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1.  Introduction
During the Eocene/Oligocene transition, the Paratethys 
Ocean extending from France in Europe to Mangyshlak 
in inner Asia began to separate from the Tethys Ocean 
(Figures 1a–1c) (e.g., Rögl, 1999; Linda et al., 2003; 
Popov, 2004, 2010). The Lower Solenovian manganese 
ore deposits common in the Thrace Basin (Öztürk and 
Frakes, 1995; Gültekin, 1998) and in different areas of 
the Eastern Paratethys (Varentsov, 2002; Varentsov et 
al., 2003) have been considered to be clear evidence for 
a connection between the Thrace Basin and the Eastern 
Paratethys (Figure 1d). Similarity between the Lower 
Oligocene Mezardere oils of Western Turkey and Western 
Turkmenistan oils could be additional evidence that 
these oils are sourced from the Lower Oligocene source 
rocks deposited in the Eastern Paratethys (Figures 1a–1c) 
(Gürgey, 1999). Because of this and other reasons that will 
be discussed in the following sections, chronostratigraphic 

terms of the Eastern Paratethys (Figures 2a and 2b) are 
used throughout this study.

 The gradual isolation of the Paratethys during the 
Pshekhian (Nannoplankton zones NP21/22) to Solenovian 
(NP23) may have caused the basin-wide occurrence of 
organic-rich sediments, deposited in a dysoxic–anoxic 
environment (Popov et al., 1993; Rögl, 1998, 1999) that 
constituted the active hydrocarbon source rocks in most 
parts of the Paratethys. The Maikop Group all over the 
Eastern Paratethys, particularly in the South Caspian 
Basin (Saint-Germes et al., 2000), the Menilite Formation 
in the Alpine Foreland Basin/Carpathians (Sachsenhofer 
et al., 2011), and the Ruslar Formation in the Kamchia 
Depression (Western Black Sea) onshore and offshore 
Bulgaria (Sachsenhofer et al., 2009; Bechtel et al., 2014) as 
well as the Tard Clay in the Pannonian Basin (Vetö, 1987; 
Bechtel et al., 2012) are good examples of organic-rich 
and active shale source rocks deposited in the Paratethys. 
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The Lower Oligocene Mezardere Formation from the 
Thrace Basin showing similar depositional history with 
the aforementioned Paratethys source rock examples is 
attributed to part of the Eastern Paratethys (Bati et al., 1993; 
Öztürk and Frakes, 1995; İslamoğlu et al., 2008; Bati, 2015). 

The Eocene/Oligocene boundary in the Eastern 
Paratethys is characterized by a major sea level drop, 
which is followed by a subsequent sea level rise in the 
Rupelian (Popov et al., 2010). Turgut and Eseller (2000), 
based on the well log, core, outcrop, and biostratigraphic 
data and regional stratigraphic framework, have reported 
a major sea-level change and an occurrence of a long-
term transgression during the Pshekian and Solenovian 
(Rupelian) (Figure 3). This appears to be the case, but our 
recent work and study on the geochemical proxies have 
indicated that there are also short-term fluctuations/cycles 

within this long-term transgression period proposed 
earlier by Turgut and Eseller (2000). 

Petroleum potential of the Lower Oligocene Mezardere 
Formation in the Thrace Basin has been studied so far 
by several investigators. The authors in general pointed 
out that shales within the Mezardere Formation showed 
both conventional (Bürkan, 1992; Soylu et al., 1992) 
and unconventional shale-oil potential (Gürgey, 2015). 
However, the thickness of organic-rich interval/intervals 
(i.e. top and base levels) within the considerably thick (i.e. 
average thickness penetrated by the four wells used in this 
study is 1403 m; see Table 1) Mezardere Formation is still 
not known.  

Most researchers have considered that transgressive 
intervals in general show high organic carbon content 
with marine amorphous type I and II organic matter 
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Figure 1. Maps showing (a) Isolated Eastern Paratethys from the Tethys Ocean in Solenovian, (b) Birth of the Eastern Paratethys 
from the Tethys Ocean in Pshekian, (c) A widespread Tethys Ocean in Beloglinian (Popov et al., 2004), and (d) Map showing the 
paleolocality of the Thrace Basin on the Eastern Paratethys during the Lower Oligocene (Robinson et al., 1996). The map also shows 
surface and subsurface occurrences of oils generated from Lower Oligocene source rocks (Gürgey, 1999) and Lower Oligocene 
aged manganese (Mn) deposit occurrences in the Eastern Paratethys including Binkılıç Mn deposits in the Thrace Basin (Öztürk 
and Frakes, 1995; Varentsov, 2002), which implies that the Thrace Basin following the Pshekhian belong to the Eastern Paratethys.
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(Hart et al., 1994; Demaison and Moore, 1980; Jones, 
1987; Creaney and Passey, 1993). Furthermore, the 
interrelationship between deposition of organic matter 

and existence of organic-rich units has been examined by 
Pasley et al. (1991) and Fang et al. (1993), and Omura and 
Hoyanagi (2004) showed once more that there is a strong 
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Figure 3. A model showing sea level curves for the Eastern Thrace Basin. As can be seen, a very slight difference ex-
ists between the Global Eustatic (Haq et al., 1988) and the regional Eastern Thrace Basin sea level curves (modified 
after Turgut and Eseller, 2000). An occurrence of mega-transgression during deposition of the Lower Oligocene 
(Rupelian) Mezardere Formation is noteworthy.

Table 1. Coordinates, top and base depths, and thickness of the Mezardere Formation for the four wells studied, Thrace Basin, NW 
Turkey. Well locations are given in Figure 4. 

Well name Easting Northing Top depth (m) Base depth (m) Thickness (m)

Karacaoglan-A (K-A) 270445.05 413338.01 1756 2835 1079
Kumrular-B (K-B) 271238.07 413035.04 1367 2625 1258
Umurca-C (U-C) 272619 412504 2164 3457 1293
Vakiflar-D (V-D) 273948 411554 1777 3760 1983
Average 1403
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relationship between the transgressive deposits and 
organic richness (TOC) as well as hydrogen index (HI). 
They have stated that the sea level fluctuations, namely 
transgressive and regressive cycles, can be predicted by 
using geochemical proxies like TOC, HI, and relative 
hydrocarbon potential (RHP = S1 + S2/TOC) if the 
traditional biostratigraphic, seismic, and well log data are 
absent or limited (Curiale et al., 1992; Hart et al., 1994; 
Miceli-Romero and Philp, 2012; Abouelresh and Slatt, 
2012; Slatt and Rodriguez, 2012; Freire and Monterio, 
2013; Song et al., 2014).        

The main purpose of the present paper is to subdivide 
the considerably thick Mezardere Formation into 
meaningful and correlatable zones/cycles with the help 
of dinocyst assemblages that have not been studied in 
detail yet. The second aim is to determine the nature of 
rising (transgressive) and falling (regressive) sea level 
cycles by using geochemical proxies such as TOC, HI, 
and RHP. The third objective is to evaluate the source 
and the hydrocarbon potential of selected organic-rich 
units (ORUs) from the transgressive intervals. Along with 
all these above, the paleoenvironmental evolution of the 
Lower Oligocene Mezardere Formation during 33.9–28.09 
m.y. interval (see Figure 2a) (İslamoğlu et al., 2008) (Figure 
2b) (Sachsenhofer et al., 2017) has been also addressed in 
this study. The locations of 4 wells from which the samples 
were collected are shown in Figure 4.

2. Geologic overview
2.1. Petroleum geology
The basin structural geology and tectonic history (Perinçek, 
1991), stratigraphy and in part related sedimentology 
(Turgut et al., 1991; Turgut and Eseller, 2000; Siyako and 
Huvaz, 2007), and petroleum geochemistry (Gürgey et al., 
2005; Hoşgörmez et al., 2005; Gürgey, 2014, 2015) under 
the petroleum geology can be found in the several papers 
above so far published in the Thrace Basin. Since the 
beginning of early hydrocarbon exploration in 1934, more 
than 660 conventional wells targeting oil and gas have been 
drilled across the basin. As a consequence, along with the 
13MM bbl oil in-place, significant volume (some 12 Bm3 
in-place) of conventional natural gas has been discovered 
in the basin. The proven hydrocarbon source bed, the 
Mezardere Formation, shows large variations in both 
TOC and HI values in both lateral and vertical directions. 
The 407 Mezardere Formation samples analyzed from 47 
wells indicate that TOC ranges from 0.08 to 3.39 wt. % 
and averages around 0.86 wt. % (i.e. Std Dev. = 0.46 wt. 
%). Similarly, HI ranges from 3 to 744 mg HC/g TOC and 
averages 185 mg HC/g TOC (i.e. Std Dev. = 122 mg HC/g 
TOC). Considerable discussion and relevant evaluation 
pertaining to the Mezardere Formation source rock and its 
character can be found in the published papers (Gürgey, 

2013). Correlation studies in relation to oil to source 
rock (Gürgey, 2014) and wet gas/condensate to source 
rock have revealed that the Mezardere Formation was the 
source rock of the crude oil and wet-gas/condensate in the 
Gelindere and Değirmenköy fields, respectively (Gürgey et 
al., 2005) (see Figure 4 for location of the fields).
2.2. Stratigraphy and paleodepositional setting 
Generalized stratigraphy of the Tertiary Thrace Basin 
is shown in Figure 5. The older rocks underlying the 
Lower Oligocene Mezardere Formation are the shallow 
marine uppermost Eocene/Priabonian sediments. An 
erosional contact exists between the Mezardere Formation 
unconformably underlain by the Ceylan Formation (Erten 
and Çubukçu, 1988). It is conformably overlain by the 
Osmancık Formation (Figure 5). The Lower Oligocene 
Mezardere Formation is a laterally extensive unit (22,335 
km2) and covers the entire Thrace Basin. It consists of 
interbedded greenish gray to green shales, siltstones, 
marlstones, and fine-grained sandstones. Tuffaceous 
interbeds are also intermittently present in the very 
lower part of the formation. The greenish and gray shales 
generally contain abundant organic matter (Turgut et 
al., 1991). The sandstone-dominated interval is named 
the Teslimköy Member. Thickness of the Mezardere 
Formation is 1540 m in the type section at Yenimuhacir 
village (Siyako, 2006) (see Figure 2 for location). However, 
seismic and well data reveal that it reaches up to 2500 m 
in the subsurface. Furthermore, its widespread outcrops 
are found in the southwestern part of the basin within the 
area as a trend from Keşan-Malkara to the city of Tekirdağ 
(Siyako, 2006) (Figure 4). On the basis of palynologic 
studies, a Late Eocene–Early Oligocene age was assigned 
for the Mezardere Formation (Ediger and Alişan, 1989; 
Bati et al., 1993).

