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Rhyodacite sheets (the Sady Górne Rhyodacites) in the low er most part of the Permo-Car bon if er ous Intra-Sudetic Ba sin molasse fill have 
been mapped as intrusives but, later on, based on am big u ous field and petrographic ev i dence, re in ter preted as lower Car bon if er ous lavas
and tuffs; if so, they would mark the ear li est ep i sode of late-orogenic vol ca nism in the Intra-Sudetic Ba sin and in the whole Sudetes re -
gion in SW Po land. How ever, re-ex am i na tion of field re la tion ships and new ob ser va tions are con sis tent with an in tru sive em place ment
of the rhyodacites as con form able to semiconformable, sim ple to com pos ite sheets. SHRIMP zir con study in di cates that the rhyodacites
con tain rare in her ited zir cons of ca. 560 Ma, and ca. 470 Ma (or slightly older), and a main pop u la tion of zir cons with an av er age con -
cordia age of 306.1 ±2.8 Ma. This lat ter age doc u ments the em place ment of the rhyodacites dur ing a mid/late late Car bon if er ous
(Westphalian) stage of vol ca nism in the Intra-Sudetic Ba sin in the Cen tral Eu ro pean Variscides. This post-orogenic vol ca nism was pos -
si bly ini ti ated sev eral mil lion years later than pre vi ously as sumed, and could have com prised a few pulses over a rel a tively pro longed
time span of mil lions of years.
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INTRODUCTION

The Intra-Sudetic Ba sin is the larg est and old est late Pa leo -
zoic intramontane ba sin in the east ern part of the Eu ro pean
Variscides (Fig. 1). The ba sin was ini ti ated as early as in the
Visean (Turnau et al., 2002) due to Variscan orogenic move -
ments and, up to the late Perm ian, ac com mo dated sev eral thou -
sand metres of dom i nantly siliciclastic al lu vial de pos its
(Wojewoda and Mastalerz, 1989; Dziedzic and Teisseyre,
1990; Mastalerz and Prouza, 1995). In ter ca la tions of silicic to
in ter me di ate volcanogenic rocks in  these molasse de pos its do -
c u ment sev eral intra-basinal vol ca nic events, such as ef fu sions
of lava flows and domes from shield-type and com pound vol -
ca noes, em place ment of laccoliths and other shal low-level in -
tru sions, as well as ignimbrite erup tions dur ing the cli max of
vol ca nism in Perm ian times (Awdankiewicz, 1999a, b, 2004
and ref er ences therein). How ever, de tailed re con struc tions of
the vol ca nic evo lu tion as well as broader-scale re gional cor re -
la tions are ham pered by im pre cise con straints on the age and

tim ing of the vol ca nic ac tiv ity, es pe cially due to the scar city of
iso to pic ages ob tained from the vol ca nic rocks. Among the im -
por tant ques tions is the tim ing of the on set of vol ca nic ac tiv ity
in this part of the Variscan orogen.

The Sady Górne rhyodacites (SGRd; Awdankiewicz,
1999a) oc cur in the  low er most part of  the  Permo-Car bon if e -
r o us Intra-Sudetic Ba sin fill, near the north ern mar gin of the
ba sin. These rocks were ini tially con sid ered as late Pa leo zoic
in tru sive veins (Berg et al., 1906; Dathe and Zim mer mann,
1912; Zim mer mann, 1920), but later were re in ter preted as
lower Car bon if er ous lavas and tuffs (Teisseyre, 1966;
Teisseyre, 1972) mark ing the ear li est ep i sode of late-orogenic 
vol ca nism in the Intra-Sudetic Ba sin and in the whole Sudetes
re gion (Teisseyre, 1966; Awdankiewicz, 1999a, b). Such a
geo log i cal po si tion made the SGRd an at trac tive tar get for
SHRIMP zir con geo chron ol ogy. The dat ing has been car ried
out and, sur pris ingly, the re sults ob tained point to a late, not
early Car bon if er ous age of the rhyodacites. These re sults fal -
sify the es tab lished views on the geo log i cal po si tion of the



rocks dated and, con se quently, on the com mence ment of late
Paleozoic vol ca nism in the Sudetes.

In this pa per we: (a) rec on cile the pub lished data on the ge -
ol ogy of the rhyodacites with new field ob ser va tions on em -
place ment-re lated struc tures in se lected, well-ex posed sec -
tions, and (b) pres ent the re sults of SHRIMP zir con dat ing.
These re sults pro vide the ba sis for the dis cus sion of: 

– the in tru sive ver sus ex tru sive em place ment mode of the
rhyodacites, 

– the age of the SGRd and of crustal com po nents in volved 
in the rhyodacite magma for ma tion, 

– im pli ca tions for the tim ing of late Paleozoic vol ca nism
in this part of Variscan Eu rope.

