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Shear deformation in granodiorite: Structural, 40Ar / Ar, and
geotechnical data (Tribec Mts., Western Carpathians)

JAn Krai:', Jozef Hok', Wolfgang Frank2, Pa vol Siman1, Pavel LiSCak' & Vlasta Janova3

'Geological Survey of the Slovak Republic, Mlynska dolina 1, 817 04 Bratislava, Slovakia
2Geozentrum, Universitat Wien, Althanstrasse 14, A - 1090 Wien, Austria

'Ministry of the Environment of the Slovak Republic, nam. L\ Stiira 1, 812 35 Bratislava, Slovakia

Abstract. A shear zone in granodiorite has been studied in the Tribec Mts. Whole rocks and mineral sam-
ples from deformed and undeformed rock types have been processed by means of structural, geotechnical
and 40Ar/39Ar methods. The shear zone was formed by progressive simple shear in ductile to brittle-ductile
conditions. The quartz isotropic microfabrics of the undeformed host rocks have been progressively trans-
formed into anisotropic microfabrics composed of single oblique girdle indicating sinistral shear. A sim-
ple shear deformation was responsible for the formation of "s" and "c" foliations. Shear strain has been
calculated for particular parts of the shear zone. Geotechnical data show the decrease of mechanical index
parameters of rocks towards the centre of the shear zone. Decreasing of Si02, MgO and Na20 content and
increasing of A1203, CaO, K20 and Fe20, in the same direction have been documented. 4(,Ar/wAr data of
white micas from centre of the shear zone proved its formation about 71-63 Ma ago. Obtained ages are
interpreted as shear zone formation age . 40Ar/™Ar biotite apparent age spectra from undeformed grano-
diorite samples reveal significant Ar excess.
Key words: granodiorite, shear zone, structural data, '"'Ar/^Ar dating, mechanical properties. Tribec Mts.,
Western Carpathians

Introduction

Geological mapping (Ivanicka et al., 1998) revealed
in the Zobor part of the Tribec Mts. (sensu Vass et al.,
1988) a tectonic zone of NE-SW trend, being accompa-
nied with intensive mylonitization of granitoid rocks.
The length of the zone is app. 10 km, the width varies
from several hundreds to several tens of metres. The
rock deformation inside the zone is not homogeneous. A
segment of this tectonic zone is exposed in the north-
western - Zobor part of the Tribec Mts. in termination of
the Male Jastrabie Valley (Fig. 1). The mylonitic zone
with transitions from deformed granitoid rocks towards
undeformed ones is exposed there in the outcrop of app.
dimensions 5mx5mx3m. Mylonitic zone, resp.
shear zone of the brittle-plastic character, is developed
in the medium-grained biotitic granodiorites to tonalites
(Ivanieka et al., 1998). Broska & Petrfk (1993), Petrfk
et al., (1994) ranked these types of granitoid rocks to
allanite, resp. I-type of granitoid rocks of the Western
Carpathians. In the outcrop we have distinguished three
domains in relation to the intensity of rock strain from
undeformed to the most intensive deformed rocks. The
topic of our study included the change of rock proper-
ties in individual distinguished domains. We have ob-
served the type and spatial arrangement of tectonic
foliation and lineation as well as the change of arrange-
ment of quartz optical axes. Isotopic research was fo-

cused prevailingly on 40Ar/39Ar micas dating from
deformed and undeformed types of granitoid rocks. The
last observed topic covered the geomechanic properties
of rocks and their changes in relation of tectonic rock
strain.

Methodics

Using macroscopic criteria for the evaluation of the
deformation degree we have distinguish three domains in
studied locality/outcrop. These differ each another pre-
vailingly by the different intensity of tectonic foliation
development (Fig. 3). The first domain is without any
presence of visually recognizable tectonic overprint. The
second one is characteristic with the presence of "s-
planes" of tectonic foliation. Third domain manifests
strong development of "c-planes" of tectonic foliation,
next the intensive macroscopically observable deforma-
tion of minerals and development of definable stretching
lineation.

Structural analysis consisted from identification and
determination of spatial characteristics of principal struc-
tural elements (foliation, mineral lineation). Structural
data were graphically analysed using tectonograms (e.g.
Fig. 3). Oriented thin-sections allowed to observe the mi-
crostructures. Orientation of optical quartz c-axes was
defined using standard methodics by universal stage (c.f.
for instance Fediuk, 1961).
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Fig. I Position of investigated localities in the Tribec Mts.

Fig. 2a-c Changes in oxides content across shear zone from
sample T-l to sample T-3.
a C

The index mechanical characteristics of rock mas-
sif/material were tested by the Schmidt's rebound hammer
as well as the Point Load Test (PLT). To learn the resis-
tance of rock against weathering we used the Slake Dura-
bility Test.

