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B O H D A N K Ř I B E K * 

THE ROLE OF ORGANIC SUBSTANCES IN THE PROCESSES OF 
HYDROTHERMAL MINERALIZATION 

(Figs. 3, Tab. 2/ 

A b s t r a c t : The carbonaceous substances are associated with the 
stratiform deposits of Cu-ores, hydrothermal deposits of fluorite 
and uranium in the area of the Bohemian Massif. 

The occurrence of isoprenoid hydrocarbons, fatty acids, amino-
acids and S 1 3C values (from —16.8 to —58.4 %0] indicates, that 
the origin of carbonaceous substances may be derived from the 
organic compounds extracted by hydrothermal solutions from the 
host rocks. 

The oxidation of organic substances during a hydrothermal pro­
cess may have part ic ipated in the lowering of redo* potential of 
the hydrothermal solutions, and may lead to the reduction of sul­
phate or UVI ions. 

P e 3 K) M e : BeniecTBa 6nTyMHH03Horo xapaKTepa conpoBOJK/iaiOT B oÔJiacTH 
HemcKoro MaccHBa CTpaTii<|>opMHLie MecTOHaxoHííteHHíi cyjin|>i-i,aOB M cnjiorub 
H paxtOM BCTpenaiOTca B riiapoTepMajibHbix MecTOHaxo>ií;ieHHflx tJ)jnoopHTa 
n ypaHa. 

HajIHHHe H30npeHOBHHHbIX yrjieBO.HOpO.aOB, KapÔOKCHJIbHbrX KHCJIOT PI aMH-
HOKPICJIOT, a TaK/Ke jiaHHbie S 1 3 C (—16,8 no —58,4 °/oo) CBHjieTejibCTByioT 
o TOM, 1ITO Mbi HMeeM jiejio c opraHHqecKHMPi BeniecTBaMH, SKCTparupoBaH-
HbiMH aeiícTBueM ri-iapoTepMajibHbix pacTBopoB H3 oKpyjKaiorriHx ropubix 
nopoa. 

Pe3yjibTaTbi paôoTbi yKa3biBaioT Ha TO, ÎTO opraHHqecKHe coejiHHeHHfi 
yrjiepoaa MOryT HrpaTb Ba*Hyio poJib npH BOCCTaHOBJíeHHH coeuHHeHHii 
ypaHHjia H cyjibcfiaTHoii cepbi. 

The carbonaceous substances designated as anthraxolites or thucholites 
were described for the first time by H. V. E l l s w o r t h (1928) from the 
uranium-bearing pegmatites of the Parry Sound area in Ontario. With the 
development of analytical techniques and the investigation of organic com­
pounds during the last twenty years, it became clear that their occurrence 
in hydrothermal deposits is not a mere mineralogical rarity. 

In contrast, the presence of carbonaceous substances (bitumens] has been 
proved by many authors in deposits of mercury (V. S. B a l i c k i j , 1966; A. I. 
G e r m á n o v and L. A. B e n n i k o v a, 1972), V. S. S o b o l e v (1975], lead 
and zinc (G. M u e l l e r , 1954; W. S. U p d e r g r o v e et al., 1973], Ag-Co-Ni 
ores (R. K r a n z, 1971), copper (S. N. I v a n o v et al., 1961, I. R. J o n a s -
s o n et al., 1977), gold (N. S. B e s k r o v n y j , 1967; V. A. A m u z i n s k i ] et 
al., 1975] and fluorite and barite (G. M u e 1 1 e r, 1954; V. V. M o g a r o v s k i ] 
and A. V. M a r k o v , 1966; N. S. B e s k r o v n y j , 1967). 

Gaseous, liquid and solid carbonaceous substances often occur in hydro-
thermal uranium deposits (S. D a v i d s o n and S. H. B o w i e , 1951; V. M. 
S o b o l e v and I. A. P u d o v k i n a, 1975; E. M. G a l i m o v et al., 1975. 
and G. B. N a u m o v et al, 1976]. 
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The origin of bitumens in hydrothermal veins has been the subject of a 
fairly large number of papers, the authors of which have very often drawn 
contrary conclusions. 

N. S. B e s k r o v n y j [1967, 1975); E. E. V o r o n o ] (1967), and V. N. F 1 o-
r o v s k a j a and V. G. M e l k o v (1976) are of the opinion that the bitumens 
of ore veins arise by abiogenic synthesis from gases (H2, CH4, CO] which 
are released- during degassing of the Upper Mantle. 

