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Summary

Zircon typology and ages together with petrological data suggest similarities in the
origin of the K-Mg-rich granitoids of the Mecsek Mountains (Mórágy Unit, Tisia
Terrane, S Hungary) and the durbachitic to K-Mg-rich rocks of the South and
Central Bohemian Batholiths. Our investigations evidence a characteristic bimodal
distribution of zircon types and ages. Zircons of "normal" magmatic habit and a
typology around S24 show an age of 354:!: 5 Ma. Zircons of tabular habit of
subtype S4 indicate a possibly younger age of 339:!: 10Ma. The ages and typology
of zircons from plut<;microcks in the Mecsek Mountains strongly resemble those
from the Rastenberg granodiorite in the South Bohemian Batholith (Austria). This,
as wen as RbjSr and SmjNd isotope systematics, support the assumption of
simultaneous formation and c10se spatial relationship between the Mecsek Mountain
granitoids and the Rastenberg granodiorite. Thus, the Mecsek Mountains granitoids
likely forrned in a Late Palaeozoic palaeo-position S or SSW of the Rastenberg,
granodiorite. Having experienced a similar metamorphic and magmatic evolution
during the Carboniferous, at least the northemmost part of the Tisia Terrane, the
Mórágy Unit, is therefore considered to represent a former part of the Helvetic-
Moldanubian zone.
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Introduction

The Tisia Terrane is a micro continent-sized crustal block in the Pannoni an Basin
(Fig. 1). Due to the distinct Variscan tectono-metamorphic and magmatic evolution
of the Mórágy Unit, the northernmost zone of the Tisia Terrane (Kovács et al.,
2000), a relationship with the Moldanubian - Helvetic zone of the Variscan oro-
genic belt in Central Europe has been suggested (i.e. von Raumer and Neubauer,
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Upper Triassic continental siliciclastics (Keuper)
and Liassic shallow marine siliciclastics
Lower Triassic continental siliciclastics (Buntsandstein)
and Middie Triassic shallow marine carbonates (Muschelkalk)

~~ CarbonifereousK-Mg-rich granitoids("durbachites")

ffiI]] Pre-granitic metamorphic rocks

~ Major tectonic lines (including strike slip faults)

Fig. 1. Simplified geological sketch map of the Mecsek Mountains in southern Hungary
(modified after Török, 1998). Enlargement of inset with area of investigation in the Mórágy
Hills is shown in Fig. 2
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1993; Buda, 1985, 1992, 1996; Kovács et al., 2000). In contrast, the Pelso Terrane,
situated north of the Tisia Terrane (Figs. 1, 10) and separated from this by a major
fault zone, is more likely related to the Noric-Bosnian Terrane where the absence
of or insignificant influence of Variscan metamorphism is a striking feature. Further
diversity is evident from the different evolution of sedimentary facies of late
Palaeozoic marine sediments in the Pelso Terrane and those in the Tisia Terrane;
in the latter, the presence of Mesozoic cover sequences with Triassic sediments in
Keuper facies and Liassic. Gresten and Fleckenmergel facies and faunal provinces
are characteristic for the European realm but not for the Mediterranean one
(Le. Vöros, 1993; Kovács et al., 2000).

Obviously, the Tisia Terrane with its distinct Variscan and Mesozoic evolution
is an exotic element in the present setting of the Pannoni an Basin.

Consequently Kovács et al. (2000) proposed that the Mórágy Unit in the
Mecsek Mountains is the easterly continuation of the Moldanubian zone of the
SE Bohemian Massif. More general models linking the Tisia Terrane to Central
Europe were presented by Buda (1985, 1992), Haas et al. (1995), Török (1998) and
Mandl (2000) while Stampjli and Mosar (1998) suggested a more westerly Vari-
scan palaeo-position of the Tisia Terrane to the southeast of the Austroalpine-
Carpathian block at the western end of the Meliata ocean, i.e. S-SW of the inferred
pre-Variscan to Variscan intra-Alpine terrane of Stampjli et al. (2003) and von
Raumer et al. (2003).

Variscan high-K and Mg-rich "durbachitic" plutonic rocks (quartz monzonites,
monzogranites and durbachites) occuring in the Mecsek Mountains within the
Mórágy Unit are extraordinary with respect to their geochemistry, zircon typology,
and proposed genesis. Comparable rocks are found within two narrow zones in the
midd1e and eastern part of the Moldanubian Zone of the Bohemian Massif (Bowes
and Kosler, 1993; Olíver et al., 1993; Holub, 1997; Holub et al., 1997; Gerdes et al.,
2000; Klötzli et al., 2000) and the Meissen Massif (Wenzel et al., 1997) but have not
been reported elsewhere in the Variscan belt in eastern Europe. Apart from the
Bohemian Massif durbachitic rocks are found in the external .massifs of the

Central and Western Alps, the Black Forest, the Vosges Mountains, the French
Massif Central, and Corsica (Holub et al., 1997; Wenzel et al., 1997; von Raumer,
1998).

In this contribution we combine mineralogical, geochronological, and
geochemical data to further constrain the timing of emplacement and the palaeo-
geographic position of the Mórágy Unit in the Tisia Terrane. The results
suggest emplacement of the plutonic rocks of the Mecsek Mountains to the south
of the presently exposed south-eastern end of the Bohemian Massif in the Lower
Carboniferous.

General geological setting

Most of the pre-Neogene basement of the Pannonian Basin in Hungary is built up
by two Alpine tectonic units, the Pelso Terrane in the North and the Tisia Terrane
in the South (Fig. 1). The two terranes are separated by the Mid-Hungarian Linea-
ment, which likely merges east of the Danube river with the Periadriatic - Balaton
Llneament.
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The Tisia Terrane is an Alpine nappe pile consisting of three different Variscan
sub-terranes forming the pre-Alpine basement for the Mesozoic cover sequences.
This pre-Alpine basement is composed of polymetamorphic gneisses, micaschists,
amphibolites, migrnatites and unmetamorphosed plutonic rocks. Based on radio-
metric ages and petrological data, three different episodes of metamorphism are
distinguished: pre-Variscan (440-400 Ma, high-P, medium-T?), Variscan (between
350-330 Ma, medium-PT) and late- to post-Variscan (330-270 Ma, low-P, high-
T).

