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Abstract: Arsenopyrite of the Pezinok antimonite deposit has
been attracting attention of geologists for ten yvears since more at-
2 tention is paid to the discovered As : Au correlation. The main

knowledge on the gold-bearing arsenopyrite generation is summar-
ized and the possibility of studyving sulphidic minerals by means of
an electron scanning microscope and energy-dispersion analyser is
mentioned in the paper. The results obtained are compared with
those of an electron microanalyser and the outcomes of thermo-
electric voltage measurements of the studied mineral are given.

Pesiwome: ApccHOnUpuT m3i CcypPLbMAHOro mecroposxjenns [lesmnox
ABJIMETCH B IEHTPE BHUMAHMS TICOJOMIYCCKON ODUCCTBCHHOCTH DOJib-
LE JIECATI JICT, € TEX 1MOP YJCHACTCH IMOBLILICHHOE BHUMAaHME oDHapy-
HCHHOI Koppensaim As : Au. B cratee TOALITOXKHBAIOTCA OCHOBHBIC
nuhopmai 0 30J0TOHOCHON TEHEPAIMK apceHonupuTa, OTMEYAIOTC
BO3MOMHOCTH WCCIIEeIOBaHI C}’JILC')IIJ‘IIIL‘IX MIHCDAJOB PDACTPOBBIM DJIC-
KTPOHHBIM MHUKPOCKONOM 3 2HEPrO-AMCICPCHOHHBIM EIHEUI]I3EI‘]‘()|)0M,
C[):I.BHIIBZIK)TCSI pPE3VIIBTATLHI NMONYUCHHBIC EIJICI\'T]T)OI-IHI;!'M MHKPOaHAJIN-
34TOPOM M NPUBOOATCH PE3YVJIBTATEI M3MECPEHUA TEPMOMNICKTPHUUCCKOTO
HANPAACHIA HCCHeJJOBAHHOTO MIHCPana.

Arsenopyrite is the principal As-bearing mineral at the Pezinok deposit.
Mrakava (1977) gives the Sb : As ralio of 2 : 1.14 at the deposit. The occur-
rence of arsenopyrite is not mentioned in older literature. Munda (1944
in Cambel, 1959) infers its presence only from the As content of the anti-
mony ores.

Cambel (1950, 1959) has described only one arsenopyrite generation at
the Pezinok deposit, which crystallized from solutions of the oldest quartz-
-pyrite-arsenopyrite period. According to Cambel (19539) arsenopyrite so-
metimes originates by replacement of syngenetic or hydrothermal pyrite.
Cambel, however, does not remember this alleged statement. He only
stated pyrite anisoiropy due to an increased As content in pyrite, but appa-
ratuses available at that time could not have proved it. Dadak (1983) has
described high Sb contents (up to 9.17"j) in some arsenopyrites of the Pe-
zinok deposit.
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The presence of two arsenopyrite generations at the deposit has been noted
for the first time by Polak — Rak (1979). Later it turned out that the
idiomorphic fine-grained arsenopyrite I has a larger. and often separate, spa-
tial distribution independent from the main carbonate-antimonite minerali-
zation (Polak — Rak, 1979; Dadak, 1983). As this arsenopyrite is not
associated with antimony minerals it is only rarely mined and therefore re-
mained unnoticed for a long time.

Andras (1983) pointed out that the gold-bearing fine-grained idiomorphic
arsenopyrite I originated in the course of the oldest (quartz-arsenopyrite)
hydrothermal period. It may represent an independent mineralizing slage,
the products of which are highly sericitized black quartz lenses with gold-
-bearing arsenopyrite and pyrite impregnations. Andras (1983) gives an
average Au content of 110 ppm in arsenopyrite and 57 ppm ir pyrite (An-
dras etal., 1987).

Sampling and investigation methodics

All gold-bearing arsenopyrite I samples have been taken at the Pezinok de-
posit in the adit Budicnost. Samples of the granular coarse-grained arseno-
pyrite I come from the Antimony adit.

Samples ehosen for further investigations have been studied first by means
of a polarizing microscope and electron microanalyser. Later, in the following
stage of the investigation, the samples have been crushed. The flotation con-
centrate has been cleaned visually using a binocular microscope. Quantitative
spectrochemical (arsenopyrite I) and atomic absorption spectrometric (arseno-
pyrite 1I) analyses have been carried out afterwards. Principal investigations
have been performed by an electron scanning microscope JSM-840 and X-ray
electron microanalyser Superprobe 733 (Jeol), Edax PV-9100 and X-ray emis-
sion analyser NZ-854 of the Ceochemical Department of the Hungarian Aca-
demy of Sciences in Budapest.