The argument for this is based on numerous finds of carbonaceous sub­
stances in the deposits which are spatially associated with deep structural 
lines, a n d on the presence of abiogenic hydrocarbons in volcanic gases and 
gaseous-liquid inclusions of nephel ini te syenite and pegmatite (H. V. E l l s ­
w o r t h , 1928; S. V. I k o r s k i ] , 1967). 

But V. A. U s p e n s k i j et al. (1961), A. I. Z u b o v and V. V. K a z a n c e v 
(1970), N. T. S o k o l o v a et al. (1972) and V. N. F l o r o v s k a j a and V. 
G. M e l k o v (1975) are inclined to believe that vein bitumens represent 
products of the distillation or pyrolysis of organic matter of the host rocks 
provoked by hydrothermal solutions. 

Investigations carried out by the working group of the Department of Mi­
neral Deposits of the Faculty of Science, Charles University in Prague (Z. 
P e r t o 1 d et al., 1975; V. O r u ž i n s k ý , 1978; P. B u r d o v á et al., 1979; B. 
K ř í b e k et al., 1978 and 1980; V. O r u ž i n s k ý and B. K ŕ í b e k , 1981) 
have proved that in the a r e a of the Bohemian Massif carbonaceous substan­
ces are associated with the stratiform deposits of Cu-ores, hydrothermal de­
posits of fluorite and a number of hydrothermal uranium deposits. This pa­
per presents the results obtained from these investigations. The methods used 
in studying the carbonaceous substances under consideration are described 
in detail in the above-cited papers. 

The carbonaceous substances in the rocks of the Tisová deposit near Kraslice 

The stratiform Cu-sulphidic deposit Tisová near Kraslice lies in sericite-
-chlorite phyllites with layers of metabasic rocks of Ordovician (?) or Cam­
brian to Upper Proterozoic age. The ore layers of the deposit and their host 
rocks contain increased amounts of carbonaceous substances (O. X — X °/o 
C o r g ) . This primary geochemical aureole is 50—100 m thick. The rocks outside 
the aureole contain O.0X lh C o r g . The 92 to 99 % of the carbonaceous substan­
ces consist of insoluble matter, the infrared spectra of which have the cha­
racter close to those of the substances of the anthraxolite type or to the 
type of „graphitized organic substance" (P. B u r d o v á et al., 1979). Howe­
ver, graphite is never involved. In addition to the above-mentioned 
type, small amounts of substances are present in the Tisová de­
posit, which are soluble in organic solvents. In the soluble extract, aliphatic 
hydrocarbons (n-alkanes) within a range of n-C I ; — n-C3 0, isoprenoid hydro­
carbons and laity acids ranging between n-C(| — n-C2 0 have been identified. 
The character of tin: isolated substances, for ins tance the owerwhelming 
predominance of fatly acids with an even number of carbons in a molecule 
or I ho presence of isoprenoid hydrocarbons of provably biogenic origin are 
a convincing proof of the organic origin of the carbonaceous matter in the 
deposil (V. O s I ľ u ž i n s k ý, 1978). 



ORGANIC SUBSTANCES IN THE HYDROTHERMAL MINERALIZATION 607 

The ascertainment that the increased C o r g contents are not bound to the ore 
layers themselves but also occur in some fault zones and zones of crushing 
in the vicinity of the deposit is important for an elucidation of the origin of 
the carbonaceous aureole. This fact furnishes evidence of a remobilization 
due to hydrothermal solutions of the organic substances contained in the 
host rock. 

With regard to the otherwise petrologically and geochemically uniform 
character of the rocks of the ore-bearing series, it may be assumed that 
these remobilized organic sunstances may have participated in the processes 
of precipitation of iron- and copper sulphides by reduction of sulphate ions 
to sulphides 

ľ /on 
SO^ + 2 [H — C \ H J > S + 2 CO, + H 2 0 , 

this corresponding to the increased amount of carbonates in the deposit. 

The Křížany deposit of fluorite and barite 

The deposit Křížany lies at the margin of the crystall ine Ještěd area close 
to the Lusatian fault which separates the epizonally metamorphosed Ordovi-
cian and Silurian rocks from the sediments of the Bohemian Cretaceous 
Table. The fluorite mineral ization of the deposit has been described in detail 
by F. R e i c h m a n n [1970], and the uranium mineral ization by J. H o r á č e k 
et al. [1979). 

