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Mengen (Bolu) basin extending northeast-southwest contains Neogene lime-
stone, claystone, marl, lignite, and oil shale sequences. Qil shale deposit has
been accumulated in shallow restricted back-platform basins during the
Middle Eocene. The Middle Eocene (Lutetian) deposit divides into seven
levels L,_7. Level Lg consists of oil shale (thickness ranging from few mm to
4 meters), marl, claystone and siltstone intercalations. Investigated oil shale
strata of an average 50-cm thickness are green or dark brown in color. Oil
shale samples contain mainly quartz, calcite, ankerite, chabazite and smectite
minerals. FTIR spectra and exothermic maximum and minimum peaks of
DTA and TGA weight-loss curves of oil shale samples are compatible with
TOC values and mineral composition, respectively. Total organic carbon
(TOC) and genetic potential (GP) values of the oil shale samples are between
1.13 and 28.32wt.% and 176.11 and 281.22 mg HC/g rock, respectively.
Hydrogen index (HI) and T, values range from 497 to 968 mg HC/g rock
and 430 to 442 °C, respectively. TOC and GP values indicate a good source
rock potential of this oil shale, and T, values show its general immaturity.
The samples stand mainly between types | and Il of the evaluation path but
closer to typeI. Thistype of organic matter can generate oil upon pyrolysis.

" Corresponding author: e-maijyildiz@eng.ankara.edu.tr
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I ntroduction

The investigated area is located west of Mengen, which is 30 km northeast
of Bolu (Turkey). The area is extending 14 km. in NE-SW and 3 km in NW-
SE direction (Fig. 1). Préwus studies of the basins have mainly dealt with
stratigraphy, tectonics, lignite and oil shale deposits. A general geology of
the study area has been presentedJggal [1]. Cerit [2, 3] has studied
lithostratigraphy and tectonics of theidy area. Coal geology and oil shale
studies have been carried out bykbm@an [4], Uysal [1, 5], Erdem and
Akalin [6], Senguler [7], Sengulend Ayyildiz [8]. The exploitation of oil
shales represents for many countréesaluable potential source of liquid
hydrocarbons and energy [9]. Turkey has a high reliance on imported energy
considering the total energy used. Treduction of shale oil from oil shale

is one of the energy generation alternatives available in Turkey, as petroleum
supplies are continuously declining, accompanied by increasing costs of
petroleum-based products. Therefoileshale may present opportunities for
supplying some of Turkey's fossil energy needs. There has been a lot of
works about Turkish oil shale deposits whose estimated current reserve is
approximately 1641 million tonnes, located mainly in four deposits Himme-
toglu, Seyitomer, Hatildag and Beypazari [10]. In addition, total reserves are
predicted to be 3 to 5 million tonsg11-15]. Bituminous sediments or oil
shales of mainly the Tertiary age formations in various places such as
Seyitomer-Kutahya, Beypazari-Ankara, Seyitomer-Goynuk-Hatildag-Bolu,
Bahcecik-1zmit, Ulukisla-Nigde and Gurun (Sivas) in Turkey have been
investigated for a long time by several scientific workers [16-21].

Because of kerogen content it is a valuable source of energy as it can be
converted to oil. Therefore, it is portant to estimate the kerogen content
and possible oil yield in an oil shadecurately. However, there has been no
detailed investigation using oil shale deposits in Turkey.

Previous researches are mainly about Seyitomer, Hatildag, Goynuk and
Beypazari oil shale deposits. In addition, Sarial. [22] have discussed
hydrocarbon potential of Mengen oilal (only Gokcesu area) using TOC
and pyrolysis. Nevertheless, there is no detailed information about organic
geochemical, mineralogical and thermal decomposition properties on the
outcropped samples from the Mengen basi the southern part of Bolu,
Turkey.

In this paper, five techniques, namely pyrolysis, XRD, DTA, FTIR
and TGA, are used to characterize Mengen oil shale samples (calcerous
bituminous limnic series of the Eocene age). Geochemical, mineralogical
and thermal decomposition propertiesMEngen oil shales are presented.
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Sratigraphy