The so-called Mórágy Unit forms a distinct subunit of the Tisia Terrane. It is
built up by a suite of K-Mg rich intrusives which were emplaced into high-grade
gneisses and migrnatites. Contact relations to the overlying post-Variscan sedi-
ments are unclear. No direct line of evidence exists for a sedimentary contact of
the Permian cover rocks with the plutonic rocks of the Mórágy unit this has been
documented for the lowermost Triassic sediments (pers. comm. G. Lelkes-Felvári,
2001). A more detailed account on different tectonic units and concepts is pre-
sented by Kovács et al. (2000) and Haas (2001) and references therein.

Variscan plutonic rocks in the Mórágy Unit

The Variscan high-K and Mg-rich plutonic rocks in the Mórágy Unit form
an approximately 170km long and 20 to 30 km wide SW-NE trending belt
in the southern part of this unit. Outcrops are only present in the Mecsek
Mountains, c. 20 km NE of Pécs in southern Hungary (Fig. 1; Buda et al., 1999;
Kovács et al., 2000).The followingmajorrock types can be distinguished(Fig. 2):

o 1 2 3-- -,
Post-granitic cover sequences (Permo-Mesozoic)

Microcli.ne-bearing granitoids

Microcline megacryst-bearing granitoids

Microcline megacryst-bearing granitoids
witb large amphibole-rich enclaves- Enclaves (various lithologies)

Pre-granitic metamorphic rocks (inc!. Ófalu shear zone)

Fig. 2. Simplified geological
sketch map of the Mórágy Hills in
southern Hungary (modified after
Jantsky, 1979). Distinction of gran-
itoid types is based on the pres-
ence of megacrystic K-feldspar
and mafic enc1aves. Sampling 10-
calities of the three investigated
samples near to the villages of
Mórágy and Erdösmecske, respec-
tively, are also indicated
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1) microc1ine-bearing monzonite, quartz monzonite, and monzogranite;
2) microc1ine megacryst-bearing monzonite, quartz monzonite, and monzogranite
with minor amounts of mafic enc1aves; 3) microc1ine megacryst-bearing monzonite,
quartz monzonite, and monzogranite with large mafic enc1aves;4) enc1avesof various
1itho1ogiesbut with a predominance of amphibo1e- and biotite-rich durbachites or
vaugnerites; 5) microgranite dykes. The rocks are chemically heterogeneous with
prevai1ing1y meta1uminous to slightly pera1uminous character and I- to I/S-type
affinities forming a distinct K-Mg-rich ca1c-a1kaline monzonitic trend (ef. Buda,
1985; Buda and Puskás, 1997; Buda et al., 1999,2000). The geochemica1 and pet-
ro1ogica1characteristics of the intrusives from the Mecsek Mountains strong1yresem-
b1ethose reported for durbachitic K-Mg-rich p1utonic series ofthe Bohemian massif
(Janousek et al., 1995; Holub, 1997; Klötzli and Parrish, 1996; Klötzli et al., 1999).

In this contribution the term durbachitic is used in a broad sense referring to
high-K, high-Mg p1utonic rocks of amarked hybride origin. It is therefore not used
in the very strict sense of Holub (1997).

Sampled rocks

Three samp1es were investigated in detail. The respective samp1es 10calities are
indicated on Fig. 2.

Erdösmecske, abandoned quarry (1048)

The studied microc1ine megacryst-bearing monzogranite contains large (2-
3 cm), euhedra1 white or pinkish microc1ine with biotite, quartz and plagioc1ase
inc1usions. The groundmass is very rich in dark brown to black Mg-rich biotite
(Fe/Fe + Mg= 0.46). The rock is very rich in accessories, zircon being the most
common followed by apatite, titanite, and allanite-(Ce). The rock is slightly per-
aluminous with A/CNK < 1'.1.

Mórágy, abandoned quarry (1138)

The investigated rock is a microc1ine megacryst-bearing monzonite. Biotite is Mg-
rich (Fe/Fe + Mg = 0.49). Scarce amphibole has a magnesio-hornblende composi-
tion (Mg/Mg + Fe2+ = 0.59). The rock is also rich in accessory minerals, zircon
being very frequent. Titanite is euhedra1 and usually twinned and contains ilmenite,
apatite, rutile and thorite as inc1usions (Buda and Nagy, 1995). Pyrite is common
and sometimes chromite can also be observed. The rock has a slight peraluminous
character (A/CNK = 1.02) and shows I-type affinity.

Mórágy, outcrop at benchmark (1051)

The studied rock is a microc1ine megacryst-bearing monzogranite with abundant
amphibole-rich mafic enc1aves. The amount of microc1ine megacrysts is extremely
variable. In other respects the rock strongly resembles sample No. 1048. Metamict
allanite, titanite and zircon are the most common accessories.

A detailed petrography of the various litho1ogies can be found in Buda (1985),
Buda and Puskás (1997) and Buda et al. (1999, 2000), respective1y.
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Analytical techniques

Approximately 10 kg of rock were crushed to a grain size <2 rpm, a representative
split of 250 g was milled in a tungsten carbide mill for chemical analysis. Zircon
separation followed standard procedures combining crushing, sieving (0.07 mm-
0.25 mm), Wilfley table, magnetic and heavy liquid separation and hand picking of
zircon concentrates in alcoho1 under a binocular microscope.

