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In Europe, extensive volcanic activity during the Late 
Carboniferous–Early Permian is recorded from Ireland 
through Britain, into the North Sea, to Germany and Po-
land, in both foreland and the internal parts of the Variscan 
orogen (Timmerman, 2004; Awdankiewicz et al., 2013). 
The volcanic rocks represent syn- and post-orogenic stag-
es. In Poland, the most ubiquitous volcanic rocks are dat-
ed as from the turn of the Carboniferous to the Permian 
(e.g., Harańczyk, 1985, 1989a, b; Czerny and Muszyński, 
1997; Awdankiewicz, 1999; Lewandowska et al., 2007, 
2010; Nawrocki et al., 2007, 2008, 2010; Awdankiewicz  
et al., 2013), including the numerous occurrences at the NE 
margin of Upper Silesian Block (Fig. 1). In the Kraków re-
gion, the magmatic system comprises both deep-seated and 
shallow magmatic and extrusive bodies; most of the igne-
ous rocks possess geochemical characteristics revealing 
their post-orogenic nature (Żelaźniewicz et al., 2008; Słaby  
et al., 2010; Wolska, 2012). 
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introduCtion

Lower Carboniferous volcanics in Europe are less abun-
dant. However, their distribution is crucial for an under-
standing of the extent of the early orogenic Variscan vol-
canic arc. There is evidence for its existence in the Southern 
Vosges and Schwarzwald (Schaltegger et al., 1996; Eisele 
et al., 2000), and on the eastern margin of the Bohemian 
Massif (Zachovalová and Leichmann, 2003). However, 
there are suggestions that it might have been continued fur-
ther to the east. On the NE margin of the Upper Silesian 
Block, an Early Carboniferous age was determined (Na- 
wrocki et al., 2010) for the diabase recorded from a borehole, 
north of Klucze (WB-137 borehole, about 50 km northwest 
of Kraków), and pyroclastics were described from the se-
quence of the Viséan limestones in the Czatkowice Quarry 
(Fig. 1; Paszkowski, 1995; Appelt, 1998). 

Furthermore, an Early Carboniferous age was assigned 
to enigmatic porphyritic volcanic rock, represented by 
clasts in the breccia interbedded with Viséan mudstones, 
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near the village of Głuchówki (Dżułyński, 1955), studied 
herein (Figs 1, 2). The porphyritic rock fragments were of 
a great interest to geologists, since they were interpreted 
as the earliest record of Variscan volcanism in the Kraków 
area (Dżułyński, 1955; Piłat, 1957, 1960; Czarniecki and 
Łydka, 1958, 1962), similar to that described for the eastern 
margin of the Bohemian Massif (Zachovalová and Leich-
mann, 2003). These coarse-grained breccias with abundant 
volcanic rock clasts were described as being the result of 
submarine slides (debris flows) triggered by earthquakes 
that accompanied the volcanic activity (Dżułyński, 1955; 
Czarniecki and Łydka, 1962). The consistent stratigraphic 
position of the breccias, concordant with the layering of 
the Viséan sequence, led Czarniecki and Łydka (1962) to 
the conclusion that there was contemporaneous sedimenta-
tion of the breccias and mudstones. Such a hypothesis was 
put forward despite the fact that the volcanic clasts possess 
very similar structure and composition to the rocks forming 
the large Zalas rhyodacite laccolith that occurs nearby. The 
Zalas intrusion, exposed in the Głuchówki and nearby Zalas 
quarries (Dżułyński, 1955), has been dated as being formed 
at the end of the Carboniferous and start of the Permian 
(Nawrocki et al., 2007, 2008).

The purpose of this study is to combine new field obser-
vations together with detailed petrological and geochemical 
data, in order to shed light on the genesis of the breccias ob-
served among the layers of Viséan mudstones at Głuchówki. 
An appealing aspect of this study is the recognition of the 
long-discussed nature and age of the clastic rocks from  
the Viséan Culm siliciclastic sequence of the Głuchówki 
area (Dżułyński, 1955; Piłat, 1957, 1960; Czarniecki and 
Łydka, 1958, 1962; Paszkowski, 1995; Hoffmann et al., 

2009), thus contributing to a better understanding of the 
evolution of Variscan volcanism in Poland. 

geologiCAl setting
The study area is at the margin of Kraków-Silesian Ho-

mocline, bordered by the Carpathian Foredeep to the south. 
In the west, the rocks of the Permo-Mesozoic cover have 
been eroded downward into the terrigenous sequence of 
the Brno-Upper Silesian Coal Basin (Fig. 1), representing 
the Variscan foredeep basin of the Moravo-Silesian orog-
eny (Kalvoda et al., 2008). The onset of oblique, dextral 
plate convergence and sedimentation in such a compres-
sional tectonic regime (Grygar and Vavro, 1995) is recorded 
by the deposition of synorogenic, deep marine siliciclas-
tics, termed Variscan flysch or Culm facies (Unrug, 1977; 
Kumpera and Martinec, 1995). The age of the siliciclastics 
is Early Viséan to Early Namurian (Dvořák, 1973; Špaček 
and Kalvoda, 2000; Kalvoda et al., 2008). Beneath the 
Permo-Mesozoic cover, there is the tectonic boundary of 
the Upper Silesian Block (comprising the eastern edge of 
Brunovistulian Terrane) and Małopolska Block (Fig. 1).  
In the Carboniferous and Permian turn the formation of the 
horst-graben system indicated gravitational collapse and ex-
tension of the thickened Variscan crustal structure, accom-
panied by strike-slip activity of the Kraków-Lubliniec Fault 
Zone (KLFZ; Żaba, 1999), a local segment of the NW–SE 
trending Hamburg-Kraków-Dobrogea Fault Zone (HKDFZ; 
Fig. 1) together with the formation of a NNE–SSW fault 
system (Bogacz, 1980).

