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Pet ro log i cal data and re cently pub lished U/Pb zir con SHRIMP ages re veal a pro tracted Variscan mag matic evo lu tion in the
Strzelin Mas sif (SW Po land), with three main stages of granitoid plutonism: 1 – tonalitic I, 2 – granodioritic and 3 – tonalitic
II/gra nitic. The granitoids of the sec ond and third stages form the Strzelin in tru sion that is com posed of three va ri et ies: me -
dium-grained bi o tite gran ite, fine-grained bi o tite gran ite and fine-grained bi o tite-mus co vite gran ite. New SHRIMP data show
that the me dium-grained and fine-grained bi o tite gran ites com prise dif fer ent zir con pop u la tions that re flect com plex and pro -
longed plutonic pro cesses. Two dis tinct mag matic events seem to be rep re sented by well-de fined zir con pop u la tions with
ap par ent 206Pb/238U ages of 303 ± 2 Ma in the me dium-grained bi o tite gran ite, and 283 ± 8 Ma in the fine-grained bi o tite gran -
ite. These dates, how ever, do not nec es sar ily re flect the true mag matic ages, pos si bly be ing “re ju ve nated” by ra dio genic
lead loss in zir cons (im pos si ble to re solve based on rou tine SHRIMP data). Based on field ev i dence, the third va ri ety, the bi o -
tite-mus co vite gran ite, post dates both types of bi o tite gran ites. The petrographic and geo chem i cal fea tures, in clud ing Nd iso -
tope sig na ture, along with var i ous zir con in her i tance pat terns and ages, sug gest that the pa ren tal mag mas of the three
gran ites orig i nated from dif fer ent crustal sources and were emplaced dur ing three suc ces sive mag matic pulses.
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INTRODUCTION

The Variscan orogenic belt in Cen tral Eu rope abounds in
granitoids dif fer ing in pe trog ra phy, geo chem is try and sources,
and that were formed in sev eral mag matic events, be tween 370 
and 250 Ma (Fin ger et al., 1997) or be tween 340 and 270 Ma
(Schaltegger, 1997). The granitoid in tru sions are wide spread
and large in the Moldanubian Zone (Fig. 1A), less abun dant and 
smaller in the Teplá-Barrandian and Saxo thuringian zones, and 
rare in the Rhenohercynian Zone (e.g., Franke and ¯ela -
Ÿniewicz, 2002 and ref er ences therein). 

The Variscan granitoids oc cur also in the Sudetes, in the
northeasternmost part of the Cen tral Eu ro pean Variscides (Fig.
1B). The Sudetes (to gether with the Fore-Sudetic Block) com -
prise frag ments of two larger crustal blocks: the Bo he mian
Mas sif (in the West and Cen tral Sudetes) and Brunovistulicum
(in the East Sudetes). Variscan granitoid plutons are abun dant
in the West Sudetes, cor re la tive with the Saxothuringian Zone,

and in the Cen tral Sudetes, in ter preted as cor re spond ing  to the 
Teplá-Barrandian and Moldanubian zones (Mazur et al., 2006;
Franke, 2012). Granitoid magmatism in the West Sudetes is
dated be tween 322–300 Ma (Turniak et al., 2005; Kryza et al.,
2012) and in the Cen tral Sudetes at around 350–330 Ma
(Mazur et al., 2007). In Brunovistulicum, the Variscan granitoids 
are re stricted to the north ern and cen tral seg ments of its mar -
ginal part, i.e. to the East Sudetes (Fig. 1B). In the north ern most 
seg ment of Brunovistulicum, in the Strzelin Mas sif (Fig. 1B, C),
the Variscan granitoids have been dated at 347–330 Ma
(Oberc-Dziedzic et al., 1996; Rb-Sr method); 301–291 Ma
(Turniak et al., 2006; Pb-evap o ra tion zir con method); 295 Ma
(Pietranik and Waight, 2008; Rb-Sr method); 324–295 Ma
(Oberc-Dziedzic et al., 2010, Oberc-Dziedzic and Kryza, 2012;
SHRIMP method). Far ther to the south, they form the rel a tively
large Žulová Pluton (Fig. 1B; Cháb and Žaèek, 1994) and small
bod ies south of it (Cháb et al., 1994).

In the Strzelin Mas sif (Fig. 1C), the Variscan granitoid
plutonism shows sev eral fea tures dif fer ent from the Variscan
magmatism in other parts of the Sudetes: 

– it pro duced nu mer ous small plutonic bod ies and not sin -
gle large in tru sions such as, e.g., the Karkonosze Pluton 
or the Strzegom-Sobótka Pluton in the West Sudetes
(Fig. 1B); 

– in many cases, petro graphi cally sim i lar rocks have dif -
fer ent geo chem i cal char ac ter is tics and ages;
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Fig. 1. Geo log i cal po si tion of the Strzelin Mas sif and the Strzelin in tru sion

A – sketch map of the Bo he mian Mas sif (ST – Saxothuringian, TB – Teplá-Barrandian, MO – Moldanubian zones, af ter Franke, 2012) and
Brunovistulicum (BV); large and small quad ran gles show the lo ca tion of the Sudetes and the Strzelin Mas sif, re spec tively; B – granitoids of
the Sudetes, Fore-Sudetic Block and Odra Fault Zone; Odra Fault Zone: GG – Gubin, SrG – Œroda Œl¹ska, SzG – Szprotawa, WrG –
Wroc³aw; Fore-Sudetic Block: NG – Niemcza, SSG – Strzegom–Sobótka, StG – Strzelin, ZG – Žulová; Sudetes: KdG – Kudowa, KG –
Karkonosze, KZG – K³odzko–Z³oty Stok; faults: MIF – Main Intra-Sudetic Fault, SBF – Sudetic Bound ary Fault, SOF – South ern Odra Fault,
NOF – North ern Odra Fault; thrusts: NT – Nyznerov Thrust, ST – Strzelin Thrust (sep a rat ing the Stachów and Strzelin com plexes); rect an gle
shows the po si tion of the Strzelin Mas sif; C – geo log i cal map of the east ern part of the Strzelin Mas sif (af ter Oberc et al., 1988); D – lo ca tion
of quar ries in Strzelin



– tonalites and quartz diorites are more wide spread and,
lo cally (in the S part), pre vail over the gran ites
(Oberc-Dziedzic, 2007);

– Variscan granitoid plutonism lasted at least ~30 m.y.
lon ger in the Strzelin Mas sif than in other parts of
Sudetes (Oberc-Dziedzic et al., 2010).

In our ear lier con tri bu tions (Oberc-Dziedzic et al., 2010,
Oberc-Dziedzic and Kryza, 2012), we pro vided ev i dence for
three stages of the Variscan granitoid magmatism in the
Strzelin Mas sif: 1) tonalitic I – ca. 324 Ma, 2) granodioritic – ca. 
305 Ma and 3) tonalitic II /gra nitic – ca. 295 Ma, and we  de -
scribed petrographic and geo chem i cal fea tures of the tona -
lites and granodiorites. This study is de voted to the gran ites of
the Strzelin in tru sion, the larg est mag matic body in the north -
ern part of the Strzelin Mas sif, rep re sent ing the sec ond and
third stages of the Variscan magmatism. Based on field ob ser -
va tions, petrographic and geo chem i cal fea tures and new
SHRIMP zir con age data, we doc u ment the em place ment of
these gran ites dur ing three suc ces sive magma pulses within
the for ma tion of the com pos ite Strzelin in tru sion.

GEOLOGICAL SETTING

The Sudetes, rep re sent ing the northeasternmost part of
the Cen tral Eu ro pean Variscides, are lo cated be tween two
par al lel WNW–ESE trending fault zones: the Up per Elbe Zone 
on the SW and the Odra Fault Zone on the NE (Fig. 1B). They
are sub di vided into the moun tain ous part – the Sudetic Block
and the low land part – the Fore-Sudetic Block, sep a rated by
the NW–SE trending Sudetic Bound ary Fault. The Sudetes
are fur ther sub di vided into the West and Cen tral Sudetes,
both linked with the Bo he mian Mas sif, and the East Sudetes,
which be longs to Brunovistulicum. The three parts of the
Sudetes dif fer in their lithostratigraphy, struc ture and geo log i -
cal evo lu tion (Mazur et al., 2006). The lo ca tion, ex tent and cor -
re la tions of the ma jor tectono-strati graphic zones of the Varis -
can Belt (or “ter ranes” of Matte et al., 1990, that be long to the
Armori can Terrane As sem blage of Franke, 2000), i.e.
Moldanubian, Saxothuringian (Kossmat, 1927) and Teplá-
 Barrandian (Franke, 1989, 2012) zones, in the West and Cen -
tral Sudetes is still a mat ter of dis cus sion (e.g., Franke et al.,
1993; Cymerman and Piasecki, 1994; Cymerman et al., 1997;
Franke and ¯elaŸniewicz, 2000, 2002; Aleksandrowski and
Mazur, 2002). 

Ac cord ing to Mazur et al. (2006), the Cen tral Sudetes were
de formed dur ing the Mid dle/Late De vo nian, the West Sudetes
around the De vo nian–Car bon if er ous bound ary, and the East
Sudetes dur ing the Early Car bon if er ous. 

The oblique col li sion of the Moldanubian Zone (the Bo he -
mian Mas sif) with Brunovistulicum (Bruno-Vistulicum af ter
Dudek, 1980) of Avalonian af fin ity (Fin ger et al., 2000; Friedl et
al., 2000) took place in the Early to Late Car bon if er ous (Schul -
mann and Gayer, 2000). Dur ing this col li sion, the mar ginal part
of Brunovistulicum, com posed of Neoproterozoic gran ites, to -
gether with their sed i men tary cover, was de formed into the
nappe piles of the Moravo-Silesian Zone (e.g., Fin ger et al.,
1989; Franke and ¯elaŸniewicz, 2000; Mazur et al., 2006). The
rocks of the Moravo-Silesian Zone, in its north ern part, are ex -

posed in the Silesian do main (e.g., Schulmann and Gayer,
2000) which be longs to the East Sudetes. The Brunovistulicum
base ment can be traced fur ther north, in the Strzelin Mas sif in
the east ern part of the Fore-Sudetic Block (Oberc-Dziedzic et
al., 2003). 

The bound ary be tween the Moldanubian Zone and Bruno -
vistulicum was rec og nized by Suess (1912, 1926) and de fined
as the Moldanubian Overthrust. The Nyznerov Thrust (Skácel,
1989) in the Silesian do main, and the Strzelin Thrust (Oberc-
 Dziedzic et al., 2005; ¯elaŸniewicz and Aleksan drowski, 2008;
Fig. 1B) in the east ern part of the Fore-Sudetic Block are re -
garded as the NE con tin u a tions of the Moldanubian Overthrust. 

