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Abstract. Detailed characteristic of the Au-bearing arsenic-polymetallic deposits and a few prospects of the hydrothermal
quartz-sulphide vein type from the Kaczawa Mountains are presented. The most important are the gold mineralization in
Radzimowice which is classified as the transition from the porphyry to the epithermal type and in Klecza—Radomice de-
scribed as the orogenic type. Auriferous mineralization is structurally controlled and hosted mainly by cataclased seri-
cite-graphite schists from Pilchowice and Bolkow units, which constitute the Paleozoic Kaczawa Metamorphic Complex.
The fractured axial planes of F, open asymmetric folds built of graphite schist, and second-order fault structures of major
W-E and NE-SW directions played significant role as structural and geochemical traps for migrating mineralized hydrother-
mal fluids. Gold mineralization post-dates the regional metamorphism of host rocks (greenschist facies), main phases of
Variscan orogenic deformations (D; and D,), and emplacement of the late Variscan igneous rock suites (ca. 320 Ma). Gold
mineralization processes developed in the Kaczawa Mountains are comparable with gold formation stages in the European
Variscan Belt (Au,; to Auy) during the time period from ca. 350 to 240 Ma, which were distinguished by the author. However,
in the Kaczawa Mountains the Au, stage connected with the emplacement of syn-collisional granite (Tournaisian) has not
been recognised yet. In the Kaczawa Mountains gold formation stages from Au, to Au; were connected with geodynamic
transition from the post-collisional to the within-plate setting. Gold mineralization implies a change from mesothermal to epi-
thermal conditions of Au precipitation after post-collisional granite emplacement and development post-magmatic pro-
cesses, followed by orogenic uplift, deep fracturing, development of grabens (upper Namurian—Stephanian) and sub- and
volcanic activity (Autunian). The first stage of ore precipitation in the coarse quartz veins were Fe—As sulphides (ca. 317 Ma)
with submicroscopic gold. This mineralization was brecciated and cemented by the epithermal quartz-carbonate-base metal
sulphide (ca. 294-280 Ma) — microscopic gold and locally also by Bi—Te mineral association. Younger stages of the low tem-
perature hydrothermal types are of minor importance and are represent by chalcedony-kaolinite-pyrite/marcasite-gold asso-
ciation connected with volcanic processes in Autunian and by chalcedony-hematite-calcite-gold (Au4) association
precipitated later during the post-Variscan basin formations (Upper Permian—Triassic and ?Cretaceous). Mineralogical and
geochemical features of ores, sulphur and oxygen isotopes, fluid inclusion data, and Re—Os age determinations of gold-bear-
ing sulphides are also given. The obtained results suggest that potential for additional gold resources exists in the abandoned
mining sites in Radzimowice and Klecza—Radomice, as well as in other areas of the Kaczawa Mountains.

Key words: gold, European Variscan Belt, Kaczawa Mountains, Western Sudetes, Poland.

Abstrakt. Szczegotowo scharakteryzowano zloza oraz przejawy mineralizacji arsenowo-polimetalicznej ze ztotem w hydro-
termalnych zylach kwarcowych, zalegajacych najczesciej w skataklazowanych serycytowo-grafitowych tupkach, zaliczanych
do jednostki Pilchowic i Bolkowa, nalezacych do paleozoicznych skat kaczawskiego kompleksu metamorficznego. Do
najwazniejszych zaliczono zlotono$na mineralizacje w Radzimowicach sklasyfikowana jako typ przejsciowy pomigdzy
mineralizacja porfirowa a hydrotermalna i mineralizacj¢ w Kleczy—Radomicach opisang jako typ orogeniczny. Spekane
powierzchnie osiowe otwartych, asymetrycznych faldéw (F,) w obrgbie tupkéw grafitowych oraz spgkania i uskoki
o drugorzednym znaczeniu i orientacji wzdhuz kierunku E-W i NE-SW odegraty doniosta rolg jako strukturalne i geochemiczne
putapki dla migrujacych roztworéw hydrotermalnych. W Goérach Kaczawskich zlotono$na mineralizacja siarczkowa jest
milodsza od procesow metamorficznych skat otaczajacych (facja zielencowa), gtdéwnych faz waryscyjskich deformacji
orogenicznych (D; i D,) i pdzno-waryscyjskich skal magmowych (ca. 320 Ma). Procesy mineralizacji ztota w Gorach
Kaczawskich zostaly poréwnane z wydzielonymi przez autora w europejskich waryscydach procesami tworzenia sig ztota od
etapu Au, do Auy w czasie od okoto 350 do 240 mln lat. Przy czym w Gorach Kaczawskich jak dotychczas nie rozpoznano etapu
Au, zwiazanego z rozwojem granitow synkolizyjnych. Etapy od Au, do Au; byly zwiazane ze zmiang Srodowiska
geotektonicznego od post-kolizyjnego do wewnatrz ptytowego. Zwiazane z tym byto glebokie spgkanie wynoszonego orogenu,
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utworzenie rowow tektonicznych (gérny namur — stefan), rozwoj procesow sub- i wulkanicznych (autun). Pierwszy etap
mineralizacji rudnej w gruboziarnistym kwarcu reprezentuja gtownie siarczki As i Fe (wiek ok. 317 mln) zawierajace zloto
submikroskopowe. Mineralizacja ta, zostata skataklazowana i scementowana przez epitermalny kwarc-we¢glany-siarczki metali
podstawowych (wiek 294-280 Ma) — ztoto mikroskopowe i lokalnie takze przez asocjacje mineralow Bi i Te. Mlodsze etapy
reprezentowane sg przez niskotemperaturowe asocjacje hydrotermalne. Maja one mniejsze znaczenie i sa reprezentowane przez
asocjacje chalcedon-kaolinit-piryt/markasyt-zloto, ktorych powstanie zwiazane bylo z aktywnoscia wulkaniczna w autunie
oraz asocjacje chalcedon-hematyt-kalcyt-ztoto (Aus), powstale w czasie formowania si¢ post-waryscyjskich zbiornikoéw
sedymentacyjnych od gérnego permu do triasu, a moze nawet w kredzie. Ponadto szczegdtowo scharakteryzowano pod
wzgledem mineralogicznym oraz geochemicznym ztotonoséne rudy siarczkowe. Przedstawiono rowniez dane izotopowe siarki
siarczkowej oraz rezultaty badan inkluzji fluidalnych oraz izotopow tlenu w kwarcu a takze wyniki oznaczen wieku metoda
Re-Os na ztotono$nych siarczkach. Uzyskane rezultaty wskazuja na dodatkowe zasoby zlota w opuszczonych rejonach

gorniczych Radzimowic i Kleczy—Radomic, jak réwniez w innych rejonach Goér Kaczawskich.

Stowa kluczowe: zloto, waryscydy, Gory Kaczawskie, Sudety Zachodnie, Polska.

INTRODUCTION

In the Kaczawa Mountains, several small size gold depos-
its were the targets of limited exploitation since medieval
times. Historical gold production in this area, of about 30 t
gold, came from placer deposits located mostly in the valleys
of the Kaczawa and Bobr rivers and from vein gold deposits.
Among the vein gold deposits the highest production came
from the Radzimowice and Klecza—Radomice ore districts. It
is estimated that at least 5-7 t of gold was recovered from

these deposits. In the 1950s, the prospecting works started
again in the abandoned gold mining sites. They were followed
in the 1960s by the surface geophysical and geochemical
prospecting that defined several metal anomalies, although
major exploration was not undertaken. During the last few
years limited surface prospecting carried out by the Polish
Geological Institute provided many new data, which are pre-
sented in the monograph.

PREVIOUS WORKS ON THE GOLD ORE MINERALIZATION
IN THE KACZAWA MOUNTAINS

Traube (1888) was the one of the first geologist who studied
the primary gold-bearing sulphide mineralization in quartz
veins from the Kaczawa Mountains. He combined the list of
minerals from the ore zones in Radzimowice. Kosmann (1891)
and Sachs (1914) connected the genesis of gold-bearing
quartz-sulphide veins from the Radzimowice deposit with for-
mation of kersantites. Stauffacher (1914, 1915) described in
surroundings of the ore-bearing veins intensive alteration of the
porphyry type and considered the genesis of the ore mineral
concentration as related to the Zelezniak porphyry intrusion.
He considered the occurrence of the native gold as finely dis-
seminated in arsenopyrite. The first short description of
the Radzimowice ores investigation under the reflected light
microscope was presented by Petrascheck (1933). He corre-
lated the gold appearance mainly with arsenopyrite and sub-
ordinately with pyrite and chalcopyrite, and presence of silver
with galena and chalcopyrite. Petrascheck (1933) connected
genesis of the ore mineralization at Radzimowice deposit with
the magmatic activity of the Karkonosze granitoid intrusion
which hypothetically occurs deeper as a batholith.

The genesis of gold-bearing ore mineralization at the Kle-
cza—Radomice ore district was also commonly assumed as
a hydrothermal type though the source of metals remain ob-

scure (Krusch, 1907; Kosmann, 1930; Grimming, 1933; Stahl,
1935; Quiring, 1948). Krusch (1907) recognised close correla-
tion between distribution of gold and pyrite and a weak correla-
tion of gold with arsenopyrite in the Klecza deposit. Grimming
(1933) noticed that in the main adit (Wilhelm) concentration of
arsenic decreases with depth while the contents of pyrite in-
crease. Stahl (1935) described the mineral potential of this area.

Descriptions of the mineral deposits of the Lower Silesia
after the II World War were given first by Krajewski (1948)
and later by Konstantynowicz (1960). In the years 1951-1957
geologists from the Ztoty Stok industrial arsenic plant carried
out the prospecting works in the Radzimowice deposit.
The new results allowed to discover the extension of the some
already known quartz-sulphide veins as well as new ones
(Osmolski, pers. inf., 1993). Geochemical sampling of the low-
est soil horizons as well as the outcrops of the solid bedrock oc-
curring near the profile lines in the Radzimowice area was
made by Pendias (1965). Lindner (1963) localized the several
near-surface geochemical and geophysical anomalies extend-
ing from Rzasiny to Jezo6w Sudecki. Manecki, Mlodozeniec
(1959; 1960) found in samples from the Wanda vein at the
Radzimowice deposit cobaltite and Co admixture in arsenopy-
rite. Paulo (1962) found in the vicinity of Lipa additional new
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occurrences of ore mineralization. The detailed information
about the primary gold deposits and history of their exploration
in the Lower Silesia region was summarized by Domaszewska
(1965, 1965). Mineralogical and petrographical characteristics
of the polymetallic veins of the Radzimowice deposit and ore
minerals occurrences in the vicinity of Wojcieszow were pre-
sented by Manecki (1965). His examinations of the ores
showed that pyrite is the gold-bearing mineral in the Wanda
vein, and native gold occurs as submicroscopic inclusions in
pyrite and/or solid solution with pyrite. Zimnoch (1965) had
access only to the ore samples from the Miner consolation vein
and concluded that ore genesis at the Radzimowice deposit
should be classified as of the hydrothermal origin and of the
high temperature type. Fedak, Lindner (1966) in their mono-
graphic publication — “The metallogeny of the Sudetes”, pre-
sented also a short description of the auriferous sulphide depos-
its and occurrences from the Kaczawa Mountains. They classi-
fied the primary gold deposits from the Kaczawa Mountains
into a broad group of the pneumatolytic, hydrothermal and
metasomatic deposits formed in the Variscan epoch.

The history of the ore mining and working of nonferrous
metals in Lower Silesia from the 13th to the 20th century, elab-
orated Dziekonski (1972). The first microscopic native gold
from the Kaczawa Mountains was recognized in samples from
the Klecza—Radomice ore district by Paulo, Salamon (1973a).

In the 1960s and 1970s the intensive barite prospecting in the
Kaczawa Mountains allowed the elaboration of the various hy-
potheses of the genesis of vein type mineralization of barite and
polymetallic sulphide in the connection with the magmatic and
structural developments of the Western Sudetes (Jerzmanski,
1958, 1976 a, b; Konstantynowicz, 1960, 1971; Kanasiewicz,
Sylwestrzak, 1970; Paulo, 1973, 1994; Wajsprych, 1974
Kowalski, 1976, 1977). Kowalski (1977) distinguished in the
Sudetes two separate mineralization cycles of post-magmatic
type. On the metallogenic map of the Bohemian Massif at the
scale 1:500 000 Lachelt ez al. (1976) classified mineralization
from Klecza—Radomice and Radzimowice to the vein type de-

posits in quartz and in association with arsenic sulphide. In the
book “The minerals of the Lower Silesia” by Lis, Sylwestrzak
(1986) the short descriptions of the native gold distribution in the
Sudetes are presented. Osika (1987) and Lindner (1990) in-
cluded gold deposits from the Kaczawa Mountains into the epi-
thermal arsenic-pyritic formation with gold (Ptawna,
Klecza—Radomice—Pilchowice) and to the hydrothermal high
temperature arsenic-polymetallic formation (Radzimowice).

In the 1980s, Rutkowski from Polish Geological Institute
conducted prospecting and exploration of the placer gold in the
Bobr middle river basin. These areas have a very long history of
exploration (Domaszewska, 1965; Dziekonski, 1972) and have
been studied in details by Grodzicki (1960, 1967, 1971, 1972).

In the 1990s the PGI started also a surface geochemical pros-
pecting works for gold in the Sudetes Mountains (Sokotowska,
Wojciechowski, 1995). Siemiatkowski (1993) recognised differ-
ences between average distributions of metallic elements from
the northern and southern parts of the old mining wastes
at Radzimowice deposit. Additionally, the ore genesis studies of
the gold mineralization, as well as the petrologic and geochemical
investigation began in order to define further mineral explora-
tion targets in the entire region. Recently, microscopic gold
from Radzimowice was described by Pajak (1997) and Mikulski
(1999) and from Klecza—Radomice by Olszynski, Mikulski (1997).
Banas$ and Mochnacka (1997) summarised results of different au-
thor’s investigation on Au and Ag paragenetic mineralization
from selected parts of the Sudetes. Mikulski et al. (1999), presenting
the classification of gold deposits and occurrences in the Western
Sudetes, included gold deposits from the Kaczawa Mountains.
Gold as a trace element in the rocks of the Kaczawa Metamorphic
Complex was reported by Kaliszuk (2000). The structural micro-
scopic classification of gold from Au-bearing polymetallic ores
in Lower Silesia was proposed by Mikulski (2000a). Genesis of
the ore mineralization in Radzimowice and Klecza—Radomice
was considered recently by Mikulski (2003a, b; 2005a). Secondary
minerals formed during weathering processes at the Radzimowice
deposit were described by Siuda (2005)

METHODS AND ANALYTICAL PROCEDURES

Detailed microscope studies in reflected light were carried
out on the LEITZ microscope of ORTHOPLAN-PL type. Mi-
croscope photographs were made by use of the Leitz
ORTHOMAT E automatic microscope camera. Scanning elec-
tron microscope (SEM) analyses were performed at the Polish
Geological Institute on an electron microscope of Jeol JSM-35
in energy-dispersive mode (EDS Link Analytical ISIS). Oper-
ating conditions were 20 kV accelerating voltage, 5 um spot
size, and 6 nA sample current for gold, telluride’s and other ore
minerals. Well-characterized mineral standards used; the
ZAF-4 correction program was applied.

Application of arsenopyrite geothermometer despite its
limits allowed obtaining crystallization temperatures of vari-

ous type arsenopyrite samples. The As/S ratio of the arsenopy-
rite coexisting with other phases in the system As—S—Fe has
been proposed as a geothermometer (e.g. Kretschmar, Scott,
1976; modified by Shap et al., 1985). An application of the
elaborated diagrams request use of the international arsenopy-
rite standards (asp 57 and/or asp 200) and a very precise selec-
tion of materials before the microprobe measurements. Dr.
Ulrich Kretschmar and Steven D. Scott are thanked for
providing arsenopyrite standards.

Sulphur isotope compositions were measured in over 50
sulphide samples from the ore-bearing quartz veins from the
northern and southern parts of the Radzimowice deposit, and
from the Klecza—Radomice ore district. Sulphide minerals for
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isotope analysis were separated from crushed specimens by
handpicking under a binocular microscope. Up to 50 mg was
finely milled in an agate mortar. About 100 pg of sulphide was
combusted in an elemental analyser and the resulting SO, gas
was analysed with continuous flow-isotope ratio mass spec-
trometry (MI 1305) technique at the Isotope Laboratory of
Wroctaw University (Jedrysek, 1990). Analytical precision de-
termined from replicate runs of the NBS-121 standard (634SCDT
=0.00%o) is 0.1 per mil.

Microthermometric measurements were carried out on
fluid inclusions hosted by quartz from the ore-bearing veins
and by quartz phenocryst from mineralized and barren rocks by
A. Koztowski at Warsaw University. Only primary inclusions
were considered for this study. Routine heating-freezing mi-
croscope runs were performed according to the procedures de-
scribed by Roedder (1984). The precision of the measurements
was +1°C for the homogenization temperatures during heating
and +0.1°C during freezing. The method of physic-chemical
analysis of inclusion fluid behaviour during freezing down to
—130°C was performed after Koztowski (1984). The contents
of the salts in the inclusion solutions were calculated with use
of the standard physic-chemical plots and the programme F/u-
ids supplied to A. Koztowski by R. Bakker. The percentage of
the individual salts in inclusion solutions was calculated as
the part of the total salt dissolved. Similarly, the percent values
of the gas refer to the total gas equal 100 percent.

A total of over 300 samples from Radzimowice deposit and
Klecza—Radomice ore districts subjected to noble elements
analyses. Chemical gold determination was made in the PGI
Central Chemical Laboratory with detection limit of 1 ppb.
Rock samples, after ignition at temperature range 450—-640°C
were digested with aqua regia. The received gold-bearing chlo-
ride complex was extracted to MIBK (methyl isobutyl ketone)
form. All results were obtained using Graphite Furnace Atomic
Absorption method (GF-AAS) by spectrometer Perkin Elmer
model 4100 ZL.

Major elements in over 50 samples from the gold-bearing ar-
eas in the Kaczawa Mts. were measured at PGI, by wave lenses
dispersive X-ray fluorescence techniques on glass beads, and
minor and trace elements by WD-XRF on powder pellets
on PW-2400 Philips and/or by digestion ICP-AES techniques.

Measurement conditions: radiation — X-ray tube with rhodium
anode (3 kW); crystals — LiF 200, PE, Ge, PX1; collimators:
0.15 mm, 0.30 mm; detectors: scintillation counter, flow propor-
tional counter (Ar/CH,) and Xe-sealed proportional counter. To-
tal uncertainty of the whole procedure applied during the XRF
analyses was estimated by Iwasinska-Budzyk to be +5% for ma-
jor oxides and +8% for trace elements. Additionally, trace ele-
ments, including REE in 38 samples were analysed by induc-
tively coupled-plasma mass spectrometry (ICP-MS) in Act
Lab (Canada).

Rhenium and osmium concentrations in selected auriferous
sulphides from the Kaczawa Mountains were determined by
AIRIE low level laboratory at Colorado State University (USA)
by R. Markey and H. Stein. Re-Os measurements were per-
formed according to procedure described by Smoliar ez al. (1996),
Stein et al. (2000, 2001) and Markey et al. (2003). Auriferous
sulphides from the Kaczawa Mountains characterized by ex-
tremely low-level concentration of Re and Os and to very high Re
to Os ratio (so called low level highly radiogenic sulphides —
LLHR, Stein et al., 2000). On very low-level samples Os is domi-
nated by the procedural blanks (Os contributed by the analytical
reagents; Markey et al., 2003). Subtraction of blank contribu-
tions in such cases results in a very significant adjustment to
the "*’0s/"®*Os ratio, with a commensurate increase in the uncer-
tainties of both the isotopic composition and the concentration of
Os in the sample. LLHR are samples whose "*’Os compose more
than half of the total Os. They characterised a hydrothermal envi-
ronment, particularly for crustally derived deposits (Stein et al.,
2000). The results presented here are the first direct age determi-
nation of auriferous sulphides from the European Variscan Belt.

Seven quartz samples from the Radzimowice deposit
were analysed by C. Lerouge in BRGM for oxygen composi-
tion by laser fluorination following the procedure of Fouillac,
Girard (1996). The 8'*0 of fluid in equilibrium with quartz
was estimated with use of the quartz-water fractionation data
of Matsuhisa et al. (1979), for a range of temperatures based
on micro-thermometric data of fluid inclusions in the quartz.

In co-operation with M. Sikorska-Jaworowska from PGI
the cathodoluminescence studies were performed on over 100
polished thin-sections by used of the CCL 8200 mk3 device
(cold-cathode) mounted on polarising microscope.

GEOLOGICAL SETTING

MAJOR GEOLOGICAL EVENTS IN THE WESTERN SUDETES

The Kaczawa Mountains occur in the west-central part of
the Western Sudetes. On the north they are separate by the Mar-
ginal Sudetic fault (MSF) from the Fore-Sudetic Block and on
the south by the Intra-Sudetic fault (ISF) from the Izera—Kar-
konosze Block. The Fore-Sudetic Block is covered by thin se-
quence of Mesozoic and Cenozoic sediments. Its basement is
considered on the lithological and metamorphic grounds as

continuation of the Kaczawa Metamorphic Complex (Oberc,
1972). The Western Sudetes constitute the northeastern part of
the Bohemian Massif, which is an exposed part of the European
Variscides within Central Europe that includes part of Poland,
the Czech Republic, Austria, and Germany. The basement of
the Western Sudetes unit is considered as a continuation of the
Saxothuringian Zone of the European Variscides. However, its
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structural zones are disrupted and separated from the rest of the
Variscides by major NW—SE-striking faults, in particular the
Marginal Sudetic and Intra-Sudetic faults. The basement of the
Western Sudetes consists of Neoproterozoic and Paleozoic
rocks, affected by Cadomian and Hercynian metamorphism
ranging from very low grade to eclogite facies, with peaks dur-
ing Middle—Late Devonian and Early Carboniferous (Viséan)
times (Franke, Zelazniewicz, 2000).

The Paleozoic geological evolution of the Western
Sudetes is characterized by rifting during (?)Cambrian—Ordo-
vician to Devonian times, with a Late Devonian to Early Car-
boniferous subduction-collision setting (Franke,
Zelazniewicz, 2000; Kozdrdj et al., 2001). Carboniferous
thermal events were caused by the emplacement of the
granitoid intrusions during the Variscan orogeny (ca.
330-280 Ma by Rb—Sr method; Pin et al., 1989). In the
Sudetic area these Variscan granitoid intrusions consolidated
several crystalline blocks that consist of metamorphosed sed-
imentary-submarine-volcanic series with well documented
bimodal-volcanic and ophiolitic rocks (Teisseyre et al., 1957,
Oberc, 1972; Don, 1995; Zelazniewicz, 1997). This mosaic
geological structure of this area has been interpreted as a
terrane assemblage (Matte ef al., 1990). This idea was later
developed and the various concept of the Sudetes division
into several terranes have been presented recently in several
papers (e.g. Grocholski, 1986; Cymerman, Piasecki, 1994;
Cymerman et al., 1997; Cymerman, 1998a, 2000). The
Sudetic terranes collage was formed during the Caledonian
(probably Silurian) events and reconstructed during Variscan
time (Cymerman, Piasecki, 1994). In Carboniferous major

NW-SE trending dextral strike-slip regional faults developed
(Aleksandrowski, 1995) as a result of the oblique conver-
gence between the amalgamated Bohemian Massif with the
blocks already accreted to the East European Craton (Seston et
al., 2000). Aleksandrowski (1995, 2003) postulated multiple
displacements along the ISF from Upper Devonian to Lower
Permian. Extension within the eastern part of the Variscan belt
of Europe (the Central European province) during the Late
Carboniferous and Permian resulted in volcanism, as a product
of a late- to post-collisional tectonic setting (Awdankiewicz,
1999; Karnkowski 1999). In the Western Sudetes several vol-
canic centres and their successive eruptive products were con-
trolled by NNW-SSE to NW-SE aligned fault zones. These
faults bound the Hercynian depressions filled with flysch de-
posits and minor volcanic rocks (Dziedzic, 1996). Koztowski,
Parachoniak (1967) described two volcanic cycles, each begin-
ning with predominant trachyandesite with dacite and ending
with rhyolite. These volcanics and subvolcanics overly discor-
dantly older sediments and are comparable in age with a youn-
ger type of the Strzegom granodiorite (ca. 280 Ma; Pin et al.,
1989) which might have acted as their magmatic deep source
(Kozdrdj et al., 2001). The paleomagnetic studies of the West-
ern Sudetes showed also important counter clockwise rotations
of the microplate during the Permian. These rotations indicate a
sinistral transtensional tectonic regime during Permian sedi-
mentation in the Sudetes (Nawrocki, 1998). During subsequent
Mesozoic extension, the Western Sudetes underwent also a
transpression that caused a basin inversion. The recent exhu-
mation of the Variscan structures was due to Alpine faulting
during the Paleogene (Teisseyre et al., 1957).

GEOLOGY OF THE KACZAWA MOUNTAINS

The geological structure of the Kaczawa Mountains is charac-
terized by vertical bipartite. Two structural complexes have been
distinguished: 1) the lower, basement complex (Kaczawa Meta-
morphic Complex) composed of Paleozoic epimetamorphosed,
folded volcanic-sedimentary rocks, 2) the upper complex that
covered unconformably the lower complex, comprising
unmetamorphosed, slightly deformed platform-type sediments
and volcanics of Late Carboniferous, Permian, Triassic and Late
Cretaceous in age (Teisseyre et al., 1957).

The rocks of the lower complex were exposed, due to a
strong diastrophic processes during the Cretaceous—Paleocene
times (Laramian phase) of the Alpine orogeny (Teisseyre et al.,
1957; Oberc, 1972). The platform sediments of intra-mountain
fluvial to marine clastic sediments of Early Carboniferous to
Early Permian age, accompanied by acid to intermediate volca-
nism occur mainly in the graben structures such as the North
Sudetic Basin, Swierzawa graben, and Intra-Sudetic Basin, that
are developed on the basement built of rocks belonging to the
Kaczawa Metamorphic Complex.

The Kaczawa Metamorphic Complex has been divided into
thirteen nappe-like units, however most of these tectonic units
consist of various smaller tectonic elements such as thrust

sheets, thrust folds and/or mélange bodies (Gierwielaniec,
1956; Teisseyre, 1956, 1963, 1967; Jerzmanski, 1965;
Haydukiewicz, 1977, 1987a, b; Baranowski et al., 1990, 1998;
Kryza, Muszynski, 1992; Mapa..., 2000; Seston et al., 2000;
Kozdrdj et al., 2001; Cymerman, 2002). North of the Swie-
rzawa graben these units are: (from north to south) the Ztoto-
ryja—Luboradz, Chetmiec and Rzeszéwek—Jakuszowa units
(Fig. 1). South of the graben, these units are (from the west to
east): the Luban Slqski, Pilchowice, Swierzawa, Bolkow,
Dobromierz units, and the Cieszéw unit at the top. Gier-
wielaniec (1956) who described the Wlen and Pilchowice units
as nappe structures, considered the last unit that consists at least
of two thrust-sheets. These units have been correlated with
Swierzawa (Wlen unit) and Bolkéw unit (Pilchowice unit),
(Szatamacha, 1971; Oberc, 1972). The main southern outcrop
of the Swierzawa unit was interpreted as the overturned limb of
a south verging anticline (Teisseyre, 1956). Previously, to
the Bolkow unit also included the Radzimowice schist subunit
(Baranowski, 1988), which recently is considered as a separate
tectonic unit of unknown position and age. Kryza, Muszynski
(1992) proposed a new working stratigraphic scheme of
the southern part of the Kaczawa Metamorphic Complex:
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Milek succession that consists of (?)Cambrian —Ordovician
rocks represented by Podgoérki volcanic complex, Wojcieszow
limestones, Oselka rhyodacites, and Gackowa sandstones,
gray slates (?Cambrian—Ordovician), Lubrza trachytes (Ordo-
vician), black slates and cherts and siliceous slates (Silu-
rian—Devonian).

Preliminary U-Pb dating of zircons from the meta-trachyte
associated with alkaline metabasalts from the Swierzawa unit
yielded a result of 511 +39 Ma (Pin ef al., 1989). Only a small
amount of rocks have age determinations based on
paleontological or radiometric dating. However, Silurian grapto-
litic slates, Devonian slates and meta-cherts with a radiolarian
and conodont fauna, and Carboniferous limestones are docu-
mented (Baranowski ez al., 1990). A new paleontologic findings
in the Wojcieszow limestones (Skowronek, Steffahn, 2000) un-
equivocally excludes a Cambrian age and points to a Silurian or
younger age for the Wojcieszow limestones. This fact allowed
elaborating a new lithostratigraphic profile for the Kaczawa
Metamorphic Complex (KMC) (Kozdroj, Skowronek, 1999;
Kozdrdj et al., 2001). The profile started with Ordovician grey
slates of Swierzawa Formation through the Podgorki metavol-
canic complex (correlated with the Lower Silurian metabasics)
to Wojcieszow limestones (Silurian) that is followed by the
Radzimowice schists. The Radzimowice schists that in the base
are composed of graphitic quartzites and metalydites are compa-
rable with other deep water sediments of Silurian or younger age.
Thus, the sedimentation of the KMC succession started not in
Cambrian but in Ordovician (Kozdréj, Skowronek, 1999).

The transitional Silurian-Devonian boundary was docu-
mented in the Luban Slaski unit (Jaeger, 1964; Chorowska et al.,
1981). These rocks contain less lydites and graphitic slates and
more siliceous or clay-rich slates and mudstones with locally de-
veloped phosphatic nodules. Lower and Middle Devonian rocks
are represented by phyllites and slates with metalydites, graphite
schists and locally metacherts (Urbanek ez al., 1975; Chorowska
etal., 1981; Chorowska, 1982; ). Upper Devonian rocks are rep-
resented by thinly laminated slates with calcareous quartzites,
greenish, partly red phyllites, locally intercalations of metacherts
(Urbanek, 1978; Haydukiewicz, Urbanek, 1986; Baranowski et
al., 1987; 1990).

A large part of the Kaczawa Complex is occupied by an un-
differentiated, probably Devonian—Lower Carboniferous se-
ries, comprising gray phyllites and slates with intercalations of
calcareous metasiltstones, arkoses, quartzites, limestones and
rhyolitic tuffs (Baranowski, 1975; Chorowska, 1978;
Haydukiewicz, 1987a; Baranowski ef al., 1990; 1998).

The Variscan basin was considered to have been opened
on a Late Proterozoic orogenic Cadomian basement during
Cambrian (Franke, Zelazniewicz, 2000), however, according
to new data, it should be open rather in Ordovician (Kozdroj,
Skowronek, 1999; Kozdroj et al., 2001). Trace element and
Nd-isotope data from all tectonic units of the Kaczawa Com-
plex suggest evolution from a within-plate, possibly ini-
tial-rift environment, to more evolved rifting regime, produc-
ing basalts of T-MORB and N-MORB characteristics
(Baranowski et al., 1990; Floyd et al., 2000). Alkali meta-
basalts dominated volcanic rocks in the west of the area,

mainly in the Swierzawa unit, and MORB-like metabasalts in
the east, mainly in the Dobromierz unit (Floyd ez al., 2000). A
similar distribution is seen in the units north of the Swierzawa
graben (Seston ef al., 2000). Rift-drift environment under-
went until Devonian, and then the accretion prism formed be-
tween the Late Devonian and Early Carboniferous as a result
of subduction-collision geotectonic settings (Baranowski et
al., 1990; Franke, Zelazniewicz, 2000). The mélange bodies
recognised in the whole area of the Kaczawa Mountains rep-
resent a later stage of the evolution of the Kaczawa Metamor-
phic Complex (Fig. 1). According to Baranowski et al., 1990,
the mélange was deposited from gravity flows and slides in a
trench or on a trench slope during the formation of an accre-
tion prism.

Cymerman, Piasecki (1994) proposed to divide the differ-
ent rock associations in the Kaczawa Metamorphic Complex
along the Kaczawa tectonic line. According to these authors,
it is a major structural element (a regional scale detachment)
which acted as the basal decollement of thin- to thick-skinned
orogenic wedge. According to the Cymerman’s (2002) new
structural model for the Variscan evolution of Kaczawa Meta-
morphic Complex, five tectonic units from the eastern part
that are built of MORB-like-metabasalt rocks of oceanic crust
have been overthrusted toward the west along the Kaczawa
zone on the allochthonous units built of metasediments and
alkali metabasalts that occurred in the western part of
Kaczawa Metamorphic Complex. On the other hand, these
units forming also imbricated thrust sheets were thrusted
westwards on less deformed and metamorphosed par-
autochthonous units. The western part of the Kaczawa
Metamorphic Complex (lower structural unit) belongs to the
Saxothuringian terrane and those structural units are overrid-
ing by the Dobromierz and Jakuszowa units, which belong to
the Central Sudetic terrane (Cymerman, 2002).

Kaczawa Complex underwent polyphase deformation and
metamorphism ranging from very low grade to greenschist-fa-
cies metamorphism, with peaks during Late Devonian and
Early Carboniferous (Viséan) time. Locally, there are relicts of
a high-grade blue schist glaucophane-jadeite mineral assem-
blage (Kryza, Mazur, 1995). The rocks of the Kaczawa Meta-
morphic Complex experienced several stages of deformation
during the Variscan orogeny (Teisseyre, 1963; Wajsprych,
1974; Haydukiewicz, 1987a). The older event, probably during
Lower Devonian, resulted in a system of thrusts related to the
formation of mélange metamorphism in blue schist condition
(Baranowski et al., 1990). According to Zelazniewicz et al.
(1997) the Kaczawa Mountains along the Intra-Sudetic fault
have been thrusted southward and south-westward over the
Izera—Karkonosze Block during greenschist metamorphism of
the Kaczawa Metamophic Complex (ca. 340 Ma) and prior to
intrusion of the Variscan Karkonosze granite at ca. 330-325
Ma (Duthou et al., 1991). Seston et al. (2000) indicate for three
deformation events in the KMC (D—D;). D, of compression
character directed towards the NW. The second deformation
event (D,), under greenschist facies metamorphism has
extensional character with movements to south-east. The third
deformation event probably in the Sudetic phase during Early
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Fig. 1. The tectonic structural subdivisions of the Kaczawa Metamorphic Complex, and adjacent geological units
(after Jerzmanski, 1965; Baranowski ef al. 1990; Seston et al. 2000; Winchester et al. 1995; Kozdréj, Skowronek, 1999;
Cymerman, 2002) with distribution of Upper Paleozoic igneous rocks and Cenozoic basalts and location
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Carboniferous resulted in a major and minor south-verging F;
open, asymmetric folds, which trend WNW-ESE and verge to-
wards the SW, such as the Bolkow—Wojcieszow antiform or
Chrosnica—Radomierz synform (Baranowski et al., 1998;
Seston et al., 2000; Fig. 1). Cymerman (2002) revealed only
two principal deformation events (D; and D). The D, deforma-
tion took place in a sinistral transpressional tectonic regime,
where the regional-scale overriding ductile thrust sheets
moved to the west and northwest in Late Devonian—Early Car-

boniferous. During the late Variscan orogeny (late Viséan)
the D, deformation tectonic movements became extensional
and more brittle in general towards the east. These extensional
movements of D, deformation ended with development of ex-
tensive volcanism during the uppermost Carboniferous—Lower
Permian as grabens and semi-grabens formed. Upper Viséan to
Permian regional extension of the earlier, tectonically thick-
ened crust produced high-angle normal and small displacement
strike-slip faults in the Western Sudetes.



12 Geological setting

During the Upper Carboniferous the late to post-collisional
intrusion of the Karkonosze granites, caused tilting the
Kaczawa Metamorphic Complex and Rudawy Janowickie
Complex and then took place faulting.

Block movements along the major faults in the Kaczawa
Mountains have been of different character intensity. The Mar-
ginal Sudetic fault revealed rather advantage of a dip-slip

movement instead of the strike-slip movement documen-
ted along the Intra-Sudetic fault (Aleksandrowski, 1995).
Variscan structures of the Kaczawa Complex were also modi-
fied during the Laramian and young Alpine tectonic move-
ments, mainly by rotation and tilting of small crustal blocks
(Teisseyre, 1956; Oberc, 1972).

MAIN EVENTS OF ORE FORMATION IN THE KACZAWA MOUNTAINS

The Kaczawa Mountains since the early medieval time
were the place of noble and base metals exploitation. Pros-
pecting for ores and their mining, like in other areas of Eu-
rope, were carried out with many breaks and intensive devel-
opment.

During the 20th century, only a few small deposits of vein
type were the subjects of exploitation in the Kaczawa Moun-
tains. Among them the most important are: Radzimowice
Au—As—Cu deposit, Klecza—Radomice Au ore district,
Wielistaw Zlotoryjski Au—Fe deposit, Ptawna—Lubomierz Au
deposit, Chelmiec Fe deposit, Megcinka Fe deposit,
Stanistawow Ba deposit, Jezéw Sudecki Ba deposit (Fig. 2).

According to results presented by various geologists (e.g.
Petrascheck 1933, 1943; Neuhaus, 1936; Quiring, 1948;
Jerzmanski, 1958, 1976a, b; Manecki, Mlodozeniec, 1960;
Manecki, 1965; Zimnoch, 1965, Fedak, Lindner 1966; Paulo,
1970, 1972, 1973, 1994; Paulo, Salamon, 1973a, b, 1974a, b;
Kowalski, 1976; 1977; Grocholski, Sawicki, 1982; Sawlowicz,

1987; Olszynski, Mikulski, 1997; Mikulski, 1999, 2001,
2003a, b; 2005a Mikulski et al. 1999) it is possible to distin-
guished in the Kaczawa Mountains at least four principal ge-
netic episodes of mineral deposition:

(1) Those related to sedimentary processes and submarine
volcanism within a rifting environment (Ordovician—Silurian);

(2) Those associated with the main folding event and
greenschist metamorphism (Upper Devonian—Lower Carboni-
ferous);

(3) Variscan (Carboniferous—Permian; ca. 340-270 Ma)
epigenetic gold-bearing As-polymetallic quartz + carbonate
vein mineralization;

(4) Younger post-Variscan barite-fluorite vein deposits
formed during Triassic—Paleogene (ca. 245-65 Ma).

Ad. 1 and 2. Within elaborated rocks ore mineralization is
not significant. Among the ore minerals dominate pyrite, chal-
copyrite, magnetite, ilmenite and titanite. Late diagenetic
framboidal pyrite appears in graphite schists. In some places
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contents of pyrite framboids may reach up to a several per cent
of rock volume. In massive rocks pyrite forms euhedral and
fractured grains that are randomly distributed. In chlorite
schists pyrite grains of variable size occurred within laminae.
Fine flakes of hematite accompany pyrite in chlorite schists.
Contents of hematite may reach up to 12—15% of rock volume.

In the southern part of the Kaczawa Mountains, near
Chrosnica village, hematite accumulations in greenstones and
keratophyres were occasionally exploited.

Ad. 3 and 4. Most characteristic feature of these deposits is
their form of occurrence as veins built of various gangue min-
erals such as quartz, carbonate, barite or siderite. These veins
may contain variable grade of ore mineralization. Quartz =+
carbonate-sulphide veins with auriferous mineralization are
commonly considered as connected with post-Variscan hy-
drothermal processes around granitic intrusions.
Post-Variscan barite and siderite veins originated during for-
mation of deep-seated regional fractures.

THE RADZIMOWICE Au-As-Cu ORE DISTRICT

The Radzimowice Au—As—Cu ore district is located about
4 km eastward of Wojcieszow. In Radzimowice, exploitation

works were carried out in the southern and eastern slopes of
the Zelezniak Hill (666 m a.s.L., Fig. 3).

THE HISTORY OF THE MINING EXPLORATION

The Radzimowice Au—As—Cu deposit comprises 11-13
ore veins (Tab. 1). However, only six of them were important
ore sources. Materials about the mining activities in
the Radzimowice ore district are based on the mining reports
that were presented by Stauffacher (1914, 1915); Beyschlag et
al. (1921); Hoehne, (1935); Quiring (1948); Domaszewska
(1964, 1965); Manecki (1965); Zimnoch (1965); Fedak,
Lindner (1966); Dziekonski (1972); Paulo, Salamon (1974b).

Extensive operation in the Radzimowice area was carried
out since the end of 12th century until the middle of the 13th
century when the most valuable parts of the weathering zone
which contained from 15 to >100 ppm of Au, were exploited
(Quiring, 1948). It is estimated that ca. 0.5-0.7 t of gold was re-
ceived from the gossan type ore. Chalcocite, cuprite, azurite,
malachite, limonite, and less frequently cerusite occurred in-
side oxidation zone.

Radzimowice

Zelezniak Hill e

Fig. 3. The landscape of the Zelezniak Hill (666 m a.s.l.),
view from the main road Bolkow—Jelenia Géra



14

The Radzimowice Au—As—Cu ore district

Table 1

The characteristic features of the ore veins at the Radzimowice deposit (data after various authors)

Name of vein Length | Average | Main ore Average gold and silver contents Average content of elements
of vein | thickness | minerals according to various authors [ppm] after Fedak, Lindner (1966)
[m] [m]
Stauffacher Beyschlag Manecki Au Ag As Cu
(1915) et al. (1921) (1965) [ppm] | [ppm] | [%] [%]
Miner 015 | &PV, Au: traces—5 Au-low; 1.07 £0.13
. 2 ) 1. 1. .22
consolation 00 | e 1.4 gﬁ; Sffé Ag: 146and563 | Ag: 222 (n=3) 0| 306 610
Au: 26.6;
A S Ag: 221
aD. by, e mining reports | 19.58 +8.46
Wanda 320 0.14 chp, sf, Ag: 433 - 180 | 180 7.6 6.0
fa Au: 27; (n=4)
Ag: 227
Au/Ag=1:8.3
Olgal asp, ga, s _ 4.0+1.67
Olgall 300 0.10-050 o Au: 3; Ag: 72 (n=3) 35 39 | 132 11
W part: Au: 18; Au: 165
Ag: 174 o .32 +4,
Marial 300 020 |&Pchp. 9 Ag170 | 8%2*426 | g4 | g4 | 95 | 19
ga,py,sf| Spat: Au: 21; N — (n=8)
Ag: 73 g=1108
Maria P _ _ _ _ _ _
Buckeltraum - B ap Au:3; Ag: 17
Au: none; 5.05+0.8
Aleksandra 320 0.16 chp - Ag: 46 (n=15) 5.0 75 5.0 3.0
Klara 200 0.06 - Au: ?AQ: ? 17.0 - - 14.0 16
barren
Arnold - - nests of - Au: ?Ag: ? - - - - -
asp, ga
Wilhelm - - - - - - - - - -
coarse Au: 10;
Herman asp Ag: 34 Au: 17
Au/Ag= Au: 13.5; Ag: 165
1.7 Ag: 100
. _ _ py, asp, 5 _ _ _ _ - -
New Vein chp, ga Au+Ag?
. Au: 3; Au: low;
Ludwig - 0.40 chp, asp Ag: 70 Ag: 46 - - — — —

Abbreviations: asp — arsenopyrite; py — pyrite; chp — chalcopyrite; sf — sphalerite; ga — galena; fa — tetrahedrite group

The second period of the gold mining development was be-
tween 15th and 16th century, when the first adit about 100 m
long was built on the eastern slope of Zelezniak Hill and seven
separate open pit mines operated (op. cit.). The rich nests of
copper ores were the subject of surface exploitation. Supergene
minerals of Cu and Ag-bearing ores contained enrichments in
Au. Later exploitation was focused in the western side of the
Zelezniak Hill.

In the 17th century mining activity decreased. Since the be-
ginning of the 19th century intensive development of exploita-
tion and processing of copper, arsenic ores and gold extraction

took place. In 1801 the first arsenic product (As,0;) was made
in a new smelter. During 1803 mining works were carried out
in the eastern slopes of the Zelezniak Hill, and then in 1806
anew adit and exploitation shaft (Arnold) on southern slope be-
gun to exploited the Miner consolation vein. The cooper ores
were extracted from the eastern part and the arsenic ores from
the southern part of the deposit located in Zelezniak Hill. In or-
der to extract the upper parts of primary ore the Wilhelm mine
was opened, new adit and shaft Luis were built (Figs. 4, 5). At
that time few ore-bearing veins were found. The Miner conso-
lation vein was mined by two adits and shafts (Fig. 4).
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In 1864 the joint venture
of both mines started under
the name Bergmanntrost.
Moreover, few smaller mines
operated in the Radzimowice
ore district that time. Produc-
tion increased again in the
years 18701880 with output
of ores about 3,000 t yearly.
That time was most prosper-
ous period, because rich ar-
senic-copper ores were found.

After opening at the rail-
way between Marciszow,
Wojcieszow and Legnica, pro-
duction per year (1890— 1900)
achieved 12,259 tof Cuand As
ores.

According to mining re-
ports in 19th century over
160,000 t of Cu and As ores
were mined and about 1.3 t of
gold produced from the ores of
average grade of 5 to 8 ppm Au.

In 1907 underground
workings of Bergmanntrost
mine were connected to-
gether. At that time the mine
had two exploitation shafts —
Arnold about 104 m deep and
— Luis 142 m deep. In 1908
the highest ore production
was about 30 t of mainly
Cu ore per day. The years
1904-1912 were also pros-
perous. Annual mining pro-
duction was 10,200 t of ore,
which after processing gave
an average 2,400 t of copper
and 1,300t of arsenic concen-
trates (Fedak, Lindner,
1966). During 1912-1917
production decreased to
6,000 t of ore per year. In
1916, 995.2 t of Cu concen-
trate were produced from
which 96.1 t of copper was
received. An average content
of 5.5 ppm Auand 122.9 ppm
silver was found in copper

oﬂ

560

@)

100 m

Forest
Shaft
Isohypse
Workings from the 15th—16th century

Fig. 4. The schematic plans of the mining activities

at the Radzimowice Au-As-Cu deposit in 1826 (after Dziekonski, 1972, modified)

Explanation. 1 — Bergmanntrost adit; 2 — Arnold shaft; 3 — Heinitz adit; 4 — Gesellenzeche or Luis shaft; 5 — pond for
jigging of ore; 6 — jigging of ore building; 7 — arsenic metallurgic plant; 8 — supply building

Fig. 5. Photograph of the underground working near the Luis shaft (<70 m b.s.l.)
Photo by P. Gut; summer 2000

ore. All five veins were exploited, and for instance, in 1917,  Miner consolation vein was the poorest. Between 1920 and
during the period from January to May the production yielded 1925 the average production was 1,800 t of arsenic ore and 750
about 650 t of Cu concentrate with average contents of 4.4 ppm  t of copper ore per year with the gold content 5-8 ppm. In 1925
Au and 95.3 ppm Ag, and about 350 t of arsenic concentrate  the last mine in the Radzimowice ore district was closed due to
with average contents of 9.2 ppm Au and 44.2 ppm Ag (Doma-  low demand for arsenic products and very low price for arsenic
szewska, 1965). The Wanda vein was therichestin goldand the ~ flame (Dziekonski, 1972).
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It is estimated that total productions from the Radzimowice
deposit in 19th and 20th century was from ca. 0.5 Mt of metal
ores and ca. 4.2 t of gold. An average grade of metal ores was
from 5 to 8 ppm of Au. The arsenic content in the ores widely
ranged from 1.0 to 20.0%, copper from 0.8 to 8% and silver
from 40.0 to 300 ppm.

In 19521953 prospecting works in mines and over 1,400 m
of underground galleries were made. In 1957, the underground
mining was abandoned. As the result of geophysical investigation
performed in 1952-1953 and 1959, the area for further soil geo-
chemical sampling was suggested. That prospecting revealed the
extension along strike of old known veins (Lindner, 1963).

GEOLOGICAL SETTING OF THE DEPOSIT

The Radzimowice Au—As—Cu deposit is located in the
south-eastern part of the Kaczawa Mountains (Fig. ).
Gold-bearing quartz-sulphide veins are related to Upper Car-
boniferous igneous rocks that comprise the Zelezniak intrusion.
The intrusion was emplaced into Paleozoic sedimentary-volca-
nic rock sequences of the Kaczawa Metamorphic Complex, the
oldest of which is comprised of the Radzimowice schists in the
southern part and the Chmielarz schists in the northern part (Fig.
6). The Chmielarz schists are tectonically overlain by the Lubrza
trachytes and gray slates or phyllites (Kryza, Muszynski, 1992).
The Radzimowice schists unit has thickness >1 km extending up
to 2 km in width and about 17 km in length. This unit consists of
rocks that have been documented by conodonts as no older than
Ordovician but the upper age limit is still problematic (Urbanek,
Baranowski, 1986). Baranowski et al. (1990) interpreted the
northern and southern margins of the Radzimowice schists as
tectonic with separate thrust sheet unit between the Bolkow unit
to the south and the Swierzawa unit to the north.

Kryza, Muszynski (1992) re-interpreted the central-southern
part of the Kaczawa Metamorphic Complex as thrust sheet struc-
tures. They suggested that the southern part of the Swierzawa
unit represents the overturned limb of a south verging anticline
and the northern part of the Bolkéw unit defines fragments of
normal (western part) and overturned limbs (eastern part) of the
S-verging folds. In the deposit area the Radzimowice schists unit
is thrust upon the Chmielarz schists. Hence, the Radzimowice
schists have an uncertain position within the stratigraphic se-
quence of the Kaczawa Metamorphic Complex (Fig. 7).

The new structural and kinematics data presented by
Cymerman (2002) indicate that the hinge zone of the re-
gional-scale Bolkdw—Wojcieszow anticline, which has an
east-plunging axis (e.g. Teisseyre, 1963) should rather be re-
garded as a set of flood ramps. Also the existence of hinge zone of
recently suggested the Radzimowice syncline (Kryza,
Muszynski, 1992; Kozdréj, 1995) is very questionable according
to Cymerman (2002).

The primary thickness of the Radzimowice schists was
probably at least one km (Baranowski, 1988). The dark colour
of Radzimowice schists, and the abundance of graphite
(Manecki, 1962a) and framboidal pyrite (Sawlowicz, 1987)
indicate that the deposition took place on a basin floor where
reducing conditions prevailed (Baranowski, 1988). The dom-
inance of mudstone over sandstone and the development
mode of the turbidite sequences of the Radzimowice schists
are consistent with sedimentation in a trench-floor or
trench-slope basin setting (Baranowski, 1988).

The Chmielarz schists consist of volcanoclastic sediments
of Cambrian or Ordovician age (Kozdrdj et al., 2001). They
are together with Lubrza trachytes, volcanoclastic rocks (Or-
dovician) and with black slates, and cherts and siliceous slates
of Silurian—Devonian ages assigned by Seston et al. (2000) to
the Swierzawa unit. The Chmielarz schists belong to a poorly
exposed unit and its relationship to adjacent units is uncertain.
The Lubrza trachytes usually comprise small but widespread
high-level intrusions or extrusions (domes) of dominantly
trachytic composition. They also contain up to 500 m variable
maphic to felsic volcanoclastic rocks associated with tuffa-
ceous units. The black slates and cherts, up to 100 m thick lo-
cally, contain Silurian graptolites and have not been distin-
guished from the siliceous slates on Figure 7. Siliceous slates
are up to 100 m thick, and contain Late Devonian conodonts
(Haydukiewicz, Urbanek, 1986). This assemblage of shaly
flysch sediments recrystallized under greenschist facies to
quartz-sericite and quartz-sericite-graphite schists, dark
albitized phyllites with thin intercalations of siliceous and
graphitic slates, metagreywackes, and quartzites. Together
with the Chmielarz schists they have been affected by super-
imposed folding (F3) and by faulting.

The structural-kinematics analysis of the Kaczawa Meta-
morphic Complex indicates that in the Radzimowice region the
D, deformation have opposite direction of shearing (transport of
the top to the E and only in a few cases to SW and to W or NE;
Cymerman, 2002). It was probably a result of the later re-folding
of this unit associated by shearing, rotation and tilting of blocks.
The D, deformation is characterised by orientation of shearing to
NE and E. In this region F;, folds dominate with axial planes al-
most perpendicular to L; lineation and with the prevailing
vergence to the south. The Fp fan-shaped folds with axial dip to
SE characterised by vergence to the south-west (Cymerman,
2002).

