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JÁN JARKOVSKÝ* 

THE SUM OF Co + Ni + Cu + Mn CONTENTS IN PYRITE — INDICATOR 
OF PETROMETALLOGENETIC PARTICULARITIES OF ORE 

MINERALIZATION 

(Figs. 4. Tabs. 4] 
í 

A b s t r a c t : In the work is discussed the problem of relation of pyrite 
mineralization to the rock environment on the basis of the sum of con­
tents of systematically 'present microelements in pyrite, Co, Ni, Cu, Mm. 
It is proved that the sum of the mentioned elements, but mainly of Co + 
Ni is dependent on the sum of these elements in the maternal and surro­
unding rocks, in which the ore deposits and occurrences containing pyrite 
are formed. 

P e 3 jo M e : AiiTop CTaTMi pa36iipaeT npoÔJietty cooTHOineHHa nHpHTOBoií Mi-ine-
pajiH3aiinH n iiopoaoBoň cpeabi Ha ocuoBe paciera coaep>KaHHH cHCTeMaTiraecKH 
npHcyTCTByioinux MHKpoajieMeHTOB B raipiiTe Co, Nii, Cu, Mn. UoKa.3MBaeTCii <-ITO 
pacqeT STHX sjieMeHTOB, a Haňôojiee Co + Ni 3aBiicnT OT pacieTa 3THX sjieMeH-
TOB B MaTepiIHCKHX H OKpyíKaiOlUHX noponax, B KOTOpblX B03HIIKaiOT pyjHBie MCCTO-
pO>KfleHHH H MeCTOHaXOKfleHHH, KOTopbie coaep>KaioT rrapHT. 

In the monographic work about the geochemistry of pyrite the authors 
B. C a m b e l and J. J a r k o v s k ý [1967) have presented a geochemical cha­
racterization of pyrite coming from various genetic and deposit types of sul­
phide mineralization, mainly from t h e West Carpathian region. The obtained 
results they compared with the data from foreign l i terature and have come 
to the conclusion, that on the basis of contents of indicator microelements of 
Co and Ni can be solved the genetic and metal logenetic questions of ore de­
posits and indications. They were directed to a numerous association of ele­
ment (Ni, Co, Cu, Mn, Ti, V, Sn, Mo, As, Sb, Bi, Zn, Pb, Ag, Au, Tl). 

From the mentioned elements only Ni, Co, Cu and Mn occur in pyrites syste­
matically or relatively often in contents spectrochemically determinable. The­
refore we paid attention to thesei e lements in the last time from the view­
point of their mathematical-statist ical t reatment on the computer. We obtained 
so further interesting data about relations of these elements in pyrite from 
individual genetic types of ore mineral ization in the West Carpathians (J. 
J a r k o v s k ý , 1979). 

In the presented contribution the subject of our study are the summary 
contents of Co + Ni + Cu + Mn in pyrite from different rock environments. They 
.are elements, the differences in values of the summary contents of which 
in pyrite are a suitable criterion indicating the differences in the petro-
metal logenetic position of deposits and pointing to the differences in indi­
vidual types of sulphide mineral ization in the frame of the same genetic 
group. 

Pyrite as the main and more stable modification of iron disulphide is 
binding in its crystal structure geochemically related elements with iron, 
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mainly Co and Ni but also Cu and Mn. We were dealing with the. geochemical 
and crystallochemica] aspect of Cu and Mn distribution in pyrites and pyrrho-
tite in a particular contribution (J. ] a r k o v s k ý, 1980). 

Cobalt, nickel, copper and manganese are thus elements, which are bound 
in crystals of pyrite to more or less homogeneous, but Cu, Ni, and Mn 
with higher contents always occur as heterogeneous. To -a certain extent it 
concerns also cobalt. The mentioned four elements are typical in having 
common crystal lochemical features from the viewpoint of the isostructural 
character of their sulphides with pyrite — FeS, (CoS, — cattierite. NiS 2 — 
vaesite. MnS.; — hauerite, CuS., — fukuchilite). This is reflected chiefly from 
the geochemical viewpoint in the fact that Co, Ni, Cu and Mn are in pyrite 
the most frequent elements. 

