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Barremian to aptian radiolarian from southwestern Iran (Dariyan
Formation), Zagros basin: paleoecological implications

Mazaher Yavari®, Mehdi Yazdi?, Hormoz Gahalavand®,
Mohammad Hossein Adabi* andMohammad Reza Naesji®

For the first time, moderate preserved radiolari@una were recovered from early Cretaceous (Darilfanmation) cherty beds and
black shales successions outcropping at Kuh-e Batasated in high Zagros belt, southwestern Iramdiglarian assemblages were
recovered from the lower part of Daryian Formatiare described and assigned Late Barremian to Elatg Aptian time interval. This
study provides palaeoenvironmental interpretati@fisradiolarian and relationship between distributimbundance of radiolarian and
calcareous planktonic foraminifera. The high abumck of radiolarian, chert beds and presence of sealanktonic foraminifera suggest
carbonate deposition under shoaling of the CCD ofauourable conditions. Radiolarian blooms and amgarich black shales indicate
high productivity, eutrophic conditions, and regengl to age diagnostic radiolarian assemblages fdagscorrelate to Oceanic Anoxic
Event 1a (OAE 1a). The formation of black shalgh wadiolarian within carbonate platform was resdtby Aptian tectonic activities in
Zagros basin. The depositional trend of the Dariy/ammation represents three stages. The stage 13anel defined by similar conditions
that characterised by Orbitolina limestone. Thegst® consists of radiolarian beds and marls withnfitonic foraminifera that indicate
abruptly deepening on the shallow water carbonates.

Keywords: Zagros, Aptian, Dariyan Formation, RadiolarianlaRktonic Foraminifera

Introduction

The Dariyan Formation is mostly known to have aeptial carbonate reservoir in Zagros basin (van
Buchem et al., 2010). Its lower part conformableidies the Gadvan Formation and its upper partlaiveby
Kazdumi Formation contains marl with intercalatioo® limestone levels.The top of Dariyan Formationis
associated with a few iron oxide nodules indicat¥eshallow water conditions and subaerial expgs{M®jab
1974, van Buchem et al., 2010). In many secticadiotarian assemblages in chert beds are so abutiddns
proposed as a radiolarite horizon, so-called Radih Flood Zone, (James and Wynd 1965, Moosavizatle
al., 2014, 2015). The Dariyan Formation deposited homoclinal ramp to theintrashelf basin envirentrin
the northeastern of Arabian plate (van Buchem.e800, Khoshfam et al., 2016). The integratiorthef 13C
stable isotope from the Dariyan Formation at thd4€uBanesh provides characteristic features obti@anic
anoxic event (OAE) la interval (Moosavizadeh et 2014). Some Aptian sections have been studideais
area of the Zagros fold-thrust belt and are datedg&sian based on Globigerinelloides ferrolensiseZo
(Hosseini and Conrad 2010). The investigationsofated planktonic foraminifera of the lower paffDariyan
Formation assigned early Aptian to early late Aptia be regarded as anequivalent level of oceamigia event
la (Yavari et al., 2015).

We conducted field work at Kuh-e Banesh area, nofttShiraz, southern Iran (Fig.1l) to investigate
lithostratigraphy and biostratigraphy of the DariyRormation and their relationship with palaeoegial
factors. This study area is tectonically situatethie northern Tethyan, southeastern Arabian gkite 2).
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Fig. 1. Location of study area, red symbol shotudied section.(after Mojab, 1974).

For the first time, lower Cretaceous radiolariarenf the Dariyan Formation in southern Iran havenbee
examined by scanning electronic microscopic metf&i€M). Radiolarians are the most common microfessil
out of cherty beds and black shales from the Darilyarmation. The aim of this study is to 1) makaevne
documentations of radiolarian assemblages fronDréyan Formation of high Zagros basin and itstieteship
with organic matter distribution 2) define a dirage of black cherts and shales of the Dariyan Btom using
radiolarian assemblages 3) explanation of theidigion pattern of Radiolarian and planktonic foraifiera in
black shales and marls in the lower part of Darifarmation and implications to OAE 1a.

