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The Lysogory Block (LB) exposed in the northern Holy Cross Mts. (HCMts.) reveals subsidence and thermal development consistent
with the pattern observed in adjoining East European Craton (EEC) areas. This evidence, in addition to previously reported similarities in
sedimentation and deep crustal structure, contradicts the Pozaryski’s hypothesis that the ysogéry Block represents a terrane within the
Caledonian orogen. This area is here interpreted as the part of a Late Silurian foredeep basin which developed on the Baltica margin in re-
sponse to terminal phases of collision with Eastern Avalonia. The development of the continuous Late Silurian foredeep basin along the
EEC margin from the Peri-Tornquist Basin in the north-west to the present northern HCMts. implies that the North German-Polish
Caledonides orogen had its NE continuation near the present Holy Cross area. The southern HCMts. comprise the northern margin of the
Matopolska Massif (MM). The Ordovician-Silurian subsidence development of this area, its thermal history and crustal structure point to
a stable cratonic setting. Existing similarities in sedimentary succession (mostly Ordovician and Lower Silurian) as well as clearly Baltic
palaeobiogeographic affinities indicate a close spatial connection between the MM and Baltica during the analysed time interval. The
juxtaposition of the MM against the £.B area can be explained assuming that the MM is a part of Baltica detached from its margin due to
right-lateral strike-slip after late Ludlow and before Emsian time.
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INTRODUCTION

The Palaeozoic deposits of the Holy Cross Mountains
(HCMts.) in south-central Poland, although areally limited, are
nevertheless important for the regional geology of Central Eu-
rope. These deposits record the evolution of a major tectonic
zone — the Trans-European Suture Zone (TESZ —
Berthelsen, 1993; Pharaoh et al., 1997; Pharaoh, 1999). In par-
ticular, they are a sensitive recorder of Early Palaeozoic phases
of continental accretion along the present southwestern margin
of the Baltica palaeocontinent (present East European Craton
— EEC, Fig. 1). The course of accretion still raises much con-
troversy as to the regional scale and detailed scenario of events
(Pozaryski, 1990; Dadlez et al., 1994; Pharaoh, 1999; Belka et
al., 2000).

The key problem in this context is an interpretation of geo-
logical structure, evolution and mutual relationship of several
crustal blocks, two of which — the tysogéry Block and
Matopolska Massif — outcrop in the Holy Cross Mts. The ob-
jective of this paper is the Early Palaeozoic evolution of these

units and their relationship to Baltica/EEC in the light of tec-
tonic subsidence analysis of the Ordovician to Lower Devo-
nian, and thermal maturity levels of the Lower Palaeozoic. One
of the main aims of the study is to test if the possible terrane na-
ture or collage pattern of crustal blocks is to any degree re-
flected in their subsidence patterns and thermal signatures.

REGIONAL BACKGROUND

The Palaeozoic outcrops of the Holy Cross Mts. extend
across the boundary between two major regional units (Fig. 1;
i.a. Pozaryski, 1990; Dadlez et al., 1994; Belka et al., 2000).
The northern part comprises a southern margin of the £ysogory
Block (£B) named after the tysogéry Range in the HCMts. A
northern part of the Matopolska Massif (MM) is exposed in the
southern HCMts. These units are dissimilar in respect to their
geophysical characteristics, including interpreted crustal thick-
ness (see review in Dadlez, 2001), and also show differences in
their Palaeozoic sedimentary development (see e.g. Szulczew-
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Fig. 1. Location of the study area aghainst the simplifiedfgeology of cen-
tral Europe (partly after Pharaoh et al., 1997, fig. 1)
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ski, 1977, 1996; Belka et al., 2000). The £.B adjoins the north-
eastern flank of the Late Devonian-Carboniferous Lublin
Trough, which is located in the East European cratonic domain
(Zelichowski and Koztowski, 1983). The present boundary runs
along the major Kazimierz-Ursyndw Fault Zone (Pozaryski and
Tomczyk, 1993; Dadlez, 2001) displaying a strong latest Car-
boniferous transpressional overprint. In turn, the Matopolska
Massif is bordered by the Upper Silesian Block along the
Krakéw-Lubliniec Fault Zone in the south-west (Bula et al.,
1997). Most authors agree that the described pattern of particular
blocks emerged generally during pre-Variscan times and has not
undergone major rotations or translations since the Early Devo-
nian (Pozaryski et al., 1992; Dadlez et al., 1994; Znosko, 1996)
although opinions were also expressed on the dominant role of
Variscan tectonics (Stupnicka, 1992; Lewandowski, 1993).