Whether the Early Oligocene sea of the Thrace Basin 
in which the Mezardere clastics were laid down belongs 
to either Tethys or Eastern Paratethys has long been a 
discussion in the literature (İslamoğlu et al., 2008). The 
Lower Oligocene (Lower Solenovian) manganese (Mn) 
occurrences of ore deposits at Binkılıç in the Thrace Basin 
have been reported by Öztürk and Frakes (1995), Gültekin 
(1998), Varentsov (2002), and Varentsov et al. (2003) 
(Figure 1d). The Mn deposits of the Thrace Basin are at least 
intermittently coeval and connected with the other Mn 
deposits (i.e. Mn deposits in the Varna region in Bulgaria, 
Nikopol in Ukraine, Chiatura in Georgia, and Mangyshlak 
in Kazakhstan (Figure 1d)) reported in the Paratethys 
(Varentsov, 2002; Varentsov et al., 2003; İslamoğlu et al., 
2008). This observation supports the consideration that 
the Mezardere Formation is most likely formed in the 
Paratethys Ocean (Öztürk and Frakes, 1995; İslamoğlu 
et al., 2008). Sachsenhofer et al. (2009), in their work in 
the Oligocene Ruslar Formation (Kamchia Depression, 
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Western Black Sea) simplified the Early Oligocene 
paleogeographic map of the Paratethys prepared by Popov 
et al. (2004) and divided the Paratethys into two as Eastern 
Paratethys and Western + Central Paratethys. Similarly, 
they simplified the chronostratigraphic scheme prepared 
by Popov and Stolyarov (1996) for the Eastern and Central 
Paratethys area and gave the correlation of local stages 
with Mediterranean stages and calcareous nannoplankton 
zones. In the simplified Oligocene paleogeographic map by 
Sachsenhofer et al. (2009), the Thrace Basin is also located 

in the western part of the Eastern Paratethys. This also 
implies that the Thrace Basin was one of the subbasins in 
the Eastern Paratethys during the Early Solenovian time 
when the Eastern Paratethys became isolated from the 
Tethys Ocean and the Mezardere Formation is most likely 
deposited in this subbasin. This gave us confidence to use 
the regional Eastern Paratethys sea level curve of Popov 
et al. (2010) and his chronostratigraphic stages instead of 
using the global eustatic sea level curve of Haq et al. (1987)  
(Figures 2a and 2b).   

Figure 5. Generalized stratigraphy of the Thrace Basin showing lithology and depositional environments of the formations (Siyako, 
2006; Sünnetçioğlu, 2008). 
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3. Samplings and analytical methods
3.1 Sample collection and treatment
For the analysis, a total of 113 selected shale samples 
were collected from the four wells. The well names, 
Karacaoglan-A (K-A), Kumrular-B (K-B), Umurca-C (U-
C), and Vakiflar-D (V-D), and well localities are given in 
Figure 4. Detailed information about the wells is given in 
Table 1. The wells were selected from the shelf area of the 
Thrace Basin in order to see a better resolution in sea level 
fluctuations while they are examined by potential sea level 
indicators of geochemical proxies. 

Distribution of the total 102 Rock-Eval samples 
analyzed with referring to the studied wells, K-A, K-B, 
U-C, and V-D, is 14, 17, 18, and 53, in number, respectively. 
Twenty-nine samples were studied for maceral analyses 
and 26 samples were analyzed for vitrinite reflectance (% 
Ro) measurements. There is one additional subset of data of 
the analysis: 31 independently selected composite samples 
from the four wells were examined palynologically.

In the present study, the liquid hydrocarbon 
contaminated and mature–overmature samples were 
initially dismissed. Therefore, the samples that were 
contaminated or mature–overmature were not considered 
for further evaluation. 
3.2. Analytical methods
3.2.1. Palynological sample processing and analyses
Palynological preparations from the composite well 
cuttings were processed at the Turkish Petroleum 
Corporation (TPAO) Research and Development Center 
Laboratories in Ankara, following the standard laboratory 
techniques the details of which were given in Bati (1996). 
Simply, following disaggregation and cleaning, the 
samples were first treated with HCl (33%) to remove the 
carbonates and then with HF (40%) to remove the silicates. 
Following acid treatments, heavy liquids (ZnCl2) were 
used to separate the light organic fraction from the heavier 
fraction. Finally, organic residue was sieved at 200 µm and 
either 20 or 10 µm and mounted in glycerin jelly for light 
microscope observation. All samples were qualitatively 
and semiquantitatively analyzed, microphotographs of the 
selected taxa were taken, and two plates were prepared to 
illustrate some of the selected taxa (Figures 6a–6l and 7a-
7l).  
3.2.2. Rock-Eval pyrolysis
Pyrolysis measurements were performed using a Rock-
Eval-II pyrolysis instrument under the standard conditions 
described by Peters (1986) and are presented in Table 2. 
Generated S1 and S2 (mg HC/g rock) peak values were 
measured, and the S2 peak was used to calculate both the 
hydrogen index (HI = (S2 × 100/TOC) mgHC/gTOC) and 
production index (PI = (S1 + S2)/S1) (Barker, 1974). The 
temperature at the S2 peak maximum is used for Tmax 

recorded as a maturity parameter. Tmax values were later 
converted to % VRcal (calculated vitrinite reflectance) 
using the equation proposed by Jarvie et al. (2001): % 
VRcal = 0.018 × Tmax – 7.16). TOC was determined as 
the sum of the carbon in the pyrolyzate plus the carbon 
from the residual oxidized organic matter.  

 In the present study, Rock-Eval data were used for 
two main purposes: 1) to examine sea level fluctuations 
by using proxies such as TOC, HI, and RHP, and 2) to 
evaluate selected ORUs from the Mezardere Formation for 
their hydrocarbon potential. 
3.2.3. Incident light microscopy                                                                           
Maceral percentages of the Mezardere Formation samples 
are determined on carefully prepared kerogen smear slides 
by Zeiss Axipolan incident light petrographic microscope 
(Harput and Gökçen, 1991). Standard palynological 
techniques are applied for kerogen isolation and smear 
slide preparation. Four maceral components were 
recognized in kerogen slides: i) AOM % (amorphous/
algal-aquatic phytoplankton-dinocysts, acritarchs etc. 
including their degraded amorphous products), ii) HSP 
% (herbaceous- mainly terrestrial types of kerogen- spore, 
pollen, cutinite, and membranes) iii) W % (woody parts 
of wood stems and branches), and iv) C % (coaly-oxidized 
metamorphosed carbon particles) (Harput and Gökçen, 
1991). A total of 29 kerogen smear slides were examined 
for maceral analysis: K-A = 9, K-B = 5, U-C = 7, and V-D 
= 8 samples. At the same time, vitrinite reflectance (% Ro) 
measurements were conducted on 26 kerogen smear slide 
samples containing autochthonous vitrinite particles.  

  All the analyses were conducted at the Turkish 
Petroleum Corporation Research and Development 
Center Laboratories in Ankara, Turkey.
3.2.4. Statistical analyses
The software WinsTAT for Excel was used for the 
statistical treatment of the data. Firstly, using this software 
the descriptive statistics (e.g., mean, standard deviation, 
minimum, and maximum) of the organic geochemical 
and petrographical parameters were obtained. Secondly, 
Pearson’s correlation coefficients (PCCs) between the 
organic geochemical and petrographical parameters were 
calculated. The PCC is the test statistics that measures 
the statistical relationship, association, between two 
continuous and linear variables. It is known to be the best 
method of measuring the association between parameters 
of interest: coefficient values can range from +1 to –1, 
where +1 indicates a perfect positive relationship, –1 
indicates a perfect negative relationship, and 0 indicates 
no relationship exists. 

4. Results
In the present study, several analyses are conducted and 
subsequently used in the interpretation. These are namely 
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Figure 6. (a) Distatodinium ellipticum, K-B, 2222–2230 m, 86.5 µm, (b) Distatodinium ellipticum, K-A, 2140–2148 m, 111.0 µM, (c) Distatodinium el-
lipticum, K-A, 2140–2148 m, 90.8 µm, (d) Distatodinium craterum, K-A, 2206–2214 m, 72.0 µm, (e) Cordosphaeridium cantharellus, K-A, 2348–2358 m, 
111.0 µm, (f) Cordosphaeridium fibrospinosum, K-A, 2140–2148 m, 100.9 µm, (g) Polysphaeridium zoharyii, K-A, 2140–2148 m, 64.8 µm, (h) Homotry-
blium vallum, K-A, 2140–2148 m, 61.9 µm, (i) Batiacasphaera explanata, K-B, 2828 m, 61.9 µm, (j) Homotryblium plectilum, K-A, 2140–2148 m, 96.5 
µm, (k) Hystrichokolpoma cinctum, K-A, 2140–2148 m, 69.1 µm, (l) Cleistosphaeridium placacanthum, K-B, 2080 m, 100.9 µm.
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Figure 7. (a) Wetzeliella symmetrica, K-A, 2206–2214 m, 141.0 µm, (b) Wetzeliella gochtii, U-C, 2860 m, 111.0 µm, (c) Wetzeliella gochtii, K-A, 2140–2148 
m, 101.0 µm, (d) Wetzeliella gochtii, K-B, 1960 m, 93.7 µm, (e) Wetzeliella gochtii, K-A, 2206–2214 m, 96.6 µm, (f) Wilsonidium ornatum, K-A, 2140–2148 
m, 111.0 µm, (g) Wetzeliella ovalis, K-A, 2140–2148 m, 115.3 µm, (h) Pediastrum sp., V-D, 2618–2658 m, 96.6 µm, (i) Pediastrum sp., V-D, 2618–2658 
m, 108.1 µm, (j) Pediastrum sp., V-D, 2618–2658 m, 122.5 µm, (k) Glaphyrocysta cf. semitecta, K-B, 2222–2230 m, 47.7 µm, (l) Glaphyrocysta sp., K-A, 
2140–2148 m, 72.1 µm.
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Table 2. Results showing Rock-Eval analysis (taken from Gürgey, 2015) and incident light microscopy of the Mezardere Formation sam-
ples. Note that Lower Mezardere Formation (LMF) samples and Upper Mezardere Formation (UMF) samples are listed separately. Well 
locations are given in Figure 4 and descriptions of the parameters that are used throughout the study are as follows: Depth = the depth 
samples were taken from (m); TOC = total organic carbon (wt.%); Tmax = the temperature at which max. hydrocarbon yield occurs at 
pyrolysis S2 peak (°C); HI = hydrogen index = S2 × 100/TOC (mg HC/g rock); S1 = free volatile hydrocarbons thermally flushed from a 
rock sample at 300 °C (mg HC/g rock); S2 = hydrocarbons cracked from solid kerogen under standard pyrolysis temperature (mg HC/g 
rock); GP = genetic potential = S1 + S2  (mg HC/g rock); PI = production index = S1/S1 + S2; OSI = oil saturation index = S1 × 100/TOC; 
RHP = relative hydrocarbon potential = (S1 + S2)/TOC (Fang et al., 1993); Vrcal = calculated vitrinite reflectance = 0.018 × Tmax – 7.16 
(%) (Jarvie et al., 2001); HOM = herbaceous + spore + pollen organic matter in a kerogen slide (%); AOM = alginite + amorphous or-
ganic matter in a kerogen slide (%); WOM = woody (terrestrial) organic matter in a kerogen slide (%); COM = coaly (terrestrial) organic 
matter in a kerogen slide (%); W+C OM = WOM + COM (%); % Ro = Measured vitrinite reflectance in the laboratory (%)

Organic geochemistry Organic petrography
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1 K-A UMF 1850 1.23 427 413 0.13 5.09 5.22 0.02 11 4.24 0.53 20 30 50 0 50 0.50

