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Ab stract: A rhyo lite por phyry in the Radzi mowice de posit at Bu kow inka Hill has a SHRIMP zir con U-Pb age of
314.9 ± 3.1 Ma. This is con sis tent with pre vi ous zir con dat ing of a mon zo gran ite and a rhyo dac ite (ca. 315 Ma) in
the ¯eleŸniak sub- volcanic in tru sion (ZI), con sid ered to be the ig ne ous rocks, rep re sent ing the old est mag matic
pulses in the re gion. First- stage meso ther mal aurif er ous sul phide min er ali za tion in the de posit was con nected to
hy dro ther mal pro cesses, as so ci ated with the rhyo dac ite in tru sions. This was fol lowed by tec tonic ac tiv ity and
younger al ka line mag ma tism in a post- collisional geo tec tonic set ting. The first- stage Au- bearing sul phide min er a- 
li za tion was cata clased and over printed by younger epi ther mal base- metal sul phides with mi cro scopic Au, as so -
ci ated with Bi- Te- Ag min er als. The younger mag matic pulses are rep re sented by por phy ritic an des ites and lam -
pro phy ric dykes, which cut the ZI. Zir con from these dykes yielded ages of 312.8 ± 2.8 Ma for an an des ite
por phyry and 312.4 ± 4 Ma for a lam pro phyre. All these mag matic pulses, evi denced in the Radzi mowice de posit,
are con sid ered to be the old est post- orogenic sub- volcanic mag ma tism cut ting the base ment of the in tra mon tane
ba sins in the Sude tes, on the NE mar gin of the Bo he mian Mas sif. A rhyo lite por phyry in the fa mous "O rgany"
ex po sure at Wielis³aw Z³oto ry jski (WZ) on the SE mar gin of the North- Sudetic Ba sin is younger, 297.5 ± 2.8 Ma.
Vein- type aurif er ous ore min er ali za tion, hosted by Early Pa laeo zoic graphitic schists in in ti mate con tact with
rhyo lite por phyry in WZ, is also cor re lated with this mag ma tism. The aurif er ous ore min er ali za tion at Radzi mo-
wice and Wielis³aw Z³oto ry jski formed at dif fer ent times, dur ing dif fer ent mag matic pulses and suc ces sive hy dro -
ther mal stages, de spite sev eral simi lari ties in geo logic set ting and coun try- and host- rock com po si tions. There was 
a tran si tion from a post- collisional to a within- plate set ting over about 20 Ma in Late Carboniferous– Early Per -
mian times, with the older ¯eleŸniak and Bu kow inka sub- volcanic in tru sions in the up lifted part of the Kac zawa
Meta mor phic Com plex (ZI) and the younger Wielis³aw Z³oto ry jski sub- volcanic in tru sion in the meta mor phic
base ment of an in tra mon tane ba sin. 
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IN TRO DUC TION

There are sev eral aban doned small- and me dium-size
Au-bear ing As-polymetallic de pos its in the Sudetes, most
of which formed as a re sult of mul ti ple hy dro ther mal pro -
cesses as so ci ated with Variscan (Car bon if er ous–Perm ian)
magmatism (Mikulski, 2001). The Sudetes are part of the
Central Eu ro pean prov ince of Late Palaeozoic (Car bon if er -
ous–Perm ian) bi modal vol ca nism that ex tends about 400 km
from Ger many to Po land. This vol ca nism oc curred in intra-
montane bas ins and neigh bour ing crys tal line blocks in the
east ern parts of the Rheno-Hercynian and Saxo-Thuryngian
Zones (Dziedzic, 1996; Awdankiewicz, 1999, 2004; Ulrych
et al., 2004; Machowiak et al., 2008). More over, in the Saxo- 

Thuryngian Zone, the suc ces sive vol ca nism caused by sil ica-
rich mag mas took place in the early Perm ian. This wide -
spread post-orogenic vol ca nic ac tiv ity was in gen eral pre -
ceded by the in tru sion of I- and/or S-type granitoids dur ing
the Variscan orog eny, mostly in the Car bon if er ous (ca. 345–
300 Ma; Mazur et al., 2007 and ref er ences therein). How -
ever, the cur rent ra dio met ric data of the au thors and other
pub lished ages of the granitoids over lap with the vol ca nic ac -
tiv ity (e.g., Awdankiewicz et al., 2014).

The tim ing of the suc ces sion of ig ne ous events of dif -
fer ent geo chem i cal char ac ters in the Sudetes and the bimo-
dal vol ca nism that fol lowed re main the sub ject of con tro -



versy in many places, ow ing to the lack of mod ern geochro-
nology. Au rif er ous ore min er al iza tion in the Radzimowice
Au-As-Cu de posit (Fig. 1) is con sid ered to be tran si tional
be tween a por phyry- and an epi ther mal-type de posit around
the Car bon if er ous ¯eleŸniak por phyry in tru sion (ZI), a
com pos ite sub-al ka line to al ka line body emplaced in a
post-collisional set ting (Mikulski, 2005a). The age re la tion -
ship be tween the mag matic events and the suc ces sive stages 
of ore min er al iza tion has not been de fined pre cisely. A six-
point Re-Os isochron age of 317 ± 17 Ma, ob tained for au -
rif er ous sulphides (Co-ar seno py rite) in sheeted quartz-
veins, for ex am ple, rep re sents only the first stage of ore pre -
cip i ta tion in the Radzimowice de posit (Mikulski et al.,
2005a). The ma jor un cer tainty in this es ti mate is due to the
fact that the sulphides con tain very lit tle ra dio genic Os (Mi-
kulski et al., 2005b). This re sult is in broad agree ment with

pre lim i nary SHRIMP zir con U-Pb ages of a fine-grained
rhyodacite and a me dium-grained gran ite from the ZI,
which date the main mag matic event at about 315 Ma
(Muszyñski et al., 2002; Machowiak et al., 2008). There are 
no pre vi ous geo chron ol ogi cal data for other ig ne ous rocks
in the de posit. Pre lim i nary re sults of SHRIMP zir con dat ing 
of sub-vol ca nic rocks from the Wielis³aw Z³otoryjski area
are 293 ± 2 Ma for por phy ritic rhyolites and 294 ± 3 Ma for
as so ci ated flows (Szczepara et al., 2011) and 292.8 ± 2.1
Ma for Wielis³awka rhyolites, as in di cated in the re cent
pub li ca tion of Awdankiewicz et al. (2014). 

Here, the au thors pres ent new SHRIMP zir con U-Pb
ages for ig ne ous rocks in the aban doned Au-polymetallic
de pos its at Radzimowice and Wielis³aw Z³otoryjski. The
ob jec tive was to de fine and com pare more pre cisely the se -
quence of mag matic pro cesses and cor re late them with the
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Fig. 1. Tec tonic struc tural sub di vi sions of the Kaczawa Com plex and ad ja cent geo log i cal units (af ter Jerzmañski, 1965; Baranowski et
al., 1990; Seston et al., 2000; Cymerman, 2002) show ing the dis tri bu tion of Late Palaeozoic ig ne ous rocks and Ce no zoic bas alts, and the
lo ca tions of the Radzimowice and Wielis³aw Z³otoryjski gold de pos its. In set maps show lo ca tion of the study area in Po land (up per) and in 
the Eu ro pean Variscan Belt (lower).



post-mag matic hy dro ther mal pro cesses, re spon si ble for the
au rif er ous polymetallic min er al iza tion. The geo chem i cal
and petrographic char ac ter is tics of the rocks stud ied also are 
doc u mented. 

GEO LOG I CAL SET TING
OF THE KACZAWA MOUN TAINS

The Kaczawa Moun tains are lo cated in the Sudetes that
con sti tute the north-east ern part of the Bo he mian Mas sif, an 
ex posed part of the east ern Eu ro pean Variscides that inclu-
des parts of Po land, the Czech Re pub lic, Aus tria and Ger -
many (Fig. 1; Franke and ¯elaŸniewicz, 2000; Kozdrój et
al., 2001). The Kaczawa Moun tains are sep a rated on the
north by the Mar ginal Sudetic Fault from the Fore-Sudetic
Block, and on the south from the Izera-Karkonosze Block
by the Intra-Sudetic Fault. Two struc tural com plexes have
been dis tin guished (Teisseyre et al., 1957): 1) a lower base -
ment com plex (Kaczawa Meta mor phic Com plex, KMC),
com posed of Palaeozoic epimetamorphosed, folded vol ca -
nic and sed i men tary rocks; and 2) an un con form ably over-
ly ing up per com plex, con sist ing of unmetamorphosed, wea-
kly de formed Late Car bon if er ous, Perm ian, Tri as sic and Late 
Cre ta ceous plat form-type sed i men tary rocks and volcanics
(Kryza and Awdankiewicz, 2012).

The KMC has been di vided into thir teen nappe-like tec -
tonic units, most of which con sist of var i ous smaller tecto-
nic el e ments, such as thrust sheets, thrust folds and/or bod -
ies of mélange (Teisseyre, 1963; Haydukiewicz, 1987a, b;
Baranowski et al., 1990, 1998; Kryza and Muszyñski, 1992; 
Seston et al., 2000; Cymerman, 2002). The KMC un der -
went polyphase de for ma tion and meta mor phism, rang ing
from very low-grade to greenschist-fa cies meta mor phism,
with peaks dur ing the Mid-Late De vo nian and Early Car -
bon if er ous (Viséan). Late Car bon if er ous and Perm ian ex-
ten sion within the east ern part of the Eu ro pean Variscan
Belt (the Cen tral Eu ro pean prov ince) re sulted in vol ca nism,
a prod uct of the late- to post-collisional tec tonic set ting
(Awdankiewicz, 1999; Karnkowski, 1999). The lo ca tion of
sev eral vol ca nic cen tres and their suc ces sive erup tive prod -
ucts in the Sudetes was con trolled by fault zones aligned
NNW–SSE to NW–SE. Those faults bor der Hercynian de -
pres sions, filled with Early Car bon if er ous to Early Perm ian
intramontane late- to post-orogenic sed i ments, ac com pa nied
by acidic to in ter me di ate volcanics (Dziedzic, 1996). The
molasse de pos its and mi nor vol ca nic rocks oc cur mainly in
graben struc tures, such as the North Sudetic Ba sin, with its
east ern part rep re sented by the Œwierzawa Graben, and the
Intra-Sudetic Ba sin, which partly de vel oped also on the
KMC base ment. Two vol ca nic cy cles, each be gin ning with
pre dom i nantly trachyandesite and dacite and end ing with
rhy o lite, have been de scribed (Koz³owski and Parachoniak,
1967). The Sudetes, ow ing to sub se quent tec tonic move -
ments, un der went ba sin in ver sion in the Me so zoic (Oberc,
1972). This was fol lowed by strong Cre ta ceous–Ce no zoic
tecton ics dur ing the Al pine orog eny and the rocks of the
lower com plex were ex posed (Teisseyre et al., 1957).