Evaporation Pb/Pb analysis

Preparatory handling for zircon evaporation analysis in a Finnigan MAT 262 multi-
collector mass spectrometer and full details of the technique were summarised by
Klötzli (1997). For this study, evaporation temperatures were raised by approxi-
mately 20 oC from step to step until Pb evaporation was complete. Depending on
crystal quality, size, and Pb content one zircon crystal yielded one to six
evaporation-analysis cycles using SEM-ion counter detection. 207Pb/206Pb and
208Pb/206Pb ratios were corrected for mass bias using correction factors derived
from NIST SRM 982 standard measurements. Pb fractionation for the SEM-IC was

0.11% ger mass unit (:1:25%). Only high temperature steps (>1400°C) with
206Pb/2 4pb> 50000 were used for age calculations. Common Pb corrections were

l!lade using mean Pb isot~ic data from cores of megacrystic K-feldspars from the
Uveghuta monzonite eo Pb/204Pb = 18.112, 207Pb/204Pb= 15.607, and 208Pb/
204pb=38.147; Buda et al., 2000). The maximum common Pb correction applied
results in age shifts of <1 Ma. Individual zircon ages and uncertainties are propa-
gated weighted mean values (weighted by number of ratios and total ion beam
intensities) calcu1ated from at least two evaporation steps with 2':20 measured
207Pb/206Pb ratios. Final mean 207Pb/206Pb age and uncertainty calculations were
done using "Isoplot/Ex" (Ludwig, 1999). AlI uncertainties are reported at the 20-
level (approx. 95% confidence interval).

Ion-microprobe U/Th/ Pb analysis

Zircons selected for ion-microprobe investigations were mounted in transparent
epoxy resin together with chips of zircon reference material 91500 (Wiedenbeck
et al., 1995), and polished until most of the crystal cores were exposed. Cath-
odoluminescence images (CL) of the internal structure were made at the Museum
of Natural History in Vienna using a lEOL 6400 electron microprobe. U/Th/Pb
analyses were perforrned using a high-resolution Cameca ims1270 ion-microprobe
at the NORDSIM Laboratory (Swedish Museum of Natural History, Stockho1m).
Analytical procedures followed those described in Zeck and Whitehouse (1999). 13
analyses of the standard zircon perforrned during this study yielded a weighted
average 207Pb/206Pb age of 1074:1:24 Ma (MSWD = 6.1) within error of the
accepted value (Wiedenbeck et al., 1995). ~ommon Pb corrections were again
made using mean Pb isotopic data from the Uveghuta monzonite (see above).

Age and uncertainty calcu1ations were done using "Isoplot/Ex" (Ludwig,
1999). Intercept ages are based on Monte Carlo simulations with 5000 trials.
Uncertainties are at the 20- level (approx. 95% confidence interval).
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Rb/Sr and Sm/Nd analyses

Whole rock Rb/Sr and Sm/Nd analytical techniques followed the procedures
described by Thöni and Miller (2000). Element concentrations were determined from
two separate samp1ealiquots by isotope dilution. Rb and Sr contents and Sr isotopic
compositions were analysed from Ta single filaments on a Mircromass MM30 single
collector mass spectrometer. Sm and Nd contents as well as the Nd isotopic composi-
tions were measured as metals from a Re double filament on a Finnigan MAT 262
multi-collectormass spectrometer. 87Sr/86Srand 143Nd/144Ndratios for the NBS987
Sr and La Jolla Nd international standards during the course of this work (April-J une
1999) were 0.71O04::!::0.00005 and 0.511839::!::0.000005 (2 standard errors of the
mean), respectively. Errors for the 87Rb/86Sr and 147Sm/44Nd are taken as 1%,
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based on iterative sample analysis and spike recalibration. Final data reduction,
uncertainties and E-values were ca1culated using "IsoplotjEx" (Ludwig, 1999).

Results

Zircon evaporation

Evaporation dating of single zircon grains from three different samples yielded the
following results (Figs. 3, 4, Table 1):

- Zircons of the monzogranite from Erdösmecske (sample 1048) yielded indi-
vidual 207Pbj206Pb ages in the age interval of 367:!:: 1Ma to 340:!::2 Ma with
a weighted mean of 350:!::6 Ma. In contrast, the 207Pbj206Pb ages for inherited
zircon cores, generated at the highest temperature steps, are c10se to 1200 Ma.

- 524 type zircons from the Mórágy monzogranite (sample 1051) yielded
207Pbj206Pb ages between 260:!::42 Ma (not shown on Figs. 3, 4) and
379:!:: 19 Ma. The weighted mean of this large time span is 352:!:: 14 Ma. Inher-
ited and xenocrystic domains supply 207Pbj206Pbages in excess of 500 Ma up to
620 Ma. The tabular 54 zircons of the same sample exhibit 207Pbj206Pb ages
between 329:!::3 Ma and 345:!:: 1Ma with a weighted mean age of 342:!::3 Ma,
and without signs of inheritance.

- The monzonite from Mórágy (sample 1138) yielded 207Pbj206Pb zircon
ages between 339:!::7 Ma and 349:!::7 Ma. The weighted mean age is
340:!::8 Ma.

n608-2c

Fig. 4. Cathodoluminescence images of zircons from samples 1138 (n608) used for in-situ
ion-microprobe U/Th/Pb dating. Only tabular zircons belonging to the typology maximum
S4-L4 were dated. Approximate size of analysed points is indicated as white dots. AlI
investigated crystals show a patchy zonation pattern in the interiar of the grain and a
pronounced oscillatory zonation towards the rim. Due to the subtleness of the crystals
(thickness is c. 20 11m)the patchy interior is not interpreted as inherited care. Much more
likely it stems from the intersection of the polish surface with the sub-parallel oscillatory
zonation. Crystal n608-6 is not shown due its extremely low cathodoluminescence
intensity. The spot n608-6A is situated in the middie of the crystal analogue to n608-4A

n608-1a n608-2a n608-2b n608-3a

n608-4a
n608-5a n08-7a
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Table 1. Single zircon evaporation data

