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Abstract: The investigation area comprised of Beyreli (Hadim-Konya) village and the surrounding area in the
Central Taurus Belt, Southern Turkey. A total of forty-eight bulk samples from the Late Permian and Early
Triassic Kusakdag: (K) and Gokgepinar Formations (T) were analyzed to investigate the organic carbon
contents, types, maturities, hydrocarbon potentials of the Kusakdag: Formation and tectonic settings,
provenance and depositional conditions of both Formations by using geochemical data. The Formations are
represented by limestone and bituminous shale units. Geochemical data such as TOC content, Tmax and HI
values from Rock-Eval pyrolysis analysis show that the Kusakdag: formation does not contain significant
amounts of organic matter for the production of petroleum while is more suitable for the production of gas.
However, some source-rock inter-levels in the Kusakdagi Formation had TOC contents that are over 0.5%
which is the proposed minimum limit value for petroleum parent rock. HI and Tmax indicate that most of the
source rock samples from the Kusakdag: Formation are over matured and their primary organic matter types
are the Type 11l and Type IV kerogen (coaly). PAAS normalized REE values of the samples from the formations
show that the slightly LREE enriched, more or less flat REE patterns (expressed as average (La/Yb)py =1,34)
associated with weakly positive Eu (average=1,01, n=28) and weakly negative Ce (average 0,90; n=28)
anomalies. Trace and rare earth element (REE) geochemistry, discrimination diagrams and some elemental
ratios show that the Kusakdag: and Gék¢epinar Formations have been deposited from mid to shallow saline
seawater under the anoxic conditions on the continental island arc and partially oceanic island arc tectonic
settings during the hot-dry climates. Terrigenous materials included in the Kusakdagi and Gok¢epimar
formations were also derived from intermediate igneous rocks exposed on the provenance area.
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I.  Introduction

The study area is located approximately 110 km south of the province of middle Taurus (Konya) and it
covers the Beyreli Village (Hadim-Konya) and its surroundings (Fig. 1). The study area extends from about
longitudes 36°50'50.4"N and latitudes 32°22'38.7"E. The main purpose of the present study is to investigate
organic geochemical and organo-petrographic characteristics of the Kusakdagi Formation and examining
hydrocarbon potentials to get knowledge about its source rock potential and whether if it can be a source rock or
not. Its depositional environment, stage of maturity and potential for hydrocarbon generation were investigated.
The outcrop samples of Kusakdagi Formation were collected and analyzed by Rock-Eval VI pyrolysis. Rock—
Eval pyrolysis is used routinely as a rapid screening method for examining the type, origin, and maturity of the
OM of potential source rocks (Mrki¢ et al., 2011). A total of 20 samples were analyzed by Rock—Eval pyrolysis.
Petroleum generation from source rocks is determined by the abundance and type of organic matter present and
its thermal maturation (Alizadeh et al., 2012). In addition, it was aimed to determine the rare earth element
(NTE) contents, major-trace and environmental properties of bituminous shale and carbonate limestone rocks of
the Late Permian Kusakdagi and Lower Triassic Gokgepmar Formations. Our aims is to trace the depositional
environment, to interpret the possible source of REEs. During the past few decades, the behavior and mode of
distribution of rare earth elements (REES) in carbonate rocks were extensively investigated by many researchers
(Abedini and Calagari, 2015; Armstrong-Altrin et al., 2003; Chen et al., 2014; H. Elderfield et al., 1990;
Ephraim, 2012; Hua et al., 2013; Kuscu et al., 2016; J. Madhavaraju et al., 2010; J. Madhavaraju and Lee, 2009;
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Nagarajan et al., 2011; Nothdurft et al., 2004; Oni et al., 2014; Singh et al., 2016; Tao et al., 2016; Tuchscherer
et al., 2005). The studies done revealed that the important factors that affect the enrichment and depletion of
REEs in carbonate rocks are 1) the relevance to domain of the source (Murray et al., 1991), 2) the variety in
surface productivity (Toyoda et al., 1990), 3) the quantities of detrital materials of terrigenous source (Nagarajan
et al., 2011), 4) biogenic sediments from seawater (Murray et al., 1991), 5) the variety in oxygen level of
seawater (Liu et al., 1988), 6) the lithology and diagenesis (J. Madhavaraju and Ramasamy, 1999), and 7)
scavenging processes related to salinity, depth, and oxygen level of seawater (Greaves et al, 1999). Rare earth
element (REE) concentrations in former carbonate rocks are important to detect the marine and non-marine
origins of REE (Banner et al., 1988; Frimmel, 2009; Zhao et al., 2009). Earlier studies showed that the
carbonate rocks have low REE concentrations (Goldberg et al., 1963; M. A. Haskin and Haskin, 1966; Tlig and
M'rabet, 1985), and the REE patterns in carbonate rocks are primarily affected by depositional environment (J.
Madhavaraju and Ramasamy, 1999; Murray et al., 1992; Murray et al., 1990) and diagenetic processes
(Armstrong-Altrin et al., 2003; Fu et al., 2011; Morad et al., 2010; Scherer and Seitz, 1980; Schieber, 1988). in
this study the bituminous shale and limestone rocks has been investigated in terms of total organic carbon,
major, trace and rare earth element geochemistry.

I1.  Geological setting

The study area is located in the middle Taurus Mountains approximately 110 km south of the province
of Konya, and it covers Beyerli Village and its surroundings (Fig. 2). Beyreli village lays about 17 km south of
Hadim, 19 km to the Geyik Mountains, 17 km to Egri Lake and 15 km to Tashkent. Beyerli Village (Hadim)
region and its surroundings in Central Taurus Mountains was first discovered by (M. Blumenthal, 1944; M. M.
Blumenthal, 1951), and his crew M. Blumenthal and Goksu (1949) at the regional scale. Allochthonous slices of
the Taurus Mountains that belongs to Aladag unit and have the age of the Middle Carboniferous to the Early
Cretaceous take place around the beyreli village. These sequences are the highest alloktons of the Middle Taurus
Mountains and are also known as the Gevne nape. The stratigraphic section of the Aladag Unit around Beyreli
area begins with Yaricak Formation of gold-rich fuzulian, coralian, crinoid and brachiopod limestones and
continuing upward with fossiliferous limestone-quartzite alternately. Early Permian aged Arpalik Formation
comes in conformity above Yaricak Formation. Abundant fuzulized and crinoid limestones with sandy
carbonate intercalations lays at the top of Arpalik Formation with Girvenella algal Pizolites composed of
Oncolytic carbonates beneath it, and it is eroded by the Late Permian Kusakdagi Formation. The Kusakdag:
Formation begins with a quartzite at the bottom and continuing in the form of shale-quartzite intercalated,
scarcely Foraminifera and abundant algal limestone and its conformity with the Early Triassic Gok¢epinar
Stromatolite Oolitic carbonate -bearing limestone. These shallow marine carbonates of Lower Triassic enter the
Early-Middle Triassic Goztag1 Formation at the top with its shale and abundant bivalvic marl-clay limestones
composition. The Goztagt Formation is covered with Middle Triassic Beyreli Formation in the form of sandy-
silty- clayey carbonate flysch sequences. During the Liassic-Dogger period a red colored, cross-bedded
conglomerate-sandstone-mudstone with lignite content, terrestrial Camici Formation was formed. A semi-
terrestrial of Dogger-Malm aged with a mudstone-shale-clayey limestone containing very fine lignite and
gypsum bands lay above the Camigi Formation named Dedebeleni Formation (Turan, 2010). The Kusakdag:
Formation, which is the thickest and widespread unit in the study area (Fig. 3), can be seen around the
Yiremece Plateau, Tekesar Hill, Sarituzla, Karagdl Hill and Ayipinari Plateau. The lithology of the Formation
is predominantly dark gray-black colored limestone, very dense algal and it has a bad smell due to its high
organic matter content. The thickness of Kusakdagi Formation, which is in conformity with the Early Triassic
Gokgepinar limestone, was found to be 800 m in the measured stratigraphic section built along the Camurluk
valley-Kusakdagi-Gokeepinar Plateau (Fig. 5). The lithological evolution of the Formation and the abundance of
Mizzia sp., and the Hemigordius sp., and their different biotopes as seen in (Fig. 4), This, therefore, suggest that
the sediments of the late Permian time probably occurred in the tidal sea environment, including the reef lagoon
regions. Gokgepinar unit presents stratigraphic boundary relations in conformity with the Kusakdagi Formation
at the bottom and Goztasi1 Formation from above and has the thickness of 80 m at the type section. According to
the stratigraphic location of this Formation and the paleontological and stratigraphic investigations of earlier
researchers (Goktepe and Giiveng, 1997; Kuscu, 1983; Ozgiil, 1976, 1996), this Formation was given the Early
Triassic age. The algal micritic facies of the Gokgepinar limestone unit, indicate that the unit had deposited
under the wave floor in low energy zones. However, during the next periods, the rise in water energy brought
about the removal of the carbonate mud from the environment and leads to forming Oolitic-Pizolitic facies in
the marine basin of Early Triassic (Turan, 2010).
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I11.  Samples and Analytical Procedures

