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ABSTRACT

Fifty-four coal clast samples in the siliciclastic rocks (e.g., sandstone and conglomerate) were
collected from cores of two-deep research wells (K20H and K20K) drilled at the Kozlu coalfield in
Zonguldak Basin, and for the first time, they were evaluated using mineralogy by XRD and SEM-
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EDX and random vitrinite reflectance (%Rr) measurements in order to find out their origin and

timing. Petrographic observations on polish surfaces show that the coal clasts are either entirely
xylitic/vitrinitic particles or coals including a broader range of macerals. The detected minerals in
the samples are mostly derived from the parental coal seams and, to a lesser extent, precipitated
from penetrated pore-water in the cleats/fractures of clasts. The %Rr values of coal clasts in
Carboniferous sediments are generally relatively higher than those measured in the coal seams
due to weak oxidation during transportation. Furthermore, similar mineralogical and maceral
compositions between coal clasts and coal seams imply that these clasts were mainly eroded during
the peatification and/or early coalification of parental seams and display similar coalification
patterns. The close %Rr value of a coal clast sample in the Early Aptian Zonguldak Formation and
Received Date: 16.07.2022  Carboniferous coal seams could suggest that this coal clast sample is presumably derived from the
Accepted Date: 23.11.2022  coal seams eroded during Early Aptian.

1. Introduction 2021; Zhang et al., 2019; Yang et al., 2020). Coal

Peat beds and coal-bearing sequences could be clasts are commonly found in Carboniferous coal-

eroded due to several reasons (e.g., flooding events bearing sequences and range in size from a millimeter

and mass movements during peat formation or fluvial to tens of centimeters. Fragments of pebble-sized

and marine influence after coalification) (Petersen coal particles and/or in some cases coalified woody

et al., 1998; Gerslova et al., 2016; Izart et al., 2016;
Martinek et al., 2017; Bicca et al., 2020). As a result,
coal clasts and/or coal-placers could be observed
within the synchronous siliciclastic sediments and
marine carbonates of coal seams and in modern
marine sediments (Littke et al., 1989; Hower et al.,
2001; Pesek and Sykorova, 2006; Dill et al., 2017,

material (xylite) within clastic sediments (e.g.,
sandstone, conglomerate) were reported from several
late Palacozoic coal basins in Europe since the early
20" century (PeSek and Sykorova, 2006). However,
there are a limited number of detailed studies
conducted on coal clasts mainly focused within Late

Carboniferous coal basins in central Europe and South
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Wales (Littke et al., 1989; Paszkowski et al. 1995;
Gayer et al., 1996; Kozusnikova et al., 1999; Dan¢k et
al., 2002; Misz-Kennan et al., 2019; Suchy et al., 2019;
Yang et al., 2020). These studies show that the maceral
and mineralogical composition, random vitrinite
reflectance (%Rr) values, palynological properties, and
size and shapes could provide data about the timing of
erosion of Late Carboniferous seams, the origin and
possible transportation distance (e.g., a short distance)
of coal clasts, and, in some cases, maturation and coal
bed methane potential of late Palacozoic coal-bearing
sequences. For instance, the relatively lower %Rr
values of coal clasts than the closest late Palacozoic
coal seams within the basin could imply that coal clasts
are derived from coal seams in the proximity of coal-
bearing sequence due to erosion of these coal seams
before coalification. Furthermore, their palynoflora
composition could also provide their origin, and more
importantly, whether the coal clast-bearing sediments
were deposited after a hiatus.

The Zonguldak Basin is located in the NW
Tiirkiye (Figure la) and hosts major economic
bituminous coal resources in Tiirkiye within the late
Palacozoic sequences (Figure 1b and 1c) (Karayigit
et al., 1998; 2018a). Previous studies of the coal
seams of Carboniferous age in the Zonguldak Basin
show that the late Paleozoic coal seams display
similar palynoflora and coal petrographical features
to late Palaecozoic coal basins in the east and central
Europe (Akgiin and Akyol, 1992; Karayigit, 1992;
Karayigit et al., 1998, 2018a, b; Cleal and Van
Waveren, 2012; Cleal et al., 2017, 2018; Oplustil et
al., 2018). Furthermore, the sedimentological data
from the Carboniferous coal seams show that the roof
rocks of Carboniferous coal seams are mainly made
up of conglomerates and sandstones, which mostly
overlie coal seams with erosional bases, and possible
erosion of Early Carboniferous (Serpukhovian-
Bashkirian) sequences during the Late Carboniferous
(Duckmantian-Asturian) was also assumed (Zijlstra,
1952; Kerey, 1985; Oplustil et al., 2018). In addition,
the 1-D thermal history modelling from coal seams in
the Zonguldak Basin implies possible erosion events
during the Carboniferous, Permian, and afterward
(Yalgmetal., 2002; Karayigit etal., 2018a). Hence, it is
acceptable to observe coal clasts within Carboniferous
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and Cretaceous sequences in the Zonguldak Basin, but
no data was published regarding the coal clasts from
coal mines in the Zonguldak Basin. However, during
the late 1990s, several deep research wells were drilled
by Turkish Hard Coal Enterprise (TTK) in the Kozlu
coalfield in order to find out the evolution, geological
features, and coalbed methane potential of coal seams
within the Carboniferous formations (Alaacagzi,
Kozlu, and Karadon, Formations) (Figures lc and
1d), and several studies have been done from these
exploration wells (e.g., Giirdal and Yalgin, 2000, 2001,
Yiirim et al., 20014, b; Yalcin et al., 2002; Giirdal et
al., 2004; Karayigit et al., 2018a). During the drilling,
several coal clast-bearing sediments were cored from
Carboniferous formations (Oktay, 1995); however,
only very limited palynological data from coal
clasts from the Karadon Formation were conducted
for age determination (Akgiin et al., 1997) and no
petrographical investigation and/or their origins have
been reported to date. This study aims to present the
first detailed vitrinite reflectance and mineralogical
data of Late Palaeozoic, as well as Early Aptian
coal clast within Incigez clastics in the Zonguldak
Basin. The special target of the study is to find out
the origin and timing of these coal clasts in order to
estimate whether the erosion took place during peat
accumulation or coal formation.

2. Geological Settings

The pre-Carboniferous basement rocks in the
basin are mainly the Silurian Hamzafaki Formation
(metasediments and shales with diabase and
andesite dykes and sills) and the Devonian Goktepe
(metasediments with diabase and andesite dykes) and
Yilanli (marine limestone and dolomite) formations
1b). The
sequences are divided into three formations, namely,

(Figure Carboniferous coal-bearing
Alacaagzi, Kozlu, and Karadon (Figure 1b). The
Alacaagzi Formation is composed of alterations of
sandstone, claystone, siltstone, and coal seams (Figure
1b), which were deposited under deltaic conditions
during Serpukhovian-Bashkirian (Namurian) (Agrali,
1963; Akyol, 1972, Kerey, 1985; Akgiin and Akyol,
1992; Yalgin et al., 2002; Cleal et al., 2017). The
Kozlu Formation conformably overlays the Alacaagzi
Formation and consists of conglomerate, sandstone,

siltstone, claystone, and coal seams alternations (Figure
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Figure 1- a) Location map of Zonguldak Basin, b) generalized stratigraphic column of surrounding area of the Kozlu coalfield, c) regional
geological map of Zonguldak Basin, and d) simplified cross-section between studied wells (modified from Kiiskii et al., 1997,

Yalgn et al., 2002; Karayigit et al., 2018a).