Schmidt's rebound hammer for simply and quick
testing of rock rebound hardness allows to obtain an
information on a broad physical state of rocks in the
massif. Simultaneously it allows to distinguish in meas-

ured profile the horizons with differing degree of rock
weathering (resp. other alterations). It is useful for
qualified estimation of rock strength characteristics.

Point Load Test - PLT - k<J0) [MPa] allows prompt
determination of rock strength. Test consists from registra-
tion of rock resistance against the imposed stress through
two co-axially arranged conic platen points. The examina-
tion can be carried out on regularly shaped (square, cylin-
drical roller) or irregular (fragments) samples.
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Slake Durability Test was used for evaluation of
"rock durability". From each rock we prepared 20 frag-
ments weighting app. 50 g (using 10 fragments into two
rotating drums). Fragments were thoroughly washed and
easily removable roughnesses and edges were retrieved.
Consequently they were dried using temperature 105 °C
till their steady weight. We placed two samples of the
same rock type into the perforated steel drums with
holes of 2 mm diameter. Both drums were fixed to appa-
ratus in such a way to be submerged into the water con-
tainer to the water level reaching the level approximately
2 cm beneath the drum rotation axis. The drums' rotation
by velocity 20 turns per minute lasted two minutes. Af-
terwards the samples were taken off the drum and dried in
drying-oven to steady weight. The whole cycle was re-
peated 3-times.

The micas for ^Ar/^Ar dating were separated from
crushed and sieved rock using the wet shaking table and
electrostatic separator. Purification was done using hand
separation under binocular magnifying lens and ultra-
sound in distilled water. Next step was the irradiation by
fast electrons together with internal laboratory standard
WAP. The isotopic ratios 40Ar, 39Ar were measured from
individual gas portions (purified in vacuum quartz equip-
ment by gettering) in increasing temperature, applying the
gas mass spectrometer VG-5400. This standard proce-
dure, used in geochronologic laboratory Geozentrum
Wien, has recently the individual analytical steps automa-
tized. For age calculations there were used the decay con-
stants by Steiger & Jager (1977).

Results and disscusion

Description of investigated samples

The primary rock is represented by massive, me-
dium-grained, equigranular light-grey granodiorite to
tonalite of I-type, rich in biotite, titanite, allanite and
epidote. There are typical the greenish plagioclases with
basic cores, as well as bluish grains of quartz reaching
dimensions 3-6 mm. The increasing deformation
changed the rock character from massive to schistose
with expressive foliation and often with abundant seric-
ite, occasionally only with Fe oxides and hydroxides in
foliation planes. This rock has greenish to grey-green
colour with the white deformed feldspar porphyroclasts.
Green character is caused by the presence of newly-
formed phyllosilicate sericite and chlorite phases, even-
tually chloritized biotite.

The undeformed granitoid rocks have hypidiomor-
phic crystal shape, with modally the equal presence of
quartz and plagioclase grains reaching dimensions up to
6 mm. Quartz forms the well-preserved hypidiomorphic
grains with weak undulose extinction. The plagioclase is
strongly sericitized to saussuritized and albitized pref-
erably in its cores with higher basicity, around which
albitic rim is developed. Biotite is abundantly present in
the form of rests and aggregates being often disinte-
grated, recrystallized, smaller, but often even of idio-
morphic shapes. It has rich green pleochroism in

sections X,Y and X,Z, that could indicate the increased
content of Fe-component - annite. K-feldspar, if present,
forms several mm large strongly perthitized grains. Ti-
tanite has form of clearly spinning, broken crystal forms
recrystallized to ilmenite. Next minerals, chlorite, rutile,
magnesite, zircon and allanite are present accessorially.

Increasing degree of rock deformation markedly re-
duces the grain-size, mainly in quartz even below 0.1
mm. Quartz occurs in the form of bands (ribbons) with
undulose extinction and even in the foamy structure. It
behaves considerably plastically. It is possible to ob-
serve the grain boundaries migration. Contrary to this,
the feldspars affected by the same changes, serializa-
tion to saussuritization, eventually by perthitization,
demonstrate more rigid behaviour with gaining of pre-
ferred orientation. Biotite is changed to chlorite and this
one together with sericite, as the main weakened miner-
als became the main bearer of deformation. The rock
structure gradually changes from porphyroblastic to my-
lonitic with clear preferred orientation and lineated
phyllosilicates. In the last stage of deformation the rock
became totally disintegrated, schistose and oriented.
Quartz has very fine-grained polygonal structure with
steeply decreasing grain-size below 0.1 mm. Feldspars
and biotite are totally disintegrated into chlorite-sericite
mass. Biotite is not present since. Its existence is con-
firmed only by the presence of chlorite with ilmenite
clusters.