METHODS

Re-ex am i na tion of pub lished data and our own new ob ser -
va tions on the field re la tion ships, struc tures and tex tures of the
Sady Górne rhyodacites are used to crit i cally as sess the ev i -
dence for an ef fu sive ver sus a subvolcanic or i gin of the
rhyodacite bod ies. A zir con mor pho log i cal study was per -
formed on one sam ple of the rhyodacites by M. Jurasik within
her MSc pro ject (Jurasik, 2006). We used the zir con sep a rate of 
Jurasik for a SHRIMP geo chron ol ogi cal study the re sults of
which are re ported in this pa per.
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Fig. 1A – geo log i cal sketch map of Lower Silesia (mod i fied from Kodym et al., 1967; Bossowski et al., 1981; Sawicki, 1988; 
Milewicz et al., 1989) show ing the dis tri bu tion of late Paleozoic intramontane bas ins of the Sudetes: the North-Sudetic Ba sin (NSB),

the Intra-Sudetic Ba sin (ISB) and the Krkonoše Piedmont Ba sin (KPB); B – lo ca tion of the area within the Eu ro pean Variscides

A: BU – Bardo Unit, GSM – Góry Sowie Mas sif, KcU – Kaczawa Unit,  IKM – Izera–Karkonosze Mas sif, ISF – Intra-Sudetic Fault, KU – Kłodzko Unit,
OSM – Orlica–Śnieżnik Mas sif, SBF – Sudetic Bound ary Fault, SD – Świebodzice De pres sion; B: EFZ – Elbe Fault Zone, ISF – Intra-Sudetic Fault, MGH 
– Mid-Ger man High, MO – Moldanubian Zone, MS – Moravo-Silesian Zone, MT – Moldanubian Thrust, NP – North ern Phyllite Zone, OFZ – Odra Fault
Zone, RH – Rheno-Hercynian Zone, SBF – Sudetic Bound ary Fault, SX – Saxo-Thuringian Zone, large Variscan granitoid plutons in di cated with crosses



The rhyodacite sam ple, ca. 3 kg in weight, was crushed,
sieved and heavy min er als sep a rated by a con ven tional heavy
liq uid (so dium polytungstate, d = 3.0 g/cm3) method.
Hand-picked zir cons rep re sent ing var i ous mor pho log i cal and
struc tural types were stud ied by op ti cal mi cro scope and, af ter -
wards, mounted in resin, ground and pol ished for CL im ag ing
and in situ U-Pb dat ing. The anal y ses were per formed on the
SHRIMP II at VSEGEI, St. Pe ters burg. The an a lyt i cal con di -
tions and data treat ment pro ce dures were as de scribed in
Larionov et al. (2004) and are out lined in the Ap pen dix.

GEOLOGICAL SETTING 
AND PREVIOUS WORK

The Intra-Sudetic Ba sin is a late Pa leo zoic intramontane
trough sit u ated at the NE mar gin of the Bo he mian Mas sif
(Fig. 1). The ba sin is filled with a lower Car bon if er ous–up per
Perm ian molasse suc ces sion, over lain by lower Tri as sic and
up per Cre ta ceous de pos its (Nemec et al., 1982; Dziedzic and
Teisseyre, 1990; Mastalerz and Prouza, 1995). The up per Pa -
leo zoic suc ces sion com prises up to 6.5 km of lower Car bon if e -
r ous, 2 km of up per Car bon if er ous and 1.5 km of Perm ian de -
pos its. The dis tri bu tion of these de pos its is asym met ric, and the 
ba sin fill shows a gen eral thin ning and be comes youn ger
south-eastwards. Most of the Permo-Car bon if er ous de pos its
are of con ti nen tal, al lu vial or i gin; lac us trine in ter ca la tions are
typ i cal of the Perm ian, and deltaic and ma rine in ter ca la tions of
the up per Visean de pos its. Acidic to in ter me di ate/ba sic vol ca -
nic rocks form rel a tively sparse bod ies in the Car bon if er ous de -
pos its and ex ten sive out crops in the lower Perm ian de pos its.
Two stages of vol ca nism in the early and late Car bon if er ous,
and a cli max of vol ca nic ac tiv ity in early Perm ian times have
been in ferred (Awdankiewicz, 1999a, b; Ulrych et al., 2004 
and ref er ences therein). Pre lim i nary SHRIMP zir con dat ing
con firmed a late Car bon if er ous subvolcanic event at
ca. 310 Ma (Awdankiewicz and Kryza, 2010). The spec i men
dated was a rhyodacite sam pled from the Chełmiec laccolith
west of the town of Wałbrzych. Other rhyodacite shal low-level
in tru sive and ex tru sive bod ies crop out around the Chełmiec
laccolith and lo cally, are also found in the low er most part of the 
Intra-Sudetic Ba sin fill.