5ample Ratio Evaporation 207Pb j206Pbb ::!::2sdc 207PbF06Pb age ::!::2sd 208Pbj206Pbb ::!::2sdc
# temperature Mad Mac

°Ca

1048A, 525, Erdösmecske monzogranite
1048ACO 1 133 1425 0.05328 0.00018 341 8 0.0999 0.0008
1048AC02 44 1445 0.05351 0.00008 351 3 0.1094 0.0013
1048AC03 154 1465 0.05363 0.00006 356 3 0.0848 0.0002

:- mean Cl-C3 0.05357 0.00029 353 12;>

1048B, P4, Erdösmecske monzogranite
1048BCOl 96 1420 0.05391 0.00003 367 1 0.0100 0.0001
1048BC02 134 1445 0.05326 0.00004 340 2 0.0013 0.0000
1048BC03 77 1466 0.07829 0.00009 1154 2 0.0027 0.0000

mean Cl-C2 0.05359 0.00046 354 19

1048C, P5, Erdösmecske monzogranite
1048CCO1 77 1399 0.05339 0.00002 345 1 0.0387 0.0001
1048CC02 151 1419 0.05326 0.00002 340 1 0.0400 0.0000
1048CC03 117 1440 0.05354 0.00002 352 1 0.0350 0.0000
1048CC04 66 1460 0.05358 0.00002 354 1 0.0411 0.0001
1048CC05 57 1485 0.07958 0.00012 1187 3 0.0831 0.0003

mean Cl-C4 0.05346 0.00022 348 9

mean 1048 0.05349 0.00014 350 6

llr38A, 54, tabular population, Mórágy, quarry, monzonite
1138ACOl 45 1402 0.05331 0.00010 342 4 0.0768 0.0005
1138AC02 81 1422 0.05324 0.00015 339 7 0.0805 0.0005
1138AC03 72 1442 0.05348 0.00020 349 9 0.0756 0.0002
1138AC04 144 1462 0.05335 0.00005 343 6 0.0951 0.0005

mean Cl-C4 0.05332 0.00053 342 22

1138B, 54, tabular population, Mórágy, quarry, monzonite
1138BCOl 99 1407 0.05324 0.00010 339 4 0.0648 0.0005
1138BC02 153 1427 0.05343 0.00026 347 11 0.0674 0.0003
1138BC04 81 1451 0.05319 0.00018 337 8 0.0692 0.0005

.. 1138BC05 90 1471 0.05334 0.00006 343 2 0.1335 0.0010
mean Cl-C4 0.05331 0.00044 342 19

.: 1138C, 54, tabular population, Mórágy, quarry, monzonite
1138CCOl 27 1476 0.05327 0.00018 340 8 0.0768 0.0005
1138CC02 117 1496 0.05331 0.00005 342 2 0.0805 0.0005
1138CC03 54 1530 0.05324 0.00004 339 2 0.0756 0.0002

mean Cl-C4 0.05325 0.00023 340 10

mean 1138 0.05327 0.00019 340 8

(continued)
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Table 1 (continued)

Sample Ratio Evaporation 207Pb/206Pbb
# temperature

°Ca

::!:2sdc 207Pb/206Pb age ::!:2sd 208Pb/206Pbb ::!:2sdc
Mad Mac

1051B, S24, Mórágy, benchmark, monzogranite
1051BC01 68 1390 0.05144 0.00094 260 42 0.0872 0.0042
1051BC02 164 1413 0.05335 0.00017 344 7 0.0969 0.0004
1051BC04 26 1435 0.05419 0.00045 379 19 0.1052 0.0006
1051BC05 99 1452 0.05360 0.00031 354 13 0.0969 0.0005
1051BC06 58 1472 0.05357 0.00037 353 16 0.1014 0.0001
1051BC07 99 1491 0.05357 0.00045 353 19 0.1096 0.0007
1051BC08 177 1511 0.05738 0.00010 506 4 0.1400 0.0005 .
1051BC09 85 1530 0.05993 0.00013 601 5 0.1895 0.0012

mean C2-C7 0.05368 0.00119 357 50

mean C5-C7 0.05358 0.00184 353 78

1051C, S24, Mórágy, benchmark, monzogranite
1051CC01 109 1398 0.05365 0.00061 356 26 0.1991 0.0038
1051CC02 162 1422 0.05359 0.00008 354 3 0.2494 0.0016
1051CC03 25 1442 0.05380 0.00133 363 56 0.2607 0.0093

mean C1-C3 0.05359 0.00099 354 42

1051D, S25, Mórágy, benchmark, monzogranite
1051DC01 109 1434 0.05988 0.00011 599 4 0.1698 0.0009
1051DC02 214 1496 0.06052 0.00008 622 3 0.1499 0.0004

mean C1-C2 0.06019 0.00079 611 28

mean 1051 S24 0.05356 0.00032 352 14

1051E, S4, tabular populatiori, Mórágy, benchmark, monzogranite
1051ECO1 112 1423 0.05319 0.00005 337 2 0.0701 0.0001
1051EC02 83 1445 0.05330 0.00004 341 2 0.0798 0.0002
1051EC03 191 1465 0.05332 0.00001 342 1 0.0800 0.0000
1051EC04 219 1490 0.05331 0.00001 342 1 0.0700 0.0001

mean C1-C4 0.05331 0.00007 342 3

1051F, S4, tabular population, Mórágy, benchmark, monzogranite
1051FC02 54 1389 0.05300 0.00006 329 3 0.0378 0.0001

;'

1051FC03 139 1420 0.05338 0.00003 345 1 0.0314 0.0001
1051FC04 96 1440 0.05335 0.00002 344 1 0.0465 0.0001
1051FC05 79 1462 0.05336 0.00004 344 1 0.0498 0.0001

mean C1-C4 0.05332 0.00015 342 6

mean 1051 S4 0.05331 0.00006 342 3

a Uncertainty on evaporation temperature is estimated to be ::!:1Ooc. b Mean from individual scan ratios. c AU
uncertainties reported are standard deviations at the 2-sigma confidence-level. dMean ages derived from individual
scan ratios and not from individual scan ages
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Combining the data from aUthree samples the weighted mean for the S24 zircon
population is 354::f::5 Ma, whereas for the tabular S4 zircon population an age of
342 ::f::3 Ma was obtained. Combining the evaporation age data of the three samples,
but neg1ecting ages >500 Ma, which are derived from inherited zircon domains,
resulted in a weighted mean 207Pbj206Pb age of 342 ::f::3 Ma for the tabular S4 zircon
population from samples 1051 and 1138. For the S24 zircon population of samples
1048 and 1051, a weighted mean 207Pbj206Pb age of 354 ::f::5 Ma can be ca1culated.

