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Abstract

The Calcareous nannofossil assemblages have been investigated at the uppermost Eocene — lowermost
Oligocene at Marun Oil Field in Dezful embayment (SW Iran). The studied interval mainly consists of
marly shales, marlstones, and limestones. Seventeen genera and 36 species of calcareous nannofossil
have been determined. Regarding the succession of nannofossil bioevents, the studied interval is
ranging from late Eocene (Priabonian, CNE18/NP18) to early Oligocene (Rupelian, CNO2/NP22). High
relative abundance of warm water taxa (such as Sphenolithus spp., Discoaster spp. and Helicosphaera
spp.) is recorded at the late Eocene, while towards the Eocene — Oligocene boundary (EOB), an increase
in the relative abundance of cool and temperate taxa (such as Reticulofenestra spp., Cyclicargolithus
floridanus, Dictyococcites bisecta and Markalius inversus) is identified. A marked decrease in abundance of
warm water taxa along with a decrease in species diversity indicate the cooling event at the EOB at
Marun Qil Field in Iran similar to other parts of the world.

Key words: Calcareous nannofossils, biostratigraphy, Eocene, Oligocene, paleoecology, Zagros Basin.

1. Introduction
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During the middle Eocene (Ca. 37-38 Ma), a warm climate event prevailed, which is characterized as the
Middle Eocene Climatic Optimum (MECO) interval (Ozdinova, 2013). Subsequently, a long-term trend of
climate cooling is started after the MECO, about 42 million years ago (Villa, 2014) at the late Eocene,
before the major climate cooling at the Eocene — Oligocene Boundary (EOB) (Pearson et al., 2008). The
expansion of the Antarctic ice sheets to more than 50% is recorded at this time interval with the highest
volume at the EOB (Katz et al., 2008; Cramer et al., 2011). Regarding different data, there were some
oscillations at the temperature between warming and cooling episodes at this time interval along with a
general cooling trend (e.g., Jovane et al., 2007; Zachos et al., 2008). The Eocene-Oligocene cooling event
is considered as a global phenomenon (Prothero, 1994; Edgar et al., 2010; Erhardt et al.,, 2013; Farouk et
al,, 2013; Villa et al., 2014) that’s comparable to the Campanian- Maastrichtian cooling event (Miller et al.,
2005). Calcareous nannofossils are very sensitive to temperature. Several studies on the Paleogene strata
have confirmed the importance of this group of fossils for paleoclimate and paleoceanographic
reconstructions (Persico & Villa, 2004; Villa & Persico, 2006; Villa et al., 2008, 2014). In order to further
investigate the EOB, the Eocene — Oligocene interval including the uppermost part of Pabdeh Formation
and the lowermost part of Asmari Formation have been investigated based on calcareous nannofossil
data at the Marun Oil Field in Zagros belt, Dezful Embayment, SW Iran. These two formations have been
investigated from different aspects of paleontology (Mohseni & Al-Aasm, 2004; Behbahani et al., 2010;
Sadeghi & Hadavandkhani, 2011; Parvanehnezhad Shirazi et al,, 2013; Senemari & Sohrabi Molla Usefi,
2013; Senemari, 2014; Khavari Khorassani et al., 2014; Khavari Khorassani et al., 2015). The main aim of
the present study is to use calcareous nannofossil assemblages to determine the exact age of the strata
and to determine the location of the EOB at (Pabdeh-Asmari formations) and to determine the response
of the calcareous nannofossil assemblages to the late Eocene — early Oligocene climate events in this
part of the Zagros Basin in Iran.

