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RADIOELEMENT DISTRIBUTION AND HEAT
PRODUCTION OF TWO-MICA MONZOGRANITES
FROM THE MOLDANUBIAN BATHOLITH OF
THE BOHEMIAN MASSIF (CZECH REPUBLIC)
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ABSTRACT. The two—mica granites of the Eisgarn type of the NMoldanubian batholith
are perahuinons grauites generated by partial melting of metapelites nnder the
conditions of the lower to middle crnst, The U and Th contents are controlled in
these rocks either by the presence of accessory minerals (apatite. Xenotime. monazite
and zircon), or. in the case of uraninm. also by adsorption of mscovite at the surface.
The variability in the partial melting degree of the granites is retlected by a higher
variability in both

procduction values. This variability is displayed not only among Che individual defined

subtypes. but also within the subtypes themselves.
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. INTRODUCTION

The Molda
of the
postorogenic two-ni
youngest
desiguated as being of the
batholith,
of this magmatic
porphyritic phenocrysts into the Cimér, Mrakotin and Landstejn subtypes (Koutek,
1925: Zoubek, 1949) (Fig. 1). Klecka et al. (1991) revised this subdivision aud
attempted
results
he controversial, and the terin
subtype.
The Cimér subtype comprises medimm—grained. characteristically porphyritic
two—niica
granites of the
of the Mrikotin (Destud) subtype
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Fira. 1. Map of the granite type distribution in the Moldannhian
batholith (after

anthior.

I = Weinsherg type. 2 - Lasenice type. 3 — Freistadt type. 1 - Choér
subtype. 5 = Mrakotin (Deftna) subtype. 6 = LandStejn subtyvpe. 7
Rastenberg type. 8~ Homolka type, 9 - Subvoleanic dykes of granite
porphyre.

granites with oceasional
which may be absent. |
formed by coarse—grained. again characteristically porphyritic. two-mica granites,
In the cowrse of geological inapping aud exploration for uranim nuneralization,
the tmonzogranites of the Cimeér subtype have tarned out to he s
than the Mrakotin (Destnd) monzogranite subtype. the vounge:
the Landsteju monzogranites

In the granites
and Wedepohl (1994) have proved higher concentrations of
ments tha
(Haack. 1982). Unlike the two-inmica granites of the French Massil Central and of
the Armorican massil. known lor their nuportant vein-r,
(Friedrich. Caney and Poty, 1987). the two-tica monzogranites of the Moldanubian
hatholith have ouly one economically tiuportant ocenrrence of this mineralization
near Okrouhla
monzogranites of the Eisgarn type in the Klenov massil and invhe ain body of

the Moldanubian bhatholith in the wider surronndings of vhe Chiner — type locality

were 1nvestiga (U.Th. N)
atd mineral
siuhtypes.
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A extensive radiometric snrvey nsing the anto—gamma method was carried ont
i the area of the Moldamnbian hbatholith in the seventies. The snrvey revealed dif-
fereuces in radioactivity ol the separate varieties of granites of the Eisgarn sl
and anomalies associated above all with the shear zones at eastern margin of 1he
INlenov massif. These zones of increased radioactivity were subsequently snbject to
follow—up exploration which did not. however. indicate any economically iuterest-
ing uranimm-ore coucentrations. Radiometric survey has also proved a significant
variability in the content of radioactive elenients in the Mrikotin (Destnd) snbrype
in the Klenov massif (Vesely. 1970).

This area was covered also by
1250000, supplemented by checking some anomalons sections with gromid gannna
spectrometry (Dédacek et al.. 1991). The airborne and gronnd gannna spectrorn-
etry has corroborated. the previons results of the radiometric survey and Lielped
to ideutify the reasons for the anomalons concentrations
i the varions types of granites of the Moldanubian batholith. Some increased
concentrations of total radioactivity can. according to giunma spect romet ry.
cribed to the oscillating potassimmn content i the Mriakotin (Destui) subtype. The
areas i which the Cimer subtype J
of thorinm ¢ (
with the metamorphic rocks of the Moldambian zone. A distinet decrease in tho-
rin content has. on the contrary, heen recorded in the areas of ocenrrence of the
coarse—grained Landstejn snbtype. The airborne ganmma spectrometry has shown
enrichment in uraninm along sevel
the Okroulild Radoun nranimn deposit, nevertheless. it has not revealed any new

anonalons linear structnres.