In the Radzimowice deposit area this part of the Kacza-
wa Mountains formed a horst structure between the North-
-Sudetic Basin to the northwest and the Intra-Sudetic Basin to
south-east (Fig. 1). These areas belong to the Central-Euro-
pean province of the Permian—Carboniferous volcanism of
bimodal character forming a zone 400 km long from Germany
to Poland (Dziedzic, 1996). In the Kaczawa Mountains these
intrusive rocks form a row of dykes and radial apophyses gen-
erally discordant to the surrounding bedding. The largest
body constitutes the Zelezniak intrusion that has the shape of
alaccolith and comprises of igneous rocks of various textures,
including xenoliths, maphic or acid dykes and quartz veins
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siliceous schist (7Cm/0-C,)

Fig. 6. Compiled geological map of the area of the Au—Cu—As Radzimowice deposit (after Baranowski, 1988; Kryza,
Muszynski, 1992; Cwojdzinski, Kozdréj, 1994; the ore veins location at a level of +430 m a.s.l. after Paulo, Salamon, 1974b)
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Fig. 7. Relation of the quartz-sulphide and lamprophyre veins to the Upper Paleozoic igneous rock suites
and to the geological profile of the Swierzawa unit and the Radzimowice schists (undivided)
(compiled from Kryza, Muszynski, 1992; Cwojdzinski, Kozdréj, 1994; Seaston et al., 2000)

(Skurzewski, 1984; Kozdrdj, 1995). Igneous rocks of the
Zelezniak and the Bukowinka intrusions, the latter located
east from Zelezniak intrusion (ZI), probably intruded along
W-E oriented faults.

The Zelezniak intrusion is irregularly shaped with a core
that is ca. 3-4 km® and several of radial dykes that surround the
core (Fig. 6). Rhyodacite dykes have a thickness from several
to hundreds of meters and a length up to 67 km. Petrographi-
cally the ZI body mainly consists of aphanitic rocks with minor
porphyritic ones. Emplacement of the Zelezniak intrusion
post-dates the regional metamorphism (blue schist and subse-
quent greenschist facies) and main deformation events in the

Kaczawa Metamorphic Complex. The SHRIMP age values of
zircon grains from the fine-grained rhyolite are similar to the
medium-grained microgranites and indicate that the main mag-
matic event was restricted to the late Namurian, at about 315 +1
Ma as determined by the Pb/U method (Muszynski et al.,
2002). The Zelezniak intrusion rocks bear strongly sericitized
plagioclase, chloritized biotite and other maphic minerals and
they host ore mineralization.

The Bukowinka rhyolite has a more uniform texture,
equigranular structure and a higher content of biotite; ore
mineralization is absent (Manecki, 1962b; Skurzewski,
1984).



Geochemical characteristics of the igneous rock suites of the Zelezniak intrusion

GEOCHEMICAL CHARACTERISTICS OF THE IGNEOUS ROCK SUITES
OF THE ZELEZNIAK INTRUSION

The geochemistry of the Upper Paleozoic igneous rock
complex can be divided into three groups: (1) hypabyssal
calc-alkaline micro-, and medium-grained granites with por-
phyritic textures (tonalite, monzogranite, and granodiorite), (2)
calc-alkaline felsic rocks with porphyritic to aphyric textures of
subvolcanic facies (dacite, rhyolite, andesite and trachyte), and
(3) dykes or veins of fine-, and coarse-grained alkaline rocks
(lamprophyre) with porphyritic texture.

In Table 2 only a several most representative igneous rocks
geochemistry are shown from the total set of 44 samples that
were analysed by the ICP-AES, ICP-MS, and XRF methods.

CALC-ALKALINE SUITE — GRANITE

Granites represent the first episode of magmatic activity,
they were documented in drill holes of Zelezniak intrusion,
(Majerowicz, Skurzewski, 1987) and mapped in the northern
part of the Bukowinka Hill (Cwojdzinski, Kozdroj, 1994; Fig.
6). Light-grey granite that occurs in core has been classified as
medium to fine-grained monzogranite (Majerowicz,
Skurzewski, 1987). In the Bukowinka Hill, gray-pink porphy-
ritic microgranite (tonalitic) representing hypabyssal rocks
transition between granite crystallizing in plutonic condition
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and subvolcanic rhyolite porphyry. The tonalite is composed of
quartz, plagioclase, biotite and accessory zircon and apatite.
Zelezniak intrusion granite occurs between the quartz-sericite
schists and the rhyolite (Kozdroj, 1995). The xenoliths of gran-
ite suggest that it is connected with a deep-seated granitic
pluton (Majerowicz, Skurzewski, 1987). According to these
authors, a magma chamber for the granite probably underlies
the Zelezniak intrusion and other intrusions that are up to 15 km
from the Zelezniak Hill.

The Zelezniak intrusion granite contains about 72 wt %
Si0,, 8-9 wt % total alkalis and 2.4 wt % total Fe,O; (Table 2;
Fig. 8A). The Zelezniak intrusion granite belongs to the
calc-alkaline series and on the Nb—Zr plot after Leat et al. (1986)
these granites are located close to the Nb/Zr = 10 line that sepa-
rates calc-alkaline and transitional fields (Fig. 9). They are
peraluminous, with K,O/Na,O ratios from 1.3 to 1.8 (Fig. 10).
On the Nb—Y—Ce and Nb—Y-3xGa plots of Eby’s (1992) they
plot in the fields of crustally derived A-type felsic rocks (Fig.
11). The monzogranites from the Zelezniak intrusion display
rare earth elements enrichment, average initial ¥’ Sr/*Sr ratios of
>().708 (to 0.728), normative corundum contents >1%, and ratio
of ALO; / total alkali oxides + CaO >1.1 (Machowiak,
Muszynski, 2000). The geochemical characteristics indicate that
these granites are of the S-type and that they were derived from
inhomogeneous crustal sources (Muszynski et al., 2002).
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O Data after Manecki (1965)
Data after Pendias (1965)
a Data after Skurzewski (1984)

A Data after Majerowicz, Skurzewski (1987)

Fig. 8. Classification of the Upper Carboniferous igneous rock suites of the Zelezniak and Bukowinka intrusions
from the Radzimowice Au—Cu-As deposit and Permian igneous rocks from Wielistaw Zlotoryjski

A — diagram of the Na,O+K,O versus SiO, (after Le Maitre ef al., 1989); B — plot of the Zr/TiO, -Nb/Y (after Winchester, Floyd, 1977)
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Table 2

Representative major and trace element contents in selected igneous rock samples from the northern and southern ore fields
of the Radzimowice Au—Cu—As deposit

Rhyolite And. Trachyte

porphyry Dacite porphyry porph. porphyry Lamprophyre

Microgranite

Bki | Bk3 | Bk5 | Reo | Bka | Rs | R13 | Reo | Re1 | Re2 | R7 | R32 | Bke | Bke | R8 | R2s | Res

Major elements [wt %]

SO, |[72.49 |72.33 |7256 [76.04 | 69.8 |68.20 |68.74 [66.12 |71.48 |66.98 [61.80 |[63.75 |65.87 |68.40 |44.31 |45.06 |44.10

Al,O; (1348 [13.09 |13.52 |11.94 [14.96 |14.27 [14.08 |14.17 |1455 [13.70 |15.16 [13.81 [16.63 |16.21 [11.28 |13.80 |12.98

Fe,0; | 246 | 217 | 238 | 391 | 224 | 368 | 1.39 | 225 | 552 | 582 | 3.74 | 1.90 | 341 | 321 | 829 | 897 | 967

MgO [ 043 | 057 | 034 [ 055 | 103 | 111 | 088 | 1.15 | 092 | 050 | 163 | 146 | 145 | 1.26 | 836 | 858 | 9.01

CaO0 141 | 153 | 137 | 044 | 094 | 1.11 | 136 | 1.79 | 054 | 028 | 270 | 270 | 0.71 | 0.36 | 7.15 | 6.84 | 8.87

Na,O | 350 | 302 | 352 | 014 | 383 | 009 | 270 | 216 | 013 | 009 | 266 | 310 | 3.76 | 340 | 096 | 156 | 1.46

K0 467 | 458 | 469 | 356 | 457 | 451 | 495 | 373 | 425 | 423 | 377 | 450 | 393 | 474 | 1.84 | 249 | 201

TiO, | 026 | 030 | 025 | 009 | 033 | 029 | 021 | 031 | 027 | 027 | 0.37 | 031 | 051 | 044 | 0.78 | 1.04 | 0.97

P,Os [ 009 | 011 | 008 | 0.04 | 0.14 | 010 | 007 | 010 | 010 | 008 | 013 | 011 | 017 | 016 | 032 | 031 | 0.36

MnO | 0.04 | 0.05 | 004 | 001 | 0.02 | 0.12 | 002 | 010 | 0.02 | 0.02 | 0.13 | 0.03 | 0.02 | 0.02 | 0.20 | 0.19 | 0.16

S <0.01 |<0.01 |<0.01 | 0.20 |<0.01 | 0.23 | 047 | 022 | 020 | 0.14 | 1.08 | 0.15 |<0.01 [<0.01 | 0.20 | 0.25 | 0.18

Cl 0.02 | 0.02 | 001 | 001 | 0.02 | 0.02 | 0.02 | 001 | 0.01 | 0.01 | 0.02 | 0.02 | 0.03 | 0.06 | 0.02 | 0.02 | 0.01

F 002 | 0.04 | 008 | 0.01 | 010 | 0.07 | 0.09 | 015 | 0.02 001 | 013 | 010 | 0.06 [<0.01 | 0.02 | 0.03 | 0.01

LOI 073 | 166 | 049 | 1.03 | 1.71 | 167 | 187 | 443 | 105 | 413 | 557 | 449 | 230 | 161 [1213 |10.25 | 805

Total |99.59 |99.47 [99.33 [97.97 [99.69 |95.47 [96.85 |96.69 |99.04 |96.26 |98.89 [96.43 [98.85 |99.87 [95.82 [99.39 |97.84

Trace elements [ppm]

Au 0.001 [<0.001| 0.001 | 0.104 | 0.010 | 0.034 | 0.011 | 0.003 | 0.054 | 0.008 | 0.005 | 0.001 | 0.001 |<0.001| 0.001 | 0.003 | 0.005

Ag 5 2 3 9 8 15 7 5 13 11 4 15 3 4 6 8 4
Cu 7 7 9 | 1298 320 11 23 42 222 126 134 29 92 82 105 59 92
Pb 20 20 18 43 690 188 2 24 32 108 27 13 24 11 62 48 22
Zn 47 31 39 48 32 226 5 78 159 119 82 20 17 21 178 186 122
As 3 <3 4 | 2986 278 687 168 48 | 3602 634 191 39 65 65 | 1070 597 567
Bi <3 <3 <3 <3 <3 <3 <3 <3 4 9 <3 <3 13 7 <3 <3 5
Co <5 <5 5 67 <5 5 11 6 4 1.5 7 4 6 38 30 64
Cr 51 22 19 3 113 6 13 8 20 7 9 18 9 <5 802 510 749
Mo 6 5 5 4 6 4 4.6 4.5 5 5.1 4.2 51 7 2 <2 <2 | 318
Ni 3 5 3 7 8 15 3 6 11 6 7 6 4 <3 247 145 329
\ 12 20 12 6 32 29 17 22 28 27 29 29 40 41 146 162 168
W 1 <5 28 24 6 9 19 8 <5 <5 11 10 <5 <5 <5 <5 <5
Ba 509 471 501 751 777 374 | 1090 419 340 473 352 856 765 726 656 586 721
Ga 17 15 17 16 18 13 15 17 18 14 19 17 20 19 13 14 15
Hf 5 4 4 5 5 4 4 4 5 5 5 4 4 5 5 4 4
Nb 23 16 21 12 13 12 14 12 14 13 12 12 12 9 11 9 <2
Rb 185 142 168 92 88 157 155 141 163 | 160 152 126 151 157 88 93 34
Sr 84 120 79 391 303 368 191 163 552 582 122 213 339 256 385 205 735
Th 26 24 25 15 16 16 19 16 20 15 19 15 19 24 6 8 <3
U 4 4 6 5 5 7 6.5 6.9 7.1 6.5 7 4.6 5 5 <2 2.1 4.5
Y 38 25 35 16 17 10 16 13 16 15 20 12 13 <3 21 24 <3
Zr 226 156 222 158 162 130 124 135 138 133 191 135 205 179 163 170 100
La 62 45 58 29 21 28 31 29 40 29 40 26 20 25 26 24 5

Ce 112 95 117 60 55 70 92 74 59 95 95 70 37 56 54 56 17

And. porph. — andesite porphyry; Bkl,..., R38 — number of sample
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CALC-ALKALINE SUITE — PORPHYRIES

The second group of the igneous rocks that constitute
the bulk of the outcropping Zelezniak intrusion belongs to
the subvolcanic facies. These aphyric to porphyritic felsic rocks
are represented by the sub-alkaline and alkaline series (Fig. 8).

Most of the rocks have rhyodacite-dacite, trachyandesite and
andesite compositions with Nb/Y ratios of <0.67 that are charac-
teristic of the calc-alkaline series or transitional rocks between
the calc-alkaline and tholeiitic series (Fig. 9). Most of the igne-
ous rock samples from Zelezniak massif fall in peraluminous
field except for lamprophyre samples, which are in meta-
luminous field (Fig. 10A). Most of these rocks have potassic
characteristics (Fig. 8B). Barren or slightly mineralized porphy-
ries from the Zelezniak intrusion have variable contents of SiO,
(66-72 wt %) and alkalies and rather high Al,O5 contents (up to
ca. 17wt %; Table 2). The Na,O and K,O contents vary from 0.1
up to ~4 wt % and from 3 up to 5 wt %, respectively.

Two groups of the dacite porphyries with different Na,O
contents were found: moderate (>2.0 wt %) and low (<0.15 wt
%). Calcite and sericite formed pseudomorphs after biotite.
Macroscopically, the high Na dacite has characteristic pink
colour and the K,0O/Na,O ratios of 1.1 up to 2.2. The Na poor
dacite is of gray or light beige colour and contain abundant dis-
seminated sulphides (mainly pyrite) and has very high alkali ra-
tios of >25. In the both type dacites the K,0O/Al,O; ratios are
<0.4. Both series have variable magnesium numbers of 25-75
(mg# = Mg/(Mg+Fe), and low concentrations of mantle-com-
patible trace elements (e.g. <20 ppm Cr, <15 ppm Ni). They are
characterized by high concentrations of large ion lithophile ele-
ments (LILE; e.g. up to 5 wt % K,0, up to ~160 ppm Rb,~ 600
ppm Sr, and ~0.1 wt % Ba), moderate light rare earth element
concentrations (LREE; e.g. up to 40 ppm La, 95 ppm Ce), and
low field strength elements (HFSE; e.g. <0.5 wt % TiO,, <200
ppm Zr, <15 ppm Nb). The HFSE (Nb, Ta, Ga, Zr, Hf, and Y)
contents are low to moderate and typical of volcanic-arc rocks
with /-type affinities. High contents of Th up to 20 ppm and U
up to 7 ppm suggest some crustal contamination during magma
ascent, which is characteristic feature for continental arc asso-
ciations (Miiller, Groves, 2000).

ALKALINE SUITE - LAMPROPHYRES

Hypabyssal lamprophyre dykes represent the third group of
Zelezniak intrusion igneous rock suites. Field observations in-
dicate that they are younger in comparison with other ingeous
rocks. Lamprophyric rocks have usually been found in waste
from the southern part of the Radzimowice deposit or they were
reported in unpublished mining materials as diorite porphyry or
as kersantite that intruded the Radzimowice schists (Manecki,
1963, 1965; Zimnoch, 1965; Paulo, Salamon, 1974b). On the
detailed geological map of the Radzimowice area the lampro-
phyres cut Zelezniak dacites and hence postdate them in age
(Cwojdzinski, Kozdroj, 1994).
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Fig. 9. Diagrams of calc-alkalinity
of the Zelezniak intrusion igneous rock suites

A - plot of AFM with tholeiitic and calc-alkaline fields (from Irvine,
Baragar, 1971); B — plot of high field strength element Nb versus Zr (after
Leat et al., 1986)

Two types of kersantites, both with porphyritic textures, are
recognised. The first type shows typical coarse-grained tex-
tures, with biotite phenocrysts (<0.5 mm) and phenocrysts of
secondary minerals after olivine in a crystalline groundmass
containing plagioclase (andesine), quartz, biotite and carbon-
ates. The second type is characterized by fine-grained porphy-
ritic textures and carbonate, chalcedony, and chlorite pseudo-
morphically replacing primary olivine in a fine-grained
groundmass comprising sericitized plagioclase and biotite.
The second type of lamprophyres is strongly affected by
carbonatization. On the geochemical diagram showing K,O
versus SiO, after Peccerillo, Taylor (1976) the lamprophyres
are located in the field of shoshonites and ultrapotassic lampro-
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trace element patterns for the rocks
of Zelezniak intrusion

phyres. On the diagram showing K,O-MgO after Rock et al.
(1991) they are plot in the fields of kersantite and spessartite.

Geochemically, the lamprophyres have low SiO, (4447 wt
%), high Na,O (up to 1.6 wt %), and high MgO (8-10 wt %)
contents. Their K,O/Na,O ratios range between 1.1 and 1.9,
which are typical for the shosonitie association (Miiller,
Groves, 2000). These rocks have mg# from 77 to 79 and high
concentrations of mantle-compatible trace-elements indicating
a relatively primitive character of the parent magma. It should
be noted that the arsenic contents of the lamprophyre samples is
highly elevated (0.05-0.1 wt % As) due to hydrothermal pro-
cesses. They have relatively high LILE, low LREE and low
HFSE contents. The MORB-normalized patterns of the por-
phyries are relatively smooth and similar to each other but
highly different from the pattern of lamprophyres (Fig. 12). In-
termediate volcanic rocks show strong Cr depletions and P and
Ti depletions. Lamprophyres have relatively more smooth sig-
natures with well-pronounced Cr enrichments.
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TYPE AND GRADE OF ORE

At the Radzimowice Au—As—Cu deposit the following

types of gold-bearing sulphide ores are distinguished:

1. Quartz veins with variable contents of sulphide minerals
(from massive to poor ones; PI. |, 1, 2);

2. Stockworks and veinlets associated with quartz and car-
bonates (PI. I, 3, 4);

3. Sulphide impregnation+veinlet of dacite porphyry (PI. I,
4-6);

4. Disseminated sulphidesin vein selvages (Pl. |, 7, 8);

5. Weathered ores.
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Au-bearing quartz-sulphide veins -

The main ore mineralization is found in 6 major quartz-sul-
phide£carbonate veins that cut the Upper Carboniferous
Zelezniak intrusion and Paleozoic flysch-like rocks. These
veins strike E-W and dip about 60—85° to the N or S (Figs. 6,
13, 14). The quartz-sulphide+carbonate vein thickness range
from 0.06 to 1.4 m. They are typically from 300 up to 350 m
long with the exception of the Miner consolation vein, which
measures about 2 km in length, and up to 1.4 m in thickness.
Most of those veins run concordantly with the direction of the
anticlinal axis of the Radzimowice schists. The veins are cut by

B
NNE

Zeledniak intrusion

Radzimowice schisis

Chmielarz schists: sericite-chlorite schist
with interbedded inserts of massive
greenstone and siliceous schist

Cpartzite Fault

i

Fig. 13. Geological cross-section along A—B profile on the Fig. 6 (modified after Mikulski et al., 1999)

Miner consolation vein
Alexandra vein
Maria vein
Olga | vein
Wanda vein

m OO X 0

Fig. 14. Diagrams of the various vein orientations
at the Radzimowice Au—As—Cu deposit
(after Paulo, Salamon, 1974b)

transverse faults displacing them up to several meters. In por-
phyries and metamorphic schists, sulphide impregnation up to
several meters broad occurs in the walls adjacent to the veins
(Fig. 15).

According to old mining records, average gold contents
vary between veins, but up to hundreds of grams per ton of
gold (typically about 5-8 ppm). The richest Au-bearing ores
were from the Klara and Wanda veins with an average Au
concentration of 17 and 19.58 ppm, respectively (Manecki,
1965). Some sporadically or never exploited veins such as the
New Vein or Herman have fissures and gaps filled with
sulphidized tectonic clays. The contents of gold in the vein
selvages of the Miner consolation vein ranged from traces up
to several ppm. In the dacite porphyries, the highest ore
grades occur in zones with stockworks that underwent perva-
sive hydrothermal alteration. The stockworks consist of
sulphides or quartz+carbonate-sulphide veinlets with thick-
nesses from several mm up to 3—5 cm. It is accompanied by
disseminated sulphides in the wallrock zone up to 15-20 cm
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Fig. 15. The cross-section through the vein ore body number 1 at the Radzimowice Au—As—Cu deposit (after Krajewski, 1960)

The main adit +430 m a.s.1.

thick. Stockworks are irregularly distributed and have almost
vertical dips. Besides, brecciated lamprophyre veins that are
cemented by sulphides were described during exploration of
the Miner consolation vein by Manecki (1963, 1965). These
lamprophyre dykes trend parallel to the Miner consolation
vein, and they attain up to several hundreds of meters in length

and 2.5-3.0 min thickness. The central part of the Miner con-
solation quartz vein occasionally consisted also of kersantite
that was mineralized on both sides by ores (Zimnoch, 1965).
The kersantite additionally observed in the northern part of
the deposit where was cut by the Maria vein (Paulo, Salamon,
1974b; Fig. 16).

ORE MINERALIZATION IN QUARTZ-SULPHIDE-CARBONATE VEINS

In the main quartz veins (e.g. Miner consolation) two pre-
vailing generations of sulphides occur. The first one contains
Co-arsenopyrite and pyrite, and the second one contains base
metal sulphides. The sulphides of the oldest generation are
strongly brecciated and cemented by quartz, carbonates and
sulphides of the younger generations (Fig. 17A, B). The barren
parts of the veins consist mainly of quartz and in the central and
brecciated zones they also contain calcite, ankerite, dolomite,
siderite and barite of younger generations. In the high-grade part
of the veins, the sulphide ores are intergrown as massive and
coarse network patches up to several centimetres in diameter.
They also form aggregates, veinlets and impregnations in
gangue quartz and carbonates. Arsenopyrite and pyrite are usu-
ally dominant, however, locally chalcopyrite may become more
abundant. Arsenopyrite occurs separately as massive euhedral
crystals, strongly brecciated and intergrown with pyrite, chalco-
pyrite and minor loellingite. This arsenopyrite, especially from
the richest gold sulphide ores in the northern part of the deposit,
reveals constant cobalt content of up to ca. 6.5 atom. % (atomic
percent) and shows a compositional variability in its As contents
ranging from 32.2 up to 37.5 atom. %.

The other minerals that have been recognised in the main
quartz vein are cobaltite, gersdorffite, linnaeite and scheelite. The
minerals of the As—Co—Ni association occur mainly as fine inclu-
sions in Co-bearing arsenopyrite; however, gersdorffite was also
observed as separate anhedral crystals. Cobaltite was also de-
scribed from the Wanda vein (Manecki, Mtodozeniec, 1959).

Euhedral scheelite crystals are characteristically zoned and
up to 1 mm in size in gold-rich samples (Mikulski, 1999).
Scheelite forms either growths on the Co-arsenopyrite or inclu-
sions.

Pyrite occurs mainly as anhedral crystals forming coarse ag-
gregates up to several centimetres in size or as euhedral poikilitic
crystals of variable size. Pyrrhotite appears usually as globular
blebs within pyrite, chalcopyrite, or arsenopyrite.

The younger base metal sulphide stage contains chalcopy-
rite, sphalerite, galena, and minerals from the tetrahed-
rite-tennantite group with carbonates (Fig. 17C-G, [). Among
these minerals, chalcopyrite is most abundant and forms
anhedral aggregates up to several centimetres in size and tiny
veinlets that cement fractured sulphides of the older genera-
tion. Chalcopyrite occurs in several successive generations
(Manecki, 1965; Zimnoch, 1965; Mikulski, 1999). Sphalerite
forms aggregates of fine- to medium-size grains or individual
grains up to 3 mm in diameter. Three varieties of sphalerite
occur. The first variety is black with high Fe (~10 wt %) and
Cd (1.3 wt %), and low Ge, In and Ag contents. Sphalerite |
crystallized at temperatures of 370-430°C according to
Kullerud’s sphalerite geothermometer (1953; in Manecki,
1965). The second variety of sphalerite occurs in star-like
shapes within chalcopyrite what may indicate solid state
exsolution, simultaneous crystallization of similarly oriented
nuclei (Ramdohr, 1969; Piestrzynski, 1992) or replacement
of chalcopyrite by sphalerite (Augustithis, 1995). However,
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Fig. 16. Fragments of the Radzimowice Au—As—Cu deposit at —142 m and —195 m exploitation levels
(after Paulo, Salamon, 1974b)
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Fig. 17. Reflected light microphotographs of ore minerals and the table of the mineral sequence of the Radzimowice deposit

A —strongly fractured and cataclased Co-arsenopyrite cemented by quartz and carbonates (black); B — fractured aggregate of Co-arsenopyrite cemented by py-
rite, chalcopyrite, pyrrhotite, and quartz and carbonates (black); C — sphalerite star-like inclusions in chalcopyrite (sample no. Rdz 6a ); D — Co-arsenopyrite re-
placed by chalcopyrite; E —inclusions of sphalerite in chalcopyrite; F — chalcopyrite replacement by minerals from the tetrahedrite group, galena and sphalerite
in association with carbonates; G — linear inclusions of chalcopyrite in association with galena, tetrahedrite in sphalerite (sample no. S-5b); H — marcasite re-
placements of anhedral coarse-grained chalcopyrite (sample no. R29); I — the ore mineral succession in the main quartz-sulphide veins at the Radzimowice
Au—-As—Cu deposit. Note: the range of quartz temperature crystallization according to fluid inclusion measurements.

Abbreviations: asp — arsenopyrite, Bi — native bismuth, bs — bismuthinite, chp — chalcopyrite, fa — tetrahedrite group, ga — galena, mrc — marcasite, po —

pyrrhotite, py — pyrite, sf — sphalerite.

<
<

the presence in the samples of star-shaped and skeletal
exsolutions of sphalerite or lamellar exsolutions of cubanite
in chalcopyrite suggests high temperatures of precipitation
(Barton, 1973; Barton, Skinner, 1979). Cubanite exsolution
lamellae define minimum temperatures ranging from 250 to
300°C. The third variety of sphalerite is commonly found in
“spotty dolomite” samples from the central parts of the Miner
consolation vein. It is pale-brown to honey-yellow. Electron
microprobe analysis indicates iron contents of lower than 1.5
wt %. Fine-grained sphalerite III, up to 0.4 mm in size, over-
grows boulangerite and bournonite. In other parts of the de-
posit the base-metal sulphides are associated with calcite in-
stead of dolomite and may be surrounded by siderite.

Galena occurs mainly in the Miner consolation vein where
it forms pockets weighting up to several kilograms. Galena is
intergrown with sphalerite and/or chalcopyrite or as small in-
clusions, or as veinlets in older-generation sulphides. Galena
may contain inclusions (up to 0.03 mm in size) of bournonite
(CuPbSbS;), boulangerite (PbsSbsS;;), acanthite (Ag,S) and
aikinite (PbCuBiS;).

Marcasite is commonly present in samples associated with
pyrite and in veinlets (up to few millimetres thick) or less com-
monly replacing older sulphides (Fig. 17H). In some ore-bear-
ing quartz sample veinlets of chalcedony and/or alkalic feld-
spar (orthoclase or adularia) associated with fine-grained
sulphides, occur randomly.

SULPHUR ISOTOPE DISTRIBUTION PATTERN

The sulphur isotopic compositions of 43 sulphide (pyrite, ar-
senopyrite, chalcopyrite, galena and sphalerite) samples range
from —2.44 t0 +3.63 %0 &° 4SCDT with characteristic values for py-
rite from 0.15 to 1.65 %o 8°*Scpr (arithmetic average = 0.93, n =
20; standard deviation (std.) =0.44, Fig. 18). Coarse-grained py-
rites from massive ores have sulphur isotopic compositions from
0.29 to 0.73 %o 834SCDT, whereas those that are associated with
base metal and arsenic sulphides range from 0.93 to 1.65 %eo.
Chalcopyrite reveals similar value range of 834SCDT from 0.38 to
0.98 (arithmetic average =0.65,n=>5, std. =0.23). By contrast,
the sulphur isotopic compositions of galena from the py-
rite-sphalerite-chalcopyrite-galena ore range from —0.23 to
—1.13 %o and those of sphalerite from 2.76 to 3.63 %o.

Arsenopyrite samples derived from massive arsenopyrite
ores have a wide range of the sulphur isotopic compositions
from —2.44 to 2.29 %o, with exclusion of arsenopyrite sample
from a quartz vein crosscutting dacite with value of —0.16 %o.
Single arsenopyrite crystals up to 2 mm in diameter and their
characteristic twins have the sulphur isotopic compositions
from 0.85 to 1.13 %o. The average sulphur isotope composition
of pyrite, chalcopyrite, galena and the most arsenopyrite clus-
ters compose values 834SCDT from—1 to + 2 %o (arithmetic aver-
age=0.84,n=137, std. =0.44), which may indicate a magmatic
source of sulphur (Ohmoto, 1986). Higher values of sulphur
isotope composition in sphalerite (up to 3.6 %o) may indicate
the sulphur contribution from the country rocks (Ohmoto,
Goldhaber, 1997).
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Fig. 18. Sulphur isotope composition of sulphide minerals
within the gold-bearing ores from Radzimowice
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ARSENOPYRITE GEOTHERMOMETER DATA

Three varietes of arsenopyrite with different contents of As
and S from the Radzimowice deposit have been recognized
(Fig. 19; Tab. 3). Arsenopyrite [ occurs as fractured single large
grains of a prismatic habit from 0.3 mm up to a several mm in
size and as massive aggregates intergrown with or replacing
pyrite. In some samples arsenopyrite forms intergrowths with
loellingite. Moreover, inside arsenopyrite, it is possible to find

S

o Arsenopyrite | S

e Arsenopyrite Il
o Arsenopyrite Ill

Fe/(As+S)=1/2

Fe As

Fig. 19. Plot of the atomic percent composition
of arsenopyrites from the Radzimowice Au—Cu—As deposit

fine relics of loellingite or inclusions of other sulphides
(pyrrhotite or chalcopyrite). This arsenopyrite may also contain
inclusions of gold, native bismuth and tellurium minerals. Ar-
senopyrite I, especially from the richest in gold sulphide ores of
the northern part of the deposit, revealed a constant cobalt ad-
mixture from 0.5 up to 6.5 atom. % Co (arithmetic average X ,—pg
= 3.3 atom. % Co). Some grains of this Co-bearing arsenopyrite
revealed up to 71 ppm Au (determined by GF-AAS methods)
and about 1 wt % Co (by XRF method). This Au+Co-bearing ar-
senopyrite shows compositional variation ranging from 34.8 to
37.5 atom. % As with an arithmetic average of 35.8 atom. % As,
(o =%1.4); n =28 measurements. It has a deficiency of sulphur
from 2 to over 3 atom. % . The majority of these arsenopyrites
are not suitable for geothermometry except for 3 arsenopyrite
grains that have Co-admixture below 1 atom. % (As content
34.8-35.5 atom. %). To establish the temperature range for this
arsenopyrite, it should be assumed that the beginning of its crys-
tallization took place at the arsenopyrite-pyrrhotite-loellingite
buffer of AS,) due to pyrrhotite and loellingite presence. How-
ever, the presence of pyrrhotite is limited only to small inclusions
in arsenopyrite. According to the isopleths of arsenopyrite com-
position in the logf(S,) — T plot from Kretschmar, Scott (1976),

modified by Sharp et al., (1985), the temperature ranges between
495 and 535°C, and sulphur fugacity — logf(S,) for arsenopyrite
varies from —6.5 to —8.2 (Fig. 20; field A).

Arsenopyrites II form single grains of thombohedric habits
up to 1 mm in size or aggregates intergrown with quartz. It may
contain also Co admixtures similar to arsenopyrites of the first
variety. However, arsenopyrite II contains usually lower Co
admixture, <1 atom. %. The composition of this arsenopyrite is
ranging between 32.0 and 34.1 wt. % As. Arithmetic average of
these arsenopyrites is 33.1 atom. % As (std. = £1.2) close to
stochiometric value. Their sulphur content, like arsenopyrite of
the first variety, characterized by a decrease of sulphur from 1
up to 2 atom. %. Conditions close to arsenopyrite-pyr-
rhotite-loellingite buffer of AS,) have been assumed only for
these arsenopyrites that contain Co-admixture less than 1 atom.
% Co (As content varies from 32.2 to 33.8 atom. % As). Ar-
senopyrite Il could have originated at temperature from 345 to
455°C (arithmetic average = 400°C) and sulphur fugacity —
logf(S,) for the range of arsenopyrite I (Fig. 20; field B) varies
from —8.2 to —12.9. A similar range of temperatures of arseno-
pyrite and pyrite crystallization from 428 to 368°C was ob-
tained by Machowiak, Weber-Weller (2003) from sulphur iso-
tope geothermometry.

Arsenopyrite 111 is different from the previous ones. Arseno-
pyrite 3rd occurs as fine-grained euhedral crystals in thin quartz
veinlets cutting dacite porphyries. This arsenopyrite may be as-
sociated with pyrite or/and galena veinlets and sulphosalts.
Arsenopyrites I11 are of thombohedric or acicular habits and may
form cross twins of crystals. This arsenopyrite represents
the youngest generation. It contains less than 31 atom. % As and
has the arithmetic average value of 29.9 atom. % As (std. =

T T T T T
300 400 500 600 700
temperature (°C)

Fig. 20. Projection on log f(S,) versus temperatures diagram
of the arsenopyrite microprobe analyses
(from Kretschmar, Scott, 1976; modified by Sharp et al., 1985)
Shaded area shows range of arsenopyrite compositions from Radzimowice
deposit; As —arsenic, Asp —arsenopyrite, L —liquid sulphur, Lo —loellingite,
Po — pyrrhotite, Py — pyrite
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Statistic parameters of the As contents in arsenopyrite from the Radzimowice deposit

Table 3

and their crystallization temperatures (ac. to arsenopyrite geothermometer by Kretschmar and Scott, 1976)

Location Arsenopyrite As[atom. %] Number Interval of arsenopyrite
type of samples crystalization [ °C]
- . arithmetic standard
minimum maximum S

mean deviation

Arsenopyrite | 34.81 37.45 35.81 143 28 535495
Radzimowice :

Co<1 atomic% Arsenopyrite || 32.01 34.13 3311 121 9 445-345
Arsenopyrite 11 28.75 30.98 29.95 0.58 25 370—<300

10.6); n=25 and is free of admixtures. This arsenopyrite compo-
sition ranges from 28.8 to 31.0 atom. % As, equivalent to the
temperature ranges between 370°C and below 300°C (outside

the stability field of arsenopyrite) along the arsenopyrite-pyrite
buffering curve. Sulphur fugacity — log /{S,) for the range of ar-
senopyrite I1I varies from —7.5 to —11.2 (Fig. 20; field C).

GOLD MINERALIZATION

Gold contained in the structure of the common sulphide
minerals (as a result of solid solution decomposition or chemi-
cally bound) and present as a discrete inclusions smaller than
1000A are collectively termed “submicroscopic gold”, “invisi-
ble gold” or nanogold not detectable by optical and scanning
electron microscopy (Biirg, 1930; Boyle, 1979; Gasparrini,
1983; Cook, Chryssoulis, 1990). In opposite, gold observed
under microscopy (>1pum in size) is defined as visible gold or
microscopic gold. In the metallurgy term refractory gold beside
invisible gold is also used for gold which is refractory to con-
ventional cyanidation (Johan et al., 1989).

Previous investigators (Cabri et al., 1989; Cathelineau et
al., 1989; Cook, Chryssoulis, 1990; Fleet ef al., 1989) demon-
strated that submicroscopic gold exists mostly in arsenopyrite
and arsenian pyrite both in solid solution in the crystal lattice
and as discrete colloidal particles. Gold is preferentially con-
centrated within As-rich zones of arsenian pyrite (Fleet,
Mumin, 1997) and in As-rich and (Sb+Fe)-poor zones of ar-
senopyrite.

According to the analytical techniques used to detect gold in
sulphide samples from the Kaczawa Mountains gold mineraliza-
tion occurs as microscopic and submicroscopic ones. Based on
those results Mikulski (2000a) proposed the classification of the
microscopic gold from the Western Sudetes (Fig. 21). Electron
microprobe investigation and GF-AAS methods detected the
bulk gold in arsenopyrite and As-rich pyrite. At the Radzi-
mowice deposit concentration of gold in Co-bearing arsenopy-
rite is over one order higher than in pyrite as evidenced by
GF-AAS methods (71 ppm and 5.1 ppm, respectively).

In Radzimowice electrum, native gold and maldonite rep-
resent the microscopic gold. Electrum occurs as inclusions or
micro-veinlets associated with pyrrhotite or chalcopyrite fill-
ing fractures in Co-arsenopyrite (P1. II). Electrum grains (0.25
mm) were also observed among quartz fibres or as inter-
growths with tellurium and bismuth minerals. Electron mi-

cro-probe revealed several gold grains, containing significant
amounts of silver, with Au:Ag ratio varying from 0.62 to 0.75,
thus corresponding to electrum. Electrum forms also compos-
ite inclusions built of native bismuth, bismuthinite or hessite
intergrowths (P1. 11, 1-6).

Maldonite (Au,Bi) was also recognized in association with
gold, native bismuth, bismuthinite, hessite, and sulphotellu-
rides forming inclusions in Co-arsenopyrite.

Bismuthinite is scarcer and mainly occurs together with na-
tive bismuth. In places polar inclusions of gold-bismuth myr-
mekites formed as a result of solid solution decomposition of
maldonite at temperature of about 270°C (Elliot, 1965 in Afifi
et al., 1988). Its polar zones may contain up to 34 wt % of Bi
and 64-66 wt % of Au, respectively (Tab. 4).

Besides electrum and silver-bearing tetrahedrite, other
Ag-rich minerals such as acanthite (f—Ag,S) and Ag, Pb and Bi
sulphosalts occur in fractures in galena in association with car-
bonates. Silver, lead and bismuth sulphosalts are present, with
members of the gustavite-lilianite-galenobismuthite group
(Fig. 22).

Hessite (Ag,Te) is the main tellurium mineral present, with
members of the rucklidgeite (PbBi,Te4) — volynskite (AgBiTe,)
solid solution series (P1. II, 1). Hessite typically occurs in frac-
tured Co-arsenopyrite as globular inclusions up to 40 pm in di-
ameter, although it can form larger grains intergrown with cal-
cite and Ag, Pb and Bi sulphosalts. The composition of the
hessite grains ranges from 54 to 63 wt % Ag and from 31 to 37 wt
% Te (Tab.4). Hessite contains up to several wt % Au and Pb, in-
dicating the presence of the different phases of the solid solution.
Moreover, Ag, Pb and Bi sulphotellurides occur as fine inter-
growths with magnetite and ankerite that are replace arsenopy-
rite-chalcopyrite aggregates.

Available geothermometric data indicate that most tellu-
rides in veins were deposited at temperatures less than 350°C
(Afifi et al., 1988). The deposition of tellurides is restricted to
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Table 4
Chemical compositions of minerals from the Au—Ag-Te—-Bi—Pb-S associations
from the Radzimowice deposit, electron-microprobe analyses

Ele- Electrum Maldonite Hessite Rucklidgeite-volynskite Gustavite Treasurite (?)
ment (Au,Ag) (AuzBi) (Ag.Te) (PbBi,Te,~AgBITe,) (AgPbBI;S) (Ag7PbsBi15Ss,)
Au | 6859 | 65.20| 61.13| 656| 64.79 - 1.05* | 0.04* | 0.36* 175 - - 0.89| 145 - - -
Ag | 2956 | 35.32| 3719 - - 6253 | 53.99| 61.51| 29.08| 36.35| 47.91| 11.03| 951 | 9.77| 32.28| 28.45| 30.78
Te 1.68 - - - — 36.23| 30.81| 34.76 | 13.52| 16.68| 27.72 - - — 15.74| 14.28 | 15.01
Bi - - - 31.0| 31.80 - 9.02 —| 3364 | 2657 | 12.17| 48.09| 5548 | 52.72| 30.99| 35.12| 34.19
Pb - - - - - - 3.76 | 2.58* | 20.62| 1850 | 12.69| 22,57 | 20.55| 21.11| 10.30| 12.70 | 13.14
Fe - - - 1.09 2.10 1.00| 0.33* 0.84| 110 1.43 171 175| 246 5.25 258 | 044 0.29*
Cu - - - - - - - - - - - - - - | 306 | 0.24* | 0.26*
As - - - - - — | 143 | 1757 | - - - - - - - - -
Se - - - - - - - - |o1x| - - - - - - - -
Co | - - - 061| 009 | - - - - - - - - - - - -
S - - - - - 032| 109| o026| - - - | 1450| 11.80| 11.10| 693| 7.21| 6.06
Totd | 99.83|100.52 | 98.71| 98.3| 10240 | 100.08 | 101.32 | 101.69 | 98.44 | 101.23 | 100.95 | 97.90 | 99.98 | 101.46 | 101.89 | 98.09 | 99.54

* error > 1 std.

one or two stages that always follow initial crystallization of
sulphides. The bismuth-tellurium-gold-silver-lead minerals of
Radzimowice deposit are all characterised by low melting
points; maldonite melts at 371°C and acanthite crystallizes be-
low 194°C (Afifi et al. 1988; Barton, Skinner, 1979). The ex-
perimental data of Cabri (1965) shows that the limits of
electrum composition for the assemblage electrum — hessite are
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Fig. 22. Pseudo-ternary plot of (Cut+Ag)-Pb—(Bi+Sb) mineral
compositions from the Radzimowice Au—As—Cu deposit
(mineral division after Cook, Ciobanu, 2004)

Agio—AuysAgrs at 356°C and Agyop—Au,Agry at 290°C. Con-
sequently, the Au—Ag—Bi-Te—Pb+S mineral association be-
longs to the hydrothermal low temperature mineralization in
which the appearance of tellurides after initial deposition of
sulphides reflects an increase in the tellurium/sulphur fugacity

ratio due to input of H,Te from a magmatic source (Barton,
Skinner, 1979; Afifi et al., 1988; Fig. 23).
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ORE MINERALIZATION IN THE COUNTRY ROCKS

Ore mineralization occurs also in the country rocks of the
Zelezniak intrusion. In dacite porphyry pyrite occurs mainly
as euhedral crystals up to 1 mm in size, and as coarse aggre-
gates of variable grain size. Pyrite has of poikilitic cores with
abundant quartz, and rare galena, sphalerite, chalcopyrite or
rutile inclusions and massive inclusion-free rims (P1. 111, 1).
The pyrite may be intergrown with gangue minerals and it
commonly forms pseudomorphs after biotite or plagioclase
phenocrysts (P1. [11, 3-4). Coarse or fine-grained euhedral ar-
senopyrite crystals precipated with pyrite but they appear less
commonly. They contain inclusions of globular pyrrhotite
and irregularly shaped base metal sulphides (P1. 11, 2). Pyrite
and arsenopyrite crystals are fractured and cemented by
Cu—Zn—Pb sulphides. Pyrite and sphalerite are usually re-
placed by marcasite. Marcasite also occurs as thin veinlets
that cut earlier sulphides or gangue. Ti-oxides appear mostly
as fine-grains associated with calcite or epidote pseudo-
morphs after biotite phenocrysts, or as crystals of up to 2 mm
in size (rutile, titanite, anatase, and brookite) that are
intergrown with carbonates and replace rock forming miner-

als (e.g. biotite) (P1. 111, 1, 4-5). Hydrothermal muscovi-
te-rutile-leucoxene assemblages have symptoms of the seri-
cite alteration. Siderite anhedral crystals occur in association
with pyrite and calcite, indicating Fe remobilization from pri-
mary sulphides (P1. 111, 6). In some dacite samples, crown-like
structures consisting of fine acicular silica crystals occur
around quartz phenocrysts, indicating the presence of chalce-
dony (PL. 111, 3).

The lamprophyres contain fine-grained (0.01 to 0.3 mm)
disseminated sulphides mainly within the groundmass, but also
in pseudomorphs after phenocrysts (P1. 111, 7). The sulphides
are represented mainly by marcasite and arsenopyrite with mi-
nor pyrite, chalcopyrite, pentlandite and pyrrhotite. Ti-oxides
formed pseudomorphs after biotite and hornblende crystals
(PL 111, 8).

In quartz-sericite-graphitic schists mineralization consists
of calcite-sulphide veinlets and irregularly distributed fine- or
medium-grained disseminated sulphides and Fe-hydroxides,
and Ti-oxides. The oldest pyrite generation has a framboidal
texture and occurs as impregnations (Sawtowicz, 1987).

ORE GEOCHEMISTRY

A total 178 rock samples, in part sulphide-bearing, col-
lected from the mine dumps and the rock outcrops were subject
of investigation for contents of over 50 elements (Tab. 5). They
include samples from the northern (99) and the southern (69)
parts of deposit, as well as from underground workings of the
Luis shaft surroundings (10 samples). Mineralized rock sam-
ples are represented by the following ore types: massive sul-
phide, quartz-sulphide veins, sulphide impregnated rocks and
quartz stockworks.

CORRELATIONS

According to the old mining reports the Wanda and Klara
veins (N ore field) have the highest gold contents, and the
Miner consolation vein (S ore field) has the lowest gold con-
tents. Chemical determinations made for this study confirmed
this observation. The average Au concentration in samples
from the northern area is 6.9 ppm for n= 109 samples, and from
the southern area 1.7 ppm (n=69; Tab. 6). The massive arseno-
pyrite-pyrite-chalcopyrite ores with copper contents <4 % are
richest in gold (20—135 ppm). Distribution of metals is not uni-
form in the whole deposit (Fig. 24, 25). Arithmetic average val-
ues of Au, Te, and Co are higher in the northern part and of Sb,
Pb, As, and Cu in the southern part of the deposit (Tab. 6). Con-
tents of Pb and Sb are several times higher values in the south-
ern ore field. Ag and Bi arithmetic average values are relatively
similar in the both ore fields of the deposit (northern area: —33.0

ppm Ag for n = 109, —135.6 ppm Bi for n = 101, and in the
southern area: —32.9 ppm Ag for n =69, and —128.5 ppm Bi for
n=>51).