A bituminologieal analysis provided the proof that the fluorite-barite gan-
gue contains 0.004—0.014 % of the extractable bitumens. Aliphatic hydrocar­
bons were isolated from the bitumens. Their amount, similarly as the total 
amount of the extract, rises with increasing fineness of grinding of the ex­
tracted samples (Fig. 1). 

This means that the bitumens do not represent -a recent or subrecent surface 
contamination, but they are enclosed in the intergranulars of the gangue or 
directly in the fluorite crystals. 

As the composition of t h e hydrocarbons resembles that of the hydrocar­
bons of the metasediments of the surrounding crystall ine rocks (Fig. 1], it 
may be assumed that the bitumens of the Křížany deposit represent the or­
ganic substances extracted from the host rocks. 

For the sake of comparison, the same figure also presents a chromatogram 
of the aliphatic hydrocarbons of the Cenomanian rocks of the Bohemian 
Cretaceous Table, whose composition is quite different. 

Hydrothermal uranium deposits 

The occurrence of anthraxol i tes in uranium deposits has been described 
by many authors. Bitumens are present in the Licoměřice deposit (O. P 1 u s-
k a 1, 1971), Rožná (V. E. B o ] c o v and Ju. M. D y m k o v, 1970), Olší (A. 
S o j k a , 1980), Jáchymov (N. T. S o k o l o v a et al., 1972), Dyleň (K. R o-



608 KRlBEK 

m a n i d i s, 1974) and Příbram deposit [V. S. B r o d i n and Ju. M. D y m k o v , 
1964; J. K o m í n e k and S. P r o k e š, 1969 and 1970; A. V. Z a v a r z i n et al., 
1970 .and S. P r o k e š, 1974]. 

In studying the Příbram deposit it has been found that the anthraxolites 
contain varying amounts of extractable substances of which some have been 
specified in greater detail (B. K ř í b e k et al., 1978). 

In the extracts, n-alkanes have been found which range from n - C u to n-C2 4 

(Fig. 2), as well as fatty acids ranging between n-C8 and n-C2 2, and a number 
of amino acids. In addition to these substances, the anthraxolites also con­
tain isoprenoid hydrocarbons — phytane (C 2 nH 4 2) and pristane (C 1 9 H 4 0 ) — 

CbJi:0.0CK% 

C b l t :0.006% 

250 200 150 
temperature (°C) 

250 200 150 
temperature (°C) 

[.'ig. I. (Ins chromatogram of aliphatic hydrocarbons isolated from the fluorite of the 
Ki'i/.any deposit (I —III), from the chlorlte-sericite schists of the Jested crystalline 

area |IV| and the Cenomonian recks of the Bohemian Cretaceous Tahle (V). 
[ - fluorite, size fraction • 2 mm; II — fluorite, size fraction 2 — 0.2 mm, III — 

fluorite, size fraction < 0.074 mm. 

Kig. 2. Gas chromatogram of aliphatic hydrocarbons isolated from the anthraxolites 
of the Pribram deposit [1] and the Precambrlan country rocks (the Lečice Member) 

(2). 
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whose origin may be derived from t h e phytol chain of a chlorophyll mole­
cule (E. J. G a l l e g o s , 1976). 

This means that the origin of the bitumens of the Pribram deposit may 
be sought in the organic substances of the surrounding Precambrian rocks 
from which these substances have been extracted [pyrolyzedj by the effect 
of hydrothermal solutions, and deposited in ore veins. This has also been 
confirmed by the analysis of the same groups of organic substances from the 
country rocks of the deposit (Lečice Member], the composition of which is 
close to that of the substances isolated from the ore veins (Tables 1 and 2] . 

Of the deposits lying in metamorphic rocks, the bitumens of the Zadní 
Chodov deposit were studied in detail. Similarly as in the preceding oase, 
n-alkanes, isoprenoid hydrocarbons and fatty acids were isolated from anthra-
xolites. 

T a b l e 2 

Sample no. 

Aspartic acid 
Threonine 
Serine 
Proline 
Glutamic acid 
Glycine 
Alanine 
Valini! 
Isoleucine 
Leucine 
Phenylalanine 
Lysine 

1 

0.96 
0.72 
1.07 
1.30 
1.97 
1.06 
0.93 
1.07 
0.50 
tr. 
tr. 

