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1GOR BOJROVIC:

MINERALOGICAL-GEOCHEMICAL CHARAKTERIZATION OF
U-Mo-Cu MINERALIZATION IN THE PERMIAN OF THE
SPISSKO-GEMERSKE RUDOHORIE MTS.

(FFigs. 1—16)

Abstract: In the lower part of the Perminn effusive-sedimentary
in the surroundings of Novoveska Huota U-Mo-Ca mineralization ocen
neralization is bound to o taffite horizon with the highest coneent
ticles and to a smaller degree oceurs in quartz porphvreies. Ming

complex
. The mi-
lion in len=

lowieal obser-

vation and evaluation of analviie data with emploving o statistical mothods
show mineralization character and confirm its svongenetic origin and relation
with quartz porphyvey voleanism.

The uranivm mineralization in the surroundings of Novoveska Hula was [irst
mentioned in literature by J. Tlavs k¥ (1957), who deseribed it as Ni-Co-U
mineralization of elfusive-sedimentary origin. An important [actor lor genesis
ascertainment of the deposit was the absolule age determination of the minera-
lization by J. Kantor (1959). According 1o the author the ore mineralization
is of Permian age and shows very close genetie relation with quarlz porphyry
extrusions. The mineralized quartz porphyry pebbles were according to J. K an-
Lor already mineralized before transportation. 5. D end zik (1965) supposes
mineralization in quartz porphyries already in the time of magmatic dilferenta-
tion in voleanic hearth. The source of U-Mo-Cu mineralization in tulfites were
voleanie exhalations. The author supposes partial migration and local con-
centralion in the time of metamorphosis, . I, Zukov (1963) explains the
origin - of  mineralization as a consequence of Permian  postvoleanie  activity
(hydrotherms, fumaroles). This is confirmed according to him by the occurrence
of ore lenticles in the effusive-sedimentary complex. their position congruenl
with the complex and the discordance of dislocation tectonics with ore bodies
elements.

MINERALOGICAL CHARACTERIZATION OF THE ORE MINERALIZATION

U-Mo-Cu mineralization oceurs in tulfite horizons and to a smaller degree in
quartz porphyries in the surroundings of Novoveska Huta. Teightened uranium
concentrations are also observed in the underlying arcose shales and outside the
deposit area in porphyroids and tufls. For clearer presentation of mineralization
I present the deseription of ore minerals occurrence and their characterizations
ranged in three groups:

[. U-NMo-Cu mineralization in tuflites;

2. U-Mo-Cu mineralization in quartz porphyries;

3. heightened uranium concentrations in arcose shales. porphyroids and tuffs.

"Dre. L Rojkovie, Geological Institute of the Slovak Academy of Seiences, Brati-
slava, Obrancov mieru 41,
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I. Mineralization in Tuffaceous Rocls

The mineralization in tallfaccous rocks is the most important mineralization
tvpe in the arvca under consideration. The taflite horizon in the rock overlying
the lower quartz porphyreies of the Tiest voleanie phase (L o jkovie TH65
conlains the highest coneentrations of U-Mo-Cu mineralization. The ore-bearing
rock are mainly tulTaccous conglomerates. 1o a =maller extent liner grained
tullites.

The mineralization oceurs in the Torn of lentieles. frequently overlapping.
The general position of ore lenticles mosthy coineides with the steike and dip of
surrotunding rocks ol the effusivessedimentary complex. The mineralization s
present in e form ol the cement of talfaceous rocks (g, 12)

Ore content pereentage is roughly arranged concentrieally as it was aseer-
tnined by radiometey and also by chemieal, specteal and Tuminiscence analvses,
The highest contents ave in the centre of Tenticles and geadually decrease towards
the surrounding rock. Inside the tallite horizon certain regularities in the disteibu-
tion of ore lenticles ean be observed. Tnothe Thnileik syoeline (southern part of
the depositl ore lenticles appear closely overlving  quartz porphyries and
prevailingly concenteate in the lower part of the wlfite horizon. In the Huta
anticline (novthern part of the depositl ore lenticles are Tound in the upper parl
of the tlfite horizon. This regularity in the oceurrence of ore lenticles can be
a consequence of later migration in the time of metamorphosis. however the
general reduction of beds underlving the ore lenticles in the Tnileik syneline
is 1o take into consideration. where shales and sandstones are absent in the rock

overlving the quartz porphyries in conteast 1o the Tlota anticline. where they

Fie. 1. Badiogeanm of tulfaccous comglomerate showing coneentration of uranivm  minerals
in the cement. Novoveska Tuta, seale 2 2 1 polished seetion. Photo 10 Mastihaba
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i, 2, Ure minerats in the cement of toffaceons conglomerate. Novoveska Huta, thin seetion,
I onicol, magn, 153X, Photo 10 NV ebhovs ko,

are present. A distinet dependence on tectonies s shown inoa lenticle in the
Fnileik svoeline: the sweface ol the ore lentiele is conformaldle 1o averange
cleavage ovientation (Po N ddame k 19650, Tn this case migration ol ore elements
with metamorphosis is provable, The velatively highest ore elements contents in
this Tenticle also point tu subsequent concentration.

[n the deposit area no tectonie digloeations were aseertained which could have
served as channelway o ore-Tormime solutions. The metasomatic ovigin ol the
mineralization Trom decper soneee does nol agree with low contents ol ore
clements in surrounding roeks (exeepl quartz porphyries i underlyving rock) as
well as the oceurrence ol several Tavers of shales underlving the mineralized
horizon. which would act as a baveier in the case of penetration of metasomatism
inducing  solutions, The mineralization character appears as independent on
mechanieal permeability ol rocks, sinee the ore lenticles appear as mentioned in
talTites of various grain size. even inshales. whal agrees with steatigraphic
control ol the mineralization. U-Mo-Comineralization also does nol induee
alteration characteristic ol hydreothermal deposits in s sueroundings (L 1V o -
kovie 1UG4. 1965,

Youneer veins ol the <iderite Tormation interseet U-Mo-Co o omineralization al
some places. Apart Trom dilferenee inosteike and age the mimeralogieal and
chemical composition also are unequivoeally different. In the area of Novoveska
[uta pitehblende and molybdenite neither have heen asceertained microscopically
nor by analvses in veins of siderite Tormation,
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Fig. 3. Colloform pitehblende in tuffaceous sandy shale (light chaleopyritel. Novoveski Huta,
polished seetion, magn. 150X, Photo 1. Vr bovskxy.

