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Abstract

The Soma Basin hosts three coal seams (kM2, kM3 and kP1) and several altered tuff layers
within the Miocene sequences. This study focuses on the determination of coal petrography,
Rock-Eval pyrolysis, mineralogy and elemental contents of the three coal seams from Eynez,
Isiklar and Denis sectors in the basin, and to identify the mineralogy of altered tuff layers within
kM2 and kP1 seams. The routine coal quality analyses show that coal samples from the kM2
seam are characterized by lower ash yields and total S contents, and higher gross calorific values
than kM3 and kP1 seams. The mineralogical composition of the bulk coal samples from the
kM2 seam is made up mainly of quartz, clay minerals and lesser amounts of feldspars and
carbonates. In the kM3 and as well as in the lower part of kP1 seam carbonate minerals are
being-dominant phases due to the existences of fossil shell-bearing bands in the coal beds and
intercalations. The statistical data implies that major elements in bulk coal samples, such as Al,
Fe, K, Mg and Na, and the vast majority of minor and trace elements, as we expected, have
inorganic affinity. The trace element contents and elemental enrichments are generally
changeable from seam to seam; nevertheless, Cs, Li and U are commonly enriched in all studied
coal seams. These could be related to the differences ien ash yields and mineralogical
compositions of coal beds within the seams. The mineralogical compositions of the altered tuff
layers identified within the kM2 and kP1 seams display similar compositions with tonsteins;
therefore, these layers are presumably in air-fall ash that were originated from synchronous
felsic volcanic activities around the basin. The existences of volcanic layers also have-has some
influences on the mineralogical and elemental composition of both seams. The SEM data shows
that clay minerals originated from these layers and certain trace elements (e.g. As and Zr) are



enriched in the coal layers below the tuff layers in the kM2 seam. This might be related to

penetration of leached pore waters into these layers and precipitation of epigenetic minerals.

The coal petrography data and coal facies diagram show that precursor peat of the kM2 seam
was accumulating under telmatic, mesotrophic anoxic conditions where the water level was
high and stable. The relatively low ash yields and thicker coal beds suggest the-a lower clastic
input ratio from the margins; therefore, the aluminosilicate affiliated elements display lower
concentrations in this seam. Following periods when the; water-table fluctuated several times
and covered entire mire surface:-thus, peat formation ceased and several clastic and calcareous

intercalations were deposited in the kM3 and kP1 seams. These imply the development of

limno-telmatic conditions where fluvial influences took places during peat accumulation of
both seams. Therefore, clastic inputs from the margins were high which resulted in elevated the
concentrations of aluminosilicate affiliated elements. Furthermore, the mineralogical
compositions of coal and intercalations of both seams also suggest the development of neutral
to alkaline conditions. Considering the maceral compositions along with the thickness of coal,
coal seams in the Soma Basin might have and can suggest-theindicate oil generation potential;
however, the data-ef-pyrolysis analysis data shows that the studied coal seams are mainly gas-
prone and only certain coal beds have mixed hydrocarbon generation capacity. Nevertheless,
the changes ofa vegetation and depositional conditions also have-reflectiens on the HI values.
The slightly higher HI and TOC in the kM2 seems to be related to high contribution of woody
material in peat and the development of more acidic conditions, whereas the predominance of
herbaceous plant and alkaline conditions in the kM3 and kP1seams resulted in relative low HI
and TOC values. All data presented in this study indicates that lithological features, differences
in coal qualities and elemental contents in the Soma Basin were mainly controlled by changes
ien the depositional conditions and as well as detrital inputs during Miocene.

Keywords: Coal, element, Rock-Eval pyrolysis, coal facies, air-fall ash, Miocene, Soma,
Turkey
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1. Introduction

The regional extensional tectonic regime during late Cenozoic resulted in the development
of regional volcanic activity and the formation of several NW—-SE and NE-SW trending grabens
in the—western Turkey (Seyitoglu and Scott, 1991; Yilmaz et al., 2000). The terrestrial
conditions were-also predominant during the Neogene and all these grabens filled with alluvial,
fluvial and lacustrine deposits, and as well as volcano-sedimentary rocks. The suitable climatic
conditions along with constant subsidence also allowed peat accumulation within these basins
during Miocene; therefore, several economic coal deposits are located within Miocene

lacustrine and terrestrial sequences in the-western Turkey (Toprak, 2009; Kayseri-Ozer, 2016).

The Soma Basin is relatively smaller than other basins in western Turkey; however, it hosts
the most significant coal deposit due to its geological setting and coal reserves. The total coal
reserve of the Soma basir-Basin is about 738 Mt, and 10.4 Mt of coals are predueing-produced
annually by mainly open-pit mines, of which 7.7 Mt are eensuming-consumed in Soma coal-
fired power plants with 990 MW capacity and 2.7 Mt are usirg-used in domestic and industrial
purposes (TKI-ELI, 2015). The basin is divided into several sectors, and hosts three coal seams,
namely kM2 (lower-seam), kM3 (middle-seam) and kP1 (upper-seam). The coal characteristics
and thickness of these seams are changeable from sector to sector (Tuncali et al., 2002). Another
distinct feature of the Soma Basin is the presence of several altered tuff layers and basaltic
intrusions within the coal seams (Karayigit and Whateley, 1997). The ash layers, particularly
identified in the kM2 seam, could be useful for stratigraphic correlation during underground

mining operations and can also give information about mineral inputs during peat accumulation.

There are several studies from the Soma Basin that mainly focused on geological setting,
palaeopalynological, as well as environmental and economic aspects (Nebert, 1978; Akgin et
al., 1986; Gemici et al., 1991; Takahashi and Jux, 1991; Akgiin, 1993; Inci, 1998a, b, 2002;
Karayigit et al., 2000, 2006; Vassilev et al., 2005; Tercan et al., 2013; Hokerek and Ozcelik,
2015; Baysal et al., 2016; Kayseri-Ozer, 2016). Coal-petrographical and geochemical studies
are limited (Karayigit and Whateley, 1997; Karayigit, 1998; Tuncali et al., 2002; Bulut and
Karayigit, 2006; Toprak, 2009). ANevertheless—all these studies focused on either certain
mining sectors or feeding coals to coal-fired power plants, and none of them reported any

correlations between coal seams within the basin. Netewerthylt is noteworthy that;-any detailed

study on altered tuff layers within the coal seams are also absent. In this paper, the main goal is

to determine coal characteristics, reconstruct the palaeoenvironmental conditions during peat



accumulation, and oil-and gas-generation potential of the kM2, kM3 and kP1 coal seams in the
Eynez, Isiklar and Denis sectors, using coal petrography, Rock-Eval pyrolysis, mineralogy and
geochemical techniques. The specific objection of the study is to find-eutidentify the features
of tuff layers within the seams and #s—their impacts on mineralogical and elemental

compositions of the coal seams.
2. Geological setting

The Soma Basin is a NE-SW trending, approximately 20-km long and 5-km wide, fault
controlled basin in western Turkey (Seyitoglu and Scott, 1991; inci, 2002). The margins of the
basin are mainly built of Upper Cretaceous-Palaeocene carbonates (recrystallized limestone)
and Miocene volcanic rocks; furthermore, greywacke and diabase blocks are-outcropped-eut in
a small area on southern margin (Fig. 1). The regional extensional tectonics initiated during the
early Miocene-and created depositional space for the basinal infillings (Nebert, 1978; Seyitoglu
and Scott, 1996; Inci, 1998a); consequently, the major coal-bearing Soma Formation
commenced-tostarted deposition during Earby-early to Middle-middle Miocene (Benda, 1971;
Inci, 2002). The Fformation is composeds of alluvial sediments and lacustrine carbonates (Fig.
1). The kM2 and kM3 seams are located in this Fformation (Fig. 1b). The total thickness of the
kM2 seam can reach up to 27 m, whereas the kM3 seam with thicker calcareous intercalations
can reach up to 15 m. The Denis Formation, which overlies the Soma Formation, commenced
tostarted with alluvial sediments and turned to fluvial sediments and lacustrine carbonates
where the kP1 seam is located (Inci, 2002). The total thickness of the kP1 seam is changeable
within the basin, and it is only mineable in the Denis sector. This seam hosts several coal beds
and thick intercalations; therefore, it can be divided into lower, middle and upper parts. The
Pliocene Soma volcanics overlie the Denis Formation (Fig. 1). Furthermore, basaltic intrusions
were also irvaded-implaced in the Soma Basin during the Pliocene-Pleistocene and these caused
te-the development of contact metamorphism in the kM2 coal seam. Thus, natural coke
occurrences were identified near to the contact zone (Karayigit and Whateley, 1997; Karayigit,
1998). Finally, Quaternary unconsolidated sediments are-unconformably overlie the older units
(Fig. 1b).

3. Material and methods

A total of 64 coal samples and 16 intercalations, of which 6 samples are from altered tuff

layers, were gathered using channel sampling technique from five profiles in the Eynez, Isiklar



and Denis sectors (Fig. 2). The kM2 seam was sampled from Eynez, Isiklar and Denis sectors,

whereas kM3 was only sampled in the Isiklar sector and kP1 in the Denis sector.

Standard proximate and ultimate analyses were conducted according to ASTM standards
(ASTM D3175, 2011; ASTM D3174, 2012; ASTM D3302, 2015; ASTM D5373, 2016). The
gross calorific values were determined in an IKA 4000 adiabatic calorimeter (ASTM D5865,
2013) at Hacettepe University. The petrographic analysis was performed from polished coal
blocks, prepared according to ISO 7404—2 (2009) standard, and these blocks were examined in
oil immersion under both white incident light and blue-light excitation using a Zeiss Axioplan
coal-petrography microscope at RWTH Aachen University and a Leica DM4000M microscope
at Hacettepe University. The identification of macerals followed the Stopes-Heerlen
nomenclature, modified after the ICCP System 1994 (International Committee for Coal and
Organic Petrology, ICCP, 2001; Sykorova et al., 2005; Pickel et al., 2017). Random huminite
reflectance was measured on ulminite according to International Standard Organization (1ISO)
7404-5 (2009). The mineralogical composition of bulk coal and inorganic samples were
determined using an X-ray diffractometer with a Cu anode tube at Hacettepe University and
Cardiff University. The clay fraction analysis (XRD-CF) was also carried out from selected

inorganic samples at Hacettepe University.

