium in the river channels
Q* | Mud flat (salinized silty clay)

‘Fiq Clay flat mainly clay and silt

Q° | Clay flat under cultivation

QUATERNERY
HOLOCENE

[
Q" | Medium level gravel fans - proluvial sediments

I

Pﬁi?:lE E' | Dark grayish-reddish intermediate-basic lava

| Pale-grey, finely lumpy, roughly bedded massive limestone
‘ i K1 Pink-coloured, unsorted, poorly bedded conglomeriatc

Low level gravel fans (gravel, sand, loam)

High level gravel fans - proluvial sediments

CRETACEOUS
EARLY

JURASSIC
LATE

‘ Grey, pisolitic, politic and bioclastic limestone

Symbols
— Fault —— River
= Major road "¢’ Elevation in meters

---- Secondclassroad Yk Studied Section

WY e en 53 ke o (slens S 51 s pol
s Sl sbosisl a4l S b Osliss sl s
ol Ol Gde el sl a4l S glac ST 4l 5
2wl S gbaiy Baacan) wsp (Siask
s el 3 g ge Sl sl (Sl sddanllae il
Glaas s iy GUlir gl 3 Lol
83 ok e) S Fb b Ll s e

ST

S plsl A,

e ol slsm L el Lo ol (5,15 45 503 o
L Lads gad ciomen 0 (551 oo LT 51 5 00l 2
S-S WA JTCIOW P - L@T@Juﬁsﬁmdu
Pl s a5 oli s Sl = s Lacly sl
b e 03,5 53 L gad A o 5 IS I3l S
PR SIS Lo o850

Sy glasl oo

g5 B Al o a4l S pwsS 8 Sl slaly
bies ) b S claaig il o wlaSn

\
A

Amidi and Navaie 2008 ;I <l juis b o,b s e F R el i e 2B Y IS

Fig 2- Geological map of study area, redrawn with modification after (Amidi and Navaie 2008)

d http://dx.doi.org/10.22108/jssr.2020.122202.1155 @

https//dorl.net/dor/ 20.1001.1.20087888.1400.37.1.6.2


https://dx.doi.org/10.22108/jssr.2020.122202.1155
https://jssr.ui.ac.ir/article_25121.html

Y UL 5 Sl ey ol dows

Olrin 8 5 2) B 8 o yom 53 g poT (Sl auls S Glaecig (6, Bor S5

PSS CONCRCIUE PN - K+ SV BV { PRGN
b}JdA odud Ul}f Ls_jl} &AT ;i.w :‘:"‘y “gi c\fjlifs
(oF J52)

& ' ' s :

.\"}.

%J.VJSJSC,..A a.&.ﬁf}'&iﬂ}a} L}k&bﬂfh&f»ﬂ\hﬂ 4"})"615}1}\47 Rerilh g Eoﬁwwéﬁ}‘ d‘j’r—a&ﬁ}u*r‘)ﬂ

JS\‘,S J.AL.q Coles e VYO L Obewgd s
5 ool cbaYole L g rusSs glavke Sal ek

LY SO L g sl el g masl AN S slaal

C_,‘...:)) CJ\)J ;MQW )‘ 9 S aj.; J‘j‘g ﬂ_<;) “

(0 e Gl B3l 5 sl SIS L s,

= A SR 4,

Sal Ko doly o 5V 2 ¥ IKS 15l Sl Kaw 5 0l gladly ¥ S (ST K gty 51 (S0 K toasl ol e IS

Fig 3- Field photo from studied section. 3A. General photo, studied succession is limited with red lines; 3B. Basal
conglomerate units; 3C. one of limestone beds; 3D. intercalation of marl and marly limestones; 3E. upper most
limestone bed