According to some authors the MM is in fact composed of
several subordinate units of different geological development.
E.g. Mizerski (1995) distinguished the northern Kielce Block
and southern Miechéw-Rzeszéw Block, while Belka et al.
(2000) define the eastern part of MM as the San Block, whereas
their £ysogory Block may be composed of smaller units, po-
tentially separate terranes. Confirmation of these concepts,
however, requires further studies enabling better geological
and geophysical resolution.

The boundary between the MM and the £B is drawn along
the Holy Cross Fault (HCF) generally corresponding to a

crustal fracture zone (Guterch et al., 1976, 1986; Pozaryski and
Tomczyk, 1993; Dadlez, 2001). This fault shows a strong
Variscan overprint related to transpression (Pozaryski et al.,
1992). While in the eastern Holy Cross Mts. the boundary be-
tween both blocks seems indeed to follow precisely the HCF, in
its western part | consider that it runs farther to the south, along
the northern limb of the Dyminy Anticline (Fig. 2). Such a
course is suggested by the shift in strike of the Palaeozoic struc-
tures to nearly E-W in the southwestern HCMts. It is also re-
flected in a separate position of the Kielce area in the Devonian
palaeogeographic pattern (the “Kostomtoty transitional zone”
— Racki, 1993). The more southerly course of this boundary
may be also expressed in the later (inherited) trend of the
Wioszczowa-Rykoszyn-Karczéwka Fault Zone mentioned by
Pozaryski (1974, p. 338). The results of sedimentological stud-
ies by Malec (2001) indicate the tysogory provenance of clasts
in greywackes and conglomerates from the top of the Silu-
rian-lowermost Devonian sequence in the Kielce area, south of
the HCF. In addition, the results of the present studies of the
Lower Palaeozoic (see below) are in agreement with the cor-
rected course of the MM/LB boundary in the western HCMts.
as shown in Figure 2.

PREVIOUS STUDIES

Until the 1980, discussion on the tectonics of the Holy
Cross Mts. focused on whether Palaeozoic and/or Proterozoic
orogens were present, in particular the Caledonian and Variscan
ones, either in the entire region or only in its southern versus
northern parts (see summaries in Tomczyk, 1974; Dadlez et al.,
1994). In the meantime, however, it became clear that the
Palaeozoic successions of the Holy Cross Mts. lack attributes of a
“typical” collisional orogenic belt, such as considerable crustal
shortening and characteristic internal sedimenary-structural archi-
tectures. In particular, Szulczewski (1977) convincingly demon-
strated the epicontinental character of the Palaeozoic deposition in
the whole Holy Cross Mts. area. At present, the remaining propo-
nents of the “orogenic approach” discuss mainly the relative im-
portance of successive stages of tectonic deformation (cf. e.g.
Stupnicka, 1992; Mizerski, 1995; Znosko, 1996).

The turning point in previous studies was the paper by
Pozaryski (1990) who interpreted the Holy Cross Mts. as a frag-
ment of the Caledonian strike-slip (left-lateral) orogen composed
of terranes, including the tysogdry terrane and the terrane of
Matopolska Massif. This mobilistic concept was preceded by the
hypothesis by Brochwicz et al. (1981) on a continental-scale,
left-lateral translation along the SW-edge of the East European
Platform during the Early Palaeozoic. In this context one should
also mention the palacomagnetic study by Lewandowski (1987)
who interpreted large-scale displacement of the Matopolska Mas-
sif relative to EEC, in the Early Palaeozoic.

The terrane concept by Pozaryski (1990, see also Pozaryski
et al., 1992; Pozaryski and Tomczyk, 1993) was criticised by
Dadlez et al. (1994). These authors raised methodological objec-
tions to the defining of exotic terranes by Pozaryski (1990) and
cited stratigraphical, palacomagnetic and palaeobiogeographical
evidence questioning the validity of particular terranes, espe-
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cially the kysogory terrane. According to these authors the
tysogory formed part of the passive margin of the EEC
(miogeocline) whereas the Matopolska Block is merely a possi-
ble proximal terrane translated dextrally along the EEC (i.e.
Baltica) margin not later than in the earliest Devonian.

In spite of the criticism expressed by Dadlez et al. (1994)
other authors followed Pozaryski’s concepts by applying his
model either directly (Franke, 1995; Unrug et al., 1999) or with
some modifications including a Gondwanan provenance of ter-
ranes and different times of their accretion (Valverde-VVaquero et
al., 2000; Belkaet al., 2000). The last two papers report new data
on detrital material provenance based on zircons and muscovite
dating, as well as provide a review and discussion of published
biogeographical data on different fossil groups. In turn, new
palaeomagnetic data was presented by Nawrocki (2000) accord-
ing to whom “...tectonic movements and accretion of blocks
along the SW edge of Baltica must have occurred before the lat-
est Silurian...”and thus contrary to Lewandowski’s (1993) con-
cept of a right-lateral Late Palaeozoic translation of the MM.