The Mengen basin (Bolu) is located in the northwest of Turkey (Fig. 1), and
it occupies approximately 144 kmThe Mengen basin extending along
northeast-southwest direction contaiassedimentary sequence of up to
1222 m in thickness [7]. The sedimentary rock sequence ranges from
Silurian to Neogene [7, 8]. The Palmic and Cretaceous basement rocks
unconformably overlie the Eocene and Neogene units (Fig. 2). The Eocene
unit is especially important for oil shale and divides into seven conformable
levels L.; [7] which generally consist of clastics (marl, claystones and
siltstones), calcareous oil shale, and lignite. 50 m thicle\el consists of
alternating green claystone, marl and limestone. Leyek Lcalled lower
limestone with average thickness of 25 m, and gray to beige in color. It
smells badly due to bituminous impurities. Level tomposed of gray-
green and sometimes red-colored claystones and marl with limestone, is rich
in lignite horizons. Its average thickness is 200 m and it is called the lignite
series. Level L is the upper limestone level, differing from the lower part by
lithologic properties. Its average thickness is 40 m. Lewvetdnsists of
alternating marl and claystone layers and contains some bituminous shale
(100 m in thickness). Levelglis rich in bituminousshale alternated with
marl, claystone and siltstone. This level occupies a 5akema in the Mengen
basin (Fig. 1). Like k, L; level is composed of alternating marl and clay-
stones, and its average thickness is 40 m. The Neogene unit is composed
mainly of conglomerates, agglomerates and sandstones.

Material and methods

Oil shale samples

The oil shale samples used in thwsrk were collected from the Mengen
basin northeast of Bolu (30 km) (Fig. 1). The samples were crushed to a
particle size <60 mesh and prepassgording to ASTM Standard. Mengen

oil shale layers vary in thicknegeom few mm to 4 m are grey to dark
brown in appearance, medium hard and compact, brittle and thinly
laminated.

Major and minor element analysis of oil shale

Major and minor elements present in Mengen oil shale samples were
analyzed by ICP at Ankara University. Eleven samples of oil shale were
analyzed for major, minor and a few rare earth element content.

Organic geochemical analysis

The quantity of organic matter in the shale samples was evaluated from the
total organic carbon (TOC) content and Rock-Eval 6 pyrolysis data (Turkish
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Petroleum Research Center, Aria The hydrogen index HI §50C) and

the oxygen index Ol @BrOC) were used to characterize kerogen types. A
plot of these indices in the van Kreeeldiagram shows the type of organic
matter present in the oil shale samples. Production indé%65,) and T

were used to characterize the amount of oil generated from the source, but
one ought to consider migration and maturity of kerogen, respectively.

X-ray diffractometer analysis

XRD analysis was carried out using a RadB X-Ray diffractometer system
(scanning speed 1°/min between 2 and @ihgrvals).

Thermal analysis

Differential thermal analysis (DTA)na thermogravimetry (TGA) were per-
formed with Shimdzu, DTA-50 and TGA-50 thermal analyzers, respectively.
The DTA measurements proceeded at a heating rate of 10 °C/min in air (air
flow rate of 20 ml/min), whereas the TGA measurement proceeded at a
heating rate of 10 °C/min under nitroggritrogen flow rate of 50 ml/min).

FTIR analysis

FTIR analysis was performed at Perkin Elmer Model Spectrum one system
between 650 and 4000 ¢in

Results and discussion

The data on major-minor element analysis of Mengen oil shales are listed in
Table 1a, b. The arithmetic mean of Sidntent is 27.3 %, N® and SiQ
content reaches 2.09% and 34.11%, respectively. CaO content ranges from
6.22% to 21.09% with a 15% mean valaed Sr, Ba, Ni, Cu, Zn, Zr and Rb
(ppm) values exceed those of other trace elements (Table 1a, b). High Sr
values could be originated from basement marine limestones (limestones of
the Cretaceous and Ypresian age). Also, these results were compared with
the data on Hatildag (Miocene) and world average oil shale (Fig. 3). The
content of major elements in Mengen and Hagldéshales of the Miocene

is similar, however, there are some differences in the content of CaO, Na
and SiQ. As for minor elements, the ashales from the two fields differ

very much in concentration of coppstrontium, zinc, rubidium, zirconium,
molybdenum, nickel, and niobium.

Organic geochemical investigation

The Eocene (Lutetian) oil shale levelsddeen investigated with respect to
organic geochemical characteristics. &#b6tons were measured and selected

11 samples were analyzed (Table 2). The samples for analysis were taken
from the locations Sarikizlar (SK series) and Yukarimehmetler village (MN
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Fig. 3. Comparative diagram of Mengen and Hatildag oil shales and world average.