2 K-A UMF 2096 0.60 439 90 0.03 0.58 0.61 0.05 5 1.02 0.74 30 40 30 0 30 0.50

3 K-A UMF 2122 0.94 437 195 0.10 1.84 1.94 0.05 11 2.06 0.71            

4 K-A UMF 2130 1.21 433 414 0.23 5.01 5.24 0.04 19 4.33 0.63            

5 K-A UMF 2346 0.61 438 121 0.04 0.73 0.77 0.05 7 1.26 0.72 30 30 40 0 40 0.55

6 K-B UMF 1440                     15 65 20 0 20 0.44

7 K-B UMF 1510 1.34 430 288 0.12 3.87 3.99 0.03 9 2.98 0.58            

8 K-B UMF 1550 1.44 432 263 0.10 3.79 3.89 0.03 7 2.70 0.62            

9 K-B UMF 1690 1.61 434 443 0.29 7.15 7.44 0.04 18 4.62 0.65 15 65 20 0 20 0.46

10 K-B UMF 1730 1.86 434 728 0.37 13.55 13.92 0.03 20 7.48 0.65            

11 K-B UMF 1760 1.65 435 744 0.43 12.28 12.71 0.03 26 7.70 0.67            

12 K-B UMF 1830 1.32 435 132 0.33 3.07 3.40 0.10 25 2.57 0.67            

13 K-B UMF 1890 1.32 435 280 0.38 3.70 4.08 0.09 29 3.09 0.67            

14 K-B UMF 1930 1.72 430 347 0.71 5.96 6.67 0.11 41 3.88 0.58            

15 K-B UMF 1950                     15 40 35 10 45 0.49

16 K-B UMF 1970 1.54 436 545 0.51 8.40 8.91 0.06 33 5.79 0.69            

17 K-B UMF 2020 1.31 431 400 0.36 5.25 5.61 0.06 27 4.28 0.60            

18 U-C UMF 2190 1.43 429 224 0.09 3.21 3.30 0.03 6 2.31 0.56            

19 U-C UMF 2200 0.96 435 67 0.02 0.64 0.66 0.03 2 0.69 0.67            

20 U-C UMF 2240 1.23 432 118 0.08 1.45 1.53 0.05 7 1.24 0.62            

21 U-C UMF 2270 1.04 434 289 0.05 3.00 3.05 0.02 5 2.93 0.65            

22 U-C UMF 2290 1.43 436 327 0.10 4.67 4.77 0.02 7 3.34 0.69            

23 U-C UMF 2320                     30 55 10 5 15 0.50

24 U-C UMF 2368 0.86 429 149 0.06 1.28 1.34 0.04 7 1.56 0.56            

25 U-C UMF 2430 0.92 430 121 0.08 1.12 1.20 0.07 9 1.30 0.58            

26 U-C UMF 2500 1.17 429 140 0.08 1.64 1.72 0.05 7 1.47 0.56            

27 U-C UMF 2560                     35 25 30 10 40 0.52

28 U-C UMF 2630 0.92 431 236 0.11 2.17 2.28 0.05 12 2.48 0.60            

29 U-C UMF 2640 1.12 431 208 0.20 2.33 2.53 0.08 18 2.26 0.60            

30 U-C UMF 2690 0.84 434 184 0.14 1.55 1.69 0.08 17 2.01 0.65            

31 U-C UMF 2720 0.77 439 190 0.01 1.95 1.96 0.01 1 2.55 0.74            

32 U-C UMF 2750 1.23 434 76 0.10 0.94 1.04 0.10 8 0.85 0.65 40 30 20 10 30 0.53

33 U-C UMF 2860 0.99 434 221 0.10 2.19 2.29 0.04 10 2.31 0.65 40 30 20 10 30 0.60

34 V-D UMF 2013 0.79 429 69 0.02 0.54 0.56 0.04 3 0.71 0.56            

35 V-D UMF 2059 1.12 430 229 0.15 2.56 2.71 0.06 13 2.42 0.58            

36 V-D UMF 2104 1.47 426 289 0.12 4.26 4.38 0.03 8 2.98 0.51            

37 V-D UMF 2151 1.28 436 237 0.09 3.04 3.13 0.03 7 2.45 0.69            
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38 V-D UMF 2164                     30 20 35 15 50 0.50

39 V-D UMF 2181 0.81 431 89 0.04 0.72 0.76 0.05 5 0.94 0.60            

40 V-D UMF 2210 1.12 432 310 0.04 3.47 3.51 0.01 4 3.13 0.62            

41 V-D UMF 2226 1.14 421 257 0.02 2.93 2.95 0.01 2 2.59 0.42            

42 V-D UMF 2241 1.07 427 216 0.06 2.31 2.37 0.03 6 2.21 0.53            

43 V-D UMF 2271 1.07 427 579 0.24 6.20 6.44 0.04 22 6.02 0.53            

44 V-D UMF 2287 1.02 428 257 0.09 2.75 2.84 0.03 9 2.78 0.54            

45 V-D UMF 2302 0.93 428 363 0.07 3.37 3.44 0.02 8 3.70 0.54            

46 V-D UMF 2357 1.14 427 504 0.10 5.75 5.85 0.02 9 5.13 0.53            

47 V-D UMF 2390 1.34 434 530 0.09 7.10 7.19 0.01 7 5.37 0.65            

48 V-D UMF 2438 0.95 430 293 0.40 2.78 3.18 0.13 42 3.35 0.58 30 20 35 15 50 0.50

49 V-D UMF 2439 0.95 430 293 0.04 2.78 2.82 0.01 4 2.97 0.58            

50 V-D UMF 2454 1.17 428 457 0.13 5.35 5.48 0.02 11 4.68 0.54            

51 V-D UMF 2470 1.23 423 603 0.20 7.41 7.61 0.03 16 6.19 0.45            

52 V-D UMF 2531 1.20 426 404 0.22 4.85 5.07 0.04 18 4.23 0.51            

53 V-D UMF 2576 1.10 429 368 0.16 4.05 4.21 0.04 15 3.83 0.56            

54 V-D UMF 2598 1.20 430 356 0.15 4.27 4.42 0.03 13 3.68 0.58            

55 V-D UMF 2616 1.10 431 165 0.14 1.81 1.95 0.07 13 1.77 0.60            

56 V-D UMF 2683 1.11 431 184 0.31 2.05 2.36 0.13 28 2.13 0.60            

57 V-D UMF 2698 1.10 429 209 0.16 2.30 2.46 0.07 15 2.24 0.56            

58 V-D UMF 2713 1.48 430 280 0.21 4.14 4.35 0.05 14 2.94 0.58            

59 V-D UMF 2728 1.05 427 187 0.16 2.30 2.46 0.07 15 2.34 0.53 45 30 20 5 25 0.50

60 V-D UMF 2729 1.05 427 187 0.16 2.30 2.46 0.07 15 2.34 0.53            

61 V-D UMF 2851 1.01 431 117 0.14 1.18 1.32 0.11 14 1.31 0.60            

62 V-D UMF 2872 1.16 428 428 0.29 1.83 2.12 0.14 25 1.83 0.54            

63 V-D UMF 2876 1.02 431 137 0.19 1.40 1.59 0.12 19 1.56 0.60            

1 K-A LMF 2496                     20 50 30 0 30 0.61

2 K-A LMF 2570 0.84 441 244 0.68 2.05 2.73 0.25 81 3.25 0.78 30 20 50 0 50 0.58

3 K-A LMF 2596 0.46 441 106 0.04 0.65 0.69 0.06 9 1.50 0.78            

4 K-A LMF 2669 1.50 443 261 0.38 3.92 4.30 0.09 25 2.87 0.81            

5 K-A LMF 2750 0.62 438 162 0.11 1.01 1.12 0.10 18 1.81 0.72            

6 K-A LMF 2786 0.36 442 20 0.06 0.47 0.53 0.11 17 1.47 0.80           0.65

7 K-A LMF 2792 0.44 445 72 0.02 0.26 0.28 0.07 5 0.64 0.85            

8 K-A LMF 2972                     30 10 50 10 60  

9 K-A LMF 3156 0.46 444 81 0.06 0.36 0.42 0.14 13 0.91 0.83 30 10 50 10 60  

10 K-A LMF 3224 0.29 444 58 0.04 0.17 0.21 0.19 14 0.72 0.83 20 10 50 20 70  

11 K-A LMF 3316 0.73 448 76 0.09 0.35 0.44 0.20 12 0.60 0.90 20 10 50 20 70  

Table 2. (Continued).
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12 K-B LMF 2140 1.25 432 196 0.80 2.45 3.25 0.25 64 2.60 0.62            

