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Abstract. The mineralogical composition of the Suhostrel bituminous coal was studied using optical microscopy, 
XRD and SEM-EDS analyses. Clay minerals (mostly kaolinite and mica), quartz and locally albite, are the dominant 
minerals. Their characteristics indicate predominant terrigenous origin and together with a poor accessory mineral 
association (rutile/anatase, monazite, zircon) argue for a major detrital input from low grade metamorphic and weath-
ered intrusive/pegmatitic rocks.  
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Introduction
Suhostrel bituminous coal deposit is located in the 
southern flank of the Padesh Graben, SW Bulgaria. 
Because of limited coal resources (< 0.5 Mt), high 
ash yields (avg. ~35.5 wt.%, dry basis, db; Yovchev, 
1960) and high sulfur contents (2.5–5.5 wt.%, db), 
the deposit was never considered of economic sig-
nificance, and thus the coal are still poorly studied. 
Their mineralogical characteristics are previously 
presented by Kortenski (1988). In this study, we 
provide further insights into its mineralogical com-
position using optical microscopy, XRD and SEM-
EDS analyses.

Geological settings
The Padesh Graben is filled by ~2.5  km thick si-
liciclastic and carbonate sediments of Eocene age, 
overlying denudated Precambrian to Paleozoic high- 
and low-grade metamorphic rocks, Paleozoic gran-
odiorites, Permian to Lower Triassic red beds and 
Mid–Upper Triassic carbonate rocks (Zagorchev et 

al., 1989). Up to three 0.2–0.6 m thick coal seams 
comprise the Suhostrel coal deposit. Stefanov and 
Chatalov (2008a) suggest predominant terrigenous 
supply from the Paleozoic granodiorite (Struma Di-
orite Fm.) and low-grade metamorphic rocks (Fro-
losh Fm.) during the deposition of the coal-bearing 
sediments. 

Methods

The present study is based on 6 composite coal sam-
ples, which locations, preparation and composition 
are outlined in Zdravkov et al. (2023). The polished 
coal mounts are studied under incident white light 
using Leica DM 2500P microscope. Each sample 
was further analyzed using Bruker D2 Phaser dif-
fractometer (operated at 30  kV/10  mA), equipped 
with a Ni-filtered Cu cathode and LynxEye detec-
tor. Scanning was done in the 4–70° 2Θ range with 
step size of 0.014° and 1s per step. Sample rotation 
(10 rpm/min) was applied to reduce preferential ori-
entation of the clay minerals. Crystallography Open 
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Database (COD) was used for the identification of 
the crystalline phases. Quantitative determinations 
were obtained by Rietveld refinement using Bruk-
er Topas v 5.0. The procedure included modelling 
of the complex background using a combination 
of broad generic peak to account for the organic 
matter’s amorphous halo and Chebyshev polyno-
mial function. Sample displacement and unit-cell 
parameters are also refined. Because of the chemi-
cal and structural differences between the studied 
and referenced minerals, however, the obtained 
phase amounts are considered semi-quantitative. 
Additionally, JEOL JSM 6010 PLUS/LA scanning 
electron microscope (SEM), equipped with an EDS 
analyzer and operated at 15 kV under low vacuum 
mode, is used for a more detailed characterization 
of the minerals. 

Results and discussion
Suhostrel coal is moderately- to high ash-rich (21–
47 wt%; Table 1). Inorganic matter occurs mostly 
as vitrodetrinite/phyllovitrinite-bearing lenses and 
bands. The mineralogical composition is relatively 
simple and dominated by clay minerals and quartz. 
Other minerals such as feldspars, gypsum, pyrite, 
and siderite, as well as a scanty accessory mineral 
association, were also detected in minor amounts 
(Table 1). 

Clay minerals typically constitute > 70% of the 
mineral matter in Suhostrel coal. An association of 
dominant kaolinite and illite/mica, accompanied 

by minor chlorite and interstratified clays, was de-
tected in all samples (Fig. 1a) and is compatible to 
the mineral association from the coal-bearing shales 
(Stefanov, Chatalov, 2008b). Kaolinite is the most 
abundant mineral, appearing as finely dispersed mi-
crocrystalline (<1–2  µm) groundmass intermixed 
with illite, organic debris and other siliciclastic min-
erals. The basal 001 peak (d = 7.17 Å; Fig. 1a) is 
broad, denoting poor ordering of kaolinite crystals. 
Mica group minerals are also abundant (Table 1). 
The XRD patterns indicate that a mixture of at least 
two polytypes, i.e. 2M1 and 1M, is present. The 
peaks are commonly broad and indicate poor order-
ing of the crystal structure. SEM studies indicate 
that the minerals are represented by finely dispersed 
illite aggregates (<1–2 µm) and mica flakes (~10 to 
>200 µm long), often showing basal cleavage and 
relatively good stratification (Fig. 1b). Samples Sh. 
1c and Sh. 6c contain very abundant mica flakes, 
whereas in the rest of the samples mica is in subor-
dinate amounts. Its chemical composition 

((K0.070÷0.824,Na0.037÷0.081,Ba0.000÷0.010)(Al1.148÷1.851, 
Mg0.085÷0.158,Fe0.110÷0.258, Ti0.031÷0.206)(Si3.067÷3.267, 

Al0.688÷0.933) O10(OH)2) 
is roughly comparable to that of phengite (Bailey, 
1984), which is common in low grade metamorphic 
rocks, and thus denotes possible detrital input from 
the green schists of the Frolosh Fm. Additionally, 
the presence of chlorite and disordered interstrati-
fied clays cannot be excluded considering the very 
weak and broad peaks at ~6  °2Θ and ~7.4  °2Θ 
(Fig. 1a). Ward (1989) indicated that an association 