Ore Minerals

Pitehblende was ascertained by microscopy. radiography. roenlgeno-
araphy and spectrally, It forms allotriomorphie grains. veinlels and frequently
is also colloform (Mg, 3). Its refleetibility greatly depends on the degree of
oxidation. what somelimes ean be observed within one aggregate ol grains. It is
found in close paragenesis with molybdenite. in quite distinel paragenesis also
with pyrite and less with chaleopyrite. In tulfaceous sandstone it oceurs on both
sides of pyrite beds. In talfaceous conglomerates pitchblende veinlets around
larger pyrite crystals can be observed. U contains also galenite inclusions. The
separation of pitehblende was rendered more difficult by its finer grain size and
intergrowth with ore and rock-forming minerals. The rvoentgenogram showed
very good coincidence with data from literautre (tab. 1) but spectral analysis
showed as a consequence of intergrowth with other minerals exeepl Ph. Y and
Ybh contents also trace quantities of Mo, Cu. Ni. Co. AL Si. Ti. Cr and Ba.

Uranium black forms mostly earthy aggregates. very bad to polish.
Under mieroscope it is observed as blackishgrey allotriomorphic aggregates and
as a1 consequence of oxidation uranium black is frequently also observed at the
margins of pitehblende aggregates and on joints of pitchblende veinlels.

Molvhdenite oceurs in all the deposit area. reladively more abundant
in the southern (synelinall part. Tt forms small seales. more rarely their agere-
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Table 1. Results of pitchblende roentgenogriom
Radius of chamber: 574 mm
Anticathode: Cuo

Filter: Ni
' l 2 3 4 5
d | d l d Fod d | d I
- i - | - i
L [ do02 10 S0z G| 314 10 a7
2,694 i 2707 G 2.698 5 293 a 270 i
1.4920 8 1LY16G 3 1917 8 1.926 8 1,52 1
(AN 7 1.G30 3 1634 bl 1645 b 1,63 10
153 2 1561 2 1.564 2 1.574 4 1.56 2
14495 2 1494 | 1,49 1
1.:359 2 1,361 ! 1358 2 1365 3 136 2
1.248 4 [.244 3 12406 4 1.251 i 1.25 5
1,212 4 1212 ) 1213 4 1,220 [} 1,21 B
1149 2 115 2
O B e 3 | 11 A 1105 4 1S ¥ |44 b
| 1043 3 1.051 7 1.04 4
0,461 A
[ 0.424 7
: 0011 5
11,8164 0
| (TR AN )
' 0.824 5
1,789 3
Ascertainment: 1.2 — Novoveska Tuotae Literaturee: 3 — VYo L Michejev and V. N,
Dubinina (19389 — 0. Do Dana et al (1950 fin V. L Michejes 1957, 4 — (L
Frondel (1058, 5 — ASTM card-index in M. Butsehkowskyj (1058,

Preparation of roentgenograom: B Gavenda, Evaluation of voentgenogram: R G oa-

venda, L Rojkovie

gales. sometimes striking conformably o the position ol rocks. In tulfaceous
sandstones and shales the scales are concentrated together with pitechblende in
thin sll'iph‘. ']‘h(‘_\' are situated around chalcopyrite and ]m_'n“_\‘ their |u‘n(‘l|':|linn
into chalcopyrite can be observed. Considerable directing and bending of seales.
some of which show undulatory extinetion indicated. attest Tor the most part ils
pre-metamorphic ceevstallization. The identification ol molyvbdenite was une-
quivocally: conlirmed roentgenographically (table 2),

Chalcopyrite is in tulfaccous rocks abundantly concenteated but with
regard 1o pitchblende and molvbdenite veretical shift of its maximum  con-
centreations is observed. It Torms allotriomorphic aggregates of grains and small
veins, Chaleopyrite encloses colloform concenteie. mainly idiomorphic pyrite
crvslals and also interseets 10 i the Torm ol veinlets, Tt intergrows with letra-
hedrite-tennantite. which in most cases replaces and grows around i, [L encloses.
on the conteary, pitchblende and ilmenite. Qualitative speetral analvses Tound
excepl Cu and Fe (more than 1940 also Mg, Moo Nao As Ca (0.01—=0.001" ).
M and Ag (ess than 0.000 "o analvsed by GO Kup ¢ o).

Tennantite-teteahedreit e The hrown, more rarely green tint under
the microscope attests the presence of both minerals, The mineral from the viches
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sample. analysed speetrally and roentgenographically. showed valaes nearer 1o
tennantite (tab. 31, The caleulated lattice constant is also nearer Lo tennantite