1b). Previous sedimentological and palacontological
studies from the formation suggest that the formation
was interpreted to have been deposited under mainly
fluvial conditions (deltaic and meandering rivers)
and lacustrine conditions during the Langsettian

(Westphalian A) (Agrali, 1970; Akyol, 1972; Kerey,
1985; Akgiin and Akyol, 1992; Oktay, 1995; Yalgin
et al., 2002; Cleal and Van Waveren, 2012; Oplustil
et al., 2018). The Kozlu Formation is conformably
overlain by the Karadon Formation (Figure 1b) and
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consists of alternations of conglomerate, sandstone,
siltstone, claystone, and coal seams, as in the Kozlu
Formation. This formation was deposited under
fluvial conditions (deltaic and meandering river)
and lacustrine conditions during the Duckmantian-
Asturian (Westphalian B to D) (Agrali, 1970; Kerey,
1985; Akgiin and Akyol, 1992; Oktay, 1995; Yal¢in et
al., 2002; Cleal and Van Waveren, 2012; Oplustil et
al., 2018).

Post-Carboniferous formations in the basin are
mostly comprised of the Early Cretaceous Zonguldak
Formation (Figure 1c¢ and 1d) (Kerey, 1985; Karayigit
et al., 1998; Yal¢m et al., 2002; Tiiysiiz et al., 2016).
Even though the existence of coal clasts and coaly
material were reported from the Zonguldak Formation
(Mann et al., 1995; Yalgin et al., 2002), no coal
seams were reported from this formation to date. The
Zonguldak Formation is divided into four members,
from bottom to top, lower Barremian Okiisne clastics
member, Barremian Okiisne member, Early Aptian
Incigez clastics member, and Aptian Kapuz member
(Kiiskii et al., 1997; Yalgin et al., 2002). The lower
Barremian Okiisne clastics member composed
of alternations of conglomerate, and sandstone-
mudstone alternations, whereas Early Aptian Incigez
clastics members are alternations of conglomerate,
sandstone, siltstone, claystone, and limestone. The
Barremian Okiisne member is mainly made up of
dolomitic limestone, and the Aptian Kapuz member
is composed of sandy limestone and limestone. The
orogenic movements from Hercynian to Alpine
resulted in the development of several regional reverse
faults and folds in the Zonguldak Basin (Figure 1c and
1d) (Okay et al., 1994; Yalcin et al., 2002; Okay and
Nikishin, 2015). Thus, Carboniferous and Cretaceous
sediments in the basin are deformed. Furthermore,
post-Carboniferous dykes also intruded Carboniferous
and Cretaceous formations in the basin (Karayigit,
1992; Karayigit et al., 1998; Yal¢in et al., 2002).

3. Material and Applied Methodology

A total of fifty-four coal clast samples were
obtained from different depths of the K20K and K20H
research wells drilled at the Kozlu coalfield (Table 1).
In this study, five coal clast samples (two from the
K20K and three from the K20H) were examined from
the Alacaagzi Formation; thirty-six coal clast samples
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(six from the K20K and thirty from the K20H) from
the Kozlu Formation; twelve coal clast samples (four
from the K20K and eight from the K20H) from the
Karadon Formation; and only one coal clast sample
from the limestone of the Early Aptian Incigez clastics
(Zonguldak Formation) was cored in the K20K well.
The depths of identified formations in the K20H wells
from bottom to top; 1891.00-2002.20-m Alacaagzi
Formation, 715.30-1891.00-m Kozlu Formation,
424.70-715.3-m Karadon Formation, and 0-424.70-m
Zonguldak Formation (287.00-424.70 Okiisne clastics
and 0-287.00-m Okiisne limestone), while in the
K20K well, 1119.90-1251.65-m Alacaagzi Formation,
793.05-1119.90-m Kozlu Formation, 468.70-793.05-
m Karadon Formation, and 0-468.70 Zonguldak
Formation (264.55-468.70-m Okiisne limestone,
203.00-264.55-m Incigez clastics, and 0-203-m Kapuz
limestone) (Figure 1d).

The fundamental petrographic observations of
samples were conducted from polished coal blocks,
which were prepared according to ASTM D2797/
D2797M (2011) standard, under a reflected light
microscope (Leica DM4000M coupled with J&M
equipment and software) at Hacettepe University. The
maceral identification was done according to the ICCP
1994 classification as modified by ICCP (1998 and
2001), and Pickel et al. (2017). The random vitrinite
reflectance measurements (%Rr) were conducted
mainly from collotelinite following the ISO 7404-
5 (2009) standard using an oil-immersion 50X
objective. The mineralogical compositions of suitable
twenty-eight studied coal clast samples in both
wells (one sample from the Zonguldak Formation,
five samples from the Karadon Formation, eighteen
samples from the Kozlu Formation, and four samples
from the Alacaagzi Formation) were determined using
an X-ray powder diffraction (XRD) with a Cu anode
tube at Hacettepe University. In order to examine
mineralogical compositions in detail, selected eight
polished samples (K20K-02, and -08, K20H-O1, -OS5,
-07, -015, -039, and —041) were coated with carbon
and examined under Scanning Electron Microscope
(SEM) equipped with Energy Dispersive X-Ray
Analysis (EDX) in the General Directorate of Mineral
Research and Exploration (MTA) and Hacettepe
University.
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Table 1-  The list of coal clasts samples from K20K and K20H research wells and their depths and lithology of embedded sediment.
. . Lithology of embedded
Well Formation Age Sample No Sampling depth (m) ;ggdimen ¢
 Zonguldak Early Aptian K20K-O1 250.65 Pyritized limestone
(Incigez clastics)
K20K-02 700.50 Conglomerate
Karadon Langsettian (Westphalian A) K20K-O3 710.50 Conglomerate
K20K-0O4 770.55 Conglomerate
K20K-0O5 789.15 Conglomerate
K20K K20K-06 1030.10 Sandstone
K20K-O7 1033.70 Conglomerate
Kozlu Duckmantia.n-Asturian K20K-0O8 1037.55 Conglomerate
(Westphalian B-D) K20K-09 1042.45 Conglomerate
K20K-O10 1055.85 Conglomerate
K20K-O11 1099.50 Sandstone
< Serpukhovian-Bashkirian K20K-O12 1125.80 Conglomerate
Alacaagzi .
(Namurian) K20K-013 1230.95 Conglomerate
K20H-O1 431.70 Sandstone
K20H-02 451.00 Sandstone
K20H-03 455.40 Conglomerate
Karadon Langsettian (Westphalian A) K20H-04 438.80 Conglomerate
K20H-0O5 527.30 Sandstone
K20H-06 541.00 Sandstone
K20H-O7 636.20 Sandstone
K20H-0O8 686.30 Sandstone
K20H-09 754.80 Conglomerate
K20H-O10 760.20 Conglomerate
K20H-O11 813.40 Conglomerate
K20H-0O12 829.25 Conglomerate
K20H-O13 1002.80 Conglomerate
K20H-O14 1010.70 Conglomerate
K20H-O15 1025.65 Conglomerate
K20H-O16 1045.70 Sandstone
K20H-017 1061.30 Sandstone
K20H-O18 1081.60 Sandstone
K20H-019 1101.80 Conglomerate
K20H-020 1118.30 Conglomerate
K20H K20H-021 1136.20 Conglomerate
K20H-022 1141.40 Conglomerate
Kozlu Duckmantia.n-Asturian K20H-023 1146.80 Conglomerate
(Westphalian B-D) K20H-024 1162.20 Sandstone
K20H-025 1207.20 Claystone
K20H-026 1219.35 Sandstone
K20H-027 1244.60 Conglomerate
K20H-028 1281.30 Sandstone
K20H-029 1296.80 Conglomerate
K20H-030 1358.50 Sandstone
K20H-031 1447.00 Sandstone
K20H-032 1474.20 Conglomerate
K20H-033 1484.05 Conglomerate
K20H-034 1542.60 Conglomerate
K20H-035 1624.50 Conglomerate
K20H-036 1803.80 Conglomerate
K20H-037 1834.20 Sandstone
K20H-038 1850.00 Conglomerate
. - K20H-039 1900.00 Sandstone
Alaacagzi Serpukhovian-Bashkirian K20H-040 1972.30 Sandstone
(Namurian)
K20H-041 1981.00 Pebbly sandstone
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4. Findings
4.1. Macroscopic Description

