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HYDROTHERMAL NICKEL MINERALIZATION
FROM THE BLACK SHALES IN CIERNA LEHOTA

(WESTERN CARPATHIANS, SLOVAKIA)

Black shales hosted syngenetic metamorphosed pyrrhotite-pyrite mineralization is environment for epigenetic hydrother-
mal mineralization, where the pararammelsbergite is the main ore mineral. Pararammelsbergite features spherules, collo-
form, botryoidal textures as well as subhedral grains. The structural formula of pararammelsbergite could be written as
(Ni; 50Feg 03)51.03(AS| 8450 11)s 1 95 Which indicates limited cation substitution but substantial anion substitution of As by S.
Ni—As—Fe—S paragenesis contains furthermore 16llingite, gersdorffite and arsenopyrite. The mineral assemblage
typically shows complex textural and compositional variation, reflecting an environment of rapid changes in physico-

chemical conditions of its formation.
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Geological settings and ore mineralization. The
minerals of the Fe—Co—Ni—As—S system occur
in many different types of geological environments.
These range from droplets in podiform chromites
to framboids in black shales or chalk. Fe and S
are, in most cases, the dominant constituents,
although there are numerous deposits where the
ore-forming system is rich in Ni, Co and As. The
described mineralization occurs in the Tatric tec-
tonic unit of Strazovské vrchy Mts. (crystalline
basement of the Suchy Mts.). The Tatric tectonic
unit is an extensive thick-skinned crustal sheet
composed of a pre-Alpine (generally Variscan)
crystalline basement and its sedimentary cover.
The Tatric basement has a generally well-preserved
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Variscan structures without a significant Alpine
overprint. Investigated mineralization occurs in
the crystalline basement of the Suchy Mts which
is build by Variscan granitoid rocks (S-type), para-
gneisses and migmatitic complexes. The metamor-
phic rocks are mainly high temperature para-
gneisses and quartz-rich paragneisses. The age of
granitoidic rocks from the Suchy Mts. determined
by Rb-Sr isochron is 393 + 6 Ma [10, 12]. Variscan
tectogenesis is dominant with temperatures and
pressures about 540—560 °C/4—5 Kbar, respecti-
vely and X (H,0) = 0.6—0.8 [3]. The Alpine
restructuring of the crystalline complex is relatively
poor [13].

The investigated mineralization is situated ap-
proximately 2 km SSE from village of Cierna Le-
hota (Fig. 1). Mineralization is situated in a narrow
zone (about 20 m thick, SSW—NNE direction) of
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Fig. 1. Geological sketch of the Suchy
Mts

black shales and intensive graphitized rocks (graphi-
tic-biotitic gneisses, graphitic metaqaurtzite). This
zone occurs in the quartz-biotitic paragneisses.
Nickel mineralization is developed in the envi-
ronment of metamorphic syngenetic pyrite — pyr-
rhotite mineralization with sphalerite (+ galena,
chalcopyrite) in the black shales. Syngenetic pyri-
te — pyrrhotite mineralization was formed during
volcano-sedimentary processes, presumably of De-
vonian age. Later on, during Variscan tectono-
metamorphic processes pyrite-pyrrhotite ores were
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recrystallized. These ores exhibit banded impre-
gnation and massive textures. Massive pyrrhotite
is the most prevailing. Mineralogy of the area was
studied by Mikus et al. [15] and Prsek et al. [19].

According to ICPMS analysis (Geological Sur-
vey, Spisska Nova Ves) black shales, as host rocks
for Ni-Bi mineralization, are enriched in Mo, V,
Cr, Ba and organic carbon. Hydrothermally alte-
red rocks are enriched in elements that are present
in hydrothermal mineralization such as Cu, Ni,
Bi, As, Zn, and carbonate-bound carbon.
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Mineral associations and paragenetic study of
hydrothermal mineralization. The hydrothermal
mineralization was developed during Variscan tec-
tono-metamorphic evolution of the area. Several
mineralization stages were distinguished. The first,
oldest one consists predominantly of Ni and Fe
arsenic minerals with quartz and Fe-dolomite as
gangue. This assemblage is typical by predomi-
nance of pararammelsbergite; 16llingite, arsenopy-
rite and gersdorffite are rare. Paragenetical evi-
dence suggests that arsenides formed initially and
gradually, with increase in sulphur fugacity and
decreasing temperature, arsenopyrite and gers-
dorffite were formed. Chemical composition of
minerals from the first stage is shown in Table.