When we range association of elements in pyrite traced by B. Cambel and 
J. J a r k o v s k ý (1967) according to the criterii of the forms of their occur­
rence in this sulphide, we receive such a scheme: 

Co 

A s 

Cu 

Mn 

Ni 

Sb 

Pb Zn 

[ T i l 

Ag 

Mo 

( A u ) 

Sn 

The elements framed with full line have a direct crystal lochemical relation to 
the crystal structure of pyrite, taking up (replacing] the positions of Fe 
atoms in low (Co, Ni) -and very low contents (Cu, Mn) on the one hand, the 
positions of S atoms in low (As) and very low contents (Sb) on the other 
hand. Elements framed with interrupted line have a certain, also when expe­
rimentally not proved crystal lochemical relation. This is testified by the 
data from pyrites occurring immediately in the rock environment containing 
these elements. There is a syngenetic (e.g. Smolnik) but also specific epige-
netic ore mineralization, e.g. pyrite from hydrothermally altered volcanic 
rocks of central Slovakia (Vtáčnik Mis.). It results at last also from the 
position oľ these elements, mainly of Ti and V in the periodical system of 
elements. On geochemistry of Ti in pyrite from hydrothermally altered volcanic 
rocks of the Vtáčnik Mts. we prepared for publication a particular informa­
tion (). ) a r k'o v s k ý — J. F o r g á č — D. J a n č u 1 a) . 

Finally, also the other in the scheme not framed elements display a certain 
relation to pyrite, because this disulphide accumulates them in certain con-
tents, the value of which depends mostly from the surrounding environment 
of mineral association of the maternal rocks. There are essentially elements 
wilh heterogeneous position in pyrite in form of fine inclusions or present 
in form of colloids more or less individualized, the mineralogical identifi-
cation of which is practically imp'.ssiblď at the contemporaneous level of 
technical equimenl of geochemie^,: laboratories. 
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OVSKÝ 

In connection with these relations 
the question of the petromet-allogene-
tic character comes to the foreground, 
thus the question of material influ­
ence of the surrounding rocks on 
pyrite mineralization and ore mine­
ralization at all. Several deposits 
from the region of the West Car­
pathians can be mentioned, from 
which geochemical data on microele­
ments in pyrite are available (B. 
C a m b e l — ]. J a r k o v s k ý, 1967). 
Relative most data were gathered 
from pyrite deposits of the West Car­
pathians (Pezinok, Pernek — Little 
Carpathians, Heľpa — Low Tatra, 
Smolník, Mníšek — Spišsko-gemer-
ské rudohorie Mts.), but also from 
hydrothermal plutonic and subvolca-
nic ore mineralizations. Recently we 
investigated pyrite in 39 samples 
from a deep borehole (1480 m) loca­
ted in hydrothermally altered volca­
nic rocks of central Slovakia (J. F . o r -
g á č — J. J a r k o v s k ý, 1981]. 

Tlie data about the sum of contents 
of traced elements in pyrite we docu­
ment numerically and graphically. 
For simplification and clear t reatment 
of the obtained data we present them 
in form of the sum of the average 
(arithmetic) contents. Individual 
samples of pyrites or their analytical 
data locally reflect the material qom-
position of the given rock environ­
ment, which changes from place to 
place more or less. On -an average, 
howecer, they trustworthy characte­
rize the geochemical picture of pyrite 
from certain deposit or occurrence, 
situated in the given rock environ­
ment. 

In tables we mentijon the data in 
3 columns. The first of them contains 
the sum of average contents Co + 
Ni -I- Cu + Mn (g/t). The other co­
lumns contain a couple of average 
contents Co + Ni and Cu + Mn. 
From these data is to be seen, with 
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winch part in pyrite the mentioned 
couples of elements are sharing. They 
point to the particularity ŕof pyrite 
mineralization in various environ­
ments, which formed under various 
conditions in dependence on several 
factors of geological and physical-
-chemical character. 

The individual tables (Tabs. 1—4) 
are compiled so that first the total 
group of pyrites from pyrite deplosits 
of syngenetic origin from one ore 
district are mentioned. This group is 
divided into competent partial groups 
of pyrite representing the individual 
types of pyrite mineralization. In the 
same table further the total group of 
epigenetic (hydrothermal) pyrite mi­
neralization from the same ore district 
and the competent partial groups re­
presenting the individual localities of 
the given area with hydrothermal mi­
neralization follow. For clearness the 
numerical data from the tables are 
represented also graphically (Figs. 
1 - 4 ] . 

