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Die Zweiglimmer-Granite des Plöckenstein-Plutons
am Dreiländereck Österreich – Tschechische Republik – Deutschland

Zusammenfassung

Der Plöckenstein-Pluton bildet einen elliptischen Stock, etwa 13 x 10 km groß, im Dreiländereckgebiet Oberösterreich – Tschechische Republik –
Bayern. Der Pluton ist geologisch jünger als alle umliegenden magmatischen Gesteine (porphyrischer Amphybol-Biotit-Syenit, biotitreicher Weins-
berger Granit und feinkörnige Biotit- und Zweiglimmergranite). Geologische Kartierungen ergaben drei verschiedene Granittypen:
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1. Introduction

The Triple-Point Area (Dreiländereck, Trojmezí) is a
mountainous and forest-covered landscape in the border
area of Austria, the Czech Republic, and Germany, situat-
ed approximately between the Vltava (Moldau) valley to the
NE and the Mühl fault zone to the SW. Geological maps at
different scales exist on the territories of all three states:
1 : 75 000 in Austria (THIELE & FUCHS, 1965), 1 : 50 000 in
the Czech Republic (MIKSA & OPLETAL 1995), and 1 : 25 000
in Germany (OTT, 1992), but mutual comparison of these
three maps is still problematical. A first attempt to connect
Austrian and Czech geological knowledge and maps has
been done in the framework of cooperation between the
Geologische Bundesanstalt, Wien, and the Czech Geolog-
ical Survey, Praha (Breiter and Scharbert, unpublished;
Geological Map of Oberösterreich) 

New geological mapping of the territory of the ©umava
National Park (Bohemian Forest) on a scale of 1 : 25 000,
conducted by the Czech Geological Survey (PERTOLDOVÁ
et al., 2004; BREITER & PERTOLDOVÁ, 2004; PERTOLDOVÁ,
2006) improved the knowledge about the distribution of
individual rock types in the Czech part of the area. Detailed
measurement of radioactivity on the Austrian and Czech
territory could identify a thorium-rich variety of the two-
mica, Eisgarn-type granite near Oberschwarzenberg (BRE-
ITER, 2005). Recently, petrological investigation and small-
scale mapping, supported by the Austrian-Czech project

KONTAKT in 2005–2006, allowed to interconnect the geo-
logical maps in all three states (BREITER & KOLLER, 2005). 

The Triple-Point Area is part of the Moldanubian zone of
the Bohemian Massif. It is formed by amphibolite-facies
metamorphic rock intruded by several types of Variscan
granitoids, including K- and Mg-rich melasyenites (durba-
chites), porphyritic biotite granites (Weinsberg-type), fine-
grained, locally deformed biotite to two-mica granites, and
coarse-grained, locally porphyritic two-mica granites of the
Plechý/Plöckenstein pluton.

The aim of this article is to decipher the internal structure
of the Plechý/Plöckenstein pluton, to describe individual
granite types within the pluton, their mineral and chemical
composition, and to establish individual intrusions and their
age relationships.

2. Geology
of the Plechý/Plöckenstein Pluton

The Plechý/Plöckenstein pluton forms an elliptical stock,
13�10 km in size, elongated in SW–NE direction around
the triple-point of Austria, the Czech Republic and Ger-
many (Fig. 1). The southwest border of the pluton is tec-
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Abstract

The Plechý/Plöckenstein pluton forms an elliptical stock, 13 x 10 km in size, around the triple-point of Austria, the Czech Republic, and Germany.
It is geologically younger than the neighbouring granitoids including the melasyenites, the Weinsberg granite, and the fine-grained biotite- to two-mica
granite. Three main granite types can be distinguished within the pluton.
1) Plechý/Plöckenstein granite: a generally equigranular, coarse-grained two-mica granite which forms the major part of the pluton.
2) Dreisessel granite: a serialporphyritic, coarse-grained two-mica granite which forms a N–S-elongated body in the western part of the pluton and

the summit of the Hochstein and Dreisessel/Třístoličník.
3) Steinberg granite: a hiatalporphyritic two-mica granite with a medium-grained groundmass which forms a crescent-like body in the southern and

south-western part of the pluton. The strong alignment of K-feldspar phenocrysts is characteristic for this granite. 
All granite types are peraluminous (ASI: 1.15–1.25). The granites of the Plechý and Dreisessel types are chemically relatively homogeneous, with

72–74 wt.% SiO2, 1.2–1.7 wt.% Fe2O3tot, 0.1–0.3 wt.% MgO, 0.5–0.6 wt.% CaO, 4.8–5.2 wt.% K2O, and 3–4 wt.% Na2O. Trace elements range
between 300–400 ppm Rb, 40–80 ppm Zr, and 10–20 ppm Th. The Steinberg granite has less silica (SiO2 70.5–72.0 wt.%) and Na2O (2.6–3.1 wt.%),
and higher Fe2O3tot (1.8–2.5 wt.%), MgO (0.3–0.6 wt.%), CaO (0.7–1.0 wt.%), and K2O (4.8–6.2 wt.%) compared to the Plechý and Dreisessel gran-
ite types. Its enrichment in Zr (130–220 ppm) and, especially, in Th (40–90 ppm) is remarkable.