The Rock-Eval pyrolysis analysis was conducted in order to determine the Tmax, hydrogen index
(HI) and the oxygen index (Ol) values according to procedure described by Espitalié et al.
(19774, b). Total organic carbon (TOC) and inorganic carbon (TIC) contents were measured
using a LECO RC-412 Multiphase C/H/H20 Analyzer at RWTH Aachen University.
Combustion took place using oxygen gas at temperatures between 350 °C and 520 °C for TOC
and 520 °C and 1050 °C for TIC. Moreover, a brief organic geochemistry analysis performed
on two bulk coal samples one from the kM2 seam (E-9) and another from the kP1 seam (D-6)
using Soxhlet-extraction with dichloromethane and GC-MS.

The elemental composition was determined by means of Inductively Coupled Plasma
Atomic Emission Spectrometry (ICP-AES) and Inductively Coupled Plasma Mass
Spectrometry (ICP-MS) at the Institute of Environmental Assessment and Water Research
(IDAEA) applying the technique described in detail by Querol et al. (1995). Selected polished
blocks of coal and tuff samples were carbon coated and examined under SEM equipment settled
situated at Hacettepe University, Cardiff University and RWTH Aachen University in order to



have better understanding mineralogical composition and as well as trace elements hosted in

the minerals.

4. Results
4.1. Macroscopic features and proximate analysis

The matrix-lithotype is commonly identified from the kM2 seam and mineral-rich lithotypes
are more abundant in the kM3 seam and particularly the middle and upper parts of the kP1
seam. The gastropod fossil shell-bearing coal beds were identified more frequently in the kM3
seam and lower parts of the kP1 seam, whereas the clay bands within coal beds were abundant
in the upper section of the kP1 seam (Fig. 2). The floor rocks mainly compose of claystone and
the roof rocks are clayey limestone/marl. The kM2 seam hosts thin intercalations and mainly
compose of claystone/clayey limestone (Fig. 2). The kM3 seam hosts mainly calcareous
intercalations, whereas gastropod-bearing claystones are more abundant in the kP1 seam.
Furthermore, altered tuff layers were mainly identified from kM2 seam at Eynez and Isiklar

sectors (Fig. 2) and also one layer was identified from kP1 seam at the Denis sector.

The results of proximate analysis along with gross calorific values indicate that there are
several significant differences between the coal seams in the Soma Basin (Table 1). The ash
yields in the kM2 seam are generally lower than other seams. The ash yields with more than
50% are mostly related to frequent existence of gastropod remains within coal beds in kM3 and
kP1 seams. In turn, high volatile matter contents (up to 67.6%, on dry, ash-free basis) and low
calorific values are recorded (Table 1). The proximate analysis results and calorific values are
generally in agreement with the previous studies; beside, higher ash yields are only reported
from kP1 in this study (Karayigit et al., 2000; Tuncal1 et al., 2002; Tercan et al., 2013). This
may be related to differences of sampling intervals and/or location of sampling profile in the

Denis sector.
4.2. Maceral composition and rank

All three maceral groups (huminite, liptinite and inertinite) are determined with various
proportions from the three coal seams (Table 2). Huminite is the dominant maceral group (up
to 84.9 vol.% on whole coal basis) and its proportions are slightly increased towards upper parts

of the kM2 and kM3 seams and decreased in the kP1 seam. The kM2 seam is characterized by



high telohuminite proportions and the highest value was recorded at the Denis sector (61.2
vol.%), whereas the kM3 and kP1 seams contain higher proportions of detrohuminite (Table
2). Ulminite, mainly eu-ulminite, is—the predominant within the telohuminite subgroup;
however, texto-ulminite is beirg-predominant in samples of the kM2 seam from Isiklar and
Denis sectors. Furthermore, ulminite macerals are well gelified in Eynez and Isiklar (both kM2
and kM3 seams) sectors. Textinite contents are low (<1 vol.%) in the samples. The cell-lumens
of textinites are generally filled with corpohuminite, resinite and/or mineral matter (Fig. 3).
Densinite is the-predominant within the detrohuminite group and inertodetrinites, liptodetrinites
and sporinites were mostly associated with densinite (Fig. 3). Gelohuminite is also commonly
observed in all studied samples (Table 2). Corpohuminite is the dominant maceral in this
subgroup (up to 11.5 vol.%). Gelinite, however, is being-more commonly the gelohuminite
maceral in lower and middle parts of the kP1 seam. Liptinite was also commonly observed in
all samples (1.7 and 16.9 vol.%) and liptodetrinite is the predominant liptinite maceral. In
addition, liptinite contents are slightly high in the kM2 seam where resinites were also
commonly identified. Inertinite contents are generally low in the kM2 seam (<1 vol.%), whereas
these are slightly higher than others (up to 11.0 vol.%) in the kM3 seam and increased upwards
ef-in_the seam. Minerals identified under coal-petrography microscopy are mainly clay
minerals, carbonates (calcite and siderite) and pyrite. The gastropod shell fragments are
commonly observed during coal-petrography studies. The maceral compositions of the studied
samples are generally in agreement with the previous coal petrography studies from the Soma
Basin (Karayigit and Whateley, 1997; Karayigit, 1998; Tuncali et al., 2002; Bulut and
Karayigit, 2006; Karayigit et al., 2010, 2012; Toprak, 2009).

The random huminite reflectance (%R,) values in ulminite (especially eu-ulminite B) vary
between 0.36 and 0.46%. The higher %R, values measured from the kM2 seam at the Eynez
sector and the kM3 seam at the Isiklar sector, and low R, values measured from the kM2 seam
at the Denis sector (Table 2). Considering the presence of basalt dykes ien the adjacent areas
of Eynez and Isiklar sectors (Karayigit, 1998), deeper burial depths and presence of well-
gelified ulminites in these sectors, the low R, values from the kM2 seam in the Denis sector can
be expected. The reflectance data is in agreement with previous studies (Karayigit and
Whateley, 1997; Tuncali et al., 2002; Toprak, 2009). The mean random reflectance values along
with calorific values and ash yields of the kM2 and kM3 indicate coal samples are medium- to
high-grade, low rank A to medium rank D coal and subbituminous (low-rank A) according to
ECE-UN (1998) and ISO 11760 (2005) classifications, respectively. Coal samples from the kP1



seam are low- to medium-grade low rank C to B coal and lignite (low-rank B) to subbituminous
(low-rank A).

4.3. Bulk geochemical parameters

The kM2 seam is characterized by high total carbon (34.5-64.5%; on dry basis) and low total
sulphur (0.2-2.1%; on dry basis) contents, while in the kM3 and kP1 seams coal samples display
higher total S and lower total C content (Table 1). The Rock Eval analysis data of all the samples
reveals that S1, S2 and S3 values are ranging from 0.6 to 3.7 mg HC/g, 22.2 to 107.2 mg HC/qg,
3.210 19.4 mg HC/g coal, respectively. The mean S1 and S2 values are higher in the kM2 seam
(Table 1). Total organic carbon (TOC) values of the kM2 seam range from 32.5 to 64.4 wt.%
(on air-dried basis) and their mean values are relatively higher than other seams. In kM3 and
kP1 seams TOC values vary from 23.4 to 54.8 wt.% (avg. 38.0 wt%) and 17.9 to 56.9 wt.%
(avg. 31.1 wt%). As expected, total inorganic carbon (TIC) contents are relatively high in fossil
shell-bearing samples (Table 1). Moreover, TOC values increase throughout upper parts of the
kM2 and kM3 seams where ash yields decrease. The total sulphur contents of the seams in the
Soma Formation display a slight increase upwards; in addition to this, higher total sulphur
contents are generally recorded over and below ef-altered tuff layers in the kM2 seam. In
contrast, while ash yields increase upwards of the kP1 seam, TOC values, total carbon and

sulphur contents decrease.

The measured Hydrogen Index (HI) values of studied samples are generally low and range
from 76 to 178 mg HC/g TOC (Fig. 4 and Table 1), and their calculated Hlmax values on the HI-
VR diagram are between 241 and 278 mg HC/g TOC (Fig. 5). The oxygen index (Ol) is
generally low (<41 mg CO2/ g TOC; Fig. 4a and Table 1). Tmax values vary between 392 and
439 °C and are characteristic for a low-rank coal. The HI vs. Ol and HI vs. Tmax diagrams (Fig.
4) show that kerogen type Il is dominant in all seams and in some samples mixed type I11-1V
are beirg common (Tissot and Welte, 1984). Furthermore, plotting data on HI vs. Tmax diagram
indicates that the coal samples from kM2 and kM3 are immature to early mature and samples
from the kP1 seam are clearly immature (Esphlie et al. 1977a, b, 1984). Overall, the results of
Rock-Eval analysis indicate the coal samples have a heterogeneity in organic matter type and
in such cases are characteristic for low-rank coals (Petersen et al., 2009; Escobar et al., 2016).
This heterogeneity is also in agreement with coal petrography data. For instance, changes ien
HI values seem to be related to variable maceral contents in the coal samples (Hunt, 1991;
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Petersen and Rosenberg, 2000; Kalaitzidis et al., 2009; Petersen et al., 2009; Gross et al., 2015).
The kM2 seam display higher telohuminite and HI values, whereas relatively low HI and high
Ol and S3 values can be testimony for relatively high-t# inertinite contents of the kM3 seam.
The high total sulphur contents generally tend to elevate HI values (Petersen, 2006); in contrast,
the effect of total sulphur on HI values in the studied samples might be limited due to their low

