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CmaHUC/Ia6 B. BacUAe6, rpema M. EcKeHaJU, MuxaU/1 n. Tapacoe. Bupi!UII H. /JUM06 - MuHepa
/IOi!UJI U i!eOXUMUJI 6UmpeH060U /IUH3bl C YHUKa/lbHbiM CoOep:NCaHUeM pacce!IHHbiX J/leMeHm06 U3 
yzoAbHozo Mecmopo:NCOeHWI Bbl/l'le llo11e, Eo11zapW1. Hccne.a;osaHbl MHHepanorHll, JJieMeHTHblii coc
Tas H 4>opMb1 npHC)'TCTBHJI pacCeJIHHbiX 3JieMeHTOB B BHTpeHOBOH JIHH3e H3 3ana.D;HbiX H nepHciJepHHHbiX 
y'laCTK08 yroJibHoro MecTopoJK.a;eHHll 8biJI'Ie Done (lionrapHll). CYMMapHoe co.a;epJKaHHe pacceJIHHbiX 
3JieMeHT08, ycTaH08JieHHoe 8 JIHH3e, COCTa8JIJieT 12,7 MaC.%, 8KJIJO'IBJI7,75 Mac.% Ge (Ha 30Jiy), KOTO
poe o.a;Ho H3 caMbiX 8biCOKHX co.a;epJKaHHii JJieMeHTa 8 ymliX, ony6JIHK08aHHbiX .a;o HacTOlllltero 8peMe
HH. HecMOTpll Ha HH3KYIO JOJibHOCTb yrn11 (7,8 %), JIHH3a co.a;epJKHT pa3Hoo6pa.3Hble TeppHreHHble H 
ayrareHHble MHHepanbl. rpynna TeppareHHbiX MHHepano8 8KJIIO'IaeT K8apl.l, KaJIHe8biH none8oii wnaT, 
nnarHOKJia3, 6HOTHT, aMciJH60JI, l.lHpKOH, anaTHT (KpynHOICpHCTaJIJIH'IeCKHH), 8YJIKaHH'IeCKOe CTeKJIO H 
caMopo.a;Hoe JOJIOTO. AyrareHHble MHHepanbl npe.a;CTa8JieHbl nHpHTOM, c!j>anepHTOM, raneHHTOM, rHn
coM, 11p03HTOM H aHrJie3HTOM. l.facTb H3 H.D;eHTH!j>HI.lHp08aHHbiX MHHepaJI08, TaKHX KaK ODaJI, KpHCT0-
6aJIHT, KaOJIHHHT, HJIJIHT, M)'CK08HT, OKCHAbl H fH.D;pOKCHAbl JKeJieJa, .a;ena!j>OCCHT, anaTHT (TOHKOKpHc
TaJIJIH'IeCKHH), MOHal.lHT, KCeHOTHM, raMarHpHT H WTOJibl.lHT MOf)'T HMeTb KaK TeppHreHHoe, TaK H 
ayrHreHHoe npoHcxoJK.a;eHHe. HecMOTpll Ha HCKJIIO'IHTeJibHO 8biCOKHe co.a;epJKaHHJI (npe8b1Wa10mHe 
KJiapKH), TaKHe 3JieMeHTbl KBK Ge, U, Sb, Sm, V. Mo, Ce, Hf, Y, Yb, Zn, As, Th H Zr noKa.Jbl8a10T 
TeCayiO aCCOJ.lHHpo8aHHOCTb, HJIH npeo6Jia.D;a10Wee CpO.D;CTBO, C OpraHHKOH. l.faCTb H3 3THX 3JieMeHT08 
o6pa.JY1QT H co6cT8eHHble MHHepanbl (Zn, Zr, Ce, Y, V. Hf) HJIH 8CTpe'!aiOTCll KaK JJieMeHTbl-npHMeca 
8 .a;pyrax MHHepanax (Zn, As, V. Ge, Hf, U, Zr). O.a;HaKo 8KJia.a; MHHepaJibHOH cocTa8Jili!Ollteii 8 o6ora
meHHe JIHH3bl 3THMH :meMeHTaMH li8JilleTCll HeJHa'IHTeJibHbiM. 

