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The Carpathians are a part of the European Alpine chain crea- Dukla and Fore-Magura, Silesian, Sub-Silesian and Skole nap-
ted by convergence and collision of the European and African pes. The tectonic evolution of the Outer Carpathians is subdi-
plates (Golonka et al. 2000). The Outer Western Carpathians are vided into two successive shortening events: 1) NNW-(N) di-

a north-verging fold-and-thrust belt composed largely of Lower rected and 2) NE- (NNE) directed (Aleksandrowski 1989, Decker
Cretaceous to Lower Miocene flysch sediments arranged into et al. 1997). During the first event the folding and thrusting start-

stacked complex of several nappes (from top to bottom: Magura, ed in the most inner, southern nappe (Magura nappe) and were
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propagated to the north. During the next event the previous thrust
faults and folds were overprinted and refolded. According to
Decker et al. (1999a), the first shortening event was taking place
from the Eocene to Early Miocene time. The second shortening
event started in the Early/Middle Miocene and lasted probably
during the early Late Miocene time (Decker et al. 1999b, Wojcik
et al. 2001). Organic maturation, clay diagenesis and fluid inclu-
sion (Swierczewska et al. 1999, Hurai et al. 2002, Jarmolowicz-
Szulc and Dudok 2005) of the different flysch units of Western
Carpathians indicates that the nappes underwent some thermal
overprint during their burial and/or the tectonic stacking.

We have performed apatite fission track (FT) thermochro-
nology on ash layers and vitrinite reflectance measurements on
organic rich pelites of Western Carpathian flysch in order to re-
construct the thermal and structural evolution of the flysch belt.
The apatite FT dating were completed by the investigation of
kinetic parameters in each dated crystals by Dpar measurements
(Donelick 1995) and in some samples also by the determination
of chlorine content using electron microprobe. The fission track
results and Dpar measurements show rather homogeneous min-
eralogical composition of the dated grains and also indicate that
the apatites of the samples derived form single sources. The only
exception is sample B17, where we could identify two compo-
nents, but by their separation it was possible to perform ther-
mal modelling on a homogeneous sub-population. All FT ages
are younger than the age of sedimentation or the dated age of
the volcanic event. Geographically/structurally the age pattern
is complex: the apparent FT ages are between 20 and 30 Ma in
the Podhale Flysch (Inner Carpathians), along the PKB and the
innermost part of the Magura nappe. In the Silesian nappe the
ages cover a wider ranger between 9.7 and 29.5 Ma. The track
length distributions are rather variable; the mean track lengths
are between 13.6 and 15.2 pm. Mean track lengths do not show
evident correlation with the apparent ages. Geochemically, these
ash-layers apatites are usually chlorine-rich. The mean Dpar are
between 2.6 and 3 pm and except sample B17 the chlorine con-
tent is always above the typical composition of Durango apatite
(~0.4 wt%), thus both kinetic parameters indicate rather high
closure temperature for the dated apatites.

The reset of fission track ages and the temperature indica-
tors are evidently indicating that all investigated tectonic units
have experienced significant burial. The post-sedimentary maxi-
mum temperature was around or above 100 °C. The apparent
ages are different and the character of track length distributions
is very variable, thus we can conclude that the investigated tecto-
nic slices had rather different thermal histories. Considering
the new data and Tmax determinations by clay mineralogical
constraints further the results of fluid inclusion studies we have
modelled the thermal evolution by HeFTy software (Ketcham,
2005). The input parameters of the thermal modelling are fission
track apparent age, track length distribution, kinetic parameters
(Dpar and chlorine content), formation age of the ash layer, time
of the termination of sedimentation (by the overriding accretio-
nal wedge), temperature of sedimentary burial and maximum
temperature. A very characteristic feature of the input data is
the closeness of the end of sedimentation and the apparent FT
age in case of every sample. The modelling resulted in slight-
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B Fig. 1. The results of thermal modelling of some charakteris-
tic samples performed by HeFTy software of Ketcham (2005).
Light gray fields represent the envelope of acceptable time-
temperature paths, while dark gray belts are the enveloped by
the runs of modelling with very good fitting to the measured
data.

ly different time-temerature paths for the different structural
units (Fig. 1). What is common in the thermal evolutions of the
samples is the presence of the rather rapid increase of the burial
temperature. After the end of sedimentation the temperature

has reached the total reset conditions of apatite FT chronometer
usually within 2 to 3 million years. The effective heating time is
usually short, and soon after the thermal climax the flysch nap-
pes were already cooling. The cooling rates are variable, but
sometimes rather rapid (up to 50 °/Ma). We interpret these com-
mon characters of the thermal histories as the manifestation of
the accretion process in the thermal history: (i) the rapid warm-
ing was related to the accretion of the flysch related with sub-
duction process; (ii) the abrupt turn in the thermal histories were
related to the collision process; (iii) the cessation of the increa-
sing of temperature indicate the termination of the vertical dis-
placement; (iv) the rapid cooling is probably related to normal
faulting that exhumed some slabs of the accretionary complex
faster than usual surface erosion.
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