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A. Comupo6, H. KopmeHcKu. MuHepa!lbl 6 Y2!1RX 
OpaHoBo-CUMum!luucKozo 6acceuHa, Eo!lzapuR. B ym~x 
OpaHoso-CHMHTJIHJ1cKoro 6accei1Ha ycTaHosneHo 25 
MHHepaJIOB. bOJlhlUHHCTBO 113 HHX npHHa)lJie)!(HT KO 
Knaccy CHJIHKaTOB. B no)l4HHeHHOM KOJIH4eCTBe 
npe)lcrasneHhi cynhcpH)lHhie MHHepaJihl. KpoMe Toro s 
He3Ha4HTeJibHh!X KOJIH4eCTBaX npHCyTCTBYJOT OKHCJihl, 
cyJihcpaThl l1 cpoccpaTbl. C reHeTH4eCKOH T04Kl1 3peHH~ 
Bhi)leJieHo TPH rpynnhi MHHepanos. B nepsy10 rpynny 
BXO)lHT MHHepaJihl , 06pa30BaHhie "in situ" B CaMOM 
TOpcpH~Ke . 3TO: mtpHT, MapKa3HT, Me)lHhiH KOJI4e)laH, 
raneHHT, KaJih~HT, CH)lepHT, aparOHHT, BHepHT, )lOJIOMHT, 
reMaTHT, 6payHHT 11 anaTHT. BTopa~ rpynna 
npe)lCTaBJieHa MHHepaJiaMH, BXO)l~J..UHMH B COCTaB 
nopo)l, KOTOphie o6Ha)!(eHhi oKono yroJihHoro 6accei1Ha 
11 KOTOphle nocrynanH B TOpcp~HOe 60JIOTO npH nOMOJ..UH 
BO)l~HOrO TpaHCnOpTa. 3TO: KBap~, aJih6HT, aHOpTHT, 
ceplill,HT, KeMMepepHT, aHaJib~HM, 3nH)lOT, THTaHHT l1 
pyTHJl. MHHepanhi nocTynanH s Topcp~HOH 6accei1H 
maBHhiM o6pa30M c ceaepa, cesepo-Jana)la 11 cesepo
aocToKa. TpeTh~ rpynna o6be)lHH~eT rJIHHHCThie 
MHHepaJibl (KaOJIJlliHT, HJIJIHT l1 MOHTMOpHJIJIOHHT), T.e. 
MHHepaJihl, o6pa30BaHHbJe HJIH B TOpcpH~Ke, HJIH B 
nopo)laX OKOJIO npH XHMH4eCKOM 113MeHeHHH y)!(e 
CyJ..UeCTBYIOJ..UHX MHHepaJIOB. Oo cpaBHeHHJO C 
fiO)lCTHJiaJOJ..UHMH l1 nepeKpb!BaJOJ..UHMH rJIHHaMH 
yronhHhiH nnacT o6orameH MHHepanaMH. B 
fiO)lCTHJiaJOJ..UHX rJIHHaX Bhl~BJieHO 60Jihlllee 
pa3H006pa3He MHHepaJIOB, 4eM B rJIHHaX pa3MeJ..UeHHh!X 
a sepxHHX OT)lenax yroJihHOro nnacra. KeMMepepHT, 
aHaJih~HM 11 6payHHT ~BJI~JOTC~ HOBhiMH MHHepJiaMH )lJI~ 
yrOJihHh!X MeCTOpO)!()leHHH. 

Abstract. Twenty-five minerals were established in the 
coal from the Oranovo-Simitli Basin. More of them were 
silicates. The sulfide minerals were less than the silicates. 
All other minerals were oxides, sulphates and phosphates, 
which were presented, in small amount. Three groups of 
the minerals were separated according to their genesis. 
First group includes minerals, formed mainly "in situ" 
in the peat bog: pyrite, marcazite, chalcopyrite, galena, 
calcite, siderite, aragonite, witherite, dolomite, hematite, 
braunite, and apatite. The minerals from the second group 
were formed mainly "in situ" in the rocks around the 
basin. They were transported in the peat bog by water 
streams: quartz, albite, anorthite, sericite, kammererite, 
analcime, epidote, titanite, and rutile. The minerals from 
the third group were the clay minerals . They were sepa
rated in an extra group, because they had formed in the 
peat bog or in the rocks around the basin and they were 
products of chemical decomposition of already existed 
minerals. The minerals from the third group were kao
linite, illite and monmorillonite. The main supplying pro
vinces with minerals were the rocks around the basin from 
North, Northwest and Northeast mainly. The coal seam 
was most rich of minerals than the shales from the upper 
and the bottom of the seam. The shale from the bottom 
has more variety of minerals than the shale from the upper 
of the seam. The kammererite, analcime and braunite 
are new established minerals for the coals. 
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Introduction 