In summary, the terrane hypothesis by Pozaryski (1990) ap-
peared an important alternative for a “classical” collisional
orogeny model in the area described. However, the potential
terranes still lack convincing and comprehensive explanation
and their boundaries are not precisely defined. There is also a
lack of a consistent scenario explaining the mutual spatial and
temporal relationship of blocks/terranes and the EEC as well as
their stratigraphical, sedimentary, biogeographical, tectonic
(subsidence development) and thermal attributes.

SUBSIDENCE ANALYSIS

The present subsidence analysis was performed using a
backstripping procedure which enables extraction of a tectonic

component from total subsidence (e.g. Angevine et al., 1990;
Allen and Allen, 1990). The calculations were performed using
the commercially available BasinMod 1-D software. Harland’s
et al. (1989) scale was used as a time reference and Sclater and
Christie’s (1980) algorithms were applied in decompaction
procedures. In order to test the sensitivity of the result to differ-
ent versions of the geological column the backstripping was re-
calculated using the more recent time scale (Gradstein and
Ogg, 1996). However, the differences between the results ap-
peared insignificant for the conclusions of this study.

STRATIGRAPHY

The studied successions comprise Ordovician to Upper Si-
lurian-lowermost Devonian deposits unconformably overlying
various Cambrian rocks (Dzik and Pisera, 1994;
Kowalczewski, 1994). In the south, the upper Tremadoc or
Arenig deposits rest on the Lower to Middle Cambrian with a
distinct angular disconformity. In the northern region the un-
conformity is less conspicuous and the stratigraphic gap en-
compasses probably only the upper part of the Tremadoc.

The sedimentary succession is generally similar in both the
studied areas of the Holy Cross Mts., however it considerably
differs in thickness, ranging from ca. 300 metres in the south to
1000-1500 metres or perhaps even 2000 metres in the north
(Fig. 3). Atits base it is developed as thin transgressive marine
clastics (mostly Arenig) overlain by calcareous or shaly-calcar-
eous deposits representing condensed Middle Ordovician
(Llanvirn to Caradoc) carbonates (Dzik and Pisera, 1994).
They are succeeded by dark graptolitic shales and/or
mudstones comprising mostly the Upper Ordovician (Ashgill)
to the middle part of the Silurian (lower Ludlow). In the south,
the uppermost part (upper Ludlow) consists of various marine
clastics, mostly siltstones and greywackes with a considerable
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Fig. 3. Comparison of stratigraphy and general lithology of the southern
and northern part of the Holy Cross Mts.; the sections are generalised us-
ing data compiled from various authors cited in the text

volcaniclastic component, passing upwards into sandstones
and mudstones interpreted by Przybylowicz and Stupnicka
(1989) as shallow marine, probably nearshore facies.

Termination of the Ordovician-Silurian basin development
is related to Late Caledonian tectonic movements (e.g.
Pozaryski, 1990; Dadlez et al., 1994). In the southern region
and over the entire MM area they were manifested in structural
inversion and related compressional or transpressional defor-
mations, uplift and strong erosion. Late Caledonian
disconformity is overlain by terrigenous clastics ascribed ge-
nerally to the Emsian (e.g. Szulczewski, 1995).

The upper part of the Silurian in the northern region is consid-
erably thicker and more complete, comprising the uppermost part
of the system (PFidoli) with a transition to the lowermost Devo-
nian deposits. Although its detailed stratigraphy is still debatable, a
general sedimentary succession seems to be established (cf.
Malec, 1993b, 2001; Kowalczewski et al., 1998). Graptolitic
shales are overlain by rhythmically bedded shales and graded beds
of graywacke siltstones and sandstones belonging most probably
to the upper Ludlow. These sediments are interpreted by Malec
(19934, 2001) as deeper-water flysch deposits. Based on prelimi-
nary studies of current mark directions Malec interprets source ar-
eas for the clastics as being located in the south-west or west, out-
side the Matopolska Massif area (Malec, 2001).

The graywackes pass upwards into more shaly deposits
with subordinate sandy and/or limy interbeds and with an open
marine fauna, also interpreted as a deeper-water flysch. The
uppermost part of the succession is composed, in a clearly
shallowing-upwards fashion, of coarser-grained, sandy to con-
glomeratic deposits. Kowalczewski et al. (1998) interpret the
latter as braid delta, braid plain to alluvial fan facies, apparently

reflecting regression in the basin prior to the uplift. The age of
these deposits is disputable although recent palynostratigraphic
investigations point to the latest Pridoli-earliest Lochkovian
(Turnau in: Kowalczewski et al., 1998). It is, however, proba-
ble that they may be diachronous, ranging higher into the
Lochkovian (cf. Malec, 1993b; Szulczewski, 1995). They are
overlain — conformably or with a small angular unconformity
— by thick alluvial clastics starting a new basinal cycle and as-
cribed to the Siegenian (Pragian)-Emsian.