The studied coal clast samples are variable in
centimeter size (from 1 to 5 cm), and generally have
surface areas around 1 cm?® (Figure 2). The samples
are mostly vitrinitic/xylitic and mostly dull bright
sub-angular to angular and rarely rounded fragments
and do not display any certain orientations (Figure
2). Furthermore, cleat/fracture carbonates were
macroscopically observed in a few samples from the
Late Carboniferous samples, and these cleat/fracture
infillings are not observed in the coal clast-bearing
embedded sediments. In contrast, cleat/fracture
pyrite infillings are observed from the sample and
embedded coal clast sample in the Incigez clastics of
the Zonguldak Formation. The investigated coal clast
samples from the Late Carboniferous formations are
mainly obtained from sandstone and conglomerate
layers overlying coal seams, while one sample is
obtained from a limestone bed within Incigez clastics
of the Zonguldak Formation.

K20H-040

—A
0 2 cm

Figure 2- Selected photographs of the studied coal clast samples.
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4.2. Coal petrography and Vitrinite Reflectance of
Coal Clasts

The coal petrography examinations show that the
majority of samples are composed only of vitrinite
macerals, with liptinite and inertinite macerals rarely
observed (Figures 3-7). Therefore, no detailed maceral
counts were done from the studied clast samples.
Collotelinite is the most common vitrinite maceral
in all investigated samples (Figures 3b-f, 4a, 4b, 5a,
5b, 6a, 6b, and 7a, 7b), while telinite is more common
in the xylitic/vitrinitic clast samples (Figures 3a-c
and 5a). Collodetrinite and vitrodetrinite are other
vitrinite macerals identified from the samples (Figures
3b, 4c and f, 5d, 6¢, 6d, and 7a), while corpogelinite
is identified in the clast sample from the Zonguldak
Formation (Figure 3a). More importantly, deformed
and/or brecciated vitrinite grains (Figures 3e, 4e,
5S¢, 5d, and 6a) and vitrinite with micro-cracks and
-fissures (Figures 3e, 3f, 4b, and 5¢) were observed
in all studied formations. The existence of such
grains could indicate that the peat slides during peat
formation and/or mainly tectonic deformations during
post-coalification (Taills, 1985; Xie et al., 2019; Hower
et al., 2021). The latter possibility seems to be more
common since the Carboniferous coal seams in the
Zonguldak coalfield were deformed due to orogenic
events (Yal¢m et al., 2002; Okay and Nikishin, 2015;
Karayigit et al., 2018a). In addition, oxidized vitrinite
grains with dark oxidation rims (Figures 7c and 7d) are
observed in coal clasts from the Alacaagzi Formation
samples, and vitrinite grains in clast samples from
conglomerates of the Kozlu and Alacaagzi formations
might also display possible brittle deformation around
the clastic mineral matter (Figures 4f, 5f, and 6f).

Inertinite and liptinite macerals are embedded
within collodetrinite (Figures 4a-d, 5b, 5c, and
6¢, 6d), as reported in the coal seams in both wells
(Karayigit et al., 2018a). Fusinite, semifusinite,
macrinite, and inertodetrinite are the generally
observed inertinite group macerals, while micrinite
bands within collodetrinite are also identified in some
samples (Figures 4a-c, 5b, 5d, and 6c¢, 6d). Similar
to the Kozlu and Karadon formations in the studied
wells and Amasra coalfield (Karayigit et al., 2018a,
b), sporinite is commonly identified in the studied
samples (Figure 4a, 4c, and 4d), and cutinite is also
rarely identified. In the Karadon Formation, liptinite
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”
Micro-cracks

A}r Micro-cracks

Figure 3- Selected microphotographs of clast sample (K20K-O1) from the Zonguldak Formation; a) tellinite (T1) and cell-lumen infilling
corpogellinite (Cp), and framboidal pyrite (Py) grain; b) tellinite (TI), framboidal pyrite (Py) grains within collotellinite (Ct),
and vitrodetrinite (Vd) and mineral matter (MM) within clay mineral (CM) matrix, c) collotellinite (Ct), and tellinite (T1l) and
cell-lumen infilling clay mineral (CM) and pyrite (Py), d) collotelinite (Ct), e) and f) epigenetic carbonate cleat/fracture infilling
between micro-cracks-bearing collotelinite (Ct) and brecciated vitrinite grains. All photomicrographs are taken under incident
white light and oil immersion, 500 x total magnification. The %Rr value of the sample is 1.01%+0.02.

macerals, particularly sporinite, in some samples mineral-infillings are commonly identified in between
display a very weak fluorescent colour under blue- the brecciated vitrinite grains (Figures 3e, 3f, 4e,
light excitation (Figures 4c, 4d), while in the Kozlu and 7c), which was also commonly reported from
Formation sporinite shows a pale grey colour under coal seams in the studied wells by Karayigit et al.

incident light (Figure 5¢). The cleat/fracture carbonate (2018a). In addition, cleat/fracture pyrite-infillings
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Figure 4- Selected microphotographs of clast samples from the Karadon Formation; a) intertodetrinite (Id), semifusinite (Sf), mega-
sporinite (Msp) and sporinite (Sp) embedded within collodetrinite (Cd) and collotelinite (Ct), b) micro-cracks and -fissures within
collotelinite (Ct), ¢) and d) intertodetrinite (Id), mega-sporinite (Msp) and sporinite (Sp) embedded within collodetrinite (Cd),
e) epigenetic carbonate mineral-infillings between brecciated vitrinite and collotelinite (Ct), f) collodetrinite (Cd) mineral-matter
(MM) and fusinite (Fs) within display plastic deformation. All photomicrographs are taken under incident white light (a, b, c, e
and f) and blue-light excitation (c), oil immersion, 500 X total magnification. Images a, ¢, and d from K20H-O3 (%R =0.94+0.02),
b from K20H-O1 (%R =0.98+0.02), e and f from K20H-O7 (%R =0.99+0.02).

