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Abstract

Several foraminiferal assemblages were recorded around the Orduzu-Pinarbasi, Battalgazi district of the Malatya province.
The studied foraminiferal assemblages yield the middle Eocene (Lutetian-Bartonian) age for the Suludere and Gedik for-
mations in the study area. Benthic foraminiferal genera are Anomalinoides, Bulimina, Cibicides, Cibicidoides, Elphidiella,
Gavelinella, Karreriella, Lagena, Lenticulina, Nodosaria, Planularia, Planulina, Robulus, Siphonina, Spirillina, Uvigerina,
and Vulvulina, and planktonic foraminiferal species include Acarinina, Catapsydrax, Globigerinatheka, Hantkenina, Hasti-
gerina, Igorina, Morozovella, Orbulinoides, Pseudohastigerina, Subbotina, Truncorotaloides, and Turborotalia.

The carbon isotope provides information on sea-level changes during the middle Eocene period.

The §'%0 (VPDB) foraminiferal shells vary between —5.40 and — 1.22%o, and 813C (VPDB) values range from —5.50
and + 1.78%o. The seawater temperatures calculated from the oxygen isotope fractionation between calcite and water are
between 19.2 and 39.7 °C. Isotope and fossil data show that the salinity of seawater is normal, that is, 33—-34%o of it.
Benthic and planktonic species indicated that the deposition occurred within subtropical and tropical sea waters in environ-
ments varying from inner shelf to slope.
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Introduction

The studied Eocene sequence is located that we conducted
around Orduzu-Pinarbasi1 (Eastern Malatya, eastern Tiir-
kiye) and is widely exposed in the Malatya Basin, which
is a part of the southern branch of the Neotethyans Ocean.
The sequence that unconformably overlies the Camurlu
Granitoid is composed of sandstone, nummulite-bearing
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conglomerate and mudstone (the Karakayatepe Formation)
at the base and continues upward with reefal limestone and
flysch (the Suludere Formation) and passes into nummulitic
limestones (Gedik Limestone). The Gedik Limestone con-
sists of beige-grey-bluish, grey-dark grey, thick-very thick-
bedded limestone with abundant nummulite and carbonate
conglomerate, sandstone, siltstone, and carbonate mudstone
interbeds (Fig. 1).

Several studies were carried out regarding stratigraphy,
tectonics, paleontology, sedimentology, and petroleum geol-
ogy of the Malatya region (Yazgan et al. 1987; Karaman
1993; Peringek and Kozlu 1984; Yazgan 1983; Demir 1997,
Eren and Onal 2003; Onal et al. 2003; Onal and Kaya 2007;
Caglar (Kaya) 2009). Onal et al. (2003) identified Aster-
igerina rotula (Kaufmann), Nummulites sp., Discocyclina
sp., Spiroclypeus albapustula Bolli, Globigerinoides pseu-
dodubia Bandy, Acarinina sp., Discocyclina sp., Nodasaria
spp., algae, and bryozoan fossils in the samples taken from
the claystone and sandstone levels of the Suludere Forma-
tion. According to these fossil findings, the flysch sequence
is of the middle Eocene age. Micro—macro fossils collected
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«Fig. 1 a Simplified geological map of the study area (modified from
Demir 1997) b Tectonic settings of Turkey (modified from Sengor
and Yilmaz 1981)

from the samples taken from Gedik limestone in the south
of Malatya imply the unit was of the middle-upper Eocene
age. According to Onal and Kaya (2007) and Caglar (Kaya)
(2009), the Suludere Formation and Gedik limestone around
the Yesilyurt area are middle Eocene in age.

The aim of this study is to examine the deposition condi-
tions of the benthic and planktonic foraminiferal assemblage
of the Orduzu-Pinarbagsi (E Malatya) Eocene sequence. A
stable isotope study on the fossil taxa had not been previ-
ously performed in the region. Therefore, this study attempts
to obtain information on the paleoenvironmental conditions
during the Eocene period based on the stable isotope com-
position of foraminiferal shells.

