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Abstract: Two main Variscan granitoid plutons are in the Tisza Mega-Unit of south Hungary. The older
one (~340 Ma) belongs to the magnesio-potassic, met- to peraluminous calc-alkaline monzonitic series
with abundant mafic enclaves in Mdéragy Subunit. In the whole intrusive body, allanite-(Ce) crystallized
along with apatite and titanite as accessory minerals due to high Ca activity. The high concentration of Ca
and low Al in the melts favoured the crystallization of allanite. The chondrite-normalized REE pattern of
the host rock is controlled by the REE-rich allanite-(Ce). High oxidation of the unaltered allanite indicates
crystallization under high oxygen fugacities from high-temperature I-type granitoid magma. Allanite
crystallization was continuous over the entire magma solidification, as revealed by the abundant presence
of rock-forming mineral inclusions. Volatile-rich post-magmatic hydrothermal solutions altered the
allanite-(Ce) in different ways depending on the pH of solutions. Alkali-rich solutions leached Si and Al,
whereas acidic fluids dissolved and transported the REE, depositing them on the rims of crystals or in
nearby cracks as a form of fluorcarbonates. Some zoned crystals preserved the original magmatic REE
zonation after leaching of Al and Si. The younger plutons (300-325 Ma) occur in the southeast part of the
Tisza Mega-Unit in the Battonya Subunit. They consist of peraluminous, monazite-rich, high Al, low Ca,
two-mica and muscovite granodiorite-granite with mafic enclaves. The muscovite-rich granitoids are S-
type and belong to the monazite-type calc-alkaline granodioritic series with some metaluminous
amphibole-bearing enclaves.

Keywords: |-, S-type granitoids, allanite-(Ce), monazite-(Ce), REE distribution, alteration, Méragy
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1. INTRODUCTION

In granitoid rocks the REE (rare earth
elements), Zr, Hf, U, Th, Y, Ti, and P concentrations
are controlled by accessory minerals such as allanite-
(Ce), monazite-(Ce), xenotime-(Y), apatite, zircon,
thorite, sphene, magnetite, and ilmenite. The REE
distribution of the host rocks is governed mainly by
allanite-(Ce), monazite-(Ce) (xenotime), apatite,
zircon, and titanite. The granitoid melt, which
originated from the melting of igneous rocks (I-type)
at high temperature, contains low Al (metaluminous)
and high Ca. High concentrations of Ca increase the
stability field of allanite-(Ce) in melts (Johannes &
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Holtz, 1996) and therefore, in these rocks Ca-bearing
REE-rich allanite-(Ce) is common (allanite-type
granitoid) and REE-rich apatite is widespread.
Varieties with amphibole contain REE-bearing
titanite as well. Oxygen fugacity is high as a
consequence of the higher temperature of the silicate
melt, Fe is oxidized, and magnetite, Fe‘"’*-bearing
allanite, and Mn-poor apatite are crystallized.
Granitoid melts derived by melting of
sedimentary rocks (S-type) contain high Al
(peraluminous) and low Ca. The melting
temperature and oxygen fugacity are low, mostly
Fe?* and Mn*" are present in biotite as well as in
apatite, and ilmenite is crystallized (ilmenite-type
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granitoid). Light Rare Earth Elements (LREE)
bearing mineral is mainly monazite-(Ce) (monazite-
type granitoid), and Heavy Rare Earth Elements
(HREE) occurs in rare xenotime-(Y). Apatite is
depleted in REE and enriched in Mn. According to
Spicer et al., (2006), rounded crystal habits of apatite
and monazite-(Ce) in this granite are sedimentary
relics of the source rocks.

Allanite-(Ce) is present in rocks that contain
high CaO (>2.0 wt %), but only monazite-(Ce)
occurs in rocks that contain low CaO (<0.7%). Both
allanite-(Ce) and monazite-(Ce) are present at
intermediate CaO values (Lee & Bastron, 1967).

At higher values of D
[Na+K+2Ca/Al*(Si+Al)>1.1] and temperatures, the
H,O dissolves monacite, and allanite-(Ce) forms,
according to experiments by Montel (1993).

I- and S-type granitoids occur in the Tisza
Mega-Unit (Hungary). The purpose of this study is
to determine the geochemical characteristics of
REE-bearing accessory minerals in these rocks.

2. GEOLOGICAL SETTING

The present geological and tectonic setting of
the Carpathian or Pannonian Basin resulted from
multi-step evolution of geological structures. The
complexity is due to the tectonic position of the
territory. It is situated in a collision zone of the
European and African continental plates. The history
began with spreading, followed by a series of
collisions. During the Alpine orogeny, the drifting
and welding of the individual fragments were
accompanied by folding and nappe formation. At the
end of the Miocene, the attenuation of the crust
(upward bulging of the mantle) resulted in the
development of a large basin that determines the
present structural setting of the area.

The greatest part of the pre-Neogene
basement of the Pannonian Basin is composed of
two megatectonic units divided by the so-called
Mid-Hungarian Lineament in the NE-SW direction
(between Zagreb and Zemplen). North from the
lineament, the Alp-Carpathian-Pannonian
(ALCAPA) Mega-Unit occurs, whose southern part
is the Pelso Composite Unit, while the Tisza Mega-
Unit (TMU) is situated in the south (Fig. 1/A; Pal-
Molnér et al., 2001)

The TMU comprises the crystalline basement
of south Hungary, east Croatia, north Serbia, and
west Transylvania (Romania) (Haas, 2001). This
basement is covered by thick Miocene—Pliocene
sediments. During the Neogene the Pannonian Basin
underwent a complex tectonic evolution that
modified the original Variscan structures of the area.
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Figure 1. A — Sketch map of the main tectonic units of
Central Europe (CBP= Central Bohemian Pluton,
SBP=South Bohemian Pluton); B — Pre-Tertiary regional
structural map of the Hungarian part of the Tisza-Mega
Unit. Inset; simplified geological map of Békés Unit
showing the Variscan granitoids of Battonya Subunit after
Pal-Molnar et al. (2001); C — Geological sketch map of
Variscan granitoids of Méragy Subunit.

Separation from the Moldanubian Zone of Variscan
Europe started in the Late Triassic—Early
Cretaceous, as recorded by crystalline rocks and
sedimentary sequences (Haas & Péro, 2004; Csontos
& VOros, 2004; Schmid et al., 2008; Buda et al.,
2010). As an independent unit the TMU existed
from the Late Cretaceous, when its rotation began,



until the Early Miocene (Csontos, 1995; Marton,
2000, 2001).