The illustrated composition (phase composition) facilitates homogeneity and
inclusion studies. Combination of the information on the morphology and
composition of the same mineralogical individual is an asset.

Point quantitative analyses (analysed by an additional energy-dispersion
analyser) have been added to these data.

Thermoelectric voltage has been measured by an adapted ore microscope
MIN 9 on ore mineral polished sections in measurement points of the micro-
analyser NZ-854. The methodics is described in detail by Durza (1981) and
Gajdo§ — Durza (1981).

Gold-bearing arsenopyrite occurrences

The arsenopyrite I forms impregnations of small idiomorphic to hypidio-
morphic grains or spongy aggregates intergrown with the gold-bearing pyrite
II. which accompanies the former (Fig. 1). The arsenopyrite I : pyrite II ratio
varies from 5:1 to 10:1. The younger antimony mineralization only very rarely
spatially overlaps with the gold-bearing sulphidic one.
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Fig. 1. Sample RB-50, disseminated struc- Fig. 2. Sample PA-78, panidiomorphic-

ture of arsenopyrite I (light-coloured) -grained brecciated texture of arseno-

and pyrite II (Py). Magn. 32>, 1 nicol. pynite I (light-coloured) in quartz (dark),
Magn. 32>, 1 nicol.

The arsenopyrite I is preferentially associated with black quartz lenses or
occurs in the surrounding hydrothermally altered rocks of a shale formation
in which it forms tiny impregnations (Figs. 1, 2).

Microscopic description

The arsenopyrite is well polishable and is of light yellow to light gray
colour. It is marked for very high reflectance and weak bireflectance. Dia-
gnostic etching by nitric acid stains the arsenopyrite colourfully and in the
air these coatings gradually get dark. The gold-bearing idiomorphic arseno-
pyrite I has distinct coloured anisotropic effects (light yellow-brown to dark
brown-blue) and high anisotropy can be observed in immersion oil. Zoning
sporadically occurs in typical rhombic cross-sections of prismatic crystals.

The arsenopyrite II, that originates by replacement of older pyrite, can be
distinguished from the arsenopyrite I for its allotriomorphic grains, different
structures and lower reflectance.

Both arsenopyrites I and II are often tectonically fractured and the fissures
are usually filled with undulose pressure quartz.

Structures and textures of arsenopyrite ores

There are two basic types of arsenopyrite ore structures at Pezinok:

1. Tha first structure is nest structure, typical for gold-bearing arsenopy-
rite I (Figs. 1, 2).

2. Disseminated structure, which is the principal structure of the coarse-
-grained arsenopyrite ores of younger generation (with Au contents up to
O.X ppm). The subtype of brecciated massive structure can be distinguished
(Fig. 4).
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Fig. 3. Sample RB-109, massive structure Fig. 4. Sample RB-4, brecciated massive
and allotriomorphic-grained texture ot  structure of arsenopyrite II (light-co-
arsenopyrite 11, Magn. 32>, x nicols. loured) in quartz (dark). Magn. 323,

1 nicol.

There exist also two kinds of textures:
1. Arsenopyrite I forms panidiomorphic to hypidiomorphic textures (Fig. 1)-
2. Arsenopyrite II is granular and occurs in allotriomorphic textures (Fig.
3). The brecciated subtype can be set up in both main types.

Morphology of gold-bearing arsenopyrite I crystals

The arsenopyrite I forms small, commonly 0.05—0.15 mm, but exceptionally
0.5—1.5 mm long, idiomorphic (Fig. 5a) and hypidiomorphic (Figs. 6a, Ta) pris-
matic grains. The crystals are often tectonically fractured (Fig. 8a) exhibiting
signs of corrosion on the margins (Figs. 6a, 7a). Various compound crystals
(Fig. 9a), especially crossed compounds (Fig. 10a) and star triplets (Fig. 1la)
are characteristic.

Study of mineral homogeneity

Already the homogeneity study by means of reflected electrons (composi-
tion) by the X-ray microanalyser Jeol Superprobe 733 discovered differences
between the arsenopyrites I and II. Unlike the arsenopyrite II, the arsenopy-
rite I is markedly inhomogeneous mainly because of locally increased Sb con-
tents at the expense of As. This dependence is documented by arsenopyrite I
compositions supplemented with Sb and As diagrams (Figs. 12, 13) and an
arsenopyrite II composition (Fig. 14a). A micrograph (Fig. 14b) illustrates
homogeneous As distribution in the arsenopyrite II.

The arsenopyrite I inhomogeneity can be observed also in compositions made
by the scanning microscope (Figs. 5b—11b).

4 grains (Figs. 5a, 8a—10) of two samples (RB-46 and RB-49) have been
chosen for a detailed study by means of the electron scanning microscope and
the NZ-854 X-ray emission analyser.

