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Introduction

Unusual specimen with olive green acicular to thin-ta-
bular crystals of As-rich libethenite to P-rich olivenite was 
first described from the Podlipa deposit by Števko et al. 
(2017). Detailed sampling of this piece was not possible 
at that time, as it was in private collection and its owner 
allowed us sample only the external parts of the aggrega-
tes to prevent the damage of this unique specimen. This 
piece was recently purchased by the first author (MŠ) and 
careful systematic sampling of all morphological types of 
supergene minerals was conducted. 

Both olivenite and minerals of the cornwallite-pseudo-
malachite series were discovered in this sample and the 
results of their detailed mineralogical study are presented 
in this short paper. 

Location and geological setting

The Podlipa copper deposit is located 1.5 km east of 
Ľubietová village on the steep southern slopes of Vysoká 
hill (995.6 m a.s.l.), around 17 km east of Banská Bystrica 
town, Banská Bystrica Region, Slovakia. The main work-
ings and extensive dumps are situated in Zelená valley, 
with Rainer mining field located about 400 meters north-
west, in a side valley. Studied sample with olivenite and 
cornwallite was collected at the dump of Horný Johan adit 
by Jozef Gajdoš in 2006. GPS coordinates of the place 

where the studied sample was collected are: 48.747960° 
N and 19.385314° E, 662 m a.s.l.  

The ore mineralization at the Podlipa copper depos-
it is developed as stockwork of randomly distributed hy-
drothermal veins with variable trends and dip directions 
hosted in Permian metasandstones, conglomerates and 
shales of the Predajná Formation, which belongs to the 
Ľubietová Group. The Ľubietová Group is representing 
basal part of the North Veporic crystalline basement cover 
(Bergfest 1951; Vozárová, Vozár 1988; Polák et al. 2003; 
Slavkay et al. 2004). The primary ore mineralization at the 
Podlipa deposit is rather simple. Chalcopyrite is dominant 
ore mineral accompanied by minor amount of pyrite and 
minerals of the tetrahedrite-tennantite series. Other ore 
minerals such as arsenopyrite, bismuthinite, cassiterite, 
cinnabar, cobaltite, galena, gold, kupčíkite, matildite(?) 
or siegenite are rare. The dominant gangue minerals are 
quartz, siderite, ankerite to Fe-rich dolomite and minor are 
calcite and schorl (Hauerová et al. 1989; Slavkay et al. 
2004, Michňová et al. 2008; Luptáková et al. 2012; Lupták-
ová et al. 2016). The Podlipa deposit is famous for a well 
developed supergene zone dominated by copper phos-
phates and carbonates. It is the type locality of libethenite 
(Breithaupt 1823) and mrázekite (Řídkošil et al. 1992; Ef-
fenberger et al. 1994). The most common supergene min-
erals are pseudomalachite, malachite, libethenite, cuprite, 
native copper, hematite, goethite and Mn oxides. Other 
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supergene minerals such as acan-
thite, azurite, brochantite, covellite, 
chalcocite, cyanotrichite, gypsum, 
langite, ludjibaite, mrázekite, phar-
macosiderite or reichenbachite are 
mostly rare (Čech, Láznička 1965; 
Figuschová 1977; Povondra, Řídkošil 
1980; Řídkošil, Povondra 1982; Hyršl 
1991; Řídkošil et al. 1992; Luptáková 
et al. 2012; Milovská et al. 2014; Šte-
vko et al. 2017; Majzlan et al. 2018). 
Števko et al. (2016) described from 
the Rainer mining field also occur-
rence of bismutite, corkite, kintoreite 
and petitjeanite.

Analytical methods

X-ray powder diffraction data of 
olivenite and cornwallite were re-
corded at room temperature using 
a Bruker D8 Advance diffractometer 
equipped with solid-state LynxEye 
detector and secondary monochro-
mator producing CuKα radiation (De-
partment of Mineralogy and Petrolo-
gy, National Museum, Prague, Czech 
Republic). The instrument was ope-
rating at 40 kV and 40 mA. To mini-
mize the background, the powder 
samples were placed on the surface 
of a flat silicon wafer. The powder 
patterns were collected in the Brag-
g-Brentano geometry in the range 3 
- 70° 2θ, step 0.01° and counting time 
of 20 s per step (total duration of the 
experiment was ca. 30 hours). The 
positions and intensities of diffracti-
ons were found and refined using the 
Pearson VII profile-shape function of 
the ZDS program package (Ondruš 
1993). The unit-cell parameters were 
refined by the least-squares program 
of Burnham (1962).

