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Granitoids from the Graniec–Bardo and Myszak apophyses of the K³odzko–Z³oty Stok (KZS) Gran ite Pluton that in trude the
Up per Pa leo zoic flysch of the Bardo Unit have zir con U-Pb ages, mea sured by SHRIMP, of 341.6 ± 2.8 Ma and 341.4 ±
2.2 Ma, re spec tively. These re sults aug ment our pre vi ous dat ing  that re corded a short pe riod of Middle Mis sis sip pian
(Visean) hypa bys sal magmatism that pro duced a va ri ety of KZS ig ne ous rocks of dif fer ent com po si tions be tween ca. 341
and 331 Ma. The Graniec–Bardo and Myszak apophyses be long to the ear li est stage of the pluton em place ment. Geo chem i -
cal and petrographic stud ies of the dated sam ples in di cate that they are bi o tite- and hornblende-rich tonalite and
syenogabbro of di verse com po si tion and typ i cal of rocks orig i nat ing from hy brid mag mas formed in the geotectonic tran si tion 
from an early stage collisional granitoid em place ment to its fast orogenic up lift. The polymetallic au rif er ous ore mineralisation 
of con tact metasomatic type found in in ti mate con tact with the Graniec–Bardo apophysis near Bardo Œl¹skie may also be of
Visean age. 

Key words: Variscan granitoids, apophyses, zir con, SHRIMP geo chron ol ogy, Sudetes.

INTRODUCTION

In this pa per, we pres ent new geo chron ol ogi cal data for ig -
ne ous rocks col lected from the west ern parts of the
K³odzko–Z³oty Stok (KZS) Gran ite Pluton. These re sults sup -
ple ment SHRIMP (Sen si tive high-res o lu tion ion microprobe)
zir con U-Pb dat ing from the KZS that we have al ready pub -
lished (Mikulski et al., 2013). That dat ing showed that ig ne ous
zir con re corded hypa bys sal magmatism that pro duced var i ous
granitoids and lam pro phyres that were emplaced from ca. 341
to 331 Ma. Un til now, the ear li est re corded phases of
magmatism in the re gion were rep re sented by the quartz
monzodiorite from ̄ elazno (340.2 ± 2.5 Ma; Z248 – see sam ple 
lo ca tion on Fig. 1), the hornblende monzonite from Droszków
(339.5 ± 2.8 Ma; D148), and the bi o tite-hornblende granodiorite 
from Chwalis³aw (336.7 ± 2.3 Ma; M10). Given the an a lyt i cal
un cer tain ties, how ever, these age es ti mates are mu tu ally in dis -
tin guish able. Slightly later magmatism was rep re sented by the
tonalite from Ptasznik Hill (331.5 ± 2.6 Ma; P9) and the cross -
cut ting spessartite dyke from Chwalis³aw (M11), 333.1 ± 3.1 Ma 
(Mikulski et al., 2013). These re sults to gether with geo chem i cal
data al lowed us to as sign the KZS granitoids to the older group

of Variscan syn-collisional granitoids emplaced in the Sudetic
Block in the Car bon if er ous (Tournaisian–Visean), ca. 40 Ma
ear lier than had pre vi ously been pro posed based on K-Ar dat -
ing (Depciuch, 1972). 

GEOLOGICAL SETTING OF THE K£ODZKO–Z£OTY 
STOK GRANITE PLUTON

The K³odzko–Z³oty Stok (KZS) Gran ite Pluton is ex posed in
the east ern part of the Sudetic Block which con sti tutes the east -
ern pro lon ga tion of the Saxothuringian Zone within the Cen tral
Eu ro pean Variscides on the north ern mar gin of the Bo he mian
Mas sif (Franke and ¯elaŸniewicz, 2000). To the north, the KZS
pluton is sep a rated from the Fore-Sudetic Block by the Mar ginal 
Sudetic Fault. The KZS is bor dered on the NW and W by the
Bardo Struc ture, con sist ing mainly of allochthonous and mi nor
autochthonous suc ces sions of al tered De vo nian to Car bon if er -
ous (Mis sis sip pian) sed i men tary rocks (Oberc, 1972; Turnau et
al., 2002) and by the K³odzko Meta mor phic Unit. The main de -
for ma tion in the area oc curred at the turn of the Mid dle to Late
De vo nian, fol lowed shortly there af ter by re gional up lift and a
suc ces sion of tec tonic ac tiv i ties in the Car bon if er ous (Mazur et
al., 2006). The KZS is bounded to the SE by the NE part of the
Orlica–Œnie¿nik Dome. Along the east ern mar gin of the pluton
is the Z³oty Stok–Skrzynka Shear Zone, a belt of blasto -
mylonites, mylonites, cataclasites, gneiss es and schists,
formed dur ing Variscan de for ma tion (Cymerman, 1996). The
roof of the KZS pluton is pre served as ir reg u larly dis trib uted rel -
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ics of Early Pa leo zoic vol ca nic and sed i men tary rocks re lated to 
the L¹dek–Œnie¿nik Meta mor phic Com plex (Wojciechowska,
1975). The sed i men tary rocks en close mafic and fel sic in ter ca -
la tions. They are re gion ally meta mor phosed to am phi bo lite fa -
cies, and then con tact meta mor phosed by the KZS in tru sion.

