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O N T H E C H A R A C T E R O F C u A N D Z n D I S T R I B U T I O N I N P Y R I T E S 
(Textfigs. 1-14) 

A b s t r a c t . In this article the authors deal with the character of Cu and Zn 
distribution in separated pyrites. They base on almost 600 spectrochemical 
analyses carried out on the named elements. The discussion is based on histo­
grams and frequency curves and on the comparison of the results of investi­
gations of Ni and Co distribution in pyrites. 

Introduction 

The authors publ ished already in t h e journa l Geologický sborník (vol. XVII, 1966, 
no. 1) an article about pyr i te geochemistry of some deposits of ČSSR and about t h e 
possibility of the application of part iculary Ni and Co contents in the solution of 
genetic problems. It is r e c o m m e n d e d to the readers of this work to s tudy the above 
ment ioned article because some of the conclusions given in this article are applied in 
this work and we shall not repeat them. W e r e m a r k t h a t the relations of Ni and Co 
distr ibution are presented in a monographic work, which will come out as a book in 1967. 
In this work we present only conclusions deduced from the investigation of Co and Ni 
distr ibution in pyrites. 

One of the fundamenta l problems of geochemistry is the knowledge of the distr ibution 
of chemical elements in earth's crust. So far several authors paid at tent ion to this 
question. In 1922 already W . A. R i c h a r d s o n and G. S n e e s b y (in. A. B. V i s t e -
1 i u s 1960) touched this p r o b l e m and in 1923 they interpreted it theoretically. After­
wards an interrupt ion in the investigation of this problem was evident till 1940, w h e n 
N. K. R a s u m o v s k y, publ ished an extensive general work about the frequency of 
distr ibution of elements concentrat ion and in 1948 h e presented another w o r k about 
lognormal distr ibution in gold prospeclion. 

T h e systematic s tudy of the frequency of distr ibution for the purpose of geochemistry 
was the subject of the work of A. B. V i s t e l i u s (1945,1949). In his work from the year 
1960, A. B. V i s t c 1 i u s formulated on basis oľ m o d e r n mathematical-statist ical methods 
the law of gcochcmical processes w h e n h e stated t h a t the frequency of elements reflected 
the geochemical env i ronment . In t h e formulat ion of this law t h e a u t h o r based on the 
investigation of deposits. H e ascertained the possibility of dist inguishing of 2 distr ibution 
groups of chemical elements in the earth's crust. T h e first distr ibution group- h e character­
ized as stable stage of geochemical process. In this case the distr ibution has a character 
of normal division. T h e second type of distr ibution includes t h e combinat ion of results 
of several distr ibution causing stages of the geochemical process. T h e sum of individual 
microelement distr ibutions caused b y natura l chemical reactions produces wide-spread 
positive a symmetry . This a s y m m e t r y in the distr ibution of elements shows that low 
microelement concentrat ions form in the course of geochemical processes usually more 
frequently t h a n higher concentrat ions of these elements b y the same geochemical 
process. A. B. V i s t e 1 i u s dealt witli this question also in his other works 1948—1952). 

As considerable contr ibut ion to the solution of the problem of distr ibution relations 
analyses were obtained h a v e greatest influence on the form of the frequency curve. 
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can be considered ihe works of L. H. A h r e n s (1954—1966), who dealt with this 
question since 1954 when he formulated the fundamental geochemical law of elements 
distribution as follows: ..The concentration of an element in specific igneous rock is 
lognormally divided." The division of the values ,,x': is lognormal there when the 
division of log x values is normal. 

Since 1.954 several works concerning the law of lognormalily were published. Many 
of these works expressed at the beginning a critical point of view to the validity of the 
law of L. H. A h r e n s (C h a y e s F., 1954; M i 11 e r R. L., G o 1 d b e r g E. D. 1955; 
A u b r e y K. V. 1956; S. D u r o v i č 1957 and others). Till 1966 L. H. A h r e n s 
wrote only in the journal Geochim. et Cosmoehim. Acta 8 works concerning the 
problem of lognormality law (1954a, 1954b. 1957, 1963a, 1963b, 1963c. 1964a. 1966). 
which he completed according to great number of analyses. 

