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1- Introduction

The Qom Formation was deposited at the north-eastern coast of the Tethyan Seaway (Reuter et al., 2009) in the
Oligo-Miocene, during the final sea transgression (Rahimzadeh, 1994; Daneshian and Ramezani Dana, 2007;
Khaksar and Maghfouri Moghaddam, 2007), in the Sanandaj-Sirjan fore-arc basin, Urumieh-Dokhtar magmatic
arc (intra-arc basin) and Central Iran back-arc basin (Mohammadi et al., 2013, 2015, 2019; Mohammadi 2020a,
b). It is the main reservoir and source rock for hydrocarbons (Abaie et al., 1964; Morley et al., 2009;
Mohammadi et al., 2019) in Central Iran. This formation is isochronous with the Asmari Formation in the
Zagros Basin in southern and southwestern Iran, a reservoir that contains 12% of the world's oil (Guogiang et
al., 2007). In addition, the Qom limestone is the reservoir for the Alborz, Sarajeh, Arun, and Fakhreh oil/gas
fields in Central Iran (Guogiang et al., 2007; Jalali et al., 2017). Due to its economic importance and
communicative role between Eastern Tethys (the proto-Indian Ocean) and the Western Tethys region (the proto-
Mediterranean Sea) in the Iranian Plate at the same time, the study of different properties of the oil-bearing Qom
Formation is essential (Mohammadi et al., 2013, 2015, 2019).

Although geological investigations on the Qom Formation started more than 160 years ago (with Loftus, 1855);
however, surprisingly little information is available concerning the Foraminiferal morphogroups of the Qom
Formation. Besides, most of the previous works are limited to one stratigraphic section. Therefore, this study
aims to bridge this gap by studying two stratigraphic sections in the Natanz-Qom region.

2- Material and methods

Natanz and Khurabad sections of the Qom Formation in the Natanz-Qom region were studied to analyze their
foraminiferal morphogroups. 166 and 101 samples were collected (based on field evidence and lithofacies
changes) from the Natanz and Khurabad sections, respectively. Unconsolidated samples were disaggregated,
and the foraminifera and Ostracoda were picked and analyzed, while thin sections were taken of harder samples.
All samples were studied in detail, and particular attention has been paid to foraminifera, corals, corallinacean
algae, bryozoans, and Ostracoda. The foraminiferal morphogroups analysis is based on the primary references
such as Murray (1973), Jones and Charnock (1985), Corliss and Chen (1988), Koutsoukos and Hart (1990),
Nagy (1992), Tyszka (1994), Nagy et al. (1995), Bak et al. (1997), Duleba et al. (1999), Szydto (2005), Valchev
(2006), Kender et al. (2009), Cetean et al. (2011), Nikitenko et al. (2013), Valchev and Stojanova (2014),
Bindiu and Filipescu (2015), Davies (2016), Motamedalshariati et al. (2016), Rita et al. (2016), Chan et al.
(2017), Setoyama et al. (2017), Reolid et al. (2018), Sarbandi Farahani et al. (2018), Stojanova and Petrov
(2018), and Verma et al. (2018).
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3- Results and discussion

The foraminiferal morphogroups analysis of the Qom Formation deposits in the Natanz (with Rupelin? -
Chattian -Aquitanian in age and 330 m thickness) and Khorabad (southeastern Qom; with Rupelin-Burdigalian
in age and 260 m thickness) resulted in the identification of eight morphogroups.

The morphogroups were distinguished according to test/shell morphology and architecture (general shape, mode
of coiling, arrangement, and several chambers), inferred life habitat either living on the sediments' surface or
within the sediments (epifaunal and infaunal) and feeding strategy.

4- Conclusion

Generally, epifaunal morphogroups were dominated in both study sections. Calcareous porcelaneous
morphogroups dominate the lower 200 m of the Natanz section. In contrast, the upper layers are dominated by
hyaline morphogroups, which indicates that the lower and upper parts were deposited in the inner ramp
(lagoonal environments) and open sea, respectively (BouDagher-Fadel, 2018). This significant change through
time refers to the gradual increase of the basin depth, decreasing the light intensity, reducing the salinity, and
decreasing the nutrient level.

The distribution of morphogroups in the Khorabad section follows a reverse pattern; so that, despite the minor
fluctuations, the lower 200 m of the Khorabad section are dominated by hyaline morphogroups; while the upper
layers are dominated by porcelaneous morphogroups, which indicates the lower and upper parts were deposited
in the open sea and inner ramp (lagoonal environments), respectively.

Acknowledgements

The author would like to express his thanks to Dr. Mohammad Sharifi and Mr. Saeid Latifan for their assistance
in the field.

References
Bindiu, R., Filipescu, S., 2015. Foraminiferal biostratigraphy and paleoenvironments of the middle Eocene

deposits from the northern part of the Tarcau Nappe (Eastern Carpathians, Romania). Studia UBB Geologia
59 (1-2), 45 - 59.

BouDagher-Fadel, M.K., 2018. Evolution and Geological Significance of Larger Benthic Foraminifera, 2%
edition, UCL Press, London, p. 693.

Chan, S.A., Kaminski, M.A., Al-Ramadan, K., Babalola, L.O., 2017. Foraminiferal biofacies and depositional
environments of the Burdigalian mixed carbonate and siliciclastic Dam Formation, Al-Lidam area, Eastern
Province of Saudi Arabia. Palaeogeography, Palaeoclimatology, Palaeoecology 469, 1-16.