A direct comparison between fossil foraminifera
and the ecological environment is very important for
paleoenvironmental interpretations, and especially, ben-
thic foraminifera are an excellent paleoenvironmental
indicator (e.g., Nebelsick et al. 2013). Because of their
high fossilization potential, worldwide availability, high
abundance, and quick response to environmental changes,
benthic foraminifera are used in numerous studies in
biostratigraphy and reconstruction of past climate and
ocean changes (Horton et al. 1999; Murray 2006; Schon-
feld et al. 2012; Haynert et al. 2012; Dolven et al. 2013;
Sinanoglu and Sasmaz 2019). Many researchers have also
demonstrated the usefulness of the Eocene planktonic
foraminifera as a paleoecological index (e.g., Boersma
and Premoli Silva 1991).

Materials and methods

Two stratigraphic sections from the Suludere Formation and
Gedik Limestone were measured. Sixty-three soft and hard
rock samples were systematically taken. Soft rock samples
were kept in a 17% hydrogen peroxide solution for 24 h.
Then they were washed with pressurized water and dried.

Foraminiferas were examined under a binocular micro-
scope as dry samples by sieving them through 0.125-0.250
mesh size.

The 5'30 %0 PDB and 8'3C %o PDB isotope composi-
tions of the selected foraminifer species were sent to the
Iso-Analytical Lab (UK). Operations are done in the lab:
samples were weighed into clean Exetainer™ tubes (then
crushed in situ), and the tubes were placed in a drying oven
for 24 h to remove moisture. Once the samples were dry,
septum caps were fitted to the tubes. The tubes were then
flushed with 99.995% helium. Acid was added to the sam-
ples, and they were allowed to react in the acid overnight

and then heated to 60 °C for 2 h to allow complete carbonate
conversion to CO,. Carbon dioxide was sampled from the
Exetainer™ tubes into a continuously flowing He stream
using a double-holed needle. The CO, gas liberated from
samples was then analyzed by continuous flow-isotope ratio
mass spectrometry (CF-IRMS). Gas species of different
masses are separated in a magnetic field and then simul-
taneously measured using a Faraday cup collector array to
measure the isotopomers of CO, at m/z 44, 45, and 46. The
CO, was resolved on a packed column gas chromatograph,
and the resultant chromatographic peak was carried forward
into the ion source of Europa Scientific 20-20 IRMS, where
it is ionized and accelerated. The phosphoric acid used for
digestion had been prepared for isotopic analysis by Coplen
et al. (1983) and was injected through the septum into the
vials.

The temperature of the water was calculated using the
following equation of Shackleton (1974):

T = 16.9 — 4.38(3'30, - 5'%0,) + 0.1(5'%0, — 8'30,,)°

We determined 8'%0 of water according to Douglas and
Savin (1978). Since 5'%0,, also depends on salinity changes,
Craig and Gordon (1965) established a relationship between
the salinity and oxygen isotope composition of ocean water:

880, = 0.66S —23.5

After this pioneering work, several other methods were
established for the estimation of 8'%0,, with respect to pale-
osalinity (e.g., Railsback and Anderson 1989; Wollff et al.
1999; Malaizé and Caley 2009).

The benthic and planktonic foraminiferal species were
mainly identified based on the Ellis and Messina 1940 Cat-
alogue of Micropaleontology (from 1940 to the present
day) and a few studies indicating and discussing foraminif-
era (e.g., Bolli 1966; Van Morkhoven et al. 1986; Loe-
blich and Tappan 1988; Berggren et al. 1995; Kaminski and
Gradstein 2005; Ortiz and Thomas 2006). The foraminif-
eral species selected were photographed with a scanning
electron microscope.

Geological settings and stratigraphy

The basement of Malatya Basin, located in the Southern
Taurus-Anatolian Platform belt, is formed by the Yiikse-
kova Group serpentinites, Malatya Metamorphics (Malatya
Massif) (Permo-Carboniferous) and Triassic-Jurassic-Cre-
taceous Tectonic Segments, which are the product of late
Cretaceous-early Eocene island-arc volcanism (Yilmaz et al.
1993).