maturity.
4.4 Molecular organic geochemistry

The results of molecular organic geochemistry analysis eoeuld—give a basic knewledge
understanding about the predominant peat-forming vegetation in the kM2 and kP1 seams. Most
abundant substances in the aliphatic fraction of the analysed coal samples can be attributed to
cyclic sesquiterpenes and cyclic diterpenes. The sample E-9 (kM2 seam) was extremely
dominated by these substances (Fig. 6a). Beside cyclic sesquiterpenes and cyclic diterpenes, n-
alkenes were also present with their chain lengths between 10 and 31 carbon atoms. In both

samples (E-9 and D-6) a bimodal distribution with maxima at C14/C1s and around C23/C2s were
observed. Sample D-6 (kP1 seam) exhibits the highest concentrations of n-alkenes at
C23/C25/C27/Coq (Fig.6b), but the n-alkenes of sample E-9 maximised at C14/C1s (Fig. 6a). The
maxima in the range of Cz3 and Cys (Fig. 6b) are characteristics for a high contribution of
freshwater aquatic macrophytes (Ficken et al., 2000), whereas n-alkenes with chain lengths of
more than 29 carbon atoms can be attributed to the input of organic matter derived from higher
land plants (Volkman, 1986; Canuel et al., 1997). These distributions are in agreement with
coal petrography data. The telohuminite group is predominant in the sample E-9 and the sample
D-6 display higher detrohuminite contents. Furthermore, the n-alkene distributions of both
samples are characterized significantly by an odd-over-even predominance indicating they are

immature.
4.5. Mineralogy

4.5.1. Minerals in intercalations and altered tuff layers

The common carbonate minerals in the intercalations are calcite, dolomite and siderite, and
they are the dominant phases in the clayey limestone/marl (Table 3). Moreover, aragonite is
only identified in gastropod fossil shell-bearing samples. The clay minerals are the dominant
phase in claystones and minor phases in the calcareous intercalations (Table 3). The results of

XRD-CF analyses indicate that kaolinite and smectite are common in clay-fraction minerals in



the kM2 seam, whereas in the kP1 seam illite is beirg-more common together with kaolinite.
Quartz and feldspar are abundant to minor phases in the claystones; nevertheless, quartz is the
dominant phase in the fined--grained sandstone in the kM2 seam. Opal/CT is traced only from
claystones in kM2 and kP1 seams where altered tuff layers are identified. Pyrite is also traced
from in a few samples from kM2 and kP1 seams (Table 3). The predominance of silicate
minerals in the intercalations imply that these are presumably brought by fluvial inputs from
marginal areas (e.g. volcanic rocks). In contrast, the Ca-rich water-supperts that originated from
karstic aquifers and lacustrine conditions allowed the formation of carbonate minerals,
particularly in the kM3 seam and lower parts of the kP1 seam. Similar suggestions were also
reported from the previous study in the basin (Inci, 1998a).

The mineralogical compositions of tuff layers in the kM2 and kP1 seams are slightly
different than other intercalations. The clay minerals are the dominant phase in all layers
according to XRD results, and the abundant phases are quartz and feldspars (Table 4).
Furthermore, carbonate minerals (calcite and dolomite) and opal/CT are traced in some altered
tuff samples. The SEM-EDX data shows a variety of accessory minerals in these layers (Table
4 and, Figs. 7 and 8). The accessory minerals are biotites with Ti traces, phosphates (Cl-apatite
and crandallite), zircon, Ti-oxides, ilmenite, titanite, REE-bearing silicates (e.g. allanite), and
sulphides (pyrite, sphalerite and chalcopyrite). Beside sulphide and carbonate minerals, all
these accessory minerals are identified as typical minerals for tonsteins (Bohor and Triplehorn,
1993; Ruppert and Moore, 1993; Dai et al., 2011; Spears, 2012). The minerals such as quartz,
biotite, feldspars, opal/CT, Cl-apatite and zircon are primary products of volcanic inputs. Zircon
and Cl-apatite are dominantly euhedral crystals (Fig. 7) that are characteristic for volcanic
origin and also such crystals can be indicators for short distance transportation (Burger et al.,
2002; Spears, 2012; Arbuzov et al., 2016). Feldspar in the altered tuff layers could also provide
knewledge-indications about the volcanic activity around the basin during the Miocene. The
SEM-EDX data shows plagioclase is more commonly determined in the analysed tuff samples
from kM2 seam, and alkali feldspars are predominant feldspar mineral in the sample from kP1
seam. This difference is presumably related to changes on chemistry of volcanic rocks during

the Miocene around the Soma Basin (Ersoy et al., 2012).

The kaolinite is observed in the altered tuff layers as individual bodies (vermicules?), which
are associated with biotites, or around feldspar or composed of the matrix of mineral aggregates
(Figs. 7 and 8). The latter one contains traces of mostly Ti, and lesser Fe and K and the existence
of these traced elements revealed that kaolinites are mainly alteration by-products of biotite ané
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as well as feldspars. Such alterations are expected considering the freshwater environments in
the Soma Basin. The presences of pyrite blades (Fig. 7) and the absence of zeolite minerals also
imply the alteration of tuff layers took place in the open system under slightly acidic conditions
(Querol et al., 1997; Bechtel et al., 2014). Nevertheless, the rare presence of carbonates
indicating neutral conditions was also occurred. Other sulphide minerals like sphalerite and
chalcopyrite seem to be developed from leached waters during diagenetic stages (Arbuzov et
al., 2016). The acidic condition might also allow the reaction between weathered glass and P
derived from organic matter (Triplehorn, 1990), thus, the identified alumina-phosphates in the
samples might be formed in such way. Furthermore, allanite can be easily altered in the
depositional environment (Bohor and Triplehorn, 1993); however, its presence in the ash layer
in the kP1 seam suggests that the alteration of the tuff layers was presumably not dense as ke
asseen in the kM2 seam. Overall, the mineralogical composition of altered tuff layers denoted
that these are supposed to be originating from intermediate and/or felsic volcanic rocks.
Therefore, these tuff layers in kM2 and kP1 seams were derived from synchronous volcanic

activities developed around the basin.

4.5.2. Minerals in coal samples

The dominant phases present in the KM2 seam are quartz and clay minerals based on XRD
data, whereas calcite is also beirg-dominant in certain coal samples from Isiklar and Denis
sectors (Table 5). Other carbonate minerals identified from the kM2 seam are dolomite and
siderite. Nevertheless, carbonate minerals are being-the dominant phase in the kM3, where
fossil shell remains are commonly observed, and here aragonite is also identified. The upper
part of the kP1 seam is characterized by the predominance of clay minerals, while calcite along
with quartz is being more common ien the lower part. Feldspars and pyrite are generally minor
phase in the three seams (Table 5). Additionally, opal/CT, and gypsum are also traced in few
samples.

The SEM data is in agreement with the XRD data and provide a variety of accessory minerals
(Figs. 9-12), such as ankerite, apatite, barite, biotite, chalcopyrite, chromite, monazite,
sphalerite, titanite, Ti-oxides and zircon. Furthermore, calcareous fossil shell-fragments are
commonly observed (Figs. 10 and 12) and fossil bone remains #-of Ca-phosphate composition

were also identified in few samples (Fig. 9).

The dominance of silicate minerals in bulk coal samples from the kM2 seam and the upper
part of the kP1 seam could indicate continuous detrital input into palaeomire that suppressed
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authigenic mineral formation. The SEM data shows the existence_of individual kaolinite
(vermicules?) and the clay aggregates with other minerals (e.g. feldspar, quartz, biotite, apatite,
Ti-oxides and zircon) and organic matter (Figs. 9 and 10). Such aggregates are generally related
to clastic inputs from margins. Besides, low ash yields from the kM2 seam along with thin
intercalations imply the clastic input ratios suppesed-te-bewere low during peat accumulation.
Thus, clay minerals in the kM2 seam seem to be derived from another source rather than
marginal clastic input. The matrixes of clay mineral aggregates are mostly Ti- and Fe-bearing
kaolinites according to the SEM-EDX data (Fig. 9). Furthermore, feldspar and biotite crystals
are altered within these aggregates as like the tuff samples. The individual kaolinites and their
textures in the coal samples are also typical for kaolinites in tonsteins (Bohor and Triplehorn,
1993; Burger et al., 2000; Perama et al., 2013). Therefore, kaolinite and as well as clay
aggregates are clastic inputs mainly derived from altered tuff layers and volcanic rocks on the

margins and a lesser extent of alteration of feldspar and biotites in the palaeomire.

StmHar-As seen with the tuff layers, the common varieties of feldspars are changeable seam
to seam. SEM studies indicate that plagioclase is more commonly identified on the kM2,
whereas alkali feldspars are more common in the kM3 and kP1 seams. This is, as explained
previously, related to changes on chemistry of volcanic products during the Miocene (Ersoy et
al., 2012). Furthermore, apatite, Ti-oxides and zircon were also observed within feldspar
crystals and these inclusions are other indicators for clastic inputs from volcanic rocks on the
margins (Fig. 11). Quartz crystals in the studied samples are variable in size and shapes, and
mostly identified within clay aggregates. Therefore, quartz is mainly syngenetic (detrital) in
origin. The cavity-infilling silica is rarely observed in the studied samples, and also cleat-

infilling epigenic silica is determined in few samples from the Eynez sector. Neteworthylt is

noteworthy that; silica glass shards are also identified during SEM studies where Opal/CT is
traced by XRD. The silica shards are generally reported as volcanic inputs (e.g. air-fall ash)
from synchronous volcanic activity (Ruppert and Moore, 1993; Karayigit et al., 2001).
Considering these shards and the existence of several ash layers within kM2 and kP1, silicate
minerals along apatite, zircon, Ti-oxides and monazite are mainly volcanic inputs during peat

accumulation and lesser clastic inputs from margins.