In 1963 L. H. A h r e n s published a paper, in which he pointed to possible distribu­
tion forms of elements in specific igneous rocks. He divided these forms into 4 
categories: a) positive asymmetric lognormal division (most frequent), b) negative 
assymmetric lognoa-mal division (one to two examples), c) normal or approximately 
normal division (one example) and d) uncertain division (five examples). In 1966 
L. Ii. A h r e n s published his last work, in which he summarized division data of 
34 macro- and micro-elements in igneous rocks from 158 works of various authors. The 
majority of distributions displays positive asymmetric division, which he considered as 
lognormal distribution type. Two elements only, Si and K showed different tendency 
in favour of negative asymmetry of lognormal division. 

Other authors also dealt with the problem of elements distribution. D. A. R o d i o-
n o v (1961) gave a brief review about the question of lognormal division of elements 
in igneous rocks. He concluded that the lognormal and normal division of elements in 
igneous rocks were extreme distribution types. The lognormal division arose according 
to him when the main quantity of the element in the rock was concentrated in one 
mineral and normal division arose in the case of regular division of lbe entire element 
quantity in several minerals. One can observe an innumerable quantity of mean 
division types between the mentioned two extreme distribution types, the character 
of which depends on the number of clement bearing minerals and on their quantitative 
representation. The various division types represent a combination of lognormal and 
normal division in various ratio. • 

Our up to date investigations concerning the relations of the distribution of Ni, Co. 
and other elements in pyrite base on he fact that in nature we hardly can find ideal 
(extreme) division types of elements (with only lognormal and only normal division 
type). It is caused by the fact that natural processes take place under the influence of 
numerous factors which affect the distribution of elements. We can therefore rather 
speak only about a dominant factor which maximally affected terminal distribution of 
elements in the observed mineral. The majority of the present elements passed through 
more-act distribution process from the standpoint, of distribution. 

After evaluating analytic data and making histograms of analyses from various 
deposits of various regions and various genesis the summary histogram characterize 
distribution which can be considered as a combination of the effects of all distribution 
factors affecting the formation of all investigated samples. 

These are the reasons why we consider as imporlat for the determination of distribu­
tion character also the proportions in which samples from individual localities were 
taken. It is evident that geochemical data from pyrites of deposit from which most 
The method of separation of mineral and the analytical method showing certain 
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dispersion (certain analyt ic deviation) should also not be underva lued. In this way we 
would point also to the importance of the determinat ion of distr ibution character. 

We emphasize that in spite of above ment ioned circumstance relations exist in the 
distr ibution of microelements which could be revealed and which express to more or 
less degree the c o m m o n val idi ty of n a t u r a l distr ibution laws of certain elements in 
certain minerals (e. g. in pyrite) or in specific concrete rocks of certain genetic type. 
T h e distr ibution of elements in ores or rocks of polyminera l composit ion is evidently 
more complicated with more complicated relations of distr ibution of individual elements 
in minerals represented in different and variable rale in ore or rook. 

T h e complieatencss of microelements distr ibution in m o n o m i n e r a l fractions depends 
on the conditions of the formation of corresponding minera l-under var ious geological 
processes or there are few possible ways of origin. Pyr i te belongs to the category of 
minerals arising u n d e r var ious conditions u n d e r the influence of manifold geological 
processes. Therefore such a minera l could show higher var iabi l i ty of the distr ibution 
of individual elements. T h e crystallochemical characters of the lattice of minerals and 
the ability to accept microelements in crystals in various way are part icularly to be taken 
into consideration. T h e distr ibution depends also on indiv idual microelements which 
can have var ious position in certain crystals and can be i somorphous or uni somorphous 
(heterogeneous). Tt is evident that the distr ibution of microelements in m o n o m i n e r a l 
fraction shows a complex of relations which we can only part ial ly determine b u t we 
are not able to attain to definite relatively universal conclusions. 

