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We re port an ex traor di nary dis cov ery of ma rine Pleis to cene strata from the north of the Per sian Gulf. The Dayyer sec tion
con tains a rich mol lus can fauna in clud ing 26 bi valve spe cies, Sr87/Sr86 data show ing that the suc ces sion is not older than 153 
ka (late Pleis to cene). These strata are time-equiv a lents of the Bakhtiari For ma tion, but have a very dif fer ent fos sil con tent
and fa cies. Com par ing the Dayyer mol lus can com mu nity to the pres ent-day fauna of the Per sian Gulf shows that many fos sil
spe cies are ab sent in the re cent wa ters. The palaeoceanographic dis tri bu tion of the iden ti fied bi valves shows the pres ence
of many of them in the Plio-Pleis to cene strata of the Med i ter ra nean Ba sin. This may point to a tem po rary con nec tion be tween 
the Per sian Gulf and Med i ter ra nean Ba sin dur ing the late Pleis to cene and the ex tinc tion of many bi valves in the past 153 ka.
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INTRODUCTION

Qua ter nary re searches in the south west ern Asia are re -
stricted to a few stud ies de scrib ing the sedimentology and
lithostratigraphy of some out crops on the Ara bian Pen in sula
(Uchupi et al., 1996, 2002; Wil liams and Walkden, 2002;
Kirkham and Ev ans, 2008, 2020; Ev ans, 2011). Other re search
has fo cused on the sea level changes dur ing the Ho lo cene
(Lambeck, 1996; Stevens et al., 2014; Lokier et al., 2015).
Bailey et al. (2007) stud ied the Late Qua ter nary stra tig ra phy
and sea level changes of the Red Sea and ad ja cent ar eas (in -
clud ing the Per sian Gulf). Ken nett and Ken nett (2006) and
Sheikhly et al. (2017) noted the im pact of Per sian Gulf shore line 
fluc tu a tions on the con fig u ra tion of Mesopotamian cul tures in
the late Pleis to cene – Ho lo cene time in ter val. Some in di vid ual
pa pers have ana lysed late Pleis to cene to Ho lo cene sea level
change in the north ern part of the Per sian Gulf (Taghizadeh et
al., 2012; Lak, 2014; Rezaee and Zarezadeh, 2014).

The Pleis to cene strata of the Zagros area are in cluded in
the Bakhtiari For ma tion. The type sec tion of the Bakhtiari For -

ma tion was de scribed by James and Wynd (1965) from the
Godar Landar val ley, north of the Masjed-Soleiman area,
south-west Iran. It is com posed of 550 m of mas sive hard con -
glom er ates and is ex posed across all of Zagros.

Be sides some gen eral lithostratigraphical and sedimen -
tological stud ies on the Pleis to cene of the High Zagros and the
Zagros Folded Zone by James and Wynd (1965) and Motiei
(1993), there is no pub lished ev i dence con cern ing these strata
along the south ern Ira nian coast. How ever, the strata equiv a -
lent to the Bakhtiari For ma tion in the Ira nian coastal belt
lithologically are dif fer ent from those of the type sec tion. So,
these Pleis to cene ma rine strata of the north ern mar gin of the
Per sian Gulf are stud ied here, their mol lus can fauna be ing
stud ied in de tail for the first time. No ta bly, there are many dif fer -
ences be tween the fos sil and liv ing fau nas of the study area,
that en cour aged us to sur vey the palaeoceanographic dis tri bu -
tion and pos si ble mi gra tion path of the com po nent spe cies.

MATERIAL AND METHODS

All data and sam ples of this study were col lected in two field
trips, in the win ter of 2018 and au tumn of 2019. Sam ples are
col lected from seven pro lific beds (A1–7). The mol lusc sam ples 
were ana lysed in the lab o ra tory of palae on tol ogy, Uni ver sity of
Hormozgan. Af ter wa ter-wash ing the spec i mens, we used a
slen der frez ma chine with rough to soft au gers in or der to re -
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move rock par ti cles from the spec i men sur faces. All spec i mens
are de pos ited in the De part ment of Ge ol ogy, Fac ulty of Sci -
ences, Uni ver sity of Hormozgan un der the re pos i tory codes
HUIM194 to HUIM226. We could not ex tract some of spec i -
mens from the hard ma trix, so these re mained in the field.

