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Abstract The Ransko gabbro–peridotite massif in East-
ern Bohemia is a strongly differentiated intrusive com-
plex of Lower Cambrian age. The complex hosts low
grade Ni–Cu ores mainly developed close to the contact
of olivine-rich rocks with gabbros, in troctolites and, to a
much lesser extent, in both pyroxene and olivine gabbros
and plagioclase-rich peridotites. The ore zone is charac-
terized by strong serpentinization and uralitization. The
total Ni + Cu locally reaches up to 4 wt%. Anomalous
concentrations of platinum-group elements (PGE’s)
(maximum 532 ppb Pd, 182 ppb Pt, 53 ppb Rh, 15 ppb
Ru, 41 ppb Ir) were detected in samples of Cu–Ni and
Ni–Cu ores (maximum 2.63 wt% Ni and 2.31 wt% Cu)
from the Jezı́rka orebody. The main ore paragenesis in-
cludes pyrrhotite, pentlandite, chalcopyrite, cubanite,
pyrite, magnetite, mackinawite, valleriite, ilmenite and
sphalerite. During this work, michenerite, froodite,
sperrylite, gold, native bismuth, altaite, tsumoite, hessite,
an unnamed Bi–Ni telluride, cobaltite–gersdorffite and
galena were newly identified. The host rocks originated
through partial melting of a slightly depleted mantle
source with noble metals scavenged from this primitive
magma prior to the development of these rocks.
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Introduction

The Ransko gabbro–peridotite massif hosts several
mostly low-grade Ni–Cu orebodies, which were located

during a rather extensive exploration programme in the
1960s. The intrusive complex and related ores were
studied by Mı́sař (1960), Pokorný (1969), Hoffman
(1962), Weiss (1962), Duda (1966), Rost (1969), Holub
and Pokorný (1970), Marek (1970), Mı́sař (1960, 1974,
1979), Šmejkal et al. (1970), Bouška et al. (1977), Wat-
kinson et al. (1978) and, recently, also by Bernard
(1991), Holub et al. (1992), Van der Veen and Maaskant
(1995), Vavřı́n and Frýda (1998) and Pašava et al.
(1999). Findings of anomalous Platinum-group element
(PGE) concentrations and subsequent identification of
principal PGE carriers in the samples of Ni–Cu ores
from the Jezı́rka deposit in the Ransko gabbro–perido-
tite massif are described in this paper.

Geological framework

The Ransko gabbro–peridotite massif is located about
18 km ENE of Havlı́čkův Brod in eastern Bohemia and
represents a strongly differentiated intrusive complex
with liquid segregation of low grade Ni–Cu ores, which
is a unique ore type in the Bohemian Massif. The
Ransko massif is located in a transition zone between
the Moldanubian and Kutná Hora crystalline units
(Fig. 1). The cylindrically shaped massif has a zonal
structure, although not strictly regular and concentric,
and covers an area of about 10 km2. Two major fault
systems control its tectonic position. The Ransko rocks
resulted most likely from a two-stage differentiation of
Al-rich tholeiitic magma at different depths. The first
stage occurred at a depth of about 35–40 km where
magma was generated through partial melting and,
after ascending along a fault zone, was trapped in the
lower crust. At this level, the magma began to frac-
tionate and also reacted with wall rocks. These reac-
tions and the changes of P–T conditions resulted in the
second stage fractionation during which large blocks of
semi-solidified dunite-peridotite-troctolite were carried
up by a gabbroic magma to depths of about 10 km
(Mı́sař 1979).
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The Ransko massif is formed by the following two
rock series:

1. Older dunites, plagioclase peridotites, troctolites and
olivine gabbros with frequent cumulate textures.

2. Younger hornblende- and pyroxene-bearing gabbros
and gabbrodiorites. The pyroxene gabbros, horn-
blende–pyroxene gabbros and minor olivine gabbros
build up most of the Ransko massif.

Moreover, granodiorites, granite porphyries and an-
orthosites were also found. It has been suggested, based
on geological and palaeomagnetic research, that the
massif is of Lower Cambrian age (Marek 1970).

Rocks and ores of the Ransko massif were regionally
metamorphosed during the Silurian (Mı́sař 1974) and
record peak metamorphic conditions around 700 �Cwith
medium- to low-grade retrograde alteration controlled
by a large influx of water from the eastern contact of the
massif. Late stage alteration, below 350 �C, is concen-
trated in narrow zones; lastly, post-alteration major dis-
locations affected the Ransko massif (Holub et al. 1992).

Methods

Samples of barren and mineralized rocks (troctolite and peridotite)
from surface exposures and from drill holes (SRS-4, V-14, V-315
and V-331) of the Jezı́rka deposit were kindly provided by E. Jel-
ı́nek from the collection of the Faculty of Science, Charles

University in Prague. The samples were powdered and analysed for
major elements (wet chemistry), trace elements (AAS) and REEs
(ICP-OES) in the laboratories of the Czech Geological Survey.
Collection into Ni-button and subsequent determination of Pt, Pd,
Rh, Ru and Ir by ICP-MS was carried out in the laboratories of
Analytika Ltd in Prague. Detailed mineralogical studies were per-
formed with a scanning electron microscope CamScan 4 with WDS
Microspec, 20 kV accelerating voltage, ZAF correction program,
internal analytical standards Pd, Pt, Rh, Bi, Ni, Co, Fe, Cu, Te
metals, in the electron microprobe laboratory of the Czech Geo-
logical Survey. For Sm–Nd isotope analysis, samples were dis-
solved using a combined HF–HCl–HNO3 attack. Bulk REE were
separated by standard cation-exchange chromatography techniques
on quartz columns with BioRad resin; Nd was further separated on
quartz columns with Biobeads S-X8 coated with HDEHP (Richard
et al. 1976). Isotopic analyses were performed on a Finnigan MAT
262 thermal ionization mass spectrometer in static mode using a
double Re filament assembly (laboratories of the Czech Geological
Survey, Prague). The 143Nd/144Nd ratios were corrected for mass
fractionation to 146Nd/144Nd=0.7219. External reproducibility is
given by the results of repeat analyses of the La Jolla isotopic
standard (143Nd/144Nd=0.511858±18 (2r), n=52). The �Nd values
were calculated using the following Bulk Earth parameters:
143Nd/144Nd=0.512638; 147Sm/144Nd=0.1966 (Jacobsen and
Wasserburg 1980). The Sm decay constant is that of Lugmair and
Marti (1978). The calculations were performed and results plotted
by own software developed on the basis of the freeware statistical
language R (Ihaka and Gentleman 1996; Janoušek 2000).