The old est de pos its of the Intra-Sudetic Ba sin, at the base of
the suc ces sion at  the north ern mar gin of  the ba sin, com prise
sev eral for ma tions of lim ited lat eral ex tent, in clud ing the Sady
Górne For ma tion. This for ma tion is up to 600 m thick and com -
prises con glom er ates with in ter ca la tions of mudstones and sand -
stones. Cor re la tion with lat er ally equiv a lent for ma tions dated by
miospore find ings points to the ac cu mu la tion of the Sady Górne
For ma tion in the Holkerian Stage of the Visean (Turnau et al.,
2002) which, in the cur rent strati graphic sub di vi sions for Po land
and Eu rope (Wag ner, 2008), cor re sponds to the early late Visean 
(ca. 334–333 Ma). This dat ing con strains also the on set of late
orogenic sed i men ta tion in the Intra-Sudetic Ba sin (Turnau et al.,
2002). These old est de pos its ac cu mu lated in a nar row, E–W
trending graben bor dered by ac tive faults, with al lu vial fans
along the mar gins feed ing an ax ial flu vial sys tem (Teisseyre,
1968, 1975; Dziedzic and Teisseyre, 1990). The clastic ma te rial

of the Sady Górne For ma tion com prises lo cal de tri tus de rived
from the ad ja cent Kaczawa Unit to the north and the
Świebodzice De pres sion and the Góry Sowie Mas sif to the east
and south-east, with sig nif i cant “tuffaceous” ad mix ture
(Teisseyre, 1970; see also be low). 

This pa per deals with the Sady Górne rhyodacites
(Awdankiewicz, 1999a), which crop out in the up per part of the 
Sady Górne For ma tion. The rhyodacites and their coun try
rocks were mapped in de tail by Berg et al. (1906), Teisseyre
(1966) and Teisseyre (1972). Teisseyre (1966) used trenches
ex ten sively in this poorly ex posed area, and his re sults were
partly in cor po rated in Teisseyre’s (1972) map. Rel e vant sec -
tions of the two 1:25 000 maps (Fig. 2A, B) dif fer in some im -
por tant as pects. This is partly due to the gen er al iza tion of two
main rhyodacite out crops into a sin gle out crop in the more re -
cent, 1972 map. Other dif fer ences, how ever, in clude: 

– the ab sence or pres ence of tuffs near the base of the main 
rhyodacite out crop;

– the un con form able or con form able po si tion of the west -
ern part of the main rhyodacite out crop rel a tive to sed i -
men tary for ma tion bound aries.

Berg et al. (1906), Dathe and Zim mer mann (1912) and
Zim mer mann (1920) con sid ered that the “por phy ries” they
mapped are in tru sive veins, up to 20 m thick, of late Car bon if -
er ous or Perm ian age. How ever, Teisseyre (1966) re in ter preted 
the “por phy ries” as lavas and tuffs of early Car bon if er ous age,
con tem po ra ne ous with the ad ja cent lower Car bon if er ous for -
ma tions. His in ter pre ta tion was based on de tailed log ging of the 
“por phy ries”, the sed i men tary rocks and their con tact zones in
23 trenches con cen trated along two sec tions. Teisseyre con sid -
ered that the lower part of the main (mid dle) por phyry sheet is a
4 m thick rhy o lite lava with abun dant peb bles – xe no liths de -
rived from the un der ly ing sed i ments – as well as molds of
Cala mites twigs. Above, a 1.5 m thick layer of “pisolitic tuff”
over lain by an other rhyolitic lava, up to 25 m thick, were iden ti -
fied. This “older vol ca nic as sem blage” is over lain by some
15–20 m of con glom er ates and mudstones, fol lowed by the
“youn ger vol ca nic as sem blage”. The lat ter, up to 18 m thick,
com prises a trachybasalt lava with a rough, un even top, over -
lain by a dellenite lava. Over all, Teisseyre (1966) con sid ered
that the rocks de scribed rep re sent the old est vol ca nic prod ucts
in the Intra-Sudetic Ba sin; this early vol ca nism com prised at
least two main ep i sodes of lava ef fu sion, with an ex plo sive
erup tion and de po si tion of fall-out tuff with accretionary lapilli
dur ing the older ep i sode.

Fur ther sup port for the above in ter pre ta tion was pro vided
by petrographic stud ies of the Sady Górne Culm de pos its.
Teisseyre (1970) found that all these rocks, es pe cially the
finer-grained lithologies, con tain a sig nif i cant volcanogenic
com po nent, lo cally ex ceed ing 50% by vol ume. The au thor
linked this com po nent with con tem po ra ne ous, dom i nantly
silicic vol ca nism. West ward trans port di rec tions in the Sady
Górne Culm, to gether with a west wards de crease of the
volcanogenic com po nent in the de pos its, sug gested that a con -
tem po ra ne ous vol cano was lo cated east of the ba sin.

Awdankiewicz (1999a, b) dis tin guished the vol ca nic rocks
of the Sady Górne area as the SGRd and, fol low ing Teisseyre
(1970), sug gested that they were erupted from a vol cano lo -
cated east of the vil lage of Sady Górne where sev eral dykes of
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“porphyries” strad dle the fault-bounded mar gin of the
Intra-Sudetic Ba sin and may rep re sent feed ers of an eroded
silicic vol cano. A geo chem i cal and petrographic study showed
that the SGRd are char ac ter ized by vari able phenocryst con -
tents, groundmass tex tures and de grees of post-mag matic  al -
ter ation, and can be sub di vided into two main lithologies:
phenocryst-poor and phenocryst-rich rhyodacites. The SGRd,
to gether with the Trójgarb rhyolites, Chełmiec and Stary
Lesieniec rhyodacites, Nagórnik andesites and Borówno ba -
saltic andesites form the older (Car bon if er ous) calc-al ka line
vol ca nic suite of the Intra-Sudetic Ba sin (Awdankiewicz,
1999a, b).