Abstract. The mineralogy, elemental composition and modes of element occurrence in a vitrain 
lens from the western and peripheral part of the Vulche Pole coal deposit (Bulgaria) were studied. The 
total concentration of trace elements established in the lens is 12.7% (ash basis) including 7.75 % Ge 
which is among the highest contents of the element reported until now. The low ash coal lens (7.8 % 
ash) contains a great variety of detrital and authigenic minerals. The group of detrital minerals and 
phases includes quartz, K-feldspars, plagioclases, biotite, amphibole, zircon, apatite (coarse crystal
line), volcanic glass and native Au. The authigenic minerals are presented by pyrite, sphalerite, galena, 
gypsum, jarosite and anglesite. The identified minerals such as opal, cristobalite, kaolinite, illite, musco
vite, Fe oxides-hydroxides, delafossite, apatite (fine crystalline), monazite, xenotime, gamagarite and 
stolzite could have a detrital and/or authigenic origin. Despite of extremely high (over Clarke) concen
trations of such elements as Ge, U, Sb, Sm, V. Mo, Ce, Hf, Y, Yb, Zn, As, Th and Zr, these elements 
demonstrate a strong association or dominant affinity with the organic matter. Some of the aforesaid 
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elements occur as discrete minerals (Zn, Zr, Ce, Y, V. Hf) and as impurities in the minerals (Zn, As, V. 
Ge, Hf, U, Zr). However, the mineral matter is only a minor constituent in the lens and its contribution 
to the enrichment of these elements 'is not of great significance. 

Introduction 

Coal lenses, or "coal inclusions in sedimentary rocks" (IO .n o B u '1, 1972; 1989), are 
known to be commonly vitrains and highly enriched in trace elements, especially in 
germanium. Normally, these coal lenses are not formed in peat swamp environ
ments and they are autochthonous coalified fragments . Trace elements in such lenses 
have been the subject of numerous studies (J o n e s, M i II e r, 1948; R e y n o I d s, 
1948; S tad niche n k o et al., 1950; 1953; Breger, Shop f, 1955; H a II am, 
Payne, 1958; Z u b o vic et al., 1961; li o y w K a, roue K, 1962; Minch e v 
and E s ken a z y, 1963; Boy I e, 1968; IO .noB u '1, 1972; 1989). However, 
investigations of minerals in them are very sporadic. The coal lens from the Vulche 
Pole deposit is a typical example of the aforesaid lenses. Some common data on the 
lens can be found elsewhere (M u u 'I e B, E c K e u a 3 H, 1966), while a more detailed 
insight into the mineralogy, chemical composition and modes of occurrence of the 
elements in the lens is given in the present paper. 

Material and methods 

Geological setting 

The coal lens studied occurs in the Vulche Pole deposit, East Rhodopes, Bulgaria 
(Fig. 1, A, B, C). There, coal-bearing sediments of the molasse-type formation fill in 
a tectonic depression, 10 km wide and 25 km long in east-west direction. The preva
lent lithological components are sands, sandy clays, conglomerates and clays with 
thin coal seams and layers, coal lenses and tuff inclusions. The main characteristics 
of the coal are: 42-44% Vd•r, 66-71 % cdar, 7.7% Hdar, 0.44% R, 1.5-2.5% S, 
4-8% w• and 35-55% Ad. The dominant lithotype of this subbituminous coal is 
clarain, with minor vitrain (M u u 'I e B, E c K e u a 3 u, 1966). The coal lens studied 
occurs in the western and peripheral part of the deposit in sandy clays and conglom
erates from the lower level of the coal-bearing sediments. The autochthonous coali
fied wood fragment is 20-30 em long, 2-3 em wide and has been found to be pre
dominantly vitrain with 7.8% ash content. 

Methods 

Fragments of the lens were preliminary ground ( < 200 Jlm) and homogenized. Bulk 
elemental composition was determined analyzing the ash residue odtained in open 
muffie furnace at 500° C, using volumetric (Ca, Mg, AI, Fe, Ge), spectrophotometric 
(Ti, P, Ge, Ga, W), flame photometry (K. Na, Li, Rb), atomic emission spectroscopy 
(Sr, B, Y, Zr, Mo, W, V, Sn, Ag), atomic absorption (Cr, Mn, Co, Ni, Cu, Zn, Pb) and 
neutron activation (Cs, Ba, REE, Ta, Sc, Cr, Co, Ni, As, Sb, Th, U, Au) analyses. The 
real concentrations of some elements may be higher than detected ones because the 
element contents in coal were calculated on the basis of high-temperature ash and 
some element volatilization (especially for non-metals and chalcophilic elements) 
was possible during coal ashing. 