2. GEOLOGICAL SETTING

The Klenov massif fors the largest subsidiary single body of the Eisgarn v pe
in the Czech part of the Moldanubian batholith. At its northeastern margin lies
the Okronhlad Radonn wranimmn deposit. which provided thie opportanity to stndy
the relations between the individual subtypes of thonzogranites of the Eisgarn tyvpe
over a distance
Tliree subtypes of mounzogranites of the Fisgarn type were defined within the Klenov
massif during exploration
hody of the Klenov massif consists of equigrannlar. fine to medimn-grained. fwo
mica monzogranites of the Mrakotin (Destna) subtype. Independent apophyses of
the Cimer subtype occur at the northeastert margin of the Nlenov massif. Sonie of
these apophyses are also several Iinndreds of metres thick. The lencocratic aplite
granites that formn a transitional subtype between the Mrakotin (Destna) snbivpe
and the dyke aplites have heen identitied in the mine workings ol the Okronhla
Radonin ore deposit aud in the surface horeholes. Two-niea monzogranites of hotl
the Cimeér and Mrakotin (Destni) subtvpes were sampled in the main body of the

Moldambian batholith.
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3. SAMPLING AND ANALYTICAL NMETHODS

When possible, samples 2 to b kg in weight were collected for the study of the
distribution of radioactive elements and of other compouents.  Only samples of
unaltered granites were collected. The concentrations of radioactive elenients were
determined using a Canberra nnltichhannel gannna spectrometer. The sanples were
placed in almninium casings 450 cnr® in volime. A 37 x 3" Nal(T1) scintillation de-
tector was used for the measurements.
measuring the concentratious of the individnal radionndides: 85— 105 keV (***Th).
215-265keV (*'Pb) and 1400 - 1520 keV (*"IX). Onr own standards and those of
the INEA (RGU-1, RGTh-1 and RGK-1) were nsed for standardization. Measure-
ments of the U, Th and K concentrations were made in the NEGA Taboratories
(Uranium Industry) at Straz
ples were collected
Nova Bystrice, in the main body of the Moldanubian hatholith, The calenlation
of the radiogenic lieat production was based on the Rybach (1976) fornnila nsing
the following density values: granite of t
(Destna) subtype
of major and selected
was analysed by X—ray spectrometry

Janackova).

1. PETROLOGY

Monzogranites
granites with alimina saturation index valnes between 118 and 1.23. The mon-
zogranites of the Cimér subtype contain roughly the sane mmonnts of K—feldspar
and plagioclase (Aug_y), gnartz,
nscovite. The total amount of micas oscillates around 10 %. Accessory minerals
comprise andalusite, apatif
over zircot. The occurrence of porphyritic K=feldspar phienocrysts, 1 =23 cinin size.
is characteristic. They form abont 5% of the rock.

The monzogranites of t
clase (An7_14), quartz. biotite and muscovite. Accessory minerals are represcented
by audalusite, zircou, xenotime, nmonazite, rut
opaque miuerals represent
mica monzogranites
minera
from this subtype
ture.  The An value of plagioclase is lowest 11 comparison with the two other
subtypes, being Ang on average. Besides andalusite. also cordierite and
ite occur. Monazite lias been analysed and identified by detailed investigations of
the two—nica granites (Jalovec. 1992: Finger et al., 1996: God, Oberlerchier and
Brandstatter, 1996).

The geochenucal studies of Vellimer and Wedepolil (1994). Hefimanek
Breiter
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by partial melting of imetapelites under conditions of the lower to middle crust. The
homogenization of the granitic melt and the separation ol parts of the magma took
place during partial melting. The inflnence of diflerent

along with a varying

(Chinér and Mrakotin

mica granites with

subordinate

the Moldanubian batholith. Varving proportion of the origital

nent is reflect ed either in the fluctuation ol the almmina saturation index. or 1 the
oscillation of the andalusite or cordierite. sillimanite or garnet contents. Var,
degrees of partial melting were. therefore. probably the dominant proc