The mineralogical composition of all three granite types is similar: quartz, perthitic K-feldspar, albite-oligoclase, biotite, and primary muscovite.
Among the accessory and opaque minerals, apatite, zircon, monazite, and Ti-oxides are common. Enrichment of thorium in the Steinberg granite is
mineralogically expressed by a high modal abundance of monazite (up to 28 wt.% ThO2).

In a companion study (SIEBEL et al., in prep.) single-zircon Pb-Pb evaporation ages ranging from 328 to 325 Ma were determined for the three gran-
ites. Ages obtained by the Ar-Ar and Rb-Sr methods on micas indicate cooling  of the pluton between 327 and 309 Ma. 

The Dreisessel granite is interpreted as the near-upper contact facies of the Plechý pluton, slowly passing down into the typical equigranular Plechý
granite. The Steinberg granite forms a separate, slightly older, less-differentiated intrusion.

1) Plöckenstein-Granit: Ein grobkörniger Zweiglimmergranit bildet den größten Teil des Plutons.
2) Dreisesselgranit: Ein porphyritisch-grobkörniger Zweiglimmergranit bildet einen N–S-verlaufenden Körper im westlichen Teil des Plutons mit den

Gipfeln Hochstein and Dreisessel.
3) Steinberggranit: Ein hiatalporphyritischer Zweiglimmergranit mit fein- bis mittelkörnigen Grundmasse bildet einen halbmondförmigen Körper im

südlichen und südwestlichen Teil des Plutons. Eine markante Orientierung der Orthoklaseinsprenglinge ist für diesen Granit typisch.. 
Alle drei Granit-Typen sind peralumin (ASI: 1,15–1,25). Plöckenstein- and Dreisessel-Granite sind chemisch relativ homogen, mit 72–74Gew.-%

SiO2, 1,2–1.7Gew.-%  Fe2O3tot, 0,1–0,3Gew.-% MgO, 0,5–0,6Gew.-% CaO, 4,8-5,2Gew.-% K2O, und 3–4 %Gew.-%  Na2O. Die Spurenelemente
schwanken zwischen  300–400 ppm Rb, 40–80 ppm Zr und 10–20 ppm Th. Der Steinberggranit enthält weniger Silizium (70,5–72,0 Gew.-% SiO2)
und Natrium (2,6–3,1-Gew.-%) und mehr Fe2O3tot (1,8–2,5Gew.-%), MgO (0,3–0,6Gew.-%), CaO (0,7–1,0Gew.-%), and K2O (4,8–6,2Gew.-%) im
Vergleich mit Plöckenstein- und Dreisessel-Granit. Bemerkenswert ist eine Anreicherung von Zr (130–220 ppm) und besonders von Th (40–90 ppm).

Die mineralogische Zusammensetzung aller drei Granite ist ähnlich: Quarz, perthitischer K-Feldspat, Albit-Oligoklas, Biotit und primärer Muskovit.
Apatit, Zirkon, Monazit und Ti-Oxide sind häufige Akzessorien. Die Anreicherung von Thorium im Steinberggranit ist mit einem häufigen Vorkommen
des Minerals Monazit (bis 28Gew.-% ThO2) verknüpft.

Einzelne Zirkon-Verdampfungs-Alter (laufendes Projekt, SIEBEL et al., in Vorb.) aller drei Granite liegen in einem engen Intervall von 328–325 Ma.
Die Ar-Ar- und Rb-Sr-Alter der Glimmer legen die Abkühlung des Plutons zwischen 327 und 309 Ma. fest.

Der porphyrische Dreisesselgranit wird als Dachfazies des Plöckenstenplutons interpretiert, die nach unten allmählich in den typischen grobkörni-
gen Plöckensteingranit übergeht. Der Steinberggranit  ist eine unabhängige, etwas ältere, wenig fraktionierte Intrusion.

Text-Fig. 1.
Simplified geological map and distribution of Th in the Plechý/Plöckenstein
pluton.
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tonic (Bavarian Pfahl), the NE contact is covered by
Quaternary sediments of Vltava/Moldau valley, the east-
ern, south-eastern and western contacts are intrusive.
The Plechý pluton is geologically younger than all neigh-
bouring granitoids including the melasyenites, the
Weinsberg granite, and the fine-grained biotite to two-
mica granite. According to gravity measurements (BLÍŽ-
KOVSKÝ & NOVOTNÝ 1982), the Plechý pluton forms one
of the most intensive negative gravity anomalies in the
Moldanubian zone, which appears to demonstrate very
deep roots for this granite. Based on its geological and
petrographic similarities with the Eisgarn granite s.s.
from the area north of Gmünd (K-feldspar phenocrysts,
plagioclase An2–10, presence of biotite and muscovite),
the Plechý granite was traditionally classified as Eis-
garn-type granite (THIELE & FUCHS, 1965).