GEO LOG I CAL SET TING
OF THE DE POS ITS

The aban doned Au de posit at Radzimowice is lo cated
in the south east ern part of the Kaczawa Moun tains and the
Wielis³aw Z³otoryjski gold min ing area is in the cen tral part
of the Kaczawa Fore land (Fig. 1). The Radzimowice de -
posit and the sur round ing rocks form a horst be tween the
North Sudetic Ba sin to the north west and the Intra-Sudetic
Ba sin to the south east. The Wielis³aw Z³otoryjski de posit
also oc curs in a horst (Œwierzawa Horst) that forms the east -
ern part of the North Sudetic Ba sin. The Œwierzawa Horst is 
separated from the Jerzmanice Graben to the north by an
ENE–WSW-ori ented fault, and from the Œwierzawa Graben
to the south by the NE–SW-trending Sêdziszowa Fault (Mi-
lewicz and Kozdrój, 1994). In both de pos its, au rif er ous poly- 
me tal lic-sul phide min er al iza tion in quartz (with and with out
car bon ate) veins is hosted by rocks be long ing to two dif fer -
ent struc tural stages, a lower unit, con sist ing of folded and
meta mor phosed Variscan base ment (Kaczawa Meta mor phic
Com plex – KMC), and an up per unit, com pris ing Late Car -
bon if er ous ig ne ous rocks (Mikulski, 2007). The lower struc -
tural stage is com posed of Lower (Mid dle?) Cam brian–Lo-
wer Car bon if er ous as sem blages of pelitic flysch with Lower
Palaeozoic vol ca nic interbeds. The rocks have been meta-
morphosed un der greenschist fa cies con di tions and tectoni-
zed (Cymerman, 2002), pro duc ing quartz-seri cite-graph ite
schists, albitized phyllites with thin in ter ca la tions of si li ceous 
and gra phitic slates, metagreywackes, quartzites, and green -
stones, be long ing to dif fer ent tec tonic units (Fig. 1).

 The old est of these units at the Radzimowice de posit
are the Radzimowice schists in the south and the Chmielarz
schists in the north (Fig. 2). The Radzimowice schists unit
formed a rock belt which is up to 2 km wide and ex tends
from the West to the East for a dis tance of about 17 km.
This unit has thick ness over 1 km and con sists pre dom i -
nantly of mudstones over sand stones. The mode of the pri -
mary sed i ment de po si tion as the turbidite se quences is con -
sis tent with sed i men ta tion in a trench-floor or trench-slope
ba sin set ting (Baranowski, 1988). Un cer tainty re mains as to 
the tec tonic and strati graphic po si tion of the Radzimowice
schists within the KMC se quence (Teisseyre, 1963; Urba-
nek and Baranowski, 1986; Baranowski et al., 1990; Kryza
and Muszyñski, 1992; Cymerman, 2002; Tyszka et al.,
2008). The Chmielarz schists con sist of volcaniclastic sed i -
ments of Cam brian or Or do vi cian age (Kozdrój et al., 2001). 

The up per struc tural stage of the Radzimowice de posit
is rep re sented by Car bon if er ous sub-al ka line and al ka line
ig ne ous rock suites and mi nor gran ites, form ing the ¯eleŸ-
niak (ZI) and Bukowinka (BI) in tru sions. The up per struc -
tural unit of the Wielis³aw Z³otoryjski de posit con sists of
youn ger (Early Perm ian) sub-al ka line rhyolites, as so ci ated
with rhyolitic tuffs (Koz³owski and Parachoniak, 1967).
These Perm ian ig ne ous rock suites of the North-Sudetic Ba -
sin rep re sent high-K calc-al ka line mag mas, erupted in an
extensional, intracontinental, post-collisional set ting in the
east ern part of the Variscan belt of Eu rope (Awdankiewicz,
2003). In the Radzimowice area among the in tru sive rock
bod ies the larg est is the ¯eleŸniak in tru sion, which has a
laccolith shape. The other in tru sive rocks form a few
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Fig. 2. Lo ca tion of sam pling sites for SHRIMP zir con and geo chem i cal stud ies on a geo log i cal back ground of area of Au-Cu-As
Radzimowice de posit (af ter Cwojdziñski and Kozdrój, 1994). Ore vein lo ca tions af ter Mikulski (2007).



smaller bod ies and a swarm of dykes and ra dial apophyses.
They are usu ally dis cor dant to the sur round ing bed ding and
other struc tures. The ¯eleŸniak in tru sion, is com posed of
fel sic rocks (mostly of rhy o lite, dacite and rhyodacite com -
po si tion) of var i ous tex tures, con tain ing xe no liths, and cut
by mafic and fel sic dykes, and quartz veins (Skurzewski,
1984; Kozdrój, 1995; Mikulski, 2005a). The ZI and BI
mag mas in truded along W–E-oriented faults, but the ex act
suc ces sion is not yet clearly de fined. The ¯eleŸniak in tru -
sion is ir reg u larly shaped. A cen tral body 3–4 km2 in area is
sur rounded by sev eral ra dial rhyodacite dykes (Fig. 2),
rang ing in thick ness from sev eral to hun dreds of me ters, and 
in length up to 6–7 km (Cwojdziñski and Kozdrój, 1994).
Lamprophyric rocks usu ally have been found in the waste
from the south ern part of the Radzimowice de posit and they
were re corded in unpublished min ing re ports as diorite por -
phyry or as kersantite that in truded the Radzimowice Schist
(Manecki, 1965; Zimnoch, 1965; Paulo and Salamon, 1974; 
Mikulski, 2007). The main lam pro phyre dyke, with an E–W 
trend and over 0.5 km in length, was marked on the de tailed
geo log i cal map of the Radzimowice area (Cwojdziñski and
Kozdrój, 1994). In ad di tion, a few an de site dykes of var i ous 
strikes and lengths that cut the ̄ eleŸniak in tru sion were also 
rec og nized and mapped (Fig. 2). 

Most rocks in the ZI body are apha ni tic, some por phy -
ritic (Skurzewski, 1984). They are strongly al tered, as man i -
fest by sericitization of plagioclase and chloritization of bi o -
tite. More over, these rocks host ore min er al iza tion (Mikulski, 
2005a). Em place ment of the ZI post-dates the re gional meta -
mor phism (blueschist and sub se quent greenschist fa cies) and
the main de for ma tion events in the KMC.

The rhyolites from the Bukowinka in tru sion are bar ren,
con tain more bi o tite and have a more uni form equigranular
tex ture. Light grey-pink por phy ritic microgranite is pres ent
be tween the quartz-seri cite schists and the rhy o lite in the
north ern part of Bukowinka Hill (Majerowicz and Sku-

rzewski, 1987; Cwojdziñski and Kozdrój, 1994). Me dium-
to fine-grained monzogranites, com posed of quartz, plagio-
clase, al kali feld spar, bi o tite and ac ces sory zir con and ap a -
tite, rep re sent the first ep i sode of late-Variscan mag matic
ac tiv ity in the Radzimowice de posit. They are calc-al ka line, 
peraluminous, and were de rived from inhomogeneous cru-
stal sources (Mikulski, 2007). Me dium-grained monzogra-
nite and fine-grained rhyodacite from the ZI pre vi ously
have yielded SHRIMP zir con ages of 316.7 ± 1.6 Ma and
315.0 ± 2.1 Ma, re spec tively (Machowiak et al., 2008).

Gold min er al iza tion in the Wielis³aw Z³otoryjski de -
posit oc curs in the con tact zone be tween the Palaeozoic
metasedimentary rocks of the KMC and the Perm ian quartz
rhy o lite por phyry (Fig. 3). The rhyolites from Wielis³aw
Z³otoryjski rep re sent part of the Perm ian vol ca nic se quence
in the sec ond di a strophic-sed i men tary cy cle of the mid dle
Rotliegende in the North-Sudetic Ba sin (Milewicz, 1987;
Awdankiewicz, 2006). Pre vi ous pre lim i nary SHRIMP zir -
con U-Pb dat ing of rhyolites and tuff in di cated Early Perm -
ian ages (Szczepara et al., 2011). The Perm ian rhyolites,
with ef fu sive or sub-vol ca nic struc tures, are best ex posed in 
a sec tion 35 m high in the Organy rhy o lite quarry, on the
south west ern slope of Wielis³awka Hill. There flow fo li a -
tion de fines a con cen tric struc ture about 100 m wide, the
axis of which plunges gently (0–35°) to the NE–E (Awdan-
kiewicz and Szczepara, 2009). The Wielis³aw Z³otoryjski
rhyolites pos si bly rep re sent a gently in clined plug or the in -
ner part of a lava dome (Awdankiewicz, 2006). 

The aban doned small-scale min ing area is in di rect con -
tact with the open-pit quartz por phyry quarry, where there is 
a fa mous ex am ple of rare co lum nar joint ing in fel sic rocks.
In the north west ern part of the quarry, the col umns plunge at
an gles of 50–70° NW and in the south ern part, they plunge to 
the SW. Up wards, the dip de creases to 20°. The col umns are
20–30 cm in di am e ter, com monly 4- or 5- sided, and rarely 3- 
or 6-sided. The rhyolites are as so ci ated with grey-brown and
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Fig. 3. Lo ca tion of sam pling sites for SHRIMP zir con and geo chem i cal stud ies on a geo log i cal back ground of aban doned gold min ing
ar eas near the "Organy" ex po sure at Wielis³aw Z³otoryjski, mod i fied af ter Milewicz and Kozdrój (1994).



green ish rhyolitic tuffs (up to 30–40 cm thick) that were
found in some places, but also by brec cias with ash. The tuffs
were albitized dur ing post-erup tive fluid mi gra tion. The tuff
brec cias con sist of nu mer ous frag ments of rhy o lite, an de site,
and mi nor quartz ite and schists from the Palaeozoic base ment 
within a fine-grained fel sic ma trix (Milewicz and Fr¹ckie-
wicz, 1988).