Nickel–copper ores at the Ransko massif

The major part of low grade Cu–Ni (Fe) ore at Ransko
is confined to a 3 km long and 1 km wide ore zone

Fig. 1 Geological setting of the Ransko massif (according to Mı́sař 1974)
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cutting the massif in a NE–SW direction (Mı́sař 1974)
and is characterized by strong serpentinization and ur-
alitization. The distribution of individual deposits within
the Ransko massif is shown on Fig. 2. The orebodies lie
close to the contact of olivine-rich rocks with gabbros
and, in particular, in the zones exhibiting varied alter-
nation of troctolites with pyroxene and olivine gabbros.
Sulfides are not bound to a particular rock type, but
straddle boundaries between various rock types. The
Ni–Cu minerals occur as irregular lenses and horizons in
a relatively strongly mineralized zone containing pyr-
rhotite and pyrite. Isolated and irregular occurrences of
disseminated Ni–Cu ores were also discovered in troct-
olites and plagioclase-bearing peridotites. Locally, sul-
fides surround the grains of unaltered silicates and form
a typical net-like structure.

Mı́sař (1979) suggested that the parent sulfide melt
was probably unmixed in the early stage of magmatic
history in a transitory magma chamber and left behind
after the gabbro intrusion. After the final emplacement
of the massif the dense sulfide liquids were squeezed
upward and emplaced in suitable structures and host
rocks. However, some nickel–copper sulfide droplets in
dunite and peridotite may represent, according to Mı́sař
(1979), immiscible liquids trapped in situ. Holub et al.
(1992) concluded that Ni–Cu sulfides concentrated
mainly in Fe-rich troctolites and less in adjoined gabbros
and plagioperidotites and that the zoning of elements,

minerals and primary aureoles of most of the orebodies
is a result of in situ differentiation with Ni accumulating
in olivine host rocks.

The most representative of all Ni–Cu deposits is the
Jezı́rka deposit, which is described below.

Nickel–copper ores at the Jezı́rka deposit

Geology

The deposit was discovered by J. Janečka in 1957 at the
eastern margin of the southern ultramafic body on a
NE–SW-trending structure (Fig. 2). The deposit is de-
veloped within a zone consisting of troctolite and olivine
gabbro alternating with pyroxene gabbro (Fig. 3). In the
north, the deposit is cut by a younger body of quartz
diorite. In the south, the structure of the deposit is
squeezed between the southern ultrabasic body and a
small ultrabasic block located further to the east (Mı́sař
1974).

The major ore horizon generally follows the contact
of gabbro and troctolite and can be traced for a distance
of 0.7 km at the surface. It dips 50–60� to the SE.

Mineralogy

The mineralization at Jezı́rka was studied in detail by
Pokorný (1969) and recently by Vavřı́n and Frýda

Fig. 2 Geological map of the Staré Ransko area with location of
major orebodies (adapted from Van der Veen and Maaskant 1995)
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(1998). The major part of mineralization occurs in
troctolites, to a much lesser extent in pyroxene and oli-
vine gabbro as well as plagioclase-rich peridotite. The
ore zone is characterized by strong serpentinization and
uralitization of the rocks. The maximum sum of Ni +
Cu contents reaches about 4 wt%. The Ni/Cu ratio
varies with lithology and, at the same time, decreases
with depth. Redistribution of metals, which resulted in
significant copper enrichment of the upper part of the
orebody, was explained by Pokorný (1969) as a result of
remobilization processes associated with the intrusion of
younger quartz diorite.

Pyrrhotite, pentlandite and chalcopyrite with less
common cubanite, pyrite and magnetite represent the
main ore minerals. Mackinawite, valleriite, ilmenite and
sphalerite are sparse (Pokorný 1969). Dominant pyr-
rhotite with frequent, fairly large grains of pentlandite
and chalcopyrite account for more than 90% of the ore
content. Individual sulfide disseminations are distributed

fairly irregularly in the rock and display characteristic
forms controlled by the interstices between the mostly
oval grains of serpentinized olivine (Pokorný 1969). The
study of chrome spinels indicated that both high-reflec-
tance (Cr–Fe3+) and medium reflectance (Cr–Al–Fe3+)
spinels may have crystallized as primary phases with
exsolution temperature of about 650 �C (Van der Veen
and Maskaant 1995). The exsolved sulfide droplets
crystallized as disseminated sulfide blebs between silicate
crystals in the intercumulus (Van der Veen and
Maskaant 1995). Figure 4a shows spinel intergrown
with pyrrhotite. Pokorný (1969) suggested that pyrrho-
tite and pentlandite originated in the temperature range
between 425 and 610 �C. The copper minerals are either
intergrown with pyrrhotite (Fig. 4b) or appear sepa-
rately in the troctolite silicates (Pokorný 1969). Cubanite
in chalcopyrite is often developed as lamellae (Fig. 4c)
and was formed at the temperature of 200–300 �C
(Pokorný 1969). The latest copper mineral is macki-
nawite, which occurs as a minor constituent ubiqui-
tously, but frequently in pentlandite (Fig. 4d; Pokorný
1969).

Geochemistry

Geochemical composition of the ores is chiefly con-
trolled by the petrochemical character of the mineralized
rocks (Pokorný 1969). The absolute Cu and Ni contents
vary within individual orebodies of the Ransko massif,
and Cu mostly prevails over Ni. The average Ni/Cu
ratios calculated for the whole massif are 0.97 for
troctolite, 0.87 for olivine gabbro and 0.77 for pyroxene
gabbro (Pokorný 1969). At the Jezı́rka deposit, the dis-
tribution of Cu and Ni shows vertical zoning, with Cu
concentrations and Ni/Cu ratios (0.4–1.6) decreasing
with depth. At the surface, the Ni/Cu ratio in troctolite
is 1.6, at a depth of 150–200 m in olivine gabbro it is 1.1,
and at a depth of 250 m in pyroxene gabbro the ratio
drops to 0.4 (Pokorný 1969).

