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Abstract: This study was conducted in the Paleogene-Neogene Malatya Basin situated in Eastern Anatolia with particular focus on
the analyses of the paleobiodiversity of the larger benthic foraminifera assemblage found in the late Lutetian-Bartonian Yenice and
Asartepe members of the Darende Formation. Frequency, dominance, similarity analyses, population size, and diversity indices of

the genera/species were obtained for the first time from the analyses of the paleobiodiversity data interpretation obtained by using
the larger benthic foraminifera of the Yenice and Asartepe members. According to frequency analysis values, rarely, seldom, generally,
frequently, and commonly observed genera and species were determined. The frequency analysis values of the genera were between
15% and 86% for Nummulites, 9% and 81% for Assilina, and 2% and 13% for orthophragminids. Species frequency analysis values were
determined for Nummulites aturicus (2%–16.98%), Nummulites beaumonti (3.77%–5.88%), Nummulites maximus (0.94%), Nummulites
perforatus (19.81%–61.36%), Assilina exponens (16.98%–67.65%), Nummulites sp.1 (11.32%), and Nummulites sp.2 (30.19%). The
dominance analysis values were obtained as <5, 5–25, 25–50, 50–75, and >75 for genus and species. The values of the diversity index are
between 0.66 and 1.2. Similarity analysis values among sections changed between 49% and 95%. The numerical results obtained from
paleobiodiversity analyses also support the fact that the distributions of the larger benthic foraminifera changed in accordance with the
hydrodynamic conditions of the depositional environment. The change of frequency analysis values of orthophragminids indicates sea
level changes in the environment over time. When the species were evaluated with respect to their frequency and dominance analyses,
it was observed that the orthophragminids had lower values than the larger benthic foraminifera. This indicates that the depositional
environments of the late Lutetian-Bartonian Yenice and Asartepe members were not deep enough to convert from shelf to slope.
Key words: Malatya Basin, Eocene, larger benthic foraminifera, paleobiodiversity analyses

1. Introduction
The study area is located in the vicinity of the Hasanağa
Stream, to the northwest of Malatya, in Eastern Anatolia
(Figures 1a–1c and 2a). The aim of the study is to analyze
the paleobiodiversity of the larger benthic foraminifera
of the late Lutetian-Bartonian aged Yenice and Asartepe
members of the Darende Formation. Thus, the change in
the lateral direction of the succession’s fossil content could
be revealed, and the change in the vertical direction of the
orthophragminid frequency analysis values could also be
used to determine sea level changes and thus contribute to
the environmental interpretation.
Cenozoic aged units are widespread in the study area
and its surrounding vicinity. From base to top, these units
are the Eocene Darende Formation, Oligocene Muratlı
Formation, early Miocene Alibonca Formation, middle to
late Miocene Kepezdağı volcanics, and Plio-Quaternary
aged alluviums (Figures 1c, 2b, and 2c). In ascending
order, the Eocene Darende Formation is divided into the

Korgantepe, Yenice, and Asartepe members, and the larger
benthic foraminifera content of the latter two form the
basis of this study.
The previous works concerning the Malatya PaleogeneNeogene Basin are mainly focused on the general geology
of the region and on investigating petroleum and metallic
mineralization potential (Ayan and Bulut, 1964; Akkuş,
1971; Yoldaş, 1972; Yazgan and Chessex, 1991; Özçelik,
1992; Karaman et al., 1993; Erdoğan, 2003; Gürbüz and
Gül, 2005; Kaymakcı et al., 2006; Önal and Kaya, 2007;
Sevimli, 2009; Solak, 2011; Koç and Kaymakcı, 2013). Some
paleontological investigations have also been conducted in
the region (Örçen, 1984; Şafak, 1990; Nazik, 1993; Sirel and
Acar, 1993; Avşar, 1994; Sirel, 2000, 2003; Nazik et al., 2006;
Çağlar, 2009; Dinçer, 2009; Gedik and Sirel, 2009; Gedik,
2010, 2015; Alan, 2011; Sirel and Gedik, 2011; Dinçer and
Avşar, 2012; Kayğılı and Aksoy, 2017; Kayğılı et al., 2017).
Although many detailed studies on orthophragminids
have been carried out in Turkey and worldwide (Özcan et
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Figure 1. Location map of the studied area (a), the digital elevation model (DEM) (b), and (c) the geological map (Karaman et al., 1993)
of the study area.