The backstripping analysis embraced four synthetic strati-
graphic sections: two from the southern region (Zbrza
Anticline and Bardo Syncline) and two from the northern one
(north-west of Kielce, and the tysogéry area directly to the
north of the HCF; Fig. 2). The Zbrza section was compiled
from Deczkowski and Tomczyk (1969). The Bardo section is
based on descriptions by Bednarczyk (1981), Tomczykowa
and Tomczyk (1981), Dzik and Pisera (1994) and
Kowalczewski (1994). Two variants of the backstripping re-
sults reflect different estimates of the thickness and stratigraphy
of the Upper Silurian greywackes by Romanek and Rup (1989,
variant A in Fig. 3) and Stupnicka et al. (1991, variant B).

The lower part of the Kielce section was compiled using
data from Dzik and Pisera (1994) and Kowalczewski (1994).
Again, two variants represent different thickness estimates of
the Upper Silurian, those according to Malec (1993b, variant
A) and those of Stupnicka (1995, variant B). The latter variant
also assumed that the Late Silurian flysch sedimentation ended
before the Pridoli whereas in the former it was ascribed to the
late Ludlow and Pridoli. The Lysogory sequence is based on
several sections described by Bednarczyk (1981), Dzik and
Pisera (1994) and Kowalczewski (1994). Variants A and B re-
flect different thickness estimates of the greywacke and clayey
deposits of the Upper Silurian and lowermost Devonian by
Tomczykowa and Tomczyk (1981) and Kowalczewski (1994)
versus Jurewicz and Mizerski (1987).

It should be stressed that the stratigraphic data used for the
present study are of variable quality, partly due to poor expo-
sures and fragmentary borehole sections. Locally (Fig. 4) it was
necessary to extrapolate data from neighbouring sections/areas.
Moreover, the chronostratigraphy was partly based on local sub-
divisions, and the correlation with the standard epochs or stages
is arbitrary and may be imprecise. This refers mainly to the Up-
per Ordovician and Upper Silurian units. Although the
poorly-constrained stratigraphic data is considered to be the
main source of error in backstripping calculations it is neverthe-
less assumed here that the results do reflect general subsidence
patterns on a regional scale. Further refinements in stratigraphy
will most probably change the details of the tectonic subsidence
development but the overall trends should remain.

PALAEOBATHYMETRY AND EUSTASY

There are only scarce published interpretations of the abso-
lute palaeowaterdepths of analysed deposits. In most cases in-
terpretations are purely qualitative and refer mainly to
nearshore marine or continental deposits of the lowermost and
uppermost parts of the studied succession (as described above).
Obviously, in the latter cases palaeobathymetric corrections are
not important for results of the analysis. The main problem in
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that respect is the palaeobathymetry of graptolitic shales (Ordo-
vician to lower part of Silurian) and siliciclastic deposits of the
upper part of the Silurian. The widely accepted epicontinental
character of sedimentation of these deposits (Szulczewski,
1977; Dadlez et al., 1994) would constrain the maximum
waterdepths in the Ordovician to Early Silurian to a few hun-
dreds of metres. The minimum palaeobathymetry of the dark
anoxic shales can be estimated at ca. 100 meters corresponding
to the commonly assumed depth to oxygen-minimum layer in
epicontinental basins (Byers, 1977; Stoakes, 1980). The upper
part of the greywackes in the Kielce section is interpreted by
Malec (2001) as a deeper-water flysch facies which would
place it in waterdepths of the order of at least several hundred
metres. The overlying deposits represent a shallowing-upward
sequence with waterdepths decreasing most probably to shal-
low subtidal, passing to nearshore coarser clastic facies. Ac-
cording to Przybylowicz and Stupnicka (1989) the uppermost
Silurian in the southern HCMts. was deposited in a shal-
low-water nearshore marine environment.

The impact of eustatic changes on the sedimentation of these
deposits was considered only occasionally (e.g. Dzik and Pisera,
1994). For the purposes of the present paper only a qualitative
scenario of possible global sealevel changes will be briefly dis-
cussed, based on the recent interpretations by Barnes et al.
(1996) for the Ordovician and Kaljo et al. (1996) for the Silurian.