The Oranovo-Simitli basin is situated in South
west Bulgaria (Fig. 1). It belongs to the Stru
ma-Mesta coal province (Siskov, 1997). Pre
cambrian amphibolites and gneisses build the 
area around the basin in association with Pa
leozoic granites, Eocene and Oligocene sand
stones and conglomerates (Fig. 1). The sedi
ments of the Oranovo Formation are coal 
bearing and they are 150-200 m thick (MapH-
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HOBa, 3aropqes, 1993). They include 16 coal 
layers, but only one of them, which is the 
matter of the present study, is suitable for 
exploiting. It is thick up to 53 meters. (KaMe
HOB et al., 1965). The age of the Oranovo For
mation is Middle Miocene and its sediments 
are composed from alternation of sand, sand
stone, and siltstone and sand clays, enriched 
with bitumen and plant debris (Baues, 1991). 
IimKKOB (1970) published data for some ac
cessory minerals in this coal. 

AbAn Sr Q Rt Ep Ca+ 

3 

vouro·. 
SLAVIA ; 

( . ~· 
······--._~ovo 

MACE- \ 
DONIA f 

ROMANIA ·-._ 

. .. · . . - - . GREECE 

Fig. 1. Scheme of mineral supplying of the peat bog and location of the Oranovo-Simitli 
basin. 
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1 - Dokatitchevska Formation - amphibolites and marbles; 2 - Stariretchka Formation - gneisses and amphibolites; 3 -
Tchetirska Formation - amphibolites and gneisses; 4 - Gneiss Migmatic Complex - gneisses and amphibolites; 5 -
Tchepelarska Formation - Proterozoic gneisses, marbles and amphibolites; 6 - Vatchanska Formation - Proterozoic 
gneisses and marbles; 7 - Krupnik Pluton-Paleozoic granite; 8 - Logodashka Formation-Eocene conglomerates and 
sandstones; 9- Katchovska Formation-Oligocene sandstones and conglomerates; 10- Goreshtishka Formation - Oligocene 
argi llites; N-Neogene - sandstones and conglomerates; Q* - Quaternary - sands and gravels. 
Q* - Contour of the coal seam 
Py - pyrite, Mz - marcazite, ChPy - chalcopyrite, Gt - Galena, Q - quartz, Ab - albite, An - anorthite, Am - analcime, Kt 
-kaolinite, Sr - sericite, II - illite, Chi - kammererite, Mt - montmorilonite, Ep - epidote, Ti - titanite, Cc- calcite, Sd 
siderite, Ar-aragonite, Wt - witherite, Dt - dolomite, Ht - hematite, Br - braunite, Rt - rutile, Gm - gypsum, Ap - apatite, 
Ca+ - calcium. 
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Methods 

One hundred and thirty-seven channel samples 
from coal and shale were studied. They shale 
from the upper and the bottom of the seam at 
the contact with the coal were sampled. The coal 
and shale samples and their heavy fractions were 
studied with X-ray diffractometry, X-ray 
(Debye-Scherer method), electron microprobe 
(EMP) and differential-thermal analysis (DTA). 
The optic microscope with reflective light, 
binocular microscope and scanning electron 
microscope (SEM) were used. 

Minerals 

Twenty-five minerals are found: pyrite, mar
cazite, chalcopyrite, galena, quartz, albite, anor
thite, analcime, kaolinite, sericite, illite, kamme
rerite, montmorilonite, epidote, titanite, calcite, 
siderite, aragonite, whitherite, dolomite, hema
tite, braunite, rutile, gypsum and apatite. The 
most of the minerals are silicates. The sulphide 
minerals are less than the silicates. All other mi
nerals are oxides, sulphates or phosphates and 
they are presented in small amount. 

Sulphides 

Pyrite. Macroscopically it is observed as very 
small grains. Pyrite is established in the heavy 
fraction from the coal and the shale from the 
upper and the bottom of the coal seam. Pyrite is 
about 50% from the heavy fraction. The pyrite 
content is up to 7.5% in the coal. The four mor
phological types of pyrite (Kortenski, Kostova, 
1996) are observed: framboidal, euhedral, ma
ssive and infiltration pyrite. 