In this study, 41 samples were collected from the Kusakdagi Formation in order to detect geochemical
data of the formation. A total of 20 samples were selected for Total Organic Carbon (TOC) and pyrolysis (Rock-
Eval) analysis. The total organic carbon (TOC) content of sediment is defined as the relative dry weight
percentage of organic carbon in its rock or sediment sample (Alaug et al., 2013; Batten, 1996; Durand et al.,
1972; Eren and Karakilcik, 2013; Gehman, 1962; M. Hunt, 1979; Jonathan et al., 1976; Sar1, 1994; Sar1 and
Bozkurt, 2012; Wang et al., 2014). Commonly, it is been agreed that for a rock to be a source of hydrocarbons,
it must contain appropriate organic matter to significant generation and expulsion of petroleum or gas. For many
years this has been taken as 0.5 wt % TOC for shales and a little less 0.3 wt % TOC for carbonates (Ala et al.,
1980; Alizadeh et al., 2012; Basu et al., 1980; Batten, 1996; Dow, 1978; Eren and Karakilgik, 2013; Gehman,
1962; S. Korkmaz and Gedik, 1990; Lafargue et al., 1998; Momper, 1978; K. E. Peters and Cassa, 1994; K. E.
Peters and Moldowan, 1993; Sari and Aliyev, 2006; Sar1 and Bozkurt, 2012; B. P. Tissot and Welte, 1984). The
parameters measured included TOC, S1, S2, S3 and temperature of maximum pyrolysis yield (Tmax). Hydrogen
Index (HI) and Oxygen Index (Ol) and Production Index (PI) were calculated as described by Espitalié et al.
(1977) and K. E. Peters and Cassa (1994) as shown in Table.1.The first peak S1 indicate to the hydrocarbons
that can be thermally distilled from a rock and measures the amount of free hydrocarbons that can be yield
volatile from the rock without cracking the kerogen (Alaug et al., 2013; LePain et al., 2003; Makky et al., 2014;
M. Filho et al., 2012; Nordeng, 2012; K. E. Peters and Cassa, 1994; Sar1 et al., 2015). The second peak S2
symbolize the hydrocarbons produced during the Pyrolysis degradation of the kerogen in the rock and calibrate
the hydrocarbon vyield from cracking the kerogen (mg HC/g rock) and are an important measurement of the
generative potential of source rocks (Aliyev et al, 2009; Bordenave, 1993; K. Peters, 1986; K. E. Peters and
Cassa, 1994; Sari et al., 2015; Shalaby et al., 2011). The third peak S3 detects carbon dioxide produced during
temperature programming up to 390 °C, and it is resolved using a thermal conductivity detector (TCD) (LePain
et al., 2003; Makky et al., 2014; Nordeng, 2012; Sar1 and Bozkurt, 2012; San et al., 2015; Sar1 and Yarici,
2012). The hydrogen index HI represents the quantity of pyrolyzed organic matter from S2 relative to the TOC
in the samples (mg HC/g TOC) and it can be used to define the oil generation potential of the rock and the type
of the organic matter (Kleinberg and Vinegar, 1996; Sar1 et al., 2015). The oxygen index (OIl) represents the
amount of oxygen relative to the amount of organic carbon present in a sample (Law, 1999). Tmax is the
temperature at which the maximum rate of hydrocarbon generation happen in a kerogen sample during pyrolysis
analysis (B. P. Tissot et al., 1987). In order to determine the relevance between the elements and organic
material, 28 bituminous shale and carbonate rock samples were selected from 54 samples from both Kusakdagi
and Gokgepimar Formations, 22 from the carbonate limestone and 6 from the bituminous shale. Each sample
was prepared individually for the geochemical analyses. The analysis involved measuring major, trace and rare
earth element abundance as well as determining loss on ignition, TOT/C and TOT/S. About 5g of representative
rock sample was broken to pieces with a hardened steel hammer and then packed in a suitable bag and sent to
Acme laboratory, Vancouver, Canada, for analysis. Two special measuring device was used for the whole rock
geochemical analysis and REE contents of the samples, namely inductively-coupled plasma-emission
spectrophotometry (ICP-AES) for major elements and inductively-coupled plasma-mass spectrophotometry
(ICP-MS) for trace and rare earth elements. Loss on ignition (LOI) was found by igniting 400 mg of each
sample split at 1,000°C and then measuring the weight loss.

IV.  Results and discussion

4.1. Rock-Eval pyrolysis, TOC, oil yield and Kerogen types

The organic carbon richness of the source rock sample, as mentioned by the weight percent of TOC
content, is useful in the estimation of sediments as a source of petroleum or gas. During the past few years (D.
M. Jarvie et al., 2007; Makky et al., 2014; K. Peters, 1986; K. E. Peters and Cassa, 1994; B. P. Tissot and Welte,
1984) introduced a scale for the evaluation of source rocks potentiality, depending on the TOC and Rock Eval
pyrolysis data Table. 2. Maturity is the chemical change that occurs in the organic matter composition because
of the changes in temperature throughout the burying procedure of sediments that leads to a lot of changes in the
organic matter (Douglas and Williams, 1981; Koralay, 2014). Twenty samples from Kusakdagi were selected
for the Rock-Eval pyrolysis analysis to determine the quantity, quality and thermal maturity of the organic
matter. The total organic carbon contents of 20 carbonaceous rocks range from 0.13 % to 4.15 % with an
average value of 0.698 %. In the pyrolysis analysis, free hydrocarbons (S1), hydrocarbons released from the
thermal degradation of kerogen (S2) and the related Tmax values were measured. Various parameters were then
calculated using these values Table. 1. Tmax values that been evaluated with pyrolysis analysis are attached to
the thermal development of an organic matter (S. Korkmaz et al., 2008; B. Tissot and Espitalie, 1975; B. P.
Tissot and Welte, 1984). The HI indicates to the residual generation potential of organic matter and Tmax refers
to the temperature at the peak of hydrocarbon generation. Both HI and Tmax from Rock-Eval pyrolysis are
useful to characterize the quality and maturity of potential source rocks (Cooles et al., 1986; Espitalié et al.,
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1985; D. Jarvie and Tobey, 1999; Katz, 1983; Makky et al., 2014; K. Peters, 1986). Samples with Tmax values
below 430°C are described as immature, those with Tmax values between 430-460°C are mature, and those
with Tmax values higher than 460°C are over mature source rock (B. P. Tissot and Welte, 1984). Tmax values
measured in the Permian units are between 443°C-534°C. These values denote that organic material within the
Late Permian samples is the over mature stage. However, Tmax values may change depending on maturity and
influence of kerogen (J. Hunt, 1996; Shalaby et al., 2011). According to HI versus TOC diagram represented by
Jackson et al. (1985), all the samples have very low HI values suggesting that the organic matter in the studied
samples is in gas prone (Fig. 6-a). In the S2-TOC source rock assessment diagram Dembicki Jr (2009), all of the
bituminous carbonates samples are of poor source rock potential and rarely of fair and good source rock
potential (Fig. 6-b). The type of organic matter has also been determined according to the modified van
Krevelen plot of whole rock Hydrogen Index (S2/ TOC x 100) and Oxygen Index (S3/TOC x 100) (Bordenave,
1993; K. Peters, 1986; B. P. Tissot and Welte, 1984) show that most of the Kusakdag: Formation samples are
classified as containing Type 11l kerogen (Fig.7-a).The kerogen type and maturity of Kusakdagi Formation
samples were also determined using HI versus Tmax diagram (Espitalié et al., 1977; Mukhopadhyay et al.,
1995) (Fig. 7-b). Potential yield is the total amount of the free HC and HC generated by the cracking of kerogen
in the source rock (Bostick, 1979; Hos-Cebi and Korkmaz, 2013; Stach, 1982). The PY estimation (S1+S2) have
been done in the rock samples to indicate the hydrocarbon generation potential. PY values of the Kusakdagi
Formation were found between 40-520 mgHC/g rock Table. 1. According to B. P. Tissot and Welte (1984), this
values refer to a very poor source rock potential. However, the data acquired from the pyrolysis analyses, S1 and
S2 values and HI values of the samples are very low. This lead us to conclude that the most amount of the
organic matter in these rock samples is composed of residual organic matter. Based on S2/S3 Table. 3 and HI
Table. 4 K. E. Peters and Cassa (1994), HI-Tmax (Fig. 7-a), HI-Ol (Fig. 7-b) parameters and organic
petrographic analysis, the kerogen types of bituminous rocks of Kusakdagi Formation are Type-11l and Type-IV
species. The results obtained from TOC and pyrolysis data indicates that the bituminous carbonates samples of
the Kusakdagi Formation are of poor source rock potential and rarely of fair or good source rock potential and
the organic material within the Permian samples are of Type-I11 and Type-IV kerogen at the mature-over mature
stage of maturation. Comparable results were obtained by S. Korkmaz and Gedik (1990), who investigated the
organic matter content, type, and maturity and source rock potential of the Lower Paleozoic sequences exposed
on the Taurus Belt.