Table 20 Besults of molvbdenite roentgenogram
Fe anticathode

GON-3
Filter Mn
2% min
| 2 3 4
dy | ag
o 1 i | d 1 —_ I 1
n (i
(.20 ] G.16 1 G 1 (0.8 G610 30
NI 0.4 i a0
|
3005 3 0.5 K}
2719 2 0.7 2,74 0.7 2 2
2 4 2 0.5 2066 0.4 0.5 |
2518 2 0.7 LAY 0.5 | 4
2264 7 1.0 1.0 ] b
2042 | 0.5 0.7 2 1
o
ok
1817 ] 0.7 1,820 1.0 7 1
0.2
0.2 1,535 D
0.2 0.3 [ 0.5 D
1.6 2 0.5 (.7 1.431 2 A
1,508 i 0.7 0.4 1300 & n
0,2 0.2 1,337 0.3 03
0.2
(0.2 0.2 1,365 .3
0.5 0.7 1.:437 1212 2 b
ehtl 3 0.7 0.7 1.295 1173 2 o
1.248 2 0.5 0.7 1,248 1,131 2 1
238 [ i 8- [H] 7
0.5 0.2 MRl 110 0
120t 1008 4
(N 0.5 1165 .5 1,193 1.1 | (
(M ETH 0.2 1139 (IR i
1121 0.2 110G 0.7 1120 1015 i
1147 0,7 1098 1,400 2 1
1.079 04978 |
1035 1.0 10134 0.8 1035 0,403 3 10
142 1.2 .02 (.o 1021 03,925 | 3
100 0.5 1.002 0.7 10072 9
(1068 0.3 (BRI 0.5
0,953 0.7 (3.953 3
0.2 0.3 0912 (1) |
(.90 0.2 0401 0.3
11,894 0.7 11,2494 20
18065 (.5 (L8065 1.0
11,858 (1 18258 0.5
(.84 .1 (L83 0.2
Aseerlainment: | — Novoveska Huota, Literature: 23 — ASTAM covd-index. 4 — V. L Aoi-
chejeve Vo No Dubinina (1948 — G A Harceourd 19420 o N, L Miche
Jev 171 — Intensity aseertained according 1o G.ooA Hlarvrcourt

Preparation ol roenlgenogram: B, Gavenda Evaluaion: I Gavenda, L o -
kovidc.
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Table 3 Results of tennantite roenteenogram
(HON-3
Antieathode e
Filter Mn

22 'min
1 2 3 4
d | il | I il | d 1
426 4 4,106 [
S04 3.0 3.70 3
2 966 10 2495 ] 2584 10 0 (i
2,744 3 2,74 3
T § 256 7 2,55 § 2.60 5
2,42 A5 2.41 5 240 4 245 4
2,103 1 2,00 3
2014 3D 2,01 4 2.00 4 9,04 4
1.875 (5 .87 6 1.86G2 4 1.900 4
1.820 b .81 9 1.803 10 1,539 10
1,763 2 1.77 2 1.744 2 1,784 2
1.712 2 1.71 [ 2 1.70:0 2 1,734 2
1,669 3 16655 4 1654 2 1687 2
548 7 1.541 9 1.537 s 1,5t:8 b
|.o02 2
1,482 | 1.ATS 2 1.472 2 1.471 2
1453 1.5 1445 3 1.443 b 1.a01 24
1,285 2 1.277 4 1.274 ) 1,243 2
1,228 2 1.2222 2 1.219 2 1.260 2
1194 | B 1,141 5 1,185 2 [N 4
1179 3 1,172 B 1170 4 122 2
1145 | 1,142 a
1106 257 (I Y e 3 1160 2 (R 2
1.075 2
10140 79 10042 (§ 1.041 A 1061 4
(L.OR2 k]
4954 S
(IR Y] 5
(.402 2
1.86= 2
0863 2
Aseertainment: I — Novoveska Huolao Literaturee: tennantite: 2 — Go A Hareowrer (1942

v L Michejesv 19570 — AW Waldo (10 — o Maehatseh ki (1928 (n
VoL Michejey 193704 — AW, Waldo (193 — GoA. Harcourl (19420 — F.
Machatsehki (19280 G Vo L Michejes 19370

Preparation ol roentgenogenm: B Gavenda FEvaluation: B Gavenda, 1L Roj-
TR i

fab. A0 These aseertainments however do not exclude the presence ol tetra-

hedreite, hesides microscopie observation also attested by frequent Shocontents in
mineralized tullites,

Pyorite is one ol the most abundant minerals of talTaceons rocks, T appears
with pitehblende and molvhdenite in ore Tenticles and less searttered inoall the
tulfite horizon. It Torms cubie and pentagonal dodecnhedeal cevstals and small
veins, Most Trequent however is colloform pyreite appearing inoall the talfite
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Table 4 Lattice Conslant

i I mineral | author
| e CTOADY, B e ;]
10,2483 4 0,003\ ‘ lenmantite G, '.\' ”""'._MI 1942) in Y. 1L Mi
. ‘ | chejey 1957
| > |
| ; ¢ V Q9553 4 I-
10196 -+ 0.001 A TG | A .\\‘ \\.u'll_iu 14 in V. L M
chiejes (1U57
! 1400 4= 0,001 A tetrahedrite VoL Michejes (1957)
10244 4+ 0,015 A (it Novoveska Huota — ealeulated Trom

above mentioned roentgenogriam

horizon. also in tullite conglomerates as well as in Tiner grained varieties. 1 is of
colloformy concentrie and renilorm shape. Pyrite spheroids are grown round
with ehlorite. sericite and quartz. which chystallized during metamorphosis and
are distinetly directed perpendicularly 1o pressure. thus elearly allesting pre-
metamorphic origin ol these pyrites. The source ol sulphur were most likely
hydrogen sulphide exhalations. which eaused reduction of cations of ore elements
and their precipitation. Pyrite spheroids are in stratified position and in case the
schistosity does not agree with stratification the direction of chlorite. sericite and
quarlz does not: agree with the position of pyrite beds (fig. 4. 5). Pyrite. mainly
idiomorphic. is [requently enclosed by chaleopyrite. tetrahedrite-tennantite. piteh-
blende and intersected by quartz veinlets. Pyrite appears in close paragenesis
mainly with pitchblende. what manilests in radiograms by concentration ol higher
radioactivity al the circumflerence of pyrite grains and beds.

Molvhdenum. considered by B, Cambel and J. Jarkovsky (1967) as
element accompanying syngenetic pyrites, was ascertained in both analyses (tab.
5. what accords with other data about genesis of the mineralization under study.
For reliable characterization of pyrite chemism however a higher number of
analyses would he necessary and this could not be reached because of difficulties
in their separation.