GEOGRAPHIC AND GEOLOGICAL SETTINGS

The stud ied sec tion is lo cated near Dayyer Port, 180 km
south-east of the Bushehr Prov ince cap i tal, in south ern Iran
(Fig. 1). This sec tion, 23.55 m thick in to tal, in cludes two parts:
the lower part A (17.45 m thick) is lo cated just to the ring-road of 
Dayyer city at 27°50’34.58” N, 51°55’7.25” E. and the up per
part B (6 m thick) 2.8 km west of Dayyer town, near Oli vil lage at
27°50’2.69”N, 51°53’51.66” E.

The Per sian Gulf is a nar row fore land shal low sea be tween
the Zagros belt and the Ara bian plat form (Purser, 1973). The
Neo gene geo log i cal his tory of the Per sian Gulf shows that the
north ern mar gin of this ba sin has mostly marked by the ar rival
and de po si tion of huge amounts of terrigenous sed i ments.
These de pos its are known as the Fars Group (Gachsaran,
Mishan and Aghajari for ma tions), de pos ited dur ing Mio cene–
Plio cene time.

The sed i men tary char ac ter is tics of the Aghajari For ma tion,
the youn gest mem ber of the Fars Group, show grad ual change
from car bon ate to clastic de pos its (Sahraeyan et al., 2013;
Hassani and Hosseinipour, 2017). This fa cies shift in di cates
that ma rine re gres sion started from the late Mio cene and con -
tin ued at least to the end of the Neo gene. De po si tion of the
Bakhtiari For ma tion con glom er ates shows that re gres sion con -
tin ued dur ing the Pleis to cene as a re sult of the post-collisional
orogenic en vi ron ment (Kalantari, 1992; Motiei, 1993; Fakhari,
1994a). This non-ma rine con glom er atic fa cies of the Bakhtiari
For ma tion can be seen in the High Zagros and Folded Zagros
belts, but an other lithofacies is ex posed along the north ern

coasts of the Per sian Gulf and on some is lands (e.g., Kharg and 
Gheshm; Fig. 1). The lat ter lithofacies is mostly com posed of
fossiliferous lime stones and sand stones with a few con glom er -
ate beds. The het er o ge neous li thol ogy of the Bakhtiari For ma -
tion from the north to the south of the Zagros dur ing the main
ma rine re gres sion may be re lated to the dif fer ent palaeo -
geographic set tings of the south ern most part of the Zagros
area. In gen eral, li thol ogy and field ob ser va tions sug gest that
the Bakhtiari For ma tion (in the south of Zagros) was de pos ited
in a ma rine en vi ron ment; that com pletely dif fers from that rep re -
sented by this for ma tion in the other parts of Zagros. Our re -
search deals with the strati graphic set tings of the shell beds,
that con tain molluscs (mainly bi valves), which can help us to un -
der stand the palaeoceanography and evo lu tion of the stud ied
area.

Kalantari (1992) and Motiei (1993), based on its strati -
graphic po si tion, as sumed a Pleis to cene age for the Bakhtiari
For ma tion. Rahiminejad et al. (2011) and Amiri-Bakhtiar and
Noorani-Nejad (2013), based on the pres ence of some fos sils
(es pe cially foraminifers) in the mid dle part of this for ma tion in -
ferred the range of late Oligocene to Plio cene. As ero sion of the
Eocene to Plio cene strata in the nearshore ar eas and coasts of
the north ern mar gin of the Per sian Gulf is now com monly in
prog ress, re worked fos sils of many ex tinct foraminifer gen era
can eas ily be found in the re cent coastal and ma rine de pos its.
There fore, a sim i lar phe nom e non may be re spon si ble of the
pres ence of re worked Oligocene–Plio cene foraminifers in the
Pleis to cene Bakhtiari For ma tion. On the other hand, based on
ear lier re searches (e.g., Kalantari, 1992; Vega et al., 2010,
2012; Kroh et al., 2011; Daneshian et al., 2012; Hosseinipour et 
al., 2014; Gholamalian et al., 2016, 2020; Hassani and
Hosseinipour, 2017) the pre cise age of the un der ly ing Fars
Group (es pe cially the Mishan and Aghajari for ma tions) is early
Mio cene to late Plio cene; so it seems that the Bakhtiari For ma -
tion can not be older than Pleis to cene.
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Fig. 1. Lo ca tion of the Dayyer sec tion and the other sites in the south of Iran 
and United Ara bian Emirates