Electron microprobe analyses were performed on pressed powder pellets, pol
ished blocks and broken fragments using a Philips 515 SEM equipped with an EDAX 

112 



Middle Oligocene 

Early Oligocene 

Late Eocene 

I Priabonian I 

Paleozoic 

Proterozoic 

Archean 

c 

!-.... ""h -3 ~ ~7 !:-.:.::-lg EZ]1 E2),3 !..w hs 

~2 ~4 [L!Js !::_·:·:]a 1---~0~2~41--l,s 

0 2 3 

Kilometers 

Fig. I . Location of the Vulche Pole coal deposit - A; lithologic sketch of the Vulche Pole area - B; 
lithostratigraphic column of the deposit - C; and location of the coal lens studied - B, C: 
1 - gneisses and amphibolites; 2 - granites; 3 - Late Eocene conglomerates and sandstones; 4- Early 
Oligocene andesites; 5- Early Oligocene rhyolitic tuffs and limestones; 6- kaolinite clays; 7- con
glomerates; 8- sandstones; 9- sandy clays; 10- clays; 11 - tuffs; 12- limestones; 13 - rhyolites; 14 
- tuffbreccia; 15- coal; 16- fault (based on description a<;cording toM H H,. e a, E c K e H a 3 H, 1966) 

8 Geologica Balcanica, 25, 3-4 113 



9100/70 analyzer. Acceleration voltage of 30 kV and marcasite, biotite, diopside, 
metal U, V, Ge, and Ni as reference standards were employed. TEM study was car
ried out on samples prepared from an alcohol suspension of the coal powder, using 
a Philips EM 420T transmission electron microscope with an EDAX analyzer. Pow
der X-ray diffraction patterns were recorded using a DRON UM-1 diffractometer 
with iron-filtered CoKa. radiation. For optical investigations, coal particles below 63 
~-tm in size were placed in a glycerine immersion medium and observed under trans
mitted light. 

Results and discussion 

Bulk element contents 

The total concentration of trace elements in the lens from the Vulche Pole deposit 
was found to be 12.7% (ash basis). The content of27 from the 44 elements analyzed 
are considerably higher than their Clarke values in subbituminous coals (Table 1 ). 

The enrichment coefficient, K, which represents the ratio of the calculated ele
ment content in the lens to the Clarke value is also given in Table 1. According to 
this coefficient, the elements with K <:: 6, in decreasing order, are: Ge, U, Sb, Sm, V, 
Mo, Ce, Hf, Y, Yb, Zn, As, Tb and Zr. The over-Clarke elements detected in the lens 
are normally the same as in the Vulche Pole coal seams, layers and other coal lenses 
(M H H q e B, E c K e H a 3 H, 1966), however, their enrichment is commonly greater. 
In addition, trace elements such as Be, Pb, Ge and Sb in non-coal partings have 
concentrations (M H H q e B, E c K e H a 3 H, 1966) higher than the respective Clarke 
values for shales according toE e y c, r pH r o p .11 H (1975). 

More appropriate conclusion on the elemental composition of the studied lens 
can be done using the worldwide medians for 25 elements in the ash of coal inclu
sions calculated by 10 ~ o B H q (1989) and presented in Table 1. It is noteworthy 
that the content of 17 elements in the studied lens (ash basis) are considerably higher 
than the worldwide medians. Moreover, for some of the elements, especially forGe, 
the content established (7.75% in ash) is among the highest reported until now. The 
unique proportion of trace elements makes the lens suitable for the elucidation of 
some modes of element occurrence. 

Elements distribution in the organic matter 

Most of the coal particles examined were found to be homogeneous. Only some of 
them contained visible mineral inclusions either uniformly distributed in the organic 
matter as single crystals and grains, or grouped as mono- or polyphase aggregates 
(Plate I, a-b). 

Electron microprobe analyses performed in the central parts of several selected, 
visibly homogeneous organic particles (Table 2) demonstrate low variations in the 
contents ofS, Si, Ca, Ge, Ni and U. It is also noticeable that the established contents 
of Ge and U are similar to their bulk values in the lens (Table 1 ). Nearly homoge
neous distribution of S, Si, Ca, Ge, Ni and U in the coal is confirmed by series of 
analyses performed along the profile lines (Plate I, c) in two particles and shown in 
Table 2. The elements Fe, Al and, to some extent K, exhibit a greater variation in the 
content, which suggests the presence of their finely-sized mineral inclusions(<< 1 
~-tm) which can be hardly revealed by means of scanning electron microscope. TEM 
observations and microprobe analyses of a great number of visible homogeneous 
organic particles show that the concentrations of P, Mn, Zr, Ba, Sb and Zn are occa-
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Table I 
Element concentrations in the coal/ens from the Vulche Pole coal deposit, in ppm except where noted. 

