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Cupropearceite is a sulphosalt be long ing to the pearceite-polybasite group, formed due to Cu-for-Ag sub sti tu tion. It is a rare
min eral of the Earth’s crust, de scribed only in four lo ca tions so far. This work re ports the oc cur rence of cupropearceite in the
up per part of the Weissliegend sand stone from the Cu-Ag de posit in the Fore-Sudetic Monocline. The min eral is as so ci ated
with stromeyerite, bornite, chalcocite, na tive sil ver, sil ver amal gams and, rarely, py rite. For ma tion of cupropearceite is re -
lated to fluid ac tiv ity dur ing low-tem per a ture hy dro ther mal events re spon si ble for the for ma tion of the Cu-Ag ore min er al -
ization. The iden ti fi ca tion of cupropearceite is im por tant in terms of con strain ing min er als bear ing as so ci ated met als,
par tic u larly Ag and As. This work also pres ents oc cur rence of this rare min eral in the pre vi ously un noted min eral as sem blage 
men tioned above. The pres ence of cupropearceite con firms a low-tem per a ture, hy dro ther mal or i gin of the Cu-Ag de posit in
the Fore-Sudetic Monocline. 
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INTRODUCTION

The Cu-Ag de posit of the Fore-Sudetic Monocline com -
prises over 140 min eral phases doc u mented so far (Piestrzyñ -
ski, 2007a; Pieczonka, 2011). Ore min er als oc cur ring in the
Zechstein sed i men tary rocks are mostly cop per sul phides:
chalco cite, digenite, bornite, chal co py rite and covel lite, with
rare py rite, marcasite, ga lena, sphalerite, ten nan tite, tetra hedri -
te, stromeyerite, na tive sil ver and sil ver amal gams (Ngu yen
Van Nhan, 1970; Mayer and Piestrzyñski, 1985; Piestrzyñski
and Tylka, 1992; Piestrzyñski, 2007a; Pieczonka, 2011). The
cur rent study ex tends the list of min er als in the Cu-Ag de posit
from the Fore-Sudetic Monocline to cupropearceite. 

Cupropearceite was de scribed as a new min eral by Bindi et
al. (2007a). It is a mem ber of the pearceite-polybasite group of
min er als (Bindi et al., 2007b). These are Ag-bear ing sulpho -
salts of gen eral for mula [M6T2S7] [Ag9CuS4], where M=Ag, Cu
and T = As, Sb (Bindi et al., 2007a, 2013, 2015a). Oc ca sion ally, 
S is re placed by Se and Te (Bindi et al., 2007a, 2015b).
Cupropearceite likely forms by the re place ment of Ag by Cu

(Bindi et al., 2007a, 2013, 2015a). The pearceite-polybasite
group of min er als is rel a tively com mon in na ture (Harlov and
Sack, 1994; Bindi et al., 2007a, b, 2015a), and oc curs mostly in
epi ther mal polymetallic de pos its (Harlov and Sack, 1994). De -
spite of that, cupropearceite is a very rare min eral. Un til now it
was de scribed only in four de pos its, i.e. the Sarbay mine,
Kostanay Prov ince, North Kazakhstan (Bindi et al., 2007a,
2013; Bindi and Pekov, 2009 fide Bindi et al., 2015a), the
Tsumeb mine, Namibia (Bindi et al., 2015a), Madersbacher
Köpfl, Tyrol, Aus tria (Kolitsch, 2017), and the Alexandr mine,
Vranèice near Pøíbram, Czech Re pub lic (Sejkora et al., 2010).  

Cupropearceite is opaque with a me tal lic luster and a black
streak (Bindi et al., 2007a). The av er age chem i cal com po si tion
of cupropearceite orig i nally de scribed by Bindi et al. (2007a) is:
60.72 wt.% Ag, 14.03 wt.% Cu, 17.30 wt.% S, 6.31 wt.% As,
1.43 wt.% Sb, 0.03 wt.% Fe. Cu-rich cupropearceite, which has
an in creased Cu con tent up to ~25 wt.% and a rel a tively de -
creased Ag con tent >48 wt.%, was doc u mented later in the
Tsumeb mine, Namibia (Bindi et al., 2015a), and in the Sarbay
mine, Kazakhstan (Bindi and Pekov, 2009 fide Bindi et al.,
2015a). 

