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Abstract For the first time in the hypogenic deposits of Lower Silesia native
gold was ascertained. The presence of this element had been so far detected only by
chemical methods. The fineness of gold was determined by electron microprobe., Ba-
sing on microscopic examinations in reflected light, paragenetic assemblages of na-
tive gold were described and the successive stages of mineralization process were

{raced back.

INTRODUCTION

Traces of gold in quartz-sulphide veins of Gory Kaczawskie Mts. in
Lower Silesia have been detected for a long time by chemical methods.
At various periods from the Middle Ages up to the third decade of the
twentieth century, attempts were made at extracting gold from arsenic
and copper ores at Stara Gora, Wielistaw, Pilchowice, Klecza, Radomice,
Wojciechéw, Mielgcice, Lubomierz, and in the vicinity of Zgorzelec
(Quiring 1949; Domaszewska 1964). Ores won in 1918 from the deposit
Stara Gora contained 19.5 kg of gold (Zimmermann 1941). Although che-
mical analyses of certain samples showed Au content to be 25—65 grams
per ton or, in some cases, OVer 100 grams per ton, no gold mineral was
observed even under the microscope. Submicroscopic grains of native gold
were supposed to be disseminated in arsenopyrite, pyrite and/or quartz,
or else gold was thought to form solid solutions with the above sulphides.

The present authors performed microscopic examinations on ore sam-
ples collected from dumps at the old adit mouths between Radomice and
Klecza and north of Pilchowice. Among other minerals, native gold was
found in the specimens. The identification of some minerals was then
confirmed by X-ray powder method, whereas the chemical composition
of native gold and pyrites was determined using electron microprobe.

* Institute of Mineralogy and Mineral Deposits, Academy of Mining and Metal-
Jurgy in Cracow (Krak6w, al. Mickiewicza 30).
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QUARTZ-SULPHIDE VEINS OF RADOMICE, KLECZA
AND PILCHOWICE

Ore occurrences in these localities were relatively little known though
prospecting and small-scale exploatation were still carried on there in the
years 1893—1908 and 1916—1921. The data from unpublished papers of
Krusch (1907 fide Domaszewska 1964) and Grimming (1933 fide Domaszew-
ska 1964) concerning this area were briefly discussed by Domaszewska

1964).

( In) the adits situated between Radomice and Klecza and near Pilchowi-
ce, eight main and several smaller quartz-sulphide veins were encoun-
tered together with locally accompanying concordant pyrite-arsenopyrite
lenses. The veins ran in weakly metamorphosed old-Palaeozoic argilla-
ceous, graphitic, greywacke and quartz schists, which had been folded and
faulted. Silicification and sericitization of the host rocks was observed.
The veins appeared parallel to the stratification as saddle reefs or, more
frequently, as lodes in the fractured zones discordant to the bedding. Post-
-ore transverse faults were common.

The veins were examined on a length of about 200 m, showing thick-
ness of 0.1 to 1.5 m. Their principal components were quartz and arseno-
pyrite. The arsenopyrite content widely ranged from 5 to 35% As in indi-
vidual veins. The accompanying minerals were: chalcopyrite, galena,
sphalerite, pyrite and antimonite. The present analyses have additionally
revealed the presence of small quantities of haematite, siderite, marcasite,
pyrrhotite, tetrahedrite, tennantite, native gold, chalcocite, covellite, teno-
rite and hydrated iron oxides. The examinations failed, on the other hand,
to confirm the presence of antimonite, maybe because of the small amount
of the analysed material.

The occurrence of gold in the veins under study had been already
recorded. Au content in samples from different parts of the veins was as
a rule below 6 g/t. though in some cases, most likely in the oxidation zone,
it amounted to 29, 41, 64 and even 192 g/t. Only 2 grams per ton of gold
was found at a depth of 40 m, at the bottom of mediaeval mine workings
(Quiring 1949).

NATIVE GOLD

Native gold occurs in isometric grains, up to 0.5 mm in size, irregularly
distributed in arsenopyrite, rarely in pyrite I or galena II (Phots. 1, 2).
In the latter gold was found only where galena veinlets cross arseno-
pyrite. Large (0.1—0.5 mm) grains of native gold were sporadically en-
countered at the boundary of arsenopyrite with haematite or quartz
(Phot. 3). Scarcer than isometric forms are thin (0.01 mm) veinlets of na-
tive gold in arsenopyrite. Since the majority of grains of native gold are
of a size below 0.005 mm, there is also a possibility of submicroscopic
inclusions being present, especially in pyrite and arsenopyrite.

