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GEOCHEMICAL CHARACTERIZATION OF U-Cu-Pb MINERALIZATION 
IN THE PERMIAN OF THE CHOC NAPPE IN THE VIKARTOVSKÝ 

CHRBÄT AREA (THE WEST CARPATHIANS) 

(Figs. 1-6) 

A b s t r a c t : Tlie stratiform mineralization occurs in the Upper Permian 
of tlie Choč nappe in the Vikarlovský chrbát area. Distribution of U, Cu, Pb, 
Zn, Ni, Co, Sb, As, Mo, C org., V, Sr, Zr, Y, Th, Mn and Ti is explained in the 
paper. Dominant elements of ore association are U, Cu and Pb. Cu is more 
abundant than Pb in the western part of the Vikarlovský chrbát area, and 
opposite relation was observed in the eastern part. The ore concentrations 
were formed mainly during- the process of diagenesis owing to presence of 
organic carbon. 

P e 3 io M e: B BípxHeň nepMH xoiCKoro mnpoBa B o6jiacTH BíiKaproBCKoro 
xpeôxa oÔHapyHĺeHa cxpaTHijiopMHaíi MHHepajiH3an;HH. B CTaľbe onHCbiBaeTca na-
xoHtaeHtte U, Cu, Pb, Zn, Ni, Co, Sb, As, Mo, C opr., V, Sr, Zr, Ý, Th, Mn 
n Ti, a TaKjKe iix pacrrpocrpaHeHne. rjiaiBHtiMH 3jieMeHTaMH pyaneii acconnairnH 
SBJIHIOTCH U, Cu, Pb. B TO BpeMfl KaK B 3anaaHoŕi qacTH BiiKapTOBCKoro xpeÔTa 
npeoôjiaaaeT Cu Han Pb, B BOCTOUHOÍÍ qacTH HX cooTHonieHne oôpaTHoe. <J?opMii-
poBaHHe pyiiHLix KOHiieHTpaKHH npoH30iujio rjiaBHtiM o6pa33M B nporrecce nnar j ' 
He3Hca, non BjiHHHneM opraHimecKoro yrjiepoaa. 

U-Cu-Pb mineral izat ion occurs in the U p p e r P e r m i a n of the Choc n a p p e in the north­
eastern par t of Nízke Tatry Mls. T h e u p p e r part of pelitic-psamitic beds of the Upper 
Permian is mineralized and it is represented main ly b y arcosic sandstones, arcosis and 
aleurolites (L. N o v o t n ý — .1. B a d á r 1971). Lenticular bodies of psamitcs of gray 
to dark gray colour with the fragments of carbonized plants are mineralized. 

T h e following main ore minerals characterize the ore minera l izat ion: pitchblende, 
chalcopyrite, galena, pyrite, lennanti te, sphalerite and arsenopyri le (1. R o j k o v i č 
1974). The relationship between the ore mineralization and fragments of the carbonized 
plants is obvious. The highest concentrations of ore minerals were found out in the 
central parts of lenses with the carbonized plants and especially in the thin 1—3 cm 
thick interlayers of coal. Sulfides occur also in quartz-carbonate veinlets cutt ing the 
ore lenses. 

The ore concentrations were formed during diagenesis (L. N o v o t n ý — .1. B a d á r 
1971, I. R o j k o v i č 1974). T h e positive role during their formation played sorbtion 
properties of the carbonized plants, cross-bedding and litho-facial development of beds 
(L. N o v o t n ý — .1. B a d á r 1971). Sterility of lenses with the carbonized plants 
with surrounding pelitic rocks demonstrates also diageuelic origin of lbe mineral izat ion. 
The absolute age of the ore mineralization was determined b y method Pb20ti/U9:is 26,1 
m. y. and b y P1)207W235 method 274 m. y. (L. N o v o t n ý — oral report) . 

Occurrence oj elements 

The finegrained ore minerals and mostly their disseminated form of occurrence needs 
analyses of trace and especially ore elements due In full characterization of mineraliza-
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lion. For that reason were made analyses of arcosic sandstones with different, in some 
cases even prevailing ratio of carbonized plants. By the chemical, X-ray flonrescence 
a n d spectral analyses were analysed the following e lements : II . Cu, P b . Zn, Ni, Co. 
Sb. As, Mo, C org.. V. Sr. Zr. Y. Th, Mn and Ti. Majority of analyses were m a d e in 
I he laboratories of the U r a n i u m industry. The quant i tat ive spectral analyses were m a d e 
in the laboratory of Geological Insti tute of the Slovak Academy of Sciences b y p. g. 
.1. M e d v e ď and S. K I a u č o v á. 