al., 2007; Lattrache et al., 2014; Özcan et al., 2014, 2015,
2016a, 2016b), there is no such a study concerning the
Malatya Basin due to a lack of sufficient orthophragminid
fossils.
Studies about paleobiodiversity are very limited. In one
study focusing on the paleobiodiversity analyses of the PlioQuaternary aged foraminifera, the total numbers of the
species and total numbers of individuals for each species

were determined in each sedimentary sample containing
foraminifera. Using these numbers and biodiversity
formulas, species diversity, richness, uniformity, similarity,
and dominance parameters were obtained (Parlar, 2010;
Parlar and Görmüş 2012).
Paleobiodiversity is the variability of the fossil organisms
found in past and present terrestrial and marine environments.
This variability includes the relationships between genera and
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species and between genera/species and their environments.
The main idea of the diversity index is to obtain numerical
data related to paleobiodiversity in order to compare the ratio
of the fossils in time and space. Similarly, paleobiodiversity
analyses were performed in order to determine the variability
of the foraminifera laterally and vertically.
In this study, data from the late Lutetian-Bartonian
range and the genera and species identified in the free
samples representing the shallow marine depositional
environment were used in paleobiodiversity analyses.
With these analyses, paleobiodiversity indices 
such as
frequency, dominance, and similarity analysis values and
diversity indices were obtained. The numbers of each
genus, each species, and individuals of each species in
the samples were determined for use in the analyses, and
the common genera and species from different locations
were compared. Numerical results of these analyses have
been used for interpreting the depositional environment
of the studied succession. In this study, paleobiodiversity
analyses of the larger benthic foraminifera of the Malatya
Basin were performed for the first time.
2. Materials and methods
The benthic foraminifera assemblage of the Asartepe
and Yenice members of the Darende Formation was
determined based on investigations of the oriented thin
sections of free and rock samples, which were collected
from six measured sections (named B, D1, D2, D4, D5,
and S) (Figure 1c). For the paleobiodiversity analyses, only
larger benthic foraminifera were used.
Samples used in paleontological determinations and
paleobiodiversity analyses were collected from B (from 37S
406204E, 4249063N to 37S 406118E, 4249034N), D1 (from
37S 401642E, 4248014N to 37S 401574E, 4247829N), D2
(from 37S 403036E, 4248043 N to 37S 403094E, 4247926
N), D4 (from 37S 404709E, 4250164N to 37S 404809E,
4250097N), D5 (from 37S 040187E, 4249001N to 37S
404187 E, 4249001N), and S (from 37S 402648E, 4249675 to
37S 402673E, 4249771N) measured stratigraphic sections.
Their thicknesses were 150, 150, 109, 61, 130, and 33 m,
respectively. Initially, free samples were selected from samples
collected from 67 points along the B, D1, D2, D4, D5, and S
stratigraphic sections while rock samples were selected from
samples collected from 15 points along the same sections.
After that, 600 oriented shell thin sections and 120 oriented
rock thin sections were prepared in order to define biozones
based on species. The shallow benthic foraminiferal biozones
were determined based on studies by Serra-Kiel et al. (1998)
and Less and Özcan (2012). Free samples (13,784 genus
samples), 600 oriented shell thin sections (species), and 120
oriented rock thin sections (species) were evaluated within
the scope of paleobiodiversity analyses. In order to ensure
standardization, only 1 kg of the total amount of free sample
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collected from each sampling point along the measured
sections was used in this study.
In this study, larger benthic foraminifera used in
paleobiodiversity analyses are as follows: Nummulites,
Assilina, Operculina, and orthophragminids; Assilina
exponens, Nummulites aturicus, Nummulites beaumonti,
Nummulites maximus, Nummulites perforatus, Nummulites
sp.1, and Nummulites sp.2.
In the determination of ecosystem variability, it is
important to know the species numbers and the numbers
of individual fossils belonging to each species. For this
purpose, total species numbers, total individual numbers
of each level of species, and the numbers of common
species found in the next level are determined. Changes in
the frequency analysis of orthophragminid values indicate
the changes of sea level in the depositional environment
over time.
In this study, formulas used for frequency, dominance,
and similarity analyses and variability indices within the
context of paleobiodiversity analyses were taken from
Kocataş (2006). Detailed information on these analyses is
described in the following paragraphs.
Frequency analysis: The frequency analysis is the
percentage of a genus/species occurrence in the study area
(Kocataş, 2006).
F% = Na/Nn × 100 (Na: observed number of a genus/
species, Nn: number of all observations).
F% of an observed genus/species is classified in five
categories:
1%–20%: rarely,
21%–40%: seldom,
41%–60%: generally,
61%–80%: frequently, and
81%–100%: commonly observed genus/species.
Dominance analysis: Dominance is the percentage
of the ratio between the numbers of individuals of an
identified genus/species and total number of the individuals
belonging to all identified genera/species (Kocataş, 2006).
D% = Na/Nn × 100 (D: dominancy, Na: individual
number of the genus/species, Nn: total individual number
of all observed genera/species).
D% of an observed genus/species is classified in five
categories:
Population size of genus/species is smaller than 5%,
Population size of genus/species is between 5% and
25%,
Population size of genus/species is between 25% and
50%,
Population size of genus/species is between 50% and
75%, and
Population size of genus/species is overgrown than
75%.
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Similarity analysis: The comparison between the
samples and sampling points in terms of genus/species
composition is called similarity analysis (Kocataş, 2006).
In order to describe an assemblage in terms of diversity
and similarity and to be able to compare it with other
assemblages, it is necessary to identify the genera/species
and to understand the numbers of individuals belonging
to each of these genera/species. Determining the numbers
could be difficult particularly in assemblages that include
too many genera/species and individuals. Sampling
locations are chosen and the data obtained from these
chosen points are evaluated using statistical methods. For
this purpose, the degree of similarity between the genera/
species in the samples and sampling locations, similarity
indices of sampling locations, or assemblages can be
calculated (Kocataş, 2006).
Q = 2c/a + b × 100 (Q: Sorenson similarity index, c:
number of common genera/species in two locations that
are compared, a: number of the genera/species in the first
of the locations that are compared, b: number of the genera/
species in the second of the locations that are compared).
Diversity index: The genus/species diversity indicates
the richness of a fossil assemblage or an ecosystem
(Kocataş, 2006).
D = S – 1/logN (D: diversity index, S: total number of
genera/species, N: total number of individuals).
3. Stratigraphic sections and their paleontological
content
In this study, six stratigraphic sections were measured in
the Yenice and Asartepe members of the Eocene Darende
Formation and Oligocene Muratlı Formation. The
lithological features and biostratigraphy of these sections
are described below.
The Late Lutetian-Bartonian Yenice Member is
formed of thin to medium bedded, yellowish beige-gray
clayey limestone and includes abundant free benthic
foraminifera (Figure 2d). The Bartonian Asartepe Member
is mainly represented by thin to medium bedded, massive,
yellowish beige-gray clayey and dolomitic limestone. The
Oligocene Muratlı Formation consists of yellowish beige,
thin to medium bedded clayey limestone. These units were
affected by strike-slip faulting (Figure 2e).
Classification of the limestone samples collected
from the measured sections was done according to Folk
(1962) and Dunham (1962), respectively: B3, B6, and B7
samples are intrabiomicrite-wackestone; sample D1-05 is
biopelmicrite-packstone; samples D1-10, D1-12, D2-16,
S4, and S5 are intrabiomicrite-packstone; sample D113 is biosparite-grainstone; samples D4-14 and D5-12
are biomicrite-wackestones; sample D5-13 is biosparitegrainstone; and sample D5-14 is biointrasparite-packstone.
With respect to these samples, sparite cement represents

