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IGOR ROJKOVIC*

GEOCHEMICAL CHARACTERIZATION OF U-Cu-Pb MINERALIZATION
IN THE PERMIAN OF THE CHOC NAPPE IN THE VIKARTOVSKY
CHRBAT AREA (THE WEST CARPATHIANS)

(Figs. 1—6)

Abstract: The stratiform mineralization oceurs in the Upper Permian
of the Choe nappe in the Vikartovsky ehrbit arvea. Distribution of U, Cu, Ph,
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 i¢ more
abundant than Pb in the western part of the Vikartovsky chrbat area, and
opposite relation was observed in the eastern part. The ore concentrations
were formed mainly during the process of diagenesis owing to presenee of
organic ecarbon.

Peawwme: B sepxseit mepmu xouckoro mnokposa B ofaactu Bukaprosckoro
xpefira obBuapymxena crparudopmuan MuHepannsauua. B cratee onMchiBaercs Ha-
xoxnesue U, Cu, Pb, Zn, Ni, Co, Sb, As, Mo, C opr., V, Sr, Zr, Y, Th, Mn
i Ti, a raxke ux pacnpocrpanenne. [napubiMy aneMeHTaMu pynseil accoimaujin
apnawres U, Cu, Pb. B 1o spems kak B sanmanwoil yactu Buxaproscxoro xpebra
npeobranaer Cu nan Pb, s socrounoit uacrst ux coornowenue ofparnoe. Popmu-
POBAHHE PYIHBIX KOHUEHTPALMI MPOM3OUII0 TAaBHBIM 00pasdM B Ipolecce NHAT::
HE3MCd, M0A BAMAHMEM OPraHM4YecKoro yriepoja.

U-Cu-Ph mineralization occeurs in the Upper Permian of the Choé nappe in the north-
castern parl of Nizke Tatey Mis. The upper parl of pelitic-psamitic beds of the Upper
Permian is mineralized and it is represented mainly by arcosie sandstones. arcosis and
aleurolites (1. Novotlny — J. Badar 1971), Lenticnlar bodies ol psamites of gray
to dark gray colour with the fragments of carbonized plants are mineralized.

The following main ore minerals characterize the ore mineralization: pitehblende,
chalecopyrite. galena. pyrite. lennantite. sphalerite and arsenopyrite (I Rojkovie
1974). The relationship hetween 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 em
thick interlavers of coal. Sullides ocenr also in quartz-carbonale veinlets cutting the
ore lenses.

The ore concenteations were Tormed during dingenesis (L. Novoilny —.J0 Badir
1971, I. Rojkovie 1974). The positive role during their formation played sorbtion
properties of the carbonized plants, cross-hedding and litho-Tacial development of beds
(L. Novorny — L Badar 1970, Sterility of lenses with the carbonized plants
with surrounding pelitic rocks demonstrates also dingenetic origin ol the mineralization.
The absolute age of the ore mineralization was determined by method Phagg/Usqe 263
m. v. and by Phog U s method 274 mav. (I, Novotny — oral report).

Oeewrrenee Hf t'h'””'”f.\‘

The lnegrained ore minerals and mostly their disseminated Torm ol occurrence neceds
L o .
analvses of trace and especially ore elements due 1o full characterization of mineraliza-
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tion. 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 flourescence
and spectral analyses were analyvsed the following elements: U. Cu. Ph. Zn. Ni. Co.
Sh. As. Mo, € org.. V. Sr. Zr. Y. The Mn and Ti. Majority of analvses were made in
the laboratories of the Uranium industry. The quantitative spectral analyses were made
in the laboratory of Geological Institute of the Slovak Academy of Sciences by p. g
L Medved and S. Klau¢ova.

Uranium oeccurs in the ore lenses in uranium minerals, mostly in pitchblende.
Lower contents ol uranium in sandstones without the carbonized plants detritus oceur
either in accessoric uranium minerals or in zircon. The average conlents of the psamitic
rocks in references are in the range 04—4 ppm (2 ppm — H. D. Holland — L L.
Kulp 1954, 4 ppm — L. S. Jevsejeva — A L Perelman 1962, 045 ppm —
KiK. Turekian — K. H. Wedepohl 1961, 1.5 ppm for arcoses by J. J. W.
Rogers — KA Richardson 1964). Relatively high average contenl of uranium
in the arcosic sandstones excepl ore lenses (24 ppm) indicates uranium enrichment
in ore-bearing beds. The highest contents of uranium in the mineralized lenses were
found out in their central parts. especially in the interlayers of the black shiny coal.