and pyritized macerals were also detected in some rarely clay mineral aggregates (Figure 3b, 3c, and
samples. Other identified minerals using white 7a) and syngenetic carbonate minerals (Figures 7a,
incident light under a coal petrography microscope 7b). In the Alacaagzi Formation, a few flake graphite
are framboidal pyrite grains (Figures 3a and 7a), and grains were identified (Figures 7e, 7f). Considering
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Figure 5- Selected microphotographs of clast samples from the Kozlu Formation; a) tellinite (T1) and collotellinite (Ct), b) collotelinite
(Ct), fusinite (Fs) and semifusinite (Sf), ¢) deformed vitrinite and mega-sporinite (Msp) grain;, d) collodetrinite (Cd),
macrinite (Ma), collotelinite (Ct), and brecciated vitrinite grains, e) micro-cracks-bearing collotelinite (Ct) and epigenetic
carbonate cleat/fracture infilling, f) deformed vitrinite around mineral matter (MM). All photomicrographs are taken under
incident white light and oil immersion, 500 x total magnification. Images a and b from K20K-O7 (%R =1.26+0.02), ¢ from
K20H-010 (%R =1.06+0.03), d from K20H-O33 (%R =1.32+0.03), ¢ from K20K-O8 (%R =1.28+0.03), f from K20H-022
(%R =1.23+0.03).

the lack of thermal impact and natural coke formation Devonian Goktepe Formation, where metasediments
in the studied wells, the graphite grains were derived were intruded with magmatic dykes (Kiski et al.,
as clastic inputs into parental coal seams from 1997; Karayigit et al., 2018a).

presumably Silurian Hamzafaki Formation and/or
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Brecciated vitrinite

Figure 6- Selected microphotographs of clast samples from the Alacaagzi Formation; a), b) collotelinite (Ct), c), d) collodetrinite (Ct), and
inertodetrinite (Id), macrinite (Ma) and micrinite bands embedded within collodetrinite (Cd), ¢) deformed collotellinite (Ct) around
mineral-matter (MM), f) collotelinite (Ct), inertodetrinite (Id) and brecciated vitrinite grains. All photomicrographs are taken
under incident white light and oil immersion, 500 x total magnification. Images a and ¢ from K20H-O41 (%R =1.73+0.03), b from
K20K-012 (%R =1.29+0.02), d and e from K20K-O13 (%R =1.29+0.03), f from K20H-040 (%R =1.72+0.03).

The %Rr values of coal clast samples from the
Alacaagzi Formation show significant differences
between K20H (1.70%-1.72%+0.03) and K20K
(1.29%=0.02) wells (Table 2). The samples of the
Kozlu Formation in the K20H well have %Rr values
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of 1.08-1.314+0.02, while the %Rr values of samples
obtained from this formation in the K20K well display
a wide range and vary from 1.04+0.02 to 1.52+0.03
(Table 2). The Karadon Formation samples cored
in the K20K well have %Rr values ranging from
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Figure 7- Selected microphotographs of clast samples from the Alacaagzi Formation; a) collotelinite (Ct) and vitrodetrinite (Vd) within clay
mineral (CM) matrix, syngenetic carbonate (Carb) grains, and pyrite (Py), b) collotelinite (Ct) and carbonate (Carb) grains; c)
oxidized vitrinite with dark oxidation rim and inertodetrinite (Id), d) epigenetic carbonate cleat/fracture infillings between brecciated
collotelinite (Ct) grains, and e), f) clastic graphite grain, possibly derived from pre-Carboniferous basement, and collotelinite (Ct).
All photomicrographs are taken under incident white light (a-d) and partially crossed polarizers (e-f), oil immersion, 500 x total
magnification. Images from a, b, d-f from K20K-O13 (%R =1.29+0.03), ¢ from K20H-O40 (%R =1.72+0.03).

1.02-1.05+%0.03, whereas the %Rr values of samples 1.06%%+0.02 (Table 2). Finally, the %Rr value of a
of this formation from the K20H well are almost coal clast sample (K20K-O1) from the Early Aptian
within the range of standard derivation of ones Incigez clastics is 1.01£0.02 (Table 2).

from the K20H well and vary from 0.94%+0.02 to
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Table 2- The random reflectance (%Rr) of collotelinite and standard deviation (Stdv) of coal clasts samples from K20K and K20H research
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wells.
Well Formation Age Sample No %Rr + Stdv
Zonguldak Early Aptian K20K-O1 1.01+0.02
K20K-02 1.05£0.02
Karadon Langsettian (Westphalian A) K20K-03 1.0520.02
K20K-04 1.05£0.02
K20K-05 1.02+0.02
K20K-06 1.08+0.02
K20K K20K-O7 1.26+0.02
Kozlu Duckmantian-Asturian K20K-08 1.28+0.03
(Westphalian B-D) K20K-09 1.31+0.03
K20K-010 1.18+0.03
K20K-O11 1.1940.02
, Serpukhovian-Bashkirian K20K-012 1.29+0.02
Alacaagzi .
(Namurian) K20K-013 1.29+0.03
K20H-O1 1.04+0.03
K20H-02 0.98+0.02
K20H-03 0.94+0.02
. . K20H-04 0.99+0.03
Karadon Langsettian (Westphalian A) K200.05 10020.03
K20H-06 1.00+0.02
K20H-O7 0.99+0.02
K20H-08 1.06+0.02
K20H-09 1.04+0.02
K20H-010 1.06+0.03
K20H-O11 1.06+0.02
K20H-O12 1.10+0.02
K20H-O13 1.16+0.03
K20H-O14 1.18+0.02
K20H-O15 1.15£0.02
K20H-O16 1.19+0.02
K20H-O17 1.15+0.02
K20H-O18 1.28+0.02
K20H-019 1.28+0.03
K20H-020 1.19+0.03
K20H K20H-021 1.22+0.02
K20H-022 1.23+0.03
Kozlu Duckmantian-Asturian K20H-023 1.24+0.03
(Westphalian B-D) K20H-024 1.31£0.02
K20H-025 1.30+0.02
K20H-026 1.20£0.02
K20H-027 1.26+0.03
K20H-028 1.254+0.03
K20H-029 1.27+0.03
K20H-030 1.31£0.02
K20H-031 1.42+0.02
K20H-032 1.32+0.03
K20H-033 1.32+0.03
K20H-034 1.41£0.02
K20H-035 1.49+0.03
K20H-036 1.54+0.02
K20H-037 1.54+0.02
K20H-038 1.52+0.03
. . K20H-039 1.70+0.03
Alaacagzi Serpukhovian-Bashkirian K20H-040 1.72£0.03
(Namurian)
K20H-041 1.73£0.03
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4.3. Mineralogy of Coal Clasts

The XRD results show that analysed coal clast
samples from all studied formations display similar
mineralogical compositions (Table 3). Quartz is
detected as a generally abundant to dominant phase,
while clay minerals (kaolinite and illite/mica) and
feldspar are minor phases in the samples (Table 3).
As expected, calcite is a dominant phase in the cleat/
fracture carbonate-infillings-bearing samples, and
dolomite and ankerite are detected as minor phases
in these samples (Table 3). Siderite is found in one
sample (K20K-O13) from the Alacaagzi Formation
(Table 3). Pyrite is an abundant phase in the samples
from the Zonguldak Formation, while it is found as a
minor phase in some samples from the Karadon and
Kozlu formations (Table 3). Besides XRD analysis,
anglesite, apatite, barite, chalcopyrite, chlorite
(chamosite), galena, monazite, sphalerite, titanite/
sphene, Ti-oxides, and zircon are detected as accessory

minerals according to the SEM-EDX data (Table 3).