Native gold in the latter sulphides differs in tinge from that co-occur-
ring with galena. As expected, these differences are reflected in the
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fineness of gold. An analysis of native gold * in arsenopyrite has demons-
trated Au content to be 69.7%, Ag — 28.9% and As — 0.X%, whereas three
analyses of gold grains in galena yielded the values 82—86% Au, 14—17%
Ag and revealed a lack of detectable admixtures of Cu, As, Sb, Bi.

The discussed differences in the composition, texture and paragensis
of native gold point to the existence of two generations: the older elec-
trum and younger native gold of higher fineness, the latter being con-
nected with the secondary processes in the deposit.

ACCOMPANYING ORE MINERALS

Arsenopyrite forms coarse-crystalline aggregates or automorphic
specimens, cataclased in both cases. The cataclastic fissures are filled with
chalcopyrite I, pyrite III, galena, quartz, siderite and, in rare instances,
with native gold II. Indications of metasomatosis along these fissures are
also visible (Phots. 2, 4).

Pyrite appears in three generations. Pyrite I, cataclastic as rule,
forms large metacrysts and coarse-crystalline aggregates. It is assembled
with arsenopyrite and pyrite II and locally replaced by chalcopyrite and
galena. Pyrite II was observed only in the form of rims on pyrite I
euhedral grains, differing in weaker reflectance (R o 50%), pink tinge
and slightly lower polishing hardness. An electron-probe microanalysis
has revealed a lowered Fe content in pyrite 1I, which is only partly com-
pensated by Ni and Co admixtures (Tab. 1). Microcrystalline pyrite III
forms together with marcasite streaks among other sulphides as well as
monomineral veinlets in cataclastic arsenopyrite.

Table. sl
Chemical composition of pyrites from Klecza (weight %)

Element I Pyrite I | Pyrite II ‘ Theoret. FeS, [
Fe 1 45,8 \ 40,7 ‘ 46,55 |
Ni — ' 1,8 | — i
|
Co ] — 1 0,6 = {

S \ 53,1 | 54,7 53.45

} Total i 98,9 I 97,8 100,00

Marcasite is fine-crystalline, usually allotriomorphic and hipidio-
morphic. It forms intergrowths with pyrite III, in which concentric and
nearly parallel fissures, characteristic of metacolloids, are often present.

Pyrrhotite was found as small inclusions in arsenopyrite, pyrite I
and sphalerite I.

Chalcopyrite appears in two generations. Chalcopyrite I is in

* The analyses were performed on CAMECA electron microprobe X-ray analyser.
The detectability of elements was 0.1—0.01%.
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general coarse- and medium-crystalline, euhedral, with polysynthetic
twinnings. It coexists with pyrite 1, sphalerite I, tennantite, galena I and
fills cataclastic fissures in arsenopyrite. Chalcopyrite II is fine-crystalline
and anhedral. It is found together with siderite II, goethite, marcasite,
pyrite III, and Zn and Pb sulphides of the second generation. Moreover,
its pseudomorphs of pyrite I and arsenopyrite could be observed.

Sphalerite shows different typomorphic features as well. Poly-
gonal sphalerite aggregates with numerous inclusions of tetrahedrite,
pyrite, chalcopyrite and pyrrhotite associating with chalcopyrite I and
pyrite I were recognized as the older generation. Younger sphalerite
occurs together with siderite II and goethite, and contains only few in-
clusions of galena and tetrahedrite. It locally replaces siderite-goethite
aggregates, pyrite I and arsenopyrite.

Galena was found in two assemblages, having distinct features in
each. Galena I, which associates with chalcopyrite I and sphalerite I, is
coarse-crystalline, partly fissured, and replaced by weathering products
along grain boundaries. Galena II is fine-crystalline and, together with
sphalerite II and chalcopyrite II, forms a system of metasomatic veinlets
in pyrite I, arsenopyrite and chalcopyrite I. Galena veinlets in arseno-
pyrite frequently contain native gold.

Tennantite and tetrahedrite appear in the form of irre-
gular or roundish grains in chalcopyrite and sphalerite.

Covellite is present in small quantities as a product of recent
weathering of chalcopyrite.

Chalcocite was recorded in fine-grained pseudomorphic aggre-
gates beside arsenopyrite and chalcopyrite relics. The X-ray strongest
lines 2.393 (8), 1.963 (9), 1.873 (10), 1.696 (4), and others have confirmed
this identification.