The geologic units in the study area are composed of
magmatic, metamorphic, and sedimentary rocks. In the
study area, the rock units, from oldest to the youngest, are
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the upper Triassic Malatya Metamorphites, the upper Cre-
taceous Yiiksekova Complex and Camurlu Granitoid, the
middle-upper Eocene Karakayatepe Formation, Suludere
Formation and Gedik Limestone, the upper Miocene Bey-
lerderesi Formation, and the Quaternary slope debris (Fig. 1)
(Demir 1997).

The geological features of Suludere Formation and Gedik
Limestone, which are the subject of this study, are briefly
described.

Suludere (Pinarbasi) Formation

The Suludere Formation outcropping in the western part of
the study area was named by Demir (1997). It is widely
exposed toward the eastern and southern parts of the area,
particularly around the Yesilyurt district (Onal and Kaya
2007). The formation consists of a marl unit with a greyish-
greenish fresh surface, dark green-blackish, thin-thick bed-
ded, alternating with sandstone, siltstone, and claystone. The
base of the formation is not exposed in the study area. The
sandstone interlayers are repeated more frequently in the
lower sections. Claystones and marls are partly colored lami-
nated, and sandstone layers are greenish-grey colored and
partly coarse-grained. The exposures to the east of Yilancik
Hill in the south of the study area (outside the map area)
contain hard, and carbonate cemented sandstone and sandy
limestone levels.

Benthic (Eorupertia sp. and Linderina sp.) and planktonic
foraminifera (Acarinina bullbrooki (Bolli), Globigerina
eocaena Glimbel, Turborotalia cerroazulensis pessagnoensis
(Toumarkine) and Turborotalia cerroazulensis cerroazulensis
(Cole)) indicate that the Suludere Formation is of the middle
to upper Eocene age (Goziibol and Onal 1986; Demir 1997).
In the Suludere Formation around Yesilyurt in the southwest
of the area, Caglar (Kaya) (2009) described several benthic
foraminifera including Nummulites bayhariensis, N. sp.,
Assilina sp., Asterigerina sp., Sphaerogypsina globula, Orbi-
tolites sp., Discocyclina sp., and Fabiania sp., and planktonic
foraminifera including Acarinina brodermani, A. bullbrooki,
Globigerina eocaena, G. inaequispira, Turborotalia cerroa-
zulensis brotherman, T. Cerroazulensis frontosa, and T. Cer-
roazulensis pessagnoensis. The age of formation was reported
middle Eocene. Sedimentary features and fossil assemblages
indicate that formation was deposited in the fore-slope neritic
shelf (carbonates) and deep shelf edge environments (Onal
and Kaya 2007).

Gedik Limestone
The unit was first named as Gedik Limestone by Goziibol
and Onal (1986) because of its typical type section around

Gedik (Yesilyurt). The unit is thickly bedded and covers a
large area around Yesilyurt but it is thinly layered and has
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a limited exposure in the south and north of Hekimhan and
Musardag1 and around the Bacali district (Onal and Kaya
2007).

The Gedik Limestone starts with red-brown conglomer-
ate, sandstone, siltstone, and carbonate mudstone at the bot-
tom and continues with limestone layers with abundant Num-
mulites. With the increase in the carbonate content toward
the top, it turns into light—dark grey, hard, thin-thickly lay-
ered, oolitic, oncoid, pisolitic, algal, and nummulitic lime-
stone (Fig. 2). The unit is laterally thinned and thickened
and shows frequent facies changes. The reference sections
of the unit were measured at the Yesilyurt-Adiyaman road
cut and Cosniik-Pinarbasi (Demir 1997). Gedik Limestone
overlies the Malatya Metamorphites, Yiiksekova Complex,
and the Sarikiz Formation with an angular unconformity and
gradually passes into the Oligocene Balgcay Formation to the
top. The unit displays a regressive character and is in vertical
and lateral transition to the Suludere Formation. Based on
benthic foraminifera (Eorupertia sp. and Fabiania cassis
(Oppenheim)), it is suggested to be middle-upper Eocene in
age (Onal and Goziibol 1992; Demir 1997). Caglar (Kaya)
(2009) determined benthic foraminifera of Nummulites per-
foratus zone according to Bulimina alazaensis, B. jackson-
ensis, Uvigerina eocaena, U. spinicostata, Fabiania cassis,
Eorupertia magna, Asterigerina rotula, Baculogypsinoides
tetraedra, Nummulites aturicus, N. perforatus, N. striatus,
Discocyclina umbilicata, and D. cf. stellata stellaris and
planktic foraminifera of Turborotalia cerroazulensis fron-
tosa, Hantkenina cf. alabamensis, Globigerina eocaena,
and G. venezuelena, which indicated Bartonian age for the
Limestone.