GEOLOGICAL SETTING

The Cu-Ag de posit from the Fore-Sudetic Monocline is a
world-class de posit of stratabound type (Piestrzyñski, 2007b;
Pieczonka et al., 2008). The Cu-Ag de posit is lo cated in the SW
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part of the Fore-Sudetic Monocline (Oszczepalski, 1999;
K³apciñski and Peryt, 2007; Pieczonka et al., 2008). To the
south, the de posit is tec toni cally bor dered by the Fore-Sudetic
Block (Fig. 1), whereas the other bor ders are de fined by the last 
pos i tive drill holes (Pieczonka and Piestrzyñski, 2010). The
Cu-Ag min er ali sa tion forms an ir reg u lar ore body (e.g., quasi -
-layer, dou ble-layer, vein, nest and im preg nat ing struc tures) in
Perm ian Rotliegend and Zechstein sed i men tary rocks (K³ap -
ciñski and Peryt, 2007; Piestrzyñski, 2007a; Pieczonka et al.,
2008). The eco nomic im por tance of the ore min er ali sa tion is re -
lated to three types of ore: do lo mite, black shale and sand stone
(Kucha, 1986; Piestrzyñski and Salamon, 1986; Oszczepalski,
1999; Piestrzyñski, 2007a; Pieczonka et al., 2008; Pieczonka
and Piestrzyñski, 2010). The de posit is hor i zon tally con cor dant
with the en clos ing low er most Zechstein. Hor i zon tal ar range -
ment of the de posit is dis rupted by a dis junc tive block tec tonic
(Piestrzyñski and Salamon, 1986; K³apciñski and Peryt, 2007).
For de tailed de scrip tion of the ge ol ogy, ore min er al ogy and or i -
gin of the Cu-Ag de posit see Mayer and Piestrzyñski (1985),
Wodzicki and Piestrzyñski (1994), Oszczepalski (1999); K³ap -
ciñski and Peryt (2007), Piestrzyñski (2007a, b), Pieczonka et
al. (2008) and Pieczonka (2011).  

In the east ern part of the Lubin mine, where cupropearceite
was doc u mented, ore min er ali sa tion oc curs in the up per most
part of the Weissliegend grey sand stones, with lesser abun -
dance in the Bound ary Do lo mite, Kupferschiefer black shales
and loamy do lo mite of the Zechstein Lime stone (Fig. 2). The
Bound ary Do lo mite forms a dis con tin u ous layer con sist ing of
grey cal car e ous do lo mite in this part of the Lubin mine
(Piestrzyñski and Salamon, 1986). The Kupferschiefer forms
~20–30 cm thick black shale layer, which is rich in ore min er ali -

sa tion (Piestrzyñski and Salamon, 1986). In this area, the loamy 
do lo mite is a layer be tween the black shale and the up per
Zechstein Lime stone with out ore min er ali sa tion (Piestrzyñ ski
and Salamon, 1986). 

SAMPLE COLLECTION AND ANALYTICAL
METHODS

Thir teen sam ples (9–20 cm thick) were col lected from the
whole pro file of the de posit in the east ern part of the Lubin mine
(Figs. 1 and 2). The to tal pro file sam pled was 2.38 m long (Fig.
2). Whole-rock chem i cal anal y ses were car ried out us ing the
ASA method in the ACME Lab o ra tory in Can ada. Pre lim i nary
min eral iden ti fi ca tion was per formed us ing an op ti cal po lar iz ing
mi cro scope in the re flected light mode. The tex tural ob ser va tion 
and non-stan dard ized chem i cal anal y ses of min er als were
made us ing a FEI QUANTA 200 field emis sion gun scan ning
elec tron mi cro scope equipped with an en ergy dispersive spec -
trom e ter (EDS) at the Fac ulty of Ge ol ogy, Geo phys ics and En -
vi ron men tal Pro tec tion of the AGH-Uni ver sity of Sci ence and
Tech nol ogy in Kraków, Po land. 