a shallow depositional environment with higher energy,
whereas micrite cement represents low energy conditions
in a shallow water environment. Both members contain
numerous benthic foraminifera fossils characterizing the
late Lutetian-Bartonian. These fossils are indicative of a
shallow marine depositional environment.
3.1. B section
This section has thickness of 150 m and was taken through
the Bartonian Asartepe Member and Rupelian-early
Chattian Muratlı Formation. Through the B section,
17 genera and 17 species were described: Nummulites
perforatus (De Montfort, 1808), Assilina exponens
(Sowerby, 1840), Praecalcarina tohmaensis (Alan, 2011),
Sphaeorogypsina globula (Reuss, 1963), Asterigerina rotula
(Kaufmann, 1867), Gyroidinella magna (Y. Le Calvez,
1949), Linderina brugesi Schlumberger, 1898, Operculina
sp., Discocyclina sp., Heterostegina sp., and Neorotalia sp.
in the Asartepe Member and Archaias kirkukensis Henson,
1950, Planorbulina cf. brönnimanni Bignot & Decrouez,
1982, Austrotrillina sp., Spirolina sp., Peneroplis sp., and
Amphistegina sp. in the Muratlı Formation (Figures 3 and
4).
3.2. D1 section
The thickness of the D1 section measured in the late LutetianBartonian Yenice and Asartepe members and Rupelianearly Chattian Muratlı Formation is 150 m. Through the
D1 section, 20 genera and 27 species were described:
Nummulites aturicus Jolly & Leymerie, 1848, Nummulites
beaumonti d’Archiac & Haime, 1853, Nummulites
maximus (d’Archiac, 1850), Nummulites perforatus (De
Montfort, 1808), Assilina exponens (Sowerby, 1840),
Praecalcarina tohmaensis (Alan, 2011), Sphaeorogypsina
globula (Reuss, 1963), Gypsina cf. mastelensis Bursch,
1947, Asterigerina rotula (Kaufmann, 1867), Gyroidinella
magna (Y. Le Calvez, 1949), Halkyardia minima (Liebus,
1911), Fabiania cassis (Oppenheim, 1896), Alveolina cf.
fusiformis Sowerby, 1850, Alveolina cf. fragilis Hottinger,
1960, Nummulites sp.1, Nummulites sp.2, Discocyclina sp.,
Alveolina sp., Orbitolites sp., Opertorbitolites sp., Pararotalia
sp., Neorotalia sp., orthophragminids, stomatorbinid
forms, and Miliolidae in the Yenice and Asartepe members
and Archaias kirkukensis Henson, 1950, Lepidocyclina
sp., Austrotrillina sp., Spirolina sp., Peneroplis sp., and
Miliolidae in the Muratlı Formation (Figures 5 and 6).
3.3. D2 section
This section is 109 m thick and was taken through the
late Lutetian-Bartonian Yenice and Asartepe members.
Through the D2 section, 9 genera and 11 species were
described: Nummulites aturicus Jolly & Leymerie,
1848, Nummulites beaumonti d’Archiac & Haime, 1853,
Nummulites perforatus (De Montfort, 1808), Assilina
exponens (Sowerby, 1840), Asterigerina rotula (Kaufmann,
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Figure 2. a) General view of the Hasanağa Stream (view towards SW); b) field view of the members of the Darende Formation (view
towards NW); c) formation boundaries’ left lateral offset along a strike slip fault with normal component (view towards NE); d) close-up
view of a strike-slip fault plane, note that slickenlines are nearly horizontal on the fault plane; e) larger benthic foraminifera.