The Strzelin Mas sif is sit u ated in the east ern part of the
Fore-Sudetic Block, 35 km south of Wroc³aw (Fig. 1B, C). The
mas sif com prises frag ments of Moldanubicum (sensu Aleksan -
drowski and Mazur, 2002; Mazur et al., 2006) and of Bruno -
vistulicum, sep a rated in this area by the Strzelin Thrust (Oberc-
 Dziedzic and Madej, 2002; Oberc-Dziedzic et al., 2005, 2010).
The footwall of the Strzelin Thrust – the lower tec tonic unit – is
com posed of the Strzelin Com plex be long ing to Bruno vistu -
licum, whereas the hang ing wall – the up per tec tonic unit – is
com posed of the Stachów Com plex cor re lated with Moldanu -
bicum (Oberc-Dziedzic and Madej, 2002; Oberc- Dziedzic et al., 
2005, 2010). 

The Strzelin Com plex com prises: 
  1 – gneiss es of ca. 600–570 Ma (Oberc-Dziedzic et al.,

2003; Klimas, 2008; Klimas et al., 2009; Mazur et al.,
2010); 

  2 – the older schist se ries con tain ing mica schists, am -
phi bo lites, calc-sil i cate rocks and mar bles of un known
age;

  3 – the youn ger schist se ries – the Jeg³owa Beds
(Oberc, 1966) – com posed of quartzites, quartz-seri cite
schists and metaconglomerates cor re la tive with the
Lower-Mid dle De vo nian quartzites of the Silesian do -
main (Oberc, 1966; Patoèka and Szczepañski, 1997). 

The Stachów Com plex is com posed of orthogneisses, ca.
500 Ma in age (Ol i ver et al., 1993; Klimas, 2008; Mazur et al.,
2010) and dark paragneisses as so ci ated with bi o tite-am phi -
bole schists and am phi bo lites (Oberc-Dziedzic and Madej,
2002). The rocks of both com plexes were meta mor phosed
and de formed dur ing the Variscan orog eny (Oberc-Dziedzic et 
al., 2010). The rocks of the Stachów Com plex form the west -
ern part of the Strzelin Mas sif, and klippens in the vi cin ity of
Strzelin (Fig. 1C, D). The rocks of the Strzelin Com plex crop
out in the east ern part of the mas sif and as a tec tonic win dow
in its west ern part.

Both meta mor phic com plexes of the Strzelin Mas sif were in -
truded by Variscan granitoids. The Strzelin in tru sion proper
(Fig. 1C, D) is sit u ated close to the mor pho log i cal edge (pos si -
bly re flect ing a fault) which bor ders from the north the hilly area
of the Strzelin Mas sif crys tal line rocks, from the flat area fur ther
north, cov ered by thick Ce no zoic de pos its. The in tru sion is
com posed of three suc ces sive gran ite va ri et ies: 

– me dium-grained bi o tite gran ite; 

– fine-grained bi o tite gran ite; 

– fine-grained bi o tite-mus co vite gran ite. 
All granitoids are cut by thin veins of aplite. The gran ites

yielded rel a tively old Rb-Sr whole-rock ages: 347 ± 12 Ma for the
bi o tite gran ites, and 330 ± 6 Ma for the two-mica gran ite
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(Oberc-Dziedzic et al., 1996). A sig nif i cantly youn ger 207Pb/206Pb
ap par ent age of 301 ± 7 Ma was ob tained for the bi o tite gran ites
by the zir con Pb evap o ra tion method (Turniak et al., 2006)1. 

FIELD RELATIONSHIPS

Field re la tion ships of the Strzelin in tru sion gran ites and their 
coun try rocks have been de scribed based on ob ser va tions from 
three large, ac tive quar ries: Strzelin I (Figs. 1D and 2) in the
east ern part, and Strzelin II and Mikoszów in the west ern part of 
the in tru sion, as well as from 24 bore holes, 100–120 m deep,
drilled for gran ite pros pect ing dur ing the 1980’s. The meta mor -
phic en ve lope of the Strzelin gran ites is ex posed in the
Strzelin II and Mikoszów quar ries.

The Strzelin com pos ite in tru sion is a stock-type body, with a 
thick, flat apophysis and nu mer ous dykes branch ing off
(Oberc-Dziedzic, 1991, 1999). The roof and wall con tacts of the 
gran ites with the meta mor phic en ve lope com posed of the Sta -
chów Com plex, i.e. the dark paragneisses, bi o tite-am phi bole
schists and ~500 Ma orthogneisses, are sharp and dis cor dant.
The main fo li a tion S2 of the meta mor phic rocks gen er ally dips to 
the NW and SW at mod er ate an gles, the min eral lineation
plunges to the NE and SW. Ad ja cent to the con tact with the
gran ites, the fo li a tion be comes steeper, nearly ver ti cal and, lo -
cally, bent (Oberc-Dziedzic, 2007). Con tact meta mor phic ef -
fects are faint and lim ited to tex tural changes, such as re moval
of undulose ex tinc tion, straight en ing of grain bound aries and in -
crease in size of quartz grains. The con tact min eral changes in
gneiss es are also in di cated by pinite pseudo morphs af ter cor di -
er ite.

The south ern part of the Strzelin in tru sion, about 200 m
thick (Fig. 3), is com posed of the pale grey me dium-grained bi o -
tite gran ite. The rock shows an in dis tinct E–W to ENE–WSW
trending, subhorizontal mag matic lineation (Cloos, 1921, 1922;
Oberc, 1966; Bereœ, 1969). The south ern con tact of the me -
dium-grained gran ite with the coun try rocks is not ex posed, but
nu mer ous xe no liths of dark and pale gneiss, of ten sur rounded
by leucogranite, in di cate its ap par ent prox im ity. Tonalite- and
dou ble microgranular en claves (en clave within en clave; Didier,
1973; Lorenc, 1984) are scarce. Xe no liths of pale, very fine-
 grained gran ite (Fig. 3) are in ter preted as in clu sions of early
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Fig. 3. Sche matic cross-sec tion through the Strzelin in tru sion

The length of cross-sec tion is ca. 700 m

1 Turniak et al. (2006) also dated, using the same method, the Gêsiniec tonalites, assigned to the 3rd stage of plutonic activity in the Strzelin 
Massif and obtained an age of 291 ± 5.5 Ma. Unfortunately, this date was unintentionally not cited in our previous paper on the Gêsiniec
intrusion (Oberc-Dziedzic and Kryza, 2012).

Fig. 2. The Strzelin I Quarry, view from the south-east

The quarry is ~600 m long, 200 m wide and 120 m deep;
Q, S, L joints (sym bols af ter Cloos, 1921, 1922);

Bt-Ms – bi o tite-mus co vite gran ite

http://gq.pgi.gov.pl/gq/article/view/7739/pdf_39


crys tal lised mar gin of the me dium-grained bi o tite gran ite dis -
rupted by fresh magma in jec tions. 

Near the south ern con tact of the gran ite with the coun try
rocks, a tens-of-metres wide zone of the me dium-grained bi o -
tite gran ite con tains centi metre- to deci me ter-scale par al lel
fine- grained and me dium-grained bands (Fig. 3) that de fine a
gen er ally E–W ori ented steep mag matic fo li a tion (compo -
sitional band ing). The bands have been de formed into open
and tight folds. Both types of bands show a faint mag matic
lineation. Xe no liths en closed in the banded zone have been
wrapped by sev eral compositional lay ers of the gran ite. 

The north ern part of the Strzelin in tru sion is com posed of
fine-grained bi o tite gran ite (Fig. 3), a grey rock, usu ally with a
char ac ter is tic blu ish tint. This gran ite seems to be ho mo ge -
neous but its par tic u lar parts show sub tle but eas ily vis i ble dif -
fer ences in col our, grain-size and pro por tions of the main min -
er als. The fine-grained gran ite shows an E–W to ENE–WSW
ori ented, subhorizontal mag matic lineation. 

The poorly de fined bound ary be tween the me dium-grained
and the fine-grained bi o tite gran ites gen er ally trends E–W to
ESE–WNW and dips steeply to the north (Bereœ, 1969; Mora -
wski and Koœciówko, 1975). Close to the bound ary, streaks and 
lenses of the fine-grained bi o tite gran ite, ap pear within the me -
dium-grained gran ite whereas the fine-grained gran ite con tains
rel a tively abun dant xe no liths of coun try rocks and schlieren
orig i nated by disaggregation of xe no liths. Sev eral tens of
metres away from the con tact, xe no liths van ish and the fine-
 grained gran ite be comes mo not o nous and con tains only spar -
se dark en claves, 1–3 centi metres in size, or rhyth mic lay er ing
(BarriPre, 1981).

The gradational con tact be tween the me dium- and the
fine-grained bi o tite gran ites could be ex plained as a re sult of re -
work ing of the older me dium-grained gran ite by the youn ger
fine-grained gran ite magma.

Both the me dium- and fine-grained bi o tite gran ites are cut
by steep, E–W trending dykes, sev eral metres to tens of centi -
metres thick, of the leucocratic fine-grained, bi o tite-mus co vite
gran ite (Fig. 3). Some dykes show clearly vis i ble lineation and
late mag matic fo li a tion, oblique to dyke bound aries, both de fin -
ing S-C struc tures. In the NE part of the Strzelin I Quarry, the bi -
o tite-mus co vite gran ite forms a sort of neck, sev eral metres in
di am e ter, sur rounded by the fine-grained bi o tite gran ite. The
con tacts be tween the bi o tite gran ites and the bi o tite-mus co vite
gran ite are usu ally sharp al though, lo cally, grad ual tran si tions
can be ob served. 

All types of the gran ites are cut by rare, thin aplite dykes.
These dykes mainly fol low the Q joints, per pen dic u lar to the
lineation (Cloos, 1921, 1922), strik ing NNW to N and dip ping
55–70° to WWS to W. Along the Q joints, per va sive hy dro ther -
mal al ter ation of the gran ites is ob served (Ciesielczuk and
Janeczek, 2004; Ciesielczuk, 2007). The sec ond sys tem of the
lon gi tu di nal S joints, par al lel to lineation, is broadly ver ti cal and
WSW–ENE ori ented, while the third L joint sys tem is roughly
hor i zon tal (Fig. 2).