The KZS pluton formed from I-type magma. It is com posed
mostly of high-K, metaluminous, bi o tite- and hornblende-rich
granitoids of var i ous com po si tions rang ing from granodiorite to
monzonite (Wierzcho³owski, 1976; Lorenc, 1994; Bachliñski
and Bagiñski, 2007; Mazur et al., 2007; Mikulski et al., 2013).
The pluton con tains rare xe no liths of meta mor phic rocks and
abun dant mafic en claves (Wierzcho³owski, 1976). Mix ing be -
tween mafic and fel sic com po nents was ubiq ui tous; lay er ing
and cu mu late tex tures are vis i ble lo cally, and in ter ac tion be -
tween the granitoids and xe no liths is com mon near the con tacts 
be tween the granitoids and their host rocks (Lorenc, 1994).
SHRIMP zir con U-Pb dat ing of ig ne ous rocks from the KZS in -
di cates that the granitoids and lam pro phyres were in truded in
the Car bon if er ous (Mid dle Mis sis sip pian–Visean) from ca. 341
to 331 Ma (Mikulski et al., 2013). The mag matic ep i sode lasted
ca. 10 Ma and was con cur rent with orogenic up lift and cool ing.
Sub se quent mag matic ac tiv ity formed dykes of melanocratic
and leucocratic rocks, and was fol lowed by hy dro ther mal ac tiv -
ity re spon si ble for quartz vein for ma tion (Wierzcho³owski, 1977; 
2003; Cwojdziñski, 1981; Awdankiewicz, 2007; Awdankiewicz
et al., 2010). The KZS con tact-metasomatic au re ole is com -
posed mainly of gar net-cor di er ite hornfels, hercynite-co run dum 
hornfels, skarns, skarnoids, mar bles and var i ous pyro -
xene-plagioclase rocks (Wierzcho³owski, 1976). Strong con tact 
metasomatic pro cesses at the same time were re spon si ble for
the lo cal metasomatic min er ali sa tion (schee lite-ti tan ite) such as 

that at the Ptasznik pros pect (Mikulski, 1999, 2000) and au rif er -
ous skarn min er ali sa tion in the Z³oty Stok Au-As de posit
(Mikulski, 1996a, b, 1999; Mikulski and Speczik, 2008) or near
Bardo Œl¹skie (Mikulski, 1998).

METHODS AND MATERIALS

Sam ples of quartz monzodiorite and monzonite for geo -
chron ol ogi cal, petrographic and geo chem i cal study were col -
lected from two dif fer ent places in the west ern parts of KZS
Gran ite Pluton (Fig. 1). Ma jor el e ment con tents of the sam ples
were mea sured at the PGI–NRI by wave length dispersive X-ray 
flu o res cence tech niques on glass beads, and mi nor and trace
el e ments by WDS-XRF on pow der pel lets us ing a PW-2400
Philips and by di ges tion ICP-AES tech niques. The con di tions of 
the mea sure ments for ma jor ox ides and trace el e ments were as 
fol lows: 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. On the geo chem i cal di a -
gram, these anal y ses are plot ted along with data from 48
whole-rock ma jor el e ment anal y ses com piled from Borkowska
(1957), Pendias and Maciejewski (1959), Wierzcho³owski
(1976), Lorenc (1991) and Mikulski et al. (2013). The cur rent
data are listed in Ta ble 1.

Min eral phases from two se lected sam ples (KZ50 and
KZ54) were ana lysed by XRD in the PGI-NRI lab o ra tory us ing
the X’Pert PW 3020 by Philips. The mea sure ment con di tions
were: wave length K-Al pha (1: 1.54056 A), K-Al pha (2:
1.54439 A), K-Alpha2/K-Al pha (1), in ten sity ra tio (0.5000) and
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Fig. 1. Sim pli fied geo log i cal map of the K³odzko–Z³oty Stok Gran ite Pluton and its en vi rons
(ac cord ing to Sawicki, 1980, mod i fied) with lo ca tions of the gran ite sam ples col lected for

SHRIMP zir con anal y sis

MSF – Mar ginal Sudetic Fault
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K-Beta (1.39222 A). Peak search pa ram e ters set de fined by
(PC-APD): min i mum of 2nd de riv a tive, min i mum peak tip width
– 2Theta (0.00 and 1.00), peak base width – 2Theta (2.00), and
min i mum sig nif i cance – 0.75.

Two rep re sen ta tive sam ples of out crop ping gran ite
apophyses were se lected for SHRIMP zir con dat ing: tonalite
(KZ50) from the NW slope of Kalwaria Hill near Bardo Œl¹skie,
and syenogabbro (KZ54) from the south ern slope of Myszak Hill
east of Dêbowina vil lage (Fig. 2). Ap prox i mately 5 kg of rock
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 by meth ods de -
scribed by Wil liams (1998, and ref er 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 K.
Lud wig. In di vid ual anal y ses are 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). Cor rec tions for com mon Pb were made
us ing 204Pb for the plots and 207Pb for the age cal cu la tions.