The Hungarian part of the TMU is divided
into the Kunsag Unit (KU) and Békés Unit (BU,
Haas 2001, Fig. 1/B). The greatest portion of the KU
is also covered by sediments, and it outcrops only in
the eastern part of Mecsek Mountains in the Moragy
Subunit. The BU can be divided into four subunits:
Kelebia, Csongrad, Battonya, and Sarkadkeresztdr.
Battonya Subunit is a 15-25 km long, 10-15 km
wide body forming a flat anticline covered by 1000-
1500 m thick Miocene and Pannonian sediments.

In the Hungarian part of the Variscan TMU,
two types of granitoid plutons may be distinguished:
an older (340 Ma), deep-seated, metaluminous and
slightly peraluminous, K- and Mg-rich, I- and
allanite-type granitoid with K-Mg-rich  basic
durbachitic enclaves occurring in the southwest part
of the TMU outcropping in Moéragy Subunit
(Mecsek Mts, Fig. 1/C), and a younger (300-330
Ma), mostly strongly peraluminous, S- and
monazite-type granitoid in the southeastern part of
the TMU located in the Battonya Subunit (Fig. 1/B).

3. SAMPLING AND ANALYTICAL
METHODS

The samples from Moaragy Subunit were
collected from outcrops, boreholes, and tunnels. A
limited number of samples were obtained from the
boreholes from Battonya Subunit around Battonya,
Mezohegyes, Pitvaros, and Kunagota settlements.
These rocks were acquired from the rock collection
of the Department of Mineralogy, Geochemistry,
and Petrology of the University of Szeged.

The major element analyses of the rocks were
carried out by the inductively coupled plasma atomic
emission spectrometry (ICP-AES) method (lower
detection limit for major components: 0.01 wt%);
FeO content was determined by a titrimetric method
and H,O and H,O" by a gravimetric method;
inductively coupled plasma mass spctrometry (ICP-
MS) was used for trace element analyses (lower
detection limits were 0.5 or 0.03 g/t). Analyses were
executed by ALS Chemex in Canada (Vancouver).

REE minerals were analysed by the
wavelength dispersive spectrometers of an electron
microprobe analyser (EMPA, type JXA-733, JEOL).
The analytical conditions were an accelerating
voltage of 20 kV, a 40-60 nA electron beam current
defocused to 3-10 um, and a counting time of five
times of 5 s. For REE analysis the backgrounds were
determined by parabolas fitted to peakless ranges of
the X-ray spectra; line overlaps were taken into
consideration by overlap factors determined during
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standardization (Nagy, 1993). Y and most REE were
measured by their L, lines; Pr and U by their L
lines. Glass standards of Drake & Weill (1972) were
used for REEs, Y-Al-garnet for Y in xenotime-(Y),
oxide for Th, pure metal for U, and mineral
standards from Taylor Co. for Si, Ti, Al, Fe, Mn,
Mg, Ca, P, and F. The matrix effects were corrected
by the classical ZAF method. The detection limits
and typical analytical uncertainties are similar to
those of Casillas et al., (1995).

4. CHARACTERS OF HOST
GRANITOIDS

4.1. Moréagy Subunit

The main granitoid body has magnesio-
potassic, met- to peraluminous (ASI=1.00) character
and belongs to the calc-alkaline (A/NK=~1.56), K-
rich monzonitic series. It is K, Ca, and Mg enriched
whereas Al and Si contents are comparatively low
(D=1.26; Fig. 2).

These rocks are microcline megacryst-bearing
amphibole-biotite quartz-monzonite and biotite
monzogranite. The maximum microclines occur as
megacrysts and as small crystals in the groundmass
(medium triclinicity) and have white and pinkish
colour. Plagioclase is mostly zoned (Angs.g), quartz
forms knots with mostly undulatory extinction, and
hornblende and actinolite are common in amphibole
guartzmonzonite. The hornblende and biotite are
rich in Mg [Fe/(Fe+Mg)y,; = 0.48, 0.3710r].

The granitoid body contains several highly
potassic, metaluminous (ASI=0.77, A/NK=1.53,
D~1.92; Fig. 2) mafic enclaves (melamonzonite,
melasyenite, locally named durbachite). Amphibole
forms “pilites” with tiny chromite grains or occurs
as an uralitization product of ferrodiopside. The
biotite as well as the amphibole is rich in Mg (0.40;,
0.29m) compared with the host granitoid. The
plagioclase is andesine (Angg.40), SOmetimes “spike”
zonation can be observed (Anss.4s, Spike: Angg), and
microcline phenocrysts are rare.

A high amount of allanite-(Ce) occurs in
addition to apatite, and there is titanite in the enclaves
as well as in the enclosing granitoids (Buda et al.,
2010) due to the high Ca activity. A high concentration
of Ca in melt is known to increase the stability field of
allanite-(Ce) (Johannes & Holtz 1996).

Allanite-(Ce) is the major REE-rich mineral
which controls the condrite normalised REE patterns
of the whole-rock (rocks: XREEg =450 glt,
Euy/Eun*~0.60, ZREEy,,~270 g/t, Eun/Eun*~0.75).
At the border between granitoid and enclave, hybrid
rock (monzonite) occurs with a high content of
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Figure 2. ASI [Al,05/(CaO+Nay0+K,0)] v. SiO, and D [(Na+K+Li+2Ca)/Al*1/(Si+Al)], Montel, 1993) v. SiO, in
granitoids of TMU (4 granitoids of Mdragy Subunit, ® granitoids of Battony Subunit)

microcline and amphibole (ASI=0.91, A/NK=1.49)
and with very high XREE content (800 g/t) as a result
of abundant allanite-(Ce) with LREE enrichment
showing a negative Eu anomaly (Eun/Euy '=0.47).

The whole pluton is transected by slightly
peraluminous microgranite dikes (ASI=1.06, A/NK
~1.26, D=1.06, Fig. 2). Allanite-(Ce) was not
identified in these dikes but monazite-(Ce) occurs.
YREE content is low (110 g/t), the negative Eu
anomaly (Eun/Eun*~0.33) is large, and the
Y>LREE/XHREE ratio is the lowest among the three
rock types (Lan/Yby=10; Buda & PAal-Molnér,
2012).

The alteration (microclinization, albitization,
chloritization, sericitization, REE fluorcarbonates,
and epidote crystallization) and tectonic deformation
(schistosity, mylonitization, etc.) are widespread in

the igneous body.