Ele- M 
ment ment 
Lithophile metal Siderophile metals 

Li 18 1.4 20 0.07 Sc 52 4 2 2.0 32 
Na% 1.22 0.1 0.985 0.1 Ti 7431 579 500 1.2 8600 
Mg 2000 156 15005 0.1 v 5000 390 23 17 640 
AI% 7.90 0.62 8.655 0.07 Cr liS 9 12 0.8 1400 
K% 1.33 0.10 2.75 0.04 Mn 1720 134 100 1.3 630 
Ca% 4.60 0.36 2.05 0.18 Fe% 16.2 1.3 4.85 0.3 
Rb 80 6 s 1.2 Co 29 2.3 3.4 0.7 110 
Sr ISO 12 130 0.09 1200 Ni 140 II 8 1.4 290 
y 1100 86 7 12 160 Chalcophile metals and metalloid 
Zr 2300 179 30 6 380 non-metals 
Mo 500 39 2.4 16 39 Cu 90 7 7.5 0.9 160 
Cs 9 0.7 0.4 1.8 Zn 1731 135 18 7.5 310 
Ba 5397 421 120 3.5 1800 Ga 286 22 7 3.1 220 
La 291 23 106 2.3 ISO Ge 77500 6045 1.5 4030 3100 
Ce 2217 173 11.56 IS 500 As 1308 102 14 7.3 290 
Sm 865 67 1.66 42 Sn s 0.4 1 0.4 28 
Eu 1.8 0.1 0.76 0.1 Sb 1752 137 0.5-2 -110 31 
Tb 24 1.9 0.36 6.3 Pb 60 s 2.5 2.0 51 
Yb 116 9 0.9 10 9 Radioactive elements 
Hf 39 3 0.1-0.3? -IS Th 143 II 6.3 1.7 
Ta s 0.4 0.3? 1.3 u 11902 928 1-3 -464 
w 41 3.2 2-6 -0.8 Noble metals 
Non-metals Ag -I -0.08 0.3 -0.3 5.6 
B 620 48 85 0.6 430 Auppb -1.0 1.0 1-3 - 0.5 
p 3820 298 130 2.3 

1 Clarke for subbituminous coals (10 A o B H 'I et at., 1985) 
2 Enrichment coefficient, ratio of the element content in lens to the Clarke value 
3 Median for about II 00 worldwide coal lenses - ash basis (10 A o B H '1, 1989) 
4 Mineralogical classification of the elements (C o n o .ll o B et at., 1987) 
l Clarke for shales (6 e y C, r p H r 0 p ll H, 1975) 
6 Worldwide average content for coals (V a I k o v i c, 1983) --VI 
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Table 2 
Electron microprobe analyses of organic particles from the Vulche Pole coal/ens, in wl. %. 

N 1 I S I Ge I U I Fe I K I Ca I AI I Ni l Si T M;- _- ] V 

I 
2 
3 
4 
5 
6 
7 
8 

AC2 

CP 
RSD4 

9 
9a 
9b 
9c 
9d 
9e 

AC 
CI 
RSD 

10 
lOa 
lOb 
IOc 
IOd 
IOe 

AC 
CI 
RSD 

0.70 
0.51 
0.61 
0.58 
0.69 
0.58 
0.65 
0.67 

0.62 
0.07 
11 

0.78 
0.65 
0.67 
0.75 
0.67 

0.70 
0.06 
9 

0.71 
0.82 
0.66 
0.65 
0.72 

0.71 
0.07 
10 

0.32 
0.22 
0.22 
0.22 
0.26 
0.34 
0.27 
0.10 

0.24 
O.o7 
29 

0.51 
0.33 
0.30 
0.33 
0.36 

0.37 
0.08 
22 

0.46 
0.54 
0.36 
0.36 
0.44 

0.43 
0.08 
19 

0.16 
O.o7 
0.14 
0.12 
0.17 
0.09 
0.10 
0.10 

0.12 
0.04 
33 

0.19 
0.14 
0.17 
0.14 
0.15 

0.16 
0.02 
13 

0.13 
0.15 
0.12 
0.14 
0.12 

0.13 
0.01 
8 

1 Numbering of the particle analyzed 
2 Average content 
3 Confidence interval 
• Relative standard deviation, in % 

~~ 
~M 
~07 
0~ 
~08 
~OS 
0.12 
0.19 

om 
0~5 
55 

0.06 
0.04 
0.05 
0.05 
0.04 
0.08 
0.12 
0.07 

0.06 
0.03 
44 

0.06 
0.05 
0.05 
0.04 
0.05 
0.06 
0.08 
O.o7 
0.06 
O.Ql 
21 

O.o3 
0.01 
0.01 
0.03 
0.06 
0.03 
0.04 
0.03 

0.03 
0.01 
53 

Along a profile line (points 9a, b, c, d, e) 
0.07 0.13 0.06 0.06 
0.04 0.09 0.04 0.04 
0.04 0.10 0.05 0.04 
0.04 0.09 0.05 0.06 
0.04 0.09 0.05 0.05 