According to these papers, the onset of the Ordovician is
marked by a global highstand terminated by a eustatic sealevel
drop in the late Arenig followed by a lowstand in the Llanvirn.
The latter events are probably responsible for the occurrence of
a considerable sedimentary gap at the Arenig/Llanvirn bound-
ary in the Méjcza section (Dzik and Pisera, 1994), and, proba-
bly, also for the general presence of gaps questionably attrib-
uted by Tomczyk (1974) to the tectonic “kysogdry phase”. The
Late Ordovician highstand, estimated by Barnes et al. (1996) to
be among the highest sealevels in the Phanerozoic, was punctu-
ated by a short-term eustatic minimum related to the latest Or-
dovician (Hirnantian) glaciation (see also Dzik and Pisera,
1994, for the discussion of this event in the context of the
Ma@jcza section). The latter event is most probably responsible
for the origin of the widespread Ordovician/Silurian boundary
gap regarded by Tomczyk (1974) as evidence of the “Taconian
phase”. According to Kaljo et al. (1996), the global sealevel
had been systematically rising since the earliest Silurian with
the eustatic maximum attained in the late Llandovery and early
Wenlock. Sealevel started to drop in the late Wenlock and the
maximum lowstand is placed near the Gorstian/Ludfordian
boundary (Ludlow) and in the PFidoli.

RESULTS AND INTERPRETATION

Figure 4 illustrates considerable differences in the course
and magnitude of tectonic subsidence in the two investigated
areas of the HCMts. Both sections representing the £ysogéry
Block reveal convex curves with an initial stage of minor Ordo-
vician to earliest Silurian subsidence followed by an accelera-
tion starting in the Wenlock (Lysogory) or mid-Llandovery
(Kielce). In both sections a period of particularly accelerated
subsidence comprises the late Ludlow, i.e. the time when

deeper-water flysch facies developed (Fig. 4). Such a scenario
is typical for foredeep settings in front of a thrust belt causing
flexural bending of a lithospheric plate margin (e.g. Angevine
etal., 1990). A similar interpretation was adopted for compara-
ble Early Palaeozoic subsidence histories of the Welsh Basin
and Lake District Basin (King, 1994), Brabant Massif (Van
Grootel et al., 1997), and the Peri-Tornquist Basin in northern
Poland (Poprawa et al., 1999).

The inclusion of palaeobathymetric corrections may even
strengthen the above interpretation since the Late Silurian
flysch deposition may have occurred in waterdepths exceeding
the range of 100-400 metres typical of an outer continental
shelf. The latter setting may be ascribed to the underlying grap-
tolitic shales. 1t should be stressed that the depositional systems
interpreted for the Upper Silurian flysch sediments (Malec,
2000, 2001) are compatible with the foredeep basin model. In
the example described the hypothetical orogenic load could
have been situated south-west of the present £B. This is indi-
cated by both general regional context (see below — Discus-
sion) and the data on sediment-transport directions in the flysch
succession (Malec, 2000, 2001).

In contrast to above described sections, both the sections
representative for the northern margin of the Matopolska Mas-
sif display clearly lower and more uniform rates of tectonic
subsidence. In the case of the Bardo section, variant A calcula-
tions give results qualitatively similar to the £ysogory sections.
If this variant is indeed more realistic than variant B, it may be
easily explained in terms of changing palaeowater-depth his-
tory, assuming rather conservative palaeobathymetry correc-
tions (Fig. 5). The low and relatively uniform rates of tectonic
subsidence are typical of stable cratonic settings (e.g. Angevine
et al., 1990; Einsele, 1992). In the MM area, the onset of
coarser clastic deposition may be related to an eustatic fall in
the late Wenlock (Kaljo et al., 1996).

REGIONAL PATTERN OF THERMAL MATURITY

The data analysed include thermal maturity indices for 12
localities (Fig. 6). Most of the data (9 localities) were initially
TAI values determined for the Cambrian by Szczepanik (1997)
and for the Silurian (section near Kielce) by Malec (2000 and
pers. comm.). Both values for the Ordovician were based on
conodont CAL indices (Mdjcza — Belka, 1990; Pobroszyn —
Katarzyna Narkiewicz, pers. comm.). In addition, a single Tpax
(Rock Eval) measurement was obtained for the Silurian from
Pragowiec near Bardo. All the data are expressed in conodont
CA\ units for the purpose of comparison (Fig. 6).

Although the analysed database is limited it is nevertheless
possible to draw some general conclusions regarding regional
trends in maturity distribution. Figure 6 shows a distinct pattern
of a low organic maturity in the south, with the CAl 1-2 corre-
sponding to immature rocks and the oil window (Epstein et al.,
1977). The data for the northern MM margin contrasts with the
values of CAIl 3-5 indicating overmature rocks in the southern
part of the £ysogdry Block. This pattern is independent of the
age of the respective samples and thus reflects a different over-
all thermal maturity of both regions. Moreover, it seems signifi-
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cant that closely situated localities on opposite sides of the
boundary between the Matopolska Massif and the tysogéry
Block display contrasting maturity values (Fig. 6).