Chemical zoning, paragenetic 
and textural relationships of super-
gene minerals were studied in BSE 
mode using a JEOL JXA-8530FE 
electron microprobe (Earth Science 
Institute, Slovak Academy of Scien-
ces, Banská Bystrica, Slovak Repub-
lic).

The quantitative chemical analy-
ses of olivenite and cornwallite were 
performed using a Cameca SX100 
electron microprobe (Department of 
Mineralogy and Petrology, National 
Museum, Prague, Czech Republic) 
operating in the wave-dispersive 
(WDS) mode (15 kV, 7 nA and 5 μm 
wide beam). The following standards 
and X-ray lines were used to min-
imize line overlaps: albite (NaKα), 
apatite (CaKα, PKα), baryte (BaLα), 
Bi (BiMα), celestine (SrLβ, SKα), 
clinoclase (AsLα), Co (CoKα), Cr2O3 
(CrKα), CuFeS2 (CuKα, SKα), diop-

Fig. 1 Olive green radial aggregates and sprays of olivenite crystals; field of 
view is 8 mm; photo by L. Hrdlovič.

Fig. 2 Pale to olive green aggregates of olivenite crystals associated with dark 
green cornwallite; field of view is 5.6 mm; photo by L. Hrdlovič.

Fig. 3 Aggregates of olivenite enclosed in dark green massive cornwallite; field 
of view is 5.6 mm; photo by L. Hrdlovič.
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Table 1 X-ray powder diffraction data of olivenite from Lubietová - Podlipa
dobs. Iobs. dcalc. h k l dobs. Iobs. dcalc. h k l dobs. Iobs. dcalc. h k l

5.951 43 5.952 1 1 0 2.4083 29 2.4080 0 -2 2 1.7714 2 1.7716 2 4 1
4.885 80 4.888 1 0 1 2.4043 21 2.4058 0 2 2 1.7434 20 1.7436 4 0 2
4.820 15 4.816 0 -1 1 2.3932 8 2.3931 1 -3 1 1.6922 15 1.6916 0 -4 2
4.809 47 4.812 0 1 1 2.3915 1 3 1 1.6876 12 1.6901 0 4 2
4.305 9 4.310 2 0 0 2.3412 37 2.3424 2 1 2 1.6549 6 1.6554 5 0 1

4.202 52 4.204 1 -1 1 2.3144 9 2.3142 2 3 0 1.6492 14 1.6499 3 -3 2
4.201 1 1 1 2.1549 5 2.1548 4 0 0 1.6489 3 3 2

4.115 13 4.115 0 2 0 2.0019 6 2.0018 3 1 2 1.6297 5 1.6292 4 3 1
3.815 60 3.818 2 1 0 1.9674 7 1.9669 4 -1 1 1.6234 25 1.6230 5 -1 1
3.711 12 3.713 1 2 0 1.9612 3 1.9624 1 -3 2 1.6228 5 1 1
2.974 100 2.976 2 2 0 1.9607 1 3 2 1.6097 4 1.6104 3 -4 1
2.966 59 2.967 0 0 2 1.9283 5 1.9282 1 0 3 1.6097 3 4 1
2.712 28 2.713 3 1 0 1.9225 4 1.9239 0 -1 3 1.6059 23 1.6058 4 -2 2
2.659 36 2.656 1 -1 2 1.9231 0 1 3 1.5985 9 1.5981 3 1 3
2.654 64 2.655 1 1 2 1.8974 3 1.8969 1 -4 1 1.5790 5 1.5782 1 -3 3
2.614 82 2.614 1 3 0 1.8955 11 1.8958 1 4 1 1.5755 23 1.5746 2 -4 2
2.585 29 2.586 3 0 1 1.8822 12 1.8821 3 -3 1 1.5734 2 4 2

2.4905 19 2.4911 0 -3 1 1.8813 3 3 1 1.5596 17 1.5603 1 -5 1
2.4893 0 3 1 1.8780 9 1.8777 1 -1 3 1.5596 1 5 1