Described deformation is possible to consider as
relatively low-temperature alteration within greenschists
facies. It results from the phase change of biotite to
chlorite where Eggleton & Banfield (1985 in Shelley,
1993) suppose for the chloritization the temperature 340
°C. In this case the more interesting is the strongly plas-
tic behaviour of quartz during the rigid behaviour of
feldspars. The very high strain rate could be supposed in
this case.

To complete the presented data we introduce also the
results of the chemical analyses of selected oxides from
samples taken transversally through the mylonite zone
from undeformed granodiorite (sample T-l), protomy-
lonite (sample T-2) and mylonite (sample T-3; Fig. 2a, b,
c). The graphs demonstrate the decrease of Si02, MgO
and Na20 content towards the centre of mylonitic zone.
On the contrary, the content of AI2O3, CaO, Fe203 and
K20 increases.

Structural geology

From the viewpoints of tectonodeformation processes
the rocks in the outcrop scale can be alternatively divided
into three groups (Fig. 3): undeformed granitoids without
macroscopically and microscopically visible deformation
structures, medium deformed granitoids being according
to the classification by Sibson (1977, 1980) denoted as
protomylonites and intensively deformed granitoid rocks -
mylonites (sensu I.e.).

Undeformed granitoids (Fig. 4) macroscopically do
not express any tectonic overprint with exception of
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Fig. 3 Simplified sketch of the shear zone a) simplified sketch with observed structural elements, intensity of shading corresponds to
intensity of deformation, arrow indicates sense of movement, diagrams display orientation of the "s" and "c" planes and shear zone
border: 315"/ 90° (Lambert projection, lower hemisphere), & angle between "s" plane and shear zone border, L„, stretching linea-
tion ; b) method of calculation and graphic demonstration of the homogeneous simple shear deformation of the unit square / circle,
0 angle between "s" plane and shear zone border, F- shear angle, y- shear strain; c) fabric of quartz diagram from undeformed
granodiorite ; d) fabric of quartz diagram from protomylonite (n - number of measurements); e) simplified sketch of central part of
the shear zone with rose diagram of orientation "s" and "c" planes

joints, being oriented in two general perpendicular direc-
tions NW-SE and NE-SW. The orientation of optical
quartz c-axes is isotropic and has no more impressive
preferred orientation (Fig. 3c).

The qualitatively new planes of planar anisotropy de-
scribed as schistosity or s-planes (Figs. 5 and 6) originate
in deformation domain of protomylonites. These planes

are parallel to the plane XY of deformation ellipsoid and
originate perpendicularly to direction of the highest pres-
sure. In the ideal case the first s-planes would appear in
the rock under the angle 45° to the boundary of shear
zone. In observed zone the macroscopically defined
s-planes include the angle 40° towards the shear zone.
Towards the centre of shear zone the schistosity planes
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gradually change their direction and inclination (Fig. 3a).
Using the orientation of s-planes it is possible to calculate
the shear deformation/strain y in the rock:

7 = 2 / tg 20 (c.f. Ramsay, 1980)
Y = tgy

where 0 represents the angle between the schistosity plane
and the boundary of shear zones (Fig. 3b). y is the shear
angle between the unit deformed object (square, circle)
with the "z" axis of the coordinate system (Fig. 3b). On the
basis of measured values it is possible to calculate the in-
crement of the shear deformation, the shear angle (Tab. 1)
and to express the deformation (Figs. 3b and 7).

Tab. I: Relationship between the shear strain and orientation
of the s-plane.
angle between s-plane
and shear zone border

shear strain shear angle

0 = 40°
0 = 30°
0 = 20°

Y = 0,35
y-1,15
Y = 2,38

\|/= 19°
V = 49°
V = 67°

The results of microstructural study of orientation of
optical quartz c-axes demonstrate the anisotropic distri-
bution with the origin of striking belt girdle maximum
indicating the sinistral simple shear (e.g. Lister & Wil-
liams, 1979). In deformation domain of mylonites being
directly in the centre of shear zone we have not succeeded
to measure the representative number of quartz optical c-
axes, because the quartz grains were tectonically broken
into the submicroscopic aggregates.

The centre of shear zone is ca 20 cm wide and the in-
homogeneity planes depicted like "c" planes (sensu Berthe
et al., 1979) appear there. The "c" planes represent folia-
tions with concentrated shear deformation. The angle be-
tween "c" and "s" planes is ca 20° (Figs. 3e and 6). In the
case investigated the failure of the rock coherence occurs
along the "c" planes and the rock is sheared in brittle re-
gime. This is the reason why the mutual offset of rock
blocks in the centre of shear zone is not possible to define
precisely.

Physical-mechanical properties

Modified final value of the strength index by the Point
Load Test is correlated with the strength in the uni-axial
pressure oc. The mostly used conversion relation is:

ac=24.Is(50)[MPa]
Bieniawski (1973) for evaluation of strength suggests

to use the classification scale, presented in Tab. 2.