.,\_>-“9 U_l‘ KE3) Wuwﬁ):\.&bwl..‘:‘jﬂ\s.Jﬁ& s>

el 0 D-t\;“)
uﬁb\)f aU Oi‘ BB 'S L;LA).&.:;:»\JA Ahrari (2009)
(sl 03 S

Bolivinopsis sp., Charentia cuvilleri, Cuneolina sp.,
Favusella sp., Haplophragmoides sp., Hedbergella
washitensis, Hedbergella sp., Lenticulina sp.,
Marginotrancana sp., Nezzazata aff. simplex,
Nezzazata sp., Spirilina sp., Calcisphaeroula

is gazma ol il (g9 innominata, Pithonella ovalis

02,5 g 1 g b =Sy 0] (e Sl
sl

Atactolituola (sls ,e.sl 5 Moloudi (2014) .\ ooean

subgoodlandensis, Palorbitolina lenticularis, Dorothia
sp., Favusella washitensis, Gaudryinopsis cf. gradata,

d http://dx.doi.org/10.22108/jssr.2020.122202.1155 @

ol Sl S iy 5 Sl S b JI5 e

GaS SOy Sal glaKin b s aolsl Sl Kiw
ol S Sl laKw )ls s ey 5 )
Vgors sole Sal oK 5 Sal sl 5 Law groaY
(oY 50X @l JS8) tivn S350V U v ueaY
S Ny o5d o il LY s 53 gy glaes &
Sal S 5 Sl S (7 JS8) by S Sl
Lold ol poleasd e )50 052 3 L L S0l
Sal slain 53 sl b e Ls 5l 5 e i
Gt 5o iz 1l 0l L i gol (Slads gas ( Sole
S okdasdlas JIg VU 55 5 e 3L LT s A )
el S =Sl 53 e b o355 5 Vs Sal K

https//dorl.net/dor/ 20.1001.1.20087888.1400.37.1.6.2


https://dx.doi.org/10.22108/jssr.2020.122202.1155
https://jssr.ui.ac.ir/article_25121.html

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

e s 5158 S oa oS 033 Bl ol 2 S
.(Reboulet et al. 2006, 2009, 2011, 2014, 2018) sl s
Jlcs 5 S a3 ol VLI 25 el (g g

YL Lz gel (Ugd b anlie LB (63,050 53 0Ll o 2
s lal Jles D55 el GCLBIsle lLiss s
3 Olig) slac—s 4al Marcinowski (1980) .c—wli 31
oy 5L Baraboshkin (1999)«( 3 & oldD) oLl 6 s
oL Gale et al. (1999) 5 5lies Jls VL 4t S
el b 58S 53 s S s eslisd |y aey S 5 SHES
Kennedy and Latil ; Kennedy and Gale (2006) ;.
Alesls oLl gl ia sy i loie bl s (2007)
ol s = oYU T la0 55 5L Wilmsen et al. (2007)
les S adllas |y 0LIT Dl 5 0kdSl O g 51 s
L b S 2o sel sU 55 Lopez-Horgue et al. (2009)
Sldlas 4 Ol o 015 3 i3S ey 1 Lkl Jlei
Yazykova (2004) .5, S .,L__:l Kawabe (2003)
Clark 5,5 sz o) G5 53 15 4l S 0 5esliss b
35 S S sle s — T (sl ol (1965)

ol dabae s acuil b s cle g glac5 gl
Iy a—uilp s 55 5 Hancock (1959) |, (Sarthe)
Lles S o, » Porthault et al. (1966) 5 Thomel (1961)
Jlms s Ly Ll s bl o LT el 45
SIS Slallas JUs5 5 Ll (gla, 538 55 cliy 31
e YL ALl S 5> Wiedmann (1959, 1964) |1,
Basse de Menorval 4 ol 55 oo wloo sl 5 4wy s .ol
oSl s 5 Avnimelech and Shoresh (1962) 5 (1937)
Renz (1968, .» S »,Lil Kennedy (1971) @b.- DA A
35 ey p sy 4l S glac 501 1982)

sl GL0ss sl 5l esliad b s o Lil &S boles
g Sl 35 el S35 L a5
SPSPTRL S IPR W | g PR RN [P ST
Oghee S 35 o8 L0 pb 2 a8 sl ol L1
5,43 .(Rebouletetal. 2018) LS o SaS pu petd 5> Jlos