While the Austrian part of the pluton was described as
a monotonous, coarse-grained two-mica granite (THIELE
& FUCHS, 1965), two facies were distinguished in the
Czech and German parts: an equigranular, coarse-
grained, and a porphyritic variety (OTT, 1992; MIKSA &
OPLETAL, 1995).

According to our investigation, three main granite
facies (or types) can be distinguished within the pluton:
1) A generally equigranular, coarse-grained, locally

weakly porphyritic two-mica granite (Text-Fig. 2a)
forms the major part of the pluton. This granite
should be, in agreement with older maps, termed as
Plechý/Plöckenstein granite. 

2) A serialporphyritic, coarse-grained two-mica granite
(Text-Fig. 2b) forms a N–S elongated body in the
western part of the pluton. It also forms the summit of
the Hochstein and Dreisessel/Třístoli čník. Porphyrit-
ic granites on summits of several hills in the western
part of the pluton probably also belong to this type.
K-feldspar phenocrysts are not aligned. We propose
the name Dreisessel granite for this granite (see also
chapter Discussion).

3) A hiatalporphyritic two-mica granite with a medium-
grained groundmass (Text-Fig. 2c) forms a crescent-
like body in the southern and southwestern part of
the pluton. The characteristic feature of this granite is
the strong alignment of K-feldspar phenocrysts. An-
other important feature is the high thorium concen-
tration ranging between 40 and 90 ppm. This granite
was firstly described from its western part in Bavaria
as „Steinberg granite“ (OTT, 1992), thought without
knowledge about its high Th-content.  We adopt this
local name for the whole intrusion (see chapter Dis-
cussion).

The mineralogical composition of all three granite
types is similar: quartz, perthitic K-feldspar, plagioclase
of albite-oligoclase composition, biotite and muscovite.
Among the accessory and opaque minerals, apatite, zir-
con, monazite, and Ti-oxides are common. 

Contact relations between the three different granite
types have not been observed in the field. Dyke rocks
turned out to be rare. Small blocks of fine-grained two-
mica to aplitic muscovite granite were found in the
southern part of the Plechý granite, in a broader area
around Plešné Jezero lake. The striking direction of
those dykes could not been determined.

530

Text-Fig. 2.
Textures from various granite types of the Plechý/Plöckenstein pluton.
From top to bottom: a = Plechý type; b = Dreisessel type; c = Steinberg
type.
All scale bars 5 cm
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Table 1.
Whole-rock chemical composition of studied granites. Major elements in wt.% (classical wet chemistry in laboratory of CGS Praha), trace elements in ppm
(ICP-MS in laboratory ACME Vancouver).
Localisation of samples: 3612 = Plechý granite, boulder 300 m to the south of the railway stop P ěkná, Czech Republic; 3623 = Plechý granite, small quarry at
the Schwarzenberg water canal, Rossbach, Czech Republic; 4368 = Plechý granite, boulder 50 m to the south from the summit of Trojmezná (Bayerischer Plö-
ckenstein), Germany; 4454 = aplitic dyke granite, outcrop 300 m to the west from the Plešné Jezero lake, Czech Republic; 4370 = slightly porphyritic Plechý
granite, outcrop at the „Minister" way, Czech Republic; 4363 = Dreisessel granite, outcrop on the summit of Dreisessel mountain, Germany; 4364 = Dreisessel
granite, outcrop on the summit of Hochstein, Germany; 4365 = Dreisessel granite, outcrop on the summit of Kamenná, Czech Republic; 3698 = Steinberg gra-
nite, road-cut at the ski bridge, Habergrasberg, Germany; 4139 = Steinberg granite, quarry Teufelschüssel, Austria; 4362 = Steinberg granite, boulder on the
summit of Habergrasberg, Germany; 4369 = Steinberg granite, boulder on the summit of ©pičák, Czech Republic.



3. Measurement
of Radioactivity

Field radioactivity measurement (�-spectrometry) was
used as a method supporting to distinguish between the
individual granite types. The measurement covered the
whole area of the Plechý/Plöckenstein pluton, about 130
km2. 

Results of field measurements of uranium and thorium
concentration on more than 400 locations are summarised
in Text-Figs. 1 and 3. Uranium concentration is similar in all
rock types, only occasionally exceeding 20 ppm. On the
contrary, thorium concentration is highly variable and may
serve as a sensitive rock-type indicator. 

decreases during fractionation because Ti is preferentially
accommodated in early crystallising Ti-oxides and biotite.
In fractionated granites with similar SiO2 content, titanium
serves as a better indicator of the degree of fractional crys-
tallisation (FÖRSTER et al.,  1999)

The chondrite-normalised  REE distribution patterns are
in the range of other peraluminous granites and show rela-
tive enrichment of  LREE (Ce/YbCN = 10-20) and a strong-
ly negative Eu-anomaly (Fig. 6). The Steinberg granite dif-
fers from the other two granite types in having higher LREE
concentrations due to the high amount of monazite.