Tab. 2: Estimation of a compressive strength of rocks accord-
ing Point Load Test (Bieniawski, 1973)

Strength degree PLT index Compressive
ISfjo, [MPa] strength Oc [MPa]

1.Very high >8 >200
2. High 4 to 8 100 to 200
3. Medium 2to4 50 to 100
4. Low 1 to 2 25 to 50
5. Very low < 1 <25

Fig. 4 Photograph of the undeformed granodiorite. Male Jas-
trabie locality.

Fig. 5 Photograph of the protomylonite. Note the development
of the "s" planes foliation. Male Jastrabie locality.

Fig. 6 Photograph of the mylonite. The "s" planes foliation is
predominant structure and "c" planes are present as a new
structural element. Male Jastrabie locality.

Fig. 7 Graphic plot of data from the Tab. I, showing progres-
sive shear strain towards the centre of the shear zone.
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Fig. 8 Evaluation of granodiorite alteration inferred from the Schmidt's rebound hardness.

The results of measurements of rebound hardness are
described in graph (Fig. 8). The measuring sample point
T-3 was situated in outcrop with the strongest mylonitiza-
tion. The massif weathering is here the strongest in com-
parison to the whole outcrop, and is manifested by
decrease of strength in uni-axial pressure (value 45.67
MPa ranked the mylonite among the semisolid rocks ac-
cording to STN 73 1001 Norm). From the centre of my-
lonitic zone (measurements in sample T-2) the strength in
uni-axial pressure increases mainly due to the weakest
rock deformation and smaller rock weathering. It con-
firms the zonality of physical-mechanical properties in
mylonitic zone. The sample T-l represents the weathered
granodiorite without evident tectonic failure and it has the
highest compressive strength values. The Fig. 8 confirms
that derived strength in uni-axial pressure of investigated
rock from the centre of mylonite zone is of low-order in
comparison with the samples from its periphery.

Very similar values of uni-axial strength in pressure
are shown also by the PLT test. It confirms the suitability

of the use of both methods for relatively quick and simply
determination of this parameter either from technological
or geotechnical viewpoints. The indicator of the rock re-
sistance against slaking (slake durability index) is then the
percentage ratio of lowered sample weight compared with
its original weight.

original weight - weight after n cycles
Slake durability = . 100(%)
index (Id) original weight

The examination allows to classify rocks into the six
groups:

a/ Id = 95 - 100 % - rocks with extreme durability,
b/ Id = 90 - 95 % - rocks with very high durability,
c/ Id = 75 - 90 % - rocks with high durability,
d/ Id = 50 - 75 % - rocks with medium durability,
e/ Id = 25 - 50 % - rocks with low durability,
f/ Id = 0 - 25 % - rocks with very low durability.
For comparison we list the durability of granitoid rocks

also from other localities in the TribeC Mts. (Tab. 3). In the
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Tab. 3: Durability of selected granitoids from the Tribec Mts. according to Slake Durability Test

Number of Locality Rock type Slake durability Slake durability Classification
sample 1. cycle (%) 2. cycle (%) according slaking

1 Skycov Leucocrate granite 99.50 99.10 Extremely high
2 Skycov Slightly weathered leuco-

crate granite
99.68 99.20 Extremely high

3 Javorovy vrch Granodiorite tonalite,
coarse-grained

93.59 93.30 Very high

4 Javorovy vrch Aplitic granodiorite 97.99 97.71 Extremely high
5 Male Jastrabie Mylonitized granite 97.89 97.24 Extremely high
6 Male Jastrabie Mylonitized granite 97.68 97.10 Extremely high
7 Medvedi vrch Leucocrate granite 99.70 Extremely high

sense of above stated classification the obtained values of
slate durability indicate the durability and resistance of
granitoid rocks from the Tribec Mts. against weathering.

-"'Ar/^Ardata

Until recent only the geochronological data from
granitoid rocks were published from the crystalline base-
ment of the Tribec Mts.. The first age from the zircon
being separated from tonalite near Janova Ves was pub-
lished by Bojko et al. (1974). The U, Th/Pb model ages
are concordant and vary around 290 Ma. Broska et al.
(1990) refined this data from zircons of similar rock for
306 ± 10 Ma. Data can be interpreted as the intrusive age
of plutonic rocks (tonalites-granodiorites) in the Tribec
Mts. Rb/Sr datings of the whole rock granodiorite sam-
ples are discordant in comparison with these data and
older - the slope of published isochron corresponds to the
age 352 ± 5 Ma (Bagdasaryan et al.1990). KovaC et al.
(1994) published the FT age 28 + 3 Ma on accessory apa-
tite from tonalite.

The analysed mineral samples were separated from
three sample types - undeformed granodiorite - (T-l),
from partly deformed granodiorite (T-2, T-7) and from
the centre of mylonite zone (T-3). Samples T-l, T-2 and
T-3 were taken from the distance ca 20 m from the area of
distinct mylonite zone developed in granodiorite.