On the NE margin of Brno-Upper Silesian Block, the 
Culm siliciclasitic facies consists of dark grey, poorly lam-

fig. 1. Simplified geological sketch map of the southern margin of Kraków-Silesian Homocline, showing localization of the Carbonif-
erous-Permian magmatic rock outcrops (after Gradziński, 2009).
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inated mudstones and subordinate siltstones, containing 
scarce plant debris and fauna. It contains rare intercala-
tions of limestone. The monotonous clastic sequence rep-
resents the Zalas Beds of the Moravo-Silesian Culm facies 
(Kumpera and Martinec, 1995). The Zalas Beds are exposed 
in the abandoned Orlej Quarry, near the villages of Zalas 
and Głuchówki (Fig. 2), where in addition interbedded 
breccias were described (Dżułyński, 1955). Some mudstone 
strata and especially singular limestone beds contain numer-
ous fossils, represented by brachiopods (Czarniecki, 1955), 
gastropods (Gromczakiewicz-Łomnicka, 1972, 1974), tri-
lobites (Osmólska, 1970), corals (Nowiński, 1976; Kulic-
ka and Nowiński, 1978), nautiloids (Dzik, 1984), ostracods 
(Olempska, 1993) and conodonts (Bełka, 1982). The fau-
na dates the entire sequence as representing the uppermost 
Viséan. The coarse-grained breccias form two intercalations 
in almost vertically dipping Culm strata. They first were 
described as synsedimentary breccias by Dżułyński (1955) 
and later interpreted as debris flows (Paszkowski, 1995). 
The same rocks were classified as conglomerates by Piłat 
(1957, 1960). 

The Culm sequence hosts the large Zalas rhyodacite lac-
colith (Fig. 2), belonging to the bimodal suite of post-oro-
genic volcanic rocks formed at the end of the Carbonif-
erous and the start of the Permian, which also includes 
basaltic-trachyandesites and other rhyodacites (Muszyński, 
1995; Czerny and Muszyński, 1997; Nawrocki et al., 2007, 
2008; Lewandowska et al., 2009, 2010; Słaby et al., 2010).  
The volcanic activity was simultaneous with the deposi-
tion of tuffs, terrigenous rocks (e.g., Myślachowice Con-
glomerate) and travertine in trans-tensional basins, like 
the Sławków Graben and in its continuation to the south, 
the Nieporaz-Brodła Graben (Fig. 1). The rhyodacites oc-
cur at Zalas-Głuchówki, Dębnik and Miękinia. The Zalas 
rhyodacite laccolith (Dżułyński, 1955) seems to have been 
solidified at a shallower depth compared to that of the Dęb-
nik rhyodacite, as concluded from the less extensive ther-
mal metamorphism aureole at the contact (Lewandowska  
et al., 2010). In turn, the position of the Miękinia rhyodac-
ite within the subsided area (not eroded) and the overlying 
Myślachowice Conglomerate indicates that the Miękinia 
rhyodacite most likely represents a lava dome. A radiomet-
ric age of the Zalas rhyodacite is 294.2 ± 2.1 Ma, a sensitive 
high-resolution ion microprobe (SHRIMP) age for zircon 
(Nawrocki et al., 2007, 2008), and is indistinguishable from 
the age of the Niedźwiedzia Góra diabase 296.6 ± 1.5 Ma 
(an Ar-Ar age; see Nawrocki et al., 2010).

sAmPles
Samples of the breccias were collected from the outcrops 

located along the northwestern escarpment of the old rail-
way line, leading to the abandoned rhyodacite quarry in the 
Głuchówki Forest, near Głuchówki village (Fig. 2). There, 
the contact (coordinates: 50°04’01.5’’N,019°36’50.6’’E) of 
the rhyodacite with the host rocks, the Viséan dark Culm 
mudstones, intercalated with a few limestone layers, is ex-
posed. Operations in the quarry were terminated in 1966, 
and a new documentation of the outcrop was performed in 
2015 after massive erosion of the quarry escarpments by 

heavy rains. The samples were collected from two acces-
sible beds within the steeply dipping (ca. 60°) Culm strata. 
The sampled site of the first breccia layer has the coordinates 
50°03’59.7’’N and 019°36’47.5’’E. Sample OR-KL-1-24, 
shown in Figure 3A originated at this site. The second 
layer is located about 10 m to the southwest (sample OR-
KL-2-3, shown in Figure 3B). The thickness of the breccia 
bodies sampled was about 30 cm, which is much less than 
the thickness described by Czarniecki and Łydka (1958).  
The breccia lenses wedge out over a distance of about 50 cm.

methods
Polished thin sections of the breccias and Culm rocks 

were studied, using a Nikon Eclipse 600Pol petrographic 
optical microscope, equipped with a digital camera.