T h e u p to present lognormali ly investigations in the distr ibution of elements are 
mostly based on analyses of igneous rocks, m a i n l y of granites. Till now no more 
extensive work exist which deals with the validity of the law of elements distr ibution in 
individual minerals . This question has been studied leasl at separated ore minerals, 
whereas on silicate minerals some studies were m a d e . S. 1) u r o v i e (1957) examined 
by us the distribution character of Mn. Ni, Cu. Zn in unseparated pyrrhot i te ore from 
Heľpa and his considerations about distr ibution character were based on conversion to 
pure pyrrhot i te . 

T h e authors of this work intend therefore to apply the up to present knowledges 
about microelements distr ibution relations in separated pyrites n a m e l y to Zn and Cu 
contents, whereas Ni and Co contents were a lready investigated and will be published 
in the work by B. C a m b e 1. J . J a r k o v s k ý (1967 in press). T h e distr ibution of 
other elements, M n . Mo, V, Ti will be also gradual ly evaluated. T h e results of our 
investigations can be followed by means of graphs and one table. In tabic I the 
n u m b e r of analyt ic values of Ni. Co, Zn and Cu divided into concentrat ion intervals 
are given. T h e table is also il lustrated graphical ly (fig. 1, 2). In the table not only 
analyses of the authors of this article are included but also analyses of F. l i e g e m a n n 
(1943), C. M. W r i g h t (1965) and H. L a n g e (1957) are included. 

In fig. I the specific course of Co frequency curves of syngenelic pyrites (more 
values with higher Co contents) compared with h y d r o thermal pyrites (left side of 
graph) is shown. Frequency curves of Ni contents of syngenelic (left side of graph) 
and of hydro thermally epigenetic pyrites (right side of graph) on the contrary do not 
show any differences in its course. 

Fig. 2 shows the rapid rise of frequency curves of Zn contents at low to zem contents 
as well as in the interval of high contents. Besides that the regular increase of pyri te 
analyses with Zn contents at the value of 250 p p m perhaps can indicate lhal a pari 
of Zn can be i somorphous as it supposed F. II e g e m a n n. Cu frequency curves show 
more regular course. T h e frequency curves of Cu anil Zn similarly as those of Co and 
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Fíg. 1. Graph of Ni and Co contents (according to table 1) divided into concentration groups. 
Explanations: 1 — syngcnctic metamorphosed pyrites of CSSR; 2 — syngenetic metamorphosed 
pyrites analyzed by F. Hegemann (1943); 3 — addition 1+2-f-foreign pyrites analyzed by 
B. C a m b e l , J. j a r k o v s k ý (1967) + analyses of C. M. W r i g h t (1965); 4 - sedi­
mentary pyrites of concretionary character in limestones, clays and coal from occurrences in 
CSSR and taken from the work by F. H e g e m a n n ; 5 — hydrothermal pyrites of CSSR; 
6 — hydrothermal pyrites analyzed by F. II e g e m a n n (1943); 7 — addition of values 
5-)—6-f- analyses of H. L a n g e (1957); 8 — sum of all analyses. Similar explanations with 
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Fig. 2. Graph of Zn and Cu contents values divided into concentration groups. The values 
are taken from table 1. Explanations to figure 1, table 1. 

Ni in contradict ion to Co curves do not display different course at syngenetic pyrites 
(left side of graph) and at l iydrothermal ly epigenetic pyr i te (right side of graph). 

Distribution of Cu and Zn in Pyrite 

• According to existing opinions which we confirm essentially, appear Zn and Cu in 
pyr i te prevail ingly as uni somorphous heterogeneous admixtures and a small p a r t of 
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lliese clemenls can form an i somorphous a d m i x t u r e in pyri te. T h e problem of crystallo-
chemical position of microelements is treated b y the authors in the work which is now 
in press (B. C a m b e 1, J . J a r k o v s k ý 1967). 