RESULTS

FIELD RELATIONSHIPS, STRUCTURES 
AND PETROGRAPHY

The Sady Górne For ma tion in the study area is ca. 400 m
thick and dips at ca. 35° to the south/south-west, and it con sists
mainly of me dium-grained con glom er ates with in ter ca la tions
of fine-grained con glom er ate, siltstone and subgraywacke
(Teisseyre, 1966). The low er most of the three rhyodacite
sheets mapped by Berg et al. (1906), in the NE part of the study
area, is not ex posed and was not in cluded in this study. The
mid dle, main rhyodacite sheet ex tends from west to east for
ca. 1.5 km, largely subparallel to the strat i fi ca tion of the host
de pos its, and is up to 20–30 m thick. Some 15 m up-se quence,
the up per most rhyodacite sheet is found. It is up to ca. 18 m
thick and can be traced for ca. 300 m. The main rhyodacite
sheet is built up of phenocryst-poor rhyodacites, whereas the
up per most one com prises phenocryst-rich and phenocryst -

-poor rhyodacites. De tailed pe trog ra phy and bulk-rock anal y -
ses are given by Awdankiewicz (1999a, b).

Apart from scarce and very small rock crags, the rhyodacites
are ex posed in two small aban doned quar ries (lo cal i ties 1 and 2,
Fig. 2). Lo cal ity 1 is sit u ated in the east ern part of the mid dle
rhyodacite sheet, which is prob a bly not more than ca. 12–13 m
thick there. How ever, the mar gins and the con tacts with the host
de pos its are not ex posed. The sec tion, ca. 10 m thick (Fig. 3,
Log 1), shows phenocryst-poor rhyodacites with well-de vel oped 
co lum nar joints and less dis tinc tive platy joints per pen dic u lar to
the co lum nar joints. The col umns, typ i cally a few cm in di am e -
ter, dip to the NNE at ca. 40–60°, pre sum ably per pen dic u lar to
the mar gins of the rhyodacite sheet. The platy joints dip to the
SSW at 25–30°, prob a bly subparallel to the mar gins of the sheet.
Flow lam i na tion, subparallel to the platy joints, is com mon. In -
dis tinct cm-sized flow folds oc cur in places. Co lum nar joints be -
come less reg u lar in the lower part of this sec tion. The up per most 
3 m of the sec tion is more het er o ge neous and con sists of aligned
do mains, decimetres thick and metres long, of al ter nat ing co lum -
nar-jointed rhyodacites and platy-jointed rhyodacites. The co -
lum nar-jointed do mains are struc tur ally equiv a lent to the un der -
ly ing part of the sec tion. The platy-jointed do mains are char ac -
ter ized by wide, wavy un du la tions as well as in dis tinct, aligned
zones of dense frac tur ing and brecciation, with an gu lar
rhyodacite clasts less than 1 cm in size.

Lo cal ity 2 is sit u ated in the east ern part of the up per most
rhyodacite sheet (Fig. 2). The sheet is be tween 10 and 20 m
thick there, and a ca. 4 m thick sec tion of the in ner part of the
sheet can be ob served (Fig. 3, Log 2). The lower part of the sec -
tion con sists of a phenocryst-rich rhyodacite and the up per part
is built of phenocryst-poor rhyodacite. The con tact of these two 
lithologies is sharp and un even, with a ver ti cal re lief of up to
ca. 2–3 m in am pli tude. Teisseyre (1966) noted dif fer ences in
joint pat terns in the two lithologies. In deed, the phenocryst-rich 
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Fig. 2. Geo log i cal maps of the study area

A – mod i fied from Berg et al. (1906); B – based on Teisseyre (1972) and Teisseyre (1966); clas si fi ca tion
of the vol ca nic rocks af ter Awdankiewicz (1999a, b); star sym bols an no tated 1 and 2 – lo cal i ties de scribed in this pa per;

geo graphic co or di nates of the lo cal i ties: 1 – N 50°51.549’, E 16°10.624’; 2 – N 50°51.554’, E 16°10.413’



rhyodacite shows blocky-type joints, with most joint planes
trending per pen dic u lar to the con tact with the over ly ing
phenocryst-poor rhyodacite. The lat ter is char ac ter ized by
more densely spaced and less reg u lar joints. In ad di tion, de -
tailed re-ex am i na tion of the south east ern part of the quarry re -

veals a 4–5 cm thick vein of the phenocryst-rich rhyodacite
pen e trat ing into the phenocryst-poor rhyodacite from the top of
a wider “ridge” of the phenocryst-rich rhyodacite (Fig. 3,
Log 2). A sim i lar but thicker ap par ent vein, with more dif fuse
and wavy mar gins and seen in a sec tion subparallel to its strike,
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Fig 3. Logs and pho tos il lus trat ing struc tures and tex tures of rhyodacites at lo cal i ties 1 and 2

Com ments in text



oc curs in the cen tral part of the quarry. Nei ther well-de fined
chilled mar gins nor en claves of one rhyodacite type in the other 
were found.