Galenite was only ascerlained in tuffite conglomerates. It s relatively
mare abundant in the southern part of the deposit. most frequently as small
veins and ageregates. In galenite veins pyrite, sphalerite and chalcopyrite are
enclosed, Small galenite grains frequently ave enclosed by pitechblende.

Sphalerite appears in very close paragenesis with chaleopyrite. Grain
awvercoates intergrow with chaleopyrite and mostly replace it. The veflectibility
of sphalerite is lower as compared with brown sphalerites of other localities.
vich in iron. In traversing light it is transparent with brownish-yvellow tint. The
inner reflexes are of equal colour. attesting to sphalerite poor iniron.

Arsenopyrite has been found only sporadically in tulfite conglomerates
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Fig. 4. Pyrite coneretions in bedded position and their directed arowing romnd with ehlorite

lin divection ol seale lengthening). Novoveska Huta. polished sample, seale in em. Photo
. Yrbovsk \

IFigr, 0, Pyeite coneretion, its direeted wrowing  ronnd  with pyrite andd quartz, Noveveska

Hute thin section, magn, 28%. Phote F. Y e hooo s ko
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in the southern part of the deposit. It forms prismatic crystals and isolated
rhiombie cross-sections are observed.

llmenite was abundantly found in the mineralized taffite horizon in the
northern part of the deposit. whereas in the southern part it is only sporadic.
It is present as rounded grains. rods and very frequent are its skeletons with
more rare relies of magnetite and isolated hematite in the mterstices, In some
cholotons indications of undulatory extinetion and  calaclasis are observed.
[lmenite grains and their skeletons frequently suffer from leucoxenization. also

Table 5 OQuantitative specteal analysis ol pyrite

Galvsed by JodJarkovsky)

aly by a%e Lty
Au il () \ () 1]
Tl 1) 1 sn Lrees n
\Mn 004l 0014 i 0.1 0.1
I'h 022 00091 YAT 0.7 0012
As 1.0 0174 T 0,015 0
Sh ( il A ERHEN 00|
13 noul Lraees Xi e 1030
Mo [ERHE .02 (i 1A [IABT

Fig. G. Skeletal ilmenite, partly enclosed by chaleopyeite. Novoveska Huta, polished seetion,
360X, Photo 1. Vebovsky,
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Fig, 7. Rads of anineral N0 Novoveska Tuta, polished section, oo 360 X0 Photo 100V -
buowvsk N

observable in skeleton interstices. Leucoxenes show rich inner rellexes of
vellowish-white to hrownish=vellow colour. Tmenite skeletons (fig. G probably
are relies alter disintegration of solid solution of titanomagnetite into magnetite
and titanite constituens. Magnetite constituent underwent separate leaching and
ilmenite skeleton remained only. which has preserved original rounded  delimi-
tation ol titanomagnetite, thus attesting itz allogene orvigin, In the northern parl
ol the deposit in talfite conglomerates  diabase pebbles Trom the underlyving
Rakovee Group are more abundant with ilmenite appearing more Trequently
(o Kameniek o Mo Markova 19570, Basie rocks probably were the main
souree of ilmenite supplicd into the area ol sedimentation. Similar cases are
deseribed indetail by Po BRamd o loe (1956, 19601, considered by hime as
a consequence ol separate leaching with oxidation and more Trequently with
hydrothermal processes, Inomany cases orteinal magnetite constituent was replaced
by pyrite. either completely o as distinel concenteation of pyrite crvstals within
the skeleton with reference to the enviromment. Chaleopyrite Trequently encloses
ilmenite skeletons and also preserves orieinal delimitation of tmomagnetite.

Magnetite appears only rarely in the mineralized horizon and mostly in
close paragenesis with thmenite in the Torm ol rounded geains and relies in
ilmenite skeletons,

Hematite is Tound only sporadically in mincealized talTites in the novthern
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Fie. 8 Autunite ervstals of idiomorphic delimitation on the surface of tuffite conglomerate.
Novoveska Huta, sample, magn, 15X, Photo Fo Vrebovsky.

part of the deposil, mostly in inlerstices ol ilmenite skeletons or in close
proximily Lo them.

Covellite was found only sporadically on margins of chalcopyrite aggre-
aales.

Mineral N. In some tuffite samples with highest vanadium contents
ascertained spectrally were found longish prismatic ervslals, to 0.02 mm long.
of unknown mineral. The mineral is opaque and appears as isolated rods (fig. 7).
their more rare accumulation can be observed on sericite aggregales. The mineral
is of lower reflectibility than sphalerite, weakly anisotropic in immersion liquid
and inner reflexes are not observed. As the mineral did not show radioactivity
in radiograms and appears in samples with highest vanadium conlents it is
probably a vanadium mineral. According to oplical characters the unknown
mineral is with regard to vanadium minerals mostly related to montroseite
(A, D. Weoeks. M. E. Thompson 1954). For small dimensions and
prevailingly scattered character of distribution we were not able to carey oul
separation of pure fraction of this mineral in sulficient quantity and the roentge-
nogram did not show sulficient accordance with data from literature. That's why
the mineral cannot be considered as identified sufficiently and is described as
mineral X in the next.