Framboidal pyrite. This is the prevailing mor
phological type (Fig. 2a). It forms globule agg
regates from cubic crystals with octahedron and 
pentagon dodecahedron shape. The inorganic 
framboidal pyrite (with uniform size of the grains 
and well-shaped crystals) and bacterial fram
boidal pyrite, which has crystals with various size 
and shape are observed. The framboidal pyrite 
usually occurs between the macerals from the 
Huminite group and the clay minerals (Fig. 2a). 
The electron microprobe shows presence of Ni 
and Au (0.02%) in the bacterial framboidal 
pyrite. The framboidal pyrite had been formed 
at the time of the peat genesis of the peat bog. 

Euhedral pyrite. It is well shaped crystals, 
raised in small holes of the organic matter and 
around the framboidal pyrite. Aggregates of 
euhedral crystals are observed but sometimes 
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single crystals are established - isolated 
euhedral pyrite. The euhedral pyrite had 
been formed in the time of peat genesis of 
the peat bog. 

Massive pyrite. The homogeneous 
massive pyrite is prevailing. It is in little 
grains with irregular shape (Fig. 2c). 
Usually the massive pyrite forms the cement 
between the framboidal globules. So
metimes it associates with the clay minerals 
(Fig. 2c). Ni is established as trace element 
in this type of pyrite. The massive pyri
te ha~ been formed at the time of peat 
genesis. 

Infiltration pyrit~. It is represented by 
vein type, which fills small fractures (Fig. 
2b). Usually it is homogeneous, but 
sometimes it has well shaped crystals. The 
electron microprobe shows high Ni content. 
The infiltration pyrite in this coal had been 
formed at the time of late diagenesis. 

Marcazite. It is established in the coal 
with the reflective light. Its chemical compo
und is similar to the massive pyrite. 

Chalcopyrite is determined with electron 
microprobe in the coal. Ni is established in 
the chalcopyrite. 

Galena. It is recognized with X-ray 
diffractometry in the coal. It associates with 
the other sulphide minerals (mainly with the 
chalcopyrite). The presence of galena is a 
sign for high alkaline environment in some 
stages of the peat genesis. 

Oxides 

Hematite occurs mainly in the heavy fra
ction of the coal and it is recognized with 
X-ray analysis and binocular microscope. 

Braunite is found with X-ray analysis in 
the coal. It is very fine mixed with the orga
nic matter. 

Rutile is found with binocular microscope 
and X-ray analysis of the heavy fraction 
of the coal shale. 

Silicates 

Quartz. It is established in the coal and coal 
shale. Sometime it may be seen with ref
lective light as small grains with high relief 
and dark halo around them. With bino
cular microscope the quartz of the shale is 
seen as spherical or sharp-edged grains 
with gray colour. The quartz is recognized 
with X-ray analysis and electron micro
probe also. 
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Fig. 2. Some minerals in the coal from the Oranovo-Simitli basin. 
a) Framboidal pyrite in association with humodetrinite and clay minerals, reflective light, oil immersion, magnification 
xl500. 
b) Infiltration pyrite in small fractures, reflective light, oil immersion, magnificationxl500. 
c) Massive pyrite in association with humodetrinite and clay minerals, reflective light, oil immersion, magnification x2500. 
d) Siderite in association with humodetrinite and clay minerals, reflective light, oil immersion, magnificationx l500. 
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Albite is found in the coal and rocks from 
the bottom of the coal seam with X-ray ana
lysis. Feldspar is established with electron 
microprobe also. 

Anorthite is recognized with X-ray analysis 
in the coal and shale from the bottom of the seam. 

Analcime. That zeolite is established in the 
coal with X-ray analysis. 

Kaolinite. Macroscopically it fills very thin 
fractures and it gives white color of the coal 
surface. The kaolinite occurs in the coal and 
shale from the bottom of the seam. It is dia
gnosed with X-ray and differential-thermal 
analysis. It is product of replacement of the 
potassium feldspar. 

Sericite occurs in the shale from the bottom 
of the seam. It is established with X-ray 
analysis, electron microprobe and binocular 
microscope. 

Illite is recognized with X-ray and diffe
rential-thermal analysis. It occurs in the shales 
from the upper and the bottom of the seam. 

Kammererite. It is established with X-ray 
analysis in the shales from the upper and the 
bottom of the seam. 

Montmorilonite presents in the coal and in 
the shale from the bottom. It is found with X
ray and differential-thermal analysis. 