Discussions to the tables and graphs 

In Tab. 1 are mentioned and in 
Fig. 1 graphically represented the 
competent data of summary average 
content of the observed elements in 
pyrite from syngenetic (pyrite) and 
epigenetic (hydrothermal) minerali­
zations of the Low Carpathians (Ma­
le Karpaty Mts.]. From the graphical 
data distinct differences between the 
syngenetic and epigenetic pyrite mi­
neralization result. Whilst in the fra­
me of syngenetic ore mineralization 
smaller oscillations in chemical com­
position (jf pyrites caused by varia­
bility of the material composition of 
rocks 'O'f basic ophiolite volcanism 
and influenced by metamorphism of 
ores as a consequence of intrusion of 
granite magma, in the frame of hy­
drothermal mineralizations greater 
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oscillations in composition of pyrite in consequence of considerable hetero­
geneity of mineral composition of the surrounding rocks, in which pyrite for­
med, occur. From the mentioned results, that the syngenetic pyrite minerali­
zation (jf the how Carpathians divided into sub-groups according to geological 
position and mineralogical criterii (1 a—h in Fig. 1) is characterized by a re­
latively monolithic block also in spite of certain variation caused mainly by 

g.t 
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• C o t N i ' C u ' M n 
- C u ' M r 
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1 • f 

Fig. 1. Column diagram of the sum of contents of the traced elements in pyrite o£ 
syngenetic unci epigenetic origin from the deposit region of the Low Carpathians. 

Explanations: On the horizontal axis for clearness the sums of element contents in 
the individual groups and subgroups are framed in form of columns. The main groups 
are drawn with thicker line and designated with Arabic numerals; the sub-groups are 

drawn with thinner lines and designated with small letters. 

metamorphism of ores. Due to the process of metamorphism the petrometallo-
genetic factor was weakened 'or obscurred to a certain extent, which distinctly 
is shown in case of epigenetic pyrite originated in hydrothermal way (graphs 
?_ a g in Fig.!] . Here also the difference in pyrite from Sb-mineralizations 
of CajI'Ei and Pernek is to he seen. 

Whilst pyrite Írom Sb-mineralization of Cajla is characterized by relatively 
low values of summary contents of the traced elements, pyrite from Sb-mi-
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neralization of Pernek shows considerably higher values (Fig. 1, columns 2 
b, c) . It may be explained by the fact, as mentioned by B. C a m b e l (1959), 
that the hydrothermal solutions in case of pyrite from Pernek were enriched 
in iron subsequently when passing through rocks with the content of earlier 
pyrite mineralization. In other cases, as it is evident from the columns in 
Fig. 1, in origin of hydrothermal pyrite mineralization mainly the petrome-

(• 8020 

g t 
3 0001 

2000 

1000 

2 00 

f«7840f« 7530 

iBSOOiA 8600 

3 a b c d 4 a b c d e f g 

Fig. 2. Column diagram of the sum of contents of the traced elements in pyrite of 
syngenetic and epigenetic origin from the deposit area of the Low Tatra. 

Explanations.- ditto as in Fig. 1. 

tal logenetic factor had an influence, by which the character of solutions 
was conditioned (sericite-graphite phyllites of the Harmonia group, granitoids, 
l imestones and further ones) . 

In Tab. 2, Fig. 2 is presented the numerical and graphical documentation 
of the syngenetic -and epigenetic pyrite mineralization from the ore district 
of the Low Tatra. Similarly as the syngenetic pyritization of the Low Car­
pathians in this case also (Heľpa) pyrite forms different types of syngenetic 
ores (Fig. 2, columns 3 <a—d). These are analogously as those from, the Low 
Carpathians characterized by a relative uniform block, but are metamorpho-
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sed into a higher grade. The epigenetic pyrite mineralization of the Low 
Tatra has a very different picture, depending on the character of hydrother-
mal solutions ascending through various rock types (granitoids, gneisses, 
migmatites, Permian complexes >and others) . Interesting are in contrast to 
the Low Carpathian hydrothermal ore mineralization, pyrites with a relat i­
vely high content mainly of Co + Ni (Fig. 2, columns 4 c,f,g). 

4000 

3000 

2000-

1000 

200 

[XI 

L 

L 

f 

Fig. 3. Column diagram nl the sum of contents of the traced elements in pyrite of 
syngenetic and epigenetic origin from the deposit area of the Spišsko-gemerské rudo-

horie Mts. 

Explanations: ditto as in Fig. 1. 

'['In: further traced group arc pyrites of syngenetic and hydrothermal origin 
id the Spišsko-gemerské rudohorie Mts. (Tah. 3, Fig. 3] . Fig. 3 (columns 5 
a—o) shows lhal syngenetic pyrites from the deposit -area of Smolnik have 
relatively low values of the average contents of the studied elements. The 
deposit area of Smolnik is situated in the upper part of the southernmost 
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strip of Silurian dark schists of the Gemerides al ternating with volcanogenic 
basic rocks. The bearer of pyrite- chalcopyrite mineralization are chlorite 
schists (J. I l a v s k ý — S. P o l á k , in S l á v i k et al., 1967). The relation 
of pyrite mineralization and al ternat ing surrounding rocks thus determine 
together with manifestations of a relatively low-grade metamorphism the 
sum of contents of elements in pyrite. In the subgroups of syngenetic pyrite 

g.t 
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14610 
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•• 6322 