Corliss, B.H., Chen, C., 1988. Morphotype patterns of Norwegian deep-sea benthic foraminifera and ecological
application. Geology 16, 716-7109.

Daneshian, J., Ramezani Dana, L., 2007. Early Miocene benthic foraminifera and biostratigraphy of the Qom
Formation, Deh Namak, Central Iran. Journal of Asian Earth Science 29, 844-858.

Davies, M., 2016. An integrated chemostratigraphic and biostratigraphic framework and benthic foraminifera
morphogroup response to paleoenvironmental conditions of the Upper Cretaceous Kanguk Formation
Canadian Arctic Archipelago. M.S.c thesis, Carleton University, Ottawa, Ontario.

Duleba, W., Debenay, J.P., Eichler, B.B., Michaelovitch, M.M., 1999. Holocene Environmental and Water
Circulation Changes: Foraminifer Morphogroups Evidence in Flamengo Bay (SP, Brazil). Journal of Coastal
Research 15(2), 554-571.

Jones, R.W., Charnock, M.A., 1985. Morphogroups of agglutinated foraminifera. Their life position and feeding
habits and potential applicability in paleoecological studies. Revue de Paleobiologie 4, 311-320.

Khaksar, K., Maghfouri Moghadam, 1., 2007. Paleontological study of the echinoderms in the Qom Formation
(Central Iran). Earth Science Research Journal 11(1), 57-79.

76

e



Spring 2022, Vol 12 (1): 75-89 Adv. Appl. Geol. “\r“

Shahid Chamran U

Koutsoukos, E.A.M., Hart, B.H., 1990. Cretaceous foraminiferal morphogroup distribution patterns,
palaecocommunities and trophic structures: a case study from the Sergipe Basin, Brazil. Earth and
Environmental Science Transactions of the Royal Society of Edinburgh 81, 221-246.

Mohammadi, E., Hasanzadeh-Dastgerdi, M., Ghaedi, M., Dehghan, R., Safari, A., Vaziri-Moghaddam, H.,
Baizidi, C., Vaziri, M.R., Sfidari, E., 2013. The Tethyan Seaway Iranian Plate Oligo-Miocene deposits (the
Qom Formation): distribution of Rupelian (Early Oligocene) and evaporate deposits as evidences for timing
and trending of opening and closure of the Tethyan Seaway. Carbonates and Evaporites 28, 321-345.

Mohammadi, E., Vaziri, M.R., Dastanpour, M., 2015. Biostratigraphy of the Nummulitids and Lepidocyclinids
bearing Qom Formation based on Larger Benthic Foraminifera (Sanandaj—Sirjan fore-arc basin and Central
Iran back-arc basin, Iran). Arabian Journal of Geosciences 8, 403-423.

Mohammadi, E., Hasanzadeh-Dastgerdi, M., Safari, A., Vaziri-Moghaddam, H., 2019. Microfacies and
depositional environments of the Qom Formation in Barzok area, SW Kashan, Iran. Carbonates Evaporites
34, 1293-1306.

Mohammadi, E., 2020a. Sedimentary Facies and Depositional Environments of the Oligocene-Early Miocene
Marine Qom Formation, Central Iran Back-Arc Basin, Iran (Northeastern Margin of the Tethyan Seaway).
Carbonates and Evaporites 35, https://doi.org/10.1007/s13146-020-00553-0

Mohammadi, E., 2020b. Sedimentary facies and paleoenvironmental interpretation of the Oligocene larger-
benthic-foraminifera-dominated Qom Formation in the northeastern margin of the Tethyan Seaway.
Palaeoworld 1-37, https://doi.org/10.1007/s13146-020-00553-0

Motamedalshariati, M., Raisossadat, S.N., Moluodi, D., Mortazavi Mehrizi, M., 2016. Foraminifera biozonation
and morphogroups from Nimbolook section, east margin of Lut block, Iran. Arabian Journal of Geosciences
9,720, 1-11.

Murray, J.W., 1973. Distribution and ecology of benthic foraminiferids. Heinemann Educational Books,
London. p. 274.

Nagy, J., 1992. Environmental significance of foraminiferal morphogroups in Jurassic North Sea deltas.
Palaeogeography, Palaeoclimatology, Palaeoecology 95, 111-134.

Nagy, J., Grandstein, F.M., Kaminski, M.A., Holbourn, A.E., 1995. Foraminiferal morphogroups,
paleoenvironments and new taxa from Jurassic to Cretaceous strata of Thakkhola, Nepal. In M.A. Kaminski
et al. (Eds.): Proceedings of the Fourth International Workshop on Agglutinated Foraminifera. Grzybowski
Foundation Special Publication 3, Krakow: Grzybowski Foundation, pp. 181-209.

Nikitenko, B.L., Reolid, M., Glinskikh, L., 2013. Ecostratigraphy of benthic foraminifera for interpreting Arctic
record of Early Toarcian biotic crisis (northern Siberia, Russia). Palaeogeography, Palaeoclimatology,
Palaeoecology 376, 200-212.

Rahimzadeh, F., 1994. Geology of Iran: Oligocene—Miocene, Pliocene. Geological Survey of Iran.