(1) Gold correlation is very strong with silver (northern
area: r=0.94; southern area: r = 0.84; Tab. 7), suggesting the
presence of electrum. This is confirmed by mineralogical stud-
ies, which yield a general gold fineness of 600—750. The corre-
lation with Cu (r — correlation coefficient = 0.60 and r = 0.66,
respectively) is explained by the fact that the presence of gold is
often associated with chalcopyrite. In the northern area the cor-
relations between gold and typical indicator elements, namely
As, Sb, Bi and Te, show differences but are distinctly visible
(Fig. 25A, C, D, F). It is very strong Au correlation with Bi and
Te (r=10.94) and weaker with As, Sb and Pb (r = 0.4). Here, the
younger stage of Au mineralization overprinted the older gen-
eration of Co-bearing arsenopyrite-sulphide association and
form mineral assemblage of Au—Ag—Bi—Te—Pb—Fe-S (galena,
pyrite, tetrahedrite, native bismuth, bismuthinite, gold,
electrum, hessite, gustavite, tellurides and sulphotellurides)
and carbonate minerals that occur much frequently in the
southern part. Carbonates are represented by fine veinlets with
different proportions of calcite, dolomite, ankerite and siderite.
It was previously reported that Au correlates here with CaO and
MgO —r = 0.46 and 0.47, respectively (Mikulski, 1999). The
strong correlation between Au and Cd (r = 0.57) indicates a
constant cadmium admixture in sphalerite and pyrites and most
probably is related to Au affiliation with those minerals. Gold
correlation with Co (r= 0.40) is not clear due to a limited quan-
tity of samples (n = 27).
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Table 5
Representative geochemical composition of ore and rock samples from the Radzimowice deposit
Sulphide ore Q.vein Sulphide ore Schist
s13 | s15 | s27 | s10 | s25 | 520 | M-19 [ M-22 | Ms2 | Ms7 [ ms36] m21 | Res | RO | s5
Major elements [wt %]
SO, 35.00 | 35.00 5.00 70.00 | 45.00 | 79.93 | 13.00 4.00 9.45 554 | 46.00 | 68.00 | 61.09 | 57.25 | 63.10
Al;0s 0.86 0.06 0.76 4.98 0.35 0.83 0.12 0.46 2.23 0.49 0.32 9.24 12.17 | 10.26 4.38
Fe03 19.10 28.3 48.6 6.06 33.3 6.8 41.9 51.2 | 4859 | 415 25.00 9.88 7.76 14.74 | 12.42
MgO 0.22 0.24 0.33 0.44 2.48 0.29 0.96 0.80 157 1.26 0.98 0.40 1.10 0.66 1.22
Cao 0.46 0.85 0.73 0.45 1.27 0.61 2.21 1.06 2.43 4.08 231 0.281 0.67 0.087 2.83
Na,0 0.05 0.01 0.01 0.05 0.05 0.02 0.01 0.01 0.01 0.01 0.01 0.07 0.16 0.18 0.10
K20 0.48 0.02 0.39 2.95 0.03 0.59 0.03 0.16 0.44 0.17 0.17 3.29 541 2.37 242
TiO, 0.02 0.01 0.04 0.14 0.05 0.02 0.01 0.01 0.02 0.013 0.01 0.12 0.52 0.31 0.21
P,Os 0.01 0.01 0.01 0.03 0.01 0.01 0.01 0.01 — 0.01 0.01 0.001 0.13 0.02 0.04
MnO 0.03 0.02 0.01 0.02 0.08 0.02 0.04 0.02 0.04 0.05 0.04 0.02 0.04 0.01 0.23
S 1942 | 17.80 | 26.67 3.74 15.71 3.75 28.79 | 27.13 | 3047 | 3142 | 12.89 4.43 0.13 0.3 4.26
LOI 3.00 5.00 2.00 5.1 3.00 5.00 5.00 5.00 2.00 3.00 - - 5.26 12.00 5.00
As 19.10 6.81 13.4 534 |0.0256| 0.26 2.86 6.68 0.86 4.82 0.345 341 |0.0713 | 0.161 0.79
Cu 03210 | 6.11 1.01 | 0.0386 | 0.0868 | 0.807 3.3 371 | 06059 | 6.43 11.9 | 0.0435 | 1.4258 | 0.0157 | 0.277
Pb 0.7610 | 0.0076 | 0.0230 | 0.406 | 0.0534 | 0.0085 | 0.0437 | 0.0296 | 0.05 | 0.0685 | 0.0218 | 0.0058 | 0.0027 | 0.1584 | 0.915
Zn 0.0492 | 0.0746 | 0.0197 | 0.0304 | 0.116 | 0.0268 | 0.121 0.13 [0.0163 | 0.261 | 0.256 | 0.0225 | 0.0222 | 0.006 | 0.193
Total 98.90 | 100.31 | 99.00 | 99.81 | 101.62 | 98.96 | 98.39 | 100.41 | 98.78 | 99.12 | 100.26 | 99.21 | 9595 | 99.94 | 98.37
Trace elements [ppm]
Au 1.7 27.1 1.09 0.622 0.05 0.246 119 21.3 50 67.8 2.28 024 | 0254 | 0.122 | 0.565
Ag 93 206 27 18 51 12 436 63.2 155 169.8 | 152.4 6 18 86 79.0
Bi 124.7 | 351.7 | 552.2 49.3 43.7 22.9 1050 | 2218 475 558.3 38.8 50 — — 128.3
Co 6 2560 113 5 17 94 2060 | 4560 224 3400 148 14.2 27 15 6
Cd 134 174 4.2 3.9 21 4.8 20.8 25.29 53 41.05 46.9 25 — — 30.7
Cr 31 <5 21 23 16 41 - - - — — — = 45 125
Hg <1 <1 <1 <1 <1 <1 - - - — — — — — <1
Mo 4 6 5 21 1 6 - - - - - - - - 4
Ni 3.2 424 | 951 4.1 8.1 417 | 136 | 286 - 142 | 304 2.0 21.0 | 130 | 289
Sb 2650 120 145 491 141 51.5 61.1 103 - 81 23.3 — — — 1510
Sn 10.6 30.6 8.2 17.7 54.1 10.8 15.8 18.2 - 30.6 63.6 - - - 18.8
Te 1.6 72.2 17.6 0.2 <0.1 39 149.0 82.2 - 105.9 10.0 - - - 0.3
V 3.8 <2 155 19.5 5.8 175 11.9 7.9 - 154 <2 12 141 57 51.7
Ba 110 <50 580 520 <50 340 <50 <50 - <50 120 - 1352 371 380
Be 04 <0.1 0.34 2.05 6.43 041 0.16 0.27 - 0.29 0.23 - - - 134
Cs 1.09 0.22 0.92 3.75 0.87 1.69 0.40 1.13 - 1.28 0.39 - - - 4.16
Ga 35 13 4.5 20.0 6.2 4.0 32 105 — 10.7 31 - — — 155
Ge 17 14 1.9 0.7 0.3 0.2 0.6 0.8 - 0.7 0.5 - - - 1.0
W <15 77 12 <1 37 <1 — — — — - - — — <1
In 11 75.2 3.6 0.3 14.3 35 334 29.7 - 59.7 87.8 - - — 14
Li 6.3 31 2.7 11.3 11.3 12.6 9.3 14.7 — 12.0 5.9 - - — 21.4
Nb 17 0.2 14 9.9 1.8 0.9 0.3 0.4 15 0.5 0.1 9 - - 5.8
Rb 40 17 30 135 2.3 51 35 35 65 30 12.2 141 - - 130
Re 0.003 | 0.003 | 0.004 | 0.003 | 0.002 | 0.004 | 0.003 | 0.002 - 0.002 | 0.002 — — — 0.003
39 4.9 334 28.3 2.4 23.0 9.4 4.6 15 12.6 195.9 7 7.8 14.7 83.6
Sc 0.7 0.2 25 33 15 14 19.6 2.6 — 17 0.8 — - - 6.8
Se 26.3 58.9 123.8 5.4 <01 84 50.0 55.6 - 54.2 40.7 - - - 2.8
Ta 0.13 <0.1 0.11 0.84 0.15 <0.1 <0.1 <0.1 — <0.1 <0.1 - - - 0.41
Tl 0.5 0.1 0.6 22 0.8 0.5 0.3 0.4 - 0.5 0.6 - - - 1.3
Th 2.3 <0.1 11 10.3 17 0.3 <0.1 <0.1 - 0.3 0.6 - - - 6.8
U 0.7 0.8 1.6 4.7 0.8 9.1 0.4 0.3 - 1.8 2.0 - - - 24
Y 22 3.8 7.8 7.6 3.0 29 4.5 2.8 9 5.6 4.3 11 — — 8.8
Zr 179.3 | 1494 | 2432 | 1395 18.5 30.7 30.4 67.9 9 50.9 8.5 73 - - 96
La 5.5 4.2 114 318 | 12916 | 124 32 15 - 6 12 — — — 10.6
Ce 10.5 7.7 24.7 59.9 235 20.2 5.7 3.3 — 9.3 25.9 - - - 20.9

Q. vein — quartz vein; S-13,

..y 3-5 — number of sample
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Table 6

Statistic parameters for comparison of the selected elements distribution within the northern (N) and southern (S) ore fields
of the Radzimowice deposit

Element Minimum Maximum Arithmetic average Standard deviation Number of samples
[ppm] N S N S N S N S N S
Au 0.001 0.001 135 33.8 6.91 1.70 22.72 5.23 109 69
Ag 141 15 436 227 33.03 32.89 71.78 42.04 109 69
Bi 74 0.01 1397 1860 135.56 128.52 237.35 310.25 101 51
Sb 0 0.01 105.54 2650 17.00 348.47 22.39 479.48 91 41
Co 15 15 4800 4398 1254.08 312.76 1601.22 936.30 22 35
Ni 2 15 248 247 37.61 40.56 57.90 63.79 16 25
\Y 1 1 178 163 55.11 45.08 67.65 50.51 16 25
Cd 0.22 0.43 63 30.774 6.07 5.87 14.95 7.26 101 51
Te 10.039 0.05 149.02 72.203 86.79 13.68 58.16 26.55 4 7
Sn 11.03 0 86.54 67.46 30.32 26.99 18.65 18.83 32 41
Ba 25 25 1749 1090 605.00 402.28 642.26 269.90 12 25
[wi%]
Cu 0.003 0.003 11.900 17.124 0.742 0.877 1.88 3.20 109 69
Pb 0.001 0.002 0.096 1.227 0.025 0.207 0.02 0.26 109 69
Zn 0.002 0.005 0.261 0.228 0.083 0.061 0.09 0.07 22 35
As 0.004 0.005 6.680 27.866 1.733 4.351 1.44 7.45 109 69
S 0.130 0.140 36.980 28.580 18.189 6.539 14.49 8.93 20 29
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Fig. 24. The arithmetic average comparison of selected elements content in ppm between
the northern and southern ore fields at the Radzimowice deposit
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Microprobe measurements indicated an association of
Co-bearing arsenopyrite with gold, however, Co correlation
with As is strong only in the N part of the deposit. Gold and sil-
ver negatively correlates with SiO,, K,O, TiO, and Al,O3, indi-

o Northern ore field

X

Southern ore field

Fig. 25. The variation logarithmic plots of the selected trace and metallic elements
in the northern and southern ore fields of the Radzimowice deposit

cating rather development of alteration processes such as
sericitization, argillization, and silicification not coeval with
noble metals precipitation. The Au-bearing ores closer corre-
late with sulphidization (Au-S, r = 0.5).
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Table 7
Correlation matrix of selected elements for the rock samples from the northern and southern ore fields
at the Radzimowice deposit
Northern ore field Au Ag As Cu Pb Bi Cd Sh Sn
Southern ore field n=106 n=106 n=106 n=106 n=106 n=101 n=91 n=91 n=32
Au n=69 1.000 .9382 .3779 .6045 .3982 .9400 .5782 .3868 .0886
Ag n=69 .8438 1.000 .3038 L7175 .3795 19139 .6672 3781 .1608
As n=69 1702 .3451 1.000 .3166 .6810 4533 .2560 .3794 -.1680
Cu n=69 .6575 .6782 .2557 1.000 .2880 .6063 .9629 S .3263
Pb n=69 -.1093 .1966 1871 -.1810 1.000 4332 1571 -.0108 -.1818
Bi n=51 2927 .3851 4975 3279 —-.0559 1.000 4567 .3606 —-.0834
Cd n=51 .0765 .2596 -.0351 .0567 .2333 -.0060 1.000 .4068 .2975
Sh n=41 -.0418 4199 .3230 —-.0430 .5499 1023 .3547 1.000 .3372
Sn n=41 .0098 —-.0393 —-.0951 -.0279 —-.0667 —.2042 1210 -.1746 1.000

Bold written digit indicates moderate and/or strong (underline) correlation value between selected elements; n — number of samples

(2) Silver displays also a strong correlation with Cu (r =
0.68-0.72) and Te (r=0.80) in the whole deposit areas. In the
northern part of the deposit Ag has a strong correlation with Bi
(r=0.92) and Cd (r=0.67) and a weaker correlation with Pb,
As, Zn, and Sb (r=~0.4) suggesting not only a base metal sul-
phide association. In the southern part silver correlates with
Bi, Cdand Sb (r=0.38;0.26 and 0.42, respectively). An arith-
metic average of silver concentration is 33.0 ppm forn= 178
samples (range 1.4-436 ppm) is a highest value among the
late Variscan gold deposits in the Western Sudetes (Mikulski,
2001).

(3) Copper correlates additionally, in the northern part of
the deposit, with Cd (r=0.96), Bi (r=0.61), and Sr, and much
weaker with As, Pb, Zn, Sb, and Sn. In the southern part Cu
correlates only with Bi, Zn and Co. Correlation of Cu with Cd,
As and Co indicate for association of chalcopyrite with
Cd-bearing pyrite and Co-bearing arsenopyrite. Arithmetic
average of Cuis 0.74 % (n=109) in the northern area and 0.88
% (n = 69) in southern part of deposit. Cu concentration is
from 0.003 up to 17.1 %.

(4) Arsenic has a correlation with Pb, Bi, Cd and Co.
The arithmetic average of arsenic concentration in ore sam-
plesis 1.7 % As (range from 0.04 to 6.7 % As) in northern
area, and in the southern part of the deposit reveals higher
arsenic average value —4.3 % (for n = 41 samples; range
0.004 —27.9 % As).

(5) Bismuth displays in the northern area a strong correla-
tion with Au and Ag (r > 0.91; n = 101), and weaker with Cu,
Cd, and As (r=0.61; 0.46 and 0.45, respectively). Bi has also
significant correlation with Te (r = 0.6; n = 11) and negative
correlation with SiO, (r=-0.70; n=21). An arithmetic average
of Bi concentration in the northern part of the deposit is 135.6
ppm (range 7.4-1397.4 ppm; n = 101) and in the southern area

128.5 ppm (range 10-1860 ppm; n = 51; Fig. 25C). The aver-
age Bi concentration within the Radzimowice depositis ca. 133
ppm (n = 152). Distribution of Bi in the deposit is mostly con-
nected with appearance of native bismuth, bismuthinite, and
Bi, Ag and Pb sulphosalts.

(6) The range of tellurium concentration is from 0.05 to 149
ppm (n = 11). Arithmetic average is 49.3 ppm for the whole
area. The presence of tellurium within Radzimowice deposit is
very important feature that should be considered during the
geochemical and mineralogical divagation. Preliminary results
of Te geochemical investigation are limited by small numbers
of analysed samples.

(7) Sb concentration within deposit varies significantly
between the northern and southern parts of the Radzimowice
deposit. An arithmetic average of Sb in gold-bearing sam-
ples at Radzimowice deposits is 134.9 ppm. Positive corre-
lation of Sb with Pb and As indicate for tetrahedrite-tennan-
tite distribution, especially in the southern part where Sb an
arithmetic average value (348.5 ppm forn=41) is almost 20
times higher than in the northern area (17 ppm forn=91). Sb
has positive correlation with Au (r = 0.39).

(8) Cobalt within sulphide ores, especially in the northern
part of the deposit, has arithmetic average = 0.13%. However,
generally it may reach up to 0.48%. Presence of Co is con-
nected with its own minerals and with its admixture in arseno-
pyrite (Mikulski, 2001). Cobalt has a positive correlation with
Au(r=0.51;n=57),Ag(r=0.52),Bi(r=0.33; n=32), Fe,0;
(r=0.48), and S (r =0.4; n=50) and negative correlation with
SiO, (r=-0.65; n=43). There are also correlations of Co with
other metallic elements such as: As (r=0.04; n=57) and Cu (r
=0.13). Cobalt distribution within deposit was earlier reported
from the Wanda vein from 0.084 do 0.91% (Manecki,
Mtodozeniec, 1959). A very strong correlation of cobalt with
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gold high-grade samples is well visible on
the Figure 25E. In samples with Au contents
>100 ppm, Co concentrations are reaching up to
0.25%.

Sulphur displays strong correlation with total
iron that confirms its strong affinity to sulphides
and weaker correlation with Bi and Cd.

Position of most ore samples on the pseudo-
-ternary diagram of Au—-Ag-base metals (acc. to
Poulsen et al., 2000) falls in the epithermal gold
deposit field, strongly indicating low tempera-
ture ore-forming processes within the Radzi-
mowice deposit (Fig. 26).

GOLD TO SILVER RATIO IN ORES

Gold to silver ratios are highly variable, and
according to mining reports, may change verti-
cally and laterally within the specific veins. A
total of 132 auriferous samples with gold con-
tents > 0.5 ppm were selected from the entire set
of samples collected in the deposit area (Fig.
27). In this sample population, the gold to silver
ratio is between 1:2 and 1:8, with an average
arithmetic value about 1:8 (geometric average is
about 1:12).

The average arithmetic value of Au:Ag in the
northern and southern areas are 1:6.6 (n = 90;
geometric average is 1:8.9), and 1:15.8 (n = 42;
geometric average 1:22.2), respectively.

In the gold-rich samples > 3 ppm Au (n =17)
the average ratio is about 1:4 (geometric average
is about 1:5). The highest Au:Ag ratio, about 1:2
occurs in brecciated massive pyrite-arsenopyrite
ores that are overprinted by base-metal sulphides
(mainly chalcopyrite) and later cut by carbonate
veins associated with tellurides.

O Northern ore field

X Southern ore field

Carlin-type
deposits

" range of VMS

S K o
— T T T T
0 25 50 75 100
Cu + Pb + Zn [%)] Ag [ppm]

Fig. 26. Pseudo-ternary diagram of gold-silver-base metals
(after Poulsen et al., 2000) illustrating the estimated compositions
of Au-bearing ores in Radzimowice
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Fig. 27. Logarithmic plot of gold and silver ratio versus gold contents within
the ore samples of grade > 0.5 ppm Au from the northern and southern ore
fields at the Radzimowice deposit

GOLD AND BASE METAL CONCENTRATIONS IN BARREN ROCKS

Geochemical data set contains additional information con-
cerning gold and base metals assays of over 40 barren rock
samples comprising Radzimowice schists and igneous rock
suites. The barren Radzimowice schists were collected from

the Radzimowice deposit, the Wojcieszéw IG 1 borehole and
surface outcrops located about 3 km to NW from the deposit.
The igneous rocks comprise of dacite, rhyolite and lampro-
phyre from the country rocks in the Radzimowice deposit.
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Gold contents in the rocks from Radzimowice schists from the
considering here areas are very similar and range from below 1
ppb up to 8 ppb with an arithmetic average about 3 ppb.

The average concentrations of other elements within the
Radzimowice schists from the studied deposit (n=5) and from
the Wojcieszow IG 1 borehole (n =9, in brackets) are evidently
different, as shown here: Cu — 212 (55) ppm, As — 102 (24)
ppm, Pb—64 (20) ppm, Zn — 124 (103) ppm, Cr— 75 (42) pm,
Ni—22 (30) ppm and Co — 9 (42) ppm, Co/Ni =~1:2 (1.5:1).
The highest As concentrations were determined in metasand-
stones and graphite schists from Radzimowice — ca. 400 ppm
and 200 ppm, respectively.

In the group of barren potassic igneous rocks an arithmetic
average of gold for dacite porphyry is at 4.5 ppb (n = 6, range
1-11 ppb) and for lamprophyre at 3.3 ppb (n = 5, range 1-5
ppb). The other elements arithmetic average values for dacite
and lamprophyre (in brackets) are as follows: As — 242 (816)
ppm, Cu—120(97) ppm, Zn—46 (157) ppm, Pb— 16 (50) ppm,
Co 6 (42) ppm, Cr 18 (686) ppm, Ni— 7 (208) ppm and V — 30
(160) ppm. These metal concentrations are typical of such
rocks excluding As contents. Arsenic concentration in igneous
rocks is high, especially in lamprophyres (0.05 to 0.1 wt %).
The ratio of Co/Ni in dacite porphyries and lamprophyres is
~1:1 and 1:5, respectively.

REE DISTRIBUTION IN ORES

Non mineralized porphyry samples were considered as rep-
resentative of the fresh members of the K igneous suite from
the Zelezniak and Bukowinka intrusions (Ze 13..., and Bu 8...
samples, Tab. 8). Chondrite-normalized (cn) REE patterns af-
ter Taylor, McLennan (1985) was applied to the host rocks and
ores from the Radzimowice deposit (Fig. 28). The Zelezniak
and Bukowinka porphyries REE patterns plot within a narrow
range. They exhibit light REE (LRRE) enrichment (Ce/Yb,, =
814 and 10-13, respectively) and no Eu anomaly. Two sam-
ples of Bukowinka porphyries show low Ce/Yb,, ratio of ca. 5.
Zelezniak lamprophyres have Ce/Yb,, ratio = ca. 6. In compar-
ison to the Zelezniak porphyry patterns, the lamprophyres ex-
hibit slight depletion in the light REE, and almost similar con-
centration of the heavy REE (HRRE), and also lack of Eu
anomaly.

The chondrite-normalized trace elements patterns of ores
exhibit different REE enrichment (Ce/Yb,, = 2-27), strong
negative Eu anomaly and variable value of Eu related to ore
grade. Eu concentrations in hydrothermal sulphide ore samples
are strongly depleted in comparison with igneous rock. The
mineralizing processes which caused formation of high grade
ores were also responsible for depletion of Eu contents within
hosts rocks (Fig. 28E). This observation is supported by REE
patterns of massive ores and mineralized quartz veins that ex-
hibit a strong negative Eu anomaly. The quartz veins with mi-
nor sulphide mineralization show even higher enrichment of

light REE (Ce/Yb,, = up to 27). Compared to mineralized por-
phyries, they are depleted in both the HREE and LREE and
have strong negative Eu anomalies. REE patterns of massive
ores also exhibit a strong negative Eu anomaly and a weak
LREE enrichments (Ce/Yb,, = 2-3). In comparison to the
quartz veins, the massive ores exhibit very similar REE pat-
terns with a negative Eu anomaly but they are depleted in the
light REE (Fig. 28D-E).

The Radzimowice schists are represented by two samples
(Fig. 28F). The S-5 sample contains smaller amount of dissem-
inated pyrite and shows a REE pattern very similar to PAAS
(Post-Archean Average Shales; Taylor, McLennan, 1985) and
ES (European Shales; Haskin, Haskin, 1966) with REE deple-
tions of up to one order of magnitude. The second sample of the
Radzimowice schists (S-27) is strongly mineralized by
sulphides. The both Radzimowice schists samples have rela-
tively flat heavy REE with Tb/Yb,, approximating 1 and
Ce/Ybg, ratios of 5 and 8 correspond with the PAAS and ES ra-
tios 6 and 7, respectively.

The total REE content of the selected samples displays
some variations. The highest ZREE (308 ppm) is contained in
an unmineralized dacite. Quartz veins have ZREE from 50 to
140 ppm and moderate enrichment in LREE. This may sug-
gests hydrothermal origin of apatite, zircon and/or monazite.
This is consistent with the observation of apatite and zircon by
cathodoluminescence methods (P1. XIV, 7).

WALL-ROCK ALTERATION

At the Radzimowice deposit, hydrothermal alteration oc-
curs particularly within dacite porphyries surrounding the
ore-bearing veins (P1. IV). Dacites that are rich in disseminated
sulphides (mainly pyrite) have characteristically grey or light
beige colour and have high alkali ratios (K,O/Na,0>25). By
contrast, unmineralized dacites have pink colour and
K,0/Na,O ratios of 1.1 to 2.2. Slightly altered porphyries con-
tain K-feldspar and/or Na-bearing plagioclase phenocrysts.
Sericite, calcite, Ti-oxides and sulphide commonly formed
pseudomorphs after biotite and feldspar phenocrysts in altered

porphyries (P1.1V, 1,2, 5). Plagioclase destruction reactions re-
sultin the loss of alkalis (particularly Na) and Ca during the for-
mation of sericite.

Hydrothermal alteration started with strong acidic and
argillic reactions (sericitization, pyritization, and kaolini-
tization), as reflected in vein selvages, followed by alkaline hy-
drothermal alteration (illitization) with albitization and
carbonatization (P1. IV, 3, 4, 7). Kaolinitization postdating
sericitization occurs only in narrow zones adjacent to the con-
tact with the ore veins (Manecki, 1965). Pyrite precipitation ac-
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Fig. 28. Chondrite-normalized rare earth element diagram (after Taylor, McLennan, 1985) for representative igneous rocks
from the ~eleYniak and Bukowinka intrusions, and ore samples from the Radzimowice deposit

A —"eleYniak porphyry; B —Bukowinka porphyry; C —~ ele¥hiak lamprophyre; D —sulphide in quartz veins; E —massive ores; F —sulphide impregnationin

the Radzimowice schists

Abbreviations: asp — arsenopyrite, chp — chalcopyrite, py — pyrite, Q —quartz. Ze 13/5, Bu 1, M-19, S-5 — number of sample

companied by sericitizationiswidespread beyond the selvages.
Additionally, theappearance of dickitein association with seri-
cite and pyrite suggests successive hydrothermal aterationsin
rhyoliteporphyriesaroundtheoreveins(Manecki, 1964). lllite
concentration appears in dtered rocks as veinlets and infills
commonly replacing biotite or plagioclase phenocrysts.
Among the chlorites, post-bictite chlorite of ripidolite and
brunshvigite composition and spherolitic, oxidized chamosite
were recognized (Machowiak, Weber-Weller, 2003). Post-hi-
otite chlorite is aso subject of later replacement by musco-
vite/sericite. Carbonates (cal cite, dolomite, ankerite, and sider-
ite), marcasite, Ti-oxides, Fe-hydroxides, and locally low tem-
perature quartz, orthoclase and/or adularia are common
(Pls. 111, 6; 1V, 5-8). In the contact zones between dacite

with the Radzimowi ce schists, the alteration isweak devel oped
and typically representing by chal cedony-opa mineralization
with medium- and fine-grained disseminated pyrite, and minor
calcite.

Altered lamprophyres are characterized by the presence of
sericite replacing plagioclase, calcite, prehnite, muscovite,
pumpeliite, and chalcedony replacing olivines and by
secondary biotite and phlogopite. The lamprophyres aso
contain fine-grained disseminated sulphides and Ti-oxides
(P 111, 7,8).

The correlationsbetween calc-alkali oxidesand sulphur in-
dicatethat during processesof ore preci pitation took placegain
of Ca0 and lose of alkalies content (K,O and N&O; Fig. 29).
Bukowinka porphyries contained very low concentration of
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sulphur what clearly excludes them as a source of sulphur.
Even barren ~ eleYhiak porphyries have at least 2 order higher
sulphur concentration.

Geochemical assays of ores and country rocks from the
northern and southern areasindicate that K,O have ahigh cor-
relation coefficient (r>0.92) with Al,Os, TiO,, Nb and Rb and
with SO, (r = 0.66; n = 20). However, silica and Fe-Mg, as
well asthelargeion lithophileelements (LILE: Ba, Rb, Cs, Sr)
are considered mobile during hydrothermal alteration. Other
major compounds such as TiO, and Al,O; and the HFSE ap-
pear to be immobile (MacL ean, 1990).

Average values of akali content in gold-bearing ores (Au
>0.5 ppm) for the northern part of deposits (KO —0.23 wt %
and Na,O — 0.01 wt %; n=13), is several times lower than for
the southern part (K,O — 1.54 wt % and N&O — 0.05 wt %;
n=13). It isevident that significant amounts of potassium were
lostin~ eleniak porphyries during later hydrotermal stages es-
pecially in the northern part, close to the source of post-mag-
matic fluids.

The REE can be mobile during intense hydrothermal alter-
ation, but under low-grade ateration conditions they remain
immobile. Theresults of this study present evidence that rocks
underwent pervasive hydrothermal alteration have noticeably
depleted REE patterns relative to dightly mineralized rocks
(Fig. 28A, E). Enrichment of LREE in quartz veins can be ac-
counted for high activity of K* in the hydrothermal fluids
(Bierleinet al., 1999). Correlation coefficientsfor REEand S,
K and Al oxides (n=11; r = 0.95) are strongly positive as con-
trasted to elements such as S, As, Au, and other metals.

Total REE concentrationsin the mineralized Radzimowice
schists (127-134 ppm) are 3 or 4 times lower in comparison
with ZREE valuesfor PAAS and ES. REE enrichment of min-
eralized quartz veins and depletion of mineralized
meta-turbidities (Radzimowice schists) may also indicate the
mobilization of REE (mainly LREE) from country rocks adja
cent to ore mineralization. However, Alderton et al. (1980)
suggested that no significant change of REE islikely to occur
during sericitic ateration beyond a negative Eu anomaly.

Euanomaly isthemost characteristic effect of sericitization
of siliclastic sedimentsthat isal so present among alteration as-
semblages at Radzimowice. Asillustrated by Bau (1991), Eu
anomaly depends strongly on temperature and dightly on pH.
Under nearly neutral to mildly basic conditions the REE con-
centrationin fluidsisdominated by carbonate, fluoride and hy-
droxide complexesthat at the high temperatures (500-600°C)
may effect negative Eu anomaly and REE concentration, un-
lessthe water/rock ratio is>10°-10°. Results of fluid inclusion
studies of oresfrom the Radzimowice deposit reveal ed that the
ore-bearing fluids have a temperatures ranging from 150 to
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Fig. 29. Lose of alkalis and gain of CaO content due
to alteration processes within the northern and southern ore
fields at the Radzimowice deposit, and in Bukowinka porphyry

Plots of sulphur vs. CaO (A), K,O (B), and N&,O (C)

420°C, and generally moderate salinities of less than 16 wt %
NaCl equivalent and under these conditions REE mobility is
expected toremainlow, evenin conditionsinvolving relatively
high fluid/rock ratios (>100; Bau, 1991).

STUDIES OF FLUID INCLUSIONS IN QUARTZ

Four types of sampleswith various quartz generations as-
sociated with ore mineralization were selected for fluid inclu-
sion studies (Fig. 30). The first type represents gray quartz
veins in altered dacite porphyries of different Au grade (36

ppb —1.83 ppm Au) and type of ore mineralization (Fig. 30A,
B). The second type consists of samples with domination of
white quartz generation veinlets and with gold-bearing chal-
copyrite and chalcopyrite-arsenopyrite ores (up to 9.3 ppm



The Radzimowice Au—As—Cu ore district

42

s19[uroA zyrenb ur suorsnjour pinyj Jo Ajurfes snsioA sornjerodwe) uonezi[eisAid jo jord — H as1yos ayders Sumnd s1o[uroa zyrenb ojiym-Ay[Iur uoLeq

Pase[or)ed — £) SUIOA UOTIB[OSUOD JQUTIA] ) JO STUIPUNOLINS o) WOIJ S3SIyos Ayder3-zyrenb ur zyrenb ayrgm-Asjiua uarreq — f {(31ep) s1o[uIoA 9311Ad/a31seorew 3s93unoL oy} y3im suonerouds zienb oul[[e)s£10-oulj pue -osIeod
QAISS00NS oY) — 7 £(SILIAPIS — PAI JIBP PUE AJIWO[OP — 9519q) AJLUOGIRD SUOIILIOUIT SNOLIBA pue UIdA dpiydns-zirenb — (q {ayseorews pue s91eu0qIed Aq pojuowdd ALAdooreyd pue 9)1Adoudsie yjm urda zyenb arym-£eId
QUI[[BISAI0-9S1800 parmoery — ) ‘syo[uroa oprydins-zirenb Surreaq-pjos Aq Sumno K1kydiod ojioep paroyfe — g ‘syoquroa oprydins-zyrenb Surreaq-pros3 yim A1kydiod oyoep — v ySi pajosyor ur syderSojoydororu oy

Bl

*SAIPNYS UoISN[AIUI PIng Jo 333[qns 19M YI1YyM J1s0dop ND—SY—NY DIMOWIZPRY Y} WO.IJ SII[UIIA Z)aenb uonesdudd snoriea Y], "€ “Siq

[minba [eN % 1M] Alulles

(A"
| i

() eusessew/BIUAd UM SIBJUIBA ZUEND) (€

() 1s1yos soe|q Ul ZUenb uaueg (¢ e,

8 v 0
_ i _ L EF

dnosb Ayunes-ybiy

dnoub Ajuijes-moT)

[0.] exmesadwe) uonezyeisfin

a|dwes zuenb jo adA|



Oxygen isotopes of quartz 43

Au; Fig. 30C, D). The third type contains samples with mostly
white quartz with a late generation of pyrite or marcasite in
fractures (Fig. 30E), that reveal only traces of Au concentra-
tions. The fourth type is represented by barren milky-white
quartz veinlets in silicified black schists of the flysch unit
(Fig. 30F, G).

In general, primary fluid inclusions are small, usually not ex-
ceeding 10 pm in length. Typically, they are two-phase lig-
uid-rich inclusions with a small vapour bubble. They were fre-
quently isometric of euhedral quartz habit. The salinity of the
primary fluid inclusions in quartz of various generations splits
into two distinct salinity groups: a low salinity group (3 +2 wt %
NaCl equivalent), and a moderate salinity group (12 +4 wt %
NaCl equivalent; Fig. 30H). Four ranges of the calculated tem-
perature of crystallization for various generations of quartz may
be defined, which partly overlap the two distinct salinity groups:
A high-temperature range from 350 to 270°C (Fig. 30H — ade-

quate ellipse); a second range from 290 to 250°C, a third range
from 240 to 190°C, and a low-temperature range from 170 to
140°C. Fluid pressure during quartz crystallization shows a de-
crease from 1.2 to 0.8 kb. The high temperature high-salinity
group of quartz may correspond to the stage of base metal
sulphides mineralization associated with the next generation of
quartz and carbonates (stage 2; Fig. 171). According to fluid in-
clusion results the second and third temperature ranges of high
salinity fluids can be related to Au—Ag—Te—Bi—Pb+S minerals
assemblage and sulphosalts mineralization (stages 3—4). The
lowest-temperature range of fluid inclusion corresponds to bar-
ren quartz with marcasite/pyrite mineralization (stage 5). Fluid
inclusions in quartz veinlets or schistosity-parallel lamination in
the schists indicate quartz crystallization in temperature ranges:
220-200°C for clear glassy quartz and 170-140°C for
fine-grained quartz-feldspar veinlets with pyrite from fluids with
salinity about 3 wt % NaCl equivalents.

OXYGEN ISOTOPES OF QUARTZ

The preliminary results of oxygen isotopes of quartz from
Radzimowice deposit have been presented by Mikulski et al.
(2003). Calculated 8'30pq of various type (from I to IV) vary
between —3.3 to +7.4 %o (Tab. 9). Oxygen isotope data indicate
mixing of an '*0-depleted fluid (surface-derived waters, mete-
oric waters) and an '*O-rich fluid (of magmatic and/or meta-
morphic origin). The highest values are estimated for quartz of

the earliest vein stages, lower ones were recorded by later vein
stages, indicating a gradual increase in the proportion of mete-
oric water. Mineralizing fluids responsible for the richest gold
mineralization that is associated with epithermal overprint of
the early As- and Fe- sulphide mineralization seem to be char-
acterized by higher values of salinities and the SIXOﬂuid oxygen
compositions of vein quartz.

Table 9

Results of 5'°0 composition in quartz from Radzimowice deposit (after Mikulski ez al., 2003)

Sample Type of quartz* 8" 0quartz [%] T[°C] 5"0ruiq [%]
R17 | +13.1 225 and 250 +2.91t0+4.2
R1 +13.9 225 and 300 +3.7t0+7
R10 ! +14.1 225 and 300 39to+7.4
R4 +12.7 225 and 300 +2.5t0 +5.8
R16 i +15.0 120 to 275 -331t0+7.2
R28 +13.8 175 and 300 +0.5t0 +6.9
R11 v +12.5 150 and 200 -2.8t0-0.6

Abbreviations: * Type [-IV —separation of samples into four types based on grade and ore composition, similar like

for the fluid inclusion study; for more details see Fig. 30
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THE Re-Os AGE VALUES OF GOLD-BEARING SULPHIDE AT THE RADZIMOWICE DEPOSIT

The several Co-bearing arsenopyrite samples for Re—Os
dating were collected from the underground workings of the
Luis shaft in the northern part of the abandoned Radzimowice
deposit and from the old mining wastes of the Miner consola-
tion vein in the southern part of the deposit. Only a medium-,
and fine-grained (0.5—3 mm in size) euhedral Co-arsenopyrite,
pyrite and chalcopyrite non-fractured crystals of the first gener-
ation from the veinlet-impregnation zones were selected for the
Re—Os measurements (P1. V, 1-6). Short characteristic of host
rocks and mineral association is presented in Table 10.

Arsenopyrite crystals from Radzimowice display a com-
positional variability in arsenic contents (34.8-37.4 atom. %)
and high admixture of cobalt (up to 6.4 atom. %) and refractory
gold. Refractory gold (ca. 70 ppm) appears as submicroscopic
inclusions within Co-bearing arsenopyrite and less abundant in

pyrite.

Analyses of auriferous Co-arsenopyrite from the Ra-
dzimowice deposit yielded Re concentrations of 0.13-3.5
ppb with total Os in the ppt range (Tab. 11). The arsenopyrite
(sample LL-99) from Radzimowice with the highest Re con-

Table 10

Short description of sulphide samples from the Radzimowice deposit for the age determination by Re—Os methods

Ore mineral description

major minerals

minor minerals

Massive aggregate and single coarse —
and medium —grained crystals of py-
rite and Co-arsenopyrite, fractured
and cemented by quartz, calcite and
base metal sulphides

Medium-grained crystals of chalcopy-
rite may contain sphalerite inter-
growths or sphalerite star-like
inclusions. Subordinate galenaand te-
trahedrite occur as fine crystals. Mi-
cro-fractures are filled by carbonate
associated with tellurides and Bi and
Au minerals

Medium- and coarse-grained Co-ar-
senopyrite crystals up to several mm
occurring separately or as aggregates
locally with pyrite

Rare anhedral chalcopyrite up to
0.1 mm in diameter

Pyrite euhedral crystals up to 1.5 mm
insize replacing phenocrysts of biotite
or plagioclase

Base metal sulphides and rutile
in pyrite

Massive aggregate of coarse- and me-
dium-grained crystals of Co-arseno-
pyrite, in part fractured and cemented
by quartz

Fine-crystalline base metal sulphides

Sample Location Rock description
symbol
Massive aggregate of
M-22 sulphides in quartz vein cut-
Radzimowice deposit, ting greenstone
Luis shaft — northern ore
field
Massive aggregate of Co-ar-
Wil/2 senopyrite in quartz-carbon-
ate vein cutting dacite
Radzimowice deposit Dacite porphyre strongly
R2 the Miners consolation vein | sericitized and illitized with
— southern ore field pyrite impregnation
Quartz-sulphide vein cutting
StG3/4 dark gray sericite-graphite
Radzimowice deposit schists
- southern ore field -
Massive base metal
StG-6 sulphides in quartz-carbon-
ate vein

Massive intergrowths of pyrite
and base metal sulphides

Galena contains Bi-Ag sulphosalts

Table 11

Low level Re-Os data for Co-arsenopyrite, chalcopyrite and pyrite from the Radzimowice Au-As-Cu deposit

PGl sample | AIRE sample Location Mineral Re, ppb ¥70s, ppb Model Age3

number number (% 25) (£29) [Ma]
M-22 LL-28 Luis shaft =70 m b.s.I. Co-asp2 0.129(2) 0.0013(1) ca. 320
StG3/4 LL-29 Southern ore field Co-asp2 0.3448(4) 0.0019(1) ca. 316
Wil/2 LL-30 Co-asp2 0.357(6) 0.0028(2) ca. 387
M-22 LL-97 cp3 0.0072(4) 0.00022(2) ca. 425

Luis shaft =70 m b.s.I.

M-22 LL-98 py3 0.0253(7) 0.0048(2) ca. 294
posy533M-22 LL-99 Co—asp3 3.51(9) 0.01327(6) 317

Abbreviations: Co-asp — Co-bearing arsenopyrite; cp — chalcopyrite; py — pyrite

Notes: 1 — All samples analyzed using a Carius tube dissolution and Re~Os data are blank corrected; 2 — Assuming an initial "*’Os/"**Os ratio of 0.2 after
Mikulski ez al. (2005a); 3 — Analytical blanks: Re=1.97 (2) pg, Os =4.68 (5) pg with '¥"0s/"**0s = 0.182(4); (4) Analytical blanks: Re=2.5 (1) pg; Os =0.635
(6) pg with "*70s/"*¥0s = 0.190(8)
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tents yielded Re—Os age of ca. 317 Ma that was fairly insen-
sitive to the change of the assumed initial ratios.

The four-point isochron based on auriferous
Co-arsenopyrite yielded a Re—Os age of 314 £31 Ma (initial ra-
tio = 0.8 £2.2, MSWD = 2.1). Large uncertainties on the final
results for the two Co-arsenopyrite analyses (LL-28, 29) is due
to low Re contents, however there is general agreement be-
tween model ages for these samples when a low initial ratio was
used. Assuming an initial ratio of 0.2, LL-28 and LL-29 yield
model ages of 320 and 316 Ma, respectively (Mikulski et al.,
2005a, d). Additional analyses of Re and Os concentrations
in pyrite and chalcopyrite samples from the Radzimowice
deposit were made. Unfortunately, these sulphides revealed
extremely low contents of Re — 0.025 ppb, and 0.007 ppb,
and Os — 0.0048 ppb, and 0.00022 ppb, respectively. These
results allowed constructing a six-point isochron that gives a
Re—Os age of 317 +£17 Ma (Mikulski et al., 2005a; Fig. 31).
This isochron has a better uncertainty to compare to
four-point isochron based only on Co-arsenopyrite. How-
ever, still relatively large uncertainty is due to the very low
Os concentrations of most of the samples (<5 ppt total Os in
all cases exclude one). Nevertheless, a model age of 317 Ma

60
50 e/ ®0s 25 "*P0s0s 25
LL-28 M-22 Co-asp 693 88 400 050
LL-29 StG 3/4 Co-asp 2422 362  13.00 2.0
40 ] LL-30WIL2Co-asp 1270 137 8.00 0.0
” LL-97 M-22 cp 183 17 1467 0.3
8 LL-98 M22 py 308 16 171 0.09
5 LL-99 M-22 Co-asp 10770  327_~"57.16  0.93
% 30 1
o
8
20 A
Age = 317 *17 Ma
10 187 188
Initial ~ Os/  Os =0.42 +0.68
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0 T T T T T
0 2000 4000 6000 8000 10000
187 188
Re/ Os

Fig. 31. The six-point isochron of auriferous sulphide
from the Radzimowice deposit (after Mikulski ef al., 2005a)

Co-asp — Co-bearing arsenopyrite, cp — chalcopyrite, py — pyrite

for sample LL-99 with an '"®'Re/'®*0s > 10 is fairly insensi-
tive to the assumed initial ratio and supports the isochron age
(R. Markey, pers. inform., 2004).

DISCUSSION OF THE ORE MINERALIZATION GENESIS OF THE RADZIMOWICE DEPOSIT

The studied economic gold mineralization is related to
sheeted quartz-sulphide veins which occur peripherally (east-
and southward) to the Upper Carboniferous Zelezniak intrusion.
The arc setting, multiple magmatism and hydrothermal epi-
sodes, as well as the ore vein mineralogy are similar to other gold
systems related to alkalic magmatism (Richards, 1995; Jensen,
Barton, 2000; Kelley, Ludington, 2002).

Two main stages of ore mineralization are recognised at the
Radzimowice deposit. The first stage is of mesothermal character
and consists of strongly brecciated quartz—Fe—As sulphides that
according to calculations based on the arsenopyrite geothermo-
meter crystallized at temperatures 535-345°C (485-368°C on
sulphur isotope fractionation geothermometer acc. to Machowiak,
Weber-Weller, 2003). The second stage has low sulphidation epi-
thermal character with base-metal sulphides and carbonates. The
lower temperature ~300°C of base metal sulphide crystallization,
were calculated on the basis of the fractionation of sulphur iso-
topes between the cogenetic sulphide minerals (Ohmoto, 1986).
According to these calculations the temperatures, obtained from
the two pairs studied, range from 322 (sphalerite 2.76 8*Scpr —
galena 0.23 8**Scpr) to 289°C (pyrite 1.65 8**Scpr— chalcopyrite
0.38 8**Scpr) (Mikulski 2005a).

Machowiak, Muszynski (2005) reported on the base of the
rock thin section research the presence of ignimbrites and
diatremes from the Zelezniak massif. It indicates the presence of
complex magmatic system with active arid volcano. Mikulski
(2003a) identified multiple stages of magmatic activities charac-
terised in the end by post-tectonic lamprophyre and andesite for-
mation followed by strong hydrothermal quartz-sulphide mineral-
ization of vein-impregnated type. Figure 32 shows schematic
model of the ore formation at the Radzimowice Au—As—Cu deposit.

m Volcanic tuff, ignimbrite Quartz-sulphide vein
B FRhyolite porphyry Andesile vein
Bl Granite L Lamprophyre vein
[ ] Rocks of the Kaczawa =~ Faull

MeBmOrEING Comptex =+~ Present level

Diatrema of erosion (surface)

Fig. 32. The schematic model of the complex magmatic bodies
and related ore mineralization at the Radzimowice Au—-As—Cu
deposit in Upper Carboniferous
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Hedenquist et al. (2000) subdivided low sulphidation de-
posits into intermediate-sulphidation and end-member low
sulphidation groups that are related to various magmatic affili-
ations reflecting the different tectonic settings. The typical sul-
phide assemblage of end-member low sulphidation epithermal
deposits is pyrite-pyrrhotite-arsenopyrite and Fe-rich
sphalerite, corresponding to mesothermal and the intermediate
assemblage between the low sulphidation and high-sul-
phidation end-members is represented by tennantite-te-
trahedrite-chalcopyrite and Fe-poor sphalerite which corre-
sponds to the younger stage at Radzimowice.

Primary gold mineralization of submicroscopic type crys-
tallized during rapid cooling as submicroscopic inclusions or as
a solid solution or chemically bound admixture within
Co-bearing arsenopyrite. The second type of gold — the micro-
scopic gold, formed during slower cooling as inclusions and
micro-veinlets associated with base metals and Bi—Te miner-
als. The average purity of gold at the Radzimowice deposit is
low (about 685) and characteristic for gold deposits formed at
shallow epithermal levels similar to the purity of gold in
carbonate-base metal gold systems (Corbett, Leach, 1998).

The presence of tellurides with electrum and bismuth, and
other Ag—Bi—Pb+S minerals associated with carbonate miner-
als in Radzimowice indicates their crystallization in close to
neutral conditions at temperatures <354°C and probably
<250°C (Cabri, 1965; Afifi et al., 1988). Carbonates vary in
composition (ankerite, dolomite, siderite, and calcite) and they
are typically zoned with depth (siderite-rhodochrosite with
kaolinite occur at shallow levels, calcite and Mg-carbonates at
depth, and mixed Fe-Mn—Ca—-Mg carbonates in the mineral-
ized intermediate zones) which are characteristic for low
sulphidation epithermal mineralization (Hedenquist et al.,
1998). The zoning indicates fluid mixing as the probable mech-
anism for mineralization. Reconnaissance oxygen isotopic
analyses of quartz samples from the Radzimowice deposit
showed that calculated 8'%0g,iq values vary between —3.3 to
+7.4 %o (Mikulski ez al. 2003). These data indicate mixing of a
5'%0-depleted fluid (surface-derived waters, meteoric waters)
and an "O-rich fluid (of magmatic and/or metamorphic ori-
gin). The highest values are estimated for quartz of the earliest
vein stages (SISOﬂuid =+2.9 to +4.2%o), and the lower ones are
recorded by later vein stages, indicating a gradual increase in
the proportion of meteoric water (6180ﬂuid =-2.8 t0 —0.6%o).

According to Hedenquist e al. (1998), the injections of
magmatic fluids of low- to moderate salinity, metal-rich and
oxidized into ground water during the late stages of magma
crystallization may lead to the formation of base metal and sil-
ver-rich low sulphidation deposits within distal parts of
high-sulphidation deposits. At Radzimowice this is confirmed
by measurements of fluid inclusions in sulphide bearing quartz
+ carbonate veinlets (Mikulski ez al., 2003). The P-T condi-
tions of formation of gangue minerals (quartz, carbonate) that
are associated with base-metal sulphides suggest temperature
range of 300 to <200°C at pressures of 1.2 to 0.8 kbar and a
moderate salinity fluids (13 £3 wt % NaCl equivalent). Most of
the epithermal gold-silver-bismuth-tellurides took places at
about 240-190°C from fluids with salinity about 12—15 wt %

NaCl equivalent. Moderate temperatures of late hydrothermal
solutions from 207 to 177°C are also indicated by chlorite
geothermometry on chlorite from altered peraluminous rocks
from the Radzimowice deposit as estimated by Machowiak,
Weber-Weller (2003).

The gold to silver ratios in sulphide ores are generally low;
however, the geometric average for ore samples grading >3
ppm Au is about 1:5. Mikulski (2001) suggested that all ore
samples from the both areas of the Radzimowice deposit are
located within the epithermal gold field on the Au—Ag-base
metals pseudo-ternary diagram of Poulsen et al. (2000). The
base-metal contents in the ore samples may be up to several
weight percent. The Cu contents in all igneous rocks are high
(about 200 ppm) excluding the granite. The correlation of
gold and copper is associated with positive correlations of
gold with other elements such as Ag, S, Bi, Te, Pb, Sb, Co, Cd,
As, Ca0, and MgO (Mikulski, 1999; confirmed by the present
study). Paragenetic studies suggest that arsenic and cobalt
were introduced by hydrothermal fluids only during the early
stage and other elements such as base metals; bismuth, silver,
tellurium and antimony came only during younger stages.
Iron, sulphur and gold were supplied by hydrothermal fluids
even multiple.

The hydrothermal alteration started with strong acidic and
argillic reactions (sericitization, pyritization, and kaolini-
tization) followed by propylitic alteration (illitization, chlo-
ritization), albitization and carbonatization. Sericitization is
widely distributed. Other hydrothermal alterations are re-
stricted in area around quartz-sulphidetcarbonate veins. The
earliest alterations may indicate presence of porphyry copper
and/or high sulphidation systems at depth (Hedenquist et al.,
2000). The first mineralizing fluids were rich in SO, and
formed argilitic alteration and acid-leaching characteristics.
The comparison of LREE (Ce/Yb,, ratio 5-8) and HREE
(Tb/Yb,, approximating 1.1) in Radzimowice schists with their
concentration in PAAS (Post-Archean Average Shales; Tay-
lor, McLennan, 1985) and ES (European Shales; Haskin,
Haskin, 1966) shows significant depletion of the wall rocks im-
mediately adjacent to the gold-bearing sulphide mineraliza-
tion. The HREE depletion in the schists is comparable to the
meta-turbidities that underwent a strong hydrothermal perva-
sive alteration by high temperature fluids responsible for some
of the mesothermal gold mineralization in the central Victoria
in Australia (Bierlein ef al., 1999).

The sulphur isotope compositions of the sulphides range
from —1.13%o (in galena) to +2.29%o (in Co-bearing arsenopy-
rite), indicating a magmatic source of sulphur at the
Radzimowice deposit. At the Radzimowice deposit typical por-
phyry Cu—Au mineralization has not been recognized, but they
may be concealed beneath younger igneous and unmineralized
rocks. Located to the east of Radzimowice, prospects with he-
matite veins at Lipa and quartz-sulphide veins at Grudno are sup-
porting evidence that a district-scale hydrothermal event of dif-
ferent character (oxidized fluids) occurred in association with
Upper Carboniferous potassic magmas. One source of metals
may be felsic magmas of crustal origin with contribution of man-
tle elements. This fact is supported by the REE patterns of mas-



Discussion of the ore mineralization genesis of the Radzimowice deposit 47

sive ores and mineralized quartz veins that are very similar and
have strong negative Eu anomalies. Moreover, massive ores are
depleted in the light REE (Ce/Yb,, =2-10) and only positive Eu
anomaly or its lack exhibit rhyodacite porphyries that host any
appreciable mineralization.

Alkaline magmas are hydrous and oxidized, and have the
ability to produce hydrothermal systems with a suitable chemi-
cal features for transporting gold (Connors et al., 1993; Jensen,
Barton, 2000). According to Heinrich et al. (1999) in oxidizing
magmas the partitioning of copper and gold into a vapour is
high relative to a brine phase but in reduced magmas, the result-
ing brine may cool to form porphyry Cu—Au mineralization.
Cu-rich alkaline deposits are primarily found in arc environ-
ments and are associated with intrusive phases with <60 wt per-
cent SiO, (Jensen, Barton, 2000). According to Miiller, Groves
(2000), shoshonitic magma may be responsible for noble metal
supply in several world-class deposits genetically associated
with potassic igneous rock suites. Similar to a number of
subalkaline systems, at Radzimowice there is evidence for the
late-stage injection of maphic alkaline magmas as manifested
by the presence of lamprophyre dykes. Locally, they are spa-
tially related to quartz-sulphide veins. According to Keith et al.

(1998) and Maughan et al. (2002) maphic melts play a critical
role in generating large mineral deposits such as at Bingham,
Utah, where mixing between late-stage maphic alkaline mag-
mas and sub-alkaline granitic melts supplied a substantial por-
tion of sulphur, copper and gold. Late maphic magma (e.g. pro-
ducing lamprophyre) may has introduce metals or trigger vola-
tile release from a large magmatic reservoir at depth (Wyman,
Kerrich, 1989). Some of the Radzimowice lamprophyres con-
tain quartz xenocrysts that are indicative of volatile — driven
rapid up-rise of the lamprophyric magma (Rock et al. 1991).

The Zelazniak intrusion geotectonic setting, ore vein min-
eralogy, Au/Ag ratio, base-metal contents, and associated al-
teration are similar to epithermal Au—Ag deposits accompa-
nied by felsic volcanic rock suites that formed in Cenozoic con-
tinental arc-settings along the Western United States (John,
2001; Kelley, Ludington, 2002).

The mineralization of the Radzimowice deposit is consid-
ered as related to alkaline magmatism and is characterized by su-
perposition of low sulphidation epithermal mineralization on
higher-temperature and deeper-seated mesothermal mineraliza-
tion. It is classified as of the transition from porphyry to epither-

mal type.

THE KLECZA-RADOMICE ORE DISTRICT WITH QUARTZ-SULPHIDE-GOLD VEINS

The Klecza—Radomice ore district was located inside the
area of the rectangle shape (6.2 km by 1.4 km; Domaszewska,
1964). It starts near the Pilchowice—Nielestno railway line on
its southeastern side and runs through Radomice and Klecza up

to Golejow village on the northwestern corner (Fig. 33). This
ore district consisted of the main four mining fields: Klecza I,
and II, Radomice I, and Golejow (op. cit.).
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Fig. 33. The old mining situation plans of the German adits in the Klecza—Radomice gold ore district
(acc. to Grimming, 1933)
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THE HISTORY OF THE MINING EXPLORATION

The oldest notes about the surface exploration of the rich-
est part of outcropped veins in the period from 1425 to 1625
are given by Moller (1911). However, there are no data about
a total quantity of ore production or gold contents during this
time. During the Middle Ages exploration was carried out
from the open pit, later by use of shallow shafts and short
adits. The new, more advanced gold prospecting began in the
years 1896—-1909 when the old mining workings and under-
ground channels were found. According to Krusch (1907),
gold contents from the trench samples, collected in 1898 usu-
ally were below 6 ppm. However, in some samples, they
reaching up to 96 ppm of Au. The silver content in the samples
was usually about 6 ppm, and only in some samples reached
up to 50 ppm Ag. Gold ore also contained arsenic (in Klecza
ca. 2% As and in Radomice 10-12% As). Samples from
Klecza were richest in Au with an average content 13.3 ppm
and low in arsenic (Krusch, 1907; Materiaty..., 1923). Despite
good gold contents, investigation work stopped in 1909 in the
Klecza—Radomice ore district. This was mainly due to tec-
tonic disturbances of veins, small ore reserves and lack of fi-
nancial support.

In the period 19161921 short production of arsenic took
place. Exploitation was carried out by use of 4 adits. The

strong inflow of water was a main reason for closing the mine.
Since 1922 to 1933 some exploitation were active under the
management of new owners. During this time period the ore
production from Klecza—Radomice mines was only 120 t,
which contained an average 28.6 ppm Au (Domaszewska,
1964). According to Grimming (1933) one of the samples
from the Klecza deposit revealed almost 120 ppm Au and the
exploitation was focused on the most valuable part of the
veins. In 1933 production was finished due to difficult condi-
tion of ore exploitation. Gold mining activities have never
been carried again, despite positive report claborated by
Grimming (1933).

Gold contents in the ore from the Klecza—Radomice district
had the highest value among known deposits in the Western
Sudetes (Mikulski, 2001). Here, the main gold-bearing mineral
was pyrite instead of arsenopyrite (Krusch, 1907). At Klecza
arithmetic average of Au within 18 big technological samples
was high — 13.3 ppm (Krusch, 1907). Lower grade of Au ores
was at Radomice deposit where in samples from the Cecilia
adit an average gold concentration was only ca. 1.2 ppm and in
samples from the August adit about 5.8 ppm and about 11% As.
In general gold content in the ores ranged from a few to around
40 ppm (Tab. 12).