New results: geochemistry of host rocks

The whole-rock geochemistry of the main host rocks
from the Ransko massif was studied by Pokorný (1969),
Bouška et al. (1977) and others; our new major- and
trace-element data from the Jezı́rka deposit are given in
Table 1. The general trend of differentiation of the pa-
rental, most likely tholeiitic, magma was chiefly con-
trolled by the distribution of Mg, Fe, Ca and Al. The
content of Mg, Ca and Fe in clinopyroxenes differs in
the main rock types. Troctolites contain Fe-rich pyrox-
enes, whereas gabbros have Ca-rich ones. It is very likely
that the Fe-enriched troctolites represent a transition
zone between gabbros and olivine–pyroxene cumulates
(with Mg-rich clinopyroxene). Such a trend is typical for
differentiation in a closed system.

Fig. 3 Geological cross section of the central part of the Jezı́rka
orebody (after Holub et al. 1992)
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The REE concentrations, ranging between 0.7 and 7·
chondrite show that the studied rocks are all relatively
unevolved and indicate a rather primitive mantle source
for the parental magma. The REE patterns are flat
(LaN/YbN=1.0–1.15) with total REE contents increas-
ing from peridotites to troctolites. The pronounced
positive Eu anomalies of the troctolites (Fig. 5) can be
readily explained by Ca-rich plagioclase accumulation.

Composition of sulfide ore

Recent geochemical studies have revealed that Ni–Cu
mineralized samples bear anomalous PGE concentra-
tions (Table 1). The total concentration of PGEs in the

richest samples almost reaches 1 g/t. It should be noted
that the PGE mineralized samples differ in Fe, Cu and
Ni values (Table 1).

The high Cu content of the mineralization at Jezı́rka
is unusual with respect to the flat PGE pattern [i.e. high
(Pt+Pd)/(Ru+Ir+Os) ratio]. In the Cu/(Cu+Ni) vs
Pt/(Pt+Pd) plot most of our samples follow the trend of
deposits associated with tholeiitic magmas with the only
exception of the sample of Ni–Cu ore (SR-7 in Table 1,
Fig. 6). This sample is characterized by both low Cu/
(Cu+Ni) and Pt/(Pt+Pd) ratios.

Mantle normalized PGE patterns of Ni–Cu ore
(sample SR-7 in Table 1) and Cu–Ni ore (sample SR-6
in Table 1) are rather flat and characterized by nega-
tive anomalies of Ru and Pt (Fig. 7), indicating that
both metals were probably retained in the mantle
source of these rocks. The patterns of low-mineralized
peridotites (samples SR-4 and SR-5 in Table 1) show
depletion in Ru. The metal pattern of barren troctolite
(sample SR-3 in Table 1) has a negative Ru and Pd
anomaly. Most samples have Pt/Pd normalized ratios
lower than unity.

PGE values recalculated to 100% sulfide and nor-
malized on the basis of elemental abundances in C1
chondrite for samples from the Jezı́rka deposit are
shown on Fig. 8. High-mineralized samples (SR-6 and -7
in Table 1) exhibit the flat profile characteristics

Fig. 4a–d Photomicrographs of the typical Ni–Cu ore assemblage
from the Jezı́rka deposit (Ransko gabbro–peridotite massif). a
Pyrrhotite (light) filling fractures and intergranular space within
rounded grains of Cr-spinels (grey). Reflected light; b yellow
euhedral crystal of chalcopyrite with apparent cleavage in cubanite
and associated with pentlandite (light grain with obvious mor-
phology). Reflected light; c yellow chalcopyrite lamellae with
apparent thin admixtures of Fe-oxides (grey) in cubanite. Light
rounded grain with obvious morphology is pentlandite. Reflected
light; d pentlandite (large yellowish fractured grain) with abundant
admixtures of mackinawite (blue-green to yellow, depending on the
optical orientation of individual grains). Reflected light, partly
crossed polars
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accompanied by strong negative Pt and Ru anomalies
illustrating the highly variable partitioning of metals
between mss and the sulfide liquid. Low-mineralized
samples (SR-4 and -5 in Table 1) and the barren troct-
olite sample (SR-3 in Table 1) show similar shapes of
patterns (Fig. 8) as for normalization to mantle (Fig. 7).

In the Ni/Cu versus Pd/Ir plot, samples of barren and
mineralized troctolites, gabbros and peridotites from the
Jezı́rka deposit also show clear fractionation (Fig. 9).
The samples of Ni–Cu ore (SR-7 in Table 1) and barren
troctolite (SR-1 in Table 1) plot into the field of kom-
atiites/chromitites of layered intrusions and the sample
of barren troctolite (SR-3 in Table 1) plots closely below
this field. Most of the remaining samples fall into the
field of high-MgO and flood basalts. The Jezı́rka sam-

ples show a marked decrease in Pd/Ir and an increase in
Ni/Cu towards olivine-rich lithologies (Fig. 9).

The noble metals are relatively unfractionated in the
troctolites and peridotites at Jezı́rka (Pd/Ir=0.6–36,
with 0.6 in the sample SR-3 of barren troctolite, which
plots below the komatiite field on Fig. 9) and fraction-
ated in younger gabbros (Pd/Ir= 14–289; see Table 1).

The effect of variation in the conditions of partial
melting on the Ni/Pd vs Cu/Ir ratios, as illustrated by
the trend of komatiites, high-MgO basalts, ocean-floor
basalts and flood basalts, is to decrease the Ni/Pd ratio
and to increase the Cu/Ir ratio with decreasing degree of
partial melting. In the Cu/Ir vs. Ni/Pd plot, most of the
samples from the Jezı́rka deposit fall into the field of
layered intrusions except for the sample of barren

Table 1 Chemical composition of selected host rocks and ore from the Jezı́rka deposit in the Ransko gabbro–peridotite massif (major
elements in wt%, selected trace elements in ppm, PGE and Au in ppb)

Troctolite
barren

Troctolite
barren

Troctolite
barren

Peridotite
low-min.

Peridotite
low-min.

Cu–Ni
ore

Ni–Cu
ore

Olivine
gabbro low-min.