Reolid, M., Nagy, J., Rodriguez-Tovar, F. J., Olé6riz, F., 2018. Paleoecological significance of benthic
foraminiferal fauna from the ovce pole basin, republic of macedonia. Geologica Macedonica 32 (1), 45-57.

Rita, P., Reolid, M., Duarte, L.V., 2016. Benthic foraminiferal assemblages record major environmental
perturbations during the Late Pliensbachian—Early Toarcian interval in the Peniche GSSP, Portugal.
Palaeogeography, Palaeoclimatology, Palaeoecology 454, 267-281.

Sarbandi Farahani, T., Reolid, M., Yazdi, M., Majidifard, M.R., 2018. Benthic foraminiferal assemblages of the
Middle and Upper Jurassic sediments from the northeastern Alborz and western Koppeh Dagh, Iran:
Systematic palaeontology and palaeoecology. Annales de Paléontologie 104, 249-265.

Stojanova, V., Petrov, G., 2018. Foraminiferal Assemblages as Palaeoenvironmental Bioindicators in Late
Jurassic Epicontinental Platforms: Relation with Trophic Conditions. Acta Palaeontologica Polonica, 53(4),
705-722.

77

e


https://doi.org/10.1007/s13146-020-00553-0
https://doi.org/10.1007/s13146-020-00553-0

Spring 2022, Vol 12 (1): 75-89 Adv. Appl. Geol. “\r“

Shahid Chamran U

Setoyama, E., Kaminski, M.A., Tyszka, J., 2017. Late Cretaceous-Paleogene foraminiferal morphogroups as
palaeoenvironmental tracers of the rifted Labrador Margin, northern proto-Atlantic. Grzybowski Foundation
Special Publication 22, 179-220.

Valchev, B., 2006. Benthic foraminiferal morphogroups from the Paleocene of the coastal part of East Stara
Planina Mts. Geologica Balcanica 35(3-4), 41-48.

Valchev, B., Stojanova, V., 2014. Benthic Foraminiferal Morphogroups from the Paleogene of the Republic of
Macedonia — preliminary data, National Conference with international participation, 69-70.

Verma, K., Bharti, S., Singh, A.D., 2018. Late Glacial-Holocene record of benthic foraminiferal morphogroups
from the eastern Arabian Sea OMZ: Paleoenvironmental implications. Journal of Earth System Science
127(21), 1-16.

_______________________________________________________________________________________________

E HOW TO CITE THIS ARTICLE: '
i Mohammadi, E., Ghaedi, M., Rameh, H., Sadeghi, R., Ahmadi, T., Vaziri, M.R., 2022. Foramniferal .
morphogroups of the Qom Formation in the Natanz and Qom regions: implication for paleoenvironmental i
' and paleoecological interpretations. Adv. Appl. Geol. 12(1), 75-89. :

DOI: 10.22055/AAG.2021.34341.2139
url: https://aag.scu.ac.ir/article_16799.html?lang=en



https://dx.doi.org/10.22055/aag.2021.34341.2139

N

Y ooleds VY 0,8 N FeN o b ply 07 (ool e Sl o

9 o 4y 10 yrldd )3 LT 0 )5 108 g 3k Bblio 5o o il (g ool 3 (slog ;593 550
S5 eS 18l
" Gezo bl
Ol oleyS aibpin 55l8 5 (Siato (AeaST EMar ol o chizme pyle 5 48yl ($GpSpT 5 pale olCingh v sisls5T 095
SN (sage
Ol liol (Hlgdol ol yple Uil ( wlidunj 0,5
Aoly Cyums
ol ey liols o3 lials o2l ¢ s pale suSetils
SSolo Ls,
Ol Ol gl oD ol s 05,5
o>l dnb
Ol Ol o9 ply oo il n 09,5
Sri9 Lo dazo
el e 1S ol s LS sl oSy s gl e 03,5

VFGYN P iy g b VYD) F icly o g b

*emohammadiO2@gmail.com

oS

el Slp ol Il clite i b (Slaeas gl ISl Gizmen 5 s (oagignST 5l g Jine Jo 4 (KD (slaog S (o)
9 (Sl oYY g (ST = ils = Soadygy oo L) 5t slagh 5o 08 aijle )l dalllae 035 co gmama (So5alsSTotlly 5 (S 39lsS]
bl IS8 loeg § plulid ol S 05,8 Cole aisd 4 i (Culd 2o VP 5 (00,0 — alig) oo b teB (5 gz bl g
9 (83 09,° 409l85 09,0 b 85 ) (blitul ol 5 (Sl dlas g Giall i 658U (IS SIS Jald) atwgy (s)loxe 5 (55998590
oylgas b (S8 (gloog, S idad Sy mly s Voo po ledgy LI (o) mhae glgl (IS ysbay Sy 90 o 50 Zewl ooy leul adss (o5 ]
aigd 5 SV slalaze ;o ol slagisy ol alied Silo a5 W)l (g Slold plle olgo b (ASG (sleeg 5 VL isw 50 g 590
Rl )50 a5 g Bee (2,8 SRl Sk loy Jsb 50 seSedar et (nl el L Gl o (des s a) B (VL slaie ol
(S Dllog 3525 b a5 555k 4 S o Cons Ko SISl abl g i o JSE (slaeg S SuiSTy el (gdke slge alS 5 lids,
g ik o5 aited I 9dlyn 0)ln0 b (IS (slaeg S e VL iS50 5l o)las b (IS (slaeg S ol (b (mly e Yoo 0
Lol G5V sladarzms ;5 (ouns j5b ) Sy (YL laide (ad alied o 5k by sladaze ;o il slaise (o
o il crd5 (c3lnl o s lsSTol sy (55033 50 ( Jsd ) GuadS OlodS