4.2. Distribution of major elements

The concentrations of major elements in 28 samples from the Kusakdagi and Gokgepinar Formations
that were studied, in comparison to those of average shale composition (ASC) from Clarke (1924), North
American Shale Composite (NASC) from Gromet et al. (1984) and PAAS from Taylor and McLennan (1985),
are given in Table. 5. According to Bhatia (1983) and Roser and Korsch (1986), the benefit of major element
geochemistry of sedimentary rocks is to define tectonic setting based on discrimination diagrams. An initial
evaluation of the values in Table. 5 show that LOI and CaO content generally compose more than 95 wt% of the
rock composition (except in samples K 3, K 5 and K 11 high SiO, values), and this means that the carbonate
phases are the predominating phases in the rock. The content of MgO is close to the average Value of ASC,
NASC and PAAS; while, Al,O3, SiO,, Fe,03, Na,O, TiO,, MnO, P,05 and K,O contents are Lower from them.
The average contents of CaO are higher than those of ASC, NASC and PAAS for the high proportion of calcite.
The insoluble part of the sediments like, SiO, (0.71-8.57 wt%, except in sample K3, K5,K6, K11), Al,O3 (0.25-
2.55 wt%, except in sample K3, K15, K11) and K,0 (0.04-1.37 wt%) Fe,O5 (0.16 — 3.53 wt%, except in sample
K11), MgO (0.29-0.95 wt% except in sample T1, T3) have considerably low abundance, while TiO,, MnO,
P,Os, Cr,05 and Na,O concentration are negligible Table. 5. Considerably, the poor abundance of Fe, Mn and P
in the samples are probably because of the low detrital and organic effects (Tucker, 1983). The total carbon
values are generally high (6.89-13.07 wt%, avg. 12.15 wt%) as expected for carbonate-bearing rocks, while the
total sulfur concentration is generally below the 0.59 wt% detection limit.

4.2.1. Major element geochemistry

Roser and Korsch (1988) discriminant function analysis has been applied for provenance investigation
of the Kusakdag1 and Gokgepinar samples. On this diagram, the analyzed data plot in the Intermediate igneous
provenance field (Fig. 8). K,O/Na,O ratio ranges between 0.8 and 11.5 Table. 6, which is much larger than that
of ASC (0.4) and NASC (0.29). This indicates that Na is probably replaced by K during the later period of
diagenesis (Fedo et al., 1995) or migrates in the process of weathering (Tao et al., 2016). Major oxides were
normalized using PAAS values (Taylor and McLennan, 1985) and are shown as spider diagram (Fig. 9). As it is
expected of carbonate rocks it can be noticed that Cao and LOI have higher values in comparison to PAAS,
while other major elements values are lower than of the PAAS values. Al,O3/TiO, ratios of most clastic rocks
are fundamentally used to define the source rock compositions Oni et al. (2014), because the ratio Al,O3 / TiO,
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increases from 3 to 8 for mafic igneous rocks, from 8 to 21 for intermediate rocks, and from 15 to 70 for felsic
igneous rocks (Hayashi et al., 1997). As shown in Table. 6 all of the samples have an Al,O5/TiO, ratio above 10
with an average of 19 that suggest the source rock is intermediate igneous rock. In order to have a knowledge
about the pre-metamorphic conditions of the parent materials of the carbonate rocks, the values of the samples
were plotted on discrimination diagrams. All of the samples were plotted in the sedimentary field on the Na,O /
Al,O; cf K,O/ Al,O; diagram Garrels (1971) (Fig. 10), suggesting that the carbonate rocks are of sedimentary
origin. The carbonate rocks of Kusakdagi and Gokgepinar Formations are characterized by low Na,O values.
According to Davou and Ashano (2009), a low concentration of Na,O indicates a shallow, near-shore, low
energy “clean water” marine environment of deposition. The ratio (Al/Al+Fe+Mn) is an excellent index for
clastic addition to metalliferous sediments,because Al originate from debris as these elements have a good
stableness in hydrothermal liquids (Rantitsch et al., 2003). All of the samples have Al/Al+Fe+Mn) > 0.2 Table.
6, suggesting the majority of a pelagic terrigenous constituent characterized by a geochemical composition
similar to the average continental crust (Bostrom, 1973).

4.3. Distribution of trace elements

The trace elements geochemical data of the carbonate rocks in comparison to the PAAS values of
Taylor and McLennan (1985) and the NASC values are shown in Table. 7. The average values of Sc, Cu, Pb,
Ni, Ba, Co, Cs, Ga, Hf, Nb, Rb, Ta, Th, V, Zr is low in comparison to PAAS and NASC values, whereas Sr
average values is higher than both of them. Zn shows higher average values than NASC but lower than PAAS,
whereas U is more or less equal to PAAS and NASC values. .

4.3.1. Trace elements geochemistry

Trace elements were normalized using PAAS values Taylor and McLennan (1985) and are shown as
spider diagram (Fig. 11). The PAAS normalized patterns of the samples show a moderate to low depletion in Sc,
Cu, Pb, Ni, Ba, Co, Cs, Ga, Hf, Nb, Rb, Ta, Th, V, Zr and Zn (except sample T2 which has a higher Pb value
than PAAS) , whereas Sr contents are higher than PAAS values. During the last few years, Sr/Cu ratio is widely
used to indicate the paleoclimate conditions. Generally, a warm-humid climate is noticed as Sr/Cu ratios ranges
between 1.3 and 5.0, whereas Sr/Cu > 5.0 ratios suggest a dry hot climate (Lerman, 1978). The ratios are in the
range of 23,22— 1025,58, indicating a very dry hot climate. Also, because of the high Sr/Cu ratios, all of the
samples have a high Sr/Ba ratios, Sr/Ba ratios, suggesting a saline water environment (Tao et al., 2016) Table. 6.
The high ratios of V/V+Ni (2.1 — 36.7; Table. 6) indicate the presence of H2S in a strongly stratified water
column (Hatch and Leventhal, 1992). The abundances of elements such as Sc in sedimentary rocks could appear
because of the abundances in the upper continental crust (Gotze, 1998). Immobile trace elements in detrital
sediments have also been used successfully in discrimination diagrams of paleo-tectonic settings. The
discriminate diagram of Th-Sc-Zr/10 and Th-Co-Zr/10 ternary diagrams Bhatia and Crook (1986) used
indiscriminately the samples of Kusakdagi and Gokgepinar Formations to recognize if they are derived from
oceanic island arcs, continental island arcs and active or passive continental margins. These criteria must be
used with caution as some sediments are transported from their tectonic setting of origin into a sedimentary
basin in a different tectonic environment (Bauluz et al., 2000).Using this diagram (Fig. 12), it was concluded
that most of the samples were deposited in the continental island arcs field. The differentiation diagram of
Th/Sc-Z/Sc after S. McLennan et al. (1993) is widely used to indicate the composition of the source rock. This
diagram provides information about the degree of fractionation of the source rocks. The plot of Th/Sc versus
Zr/Sc diagram as shown in (Fig. 13), indicates most of the sediments found in the zone of lower continental
crust.

