
21

Day2
Variscan granitoids of the Mórágy HilIs

(South Hungary)

György BUDA), György LOVAS), Urs KLÖTZLI2and Brian L. COUSENS3

) Department of Mineralogy, Eötvös University, Budapest, Múzeumkrt. 4/a,
H-I088 Hungary, e-mail: buda@ludens.elte.hu.lovas@ludens.elte.hu

2 Laboratory for Geochronology,University of Vienna, Geocentrum, Department of Geology,
Althanstrasse-14, A-1090Vienna, Austria, e-mail: urs.kloetzli@univie.ac.at

3 Earth Sciences, Carleton University, 1125 Colone1By Drive Ottawa, Ontario, KIS 5B6, Canada,
e-mail: brian_cousens@carleton.ca

Variscan granitoids in Hungary

Introduction

Two main types ofVariscan granitoids occur in Hungary. The younger (~280 Ma) type occurs at the south-
ern rim of the Pelso Megaunit along the Velence-Balaton tectonic line (Fig. 2.1). One of these intrusions
canbe foundon the surface(VelenceMts.), otherswere penetratedby drillingse.g. at Ságvár,Buzsák, Gelse. This
formation is characterised by postcollisional, hypabyssal, peraluminous S-type (Buda, 1985, 1995) or
A-type (Uher & Broska, 1994) granitoids fonning small intrusions.

The older granitoids (~370 Ma) are situated in South Hungary, in the western part of the crystalline
complex of the Tisza Megaunit, fonning a narrow (~ 170 km long and 20-30 km wide) NE-SW belt from
the Mecsek Mts. to the Danube-Tisza Interfluve (Fig. 2.1). They occur on the surface only in and around the
Mecsek Mts. (Erdosmecske, Feked, Kismórágy, Mórágy, Üveghuta, Nyugotszenterzsébet), but were reached
by several drillings e.g. in the Danube- Tisza Interfluve. They are of very heterogeneous composition,
showing 1- and/or liS-type origin and prevailingly metaluminous and slightly peralurninous character. The
field trip will visit these southern Hungarian granitoids.
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Fig. 2.1. Occurrences ofVariscan granitoids in Hungary19°
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Granitoids of the Velence Mts.

The monzogranite intrusion of the Velence Mts. contains granite porphyry and aplite dykes. The basic
differentiates (quartz diorite) occur at lower levels of the intrusion, ~ 200 m below the surface. The thermal
contact aureole (andalusite homfels, spotted slate) of the intrusion is also known and studied.

In the granite several enc1aveswere found: basic microgranular, surmicaceous metapelitic, quartzo-
feldspathic and aplitic congeneric ones. In the uppermost part of the intrusive body coarse-grained pegmati-
tic pods occur (Buda, 1993). They contain quartz, feldspar, and Fe-rich silicate and oxide minerals (fayalite,
Fe-rich amphibo1e,biotite and magnetite).

This intrusion originated from the initia1H2O-saturated crusta1melt which formed after the collision
of two continental plates. Later this melt became H20-undersaturated, due to the heat flux of upwelling
upper mantle, and intruded into higher levels of the continenta1 crust. As a result of differentiation, H2O-
saturated eutectic melt formed in the upper part of the intrusion and crystallised at about 680 oC, 200 MPa
(Buda, 1993). In the central part of the intrusion orthoc1ase and annite crystallised due to the higher
temperature, whi1e at the rim, in the pegmatitic pods microcline and faya1ite formed as a consequence of
10wertemperature and faster rate of cooling. .

These granitoids can be corre1atedwith smal1post-collisiona1 intrusions of the Southern A1ps. Many
authors believe (Buda, 1992; Kovács et al., 1998) that the Pe1soMegaunit moved from the Southern Alps as
amicroplate therefore these granitoids can be originated from that area.
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Fig. 2.2. Geo1ogical sketch map ohhe Mórágy HiIls showing 1ocation of metamorphic and granitoid rocks (simp1ified after
Jantsky, 1979, in Fülöp, 1994). .
1: Microcline-bearing granitoid, 2: Microcline megacryst-bearing granitoid, 3: Megacryst-bearing granitoid with large amphibo1e-rich

enclaves, 4: Migmatite, 5: Stromaíite (migmatite), 6: Gneiss, 7: Maro1e, 8: Amphibo1ite, 9: PhylIite, 10: Serpentinite, ll: Enclaves,

12: Outcrops
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Granitoid occurrences in South Hungary

The major outcrops of these granitoid rocks are found to the east-south-east from the Mecsek Mts. in the
Mórágy or Geresd RiIls, covers an area of about 200 km2 between Lovászhetény and Bátaszék, forming the
so-called "Mórágy Granitoid Formation" (Fig. 2.2). The granitoids of this formation were also reached by
several driIlings in the eastern, northern and western parts of the Mecsek Mts. and the Danube- Tisza Inter-
fluve.