o by 0590 j0 (go0sins ST ailoads hous asds by o doddio
heme syl 5 (58S Ol isg) dtwg 5o (Selsdree Dl s g Sl Gl el g aS (olsig, A8 sleeg S
.(V?.|CheV, 2006) conl ooy piiie asdS Jlo o 0 5 8 5 hoe byl i gl yw Wgd oo (§0g,S Al
3 e b el 5l Glaglly 4 i 585 s, Davies, ) w S 5 ooliiul 350 5590 5 hond Acgorne
e $9,50ee slaielsd g dalazer ) e i g byo S Laome Gy s sl SLis lgie 4 los S ol 4y o5, (2016
slabize 5luil )0 wiil oo 0gdll b 4 45 G (oo dnwgs |, 5 eslaiul 3,9 4 s lame ilail g (Su5elS Ll yd s
S @b (Verma et al., 2018) w5 )18 oolial 5,90 an o Duleba et al., 1999; Bou Dagher-Fadel, ) w5
-8 5l 29,5 g yse | Loy S8 y50 (VAVY Y- - £) Murray - o G35 ey (shod Slaoss S slaog S o, (2018
Wgy S8 LIS (SongisnSt Calids glr 4 o5 st ol - osilidl S sladame [ Slsd Sy5e 4o (gaied),l Sledbl wilgs
(Alperin et al., 2011; Chan et al., 2017; ocie alis Jlo o+ e (Verma et al., 2018) sas @, 42338 claly o/ glo

Stojanova and Petrov, 2018) s gly i (slrog S pp o ) s A (8 3S o peiay e

\)


mailto:emohammadi02@gmail.com
mailto:emohammadi02@gmail.com

\ O)Lo..i; AY 0,92 ARER! )LQ.}

N

L8ty SO eoloS e Sl o

axdllans g0 ailiin (ouwldiiyme 9 (813 Candgo

Ceniigd Jlod B 570 wgr S 5l 08 Wile oz e
Jled S 5155 295 @iz g Jod B 5,8 Caons 510k yge3l>
arb,s ) 55 il b opé Jlod Saon 5l g 50l slaasels &
Slogs,e 10 08 Wile (6 )8gm, @) JSD) 5)lo b S (e
- gt g aw e 0 o Jlad YET YT S 5l bl
Lol 0ad 9,8 ehg) 5 630 Olrl g 2 - )] Gl e
Slila> slao,e 1o g atily asbl Jloi Y0© b sls Slge,
SMSagmy &2 £9,5 by Grogee 0 o8 Wil o Jlad ¥OT 51 VL
@5 ond L1 550 sz 68 6l)s e oalpby sl oogal
Mohammadi et al., ) ool 4l aslsl 0 yé Jlods Coons a0 g 05
(2013, 2015, 2019; Mohammadi, 2020a, 2020b

)90 08 Wil )0 9290 Glysey (ASE loog S aslllas pl yo
5 SeislsS] Lulyd peed gz Wl 515 8,5 518 () 5 Al
s ey Sladllas ol oad oolitul 4z o glalame 55kl
o Yo o el oads 5T i JLo 18+ g0 51 o8 Wisle 9,
plosl Wile ol (ogmy Lo (59, 2 gonte b Slalllae o5
(eg., Mohammadi et al., 2019; Mohammadi, c..l oo
2 Olrisy SSb (sloeg S comal o2 le J5 2020, 20200)
=095 (595 2 Slod Hiiie aalllan gop Al po (are Lulph ks
Hosseinipour Js coel oais plosl a3le opl olys59, 50 sla
21y a8 W5l o539, LSS sleeg,S (Y- -#) Hasani 4 (Y- - ¥)
o ellie sl a1 lools [1E cuyn 3y5e 955 sle adbinll
3 ool dz G 90 adllas b (Sledb 5 ol ) s 0,8
Al oo o - il adlate o o wisle

wwg S (55998 ,90 45 wisls sles (VAA) Charnock 5 Jones
b olsiey ol el b o (e 5 (Janme sloges 4 (59,
sloog S (59, » (b Slalllan 55 i laadd)ge 4 s o0
(V4a-) Hart 3 Koutsoukos L.gs 5 oyl559, So59lsd 90
5 e bl s oo S LU, og>g 55k (VA4Y) Nagy
(12AA) Chen 4 Corliss wlalas olul p sl lacigh oo
Galeotti , Coccioni ;s 5 (Va4-) Hart 5 Kotsoukes
bgd oy 9 wwm Sidsdiee S BLSI (02AT)
(Vo) o en 4 Frederick s gl .s)ls o925 o psss,
e lal sleogsn! sleosls fizmen g (lyg; Slaes
S 4 (I olge M dbyo i Slacl 5T lyione i sl
S8 sl ojse Lys phe ol
(Motamedalshariati et al., 2016)
Ao pd g ‘SM:LM» Py )A.AAJLGJ 6‘)3 Lﬁli“‘ 6&05; J.,Jl.:] )| oolazwl
Qﬁj) UJ‘ ol 00l :LAMAAAJ Qi J)$ 9 of)lf u.x‘/.:Lu 9 Sl LQA.:;

als 5 Lyo

ol D08 S e ol 1) calisie i b Slress awglie Sl
Gl 0ads ools lias ldlas 51 g0l olaws lawss ool L..A....J Sl
Severin, 1983; Katz and Thunell, 1984; Jones and )
Charnock, 1985; Bernhard, 1986; Corliss and Chen,
Sy 5l o8 wsle (1988; Nagy, 1992; Tyszka, 1994
S 5 o Wil S slaSiw (2l slagle e
Gade> a5 ol (65w 5 Cel 00l LS5 (5)ls] (i
Sl @85 D90 53550 Gl s 20 = gl (Gl - ganie
Schuster and Wielandt, 1999; Reuter et al., 2009; )