Table 2. Pyrolysisresults of M engen oil shales samples

Sample | TOC, % S S S; Tmax °C HI Ol Pl

number
MN-01 19.04 3.56 | 17255 1.63 442 904 § 0.0R
MN-02 8.24 2.98 58.65| 3.04 439 711 36 0.06
MN-03 2.38 0.77 10.68 0.98 433 448 41 0.0y
MN-04 5.61 1.59 43.86 1.38 432 781 24 0.08
MN-05 0.89 0.26 2.31 0.69 431 259 et 0.10
MN-06 12.31 5.55 86.07 3.89 430 699 3L 0.0p
MN-07 16.74 6.40 | 128.82 5.06 442 769 3D 0.06
MN-08 14.95 260 | 118.00 5.27 442 789 3b 0.0R
SK-01 28.32 6.17 | 274.3D 1.70 442 968 6 0.02
SK-02 15.48 3.22 | 132.4p 1.51 437 855 ) 0.02
SK-03 12.95 4.96 99.54 3.66 436 768 28 0.05
SK-04 14.71 5.49 115.8P 3.47 432 787 23 0.05
SK-05 1.13 0.31 5.62 0.72 438 497 638 0.06
SK-06 15.59 8.28 11.03 4.48 423 712 28 0.07

series). Two samples of them (MN-5 and SK-5) were collected from clayey
facies from sections. Rock-Eval analysis was performed to determine
petroleum potential and type of organic matter [23].

Total organic carbon (TOC)

Total organic carbon (TOC wt.%.) was determined for 13 samples using a
Rock-Eval 6. The results are given in Table 2. TOC content of the Sarikizlar
samples ranges from 1.13 to 28.32 wt.%. T€é@@tent of clayey facies in the

Ls level is lowest. In the Yukarimehmetler location, TOC content of the
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samples ranges from 0.89 to 19.04 wt.% and the average is 10.02 wt.%.
Except of clayey facies, all samples show that organic matter content in the
section is high.

Rock-Eval pyrolysisand organic matter types

The analysis data were integpated according to Espitaééal. [23]. In the
Sarikizlar samples, the HI ranges from 497 to 968 mg H@@QC, with an
average of 775 mg HCGTOC, and the Ol ranges from 6 to 63 mg,@®
TOC, with an average of 26 mg €§* TOC. The production index (PI)
ranges from 0.02 to 0.05, with an average of 0.038 Tapdanges from 438
to 442 °C, with an average 437 °C. The organic geochemical results of the
samples were plotted in the . Ty« and the His. Ol diagrams to evaluate
kerogen type. The results indicate that organic material of the samples is
dominantly kerogen type | and Il (Fig.4a, b). Hydrocarbon-generating
potential is estimated by measuring total pyrolytic hydrocarbon yield £5.
The pyrolysis analyses show that genetic potential values 3 exceed
2 mg HC/g rock, ranging between 5.93 and 280.47 mg HC}g rock (Table 2).
As for level Ls of the Yukarimehmetler section, Rock-Eval analyses were
made on 8 selected samples. HI values are as high as those for the Sarikizlar
samples — between 259 and 906 mg HCT@C. The production index (PI)
ranges from 0.02 to 0.07, except MN-5 (0.1D). values range between
430 and 442 °C with an average of 436 °C. Genetic potential values exceed
2 mg HC/g rock, ranging between 2.57 and 176.11 mg HC/g rock (Table 2).
The lowest values were observed in clayey facies (2.57 mg HC/g rock).
S, + S values for analyzed samples indicatevell to excellent source rock
potential in the investigated area. Thewdl T, and Hlvs. Ol diagrams
show that the samples locate along mainly on the curves of type | and I
kerogen (Fig. 4a, b).
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800 2 |
1 Type Il 600 T
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Fig. 4. Modified van Krevelen diagram of Mengen oil shale [23].
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Kerogen was isolated from the rock matrix using standard palynological
preparation procedures. Petrograplycathe investigated samples are
dominated by amorphous, algal, and lagdous in oil shale facies, however,
minor woody and coaly organic mattarere observed in clayey facies.
According to the organic matter cldgsation of Jones [25], three main
organic facies types were recognized as A, AB and minor B.

In terms of thermal maturity, both the temperature at maximupe&k
(Tvax) @nd transformation ratio (PI) are generally lower than 435 °C and 0.1
expected for a mature shale (TaBje Samples are plotted within the
immature zone in Figs. 4 and 5. The Mengen oil shale samples with high GP
appear immature presently but have the potential to generate both oil and gas
under pyrolysis.

500

Inert material
present Overmature
480
Mature
O 460
o
5 Stained 'andlor
= 440_|®® Contaminated
é.
420+
Immature
400
380 0 . ; I ;
° 02 0.4 06 08

Production Index (PI)

Fig. 5. Plots of T,.« (°C) against Production Index (PI) for Mengen oil shales.