The granitoids are sUlTOundedby a migmatitic zone (Jantsky, 1979) and amphibolite facies meta-
morphic rocks ("in situ" granitoid). Three major rock types can be distinguished: 1) white and pinkish
microc1inemegacryst-bearing granitoid, 2) amphibole-rich enc1avesand 3) microgranite dykes. These three
rock types are described in details in the following chapter. Besides these rocks small pegmatitic pods and
veins can be found in the granitoid as weIl as in the microgranite.
The Mórágy Granitoid Formation has a prevailingly metaluminous and slightly peraluminous character (Fig.
2.3), and a very heterogeneous composition showing I- and/or IlS-type origin. The most common rock types
are monzonite, quartz monzonite and monzogranite.This is a typica1potassic calc-a1kalineseries (Fig. 2.4)
crystallised from water-saturated low temperature melt in the partially me1ted continental crust ("in situ")
during the Variscan orogeny (377~5 Ma). Potassium enrichment was probably a late- to post-magmatic
process, as conc1udedfrom
- the ordered structure ofK-feldspars (Fig. 2.5),
- the even distribution ofpotassium in the whole granitoid body (no corre1ationbetween Si02and K20),
- the texture of the rocks and
-the presence of a second generation ofzircon of slightly younger age (363~13 Ma).

The two-step process seems to be supported by Pb-isotope crustal model ages (Stacey & Kramer,
1975)measuredon K-feldsparwith an older (between350-375 Ma) and a younger(between300-350 Ma) age.

Pb isotope ratios e06PbP04Pb= 18.112,207Pbp04Pb= 15.607,208Pbp04Pb= 38.147)measuredon K-
fe1dsparssuggest a continental crustal origin of the melt (Zartman & Doe, 1981) formed during the Variscan
orogeny. The age of the old crustal remnants could be Cadomian (619~ 18 Ma), as determined by single
zircon U/Pb method from migmatitic granitoid.
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Fig. 2.4. Q-A-P (mesonorms) plots of granitoids occurring in
the Mórágy Hills
The shaded area shows the granitoid trend in the Mórágy
Hills based on 115 whole-rock analyses. It corresponds to the
K-ca1c-a1kalinemonzonitic series (Lameyre & Bowden, 1982)

Divided circ1es: Amphibole-rich enc1aves (Feked, Üveghuta); Solid triangles: Microc1ine megacryst-bearing granitoids (Erdös-
mecske, Kismórágy, Mórágy, Üveghuta); Solid circles: Microgranite (Erdösmecske, Kismórágy)
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The K-rieh granitoid me1twas fonned in the eontinent-eontinent eollision uplift zone, where S- and 1-
type erust was partially melted (Fig. 2.6), or basic and acidic melts were mixed where a mantle souree
(basic part) extensive1ycontaminated with melt originated fIom partially me1ted erust (aeidie part) (Fig. 2.7;
Harris et al., 1986).
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Ftg. 2.6. Ri-R2 muhicationic diagram (Ri = 4Si-ll(Na+ K) -
- (2Fe + Ti); R2 = 6Ca + 2Mg + Al) of granitoids in the
Mórágy HiIls (shaded) covering mostly the areas "post-
collision uplift" (3) and "syn-collision" (6). Symbols are as in
Fig.2.7.
1: Mantle tractionates; 2: Pre-plate collision; 3: Postcollision
uplift; 4: Late orogenic; 5: Anorogenic; 6: Syncollision;
7: Post-orogenic (Batchelor & Bowden, 1985)
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Fig. 2.7. Rb-Hf- Ta triangular plot of Variscan granitoids in
the Mórágy HiIls.
Divided circles: Amphibole-rich enclaves; Solid triangles:
Microcline megacryst-bearing granitoids (Erdosmecske, Kis-
mórágy, etc.); Solid circles: Microgranite (Erdosmecske, Kis-
mórágy). Group II: "Syncollision" peraluminous intrusions,
Group Ill: Late or postcollision calc-alkaline intrusions
(Harris et al., 1986)
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Similar K-rich calc-alkaline granitoids occur in the southern part of the Central Bohemian Pluton and
the eastern part of the South Bohemian Pluton. Variscan granitoids in south Hungary might have also
be10ngedto the Central European Variscan belt, but having been detached by the eastward moving Pelso
Megaunit (Fig. 2.1), moved later in a south-eastern direction to their present position (Buda, 1998; Kovács
et al., 1998).

The main rock types of the granitoids of South Hungary

Microcline megacryst-bearing granitoids
The chemical and modal compositionof this rock type is variable because of the different amount of K-feldspar
megacrysts,biotite and quartz. The major rock types are monzograniteand quartz monzonite (Table 2.1 (a-d),
Fig. 2.4). They have metaluminous and peraluminous character (Fig. 2.3). The 8180 ratio is 8.84%0in the
rock, suggesting a mixed IlS-type origin.

The most common mafic silicate is biotite. It is calc-alkaline, I-type (8180= 4.97%0), Mg-rich
(Fe/(Fe + Mg) = 0.43) with low oxidation ratio [Fe3+/(Fe3++ Fe2+) = 0.18] and negative Eu anomaly (Fig.
2.7). These characteristics indicate low water and oxygen fugacities during crystaIlisation suggesting that
the granitoid meUwas water-saturated, of low temperature and crystaIlised "in situ".

Two types ofK-fe1dspars were identified.
The first type occurs in the groundmass and shows low ordering in the Si/Al framework (fl =0.50). It

crystaIlised at a higher temperature and at a faster rate of cooling from a melt formed by anatexis.
The second type occurs as maximum microcline megacrysts with highly ordered structure, and

crystaIlised later at a lower temperature from a volatile-rich meU (Fig. 2.5). The Ba content (~0.5 wt%)
suggests crystaIlisation from melt, but a K-rich solutions must have also played a significant role in the
growing of the megacrysts. There are several textural evidences of potassium metasomatism, e.g. frequent
replacement of plagioclase by microcline at the rim of the megacrysts; groundmass inclusions in K-feldspar
megacrysts.