Sites of the Qua ter nary strata out crops are shown by black dots. The Kharg, Gheshm and Futaysi
sec tions were stud ied by Motiei (1993), Rezaee and Zarezadeh (2014) and Kirkham and Ev ans

(2008, 2020), re spec tively



The stud ied area in the south of Zagros is a part of the
Coastal Fars Zone. Very large anticlines with a NW–SE trend
are the most im por tant geo log i cal struc ture of this area. The
stud ied sec tion is lo cated on the south east ern flank of the
Darang anticline. Up per Cre ta ceous to Qua ter nary de pos its are 
ex posed in this anticline (Fig. 2).

As noted above, the stud ied strata are time-equiv a lent to
the Bakhtiari con glom er ate For ma tion. The stud ied strata in the
Dayyer area disconformably over lie the up per Mio cene–Plio -
cene ma rine sand stones of the Aghajari For ma tion in di cat ing
the gap of early to mid dle Pleis to cene in ter val (Fig. 3A).

The stud ied sec tion in cludes 14 units with a to tal thick ness
of 23.55 m (Figs. 3 and 4). The top of sec tion is con form ably
over lain by re cent coastal ma rine de pos its (Fig. 4).

MALACOFAUNA

26 bi valve spe cies be long ing to 23 gen era were col lected
from the Dayyer sec tion. These spe cies are: Arca imbricata
Poli, 1795, Arca plicata (Dillwyn, 1817), Anadara pectinata
(Brocci, 1814), Pecten jacobeaus (Linnaeus, 1758),
Flabellipecten flabelliformis (Brocci, 1814), Flabellipecten
costisulcatus (Almera and Bofill, 1897), Chlamys
ruschenbergerii (Tryon, 1869), Spondylus exilis Sowerby,
1895, Spondylus crassicosta Lamarck, 1819, Crassostrea sp.,
Lopha virleti (Cox, 1936), Alectryonella plicatula (Gmelin,
1791), Pinna rudis Linnaeus, 1758, Isognomon sp., Chama
pacifica Broderip, 1835, Pinctada radiata (Leach, 1814),
Placuna pla centa (Linnaeus, 1758), Ve nus cf. verrucosa
Linnaeus, 1758, Dosinia acetabulum (Conrad, 1832), Circentia
callipyga (Born, 1778), Callista umbonella (Lamarck, 1818),
Lithophaga avitensis (Mayer-Eymar, 1898), ?Lutraria sp.,
Trachycardium flexicostatum Vokes, 1989, Cardites bicolor
(Lamarck, 1819), and Tucetona sp. (Figs. 5–7).

In ad di tion, seven gas tro pod spe cies were also iden ti fied;
Co nus tex tile Linnaeus, 1758, Pleuroploca sp., Cerithium
columna Sowerby, 1834, Turritella fultoni Melvill, 1897, Oliva
bulbosa Röding, 1798, Cypraea sp. and Natica sp.

Age de ter mi na tion of the sec tion stud ied sec tion is based
on Sr87/Sr86 anal y sis by an Isoprim Iso tope Ra tio Mass Spec -
trom e ter in stru ment in the Cen tral Lab o ra tory of the Uni ver sity
of Hormozgan, Iran. Two mol lusc shells (Co nus tex tile and
Pecten jacobeaus from beds A1 and A5 re spec tively) were
ana lysed (see Fig. 4 for sam ple lo ca tions). The Sr87/Sr86 data
ob tained ranges from 0.709183 to 0.709201; by plot ting our
data on the curves of Burke et al. (1982) and McArthur et al.
(2001), the stud ied sec tion is dated 153 ka (up per Pleis to cene).