5. Discussion
5.1. Origins of Minerals

The petrographical and SEM examinations
indicate that minerals in the coal clast samples are
derived from the parental Carboniferous coal seams
and the precipitation of solutions cleats/fractures of
coal clasts after the diagenesis of embedded sediments
and early coalification of parental coal seams. Quartz,
like in Carboniferous coal seams in the studied wells,
is generally identified as individual grains within
clay mineral matrices during SEM examination
(Figures 8a, 8d, 8e, 8f, 9a and 10b). These grains are
clearly derived as clastic inputs into palacomires of
parental coal seams. Clay mineral matrices associated
with individual quartz, feldspars, apatite, monazite,
titanite/sphene, and zircon grains and organic matter
(macerals) were observed, and the SEM-EDX data
showed that the matrices have mostly kaolinite and
illitic compositions (Figures 8a-f and 10a-b). Similar
associations within kaolinite matrices were also
reported from the coal seams in the studied wells and
other coalfields in the Zonguldak Basin (Karayigit
et al.,, 20184, b), and also from tonstein layers in
the Zonguldak Basin (Burger et al., 2000), which
were formed from alteration of synchronous and/or

epiclastic volcanic inputs within palacomires during
the Carboniferous. Hence, the identified kaolinite
matrices and associated minerals from the investigated
coal clast samples are derived from parental coal
seams. Illitic matrices are presumably derived as
clastic influx into palacomires of the parental coal
seams; nevertheless, these matrices might also be
originated from the transformation of clastic smectite
and/or interstratified illite/smectite matrices into illite
during the diagenesis of embedded sediments. Besides,
cleat/fracture kaolinite-infillings were also observed
in some samples (Figures 9a-e). Since cleat/fracture
kaolinite-infillings were observed as monomineral
infilling or accompany with sulphide minerals (pyrite
and galena), these infillings seem to be formed from
the precipitation of Al and Si-rich hydrothermal
solutions during either the early coalification stage of
the parental seams, as like coal seams in both wells
(Karayigit et al., 2018a), or more possible during the
diagenesis of embedded sediments.

Carbonate minerals are mainly identified as
individual grains (Figures 8a and 10a) and nodules
(Figures 8c and 10b) within clay mineral matrices, and
more commonly cleat/fracture infillings (Figures 9f
and 10c-f), particularly from deformed and brecciated
vitrinite grains-bearing samples.

These infillings are mostly calcite with detectable
Mg and pure dolomite (Figures 10c-f), and, to a lesser
extent, Fe-rich dolomite with measurable Mn (Figures
10e and 10f) and ankerite (Figures 9f and 10c). Such
carbonate mineral-infillings are commonly reported
in Permo-Carboniferous coals and mostly originate
from the precipitation of Ca-rich hydrothermal
solutions (Dawson et al., 2012; Permana et al., 2013;
Xie et al., 2019; Valentim et al., 2020).

In accordance with this, Karayigit et al. (2018a)
also assumed that these carbonate infillings are related
to the precipitation of Ca-rich solutions derived by
penetration of hydrothermal solutions or leached
solutions from overlying Early Cretaceous limestones
via fault zones into coal seams in the studied wells.
Considering the presence of carbonate infillings
between deformed and brecciated vitrinite grains in the
studied samples, Ca-rich solutions could either have
penetrated after the tectonic deformation of parental
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Figure 8- Selected SEM backscattered electrons (SEM-BSE) images; a), b) and d) ankerite (Ank), calcite (Cal), chlorite (Chl),
chalcopyrite (Ccp), dolomite (Dol), quartz (Qz) and zircon (Zr) grains within kaolinitic (Kln) matrix, c) chlorite (Chl)
associated with siderite (Sd) nodules and quartz (Qz) grains, ¢) monazite (Mnz) and quartz (Qz) grains and organic matter
(OM) associated with clay mineral (CM), f) apatite (Ap), chalcopyrite (Ccp), quartz (Qz) and titanite (Ttn) grains within
illitic (Ilt) matrix. Images a from K20H-O15, b and f from K20H-O41, d and e from K20H-O7.
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Figure 9- Selected SEM-BSE images; a), b) cleat/fracture kaolinite (KIn)-infillings within organic matter (OM), syngenetic framboidal
pyrite (Py) grains and calcite (Cal) grains, c) cleat/fracture kaolinite (Kln) and pyrite (Py)-infillings within organic matter
(OM), d) and f) cleat/fracture barite (Brt), pyrite (Py) and kaolinite (KIn)-infillings within organic matter (OM), e) cleat/
fracture galena (Gn), pyrite (Py) and ankerite (Ank) with measurable Mn-infillings within organic matter (OM). Images a, b,
e from K20H-O1, ¢ from K20H-O7, d and f from K20H-O15.
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Figure 10- Selected SEM-BSE images; a) ankerite (Ank), dolomite (Dol) and zircon grains within illitic (Ilt) matrix, and cleat/fracture
kaolinite (KIn)-infilling within organic matter (OM), b) siderite (Sd) nodule, plagioclase (P1) and quartz (Qz) within illitic
(Ilt) matrix, c), d) cleat/fracture ankerite (Ank), calcite (Cal) and quartz/silica (Qz)-infillings within organic matter (OM), e)
and f) cleat/fracture calcite (Cal), dolomite (Dol) and Ti-oxide-infillings within organic matter (OM). Images a and ¢ from

K20H-015, b from K20H-041, d from K20H-O7, ¢ and f from K20K-O8.
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coal seams or embedded sediments. Nevertheless, the
presence of carbonate-infillings in clast samples might
also have originated from the precipitation of Ca-
rich intra-formation solutions during the diagenesis
of embedded limestone in case of the Zonguldak
Formation or penetration of carbonate cement of
conglomerate for Carboniferous clast samples.
Nevertheless, the latter case was probably not
common due to the lack of carbonate mineralization
around Carboniferous coal clasts. Siderite nodules
were detected rarely in a few samples within organic
matter or clay matrices (Figure 8c and 10b), which
implies these nodules originated from the parental
coal seams and formed within palacomires (Karayigit
etal., 2017, 2018aq, b; Dai et al., 2020). The formation
of epigenetic Ti-oxide (anatase/rutile)-infillings in
coals is mostly controlled by the precipitation of
hydrothermal solutions (Zhao et al., 2018; Rodrigues
et al., 2020; Liu et al., 2021). In the samples from the
Kozlu Formation, cleat/fracture Ti-oxide infillings are
associated with carbonate mineral-infillings (Figures
10f and 11). Such infillings were also developed from
the precipitation of hydrothermal solutions.