X-ray diffraction analyses were performed, using an 
X’Pert Automatic Powder Diffractometer (APD) with the 
vertical goniometer PW1830, graphite monochromator in 

fig. 2. Simplified geological map of the Zalas-Głuchówki area 
(after Doktorowicz-Hrebnicki, 1955).
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Institute of Geological Sciences, Jagiellonian University. 
Geochemical analyses were performed in AcmeLabs, Can-
ada, using inductively coupled plasma emission spectrom-
etry (ICP-ES) and inductively coupled plasma mass spec-
trometry (ICP-MS) techniques.

results 

Petrography of breccia

The coarse-grained, reddish-brown, clastic rocks, filling 
pockets in the Culm sequence are composed of not rounded 
or only poorly rounded rock fragments (Fig. 3). The clasts 
are poorly sorted, ranging in size from grains in the sand 
fraction to fragments about 20 cm in size, and are embed-
ded in a poorly sorted sand/siltstone matrix. The breccia is 
framework-supported. The clasts consist of rhyodacites and 
mudstones. Studies with the polarizing microscope revealed 
the presence of two types of mudstone clast: strongly lithi-
fied and spotty hornfels fragments, which are accompanied 

The rhyodacite clasts are usually brown or grey rocks 
with a porphyritic structure. The phenocrysts are feldspars, 
biotite and rare apatite as well as opaque pseudomorphs 
of amphibole. The size of automorphic, zoned plagioclase 
crystals ranges up to 4 mm, whereas biotite crystals reach 
2 mm. Amphibole crystals have undergone strong alter-
ation and pseudomorphs 1–2 mm in size were observed. 
The feldspar phenocrysts possess numerous embayments. 
The phenocrysts are set in a microcrystalline groundmass 
(Fig. 4A) that is brown in colour. The groundmass consists 
of K-feldspar, quartz and minor calcite. The outer zones of 
the rhyodacite clasts are often altered owing to weathering 
(Fig. 3A). 

The mudstone fragments comprise two varieties: 1) tight, 
subtly or moderately laminated, grey to black mudstones, 
which when weathered turn brown or reddish (Fig. 4B) and 
2) spotted hornfelses (Fig. 4C, D). 

The mudstones are composed of angular or subangular 
grains of fine sand and coarse silt, set in a scarce argilla-
ceous matrix. The abundant detrital constituents are quartz 

fig. 3. Hand specimens of the two varieties of breccia. A. The variety composed of the dominant rhyodacite clasts. b. The variety with 
abundant mudstone fragments. 

by a range of types of rhyodacite clasts, differing in the level 
of alteration. The dark brown to dark grey mudstone clasts 
are often elongated. There are two varieties of the breccias, 
differing in the proportions of rhyodacite and mudstone 
clasts in the framework (Fig. 3). The variety with abundant 
rhyodacite clasts can contain up to about 60 % vol. of rock 
fragments (Fig. 3A), while the variety with predominating 
mudstone and spotty hornfels clasts contains only subordi-
nate amounts of rhyodacite debris (Fig. 3B).

and white mica and subordinate ones are dark mica, feldspar 
and opaque material, probably coalified, organic debris.  
The lamination results from the linear alignment of elongat-
ed mica flakes (Fig. 4B, C). These mudstone clasts are like 
the mudstone that make up the Culm sequence. 

The spotted hornfels clasts (Fig. 4C, D) are composed of 
abundant, isometric porphyroblasts, 20–150 µm in size, rep-
resenting cordierite pseudomorphs (pinite). They are riddled 
with submicroscopic crystals of quartz, feldspars, and sheet 
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silicates. At clast surfaces, the porphyroblasts tend to change 
in colour from greyish to red (Fig. 4D), owing to submicro-
scopic hematite/goethite inclusions that have resulted from 
weathering. Weathering alterations sometimes cover entire 
clasts or only the edges of the clasts. The cordierite pseudo-
morphs are set in a fine-crystalline, argillaceous mass. 

The breccia matrix, which is reddish in colour, is rich in 
argillaceous content. The XRD analysis of the matrix re-
vealed abundant quartz, orthoclase and the presence of 10 Å 
micas and minor chlorites. 

geochemistry of rhyodacite clasts

The chemical composition of the volcanic rock clasts was 
plotted in the silica vs total-alkali and potassium classifi-
cation diagrams (Fig. 5A, B; Table 1) as well as the trace 
elements discrimination diagrams (Fig. 5C, D) of Winches-
ter and Floyd (1977). The clasts show about 67 wt % of 
SiO2 and a high potassium content of up to 9.7 wt % of K2O  
(Fig. 5A, B), which classifies them as high-K rhyolites. 
However, the trace-element data were plotted in a Zr/Ti vs. 
Nb/Y diagram, which eliminates the influence of subsequent 
alterations and weathering (Winchester and Floyd, 1977) 
and shows that the rock plots in the rhyodacite-dacite field. 

disCussion
Previous hypothesis on the alleged Viséan volcanism

The provenance of the volcanic clasts in the Głuchówki 
breccias has been somewhat enigmatic so far (Czarniecki 
and Łydka, 1958; 1962; Paszkowski, 1995), although they 
were considered to provide indirect evidence of Viséan vol-
canic activity. The two types of breccias were described, 
consisting either of dominant porphyritic rhyodacite or 
mudstone clasts. The rhyodacite clasts were usually better 
rounded, compared to the mudstones. Such a textural di-
versification of the clasts resulted in different approaches to 
rock description: the rock was classified either as conglom-
erate (Czarniecki and Łydka, 1958, 1962; Piłat, 1960) or as 
breccia (Dżułyński, 1955; Paszkowski, 1995).