Olivine gabbro
barren

Pyroxene
gabbro

Sample SR-1 SR-2 SR-3 SR-4 SR-5 SR-6 SR-7 SR-8 SR-9 SR-10
Borehole SRS-4 SRS-4 V-14 V-315 V-331 R1 R2 V-14 V-19 V-16
SiO2 37.65 37.99 39.02 34.23 35.03 15.90 8.05 41.40 43.51 46.68
TiO2 0.13 0.11 0.12 0.05 0.07 0.07 0.01 0.14 0.14 0.19
Al2O3 5.36 8.29 6.49 2.03 2.44 1.41 4.34 15.01 15.38 16.47
Fe2O3 4.86 2.83 5.24 4.89 5.87 <0.01 <0.01 1.18 1.86 0.39
FeO 5.79 6.72 6.61 6.91 6.67 42.40 57.88 7.68 5.40 6.51
MnO 0.172 0.15 0.195 0.167 0.188 0.108 0.046 0.113 0.117 0.111
MgO 31.91 26.11 29.45 36.77 36.76 10.15 3.38 18.37 15.68 13.23
CaO 4.55 7.89 4.39 0.12 0.95 0.85 1.23 10.68 11.47 12.91
SrO 0.010 0.016 0.011 <0.005 <0.005 <0.005 0.018 0.025 0.040 0.034
BaO 0.178 0.203 <0.005 <0.005 <0.005 <0.005 0.097 <0.005 0.007 <0.005
Na2O 0.15 0.24 0.34 0.01 0.07 0.02 0.14 0.65 0.84 0.78
K2O 0.04 0.03 0.04 0.01 0.04 0.03 0.04 0.06 0.18 0.14
P2O5 0.015 0.011 0.015 0.007 0.01 0.016 0.014 0.024 0.019 0.019
CO2 0.46 0.3 0.26 0.38 0.29 0.46 0.07 0.29 0.12 0.09
C 0.014 <0.005 <0.005 <0.005 <0.005 0.025 0.012 0.021 0.026 0.009
H2O+a 8.02 7.83 7.45 13.0 10.54 6.89 1.83 3.24 5.1 2.23
F 0.059 0.084 0.052 0.051 0.054 0.088 0.076 0.076 0.074 0.066
S 0.107 0.46 0.053 0.99 0.37 17.90 26.82 1.32 0.129 0.66
H2O–b 0.22 0.26 0.31 0.59 0.47 0.57 0.02 0.18 0.42 0.180
Total 99.70 99.53 100.10 100.21 99.83 96.90 104.08 100.46 100.51 100.70
Ni 387 311 556 1,430 1,352 15,500 26,300 n.d. n.d. n.d.
Cu 32 99 31 1,867 874 23,100 700 n.d. n.d. n.d.
Bi <0.05 <0.05 <0.05 0.5 0.18 n.d. n.d. n.d. n.d. n.d.
Co 132 130 119 163 146 n.d. n.d. n.d. n.d. n.d.
Cr 879 784 1,059 540 849 n.d. n.d. n.d. n.d. n.d.
Pb <10 <10 <10 <10 <10 n.d. n.d. n.d. n.d. n.d.
Rb 2 2 <2 <2 2 n.d. n.d. n.d. n.d. n.d.
Sr 140 200 120 <10 20 n.d. n.d. n.d. n.d. n.d.
Sb 0.15 <0.05 0.09 <0.05 <0.05 n.d. n.d. n.d. n.d. n.d.
Te 0.24 0.19 0.10 0.42 0.16 2.89 4.65 0.87 0.45 0.28
Zn 44 46 69 57 60 0.03 <0.01 n.d. n.d. n.d.
Ni/Cu 12.9 3.1 17.9 0.8 1.5 0.7 37.5 n.d. n.d. n.d.
Ir 0.11 0.16 0.16 1.36 3.14 34.89 40.9 0.27 0.045 0.045
Pd 0.71 1.6 0.1 48.3 75.6 532.3 143.4 77.9 5.14 10.73
Pt 1.68 2.3 2.2 34.7 57.2 181.7 4.0 107.4 7.04 4.2
Rh 0.09 0.1 0.04 2.3 4.6 53.4 42.3 2.18 0.3 0.3
Ru 0.26 0.5 0.06 1.3 2.8 14.0 15.0 0.94 0.2 0.04
Au 1.0 5.3 2.2 16.4 24.1 n.d. n.d. n.d. n.d. n.d.
Pd/Ir 6.5 10 0.6 35.5 24 15 3.5 288.5 114.2 238.4
Ni/Pd 545,070 194,375 5,560,000 29,607 17,884 29,119 183,403
Cu/Ir 290,909 618,750 193,750 1,372,794 278,344 662,081 17,115

aLoss of drying at 105 �C
bCalculated loss of ignition after subtraction of volatiles
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troctolite (SR-3), which plots above this field, and the
sample of rich Ni–Cu ore (SR-7), plotting into the
komatiite field (Fig. 10), similarly as in the Pd/Ir vs Ni/
Cu plot.

Mineralogy

Detailed mineralogical studies resulted in the identifi-
cation of Pd–Bi–Te and Pt–As assemblages. These are
represented by michenerite, froodite and sperrylite,
which form very small grains in rich pyrrhotite-pent-
landite–chalcopyrite ore with net-like structure, in mas-
sive pyrrhotite ore with admixtures of pentlandite, as
well as in troctolites with disseminated pentlandite–
pyrrhotite mineralization. Monomineralic inclusions
predominate while intergrowths of platinum-group
minerals (PGMs) are very rare (michenerite and froo-
dite). Native gold, native bismuth, altaite, tsumoite,
hessite, unnamed Bi–Ni telluride, cobaltite–gersdorffite
and galena were newly identified. An association with
tellurides of Bi, Pb, Ag and Ni is peculiar to these par-
ageneses; intergrowths of PGMs with hessite and Bi
telluride were observed.

Michenerite ([Pd 0.84 Fe 0.11 Ni 0.06]1.01 Bi 0.97 Te 1.02)

Michenerite forms anhedral to subhedral rounded
grains, rarely skeletal, in pyrrhotite and chalcopyrite or
at their contact with rock-forming silicates (Fig. 11a–c).
Michenerite is the most abundant of all PGMs at Ran-
sko. Grains range in size from 8 to 25 lm. In reflected
light, the mineral is white with a faintly grey tint.
Michenerite contains commonly higher contents of Fe
and Ni (up to 1.6 and 1.3 wt%, respectively; Table 2).
An extremely high content of Sb (up to 7.4 wt%) was
found only in one sample.