MATERIAL AND METHODS

The Strzelin in tru sion has been stud ied by the pres ent au -
thors for many years. The sam ples, field ob ser va tions and pho -
to graphs gath ered dur ing this long time doc u ment the petro -
graphic vari a tion and tec ton ics of the in tru sion ex posed at dif -
fer ent phases of ex ten sive gran ite ex ploi ta tion. The ma jor ity of
the sam ples ana lysed come from the Strzelin I and, sub -

ordinately, from the Strzelin II quar ries (Fig. 1D). Each sam ple
is la beled by its num ber while the va ri ety of gran ite it be longs to
is in di cated in the ta ble head ings and di a grams.

The petrographic char ac ter iza tion is based on more than
100 thin sec tions ex am ined un der the po lar iz ing mi cro scope.
The chem i cal com po si tions of the rock-form ing and ac ces sory
min er als, i.e. micas, feld spars and gar nets, in seven rep re sen -
ta tive spec i mens of the var i ous gran ites have been ana lysed
with the CAMECA SX 100 in stru ment at the Inter-In sti tute An a -
lyt i cal Com plex for Min er als and Syn thetic Sub stances, Elec -
tron Microprobe Lab o ra tory, Fac ulty of Ge ol ogy, the Uni ver sity
of War saw. The an a lyt i cal con di tions were: ac cel er a tion volt age 
15 kV, beam cur rent 10 nA for plagioclase and mica, and 20 nA
for other min er als, and count ing time 20 s. The raw data were
pro cessed with the PAP soft ware sup plied by CAMECA. Min -
eral ab bre vi a tions used in this study are from Whit ney and Ev -
ans (2010).

Seven bulk-rock sam ples were ana lysed in the ACME An a -
lyt i cal Lab o ra to ries Ltd, Can ada, and in the ALS Can ada, for
ma jor, trace and rare earth el e ments, us ing com bined ICP-OES 
and ICP-MS tech niques. One sam ple of the fine-grained gran ite 
(STIN 3) and two sam ples of the bi o tite-mus co vite gran ite
(STIN 1, STIN 2) from the Strzelin I Quarry, those stud ied ear -
lier for Rb-Sr iso topes (Oberc-Dziedzic et al., 1996), have been
ana lysed by one of the au thors (CP) for Sm-Nd iso topes, fol low -
ing the pro ce dure de scribed by Pin and Santos Zalduegui
(1997). The ini tial 143Nd/144Nd ra tios are ex pressed as eNdi val -
ues, cor rected for in situ de cay of 147Sm, as sum ing an age of
300 Ma for the gran ites, and model ages are cal cu lated rel a tive
to the de pleted man tle model of de Paolo (1981a, b). 

One sam ple of the me dium-grained (300 V) and two sam -
ples of the fine-grained bi o tite gran ite (300 IV, 300 VI) have
been se lected for SHRIMP zir con dat ing. De tails of the
SHRIMP an a lyt i cal pro ce dures are given in the geo chron ol ogy
sec tion be low.

Doc u men ta tion of the re search (sam ples, thin sec tions,
com plete data sets of the whole-rock iso to pic, EMP and
SHRIMP anal y ses, and the photo doc u men ta tion) are avail able
from the first two au thors.

PETROGRAPHY

The me dium-grained bi o tite gran ite (shortly me dium-
 grained gran ite) is a pale grey rock com posed of quartz, micro -
cline, plagioclase and bi o tite. The av er age grain size is
2–5 mm, but, gen er ally, microcline grains are larger than plagio -
clase. A faint lineation is de fined by the align ment of feld spars
and slightly elon gated quartz ag gre gates. The me dium-grained
gran ite con tains abun dant myrmekite.

The banded me dium-grained gran ite near the con tact with
the coun try rocks com prises bands of dif fer ent grain size:
fine-grained bands (grains of 0.5–2.0 mm in size) and me -
dium-grained bands in which plagioclase is up to 3.0 mm and
microcline up to 5.0 mm large. Both types of bands show an in -
dis tinct lineation de fined by the roughly par al lel dis tri bu tion of
larger feld spar grains in the me dium-grained bands, and of bi o -
tite plates in the fine-grained bands. In the banded me dium-
 grained gran ite, myrmekite is rare.

The grey, very fine-grained gran ite, only pres ent as xe no -
liths be lieved to rep re sent dis persed frag ments of mar ginal fa -
cies (sam ple 6902 IV), shows a por phy ritic tex ture: the grain
size in the ma trix is ~0.5 mm, plagioclase and microcline
pheno crysts reach ~1.5 mm. This gran ite abounds in myrme -
kite, as in the me dium-grained gran ite.
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The fine-grained bi o tite gran ite (in short, fine-grained
gran ite) is a grey rock, with a blu ish tint. It shows sub tle dif fer -
ences in col our, tex ture and the pro por tions of the main com po -
nents: quartz, microcline, plagioclase and bi o tite. The size of
most plagioclase grains is 0.5–1.5 mm. Microcline and bi o tite
grains are smaller than plagioclase. Oc ca sion ally, plagioclase
and bi o tite form clus ters com posed of sev eral grains. Par al lel
ar range ment of plagioclase grains de fines a lineation. Myrme -
kite is rare.

The fine-grained bi o tite-mus co vite gran ite (in short,  bi o -
tite-mus co vite gran ite) is a pale rock com posed of quartz,
microcline, plagioclase, bi o tite, mus co vite, euhedral pinite
pseudo morphs af ter cor di er ite, and rare gar net. The grain size
is 0.5–2.0 mm. Min er als are ran domly dis trib uted or par al -
lel-aligned. Micrographic inter growths of microcline with quartz,
and myrmekite, are scarce.

Aplite is mesoscopically sim i lar to the bi o tite-mus co vite
gran ite. How ever, the grain size is be low 0.5 mm and all min er -
als are anhedral in habit. The min eral com po si tion of the aplite
is sim i lar to that of the bi o tite-mus co vite gran ite, but pinite
pseudo morphs are ab sent.

COMPARISON OF ROCK-FORMING 
MINERALS

K-feld spar. In all va ri et ies of the Strzelin gran ites, K-feld -
spar is microcline with char ac ter is tic tar tan twinning, and is al -
ways anhedral. In the me dium-grained gran ite, K-feld spar is
usu ally more fre quent than in the fine-grained gran ite and it
forms larger grains. In the me dium-grained gran ite and in the
very fine-grained gran ite of the xe no liths (sam ple 6902 IV),
microcline shows ev i dence of a two-stage his tory, as doc u -
mented by rounded or ir reg u lar cores man tled by microcline of
dif fer ent op ti cal ori en ta tion (Fig. 4A). Microcline of the me -
dium-grained gran ite con tains small in clu sions of zoned
plagioclase. In the very fine-grained gran ite of the xe no liths,
microcline con tains drop-like in clu sions form ing a ring par al lel
to the grain bor der (Fig. 4A). Drop-like quartz in clu sions are
pres ent also in microcline of the ad ja cent me dium-grained
gran ite, but they sel dom form rings. The two-stage his tory and
other fea tures of the microcline crys tals from the me dium-
 grained gran ite and very fine-grained gran ite pre served as xe -
no liths of dis mem bered mar gins sug gest a close re la tion ship of
these two rocks, con trast ing with the fine-grained bi o tite gran ite. 
The an or thite (An) com po nent in microcline of all gran ite va ri et -
ies is very low, usu ally about 0–1%, whereas the al bite (Ab)
com po nent var ies be tween 2–11%. The av er age value of the
celsian (Cls) con tent is rel a tively high in the me dium- grained
gran ite (0.66%) and lower in the fine-grained gran ite (0.40%),
bi o tite-mus co vite gran ite (0.3%), and aplite (0.15%).

Plagioclase. In the me dium-grained gran ite, plagioclase
forms two types of grain. The first type is rep re sented by tab u lar
or slightly rounded, un twined grains, with clear rims and etched
in ter nal parts. They con tain in clu sions of chlorite, seri cite,
epidote and K-feld spar. These plagioclases show 14–16% An
in the core, 20–22% An in the in ner part of the rim, and 8–9%
An in its outer part (Ap pen dix 1*). The sec ond type of plagio -
clase is rep re sented by clear, twinned rect an gu lar crys tals, with
cores char ac ter ized by ir reg u lar com po si tions and with os cil la -
tory rims. They con tain 29–32% An in the core and 14–26% An
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Fig. 4. Min er al ogy and tex tures of the Strzelin gran ites

A – microcline (cen tre of photo) of the very fine-grained gran ite shows 
a rounded core while the en ve lope is dif fer ent op ti cal ori en ta tion;
drop-like in clu sions of quartz form a ring par al lel to the grain bor der; B
– mi cro scopic ev i dence of mag matic flow in the fine-grained bi o tite
gran ite: par al lel and “train-like” ar range ment of plagioclase, til ing and
synneusis (mid dle part of the photo); C – euhedral pseudo morphs of
pinite in the fine-grained bi o tite-mus co vite gran ite

* Supplementary data associated with this article can be found, in the online version, at doi: 10.7306/gq.1083

http://gq.pgi.gov.pl/gq/article/downloadSuppFile/7901/1543


in the rim (Ap pen dix 1). Plagioclase also forms in clu sions in
microcline, hav ing 13.5–24.5% An in the core and 6.0–10.5%
An in the rim (Fig. 5).

In the grey, very fine-grained gran ite (sam ple 6902 IV),
plagioclase forms euhedral grains with dusty, etched cores
(26–37% An) and clear rims (17–22% An). There are also
anhedral grains with 14–19% An (Fig. 5). 

In the fine-grained bi o tite gran ite, plagioclase forms tab u lar
crys tals with euhedral, etched dusty cores and subhedral rims
(Fig. 4B). Some grains are com posed of two crys tals, stitched
along their lon ger sides, prob a bly due to synneusis (Vance,
1969; Stull, 1979). Such grains have their own zon ing trans -
posed along the stitch and a com mon rim formed af ter
synneusis (Vernon, 2004; Fig. 4B). In spite of sim i lar ap pear -
ance, the plagioclase grains dif fer in An con tents in the cores
and rims. In some grains, the An con tent in the cores is high,
35–45%. The clear rims dis play 13–33% An (Fig. 5 and Ap pen -
dix 1). Other grains con tain up to 26% An in the cores and
13–18% An in the rims and, oc ca sion ally, only 6.5% in os cil la -
tory rims (Fig. 5 and Ap pen dix 1). Such grains ei ther co ex ist
with the for mer (35–45% An) or are the only type of plagioclase
in the rock. The co ex is tence of the two types of plagioclase may 
be in ter preted as ev i dence of magma dif fer en ti a tion be fore its
em place ment, or magma mix ing. Plagioclase rims on Kfs
grains have 12.5–14.5% An.