1 = " e
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Fig. 5. Sample RB-49: a) arsenopyrite 1 | Ky
morphology: b) composition of arseno- 9 SK,t
pyrite I, point gqualitative analyses: 1: FeKﬂ

Si, Al, K, Fe, S, 2: Si, Al, K, Fe, Ti; ¢)
line diagram of Ti distribution,

Much attention has been paid to qualitative analysis of inclusions in the
arsenopyrite I of the sample RB-46 (Fig. 5a). In the studied inclusion (Fig. 5b)
the qualitative analyses confirmed presence of Si, Al, K, S and Fe in the point
1 and Si, Al, K, Ti and Fe in the point 2. The line diagram of a Ti mineral at
the point 2, carried out by the NZ-854 X-ray emission analyser, makes it pos-
sible to suppose that the mineral concerned is rutil in an other, exactly uni-
dentified, silicate mineral.

An arsenopyrite grain with a distinct zonal pattern and numerous non-ore
inclusions can be seen in the composition (Fig. 9a). Unlike the analysis at the
point 3 corresponding with arsenopyrite (S, Fe, As), at the points 1 and 2 the
qualitative analyses discovered S, Sb and Fe, which indicates that the light
-coloured phase is represented by gudmundite (FeSbS).
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Fig. 6. Sample RB-46; a) morphology of arsenopyrite I; b} composition of arseno-
pyrite 1.
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Fig. 7. Sample RB-46; a) morphology of arsenopyrite I b) composition of arseno-
pyrite 1.
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Fig. 8. Sample RB-46; a) morphology of arsenopyrite I; b) composition of arseno-
pyvrite 1 with location of analysed points (results of point analvses in points A — D
are given in Tab. 1).
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Fig. 9. Sample RB-50, a) morphology of arsenopyrite I; b) composition of arseno-
pyrite I and magnified detail of the composition, point qualitative analyses: 1: Fe,
S, Sb; 2: Fe, S, Sh.
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Fig. 10. Sample RB-49, a) morphology of arsenopyrite I; b) composition of arseno-
pyrite I with location of analysed points (results of point analyses in points E — H
are given in Tab. 1.

Fig. 11. Sample RB-49: a) morphology of arsenopyrite I, b) composition of arseno-
pyrite L.
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Fig. 12. Simple RB-55, composition of Fig. 13. Sample RB-56, composition of
arsenopyrite I, (magn. 300X) and line arsenopyrite I (magn. 300%) and line
diagram of As and Sb distribution. diagram of As and Sb distribution.

Cracks resembling those formed in sulphidic minerals by dehydratation of
colloids can be seen in the magnyfied detail.

Chemical composition of arsenopyrite
8 point quantitative analyses by the apparatus Edax PV-9100 have been

performed on arsenopyrite crystals (Figs. 8b, 10b). The analysed points are
plotted on the grain compositions. The location of the points makes it pos-

Fig. 14. Sample RB-51; a) composition of arsenopyrite 11 (light-coloured) and pyrite
11T (dark) (magn. 300%); b) areal As distribution in arsenopyrite II and pyrite IIL
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Table 1

Point analyses of arsenopyrite I (electron scanning microscope with X-ray emission
analvser NZ-854)

Analysed - Designation of analysed points
| element A B C D E F G H

Fe 35.13 35.23 34.66 34.97 34.43 35.29 35.11 34.57
As 41.48 41.77 44.05 44.90 43.92 41.03 41.49 44.96
5 23.12 23.27 21.05 21.69 21.35 23.87 23.48 21.19

" Sh 1.04 1.25 0.18 0.28 0.15 1.02 0.68 0.16

n |

Cu | 0.01 0.01 0.00 0.02 0.00 0.00 0.01 0.01
Ag 0.01 0.01 0.00 0.02 0.00 0.00 0.01 0.01
2y 100.79 101.54 99.95 101.86 99.85 101.22 100.77 100.68

Explanations: Analysed points are plotted in Fig. 8b, 10b. Au content in the sample
detected spectrochemically is 79 ppm.

Table 2

Average values of point analyses of arsenopyrites I and II by electron microana-
lyser supplemented with spectrochemical Au analyses

arsenopyrite I |

arseno_pyrite 11
PA — 179 RB — 51

RB —5 RB — 53 RB — 55

Sample No.

1 :
| 35.0353 34.9769

Fe 34.7874 30.0227 30.9954
As 44.9424 47.3034 43.2062 45.3922 46.4675
, S 21,4248 21.4029 19.0375 20.7183 20.2534
a Sh 0.1687 0.0167 0.4043 0.0306 0.0000
Ni 0.0000 0.0000 0.3297 0.0120 0.0084
Co 0.0000 0.0662 0.0168 0.0199 0.0649
ppm Au 155 141 166 0.6 0.4
U 101.3388 98.8260 94.0064 101.1974 101.7711

sible to observe the arsenopyrite I inhomogeneity and chemical composition
of individual physical-chemical phases. The results of the analyses are in
Tab. 1.