Oxidation minerals of uranium are rare at the deposit. They arve better Lo
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observe in refuse piles only. where autunite. torbernite and vuvamunite were
[ound. Oxidation minerals ol copper also are rare but they can be observed
in mine workings too. They are represented by malachite and azurite which fill
up joinls and form coatings. The most frequent oxidation mineral is limonite,

Table 6. Results of autunite roentgenogram
Hadius of chamber: 574 mm
Aaticathode: Cu

Filter: Ni

I 2 3 ' 4 5 i
i [ d | d [ i [ 1 d I
8.73 10 8.52 r 10 5|
5,440 (5 a4l [ 2 |
1874 [H A5 [ A
1/2
7 .. m 3 4,19 }
10 3.0 mo i1 3,50 8
4] Bt [ I 7 34T 1 340 8
10 3 [ B 3.21 2 3.23 3
D 2.8 m i iy 2.88 2
3 2705 thel 2965 7
3 2,52 d 2,576 3 2.60 §
3 248 d 2488 ]
3 2.3 il 2,397 4 2.41 2
2. d 2367 3
2201 4 " S m 2216 3 22| |
2141 4 2 d 2163 5 2106 6 2,16 G
2018 4 2,10 dd 2075 4 2,031 3 2,03 |
1.941 } 2,05 il 1.902 2 1.940 5 [
1.888 2 1.89 dd 1.844 3 1,876 I |
1780 ) 1.77 did 1.789 3
1.5 dd 1,755 2 1,762 3
1.71 dd 1,722 2 1.726 2
1.6i6 el 1.G97 3
3 .65 dd 1,633 3 1.632 2
A 1.61 3 1.600 8
J 1.546 | 1.536G9 | 1.042 2 |
A 1LATT 1 1,527 5
3 1,439 1
1,401 2
1.382 2 1,383 1 1,384 3
1,345 i (BT | 1,348 2 1,354 |
1338 | 1/2
1.2688 1/2
' 1.270 I
2,355 2 1.244 2 |
1,224 1/2 i
1,192 . i 1.194 8 1.1494 | p200 | 1
11549 | | !
1,130 I !
Aseertainment: | — Novoveskd Thatae Litevature: 2 — 1L Beiehared and 1L Dreas-
seur (195 (n ML Butsehkowskvp 1958, 3 — V., Boss (19535 Gn . Frondel

1958, 4 — G, A Sidorenko (1960), 5 — K Przy borm (1957).
Preparation of roentgenogram: Ro Gavenda, Evaluation of rocentgenogeam: R G a-
venda, I Rojkovic
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mainly abundant at places with heightened pyrite concentration. forming coalings
and Tilling up joints there.

Autunite wasas well as torhernite Tound in the whole area of the deposit.
more abundantly however in the southern part. Autunite forms brittle micaceous
sealy aggregates ol light-yvellow colour and Trequently also well-developed tabular
crvstals are observed (Tig. 89 with fissility along the hasal plane. The ident-
[ieation of aulunite was also confirmed by voenlgenography (b, G Exeept Ca.
U and P (more than 194 also Ba (1—=0.1°24. AL Ti. Se. Mo (0.01=0.1" .
Y. Cue Zoe (0.01—0.001 90, A, Ce (less than 0001 %50 weree Tound by speetral
analyvsis,

Torbernite is found much more varely than autunite. Tt appears as
pulverulent coatings of deep-green colour. The ilentilication is confirmed by
roenlgenogram (tab. 7). Spectral analysis was carried out on relatively con-
taminated sample as a consequence of insufficient quantity and s pulveralent
character. manifesting in the presence of a considerable amount of trace elements.
Besides U, Cu and P are represented there: Sic AL Mo, Tis Ca. Ph. Ba. Sre. e
B. Mg, Ce. Nioand Co.

Tyuyamunite was ascertained in the northern part ol the deposit only.
at places where autunite and torbernite did not appear. [l Torms eanaryv-yellow
tinge on tuffite sandstones. Except characteristic colour it manifests by radio-
activity on radiograms and also was identified by roentgenography.

2 Ore Minerals in Quarts Porphyries

Ore minerals in quartz porphyries mosthy are not in important concentralion.
Accessory amount of magnelite. hematite and more rarely of ilmenite s found
mainly in violel. less in green quartz porphyries and porphyroids,

The lower quartz porphyries near Novoveskd Huta and mainly some ol their
pebbles in talfite conglomerates are vich in ore minerals. Chaleopyrite is mostly
found in them. less pyrite. tennantite-tetrahedrite. pitehblende and uranium
black. Pebbles of mineralized quartz porpyries were found in the taffite horizon
only. They are not related to the ore lenticles only bul also appear in tuffite
conglomerates with lower contents of ore elements. The mineralization in lower
quartz porphyries as well as in quartz porphyries pebbles in tulfite conglomerates
is of seattered character. In upper quartz porphyries excepl Feominerals men-
tioned sometimes also pyrite and chaleopyrite are observable. present in quartz-
sulphidic and siderite-ankerite veins eelated with Tater hydrothermal minera-
lization of the siderite Tormation. The lower quarlz porphyries differ from the
upper ones also in higher acidity and association of clements similar o mine-
palized tallite rocks.

Pitehblende and uranium hlaek are seattered in quartz porphyry
pebbles and the lower quartz porphyrics. ax also the radiograms conlirm (g, .
Pitehblende mostly Torms ivregularly confined and colloform aggregates with
enclosed fine grained galenite. As a consequence ol oxidation pitehblende passes
into uranium black mainly on the margin of aggregates and on joints.
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Fie, 9. Radiogrm ol quarty porphyry pebbles darks in ulfite conglomerate. Novoveska
Huta, seale 221, Photo T Mastihuba

(light). Novoveska Huta, polished sample,

Vrebovsky.

¢bble with chaleopyrite

Fig, 10, Quarlz porphyry p
seale in em. Photo I,
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Chalcopyrite isthe most abundant mineral in quarlz porphyries alfected
by mineralization. Aggregates ol chalcopyrite, [requently 1o 2 mm large, graitly
impregnate the rock (lig, 10).

Tennantite-tetrahedrite mostly appears in closed paragenesis
with chaleopyrite. intergrowing and replacing it. More ravely it forms independent
grain aggregales,

Pyrite is mostly very line grained and colloform. 1t is more abundant in
cases of relatively lower chaleopyrite content. Pyrite enclosed in chalcopyrite is
mostly idiomorphic. In several eases complete replacement ol magnetile con-
stituent of Litanomagnetites by pyrite was observed. contradicting the opinion
of .o Dendzik (1965). according to which U-NMo-Cu mineralization in quartz
porphyries took place as early as magmatic differentiation in the voleanie hearth,
Primary ore minerals in violel as well as in green quarltz porphyries were
originally magnetite and ilmenite. U-Mo-Ca mineralization in quarlz porphyries
is later than these accessories and is related 1o hydrothermal solutions, which
were i consequence ol voleanie activily,

Sphalervite is sporadic onlv. in elosed intergrowth with chaleopyrite.