The principal analytic data together with plots of ap-
parent 40Ar*/39Ar ages (decay constants according to
Steiger a Jager, 1977) are given in Tabs. 4-10 and Figs.
9- 15.

The biotite was separated and analysed from the sam-
ples of undeformed granodiorites T-l, T-8, T-9. 40Ar/39Ar
spectra are discordant and all apparent ages of individual
temperature steps are markedly higher as U-Pb data from
zircons of petrographically identical rocks, limiting the
intrusion age for 306 Ma (Fig. 9, 14, 15).

The only separable mineral suitable for dating of de-
formed granodiorite T-2 was the fine light-coloured mica
because the former biotite was strongly chloritized. More
than 60 % of 39Ar from the sample was degassed in four
last high-temperature steps (Fig. 10). This part of the
spectrum gives the corresponding plateau age 155 ± 9
Ma.

From the sample T-3, representing the typical my-,
lonite, we have separated and analysed two minerals - fine
white mica (sericite) and coarse-grained muscovite. The
^'Ar^'Ar spectrum of apparent ages in sericite has con-
tinual staircase shape, where for the higher degassing
temperature the apparent age is ca 73 Ma, and in the low-
ermost degassing temperature the age is 63 Ma. Apparent
40Ar*/39Ar ages of muscovite from the same sample (Fig.
12) have discordant character, mainly in the higher tem-
perature part of the spectrum. The degassing of muscovite
is represented by plateau age 72 ± 2 Ma, that is in the
range of analytical error corresponding with the higher
age from fine-grained light-coloured mica, separated from
the same sample.

Biotite from deformed granodiorite T-7 has slightly
concave shape, steeper in the high-temperature part of the
spectrum (Fig. 13). Lowermost apparent ages in the mid-
dle part of the spectrum are forming three medium-
temperature steps with data 81-82 Ma.

Though micas are widely used in K/Ar geochronol-
ogy, in metamorphic terranes the obtained data are most
frequently interpreted like the age of cooling, because
their blocking temperatures are lower than the ages of
many metamorphic, resp. plutonic processes. Therefore
they are used rather for the reconstruction of temperature
history of investigated area than for the identification of
ages of plutonic, resp. metamorphic processes. Despite
the usually well readable and interpretable spectra of e.g.
phengite, the biotites manifest various types of spectra,
which interpretation might be complicated. One of the
reasons is the presence of the excess argon. In such cases
the apparent age spectra can be smoothed in all tempera-
ture steps and the shallow-brained analyses of the data
can lead to the age significant spectra of minerals un-
touched by temperature. Spectra obtained from biotites,
resp. minerals with excess Ar might be also of convex or
concave shapes (the relevant literature to this problem is
discussed by McDougall & Harrison. 1988). The interpre-
tation of such spectra is therefore necessary to be sup-
ported also by another geochronologic information in
context of relating knowledge from regional geology.

From the comparison of blocking temperatures of
U/Pb system in zircons and K/Ar system in micas there
follows, that K/Ar ages of biotite in plutonic resp. meta-
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morphic rocks will be lower than the real age of plutonic,
resp. high-temperature processes. It was confirmed also by
a big amount of published data from various geological
areas. The magnitude of the difference in obtained U/Pb
and K/Ar ages in the case of the simplest thermic history -
monotonous cooling - depends on cooling rate. The com-
parison of data from the Western Carpathians - preferably
from core Mountains, where the idea of monotonous cool-
ing during uplift in Hercynian evolution can be accepted -
confirms this model (the Male Karpaty Mts. - Bagdasaryan
et al. 1977, Shcherbak et al. 1988; the Mala Fatra, Mts. -
Shcherbak et al. 1990, H6k et al. 2000; the VelTca Fatra
Mts. - Kohut et al. 1998; the Strazovske" vrchy Mts. - Krai'
et al. 1997; review of available K- Ar data and their new
interpretation from the crystalline basement of the Western
Carpathians till 1985 is available in Burchart et al. 1987),
though records about Alpine influence in these rocks were
documented by Maluski et al. (1993).

Tab. 4: 4HAr/<9Ar analytical data from biotite, undeformed gra-
nodiorite T-l, Tribec Mts.

Step T(C") « »Ar' %*a/ 4"Ar/J'JAr±2s.
d.(%)

Age (Ma) +
2s.d.

1 620 21.5 95.5 44.83 ± 0.3 348.5 ± 1.1
2 69(1 11.5 97.2 45.34 + 0.6 352.1 ±1.9
3 830 7.0 97.1 45.34 + 0.4 352.1 ±1.2
4 1060 45.4 97.2 45.49 ± 0.2 356.4 ±0.7
5 1350 14.6 97.9 46.49 ± 0.3 360.3 ± 0.9

J = 0.004530 ± 0.4 ' total gas age: 354.5 ± 2.8

Tab. 5: 40Ar/9Ar analytical data from fine-grained white mica,
deformed granodiorite T-2 (protomylonite), Tribec Mts.