The rock composed of mudstone clasts set in a red matrix 
with macroscopically visible feldspars has been interpreted 
as an intrusive breccia (Dżułyński, 1955) that is the result 
of the disintegration of the host mudstones by intruding 
magma of the apophyses of the Zalas rhyodacite laccolith. 
However, the breccia bodies occur within only slightly ther-
mally altered Culm mudstones at a distance ca. 50 m from 
the contact aureole of the Zalas rhyodacite (vide Czarniecki 
and Łydka, 1958, fig. 1). A closer examination of the brec-

fig. 4. Microphotographs of breccia clasts and matrix. A. Clasts of the rhyodacite with biotite (Bt) and feldspar (Fs) phenocrysts in  
a microcrystalline groundmass surrounded by clasts of mudstone set in an argillaceous matrix, comprising quartz, feldspar, biotite grains. 
b. Clasts of laminated mudstone defined by the alignment of mica grains are often rimmed (Rim) by reddish Fe-oxides. C. Two spotted 
hornfels clasts with pinite pseudomorphs of cordierite (Phs) differing in size. d. Fragment of a spotted hornfels clast (right) with a reddish 
weathering rim formed by iron oxides. All photographs under polarizing microscope, crossed polars. 
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cia matrix reveals predominant quartz and K-feldspar grains 
within the argillaceous material not confirming its magmat-
ic nature and abundant clasts of spotty hornfelses and rhyo-
dacites indicating another origin of the breccias.

The fact that the breccia bodies are concordant with the 
layering of the sequence and contain numerous volcanic 
rocks together with the mudstone clasts led to the hypoth-
esis that the breccias were deposited as a result of subma-
rine slumps, triggered by tectonic activity associated with 
volcanism (Dżułyński, 1955; Czarniecki and Łydka, 1958). 
The clasts of the volcanic rocks were assumed to have been 
eroded from volcanic edifices and deposited from episod-
ic mass flows, accompanying mudstone sedimentation in 
a deep, marine environment. Czarniecki and Łydka (1958) 
described the breccias as marine deposits on the basis of the 
marine fauna found in the neighbouring Culm mudstones. 
The late Viséan age of the sequence was proposed on the 

basis of the micro- and macrofossils found in the sedimen-
tary sequence (Czarniecki, 1955). These all led the authors 
(Dżułyński, 1955; Czarniecki and Łydka, 1958) to the con-
clusion that the breccias represent an indirect record of early 
Variscan volcanic activity in the Kraków region. On closer 
inspection, however, several lines of evidence indicate a dif-
ferent scenario for their formation. 

A new scenario of breccia formation

By combining new field observations on their geological 
setting together with detailed petrological and geochemical 
data, an alternative mode of breccia formation is proposed 
(Fig. 6).

The breccia bodies do not form laterally continuous beds, 
but instead form lenticular pockets, parallel to the layering. 
The pockets wedge out at the distance of about half a metre 

fig. 5. Comparison of the geochemistry of the Głuchówki breccia volcanic clasts (solid diamonds and solid square) and the Zalas 
laccolith rhyodacite (solid circles), based on A. Total alkali-silica diagram. b. SiO2 vs K2O diagram showing potassium enrichment of 
the volcanic clasts vs rhyodacites from Zalas laccolith. C. The Winchester and Floyd (1977) Nb/Y vs Zr/TiO2 classification diagram.  
d. SiO2 vs Zr/TiO2 diagram showing great similarity of both populations. *K2O wt. % content see Table 1, rock analyses by Piłat (1957) 
– solid square, Czerny and Muszyński (1997) and Słaby (2010) – solid circles, were also included.
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from the surface. Rock bodies of such limited size cannot 
represent submarine slumps. The reverse grading of the vol-
canic rock clasts with large, angular fragments at the top of 
layers, as described by previous researchers (Czarniecki and 
Łydka, 1958), resembles that of debris flow deposits.

The clasts of volcanic rocks of the breccia framework can 
be classified as rhyolites on the basis of geochemical data 
on the major elements with a higher potassium content than 
the neighbouring Zalas rhyodacites. However, the high po-
tassium content of the clasts corresponds to that observed in 
rocks of the outer zones of the laccolith with about 8 wt % 
of K2O. The potassium enrichment was attributed by Słaby 
(1987) to the zones of later hydrothermal adularization or 
potassium metasomatism (Siedlecki, 1954; Lewandowska 

and Rospondek, 2003). The influence of the subsequent al-
teration on the position of rocks in the classifications (Fig. 5)  
can be minimized by using classification diagrams for the 
immobile trace elements like those of Winchester and Floyd 
(1977). In the Zr/Ti vs Nb/Y diagram, the comparison of the 
geochemistry of the framework volcanic rock clasts with 
that of the neighbouring Zalas rhyodacite intrusion reveals 
that they are indistinguishable, forming a tight cluster of 
points in the rhyodacite-dacite field (Fig. 5C, D). 

This compositional similarity and most importantly the 
presence of spotty hornfels clasts, eroded from the Zalas 
rhyodacite contact aureole, requires that the post-intrusive 
and post-metamorphic period for the breccia deposition 
must be taken into account.