In the bi o tite-mus co vite gran ite, plagioclase has tab u lar
forms, with euhedral, etched, dusty cores and euhedral, wide
and clear rims. Plagioclase cores (18–21% An) are sur rounded
by rims that are nor mally (4.5–16.5% An) or os cil la tory
(4.5–7.5% An) zoned (Fig. 5 and Ap pen dix 1). Plagioclase in -
clu sions in K-feld spar show 19% An in cores and 7% An in rims.

The aplites con tain two va ri et ies of plagioclase: euhedral
with dusty core, and subhedral, usu ally clear, with polysynthetic
twinning. In a com plex, euhedral crys tal, the dusty core con tain -
ing 12–14% An is sur rounded by a thin, clear, in ter nal rim, com -
posed of 10–11% An plagioclase, and a wider ex ter nal rim, with
5.5–6.0% An. In other euhedral grains, we mea sured 6–9% An
in the cores and 2.5–5.0% An in the rims. Subhedral, twinned
grains are re verse zoned, with 2% An in the cores and about
4% An in the rims (Fig. 5 and Ap pen dix 1).

Bi o tite. On di a grams Mg/(Mg + Fe + Mn) vs. AlVI and
Mg/(Mg + Fe + Mn) vs. Ti, bi o tite com po si tions form two ar rays;
one for bi o tite from the fine-grained gran ite, and the sec ond ar -
ray for biotites from the re main ing gran ite va ri et ies (Fig. 6A, B
and Ap pen dix 2).

The Mg/(Mg + Fe + Mn) atomic ra tios of ~0.26 in bi o tite from 
the fine-grained gran ite are higher (Fig. 6A, B) than in the me -
dium-grained (~0.17) and very fine-grained va ri ety (~0.15), as
well as in the bi o tite-mus co vite gran ite (0.14–0.24) and aplite
(0.17–0.22). On the Altot vs. Ti di a gram (Fig. 6C and Ap pen -
dix 2), bi o tite com po si tions also form two clus ters. The first
com prises bi o tite from the bi o tite gran ites (me dium- and fine-
 grained, and the very fine-grained mar ginal fa cies). In these
biotites, the Ti con tent is dis tinctly higher (0.30–0.53, av er age
~0.38 apfu) and Altot is lower (av er age ~3.13 apfu) than in the
sec ond clus ter from the bi o tite-mus co vite gran ite (av er age: Ti
~0.20 apfu; Altot ~3.70 apfu) and the aplite (av er age Ti
~0.26 apfu; Altot 3.52 apfu; Fig. 6C and Ap pen dix 2). Sim i larly as 
Altot, AlVI is lower in biotites from the bi o tite gran ites (av er age
~0.53 apfu) than in biotites from the bi o tite-mus co vite gran ite
(av er age ~0.95 apfu) and from the aplite (av er age 0.80 apfu;
Fig. 6A and Ap pen dix 2).

Gar net was found only in the bi o tite-mus co vite gran ite and
in the aplite. In the bi o tite-mus co vite gran ite, it oc curs within
pinite pseudo morphs af ter cor di er ite or close to them. It forms
sparse, euhedral crys tals, 0.1–0.2 mm in size, with out compo -
sitional zon ing or in clu sions. It con tains: spessartine
66.3–67.7%, almandine 28.8–30.0%, and only small amounts
of grossular + an dra dite (2.3–3.3%) and pyrope (0.6–1.1%)
(Ap pen dix 3).

In the aplite, gar net forms small, 0.1 mm in size, grains as -
so ci ated with bi o tite flakes. It con tains 57.4–60.9% almandine,
36.6–40.0% spessartine, 1.9–2.8% pyrope and 0.3–0.5% gros -
sular + an dra dite (Ap pen dix 3). It does not show any compo -
sitional zon ing.

Com par i son of the gar net com po si tion in the bi o tite-mus co -
vite gran ite with that from the aplite re veals sig nif i cant dif fer -
ences sug gest ing dif fer ent par ent mag mas of the two rocks.

Pinite oc curs only in the bi o tite-mus co vite gran ite. Usu ally,
it con tains ag gre gates of tiny bi o tite, mus co vite and chlorite, ar -
ranged par al lel or fan-like. Euhedral pseudo morphs of pinite oc -
cur in rare coarse-grained bands, en riched in perthitic micro -
cline. Such pseudo morphs of rect an gu lar shape, up to 2.0 x
1.5 mm in size (Fig. 4C), are com posed of green bi o tite in the
outer part and fans of tiny plates of mus co vite, both bi o tite and
mus co vite con tain ing very lit tle Ti (be low 0.02 apfu). Gar net, an -
da lu site, zir con, monazite and xeno time form in clu sions in pinite 
pseudo morphs. The pseudo morphs are, in places, en tirely re -
placed by mus co vite.

BULK-ROCK CHEMISTRY

MAJOR ELEMENTS

The three main types of rocks in the Strzelin in tru sion, the
me dium-grained gran ite, the fine-grained gran ite, and the bi o -
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Fig. 5. Com po si tion of plagioclase 
from gran ites of the Strzelin in tru sion

http://gq.pgi.gov.pl/gq/article/downloadSuppFile/7901/1543
http://gq.pgi.gov.pl/gq/article/downloadSuppFile/7901/1543
http://gq.pgi.gov.pl/gq/article/downloadSuppFile/7901/1543
http://gq.pgi.gov.pl/gq/article/downloadSuppFile/7901/1543
http://gq.pgi.gov.pl/gq/article/downloadSuppFile/7901/1543
http://gq.pgi.gov.pl/gq/article/downloadSuppFile/7901/1543
http://gq.pgi.gov.pl/gq/article/downloadSuppFile/7901/1536
http://gq.pgi.gov.pl/gq/article/downloadSuppFile/7901/1536
http://gq.pgi.gov.pl/gq/article/downloadSuppFile/7901/1536
http://gq.pgi.gov.pl/gq/article/downloadSuppFile/7901/1536
http://gq.pgi.gov.pl/gq/article/downloadSuppFile/7901/1536
http://gq.pgi.gov.pl/gq/article/downloadSuppFile/7901/1537


tite-mus co vite gran ite, dif fer con sid er ably in ma jor el e ment con -
tents (Ap pen dix 4). The fine-grained gran ite con tains less SiO2

and K2O (72.0–73.0 wt.% and 3.57–3.99 wt.%) than the me -
dium-grained gran ite (73.9–74.7 wt.% and 4.66–5.13 wt.%) and
bi o tite-mus co vite gran ite (76.0–76.5 wt.% and 4.51–5.76 wt.%),
but it is richer in Al2O3, Fe2O3, MgO, CaO and TiO2. These chem -
i cal dif fer ences are re flected in the rock-form ing min eral con tents 
and in min eral chem is try. Based on the clas si fi ca tion of Frost et

al. (2001), the rocks are ferroan (Fig. 7A) calcic to calc-alkalic
and al kali-calcic (Fig. 7B). All the gran ites are po tas sium-rich and 
peraluminous to metaluminous, with A/CNK of 1.0–1.1 in the bi o -
tite-mus co vite gran ite, 1.0 in the me dium- grained gran ite, and
0.9–1.0 in the fine-grained gran ite (Ap pen dix 4).

TRACE ELEMENTS

The two types of bi o tite gran ite are richer in Ba
(604–1100 ppm), Sr (140–184 ppm) and Zr (167–279 ppm) but
con tain less Rb (128–149 ppm) and U (3.1–5.3 ppm) than the
bi o tite-mus co vite gran ite (Ba: 96–172, Sr: 21–35, Zr: 58–63,
Rb: 237–302, U: 9.4–14.5 ppm; Ap pen dix 4). The multi-el e ment 
di a grams of trace el e ment con cen tra tions, nor mal ized to
chondrite, for the bi o tite- and bi o tite-mus co vite gran ites are
char ac ter ized by strong Nb, Sr, P and Ti neg a tive anom a lies
(Fig. 8A, C). These neg a tive anom a lies may re flect frac tion -
ation of plagioclase, ap a tite, and Fe-Ti ox ides dur ing ear lier
stages of magma evo lu tion, but they are also likely to be, at
least in part, in her ited from the source ma te ri als, be cause typ i -
cal con ti nen tal crust ma te ri als show de ple tion of these el e -
ments rel a tive to the other in com pat i ble el e ments such as the
REE (Tay lor and McLennan, 1985).
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Fig. 7. Clas si fi ca tion di a grams (Frost et al., 2001) 
for gran ites of the Strzelin in tru sion

A – FeO/(FeO + MgO) vs SiO2;
B – Na2O + K2O-CaO vs SiO2

Fig. 6. Com po si tion of bi o tite from gran ites 
of the Strzelin in tru sion plot ted on di a grams

 A – AlVI/Mg/(Mg + Fe + Mn); B – Ti/ Mg/(Mg + Fe + Mn); 
C – Ti/ Altot; for ex pla na tions see Fig ure 5 
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Fig. 8. Multi-el e ment and REE di a grams for gran ites of the Strzelin in tru sion

Chondrite nor mal ized: A, C – multi-el e ment di a grams (nor mal iza tion val ues of Thomp son, 1982); B, D – REE
plots (nor mal iza tion val ues of Nakamura, 1974, with ad di tions from Haskin et al., 1968); up per-crust nor mal -
ized (nor mal iza tion val ues of Rudnick and Gao, 2005): E, G – multi-el e ment di a grams; F, H – REE plots



In both types of bi o tite gran ite, the to tal REE con tents
(158–377 ppm) are much higher than in the bi o tite-mus co vite
gran ite (66–94 ppm; Ap pen dix 4). The chondrite-nor mal ized
REE pat terns of the bi o tite gran ites (Fig. 8B) dis play dis tinct,
steeply de creas ing LREE and HREE branches, and neg a tive
anom a lies of Eu/Eu*, be tween 0.54–0.64 (Ap pen dix 4). The
(La/Yb)N ra tios range from 15.19 to 30.82. The chondrite-nor -
mal ized REE pat terns of the bi o tite-mus co vite gran ite show a
slight tetrad ef fect (Fig. 8D). They are char ac ter ized by dis tinct,
steeply de creas ing LREE and flat HREE, and even deeper neg -
a tive anom aly of Eu/Eu*, be tween 0.18–0.22 (Ap pen dix 4). The 
(La/Yb)N ra tios are be tween 2.72 and 4.87. 