Table 12

The characteristic of the ore veins features from different workings of the Klecza—Radomice ore district (after various authors)

Area Name of adit Quantity & quality of exploited veins Average contents of element Reference
Number of Length Average Main ore Au Ag As
veins of vein [m] | thickness [m] minerals [ppm] [ppm] | [% wt]
13.3 5.1 2.82 Krusch, 1907
2 major 39.86 (max. 48 - 5
Klecza Wilhelm J >90 oo max L2 as| ( )
adit# 1 p, py 19.87 _ _
Grimming, 1933
1 diagonal <01 40 (max. 120) - 3
Cecilia 2 major >100 min. 0.25 25p. pyga 16.0 - 10-15
adit#2 5 minor - - o 12 - | 12215
Krusch, 1907
Radomice 5.80 - 11
1 >120 max. 1.5 asp
August 8.0 - 25 -
adit# 3 Grimming, 1933
- - - _ 5.8 _ 11 Domaszewska, 1964
2 maj 140 03 24 90 35 Fedak, Lindner, 1966
Soleid Dennoch major > 0.12 asp , ga asp . edak, Lindner,
OEIOW 1 Gliickauf adit
2 minor - 0.06-0.08 asp 2.1 - - Domaszewska, 1964
Max Arendt M1+ 120 upto 2.0 asp 30.0 - 3 Grimming,1933
Nielestno adit
- - - - 37.7 - - Domaszewska, 1964

asp — arsenopyrite (main ore mineral); py — pyrite; chp — chalcopyrite; ga — galena
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GEOLOGIC STRUCTURE OF GOLD DEPOSITS

Gierwielaniec (1956) was the first who described two main
tectonic units in the Klecza—Radomice ore district. The Wlen
tectonic unit that is separated from the second Pilchowice unit
by the Wlen trough. The upper structural position occupies the
Wlen unit that in comparison with Pilchowice unit does not re-
veal such strong tectonic deformation.

Teisseyre (1967), Szatamacha (1971) and Szatamacha
(1974; 1978) did not exclude possibility that Pilchowice unit
may be an equivalent of deeper and distal part of the Bolkdw unit

Golejow

_' +
©j438masl
ennoch téluﬁauf .

Cecill
+  adit
39T ma.sl A

and as well as the Wlen unit an equivalent of the Swierzawa
unit (Fig. 1).

Auriferous mineralization occurs in flysch-like rocks of the
Pilchowice unit localized between gneisses of the Karko-
nosze-Izera Block on the south and Rotliegende sediments
that filled Wlen trough on the north (Fig. 34). At the
Klecza-Radomice ore district gold bearing quartz-sulphide
mineralization consist of veins, and vein arrays in folds (saddle
reefs), faults and brittle-ductile shear zones in flysch-like sedi-

Cenozoic sediments (undivided)

Meogene basail

Crelaceous: quartz sandstone, marl,
mudstone, glauconite sandsione and
conglomerate

Triassic: quartz sandstone

Zechstein: claystone and sandstona with
dolostone inserts, conglomearate

Lower Permian: sandstone, conglomerate,
dacite and andesita (malaphyre)

Sturian: siliceous and graphile schist
with lydite insert

Ordovician: quartz sericite schist parily feldspathized
and lenses of limestone and greenstone

Cambrian: porhyroblastic granite locally fine or
even-grained (undivided)

Precambrian-Cambrian: eye or laminated
gneisse with quartz vein (g)

= Auriferous quartz-sulphide vein

Abandoned gokd mine

— == Faull
Y v Inverse fault {overthrust)
A A Cross-saction

Fig. 34. Geological map of the Klecza-Radomice gold ore district
(modified from Milewicz, 1962; Milewicz, Frackiewicz, 1983; Szalamacha, 1970, 1974)
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Plawna
SW

Intra-Sudetic fault

Plawna fault

1 km

TCambrian/Ordovician=Silurian

Quartz-mica schist with graphite

Quartz-sericite schist parily feldspathized with
— quartz vein (q) and lenses of crystalline
limastene and greenstone

Gneiss

Lower Permian

Andesite and dacite (melaphyre)

Sandstone and conglomerate with
inserts of mudstone and claystone

Fault

Fig. 35. Geological cross-section through the Pilchowice unit near the Plawna abandoned Au mine
(modified from Milewicz, 1962)

Rotliegende

E:H Melaphyre

e Sandstone and conglomerate with
insarts of mudstoﬂagand claystong

B Fine-grained sandstone
m Unequi-granular conglomerate
Upper Carboniferous

- Porphyry tuff

Sandstona with inserts of conglome-
rate, claystone and limestone

Schisted claystone

E‘;E Fine-grained conglomerate
PCambrian/Ordovician, Silurian

[ ] Quartz-mica schist with graphite

Quartz-sericite schist with graphite
{feldspathized) with lenses of
crystalline imestone and greanstone

Cambrian [ Ordovician

I:l Granitogneiss

[: Augengnaiss and laminaled gneiss

Fig. 36. Schematic geological profile of rocks
of the Pilchowice unit from the Klecza—Radomice ore
district (after Milewicz, 1962)

ments deformed and metamorphosed to lower greenschist fa-
cies. The main lithological rocks are representing up to a sev-
eral hundred meters thick sequence of primary laminated, pe-
lagic turbidities with intercalations of gray and black

quartzites, metalydites, clay-rich graphite schists, metacherts,
and basic metatuffites (Figs. 34-36). Inserts of crystalline lime-
stones and dolostones indicate that underwater volcanic eleva-
tions became areas of calcareous sedimentation (Milewicz,
1970; Kozdroj et al., 2001). These sediments are interpreted as
oceanic trench-slope type depositions that took place during
Ordovician—Late Devonian times (Baranowski, 1988).

Sericite and graphite schists are favourable host of
sulphides mineralization. Graphite schists may contain up to
20% of TOC (total organic carbon) and graphite up 40% of
rock volume. Host rocks are strongly altered due to silicifica-
tion, sericitization, carbonatization, chloritization, feldspath-
ization and sulphidization.

In the Klecza—Radomice ore district the eight main and sev-
eral smaller (more than 9) quartz-sulphide veins were discov-
ered in weakly metamorphosed Silurian argillaceous, graphite,
greywacke and quartz schists (Tab. 12). Most frequently veins
cut host rocks but locally may appear as saddle reefs (Nielestno
area). Bigger veins are preferentially located in fractured zones
discordant to the bedding and run close to, or along the axial
planes of F, anticlines. Several veins run oblique in direct sur-
roundings of the Ptawna fault zone of inverse character (Fig.
34). This NW-SE trending zone constitute southern border of
the Wlen Trough. Less commonly occurring veins of saddle
reefs that are bedding-parallel. Diagonal veins were also re-
ported from the Wilhelm adit area. It is characteristic feature
of all veins that numerous transverse faults displaced (1-2 m)
their bodies at different angels. Veins have major NE-SW
and minor NW-SE strike directions, and are steep dipping
(65-85°) to W (Fig. 37). They were examined on a length of
about 90—140 m and down dip to 100 m below surface, show-
ing different thickness from 0.1 to 1.5 m (an average thickness
is about 0.2-0.3 m).
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ORE MINERALIZATION IN THE RADOMICE AREA

Samples for the ore study have been collected from old
mining sites located near abandoned gold workings and pros-
pecting adits that have been located along narrow creek
dewatering western slopes of Wietrznik Hill (+482 m a.s.l.)
above Radomice village (Fig. 34). In this area sulphide miner-
alization occurs in fracture zones within rocks of the Kaczawa
Metamorphic Complex represented here by sericite-musco-
vite-chlorite-quartz schists, quartz-sericite schists, graph-
ite-quartz schists and quartz-feldspar schists that all belong to
the Pilchowice unit (Fig. 36; Gierwielaniec, 1956; Milewicz,
1970). In this region many various folds occur. The axial plane
of various folds and crenulations only partially are parallel to L,
lineation. The most of tight to isoclinal folds (F;z) and asym-
metric folds (F,4) is characterised by W and NW trending axes.
F,a folds with axial plunge to W and with vergence to the north,
and F,, with axial plunge to NW is characterised by vergence
to SW (Cymerman, 2002). In Radomice and Klecza the shear
indicators show sinistral sense of shearing, and transpressional
movements top-to-the-north-west. In Golejow—Radomice
the Fyc open folds run to NNW-SSE and have vergence to
the northwest.

Schist rocks as well as quartz veins reveal evidence of
strong cataclasis and mylonitization. Veins built of grey and
milky-white coarse-crystalline quartz have different thick-
nesses, usually several centimetres (3—25 cm), however irregu-
lar quartz lodes up to several dozens of centimetres in thickness
have been also found.

From 1898 to 1908 many workings were done and a several
quartz-sulphide veins outcropped near Radomice, Golejow
and Klecza (Grimming, 1933). The auriferous sulphide ores
were explored by 4 adits (Fig. 37). In Radomice the August and
Cecilia adits are situated. These adits had connection (Figs. 33,
38). In the August adit the one main vein with thickness up to
1.5 m occurs. Arsenopyrite ore with As contents up to 25% As
and about 8 ppm Au was mostly subject of exploration from
this adit (Grimming, 1933; Table 12).

Westward from Radomice near Golejow appear 2 bigger
and 2 smaller ore veins that were explored from the Dennoch
Gliickauf adit. The one of the bigger vein of thickness about
0.3 m contains abundant arsenopyrite and galena and the second
vein of thickness 0.12 m contains only arsenopyrite (Doma-
szewska, 1964). An average grade of ores from these veins ac-
cording to Fedak, Lindner (1966) was about 35% As and
2.4 ppm Au. Galena contains an average admixture of silver ca.
90 ppm. Two thinner veinlets (6—8 cm) contain mostly arseno-
pyrite. All these veins are cut by numerous cross faults.

In schists within zones of protoclastic deformations formed
under ductile-brittle and brittle conditions common ore mineral
concentration occurs. Fine fissures filled by vein quartz
and sulphide mineralization developed in those zones. The
ore-bearing rocks were later subject of a younger extensional
en-echelon fracturing (Fig. 39). The richest ore mineralization
is of a massive type (PI. VI, 1, 5-6). Angular to subangular
fragments, from 0.1 to 7 cm in size of sericite-quartz schists are
cemented by sulphides, very fine-grain sericite and quartz (P1.

VI, 3-0). Sulphide mineralizations appear in matrix and
as veinlets. Fine-grain matrix consists of sulphide, sericite,
chlorite (ripidolite), quartz, and apatite. Sulphide veinlets that
healed cataclastic fractures in schists have different thicknesses
from 1 mm to several cm (P1. VI, 3, 7). This massive type sul-
phide mineralization was subject to later cataclasis and my-
lonitization (Pl. VI, 4). Cataclased sulphides were cemented
and rimmed with carbonates (mainly ankerite and dolomite)
and younger chalcedonic quartz, and overgrown by
fine-grained quartz, sericite, muscovite, kaolinite and illite.
This post-breccias mineral assemblage either forms matrix or
various generations of micro-veinlets.

At least three generations of carbonates are possible to
recognise. The most abundant is ankerite with chalcopyrite and
galena, apparently related to the post-breccias mineralizing
event. However, calcite of the first generation is probably the
carliest among carbonates. Calcite I occurs as narrow rims sur-
rounding pyrite-ankerite aggregates and as very fine remnants
within ankerite pseudomorphs. Late carbonate veinlets consist
of calcite II that crosscuts ankerite and associated sulphides.
Calcite III veinlets contain characteristic fusiform crystals of

110° SE

Gossan

August adit
Au 8 ppm

As 25% 406.00 m a.s.l.

Cecilia adit
Au 12 ppm

As 10-15% 367.10 m a.s.l.

Wilhelm adit
2: 39/0_34 PP 331.97 mas.l.
10m
A

Fig. 37. Schematic cross-section through
quartz-sulphide veins system in the Klecza—Radomice area
Host rocks are represented by Lower Paleozoic quartz-sericite-graphite

schists with inserts of talc schist, siltstone, and minor metatuff, cherts, lydite
and marble intercalation
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hematite. Siderite formation is probably connected with sur-
face exposures of sulphide mineralization. Siderite form fine
irregular atoll-like structures around older carbonates and
red-brownish spots surrounding pyrite.

The massive-type rich in gold (27 ppm) sulphide mineral-
ization occur in cataclased sericite-muscovite-quartz-graphite
schist (P1. VI, 4). Ore minerals occur mainly in quartzitic zones
in en-echelon fissures and in micro-fractures of younger gener-
ation. The contents of sulphides in cataclasites and quartz lodes
vary significantly from traces up to several dozens of volume
per cent. The endogenic ore mineralization is dominated by ar-
senopyrite and in places by pyrite (Paulo, Salamon, 1973a).

In the quartz veins or lodes of different thickness two gener-
ations of sulphide prevail. Stage I — arsenopyrite and pyrite (P1.
VI, 1) that are cataclased and cemented by base metal sulphide
(stage II). The second sulphide stage is mainly representing by
chalcopyrite galena, and sphalerite associated with carbonates
and chalcedony. The XRD method evidenced common pres-
ence of ankerite and siderite, with subordinate calcite and dolo-
mite. Massive sulphide forms aggregates of variable size, up to
several dozen centimetres in size. Beside that sulphide occur as
veinlets and disseminations cementing fragments of seri-
cite-quartz schists. The sulphide mineralization is associated
with gangue dominated by fine crystallized sericite and quartz
with carbonates.

In the massive ore mineralization two varieties of arseno-
pyrite occur: the first one is represented by euhedral medium-to
-coarse crystals with poikilitic core up to 2—3 mm in size and
the second one of euhedral fine-grained crystals from 5 up to
250 um in size and with common cross twinning. Often me-
dium-grained arsenopyrite sections (about 200 wm in diameter)
reveal zonal internal structure. Arsenopyrite crystals are often
rimed by chalcedony and/or ankerite. Both types of arse-
nopyrites co-exist and may form jointly aggregates up to sev-
eral cm in size. Especially, bigger crystals of arsenopyrite of
prismatic habit and its massive aggregates are fractured and
strongly cataclased (P1l. VIL, 1). Some of arsenopyrite big crys-
tals are strongly mylonitized (so called “arsenic powder”; Pl.
VI, 2). Arsenopyrite is intergrown by muscovite and quartz (P1.
VII, 2). Most of arsenopyrite samples from Radomice may
contain only traces Co admixtures. Coarse- and fine-grained
arsenopyrite samples have similar chemical compositions. Ar-
senopyrite may contain inserts and inclusions of gangue miner-
als and chalcopyrite, galena or electrum of sizes usually from 5
up to 500 um in diameter (P1. VII, 5).

Fractured arsenopyrite is cemented and overgrown by hy-
drothermal post-breccias mineral assemblages represented by
base metal sulphides, electrum and carbonates (mainly anker-
ite), (P1. VII, 3-4). The occurrences of base metal sulphides are
subordinate in relation to concentrations of arsenopyrite; how-

A

Fig. 38. The old mining situation plans
of the Wilhelm, August and Cecilia adits
in the Klecza—Radomice area
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ever their presence seems to be important for gold precipitation
of the microscopic type. Galena, sphalerite, and pyrite occur in
the base metal paragenesis beside chalcopyrite.

Chalcopyrite is most abundant among these minerals.
Chalcopyrite occurs as replacement in arsenopyrite and pyrite
grains, in fractures, and as disseminated anhedral blebs in inter-
stices of the coarse-grained quartz and ankerite veins. Dissemi-
nated anhedral grains of chalcopyrite form patchy clusters ag-
gregates that may reach up to several cm in size.

Galena occurs as single euhedral crystals from 50 pm up to
several mm in size and coarse-grained aggregates as well as
numerous inclusions and veinlets filling fractures in arsenopy-
rite or pyrite. Galena also appears as overgrowths on primary
sulphides and often intergrowths with chalcopyrite or/and
sphalerite. Galena locally precipitated as the last of the base
metal sulphides in the deposit, and the partial replacement of
the earlier sulphides by galena was typically observed. Chalco-
pyrite and galena appearance is commonly associated with
presence of ankerite.

Sphalerite forms irregular dispersed grains up to I mm in
size with abundant chalcopyrite linear exsolution (P1. VII, 4).
Numerous electrum-galena and/or electrum-chalcopyrite
microveinlets (~20 um) associated with amorphous silica and
carbonates were observed under microscope in fractured ar-
senopyrite or less common in pyrite (P1. VII, 6). Adjacent to
those microveinlets numerous galena, chalcopyrite, electrum
and gangue minerals inclusions (from 5 to 200 um in size)
may occur.

Pyrite occurs in various mineral generations. In mas-
sive-type mineralization pyrite is subordinate to arsenopyrite.
Pyrite of this generation is intergrown with arsenopyrite and its
anhedral crystals bordering host fragments that suggest pyrite
early precipitation. The pyrite crystals contain rare inclusions
of chalcopyrite and/or pyrrhotite, and are often fractured (PI.
VII, 3). They have different size but usually below 1 mm
(20 um—3 mm). Late pyrite is more abundant and occurs in as-
sociation with base metal sulphides, carbonates as fractures
filling in cataclased quartz. At least two types of this pyrite oc-
cur. The first one consists of euhedral crystals up to 3 mm in
size and the second one of anhedral crystals with poikilitic tex-
ture (P1. VII, 7). These two-generation pyrites are characterized
by inhomogeneous chemical composition that is marked under
the ore microscope by light (Co-, and As-rich) or dark (Ni-rich)
sector within pyrites. These pyrites are associated with musco-
vite, carbonates (mainly ankerite), and minor quartz. Base
metal sulphides are subordinate to pyrite and they replace py-
rite or may form, together with magnetite, inclusions within py-
rite or arsenopyrite (Mikulski ez al., 2005¢).

In ankerite veinlets the pyrite shows euhedral crystals
mainly from 5 to 50 um in size. This pyrite, beside chalcopy-
rite inclusions, may also contain cobaltite intergrowths.
Microprobe analyses revealed the following chemical com-
positions of cobaltite: 36.43 wt % Co, 43.29 wt % As and
18.76 wt % S.

Detailed microprobe measurements revealed different ad-
mixtures of Ni, Co and As within pyrite of the both types. A
Co/Ni ratio in anhedral pyrite is from 1:10 to 1:1 and in euhedral

Fig. 39. The occurrence of gold-sulphide
mineralization (black) in en echelon fractures within
sericite-muscovite-chlorite-quartz schist from Radomice
Photo from the article by Olszynski, Mikulski (1997)

Abbreviations: su — sulphide, q — quartz veinlets

pyrites from 1:10 to 10:1 (Pl. VII, 7; Fig. 40). Among the
euhedral pyrite it was also possible to recognised As-rich and
As-poor types. Arsenic-rich pyrite may contain up to ca. 3 wt %
As. Arsenic-rich euhedral pyrite may also contain arsenopyrite,
galena or chalcopyrite inclusions. As-rich pyrite contains up to
450 ppm of gold admixture. Cobalt has correlation with Ni
within both pyrite types. Arsenic distribution within pyrites has a
variable correlation with Co or Ni admixtures. Pyrite bigger
crystals reveal characteristic fracturing. Some of anhedral pyrite
crystals show narrow rim of silica or marcasite (P1. VII, 8).
Intergranular gold (“free gold”) associated with chalce-
dony was also observed within strongly cataclased seri-
cite-quartz-chlorite schists. These rocks underwent at first
a pervasive silicification, sericitization and later argillization
(illite-kaolinite). Primary sulphides from brecciated
quartz-sericite schists have been completely leached by acid
solution (pH <5) forming porous texture of the whole rock (Fig.
41). This rock contains numerous caverns and is of light beige
to yellow-green colour. Some of caverns are filled with very
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Fig. 40. Co/Ni ratio versus As content
of pyrite various generations from Radomice and Klecza
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Fig. 41. The numerous empty holes within cataclased
quartz-sericite schist formed after acidic dissolution
of primary sulphide

Abbreviations: q2,q4 — quartz of 2nd and 4th genaration, ser — sericite,
sulph. — sulphide

fine-grained silica, white illite, light green kaolinite and brown-
ish scorodite. Scorodite of spongy-like texture may be a prod-
uct of arsenopyrite replacement or low temperature crystalliza-
tion within oxidative environment. Content of gold in this al-
tered rock is up to 11.7 ppm Au. The intergranular native gold
grains reach up to 100 um in size. Gold was either remobilised
from primary sulphides or/and introduced throughout the low
temperature hydrothermal process. The increased Au contents
occur generally in strongly cataclased rocks.

Pyrite of various generations is commonly replaced by
Fe-hydroxides. Marcasite is often present in samples as the
youngest sulphide mineral that replaces pyrite (marcasite II)
and/or as veinlets up to 1 mm thick which cut ores and country
rocks (marcasite I).

In mineralized offshoots of the main zone, pyrite selectively
replaced gangue minerals. The fine- and medium-grained

euhedral pyrite (5 um to 1 mm) occurs mainly within folded foli-
ation formed by quartz intercalating with sericite, mica and
graphite. In the part of graphite-quartz-chlorite schists also very
fine abundant pyrite was found. Pyrite occurs in various mineral
associations. Early paragenesis of pyrite is suggested by rem-
nants of framboidal clusters that are subject of recrystallization
by pyrite of the next generation.

In quartz veins cut cataclastic sericite-quartz schists occur
also younger generation veinlets with rare sulphide mineraliza-
tion. Maximum gold contents found in such samples reached
0.6 ppm, however microscopically discernible gold was not
observed. White and grey quartz is massive and brecciated,
commonly deformed showing undulose extinction,
polygonization or recrystallization and cataclasis. Sulphides
filling fractures are represented mainly by pyrite, marcasite,
minor chalcopyrite, and occur in paragenesis with ankerite.
Fractured quartz-ankerite assemblage is cemented by transpar-
ent micro-veinlets of chalcedony with calcite rims and younger
generation pyrite micro-veinlets. Locally hematite occurred
(1-3 volume %) in close association with calcite. Hematite oc-
curs as aggregates and single crystals of needle-like habit up to
1 mm in size.

Chalcedony commonly recrystallized into quartz. Frequen-
tly minerals such as hydrated iron oxides heal numerous mi-
cro-fractures yield red-brownish colour of the rock. Hydrated
Fe-oxides consist mostly of goethite with minor lepidocrocite.
They commonly replace pyrite, forming characteristic collo-
morphic textures.

Apatite occurs in two generations: older connected with
metamorphic processes of primary sedimentary components
and younger as a result of hydrothermal activity. Older apatite
occurs in narrow laminas in quartz-sericite-graphite schists as
numerous anhedral rounded grains from 10 to 50 um in size.
Sharp-edge fragments of such apatite-rich lamina cemented by
amorphous silica were often observed. Younger, hydrothermal
apatite occurs in association with carbonates (ankerite) as
euhedral crystals about 100 um in size (P1. XIV, 7).

ORE MINERALIZATION IN THE KLECZA AREA

Accessible mineralization was found in the abandoned
gold-mining tailings located along the narrow valley of stream
that dewatered north-western slopes of Wietrznik Hill. In this
area primary mineralization occurs in the contact zone of
the Permian sediments with rocks of the Pilchowice unit
(Fig. 34). Permian sediments together with Mesozoic rocks are
overthrusted here by the Paleozoic rocks along NW-SE
trending fault zone that constitute the southern border of
the Wlen trough. In the Klecza area the schists of the Pilcho-
wice unit in general have the NW—SE run and the dip from 65 to
70° to SW.

In Klecza 2 main ore fields are accessible by 2 separate
adits. The Wilhelm adit was the one of the most important adit
within the whole Klecza—Radomice ore district. Two ore veins
of an average thickness 20-25 cm (max. 1.2 m) and one diago-
nal vein were found there (Tab. 12; Fig. 33, 38). These veins
were recognised about 90 m along strike (Krusch, 1907;
Grimming, 1933). Veins have various compositions and are
tectonically disrupted. These veins revealed increased concen-
tration of arsenic at low grade of gold at distance about 30 m
above the Wilhelm adit. Deeper parts of veins revealed de-
creased As amount and increased concentration of auriferous
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pyrite. In the upper part of vein the sulphide ores had grade ca.
10-20 ppm Au at 10-15% As, and in deeper part of the deposit
from 30 to 34 ppm Au at 3% As (Domaszewska, 1965). The di-
agonal vein had usually less than 10 cm thicknesses, and was
especially rich in gold, an average ca. 40 ppm Au, sometimes
about 60 ppm Au and maximum up to 120 ppm
Au (Domaszewska, 1964). The Cecilia adit is about 200 m far
from the Wilhelm adit and 35 m above that, and about 20 m be-
low the August adit (Fig. 37). In the Cecilia adit additional 2
main parallel running veins and 5 side veins, appear. During
exploration works in 1925 about 100 m of the main vein of
thickness at least 25 cm was outcropped (Grimming, 1933).
Ore minerals were represented by arsenopyrite accompa-
nied by minor pyrite and galena. Gold concentration in ar-
senopyrite ores was relatively lowers (ca. 12 ppm Au) to
compare with sulphide ores from the Wilhelm adit, but in-
stead it contains more arsenic 1015 % (op. cit.).

In the Klecza area also remnants of the oxidized parts of pri-
mary sulphide ores also occur, beside the low temperature of
primary oxide mineralization. The zone of rich though very
fine crystalline hematite mineralization occurs in seri-
cite-quartz schists. Hematite crystals of prismatic habit are
from 20 up to 100 um in size. Most crystals are disseminated
and evenly distributed but some occur in bands within sericite
laminae and fill fractures as well (P1. X, 2). Titanium oxides are
represented by fine needle-like leucoxene particles from 10 up
to 50 pm in size, that suggests replacement of biotite. Rutile
and/or titanite crystals up to 100 um in size were encountered.

Anhedral single grains of chalcopyrite up to 0.5 mm in size oc-
cur in calcite veinlets. In graphite-quartz-chlorite schists very
fine abundant pyrite was found in places (Pl. IX, 1, 2). Pyrite
occurs in various mineral associations. Early paragenesis of
pyrite is suggested by framboidal clusters (from 1 up to 20 pm
in size) associated with graphite (P1. IX, 3, 4). According to
microprobe investigation framboidal pyrite contains admixture
of Ni (from 0.005 to 0.35 wt %) and As (from 0.03 to 0.44 wt
%), (P1. 1X, 5, 6; Tab. 13). In framboidal pyrite Co/Ni ratio is
much below 1:15 (usually from <1:10 to 1:500). Late pyrite
occurs as anhedral crystals recrystallized from framboidal py-
rite and as euhedral fractured crystals up to 200 um in size in
quartz veinlets that cut graphite schists (Pl. [X, 5). Graphite
platy crystals reach up to 300 um in length (Pls. X, 4; X, 1).
Anhedral pyrite that recrystallized after framboidal pyrite
characterized by loss of Ni and As admixtures (Pl. [X, 6).
Euhedral pyrite may contain chalcopyrite or galena inclu-
sions. The euhedral pyrites from Klecza represent mostly
As-poor pyrite generation (below 0.1 wt % As). Arsenic-poor
euhedral pyrite is in paragenetic association with arsenopyrite
and may contain small arsenopyrite inclusions (Pl. IX, 7, 8).

Chalcopyrite appears in quartz veinlets or in silicified part
of lodes, and forms anhedral crystals up to 100 pm in size that
are subject to covellite replacement. This pyrite-rich graphite
schist contains up to 15 ppm Au. Gold mineralization of im-
pregnation-veinlets type occurs in dark-gray to white quartz
breccia veins with fragments of sericite-muscovite-quartz
schists. Chalcedony cements brecciated quartz and ore frag-

Table 13

Trace element contents (in wt %) and correlation matrix in pyrite samples from Klecza and Radomice

Element Framboidal pyrite (pyla) Pyrite 2 As-rich pyrite (py 3b)
aver. cont. range aver. cont range aver. cont range
Co 0.022 0.005-0.043 0.012 0.000-0.060 0.01 0.001-0.02
Ni 0.299 0.005-0.350 0.131 0.000-0.302 0.016 0.0-0.058
Co/Ni ~1:15 - ~1:10 - ~1:2 -
As 0.181 0.030-0.444 0.174 0.030-0.431 1.46 0.822-3.09
Au - b.d.l - b.d.l. - b.d.l.— 0.045
Element Correlation matrix
framboidal pyrite pyrite 2 As-rich pyrite (py 3b)
Co Ni As Co Ni As Co Ni As
Co 1 0.33 0.56 1 0.14 -0.02 1 0.08 0.36
Ni 0.33 1 0.12 0.14 1 0.78 0.08 1 -0.17

b.d.1.— below detection limit
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ments. Pyrite and arsenopyrite are most common sulphides,
however often one of them dominate; other base metal
sulphides are subordinate.

The veinlets of younger generation are filled by carbon-
ates of different compositions and Fe-hydroxides. In py-
rite-rich zones euhedral crystals of this mineral from 50 um
up to 5 mm in size form either disseminated crystals or mas-
sive aggregates. Gold mineralization was found both in sul-
phide rich and sulphide poor samples (P1. VIII, 2, 3). Highest
gold contents, exceeding 60 ppm, was found in cataclased
gray quartz lode, rich in arsenopyrite. Gold is present as inclu-
sions in pyrite and arsenopyrite as well as microveinlets asso-
ciated with chalcopyrite and galena and as grains (P1. XII).
Free grains of gold in the cataclastic quartz cemented by chal-
cedony and younger ankerite are less common (P1. XIII).
Therefore it appears that gold was either remobilised or
brought by low temperature hydrothermal fluids. The richest
in gold samples are cataclastically deformed and contain
abundant sulphides.

Arsenopyrite and pyrite forms two characteristic varieties
(Fig. 42). The first one represents by big euhedral crystals (up
to 3—5 mm in size) that exhibit cataclastic deformation tex-
tures accompanied by the second variety composed of very
fine euhedral crystals (from 10 up to 200 um in size; Pl. X,
3-5). These fine-grained sulphides form pyrite- or arsenopy-
rite-rich bands within cataclased quartz and coarse-grained
ores. The sulphides are mostly rich of galena, chalcopyrite,
electrum and gangue (chalcedony, sericite) inclusions, how-
ever locally they are devoid of any inclusions. At least three
generations of pyrite occur within quartz veins: the first one is
euhedral medium- to-coarse-grained commonly surrounded
by cataclastic fine-grained particles, the second one forms
poikilitic pyrite rims, and the third one - micro-veinlets which
fill fractures. Pyrite is dominant among sulphides and reveals
anhedral habits, and cataclastic and poikilitic textures.
Anhedral pyrite crystals up to 50 um in size border
coarse-grained quartz or occur as angular fragments in chal-
cedony or carbonates matrix. The pyrite coarse-grains are
fractured and some of them contain inclusions of galena. Fine

prismatic crystals of arsenopyrite up to 100 um in length oc-
casionally twinned.

Cobaltite appears as overgrowths on replacement of ar-
senopyrite as well as fillings fractures in arsenopyrite (P1. XII,
5). Cobaltite crystals may reach 60 um in size. Arsenopyrite is
subject to replacement by scorodite (P1. XIII, 4).

In several samples of cataclased quartz veins and lodes in
sericite-quartz schists, cemented by narrow veinlets of younger
generation quartz (chalcedony) and carbonates, gold occurs in
concentrations of several ppm despite a poor sulphides miner-
alization.

Chalcopyrite and less frequently galena occur as fillings of
fractures (up to 20 pm thick) in the coarse-grained sulphides, as
inclusions, and as overgrowths on these. The base metal
sulphides less frequently associate with carbonates. Sphalerite is
rare and may contain linear inclusions of chalcopyrite (Fig.
42E). Sphalerite is characterized by lack of internal reflexes. Ga-
lena may form locally clusters of crystals up to a several milli-
metres in size. Anhedral single crystals of galena have usually
less than 100 pm in size. Galena that replaced pyrite may contain
arsenopyrite inclusions, and also overgrowths on sphalerite.

Numerous pyrite microclasts about 20-50 pm in size and
rare anhedral chalcopyrite and single electrum grains occur in
chalcedony veinlets and matrix. Quartz-sulphide breccias are
cemented by older generation carbonates and/or next genera-
tion chalcedony with fine-grained sulphides (marcasite-pyrite)
cut by the youngest generation carbonates and finally by
Fe-hydroxides (P1. X, 7).

Alteration processes started with strong silicification and
sulphidization followed by extensive sericitization yielded a
beige-yellow colour of the quartz-muscovite schists hosting
quartz veins and lodes. There is also evidence of a near-surface
hydrothermal activity that post-dated deformation. The hydro-
thermal fluids migrated in a zone of intense brecciation and
were characterized by a low temperature. As a result of hydro-
thermal low temperature precipitation formed amorphous sil-
ica, fine-fibrous quartz, and chalcedony. Chalcedony may be
fractured again and cemented by the younger generation of car-
bonate and Fe-hydroxides.

v

Fig. 42. Microphotographs of ore minerals in the reflected light and table of the mineral sequence
for the Klecza—Radomice ore district

A — medium-grained euhedral arsenopyrite and pyrite, fractured and cemented by galena micro-veinlets (sample no. G3); B — coarse-grained aggregate of ar-
senopyrite fractured and cemented by carbonates, chalcopyrite and electrum (sample no. G-6); C — euhedral arsenopyrite fractured and overgrown by chalcopy-
rite and sphalerite; D — large crystals of arsenopyrite are replaced by chalcopyrite, galena and pyrite in association with carbonates (sample no. R44);
E —numerous inclusions of base metals sulphide hosted by arsenopyrite. Note elongated inclusion of chalcopyrite in sphalerite (sample no. D4); F —intergranu-
lar native gold in association with covellite and pyrrhotite. (sample no. R63); G —intergranular free gold (Au—80.3 wt %; Ag—19.4 wt %) within micro-fissures
in association with clay minerals and chalcedony (sample no. D1); H — platy hematite with native gold grain in association with covellite (sample no. R80);
I— mineral succession of the hydrothermal ore minerals in the main quartz-sulphide veins from the Klecza—Radomice ore district; note the range of quartz tem-
perature crystallization according to fluid inclusion measurements

Abbreviations: asp — arsenopyrite, Au — gold, cov — covellite, chp — chalcopyrite, el — electrum, ga — galena, he — hematite, po — pyrrhotite, py — pyrite, sph
— sphalerite
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ORE MINERALIZATION IN THE NIELESTNO AREA

Samples with ore mineralization were collected at aban-
doned gold mining sites and natural outcrops along small
left-side tributaries of the Bobr River near Nielestno. Geologi-
cal setting here is similar to that of the Klecza area, where the
rocks of the Kaczawa Metamorphic Complex are overthrusted
on the Permian sediments (Milewicz, 1962; 1970; Milewicz,
Frackiewicz, 1983; 1988). This area is located only about 2.5
km to the southeast from Klecza region along the southern bor-
der of the Wlen trough. Rocks of Pilchowice unit are repre-
sented here by sericite-muscovite-chlorite-quartz schist,
graphite-quartz schist and quartz-feldspar schist, epidote-albite
greenstone, greenstone schist, and crystalline limestone
(Szatamacha, 1974).

In this part of the district 2 adits and several ventilation
shafts were excavated (Grimming, 1933). In the upper Max
Arendt adit there appears the vein of thickness up to 2 m and
about 120 m in length (Tab. 12). This vein has strike to
NW-SE direction and dip from 48 to 74°SW (Figs. 43, 44).
The ore grade from this vein was about 30 ppm Au and about
3% As.

Southwards to Nielestno, beside veins running across the
lamination in schists also were recognised veinlets that oc-
curred closely within schist’s lamination. The workings dis-
tribution indicates for NW—SE and NE-SW directions of
veins (Fig. 44). The host rocks are folded with axial planes of

-Maxé.rtend_' / e
( L. '.’A-'? : .. e e Ny
' .-z'_.'....‘ L RE e
i A & N
i - Conglomerate, sandstone

r ; A and greywacke (P4)

L ’ /, ol Quartz-sericite-graphite
/ /. B schist with inserts of
/ ! . siliceous schist, metatuff
i [... S and marble (?Cm/O-C4)

| g E Au-bearing quartz-
30 pprInAu,£ ta i ~ sulphide vein

£ \3%As /?...’ " . [\ Working
Lower | £ . c® e -~ k
ot (. St A Thrust P Fault
P . etnd LI s N

Fig. 43. Schematic cross-section
through quartz-sulphide vein system at Nielestno

For the cross-section location see Fig. 34

folds striking to NW—SE. Rocks such as Silurian schists are
striking variable from ENE-WSW to NNW-SSE directions
and steeply (60-80°) dipping to SE or SW (Szatamacha,
1974). F,5 folds with axial-planes almost parallel to L,
lineation dominated and they characterised by vergence to S
and SW (P1. XI, 1). These folds reveal dispersion in the ax-
ial-planes orientation similar to L, lineation, as a result of the
horst rotation caused by development of regional dislocation
zones (Cymerman, 2002). Rare kinematics data from out-
crops along the Bobr River indicate for transtensional move-
ment top-to-the-east. In this area occur numerous and vari-
ous folds.

Quartz-sulphide veins are located within the zone of
the Kaczawa Metamorphic Complex overthrust on the
Rotliegende sediments of the Wlen trough, along the fault
zone of NW-SE direction. In the direct vicinity of veins occur
transversal faults that are striking in NE-SW direction
(Domaszewska, 1964). Sulphide mineralization is rare and
appears mostly as fine-grained pyrite or coarse-grained ar-
senopyrite impregnation within thin quartz veins up to several
centimetres thick that cut sericite-muscovite-graphite-quartz
schists and in the surroundings (P1. X1, 2, 3). Mineralization in
veins of gray-white quartz is representing mostly by oxide
and hydroxide mineralization (hematite, lepidocrocite and
less frequently goethite) that filled micro-fissures in host
rocks giving them characteristic brown or yellow colours (P1.
VIII, 4), Fe-hydroxides replaced also primary sulphides
forming pseudomorphs with relicts of pyrite.

Hematite pseudomorphs after arsenopyrite may also have
collomorphic textures (Pl. XI, 6). Single hematite euhedral
crystals of tabular habit up to 150 um in size and hematite ag-
gregates built of very fine crystals up to 10 pm in size are com-
mon. Hematite aggregates in association with chalcedony that
are filled fractures in cataclased quartz veins, contains relicts
of pyrite, chalcopyrite and arsenopyrite (P1. XI, 5). Fe-hydr-
oxides such as goethite and lepidocrocite beside chalcedony
are associated with carbonates. XRD method confirmed pres-
ence of dolomite that occurs in spotty or veinlet forms (P1. X1,
7). Hematite as well as gangue minerals (mainly chalcedony)
commonly replace fractured sulphides. Locally, in quartz
veins massive intergrowths of white opal with brown hema-
tite were observed (P1. VIII, 4). These samples contain up to 4
ppm Au. Strongly oxidized samples of quartz veins with
relicts of pyrite mineralization often contain microscopic
gold. Fine-grains of inter-granular gold may reach up to 20
um in size and occur in pseudomorphs of chalcedony and sec-
ondary ore minerals after sulphides (P1. X1, 3). These mineral
assemblages may have relicts of post-pyrite pyrrhotite, covel-
lite and hematite (Fig. 42F). Pseudomorphs are fractured and
cut by micro-veinlets of Fe-hydroxides. The euhedral pyrite
crystals have from 0.5 up to 1.0 mm in size while euhedral
crystals of arsenopyrite from 50 pm up to several millimetres.
The coarse arsenopyrite crystals form also aggregates up to a
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several centimetres in size. Arsenopyrite is subject to strong
replacements by scorodite (Fe”[AsO,] 2H,0) and chalce-
dony (PL. XIII, 4). Hydrated arsenates occur in oxidation
zones and within zones of low-temperature hydrothermal
processes with high Eh that favoured formation of the for
As”"-bearing ions (Savage et al., 2000). Covellite forms nar-
row rim and radial structures built of very fine-grained crys-
tals of prismatic habits up to 20 um in size, or aggregates up to
0.5 mm with column-like crystals.

In cataclased veins of gray-white quartz fine grains of
rutile from 5 up to 20 um in size appear. The presence of rutile
grains cemented by chalcedony is also characteristic for frac-
tured and cataclased muscovite-graphite-quartz schists from
this area. Titanium oxides more commonly occur in seri-
cite-quartz schists of yellow-green colour. They are repre-
sented by rutile, titanite and leucoxene. Ti-oxides infill frac-
tures and occur as single crystals or mica replacements. Rutile
has euhedral acicular crystals or anhedral crystals ranging
from 5 up to 100 pm in size. Pyrite is most common mineral
among sulphides, though rather rare in schists. Only few sam-
ples of dark gray-black muscovite-graphite-quartz schists
contain abundant pyrite impregnation or veinlets. Rich pyrite
impregnation occurs in quartz laminae and less frequently
within graphite laminae and in micro-fractures (Pl. XI, 2).
The schists with pyrite mineralization have characteristic yel-

low colour after sericite that appears during weathering pro-
cesses. Pyrite forms mainly euhedral crystals from 10 to 250
pum in size. Some of pyrite shows texture of poikilitic core
with numerous quartz inclusions and inclusion-free rims that
may be subject to replacement by chalcedony. Pyrite locally
occurs as coarse aggregates of variable grain to some milli-
metres in size. The pyrite coarse-grained crystals are frac-
tured and cemented by chalcedony (P1. XI, 8). Anhedral crys-
tals of chalcopyrite (up to 200 um in size) and sphalerite (Zn—
39.04 wt %, Fe — 17.6 wt %, S —42.9 wt %) appear rarely. In
partly oxidized samples, pyrite is readily altered to
Fe-hydroxides with colloform structure. Ti-oxides appear
mostly as fine grains associated with pseudomorphs of
gangue minerals after micas. In quartz-graphite schists cut by
quartz-dolomite veinlets scarce euhedral pyrite impregnation
occur with younger Fe-hydroxides.

In red Permian conglomerates, with patchy white sand-
stones no sulphide mineralization was found. Only single
grains of Ti- and Fe-oxides appear in these rocks. Euhedral sin-
gle hematite fine grains up to 100 um in size with poikilitic core
and rounded rutile or titanite fine grains from 10 up to 50 pm in
size may occur. Additionally, detritus of rutile fine grains from
10 up to 30 pum in size in association with chalcedony appears.
The samples of the Permian rocks contain only gold traces from
5 to 23 ppb Au.

SULPHUR ISOTOPE DISTRIBUTION PATTERN

The sulphur isotope compositions (834SCDT) have been de-
termined in 33 separated sulphide samples from Radomice
and Klecza areas (arithmetic average = 1.72, n = 33, std. =
1.42). Contents of sulphur 834SCDT in medium- and fine-
-grained arsenopyrite from Radomice range from —2.24 to
+4.88%o (Fig. 45).

A wider range of sulphur isotope values from —1.49 to
+7.8%0 8>*Scpr revealed arsenopyrite from Klecza. It also indi-
cated admixtures of crustal sulphur in magmatic sulphur, espe-
cially, within brecciated sericite-graphite-quartz schists in sul-
phide cement.

Medium-grained pyrite from ores of the impregnation type
have sulphur isotope compositions from 0.0 to +0.6%o0 8**Scpr.
Additionally, the sulphur isotopic compositions of coarse-
-grained galena up to 3 mm in size derived from massive ar-
senopyrite vein have value 0.56%o 8*Scpr.

The arithmetic average value of sulphur isotope composi-
tions of the all arsenopyrite samples is 1.86%o 834SCDT, forn=
28 (std. is 1.47%o).

Samples of massive arsenopyrite aggregates hosted by
quartz vein cutting chlorite-sericite schists from the Klecza
area revealed heavier sulphur isotope composition (up to
7.84%o). That suggest the main magmatic source of sulphur
with some contribution from the host rocks into mineralizing
fluids during precipitation of the sulphides.

137 X X] Pyrite
i | [0 Arsenopyrite
10 - N Galena

number of sample
1 1 1
XV
N

K
i }x |
1 — —
H L]
_I3 _I2 _I1 (I) é I7 I8 834 Scpr [%o]

Fig. 45. Sulphur isotope composition
of sulphide minerals of the gold-bearing ores
from the Klecza—Radomice ore district

Abbreviation: K — Klecza; other — Radomice
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ARSENOPYRITE GEOTHERMOMETER DATA

On the base of microprobe investigation of arsenopyrite,
two groups of its different contents of As and Fe was possi-
ble to distinguish: the first group includes arsenopyrite sam-
ples from Radomice and Nielestno and the second group
from Klecza (Fig. 46). Inside arsenopyrite grains from both
groups, no inclusions of loellingite or pyrrhotite were found.
However, these arsenopyrite crystals contain inserts of
younger minerals such as galena, chalcopyrite and/or elec-
trum.

Arsenopyrite samples from the whole area revealed a con-
stant cobalt admixture from 0.12 to 0.92 atom. % with arith-
metic average about 0.44 atom. % Co for n = 70 measure-
ments. The probably source of Co could be framboidal py-
rites, which according to microprobe investigation contained
ca. 220 ppm (average) of Co admixtures (Tab. 13). During
framboidal pyrite recrystallization Co decreases in pyrite
(py2a — average 100 ppm).

Arsenopyrite from Nielestno has in general lower contents
ofarsenic ranging from 30.1 to 31.4 atom. % with an arithmetic
average of 30.8 atom. % As (std. = £0.5; for n = 15 measure-
ments; Table 14).

Arsenopyrite from Radomice reveals higher content of ar-
senic. They have arsenic content ranging from 30.1 to 33.5
atom. % with an arithmetic average of 31.5 atom. %, (std. =
+1.0) for n = 41 measurements, however most of them have
content of arsenic from 30-32 atom. %. They have content of
sulphur reaching up to 1 atom. % and iron up to 3 atom. % in ex-
cess to stochiometric composition.

Arsenopyrite from Klecza characterised in general by
higher arsenic and lower iron content in comparison with
stochiometric composition. Their composition is ranging be-
tween 31.5 and 33.4 atom. % As. Arithmetic average of arsenic
contents in arsenopyrite from this group is 32.6 atom. % As
(std. = +0.6).

To establish a temperature range for arsenopyrites from
3 areas, it should be assumed that the beginning of this crys-
tallization took place at the arsenopyrite-pyrite buffer f{S,)
due to absence of pyrrhotite appearance and lack of
loellingite intergrowths. According to the isopleths of ar-
senopyrite composition in the logf(S,) — T from Kretschmar,
Scott (1976), modified by Sharp ef al. (1985), the tempera-
ture ranges in general between 491-390°C for Klecza,
440-315°C for Radomice and 390-315°C for Nielestno. In
the same way, sulphur fugacity — logf(S,) for the range of ar-
senopyrite compositions (Fig. 47) varies from —4.5 to —6.5
(Klecza), from —6.5 to —10.5 (Radomice) and from —7.0 to
—10.5 (Nielestno), respectively.

O Arsenopyrite from Radomice
O Arsenopyrite from Klecza

N Arsenopyrite from Nielestno
A Stoichiometric arsenopyrite

Fe —=—— Fe 35 34 33 As

Fig. 46. Plot of the atomic percent composition of arsenopyrite
samples from Radomice, Klecza and Nielestno

log £(S,)

T T T T T
300 400 500 600 700
temperature [°C]

Fig. 47. Projection on log f(S;) versus temperature
diagram of the arsenopyrite microprobe analyses
(from Kretschmar, Scott, 1976; modified by Sharp ez al, 1985)

Shaded area shows range of arsenopyrite compositions for specific areas
within the Klecza—Radomice ore district

Abbreviations: As — arsenic, Asp — arsenopyrite, L — liquid sulphur, Lo —
loellingite, Po — pyrrhotite, Py — pyrite
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Table 14

Statistic parameters of the As contents in arsenopyrite samples from the Klecza—Radomice ore district
and their crystallization temperatures (acc. to arsenopyrite geothermometer by Kretschmar, Scott, 1976)

Location Arsenopyrite As [atom. %)] Number Interval of arsenopyrite
type of samples crystallization
arithmetic standard o
range - [°C]
mean deviation

Klecza

31.49-33.38 32.59 0.59 14 491-390
C0<0.92 atom. %
Radomice Arsenopyrite | | 30.06-33.48 3153 0.98 41 440-315
C0<0.88 atom. %
Nielestno 30.11-31.40 30.80 0.49 5 390-315
C0<0.60 atom. %

GOLD MINERALIZATION

Gold in the Klecza—Radomice deposits was commonly con-
sidered as submicroscopic admixture within auriferous pyrite
and at a lower scale in arsenopyrite (Krusch, 1907; Grimming,
1933; Domaszewska, 1965; Fedak, Lindner, 1966). Separated
pyrite contains up to 68.5 ppm of Au and arsenopyrite grains
from Radomice have only ca. 15 ppm of gold (determined by use
of GF-AAS methods). It indicating that pyrite hosts most of the
submicroscopic gold. Gold has a high positive correlation with
Cu what indicates that it is also bound by chalcopyrite. However,
its strong correlation with base metal sulphides revealed most
probably much more in the form of microscope than sub-
microscope gold. Microscopic gold was first described by Paulo,
Salamon (1973a) in forms of electrum inclusions (older genera-
tion gold — I) in arsenopyrite or rarely in pyrite and of gold
microveinlets (younger generation gold — II) associated with ga-
lena and hematite. Fineness of the older generation gold was
about 700 and the younger gold 820-860 (Paulo, Salamon,
1973a). Later studies confirmed previous findings and addition-
ally recognized numerous native gold-electrum aggregates up to
0.1 mm in size within cataclastic fissures in sericite-musco-
vite-chlorite-quartz schists from Radomice (Olszynski, Mikulski,
1997). Microprobe investigations documented very low (630) and
very high fineness (920-940) of these gold aggregates.

The present studies added new data about microscopic gold
mineralization in Klecza—Radomice ore district (Fig. 48; Pls.
XII, XIIT). Gold has been found in the following types of ore
mineralization:

— breccias of sericite-muscovite-graphite-quartz schist

or phyllite cemented by massive sulphides,

— sulphide impregnation of massive and/or veinlet type
in quartz veins or lodes cutting mica-graphite-quartz
schist or phyllite,

— strongly silicified by chalcedony sericite-quartz schist
with remnants of sulphide mineralization,

— weathered sulphide ores.

The earlier known electrum associations with galena or
rarely with chalcopyrite, sphalerite or cobaltite that occur as in-
clusions or inserts in fractured coarse-grained pyrite and ar-
senopyrite revealed at present microprobe studies significant
amounts of silver from 15 up to 30 wt % Ag and different traces
of Te, Bi, Se and Cu. These monomineral gold inclusions,
microveinlets, or grains have different size (from 5 up to 120
pum in size). Fineness of monomineral gold microveinlets is
from 840 to 880 and those with galena from 760 to 790 indicat-
ing for slightly higher silver admixture. This gold generation
revealed admixtures of tellurium from 0.4 to 0.9 wt % and cop-
per from 0.25 to 0.83 wt %. Similar fineness have irregular gold
grains that filled fractured arsenopyrites and those that over-
growths arsenopyrites e.g. from 790 to 840 and admixtures
of tellurium 0.58-0.98 wt % and copper up to 0.58 wt %.
Electrum inclusions in arsenopyrite or in pyrite have lower
fineness about 700 (710-730) and traces of Te and Se admix-
tures. Single gold grains occurring in rocks in association with
base metal sulphides and ankerite have low similar fineness
about 700 and small admixtures of tellurium below 0.5 wt %,
bismuth below 0.4 wt % and selenium up to 0.3 wt %.

Additional inclusions of gold have been recognized within
coarse-grained sphalerite. Sphalerite contains numerous linear
inclusions of chalcopyrite and several elongated gold inclu-
sions that may reach from 5 up to 25 um in size (P1. XII, 6). Lo-
cally not only galena-electrum micro-veinlets (P1. XII, 7) were
observed but also native bismuth-electrum-galena veinlets up
to 10 um thick. Bismuth minerals are very rare and tellurium
minerals have been not found in Klecza—Radomice ore district.
Only the traces of bismuth as native bismuth in association with
electrum and galena in micro-veinlets cut arsenopyrites were
noted. Geochemical results indicate very low concentrations of
Te and Bi in those ores and may suggest a long lateral migration
of hydrothermal fluids from a magmatic (granitic) source
(Mikulski, 2005b).
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Gold of microscopic size grains may also occur between
base metal sulphides (chalcopyrite-galena-sphalerite) that
fills fractures within coarse-grained arsenopyrite or pyrite.
Electrum besides fractures filling in sulphides may overgrow
sulphide grains (Pl. XII, 1, 4). Moreover, numerous single
grains of different sizes (0.005-0.3 mm) have been found in
sulphide surroundings.