GEOLOGICAL SETTING OF THE STUDIED AREA

The sam ples col lected for SHRIMP zir con U-Pb dat ing were 
lo cated in the west ern parts of the KZS Gran ite Pluton (KZS;
Fig. 1). The first sam ple was col lected from out crops of the
Graniec–Bardo apophysis from the west ern slopes of Kalwaria
Hill and the sec ond sam ple from the apophysis of Myszak Hill
(Fig. 2). The Graniec–Bardo apophysis is ca. 5 km in length, but 
not fully ex posed. It is the most north west erly apophysis of the
KZS. The apophysis is com posed of dark grey me dium- and
fine-grained tonalite and granodiorite (Wierzcho³owski, 1969).
The in tru sion near Bardo Œl¹skie is tri an gu lar in shape, with the
top ori ented to the SE. The tri an gu lar out crop area is ca. 250 m
wide and ca. 900 m high (Oberc, 1957). Ac cord ing to Finckh
(1929) the granitoids are cut on the W and NW side by faults,
and on the E are in con tact with al tered Car bon if er ous
greywackes of the culm fa cies. On the geo log i cal map of Oberc
et al. (1994) the Graniec–Bardo apophysis is shown cut ting the
Up per De vo nian Miko³ajów Schist For ma tion and Visean flysch
that con sists of mudstones, claystones and greywacke sand -
stones of the un di vided Srebrna Góra, Czerwieñczyce and
Opolnica for ma tions. The Graniec–Bardo apophysis di rectly in -
truded the the Dzbanów Syncline in the north and the Jod³owa
Syncline in the south (Fig. 3; Oberc, 1972). The Miko³ajów
Schist For ma tion here con sists of claystones, mudstones and
si li ceous schists (Oberc et al., 1994). The Miko³ajów schists are
strongly folded and to gether with the Mis sis sip pian rocks form
nappes which out line a nar row sec ond ary synclinal fold ing
(Oberc, 1972). These folds have WNW–ESE axes and south -
ern vergence. Nu mer ous am phi bo lite and hornfels en claves
have been de scribed within tonalites from Bardo Œl¹skie
(Wierzcho³owski, 1976). The en claves are small, and mostly el -
lip soi dal or of disc shape. The small am phi bo lite en claves are
strongly granitised and char ac ter ized by min eral com po si tions
match ing those of the tonalite host. The big ger dis coid en claves 
pre serve rel ict struc tures of am phi bo lites. They are char ac ter -
ized by higher con tents of hornblende and bi o tite, and lower
con tents of quartz and microcline, com pared to the tonalite.
Siliciclastic schists or claystones and mudstones are found near 
the con tacts with the apophysis. Cono donts show that at least
some of these rocks are of Famennian age (ca. 370–360 Ma)
and the pres ence of abun dant radiolaria sug gests an abys sal
sed i men tary en vi ron ment (Haydukiewicz, 1974).

Au rif er ous min er ali sa tion has been dis cov ered along the
Bardo–Graniec apophysis in the area near Bardo Œl¹skie
(Mikulski, 1999). The ore min er ali sa tion is of a con tact
metasomatic type, but the pre cise po si tion and ge om e try of the
ores and gold re serves are not de fined yet. Gold-bear ing sul fide 
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Ma jor ox ides and el e ment 
[wt.%]

Sam ple #

KZ50 KZ54 KZ54/B

SiO2 62.98 49.71 49.66

TiO2   0.59   0.87   0.88

Al2O3 16.55 20.51 21.03

Fe2O3   5.72   8.21   8.01

MnO 0.1   0.15   0.14

MgO   2.19   4.97   4.85

CaO 3.6   9.57   9.28

Na2O   3.36   2.96   2.97

K2O   2.59   1.08   1.16

P2O5   0.11   0.13   0.15

SO3   0.08 <0.01 <0.01

Cl   0.03   0.03   0.04

F <0.01 <0.01 <0.01

LOI   1.99   1.75   1.75

To tal 99.89 99.94 99.92

Trace el e ment [ppm]

  As     8     7 6

  Ba 464 119 128

  Bi   <3   <3 <3

  Br     3     4 3

  Cd     6     5 6

  Ce   40     9 9

  Co   18   20 22

  Cr   <5   67 62

  Cu   18   26 29

  Ga   16   19 18

  Hf     5   <3 <3

  La   20     7 8

  Mo   <2   <2 <2

  Nb     9     7 8

  Ni     4   19 21

  Pb   11   10 11

  Rb   82   40 38

  Sn   <2   <2 <2

  Sr 252 363 349

  Th   10   <3 <3

  U     4     3 3

  V 103 145 153

  Y   24   14 16

  Zn   49   68 65

  Zr 149   72 74

T a  b l e  1

Chem i cal anal y ses of granitoid sam ples from apophyses 
lo cated in the west ern part of the K³odzko–Z³oty Stok

 Gran ite Pluton
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Fig. 2. Geo log i cal map of the set ting of the apophyses  and sam pling sites in the west ern part
of the K³odzko–Z³oty Stok Pluton (KZS), ac cord ing to GaŸdzik (1957), Cwojdziñski (1974),

Emerle-Tubielewicz (1979) and Oberc et al. (1994)



min er ali sa tion (5–10 ppm Au) oc curs as quartz-car bon ate
lode/veins (?) within a WNW–ESE trending tec tonic zone that
sep a rates Up per De vo nian–Mis sis sip pian flysch of the Bardo
Unit from the Graniec–Bardo apophysis (Mikulski, 1998, 2005).
Car bon if er ous (Mis sis sip pian) greywackes un der went strong
metasomatic al ter ation such as sili ci fi ca tion, sulfidation,
carbonatisation, sericitisation, chloritisation and prehnitisation,
and have been changed by hy dro ther mal fluid mi gra tion con -
nected with the KZS.