5. Mineral Composition
5.1. Feldspars

Both feldspars from all three granite types are chemical-
ly close to end-member composition (Text-Fig. 7). K-
feldspar contains usually 3–7 mol% albite component, with
no visible core-to-rim zonation. The concentration of P2O5
increases from the core to the rim from 0.3 wt.% up to
about 0.5 wt.%. In slightly altered samples, phosphorous
concentration in feldspar rims decreases. Barium concen-
tration is low, usually below 0.1 wt. %. Only in the Stein-
berg granite, BaO concentration occasionally approaches
0.4 wt.%.

Plagioclase is generally albite, only some feldspar cores
in the Steinberg granite are oligoclase in composition. Con-
tent and distribution of phosphorus are analogous to what
has been established in K-feldspars.

5.2. Micas
In all three granites, the Mg/(Fe+Mg) ratios are similar in

biotite (0.2-0.3) and muscovite (0.35-0.55, Tables 2 & 3,
Fig. 8). Plechý biotites have higher AlIV and Plechý mus-
covites higher AlVI than micas from the porphyritic granites.
The behaviour of titanium is remarkable: this element tends
to be most enriched in biotites from the Plechý granite, but
muscovites from this granite are the most Ti-poor (Text-
Fig. 9). The distribution coefficient of titanium between
biotite and muscovite increases from about 2 in the Stein-
berg granite to about 6 in the Plechý granite. A similar evo-
lution of this distribution coefficient was mentioned by
SIEBEL (1993) from the Leuchtenberg granite: it increases
from 4–5 in less fractionated granites to 12–17 in strongly
fractionated granites. Thus, it seems likely that the distribu-
tion coefficient changes during fractional crystallisation and
that in more fractionated rocks, biotite tends to incorporate
more Ti compared to muscovite.

In terms of trace elements (Table 4), the micas from all
three granites are similar. Variability in each granite is larg-
er than the differences among granite types.

5.3. Apatite
Apatite is the most common accessory mineral in all

three granites. It forms short prismatic, subhedral to an-
hedral crystals, mainly hosted in biotite. Its chemical com-
position is variable (Table 5), with slightly higher Mn/Fe
and Y/Ce ratios in the Plechý granite in comparison to the
porphyritic granites.

5.4. Zircon
Zircon from the Steinberg granite forms homogeneous

crystals, which are relatively poor in trace elements, close
to ideal ZrSiO4. Zircon from the Dreisessel granite is slight-
ly enriched in U, Sc, P, and Y (Table 6, Text-Fig. 11), but is
otherwise similar to those from the Steinberg granite. Zir-
con grains from the Plechý granite are distinctly zoned and
often contain metamict zones, enriched in U (1–3 wt.%
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Text-Fig. 3.
Contents of U and Th in granites of the Plechý/Plöckenstein pluton according
to field measurements.

4. Whole Rock Chemistry

All three granite types are peraluminous, with ASI (alu-
minum saturation index = molar Al2O3/[CaO + Na2O +
K2O]) ranging mostly between 1.15 and 1.25. Granites of
the Plechý and Dreisessel types are chemically relatively
homogeneous; the composition of the Steinberg granite
varies slightly. Typical chemical analyses are presented in
Table 1; the variations of selected major and trace ele-
ments are shown in Figure 4.

The Plechý granite is the most silica-rich with 72–74
wt.% SiO2, and displays low concentrations of Fe (1.2–1.7
wt.% Fe2O3tot), Mg (0.1–0.3 wt.% MgO), and Ca (0.5–0.6
wt.% CaO). Potassium predominates sodium (4.8–5.2
wt.% K2O versus 3–4 wt.% Na2O). Trace element concen-
trations are well comparable with the Eisgarn granite s.s.
from the South Bohemian Pluton (BREITER & KOLLER,
1999), ranging between 300–400 ppm Rb, 40–80 ppm Zr,
and 10–20 ppm Th. 

The Dreisessel granite has a major-element concentra-
tions nearly identical to that of the Plechý granite (Text-Fig.
4). Among trace elements, Rb, Zr, light rare-earth elements
(LREE) and Zn are slightly enriched, and Y and Pb are
depleted compared to the Plechý granite. 

The Steinberg granite has lower silica (SiO2 ranging from
70.5 to 72.0 wt.%, occasionally up to 74 wt.%) and Na
(2.6–3.1 wt.% Na2O), and higher Fe (1.8–2.5 wt.%
Fe2O3tot), MgO (0.3–0.6 wt.%), CaO (0.7–1.0 wt.%), and
K2O (4.8–6.2 wt.%) compared to the other granites. The
enrichment in Zr (130–220 ppm) and especially in Th
(40–90 ppm) is remarkable.

The dykes cutting the Plechý granite are more siliceous
and more leucocratic than the hosting granite. Trace-ele-
ment concentrations are similar to the Plechý granite.

Text-Fig. 5 demonstrates correlations between titanium
and some major and trace elements. TiO2 concentration
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Text-Fig. 4.
Harker diagrams of granites of the Plechý/Plöckenstein pluton.



Text-Fig. 6.
Chondrite-normalised distribution of REE in
typical samples of the Plechý/Plöckenstein
pluton.
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Text-Fig. 5.
Major and trace element versus 1/TiO2 diagrams showing compositional evolution of granites during fractional crystallisation.