Molvhbdenite has not been found in quartz porphyries but heightened
Mo contents. ascertained spectrally, velate with ore minerals mentioned, confirm
L-Mo-Cu association of elements in quartz porphyries alfected by mineralization
and enable to asume the presence of molyvbdenite. although 1o a smaller degree
than in ore minerals mentioned,

3. Higher Uranium Concentration in Shales, Porphyroides and Tuffs

In arcosic and partly also in quartz-sericite shales underlving the mineralized
tuffite horizon near Novoveska Huta, porphyroids north of Kolinovee and in
tulfs ol quarlz porphyries near Stratend higher uranium  concenlralion  was
aseertained. The oceurrence of uranium could be observed mineralogically with
relatively highest concentration only, where uranium is related to uranium black
appearing al planes ol schistosity and joints, As compared with contents of
elements in mineralized wilfites and quartz porphyries marked envichment in
cne element only uranium is evident here.

[n the rock underlying the mineralized talTite horizon higher uranium con-
centeation was ascertained i strongly eleaved arcosie and less in quarlz-sericite
shales, Differential enrvichment ol shales in uranium is most probably ol in-
filtration origin, Solutions with easily: migraling uranium percolated into strongly
destructed shales and precipitation took place there.

In strongly cleaved porphyroids nort of Kolinovee and in talls near Stratena.
where manifestations of hydrothermal activity of the siderite formation were
not observed. higher uranium contents. although relatively lower than in shales
underlying the mineralized horizon. also were ascertained. Equallv as in the
loregoing case also i these rocks differential envichment in uranium only without
accompanying elements of U-NMo-Cu mineralization and again in strongly eleaved
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rocks was ascertained. Mineralogical occurrence of uranium and manifestations
of radioactivity in radiograms have not been ascertained. Local infiltration
migration of uranium most probably took place only in these rocks. relatively
richer in uranium,

GEOCHEMICAL CHARACTERIZATION OF THE ORE MINERALIZATION

The scattered and fine grained character of ore minerals made mineralogical
characterization of ore mineralizalion possible more or less in ore lenticles only.
For better knowledge of the character of distribution of ore elements chemical.
spectral and luminiscence analyses of trace elements were carried oul.

Tuffaceous sandy shales. sandstones and conglomerates show clear heightening
of ore elements contents. which not only is characteristic of ore lenticles with
highest concentration but also of the whole tuffite horizon. Enrichment in ore
elements in the tuffite horizon presents the graph mentioned next (fig. 11,
where trace elements contents in clastic sedimentary rocks and tuffites with
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Fie. 11, Avernge contents of trace elements in clastic sedimentary voeks and tuffites near
Novoveska Huta (1 — shales. 2 — talfaceons shales, 3 — sandstones, 4 — tulfaccous sand-
stones. & — conglomerates. 6§ — tuffaceous conglomerates: 66 speetral analyses),
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Table 8 Tests of normal and lognormal distribution of elements

normal lognormal
a b i b

U 1211 16,80 175 1.07

Mo 11,42 16.14 3,56 0,61

I’ 19.49 50,98 21,00 30,18

Ni 15.85 41,88 0,32 3,56

Co 10,10 15.75 0,32 1,38

Cu 10,44 16,88 0,09 1.66

Y 13,44 28,80 | 242 1.21

Zn 16,37 48,32 2,04 1,36

AY 6.43 6,10 0,61 017

Ly (.89 6,97 0,09 0,16

Cr 3.47 0,75 3,03 1,60

Ba (.58 4,27 0,28 0.01

Sr .15 11,19 223 2,28

Sn 7.7 0,61 215 1.85

Ga 0.45 0,65 0,56 0.91

Corg 0,99 0.96 1,26 1,21
a — _es b — |4 ] — asyvmmelry, o — excess, 6y, — standard deviation of asymmetry
) orif’ [opral 707 9 ik it At o i
dya — standard deviation of excess. The distribution is normal or lognormal at elements

with relations mentioned (a, b) less than or equal to 3 (Z. A, Janoé¢kina 1966). The
caleulations were ecarried out by J. Klu¢drova (Institute of Technical Kyberneties at the
Slovak Academy ol Seience with computer ZRA-1).

exclusion ol contents in ore lenticles are compared. The graph shows enrichment
in U, Mo, Cu. V. Pb. and Co and less distinet in Y, Ni, Zr and Zn in the whole
tuffite horizon. In Sn and Ba contents larger deviations are not observed. Cr
shows, on the centrary, lower contents and Sr even relative impoverishment
in contrast lo clastic sedimentary rocks.

In sedimentary rocks certain dependence of ore elements on grain size may
be observed, manifesting in the increase in Mo, Cu and less also in U, V. Ni and
Co contents in finer grained varieties. In tulfaceous rocks however similar de-
pendence has not been observed. as concentration in them was dependent neither
on adsorption nor on rock permeability. Highest contents of ore elements in
the whole tulfite horizon as well as in ore lenticles apper equeally in tuflaceous
conglometrates and in tulfaceous sandstones an shales.

Ore lenticles are in contrast lo surrounding tulfites most distinetly enriched
in uranium, molvbdenum, lead and cobalt. Increase in Cu, Ni, Y and Zn con-
tents also is provable not evident in Sn, Zr, Cr, Ba and Sr. It may be said
generally that in ore lenticles highest concentration of the same elements is
reached. which are enriched in the whole tuffite horizon as compared with
clastic sedimentary rocks.