Copper oceurs in copper minerals. mainly in chaleopyrite and lennanlite.

lLead is bound in the rocks studied mostly 1o galena and partly oceurs in uranium
minerals as radiogenic lead.

Zinc is bound to sphalerite. which is common accompanyving mineral of the ore
mineralization. Lower conlents of Zn were proved also in tennantite (I Rojkovic
1974).

Nickel does not form own minerals in the rocks studied. but substitutes Fe in
pyrite. as was proved by eleetron microprobe,

Cobalt occurs similarly as nickel in pyrite. The consistent occeurence ol Co and
Ni is confirmed also by their high positive coelficient of correlation (tab. 1),

Antimony is in small amount bound to tennantite. as was confirmed by its
significant correlation with Cu and by the electron microprobe analyses of tennantite.

Arsenic occurs in arsennopyrite and tennantite. The joint occurence of arsenie
and copper is confirmed also by their high coefficient of positive correlation (tab. 1).

Molvhdenum is enriched in the carbonized plants. There was found only one
Ph-Mo-S mineral in the sample with the highest content of NMo. and it is subject of
further study.

Organiec earbon oceurs in the earbonised remnants of plants. oceuring mostly
in the form of detritus. also in the form of 1 =3 em thick interlayvers of coal. or rela-
tively well preserved earbonized wood. The ore minerals occur in them very often. as
was confirmed by belonging  correlation coeflicients of organic carbon to the ore
elements (tab. 1. fig. 1—2). In the sandstones deseribe J. M, Hunt (1961) and A, B.
Ronoyv (1958 2,200 ppm € org. The average contents of € org. in the rocks studied
are 1.565 ppm in the nonmineralized arcosie sandstone and 2.8 0/4 in the mineralized
lenses with carbonized plants.

Vanadinm is enrviched in the places of the highest concentration of the car-
bonized plants. Vanadium minerals have not been indentified by optic microscope.
only by electron microprobe have bheen observed very finely disseminated vanadium
oxides in the earbonized plants. This relationship is also confirmed by significant
positive correlation of vanadium to organie carbon (lab. 1. lig. 2).

Strontium occurs cither in the earbonized plants or carbonales present in the
analysed arcosic sandstones mostly in the form of thin veinlets. Tt is suggested also
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Fig. 1. Values of correlation cocllicient of U 1o other elements (1 — western part of Vikartov-
sky ehrbat, 2—3 castern. 3 — loeality with weak mineralization),

by signilicant coeflicient of corvelation of S with € org. 11 Cech (1969) describes
for coal in the region Handlovi and Noviky average contents from 150 to 1.500 ppm.
Do) Swaine (1972) found out in the ashes of the Australian coals Sr-contents [rom
100 1o 10.000 ppm. Similarly in the Hungarian coal in the Pécs-Szaboles area were

by J. Csalgovits — M. . Vighnd (19689) found oul the maximal content of Sr
up to 10.000 ppm.
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Zirconium is represented by mineral zircon, which is common accessory of the
rocks studied. Zr-contents in references are shown 200 ppm (H. Degenhardi 1957)
and 220 ppm (K. K. Turekian — K. H. Wedepohl 1961). In the rocks studied
Zr shows moderale increase in the ore lenses (539 ppm) in the comparison with the
adjacent nonmineralized sandstone (328 ppm).

Th
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Fig. 3. Geochemiond cross-section of the ore-hearing complex in the eastern part ol Vikar-
tovsky chrbit (1 — alenrolites, 2 — arcosie sandstones, 3 — arcosie sandstones with abundant
detritus of carbonised plants).
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Yutrium oceurs in zircon and uranium minerals. 11 is conlirmed also by signifi-
cant positive coeflicient of correlation of Y with Zr and U, Due 1o its occurence in the
uranium minerals the average content of Y in the mineralized lenses shows signilicant
enrichment (216 ppm) in the comparison with the nonmineralised sandstone (19 ppm).