DISCUSSION AND PALAEOGEOGRAPHY

Motiei (1993) first re ported Qua ter nary fossiliferous strata
from Kharg Is land, 220 km north-west of the Dayyer sec tion.
Rezaee and Zarezadeh (2014) also stud ied the sed i men tary
en vi ron ments of sim i lar strata in coastal ex po sures on Gheshm
Is land. Sharoonizadeh and Afghah (2017) stud ied the gen eral
stra tig ra phy of these beds on Gheshm and Kish is lands. None
of these stud ies pro vided de tailed palaeontological ev i dence.

On the south ern mar gin of the Per sian Gulf, the Fuwayrit
For ma tion with the lower con glom er atic Futaysi Mem ber and
the Dabbiya Mem ber fossiliferous lime stones in the United Ara -
bian Emirates and Qa tar (Kirkham and Ev ans, 2008, 2020) may 
be equiv a lent to the stud ied suc ces sion. Un for tu nately, there is
no avail able palaeontological data from these strata. Shneider
et al. (2005) and Yilmaz et al. (2020) de scribed Pleis to cene
fossiliferous con glom er ates (Marmara and Sungur for ma tions)
in NW and SW Tur key that may cor re late with the strata stud ied 
here (Fig. 8).
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Fig. 2. Geo log i cal map of the Dayyer area (redrawn from Fakhari, 1994b)

A and B are lo ca tions of the lower and up per parts of the stud ied sec tion



Molluscs from the pres ent-day  Per sian Gulf in clude 203 ex -
tant bi valve spe cies be long ing to 142 gen era (Hossein-Zadeh
Sahafi et al., 2001; Amini Yekta et al., 2012, 2014); though only
13 of these spe cies have been re ported from Pleis to cene
strata. This means that only 13 out of 26 fos sil bi valve spe cies
iden ti fied from the stud ied strata now are liv ing in the Per sian

Gulf wa ters. These data show the dis sim i lar ity of the fos sil col -
lected fauna to the mod ern fauna.

Thir teen spe cies are ab sent in the mod ern fauna of the  Per -
sian Gulf: Pecten jacobeaus (Linnaeus, 1758), Flabellipecten
flabelliformis (Brocci, 1814), Flabellipecten costisulcatus
(Almera and Bofill, 1897), Lopha virleti (Cox, 1936),
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Fig.  3. Field pho tos of parts A and B of the Dayyer sec tion

A – general view of part A, lower part of the Bakhtiari For ma tion; white line shows the disconformity be tween the Aghajari and Bakhtiari for -
ma tions; B – units 1 and 2 of the Bakhtiari For ma tion in part A; C – sandstones of unit 6 and thin con glom er ate bed (unit 7); D – fossiliferous
units 8 and 9; E – gen eral view of part B, up per part of Bakhtiari For ma tion, with marked units 11 to 14; F – abundant veneroid shells of
Dosinia acetabulum in the basal  part of unit 11



Hossein Gholamalian et al. / Geo log i cal Quar terly, 2022, 66: 17 5

Fig. 4. Strati graphic col umn of stud ied suc ces sion with dis tri bu tion of bi valves

Continuous and dashed lines show the abun dant and rare pop u la tions of each spe cies re spec tively; A1–7 are col lected sam ples;
as ter isks are the lo ca tions of pho tos of Figure 3
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Fig. 5. Pectinid and some veneroid bi valves from the Dayyer sec tion

A–C – Pecten jacobeaus (Linnaeus, 1758) HUIM194, sam ple A3, Dayyer sec tion, left valve, right valve and lat eral views; D–F –
Flabellipecten costisulcatus (Almera and Bofill, 1897): D – HUIM195, sam ple A3, Dayyer sec tion, left valve; E – HUIM196, sam ple A3,
Dayyer sec tion, left valve; F – HUIM197, sam ple A3, Dayyer sec tion, right valve; G–I – Flabellipecten flabelliformis (Brocci, 1814): G –
HUIM198, sam ple A3 Dayyer sec tion, left valve; H – HUIM199, sam ple A3, Dayyer sec tion, left valve; I – HUIM200, sam ple A3, Dayyer sec -
tion, left valve; J – Chlamys ruschenbergerii (Tryon, 1869), HUIM201, sam ple A3, Dayyer sec tion, left valve; K, L – Circentia callipyga (Born,
1778), HUIM202, sam ple A3, Dayyer sec tion, in ner and outer view of right valve; M, N – Dosinia acetabulum (Conrad, 1832), HUIM203, sam -
ple A3, Dayyer sec tion, outer and in ner views of left valve. All scale bars = 1cm
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Fig. 6. Veneroid, arcoid and pterioid bi valves of the Dayyer sec tion