Step T(C") % wAr' « w\r' 4"Ar/wAr±2s.
d.(%)

Age (Ma) ±
2s.d.

1 585 11.3 54.2 13.72 ±11.0 113.6 ±12.2
2 605 3.9 47.0 21.46 ±30.7 I74.9±51.3
3 635 5.8 55.7 18.88 ±18.3 154.7 + 27.1
4 670 7.1 58.9 15.37 + 14.7 126.8 ±18.0
5 710 7.2 67.5 16.39 ±13.4 135.0 ±17.4
6 750 7.2 58.2 18.78 ±2.2 153.9 ±3.2
7 790 9.9 59.5 18.68 ±3.1 152.6 + 4.5
8 830 5.9 68.4 17.10 + 6,5 140.6 ±8.9
9 1220 41.8 74.6 19.7 ±2.8 156.9 ±4.2

J = 0.004530 ± 0.4 % total gas age: 147.3 ± 15.0
65 % plateau age: 154.5 ± 8.5

Tab.. 6: 40Ar/'9Ar analytical data from fine-grained white mica,
mylonite T-3, Tribec Mts.

Step T(C°) % 39Ar* % mAv' 4"Ar/39Ar±2s.
d.(%)

Age (Ma) ±
2s.d.

1 615 4.0 91.4 7.48+ 1.1 62.8 ±0.7
2 655 2.6 96.7 7.57 ± 1.8 63.6 ±1.1
3 695 4.8 97.8 7.54 ±0.7 63.3 ±0.4
4 735 2 6 97.5 7.58 ± 1.5 63.7 ± 0.9
5 785 11.9 98.7 7.60 ± 0.5 63.8 ±0.3
6 845 6.5 98 5 7.76 ± 0.5 65.2 ±0.3
7 920 18.7 98.7 7.94 ±0.3 66.6 ± 0.2
8 995 17.4 98.8 8.25 ± 0.3 69.2 ±0.2
9 1050 21.4 98.9 8.49 ±0.2 71.1 +0.1
10 1220 10.3 98.8 8.66 ±0.5 72.6 + 0.4

Tub. 7: 40Ar/9Ar analytical data from medium-grained white
mica, mylonite T-3, Tribec Mts.,
Step T(C°) % WAr' %4"Ar' 4"Ar/wAr+2s.

d.(%)
Age (Ma) +

2s.d.
1 620 3.3 74.4 8.09 + 8.0 67.9 ±5.3
2 690 6.2 88.6 8.96 + 6.8 75.0 ±5.0
3 790 10.5 91.7 8.67+4.2 72.6 ± 3.0
4 920 47.4 96.7 8.51 ±0.9 71.3 ±0.6
5 1060 27.9 93.9 12.12 + 1.2 100.8 ±1.2
6 1350 4.8 67.0 31.02 ±2.5 247.9 ± 5.9

J = 0.004530 ± 0.4 ' total gas age: 88.3 ± 2.6
65 % plateau age71.4 ± 0.7

Tab. 8: 40Ar/9Ar analytical data from biotite, deformed grano-
diorite T-7, Tribec Mis.

Step T(C°) % 39Ar* % *Ar* 4"Ar/MAr±2s.
d.(%)

Age (Ma) ±
2s.d.

1 690 10.2 76.9 10.17 ±2.0 88.2 ± 1.7
2 730 18.2 80.3 10.00 ± 1.4 86.7 ± 1.2
3 780 15.5 82.2 9.46 ± 1.2 82.1 + 1.0
4 800 8.2 77.9 9.45 ± 2.4 82.0 ±1.9
5 880 14 9 80.9 9.33+ 1.7 81.1 ± 1.4
6 925 8.4 73.3 9.84 ±2.8 85.4 ±2.4
7 980 10.0 75.3 10.77 ±2.1 93.2 ±1.9
8 1080 9.7 77.0 12. 32 ±2.4 106.3 ± 2.4
9 1250 4.8 65.5 12.82 ±4.4 110.5+4.7

J = 0.004530 ± 0.4 % total gas age: 88.5 ± 3.3

Tab. 9: 40Ar/9Ar analytical data from biotite. undeformed gra-
nodiorite, T-8, Tribec Mts.

Step T(C°) %'W **Ar' 4,lAr/wAr±2s.
d.(%)

Age (Ma) ±
2s.d.