Trace el e ment abun dances in the me dium-grained and
fine-grained bi o tite gran ites are close to those in the up per con -
ti nen tal crust (Rudnick and Gao, 2005). De ple tion of Sr, P and
Ti (Fig. 8E) is also typ i cal of con ti nen tal crust ma te ri als. There is 
no Nb anom aly in this di a gram. The REE di a gram (Fig. 8F)
shows a gen eral cor re spon dence to the av er age up per-crust
com po si tion, with the LREE slightly en riched rel a tive to the
HREE, poorly pro nounced Eu anom a lies and Tm en rich ment in 
one sam ple of the fine-grained bi o tite gran ite. 

The trace-el e ment, di a grams nor mal ized to up per crust, for
the bi o tite-mus co vite gran ite (Fig. 8G, H) show con sid er able
dif fer ences com pared to those for the bi o tite gran ites. The Sr
and Ti neg a tive anom a lies and Ta pos i tive anom aly are much
more pro nounced in the bi o tite-mus co vite gran ite, but the P
anom aly is hardly no tice able. The REE pat terns (Fig. 8H) are
char ac ter ized by strong de ple tion in LREE, es pe cially Nd, a
strong Eu neg a tive anom aly, and en rich ment in HREE rel a tive
to LREE. The abun dances of Gd, Tb, Dy, Ho and Er are close
to those of up per con ti nen tal crust, but Tm, Yb and Lu are a lit tle 
higher.

Sm-Nd ISOTOPE

The fine-grained bi o tite gran ite (STIN 3) dis plays a low, typ i -
cally crustal 147Sm/144Nd ra tio (0.1067), whereas the bi o tite-
 mus co vite gran ite (sam ples STIN 1 and STIN 2) has much
higher 147Sm/144Nd (0.1715–0.1804) val ues (Ap pen dix 5),
which are in ter preted to re flect the frac tion ation of one, or sev -
eral, LREE-en riched ac ces sory min eral(s), e.g., monazite
and/or ap a tite, as sug gested by the low con tents in P2O5. As a
re sult, the very old TDM model ages (de Paolo, 1981a, b) cal cu -
lated for these two sam ples (3.44 and 2.75 Ga, re spec tively) do
not have any sig nif i cance, be cause in these sam ples, the REE
ob vi ously did not fol low a sim ple two-stage evo lu tion ary model,
with a sin gle event of ma jor Sm/Nd frac tion ation be lieved to
have oc curred dur ing ex trac tion from a the o ret i cal man tle res -
er voir, as im plied by con ven tional model age cal cu la tions. As -
sum ing com mon crustal Sm/Nd ra tios (147Sm/144Nd
~0.11–0.12) for the pre-0.3 Ga crustal res i dence stage (that is,
prior to the strong in crease in Sm/Nd due to frac tion ation of
LREE-rich ac ces sory phases), model ages rel a tive to the de -
pleted man tle in the 1.2–1.4 Ga range would be ob tained. The
143Nd/144Nd iso tope ra tios have been cor rected for in situ ra dio -
ac tive de cay of 147Sm into 143Nd by us ing the ca. 300 Ma U-Pb
zir con age mea sured by SHRIMP, and ex pressed as ini tial ep -
si lon val ues. The eNd300 of the fine-grained bi o tite gran ite (–3.8) 
re flects a magma source that was mod er ately en riched in
LREE on a time-in te grated ba sis. The TDM model age of 1.1 Ga
pro vides an es ti mate of the av er age crustal res i dence age of
the source ma te ri als, with out any fur ther geo log i cal sig nif i -
cance. The two sam ples of bi o tite-mus co vite gran ite have a dis -

tinctly less ra dio genic Nd iso tope sig na ture (eNd300 –5.4 and
–5.7) that points to a geochemically more evolved source, dom -
i nated by an an cient LREE-en riched con tri bu tion. 

SHRIMP ZIRCON STUDY

SAMPLING AND METHODS

Three sam ples, one me dium-grained (300 V) and two
fine-grained gran ites (300 IV, 300 VI) from the Strzelin I and II
quar ries (Fig. 1D) have been se lected for SHRIMP zir con in ves -
ti ga tions. Sam ple 300 V rep re sents typ i cal me dium-grained
gran ite de scribed in the Pe trog ra phy sec tion. Sam ples 300 IV
and 300 VI dif fer in col our (grey with a blu ish tint, and grey, re -
spec tively) and grain size (0.5–1.5 mm and 1.5–2.0 mm, re -
spec tively). In sam ple 300 VI, microcline is more abun dant and
bi o tite is less chloritized than in sam ple 300 IV. 

The sam ples se lected for SHRIMP anal y sis, each ca.
3–5 kg in weight, were crushed and the heavy min eral frac tion
(0.06–0.25 mm) sep a rated us ing a stan dard pro ce dure with
heavy liq uids and mag netic sep a ra tion. Zir cons were hand-
 picked un der a mi cro scope, mounted in ep oxy and pol ished.
Trans mit ted and re flected light pho to mi cro graphs were made,
along with CL im ages, in or der to se lect grains and choose sites 
for anal y sis. The Sen si tive High Res o lu tion Ion Microprobe
(SHRIMP II) was used to an a lyse the zir cons in the sam ples se -
lected. Sam ples 300 V and 300 IV were an a lysed at the Cen tre
of Iso to pic Re search (CIR) at the All-Rus sian Geo log i cal Re -
search In sti tute (VSEGEI) in St. Pe ters burg. Sam ple 300 VI
was an a lysed in the Beijing SHRIMP Cen ter, Chi nese Acad emy 
of Geo log i cal Sci ences.

In both lab o ra to ries, the an a lyt i cal pro ce dures and con di -
tions were very sim i lar. U-Pb anal y ses were per formed by us ing 
a sec ond ary elec tron mul ti plier in peak-jump ing mode fol low ing
the pro ce dure de scribed in Wil liams (1998) and Larionov et al.
(2004). A pri mary beam of mo lec u lar ox y gen was em ployed to
bom bard zir con in or der to sput ter sec ond ary ions. The el lip ti cal 
an a lyt i cal spots had a size of ca. 25 x 30 mm, and the cor re -
spond ing ion cur rent was ca. 4 nA. The sput tered sec ond ary
ions were ex tracted at 10 kV. The 80 mm wide slit of the sec ond -
ary ion source, in com bi na tion with a 100 mm mul ti plier slit, al -
lowed mass-res o lu tion of M/DM > 5000 (1% val ley) so that all
the pos si ble iso baric in ter fer ences were re solved. One-
 (VSEGEI) or two-min ute (Beijing) rastering was em ployed be -
fore each anal y sis in or der to re move the gold coat ing and any
pos si ble sur face com mon Pb con tam i na tion.

The fol low ing ion spe cies were mea sured in se quence:
196(Zr2O)-204Pb–back ground (ca. 204 AMU)-206Pb-207Pb-
208Pb-238U-248ThO-254UO with in te gra tion time rang ing from 2 to
20 sec onds. Four cy cles for each spot ana lysed were ac quired.
Each fifth mea sure ment was car ried out on the zir con Pb/U
stan dard TEMORA 1 (Black et al., 2003) with an ac cepted
206Pb/238U age of 416.75 ± 0.24 Ma. The 91500 zir con with a U
con cen tra tion of 81.2 ppm and a 206Pb/238U age of 1062.4 ±
0.4 Ma (Wiedenbeck et al., 1995) was ap plied as a “U-con cen -
tra tion” stan dard.

The col lected re sults were then pro cessed with the SQUID
v1.12 (Lud wig, 2005a) and ISOPLOT/Ex 3.22 (Lud wig, 2005b)
soft ware, us ing the de cay con stants of Steiger and Jäger
(1977). The com mon lead cor rec tion was done us ing mea sured 
204Pb ac cord ing to the model of Stacey and Kramers (1975).
The re sults of the zir con anal y ses are shown in Ap pen di ces 6–8 
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and Fig ures 9–14. Con ven tion ally, the ages given in the text, if
not ad di tion ally spec i fied, are 207Pb/206Pb ages for zir cons older
than 650 Ma, and 206Pb/238U ages for zir cons youn ger than
650 Ma. The er rors in the text and ta bles are given at the 1 s
level for in di vid ual points, and at 2 s level in Con cordia di a -
grams and for av er age Con cordia ages.

SAMPLE 300 V,
 MEDIUM-GRAINED GRANITE

Zir con char ac ter is tics. Mor pho log i cally, the ma jor ity of zir -
cons are fairly ho mo ge nous: mostly euhedral, nor mal- to long-
 pris matic grains, with shal low pyr a mid dom i nant forms. They
are trans par ent, colour less and clear, some with nee dle-like or
oval in clu sions. A very few grains are more ir reg u lar, subhedral
or oval in shape, lo cally bro ken, likely dur ing crush ing and sep a -
ra tion.

In the CL im ages (Fig. 9), the zir cons re veal var i ous in ter nal
struc tures: some are more or less dis tinctly zoned, typ i cally with 
gen er ally CL-darker in ter nal parts, oc ca sion ally with badly-
 shaped core-like struc tures in the cen tre of the grains (e.g.,
grains 7.1 and 8.1), oth ers dis play only ir reg u lar “ghost” zon ing.
A few grains have dis tinct CL-dark rims. Rare grains of ir reg u lar
or oval shape are also CL-dark.

Chem i cal and iso to pic char ac ter is tics are gen er ally con -
stant in the grains ana lysed (Ap pen dix 6). The 206Pbc con cen -
tra tions are gen er ally low, reach ing el e vated val ues up to
~1–2% in four points only (max i mum value 2.2). The U and Th
con tents vary be tween 176 and 4231 ppm, and Th 144 and
2324 ppm, re spec tively. The 232Th/238U ra tios range from 0.11
to 1.13. All these chem i cal and iso to pic pa ram e ters dis play sim -
i lar ranges in all age groups (see be low).

The  gen er ally ho mo ge neous “mag matic” habit of the ma -
jor ity of zir cons, as well as their rather con stant chem i cal and
iso to pic char ac ter is tics, in di cate that they were formed, in gen -
eral, dur ing mag matic pro cesses, how ever, the ob served vari a -
tions of the in ter nal struc tures, and to some ex tent of some
chem i cal fea tures, sug gest a pos si ble com plex crys tal li sa tion
dur ing chang ing phys i cal/chem i cal con di tions.

SHRIMP ages. Twenty-two an a lyt i cal points have been
mea sured in 17 grains (Ap pen dix 6). All the data points have rel -

a tively low dis cor dance D (D = [(age 207Pb/206Pb)/(age
206Pb/238U/) – 1] ́  100) be tween –6 and +6%. The 206Pb/238U ap -
par ent ages scat ter be tween 297 ± 3 and 348 ± 3 Ma. How ever,
four  more or less dis tinct age groups can be de fined (Fig. 10).