T h e complete evaluat ion of distr ibution of elements contents was carried out in the 
following w ray: we investigated Zn and Cu contents first of all in higher metamorphosed 
syngenetic pyrites from West Carpathian region (Malé K a r p a t y Alts.. Heľpa. Polhora, Žiar 
Valley), afterwards part icular ly in Smolnik pyrites (epimetamorphosis) as well as in Chva­
letice and Zlaté H o r y pyrites and at last we m a d e Zn and Cu values his tograms of ell py­
rites of m a i n deposits in CSSR analyzed b y us being of syngenetic. character and meta­
morphosed in var ious stage. W e present part icular ly Zn and Cu contents histograms of 
h y d r o l h e r m a l pyrites from deposits in CSSR analyzed by us. In histograms in other 
figures also analyses of F. H e g e m a n n (1943). 11. h a n g c (1957). C. M. W r i g h t 
(1965) are included. These analyses were included into various graphs according to t lie 
genesis of the pyrites. 

W e r e m a r k that considerable difficulties in graphical i l lustration were caused by the 
analytic results of F. H e g e m a n n which show raised frequency in certain regular 
intervals of values (c. g. 500. 1000, 1500, 2000 p p m - fig. I I ) . ľ. l i e g e m a n n 
has also considerable pyr i te analyses with high Zn and Cu contents which we could 
not include into graphs for saving place b u t in two cases we m a d e from analyses 
presented b y F. H e g e m a n n histograms with I he interval of 250 p p m on another 
scale (fig. 11). 

A brief rewiew of separat ion a n d spectrochemieal m e t h o d employed by us is given 
in the article b y 13. C a m b e 1. J . J a r k o v s k ý (1966). W e add that lbe width of 
the interval as it is applied in his tograms is for Zn as well as for Cu equal (50 p p m on 
l inear scale and 0,1 log. p p m on logarithmic scale!. Therefore it is possible to compare 
frequencies of the both elements in pyrites from various deposits. 

In this work we deal with the problem of differences in the distribution of 
i somorphous (Ni, Co) and u n i s o m o r p h o u s elements (Zn. Cu) and therefore we present 
except his tograms of Zn and Cu also comparat ive Ni and Co frequency curves. 

W e suppose t h a t i s o m o r p h y of certain elements in minerals manifests wi th regard 
to the contents of these microelements b y certain relatively fixed concentrat ions of 
microelements in minerals a n d the frequency of the microelements contents is delimited 
in some way. It could be supposed on the other h a n d that the way of representation 
of u n i s o m o r p h o u s microelements in the mineral would be manifested by m o r e variable 
contents wi thout more determinable del imitat ion of concentrat ions. The high n u m b e r 
of low to zero contents of microelements on the one h a n d a n d a considerable n u m b e r 
of cases with high contents on the other h a n d therefore can sometimes point to hetero­
geneous position of these elements in minerals . W e present for the purpose of 
comparison frequencies of concentration values of Co Ni. Zn and Cu given in 
table I. 

It is evident from the table that whereas at Co and Ni there is a relatively small 
n u m b e r of trace and zero values as well as of high values (above 4000 ppm) at Cu 
and Zn il is the contrary. It is evident further that from 1567 analyses on Co 131 data 
lie u n d e r the sensitivity l imit of he m e t h o d (10 p p m ) . After adding of still 153 analyses 
of II. L a n g e (1957) it will be together 284 analyses, e. i. 18.12 % of the total n u m b e r 
of analyt ic data . Cases of above 4000 p p m Co are from 1567 only 6 8 ( 4 , 3 4 % ) . Ni has 
from 1567 analyses 175 cases of zero to trace values (under 10 p p m . 1 1 , 1 7 % ) and 
27 cases of values above 4000 p p m ( 1 , 7 2 % ) . Zn has 557 cases of zero to trace values 
'.under the sensitivity l imit of 100 ppm) i. c. 4 9 , 3 3 % and 138 ( 1 2 % ) analyses above 
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4000 p p m from 1129 analyses. Among 1129 Cu analyses there are 194 zero values and 
values under the l imit ( 1 7 , 1 8 % ) and 139 cases are above 4000 p p m ( 1 2 , 3 1 % ) . 