Tab. 2 compares point quantitative analyses by Edax PV-9100 with data
obtained by point quantitative analyses by the electron microanalyser. Spec-
trochemically detected Au contents are supplemented. In Tab. 2, arsenopy-
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rite II analyses are also given so that the chemical compositions of the arseno-
pyrites I and II could be compared.

Arsenopyrite enrichment of the order 0.0X ", (400—500 ppm) Sb has been
described from the area Keno Hill in Canada and Yellowknife by Boyle
(1965). The possibility of mutual As-Sb replacement in arsenopyrite has been
mentioned by Picot—Johan (1982), but arsenopyrite enrichment by
0.X (in individual point analyses even by over 9"j) has been first described
by Dadak (1983) from the Pezinok deposit. Comparison of Tab. 1 and 2
indicates that only the gold-bearing arsenopyrite I is enriched in Sb and it
contains less As than the arsenopyrite II.

All the deposits cited are those of gold without an independent antimony
mineralization, which suggests that the arsenopyrite I origin is not directly
related to the formation of the principal antimony or that the arsenopyrite I
originated in different conditions than the arsenopyrite II.

6§00

550

450 |

350 Fig. 15. Phase diagram of dependence
38 of As atomic percentage on temperature

(Kretschmar, 1973).

28

Conditions of arsenopyrite formation in mineral association with pyrite are
shown in Barton's (1969) scheme, which has been worked out in detail by
Kretschmar (1973, Fig. 15). It is based on the change of the temperature
and As atomic percentage in the system. According to this scheme the arseno-
pyrite I could have originated only at temperatures under 500 °C and low As
concentrations (20—33"p). Kretschmar also notes that such an arseno-
pyrite contains less As than arsenopyrite formed together with loellingite.
This conclusion is supported by data in Tab. 1 and 2 showing that the arseno-
pyrite I formed in association with pyrite contains less As than the arsenopy-
rite IT formed in association with pyrite and loellingite.

Thermoelectric voltage of the arsenopyrite I

The arsenopyrite I may have various types of conductivity according to
which p-, p-n and n-arsenopyrites can be distinguished. The conductivity type
depends mainly on deviations of the mutual ratio of the basic elements from
the theoretic composition and character of various admixtures.
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Table 3

Results of thermoelectric voltage measurements «/u Videg) in arsenopyrite I

Designation

=, P 1/

Sample No. of analysed point Fig. No. a/p Videg) :
|

A — 1115

; B —115.1

RB — 49 c 8b — 1417

D — 135.6

E | — 136.4

) F — 169.9

RB — 49 G 10b 1455

H — 1126
RB — 46 6b —191.3 '

RB — 50 9b —133.9

The only eclement, the content of which in arsenopyrite can exceed 0.5"
is cobalt (Fleischer, 1955). Because cobalt replacing iron acts as a donor,
cobalt-rich arsenopyrite has conductivity of the type n. Other admixtures can
be nickel (donor) and antimony (neutral). Sulphur replacing arsenic is donor
and arsenic replacing sulphur is acceptor. Therefore the arsenic-poor arseno-
pyrite I has conductivity of the type n. This arsenopyrite is marked for low
thermoelectric voltage values (Tab. 3). The average value of the arsenopyrite I
thermoelectric voltage is 139.35 V/deg.

Favorov et al. (1972) have found that n-arsenopyrite is associated with
minerals, the formation of which requires a higher sulphur potential in the
solutions, while p-arsenopyrite occurs together with minerals that cannot
exist by a higher sulphur potential.

Conclusion

The study of the gold-bearing arscnopyrite I has proved that, besides
increased Au contents, it differs from the younger arsenopyrite II also in struc-
tural and textural elements, crystal morphology, increased Sb contents, decrea-
sed As contents, inhomogeneous Fe, As and S distributions and numerous in-
clusions of non-ore minerals. Thermoelectrie voltage study of the arsenopyrite
I has discovered that it is of type n. The study also pointed out different for-
mation conditions of the arsenopyrites I and II and that the arsenopyrite I
was formed of solutions with a higher sulphur potential than the arseno-
pyrite I1.
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The comparison of the results obtained by the electron scanning microscope
and energy dispersion analyser with those obtained by X-ray electron micro-
analyser make it possible to regard them as comparable and recommend the
study of sulphidic minerals by this non-traditional method, too.

Translated by L. Bohmer
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