2.4666 58 2.4674 3 -1 1 1.8446 4 1.8455 3 -2 2 1.4880 27 1.4881 4 4 0
2.4668 3 1 1 1.8445 3 2 2 1.4840 34 1.4837 0 0 4

2.4443 25 2.4441 2 0 2 1.8259 4 1.8256 2 -3 2

Table 2 Unit-cell parameters of olivenite
occurrence reference SG a [Å] b [Å] c [Å] α [o] V [Å3]
Podlipa this paper P21/n 8.6192(13) 8.2300(11) 5.9349(8) 90.055(12) 420.99(7)
Majuba Hill Li et al. (2008) P21/n 8.5844(3) 8.2084(3) 5.9258(2) 90.130(2) 417.56(3)
Cornwall Burns, Hawthorne (1995) P21/n 8.5894(2) 8.2073(2) 5.9285(1) 90.088(3) 417.90
Krupka Sejkora et al. (2015) Pnnm 8.6300(8) 8.2405(8) 5.8384(7) 422.31(5)
Farbište Števko et al. (2011) Pnnm 8.6080(7) 8.2151(7) 5.9193(5) 418.59(6)
Farbište Števko et al. (2011) Pnnm 8.6111(7) 8.2189(7) 5.9209(5) 419.05(3)
Cornwall Burns, Hawthorne (1995) Pnnm 8.5894(2) 8.2076(2) 5.9286(1) 417.9
Gelnica Sejkora et al. (2001) Pnnm 8.633(2) 8.245(2) 5.940(1) 422.8(1)
SG: ortorhombic (Pnnm) or monoclinic (P21/n) space group

Table 3 Representative quantitative chemical analyses of olivenite and As-rich libethenite from the Podlipa copper 
deposit (wt.%)

 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
 Oli Oli Oli Oli Oli Oli Oli Oli Oli Oli Oli Oli Lib Lib Lib
CuO 56.30 56.10 57.43 57.17 58.19 57.24 57.34 61.39 60.79 56.92 61.59 60.91 63.00 62.72 63.33
Fe2O3 0.00 0.14 0.00 0.00 0.23 0.21 0.19 0.00 0.00 0.41 0.00 0.10 0.00 0.00 0.00
Al2O3 0.08 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.09 0.00 0.41
Sb2O3 0.15 0.12 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.15 0.00 0.00 0.00 0.00 0.00
SiO2 0.00 0.00 0.27 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
As2O5 40.55 39.63 39.71 38.72 32.73 34.78 34.70 28.01 29.63 39.32 27.13 29.10 10.58 8.78 8.13
P2O5 0.68 0.51 0.66 0.92 6.71 4.03 4.85 10.34 9.17 1.32 10.71 9.68 20.40 22.07 22.58
SO3 0.00 0.00 0.00 0.07 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
total 97.76 96.50 98.07 96.88 97.86 96.26 97.08 99.74 99.59 98.12 99.43 99.79 94.07 93.57 94.45
Cu2+ 1.947 1.999 2.009 2.049 1.928 2.002 1.947 1.982 1.975 1.978 2.001 1.965 2.087 2.035 2.047
Fe3+ 0.000 0.005 0.000 0.000 0.008 0.007 0.006 0.000 0.000 0.014 0.000 0.003 0.000 0.000 0.000
Al3+ 0.004 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.005 0.000 0.021
Σ 1.952 2.004 2.009 2.049 1.936 2.009 1.953 1.982 1.975 1.992 2.001 1.969 2.092 2.035 2.068
Sb3+ 0.003 0.002 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.003 0.000 0.000 0.000 0.000 0.000
Si4+ 0.000 0.000 0.013 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
As5+ 0.971 0.977 0.962 0.961 0.751 0.842 0.815 0.626 0.666 0.946 0.610 0.650 0.243 0.197 0.182
P5+ 0.026 0.020 0.026 0.037 0.249 0.158 0.185 0.374 0.334 0.051 0.390 0.350 0.757 0.803 0.818
S6+ 0.000 0.000 0.000 0.002 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Σ 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
OH- 0.910 1.015 1.031 1.100 0.880 1.026 0.913 0.964 0.949 1.001 1.002 0.940 1.188 1.071 1.156
calculated empirical formulae are based on sum of (Sb+Si+As+P+S)=1 apfu
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Fig. 4 Zonal acicular crystals of olive-
nite (very light grey to grey) with 
minerals of cornwallite-pseudo-
malachite series (darker grey 
zonal fillings); BSE image by             
T. Mikuš.