W e call at tention to the fact that the above ment ioned assupmtions of the possibility 
of determinat ion of microelements position in pyr i te on basis of the investigation of then-
contents frequency can be only relatively correct and are not val id in every case for 
certain elements in certain minerals . It is evident that the erystallochemical position of 
individual microelements in the lattices of minerals is not clear and requires further 
discussion. Various transitions exist between homogenous m i x t u r e crystals (isomorphy) 
and p r o p e r heterogeneity. Heterogeneous m i x t u r e crystals (epilaxis — in V. A. F r a n k -
K a m e n e c k i j 1964) and anomal m i x t u r e crystals (in M. K y r š, M. K ř i v á n e k 
1960) s tand in the middle. W e r e m a r k that we p u t to heterogeneous form also types of 
representat ion close to homogenous ones as it is the form of i n n e r adsorption of 
elements arising with gradual crystal growth w h e n crystalloid particles of colloidal 
dimensions adsorbing some microelements originate in crystal individuals . 

This s tructure is observable u n d e r electron microscope as so called .,defect s t r u c t u r e " 
(S. K i p i k a š o v á, G. K m i n i a k o v á 1966). 

Fig. 3. Histograms and frequency curves of Co contents in pyrites from various Malé Karpaty 
ore types made on linear and logarithmic scale. Explanations: 1 — pyrites from graphite-
quartz-sulphide ores least metamorphosis; 2 — pyrites from high metamorphosed ores amphi-
bolc-sulphidc, quartz-sulphide ores and pyrites from amphibolites; 3 — sum of pyrites from 

all Malé Karpaty ore types 1 + 2 + mineralized graphitic gneisses. 
Fig. 4. Histograms and frequency curves of Ni contents in pyrites from various ore types 
of Malé Karpaty mineralization made on linear and logarithmic scale. Explanations to figure 3. 
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The character of Ni and Co distribution in pyrites can be seen in following figures 
by means of comparative frequency distribution curves which were made by drawing 
histogram contours. 

Fig. 3 shows Co contents frequency in various metamorphosed Malé Karpaty pyrite 
ore types. All these types show clear positive asymmetric lognormal division (in the 
sense of L. H. A h r e n s 1963). 

In fig. 4 wide dispersion of Ni contents concentrations in Malé Karpaty is given 
expressed at low excess values by irregular shape of frequency curve. On logarithmic 
scale Ni distribution values show moderate negative asymmetry and considerable excess. 
Fig. 4 shows clearly that Ni in Malé Karpaty pyrites has no lognormal distribution, 
which fact we ascribe particularly at Ni to redistribution process caused by metamorphic 
recrystallization. 

Fig. 5 presents frequency curves of pyrites from main pyrite deposits of ČSSR. The 
essentially lognormal division of Co contents in syngenetic pyrites from Malé Karpaty 
Mts., Smolník as well as in hydrothermal West Carpathian pyrites is evident from the 
histograms. The frequency curve at hydrothermal pyrites shows two tops on logarilmic 
scale. In this case there are pyrites from numerous hydrothermal West Carpathian de­
posits, the subvolcanitcs particularly have different Co and Ni contents. The frequency 
curve of Co contents in Heľpa pyrites (high metamorphosed pyrites in catazonc) which 
does not point to lognormal distribution character deserves particular attention. All Ni 
distribution curves on fig. 5 except those from Malé Karpaty Mts. show lognormal 
distribution character although they have relatively irregular course (hydrothermal 
pyrites and pyrites from Chvaletice and Zlaté Hory). 

Fig. 6 shows Co and Ni distribution curves of pyrites from metamorphosed syngenetic 
deposits in ČSSR, to which existing analyses of F. H e g e m a n n, C. M. W r i g h t 

l'ig. 3. Comparative frequency curves made by drawing histogram contours of Co and Ni 
contents in pyrites from main pyrite deposite in ČSSR. The curves were made by drawing 

histogram contours. 
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and H. L a n g e were added. T h e curves show clearly the lognormal division of Co in 
all cases given in the graph. F r e q u e n c y curves of Co distr ibution in pyrites of 
m e t a m o r p h o s e d deposits analyzed by F. H e g e m a n n and syngetic West Carpathian 
pyrites only show complicated course on logari thmic scale. In the case it is the result of 
genetic heterogeneity of pyrites derived from various world deposits and in the second 
case (in West Carpathian pyrites) it is caused by var ious grade of metamorphos i s of 
pyr i te deposits in CSSR. 