The coal-petrography and SEM data imply that carbonate minerals display variable mode of
mineralisation in the examined coal samples. Syngenetic authigenic calcites are the most
common carbonate minerals and to a less extent detrital calcites. Cell- and void-infilling

together with replacement carbonates are also commonly identified samples from the KM2 seam
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(Fig. 10). The gastropod fossil rich bands are generally reported from Turkish Neogene coal
deposit; however, aragonite is either in trace amounts or absent on XRD (Querol et al., 1999;
Karayigit et al., 2001, 2015; Oskay et al., 2016). It is normal that aragonite can easily convert
to calcite during burial; consequently, aragonite is absent and calcite is the predominant mineral
in most of the gastropod-bearing samples in kM3 and kP1 seams. The syngenetic calcites are
either individual body and/or commonly associated with siderite nodules (Figs. 10 and 11).
Siderites display three crystallization types in the studied samples: Mg-and Mn-bearing Ca-
siderites (most common—ene), individual siderite nodules with Mn traces, and siderites
associated with dolomite. Siderites in the kP1 seam are generally smaller nodules, whereas
larger ones are observed in the coal beds of the kM2 seams (Fig. 11). These siderite nodules are
presumably related to the low sulphate contents of influenee-water flowing into the palaeomire
(Ward, 2016; Zhao et al., 2016); however, the total S contents are slightly high in kM3 and kP1

seams and also siderites were commonly identified around pyrite crystals (Fig. 11c). Therefore,
siderite might be formed as reactions between iron and dissolved CO: in the palaeomire and as

well as pore waters. This can example-also explain the presence of siderites within the cavities

of macerals (Figs. 3c and 11a). Furthermore, leached waters from calcareous intercalations and
particularly tuff layers could-be penetrated into coal beds during coalification. As a result,
reactions between siderite and these solutions, associated with calcite and dolomite or vice versa

siderites around pyrites, calcite and/or dolomites were formed (Fig. 11).

Pyrite is the only sulphide minerals determined in the XRD traces of the coal samples (Table
5); however, other sulphide minerals were identified by SEM-EDX studies (Fig. 12). Pyrites
are mostly represented by syngenetic framboidal crystals and lesser extent epigenetic pyrites
(e.g. pyritized macerals and cleat-infilling). Sphalerite and chalcopyrite along with barite are
mostly identified in coal beds below the tuff layers and this observation suggests that these were
formed from precipitation of leached fluids from those tuff layers. Gypsum was presumably

formed by the pore water evaporation during the storage of coal samples.
4.6 Elemental concentration and modes of occurrence

The major elements (>1000 ppm) in the three seams are Al, Ca, Fe, K, Mg and Na (Table
6). The concentrations of elements like B, P and Ti can reach more than 1000 ppm in some coal
samples (Table 6). The concentrations of Ba, Sr, V and Zn are variable in the three seams and
these elements can exceed alse-more than 100 ppm in certain coal samples. In addition, the

concentrations of Mn exceeds more than 100 pm in kM2 and kP1 seams. The concentrations of
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trace elements are mostly below 10 ppm; however, As and Zr exceed more than 100 ppm in
some coal beds below the tuff layers. The previous studies also reported similar elemental
concentrations from the feeding coals in the Soma Basin (Karayigit et al., 2000, 2006; Tuncali
etal., 2002). The vertical distributions of elements are also changeable from seam to seam. The
major elements (Al, Fe, K, Mg and Na), and most of minor (e.g. Ba, P, Ti) and trace elements
(e.g. Cu, Zn) display increase trends upwards in the kP1 seam, whereas Ca, As and Mo decrease.
In contrast, elements tend to decrease towards thee upper parts in kM2 and kM3 seams. Boron
in the kM2, and Mo and Ba in the kM3 seam display increasing trends te-the-upwards. These
changes are mostly in parallel with the vertical distributions of ash yields in the seams.

The weighted averages of elements in each sector are variable and elemental enrichments
are generally changeable (Table 6). Nevertheless, the elements Cs, Li and U are the only
enriched elements in almost all the studied coal seams in comparison with the-most world coals
(Swaine, 1990). In the Denis sector, B, Cd, Li and V are enriched in both kM2 and kP1 seams,
whereas Ti, Cr, and Th are only enriched in the kP1 seam in this sector (Table 6). The elemental
concentrations, beside U, in the kM2 seam at the Isiklar sector are within the averages of most
world coals, while only Cs, Li and V are enriched in the kM3 seam. In the Eynez sector only
Cs and U display enrichments. Furthermore, the concentrations of several minor and trace
elements in the three coal seams show higher average values than the world brown coals (Ketris
and Yudovich, 2009). The difference between elemental enrichments along with vertical
distributions could be related to ash yields. The kM2 seam displays generally lower elemental
concentrations and ash yields, in contrast higher elemental concentrations and ash yields were
recorded from the kP1 seam (Table 6). Therefore, almost all elements display strong positive
correlations between ash yields and strong negative correlation with TOC (Table 7). All these
this suggests that s majority of elements mostly have inorganic affinity. Nevertheless, no
significant correlation between ash yields and elements such as Ca, As, B, Mo, Se, W and U

are recorded. Thus, these elements seem to have an intermediate affinity.

The major elements Al, Fe, K, Mg and Na have strong positive correlations with most of
minor and trace elements (Table 7). Considering these correlations along with the common
presences of aluminosilicate minerals, Al, Fe, K, Mg and Na and associated elements (e.g. Co,
Cr, Li and Zr) are mainly affiliated with clay minerals and/or feldspars in the coal samples.
Therefore, clastic inputs from volcanic rocks on the margins might have been the main source
of major elements and as well as aluminosilicate affiliate elements. Calcium has only a weak

correlation with Sr and this association could be related to the existence of carbonate minerals.
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Furthermore, the SEM-EDX data shows that Fe, Mg and Mn are partly derived from carbonate
minerals, particularly from siderites (Fig. 11), and also Ca traced from organic matter in the

studied coal samples. Overall Ca has an intermediate affinity in the studied samples.

The SEM-EDX data also denoted that minor and trace elements could have another mineral
affinity rather than aluminosilicates. The clay mineral aggregates associated with accessory
minerals such as zircon, chromite, apatite and monazite that are sources for Zr, P and Cr along
with the REEs in the studied samples. The geochemical analyses from volcanic rocks on the
margins show the presence of Ba, Cr, Ni, Sr, Zr, Th, U and as well as REEs (Ersoy et al., 2012).
These could be evidence that most of minor and trace elements are mostly derived from clastic
inputs. Barite could also be the source for Sr (Fig. 12). The elements As, Cu, Pb and Zn were
commonly traced from sulphide minerals (Fig. 12), and as mentioned previously, they generally
display higher concentrations below the ash layers. This implies that leached waters from tuff
layers precipitated within the coal beds during late diagenetic stages. Thus, epigenetic sulphide
minerals could cause the As, Cu and Zn enrichments in the kM2 and kPl seams. The
synchronous volcanic activity also caused alse-B enrichments in most Turkish coals (Querol et
al., 1997; Karayigit et al., 2000). The leached surface waters from volcanic rocks on the margins
and tuff layers within the basin could bring B-rich waters into palaeomires in the Soma Basin.
Thus, B could uptake by either peat-forming plants or adsorbed by clay minerals. This could

explain the intermediate affinity of B in the studied coal samples.
5. Discussion
5.1 Hydrocarbon source potential

The humic coals with high vitrinite/huminite contents with liptinite contents more than 10-
15% (on mineral matter-free basis) are generally considered as oil-prone (Hunt, 1991;
Snowdon, 1991; Wilkins and George, 2002). Nevertheless, the oil generation potential of humic
coals is a complex process and; several parameters and diagrams were proposed for accurate
interpretations (Pepper and Corvi, 1995; Killops et al., 1998; Sykes and Snowdon, 2002;
Petersen, 2006). The huminite and liptinite contents along with thickness of coal beds in the
studied coal seams might suggest a possible oil-generation potential (see Table 1 and Fig. 2).
The hydrocarbon generation potential of the coal samples is firstly evaluated on HI vs. Ol and
HI vs. Tmax diagrams (Fig. 4). The plotedting data shows that the samples are located on the
mainly mixed and gaseous hydrocarbon generation window, which is also consistent with their

Tmax values. The existence of exsudanites in some samples can also suggest the development of
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the-early petroleum generation and the mixed hydrocarbon generation potential for certain coal
beds in the Soma Basin. Furthermore, the coals with HI lower than 150 mg HC/g TOC are
generally considered as gas-prone (Hunt, 1991; Peters and Moldowan, 1993; Petersen, 2006);
thus, investigated samples are more gas-prone rather than mixed generation potential. In
addition, several studies also denoted that HI values could-are not accurate for humic coals to
estimate the true generation potential (Petersen, 2002 and refs. therein), and calculated Hlmax
values (or “effective HI” of Sykes and Snowdon, 2002) on HI vs. VR plots could be more
accurate for initial hydrocarbon potential. The calculated Hlmax values are within the range for
gas- and oil-prone coals (Fig. 5); and none of sample reach required Hlmax value (300 mg HC/g
TOC) for the oil generation (Fig. 13). Considering this along with %R, (<0.50), low PI, Bl and

QI values (see Table 1) point that the coal beds in the studied sectors are generally gas-prone.
5.2. Coal facies indices

The coal maceral diagrams could be useful tools when combinedg with mineralogical,

sedimentological, paleontological and geochemical data for providing information about
depositional conditions and predominant vegetation within the palaecomire (Bechtel et al., 2014;
Karayigit et al., 2015, 2016). The most widely using ternary diagram, proposed by
Mukhopadhyay (1989), provides information about depositional conditions and common
vegetation during peat accumulation (Fig. 14). Plotting the data peints-shows that precursor
peat of the kM2 seam accumulated under slight anoxic conditions where the water-table was
high and stable. Forested fen was common and good tissue preservation developed. In contrast,
the water-table was unstable during peat accumulation in the kM3 and kP1 seams. The
dominant vegetation in these seams was herbaceous, particular reed plants. The samples of
upper parts of kM3 from Isiklar field display more oxic conditions and inertinite contents are
higher than other samples of kM2 ones from the same sector. This difference might be related
either drier conditions on this part of the basin or a masking effect from high allocthonous
inertinite input. The latter one seems to be more possible due to the predominance of
inertodetrinite embedded within densinites. Such association generally indicates allocthonous

origin for inertinites rather oxidation (O’Keefe et al., 2013).