13 K-B LMF 2210 0.91 435 223 0.11 2.02 2.13 0.05 12 2.34 0.67 40 10 50 0 50 0.50

14 K-B LMF 2270 0.93 439 248 0.15 2.31 2.46 0.06 16 2.65 0.74            

15 K-B LMF 2340 0.96 437 345 0.16 3.31 3.47 0.05 17 3.61 0.71            

16 K-B LMF 2410 0.88 436 220 0.14 1.93 2.07 0.07 16 2.35 0.69 25 20 45 10 55 0.53

17 K-B LMF 2440 0.94 439 157 0.14 1.48 1.62 0.09 15 1.72 0.74            

18 K-B LMF 2490 0.95 440 219 0.22 2.08 2.30 0.10 23 2.42 0.76            

19 U-C LMF 2878 0.82 435 95 0.07 0.78 0.85 0.08 9 1.04 0.67            

20 U-C LMF 3060                     45 25 20 10 30 0.65

21 U-C LMF 3110 0.97 433 103 0.17 1.00 1.17 0.15 18 1.21 0.63            

22 U-C LMF 3200                     45 5 30 20 50 0.70

23 U-C LMF 3250 1.03 435 109 0.28 1.12 1.40 0.20 27 1.36 0.67            

24 U-C LMF 3280 0.80 435 116 0.21 0.92 1.13 0.19 26 1.41 0.67            

25 U-C LMF 3410                     45 5 30 20 50 0.90

26 V-D LMF 2896 0.97 434 104 0.15 2.01 2.16 0.07 15 2.23 0.65 45 30 20 5 25 0.51

27 V-D LMF 2918 1.01 429 170 0.29 1.72 2.01 0.14 29 1.99 0.56            

28 V-D LMF 3049 1.01 435 140 0.28 1.41 1.69 0.17 28 1.67 0.67            

29 V-D LMF 3122 1.22 435 80 0.33 0.98 1.31 0.25 27 1.07 0.67            

30 V-D LMF 3136 1.08 431 293 0.31 3.17 3.48 0.09 29 3.22 0.60 45 30 20 5 25 0.52

31 V-D LMF 3156 1.07 434 72 0.34 0.77 1.11 0.31 32 1.04 0.65            

32 V-D LMF 3186 1.00 433 133 0.21 1.34 1.55 0.14 21 1.55 0.63            

33 V-D LMF 3217 1.10 432 188 0.19 2.06 2.25 0.08 17 2.05 0.62            

34 V-D LMF 3247 0.99 431 230 0.18 2.27 2.45 0.07 18 2.47 0.60            

35 V-D LMF 3262 0.94 437 124 0.16 1.90 2.06 0.08 17 2.19 0.71            

36 V-D LMF 3323 0.91 427 72 0.17 0.65 0.82 0.21 19 0.90 0.53            

37 V-D LMF 3338 0.91 429 106 0.19 0.96 1.15 0.17 21 1.26 0.56            

38 V-D LMF 3384 0.80 430 75 0.21 0.60 0.81 0.26 26 1.01 0.58            

39 V-D LMF 3386 0.80 430 75 0.21 0.60 0.81 0.26 26 1.01 0.58 45 30 20 5 25 0.72

40 V-D LMF 3430 0.95 433 127 0.22 1.31 1.53 0.14 23 1.61 0.63            

41 V-D LMF 3445 0.84 428 130 0.24 1.24 1.48 0.16 29 1.76 0.54            

42 V-D LMF 3506 0.86 431 119 0.32 1.02 1.34 0.24 37 1.56 0.60            

43 V-D LMF 3537 0.87 432 148 0.20 1.29 1.49 0.13 23 1.71 0.62            

44 V-D LMF 3582 0.81 430 109 0.25 0.88 1.13 0.22 31 1.40 0.58            

45 V-D LMF 3600                     45 30 20 5 25 0.75

46 V-D LMF 3628 0.91 429 154 0.17 1.40 1.57 0.11 19 1.73 0.56            

47 V-D LMF 3643 0.91 431 57 0.22 0.52 0.74 0.30 24 0.81 0.60            

48 V-D LMF 3674 0.88 431 90 0.14 0.74 0.88 0.16 16 1.00 0.60            

49 V-D LMF 3688 0.83 435 35 0.22 0.29 0.51 0.43 27 0.61 0.67 35 30 20 15 35 0.75

50 V-D LMF 3689 0.83 435 35 0.22 0.29 0.51 0.43 27 0.61 0.67            

Table 2. (Continued).
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Rock-Eval and maceral, vitrinite reflectance, palynological, 
and stable carbon isotope analyses. The first three analyses 
results are listed in Table 2. Selected age diagnostic 
dinocyst taxa identified in the palynological analyses are 
given in Figures 6a–6l and 7a–7l. 

In our study, the liquid hydrocarbon contaminated 
samples were primarily dismissed by using the S1 vs. 
TOC plot shown in Figure 8 where absolute values of 
S1 over absolute values of TOC (S1/TOC ratio) greater 
than 100 show liquid contaminated samples. Hence, no 
sample having a S1/TOC > 100 is used. Secondly, mature–
overmature samples were eliminated by using depth 
vs. Tmax, PI, and % Ro plots. Following mature sample 
elimination, new graphs are prepared and the results are 
given in Figures 9a–9c, where the samples are shown in 
two palynologically divided groups: Lower Mezardere 
Formation (LMF) and Upper Mezardere Formation 
(UMF), the details of which will be given in the following 
sections.

A total of 31 available palynological samples prepared 
using composite cutting samples of the Mezardere 
Formation penetrated in K-A, K-B, U-C, and V-D wells 

were analyzed. Palynological analyses of the 4 composite 
cutting samples in the K-A well (1902–1910 m, 2140–
2148 m, 2206–2214 m, and 2348–2358 m) revealed an 
abundant and diverse dinocyst assemblage including 
Wetzeliella symmetrica, Wetzeliella gochtii, Distatodinium 
ellipticum, Distatodinium craterum, Cordosphaeridium 
fibrospinosum, Homotryblium plectilum, Homotryblium 
pallidum, Batiacasphaera explanata, Polysphaeridium 
zoharyi, Spiniferites spp., and Hystrichokolpoma cinctum. 
In addition to these dinocyst taxa, higher occurrences 
of Pediastrum spp. were observed in the 1902–1910 
m sample. In the studied interval, all samples contain 
terrestrial palynomorphs, which are generally represented 
by conifers. 

Palynological analysis of the Mezardere Formation in 
the K-B well yields a rich palynomorph assemblage having 
both terrestrial and marine taxa. The lower 5 samples 
(2080 m, 2222–2230 m, 2422–2430 m, 2638–2656 m, and 
2828 m) have very abundant conifer taxa and dinocysts 
represented by Homotryblium plectilum, Cordosphaeridium 
sp., Distatodinium ellipticum, Operculodinium sp., 
Cleistosphaeridium placacanthum, Cleistosphaeridium 

Figure 8. TOC vs. S1 plot showing possible contamination of the Mezardere Formation samples by liquid hydrocarbons. This figure 
indicates that the Mezardere samples used in this study are not significantly contaminated by migrated hydrocarbons. Note that “OSI > 
100” shows contaminated samples. OSI = oil saturation index = (S1/TOC) × 100 (Jarvie et al., 2001). Localities of the studied wells are 
given in Figure 4.
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ancyreum, Spiniferites spp., Distatodinium ellipticum, 
Operculodinium centrocarpum, and Glaphyrocysta cf. 
semitecta. A few Wetzeliella specimens very close to 
Wetzeliella gochtii and/or Wetzeliella ovalis were also 
encountered in these lower samples representing the lower 
part of the Mezardere Formation. Stratigraphically higher 5 
samples (1400–1408 m, 1590–1598 m, 1732–1740 m, 1900–
1908 m, and 1960 m) yielded abundant occurrences of a 
diverse dinocyst assemblage characterized by Wetzeliella 
gochtii, Homotryblium plectilum, Rotnestia borussica, 
Hystrichokolpoma cinctum, Homotryblium abbreviatum, 
Cleistosphaeridium placacanthum, Cleistosphaeridium 
ancyreum, Chiropteridium sp., Spiniferites spp., 
Distatodinium ellipticum, and Operculodinium 
centrocarpum. In addition to those dinocysts, Pediastrum 
spp. have higher occurrences in 1590–1598 and 1960 m 
samples. Terrestrial pollen grains represented mostly by 
conifers are very rich in 1400–1408 m and 1732–1740 m 
samples. 

Eight samples (2150–2170 m, 2320–2340 m, 2560–
2570 m, 2750–2760 m, 2860 m, 3060 m, 3200 m, and 
3410–3420 m) were investigated in the U-C well. Relatively 
poor to moderate occurrences of palynomorph taxa were 
identified in these samples. Three stratigraphically lower 
samples (3060–3420 m interval) are represented by higher 
occurrences of terrestrial taxa (mostly conifers) and 
very rare occurrences of dinocysts. Pediastrum spp. have 
abundant occurrences at 3200 m. The 5 stratigraphically 
higher samples (2150–2860 m interval) rich in amorphous 
organic matter are characterized by higher occurrence of 
Wetzeliella gochtii (e.g., 2860 m sample) and sporadoic 
occurrences of Batiacasphaera explanata, Tenua hystrix, 
Impagidinium sp., and Homotryblium plectilum. Terrestrial 
palynomorphs are represented mostly by conifers. 
Pediastrum specimens are very abundant in the 2860 m 
sample. 

Finally, the Mezardere Formation penetrated in the 
V-D well is palynologically analyzed in 9 samples (1892–

Figure 9. Geochemical logs of Tmax (a), PI (production index) (b), and % Ro (c) indicating that most of the Mezardere Formation 
samples are immature to early mature. However, four samples are peak mature and one sample appears to be late mature. Note that there 
are some maturity variations among different maturity parameters.
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1904 m, 2116–2156 m, 2326–2334 m, 2618–2658 m, 
2724–2744 m, 2874–2886 m, 3136–3152 m, 3300–3350 
m, and 3688–3700 m). The palynomorph assemblage 
of the samples is very close to that of the K-B well. 
Two different assemblages characterize the Mezardere 
Formation. The first assemblage identified in the lower 
part of the Mezardere Formation (3136–3700 m interval) 
is characterized by very rich terrestrial palynomorphs 
and lower occurrences of dinocysts represented by 
Deflandrea sp., Cleistosphaeridium spp., Cordosphaeridium 
fibrospinosum, Tenua hystrix, Glaphyrocysta cf. semitecta, 
and Batiacasphaera explanata. Five of the 6 stratigraphically 
higher samples (1892–2886 m interval) have a very rich 
and diverse dinocyst assemblage represented by Wetzeliella 
ovalis, Wetzeliella gochtii, Diphyes colligerum, Tenua 
hystrix, Distatodinium ellipticum, Distatodinium craterum, 
Homotryblium plectilum, Cleistosphaeridium spp., and 
Lejeunecysta sp. Higher occurrences of Pediastrum 
spp. and terrestrial palynomorphs (Pinus, Taxodiaceae, 
Ulmus, Alnus, Carya, and fungal spores) are observed in 
2116–2156 m, 2618–2658 m, and 2724–2744 m samples, 
respectively. 

5. Discussion 
5.1. Subdivision of the Mezardere Formation based on 
dinocyst biostratigraphy 
Based on the palynological data given in the results, 
considering two different dinocyst assemblages, the 
Mezardere Formation was informally subdivided into 
two as the Lower Mezardere Formation (LMF) and Upper 
Mezardere Formation (UMF). The dinocyst assemblage 
in the LMF (corresponding to 2080–2828 m, 3060–3420, 
and 3136–3700 mm intervals in K-B, U-C, and V-D wells, 
respectively) includes long ranging Homotryblium spp., 
Cordosphaeridium sp., Distatodinium spp., Operculodinium 
spp., Cleistosphaeridium spp., and Spiniferites spp. Single 
to rare occurrences of age-diagnostic Glaphyrocysta cf. 
semitecta specimens in the LMF are remarkable. On the 
other hand, the UMF (corresponding to 1902–2358 m, 
1400–1960 m, 2150–2860 m, and 1892–2886 m intervals 
in K-A, K-B, U-C, and V-D wells, respectively) comprises 
predominantly long-ranging cosmopolitan taxa with very 
limited biostratigraphic value, such as Spiniferites spp., 
Operculodinium spp., Distatodinium spp., Homotryblium 
spp., and Cleistosphaeridium spp. However, a number of 
age-diagnostic Wetzellielloid taxa (notably Wetzeliella 
gochtii and Wetzeliella symmetrica) are also present in the 
samples belonging to these given intervals. Glaphyrocysta 
cf. semitecta is an important age diagnostic dinocyst for 
the LMF in the studied well sections having a stratigraphic 
distribution covering NP21 and NP22 zones of the Early 
Oligocene in the Mediterranean and Northern Europe 
(Wilpshaar et al., 1996; Torricelli and Biffi, 2001; Williams 

et al., 2004; Van Simaeys et al., 2005; Pross et al., 2010; Bati, 
2015). For the UMF, Wetzeliella gochtii is a very important 
biostratigraphic tool having a particular importance for 
the regional correlations and being one of the stratigraphic 
markers for the Oligocene, where its first occurrence (FO) 
is commonly used to recognize the Early Oligocene. There 
are many studies reporting the Early Oligocene FO of this 
taxon (e.g., Costa and Downie, 1976; Liengjarern et al., 
1980; Köthe, 1990; Powell, 1992; Brinkhuis and Biffi, 1993; 
Bati et al., 1993; Williams et al., 2004; Gradstein et al., 2004; 
Gedl, 2004; Eldrett et al., 2004; Dybkær, 2004; Van Simaeys 
et al., 2005; Sancay, 2005; Sancay et al., 2006a, 2006b; Köthe 
and Piesker, 2007; Bati and Sancay, 2007; Bati et al., 2007; 
Pross et al., 2010; Barski and Bojanowski, 2010; Soliman, 
2012; Bechtel et al., 2013, 2014; Bati, 2015; Sachsenhofer 
et al., 2017). However, Pross (2001) and Sluijs et al. (2005) 
suggested that the last occurrence (LO) of Wetzellioid 
dinoflagellate cysts including Wetzeliella symmetrica 
and Wetzeliella gochtii reflects strong diachronism in 
that younger LOs occurred in the northwest European 
Tertiary Basin. Older LOs, with a 3.6 m.y. time difference, 
occurred in the southern part of Europe, because of the 
seaway connection between the Tethys and northwest 
European Basin. Nevertheless, the LO of Wetzeliella gochtii 
is generally accepted to fall within the Early Chattian (e.g., 
Van Simaeys et al., 2005; Coccioni et al., 2008; Sachsenhofer 
et al., 2010; Bechtel et al., 2014). Based on these findings, 
its magnetostratigraphically calibrated range extends from 
the Early Rupelian (33.1 Ma) to the Early Chattian (26.4 
Ma) (Pross et al., 2010) corresponding to nannofossil 
zones NP22–NP25. Similarly, the first and last occurrences 
of Wetzeliella symmetrica are reported as earliest Rupelian 
and Chattian (Köthe, 1990; Powell, 1992; Pross et al., 2010; 
Bechtel et al., 2014).