Tenorite forms small, elongated, locally twinned grains. It occurs
together with haematite in arsenopyrite-chalcopyrite aggregates.

Haematite appears in fine-crystalline micaceous aggregates. v
forms metasomatic rims and interlacing veinlets in arsenopyrite as well
as pseudomorphs of this mineral (Phot. 5). The phenomenon of arseno-
pyrite replacement by haematite, which has so far not been noted in Gory
Kaczawskie Mts., may account for a relatively high As content in the
lélaerré;a)tites from the veins at Lipa (0.37%) and Stanistawow — Wilcza

0.15%).

Siderite forms irregular concentrations and veinlets in quartz. Lo-
cally, areas of small concentric-zonal intergrowths of siderite and goethite
were observed (Phot. 6) that did not contain veinlike iron hydroxides.
The two minerals seem to have been formed simultaneously. Non-oxidized
sphalerite II, chalcopyrite II, pyrite IIT and marcasite appear among them.

SEQUENCE OF FORMATION AND GENESIS OF THE MINERALS

Four distinguishable stages of formation of the mineral assemblage
under study are presented in Table 2.
Hydrothermal (sensu lato) origin, considered against the background
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Table 2
Sequence of minerals in ore veins from Radomice, Klecza and Pilchowice

Ol LGN
MINERAL PRIMARY fﬁ%’:ﬁ;ﬁfg RECENT
HYPOGENIC OR SUPERGENE| WEATHERING

ARSENOPYRITE ;
PYRRHOTITE 3 i s
PYRITE : Lol W a4
MARCASITE : el
GOLD AR =z «
SPHALERITE ' L [
GALENA : L i
TETRAHEDRITE L o
TENNANTITE n -
CHALCOPYRITE 1 e
CHALCOCITE 0 g Sl
COVELLITE i by
TENORITE < AR o
HAEMATITE = _}*
GOETHITE } il i 3
SIDERITE ! UL €0 WS
QUARTZ gl : i ool 4

# unaefined carbonate, O fine zonal intergrowths

of polymetallic veins of Géry Kaczawskie Mts. (Paulo 1973), is claimed
for the primary assemblage, though the source of metals is obscure.
A considerable admixture of silver in native gold I is, in fact, characte-
ristic of low-temperature deposits, associated with vulcanites, which can
be hardly accepted in the specific geological conditions. The fineness of
gold II 820—860, on the other hand, is typical for both mezo-hypothermal
deposits and oxidation zones.

The second assemblage is represented subordinately in the analysed
samples, and the established regularities require confirmation on a greater
amount of material. Both hypogene and supergene origin of this assem-
blage is possible. The position of haematite-tenorite association in rela-
tion to siderite and sulphides cannot be determined because of their
separate occurrences.

The youngest assemblage must have been formed as a result of
weathering. It is much richer in mineral kinds than specified in Table 2,
but was of no interest for the authors.
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Andrzej PAULO, Witold SALAMON

ZLOTO RODZIME W ZYLACH KRUSZCOWYCH ZACHODNIEJ
CZESCI GOR KACZAWSKICH (SUDETY ZACHODNIE)

St neszicziensite

W materialach zwalowych z zyt kruszcowych w okolicach Radomic,
Kleczy i Pilchowic stwierdzono badaniami mikroskopowymi, uzupeinio-
nymi rentgenogramami i analizg spektralng w mikroobszarze, nastepujacy
zesp6l mineralow: arsenopiryt, piryt, markasyt, pirotyn, chalkopiryt, te-
traedryt, tenantyt, sfaleryt, galena, ztoto rodzime, chalkozyn, kowelin,
tenoryt, hematyt, getyt, syderyt, kwarc. Analiza struktur i tekstur rud
wskazuje, ze zesp6t ten powstal w 4 fazach, przedstawionych schematycz-
nie w tabeli 2.

Po raz pierwszy w zlozach hipogenicznych polskiej czesci Sudetow
dostrzezono obecno$é mineraléw zitota. Dotychczas na podstawie analiz
chemicznych przypuszczano ,ze zioto tworzy roztwor staty z arsenopirytem
i pirytem albo w postaci submikroskopowych wrostkéw zlota rodzimego
rozproszone jest w jednym z tych siarczkoéw. Autorzy stwierdzili obecnosc
licznych wrostkéw zlota rodzimego w arsenopirycie, rzadziej w pirycie I
i galenie II. Ziarna zlota rodzimego w arsenopirycie i pirycie maja na ogot
wielko$é 0,005—0,1 mm, ziarna wystepujace wraz z galeng w szczelinach
skataklazowanego arsenopirytu lub na granicy arsenopiryt — hematyt sa
z reguly wieksze i osiggajg 0,1 do 0,5 mm.