Geological Setting

The Zagros orogenetic belt of Iran extends fronthrarest to south-east about 2000 km (Berberian and
King, 1981). In both Iran and Arabia, lithologicvestigations indicate that the Precambrian baselisetite
same and overlain by laterally continuous Cambidefriassic sequences (Stdcklin, 1968). In thePeTmassic
period, Iranian plate was separated from the Arapiate with NW-SE trending and started to openNkee-
Tethys Ocean in southern Iran. Neo-Tethys Ocearcileasd in the late Cretaceous. Zagros orogentaésllts
from the opening and closure of the Neo- Tethysanimerealm during Cenozoic times (Alavi, 2007). S belt
from north-east to south-west consists of four elraectonic subdivisions including Urumieh-Dikinta
Magmatic Assemblage, Sanandaj-Sirjan Zone, Highhr@@aelt and Zagros Simply Folded Belt (Alavi, 2004
2007; Stocklin, 1968) (Fig. 2). The boundary bemvérumieh-Dikhtar Magmatic Assemblage and Sanandaj-
Sirjan Zone is marked by ophiolite rocks in a linbalt extends several kilometres from north-wessauth-
east. The boundary between Sanandaj-Sirjan ZoneHegid Zagros Belt is defined by the main Zagrosushr
and finally, the boundary between High Zagros Beltl Zagros Simply Folded Belt is determined by high
Zagros fault (Alavi, 2004; 2007).

The Zagros fold thrust-belt is the central parttaf Alpine-Himalayan system. Fars province belogdm
Zagros Fold-Thrust Belt lies in southwestern Irad aortheastern of Arabian plate. In thenorth akFaovince
occur high Zagros belt,so-called Zagros imbricateez(Z1Z) (Alavi, 2004; 2007). The high Zagros fadivides
Zagros basin into two major belts parallel struaturones known as the high Zagros belt (StocklB68)
(Fig. 2) or the imbricate belt (on intensely defatimn zone) to the north-east and the folded opbkirfolded
Sepehr and Cosgrove (2004).
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The Banesh outcrop (studied section), is locatetthénnorth of Shiraz, and tectonically in thehigdgros
belt at 52° 25" 57" E and 30° 8" 59" N (Fig. 1).
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Fig. 2. Structural subdivisions of Zagros orogeb@t modified from Stdcklin, (1968).

M ethods

The study is based on a section (278 m in thicknlesated at Kuh-e Banesh, southern Iran. The @ecti
was chosen for good exposure and low tectonic overpren washed samples of black shales and tleeis,
and hundred and fifty samples of limestone werdectddin order to prepare thin sections from theeio
Cretaceous strata at the Kuh-e Banesh Section.eXtnaction and identification of radiolarians fromashed
samples were done in the laboratory of Isfahan &msity and National Iranian Oil Company. The raali@n
specimens are recovered from chert and black #nedés. These samples werefirstly mechanically enokito
small pieces, thenthe acetic acid was used indhehing process (after 24 hours), then washed ieveds
through 200 >100 >60 meshes. Representatives bf gald-coated sample are photographed using a Beann
Electronic Microscope (SEM). The scanning electomhicroscopic methods create a much greater
magnification and it was used for studying the waald inner structure of the cephalis as well agres
morphology of specimens. Taxonomic classificatiom@vbased mainly on shell texture and morphology by
O’Dogherty (1994). Biostratigraphy is based on R&dians, which were picked from residues of washed
material. The relative abundances of radiolariath planktonic foraminifera were determined in thettons.
Components with abundances of below 5 % are cladsifs rare as and higher than 20 % as abundzont.
Rock-Eval Analysis, each sample of 0.1g bulk powder prepared and heated during helium atmosphere
condition during three minutes. The Rock-Eval pysa parameters (total organic carbon and quanfityee
hydrocarbons) content were calculated by the apymiaf the Amirkabir Technical University of Tehrahll
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samples were redeposited in the collection of thlxpldfation Directorate, National Iranian Oil Compan
(Tehran).

Results

The throughout Dariyan Formation with a total timeks of 275 m is divided into three parts which are
the Lower Dariyan, Middle Dariyan and Upper Dariy&ig. 3).

Middle Dariyan

Lower DanyD-’\_—\

i

|

: i e b L |
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Fig. 3. Subdivisions of the Dariyan Formation attke Banesh.