Fig. 5 Chondrite-normalized REE patterns for low-mineralized
and barren samples from the Jezı́rka deposit (data for C1 chondrite
from Boynton 1984)

Fig. 6 Relationship between Pt/(Pt+Pd) and Cu/(Cu+Ni) ratios in
barren and mineralized rocks from the Jezı́rka deposit (plot after
Naldrett 1989)

Fig. 7 Mantle-normalized
element patterns for barren and
mineralized rocks from the
Ransko massif. Mantle values
represent world mantle
fragments and are from Barnes
et al. (1988)
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Froodite ([Pd 0.82 Fe 0.12 Cu 0.06]1.00 Bi 1.97)

Froodite was observed as grains (10–25 lm) at the
contact of pyrrhotite with rock-forming silicates
(Fig. 11c). In reflected plane-polarized light, the mineral
is white with a faint grey tint and shows a strong an-
isotropy with brownish to dark grey colours. Froodite
has a high content of Fe (up to 1.3 wt%) and Cu (about
0.8 wt%), but, unlike in the michenerite, the content of
Ni is very low (less than 0.1 wt%; Vavřı́n and Frýda
1998; Table 2).

Sperrylite ([Pt 0.96 Rh 0.01 Fe 0.04]1.01 [As 1.95 S 0.05] 2)

Sperrylite was found only in two anhedral grains, one of
them 80·25 lm large, in rock-forming silicates close to

the contact with pyrrhotite–chalcopyrite aggregates
(Fig. 11d). In reflected light, the mineral appears white.
Sperrylite revealed high contents of Fe (up to 1.1 wt%),
Rh ( up to 0.16 wt%) and S ( up to 0.5 wt%; Table 3).

Unnamed bismuth–nickel telluride
(Bi 1.04 [Ni 2.73 Fe 0.18] 2.91 Te4)

This mineral was found as anhedral rounded grains (10–
15 lm), in pyrrhotite or at its contact with rock-forming
minerals. In reflected light the mineral is creamy white.
Anisotropy is weak to moderate and varies from
brownish grey to dark grey colours. The mineral has
high contents of Fe (up to 1.5 wt%) and rarely Sb (up to
0.5 wt%) (Table 2). Intergrowths of this unnamed Bi-Ni
telluride with tsumoite were observed.

Fig. 8 Samples recalculated to
100% sulfide and normalized
on the basis of elemental
abundances in C1 chondrite
(data for chondrite Naldrett
and Duke 1980 and references
therein)

Fig. 9 Ni/Cu vs Pd/Ir ratios of the samples from the Jezı́rka deposit
compared with selected compositional fields after Barnes et al.
(1988)

Fig. 10 Ni/Pd vs. Cu/Ir ratios of the samples from the Jezı́rka
deposit compared with selected compositional fields after Barnes
et al. (1988)
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Tsumoite ([Bi0.88 Fe0.08 Ni0.04] Te1.00)

Tsumoite was found as anhedral grains, 10 to 30 lm
across or rarely in form of subhedral lamellar crystals

with perfect cleavage (0001). In reflected light the min-
eral is white with a faint creamy tint. Tsumoite shows
moderate anisotropy from grey to extinction. Chemi-
cally, it is characterized by increased contents of Fe (up

Fig. 11a–f SEM images
(backscattered electron mode)
of ore minerals from the Jezı́rka
deposit. a Michenerite (Mi) in
disseminated ore (Cp
chalcopyrite); b Michenerite
(Mi) in rich pentlandite–
chalcopyrite–pyrrhotite ore (Cp
chalcopyrite); c Froodite (Fr),
michenerite (Mi) and hessite
(H) in troctolite with
pentlandite–pyrrhotite
mineralization; d sperrylite (Sp)
in rich pentlandite–
chalcopyrite–pyrrhotite ore;
e cobaltite (Co) and pyrrhotite
(Py) in rock-forming silicates in
the sample of rich pentlandite–
chalcopyrite–pyrrhotite ore;
f gersdorffite (G) in pyrrhotite
(Py) in association with
magnetite (M) in rich
pentlandite–chalcopyrite–
pyrrhotite ore

Table 2 Selected microprobe
analyses of michenerite,
froodite and an unnamed Bi–Ni
telluride. Number of atoms
calculated on the basis of a total
of 3 for michenerite (1–4),
froodite (5–6), and an unnamed
Ni–Bi telluride. Michenerite
grains occur within
pentlandite–chalcopyrite–
pyrrhotite ore with net structure
and come from the Jezı́rka
deposit (1–4). Froodite (5–6),
and unnamed Ni–Bi telluride
(7–8) occur within disseminated
mineralization in troctolites of
the Jezı́rka deposit

1 2 3 4 5 6 7 8

Pd 20.56 21.31 25.27 24.80 17.18 16.91 0.04 0.07
Fe 1.44 1.39 0.31 0.34 1.26 1.31 1.14 1.51
Ni 0.87 0.87 0.06 0.07 0.05 - 17.70 18.84
Cu - - 0.07 0.05 0.82 0.80 - 0.03
Bi 46.73 46.26 33.61 34.98 79.72 80.30 23.21 21.02
Sb - - 7.42 6.93 - - 0.48 0.43
Te 30.06 30.35 33.16 32.72 0.07 - 56.43 57.21
S 99.66 100.18 99.90 99.89 99.10 99.32 99.00 99.11
Pd 0.836 0.859 0.914 0.909 0.836 0.823
Fe 0.112 0.106 0.021 0.024 0.117 0.121 0.184 0.240
Ni 0.064 0.063 0.004 0.004 0.004 2.728 2.684
Cu 0.004 0.003 0.066 0.065
Bi 0.968 1.950 0.619 0.653 1.974 1.990 1.005 0.897
Sb 0.235 0.222 0.036 0.031
Te 1.020 1.021 1.000 1.000 0.003 4.000 4.000
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to 1.6 wt%) and Ni (up to 1.2 wt%; Vavřı́n and Frýda
1998). Tsumoite belongs to the group of the most
abundant accessory minerals in both sulfidic aggregates
and rock-forming minerals closely associated with sul-
fides.