Ni on the contrary to Co has not so typical lognormal distr ibution. It is caused b y 
the fact that Malé K a r p a t y pyrites being very n u m e r o u s (around 250) h a v e not 
lognormal distr ibution. T h e s imultaneous combining of var ious distr ibution character 
in pyri te analyses from var ious genetic types of deposits is ev ident from fig. 6 from Ni 

50C '000 '500 ÍOOO ?500 3000 3500 '0 '5 20 í 5 30 35 
DO'7' log oo"• 

Fig. 6. Comparative histograms of Ni and Co frequency curves made on linear and logarithmic 
scale. The curves were made by drawing histogram contours. Explanations: 1 — pyrites of 
metamorphosed pyrite deposits in CSSR -f- pyrites presented by F. H e g e m a n n being of 
the same genesis; 2 — metamorphosed syngenetic pyrites presented by F. Hegemann (1943); 
3 — metamorphosed pyrites of pyrite deposits of CSSR; 4 — intensively metamorphosed 

West Carpathian pyrites of Malé Karpaty Mts., Heľpa, Polhora, Ziar Valley. 
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distr ibution curves on logarithmic scale. T h e combinat ion of negative excessive skewness 
(asymmetry) (syngenetic pyrites of CSSR) and positive excessive skewness (asymmetry) 
(pyrites analyzed b y F. H e g c m a n n) are seen there and in middle par t of s u m m a r y 
curve (full line) a top appear which is typical for frequency curves of Ni distr ibution 
in h y d r o t h e r m a l pyrites (fig. 7c). 

T h e presented his togram indicates the impor tance and influence of the n u m b e r of 
pyri te analyses and their selection from certain types of deposits for m a k i n g s u m m a r y 
distr ibution curves and for the determinat ion of c o m m o n distr ibution relations. It is 
evident that also the so called distr ibution relations are only relatively common and 
express relations d e p e n d e n t on factors ment ioned in foregoing text (number of analyses, 
selection of samples and their locality, qual i ty of analysis). 

Fig. 7c shows Ni and Co distr ibution in pyrites of h y d r o t h e r m a l genesis. In these 
pyrites manifests clearly the typical character of lognormal division with positive 
skewness (asymmetry) . T h e course of frequency curves on logari thmic scale only reveals 
certain differentiation in the distr ibution characteristic of pyrites of various groups of 
h y d r o t h e r m a l deposits presented in graph. 
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Fig. 7. Comparative histograms of Ni and Co frequency curves made on linear and logarithmic 
scale. The curves were made by drawing histogram contours. Explanations: 1 — hydrothermal 
pyrites of deposits in CSSR and of those mentioned by F. H e g e m a n n (1943); 2 — pyrites 
of hydrothermal deposits presented by F. II e g e m a n n (1943); 3 — hydrothermal pyrites of 

CSSR; 4 — hydrothermal pyrites of West Carpathians. 
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Evaluation oj 'An and Cu frequency 
histograms 

In figures 8 and !) histograms of 
Xn and (ai contents from deposits of 
Malé K a r p a t y Mls.. Heľpa and Pol­
hora. Smolník and Mníšek (8b, 9b), 
(Ihvaletiee and Zlaté H o r y (8c. 9c) arc 
particularly presented as well as sum­
mary histogram of above mentioned 
partial histograms (8cl. 9d). 
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Fig. 8. Histograms of Zn contents in 
pyrites from various pyrite deposits in 
CSSIl of syngenetic origin and in pyrites 
presented by F. H e g e in a n n (1943) of 
tlie saníc genesis. Explanations: 8a — 
pyrites from Malé Karpaty Mts., Heľpa 
;ind Polhora high metamorphosis, 8b — 
pyrites from Chvaletice and Zlaté Hory 
deposits, 8d — all metamorphosed syn­
genetic pyrites of ČSSR, 8e — metamor­
phosed pyrites analyzed by F. II e g c-
ni a n n. The upper number above the 
individual graphs signifies the number 
of analyses with trace to zero contents. 
The lower number signifies the number 
of analyses above '2400 or 2500 ppm of 

the element. 
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Fig. 9. Histograms of Cu in pyrites from 
various pyrite deposits in CSSR of 
syngenetic origin and from pyrites pre­
sented by F. II e g e m a n n of the same 

genesis. Explanations: as to fig. 8. 
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No of Cases 