Plagioclase is common. Its composition is oligoclase to andesine (An2S-An3S).Quartz is rare and
shows wavy extinction.

The rock is very rich in accessory minerals, e.g. aIlanite, apatite, zircon, titanite, thorite, monazite,
uraninite, rutile, pyrite; secondary RE fluorocarbonate minerals [röntgenite-(Ce), parisite-(Ce)] are also
common.

Allanite is euhedral, zoned and often metamict. It is replaced by RE fluorocarbonate minerals, thorite
and clay minerals formed during metamictisation as weIl as due to hydrothermal acidic fluorine- and
carbonate-bearing solutions.

Euhedral, zoned zircon is also common. According to their typology (Pupin, 1980) the zircon crystals
were formed mainly from K-rich calc-alkaline magma (Dani & Buda, 1994). Commonly they have more
than one rounded cores. This core is usuaIly hydrozircon with U and Th enrichment. The composition of the
cores was found to be different (Y/Hf= 1.9 and 0.004, resp.) within the same crystals, indicating a hetero-
geneous origin. Two major typological groups can be distinguished: long prismatic to stubby (SI9-S24)and
tabular (S4-S9) with slightly different U/Pb ages. The single zircon age of the first group is 377:f:.5Ma and
that of the second one is 363:f:.13Ma. Although the age difference is not significant, it may indicate a two-
step evolution. The rare S2Stype represents a 619:f:.18Ma old (Cadomian) zircon generation.

Fluorapatite is also common. It forms stubby and always zoned crystals with their cores usually en-
riched in REE. The REE distribution of apatite, showing a negative Eu anomaly, implies a metamorphic
origin, and low oxygen fugacity during crystaIlisation. Euhedral pyrite is also common. The 834Sratio
(1.08-3.50%0) is lower than that in S-type granitoids (834S=4-9%0)which suggests a mixed IlS-type origin.

The L:REEcontent of the rock is high (average: 240 glt) because of the enrichment of REE-bearing
minerals (Figs. 2.8-2.9), e.g. aIlanite, titanite (8400 g/t), zircon (2800 g/t) and apatite (1700 g/t). The rock-
forming minerals contain low L:REE(biotite ""60 g/t, microcline ""30 glt), only Eu is enriched in feldspars
(Fig. 2.9). REE whole-rock pattern (L:dL:H= 11) is mainly controlled by allanite (L:dL:H=100).

It is to be noted, that molybdenite, chalcopyrite, galena, sphalerite, ca1cite, epidote were also identi-
fied as accessories in the rocks. Their presence is due to hydrothermal activity.



Amphibole-rich enclaves
The size ofthese enc1avesvaries between a few cm and a few hundreds ofm (e.g. Feked quany). Based on
whole-rock chemical analyses, they are syenite and monzonite by mesonorms (Table 2.1 (e-g), Fig. 2.4) due
to their different amphibole/biotite ratios. According to the average modal (Q = 13, A = 37, P = 50) the
composition is quartz monzonite. The influence of the granitoid melt on the enc1aveswas different, some-
times K-feldspar crystals occur inside the enc1avesor were grown into the enc1avesat their rims but there
are also enc1aveswithout K-feldspar megacrysts. The megacrysts of the enc1aves are always of more dis-
ordered structure than those inside the granitoids.
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Table 2.1. Selectedmajor and trace elemelltscompositionsof granitoid, enc1ave(restite) and microgranite rocks occurring in
the East Mecsek Mts.

(a) (b) (c) (d) (e) (f) (g) (h) (i)
Si02 61.00 63.30 66.80 61.20 52.60 52.80 49.40 73.90 73.10
Ti02 1.02 0.91 0.75 0.92 0.67 1.16 1.49 0.11 0.39
Ah03 15.80 15.50 14.50 16.60 14.75 12.10 16.80 13.98 13.60
Fe203 0.86 1.03 0.75 1.13 0.66 1.19 1.54 0.90 0.61
FeO 3.81 3.13 2.38 3.50 5.70 5.00 5.80 0.17 0.84
MnO 0.06 0.07 0.06 0.60 0.12 0.12 0.11 n.d. 0.04

MgO 3.12 2.18 1.95 3.31 7.49 9.40 6.56 0.44 0.26
CaO 2.96 2.81 2.45 3.26 7.28 5.45 6.59 0.61 0.98
Na20 3.34 2.98 3.15 3.25 2.58 0.84 2.84 2.72 3.39
K20 4.23 4.41 4.25 4.51 3.83 8.07 4.81 6.48 4.72

H2O+ 1.56 1.69 1.37 1.40 n.d. 1.20 1.50 n.d. 0.87

H2O- 0.22 0.24 0.14 n.d. 4.00 n.d. n.d. n.d. 0.12

CO2 0.52 0.52 0.15 n.d. n.d. n.d. n.d. n.d. 0.04
P205 0.35 0.25 0.22 0.33 0.20 0.76 0.88 0.04 0.06
S 0.06 0.04 0.10 n:d. n.d. n.d. n.d. n.d. n.d.