A – Ve nus cf. verrucosa Linnaeus, 1758, HUIM204, sam ple A3, Dayyer sec tion, outer and in ner views of right valve; B, C – Callista
umbonella (Lamarck, 1818), HUIM206, sam ple A3, Dayyer sec tion, outer and in ner views of left valve; D – Lithophaga avitensis
(Mayer-Eymar, 1898), HUIM205, sam ple A3, Dayyer sec tion, outer view of left valve; E – ?Lutraria sp., HUIM207, unit 13, Dayyer sec tion,
dor sal view; F – Tucetona sp., HUIM211, sam ple A7, Dayyer sec tion, outer view of left valve; G, H – Cardites bicolor (Lamarck, 1819),
HUIM209, sam ple A1, Dayyer sec tion, outer and in ner views of left valve; I – Trachycardium flexicostatum Vokes, 1989, HUIM208, sam ple
A3, Dayyer sec tion, outer view of right valve; J, K – Arca imbricata Poli, 1795, HUIM210, sam ple A4, Dayyer sec tion, outer and in ner views of
left valve; L, M – Arca plicata (Dillwyn, 1817) HUIM212, sam ple A4, Dayyer sec tion, outer and in ner views of right valve; N, O – Anadara
pectinata (Brocci, 1814), HUIM213, sam ple A3, Dayyer sec tion, outer and in ner views of left valve; P, Q – Lopha virleti (Cox, 1936),
HUIM214, sam ple A3, Dayyer sec tion, outer and in ner views of left valve; R, S – Crassostrea sp., HUIM215, sam ple A3, Dayyer sec tion, in -
ner and outer views of left valve; T – Isognomon sp., HUIM216, sam ple A3, Dayyer sec tion in ner view of right valve. All scale bars = 1cm



Alectryonella plicatula (Gmelin, 1791), Spondylus crassicosta
Lamarck, 1819, Lithophaga avitensis (Mayer-Eymar, 1898),
Dosinia acetabulum (Conrad, 1832), Trachycardium
flexicostatum Vokes, 1989, ?Lutraria sp., Arca imbricata Poli,
1795, Arca plicata (Dillwyn, 1817),  Anadara pectinata (Brocci,
1814). We find these spe cies in large pop u la tions in the Dayyer
sec tion. In ad di tion, Flabellipecten costisulcatus has been ob -
served by the au thors on the east ern coast of Hormuz Strait,
near Jask port (Fig. 8). Oth er wise, these spe cies are pres ent in
the Plio cene and Pleis to cene strata of the Med i ter ra nean Sea
and nearby re gions (Fig. 8).

For ex am ple, Pecten jacobeaus (Linnaeus, 1758),
Fabellipecten flabelliformis (Brocci, 1814), Fabellipecten
costisulcatus (Almera and Bofill, 1897) and Anadara pectinata
(Brocci, 1814) are re corded from the Plio-Pleis to cene of It aly
(Caprotti 1976; Raffi et al., 1985; Ciampalini et al., 2014;
Leesen, 2016). Niel sen et al. (2006) re corded P. jacobeaus
(Linnaeus, 1758) from the Pleis to cene strata of the Rhodes

area of Greece. Rico-Gar cia (2008) iden ti fied these spe cies
from the Cadiz area, south of Spain. Also Jiménez et al. (2009)
re ported Fabellipecten flabelliformis (Brocci, 1814) from the
Almeria area, south east ern Spain. Büyükmeriç et al. (2018) re -
cov ered a sim i lar fauna Pecten jacobeaus (Linnaeus, 1758),
Fabellipecten flabelliformis (Brocci, 1814), Fabellipecten
costisulcatus (Almera and Bofill, 1897) from the Plio cene beds
of SE Tur key (Fig. 8).