The phenocryst-poor rhyodacites are pale pink to red dish,
apha ni tic, nearly aphyric rocks with light and dark laminae,
1–20 mm thick.  Sparse  and small pheno crysts  (ca. 1%  by
vol ume and less than 0.7 mm in size) com prise quartz, al tered
feld spars and bi o tite. Pri mary feld spars are usu ally re placed by
al bite and kaolinite, whereas the bi o tite is partly chloritized and 
intergrown by seri cite ag gre gates. The microcrystalline
groundmass con sists of quartz, al kali feld spars, bi o tite, seri cite, 
kaolinite and op aques. Lam i na tion is due to vari able amounts
of aligned kaolinite and quartz streaks and vari able amounts of
Fe-rich “pig ment”. Most spec i mens also show align ment of
pheno crysts and of groundmass bi o tite plates. At lo cal ity 1, an
in dis tinct microspherulitic tex ture is lo cally de vel oped. The
microspherulites, ca. 0.05–0.1 mm in di am e ter, are com posed
of quartz and al kali feld spars, with the cores more in tensely
stained by Fe-rich pig ment and the mar gins out lined by con -
cen tra tions of seri cite or quartz and kaolinite ag gre gates.

The frac tured and brecciated do mains at lo cal ity 1 show
var i ous tex tures. In places there are rel a tively well-de fined
subangular to subrounded rhyodacite frag ments, up to few
milimetres in size. The clasts dif fer from the host rock in their
groundmass tex ture (e.g., felsitic-tex tured clasts in micro -
spherulitic rhyodacites). Some clasts show in ter nal lam i na tion
which is ro tated rel a tive to the lam i na tion in the host rhyo -
dacite. There are also net works of anastomosing, cross-cut ting,
seri cite-en riched veinlets and patches, which re sult in mi -

crobrecciated, jig saw-tex tured do mains. Lo cally, there are
opaque patches rich in Fe-ox ide pig ment.

The phenocryst-rich rhyodacites con tain ca. 15% (vol.) of
pheno crysts which are up to 3 mm long and are set in a
microcrystalline, mas sive to trachytic-tex tured groundmass.
Apart from bi o tite, which shows thin, dis con tin u ous,
opaque-rich re ac tion rims, the other pheno crysts are pseudo -
morphs af ter plagioclase and mafic min er als. Plagioclase is re -
placed by al bite and kaolinite and shows rel ics of polysynthetic
twins, sieve tex tures (groundmass in clu sions) and zon ing (vari -
able dis tri bu tion of the post-mag matic min er als). The mafic
pseudo morphs con sist mainly of kaolinite and op aques. The
pris matic, six-sided habit and thick, opaque out lines of many
pseudo morphs sug gest that the orig i nal ig ne ous min eral was
hornblende, which was partly de com posed into “opa cite” along 
the mar gins. A po rous ap pear ance of the rhyodacites in
hand-spec i men re sults from leach ing of the pseudo morphs on
weath er ing. The groundmass of the phenocryst-rich rhyo -
dacites is mainly com posed of aligned laths, ca. 0.05 mm long,
of albitized and sericitized plagioclase. The other com po nents
in clude anhedral al kali feld spars and quartz, kaolinite and seri -
cite flakes, opaque grains and acicular crys tals of ap a tite.

ZIRCON STUDY AND SHRIMP AGES

A num ber of zir con grains are short pris matic, subhedral to
subrounded (Fig. 4) and a few of these yielded in her ited ages
(grains 6.1, 7.1, 11.1, 13.1; see be low). The ma jor ity of grains

60 Ryszard Kryza and Marek Awdankiewicz

Fig. 4. Cathodoluminescence im ages of zir cons from the rhyodacite

El lip ti cal an a lyt i cal spots are ca. 30 mi crom e ters large; 
206Pb/238U ages given in la bels are com mon Pb cor rected us ing mea sured 204Pb and 1s er rors



form a fairly ho mo ge neous pop u la tion of short- to nor -
mal-pris matic crys tals, euhedral to subhedral, partly
bro ken. Typ i cally, they show dis tinct  “mag matic” 
zon ing, con sis tent with their vol ca nic der i va tion. How -
ever, par tic u lar grains dis play var i ous fea tures tes ti fy -
ing to their com plex or i gin. Grains 6.1, 7.1 and 13.1 are 
subrounded, with CL bright rims and in dis tinct cores
rep re sent ing in her ited com po nents. Rel a tively larger
grains 14.1 and 15.1, with banded zonation pos si bly
re flect ing crys tal li sa tion from more mafic magma,
might rep re sent a pre-erup tive his tory (but we should
keep in mind that this ob ser va tion is based only on a
few, rather ex cep tional grains in the zir con sep a rate in -
ves ti gated). The most abun dant pris matic crys tals, with  
fine-scale oscillatory zonation (1.1, 2.1, 3.1, 4.1, 5.1,
8.1, 9.1, 10.1, 12.1), most likely rep re sent the main
pop u la tion that crys tal lised from fel sic magma.