98.91 99.06 99.02 100.01 99.88 98.09 98.32 99.35 99.02

La 66.9 46.6 42.2 85.4 35.2 68.5 60.2 29.5 40.8
Ce 133.0 100.0 118.0 154.0 81.5 140.0 125.0 52.7 85.9
Nd 53.2 37.6 28.4 56.0 36.4 65.0 63.0 17.2 25.2
Sm 13.6 11.5 9.2 9.6 8.5 13.0 13.4 5.8 8.8
Eu 1.1 1.0 0.8 1.6 1.4 1.7 2.4 0.5 0.5
Tb 1.1 0.8 0.7 1.0 0.8 1.0 1.5 0.5 0.7
Dy n.d. ll.d. n.d. 6.2 ll.d. 4.7 7.5 n.d. ll.d.
Tm 0.5 0.3 0.3 n.d. 0.7 n.d. n.d. 0.2 0.4
Yb 2.8 2.6 2.0 1.9 2.5 2.0 2.6 2.2 2.5
Lu 0.3 0.3 0.2 0.3 0.4 0.3 0.4 0.2 0.3

REE 272.4 200.7 201.8 259.9 167.4 296.2 258.0 108.8 165.1
Sc 12.5 11.2 8.6 ll.d. 28.8 ll.d. n.d. 3.0 2.6
Cr 74.0 60.0 57.0 ll.d. 1101.9 ll.d. ll.d. 10.9 2.5
Co 14.9 14.9 12.2 ll.d. 36.0 n.d. n.d. 2.6 12.8
Rb 220.0 263.0 243.0 198.0 207.5 270.0 228.0 243.0 298.0
Cs 15.3 17.0 8.3 ll.d. 9.9 ll.d. n.d. 5.8 24.9
Hf 6.9 7.1 5.9 ll.d. 4.9 n.d. ll.d. 2.0 3.7
Ta 2.1 2.9 1.7 ll.d. 2.6 n.d. n.d. 1.5 5.5
Th 27.8 29.3 40.2 28.0 28.6 45.0 21.0 37.5 52.4
U 8.9 3.6 3.0 6.1 7.6 12.7 5.9 7.5 2.1
Ba 1000 1600 1060 1170 2500 3150 1770 ll.d. 1000
Sr 400 600 600 456 100 344 585 n.d. 400
Y n.d. ll.d. n.d. 28 n.d. 32 44 ll.d. n.d.
Zr ll.d. ll.d. n.d. 335 n.d. 335 387 n.d. n.d.
Nb ll.d. n.d. ll.d. 17 ll.d. 16 18 ll.d. n.d.

(a): Erdosmecskequarry: quartz monzollite;(b): Kismórágyquarry: monzogranite; (c): Mórágy quarry: monzollite; (d): Üveg-
huta-1 drilling: 142 In, core samp1e:quartz monzonite; (e): Feked quarry, ellclave:monzonite; (f): Üveghuta-l drilling, 118-
119 In, core sample, ellclaves: syenite; (g): Üveghuta-1 drilling, 86 In, core sample, ellc1ave:monzollite; (h): Erdosmecske
quarry:monzogranite; (i): Kismórágyquarry:monzogranite
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1: Microcline megacryst-bearing granitoid rocks (Mórágy
Hills); 2: Microcline; 3: Biotite; 4: Apatite; 5: Zirc on;
6: Titanite

Amphibole is actinolite. and magnesiohomblende (Mg/Mg + Fe = 0.65, Si = 7.4). EuhedralMg-rich
biotite is in equilibrium with magnesiohomblende crystallised at about 760 oC (amphibole/biotite thermo-
meter). Actinolite and anhedral biotite replacing magnesiohomblende are products of postmagmatic proc-
esses. A basic magmatic origin ofthe rock is suggested by
- the high Cr content due to the presence of some small grains of chromite and of Cr-bearing (0.5 wt%)
diopside (W049En37FsI4),
- the presence of zoned basic plagioclase (core: Anóo,rim: An30),
- the low Ö180(5.12%0)as weH as the low öD (-94%0) ratios.

The most common accessory mineral is Nb-bearing titanite.
The whole rock is rich in L:REE(150 g/t) with enrichment of LREE (Fig. 2.8) suggesting alkaline

affinity.

Microgranite

Microgranite forms dykes cutting across the basic enclaves as weH as the megacryst-bearing granitoids.
Their thickness ranges from a few cm to a few ill.

Typical microgranite composition is peralúminous monzogranite (Table 2.1 (h-i)). Cross-hatched
microcline is common, mostly replacing plagioclase. The smaH amount of peraluminous Fe-rich biotite and
the Ö180ratio of the rock (9.8%0)suggest S-type origin. The chondrite-normalised REE pattem (Fig. 2.8,
L:REE= 90 g/t, L:dL:H= 5.6) with negati ve Eu anomaly indicate a high degree of differentiation.

Field trip stops

In this excursion we are going to visit the different occurrences of the three major rock types of the southern
Hungarian granitoids. These rocks crop out in several places (e.g. road cuts, creeks) but the quarries and
core samples of drillings are the most convenient for studies. Unfortunately aH quarries were abandoned
long ago, therefore fresh outcrops are not available but structures and relationships of the different rock
types can be studied.
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Stop 2.1- Erdosmecske, abandoned quarry (Fig. 2.2)

Access: The abandoned quarry is found directly by the road Pécsvárad-Véménd-Mohács, 9 km from Pécsvárad, just opposite
to the Erdosmecske railway station.
Keywords: microcline megacryst-bearing granitoid (quartz monzonite), amphibole-rich enclaves, microgranite dykes, pegmati-
tic pods

The large and deep quarry was abandoned about 10 years ago. The deepest part is flooded with ground-
water. On the - 20-25 m high western wall the three main rock types and pegmatitic pods can be seen. The
rocks are strongly tectonised; in the southern part of the quarry a large fault plane can be observed with a
high angle of dip (- 800)to the east.