The Myszak apophysis is lo cated ca. 2 km S of the
Graniec–Bardo apophysis in the west ern part of the KZS. The
Myszak apophysis, ca. 3.5 km long, in truded the sed i men tary
rocks of the Bardo Unit which are rep re sented by un di vided and 
in ter ca lated greywacke sand stones, mudstones, and clay
schists of Visean age and De vo nian sed i ments (Cwojdziñski,
1974; Emerle-Tubielewicz, 1979). De vo nian rocks are rep re -
sented by the Miko³ajów Schist For ma tion and Wojciechowice
Beds which are ex posed near Wojciechowice. These rocks
form folds of WNW–ESE to W–E ori en ta tion and have south ern 
vergence. Be tween the Myszak and Graniec–Bardo apophyses 
they form, in or der, the Janowiec Syncline, the £aszczowa
Anticline and on the south ern side of the Myszak apophysis, the 
Ostra Góra Anticline and K³apacz Syncline (Fig. 3; Oberc,
1972). The Myszak apophysis is aligned in con for mity with the
di rec tion of fold struc tures in this re gion (WNW–ESE;
Emerle-Tubielewicz, 1979). The apophyses in the west ern part
of the KZS cut folds (both synclinal- and an ti cli nal forms) which
were clas si fied as the Sudetic phase of the Variscan orog eny,
lead ing to the sug ges tion by Oberc (1957) that the in tru sions
were emplaced later, e.g., dur ing the Asturian Phase. 

De vo nian and Car bon if er ous sed i ments close to the con -
tacts with the granitoid apophyses un der went zonal con tact
meta mor phism, form ing hornfels. These rocks in clude dark
grey pinite-bi o tite hornfels as so ci ated with hornfels con tain ing
gar nets (Wierzcho³owski, 1976). The ma trix in light or dark grey
greywacke sand stones is strongly recrystallised. Sim i lar to the
al tered sand stones are strongly al tered fine-grained rocks of
dark grey or brown grey col our which dif fer in con tain ing
pyroclastic ma te ri als and lower con tents of rock frag ments. In
dark grey mudstones be side recrystallised fine-grained ma trix
of quartz-mica com po si tion ap pear iso met ric blasts of gar net
and K-spar. The width of the con tact au re ole along the
apophyses may reach up to a few kilo metres (Oberc, 1972;
Wierzcho³owski, 1976).

GEOCHEMICAL AND PETROGRAPHIC FEATURES
OF GRANITOID APOPHYSES

The granitoid sam ples from the Graniec–Bardo apophysis
stud ied here (e.g., KZ50) are dark grey, me dium- and
fine-grained, with hypidiomorphic-gran u lar tex ture, ran dom
struc ture and iso tro pic fab ric (Fig. 4A). They are com posed of
plagioclase, K-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 epidote (Fig. 4C, E). The grain size is 2–5 mm, but
gen er ally the K-spar and quartz is much finer than the
plagioclase. Hornblende may form ag gre gates which are sub -
ject to chloritisation and cal ci fi ca tion. 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 re -
place ments of plagioclase or infills mi cro-frac tures due to hy -
dro ther mal ac tiv ity. Based on de tailed petrographic stud ies of
the granitoids from the Bardo apophysis that show their low
con tent of microcline (<0.4.8 vol.%) and very high con tents of
plagioclase (46.9–58.0 vol.%) and quartz (17.9–29.7 vol.%),
Wierzcho³owski (1969) strongly ar gued for their clas si fi ca tion as 
tonalites.

The granitoid sam ple from the Myszak apophysis  (KZ54) is
dark grey, fine-grained of hypidiomorphic-gran u lar tex ture and
com posed of plagioclase, am phi bole (hornblende), bi o tite with
cal cite, chlorite and Ti- and Fe-ox ides (Fig. 4B, D, F). Our XRD
anal y ses of the KZ50 sam ple from the Graniec–Bardo
apophysis iden ti fied quartz, K-feld spar (orthoclase and
sanidine), plagioclase (an or thite, Na-an or thite and Ca-al bite),
am phi bole (Mg-hornblende) and traces (<2%) of cal cite and
clay min er als (Fe-chlorite and illite). In the KZ54 sam ple from
the Myszak apophysis plagioclase (Na-an or thite and mi nor al -
bite), am phi bole (Mg-hornblende), cal cite and mi nor
Fe-chlorites and illite were rec og nized.