1867), Linderina brugesi Schlumberger, 1898, Operculina
sp., Discocyclina sp., Heterostegina sp., Aktinocyclina sp.,
Asterocyclina sp., and orthophragminids (Figures 7 and 8).
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3.4. D4 section
The thickness of this section measured in members of the
late Lutetian-Bartonian Yenice and Asartepe members is
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Figure 3. The measured stratigraphic section of B.

61 m. Through the D4 section, 17 genera and 19 species
were described: Nummulites aturicus Jolly & Leymerie,
1848, Nummulites perforatus (De Montfort, 1808), Assilina
exponens (Sowerby, 1840), Praecalcarina tohmaensis
(Alan, 2011), Gypsina cf. mastelensis Bursch, 1947,
Sphaeorogypsina globula (Reuss, 1963), Asterigerina rotula
(Kaufmann, 1867), Gyroidinella magna (Y. Le Calvez, 1949),
Fabiania cassis (Oppenheim, 1896), Linderina brugesi
Schlumberger, 1898, Pfendericonus makarskae (Van Soest,
1942), Nummulites spp., Discocyclina sp., Heterostegina sp.,
Alveolina sp., Orbitolites sp., Opertorbitolites sp., Spirolina
sp., Pararotalia sp., orthophragminids, and Miliolidae
(Figures 9 and 10).
3.5. D5 section
This section with thickness of 130 m was taken through
the late Lutetian-Bartonian Yenice and Asartepe members.

Through the D5 section, 6 genera and 7 species were
described: Nummulites aturicus Jolly & Leymerie, 1848,
Nummulites perforatus (De Montfort, 1808), Assilina
exponens (Sowerby, 1840), Pfendericonus makarskae (Van
Soest, 1942), Orbitolites sp., Opertorbitolites sp., Spirolina
sp., pillaminid forms, orthophragminids, and Miliolidae
(Figures 11 and 12).
3.6. S section
A section of 33 m in thickness was taken through the late
Lutetian-Bartonian Yenice and Asartepe members. For
the S section, 14 genera and 16 species were described:
Nummulites aturicus Jolly & Leymerie, 1848, Nummulites
beaumonti d’Archiac & Haime, 1853, Nummulites perforatus
(De Montfort, 1808), Assilina exponens (Sowerby, 1840),
Praecalcarina tohmaensis (Alan, 2011), Sphaeorogypsina
globula (Reuss, 1963), Gypsina cf. mastelensis Bursch,
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Figure 4. Sea level changes in measured stratigraphic section B. Blue dashed line shows sea level changes. Red dashed line indicates
Bartonian-Oligocene boundary. Red star shows deepening.

1947, Asterigerina rotula (Kaufmann, 1867), Gyroidinella
magna (Y. Le Calvez, 1949), Halkyardia minima (Liebus,
1911), Fabiania cassis (Oppenheim, 1896), Alveolina
sp., Orbitolites sp., Opertorbitolites sp., Pararotalia sp.,
Neorotalia sp., orthophragminids, and stomatorbinid
forms (Figures 13 and 14).
4. Biostratigraphy
Shallow benthic zones (SBZs) are defined by the appearance
and disappearance of larger benthic foraminiferal species
through the measured sections (Serra-Kiel et al., 1998;
Less and Özcan, 2012; Papazzoni et al., 2017). The D1,
D2, D4, D5, and S sections are represented by SBZ 16 and
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SBZ 17-18, while section B is represented by SBZ 17-18
(Figures 3, 5, 7, 9, 11, and 13).
SBZ 16 is characterized by the presence of Nummulites
herbi, Nummulites deshayesi, Nummulites praepuschi,
Nummulites aturicus, Nummulites carpenteri, Nummulites
puigsecensis, Assilina gigantea, and Discocyclina pulcra
balatonica. The lower boundary of SBZ 16 corresponds
to the first appearance of Nummulites aturicus, while the
upper boundary is determined by the first appearance of
Nummulites perforatus (Serra-Kiel et al., 1998). In SBZ
16 of the D1, D2, D4, D5, and S sections, Nummulites
aturicus, Nummulites beaumonti, Nummulites maximus,
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Figure 5. The measured stratigraphic section of D1.