GOLD-BEAR ING ORE MIN ER AL IZA TION

The Au-bear ing As-polymetallic min er al iza tion of the
Radzimowice de posit is in six ma jor sul phide-bear ing quartz
veins or lodes (with and with out car bon ate), ac com pa nied by
sulphides dis sem i nated in the coun try rock (Manecki, 1965;
Zimnoch, 1965; Paulo and Salamon, 1974; Mikulski, 1999).
These lodes trend E–W and dip steadily (60–85°) to the N or
S, ex tend ing down-dip 0.2–2.1 km, with a thick ness of 6 cm
to 1.4 m. The eco nomic ore-min er al iza tion is the re sult of
suc ces sive hy dro ther mal stages of ore pre cip i ta tion. Early
quartz with paragenetic Co-ar seno py rite (with and with out
py rite min er al iza tion) with re frac tory Au was cataclased
and over printed by car bon ates, as so ci ated with base-metal
sulphides (chal co py rite, ga lena, sphalerite and fahlore), fol -
lowed by a late as so ci a tion of Te-Bi-Au-Ag min er als and
sulphosalts with sub-mi cro scopic Au (Fig. 4A–F; Mikulski, 
2007). The sul phide ores form ei ther mas sive ag gre gates of
var i ous sizes, or veins and dis sem i na tions within a gangue,
dom i nated by crys tal line white quartz with car bon ates.
Gold con tents in the polymetallic ores vary be tween veins,
rang ing from sev eral up to hun dreds of ppm (mostly 3–10
ppm Au). The main sources of re frac tory Au were Co-bear -
ing ar seno py rite and py rite (about 70 ppm Au and 5 ppm
Au, re spec tively) and mi cro scopic Au-electrum and mal-
donite. Electrum oc curs as in clu sions and mi cro-veinlets,
as so ci ated with pyrrhotite or chal co py rite fill ing frac tures in 
Co-ar seno py rite. Electrum grains (up to 0.5 mm) are also
pres ent in quartz fibres or as inter growths with Te (hessite)
and Bi min er als (Mikulski, 2005b, 2014). Metal con tents
also vary, for ex am ple, As 1.0-ca. 20 wt.%, Cu 0.8–8.2
wt.% and Ag 40-ca. 400 ppm. It is es ti mated that the to tal
pro duc tion from the Radzimowice de posit in the 19th and
20th cen tu ries was ca. 0.5 Mt of metal ores and ca. 4.2 t of
gold (Mikulski, 2007).

The Radzimowice de posit is com monly as sumed to be a 
hy dro ther mal de posit, strongly as so ci ated with late-stage
sub-vol ca nic rhy o lite in tru sions. Hy dro ther mal al ter ation is
wide spread, es pe cially in the ZI dacite por phy ries and in the 
vi cin ity of the ore shoots. Strong early acidic and argillitic
al ter ation (sericitization, pyritization, and kaolinitization in
vein selvages) was fol lowed by alkalic hy dro ther mal al ter -
ation of propylitic char ac ter (illitization and chloritization),
with albitization and carbonatization (Manecki, 1965; Mi-
kulski, 2007). The geo log i cal set ting and ore struc tures, low 
Au/Ag ra tios, and sig nif i cant Cu con tents in the Radzimo-
wice de posit in di cate its for ma tion in a con ti nen tal set ting.
The type of min er al iza tion is tran si tional be tween por phyry
and low sulphidation epi ther mal (Mikulski, 2005a). Con tin -
u ous syn-min er al iza tion up lift of the re gion, con tain ing the
de posit, in the Late Car bon if er ous to Early Perm ian times

re sulted in su per po si tion of low sulphidation epi ther mal mi- 
neralization over rel ics of higher-tem per a ture, deeper-sea-
ted min er al iza tion.

At Wielis³aw Z³otoryjski, Au min er al iza tion is pres ent
in a few small quartz veins with Au-bear ing sulphides host -
ing by Palaeozoic metasedimentary rocks along the con tact
with the Perm ian quartz rhy o lite por phyry. There was in ter -
mit tent, small-scale Au ex plo ra tion on the north ern slopes
of Wielis³awka Hill in the 16th and 19th cen tu ries (Zöller,
1936). The west ern area of Au-bear ing veins was ex plored
by three adits, pen e trat ing down-dip to only 70 m be low the
ground sur face. Min ing ac tiv ity was very lim ited. Ex trac -
tion of Au and Ag has been re ported, but the amount of pro -
duc tion is un known.

Sul phide min er al iza tion is pres ent as dis sem i nated im -
preg na tions and nests in veins, strik ing NW–SE, dip ping
50–60° to the NE. The host rocks are ar gil la ceous and gra -
phitic schists. The quartz veins con tain coarse-grained eu-
hedral py rite, in as so ci a tion with rare ar seno py rite and base- 
metal sulphides (chal co py rite, ga lena and sphalerite). Gold
oc curs as in clu sions in py rite, which is pres ent in quartz
veins and as im preg na tions in the schists. The py rite ore
con tains an av er age of about 18 ppm Au. Ga lena con tains
about 60 ppm Ag (Zöller, 1936). The ar gil la ceous and gra -
phitic schists are si lici fied and may con tain Au from trace
lev els up to 0.5 ppm. Sin gle, fine grains of Au are also
found in chal ce dony fill ings in frac tured quartz-graph ite
schists (Mikulski, 2007). 

The blis tered (po rous) rhyolites and vol ca nic tuffs in
the im me di ate area of Wielis³aw Z³otoryjski are agatiferous. 
In the Nowy Koœció³–Ró¿ana–Soko³owiec re gion, there are
nu mer ous ag ate balls and el lip soids from 3 to 30 cm di am e -
ter. Hy dro ther mal pro cesses and fluid mi gra tion as so ci ated
with Early Perm ian vol ca nism were re spon si ble for pre cip i -
ta tion of ore, chal ce dony, quartz and iron ox ides.

METH ODS AND MA TE RI ALS

Sam ples of ig ne ous rocks (por phy ritic andesites, dacites,
rhyolites and lam pro phyres) were col lected for geo chron ol ogi -
cal, geo chem i cal and petrographic study from the Radzimo-
wice de posit and from the "Organy" ex po sure of rhy o lite por -
phyry at Wielis³aw Z³otoryjski (Figs 2, 3). Ma jor el e ment con -
tents were mea sured on glass beads at the Pol ish Geo log i cal
In sti tute by wave length dispersive X-ray flu o res cence and mi -
nor and trace el e ments were mea sured on pow der pel lets by
WDS-XRF, us ing a PW-2400 Philips, and by di ges tion ICP-
AES. An a lyt i cal con di tions for ma jor ox ides and trace el e ments
were ra di a tion – X-ray tube with Rh an ode (3 kW); crys tals –
LiF 200, PE, Ge, PX1; collimators – 0.15 mm, 0.30 mm; de tec -
tors – scin til la tion coun ter, flow pro por tional coun ter (Ar/CH4)
and Xe-sealed pro por tional coun ter. The anal y ses were plot ted
on geo chem i cal di a grams along with data from 44 whole-rock
ma jor el e ment anal y ses, com piled from Manecki (1965), Pen-
dias (1965); Skurzewski (1984), Majerowicz and Skurzewski
(1987), and Mikulski (2007).

Rep re sen ta tive sam ples of out crop ping quartz por phy -
ries and lam pro phyre were se lected for SHRIMP zir con dat -
ing: por phy ritic an de site (R6) from the east ern slope of ¯e-
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leŸniak Hill, near the Radzimowice set tle ment north of My-
s³ów, rhy o lite por phyry (B5) from the south west ern slope of 
Bukowinka Hill, lam pro phyre (R8) from a dyke in the
south ern part of the de posit from the area of the Miner Con -
so la tion vein near the Ar nold shaft, and rhy o lite por phyry
(W4) from the "Organy" ex po sure at Wielis³aw Z³otoryjski. 
Ap prox i mately 5 kg of each rock spec i men were crushed
and the heavy-min eral frac tion (60–250 µm) sep a rated, us -

ing stan dard low-con tam i na tion heavy-liq uid and mag netic
sep a ra tion pro ce dures. Zir con grains were hand picked,
mounted in ep oxy resin with ref er ence zir con SL13 (U =
238 ppm) and TEMORA 2 (206Pb*/238U = 0.06683), pol -
ished and Au-coated for SHRIMP anal y sis at the Re search
School of Earth Sci ences, ANU, us ing pro ce dures de scribed 
by Wil liams and Claesson (1987). The data were pro cessed, 
fol low ing meth ods de scribed by Wil liams (1998, and ref er -
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Fig. 4. Re flected light pho to mi cro graphs of au rif er ous ore min er al iza tion from Radzimowice Au-As Cu de posit. A–D. Strongly frac -
tured and cataclased Co-ar seno py rite (Apy) and py rite (Py) are ce mented by the sec ond gen er a tion of ores – base metal sulphides (chal co -
py rite – Ccp; sphalerite – Sp; ga lena – Gn; ten nan tite – Tnt) and quartz and car bon ates (black); E, F. Frac tured ag gre gate of
Co-ar seno py rite (Apy) ce mented by chal co py rite (Ccp), electrum (Elc) and quartz (black).



ences therein), us ing PRAWN and LEAD soft ware writ ten
by T. Ire land. Con cordia di a grams were pre pared, us ing
ISOPLOT soft ware writ ten by Lud wig (2008). In di vid ual
anal y ses were plot ted with 1s er ror el lip ses, and un cer tain -

ties in the mean ages, which in clude the un cer tainty in the
stan dard iza tion, are quoted at the 95% con fi dence level (ts , 
where 't' is Stu dent's t).
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Ta ble 1

Chem i cal anal y ses of ig ne ous rocks sam ples from the ¯eleŸniak and Bukowinka in tru sions in the Radzimowice de posit
and from the "Organy" ex po sure at Wielis³aw Z³otoryjski

Major oxides
and element

[wt.%]