1 650 7.7 95.1 40.94 ± 1.1 332.2 + 3.4
2 690 7.9 78.1 44.03 ± 2.0 355.1 ±6.4
3 730 8.7 92.2 42.81 +0.9 346.1 ±2.8
4 780 10.5 97.7 40.26 + 0.6 327.1 ± 1.9
5 800 8.8 97.8 41.24+ 1.0 334.5 + 3.1
6 880 5.2 96.4 40.72 ±1.8 330.6 ± 5.3
7 925 4.4 95.9 41.17 ± 1.0 333.9 ±3.2
8 980 9.6 96.2 41.66± 1.2 337.6 ±3.8
9 1080 23.5 97.9 41.17 + 0.4 334.0+ 1.1
10 1250 13.7 97.6 40.19 ±0.8 326.6 + 2.4

J = 0.004708 ± 0.4 % total gas age: 335.1 ± 4.9

Tab. 10; 4UAr/9Ar analytical data from biotite (biotite-albite
enclave), undeformed granodiorite, T-9, Tribec Mts.

Step T(C°) %v,Ar %mAf 4nAr/NAr+2s.
d.(%)

Age (Ma) ±
2s.d.

1 650 22.1 98.0 47.11 +0.3 377.6 ±1.1
2 690 22.5 98.1 46.35 ±0.3 372.1 + 1.1
3 730 4.4 96.5 48.31 + 1.4 386.3 ± 5.0
4 780 4.4 96.6 49.59 ±1.3 395.5 ± 4.7
5 800 22.3 97.9 49.12 ±0.2 392.2 ± 0.7
6 880 7.4 97.7 48.70 ± 0.5 389.1 ±1.9
7 925 13.9 97.8 46.49 ±0.3 373.1 + 1.2
8 980 1.1 96.7 46.63 ±2.3 374.1 ±7.6
9 1080 1.9 97.0 46.71 ±2.5 374.7 ± 8.4

J = 0.004530 ± 0.4 % total gas age: 67.7 ± 0.6 J = 0.004708 ± 0.4 % total gas age: 380.9 ±3.4
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Fig. 13 ^Ar/^Ar apparent age spectrum in sample T-7: bio-
tite from deformed granodiorite

243

Fig. 14 40Ar / }9Ar apparent age spectrum in sample T-8: bio-
tite from undeformed granodiorite.

The variability of the shape of 4(,Ar*/39Ar spectra, ob-
tained from differently deformed granitoids of the Tribe5
Mts., as well as the apparent ages alone have to be evalu-
ated in this context. Though it is questionable whether
obtained knowledge can be generalized for the whole
TribeC crystalline basement, the found results indicate

that the relation of K/Ar system to the Alpine thermal and
dynamic overprint on the rocks of this basement is defi-
nitely different in comparison with other core mountains
with available primary data on their Hercynian cooling.
The differences in the shape of ""'Ar^Ar mineral
spectra, obtained from tectonically differently overprinted
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Fig. 15 Ar / Ar apparent age spectrum in sample T—9: bio-
tite from albite-biotite enclave - undeformed granodiorite.

granitoid rocks of the Tribec Mts. require wider analysis,
preferably by control these data by Rb-Sr geochronome-
ter.

From the sample T-3, representing typical mylonite, we
have separated two kinds of white micas - medium-grained
muscovite and fine-grained white mica (sericite). Light-
coloured micas are the typical synkinematic minerals in
rocks and can be used for dating of the mylonitization age
(Figs. 4 and 5). The apparent 40Ar*/39Ar muscovite ages of
sample T-3 have a discordant character only in the higher-
temperature part of the spectra. Apparent 40Ar/39Ar age 248
Ma in the last temperature step cannot be interpreted unam-
biguously, but the decisive volume of outgassed Ar from
muscovite is represented by the plateau age 72 ± 2 Ma, that
is within the analytical error coincident with the higher ap-
parent age from sericite of the same sample. ^Ar^Ar
spectra of the apparent ages in sericite are of staircase shape
proving for higher degassing temperature the apparent age
ca 73 Ma and for the lowermost temperature of degassing
63 Ma. The staircase spectra of white micas from mylonitic
zones are common and can be caused by the mixed mineral
population of white mica different in age, next by the grad-
ual diffusion lost of ^Ar* in the grains of different dimen-
sions, and by the prolonged neocrystallization during
formation of mylonite zones (Kirschner et al. 1996). Com-
parison of obtained spectra from quantitatively different
mica types from this sample and their age concordance
documents, that their age is tied with the age of origin of
mylonite zone.