Assilina exponens, and orthophragminid fossil contents
are determined.
SBZ 17 is defined by the biostratigraphic range of
Alveolina elongata, Alveolina fragilis, Alveolina fusiformis,
Nummulites
brongniarti,
Nummulites
perforatus,
Nummulites hottingeri, Nummulites puschi, Nummulites

biarritzensis, Nummulites lyelli, and Discocyclina pulcra
baconica. This zone is determined between the first
appearance of Nummulites perforatus and the first
appearance of Chapmanina gassinensis.
SBZ 18 is characterized by the presence of Nummulites
biedai, Nummulites cyrenaicus, Nummulites vicaryi, and
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Figure 6. Sea level changes in the D1 section. Blue dashed line shows sea level changes. Red dashed lines indicate the boundaries
between the late Lutetian and Bartonian and the Bartonian-Oligocene. Red stars show deepening.
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Figure 7. The measured stratigraphic section of D2.

Nummulites boulangeri. SBZ 18 was defined by the first
and last appearances of Nummulites biedai and the last
appearance of Alveolina species (Serra-Kiel et al., 1998).
In this study, SBZ 17-18 are defined together. The lower
boundary of SBZ 17-18 is represented by the first appearance

of Nummulites perforatus in this study. This zone also
contains the following benthic foraminifera: Nummulites
perforatus, Assilina exponens, Praecalcarina tohmaensis,
Gypsina cf. mastelensis, Sphaeorogypsina globula, Gypsina
cf. mastelensis, Asterigerina rotula, Gyroidinella magna,
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Figure 8. Sea level changes in measured stratigraphic section D2. Blue dashed line shows sea level changes. Red dashed line
indicates the boundary between the late Lutetian and Bartonian. Red stars show deepening.

Linderina brugesi, Halkyardia minima, Fabiania cassis,
Alveolina cf. fusiformis, Alveolina cf. fragilis, Pfendericonus
makarskae, Nummulites spp., Operculina sp., Discocyclina
sp., Heterostegina sp., Aktinocyclina sp., Asterocyclina sp.,
Alveolina sp., Orbitolites sp., Opertorbitolites sp., Spirolina
sp., Pararotalia sp., Neorotalia sp., stomatorbinid forms,
pillaminid forms, and Miliolidae.
5. Discussion
Larger benthic foraminifera, as a taxonomically
heterogeneous group of unicellular organisms, are
characterized by their complex internal structures,
endosymbiosis, and large size. They have inhabited warm,
shallow, and oligotrophic tropical and subtropical seas
(Langer and Hottinger, 2000) since the late Paleozoic.
Over this period, they achieved great abundance and
geographical distribution for several cycles: (1) fusulinids
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on Permian-Carboniferous shelves; (2) orbitolinids,
alveolinids, and orbitoids in Cretaceous platform systems;
and (3) a variety of groups (alveolinids, nummulitids,
complex miliolids, complex rotaliids, orthophragminids,
miogypsinids, and lepidocyclinids) in Cenozoic shallow
seas (Papazzoni et al., 2017).
Marine organisms are divided into three main
groups based on their habitats: benthic, planktonic, and
neritic. Benthic foraminifera, the subject of this study,
play an important role in determining the depositional
environment of carbonate rocks (Racey, 1995; Bassi,
1998a; Penney and Racey, 2004; Barattolo et al., 2006;
Jorry et al., 2006; Vecchio and Hottinger, 2007; Renema,
2007). In the depositional environment, hydrodynamics
is the most important factor controlling the distribution
of larger benthic foraminifera, especially Nummulites.
Accordingly, the depositional environment’s factors such

KAYĞILI and AKSOY / Turkish J Earth Sci

Figure 9. The measured stratigraphic section of D4.

as temperature, depth, salinity, oxygen concentration, and
bottom conditions play a decisive role in foraminiferal
shell development (Hohenegger and Yordanova, 2001;
Penney and Racey, 2004; Jorry et al., 2006; Briguglio, 2008;
Briguglio and Hohenegger, 2009).

The free samples of benthic foraminifera representing
the late Lutetian-Bartonian and shallow marine
environment of the Malatya Basin were studied within the
context of paleobiodiversity analyses for the first time. It
is important to determine the genus/species numbers of
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Figure 10. Sea level changes in measured stratigraphic section D4. Blue dashed line shows sea level changes. Red
dashed line indicates the boundary between the late Lutetian and Bartonian. Red stars show deepening.

each measured section and the numbers of individuals of
each genus/species in order to define paleobiodiversity.
The obtained data were used to evaluate similarities and
changes laterally and vertically, and the changes in sea
level.
Similarity analysis values were obtained as evaluation
results: for measured sections D1 and D2 the value is
49%; for D4 and D5, 71%; for D1 and B, 58%; for D2 and
B, 74%; for D4 and S, 95%; and for D5 and S, 71%. The
resulting diversity index value is 1.2 for section D1; 1.0 for
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sections D2, D5, and B; and 0.66 for sections D4 and S. The
measured variability index, which indicates the richness
and diversity of the system, is highest in section D1 and
lowest in sections D4 and S.
Parlar (2010) emphasized that the biodiversity analysis
values of foraminifera are different in ancient marine
sediments and recent marine sediments. According to
Parlar (2010), diversity index values change between 2
and 18, and in ancient marine sediments they are lower
compared to those in recent marine sediments. In order to
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Figure 11. The measured stratigraphic section of D5.