2. Geological setting

The Zagros fold-thrust belt is composed of Lurestan Province, Fars Province, and Dezful embayment
(Motiei, 1995; Kamali et al., 2006; Lacome et al., 2011). The Zagros belt is a tectonically part of the Alpine

— Himalayan orogenic belt and formed with the closure of the Neo-Tethys Ocean after a collision
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between the Eurasian and African-Arabian plates (Berberian & Berberian, 1981; Alavi, 2004). The Dezful
Embayment is one of the most important regions of the Zagros foreland Basin, that sediments were
deposited. Marun Qil Field is one of the biggest oil fields with 67 km long and 7 km wide located in
Dezful Embayment, north of the Persian Gulf and southeast of Ahwaz city (Fig. 1). The Pabdeh and
Asmari formations are part of the Cenozoic deposits in this oil field (Darvishzadeh, 1992; Alizadeh et al.,
2012). In order to investigate the Eocene — Oligocene boundary regarding the calcareous nannofossil
assemblages, the upper part of the Pabdeh Formation and the lower part of the Asmari Formation are
investigated. The studied interval mainly consists of shale, marlstone, and limestone, located in Marun

Oil Field (N 30° 56', E 49° 37'), about 100 km Southeast of Ahwaz city (Fig. 1).
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Figure 1. Geological and approximate Geographical location of oilfield, after Beiranvand & Ghasemi-

Nejad (2013).

3. Material and Methods

A total of 53 samples from the uppermost part of the Pabdeh Formation and the lower part of
the Asmari Formation were analyzed. Samples were processed following a standard smear slide
technique (Bown & Young, 1998) that is one of the fastest methods for calcareous nannofossil

preparation. All slides were studied under a polarized light microscope at 1000x magnification.
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Calcareous nannofossil nomencalture follows the taxonomic scheme of Perch-Nielsen (1985).
The NP zonation of Martini (1971) has been applied and a correlation has been done with CNE
and CNO zonations of Agnini et al. (2014). For paleoenvironmental analysis, at least 300
specimens were counted in each slide.

4, Results

4. 1. Calcareous nannofossil biostratigraphy

Based on the index calcareous nannofossil bioevents the studied interval is attributed to NP18
to NP22 biozones of Martini (1971) (equivalent with CNE18 to CNO2 biozones of Agnini et al.
2014), which spans from late Eocene (Priabonian) to early Oligocene (Rupelian). The Base (B),
Base common (BC), Top (T), and Top common for the most important taxa is illustrated in Fig. 2.
Biozones identified in the study section are described below (Plate 1).

4. 1. 1 Isthmolithus recurvus Partial Range Zone (CNE18) (Equivalent of Zone NP18 and the
lower undifferentiated Zone NP19/20), lower Priabonian

The base of this biozone was not detected, as top common (TC) Cribrocentrum erbae cannot be
identified at the studied interval. The top of this biozone was determined by the Base (B) of
Cribrocentrum isabellae (9 m, sample 12). This biozone was determined from the lowermost part
of the studied interval with a thickness of 9 m. Base Isthmolithus recurvus was recorded at 5m
(sample 7). This biozone is identified at Pabdeh Formation.

4. 1. 2 Cribrocentrum isabellae/Cribrocentrum reticulatum Concurrent Range Zone
(CNE19) (Equivalent of the middle part of undifferentiated Zone NP19/NP20), middle
Priabonian

This biozone was determined from the Base of Cribrocentrum isabellae (9 m, sample 12) to the
top of Cribrocentrum reticulatum (14 m, sample 18). This biozone is approximately corresponds
to the middle part of undifferentiated Zone NP19/NP20. This biozone (NP19) is defined by 5 m

thickness at Pabdeh Formation.
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104 4. 1. 3 Discoaster Saipanensis Top Zone (CNE20) (Equivalent to the upper part of the

105 undifferentiated Zone NP19/NP20), upper Priabonian
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This biozone extends from the Top Cribrocentrum reticulatum (14 m, sample 18) to Top
Discoaster saipanensis (20 m, sample 25). The thickness of this biozone is 6 m at the Pabdeh
Formation.