d http://dx.doi.org/10.22108/jssr.2020.122202.1155 @

Lenticulina sp., Praechrysalidina infracretacea,
Rotalipora appenninica, Simplorbitolina aquitanica,

a3 gl 1y ol = s il e L Verneuilina SP.,

s L Vb gl 5 S e algily Sle s 20l
Sl slael i ibe s w4 lldas Coabse 4

Anisoceras  slac s sl « 3 cpl ) andlas ool 5o

plicatile, Calycoceras gentoni,
(Newboldiceras)  asiaticum,
Hypoturrilites sp., Hysteroceras orbignyi,
Mantelliceras dixoni, Mantelliceras saxbii,
Mantelliceras mantelli, Mantelliceras cf. lymense,

S 4S 555 e 5,058 Puzosia (P.) sp., Scaphites sp.

chud‘bu dbjﬁjﬁu)bﬁ)&)wmo—j

Calycoceras
Calycoceras  sp.,

Sy gl B ol e Sl el s B e ]

Kt s
oy s Lacssel bl p 4l S 0 penliss b 65053
(oo 95 =l s el sdd G 2 gladle jy T
S ST 53 o5 sa 4l S Gy g el (sloa (G035

O Jsde) cl ol byl Gl 5 cle g

e g = el (Glo o SKET 8 0min 2y
5 ol lac ST (LS a5 sl U
aallas 5 i 55 LS ol 5 Ll iy 3T gl 53 ila g
e 53 e el 6l m 4 SLadss bl o
35 35 ge gl G pelaly mie el &l Sl
Cilises O s 5t adle 53 .ol ol V"u L)l
slas lllonl s @ oS Llos S Eoes Jiuu:)bf a5l
Owen (1976, 1996, 1999, kel .ol ol oie lg>

2007), Owen and Mutterlose (2006), Amedro and
Kawabe et -, _>.» Robaszynski (2008), Scott (2009)

»> Medina and Riccardi (2005) .l ,>al. (2003)
Barragan etal. 5 4w, ,> Alabushev (1995) ¢!},
sl Al S asel 05 S5 655 e I el s (2011)
Slac ST 0palisinl sl m 1 sladla L3 UGS

https//dorl.net/dor/ 20.1001.1.20087888.1400.37.1.6.2


https://dx.doi.org/10.22108/jssr.2020.122202.1155
https://jssr.ui.ac.ir/article_25121.html

YO e 5 SISl sy ol s

Olrin 8 5 2) B 8 o yom 53 g poT (Sl auls S Glaecig (6, Bor S5

glaas S Jald o5 de e mantelli, Scaphites sp.,

s Mantelliceras dixoni, Mantelliceras cf. lymense

Calycoceras gentoni, slaas,S Jals polgxr s o

¢ Calycoceras (Newboldiceras) asiaticum,
Turrilites cf. , Anisoceras plicatile, Calycoceras sp.

(¥ J.i.:) <.l costatus

Oinle A ol Osdon £ 350 e b 5 el g oS
s— 033 » 4 (Kennedy and Gale 2006) o) I )|
35t g 534S S e pasia |y Jlo O ke S5 S
Ll Aotn L
ol ol s SLuld ae e Jlgr Jagn ol 5o
Puzosia sp., Hysteroceras (slaassS Jols Jsl as sazms
Hyphoplites cf. slaas S Jols £3> 45 sezes OFbigNYi
costosus, Hypoturrilites cf. gravesianus, Mantelliceras