calculate the diversity and similarity indices of ecosystems,
various formulas can be used according to the study’s
subject. Parlar (2010) and Parlar and Görmüş (2012) used
Margalef richness and species diversity index formulas
(Shannon–Wiener diversity and Sorenson similarity
indices) in their studies. In our study, only the diversity
index was used from the above-mentioned formulas
because pollution and similar conditions affecting recent
environments do not apply to the Eocene aged succession.
The values of the diversity index (0.66–1.2) of the Eocene

benthic foraminifera are similar to those of the ancient
marine sediments and lower than values of the PlioQuaternary benthic foraminifera (2–18) studied by Parlar
(2010).
The paleobiodiversity analyses results indicated that
it is more convenient to prepare thin sections from the
fossils after grouping them based on genera in order
to interpret the results more accurately. Since it was
impossible to make thin sections from all of the collected
samples, it was important to group the fossils at the genus
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Figure 12. Sea level changes in measured stratigraphic section D5. Blue dashed line shows sea level changes.
Red dashed line indicates the boundary between the late Lutetian and Bartonian. Red stars show deepening.

level in order to achieve accurate results (Figures 15a and
15b). In addition, care must be taken to ensure that the
amount of sample to be used for grouping by genus is
equal in order to interpret the results correctly since the
total sample amount collected from each measured section
will be different. It is also important to know the amount of
sample used in the analyses in order to make an accurate
correlation among different studies. In this study, only 1
kg of the total amount collected from each sample point
was used to provide the standard. In addition, the fact that
the fossils used in the analysis have not been reworked is
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important in terms of achieving the correct analysis result.
Marine environments are divided into inner and
outer shelf and slope environments, inhabited by different
benthic foraminifera. The slope environment is 80 to 120 m
deep, corresponding to the upper parts of the photic zone,
and is characterized by Discocyclina facies (Vecchio and
Hottinger, 2007). In the measured B section, the frequency
analysis results indicated that orthophragminids are rarely
encountered with a 3% frequency value. According to the
results of the dominance analysis, the population size of the
orthophragminids is <5%. In the measured D1 section, the
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Figure 13. The measured stratigraphic section of S.

frequency analysis results indicated that orthophragminids
are rarely encountered with a 7% frequency value.
According to the results of the dominance analysis, the
population size of the orthophragminids varies between 5%
and 25%. In the D2 section, orthophragminids are rarely
encountered with a 2% frequency value. According to the
results of the dominance analysis, the population size of
the orthophragminids is <5%. In the measured D4 section,

frequency analysis indicated that orthophragminids are
rarely encountered with a 13% frequency value. According
to the results of the dominance analysis, the population
size of the orthophragminids varies between 5% and 25%.
In the measured D5 section, frequency analysis indicated
that orthophragminid are rarely encountered with an 8%
frequency value. According to the results of the dominance
analysis, the population size of the orthophragminids varies
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Figure 14. Sea level changes in measured stratigraphic section S. Blue dashed line shows sea level changes.
Red dashed line indicates the boundary between the late Lutetian and Bartonian. Red stars show deepening.

between 5% and 25%. The frequency analysis results of the
measured S section indicated that orthophragminids are
rarely encountered with a 4% frequency value. According
to the results of the dominance analysis, the population
size of the orthophragminids is <5%. Within the context
of paleobiodiversity analyses, the changes in the vertical
direction were investigated, and as can be seen in Figures
4, 6, 8, 10, 12, and 14 the change of the frequency analysis
values of orthophragminids represents the sea level
changes. When the figures are examined from this point
of view, it can be inferred that there was not enough
deepening in the basin to enable the transition into the
Discocyclina facies, but it can also be inferred from Figures
4, 6, 8, 10, 12, and 14 that relative changes in sea level had
occurred. Within this framework, when the frequency and
dominance analysis values of the genera are evaluated, it
appears that the orthophragminid genus has the lowest
values. This indicates that the depositional environment
of the succession was not deep enough to pass into the
Discocyclina facies (in other words, into the slope facies).
The infrequency of orthophragminids can be controlled
with parameters other than depth. However, the existence
of accompanying Nummulites and Assilina proves that the
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living conditions are favorable. Therefore, this indicates
that orthophragminid frequency/infrequency is related to
the depth of the depositional environment.
Within the context of paleobiodiversity, the data
obtained from the paleobiodiversity analyses based on the
differentiations of genera/species of the measured sections
(B, D1, D2, D4, D5, and S) were evaluated in conjunction
and enabled us to compare the similarities and differences
of the foraminifer assemblage of the late LutetianBartonian Yenice and Asartepe members in the lateral
and vertical directions. They could be used in conjunction
with the paleontological data to interpret the depositional
environment. Thus, the numeric data obtained from this
study will establish a database for an accurate comparison
with other studies that will be carried out in other regions.
Late Lutetian-Bartonian deposits are widespread
in the Malatya Basin and are represented by shallow
marine sediments. These deposits accumulated when
the basin subsided rapidly during the middle Eocene as
a result of block faulting within a back-arc setting (Aktaş
and Robertson, 1984; Yazgan, 1984; Aksoy et al., 2005).
Irregularities in the basement resulting from block faulting
affect the type of sediment that is deposited. Accordingly,
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Figure 15. a) Frequency analysis results of larger benthic foraminifera genus; b) frequency analysis results of
larger benthic foraminifera species.

results from fossil content and paleobiodiversity analyses
suggest that short-range changes at sea level are associated
with block faulting that controlled the basin floor.
As can be seen in Figures 4, 6, 8, 10, 12, and 14, there is a
significant increase in the percentage of orthophragminids,
an indicator of deepening in the depositional environment,
in the late Lutetian compared to the Bartonian period.
At the beginning of the Bartonian, it seems that there is
a relative deepening, though not as much as in the late
Lutetian.