4. 1. 4 Helicosphaera compacta Partial Range Zone (CNE21), (Equivalent to the lower part
of Zone NP21), uppermost part of Priabonian

This biozone is defined from the Top of Discoaster saipanensis (20 m, sample 25) to Base
common (BC) Clausicoccus subdistichus (23 m, sample 29), with 3 m thickness at Pabdeh
Formation. According to some works from other parts of the world (Backman, 1986; Coccioni et
al., 1988; Marino & Flores, 2002; Norris et al., 2014), the high relative abundance of Clausicoccus
subdistichus was recorded after the Eocene — Oligocene boundary. Regarding these data, BC of
Clausicoccus subdistichus was considered as a marker for defining the Eocene — Oligocene
boundary.

4. 1. 5 Ericsonia formosa/Clausicoccus subdistichus Concurrent Range Zone (CNOT1)
(Equivalent with the uppermost part of NP21), lowermost part of Rupelian

This biozone extends from BC of Clausicoccus subdistichus (23 m, sample 29) to Top Ericsonia
formosa (34 m, sample 42), with 11 m thickness. This biozone was identified in Asmari
Formation.

4. 1. 6 Reticulofenestra umbilicus Top Zone (CNO2) (Equivalent of Zone NP22), lower
Rupelian

This biozone extends from the Top of E. formosa (34 m, sample 42) to Top Reticulofenestra
umbilicus (43 m, sample 53). The thickness of this biozone is 9 m and is located at Asmari
Formation.

5. Discussion

5. 1. Calcareous nannofossil assemblages
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Calcareous nannofossils are sensitive to sea surface temperature, salinity, nutrient, water
stratification and depth of the photic zone (Aubry, 1992; Winter & Siesser, 1994; Villa et al., 2008),
therefore they can be used as markers for paleoenvironmental reconstructions such as nutrient
and temperature.

Quantiative analyses of the late Eocene — early Oligocene show variations in the composition
and abundance of the calcareous nannofossils. The most important taxa are Discoaster spp.
(mean: 21.1%), Sphenolithus spp. (mean: 24%), Ericsonia subdiscticha (mean: 5.5%),
Dictyococcites bisectus (mean: 19%), Cyclicargolithus floridanus (mean: 25.7%), Zygrhablithus
bijugatus (mean: 4.6%), Coccolithus pelagicus (mean: 12.5%), Isthmolithus recurvus (mean: 1.5%),
Reticulofenestra umbilicus (mean: 6.7%), Reticulofenestra daviesi (mean: 7.4%), Helicosphaera spp.
(mean: 10%).

The paleoecological preferences of the recorded species are considered according to the
literatures are as follow:

Discoaster spp. is considered as a warm water taxa that indicates oligotrophic conditions
(Bralower, 2002; Kahn & Aubry, 2004; Tremolada & Bralower, 2004; Villa et al., 2008). The highest
relative abundance of Discoaster is recorded at the middle part of Eocene, while the extinction
of the rosette shaped Discoasters identified near the Eocene — Oligocene boundary (Miller et al.,
2008; Pearson et al., 2008), which might be the result of cooling event (Villa et al., 2008).
Although, Discoasters can be also affected by the amount of nutrient content of surface waters,
but at the EOB the most important factor is low temperature of surface water. At the studied
interval, relative abundance of Discoaster spp. (Discoaster deflandrei, Discoaster saipanensis,
Discoaster barbadiensis) is ranging between 1 to 43.6%, while at the EOB the relative abundance
of this group is decreasing to zero and again above the boundary at CNO2 biozone, the relative
abundance of this group is increasing to 38.9%. Sphenolithus spp. is another group of taxa that
are regarded as an indicator of oligotrophic and warm water conditions (Aubry, 1998; Bralower,