The last decade of the second millennium was the 
period during which several biostratigraphic studies based 
on dinocysts were carried out to establish well-calibrated 
dinoflagellate cyst zonal schemes in different regions 
of the Mediterranean and Eastern Europe (Bati, 2015 
and references therein). As one of the pioneering works, 
Brinkhuis and Biffi (1993) defined eight dinoflagellate 
cyst zones (Melitasphaeridium pseudorecurvatum (Mps), 
Schematophora speciosa (Ssp), and Cordosphaeridium 
funiculatum (Cfu) interval zones in the Upper Eocene; 
Achomosphaera alcicornu (Aal) Interval zone in the 
Eocene–Oligocene transition; and the Glaphyrocysta 
semitecta (Gse), Areosphaeridium diktyoplokum (Adi), 
Reticulatosphaera actinocoronata (Rac), and Corrudinium 
incompositum (Cin) interval zones in the Lower Oligocene) 
on the basis of 20 dinocyst events they described. Later, 
Wilpshaar et al. (1996) studied Oligocene dinoflagellate 
cysts in samples from Central Italy. They integrated their 
new data with the previously established Lower and 
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uppermost Oligocene zonations (Brinkhuis and Biffi, 
1993) and presented a formal dinocyst zonation that 
encompassed eleven interval zones with two new Oligocene 
dinocyst zones proposed (Hystrichokolpoma pusillum and 
Chiropteridium lobospinosum interval zones) spanning the 
entire Oligocene. Among these studies, Brinkhuis and Biffi 
(1993) and Pross et al. (2010) stated that Wetzeliella gochtii 
occurred for the first time in their Reticulatosphaera 
actinocoronata (Rac) Interval Zone, equivalent to the 
middle part of the calcareous nannoplankton zone NP21 
interpreted as early Early Oligocene in age in Italy. There 
are many other works in which the FO of Wetzeliella gochtii 
is given in Reticulatosphaera actinocoronata (Rac) Interval 
Zone (Wilpshaar et al., 1996; Torricelli and Biffi, 2001; 
Pross et al., 2010; Bati, 2015). Powell (1992) indicated that 
the first occurrence datum of Wetzeliella gochtii marked 
the base of the dinocyst biozone Wgo (Lower Rupelian), 
which corresponded to the base of calcareous nannofossil 
Biozone NP22. The same event was detected by Eldrett et 
al. (2004) and van Simaeys et al. (2005) in the Norwegian–
Greenland Sea and North Sea basins, respectively. 
Zaporozhets (1999) in his palynostratigraphic work 
covering Middle Eocene–Lower Miocene deposits in the 
Belaya River area (Northern Caucasus) defined 9 dinocyst 
zones and reported that the Wetzeliella gochtii zone 
corresponded to NP23. Later, Sachsenhofer et al. (2017), 
in their Oligocene–Lower Miocene study in the same 
area, defined the Wetzeliella gochtii zone in the Polbian 
(“Ostracoda”) Bed corresponding to the NP23 zone as 
well. Regarding the Turkish occurrences of Wetzeliella 
gochtii, it was recorded in the Thrace Basin corresponding 
to the Rupelian-aged Wetzeliella gochtii–Distatodinium 
ellipticum zone defined by Bati et al. (1993, 2007) and 
Turgut and Eseller (2000), and in the middle part of the 
Rupelian, corresponding to NP23-24 within the P-Rp1 
zone of Bati and Sancay (2007) defined for the first time in 
Eastern Anatolian Oligocene units.

Based on the paleogeographic position of the Thrace 
Basin during the Early Oligocene deposition of the 
Mezardere Formation and the Eastern Paratethys zonal 
schemes, a ?Pshekian age corresponding to NP 21/22 
zones can be assigned for the LMF based on the presence 
of Glaphyrocysta cf. semitecta in some samples of the K-B 
and V-D wells. Similarly, a Solenovian age corresponding 
to NP23/24 zones based on the first and last occurrences 
of Wetzeliella gochtii is assigned for the UMF. Absence of 
Areosphaeridium diktyoplokum, Thallasiphora pelagica, 
Achomosphaera alcicornu, Phthanoperidinium spp., 
Cordosphaeridium funiculatum, Distatodinium biffii, 
Chiropteridium-abundance, Deflandrea-abundance, and 
Caligodinium pychnum in the LMF and UMF support this 
age assignment.

5.2. Paleodepositional environment of the Mezardere 
Formation
Concerning the depositional setting of the Mezardere 
Formation, the overall palynomorph assemblage having 
higher terrestrial palynomorphs in the LMF samples may 
indicate shallower neritic conditions during the ?Pshekian. 
On the other hand, the dinocyst-rich assemblage having 
abundant Wetzeliella gochtii specimens encountered in the 
UMF reflects a neritic environment during the Solenovian. 
This interpretation is based on the data from Sluijs et al. 
(2005) and Pross and Brinkhuis (2005) giving the systematic 
model for the distribution of dinocyst associations during 
the Paleogene. In their work, Sluijs et al. (2005) and 
Pross and Brinkhuis (2005) used presence/dominance of 
Homotryblium spp., Wetzeliella spp., Operculodinium sp., 
Spiniferites spp., and Cleistosphaeridium spp. to signify 
nutrient-rich surface waters/near shore environment. 
Similar observations, based on the presence/dominance 
of the same taxa, were made by Sachsenhofer et al. (2010) 
for the depositional history of the Oligocene Eggerding 
Formation, in the Molasse Basin of Austria, which was a 
part of the Central–Western Paratethys; by Gedl (2004) 
in Šambron beds in the Central Carpathian Palaeogene, 
in Slovak Orova; by Sachsenhofer et al. (2015) for the 
deposition of Early Oligocene-aged Bituminous Marl 
Member; and by Schulz et al. (2004, 2005) for the 
deposition of the Early Oligocene (Kiscellian) Schöneck 
Formation, Dynow Marlstone, and Eggerding Formation 
in the Austrian Molasse Basin. Schulz et al. (2004, 2005) 
specified that the high primary production level during the 
deposition of the Dynow Marlstone promoted cyclic blooms 
of calcareous nannoplankton under brackish surface water. 
Similarly, Bechtel et al. (2012) in their work in the Lower 
Oligocene Tard Clay of Hungary specified that the upper 
part of the Tard Clay was deposited during the Kiscellian 
(corresponding to calcareous nannoplankton zone NP23) 
under heavy fresh water influx, which promoted richness 
in nutrients and high bioproductivity. Schulz et al. (2005) 
related these nannoplankton blooms to the restriction of 
the surface inflow of salty water during NP23, with ongoing 
narrowing of the seaways in the Western Paratethys, with 
massive freshwater runoff spread as surface flows. 

The studied UMF samples in the K-A well (1902–1910 
m), in the K-B well (1590–1598 and 1960 m), in the U-C 
well (2860 m), and in the V-D well (2116–2156 m, 2618–
2658 m, and 2724–2744 m) have higher occurrences of 
green algae Pediastrum spp. even in dinocyst-rich samples. 
In some of these samples Pediastrum spp. and Wetzeliella 
gochtii have been identified abundantly. Pediastrum spp. is 
accepted to represent fresh water (Ediger and Bati, 1988 and 
references therein) and estuarine/brackish environments 
(Sachsenhofer et al., 2010). On the other hand, Wetzelielloid 
dinocysts are accepted to represent lagoonal, estuarine, 
shelf, or brackish water environments tolerating reduced 
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salinity (Jaramillo and Oboh-Ikuenobe, 1999). Higher 
abundances of Pediastrum spp. in the UMF samples 
with marine dinocysts (e.g., Wetzeliella gochtii) may 
indicate brackish water settings during some parts of the 
depositional history of the UMF in the Solenovian, which 
may correspond to heavy fresh water influx promoted 
richness in nutrients and nannoplankton blooms as 
mentioned by Schulz et al. (2004, 2005) and Bechtel et 
al. (2012) in the Paratethys area. Presence of Pediastrum 
specimens in the 3200 m sample of the LMF in the U-C 
well may specify similar conditions in the ?Pshekian, as 
well.  
5.3. Application of geochemical proxies for potential sea 
level fluctuation indicator
Aside from source rock petroleum potential studies, recent 
studies show that some of the Rock-Eval parameters can 
be also used as potential proxies for sea level fluctuations. 
Furthermore, the particularly vertical distribution of the 
TOC and HI and more recently introduced parameter 
RHP (S1+S2/TOC) have been used as potential proxies 
for sea level fluctuations (Habib and Miller, 1989; Pasley 
and Hazel, 1990; Pasley et al., 1991; Creaney and Passey, 
1993; Hart et al., 1994; Slatt and Rodriguez, 2012; Freire 
and Monteiro, 2013; Song et al., 2014).

Habib and Miller (1989) noted that changes in kerogen 
type could be a useful indicator in delineating transgressive 
and regressive intervals. More importantly, less terrestrially 
derived organic matter is present in transgressive sequences 
and, conversely, maceral facies in regressive sediments 
contain more terrestrially derived woody and coaly OM. 
Hart et al. (1994) claimed that during transgression of the 
shoreline terrigeneous sediment is deposited in estuarine 
and coastal environments, and consequently little is 
introduced to the shelf in the San Juan Basin of New 
Mexico and Colorado. Hart et al. (1994) interpreted that 
the Upper Cretaceous Lower Mancos Shale in the Piceance 
Basin, USA, represents deposits of a sea level regression 
and Upper Mancos Shale represents deposits of a sea 
level transgression. They realized two differences between 
the two. Transgressive Upper Mancos Shale has lower 
terrestrial OM %, higher HI, and higher TOC than those 
from the regressive Lower Mancos Shale. Similar work by 
Hart et al. (1994) was applied to the modern depositional 
environments by Omura and Hoyanagi (2004), who 
reported that during transgression terrestrial organic 
matter is trapped in estuarine environments of the shelf. 
Freire and Monteiro (2013) used an organic geochemical 
proxy called the “TOMI Index” for the recent sediments of 
the Japan Sea to determine sea level changes. The TOMI 
index is derived from the δ13C values of kerogen combined 
with the TOC to total nitrogen ratio of the organic matter 
in the recent sediments.