Different types of microscopic gold associated with low
temperature quartz (chalcedony) + hematite + calcite + marca-
site/pyrite + kaolinite have been recognised in strongly altered
sericite-muscovite schists of characteristic white-yellow-green
colour and common selective corrosion interstices (Pl. XIIL,
3-6). These gold-bearing samples of very characteristic colour
and lightweight contain about a dozen ppm of Au and rare
sulphides mineralization. Different in size fragments of seri-
cite-muscovite schists are cemented by chalcedony. In chalce-
dony that fills vugs, cracks and fractures, there occurs
fine-grained gold from 5 up to 40 pum in size (P1. XIII, 7, 8).
Chalcedony forms also very narrow rims up to 10 um thick
around caverns (P1. XIII, 7). These caverns are a result of chem-
ical corrosion that (pH <5) removed primary sulphide mineral-
ization without any trace left.

Another type of microscopic gold associated with lepi-
docrocite-covellite aggregates have been observed in weathered
sulphide samples. Rare single gold grains mostly about 3040
um in size (range 5—100 pm) occur in association with covellite
and Fe-hydroxides replaced primary sulphides. Fe-hydroxides
and covellite usually form narrow rims surrounding py-
rite-pyrrhotite-chalcedony core (Fig. 42F, PL. X1, 5).
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Fig. 48. Silver and gold contents
in gold minerals (native gold and electrum)
from the Klecza—Radomice ore district

Summarizing at least four main generations of gold is pos-
sible to distinguish: 1st generation is connected with submicro-
scopic gold hosts by sulphides, 2nd generation forms mi-
cro-veinlets, inclusions, inserts in fractured sulphides and
intergranular gold (so called “free gold”) associated with base
metals sulphides, 3rd generation associated with chalcedony
that may contain very fine gold grains, and 4th generation is
common of oxidizing processes represented by minerals such
as Fe-hydroxides and covellite.

SUMMARY OF ORE MINERALIZATION MINERAL SUCCESSION AT KLECZA-RADOMICE ORE DISTRICT

Characteristic features of the ore minerals succession at
Klecza—Radomice ore district is multistage evolution followed
by changes in ore mineral composition. At the Radomice deposit
all recognised stages of ore minerals that are presented on Figure
421 occur. Ore minerals formed during diagenetic or/and
greenschist facies metamorphic stages and weathered minerals
are also present in the considered areas. Minerals of the hydro-
thermal stage were divided into 4 sub-stages (episodes), how-
ever at Radomice appear 4 sub-stages and in Klecza or in
Nielestno only 3 sub-stages of the hydrothermal stage were re-
cognised.

The main episode of the sulphide mineralization was recog-
nised within the whole Klecza—Radomice ore district and is
dominated by auriferous pyrite and arsenopyrite. In this study
the richest grade of massive sulphide mineralization of hydro-
thermal breccia type occurred in quartz vein samples from
Radomice. This pyrite-arsenopyrite stage represents meso-
thermal type of ore mineralization that crystallized within tem-
perature range from ca. 450 do 300°C (arsenopyrite geo-
thermometry). The formation of submicroscopic gold in sul-
phide was coeval with gray quartz crystallization. Submicro-
scopic gold is mostly bound not like at the Radzimowice within
arsenopyrite but rather in pyrite with As admixture (Mikulski et

al., 2005¢). Sporadically within these sulphides inclusions of
chalcopyrite or pyrrhotite appear. Sulphide mineralization of
this sub-stage is commonly associated by sericite. Sulphides are
fractured and cataclased and similarly like at the Radzimowice
deposit were cemented by carbonate minerals associated with
base metal sulphides and electrum. To this stage was also in-
cluded arsenopyrite I, which does not contain Co admixture and
minerals from the tetrahedrite group and cobaltite (Radomice,
Klecza). Among gangue minerals commonly appears carbonate
of various compositions in veins or/and in host rocks as well as
abundant tourmaline and apatite II. Base metal sulphides in com-
parison with the Radzimowice deposit are much less frequent
and among them chalcopyrite dominate. Galena and sphalerite
are rare. Electrum occurs in paragenetic association with galena
and sphalerite.

The third sub-stage of hydrothermal crystallization at
Klecza—Radomice ore district is represented by chalcedony
and carbonates of younger generations (mainly calcite II). Itis
possible to distinguish in this sub-stage two different para-
genetic associations: the first one was recognised at
Radomice and consists of chalcedony, kaolinite and free gold
that formed during reducing condition (pH <5) and the second
one described from Klecza and Nielestno that consists of
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chalcedony, hematite and free gold and formed during oxidiz-
ing condition. Elongated micrograins of native gold at Ra-
domice occurs as infillings of fissures and free spaces within
strongly altered rocks. Beside chalcedony and kaolinite
marcasite and/or pyrite associated with chlorite and low tem-
perature albite appear. These mineral assemblages (IVa and
IVb) represent a low temperature stages (<200°C). Some
problems may cause the recognition of time formation of
these stages, however they could form coeval. The hematite

stage is closely connected with chalcedony veinlets that are
associated by calcite II.

Origin of native gold in samples from Nielestno may be
also connected with the weathering processes and replace-
ments of arsenopyrite by secondary Fe-oxides and Fe-hy-
droxides and chalcopyrite by covellite. Refractory gold
bound by pyrite or arsenopyrite could be remobilised and then
crystallized together with hematite and calcite II in oxidative
environment.

ORE GEOCHEMISTRY

Geochemical data set of Klecza—Radomice ore district con-
tains 73 samples, from which 32 samples were collected from
Radomice, 23 from Nielestno and 18 from Klecza. The repre-
sentative geochemical composition of several ores and miner-
alized rock samples from Klecza—Radomice ore district are
shown in Table 15. For the further statistical elaboration sam-
ples were divided into four sample populations separately for
each of areas and for the district (Tab. 16).

CORRELATIONS

In Klecza—Radomice ore district it is possible to distinguish
four types of mineralized rock samples: massive or/and banded
sulphide breccias in association with quartz and carbonates in
cataclased quartz-sericite schists, cataclased quartz-sul-
phide-carbonate veins hosted by epimetamorphic rocks of
flysch-like protolith, pyrite-impregnated quartz-graphite
schists, and strongly weathered primary sulphide ores. Range

of gold contents in the considering areas varies from traces up
to 61.4 ppm. The arithmetic average of Au concentration in all
samples is 3.6 (n = 73) and in samples with Au contents above
0.5 ppm s 9.6 ppm (n=31). However, for each area arithmetic
and geometric average values vary significantly.

Sulphide ores (mainly arsenopyrite or pyrite) contain high
concentration of As, Fe, S, SiO,, carbonates and low contents
of base metal sulphides. The ores have variable, but generally
high gold compositions with gold to silver ratios above 1. The
richest As—Fe sulphide ores (20-40% As; about 10-30 ppm
Au) have base metals concentration up to 2.2%, however only
lead concentration may reach maximum to 1-2 wt % and the
maximum Cu and Zn concentrations are only up to 1.3% and
0.5%, respectively.

Comparison of the average values for the selected metals in
each area of the Klecza—Radomice ore district indicates differ-
ences in elements distribution (Fig. 49). The highest average
values of Au, Ag, As, Pb, Fe (total), S and Co have been calcu-
lated for samples from Radomice. Similar values for Au and
base metals have samples from Klecza. Elements concentra-

10000 5
E [0 Klecza
] Il Radomice

§ 1 [0 Nielestno
& 1000 5
“E 3
L ]
c E
o
8 ]
< i
£
< 100 ] H
‘e 7
o ]
o ]
® ]
[
> 4
[\v]
)
T 104 — — — — — H
€ ]
= ]
5 ]

1 T T T T T T T T T T T T T 1

_\_\Q ) \QQ o N A8 QQQ QQQ P N Q 19 ?
® \ Q© N W
el > S
<@

Fig. 49. Comparison of the arithmetic average of some elements and Fe,O; in Klecza, Radomice and Nielestno
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Table 15

Representative geochemical composition of several ore and mineralized rock samples from the Klecza—Radomice ore district
Sample | S-44 S-45 S-50 R46 R79 G2 G3-4 D1 D2 D10 MsS-8 R69 R80 R67
Location R R R R R G G K K K N N N

Lithology | mb mb mb as qsv qsv as cgstv | cgstv f qgs qw asb d

Major elements [wt %]
SiO2 48.94 50.9 78.89 | 56.69 | 30.88 83.1 68.3 75.92 | 86.52 | 66.41 | 95.76 83.1 65.14 8.66
Al203 5.16 10.86 7.86 21.76 7.96 2.18 1.20 5.38 4.63 16.99 0.96 7.97 1.266 1.67
Fe20s 19.71 16.17 5.01 5.93 16.79 4.79 12.75 3.42 1.76 5.36 3.45 0.57 13.2 2.52
MgO 0.68 0.83 0.75 1.63 0.34 2.03 0.90 1.73 0.43 1.00 0.005 0.13 0.147 5.25
Cao 0.61 0.36 0.61 0.14 0.03 1.07 1.21 3.2 0.37 0.08 0.12 0.15 0.022 39.91
Na20 0.71 - 0.95 1.14 0.39 0.05 0.026 0.2 0.21 0.46 0.02 0.05 0.02 0.17
K20 1.29 2.19 2.16 451 3.08 0.50 0.32 1.24 1.14 4.53 0.47 0.23 0.351 0.32
TiO2 0.22 0.35 0.39 0.87 0.41 0.10 0.05 0.216 0.218 0.638 0.04 0.13 0.034 0.1
P20s 0.04 - 0.06 0.105 0.07 0.013 | 0.016 | 0.038 | 0.033 0.1 - 0.038 | 0.143 | 0.055
MnO 0.04 - 0.016 0.102 0.003 0.12 0.073 0.294 0.053 0.042 - 0.018 0.004 0.347
S 4.58 4.14 0.98 0.005 - 0.30 3.89 0.41 <0.01 | <0.01 0.87 0.005 - 0.005
Cl - - - 0.009 - - - 0.033 0.027 0.03 - 0.014 - 0.0005
TOC - - - <0.10 0.12 - - <0.10 <0.10 <0.10 - <0.10 0.86 <0.10
LOI - - - 4.29 - - - 6.39 2.15 4.04 - 3.41 - 38.95
Cu 0.0027 | 0.0021 | 0.0014 | 0.0017 | 0.0009 | 0.0028 | 0.0613 | 0.0577 | 0.2775 | 0.011 | 0.0739 | 0.0009 | 1.3153 | 0.0049
Pb 0.0293 | 0.0015 | 0.0028 | 0.0042 | 0.0311 | 0.0071 | 0.445 | 0.1338 | 0.2192 | 0.0024 | 0.0091 | 0.0008 | 0.0391 | 0.0009
Zn 0.0279 | 0.0432 | 0.0034 | 0.0105 | 0.0013 | 0.0091 | 0.168 | 0.0162 | 0.5092 | 0.0069 | 0.0023 | 0.002 | 0.0069 | 0.0053
As 12.8 13.87 2.16 0.001 | 20.6711 | 0.741 7.38 0.0105 | 0.0891 | 0.0013 0.2 0.0011 | 2.844 | 0.0012
Total 94.88 | 99.73 99.89 | 97.24 | 80.77 | 95.01 96.79 | 99.14 | 99.18 | 100.32 | 101.96 | 95.88 | 85.39 | 98.01
Trace elements [ppm]

Au 16.0 6.2 0.528 | 0.001 11.6 3.94 61.4 | 0.0101 9.4 2.96 0.76 0.023 2.81 0.003
Ag 6.64 6.0 0.23 4 19 0.54 20.6 4 <3 <3 2.5 3 29 4
Bi 10.3 1030 | 0.611 - - 1.88 4 9 13 <3 6 - - -
Co 33 43 16 18 15 32 63 6 45 14 8 1.5 15 1.5
Cr 55 40 54 107 52 87 32 77 6 63 - 9 1.5 7
Mo 3 2 <1 - - 5 5 <2 12.5 <2 10 - - -
Ni 29 32 25 38 15 162 127 15 161 26 - 6 27 28
\Y 35 40 50 145 66 17 8 28 29 81 - 8 95 21
Wi <11 <10 <1 - - 4 <8 14 33 9 - - - -
Sn 1.2 1.3 14 - - <1 <1 - - - - - - -
Ba 340 110 590 726 309 220 81 846 838 711 - 45 78 66
Be 1.3 1.3 1.7 - - 0.68 0.36 - - - - - - -
Cs 3.0 38 4.6 - - 1.8 0.98 - - - - - - -
Cd 14 1.3 2.5 - - 0.3 24.8 - - - 2.5 - - -
Ge 1.6 0.98 0.3 - - 0.17 0.59 - - - - - - -
Hf 2.4 241 2.39 - - 1.75 0.61 <3 4,0 <3 - - - -

Li 26.04 | 23.22 20.65 - - 14.08 6.77 - - - - - - -
Nb 4.8 5.08 7.98 - - 211 1.13 5.0 6.0 12.0 15 - - -
Rb 60 84.8 102 - - 33 20 56 55 186 25 - - -
Re 0.003 0.002 0.001 - - 0.046 0.016 - - - - - - -
Sh 138 108 25.1 - - 11.2 98.9 - - - - - - -
Se 6.1 9.3 1.7 - - 0.7 8.4 - - - - - - -
Sr 45.0 57.4 61.4 - - 15.3 12.8 39 21 30 10 - - -
Ta 0.37 0.39 0.65 - - <0.1 <0.1 7 9 5 - - - -
Te 1.9 2.5 0.6 - - 14 15.3 - - - - - - -
Tl 0.4 0.5 0.6 - - 0.2 0.1 - - - - - - -
Th 6.4 7.1 8.3 - - 4.0 1.9 6 7 15 - - - -

U 2.5 2.3 2.1 - - 26.8 4.8 2.7 4.5 2.6 - - - -

Y 9.6 8.2 8.5 - - 11.3 6.9 14 9 22 6 - - -
Zr 322 218 112 - - 83 167 6 <2 138 16 - - -
La 194 215 26.3 - - 15.3 6.9 12.0 10.0 35.0 - - - -
Ce 41.9 46.7 53.9 - - 30.9 13.3 214.0 950.0 85.0 - — - —

Abbreviations: R —Radomice; G, K — Klecza; N — Nielestno; mb — mylonitic breccia of quartz-sericite schist with sulphide; gs — quartz-sericite schist with sul-
phide; gqsv — quartz-sericite schist with vein; qcsv — quartz-carbonate-sulphide vein; f— fyllite; qgs — quartz-graphite schist; qw — quartz wacke; qsb — quartz-sul-
phide breccia; d — dolomite insert
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tion in Nielestno is usually much lower than in other areas ex-
cept Cu and Ag.

Distribution of Cr, Ni, and V reveal values that are rather
characteristic for primary concentration in the host rocks of the
flysch type than for hydrothermal processes. The average ar-
senic concentration in Radomice is almost 20 and 100 times
higher than for Klecza and Nielestno, respectively. The sam-
ples of arsenopyrite-pyrite ores in cataclased quartz-carbonate
veins from Klecza with arsenic concentration about 7%, and
small base metals content below 0.5% are richest in gold
(60-70 ppm Au).

(1) Gold has distinct positive correlation with arsenic, base
metals, iron, silver and sulphur for selected areas as well as for
the whole sample population (Tabs. 17, 18). The values of these
correlation coefficients (r) vary between the Klecza, Radomice
and Nielestno areas from weak to very significant. Gold correla-
tion with arsenic (r = 0.56) and iron (r = 0.47), suggests the for-
mation of submicroscopic gold in paragenetic association with
arsenopyrite and pyrite. Gold correlation with silver and selected
base metals in different areas is confirmed by mineralogical
studies, which yield a presence of electrum in association with
galena, chalcopyrite, and sphalerite. Au correlation with Cd (r =
0.41) may suggest admixture of Cd in sphalerite related to
electrum and base metals association. Microprobe measure-
ments indicated admixtures of Co in arsenopyrite and Ni in py-
rite that may explain significant gold (of submicroscopic type)

correlation with As (r = 0.98) and Ni (r = 0.42), in samples from
Klecza. Furthermore, in this area correlation between Au and
Si0O, indicates for additional association of microscopic gold
with low temperature chalcedonic quartz crystallization (r =
0.31). In Radomice, there are variable negative correlations of
Auwith CaO (r=-0.34), and with SiO, (r=-0.66). In Radomice
it is also Au correlation with Bi (r = 0.65), TiO, (r = 0.55), and
with Te. However, small number of samples limits the impor-
tance of the last observation. Figure 50 shows the variation loga-
rithmic plots of the selected trace and metallic elements in
Klecza, Radomice and Nielestno. In general gold and silver neg-
atively correlate with alkali oxides, Al,Os, SiO,, and TiO, and
with CaO indicating for development of alteration processes
such as sericitization, carbonatization, and silicification in the
country rocks. Gold correlation with sulphur (Au-S, r=0.26 for
n = 37) indicates also its main crystallization during the process
of the sulphidization.

(2) Silver displays correlation with Pb (r= 0.67), Fe (total),
Bi and As (r = 0.54) and weaker with Cu and Zn in the whole
deposit areas. Significant correlation of silver with As, Cu, and
Pb (r = 0.88-0.94) occur especially in Nielestno, and with Pb
and Zn (r=0.71, 0.73) in Radomice. In Klecza Ag has a strong
correlation with As (r=0.81), Pb, Fe and Co and a weaker cor-
relation with Ni, and Zn suggesting association of Ni-bearing
pyrite and Co-bearing arsenopyrite with base metal sulphides.
An arithmetic average of silver concentration is 6.96 forn=73

Table 17

Correlation matrix of selected elements for the rock samples from Klecza—Radomice ore district and Radomice

KROD | Au Ag As Cu Pb Zn Co Fe,03 Ni \Y Ba S Bi SiO, CaO
Radormice n=71 | n=71 | n=71 | n=71 | n=71 | n=71 | n=71 | n=71 | n=60 | n=60 | n=55 | n=37 | n=27 | n=43 | n=43
Au n=32 | 1.000 | .4453 | .5585 | .0218 | .3883 | .4423 | -.0139 | .4672 | .2374 | -.0890 | —.0431 | .2576 | .2204 | -.1560 | -.1377
Ag n=32 | 4478 | 1.000 | .5439 | .3449 | .6726 | .2986 | .0712 | .5989 | .0833 | .0701 |-.0389 | .2582 | .5880 | -.4372 | -.1088
As n=32 | .8686 | .5102 | 1.000 |-.0346 | .3860 | .1963 | .0031 | .8022 | -.0118 | -.0915 [ —.0713 | .5534 | .8966 | -.6512 | —.1964
Cu n=32 | -.1065 | .2045 | -.1376 | 1.000 | .0605 | .1539 | .1251 | .0892 | .0300 | .0124 [ -.0165 | .2565 |-.2090 | .0769 | -.0372
Pb n=32 | .3839 | .7154 | .3392 | .2385 | 1.000 | .4737 | -.0149 | .3620 | .0745 | -.0659 | .2176 |-.0739 | .5574 | —.1973 | —.0852
Zn n=32 | .5645 | .7314 | .4508 | .1070 | .8672 | 1.000 | .0031 | .1701 | .3992 |-.0398 | .2563 | —-.1083 | .0819 | .0650 | -.0839
Co n=32 | -.1733 | —.0034 | -.1586 | .6454 |-.0730 | -.0563 | 1.000 | .3479 | -.0376 | —0593 | —.1237 | .5814 | -.1661 | —2129 | .1636
Fe,O3 | n=32 | .7510 | .5801 | .8437 | .1772 | .3679 | .4901 | .3103 | 1.000 | .4148 | .0044 | —.0150 | .7836 | .7600 | —.7485 | —1477
Ni n=22 | .0177 | -.0614 | .0525 | -.0997 | -.1547 | -.0070 | —.1158 | .1829 | 1.000 | .3614 | .1192 | -.0292 | -.1177 | .2568 | —.0831
\Y n=22 | -0763| .0796 |-.1364 |-.1372 | .1863 | .1394 | —.3090 | —.2610 | .1594 | 1.000 | .0555 | —.3805 | —.0579 | .0582 | —2039
Ba n=18 | .0891 | .1498 | -.0761 | .0603 | .3536 | .2548 | —-3552 [ 1926 | .1072 | .8603 | 1.000 | —4759 | —0738 | .1897 | —.1875
S n=22 | .1476 | —-.0209 | .2567 | .5332 |-.2718 | —.2454 | 5750 | .5688 | .0184 | -7253 | —9177 | 1.000 | .3381 | —.5572 | —.0552
Bi n=20 | .6517 | 5701 | .8719 |-.1414 | .6128 | .5585 | —.3099 | .7054 | .7357 | —0476 | .0681 | .0701 | 1.000 | -.7106 | —3468
SiO; | n=25 | -5901 | -5467 | -.7138 | .0386 |-.2549 | —.3688 | —.1373 | —.8613 | —.0226 | .3821 | .5785 | —4519 | —.6583 | 1.000 | —.3662
CaO n=25 | -3351 | -.1076 | —.3546 | .6006 |-.1380 |-.1292 | .9491 | .1649 | —.2027 | —.3926 | —4615 | .5817 | —.3746 | —.0387 | 1.000

Bold written digit indicates moderate and/or strong (underline) correlation value between selected elements; n — number of samples; KROD —

Klecza—Radomice ore district
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Table 18
Correlation matrix of selected elements for the rock samples from Klecza and Nielestno
Klecza Au Ag As Cu Pb Zn Co Fe,03 Ni V Ba SiO, Ca0
Nielestno n=18 | n=18 | n=18 | n=18 | n=18 | n=18 | n=18 | n=18 | n=18 | n=18 | n=18 | n=11 | n=11
Au n=23 | 1.000 .8322 .9814 .2016 .7520 .3750 7894 .7393 4218 -.1202 | -.2181 3075 -.1884
Ag n=23 | .4624 1.000 .8063 .0484 7551 1239 .5688 .6403 2247 1510 —.2424 1372 1412
As n=21| .9789 .9363 1.000 .0755 .6549 .2484 7361 .7643 3979 | -.0955 | -.2641 2937 | -.1727
Cu n=21| .9772 9323 .9988 1.000 .3803 .9250 4452 | -1592 5411 .0480 .3401 4466 | -.1275
Pb n=21| .9839 .8770 .9730 .9746 1.000 4483 .6599 4899 .2357 | -1999 | -.0380 | .3115 1767
Zn n=21 | .0597 .3168 .0889 .0781 .0542 1.000 .6252 | -.0108 .6005 | —-.0935 .2016 5533 | -.3798
Co n=20 | -.0962 .0300 —-.0408 | -.0829 | -.1183 4835 1.000 .6317 .7601 .0480 —-.1445 .5652 —.4394
Fe,O; | =21 | .2448 A737 2710 .2584 2244 .9647 1136 1.000 .2216 -.0752 .0339 .0025 —-.0766
Ni n=20 | -.0295 1711 —-.0276 | —.0355 | -.0491 .9739 .0023 .9320 1.000 3721 —-.0863 7279 —.4823
\Y n=20 | .0284 .2887 .0423 .0259 .0393 7528 2241 7131 .6901 1.000 | -.1010 | -.7167 | -.2379
Ba n=19 | -.1423 | -.0440 | -.1337 | -.1362 | -.0732 2877 .2375 1061 4118 7265 1.000 | —.2385 2111
SiO, | n=9 | -.0135 | -.1627 | —-.0845 | —.0913 | -.0288 | —.6492 3711 | -1425 | -.3983 1424 .2086 1.000 | -.3768
Cao n=9 | -2211 | -1259 | -.1848 | -.1811 | -.2214 .3927 -.3278 | -.1403 .2385 —.2866 | —-.2541 | -.9407 1.000

Bold written digit indicates moderate and/or strong (underline) correlation value between selected elements; n — number of samples

samples (range 0.23—49 ppm), is almost 6 times lower then for
the Radzimowice deposit and is the one of the lower value
among the late Variscan gold deposits in the Western Sudetes
(Mikulski, 2001).

(3) AtRadomice copper correlates with Co (r=0.65), S (r=
0.53) and CaO (r=0.60), and much weaker with Ag, base met-
als and iron. Some of correlation coefficients for copper and
other elements are more significant in Nielestno or Klecza. In
Nielestno the significant correlation of Cu with precious metals
suggests also their coeval crystallization with base metal
sulphides. In Radomice correlations of Cu with CaO, base met-
als and MgO (r = 0.2) indicate for association of chalcopyrite
with various generation and composition carbonates. In gen-
eral Cu have negative correlation with major oxides, except for
the Klecza area where appears positive correlation of Cu with
SiO, (r=0.45). Arithmetic average of Cu in the all considering
here ore district is very low (~0.05% for n="71) and its concen-
tration is from traces to 1.3%.

(4) Arsenic, beside its significant correlation with noble met-
als, has in the selected areas also strong affinities with Bi,
(Radomice; r=0.88), Fe, and Co (Klecza, r = 0.74) and weaker
with S. Arsenic is present as arsenopyrite and as scorodite
(Nielestno). Arsenic correlation with selected base metals varies
in each area from weak to significant (Nielestno). Arsenic arith-
metic average for samples of ore grade > 0.5 ppm Auis 2.4 % As
(range from 0.001 to 40.8% As). However, the arsenic content in
samples from various areas differs significantly (Figs. 50B, 51).
For example at Radomice the arithmetic average value is over
100 times higher than in Nielestno (10.2% As for n=32 samples,
and 0.16% As for n = 21 samples, respectively).

(5) Bi and Te concentrations in sulphide ore samples are
lower than within ores in Radzimowice. At Radomice de-

posit Bi contents range from 1 ppm to 316 ppm (for n = 20).
An arithmetic average is 120 ppm (in Radzimowice — 133
ppm). The detailed microscopic investigation allowed re-
cognising bismuth minerals in association with electrum. Bi
appears practically only in samples from Radomice and only
in traces within samples from Klecza and Nielestno (<3 to 13
ppm). At the Klecza—Radomice ore district Bi has a positive
correlation with Au, in Radomice (r=0.65,n=20), Ag (r=
0.57;n=23), As (r=0.88), Pb, Fe,03, TiO,, Y, Al,05, K,O,
Te and negative correlation with SiO, (r = —0.66; n = 25).
Positive correlation of Bi with As and Ag indicates
for Bi-minerals association with electrum and As- and
Pb-sulphides (arsenopyrite and galena). Correlations with
other elements are week or not exist. The range of Te in
Radomice deposit is from 0.60 ppm to 15.25 ppm for n = 8.
Arithmetic average is 4.4 ppm and is over 10 times lower
that its average concentration at Radzimowice deposit. Geo-
chemical concentrations of Te are very low. Te has strong
positive correlation with: Au, Ag, Pb, Zn, Cd, and Bi and
strong negative correlation with most of REE.

(6) Co correlation with S (r=0.58) and Fe (r=0.35) con-
firms microprobe results and indicates for Co admixtures in
pyrites and in some arsenopyrites as well as for the presence
of its own sulphide minerals (cobaltite). The highest Co con-
centration of about 0.14% has pyrite ore of breccia type from
Radomice with contents of Au and As below 0.2 ppm and
0.2%, respectively. In the samples from Radomice the arith-
metic average value for Co (124.9 ppm for n = 32 samples) is
several times higher than in the samples from Nielestno or
Klecza (Table 16). In samples of ore grade >0.5 ppm Au cor-
relation of Co with Au (r=0.37, As (r=0.69) and Fe (r=0.67)
occurs. It suggests association of gold with Co-admixtures in
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Fig. 50. The variation logarithmic plots of the selected trace

arsenopyrites or/and pyrites. High concentration of Au in sul-
phide samples has positive correlation with high Co concen-
tration. Gold ores that contain over 10 ppm Au has Co concen-
tration at the level about 100 ppm. Co—Ni—As minerals asso-
ciation is mainly represented by cobaltite, gersdorffite and

Co-bearing arsenopyrite.

Ag [ppm]

and metallic elements in the Klecza—Radomice ore district

(7) Sulphur displays a strong correlation with total iron
(Fe,03) that confirms its strong affinity with sulphides. The sul-
phide ore locally may also contain small admixtures of the follow-
ing elements in values: Co—0.14%, Bi—0.032%, Te—15.3 ppm.

On the pseudo-ternary diagram of Au-Ag-base metals
(Poulsen et al., 2000) the auriferous ore samples from
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Fig. 51. Ternary of Au—As—Ag diagram illustrating
the various ore compositions
in the Klecza—Radomice ore district

the Klecza-Radomice ore district are scattered, although
most of them fall in the field of gold deposits in
quartz-carbonate veins and some of epithermal gold and
Carlin-type gold (Fig. 52).

GOLD TO SILVER RATIO

At the Klecza-Radomice ore district the gold- to-silver ra-
tios, in samples of ore grade above 0.1 ppm Au is variable, from
7:1 to 1:10 with an average 1.8:1 (n = 67 samples; geometric
average = 1.1:1). Furthermore, according to the old prospecting
reports from Klecza (Krusch, 1907; Grimming, 1933) Au:Ag
ratios were similar and most often from 1:1 to 4:1 (Fig. 53). An
average arithmetic values of Au:Ag in Radomice is almost 1:1
(n=24; geometric average is 1:2), in Klecza 2.4:1 (n=40; geo-
metric average ca. 2:1), and in Nielestno 1:0.66 (n = 3; geomet-
ric average is 1:2.5). In general gold- to-silver ratios in the
Klecza-Radomice ore district changed from 2:1 (Klecza), and
1:1 in Radomice, and to 1:2 in Nielestno.

In the samples of grade >0.5 and <3 ppm Au, from the
whole area an average arithmetic value is similar and about
1.9:1 (n = 6). The highest Au:Ag ratio, about 7:1 displays

gold [ppm]
Z
© %

S0

Omost of the
Carlin-t%/pe
deposits

most of the
epithermal

T %DEI a\?gex OfoM
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0 25 50 75 100
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Fig. 52. Pseudo-ternary Au—Ag-base metals diagram
(after Poulsen et al., 2000) illustrating
the estimated compositions of Au-bearing As ores
from the Klecza—Radomice ore district
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Fig. 53. Logarithmic plot of gold and silver ratio
versus gold contents within the ore samples
from the Klecza—Radomice ore district

cataclased quartz vein with arsenopyrite ore and carbonates
overprint from Klecza. However ore grade in this sample is
low about 4 ppm Au and 0.6 ppm Ag. In the samples of grade
above 10 ppm Au an average Au:Agratiois 2:1 (n=16; range
0.6-3.6; geometric average 1.8:1). In the richest in gold sam-
ples (6070 ppm Au) from Klecza the ratio of Au:Ag is from
1.5-2.9to 1.

GOLD AND BASE METALS CONCENTRATIONS IN BARREN ROCKS

Geochemical data set contains additional information con-
cerning gold and base metals assays of 13 barren, altered and
slightly mineralized rock samples of grade below 0.1 ppm Au. It
comprises rocks of flysch protolith (quartz-micas-graphite

schists, quartz-graphitic schists with pyrite impregnation, and
carbonaceous schists). Samples have been taken from the old
mining tailings of the Klecza— Radomice ore district. Gold traces
in quartz-micas-graphite schists are from below 1 ppb up to 15
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ppb with arithmetic average about 6 ppb (n = 13; geometric aver-
age = 4 ppb). During the prospecting for Au carried out in the
railway crosscuts between Pilchowice—Nielestno the remnants
of mining wastes scattered along left banks of Bobr River were
sampled. Arithmetic average of Au in schists from that area is =
4.6 ppb; n= 18 (range <1 t0 29.7 ppb). In specific types of schists
the average values are following: in black graphite schists — 8.0
ppb (n = 8), in gray quartz-sericite schists 2.8 ppb (n=4), and in

siliceous schists — 0.8 ppb (n =4). The contents of metallic ele-
ments in various schists samples are low, as an example average
value concentrations of Cu is ~20 ppm, Zn — 36 ppm, Pb — 26
ppm, As — 28 ppm and Cr — 30 ppm. Two quartz-sericite schists
have higher content of Pt — 2 ppm. In single samples of sili-
ceous-graphite schists an increase of Mo (~60 ppm), As (~180
ppm) and V (~600 ppm) determined.

REE DISTRIBUTION IN ORES

Samples from Radomice are represented by breccias with
fragments of sericite-graphite-quartz schists cemented by fine-
-grained sericite, quartz and sulphide. Ore samples from Rado-
mice contain gold from 0.18 up to 16 ppm and those from Klecza
from 3.9 up to 61.4 ppm Au. The REE patterns of samples from
Radomice are similar to REE patterns of mineralized quartz
veins from Klecza and characterized by negative Eu anomaly
and enrichment in light REE (Fig. 54). Ratios of Ce/Yb,, are
from 8.9 up to 11.7 for Radomice samples and from 6.6 up to 8.4
for Klecza samples (Tab. 19). Breccias sample (S-50) with ar-
senopyrite mineralization shows highest enrichments in light
REE (Ce/Yb, = 11.7). In comparison to mineralized quartz
veins from Klecza those breccias are also depleted in the heavy
REE, but have strong negative Eu anomaly. Strongest negative
Eu anomaly has sample of quartz vein with richest ore mineral-
ization and gold grade. The considered samples have relatively

1000
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Fig. 54. Chondrite-normalized rare earth element diagram
(after Taylor, McLennan, 1985) applied for the ore samples
from Klecza and Radomice

Table 19
REE content in the rocks and sulphide ores from the Klecza—Radomice ore district
Element Radomice Klecza

[ppm] S-44 S-45 S50 S-51 M-23 M-24 G2 3
La 53.128 58.659 71.790 44.553 51.199 40.986 41.935 18.891
Ce 43.805 48.848 56.391 37.031 40.197 27.823 32.347 13.998
Pr 38.555 42.657 49.139 33.409 35.109 23.803 27.752 12.620
Nd 25.833 28.551 32.979 22.889 23.563 16.283 19.017 8.803
Sm 15.693 16.355 18.926 13.009 14.190 9.831 13.078 6.104
Eu 6.632 6.943 8.287 6.034 5.598 4.816 6.379 3.161
Gd 9.376 8.807 10.575 7.219 8.520 6.908 10.016 4.964
Tb 7.069 6.603 7.069 5.259 5.828 5.190 9.034 4.862
Dy 5.554 4.958 5.121 4.087 4.575 4.231 7.961 4.260
Ho 4.906 4.576 4.553 3.706 4.082 3.871 6.435 3.565
Er 4.438 4.024 4.020 3.225 3.542 3.161 4,727 2.594
™ 5.140 4.691 4.747 3.764 4.326 3.174 4.298 -
Yb 4.919 4.750 4.810 3.516 4.210 2.520 3.871 2.109
Lu 5.039 4751 4777 3.806 4.436 - 3.806 -
CelYbg, 8.9 10.3 11.7 10.5 9.5 11.0 8.4 6.6
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flat heavy REE (HREE) chondrite-normalized patterns with
Tb/Yb,, from 1.3 to 2.3. In mineralized breccias from Radomice
this ratio is about 1.4 and only in one sample reached about 2.
Highest value of Tb/Yb,, is in Au-bearing quartz vein from
Klecza (2.3). Highest content of ZREE (190-280 ppm) have
mineralized breccias from Radomice. The two samples of quartz
veins from Klecza have ZREE 190 and 85 ppm, respectively that

indicate for their slight enrichment especially in LREE when
compared to the ranges of XREE concentration in mesothermal
gold-bearing quartz veins in Australian Central Victoria
(Bierlein et al., 1999). Correlation coefficients for REE and Ti,
K, Na, P and Al oxides are strongly positive (r=0.95; n = 8) by
contrast to elements such as S, As, and Au.

HOST ROCK ALTERATION

Hydrothermal alteration is limited to the closest wallrock of
veins and is dominated by intense sericitization and silicifica-
tion. Several quartz generations (intergranular, veins, and
veinlets) and different its forms appear as massive,
coarse-grained, medium-fine-grained, recrystallized, fine-crys-
talline, druses, chalcedony, and opal. The wider and more signif-
icant alteration zones that are marked by light white-yellow col-
our occur in mylonitic schists. Fine-scale light mica (sericite)
recrystallized into coarse habit (muscovite). Also, chlorite com-
monly appears within cataclased quartz-sericite schists with sul-
phide impregnation.

Carbonates are often present within cataclased barren rocks
or in the association with base metal sulphides and gold that ce-
mented fractured auriferous sulphide ore (P1. XIV, 5, 6). Ac-

cording to microprobe investigation carbonates revealed vari-
ous composition and structure (Tab. 20). The most common are
ankerite and/or dolomite in the form of veinlets, irregular infill
of intergranular porous and fractures, as well as numerous sin-
gle euhedral crystals. Calcite is also locally abundant and ap-
pears in several generations and within different mineral asso-
ciations. However, within samples with base metal sulphide
occurrence is subordinate to ankerite or dolomite. Calcite with
hematite dominated in samples from Nielestno. Some of the
carbonate paragenesis characterised by successive minerals
overgrowth and zone fine-structure of crystals (Figs. 55, 56).
Siderite appears as spotty mineralization within weathered
samples, which contained remnants of primary sulphide miner-
alization.

Table 20
Composition of carbonates from Klecza according to electron-microprobe analyses
Element Sample
composition

R68/1 R68/2 R68/3 G2/1 G2/2 G2/3 G2/4 G2/5 G2/6 G2/7
FeO 7.81 6.12 13.91 7.53 14.79 12.32 14.57 44.62 25.38 30.71
MnO 1.25 1.55 1.49 2.16 3.74 1.55 2.19 0.86 1.09 0.75
Ca0 30.02 30.00 28.71 29.68 27.78 28.35 28.84 0.39 0.44 1.01
MgO 14.74 15.66 10.93 14.22 8.88 12.44 10.09 12.02 26.58 20.27
CO, 45.22 45.36 43.91 44.78 42.83 44.33 43.94 41.29 45.60 42.19
Total 99.04 98.70 98.95 98.37 98.10 98.98 99.63 99.19 99.10 94.93
Mg (CO3) 30.86 32.80 22.88 29.78 18.61 26.04 21.14 25.17 55.67 42.44
Ca (CO3) 53.62 53.58 51.28 53.02 49.62 50.63 51.51 0.69 0.78 1.80
Mn (CO3) 2.03 2.51 2.43 3.51 6.07 251 3.55 1.39 1.76 121
Fe (COy) 12.61 9.87 22.43 12.15 23.87 19.87 2351 72.00 40.97 49.55
Total 99.12 98.78 99.03 98.46 98.17 99.07 99.71 99.26 99.18 95.00
Eigimglf\ﬂg) 25.69 21.60 44.18 27.72 53.99 38.51 48.27 67.98 35.85 46.55
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Fig. 55. Euhedral crystals of pyrite in fractured quartz vein
cemented by carbonates

Sample no. G-2

Abbreviations: Au — native gold, dol — dolomite, cc — calcite, py — pyrite

In cataclased quartz-sericite schists with sulphide miner-
alization within sericite and chlorite altered parts euhedral
fine-coarse crystals of tourmaline were found (P1. X1V, 4;

Tab. 21).

According to the results of quantitative X-ray diffraction
(XRD) kaolinite and/or illite common constituent of sul-

Fig. 56. Euhedral crystals with characteristic zoning structure
indicating various chemical composition of carbonates
White rims are built of pure calcite and dark of dolomite

For explanations see Fig. 55

phide-bearing quartz veins as well as in the host rocks within
the whole Klecza-Radomice ore district (P1. X1V, 2, 3). These
clay minerals often associate with chalcedony or opal. Chal-
cedony may have different textures as rosettes, fibrous or
other (Pls. X1, 6, 8; XIII, 7, 8). Chalcedony in some parts is as-
sociated with albite (adularia) in Klecza or Nielestno.

Table 21

Composition of tourmaline from Radomice according
to microprobe analyses (sample no. R77)

Element Sample
composition

[wt %] R77/1 R77/12
B,03 13.072 14.061
FeO 10.036 10.189
MnO 0.000 0.056
K0 0.012 0.000
SnO 0.000 0.014
CaO 0.027 0.060
TiO, 0.112 0.555
Na,O 2.155 2.430
MgO 4.835 4.944
Al,O3 32.634 31.487
SiO, 35.869 35.570
F 0.017 0.057
Total 98.770 99.424
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Secondary ore minerals such as Fe-hydroxides, covellite
commonly replace sulphides. Veinlets of various mineral com-
position are marked by characteristic different colours (anker-
ite — yellow-brown; siderite — dark red; dolomite — light brown;
kaolinite, illite — milky-white, light yellow-green and white;
chalcedony — glossy-clear; goethite — black).

Some strongly altered quartz-sericite schists are character-
ized by light yellow-olive colour, porous texture, absence of
sulphides and also some gold enrichments (up to 3 ppm) (Fig.
41). These altered rocks were oxidized by waters and as result
of acidic and oxidizing solutions were capable to leach and re-
move metals from their sulphides. Gold leached out from these
auriferous sulphides was reduced and adsorbed by chalcedony
or hematite. Hematite as well as Fe-hydroxides (goethite) and
scorodite are characteristic in samples from Klecza and
Nielestno.

Distribution of alteration zones is variable according to host
lithology. Pyritization is extensive, relatively homogeneously
distributed throughout the matrix and related to quartz-sul-
phide veins. In banded sediments, pyritization is less extensive
and produced pyrite-rich layers intercalated with quartz-rich
and sericite-rich bands (Pls. X, 2; X1, 2). In the pyrite-rich visi-
ble alteration zone, sericite is abundant, and occurs as
unoriented and oriented flakes, associated with seams of leuco-
xene with rutile.

The element correlation between calc-alkali oxides and
sulphur indicate that during processes of sulphide ore pre-
cipitation in Radomice took place significant gain of carbon-
ates (CaO) and also MgO (dolomitization and/or ankeri-
tization) and lose of alkalis (K,O and Na,O) and silica con-
tent (Fig. 57). Presence of K,O which highly positively cor-
relate with Al,O; within ores indicates for sericitization dur-
ing some early stage of hydrothermal sulphide impregna-
tion. Strong positive correlation of K,0O with Al,05and TiO,
suggests formation of Ti-minerals during sericitization pro-
cess. Also in Klecza a gain of carbonate (calcite) during
sulphidization is noted. However, for Klecza and Nielestno
enrichment in silica and depletion in alkalis are more visible.
Within these samples gold positively correlats with SiO,
suggesting for its deposition with low temperature quartz
(chalcedony).

<
<

Fig. 57. Lose and gain of oxides due to alteration processes
in the Klecza—Radomice

Plots of sulphur versus MgO (A), CaO (B), K,0 (C), Na,O (D)
and SiO, (E)
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STUDIES OF FLUID INCLUSIONS IN QUARTZ

Studied primary fluid inclusions are small, usually from
Supto 30 um in diameter. Typically, they are two-phase liq-
uid-rich inclusions with a vapour bubble. They were fre-
quently euhedral of isometric habits. Primary fluid inclu-
sions in different quartz generations from auriferous and
barren rock samples revealed the presence of low saline
two-phase H,O fluid with or without CO,. Reported crystal-
lization temperatures are in the ranges of 340—-140°C and sa-
linity of fluids typically below 9 wt % NaCl equivalent at
pressure drop from 0.9 to 0.6 kb (Fig. 58).

Submicroscopic gold bound in coarse- and medium-
-grained sulphides occur in characteristic gray colour coarse
grains of quartz. This quartz generation crystallized when tem-
perature decreased from 340 to 290°C, from fluids with variable
salinity from 1 to 3 wt % NaCl equivalents, and at pressure 1.0
10.2kb (Au,—at Fig. 5S8A, D). Hence, at least some of these fluid
inclusions are probably related to sulphide mineralization.

Microscopic gold which appears as inclusions or infill-
ing-fracture microveinlets in arsenopyrite and pyrite is associ-
ated with carbonate and base metal sulphides (chalcopyrite, ga-
lena and minor sphalerite). Electrum occurrence may corre-
spond with crystallization of younger fine-grained quartz
or/and carbonates (Au; —at Fig. 58 A—C) at wider temperature
range from 280-220°C fluids with salinity from 4 to 8 wt %
NaCl equivalent.

Younger generation barren quartz of milky-white colour
crystallized at temperatures 220—180°C from fluids of low sa-
linity (1-5 wt % NaCl equivalent) and pressure at 0.7 — 0.6 kb
(Ba, at Fig. 58E).

Next generation of quartz is represented by chalcedony that
often recrystallized into fine-crystalline chalcedonic quartz or
microcrystalline glossy quartz and is associated with appear-
ance of kaolinite.

Intergranular gold micro-grains are connected with chalce-
dony occurrence (Auy —at Fig. S8A, F) especially in samples
from Klecza and rarely from Radomice areas. Chalcedonic
quartz crystallized within the temperature ranges from 200
to 150°C, from fluids of low salinity 3—1.5 wt % NaCl equiv-
alent, and pressure about 0.5-0.6 kb.

Summarizing, two types of fluid evolution, however
both from the common source, responsible for ore-precipita-
tion is possible to recognition (Fig. 58): 1st characterised by
decreasing salinity during drop of temperature, and 2nd by
slight increased salinity (up to 8 wt % NaCl equivalent) fol-
lowed by drop of salinities. It is possible to explain as
fluid-rock interaction and CO, sorption from country rocks
by fluids of 2nd type and/or as water mixing. During this
stage base metal sulphides associated with carbonates crys-
tallized from fluids.

As examples: in Radomice carbonates crystallized at tem-
perature range from 240 to 230°C and from 199 to 174°C from
fluids with low salinity (4.2—-6.0 wt % NaCl equivalent) and
pressure 0.6 kbar and in Nielestno at temperature range from
194 to 186°C and similar low salinity (4.9 £0.2 wt. % NaCl
equivalent) and pressure.

THE SALT COMPOSITION

Preliminary results are presented for the Klecza area by
Mikulski ez al. (2005c). It is possible to distinct 5 basic
groups of salts composition of fluid inclusions in quartz from
Klecza—Radomice ore district (Fig. 59). The gray quartz of the
first generation that is cataclased and rich in brecciated sul-
phide is characterized by presence of NaCl, KCl and CaCl,.
The composition of salts indicates the presence of NaCl from
65 to 80% of total salts (in brackets — Klecza 60-76%), KCI
from 5 to 25% (11-23%), CaCl, from 5 to 20 % (4—15%) and
AlCI; up to 15% (5%) and FeCl, <10% (5%).

Two-phase aqueous inclusions in addition to CO, may con-
tain up to 10% N, and less frequently CH, (5%). The presence
of AICl; is common, especially within the gold-bearing sam-
ples from Klecza and Radomice in inclusions crystallized in
temperature range from 340-270°C from fluids of moderate
salinity (10£3 wt % NaCl equivalent) suggesting a high mobil-
ity of Al probably during sericitization. Barren samples from
Nielestno do not contain any or only traces of AICI;.

The early event of gray quartz crystallization corresponds
to auriferous arsenopyrite and pyrite precipitation. The second
generation of white (“milky”) quartz that forms veinlets and
rock matrix seems to be related to pyrite and base-metal sul-
phide precipitation associated with crystallization of carbon-
ates of various compositions (mainly ankerite and dolomite).
The content of salts in comparison to the inclusion solution
composition in gray quartz are characterised here by higher
NaCl contents 70-85% and lower content of KCI1 (2-16%),
CaCl, (2-18%) and very often presence of MgCl, (up to 10%)
and lower of FeCl, (5%) and only traces of AlCl;. During drop
of fluid temperature (<180°C) concentration of CaCl, and
MgCl, increased (up to 30% and 10%, respectively) and NaCl
slightly decreased and KCl disappeared.

In the sample from Klecza that contains high-grade gold
(>60 ppm Au) FeCl, appears in the amount up to 5% of total
salts and within two-phase aqueous fluid inclusions beside CO,
appears commonly CHy (up to 10%) and in some inclusions
also N, (<10%) (Mikulski ef al., 2005c).

In Radomice and Nielestno quartz occurs, which is mostly
barren and crystallised within a range of temperature
<194-143°C with salinity of fluids <5 wt % NaCl equivalent
and pressure at 0.6-0.5 kb. The salts in inclusion fluids are
dominated by NaCl (55-75% of'total salts) and CaCl, (25—45%
of total salts) and very low contents of KCl (0-5%).

The lowest crystallization temperatures 170-143°C are
measured in transparent microcrystaline and/or chalcedony
veinlets of the next generation. Fluid inclusions in that quartz
homogenized into the liquid phase and are characterised by
presence of NaCl dissolved in water almost exclusively
(83-100%; KCI — 0%; CaCl, — 0-17%) or moderately
(55-65%; KCI-0; CaCl, — 25-35%; FeCl, — 1-5%). The first
compositions of salts are characteristic for rather barren trans-
parent quartz and the second composition is typical for chalce
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dony-hematite-gold association recognised
in samples from Nielestno (R80). Addition-
ally, fluid inclusion of the younger genera-
tion quartz occur in Nielestno and
Radomice, that beside major presence of
NaCl (73-95%) contains KCI (5-27%).

In general barren quartz from Klecza—
Radomice ore district characterised by drop
of crystallization temperatures from
<280°C (usually <220°C) to 170-150°C and
of low salinities (<5 wt % NaCl equiva-
lent) and at pressure 0.7-0.5 kbar. The com-
position of salts indicates the presence of
NaCl (60-100% of total salts), KCIl (0 —
30%) and CaCl, (0 —35%) and only traces of
other salts. Beside CO,, fluid inclusions in
quartz of various generations may contain
N, (up to 20%) and variable values of CH,.
In the opposite of these the fluid inclusions
in quartz from gold-bearing samples may
have different proportion of NaCl, KCl, and
CaCl,, however they always contain addi-
tional other salts such as FeCl,, AICl; or
MgCl, and much often a higher concentra-
tion of CHy4 (5-10%) and also the presence
of N, (£10%)

NaCl [%]

v ,00

Nielestno — quartz of various
generations

(©)
O Klecza —gray quartz |
O

Klecza — white (milky) quartz Il

Klecza — quartz of younger
generations

Radomice — quartz
<> q

:g»m'

of various generations

%

25

KCl [%]

Fig. 59. Salt compositions in the fluid inclusion
in quartz of various generations
from Klecza, Radomice and Nielestno

THE Re-Os AGE VALUES OF GOLD-BEARING SULPHIDE FROM THE KLECZA DEPOSIT

Rock samples of the quartz vein with pyrite and arsenopyrite
mineralization from the north-eastern and south-western part of
the Klecza-Radomice ore district were subject of Re—Os study
(Mikulski ef al., 2005a). The several non-fractured crystals of
euhedral pyrite from 0.5 to 3 mm in size and with a high gold ad-

mixture (80 ppm) were selected for Re—Os measurement (Tab.
22). Most of the analysed auriferous sulphides from
Klecza-Radomice ore district was characterised by extremely
low concentration of Re at blank level, so those samples were re-
jected, except for two ones from Klecza. The first sample was ar-

Table 22

Description of sulphides from the Klecza-Radomice ore district selected for Re-Os measurements

northern ore field

quartz-pyrite-arsenopyrite vein,
cataclased and overprinted by

several mm in size; massive arsenopyrite
aggregate, and its single crystals from 50 um to
3 mm in size

Sample Location Rock description Ore minerals description
symbols major minerals minor minerals
. aggregate of fine- and medium-grained euhed- .
G4 quartz vein ral crystals of arsenopyrite (0.1-0.4 mm) base metal sulphides
Klecza - coarse-grained euhedral crystals of pyrite up to

rare base metal sulphides with
electrum associated with carbon-
ate in fractures occur

massive arsenopyrite aggregate and its single
crystals from 10 um to 3 mm in size

marcasite cutting or replacing ar-
senopyrite

massive arsenopyrite aggregate and its single
coarse- and medium grained crystals from
50 um to 3 mm in size

fine inclusions of base metal sul-
phide and electrum in arsenopy-
rite

G-8 carbonate and rare base metal sul-
phides

S-43
cataclased quartz-sericite schists

. with sulphide cement
Ra 11 Radomice —
southern ore field

zone of the quartz-vein with py-

Ra 15

rite impregnation in quartz-chlo-
rite schist

euhedral coarse- and medium grained pyrite,
some of grains with poikilitic core fractured and
cemented by chalcopyrite

acicular hematite up to 0.5 mm,
calcite, rare cobaltite and base
metal sulphides, arsenopyrite
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senopyrite which represents the first stage of ore precipitation
and the second sample — pyrite which belongs to the younger
member of the mineral succession (Fig. 421).