Thorium is probably bound to either uranium minerals or zircon. Small varia-
hility of Th-contents due to low sensitivity ol analyvsis. does not show this relationship.

Manganese oceurs in the manganese oxides. In the rocks studied does not show
any relation to the ore mineralization. There is none signilicant difference between its
contents in the mineralized (695 ppm) and the nonmineralized (544 ppm) arcosic
sandslones.

Titanium oceurs in the aceessoric minerals. mostly in rutile. There has not heen
found any relation to the ore mineralization. and its distribution is different as in the
case of the elements conneeted with the ore mineralization. The average contents of Ti
in mineralized as well as in nonmineralized rocks are practically the same (3.763 ppm
in mineralized and 3.872 ppm in nonmineralized rocks).
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Distribution of elements

Due to nearly horizontal position of the beds only close underlaving and overlaying
rocks of the mineralized lenses can be observed in the mines. More complele cross-
section 1s shown in the eastern parl of the Vikartovsky chrbat arves in the locality with
weaker mineralization (fig. 3). FFrom the geochemical eross—section it is possible Lo see
corresponding peaks in the central parts of the ore lenses for U, € org., Cu. Ph. As.
Mo and less for Ni, Co, Zr, V. Th and Sr. The increased contents have not been
observed in the central parls for Mn and Ti.

Element association of the ore mineralization, typical for the mineralization studied,
expressively shows values of standard deviation and variation coeflicient. While standard
deviation is expression of absolule dispersion, variation coefficient is relative value
of dispersion. The high standard deviation is so typical for all elements with the high
contents, Lill higher values of variation coefficient are typical for the elements of the
ore mineralization, showing in this way their relative enrichment in the mineralized
lenses. This is obvious in the case of Ti. Titanium with the relative high contents has
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Fig. 5. Values of variation coefficient (V) and standard  deviation (s} ol analysed elements
in the western part of Vikartovsky chrbat.




GEOCHENTCAL CHABRACTERIZATION 113

L

the corresponding value of standaed deviation high. but its variation coefficient is the
lowest among the analvsed elements dab, 20 Tigs A—G) The clements coneentraling
in the mineralized  lTenses have their corresponding values ol variation  coellicienl
approximately above 100 fige 4—0610 Among them show maximal inerease ol standard
deviation i the comparison with varciation coelficient the elements of maximal con-
centeation and they ave the charvacteristiec elements of individual loealities. They are
Cooree Lo Phoand G Tor whole Vikartovsks ehiebiat area Tig. 41, For the western parl
of arcacis exeept Coores and U tepieal Co (lige 500 while in the eastern parl prevails
Phoinstead of Ca o
minerals, While Tor mineralized Tenses in the western parl s exeepl uranium minerals

o G This corresponds vers well 1o the association ol 1the ore
Ivpical 1‘|l:|[1':1||}l'i[|- and tennantite. in the castern part il ois galena,

Further comparison of the element assoeiation ol the ore mineralization show coel-
leients of Tincar corvelation (tab, 1. Tig, 1=20. Most of the elements of the ore mine-
vilization show the significant positive coreelation with uranivm (above 405100 [0 was
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Fice G0 Valoes of variation cocllicient (V) and standard deviation (s ol analvsed  elements
in the eastern part of Vikartovsky elirbil,
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nol observed in the case of Tio Mo and Th (Th-probably due 1o low sensitivity of
analysis). Low correlation with Ph and 7Zn in the eastern part of the Vikartovsky
chrbit area is caused obviously by their local remobilization in the quartz-carbonate
veinlets within mineralized lenses. Low correlation with Shoin the eastern part refleets
-'l{}Sl‘l'lI‘l' or rare occurenoee “r ll'““;l“lil("

The deseribed data show, that Tor the western part of Vikartovsky chrbiat area are
more Lypical Cu. As and Sh, while for castern part Ph. Zn and Mo. Regarding these
differences the associalion of the clements typieal for U-Co-Ph mineralization in the
Vikartovsky chrbit can be characterized as follows:

I. Dominant elements of the ore mineralization: U, Cu, Ph.
2. Additional elements of the ore mineralization: 7Zn, As. Ni. Co, Mo. Sh. (Y). (Th).
3. Accompanying elements: C org. Zr. Se. V.o (Y). (Th).
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