Fig.2 A view from the Gedik Limestones of the SW of Yasst Tepe
around Orduzu-Pinarbagi (E Malatya) (Or-1)
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According to the fossil assemblage (such as benthic
foraminifera Alveolina sp. and Miliolidae) and facies char-
acteristics, Onal and Kaya (2007) suggested that Gedik
Limestone was deposited in buildups or platform margin
and open platform (shelf lagoon) (the presence of Miliol-
ids confirms a shelf lagoon environment).

Biostratigraphy

Detailed biostratigraphic studies on the foraminifera of
samples systematically collected from two measured strati-
graphic sections (Or-1 and Or-2) in the Suludere Forma-
tion and Gedik Limestone yielded three planktonic bio-
zones of Lutetian-Bartonian age. Planktonic foraminiferal
zones are given below, from oldest to youngest:

P12 Morozovella lehneri Partial Range Zone (P11 Zone
of Bolli 1957, 1966; Berggren and Miller 1988, P12 of
Berggren et al. 1995) (Or-1) (Fig. 3).

Age: 43.6-40.5 My; middle Eocene (Lutetian-early
Bartonian) (Berggren et al. 1995).

P13 Orbulinoides beckmanni Taxon Range Zone (P13 of
Bolli 1957, 1966; Blow 1979; Berggren and Miller 1988 and
Berggren et al. 1995) (Or-2) (Fig. 4).

Age: 40.5-40.1 My; late-middle Eocene (Bartonian)
(Berggren et al. 1995).

P14 Truncorotaloides rohri-Morozovella spinulosa Par-
tial Range Zone (P14 Zone of Berggren and Miller 1988 and
Berggren et al. 1995) (Or-2).

Age: 40.1-38.4 My; late-middle Eocene (late Bartonian)
(Berggren et al. 1995).

The benthic foraminiferal zones corresponding to these
planktonic foraminiferal zones are SBZ 13—18 (Figs. 3 and 4).

Measured stratigraphical section Or-1 (NE Pinarbasi)

This section on the 1/70.000 scaled Malatya L.40-b3 quad-
rangle has a length of 136.5 m. The layers are approxi-
mately horizontal. The sequence is exposed northeast
of the Pinarbag1 district, and it starts at coordinates of N
42°0.45'1.27"-E 54°0.46'24.7" and ends at the coordinates
of N 42°0.4526.1"-E 54°0.46'33.7" (Fig. 3).

Fig.3 Orduzu-Pinarbag1 (Malatya) measured stratigraphical section Or-1
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Fig.4 Orduzu-Pinarbas1 (Malatya) measured stratigraphical section Or-2

Measured stratigraphical section Or-2 (NE Pinarbasi)

This section on the 1/70.000 scaled Malatya L.40-b3 quadrangle
has a length of 512.5 m. The sequence consisting of horizontal
layers is located northeast of the Pinarbas: district. The section
starts at coordinates of N 42°0.45'5.41"-E 54°0.45'9.49" and
ends at the coordinates of N 42°0.46'02.1"-E 54°0.46"7.45"
(Fig. 4).

Results and discussion

Paleoenvironmental analysis

Paleoenvironmental interpretations of the middle Eocene-aged
formations described here are based on benthic and planktonic

foraminiferal assemblages and stable isotope analysis evalua-
tions of foraminiferal shells.