Fig. 5 Cross-sections of acicular zo-
nal crystals of olivenite (white with 
light grey outer zone) enclosed in 
minerals of the cornwallite-pseu-
domalachite series (homogenous 
botryoidal aggregate in the upper 
right corner as well as light to dark 
grey zonal mass); BSE image by 
T. Mikuš.

Fig. 6 Variation of As and P content 
in olivenite and As-rich libethenite 
from the Podlipa deposit.

side (MgKα), halite (ClKα), hematite 
(FeKα), LiF (FKα), Ni (NiKα), PbSe 
(SeLβ), PbTe (TeLα), rhodonite 
(MnKα), sanidine (AlKα, KKα, SiKα), 
Sb2S3 (SbLα), scheelite (WLα), va-
nadinite (VKα), wulfenite (PbMα, 
MoLα) and ZnO (ZnKα). Contents 
of the above-listed elements, which 
are not included in the tables, were 
analysed quantitatively, but their con-
tents were below the detection limit 
(ca. 0.03 - 0.05 wt. % for individu-
al elements). Raw intensities were 
converted to the concentrations of 
elements using automatic “PAP” ma-
trix-correction procedure (Pouchou, 
Pichoir 1985).

Results

Olivenite occurs in cavities of 
milky quartz as olive to pale green 
acicular crystals up to 5 mm long 
with vitreous to silky lustre. Individu-
al crystals are frequently grouped to 
sprays or radial aggregates (Fig. 1, 2) 
and are often included in aggregates 
of minerals of the cornwallite-pseu-
domalachite series (Fig. 3).

The experimental powder data 
set of olivenite from the Podlipa de-
posit given in Table 1 agrees well with 
the X-ray pattern calculated from the 
single-crystal data of olivenite from 
Majuba Hill (Li et al. 2008). The re-
fined unit-cell parameters of olivenite 
from Ľubietová - Podlipa are compa-
red in Table 2 with published data.

Representative WDS analyses of 
olivenite from Ľubietová - Podlipa as 
well as calculated empirical formulae 
are shown in Table 3 (all 58 analy-
ses are available in supplementary 
file). Studied olivenite from the Pod-
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Table 4 X-ray powder diffraction data of cornwallite from Lubietová - Podlipa
dobs. Iobs. dcalc. h k l dobs. Iobs. dcalc. h k l dobs. Iobs. dcalc. h k l

8.703 2 8.703 0 0 2 2.4950 13 2.4948 1 0 -6 1.8779 8 1.8780 0 3 2
5.479 12 5.477 0 1 1 2.4692 29 2.4692 1 1 5 1.8339 3 1.8337 0 1 9
4.813 23 4.809 0 1 2 2.4155 85 2.4153 1 2 1 1.8252 2 1.8256 0 3 3
4.608 100 4.608 1 0 0 2.3657 15 2.3656 1 2 -2 1.8007 8 1.8004 2 2 0
4.094 2 4.091 0 1 3 2.3430 33 2.3428 1 2 2 1.7969 4 1.7971 2 1 5
3.545 86 3.545 1 1 -1 2.3041 41 2.3042 2 0 0 1.7727 18 1.7727 2 2 -2
3.508 44 3.507 1 1 1 2.2833 8 2.2835 0 1 7 1.7596 2 1.7599 1 2 -7
3.361 8 3.360 1 1 -2 2.2294 2 2.2294 1 1 6 1.7534 6 1.7536 2 2 2
3.296 7 3.296 1 1 2 2.2211 5 2.2213 0 2 5 1.7440 5 1.7437 1 3 -2
3.221 43 3.221 1 0 -4 2.1760 6 2.1757 0 0 8 1.7329 7 1.7330 2 2 -3
3.110 33 3.110 1 0 4 2.1491 1 2.1489 1 2 -4 1.6831 5 1.6834 0 3 5
3.097 15 3.098 1 1 -3 2.1399 2 2.1399 2 1 0 1.6485 15 1.6487 2 1 -7
3.023 47 3.023 1 1 3 2.1325 1 2.1323 2 1 -1 1.6478 2 2 4
2.981 3 2.981 0 1 5 2.1150 7 2.1150 1 2 4 1.6172 3 1.6174 2 2 -5
2.902 3 2.901 0 0 6 2.0628 6 2.0625 2 1 2 1.6104 2 1.6107 1 2 8
2.885 17 2.885 0 2 0 2.0291 2 2.0292 2 1 -3 1.5965 3 1.5965 2 1 7
2.738 25 2.738 0 2 2 2.0072 3 2.0074 2 0 4 1.5813 10 1.5816 2 2 5
2.583 10 2.583 0 2 3 1.8840 3 1.8835 0 2 7 1.5547 5 1.5550 2 0 8
2.538 13 2.538 1 1 -5