Sample OR-KL 1-12 OR-KL 1-6
w %

SiO2 66.91 66.99
Al2O3 14.83 15.13
FeO* 2.13 2.1
MnO 0.05 0.04
MgO 0.72 0.9
CaO 1.56 1.2
Na2O 0.86 0.53
K2O 9.22 9.41
TiO2 0.43 0.44
P2O5 0.1 0.11
Cr2O3 bdl bdl
LOI 2.9 2.9
SUM 99.71 99.75

ppm
Ba 1503 1077
Be bdl 2
Co 19.2 24.3
Cs 1.8 2.4
Ga 16.4 15.6
Hf 3.5 3.7
Ni 4.1 8.2
Nb 8.5 8.8
Rb 170.2 167.7
Sr 52.9 30.4
Ta 0.7 0.8
Th 7.5 7.3
U 1.7 2.1
V 50 51
Zr 133 144.1
Y 12.3 13.5

table 1.

Major and trace element composition of the volcanic clasts investigated from the Głuchówki breccias.

Sample OR-KL 1-12 OR-KL 1-6
ppm

La 23.1 23
Ce 44 45.5
Pr 4.98 5.16
Nd 18 19.5
Sm 3.07 3.37
Eu 0.82 0.86
Gd 2.86 3.13
Tb 0.44 0.46
Dy 2.17 2.46
Ho 0.47 0.49
Er 1.35 1.3
Tm 0.19 0.19
Yb 1.22 1.28
Lu 0.18 0.19
Mo 2.9 5.3
Cu 13.7 16.4
Pb 16.1 41.3
Zn 38 92
Sn bdl bdl
W 190.3 267.1
As 12.5 29.4
Cd PLW 0.2
Sb 0.4 0.5
Bi 0.2 0.1
Ag bdl bdl
Hg bdl bdl
Tl 0.2 0.2
Se 0.6 0.5
Sc 6 6
Au 1.3 0.6

FeO*– total iron
bdl – below detection limit
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The following sequence of processes leading to the for-
mation of the Głuchówki breccia is proposed. Deep, marine 
sedimentation (Fig. 6A) of the monotonous Culm sequence 
in the Variscan foredeep basin was terminated by the east-
ern margin of the basin in Namurian A time (Kumpera and 
Martinec, 1995). Probably, Upper Carboniferous siliciclas-
tic molasse was initially present and later eroded in the area 
under the investigation. The tectonic reconstruction of the 
Variscan foreland at the end of the Carboniferous and the 
beginning of the Permian brought intensive volcanic activ-
ity with the emplacement of the Zalas rhyodacite laccolith, 
causing thermal metamorphism of the Culm sequence that 

was dominated by mudstones, thus leading to the forma-
tion of the contact aureole composed of spotty hornfelses  
(Fig. 6B). The magmatism and volcanism were associated 
with strike-slip faulting in the entire area, leading to the for-
mation of the horst-graben system. The uplifted area under-
went extensive peneplanation, as erosion progressed rapidly 
downward to produce coarse-grained clastic material.

The eroded rocks often accumulated locally, building 
up alluvial fans in morphological depressions: an exam-
ple is Myślachowice Conglomerate in the Nieporaz Brodła 
and Sławków grabens (e.g., Lewandowska et al., 2010).  
In a similar tectonic regime, the Głuchówki breccias were 

fig. 6. Schematic sketch of a scenario to explain the formation of the breccia in the Culm sequence in the Głuchówki area, A. Sedi-
mentation of the Culm sequence (Viséan). B. Intrusion of the Zalas rhyodacite laccolith, accompanied by formation of the contact aureole 
of the spotty hornfels (end-Carboniferous and Permian). C. Erosion and weathering (Permian to Early Jurassic) of the uplifted area.  
d. Formation of the sedimentary cover (Late Jurassic).
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deposited, although the geological settings of these two 
coarse-grained units differ. The Myślachowice Conglom-
erate were contemporaneous with the volcanic activity, as 
evidenced by the conglomerate fans set within the Filipow-
ice Ignimbrite cover (e.g., at Kowalska Góra). In contrast, 
the Głuchówki breccias clearly postdate the Early Permian 
volcanic activity. They formed after major uplift, which al-
lowed erosion to reach the level of the subvolcanic intrusion, 
thus wearing away the spotty hornfelses of the contact aure-
ole and the top part of the rhyodacite laccolith. The eroded 
fragments making up the breccia framework were not round-
ed or only poorly rounded owing to the very short distance of 
transport. The spotty hornfels clasts originated from erosion 
of the zone of thermally altered Culm mudstones, which is  
20 m thick. Indeed, the distance from the contact aureole to 
the site of deposition of the breccias is short, amounting to 
about 50 m. The origin of the volcanic fragments constituting 
the breccia framework in the Zalas laccolith is evidenced by 
the same rock fabric and the mineral and incompatible ele-
ment composition of both (Fig. 5C, D). 