Legend : : :
. Biostratigraphic range chart
Limestone 40 m. . .
| of Qumenjan section
Marly limestone 30
20 =
Sandstone §
V V)
il o 10 % 2 gl |=
% | x| Crystaline Limestone 3 2|3 2| 8 o hS “
0 o | §|§ HEERE S
S S| 2 MEI RIS SRl
Conglomerate N =l s w|S|%6| 8|2 al 8|1 3|8
2 ol 5| | B|al g B a|S|S| S,
| | 8|2 & 2|8|8lglz [2l8|Xa @
Slel 3|9 vl 3 2|8 S|=| g| 0
) 2 % S|la| 3|=|g|=|38|385s|8|xw|S|ae 8
o | S % % HHEREREE R RN
% | %, | 1] s% % - AR RNEREEEEEEEIREIEE
% | S| 2% 2 Lithology [ 2| §| 5|5 | & £|5| 5| 5/ £5|2|E| 2 .2 -9
il TIL| S| (A TSSO EC|R|<|M @
o g ] S e
3 g 25
£3 1'2%4.16 é 2
O - >
oh o 4 G415 k| k [k K—
< = T g
s >_1 s G4-14-1 32
- = S
Qo é os137 <~ T~ K K S=
O 2g| { PP 13
= o T S 3
Q S0 (6B L M e = g
< 7 G410 % [ [k %k =
~ 8
Q) = | G4-9 §
m N/ ‘;
— 85 aag 4L L X | $5
@) = et <
Z\ == * * T3
™ G4-7
- —50
m = G4-6-
S| 4 o5
< G4-4 - L] ‘
2| 4 [ X[ XT°
— =
$ G3X | X | X
2 | 120 Ga2
S - =
2 o e
Jo

d http://dx.doi.org/10.22108/jssr.2020.122202.1155 @

https//dorl.net/dor/ 20.1001.1.20087888.1400.37.1.6.2


https://dx.doi.org/10.22108/jssr.2020.122202.1155
https://jssr.ui.ac.ir/article_25121.html

\Fo )@¢Jﬁ‘¢)w¢/\"&\ﬁa)\.aai:‘r:ihjswdu‘wm;f}w)jé)&% 6‘*&*}}.

Y

odd gl i ol (gl sddandlle 3 (glgning O smmbis) sl -F IS
Fig 4- Proposed biozonation based on identified ammonites in studied section
sddasdlae 5 53 golgiy sLa0s) b b o lull lads) sl Alae =) s
Table 1- Correlation of standard biozones with suggested biozones in studied section

Acanthoceras jukesbrownei

Acanthoceras jukesbrownei

o | o p— : otz .
%o ;u Ogg et al., 2004; (l\l}leggukt et al., 20.14 : This Study
w2 = a a p ANCOC editerranean region aQ >
2 Kennedy and Hancock, 1978 Kennedy and Gale, 2%0() (East of Iran)
£
= | Calycoceras naviculare Calycoceras guerangeri

=1
<
ot
S |2
g ‘_g y i A. rhotomagense
O | dcanthoceras: T orer o s
S | S| rhotomagense Turrilites acutus Acanthoceras rhotomagense Turrilites costatus
5 € Turrilites costatus
@) 8. | Vimielliceras Mantelliceras dixoni Euomphalloceras inerme v Jli Ji ;
' s : P, antelliceras dixoni
E mantelli Mantelliceras saxibi Mantelliceras dixoni !
— Hypoturilites carcitanensis| aptelliceras mantelli Mantelliceras mantelli
Stoliczkaia di Mortoniceras briacense Hystroceras orbignyi
L L Stoliczkata dispar . : 2 ¥
Stoliczkaia / Mortoniceras perinflatum
dispar ; 2 ; Mortoniceras rostratum
’ Stoliczkaia blancheti : -
(=] Mortoniceras fallax
<
: = : ; .
) 2 Callihoplites auritus . .
-_ o Mortoniceras inflatum
< |5 Mortoniceras Hystroceras varicosum
il?f/uflln'l Hystroceras Ul'l7igll\‘i Mortoniceras pricei
Diploceras cristatum Diploceras cristatum

Delamette and Kennedy (1991) lallas Ly (F |SK2)
i S Gale et al. (1996) s Lopez-Horgue et al. (2009)
o=>La M. mantelli o35 4,lwa; Mantelliceras mantelli
Dl Sl sl ot e ey il s iy i
b el 305 sl Ba s .ol e V4 O
Mantelliceras  , ,¢b . J 5| Lo Mantelliceras mantelli
033 o=l ol e loa fond sl o a3 § L 5 dixoni
Hyphoplites cf. costosus, Hypoturrilites cf. :;| 1l e
Mantelliceras i ,S . gravesianus, Scaphites sp.
OLIT (la) 528 3 ol sla iass o osdle mantelli
5 0l s e LT 5 ) Ol s
Collignon 1964; Kennedy et al. 1979; ) Cwl ol 5155