Microcline megacryst-bearing granitoid. The major rock type to be seen in the quarry is a granitoid
rock containing large (2-3 cm) white or pinkish microcline crystals. The megacrysts contain plenty of biotite
and plagioclase inclusions. The groundmass is very rich in dark brown to black biotite. On weathered
surfaces white plagioclase, pinkish microcline and grey quartz crystals are seen. Two kinds of microcline
can be recognised in thin sections: 1) a cross-hatched one, commonly replacing plagioclase in the ground-
mass; 2) large perthitic untwinned megacrysts with plagioclase, quartz and biotite inclusions. They are
maximum microcline (L1= 0.94-0.96, t10= 0.9647-0.9735) whereas the groundmass microcline has inter-
mediate triclinicity (L1=0.5). Ab content of the large crystalsis -20 mol% (Or79Ab19An2)occurring as
perthite or plagioclase inclusions. L:REEcontent is low (29 g/t), only Eu, Ba, Sr, Rb are enriched. Plagio-
clase has andesine composition (An31),it is sometimes replaced by cross-hatched microcline. Quartz (not
very common) has wavy extinction and its grain size is very variable. Biotite is common, Mg-rich
(FeIFe + Mg = 0.46) with low oxidation ratio. REE, Sc, Cr and Rb enrichment and low 8180 ratio (4.84%0)
suggest an I-type origin.

The rock is very rich in accessories. Zircon is the most common accessory. S18and S19are the most
common types, which is characteristic for K-rich calc-alkaline granitoids. Apatite is also common, while
titanite is rather scarce. Allanite-(Ce) is also a characteristic accessory mineral. !ts large euhedral crystals
are partly or entirely altered to RE fluorocarbonate and to clay minerals showing Th (Th02 =2.87 wl%) and
U (U02 =0.32 wl%) enrichment. Probably acidic fluorine- and carbonate-bearing solutions desolved REE
fromthemetamictallaniteandtheyprecipitatedlaterin or aroundthe alteredallanite(Buda&Nagy,1995).

The rock is very slightly peraluminous (AlCNK < 1.1) quartz monzonite to monzogranite. The whole
rock (8180=8.94-9.08%0) as well as biotite has low 8180ratios indicating an I-type origin.

Amphibole-rich enclaves. Their size variesfrom a few cm to several m. They are dark green to black
with a few white or pinkish microcline megacrysts and small white plagioclase crystals. There are biotite-
as well as amphibole-rich varieties. Microcline is scarce, it mostly has cross-hatched twins and shows
plagioclase replacement textures. Most of the plagioclase crystals are zoned. The core is An-rich (AnS9)with
Ab-rich rim (An32).Quartz is very rare. Biotite is common; it is Mg-rich (FeIFe + Mg = 0.46) in amphibole-
rich enclaves and a slight enrichment of Fe can be recognised (FeIFe + Mg =0.48) in biotite-rich ones.
Amphibole (actinolite or magnesiohornblende) is also common.

Accessories: euhedral titanite and apatite are very common, zircon is rare. Allanite is euhedral, zoned,
and partly metamict. Pyrite and chalcopyrite occur mostly as inclusions in amphibole.
These enclaves can be classified as amphibole-biotite quartz monzonite according to the modal
compositions.

Microgranite. It form dykes in the megacryst-bearing granitoids. The width of the dykes varies from a
few cm to a few m. The rock is pinkish, fine-grained. Prevailing constituents are microcline, plagioclase and
quartz with small amounts of biotite and sometimes muscovite. The rock is peraluminous (AlCNK ""1.1)
monzogranite.

Pegmatitic pods. In the megacryst-bearing granitoids there are irregular pegmatitic pods containing
coarse-grained maximum microcline, quartz and biotite.

KlAr ages (measured on the biotite of megacryst-bearing granitoid) are between 330-352 Ma, micro-
granite is slightly younger with a KlAr age of 318-343 Ma. U/Pb age of the megacryst-bearing granitoid is
374:i:ll Ma as measured on single zircon by the evaporation method.
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Stop2.2 (optional)- Feked, abandoned quarry (Fig. 2.2)

Access: The abandoned old quan-y is found south from the Pécsvárad-Véménd-Mohács road, 5 km east from the Erdosmecske
quan-y, just after the Feked junction on the other side ofthe Karasica creek
Keywords: arnphibole-rich enclave

A large amphibole-rich enclave can be studied in the outcrop, the enclosing microcline megacryst-bearing
granitoid can not be seen in the quarry. The amphibolite enclave has a slightly oriented texture, it is "in-
filtrated" by pinkish feldspar (mostly plagioclase) crystals and cut across by pinkish microgranite and
pegmatitic veins.