The basic (enclaves) and acidic (granitoids)
melts probably crystallized at the same time. The
basic melt originated from the upper mantle, and the
acidic melt formed by partial melting of the
continental crust (Buda & Dobosi, 2004).

4.2. Battonya Subunit

These granitoid plutons have a slight thermal
contact zone and are surrounded by regional
metamorphic rocks and partly covered by Alpine
sequences. Generally they are medium-grained
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equigranular, sometimes with pinkish microcline
megacrysts. The majority contain biotite and/or
muscovite. The following rock types have been
distinguished:

I. Amphibole quartzmonzodiorite is greenish
grey, metaluminous (ASI=0.98, D=1.49; Fig. 2).
Amphiboles form large euhedral to subhedral
crystals and also occur as aggregates. The large
amphiboles are zoned; the core is Mg-hornblende
and the rim is actinolite. Biotite is subhedral and
Mg-rich [Fe/(Fe+Mg)=0.31], having a calc-alkaline
(Abdel-Rahman 1994) chemical character, and
sometimes anhedral in amphibole showing
replacement texture. Alteration of biotite to chlorite
is common. Primary muscovite is absent and
secondary white mica (sericite) is common in
plagioclase. The plagioclase has oscillatory zoning
varying between oligoclase (An;7;3) and andesine
(Ang4)  with  secondary  albitization  and
sericitization.  Sometimes they are unzoned
oligoclase (An;7.10). Cross-hatched microcline shows
replacement texture without perthitic exsolution.
Quartz is rare and deformed with wavy extinction.
Secondary calcite is also present. Accessory
minerals are acicular apatite, zircon, and very rare
monazite-(Ce). This rock has high XREE (=250 g/t,
Lan/Yby=19) and a rather low negative Eu-anomaly
(Eu/Eu*=0.91). It probably occurs as enclaves in the
main peraluminous granitoid pluton.



Il and Ill. Granodiorite and granite are grey
with biotite and muscovite or only with muscovite,
and sometimes they contain microcline megacrysts.
They are strongly peraluminous (ASI=1.3,
corundum ¢;pw=4, D=0.9; Fig. 2). Biotite is Fe-rich
[Fe/(Fe+MQ@)=0.58] and strongly pleochroic, with
peraluminous (P&l-Molnér et al., 2001) chemical
character, sometimes entirely altered to chlorite.
Euhedral or subhedral large primary muscovite is
common. In some areas it has grown across the
biotite, suggesting later crystallization from Al-rich
water-saturated melt. The plagioclase sometimes has
oscillatory zoning. The cores are mostly oligoclase
(Anys.0) and the rims are albite (Anyo). The cores
are strongly sericitized, altered to clay minerals, or
partly replaced by crossed-hatched microcline and
albite. Albite and microcline (Orgy;) are widespread,
occurring in replacement textures. Maximum
microcline occurs as megacrysts without perthitic
exsolution. Quartz is ubiquitous with wavy
extinction. Stubby apatite, zircon, and monazite-(Ce)
are common accessory minerals. The REE-rich
minerals are monazite-(Ce) and a few grains of
xenotime-(Y). Muscovite granite has low XREE
content (90 g/t) with a negative Eu anomaly
(Eu/Eu*=0.62-0.93, Lay/Yby=13). The REE
patterns are controlled by zoned monazite-(Ce).

The majority of the Battonya granitoids are
peraluminous (ASI>1) two-mica granodiorite and
granite. They are S-type and belong to the calc-
alkaline granodioritic series. The amphibole
guartzmonzodiorite enclaves are metaluminous.
Granitoids formed from the melting of “wet” crustal
rocks where two continental lithospheres
underplated after the collision.

5. ALLANITE-(Ce) IN GRANITOIDS OF
MORAGY SUBUNIT

The amphibole-bearing enclave, the hybrid
rock, and the granitoid are very rich in titanite,
allanite-(Ce), apatite, and zircon. The granitoids
without amphibole do not contain titanite. The
microgranite dikes contain garnet, apatite, zircon,
and some monazite-(Ce).

Allanite-(Ce) is the most important REE-bearing
mineral in the intrusion and controls the REE
distribution of the host rock (Buda & Nagy, 1995). It
is usually euhedral and zoned, sometimes twinned,
and mostly metamict. The grain size is between 2
and 0.5 mm. Inclusions of apatite, amphibole,
biotite, feldspars, and quartz are common, indicating
that they grew during the entire magmatic
crystallization. Allanite-(Ce) in ca 95 wt% is
considered to be unaltered (fresh), and that with a
lower total is regarded as altered.
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The unaltered allanite-(Ce) is rich in REE
(XREE,03~20-30 wt%, XREE: average,s: 0.761
pfu: enclaves,;5=0.752, hybridn: 0.809,
granitoidsns,: 0.751; see some representative
analyses in Table 1) and and low in Al content
(average=T'Al,gg: 1.693 pfu, enclaves,s: 1.624,
hybridn;: 1.687, granitoids,s,: 1.719) corresponding
with allanite-(Ce) occurring in  metaluminous
granitoids (Petrik et al., 1995). According to Exley
(1980), the ZREE and Al content of allanite-(Ce) has
a rather wide range from REE-bearing epidote
(clinozoisite) to REE-rich allanite-(Ce) with *REE
between 0.019 and 0.967 pfu and Al between 1.14
and 2.28 pfu. The oxidation rate of unaltered allanite-
(Ce) [f=Fe*"/(Fe*"+Fe*")] is between 0.48 and 0.28
(Fig. 3), or, according to Poitrasson’s (2002) equation
[f=(CREE+Th*/APF?)+1] are 0.38 (enclaves=0.43,
hybrid=0.36, granitoid=0.37), which corresponds
with the oxidation rate of I-type magmatic allanites
(Fe**/Fe®=0.4; Broska et al., 2000).
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Altered allanite-(Ce) is enriched in REE
(XREE,05~40-60 wit%, XREE between 1.7 and
3.9/pfu) and depleted in Al, Si, and Ca (Table 2).
Metamict grains are common and are surrounded by
radial cracks due to volumetric expansion. The
crystals are sometimes overgrown by epidote. Usually
they are altered, showing dark red colour, sometimes
with second-order greenish blue interference colour.
Alteration products are REE fluorcarbonates
[bastnasite-(Ce), parisite-(Ce)], thorite, and clay
minerals. The low totals (<95 wt %) indicate the
incorporation of water, besides carbonate.