Based on trans mit ted and re flected light, and
cathodoluminescence (CL) im ages, fif teen points in
fif teen grains have been se lected for SHRIMP anal y sis
(Fig. 4 and Ta ble 1). One point (7.1), CL-bright, U-
and Th-poor, and with high com mon lead (3.73%
206Pbc), is strongly dis cor dant (dis cor dance D = 100
[(age 207Pb/206Pb)/(age 206Pb/238U) – 1] = – 50%) and
has been ex cluded from our in ter pre ta tion.

Three grains yielded ages dis tinctly older than the
main zir con pop u la tion. The old est grain (11.1, Ta -
ble 1) shows a 206Pb/238U age of 558 ±7 Ma but it is
slightly dis cor dant (D = 10), thus its true age may be
some what older (207Pb/206Pb age is 614 ±34 Ma). The
grain is a subrounded, trans par ent crys tal, with re cur -
rent “mag matic” zon ing. Its 232Th/238U ra tio is 0.28.

The two other in her ited grains, 6.1 and 13.1,
yielded sim i lar, within er ror, 206Pb/238U ages of 475 ±6
and 465 ±6 Ma, re spec tively (Fig. 5A). They are also
slightly pos i tively dis cor dant (207Pb/206Pb ages of 521
±37 and 520 ±37 Ma, re spec tively). The av er age con -
cordia age of these two points is 471 ±9 Ma. Both the
grains are subrounded and dis play sim i lar in ter nal
struc ture: CL-dark ho mo ge neous in te ri ors and thin
CL-bright rims (Fig. 4). Both the grains have high
232Th/238U ra tios (0.52 and 0.43), typ i cal of mag matic
zir cons.

Grain 5.1 with a 206Pb/238U age of 323 ±4 Ma is
con sid er ably older than the main zir con pop u la tion. Its
rather high pos i tive dis cor dance (D = 35) sug gests that
the 207Pb/206Ub age of 435 ±70 Ma ap prox i mates the
min i mum age of that crys tal.

The main pop u la tion of zir cons com prises ten an a -
lyt i cal points with 206Pb/238U ages within the range of
300 ±4 Ma (grain 1.1) and 314 ±4 Ma (grain 15.1), all
con cor dant within 2 s er rors (Fig. 5B). The av er age
con cordia age for this group is 306.1 ±2.8 Ma. Most of
these grains have sim i lar mor phol ogy, they are
euhedral or subhedral short- to nor mal-pris matic trans -
par ent crys tals, usu ally with dis tinct re cur rent CL zon -
ing. They also dis play mod er ate to fairly high
232Th/238U ra tios, be tween 0.22 and 0.96.

Ambiguous geological position of Carboniferous rhyodacites in the Intra-Sudetic Basin (SW Poland) clarified by SHRIMP zircon ages 61
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DISCUSSION

GEOLOGICAL FORM AND EMPLACEMENT PROCESSES
OF THE RHYODACITES

Two con trast ing in ter pre ta tions of the geo log i cal form
and em place ment pro cesses of the Sady Górne rhyodacites
have been pro posed so far: Berg et al. (1906) con sid ered that
these are in tru sive veins, whereas Teisseyre (1966) ar gued
that these are lavas and tuffs. Cri te ria for dis tinc tion be tween
subvolcanic in tru sions and ex tru sions in mod ern and an cient
se quences have been dis cussed in de tail by McPhie et al.
(1993); the cri te ria re lay on the ge om e try and in ter nal struc -

tures of the ig ne ous bod ies and, in par tic u lar, on the
lithologies and tex tures in mar ginal and con tact zones of such
ig ne ous bod ies. How ever, a sharp di vi sion into lavas sensu
stricto and subvolcanic in tru sions is not al ways pos si ble even
in mod ern suc ces sions, where tran si tional types of (sub)vol -
ca nic bod ies such as cryptodomes are found (e.g., Cas and
Wright, 1987). In an cient se quences, such fac tors as tec ton ics, 
ero sion, al ter ation or meta mor phism may fur ther ob scure
orig i nal em place ment-re lated char ac ter is tics.

The in ter pre ta tion of the SGRd is mainly ham pered by lim -
ited ex po sure, and the in for ma tion on mar gins and con tact
zones of the rhyodacites co mes only from Teisseyre’s (1966)
de scrip tions from trenches. How ever, the data avail able are
more con sis tent with the em place ment of the rhyodacites as in -
tru sive sheets.

The Sady Górne rhyodacites sheets seem largely con form -
able, but the wes tern most part of the lon gest sheet may be un -
con form able (Fig. 2A). Sim i larly, the platy joints at lo cal ity 1,
pre sum ably subparallel to the mar gins of this sheet, dip at a
higher an gle than the host sed i men tary rocks. There fore it is
pos si ble that the rhyodacite sheet is slightly dis cor dant and cuts
bed ding in the host rocks at a low an gle. Such re la tion ships
could not be found if the rhyodacites were lavas.