The differences between seams are more distinct on the tissue Preservation Index (TPI) vs.
gelification index (GI) and groundwater influence (GWI) vs. vegetation index (V1) diagrams
(Fig. 15). The kM2 seam is characterized by high to very high TPI (1.5-16), VI (0.8-5.6), and
moderate to high GI (2.2-67.9) values. The TPI-GI values similar with Seam kM2 are generally
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reported from xylite-bearing Neogene coal deposits that assess wet swamp to piedmont
conditions (Kolcon and Sachenhofer, 1999; Kalaitzidis et al., 2004; Oikonomopolou et al.,
2015). The fossilized wood trunks and branches in the kM2 seam is another-testimenyfurther
evidence for the predominance of woody vegetation and wet swamp conditions. The organic
geochemistry data also revealed the presence of high plants and the previous palynological
studies also imply the dominance of woody vegetation in the basin (Nebert, 1978; Akgin et al.,
1986; Gemici et al., 1991). The wet conditions during the kM2 seam could be related to humid
climate during late Early to Middle Miocene in the-western Turkey (Kayseri-Ozer, 2016). The
GWI values of the kM2 seam could be interpreted as low water table conditions (Fig. 15).
Nevertheless, these low GWI values are characteristic for the Tertiary xylite-rich coals
elsewhere (Kalaitzidis et al., 2004; Koukouzas et al., 2010; Oikonomopoulos et al., 2015;
Mitrovi¢ et al., 2016). Thus, these low GWI in the kM2 seam can be expected. The low TPI
(<1.0) and VI (<1.0), and as well low to moderate Gl (0.8-25.4) and GWI (1.6-11.1) values
from seams kM3 and kP1 indicate the predominance of herbaceous vegetation and fluctuated
fluctuating water-table during peat accumulation (Fig. 15). The n-alkane distribution pattern of
analysed samples from the kP1 seam also indicates the predominance of the herbaceous (e.g.
macrophytes) in the palaeomire. The vegetation difference is presumably related to the changes
on climatic conditions and/or depositional environment in the Soma Basin during the Miocene.

5.3. Depositional environment

The Soma Basin-is started to form during the Early Miocene as a results of the regional
extensional tectonic regime in the western Turkey. The basinal infillings commenced with
alluvial deposits, and were followed by fluvial and lacustrine sediments (Nebert, 1978; Inci,
1998a, 2002). Within the development of optimal climatic conditions and clastic input ratio
during late Early to early Middle Miocene, the suitable condition for the precursor peat-
accumulation of the kM2 and kM3 seams in the Soma Formation was developed in the basin
(Takahashi and Jux, 1991; Akgiin, 1993; Inci, 2002). The coal facies, lithological and
mineralogical data imply that the depositional environment was—changed during Soma
Formation depositioned. The coal facies diagrams suggest the precursor peat of KM2 seam was
accumulated under wet forest swamp and piedmont plain (Fig. 15). The seam displays thick
coal beds with thin inorganic intercalations also suggesting high and stable water tables and
low clastic input ratio. Therefore, coal samples of the kM2 seam display low concentrations of
aluminosilicate affiliated elements and TOC values are higher. The latter one also supports the
authochthonous peat formation. The low energy and high water table conditions are also
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favourable for gelification and pyrite formation (Siavalas et al., 2009; Oikonomopolou et al.,
2015). Therefore, syngenetic pyrites are commonly observed. In addition, low energy
conditions allowed precipitation of siderites in the palaeomires (Oikonomopolou et al., 2008)
and larger siderites nodules in the kM2 seam presumably formed in such a way. Their co-
existence with other syngenetic carbonates and pyrites also imply neutral to weak alkaline
conditions during peat accumulation. Furthermore, the predominance of woody vegetation and
better preservation conditions are generally relating to high HI values (Collinson et al., 1994;
Petersen et al., 2009) and this relation might explain slightly higher HI and as well as TOC
values in the kM2 seam (see Table 1). The extensional tectonic regime during the Early to
Middle Miocene eaused-also caused the development of volcanic activity (Seyitoglu and Scott,

1996; Ersoy et al., 2014); hence, several tuff layers, altered volcanic materials, pyroclastic and
volcanoclastic material were identified within coal seams and lacustrine sediments of the Soma
Basin (Karayigit, 1998; Inci, 1998b; 2002). Therefore, peat accumulation seems to-be ceased
only by regional volcanic activities that resulted in the tuff layers in the kM2 seam, and the
silicate minerals in this seam are mainly derived from these tuff layers and lesser amount

brought by sheetwash/runoffs from margins.

The clayey limestone/marl that was previously identified as a marl series by Inci (1998a,
2002) forms the roof rock of the kM2 seam. This unit is related to the development of deeper
conditions and/or lake expansion in the Soma Basin as a result vertical tectonic movements.
Furthermore, the presence of clay minerals in this unit also indicates that the clastic inputs by
fluivalfluvial systems were also developed during this period-ef-time. With the development of
shallow conditions, the precursor peat of kM3 was-started to accumulate; revertheless;-the peat-
accumulation was-ceased several times and calcareous intercalations were deposited (Fig. 2).
This alteration between coal beds and calcareous intercalations could be the indicator for
vertical tectonic movements that presumably activated karstic aquifers on the margins.
Therefore, Ca-rich water discharge into the basin was increased and such discharges generally
resulted in development of alkaline conditions in the palaeomire (Bechtel et al., 2004; Siavalas
et al., 2009; Karayigit et al., 2015). As a result, carbonate minerals and fossil fragments are
common in the kM3 seam and Ca concentrations are higher than the kM2 seam. The existence
of syngenetic pyrites in this seam also impliesy the influence of SOs*-rich water into the
palaeomire and the development of neutral to weak alkaline conditions. Furthermore, the
development of alkaline conditions also allows the-bacterial activity that could reduce tissue

preservation, and this also explains relatively low TOC and TPI values in this seam. These
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values might also be related to the predominance of herbaceous vegetation in the palacomire.
During early the Middle Miocene, climatic condition seems-appears to be changed and forested
vegetation turned to herbaceous, particularly reed species. Overall, the precursor peats in the
Soma Formation started to accumulated under pure telmatic conditions at the early stages of
peat accumulation (kM2 seam), whereas limno-telmatic conditions are beirg-more dominant in
the late stages of peat accumulation (kM3 seam) in this fermatienFormation.

Within-At the start of the Late Miocene, fluvial conditions were again beirg-dominant and
these conditions turned to limnic conditions where the precursor peat of the kP1 seam was
accumulated. On the lower parts of the kP1 seam calcareous intercalations and fossil shell-
remains are common and thus carbonate minerals are the dominant phase, whereas coal beds
with clay-bands are also common on the upper parts. These differences on mineralogical,
lithological and maceral compositions of coal beds throughout the kP1 seam suggest changes
en-in_water chemistry—of waterin the palaeomire and clastic input ratios during the Late
Miocene. The lower parts were presumably deposited in alkaline conditions and low clastic
input ratio that allowed the formation of syngenetic carbonates. The predominance of silicates
along with high ash yields on the upper parts imply the tectonic movements and increased
clastic input ratio into the basin. Moreover, the-regional volcanic activity took place again
during Late Miocene around the Soma Basin (inci, 1998b, Ersoy et al., 2012); thus, an altered
tuff layer was also identified in the kP1 seam (see Fig. 2). Neteworthy.It is noted that clayey
bands and silicate minerals are beirg-dominant above this layer and this suggests that the clastic
input ratio from margins was increased after the volcanic activity during the Late Miocene. The
concentrations of aluminosilicate affiliated minerals are consequently elevated towards to upper
parts of the kP1 seam. The increased clastic inputs along with alkaline conditions could also
reduce preservation of organic matter that resulted in lower TOC values in this seam. All these
denote the peat accumulated under limno-telmatic condition where fluvial and volcanoclastic

inputs ceased peat formation several times during the Late Miocene.
6. Summary and conclusions

The alternations between alluvial-fluvial-lacustrine conditions imply the Soma Graben was
activated several times during the Miocene as a result of the regional extensional tectonic
regime. This regime together with climatic factors controlled peat-forming environment in the
Soma Basin and effected the esal-quality of the coal seams. The palaeomire in the Soma Basin

commenced to develop under pure telmatic and low energy conditions and peat-forming
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vegetation was dominated by woody species. This condition resulted in the formation of thick
coal beds, low ash yields and high TOC values in the kM2 seam. Felowing-Over following

periods the; water-table fluctuated several times and covered the entire mire surface; thus, peat

formation ceased several times that resulted in the deposition of clastic and calcareous
intercalations in kM3 and kP1 seams. The lithological and mineralogical features of these
intercalations indicate the development of limno-telmatic conditions with fluvial contributions
during accumulation of precursor peats of the kM3 and kP1 seams. Furthermore, the inundated
inundating water into the palaeomire was presumably Ca-rich and shifts to more alkaline
conditions in the palaeomires within the basin. Therefore, coal samples of the kM3 and kP1
seams display relatively high total S contents and low TOC values. Another important result of
extensional tectonic regime is the formation of volcanic activity during the precursor peats
accumulation of kM2 and kP1 seams; hence, several altered tuff layers were identified within
these seams. The mineralogical compositions of these layers also petnt-indicates that these were
originated from felsic volcanic activities around the Soma Basin and alse-their compositions

are similar to tonsteins. Thus, these layers are presumably #-of air-fall ash origin.