Framboidal pyrite grains within organic matter
are clearly related to parental coal seams (Figures
3a, 7a, 9a, 9b, and 12a). These framboidal pyrite
grains formed authigenically within the palacomires
or early diagenesis of parental coal seams. The
cleat/fracture pyrite-infillings were also commonly
reported from the coal seams in the basin (Karayigit
et al., 1998, 20184, b), which were formed after the
precipitation of Fe- and sulfate-rich from penetrated
hydrothermal solutions during coalification. Similar
cleat/fracture pyrite-infillings are also identified from
the Carboniferous coal clasts (Figures 9c-f), which
were also derived from the precipitation of penetrated
hydrothermal solutions, as like the kaolinite and
carbonate minerals. Even though the determination
of the timing of penetration of such solutions
could not be estimated accurately, these pyrite-
infillings were presumably formed mainly during the
diagenesis of embedded coal seams and, to a lesser
extent, during the early coalification of parental coal
seams. Considering the presence of macroscopically
identified cleat/fracture pyrite-infillings in the Early
Aptian coal clast sample, pyritized macerals and
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cleat/fracture pyrite-infillings in this sample seem to
have developed within the depositional environment
during the Early Aptian and/or post-Aptian. Besides
the cleat/fracture pyrite-infillings and framboidal
pyrite grains, galena and chalcopyrite are other
identified sulphide minerals in the samples. Galena
is only identified as cleat/fracture infillings, and such
infillings are generally accompanied by carbonate
minerals (Figures 9f and 12) and kaolinite (Figure
13). Chalcopyrite is only observed as individual grains
within clay mineral matrices (Figure 8a and f), which
imply a clastic origin for such grains. Barite (Figure
9d) and anglesite (Figure 14) are also only detected
as cleat/fracture infillings. Barite seems to have been
formed either during the early coalification of parental
coal seams and/or diagenesis of embedded sediments.
The anglesite overgrowths around galena-infillings,
which grew after galena formation, formed due to
the alteration of galena-infillings by pore-waters or
hydrothermal solutions after galena formation.

Although mono-mineralic cleat/fracture infillings
(e.g., Figures 9a, 9b and 10c) are commonly observed
in the samples, multi-mineralic (e.g., carbonate-
sulphide minerals or kaolinite-sulphide minerals)
infillings are also detected (e.g, Figures 9c-f, 10d-f,
11a, and 13), like coal seams in the studied wells. Such
multi-mineralic mineral infillings also formed from
the precipitation of hydrothermal solutions in coal
(Hower et al., 2001; Dawson et al., 2012; Permana
et al., 2013; Karayigit et al., 2018a; Liu et al., 2021);
thus, these infillings might be derived from the mainly
precipitation during mainly within parental coal seams
and/or diagenesis of embedded sediments, particularly
for coal clast sample from the Zonguldak Formation.

5.2. Ranks and Origins of Coal Clasts

The rank and grade determination of coal seams
are based on a combination of several parameters (e.g.,
%Rr, gross calorific values, and ash yields); however,
the size of investigated coal clast grains did not permit
all desired proximate, ultimate, and calorific analyses
for rank and grade determination. Therefore, the rank
determination of the investigated samples is only
based on %Rr values. The %Rr values of coal clasts
of the Alacaagzi Formation, as mentioned previously,
display differences (Table 2 and Figure 15);
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Figure 12- a) SEM-BSE image of cleat/fracture calcite (Cal) and
galena (Gn)-infillings within organic matter (OM) and
pyrite (Py), b) SEM-EDX spectra of galena at spot-1 and
¢) calcite with measurable Mn and Fe in image a. Image
from K20H-O1.

thus, the samples of this formation have relative rank
differences. Furthermore, the %Rr values of coal
clasts could be very useful for determining the origin
of coal clasts since coal clasts generally do not display
diagenesis differences with parental coal seams
(Gayer et al., 1996; Kozusnikova et al., 1999; Dan¢k
et al., 2002; PeSek and Sykorova, 2006; Misz-Kennan
et al., 2019). Of note, in some cases, coal clasts could
display a lower rank than the parental coal seams.
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The samples from the K20H well are of bituminous
A (medium rank A) according to ISO 11760 (2005)
coal-rank classification, while samples obtained from
the K20K well are of bituminous B (medium rank B).
This difference is not surprising since the Alacaagzi
Formation in the K20H well was cored to deeper
depths than the K20K (Figures 1d and 15a), and %Rr
values of coal seams in the Alacaagzi Formation in
the K20H well are relatively higher than coal seams in
the K20K well (Karayigit et al., 2018a). Furthermore,
the %Rr values of the Alacaagzi coal clasts samples
in the K20K are relatively higher than the coal seams
in this well (Table 1 and Figure 15b), but the %Rr
values are still within the range of standard deviation
and close to the %R __ values of coal seams in the
Alacaagzi Formation (Table 4). This difference could
be controlled by the oxidation of clast samples during
the transportation since micro-crack and —fissures-
bearing vitrinite grains and oxidized vitrinite grains
were observed in these samples. All these could imply
that the erosion of paternal coal seams seems to take
place during the peat stage and/or early stages of
coalification and transportation of coal clasts sample
took place in a short distance, while oxidation of coal
clasts was limited.

In contrast with the K20K well (1.29%0.02),
the %Rr values of coal clast (1.70-1.73%+0.03) from
the Alacaagzi Formation in the K20H are slightly
higher than coal seams (1.48-1.52%) of the Alacaagzi
Formation cored in this well (Table 4 and Figure
15a). This difference might be related to oxidation
clast during transportation; however, this explanation
could be applicable to sample K20H-O39, which was
obtained from sandstone between two coal seams, and
the remaining Alacaagzi clast samples were obtained
from conglomerate and sandstone layers beneath the
coal seams in this well. This could easily suggest that
the burial depth might increase their %Rr values, but
the theoretically calculated %Rr values (1.48-1.52
%Rr) using the depth of these clasts (1900-1981 m
beneath the surface) are close to the overlying coal
seams (Figure 15a). Hence, burial depth impact
might be limited on the coalification of these clast
samples. These samples are also characterized by the
presence of deformed and brecciated vitrinite grains
(Figures 6e, 6f, and 7e). Previous palynological and
palaeobotanical data from the coal-bearing formations
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Figure 13- a), b) SEM-BSE image of cleat/fracture kaolinite (KIn) and galena (Gln)-infillings within organic matter (OM) and syngenetic
framboidal pyrite (Py) grains within organic matter (OM), b) framboidal pyrite grain at spot-2, ¢) SEM-EDX spectra of kaolinite

with measurable Fe at spot-1, and d) galena with measurable Fe at spot-2 image b. Image from K20H-O1.
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in the Zonguldak Formation suggest a humid to
seasonal dry climate conditions during Carboniferous
(Akgiin and Akyol, 1992; Oplustil et al., 2018). Under
such conditions, the stability of the peat surface could
be affected due to rewetting of the peat surface; in
turn, peat-mires could slide, and these grains could
be formed during the sliding of peat mires (Tallis,
1985; Daniels et al., 2008; Hower et al., 2021). The
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seasonal dry climate contains could also explain the
existence of oxidized vitrinite grains in the coal clast
samples from the Alacaagzi Formation. Nevertheless,
the post-coalification tectonic deformation, on the
other hand, could cause the formation of brecciated
vitrinite grains and following the emplacement of the
epigenetic mineralization, could cause elevation of the
%Rr values of coal seams (Hower and Davis, 1981;
Hower et al., 2001; Hower and Gayer, 2002).