Ion-microprobe UjThj Pb

Figure 4 displays cathodoluminescence (CL) images of the analysed zircon grains
with the actual ion-microprobe engravings marked by circ1es (approx. diameter
c. 30/lm). A total of nine analyses On six crystals from the tabular S4 population
of samp1e 1138 were performed. Five spots were situated in the internal parts of the
crystals in the region showing patchy CL signal emission. Four spots were situated
in the rim regions exhibiting oscillatory zonation. Figure 5 presents a Tera-Wasser-
burg plot of the obtained age data. Table 2 summarises the reduced isotopic data
together with elemental concentrations and apparent ages. Except for grain n608-2
commOn Pb corrections are significant e06Pb j204Pb = 134-784). After common
Pb correction using the K-feldspar Pb composition of Buda et al. (2000) four out of
the nine spots are concordant within the assigned 2CTstandard deviation limits
(n608-2a, 2b, 2c, n608-3a). Another four are slightly discordant (n608-1a, 4a,
6a, 7a). Point n608-5a is inversely discordant (the reaSOn is not known but its
composition could either reflect deteriorating analytical conditions or inappropriate
commOn Pb correction) and is not considered further.

Crystal n608-2 has been analysed three times and yielded three concordant

s~ots of which n608-2a shows no common Pb contribution at aU e06Pbj
2 4pb> 1 * 109). The weighted mean of this spot inc1uding aU four UjThjPb ages

1138 (n608)
Mórágy monzonite

0.053

0.051~tercePt at 339:1:10Ma(-ted throughF age)
16 18 20 22

238U /206Pb

24 26

Fig. 5. Tera-Wasserburg plot of the Pbcommon-correctedion-microprobe UjPb age data of
sample 1138. The discordia is calculated through the point with zero age and yielded an
upper intercept age of 339 =1:10Ma. For the concordant grain n608-2 the weighted mean
age pooled from aH three analyses is 334 =1:5 Ma. Both ages are within the 2a uncertainty
identical to the single zircon evaporation 207Pbj206Pb age data from sample 1051
(342 =1:3 Ma) and sample 1138 (340 =1:8Ma)



Table 2. Ion-microprobe U- Th-Pb data ~
Zirconj U Th Pb 206Pbj204Pb 207Pbj206Pba ::!::2sd208Pbj206Pba ::!::2sd207Pbj235Ua ::!::2sd206Pbj238Ua ::!::2sdCorr.- 208Pbj232Tha ::!::2sd
point ppm ppm ppm %b %b %b %b Coeff. %b

a Common-Pb corrected with Pb composition derived from K-feldspar at 340 Ma (Buda et al., 2000). bAlI uncertainties reported are standard ~
deviations at the 2-sigma confidence-level g

(D
.......

e:..

Table 3. Rb-Sr and Sm-Nd whole rock data

Sample Rb Sr 87Rbj86Sr ::!::2se 87Srj86Sr ::!::2se
ppm ppm

Sm Nd 147Sm/44Nd ::!::2se
ppm ppm

143Nd/44Nd ::!::2se 87Srj86Sr éNdCCHUR)
at 340 Ma at 340 Ma

Mecsek Mountains

1048
1051
1138

236 433 1.578
153 367 1.208
205 490 1.212

0.016 0.71614
0.012 0.71424
0.012 0.71426

0.00001 7.3
0.00001 5.6
0.00001 7.1

40.1 0.1097
33.3 0.1011
44.8 0.0952

0.0011 0.512192
0.0010 0.512165
0.0010 0.512163

0.000003 0.70850
0.000003 0.70839
0.000003 0.70839

-4.9
-5.1
-4.9

Uncertainties are standard errors of the mean at the 2-sigma confidence-level. Todays CHUR values are: 174Smj144Nd= 0.1967,
143Nd/44Nd = 0.512638

c,"" °"1, , ""
J'

1138, S4, tabular population, Mórágy, quarry, monzonite
n608-01a 1843 1233 105 385 0.05330 2.53 0.1234 3.21 0.3061 2.87 0.04165 2.14 0.64 0.00768 2.1
n608-02a 1164 209 70 >IE9 0.05310 1.64 0.0582 2.01 0.3942 3.31 0.05384 2.13 0.79 0.01749 2.1
n608-02b 873 157 51 48900 0.05334 1.38 0.0574 1.63 0.3862 2.56 0.05252 2.16 0.84 0.01678 2.2
n608-02c 2406 412 137 215285 0.05394 0.97 0.0551 4.22 0.3815 2.69 0.05130 2.13 0.91 0.01653 2.1
n608-03a 935 210 54 743 0.05265 1.45 0.0573 2.00 0.3439 2.59 0.04738 2.15 0.83 0.01206 2.1
n608-04a 1716 550 107 784 0.05458 1.91 0.0942 1.76 0.3776 2.39 0.05018 2.18 0.75 0.01474 2.2
n608-05a 1335 222 87 383 0.05028 1.13 0.0448 1.55 0.3508 2.41 0.05060 2.13 0.88 0.01366 2.1
n608-06a 751 287 57 256 0.05472 2.40 0.1149 3.30 0.3859 3.25 0.05115 2.19 0.67 0.01536 2.2
n608-07a 3630 1197 265 134 0.05313 0.59 0.1096 0.70 0.2995 2.27 0.04088 2.19 0.97 0.01358 2.2 sn
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is 342::!::11Ma, whereas the probably most reliable one in this case, the 206Pb/238U
age, is 338::!::2 Ma. This should be compared with the weighted mean age of n608-
2 which is 334::!::5 Ma for aIl three spots. There is no significant age difference
between the centre of the crystal (2b) and the rim (2a, 2c) showing the weIl
developed oscillatory zonation.