The most common constituent is actinolite, which is enriched in REE as well as in Cr. Biotitisation of
amphibole is very common. Sometimes microcline can be observed in the cracks of amphibole suggesting
that the potassium enrichment was a subsequent process after the solidification of amphibole-rich rock. Two
types ofbiotites can be distinguished: large euhedral primary, and anhedral secondary replacing amphibole.
Primary biotite is rich in Mg (FeIFe + Mg "" 0.3) with a low oxidation ratio. Plagioclase is saussuritised and
replaced by cross-hatched microcline. Microcline is scarce, anhedral, slightly perthitic. Quartz is very rare.
Titanite and apatite are the most frequent accessories. The most common morphological types of zircon are
S13.IS.

The rock is metaluminous (AlCNK =0.58) monzonite. LREE and Cr are enriched due to the common
occurrence of titanite, apatite and very small grains of chromite, suggesting an alkaline basic origin.

Stop 2.3 - Kismórágy, abandoned quarry (Figs. 2.2,2.10)

Access: The abandoned quarries are close to the Bonyhád-Bátaszék road at Kismórágy behind the railway station called
Mórágy (Fig. 2.9a), some 3 km north-west from the railway station Mórágy-Alsónána.

Keywords: microcline megacryst-bearing granitoid, arnphibole-rich enclaves, microgranite dykes, young "bostonite" dyke

There are several abandoned quarries behind the railway station (Fig. 2.1Oa).The most interesting one (Fig.
2.10b) is situated just behind the buildings. The wall in this quarry is -30-35 min height. Under the
Pleistocene loess a strongly weathered granitoid is found, which contains whitish and pinkish microcline
megacrysts. It is cut across by a 8-10m thick pinkish microgranite dyke. There is a thin "bostonite" dyke
(Cretaceous) in the microgranite rock.

Microcline megacryst-bearing granitoid. The microcline megacrysts are euhedral with Carlsbad
twins. The megacrysts, as well as the groundmass, show a slight orientation in texture.

The whitish microcline megacrysts can be cross-hatched twinned or untwinned, they contain plagio-
clase and biotite inclusions. Their triclinicity values are slightly smaller (fl = 0.80-0.87, 2Va= 83°) than
those of the pinkish ones (fl = 0.93, 2Va = 86°). They are low microclines (tlO=0.9751-0.9768). Their
composition is OrsIAbIsAnI,with low (18 g/t) LREE content, only Eu enrichment (1.2 g/t) can be observed.
In the groundmass the microcline crystals are anhedral with coarse perthite and cross-hatched twins, some-
times plagioclase was replaced by microcline. Plagioclase is rather common (An29),it is mostly sericitised
or carbonatised. Myrmekite is common at its contact with microcline.

Biotite is common, Mg-rich (FeIFe + Mg = 0.47), with a low oxidation ratio. REE, U, and Th content
is low (LREE =26 glt) while chromium is enriched (326 g/t). It has low ölSO ratio (5.11 %0), which suggests
an I-type origin. Amphibole is very rare, it is mostly altered to calcite and chlorite.

The rock is rich in zircon and apatite. The most common zircon type is S19, suggesting a K-ca1c-
alkaline magma-type. Frequent allanite is mostly metamict.

The rock is slightly peraluminous (AlCNK = 1.05) monzogranite. REE content is high (LREE =200 g/t). The

ö1s0 ratio of the rock (9.24 %0)as well as of biotite suggest an IlS type origin. The öD enrichment (-51%0)is
probably due to subsequent processes.

Amphibole-rich enclaves. They occur in the microcline megacryst-bearing granitoid. Their size
ranges from a few cm to a few m. The enclaves are green, sometimes with pinkish microcline. The mineral
composition is similar to that of the enclaves occurring in Erdosmecske and Feked. Biotite composition is
very similar to that of biotite occurring in the enclosingmegacryst-bearinggranitoid (FeIFe+ Mg =0.47-0.48).
Variation of oxidation ratio is due to secondary processes. KlAr age is 329 Ma (from biotite).



30

II "

o
L

3
L

6
'-

9m
J

0IIillJ 1.

f.;;;;;;;;;J 2.

~3.

lZ2J 4.
1++15.
1-16.

~7.

Fig. 2.10. a) Topographical sketch of the Kismórágy quarries. b) Section of the north-western wall of the quarry (Stop 2.3)

(after Szederkényi in Fülöp, 1994)

1: Pleistocene, 2: "Bostonite" dyke, 3: Microgranite, 4: 'Weathered microcline megacryst-bearing granitoid, 5: White and

pinkish rnicrocline megacryst-bearing granitoid, 6: Amphibole-rich enclaves (restites ), 7: Debris

Microgranite. It occurs as a 8-10 m thick dyke in the megacryst-bearing granitoid. The rock is pink-
ish, fine-grained. P1agioc1aseis common, sometimes it is rep1aced by cross-hatched twinned microc1ine.
Quartz shows wavy extinction. Rare biotite is enriched in Al and Fe (FeIFe + Mg = 0.71). It most probab1y
crystallised simultaneous1ywith a small amount of muscovite, conc1udedfrom the high Al-content (Ah03
17.8wt%).

The rock has peraluminous granitic composition (A/CNK= 1.09). L:REEcontent is 10wer (165 g/t)
than that of the megacryst-bearing granitoid, with significant negative Eu anomaly and L:REEenrichment,
indicating astrong differentiation. 8180 ratio (9.53%0)is high, together with initial 87Sr/86Srratio (0.707) it
suggests a continental crustal origin. SrIRb age is 306 Ma which is obviously younger than the enc10sing
microc1inemegacryst-bearing granitoid.