¯eleŸniak intrusion Bukowinka intrusion Wielis³aw Z³otoryjski

andesite andesite lamprophyre rhyolite rhyolite

R6 R7* R8* R25* Bu 5 Bu 4 Bu 6/4 Bu 6/1 W4 W5

SiO2 60.09 61.80 44.32 45.06 70.67 73.11 72.31 72.65 74.62 75.30

Al2O3 13.04 15.16 11.28 13.80 15.32 14.08 15.44 14.96 12.77 12.64

Fe2O3 6.96 3.74 8.29 8.97 2.31 2.15 0.81 1.09 1.56 1.59

TiO2 0.80 0.37 0.79 1.04 0.42 0.26 0.32 0.32 0.13 0.14

MnO 0.02 0.13 0.20 0.19 0.01 0.00 0.01 0.02 0.01 0.01

MgO 0.50 1.63 8.36 8.58 0.81 0.22 0.49 0.93 0.61 0.43

CaO 0.45 2.70 7.16 6.84 0.51 0.24 3.34 2.97 0.28 0.23

Na2O 0.09 2.66 0.97 1.56 3.55 2.89 5.74 5.55 1.67 1.16

K2O 3.49 3.77 1.84 2.49 4.19 4.78 0.41 0.69 6.70 7.52

P2O5 0.07 0.13 0.32 0.31 0.14 0.08 0.12 0.13 0.05 0.05

S 1.20 1.08 0.20 0.25 0.00 0.01 <0.001 0.00 0.01 0.01

Cl 0.21 0.02 0.02 0.02 0.02 0.01 0.01 0.01 0.05 0.05

F 0.07 0.13 0.02 0.03 0.01 0.01 0.02 0.02 0.10 0.13

LOI 1.87 5.57 12.13 10.25 1.95 1.38 0.58 0.74 1.39 0.69

Total 88.84 98.89 95.90 99.40 97.94 97.81 99.59 100.07 99.95 99.94

Trace element [ppm]

Cu 1407 134 105 59 280 19 54 128 <5 <5

Pb 1034 27 62 48 25 14 17 31 30 15

Zn 551 82 178 186 34 35 14 46 44 31

As 62494 191 1070 597 178 48 18 32 80 80

Au 1.38 0.005 0.001 0.003 <0.002 <0.002 <0.002 0.003 0 <0.002

Ag 45 4 4 7 0.8 0.5 <0.3 <0.3 <3 <3

Ba 480 352 656 576 842 1073 116 210 223 285

Ce 83 95 106 41 34 51 31 69 98 100

Co 4 7 38 30 2.5 2.3 0.8 1.4

Cr 36 9 802 510 13.9 9.3 12 15 <5 <5

Hf 4 5 3 0.7 5.3 4.2 5 5 5 4

La 36 40 24 23 17.7 32.6 15.8 44.1 49 46

Mo <2 4.2 <2 <2 5 3 2 4 <2 <2

Nb 11 12 12 9 13 11 8 10 19 19

Ni 4 7 247 133 9 8 6 7 4 4

Rb 143 152 177 79 129 136 <10 20 218 248

Sr 118 122 395 297 289 328 501 481 26 20

Th 15 19 12 7 15.5 13.3 14.3 13.7 22 22

U 4 7 5 2 4.4 2.2 3.6 3.8 <2 <2

V 30 29 146 162 38 22 21 24 8 12

Y 19 20 33 19 20 19 12 12 33 31

Zr 201 191 155 100 147 104 148 144 130 141

* Data af ter Mikulski, 2007.



GEO CHEM I CAL AND PETROGRAPHIC
FEA TURES OF THE STUD IED ROCKS

The ig ne ous rocks from the Radzimowice de posit stud -
ied here are rep re sented by por phy ritic an de site and dacite
(R5 and R6) and lam pro phyres (R8 and R25) from the ¯e-
leŸniak in tru sion, and rhyodacite por phy ries from the Buko- 
winka in tru sion (B5 and B4; Fig. 2). The rhyodacites from
Bukowinka are mas sive, a char ac ter is tic vi o let-red col our,
and have typ i cal por phy ritic tex tures with an allotriomor-
phic ma trix. They are com posed of plagioclase, K-feld spar,
quartz, hornblende, bi o tite and small amounts of zir con, ti -
tan ite, il men ite, mag ne tite, py rite, ap a tite, cal cite and epi-
dote (Fig. 5A, B). The av er age grain size of pheno crysts is
2–5 mm, but gen er ally the K-feld spar and quartz are much
finer than the plagioclase. Hornblende in places forms ag -
gre gates that are chloritized and cal ci fied. Bi o tite com -
monly forms overgrowths on hornblende, and tiny ag gre -
gates in places intergrown with opaque min er als. Al bite oc -
curs mostly as a re place ment of plagioclase or as mi cro-
frac ture fill ings, due to hy dro ther mal ac tiv ity. 

The por phy ritic an de site and dacite sam ples (R5 and
R6) are light beige in col our and me dium- and fine-grained
(Fig. 5C). They are rep re sen ta tive of the calc-al ka line fel sic
rocks with por phy ritic to aphyric tex tures from the sub-vol -
ca nic fa cies of the ¯eleŸniak in tru sion, which range in che-
mical com po si tion from dacite to an de site. They are com -
posed of K-feld spar, quartz and sodic plagioclase, pheno -
crysts (1–5 mm di am e ter; Fig. 5D) within an allotriomor-
phic ma trix of quartz and potassic feld spar. Seri cite, cal cite,
Ti-ox ides and sulphides in the dacites com monly form
pseudo morphs af ter bi o tite and feld spar pheno crysts. The da- 
cites also con tain abun dant dis sem i nated sulphides (mainly
py rite and ar seno py rite) and small amounts of zir con, ap a tite
and epidote.

The lam pro phyres sam pled (kersantites) are dark grey,
with por phy ritic tex tures. Pheno crysts of bi o tite (< 0.5 mm)
and sec ond ary min er als (car bon ate, chal ce dony and chlo-
rite) af ter pri mary ol iv ine are pres ent in a fine-grained, crys -
tal line groundmass, con tain ing sericitized plagioclase (an -
de sine), quartz, bi o tite and car bon ates (Fig. 5E, F). Lo cally,
the lam pro phyre is strongly af fected by carbonatization and
As con tents are highly el e vated (0.05–0.1 wt.% As), ow ing
to hy dro ther mal pro cesses. 

The rhy o lite sam ple from Wielis³aw Z³otoryjski (W4) is
mas sive, por phy ritic, and vi o let-rose in col our (Fig. 5G, H).
Pheno crysts of quartz, K-feld spar, sodic plagioclase, bi o tite
(< 4–5 mm in di am e ter), are pres ent in a spherolitic ma trix
of allotriomorphic quartz and potassic feld spar (mainly sa-
nidine), con tain ing also fine-crys tal line he ma tite pig ment.
The pheno crysts in places rep re sent up to 40 vol ume per -
cent of the rock. The quartz pheno crysts have char ac ter is tic
mag matic cor ro sion. The K-feld spar and bi o tite are com -
pletely weath ered. Al bite and kaolinite pseudo morphs af ter
plagioclase are com mon. Bi o tite is mostly re placed by chlo-
rite. Sulphides are ab sent. 

The ma jor-el e ment ox ide and trace-el e ment con tents of
the 8 ig ne ous rock sam ples from Radzimowice and Wieli-
s³aw Z³otoryjski are listed in Ta ble 1. The ig ne ous rocks
from the Radzimowice com plex can be di vided into three

groups (Mikulski, 2007): (1) hypa bys sal calc-al ka line mi -
cro-, and me dium-grained gran ites with por phy ritic tex tures 
(tonalite, monzogranite and granodiorite), (2) calc-al ka line
fel sic rocks from the sub-vol ca nic fa cies (dacite, rhy o lite,
an de site and trachyte) with por phy ritic to aphyric tex tures,
and (3) dykes and veins of fine- and coarse-grained al ka line
rocks (lam pro phyre) with por phy ritic tex tures. The sam ples
for the pres ent geo chem i cal and iso to pic study are from
groups 2 and 3. 

The com po si tions of the 8 sam ples are plot ted on a
chem i cal dis crim i na tion di a gram in Fig ure 6, along with
pub lished whole rock data for 44 other sam ples from the re -
gion. Most of the ig ne ous rocks from the ¯eleŸniak, Buko-
winka and Wielis³aw Z³otoryjski in tru sions plot in the per-
aluminous field, ex cept for lam pro phyre sam ples from
¯eleŸniak, which fall in the metaluminous field on the di a -
gram of Al/(Na + K) vs. Al/(Ca + Na + K). Most of these
rocks are potassic on the plot of K2O vs. Na2O. On the
(Na2O + K2O) vs. SiO2 di a gram (Fig. 6A), the rocks from
the ¯eleŸniak in tru sion plot in the fields of an de site (R6),
tran si tional to dacite (R5), and tephrite, basanite (R8, R25).
The sam ples from Bukowinka (B4 and B5) are in the dacite
field and those from Wielis³aw Z³otoryjski (W4 and W5) in
the rhy o lite field. This matches with the po si tion of most of
the ZI rocks in the fields of rhyodacite-dacite, trachyande-
site and an de site on the Nb/Y vs. Zr/TiO2 di a gram. The
rocks have Nb/Y ra tios less than 0.67, a char ac ter is tic of the
calc-al ka line se ries or rocks tran si tional be tween the calc-
al ka line and tholeiitic se ries. 

Por phy ries from the ̄ eleŸniak in tru sion can be strongly 
min er al ized, es pe cially along the con tacts with ore veins,
but those from the Bukowinka in tru sion are bar ren. The fel -
sic por phy ritic sam ples stud ied here have a range of SiO2

(60–75.3 wt.%) and al kali el e ment con tents, and mod er ately 
high Al2O3 con tents (up to 12.6–15.3 wt.%; Ta ble 1). The
Na2O and K2O con tents in the ZI and BI are 0.1–3.6 wt.%
and 3.5–4.8 wt.%, re spec tively. The rhy o lite por phy ries
from Wielis³aw Z³otoryjski have much higher con tents of
SiO2 (74–76 wt.%) and K2O (6.7–7.5 wt.%), but only mod -
er ate Na2O (ca.1.5 wt.%).