The thick ness of in di vid ual rhyodacite sheets var ies from a
few to ca. 30 m. Even the high est of these val ues are rel a tively
low for sil ica-rich (dacitic-rhyolitic) lava flows, and it is un -
likely that such only me ters-thick sheets were emplaced as
lavas (cf. Cas and Wright, 1987; McPhie et al., 1993).

Ob ser va tions from the ex po sures and from trenches
(Teisseyre, 1966) show that the SGRd are al most ex clu sively
rep re sented by apha ni tic to porphyrytic, microcrystalline rocks. 
Such lithologies are typ i cal of in tru sive sheets. Var i ous types of 
joints, lam i na tion and mi nor zones of brec cias can be linked
with flowage and cool ing of magma, and lo cal ized crack ing of
so lid i fy ing rhyodacite, in the in tru sive sheets. In con trast,
silicic lava flows are char ac ter ized by much stron ger
lithological and petrographic vari a tion in ver ti cal sec tions (Cas
and Wright, 1987; McPhie et al., 1993; Paulick and Breitkreuz,
2005 and ref er ences therein). The mar ginal “car a pace fa cies”
lithologies (autoclastic brec cias, ob sid ian, spherulitic rhyolites) 
are abun dant or even pre dom i nate over the in ner “core fa cies”
(microcrystalline rhyolites). In this con text the “pisolitic tuffs”
and “lava-ce mented con glom er ates” de scribed by Teisseyre
(1966) from the lower part of his “older vol ca nic as sem blage”
may also be in ter preted as some mar ginal fa cies lithologies de -
vel oped along the thick est part of the in tru sive sheet. The or i gin 
of the “lava-ce mented con glom er ates” due to the in ter ac tion of
rhyodacite magma with un con sol i dated peb bly de pos its in the
con tact zone (Teisseyre, 1966) seems es sen tially cor rect. How -
ever, it is equiv o cal or doubt ful whether the “lapilli tuff” does
re ally rep re sent a pyroclastic rock, or rather some other
fragmental to co her ent rock, such as al tered, (?)partly
autobrecciated, spherulitic, hypocrystalline rhyodacite. In fact
Teisseyre (1966) re ports that no ash par ti cles could be ob served 
in thin sec tions of the “tuffs”.

Ar gu ments sim i lar to those above may be also raised
against the in ter pre ta tion of the up per rhyodacite sheet as two
suc ces sive lava flows. Fur ther more, the vein(s) of
phenocryst-rich rhyodacite cut ting the phenocryst-poor
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Fig. 5A – con cordia di a gram for rhyodacite sam ple SG,
all 15 mea sured points; B – con cordia di a gram for ten se lected

an a lyt i cal points of the main age pop u la tion of zir cons

The age of de po si tion of the host sed i men tary rocks of the rhyodacites,
the Sady Górne For ma tion, af ter Turnau et al. (2002)



rhyodacite (Fig. 3, Log 2) show that the rel a tive age of these
lithologies is op po site to that ex pected for two suc ces sive lava
flows. It is there fore sug gested that this rhyodacite sheet rep re -
sents a com pos ite vein formed by suc ces sive em place ment of
two main magma batches: the phenocryst-poor magma first
and the phenocryst-rich magma next. The sec ond magma batch 
dis rupted and in truded the ear lier, partly so lid i fied magma, and
could have been cooled against the ear lier, al ready so lid i fied
do mains, which re sulted in the ob served rough con tacts, veins
and joint pat terns.

An other prob lem is the or i gin of the volcanogenic ma te rial
in de pos its of the Sady Górne For ma tion (Teisseyre, 1970).
This is be yond the scope of this study, but it should be noted
that the sim i lar ity be tween this “tuffaceous” volcanogenic
com po nent and the SGRd is not def i nitely con firmed, e.g. by
trace el e ment chem is try or by min eral chem is try data. There -
fore, the re la tion ship to any pos si ble con tem po ra ne ous vol cano 
in this re gion, or to other more re mote and un re lated sources, is
not well-con strained.

Over all, the re-ex am i na tion of field re la tion ships pre -
sented in this study pro vides ar gu ments for the subvolcanic
em place ment of the SGRd, as a set of in tru sive, con form able
to semiconformable(?) sheets, some of com pos ite na ture.
This is gen er ally con sis tent with the orig i nal in ter pre ta tion of
Berg et al. (1906).