Data points from the oscillatory zoned parts of grain n608-1 and n608-7, as
weIl as the homogenous region of crystal n608-3 are aIl shifted towards higher
238U/206Pb ages at constant 207Pb/206Pb ages, thus indicating minor recent Pb loss.
Consequently, a discordia is calculated from a lower intercept fixed at zero age and
passing through the four concordant points and points 1a and 7a. This results in an
upper intercept age of 339::!::10Ma.

Rb/Sr and Sm/Nd

The Rb/Sr and Sm/Nd whole rock data are listed in Table 3 and shown in an 87Sr/
86Sr versus ENdeCHUR)plot in Fig. 6 together with other data for the Üveghuta-1

-3 ,.-...

~
-4J M

I'"0"-'

-5iZ
W

Treoíe, Jihlava:
range [(11'~7Sr86Sr(3,j{)

-6

N50+
El4

0.707

878 /868r f(340), , I

0.709 0.710 0.711 0.7120.708

Mecsek Mountains Bohemian Massif

. 1048 Erdösmecske monzogranite

A 1051 Mófágymonzogranite. 1138 Mórágymonzonite. Oveghula-1bore hole

~ Raslenberg
o South Bohemian Pluton

<> Trebic

. Jihlava
<> Sedlcany

Fig. 6. Plot of 87Srj86Sr versus c:NdcCHUR)showing whole rock data from the Mecsek
Mountains and the Bohemian Massif (an recalculated for an age of 340 Ma). The available
zircon UjPb and 207Pbj206Pb ages for different durbachitic plutons of the Bohemian
Massif are also shown. The data points for the three investigated samples from the Mecsek
Mountains overlap within the 2a uncertainty and plot in the large field found for the South
Bohemian pluton. Literature data: Üveghuta-l drill-hole: Buda et al., 2000; Bohemian
Massif: Liew et al., 1989; Scharbert and Vesela, 1990; Vellmer and Wedepohl, 1994;
Janousek et al., 1995; Klötzli et al., 1999; Age data: Oliver et al., 1993; Klötzli and Parrish,
1996; Holub et al., 1997
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drill-ho1e(Budaet al., 2000)and the BohemianMassif (Liewet al., 1989;Scharbert
and Vesela, 1990; Vellmer and Wedepohl, 1994; Janousek et al., 1995; Klötzli et al.,
1999; Oliver et al., 1993; Klötzli and Parrish, 1996; Holub et al., 1997). Rb and Sr
concentrations are in the range of 153to 236 ppm and 367 to 490 ppm, respectively. A
regression calculated through all three points corresponds to a Rb/Sr age of
361:!: 35 Ma with an initial 87Sr/86Sr of 0.70803:!: 0.00064. Recalculated to
340 Ma the initial 87Sr/86Srvalues are 0.7084 to 0.7085, i.e. identical within analy-
tical uncertainties. Sm and Nd concentrations are in the range of 5.6 to 7.3 ppm and
33.3 to 44.8 ppm, respectively. Recalculated to 340 Ma the ENd(CHUR)values are
-4.9 to - 5.1, again identical within analytical uncertainties.

Zircon typology

Characteristic zircons from sample 1138 from the village of Mórágy are shown in
Fig. 7. The corresponding zircon typology distributions of foUf samples are shown
in Fig. 8 (modified after Dani, 1993). For comparison two samples from the
Rastenberg granodiorite from the South Bohemian pluton, Austria, are also shown
(modified after Klötzli and Parrish, 1996). Three of the foUf samples from the
Mecsek Mountains exhibit a pronounced bimodal typology distribution. The same
holds true for sample 46/90 from the Rastenberg granodiorite. Typological bimo-
dalities are also characterised by differences in the respective zircon habits. The
more abundant zircon typology (subtypes S18-S20 after Pupin, 1980) is found for
"normal" short-prismatic to long-prismatic zircons, whereas at the less abundant
typology maximum (subtypes S4, L9, L4) zircons are typically extremely flattened,
tabular, short- to non-prismatic (Fig. 7). In the investigated samp1es the tabular
zircons amount up to 30% of the total zircons present. For the Rastenberg grano-
diorite enrichments up to 50% were found (Klötzli, 1993; Klötzli and Parrish,

~

Fig. 7. Transmitted light images of zircons from sample 1138. The upper line shows zircons of
extremely flattened tabular habit and practically no elongation. These zircons are characteristic
for the typology maximum at S4-L4 shown in Fig. 8. Such tabular zircons are very typical for
granitoid rocks with an affinity to durbachitic geochemistry such as the investigated samples or
the Rastenberg granodiorite of the South Bohemian pluton (Klötzli and Parrish, 1996). The 5
zircon grains below show a "normal" zircon habit defining the prominent S18-S20 maximum
in the typology distribution of Fig. 8. Note features like, the core with expansion cracks in the
surrounding zircon, oscillatory zonation and inclusions in the first crystal
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a) Mecsek Mountains, S Hungary