4.4. Distribution of REE

The data on REEs concentrations in comparison to the PAAS values of Taylor and McLennan (1985)
and the NASC values are presented in Table. 8. The average ZREE concentrations of the samples is 52.65 ppm.
The variety in the amount of terrigenous sediment enrichment in these samples, cause to differences in ZREE
content between the carbonate rock samples. The content of almost all of the REE is lower than that of NASC
and PAAS values. The content of the total rare earth elements (XREE) shows a high variation, ranging from
7.31 to 258.3 PPM Table. 8. The average value is 52.6 ppm, which is higher than that of NASC and PAAS
average values. A cursory appraisal of the PAAS and NASC normalized rare earth element plots indicates that
all the samples have similar REE patterns, with moderate to strong fractionation of light rare earth elements over
heavy rare earth elements, that is incompartible with the common distribution of REEs in carbonate rocks
(Gromet et al., 1984; Taylor and McLennan, 1985). The LREE/HREE ratios range from 1.82 to 8.70 with an
average value of 4.09 Table. 6, which is higher than the average value of NASC (3.77 PPM) and lower than the
average value of PAAS (4.3 PPM).
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4.4.1. REE geochemistry

REE concentrations are normalized to PAAS values Taylor and McLennan (1985) in (Fig. 14) and
NASC values in (Fig. 15). The abundance and decreasing of REE content in carbonate rocks can be effected by
different factors, 1) contribution of terrigenous grains from the continent (S. M. McLennan, 1989; Nagarajan et
al., 2011; Piper, 1974), 2) authigenic depletion of REE from the water column and early diagenesis (J.
Madhavaraju and Ramasamy, 1999; Sholkovitz, 1988), 3) scavenging process relative to depth, salinity and
oxygen levels (Bertram and Elderfield, 1993; H. Elderfield et al., 1988; Greaves et al., 1999; Piepgras and
Jacobsen, 1992) and 4) biogenic sedimentation from the overlying seawater (Murphy and Dymond, 1984;
Murray et al., 1991). During the last few years, Yttrium was put between Ho and Dy in the REE pattern
according to its identical charge and similar radius (Bau, 1996). The carbonate rocks of the Kusakdagi and
Gokeepinar Formations show large variations in Y/Ho ratios (22.6 - 63.3) Table. 6. The noticed differences in
the Y/Ho ratios suggest that the samples were polluted by the effect of terrigenous materials (Nagarajan et al.,
2011). Europium anomaly, generally expressed by [Eu/Eux], and can be estimated by comparison of
normalized Eu concentration with an expected concentration (Eux). in this study the europium anomaly is given
by (Taylor and McLennan, 1985);
Eu/Eu* = EUN / [(SmN x GdN)]1/2,
Where N stands for the normalization of REEs to PAAS.

The REE patterns of the samples correlative to PAAS are shown in (Fig. 14) and to NASC in (Fig. 15).
All of the samples (except K11) shows a slight positive Eu anomaly, suggesting a moderate depositional
environment (Berger et al., 2014). The Eu anomalies are useful to grasp the physical and chemical circumstance
of different geological systems (Derry and Jacobsen, 1990; Dymek and Klein, 1988; Walker et al., 1983).
Values higher than 0.85 indicate positive Eu anomaly, values lower than 0.85 indicate a negative Eu anomaly,
and a value of exactly 0.85 indicates no anomaly (Oni et al., 2014). In this study as shown in Table. 6, the
samples show a positive Eu anomaly (Eu/Eu*), which range from (0.81 to 1.41 normalized by PAAS values
with an average of 1.01, and from 0.72 to 1.28 by NASC values with an average of 0.90). According to (C.
German et al., 1993; Kurian et al., 2008; MacRae et al., 1992; J. Madhavaraju and Lee, 2009; Michard et al.,
1983; Murray et al., 1991; Nath et al., 1992), the positive Eu anomalies are mainly generated in sediments
affected by hydrothermal processes, intense diagenesis or variations in plagioclase content. The use of cerium
anomaly was first proposed by H. Elderfield and Greaves (1982) as a result of the change in the ionic state of Ce
as a function of oxidation state and is defined in several ways (Sholkovitz, 1988; Wright et al., 1987). The Ce
anomaly specifies the relative attitude of Ce according to the neighboring LREES and are used to demonstrate
geochemistry settings in distinct aspects. For calculation of Ce anomalies, the corresponding values were
normalized to post-Archean Australian shale (PAAS) by using the following formula (Taylor and McLennan,
1985):

Ce/Ce* = 2Cey / (Lay + Pry), where N stands for the normalization of REEs to PAAS.

The samples show positive Ce/Ce* anomaly with a range of (0.57 — 1.12 with an average of 0.9
normalized by PAAS values, and 0.58 — 1.14 with an average of 0.91 normalized by NASC values; Table. 6).
In general, the positive anomaly of Ce can be generated due to factors like, lithology and diagenesis, paleoredox
conditions, Fe-organic REE rich colloids from the fluvial input and can occur as a result of terrigenous influence
to the sediment (Armstrong-Altrin et al., 2003; C. R. German and Elderfield, 1990; J. Madhavaraju and
Ramasamy, 1999; Nath et al., 1992; Sholkovitz, 1992).

Wright et al. (1987) suggested the following formula for calculating the Ce anomaly:
Ceanom = Log (3Ce,/(2La,+Nd,)), Where Ce,, La,, and Nd, are obtained by chondrite-normalized value.

Ce anomaly with negative or positive signature is present, with the values ranging from -2.9 to 0.08 as
seen in Table. 6. These values are plotted on the Ce anomaly vs. Nd concentration diagram and it shows that
most of the samples are found in the anoxic conditions with a moderate sedimentation speed (Fig. 16). In this
study, the Hf-La/Th discrimination diagram that suggested by Floyd and Leveridge (1987), is applied for the
differentiation of the provenance of the samples (Fig. 17). The samples are plotted in a different field of
andesitic provenance, and that advocates the intermediate igneous provenance of the samples. The normalization
of REE to NASC (Fig. 15), shows that all of the samples have similar patterns that do not vary essentially in
either sample. All of the samples show a flat trend without apparent anomaly, suggesting that these samples
were deposited in an identical sedimentary environment with similar epigenetic evolution and the REE
fractionation was not effected by diagenesis (Li et al., 2008).

V. Geochemical interrelationships
The Geochemical interrelationships of the major element oxides and trace elements of the Kusakdag:
and Gokgepmar carbonate rock samples have been studied and the results given as correlation coefficients
Table. 9 and covariation plots (Fig. 18). As shown in Table. 9, and (Fig. 18) the concentration of SiO,and Al,O;
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are decreased with increasing CaO content in the rock and shows a strong negative correlation between them (r
=-0.986, r = - 0.977 respectively). However, the CaO composition shows a negative correlation with Fe,Og,
TiO,, K,0, Cr,03, Na,O and P,0s, (r = - 0.952, r = - 0.986, r = - 0.965, r = - 0.967, r = - 0.823, r = - 0.947
respectively) (Fig. 18) on the other hand SiO, display a positive correlation with Al,Os, Fe,03 and K,0 (r =
0.985, r = 0.912, r = 0.973 respectively). Also TiO, shows a positive correlation with SiO,, Al,O3 and Fe,O3 (r =
0.982, r =0.994, r = 0.866 respectively) (Fig. 19). In addition, there is a very weak positive correlation between
CaO with MgO and MnO compositions (r = 0.27, r = 0.6 respectively) (Fig. 19). The decreasing in SiO, content
with increasing of CaO concentration of the rock samples (Fig. 18) suggesting that the rock contains different
silicate and carbonate components (Ephraim, 2012). The indicated positive relationship between SiO, and
Al,QO3, and the negative correlation display between CaO and the different insoluble residues (Fig. 18) suggest
that the non-carbonate portion of the rock samples are largely aluminosilicates and that CaO in contrast with the
other oxides of the carbonate rocks, exhibit different modes of origin (Abedini and Calagari, 2015). In order to
estimate the origin of the carbonate rock samples, the bivariate plots of the major oxides and the percentage of
clastic materials existent in the carbonate rocks have been used (Cullers, 2002; Parekh et al., 1977). The
excellent linear correlation display between Y ( SiO,+Al,03+ Fe,03+ Na,0+K,0+ TiO,) and the percentage of
clastic materials and the negative correlation between CaO and LOI with the percentage of clastic materials
(Fig. 20 a, band c) (r =1, r = - 0.989, r = - 0.982 respectively), indicate that these oxides are mainly
incorporated into the clastic materials rather than the calcite, and the carbonate materials are incorporated into
the carbonate phase. The terrigenous source for REEs in carbonate rocks can be indicated by the correlation
coefficients between REEs and certain major and trace elements (Abedini and Calagari, 2015). Positive
correlation of ZREE with Al,O3 and the negative correlation of XREE with CaO (Fig. 19 d and e) (r = 0.964, r =
- 0.914 respectively), indicate to the appearance of the terrigenous component, that could be the origin of REE
in these carbonate rocks. The Ce/Ce* values show a weak positive or negative correlation with U and CaO (Fig.
20 a, b) (r =0.25, r = - 0,3 respectively), suggesting that the changes in Ce anomalies are not affected by the
paleoredox climate of the depositional environment. The Ce/Ce* values also have a linear or a very weak
positive correlations with Mn, Fe and Pb (Fig. 20 f, g, h) (r = 0.153, r = 0.117, r = 0.318 respectively).
Suggesting that this carbonate rock samples were precipitated in a mid to shallow marine environment. The
Ce/Ce* values have a linear or a very weak positive correlations with Si and Zr (Fig. 21 ¢, d) (r = 0.366, r =
0.253 respectively), Suggesting that the Ce enrichment and Ce anomaly of this carbonate rocks are not affected
so much by the material entrance to the basin. The positive correlation between Eu and Al,O3 (Fig. 22 a) (r =
0.828), content suggest the detrital origin of this element. The Eu/Eu* values display a very weak negative
correlations with Zr, Y, Th, Hf (Fig. 22 b, ¢, d, e) (r =-0.338, r = - 0.29, r = - 0.267, r = - 0.327 respectively),
suggesting that the occurrence of Eu anomalies in the samples studied is not effected by the diagenesis processes
(J. Madhavaraju and Lee, 2009). Recently, trace elements such as Th and Sc used as indicators of carbonate
rocks contamination (Webb and Kamber, 2000). The Th and Sc shows a very strong positive correlation with
Al,O; contents (Fig. 23 a, b) (r = 0,988), which advocate the presence of shale contamination in the carbonate
rock samples of Kusakdagi and Gokgepinar Formations.