In general, the low maturity level in the Lower Palaeozoic
of the southern HCMts. corresponds to a low maturity of the
Devonian and Carboniferous rocks in that region (Belka,
1990). According to that author the present maturity was at-
tained probably during the Late Carboniferous (op. cit.).
Marynowski (1999) demonstrated that a zone of increased matu-
rity in the Devonian correlates with the western part of the HCF
and may be attributed to an increased heat flow along this tec-
tonic line. On the other hand, the Lower Palaeozoic data does not
reveal any marked tendency to increased values towards the
MM/LB boundary. Also, it does not show any decreasing re-
gional trend towards east. Therefore, it is here concluded that the
distribution of maturity values in the Lower Palaeozoic strata is

related to the pre-Variscan thermal history. It is assumed that it
reflects first-order differences in the Early Palaeozoic thermal re-
gime of the northern part of the MM versus the +B.

The low thermal regime in the MM part of the HCMts. im-
plies that the regional thermal field in this area was not affected
by Early Palaeozoic tectonic and/or magmatic events, neither
near the Cambrian/Ordovician boundary nor in the Late Silu-
rian-Early Devonian.

REGIONAL SIGNIFICANCE OF THE RESULTS
— A DISCUSSION

The results given here demonstrate contrasting patterns of
the Ordovician to earliest Devonian tectonic subsidence in
southern versus northern parts of the Holy Cross Mts. These
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Explanations as in Fig. 4

differences can be attributed to contrasting structural settings: a
stable cratonic basin in the south and a foredeep settting in the
north. This implies that both areas are fragments of larger re-
gional units which had been juxtaposed due to some later tec-
tonic processes. Therefore, the present discussion will focus on
a wider regional context of the study area in order to explain its
present structural configuration.

There are merely scarce data on the Lower Palaeozoic north
of the HCMts. documenting only its uppermost part in a few
boreholes in the Radom area (Mitaczewski et al., 1983). These
observations evidence that the development and thickness of
the uppermost Silurian to lowermost Devonian are very similar
to those of the northern HCMts. It is remarkable that highly

comparable deposits were encountered also in the Lublin
Trough area. For example, the lowermost Devonian Sycyna
Formation developed as marine shales several hundreds metres
thick extends both in the £ysogory Block area (near Radom) as
well as in the Lublin area (Mitaczewski, 1981).

The well data from the MM area south of the HCMts.
(Jurkiewicz, 1975; Moryc, 1985) are too scarce to enable reliable
backstripping calculations. However, they do demonstrate simi-
lar facies and sediment thicknesseses, suggesting patterns of tec-
tonic subsidence comparable to the southern HCMts. In particu-
lar, the Ordovician development displays remarkable similarity
in the MM area between the HCMts. and the Carpathians
(Tomezyk, 2000; Tomczykowa and Tomczyk, 2000). It is

thermal maturity
(CAl units):
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@3 Cambrian

10 km
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Fig. 6. Thermal maturity of the Lower Palaeozoic deposits in the Holy Cross Mountains; see the text for sources of maturity data

Explanations as in Fig. 2
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worth stressing that Upper Silurian coarse-grained clastics of
considerable thickness (typical of the northern HCMts.) have not
been encountered over most of the MM area except for its south-
western margin. The low and relatively constant subsidence rates
seem therefore typical for the Matopolska Massif, distinguishing
this area from the £ysogory Block.

Complete Lower Palaeozoic sections are documented in the
Podlasie Depression and in the basement of the Lublin Trough,
both units clearly within the EEC (Baltica) area (Fig. 1). There,
the sedimentary development is similar to that of the £B as
stressed by Dadlez et al. (1994). Moreover, backstripping cal-
culations by Poprawa and Pacze$na (2002) demonstrate that
the tectonic subsidence pattern is also similar, displaying char-
acteristic acceleration during Ludlow and Pridoli. This evi-
dence was used by the present author (Narkiewicz, 2000) to in-
terpret the presence of a continuous Late Silurian foredeep ba-
sin extending from the £.B area to the east and north including
the EEC (Baltica) margin towards the Peri-Tornquist Basin in
northern Poland (Poprawa et al., 1999).

Poprawa and Pacze$na (2002) report that the total magnitude
of the Late Silurian tectonic subsidence generally increases to-
wards the southwestern EEC margin attaining values of more than
1100 metres in the Warsaw area (Okuniew IG 1 well). Such mag-
nitude exceeds by almost 500 metres the maximum value obtained
by the present author for the £ysogory (A) variant (Fig. 4). Ac-
cording to Poprawa and Pacze$na (2002) the apparent lack of a
trend of increasing subsidence between the Lublin-Podlasie area
and the £ysogory Block seems to contradict the interpretation of a
continuous Late Silurian foredeep basin extending east and north
of the present MM/L.B boundary (Narkiewicz, 2000).