UO2), P (1.0–1.5 wt.% P2O5), Sc
(0.15–0.35 wt.% Sc2O3), and Y
(1–2 wt.% Y2O3). The concentra-
tion of HfO2 is similar, in all granites
varying around 1.5 wt.%. The
Zr/Hf-atomic ratio is 60–70 in zir-
con from the Plechý granite and 70-
80 in zircon from the porphyritic
granites.
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Table 2.
Chemical composition (wt. %) and empirical formulae (based on 44 positive charges) of biotite (WDS-microprobe analyses, CAMECA SX100, Geological Insti-
tute, Academy of Science of Czech Republic, Praha).

Table 3.
Chemical composition (wt. %) and empirical formulae (based on 44 positive charges) of muscovite (WDS-microprobe analyses, CAMECA SX100, Geological
Institute, Academy of Science of Czech Republic, Praha).
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Text-Fig. 7.
a) Contents of Na and P in K-feldspars.
b) Variation of Ca versus P concentration in plagioclase (apfu = atoms per for-

mula unit).

Table 4.
Contents of trace elements in micas (F in wt.% by ion-selective electrode, other elements in ppm by AAS), analysed in monomineralic concentrates, laborato-
ry of CGS Praha.

Text-Fig. 8.
Chemical composition of biotite (a) and muscovite (b).
Mg/(Mg+Fe) versus Al in octahedral position.

5.5. Monazite
Monazite from the Plechý granite is enriched in U, Y, and

Si and depleted in Th compared to monazite from the
Steinberg granite. Whereas in the monazite from the Ple-

chý granite, Th is incorporated according to the Th+Ca↔2
REE (cheralite) substitution, monazite from the Steinberg
granite contains substantial ThSiO4 (huttonite) component
(Table 7, Text-Fig. 12).

Monazite from the Dreisessel granite is chemically inter-
mediate between both previous granite types.
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Table 5.
Chemical composition (wt.%) and empirical formulae (based on 25 positive
charges) of apatite. (WDS-microprobe analyses, CAMECA SX100, Masaryk
University and Czech Geological Survey  Brno). Rem.: Result of fluorine mea-
surement depends on the orientation of analysed apatite crystal. Theoretical
F-content in pure fluorapatite is 3.77 wt.%. Where we analysed higher than
maximal possible F-content, we put to the formula F (apfu) = 1.

Text-Fig. 9.
Chemical composition of biotite (a) and muscovite (b).
Contents of Si versus Ti.

Text-Fig. 10.
Typical associations of accessory minerals.
a) Plechý granite (monazite (white) and zoned zircon around apatite crystal,

all hosted in biotite.
b) Steinberg granite (monazite, homogeneous zircon, ilmenite and apatite

hosted in biotite).
Scale bars 100m.



5.6. Rutile and Ilmenite
Rutile is present as an accessory phase in all granite

types. The chemical composition of rutile is  similar in all
granites. Nb2O5 and /or FeO (0.1–0.4 wt%) are the only
non-formula elements detected by EMPA (Text-Fig. 13).
Manganese, Mg, Cr, and V concentrations are generally
below their detection limits. Ilmenite is the most common
Ti-bearing phase beside biotite. In the Steinberg granite,
ilmenite forms a chemically homogeneous population with
2–4 wt% MnO2 and 0.10–0.15 wt.% Nb2O5. Ilmenite from
the Plechý and Dreisessel granites shows a large variation
of Mn and is slightly Nb-enriched. The contents of Mg, Al,
Si, V, Cr, Sn, and Ta are usually below the detection limits
of the microprobe (Table 8).

538

Table 6.
Chemical composition (wt.%) and empirical formulae (based on 8 positive
charges) of zircon. (WDS-microprobe analyses, CAMECA SX100, Masaryk
University and Czech Geological Survey, Brno).

Text-Fig. 11.
a) Plot of uranium versus phosphorus concentration in zircon.
b) Plot of scandium versus yttrium concentration in zircon.



6. Geochronology
Mineral age-dating was undertaken to better constrain

the crystallisation and cooling history of the Plechý-Plöck-
enstein pluton (Table 9). 

The 207Pb/206Pb single-zircon evaporation ages from all
three granite types fall in short time interval between 328
and 325 Ma (W. SIEBel et al., in prep) giving the probable
age of crystallisation.

The mica ages show a relatively large scatter. Ar-Ar
plateau ages of muscovites are the same or, on average,
only slightly older (318–313 Ma) than total gas ages of
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Table 7.
Chemical composition (wt. %) and empirical formulae (based on 8 positive
charges) of monazite. (WDS-EMPA analyses, CAMECA SX100, MU and Czech
Geological Survey, Brno).