The lower Dariyan is about 25 m thick and considtshick to medium-bedded limestone and comprises
the benthic fossils, dominantly bivalves. The uppast of lower Dariyan contains thin-bedded limestdslack
shale and black chert beds (Fig. 4a) bearing atindadiolarian, ammonites imprints and planktonic
foraminifera (Fig. 4b, 4c and 4d). Chert beds (Fg) and black shales are considered as markerinbed
the uppermost of the lower Dariyan member. Thektiéss of chert beds are about 10 cm and limesteds b
are30-50 cm thick. There are radiolarian bloomshart beds and black shales but planktonic fordermiare
rare. There is a considerable thing in thedistiibutof radiolarian and planktonic foraminifera. Ri{gonic
foraminifers are scarce or absent in radiolarigh-theds. In the upper parts of the black shalesddnce of
radiolarian are low but planktonic foraminifera ateundant (Fig.4c and 4d).

According to the Rock-Eval analysis of specimenstid uppermost of the lower Dariyan member,
the amount of organic matter is relatively highg(Fp). Based on the analysis, total organic caf@@C) in
investigated interval varies from 0.35 to 1.92 petqTarhande and Rashidi, 2006) (Fig. 5).

The lithology and biostratigraphy of the Dariyarriration at Kuh-e Banesh area are summarized irrésgu
4 and 6. Radiolarian species are listed in Figuamd radiolarian assemblages are illustrated inrEg7, 8 and
9. The ages and biostratigraphical attributions lmased on zonal schemes proposed by O'Doghertyt)199
The samples were collected from the topmost ofdiver Dariyan Formation of black shales, and specisnare
moderately preserved. These radiolarian assemblagdsde Cryptamphorella clivosa(Barremian to late
Aptian), Godia decora (Barremian to late Aptian)Hemicryptocapsasp., (Barremian to Late Albian),
Dictyomitra communis(Late Barremian to Early Aptianseudodictyomitraff. Carpatica (Late Barremian to
early Albian)Thanarlabrouwerisp.,(Late Barremian to middle Albia)seudoeucyrtisp., (Early Barremian to
Late Aptian),Crolaniumsp., (Barremian to Cenomanian) (Figures. 7, 83nd
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Fig. 4. The lithostratigraphy of the Dariyan Fortian. a) chert beds with pelagic limestone b) Amiteqgorints in radiolarian
beds.c) Radiolarian Packstone in the lime mud maitrithe transmitted light microscope, Scale baG9um. d) Planktonic foraminifers
Wackestone in thetransmitted light microscope,&bat = 200pum. e) Marls in the middle part of DaiyFormation with abundant

planktonic foraminifers. f) Orbitolina grainstone the transmitted light microscope, Scale bar = 2mm

Discussion
The early Cretaceous period is indicated by highiaburate of organic carbon associated with

the widespread organic-rich deposits or black shdeown as oceanic anoxic events (Larson and H@g0;
Leckie et al., 2002). This is coeval with marin@dctivity and significant changes in marine biotaluding
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theappearance of radiolarian blooms (Erbacher.e1896; Hochuli et al., 1999). In western Tethgimains,
the early Aptian black shale deposition, consideasdthe record of OAE 1la, is associated with aboinda
radiolarian fauna and organic matter known as rapdietween 0.2 and 6.5 % wt. (Menegatti et al.,8199
Danelian et al., 2002).

Radiolarians are the major microfossils in the klabales of the Daryian Formation (Fig. 4c). Theida
associations are characterised by radiolarian v&igke and packstones and rare planktonic foramiifehich
are interpreted as distal deep marine facies dieggbgnder progressive conditions (Heldt et al.,.800