Table 5 Unit-cell parameters of cornwallite (for monoclinic space group P21/c)
occurrence reference a [Å] b [Å] c [Å] β [°] V [Å3]
Lubietová - Podlipa, Slovakia this paper 4.6112(2) 5.7698(3) 17.4167(11) 92.009(5) 463.10(3)
Farbište, Slovakia Števko et al. (2011) 4.6051(2) 5.7591(5) 17.3854(3) 91.93(2) 460.9 (1)
Clara Mine, Germany Arlt, Armbruster (1999) 4.600(2) 5.757(3) 17.380(6) 91.87(3) 460.04
Gelnica, Slovakia Sejkora et al. (2001) 4.608(1) 5.765(1) 17.400(4) 92.01(1) 461.9(1)
Horní Slavkov, Czech Republic Sejkora et al. (2006) 4.5685(4) 5.7708(4) 17.287(1) 93.02(2) 455.1

Table 6 Representative quantitative chemical analyses of minerals of the cornwallite-pseudomalachite series from 
the Podlipa copper deposit (wt.%)
 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
 Cnw-b Cnw-b Cnw-b Cnw-b Cnw-b Cnw-b Cnw-z Cnw-z Cnw-z Cnw-z Cnw-z Cnw-z Pmlc Pmlc Pmlc
CuO 59.49 60.04 60.33 60.46 59.72 60.58 64.51 62.85 64.17 62.46 63.22 63.28 63.68 65.27 66.16
FeO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.12 0.00 0.00 0.00
MnO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.10 0.00 0.00 0.00 0.00 0.00 0.00
Al2O3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.12 0.00 0.36 0.00
Sb2O3 0.00 0.00 0.00 0.00 0.00 0.17 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
SiO2 0.00 0.00 0.00 0.00 0.05 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
As2O5 30.59 31.04 30.85 33.97 33.42 34.32 25.50 22.24 24.50 25.81 20.13 20.90 18.06 13.99 12.79
P2O5 2.35 2.18 1.91 0.54 0.92 0.44 7.53 9.15 8.32 6.74 10.88 10.29 12.16 14.78 17.08
SO3 0.00 0.00 0.00 0.09 0.06 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.07 0.00 0.00
total 92.43 93.26 93.09 95.06 94.17 95.51 97.54 94.24 97.09 95.01 94.23 94.71 93.97 94.40 96.03
Cu2+ 5.00 5.02 5.14 5.00 4.92 4.98 4.95 4.90 4.88 4.91 4.84 4.87 4.85 4.97 4.73
Fe2+ 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00
Mn2+ 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00
Al3+ 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.04 0.00
Σ 5.00 5.02 5.14 5.00 4.92 4.98 4.95 4.90 4.89 4.91 4.84 4.89 4.85 5.02 4.73
Sb3+ 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Si4+ 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
As5+ 1.78 1.80 1.82 1.94 1.90 1.95 1.35 1.20 1.29 1.41 1.07 1.11 0.95 0.74 0.63
P5+ 0.22 0.20 0.18 0.05 0.08 0.04 0.65 0.80 0.71 0.59 0.93 0.89 1.04 1.26 1.37
S6+ 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00
Σ 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00
OH- 4.00 4.04 4.27 4.00 3.85 3.96 3.89 3.80 3.78 3.83 3.68 3.80 3.71 4.07 3.45
Calculated empirical formulae are based on sum of (Sb+Si+As+P+S)=2 apfu; Cnw-b - botryoidal (type 1), Cnw-z - 
zonal mass (type 2), Pmlc - As-rich pseudomalachite
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Fig. 7 Group of homogenous oliveni-
te crystals (white) with dark grey 
external domains represented 
by As-rich libethenite; light grey 
mass filling the space between 
olivenite crystals is cornwallite; 
BSE image by T. Mikuš.