– group 1: 347 ± 4 Ma com prises only two points, 10.1 and
16.1, both mea sured at Cl-dark rims of euhedral crys -
tals;

– group 2: 323 ± 3 Ma con sists of four points, 2.1, 8.2,
12.1, and 14.1, two mea sured in CL-bright and zoned in -
ter nal parts, and two oth ers at rims;

– group 3: 313 ± 3 Ma com prises five other points, 3.2, 5.1, 
8.1, 11.1, and 15.1, also rep re sent ing zoned cen tral
parts or Cl-dark rims of crys tals;

– group 4: 303 ± 2 Ma is the larg est age group of  12 an a ly -
t i cal points: 1.1, 2.2, 3.1, 4.1, 6.1, 7.1, 7.2, 8.1, 9.1, 11.2,
13.1, and 17.1. 

They rep re sent var i ous parts of crys tals, in clud ing Cl-dark
or zoned in ter nal parts and mostly CL-dark rims (five anal y ses).

The age spec trum is dif fi cult to in ter pret un equiv o cally (Fig.
10). Two points of Group 1 are sig nif i cantly older, ca. 347 ±
4 Ma. In ter est ingly, both of the points are lo cated in zir con rims.
Their phys i cal and chem i cal fea tures are not dif fer ent from
those of the youn ger zir cons, thus they should not be treated as
a real, sig nif i cantly older in her i tance. It is note wor thy that this
age agrees well with the Rb-Sr whole-rock isochron age of 347
± 12 Ma re ported for the bi o tite gran ites by Oberc-Dziedzic et al. 
(1996).

The re main ing 20 points re veal a range of U-Pb ages be -
tween 297 and 325 Ma, over lap ping within er rors. In spite of
that, it is pos si ble to dis tin guish sep a rate groups, with dis tinct
Con cordia ages of 323 ± 3 Ma, 313 ± 3 Ma, and 303 ± 2 Ma
(Fig. 10B). Al though this group ing cor re sponds to what is ac tu -
ally ob served, its real geo log i cal sig nif i cance is prob lem atic.
The scat ter of ages may re sult from var i ous de grees of ra dio -
genic lead loss in zir cons and the true ig ne ous em place ment
age might be much older (e.g., as old as ca. 323 or even
347 Ma). Al ter na tively, we may have sam pled vari able
amounts of in her ited com po nents and iden ti fied mixed age
groups. Un for tu nately, this ques tion is not re solv able with the
rou tine SHRIMP pro ce dure; a pos si ble way to test this in the
fu ture would be chem i cal abra sion (Mattinson et al., 2006;
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Kryza et al., 2012), aim ing to re move any do main in the zir -
cons that suf fered ra dio genic lead loss (dis cor dant) in or der to
make 206Pb/238U ages more re li able.

The zir cons rep re sent ing var i ous ages are broadly sim i lar
and their fea tures are typ i cal of mag matic zir cons. The ab sence 
of con sid er ably older in her i tance sug gests that the magma
 composition and tem per a ture were such that any older in her -
ited com po nent was erased. The age dis tri bu tion of zir cons in
the me dium-grained gran ite may re flect sev eral pulses of
magma crys tal li sa tion, span ning ca. 45 Ma of plutonic ac tiv ity,
or merely re flect vari able de grees of ra dio genic lead loss, as

men tioned above. Chem i cal and phys i cal
con di tions of magma evo lu tion, slightly
chang ing in space and time, could have re -
sulted in the ob served vari a tion of in ter nal
fea tures and chem i cal char ac ter is tics of the 
zir cons.

A likely in flu ence of Pb-loss ef fects
seems to be in di cated by ap par ently older
rims and youn ger cores, e.g., grains 3, 7, 8
and 11, all with high U con tents (around and 
above 1000 ppm). How ever, in most cases, 
the age dif fer ence be tween rim and core is
barely sig nif i cant at the 95% con fi dence
level (2 s), e.g., grain 3 core 303 ± 5 Ma, rim 
314 ± 6 Ma; grain 7 core 297 ± 5 Ma, rim
304 ± 5 Ma; grain 11 core 300 ± 6 Ma, rim
314 ± 6 Ma. Only grain 8 shows sig nif i cant
dif fer ence be tween core (309 ± 6 Ma) and
rim (324 ± 6 Ma), pos si bly be cause the core 
was more “dirty”, and metamict and, by in -
fer ence, suf fered more ra dio genic lead
loss. Taken at face value, this rim age
seems to im ply a min i mum age of ca.
325 Ma, be cause in her i tance can be dis -
missed as a pos si ble cause of bias in that
case. This, along with the two data points
10.1 and 16.1 mea sured at rims of euhedral 
grains, with ap par ent 206Pb/238U ages of
348 ± 6 (2 s) Ma and 345 ± 6 (2 s) Ma,
might in di cate that the true em place ment
age is much older than sug gested by the
ma jor ity of grains, which might well have
suf fered sig nif i cant lead loss. If so, the
Rb-Sr WR isochron (Oberc-Dziedzic et al.,
1996) should not be dis carded too quickly.
Ad mit tedly, the Rb-Sr WR ap proach can not 
com pete in terms of pre ci sion with the U-Pb 
tech nique, and it is sub ject to many po ten -
tial pit falls which may lead to in ac cu rate re -
sults, but U-Pb dat ing is not free of pit falls
ei ther, a most crit i cal one be ing the dif fi culty 
in as sess ing the true de gree of dis cor dance 
when us ing in situ meth ods (e.g., Pin and
Ro dri guez, 2009). 

In view of the dis cus sion above, un -
equiv o cal in ter pre ta tion of the zir con age
scat ter in sam ple 300 V is dif fi cult, and the
true age of the main mag matic event re -
mains un cer tain. Whether the older ages of
ca. 345 Ma (in ac cord with the ear lier Rb-Sr
data) and ca. 325 Ma cor re spond to early
plutonic stages of the me dium-grained
gran ite, and the youn ger ages around 313
and 303 Ma are re lated to later mag matic
stages or sim ply re flect sig nif i cant ra dio -

genic lead loss, re mains an open ques tion that may be re solved 
by future detailed studies.

SAMPLE 300 IV, 
FINE-GRAINED GRANITE

Zir con char ac ter is tics. The zir con pop u la tion com prises
mostly euhedral, long- and nor mal-pris matic and sub or di nate
short-pris matic crys tals. Most of the crys tals have two pyr a -
mids, with the shal low one pre dom i nat ing. The grains are clear
and colour less, with rare acicular and oval in clu sions. A few
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grains have subhedral or ir reg u lar shapes, and many are bro -
ken (dur ing sep a ra tion?), al though they do not show many
cracks in re flected light.

In CL im age (Fig. 11), most of the crys tals are mod er ately
bright and show fine, com monly not very dis tinct “mag matic”
zonation. Sev eral crys tals have thin CL-dark rims, and a few
other grains con tain rounded, usu ally CL-dark cores (Fig. 11,
grains 1, 6 and 8). The var i ous bright ness in CL im ages re flects
vari able U, Th and Pb con cen tra tions (Ap pen dix 7, and see de -
scrip tion be low).

SHRIMP ages. Twenty an a lyt i cal points from 17 grains
yield a wide spec trum of in her ited ages dis persed be tween the
Archean and Early Car bon if er ous, and the main 206Pb/238U age
pop u la tion scat ters around 285 Ma (Fig. 12).

In her ited zir cons. Two Archean-Paleoproterozoic
207Pb/206Pb dis cor dant ages were ob tained: grain 15.1 – 2643 ±
15 Ma (dis cor dance D +91%), and 3.1 – 2010 ± 34 Ma (D
+10%). Both ages are in the cores of nor mal-pris matic euhedral 
crys tals, and pro vide min i mum es ti mates of the true crystal -
lisation ages. These cores show low to mod er ate Pbc con tent
and low 232Th/238U ra tios (0.09–0.24). The cal cu lated discordia
two-point (mix ing) lines, in clud ing the two in her ited grains and
the main age-pop u la tion zir cons, give in ter cepts at 2789 ±
38 Ma and 285 ± 7 Ma for the older crys tal, and 2029 ± 74 Ma
and 285 ± 8 Ma for the youn ger one (not shown in Fig. 12); the
two up per in ter cepts might be close to the true ages of these old 
Pre cam brian zir cons.

Four an a lyt i cal points show 206Pb/238U ages scat tered
within a range of 339–533 Ma, clearly older than the main age
pop u la tion: 17.1 – 533 ± 19 Ma, 9.1 – 454 ± 15 Ma, 10.1 – 383
± 13 Ma and 8.1 – 339 ± 12 Ma (Fig. 12A). Apart from point
10.1, which is near the edge of a subhedral crys tal, the re -
main ing three rep re sent the in ter nal por tions of crys tals. Point
8.1 is lo cated within a dis tinct core. All the crys tals dis play gen -
er ally low Pbc con tents (0.16–0.50%) and mod er ate to high
232Th/238U ra tios (0.34 –1.24). Dis cor dance ranges be tween
–9 and +27%.

Zir cons with 206Pb/238U ages around 285 Ma. This age
group com prises 14 an a lyt i cal points with 206Pb/238U ages in the 
range from 270 and 301 Ma (Ap pen dix 7 and Fig. 12). They rep -
re sent both the cores (points 1.1, 2.1, 4.1, 5.1, 6.1, 7.1, 14.1,

16.1) and rims (6.2, 11.1, 12.1, 13.1, 15.2, 17.2) of euhedral
crys tals. A few of these points have rel a tively high Pbc con tents
(up to 3.7% in point 12.1), and the 232Th/238U ra tios vary be -
tween 0.08 and 1.47 (mostly be tween 0.30 and 1.00). The age
dis cor dance D var ies be tween –350% (grain 12.1) and +158
(grain 7.1; in spite of the high D val ues, which is not un usual in
youn ger Phanerozoic zir cons, the 2 s er ror el lip ses over lap the
Con cordia line). The en tire group (in clud ing points with high dis -
cor dance D) would give a Con cordia age of 285 ± 5 Ma (2 s). A
se lec tion of six points with rel a tively smaller dis cor dance (be -
tween –1 and +52%): 1.1, 5.1, 6.2, 13.1, 15.2, and 16.1, yields a 
slightly lower Con cordia age of 283 ± 8 Ma (2 s). Point 7.1, with
dis cor dance of +158%, most likely re flects the pres ence of an
old in her ited com po nent, as in di cated by its 207Pb/206Pb age of
ca. 700 Ma.