The K2O/Al2O3 ra tios of the sub-vol ca nic rocks (ex -
clud ing lam pro phyres) from the ZI and the BI are ca. 0.2,
but from Wielis³aw Z³otoryjski are al most 3-times higher, at 
about 0.6. Both se ries have a range of mag ne sium num bers
[Mg# = Mg/(Mg + Fe)] of 25–75, and low con cen tra tions of
man tle-com pat i ble trace el e ments (e.g., < 36 ppm Cr, < 9
ppm Ni). They are char ac ter ized by high con cen tra tions of
large-ion lithophile el e ments (LILE; e.g., up to 7.5 wt.%
K2O (W5), up to 248 ppm Rb (W5), 328 ppm Sr (B5), and
0.1 wt.% Ba (B4)), mod er ate light rare-earth el e ment
concentrations (LREE; e.g., up to 49 ppm La, 100 ppm Ce), and 
low lev els of high-field-strength el e ments (HFSE; e.g., < 1.0
wt.% TiO2, < 141 ppm Zr, < 19 ppm Nb). Low to mod er ate
HFSE (Nb, Ta, Zr, Hf, and Y) con tents are typ i cal of vol ca -
nic-arc rocks with I-type af fin i ties. High con tents of Th (up
to 22 ppm) and U (up to 7 ppm) sug gest some crustal con -
tam i na tion dur ing magma as cent, which is a char ac ter is tic
fea ture of con ti nen tal arc as so ci a tions (Müller and Groves,
2000). 
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On the K2O vs. SiO2 di a gram (Peccerillo and Tay lor,
1976) the lam pro phyres plot in the field of shoshonites and
ultrapotassic rock. The lam pro phyres have low SiO2 (43–
44.3 wt.%), high Na2O (up to 1.6 wt.%), and high MgO (ca.
8.5 wt.%) con tents (Ta ble 1). Their K2O/Na2O ra tios range
from 1.5 to 1.6, typ i cal of the shoshonitic as so ci a tion (Mül-
ler and Groves, 2000). They have Mg# of 77–79 and high
con cen tra tions of man tle-com pat i ble trace el e ments. When
com pared with other pub lished data sum ma rized by Mi-
kulski (2007), these sam ples rep re sent dif fer ent types of
sub-vol ca nic calc-al ka line rocks. 

Con sid er ing geotectonic set ting di a grams, on the Y-Nb
di a gram and on the Y + Nb - Rb di a gram of Pearce et al.
(1984) the sam ples stud ied plot in the is land-arc (VAG; Fig. 
7A) field and in the VAG and syn-collisional field (syn-
COLG; Fig. 7B), close to a tri ple-bound ary point that is
char ac ter is tic of post-collisional gran ites, tran si tional to the
within-plate gran ite field (WPG). On these two di a grams
the rhy o lite sam ples from Wielis³aw Z³otoryjski plot in the
tran si tion to the field of within-plate gran ites. On the di a -

grams of Müller and Groves (2000), also based on sim ple
ra tios of 'im mo bile' el e ments (Zr/Al2O3 vs. TiO2/Al2O3), it
is pos si ble to dis tin guish the potassic ig ne ous rocks of con -
ti nen tal (CAP) and post-collisional ar eas (PAP) from those
of a within-plate set ting. The sam ples from Radzimowice
and Wielis³aw Z³otoryjski fall into the con ti nen tal and post-
collisional fields. On the ba sis of the geo chem i cal re sults,
con ti nen tal crust played a dom i nant role in the pro cess of
rhyodacitic magma gen e sis, with con tri bu tions from mafic
calc-al ka line mag mas (lam pro phyre).

SHRIMP ZIR CON U-Pb DAT ING

Rhy o lite por phyry from the Bukowinka in tru sion

The zir cons from the Bukowinka rhy o lite por phyry
(B5) con sisted of a rel a tively uni form pop u la tion of clear,
red dish, elon gate grains with few min eral in clu sions, but
some ax ial cav i ties (Fig. 8). Most grains were £ 50 µm di -
am e ter, with as pect ra tios of 2–6. Many of the lon ger grains
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Fig. 5. Pho to graphs and pho to mi cro graphs (B, D, F, H; plane-po lar ized light) of sam pled ig ne ous rocks from Radzimowice and
Wielis³aw Z³otoryjski de pos its. A, B. Rhy o lite por phyry from the Bukowinka in tru sion. Radzimowice de posit, sam ple B6. B. Quartz (Qz), 
plagioclase (Pl) and bi o tite (Bt) pheno crysts in an allotriomorphic ma trix of quartz and po tas sium feld spar. Plagiocalse is partly re placed
by seri cite, and bi o tite by chlorite. C, D. Pho to graphs of an de site por phyry (sam ple R6) and a thin sec tion, re spec tively from the ̄ eleŸniak 
in tru sion with strong sul phide min er al iza tion of veinlet-im preg na tion type. D. Pseudo morphs of seri cite and cal cite af ter plagioclase
pheno crysts. Note also euhedral crys tals of ar seno py rite and the quartz-sul phide veinlet cut ting dacite (black) and an embayed quartz
phenocryst. E, F. Lam pro phyre spec i men from Radzimowice de posit, sam ple R8. F. Pseudo morphs of py rite and ti tan ite (black) af ter bi o -
tite (Bt) and hornblende crys tals in lam pro phyre. G, H. Rhy o lite por phyry from the "Organy" ex po sure at Wielis³aw Z³otoryjski, sam ple
W4. Quartz (Qz), plagioclase (Pl) and bi o tite (Bt) pheno crysts in an ma trix of rhyolites.

Fig. 6. Chem i cal clas si fi ca tion of Late Car bon if er ous and Perm ian ig ne ous rock suites of the ̄ eleŸniak and Bukowinka in tru sions from 
the Radzimowice Au-Cu-As de posit and from Wielis³aw Z³otoryjski. A. Na2O + K2O vs. SiO2 di a gram af ter Le Maitre et al. (1989).
B. Zr/TiO2 vs. Nb/Y di a gram af ter Winchester & Floyd (1977).



were lack ing their ter mi na tions, prob a bly be cause of dam -
age caused dur ing crush ing in prep a ra tion for min eral sep a -
ra tion. CL im ag ing showed a con sis tency in zon ing tex -
tures, the elon gate grains hav ing banded zon ing and the
stubby grains hav ing con cen tric zon ing. These tex tures are
con sis tent with the zir cons be ing a sin gle ig ne ous pop u la -
tion. Seven of the 10 zir con grains an a lyzed had banded
zon ing; the re main der had con cen tric zon ing. All grains had 
mod er ate U con tents (ca. 290–720 ppm), but the grains with 
con cen tric zon ing were those with the high est U (ca.
600–720 ppm) and low est Th/U (0.27–0.32, c.f. 0.36–0.94
for the banded grains; Ta ble 2). All the iso to pic anal y ses fall 
in a sin gle con cor dant clus ter, how ever, with no sys tem atic
dif fer ence in ra dio genic 206Pb/238U as a func tion of crys tal
tex ture or U-Th con tent (Fig. 9). Two of the 10 ra dio genic
206Pb/238U mea sure ments (anal y ses 1.1, 9.1) are sig nif i -
cantly lower than the rest. Omit ting these as sum ing ra dio -
genic Pb loss leaves 8 anal y ses with the same ra dio genic
206Pb/238U within an a lyt i cal un cer tainty, giv ing a weighted
mean age of 314.9 ± 3.1 Ma (95% c.l.), the un cer tainty in -
clud ing un cer tainty in the Pb/U cal i bra tion.

Por phy ritic an de site from the ¯eleŸniak in tru sion

The zir con grains from por phy ritic an de site R6 were
clear, colour less, slightly frac tured and had few in clu sions.

The crys tals were 30–100 µm in di am e ter, mostly sharply
euhedral, and with as pect ra tios rang ing from 1 to 7. Most of 
the lon ger grains lacked ter mi na tions, pre sum ably ow ing to
break age. CL im ag ing showed that the shorter grains mostly 
had fine con cen tric growth zon ing and rel a tively weak lu -
mi nes cence, while the lon ger grains had broader-banded
zon ing and strong lu mi nes cence con trast (Fig. 8). Very few
grains con tained a tex tur ally dis cor dant core. The U con -
tents were mod er ate to high (ca. 200–1600 ppm; n = 13),
cor re lat ing with the strength of lu mi nes cence rather than the 
zon ing tex ture (Ta ble 2). Th/U ranged from 0.21 to 1.06,
but again with no cor re la tion with zon ing tex ture. The iso to -
pic anal y ses, with three ex cep tions, form a tight clus ter
within an a lyt i cal un cer tainty of con cordia (Fig. 10). The ex -
cep tions are two anal y ses with high com mon Pb con tents
(6.1, 7.1), and one with a sig nif i cantly lower ra dio genic
206Pb/238U than the main group (1.1), all af fected by ra dio -
genic Pb loss. The re main ing 10 anal y ses have the same ra -
dio genic 206Pb/238U within the an a lyt i cal un cer tainty
(MSWD = 0.6), giv ing a weighted mean age of 312.8 ± 2.8
Ma (95% c.l.).

Lam pro phyre from the ¯eleŸniak in tru sion

The zir con grains ex tracted from lam pro phyre R8 were
a mixed pop u la tion of euhedral to subrounded short-pris -
matic to nor mal pris matic crys tals, 50–100 µm in di am e ter
(Fig. 8). The in ter nal tex ture of the crys tals was var ied,
rang ing from CL-dark un zoned to mod er ate CL-bright, with 
sim ple ig ne ous zon ing. All dated grains (n = 11) had ig ne -
ous zon ing. All the dates are Palaeozoic (ca. 565–305 Ma)
and the anal y ses are mostly con cor dant within un cer tainty
(Fig. 11). Seven anal y ses de fine the youn gest group, five of
which have the same 206Pb-238U within un cer tainty, giv ing
a weighted mean age of 312.4 ± 4 Ma (95% conf.). Given
the range in zir con morphologies and mea sured dates, it is
pos si ble that even the youn gest grains are con tam i nants
from the coun try rock. The mean age of ca. 312 Ma is there -
fore a max i mum for the age for the lam pro phyre dyke; it
might well be youn ger. 