Three types of alterations
distinguished:

1. Complex metamict euhedral grain with a

may be



Table 1. Representative microprobe analyses of allanites
from Moéragy Subunit

Table 1. (continued)

Enclaves Hyb. Granitoid
Enclaves | Hybride Granitoid 1 2 3 4 5 6 7
1 2 3 4 5 6 7 Nd 0.095| 0.131| 0.092| 0.127| 0.111| 0.114| 0.135
Si0, |34.30|32.75| 33.03|32.95|33.98|32.1232.14| |[Sm 0.009 | 0.013] 0.010 0.014] 0.024] 0.015 | 0.021
TiO, 138 1.47 115| 126| 1.27] 127| 110/ [Gd 0.018 | 0.011] 0.013] 0.014] 0.013] 0.009 | 0.014
Tho, | 1.73| 130 210| 123 174] 118| 118| LDV 0.000 | 0.006 | 0.005| 0.000] 0.000] 0.003| 0.007
uo, 009 0.06 006 0.07] 008 0.09] 010 2;2?2 1592 | 1575 1.566 | 1.754 | 1.689 | 1.568 | 1.547
AlLO; |1429[1515| 14.80|15.40| 1491|1530 15.05| | (oxiq) | 2139 | 23600 ) 20.920 | 26.750 | 23.180 | 23.480 | 23.360
v,0, | 000] 0.2 004] 015 0.08| 017| 051| | 1~428/14217.Uh-1, 104nV3; 3~ 12a3/4; 4 — O/L; 5-9/1/4; 6 -
Erd6ésm. D-7/1; 7 — Erd6sm. D-7/5. Remarks: first part = sample
Ce,0O; |10.54|11.92 10.67 | 13.52|11.58 | 12.08| 11.70 locality, second part = analysed point
La,0; | 6.08| 5.75 559| 7.41| 6.12| 6.11] 5.21
Pro0s 0.96] 1.11 0.96] 1.20| 101] 1.04| 1.4 Table 2. Representative microprobe analyses of altered
Nd,O; | 2.83| 3.83 268| 3.74| 3.28| 3.37| 3.96 allanites from Moragy Subunit
Sm,0; | 0.28| 0.39 030] 042| 0.74| 0.47] 0.63
Encl Hybrid Granitoid
Gd,0;, | 059| 0.35| 041] 045 0.42| 0.30] 0.45 1”""‘“’62 3y”e4 - ra”éo's -
Dy,0; | 0.01] 0.20 0.47| 0.01] 0.01]| 0.10| 0.22] [
Si0; 14.41| 18.20| 12.89 | 18.99 | 10.54 | 11.31| 12.14
Eu,0; | 0.05| 0.05 0.02| 0.00| 0.02| 0.01] 0.01] [
TiO, 080| 067] 032| 167| 147| 096 007
Er,0; | 005] 000 0.12] 0001 0001 0001 0.04) F 241| 459| 330| 230| 287| 185| 017
FeO  [1031| 9.77| 10.37| 9.75| 8.74|1251|12.62 : : : : : : : :
MnO | 053] 040] 052] 031] 042 06| 013] Y 0111 001 022 001} 029| 034} 0.29
MgO | 1.20] 1.30 067 171| 10a] 139 128 LALOs 454| 760| 521| 933| 563 650| 2.35
CaO [1156| 9.93| 1057| 9.16|11.40]10.19|10.21| | Y20 000| 021| 000| 000| 015| 0.22]| 008
Sro 0.30| 0.00 0.73] 0.00| 0.25| 0.00] 0.00| |Ce0s 28.55 | 18.87 | 20.86 | 19.70 | 27.04 | 25.86 | 30.95
Total 97.08 | 95.85 94.96 | 98.74 | 97.09 | 97.86 | 97.68 | | La,0, 15.85| 9.86| 18.02 | 12.47| 14.16 | 13.50 | 16.84
F 035| nd. nd| 011} 033] nd.| nd| |pro, 235| 176| 198| 162| 263| 260| 290
-0=F2 | -0.14 0.00 000} 0.05] -0.14] 0.00] 0.00] |yqyo, 743| 708| 453| 528| 854| 849| 10.60
CTotal |97.29] 95.85 94.96;‘228(.2()) 97.28|97.86 | 97.68| [ 73| o70| 025| o0sal 1o8| 106] oo
'T Gd,0; 134| 076| 044| 063 057| 059| 055
Si 3220]3.146] 3.189]3.124]3.210]3.052]3.065| 2= 000 006, 000 000, 004} 006] 001
M2 Eu,0; 001| 002] 000| 000| 001]| 004 060
Al 1.000] 1.000]  1.000] 1.000 | 1.000] 1.000 [ 1.000 | [Er2: 000| 000| 000 000| 000| 000} 0.00
M1+M3 FeO 338| 478| 513| 677| 1.06| 135| 039
Ti 0.097]0.106]  0.084] 0.090 ] 0.090 | 0.091 | 0.079 m”g 82: 822 (3)2 822 822 82? 22;
Al 0.580] 0.714|  0.683]0.729 | 0.659 | 0.712] 0.690 | > ' ' ' ' ' ' '
; cao 644| 730| 435| 751| 496| 492 3.98
Fe 0.328/0.231| 0300|0172 0.229|0.299| 0316 | [ 037] 000l o015] 0471 000l ool o000
Fe’ 0.437]0.528| 0.504|0.581 | 0.436 | 0.661 | 0.655| | Total 89.08 | 83.43| 81.07 | 87.96| 81.11| 80.02 | 84.15
Mg 0.168 | 0.186 0.096 | 0.242] 0.146 | 0.197| 0.182| | F 5.26 n.d. nd. nd.| 520| 524| 6.05
Sum |1.610]1.765| 1.667|1.804| 1560 |1.960 | 1.922| |-0=F2 221| 000| 000| 000| -219| -221| -2.55
Al CTotal 92.13 | 8343 8107 | 87.96| 84.12 | 83.05| 87.65
Ca 1.000] 1.000]  1.000] 0.930] 1.000 | 1.000] 1.000 | | SREE(oxid) | 56.26 | 39.11 | 46.11 | 40.24] 54.07| 52.20 | 63.45
A2 1-28/15; 2— Uh-1, 104m/1; 3 - 12a2/4; 4 —12a3/4; 5 —
Erdésmecske/10; 6 — Same/4; 7 — Same/15. Remarks: first part=
Ca 0.163 | 0.022 0.09310.000 | 0.154 | 0.037 | 0.043 sample locality, second part= analysed point
Mn 0.0420.033|  0.043|0.025 | 0.034 | 0.013 | 0.011
Y 0.000]0.006| 0.00210.008|0.004]0.00910026| ,5neq metamict core overgrown with unzoned
St 0.0160.000| 0.0410.0000.014]0.000|0.000| netamict allanite-(Ce) and surrounded by a thin
u 0.002]0.001} 0.001]0.001]0.002]0.00210002} yREE rich rim (REE fluorcarbonate); see figure 4. In
Th 0.037]0.028| 0.046]0.027]0.0370.026]0.026 | tha crystal core, from core to rim of the core crystal the
Ce  10.362/0419] 0377]0.469]0400]0420|0408] sRpEE shows positive correlations with U (r=0.8), Th
La 021010204 0.199]0.2590.213/0.214|0.183| (=0 6), and F (r=0.9) and negative correlations with Si
Pr 0.033 | 0.039 0.034 | 0.041 | 0.035| 0.036 | 0.040 (r:—0.9),AI (r:—0.9), and Fe (r:—0.6) (Fig. 4).
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Figure 4. Backscattered electron (BSE) image and
compositional diagrams of complex euhedral allanite-(Ce),
with altered REE-rich zoned core and unaltered zone with
thin REE-rich rim (hardly seen in the image) from granitoid
(numbers are the analyzed points)