genesis of the two—niica

D, DISTRIBUTION OF RADIOELEMENTS IN CiRANITES

The radioelement analyses were statistically processed and the results are pre-
seuted 1n Table 1. Owing to the limit
used to calculate
of radioactive elements to occrr in the Cimeéi subtype of the main hody of the
Moldanubian batholith.
the Cher subtype from the northeastern margin of the Klenov massif
rivin content.,
(Destna) subtype. The granites of the
massif show the lowest thorimm contents,
aplite granites
highest Th/U ratio has been reported in the monzogranites f
of Ciméi in the subtype of the satme nane consisting of
zogranites (5.17). The lowest one is characteristic for
the Klenov massif (0.6
satne direction.
The highest
in the Chimér subtype of the nain hody of the Moldambian batholith. Neverthe-
less, these values are lower hy one half
the
Distinetly
of the main body of the Moldanubian batholith and in all snbtypes of t
tyvpe of the Klenov massil
detected by a
marked difference between the Cimer sabtype of the main body of the Moldanihbian
hatholith and the Klenov massif as a whole.
The study of the distribution of radiogenic elenients in granites ol the Moldanu-
hian ba
garn type not ouly as regards the U and Th contents, hat also the N content. The
highest values of radiogenic heat production observed so far have been fonnd in

the Eisgarn type on Anstrian territory (Vellmer and Wedepohl. 1994: Gnojek and
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TasLe 1. Distribution of the Ul Th, K and radiogenie heat pro-
duction in the studied granitoids ol the Moldanubian

batholith (1median NMe). s standard deviation
[ (ppi) [ Th (ppr) | K (wr.%) [eat Th/U | Nuuber
production of
(p\Win=") | sannples |
Me| s | Me | s [ Me| 5 [Me]| s
KNlenov massif G.OO[ L1 1390 1.35 [ 385029 2.83] 0.29 | 2.32 i
Chinér subtype |
Klenov massif DROP287] A 10 | 304 [ 3830044 | 196 | 0.84 ] 0.71 39
Destna snbtype
Klenov massif —  [4.90 3.4 3.00 | 1.25 [3.8010.30(1.94] 1.08 | 0.61 3]
aplitic granite | . .
| Cier subtype | 4.90[2.82]25.35] 10,49 [4.40] 0.35 [2.50] 106 | 5.17 12
Mrakotin sibtype [ 5.60] 1.81] 19.30] 10.69 | 4.35] 0.35 | 2.84] 1.07 | 3.45 I
Eisgarn type 16 35 4.40 (.82 2 19 |
(Vellimer.
Wedepohil, 1994) |

Breiter, 1996). These values are markedly lower in the area of the Klenov
even lower than those

The association \ \

hased ou the geocheniical study of the rocks of the Klenov miassil. Correlation anal-
vsis was used for this purpose. This analysis

tween the Tl coutent and the contents of TiO.. MgO. Ba. Zr and Ce (‘Table 2). No
correlation bhetween U and Th contents was established i the porphyritic granites
and a positive correlation hetween the two elernents was fownd e the even-grained
and the aplitic

tween the U and Th contents and the content of Ph. The results ol tlie coreelation
analysis shiow U and Th to be associated above

or xenotite. The ThOo content in the monazite from the Bisgarn type granites
is T 13% (God pers. conmme: Jalovee 1992). The signilicant correlation hetween
Th and MgO is caused by the fact that most of the monazite is enclosed in biotite
grains. The relation of the U and Th contents to thar ol the rock forming minerals
was investigated in the two—niica monzogranites of the Klenov

correlation between the content of U and that of mnscovite (correlation coeflicient
0.33) and the content of Th and biotite (correlation coetlicient 0.4%5) was observed,

6. DiscrssioN

The results of the
the study of the concentration ol nijor and trace elements i the Klenov

agree with the previous results ol the airborue and ground gana spectronietry.
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TABLE 2. Correlation coeflicients for U and Th of the two

iica granite from the Klenov massif (1 = 39)
T i :
110, 0.2 .23
NgO 0.46 ().28
P,0; 0.16 | —0.08 |
Rh 0.35 0.09
Ba 0.49 0.03
Sr 041 —0.09 |
Zr 0.5 0.27
(e ' 0.1 —0.15
Y —0.08 0.11
| Th 0.31
i
;‘ } - ocC
=10 2]
T oo
CI 0R
=5 S
O @~ O ©
g &0 Yo
(1]
0 10 20
U (ppm)