0.05 
0.02 
27 

0.10 
0.02 
17 

0.05 
0.01 
14 

0.05 
0.01 
20 

Along a profile line (points lOa, b, c, d, e) 
0.07 0.08 0.05 0.04 
0.08 0.10 0.06 0.05 
0.05 0.07 0.05 0.04 
0.06 0.07 0.04 0.03 
0.06 0.08 0.05 0.04 

0.06 0.08 0.05 0.04 
0.01 0.01 0.01 0.01 
19 15 14 18 

O.o3 
0.02 
O.oJ 
0.05 
0.03 
0.02 
0.03 
0.05 

O.Q3 
0.01 
39 

<0.01 
<0.01 
<0.01 
<0.01 
<0.01 

<0.01 

0.10 
0.09 
0.09 
0.10 
0.08 

0.09 
0.01 
9 

0.018 
0.021 
0.021 
0.027 
0.033 
0.027 
0.032 
0.029 

0.026 
0.005 
19 

0.025 
0.021 
0.016 
0.020 
0.016 

0.020 
0.004 
20 

0.019 
0.025 
0.021 
0.021 
0.023 

0.022 
0.002 
9 

0.02 
<0.01 
0.01 
0.02 
0.02 
0.01 
0.02 
<0.01 

~0.02 

<0~1 
<0~1 

<0~1 
<0~1 
<Ml 

<0~1 

<0~1 
<Ml 
<~01 
<~01 
<0~1 

<MI 

<0.01 
0.04 
<0.01 
<0.01 
<0.01 
<0.01 
0.03 
<0.01 

~0 .01 

<0.01 
<0.01 
<0.01 
<0.01 
<0.01 

<0.01 

<0~1 
<Ml 
<~01 
<0~1 
<Ml 

<0~1 



sionally ~ 0.1 %. These particles transmitted for the electron beam were witho~t 
mineral inclusions above 0.01 J.lm in size. The observation suggests that such ele
ments could have an organic association. 

The distribution of other elements is not discussed because of the low sensitivity 
of electron microprobe analysis. 

Characteristics of minerals 

The mineral and phase identification was performed on the basis of X -ray powder 
diffraction, electron microdiffraction, electron microprobe analysis, or in some cases, 
using only optical microscopy. Major and minor minerals (-1-3 %) identified are 
pyrite, quartz, kaolinite, illite, K-feldspar and plagioclase. Pyrite is found to be the 
most widespread mineral in the lens. The group of accessory minerals and phases 
(<< 1 %) includes sphalerite, galena, gypsum, jarosite, anglesite, opal, cristobalite, 
biotite, muscovite, amphibole, zircon, Fe oxides-hydroxides, delafossite, apatite, mona
zite, xenotime, gamagarite, stolzite, native gold and volcanic glass. The principle 
characteristics of the minerals in the lens are described in Table 3 and illustrated in 
Plates I-II, while only some comments concerning predominantly the genesis of the 
minerals are presented below. 

a) S u 1 p h i d e s 

The group of sulphide minerals identified includes pyrite, galena and sphalerite (Plates 
I, d-f; II, a, g) which occur in a intimate association with the organic matter. Any 
indications of their epigenetic origin, as crystallization in fissures and cracks, as well 
as cleat coatings were not revealed in the present study. This fact can be considered 
as an indirect argument for the syngenetic-diagenetic origin of the sulphide miner
als. 

b)Sulphates 

Gypsum, jarosite and anglesite (Plate II, b) are either alteration products of the 
sulphide minerals, or a result of deposition from the aqueous solutions circulating 
through the lens mainly during the epigenesis. 

c) S i 1 i cates 

Quartz is presented by semiround to angular grains, which are transparent and, com
monly, demonstrate undulatory extinction. K-feldspars (sanidine, microcline) and 
plagioclases (mainly albite-oligoclase) are strongly altered being replaced by sericite 
and clay minerals. However, their unaltered or weakly altered grains demonstrate 
the presence of polysynthetic twinning and zoned structure in plagioclases and cross
hatched twinning in K-feldspars, which suggest a magmatic genesis of the minerals. 
All these facts indicate the detrital origin of quartz and feldspars in the lens. 