Sum ming up, the fine-grained gran ite 300 IV con tains con -
sid er able amounts of in her ited zir cons of var i ous ages:
Archean–Paleoproterozoic and Paleozoic, up to ca. 340 ±
12 Ma. This strongly sug gests that the magma was gen er ated
from “inhomogeneous” source (e.g., metasedimentary ma te -
rial) or was con tam i nated by such ma te ri als. 

The zir cons of the main age-pop u la tion are fairly ho mo ge -
neous as to the crys tal habit and their other phys i cal fea tures,
al though they are di verse in chem i cal char ac ter is tics, the lat ter 
sug gest ing pos si ble chem i cal vari a tions dur ing a pro longed
magma-crys tal li sa tion pro cess. The in di vid ual grains show
206Pb/238U ages scat tered be tween ca. 270 and 301 Ma, but
the mean con cor dant age of 283 ± 8 Ma cal cu lated for a se lec -
tion of points with lower dis cor dance D val ues could be in ter -
preted as the age of the main mag matic crys tal li sa tion event in 
this fine-grained gran ite. Based on the dis cus sion above, this
in ter pre ta tion should be treated with cau tion, though it is clear
that this sam ple does not show ev i dence for an age clearly in
ex cess of ca. 300 Ma, in con trast with the pre vi ous sam ple of
me dium-grained gran ite.

SAMPLE 300 VI, 
FINE-GRAINED GRANITE 

Zir con char ac ter is tics. The zir con pop u la tion in this sam -
ple is fairly ho mo ge neous as to the habit and in ter nal struc ture
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of the crys tals, and sim i lar to that in sam ple 300 IV. The zir cons
are colour less and trans par ent, mostly euhedral and nor mal
pris matic, with shal low prisms dom i nat ing. A few crys tals have
two well-de vel oped pyr a mids which re sults in a bar rel-shape of
the grains. Rather ex cep tional are ir reg u lar or sub hedral grains. 
Many crys tals are bro ken. Small in clu sions of var i ous shapes,
oval and acicular, are gen er ally rare.

In CL im ages (Fig. 13), most of the zir -
cons dis play dis tinct mag matic zonation,
par al lel to the ex ter nal faces of grains or, in 
elon gated crys tals, par al lel to the long
axis. A few crys tals dis play more or less
dis tinct in ter nal parts, some oval in shape
(e.g., grain 42), in di cat ing likely dis so lu tion
pro cesses. The in ter nal parts are com -
monly CL darker; one such grain (points
37.1, 37.2) shows “re verse core-rim ages”
(see be low; Fig. 13).

The zir cons are mostly mod er ately rich 
in U (157–627 ppm, with three points be -
tween 3422–3935 ppm); Th is rel a tively
high (68–513 ppm, up to 1518 ppm in the
high-U grains; Ap pen dix 8). The 232Th/238U 
ra tios are rather uni form and mod er ate,
be tween 0.21 and 0.97 (one grain is ex -
cep tion ally low, at 0.08). Com mon lead
206Pbc is rel a tively high, above 1.0% in 14
points, out of 21 (and up to 3.3%).

SHRIMP ages. This sam ple has been
mea sured twice: the first SHRIMP ses -
sion, with some in stru men tal in sta bil ity,
was re peated; 21 an a lyt i cal points in 19
grains were ana lysed in the sec ond ses -
sion (Ap pen dix 8). In spite of that, the data
from this sam ple still seem to be of poor
qual ity. In par tic u lar, there are sev eral data 
points with huge re verse dis cor dance,
e.g., 31.1, 32.1, 38.1, 41.1, 46.1 and 49.1.
These data can not be used for age cal cu -
la tion, be cause they re flect ei ther a poor
cal i bra tion of the ma chine for U/Pb ra tio, or 
an in ap pro pri ate cor rec tion for com mon
lead, or both. In spite of the ap par ent poor
pre ci sion of these data, we have de cided
to in clude them in this pa per, be cause we
get a gen eral con fir ma tion of the pres ence
of in her i tance in the fine-grained gran ites,
as well as broadly sim i lar ages of the main
zir con pop u la tions in both sam ples of this
gran ite type.

Four an a lyt i cal points rep re sent clear
in her i tance: point 39.2 (core) – 600 ±
11 Ma, 39.1 (rim) – 525 ± 10 Ma, 45.1 –
451 ± 9 Ma, and 42.1 – 373 ± 7 Ma. All
these are euhedral, with fine mag matic
zonation. In ses sion 1 (re sults not listed in
Ap pen dix 8), one grain of ca. 1.9 Ga
207Pb/206Pb age, and three oth ers with
206Pb/238U ap par ent ages be tween 422
and 437 Ma were mea sured).

Four teen anal y ses plot within a broadly 
co her ent clus ter of ages, within the range
of 286–312 Ma (Fig. 14A). One point, 43.1, 
rich in U and Th and with high 206Pbc, gives

an un re al is ti cally young, 166 ± 3 Ma 206Pb/238U age. 
Ex clud ing the ev i dently in her ited zir cons, as well as the

points with very high dis cor dance D (i.e., 31.1, 32.1, 38.1, 41.1,
46.1, 49.1), the re main ing 11 points give a Con cordia age of
298 ± 4 Ma (Fig. 14B). How ever, two points in that group are
sig nif i cantly youn ger, thus al low ing one to de fine two pos si ble
sub sets of ages: at ca. 302 Ma (12 points) and ca. 286 Ma (2
points).
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Keep ing in mind the seem ingly not very high qual ity of the
data from the sec ond sam ple of the fine-grained gran ite, we
should no tice that the cal cu lated ages in this sam ple fall within
the same range, i.e. be tween ca. 285 and 300 Ma. Ex clud ing
the clearly older in her ited frac tions, there is no ev i dence of ear -
lier mag matic events that have been shown as likely in the me -
dium-grained gran ite.

SUMMARY AND DISCUSSION

SUMMARY OF THE SHRIMP AGES

The age spec trum of zir cons in the me dium-grained gran ite
is dif fi cult to in ter pret un equiv o cally. Two points yielded sig nif i -
cantly older dates (ca. 347 Ma), though the scar city of con sid er -
ably older in her i tance sug gests that the magma-gen er at ing
pro cesses were in tense enough to erase the older mineral
components.

Most of the zir cons (20 points) in the me dium-grained gran -
ite give 206Pb/238U ages that are rel a tively widely dis trib uted be -
tween 297 and 325 Ma, over lap ping within er rors. In spite of
that, it is pos si ble to dis tin guish sep a rate sub sets, with dis tinct
Con cordia ages of 323 ± 3 Ma, 313 ± 3 Ma, and 303 ± 2 Ma.
This age dis tri bu tion may re flect sev eral stages of magma crys -
tal li sa tion, span ning long-last ing plutonic ac tiv ity. If this as -
sump tion is cor rect, the date of 303 ± 2 Ma would cor re spond
with the fi nal stage of crys tal li sa tion of the me dium-grained
gran ite, likely dur ing its em place ment. Al ter na tively, the age
dis tri bu tion of zir cons in the me dium-grained gran ite may re flect 
vari able de grees of ra dio genic lead loss from zir cons hav ing a
min i mum age of ca. 323 Ma, and pos si bly as old as ca. 347 Ma.
The zir cons rep re sent ing var i ous ages in this me dium-grained
gran ite are broadly sim i lar and their tex tural fea tures are typ i cal
of mag matic zir cons. The chem i cal and phys i cal con di tions of
magma evo lu tion, slightly chang ing in space and time, could
have re sulted in the ob served vari a tion of in ter nal fea tures and
chem i cal char ac ter is tics of the zir cons.

The fine-grained gran ites also show con sid er able vari a tion
in zir con ages. Sam ple 300 IV shows a dis per sion of 206Pb/238U

ages be tween ca. 270 and 301 Ma, with an av er age Con cordia
age of 283 ± 5 Ma, that could be in ter preted to date the main
mag matic event in the fine-grained gran ite. How ever, the real
age of the main mag matic event could be sig nif i cantly older,
e.g., around 300 Ma, if the zir cons suf fered some ra dio genic
lead loss. The other sam ple of the fine-grained gran ite, 300 VI,
also has 206Pb/238U ages vary ing from 286 to 312 Ma, with most
clus ter ing be tween ca. 286 and 302 Ma. Thus, both sam ples of
the fine-grained gran ites con tain zir cons with ages cor re spond -
ing in time to the likely fi nal mag matic event re corded in the me -
dium-grained gran ite, at ca. 300 Ma.

Based on the SHRIMP re sults pre sented in this pa per, the
zir con ages in the me dium-grained gran ite in the Strzelin in tru -
sion may in di cate long-last ing plutonic ac tiv i ties, be tween ca.
325 (or even ca. 347 Ma) and ca. 303 Ma; how ever, this ten ta -
tive con clu sion is dif fi cult to prove un equiv o cally based on the
data so far avail able; the scat ter of 206Pb/238U ap par ent ages
might, al ter na tively, re flect vari able de grees of ra dio genic lead
loss. Sub se quent ig ne ous ac tiv ity pro duced youn ger fine-
 grained gran ites, with the fi nal im por tant mag matic event pos si -
bly as young as ca. 286 Ma. Thus, the pro tracted gran ite
plutonism might have been a com plex pro cess, last ing at least
ca. 40 (and per haps 60) Ma.

COMMENTS ON THE Rb-Sr 
SYSTEMATICS 

The Strzelin in tru sion gran ites were pre vi ously dated us ing
the Rb-Sr whole-rock isochron method (Oberc-Dziedzic et al.,
1996). Rb and Sr con cen tra tions were de ter mined in 7 sam ples
of me dium and fine-grained bi o tite gran ites, and 2 sam ples of
bi o tite-mus co vite gran ite. The bi o tite gran ites were be lieved to
be syn chro nous and cogenetic, so an isochron was com puted
for all 7 sam ples. The isochron age was in ter preted as the age
of the ig ne ous em place ment of the gran ites: 347 ± 12 Ma, with
an ini tial 87Sr/86Sr = 0.7053 ± 2 fol low ing model 2 of Lud wig’s
(1994) soft ware. The rel a tively high MSWD value (2.9), re flect -
ing a scat ter of the data points higher than pre dicted by an a lyt i -
cal un cer tain ties alone, was in ter preted as a sign of “lim ited de -
grees of Sr iso to pic het er o ge ne ity of the gra nitic magma when it 
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Fig. 13. CL im ages of se lected zir cons from the fine-grained bi o tite gran ite (sam ple 300 VI)



was emplaced” (Oberc-Dziedzic et al., 1996). A youn ger age of
330 ± 6 Ma, with 87Sr/86Sri = 0.7053 ± 8 was cal cu lated from the
two sam ples of the bi o tite-mus co vite gran ite from the Strzelin
in tru sion and 2 other sam ples of the bi o tite-mus co vite gran ite
from Gêbczyce (Fig. 1C). The rel a tively low 87Sr/86Sri ra tio of the 

bi o tite-mus co vite gran ite, sim i lar to that of 
the bi o tite gran ites, was in ter preted to
sug gest sim i lar sources with low time- in -
te grated Rb/Sr ra tios. How ever, new
Sm-Nd data doc u ment a less ra dio genic
source for the two-mica gran ites. This
might be in ter preted to re flect ei ther sep a -
rate sources, or the oc cur rence of more
con tam i na tion by crustal ma te ri als of a
com mon pa ren tal magma, dur ing dif fer -
en ti a tion from bi o tite gran ite to two-mica
gran ite.