Arsenopyrite from Klecza has arsenic content between
31.5and 33.4 atom. % As and a constant cobalt admixture from
0.1 to 0.9 atom. %. The G-4 sample of Co-arsenopyrite from

Klecza analysed as LLHR (low level highly radiogenic, for ex-
planation see Stein et al., 2000) gave an age value 0of 316.6 +0.4
Ma with the assumption of the ratio '*’Os/"®Os equal 0.2.

The second sample treated also as LLHR was pyrite. This
pyrite of younger generation gave a Re—Os age value at 278 +2
Ma with the assumption of ratio 8705/ 0s of 0.2 (Tab. 23).

Table 23
Low level highly radiogenic (LLHR) Re-Os data for pyrite and Co-arsenopyrite from the quartz veins
in Klecza
Sample Location Mineral Re, ppb ¥70s, ppb Model age
(£2s) (2s) [Ma]
G-8 Klecza — py> 58.11(1) 0.169(1) 278 42
G-4 northern ore field Co-aspl®* 310.0(2) 1.030(1) 316.6 +0.4

Abbreviations: py — pyrite; Co-asp — Co-bearing arsenopyrite

Notes: 1— LLHR; Os is almost entirely radiogenic '*’Os; 2 — Analytical blanks: Re = 1.97 (2) pg; Os = 4.68 (5) pg with '¥0s/"**0s = 0.182 (4); 3 — Analytical
blanks: Re =2.5 (1) pg; Os = 0.635 (6) pg with 70s/'%0s = 0.190 (8); 4 — Re—Os data are blank corrected with assumed initial ratio of 1870s/'%0s 0f 0.2

DISCUSSION OF THE GENESIS OF THE KLECZA-RADOMICE ORE DISTRICT

Mineralizations in the Klecza-Radomice ore district have
been formed during several stages. The oldest stage of
late-diagenetic type is mostly represented by framboidal py-
rite which occurs often in black siliceous and quartz-graphite
schists of the Pilchowice unit. Especially rich in framboidal
pyrite are samples of black graphite schist from Klecza. Black
schist hosting quartz-sulphide veinlets commonly reveal
the framboidal pyrite recrystallization into the younger pyrite
generation similar to such feature described from the
Radzimowice schists (Sawtowicz, 1987). Presence of well-
-preserved pyrite framboids indicates rather weak regional
metamorphism.

According to various authors (e.g. Kryza et al., 1990) meta-
morphic processes within the SE part of the Kaczawa Meta-
morphic Complex reached first blueschist facies (ca. 1 GPa,
300—400°C) and subsequently were overprinted by greenschist
facies (600-800 MPa, 350-450°C). Ore mineralization that
originated during regional metamorphism is represented
mostly by Ti-oxide minerals and pyrite of the 2nd generation
associated with rare chalcopyrite and pyrrhotite.

Next stages of the ore minerals crystallization are related to
hydrothermal processes from which auriferous arsenopyrite
crystallized ca. 317 Ma ago according to Re—Os method. This
age of hydrothermal auriferous sulphide event indicates for a
late Variscan stage characterised by emplacement of granite in-
trusion in the Western Sudetes. It followed regional metamor-
phism of the greenschist facies. Durable tectonic processes in
the Intra-Sudetic fault zone (Aleksandrowski, 1995, 2003)
were very important for the formation of ore mineralization.

Deep fractures within the Intra-Sudetic fault allowed fluid pen-
etration in the folded, metamorphosed and fractured rocks.
Multiple movements were responsible for cataclasis of the old-
est auriferous pyrite-arsenopyrite mineralization and new fluid
migration that caused overprint of younger generation miner-
als. The first strike-slip movements in the zone of the Intra-
-Sudetic fault were directed from NW to SE, and caused trans-
position between the Izera and Kaczawa terranes (e.g.
Cymerman, 1998b, 2000; Cymerman et al., 1997). Tectonic
strains of strike-slip movements to SE were responsible for
fracturing in the rocks of the Pilchowice unit, especially in
hinge of folds with vergence to NE, which allowed the hydro-
thermal fluids migration and mineral formation in opened F,
fold hinges in schist rock series. Due to such tectonics the char-
acteristic “saddle reef” mineralization formed in Klecza.

Folded and metamorphosed rocks of the Pilchowice unit
with regard to their rheological specifications were favourable
for fluid migration, however, layers of graphite schists were
impermeable and were a seal of geochemical traps for mineral-
ised hydrothermal fluids. The heat-flow connected with late
Variscan granitic pluton was very important for fluid migration
within fracture zones.

The type of ores, admixture of trace elements in sulphide
ores, sulphur isotopic composition of sulphides, fluid inclu-
sions composition (C—O—H-N) as well as the rocks alteration
suggests a common magmatic-metamorphic origin of hydro-
thermal fluids. Hydrothermal processes responsible for aurifer-
ous sulphide mineralization caused strong alteration of the
host rocks. Especially, graphite and quartz-graphite schists
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were first cataclased and further strongly silicified, sericitized,
carbonatized, turmalinized and albitized.

Mineralization zones are hosted in quartz-sericite-graphite
schists. Graphite schist with their layer anisotropy favoured
fluid circulation as these schists host numerous quartz veins.
Common presence of organic matter and graphite has been re-
cognised in the studied samples from Klecza— Radomice ore
district. Contents of TOC range from traces up to 20%. Most
probably graphite formed either by metamorphism of organic
matter from clay and mud beds and later by hydrothermal fluids
that caused carbon recrystallization and redistribution (Pls. IX,
4; X, 1). Carbon presence in country rocks reacted with water
from fluids to produce carbon dioxide and methane according
to reaction: 2C+2H,0O = CO,+CH,.

Presence of methane decreases the oxygen fugacity and
destabilizes gold complex causing gold precipitation (Cox et
al., 1991; Dube, Lauziere, 1997). Methane was always recog-
nized in fluid inclusions (up to 10%) in the gray quartz within
most of the auriferous samples from Klecza—Radomice ore dis-
trict. Graphite schists with their reducing character, acted as
preferential site for gold precipitation. Additionally, in graphite
schist framboidal pyrite occurs that could supply iron, which
reacted with sulphur transported by the hydrothermal fluid to
produce new generation of Au-bearing pyrite. Pyritization al-
ways cause reduction of sulphur activity and destabilization of
gold complexes that induce gold precipitation paragenetically
with pyrite (Dube, Lauziére, 1997).

The correlation between gold and sulphur as well as com-
mon occurrence of gold inclusions in pyrite and arsenopyrite of
the first ore stage mineralization, suggests that gold was trans-
ported as reduced bisulphide complexes Au(HS),. However,
the composition of fluid inclusions indicates for chloride com-
plexes as gold transporting during next stages of Au precipita-
tion. The loss of H,S from fluid resulted in the decrease of sul-
phur activity in the residual hydrothermal fluid inducing gold
precipitation.

Primary fluid inclusions in different generations of aurifer-
ous quartz from rock samples from the Klecza—Radomice
ore district revealed the presence of moderate to low saline
two-phase aqueous fluids with CO,, N, and CHy.

Reported crystallization temperatures for the refractory
sulphide-bearing gray quartz ranges from 340 to 270°C with
the salinity of fluids of about 10 +3 wt % NaCl equivalent and
pressure of 1.0 £0.2 kbar. The spatial geometry of the primary
mineralized zones in quartz veins and lodes has been disrupted
by late brittle deformation events. Multistage brecciation and
silicification can be evidenced. They resulted in post-mineral-
ization faulting with fracturing and base metal mineralization
associated with carbonates and electrum as fracture filling fol-
lowed by a low temperature hydrothermal acidic fluid circula-
tion responsible for chalcedony, kaolinite, marcasite/pyrite and
intergranular gold crystallization.

Minor base metal sulphides represent the second stage of
hydrothermal ore mineralization. This stage of base metals
overprint and microscopic gold precipitation is connected with
raising the whole mineralized zone to shallow depth coeval
with formation of intramountain basins and movements to NW

in the Intra-Sudetic fault (Aleksandrowski, 1995; 2003;
Aleksandrowski et al. 1997). Sphalerite crystallization indi-
cated deposition from reduced, near-neutral hydrothermal so-
lution with chloride (CI") as the principal metal ligand (Henley,
Brown, 1985). Electrum is associated with galena, chalcopyrite
and sphalerite as well. At Klecza—Radomice ore district there is
a very low content of base metal sulphides in ore. According to
McCuaig, Kerrich (1998) the low concentration of base metals
in majority of lode gold deposits is mostly connected with the
low-salinity mineralizing fluids which caused complexing of
Au, Ag, As and other associated elements by sulphur. White
quartz associated with microscopic gold, base metal sulphides,
and carbonates crystallized at temperatures from ca. 280 to
240°C from fluids of salinity of 7 +2 wt % NaCl equivalent and
at pressure 0.8 £0.1 kb.

The Re—Os age of pyrite from Klecza ca. 280 Ma indicates
for possible correlation of the epithermal ore stage crystalliza-
tion with volcanic activity during Autunian. The volcanic envi-
ronment is also suggested by presence of gold in paragenetic
association with chalcedony, kaolinite and opal recognized as
3rd stage of low temperature mineralization in Radomice. In
the subsurface level the reduced, near-seven pH solution con-
taining NaCl, CO, and H,S underwent boiling due to rapid de-
compression related to the hydrothermal brecciation. Boiling
caused separation of H,S gases from the mineralizing solution
(White, Hedenquist, 1995). H,S-rich vapour may condense in
the vadose zone to form steam-heated, slightly acidic water
with a pH of 2-3. Evidence of such strong acidic alteration is
best visible in sample R-79 shown on Fig. 41. Presence of SO §
explains the formation of kaolinite and illite minerals in
acid-sulphate environment during chalcedony precipitation in
Radomice. Degassing decreased the solubility of gold in the so-
lution in the form of Au(HS),, which resulted in gold precipita-
tion (Cooke, Simmons, 2000). Evidence of boiling in
Klecza—Radomice ore district may be suggested by bladed tex-
tures of carbonates, intense hydrothermal brecciation, and
common presence of kaolinite and illite minerals.

In Nielestno and Klecza an oxidation environment was
recognised instead of strong reducing environment. Hematite
appears commonly as well-developed platy crystals in
paragenetic association with chalcedony and calcite.

The areas along the Plawna fault contact directly with
Lower Permian sediments. It is difficult to estimate definitely
the relative age correlation between formation of chalcedony
paragenetic association with free gold and hematite and chal-
cedony associated with free gold, kaolinite and marcasite.
Probably, formation of these paragenetic associations could
be even coeval, however in various pH conditions. Oxidative
conditions prevailed in the rocks directly contacting with the
Ptawna fault zone (e.g. Klecza, Nielestno) that constitute the
southern edge margin of the Wlen trough.

At Klecza—Radomice ore district the appearance of weath-
ered zones of the primary sulphide mineralization is a peculiar
problem not considered in this work. According to mining re-
ports, the gossan was also an exploited gold source. Especially,
in the Nielestno area specimens of such weathered rock have
been collected.
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THE GOLD-BEARING QUARTZ-SULPHIDE OCCURRENCES
IN THE KACZAWA MOUNTAINS

In the Kaczawa Mountains beside the earlier described
deposits in the Radzimowice and Klecza—Radomice ore
districts, there occur several sites with auriferous quartz-

-sulphide mineralization. Some of them were shortly
but intensive exploited, other have only mineralogical im-
portance.

THE WIELISELAW ZELOTORYJSKI ORE DISTRICT

The Wielistaw Ztotoryjski settlement lies near S¢dziszowa
village, about 10 km SSW from Ztotoryja; on the northern and
the western slopes of Wielistawka Hill (+375 m a.s.1.), which
belongs to the Kaczawa Mountains. The Wielistaw Ztotoryjski
deposit occurs in the tectonic structure called the Swierzawa
horst that on the north is separated from the Jerzmanice trough
by the ENE-WSW oriented fault and on the south from the
Swierzawa trough by NE-SW trending Sedziszowa fault
(Milewicz, Kozdrdj, 1994a).

This deposit comprised few small-size quartz veins with
gold-bearing sulphides in the contact zone between the Paleo-
zoic metasedimentary rocks and quartz rhyolite porphyry of
the Lower Permian age (Fig. 60). The complex of the Paleozoic
schist unit is interpreted as mélanges from Janowek
and Rézana (Haydukiewicz, 1987a). These mélanges are built
of chaotic blocks of Silurian and Devonian rocks of black, gray
or green metamudstones and metaclaystones surrounding by
Lower Carboniferous slates.

The primary gold-bearing mineralization at Wielistaw
Ztotoryjski was considered to be one of the main sources of gold
in alluvial sediments of the Zlotoryja gold placer deposits, from
which only during the years 1175-1240 about 6 t of gold was re-
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Porphyry

Wielistawka Hill

covered (Domaszewska, 1965). The oldest known information
concerning mining operation in the Wielistaw Ztotoryjski area is
from 1556, when the concession for gold exploitation was
granted to Duke Ferdinand and about 15 kg of gold was recov-
ered (Zoller, 1923). The mining operation was kept until 1711,
when the next concession was issued for gold prospecting and
exploration. However, in the following few years mining activi-
ties collapsed (Quiring, 1948). Fedak, Lindner (1966) men-
tioned production of gold-bearing sulphide and silver-bearing
galena, and limonite ore in the 19th century.

Gold exploration began on the northern slopes of the
Wielistawka Hill, at about 135 m above the level of Kaczawa
River valley (Figs. 61, 62). The western part of the gold-bear-
ing veins was explored by three adits. These adits are oriented
oblique to the run of Silurian siliceous schists and along the
vein’s strike of NW-SE direction. The metamorphic rock unit
dips at the angle of about 50° to NW. Sulphide mineralization
forms disseminated impregnations and nests in veins of
NW-SE strike and of dip to NE at the angle 50-60° and also
impregnation in their surroundings (Zimmermann, 1918). The
veins were recognized down their dip to 70 m below surface.
The host rocks found in the adits are represented by argilla-
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Fig. 60. Geological cross section through the Wielistawka Hill in Wielistaw Zlotoryjski (after Zimmermann, Kiihn, 1929)

The location of the workings modified from Zoller (1936)
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Fig. 61. The sketch plan of the underground workings
in the Wielislawka Hill near Wielistaw Zlotoryjski
(after Zoller, 1936)

ceous and graphite schists. The argillaceous schist is soft,
finebedded, light gray, with silky lustre. It often contains red
iron-oxide injections and fine granules within fissures. The sili-
ceous schists are black, locally light red and cut by white quartz
veinlets (up to a few cm in thickness) that contain fine sulphide
grains (up to a few millimetres in diameter).

Permian rhyolites are best outcropped in the Organy
Wielistawskie abandoned quarry located on the south-western
slope of the Wielistawka Hill (Jerzmanski, 1956; Fig. 63).
Rhyolites are massive or porous and have well developed verti-
cal jointings. They have porphyritic texture with spherolitic
matrix composed of allotriomorphic matrix of quartz and
potassic feldspar. In matrix occur phenocrysts of quartz,
K-feldspar, plagioclases, biotite and also fine-crystalline he-
matite. Kaolinite pseudomorphs after plagioclases occur com-
monly. Biotite and K-feldspars are weathered. Sulphides are
absent. On the diagram of the total alkali-silica after Le Maitre

et al. (1989) 4 rock samples from Wielistawka Hill are located
within the field of rhyolite and 2 samples in tephrite, basanite
field (lamprophyre; Fig. 9A).

In the Wielistaw Zlotoryjski abandoned Au mine the main
sulphide mineral was pyrite. At least three generations of pyrite
mineralization is possible to recognise here. The oldest one oc-
curred in graphite schists as very fine framboids from 2 to
10 um in size. The pyrite framboids recrystallized into me-
dium-grained anhedral pyrite of the second generation. Beside
pyrites in graphite schist appear pyrrhotite (as single and very
fine crystals) and chalcopyrite (as single grains up to 30 um in
size). These sulphides are commonly replaced by Fe-hydrox-
ides. The processes were especially well developed in the west-
ern side of the Wielistawka Hill. Often chalcopyrite core is sur-
rounded by covellite rim. Zimmermann, Kiihn (1938) reported
from here also turquoise (CuAlg[(OH),/PO4]4 x 4H,0)
and cacoxenite (Fe’; [OH/PO,]; x 12H,0). In graphite schists
Ti-oxides and graphite commonly occur. Ti-oxides form elon-
gate aggregates up to 2-3 mm in length. Such Ti-mineral ag-
gregates were observed along a quartz vein that cut siliceous
schist. In quartz-sericite schists commonly occurs very narrow
veinlets of Fe-hydroxides that cut laminas or even coarse crys-
talline quartz veins. Black schists are built of quartz, sericite,
chlorite, albite, organic matter, Fe- and Ti-oxides and pyrite
(locally up to a 15% of 5 cm thick lamina; Milewicz, Kozdrdj,
1994b).

In the quartz veins appears coarse-grained euhedral pyrite
in association with rare arsenopyrite and base metal sulphides.
Arsenopyrite and pyrite are cataclased and cemented by the
younger generation base metal sulphides such as chalcopyrite,
galena and sphalerite. The occurrence of gold formation ap-
pears to be additive mixture in pyrite. Pyrite occurs in quartz
veins and as impregnations in the schist. The reported pyrite ore
had an average about 18 ppm Au. Galena has about 64 ppm
Ag. The sulphide ore were crushed and treated by amalgam-
ation process (Zoller, 1923). Host rocks represented by sili-
ceous and quartz-graphite schists contained also gold from
traces up to 0.5 ppm. Single fine-grain of gold was found in
fractured quartz-graphite schists. This confirmed the informa-

Fig. 62. The old entrance to the abandoned mining adit
on the Kaczawa River bank at Wielistaw Zlotoryjski

Fig. 63. The outcrop of the Permian subvolcanic rocks
of the Organy Wielistawskie near Wielislaw Zlotoryjski
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tion given by Zdller (1923) about the findings of native gold
flake in the cataclased black siliceous schist.

The surface rock sampling for gold was also carried out in
the southern metamorphic cover of the Permian porphyries
from Rozana to Swierzawa. Range of Au contents in black
graphite schists is from <1 to 67.6 ppb (Tab. 24). An arithmetic
average of Au in graphite schist is 9.2 ppb (std. = 16.8; n=15).
Average value of Au in quartz-sericite (muscovite) schist is 6.7
(std.= 5.5;n=7; range from 2 to 15.7 ppb). Au contents in rhy-
olite porphyry from Wielistawka Hill range from 1 to 2 ppb and
in lamprophyre samples was below 1 ppb.

The detailed studies of sulphide mineralization at Wie-
listaw Ztotoryjski deposit were not made till present, but its
genesis was considered as hydrothermal mineralization con-
nected with post-magmatic activities of Variscan epoch

(Fedak, Lindner, 1966). During the 2nd cycle of the Rot-
liegende formed deep regional fractures that allowed for
the emplacement of rhyolite magma and andesite lavas from
the Wielistaw Ztotoryjski area. The next stage of the faulting
was connected with the Saal phase of the late Variscan orog-
eny that underwent between the 2nd and 3rd cycle of the Rot-
liegende (Milewicz, 1987). In the mining waste also lampro-
phyre dykes were found, but its geologic position is unclear.
The geologic and tectonic positions of the quartz veins, sug-
gests that auriferous pyrite and silver-bearing galena mineral-
ization are related to the one or two Rotliegende magma-
tic-volcanic events. The formation of native gold grains in as-
sociation with chalcedony and hematite rarely observed in
Wielistaw Ztotoryjski may form during development of vol-
canic processes in upper Rotliegende or even later.

Table 24

Arithmetic average of gold contents in barren rocks from various tectonic units in the Kaczawa Metamorphic Complex

Tectonic unit Lithology Range Avrithmetic average Number of
of Au contents samples
, Greenstone 2-4.3 ppb 3.3 ppb 5
Rzeszdwek-Jakuszowa Quartz schist 2-6 ppb 4 ppb 9
Che®miec unit:
Che3miec—Mécinka region Quartz-siderite vein with sulphide <1-1010 ppb 51.3 ppb 32
Host rocks <1-2 ppb 1 ppb 9
Wilcza area Hematite veins <1-3 ppb 1.3 ppb 4
Stanis*awow area Barite veins <1-9 ppb 2.2 ppb 6
Metapelite, metaclay 2-14 ppb 4.3 ppb 9
Diabase, greenstone 0.5-11 ppb 4.2 ppb 6
Mélange: Graphite schist 1-67.5 ppb 9.2 ppb 15
Lipa-Grudno area
Hematite ores 0.6 ppm 0.6 ppm 2
Porphyry 0.01-0.02 ppm - 1
Ewierzawa area Diabase 2.3-3.7 ppb 3 ppb 2
Graphite schist <1-67.6 ppb 20.1 ppb 6
Quartz schist 2-15.7 ppb 8.9 ppb 3
Rd;ana area Graphite schist 0.5-66.5 ppb 20.1 ppb 6
Zotoryja area Quartz-sericite schist 2-6 ppb 3.6 ppb 4
Konradow area Graphite+quartz schist 3.7-5 ppb 4.7 ppb 4
Radzimowice schists:
Wojcieszow area Greenstone <1-6.4 ppb 3.1 ppb 4
Quartz-sericite schist <1-8 ppb 3.1 ppb 12
Radzimowice deposit Barren rock <0.5-49.3 ppb 12.9 ppb 10
Bolkdow unit:
P3awna area Sericite schist <1-27.6 ppb 5.5 ppb 9
WIlefi-Bystrzyca area Siliceous schist <1-20.2 ppb 6.9 ppb 5
Quartz-sericite schist <1-7.6 ppb 3.2 ppb 6
Radomice area Barren rock 0.185-0.76 ppm 0.5 ppm 3
Nielestno-Pilchowice area Black graphite schist 1.1-29.7 ppb 4.6 ppb 10
Quartz-sericite schist <1-7.9ppb 2.8 ppb 4
Siliceous schist <1-1.7ppb 0.8 ppb 4
Radomierz area Graphite-siliceous schist <1-59.9 ppb 28.9 ppb 4
Mys36w-Grochowice area Quartz schist 2-3 ppb 2.7 ppb 7
Greenstone 0.8-5.1 ppb 2.3 ppb 3
Dobromierz unit:
Dobromierz area Greenstone 1.7-5.3 ppb 3.2 ppb 6
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THE LIPA-GRUDNO PROSPECTS

Several quartz-sulphide veins and sulphide impregnations
within vein salbands occur in the region located about 3 km
north-eastwards from the Radzimowice deposit (Zimmer-
mann, Haack, 1935; Paulo, 1962). Ore mineralization in the
Lipa—Grudno vicinities formed due to hydrothermal processes
connected with Karkonosze granitic pluton emplaced some-
where at depth (Petrascheck, 1933; Manecki, 1965; Zimnoch,
1965; Fedak, Lindner, 1966) or regional metamorphism
(Manecki, 1965). Paulo, Salamon (1974b) compared minerals
composition and tectonic positions of ore veins from here with
other quartz-sulphide veins from Klecza—Radomice and from
Chetmiec—Stanistawow and concluded that ore veins from
Grudno and Lipa are younger than Zelezniak porphyry. Aban-
doned mining workings are recognizable e.g. at Lipa and on the
Hill +423.7 m a.s.l. near Grudno. The surface prospecting
works in these areas allowed recognising associations of min-
erals similar to those of the Radzimowice deposit with addi-
tional hematite veins (Paulo, 1962; Fedak, Lindner, 1966;
Paulo, Salamon, 1973b).

The archive materials suggest that at Lipa at least two dif-
ferent types of ore veins, having variable minerals composi-
tion, strike and depth occur. The first one probably older has
strike of W—E direction and consists of quartz sulphide miner-
alization (Zimmermann, Haack, 1935; Teisseyre, 1974, 1977).
The second one is situated along N—S direction, and is built of
hematite (thickness from 1.5 to 4 m and length about 100 m;
Fedak, Lindner, 1966). Near Grudno on the unnamed hill
the quartz-sulphide vein of W—E direction also occurs (Paulo,
Salamon, 1973b; 1974b). All these veins are small (ca.
100-200 m long and several cm thick) and hosted by the Paleo-

Lipa
Jaworgka
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zoic rocks of the Bolkow unit that consists there of the Ra-
dzimowice schists, greenstone, and the Wojcieszow lime-
stones (Fig. 64). Among the ore minerals from the W-E
trending veins dominate strongly cataclased arsenopyrite and
pyrite cemented by base metal sulphides (Paulo, Salamon,
1974b). Moreover, in Grudno mineralization of sulphosalts of
Ag, Cu, and Sb and As and stibnite also appears (Paulo,
Salamon, 1973b).

According to the microscopic investigation in cataclased
euhedral arsenopyrite crystals (up to 2 mm in size) and in quartz
from Grudno, a single inclusion (insert) and fine-grain of
electrum (<5 um in diameter; from 25 to 30 wt % Ag.) appeared.
Beside electrum, the native bismuth and bismuthinite form also
inclusions in arsenopyrite. Gold content in these rocks is ca. 3
ppm. Much lower contents of Au were determined in quartz
veins from Lipa. These samples with poor sulphide impregna-
tion contained <100 ppb Au and microscopic gold was not re-
cognised. Relatively, high gold concentration (0.6 ppm) ap-
peared within samples of hematite veins collected on the fields
along the Lipa—Mystow main road. These hematite samples
contained also Ag (from 12 to 17 ppm) and metallic elements
(Cu, Zn, Pb and As from 0.1 to 0.4 wt %) and a constant Co ad-
mixture (~300 ppm) and traces of Bi (<20 ppb).

According to the present study the auriferous sulphide min-
eralization in veins from Grudno and Lipa is classified to
the 1st stage of the hydrothermal mineralization (similar to
Radzimowice deposit). In regard to mineral composition and
tectonic position the hematite mineralization in veins from
Lipa is classified to the younger low temperature hydrothermal
processes probably connected with Autunian volcanism.

[ ] Neogene (undivided)

Upper Carboniferous—Lower Permian
Sandstone, conglomerate, mudstone

Hematite vein under Cenozoic
Quartz vein
Felsic vein

Schist with quartzite inserts

Greenstone

Wojcieszéw limestones

Sericite-albite schist
with graphite admixture
(Radzimowice schists)

Lydite

Lower Paleozoic

MO UEEE D

Fault (under Neogene sediments)

Assumed overthrust

f
f

b

Shaft of abandoned mine

Fig. 64. The simplified geological map of the Lipa—Grudno area (after Teisseyre, 1974)
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THE PLAWNA PROSPECT

In the Ptawna area numerous quartz veins with
gold-bearing sulphide are hosted by Silurian schists of the
Kaczawa Metamorphic Complex, which contacting on the
north with Rotliegende sediments and on the south with Izera
granite-gneiss. The occurrences of auriferous mineralization
in the vicinities of the Ptawna village are most probably the
north-westward extension of the gold mineralization known
from Klecza—Radomice ore district. The Silurian
fine-laminated schists belong to the Pilchowice unit that con-
sists here of quartz-sericite schists, partly feldspatized,
quartz-muscovite schists with graphite, and inserts of crystal-
line limestones, calcarcous shales, greenstone-chlorite shales
and quartz veins (Fig. 36). Thick bed of black graphite schists
with arenaceous shales are mapped in the northern part of the
unit, however numerous thin intercalations of graphite schists
are recognized in the whole unit (Gierwielaniec, 1956). These
rocks are intensely folded with major NW-SE direction of
fold axes. Folds are of the thrust-sheets character with vertical
overthrust (op. cit.).

The mining operation began in 1893 when gold was found
during the train rail construction between Plawna and
Lubomierz (Rosenberg, Lipinsky, 1896, 1897). Gold oc-
curred in association with sulphide in quartz veins (op. cit.).
The Ptawna deposit consisted of three ore fields. The Otilia
field was located in the vicinity of Plawna Dolna village. The
small fields Eureka and Kétchen were nearby, but closer to
Milgcice. The prospecting and exploitation works were car-
ried out in all the ore fields until 1898, except for the Eureka
mine, which operated until 1906 (Domaszewska, 1964). The
exploitation was carried out from the open pit, then by shal-
low shafts and short underground workings. The Eureka field
was mined by use of the exploration shaft down to 18 m. The
host rocks are represented by fine-bedded argillaceous
schists, greenstone slates, quartz-phyllites, coarse-grained
sandstones and dark graphite schists. These rocks strike in
NW-SE direction and dip almost vertically. The quartz veins
also had almost vertical dip and in general N-S strike. They
had various thicknesses and were recognised only at shallow
levels, mostly due to a high quantity of water inflows into
workings.

Sulphide mineralization appeared as nests or impregnation
in quartz veins, in their surroundings and in fractured zones
filled by gray-blue tectonic clays. Moreover, from the Otilia
mine the massive arsenopyrite body (with content of Auup to 8
ppm and As up to 26 wt %) close to quartz vein was reported. In
the considered deposits quartz and carbonates were gangue
minerals. The compositions of the gold-bearing ore minerals
varied between mines. In the Eureka mine pyrite prevailed,
while arsenopyrite was a major source of gold in the Otilia and
Minna mines (Morsey-Pickard, 1898). In the Marcus mine ar-
senopyrite and galena were exploited. Beside that chalcopyrite,
sphalerite and chalcocite occurred (Fedak, Lindner, 1966). The
main vein in the Otilia field was almost vertical with N—S strike

and had thickness from 0.15 to 0.66 m. It was explored 8 m be-
low its surface (Morsey-Pickard, 1898). Eurcka field was rich-
estin gold (Au— 139 ppm; Ag—20 ppm; Sb—0.1 wt %; As—0.1
wt %; S — 4.0 wt %; Morsey-Pickard, 1898). Gold concentra-
tion in quartz veins from the Otilia mine varied from 6 to 75
ppm, silver from 6 to 16 ppm and arsenic from 20 to 32 wt %.
Gold concentration in sulphide-bearing veins at the Kéatchen
field were in samples from the surface outcrops from 4 to 9
ppm, and increased in samples from the deeper sites (Fedak,
Lindner, 1966). Gold was only found by chemical analyses not
in native form. It was believed to occur as submicroscopic ad-
mixture mostly in pyrite, and arsenopyrite. In the Otilia mine
the gold to silver ratios in ore varied from 7:1 to 1:3 and an
arithmetic average of the ratio was 2:1 (Fig. 65).

During limited surface-prospecting works several sam-
ples were collected within outcrops of the railway crosscut
near Ptawna Gorna. Quartz-sericite and graphite schists con-
tained only traces of sulphide mineralization and accessory
oxide mineralization (e.g. hematite and titanite). An arithme-
tic average of Au contents in these barren schists is 5.5 ppb
(n=9; Tab. 24). On the geological map after Gierwielaniec
(1956) about 2 km north-westward from Ptawna there occurs
a quartz vein of NW-SE strike, hosted by Silurian schists. In
this quartz vein only rare and very fine disseminated pyrite
was found, however without detectable gold.

Genesis of gold-bearing ore mineralization at Ptawna was
considered as of hydrothermal, similar to other gold-bearing
quartz-sulphide vein type deposits from the Klecza—Radomice
ore district (Fedak, Lindner, 1966). These small mines in the
Plawna area were closed just after few years of exploitation.
The main reasons for production cease were probably the diffi-
cult conditions of ore exploitation due to its vertical dip, possi-
ble small thickness of ore zone and difficult condition of the
subsurface water. However, geologic position of veins allowed
considering this area as a very promising target for modern
gold prospecting. Moreover, recent alluvial sediments revealed
increased concentration of placer gold at Lubomierz and
Plawna vicinities (Jgczmyk ef al., 1977).
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Fig. 65. Gold to silver ratio in the Otilia gold mine
from the Plawna area (data after Morsey-Pickard, 1898)
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THE CHELMIEC, MECINKA, WILCZA AND STANISLAWOW DEPOSITS

In the NE part of the Kaczawa Mountains in the Chetmiec
unit at least 14 veins are well known (Fig. 66). Mineral com-
positions of veins within considering deposits are different
and even changeable in specific veins along run and strike
(siderite, hematite, barite and fluorite, quartz, carbonate, sul-
phide).

The area between Chelmiec and Sichow gave small Cu, Ag
and Pb production since 16th to 18th century, Fe ore (hematite,
and siderite) was exploited in the second half of the 19th cen-
tury, and barite after the Il World War (e.g. Petrascheck, 1933;
Neuhaus, 1936; Paulo, 1970, 1973, 1994). These veins have
different thickness (0.3-8 m) and length (0.3—1 km). They
strike in general to NW-SE and dip from 50 to 80° to SW
(Jerzmanski, Kura, 1965; Jerzmanski, 1965; 1976b; Paulo,
1972; 1973). Host rocks are represented mainly by Ordovician
light-grey sericite + chlorite + quartz schists and Silurian
dark-grey graphite schists with pyrite impregnation and by in-
serts of lydite, greenstone and diabase rocks (Ordovician—?De-
vonian).

Several samples from each abandoned mine dumps
at Chelmiec, Mecinka, Wilcza and Stanistawow were collected
for gold determination (Mikulski, 2000c; Dabrowski, 2002;
Proniewicz, 2002). A gold content in 70 samples (siderite,

quartz, sulphide, carbonate and hematite veins, and poor in sul-
phide mineralization rocks) is low from 0.5 ppb to ca. 1 ppm
(Tab. 25). Arithmetic average for Au is 24.8 ppb (n = 70; Fig.
67). Gold has a high positive correlation with arsenic, cobalt
and nickel (r = 0.95).

Similar positive correlation of Au with As, Co and Ni oc-
curred in veins from Mgcinka—Chelmiec (veins: Dgbowa,
Olejna and Gtéwna) and for diabase from Stanistawow. In the
Olejna vein in two samples is relatively high Au content: 120
ppband 1.01 ppm (Fig. 68). The Olejna vein cuts quartz-seri-
cite schist, phyllite and epidiabase. This vein has strike ca.
135° and dip at 70° to SW. Its length is from 0.8 to 0.9 km and
thickness about 0.6 m (Jerzmanski, 1969). The vein is com-
posed by siderite and goethite (limonite) with quartz and
pockets of chalcopyrite, chalcocite, and rose-colour calcite
associated with galena, sphalerite and marcasite (Jerzmanski,
1969; Paulo, 1970). The Olejna vein also contained high con-
centrations of As (up to 11. 4%), Ni (to 4.9%) and Pb (even up
to 21.4%). Microscopic observations moreover evidenced
abundant gersdorffite and cobaltite with arsenopyrite and py-
rite in this vein. Appearance of gersdorffite correlates with in-
creasing concentration of Au (~1 ppm). Gersdorffite forms
aggregates of anhedral crystals up to few centimetres in diam-
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Fig. 66. Location of veins in the Chelmiec unit (after Paulo, 1973)
on the geological map (after Jerzmanski 1955; Jerzmanski, Walczak-Augustyniak, 1993)
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Table 25
Arithmetic average concentrations of the selected elements in veins
from the Mecinka, Chelmiec, Stanistawéw and Wilcza deposits
Location Mécinka Che3miec Stanisawow Wilcza
Vein name (number of samples) Débowa vein (20) | G36wna vein (3) | Olejna vein (8) | KuYnica vein (5)| Barite vein (6) |Hematite vein (4)
range 0.5-344 0.7-1 0.5-1010 0.5-1 0.5-9 0.5-3
Al [ppb] ] ]
arithmetic average 23.60 0.9 145.9 0.7 2.2 1.3
range 2599 1.5-10 3-80 1.5-6 15 1.5-10
Ag [ppm] o
arithmetic average 15.8 6.2 22.6 3.6 15 6.9
range 1.5-3221 55-1764 115-214519 9-51 2-6684 20-40
Pb [ppm] ] ]
arithmetic average 346.7 944 36384.4 20.6 3821.3 335
range 43-12317 87-1638 2.5-4726 20-1608 9-553 2.5-45
Cu [ppm] _ ]
arithmetic average 2055.7 730.1 796.1 406 210.3 21.4
range 5-8700 15-71 26-113903 3-35 99-1548 160-1607
As [ppm] o
arithmetic average 1743.3 15.1 15811.6 22.6 384.8 826.5
range 5-214 46-187 78-1886 13-202 122880-279543 35-9660
Ba [ppm] . .
arithmetic average 68.50 95.3 376.3 92 206933.7 2598
range 12.6-80.8 0.7-77.7 0.6-8.6 1.8-20.7 0.2-17 75.6-92.8
Fe,03 [%]
arithmetic average 38.7 27.2 35 9.3 5.8 82.5

eter in quartz vein and much smaller impregnations in its wall
rock. Pyrite crystals are strongly cataclased and cemented by
quartz. Gersdorffite forms intercalations with cobaltite.
Cobaltite also appears with pyrite that may overgrow
cataclased gersdorffite. Arsenopyrite occurs sporadically as
fine inserts within chalcopyrite associated with pyrite and in
Mgcinka as fine crystals (<0.5 mm) of prismatic habit. Gold
concentration in the Olejna vein wall rock is from <1 ppb to
27 ppb. In metamudstone there occurs abundant framboidal
pyrite impregnation especially in laminas richer in organic
matter.

Northward from Chelmiec near Gorzec Hill of M¢cinka,
three veins with similar strike, dip and length (up to 0.5 km)
and with variable thickness from 1 to 4 m occur. They are
quartz-siderite veins with sulphide mineralization hosted by
sericite-chlorite schists. Gold concentration ranged there
from <1 ppb to almost 350 ppb. The highest Au contents,
however still low, occur in the Debowa vein (arithmetic aver-
age =23.6 ppb; n=20). Gold has positive correlation with Co
(r=0.86), Ni(r=0.81) and As (r=0.56). Microscope studies
of quartz-siderite veins allowed to identify mainly base metal
sulphides and microscopic gold was not found.
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Fig. 68. Comparison of the gold distribution in samples from the veins in the Mecinka, Chelmiec, Stanistawéw and Wilcza areas

Concentrations of gold in veins and rocks that belong to the
Chelmiec unit are low. Gold has variable correlations with
other elements that indicate its relative accumulation during
formation of As—Co—Ni sulphide (mainly arsenopyrite-gers-

dorffite-cobaltite system — similar like from Przecznica in
the Kamienica Range described by Piestrzynski ez al., 1992)
and complete lack of Au precipitation during formation of low
temperature barite and/or hematite association.

POLYMETALIC DEPOSITS IN THE INTRA-SUDETIC FAULT ZONE

In the SE part of the Kaczawa Mountains northwards from the
Intra-Sudetic fault between Radomierz and Swidnik, exploitation
of base metal sulphides was carried out from 16th to the beginning
of the 19th century, (Dziekonski, 1972). As an example, in the
years 1791-1911 in the Dorothea mine located about 0.5 km
northwards from the Miedzianka deposit Pb exploitation were
carried out. Near Radomierz in 1794-1806 produced ca. 25 t of
lead and small amount of refined copper and silver (op. cit.).

In the vein quartz samples collected on the old tailings of
the Dorothea mine gold contents was from traces up to 134 ppb.
In microscope beside galena, chalcopyrite, sphalerite, pyrite,
bornite, Bi-sulphosalts and secondary minerals were also
found (Klosiewicz, 1987). Greenstone schists of the Dobro-
mierz unit (Baranowski et al., 1990) and rhyodacite porphyry
vein are host rocks of these ores.

Greenstone from the vicinities of Kaczoréw and Rado-
mierz revealed slight enrichments in gold up to 50 ppb. Usu-
ally, range of Au contents in greenstone is from 1.7 to 5.3 ppb
(arithmetic average is 3.2 ppb; n = 16). Greenstone with dis-
seminated pyrite mineralization revealed traces of gold from 4
to 5 ppb. Gold contents in black graphite schist from the
Radomierz adit were from 1.9 to 59.9 ppb, and in one lydite
sample 45 ppb, respectively. Black schist also has increased
contents of As up to 0.2%.

An increased gold concentration in black shales and lydites
from Radomierz confirmed observation from other areas of the
Kaczawa Mountains that black schists occurring within re-
gional shear-zones are preferable trap for gold mineralization.
In the considering area the regional shear-zone occurs which is
interpreted by Cymerman (2002) as the overthrust zone called
as the Kaczawa line or according to Seston et al. (2000) as a re-
gional shear zone (so called the Kaczorow shear-zone).

In the nearest southern vicinity of the Intra-Sudetic fault the
Miedzianka—Ciechanowice Cu mining district occurs (Fig.
69). Polymetallic sulphide mineralization is dominated there
by copper ores occurring in numerous, small quartz veins cut-
ting Lower Paleozoic volcanic-metasedimentary rocks in the
eastern surroundings of the Karkonosze Granite Massif
(Szatamacha, 1969; Teisseyre, 1968). Genesis of Cu sul-
phide-bearing quartz veins was connected with the post-mag-
matic hydrothermal activities around the Karkonosze granites
(Schneiderhohn, 1941; Zimnoch 1978; Mochnacka, 1982) and
with the tectonic activity of the Intra-Sudetic fault (Berg,
1912).

Chalcopyrite is the main ore mineral. Recently gold was
found in sulphide ore with high As concentration. An arithme-
tic average of gold contents in the considered sulphide ores and
their host rocks is 0.25 ppm (n = 30, range from <1 ppb to 5.5
ppm) and of silver is 17.4 ppm (range 0.5-230 ppm). Gold has a
strong correlation with Co (r=0.96), As and CaO (r=0.50 and
0.26, respectively). In ore samples (Au >0.5 ppm) the Au:Ag
ratios is from 2:1 to 1:25. Native gold and electrum inclusions
in arsenopyrite were found during microscope studies in re-
flected light. Electrum inclusions are rare and have sizes below
5 um. Most characteristic feature of arsenopyrite is its strong
cataclasis and base metal sulphides overprint, which are similar
to observed in arsenopyrite from the Kaczawa Mountains. Ad-
ditionally, the presence of lamprophyre dykes and rhyolite por-
phyries in the Intra-Sudetic fault zone are comparable to geo-
logical situation at the Radzimowice deposit. Arsenopyrite
from Miedzianka deposit has As contents from 32.5 to 34.8
atom. % (n=10) and also constant Co admixture (from 0.16 to
0.7 atom. %). Porphyres and lamprophyres contain only traces
of gold (up to 5 ppb).
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MECHANISM OF GOLD TRANSPORT AND PRECIPITATION

According to Seward, Barnes (1997) the chemical behaviour
of gold in ore-depositing hydrothermal environments is domi-
nated by the formation of hydrosulphide complexes, AuHS’ and
Au(HS);. These complexes, together with cyanide complex
(AuCN);,, are the most stable inorganic complexes of Au and are
many orders of magnitude more stable than the equivalent chlo-
ride complex, Au(Cl), (e.g. Seward, 1973, 1989, 1991). If met-
als were carried in bisulphide complexes, oxidation may cause
the precipitation of the sulphides and also release acid digest car-
bonates (Seward, Barnes, 1997). In the case of gold precipitation
from chloride complexes probably decreasing temperature is
particularly effective for depositing metals. Most of base and fer-
rous metals are transported as chloride complexes, especially
above 250°C (Seward, Barnes, 1997). The experimental and the-
oretical data presented by Helgeson, Garrels (1968); Boyle
(1979); Kerrich (1983) and others, have demonstrated that gold
is mobilized by the medium-temperature chloride solutions with
elevated concentrations of H,S and especially CO,. The increase
of CO, activity causes better Au solubility (Kolonin, Polyanova,
1993). Thus, the loss of CO, by degassing or fixation in carbon-
ates may create the favourable conditions for gold deposition.

The features of fluid inclusions in gold-bearing quartz were
also considered by Kozlowski, Metz (1989). They are: temper-
atures 250-350°C, pressure 0.4—-1 kbar, abundance of CO,, es-
pecially heterogenisation of aqueous and carbon dioxide flu-
ids (Popivnyak, 1975), methane in the ore-forming fluids
(Kalyuzhnyi et al., 1975) and presence of other than sodium cat-
ions in fluids, especially high contents of K and occurrence of Al,

Ca, and Fe in gold-precipitating solutions, and strong domina-
tion of Na in pre- and post-ore fluids. These features were recog-
nized in fluid inclusions in quartz of the studied deposits from the
Kaczawa Mountains. The changes of the ore-forming solution
like separation of carbon dioxide and agqueous fluids, replace-
ment of sodium by potassium and other ions and presence of
methane influencing the oxygen fugacity may causetheinstabil-
ity of the gold-transporting chloride, carbonate or bisulphide
complexes, leading to precipitation of native gold.

Gold mineralization zones in the Kaczawa Mountains usu-
ally are hosted in quartz + sericite + graphite schists. Common
presence of organic matter and graphite have been recognised
in the studied samples from Klecza and from Radzimowice and
other places with gold mineralization in the Kaczawa Moun-
tains. Contents of TOC (total organic carbon) range from traces
up to ~20%. Graphite schist horizons are common in the
Pilchowice unit at the Klecza—Radomice ore district and origi-
nated during recrystallization and redistribution of carbon in
metamorphosed black argillites. Carbon present in the country
rocks reacted with water from fluids to produce carbon dioxide
and methane according to reaction: 2C + 2H,0 = CO, + CH,.
Mikulski ef al. (2005b) reported that methane was always mea-
sured in fluid inclusions (up to 10%) in the most auriferous sam-
ples from Klecza. Presence of methane causes reduction of the
oxygen fugacity and destabilizes gold complex inducing gold
precipitation (Cox et al., 1991; Springer, 1986). Graphitic schist
with their reducing environment, acted as preferential site for
gold precipitation (Fig. 70). The presence of methane or carbon
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dioxide in fluid inclusions of quartz veins may change the equi-
librium in the solution bearing gold complexes causing the pre-
cipitation of gold and nitrogen. Methane may be other indicator
of the approaching formation of gold ore (Mikulski et al.,
2005b).

According to Noronha ez al. (2000) gold ores in the northern
Portugal appear as the result of successive fluid circulation
stages during Variscan orogeny. Deeply penetrating water in up-
lifting basement was driven up by heat flow linked to the late
granite intrusions. Gold was remobilised from metamorphic se-
ries and deposited in structural and geochemical traps. Gold de-
position was related to progressive dilution and cooling of the
crustal fluids by oxidising solutions penetrating the basement
from the surface (Noronha et al., 2000).

In the Kaczawa Mountains the correlation between gold
and sulphur as well as common occurrence of gold inclusions
in pyrite and arsenopyrite of the first stage mineralization sug-
gest that gold was transported as reduced bisulphide complexes
[Au(HS),] during this stage. The bisulphide complex could
also be the source of sulphur and gold and thus gold co-
precipitated with pyrite (Romberger, 1986): Au(HS), + Fe,
+1/40, = Fe(Au)S, + 1/2H,0 + H". According to Nekrasov
(1996) the mechanism of the extraction of gold complexes and
their reduction to Au’ occurred during reaction of hydrothermal
solutions with ores and vein gangue minerals.

Beside the formation of the complex compounds of Au
with As and S also the adsorption on the surface of the depos-
ited sulphide minerals plays an important role in the migration
and concentration of gold in sulphide-arsenic minerals. Gold
content in acicular arsenopyrite is usually higher than gold in
the coarse crystalline one even of an order magnitude. Similar
observation was made by Nekrasov (1996) within finely crys-
talline arsenic-bearing pyrite of dodecahedral habit, which was
richer in gold than large cubic crystals. At the Klecza—Rado-
mice ore district arsenopyrite is locally associated with
As-bearing pyrite and content of gold in FeS, is much higher
than in FeAsS. This indicates that arsenic participates in migra-
tion and deposition of gold in sulphide-arsenic mineralization.
Here it precipitated during sulphide crystalization. As-bearing
pyrite that was recognised in Radomice is especially rich in
gold. According to Hofstra, Cline (2000) most gold in the
Carlin-type gold deposits in Nevada resides in arsenic-bearing
pyrite, arsenic-bearing marcasite or arsenopyrite, where it oc-
curs as sub-micrometer inclusions of native gold and/or as
structurally bound ionic Au' (e.g. Fe(S,As), + 2Au(HS)’ =
Fe(S,As),+Au,S+H,S; Simon et al., 1999). Adsorption or
coprecipitation of As and other trace elements (Au) in pyrite
in the North American Cordillera took place at temperature
<250°C (Hofstra, Cline, 2000). However, in the Kaczawa
Mountains formation of auriferous As-bearing pyrite formed
probably at higher temperature. According to arsenopyrite
geothermometer, the first generation of the auriferous arseno-
pyrite at Klecza crystallized from <491 to 390°C, and at from
Radomice and Nielestno from 440 to 315 and from 390 to
315°C, respectively.

In the Kaczawa Mountains microscopic gold as inclusions in
ore minerals is the oldest one and represents “chemically bound
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(acc. to the model presented by Matthii et al., 1995)

gold” (the 1st generation of microscopic/visible Au; Fig. 21).
Younger generations of Au represent gold, remobilised from
sulphides (mostly from Co-arsenopyrite) and new gold brought
into fractured rocks by next inflow of hydrothermal fluids. Gold
redistribution from sulphides was recognized in the gold-bearing
sulphide ores from the Kaczawa Mountains. Usually, the release
of gold from arsenopyrite and loellingite started immediately af-
ter they formed (Moller, Kersten, 1994). According to Mumin e?
al. (1994) the gold remobilization is several stage processes. Pri-
mary deposition of invisible Au as structural admixture in sul-
phide and arsenic minerals is followed by its redistribution and
concentration to form colloidal and microscopic gold particles in
fractures and voids. Further migration of Au took place from
host minerals and interstices to gangue minerals probably have
had along residence time (Heinhorst, Lehmann, 1994; Mumin et
al., 1994).

Younger microscopic gold (the 2nd and 3rd generation) oc-
curs in microveinlets, cutting ore and gangue minerals, or as cav-
ity- and void fillings in rocks or quartz veins and as “free gold” in
rocks. Commonly this gold (mainly as electrum) is associated
with base metal sulphides. Precious metals are preferentially
transported in chloride complexes which are typical species in
chloride-rich but sulphide-poor solutions (e.g. Romberger,
1988). Beside, the composition of fluid inclusions indicates also
for chloride complexes as gold transporting during next stages of
Au precipitation. Especially at the Radzimowice, when the sec-
ond stage of electrum precipitation was associated with carbon-
ate minerals crystallization. As indicated, mineral formation was
close to neutral conditions at temperatures <371°C (maldonite
melting point) and probably <250°C (Cabri 1965; Afifi et al.,
1988). This temperature range is characteristic for low
sulphidation epithermal mineralization (Hedenquist et al.,



90 The source of gold and other metals

1998). Bi and Te played a significant role as scavengers of
non-refractory gold in the arsenic—polymetallic gold deposits in
the Western Sudetes (Mikulski, 2005b).

At Radomice microscopic gold associated with chalce-
dony, kaolinite, illite and marcasite as mineral paragenesis
typical of subvolcanic environment. In the subsurface level
the reduced, near-neutral solution containing NaCl, CO, and
H,S boiled due to rapid decompression related to the hydro-
thermal brecciation. Boiling caused separation of the H,S
from the mineralizing solution (White, Hedenquist, 1995).
H,S-rich vapour might concentrate in the vadose zone to form
steam-heated, distinctly acidic solution with pH of 2-3. Evi-
dence of such strong acidic alteration is best visible in sample
shown in Fig. 41. Presence of H,SO, explains the acid-sul-
phate environment favourable for kaolinite and illite forma-
tion during chalcedony precipitation at Radomice. Degassing
destroyed the mobile Au(HS), complex resulting in gold pre-
cipitation (Cooke, Simmons, 2000). Evidence of boiling in
Klecza—Radomice ore district may be suggested by bladed
textures of carbonates, intense hydrothermal brecciation, and
common presence of kaolinite and illite.