Rhy o lite por phyry from the "Organy" ex po sure
at Wielis³aw Z³otoryjski

The zir con from rhy o lite por phyry sam ple W4 occured
as me dium to fine (50–100 µm di am e ter), mostly clear, red -
dish and some what frac tured euhedral grains with low as -
pect ra tios (£ 4), sim ple crys tal shapes and few in clu sions.
CL im ag ing showed a range of zon ing tex tures (Fig. 8).
About 60% of the grains had weak lu mi nes cence and broad
con cen tric or sec tor zon ing, 30% of the grains had stron ger
lu mi nes cence and fine con cen tric zon ing, and the re main ing 
grains had banded zon ing with strong lu mi nes cence con -
trast. Of the 12 grains dated, 3 were weakly lu mi nes cent, 5
had con cen tric zon ing, and 4 had banded zon ing. The
weakly lu mi nes cent grains had con sis tently higher U con -
tents (ca. 700–800 ppm) than the re main ing grains (ca.
90–370 ppm) and much more uni form Th/U (0.55–0.58, c.f. 
0.28–1.08 for the rest; Ta ble 2). Ex cept for the anal y sis of
one CL-dark grain with a high com mon Pb con tent (2.1), the 
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Fig. 7. Po si tion of sam ples stud ied on the dis crim i na tion di a -
grams of Nb vs. Y (A) and Rb vs. Y + Nb (B), af ter Pearce et al.
(1984). Data from the pres ent study (open cir cle and rhomboedr
(from Wielis³aw Z³otoryjski), and af ter Mikulski (2007; gray cir -
cle). Ab bre vi a tions: syn-COLG – syn-collisional gran ites; WPG –
within-plate gran ites; VAG – vol ca nic arc gran ites; ORG – ocean-
ridge gran ites.
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Fig. 8. Cathodoluminescence im ages of se lected zir con grains from the sam pled ig ne ous rocks of the ¯eleŸniak and Bukowinka in tru -
sions, from the Radzimowice Au-Cu-As de posit and from the rhy o lite por phyry from the "Organy" ex po sure at Wielis³aw Z³otoryjski.
Cir cles are the lo ca tions of SHRIMP U-Pb anal y ses, ages in Ma.



iso to pic anal y ses are tightly clus tered and con cor dant within
an a lyt i cal un cer tainty (Fig. 12). Omit ting one 206Pb/238U
mea sure ment (from a low-U banded grain, 5.1) that is sligh-
tly, but sig nif i cantly higher than the rest, leaves 10 anal y ses
equal within an a lyt i cal un cer tainty (MSWD = 1.64), giv ing a
weighted mean age of 297.5 ± 2.8 Ma (95% c.l.).

DIS CUS SION

Two main stages of au rif er ous ore min er al iza tion have
been rec og nized in the quartz vein-type polymetallic sul -
phide de posit at Radzimowice, both as so ci ated with hy dro -
ther mal pro cesses re lated to suc ces sive mag matic pulses in
the ¯eleŸniak in tru sion (Mikulski, 2005a). The first stage of 
min er al iza tion is char ac ter ized by the pres ence of cobaltife-

rous ar seno py rite and py rite with re frac tory (sub mi cro -
scopic) Au in quartz veins. The au rif er ous ores of the first
stage are strongly cataclased and over printed by a youn ger
gen er a tion of base metal sulphides and mi cro scopic Au, as -
so ci ated with quartz and car bon ates. The au rif er ous sulphi-
des (Co-ar seno py rite, py rite and chal co py rite) from the first
stage of ore min er al iza tion were the sub ject of a Re-Os iso -
to pic study (Mikulski et al., 2005a), giv ing a six-point
Re-Os isochron age of 317 ± 17 (Fig. 13), the large un cer -
tainty be ing due to the low Os con tents of the sulphides.
This age is within the range of un cer tainty of the more pre -
cise model age of 316.6 ± 0.4 Ma for Co-ar seno py rite sam -
ple G-4 from the Klecza orogenic Au de posit, lo cated about
10 km west of the Radzimowice de posit in the Kaczawa
Moun tains (Mikulski, 2003). Pre vi ous SHRIMP zir con dat -
ing of mag matic rocks from the ¯eleŸniak in tru sion yielded
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Fig. 9. Con cordia di a gram show ing SHRIMP zir con U-Pb anal -
y ses from a rhy o lite sam ple B5 from the Bukowinka in tru sion at the
Radzimowice Au-Cu-As de posit. An a lyt i cal un cer tain ties 1s.

Fig. 10. Con cordia di a gram show ing SHRIMP zir con U-Pb anal -
y ses from an de site por phyry sam ple R6 from the south ern part of
the Radzimowice Au-Cu-As de posit. An a lyt i cal un cer tain ties 1s.

Fig. 11. Con cordia di a gram show ing SHRIMP zir con U-Pb
anal y ses from lam pro phyre sam ple R8 from the south ern part of
the Radzimowice Au-Cu-As de posit. An a lyt i cal un cer tain ties 1s.

Fig. 12. Con cordia di a gram show ing SHRIMP zir con U-Pb
anal y ses from rhy o lite por phyry sam ple W4 from the "Organy"
ex po sure at Wielis³aw Z³otoryjski. An a lyt i cal un cer tain ties 1s.



sim i lar ages of 316.7 ± 1.6 Ma for a monzogranite and
315.0 ± 2.1 Ma for a rhyodacite (Machowiak et al., 2008).
These Re-Os and U-Pb re sults in di cate that the main mag -
matic ep i sode in the ¯eleŸniak in tru sion and post-mag matic
hy dro ther mal ac tiv ity took place at about 315 Ma (Mi-
kulski, 2007). How ever, there are nu mer ous ig ne ous dykes
in the ZI, for which ages were not pre vi ously de ter mined.
More over, the Bukowinka sub-vol ca nic rhy o lite in tru sion,
which is in di rect con tact with the ¯eleŸniak in tru sion, had
not been dated pre vi ously. 

The SHRIMP zir con U-Pb dat ing by the au thors shows
that the Radzimowice and Bukowinka mag mas were in -
truded at al most the same time. The older magma pulse, rep -
re sented by the rhy o lite por phyry from Bukowinka Hill,
was in truded at 314.9 ± 3.1 Ma (Fig. 13). This age over laps
with those pre vi ously mea sured on monzogranite and rhyo-
dacite in the ZI. Gran ite xe no liths in the rhy o lite in di cate
that it might be con nected with a deep-seated gra nitic pluton 
(Majerowicz and Skurzewski, 1987; Mikulski, 2007; Ma-
chowiak et al., 2008). Ac cord ing to these au thors, a for mer
magma cham ber for the gran ite prob a bly un der lies the ZI
and other in tru sions that are up to 15 km away. One of the
ma jor pro cesses of post-orogenic ex ten sion, namely tecto-
nic dis place ment and re gional sub si dence along the Intra-
Sudetic Fault, and the em place ment of fel sic mag mas (gran -
ites of post-collisional char ac ter at Bukowinka Hill), occu-
rred at about 315 Ma (Late Namurian–Early Westphalian).

The youn ger pulse is rep re sented by por phy ritic andesi- 
tic (312.8 ± 2.8 Ma) and lamprophyric (312.4 ± 4 Ma) dykes 
that cut the ZI. These ig ne ous rocks are char ac ter ized by a
much lower sil ica con tent than other calc-al ka line ig ne ous
rocks from the ZI and the BI. The andesitic por phy ries are
strongly min er al ized by polymetallic sulphides, and the lam-
prophyres in places also are min er al ized, with fine-grained sul- 
phides along frac ture sur faces. These sulphides are not cata-
clased, un like the sulphides of the main stage ores with refra-
ctory Au (Co-ar seno py rite and py rite) later over printed by base- 
metal sulphides in as so ci a tion with Bi-, Ag- and Te-min er als.

The geo chem is try shows that con ti nen tal crust played a
dom i nant role in the pro cess of rhyodacite magma gen er a -
tion, with con tri bu tions from mafic calc-al ka line mag mas
(lam pro phyre). Prob a bly no ear lier than about 312 Ma,
deep-seated frac tures opened and trig gered upwelling of
lamprophyric magma; they pro vided chan nel ways for the
mi gra tion of post-mag matic min er al iz ing flu ids, re lated to
al ka line mag mas. Sev eral geo chem i cal discriminants sug -
gest that the ̄ eleŸniak and Bukowinka mag mas were gen er -
ated in a post-collisional set ting. 

The geo logic and tec tonic lo ca tions of the quartz veins
at Wielis³aw Z³otoryjski sug gest that the au rif er ous-py rite
and Ag-bear ing ga lena min er al iza tion is re lated to the Rot-
liegende mag matic-vol ca nic events in the east ern part of the 
North-Sudetic Ba sin. The zir con U-Pb age of 297.5 ± 2.8
Ma of the au thors for the rhy o lite por phyry at the "Organy"
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Fig. 13. Com pi la tion of SHRIMP zir con data (this pa per: sam ples B5, R6, R8, W4) and other data from the Radzimowice de posit and
Wielis³aw Z³otoryjski quarry on a strati graphic chart (af ter In ter na tional Com mis sion on Stra tig ra phy, 2014).
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Ta ble 2

             SHRIMP U-Pb anal y ses of zir cons from the ¯eleŸniak and Bukowinka in tru sions in the 