Fia. 2. Content of U and Th in the two—iica

granites of the Nlenov inassil

These results snggest that the highest concentrations of radioactive elelnents ocenr
in the Ciimé subtype of the niain body of the Moldannbian batholith, The results
of the ground gamma spectrometry on the Czechi=Austrian border and on Anstrinn
territory (Breiter and Guojek. 1996) and the analvsis of U and Thoin the granites
of the Eisgarn-type ou Aunstrian territory (Velliner and Wedepohl. 1994) show the
concentrations of bhoth elernents. bt of thoriim i particular. to inaease sont -
ward. Higher concentrations of thorinin were associated with higher coucentrations
of monazite in the porphyritic two-iica granites of the subtvpe Cimér, or of 1he
Eisgaru=type on Austrian territory, and with the content of sphene and monazite in
the two-imica granites of the Destnd subtype in the Klenov miassif. The distinetly
positive correlation between the coutent of MgO and U in the porphvritic granites
of the Cimeér subtype (Fig. 3) and between the content of MgO and Th i the
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Fra. 3. Content of U and MgO in the two nea

granites of the Ciméi subtype
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Ficg. 4. Content of Th and MgO m the two-1ica gra-
nites of the Czecli part of the Eisgarn type
O - Destua (Mrakotin) subtype. B — Ciméai subtype

all subtypes of two—mica granites of the Noldanubian batholith (Fig. 4) suggests
monazite to be euclosed above all in hiotite and 1ts content to increase with that
of biotite, a fact proved by the correlation—coeflicient value. This is also supported
by the positive correlation between the contents of Th and Rb. Williainson et
al. (1996) mention a similar comrelation observed in the Millevaches pluton of the
Massif Central and they ascribe this to the presence of small amonuts of biotite
restite, producing high Rb and containing iuclusions of monazite. producing high
Th. The geochemical investigation has proved U and Th contents to he coutrolled
above all by the preseuce of accessory ininerals (apatite, zircou. mouazite, xeno-



RADIOELEMENT DISTRIBUTION AND HEAT PRODUCTION OF Two-Nijca ... 63

titne, rutile and sphene). The U content in the two—mica monzogranites of the
Destna subtype from the Klenov niassif is also controlled by the mnscovite con-
tent. Part of the uranimun could have been adsorbed at the surface of mmscovite.
According to Friedrich, Cnney and Poty (1987). zircon. monazite and apatite hind
2535 % of the whole—rock U conutent. According to Bea (1996). in low=Ca per-
almninous granites, U resides nostly in xenotime (about 5060 %). followed by
nraninite. monazite. pyrochlore and zircon. Mounazite, with abont 65380 %. is the
most nmportant Th reservoir. whereas zircon, xenotime and apatite acconut for
abont 1-2% each (Bea, 1996). The low solubility of monazite. apatite aud zircon
in melts of peralum inous granite (Green and Watson, 1982 Warson and Harrison.
1983; Rapp and Watson, 1986: Moutel. 1986) induces their early fractionation with
plagioclase and biotite during partial melting. In comparison with the peralunii-
nous lencogranites of the French Variscides (plitons St Sylvestre. Guérande and
Grandrien) (Friedrich, Cuney and Poty, T987). the U and ‘Th contents m the nves-
tigated granites of the Moldanubian batholith are lower than those i the granites
of the St. Sylvestre pluton and similar to those in the Grandrien and Guodrande
plutons.  Lower contents of radioactive elements in the two-nica monzogranites
of the Moldanubian hatholith can he best explained by their lower nranihnn ore
potential (the total reserves of the Okronhld Radoun U deposit were 1300t U ac-
cording to Surdn and Vesely (1997)) in comuparison with that of the St Sylvestre
plnton. whose potential can be expressed in terins of 380001 of nraninm reserves
(Friedrich, Cuney and Poty, 1987). These authors assimme that the U enriclient
of peralnuinons silicate liquids during partial nmelting will depend critically on the
atnonnt of U located ontside the Tattice of weakly soluble accessory minerals (zircon.
monazite, apatite). This U will displvy a marked incotnpatible helhiavionr and will
strongly fractionate i favour of the anatectic melts. The results of the study of U
distribution in the two—mica granites of the Destnad subtype snggest an important

part of U to be adsorbed at the surface of minscovite.