1048, Erdösmecske, quarry
monzogranite

1138, Mórágy, quarry
monzonite

b) Rastenberg granodiorite
46/90, Niederplöttbach quarry 06/91, Kleehof quarry

coarse-grained variety fine-grained variety

, ,---.---
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Fig. 8. Zircon typology distribution
plots of four samples from the
Mecsek Mountains (modified after
Dani, 1993). For comparison two
samples from the Rastenberg grano-
diorite are also shown (modified after
Klötzli and Parrish, 1996). Three of
the samples from the Mecsek Moun-
tains exhibit amarked bimodality in
the typology distribution. The same
is found for the sample 46/90 from
the Rastenberg granodiorite. The
most abundant zircon typology (sub-
types S18-S20 after Pupin, 1980)
correspond to "normal" short-pris-
matic to long-prismatic zircons,
whereas zircons corresponding to
the second less abundant typology
maximum (subtypes S4, L9, L4) are
extremely flattened, tabular, short- to
non-prismatic (see Fig. 7)

1996). Comparable tabular zircons were only very rarely described in other
granitoids and no such enrichment of tabular zircons has been reported in compar-
able durbachitic rocks (Pupin, 1976, 1980; pers. comm. Wenzel, 2003). Thus,
zircon typology evidences a very pronounced similarity of the Mecsek Mountain
granitoids to durbachitic rocks of the Bohemian Massif.

Discussion

Zircon ages

For the three investigated samples from the Mórágy Unit zircon evaporation anal-
yses suggest a single magmatic formation age of 354::!::5 Ma for the "normal"
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(S24 type) zircons. For the tabular zircon population the corresponding age is
significantly lower at 342::!::3 Ma. It is, however, identical to the ion-microprobe
mean UjPb age found for crystal n608-2 (342::!::11Ma) or to the probably more
reliable 206Pbj238Uage of 338::!::2Ma from spot n608-2a. From a statistical point
of view, however, the discordia upper intercept age of 339::!::10 Ma is preferred and
taken to represent the magmatic growth of the tabular zircon population. This age,
together with the larger uncertainty, probably better accounts for age variation due
to minor lead loss or inheritance and intercalibration of the two analytical methods.

Accepting the two ages of 354::!::5 and 339::!::10, although statisticaIly over-
lapping (see below), as timing the magmatic growth of two distinct zircon popula-
tions among the Mecsek plutonics, an age difference of 15 ::!::10 Ma for the respective
crystal growth becomes quite evident. This agrees weIl with what has previously been
found for the Rastenberg granodiorite in the South Bohemian pluton. In that partic-
ular case, magmatic growth of the "normal" zircon population (type 1of Klötzli and
Parrish, 1996) was considered to have taken place at 353::!::9 Ma, whereas tabular
zircons (type 2) were formed at 338::!::2 Ma. This latter age for the tabular zircons was
considered as the time of the emplacement of the Rastenberg granodiorite. The older
age was interpreted to reflect earlier zircon crystallisation during an earlier magmatic
event in the lower crust. This older pre-350 Ma event has been found repeatedly
throughout the South Bohemian Batholith (Klötzli et al., 2000, 2001). Thus, not only
the zircon typology distribution, but also the temporal relations of the investigated
granitoids are astonishingly similar to those of the Rastenberg granodiorite. This
strongly suggests a previously c10se spatial and genetic relationship of the plutonic
rocks of the Mecsek Mountains and those now present at the south-eastern margin of
the Bohemian Massif (i.e. Rastenberg granodiorite).

The propo sed intrusion age also corresponds to published ages of other durba-
chitic rocks from the Bohemian Massif (see Fig. 6): An intrusion age of
340::!::8 Ma was reported for the Trebíc Massif (Holub et al., 1997). An identical
age of 343::!::6 Ma was reported for the Certovo bremeno intrusion from the Central
Bohemian pluton (Holub et al., 1997). FinaIly, an intrusion age of 338::!::3 Ma was
reported for the smaIl syenitic Kozmice body in the Niemcza zone (S Sudetes;
Oliver et al., 1993). Unfortunately no detailed zircon typological information is
given in these studies, so that the exact relations to the Rastenberg granodiorite and
the Mecsek Mountain granitoids remain unc1ear.

Implications from isotope geochemistry

The geochemical similarities of the Mecsek Mountain granitoids with the durba-
chitic rocks of the Bohemian Massif have already been pointed out by Buda (1985,
1992, 1996). Our new Sr and Nd isotope data further substantiate and constrain
these findings. Figure 6 shows a 87Srj86Sr versus ENdeCHUR)plot inc1uding alI our
data reca1culated to an age of 340 Ma. Published literature data for the Üveghuta-1
drill-hole (Bátaapáti, Mecsek Mountains) and for the Bohemian Massif are also
inc1uded (Liew et al., 1989; Scharbert and Vesela, 1990; Vellmer and Wedepohl,
1994; Janousek et al., 1995; Klötzli et a~., 1999; Buda et al., 2000).

Except for two samples from the Uveghuta-1 drill-hole, the data from the
Mecsek Mountains show a very limited scatter in the isotopic composition of both
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Sr (87Srj86SrC340Ma)= 0.7084-0.7085) and Nd (ENdcCHUR,340Ma)= -4.9--5.4).
The two drill-hole samples show some slight enrichment in radiogenic Sr
(87Srj86Sr(340Ma)= 0.709). The samples from the Mecsek Mountains and from
the Rastenberg granodiorite show comparable Nd isotopic composition, whereas
the more elevated 87Srj86Sr(340Ma)ratios for the Mecsek Mountains indicate some
contamination with higher radiogenic Sr. This effect is even more pronouneed for
Certovo bremeno, Trebíc and Jilhava. A higher amount of contamination is also
visible in the Nd isotope system in the Certovo bremeno samples. Compared to
these other occurrences, the Rastenberg granodiorite and the granitoids of the
Mecsek Mountains show minor contamination. This could imply a regional trend
with the least contaminated rocks in the SE and an increase in contamination
towards the N and NW.

It seems as if the oldest durbachitic rocks in the centre of the Bohemian Massif
also show the highest amount of contamination. The nature of the contamination is
not known. The available geochemical and geochronological data argue against
a simple binary mixing model invoking a mande component which is progres-
sively mixed with a highly radiogenic crust-derived 87Srj86Srjlow-radiogenic
143Ndj144Ndcontaminant (see Gerdes et al., 2000; Holub, 1997; Janousek et al.,
1995, 2000 for more details).