Bismuth (Bi0.97 Fe0.02 Cu0.01)

Bismuth occurs as anhedral crystals enclosed in chal-
copyrite or at contacts of sulfides with rock-forming
silicates. The crystals of bismuth, up to 20 lm across,
are pinkish cream in reflected plane-polarized light.
Native bismuth contains only about 0.5 wt% of Fe and
about 0.3 wt% of Cu (Vavřı́n and Frýda 1998).

Galena (PbS)

Galena is very sparse and only a few anhedral grains or
subhedral crystals (8–15 lm) were observed. It often
occurs in rock-forming silicates associated with pyr-
rhotite–chalcopyrite aggregates and only rarely in form
of inclusions in chalcopyrite and pentlandite.

Gold (Au0.78 Ag0.22)

Native gold was identified in the form of anhedral
grains (10–20 lm) enclosed in chalcopyrite and rock-
forming silicates. Only rarely, gold forms intergrowths
with galena. Chemically, gold contains a substantial
amount of Ag (Au0.78 Ag0.22), corresponding to elec-
trum.

Altaite and hessite

These tellurides were found as anhedral grains (up to
20 lm) enclosed in chalcopyrite and intergrown with
pyrrhotite. Also, the association of hessite with mich-
enerite was observed (Fig. 11c).

Cobaltite–gersdorffite

This mineral is newly identified at Ransko and was
probably earlier described as arsenopyrite by Krejčı́ and
Helmacker (1891). It belongs to the group of rather rare
accessory minerals, usually associated with aggregates of
pyrrhotite accompanied by chalcopyrite and magnetite.
Cobaltite–gersdorffite forms euhedral or subhedral
grains (60–240 lm) of tin-white colour (Fig. 10e, f); the
chemical composition (Table 4) indicates the presence of
transition members between (Fe–Ni) cobaltite and (Fe–
Co) gersdorffite rather than natural sulfo-arsenides of
NiAsS–FeAsS–CoAsS composition. (Fe–Co) Gersdorf-
fite of similar chemistry which crystallized at a temper-
ature of 400–700 �C was described by Oen et al. (1971)
from chromite ores with nickeline from La Gallega
(Spain). These temperatures are consistent with those
suggested for the origin of Ni–Cu ores in the Ransko
massif by Pokorný (1969).

Sulfur isotopes

Sulfur isotope data of major ore sulfides representing
various Ni–Cu deposits in the Ransko gabbro–peridotite
massif (Jezı́rka Ni–Cu deposit, Doubravka Ni–Cu de-
posit, Řeka Ni–Cu deposit and Obrázek Zn–Cu deposit)
are plotted on Fig. 12. They range from –6.4 to +1.2 &.
The typical disseminated ores with pyrrhotite, pentlan-
dite, chalcopyrite and cubanite from the Jezı́rka deposit
show d34S values in a narrow range (from )1.2 to +0.4
&), indicating a very homogeneous source of magmatic
sulfur (Šmejkal et al. 1970). Conversely, the values from
the Obrázek deposit are characterized by a wider range
(–6.4 to +1.2 &) suggesting most likely mixing of
magmatic sulfur with that ingested from external sources
(Watkinson et al. 1978).

Table 3 Microprobe analyses of sperrylite. Number of atoms are
calculated on the basis of 3. Sperrylite crystals (anal. nos. 1–3)
occur within pentlandite–chalcopyrite–pyrrhotite ore of net-like
structure and come from the Jezı́rka deposit

1 2 3 Average

Pt 56.40 55.23 54.71 55.45
Rh 0.12 0.15 0.16 0.14
Fe 0.47 0.48 0.58 0.51
As 44.29 44.74 43.69 44.24
S 0.15 0.17 0.17 0.16
S 101.43 100.77 99.31 100.50
Pt 0.970 0.948 0.955 0.958
Rh 0.004 0.005 0.005 0.005
Fe 0.028 0.029 0.036 0.031
As 1.982 2.000 1.986 1.986
S 0.016 0.018 0.018 0.017

Table 4 Microprobe analyses of (Fe–Ni) cobaltite –(Fe–Co) gers-
dorffite. Number of atoms are calculated on the basis of a total of
3. Cobaltite–gersdorffite crystals occur within pentlandite–chal-
copyrite–pyrrhotite ore of net-like structure and come from the
Jezı́rka deposit. Big euhedral crystal of outer part (anal. no. 1) and
inner part (anal. no. 2) of cobaltite, euhedral crystal of gersdorf-
fite—outer part (3–4) and centre (5), subhedral crystal of gers-
dorffite—outer part (6–7) and centre (8)

1 2 3 4 5 6 7 8

Fe 6.07 5.67 7.37 7.74 7.17 7.90 8.02 6.75
Co 15.50 17.80 12.74 13.22 13.71 11.04 11.22 13.33
Ni 13.69 12.16 15.43 14.55 14.85 16.89 16.49 15.25
As 45.80 46.17 45.69 45.35 45.51 45.37 45.90 45.70
S 19.20 19.03 18.60 18.49 18.77 18.86 18.75 18.60
S 100.26 100.83 99.83 99.35 100.01 100.06 100.38 99.63
Fe 0.182 0.168 0.220 0.230 0.213 0.235 0.240 0.202
Co 0.438 0.503 0.360 0.373 0.388 0.312 0.317 0.377
Ni 0.388 0.345 0.438 0.413 0.422 0.480 0.468 0.433
Nia 1.008 1.017 1.018 1.017 1.023 1.026 1.025 1.011
As 1.018 1.026 1.017 1.010 1.011 1.010 1.022 1.017
S 0.998 0.990 0.966 0.958 0.975 0.980 0.975 0.967

aNi = SFe+Co+Ni
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Sm–Nd isotopes

New Sm–Nd whole-rock isotopic data for basic and
ultrabasic igneous rocks of the Ransko massif are given
in Table 5. When plotted onto the 147Sm/144Nd vs
143Nd/144Nd correlation diagram (Fig. 13a, b), they fail
to define a simple linear relationship. This is due to the
small spread in the 147Sm/144Nd ratios (0.191–0.204)
compared with errors associated with the individual
143Nd/144Nd measurements. In this context the sample
SR-3 is clearly an outlier showing significantly more
primitive (i.e. more radiogenic) Nd isotopic composition
compared with the rest of the data set.