Mineralogical and thermal decomposition properties of Mengen oil
shales

XRD data of the samples in Fig. 6 show that samples SK1 to 4 are
composed of generally quartz, calcitkeunite, zeolite (chabazite), feldspar
and smectite. However, samples MN-2, 5 and 7 from the MN series contain
ankerite and quartz-calcite as main and accessory minerals, respectively.
Also smectite (d: 14.6 A) was determinad these samples. Nevertheless,
calcite is accompanied with quartz, quartz-ankerite and ankerite in MN
samples 4, 6, 8 being the main mineral in sample 1. Another mineral smectite
is visible in the XRD. It loses the risture below 200 °C and crystalline water

at a much higher temperature. HioC values of the samples containing
smectite are an expected result. Theults of those samples (SK-1 to 4)
support that opinion. It is a case similar to MN series samples.
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Calcite concentration of all sgles is compatible with ;Svalues pre-
sented in Table 1. Therefore, it is an expected situation that the samples
containing less calcite (MN-05 and 03) have lowgra®d those with high
calcite concentration (MN-4 and 06) have high V@lues. ICP analysis
results are compatible with minéreomposition. Ankerite samples MN-2
and 6 are characterized with especially highOzevalues (6.464% and
5.512%) (Table 1a).
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FTIR spectra of the samples are shown in Fig 7. Observing the C-H
structure of all samples, 2922 and 2852'dnands in Fig. 7 are compatible
with TOC values. Those bands are invisible in the spectrum of the sample
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Fig. 7. FTIR curves of Mengen oil shale samples.
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with the lowest TOC value (MN-5); theare visible in the spectrum of SK-1
samples. The 1410-1437 ¢rband observable in the spectra of all samples
belongs to CaCgand is compatible with mineral composition. In addition, a
wide and sharp band at 1000 ¢rbelongs to Si-O-M structures. The range
3200-3600 ci observed in all samples belongs teOHnext to OH and
aromatic CH structure#& wide and shallow band quiit hinders the band of
aromatics. A sharp severe band at 875'dmelongs to C-H structures
connected to the outer ring of benzene derivative compounds in some
samples of high TOC values.

TGA data of the samples are shown in Fig. 8. Weight loss curves of all
samples are compatible with the content of organic and mineral compounds.
For example, while weight loss of SKwith the highest TOC value is totally
45%, that of the sample with the lowest TOC value (MN-5) is 20%. In
addition, there is a relationship betwetke increase in final pyrolysis tem-
perature and increase in weight loss. Samples characterized by high T
values show an increase in the rate of weight loss. A similar relationship has
also been reported by Dogan and Uysal [21]. Clay minerals such as smectite
can also lose their structural wafe the temperature interval 200-600 °C.
High clay mineral content of some samples explains why there are such
deviations in weight loss values within the above temperature interval.
Figure 8 shows that the highest weight loss occurs in the region of 450—
550 °C. All samples show a proportiomalationship between the weight loss
in this temperature region and the total weight loss. The next major phase of
weight loss occurs in the temperature range from 600 to 850 °C. In this
temperature interval, mainly carbonate minerals such as calcite, dolomite

100.00-

90.00F

80.00F

% Weight Loss

70.00r

60.00F

0.00 20009 30000 500,06 500 00
Ternperature °C

Fig. 8. TGA curves of Mengen oil shale samples.
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and ankerite decompose. Relatively high weight losses in the temperature
intervals of 650—750 and over 750 °C icatie a high calcite content.

DTA data of the samples are shownFig. 9. Maximum and wide of
exothermic peaks are compatible witBC content of all samples. Wideness
and different alteration temperature thie exothermic peaks indicate that
samples contain different organicngpounds. High alteration temperature
values are related to aromatic hydrocarbon structure, indicating the forma-
tion of big molecules of organic na&u Alteration temperature for sample
SK-1 with high TOC value is 671 °C, pointing at its compact aromatic
structure. As a matter of fact, high &d $ values of that sample support
this conclusion. Wide exothermic gles explain that the basic organic
structure is composed of severabgps. Endothermic peaks of different
range between 751 and 825 °C in all samples belong to decomposition of
calcite minerals whose content in samples is different.
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MMOS

%

MMOS 343

N

SO 671

i

SkKoz2

7

SKO3 445

SKo4

813
0.00 200.00 400.00 600.00 800.00

Temperature, °C

Fig. 9. DTA curves of Mengen oil shale samples.

Conclusions

The Mengen oil shale deposit is one of the big areas of Turkey’'s energy poten-
tial. However, there has been no detailed study about it. In this paper, geo-
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chemical, mineralogical and thermal decomposition properties of Mengent oil
shale are presented. According to XRialysis, shale samples are composed
mainly of quartz, calcite, ankerite, and chabazite - smectite minerals. The TOC
and GP values of samples indicate thaly have a good source rock potential.
However, T values of samples show that shale samples are generally
immature and stand mainly between types | and Il of evaluation path, but
closer to type |. This type of organic matter can generate oil upon pyrolysis.
DTA and TOC values of Mengen oil shale samples are compatible with each
other. Samples MN-1 and SK-1 with highest TOC values demonstrate the
widest alteration peaks. TGA resultzow that the shapes of decomposition
curves depend on mineral and organic composition of oil shale samples.
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