Mosavinia and Wilmsen 2011; Kennedy et al. 2015; Kennedy
Moradi Salimi gloas &L 31, 053 ol .(and Gale 2015

Wilmsen et al. (2013) ;S .« Ol =l 5| set al. (2012)
Klos S 5,158
I, 035 o—! Mantelliceras dixoni Interval Zone

sl S e lLi ileaKennedy and Gale 2006

d http://dx.doi.org/10.22108/jssr.2020.122202.1155 @

iolea 05 5 ol Hysteroceras orbignyi subzone

Mortoniceras o555 3l s el s i jetle
Marcinowski and Naidin (1976), Owen |, inflatum

(1996, 1999), Baraboshkin (1999), Lopez-Horgue et al.
(2009), Gale et al. (1996), Gradstein et al. (2004),

JS2) (les S b 20 Magniez-Jannin and Rat (1980),
ol cwlbes .ol Puzosia sp. 05,5 cnl el en o (Y
Db ol 3103 sl B sde .ol e YO (93
Mantelliceras , ,¢b -3l Ls Hysteroceras orbignyi
033 o=l el el ol od 4 S L s mantelli
Seyed- |, 55— oS .4 &L ;| Hysteroceras orbigniy
Mosavinia |, gloas 4L 3l s Emami and Immel (1995)

Lles S 5,135 Mosavinia et al. (2014) , et al. (2014)
53 1y 05— :Mantelliceras mantelli Interval Zone
Hancock «_.l 5 ;5 Kennedy (1971) ol odS1 o pr
Wiedmann Js,, 5 Ll ;3 < Thomel (1961) 5 (1959)
Kennedy  Collignon (1964) L, 51 < s 5 5 (1959)

J...s‘aJJS u.eju M L):JLA‘}MU u.a;-LJl :\.:t.u\.: et al. (2015)

https//dorl.net/dor/ 20.1001.1.20087888.1400.37.1.6.2


https://dx.doi.org/10.22108/jssr.2020.122202.1155
https://jssr.ui.ac.ir/article_25121.html

yYY O 5 Sl sy ol dows

Olrin 8 5 2) B 8 o yom 53 g poT (Sl auls S Glaecig (6, Bor S5

Sl il gl e O S iy 4
5 SSS O el diles S (I 1S 55 L
slamlan Lo s 5 s i Jold Los mhaw Ol i
slaas = bl sleal; Oadogime bt glaas s>
GLac LI L Loy ,als 058U ol sl o peie ol
ozl eles S &l Cilisee OB 5 1) Ssline s
Hoedemaeker Wiedmann (1988) Rawson (1981)
bl » Westermann (2000 a, b) 5 Page (1996) (1990)
3y SEase b s Sop s als an da tags ol
I sl slaas s> fols Jl g g a8 sl axils
S e 5 il S o Dbk S o
sel8 ol el o3 e 5 ) Jlad et IS ]
035 bl e T 5B L SO 2los sleals Gk
3 Pomly @Bl glas o Jold S s 5 els i
035 LG ol 5 aibia sl oyl o 31 s 31 0 g bl
Stevens (1973) ;- 1, JI 2wl ol sl ulgys o
sleig s LSl YL oLl sla o e o
SAsty sl B8 85l ladlas jo ol os S
Sl Obe Bl 3L 6l e sla i bl A
g oo esliial &g o3 g

O S A 0L b stdantllas 5 5 5o
OV ROUN PR T PUNJENTNCRJOU RS By JR I
ol SIS ss Rel p laBly  2S
5> el QU Ol Gt 3 5 le s = VL
loans Sl eas 5158 slacpel s bsddandllas 3
Jadr) Cal ol alie Ol LG e 5 635 0 O
K4

5§34 esdle Olnl 3,5 3l eds 5,155 slaca yol
Kennedy 1971; Marcinowski 1980; ) L 5,1 L (535 ,» O !