Mohammadi et al., 2013, 2015, 2019; Mohammadi
@and Ameri, 2015, Mohammadi, 2020a, 2020b

48 52 56 60 64
o 7Y (.,( "‘, Turkmenistan Legend
e’ @ & Caspian Sea Lo~
VY Tabriz s Hm]
381« g2 X A% vl

32 Kerman L
@ " N
T \Pakist
Sirjan¥ gy, . -
30 RE ~ |2
/4 11 Y
a0 1 0 1
Y _ v e
281 Saudi Arabia % Persian T _ N | 26
. Gulf -~ e\ $i...
T o AR
38 A SO ol Oman
i |
44 48 52

0.t
3430

y= 5y

334 1o Kishan

Mohammadi et al., ;| oMol L) aas o ol

L 5 = dsag)l (2leSle (oS (raizmen 5 03 Wisle sla SasSTy o5 olpl asds @) ) S

(National Geographic Center, 2009) LT & wyiws o, 5 (€) jidas g (0) obT,55 sla (o 5 cxdge (C-D) (2013

Fig 1. (a) Map of Iran showing distribution of Qom Formation and Uromieh—Dokhtar magmatic arc. (b-c) Location
maps, showing the position of the Khorabad section (b) and Natanz section (c) (National Geographic Center, 2009).

A



\ o)Lo..i} AY 0,92 ARER! )LQJ.

N

L8ty SO eoloS e Sl o

2D jsbay dalsl ;o a5 sl ouls plolis gius ey iz b by
S IE Ut TS
oor 90 oo plelid ) glagexd g byl
Ol 0 Olrisy STy olal p (S gozs dw (o cnl 5
(Mohammadi, 20208) ce.l oo osls asis
S S0 3 ) Ghp leasl je YO pead cnl 1) ol
Sol slbay gl b et Jolis Boe calols ol jo Cdle owles
o ol 03ipS 0 la Jlg 5l N12 B N1 ladiges ail o
Pyrgo sp., Triloculina s=es Jlisss, o cool oo ags
trigonula, Triloculina tricarinata, Quinqueloculina
gz wadls g, w8 ssgame ol il sl cunas Ll 51 SP.
oo D) e ) 50 ol Cumge 4 a2 b (5 ablige o et
OlFse bbio )0 ol aalllae glahy plo b ol aslis 5 (Guils
28,5 5k 50 ol slp 1y owils = Sonby,y om
Sip Sy YAO b g 9,8 (e YO b)) 5l aeos opl ¥ @
3 e ol 05 S o sla Jlg e it S b e slaal
aY s b hgie sboSal Jols Baae Jlo 5 2l slasiso
slasal Jols oYU 2w 0 5 )b 5 Sl slaSal (slosgs
Sadises il Sile sbbay oo b olen 4Y lawgte Goes
ool 0l A gez (0058 0 sl g 5 N139 b N13
el 0ad glolid gozd (ol 50 ) (hed degozma
Borelis pygmaea, Borelis hauri, Archaias sp.,

Elphidum sp., Peneroplis tomasi, Austrotrillina
howchini, Dendritina rangi, Quinqueloculina sp.,

Pyrgo sp., Triloculina trigonula, Triloculina
tricarinata, Haplophragmium sp., Valvulina sp.,
Textularia  sp., Nephrolepidina  tournoueri,
Eulepidina  dilatata, Operculina complanata,
Heterostegina sp., Amphistegina sp., Rotalia
viennoti.

Nummulites fichteli, N. intermedius, N. s3>y poe

5 wa>Le) Borelis melo curdica o by, a>Ls) vascus

s3a> g (oSS sasli) Miogypsina 5 (s, o n)
M&bwmwf)lwdlbwwbwsu

Dgds o3ld

YAO gl 5l g oal Jolis 1) Goy oYU e YO mozw ol iV g
H,JL& &S""L"“’ S .o)lo S99 @auw O (S y0 Yy u
5 bawgie slacSal Jols boe qaoss (pl oipS s sla Jlgs
6 N140 sladges aib o o) Glaa¥ Gleo b ol jor Y e
Ol 50 py heed dcgamme il oo oogume ol 4 3lais N166

o] 00 G)LMJLM» éo.?u
Miogypsina  sp.,  Nephrolepidina  tournoueri,

Eulepidina  dilatata, Operculina complanata,
Heterostegina sp., Amphistegina sp., Rotalia viennoti