Stop 2.4 - Mórágy, abandoned quarry (Figs. 2.2, 2.11a)

Access: Tum right fromtheBonyhád-Bátaszékroad4 km fromKismórágy(16km fromBonyhád)andgo throughMórágy;
the abandoned quarry is 0.5 km south of the centre ofthe village on the left (Fig. 2.lla).
Keywords: microcline megacryst-bearing granitoid, amphibole-rich enclaves
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Fig. 2.11. a) Topographical sketch of the stops at Mórágy. b) Section ofthe protected outcrop (Stop 2.5) (after Szederkényi in
Fülöp, 1994)
1: Amphibole-rich enclaves; 2: Amphibole-rich enclaves with microcline megacrysts; 3: Microcline megacryst-rich granitoid;
4: Microcline megacryst-bearing granitoid; 5: Medium-grained granitoid; 6: Pegmatitic pods and dykes; 7: Microgranite dykes;
8: Calcite veins

In the abandoned quarry white and pinkish microc1ine megacryst-bearing granitoid and amphibole-rich
enc1avesoccur. The sizes ofenc1aves are from a few cm to a few m.

MicrocIine megacryst-bearing granitoid. The rock similar is to those in the previous stops. The
microc1inemegacrysts are slightly perthitic, sometimes cross-hatched twinned, and very rich in inc1usions of
plagioc1ase,biotite and quartz. The whitish variety has a variable tric1inicity (fl = 0.88-0.55,2Va.=79-75°)
but always has a less ordered structure than the pinkish one which can be a maximum microc1ine
(tlO =0.9833). 2:REE content is low (18.3 g/t) with Eu emichment (1.07 g/t). Plagioc1ase crystals (average
composition: oligoc1ase,An29)are saussuritised or sericitised, they are sometimes replaced by cross-hatched
twinned microc1ine. Myrmekite can be observed, too. Quartz is not common, it shows wavy extinction.
Biotite is Mg-rich (FeIFe + Mg =0.49). Scarce amphibole has magnesiohomblende composition
(Mg/Mg + Fe2+ = 0.59).

The rock is rich in accessory minerals. Zircon is very frequent. Most common morphological types are
S2o-S19.Therounded core or cores ofthe crystals are mostly hydrozircon, emiched in Ca, Al, Fe, Th, V, and
REE. Titanite is euhedral and usually twinned, contains ilmenite, apatite, rutile and thorite inc1usions, and
Nb and REE are emiched in it. Along its c1eavageplanes REE carbonates and ca1citeoccur.

Euhedral, zoned allanite is also common. Sometimes epidote occurs at the rim of the crystal. RE
fluorocarbonate and thorite were fonned in allanite (Buda & Nagy, 1995). Pyrite is common and sometimes
chromite can also be observed.

The rock has monzonite composition (Table 2.1 (c)) with a slight peraluminous character
(AlCNK = 1.02). According to the 8180 ratios (8180roCk = 7.94%0 and 8180biotite =4.94%0) it is I-type.
V/Pb zircon-titanite isochron age is 365 Ma. Single zircon age is 363:1:11Ma, KlAr age is 334 Ma and
SrIRb age is 310 Ma. Initial s7Sr/86Srratio (0.709) suggests a mixed mantle-crust origin.

Amphibole-rich encIaves. The size of the enc1aves is diverse. Sometimes they contain microc1ine
megacrysts with a 10wtric1inicity value (fl =0.79). Plagioc1ase and quartz are very scarce. Amphibole has
actinolite composition. Biotite content is variable. Mg-rich (FeIFe + Mg =0.28) biotite occurs in
amphibole-rich enc1aves (quartzmonzonite), the Fe emichment of biotite increases with the decreasing
amount of amphibole (FeIFe + Mg = 0.28-+0.48). The enc1aves are very rich in accessories (titanite, zircon,
apatite). The rock is quartz monzonite and/or monzogranite. 8180ratio is low (4.79%0in amphibole and 4.94
in biotite) suggesting an I-type character.
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Stop 2.5 - Mórágy, outcrop with a benchmark (Figs. 2, lIa)

Access: Go back to the north some 200 m from Stop 2.4 and tum right, and go 250 m to the east, the outcrop is next to Petofi
street52. .
Keywords: microcline megacryst-bearing granitoid, amphibole-rich enclaves, pegmatite veins and lenses

It is a natural outcrop, 8-10m in length (Fig. 2.1Ob).One of the six benches of the new fIrst-order levelling
networkwas erectedhere afterWorldWar II becauseof the supposedstabilityof the granitoidbasementrocks.

Microc1ine megacryst-bearing granitoid. The arnount of microcline megacrysts is extremely
variable. Sometimes microcline is enriched considerably, perhaps due to volatile enrichment. Their
triclinicity values are high (~= 0.91-0.92, tlO= 0.9445-0.9745). The higher volatile content probably
promotes Si/Al ordering in the K-feldspars. Metarnict allanite, titanite and zircon (S19,S24,S2S,Ps) are the
most common accessories.

Amphibole-rich enc1aves. They are very common in the outcrop. There are two main variants:
a) amphibole-rich, with biotite and pyroxene; b) with a few K-feldspar megacrysts, arnphibole- and biotite-
rich.