Epidote is established in the heavy fraction 
of the coal and shales from the bottom with 
X-ray analysis. 

Titanite occurs in the shales from the upper 
and the bottom of the seam. It is recognized 
with X-ray analysis and binocular microscope 
study of the heavy fraction from shales. 

Phosphates 

Chlorapatite, mainly with Cl content is 
established, when small bones were studied 
with X-ray analysis. The bones are not 
recognized, but they are probably relicts from 
small reptiles. The bones are empty with thin 
walls. 

Sulphates 

Gypsum is fine mixed with the clay minerals 
in the shale from the bottom of the seam. It is 
recognized with X-ray analysis. 

Carbonates 

Calcite presents in the coal and the shales from 
the upper and the bottom of the seam. It is 
diagnosed with X-ray, differential-thermal 
analysis and binocular microscope. 

Siderite is established in the coal and the 
shale from the upper of the seam with refle-

ctive light and X-ray analysis. It has radial 
concretion shape and light brown color, and 
associate with humodetrinite (Fig. 2d). 
Probably one part of the siderite is a product 
of metamorphism of the pyrite. Trace ele
ments, found in siderite are S, Co and Mn. 

Aragonite and witherite are established only 
with differential-thermal analysis in the coal. 

Dolomite is found in the coal with X-ray and 
differential-thermal analysis . 

Mineral supplying 
of the peat bog 

The minerals established in the coal and 
shales might be separated into three groups, 
according to their places of genesis (Kortenski, 
Sotirov, 2000). The first group of minerals in
cludes minerals, formed manly "in situ" in the 
peat bog: pyrite, marcazite, chalcopyrite, ga
lena, calcite, siderite, aragonite, witherite, do
lomite, hematite, braunite and apatite. The se
cond group of minerals includes minerals, 
formed mainly "in situ" in the rocks, which 
build the area around the basin. They are 
transported at the peat bog by slides and riv
ers: quartz, albite, anorthite, sericite, kam
mererite, analcime, epidote, titanite and rutile. 
The minerals from the third group are prod
ucts of chemical decomposition of already 
existed minerals and they had probably been 
formed in both places - the rocks around the 
basin and "in situ" in the peat bog or the coal 
bed: kaolinite, illite, monrnorillonite, gypsum 
and epigenetic (infiltrational) pyrite. 

The first group of minerals is formed mainly 
"in situ" in the peat bog as a result of the 
condi-tions, had existed there at the time of 
the peat genesis. The presence of the pyrite in 
coal is a sign for neutral and low-acid 
environment and reduction conditions of the 
peat bog. The shapes of the crystals 
(octahedron and pentagon dodecahedron) 
are characters for low-temperature pyrite, 
formed in high and middle mineralised zones 
(KocTOB, 1993). The small amount of marcazite 
supports the hypo-thesis for low-acidity of the 
environment, but with existing of small 
changes at single stages of the peat genesis. 
In these periods the acidity had increased or 
decreased and the enviro-nment had become 
alkaline. The small amount of galena and its 
association with chalcopyrite is an evidence 
for that. Calcite is formed mainly as a result 
of migration of Ca + from the enriched of 
plagioclases and calcite rocks around the 
peat bog. These rocks are the amphibolites, 
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gneisses and marmors of the Dokatitchevska 
Formation (1) from the West (Fig . 1), 
Vatchanska Formation (6) from the East and 
Southwest and the Tchepelarska Formation 
(5) from the South (Fig. 1). The gra-nite from 
the Krupnik Pluton (7) and the am-phibole 
from the Gneiss-Migmatic Complex (4) from 
the South are probably the source of Ca+ for 
the waters in the area. The cold water from 
the rivers, which had been reached of C0