The dating of theintervalis based on radiolariaoovered from the studied succession. The radioldgsts
are silicified and moderately preserved. Zonal reeskare missing in this interval, but the comparisd
radiolarian-rich deposits witd13C isotope stratigraphy (Moosavizadeh et al., 2qE#d. 5) is in agreement
with OAE 1la interval. Moreover, the litho and mifacies association is thought to represent the @#é&nt.
The high abundance of radiolarians correspondsréoiqus studies on OAE related to deposits in pelag
successions (Erba et al., 1999; Danelian et ab22P004; Xiang et al., 2013). In the successietested to OAE
radiolarians, blooms are associated with high dogamatter (Erbacher et al., 1996; Erba, 2004, Xiahgl.,
2013; Ben Fadhel et al., 2014), so probably reptdsigh productivity and nutrient concentrationslt et al.,
2008; Baxter et al., 2010; Ben Fadhel, 2011; 20THhgre is a considerable pattern of distributiomaafiolarian
and moderately preserved calcareous planktonierfimifera in the Dariyan Formation at Kuh-e Banedfiol
is acomparison with OAE 1la interval in other worldey successions. In OAE 1a, deposits planktonic
foraminifera are often scarce or absent duringgielauccession (Coccioni et al., 1992; Premoli &Siét al.,
1999). Scarcity or absence of calcareous planktfam@minifers in radiolarian deposits possibly OAierval
can be attributed to shoaling of CCD (Bralower let #994; 2002) or unfavourable conditions for eaéous
planktonic foraminifera in surface waters (Ebraakt 1999). In studied succession, planktonic fondfer's
assemblages in radiolarian beds are scarce andratelgepreserved. Moreover, Hedbergellids and spigci
Globigerinelloidids in black shale’s are rare, etating with results from some other localities ¢lani et al.,
2006; Premoli Silva et al., 1999). Gelobigerindidis indicate oligo to mesotrophic conditions and
Hedbergellids signify meso to eutrophic conditiomghe upper water column (Coccioni et al., 199&rRoli
Silva and Sliter, 1999). Leopuldinids are one @dtders of planktonic foraminifera in pelagic sigsien during
early Cretaceous (Aguado et al., 1999; Ezampanail.,e2013; Premoli Silva, 1999). This group repres
eutrophic and low or lack of oxygen in the uppetexnaolumn (Coccioni et al., 2006; Ezampanah et2813;
Premoli Silva et al., 1999). Regarding ecologi@aiditions with high abundance, radiolarian and @aaktonic
foraminifers including Hedbergellids indicate mesoeutrophic conditions in the upper water colunfirthe
studied area and higher oxygen levels in compangitin other pelagic deposits. In the studied int&bhentic
foraminifers are scarce or absent and possiblycatdianoxic or dyoxic conditions at the basin fl@deldt et
al., 2008). Besides the presence of siltstone adratty beds, carbonate sedimentation under shoalfigs
carbonate compensation depth (CCD) may be afféGedbiano et al., 2011; Heldt et al., 2008). Thpadition
of siliceous beds with ammonites and radiolariaiggF4b and 4c) indicates an episode of a sedistanted
deep oceanic basin with deposition of biogeniccadus sediment (Xiang et al.,, 2013) below the CCD
(Guobiano et al., 2011). In the study area, ammsenére present in black shale and limy siltstonvel$e
Bernaus et al. (2003) believed that ammonites hagd in hemipelagic facies, but in black shale rlstane and
claystone levels are uncommon. In some Tethys fasiciuding Tunisia (Heldt et al.,2008), early Aggti
deposits with ammonites correspond to OAE 1la iatefRegardingthe age of radiolarian assemblagesuity
succession, ammonite deposits are correlated kp Aptian deposits in southern Tethys margin pdgsielated
to OAE 1a interval. We postulate that shoalingtef €CD occurred during the deposition of chertyektone
beds and siltstone may be the result of subdu@i@mt characterising the Zagros orogeny. The amasdaf
radiolarians and high organic matter shows thatotadan assemblages can be considered as a prbxy o
productivity (Ben Fadhel et al., 2014; Xiang et 2013) during the OAE 1la interval. During the |&tgtian,
the presence of Orbitolina-rich carbonate platfqifig. 4f) was resulted from changes in ocean cheynis
climate and low terrigenous input (Najarro et @011). Therefore, restricted basins resulting frAptian
extensive tectonic phase (Navabpour et al., 2Gi@),subsequent volcanism (Tejada et al., 2009) dakanced
eutrophic conditions, high marine productivity athé widespread of radiolarian and organic-rich blslales
deposits at Kuh-e Banesh.
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Fig. 5. a) Rock-Eval analysis data. b) Isotopatigraphy of Kuh-e Banesh section from modifiedrafioosavizadeh et al. (2014).