Table 1. Semi-quantitative mineralogical composition of Suhostrel coal with probable origin of minerals

Sample Sh. 1c Sh. 2c Sh. 3c Sh. 4c Sh. 5c Sh. 6c Origin
Seam I II III unknown seem assignment D S EAsh yield [wt. %, db] 35.8 21.5 27.6 30.9 33.3 46.6
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mica *** ** *** *** *** *** ● ○
interstratified clays * * * * ● ○

chlorite * * * ● ○
quartz ** ** ** ** *** *** ●

feldspars albite * ** ** ** ** ** ●
orthoclase * * * * ●

pyrite * * * * ● ○
gypsum * * * * * * ●
siderite * * * * * * ●
Fe-oxides/hydroxides * * * * * * ●
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zircon + ●
monazite + ●

rutile/Anatase + + ●
Fe,Cr,Ni phase + ●

barite + ●
***, dominant phase, > 20%; **, abundant phase, 5–20%; *, minor phase, <5%; +, presence of accessory minerals; D, detrital;  
S, syngenetic; E, epigenetic; ●, dominant origin; ○, subordinate origin
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of illite, interstratified clays and poorly ordered ka-
olinite is typical for the basal parts of the coal seams 
in Sydney Basin and argue for predominant terrig-
enous origin of the minerals. Considering this data, 
predominantly detrital origin of the clay minerals in 
Suhostrel coal can be suggested (Table 1). Never-

theless, the acidic peat-forming settings within the 
Suhostrel mire (Kortenski, 1988) indicate that neo-
formation of a certain amount of authigenic clays 
cannot be completely ruled out. 

Quartz and feldspars are also commonly present 
in the studied coal. Quartz is typically more abun-

Fig. 1. Mineralogical composition of Suhostrel coal: a, XRD patterns of the studied samples: M, mica; K, kaolinite; C, chlo-
rite; Q, quartz; Ab, albite; Or, orthoclase; Gy, gypsum; Py, pyrite; b–d, SEM microphotographs of typical minerals in coal:  
Sid, siderite; Pya, anhedral pyrite; Pyf, framboidal pyrite.
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dant but its amounts are unlikely to exceed 10–15% 
(Table  1). Among the feldspars, albite ((Na0.872, 
K0.037,Ca0.061)(Al1.157,Fe0.019)(Si2.865)O8) is the most 
abundant. The XRD patterns, however, suggest 
that orthoclase is also present in several samples 
(Table 1). In all cases, the minerals are of detrital 
origin with grains typically being ~5–20 µm in size 
(Fig. 1b). The predominant angular to sub-angular 
grains indicate that both quartz and feldspars are 
derived from the adjacent provenance and experi-
enced short distance transport. 

Siderite and pyrite are present in most of the 
samples but in minor amounts only. Siderite mostly 
associates with the clay-rich lenses and bands where 
it typically forms anhedral aggregates and nodules 
(15–120 µm large; Fig. 1c). The nodules commonly 
include numerous quartz grains, thus suggesting 
that siderite might have substituted Fe-bearing min-
erals within lithic grains during the diagenesis. Py-
rite is represented by euhedral and anhedral crystals 
and aggregates. Euhedral pyrite is either isolated 
throughout the groundmass, or most often clustered 
within the inorganic matter together with pyritic 
framboids (Fig.  1d). The latter are typically com-
posed of relatively evenly distributed equal-sized 
pyritic microcrystals (~1 µm) and considering the 
well-shaped octahedral, pentagon dodecahedral or 
cubic crystals associating with clay minerals in the 
interstices, inorganic origin can be presumed. Lo-
cally, framboids of possible bacterial origin with 
uneven distribution of the pyritic microcrystals or 
composed of crystals of various shape and size, 
can also be observed (Fig. 1d). Anhedral pyrite is 
also well presented, mostly in the form of massive 
pyritic aggregates, developed epigenetically after 
siderite (Fig. 1c). In some of the samples, both py-
rite and siderite might infill endogenic or tectonic 
fractures due to circulation of hydrothermal and/or 
infiltrating fluids. Yellowish to orange-reddish in-
ternal reflections of pyrite and siderite observed in 
all samples, indicate exogenic formation of Fe ox-
ides/hydroxides and denote certain degree of weath-
ering, locally to the extent of complete removal of 
individual pyritic framboids. In that case, the pres-
ence of gypsum can tentatively be suggested based 
on the slight asymmetry of the low-angle shoulder 
of the kaolinite 001 peak (Fig. 1a). However, since 
the SEM studies failed to demonstrate the presence 
of gypsum crystals, its occurrence will need further 
approval.

Apart from the presence of minor barite miner-
alization in a coal fracture within seam III (i.e., sam-
ple Sh. 3c), the accessory minerals in Suhostrel coal 
were almost exclusively detected within seam I. 
They are mostly represented by subangular detrital 

grains of TiO2 (anatase or rutile), but several mona-
zite grains (avg. Ce0.522La0.168PO4), single zircon, 
and a possible carbonate phase rich in Fe (42.3%), 
Cr (10.2%) and Ni (6.0%), were detected. This as-
sociation is likely to indicate pegmatitic/metamor-
phic source of the accessory minerals.

Conclusions
The mineralogical composition of Suhostrel coal 
is relatively simple and mostly dominated by clay 
minerals (kaolinite and illite/mica), quartz and lo-
cally albite. The poor crystallinity of the clays, to-
gether with the angular to sub-angular quartz and 
albite grains denote predominant detrital origin of 
the minerals and confirm the previously suggested 
detrital source, i.e. the Paleozoic granodiorite and 
low-grade schist from the southern and southwest-
ern basin margins.
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