AN

SrogkS WY g o8 (Bpd sz syeskS Yo o obliss i
oaigdly obljs> slisg; )8 Jlod 5 ohSez s 355 gz
5 Sl oo,e YEY O Sldlas Slatsee slls by opl ol
= ol ST Gk 3l e ol b (Bt Jsb 00708 DA
DY JS) 0l o cmyiwd JolB S - o8 ool g LaLS

Slaue glhls 5 cadadly ilas 5,0 Jlod o jidas 4l iy
b Jeb OV g Jles o,e YYYTEYT LSl s
b5l o 9) O - pledel oy ol Byl Sl G cnl il
(€Y JS8) il oo (o yiws b (00ly yrns yioghS ¥ T3gus
Reuter et al., ) ,oae Sldlas Lolsl 5 adllas 3,90 la sy
olpl oS m as9> ;0 (2009; Mohammadi et al., 2013
A—"aM@‘j (5)5)"

- S gleaag oliie, IS Gleey S owsn sk
P bdany aghie So b -l adhate o o8 Wile Gwsee
w5 eelidany ahie So g (e YT Culis ) il 4l
o (0 US) Qbail (e Y8+ calies 4 wblyss (3 o8 (B
S)90 IBJ" L;Lbd.)j.q.: ..\.3‘.); w‘é).: G.BLJ 9 Lg‘o)LM.}) ulj..u..y.: uul.w‘
s ems S plalis s e T Gliiie, 5 485 3 9o IS
Ol sloass ags S5 ablie .y 5 aps SiU ablas o sladiges
OF Olriiey 5 a8 )3 (ulidfond GBs sy 950 Laaiged
Olalllas 4L adllae 8550 Glogsp crw 8,5 anlllas § olulis
—09,5 .ol 0> 51| (MOhammadi et al., 2015, 2016) _Ls
Cople g (A JS0) atwgy (25 351850 ol SISO Sla
pled lp loads s (Ol ol adlal  w) diwgy o
Sl 00 Cns LB liie slad,Sog, 5 Yero JSE (slaog S
Nagy et al., 1995; Szydto, 2005; Reolid et al., 2008; )

Kender et al., 2009; Murray et al., 2011; Nikitenko et
al., 2013; Bindiu and Filipescu, 2015; Setoyama et
-o5,5 Slol,p .@l., 2017; Sarbandi Farahani et al, 2018

S USs s asdllas 550 slasby o o mlolis i JISs sl
Srog,S i z9ds Hskrie 4 (Jinll (sl 0ol e 3 Y 5 Y
s 55 Gloog S e 5l 50 oSt 0 LIl IS
sl 0t (55355 1 51 oS gl
Sy G aar Cum) g oud lwbl ol e,
axjllaod jg0

bog iy @ ol g sk bty @A e
o, 8ea 3 Mohammadi 4 (2016) ., 5ea 5 Mohammadi
Cens; (20208) Mohammadi yooes sl ol @l (Y+10)
ool el 03g0d () 4N psbar 1) 5 90 2 ) A
- o8l - Sk, s ey 08 Wile e 00 el lalllae
S plaS 5o e sl G059 — by Sblyes o y0 g ST



\ o)Lo..i} AY 0,92 ARER! )LQJ.

N

L8ty SO eoloS e Sl o

Quinqueloculina Triloculina

Textularia sp.
2025 5 (Ols o ) Ve o o] CusBgn g peies Jlg 5o
s g0 G BoilSemgind 90> 9 (G005 e L) ¥

Dgd aid S Gl yo by Sl s cpl 6l uleST e B o

sp., trigonula,

2o ol B e YD gl 5l mens ol iF gesd
Boee cras ol 00ipSpyo sloa e ulis Kiw 0,5
adbigs I ey Oyle 9 yle Y pusis b lawgie slaSal Jols
Coils p gezs ol 03508 0 sla Iy 51 K99 b K72 sladiges
ol 00 L,;»L..;Lw; ] O e e le.o.uaﬁ 4c goxe Ll 0as
Borelis melo curdica, Peneroplis tomasi, Dendritina
rangi, Elphidium sp., Pyrgo sp., Quinqueloculina sp.,
Triloculina trigonula, Textularia sp., Miogypsinoides
sp., Miogypsina sp.
o « Borelis melo curdica ,sa> wlul p gezs

el salools Cows Q—;Jlie,b)sé

axlllan 0590 gl 0 9 50 ool o lwlils ASCh gdog,S

g B Lz g9 dlex ) oulid JSS Sliogas ow)p
@ alllas 9)00 lagtn )3 end olulid Glydhy, (W iz
Koutsoukos and Hart, ) o e ;5 JS& slaey 5 olulis
(1990

CH-A IS 09,5
Gl s llen Sl ggi 5l (oo (LIS 09,5 cnl i,
20,5 o8 el 2 Elgil 4 (S 09 5

CH-Al i 09,5 35

el G b USS g (Bao (IS8 098 (nl 813
Oygods gl (S0 g5 andlise gooxie Sl glyls g anils
NS oo 518 095 (nl o &S Slisie, abex il 65 e
Nummulites , Nephrolepidina [Eulepidina « s .
2 NS 8 99558 il o oS ol s g oLl
w0l ygaze L slalase 2a @il S e 0 Glise gl i
slopp Jy i lesl jo JeaiS 5 Sy slapd )l jea>
Ll (IS jsboay aiiS o (S a8 Glosl 0 5iss,S 5 FSsS
Sy — SeghsSl «Sidgigie — Sidy Sl bl cow LIE
Sy @BSS A gl U oS 6550 5 @by Jby 6oes
Geel, 2000; BouDagher-Fadel, 2018; Mohammadi )
(2020a; Nikfard et al., 2020