Such material was eroded, transported and deposited in 
the erosional or tectonic pockets formed along the bedding 
of the mudstones of the steeply dipping Culm sequence 
(Fig. 6C). Poor sorting and roundness and correlation of the 
framework constituents with the surrounding rocks near-
by are characteristic features of topographically controlled 
deposition. The red matrix and weathering rims of the rock 
fragments point to a warm, continental climate during dep-
osition of the breccia. Such constrains on the climate during 
deposition of the Głuchówki breccias could indicate their 
formation either during the Permian, or the Early or Late 
Triassic. The subsequent Middle and Late Jurassic depo-
sition led to the formation of the sedimentary cover, con-
sisting of lacustrine kaolinite deposits (Glinki Grojeckie =  
= Grojeckie Clay) and transgressive quartz arenites, to-
gether with conglomerates and finally marls and limestones  
(Fig. 6D). An Early Jurassic time of formation of the brec-
cias is unlikely, owing to the lack of kaolinite in the breccia 
matrix, a mineral that predominates in the continental de-
posits (Glinki Grojeckie) of this period. 

Thus, in the Kraków area there is no evidence for Viséan 
volcanism; the only well documented Viséan igneous rock is 
diabase, penetrated in a borehole at a depth of about 500 m  
near Klucze (Nawrocki et al., 2010), close to the major 
Hamburg-Kraków-Dobrogea Fault Zone. Thus, the source 
of tephra deposited in the Viséan limestones (Appelt, 1998) 
must have been related to distant volcanism. Owing to un-
known, but probably significant translation along the afore-
mentioned fault zone, the Viséan volcanics in the Lublin 
area (Grocholski and Ryka, 1995) probably are not spatially 
related to those of Moravo-Silesian volcanism.

ConClusions
The volcanic rocks described from the Viséan Culm se-

quence do not record the earliest Variscan volcanic activ-
ity phase at the eastern margin of Moravo-Silesian Basin, 
as previously was suggested. The clasts of volcanic rocks 
(rhyodacites) of the Głuchówki breccia were eroded from 
the Zalas rhyodacite outcropping nearby, as evidenced by 

the great similarity in the composition of major and trace 
elements and in the fabrics of the rocks. The framework 
components also include Culm mudstones as well as spotted 
hornfels clasts, originating in the contact aureole, indicat-
ing that the formation of the breccia postdated major uplift 
and erosion of the rocks, which host the intrusion. The poor 
sorting and low degree of roundness of the clasts indicate 
topographically controlled deposition in a warm, continen-
tal climate.

Acknowledgments

The authors would like to thank M. Hoffmann and M. Gradziński 
for constructive discussion in the field. The investigations were 
supported by Jagiellonian University Research Project DS/
ING/2015/3. The manuscript greatly benefitted from the remarks 
of E. Słaby and M. Paszkowski and an unknown reviewer.

referenCes
Appelt, J., 1998. Tournaisian conodonts from the basinal carbon-

ates of the Krzeszowice area, southern Poland. Acta Geologi-
ca Polonica, 48: 135–140.

Awdankiewicz, M., 1999. Volcanism in a late Variscan intramon-
tane trough: Carboniferous and Permian volcanic centres of 
the Intra-Sudetic Basin, SW Poland. Geologia Sudetica, 32: 
13–47.

Awdankiewicz, M., Kryza, R. & Szczepara, N., 2013. Timing of 
post-collisional volcanism in the eastern part of the Variscan 
Belt: constrains from SHRIMP zircon dating of Permian  
rhyolites in the North-Sudetic Basin (SW Poland). Geological 
Magazine, 151: 611–628.

Bogacz, K., 1980. Tectonics of the Palaeozoic rocks of the Dębnik 
region. Rocznik Polskiego Towarzystwa Geologicznego, 50: 
183–208. [In Polish, with English summary.]

Bełka, Z., 1982. Upper Viésean conodonts from Głuchówki in the 
Cracow Upland: stratigraphical and paleothermal implica-
tions. Acta Geologica Polonica, 32: 57–67.

Czarniecki, S., 1955. Lower Carboniferous fauna in the Culm 
facies of the eastern Upper Silesian Coal Basin. Bulletin de 
1’Academie Polonaise des Sciences, 3: 461–464.

Czarniecki, S. & Łydka, K., 1958. Lower Carboniferous volca-
nism in the Krzeszowice area. Acta Geologica Polonica, 8: 
501–514. [In Polish, with English summary.]

Czarniecki, S. & Łydka, K., 1962. On the petrographic charac-
ter of pebbles from volcanic rocks in Lower Carboniferous 
deposits near Zalas. Acta Geologica Polonica, l12: 335–338.  
[In Polish, with English summary.]

Czerny, J. & Muszyński, M., 1997. Co-magmatism of the Permian 
volcanites of the Krzeszowice Area in the light of petrochem-
ical data. Mineralogia Polonica, 28: 3–25.

Doktorowicz-Hrebnicki, S., 1955. Mapa geologiczna Górnoślą-
skiego Zagłębia Węglowego. Mapa bez utworów czwarto-
rzędowych. Skala 1:50000, arkusz Alwernia. Wydawnictwo 
Geologiczne, Warszawa. [In Polish.]

Dvořák, J., 1973. Synsedimentary tectonics of the Paleozoic of 
the Drahany Upland (Sudeticum, Moravia, Czechoslovakia).  
Tectonophysics, 17: 359–391.

Dzik, J., 1984. Phylogeny of the Nautiloidea. Palaeontologia  
Polonica, 45: 3–219.



68 AnnA LEWAnDOWSKA, MAriuSz J. rOSPOnDEK & ŁuKASz KOBuSzEWSKi

Dżułyński, S., 1955. On the geological form on the porphyry in the 
Vicinity of Zalas. Biuletyn Instytutu Geologicznego, 97: 9–33. 
[In Polish, with English summary.]