Rentgenowskie analizy spektralne w mikroobszarze wykazaty, ze pro-
ba zlota rodzimego I wynosi okoto 700, za§ proba zlota rodzimego II
820—860. Gléwna domieszka jest w obydwu przypadkach srebro. Zasobna
w srebro odmiana zlota rodzimego (elektrum) jest typowa raczej dla zt6z
zwigzanych genetycznie z wulkanizmem, geologiczne warunki wystepowa-
nia zy! nie wskazujg jednak na takg ewentualnosc.
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Anoomceis [TAYJIO, Buroarvd CAJISIMOH

CAMOPOJHOE 30JI0TO B PYIAHBIX )XHUJIAX 3AMMAJHOU YACTU
KAYABCKHUX I'OP (BATTAHBIE CYIETHI)

Peswowme

B ofpasuax, B3ITBIX B OTBajJax PYyAHUKOB paiona Pagomune, Kieua
y TTHIBXOBHIE, C MOMOLLBIO MHKPOCKONHUYECKHX HAOJMIOJEeHUH, AOMOJHEHHBIX
PEHTreHOrpaMMaMH W MHKDOPEH/reHOCTIeKTPAJILHEIM aHaNH30M, Onpeseel
CJAeAYIOUMA KOMIIEKC MHHEPAJoB: apCEeHONUPHUT, NHUPHUT, MAPKA3UT, MUPPO-
THH, XaJbKONHPHUT, TETPA3/APHT, TEHHAHTHT, C(asjepuT, FajJeHUT, CaMOPOA-
HOe 30JI0TO, XaJbKO3HH, KOBEJIUH, TEHOPUT, T€MATHT, TE€THT, CHAEPUT, KBapIL.
AHanu3 CTPYKTYp U TEKCTYp DY/ MOKasal, 4TO YKa3aHHbIA KOMIUIEKC MHHe-
panoB o6pasoBasicss B ueTbipex (hazax, cxeMaTHYECKH MPE/ICTABJIEHHbIX HA
tabaune 2.

BriepBble B 3HAOTEHHBIX PYAONpPOSABAEHUAX MNOAbCKHX CyleT BBIABJICHO
NPUCYTCTBHE MHHEpPasoB 3o0j0Ta. [lo CuX Mop Ha OCHOBAHHH XHMHYECKHX
aHAJN30B TPEJNoarajgoch, 4To 20J0T0 00pa3yer TBEpAblil pacTBOp C apce-
HOMUPUTOM M MHPHTOM HJIH e B BHJe CYOMHKPOCKOMHYECKHX BKJIIOUEHHU
paccesiHO B O/{HOM U3 THX CYAbOU/I0B. ABTOPbI HAOMIONATH MHOTOUHCICHHDIE
BKJIIOUEHHsS] CAMOPOJIHOTO 30J10Ta B apCeHONHpHTe, pexe B mupure [ u rase-
uute [I. BeqnuuHa 3epeH CaMOPOJIHOrO 30/10Td B apCeHONHPHTE U MHPHUTE
cocraBiser, Kak mnpasuio, 0,006—0,1 MM, 3epHa 30J0Ta, BBINOIHAIOLLErO
BMecCTe C rajIeHHTOM TPEIIHHKH B KaTaK/J1a3HPOBAHHOM apCEHONHPHTE HIIH
KOHTAKTbl apPCeHOMMPHUT-TeMAaTHT OObIYHO OOJIbIIHE H JOCTHTAIOT BEJTHUHHLI
0,1—0,5 mM.

PeHTroHoBCKHe MHKpOaHAJH3bl NOKa3alH, 4To npoba CaMOpOAHOro 30-
nota I coctapsier okosio 700, a camopoaHoro 3oJota 11 — 820—860. Ocros-
HYIO IPUMeCh B 000HX cayuasx oGpasyer cepe6po. Boraras cepeGpom pasHo-
BHHOCTb CaMOPOJHOTO 30JI0Ta (3J1EKTPYM) XapaKTepH3yer dalle pyaonpo-
SBJIeHHUs, TeHeTHUECKH CBsi3aHHDble C BYJKaHH3MOM, ONHAKO TEO0JOrHYeCKHe
YCJIOBUSL MCCJENOBAHHBIX PYAHBIX JKHJ He MOATBEPHKAAIOT TaKOH BO3MOZK-
HOCTH.