@ Springer

Stable isotope

We created the paleoenvironmental framework of the
region during the Lutetian-Bartonian period based on
the 8'%0 %o (PDB) and 8'3C %o (PDB) records of the
foraminiferal shells;

According to the 8'%0 %0 and 8'°C %o (PDB) values
of the samples consisting of 4 benthic foraminifera and
14 planktonic foraminifera, while 8'%0 presents high
negative values between — 1.22 and — 5.40%eo, §13C val-
ues vary between — 5.50 and + 1.78%o. During the mid-
dle Eocene, seawater temperature calculated according
to 8'%0 %o (PDB) values was between 19.2 and 39.7 °C
(Figs. 5, 6, 7, and 8). Although the isotopic deviations
observed in the '®0 and '>C curves in both sections
were probably due to changes in the degree of season-
ality affected by local climatic changes, an increase in
temperature was detected at some levels of the sections
(Figs. 7, 8).
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Fig.5 Cross-plot 8'>C versus 8'%0,, compositions of foraminifera of
the Or-1 section

Various researchers have argued that a warm, humid cli-
mate during the Eocene was global in some parts of the
European, Asian, and African continents (e.g., Parrish et al.
1982; Murray and Wright 1974). Shackleton and Boersma
(1981) suggested that a maximum vertical temperature
gradient of 10-15 °C was predicted during the Eocene and
Oligocene, even in the open ocean. Zachos et al. (1994)
indicated that climatic warming would gradually impact
seawater, causing an increase in the density and salinity of
the water. Matter (1974) and Schlanger and Douglas (1974)
stated that the 8'%0 and §'°C values obtained from the sam-
ples analyzed in their studies were affected by biogenic car-
bon residues, changes in the lithological properties of the
carbonate material due to burial and diagenesis, melting and
regrowth events, and alteration. They indicated that the fact
that the studied material was affected by any or a few of
these factors caused the obtained isotope results and, there-
fore, paleotemperature and paleosalinity values of seawater
to be above or below normal values.

O.
-2 *
O
o
s e N
»
-6-
-8 T T T 1
-6 -4 2 0 2
e
¥ Uvigerina sp. O Acarinina bullbrooki
Hantkenina liebusi % Subbotina cryptomphala
B Subbotina eocaena @ Subbotina hagni

Fig.6 Cross-plot 8'>C versus 8'%0,, compositions of foraminifera of
the Or-2 section

Berlin et al. (1976) suggested temperatures of 21.4 to
25 °C for the growth of Nummulites perforatus from the
Hungarian Eocene. In their stable isotope study on Num-
mulites, Bartholdy et al. (2000) considered it appropriate to
correct the measured oxygen isotope values by a factor of
2.5%o, which produces reliable results, as a first approach,
according to their estimates and taking into account this
view of the seawater paleotemperature data. The maximum
seawater temperature they calculated was 30 °C, accord-
ing to this correction. Pearson et al. (2001) suggested that
the tropical sea surface temperatures of foraminiferal shells,
which were extremely well preserved during the Eocene,
were at least 28-32 °C.

According to the 8'%0 isotope results of benthic and
planktonic foraminifera we obtained from our study area,
the maximum seawater temperature of 39.7 °C belonged
to the Subbotina cryptomphala planktonic foraminifera,
and the temperatures above 30 °C were during the Barto-
nian period. The fact that some seawater paleotemperature
values were very high than normal probably indicated that
the samples were under the effects mentioned by Matter
(1974) and Schlanger and Douglas (1974) (Figs. 7, 8). We
can say that the assumed warming trend is consistent with
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some authors’ data published for the middle Eocene (cf.
Oberhinsli 1996).

Most stable isotope signals were interpreted in terms of
seawater temperatures. However, Craig and Gordon (1965)
first established the salinity-water isotope relationship
regarding seawater paleosalinity. In the following years,
many researchers developed various formulae and methods
according to 8'%0,, to determine paleosalinity (e.g., Rails-
back and Anderson1989; Wolff et al. 1999; Malaizé and
Caley 2009). We obtained results close to each other when
we calculated the seawater paleosalinity according to these
methods and formulae. According to these results and the
fossil content we determined, we thought seawater’s salin-
ity was within normal values during the middle Eocene.