6. Conclusion
When the free samples collected from the measured B
section were evaluated, the results of frequency analysis
indicated that while Nummulites (86%) is a commonly
observed genus, Assilina and orthophragminids (11% and
3%, respectively) are the rarely encountered genera (Figure
15a). According to the fossils in the oriented thin sections
of the free samples, Nummulites perforatus (61.36%) is a
frequently observed species, and Assilina exponens (38.64%)
is a seldom observed species (Figure 15b). According to the
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dominance analysis, the population size of Nummulites is
>75%. The population size of Assilina is between 5% and
25%, and the population size of orthophragminids is <5%.
Among fossils observed in the thin sections, Nummulites
perforatus is a species with population sizes varying
between 50% and 75%. Assilina exponens is a species with
population sizes varying between 25% and 50%. The value
of the diversity index is 1.
According to the frequency analysis values of free
samples collected from the D1 stratigraphic section,
Nummulites (83%) is a commonly observed genus.
Assilina (9%), orthophragminids (7%), and Operculina
(1%) are rarely encountered genera in terms of their
frequency values (Figure 15a). According to the frequency
analysis values in the free samples’ oriented thin sections,
Nummulites aturicus (16.98%), Nummulites beaumonti
(3.78%), Nummulites maximus (0.94%), Nummulites
perforatus (19.81%), Assilina exponens (16.98%), and
Nummulites sp.1 (11.32%) are rarely observed species.
On the other hand, Nummulites sp.2 (30.19%) is seldom
observed (Figure 15b). According to the dominance
analysis values, the population size of Nummulites is >75%.
The population sizes of Assilina and orthophragminids are
between 5% and 25%, and that of Operculina is smaller
than 5%. Among fossils observed in the thin sections,
Nummulites beaumonti and Nummulites maximus are
species with population sizes of <5%. Nummulites aturicus,
Nummulites perforatus, Assilina exponens, and Nummulites
sp.1 are species with population sizes varying between 5%
and 25%. Nummulites sp.2 is a species with population
sizes varying between 25% and 50%. The diversity index
value is 1.2.
When the free samples collected from section D2 are
evaluated, the results of frequency analysis indicated that
Assilina (68%) is a frequently observed genus. Nummulites
(30%) is a seldom observed genus, and orthophragminids
(2%) are rarely encountered according to their frequency
analysis values (Figure 15a). According to the frequency
analysis values in the oriented thin sections of the free
samples, Assilina exponens (67.65%) is a frequently
observed species, Nummulites perforatus (20.59%) is a
seldom observed species, and Nummulites aturicus and
Nummulites beaumonti (5.88% and 5.88%, respectively)
are rarely observed species (Figure 15b). According to
the dominance analysis, the population size of Assilina
is between 50% and 75%, and the population size of
Nummulites is between 25% and 50%. The population
size of orthophragminids is <5%. Among fossils observed
in the thin sections, Nummulites aturicus, Nummulites
beaumonti, and Nummulites perforatus are species with
population sizes varying between 5% and 25%. Assilina
exponens is a species with population sizes varying between
50% and 75%. The value of the diversity index is 1.
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After comparing the measured D1 and D2 sections
in the context of similarity analysis, it is determined that
they have a 49% similarity index. The comparison of the
measured D1 and B sections indicates that they are 58%
similar, whereas the comparison of the measured D2 and
B sections indicates that they have a 74% similarity ratio.
When the free samples collected from the measured D4
section were evaluated, the results of the frequency analysis
indicated that Assilina (71%) is a frequently observed
genus. Nummulites (16%) and orthophragminids (13%)
are rarely observed genera according to their frequency
analysis values (Figure 15a). According to the fossils
observed in the oriented thin sections of the free samples,
Nummulites aturicus (2.11%) is a rarely observed species,
Nummulites perforatus (57.89%) is a generally observed
species, and Assilina exponens (40%) is a seldom observed
species (Figure 15b). According to the dominance analysis
values, the population size of Assilina is between 50%
and 75%, and the population sizes of Nummulites and
orthophragminids were between 5% and 25%. Among
fossils observed in the thin sections, Nummulites aturicus
is a species with population sizes of <5%. Assilina exponens
is a species with population sizes varying between 25% and
50%. Nummulites perforatus is a species with population
sizes varying between 50% and 75%. The diversity index
value is 0.66.
When the free samples collected from section D5 were
evaluated, the results of frequency analysis indicated that
Assilina (69%) is a frequently observed genus. Nummulites
(23%) is seldom observed, and orthophragminids (8%)
are rarely observed according to their frequency analysis
values (Figure 15a). According to the fossils observed in
the oriented thin sections of the free samples, Nummulites
perforatus (60%) is a generally observed species,
Nummulites aturicus (2%) is a rarely observed species,
and Assilina exponens (38%) is a seldom observed species
(Figure 15b). According to the dominance analysis, the
population size of Assilina is between 50% and 75%, while
the population sizes of Nummulites and orthophragminids
are between 5% and 25%. Among fossils observed in
the thin sections, Nummulites aturicus is a species with
population sizes of <5%. Assilina exponens is a species
with population sizes varying between 25% and 50%.
Nummulites perforatus is a species with population sizes
varying between 50% and 75%. The value of the diversity
index is 1.
According to the results of similarity analysis, the
measured D4 and D5 sections have 71% similarity.
When the free samples collected from the measured S
section were evaluated, the results of frequency analysis
indicated that Assilina (81%) is a commonly observed
genus, while Nummulites (15%) and orthophragminids