Text-Fig. 12.
Chemical composition of monazite.
a) contents of  Y versus U.
b) Th versus Ca (all in atoms per formula unit).
Thin arrows demonstrate the Ca+Th↔2REE (cheralite) substitution; bold
arrow shows the ThSiO4↔REEPO4 (hutonite) substitution. Monazite from
the Steinberg granite contains about 4 mol.% of hutonite.



biotites (313–311 Ma).  There are no differences in Ar-Ar
ages between the Plechý and Dreisessel granite types (see
Table 9 and Text-Fig. 14), whereas the sample from the
Steinberg granite yields slightly lower muscovite and biotite
ages. 

Rb-Sr dating of micas suggest a disturbed cooling of the
pluton. The Rb-Sr muscovite dates for the granites largely
correspond, within error limit, with the Ar-Ar muscovite
dates: With one exception, the ages fall between 324±4
and 315±4 Ma (2� error). A muscovite from the Plechý
granite, however, yields a younger Rb-Sr date of 306±4

Ma. The three Rb-Sr biotite dates vary largely from 327±4
Ma, through 314±4 Ma to 289±4 Ma. 

U-Th-Pb microprobe ages of monazite from the Plechý
granite and the Steinberg granite are largely consistent
with the Ar-Ar and Rb-Sr mica ages whereas the age
obtained for two monazite populations of the Dreisessel
granite are in accordance with the single-zircon evapora-
tion ages. 

Sr-isotope data of whole rock samples are listed in Table
10. Each of the three granite varieties has distinct trace
element characteristics with respect to Rb and Sr (see also
Table 1). The sample analysed from the Dreisessel granite
has a higher Rb and lower Sr concentration, and that from
the Steinberg granite has a higher Rb and higher Sr con-
centration than the four investigated samples from the
Plechý granite. The best-fit regression line in the Sr-isotope
evolution diagram points to an age of 318 Ma (only orienta-
tional 3-sample regression), a value that is in agreement
with the muscovite cooling-age. Initial 87Sr/86Sr ratios are
between 0.711–0.714 for all three granite types. 

7. Discussion
7.1. Cooling History of the Pluton 

The variation in Ar-Ar and namely Rb-Sr mica-ages is
obvious. The exact reason for the relatively large age
spread is unknown, it could be that the Plechý-Plöcken-
stein pluton was deeply buried and parts of it remained at
temperatures above the closure temperature for muscovite
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Text-Fig. 13.
Chemical composition of ilmenite.

Table 8.
Chemical composition (wt. %) and empirical formulae of Ti-oxides (WDS-EMPA analyses, CAMECA SX100, MU and Czech Geological Survey, Brno).
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Text-Fig. 14.
Results of Ar/Ar determination of muscovite mineral ages.

and biotite for considerable long time after
solidification or, these parts of the pluton
were subjected to a later thermal pulse, i.e.
reheating event. Alternatively, at least some
of the Rb-Sr mica dates could also be the
result of low temperature disturbance of the
Rb-Sr system. In case of the low Rb-Sr biotite
date of 289 Ma the scatter observed probably
reflects Rb-Sr exchange during alteration.

7.2. Relationship between
the Granites

All previous investigators distinguished two
types of granite in the Plechý pluton, an
„equigranular“ and a „porphyritic“ type.
According to our data (rock texture, whole-
rock chemistry, mineral chemistry), three
granite types can be distinguished:
1) A coarse-grained, equigranular granite,
2) a coarse-grained, serial porphyritic-gran-

ite and
3) a hiatal-porphyritic granite with a medium-

grained groundmass.
The equigranular and hiatal-porphyritic

facies types are easy to distinguish in the
field but, in previous studies, the serial-por-
phyritic facies with variable amount of phe-
nocrysts was classified into one of the before-
mentioned facies.

The serial-porphyritic „Dreisessel“ facies
forms the upper part of mountains near the
western contact of the pluton – summits of
Dreisessel (1311 m), Hochstein (1332 m),
Kamenná (979 m) and Ohradec (875 m). A
slightly porphyritic variety of the „equigranu-
lar“ Plechý granite was found on several other hills further
to the north. We interpret the Dreisessel facies as near-
upper contact rim of the Plechý pluton, slowly passing
down into the equigranular Plechý facies.

The Plechý granite, forming the major part of the Plechý
pluton, is texturally and chemically homogeneous. It is
generally coarse-grained, non-porphyritic, although do-
mains with some larger K-feldspars set in a relatively fine-
grained matrix appear slightly porphyritic. Chemically,
small differences between the more fractionated northeast-
ern and less fractionated southwestern part of the pluton
were found, as can be seen, for example, in the 1/TiO2 ver-
sus K/Rb diagram (Text-Fig. 15a). The transition between
both domains is located along a major fault zone cutting the
pluton in NW-SE direction. A small domain containing more
fractionated granites was also found near the southeastern
contact of the pluton, around the topographically highest
point of the pluton, the Plechý/Plöckenstein summit (Text-
Fig. 15b). This chemical difference may be due to different
denudation rates and/or erosion levels between the north-
eastern and southwestern portions of the pluton. It is inter-
esting to note that the dykes of fine-grained granite only
occur in the less evolved southwestern domain.