The RHP, which is used in this study as a potential 
sea level fluctuation indicator, is derived from Rock-Eval 

pyrolysis S1, S2, and TOC as formulated RHP = (S1 + S2)/
TOC (Table 2). As seen from the formula, RHP covers S1, 
TOC and HI (S2 × 100/TOC. This parameter was first used 
by Fang et al. (1993), who applied it to Chinese lacustrine 
shales. Based on the RHP, Fang et al. (1993) established 
two main vertical organic facies sequences (VOFS): 
“rising-upward (sea level) sequence” and “falling-upward 
sequence”. A rising-upward VOFS represents a change in 
organic facies from hydrogen poor to hydrogen rich from 
the base to top of the stratigraphic sequence. This, in turn, 
indicates a change from oxic to anoxic conditions “sea level 
rising” and in turn indicates better preservation of organic 
matter. In contrast, a falling-upward VOFS represents an 
upward vertical change in organic facies from hydrogen 
rich to hydrogen poor, corresponding to a change from 
anoxic to oxic conditions “sea level falling”, where less 
organic matter is preserved.

 An applicability of the RHP as an indicator of sea level 
variation along the four wells studied is tested in Figures 
10a–10d. Detailed examination of the curves along the 
four wells resulted in identification of 3 full or partial, 
short-term transgressive–regressive cycles in each well 
within an overall transgression (Turgut and Eseller, 2000). 
The transgressive and regressive parts of each cycle vary in 
thickness depending, in part, on whether a complete cycle 
is present. Interestingly enough, the Solenovian UMF in 
the K-A, K-B, U-C, and V-D wells corresponds to Cycle 3, 
Cycle 2+3, Cycle 2+3, and Cycle 2+3, respectively. Among 
these, it appears that the K-A well acts partly independently 
(Figure 10a). Variations in the TOC, HI, and RHP values 
along the depth of the K-A, K-B, U-C, and V-D wells 
are shown in Figures 11–14, respectively. These figures 
also support the conclusion that there is a third-order 
transgression from ?Pshekian to Solenovian as indicated 
by a large arrow in Figures 11–14. The significance of 
these diagrams is that they give a signal of the organic-rich 
intervals. In our case both organic- and HI-rich intervals 
took place in the UMF zone corresponding to the upper 
portion of the third-order transgression, which may be 
called a highstand systems tract (HST) in the sequence 
stratigraphy terminology.

 AOM % vs. depth and (W+C) % vs. depth plots on 
the basis of LMF and UMF samples are shown in Figures 
15a and 15b. As a first sign, one may notice that AOM % 
increases with decreasing depth (Figure 15a), whereas 
(W+C) % decreases with decreasing depth (Figure 15b). 
This is what we expect if the samples of the LMF zone 
belong to a regressive sequence, whereas those of the UMF 
zone belong to a transgressive sequence. Consequently, 
this finding can be thought as additional evidence of 
increasing intensity of transgression from the ?Pshekian to 
Solenovian along the wells that penetrated the MF.   
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Figure 10. Sea level fluctuations on the basis of relative hydrocarbon potential (RHP) logs of the four wells studied: (a) K-A well, (b) 
K-B well, (c) U-C well, and (d) V-D well. Note the increasing RHP values (i.e. increasing anoxicity) of the Lower Oligocene Mezardere 
samples from base to top, implying the occurrence of a sea level rise or transgression. Also note that smaller transgressive/regressive 
cycles are superimposed on the overall sea level rise. Well abbreviations and locations are given in Figure 4.

5.4. Source rock evaluation
5.4.1. Source rock potential
The samples used in the analyses are selected regardless of 
the unfavorable visual appearance of the samples (i.e. lack 
of black color) with respect to high OM. Therefore, source 
rock and petroleum potential of the MF is evaluated based 
on not only the deliberately selected samples with probably 
high organic richness but also the samples with poor 
organic richness considered. Source rock and petroleum 
potential assessment of the MF that is fully penetrated in 
the studied four wells is evaluated considering two zones 
as proposed and depicted in the earlier sections: LMF and 
UMF. Descriptive statistics of average organic geochemical 
and organic petrographical parameters derived from both 
zones are given in Tables 3a and 3b.

 Organic richness
LMF: Organic richness of the rock samples is 

measured as TOC. TOC values of 0–0.5, 0.5–1.00, 1.00–

2.00, and >2.00 wt. % indicate poor, fair, good, and very 
good source rock character, respectively (Peters, 1986). 
The TOC values of the LMF range from 0.29 to 1.50 wt. % 
with an average value of 0.88 wt. % (Table 3a; Figure 16). 
S2 yield, on the other hand, ranges from 0.17 to 3.92 mg 
HC/g rock and averages at 1.32 mg HC/g rock, indicating 
that the LMF has a poor petroleum potential. It should be 
kept in mind that the samples selected from the LMF and 
the UMF zones are early to marginally mature; therefore, 
thermal maturation cannot be responsible for the lower 
TOC and S2 yields. The PCC between TOC and S2 of the 
LMF samples is 0.66 (Table 4).  

UMF: The TOC values of the UMF samples range from 
0.60 to 1.86 wt. % with an average of 1.15 wt. % (Table 3b). 
Accordingly, the UMF is considered a good source rock if 
only TOC is considered.  

The TOC is an important criterion for source rock 
evaluation; however, it must not be used alone. Parameters 
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such as S2 yield are almost compulsory to use with TOC. 
Assessment of TOC and S2 values must be realized on the 
immature–marginally mature rock samples as done in this 
study. If TOC and S2 yield values are 0.0–0.5 wt. % and 
0–2.5 mg HC/g rock, then the analyzed rock sample has a 
poor potential; 0.5–1.0 wt. % and 2.5–5 mg HC/g rock, it 
has a fair potential; 1.0–2.0 wt. % and 5–10 mg HC/g rock, 
it shows a good potential; and lastly 2.0–4.0 wt. % and 10–
20 mg HC/g rock, it is a very good potential source rock 
(Tissot and Welte, 1984; Peters, 1986; Peters and Cassa, 
1994). Therefore, we should examine an internal relation 
between TOC and S2 yield. Figure 17 shows a TOC vs. 
frequency histogram of the UMF samples grouped by S2 
yield. For example, the bar showing highest frequency (13) 
shows a TOC value of 1.00–1.25 wt. %, which indicates 
a good source rock (Peters, 1986), but S2 yield of the 
same bar is 0.0–2.5 mg HC/g rock, which indicates a poor 

potential (Figure 17). Hence, the relatively high TOC 
(1.00–1.25 wt. %) value of a rock sample is needed to be 
evaluated together with S2 yield. However, S2 yield alone 
is a much better indicator of organic richness. In fact, its 
range for the UMF samples changes from 0.54 to 13.55 mg 
HC/g rock and averages at 3.52 mg HC/g rock, indicating 
that the UMF has a fair petroleum potential (see discussion 
above). The PCC between TOC and S2 within the UMF 
samples is 0.76 (Table 5). 

 Organic matter type
Organic matter type present in the rock is important 

to determine the type of the ultimately generated 
hydrocarbons. Lacustrine/marine type I OM with HI (mg 
HC/g TOC) values > 600 yields mostly oil, marine type II 
OM with HI = 300–600 yields oil, mixed type II/III OM 
with HI = 200–300 yields oil and gas, continental type III 
OM with HI = 50–200 yields gas, and lastly degraded type 
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Figure 11. TOC, HI, and RHP logs of the K-A well. Informal subdivision of the Mezardere Formation into the Lower Mezardere 
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Figure 12. TOC, HI, and RHP logs of the K-B well. Informal subdivision of the Mezardere Formation into the Lower Mezardere Forma-
tion (LMF) and the Upper Mezardere Formation (UMF) on the basis of dinocyst assemblages and Pediastrum spp. (see text) is compat-
ible with the organic geochemical TOC, HI, and RHP log curves. Location of the well is given in Figure 4.
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IV OM with HI < 50 yields no oil or gas (Peters and Cassa, 
1994). Type IV OM is inert and contains little hydrogen, 
and has no hydrocarbon-generating capacity. The other 
approach to determine organic matter type in this study 
is microscopic study on the kerogen slides to get percent 
maceral types. 

LMF: The HI values of the LMF samples have a 
minimum at 20 and maximum at 345 and average at 136 
mg HC/g TOC (Table 3a). If we consider the average value 
of 136 mg HC/g TOC alone, gas prone type III OM is the 
major OM type in the LMF samples. The Tmax versus 
HI diagram is also used to define organic matter types in 
the rock samples (Figure 18). In this figure, the samples 
remain constantly on the Tmax = 430–435 °C maturation 
curve (i.e. % Ro = 0.58–0.60 curve), indicating that HI 
is mainly affected by the input of organic matter type 
into the depositional environment, and in turn affected 
by fluctuations in sea level (Figure 18). Accordingly, 
HI in the LMF samples shows a great range indicating 

mixed type II/III, type III, and type IV organic matter. 
This organic type basically implies a shallow-coastal 
marine environment (i.e. neritic) receiving various type 
continental organic matter from the land. Analysis of the 
LMF kerogen slides is performed to provide the maceral 
% distribution in the MF samples. The mean values from 
the most abundant to less abundant maceral type % for 
the LMF samples are follows: WOM % = 35, HOM % = 
35, AOM % = 20, and COM % = 10 (Table 3a; Figure 19a). 
This result is consistent with the HI data given in Table 2. 
Within the 17 parameters given in Table 2, the highest and 
negative PCC is found between the COM % and HI (r = 
–0.66; Table 4). 

UMF: The HI values of the UMF samples have a 
minimum at 67 and maximum at 744 and average at 285 
mg HC/g TOC (Table 3b). Considering the average value 
of 285 mg HC/g TOC alone, we can say that mixed type 
II/III kerogen is the major OM type in this zone. Similar 
to the LMF samples, the UMF samples remain constantly 
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on the Tmax = 430–435 °C maturation curve (i.e. % Ro = 
0.58–0.60 curve), indicating that HI is mainly affected by 
the input of organic matter type and sea level fluctuations 
in the depositional environment having input of type I, 
type II, and mixed type II/III organic matter (Figure 
18). Input of type I OM is supported by the existence of 
Pediastrum spp. in the UMF samples. Organic matter 
type assessment under the microscope suggests that the 
UMF samples show mean values as AOM % = 37, HOM 
= 29, WOM % = 28, and COM % = 6 on average (Table 
3b; Figure 19b). The highest Pearson correlation occurs 
between the AOM and HI (r = 0.41; Table 5).

On average, the organic matter type of the ?Pshekian 
LMF samples can be classified as type III kerogen, 
whereas the organic matter type of the Solenovian UMF 
samples is composed of type II/III kerogen. These results 
again support the findings of our study that the LMF 
consists of predominantly regressive continental OM-rich 

deposits, whereas the UMF consists of marine OM-rich 
transgressive deposits.