•x> 
8-
6^ 
4 -
? -

Wo c?/ Coses 

O 

'61 
H-
12-
10-
8-
6-
4 -
2-
0-

10 
i& 
16-
M-
12-' 
10-
8-
6-
4-
2-
O 

54 
52-
50 
<a-
46-
44-
<?-
40-
38 
36-
M-
32-
30-
28-
26-
24-
22-
?0-
18-
16-
14-
12-
10-
3-
6-

rrm, 

-« 100ppm 8/'an 
• 2400ppm 13an 

- P -
500 » 0 1500 2000 

-= 100 ppm 2*2 an 
-2400ppm . . . . 71 an 

1000 ISOOppm 
O —"10 ppm 13 en 

2400ppm 9 an 

The histograms show compared with Co and Ni histograms trace (<100 ppm) and 
zero values and extreme high values (above 2500 ppm) among numerous cases which 
were not plotted into histograms. It is the case e. g. in pyrite analyses from Chvaletice 
and Zlaté Hory and in numerous analyses of F. H e g e m a n n (fig. 11). Summary 
histograms of Zn distribution from above mentioned deposits show indistict positive 
asymmetric division being of indistinct lognormal character. High values of Zn contents 
are related with difficult separation of pyrite from Zn minerals. 

Histograms of Cu in pyrites (fig. 9) in contradiction to Zn are characteristic by more 
lognormality and more analyses 
because trace ( < 10 ppm) to 
zero values seldom occur in py­
rites. On the contrary to that Cu 
values in pyrites are very high 
which is connected with consi-
rable difficulties in the separa­
tion of pyrite from chalcopyrite 
(also in relation to sphalerite). 
High Cu values show particu­
larly the analyses of F. H e g e-
m a n n. in which 139 analyses 
have vaules above 2500 ppm 
Cu (fig. 11). 

Fig. 10 presents histograms 
of Zn and Cu contents from 
pyrites of hydrothermal depo­
sits in CSSR (10a, 10c) and 
from pyrites of hydrothermal 
deposits given by F. H e g e-
m a n n (10b, lOd). It is evident 
that hydrothermal pyrites have 
lower Zn and Cu contents than 
syngenelic pyrites and that the 
number of cases with trace to 
zero contents increases, whereas 
the number with high contents 
of mentioned elements decreases 
there. These numerical data are 
presented particularly with his­
tograms. 

Fig. 12a shows summary 
histograms of Zn values in syn­
geneic metamorphosed pyrites 
from CSSR and in pyrites pre­
sented by F. H e g e m a n n. 
fig. 12b shows histogram of Zn 
values in hydrothermal pyrites. 

A part of fig. 12c present the 
sum of histograms of Zn distri-
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Fig. 10. Histograms af Cu and Zn contents in pyrites 
from hydrothermal deposits. Explanations: 10a + 10c 
— Zn and Cu in hydrothermal pyrites of CSSR, 10b -f-
lOd — Zn -f- Cu in hydrothermal pyrites presented by 

F. H e g e m a n n . 
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bution of all analyses mentioned by the authors and by F. H o g e m a n n. This histo­
gram indicates that Zn has the character of middle expressive lognormal distribution 
with positive skewness (asymmetry) and on transformed logarithmis scale the sym­
metrical extension of distribution frequency is visible. 
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Fig. 11. Histograms of Zn and Cu contents in pyrites from syngenctic deposits analyzed by 
F. H e g e m a n n (1943). 

Fig. 13a shows summary histogram of Cu frequency of syngenetic metamorphosed 
pyrites in ČSSR and of pyrites presented by F. H e g e m a n n, in fig. 13b a histogram 
of Cu of pyrites from hydrothermal deposits is made. Cu is in contradiction to Zn 
represented in more analyses and shows more expressive lognormal distribution with 
excessive positive inclination. ?\To more expressive difference between the distribution 
of Cu in hydrothermal and in syngenetic pyrites is noticed there. 