Phot. 1.

Phot. 2.

Phot. 3.

PLATE I (PLANSZA I, TABJIULIA 1)

Inclusions of native gold I (g) in arsenopyrite (@). Dark grey — quartz and
pits on the polished surface. Reflected light, enlarged 400 X
Wrostki zlota rodzimego 1 (9 w arsenopirycie (@). Ciemnoszare — Kkwarc

i wykruszenia. Swiatto odbite, pow. 400 X

BxuiioueHHsi CaMOPOAHOro 30J0Ta I (g) B apceHOmMpHTE (a).-
KBapll 1 MyCTOTBL. OTpaKeHHBIH CBET, YBEJ. 400 X

Native gold II (9) with galena (ga) and sphalerite (s) as well as chalcopyrite
(cp) and quartz (q) fill cataclastic fissures in arsenopyrite (a). Replacement
along the fissures is visible. Reflected light, enlarged 500 X, oil immersion
Zioto rodzime II (9) z galena (ga) 1 sfalerytem (s) oraz chalkopiryt (cp)
i kwarc (q) wypelniaja szezeliny kataklastyczne w arsenopirycie (a@). Oznaki
metasomatozy wzdiuz tych szczelin sa takze widoczne. Swiatto odbite, POW.
500 X, imersja

CamopoiHOE 30J10TO II (g) ¢ rajJeHHTOM (ga) u chanepuToM (s), a Takxe Xajb-
komupuT (cp) ¥ KBapL (g) BLIMOJHSIOT KaTakjacTHUeCKHe TPEIHHKH B apCeHonit-
pure (a). Bumnbl NpH3HAKH MeTacoMaro3a BJO0JIb 3THX TpPEIHHOK. OTp;nKeHHblfl
cer, yBes. 500 X, HMMepCHsl B MacJje

TemHocepoe —

Native gold II (g) and haematite (k) replace arsenopyrite (a). Black — quartz.
Reflected light, enlarged 400 X

Zioto rodzime II (g) i hematyt (h) zastepuja metasomatycznie arsenopiryt (@).
Czarne — kwarc. Swiatto odbite, pow. 400 X

CaMopojiHOe 30JI0TO 11 (g) u remMatuT (h) MeTacoMaTHUECKH 3aMellaloT apceHo-
nuput (a). YepHoe — KBapL. OrpakeHHblil cBer, YBeJ. 400 X
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Witold SALAMON — Native gold in ore veins of the Western part
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PLATE II (PLANSZA II, TABJIULIA 1I)

Fissured arsenopyrite (a) partly replaced by chalcopyrite (cp), galena (ga)
and sphalerite (s). Reflected light, enlarged 500 X, oil immersion

Spekany arsenopiryt (a) zastapiony cze$ciowo przez chalkopiryt (cp), galeng
(ga) i staleryt (s). Swiatto odbite, pow. 500 X, imersja

TpeuiHoBaTblii apceHOMHPHUT (@), uyacTHYHO 3aMelleH bl  XaabKonupuToM (¢p),
rajgenntoM (ga) 1 chaaepurom (s). OTpaKeHHbIH CBET, YBeJ. 500 X, nmMMmepcui
B MacJje

Haematite (h) pseudomorphs of arsenopyrite (@) metacrysts; ¢ — quartz. Re-
flected light, enlarged 150 X

Pseudomorfozy hematytu (h) po metakrysztatach arsenopirytu @3 @ =
kwarc. Swiatlo odbite, pow. 150 X

IceBromMopdo3bl remaruta (h) 1o MeTaKpHcTa/IaM apcenonnputa (a). g — KBapIL.
Orpaxennblii cret, yBea. 150 X

Zonal intergrowths of siderite (f¢) and goethite (gt). Among them non-
_weathered pyrite III (p) grains are visible. Reflected light, enlarged 400 X
Zonalna budowa agregatéw syderytu (fe) i getytu (gt). Na ich tle wystepujg
siarczki bez oznak wietrzenia. p — piryt III. Swiatlo odbite, pow. 400 X
3onajbHOE CTpOEHHe arperatoB CHAepHTa (fc) n rérura (gt). Ha ux ¢oue Ha6110-
A410TCsl CyabhuAbl 6e3 NPH3HAKOB BbIBETPHBAHHA. p — [MHPHT I11. OrpazKeHHolil
cger, yBea. 400 X
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Witold SALAMON — Native gold in ore veins of the Western part
of Goéry Kaczawskie Mts. (West Sudeten)