Average conlenls of trace elements in tuffites show the following order
according to desereasing contents: U, Zr, V, Cu, Mo, Ba. Pb, Co. Sr, Y, Ni, Sn,
Cr, Ga and 7Zn. The distribution character of trace elements contents in tuffites
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was verified by statistical tests (tab. 8), which conlirmed lognormal distribution
of all elements ascertained quantitatively., An exception are Pb contents only.
considerable amount of which is less than the sensitivity limit ol spectral
analysis. what then results in untrue picture of distribution character of Ph
contents. Tests of normal distribution of trace elements contents showed a proxi-
mity with this distribution at elements not connected with U-Mo-Cu minera-
lization. i. e. Ga. C org.. Cr. Ba. V. Zr. Sn and Sr. whereas ore elements contents
U. Mo. Cu. Ph. Ni. Co (Zn) and (Y) are very distant from this distribution.

The values of standard deviation of trace eclements contents (fig. 120 more
clearly show the ability of individual clements to reach highest concenlration
within the mineralized horizon as well as with regard 10 clastic sedimentary
rocks (shales. sandstones. conglomerates) and 1o form ore lenticles. Notable is
the high standard deviation at uranium. molybdenum and copper in tulfites,
Flements mostly related to rock-forming minerals show lower variation coelfi-
cient. the lowest is at Ga. Zr. Ba and Sn (table 9.

2000

1000

500+
3 i-—t\ ‘
I A, ¢
-, I3
| d‘,.v’ e

| e ;
UM CuV PobZr BaY Sr CoNi Sh Zn Cr Ga

Fig. 12, Standard deviation (s) of trace elements contents in tuffites (11 and sediments (20
(130 quantitative analyses),
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Table 9. Statistical evaluation of trace elements in alfites

X (ppm | s” 5 V(2 r "
l A 491 999 2119 2430
Mo 269 570730 755 280 1" Mo 0.705 Mo Cu 1,298
Ph 124 173 861 417 306 ' Ph 0,640 Ni o 0,774
Ni A6 3 AT o4 128 L'/Nq 0,372 NilV— 0093
Co 79 14 781 122 153 1'/Co 0.524 Co ¥V 0172
tu 340 S01 655 708 2003 [T 0,198 [NTIAY 0,144
Y 52 28 067 168 a4 Uy 0.388 Nfir 0LAGD
n 2 203 28 R U Zn — 0046
v S63 175764 Al 16 LIy 0,151 VoMo 0411
Lr 393 70171 2in 67 L' Ze 0.076
| Ur 42 780 Rh titi " e — 0,202 Cr'V 0,082
| Ba 2038 39 640 199 T4 17/ B3a 0,101 |
Sr Gty LG 874 130 198 Liise 0,204
Sn 43 2043 AD 105 1750 — 0,004
[ Lia L5 21 3 1] 1" G —  (L051
Corg 1297 L 230 492 1169 325 Uilarg — 0,271 U0, — 0,192
- 5 S —E _ - — =
== L, : xj—arithmetrical average (number of analyses: U— 86, Ga— 21, Core— 22,
i
n a
other 80)%% = x Z (xi—%17 — dispersion, 8 = standard deviation, V ([,) = = - 100 —
3
< ; T x—% y—¥
variation coefficient, ryy = - \ (— — correlation coefficient. The ealen-
n 2y sy Sx

lations were carvied out by J. Klucéiarova (Institute of Technical IKybernetics at
the Slovak Academy of Science with computer ZRA-1).

In spatial distribution of trace elements near Novoveskd Hula we also observe
distinet envichment in ore clements of the talfite horizon and less of the lower
quartz porphyries (fig. 13, 140, Within the mineralized horizon however several
dilferences are evident. As alveady mentioned o mineralogical characterization
certain deviations are observed in the distribution of minerals in the northern
part of the deposit (Huty anticline and in the southern part (Hniléik syneline).
also rellected in spatial disteibution of trace elements. Whereas in the Hnileik
syneline we observe highest concenteation ol ore clements in rock divectly
overlving the lower quartz porphyries (lig. 131, in the Huty anticline appear
highest contents of ore elements in upper part of the tulfite horizon (hg. 14].
Although vanadium contents show considerable variation, also confirmed by
relatively high standard deviation. however their distinel inerease is nol observed
al places with highest concentration ol ore clements. Generally it may be said
that vanadium distribution is of more seattered character also with higher con-
tents. s contents are distinetly heightened in the whole tulfite horizon in the
northern part ol the deposit. in the southern part they are to 10 times lower,
what is in accordance with spatial distribution of magnetite and ilmenite, con-
siderable part of vanadium is related to. The highest contents of copper agree
with the localization ol ore lenticles. however vertieal shilt of the lnghest contents
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Fig. 13. Geochemical profiles of the lower part of effusive-sedimentary complex in the Huileik
svieline, 1 — quartz porphyry, 2 — tuffaceous sandstone, 3 — tulfaceous conglomerate, 4 —
shales and sandstones. (The highest contents of elements are reduced.)

Fig. 14. Geochemical profiles of the lower part of effusive-sedimentary complex in the 1luta

anticline. 1 — quartz porphyry, 2 — tulf, 3 — tuffaceous sandstone and sandy shale, 4 —
tuffaceous conglomerate, 5 — shales and sandstones. (The highest contents of elements are

reduced.)

toward the overlving stralum is observed. as it was also the case al copper
minerals.

The geochemical profiles make evident that not all elements enrviched in the
tullaceous horizon show highest contents together with uranium. According lo
deereasing values ol the coeflicient of correlation ol uranium Lo other elements
(fig. 15, table 9) individual trace elements show the following degree ol interre-
[ation proximily lo uranium:

al high (r > 0.7): Mo

bh) considerable (0.7 > r > 0.5): : Ph, Co

¢) moderate (05 >r > 0.3) : Y. Ni

d) Tow (r<C0.3) :Sr. Cu. V. Ba. Zr. Sn. Zn. Ga, Cr and C org.