The chem i cal anal y ses of the Cu and Ag min er als were per -
formed us ing a JEOL JXA-8530F Hyperprobe field emis sion
elec tron microprobe in the CEMPEG, Uppsala Uni ver sity, Swe -
den, and a JEOL Superprobe JXA-8230 elec tron microprobe in
the Lab o ra tory of Crit i cal El e ments AGH-KGHM, AGH-Uni ver -
sity of Sci ence and Tech nol ogy, Kraków, Po land. The elec tron
probe microanalysis (EPMA) was op er ated in the wave -
length-dis per sion mode at an ac cel er at ing volt age of 20 kV, a
probe cur rent of 20 nA, fo cused beam with a di am e ter of 2 mm
for bornite and chalcocite, and <1 µm for cupropearceite, na tive
sil ver and sil ver amal gams. Count ing times of 20 s on peak and
10 s on both (+) and (–) back grounds were used. For
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Fig. 1. Sim pli fied map of the min ing area 
of the Lubin-Sieroszowice Kupferschiefer-type de posit, 

and lo ca tion of the LW-993 sec tion

Min ing area: G – G³ogów G³êboki Przemys³owy, P – Polkowice, S –
Sieroszowice, R – Rudna, L – Lubin, M – Ma³omice (mod i fied from
Pieczonka and Piestrzyñski, 2011)

Fig. 2. Lithological sketch of the LW-993 pro file



stromeyerite, mckinstryite and jalpaite, an a lyt i cal con di tions
were 20 kV ac cel er at ing volt age, 10 nA probe cur rent, and 5 µm 
beam size. Count ing times for stromeyerite, mckinstryite and
jalpaite were 10 s on peak and 5 s on both (+) and (–) back -
grounds. The fol low ing stan dards and spec tral lines were used:
GaAs (AsLa), Se (SeLa), ZnS (SKa), Ag (AgLa), HgS (HgMa),
Bi (BiMa), Fe or FeS2 (on JXA-8230) (FeKa), Sb2S3 (SbLa),
vanadinite or PbS (on JXA-8230) (PbMa), Au (AuLa), Cu
(CuKa) and ZnS (ZnKa). Data were cor rected to the ZAF pro -
ce dure us ing JEOL soft ware for elec tron microprobe.

RESULTS

Cupropearceite was re ported in sev eral sam ples col lected
from the up per part of the Weissliegend sand stone in the east -
ern part of the Lubin area (Figs. 1 and 2), where Ag-bear ing
min er als are highly abun dant in the de posit (Piestrzyñski and
Salamon, 1986). The bulk Ag con tent in the stud ied LW-993
sec tion var ies from 30 ppm in the lower part of the sand stone to
>100 ppm in do lo mite, with >100 ppm val ues dom i nat ing in
most of the pro file. The bulk Cu con tent var ies from 0.2 to
>1 wt.% in the pro file. El e vated con cen tra tions of As
(>750 ppm) and Hg (>50 ppm) are ob served in the up per part of 
the sand stone. A Pb-bear ing zone (>1 wt.% Pb) oc curs in the
do lo mite level within this part of the de posit, which con sists of
not only Cu-rich min er als but also ga lena and sphalerite. 

The main ore min er als in the up per part of the Weissliegend 
sand stone in clude chalcocite, bornite, stromeyerite, Hg-bear ing 
stromeyerite, na tive sil ver, sil ver amal gams, mckinstryite, ten -
nan tite, py rite, jalpaite, chal co py rite and cupropearceite. These
min er als show im preg na tion struc ture re plac ing the car bon ate
ce ment of the sand stone. The con tent of ore min er als is
1.7 vol.% in the sand stone, and most of these are Ag-bear ing
min er als (Ta bles 1–3). 

Cupropearceite is pres ent as grains up to 100 µm in size,
form ing inter growths with bornite, stromeyerite, Hg-bear ing stro -
meyerite, chalcocite, na tive sil ver, sil ver amal gams, mckin stryite, 
chal co py rite and py rite (Figs. 3 and 4). Oc ca sion ally, cupro -
pearceite forms in clu sions in bornite and chalcocite. In gen eral,
the ore min er als form xenomorphic grains and dem on strate par -
tial re place ment of Cu sulphides by Ag min er als (Fig. 4D). 

Cupropearceite is char ac ter ized by grey col our with ol -
ive-green tint (Fig. 3), which is sim i lar to the col our of ten nan tite
and tetrahedrite. Ten nan tite and tetrahedrite are com mon in the 
Cu-Ag de posit of the Fore-Sudetic Monocline, mak ing the iden -
ti fi ca tion of cupropearceite by op ti cal mi cros copy dif fi cult. Fur -
ther more, reflectance and re lief of cupropearceite are sim i lar to
those ex hib it ing by the min er als of ten nan tite-tetrahedrite
group. Cupropearceite show nei ther in ter nal re flec tions nor ani -
so tropy, but has only poorly vis i ble bireflectance. 

