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Introduction

The Polish Western Carpathians (PWC) form the northernmost
part of the Carpathian belt, which belongs to the Alpine-Car-
pathian orogenic system (Fig. 1). The PWC are subdivided into
two main tectonic units: 1) The Inner Carpathians (IC), inter-
preted as representing the Southern (Apulian) margin of the Te-
thyan ocean and 2) The Outer Carpathians (OC) composed of
turbiditic sequences (Fig. 2) developed on the northern margin
of the Tethys, which are commonly correlated with the Alpine
flysch (e.g., Csontos et al., 1992). The OC flysch sequences were
thrust towards NNE during early-middle Miocene forming a nappe
stack (Zytko, 1999), (Fig. 2). The IC and the OC are separated
by the narrow Pieniny Klippen Belt (PKB), which comprises
dominantly strongly deformed carbonates. Between PKB and
the Tatra Mts. an intra-mountain Podhale basin developed, which
contains Paleogene flysch deposits (Fig. 2).

In order to constrain exhumation history of the PWC and to
estimate the effects of Neogene thrusting on the thermal struc-
ture of the OC, we performed apatite fission track analyses (AFT)
on major tectonic units along Krakéw — Zakopane section
(Fig. 2). Our preliminary results are presented below.

Results

Seven samples were analysed from the crystaline rocks of the Ta-
tra Mts, which represent the IC unit. Our results are broadly

similar to those obtained by Burchart (1972). Three samples
from the High (eastern) Tatra (T5-T7) yielded nearly identical
ages of c. 11 Ma (Fig. 1), while other three, from the Western
Tatra (T1-T3), show a rather wide scatter of ages from c. 12 to
20 Ma. This difference in ages is probably resulting from slightly
larger uplift in the High Tatra and some faulting. Track length
analyses suggest moderate exhumation rates (Fig. 2).
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Fig. 1  Simplified geological map of the Alpine-Carpathian
belt (based on Roca et al., 1995). Rectangular marks

area shown in Fig. 2.
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Fig. 2.

Sample locations and analytical results (radial plots and confined track length histograms) for apatite fission track anal-

yses. Simplified geological map of the Polish Western Carpathians based on Zytko et al., (1988).
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Sample F8 from the Paleogene Podhale flysch yielded
7.6 + 1.2 Ma age. Two million years difference between AFT
ages for the High Tatra and for the Podhale basin is probably
related to the difference in elevation (c. 1500 m) and/or due to
possible difference in geothermal gradient between the two
areas. Similarity of obtained ages suggests contemporaneous
uplift and exhumation of the Podhale basin and the Tatra Moun-
tains.

In the OC, sample Ta 00/1 represents the Oligocene sand-
stone of the Dukla nappe (exposed in the Mszana tectonic win-
dow, Fig. 2), which is the structurally deepest unit in the inves-
tigated region (Fig. 2). Apatite grain age distribution from this
sample shows two distinct populations: 154.0£8.6 and 20.7 + 3.0
Ma (Fig. 2). Track length distribution determined for the older
population (Fig. 2) indicates lack of significant annealing since
c. 150 Ma. The age of the younger population overlaps with the
stratigraphic age of the sequence within its analytical error. Thus,
we interpret the obtained ages as reflecting the cooling history
of the source area(s). The second analysed sandstone sample
(Sn 00/1) comes from the flysch deposits of the Magura Nappe,
whose stratigraphic age is determined as Eocene (Fig. 2). It
shows a wide scatter of individual grain ages from c. 100.3 to
6.7 Ma, which, together with the bimodal track length distribu-
tion (Fig. 2), indicate the presence of different source rocks and
a partial resetting after the deposition.

Conclusions

The Internal Carpathians together with the Podhale basin un-
derwent Miocene uplift at moderate rates. However, the High
Tatra seem to have undergone slightly larger amount of uplift
relatively to the Western Tatra. Taking into consideration that
biotite Ar-Ar ages from the same area gave Variscan ages (Ja-
nak, 1994), the maximum amount of Tertiary exhumation can
be determined as c. 810 km.

The present erosional level in the OC has only reached the
top of the AFT partial annealing zone, which points to less than
c. 3-5 km of exhumation. The presence of partial fission track
annealing in the structurally higher Magura Nappe and lack of
significant annealing in structurally deeper unit of the Dukla
Nappe indicates, that the most of partial AFT resetting in the
Magura Nappe occurred in the Eocene sedimentary basin prior
to Miocene nappe stacking.

References

BURCHARTJ., 1972. Fission — track age determination of ac-
cessory apatite from the Tatra Mountains, Poland. Earth
and Planetary Science Letters, 15: 418-422.

CSONTOS L., NAGYMAROSY A., HORVATH F. and KO-
VAC M., 1992. Tertiary evolution of the Intra— Carpathian
area: a model. Tectonophysics, 208: 221-241.

JANAK M., 1994. Variscan uplift of crystalline basement, Tatra
Mountains, Central Western Carpathians: evidence from
40Ar/39Ar laser probe dating of biotite and P-T-t paths.
Geologica Carpathica, 45: 293-300.

ROCA E., BESSEREAU G., JAWOR E., KOTARBA M. and
ROURE F., 1995. Pre — Neogene evolution of the Western
Carpathians: Constraints from the Bochnia — Tatra Moun-
tains section (Polish Western Carpathians). Tectonics, 14:
855-873.

ZYTKO K., ZAJAC R. and GUCIK S., 1988. Map of the tec-
tonic elements of the Western Outer Carpathians and their
foreland, 1:500,000. Panstwowy Instytut Wydawniczy,
Warszawa.

ZYTKO K., 1999. Symetryczny uktad péznoalpejskich rysow
podtoza péinocnych Karpat oraz ich przedpola i zagorza;
szew orogenu i kratonu. Prace Panstwowego Instytutu Geo-
logicznego, 168: 165-194.





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /OK
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /HelveticaCE
    /HelveticaCE-Bold
    /HelveticaCE-BoldOblique
    /HelveticaCE-Narrow
    /HelveticaCE-Narrow-Bold
    /Peignot
    /TimesCE-Bold
    /TimesCE-BoldItalic
    /TimesCE-Italic
    /TimesCE-Roman
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>






    /HEB (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /CZE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