Biotite, amphibole and zircon (Plate II, c) can be also considered as detrital 
minerals because there are no signs of their authigenic origin. Biotite is almost com
pletely replaced by leucoxene and Fe hydroxides. Such silicates as muscovite, ka
olinite and illite are probably of both detrital and authigenic origin. Opal and 
cristobalite could be derived from nearby volcanic rocks, or could also be authigenic 
resulting from alteration of other silicate minerals. 
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Table 3 
Characteristics of the minerals in the "Vulch~ Pole coal lens. 

Mineral, mode of occurrence 

SULPHIDES 
Pyrite (FeS

2
) 

I . Octahedral, cubic-octaherdral and cubic 
0.01-8 J.lm crystals, dispersed in organic matrix. 

2. Individual angular to semirounded 0.25-5 tJm grains, 
most often about 1 tJm. 

3. Framboids in the range 10-15 tJm, made up 
of octahedra below 1 tJm. 

4. Pyrite veinlets and plates with a length up to 1 tJm. 
S. Octahedral crystals and grains up to 10 tJm filling gaps 

on the K-feldspar surface and cell-cavity structures (lumens). 
6. Polycrystalline aggregates and clusters with quartz, 

feldspar and clay minerals. 

Sphalerite (ZnS) 
Tetrahedral crystals about 0.8-1.5 fJID. 

Galena (PbS) 
1. Cubic and cubic-octahedral crystals about 0.8-1 fJID . 
2. Polycrystalline aggregates with gamagarite. 

SULPHATES 
Gypsum (Caso •. 2~0) 
1. Individual angular and short to long prismatic crystals 
in the range 1-6 J.lm. 
2. Cleat-fillings, with a length up to SO J.lm. 
Jarosite (KFelS04MOH)) 
Angular, prismatic, acicular crystals and radial fan-shaped 
aggregates up to 20 fJm. 
Anglesite (PbS04) 

Angular 0.2-0.5 fJm grains in clay minerals. 
SILICATES 

Quartz (Si02) 

1. Angular to semirounded 0.1-80 fJID grains, most often in the ranges 
0.5-S and 20-60 J.lm. 
2. Prismatic crystals with a length up to 6 J.lm. 
Opal (SiO .n~O) and Cristobalite (Si02) 

Semirounded to spheroidal 0.3-10 J.lm grains. 
Plagioclase (NaAISip

8 
-CaAI

2
Sip

8
) and 

K-feldspar (KA1Sip8) 

1. Short to long pnsmatic (commonly plagioclase) crystals 
with a length in the range, O.S-20b J.lm commonly 20-100 J.lm. 
2. Angular to semirounded grains ranging from 0.1 to 200 J.lm, 
commonly about 0.1-5 fJID. 

Kaolinite (Al
2
Si 0

1
(0H)4) 

Finely-dispers~. pseudohexagonal to isometric 0.5-3 fJm 
scales forming aggregates. 
Illite (KAI (AISi

3
)0

10
(0H)

2
) 

I . Finely-d1spersed megular scales about 0.5 J.lm. 
2. Long prismatic to acicular crytals with a length 0.5-1 tJm 
forming aggregates. 
Biotite (K(Mg, FeMAISi O,q) (OH, F)2) 

Scales with prismatic habit m the range from 20 to 30 
X 80 tO 160 J.1m2• 
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Method used for 
identification 

XRD,EMPA 

EMD,EMPA 

EMPA 

EMPA,OM 

EMPA, OM 

EMD,EMPA 

EMPA, XRD, OM 

OM,EMPA 

XRD, EMPA, OM 

XRD, EMPA, OM 

EMD, EMPA, XRD 

OM,EMPA 



(T a b I e 3, continued) 

Muscovite (KAI
2
(A1Sip10) (OH)2) 

Scales up to I 0 1-1m upon feldspar grains. 
AmphibOle (NaCa

2
(Mg, Fe, Al)

3
(Si, Al)10 22(0H)2) 

I . Individual prismatic weathered crystals with a length 
up to 200 1-1m. 
2. Grains up to 5 1-1m with gypsum in cleats. 
Zircon (ZrSiO 

4
) 

Short to long prismatic and pseudoisometric 0.1-6 1-1m 
crystals forming clusters, commonly with pleochroic haloes. 

OXIDES AND HYDROXIDES 

Fe oxides-hydroxides 
Prismatic crystals, flakes and crusts less than 1 0 1-1m. 
commonly about 0.1 1-1m. 
Delafossite (CuFe02) 

Semirounded and prismatic crystals in the range 10-20 1-1m. 