Labels
U

ppm
Th

ppm
Th/U ±

Pb*
ppm

204Pb
ppb

204Pb/
206Pb

± f206Pb%
208Pb/
206Pb

±
208Pb/
232Th

±

B5-1.1 366 132 0.361 0.001 18 2 0.000124 0.000053 0.226 0.1136 0.0040 0.0150 0.0005

B5-2.1 719 230 0.320 0.002 35 2 0.000071 0.000023 0.131 0.0981 0.0016 0.0152 0.0003

B5-3.1 509 477 0.936 0.005 29 1 0.000026 0.000014 0.047 0.2891 0.0030 0.0154 0.0002

B5-4.1 623 171 0.275 0.001 31 2 0.000080 0.000030 0.146 0.0865 0.0018 0.0159 0.0004

B5-5.1 597 160 0.269 0.001 29 1 0.000020 0.000020 0.037 0.0808 0.0026 0.0151 0.0005

B5-6.1 569 399 0.701 0.004 31 0 0.000015 0.000007 0.027 0.2153 0.0025 0.0152 0.0003

B5-7.1 286 157 0.548 0.004 15 1 0.000122 0.000048 0.222 0.1738 0.0048 0.0156 0.0005

B5-8.1 504 230 0.457 0.003 26 6 0.000261 0.000071 0.478 0.1421 0.0039 0.0156 0.0005

B5-9.1 551 230 0.417 0.004 27 7 0.000304 0.000058 0.555 0.1222 0.0029 0.0141 0.0004

B5-10.1 335 233 0.695 0.005 18 1 0.000041 0.000054 0.075 0.2090 0.0036 0.0152 0.0003

R6-1.1 680 444 0.654 0.003 34 8 0.000281 0.000051 0.515 0.2127 0.0029 0.0149 0.0002

R6-2.1 423 156 0.368 0.002 21 1 0.000064 0.000033 0.118 0.1161 0.0023 0.0155 0.0004

R6-3.1 454 96 0.211 0.001 22 1 0.000029 0.000041 0.054 0.0665 0.0021 0.0157 0.0005

R6-4.1 383 401 1.048 0.026 22 10 0.000638 0.000158 1.168 0.3033 0.0084 0.0143 0.0008

R6-5.1 412 92 0.223 0.002 20 1 0.000082 0.000047 0.151 0.0690 0.0027 0.0154 0.0007

R6-6.1 467 400 0.858 0.004 23 48 0.002620 0.000301 4.792 0.2393 0.0126 0.0121 0.0007

R6-7.1 1432 1520 1.061 0.004 49 360 0.007910 0.000386 14.468 0.2062 0.0163 0.0062 0.0005

R6-8.1 1279 703 0.550 0.002 67 17 0.000313 0.000058 0.572 0.1694 0.0033 0.0153 0.0003

R6-9.1 442 134 0.304 0.002 22 1 0.000054 0.000028 0.099 0.0964 0.0022 0.0157 0.0004

R6-10.1 643 513 0.799 0.003 36 0 0.000002 0.000003 0.004 0.2535 0.0026 0.0158 0.0002

R6-11.1 464 106 0.229 0.001 22 1 0.000063 0.000028 0.116 0.0695 0.0018 0.0152 0.0004

R6-12.1 635 319 0.502 0.002 33 3 0.000093 0.000032 0.171 0.1557 0.0021 0.0154 0.0002

R6-13.1 799 403 0.504 0.009 40 6 0.000185 0.000054 0.339 0.1312 0.0026 0.0129 0.0005

R8-1.1 957 425 0.444 0.002 48 6 0.000152 0.000054 0.278 0.1372 0.0031 0.0150 0.0004

R8-2.1 421 411 0.977 0.012 25 6 0.000319 0.000089 0.583 0.3024 0.0055 0.0157 0.0005

R8-3.1 705 313 0.444 0.003 42 336 0.007666 0.000712 13.908 0.0796 0.0349 0.0112 0.0049

R8-4.1 932 295 0.316 0.002 46 3 0.000076 0.000023 0.14 0.0946 0.0017 0.0149 0.0003

R8-4.2 1029 350 0.340 0.001 51 2 0.000044 0.000024 0.081 0.1073 0.0020 0.0157 0.0003

R8-5.1 895 452 0.506 0.002 46 2 0.000045 0.000019 0.083 0.1582 0.0019 0.0156 0.0002

R8-6.1 816 683 0.836 0.004 44 20 0.000577 0.000068 1.055 0.2488 0.0048 0.0144 0.0003

R8-7.1 750 309 0.412 0.002 38 5 0.000166 0.000060 0.304 0.1294 0.0029 0.0155 0.0004

R8-8.1 696 283 0.407 0.001 38 3 0.000082 0.000027 0.149 0.1254 0.0019 0.0167 0.0003

R8-9.1 834 247 0.296 0.001 43 43 0.001118 0.000190 2.045 0.0876 0.0076 0.0157 0.0014

R8-10.1 267 165 0.619 0.004 26 2 0.000079 0.000037 0.141 0.1988 0.0029 0.0294 0.0005

R8-11.1 1490 326 0.219 0.001 78 3 0.000038 0.000013 0.069 0.0685 0.0009 0.0170 0.0002

W4-1.1 372 147 0.396 0.002 17 1 0.000057 0.000032 0.105 0.1221 0.0028 0.0143 0.0004

W4-2.1 783 529 0.676 0.003 34 95 0.003252 0.000338 5.956 0.1914 0.0138 0.0116 0.0009

W4-3.1 215 169 0.785 0.005 12 0 0.000020 0.000010 0.037 0.2558 0.0071 0.0157 0.0005

W4-4.1 362 261 0.720 0.006 19 1 0.000080 0.000045 0.147 0.2207 0.0034 0.0145 0.0003

W4-5.1 90 39 0.432 0.003 4 0 0.000126 0.000107 0.231 0.1300 0.0061 0.0148 0.0007

W4-6.1 714 392 0.548 0.002 35 1 0.000046 0.000025 0.085 0.1729 0.0045 0.0149 0.0004

W4-7.1 257 277 1.077 0.005 14 2 0.000150 0.000066 0.275 0.3385 0.0049 0.0146 0.0003

W4-8.1 116 55 0.468 0.003 6 0 0.000009 0.000007 0.017 0.1552 0.0051 0.0156 0.0006

W4-9.1 293 83 0.284 0.006 14 4 0.000321 0.000121 0.588 0.0892 0.0067 0.0149 0.0012

W4-10.1 796 484 0.608 0.002 41 3 0.000084 0.000029 0.154 0.1907 0.0021 0.0150 0.0002

W4-12.1 253 210 0.833 0.004 13 5 0.000455 0.000101 0.833 0.2503 0.0056 0.0143 0.0004

W4-13.1 210 140 0.667 0.006 11 3 0.000405 0.000108 0.742 0.2049 0.0062 0.0146 0.0005
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Ta ble 2

Radzimowice de posit and from the "Organy" ex po sure at Wielis³aw Z³otoryjski                 

206Pb/
238U

±
207Pb/
235U

±
207Pb/
206Pb

±

Apparent ages (Ma)
208Pb/
232Th

±
206Pb/
238U

±
207Pb/
235U

±
207Pb/
206Pb

±

0.0477 0.0003 0.346 0.009 0.0526 0.0013 301.2 10.8 300.1 1.9 301.5 6.8 312.2 56.4

0.0496 0.0003 0.356 0.006 0.0520 0.0008 305.1 5.5 312.2 2.0 309.0 4.5 284.8 33.4

0.0500 0.0005 0.368 0.010 0.0535 0.0012 309.6 4.7 314.4 3.0 318.4 7.2 348.0 53.4

0.0504 0.0003 0.356 0.007 0.0512 0.0010 318.0 6.9 316.9 2.0 309.1 5.4 250.9 43.2

0.0503 0.0004 0.364 0.006 0.0525 0.0007 303.1 9.9 316.2 2.2 315.2 4.5 308.1 32.3

0.0495 0.0005 0.367 0.006 0.0538 0.0007 304.7 5.1 311.3 3.2 317.2 4.7 361.0 28.6

0.0493 0.0006 0.354 0.011 0.0521 0.0015 313.5 9.7 310.2 3.9 307.9 8.6 290.5 64.9

0.0502 0.0005 0.351 0.011 0.0508 0.0015 312.9 9.2 315.6 3.0 305.8 8.3 231.5 67.1

0.0481 0.0005 0.336 0.009 0.0507 0.0012 283.1 7.7 302.8 2.9 294.2 6.9 226.2 56.0

0.0507 0.0006 0.353 0.010 0.0505 0.0012 305.8 6.8 318.9 3.8 307.2 7.3 219.5 54.8

0.0458 0.0003 0.327 0.007 0.0518 0.0010 299.0 4.7 288.6 2.0 287.4 5.4 277.4 45.0

0.0492 0.0004 0.364 0.010 0.0536 0.0014 311.4 6.9 309.8 2.6 315.1 7.8 354.6 60.5

0.0500 0.0005 0.360 0.009 0.0523 0.0011 315.6 10.5 314.4 3.1 312.6 6.6 299.1 48.8

0.0492 0.0020 0.341 0.025 0.0502 0.0028 286.0 15.7 309.7 12.4 297.7 18.9 204.3 133.0

0.0497 0.0008 0.358 0.011 0.0522 0.0013 308.4 12.9 312.9 4.7 310.5 8.3 292.3 58.4

0.0434 0.0004 0.345 0.031 0.0578 0.0051 243.0 13.0 273.6 2.5 301.2 23.8 520.6 206.7

0.0317 0.0003 0.241 0.029 0.0550 0.0066 124.2 9.9 201.3 1.9 219.0 24.3 413.5 294.0

0.0497 0.0003 0.369 0.008 0.0538 0.0010 307.4 6.4 312.9 2.1 319.0 5.8 363.8 44.1

0.0494 0.0005 0.365 0.011 0.0536 0.0014 314.3 8.1 310.8 3.1 315.8 7.9 352.5 59.9

0.0498 0.0003 0.365 0.005 0.0531 0.0006 316.8 4.0 313.3 2.0 315.8 3.8 334.2 26.2

0.0500 0.0003 0.354 0.006 0.0513 0.0008 304.8 8.1 314.8 1.8 307.5 4.7 252.6 36.9

0.0495 0.0003 0.356 0.010 0.0521 0.0013 308.2 4.9 311.7 2.1 309.2 7.3 290.0 59.5

0.0496 0.0014 0.347 0.013 0.0508 0.0011 259.0 10.0 312.0 8.4 302.8 9.8 232.1 51.1

0.0486 0.0003 0.347 0.008 0.0517 0.0011 301.5 7.1 306.1 1.7 302.3 5.9 272.4 49.2

0.0507 0.0010 0.367 0.014 0.0525 0.0016 314.7 9.1 318.7 6.1 317.4 10.6 308.3 72.8

0.0624 0.0015 0.244 0.113 0.0284 0.0130 224.6 98.2 390.1 9.3 221.9 96.7 0.0 0.0

0.0498 0.0005 0.354 0.006 0.0515 0.0007 299.1 6.0 313.3 2.8 307.6 4.4 264.5 29.3

0.0498 0.0003 0.366 0.007 0.0533 0.0009 315.4 6.2 313.2 1.9 316.8 5.3 343.4 40.4

0.0497 0.0004 0.368 0.008 0.0536 0.0010 312.3 4.6 312.9 2.5 318.0 6.0 355.2 44.4

0.0485 0.0004 0.351 0.011 0.0525 0.0016 289.6 6.1 305.3 2.3 305.5 8.6 307.2 70.7

0.0493 0.0004 0.371 0.009 0.0546 0.0012 310.7 7.4 310.3 2.3 320.7 6.7 396.3 50.1

0.0543 0.0004 0.397 0.010 0.0530 0.0012 335.0 5.8 340.7 2.5 339.1 7.0 328.2 50.5

0.0529 0.0004 0.390 0.024 0.0534 0.0032 314.4 27.2 332.3 2.2 334.0 17.7 346.3 142.3