This could also cause the formation of micro-
cracks on vitrinite grains. Similar assumptions were
also made for the Carboniferous coal seams in the
studied wells and the mono- or multi-mineralic cleat/
fracture infillings formed due to the penetration of
hydrothermal solutions during coalification (Karayigit
et al.,, 2018a). Since brecciated vitrinite grains and
carbonate mineral-infillings (e.g., pure calcite and Fe-
rich dolomite/ankerite, and ankerite) are commonly
observed in the Alacaagzi coal clast samples of the
K20H well, the %Rr values of these coal clasts seem
to be increased by tectonic deformation and following
the precipitation of Ca-rich hydrothermal solutions.
Furthermore, the calculated T, temperatures values
of coal seams in the Alacaagzi Formation from the
K20H well using Barker and Pawlewicz’s (1994)
formula (Tpeak:(anRr%-i-l.19)/0.00782) range from
202 to 204 °C (Karayigit et al., 2018a); while coal clast
samples from this formation in the K20H are around
220°C, which could indicate possible hydrothermal
solution penetration into embedded sediments, as like
coal seams. All these imply that the erosion of paternal
coal seams again took place during the late stages of
peat formation and/or early coalification, and coal
clasts beneath the coal seams of the Alacaagzi coal
seams in the K20H well display a similar coalification
pattern with coal seams in this well and penetration
of hydrothermal solutions is slightly increased
coalification of these clasts. In any case, the Alacaagzi
coal clasts samples from the K20H well display a
relatively higher coalification degree than the other
studied coal clasts and coal seams in the studied wells.
Although the palynological data from the coal clasts
within the Alacaagzi was not reported by Akgiin et
al. (1997), the observed maceral composition of coal
clasts in this formation is similar to the coal seams
cored in the Alacaagzi Formation. This observation



Bull. Min. Res. Exp. (2024) 173: 55-83

(a) i K20H M) St K20K
e = = = = b = o e o o - = i = =
[=a) oo = 2 - (=) oo (=) ~ o0 o > — 2 ) =
=] =] =] = < =] =] =] (=} =] (=] < < < < (=3
- ; ; ; ; ; . - . ! . \ ‘ ! L )
o B Zonguldak Fm s
S
Karadon Fm
[
. B Kozlu Fm 8
g1 M Alacaagzi Fm B
w
(=}
(=2}
2 |
(=}
&
(=3
(=]
& A
=l Bg 2
(=]
= o
g g i gE
= | =
- _ "=, =
g5 - g s
O . S’
= [ |
b - "
= - g
=
=1
u ©
: [ | =3
% i
(=] . —
8
—_ = L im
= J = B
> = |
| | S =]
S | B -
= 2
< =
2 —
o a4
(=3 (=3
=1 (=}
Figure 15- a) The vertical distributions of the measured %R from coal clasts and coal samples and calculated %R with depth in the K20H well

along with the close %Rr values of coal clasts (1.70-
values (1.63-1.65%=+0.05)
of coal seams in this formation imply that the coal

1.73%+0.03) and %R

clast samples in the Alacaagzi Formation could be

and b) K20K well (%Rr data of coal samples are from Karayigit et al., 2018a).

max

originated from coal seams from this formation.

The %Rr values (1.08-1.31% for K20H and 1.04-
1.52% for K20K) of coal clast samples from the Kozlu
Formation in both wells again display differences
to each other (Table 2 and Figure 15), and the %Rr

values of K20H samples are increased towards the

Table 4- The range of random reflectance (%Rr) values of coal clast samples and coal seams in the studied wells, and ranges of measured
Rmax values of coal seams in the studied wells (a: from Karayigit et al., 2018a) (Abbreviations: Stdv: standard deviation).

Wells Formation %Rr+Stdv of coal clast YoRr £8tdv ao fcoal YoRmax iStd:I of coal
seam seam
Zonguldak 1.01+0.02 - -
Karadon 1.02-1.05+0.02 0.78-1.01+0.04 0.82-1.10+0.03
K20K Kozlu 1.08-1.31+0.03 0.99-1.08+0.05 1.04-1.13+0.03
Alacaagzi 1.29+0.03 1.18-1.28+0.07 1.22-1.35+0.03
Karadon 0.94-1.06+0.02 0.87+0.04 0.92+0.04
K20H Kozlu 1.04-1.52+0.03 0.97-1.46+0.06 1.00-1.57+0.07
Alacaagzi 1.70-1.73+0.03 1.48-1.52+0.11 1.63-1.65+0.05
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lower parts of the formation (Figure 15). In turn, the
rank of clast samples of the Kozlu Formation in this
well varies from bituminous B (medium-rank B) rank
to bituminous A (medium-rank A) rank according
to ISO 11750 (2005). The %Rr values of coal clasts
of the Kozlu Formation in the K20K well imply a
bituminous B (medium-rank B) rank. The %Rr values
of the coal clast samples from this formation in both
wells are relatively lower than the %Rr values of
the coal seams of the formation (Table 4 and Figure
15b). Considering the presence of brecciated vitrinite
and carbonate mineral-infillings, as in the Alacaagzi
Formation, the relatively high %Rr values could be
related to tectonic deformation and/or the influence
of hydrothermal solutions. Nevertheless, the %Rr
values of coal clast samples are generally within
the ranges of the standard deviation of %Rr values
(0.99-1.08%=+0.05 for K20K and 0.97-1.46%+0.06
for K20H) of coal seams in the Kozlu Formation,
and the %R values of these seams are close to the
samples (Table 4). Additionally, the calculated T
values from the coal clast are between 157 and 207°C,
values (148-
201°C) of coal seams in Kozlu Formation in both

peak

which is almost within the range of T
wells (Karayigit et al., 2018a). Therefore, the impact
of tectonic deformation and/or hydrothermal solutions
was limited to coal clasts, and the coal clasts in this
formation again seem to be transported a short distance
from the parental coal seams after late peat stage and/
or early coalification of these seams. The existence of
micro-cracks and —fissures-bearing vitrinite grains and
weathered liptinite macerals (Figure 5) in the samples
of the Kozlu Formation could explain relatively higher
%Rr values than the coal seams in this formation. Such
oxidised macerals in coal seams and coal clasts could
generally develop due to surface exposure of coal-
bearing sequences and/or oxidisation of coal clasts
during transportation (Gayer et al., 1996; Dan¢k et al.,
2002; Pesek and Sykorova, 2006; Kus et al., 2017).
The palynological data for the coal clast samples from
the Kozlu Formation, like the coal clast samples from
the Alacaagzi Formation, was not reported from the
studied wells by Akgiin et al. (1997); however, the
observed maceral composition and close %Rr values
of coal clasts and coal seams and the %R __ values
(1.04-1.13%for K20K and 1.00-1.57% for K20H) of
coal seams in this formation could imply that coal
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clasts presumably originated from coal seams in the
Kozlu Formation.