The ma jor el e ment ox ides and trace el e ments for 3
apophysis sam ples are shown in Ta ble 1. KZ54 and KZ54/B
are low-SiO2 (ca. 50 wt.%) and K2O (ca. 1 wt.%) and high Al2O3

(ca. 21 wt.%), Fe2O3 (ca. 8 wt.%) and CaO (ca. 9 wt.%) rocks.
The sam pled rocks from the Graniec–Bardo and Myszak
apophyses on the (Na2O + K2O) vs. SiO2 di a gram plot in the
tran si tion be tween quartz diorite and granodiorite (KZ50) and
syenogabbro (KZ54 and KZ54/B) fields. On the R1 vs. R2 di a -
gram (Roche et al., 1980), these rocks plot as tonalite and ol iv -
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Fig. 3. Geo log i cal cross-sec tion of the KZS apophyses in the east ern 
part of the Bardo Unit (ac cord ing to Oberc, 1972)

ap M – Myszak apophysis; ap G-B – Graniec–Bardo apophysis; a £a – £aszczowa Anticline; a Osg – Ostra Góra Anticline; e Jn –
Janowiec el e ment; s Bg – Boguszyn Syncline; s Dw – Dzbanów Syncline; s Jo – Jod³owa Syncline; s Kz – K³apacz Syncline
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Fig. 4A, B – char ac ter is tic views of the ig ne ous rocks from the  apophyses in the west ern part of the K³odzko–Z³oty Stok Gran ite
Pluton, they are dark gray and me dium-grained rocks with hypidiomorphic-gran u lar tex ture, ran dom struc ture and iso tro pic fab ric; 
C, D and F – mi cro scope view of typ i cal oc cur rences of zir con grains  marked by ar rows (plane po lar ized light); E – il men ite re place -
ment by ti ta nium ox ides in re flected light

A, C, E – tonalite (KZ50) from the Graniec–Bardo apophysis; B, D, F – syenogabbro (KZ54) from the Myszak apophysis; Bt – bi o tite, Hbl
– hornblende; Ilm – il men ite; Pl – plagioclase; Ser – seri cite; Ti Ox – ti ta nium ox ides; Qtz – quartz; Zrn – zir con



ine gab bros (Fig. 5). KZ 50 sam ples have ma jor-ox ides con -
tents typ i cal for tonalites from KZS. Sam ples have low Ba, Rb,
Th and U con tents. If we com pare these re sults with other pub -
lished data we see that most of the KZS rocks are rep re sent ing
by granitoids of dif fer ent com po si tion such as tonalite, diorite,
monzodiorite, granodiorite and gab bros, which in di cate vari able 
source-rock com po si tions. On the di a gram of SiO2 vs. Na2O +
K2O, syenogabbro sam ples (KZ54 and KZ54/B) are lo cated in
the subalkaline field and the tonalite sam ple in the calc-al ka line
field and, on the SiO2 vs. K2O di a gram, apophysis sam ples plot
in the field of me dium potassic rocks. Zr/Nb val ues (ca. 10–17)
of the apophysis rocks are in dic a tive of their tran si tion po si tion
be tween calc-alkalic and tholeitic rocks. The A/CNK in dex of 2
for sam ples KZ54 and KZ54/B is close to the 1.1 line sep a rat ing 
I-type gran ite from S-type gran ite. For sam ple KZ50, the value
of this in dex is al most 1.2 and falls in the peraluminous field.
How ever, the av er age A/CNK co ef fi cient for the KZS ig ne ous
rocks of 0.95 (n = 68; range 0.70–1.30, Mikulski et al., 2013) al -
lows clas si fi ca tion as  I-type gran ite in the sense of Chappell
and White (1974) with metaluminous rocks in a dom i nant role
ac cord ing to the clas si fi ca tion of White and Chappell (1977).
The wide range of the A/CNK co ef fi cients is a char ac ter is tic fea -
ture of the KZS ig ne ous rocks, and in di cates dif fer ent magma
sources, mix ing and dif fer en ti a tion pro cesses re sult ing in
magma com po si tions tran si tional from mafic diorite to fel sic

gran ites (Wierzcho³owski, 1976). On the K/Rb vs. SiO2 di a gram
(cf. Blevin, 2003), three apophysis sam ples lie in the field of
mod er ately-evolved granitoids.

In terms of geotectonic set ting, the stud ied granitoids  plot in 
the is land arc (VAG) and syn-collisional (syn-COLG) gran ite
fields on the Y-Nb di a gram of Pearce et al. (1984) and they fall
in the collisional field on the Y + Nb vs. Rb plot (Pearce et al.,
1984). On the multicomponent dis crim i na tion di a gram R1 vs.
R2 (Bat che lor and Bowden, 1985), the tonalite and
syenogabbro fall like most of the KZS granitoids within the
pre-plate-col li sion group. The re main der  of the KZS granitoids
are tran si tional to the post-col li sion up lift group (Fig. 5; Mikulski
et al., 2013).