Eisele, J., Gertisser, R. & Montenari, M., 2000. Geochemistry 
and provenance of Devono-Carboniferous volcano sedimen-
tary sequence from the Southern Vosges Basin and the ge-
odynamic implications for the western Moldanubian Zone. 
In: Franke, W., Haak, V., Oncken, O. & Tanner, D. (eds), 
Orogenic Processes: Quantification and Modelling in the 
Variscan Belt. Geological Society Special Publication, 179, 
pp. 35–61.

Gradziński, R., 2009. Geological Map of Cracow Region. Geolog-
ical Museum, Polish Academy of Sciences, Kraków.

Grocholski, A. & Ryka, W., 1995. Carboniferous magmatism of 
Poland. In: Zdanowski, A. & Ryka, W. (eds), The Carbonif-
erous system in Poland. Prace Państwowego Instytutu Geolo-
gicznego, 148: 181–189.

Gromczakiewicz-Łomnicka, A., 1972. Viséan gastropods from 
Głuchówki near Cracow. Prace Muzeum Ziemi, 20: 3–44.

Gromczakiewicz-Łomnicka, A., 1974. Upper Viséan conodont 
fauna from the Carboniferous limestone north of Krzeszo-
wice (environs of Cracow, Poland). Annales de la Société 
Géologique de Pologne, 44: 475–482.

Grygar, R. & Vavro, M., 1995. Evolution of Lugosilesian Orocline 
(north-eastern periphery of the Bohemian Massif): Kinemat-
ics of Variscan deformation. Journal of the Czech Geological 
Society, 40: 65–90.

Harańczyk, C., 1985. Mineral parageneses of Cracovides and its 
cover (Southern Poland). Annales Societatis Geologorum  
Poloniae, 53: 91–126. 

Harańczyk, C., 1989a. Rozwój wulkanizmu krakowskiego. 
In: Rutkowski, J. (ed.), Przewodnik LX Zjazdu Polskiego  
Towarzystwa Geologicznego. Wydawnictwa AGH, Kraków,  
pp. 51–58. [In Polish.]

Harańczyk, C., 1989b. Kominy wulkaniczne Zalasu. In: Rutkow-
ski, J. (ed.), Przewodnik LX Zjazdu Polskiego Towarzystwa 
Geologicznego. Wydawnictwa AGH, Kraków, pp. 61–67.  
[In Polish.]

Hoffmann, M., Paszkowski, M., Uchman, F. & Szulc, J., 2009. 
Stop 2. Orlej Quarry. In: Haczewski, G. (ed.), Abstracts and 
Field Guide. Facies Succession and its Controls on the Up-
per Devonian–Lower Carboniferous Carbonate Platform of 
the Kraków Upland. Sediment 2009, 6th Annual Conference 
of SEPM-CES Sediment 2009, Kraków, 24-25th June, 2009.  
Polish Geological Institute, Warszawa, pp. 49–81.

Kalvoda, J., Babek, O., Fatka, O., Leichmann, J., Melichar, R., 
Nehyba, S. & Špaček, P., 2008. Brunovistulian terrane 
(Bohemian Massif, Central Europe) from late Proterozoic 
to late Paleozoic: a review. International Journal of Earth 
Sciences, 97: 497–518.

Kulicka, R. & Nowiński, A., 1978. Sutherlandia stasinskae sp. n. 
(Tabulata) from the Upper Viséan of Poland. Acta Palaeonto-
logica Polonica, 23: 107–112.

Kumpera, O. & Martinec, P., 1995. The development of the Car-
boniferous accretionary wedge in the Moravian-Silesian Pale-
ozoic Basin. Journal of Czech Geological Society, 40: 47–60.

Lewandowska, A., Banaś, M. & Zygoń, K., 2007. K-Ar dat-
ing of amphiboles from andesite of complex dyke in Dubie  
(southern Poland). Geochronometria, 27: 11–15.

Lewandowska, A. & Rospondek, M., 2003. Geochemistry of vol-
canics of the Zalas area near Kraków, South Poland. Polish 
Mineralogical Society Special Papers, 23: 119–121.

Lewandowska, A., Rospondek, M. J. & Nawrocki, J., 2009.  
The geochemistry of volcaniclastic rocks associated with 
basaltic trachyandesites in the Nieporaz-Brodła graben 
near Kraków, Southern Poland. In: Lewandowska, A. &  
Rospondek, M. J. (eds), Permo-Carboniferous volcanism of 
the Kraków region. Mineralogia, Special Papers, 34: 15–16.

Lewandowska, A., Rospondek, M. J. & Nawrocki, J., 2010. Steph-
anian–Early Permian intermediate volcanic rocks from the 
Nieporaz-Brodla and Sławków grabens near Kraków, South-
ern Poland. Annales Societatis Geologorum Poloniae, 80: 
227–251.

Muszyński, M., 1995. Systematic position of igneous rocks 
from the northern margin of the Upper Silesian Coal Basin.  
Mineralogia Polonica, 26: 33–49.

Nawrocki, J., Fanning, M., Lewandowska, A., Polechońska, O. & 
Werner, T., 2008. Palaeomagnetism and the age of the Cracow 
volcanic rocks (S Poland). Geophysical Journal International,  
174: 475–488.