The correlation of other elements showed [lollowing degree of interrelation
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U/ Mo Pb  Co Y Ni Sr Cu \% Ba 2Zr Sh 2Z2n Ga Cr

Fig. 15. Diagrani of cocfficients of correlation (r) of uranium to other trace clements.
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Fig. 16. Diagram of coefficient of correlation (r) of trace clements.

(fig. 16, table 9):

a) high: Ni/Co

b) moderate: Zr/Y, V/Mo

¢) low: Mo/Cu, V/Co, V/Cu, V/Cr, V/Ni.

The correlation coefficients mentioned make evident that together with uranium
reach highest concentration in ore lenticles Mo, Pb, Y, Co and Ni, conditioned
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as a consequence of their oceurrence in uranium minerals (Ph, Y) or in minerals
found in close paragenesis with uranium minerals. i. e, in molybdenite (Mo
and pyrite (Ni. Co). Moderate correlation of Y U and Y/ Zr is caused by the
presence of vitrium in zircon and uranium minerals. The common occurrence ol
Ni and Co in pyrite also caused their high intercorrelation. Vanadium and
copper. enriched distinetly in the tuffite horizon. reach low degree ol correlation
with wranium only and morcover also their intercorrelation is low. Vanadium
shows low correlation with N1 and Co in contrast to clastic sedimentary rocks.
where it was related 1o iron oxides together with these hoth elements. Lower
correlation of U Cu is caused by vertical shift of highest Cu values already
mentioned. The more seatlered distribution character of vanadium related 1o
allogene minerals (magnetite. tmenite) results i low UN correlation,

Sh. Bi. As and Ag also are bound 1o U-Mo-Cu mineralization. were ascertained
qualitatively only in ore lenticles and are related to minerals of mineralizalion,
i e. pyrite (As. Bi). chalcopyrite (Ag). tetrahedrite-tennantite (Sh. Bi. Agl. arseno-
pyrite (As) and galena (Bi?).

Elements which are a part of rock-forming minerals show low correlation
with uranium only. Cr mostly appears in sericite. Zr in zircon. Ba in orthoelase
and sericite. Srin plagioklase and earbonates and Ga substitutes AL in feldspars
and micas. Zn is bound to sphalerite. mostly it is found however together with
lin in magnetite. ilmenite and rutile,

The mode of oceurrence of organic carbon has not been identified. mosl
probably it is present in carbonized plant remmants. The contents of organic
carbon are very low (0,129 04 and no distinet enrichment in contrast to not
mineralized sediments is observed (0,124 040, According to L AL Tourcelol's
division (19640 the rocks under study would belong 1o wrocks without carbon™.
Possible influence of organic substanee on ore concentration formation is exeepl
by low contents of G org. also denied by Tow negative correlation of U C org,

With regard 1o possible relation of later hydrothermal processes of the siderite
formation with mobilization or coneentration of U-Mo-Ca mineralization correla-
tion coelficients of U COy. were caleulated. also showing low negative corvelation.
On the basis of these results it may be supposed that U-Mo-Cu mineralization
does not show relation with organic carbon and hydrothermal processes of the
siderite Tormation,

CONCLESIONS

U-Mo-Cu mineralization appears in the lower part of the Permian effusive-
sedimentary complex in tuffaceous rocks. Ore minerals ave found in the cement
of these rocks. their highest contents are concentrated in lenticles. in position
coinciding in strike and dip with effusive-sedimentary complex. The main ore
minerals are: pitechblende. uranium black, molybdenite. chalcopyrite. tetrahedrite.
tennantite, pyrite. galenite and sphalerite. From oxidation minerals are represen-
ted: autunite. torbernite. tyuyamunite, limonite. malachite and azurite. Geoche-
mical observation with statistical method employed confirmed the following
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association of elements of the mineralization under study: U, Mo. Cu. Ph, Ni. Co.
(Y). (Zn), Sh. Bi, Ag and As,

Quartz porphyries in the rock underlying the mineralized horizon as well as
(quarlz porphyry pebbles in this horizon showed dilferent composition as com-
pared with quartz porphyries in the upper part of the effusive-sedimentary
complex, which generally manifests in higher acidity and similar association of
trace elements, to a smaller degree also of ore minerals as in the mineralized
horizon.

Higher uranium concentrations in shales underlying the mineralized horizon
and also in porphyroids and tulfs outside the deposit area are of dilferent cha-
racter. There is a case of local and selective inliltration enrichment in uranium
ol these rocks.

Characteristic Teatures of U-Mo-Cu mineralization are as [ollows:

. Relation with the horizon of tulfaceous rocks with observable effects of
voleanic activity of the lower quartz porphyries. manifested in the supply of
ash matter and in exhalations of ore elements.

2. Permian absolute age of ore mineralization (J. Kantor [1958).

3. The ore mineralization appears in the rock overlving the lower quarlz
porpyvhries. which are characterized by similar association of ore elements. In
the tuffite horizon morcover pebbles of minevalized quartz porphyries arve found.

4. The ore mineralization is not accompanied with wall rock alteration, tvpical
for hivdrothermal mineralization.

5. On the basis of the position of ore lenticles as well as ol spatial distribution
of ore clements certain influence of regional metamorphosis on loeal migration
ol ore elements can be observed.

6. Low contents ol organic carbon are not in relation with U-Mo-Cu mine-
ralizalion.

7. Tectonie dislocations suitable for supply of mineralizing solutions have not
been Tound.

S Younger veins of the siderite formation neither inomalter nor in space
show relation to the mineralization under study.

The text mentioned shows that quartz porphyey voleanism was accompanied
with hydrothermal activity with effects manifested in exhalatory activity in
a basin. sedimentation of wilfaceous rocks was proceeding in. Hyvdrogen sulphide
exhalations had induced rveduction environment in the area of sedimentation.
which also caused precipitation of ore elements supplied Trom dectrueted quartz
porphyries. Another local migration and concentration of ore clements ook place
in the time of regional metamorphosis.

Translated 11)' Joo e ||_\",
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