Thermal maturity
In the present study, in order to remove the thermal 

maturation effect on the geochemical sea level proxies 
of TOC, HI, and RHP, the mature–postmature MF 
samples were eliminated. As a result, only early mature 
or marginally mature samples were used in this study 
(see Figures 9a–9c). Therefore, there is no further need 
for evaluation of the thermal maturity of the MF samples 
(Figure 18). Furthermore, it is interesting to note that in 
Figures 9b and 9c two of the maturity parameters, namely 
PI = S1/S1+S2 and % Ro, show regular increase with depth, 
whereas the other thermal maturity parameter, Tmax, 
decreases irregularly after about 2900 m. This is a common 
phenomenon in the Thrace Basin since oil generation 
begins at about 2900–3000 m in the basin (Gürgey, 2015). 
Therefore, the samples we analyzed contain some of the 

Figure 13. TOC, HI, and RHP logs of the U-C well. Informal subdivision of the Mezardere Formation into the Lower Mezardere Forma-
tion (LMF) and the Upper Mezardere Formation (UMF) on the basis of dinocyst assemblages and Pediastrum spp. (see text) is compat-
ible with the organic geochemical TOC, HI, and RHP log curves. Location of the well is given in Figure 4.
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Figure 14. TOC, HI, and RHP logs of the V-D well. Informal subdivision of the Mezardere Formation into the Upper Mezardere For-
mation (UMF) and Lower Mezardere Formation (LMF) based on the dinocyst assemblages and Pediastrum spp. (see text) is compatible 
with the organic geochemical TOC, HI, and RHP log curves. Location of the well is given in Figure 4.

generated hydrocarbons that cause decreasing Tmax values 
measured by the Rock-Eval Pyrolsis device. 
5.4.2. Petroleum potential
The petroleum potential of the rock samples is usually 
evaluated by using Rock-Eval pyrolysis parameters, such as 
S1, S2, and genetic potential (GP = S1 + S2 mgHC/g rock; 
Tissot and Welte (1984). GP < 2, TOC = 0–0.5; GP = 2–6, 
TOC = 0.5–1; GP > 6, TOC = 1–2; and GP > 6, TOC > 2 
indicate poor, fair, good, and excellent petroleum potential, 
respectively. Hence, the GP vs. TOC plot seems to be a 
useful way of evaluating petroleum potential (Figure 20). 
As seen in this figure, fair–good to excellent petroleum 
potential of the UMF samples is remarkable. In contrast, 
most of the LMF samples show poor to fair petroleum 
potential except for seven samples, which show fair 
petroleum potential. It should be remembered that the LMF 
samples are considered to represent the regressive deposits, 
which in general, show low TOC and HI; consequently, 

their low petroleum potential of the LMF samples then 
inevitably occurs. Petroleum potential of the MF samples is 
also assessed by using the source potential index (SPI). The 
SPI gives an estimate of the initial petroleum potential of a 
source rock. SPI is calculated using the formula:

SPI = h × (S1 + S2) × ρ/1000, (Demaison and Huizinga, 
1991)

where
SPI = ton HC/m2 = t HC/m2

h = Source rock thickness (m);
S1 = Average Rock-Eval S1 (kg HC/tons of rock);
S2 = Average Rock-Eval S2 (kg HC/ ton of rock); and
ρ = Density of the source rock (tons/m3). 
During calculation of the SPI, ‘ρ’ for the MF samples is 

selected as 2.5 t/m3 following the work by Peters and Cassa 
(1994).

Among the two informal subdivisions of the Mezardere 
Formation, the SPI values are calculated only for the 
UMF samples (Table 6). ORUs and their “h” values were 
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Figure 15. Maceral % vs. depth plots of the Lower Oligocene Mezardere Formation samples. (a) AOM % (amorphous organic matter 
%) versus depth and (b) (W+C) % {% (woody + coaly organic matter)} versus depth. Plots show increasing AOM % with decreasing 
depth in contrast decreasing W+C (%) by decreasing depth in “b” consistent to ‘the sea level fluctuation’ model proposed in this study.

Table 3. Descriptive statistic of the organic geochemical and petrographical parameters derived from (a) the Lower Mezardere Forma-
tion (LMF) ?Pshekian and (b) Upper Mezardere Formation (UMF) Solenovian samples. Descriptive statistic results are obtained from 
the data given in Table 2.

(a) 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17

  Depth (m) TOC Tmax HI S1 S2 GP PI OSI RHP Vrcal HOM AOM WOM COM W+C %  Ro

Valid cases 50 44 44 44 44 44 44 44 44 44 44 16 16 16 16 16 13

Mean 3077 0.88 435 136 0.21 1.32 1.53 0.16 23 1.66 0.67 35 20 35 10 44 0.64

Std. dev. 429 0.23 5 74 0.14 0.87 0.94 0.09 13 0.77 0.09 10 13 14 7 16 0.12

Minimum 2140 0.29 427 20 0.02 0.17 0.21 0.05 5 0.60 0.53 20 5 20 0 25 0.50

Maximum 3689 1.50 448 345 0.80 3.92 4.30 0.43 81 3.61 0.90 45 50 50 20 70 0.90

(b) 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17

  Depth (m) TOC Tmax HI S1 S2 GP PI OSI RHP Vrcal HOM AOM WOM COM W+C %  Ro

Valid cases 63 58 58 58 58 58 58 58 58 58 58 13 13 13 13 13 13

Mean 2297 1.15 431 285 0.16 3.52 3.69 0.05 13 2.98 0.60 29 37 28 6 34 0.51

Std. dev. 354 0.26 4 159 0.14 2.60 2.68 0.03 9 1.60 0.07 10 15 11 6 12 0.04

Minimum 1440 0.60 421 67 0.01 0.54 0.56 0.01 1 0.69 0.43 15 20 10 0 15 0.44

Maximum 2876 1.86 439 744 0.71 13.55 13.92 0.14 42 7.70 0.74 45 65 50 15 50 0.60
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Figure 16. Ranges of TOC vs. frequency histogram associated with S2 values 
for the 44 Lower Mezardere Formation (LMF) samples.
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determined with the help of the S1+S2 log curves, which 
were constructed separately for the four wells studied 
(Figures 21a–21d). During determination of the ORU 
thickness, only the points that provide GP = S1 + S2 > 
2 mg HC/g rock condition were considered (Peters and 
Cassa, 1994). As a result, nine ORU intervals with different 
thicknesses are determined as shown in Figures 21a–21d 
and Table 6. Calculated SPI values of the nine ORU 
intervals are given in Table 6. Accordingly, K-A, K-B, U-C, 
and V-D wells have total SPI values of 2.25, 3.99, 1.20, and 
5.51 tHC/m2, respectively. These values are not compatible 
with the world’s best source rocks. For example, an average 
SPI value of the Upper Permian source rocks of the Junggar 
Basin is 62.5 and Upper Jurassic source rock of the North 
Sea is 15 (Demaison and Huizinga, 1994). The average SPI 
value (5.51 tHC/m2) of the UMF in the V-D well puts it into 
the moderate petroleum potential category of Demaison 
and Huizinga (1994) regardless of drainage system type 
(i.e. lateral or vertical drainage petroleum systems). Coeval 
units of the ORU intervals observed in the V-D well may 
have significant unconventional shale-oil potential even 
in the V-D well but in the more mature areas these ORU 
intervals may also act as an active conventional source 
rock.
5.4.3. Lower Oligocene Mezardere Formation as a 
source of the Gelindere oil
The Gelindere oil located in the southern part of the Thrace 
Basin (Figure 4) is the only oil that was generated from the 
Lower Oligocene MF (Gürgey, 2014). We think that the data 
we derived from this oil may have significant contributions 
to the depositional environmental interpretation of the 
MF. In the present study, we have already made some 
depositional environmental interpretation on the basis of 
palynological data, organic petrography, and geochemistry 

of the MF samples. Furthermore, n-alkanes (GC), high 
molecular weight n-alkanes and alkylcyclopentanes 
(HTGC), sterane and terpane biomarkers (GC-MS), and 
bulk (IRMS) and individual n-alkane (GC-IRMS) stable 
carbon isotope ratios (δ13C) of the Gelindere oil (Gürgey, 
2014) are given here to support the environmental 
interpretations made in this study. Prediction of source 
rock characteristics using oil biomarkers (i.e. in terms 
of organic matter type, age, environment of deposition, 
lithology, and thermal maturity) is now a routine process 
in organic geochemistry (Moldowan et al., 1985; Philp, 
1985; Waples and Machihara, 1990; Peters et al., 2005). In 
this respect, GC, HTGC, and GC-MS chromatograms of 
the Gelindere oil from Gürgey (2014) are given in Figures 
22a–22d.

1- Low bioproductivity
· Low ααα sterane concentration (see page 52 in Gürgey, 

2014). Low C28/(C27 + C29) sterane ratio = 0.25 from Figure 
22c.     

2- Continental organic matter
· Low HHI (C35 Homohopane index = 3% from 

Figure 22d). C35 HHI = [(C35 (22S + 22R)/C31 – C35 (22S 
+ 22R)] × 100

3- Algal OM
· High nC9–C15 alkane concentration (see Figure 

22a).
4- Cenozoic age
· Presence of oleanane (see Figure 22d).
5- Coastal marine–estuarine depositional environment                 
· C27;C28;C29 distribution = 36;20;44 (see Figure 22c).
6- Dysoxic–oxic water redox conditions
· High pristane to phytane ratio = 2.39 > 1 (see Figure 

22a). 
· Pristane/nC17 vs. phytane/nC18 plot of Gürgey 

(2014) (see also Figure 22a).
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Table 4. Pearson correlation coefficient (PCC) values between the organic geochemical and organic petrological parameters for the LMF 
samples. The data from which PCCs are calculated are given in Table 2. The PCC values greater than 0.50 are assumed to be significant. 

    1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17

  Depth TOC Tmax HI S1 S2 GP PI OSI RHP VRcal HOM AOM WOM COM W+C %Ro

1 DEPTH 1.00                

  Valid cases 50                

2 TOC –0.09 1.00                

  Valid cases 44 44                

3 Tmax –0.43 –0.41 1.00              

  Valid cases 44 44 44              

4 HI –0.59 0.47 0.01 1.00              

  Valid cases 44 44 44 44              

5 S1 –0.15 0.59 –0.24 0.31 1.00            

  Valid cases 44 44 44 44 44            

6 S2 –0.53 0.66 –0.05 0.92 0.40 1.00            

  Valid cases 44 44 44 44 44 44            

7 GP –0.52 0.71 –0.08 0.90 0.53 0.99 1.00          

  Valid cases 44 44 44 44 44 44 44          

8 PI 0.54 0.03 –0.21 –0.55 0.38 –0.50 –0.41 1.00          

  Valid cases 44 44 44 44 44 44 44 44          

9 OSI –0.06 0.35 –0.20 0.21 0.94 0.23 0.36 0.47 1.00        

  Valid cases 44 44 44 44 44 44 44 44 44        

10 RHP –0.61 0.45 –0.01 0.93 0.40 0.93 0.93 –0.53 0.33 1.00        

  Valid cases 44 44 44 44 44 44 44 44 44 44        

11 VRcal –0.43 –0.41 1.00 0.01 –0.24 –0.05 –0.08 –0.21 –0.20 –0.01 1.00      

  Valid cases 44 44 44 44 44 44 44 44 44 44 44      

12 HOM 0.30 0.66 –0.86 0.25 0.19 0.51 0.49 –0.14 0.06 0.39 –0.86 1.00      

  Valid cases 16 10 10 10 10 10 10 10 10 10 10 16      

13 AOM –0.07 0.64 –0.80 0.09 0.37 0.35 0.38 0.26 0.26 0.28 –0.80 0.03 1.00    

  Valid cases 16 10 10 10 10 10 10 10 10 10 10 16 16    

14 WOM –0.46 –0.54 0.78 0.10 –0.09 –0.21 –0.20 –0.24 0.03 –0.06 0.78 –0.69 –0.60 1.00    

  Valid cases 16 10 10 10 10 10 10 10 10 10 10 16 16 16    

15 COM 0.57 –0.61 0.59 –0.66 –0.55 –0.71 –0.74 0.35 –0.46 –0.77 0.59 –0.13 –0.61 0.11 1.00  

  Valid cases 16 10 10 10 10 10 10 10 10 10 10 16 16 16 16  

16 W + C –0.13 –0.71 0.90 –0.19 –0.30 –0.47 –0.48 –0.06 –0.17 –0.36 0.90 –0.64 –0.78 0.89 0.55 1.00  

  Valid cases 16 10 10 10 10 10 10 10 10 10 10 16 16 16 16 16  

17 %Ro 0.75 –0.48 0.00 –0.74 –0.02 –0.87 –0.81 0.85 0.09 –0.83 0.00 0.30 –0.22 –0.38 0.65 0.01 1.00

  Valid cases 13 8 8 8 8 8 8 8 8 8 8 12 12 12 12 12 13
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Table 5. Pearson correlation coefficient (PCC) values among the organic geochemical and organic petrographical parameters for the 
UMF samples. The data from which PCCs are calculated are given in Table 2. The PCC values greater than 0.50 are assumed to be sig-
nificant. 