SHRIMP ZIRCON DATING

The first sam ple of tonalite (KZ50) from the Graniec–Bardo
apophysis was col lected from a small granitoid quarry lo cated
SE of Bardo Œl¹skie near the 7th Sta tion of the Cross lead ing to
the  Góra Kalwaria Hill (Figs. 1 and 2; KZ50 geo graphic co-or di -
nates are: N 50°30’01.3”, E 016°44’ 15.4”). The se lected zir con
grains from KZ50 are me dium to large (~100–200 µm di am e -
ter), glassy clear, pale brown ish, sharply euhedral crys tals with
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Fig. 5. Ig ne ous rocks of the K³odzko–Z³oty Stok Gran ite Pluton and mag matic as so ci a tions
 in the R1 vs. R2 multicationic plot of Bat che lor and Bowden (1985)

R1 = 4Si – 11(Na + K) – 2 (Fe + Ti); R2 = 6Ca + Mg + Al; 1 – tholeitic group (man tle fractionates), 2 – calc-al ka line and
trondhjemitic group (pre-col li sion of plates), 3 – high potassic calc-al ka line group (post-col li sion up lift), 4 – sub-al ka -
line monzonitic group (late-orogenic), 5 – al ka line and peralkaline group (anorogenic), 6 – anatectic two-mica
leucogranites (syn-col li sion), 7 – post-orogenic; black square – anal y ses from the pres ent study, grey cir cle – anal y -
ses from Mikulski et al. (2013), open cir cle – anal y ses from Borkowska (1957), Pendias and Maciejewski (1959),
Wierzcho³owski (1976) and Lorenc (1991)



mostly com plex crys tal forms ({110} and {211} faces) and low
as pect ra tios of 1–3. They have a small num ber of rel a tively
large rounded to amoeboid in clu sions, very few min eral in clu -
sions and very few frac tures. The grains show strong to very
strong cathodoluminescence re veal ing com plex but con sis tent
growth tex tures (Fig. 6). The cen tres of the grains are mostly
broadly zoned, with weak con cen tric zon ing and com mon sec -
tor zon ing. The outer parts of the grains in many cases show
finer con cen tric zon ing. There are no tex tur ally dis cor dant
cores. Twelve U-Pb anal y ses of zir con with a range of zon ing
pat terns (ca. 50% of each type) show a nar row range of low U
con tents (~180–300 ppm; Ap pen dix 1*) and a nar row range of
Th/U (0.27–0.45). Com mon Pb con tents are very low. The iso -
to pic anal y ses are all con cor dant within an a lyt i cal un cer tainty
and form a sin gle tight clus ter with no sig nif i cant range in ra dio -
genic 206Pb/238U (MSWD = 1.8). Com bined, all twelve anal y ses
give a weighed mean 206Pb/238U age of 341.6 ± 2.8 Ma
(95% c.l.; Fig. 7).

The sec ond sam ple (KZ54) was col lected from an area east 
of  Dêbowina vil lage near the out crops of the Myszak Hill
apophysis which is cut there by a NE–SW trending fault near
the road from Wojciechowice to Laskówka (Fig. 2; KZ54 geo -
graphic co-or di nates are: N 50°28’33.5”, E 016°44’01.3”). The
zir con from KZ54 is mostly badly dam aged by al ter ation and
par tial dis so lu tion. Very few grains ap pear to be even re motely
suit able for U-Pb dat ing. The zir con grains se lected are fine to
me dium (50–150 µm di am e ter), partly clear, colour less to pale
brown subhedral to anhedral crys tals with broadly sim ple pris -

matic shapes (Fig. 6). Most crys tal faces are weakly to deeply
pit ted by cor ro sion, giv ing the grains a frosted ap pear ance.
Most grains are closely frac tured and many con tain a high
abun dance of dusty in clu sions. There are very few in clu sions
larger than 5 µm. All the grains show a very weak
cathodoluminescence and show lit tle ev i dence of growth zon -
ing. The lu mi nes cence tex ture is mostly bland through out the
grains, but with more strongly lu mi nes cent high lights in ir reg u lar 
patches, along frac tures, and along those grain bound aries that
have been cor roded – con sis tent with cor ro sion  as so ci ated
with the loss of trace el e ments and par tial recrystallisation.
Twelve U-Pb anal y ses of the best qual ity zir con, avoid ing im -
per fec tions, in clu sions, cor roded ar eas and ar eas with the
weak est lu mi nes cence, show a range of high to very high U
con tents (1030–3470 ppm), mostly very uni form Th/U
(0.5–0.6), and con sis tently very low com mon Pb con tents (Ap -
pen dix 1). The iso to pic com po si tions are all con cor dant within
an a lyt i cal un cer tainty but show a sig nif i cant range in ra dio genic
206Pb/238U (MSWD = 4.0). Two of the ana lysed spots have U
con tents above the thresh old (~2500 ppm) at which ma trix ef -
fects in the mea sure ment of Pb/U have been ob served (Wil -
liams and Hergt, 2001), but there is no sys tem atic re la tion ship
be tween 206Pb/238U and U con tent, so no cor rec tion was ap -
plied. The scat ter is due to three anal y ses that are sig nif i cantly
lower than the rest (4.1, 6.1, 7.1), prob a bly be cause of ra dio -
genic Pb loss. The re main ing nine anal y ses with equal
206Pb/238U within un cer tainty (MSWD = 1.6) give a weighted
mean age of 341.4 ± 2.2 Ma (95% c.l.; Fig. 8).
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Fig. 6. Cathodoluminescence im ages of se lected zir con grains from the stud ied mag matic
rocks of the K³odzko–Z³oty Stok Gran ite Pluton