Anderson 1958; ) S »1 «(Immel 1987; Kennedy et al. 2005

Collignon 1964; Kennedy and Klinger ) LL“JAT E) (Clark 1965
«s Scholenbachia .o s 40 .ol ol anlie 50 (1975

J_"Jlﬁ&l_hw;_q-bj_q-}jnﬁﬂ)ﬁjj_muw

d http://dx.doi.org/10.22108/jssr.2020.122202.1155 @

o 3 e F S8 diles 1S e oty e
YU iy el 05,5 Lleay Mantelliceras dixoni
Kennedy and Hancock ) 55— el 5 xe i oyle s
s Mantelliceras  dixoni 55>, L o553 — .(1978
s od_daallas 5 s 53 Mantelliceras cf. lymense
YL 55 055 ol il 2 VY 055 ol Gl 550 e
iS58 (F JS8) 5550 o> Mantelliceras mantelli o5
e sl OISl o 52 3 Mantellicears dixoni
o SR AT i 5 Ol ¢ e OLIT
Kennedy et ) cwl ol 55158 O3S 5 oply QLB Tsk
Immel and Seyed-Emami L i |, 4,8 -1 .(al. 2015
Koz S 5158 Olgasl L 5BeNIS 51 (1985)

I, 053 o—=! Turrilites  costatus Interval Zone
Turrilites costatus Alabushev (1995) s Hancock (1991)
JS) ales S B me e ile g 053 b O 25 dltews
Anisoceras plicatile, s« ;S Wilmsen et al. (2007) .(f
Acanthoceras (3 e>Ls Llwa |, Turrilites costatus
I, Calycoceras gentoni .aJles , S & = rhotomagense
S5 Sl ole s 3l Kennedy and Gale (2015)
Lles S

03 S asleass Acanthoceras rhotomagense O
Kennedy 1971; ) od—i al i sl wlbesn et ls
Hancock 1991; Robaszynski et al. 1994; Kennedy and Gale
ol o158 eddanlllas 3 51 0 ST Ll (F JSLE) (2006
Turrilites aff. 53 cddasllas 5 55 cpl oLy el
Db e slging B G o SV (gl costatus
Calycoceras — Jol 3 055 ol is ol i o sazs

(Newboldiceras) asiaticum, Turrilites aff. costatu
Anisoceras Calycoceras sp., Calycoceras gentoni,

4o

Sla o, e L Sisism b bowsel i) glas ol

ﬁ‘ BE) el e_l_..f:L;c JJ.Z.S WS LSL“"'SL.’.‘ 3 u.;l:ﬁ‘Jso-

https//dorl.net/dor/ 20.1001.1.20087888.1400.37.1.6.2


https://dx.doi.org/10.22108/jssr.2020.122202.1155
https://jssr.ui.ac.ir/article_25121.html

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

VYA

Page 1996; ) a3 e OLES 1y Iy 5 add 355 51 U

.(Wright et al. 1996

[Puzosia s Anisoceras,

Scaphites,

Hypoturrilites,

)\ M LOMMJUGA :\.;?-la aS &;»w‘ C}»&jﬂ Lﬁ“ EMJQLQ.»

Mantelliceras . 355 4 S| el 635 S 5,08
s s U Gl ol 3 Ol B bl 5 (535 0 Olal floaS U b Olal G2 (il (Ui Aalin Y Ui

Table 2- Comparison of ammonite fauna of east of Iran (this study) with Kopet Dagh, Central Iran and other
part of the world during Middle Albian- Middle Cenomanian