The results of the pyrolysis analysis of the coal samples are in agreement with maceral
compositions and rank. The kerogen type-I11 is common in the all seams and low Ol values in
the kM3 are related to slightly high inertinite values. The HI and Tmax values peint-indicate that
samples from_the kM2 and kM3 seams are immature to early mature and from the kP1 seam
are clearly immature. Furthermore, the changes ien vegetation during the Miocene in the Soma
Basin also have reflections-influences on the HI values. The slightly higher HI in the kM2 seems
to be related to high contributions of woody material in the peat and development of more acidic
conditions during peat-accumulation, whereas relative low HI values in kM3 and kP1 are
related to contributions of herbaceous plants and more alkaline conditions. Even though, the
thickness of coal beds along with high huminite and liptinite contents of the coal samples-car
suggests the oil generation potential, the pyrolysis analysis data shows that studied coal seams
are mainly gas-prone and only certain coal beds have mixed hydrocarbon generation capacity.
All these suggest the features of coals seams were in the Soma Basin were controlled by changes

on the depositional conditions and vegetation during the Miocene.
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Table 1

Ranges and weighted averages (in parenthesis) of proximate and ultimate analyses, and Rock-Eval pyrolysis of the coal samples from the Soma Basin (CV:
calorific value, TOC: total organic carbon, TIC: total inorganic carbon, HI: hydrogen index, Ol: oxygen index, PI: production index; Bl: bitumen index, QI:

quality index, ar: as received; adb: air-dried basis; db: dry basis; daf: dry, ash-free basis; maf: moist, ash-free basis)

Seam/Sector

kM2

kM3

kP1

Eynez

Isiklar

Denis

Isiklar

Denis

Total Moisture (wt.%o, ar)
Ash (wt.%, db)
Volatile Matter (wt.%o, daf)
Gross CV (MJ/kg, maf)
Total S (wt.%, db)

TC (%, adb)

TOC (%, adb)

TIC (%, adb)

S1 (mg HC/g rock)

S2 (mg HC/g rock)

S3 (mg HC/g rock)
Tmax (°C)

HI (mg HC/g TOC)

Ol (mg HC/g rock)

Pl (S1/(S1 + S2)

BI (S1/TOC)

QI (S1+S2)/ITOC)

11.1-17.8 (14.7)
3.7-32.3 (16.2)
42.9-58.7 (54.8)
22.7-26.5 (24.8)
0.4-2.1 (0.8)
45.5-64.5 (56.2)
45.4-64.4 (56.0)
0.1-0.5 (0.3)
1.1-2.4 (1.5)
62.8-107.2 (83.5)
7.0-12.1 (10.7)
413-427 (420)
121-173 (149)
15-20 (19)
0.01-0.03 (0.02)
0.02-0.04 (0.03)
1.2-1.8 (1.5)

7.5-16.8 (11.8)
4.1-37.3 (12.1)
42.6-55.6 (46.2)
20.9-27.7 (25.2)
0.2-2.0 (1.0)
39.3-64.5 (57.3)
38.5-64.3 (56.7)
0.1-2.4 (0.6)
1.0-3.7 (1.7)
56.7-103.2 (77.7)
9.8-15.1 (12.8)
410-426 (418)
109-178 (137)
21-25 (23)
0.01-0.04 (0.02)
0.02-0.06 (0.03)
1.1-1.8 (1.4)

13.7-20.7 (18.3)
4.2-42.2 (249.6)
46.4-59.4 (52.1)
16.2-23.2 (20.6)
0.2-1.6 (0.6)
34.5-57.6 (43.5)
32.5-57.4 (42.7)
0.2-2.0 (0.7)
1.2-3.3 (2.3)
33.7-83.1 (51.7)
4.5-16.9 (8.6)
392-420 (411)
88-145 (121)
13-37 (20)
0.03-0.05 (0.04)
0.03-0.07 (0.05)
0.9-1.5 (1.2)

9.6-14.5 (11.2)
14.5-56.9 (36.2)
46.7-62.2 (56.8)
18.0-25.0 (21.5)
2.4-35 (3.1)
23.8-55.4 (38.7)
23.4-54.8 (38.0)
0.1-2.1 (0.7)
0.6-1.2 (0.9)
35.5-55.5 (43.6)
7.9-15.1 (10.4)
420-439 (431)
92-152 (120)
25-34 (28)
0.01-0.03 (0.02)
0.01-0.05 (0.03)
0.9-15 (1.2)

14.4-25.6 (18.7)
7.6-64.7 (45.3)
47.1-67.6 (57.6)
13.2-21.5 (17.1)
0.5-5.0 (1.7)
18.5-57.0 (31.7)
17.9-56.9 (31.1)
0.1-4.7 (0.6)
0.7-1.9 (1.0)
22.2-71.9 (36.6)
3.2-19.4 (5.6)
412-430 (424)
76-142 (120)
14-41 (18)
0.02-0.03 (0.03)
0.02-0.05 (0.04)
0.8-1.4 (1.2)
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Table 2

Coal-petrography results of the coal samples from the Soma Basin (TH: telohuminite, DH:
detrohuminite, GH: gelohuminite, H: huminite. I: inertinite, L: liptinite, MM: mineral matter, SD:
standard deviation)

TH

DH

GH

H

L

MM

Seam Sector  Sample (vol.%. on whole basis) %Ro0xSD
E-1 44.4 32.1 8.4 84.9 6.3 1.1 7.7 0.46 £ 0.02

E-3 37.2 30.6 4.7 725 55 0.6 214 0.46 £ 0.02

E-5 36.9 28.5 55 70.9 6.8 0.2 22.1 0.45 £0.02

E-6 23.0 25.2 3.5 51.7 9.9 0.6 37.8 0.44 £0.02

E-7 48.3 30.8 55 84.6 11.4 0.6 3.4 0.44 £0.01

Eynez E-8 31.2 17.8 4.1 53.1 7.5 0.8 38.6 0.46 £ 0.02
E-9 36.3 14.1 2.0 52.4 7.7 2.3 37.6 0.45 £0.02

E-11 35.3 18.8 4.3 58.4 12.3 1.0 28.3 0.44 £0.01

E-11/1 29.7 13.0 3.5 46.2 9.0 0.4 44.4 0.45+0.02

E-12 35.0 10.0 2.4 47.4 10.3 1.0 41.3 0.45+0.02

E-13 35.3 15.9 3.1 54.3 8.8 3.3 33.6 0.45+0.03

1-22 42.3 28.1 10.0 80.4 9.0 0.4 10.2 0.44 £0.01

1-20 49.0 16.9 12.6 78.5 7.4 3.2 10.9 0.44 £0.01

1-19 52.6 17.7 13.3 83.6 7.7 0.4 8.3 0.44 £0.01

1-18 42.2 13.3 6.5 62.0 6.4 0.2 314 0.43+0.01

I-15 46.2 19.6 7.6 73.4 12.4 - 14.2 0.44 £0.02

1-13 37.4 23.2 7.2 67.8 14.0 0.2 18.0 0.42 £0.02

1-12 47.1 13.2 7.4 67.7 9.5 0.6 22.2 0.44 £0.01

kM2 Tsiklar I-11 44.6 16.1 5.6 66.3 9.9 0.4 23.4 0.43+0.01
1-10 18.5 12.5 2.4 33.4 5.4 - 61.2 0.44 £0.01

1-9 55.3 7.8 5.7 68.8 9.0 0.2 22.0 0.44 £0.02

1-8 41.0 12.0 4.5 57.5 10.0 0.6 31.9 0.42 £0.01

I-7 39.3 6.8 4.7 50.8 3.9 0.4 44.9 0.43+0.01

1-6 33.7 15.2 2.5 51.4 9.8 2.9 35.9 0.43+0.01

I-4 25.6 12.2 3.3 41.1 7.7 0.4 50.8 0.42 £0.01

-2 24.4 8.9 3.3 36.6 5.7 0.2 575 0.42 £0.01

I-1 41.6 16.2 6.0 63.8 16.9 0.8 18.5 0.43+0.02

D-39 61.2 6.7 9.5 77.4 7.1 - 15.5 0.37£0.02

D-38 20.9 13.1 2.4 36.4 11.3 0.6 51.7 0.39+£0.02

D-36 25.9 7.5 4.3 37.7 4.8 0.4 57.1 0.39+0.01

D-35 37.9 17.3 4.7 59.9 9.0 0.2 30.9 0.36 £0.02

Denis D-34 23.8 6.7 3.0 335 4.0 - 62.5 0.37 £0.02
D-33 41.9 9.0 6.3 57.2 11.2 - 31.6 0.37+£0.01

D-32 42.7 14.5 7.2 64.4 7.8 0.4 27.4 0.38 £0.02

D-31 39.4 10.7 4.6 54.7 14.3 0.2 30.8 0.38+£0.01

D-29 22.0 18.1 6.4 46.5 6.2 0.2 47.1 0.39 £0.02

D-28 30.0 17.7 5.7 53.4 9.5 - 37.1 0.40 £ 0.02

1-33 20.0 30.9 10.6 61.5 9.5 10.2 18.8 0.46 £ 0.02

1-32 7.4 15.3 4.4 27.1 6.9 11.0 55.0 0.45+0.03

1-31 23.9 37.8 9.7 71.4 7.4 8.9 12.3 0.46 £0.02

1-30 6.7 30.3 2.6 39.6 8.2 5.7 46.5 0.46 £ 0.03

kM3 Isiklar 1-28 20.4 39.0 7.3 66.7 6.1 4.1 23.1 0.45+0.02
1-27 55 32.7 3.3 415 6.1 4.9 475 0.45+0.03

1-26 9.4 26.9 3.4 39.7 4.2 5.8 50.3 0.46 £ 0.02

1-25 4.8 27.6 1.9 34.3 6.5 3.3 55.9 0.46 £ 0.02

1-24 5.7 7.5 2.3 155 5.2 1.2 78.1 0.45 £ 0.02
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Table 2 (continued)

kP1

Denis

D-25
D-24
D-23
D-22
D-21
D-18
D-17
D-15
D-13
D-11
D-10
D-9
D-6
D-5
D-3
D-2
D-1

15.9
8.7
3.4
6.5
6.9
3.4
4.4

13.4

12.0
10.1
14.4

22.5

35.4
8.5

23.4
15.3
8.9

10.8
12.8
5.6
7.6
12.8
4.7
6.7
34.9
14.6
31.9
45.2
16.6
12.0
14.7
41.4
40.0
13.3

4.1
3.2
1.2
14
3.3
0.5
2.9
8.7
5.2
5.6
16.0
5.2
335
7.1
16.7
28.1
5.2

30.8
24.7
10.2
155
23.0
8.6
14.0
57.0
31.8
47.6
75.6
443
80.9
30.3
81.5
83.4
274

4.2
10.2
7.5
6.8
3.5
6.1
4.0
7.6
6.6
6.2
7.8
4.5
6.4
5.3
8.1
8.8
1.7

1.8
0.2
0.2

0.4
0.8
11
2.1
6.1
3.1
4.2
0.8
0.8
1.6
1.7
0.4

63.2
64.9
82.1
7.7
73.5
84.9
81.2
34.3
59.5
40.1
13.5
47.0
11.9
63.6
8.8
6.1
70.5