They are oriented and lenticular in shape. The few K-feldspar megacrysts are intermediate microcline
(~= 0.695) with cross-hatched-twins or sometimes without twins. Plagioclase crystals are mostly zoned
(max.: AI42, min.: An30);theyare frequently replaced by microcline. Clinopyroxene is common in some
enclaves. It is diopside with a slight enrichment of Fe (W049En37Fs14),and contains Cr, Mn and Ti.
Uralitisation is frequent, sometimes biotitisation can also be observed. Amphiboles are very common,
according to their composition they are actinolite and magnesiohomblende (Mg/Mg + Fe3+= 0.59-0.67,
Si = 7.02-7.60) Biotite has high Mg-content (FeIFe + Mg = 0.42). Quartz and zircon are rare, titanite and
apatite are common.

Pegmatoid veins and lenses. They contain maximum microcline (~= 0.93-0.98, tjO = 0.9904), large
zoned arnphibole (core: magnesiohomblende, rim: actinolite), plagioclase and quartz. A small arnount of
biot1tecan also be observed.

According to the single zircon U/Pb dating (evaporation method) two ages were identifIed (377:J:8Ma
and 619:1:18Ma).

Stop 2.6 - Bátaapáti, store of core samples (Fig. 2.2)

Access: Take the Bonyhád-Bátaszék road and 10 km from Bátaszék tum to the left for Bátaapáti. The store is situated about
0.5 km south-east from the village centre near to a hunting cottage.
Keywords: core samples from Üveghuta-I, -2, -3, -4, -5, -6, -8, -22, -23 boreholes, microcline megacryst-bearing granitoid,
amphibole-rich enclaves, microgranite dykes, pegmatitic pods

Several boreholes were drilled during the geological exploration of the Üveghuta area in the frarnework of
the Hungarian national project on low and intermediate level radioactive waste disposal. In the core sarnples
to be seen in the store the sarne rock types are present that are known from the surface outcrops.

***

Geological exploration for low and intermediate level radioactive waste disposal in
liungary

Zoltán BALLA

Geological Institute of Hungary, Budapest, Stefánia út 14, H-1143 Hungary; e-mail: balla@mafI.hu

The Hungarian National Project on the low and intermediate level radioactive waste disposal is being per-
formed in three phases, with Phase 1 in 1993-1996 and Phase 2 from 1997. The goal of Phase 1 was to
select a potential area, that ofPhase 2, to select and characterise a site, and that ofPhase 3, to construct the
repository. The site exploration is being carried out a by the Geological Institute of Hungary with dozens of
partners.
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In the Phase 1 nation-wide screening (1993-1994) was followed by regional screening (1994-1995) of
5,000 km2, then field reconnaissance with single boreholes on three potential objects (1995-1996) was per-
fonned. At the end of 1996 the Phase 1 was fmished by the selection of a potential area in granite of south-
western Hungary (160 km south-south-west of Budapest, 20-24 km of the Danube) where both geological
conditions and public relations were favourable. The potential area was selected near the viIlage of
Bátaapáti, in the area named Üveghuta.

Phase 2 comprises three stages: site selection in the potential area, site assessment and site characteri-
sation.

Mainly due to political reasons (public acceptance) the study area for Stage 1 (site selection) was
limited to less than 5 km2 The preliminary concept defined the repository as a rectangle 300x600 m. Five
hydrogeologically preferred positions of this rectangle were found in the study area, alI ofthem were studied
as weIl as the vaIleys between and beyond them. Three-dimension geological and hydrogeological model
was constructed. 3D hydrodynamic modelling for porous media (nothing was known about the fracture net-
work) revea1ed a zone of high travel times up to the surface below a groundwater-table divide. Here the
potential Üveghuta site for the suitability assessment was chosen in July 1997. It faIls on a high hilI and its
slopes, and is surrounded by deep valIeys.

In Stage 2, from August 1997 tilI March 1998 four boreho1eswere drilIed on the site. Geo10gicaland
geophysical logging, single-hole hydraulic testing as weIl as the acoustic borehole televiewer and core
scanner data offered abundant data on the rock mass penetrated by boreholes. A great amount of seismic
works was perfonned to study the space between the boreholes. Detailed hydrogeological survey supported
by monitoring of more than twenty shaIlow weIls characterise wide surroundings of the site.

Interpretation of the data obtained was finished by the end of September 1997 and represented in our
fmal report. The main conclusion based on 3D hydrodynamic modelling is that - from the viewpoint of the
600 year pure-water-retum-period requirement - the site is suitable for low and intennediate level radio-
active waste disposal, and the programme ofthe further exploration of the Üveghuta site, i.e. of Stage 3 of
Phase 2 can be started.

The minimum 600 year (20 half-life periods of l37Cs)for the return period of pure water was an inter-
nal requirement within the National Project. After the site selection (Phase 2, Stage 1) the site characterisa-
tion would be the next step, this was artificially subdivided into two stages (Stage 2 and 3) in order to have
an opportunity (i) to modify or complete the program based on the results and (ii) to stop the works if the
results are not favourable. The real site suitability.was thought to be defined by the perfonnance assessment
results after Stage 3, and a pure hydrogeological criterion above was chosen to evaluate the site after Stage
2 with no safety assessment. This criterion is an extremely conservative one: it does not count for any
engineering barriers and for the duration of the solution of radioactive polIution within the facility as weIl as
for the sorption and retardation of the radioactive pollution and for the dilution of the storage-derived
liquids on the travel paths. The idea is that if the criterion above is fulfilIed the preliminary conclusion on
the site suitability is convincing.

***
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