Figure 16. Change of orthophragminid ratio in sections. There is a significant increase in the percentage of orthophragminids in the late Lutetian compared to the Bartonian.
Black dashed line shows sea level changes. Red dashed lines indicate the boundaries between the late Lutetian and Bartonian and the Bartonian-Oligocene. Red stars show
deepening.
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Figure 17. Assemblages of larger benthic foraminifera along ecological and depth gradients. In this study, the distribution
of the larger benthic foraminifera marked with an arrow corresponds to the shelf environment in terms of depth.

(4%) are rarely encountered genera (Figure 15a).
According to the fossil distributions in the oriented thin
sections of the free samples, Nummulites aturicus (2%)
and Nummulites beaumonti (3.77%) are rarely observed
species. Nummulites perforatus (55.56%) is a generally
observed species, and Assilina exponens (38.67%) is a
seldom observed species (Figure 15b). According to the
dominance analysis values, the population size of Assilina
is >75%. The population size of Nummulites is between 5%
and 25%, and the population size of orthophragminids

166

is <5%. Among fossils observed in the thin sections,
Nummulites aturicus and Nummulites beaumonti are
species with population sizes of <5%. Assilina exponens is
a species with population sizes varying between 25% and
50%. Nummulites perforatus is a species with population
size varying between 50% and 75%. The diversity index
value is 0.66.
The comparison of the measured D4 and S sections
based on similarity analysis results indicates that they are
95% similar. When comparing the measured D5 and S
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sections in the context of similarity analysis, the similarity
was determined as 71%.
The frequency, dominance, and similarity analysis values
are evaluated in order to determine the paleobiodiversity
lateral change. In the measured B, D1, D2, D4, D5, and S
stratigraphic sections (Figures 3, 5, 7, 9, 11, and 13), sea level
changes were estimated by utilizing the frequency analysis
values of orthophragminids. As can be seen in Figures 4, 6,
8, 10, 12, 14, and 16, the changes in the frequency analysis
values of orthophragminids with respect to depth clearly
indicate the sea level changes. Late Lutetian and Bartonian
sea level changes can be seen in the measured stratigraphic
sections. When the related measured sections are examined,
it is generally concluded that the deepening is in the late
Lutetian (Figure 16).
The arithmetic mean of the larger benthic foraminifera
determined in the free samples collected from all of the
measured sections indicates that the ratio of Assilina is
51.50%, the ratio of Nummulites is 42.17%, the ratio of
orthophragminids is 6.17%, and the ratio of Operculina is
0.16% (Figure 15a). In the rock samples taken from the same
measured sections, a foraminiferal assemblage including
Praecalcarina tohmaensis, Sphaeorogypsina globula, Gypsina
cf. mastelensis, Asterigerina rotula, Gyroidinella magna,
Halkyardia minima, Fabiania cassis, Linderina brugesi,
Alveolina cf. fusiformis, Alveolina cf. fragilis, Pfendericonus
makarskae, Nummulites spp., Operculina sp., Discocyclina
sp., Heterostegina sp., Aktinocyclina sp., Asterocyclina sp.,
Alveolina sp., Orbitolites sp., Opertorbitolites sp., Spirolina
sp., Pararotalia sp., Neorotalia sp., stomatorbinid forms,

pillaminid forms, and Miliolidae was determined (Figures
3–14). The evaluation of the paleobiodiversity analyses
results, benthic foraminifera contents of the units, and
the ratio of orthophragminids together indicate that the
depositional environment of the succession corresponds
to an interval between numbers 4 and 5 (Figure 17) in the
model as suggested by Romero et al. (2002).
When the species were evaluated with respect to their
frequency and dominance analyses, it was observed that
orthophragminids had lower values compared to the larger
benthic foraminifera; this finding was an indication that
the depositional environments of the Yenice and Asartepe
members were not deep enough to convert from shelf to slope.
It is assumed that changes in the sea level over short intervals
were controlled by intense regional tectonics controlling the
development of the studied area of the Malatya Basin.
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