PHOSPHATES 

Apatite (Ca5(P04MF. Cl, OH)) 
Prismatic to long prismatic and acicular crystals with a 
length up to 30-60 ~-tm. commonly with gas-liquid inclusions. 
Monazite ((Ce, La)P0

4
) 

A semirounded 0.1-0.3 1-1m grain in polycrystalline aggregate 
with illite, quartz and feldspar. 
Xenotime (YPO ) 
Identified by R. B. Finkelman. 

OTHER MINERALS AND PHASES 

Volcanic glass 
Optically isotropic spheres, spheroids and angular particales 
less than 50 1-1m. 
Gamagarite (Ba;(Fe, Mn) (VOJ2.2Hp) 
Semirounded O.b-0.8 1-1m grains. 
Stolzite or raspite (PbW0

4
) 

A crystal about 0.6 1-1m. 
Native Au 
Angular 5-15 1-1m grains in a crevice in organic matter. 

OM,EMPA 

EMPA 

EMPA,OM 

EMPA, OM 

EMPA 

OM, EMPA 

EMPA 

OM 

EMD,EMPA 

EMPA 

EMPA 

1 Methods used for the mineral identification: XRD - X-ray powder diffraction; EMD - electron 
microdiffraction; EMPA - electron microprobe analysis; OM - optical microscopy. 
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EXPLANATION OF PLATE I 

(a). TEM image of organic particles of different homogeneity. 
(b). TEM image of an organic particle with mineral inclusions. 
(c). SEM image of an organic particle analyzed along a profile line. 
Back-scattered electrons. 
(d). SEM image of pyrite octahedral crystals. Secondary electrons. 
(e). SEM image of pyrite framboids composed of octahedra. Secondary electrons. 
(f). SEM image of pyrite grains filling cell structures (lumens) . 
Secondary electrons. 

EXPLANATION OF-PLATE-II 

(a). TEM image of a sphalerite crystal fragment. 
(b). TEM image of anglesite grains (in the center). 
(c). TEM image of a zircon crystal (I) with Fe hydroxides and organic matter. 
(d). SEM image of Hf-Sn oxide (I) and native Au (2) grains. Secondary electrons. 
(e). An apatite crystal with gas-liquid inclusions. Glycerine immersion. 
(f). TEM image of a monazite grain (I) in illite, quartz and feldspar polycrystalline aggregate. 
(g). TEM image of a gamagarite grain (left) and a galena crystal (right). 
(h). TEM image of a stolzite crystal. 
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PLATE! 

' 7 ).J if' r----t 1, 5 j-J IT 

Geologica Balcanica, 25, 3/4 - S. Vas s i I e v, G . E s ken a z y, M. Tar ass o v, V. D i m o v -
Mineralogy and geochemistry of a vitrain !ens with unique trace element content from the Vulche Pole 



PLATE II 

1-------1 J , A j.J n. 

c 

g h 



d) 0 x i d e s a n d h y d r ox i d e s 

The Fe-Cu oxide phase established has a composition similar to that of delafossite 
which is a typical secondary product of Fe-Cu sulphides alteration. The identified Fe 
oxides-hydroxides are also a weathering product or detrital in origin. An unusual Hf
Sn oxide phase, enriched in Zr and associated with detrital native Au (Plate II, d), 
was also found. 

e) Ph o s p hates 

Phosphate minerals revealed in the lens are presented by apatite and monazite (Plate 
II, e-f). In addition, R. B. Finkelman has also reported xenotime in the same lens 
(personal communication, 1992). The coarse-crystalline apatite (30-60 f.!m), as well 
as some monazite and xenotime are obviously detrital. However, the finecrystalline 
phosphates (0.3-5 f.!m) identified could have either detrital or authigenic origin. The 
authigenic phosphates may be formed during coalification as a result of interaction 
between phosphorus released by decaying organic matter and Ca and REE in perco
lating solutions. A similar reaction has been noted elsewhere (E c K e H a 3 H, 1989; 
Vas s i 1 e v et al., 1994). Some organically bound elements are probably released 
and remobilized to various authigenic minerals during the coalification process. 

f)Other minerals and phases 

Volcanic glass in the lens could be derived from the extrusive rocks of the source 
province. Revealed gamagarite (Plate II, g) and stolzite - raspite (Plate II, h) are 
known to be an alteration product of sulphides. The native Au (Plate II, d) has 
obviously a detrital origin. 

The detected impurity trace elements in the minerals by microprobe analyses 
were: pyrite - Mn and Ni; sphalerite - Ni, Cd and Bi; galena and delafossite - Zn; 
jarosite - P, Cu, Zn and As; anglesite - P and Zn; clay minerals - Ba, P, Ti, V, Mn 
and Ge; mica- Ti; zircon- Hf and U; Fe oxides-hydroxides and stolzite- Ni; 
monazite - Nd, U, Zn and Pb; and gamagarite - Ni and As. 