* Supplementary data associated with this article can be found, in the online version, at doi: 10.7306/gq.1141

https://gq.pgi.gov.pl/article/downloadSuppFile/9441/1814


DISCUSSION

The zir con U-Pb dat ing of ig ne ous rock sam ples from the
Graniec–Bardo and Myszak apophyses in the west ern part of
the K³odzko–Z³oty Stok Gran ite Pluton give the same ages –
341.6 ± 2.8 and 341.4 ± 2.2 Ma. These apophyses in trude
folded De vo nian and Visean flysch rocks of the Bardo Unit.
These zir con dates com pli ment and are in agree ment with our
ear lier U-Pb iso to pic re sults for zir con sam ples from the east ern 

and cen tral parts of the KZS Gran ite Pluton (Mikulski et al.,
2013). All of the avail able U-Pb dates from the KZS sug gests
that the main zir con pop u la tions rep re sent mag matic events
dur ing the Visean, from ca. 341 to 331 Ma (Fig. 9). The ear li est
phase of magmatism is rep re sented by the granitoid in tru sions
of the Graniec–Bardo and Myszak apophyses which are co eval
with quartz monzodiorite from ¯elazno (Z248 sam ple –
340.2 ± 2.5 Ma), hornblende monzonite from Droszków (D148
sam ple – 339.5 ± 2.8 Ma) and the bi o tite-hornblende grano -
diorite from Chwalis³aw (M10, 336.7 ± 2.3 Ma). Given the an a -
lyt i cal un cer tain ties, these five age es ti mates are in dis tin guish -
able. Slightly later magmatism is rep re sented by the tonalite
from Ptasznik Hill (P9, 331.5 ± 2.6 Ma) and the spessartite dyke
from Chwalis³aw (M11, 333.1 ± 3.1 Ma). The KZS granitoids are 
a group of com pos ite in tru sions con sist ing mainly of bi o tite- and
hornblende-rich granitoids with abun dant mafic mag matic en -
claves, and with ig ne ous plutonic rocks of in ter me di ate com po -
si tion that re flect mix ing and min gling be tween fel sic and mafic
mag mas (Wierzcho³owski, 1976). This pro cess could have re -
sulted in the for ma tion of granodioritic or/and quartz
monzodioritic mag mas at ca. 342–337 Ma (sam ples from
Bardo, Wojciechowice, ¯elazno, Droszków and Chwalis³aw)
with later frac tional crystallisation of hornblende from wet mag -
mas at ca. 333 Ma pro duc ing spessartitic com po si tions such as
at Chwalis³aw (Mikulski et al., 2013). The tonalite from Ptasznik
Hill and its mag matic zir con have dif fer ent trace el e ment and
REE con tents from those of the other  sam ples. Both are
strongly en riched in in com pat i ble el e ments, in di cat ing ad -
vanced frac tion ation or REE en rich ment of the pa ren tal magma
which yields an age at ca. 331.5 ± 2.6 Ma.

Our cur rent dat ing strongly sug gests that the ear li est stage
of KZS granodiorite magma em place ment (ca. 341 Ma) was
prob a bly con nected with the strong de vel op ment of the lo cal
metasomatic-type polymetallic au rif er ous-bear ing sul fide min -
er ali sa tion near Bardo Œl¹skie (Mikulski, 1998, 2005). In this
area, De vo nian and Mis sis sip pian sed i men tary rocks along the
con tact with the Graniec–Bardo apophysis un der went strong
con tact al ter ation. Rocks oc cur ring in the bot tom parts of Car -
bon if er ous (Mis sis sip pian) greywacke and am phi bo lite en -
claves to gether with the sur round ings rocks un der went strong
al ter ation such as hornfelsing and granitisation at high tem per a -
ture (>700°C, e.g., Wierzcho³owski, 1976; Bagiñski, 2007). The
coun try rocks were strongly si lici fied, feldspathised dur ing early
high tem per a ture stages and, later,  un der went sulfidisation,
sericitisation, prehnitisation, carbonatisation, chloritisation and
epidotisation. Strongly al tered rocks with abun dant sul fide min -
er ali sa tion have a char ac ter is tic metasomatic tex ture. The first
stage of au rif er ous sul fide pre cip i ta tion was likely con nected
with the ther mal in flu ence of the in truded Graniec–Bardo
tonalite apophysis. More over, the main stage of au rif er ous
skarn type min er ali sa tion known from the east ern meta mor phic
cover of the KZS at the Z³oty Stok Au-As de posit (e.g., Mikulski
and Speczik, 2008) may have formed at the same time, as al -
ready sug gested by Mikulski (2007). In con trast, the con -
tact-metasomatic schee lite-ti tan ite min er ali sa tion re ported from 
the Ptasznik pros pect (Mikulski, 2000) cor re sponds to the youn -
gest and more frac tion ated magma em place ment (ca. 331 Ma).