The av er age com po si tion of cupropearceite from the Cu-Ag 
de posit is 51.52 wt.% Ag, 23.69 wt.% Cu, 18.07 wt.% S, 7.34
wt.% As, 0.13 wt.% Fe, 0.04 wt.% Zn, 0.06 wt.% Bi and 0.02
wt.% Pb (Ta ble 1). The av er age atomic pro por tions (in apfu)
cal cu lated for 29 at oms are 1.88 As, 10.79 S, 9.14 Ag, 0.04 Fe,
7.13 Cu, 0.01 Bi and 0.01 Zn (Ta ble 1). Ex cess of Ag + Cu over
16 (i.e. 16.32 apfu) and S <11 apfu (Ta ble 3) can be re lated to
an a lyt i cal lim i ta tion due to small size of the grains and pos si ble
con tam i na tion from as so ci ated min er als.  

The com po si tion of the min er als ac com pa ny ing cupro -
pearceite is vari able (Ta bles 2 and 3), with ir reg u lar dis tri bu tion

of Ag in the inter growths. For bornite, the Ag con tent ranges
from 0.45–1.6 wt.%, whereas the Hg con tent is >0.3 wt.% (Ta -
ble 2). The con tents of Cu and Ag in chalcocite vary within a
wide range of 72.12–77.44 wt.% and 1.71–7.31 wt.%, re spec -
tively. The lower Cu con cen tra tion in chalcocite is com pen sated 
by higher Ag con tent (up to 0.11 apfu of Cu; Ta ble 2). 

The sam ples con tain also stromeyerite and an Hg-rich va ri -
ety of stromeyerite. The Hg-rich stromeyerite is compositionally
sim i lar to balkanite (Cu9Ag5HgS8) (Biagioni and Bindi, 2017;
Kozub-Budzyñ and Piestrzyñski, 2017; Ta ble 2). The stro -
meyerite, which is intergrown with cupropearceite, forms anhe -
dral grains re plac ing Cu sulphides. It also forms ole an der
leaves struc ture in chalcocite (Fig. 4). The stromeyerite con -
tains lit tle ad mix ture of Hg (<0.35 wt.%) and As (<0.13 wt.%;
Ta ble 2). It is com monly intergrown with Hg-bear ing stro -
meyerite, which is brighter in high-con trast BSE im ages (Fig.
4D). The Hg-bear ing stromeyerite con tains 11.30–12.54 wt.%
Hg, with lit tle ad mix ture of Au (<0.16 wt.%) and Se (<0.07 wt.%;
Ta ble 2). Mckinstryite forms inter growths with stro meyerite. The 
mckinstryite con tains up to 60.9 wt.% Ag, with ad mix tures of Hg
and Au, which do not ex ceed 0.23 and 0.16 wt.%, re spec tively
(Ta ble 2). 

The cupropearceite is com monly as so ci ated with na tive sil -
ver and sil ver amal gams. Na tive sil ver forms inter growths with
sil ver amal gams and con tains up to 99.49 wt.% Ag, <3.48 wt.%
Hg, <1.07 wt.% Cu and <0.14 wt.% Au (Ta ble 3). The con tents
of Ag and Hg in sil ver amal gams are 77.57–94.08 wt.% and
6.79–22.10 wt.%, re spec tively (Ta ble 3). The sil ver amal gams
con tain ad mix tures of Cu and Au, but they do not ex ceed 0.40
wt.% Cu and 0.07 wt.% Au (Ta ble 3).      