0.45+0.02
0.38 £0.02
0.40 £0.02
0.41+0.02
0.41+0.02
0.39£0.02
0.40 £0.02
0.40 £0.02
0.40 £0.02
0.40 £0.02
0.41+0.02
0.41+0.02
0.40 £0.02
0.41 +0.02
0.40 £0.02
0.41+0.02
0.41+0.03
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Table 3
Mineralogical compositions of the intercalation samples within the coal seam from Soma Basin based
on XRD (+++ = dominant phase, ++ = abundant phase, + = minor phase, + = detected in a few samples

only).

kM2 kM3 kP1
Mineral Eynez Isiklar Denis Isiklar Denis
Quartz +++ ++ +++ +
Opal/CT * +
Clay Minerals ++ +++ ++ + +
Feldspar + + + +
Pyrite +
Calcite + + + +++ o+
Aragonite + ++
Dolomite + + + +
Siderite + + +
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Table 4

Mineralogical composition of the altered tuff layers from Soma Basin based on XRD and SEM (+++ =
dominant phase, ++ = abundant phase, + = minor phase, + = detected in a few samples only, a:
accessory).

kM2 kP1
Mineral .
Eynez Isiklar Denis

Quartz ++ + ++
Opal/CT + +

Clay Minerals +++ +++ +++

Feldspar + ++
Biotite a a a
Allanite a
Titanite a
Zircon a a a
Pyrite a a +
Sphalerite a a

Chalcopyrite a
Calcite +

Dolomite * +
Barite a a a
Apatite a a a
Crandallite a a a
Ti-oxides a a
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Table 5

Mineralogical composition of the coal samples from Soma Basin based on XRD and SEM (+++ =
dominant phase, ++ = abundant phase, + = minor phase, + = detected in a few samples only, a:

accessory).
kM2 kM3 kP1
Mineral Eynez Isiklar Denis Isiklar Denis
Quartz +++ +++ +++ + ++
Opal/CT * * + +
Clay Minerals +++ ++ ++ ++ +++
Feldspar * + * + +
Biotite a a a
Titanite a
Zircon a a a
Pyrite + + + +4 +
Sphalerite a a a
Chalcopyrite a a a
Gypsum + +
Barite a a a a a
Calcite ++ +++ ++ +++ ++
Aragonite + +
Dolomite + + +
Ankerite a
Siderite * + + +
Apatite a a a a a
Monazite a
Chromite a
Ti-oxides a a a
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Table 6

Summarized ranges and weighted averages of the elements (in pg/g, except otherwise cited) from Soma Basin and their comparison with worldwide coals (a:
from Swaine, 1990; b: from Ketris and Yudovich, 2009).

kM2 kM3 kP1
Eynez Isiklar Denis Isiklar Denis Most Clarke value
Elements World (for low-rank
range avg. range avg. range avg. range avg. range avg. Coals? coals)®
Al, % 0.13-3.91 1.93 0.03-5.5 1.3 0.31-6.0 3.8 0.09-8.4 3.9 0.24-9.3 6.2 - -
Ca,% 0.26-1.78 1.02 0.40-9.2 11 0.69-6.4 1.9 0.36-10.1 4.4 0.92-134 15 - -
Fe, % 0.03-1.01 0.51 0.08-2.4 0.5 0.24-1.2 0.68 0.09-1.9 1.18 0.17-2.2 14 - -
K, % <0.02-0.24 0.10 0.00-0.46 0.1 0.02-0.58 0.26 0.01-0.43 0.24 0.02-0.91 0.52 - -
Mg, % 0.03-0.20 0.10 0.04-0.71 0.1  0.05-0.33 0.24 0.02-0.28 0.22 0.03-0.60 0.39 - -
Na, % <0.01-0.28 0.06 0.00-0.05 0.03 0.03-0.16 0.08 0.002-0.06 0.04 0.01-0.16 0.08 - -
Li 1.3-39 19 0.53-89 19 2.5-96 51 1.6-339 137 1.35-232 139 1-80 10
Be 0.12-1.0 0.49 0.02-1.1 0.47 0.36-2.2 13 0.01-35 1.5 0.09-3.8 2.7 0.1-15 1.2
B 27-465 141 8.8-484 215  300-1813 578 36-578 372 213-956 503 5-400 56
P 22-271 158 15-1143 157 28-666 217 23-524 377 24-2074 443 10-3000 250
Sc <0.01-7.2 2.9 <0.90-5.9 1.6 1.8-8.1 5.6 0.18-11 6.3 1.7-17 9.6 1-10 4.1
Ti 41-1671 643 7.4-1450 444 120-2176 1374 47-4009 1849 98-3501 2432 10-2000 720
\Y 12.3-228 93 5.7-206 74 33-221 157 9.7-296 155 37-369 266 2-100 22
Cr 2.1-35 21 0.57-51 15 9.8-60 41 2.1-84 44 4.7-99 68 0.5-60 15
Mn 7.4-130 52 6.9-320 56 9.9-228 64 2.0-50 32 6.4-173 57 5-300 100
Co 0.13-5.9 2.7 0.15-7.6 2.3 1.7-6.2 4.7 0.28-9.5 4.4 1.0-17 8.4 0.5-30 4.2
Ni <2.4-20 7.3 0.63-25 9.8 13-31 23 <0.30-37 13 5.6-74 41 0.5-50 9.0
Cu 1.5-25 14 0.47-22 10 4.8-35 22 0.80-49 23 4.6-43 32 0.5-50 15
Zn 16-85 32 4.7-119 58 43-515 140 1.9-121 55 15.6-273 169 5-300 18
Ga 0.4-8.5 4.3 0.08-11 3.0 1.41-13 8.4 0.22-18 8.0 0.61-21 14 1-20 55
Ge <0.10-1.3 0.54 0.03-1.2 0.5 0.28-1.2 0.85 0.03-2.5 1.1 0.66-4.2 1.8 1-50 2.0
As 8.8-66 37 6.0-242 70 1.8-15 6.5 0.55-25 18 3.2-22 7.6 0.5-80 7.6
Rb 0.23-41 9.5 0.21-63 9.0 1.7-54 27 0.33-34 14 0.70-70 40 2-50 10
Sr 15-140 54 3.4-223 40 18-250 99 13.1-271 189 13-523 108 15-500 120
Y 0.73-11 6.6 0.20-13.7 4.7 3.6-23 15 0.40-34 14 0.40-33 23 2-50 8.6
Zr 2.6-58 22 0.55-50 19 20-79 56 1.7-190 75 12.4-214 147 5-200 35
Nb 0.46-9.8 3.2 0.06-5.5 2.2 2.8-11.5 7.6 0.24-15 7.0 1.1-17 12 3-30 11
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Table 6 (continued)

Mo
Cd
Sn
Sh
Cs
Ba
La
Hf
Ta
W
Pb
Bi
Ce
Pr
Nd
Sm
Eu
Gd
Th
Dy
Ho
Er
Tm
Yb
Lu
Th
TI
U

0.29-2.0
0.02-0.79
<0.14-14
0.14-0.94
0.09-13.5
34-207
1.1-15
0.09-1.7
0.05-0.68
0.07-2.0
1.4-25.2
0.05-0.26
2.1-25
0.25-3.0
0.92-12
0.14-1.8
0.03-0.47
0.16-2.1
0.02-0.30
0.10-1.8
0.02-0.34
0.06-0.95
0.01-0.17
0.06-1.1
0.01-0.17
0.47-6.4
0.01-1.31
3.8-35

0.94
0.40
0.41
0.28
6.0
130
8.4
0.64
0.23
0.59
11
0.17
13
1.7
6.8
1.0
0.25
1.2
0.16
0.95
0.18
0.49
0.08
0.52
0.09
25
0.25
16

0.002-1.5
0.03-2.3
<0.02-1.3
<0.10-0.17
0.13-20
12-635
0.1-16
0.01-15
0.003-0.51
<0.10-6.8
0.36-12
<0.01-0.16
0.21-24
0.03-3.1
0.12-12
0.02-2.0
0.01-0.50
0.03-2.4
0.003-0.35
0.02-2.1
0.004-0.40
0.01-11
0.002-0.20
0.01-1.2
0.002-0.21
0.04-5.8
0.001-1.6
0.52-25

0.54
0.43
0.2
0.02
4.6
133
5.2
0.5
0.2
0.74
5.9
0.03
8.45
11
4.3
0.65
0.17
0.83
0.11
0.68
0.13
0.36
0.06
0.39
0.07
1.8
0.27
14

0.07-1.1
0.03-7.6
0.03-1.5
<0.02-0.44
0.56-7.9
113-347
3.2-25
0.28-2.2
0.14-1.0
<0.34-2.9
6.3-41
<0.12-0.46
5.9-44
0.73-5.2
3.0-21
0.47-3.2
0.13-0.76
0.64-4.1
0.09-0.56
0.53-3.3
0.10-0.64
0.25-1.8
0.05-0.31
0.27-1.9
0.05-0.32
0.73-11
0.10-0.65
3.5-25

0.63
24
1.0

0.15
4.7
247
16
14
0.6
15
21
0.3
28
3.3
13
2.1
0.5
2.7

0.37
2.2
0.4
11

0.20
1.2

0.20
6.3

0.35
14

0.27-3.3
0.07-2.8
<0.01-2.3
0.02-0.4
0.20-23
29-993
0.41-49
0.05-5.1
0.03-1.3
0.21-2.3
0.31-53
0.01-0.72
0.61-80
0.09-10
0.37-40
0.05-5.8
0.01-1.4
0.06-6.6
0.01-0.88
0.06-5.0
0.01-0.94
0.03-2.5
0.01-0.43
0.03-2.7
0.01-0.45
0.13-23
0.01-1.3
2.0-20.2