This study CENTRAL KOPET DAGH EUROPE AFRICA USA
IRAN
MANTELLICERAS | Kennedy etal. | Seyed-Emami and | Kennedy 1971; | MADAGASCAR- | Cobban 1978
1979; Immel Aryai 1981; | Kennedy and | Collingnon 1964
and Seyed- Seyed-Emami et | Hancock 1971,
Emami 1985 al. 1984 Marcinowski
1980; Immel
1987
CALYCOCERAS Immel and Wright and | MADAGASCAR | Anderson 1958;
Seyed-Emami Wright 1951; | Collingnon 1964; | Matsumoto 1959
1985 Kennedy 1971; | Kennedy et al.,
Immel 1987 2013
PUZOSIA Kennedy et al. Wright and | MADAGASCAR-
1979; Immel Wright 1951; | Collingnon 1964;
and Seyed- Kennedy 1971 ; | SOUTH AFRICA
Emami 1985 Ayoub-Hannaa - Kennedy and
et al. 2018 Klinger 1975
SCAPHITES Seyed-Emami Kennedy 1971; | MADAGASCAR | Cobban W.A.
1977; Wiedmann 1962; | Collingnon 1964, | 1951; Clark 1965;
Kennedy et al. Immel 1987; 1964 Kennedy et al.
1979; Seyed- 2005;
Emami 1982;
Immel and
Seyed-Emami
1985
HYPOTURRILITE | Kennedy et al. | Immel et al. 1997; | Delamette  and | Klinger and
S 1979 Mosavinia and | Kennedy 1991; | Kennedy 1978
Wilmsen 2017 Kennedy and
Hancock 1971
HYPHOPLITES Immel and | Immel et al. 1997 | Wright and Scott 2009
Seyed-Emami Wright 1948
1985;
Kennedy et al.
1979
ANISOCERAS Seyed-Emami | Immel etal. 1997 | Kennedy 1971; | MADAGASCAR | Clark 1965;
1977, Seyed- Wiedmann 1962; | Collingnon 1964, | Kennedy et al.
Emami and Immel 1987 1964 2005
Immel  1995;
Kennedy et al.
1979; Seyed-
Emami 1982;
Immel and
Seyed-Emami
1985
HYSTEROCERAS | Seyed-Emami Spath 1932; Clark 1965
and Immel Lopez-Horgue et
1995 al. 2009; Matrion
2010;  Ayoub-
Hannaa et al.
2018
TURRILITES Seyed-Emami | Immel etal. 1997 | Kennedy 1971; | Collingnon 1964; | Clark 1965;
1977, Wiedmann 1962; | Klinger and | Cobban 1978;
Kennedy et al. Immel 1987 Kennedy 1987 Kennedy et al.
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Plate 1

Plate 1- A-C: Mantelliceras gentoni (Brongniart 1822), sample no. G4-15 A- Aperture view, B- lateral view, C-
ventral view; D-E: Hypoturrrilites cf. gravesianus (Orbigny, 1842), sample no.G4-10, D-ventral view, E- lateral
view; F-G: Mantelliceras mantelli (J. Sowerby 1814), sample no. G4-10, F- ventral view, G- lateral view; H-I:
Scaphites sp., G4-10, H- lateral view, I- aperture view; J-K: Calycoceras sp., sample no.G4-15, J- lateral view, K-

ventral view.
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Plate 2

Plate 2- A-B: Puzosia sp., sample no. G4-7, A- lateral view, B- aperture view; C-E: Hyphoplites cf. costosus
Wright and Wright 1949, sample no. G4 10, C- lateral view, D- aperture view, E- ventral view; F-H:
Mantelliceras dixoni Spath 1926, sample no. G4-13, F- ventral view, G- lateral view, H- Aperture view; 1-J:
Turrilites aff. costatus Lamarck 1801, G4-15, I- lateral view, J- lateral view; K-L: Hysteroceras orbignyi (Spath
1922), sample no. G4-7, K- lateral view, L-ventral view; M-N: Anisoceras plicatile (J. Sowerby 1819), sample no.
G4- 15, M-- lateral view, N- lateral view; O-Q: Calycoceras (Newboldiceras) asiaticum (Jimbo 1894), sample no.
G4-15, O- lateral view, P- aperture view, Q- ventral view; R-S: Mantelliceras aff. lymense Spath 1926, sample no.
G4- 13, R- lateral view, S- ventral view.
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