DISCUSSION AND CONCLUSIONS

Cupropearceite is a Cu-rich mem ber of the pearceite -
-polybasite group of min er als (Bindi et al., 2007a, b, 2013). Ag at -
oms can be largely re placed by Cu in the struc ture (Bindi et al.,
2007a, 2013, 2015a). There fore, var i ous Cu-rich min er als, such
as cupropearceite and cupropolybasite, can be formed (Bindi et
al., 2007a, b, 2013, 2015a). Un til now, cupropearceite was doc u -
mented only at the Sarbay mine (Bindi et al., 2007a, 2013; Bindi
and Pekov, 2009 fide Bindi et al., 2015a), Pb-Zn-Cu Tsumeb de -
posit (Bindi et al., 2015a), Alexandr mine (Sejkora et al., 2010)
and Madersbacher Köpfl (Kolitsch, 2017). Cupro pearceite from
the Sarbay mine is as so ci ated with tetrahedrite and forms
anhedral and subhedral grains up to 300 µm in size (Bindi et al.,
2007a). Py rite, quartz and cal cite are spa tially re lated to cupro -
pearceite in the Sarbay de posit (Bindi et al., 2007a). Chem i cal
com po si tion of cupropearceite from the Sar bay mine dif fers from
that found in the Lubin mine: the Ag con tent is higher (~60 wt.%
vs. 51.52 wt.%, re spec tively) and the Cu con tent is lower (~14 vs. 
23 wt.%, re spec tively) (cf. Bindi et al., 2007a). An av er age for -
mula cal cu lated on the ba sis of 29 at oms is
[(Cu3.51Ag2.50Fe0.01)S6.02 (As1.72Sb0.24) S1.96S7] [Ag9CuS4] (Bindi et
al., 2007a). Cu-rich cupropearceite was also doc u mented in the
Sarbay de posit (Bindi and Pekov, 2009 fide Bindi et al., 2015a).
In the polymetallic Vranèice de posit, both cupropearceite and
Cu-rich cupropearceite were re ported. They oc cur in a cal cite
vein with chalcocite, bornite, chal co py rite and stromeyerite, and
form an inter growth of hex ag o nal crys tals with cupropolybasite
(Sejkora et al., 2010). In Vranèice, the for ma tion of Ag min er ali -
sa tion in the dom i nant part of Ag-Cu min er ali sa tion is re lated to
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T a  b l e  1

Rep re sen ta tive re sults of the EPMA mea sure ments of cupropearceite (in wt.% of el e ments) and atomic ra tios

Anal y sis    As       S        Pb       Ag       Fe       Cu       Zn       Bi      To tal  