However, the observed irregular pattern of Late Silurian
tectonic subsidence in the area discussed may be reconciled
with the concept of a continuous foredeep basin for the follow-
ing reasons:

1. The SW-margin of the Lublin Trough is a fault zone with
a complex history of syn-Variscan (Late Carboniferous) and
probably also later (syn-Alpine) strike-slip movements with
dextral sense. Although the total displacement may have been on
the order of several tens rather than hundreds of kilometres, it
may have affected to a certain degree the primary pattern of the
Lower Palaeozoic basin. The results of Poprawa and Pacze$na
(2002) show the decrease in subsidence from NW to SE and in
this direction the data seem to be more consistent with the £B
data (compare e.g. the £opiennik IG 1 well in the cited paper).

2. A progressive trend of gradually increasing subsidence
towards the orogen edge would be expected only in a case of
homogeneous lithospheric plate underlying the foredeep basin.
Assuming that the £B is a distinct crustal unit bounded by
deeply-rooted discontinuities, it seems not surprising that it re-
sponded individually to an orogenic load.

The data on the thermal maturity of the Lower Palaeozoic
north-east of the HCMts. were reported from the EEC as far as
100 km from the studied area (Nehring-Lefeld et al., 1997).
They indicate levels of maturity increasing towards the
south-west and reaching up to CAl 4-5, i.e. values comparable
to those observed in the northern HCMts. Data from the area
south of the HCMts. are scarce and located mostly in the western
part of MM (Belka and Siewniak-Madej, 1996). These results
reveal a lack of any distinct thermal events in the Ordovician to

Devonian. It may be therefore assumed that the existing data, al-
though limited, point to a consistent pattern of thermal maturity
within both analysed regional units, and a clear contrast between
them.

In summary, the presented results suggest that the Ordovi-
cian to earliest Devonian depositional and subsidence evolution
of the £ysogéry Block generally followed the scenario known
from the undisputable EEC — the Podlasie Depression and
Lublin Trough. It is here interpreted that the above-named re-
gional units were all parts of the same foredeep basinal system
extending from southeastern Poland towards the north-west, i.e.
along the Baltica margin. The present results are thus not com-
patible with the concept of the late Early Palaeozoic accretion of
the LB as a separate terrane (Pozaryski, 1990, see also Pozaryski
etal., 1992; Franke, 1995; Unrug et al., 1999).

On the other hand, the Matopolska Massif displayed a dif-
ferent subsidence pattern and a contrasting thermal history in
the Early Palaeozoic. The MM can be interpreted as a part of
the Ordovician to Silurian stable cold cratonic area being ap-
parently “not in place” within the present regional configura-
tion of the Lower Palaeozoic. It can be safely assumed that this
unit was placed in its approximately present position relative to
the £B before the onset of the uniform Emsian marginal marine
to continental clastic deposition which developed in both re-
gions of the Holy Cross Mts. (e.g. Szulczewski, 1995; see also
data on detrital muscovite ages in the Emsian in Belka et al.,
2000). The hypothetical displacement of the MM may explain
the apparent lack of an orogenic wedge south and west of the
presumed foredeep in the £.B area. In order to determine the di-
rection of this translation and the provenance of the MM crust it
is necessary to discuss the general biogeographic affinities of
the Lower Palaeozoic in the MM area, as well as its
palaeomagnetic and sediment-provenance constraints.

Most of the biogeographic data from the studied area refer to
the Ordovician, mainly in the southern HCMts. (MM). The inter-
pretations based on brachiopods (recently e.g. Cocks, 2000),
conodonts, ostracods and trilobites (cf. review by Dzik, 1999)
unanimously point to generally Baltic affinities. This is in agree-
ment with the data on acritarchs (Servais and Fatka, 1997) al-
though these are not referred to any specific exposures and thus
their affiliation to MM versus £.B is not clear. The data character-
ising directly the northern Holy Cross Mts. (£.B) are few. Cono-
donts from a single exposure in Pobroszyn include not only Bal-
tic but also Bohemian and North American forms (Dzik, 1999).

Palaecomagnetic data, obtained exclusively from the southern
Holy Cross Mts., provided a basis for contradictory interpreta-
tions of the movement of the Matopolska Massif relative to
Baltica (EEC). Lewandowski (1993) assumed right-lateral trans-
lation of the MM along the Baltica margin after the Early Devo-
nian and before the Middle Carboniferous. On the other hand,
Nawrocki (2000) argued that MM did not undergo any consid-
erable post-Caledonian right-lateral translation. He claimed that
his recent Bardo diabase study indicated the accretion of the MM
already before the latest Silurian. A careful analysis of his strati-
graphical data (particularly those on the uncertain age of intru-
sion and tectonic deformations — compare also Migaszewski,
2002) suggests however that the time of accretion could equally
extend into the earliest Devonian (Lochkovian).
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Fig. 7. Hypothetical Late Silurian to Early Devonian development of the TESZ in Central Europe, consistent with the data analysed
in the present paper