Ca has no direct correlation with XZREE but
generally it also decreases with increasing I'REE
content. XHREE as well as ILREE are enriched
(LREE and HREE, r=0.8) toward the edge of the
core crystal. Lower totals are probably due to OH"
and CO;™. In the crystal cores, Si, Al, and (Fe) were
leached by solution with higher pH, and REE, Th,
and U distributions probably reveal the original in
situ “magmatic” zonation. The cores were later
overgrown by second generation of allanite (Fig. 4.),
and finally some REE-rich mineral precipitated at
the very edge as REE fluorcarbonate.

2. Inside the crystals irregular REE-rich or -
poor patches or zones are common (Plate 1, a, b, c).

3. The rim is depleted irregularly in XREE,
Fe, Mn, and Mg, sometimes with occurrence of
secondary thorite (Plate 1, d, e, f).

a‘v o 100 pm | e. . ;
Plate 1. BSE images of allanites from Mdragy Subunit
a. Euhedral partly altered crystal in enclave (unaltered (11,
12, 14) and altered (15) crystals; b. Altered zone (4) within
unaltered allanite (1,2,3,5) in hybrid rock; c. Altered zones
(4) in the middle of the unaltered crystal in hybrid rock; d.

Large euhedral unaltered (3) and altered fragment (1) of
allanite in enclave; e. Unaltered euhedral crystals (5) with
irregularly altered rim in granitoids; f. thorite inclusions

(small white grains) in the altered rim of the crystal in
granitoids (numbers in brackets are microprobe analyses in
the Table 1, Table 2 or in the data base).
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Leaching of different components of allanite-
(Ce) can be explained by changes in the pH of the
solutions. Basic (peralkaline) solutions (originated
from K-metasomatism or alteration of Na-rich
feldspar) leached Si and Al, while acidic fluids (e.g.
aggressive carbonic and hydrofluoric acids with
pH=4-5) mobilized the REE and Th as carbonate
(CO5?) or hydroxide (OH) complexes or free ions,
which were precipitated as REE (fluor) carbonate

[bastnasite-(Ce),  parisite-(Ce)] and thorite,
according to Nesbhitt (1979). REE-rich zones
occurring  within  allanite-(Ce)  crystals are

presumably sub-micron intergrowths of allanite-(Ce)
with bastndsite-type mineral phases (Zakrzewski et
al., 1992) or REE fluorcarbonate and clay minerals.

6. MONAZITE-(Ce) IN GRANITOIDS OF
BATTONYA SUBUNIT

The main granitoids are Al-rich two-mica and
muscovite granodiorite-granite where ASI is >1.1
and D<1. Only monazite-(Ce) occurs as a REE-rich
mineral in these rocks. Due to the high Al and low
Ca, only monazite-(Ce) can occur (Montel, 1993). In
amphibole guartzmonzodiorite enclaves, ASI<1 and
D~1.5, contain low amount of monazite-(Ce).

Monazite-(Ce) sizes vary from a few
micrometres to ~ 300 um. They are generally
euhedral or subhedral but rounded grains are also
common. The following textural types were
distinguished: 1. monazite-(Ce) inclusions in zircon
(Plate 2, a). 2. zircon inclusions in monazite-(Ce) and
intergrown with zircon (Plate 2, b, c). 3. monazite
and/or zircon inclusions in apatite and intergrowth
(Plate 2, d, e, f, Plate 3, a, b). 4. apatite and biotite
inclusion in monazite-(Ce) (Plate 3, c, d). These
textural relations indicate that monazite-(Ce)
crystallization ~ was  continuous  during  the

1T

0.98

0.96 |
0.94 A
092 A

0.2 1

0.38

REE+Y (atoms/pfu)

v

0.86
084 A
0.82 A

08 +

0 0.02 0.04 0.06 0.08

solidification of the granitoid melt. Zoned monazite-
(Ce) crystals are common, with normal (increasing
HREE towards the rim) as well as oscillatory
zonation (Plate 2, e, Plate 3, ¢, ).

Xenotime-(Y) is rather rare and is sometimes
intergrown with monazite-(Ce) and sometimes
euhedral (Plate 3, g). It occurs in two-mica granitoids.

Chemistry of monazite-(Ce): Monazite-(Ce)
in quartzmonzodiorite is rich in Ca, which
corresponds with higher Ca content of the host rock
(Table 3). A slight enrichment of HREEs (0.10 pfu)
can be detected in monazite-(Ce) from granitoids
compared with g-monzodiorite (0.089 pfu). The
negative correlation of LREEs versus HREES is
good (-0.74,-,5). Compositions are approximately
MO0g7.96HU,.4Chy.1,

(Ca=0.087-0.049 pfu, Th=0.042-0.038 pfu; Fig. 5).

Chondrite-normalized diagrams show
negative Eu anomalies. The high fluctuation and
differences in the HREE field are apparently
analytical uncertainties (Fig. 6).

7. SUMMARY

Unaltered and altered varieties of allanite-(Ce)
are very common in the Variscan granitoids of
Moragy Subunit and govern the host-rock chondrite-
normalized REE distributions. High oxidation of the
unaltered allanite-(Ce) indicates that it crystallized
under high oxygen fugacity from the I-type high
temperature granitoid melt. The crystallization was
continuous during the solidification of the rock as
evidenced by abundant rock-forming mineral
inclusions. The presence of allanite-(Ce) is caused
by the low Al and high Ca contents of the host melt.
The ZHREE content of allanite-(Ce) is three times
higher in the granitoid than in the enclaves.