VI.  Conclusions

In order to get a better knowledge of the oil generation characteristics of Kusakdagi samples, a
combined investigation of organic geochemistry and organic petrology had been applied. For this reason, Rock-
Eval pyrolysis data is used to determine the organic matter content, types of organic matter, thermal maturation
level and the source rock potential of the Late Permian Kusakdag: Formation. In addition, the geochemistry of
the Late Permian Kusakdagi and Lower Triassic Gokgepimar Formations were also studied. The results obtained
from Rock-Eval pyrolysis analysis indicates that the organic matter of the Late Permian Kusakdagi Formation
contains Type 1l kerogen (Vitrinite) and Type IV kerogen (Inertinite). The Corg amounts of the source rock
terrigenous material in the Kusakdagi Formation carbonate rocks range from 0.13 % to 4.15 % with an average
value of 0.698 %, consistent with having poor source rock potential and that advocated by the low S1, S2 and HI
values. According to the data obtained from HI-Tmax and S2-TOC diagrams, the Kusakdagi carbonate rocks are
plotted within the fields characteristic for Type 111 and Type 1V kerogen field with a poor source rock potential.
The maturity of the Kusakdagi samples was estimated by the Tmax values. According to Tmax and Pl values,
the samples are generally of over mature stage. Potential yield (PY) values of the Kusakdagi Formation were
found between 40-520 mgHC/g, indicating that the samples are having a very low hydrocarbon generation
potential. Positive correlation of XREE with Al,O3 and negative correlation of XREE with CaO indicate to the
existence of terrigenous fractions, that is may be the source for REE in these carbonate rocks. The high CaO
content in these samples refer to the high proportion of calcite in these carbonate rocks. The observed high K,O/
Na,O ratios are because of the K-metasomatism. All of the samples have an Al,O; / TiO, ratio above 10 with an
average of 19 which is an indication that the source rock is felsic or intermediate igneous rock. The REE
contents in the carbonate rocks of Kusakdagi and Gokgepinar Formations are very low compared to the PAAS
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and the NASC values. The strong positive correlation of REEs with elements such as Si, Al, Ti, V, Co, Ni, Rb,
Cu, and Nb, and the negative correlation between REEs and CaO, suggest that the distribution of REEs in the
studied carbonate rocks are controlled by the terrigenous materials. Trace element ratios of the immobile
elements such as Th, Zr, Co and Sc can be used to indicate the provenance signature. Using the discrimination
plots Th-Co-Zr/10, Th-Sc-Zr/10 according to Bhatia and Crook (1986), the analyzed samples are typical of the
continental island arcs and partially of the oceanic island arcs tectonic settings. The results suggest that the
samples of Kusakdagi and Gokgepinar Formations were derived from intermediate igneous provenance and they
are deposited in a mid to shallow saline water environment with hot-dry climates and anoxic conditions.
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carbonates in southern Anhui, South China. Chemical Geology, 265 (3), 345-362.

Table. 1 Contents of Rock-Eval/TOC analysis and calculated parameters of the samples from the Early Permian
Kusakdagi Formation.

TOC* s1® S2° S3¢ HI° or PI° Tmax"  PY'

Sample NO. \1o6)  (mgHCg) (mg HC/g) (mg HC/g) (mgHC/gTOC)  (mgCO2/gTOC)  (S1/S1+S2)  (°C)  (PPM)
K1 042 002 0,33 031 79 74 0,05 449 350
K2 092 002 0,06 05 7 54 02 NA 80
K3 092 002 0,05 121 5 132 0,29 NAY 70
K4 03 0,01 0,04 0,18 13 60 0,19 43 50
K5 415 003 0,49 4,19 12 101 0,05 53 520
K6 139 002 0,15 15 11 108 0,09 52 170
K7 03 0,01 0,07 021 23 70 0,16 508 80
K8 066 001 0,13 047 20 71 0,09 513 140
K9 246 002 0,34 217 14 88 0,07 50 360
K11 065 001 0,05 077 8 118 0,13 50 60
K12 022 001 0,05 0,18 23 82 0,14 483 60
Ki4 021 001 0,04 0,18 19 86 0,19 4713 50
KI5 016 001 0,03 0,22 19 138 0,18 479 40
K16 027 001 0,11 0,22 4 81 0,11 412 120
K17 017 001 0,07 02 4 118 0,14 483 80
K19 014 001 0,03 0,14 21 100 0,17 477 40
K20 013 001 0,03 0,09 23 69 0,19 476 40
K21 019 0,01 0,07 0,18 37 95 0,12 478 80
K26 017 0,01 0,04 0.2 24 118 0,13 478 50
K33 013 001 0,05 0,18 38 138 0,17 448 60

*TOC = Total organic carbon; °S1 = Free hydrocarbons; °S2 = Pyrolysable hydrocarbons;
933 = Carbon dioxide; °HI = Hydrogen index; ‘Ol = Oxygen index; %P1 = Productivity index;
"Tmax = Temperature of maximum S2; 'PY = Potential yield; 'HC = Hydrocarbon.

“N/A = Due to high PI values unsuitable Tmax values

Table 2. Identification of the source rock quality based on TOC and Rock- Eval pyrolysis data from (K. Peters,

1986).
Quality TOC (wt.%) S1 (mg. He./gm rock) S2 (mg. He./gm rock)
Poor 01t0<0.5 0-0.5 0-2.5
Fair 0.5-1.0 0.5-1.0 255
Good 1-2 1-2 5-10
Very good >2 >2 >10

Table 3. Determination of kerogen types according to S2/S3 parameters from (K. E. Peters and Cassa, 1994).

S2/S3 Kerogen Type
>15 |
10-15 1
5-10 1/
1-5 11
<1 \
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Table 4. Kerogen and hydrocarbon types according to HI values From (K. E. Peters and Cassa, 1994) .

HI (mg HC/g Corg) Kerogen type and HC type
<50 Type IV, little gas
50-200 Type IlI, gas
200-300 Type II-Tip 11, oil and gas
300-600 Type 11, oil
>600 Type 1, ail

Table 5. Major oxide, total carbon (TOTC), total sulphur (TOTS), Loss On Ignition (LOI) contents (wt %) and
clastic and carbonate ratios of the samples from the Kusakdagi and Gokgepinar Formations.