Another mechanism caused gold precipitation in associa-
tion with hematite, chalcedony and calcite, recognised at
Nielestno and Klecza. The characteristic paragenetic associa-
tion of hematite and gold locally abundantly appears on the
Fore-Sudetic Monocline in oxidized Rote Faule facies and
the overlying reduced Permian Kupferschiefer horizon
(Piestrzynski et al., 1996; Speczik et al., 1997). The mecha-
nism of these minerals precipitation were considered in de-
tails (Piestrzynski, Wodzicki 2000; Oszczepalski et al.,
2002). At Klecza and Nielestno with hematite and the youn-
gest generation of gold is associated calcite which indicates
oxidative and near-neutral conditions. Experimental data sug-
gests that fluids in equilibrium with hematite are capable to
transport significant quantities of Au (Jaireth, 1992). Accord-
ing to fluid inclusion data these fluids are typically chlo-

ride-rich but sulphide-poor solutions. Gold migrated in a
chloride complex (AuCl; ) and becomes increasingly stable at
low pH and under oxidizing conditions and high chloride ac-
tivity (Hayashi, Ohmoto, 1991). The chloride complexes
might have been decomposed and silica, organic matter or
iron-oxides adsorbed of the precipitating gold (e.g. Machesky
et al., 1991). The fluid inclusion data from chalcedony from
Klecza indicates its precipitation at 165 to 154°C from solu-
tion of low salinity (ca. 1.2 +0.1 wt % NaCl equivalent) and at
pressure 0.6 kbar. In chalcedony and hematite-rich gold-bear-
ing sample from Nielestno (2.81 ppm Au) fluid inclusion
study shows similar range of chalcedony precipitation
(164-153°C) from fluids of salinities ca. 1.9 +0.1 wt % NaCl
equivalent, under pressure 0.6 kbar. The dissolved salts con-
sist of NaCl (65-75% of total salts), CaCl, (25-35%). FeCl,
also appears up to a several % of total salts. Gold released
from sulphides during oxidation was bound in the presence of
CI to a gold chloride complex transported as AuCl;. Eventu-
ally, further oxidation would accompany the change of the
gold into AuCl; and Au’" especially during surface weather-
ing. Fluid inclusion measurements in Klecza also revealed the
next generation of low temperature quartz, which crystallized
at temperature from 135 to 126°C from fluids of salinities ca.
2.5+0.2 wt % NaCl equivalent, at pressure 0.5 kbar. The dis-
solved salts contained NaCl (95-100% of total salts) and KCI
(<5%), moreover CO, and CHy (up to 10%) were present.
Methane may be the important cause of gold precipitation in
veinlets without boiling. Upon complete oxidation, the only
resulting minerals are hematite and native gold (Reed,
Spycher, 1985). The mineral assemblage of chalcedony, he-
matite and gold occurs in low temperature hydrothermal envi-
ronment that may be mistaken for that one formed by weath-
ering. At lower temperatures (<65°C) an assemblage of
goethite and gold would probably prevail. However, at
Klecza and Nielestno Fe-hydroxides post-dated chalcedony
and hematite crystallization and formed by weathering.

THE SOURCE OF GOLD AND OTHER METALS

In the Kaczawa Mountains the major source of metals
and gold accumulated in the gold-bearing As-polymetallic
deposits may be found in thick Paleozoic flysch suites of the
Kaczawa Metamorphic Complex. These rocks underwent
numerous tectonic processes that caused formation of
deep-seated fractures. The regional deep fractures became
conduits of hydrothermal fluids after the Variscan granite
emplacement. During a long migration hydrothermal fluids
penetrated various rocks and leached metals from the lower
structural unit of the Kaczawa Mountains. In the volca-
nic-sedimentary rock complex especially interesting are Si-
lurian quartz graphite schists as well as volcanic basal rocks
that occur mainly in the SE part of the Kaczawa Mountains.
Leaching of metals from black schists should cause a de-

creased metal concentration in wall-rocks of the ore-bearing
quartz veins. In the Kaczawa Mountains the gold deposits
are enriched in arsenic only when they occur in the black
schists. Increase of arsenic contents in FeS; occurred during
recrystallization of framboidal pyrite. Constant Co admix-
ture in high-temperature arsenopyrite may also indicate
common source of As and Co in black shales. The mobiliza-
tion of S and other metals (Cu) from the sedimentary py-
rite-bearing units was caused by hydrothermal fluids of
metamorphic and post-magmatic origin.

The second possible source of metals may be found in the
Variscan magmatic rocks. They comprise rock varieties from
granite to lamprophyre and from sub-volcanic (thyodacite, rhyo-
lite) to volcanic ones (andesite). Granites were mainly consid-
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ered by some geologists as a source of metals in the sulphide de-
posits in the Sudetes (Petrascheck, 1933; Neuhaus, 1936;
Manecki 1965; Zimnoch, 1965; Fedak, Lindner, 1966; Paulo,
Salamon 1973b). In the Central Massif the probable source of
gold is correlated with leucocratic granite (Bouchot et al., 2000).
In the Iberian Peninsula granite intrusions are not considered as a
probable source of gold despite numerous gold lodes hosted by
granites (Murphy, Roberts, 1997; Noronha et al., 2000).

The §**Scpr values of auriferous sulphide from various de-
posits in the Western Sudetes range from —5 to +8%o, indicating a

magmatic origin with local significant crustal contribution
(Kajiwra, Krouse, 1971; Ohmoto, 1986; Ohmoto, Goldhaber,
1997). Moravék (1995, 1996) considered the source of Au—As
mineralization in the Bohemian Massif within primary
preconcentrations in the volcanogenic-sedimentary suite and
their later mobilization by Variscan granitoid intrusions. In
the Kaczawa Mountains mobilization of metals was also attrib-
uted to heat flow around the Upper Carboniferous post-orogenic
intrusions and hydrothermal activities along regional and sec-
ond-order faults and fractures.

GOLD DISTRIBUTION IN SCHISTS

The present works were focused on gold 100

concentration in the various lithotectonic units
of the Kaczawa Mountains (Tab. 26). Arithme-
tic average of Au contents is in: greenstone —3.0
ppb (n = 18; range of arithmetic average con-

N
o

P

centration in the specific units is from 2.3 to
3.3), quartz-sericite schists —3.5 ppb (n = 40,
range from 2.7 to 5.5 ppb), graphite and sili-
ceous-graphite schists —10.1 ppb (n =38, range

content of Au [ppb]

-

from 0.8 to 28.9 ppb). The highest arithmetic
average value of gold (28.9 ppb) has graphite
schist from the Mystow—Grochowice area (Fig.
71). Arithmetic average of Au in barren rocks
represented mainly by graphite, siliceous and 01

-+ Schists from Ptawna

-4 Schists from Nielestno

—— Schists from Wlen

-e— Schists from Mystéw—Grochowice

quartz-sericite schists from areas beyond the 1
polymetallic deposits is 6.5 ppb (n = 60; Table
26) and from the ore deposits is 8.7 ppb (n =
72). Gold has positive correlation with V (r =
0.36), Cu (r=0.29), and Pb (r = 0.25). Beside,
Auhas aweak correlation with As and Ag (Tab.
27). Characteristic is positive correlation of V
with Au, Ag, As, Ni and base metals within
black schists.

Much higher gold concentrations occurred
in sulphide ores and rocks from vein selvages,
especially in the Klecza—Radomice and
Radzimowice deposits. Gold concentrations
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Fig. 71. Comparison of gold contents in quartz-sericite-graphite schists
from the various locations in the Kaczawa Mountains

Table 26

Statistics parameters of the metal concentrations in black schists

in the Kaczawa Mountains

are over 1000 higher than its average geochem- Minimum Maximum Arithmetic Standard
ical clark values for specific rocks (Fig. 72). As Element [ppm] [ppm] average [ppm] | deviation [ppm]
an example in the massive sulphide ore from Au 05 676 65 104
the level =70 m of the Wilhelm shaft in

Radzimowice the arithmetic average of gold A9 05 8 L9 L9
concentration is 62.27 ppm (from 18.3 to 135 As 1.5 215 34 44.9
ppm) and in mineralized porphyries is 1.64 Cu 3.0 565 66.2 99.2
ppm (from 0.124 to 6.6 ppm). Host rocks from Pb 25 100 233 223
the ore zones also have h1gher. average .gold 7n 6.0 357 60.4 58.3
concentration. In the Radzimowice deposit the

host rocks represented mainly by the Vv 70 1825 163.4 2789
Radzimowice schists contain from 50 to 493 Co 05 37 10 8.6
ppb Au. These concentrations are much higher Ni 6.0 137 30.9 22.6
in comparison with Au contents in primary vol- cr 15 141 184 351

canic-sedimentary rocks from the lower struc-
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Table 27

Correlation matrix of selected elements for the barren black schists in the Kaczawa Mountains without the Radzimowice and
Klecza—Radomice ore districts

Element Au Ag As Cu Pb Zn \Y Co Ni Cr
n=60 n=60 n=60 n=60 n=60 n=60 n=60 n=42 n=42 n=42

Au n=60 1.00 .07 12 .29 .25 -.13 .36 =21 .08 14
Ag n=60 .07 1.00 .39 34 -.08 -11 37 -.08 .23 -.01
As n=60 12 .39 1.00 .37 15 .07 32 .28 40 .10
Cu n=60 .29 .34 37 1.00 -01 17 49 .33 .58 -.18

Pb n=60 .25 -.08 15 -.01 1.00 -.06 .10 -13 .09 .06
Zn n=60 -.13 -11 .07 17 -.06 1.00 -.03 31 .30 -.05

\Y n=60 .36 37 .32 49 .10 -.03 1.00 13 .68 .01
Co n=42 =21 -.08 .28 .33 -13 31 A3 1.00 A7 -.02

Ni n=42 .08 .23 40 .58 .09 .30 .68 A7 1.00 .05
Cr n=42 14 -01 10 -.18 .06 -.05 .01 -.02 .05 1.00

n —number of samples

tural units located beyond the mining districts in the Kaczawa
Mountains.

Gold and base metals content in flysch-like rocks cut by
barren quartz veinlets are several times lower than in similar
rocks without quartz veinlets. It indicates metal leaching from
fractured rocks by hydrothermal fluids. Instead, they contain

high concentrations of sulphur and organic matter. Sulphur is
present as Fe-sulphide, i.e. pyrite of various generations. The
abundant appearance of framboidal pyrite in graphite schist
from the Kaczawa Mountains is very characteristic phenom-
ena. However, in the places with ore mineralization the
framboidal pyrite is commonly subject of further recrys-

tallization into the younger generation py-

rite. Graphite that is also common in

schists most probably derived from re-
crystallization and redistribution of car-

bon in deformed black argillites.
Metasedimentary and volcanic rocks
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Fig. 72. Comparison of the arithmetic average values of metals
in mineralized and barren rocks in Radzimowice

and Klecza—Radomice ore districts

in the Kaczawa Metamorphic Complex
have average metal contents higher than
average crustal values. For example the
average Au concentration in the Kaczawa
Metamorphic Complex is 6.5 ppb while
the crustal average is 3.2 ppb (Taylor,
McLennan, 1985). In general there is en-
richment in metallic elements (Co, Ni, Cr
7n and V) derived from basic sources. Shales
with higher contents of these elements
have a higher Au background (ca. 9 ppb).
Graphite schist from the various units of
the Kaczawa Mountains have average
concentration of Au at 14.6 ppb (n = 30).
Greenstones contained ca. 3.1 ppb Au.
The acid volcanic rocks have usually
lower concentration of gold (<5 ppb).
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GOLD AND OTHER METALS POTENTIAL OF THE VARISCAN GRANITES

A part of the modern gold genetic models included calc-alka-
line and alkaline magmas as a source of gold in numerous gold de-
posits (Richards, 1995; Spiridonov, 1996; Sillitoe, 1991, 2000;
Sillitoe, Thompson, 1998; Thompson et al., 1999; Jensen, Barton,
2000; Miiller, Groves, 2000; Thompson, Newberry, 2000). These
genetic models for gold formation indicate for significant zone
distribution of deposits in relation to the source acidic (granitic)
magmas.

In the Western Sudetes such specific distribution of the ore
deposits around the Karkonosze granite were also noted
(Petrascheck, 1933; 1937; Neuhaus, 1936; Mochnacka, 1982).
In the close neighbourhoods of granite massifs small vein type
sulphide deposits with various Au contents occur (e.g. Czarnow,
Miedzianka—Ciechanowice, Radzimowice and also Au deposits
in the Czech Republic; Fig. 73). Genesis of these sulphide
polymetallic deposits was connected with the post-magmatic ac-
tivities of the Karkonosze granite intrusion (e.g. Zimnoch, 1965;
1978; Mochnacka, 1982; 2000; Mochnacka, Banas, 2000). De-
tailed petrographic and geochemic characteristics of the
Karkonosze granite, Strzegom—Sobdtka granite and granite

from the Radzimowice area are presented elsewhere (e.g.
Borkowska, 1966; Duthou et al., 1991; Kural, Morawski, 1968;
Machowiak, Muszynski, 2000; Majerowicz, 1972;
Maciejewski, Morawski, 1975; Majerowicz, Skurzewski, 1987,
Mierzejewski et al., 1994; Oberc-Dziedzic et al., 1999; Pinet al.,
1989; Puziewicz, 1985, 1990; Wilamowski, 1998). The inter-
pretation of geochemical data in the aspect of ore metals poten-
tial of granites from the Kaczawa Mountains (Bukowinka gran-
ite) and adjacent areas (granites from the Karkonosze Massifand
from the western part of the Strzegom—Sobdtka Massif) are pre-
sented in this monograph.

The changeable ways of magmas fractionation, degree of
compositional evolution and further tectonic processes caused
different types of ore mineralization that reflected transition
from magmatic to hydrothermal environments. Cu and Au de-
posits are connected with more maphic granites; W mineraliza-
tion correlates with granitic magmas of transition character and
Mo-W-Sn with felsic and fractionated granite (Blevin,
Chappell, 1995). Oxidation state of magmas is of paramount im-
portance in controlling nature of many ore elements and allowed
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for division of granites into ilmenite- and magnetite series (Ishi-
hara, 1981). Cu, Mo and Au deposits are typically related to
magnetite-bearing (oxidised) granite and Sn (+W) deposits to il-
menite-bearing (reduced) granite (Ishihara, 1981). The oxida-
tion state of the igneous system controlled the process of hydro-
thermal redistribution of elements (Lehmann, 1994).
According to Blevin (2003) the K/Rb ratio versus silica
contents is very useful for definition of strongly fractionated
granite most characteristic for Sn and W mineralization. The
position of granite samples in the considered diagram (Fig. 74)
indicate that the Strzegom—Sobotka granite together with
Bukowinka granite is moderately evolved. Such granite
formed in continental arc environment with direct derivation
from the mantle material (I-type granites). The Karkonosze

granites are classified to the group of the strongly evolved and
fractionated granite. Strongly evolved granite formed by con-

tamination of oceanic material with crust rocks (Blevin, 2003).
The specific Karkonosze granite formed from magmas of
different degree of fractionation. The central granite formed
from magma of the relatively most primitive composition and
crystallized as the earliest among the all three types of the
Karkonosze granites (Mierzejewski et al., 1994). Higher de-
gree of fractionation-characterized magma from which crystal-
lized the ridge granite. More advanced was magma differentia-
tion responsible for granophyre granite crystallization and next
for aplite and pegmatite formation. This magma was enriched
in volatile compounds, water and silica (Gajda, 1960;
Janeczek, 1985). Beginning phases of the ore mineralization
were connected with the final stage of

pneumatolytic processes, and further ore
mineralization processes increased dur-
ing a high temperature hydrothermal
stage. At this stage wolframite and mo-
lybdenite mineralization followed by
scheelite crystallization formed in quartz
veins cut aplogranite mainly in the west-
ern parts of the massif (Karwowski et al.,
1973; Koztowski et al., 1975). The aplo-
granite magma often hidden beneath
porphyry-like (central granite) and
equigranular (ridge) granites was already

considered by Mierzejewski, Grodzicki

(1982) as the tin-bearing type. Recog-
nised within these granites W—Mo min-
eralization is very characteristic and be-
longs to the S-type granite. Granophyre
granite seems to be the most favourable
for presence of reduced-lithophile ele-
ments (W, Sn) and Au association with
W.

Variation in oxidation state may be

consistent with a change in metallogeny
from tin-rich to tungsten gold-rich sys-

tems (Thompson et al., 1999). In Fig-
ure 75 it is well visible the position of
granophyre granite samples in per-
aluminous and metaluminous fields. Be-
side, macroscopic studies indicate for the
presence of magnetite and ilmenite in
granite samples suggesting transition
state of magma oxidation. If it is a case, in
the Karkonosze Massif may formed vari-
ous type of W—Sn—Mo—Cu ore mineral-
ization (sheeted veins, breccias, dissemi-
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Fig. 74. Blevin’s plot (2003) of K/Rb versus SiO,
applied for samples from this study
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Fig. 75. A/NK versus A/CNK classification
of selected granites from the Lower Silesia

Abbreviation of ellipsoids (after Baker et al., 2005): Au-Bi — dominants granites; W — dominant gran-

ites; Sn — dominant granites

nated and veins) with local enrichments in
Au and Bi.

In region where appears granite with
high silica contents preferably formed
Sn, Mo, U and Au deposits, while those
skewed to intermediate or lower SiO,
values are more typically associated with
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Cumineralization (Blevin, 2003). Among samples located in the
VAG field high concentration of SiO, were determined (from 72
to >80 wt %.). These samples with high silica concentrations
were collected in places with the Mo-W-Sn mineralization
(Paszowice and Szklarska Porgba Huta). The wolframite-mo-
lybdenite-cassiterite mineralization was also found in
Radzimowice (Sylwestrzak, Wotkowicz, 1985).

The presence of quartz veins with gold were noted in the
Karkonosze Massif (e.g. Domaszewska, 1965; Koztowski,
Metz, 1989). In the time period from 1175 to 1492 ca. 3 t of
gold was extracted from the alluvial sediments on the
Karkonosze Massif (Quiring, 1948; Grodzicki, 1967). The
pH evolution of the moderate and low temperature hydrother-
mal fluids into more oxidized is evidenced by the common oc-
currence of hematite and quartz hematite veins, which domi-
nate and are widely distributed in the whole Karkonosze Mas-
sif. However, gold concentration within these veins is still un-
known.

Chemical analyses of the granite composition from the west-
ern part of the Strzegom—Sobdtka Massif as well as the position
of samples on the Harker’s diagrams suggest the intensive devel-
opment of differentiation process during magma intrusion
(Mikulski, 2005d). Similar to the Karkonosze granite the main
factor of the magma differentiation was fractional crystalliza-
tion. Locally, magma was enriched in volatile compound, water
and silica, which caused formation of miarolitic pegmatite,
aplite dyke and quartz vein (Janeczek, 1985). This magma char-
acterized by high potential for generation of post-magmatic flu-
ids from which precipitated ore minerals (Satacinski, 1978).
Mineral assemblages, present here, reveal domination of molyb-
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denite and chalcopyrite over the other metal components that is
characteristic feature of the I-type granite.

In the zone of the occurrence of the I-type granite more
probably formed Mo—Cu+Au mineralization, especially within
the occurrence of the high temperature and oxidised granite
(magnetite series; Blevin, 2003). The most variable composi-
tion of ore minerals were found in the Paszowice quarry lo-
cated on the western margin of the Strzegom—Sobdtka Massif
and in the shear zones of the marginal Sudetic fault. Ore miner-
als are represented mostly by molybdenite, and chalcopyrite,
and rarely by pyrite, sphalerite, and native bismuth. They ap-
pear in quartz veinlets infilling fractures of NNW—-SSE direc-
tion in aplogranite (Pendias, Walenczak, 1956; Salacinski
1973, Kanasiewicz, Mikulski, 1989). Beside, in the other
places (e.g. the Rogoznica quarry) the ore mineralization (py-
rite, chalcopyrite, sphalerite, molybdenite, bismuth minerals,
hematite and magnetite) in quartz veinlets were found
(Satacinski, 1978). Around such core of the high temperature
oxidised granite (magnetite series) and with moderate degree
of differentiation may formed the following zones of ore min-
eralization: (1) Pb, Cu, Zn and outward from the core (2) Au,
Bi, Ag (3) and (Au, As, Sb) (Blevin, 2003). According to this
scheme it is possible to connect genesis of the some
polymetallic mineralization in the northern part of the Kaczawa
Mountains (e.g. Chetmiec, Mgcinka) and in the Fore-Sudetic
Block (e.g. the quartz veins near Wadroze Wielkie) with tec-
tonic-magmatic activities of the Strzegom—Sobotka massif
and/or with its probably extension (Bolestawiec granite; Fig.
76), recognised by geophysics methods at the depth. Some in-
formation about auriferous veins and placer gold deposits in

North-Sudetic Basin

Fig. 76. Depth migrated section with interpretation of a deep-crustal structure (modified from Zelazniewicz et al., 1997)
Abbreviation: ISF — Intra-Sudetic fault; MSF — Marginal Sudetic fault; KMC — Kaczawa Metamorphic Complex; FSB — Fore-Sudetic Block
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Wadroze Wielkie were given by Zaller (1932; 1938), Uberna
(1959), Grodzicki (1960; 1972), Grocholski (1982) and
Grocholski, Sawicki (1982).

Acidic (granitic) magma from the western part of the
Strzegom—Sobotka Massif with regard to its geochemical
characteristic may formed porphyry mineralization of
Mo—Cu type.

The reconstruction of a spatial mineral zonation and
fluid plumbing systems connected with the occurrence of a com-
plex igneous rock suite in the less eroded areas like the Variscan
molasse basins (e.g. Intra-Sudetic Basin or North Sudetic Basin)
and Fore-Sudetic Block may point also towards the porphyry
type mineralization of the Cu—Au mineralising systems that sur-
vived under thick rock covers.

HYPOTHETICAL GRANITE UNDER THE KACZAWA MOUNTAINS

Beneath the Kaczawa Mountains in the crust (from ~3 to ~15
km) the crystalline basement was recognized by geophysical
methods (Cwojdzinski et al., 1995; Cwojdzinski, Zelazniewicz,
1995; Zelazniewicz et al., 1997). It was found to be built of
gneiss-granitoid rocks and of single granitic plutons out of
which the biggest is located below the town of Bolestawiec (hy-

pothetical extension of the Strzegom granite) in the basement
of the Fore-Sudetic Block and the Kaczawa unit (op. cit.).
The gneiss complex of the Karkonosze-Izera Block is underlain
by the Karkonosze granitoid to the line of the main Intra-Sudetic
fault (Fig. 77). The Intra-Sudetic fault is not visible in the Grif-
fin’s anomaly and negative gravimetric anomaly shifted from
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Cambrian-Lower Carbonilferous
Cambrian-Devonian
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Fig. 77. Geological map of horizontal cutting on the plane of 5 km b.s.l. (after Kotanski, 1997) with the relation
of the Radzimowice and Klecza—Radomice gold ore districts to the hypothetical granite located beneath
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the outcrops of the Karkonosze granites to the west direction un-
der the Izera gneisses block suggesting the presence of big
granitoids bodies (op. cit.).

The presence of granites in the Kaczawa Mountains base-
ment was also interpreted from the maps of the horizontal cut
by Kotanski (1997). At the depth of 2 km b.s.l. occur
granitoid-like bodies. These hypothetical granitoids form a
strongly elongated massive body (apophyse?) extending in the
WNW-ESE direction (contrary to the NE-SW trend postu-
lated by Petrascheck, 1933, and others). This hypothetical
granite body extends at the distance of over 20 km from the
north of the Wojcieszow vicinities to Wlen. At the depth of 5
km b.s.1. this granitoid body is located more to the southwards

THE RELATION OF THE AURIFEROUS

both in the Wojcieszéw and Wlen areas (Fig. 77). These
granitoids underly most probably auriferous ore mineralization
not only at Radzimowice, Grudno and Lipa but also in
Klecza—Radomice and further north-westwards. Granites from
the Zelezniak and Bukowinka massifs could be the outcrops of
this deep-seated granitoid pluton. In the Klecza—Radomice
gold ore district granite outcrops are absent, however the
hypothetic granite (or Karkonosze granite) that underlying
Klecza-Radomice ore district at depth may cause circulation of
the fluids that distributed metals along regional deep fractures
and shear zones. These hydrothermal fluids of variable origins
were also able to leach metals from the country rocks (e.g.
Lower Paleozoic schists).

QUARTZ-SULPHIDE MINERALIZATION

TO DEEP FRACTURES IN THE KACZAWA MOUNTAINS AND BEYOND

In this part of the Western Sudetes it is possible to group
metalifferous deposits along linear zones of various direc-
tions (NE-SW, NW-SE, ENE-WSW), which run parallel to
deep fracture zones of similarly different di-

(1992) who on the basis of the Thematic Mapper satellite image
reported N-trending double photolineament roughly following
Rudawy Janowickie. He interpreted such double photo-

rections.

Some of the quartz-sulphide vein type ar-
senic-polymetallic deposits occurring in
Rudawy Janowickie and Kaczawa Mountains
are located along the one structural line, which
extend from the eastern margin of the
Karkonosze massif to the northeast. In the
about 5 km wide and over 90 km long zone oc-
cur several deposits (e.g. Kowary, Podgorze,
Czarnow, Miedzianka—Ciechanowice and
Radzimowice) and occurrences (Lipa and
Grudno). Petrascheck (1933, 1937) first and
later Neuhaus (1936) connected the origin of
porphyry intrusions, granite apophyses and
contact metasomatic phenomena in the
Kaczawa Mountains with extension to the
north of the Karkonosze granite pluton from
which along a deep fracture (of NE-SW direc-

tion) magma rose into the upper parts of crust. !

A similar concept about granitic magma /
generation below the considered polymetallic I
sulphide deposits and its extrusion along the " ‘-;

NE-SW oriented deep regional fractures was
later formulated by Kanasiewicz, Sylwestrzak
(1970) and Michniewicz (1981, 2003), (Fig. 78).
This idea was also supported by Mroczkowski
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lineament as an important fracture zone active from Early Car-
boniferous through recent. However, on the map of the
photolineaments in the considered area of the Sudetes such
photolineaments have not been recognised (Doktor, Graniczny,
1983). Instead, numerous photolineaments of NW-SE and
ENE-WSW directions have been documented.

Beside photolineaments, on the satellite photos in several
regions of the Sudetes, the ring-like structures related to intru-
sions of the central type were identified (Doktor, Graniczny,
1983). In the areas here considered the cross-section of
photolineaments with ring-like structures in the vicinity of
Jawor were recognized and interpreted as very favourable for
the emplacement of various metal deposits (e.g. Kanasiewicz,
Mikulski, 1989).

According to Michniewicz (2003) in the area of the
Karkonosze—Izera Block the most important was the Western
Moravian fracture zone (of NE-SW direction) recognized ear-
lier by Chrt et al. (1968). This zone was also considered as a
source of magmatic association and direct channels for the
mineral-forming solutions. One of the arguments against
such simple connection is the fact that these sulphide depos-
its are small in size and mainly of arsenic and base metal sul-
phide composition typical for a granite environment. In the
described here deposits no significant enrichment an PGE
was found. In the orogenic type of gold deposits, where Au
mineralization originated close to the deep fractures, con-
centration of base metal sulphides is low and much less than
a few per cent (Groves et al., 1998b; Goldfarb et al., 2001).
Nevertheless, contents of the base metal sulphides in some
of the polymetallic deposits located within the zone of the
Western Moravian fracture may reach up to several dozen
per cent by volume (e.g. at Czarnéw or at Miedzianka).
Moreover, deposits located along a deep fracture are always
marked by long linear anomalies of metals in soil (e.g. As
and Au anomalies in the French Massif Central — Roig et al.,
2000). Such regional metal anomalies indicate the hydro-
thermal linear paleofields responsible for the formation of
ore mineralization along preferable fracture direction. How-
ever, until now regional linear metal anomalies of NE-SW
orientation within the zone of the Western Moravian frac-
ture have not been recognised. Instead, numerous As and Au
anomalies have been recognised in alluvial sediments lo-
cated on faults of NW-SE direction (Kanasiewicz, 1990,
1992; Mikulski, 2001). The Western Moravian deep fracture
was supposed to be active from Paleozoic till the present
time (Michniewicz, 2003). This concept is also contrary to
the Aleksandrowski (1995, 2003) idea of multiple regional
movements on the Intra-Sudetic fault that separates different
tectonostratigraphic terranes.

Seismic data indicated that ISF and MSF really are not
deep-seated, subvertical crustal boundaries but rather they are
listric faults (Zelazniewicz et al., 1997). Prolongation of the
Intra-Sudetic fault at depth changed from the steep at the
subsurface levels to subhorizontal at depth and with dip to
NE (Figs. 76, 79).

Multiple stages of different movements within
Intra-Sudetic fault postulated by Aleksandrowski (1995;2003)
and Aleksandrowski et al. (1997) and formation of the regional
shear-zones between Sudetic terranes (Fig. 80) (Cymerman,
Piasecki, 1994; Cymerman et al., 1997; Cymerman 2000,
2002, 2004) resulted from geotectonic and magmatic processes
on the western margin of the Baltic platform at the end of the
Carboniferous (Seston et al., 2000). The younger, sinistral dis-
placements of Intra-Sudetic fault occurred at semi-brittle to
brittle regime during Late Carboniferous to Early Permian
(Aleksandrowski, 1995;2003) and were coeval with Au miner-
alization. It is important that considering the presence of the
deep fractures and their probable connection with the forma-
tion of ore mineralization in the Kaczawa Mountains the dis-
cussion should be limited only to the Upper Carbonifer-
ous—Permian.

Considering the origin of auriferous mineralization at the
Radzimowice deposit Mikulski (2003a) pointed to a late injec-
tion of mafic alkaline magma manifested by lamprophyre
dykes that are spatially related to quartz-sulphide veins. Alka-
line magma that rose into the upper part of the lithosphere had
to use very deep fractures. The Western Moravian deep frac-
ture has a NE-SW direction that is oblique to the direction of
strike (W-E) of the most known auriferous quartz-sulphide
veins in the Radzimowice area. It seems that in this case deep
fluid migration was rather along fractures of the NW—SE direc-
tion and in the shallower parts of the crust along fracture zones
with W—E and NW-SE directions. Only at the Czarnéw de-
posit the main quartz-ore vein has an extension coherent with
the NE-SW direction. Auriferous mineralization in the
Klecza—Radomice ore district is located almost half distance
between two postulated (e.g. Chrt ef al., 1968; Kanasiewicz,
Sylwestrzak, 1970; Michniewicz, 2003) deep fractures of
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Karkonosze Granite Massif
Crystaline metamorphic units

[Fx7] lzera gneiss unit
KX Lower Crust

Fig. 79. The “crocodile” model of the crust construction
(after Zelazniewicz et al., 1997)

Abbreviation: ISF — Intra-Sudetic fault; MSF — marginal Sudetic fault;
OFZ — Odra fault zone
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Fig. 80. Location of deposits and occurrences of Au-bearing As-polymetallic association
and generalized tectonic-structural features in the Polish Sudetes
(Aleksandrowski et al., 1997; Cymerman et al., 1997; Cymerman, 2000)

Abbreviation: KAC — Kaczawa Metamorphic Complex; KL — Kaczawa tectonic line; BNSZ — Brzeg—Nysa shear zone; LSZ — Leszczyniec shear zone;
NSZ — Niemcza shear zone; NYSZ — Nyznerov shear zone; ZST — Ztoty Stok — Trzebieszowice shear zone

NE-SW direction. However, Mikulski (2001) suggested the  seismic-reflective types. The postulated presence of the deep
possible connection of this gold mineralization with deep  fractures with NE-SW directions was not confirmed by
fractures of NW-SE direction (e.g. Intra-Sudetic fault). photolineament studies and even by seismic-reflective work,

The hypothesis about the connection of the origin of the  completed for the deep parts of crust under the Kaczawa
ore mineralization with deep fractures in the Western Sudetes ~ Mountains (Cwojdzifiski et al., 1995; Zelazniewicz et al.,
required more detailed geophysical work especially of the  1997).
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THE RELATION OF THE AURIFEROUS QUARTZ-SULPHIDE MINERALIZATION
TO TECTONIC STRUCTURES IN THE KACZAWA MOUNTAINS

In the Radzimowice deposit the quartz-sulphide veins
strike E-W, which is similar to the axial plane direction of the
Radzimowice (F,) fold (WNW-ESE) or the Bolkow—Wojcie-
szow saddle. Similar strikes have been noted also in
quartz-sulphide veins in Lipa and Grudno hosted by the same
fold structure. Appearances of the calcareous rocks and
greenstone on the both sides of the Radzimowice schists were
primary interpreted as synclinal fold with normal southern
flank and locally reversed northern flank (Kryza, Muszynski,
1992). However, in the light of new relative age determina-
tion which dated Wojcieszow limestones at not older than Si-
lurian (Kozdréj, 1995) the Radzimowice schists should be
considered as younger and this fold structure should be rein-
terpreted as rather an anticlinal than synclinal form. Never-
theless, the axial surfaces of these mesoscopic F, folds were
favorable for post-magmatic fluid migration and the occur-
rence of the graphitic schist played a significant role as struc-
tural traps for hydrothermal fluids.

At the Wielistaw Ztotoryjski deposit the strike of quartz
veins (NNW-SSE) is also similar to the axial direction of the
narrow folds. Moreover, in Radzimowice the vein strike is con-
cordant with S; foliation and lithological boundaries of the
host rocks. These veins are strongly structurally controlled.
The run of veins is also concordant with direction of the
Chmielarz schists thrust over the Radzimowice schists. Here
numerous mylonitic and cataclastic structures were found.
However, low-angle thrusting between thrust sheets domi-
nated and is not comparable with a high-angle dip of ore
veins. The strike and vertical dip of veins indicate rather their
connection with the development of the fault zones. The veins
orientation is in conformity with the WNW-ESE direction of
the Southern Swierzawa fault, which is located only ~2 km
northwards (Fig. 80). This fault is classified to the group of the
regional frame faults of the Sudetic extensional troughs,
which started to form in the Viséan/Stefanian and begun the
formation of the Sudetic basins (Teisseyre, 1967; Kozdroj,
1995; Cymerman, 2002). These faults strike almost E-W and
are responsible for the division of the Kaczawa Metamorphic
Complex into elongated blocks and tectonic troughs. In the
Bolkow unit these faults are almost vertical or very steep and
in most cases of a dextral strike-slip type (Cymerman, 2002).
The quartz-ore veins are vertical or steeply dipping from
about 60 to 85° to the N or S. The coincidence of the direction
of fault surfaces and their steep or vertical dip with the similar
distribution of auriferous vein suggests that post-magmatic
hydrothermal fluids in the Radzimowice deposit used frac-

tures of such orientation. Furthermore, the strike of the ore
veins in Lipa and Grudno is also in conformity with the orien-
tation of the Southern Swierzawa fault. The direction of the
vein strike in Wielistaw Ztotoryjski deposit is similar to the
orientation of the fault, which bordered from the west the
Swierzawa horst (NNW—SSE). The orientation of these
extensional faults seems to be the main factor controlling dis-
tribution of auriferous veins in this part of the Kaczawa
Mountains. Also the lamprophyre dyke found in the zone of
the Miner consolation vein has similar orientation suggesting
that this fault is a deep seated, multiple active and suitable
way for magma and fluid migration.

In the Klecza—Radomice ore district the vein type ore min-
eralization is also structurally controlled. In Radomice and
Nielestno the surface distribution of the mining waste materi-
als strongly indicate the NE-SW and WNW-ESE strike of
quartz-sulphide veins. The NE-SW vein strike is similar to F,
folds axial-planes with vergence from 5 to 20° to NW. Strike
and dip of sedimentary bedding of the feldspathized Ordovi-
cian quartz-sericite schists are concordant with limestone
lenses emplacements. Moreover, the Silurian quartz-sericite
schists with graphite have similar strike and steep dip from 70
to 85° to NE. In Radomice the extension of quartz-sulphide
veins is mainly limited to the F; fold axial-plane and usually
concordant with the bedding. If we accept the newest interpre-
tation that the limestone cropping out near the Radomice de-
posit is of Silurian or younger age (by correlation with the
Wojcieszow limestones), so they constitute the cores of the
asymmetric and tight synclines with very steep dip (80°) to
SW. Furthermore, the folded Silurian black graphite schist
formed asymmetric anticline with steep dip of bedding
(75-85°) to NE.

In Pilchowice the mining sites are located along the
NW-SE and NE-SW directions suggesting veins distribution
along these two directions. Additionally in Klecza occur diago-
nal veins. The various strike of the quartz-sulphide veins in
Klecza—Radomice ore district indicate a more complementary
tectonic regime than in the Radzimowice area and not simple
shearing. The distribution of veins is irregular and indicates a
changeable strength field in the regional shear zone developed
between variable terranes along the active Intra-Sudetic fault.
Additionally, the veins in Nielestno and Klecza occur directly
in the zone of the Kaczawa Metamorphic Complex overthrust
along the Ptawna fault zone (of NW-SE direction) on the
Lower Permian sediments of the Wlen trough. However, this
overthrust postdated the formation of auriferous veins.
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THE AGE CONSTRAINS OF GOLD AND METALLIC ORE FORMATION
OF THE VEIN TYPE IN THE KACZAWA MOUNTAINS

According to *’Ar/*’Ar data presented by Marheine et al.
(2002), in the Western Sudetes the host rock schists unit of
Ordovician—-Lower Carboniferous shaly flysch-type sedi-
ments recrystallized during regional uplift-related
greenschist metamorphism in the Viséan at 344-333 Ma (Fig.
81). The auriferous mineralization post-dated regional meta-
morphism of host rocks, orogenic deformation, and the oldest
stage of late Variscan magmatism (ca. 330 Ma). The upper
limit of the Variscan tectonometamorphic and magmatic ac-
tivity was dated at 314-312 Ma (Namurian/Westphalian
boundary) by “’Ar/*’Ar method (Marheine et al., 2002).
SHRIMP age of zircon from the fine-grained rhyolite is simi-
lar to the zircon age from the medium-grained microgranites
and indicate that the main magmatic event in the Zelezniak in-
trusion at the Radzimowice deposit was restricted to the late
Namurian (weighted average ***Pb/**U at 316.7 + 1.2 Ma;
Muszynski et al., 2002). According to the Re—Os data pre-
sented here and earlier by Mikulski et al. (2005a) the age of
ca. 317 Ma for auriferous Co-arsenopyrite from the
Radzimowice deposit is coeval with SHRIMP ages of igneous
rocks from Zelezniak intrusion. This age of arsenopyrite de-
spite its close correlation with magmatic evolution in the
Zelezniak intrusion is also close to Re—Os age of auriferous
arsenopyrite from Klecza.

In the light of the precise Re-Os data for the auriferous
Co-arsenopyrite from Klecza (316.6 +0.4 Ma), its age is younger
than the semi-brittle and brittle left-lateral displacements along
the Intra-Sudetic fault described by Aleksandrowski (2003). The
first stage of refractory gold mineralization at Klecza may be
slightly younger than the porphyritic granite of the Karkonosze
Massif dated at 325-330 Ma by the Rb—Sr method (Duthou
et al., 1991) or dated at 320 +2 Ma by “Ar/*’Ar on biotite
(Marheine et al., 2002). Au mineralization is most likely timely
associated with lamprophyre dyke dated at 314 6 Ma “*Ar/*’Ar
that occur in the Southern Karkonosze Complex (Marheine et
al.,2002) and probably predate or are coeval with aplitic granite
formation date at 310 +5 Ma by Rb—Sr (Duthou ez al., 1991) or at
312 £2 Ma by “’Ar/* Ar on white mica (Marheine ef al., 2002).
The Re—Os age of auriferous arsenopyrite from Klecza is some-
where between these magmatic events. In the Radzimowice de-
posit lamprophyre dykes also occur, however without absolute
age determination until now.

The Re—Os result indicates that the one of the major late
Namurian post-orogenic extension movement, regional uplift
and tectonic displacement along the regional Intra-Sudetic
fault took place after emplacement of porphyritic granite (ca.
317 Ma) and was responsible for opening deep-seated fractures
that triggered upwelling of lamprophyric magma and opened

channel ways for the further migration of post-magmatic min-
eralizing fluids from various magmatic-metamorphic sources.
Shear movements in the Intra-Sudetic fault during Namurian
(325-315 Ma) recognised by kinematics and analytical
Y A1/ Ar works (Aleksandrowski et al., 1997; Oliver, Kelley,
1993; Marheine et al., 2002) complicated spatial geometry of
veins at Klecza—Radomice ore district.

Microscopic gold mineralization of the second and third
Au generations described from the Radzimowice and
Klecza—Radomice ore district deposits are younger and fol-
lowed the submicroscopic gold precipitation. The Re—Os mea-
surement of the younger generation pyrite from Klecza and
Radzimowice yealded ages of ca. 294 and 280 Ma, respec-
tively. This Lower Permian (Autunian) age indicates the next
stage of sulphide (base metal) precipitation before the Triassic.
Additionally, even younger mineralization of base metal
sulphides are indicated by the results of lead isotope measure-
ments on galena from the Radzimowice deposit (Legierski,
1973). These very questionable data yielded an age 0f240-210
Ma (Middle to Late Triassic).

Szatamacha (1976) connected the origin of the barite +
polymetallic deposits from the Kaczawa Mountains with tec-
tonic activities of the Intra-Sudetic fault in Triassic and/or Cre-
taceous. Jerzmanski (1976b) concluded that if ages of galena
(240-210 Ma by Pb/Pb method; Legierski, 1973) from Sudetes
are reliable the Sudetic barite and fluorite mineralization
should be regarded jointly with the polymetallic formation as
possibly formed in the same mineralization cycle of regional
extent in the early Cimmerian stage (Permian—Triassic) as a re-
sult of the reactivation of deep seated regional fault-zones.
Also, Pawlowska (1973) postulated the early Cimmerian age
for barite and polymetallic ore formation.

Paulo (1973) on the basis of the comprehensive work
belived that direction of the successive tectonic structures in
the Kaczawa Mountains supposed that quartz-sulphide veins
from Klecza—Radomice, Radzimowice and Grudno and bar-
ite veins from Stanistawow, and hematite veins from the
northern part of the Kaczawa Mountains formed most proba-
bly in the Upper Carboniferous and/or Lower Permian.
Wajsprych (1974) studied the veins with sulphide in the
northern part of the Kaczawa Mountains and concluded that
they formed in the Upper Permian within fissures of NW—-SE
direction. Two-stages of the ore mineralization (older — sul-
phide, younger — barite =+ siderite + hematite) in the vicinities
of Chelmiec, M¢cinka and Stanistawdw were also connected
with two-stages of the magmatic activities (from ca. 310 to
280 Ma) in the Strzegom—Sobotka Granitoid Massif on the
Fore-Sudetic Block (Mikulski, Stein, 2005).
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THE RELATION OF AGE OF THE GOLD MINERALIZATION
IN THE KACZAWA MOUNTAINS WITH OTHER AREAS IN THE LOWER SILESIA

According to Mikulski ez al. (1999) in the Western Sudetes
five main genetic types of gold mineralization can be distin-
guished:

1. Contact-metasomatic,

2. Hydrothermal connected with developments of the re-
gional shear zones,

3. Hydrothermal related to final sub-volcanic events,

4. Listvenite within ophiolite complexes,

5. Stratabound in Lower Permian sediments.

Gold-bearing ores occur in different forms (skarn, lode,
stockwork, vein, rock impregnation and strata-controlled hori-
zon). Paleozoic volcanic-sedimentary rock complexes meta-
morphosed to greenschist or amphibolite facies, which have
been further intruded by Variscan granite, host the first four
types of gold mineralization. The fifth type of gold mineraliza-
tion occurrs within the unconformity between Rotliegende and
Zechstein sediments.

At Ztoty Stok the loellingite-arsenopyrite or pyrrhotite and
magnetite mineralization are believe to formed coeval with the
Ktodzo—Ztoty Stok granite emplacement ca. 330-320 Ma.
Traces of gold recognized in listvenite rocks post-date the for-
mation of the central Sudetic ophiolite (ca. 420-370 Ma) and to
be formed simultaneously with one of the tectonic-magmatic
stages during Variscan orogeny.

The auriferous mineralization in the Kaczawa Mountains
is considered as younger than contact-metasomatic or
skarn-like gold mineralization recognized in the Western

Sudetes. The gold mineralization in Kaczawa Mountains
formed during at least three separate stages. According to
Re—Os method auriferous sulphide stages precipitated since
ca. 317 Ma to 280 Ma (Namurian—Autunian).

Gold mineralization discovered in the transitional
Rotliegende/Zechstein sediments of the North Sudetic Basin
near the Nowy Koscidt Cu deposit is younger than 280 Ma. This
mineralization of unclear origin (Speczik, Wojciechowski,
1997; Wojciechowski, 2001) may be comparable with
gold-PGE mineralization in intimate association with red-col-
oured rocks described as the “Rote-Faule” facies which mostly
underlins the Kupferschiefer horizon in the area of the KGHiM
mining district on the Fore-Sudetic Monocline (e.g. Piestrzynski
et al., 1997; Speczik et al., 1997; Oszczepalski et al., 1999;
Piestrzynski, Sawlowicz, 1999). This gold mineralization was
formed as a result of Au leaching by brine from underlying rocks
within the Permian—Triassic basins (Piestrzynski, Wodzicki,
2000; Blundell et al., 2003; Shepherd et al., 2005). Gold associ-
ated with PGE and organic matter was also reported from the
Kupferschiefer by Kucha (1974, 1982). The age of sulphide pre-
cipitation within Kupferschiefer varies between ca. 250-180 Ma
based on the lead isotopic composition (Wedephol, 1994) and
from 256 to 239 Ma according to K—Ar on illite (Oszczepalski,
1999). According to K—Ar illite ages the formation of copper
and associated gold within Kupferschiefer deposition took place
between 258 and 190 Ma (Mid-Triassic—Lower Jurassic;
Bechtel et al., 2000).

COMPARISON OF THE AGE OF THE GOLD EVENTS IN THE KACZAWA MOUNTAINS
WITH OTHER AREAS OF THE EUROPEAN VARISCIDES

The European Variscan orogenic gold deposits formed ca.
350-280 Ma in uplifting massifs along the active western edge
of the Paleo-Thetys Ocean (Fig. 82; Goldfarb et al., 2001;
Groves et al.,2005). Those deposits are now exposed in southern
and central Europe. Processes of gold mineralization recognized
in the Kaczawa Mountains are quite similar to gold-miner-
alization processes described from the other areas of the Euro-
pean Variscan Belt. However, the age of the gold ore formation
is variable. The similar features are mostly caused by
geotectonic evolution, two- or three-stage evolution of fluid
compositions and mineral precipitation, characteristic mineral
paragenesis and texture (e.g. Moravek et al., 1996; Zacharias et
al., 1997; Noronha et al., 2000; Cathelineau et al., 2003). Gold
formation, exhumation of host rocks, extensional tectonic set-
ting and lamprophyre dyke appear coeval in the Massif Central,
Central Bohemian Province (Bouchot et al., 1989, 2000, 2003)
and in the Kaczawa Mountains as well (Mikulski, 2003a).

In the Western Sudetes granite emplaced in the
post-collisional continental arc setting is followed by a new
continental break in Late Carboniferous. The age of aurifer-
ous sulphide mineralization (ca. 317 Ma; Namurian) recog-
nised in the Kaczawa Mountains formed during
post-orogenic extension is coeval with uplift of orogen. How-
ever, mineralization is not simultaneous with gold events de-
scribed from the Central Bohemian province ca. 338 Ma
(Bouchot et al., 2003) or at 344 +2.8 Ma by Re—Os method on
molybdenite (Zacharias et al., 2001; Zacharias, Stein, 2001;
Fig. 83). Stein et al. (1997) indicate the emplacement of gold
lodes in the Proterozoic and Lower Paleozoic high-grade
metamorphic rocks of the Bohemian Massif even earlier at
349-342 Ma. This age of gold mineralization is indicated ei-
ther by the Re—Os method on molybdenite that is paragenetic
with gold or by the “’Ar/*’ Ar method on mica from alteration
zones.
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Radzimowice. Molybdenum
mineralization of similar type
and age (307 £3 Ma) has been
reported from the southern
margin of the Variscan
orogen from the Austrian
Alps (Langthaler et al., 2004)
and similarly, but slightly
younger Re—Os ages from
Sardinia are also latest
Variscan (289 =1 Ma; Boni et
al., 2003). The narrow range
of molybdenite age from
Paszowice is coeval with the
second episode of gold min-
eralization recognized in the
Massif Central and also coin-
cides with a sharp increase in
the rate of uplift (310-305
Ma; Bouchot et al., 2000)
within the western part of
the European Variscides. It
seems that molybdenite min-
eralization at Paszowice
postdates the first stage of au-
riferous sulphide precipita-
tion at Radzimowice and
Klecza deposits and possibly

R4 R

AUSTRALIA

Fig. 82. The distribution of major Paleozoic gold provinces (after Goldfarb et al., 2001)

1 — Thomson Fold Belt; 2 — Lachlan Fold Belt; 3 — Westland, South Island, New Zeland; 4 — Telfer; 5 — Ara-
bian—Nubian shield; 6 — Hoggar shield; 7 — Sierra Pampeanas; 8 — Brasilia Fold Belt; 9 — Eastern Cordillera; 10 —
Southern Appalachians; 11— Bohemian Massif; 12 — Iberian Massif; 13 —Meguma; 14 — Caldonides; 15— Central Ural
Mts., 16 — Western Tian Shan; 17 — Eastern Tian Shan; 18 — Altaids; 19 — Northern Kazakhstan; 20 — Eastern Sayan; 21

— Mongol-Zabaikal Belt; 22 — Baikal; 23 — Northern China Craton

In the Massif Central auriferous lodes were deposited be-
tween 330 and 285 Ma (Bouchot ez al. 1989; Guean et al. 1992;
Marcoux et al., 2004) with a distinct peak at 310-305 Ma
(Bouchot et al., 2000). According to Cuney et al. (2002) it is
possible to define two stages of gold mineralization in
the Massif Central. The first stage of gold formed in the early
extensional syn-convergence setting during high temperature
condition in the period of 330-315 Ma and the second stage of
low temperature gold deposits formed at 315-300 Ma.
Gold-bearing lodes of the Iberian Massif in Spain and Portugal
were also formed during at least two separate periods of time
ca. 347 £10 Ma, <292 +11 Ma, and 286 £3.6 Ma (Murphy,
Roberts, 1997).

The auriferous mineralization in the Kaczawa Mountains
lacks molybdenite and is not spatially associated with granite.
But, it was possible to make the Re—Os determinations of mo-
lybdenite from the Paszowice quarry in the Strzegom—Sobdtka
Massif. Molybdenite yields ages from 309 to 304 Ma
(Mikulski, Stein, 2005). This molybdenite is younger than the
auriferous Co-arsenopyrite (ca. 317 Ma) from Klecza or

is older than the microscopic
gold and base metal sulphide
mineralization recognised in
the Kaczawa Mountains that
formed in the within-plate
setting. This age range is co-
eval with the age of gold for-
mation described from the
Massif Central (ca. 310-305
Ma) by Bouchot et al. (2000). Also, a cross-cutting relationship
from the lodes in northern Portugal indicates gold formation
first subsequent to emplacement of ca. 320-305 Ma granitoid
and later mineralization being coeval with post-tectonic
290-280 Ma granitoid (Noronha et al., 2000).

In the Autunian sandstone in the Massif Central auriferous
epithermal sinter that formed ca. 295 Ma was recognised
(Marcoux et al., 2004). The Re—Os pyrite ages ca. 294 and
280 Ma from the Radzimowice and Klecza gold deposit re-
spectively are evidently younger and strongly correlated with
volcanic activities during rifting in a late Autunian. The for-
mation of gold associated with hematite in Lower Silesia is
connected with oxidized fluid migration during the basin for-
mation in a wide range of time from Upper Permian to Creta-
ceous.

According to Re—Os studies of auriferous sulphide, the 3
separate gold events in the Kaczawa Mountains took place
from ca. 320 to 280 Ma. The comparison of gold formation
within European Variscan Belt with the Kaczawa Mountains
indicates the lack of the oldest Variscan gold-stage ca. 350-330
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Ma in the Kaczawa Mountains, which elsewhere was con-
nected with the first episode of the syn-collisional granite em-
placement (Fig. 83).

In general, within the European Variscan Belt it is possible
to distinguished four main stages of gold deposit formation:
1. Stage Au; connected with emplacements of syn-collisio-

nal granite,

2. Stage Au, originated during orogenic uplift, emplacement

(where occurs) post-collisional granite, development

of regional shearing and/or regional deep fracture (so
called submicroscopic gold — auriferous sulphide),

3. Stage Au; connected with subvolcanic and volcanic activi-
ties in the post-collisional continental arc or within-plate
setting (microscopic gold with base metal sulphide),

4. Stage Au, originated during the basin formation (native
gold-hematite-chalcedony association).

The gap of age between the considered above gold forma-
tion stages is ca. 30—40 Ma.