7. CONCLUSION

The two—mica monzogranites of the Eisgarn type make up the largest portion of
the C'zechi part of the Moldannbian batholith, With regard to its grain size and tex-
ture, this type can be subdivided into further subtvpes. The Chiner and Mrakotin
(Destna) subtypes are the miost nnportant among then.  As to the content of
natural radionnclides U, Th and K. the Cihiner subtype displays the highest con-
centrations of Th and K. having also the highest valnes of heat prodnction. Lower
valunes of both elenients have heen detected in the NMrakot i (Destna) subtype. -
ticnlarly i the Klenov massif. The lowest contents of K and Th are characteristic
for the aplitic 1monzogranites of the Klenov massif. The 'Th content is controlled
above all by the presence of monazite, that of nraninn is partly controlled by the
Zr content and partly by its adsorption at the sinface of mscovite.
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DISTRIBUCE RADIOAK TIVNICH PRVKU A TEPELNA PRODUKCE
DVOJSLIDNYCH MONZOGRANITU MOLDANUBICKEINO
BATOLITU C'ESKEHO MASIVU (CESKA REPUBLIKA)

Milos RENE

Dvojslidné granity typu Fisgarn moldannbickéhio barolitn predstavuji peralu-
minni monzogranity, kteréd vzuikly parcidlnim taveninm metapelitn v podiminkich
spodui az stiedni kury. Hodnota indexn satnrace hilintkem kolisia v rozinezi 1018
.23, Dvoyslidné granity typn Eisgarn. Kterd json soncisti nepiladsi podskuapiny
granitordn o ldannbického batolitn json podle své zruitostt rozdelovany na sub-
tvp Ciméi, Mrdakotin (Destna) a Landsteju. Granity sabiypn Cimér predstavnji
nuskovit —biotitické porfyrické granity, pro nez je chamkieristicka pritonmost por-
[vrickych vyroslic K=zivee, kterd 1voil cea 5% horniny. Dvojslidné granity subiy pu
NMrakotin a Destna json stiedné az drobné zrnité stejunozrnnd granity. Giranity sub-
typu Landstepn json porfvrické, hirnbé zrnité granity, kKteré nebyly v ordnier té1o
prace stundovany. Studovana byla distribuce U Th a0 K pomoel ganaspektrome-
trie. v onzogranitech 1vpu Eisgarn v hilavnii télese oldannbického hatolivn a
vosatostatnén kKlenovském masivie, Nejvetsi koncentrace radioaktiviich prvkn se
vskytugi v osubtypu Cinei hilaviniho télesa moldannbického batolitn. Vvssi kon-
centrace thoria json spjaté s vyssinn koncentraceimi monazinn v granitech subivpu
Ciwier. Jeho ohsali stoupa s obsahemn biotitn, coz lze prokizar viraznon pozitivii
Korelaci ezt obsahy MgO a obsahy U a Th. V" ostatnich subtypech dvaojslidnyeh
granitn je obsali U a Th Kontroloviin predevsiim pritomnosii akeesorickych mineriln
(apatitn, zirkonu, monaziti, xenotinae, ratihe o titanitn). A pripade dvojstidnyeh
granitn subtvpu Destna je obsah nrann kontrolovin rovnez obsahiem mnskovitn
Lze predpokladat. ze ¢iast urann by mohla byt adsorboviana na poveel keyvstaln
tskovitu, Nejmizsi obsahy U a 'Th json elivakteristické pro aplitické granity klen-
ovskélio nasivi,

Nejvyasi hoduoty radiogenni prodikee tepla bylyv zpisteny ve zkommané oblasti v
subtypn Ciméi hlavuiho télesa moldannbickélio hatolitu. V¥razne nizsi json ioduor v
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produkee tepla jednak v subtypn NMrakotin hlaviilio télesa moldanmibickélio batoliti,
Jednak ve vsech subtypech typn Eisgarn klenovského masivi, Z visledkn korelaénd
analyzy vyplyva. ze U a Th jsou vazany predevsiin na monazit. witanit, zirkon.
pEipadné xeuotim. Obsali ThO+» v monazitn z granitu typu Eisgarn je 7— 13 %.
Variabilita obsahu radioaktiviich prvku v jednothivyel subtypech je zpusobena
predevsim variabiliton parcialniho taveni puvodnich mertapelitu. které byly jednim
z hlavnich zdroju granitové taveniny moldanubického hatolitu. Tato variabilira se
projevuje jak tnezi jednothivyint definovanyimi subiypy, tak v riel techto subryp.