However, it is probable, that the anomalous biotite
ages from undeformed rocks (T-l, T-8, T-9 - Figs. 9, 14,
15) are caused by excess argon in analysed biotite, which
can be analytically separated from radiogenic argon, pro-
duced in biotite in situ, e.g. by different variants of iso-
chron analysis of analytical data. As the reason of the
excess argon in biotite there is supposed the high partial
pressure of argon in the rock environment, that originates
by degassing of rocks from the deeper crustal parts and
which in certain tectonic circumstances (thrusting) pene-
trates their higher parts. This phenomenon was described
in the crystalline basement of the Eastern Alps by Brewer

(1969). For such argon entering into the structure of exist-
ing biotite, the temperature of environment must be
higher as the blocking temperature of K-Ar system for
biotite. Concerning the regional distribution of investi-
gated samples, the argon excess in biotites from unde-
formed tonalites of Tribec can be understood like
characteristic phenomenon, spread at larger regional
scale. It is not clear so far when the extraneous argon was
captured by biotite. Because the excess argon is preserved
mainly in undeformed granitoids, we suppose, that the
excess origin can be joined with the deformation event
and with the formation of mylonite zones.

The apparent ages spectra obtained from white fine-
grained mica from the sample T-2 (Fig. 10) cannot be in-
terpreted unequivocally. Though the Jurassic record is
provable in 40Ar*/39Ar spectra of apparent ages of various
minerals also in other areas of crystalline basement of the
Western Carpathians (Maluski et al. 1993, Krai' et al. 1997,
Hok et al. 2000), the process related to it is questionable.
The white mica analysed in this sample is also secondary in
origin. For formation of new sericite there is necessary the
free potassium - it can be derived from the disintegration of
biotite, but can be brought into rocks also by hydrothermal
processes. By this way there were interpreted the Rb/Sr and
4<)Ar*/39Ar Jurassic ages in the regions where the record
about Alpine tectonothermal event is completely missing
(e.g. Schwarzwald; Grauert et al. 1993, Lippolt and Kirsch,
1994). Potassium is deliberated during the chloritization of
biotite and directly in this sample the biotite is strongly
chloritized. Therefore we can suppose the temporal ties of
origin of the newly-formed fine-grained mica in the sample
T-2 with the strong chloritization of biotite.

The process of rock deformation in granitoids of the
Tribec Mts., being indicated by biotite from the sample T-
7, had varying intensity. Presented spectra JAr*/ Ar of
apparent ages (Fig. 13) can be the demonstration of in-
complete degassing of biotite during tectonic deformation
in increased temperature, as is documented by minimum
apparent ages from the medium-temperature part of the
spectra.

Conclusion

The results of the examination of the shear zone in
granitoid rocks in the north-western segment of the Zobor
part of the Tribec Mts. can be summarized as follows:
• granitoid rocks were affected by shear deformation hav-

ing the character of progressive simple shear
• the strain rate of the rock was the highest in the centre of
the shear zone and it corresponded to the value y = 2.38

• compression during origin of the mylonite zone was
oriented in N-S direction (the recent geographic orien-
tation)

• physical and mechanical characteristics of granitoid
rocks correlate with rock deformation, i.e. with the zon-
ality of deformation

• ""Ar/^Ar ages obtained from the white micas from the
centre of mylonite zones can be interpreted as the my-
lonitization ages
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• the age of the origin of the shear zone suggests for the
strong compression event, taking part at the boundary
between Cretaceous and Paleogene

• the accepting of the age of tonalite intrusion 306 ± 10
Ma as well as knowledge on the crystalline basement
cooling in other Core Mountains indicate, that granitoid
rocks in the Tribec Mts. were exposed to higher tem-
peratures than the blocking temperatures in K-Ar sys-
tems in biotites. It is confirmed by excess argon in
biotites from undeformed granitoid rocks, but also by
the loss of radiogenic Ar from biotites of partly de-
formed rocks. The age of this process is not clear up till
now, but we can assume, that it is related to the distinct
tectonothermal event, that caused deformation and de-
cisive metamorphic overprint in rocks of cover se-
quence (Lower Triassic-Lower Cretaceous, Ivanicka et
al. 1998), resp. mylonitization (ca 70 Ma). From this
viewpoint the Tribec Mts., as a core mountain is excep-
tional, because such demonstrations in the majority of
Core Mountains were not documented yet in such a
range.

Appendix

Location of sampling sites

T-l, undeformed granodiorite, Vel'ke Jastrabie Valley, ca
1300 m to SW from the holiday resort Kozeluzne Bosany.
T-2, partly mylonitized granodiorite, Vel'ke Jastrabie Val-
ley, identical locality as T-l
T-3, central part of mylonitized zone, Vel'ke Jastrabie
Valley, identical locality as T-l
T-7, mylonitized granodiorite, mountain ridge, 1000 m to
SSW from the altitude point Medvedf (719.4 m above sea
level), Tribec Mts.
T-8, granodiorite, the Zl'aby locality (520 m above sea
level), ca 700 m to SSW from the altitude point Javorovy
vrch (730 m above sea level), rock outcrop, Tribec Mts.
T-9, mafic enclave in granodiorite, rock outcrop, identical
locality as T-8, Tribec Mts.
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