
Results and discussion

The Tisová Cu-deposit is located in the Kru né hory Mts. in the west part of Bohemian Massif. The deposit has been mined intermittently since the end of the 12 century, with peak activities in the 15-17

and 18 centuries and later in the periods 1899-1908 and 1959-1973. Presently, the deposit is abandoned. The Tisová deposit is considered as an example of the Besshi type deposit in Variscan
intracontinental setting (Laznicka 1985, Pertold et al. 1994). Similar type of deposits was reported in Waldsassen area, close to Tisová deposit, by Dill (1989) who classified it as sediment-hosted Kieslager
in a divergent margin setting.
Volcanic-hosted massive sulfide deposits often show significant Au and Ag values but PGE data are less common. For example, high values of Pd 1789 ppb and Rh 817 ppb were reported from the pyrite-
chalcopyrite-rich banded ore from Besshi (Shikoku, Japan; Pan and Xie 2001).
In this contribution we present anomalous PGE data from the Tisová deposit, Bohemian Massif (Czech Republic).
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Seven representative ore samples of about 0.5 kg each from the Tisová deposit were studied for their PGE and selected other major and trace elements. The studied samples are from the middle horizon of the
economically most important ore body (up to 3.6 m thick and the average grade 0.8-1.05 % Cu).

The results of PGE and other selected trace and major elements in the studied ore samples are summarized in Table 1.

h ore grade of some PGEs associated with chromite segregations of the Nizhny Tagil ultrabasic massif (Naldrett 2004). To
our knowledge, such a Pt value is the highest ever reported from the Besshi-type massive sulfide deposits. Pt showed the highest
value of correlation coefficient (r + 0.45) with Fe O .

Pertold et al. (1994) based on geological environment, host rock association (including quartz-magnetite with sulfides and
tourmalinite layers), and relatively high contents of As, Co and Au in the ores classified the Tisová deposit as a Besshi-type
deposit.
Pan and Xie (2001) reported extreme fractionation of Pd, Pt, Ir and Au ( avg. Pd/Ir = 29,500 and Pd/Pt = 540) in ores from the
Besshi deposit (Shikoku, Japan) that could not account for relative metal solubilities in hydrothermal solutions and were
explained in terms of late hydrothermal and metamorphic overprint. The massive ore samples from Tisová that were regionally
metamorphosed show much lower values of these ratios (avg. Pd/Ir = 13.9 and Pd/Pt = 0.03), which are closer to those of MORB
(Pd/Ir = 15.3 and Pd/Pt = 1.12) and/or massive sulfide deposits of the IPB (e.g. Rio Tinto - Pd/Ir = 11 and Pd/Pt = 0.9). Jehli ka
(1983) studied basic metavolcanites at Tisová and showed their tholeitic affinities of within-plate basalt compositions. The
mantle-normalized Ni-PGE-Cu pattern for Tisová average ore reflects significant Pt, Rh and Cu enrichment (Fig. 2) when
compared to VHMS type deposits like Besshi (Shikoku, Japan; Pan and Xie 2001) or those of the Iberian Pyrite Belt like Rio
Tinto or Neves Corvo (Pa ava et al. 2005).