CH-A2 A 09,5 )
dlilsS 95 i b JS8 (qwie (Bao (IS5 095 ol ol 4
Al e damie Olyes g alils puies lojlgrs Bos puizen Waijle
Olriey )0 6359)0 desi b5 (5 gl () 09,5 (nl Dlogzge

AY

395 5 (oleST sly) Miogypsina jpa> 4 azg L
Nummulites fichteli, N. intermedius, N. vascu slsass
sacls aslz) Borelis melo curdica s (oubjy, (easlo)
L)Y gos YL )3 45 ¢ lend o0guzms (nl CoaBys 1 5 (IG5
A3 ST o (G (A5 cnl sl dlo 13 (Gl e
Sl 00l a8 )5
o 0 oo aleld S slagess 9 ol
oLl ye5

oAt Glpsey (SoSIn ol G a5 ¥ B0 0l 50
(Mohammadi, 2020a) ce.l soisesls
=S 3 )8 by (6 e 10 gla )| b oaeld | mazs ol 1) oz
oSl Jols boes crazs opl 00ipS 0 slalys e owles
K20 b K1 sloaiges il o S)le Sal g Y qud b lawgio
25 sk degezme wllior geS (nl 00y s Sl Iy 4 Blate
ool 00y ololids gz ol yo

Nummulites vascus, Eulepidina dilatata,
Nephrolepidina  tournoueri, Rotalia  viennoti,
Operculina  complanata, =~ Amphistegina  sp.,
Textularia sp.

kg, w5l 4 NUummulites vascus o> (olul » gezs oy
el 00l 0010 Cnd

2oy G Gy YD U 20 ) 5l pess p) Y e
Boes crezs ol 00ipSpye sboay e wlisSin 0,5 o
K32 5 K21 sladiges il oo sloogs 5 4Y pues slaSal Jols
sk degazme el ouls SISy mezd () 05,5 00 sl Jlgs 3l
O PR ‘Sll—“lw éo:u U"‘ )0 ).l)

Operculina  complanata, Eulepidina dilatata,
Nephrolepidina  tournoueri, Rotalia  viennoti,
Elphidium sp., Pyrgo sp., Quinqueloculina sp.,
Textularia sp.

ey i oa>lz) Borelis melo curdica jpa> poc
Sonbge (rizmen 5 (S (a3Le) MiOGypsing 5 (K0
x5 odsl 259 (eky e D)) gezs VL e
5 (Wlood ALig iy (ugee o Llad 08 Wil (6 e sloaingd)
OB o B o o etdgegs iz (g LooielSingan] 5>
gl aid S I s pexd (pl sl

Sis 25 3925 5% Yo UD b AVID glis) 5l g cpl ¥ mos
ol oses ok 4 ipead nl 0wipS e slhaY L Wb
sloanigs 5 Y505 Sal ()l Sal ¥ s 5 bugie soSel
ol 093565 500 o Jgs 5l K71 5 K33 sladigas il o (s s
wlolid mozd (pl o 3 (lewd dcgeme (ol ouls Clliloy ez
el 00l

Eulepidina  dilatata,
Miogypsina  sp.,
sp., Pyrgo sp.,

Operculina  complanata,
Nephrolepidina  tournoueri,
Amphistegina sp., Elphidium



\ o)Lo..i} AY 0,92 ARER! )LQJ.

N

L8ty SO eoloS e Sl o

PC-C IS 09,5
4 g adlb oo 90,5 Ay b (Slogzge Jolls (IS 09,5 (]
g oo rmndS 5 ol

PC-C1 A 09,5 )
Sl )l K& (S0 b 59,5 slatmgy S5 09,5 cnl o8
Sighe Sygot Sligrge ol o e (o8 Dl 4 Lol
S50 8 095 ol o BOTRLIS o35 o559, wiiS o (S5
S35 2 Mlgier WS oo JB oS Bee (nl )0 &5 alasiial
3 Vsene g 0 (S0 BespS Lond ool o iliee slo
Slavls b g lachy, cudy (Sgdsn) (pby) ool jgams slalase
Hallock, 1985; Geel, 2000; ) wsS o olgld s, o

BouDagher-Fadel, 2018; Mohammadi 2020a;
.(Nikfard et al., 2020

PC-C2 JsCi09)5 33
L oglades o b laten (IS5 098 ool ol4
S iz by sadn s Wl IS UK iyl el il
Foo) laadsle jls (55 ghaw (SW) eF cpl adlise
)8 6,5 cnl ,s (Quinqueloculina, Pyrgo, Triloculina
b o wiilgse 5,558 ,90 (nl 5o eddganates slafend )l
(ool o o 31 eosnS s (o slalama 51 slos 2
Lol wigd 28l 5 iy slr 50 (o 5 dolloynle) j3b (L B
S8 el g5 5 o Kl L glabme o brz
Llyd oo jpame L slagssY Sl Wl GlilE 5 auS o
Geel, 2000; Sadeghi et ) coul pdlo ol g Sigdes « by g0
.@l., 2018; Mohammadi 2020a,b; Nikfard et al., 2020

PC-C3 i 09,5 55

Sl g Sy Giom b glateg IS0 095 cnl Sl
& g, 9 009 (S il Ojget Ll il saste
s Dendritina « ol o 09,5 ool olpdze, abex 5l anil
-0 ol 0,598 90 cnl 84S sl il agei o Lal Cibicides
Slsld Vgone S oo (S5 BocpS L ST ;5 Ygons 3,5
b L Slolyd Djge )0 (g wms e LaS 055 Sl g S
CoSondygazs ol Kby dlaadgle b ooljen Ysano)
Brandano, et ) ss dlo,ols 5§ Sligdes «Sidg g dal o
.@l., 2009; Allahkarampour Dill et al., 2010

2 eoegh nl yo ead adlls JSO (glees,S alie gl

el 00l o0l &.)L““’ \ Jj»\?