AGE OF RHYODACITES

Our SHRIMP anal y ses did not aim at de tailed de ci pher ing
of the en tire spec trum of in her ited zir cons in the Stare
Bogaczowice rhyodacites, how ever, a few anal y ses ob tained
from subrounded zir con grains (6.1, 13.1 and 11.1) con firm the 
pres ence of in her ited ma te ri als in these rocks. They seem to
rep re sent two crustal sources of var i ous ages: (a) of ca. 560 Ma, 
and (b) of ca. 470 (or slightly older) Ma. These broadly cor re -
spond to, re spec tively, the Cadomian and lower Or do vi cian
granitoids/orthogneisses ex posed in a num ber of base ment
units of the Sudetes (we should no tice, how ever, that the lower
Or do vi cian orthogneisses ex posed in the neigh bour hood are
sig nif i cantly older, i.e. ca. 490–500 Ma; Pin et al. (2007) and
in ferred to form parts of the un der ly ing mid dle crust of this re -
gion (Oberc-Dziedzic et al., 2009). The rhyodacites may con -
tain ma te ri als de rived by par tial melt ing of such crustal sources
or they have been sig nif i cantly con tam i nated by that sort of fel -
sic rocks. An al ter na tive, more com plex sce nario could be that
the older zir cons were first sup plied into the sed i ments of the
Intra-Sudetic Ba sin as de tri tus de rived from base ment out -
crops, and then in cor po rated by the as cend ing SGRd magma
from the sed i men tary coun try rocks.

The main pop u la tion of the zir cons in the rhyodacites is ho -
mo ge nous in mor phol ogy, in ter nal struc tures and a range of
chem i cal/iso to pic char ac ter is tics. In par tic u lar, their euhedral
and pris matic habit, re cur rent zonation, to gether with the rel a -
tively high 232Th/238U ra tios (be tween 0.22 and 0.96), in di cate
their mag matic crys tal li sa tion. The av er age con cordia age of
306.1 ±2.8 Ma is in ter preted as cor re spond ing to the main mag -
matic crys tal li sa tion of the rhyodacitic magma. The mag matic

age of the rhyodacites, based on our SHRIMP data, cor re -
sponds to the Westphalian (Menning et al., 2006).

REGIONAL IMPLICATIONS

The re sults pre sented in this pa per, to gether with the
biostratigraphic dat ing of the early Car bon if er ous de pos its of
the Intra-Sudetic Ba sin (Turnau et al., 2002), show that the
Sady Górne rhyodacites were emplaced in the late Car bon if e -
r ous, ca. 24–31 My af ter the de po si tion of their host rocks.
This cast doubts on the cur rent views on the early phases of
vol ca nism in the Intra-Sudetic Ba sin (Teisseyre, 1966;
Awdankiewicz, 1999a, b). Pos si bly, vol ca nism in the
Intra-Sudetic Ba sin was ini ti ated sev eral mil lion years later
than sup posed so far. The Sady Górne rhyodacite can no lon -
ger be linked with some ini tial, early Car bon if er ous vol ca nic
phase, but ap par ently with a youn ger, late Car bon if er ous
phase of vol ca nism. A pre lim i nary SHRIMP zir con dat ing of
the rhyodacitic Chełmiec laccolith near Wałbrzych sug gests
its em place ment at ca. 310 Ma (Awdankiewicz and Kryza,
2010). An older SHRIMP zir con age of ca. 315 Ma has been
ob tained for rhyodacites of the Żelaźniak subvolcanic in tru -
sion cut ting the base ment rocks of the Intra-Sudetic Ba sin to
the north-west (Machowiak et al., 2008). The rel a tively large
spread in the ages ob tained so far sug gests a rel a tively pro -
longed phase and sev eral pulses of late Car bon if er ous
magmatism in the Intra-Sudetic Ba sin and its vi cin ity, but the
ques tions of when the vol ca nism was ini ti ated and how long it 
lasted can not yet be an swered pre cisely as some other
(sub)vol ca nic rock units to the west and south-west of the
SGRd (e.g., the Trójgarb rhyolites and the Nagórnik
andesites) re main un dated.

CONCLUSION

The key re sults of this study can be sum ma rized as fol lows:
1. The Sady Górne rhyodacites were emplaced as in tru sive,

con form able to semiconformable, sim ple to com pos ite sheets
into the con glom er ates and mudstones of the Sady Górne For -
ma tion, in the low er most part of the molasse fill of the
Intra-Sudetic Ba sin.

2. A SHRIMP zir con study of the rhyodacites re veals a few
in her ited zir cons of ca. 560 Ma, and ca. 470 Ma, de rived from
con tam i nants or source rocks of the rhyodacite magma. The
main pop u la tion of zir cons, dated at 306.1 ±2.8 Ma, re flects the
em place ment age of the rhyodacites in the mid to late part of the 
late Car bon if er ous (Westphalian), some 24–31 My af ter the de -
po si tion of their host rocks.

3. The new re sults cast doubts on the cur rent views on the
tim ing of late- and post-orogenic vol ca nism in the Intra-Sudetic 
Ba sin in the Cen tral Eu ro pean Variscides. Pos si bly, this vol ca -
nism was ini ti ated in the late, not in the early Car bon if er ous,
sev eral mil lion years later than as sumed so far.
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APPENDIX

SHRIMP an a lyt i cal pro ce dure

U-Pb anal y ses were per formed on a SHRIMP-II at the Cen -
tre of Iso to pic Re search (CIR) at VSEGEI, ap ply 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
ab late 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. 27 × 20 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-min ute rastering over a rect an gu lar area of ca. 60 ́  50 mm
was em ployed be fore each anal y sis in or der to re move the gold
coat ing and 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 (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).
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