Fig. 14 illustrates the sum of Cu histograms given in fig. 13. The conclusion from 
the foregoing figure about the lognormal character of Cu distribution is confirmed 
there. 

Conclusions 

Ni and Co histograms of fundamental genetic types of pyrite (syngenetic pyrites and 
hydrothermal epigenetic pyrites) show only in main features a uniform but in detail 
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different picture. Ni and Co h a v e on linear scale also l o g n o n n a l posit ive asymmetr ic 
distr ibution, whereas the division of values on logari thmic scale is essentially normal 
(symmetrical) b u t Ni has more irregular shape of frequency curves. 

O u r investigations show that one of the reasons of exceptional (normal) distribution 
of Co and Ni in pyrites is the high metamorphos i s which caused addi t ional redistr ibution 
of Co and Ni and in this w a y also the change of character of entire p r i m a r y distribution 
of these elements. E. g. Co from Heľpa pyrites has distr ibution close to n o r m a l and 
similar distr ibution shows also Ni from Malé K a r p a t y pyrites. Certain irregularity in 
his tograms m a d e from analyt ic data of pyrites taken from several deposits was caused 
b y manifold genetic conditions at these deposits. In the case of different character of Ni 
and Co distr ibution in different ore types, also in pyrites within one deposil. this 
c i rcumstance can be p r o b a b l y ascribed to the fact (e. g. at Ni) that with higher Ni 
contents in pyr i te one p a r t of Ni represents the i somorphous consti tuent of pyr i te and 
the other par t represents the uni somorphous constituent. Two distr ibution types of the 
same element can therefore exist and combine u n d e r certain conditions also within one 
mineral . 

T h e investigation of the character of Co and Ni as well as of Zn and Cu and of other 
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elements (Mn, Mo, V. Ti), about which we shall inform later, points to essentially 
lognormal character of the distr ibution with positive skewness (asymmetry) of all the 
n a m e d microelements in pyrite, regardless of being elements b o u n d to pyr i te by 
i somorphy or u n i s o m o r p h y . T h e i somorphous or u n i s o m o r p h o u s character of elements 
in pyr i te therefore cannot be determined on basis of the distr ibution character according 
to hitherto existing investigations of the distr ibution of micro-elements in pyrite. The 
distr ibution of Co and Ni indicates very sensitive reaction of i somorphous elements 
in pyr i te which can be considered as indicatory elements on the change of genetic 
conditions of pyr i te and sensitive reflection of the influence of t h e r m o d y n a m i c and 
other geological factors u n d e r the action of which the minera l arose or altered and 
recrystallized in their distr ibution. Such a sensitive reaction on the distr ibution and 
redistr ibution show a m o n g trace elements in pyr i te Ni and Co only, whereas typical 
heterogeneous elements do not display such a sensitive differentiation of dis lr ibution 

\b. aj Cases 

Fig. 13. Histograms of Cu con­
tents expressed on linear and 
logarithmic scale. Explana­
tions: n — metamorphosed 
syngenetic pyrites of CSSR 
l i e g e m a n n. b — hydrother-
and pyrites presented by F. 
mal pyrites of ČSSR and 
pyrites of hydrothermal de­
posits presented by F. H c-
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Fig. 14. Histogram of Cu contents in pyrites of 
all types of deposits analyzed by B. C a m b e 1, 
J. J a r k o v s k ý and F. H e g e m a n n. 
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in relation to genetic condit ions. It is evident from the his tograms t h a t heterogeneous 
elements in syngenetic pyrites as well as in h y d r o t h e r m a l pyrites show equal distr ibution 
character and also his tograms from indiv idual localities do not show such an expressive 
var iabi l i ty of distr ibution as Co and Ni. T h e above ment ioned text is confirmed b y the 
conclusion that i somorphous elements in pyr i te (Ni and Co) similarly as un i somorphous 
elements (Zn, Cu and other) h a v e essentially lognormal character of distr ibution b u t 
i somorphous elements display sensitive change of distr ibulion character in "relation to 
genetic condit ions. 

Translated by J. P e v n ý . 
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