Bismuth minerals — native bismuth, bismuthi-
nite, aikinite, Cu-bearing matildite together with
Bi sulphosalts (cuprobismutite, hodrushite, kup¢i-
kite) form the second stage of mineralization and
are accompanied by Bi-Fe bearing tennantite,
chalcopyrite, pyrite, sphalerite and galena with
quartz gangue [19].

The third, epigenetic stage is represented by Pb-
Zn mineralization (galena, sphalerite and chalco-
pyrite) with carbonate gangue and the fourth stage
is characterized by hematite and magnetite with
calcite. Secondary minerals are especially represen-
ted by Ni arsenates and sulphates, e. g. annaber-
gite, retgersite, native copper, cuprite, chrysocolla,

gypsum and many X-ray amorphous phases [14].

Ni mineralization. The samples are mainly com-
posed of Ni minerals. Four different Ni-Fe phases
(two arsenides and two sulfarsenides) collectively
referred to as arsenides have been found in Cierna
Lehota. The most abundant of them is the para-
rammelsbergite occurring as mostly massive, collo-
form concentrically zoned aggregates and sphe-
rules as well as subhedral needle-shaped crystals
(Fig. 2) Lollingite is present as xenomorphic tiny
lamellar grains (up to 70 um) closely associated
(intergrown) with pararammelsbergite. Textural re-
lationships indicate that pararammelsbergite with
other arsenides and sulphoarsenides are older than
the Bi sulphosalts. The name pararammelsbergite
is used, because it has been possible to distinguish
this mineral from rammelsbergite and krutovite.
In reflected light it shows pure white color and
strong anisotropy.

The X-ray diffraction pattern of pararammels-
bergite from Cierna Lehota could be matched with
the published pararammelsbergite data (JCPDS)
[1] and its lattice parameters (a = 5.7794; b =
= 5.8469; ¢ = 11.4520 A) correspond to tabulated
data [6]. Compositional data (Table) reported be-
low and plotted in Fig. 3 are based on a compi-
lation of electron microprobe analyses carried out
at the Faculty of the Natural Sciences (Comenius
University, Bratislava), M.P. Semenenko Institute
of Geochemistry, Mineralogy and Ore Formation
of the NAS of Ukraine (Kyiv). Most of the ana-

Microprobe analyses of diarsenides and sulphoarsenides from Cierna Lehota

Compositions, wt. % Atomic proportions
Mineral Sample

As S Fe Co Ni Cu Total As S Fe Co Ni Cu

Pararammels- |305/17 | 64.18 | 4.51 3.63 | 0.47 {2529 | 0.08 | 98.16| 1.71 | 0.28 | 0.13 | 0.02 | 0.86 | 0.00
bergite 305/5a | 69.09 1.25 | 0.56 | 0.08 |29.1 0.27 {100.34| 1.88 | 0.08 | 0.02 | 0.00 | 1.01 | 0.01
305/17 [69.96 | 0.74 | 0.44 | 0.04 [ 28.51 | 0.11 | 99.8 1.93 | 0.05 { 0.02 | 0.00 | 1.00 | 0.00

305/5a | 64.4 4.8 2.06 | 0 29.53 | 0 100.93| 1.66 | 0.29 | 0.07 | 0.00 | 0.97 | 0.00

305/17 | 62.7 4.91 2251 0 29.16 | O 99.02| 1.64 | 0.30 | 0.08 | 0.00 | 0.98 | 0.00

305/14* 71.25 | 0.07 | 0.66 | 0.26 |28.21 | 0.04 {100.49| 1.97 | 0.00 | 0.02 | 0.01 | 0.99 | 0.00

Gersdorffite 305/17* 46.59 | 17.48 | 11.84 | 0.04 [22.63 | 0 98.68| 1.06 | 0.93 | 0.36 | 0.00 | 0.66 | 0.00
305/7 |49.39 [ 13.22 | 7.33 | 0.13 | 29.37 — 99.81| 1.16 | 0.73 | 0.23 | 0.00 | 0.88 | 0.00