Unfortunately, so far little is known about the exact
age of the Ransko massif. It has been suggested that,
based on geological observations and palaeomagnetic
data, it is of Cambrian age (Marek 1970; see Mı́sař 1974
for discussion). This would be certainly in line with the
dating of analogous basic intrusions in the Bohemian
Massif, namely in the Neukirchen Kdyně (524±3 Ma:
conventional U–Pb zircon age, Dörr et al. 1998;
515.94±1.3 Ma: amphibole Ar–Ar age, Dallmeyer and
Urban 1998) and Mariánské Lázně (496±1 Ma: con-
ventional U–Pb zircon age, Bowes and Aftalion 1991)
complexes. Thus, in the absence of direct measurements,
we age-correct the Nd isotopic compositions to 500 Ma.
Fortunately, relatively low 147Sm/144Nd ratios of all
samples render the initial epsilon values relatively in-
sensitive to the choice of the particular age (Fig. 13c).

On Fig. 13d, most of the samples show similar Nd
isotopic compositions irrespective of the petrologic type
(troctolite, peridotite: �=+0.2 to +0.7); the sole ex-
ception is the troctolite SR-3 (�=+3.4). Such homoge-
neity in Nd isotopic composition points to a common
and homogeneous source and insignificant role for
(mature) crustal contamination or to a similar degree of
assimilation in all samples (e.g. Walker et al. 1994).

Discussion

The morphology and the rock assemblages of the Ran-
sko gabbro–peridotite massif resemble Alaskan-type
intrusions, which are common components of Phan-
erozoic magmatic arcs associated with subduction zones
(Dodin et al. 2000). Based on the geotectonic position
and estimated age, we link the origin of the Ransko
massif to the post-Cadomian extension period, which
was accompanied by the emplacement of numerous
magmatic bodies in the Bohemian massif (Bowes and
Aftalion 1991; Dörr et al. 1998; Křı́bek et al. 2000; and
others).

The sum of platinoids in the richest samples almost
reaches 1 g/t, which is comparable with average PGE
contents in Ni–Cu-PGE ore from Sudbury, Canada
(Hulbert et al. 1988) and is also very close to the average
PGE concentrations in dunite of the Inagli massif that
represents an Alaskan-type intrusion in the Aldan shield,
Russia (Pt =200 ppb, Pd =400 ppb, Rh =80 ppb, Ru
=30 ppb and Ir =100 ppb; Dodin et al. 2000).

Fig. 12 Sulfur isotope data of major ore sulfides representing
various Ni–Cu orebodies in the Ransko gabbro–peridotite massif
(Jezı́rka Ni–Cu orebody, Doubravka Ni–Cu orebody, Řeka Ni–Cu
orebody and Obrázek Zn–Cu orebody-data from Šmejkal et al.
1970 and Kobza 1980)

Table 5 Sr–Nd isotope data for basic and ultrabasic rocks from the Ransko Massif. Explanations: �Nd (550 Ma) values and TNd
CHUR

model ages calculated using bulk Earth parameters given by Jacobsen and Wasserburg (1980). SE Standard error

Sample Location (borehole) Petrology Sm Nd 147Sm/144Nd 143Nd/144Nd SE (143Nd/144Nd)500 Ma �Nd TNd
CHUR

(ppm) (ppm) (500 Ma) (Ga)

SR-1 SRS-4 913.5m Troctolite 0.32 0.99 0.19256 0.512658 26 0.512027 +0.7 –0.76
SR-2 SRS-41008.1m Troctolite 0.49 1.45 0.20389 0.512685 22 0.512017 +0.5 0.98
SR-3 V-14/98.0m Troctolite 0.57 1.90 0.18227 0.512763 9 0.512166 +3.4 –1.34
SR-4 V-315/70.0m Peridotite 0.18 0.58 0.19048 0.512647 17 0.512023 +0.6 –0.23
SR-5 V-331/89.6m Peridotite 0.34 1.07 0.19364 0.512639 21 0.512005 +0.2 –0.05
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Naldrett and Cabri (1976) suggested that there is a
negative linear relationship between the Cu/(Cu+Ni)
and Pt/(Pt+Pd) ratio of ores associated with tholeiitic
magmas. The data from the Jezı́rka deposit confirm this
trend (Fig. 6). The only exception is sample SR-7 (Ni-
rich ore) which has low Pt/(Pt+Pd) and Cu/(Cu+Ni)
ratios typical of komatiite-related deposits. This is also
documented in the Ni/Cu vs Pd/Ir plot (Fig. 9) where
this sample falls to the field of komatiites/chromitites
(layered intrusions).

The mantle-normalized pattern of barren troctolite
(sample SR-3 in Table 1 and in Figs. 7 and 8) shows an
unusual depletion in Ru and enrichment in Pt that is
also a typical feature of chromites from the Alaskan-
type Tulameen Complex, Canada (Barnes and Maier
1999). The less evolved character of the sample (either
different, more depleted source or, more likely, less
contamination) is also documented by its rather radio-
genic Nd isotopic composition [i.e. more positive �Nd

(550 Ma); Fig. 13d]. Most samples from the Jezı́rka
orebody have Pt/Pd normalized ratios lower than unity.
These features indicate that the noble metals formed
from fairly primitive magmas that had experienced sul-

fide segregation prior to the development of these rocks.
This is also supported by the combination of low Pd/Ir
and Ni/Cu ratios and high Ni/Pd and Cu/Ir ratios in the
Jezı́rka samples.