2
, 

probably easy had taken out the Ca+ from 
the rocks. When the rivers had flown into the 
peat bog, good condition for accumulation of 
Ca + had existed. In this case aragonite and 
witherite were formed at the beginning, had 
been followed by calcite and dolomite. The 
hydrogeological investigations of the basin 
support, this hypothesis. There are established 
mainly hydrocarbonate-sodium waters in the 
basin and the determined zones of mixing of 
waters with different genesis: thermal alkaline 
water and sulphate-hydrocarbonate-sodium 
water (TonopoB et al., 1985). One part of the 
element had probably been composed with 
the humic acids at the time of increasing of 
the acidity of the environment. Other part of 
Ca+ probably is terrigenous, which is result of 
destroying of the marbles from the Doka
tichevska (1), Vatchanska (6) and Tchepela
rska (5) formations (Fig. 1). The spreading of 
these marbles is limited and they probably had 
not been the main source of clastic calcite. The 
observed spherical calcite grains in the shale 
from the upper of the seam might be a result of 
re-sedimentation of calcite, formed "in situ" in 
the peat bog. The calcite has low hardness and 
the shape of the grains is not evidence for long 
transportation. The plant relicts are source of 
Ca+ also. Because of all of these facts the calcite 
is included into the first group of minerals, which 
are formed "in situ" in the peat bog. The siderite 
has concretion shape, therefore it is sediment 
mineral. It occurs mainly in the samples with high 
content of clay minerals and frequently it may 
be seen in zones around fractures. The siderite 
is established in many coal deposits (KocToB, 
1993). Hematite frequently forms as a result of 
sediment processes and it is typical low
temperature mineral in reach of Fe zones 
(KoCToB, 1993). Braunite is hydrothermal pro
duct of manganese sediments. The chemical 
studies show that the coal is reach of Mn 
(KopTeHCKH, Con1poB, 2000). Apatite has bio
genetic genesis. 

Second group of minerals. These are the mi
nerals, which are formed mainly in the rocks, 
which build the area around the basin: quartz, 
albite and anorthite had probably been tra-
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nsported from all rock formations around the 
basin and especially the rocks, which are close 
to the peat bog. These are the amphibolites 
from the Dokatitchevska (1) and Tchetirska 
formations (3) and the gneisses from the 
Stariretchka (2) and Vatchanska formations 
(6) (Fig. 1). The sericite is a result of chemical 
decomposition of the gneisses from the 
Stariretchka (2), Tchetirska (3), Tchepelarska 
formations (5) and the Gneiss-migmatic 
complex ( 4). Kammererite is transported 
probably from the amphibole of the Doka
tichevska formation (1) (Fig. 1). A source of 
epidote had been the amphibolites from the 
Dokatichevska (1), Tchepelarska (1) and Sta
riretchka (2) formations (Fig. 1). The rutile and 
titanite are accessory minerals and they were 
introduced into the peat bog from the rocks, 
built the area around the basin. Last mineral 
from this group is analcime. It forms at 525°C, 
but with presence of quartz at 280°C and pre
ssure 1000 bars (KocTOB, 1993). Such condi
tions in the peat bog had not existed and the
refore it is formed in the rocks around the ba
sin and it had transported to the peat bog. 

Third group of minerals. They had been for
med "in situ" in the peat bog or they had been 
formed in the rocks around the basin also. 
They were transported mainly from the sur
face streams and rivers. These minerals are 
products of chemical destroying of the rocks, 
mainly decomposition of the feldspar of alu
mo-silicate rocks. These are the minerals kao
linite, illite, and montmorilonite. The source 
rocks of clay minerals had been the sand
stones, mudstones and conglomerates from 
the Logodashka (8), Katchovska (9) and Go
reshtishka (10) formations and the sediments 
of the Neogene (Fig. 1). The epigenetic pyrite
fills small fractures, cleavages and cracks and 
had been formed at the time of late diagenesis. 
Gypsum in this group is formed probably as a 
result of chemical destroying of the sulphide 
minerals. More acid environment, which had 
not existed in the peat bog, is necessary for 
accumulation of gypsum. 

Conclusions 

The main supplying provinces with minerals 
are the rocks around the basin from North, 
Northwest and Northeast. These are the rocks 
from the Dokatitchevska (1), Stariretchka (2), 
Tchetirska (3) and Vatchanska (6) formations. 
Most of the m inerals are established in the 
coal. Occurrence of the albite, anorthite, and 
sericite in the shale from the bottom is a result 



of quick transgression and accumulation and 
quick covering of the existed minerals with 
terrigenous material. By this way further 

. destroying of these minerals had been 
escaped. The coal seam is rich of minerals, 
because of the enriching of the peat bog with 
them, result of many geological, biological and 
chemical processes. The rocks from the upper 
of the seam are pouring of minerals, because 
the peat bog had become dry and strong 
destroying of the minerals had begun at last 
stage of the swamp development. The pyrite 
is about 50% from the heavy fraction in the 
coal and most of the pyrite is framboidal. A 
significant part from this amount is bacterial 
framboidal pyrite, which consist 0.02% Au. 
The kammererite, analcime and braunite are 
new established minerals for the coals. 
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