AY

SpS e S8 g5 ol o Rotalia 3 Amphistegina
byl cos W 05,8 0 )18 @5558,00 cnl )0 o o jininel 3
Jbr 698 SEdere - SISl (Sidgpne - Sy 5!
» Jeinll w0 QLSS 4 hwgte b oS 5550 9 2b)ye
s Hea> ailg e s bawgte 590 b jpame des slaosSY
Hallock et al., 1986; BouDagher-Fadel, 2018; ) w..:l

.(Mohammadi 2020b

CH-A3 JIsi09)5 55

IS Jg 2808 Jlreraddy iy b o JSS 09,5 ol L8
“ IS Gl os 5 sasie Sz il el S puie L]
09,5 ol ,o Operculina 5 Heterostegina sl ol b ol
GIudiwd 295890 (pl )3 &S plajiild WS e )l
WS o (S5 LB 09,5 L alie (Su3aleST Lulph o i e
Py 9850 ez 5 T sz |y 5 sle i Vsese Operculina
Sygots b g Cow 6l s 4 sduns O )50a Heterostegina
Geel, 2000; BouDagher-Fadel, ) o o Sw; cuinl
(2018

CH-A4 A 09,5 3

aloee o Lol carils Jlpanidly iomo lanl (S 09,5 ol ol 3l
S5 b JS8 (puie Loyl Bao (IS JSS wigd oo (A1) ST am
Oz doz 5l aiilioe 5 phw Wil (S35 5 5 23lioe S5
905 o,L3I Miogypsinoides 3 Miogypsina 4 ;s e 09,5 oyl
b og S b alie b (SsglysT Lulos cow Miogypsina
4 ol ol Sl il s 4 el S e (S
2 Jeoll el 95 095 (Sl slagisu g ok Gleel o (S5
g se oaus MIOQYPSINOIdES ol jon @ 55 JeceS sloo]
G313 5l Vgorn ol rgee = oKl (slaaiies 5 bowiouism
Geel, 2000; BouDagher-Fadel, ) sz Jls,55 » a9 16
(2018; Nikfard et al., 2020
AG-A I 09,5

i 5l5T Ll atngy iz a5 el (559, Jolds (IS5 05,5
e %o.bs...u s_i:)b o.x,.....S ‘5‘09)240 09; U‘Jl él)9| )b Bowo Mbso
Sl olal lanil il T sy aw b gd 0 Ysems Ll &l il
Jed ) Slriey wBlise Jloogm, 5 4l (550958 (S5 095
GlaJewd 05,5 o 1,3 09,5 ol 5o Valvulinids 4 textularids
b obys slolame 251 50 W Cg 558,00 ol 5o s samats
‘-,’Jdu.?uy Lghb O)L.Mﬁ) o9 JJ)L) )9.a.> cdu.f‘); u)e.omj Sl @‘9‘)9
Sadeghi ) wse oo oass Swil Slol 3 b (o len] g o8 slaasle jo
et al.,, 2018; Mohammadi 2020a,b; Nikfard et al.,
2020

1-Tapering



\ o)Lo.C:: AY 0,92 ARER! )LQJ.

A iy (69,15 (ol (ye)

N

. & Ea
i) ,g(,&.w‘pph
(Crai

axfllas S0 6Lb uu).:)é‘;&w&b 05;;01..7:4»&‘9_1‘7\ Jjb

Table 1. Morphogroup categories of benthic firaminifera assemblages from the studied sections.

Morpho | Sub Chamber Test General Inferred Inferred Example
groups microhabitat )
morpho number wall type morphotypes Trophic
group
groups
CH-A1 | ultilocular hyaline planispiral epifaunal | deposit Nummulites,
) feeders Eulepidina,
lenticular Nephrolepidina
CH-A2 | multilocular hyaline Trocospiral epifaunal | deposit Rotalia,
) feeders | Amphistegina
lenticular
CH-A | CH-A3 | multilocular hyaline planispiral | epifaunal | deposit | Operculina,
feeders | Heterostegina
CH-A4 | multilocular hyaline planispiral- epifaunal | deposit Miogypsina
uniserial feeders
AG-A | multilocular | agglutinated elongate infaunal deposit Textularia,
conical, feeders Valvulina
AG-A biserial or
triserial
PC-C1 | multilocular | porcelaneous | planispiral epifaunal | deposit Borelis
feeders
globular
fusiform
PC-C | PC-C2 | multilocular | porcelaneous | streptospilar | epifaunal | deposit Pyrgo,
feeders Triloculina,
Quinqueloculina
PC-C3 | multilocular | porcelaneous | planispiral epifaunal | deposit Dendritina
feeders
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