The Steinberg granite shows compositional variations in
terms of the trace elements Th, Zr, and the REEs; all these
elements are positively correlated each other. The highest
enrichment of Th, Zr, and REEs (and depletion of Rb) was
found along the southern contact of the intrusion, at the vil-

lage of Schwarzenberg in Austria and southeast of the vil-
lage of Haidmühle in Germany. This part of the intrusion is
also geographically relatively deep-seated (the most erod-
ed?). Towards the north, at a higher geographic elevation,
Zr, Th, and REE concentrations slightly decrease whereas
the Rb concentration increases.

Similar peraluminous chemical composition and uniform
initial 87Sr/86Sr isotope ratios of all three granite types sug-
gest close genetic relations. Geological observation imply-
ing a younger age of the Steinberg granite compared to the
Plechý granite (OTT, 1992) could not be confirmed during
our field work. The 207Pb/206Pb zircon data (Table 9) are in
line with the following order of emplacement: Steinberg –>
Dreisessel –> Plechý. From the Steinberg granite to the
Dreisessel and Plechý granites, the contents of Si and Na
increase, and the contents of Ti, Mg, Fe, K, and  compati-
ble trace elements like REE, Zr, and Th decrease. Such
evolution is in agreement with the standard model of
magma differentiation. 

Interestingly, although the Steinberg and Dreisessel
granites seem to be slightly older than the Plechý granite,
they have higher Rb and F concentrations. This could be
explained as follows:

According to experimental work on peraluminous melts,
the distribution coefficient of Rb between K-feldspar and
melt, D(Rb)Kfs/melt, is close to unity (ICENHOWER & LONDON,
1996). For biotite, this distribution coefficient, i.e.,
D(Rb)Bt/melt, is about 2 (ICENHOWER & LONDON, 1995).
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Table 9.
Comparison of available geochronological data (reported in million years, Ma) of the Plechý (Plöckenstein) pluton (Ar-Ar by S. SCHARBERT and W. FRANK, Rb-Sr
of micas by W. SIEBEL, EMPA by R. ©KODA and R. »OPJAKOVÁ).

Table 10.
Whole-rock Rb-Sr isotopic data.
By S. SCHARBERT, Rb and Sr concentrations determined by isotope dilution analyses and isotopic
ratios by mass spectrometry.

The Rb-content in muscovite is slightly lower than in
biotite. So, early crystallisation and removal of K-feldspar
(~30 vol.% of the rock) and biotite (5–10 vol.% of the rock)
from the parental melt is not sufficient to explain the
decrease of Rb in the later Plechý melt. Instead, it seems
more likely, that the uppermost part of the magma reser-
voir, from which all the granites successively derived, was
enriched in Rb prior to intrusion.

7.3. Other Th-rich Granites
in the Moldanubicum

Thorium is a highly compatible element in peraluminous
granitic melts and tends to enter early-crystallising acces-
sory minerals like monazite and zircon. Thus, during crys-
tal fractionation, the thorium content of the melt decreases.
The two-mica granites from the Moldanubicum (usually

termed as Eisgarn-type s.l.) are geochem-
ically relatively evolved rocks, rich in
lithophile (granitophile) elements (Rb, F,
U, Sn etc.) and poor in Th (usually 20
ppm, occasionally up to 35 ppm; BREITER
& KOLLER [1999]).

The Steinberg granite from the Plechý
pluton is an exception. Among other mag-
matic rocks within the Moldanubicum, only
the variety of the Mauthausen granite from
Gutau near Freistad is comparable in its
Th content (average 60 ppm, max 124
ppm Th; GÖD [1996]) with the Steinberg
granite. In both granite types, the major
Th-host is monazite and Th-enrichment is



not coupled with enrichment of uranium. Source of thorium
and processes, which gave rise to its enrichment in the rel-
ative late granite intrusion remain unresolved.

The Th-rich Steinberg granite has been used for con-
struction of many old houses in the village of Ober-
schwarzenberg. The abundance of Th and its decay prod-
ucts in the Steinberg granite causes large background
radiation, and therefore, it is recommended not to longer
use this rock as a building material.

8. Conclusions
The Plechý/Plöckenstein pluton consists of three granite

types: 
1) The Plechý granite sensu stricto – a generally equigran-

ular coarse-grained two-mica granite which forms the
major part of the pluton; 

2) The Dreisessel granite – a serial porphyritic coarse-
grained two-mica granite which represents the rem-
nants of the near-upper contact facies of the Plechý plu-
ton, slowly passing down into the typical equigranular
Plechý granite;

3) Steinberg granite – a hiatal porphyritic two-mica granite
with medium-grained groundmass and strong alignment
of K-feldspar phenocrysts which forms an independent,
less differentiated intrusion in the SW and S parts of the
pluton.

All granite types are peraluminous (ASI 1.15–1.25). The
Plechý and Dreisessel granites are chemically similar to
the Eisgarn granite s.s.. The Steinberg granite is remark-
ably enriched in Zr (130–220 ppm), REE (250–350 ppm
total REE) and especially in Th (40–90 ppm). These ele-
ments are hosted predominantly in monazite.