COMPARISON OF THE LATE VARISCAN GOLD-BEARING ARSENIC-POLYMETALLIC
MINERALIZATION IN THE KACZAWA MOUNTAINS TO OTHER AREAS
IN THE WESTERN SUDETES

In the Western Sudetes the gold-bearing sulphide mineral-
ization occurs in different forms within quartz veins, lodes, and
stockworks, or as replacement ore bodies, skarn and
host rock impregnations (Tab. 28). These gold-bearing ar-
senic-polymetallic deposits and occurrences are located within
regional shear zones around the syn, late- and post-tectonic
Variscan granitoid (Ztoty Stok, Czarnéw, Bardo Slaskie,
Ptasznik, Radzimowice) typically near large-scale transcrustal
faults such as the Marginal Sudetic fault (Ztoty Stok and Bardo
Slaskie) or are located distal from granitoid and are sited in the
second-order tectonic structures (Klecza—Radomice ore dis-
trict; Fig. 80).

The degree of the metamorphism of the rocks hosting gold
mineralization varies in different deposits in the Sudetes. In
Kaczawa Mountains the host rocks comprise various compo-
nents of the Paleozoic sedimentary-volcanic succession which
were metamorphosed to greenschist facies. In the other areas of
the Western Sudetes (e.g. Czarnéw, Miedzianka deposits in the
Rudawy Janowickie; Ztoty Stok deposit and Ptasznik prospect
in the Ztote Mountains; and Bardo Slaskie prospect in the
Bardo Mountains) of Au deposits are hosted by rocks that un-
derwent regional amphibolite facies metamorphism, and addi-
tionally were thermally overprinted along the contact with the
Variscan granitoid massifs.

Some occurences of gold ore mineralization are accompa-
nied by lamprophyre dykes (Radzimowice, Ztoty Stok, Czar-
néw, Ptasznik and Bardo Slaskie).

In the Ztoty Stok As—Au deposit, Au-bearing loellingite-ar-
senopyrite mineralization of skarn-type is related to elongated
lenses of dolomitic marbles and black and green serpentinite
along the contact with granitogneisse and Variscan granitoid
(Muszer, 1997; Mikulski, 1996). In the Czarnéw As-deposit
the ore bodies are concordant with a late stage high-angle
NE-SW Leszczyniec shear zone within the eastern metamor-
phic cover of the Karkonosze granite intrusion. In the Kaczawa
Mountains gold mineralization occurs almost exclusively in
quartz-sulphide veins, which are preferentially located close to
or along the fractured axial plane of F, anticlines.

In the Western Sudetes the Au-bearing As-polymetallic
mineralization followed a contact-metasomatic stage of oxide
mineralization (Ztoty Stok and Czarndéw deposits) and pre-
ceded vein-type mesothermal and epithermal hydrothermal
mineralization with auriferous sulphides, base metal sulphides
associated with Au, Ag, Bi, Te and sulphosalts minerals associ-
ated with quartz and carbonates (Fig. 84).

In the Ztoty Stok deposit the metasomatic and the oldest
stage of ore precipitation with gold-bearing sulphide mineral-
ization was related to processes in the exocontact zone of the
I-type Variscan Ktodzko—Ztoty Stok granodiorite massif. The
younger gold-bearing stages revealed cycles of brittle defor-
mation and hydrothermal infill by mineralising fluids, con-
nected with the development of the regional Skrzynka shear
zone (Mikulski, 1996). This stage of mineralization was proba-
bly coeval with the first episode of auriferous sulphide mineral-
ization in the Kaczawa Mountains. Gold mineralization of the
contact metasomatic type (Ztoty Stok) is considered as older
(ca. 340-330 Ma) in comparison with the auriferous sulphide
mineralization of the vein type character from the Ptasznik
macroenclave (Mikulski, 2000b) as well as that described from
the Kaczawa Mountains (ca. 317 Ma).

In the Western Sudetes it is possible to separate at least
three stages of auriferous sulphide ore mineralization. The two
older ones are of the mesothermal types and are overprinted by
the younger epithermal sulphide ore mineralization.

The typical alterations of country rocks surrounding
gold-sulphide ores are: silicification, feldspathization, seri-
citization, sulphidization, carbonatization and chloritization.
However, in the deposits here described occurs also a very
specific mineral assemblages reflecting alteration processes
characteristic only of the specific deposit. For example ser-
pentinization strongly developed at Zloty Stok deposit,
argillization at Radzimowice deposit and tourmalinization at
Klecza deposit.

Arsenopyrite is the principal component of the most
gold-bearing ores in the Western Sudetes. However, at Ztoty
Stok and Czarnéw deposits loellingite, pyrrhotite, or magnetite
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metal-oxides assoc.

(wol, mol, cas, mg, ti, il)
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(lo, asp, Au, po, py)
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Cu-Pb-Zn-S assoc.

\Au—Ag—Bi—Te—S assoc.
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120°C

Fig. 84. Schematic mineral succession in Au-bearing As-polymetallic deposits

in the Western Sudetes

Abbreviation: q—quartz; wol —wolframite; mo — molibdenite; cas — cassiterite; sch — scheelite; mg —mag-
netite; ti — titanite; il — ilmenite; py — pyrite; lo — loellingite; asp — arsenopyrite; po — pyrrhotite; mrc —
marcasite; chp — chacopyrite; Au — native gold; el — electrum; Bi — native bismuth; hs — hessite; he —

hedleyite; ga — galena; sf — sphalerite; hem — hematite

are in places the principal component of ores. Arsenopyrite oc-
curs in three generations with the oldest most characteristic
Co-bearing generation that shows massive brecciated textures.
Arsenopyrite has a variable chemical composition (Fig. 85).
Arsenopyrite geothermometry applied to the samples from
the Western Sudetes indicates that arsenopyrite crystallized in

wide range from ca. <540 to <300°C
(Mikulski, 2005c¢).

Most gold occurs as fine-dis-
persed submicroscopic particles in
arsenopyrite with high Co-admix-
ture (1-7 at %). Other sulphides, ex-
cept As-bearing pyrite from Klecza,
contain less submicroscopic gold
(Fig. 86).

As arule microscopic native gold
and electrum, in association with Bi
(£Te) minerals, are representing
younger stages of Au precipitation.
The measured Ag concentrations in
gold ranged from 5 to 45 wt % (Fig.
87). The high-grade gold (850-950)
from microveinlets, inclusions, and
as “free” gold occurs in the Klecza—
Radomice ore district and as inclu-
sions in arsenopyrite ores from the

As in arsenopyrite [atom. %)]

w
©

Bardo Slaskie prospect (Mikulski,
1998). The lowest grade (550—620) was
revealed by electrum from the Czarnow
deposit (Mikulski, 1997). Gold of purity
from 650 to 800 is dominant in the de-
posits here considered.

In the Western Sudetes the 8**Scpr
values of auriferous and base metal
sulphides are in the range from ca. -3 to
+8%o. These values are different and
vary for the specific deposits and be-
tween sulphides (Fig. 88). In general
these results of 8**Scpr, indicate a
postmagmatic hydrothermal origin with
local crustal contribution of sulphur. The
presence of Au in association with Bi
(+Te) is characteristic feature of deposits
located close to acidic magmas (Zloty
Stok, Bardo Slaskie, Radzimowice).

Geothermobarometric studies in
quartz from rocks hosting impregnated
arsenopyrite mineralization revealed
crystallisation temperatures at about
400°C and in quartz from Au-bearing ar-
senopyrite/pyrite quartz veins at
320-230°C, from fluids with salinity
from 1 to 14 wt % equivalent NaCl (Fig.
89). Increased salinities were recognised
in deposits with higher contents of base
metals (Czarnow) or only copper
(Radzimowice).

Geochemical studies indicate that the Au/Ag ratio varies within
wide limits for deposits of Western Sudetes (Fig. 90). In ore grade
material (>1 ppm) itaverages: 2:1 (Ztoty Stok), 1:1 (Radomice), 1:6
(Radzimowice) and 1:10 (Czarnéw). In Radzimowice, Au shows a
positive correlation with Ag, S, Bi, Fe, Co, Cd, Cu and CaO in Ztoty
Stok with Bi, As, and poorer with SiO, in Czarnéw with Co, Fe, S,

w W
~N

w

w
a o

w
X
[T I R R TN FRETE PR T RTENE FR RN PR RN FE T RETT

(O Radomice
33 & Czarnéw
32 [0 Zioty Stok _
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[] Bardo Slaskie
30 (D . . —]
d} <& Miedzianka
1 S T —
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arsenopyrite crystal analyzed by microprobe

Fig. 85. Plot of the comparison of arsenic contents in arsenopyrite from various
gold-bearing arsenic-polymetallic deposits in the Western Sudetes
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Fig. 86. Histogram of submicroscopic gold contents in the selected
sulphides from the gold-bearing As-polymetallic deposits
in the Western Sudetes

Abbreviations: Co-asp — Co-bearing arsenopyrite, po — pyrrhotite, py — pyrite

Fig. 87. Silver and gold contents of native Au
and electrum in arsenic-polymetallic ores
from the Au-bearing arsenic-polymetallic ores
in the Western Sudetes
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Fig. 88. The 8**Scpr value histograms for sulphides from gold-bearing arsenic polymetallic ores in the Western Sudetes
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Fig. 89. Crystallisation temperature versus

salinity for primary fluid inclusions

in quartz from Au-bearing mineralization

in quartz-veins and host rocks in the Western
Sudetes (Mikulski, 2001)

Fe, Bi, Cu, Ag and Pb in Klecza—Radomice ore district with As, Fe,
Ag,7Zn, S and Bi (Tabs. 29, 30). The above confirms a strong affin-
ity of Au to sulphides in all deposits. The average concentration of
gold in ore samples of grade >1 ppm Au is 14.9 ppm (n=52), (Fig.
91; Tab. 31).

Geological setting and ore structures of the 1st stage of ore
mineralization in the Ztoty Stok deposit and the low Au/Ag ra-

21 31 41 51
number of auriferous sulphide ore sample

Fig. 90. Gold to silver ratio
in gold-bearing arsenic ores
of grade higher than 1 ppm Au

tios and significant base-metal and Sn contents in the Czarnow
deposit suggest gold crystallization from intrusion related sys-
tems to Lower Paleozoic VMS deposits (Fig. 92).

The most characteristic of the auriferous mineralization in the
Kaczawa Mountains are: geological setting in accreted metamor-
phic terranes and the strong structural control of the quartz-sul-
phide veins which are distal from the granites systems.

Table 29

Correlation of Au with other metals in Au-bearing As-polymetallic Radzimowice and Klecza—Radomice deposits

Klecza—Radomice | Au Ag As Cu Pb Zn Co Fe,0; Ni \Y Bi SiO, CaO
ore district

Radzimowice n=71 n=71 n=71 n=71 n=71 n=71 n=71 n=71 n=60 n=60 n=27 n=43 n=43
Au n=178 1.00 .45 .56 .02 .39 A4 -.014 A7 .24 -.09 .22 -.16 -.14
Ag n=178 .89 1.00 .54 85! .67 .30 .07 .60 .08 .07 .59 -44 =11
As n=178 .07 19 1.00 -.04 .39 .20 .01 .80 -01 -.09 .90 —-.65 -.20
Cu n=178 44 .62 24 1.00 .06 .15 13 .090 .03 .01 -21 .08 -.04
Pb n=178 -.05 .10 .29 - 1.00 A7 -.02 .36 .07 -.07 .56 -.20 -.09
Zn n=57 44 53 18 .68 .25 1.00 .00 17 40 -.04 .08 .07 -.08
Co n=57 .57 .53 .23 .64 -18 .59 1.00 .35 -.04 -.06 =17 -21 .16
Fe,03 n=57 .63 .67 .33 46 -.07 .45 .61 1.00 41 .00 .76 -.75 -.15
Ni n=41 -.09 -.14 -.07 -.04 -19 -.16 -.04 .01 1.00 .36 -12 .23 -.08
\% n=41 -24 -33 -34 -33 -12 -40 -.33 -.37 .62 1.00 | -.058 .06 -.20
Bi n=132 .19 .76 15 40 -10 .16 .32 .53 .15 -.02 1.00 -71 -.35
SiO, n=49 —-.61 —-.63 -.36 -.54 A1 -39 -.63 -93 —-.26 .10 -.59 1.00 =37
Ca0 n=25 .20 A1 -21 .08 -12 A1 .09 .08 .85 .59 41 -32 1.00

Bold written digit indicates moderate and/or strong (underline) correlation value between selected elements; n — number of samples
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Table 30
Correlation of Au with other metals in Au-bearing As-polymetallic Zloty Stok and Czarnéw deposits
Czarnéw | Au Ag As Cu Pb Zn Co Fe,0O3 Ni \Y Bi SiO, CaO | MgO
Zooty Stok n=37 | n=37 | n=37 | n=37 | n=37 | n=37 | n=37 | n=37 | n=26 | n=26 | n=28 | n=37 | n=37 | n=37
Au n=65 1.00 A1 .22 43 .34 .07 .32 .65 -.09 —-.26 44 -.33 —.48 .03
Ag n=65 -12 1.00 .25 .92 .98 .65 -.04 -.01 -.13 =12 .96 .24 -.18 =31
As n=65 .67 .01 1.00 .27 .20 .22 .18 17 -.28 -.20 .19 -.03 -.20 -.25
Cu n=65 -21 09 | -18 | 1.00 | .90 67 .06 02 | —14 | -13 | .93 27 | =21 | -25
Pb n=65 -.14 =27 -.017 -.01 1.00 .66 -.12 -11 .02 .08 .94 .34 -.18 -.38
Zn n=65 .00 -.09 .09 13 22 1.00 12 .04 -.22 -.08 .57 .29 -11 =31
Co n=65 .03 37 27 .26 -.30 -.08 1.00 .61 -.19 -.16 -11 -.29 =37 5
Fe,O3 n=65 -.29 .18 -21 .50 -157 | -.02 .68 1.00 -.18 =27 =21 -.81 -.57 .32
Ni n=0 - - - - - - - - 1.00 .84 -13 -.08 -.05 =11
\Y% n=67 .04 -10 .20 -.09 .03 .07 -.15 - 1.00 —-.45 -.05 -.08 -19
Bi n=21 .92 -.40 .89 -41 -.12 17 -.20 -41 - -.18 1.00 13 -13 -39
SiO, n=65 .35 -.13 .28 =21 .05 .02 -.23 -.59 - .30 17 1.00 .08 -41
CaO n=65 -.16 .01 =21 -.38 .04 -.10 —.44 -54 - -.12 .06 -.09 1.00 .05
MgO n=65 -.07 -.01 -.22 =31 -.13 -.02 -.38 -.18 - —-.45 37 -.19 .10 1.00

Bold written digit indicates moderate and/or strong (underline) correlation value between selected elements; n — number of samples

1000
The present data suggest that
the gold-bearing arsenic-polymetallic £ 10 ~
deposits in the Western Sudetes z
formed during geotectonic transition £ won
from post-collisional continental arc to 58
within-plate settings. § 2
Ec
T8
£ 01—
o [0 Zioty Stok
é < Czaméw })/ bw
Fig. 91. Arithmetic mean 2 o001 O Radzimowice
for selected elements in ore - O ngszsiets To—X
of grade higher than 1 ppm Au 0.001 ‘ P ‘
(after Mikulski, 2001) Au Ag As Cu Pb Zn Bi Co s
Table 31
Arithmetic average concentrations of Au, Ag, Bi, and Te
in gold-bearing As-polymetallic deposits in the Western Sudetes
Element Z3oty Stok Radzimowice Radomice-Klecza Czarnéw
(in ppm] a n max a n max a n max a n max
Au 3.90 88 40.0 6.57 131 135 10.1 99 100 1.05 47 12.6
Ag 4.68 73 14 38.63 131 436 7.17 69 49 31.93 39 380
Bi 61.4 21 251 147.6 127 1860 105 23 320 77.9 28 5520
Te 5.8 10 26.8 48.7 9 149 4.3 8 15.3 4.03 10 13.65

a — aritmetic average, n — number of samples, max — maximum contents
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GEOTECTONIC SETTING OF THE GOLD MINERALIZATION
IN THE KACZAWA MOUNTAINS DURING CARBONIFEROUS-PERMIAN

The terrane collision in front of the closing Rheic Ocean
between Euamerica and Gondwana, during the period of
360-280 Ma, led to the formation of a series of European
Variscan gold provinces in Bohemian and Iberian massifs
(Fig. 82; Goldfarb et al., 2001). Various geotectonic settings
of gold ore formation after Groves ef al. (1998a) are shown on
the Figure 93.

In the Kaczawa Mountains, which constitute the NE part of
the Bohemian Massif, the rocks hosting gold mineralization
consists mostly of volcanic-sedimentary series that represent
Paleozoic geological evolution of the Western Sudetes charac-
terized first by rifting during Ordovician to Devonian times,
and further by subduction-collision setting during Late Devo-
nian to Early Carboniferous (Franke, Zelazniewicz, 2000;
Kozdréj et al., 2001; Matte, 2001). The geotectonic setting of
the Kaczawa Mountains during Early Carboniferous is char-
acterised by tectonic regime of compression/transpression
characters on the convergent margin within orogen first of an
accretionary character followed by collisional setting (op.
cit.). After the first stage of granite emplacement in the West-
ern Sudetes during Namurian the late collisional setting
changed into post-collisional. In Carboniferous the major
NW-SE trending dextral strike-slip faults were developed as

aresult of the oblique convergence between the amalgamated
Bohemian Massif and the blocks already accreted to the East
European Craton (Aleksandrowski, 1997, 2003; Seston et al.,
2000). The Kaczawa Metamorphic Complex was rapidly up-
lifted during Namurian/Westphalian. In the Western Sudetes
several volcanic centres were controlled by NNW-SSE to
NW-SE aligned fault zones which also bound the Variscan de-
pressions such as the North Sudetic Basin, Intra-Sudetic Basin
and the Swierzawa graben, (Dziedzic, 1996). These
intramountain-basins formed during Westphalian and are filled
with flysch-like sediments associated by volcanic rocks.

According to the Re-Os data the first stage of mesothermal
auriferous sulphide mineralization (ca. 317 Ma; Namurian)
slightly postdates the emplacement of porphyritic granites of the
Karkonosze Granite Massif and multiple magmatic events of the
Zelezmiak intrusion in Radzimowice. The first stage of granite em-
placement was during the Sudetian phase of the Variscan orogeny
ca. 330-325 Ma (Viséan—Namurian) according to Rb—Sr data
(Pinet al., 1989; Duthou et al., 1991; Oberc-Dziedzic et al., 1999)
or 320 +2 Ma (Ar/Ar on biotite after Marheine ef al., 2002). Ac-
cording to SHRIMP data (Muszynski et al., 2002) the age values
of Zelezniak granite and rhyolite porphyry formation are almost
identical (ca. 317-316 Ma).
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Fig. 93. The tectonic settings of the gold-rich epigenetic mineral deposits (after Groves et al., 1998a)

Gold mineralization stages (see Fig. 83): Au, — mezothermal quartz with submicroscopic gold; Au; — epithermal quartz with microscopic gold —recognised by
author within the quartz-sulphide deposits in the Kaczawa Mountains, which formed in Upper Carboniferous—Permian;

KROD - Klecza—Radomice ore district; for more explanation see text

Granite characteristics suggest a syn-collisional I-type (por-
phyry granites of the Karkonosze Granite Massif and the oldest
generation granite of the Strzegom—Sobdtka Massif). However,
the location of most Karkonosze granite samples in the field of
syn-COLG on the Rb/Y + Nb diagram (Fig. 94) after Pearce et
al. (1984) suggest that they should be regarded rather as S-type
granites according to White, Chappell (1977) classification. The
Strzegom—Sobodtka granites from the western part of the massif
are situated in the VAG field, far enough from the limit of the
collisional granite field, suggesting that these granites formed
within a subduction regime in magmatic oceanic arcs. Further-
more, several granite samples of younger generation are located in
the field of the within-plate granites (WPG). Such conclusions are
supported by values of the A/CNK coefficient. Granite from the

eastern part of the Strzegom—Sobotka Massif represented mostly
by biotite granodiorite reveals even a more metaluminous charac-
ter, whereas the two-mica granite is peraluminous (Puziewicz,
1985, 1990).

The granitoid and other igneous rocks of Zelezniak and
Bukowinka intrusions plot in the volcanic arc granites field on
the Y + Nb versus Rb diagram after Pearce ez al. (1984) close to
a triple boundary point that is characteristic of post-collisional
granites. On a Ti vs. Zr diagram (after Pearce, 1983) the sam-
ples plot in the volcanic arc lavas, out of within-plate lavas. On
diagrams of Miiller, Groves (2000) also based on simple ratios
of “immobile” elements Zt/Al,O; versus TiO,/Al,O; it is pos-
sible to discriminate potassic igneous rocks from continental
(CAP) and post-collisional areas (PAP) from the within-plate
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setting. Samples from Radzimowice fall into the continental
and post-collisional fields. The above is confirmed on the next
figures that discriminates oceanic from continental and
post-collisional arc settings, based on the lower La and Hf con-
tents of the former.

Based on geochemical results, during the processes of
rhyodacitic magma generation, a significant role was played
by continental crust with contributions from maphic alkaline
magmas (lamprophyre). This model is consistent with tectonic
interpretations of the area presented by Awdankiewicz (1999)
for the older calc-alkaline volcanic suite of Upper Carbonifer-
ous age from the Intra-Sudetic Basin formed in a
post-collisional tectonic setting.

Probably one of the major processes of post-orogenic exten-
sion, rapid regional uplift and tectonic displacement along the
regional Intra-Sudetic fault occured ca. 317 Ma (late Namurian—
early Westphalian) and were responsible for opening
deep-seated fractures that triggered upwelling of alkaline
lamprophyric magma and opened channel ways for the migra-
tion of post-magmatic mineralizing fluids related to acidic mag-
mas (granites of the post-collisional characteristic: the ridge
granite of the Karkonosze Granite Massif, Bukowinka granite
and two-mica granite of the Strzegom—Sobdtka Massif). Lam-
prophyre dykes predates auriferous sulphide mineralization.

On the diagram of Rb/30-Hf-Tax3 after Harris ef al. (1986)
the Karkonosze and Bukowinka granite fall within the late- and
post-collisional granite fields and most of the Strzegom—Sobotka
granite in the within-plate granite field (Fig. 95).

The transition from the post-collisional to within-plate set-
tings was favorable for the formation of gold mineralization of
epithermal type in upraised areas of the Kaczawa Mountains.
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Fig. 95. Rb/30-Hf versus Ta x 3 (after Harris ef al., 1986)
applied for samples from this study
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CLASSIFICATION AND TECTONIC MODELS OF GOLD MINERALIZATION
IN THE KACZAWA MOUNTAINS

There are several modern gold deposits classifications and
numerous genetic models of gold deposits formation published
elsewhere (e.g. Richards, 1995; Goldfarb ef al., 1997, 2001;
Robertetal., 1997; Groves et al., 1998a, b, 2005; Hedenquist et
al., 1998, 2000; Bierlein, Crowe, 2000; Bouchot et al., 2000,
2003; Jensen, Barton, 2000; Miiller, Groves, 2000; Poulsen et
al.,2000; Sillitoe, 2000; Thompson, Newberry, 2000; Baker et
al., 2005). Recently, Kerrich et al. (2000) presented the sum-
mary of the modern gold formation models. They also distin-
guished six distinct world-class gold deposits: orogenic gold,
Carlin and Carlin-like gold deposits, epithermal gold-silver de-
posits, copper-gold porphyry deposits, iron-oxide copper-gold
deposits, and gold-rich volcanic hosted massive sulphide to
sedimentary-exhalative (SEDEX) deposits. This classification
reflects distinct geodynamic settings. However, it embraces
only world-class deposits with resources of gold >300 ton. For
that reason the classification of gold deposits from the Kacza-
wa Mountains should be related also to other genetic models
that take into consideration small and medium-size Au deposits
(e.g. Richards, 1995; Groves et al., 1998a; Bouchot et al.,
2000; Poulsen et al., 2000; Thompson, Newberry, 2000;
Cathelineau ef al., 2003 ).

Until now the genesis of gold deposits in the Kaczawa
Mountains has been mostly connected with the Karkonosze
granitoid parent magma or with the rhyolite magma in the
Zelezniak Massif (e.g. Manecki, 1965; Zimnoch, 1965; Fedak,
Lindner, 1966). Gold deposits in Klecza—Radomice and in
Radzimowice and the other small occurrences were also linked
to volcanic-epithermal processes (Paulo, Salamon, 1973a) and
to metamorphic processes (Manecki, 1965). Two main genetic
models of gold deposit mineralization in the Kaczawa Moun-
tains are presented below.

The geological setting and ore structures, type of alteration,
physical-chemical characteristics of mineralized fluids, high
contents of silver and base metals in Radzimowice indicates
gold mineralization in the magmatic systems. Furthermore,
geotectonic setting of igneous rocks of the Zelezniak intrusion
on the discrimination diagrams, ore textures, low Au/Ag ratios,
and significant Cu content point to a formation within mag-
matic environment of a post-collisional continental arc setting.
Strong alteration processes at first of acidic and than of alkalic
nature produced mineral assemblages that are characteristic of
alkaline-related gold deposits. According to the characteristics
of alkaline gold deposits presented by Richards (1995), and
Jensen, Barton (2000), it is possible to regard the early mineral-
ization at the Radzimowice deposit as transitional between por-
phyry and epithermal, and the late mineralization as epithermal
type (Mikulski, 2005a). The transition from mesothermal to
epithermal mineralization may be interpreted either as a result
of continuous syn-mineralization uplift of the Zelezniak igne-
ous complex in relation to post-orogenic regional uplift started
in Upper Carboniferous or as simple cooling of the high-tem-
perature hydrothermal system. Telescoping is a characteristic

feature of magmatic-hydrothermal systems in a high-level set-
ting (Jensen, Barton, 2000). The common presence of breccia
textures of the early sulphides testifies to rapid and perhaps ex-
plosive ascent of late fluids from the depth. The shift from
mesothermal to epithermal conditions of the gold mineraliza-
tion in quartz-lode type deposits in the European Variscan Belt
is recently recognised as a common feature driven by changes
in the uplift rates, tectonic regimes and heat production
(Cathelineau et al., 2003). The latter authors recognised that the
series of Late Carboniferous orogenic gold deposits shows
identical patterns of P-T-X-t fluid evolution that strongly differ
from the commonly accepted models for orogenic Au deposits,
allowing the definition of a Variscan-type.

According to Thompson, Newberry (2000) model the min-
eralization a the Radzimowice deposit may be classified as the
shallow level expression of the intrusion-related low
sulphidation mineralization. The predominant sulphide assem-
blage (pyrite-pyrrhotite-arsenopyrite) in reduced intrusion-re-
lated gold deposits differs from porphyry copper deposits, but
is similar to that of the W—Sn—Mo systems (Thompson,
Newberry, 2000). At Radzimowice the granitic rocks are also
present as small stocks with cogenetic volcanic rocks, and dyke
swarms. The mineral assemblage of greisens association (cas-
siterite-wolframite-molibdenite-fluorite) was found only in
samples from mining waste in Radzimowice (Sylwestrzak,
Wolkowicz, 1985). This type of mineralization is of minor sig-
nificance and was never reported by miners or other geologists.
However, the ore composition indicates granite intrusion of the
S-type. In the Bohemian massif porphyry —type mineralization
was described from the Petrackova Hora on the Czech side
(Zacharias et al., 2001). However, ores at Petrackova Hora de-
posit are characterised by gold-rich, and copper-poor porphyry
mineralization. At the Radzimowice deposit copper in associa-
tion with other base metals is one of the major elements during
the second stage of ore precipitation.

The pyrite-pyrrhotite-arsenopyrite assemblage is also com-
parable to minerals described from deposits of orogenic areas
(Groves et al. 1998a; Goldfarb et al. 2001). However, intrusion
related-gold deposits also contain a suite of trace minerals
characterised by low-f below the pyrite-pyrrhotite buffer
(loellingite, maldonite, gold-bismuthinite inclusions in arseno-
pyrite, native Bi, and Te—Bi minerals,) and elemental associa-
tions (Au, Bi, As, W, Mo, Te and Sb) that to a large degree de-
fine the class (Thompson, Newberry, 2000). Especially, char-
acteristic is high positive correlation of Au and Bi and Au with
As with correlation coefficients commonly >0.9 and 0.6 to
0.85, respectively (McCoy et al., 1997). According to Thomp-
son, Newberry (2000), a strong correlation between Bi associa-
tions and Au is a very characteristic feature of various mag-
matic-hydrothermal deposits (Sn—Ag greisens, Sn skarn,
pegmatites, and intrusion-related gold deposits). In contrast, a
Bi—Au association is not well documented from orogenic gold
deposits. In the type of intrusion-related gold deposits such as
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the Vasilkovskoe deposit in Kazakhstan fluid inclusions re-
corded moderate homogenization temperatures 280-370°C
and salinities <11 wt % NaCl equivalent and elevated CO, in
early paragenetic stages (Spiridonov, 1996). At the
Radzimowice deposit conditions recognized by fluid inclusion
studies indicate a very similar mesothermal character of the
first generation auriferous sulphide-bearing quartz veins. The
oxygen isotopic results indicate mixing of meteoric water and
magmatic and/or metamorphic water. A gradual increase in the
proportion of meteoric water recorded by later vein stages also
suggests uplift. According to Hedenquist ez al. (1998), injec-
tions of low- to moderate-salinity, metal-rich, oxidized mag-
matic fluids into groundwater during the late stages of magma
crystallization may lead to the formation of relatively
base-metal and silver-rich low sulphidation deposits within
distal parts of high-sulphidation deposits.

Another model of gold mineralization within the European
Variscan Belt was proposed by Bouchot et al. (2000; 2003).
These authors presented models for gold mineralization in the
Bohemian Massif and in the Massif Central that associate with
W and Mo and coincide with regional detachments and with a
sharp increase in the rate of uplift in the Bohemian Massif dur-
ing Viséan and in the Massif Central in Westphalian. Accord-
ing to Zelazniewicz et al. (1997) no detachment has been found
in the upper crust at the base of the Paleozoic succession of the
Kaczawa Mountains. Thus its contact with light, granite-gneiss
basement are sedimentary disconformities, rather than a
flat-lying, major tectonic discontinuity.

The genesis of gold mineralization at the Klecza—
Radomice ore district was commonly assumed to be a hydro-
thermal (epithermal?) type connected with the Variscan
Karkonosze Granite Massif (Petrascheck, 1933; Neuhaus,

Sw
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1936; Fedak, Lindner, 1966). However, there is not direct evi-
dence for close magmatic source of hydrothermal fluids. The
geological setting in accreted metamorphic terranes and the
strong structural control of the ore bodies is characteristic for
the Klecza—Radomice ore district. Besides, a low Au/Agratios,
unsignificant base-metal contents, and low salinity of mineral-
izing fluids allowed to regard the ore mineralization from the
Klecza—Radomice ore district as an orogenic gold type miner-
alization according to the classification proposed by Groves et
al. (1998a). Most of Au mineralization occurs within schists
with no direct relation with any magmatic body. Furthermore, a
causative pluton has not been identified, and the direction of
fluid flow, system geometry, and probably distance to a pluton
are unconstrained. However, auriferous-sulphide mineraliza-
tion has been dated at ca. 317 Ma what may indicate a close as-
sociation with the regional late Variscan magmatism (Fig. 96).
On the Poulsen et al. (2000) diagram some of the samples
from Radomice are situated within the field of the gold
Carlin-type deposits. Furthermore, mineralization in Radomice
is hosted by schists that contain CaO up to ca. 3.5 % wt., which is
a characteristic feature of Carlin type mineralization in addition
to other phenomena such as ore textures, gangue mineral com-
position (auriferous As-bearing pyrite) and alterations (low tem-
perature silification and carbonatization) characteristic of this
type. Hence, it is possible to regard auriferous mineralization of
the Klecza deposit as Carlin-type; however, detailed isotope
studies are necessary. At Klecza—Radomice ore district lower
temperature base metal sulphides mineralization and alteration
followed brecciation and was superimposed on the early py-
rite-arsenopyrite mineralization. The composition of fluids at
Klecza—Radomice ore district indicates a common presence of
CO,, N, and CH,4. Methane could be derived from fluids in equi-
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librium with carbonaceous wall rocks or by reduction of carbon
compounds in the magmatic fluid during wall-rock interaction
(Baker, Lang, 1999; Lang et al., 2000). Methane is similarly re-
ported from fluid inclusions in intrusive rocks, further support-
ing low magmatic / (Thompson, Newberry, 2000). The pres-
ence of CO,-rich fluid inclusions does not define only the mag-
matic association of gold deposits (Roedder, 1984; Thompson et
al., 1999; Jia et al., 2003) because it has also been used as evi-
dence for a metamorphic origin for orogenic gold deposits
(Goldfarb et al., 1997; Groves et al., 1998b).

Summarizing the above the gold mineralization of the Ra-
dzimowice deposit is classified as transitional from porphyry to
epithermal type and from Klecza—Radomice as the orogenic
gold type. However, the most characteristic feature of Au
mineralizations in the Kaczawa Mountains is their multiple
characters of hydrothermal fluids responsible for successive
stages of Au precipitation. These auriferous deposits contain
strong evidence of mesozonal and epizonal mineralizations ac-

cording to the classification proposed by Groves et al. (1998a;
Fig. 93). The schift from mesothermal to epithermal conditions
of Au mineralization recognised in European Variscan Belt al-
lowed to defined a new class of the Variscan-type of Au-deposit
(Cathelineau et al., 2003). Furthermore, according to the classi-
fication of the gold deposits proposed by Groves ef al. (1998a),
Kerrich et al. (2000), and Poulsen ez al. (2000) it was possible to
distinguish four types of the successive gold mineralization in
the Kaczawa Mountains. The first type was connected with
a magmatic source of hydrothermal fluids; the second type has
no direct evidence of magmatic activity in the close surround-
ings. However, migration of hydrothermal fluids of variable ori-
gin along deep fractures was responsible for gold transportation
and precipitation in favourable places. The third type was con-
nected with subvolcanic and volcanic processes during
Autunian. The fourth type of gold formation characterized by
strong oxidation condition (hematite crystallization) was con-
nected with basins formation in Upper Permian and/or Triassic.

SUMMARY OF GOLD MINERALIZATION IN THE KACZAWA MOUNTAINS

In the Kaczawa Mountains, there are several gold-bearing
sulphide deposits and occurrences that were subject to exploita-
tion and operation since the medieval time till the beginning of
the 20th century. The most important of them were described in
this study i.e. Radzimowice, Klecza, Radomice, Nielestno,
Ptawna, and Wielistaw Zotoryjski. These deposits are small and
medium in size with limited gold, silver, arsenic and minor base
metals reserves. However, no modern gold prospecting or evalu-
ations of gold reserves have been made yet. Some of them still
have a high potential for gold exploration.

The most characteristic feature of these deposits is that gold
and silver are intimately associated with sheeted quartz-sul-
phide veins and vein arrays hosted by various compositions
Paleozoic schists and late Variscan magmatic rocks (rhyolite,
lamprophyre). These schists belong to flysch-like sediments
represented by the ?Cambrian/Ordovician—Lower Carbonifer-
ous sequence of primary laminated, pelagic turbidities with in-
tercalations of gray and black quartzite, metalydite, clay-rich
graphite slate, metachert, and minor basic metatuffites with in-
serts of crystalline limestone and dolostone. This clastic rock
sequence, up to several hundred meters thick, was folded, de-
formed and metamorphosed in lower greenschist facies during
Upper Devonian—Lower Carboniferous.

Auriferous sulphide mineralization in the quartz vein
postdates regional metamorphism of greenschist facies, and
regional-scale ductile thrusting of Late Devonian—Early Car-
boniferous age. Emplacement of Sudetian granite started in
Viséan and was followed by new continental break up in late
Namurian—early Westphalian accompanied by regional uplift
of the orogen. Post-magmatic fluids migration originated
in acidic magma (granitoid) triggered by maphic
(lamprophyric) magma took place along deep-seated regional

faults and secondary dislocations. Deep-seated regional faults
and ductile-brittle and brittle deformation in thickened crust
formed during extensional regime. The the first stage of the
gold mineralization in the Kaczawa Mountains (ca. 317 Ma)
took place during the Sudetic phase of the orogenic deforma-
tions. This age indicates the connection with late Variscan
tectonic-magmatic processes within post-collisional conti-
nental arc setting associated with regional uplift and exten-
sion after granitoid emplacements in this part of the Western
Sudetes.

The formation of the intramountain basins was accompa-
nied by sub- and volcanic processes as a result of gradual tran-
sition from the collisional through post-collisional into the
within-plate settings (Fig. 97).

Au mineralization is strongly structurally controlled and
occurrs mostly in quartz+carbonate veins, minor lodes,
sheeted veins, vein-arrays, and stockworks. The gold-quartz
veins are preferentially located close to or along the axial
plane of mesoscopic fold (F,) structures. Usually, major aurif-
erous quartz-sulphide veins have an average thickness
of 0.2-0.3 m (from 0.05 to 1.5 m), general strike of W-E
or NE-SW, and steep dip at about 70° (60-85°). In the
most cases they were examined in length at least of about
100 m, and 100 m down the dip. However, the major veins
may reach over 2 km in length (Miner consolation vein at
the Radzimowice deposit) and were recognized almost 250 m
down the dip. All the mineralized structures have small
post-mineralization displacement (less than 1 m) at different
angles.

Limited resources of these deposits had high gold ore
grade. Especially, high-grade ores were extracted from the oxi-
dation zone at Klecza (up to 190 ppm Au) and Radzimowice
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Emplacement of acidic-potassic magma
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Fig. 97. Schematic diagrams of gold formation in the Kaczawa Mountains during the late Variscan orogeny
(with modification of general model after Miiller, Groves, 2000).

A. Kaczawa Metamorphic Complex formed accretionary prism as a result of terrane collision. In the uplifted orogen underwent emplace-
ment of post-collisional granitic magmas. In late Viséan the D, deformation tectonic movements became extensional and ended with devel-
opment of deep fracturing and formation of grabens (334-315 Ma). Within the shallow crust parts intruded rhyolite composite bosses,
laccoliths and apophyses and from the remnant melts crystallized veins of andesite, lamprophyre and from hydrothermal fluids
mesothermal quartz-auriferous sulphide-bearing veins (Au, stage ca. 317 Marecognised in Radzimowice and Klecza—Radomice deposits).
B. During Upper Carboniferous—Lower Permian underwent transition from the post-collisional continental into the within-plate setting
(Autunian). It was accompanied by volcanic processes which were responsible for epithermal gold mineralization in the Radzimowice and
Klecza— Radomice ore districts (Aus stage; ca. 294 and 280 Ma respectively).

(up to 120 ppm Au). Typically with increased depth the content
of gold and silver in sulphide ores decreased and arsenic con-
centration increased (e.g. to 35 wt. % at Radomice deposit).

These gold deposits were located within tectonic zones of
the lower order, which are usually situated within regional
shear zones and in the vicinities of deep fractures. Additionally,
these deposits could be located in variable distance of the
Variscan magmatic bodies. Locally, a spatial co-association of
auriferous quartz-sulphide veins with lamprophyre dykes (e.g.
Radzimowice) was observed. The formation of these dykes di-
rectly pre-dated the formation of the auriferous quartz-sulphide
veins in the Kaczawa Mountains.

Submicroscopic gold-bearing Co-arsenopyrite and As-py-
rite were the main source of gold from these deposits. Gold
mineralization generally depends directly on the abundance of
these sulphides in quartz veins. However, recent studies recog-
nized also rich concentration of native gold in extensional frac-
tures within quartz sericite schists (e.g. at Radomice). The pro-
portions of sulphide in deposits were highly variable, from
traces to over 40 volume percent of the quartz veins. Sulphide
may occur either disseminated or massive, in band aggregates
or as breccias reaching concentration up to 3040 wt % of the
rock volume. At Radzimowice the gold to silver ratios in
gold-bearing sulphide ores are variable and usually from 1:2 to
1:80; however, the geometric average for ore samples grading
>3 ppm Au is about 1:5. The Au/Ag ratio varies within wide

limits but in the ore grade material (>1 ppm) averages: 1.1:1
(Radomice), 1:5 (Radzimowice), 2.5:1 (Klecza) and 1:2
(Nielestno). In Radzimowice, Au shows a positive correlation
with Ag, S, Bi, Co, Cd, Cu and CaO and in Radomice with As,
Bi, Fe, Ag and S. These correlations with gold confirm its
strong affinity to sulphides. In the Kaczawa Mountains the av-
erage concentration of gold in ore samples of grade higher than
1 ppm Auis 14.9 ppm (n = 52). Additionally, abundant of As,
constant admixtures of Co and Bi, variable concentrations of
base metals, similar mineral succession, and almost identical
mineral textures are characteristic feature of these deposits.

Two- or three stages of the successive gold mineralization
are very typical (Fig. 84). Auriferous sulphide mineralization
in the Kaczawa Mountains represents crystallization tempera-
tures typical of mesothermal and epithermal zones. Applica-
tion of arsenopyrite geothermometry (Kretschmar, Scott,
1976; modified by Sharp ef al. 1985) to the samples from the
Kaczawa Mountains indicated that the first and second genera-
tion arsenopyrite crystallized at temperature from 535 to 345°C
(Radzimowice), 491-315°C (Klecza—Radomice ore district),
and the third generation at <370°C (Radzimowice) or <300°C
(Radomice).

The first stage of mesozonal character represented by sub-
microscopic gold associated with Co-arsenopyrite and
As-bearing pyrite crystallized ca. 317 Ma from hydrothermal
fluids of post-magmatic origins. The sulphide ore paragenetic
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with coarse-grained quartz of the first stage of hydrothermal
ore mineralization underwent strong cataclasis and was later
overprinted by next generation minerals of minor importance
represented by base metal sulphide, and submicroscopic gold
associated with medium- and fine-grained quartz and carbon-
ates of various composition. They overgrew and selectively re-
placed previous As- and Fe-sulphide or filled fractures in them.
The early event of gray quartz crystallization corresponds to
auriferous arsenopyrite and pyrite precipitation. The results in-
dicate that crystallization of gray massive quartz fragments,
rich in brecciated sulphide, was at temperatures from 350 to
290°C with the salinity of fluids of 10+ 3 wt % NaCl equivalent
and of pressure of 1.0 +0.2 kbar. The second generation of
white quartz forms veinlets and rock matrix, is related to pyrite
and base-metals sulphide precipitation also associated with
crystallization of carbonates of various compositions at
Klecza—Radomice ore district (mainly ankerite and dolomite).
This quartz crystallized within the temperature ranges from
280 to 220°C with the salinity of fluids of 7 £2 wt % NaCl
equivalent and at pressure of 0.7 +0.1 kbar. This stage of epi-
thermal type of gold mineralization was connected with
sub-volcanic and volcanic activity ca. 294 and 280 Ma ago (late
Autunian) during rifting within-plate environment. This base
metal sulphide mineralization is overprinted by third stage of
Au mineralization represented by chalcedony-kaolinite-pyrite
/ marcasite-native gold association (Radomice). The third gen-
eration of quartz comprises clear quartz forming eu-, to an-
hedral crystals inside the veinlets crystallized at 200 to 180°C
with salinity of fluids about 3 +1 of wt % NaCl equivalent and
at pressure of 0.6 0.1 kbar. In association of chalcedony with
hematite, calcite and native gold grains is known from Klecza
and Nielestno. Probably this Au—Fe oxide mineralization was
connected with strong oxidation during the formation of basins
in Upper Permian and/or Triassic. The lowest crystallization
temperatures from <170 to 140°C are measured in quartz
veinlets of the next generation.

The oxygen isotopic studies reveal mixing of meteoric wa-
ters with magmatic fluids especially during the crystallization
of quartz of younger generations in Radzimowice deposit. The
highest values are estimated for quartz of the earliest vein
stages, and the lower ones are recorded by later vein stages, in-
dicating a gradual increase in the proportion of meteoric water
that may also suggest uplift.

Most gold occurs as fine-dispersed submicroscopic parti-
cles in arsenopyrite with high Co-admixture (1-6 wt %) and
As-bearing pyrite (up to ca. 3 wt %). Microscopic gold is repre-
sented by native gold and electrum in association with Bi and
Te minerals in variable forms as inclusions in Co-arsenopyrite
or pyrite of the earliest generation, in association with galena,
chalcopyrite, sphalerite, pyrrhotite as micro-veinlets within
these sulphides, or as native free gold in host rocks, and in the
oxidized zone with hematite and chalcedony. The chemical
composition of native gold varies between deposits and may
contain different quantities of admixtures of Ag, Bi, Cu, Te and
Se. Maldonite (Au,Bi) was recognised only at Radzimowice.
The presence of Bi minerals in paragenetic association with Te
and Au suggests a post-magmatic source of these metals con-

nected with acid magma. The measured Ag concentrations
in native gold and electrum ranged from 5 to 45 wt %.
The high-grade gold (850-950) from microveinlets, inclu-
sions, and as a free gold occurs in the Klecza—Radomice
ore district. Gold of 650-800 purity is most common in
the deposits discussed here.

In the Radzimowice and Klecza—Radomice ore district de-
posits the 8**Scpr values of sulphides from the first stage of the
ore precipitation (Co-arsenopyrite, arsenopyrite and As-pyrite)
range from —2.24 to +7.84 %o (at Radzimowice from —2.13 to
+2.76). Especially, samples of massive arsenopyrite aggre-
gates hosted by a quartz vein in chlorite-sericite schists have
heavier sulphur isotope compositions (up to 7.84%o) that indi-
cate sulphur contribution from the host rocks. The sulphur iso-
tope compositions (5**Scpr) have been also determined in sev-
eral pure sulphide samples from the second stage of the ore pre-
cipitation. Contents of sulphur 8**Scpr in base metal sulphides
(galena, pyrite, chalcopyrite) from Klecza—Radomice ore dis-
trict and Radzimowice range from —1.62 to +0.60%o and from
—1.13t0 2.76, respectively. The source of gold and other metals
is assumed to be in pre-Variscan rocks (mostly Silurian
quartz-sericite-graphite schists) with a magmatic (acid melt)
contribution. Besides, the late Variscan magmatic sources sup-
plied not only fluids and heat but also sulphur and other metals,
which were deposited during later post-magmatic hydrother-
mal processes. Thus, the organic matter mobilized from gra-
phitic schists during the mineral-forming process served as
a geochemical buffer, which provided the Au concentration
within fractures, which for example in the Klecza deposit
formed in axial planes of the F, folds with vergence to the
WNW-ESE direction.

In the zone of gold ore mineralization in the Kaczawa
Mountains the following alterations can be recognised:
feldspathization, silicification, sericitization, pyritization,
carbonatization, tourmalinization, kaolinitization, illitization,
chloritization, and low-temperature silicification. In the
Radzimowice deposit the hydrothermal alteration started with
feldspathization and silicification and than was followed by
strong acidic (sericitization, pyritization, and kaolinitization)
and propylitic alteration (illitization, chloritization) with
albitization and carbonatization. At the Klecza—Radomice ore
district hydrothermal alteration is limited to the nearest sur-
roundings of veins and is marked by characteristic light
white-yellow colours indicating a strong sericitization and sili-
cification. Sericite is commonly replaced by muscovite. Car-
bonates such as ankerite calcite, and dolomite are often present.
Also abundant tourmaline is present in altered zones. Siderite
occurs as late generation veinlets. Besides, those zones of low
temperature quartz (chalcedony), albite and Fe-oxide appear-
ances are recognized. The alterations within these two gold re-
gions have numerous common elements such as
carbonatization, silification, kaolinitization, and sericitization
as well as evidently different elements. For example
tourmalinization was recognized only in the Klecza—Radomice
ore district.

The pseudo-ternary diagram of Au—Ag-base metals after
Poulsen ef al. (2000) illustrates the composition of the repre-
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sentative gold-bearing arsenic-polymetallic sulphide ores from
the Kaczawa Mountains within different fields for genetic
types. The samples from the discussed here deposits are located
in the following fields (Fig. 92): epithermal type of ore miner-
alization (Radzimowice; Radomice), porphyry mineralization
(Radzimowice), mineralization of the Carlin-type (Klecza,
Radomice) and the quartz-carbonate veins (Radomice). Most
probably, the same position would occupy the gold ores from
the orogenic type of gold deposits described by Groves et al.
(1998a) but not included into the ternary diagram classification
by Poulsen et al. (2000).

If we consider the almost identical Re—Os age of the aurifer-
ous Co-arsenopyrite from Radzimowice and Klecza and spa-
tially connect these two important gold areas in the Kaczawa
Mountains with WNW-ESE direction which is similar to the di-
rection of hypothetic granitoid body underlying these deposits
already at 2 km b.s.l. that is presented on maps by Kotanski
(1997; Fig. 77). Thus, the connection of gold deposits in the
Klecza—Radomice district with underlying hypothetic Variscan
granitoid has some reasonable explanations. Especially, that in
the Radomice area besides bismuth the ore also contains traces
of tellurium which strongly indicates a genetic relation with hy-
drothermal processes sourced in acid magma. Migration of fluid
was along deep fractures; however according to seismic-reflec-
tive data these NW-trending faults dip at low-angle (Fig. 80)

(Zelazniewicz et al., 1997). Furthermore, most probably small
and second order faults and fractures with major NW—SE and
WNW-ESE directions, which occur in the folded black schists
(e.g. hinge breaks and axial planes of the F, open folds) were
traps for these mineralized fluids. However, close spatial relation
to fault zones of major NW—SE and NE-SW directions suggest
that these high-angle faults may have acted as fluid conduits. The
spatial correlation of the metalliferous deposits occurrence indi-
cates that they group along linear zones, which run parallel to
deep fracture zones within the schist belt belonging to
Pilchowice and Bolkow units. Deep fractures of NW—SE direc-
tions seem to be important because they have a late Variscan set-
ting and are marked by zones of regional faults, which are paral-
lel to the direction of lithological boundaries within the Kaczawa
Metamorphic Complex.

The geological setting in accreted metamorphic terranes
and the strong structural control of the ore bodies distal from
the granites is characteristic of the Klecza—Radomice ore dis-
trict allowed to classify them into the orogenic gold type depos-
its. The geological setting and ore structures, low Au/Agratios,
and significant Cu contents in the Radzimowice deposit indi-
cate their formation within a continental arc. This mineraliza-
tion is of transition type from porphyry to epithermal low
sulphidation type.

CONCLUSIONS

The gold deposits in the Kaczawa Mountains are classi-
fied as strongly structurally controlled, hosted by schist belt,
and of variable (proximal — e.g. Radzimowice or distal —e.g.
Klecza— Radomice) positions to late Variscan magmatic
source of hydrothermal fluids. The economic ore mine-
ralizations in quartz-sulphide veins are the result of the two
main hydrothermal stages of ore precipitation, with early
mesothermal quartz — arsenopyrite (pyrite) and submicro-
scopic gold, cataclased and followed by epithermal base-me-
tal sulphide-microscopic gold and carbonates and of minor
importance late association of chalcedony with native gold
grains and with kaolinite—pyrite/marcasite or hematite—cal-
cite. The most favorable hosts for auriferous-sulphide quartz
veins are the fractured axial planes of F, folds in quartz-seri-
cite-graphite schists from the Pilchowice and Bolkéw
(Radzimowice schists) units, which are located within
shear-zones near regional deep faults and/or late Variscan ig-
neous rocks.

The auriferous sulphides from the Kaczawa Mountains are
indicative of submicroscopic mesothermal Au mineralization
(acc. to the present author the Au, stage in the European
Variscan Belt) ca. 317 Ma (late Namurian—early Westphalian)
during post-orogenic extension and regional uplift in
post-collisional continental arc setting and the younger epither-

mal and microscopic gold mineralization (Au; stage) of
sub-volcanic and volcanic origin of geodynamic transition
from post-collisional to within-plate settings (ca. 294-280
Ma). The Au, stage (chalcedony-hematite-calcite-gold) recog-
nised only in the Klecza and Nielestno deposits is of minor im-
portance. It is the result of oxidative low temperature hydro-
thermal processes connected with post-Variscan basin forma-
tions in Upper Permian—Triassic and even in Cretaceous.

The presented results allow to regard the Kaczawa Moun-
tains as a good target for successful gold exploration in the
abandoned mining areas as well as in their surroundings.
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