Nawrocki, J., Krzemiński, L. & Pańczyk, M., 2010. 40Ar-39Ar 
ages of selected rocks and minerals from the Kraków–Lub-
liniec Fault Zone, and their relation to the Paleozoic structur-
al evolution of the Malopolska and Brunovistulian terranes  
(S Poland). Geological Quarterly, 54: 289–300.

Nawrocki, J., Lewandowska, A. & Fanning, M., 2007. Isotope 
and paleomagnetic ages of the Zalas rhyodacites (S Poland). 
Przegląd Geologiczny, 55: 476–478. [In Polish, with English 
summary.]

Nowiński, A., 1976. Tabulata and Chaetetida from the Devonian 
and Carboniferous of southern Poland. Palaeontologia Polon-
ica, 35: 7–108.

Olempska, E., 1993. An ostracod assemblage from late Viséan 
shales of the Cracow area. Acta Palaeontologica Polonica, 
38: 93–107.

Osmólska, H., 1970. Revision of non-cyrtosymbolinid trilobites 
from the Tournaisian–Namurian of Eurasia. Palaeontologia 
Polonica, 23: 5–165.

Paszkowski, M., 1995.  Description of stops – Cracow region. 
Stop 2. Orlej Quarry. In: Kumpera, O., Paszkowski, M. & 
Wajsprych, B. (eds), Transition of the Early Carboniferous 
pelagic sedimentation into orogenic flysch.  An example from 
the Silesian-Moravian Zone and adjacent areas. XIII Inter-
national Congress on Carboniferous-Permian, August 28–  
–September 2, 1995. Excursion B-2 Guidebook, Polish Geo-
logical Institute, Warszawa, pp. 15–16.

Piłat, T., 1957. Porphyric pebbles from the shales of the upper  
Visean of the Region of Zalas (Cracow Region). Biuletyn  
Instytutu Geologicznego, 115: 167–185. [In Polish, with  
English summary.]

Piłat, T., 1960. Krzeszowic Quelques remarquessur les volcanisme 
intra-carbonifére aux environs de Krzeszowice. Acta Geologi- 
ca Polonica, 10: 475–484. [In Polish, with French summary.]

Schaltegger, U., Schneider, J., Maurin, J. & Corfu, F., 1996.  
Precise U-Pb chronometry of 245–340 Ma old magmatism 
related to synconvergence extension in the Southern Vosges 
(Central Variscan Belt). Earth and Planetary Sciences Letters, 
144: 403–419.



69Alleged CArboniferous (ViséAn) VolCAnism

Siedlecki, S., 1954. Przewodnik wycieczki w okolice Krzeszowic 
i Chrzanowa XXVII Zjazdu Polskiego Towarzystwa Geolo-
gicznego. Rocznik Polskiego Towarzystwa Geologicznego, 
24: 449–462. [In Polish.]

Słaby, E., 1987. Adularization of plagioclases with accompanying 
processes in rhyodacites from Zalas near Cracow. Archiwum 
Mineralogiczne, 42: 69–91.

Słaby, E., Breitkreuz, C., Żaba, J., Domańska-Siuda, J., Gaidzik, 
K., Falenty, K. & Falenty, A., 2010. Magma generation in 
an alternating transtensional–transpressional regime, the 
Kraków–Lubliniec Fault Zone, Poland. Lithos, 119: 251–268.

Špaček, P. & Kalvoda, J., 2000. Reconstruction of syn- and post-
sedimentary tectonic events in flysch basin from limestone 
pebbles variation: Drahany Culm of the Moravian Rhenoher-
cynian Zone. Geologica Carpathica, 51: 37–48.

Timmerman, M. J., 2004. Timing, geodynamic setting and character 
of Permo-Carboniferous magmatism in the foreland of the Va-
riscan Orogen, NW Europe. In: Wilson, M., Neumann, E.-R.,  
Davies, G. R., Timmerman, M. J., Heeremans, M. &  Larsen, 
B. T. (eds), Permo-Carboniferous Magmatism and Rifting in 
Europe. Geological Society, London, Special Publications, 
223: 41–74.

Unrug, R., 1977. Lower Carboniferous Flysch in the Głubczyce 
region (Lower Silesia). Rocznik Polskiego Towarzystwa Geo-
logicznego, 47: 73–92.

Winchester, J. A. & Floyd, P. A., 1977. Geochemical discrimination 
of different magma series and their differentiation products 
using immobile elements. Chemical Geology, 20: 325–343.

Wolska, A., 2012. Petrology and geochemistry of granitoids and 
their mafic micogranular enclaves (MME) in marginal part of 
the Małopolska Block (S Poland). Mineralogia, 43: 3–127.

Zachovalová, K. & Leichmann, J., 2003. Clasts of Volcanic rocks 
from Viséan conglomerates in the Drahany Culm: evidence 
for a volcanic arc on the eastern margin of Bohemian Massif. 
Journal of the Czech Geological Society, 48: 139.

Żaba, J., 1999. Structural evolution of Lower Palaeozoic succes-
sion in the Upper Silesia block and Małopolska block zone. 
Prace Państwowego Instytutu Geologicznego, 16: 5–162.

Żelaźniewicz, A., Pańczyk, M., Nawrocki, J. & Fanning, M., 2008. 
A Carboniferous/Permian, calc-alkaline, I-type granodiorite 
from the Małopolska Block, Southern Poland: implications 
from geo chemical and U-Pb zircon age data. Geological 
Quarterly, 52: 301–308.