Early K-Ar ages de ter mined for the KZS granitoids were in -
ter preted as in di cat ing gran ite em place ment in the Early Perm -
ian at ca. 298 Ma (Depciuch, 1972). Our cur rent zir con dat ing of 
the granitoids con tra dicts that in ter pre ta tion by show ing, in -
stead, that they are of Mid dle Mis sis sip pian (Visean) age. Geo -
chem i cal and petrographic study of the sam ples from the
Graniec–Bardo and Myszak apophyses con firm that the KZS
Mas sif con sists of granitoids with wide ranges of com po si tions
of some ma jor el e ment ox ides such as SiO2 (ca. 50–68 wt.%),
Al2O3 (17–21 wt.%), and CaO (4–10 wt.%). The con tents of in -
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Fig. 7. Con cordia di a gram show ing SHRIMP zir con U-Pb
 anal y ses from a tonalite sam ple from 

the Graniec–Bardo apophysis

The er ror el lip ses on the con cordia are 1s pre ci sion es ti mates of
ra dio genic com po si tions cor rected for com mon Pb us ing 204Pb;

the crosses are the anal y ses be fore com mon Pb cor rec tion

Fig. 8. Con cordia di a gram show ing SHRIMP zir con U-Pb
 anal y ses from a syenogabbro sam ple from

 the Myszak apophysis

The er ror el lip ses on the con cordia are 1s pre ci sion es ti mates of ra -
dio genic com po si tions cor rected for com mon Pb us ing 204Pb; the
crosses are the anal y ses be fore com mon Pb cor rec tion; light el lip -
ses are anal y ses omit ted from the cal cu la tion of the weighted mean
206Pb/238U age

https://gq.pgi.gov.pl/article/view/13040


com pat i ble and com pat i ble el e ments in di cate a het er o ge neous
lithospheric source for the mag mas that pro duced the
granitoids. If we com pare the geo chem i cal and petrographic
com po si tion of the tonalite sam ple from the Graniec–Bardo
apophysis with the sam ple from the Myszak apophysis, it is ev i -
dent that the lat ter is much more ba sic in com po si tion and rep -
re sent a more mafic and older con stit u ent of the magma. The
KZS granitoids are mainly of metaluminous and, to a mi nor de -
gree, weakly peraluminous, highly potassic I-type granitoids
con tain ing abun dant mafic en claves (Mikulski et al., 2013).
Geochemically, they may be clas si fied as syn-collisional gran -
ites ac cord ing to the Nb vs. Y di a gram of Pearce et al. (1984).
On the R1 vs. R2 di a gram (Bat che lor and Bowden 1985), the
sam ples from the KZS plot in the fields of pre-plate-collisional
gran ites and tran si tional to post-collisional up lift gran ites (e.g.,
Bachliñski and Bagiñski, 2007; Mikulski et al., 2013). They
formed as a re sult of an early-stage col li sion be tween the
Saxothuringian and Brunovistulian ter ranes.

The pres ent dat ing of the KZS granitoids, and other
granitoid ages from the cen tral and east ern parts of the Sudetic
Block, namely, Kudowa–Olešnice and Jawornik (Bachliñski
and Ha³as, 2002; Bia³ek and Werner, 2004), from the Niemcza
Shear Zone on the Fore-Sudetic Block (Kryza, 2011) and from
the Odra Fault Zone (Dörr et al., 2006), in di cates in tru sion in the 
Car bon if er ous Mis sis sip pian (Tournaisian–Visean). How ever,
they re flect a dif fer ent geotectonic set ting from that of an ear lier
ep i sode of em place ment of syn-tec tonic to post-collisional
granitoids, de spite their quite sim i lar petrographic and geo -
chem i cal char ac ter is tics. 

CONCLUSIONS

1. SHRIMP zir con U-Pb dat ing of ig ne ous rocks from the
Graniec–Bardo and Myszak apophyses from the west ern parts

of K³odzko–Z³oty Stok Gran ite Pluton in the Sudetic Block
(Saxothuringian Zone, Cen tral Eu ro pean Variscides) in di cates
that the granitoids were in truded at ca. 341 Ma in the Mis sis sip -
pian (Mid dle Visean). These re sults are sup ple men tary to, and
in con for mity with, our ear lier pub li ca tion in which we pre sented
SHRIMP dates for  ig ne ous rocks from the east ern and cen tral
parts of the KZS. How ever, the Graniec–Bardo and Myszak
apophyses con sti tute the old est parts of the KZS which formed
in the ear li est stage of the pluton em place ment.

2. Geo chem i cal and petrographic stud ies of the dated 
apophysis rocks show them to be bi o tite- and hornblende-rich
granitoids (tonalite) and syenogabbros of di verse com po si tions
typ i cal of rocks orig i nat ing from hy brid mag mas that in volved
vari able con tri bu tions of a more ba sic magma com po nent. Ig -
ne ous zir con from the KZS re cords hypa bys sal magmatism
from ca. 341 to 331 Ma. The KZS mag matic ep i sode lasted only 
ca. 10 Ma and re cords a rapid geotectonic tran si tion from
early-stage collisional granitoid em place ment to fast orogenic
up lift in this part of the Cen tral Eu ro pean Variscides.

3. The post-mag matic hy dro ther mal ac tiv ity that pro duced
polymetallic au rif er ous ore min er al isa tion of con tact metaso -
matic type in in ti mate con tact with the Graniec–Bardo apo -
physis near Bardo Œl¹skie may have be gun in the Visean.
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Fig. 9. Com pi la tion of SHRIMP zir con data (sam ples KZ50 and KZ54) and other data
(ac cord ing to Mikulski et al., 2013) from the K³odzko–Z³oty Stok Gran ite Pluton on a

strati graphic chart (ac cord ing to Gradstein et al., 2012 and Co hen et al., 2013)
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