The Dariyan Formation is distinctively composed tbfee parts, the lower parts bearing Orbitolina-
Chofatella limestone beds underlies shales andsmeith abundant radiolarian, planktonic foramingfeand
ammonites, overlaid by the upper part, which is posedof Orbitolina-rich limestone beds and the past
overlies with Orbitolina limestone. This depositbntrend indicates three stages of deposition
palaeoenvironment. Stage 1 is defined by maremestgression with the shallow water environmentlzthic
foraminifers’ biota including Orbitolina and Choddla taxa. Stage 2 indicates abruptly shale and imirvals
overlie the shallow carbonates. These intervalseemt deposition of deep-marine. Stage 3 is cteised by
thick bedded-Orbitolina limestones which indicatturn to shallow marine (Fig. 4f)

Age diagnostic radiolarian assemblages from chedit ldack shales beds of the Daryian Formation have
been studied and based on O’Dogherty (1994), tiieleaian assemblage constrains the stratigraginige from
Late Barremian to Aptian Age.Howevéhe assemblage composedBi€tyomitra communigSQUINABOL),
Thanarla brouweri(TAN) and Pseudodictyomitra carpaticl_ozyniak) have been mentioned and described in
Massif Ladakh, northwestern India, correspondingnid Valanginian-mid Aptian range (Baxter et al01R),
also Hemicryptocapsasp., Pseudodictyomitraaff. carpatica Thanarlabrouwerisp., were reported to occur in
early to middle Cretaceous radiolarian assembldge® equatorial Atlantic, Poland, Hokaido, Malaysia
domains (Erbacher and Thurow, 1998; Gorka and ®Gerb889; Taketani and Kanie, 1992). In addition, al
genus and species were reported from Nidaroplsolitdicate Barremian - Late Aptian range (Zyabreale
2008). It was suggested that these radiolariamassges correspond &ticocapsa euganezone (Guobiano et
al., 2011), indicates at least an early to eatly fptian.

To conclude, the studied assemblages recovered fh@mlower part of the Daryian Formation have
a stratigraphic range from Late Barremian to E&atg Aptian.Therefore, based on biostrarigraphic study and
published results of 13C stable isotope (Moosawhagt al., 2014) (Fig. 5) probably indicate theordoof OAE
la in Zagros belt area, southern Iran, can be @nst to the early to late Aptian. This is coewéth global
transgression, marine productivity, global warmiagd significant changes in marine biota includithg t
appearance of radiolarian blooms (Erbacher e1886; Hochuli et al., 1999).
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Fig. 6. Succession of radiolarian assemblage fthenDariyan Formation at Kuh-e Banesh.

Conclusion

For the first time, radiolarian specimens from Dan Formation have been studied and illustrated by
scanning electronic microscopic method (SEM). Tdatialarian assemblages correspond to early toAptan.
Extensive tectonic phase and basin configuratianléd to an abrupt change in basin configuratibarefore
a transition from mesotrophic carbonate platformetdrophic environment characterised by the dejposibf
radiolarian-rich black shale.

Distribution abundance of radiolarian and calcaseqlanktonic foraminifera in the lower Dariyan
Formation is unusual, so the studied interval, ktlanic foraminifera are often scarce during chdiryestone
and black shale succession. We conclude that sigoali the CCD or unfavourable chemical conditions i
surface waters occurred during the deposition @ibfarian interval possibly OAE deposits. The hajflundance
of radiolarian and rare planktonic foraminiferaigates high productivity and eutrophic and anoxaditions
during deposition of black shales. Age diagnostidialarian fauna allows to constraint these blat#les to
the Barremian to mid Aptian which can be correlaiedhe OAE 1la (Selli event) recorded in westerthy®
realms. This study provides a palaeoceanograplmwidg of early Cretaceous black shales, but furthedies
in the Zagros basin could be useful to establisleqe@anographic schemes and interpretations irheout
Tethyan realms during early Cretaceous.
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Fig. 7. 1. Dictyomitra sp. (SQUINABOL), 2, 3546, 7, 8. Dictyomitra communis (SQUINABOL), Selrindictyomitra aff.
carpatica(LOZYNIAK). White scale bar=50p.
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Fig. 8. 1, 2. Thanarlabrouweri (TAN), 3, 4. Dictyiira communis (SQUINABOL), 5. Dictyomitra sp.?. 6.
Pseudodictyomitraaff.carpatica(LOZYNIAK), 7, 8P8eudoeucyrtis sp.?. White scale bar=50p.
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Fig. 9. 1, 2, 3, 8. Cryptamphorella clivosa (ALIR\A. Godia decora (Li & Wu), 5, 6. Sethocapsa? Bp9. Acaeniotyle sp.8.
Cryptamphorella clivosa (ALIEV)?. White scale ba6g.
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