SAMPLES SiO, ALO; Fe;0O3 MgO CaO Na,0O K,O0 TiO, P,0Os MnO Cr,0; LOI Total Clastic Carbonate TOTC TOTS

K1 396 038 021 066 5228 005 004 002 001 001 0002 422 9984 486 9514 1266 0,08
K2 857 255 227 086 4687 02 02 013 001 002 0006 379 9962 14,37 8563 1147 059
K3 7167 1268 311 051 147 041 11 076 003 001 0016 81 9989 89,92 1008 1124 003
K4 25 08 034 09 527 003 018 004 001 001 0003 423 998 41 95,9 12,64 025

K5 4392 1549 353 089 544 012 129 09 004 001 0022 281 9981 6557 3443 1169 021
K6 109 411 146 041 4361 005 036 019 001 001 0005 384 9956 1758 8242 11,69 005
K7 447 122 053 059 51,15 003 01 006 001 001 0002 416 9974 6,66 9334 1252 0,07
K9 17,23 58 243 063 3679 006 069 029 001 001 0006 356 9955 2698 7302 1148 0,09
Kii 3372 128 58l 095 1876 038 137 061 003 004 0014 252 9969 5509 4491 689 007

K12 363 094 045 087 5182 006 014 005 001 001 0002 419 9987 541 94,59 12,35 0,06
K15 338 065 026 079 5246 001 01 003 001 001 0002 422 9994 455 95,45 12,48 0,02
K17 156 042 021 081 5373 001 009 002 001 001 0002 431 9993 236 97,64 12,75 0,03
K20 071 029 017 084 5405 001 008 001 001 001 0002 438 9993 131 98,69 13,07 0,03
K23 1,97 0,6 022 09 529 002 015 0,03 001 001 0002 43 9991 3,09 96,91 12,51 0,04
K26 107 032 019 072 5404 002 007 002 001 001 0002 435 9992 174 98,26 12,66 0,03
K29 14 025 019 0,75 5397 002 005 001 001 001 0,002 433 9992 198 98,02 12,76 0,02
K32 2,42 0,5 025 078 5325 001 011 0,2 001 001 0002 425 9991 347 96,53 12,58 0,03
K33 192 028 017 0,76 5364 001 006 002 001 001 0,002 431 9992 2,5 97,5 12,44 0,02
K37 245 047 016 089 5304 002 01 002 001 001 0002 427 9992 337 96,63 12,45 0,03
K39 411 047 019 086 5227 002 009 003 001 001 0002 41,9 9991 497 95,03 12,43 0,03
K40 53 059 042 073 51,78 002 0,09 006 001 001 0002 408 9991 6,69 93,31 12,01 0,28
K41 305 105 063 083 5197 002 023 005 001 001 0,002 421 9991 51 94,9 12,26 0,03
T1 1,72 055 138 534 4715 002 01 003 001 001 0002 436 9986 391 96,09 12,78 0,03
T2 244 043 029 029 5357 001 007 003 001 001 0002 426 99,77 354 96,46 12,76 0,04
T3 1,62 052 12 459 4843 002 009 003 001 001 0002 434 9986 3,58 96,42 12,79 0,03
T4 141 044 044 034 5423 001 009 003 001 001 0002 428 998 2,63 97,37 12,83 0,03
T5 384 106 057 033 5217 001 018 0,07 001 001 0,002 416 998 59 94,1 12,03 0,02
T6 514 074 043 025 51,76 001 013 006 001 001 0,002 412 9975 6,79 93,21 12,02 0,02
Avg, 879 237 098 100 4662 006 026 013 0,01 001 0,004 3959 9983 12,15 0,08

ASC, 64,21 17,02 6,71 27 344 144 358 072 019 0,65 - - - - -
PAAS, 628 189 722 22 13 12 37 1 0,16 011 0,01 6

NASC, 648 169 566 28 363 114 397 07 013 0,06 - - - - -

The samples with bold color (K3, K5, K11) are in shale composition. The other ones are in limestone compositions.
a) From (Clarke, 1924)

b) From (Taylor and McLennan, 1985)
¢) From (Gromet et al., 1984)
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Table 6. Key major and trace element ratios for the samples from the Kusakdagi and Gok¢epinar Formations.

samp Al(Al+Fe+ K, ONa ALOJTi o, SI/B V/V+ LREH 3RE YH EUEL EuBu Ce/Ce CefCe  Ce
le Mn) ,0 0, a Ni RE E ) a b *a b anom ©
K1 0,63 0g0 1900 BT M3 us a7 o7a 00 1w 128 102 114 ooe
K2 0,53 100 1962 0BT 822 4540 57 B2 268 07 097 097 099 001
9 5 9 6
K3 0,80 268 1668 2322 293 440 642 > %09 o08s o078 106 108 001
K4 0,71 600 2150 %08 4560 415 230 30 03 075 0gr 089 007
K5 0,81 1075 1721 2460 328 1380 605 oo ‘¢l ogs 077 100 102 002
K6 0,74 720 2163 0% %% 1310 71 0% P 099 089 093 094 003
K7 0,69 333 203 120 28 4u0 s 220 333 403 003 09 098 00
K9 0,70 1so 2007 %% 8 4500 g0 U0 2% 098 088 097 099 001
K11 0,69 361 2098 9302 %' 3670 58 o % 104 095 08 08 009
K12 0,67 233 1880 908 1B 460 a7 4%'3 3}3'5 104 094 08 090 -0,08
KI5 071 w00 2067 00 9 410 oz, 132 20 17 113 087 08 009
K17 0,66 900 2100 T B 330 310 198 933 095 084 104 105 002
K20 062 800 29,00 3457*2 2;);3, 200 346 9,37 32'5 104 091 103 105 0,00
K23 0,72 750 2000 969 2 290 429 30 313 004 o085 0gs 087 000
K26 0,62 350 1600 0 Lo3a0 4z 00 100 097 077 078 04
K29 0,56 250 25,00 56;3*0 118* 300 315 4%'0 087 078 084 085 011
K32 0,66 100 2500 20 2210 3ee %P 392 098 0sr 095 097 005
K33 0,61 600 1400 B2 5 g0 4es M %L 408 096 072 073 02
K37 0,73 500 2350 27 1f§ 360 3,76 198'9 L% 090 0g8 085 08 010
K39 0,70 as0 1567 S0 2 240 z1a 1% %22 0m 072 08 087 012
K& 058 as0 983 0T B eg0 30 %% 8 096 086 091 092 008
K41 0,62 1s0 2100 %0 9%’9 320 410 3%'0 %% 096 087 085 08 011
T1 0,28 500 1833 At 0 550 233 80 93 403 092 057 058 029
T 0,59 700 1433 2 3Tho3s0 1g 9% %0 101 089 097 099 003
T3 0,30 as0 1733 o135 0 300 23 %% %% o0es o083 o060 o061 02
T4 0,49 900 1467 D3 32300 200 0% RO 104 092 09 09 001
T5 0,65 1800 1514 07 D% 340 303 2% 25 405 004 080 091 006
T6 0,63 1300 1233 0% M4m0 200 P2 %00 130 0e8 092 04 004
Avg. 063 674 1892 SN M5 ez 400 2% B0 40 000 090 091 007

a) normalized to PAAS from (Taylor and McLennan, 1985)
b) normalized to NASC from (Gromet et al., 1984)

c¢) normalized to chondrite from (Taylor and McLennan, 1985)

DOI: 10.9790/0990-0504020635 www.iosrjournals.org 19 | Page



Trace Including Ree+Y And Organic Geochemistry Of Kusakdagi And Gokgepinar Formations In ..

Table 7. Trace elements concentrations (ppm) of the samples from the Kusakdagi and Gékgepinar

Formations..