' i 5170 

ft f b 10 
Fig. 4. Column diagram of the sum of contents of the traced elements in pyrite of 
syngenetic and epigenetic origin from the areas of the Western Tatra, Veporské po­

horie Mts. and Vtáčnik Mts. 
Explanations: ditto as in Fig. 1. Designation 9 a, b concerns pyrite, 10 a, b 

nal volcanic rocks. 
mater-

of the Spišsko-gemerské rudohoriei Mts. compared with the syngenetic pyrites 
from the Low Carpathians and Low Tatra, a greater variation of the traced 
values is evident. From the petrometal logenetic viewpoint it can be cleared 
up in a way, that whilst e.g. the pyrite mineralization at t h e Jalovicí vrch 
hill near Mníšek is located prevailingly in rocks of acid volcanism (tuffoge-
nic rocks, tuffites, quartz porphyries), the ore mineral ization in Prakovce 



728 JARKOVSKÝ 

činel the Hutná dolina valley near Mníšek is accompanied by more basic 
members. 

In the Tab. 4, Fig. 4 we show the competent data of syngenetic pyrite from 
mineralized amphibolites of the Žiarska dolina valley in t h e Western Tatra 
(column 7 a) and from the Nogova dolina valley near Tisovec (column 7 b), 
further data of syngenetic pyrite from Šankovce near Jelšava (column 7 c) . 
Table 4 and Fig. 4 include then data of pyrite of epigenetic origin from 
various crystall ine rocks of the Vepor zone near Tisovec, as well as from 
other localities of the Veporské pohorie mountains (Ľubietová, Osrblie, Po-
niky—Drienok). 

Finally, in Tab. 4 and Fig. 4 we present data of the sum of contents of the 
traced elements in pyrite (column 9 a,b) as well as in their maternal ifocks 
— hydrothermally altered volcanics of the Vtáčnik mountains (column 10 a,b). 
In all the mentioned cases are to be seen considerable differences in the sum 
of contents of the traced elements, but mainly of Co + Ni. 

A particularly interesting case are pyrites and maternal volcanic rocks 
from the Vtáčnik mountains. It has been shown, that the competent data 
completed by the data of the ratio of Co/Ni contents in pyrite and mother 
rocks testify to that the source of the elements traced in pyrite are their 
maternal volcanic rocks. The mentioned rocks as a consequence of decom­
position of femic minerals by hydrothermal solutions provided for formation 
of pyrite not only the fundamental element — iron, but also trace elements, 
mainly Co and Ni. Co and Ni in pyrite, on the contrary to mother rocks, 
were enriched almost 11 times, only confirming their role and crystallo-
chemical properties in formation of iron disulphides under conditions of 
hydrothermal activity. When we valuate relation between pyrite and the 
mentioned mother rocks on the basis of sum Co + Ni + Cu, then the sum of 
these elements in pyrite is by 5.2 times higher in contrast to the competent 
rocks. As a consequence of its chalcophyllic properties a part of Cu passed 
from rocks into pyrite. As to Mn, this element, as known, displays lithophyllic 
properties also under conditions of hydrothermal activity and consequently 
passes in the essential part into secondary silicates or carbonates and only 
an insignificant part of Mn comes from rocks into pyrite. 

Conclusions 

The data obtained about the sum of contents of systematically present 
elements in pyrite, Co, Ni, Cu, Mn, testify that the microchemical characte­
ristics of pyrite mineralization reflect t h e material composition of surround­
ing rocks. The summary contents of the mentioned elements in pyrite in­
form in which rock environment pyrite formed and what is the degree of 
the petrometallogenetic effect under the given geologic and thermodynamic 
condll ions. 

Finally the summary content of the traced elements in pyrite provides not 
only Information for theoretic metal logenetic study, but on the basis of these 
dala can he valuaLcd the given ore mineral ization containing pyrite from the 
viewpoint of possibilities of its potential utilization. 

II would be possible to decipher mtore profoundly and more in detail the 
mentioned relations only then, when we knew the macro-and micro-chemical 
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c h a r a c t e r i s t i c s of r o c k s , h o w e v e r , m a i n l y in Co, Ni, Cu, Mn. It w o u l d be 
i d e a l to k n o w t h e c o n t e n t s of t h e s e e l e m e n t s in i n d i v i d u a l r o c k - f o r m i n g 
m i n e r a l s of t h e g i v e n r o c k s . 

Translated by J. Pevný 
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