U r a n i u m occurs in the ore lenses in uranium minerals, mostly in pitchblende. 
Lower contents of u r a n i u m in sandstones without the carbonized plants detritus occur 
c i ther in accessoric u r a n i u m minerals or in zircon. T h e average contents of the psamitic 
rocks in references are in the range 0.4— '\ p p m (2 p p m — H. D. H o l l a n d — I. L. 
K u 1 p 1954. 4 p p m — L. S. J e v s e j e v a — A. I. P e r c ľ m a n 1962, 0,45 p p m — 
K. K. T u r e k i a n — K. H. W e d e p o h l 1961, 1,5 p p m for arcoses b y J . J . VY. 
R o g e r s — K. A. R i c h a r d s o n 1964). Relatively high average content of u r a n i u m 
in the arcosic sandstones except ore lenses (24 ppm) indicates u r a n i u m enr ichment 
in ore-bearing beds. T h e highest contents of u r a n i u m in the mineral ized lenses were 
found out in their central parts, especially in the interlayers of the black shiny coal. 

C o p p e r occurs in copper minerals, mainly in chalcopyrite and tennanti te . 
L e a d is b o u n d in the rocks studied mostly lo galena and part ly occurs in u r a n i u m 

minerals as radiogenic lead. 

Z i n c is b o u n d to sphalerite, which is common accompanying mineral of the ore 
mineralization. Lower contents of Zn were proved also in tennant i te (I. R o j k o v i č 
1974). 

N i c k e 1 does not form own minerals in the rocks studied, but substitutes Fc in 
pyrite, as was proved b y electron microprobe. 

C o b a 1 t occurs similarly as nickel in pyrite. The consistent occurence of Co and 
.\i is confirmed also by their high positive coefficient of correlation (tab. 1). 

A n t i m o n y is in small amount b o u n d to tennant i te . as was confirmed b y its 
significant correlation with Cu and b y the electron microprobe analyses of tennant i te . 

A r s e n i c occurs in arsennopyri te and tennant i te . The joint occurence of arsenic 
and copper is confirmed also b y their high coefficient of positive correlation (tab. 1). 

M o l y b d e n u m is enriched in the carbonized plants. There was found only one 
Pb-Mo-S minera l in the sample with the highest content of Mo. and it is subject of 
further study. 

O r g a n i c c a r b o n occurs in the carbonised r e m n a n t s of plants, occuring mostly 
in the form of detritus, also in the form of I — .'1 cm thick interlayers of coal, or rela-
tively well preserved carbonized wood. T h e ore minerals occur in t h e m very often, as 
was confirmed b y belonging correlation coefficients of organic carbon to the ore 
(dements (tab. I. fig. 1—2). In the sandstones describe .). M. b l u n t (1961) and A. R. 
H o n e v (1958) 2.200 ppm C org. The average contents of C org. in the rocks studied 
are 1.565 p p m in the nonmineral ized arcosic sandstone and 2 . 8 % in the mineralized 
lenses with carbonized plants. 

V a n a d i u m is enriched in the places of lbe highest concentrat ion of the car­
bonized plants. Vanadium minerals have not been indentified b y optic microscope. 
only by electron microprobe have been observed very finely disseminated v a n a d i u m 
oxides in the carbonized plants. This relationship is also confirmed b y significant 
positive correlation of vanadium to organic carbon (tab. 1. fig. 2). 

S t r o n t i u m occurs either in the carbonized plants or carbonates present in the 
analysed arcosic sandstones mostly in the form of thin veinlets. It is suggested also 
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Zr Sr Ni Zn Mo V Co C Cu As Sta Pb Ti Mn Th 

Fig. 1. Values of correlation coefficient of U to other elements (1 — western part of Vikartov-
ský chrbát, 2—.'! eastern, 3 — locality with weak mineralization). 

by significant coefficient of correlation of Sr with (1 org. F . C e c h (1969) describes 
for coal in the region Handlová and Nováky average contents from 150 to 1.500 ppm. 
D. .1. S w a i n c (1972) found out in the ashes of the Australian coals Sr-contents from 
100 to 10.000 ppm. Similarly in the Hungar i an coal in the Pécs-Szabolcs area were 
by .1. C s a l g o v i t s — M. F. V i g h n é (1969) found out lbe maximal content of St­
up to 10.000 ppm. 
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Fig. 2. Values of correlation coefficient of C org. to other elements (1 — western part of 
Vikarlovský chrbát, 2—3 eastern, '•) — locality with weak mineralization). 
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Z i r c o n i u m is represented b y mineral zircon, which is common accessory of the 
rocks studied. Zr-conlents in references are shown 200 ppm (H. D e g e n h a r d t 1957) 
and 220 p p m (K. K. T u r e k i a n — K. H. W e d e p o h 1 1961). In the rocks studied 
Zr shows moderate increase in tlie ore lenses (539 ppm) in the comparison with the 
adjacent nonmineral izcd sandstone (328 ppm) . 

USŽ - II 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 39 40 41 42 43 44 45 46 47 48 

i l ^ = E 1 3gSI 

Fig. 3. Geochemi«oJ cross-section of the ore-bearing complex in the eastern pari of Vikar-
tovský chrbát (1 — aleurolites, 2 — arcosic sandstones, 3 — arcosie sandstones with abundant 

detritus of carbonised plants). 
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"N t t r i u m occurs in zircon and uran ium minerals. It is confirmed also by signifi­
cant positive coefficient of correlation of Y with Zr and U. Due to its occurence in the 
u ran ium minerals the average content of Y in the mineralized lenses shows significant 
enr ichment (216 ppm) in the comparison with the nonmineral ised sandstone (19 ppm). 