305/7 |49.04 | 16.41 | 6.23 | 0.34 |28.19 — [100.2 1.11 | 0.87 | 0.19 | 0.01 | 0.82 | 0.00

Lollingite 305/5a | 66.28 | 3.15 | 31.4 0 0.7 0.14 [101.6 1.70 | 0.19 | 1.08 | 0.00 | 0.02 | 0.00
305/5a | 62.89 | 3.3 [31.67 | 0 0.7 0.13 | 98.63| 1.65 | 0.20 | 1.12 | 0.00 | 0.02 | 0.00

305/5a | 65.59 | 2.69 | 30.6 0 0.39 | 0.16 | 99.71| 1.73 | 0.17 | 1.08 | 0.00 | 0.01 | 0.00

305/5a | 63.71 312 13275 | 0 0.51 | 0.17 [100.26| 1.65 | 0.19 | 1.14 | 0.00 | 0.02 | 0.01

305/5a | 63.84 | 3.4 |31.7 0 0.65| 0.13 | 99.72| 1.66 | 0.21 1.11 | 0.00 | 0.02 | 0.00

Arsenopyrite | 305/6a*| 43.22 | 21.04 | 34.65 | 0.08 1.04 | 0.04 {100.07| 0.92 | 1.05 | 0.99 | 0.00 | 0.03 | 0.00
305/17 | 45.23 | 19.13 {3529 | 0.06 | 0.12 | 0.08 | 99.91| 0.99 | 0.97 | 1.03 | 0.00 | 0.00 | 0.00

N ot e. Analyses were carried out on: 1 — Cameca SX-100 in Department of Electron Microanalysis, Geological Institute
of Dionyz Stur, Bratislava, Slovak Republic and 2* — JXA-8200 in Technical centre of NAS of Ukraine, Kyiv, Ukraine.
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NiAs,

Fig. 2. a — colloform, spherulitic aggregate of pararammelsbergite
with rim of native bismuthe associated with younger tennantite;
b — detail of the colloform pararammelsbergite aggregate, over-
growth with I6llingite. Native bismuth is replacing some zones in
the spherules; ¢ — leached subhedral pararammelsbergite crystals;
d — atol-like texture of gersdorffite crystals with chalcopyrite

CoAsS NiAsS

Fig. 3. Composition of (a) diarsenides and () sulphoarsenides from Cierna Lehota. Miscibility fields at
various temperature in (a) after Gervilla and Rensbo (1992). Isotherms for sulphoarsenides (b) are after
Klemm (1965). Data after: 7 — San Juan de Plan, Spain (Fanlo et al., 2004); 2 — Bou Azzer, Morocco
(Vinogradova et al., 1972); 3 — Brunflo, Sweden (Nystrom and Wickman, 1991); 4 — Atrevida, Spain
(Parviainen et al., 2008); 5 — Ishkinino, Russia (Nimis et al., 2008); 6 — Malaga, Spain (Gervilla and

Rensbo, 1992); 7 — Crescencia, Spain (Fanlo et al., 2006); § — authors own analyses

lyses of diarsenides approaches almost pure end-
member from the point of view of diarsenides
solid solution (dss). They lack the cobalt. There is
not so distinct substitution in the pararammels-
bergite (average 0.03 apfu Fe{%sz) and lollingite
(average 0.02 apfu NiAs,) of Cierna Lehota. On
the other hand, diarsenides display significant and
variable extents of S-for-As substitution. Sulfur
contents are particularly high in pararammelsber-
gite, ranging from 0.05 to 0.32 apfu (atoms per
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formula unit), As-S substitution in 161lingite is less
extended (up to 0.21 apfu of S).