The rank of coal clasts from the Karadon
Formation in both wells is bituminous B (medium-
rank B) according to ISO classification. The %Rr
values (1.02-1.05%=0.02) of coal clasts samples in the
K20K well are within the ranges of the %Rr values
(0.78-1.01+0.04) of coal seams in this formation
(Tables 2 and 4), and the %R values (0.82-1.10%)
of this seam are similar to the %Rr values of coal
clasts (Table 4 and Figure 15). Although one coal
seam was cored in the K20H well, %Rr values (0.94-
1.06%+0.02) of coal clasts are relatively higher than
the %Rr values of this seam, and the %R __ value
(0.92%=0.04) of this seam is close to %Rr values
(Table 4). This difference again could be related to
oxidation during transportation since micro-cracks
and —fissures-bearing vitrinite grains are also observed
in these samples. Furthermore, again calculated T
values (144-160°C) of coal clasts in this formation
are close to the ranges of values of coal seams (120-
153°C). Hence, coal clasts in the Karadon Formation,
like other Carboniferous coal clasts, seem to have
originated from the erosion of palacomire during peat
accumulation. The reported palynological data from
the coal clasts from the 708.20-m in the K20K well
and the coal clasts samples are approximately obtained
equivalent depths with samples K20H/O4 and -O5 of
by Akgiin et al. (1997) support this assumption that
these coal clasts were presumably originated from
the Karadon Formation coal seams. Considering
the Carboniferous formations (Alacaagzi, Kozlu,
and Karadon) in the studied wells were deposited
under fluvial conditions and the roof rocks of coal
seams in these formations are generally coal clasts-
bearing sandstone and/or conglomerate layers, the
examined Carboniferous samples clearly originated
from Carboniferous coal seams, and these seams
seem to have been eroded by mainly following fluvial
conditions after the peat-formation and, to a lesser
extent, sliding in peat-mires during the Carboniferous.
The generated 1-D model using %Rr values from the
studied wells by Karayigit et al. (2018a) also suggests
erosional events during the Carboniferous. These also
indicate that the Carboniferous coal clasts and parental
coal seams generally experienced similar coalification
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patterns, and oxidation during transportation seems to
cause relatively higher %Rr values of Carboniferous
coal clast samples, which also resulted in relatively
high calculated T, values of coal clasts.

The measured %Rr value (1.01%=+0.02) of the coal
clast sample from the Early Aptian Incigez clastics
suggests a bituminous coal rank for this clast according
to ISO 11760 (2005) classification. Of note, Mann et al.
(1995) and Yalgin (1995) reported that the %Rr values
of Early Cretaceous sediments in the K20H research
well in the Kozlu coalfield is between 0.61-0.68%.
These values are lower than the investigated coal clast
sample from the Zonguldak Formation in the K20K
well, and %Rr value of this sample is quite similar to
clast samples and coal seams from the Carboniferous
formations (Table 4 and Figure 15b). Furthermore,
the calculated T value of this sample is 153°C,
while using the reported %Rr values of Early Aptian
Incigez clastics are between 89-130°C. This difference
could suggest that Early Aptian Incigez clastics in
the K20K were ecither affected by Cretaceous dykes
in the basin or that this coal clast originated from the
Carboniferous coal seams. The former case seems to
be not possible due to the lack of thermally affected
coal seams in both wells; nevertheless, this sample
is mainly composed of telinite and collotelinite, and
cleat/fracture carbonate mineral-infillings between
the brecciated vitrinite grains were observed. These
brecciated grains also contain micro-cracks and —
fissures in this sample (Figures 3e-f). The existence
of such brecciated vitrinite grains in the sample could
suggest that these fragments either deformed during
the coalification of parental coal seams or coal clast
embedding sediments also experienced the same
tectonic deformation as the encasing coal seams
(Kozusnikova et al., 1999; Hower et al., 2001; Xie
et al., 2019). Furthermore, similar brecciated coal
clasts within carbonate minerals-infillings were also
reported within the Carboniferous marine carbonates
in the western Kentucky coalfields (Valentim et
al., 2013; 2020; Hower et al., 2020). Even though
the coal metamorphism in the mentioned coalfield
is quite more complex than the Kozlu coalfield,
the %Rr values of brecciated clasts in the western
Kentucky coalfields are high and are of anthracite-
rank in comparison with Late Carboniferous seams

due to high-temperature thermal-fluid metamorphism.
For such metamorphism, the investigated coal clast
sample from the Early Aptian Incigez clastics should
contain relict liptinite macerals and natural coke
structures; however, none of these were observed
in the studied Early Aptian coal clast sample.
Additionally, cleat/fracture carbonate-infillings in the
sample are more simply related to the precipitation of
Ca-rich intra-formation solutions during diagenesis
rather than the precipitation of hydrothermal solutions
since the Zonguldak Formation is mainly composed of
marine carbonates. Hence, this sample is more likely
to be derived from the Carboniferous coal seams in
the Kozlu coalfield, which was presumably eroded
after the coalification of coal seams in Karadon or
Kozlu formations and/or due to uplift during the Early
Cretaceous, instead of hydrothermal alteration of
Early Aptian coal clasts and/or xylite fragment.

6. Results

The petrographical and SEM investigations of
coal clast samples from the Carboniferous and Early
Aptian formations in the K20H and K20K wells imply
that the majority of identified minerals in the coal
clasts mainly originated from the parental coal seams,
while cleat/fracture and cell lumen mineral infillings
were mainly formed during mainly early coalification
of parental coal seams and diagenesis of embedded
sediments. Nevertheless, the relatively high %Rr
values of the investigated Carboniferous coal samples
in comparison with the cored coal seams in both wells
are generally related to the oxidation of coal clasts
during transportation since surface oxidation derived
micro-cracks and —fissures are commonly observed
in these samples. Furthermore, this oxidation process
seems to be more severe for the coal clast samples
from the Kozlu Formation, where weathered sporinite
macerals are commonly identified. Despite the presence
of deformed and brecciated vitrinite grains and cleat/
fracture carbonate-infillings within these grains, close
%Rr values of coal clasts and %Rmax values of coal
. values imply that the influence of
post-coalification tectonic movements and penetrated

seams and T
hydrothermal solutions on the coalification of these

clasts is limited, and clasts and their parental coal
seams exhibit similar coalification patterns. Therefore,
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Carboniferous coal clasts seem to have originated
from the coal seams in the studied formations.
Furthermore, their existence within conglomerate and
sandstone layers overlying coal seams also suggest
that these clasts were presumably eroded during peat
formation or early coalification stages of parental
coal seams by fluvial systems; nevertheless, sliding in
peat mire during Carboniferous might also cause coal
clast formation. The brecciated vitrinite grains could
also suggest that the tectonic deformation took place
during post-vitrinization event, or at least a post-lignite
stage event. In contrast, coal clast samples in the Early
Cretaceous Zonguldak Formation display relatively
higher %Rr values than reported %Rr values of this
formation, and close %Rr values with Carboniferous
formations imply that this coal clast was presumably
derived from eroded Late Carboniferous coal seams
in the Zonguldak Basin after coalification and/or due
to uplift during the Cretaceous. The cleat/fracture
carbonate mineral-infillings between brecciated
vitrinite grains in this sample might have developed
from the precipitation of Ca-rich solutions during the
diagenesis of this formation or more possibly formed
during the coalification of the parental coal seam
due to the presence of similar multi-mineralic cleat/
fracture infillings in the coal seams in the studied
wells. Overall, all the studied coal clast samples
originated from the Carboniferous coal seams in the
Kozlu coalfield, and display generally similar features
to Carboniferous coal clasts from central Europe and
South Wales.
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