    1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17

  Depth TOC Tmax HI S1 S2 GP PI OSI RHP VRcal HOM AOM WOM COM W+C %Ro
1 Depth 1.00                
  Valid cases 63                
2 TOC –0.46 1.00                
  Valid cases 58 58                
3 Tmax –0.18 –0.05 1.00              
  Valid cases 58 58 58              
4 HI –0.30 0.61 –0.15 1.00              
  Valid cases 58 58 58 58              
5 S1 –0.24 0.62 0.05 0.49 1.00            
  Valid cases 58 58 58 58 58            
6 S2 –0.46 0.76 –0.02 0.93 0.56 1.00            
  Valid cases 58 58 58 58 58 58            
7 GP –0.46 0.77 –0.01 0.93 0.60 1.00 1.00          
  Valid cases 58 58 58 58 58 58 58          
8 PI 0.33 –0.05 0.07 –0.29 0.51 –0.29 –0.25 1.00          
  Valid cases 58 58 58 58 58 58 58 58          
9 OSI –0.07 0.41 0.00 0.39 0.95 0.40 0.43 0.66 1.00        
  Valid cases 58 58 58 58 58 58 58 58 58        
10 RHP –0.35 0.62 –0.11 0.97 0.52 0.96 0.95 –0.32 0.41 1.00        
  Valid cases 58 58 58 58 58 58 58 58 58 58        
11 Vcal –0.18 –0.05 1.00 –0.15 0.05 –0.02 –0.01 0.07 0.00 –0.11 1.00      
  Valid cases 58 58 58 58 58 58 58 58 58 58 58      
12 HOM 0.94 –0.37 –0.07 –0.72 –0.31 –0.72 –0.71 0.38 –0.13 –0.67 –0.07 1.00      
  Valid cases 13 8 8 8 8 8 8 8 8 8 8 13      
13 AOM –0.66 0.53 0.30 0.41 0.08 0.61 0.60 –0.50 –0.22 0.37 0.30 –0.60 1.00    
  Valid cases 13 8 8 8 8 8 8 8 8 8 8 13 13    
14 WOM –0.21 –0.30 –0.15 0.25 –0.07 0.06 0.05 –0.18 0.05 0.22 –0.15 –0.27 –0.53 1.00    
  Valid cases 13 8 8 8 8 8 8 8 8 8 8 13 13 13    
15 COM 0.52 0.02 –0.26 –0.16 0.48 –0.25 –0.22 0.81 0.62 –0.11 –0.26 0.38 –0.63 0.01 1.00  
  Valid cases 13 8 8 8 8 8 8 8 8 8 8 13 13 13 13  
16 W + C 0.06 –0.30 –0.30 0.17 0.18 –0.07 –0.06 0.25 0.38 0.17 –0.30 –0.06 –0.76 0.88 0.48 1.00  
  Valid cases 13 8 8 8 8 8 8 8 8 8 8 13 13 13 13 13  
17 %Ro 0.79 –0.43 0.27 –0.47 –0.49 –0.56 –0.57 –0.04 –0.33 –0.50 0.27 0.67 –0.59 0.06 0.31 0.20 1.00
  Valid cases 13 8 8 8 8 8 8 8 8 8 8 13 13 13 13 13 13

Figure 17. Ranges of TOC vs. frequency histogram associated with S2 values 
for the 58 Upper Mezardere Formation (UMF) samples.
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Figure 18. HI vs. Tmax plot showing great variation in HI values with very slight changing in Tmax (maturity) values. This phenomenon 
is probably related to the sea level fluctuations during the deposition of the Lower Oligocene Mezardere Formation.

Figure 19. (a) Pie diagram of the maceral % distribution in the Lower Mezardere Formation (LMF) and (b) for the Upper Mezardere 
Formation (UMF) samples.

0

100

200

300

400

500

600

700

800

900

1000

330 380 430 480 530 580

H
I

]C
OT g/ C

H g
m[

Tmax [°C]

Type I 
Oil Prone

(usu.lacustrine )

Type II
Oil Prone

(usu.marine)

Mixed Type II /III 
Oil / Gas Prone

Type III 
Gas Prone

Type IV 

0.90 %Ro

0.60 %Ro

1.30%Ro

Maturation
Trend Line

I m m a t u r e P o s t m a t u r eMature

UMF

LMF

+

35%

20%

35%

10%
HOM%

AOM%

WO%

COM%

(a)

29%

37%

28%

6%

HO%

AOM%

WOM%

COM%

(b)



377

GÜRGEY and BATI / Turkish J Earth Sci

7- Freshwater input into the depositional side
· Presence of C30 4 methyl steranes (see Figure 22c). 
· CPI42–46 < 1 (0.97) (CPI = Carbon Preference Index 

(see Figure 22b). 
· CPI42–46 = [2 (C43 – C45)]/[(C44 + C46) + (C42 + C44)]
· Negative slope of δ13C individual nC9–nC19 alkanes 

(see page 62 and Figure 11 of Gürgey, 2014).   

8- Clastic lithology
· Low C29 norhopane/C30 hopane ratio = 0.44 (see 

Figure 22d).
9- Low thermal maturity of 0.50–0.60 %Ro 
· 22S/(22S + 22R) ratio = 0.60 (see Figure 22d).
Depositional environmental characteristics of the 

source rock of the Gelindere oil given above are compared 

Figure 20. Genetic potential (S1+S2) vs. TOC plot of the Lower Oligocene Mezardere Formation samples.

Table 6. Selected organic-rich units (ORUs) from the Upper Mezardere (UMF) intervals in the four wells studied. Their 
genetic potential (GP) and the source potential indexes (SPI) are given. Positions of the ORUs along the wells are shown in 
Figures 21a–21d. Location of the wells are given in Figure 4 (K-A = Karacaoglan-A; K-B = Kumrular-B; U-C = Umurca-C; 
V-D = Vakiflar-D wells).
 

Well 
name

Organic-rich
 unit (ORU)

Top 
(m)

Base
(m)

Net thickness
(m)

GP = S1 + S2
 (mg HC/g rock)

Density
 (t/m3)

SPI 
( tHC/m2)

K-A UM-ORU-1 1900 2010 110 3.20 2.5 0.88
K-A UM-ORU-2 2115 2265 150 3.65 2.5 1.37
Total 2.25
K-B UM-ORU-1 1650 1810 160 7.56 2.5 3.02
K-B UM-ORU-2 1925 2015 90 4.33 2.5 0.97
Total 3.99
U-C UM-ORU-1 2257 2350 93 3.00 2.5 0.70
U-C UM-ORU-2 2575 2665 90 2.23 2.5 0.50
Total 1.20
V-D UM-ORU-1 2055 2150 95 3.40 2.5 0.81
V-D UM-ORU-2 2200 2610 410 3.98 2.5 4.08
V-D UM-ORU-3 2675 2745 70 3.53 2.5 0.62
Total 5.51
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to those of the UMF and the LMF. We conclude that the 
Gelindere oil could be derived from the UMF. If so, this 
has several implications for hydrocarbon exploration 
in the Thrace Basin. One of these is that the future mass 
balance studies between the amount of discovered oil and 
the generated oil from the source rock should consider the 
UMF instead of the whole thickness of the MF. Secondly, 
unconventional shale-oil studies should be focused on the 
UMF since it has sufficient organic richness, the right type 
of organic matter, and has reasonable maturity (Gürgey, 
2015).

6.  Conclusions
1. The Mezardere Formation, for the first time, is informally 
subdivided into the ?Pshekian Lower Mezardere Formation 
based on the common occurrences of Glaphyrocysta cf. 
semitecta and absence of Wetzeliella gochtii corresponding 
to ?NP21/22 zones and the Solenovian Upper Mezardere 
Formation based on the very rich and diverse dinocyst 

assemblage having abundant occurrences of age-diagnostic 
Wetzeliella gochtii and corresponding to NP23/24 zones. 
This informal subdivision is consistent with the vertical 
distribution of the organic geochemical data and it allowed 
us to compare various geochemical properties of the 
Mezardere Formation with coeval deposits in the Eastern 
Paratethys realm.

2. The depositional environment of the Mezardere 
Formation has changed from neritic normal-marine 
in the ?Pshekian to shallower neritic brackish-marine 
in the Solenovian. Higher abundances of Pediastrum 
spp. identified for the first time in the Upper Mezardere 
Formation were interpreted as an indication of freshwater 
input during Solenovian in the Thrace Basin. Similar 
observations indicating a heavy freshwater influx were 
made by European scientists based on richness in nutrients 
and nannoplankton blooms in the Eastern and Western 
Paratethys.

Figure 21. Genetic potential (S1+S2) log curves for the four wells studied.
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Figure 22. Gas chromatogram (a), HTGC (b), m/z 217 sterane (c), and m/z 191 terpane (d) mass chromatograms of the Lower Oli-
gocene Mezardere Formation-sourced Gelindere oil located in the southern Thrace Basin (Gürgey, 2014). See Figures 1 and 4 for the 
location of Gelindere oil.

3. Organic geochemical proxies (i.e. TOC, HI, and 
RHP) indicate that there are three relatively short-term 
transgressive-regressive high order cycles during the 
deposition of the Mezardere Formation. 

4. Characterized by relatively high source rock and 
hydrocarbon potential, the Solenovian Upper Mezardere 
Formation corresponds to cycle - 3 and marks the time of 
transgression, which is a function of maximum and drastic 
rise of sea level. Its SPI in the K-A, K-B, U-C, and V-D 
wells is 2.25, 3.99, 1.20, and 5.51 t HC/m2, respectively. 
SPI was not calculated for the ?Pshekian Lower Mezardere 

Formation samples due to its low Rock-Eval TOC, HI, and 
S2 values.
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