Mo
M

—

Hu
1CH

0.12 0.14 0.18

01

0.16 0.z

Th+Ca (atoms/pfu)
Figure 5. Composition of monazite-(Ce) in TREE+Y/pfu — Th+Ca/pfu diagram after Broska et al., 2000
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Table 3. Representative microprobe analyses of monazite-(Ce) and xenotime-(Y) from Battonya granitoids

A Two mica granitoid Muscovite granitoid B
1. 2. 3. 4. 5. 6. 7. 8. 9.
ThO, 4.71 486| 501| 619 339| 2.06 4.36 466 | 4.26 4.51 279 | 419 377| 534| 378| 270| 529| 420| 425| 442| 434| 489 463| 510 439| 011
P05 29.52 | 30.94| 29.00| 28.21| 30.91| 29.83| 29.94| 30.63| 29.86| 29.53| 29.32| 29.25| 29.30| 29.16| 29.06| 27.78| 29.59 | 30.14 | 29.82| 29.49| 30.21| 30.36| 29.70| 30.42| 29.95] 33.88
Y203 0.83 292| 031| 056| 171| 227 2.17 0.54| 051 0.82 0.67 | 0.68 048| 080| 037| 106| 130| 0.22 0.63| 0.52 069| 030 071| 0.85| 0.38]4243
CaO 2.07 126| 093] 105| 120| 0.96 1.13 126 117 1.37 099 | 134 1.30 1.36 1.01| 047] 131| 091 0.98| 1.08 1.05 1.49 0.84| 152| 099| 024
uo, 0.11 1.70| 0.10| 0.06| 262| 143 1.09 0.10]| 0.10 0.40 0.37| 0.24 0.33| 058 0.27| 041]| 057| 011 0.17| 0.02 016| 004| 000| 0.16| 0.04| 1.09
Gd,03 1.02 188| 087 112| 148| 179 1.62 0.86| 0.95 1.26 091| 0.89 0.92 134| 076| 135| 1.78| 0.85 1.00| 055 093| 0.63 0.74| 110| 118] 223
Sm,03 1.88 219| 153| 199| 2.07| 253 2.37 177 172 2.33 186 2.01 185| 240 177 236| 273| 179 1.89| 1.73 1.86 1.63 1.90| 203| 2.03| 0.70
Nd,Os | 1241 | 10.67| 11.22| 1234 | 11.15| 1131 | 11.74| 12.44| 1266 | 1268 | 1227 | 1224| 11.93| 1289 | 12.68| 12.36| 12.74| 13.16| 11.86| 12.67| 1193 | 11.73| 1299| 12.76| 1259 | 0.49
Pr,0s 3.24 3.07| 323| 328| 298| 334 3.18 3.07| 314 3.31 3.16 | 3.19 313| 337 322| 3.18| 324| 343 3.27| 3.38 332| 294| 327| 319| 344| 0.10
CeO; | 30.25| 28.15| 32.72| 30.70| 28.48| 28.90 | 28.60| 31.17| 31.11| 29.73| 31.26| 30.44| 30.57| 29.20| 31.40| 30.99| 28.64 | 30.84| 30.64 | 32.06| 32.08| 31.44| 30.65| 30.35| 31.45| 0.20
La,0s | 1256| 11.80| 13.96| 12.40| 12.07| 1347| 1296 | 12.90| 1345| 1329 | 1575| 14.10| 15.34| 12.87| 15.23| 14.37| 11.12| 12.89 | 13.42| 13.27| 13.09| 14.35| 12.37| 12.36| 12.66 | 0.00
Th,0; 0.01 012| 0.00] 0.01]| 0.04| 0.0 0.08 0.00| 0.00 0.00 0.01| 0.02 0.01| 004| 000| 0.06| 011| 000| 0.06| 0.00| 0.00| 0.00| 0.02| 0.03| 0.00| 0.54
Ho,05 0.00 0.00| 0.00/ 0.00| 0.00]| 0.06 0.00 0.00| 0.00 0.12 0.06 | 0.01 0.01| 0.02 0.01| 0.00] 0.00| 000| 0.00/ 0.00] 000| 0.00| 0.00{ 0.00| 0.00| 1.29
Dy,03 0.19 081| 0.05| 0.17| 056| 0.77 0.66 0.13]| 0.04 0.26 0.27| 0.22 0.27| 0.29 0.10| 046| 044| 000| 0.27| 0.08 014| 004| 017| 0.24| 0.17]| 5.65
Er,03 0.00 0.13| 0.00] 0.02| 0.14| 0.10 0.09 0.00| 0.00 0.01 0.00 | 0.00 0.05| 0.01 0.01| 0.03] 0.03| 000| 0.00/ 0.00] 0.00| 0.00| 0.00{ 0.01| 0.00| 3.90
Tm,0s 0.00 0.00| 0.00] 0.00| 000| 0.5 0.07 0.00| 0.00 0.21 0.09 | 0.06 0.00| 015| 0.05| 0.07| 0.00| 000| 0.00| 0.00| 000| 0.00f 0.0 000| 0.0 0.73
Eu,0; 0.16 038| 0.45| 0.19| 0.15| 0.10 0.17 0.14] 0.19 0.20 0.23| 0.21 017| 0.27 0.18| 0.30| 0.21| 0.12 0.16 | 0.27 0.22| 0.16 0.18| 0.20| 0.09| 0.06
Yb,03 0.00 0.00| 0.00] 0.00| 0.00| 0.05 0.00 0.00| 0.00 0.05 0.00 | 0.00 0.00| 000| 001| 0.01| 0.00| 000O| 0.00| 0.00| 000| 0.00f 0.00{ 0.00| 0.00| 345
Lu,Os 0.00 0.00| 0.00] 0.00| 0.00| 0.00 0.00 0.00| 0.00 0.00 0.00 | 0.00 0.00| 000| 0.00| 0.00] 0.00| 000| 0.00| 0.00| 000| 0.00f 0.00{ 000| 0.00| 1.11
SiO, 0.31 0.00| 031| 0.75| 0.00] 0.09 0.16 0.85| 059 0.15 0.21| 0.07 081| 061 056| 168| 021| 022 1.70| 041 037 0.29 049| 040| 022] 037
Total 99.27 | 100.88 | 99.39| 99.04 | 98.95| 99.31 | 100.39 | 100.52 | 99.75 | 100.23 | 100.22 | 99.16 | 100.24 | 100.70 | 100.47 | 99.64 | 99.31 | 98.88 | 100.12 | 99.95| 100.39 | 100.29 | 98.66 | 100.72 | 99.58 | 98.57
Numbers of ion on the basis of 16 (O)
Si 0.049| 0.000| 0.049| 0.121| 0.000| 0.014| 0.025| 0.130| 0.092| 0.024| 0.033| 0.011| 0.127| 0.096| 0.088| 0.267| 0.033 | 0.035| 0.261| 0.064| 0.057 | 0.045| 0.077| 0.062| 0.035]| 0.051