Sulphoarsenides are represented by gersdorffite
and arsenopyrite. Less abundant gersdorffite forms
up to a few hundreds of pm sized, sometimes
atoll-like aggregates with younger chalcopyrite
and rarely skeletal aggregates. Gersdorffite shows
increased Fe content (up to 11.84 wt. %) and si-
milar to diarsenides lacks Co (Table; Fig. 2). Arse-
nopyrite forms euhedral crystals up to Imm in size

ISSN 0204-3548. Mineral. Journ. (Ukraine). 2013. 35, No 3
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and aggregates in ferrous dolomite and in silicified
hydrothermal alteration zones in wallrock. It occurs
with gersdorffite and pyrite. Arsenopyrite shows
negligible Ni and Co content. Similar to pararam-
melsbergite and 16llingite, As and S contents in
arsenopyrite and, especially, gersdorffite tend to
be mutually correlated.

Discussion and conclusion. There are three na-
turally occurring polymorphs of NiAs,; the most
common is rammelsbergite (the Ni end member
of the diarsenide solid solution), the other two,
krutovite and pararammelsbergite, are rare. Re-
cently, the only published analyses of pararam-
melsbergite we have found in the literature are
from the Crescencia deposit [5] and it shows si-
milar chemical composition (low Fe, Co content)
but lower content of S (up to 0.66 wt. %). Che-
mical composition of pararammelsbergite from
Cierna Lehota was compared also with more wi-
despread rammelsbergite. The only chemically si-
milar rammelsbergite is from the Atrevida mine
(Fig. 2), although most rammelsbergite from Atre-
vida show some Co content [18]. All literature
published about rammelsbergite display significant
fractions of Co, Ni, and Fe components in solid
solution (Fig. 3) [9, 16, 17, 22]. There are also
some textural similarities: pararammelsbergite from
Cierna Lehota and rammelsbergite from Atrevida
[18] appear as spherules, and colloform textures,
as well as subhedral crystals.

The chemical compositions of these arsenide
minerals exhibit limited cation substitution but
substantial anion substitution of As by S, exceeding
the expected theoretical values at low temperatures.
This suggests that most of them formed under
disequilibrium conditions.

Because of the low Co content in the para-
rammelsbergite and 16llingite the CoAs, — NiAs, —
FeAs, system can be regarded as pseudobinary.
Roseboom [21] reported that at 800 °C there is
complete miscibility between synthetic rammels-
bergite and safforite and that a miscibility gap
appeared at lower temperatures. Rammelsbergite
has been reported to transform to pararammels-
bergite at temperatures lower than 590 °C [23],
although the stability relations between these pha-
ses and krutovite are unknown. The low mutual
solubility of Fe, Co and Ni diarsenides from
Cierna Lehota would also be consistent with a
relatively low temperature of formation for Ni
paragenesis (Fig. 3) [7, 20].

The data discussed above suggest that the depo-
sitional environment of the Ni arsenides in the

ISSN 0204-3548. Minepan. xcypn. 2013. 35, Ne 3

Cierna Lehota occurrence was characterized by
the presence of Ni and Fe-rich fluids, or fluids
with a Ni and Fe solubility lower than that of Co,
promoting the formation of nearly pure Ni phase
(pararammelsbergite, 16llingite), and by crystalli-
zation conditions partly far from equilibrium. In
fact, Canals et al. [2] interpreted the skeletal,
botryoidal and spherulitic textures as formed ra-
pidly from supersaturated solutions.

Hem [8] summarized, that members rich in Co
or Ni are mostly found in almost S-free deposits,
in assemblages dominated by arsenides and Fe-
rich members mostly occur in S-richer assemblages
with minerals such as pyrrhotite, chalcopyrite,
sphalerite, and rarely pyrite. Ni-rich members de-
veloped in the environment of syngenetic pyrrho-
tite-pyrite mineralization from Cierna Lehota sug-
gest some discussion.

Possible source of Ni, As and Bi can be found in
the surrounding (host) rocks of the mineralization.
During Variscan tectonometamorphic events, these
components could have been leached and tran-
sported to form the studied mineralization.
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sphere (ITMS: 26220120064), which is co-financed
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IAPOTEPMAJIbHA HIKEJEBA MIHEPAJII3ALIILA
YOPHHUX CJIIAHIIB PEITOHY YEPHA JIEXOTA
(BAXIOHI KAPITATH, CJIOBAYYHMHA)