T h o r i u m is probably bound to either u ran ium minerals or zircon. Small varia­
bility of Th-contenls due to low sensitivity of analysis, does not show this relationship. 

M a n g a n e s e occurs in the manganese oxides. In the rocks studied does not show 
any relation to the ore mineralization. There is none significant, difference between its 
contents in the mineralized (095 ppm) and the nonmineral ized (544 ppm) arcosic 
sandstones. 

T i t a n i u m occurs in the accessoric minerals, mostly in rutile. There has not been 
found any relation to the ore mineralization, and its distribution is different as in the 
case of the elements connected with the ore mineralization. The average contents of Ti 
in mineralized as well as in nonmineral ized rocks are practically the same (3.763 ppm 
in mineral ized and ,3.872 ppm in nonmineralized rocks). 

4000 

•3000 

•2000 

Ti Th Zr Ni Co Mr, Y Sr Zn As V Cu Pb C Sb Mo U 

Kig. \. Values of variation coefficient (V) and standard deviation (s) of the analysed elements 
in the Vikartovskv chrbát area. 
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Distribution of elements 

Due to near ly horizontal position of the heds only close under laying and overlaying 
rocks of the mineral ized lenses can be observed in the mines. More complete cross-
section is shown in the eastern part of the Vikartovský chrbát ares in the locality with 
weaker mineral izat ion (fig. 3). From the geochemical cross—section it is possible to sec 
corresponding peaks in the central parts of the ore lenses for U. C org., Cu, P b . As, 
Mo and less for Ni, Co, Zr, V, Th and Sr. The increased contents have not been 
observed in the central par ts for Mn and Ti. 

Element association of the ore mineral izat ion, typical for the mineralization studied, 
expressively shows values of s tandard deviation and variat ion coefficient. While s tandard 
deviat ion is expression of absolute dispersion, variat ion coefficient is relative value 
of dispersion. The high s tandard deviation is so typical for all elements with the high 
contents, till higher values of variat ion coefficient are typical for the elements of the 
ore mineral izat ion, showing in this w a y their relative enr ichment in the mineralized 
lenses. This is obvious in the case of Ti. Ti tanium with the relative high contents has 
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Fig. 5. Values of variation coefficient (V) and standard deviation (s) of analysed elements 
in the western part of Vikartovský chrbát. 
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the corresponding value oľ s tandard deviation high, but lis variation coefficient is the 
lowest among the analysed elements (lab. '_!. fig. 4—6). The elements concentrat ing 
in the mineralized lenses have their corresponding values of variation coefficient 
approximately above 100 (fig. \ — (it. Among them show maximal increase of s tandard 
deviation in the comparison with variation coefficient the elements of maximal con­
centration and they are the characteristic elements of individual localities. T h e y are 
<• org.. I . PI) and Cn lor whole \ ikartovsky chrbát area (fig. 4). For the western part 
ol area is except (. org. and U typical (In (fig. 5). while in the eastern part prevails 
ľb instead of Cn (fig. 6). This corresponds very well to the association of the ore 
minerals. While for mineralized lenses in the western part is except uranium minerals 
typical chaleopyrite and lennanli te . in the eastern part it is galena. 

I'lirlher comparison of the element association of the ore mineralization show coef-
lieienls ol linear correlation (tab. I. fig. I—2). Most of the elements of the ore mine­
ralization show the significant positive correlation with uranium (above + 0.5). It was 
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1000 

Ti Zr Th Nn Ni Co V C Cu Sr U Y Pb As Zn Mo Sb 

fig. (i. Values ni' variation coefficient (V) anil standard deviation (s) of analysed element 
in the eastern pari of Vikartovskv chrbát. 
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not observed in the case of Ti. Mn and ľh (Th-probably due to low sensitivity of 
analysis). Low correlation with P b and Zn in the eastern part of the Vikartovský 
chrbát area is caused obviously b y their local remobil ization in the quartz-carbonate 
vcinlets within mineral ized lenses. Low correlation with Sb in the eastern par t reflects 
absence or rare occurence of lennant i te . 

The described data show, thai for the western part of Vikartovský chrbát area are 
more typical Cu, As and Sb, while for eastern part Pb, Zn and Mo. Regarding these 
differences the association of the elements typical for U-Cu-Pb mineralization in the 
Vikartovský chrbát can be characterized as follows: 
1. D o m i n a n t elements of the ore mineral izat ion: U, Cu, Pb. 
2. Addit ional elements of the ore mineral izat ion: Zn, As. I\'i, Co, M o . Sb. (Y). (Th). 
S\ Accompanying- e lements : C org.. Zr, Sr. V. (Y), (Th). 
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