1
7.27 17.36 0.11 52.49 b.d.l. 23.61 b.d.l. 0.18 101.02

1.88 10.48 0.01 9.42 0.00 7.20 0.00 0.02

2
7.00 17.45 0.15 53.63 b.d.l. 21.76 b.d.l. b.d.l. 100.00

1.83 10.68 0.01 9.75 0.00 6.72 0.00 0.00

3
7.21 18.13 b.d.l. 52.91 b.d.l. 23.53 b.d.l. b.d.l. 101.79

1.83 10.77 0.00 9.34 0.00 7.05 0.00 0.00

4
7.18 17.84 b.d.l. 53.57 b.d.l. 22.98 b.d.l. b.d.l. 101.57

1.84 10.68 0.00 9.53 0.00 6.95 0.00 0.00

5
6.79 18.54 b.d.l. 53.70 b.d.l. 22.27 b.d.l. b.d.l. 101.29

1.73 11.05 0.00 9.51 0.00 6.70 0.00 0.00

6
7.22 18.63 b.d.l. 53.17 b.d.l. 22.35 b.d.l. 0.11 101.48

1.84 11.07 0.00 9.38 0.00 6.70 0.00 0.01

7
7.38 17.78 b.d.l. 51.18 0.19 24.86 b.d.l. b.d.l. 101.38

1.88 10.57 0.00 9.03 0.07 7.46 0.00 0.00

8
7.35 18.46 b.d.l. 49.22 b.d.l. 26.72 b.d.l. b.d.l. 101.75

1.84 10.77 0.00 8.53 0.00 7.87 0.00 0.00

9
6.95 17.98 b.d.l. 52.05 0.19 23.89 b.d.l. 0.15 101.22

1.78 10.73 0.00 9.22 0.07 7.19 0.00 0.01

10
7.49 19.54 b.d.l. 43.60 0.62 28.43 0.89 b.d.l. 100.58

1.83 11.15 0.00 7.39 0.20 8.18 0.25 0.00

11
7.48 17.45 b.d.l. 50.38 0.09 23.59 b.d.l. 0.10 99.08

1.95 10.63 0.00 9.12 0.03 7.25 0.00 0.01

12
7.47 18.08 b.d.l. 51.38 0.31 23.70 b.d.l. b.d.l. 100.94

1.91 10.77 0.00 9.09 0.11 7.13 0.00 0.00

13
7.14 17.63 b.d.l. 51.99 0.12 22.41 b.d.l. b.d.l. 99.27

1.87 10.76 0.00 9.43 0.04 6.90 0.00 0.00

14
7.30 18.63 b.d.l. 51.42 0.09 23.66 b.d.l. 0.20 101.30

1.85 11.01 0.00 9.03 0.03 7.06 0.00 0.02

15
7.30 17.88 b.d.l. 52.61 0.23 21.62 b.d.l. b.d.l. 99.63

1.90 10.88 0.00 9.51 0.08 6.64 0.00 0.00

16
7.62 18.17 0.10 51.06 0.19 23.75 b.d.l. 0.17 101.07

1.94 10.82 0.00 9.03 0.07 7.13 0.00 0.02

17
7.56 18.20 b.d.l. 51.07 0.11 23.45 b.d.l. b.d.l. 100.39

1.94 10.88 0.00 9.07 0.04 7.08 0.00 0.00

18
7.60 18.08 b.d.l. 51.80 0.16 23.41 0.09 b.d.l. 101.13

1.94 10.77 0.00 9.17 0.05 7.04 0.03 0.00

19
7.36 18.18 0.10 52.07 0.33 23.31 b.d.l. 0.10 101.44

1.87 10.81 0.00 9.20 0.11 7.00 0.00 0.01

20
7.44 18.18 b.d.l. 51.69 b.d.l. 23.52 b.d.l. b.d.l. 100.83

1.90 10.85 0.00 9.16 0.00 7.08 0.00 0.00

21
7.53 17.51 b.d.l. 51.69 b.d.l. 23.73 b.d.l. 0.13 100.58

1.94 10.56 0.00 9.26 0.00 7.22 0.00 0.01

22
7.52 17.53 b.d.l. 51.22 0.07 24.52 b.d.l. 0.12 100.97

1.93 10.50 0.00 9.12 0.02 7.42 0.00 0.01

23
7.66 18.38 b.d.l. 51.83 0.30 23.43 b.d.l. b.d.l. 101.60

1.94 10.87 0.00 9.10 0.10 6.99 0.00 0.00

24
7.46 18.00 b.d.l. 50.75 0.09 24.05 b.d.l. 0.10 100.45

1.91 10.77 0.00 9.02 0.03 7.26 0.00 0.01

Av er age
7.34 18.07 0.02 51.52 0.13 23.69 0.04 0.06 100.87

1.88 10.79 0.00 9.14 0.04 7.13 0.01 0.01

b.d.l. – be low de tec tion lim its; at oms per for mula unit (apfu) are given in italic. The num ber of ions for cupropearceite is cal cu lated on 
the ba sis of (As + Sb + Ag + Fe + Cu + Zn + Pb + Bi + S) = 29 apfu. Anal y ses of Hg, Se and Sb are not pre sented in the ta ble be cause
the re sults are be low de tec tion limit of the EPMA
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T a  b l e  2

Rep re sen ta tive re sults of the EPMA mea sure ments of stromeyerite, Hg-stromeyerite, mckinstryite, 
chalcocite and bornite (in wt.% of el e ments) and atomic ra tios