According to the analysis results, the 8'3C values are
between — 5.50 and + 1.78, and the 8'3C curve provides

@ Springer

information on the changes in the sea level. In this region,
rapid positive changes in '3C values during the Lute-
tian-Bartonian period are evidence of a relatively rapid
increase in the sea level, and negative changes are evi-
dence of decreases in the sea level (Figs. 7, 8).

Foraminifera

Foraminiferal assemblages in the deposits of Suludere For-
mation and Gedik Limestone are well preserved. Therefore,
they provide a basic knowledge of the paleoenvironment. It
is known that many taxa favor cold, temperate, or warm bot-
tom water. The bottom water temperature is closely related
to the water depth. For example, if the water depth exceeds
100 m, temperate bottom waters are formed even in tropi-
cal regions. Lenticulina prefers cold bottom water, and in
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current marine assemblages, Lenticulina is epifaunal and
known as a typical organism in the outer shelf of bathyal
environments. Uvigerina sp. prefers shelf-abyssal, epifaunal-
infaunal, and infaunal habitats between 100 and > 4500 m,
rarely shallower than 100 m. However, Cibicidoides is infau-
nal and prefers habitats at depths between 30 and 3500 m
(Sen Gupta 1999; Murray 2006). Bulimina alazaensis Cush-
man lives between 42 and 3640 m (Sen Gupta et al. 2009).
Sinanoglu and Sasmaz (2019) determined that Nummulites
have formation and deposition conditions such as a decrease
in temperature or an increase in fO2 and pH and high oxygen
fugacity in a shallow sea (10 and 60 m depths) environment.

Planktonic foraminifera indicate the offshore environment,
and their relative abundance increases toward the basin (cf.
Geel 2000). The abundance of planktonic foraminifera in the
lower-middle levels of the Or-1, 2 stratigraphic sections and
well-preserved deep-water benthic taxa (e.g., Lenticulina) indi-
cate depositions in the outer shelf environment. The presence
of shallow water forms and scarcity or absence of deep-sea
representatives suggest that the formations were deposited in
a shallow inner shelf (neritic) environment. In brief, the biotic
assemblages of the formations indicate that the deposition
took place in the inner shelf-bathyal marine environment in
the warm waters of tropical and subtropical regions.
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It is accepted that the highest foraminiferal diversity
occurs under normal sea conditions, with salinity rates
varying between 32%o and 37%o. It is known that fewer
species are observed with an increase in salinity rates (Sen
Gupta 1999; Murray 2006). The diversity of foraminifera
recorded in the studied sections shows that the salinity is
at the normal level (33-34%o).

Conclusion

Benthic and planktonic foraminifera content recognized in
the Suludere Formation and Gedik Limestone in the Malatya
province yielded the presence of Zones SBZ 13—18 and P12-
14 that are Lutetian-Bartonian in age.

The 8'%0 and 8!3C values of the foraminiferal spe-
cies in two measured stratigraphic sections indicated that
seawater temperatures varied between 19.2 and 39.7 °C
implying that there were short-term cooling and overheat-
ing phases. The isotopic deviations observed in the §'30
and 8'3C curves in the same sections were probably due to
local climatic changes. The extreme temperature increase
was derived from geochemical and/or lithological effects.
Furthermore, the warming trend is also compatible with
the data proposed for the middle Eocene.5!3C values
are between — 5.50 and + 1.78%o0 and provide informa-
tion on the highly variable sea level during the middle
Eocene. The stable isotope analysis and the fossil cover-
age indicate that the seawater salinity was normal during
the Lutetian-Bartonian period. Sedimentary features and
fossil content indicate that the Suludere Formation and
Gedik Limestone were deposited in environments from
the inner shelf to the slope. Foraminiferal assemblage and
stable isotope results yield that the units were deposited
in tropical and subtropical warm waters.
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