3a 10NMOMOTOI0 MiKPO30OHIOBOTO aHali3y MOCHiIXKEHO Hi-
KeJIeBY €IMireHeTUYHY TipoTepMalibHy MiHepasizallilo B
aJIe030MChKUX YOPHUX CJIAHIISX, sIKa, B CBOIO Uepry, Ha-
KJIaJJA€ThCS HA CUHTEHETUYHY MipUT-MipoTUHOBY. [0J10B-
HUM HiKeJIeBUM PYIHUM MiHEpaJoM € mapapaMesibcoep-
TiT, IKMI YTBOPIOE TJIO0YJIU 3 KOJIOMOPMHUMU i TPOHOITO-
NIOHUMU CTPYKTypaMu, a TaKOX TriminioMopdHi 3epHa.
KpucranoximiyHa hopmysia napapamesibcOepriTy, (Nil’00 X
X FeO,03)Zl,03(Asl,84SO,11)21,95’ CBiTUUTH MPO OOMEXEHI 3a-
MIllleHHs B KaTiOHHii YaCTWHI Ta iCTOTHI 3aMillleHHsI aHi-
oHa As Ha S. [Nommpenuii nmapareHesuc Ni—As—Fe—S
MpeacTaBIeHU TTepeBaXkKHO JbOIIHTITOM, repcaopdiTom i
apceHorniputoM. Bapialiii xiMiyHOro ckiamy Ta OCOOIM-
BOCTi CTPYKTYp 3ragjaHux MiHepalliB BKa3ylOTh Ha IIBUIKI
TeMITepaTypHi 3MiHU B CEpeIOBUILI MiHEpaJOyTBOPEHHS.

Kniouosi cnosa: Ni, Fe nmiapceHigu, mapapamenbcOepriT,
MiHepaJIorisi, YOpHi chaHili, CioBauyyuHa.

T. Muxyw, M. Xosan, A. Ilonomapenko,
C. bonoapenro, A. Tpunuenxo

I'MAPOTEPMAJIbHAA HUKEJIEBAA
MUWHEPAJIU3ALINA YEPHBIX CJIAHIIEB
PET'MOHA YEPHA JIEXOTA

(BAITAIHBIE KAPITATHI, CIOBAKH)

C MoMoIIIbl0 MUKPO30HIOBOTO aHAIM3a U3ydeHa HUKeJIe-
Basl SMMTeHeTHYECKasi TUIPOTEepMaIbHAs MUHEpaTA3aIlsT
B TTaJIC030MCKUX YEPHBIX CJIAHIIaX, KoTopas (GopMupyer-
cs BCEH 3a CHHTCHETMYECKOW MUPUT-TIMPPOTHHOBOM.
[1aBHBIM HUKEJIEBBIM PYTHBIM MUHEPAJIOM SIBJISICTCS TIa-
papaMMeJIbcOepruT, TpeACTaBICHHBIM IJTOOYIaMK ¢ KOJI-
JIOMOP(MHBIMU U TPO3AENOJOOHBIMU CTPYKTypaMHu, a Tak-
Xe TUMMIUoMopdHBIMM 3epHamMu. Kpucrammoxummudec-
Kas opmyna mapapamMmelsibcOeprura, (Nil,ooFeo,o3)z1,03 X
X (As1’84SO‘“)21’95, CBUJIETEIBCTBYET 00 OrpaHUYEHHbIX 3a-
MEIICHUSIX B KaTUOHHOM YacTH M CYIIECTBEHHBIX 3aMe-
IeHUSIX aHnOHa As Ha S. PacrpocTpaHeHHBIN TTapareHe-
3uc Ni—As—Fe—S mpencrapieH MOpeuMyIIECTBEHHO
JISJUTMHTUTOM, TepcaopduToM 1 apceHonmupuToM. Bapu-
allid XMMUYECKOTO COCTaBa M OCOOEHHOCTU CTPYKTYD
YIIOMSTHYTBIX MUHEPAJIOB yKa3bIBAlOT Ha OBICTPHIC TEeM-
repaTypHble U3MEHEHHsI B Cpelie MUHEePaJoo0pa3oBaHUsI.

Knrouesoie crosa: Ni, Fe nuapcenupl, mapapammenbcoep-
TUT, MUHEPAJIOTHs, YepHble ciaHibl, CIIOBaKUsI.
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