The good Rb-Sr iso tope ho mo ge ne ity
of the bi o tite gran ites il lus trated by the
whole-rock isochron (Oberc-Dziedzic et
al., 1996), and the lack of ev i dence for
mix ing (no hy per bolic trend in a 87Sr/86Sr
vs Sr plot; Oberc-Dziedzic et al., 1996) is
dif fi cult to ex plain be cause, in the light of
our new in ves ti ga tions, the me dium-
 grained and fine-grained bi o tite gran ites
are not cogenetic and likely came from
dif fer ent sources or, at least, were con -
tam i nated to dif fer ent de grees. How ever,
it is note wor thy that, in this con tam i na tion
sce nario, the typ i cal con trast of con cen -
tra tions of Sr and Nd be tween the ini tial
magma (with high Sr/Nd) and crustal con -
tam i nant (with low Sr/Nd) is such that the
Sr iso tope sys tem is a much less sen si tive 
mon i tor of con tam i na tion than the Nd iso -
tope sys tem, at least for rel a tively small
de grees of as sim i la tion of a crustal end-
 mem ber. This might ac count for the rel a -
tively good ho mo ge ne ity of Sr iso topes
sug gested by the Rb-Sr WR isochron. 

The good Rb-Sr iso tope ho mo ge ne ity
of the bi o tite gran ites also in di cates that
the Rb-Sr sys tem re mained un af fected
dur ing postmagmatic hy dro ther mal pro -
cesses (Ciesielczuk and Janeczek, 2004;
Ciesielczuk, 2007). 

The above com ments show that the
large age dis crep an cies be tween the
ages of me dium-grained and fine-grained
bi o tite gran ites of the Strzelin in tru sion ob -
tained by Rb-Sr and SHRIMP meth ods
are dif fi cult to ex plain with out fur ther de -
tailed in ves ti ga tions.

ORIGIN OF THE GRANITE 
MAGMAS

The three types of gran ites form ing
the Strzelin in tru sion show some dif fer -
ences in ma jor el e ment con tents that are
re flected in the pro por tions of rock-form -
ing min er als and their chem i cal com po si -
tions (Figs. 5 and 6). Such dif fer ences

would sug gest that the three gran ites are prod ucts of dif fer en -
ti a tion of a com mon magma batch. In this case, por tions of dif -
fer en ti ated magma should have been evolved in a se quence
re flect ing in creas ing SiO2: from the fine-grained gran ite,
through the me dium- grained gran ite, to the bi o tite-mus co vite
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Fig. 14. Con cordia di a grams for zir cons from the fine-grained gran ite
(sam ple 300 VI)

A – all an a lyt i cal points; B – mean Con cordia age of around 298 Ma 
for ten se lected zir cons of the main age group



gran ite. How ever, this sce nario can not be ac cepted be cause
the field ob ser va tions show that gran ites were in stead
emplaced in the fol low ing se quence: 

1) me dium-grained gran ite;
2) fine-grained gran ite; 
3) bi o tite-mus co vite gran ite. 
The field re la tion ships were con firmed by the SHRIMP age

data which show that the me dium-grained gran ite con tains zir -
con pop u la tions that are sig nif i cantly older than the main zir con
pop u la tions in the fine-grained gran ite. Such age re la tion ships
in di cate that the mag mas of the three gran ite types rep re sent,
most likely, sep a rate magma batches. How ever, some tex tural
and compositional fea tures, e.g., the dif fer ences in grain size,
pro por tions of main min er als and compositional pat terns in
plagioclase ob served in the fine-grained gran ite re flect sig nif i -
cant dif fer en ti a tion pro cesses within this gran ite magma.

Al though the me dium- and fine-grained bi o tite gran ites
have dif fer ent zir con age spec tra and show dif fer ences in ma -
jor el e ment con tents, their trace el e ment char ac ter is tics are
sim i lar, but dif fer ent from those of the bi o tite-mus co vite gran -
ite. This dif fer ence sug gests that their mag mas orig i nated
from dif fer ent sources. The trace-el e ment pat terns of both the
bi o tite gran ites are sim i lar to up per con ti nen tal crust, namely
they show only slight (less that 10%) but sys tem atic el e va tion
of the trace el e ment con tents, and no neg a tive Nb, Ti, P and
Sr anom a lies (when nor mal ized to up per crust com po si tion).
Thus, it is very likely that the mag mas of both the bi o tite gran -
ites de rived from melt ing of con ti nen tal crust ma te ri als. The
source rocks of the fine-grained bi o tite gran ite magma must
have been more ba sic in com po si tion, as in di cated by the
lower SiO2 con tents and higher Mg in bi o tite, com pared to
those in the me dium-grained bi o tite magma. The clearly dif fer -
ent trace-el e ment pat terns for the bi o tite-mus co vite gran ites,
nor mal ized to the up per con ti nen tal crust, strongly sug gest
their der i va tion from a dif fer ent crustal source and, pos si bly,
also a lower de gree of par tial melt ing.

Sim i lar sug ges tions about the or i gin of the Strzelin gran ites
mag mas come from the iso tope data. If an ig ne ous em place -
ment age of ca. 300 Ma is fa voured, then the age-cor rected Sr
iso tope sig na ture for the bi o tite and bi o tite-mus co vite gran ites
dif fer, with 87Sr/86Sri=300 Ma of 0.7070 for sam ple STIN 3
(fine-grained bi o tite gran ite, Ap pen dix 4) and 0.716–0.722 for
sam ples STIN 1 and STIN 2 (bi o tite-mus co vite gran ite, Ap pen -
dix 4), re spec tively (re cal cu lated from Oberc-Dziedzic et al.,
1996), sug gest ing their der i va tion from dif fer ent sources. The
eNd300 value (Ap pen dix 5) in the fine-grained bi o tite gran ite
(–3.8) is sig nif i cantly higher than in the bi o tite-mus co vite gran ite 
(–5.4, –5.8) re flect ing a greater pro por tion of a com po nent with
some what higher time-in te grated Sm/Nd ra tio. Over all, the neg -
a tive eNdi val ues in the gran ites are in ter preted to in di cate a
pre dom i nantly crustal source of the mag mas. The slightly more
ra dio genic sig na ture of the bi o tite gran ite com pared with that of
the bi o tite-mus co vite gran ite might re flect the sub or di nate in -
volve ment of a mafic man tle-de rived ma te rial dur ing magma
gen er a tion or, al ter na tively, der i va tion from more im ma ture
(that is, youn ger and/or with higher Sm/Nd ra tios) crustal
protoliths.

Some ev i dence con cern ing the source ma te rial is re corded
in the zir cons. In the me dium-grained bi o tite gran ite, con sid er -
ably older in her i tance is ab sent, which sug gests that older zir -
con pop u la tions were erased dur ing the magma-gen er at ing

pro cesses. In con trast, the fine-grained bi o tite gran ite con tains
in her ited zir cons of var i ous ages, among them Neoproterozoic
grains with ca. 600–560 Ma ages. Such an age range is typ i -
cally ob served in zir cons from gneiss es of the Strzelin Com plex
(as part of Brunovistulicum; Oberc-Dziedzic et al., 2003;
Klimas, 2008) or in in her ited zir con cores from gneiss es of the
Stachów Com plex (part of Moldanubicum) dated at ca. 500 Ma.
This strongly sug gests that the magma of the fine-grained bi o -
tite gran ite was gen er ated from a source sim i lar to the
Neoproterozoic rocks and/or suf fered con tam i na tion by Lower
Pa leo zoic gneiss es, all form ing the en ve lope of the Strzelin in -
tru sion.

CONCLUSIONS

1. The Strzelin in tru sion, com posed of three var i ous gran ite
types (me dium-grained bi o tite gran ite, fine-grained bi o tite gran -
ite, and fine-grained bi o tite-mus co vite gran ite), had a pro longed 
and com plex evo lu tion as  shown by pet ro log i cal and geo chron -
ol ogi cal data. 

2. The petrographic and geo chem i cal fea tures, as well as
the Nd iso tope data and zir con in her i tance, sug gest that the
mag mas of the three gran ites were de rived from var i ous crustal
sources.

3. The avail able zir con age data do not al low de fin ing of the
true ig ne ous em place ment ages of the gran ites un equiv o cally,
be cause the scat tered spec tra may re flect: 

– pro longed or multi-phase mag matic crystallisation events,

– var i ous ad mix ture of in her i tance, and 

– var i ous de grees of ra dio genic lead loss dur ing late- or
post-mag matic stages. 

Un for tu nately, these prob lems are not easy to re solve
based on the con ven tional SHRIMP zir con data available.

4. Based on the scat tered zir con age spec tra, it is pos si ble
that the true mag matic age of the old est me dium-grained bi o tite
gran ite is 325 Ma (or even ~345 Ma ?) as re flected by the ages
of a few zir cons in this gran ite. The main clus ters of youn ger
ages around 313 and 303 Ma can be in ter preted ei ther as re -
lated to youn ger mag matic stages, or to ra dio genic lead loss. 

5. Based on geo log i cal and geo chron ol ogi cal ev i dence, the
fine-grained bi o tite gran ite is youn ger. The two sam ples mea -
sured by SHRIMP do not fa vour an age in ex cess of ca. 300 Ma. 
The main zir con age pop u la tion groups around 300 and 285 Ma 
may re flect mag matic crys tal li sa tion events. How ever, the
youn ger set of dates par tic u larly could also have been pro -
duced by lead loss in zir cons that crys tal lised dur ing the ca.
300 Ma mag matic stage. This needs to be tested by fu ture in -
ves ti ga tions.

6. The fine-grained bi o tite-mus co vite gran ite post dates both 
the bi o tite gran ites, as clearly shown by field re la tion ships.

7. New age data sug gest that the gran ites of the Strzelin in -
tru sion be long to the sec ond and third stages of magmatism in
the Strzelin Mas sif.
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