Stromeyerite Cu S Fe Ag Au Hg As Se To tal

1
31.55 15.47 0.01 52.47 b.d.l. b.d.l. b.d.l. b.d.l. 99.50

1.02 0.99 0.00 1.00 0.00 0.00 0.00 0.00

2
32.40 15.80 0.02 51.76 b.d.l. 0.35 b.d.l. b.d.l. 100.33 

1.03 1.00 0.00 0.97 0.00 0.00 0.00 0.00

3
31.92 15.86 0.03 52.39 b.d.l. b.d.l. 0.13 b.d.l. 100.33 

1.01 1.00 0.00 0.98 0.00 0.00 0.00 0.00

Hg-stromeyerite Cu S Fe Ag Au Hg As Se To tal

1
36.11 16.90 0.04 35.20 b.d.l. 12.54 b.d.l. b.d.l. 100.78 

8.80 8.16 0.01 5.06 0.00 0.97 0.00 0.00

2
33.86 17.48 0.03 35.62 b.d.l. 11.30 b.d.l. b.d.l. 98.29

8.36 8.56 0.01 5.18 0.00 0.88 0.00 0.00

3
34.75 17.50 0.08 34.71 0.16 11.73 b.d.l. 0.07 99.00

8.52 8.50 0.02 5.01 0.01 0.91 0.00 0.01

Mckinstryite Cu S Fe Ag Au Hg As Se To tal

1
24.76 15.70 0.11 60.95 0.08 0.02 0.07 b.d.l. 101.67 

0.81 1.01 0.00 1.17 0.00 0.00 0.00 0.00

2
23.19 15.81 b.d.l. 59.33 0.07 0.09 b.d.l. b.d.l. 98.48

0.78 1.05 0.00 1.17 0.00 0.00 0.00 0.00

3
23.25 15.38 b.d.l. 60.21 0.16 0.23 b.d.l. b.d.l. 99.23

0.78 1.02 0.00 1.19 0.00 0.00 0.00 0.00

Chalcocite Cu S Fe Ag Au Hg As Se To tal

1
77.44 19.49 0.01 2.45 b.d.l. b.d.l. b.d.l. b.d.l. 99.39

1.98 0.99 0.00 0.04 0.00 0.00 0.00 0.00

2
72.12 19.13 0.13 7.31 b.d.l. b.d.l. b.d.l. b.d.l. 98.68

1.89 0.99 0.00 0.11 0.00 0.00 0.00 0.00

3
76.98 19.83 0.40 1.71 b.d.l. b.d.l. b.d.l. 0.02 98.94

1.96 1.00 0.01 0.03 0.00 0.00 0.00 0.00

Bornite Cu S Fe Ag Au Hg As Se To tal

1
60.98 25.36 10.04 1.60 b.d.l. 0.03 b.d.l. b.d.l. 98.02

4.93 4.07 0.92 0.08 0.00 0.00 0.00 0.00

2
62.27 25.87 11.15 0.45 0.04 0.03 b.d.l. b.d.l. 99.81

4.92 4.05 1.00 0.02 0.00 0.00 0.00 0.00

3
62.50 25.57 10.61 0.55 b.d.l. b.d.l. b.d.l. b.d.l. 99.23

4.98 4.04 0.96 0.03 0.00 0.00 0.00 0.00

b.d.l. – be low de tec tion lim its; at oms per for mula unit (apfu) are given in italic. The num ber of ions for Cu-Ag sulphides is cal cu lated on the
ba sis of (As + Ag + Fe + Cu + Hg + Au + S + Se) = 3 apfu (for stromeyerite, mckinstryite and chalcocite); 23 apfu (for Hg-rich stromeyerite),
10 apfu (for bornite). Anal y ses of Sb are not pre sented in the ta ble be cause the re sults are be low de tec tion limit of the EPMA

T a  b l e  3

Rep re sen ta tive re sults of the EPMA mea sure ments of na tive sil ver and sil ver amal gams (in wt.%)

Na tive sil ver Hg Au Ag Cu Fe Bi To tal

1 0.78 b.d.l. 99.49 0.28 0.02 b.d.l. 100.56

2 3.48 0.08 96.16 1.07 0.02 b.d.l. 100.80

3 2.13 0.14 98.15 0.72 b.d.l. b.d.l. 101.13

Sil ver 
amal gams Hg Au Ag Cu Fe Bi To tal

1 22.10 0.07 77.57 0.40 b.d.l. b.d.l. 100.14

2 14.19 b.d.l. 85.52 0.33 0.01 b.d.l. 100.04

3 6.79 b.d.l. 94.08 0.01 0.01 b.d.l. 100.89

b.d.l. – be low de tec tion lim its; anal y ses of Sb and As are not pre sented in the ta ble be cause the re sults are be low
de tec tion limit of the EPMA
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Fig. 4A–C – inter growths of cupropearceite (Cpp), bornite (Bn), na tive sil ver (Ag), stromeyerite (Stm), chalcocite (Cc) and sil ver
amal gams (Amg); stromeyerite and chalcocite form ole an der leaves struc ture (Cc-Stm); D – inter growth of Hg-bear ing
stromeyerite (Hg-Stm) with anhedral grains of stromeyerite (Stm) and na tive sil ver (Ag); stromeyerite and chalcocite form ole an -
der leaves struc ture (Cc-Stm); up per part of Weissliegend sand stone, Lubin mine; BSE im ages

Fig. 3. Inter growth of cupropearceite (Cpp), bornite (Bn),
stromeyerite (Stm), chalcocite (Cc), na tive sil ver (Ag) and py rite 
(Py) re plac ing car bon ate ce ment of sand stone; stromeyerite
and chalcocite form ole an der leaves struc ture (Cc-Stm); up per
part of Weissliegend  sand stone, Lubin mine; re flected light;
Qz – quartz



low-tem per a ture pro cesses (Sejkora et al., 2010). In Maders -
bacher Köpfl, cupropearceite forms grains 2–75 µm in size and
oc curs as fill ings of cracks in ten nan tite and en ar gite or in do lo -
mite (Kolitsch, 2017).   