Sample Sc Cu Pb Zn Ni Ba Co Cs Ga Hf Nb Rb Sr Ta Th U \% Zr
K1 1 18 82 10 35 12 03 06 05 01 03 15 11318 01 03 37 20 4.2
K2 3 28 68 12 93 34 2,6 1 16 08 29 78 279%66 02 25 54 67 32,6
K3 8 87 227 6 34 69 1,7 6,9 17 42 17,2 496 202 12 106 3,1 157 1556
K4 1 2 35 8 4,6 3 0,3 03 05 02 08 44 12737 01 0,6 51 26 8,8
K5 13 12,8 198 15 128 96 41 66 21,7 55 246 787 3149 17 105 24 351 240,22
K6 3 57 62 16 121 33 34 11 36 13 58 174 3251 04 4 8 81 555
K7 1 19 26 7 34 7 09 01 o05 04 15 45 19486 01 08 23 25 159
K9 4 87 91 24 17 37 6,4 2 5 2 86 32 32137 0,6 53 8,3 92 80,6
K11 11 165 16,7 62 357 76 148 63 155 43 17,7 70,2 15348 11 115 109 193 1714
K12 1 51 26 4 36 6 07 03 05 05 13 61 8203 01 11 18 14 183
K15 1 2 3 6 31 7 08 02 05 02 07 35 3218 01 04 19 27 86
K17 1 13 22 5 23 4 08 03 05 02 04 25 354 01 03 17 16 65
K20 1 12 18 5 19 2 02 01 o5 02 01 16 4167 01 02 19 19 49
K23 1 48 64 5 19 4 04 04 05 02 06 48 4651 01 08 17 23 79
K26 1 31 31 5 23 3 0,6 02 05 01 06 17 5146 01 0,2 2,2 12 51
K29 1 09 28 3 21 3 0,2 o1 05 01 03 12 5112 01 0,2 2 11 4.8
K32 1 12 21 4 11 2 02 04 05 01 04 33 5425 01 04 12 13 61
K33 1 09 24 3 18 3 02 02 05 01 02 18 4664 01 03 15 18 47
K37 1 18 19 4 26 3 05 01 05 02 04 33 493 01 07 21 9 8,2
K39 1 1,7 22 3 14 2 0,3 01 05 06 07 27 5213 01 0,4 2,4 18 283
K40 1 19 33 7 59 13 33 01 05 13 16 27 5087 01 11 3 30 603
K41 1 44 57 7 2,2 5 0,6 07 05 03 1 74 4648 0,1 0,7 1,7 22 124
T1 1 31 33 5 22 12 06 01 O0O5 03 04 29 3847 01 03 05 10 104
T2 1 146 408 5 25 5 062 01 o5 03 03 16 1881 01 04 03 8 10
T3 1 46 41 6 29 12 08 01 05 01 03 26 4202 01 03 05 9 8
T4 1 3 43 4 2 5 05 o1 05 02 03 22 1511 01 05 03 15 94
T5 1 1,7 31 4 24 11 1,2 03 05 05 12 56 15322 01 0,9 05 12 21
T6 1 31 27 3 33 1 o7 01 O5 O5 07 35 19839 01 07 04 10 187
Avg. 23 43 69 89 53 171 17 10 28 09 32 11,7 10649 03 20 35 467 364

PAAS, 16 50 20 8 55 650 23 15 20 5 19 160 200 112 146 31 150 210

NASC 149, 45, 204 2,7 58, 636, 257, 516, - 63, 13¢ 125, 142, 112, 12,3, 2,66, 130, 200,

PAAS, from (Taylor and McLennan, 1985)

NASC,, from (Gromet et al., 1984)

NASC, from (Jarrar et al., 2000)

NASC4 from (Condie, 1993)
NASC, from (Morgan et al., 1978)
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Table 8. Rare earth element concentrations (ppm) of the samples from the Kusakdagi and Gokgepinar

Formations..

Sample La Ce Prm Nd Sm Eu Gd Tb Dy Y Ho Er Tm Yb Lu YREE XLREE XHREE
K1 1,1 27 028 08 021 006 019 003 018 15 0,05 0,11 001 0,08 0,01 7,31 5,34 1,97
K2 17,2 358 42 159 307 064 258 034 193 94 035 08 012 0,78 0,1 93,29 79,39 13,9
K3 368 771 758 248 325 051 24 039 267 156 058 195 029 195 03 176,17 152,44 23,73
K4 45 8 099 36 07 012 066 007 053 32 01 0,28 003 023 0,03 2304 18,57 4,47
K5 47,7 935 967 322 443 068 318 054 395 20 083 2,72 04 275 042 22297 191,36 3161
K6 201 405 5,06 191 376 067 272 039 209 82 035 086 012 0,76 0,1 104,78 9191 12,87
K7 4.4 89 103 38 068 015 069 009 059 3 009 027 003 026 0,03 2401 19,65 4,36
K9 20,8 442 527 198 343 059 236 032 1,71 7 031 0,78 011 0,76 0,1 107,54 96,45 11,09
K11 534 923 119 451 876 1,77 7,28 1 524 248 098 258 037 247 0,33 25828 22051 37,77
K12 8 136 15 58 133 029 129 018 101 6 019 049 0,07 044 0,05 40,3 31,87 8,43
K15 2,7 45 052 2 031 0,09 036 005 037 19 007 017 002 015 0,01 1322 1048 2,74
K17 2 39 037 14 022 005 028 004 034 19 003 016 001 015 0,02 1087 8,22 2,65
K20 1,7 35 036 12 019 005 027 004 028 15 0,04 013 001 0,09 0,01 9,37 7,27 2,1
K23 108 182 219 84 164 031 147 021 118 72 023 061 008 044 007 5303 4301 10,02
K26 3,2 47 062 21 036 009 042 005 033 18 006 021 002 0,15 0,01 1412 11,49 2,63
K29 33 51 058 2 04 008 047 006 041 28 007 022 003 017 003 1572 1193 3,79
K32 61 115 127 52 081 019 102 0,24 082 51 013 042 005 037 0,04 3316 26,09 7,07
K33 4,2 49 053 19 032 008 038 005 034 19 006 013 0,01 0,13 0,01 1494 1231 2,63
K37 4 6,7 08 31 049 011 056 0,07 047 31 006 026 003 019 0,02 1998 1578 4,2
K39 33 52 058 24 042 008 051 006 044 29 009 021 003 022 0,03 1647 12,49 3,98
K40 58 0 111 44 08 017 087 013 082 51 016 048 007 041 006 30,38 2315 7,23
K41 6,1 10 121 49 09 018 087 013 067 4 015 044 0,04 042 004 30,05 24,16 5,89
T1 59 63 109 43 087 021 106 0,24 082 63 016 046 005 033 0,04 2803 19,73 8,3
T2 25 51 059 26 058 014 074 011 064 51 0415 037 005 028 0,04 1899 12,25 6,74
T3 6,2 71 118 5 094 02 11 015 092 71 018 046 005 032 0,04 3094 21,72 9,22
T4 3,6 77 09 37 079 02 103 015 097 62 02 054 007 039 0,07 265 17,97 8,59
T5 4,9 92 116 48 093 022 105 0415 087 52 016 047 006 039 0,05 2961 2226 7,35
T6 34 68 08 33 062 016 0776 0411 071 36 012 039 004 031 0,03 21,2 15,89 531
Avg. 10,49 1954 227 834 147 029 131 0419 112 612 0,21 061 008 055 0,07 5265 4370 8,95

PAAS, 382 796 883 339 555 108 466 0,77 468 27 099 285 041 282 043

NASC 311, 66,7, 7,9. 27,4, 559, 1,18, 4,55, 085, 351, 274 1,04, 193, 05. 3,06, 0,456,

PAAS, from (Taylor and McLennan, 1985)

NASC,, from (Gromet et al., 1984)

NASC, from (Haskin et al., 1968)

NASCq from (Jarrar et al., 2000)
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Table 9. Pearson correlation coefficients among major, trace, and rare earth elements of the samples from the
Kusakdagi and Gokgepinar Formations.

5102  AlLO: Fe0: MgO Ca0 NaO K0 Ti0: PO MnO LOI TOTC Cu Pb Ni Ba Nb Eb S U WV Zr Ce Eu ZIREE
502 Lo
ALO: 08 Lo
Fa:0: 08 0% Lo
MzO 01 0.1 0.1 10
Cz0 -10 -10 0% 0.0 Lo
Na0 0% 0.3 0.8 01 -08 10
K0 0% Lo 0.9 01 -10 0.8 10

TiO: 02 10 09 01 -10 08 10 10
P:O: 02 10 08 01 098 07 0% 10 10

MO 03 0.5 0.7 00 04 07 05 04 04 10

Lo 10 09 08 01 09 08 09 09 08 04 10
TOTC 06 07 09 01 06 08 08 06 06 098 06 10

Cu 0.6 0.7 0.8 01 07 0.6 0.8 0.7 0.7 05 06 07 10

Pb 0.3 0.3 0.4 02 035 0.3 0.5 0.5 0.5 02 03 03 08 10

Ni 0.3 0.7 0.9 01 06 0.6 0.8 0.6 0.6 08 03 0% 07 03 10

Ba 0% Lo 0.9 00 -10 0.8 10 10 0 05 08 -07 07 03 07 10

Nb 0% Lo 0.9 01 -10 0.8 10 10 10 04 0% 07 07 03 07 10 10

Eb 0% Lo 0.9 01 0% 0.8 10 10 0 05 08 -07 08 03 08 10 10 10

St 0.0 0.1 02 03 00 0.1 0.1 0.0 £2 02 00 03 02 02 04 02 01 01 10

U 0.6 0.3 0.7 01 07 04 0.8 0.8 0.8 03 03 035 06 03 06 08 08 08 02 10

v 0.3 Lo 0.8 01 0% 0.6 0.2 10 0 04 07 06 07 053 06 10 10 10 01 0% 10
Ir 0% Lo 0.9 01 0% 0.7 10 10 0 04 08 07 07 053 07 10 10 10 00 08 10 10

Cce 02 10 09 01 09 08 10 10 09 06 09 08 08 05 08 10 10 10 02 08 09 10 10
En 06 08 09 00 07 08 0% 07 06 09 06 09 07 04 09 08 07 08 04 06 07 07 09 10

IREE 08 10 10 01 0% 08 10 09 09 06 08 08 08 05 08 10 10 10 02 08 09 09 10 09 1

Figure List:

Fig. 1 Location map of the study area.