Modes of element occurrence 

The elements established in the lens associate with both organic and inorganic mat
ter. On the basis of their predominant affinity and enrichment, the elements can be 
divided into three comparative groups. 

1). Elements with a strong organic association: Ge, U and, probably, Sb. The 
most striking result obtained is that, despite of extremely high content, Ge is found 
to be entirely bound to the organic matter. Neither Ge minerals nor Ge-bearing 
minerals were identified in the present study. Only negligible contribution to the U 
bulk content in the lens can be expected from monazite and zircon containing U as 
a minor element. Previous studies (M H H q e B, E K c e H a 3 H, 1966) have shown that 
Ge, U and Sb are the most enriched elements in the low-ash Vulche Pole coals in 
comparison with the associated non-coal partings. 

2). Elements with a predominant organic affinity: V, Mo, Hf, REE, Y, As, Zn 
and Zr. They are also occasionally present as major components or minor elements 
in minerals. However, the contribution of these elements occurring in minerals to 
their bulk content in the lens is insignificant. These elements are normally enriched 
in the low-ash coals throughout the whole coal deposit (M H u q e B, E c K e u a 3 H, 

1966). 
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3). Elements with some dominant organic or inorganic affinity. These elements 
commonly form discrete minerals or are typical impurities in other minerals (Si, Li, 
Na, Mg, AI, K, Ca, Rb, Sr, Cs, Ba, Ta, W, B, P, Sc, Ti, Cr, Mn, Fe, Co, Ni, Cu, Ga, Sn, 
Pb, Th, Ag and Au). 

The specified groups of elements differ in their bulk contents in the lens, espe
cially, as compared with the Clarke values in subbituminous coals. As it can be seen 
in Table 1, the contents ofGe, U and Sb in the lens (the first group) are 4030,464 and 
110 times, respectively, higher than the Clarke values. The elements of the second 
group are enriched mainly about 6-15 times, while the elements of the third group, 
excluding only Ga and Ba, have contents lower or comparable with the Clarke val
ues. Because the mineral matter is only minor constituent in the lens, its contribution 
to the enrichment of the trace elements is not of great significance. Therefore, the 
extremely high concentration of the elements from the first and second groups are 
related mostly to their organic association. 

Concluding remarks 

The phenomenon of unusual enrichment of coal inclusions in trace elements, espe
cially in germanium, has been discussed in detail by 10 .n; o B H q (1989). Vitrain 
composition of coal inclusions, their high specific surface, abundant supply of ele
ments by solutions penetrating the host sediments are proposed to be the factors that 
control the Ge content. 

The ability of germanium to form stable complexes with compounds of 
pyrocatechin structure which are formed during the decomposition of lignin, is con
sidered as major factor of Ge enrichment in coals. Pyrocatechin is known to be 
analytical reagent forGe, forming stable complexes in neutral and weak acidic con
ditions. Lignin is one of the major products of the plant debris decomposition (F r a
n cis, 1961; M a H c K a .11, K o .n; H H a, 1975). Bacterial decay of wood fragments in 
sediments takes place in aerobic, moist and neutral to acidic media. Under such 
conditions lignin decomposes more rapidly and more completely than under water
logged conditions (F r a n c i s, 1961 ). Lignin structures can be expected to be more 
abundant in the coalified wood fragments than in the whole plant debris. The neutral 
to acidic pH conditions ofwood fragments decay favour the hemosorption ofGe by 
the compounds of pyrocatechin structures. The rate of the lignin-cellulose tissues 
decomposition in the peat bogs depends on the conditions of peat accumulation, 
and is higher when these conditions are more stable (M a H c K a .11, K o .n; H H a, 1975). 
In this respect, the conditions of wood fragments decomposition in sediments are 
thought to be rather stable. 

The probable geological factors favouring enhanced trace element concentra
tion in the Vulche Pole lens could be: source province including a variety of 
polymetallic deposits; volcanic activity contemporaneous with deposition and coali
fication; molasse-type surrounding sediments permeable to circulating solutions; 
proximity to the basement rocks of the coal-bearing Middle Oligocene sediments; 
and a nearby fault zone. Similar geological factors forGe-bearing coal deposits have 
been described earlier (H B a H o B et al., 1984). 

The considered aspects of the coal inclusion enrichment in Ge is plausible to 
explain also the enrichment in trace elements of the top layers of many coal beds 
worldwide. The same is true for thin coal seams which are usually of higher trace 
elements content than the thick seams from the same deposit. 
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