The Pd/Ir versus Ni/Cu plot was found to be useful in
outlining the processes that may affect the distribution
of the noble metals, Ni and Cu (Naldrett and Barnes
1986; Barnes et al. 1988). These ratios were selected
because the metal patterns indicated that Pd/Ir increases
and Ni/Cu decreases with fractionation of the given
magmatic suite. Therefore, the Pd/Ir versus Ni/Cu plot
separates well the various magma suites with the most
primitive rocks (mantle material) plotting at the one end
and the most evolved (continental flood basalts) at the
other. A marked decrease in Pd/Ir and an increase in Ni/
Cu towards olivine-rich lithologies in the Jezı́rka sam-
ples (Fig. 9) can be explained by concentration of Ni in
olivine in preference to Cu similarly as in some olivine
cumulates from komatiite flows described by Barnes
et al. (1988). As assumed already by Holub et al. (1992),
the role for olivine-dominated accumulation (from
troctolites) in the petrogenesis of the olivine-rich rocks
(i.e. peridotites) at the Ransko gabbro–peridotite massif

Fig. 13 a, b 147Sm/144Nd vs.
143Nd/144Nd correlation
diagram for rocks of the
Ransko Massif, error bars are
±1 SE (standard error); c time
development of Nd isotopic
ratio (expressed using the
epsilon notation) in these
samples (dashed) relative to
chondritic uniform reservoir
(CHUR: Jacobsen and
Wasserburg 1980) and depleted
mantle (DM: Goldstein et al.
1984; Liew and Hofmann
1988); d Ni/Co versus initial
epsilon Nd value (500 Ma) with
tentative petrogenetic
interpretation
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is unequivocal. The same conclusion can be drawn on
the basis of the Ni/Co vs �Nd (550 Ma) diagram
(Fig. 13d), in which high distribution coefficients for Ni
in olivine cause the olivine-rich cumulates to be shifted
significantly to the right (see samples SR-4 and SR-5).

Many sulfide orebodies are compositionally zoned
with a Fe-rich part being also enriched in Os, Ir, Ru and
Rh and a Cu-rich portion enriched in Pt, Pd and Au. It
has been suggested that this zoning occurs when mag-
matic sulfide liquid crystallizes to form a Fe-rich
monosulfide solid solution (mss) and a fractionated Cu-
rich liquid (Hawley 1965; Ewers and Hudson 1972). For
example, Pt and Pd are enriched in massive copper-rich
ore at the Talnakh deposit (Russia) in comparison with
the disseminated sulfides in the troctolite and gabbro
(Naldrett 1989). Strong enrichment of Pt and Pd was
also documented in the Cu-rich sample at the Jezı́rka
deposit.

The distribution of REEs in the rocks studied reflects
their primitive character (individual REE concentrations
range between 0.7 and 7· chondrite, Fig. 5), indicating a
rather primitive mantle source for the parental magma.

Nekrasov et al. (1994) suggested that in the Aldan
type deposits (Alaskan-type intrusions) most of PGMs
(e.g. PGE-sulfide, bismuthide, arsenide, telluride, etc.)
are associated with isoferroplatinum formed during the
latest stage of magmatic crystallization and/or hydro-
thermal overprint at temperatures down to 300 �C. At
Jezı́rka, the association of michenerite, froodite,
tsumoite and native bismuth suggests that they origi-
nated together with Cu–Ni minerals from a Pd–Bi–Te
liquid in the temperature range from 400 to 500 �C, i.e.
during or soon after the last phase of liquid segregation
of Cu–Ni ores. This is in good agreement with phase
relations in the Pd–Bi–Te system (Hoffman and Ma-
cLean 1976) and also with estimated temperature ranges
for various sulfides suggested by Pokorný (1969).

Conclusions

The following conclusions can be drawn based on geo-
logical, geochemical, mineralogical and isotopic studies
at the Jezı́rka deposit:

1. Combining the whole-rock geochemical composition
(e.g. flat chondrite-normalized REE patterns), petro-
logic and field evidence (Fe-rich troctolites represent a
transition zone between gabbros and olivine-pyroxene
cumulates with Mg-rich cpx) with Nd isotopic data,
most of the studied rocks seem to be linked by closed-
system fractional crystallization (accompanied by
variable but important crystal accumulation) from a
similar parental magma. This was most likely a melt
derived from a slightly depleted (relative to bulk
Earth) mantle source.

2. Anomalous concentrations of platinum-group ele-
ments (maximum Pd =532 ppb, Pt =182 ppb, Rh
=53 ppb, Ru =15 ppb, Ir =41 ppm) were detected

in samples of Cu–Ni and Ni–Cu ores (maximum Ni
=2.6 wt% and Cu =2.3 wt%).

3. Mantle normalized patterns for barren and mineral-
ized samples and chondrite-normalized PGE patterns
recalculated to 100% sulfide with the combination of
high Ni/Pd and Cu/Ir as well as low Pt/Pd ratios
suggest that the noble metals have been scavenged
from the magma prior to the development of the
present rocks, possibly by sulfides segregated from
the magma earlier. The combination of low Pd/Ir
ratios and high Ni/Cu ratios and high Ni/Pd and Cu/
Ir ratios in our samples imply that they formed from
fairly primitive magmas that had experienced sulfide
segregation prior to the development of these rocks.

4. Pd–Bi–Te and Pt–Asmineralization (T=400–500 �C)
is represented by an assemblage of michenerite,
froodite and sperrylite in rich pyrrhotite–pentlandite–
chalcopyrite ore, massive pyrrhotite with admixtures
of pentlandite as well as in troctolites with dissemi-
nated pentlandite-pyrrhotite mineralization. Native
gold, native bismuth, altaite, tsumoite, hessite, an
unnamed Bi–Ni telluride, cobaltite–gersdorffite and
galena were newly identified.

5. The typical disseminated ores with pyrrhotite, pent-
landite, chalcopyrite and cubanite from the Jezı́rka
orebody show d34S values in a narrow range (from
)1.2 to +0.4&), indicating a very homogeneous
source of magmatic sulfur.

Acknowledgements This study was a part of the project entitled
Sources, transport and fractionation of PGEs in classical and un-
conventional geologic environments of the Bohemian Massif and
was carried out within the framework of a Czech Grant Agency
Strategic Grant no. 205/96/0147 to Jan Pašava. We thank A.
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of Železné hory Mts. and related areas in East Bohemia (in
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Ústřed Úst Geol 25:379–382
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Obrázek deposit, Czechoslovakia, a volcanogenic deposit in-
cluded in the Ransko intrusive complex. Miner Deposita
13:151–163

Weiss J (1962) Geological-petrographical situation of the Ransko
massif (in Czech: Geologicko- petrografické poměry ranského
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