Fig. 2 Simplified geological map of the Beyreli (Hadim-Konya) area, southern Turkey (modified from Turan,
2010).

Fig. 3 Generalized Stratigraphic columnar section of the study area (modified from Turan, 2010).

Fig. 4 Microscopic images of the shale and limestone samples from the Kusakdagi Formation a- Hemigordius
sp., b- Mizzia sp., c- Climacammina sp., d- Frondinodosaria sp., e- Hexagonaria sp., f- Globivalvulina sp.
Fig. 5 Sample locations on the stratigraphic section of the Kusakdagi Formation.

Fig. 6. a) Plot diagrams of HI (mg HC/g TOC) versus TOC (wt.%) of the sample groups, indicating an poor
potential for generating gas (from Jackson et al., 1985); b) Distribution of the carbonate samples on the S2
versus TOC plot diagram (from Dembicki Jr, 2009).

Fig. 7. a) A plot of HI versus OI of the samples from the Kusakdagi Formation (from B. P. Tissot and Welte,
1984); b) Plot of Hydrogen Index (HI) versus (Rock-Eval) Tmax values for the samples analyzed showing
kerogen quality and thermal maturity stages ( from Espitalié et al., 1977).

Fig. 8. Provenance discrimination diagram for the Carbonate samples after Roser and Korsch (1988);
Discriminant function 1 = (-1.773 TiO, + 0.607 Al,O; + 0.76 Fe,0; (total) — 1.5 MgO + 0.616 CaO + 0.509
Na,O — 1.224 K,O — 9.09); Discriminant function 2 = (0.445 TiO, + 0.07 Al,O; — 0.25 Fe,05 (total) —1.142
MgO + 0.438 CaO + 1.475 Na,O + 1.426 K,0O — 6.861).

Fig. 9. PAAS-normalized major oxide patterns of the sample groups from the Kusakdagi and Goékgepinar
Formations.

Fig. 10. Composition of the sample groups from the Kusakdag: and Gék¢epinar Formations on the Na,O/Al,O;
vs. K,0/Al,O5 discrimination diagram (from Garrels, 1971).

Fig. 11. PAAS-normalized trace element patterns of the sample groups from the Kusakdagi and Gokgepinar
Formations.

Fig. 12. Plot of the sample groups from the Kusakdagi and Gokgepinar Formations on the tectonic
discrimination diagrams Th-Sc-Zr/10 and Th-Co-Zr/10 (after Bhatia and Crook, 1986). A. Oceanic island arc.
B. Continental island arc. C. Active continental margins. D. Passive continental margins.

Fig. 13. Plot of the sample groups from the Kusakdagi and Gokgepinar Formations on the Th/Sc versus Zr/Sc
diagram (after S. McLennan et al., 1993).

Fig. 14. PAAS normalized REE patterns of the sample groups from the Kusakdagi and Gokgepinar Formations.
Fig. 15. NASC normalized REE patterns of the sample groups from the Kusakdagi and Gokgepinar Formations.
Fig. 16. Plot of Ce anomaly versus Nd concentrations; the dividing line between Anoxic and oxic is after
(Wright et al., 1987).
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Fig. 17. Hf-La/Th diagrams after (Floyd and Leveridge, 1987) of the sample groups from the Kusakdagi and
Gokeepinar Formations.

Fig. 18. Bivariate plots of the sample groups from the Kusakdagi and Gokgepinar Formations a) CaO vs. SiO2,
b) CaO vs. Al,O3, ¢) CaO vs. Fe,03, d) CaO vs. TiO,, €) CaO vs. K,0, f) CaO vs. Cr,03, g) CaO vs. Na,0, h).
CaO vs. P,0s.

Fig. 19., d) SiO, vs. TiO,, €) TiO, vs. Al,O3, f) TiO; vs. Fe,03, g) CaO vs. MgO, h) CaO vs. MnO.

Fig. 20. Bivariate plots of the sample groups Bivariate plots of the sample groups from the Kusakdagi and
Gokeepinar Formations. a) SiO, vs. Al,O3, b) SiO, vs. Fe, 03, ¢) SiO; vs. KO from the Kusakdagi and
Gokeepinar Formations. a) SiO,+Al,03+Fe,03+Na,O +K,0+TiO, vs. Clastic %, b) CaO vs. Clastic%, c. LOI
vs. Clastic%, d) ZREE vs. Al,O3, ¢) ZREE vs. Ca0, f) Ce/Ce* vs. MnO, g) Ce/Ce* vs. Fe,03, h) Ce/Ce* vs. Pb.
Fig. 21. Bivariate plots of the sample groups from the Kusakdagi and Gokgepinar Formations. a) Ce/Ce* vs. U,
b) Ce/Ce* vs. CaO, c) Ce/Ce* vs. SiO,, d) Ce/Ce™* vs. Zr.

Fig. 22. Bivariate plots of the sample groups from the Kusakdagi and Gék¢epinar Formations. a) Eu vs. Al,Os,
b) Eu/Eu* vs. Zr, ¢) Eu/Eu* vs. Y, d) Eu/Eu* vs. Th, e) Eu/Eu* vs. Hf.

Fig. 23. Bivariate plots of the sample groups from the Kusakdagi and Gokgepimnar Formations. a) Al,O3 vs. Th,
b) Al,O3 vs. Sc.
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Fig. 1 Location map of the study area.
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Fig. 2 Simplified geological map of the Beyreli (Hadim-Konya) area, southern Turkey (modified from Turan,
2010).
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Fig. 3 Generalized Stratigraphic columnar section of the study area (modified from Turan, 2010).
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Fig. 4 Microscopic images of the shale and limestone saples from the Kusakdal Formation a- Hemigordius
sp., b- Mizzia sp., c- Climacammina sp., d- Frondinodosaria sp., e- Hexagonaria sp., f- Globivalvulina sp.
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Fig. 5 Sample locations on the stratigraphic section of the Kusakdagi Formation.
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Fig. 6. a) Plot diagrams of HI (mg HC/g TOC) versus TOC (wt.%) of the sample groups, indicating an poor
potential for generating gas (from Jackson et al., 1985); b) Distribution of the carbonate samples on the S2
versus TOC plot diagram (from Dembicki Jr, 2009).
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Fig. 7. a) A plot of HI versus OI of the samples from the Kusakdagi Formation (from B. P. Tissot and Welte,
1984); b) Plot of Hydrogen Index (HI) versus (Rock-Eval) Tmax values for the samples analyzed showing
kerogen quality and thermal maturity stages (from Espitalié et al., 1977).
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Fig. 8. Provenance discrimination diagram for the Carbonate samples after Roser and Korsch (1988);
Discriminant function 1 = (-1.773 TiO, + 0.607 Al,O5 + 0.76 Fe,05 (total) — 1.5 MgO + 0.616 CaO + 0.509

Na,O — 1.224 K,0 - 9.09); Discriminant function 2 = (0.445 TiO, + 0.07 Al,O3 — 0.25 Fe,05 (total) —1.142
MgO + 0.438 CaO + 1.475 Na,O + 1.426 K,0 - 6.861).
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Fig. 9. PAAS-normalized major oxide patterns of the sample groups from the Kusakdagi and Gokgepinar
Formations.
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Fig. 10. Composition of the sample groups from the Kusakdagi1 and Gék¢epinar Formations on the Na,O/Al,O;

vs. K,0/Al,O5 discrimination diagram (from Garrels, 1971).
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Fig. 11. PAAS-normalized trace element patterns of the sample groups from the Kusakdag: and Gokgepiar

Formations.
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Fig. 12. Plot of the sample groups from the Kusakdagi and Gokgepinar Formations on the tectonic

discrimination diagrams Th-Sc-Zr/10 and Th-Co-Zr/10 (after Bhatia and Crook, 1986). A. Oceanic island arc.
B. Continental island arc. C. Active continental margins. D. Passive continental margins
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Fig. 13. Plot of the sample groups from the Kusakdagi and G6ékgepimar Formations on the Th/Sc versus Zr/Sc

diagram (after S. McLennan et al., 1993).
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Fig. 15. NASC normalized REE patterns of the sample groups from the Kusakdagi and Gokgepinar Formations.
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Gokeepinar Formations.
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