0.0915 0.0009 0.777 0.015 0.0616 0.0010 585.6 10.6 564.3 5.0 584.0 8.7 661.5 34.4

0.0543 0.0003 0.397 0.005 0.0530 0.0005 341.0 4.9 341.1 1.7 339.7 3.3 330.0 21.7

0.0464 0.0004 0.335 0.010 0.0523 0.0014 287.6 7.0 292.7 2.5 293.3 7.3 298.2 60.2

0.0409 0.0005 0.293 0.033 0.0521 0.0058 232.5 16.9 258.1 3.0 261.1 26.2 287.7 272.9

0.0481 0.0005 0.356 0.008 0.0537 0.0011 314.0 9.4 302.6 2.9 309.1 6.2 358.7 45.1

0.0471 0.0006 0.338 0.009 0.0521 0.0011 290.1 6.2 297.0 3.7 296.0 6.7 288.0 48.5

0.0490 0.0007 0.359 0.019 0.0532 0.0026 295.9 14.5 308.1 4.2 311.6 14.4 337.8 116.3

0.0472 0.0003 0.339 0.006 0.0522 0.0008 298.2 8.1 297.0 1.9 296.6 4.6 293.8 36.0

0.0463 0.0004 0.340 0.011 0.0533 0.0016 292.2 5.2 291.8 2.7 297.5 8.3 342.9 68.1

0.0472 0.0006 0.360 0.014 0.0554 0.0019 313.2 11.3 297.0 3.8 312.4 10.3 429.3 77.8

0.0473 0.0008 0.329 0.017 0.0505 0.0024 298.6 23.8 298.1 4.8 289.1 13.2 217.2 113.7

0.0477 0.0003 0.355 0.006 0.0540 0.0009 300.1 3.8 300.1 1.8 308.5 4.8 372.7 36.8

0.0477 0.0004 0.323 0.018 0.0491 0.0027 287.6 7.0 300.2 2.6 284.2 14.2 154.4 133.8

0.0474 0.0007 0.346 0.017 0.0530 0.0023 292.6 10.1 298.7 4.3 302.0 12.6 327.0 102.5



ex po sure in Wielis³aw Z³otoryjski, on the SE mar gin of the
North-Sudetic Ba sin (Fig. 10), is roughly com pa ra ble to zir -
con ages pre vi ously mea sured (Szczepara et al., 2011;
Awdankiewicz et al., 2014) on rhy o lite from the "Organy"
ex po sure (ca. 293 ± 2 Ma) and the rhy o lite flow ex posed at
Dynowice (294 ± 3 Ma). Dur ing the sec ond cy cle of the
Rotliegende, deep re gional frac tures formed and al lowed
the em place ment of rhy o lite magma and an de site lavas in
the Wielislaw Z³otoryjski area (Milewicz, 1987).

Dur ing its Car bon if er ous–Perm ian tran si tion from a
post-collisional to a within-plate set ting, the east ern part of
the Eu ro pean Variscides was the site of rapid con ti nen tal
ex ten sion, up lift and deep frac tur ing (Mazur et al., 2007).
This is ev i denced by the geo chem i cal char ac ter is tics of the
Variscan gran ites from the re gion of the Kaczawa Moun -
tains: the com po si tions of the Karkonosze and ¯eleŸniak
(Bukowinka) gran ites plot in the late- and post-collisional
gran ite fields, and most of the Strzegom–Sobótka gran ites
in the within-plate gran ite field (Mikulski and Stein, 2005;
Mikulski, 2007). This find ing is con sis tent with the tec tonic
in ter pre ta tion of the area pre sented by Awdankiewicz
(1999), namely that the older calc-al ka line vol ca nic suite of
late Car bon if er ous age from the Intra-Sudetic Ba sin formed
in a post-collisional tec tonic set ting in tran si tion to a within- 
plate set ting. This early vol ca nism oc curred near the north -
ern mar gin of the Intra-Sudetic Ba sin. The age of 310 ± 4

Ma for the Che³miec in tru sion (Awdankiewicz and Kryza,
2010a) cor re sponds to the mid dle of the Late Car bon if er ous
(Westphalian/Moscovian). Rhyolitic tuffs from Góry Suche 
in the Intra-Sudetic Ba sin have a SHRIMP zir con age of
300 ± 4 Ma (lat est Car bon if er ous – Stephanian), pos si bly
indicating that the cli mac tic stage of vol ca nism in the Intra-
Sudetic Ba sin oc curred about 10 My ear lier (Awdankiewicz 
and Kryza, 2010b). 

The tran si tion from a post-collisional to within-plate
set ting was fa vor able for the for ma tion of epi ther mal Au
min er al iza tion in up lifted ar eas of the Kaczawa Moun tains.
The sec ond stage of epi ther mal ore pre cip i ta tion in the
Radzimowice de posit, with base-metal sulphides, car bon -
ates and Bi-Te-Ag-Au min er als, post dated em place ment of
an de site and lam pro phyre dykes at about 312 Ma. The zir -
con data from the ZI, BI and WZ sug gest that the shift in
geotectonic set ting oc curred over a pe riod of 15–20 Ma, be -
tween 315 and 298 Ma (Fig. 14).

CON CLU SIONS

Three mag matic pulses within the Palaeozoic Kaczawa
Meta mor phic Com plex in the mar ginal zones of the Hercynian
intramontane bas ins in the east ern part of the Saxothuringian
Zone of the Sudetes have been de scribed more pre cisely.
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Fig. 14. Up dated sche matic di a gram of for ma tion of gold de pos its in the Kaczawa Moun tains dur ing the Late Car bon if er ous to Early
Perm ian (af ter Mikulski, 2007) with mod i fi ca tion of gen eral model af ter Müller and Groves (2000). A. Kaczawa Meta mor phic Com plex
(KMC) formed an accretionary prism as a re sult of terrane col li sion with the Bo he mian Mas sif. Post-collisional calc-al ka line gra nitic
mag mas (ca. 315 Ma) in truded the KMC in the up lifted orogen. In the up per crust, com pos ite rhy o lite laccoliths in truded the Radzimowice 
de posit. Then post-mag matic hy dro ther mal flu ids formed mesothermal au rif er ous sul phide-bear ing quartz veins (Au1). At about 312 Ma,
the re gional tec tonic move ments be came extensional, be gin ning with the de vel op ment of deep frac tur ing and the for ma tion of grabens and 
horsts within the KMC base ment, start ing to form the Hercynian intramontane bas ins. The area was up lifted and dykes and veins of lam -
pro phyre (gen er ally of man tle-de rived ma te rial) and an de site (from the rem nant fel sic melts) were formed. They were ac com pa nied by
hy dro ther mal pro cesses re spon si ble for the epi ther mal base metal sul phide min er al iza tion with the paragenetic as so ci a tion of Te-Bi-
Ag-Au min er als (Au2 stage). B. Dur ing the Late Car bon if er ous to Early Perm ian (ca. 315–297 Ma), there was a tran si tion from a
post-collisional con ti nen tal set ting to a within-plate set ting (Autunian). That was ac com pa nied by re gional tec ton ics and vol ca nic pro -
cesses, that were re spon si ble for the au rif er ous min er al iza tion at Wielis³aw Z³otoryjski (Au3, ca. 298 Ma).



The dat ing of three ig ne ous rock sam ples from the
Radzimowice vein-type Au-bear ing polymetallic sul phide
de posit in the Kaczawa Moun tains shows that they were in -
truded in two sep a rate pulses. The older pulse is rep re sented 
by a rhy o lite por phyry at Bukowinka Hill, in truded at 314.9
± 3.1 Ma. It is sim i lar in age to monzogranites and a rhyo-
dacite por phyry from the ¯eleŸniak in tru sion, pre vi ously
dated by Machowiak et al. (2008), at 316.7 ± 1.6 Ma and
315.0 ± 2.1 Ma, re spec tively. This pulse is as so ci ated with
the first stage of ore pre cip i ta tion, rep re sented mainly by
mesothermal sul phide min er al iza tion (Co-ar seno py rite and
py rite) with re frac tory Au. 

The first stage of ore min er al iza tion in the Radzimo-
wice de posit was sub jected to strong cataclasis and later
over printed by base-metal sulphides and mi cro scopic Au, as -
so ci ated with quartz and car bon ates. Lam pro phyre and por -
phy ritic an de site dykes (312.8 ± 2.8 Ma and 312.4 ± 4 Ma,
re spec tively) post date the first stage of au rif er ous sul phide
min er al iza tion and are spa tially as so ci ated with quartz veins.

A rhy o lite por phyry in the "Organy" ex po sure at Wieli-
s³aw Z³otoryjski on the SE mar gin of the North-Sudetic Ba -
sin yielded a zir con age of 297.5 ± 2.8 Ma, which is roughly
com pa ra ble with the age of 292.8 ± 2.1, re ported by Awdan- 
kiewicz et al. (2014).

The geo chem i cal char ac ter is tics of the calc-al ka line ig -
ne ous rocks from the ¯eleŸniak and Bukowinka in tru sions
stud ied in di cate a post-collisional arc set ting and those from 
the Wielis³aw Z³otoryjski rhy o lite, a within-plate set ting.
These two sep a rate sub-vol ca nic calc-al ka line in tru sions
and dykes were emplaced at about 315–312 Ma and about
298 Ma, re spec tively. The mag matic ep i sodes lasted about
15 Ma and re cord a geotectonic tran si tion from post-colli-
sional em place ment of sub-vol ca nic rhyodacite por phy ries
(the ¯eleŸniak and Bukowinka in tru sions), to a within-plate
set ting of sub-vol ca nic por phy ries at Wielis³aw Z³otoryjski
on the mar gin of the Hercynian intramontane North-Sudetic 
Ba sin, in this seg ment of the Cen tral Eu ro pean Variscides.

The post-mag matic hy dro ther mal ac tiv ity that pro duced 
vein-type polymetallic au rif er ous ore min er al iza tion, in in ti -
mate con tact with the rhy o lite por phyry at Wielis³aw Z³oto-
ryjski, might have be gun in the Early Perm ian, but this has
yet to be con firmed.
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