P 3.928| 4.019| 3.914| 3.839| 4.067| 3.970| 3.955| 3.969| 3.945| 3.934| 3.916| 3.939| 3.879| 3.876| 3.877| 3.741| 3.956| 4.013| 3.877| 3.926| 3.970| 3.982| 3.969| 3.970| 3.982 | 3.926
La 0.727| 0.667| 0.820| 0.735| 0.691| 0.780| 0.745| 0.727| 0.773| 0.771| 0.916| 0.826| 0.884 | 0.745| 0.884| 0.842| 0.647 | 0.747 | 0.759| 0.769 | 0.749| 0.819| 0.719| 0.702| 0.733 | 0.000
Ce 1.739| 1579| 1.908| 1.805| 1.619| 1.662| 1.632| 1.745| 1.776| 1.711| 1.803| 1.771| 1.748| 1.676| 1.810| 1.803| 1.654| 1.774| 1.721| 1.844| 1821 | 1.781| 1.769| 1.711| 1.806 | 0.010
Pr 0.185| 0.171| 0.187| 0.192| 0.169| 0.191| 0.181| 0.171| 0.178| 0.190| 0.181| 0.185| 0.178| 0.193| 0.185| 0.184| 0.186| 0.196| 0.183| 0.193| 0.183| 0.166| 0.188| 0.179| 0.197 | 0.005
Nd 0.696| 0.584| 0.638| 0.708 | 0.618 | 0.635| 0.654| 0.679| 0.705| 0.712| 0.691| 0.695| 0.666 | 0.722| 0.713| 0.702| 0.718 | 0.739 | 0.650| 0.711| 0.661| 0.649| 0.732| 0.702| 0.706 | 0.024
Sm 0.102| 0.116| 0.084| 0.110| 0.111| 0.137| 0.127| 0.093| 0.092| 0.126| 0.101| 0.110| 0.100| 0.130| 0.096| 0.129| 0.148| 0.097 | 0.100| 0.094| 0.099 | 0.087| 0.103| 0.108| 0.110] 0.033
Gd 0.053| 0.095| 0.046| 0.060| 0.076 | 0.093| 0.084| 0.044| 0.049| 0.066| 0.048 | 0.047| 0.048| 0.070| 0.040| 0.071| 0.093 | 0.044 | 0.051| 0.029| 0.048| 0.032| 0.039 | 0.056| 0.061|0.101
Y 0.069 | 0.238 0.026 | 0.048| 0.141| 0.190| 0.180| 0.044| 0.042| 0.069 | 0.056| 0.057| 0.040| 0.067| 0.031| 0.090| 0.109 | 0.018 | 0.051| 0.043| 0.057 | 0.025| 0.060| 0.070| 0.032 | 3.087
U 0.004 | 0.058| 0.004| 0.002| 0.091| 0.050| 0.038| 0.003| 0.003| 0.014| 0.013| 0.008| 0.011| 0.020| 0.009| 0.015| 0.020 | 0.004 | 0.006 | 0.001| 0.006 | 0.001| 0.000| 0.005| 0.001]0.033
Th 0.168| 0.170| 0.182| 0.226 | 0.120| 0.074| 0.155| 0.162| 0.151| 0.162| 0.100| 0.152| 0.134| 0.191| 0.136| 0.098| 0.190 | 0.150 | 0.149| 0.158| 0.153 | 0.172| 0.166| 0.179| 0.157 | 0.003
Eu 0.010| 0.020| 0.010| 0.010| 0.010| 0.010| 0.010| 0.010| 0.010| 0.010| 0.010| 0.010| 0.010| 0.010| 0.010| 0.020| 0.010| 0.010| 0.010| 0.010| 0.010| 0.010| 0.010| 0.010| 0.000 | 0.000
Tb 0.000| 0.010| 0.000| 0.000| 0.000| 0.010| 0.000| 0.000| 0.000| 0.000| 0.000| 0.000| 0.000| 0.000| 0.000| 0.000| 0.010| 0.000 | 0.000| 0.000| 0.000| 0.000| 0.000| 0.000| 0.000 | 0.020
Dy 0.010 | 0.040| 0.000|0.010 | 0.030| 0.040| 0.030| 0.010| 0.000| 0.010| 0.010| 0.010| 0.010| 0.010| 0.010| 0.020| 0.020 | 0.000 | 0.010| 0.000| 0.010 | 0.000| 0.010| 0.010| 0.010 | 0.250
Ho 0.000 | 0.000| 0.000| 0.000| 0.000| 0.000| 0.000| 0.000| 0.000| 0.010| 0.000| 0.000| 0.000| 0.000| 0.000| 0.000| 0.000| 0.000| 0.000| 0.000| 0.000| 0.000| 0.000| 0.000]| 0.000 | 0.060
Er 0.000| 0.010| 0.000| 0.000| 0.010| 0.000| 0.000| 0.000| 0.000| 0.000| 0.000| 0.000| 0.000| 0.000| 0.000| 0.000| 0.000| 0.000| 0.000| 0.000| 0.000| 0.000| 0.000| 0.000| 0.000]0.170
m 0.000| 0.000| 0.000| 0.000| 0.000| 0.010| 0.000| 0.000| 0.000| 0.010| 0.000| 0.000| 0.000| 0.010| 0.000| 0.000| 0.000 | 0.000 | 0.000| 0.000| 0.000| 0.000| 0.000| 0.000| 0.000 | 0.030
Yb 0.000| 0.000| 0.000| 0.000| 0.000| 0.000| 0.000| 0.000| 0.000| 0.000| 0.000| 0.000| 0.000| 0.000| 0.000| 0.000| 0.000| 0.000| 0.000| 0.000| 0.000| 0.000| 0.000| 0.000| 0.000 |0.140
Lu 0.000| 0.000| 0.000| 0.000| 0.000| 0.000| 0.000| 0.000| 0.000| 0.000| 0.000| 0.000| 0.000| 0.000| 0.000| 0.000| 0.000| 0.000| 0.000| 0.000| 0.000| 0.000| 0.000| 0.000]| 0.000 | 0.050
Ca 0.349| 0.207| 0.159| 0.181| 0.200| 0.162| 0.189| 0.207| 0.196| 0.231| 0.167| 0.228| 0.218| 0.229| 0.171| 0.080| 0.222 | 0.153 | 0.161| 0.182| 0.175| 0.247| 0.142| 0.251| 0.167 | 0.035
Cations | 8.069 | 7.904| 8.017| 8.027| 7.903| 7.958 | 7.965| 7.974| 8.002| 8.010| 8.025| 8.029 | 8.033| 8.015| 8.040| 8.022| 7.976 | 7.970| 7.969| 8.014| 7.984| 8.006 | 7.964| 7.995| 7.987 | 7.308