All three granites crystallised in a short time interval
328–325 Ma (as indicated by Pb-Pb evaporation ages of
zircon). The Steinberg granite appears to be slightly older
than the other granite types. Mineral ages obtained by the
Ar-Ar and Rb-Sr methods on muscovite and biotite vary
over a large time interval (327–309 Ma) indicating that the
granites cooled down over a protracted time interval or
were locally subjected to later perturbations. 

Appendix
Methods of Geochronological Analyses

Rb-Sr analyses (S. SCHARBERT, Wien)
Sr, and Rb concentrations in the whole rock samples were

determined by isotope dilution (ID), using HF/HNO3 (Rb-Sr) mix-

ture for dissolution, and 87Rb-84Sr spike, respectively (SCHARBERT
& VESELÁ, 1990). Total procedural blanks were <1 ng for Rb and
Sr. Rb and Sr concentration (ID) samples were loaded on a single
Ta filament and measured on a MICROMASS® M30 machine. Sr
isotopic compositions (IC) were run on a Re single filament, using
a FINNIGAN® MAT262 mass spectrometer. 87Sr/86Sr ratios for
NBS987 (Sr) international standard during the course of this work
were 0.71014±3. Errors for the 87Rb/86Sr ratios are taken as ±1%,
or smaller, based on iterative sample analysis and spike recalibra-
tion. Isochron calculation was done according to Ludwig (1999).
Ages are based on decay constants of 1.42 x 10–11 a–1 for 87Rb. 

Ar-Ar analyses (W. FRANK, S. SCHARBERT, Wien)
For Ar-Ar age determinations the mineral concentrates were

irradiated at the 9MW ASTRA reactor at the Austrian Research
Centre Seibersdorf and analysed using standard procedures with
a VG-5400 Fisons Isotopes mass spectrometer. Age calculation
was done after corrections for mass discrimination and radioactive
decay using the formulas given in DALRYMPLE et al. (1984). J-val-
ues are determined with internal laboratory standards, calibrated
by international standards including muscovite Bern 4M
(BURGHELE, 1987) and amphibole MMhb-1 (SAMPSON & ALEXAN-
DER, 1987). The errors given on the calculated age of an individual
step include only 1� error of analytical data. The error of the
plateau and total gas ages includes an additional error of ±0.4% on
the J-value, based on standard reproducibility (more in SCHUSTER
et al., 2001).

Rb-Sr analyses (W. SIEBEL, Tübingen)
For Rb-Sr isotope analyses samples were spiked with a mixed

84Sr-87Rb tracer solution and dissolved in 52 % HF for four days at
130°C on a hot plate (whole-rock samples) and in pressure vessels
(muscovite, biotite). Digested samples were dried and re-dissolved
in 6N HCL, dried again and re-dissolved in 2.5N HCl. Rb and Sr
were isolated on quartz columns by conventional ion exchange
chromatography with a 5 ml resin bed of Bio Rad AG 50W-X12,
200-400 mesh. All isotopic measurements were made by Thermal
Ionization Mass Spectrometry, on a Finnigan MAT 262 mass spec-
trometer at Tübingen University. Sr was loaded with a Ta-HF acti-
vator on pre-conditioned W filaments and was measured in single-
filament mode. Rb was loaded with ultra-pure H2O on pre-condi-
tioned Re filaments and measurements were performed in a Re
double filament configuration. The 87Sr/86Sr isotope ratios were nor-
malised to 86Sr/88Sr = 0.1194. Analyses of 15 separate loads of the
NBS 987 Sr standard, during the course of this study (01-07/2006)
gave a 87Sr/86Sr ratio of 0.710254 ± 0.000014 (reference value =
0.710248). Blank (chemistry and loading) was 200 pg for Sr.

UThPb microprobe analyses (R. ©KODA, Brno)
Monazite was examined using a CAMECA SX 100 electron

microprobe. Operating conditions were: an accelerating voltage 15
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Text-Fig. 15.
Internal differences within the Plechý granite (a: K/Rb versus 1/TiO2 diagram; b: subdomains of the Plechý granite).



kV, a beam current of 80 nA and a beam diameter of <1 µm. Peak
counting times were 20 s for major elements and 30–60 s for
majority of minor elements. Uranium was determined on the U M�

line (counting time 60 s, detection limit 270 ppm), thorium on the
Th M� line (counting time 40 s, detection limit 250 ppm) and lead
on the Pb M� line (counting time 240 s, detection limit 130 ppm).
Data were reduced using the PAP matrix correction routine (POU-
CHOU & PICHOIR, 1985). Concentrations of Pb were additionally
manually corrected for Y L�2 , Th M�1 and Th�2 overlap on Pb M�.
Besides mentioned coincidentions, the analytical precision of Pb
on the M� line is higher than on M� line where only insignificant
coincidention occurs. Microprobe monazite analyses were used
for monazite dating (CHIME – chemical Th-U-total Pb isochron
method) provided that all Pb is radiogennic (PARRISH, 1990). The
monazite age was calculated with the method of MONTEL et al.
(1996).
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