NGPC — North German-Polish Caledonides; other explanations as in Fig. 1

The studies of detrital material provenance were based on
zircons (Valverde-Vaquero et al., 2000) and muscovite (Belka et
al., 2000) from the Cambrian and Lower Devonian. The muscovite
data from the MM area point to Cadomian detrital ages in the
Lower Cambrian and thus, according to the cited authors, prove the
Gondwana affinity of the massif. However, this may appear a pre-
mature  conclusion in the light of observations by
Valverde-Vaquero et al. (2000) who found zircons of that age —
attributed to Vendian volcanics — in the EEC (Baltica) area near
Warsaw. Belka et al. (2000) argued that their data on muscovite
ages and the compilation of palaeobiogeographic data collectively
indicate that the MM has been a part of Baltica since the Middle
Cambrian (“first Gondwana-derived microplate that accreted to the
margin of Baltica”). According to these authors, the £ysogory

Block probably had been also situated very close (or even attached)
to the Fennoscandian segment of Baltica since Late Cambrian time.
However, the authors do not attempt to interpret the mutual spa-
tial-temporal relationships of the MM, £B and EEC during accre-
tion.

The data discussed, in particular those on the biogeography
of the Lower Palaeozoic in the MM area, strongly suggest that
the MM was a part of Baltica during the Ordovician to Silurian
interval. Having in mind the general palaeogeographic-
structural configuration in the TESZ area during the Late Silu-
rian, i.e. in the time when possible MM translation occurred, it
seems most probable that the MM was displaced due to
right-lateral strike-slip movement along the present SW margin
of Baltica (=EEC). The opposite sense of translation seems im-
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probable as there was Eastern Avalonia crust accreted to the
(present) NW of the study area, i.e. in the area of the North Ger-
man-Polish Caledonides (Pharaoh, 1999; Dadlez, 2000;
Fig. 1). Also in the light of the present knowledge of contempo-
rary plate kinematics (Torsvik et al., 1996) the most probable
direction of translation would be right-lateral consistent with
the sinistral rotation of Baltica (Dadlez, 2000).

Figure 7 shows a possible scenario including, first, a devel-
opment of the orogenic wedge and the related foredeep basin in
the HCMts. area, and thereafter, right-lateral strike-slip move-
ment of a part of Baltica composing the present MM. Such a
model is also considered probable by Pharaoh (1999) who
stressed that the supposed “Cadomian” (Gondwanan) prove-
nance of the Matopolska terrane is not yet proven and that it
may have “...dispersed dextrally along the Tornquist margin
from a Neoproterozoic source region elsewhere in Baltica,
rather than crossing the lapetus-Tornquist Ocean directly...”.
The MM crust could have been originally located close to the
present region of Dobrogea, as proposed by Dadlez et al.
(1994) based on regional comparisons (Fig. 7). It seems how-
ever not unlikely that it was located in a more north-westerly
position, i.e. closer to the present HCMts.

GENERAL CONCLUSIONS AND IMPLICATIONS

1. The depositional, subsidence and thermal development
of the £ysogory Block is consistent with the pattern observed in
the adjoining EEC areas. This contradicts Pozaryski’s (1990)
hypothesis on the terrane nature of this block within the Cal-
edonian orogen (see also Pozaryski et al., 1992; Franke, 1995;
Unrug et al., 1999). The £.B area is here interpreted as the part

of a Late Silurian foredeep basin which developed on the
Baltica margin in response to last phases of collision with the
Eastern Avalonia (Fig. 7).

2. The development of the continuous Late Silurian fore-
deep basin along the Baltica margin from the Peri-Tornquist
Basin in the north-west to the present northern HCMts. implies
that the North German-Polish Caledonides orogen had its NE
continuation near the present Holy Cross Mts. area (Fig. 7).

3. The southern HCMts. as well as the entire MM area re-
veals an Ordovician-Silurian subsidence development, thermal
history and crustal structure pointing to a stable cratonic set-
ting. Existing similarities in sedimentary succession (mostly
Ordovician and Lower Silurian) as well as a clearly Baltic
palaeobiogeography indicate a close spatial connection be-
tween MM and Baltica during the time interval analysed.

4. The juxtaposition of the MM against the £.B area can be
explained assuming, after Dadlez et al. (1994), that the MM is
a part of Baltica detached from its margin due to right-lateral
strike-slip. The time of such a translation is bracketed be-
tween the late Ludlow, an interval of distinctly different sub-
sidence and sedimentation patterns in the MM versus B ar-
eas, and the Emsian.
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