7
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2002; Gibbs et al., 2004). Some authors (Agnini et al., 2006; Gibbs et al., 2006), believe that
nutrient is the most important factor that control the relative abundance of this group. At Marun
Oil Field, the relative abundance of this genus is ranging between 0 to 74.5%. The highest
relative abundance of this group (Sphenolithus predistentus, Sphenolithus moriformis,
Sphenolithus radians) is recorded at the late Eocene (74.5%), and a decrease in the relative
abundance is recorded towards the EOB and the early Oligocene (3.2% to 18.7%). Ericsonia spp.
is considered as a warm and oligotroph water taxa (Aubry, 1992; Bralower, 2002; Tremolada &
Bralower, 2004). At Marun Oil Filed, Ericsonia subdisticha is ranging between 0 to 15.5%. An
increase in the relative abundance of Ericsonia subdisticha is recorded from the uppermost part
of the Eocene to early Oligocene (15.5%). The next important taxa is Dictyococcites bisectus,
which is considered as a temperate water taxa (e.g., Persico & Villa, 2004). The relative
abundance of this genus is fluctuating between 0 to 75%. The highest relative abundance of this
species is recorded at early Oligocene interval (75%). Another species is Cyclicargolithus
floridanus that is regarded as a eutroph species (Aubry, 1992; Monechi et al., 2000), with an
affinity to temperate-cold surface water condition (Aubry, 1992). As C. floridanus is sensitive to
dissolution (Blaj et al., 2009), its high relative abundance at the early Oligocene samples (89.5%)
indicates a suitable environment for this species to flourish at the basin.

Zygrhablithus bijugatus is also considered as temperate and eutroph water taxa (Villa et al., 2008)
that is mainly recorded at the near shore environments. High relative abundance of this species
is recorded at the early Oligocene interval (26.6%). Although Coccolithus pelagicus regarded as a
warm water taxa at the Paleocene interval but at the Eocene — Oligocene boundary, this species
is considered as a temperate-water taxa by Villa et al. (2008). At the studied interval an increase
in the relative abundance of this species is recorded at the EOB. (27.5%). Another species that is
present at the studied interval is Isthmolithus recurvus that is fluctuating between 0 to 5.1%. In
some studies, this species is considered as a cool (e.g., Monechi et al., 2000) to temperate

8
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(Persico & Villa, 2004; Villa & Persico, 2006) water taxa. Reticulofenestra umbilicus is another taxa
that is considered as a temperate water taxa (Persico & Villa, 2004; Villa et al., 2008). High relative
abundance of this species is recorded slightly above the EOB (15.5%). Reticulofenestra daviesi has
an affinity to cool surface water conditions (Persico & Villa, 2004; Villa et al., 2008). High relative
abundance of this species (23.7%) is recorded slightly above the EOB at the Oligocene interval of
the Marun Oil Field.

Another group of taxa is Helicosphaera spp. that is considered as nearshore indicators to prefer
either mesotrophic (Young, 1994; Ziveri et al., 2004; Boeckel et al., 2006) or eutroph conditions
(Perch-Nielsen, 1985; Wei & Wise, 1990; Giraudeau, 1992). Some authors consider it as warm
water taxa (Mclntyre & Bé, 1967; Roth & Coulbourn, 1982; Ziveri et al, 2004; Boeckel et al., 2006).
The distribution of Helicosphaera is complicated by the dissolution-prone nature of the genus
also (Perch-Nielsen, 1985). The highest relative abundance of this species is recorded near EOB
of the Marun Oil Filed (18.60%).

Regarding these data, Discoaster spp. and Sphenolithus spp. are considered as warm water taxa,
Reticulufenestra daviesi as cold water taxa and Dictyococcites bisecta, Cyclicargolithus floridanus,
Zygrablithus bijugatus, Coccolithus pelagicus, Isthmolithus recurvus and Reticulufenestra umbilicus
as temperate water taxa (Fig. 3). Discoaster spp. and Sphenolithus spp. are also regarded as
oligotroph taxa in contrast to Cyclicargolithus floridanus, Zygrablithus bijugatus, Helicosphaera
spp. and Ericsonia subdisticha as eutroph taxa. The relative abundance of the mentioned taxa is
illustrated at Figures 3, 4, 5 and 6. The highest relative abundance of warm and oligotroph
water taxa (e.g., Discoaster spp., Sphenolithus spp.) can be observed at the late Eocene, while
towards the EOB, these warm and oligotroph taxa are decreasing. Simultaneously near the EOB
and above the boundary, high relative abundance of eutroph (Helicosphaera spp., C. floridanus,
Z. bijugatus, E. subdisticha) and temperate (e.g., D. bisectus, C. floridanus, Z. bijugatus, I. recurvus, C.
pelagicus, R. umbilicus) water taxa is recorded. The number of cold water taxa like R. daviesi