A — quartzmonzodiorite; B — xenotime-(Y) two mica granitoid. 1. Battonya-E; 2. Battonya-10; 3. Battonya-37; 4. Battonya-41; 5. Battonya-64; 6. Battonya-12; 7. Battonya-17; 8. Battonya-63; 9. Battonya-37




Batt-12

10 pm

f.
Plate 2. BSE images of accessories of muscovite granitoid
from Battonya Subunit
a. Monazite-(Ce) inclusion of zircon; b. Zircon inclusion
in monazite-(Ce); c. Monazite-zircon intergrowth; d.
Monazite inclusions in apatite; e. Zoned monazite
inclusion in apatite; 6. Monazite and zircon inclusions in
apatite. Legend: Mnz = monazite; Zrn = zircon;
Ap = apatite; Bt = biotite
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Plate 3. BSE images of accessories of muscovite granitoid

from Battonya Subunit

a. Monazite-(Ce) in and at the rim of apatite; b. Monazite

and apatite intergrowth; c. Apatite inclusions in monazite; d.
Biotite inclusion in monazite; e-f. Zoned monazites; g.
Euhedral xenotime-(Y). Legend: Mnz = monazite;
Zrn=zircon; Ap = apatite; Bt = biotite

Post-magmatic processes such as
hydrothermal solutions altered the allanite-(Ce) in
different ways depending on the pH of solutions.
Higher pH leached the Si and Al, while lower pH
resolved the REE, which were transported and
precipitated in the rim of crystals or in nearby cracks
as REE-rich fluorcarbonates. Some of the zoned
crystals preserved their original magmatic REE
zonation, showing higher ZREE content towards the
edge even after the leaching of Al and Si. The
changing pH caused secondary allanite-(Ce) and
epidote crystallization later on.



Monazite-(Ce) rarely xenotime-(Y) occur in
Al-rich, Ca-poor granitoids of Battonya Subunit.
Similarly with allanite-(Ce), crystallization of
monazite-(Ce) was continuous during solidification
of rocks.

8. DISCUSSION AND CONCLUSION

The SiO, contents of the host rocks of
allanite-(Ce) and monazite-(Ce) have a negative
correlations with ZREE (e.g., ZREE=450 g/t in basic
enclaves, 270 g/t in granitoids, and 110 g/t in
microgranite  in  Mecsek or 250 g/t in
guartzmonzodiorite and 90 g/t in muscovite
granitoid in Battonya). The Lay/Yby ratios also
decreases with increasing SiO, (Moragy Subunit:
Lan/Yby=30 at SiO,=60 wt% and 10 at SiO,=76
wt%; Battonya Subunit: Lay/Yby=20 at SiO,=55
wt% and 13 at SiO,=73 wt %). Decreasing
temperature promotes polymerization of Al and Si.
This environment is not favoured by XREE, and
consequently  high-SiO,-content  granitoids are
depleted in REE (Miller & Mittlefehldt, 1982). With
increasing volatiles, LREE go into solution, HREE
becomes relatively enriched (Rapp & Watson, 1986)
in the rock, and xenotime can crystallize.

Large euhedral allanite-(Ce) occurs in Ca-rich
metaluminous enclaves and granitoids of Moragy
Subunit (ASI=0.8-1.0, D~1.9-1.3, and CaO=5-2 wt
%). Unaltered allanite-(Ce) has considerably lower
Th (0.032/apfu), U (0.001/apfu), and La+Ce+Pr
(0.656/apfu) compared with allanite-(Ce) showing a
different rate of alteration (average Th=0.089/apfu,
U=0.007/apfu, La+Ce+Pr=2.453/apfu). The U
content increases with XLREE (r=0.8), as does Th
(r=0.6), but Th can crystallize as small thorite grains
in the altered rims of allanite-(Ce). Intense alteration
of allanite-(Ce) is due to hydrothermal activity.
Alkali-rich fluids due to K-metasomatism and
alteration of Na-rich plagioclase dissolve the Si and
Al contents of allanite-(Ce), and REE become
relatively enriched. The decreasing pH of
hydrothermal fluids caused secondary allanite-
epidote crystallization or even leaching of REE, and
REE fluorcarbonates [bastnasite-(Ce), parisite-(Ce)]
and thorite precipitated from saturated solution. K-
metasomatism and hydrothermal alteration are
widespread in the I-type granitoid intrusion of
Moragy Subunit.

Small, mostly rounded grains of monazite-
(Ce) are ubiquitous in S-type peraluminous
granitoids of Battonya Subunit (ASI~1.0-1.3,
D~0.9, Ca0=0.5-1.8wt%). The solubility of
monazite-(Ce) is therefore low in the peraluminous
melt (SiO,-Al,05-K,0-Na,0); therefore, monazite-
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(Ce) is common in these two-mica granites (Montel,
1986).

Monazite-(Ce) is enriched in LREE (average
La+Ce+Pr: 2.697/apfu). The Th content (0.154/apfu)
is 10 times more than the U content (0.015/apfu). U
has a weak correlation with LREEs (r=0.6).
According to mineral inclusions of monazite-(Ce),
its crystallization from the magma was continuous,
starting with a higher temperature (monazite-(Ce)
inclusions in zircon) and finishing with an alkali
volatile-rich low-temperature environment (biotite
inclusion in monazite-(Ce)). Local decreasing of the
alkali content — due to the previous biotite
crystallization decreases the solubility of
monazite-(Ce), and consequently, monazite-(Ce) can
crystallize after biotite.
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