Fig. 8 Dark green botryoidal aggre-
gate of cornwallite with microcry-
stalline surface; field of view is   
5.1 mm; photo by L. Hrdlovič.

Fig. 9 Homogenous botryoidal corn-
wallite (type 1, grey aggregate in 
the lower left corner) and zonal 
mass of minerals of cornwallite
-pseudomalachite series (type 2, 
grey to dark grey); white euhedral 
crystals are olivenite; BSE image 
by T. Mikuš.

lipa deposit often shows relatively 
strong, oscillatory to sector chemical 
zoning in BSE (Figs. 4, 5). Except of 
dominant content of Cu only minor 
amounts of Fe (up to 0.04 apfu) and 
locally also Al (only up to 0.01 apfu) 
were detected. Chemical zoning ob-
served in BSE is caused by strong 
variation of As and P contents (Fig. 
6), ranging mostly between nearly 
end member olivenite containing only 
0.02 apfu of P up to P-rich oliveni-
te with 0.39 apfu of P. Dark, P-rich 
zones or domains were rarely also 
observed (Fig. 7) and are compo-
sitionally corresponding to As-rich 
libethenite with As content ranging 
between 0.18 to 0.24 apfu. Except 
of As and P minor content of Si (up 
to 0.01 apfu) is locally present in stu-
died olivenite. 

Cornwallite forms dark green 
massive fillings between crystals of 
olivenite (Fig. 3) or microcrystalline 
botryoidal aggregates (Fig. 8) in ca-
vities of quartz.

The experimental powder data 
set of botryoidal cornwallite from the 
Podlipa deposit given in Table 4 is in 
good agreement with the X-ray pat-
tern calculated from the single-crystal 
data of cornwallite from Clara mine 
(Arlt, Armbruster 1999). The refined 
unit-cell parameters of cornwallite 
from Ľubietová - Podlipa are com-
pared in Table 5 with published data.

Representative quantitative che-
mical analyses as well as calculated 
empirical formulae of minerals of the 
cornwallite-pseudomalachite series 
from the Podlipa deposit are given in 
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Table 6 (all 52 analyses are available 
in supplementary file). The two com-
positional types of cornwallite were 
distinguished. The first type is re-
presented by relatively homogenous 
botryoidal aggregates (Fig. 9), which 
contain only minor amounts of P 
(ranging between 0.04 to 0.22 apfu). 
The second type is represented by 
polycrystalline fillings and it shows 
strong irregular chemical zoning in 
BSE (Fig. 9, 10, 11). This zoning is 
caused by significant variation of As 
and P contents (Fig. 12), ranging 
compositionally from P-rich cornwalli-
te (with 1.41 apfu of As and 0.59 apfu 
of P) up to As-rich pseudomalachite 
(with 1.37 apfu of P and 0.63 apfu of 
As). Except of Cu, As and P only mi-
nor amounts of Al (up to 0.04 apfu) 
as well as Fe, Mn, Sb and Si (all up to 
0.01 apfu) were detected in studied 
samples of minerals of the cornwalli-
te-pseudomalachite series.

Conclusions

A new occurrence of olivenite and 
cornwallite was discovered at the 
Podlipa copper deposit near Ľubie-
tová, Slovakia. Both in olivenite as 
well as in minerals of the cornwalli-
te-pseudomalachite series a wide 
compositional variability, caused 
by significant variation of As and P 
contents was documented. Studied 
association of minerals was formed 
by the weathering of primary ore mi-
nerals in supergene zone in-situ and 
the most probable source of arsenic 
at the Podlipa deposit were minerals 
of the tetrahedrite-tennantite series. 

Fig. 10 Detail on irregular chemical 
zoning of minerals of the corn-
wallite-pseudomalachite series 
(type 2, grey to dark grey); white 
to grey acicular crystals are olive-
nite; BSE image by T. Mikuš.

Fig. 11 Zonal masses of minerals of 
the cornwallite-pseudomalachite 
series (type 2, grey to dark grey) 
filling the space between zonal 
acicular crystals of olivenite (whi-
te to light grey); dark grey zones 
are corresponding to As-rich pse-
udomalachite; BSE image by                 
T. Mikuš.

Fig. 12 Variation of As and P content 
in minerals of the cornwalllite- 
pseudomalachite series from the 
Podlipa deposit.
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