The highest
PGE values were identified in the sample T2 (ΣPGE = 4.8 ppm out of which Pt accounts for 4.7 ppm), which is well comparable
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The orebodies at Tisová were concentrated in the three horizons: lower, middle and upper. The lower (Segen Gottes)
was the most continuous and the middle (Namen Gottes) economically most important. The ore-bearing layers were
generally thin (1-2 m), occasionally 10 m and exceptionally up to 30 m, with a grade around 1 % Cu.
The deposit is formed by a number of concordant ore lenses within a sequence of phyllitic metasediments, with
interbedded metabasic layers, between the Karlovy Vary and the Smr iny granite plutons. The metasediments are
nonfossiliferous and are assigned to the Kraslice sequence of the upper part of the Raun Group of Upper Cambrian age
(Pertold et al. 1994). Sulfide horizons containing the orebodies occurred in the lower part of the sequence above the
quartzite horizon and below the metabasic rocks (Fig. 1). The host rocks are characterized by chlorite-sericite and
sericite-chlorite phyllites, up to quartzitic phyllites.
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Main ore minerals at Tisová deposit are predominantly represented by chalcopyrite, pyrrhotite and
pyrite, generally accompanied by arsenopyrite, magnetite, sphalerite, bismuth, bismutite,
jamesonite, ullmannite, cobaltite and electrum (Pertold et al 1994).
The studied ore samples contain pyrrhotite, pyrite, arsenopyrite, chalcopyrite, sphalerite, galena,
native Bi, cobaltite, jamesonite, willyamite, and Fe-oxides (see Fig. 3). Selected grains of
arsenopyrite, pyrite, pyrrhotite, chalcopyrite, and jamesonite in the samples T2 and T6, with the
highest Pt concentrations were analyzed for PGE contents by laser ablation ICP-MS technique.
Unfortunately, all of the analyses were below the detection limit, thus we were unable to identify
principal PGE carriers.
Considering the close relationship between Pt and Fe3+ we assume that Pt could occur in the form
of Pt-Fe oxides with hematite similarly as e.g. reported by Ortega et al. (2004) from theAguablanca
Ni-Cu-PGE deposit in Spain. The presence of nano-scale discrete PGMs on the boundary of sulfide
grains cannot be also completely ruled out. Oru inský and Křibek (1981) identified low amounts of
organic matter in different horizons at Tisová with the most frequent n-alkanes (n-C13 to n-C30).
Another possibility might be a close relationship of Pt and other PGEs with organic matter which
was reported e.g. from Kupferschiefer type deposits in Poland (Kucha 1982).
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Anomalous concentrations of Pt (33 - 4740 ppb, avg. 1225 ppb) accompanied by low Pd values (2.6 - 3.7 ppb), have been detected in ore samples from the Tisová Cu deposit (Cu = 0.1-0.9 wt.%), considered
to be of Besshi-type deposit. Pd/Ir and Pd/Pt ratios are close to those in tholeitic basalts. Mantle normalized Ni-PGE-Cu patterns in ore samples from Tisová show significant Pt and Rh enrichment when
compared to Besshi deposit (Japan) and other VHMS deposits of the Iberian Pyrite Belt (e.g. Neves Corvo and Rio Tinto). The studied ore samples are characterized by the presence of pyrite, pyrrhotite,
chalcopyrite, arsenopyrite, sphalerite and PbBiSbS and Ni-Co phases and Fe-oxides (limonite). Mineralogical and subsequent LA-ICP-MS study have not resulted in the identification of principal PGE
phases. Likely, Pt occurs as Pt-Fe oxide but the presence of other PGE discrete PGM on the boundary of sulfide grains cannot be excluded.

Fig. 2 Mantle-normalized Ni-PGE-Cu patterns of studied samples compared to
the Besshi type deposit (data from Pan and Xie 2001) and Rio Tinto and Neves
Corvo deposits (data from Pa ava et al 2005). Primitive mantle values are from
McDonough and Sun (1995).
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Fig. 3 Back-scattered electron (BSE) images (A)
Pyrrhotite, sphalerite, chalcopyrite, and jamesonite, (B)
native Bi, cobaltite and pyrrhotite, (C) Native Bi, and
willyamite.

Fig. 1 Geological map of the Tisová deposit (modified from Pertold 1994 and Chrt
et al. 1972).

Introduction

Geology

Geochemistry

Mineralogy

Conclusion

12°30'50"E

12°30'50"E

12°30'0"E

12°30'0"E

12°29'10"E

12°29'10"E

12°28'20"E

12°28'20"E

12°31'40"E

5
0

°2
1
'4

0
"N

5
0
°2

1
'4

0
"N

5
0

°2
0
'5

0
"N

5
0
°2

0
'5

0
"N

Ložisko Tisová
Legend

Ore deposit area

0 500 1 000250 m§

Tisová

Anthropogenic sediments

Alluvial sediments

Sericite-chlorite phyllite

Quartzite

Chloritic-sericite phyllite

Graphitic quartzite

Metabasite

Granite porphyre

Granite

Quartzitic phyllite

Graphitic phyllite

Present view of the Tisová deposit
(the former Helena mine)

Phyllites - ore host at the King gallery`s

Old King gallery
at Tisová

`s

Waste damp at Tisová

T-1 T-2 T-3 T-4 T-5 T-6 T-7

As 1560 4970 863 5227 6643 3300 398

Bi 60 4 55 < 2 24 < 2 11

Cu 1240 3670 1320 9912 1890 1014 2820

Fe? 58.6 61.6 63.1 53.1 60.6 35.1 17.7

Fe
3+ 23 27.3 15.1 18.5 19.8 13.4 9.8

S? 29.4 29.7 31.1 26 30.8 19.7 9

Ni 28 19 37 11 19 110 61

Pb 1048 1018 937 148 218 60 62

Zn 554 357 164 142 62 34 102

Ir 0.52 0.3 0.3 0.2 0.2 0.3 0.2

Ru 1.54 1.3 2.6 1.7 3.1 2.3 1.7

Rh 2.8 77 25.4 2 6.7 45.2 4.3

Pt 64.2 4740 1113 33 153 2292 180

Pd 3.7 3.6 3.4 2.6 3.4 5 3

Sample

Table 1. PGE (in ppb) and selected major (Fe , Fe and S in

wt.%) and trace elements (in ppm) data for the studied samples
from the Tisová deposit.
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