9
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shows an increasing trend at the E/O boundary and the early Oligocene interval. These

abundance patterns and turnovers in nannofossil population are suggesting eutroph and

temperate to cool conditions at the E/O boundary and the early Oligocene interval. At the

studied interval the relative abundances of temperate and cool water taxa are increasing, while

in other locations (Wei et al., 1992; Persico & Villa, 2004; Villa et al., 2008), the relative abundance

of temperate water taxa is decreasing along with an increase in the relative abundance of cold

water taxa, which might be resulting from the distance with Antarctica.
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Figure 3. Relative abundance of different water taxa at the upper part of the Pabdeh Formation and

lower part of the Asmari Formation (EOB).

Regarding Villa et al. (2008), increase in the relative abundance of R. daviesi near the E/O

boundary might be the signal for the initiation of the Oligocene Isotope Event 1 (Oi-1 event). A

major increase in the relative abundance of this species is recorded at sample 32, which can be

considered as a marker for the Oi-1 event (Fig. 3). Chisamolithus spp. group which is cold water
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220  taxa, is very rare at the studied interval. Considering Villa et al. (2008), high relative abundance
221  of nutrients at the E/O boundary and the early Oligocene that is recorded from the Kerguelen
222  Plateau has a positive feedback on the cooling event at this time interval. The cooling event at
223  the EOB is also reported from the Southern Ocean (Persico & Villa, 2004) and Southern Indian
224 Ocean (Villa et al., 2008) by focusing on the calcareous nannofossil assemblages and stable
225 isotopes. During this time interval Antarctic glaciations has been recorded by an increase in
226  deep-sea oxygen isotope values at the EOB and the Oligocene time, which are signals for global
227  cooling and/or increasing volume of the ice and are associated with sea level fall (Houben et al.,

228  2012).
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231  Figure 4. Relative abundance of oligotroph and eutroph taxa at the upper part of the Pabdeh Formation

232  and lower part of the Asmari Formation (EOB).
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Plate 1. All figures in XPL except figures 7,10, 11 and 19 in PPL, Light microghraphs1000X; the taxa

considered in the present figure are referenced in Perch-Nielsen (1985) and Fornaciari et al. (2010).

6. Conclusion
Quantitative analysis of the calcareous nannofossils at Marun Oil field in Dezful embayment (SW

Iran) has been used for determining the paleoecological conditions of the uppermost Eocene —
13
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lowermost Oligocene interval. Regarding the calcareous nannofossil data the studied interval is
ranging from Priabonian (CNE18/NP18) to Rupelian (CNO2/NP22). High relative abundance of
warm water taxa is identified which is replaced by an increase in the relative abundance of
temperate and cool taxa in the Eocene — Oligocene boundary (EOB) and above the boundary,
which confirms the cooling event at the EOB, similar to other parts of the world.
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Captions Figures and Plate
Fig. 1 Geological and approximate Geographical location of oilfield, after Beiranvand and
Ghasemi-Nejad (2013).
Fig. 2 Biostratigraphy of Pabdeh —~Asmari Formations interval (EOB).
Fig. 3 Relative abundance of different water taxa at the upper part of the Pabdeh Formation and
lower part of the Asmari Formation (EOB).
Fig. 4 Relative abundance of oligotroph and eutroph taxa at the upper part of the Pabdeh
Formation and lower part of the Asmari Formation (EOB).
Fig. 5 Relative abundance of warm, cold and temperate water taxa at the EOB.
Fig. 6 Relative abundance of oligotroph and eutroph taxa at the EOB.
Plate. All figures in XPL except figures 7, 10, 11 and 19 in PPL, Light microghraphs1000X; the
taxa considered in the present figure are referenced in Perch-Nielsen (1985) and Fornaciari et al.

(2010).
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