Palaeogeographical implications

The available age and petrogenetic data suggest formation and subsequent empla-
cement of the granitoids of the Mecsek Mountains in c10sepalaeogeographic vici-
nity to the Rastenberg granodiorite in the Moldanubian zone of the Bohemian
Massif. The granitoids were emplaced during the late- to post-kinematic stage into
the high-grade metasediments of the Monotonous and Varied Series of the
Moldanubian zone (Büttner et al., 1997; Klötzli et al., 1999). In the Moldanubian
Zone the major tectonic activity took place before c. 340-330 Ma. This is sub-
stantiated by the uniform distribution of Carboniferous mineral cooling ages. In the
south-eastern part of the Moldanubian zone, regional cooling to c. 500 oc was
reached at about 340-330 Ma and to c. 400 oC around 330-320 Ma, respectively
(Frank et al., 1990; Dallmeyer et al., 1992; Petrakakis, 1997; Klötzli et al., 1999;
Petrakakis et al., 1999). Comparison with the cooling history of the Mórágy Unit is
not simple. Only one mean biotite Kj Ar cooling age of 334::!::11Ma for granitoids
of the Mecsek Mountains has been published by Balogh et al. (1983). No addi-
tional thermochronological data for the Mórágy Unit are available. In any case, the
Mecsek Mountain granitoids must have been exhumed completely around the
Carboniferous- Permian boundary. This is proven by the presence of granitoid
pebbles from the Mecsek Mountain plutonic rocks in the Permian molasse sedi-
ments (Cserdi Conglomerate, Fehér and Molnár, 1989). From a sedimentological
and palaeontological point of view the definitive separation of the Mórágy Unit
from Variscan Central Europe did not occur before the Bathonian (c. 175Ma-
169Ma; Vöros, 1993; Kovács et al., 2000; Márton, 2000) although graben forma-
tion during the Permian and the presence of Lower Permian vo1canics within the
grabens in the Mecsek Mountains indicate periods of extension al tectonics as
early as 290 Ma. The formation of a Permian graben system certainly supports
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the regional affinity of the Mecsek Mountains and probably the complete Mórágy
Unit to the Helvetic-Moldanubian zone of Central Europe where similar Permo-
Carboniferous graben systems are widespread and a complete lack of post-Variscan
Early Mesozoic metamorphism is found.

In the following we intend to demonstrate where the potential palaeo-position
of the Mecsek Mountains within the frame of the Helvetic-Moldanubian Zone

could have been. Firstly, it is important to state that no "hole" is immediately
recognisable in the presently exposed part of the Helvetic-Moldanubian Zone into
which the Mecsek Mountains could fit and that such a potential opening could not
have been closed as no large scale post-magmatic transpressional tectonics are
known. Hence, we conclude that the palaeo-position of the Mecsek Mountains
has to be sought outside the presently exposed area of the Helvetic-
Moldanubian zone. To the east a limit is set by the Moldanubian thrust. No Variscan
granitoids are known from the Moravian zone, the footwall of the thrust and
SW-most part of the Brunovistulian (Klötzli et al., 1999). By exclusion we there-
fore propose that the most likely palaeo-position of the Mecsek Mountains is to the
S of the Rastenberg granodiorite. Such a palaeogeographic position of the Mecsek
Mountains partly contradicts current palinspastic models. The Tisia Terrane as
shown in the palinspastic model for the Triassic of Haas et al. (1995) is situated
SE of the future Penninic rifting axis. This is only compatible with the presented
model if one accepts that the Penninic rifting transsected the Moldanubian-
Helvetic Zone at its eastern end. Palinspastic models suggesting a post-Variscan
position of the Mecsek Mountains far to the west at the western end of the
Austroalpine-Carpathian block (i.e. Stampjli and Mosar, 1998) should certainly
also be reconsidered.

Whether or not the different sub-terranes now constituting the larger Tisia
Terrane have already had a Variscan (Late Palaeozoic) spatial relation has yet to
be investigated. From our investigations we can only conclude that the Mórágy
Unit and thus probably the whole Mecsek Mountains form part of the Helvetic-
Moldanubian Zone.

Conclusions

New zircon typology and zircon age data together with geochemical and petrolog-
ical data further substantiate the similarity between the K-Mg-rich granitoids of
the Mecsek Mountains (Mórágy Unit, S Hungary) and the durbachitic rocks of the
South and Central Bohemian Batholiths, respectively.

Investigations of three granitoid samples from the Mecsek Mountains from
southern Hungary showamarked bimodality in zircon typology and age. One
group of zircons displays a mean typology around subtype S24 and a mag-
matic formation 207Pb/206Pb age of 354::!:5 Ma. The other group of zircons show
a tabular habit with a mean typology around S4 and a formation age of
339::!: 10 Ma. The latter is interpreted as the emplacement age of the K-Mg-rich
granitoids of the Mecsek Mountains.

The pronounced resemblance in zircon typology distribution and age systema-
tics, as weIl as correspondence in whole rock Rb/Sr and Sm/Nd isotope composi-
tion, let us assume, that the Mecsek Mountains granitoids and the Rastenberg
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granodiorite must have formed during the same magmatic event, and, possibly, also
in a close spatial relationship. As a consequence, the derivation of the Mecsek
Mountains granitoids from aVariscan palaeo-position S or SSW of the Rastenberg
granodiorite is proposed. Thus, at least the northernmost part of the Tisia Terrane,
the Mórágy Unit, is interpreted as having been a former part of the Helvetic-
Moldanubian zone.

In the light of these new findings, palinspastic reconstructions of Late Palaeo-
zoic to Early MesozoicEurope, showing a palaeogeographic position of the
Tisia Terrane far to the west or northeast of the Bohemian Massif, have to be
revised.
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