15
1.3
0.9
0.3
8.9
511
21
2.1
0.6
1.1
23
0.3
35
4.4
18
2.5
0.65
2.9
0.38
2.2
0.41
1.1
0.19
1.2
0.20
9.3
0.6
16

0.37-4.5
0.09-5.5
0.01-2.6
<0.10-0.92
0.61-23
112-659
0.85-48
0.11-5.1
0.02-1.6
<0.15-4.2
1.1-73
0.01-0.86
1.7-77
0.22-9.7
0.85-39
0.13-5.8
0.04-1.4
0.12-6.8
0.02-0.90
0.08-5.2
0.01-0.96
0.03-2.6
0.01-0.45
0.04-2.7
0.01-0.46
0.37-20
0.06-2.8
2.6-48

1.3
2.3
1.7
0.5
7.3
248
32
3.6
1.0
1.7
39
0.5
51
6.5
26.2
3.8
0.92
4.6
0.61
3.5
0.7
1.8
0.31
1.9
0.3

11
27

0.1-10
0.1-3
1-10

0.5-10
0.1-5

20-1000
1-40
0.4-5
0.1-2
0.5-5
2-80
2-20
2-70
1-10
3-30

1-6
0.1-2
0-4
0.1-1
1-4
0.1-2
1-3
0.5-3
0.3-3
0.03-1
0.5-10
0.2-1
0.5-10

2.2
0.24
0.79
0.84
0.98
150

10

1.2
0.26

1.2

6.6
0.84

22
3.5

11

1.9
0.5

2.6
0.32

2.0
0.5
0.85
0.31

1.0
0.19
3.3
0.68

2.9
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Table 7
Elemental affinities deduced from the calculation of Pearson's correlation coefficients.

Correlation with ash yield (0.70<r<1.0)
Al, K, Fe, Mg, Bi, Ce, Cu, Co, Cr, Cs, Dy, Er, Eu, Ga, Gd, Hf, Ho, La, Li, Lu, Nb, Nd, Ni, Pb, Pr,
Rb, Sc, Sm, Sn, Ta, Tb, Th, Ti, Tm, Y, Yb, Zr

Correlation with ash yield (0.50<r<0.70)
Na, Cs, Cd, Ni, Ge, Pb, Sb, Tl, V, Zn

Correlation with Al content (0.70<r<1.0)
Fe, K, Mg, Be, Bi, Ce, Cu, Co, Cr, Dy, Er, Eu, Ga, Gd, Hf, Ho, La, Li, Lu, Nb, Nd, Ni, Pr, Pb, Rb,
Sc, Sm, Sn, Ta, Th, Th, Ti, Tm, V, Y, Yb, Zn, Zr

Correlation with Al content (0.50<r<0.7)
Na, Cd, Cs, Ge, Sh, Tl

Correlation with Fe content (0.70<r<1.0)
K, Be, Bi, Ce, Cu, Co, Cr, Dy, Er, Eu, Ga, Gd, Hf, Ho, La, Li, Nb, Nd, Pb, Pr, Sm, Sn, Ta, Th, Th,
Ti, Tm, Y, Zr

Correlation with Fe content (0.50<r<0.70)
Mg, Cs, Ge, Ni, Rb, Sh, Sc, TI, V

Correlation with Ca content
Sr (0.43)

Correlation with K content (0.70<r<1.0)
Mg, Be, Bi, Ce, Cu, Co, Cr, Dy, Er, Eu, Ga, Gd, Hf, Ho, La, Li, Lu, Nb, Nd, Ni, Pb, Pr, Rb, Sc, Sm,
Sn, Ta, Tb, Th, Ti, Tm, V, Y, Yb, Zn, Zr

Correlation with K content (0.50<r<0.70)
Na, Cs, Ge, Sh, TI

Correlation with Mg content (0.70<r<1.0)
Be, Bi, Ce, Dy, Er, Eu, Ga, Gd, Hf, Ho, La, Lu, Nb, Nd, Pb, Pr, Rb, Sm, Sn, Ta, Th, Th, Ti, Tm, Y,
Yb, Zr

Correlation with Mg content (0.50<r<0.70)
Cr, Co, Cu, Li, Ni, Sc, V, Zn

Correlation with Na content (0.50<r<1.0)
Be, Bi, Ce, Dy, Er, Eu, Ga, Gd, Ho, La, Nb, Nd, Pb, Pr, Rb, Sm, Sn, Ta, Th, Tm, Y, Th, Zn
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Fig.

Fig.
Fig.

Fig.

Fig.
Fig.

1. a) Geological map of surrounding area of the Soma Basin (modified from Inci, 1998a, Karayigit,
1998); b) Stratigraphic column of the Soma Basin (modified and simplified from Karayigit and
Whatley, 1997, Inci, 1998a).

2. Stratigraphic column of the studied profiles in the Soma Basin.

3. Photomicrographs of Soma coal. Textinite (T), texto-ulminite (TU), ulminite (U), densinite (D),
attrinite (A), corpohuminite (CH), gelinite (Gel), levigelinite (LG), porigelinite, fusinite (Fus),
inertodetrinite (Id) resinite (R), sporinite (Sp), suberinite (Sub), and siderite (Sd). All
photomicrographs are taken under incident white light (a, c, e, f, g, h), oil immersion, 500x total
magnification.

4. a) Pseudo-Van Krevelen diagram, b) plot of HI against Tmax of the coal samples (after Peters,
1986)

5. The Soma coals plotted in the HI-VR diagram (after Petersen, 2006).

6. Gas chromatograms of the aromatic hydrocarbon fractions of a) sample E-9 from kM2 seam and
b) sample D-6 from kP1 seam (n-alkanes are indicated by their carbon chain length, pri: pristine,

phy: pjytane).

Fig. 7. SEM backscattered images of crystalline phases in the altered volcanic ash samples. a) K-feldspar

(2), zircon (1 and 5) and apatite (4) associated with kaolinite (3); b) plagioclase (1) and apatite
associated with kaolinite (5), kaolinite (2) within biotite (2); c) plagioclase (PI) and secondary
dolomite (Dol) around kaolinite (KIn); d) apatite (Ap), alkali feldspar (Afs) and plagioclase (PI)
associated with kaolinite (KIn); e) apatite (Ap) within plagioclase (PI), and individual kaolinite
(KIn); f) pyrite (Py) blades and apatite (Ap) within kaolinite (Kin).

Fig. 8. SEM backscattered images of crystalline phases in the altered volcanic ash samples. a) individual

Fig.

Fig.

Fig.

Fig.

(vermicules?) kaolinite (KIn) and biotite (Bt); b) non-altered biotite (Bt), K-feldspar (Kfs) and
pyrite (Py); ¢) quartz (Qtz), K-feldspar (Kfs) and titanite (Ttn) associated with kaolinite (KIn);
d) kaolinite (KIn) around possibly altered biotite (Bt) and plagioclase (Pl).

9. SEM backscattered images of crystalline phases in the coal samples. a, b and c) apatite (Ap),
siderite (Sd), zircon (Zrn) plagioclase (Pl) K-feldspar (Kfs) and alkali feldspar (Afs) associated
with kaolinite (KIn); d) ilmenite crystals within cavities of K-feldspar; ) quartz (Qtz), Ca-REE
phosphate (crandallite?) and kaolinite (KIn) within organic matter (detrohuminite?); f) fossil
bone-fragment (Ca-phosphate composition).

10. SEM backscattered images of crystalline phases in the coal samples. a) K-feldspar (KIn) and
kaolinite associated with syngenetic calcite (Cal); b) microprobe element mapping of image a;
c) calcite (Cal) and replacement carbonates; d) 1: calcite, 2: dolomite and siderite association,
3: calcite and siderite association; €) epigenetic dolomite (Dol); f) calcareous fossil shell remains
and apatite (Ap).

11. SEM backscattered images, and selected EDX data and microprobe element mapping of
crystalline phases in the coal samples images. a) siderites (Sd) within the cavities of organic
matter (telohuminite?); b) siderites (Sd) around dolomites (Dol), and individual silica, K-
feldspar (Kfs) and alkali feldspar (Afs) crystals; ¢) microprobe element mapping of pyrite (Py)
and siderite (Sd); e) EDX data for siderite in the image d; e) dolomite (Dol) around siderite (Sd);
f) EDX data for dolomite in the image e.

12. SEM backscattered images of crystalline phases in the coal samples. a) epigenetic sphalerite
(Sp) within kaolinite (KIn); b) As-bearing pyrites (py) within kaolinite; c) epigenetic
chalcopyrites (Ccp) within feldspar (Fsp); epigenetic pyrite (Py) within alkali feldspar (Afs); )
pyrites (Py) within the cavities of calcareous fossil shell remain; f) epigenetic barite.
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Fig. 13. Plot of HI vs. Tmax 0f Soma coal (after Sykes and Snowdon, 2002).
Fig. 14. ABC ternary plot of the coal samples from sampling profile (after Mukhopadhyay, 1989).

Fig. 15. Gl vs. TPI plot of the coal samples from sampling profile (after Diessel, 1992, as modified by
Kalaitzidis et al., 2004).

Fig. 15. VI vs. GWI plot of the coal samples from sampling profile (after Calder et al., 1991, as modified
by Kalaitzidis et al., 2004).
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Figure 4
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Figure 5
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Figure 6
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Figure 9
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Figure 10
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Figure 11
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Figure 12

EHT = 15.00 kv Signal A= CZ BSD Mag= 901X Sample 1D = E-9

EHT = 15.00 kV Signal A= CZ BSD Mag= 186KX Sample 10 = -4

EHT =15.00 kV. Signal A= CZBSD Mag= 745X Sample ID = I-4
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Figure 13

HI (mg HC/g TOC)
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Figure 14

O Denis KP1
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Figure 15

Persistence of wet conditions
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