1.00 

2 

0.22 
0.15 
0.34 
0.19 
0.41 
0.39 
0.22 
0.40 
0.22 
tr. 
tr. 

0.15 

q 
•j 

1.07 
0.98 
0.85 
1.15 
2.20 
0.62 
0.93 
1.32 
0.12 
tr. 
tr. 

0.48 

4 

0.72 
0.68 
0.72 
0.98 
1.80 
0.74 
0.86 
1.12 
0.21 
tr. 
tr. 

0.32 

Amino acids isolated from the anthraxolites of the Pribram deposit (1 anl 2) and 
from the surrounding Proterozoic rocks (Lečice Member] (3 and 4]. Concentration 

in Aig.g"1. 

It is probable that the epigenetic (post-metamorphic) organic substances 
of the host rocks are the source of the above-mentioned organic substances. 
This is attested e.g. by the relatively high concentrat ion of fatty acids in the 
graphitic marble of the Moldanubicum (Table 1] . 

In studying the isotopic composition of the anthraxolites, a significant 
difference between the values 513C (PDB) of the anthraxol i tes from the de­
posits in metamorphic rocks, and the anthraxolites from the Příbram deposit 
(Fig. 3) was found. In the first case these values practically do not differ 
from the isotopic composition of the carbonaceous compounds derived from 
a biological source. In contrast, the anthraxoli tes from the Pribram deposit 
are extremely enriched in the light isotope of carbon and considerably differ 
from Hie isotopic composition of the kerogen of the surrounding Precambrian 
and Cambrian rocks. These results suggest that in the first group of deposits, 
during the origin of anthraxolites, no fairly conspicuous isotopic differen­
tiation look place. In contrast, in the case of the anthraxoli tes of t h e Pribram 
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deposit, the extreme enrichment in the light isotope testifies to a pronounced 
isotopic differentiation of the primary material . 

In relation to the uranium mineralization, the bitumens of all the deposits 
studied (together with calcite, quartz and sulphides) form part of the post-
-ore supply periods. Their absence in higher-temperature stages of minera­
lization may be explained either by a change of the source of hydrothermal 
waters or, more probably, by their complete oxidation while CO, originated. 
In the latter case, e.g. UV I ions could be the oxidation agents: 

OU 2 (C0 3 + H—C 
O 1 

ra|org->uo, + C03
2- +2CO, + H,O, 

as is the common case in epigenetic uranium deposits in sediments. 

I 

E 

m 

- 1 0 

ŕ 13 
ô C ( % o ) 

- 1 5 - 2 0 - 2 5 - 3 0 - 3 5 - 40 - 45 - 5 0 - 55 - 60 

1 2 3 4 5 6 

•m 
7 8 9 

10 1112 

Fíg. 3. Isotopic composition of the carbon of the anthraxolites from the uranium depo­
sits in metamorphic rocks (I), the anthraxolites of the Pribram deposit (II), and 
of the kerogen of the Proterozoic and Cambrium rocks in the surroundings of the 

Příbram deposit (III). 
1 — Licoměřice, 2—3 — Západní chodov, 4 and 6 — Dyleň, 5 — Jáchymov, 7—9 — Příbram. 

10 and 11 — Proterozoic, the Příbram area (Lečice Member), 12 — Cambrian. 

Conclusion 

Results of the investigations carried out have shown that the compounds 
of the reduced form of carbon represente the common part of hydrothermal 
solutions. Their presence is to be considered in interpret ing the causes lea­
ding to the origin of a mineralization or in modelling hydrothermal processes. 

In all the cases studied it has been proved that the carbonaceous substan­
ces in hydrothermal deposits originate by remobilization of organic mate­
rial of the host rocks. With regard to the minimal solubility of bitumens in 
aqueous solutions, their presence in ore veins furnishes evidence of consi­
derable volumes of the waters by which these substances had to be extracted 
from the host rocks; this agrees with the results of the isotopic study of 
oxygen in a number of hydrothermal deposits (H. P. T a y l o r , 1974). The 
oxidation of organic substances during a hydrothermal process may then be 
one of the causes of t h e lowering of the redox potential of the hydrothermal 
solution, and may lead to accumulation of the ore component. The production 
of CO, derived from organic sources may then be responsible for the consi­
derable scatter of the values f5

1|3C of the carbonates of the gangue. 
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