Cupropearceite from the Cu-Ag de posit in the Fore-Sudetic
Monocline ex hib its a com po si tion sim i lar to cupropearceite
from Tsumeb. At the Tsumeb mine, cupropearceite oc curs with
en ar gite as in clu sions in Zn-rich ten nan tite (Bindi et al., 2015a).
The Tsumeb de posit con tains rich and vary ing Cu-Zn-Pb-Ge
multi-stage ore min er ali sa tion that formed due to ac tiv ity of hy -
dro ther mal flu ids (Haynes, 1984; Ka mona and Günzel, 2007).
The fluid in clu sions stud ies of quartz (closely re lated to de po si -
tion of chalcocite, bornite, ten nan tite and en ar gite) in di cated
that the ho mog e ni za tion tem per a ture of quartz was
170–240°C, im ply ing tem per a ture con di tions of ore min er ali sa -
tion at ~250°C (Haynes, 1984). In con trast, a study of fluid in clu -
sions by Ka mona and Günzel (2007) sug gests that ho mog e ni -
za tion tem per a ture of quartz was lower, rang ing from 115 to
173°C.

The tem per a ture con di tions of for ma tion of the Cu-bear ing
zone in the Cu-Ag de posit in the Fore-Sudetic Monocline were
es ti mated on the ba sis of vitrinite reflectance, and var ies from
65 to 110°C (Kotarba et al., 2007; Speczik et al., 2007). On the
other hand, the tem per a ture con di tions of for ma tion of ox i da tive 
al ter ation by ox i diz ing flu ids were up to 135°C (Oszczepalski,
1999; Oszczepalski et al., 2002; Kotarba et al., 2007; Speczik
et al., 2007). The es ti mated max i mum palaeotemperatures
prob a bly re flect the tem per a tures of hy dro ther mal flu ids that in -
duced both sec ond ary ox i da tion and the Cu min er ali sa tion
(Kosa kowski et al., 2007; Kotarba et al., 2007; Speczik et al.,
2007). Fur ther more, based on the as sump tion that monoclinic
chalco cite is the main ore min eral in the de posit, Piestrzyñski
(2007b) sug gested that Cu-bear ing min er ali sa tion formed at a
tem per a ture <103.5°C. 

The lab o ra tory ex per i ments car ried out by Harlov and Sack
(1994) dem on strated that for con stit u ents of pearceite -poly -
basite solid so lu tions, up to 29 wt.% Cu can be ac com mo dated
in pearceite form ing, thus Cu-rich cupropearceite. The sub sti tu -
tion of Cu may oc cur even at tem per a ture con di tions as low as
75°C and the max i mum tem per a tures of Cu sub sti tu tion (up to
24 wt.% Cu) do not ex ceed 150°C (Harlov and Sack, 1994). 

The metasomatic re place ment of chalcocite and bornite by
na tive sil ver, sil ver amal gams and stromeyerite (Fig. 3) most
likely in di cates that the Ag-bear ing min er ali sa tion as so ci ated
with cupropearceite post dated the main pro cess of for ma tion of
Cu-bear ing min er al iza tion. Com par i son of ex per i men tal data
pre sented by Harlov and Sack (1994) with struc tural data from
the Cu-Ag Lubin de posit strongly sug gests that cupropearceite
from the LW-993 sec tion was formed si mul ta neously with the
Cu-bear ing min er ali sa tion or dur ing a later stage of crys tal li za -
tion of the Ag-bear ing min er al iza tion.

De spite the low abun dance of cupropearceite in the Cu-Ag
de posit in the Fore-Sudetic Monocline, its pres ence pro vides
cru cial in sights to de ter mine car ri ers of as so ci ated met als, par -
tic u larly Ag and As. Dis cov ery of cupropearceite in the Cu-Ag
de posit of the Fore-Sudetic Monocline adds an other oc cur -
rence of this rare min eral, which is fur ther more pres ent in a dif -
fer ent paragenesis com pared to what pre vi ously re ported. The
pres ence of cupropearceite also con firms low-tem per a ture, hy -
dro ther mal origin of the Cu-Ag deposit. 
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