The dis tri bu tion of these spe cies in the Plio-Pleis to cene
strata of south ern Eu rope and the dis cov ery of them in the
Pleis to cene beds of the south of Iran dem on strate a ma rine
con nec tion be tween south west ern Asia and the Med i ter ra nean, 
and spe cies mi gra tion dur ing that time. It seems that a tem po -
rary con nec tion ex isted be tween south ern Mes o po ta mia and
Lev ant, but more ev i dence is needed (Fig. 8). Stow et al.
(2020), dur ing their stud ies on the Eu phra tes river sys tem,
traced an ex tended sea way from the Per sian Gulf to north-west
Iraq and north-east Syria. The ma jor siliciclastic and mi nor car -
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Fig. 7. Pterioid and mytiloid bi valves from the Dayyer sec tion

A, B – Spondylus exilis Sowerby 1895, HUIM217, sam ple A3, Dayyer sec tion, outer and in ner views of left valve; C, D – Spondylus
crassicosta Lamarck, 1819, HUIM218, sam ple A3, Dayyer sec tion, outer and in ner views of left valve; E, F – Alectryonella plicatula (Gmelin,
1791), HUIM219, sam ple A4, Dayyer sec tion, outer and in ner views of right valve; G, H – Chama pacifica Broderip, 1835, HUIM220, sam ple
A3, Dayyer sec tion, outer and in ner views of right valve; I – Placuna pla centa (Linnaeus, 1758), HUIM221, sam ple A3, Dayyer sec tion; J –
Pinctada radiata (Leach, 1814), HUIM222, unit 11, Dayyer sec tion; K – Pinna rudis Linnaeus, 1758, HUIM223, unit 11, Dayyer sec tion. All
scale bars = 1cm



bon ate com po si tion of the stud ied strata in di cates that they
were de pos ited in a re gres sive re gime. Demir et al. (2007) and
Trifonov et al. (2013) stated that the rate of Ara bian Plate up lift
in creased dur ing the late Early Pleis to cene and re sulted in the
clo sure of ma rine and lac us trine bas ins.

The pres ence of cross-bed ding in the mi cro-con glom er ates
of the mid dle parts of our sec tion and hy drau lic sort ing of some
grains and shells points to rel a tively strong cur rents per haps in -
flu enced by the re gional up lift of the area. How ever, the pres -
ence of some of the Med i ter ra nean taxa in the col lected as sem -
blage those are ab sent in re cent Per sian Gulf wa ters in di cates a 
tem po rary con nec tion be tween these two bas ins dur ing the Mid
to Late Pleis to cene. On the other hand, the ab sence of these
spe cies in the pres ent Per sian Gulf wa ters may point to the ex -
tinc tion of them in this ba sin be tween 153 ka ago and now.

CONCLUSIONS

The fau nal con tent and fa cies of the Pleis to cene de pos its in
the north of the Per sian Gulf dif fers com pletely from those of the 
type sec tion of the Pleis to cene Bakhtyari For ma tion in the other
parts of Zagros. Re con sid er a tion to the sam ples of
Rahiminejad et al. (2011) from the Bakhtiari For ma tion by us re -

vealed the re work ing of many foraminifers from Oligo-Mio cene
strata (Asmari, Mishan and Aghajari for ma tions), rul ing out this
as a depositional age. The de pos its from the Dayyer sec tion are 
com posed of  fossiliferous (mainly mol lus can) lime stones,
sand stones and con glom er ates. Pre cise age de ter mi na tion
based on Sr86/Sr87 data in di cates that the whole sec tion is not
older than 153 ka and in di cates the Pleis to cene. Sim i lar strata
have been re ported from some is lands and also from the south -
ern coasts of the Per sian Gulf. The mol lusc as sem blage of
these strata is very dif fer ent from the pres ent com mu nity of the
Per sian Gulf. Many of the molluscs iden ti fied (es pe cially bi -
valves) have been re ported from Plio cene and Pleis to cene
strata of the Med i ter ra nean Ba sin. This shows a tem po rary con -
nec tion of the Per sian Gulf to the Med i ter ra nean Sea that led to
the mi gra tion of those taxa dur ing the Pleis to cene. The ab -
sence of these taxa from the pres ent wa ters of the Per sian Gulf
may point to ex tinc tions that took place dur ing the past 153 ky.
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