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ROCKS OF THE CENTRAL BOHEMIAN PLUTON

(Figs. 9, Tabs. 4)

Abstract: Thirty four samples of selected rocks from the Cen-
tral Bohemian Pluton were analyzed in order to determine the
distribution especially of the rare earth elements, alkali metals,
uranium, thorium and transition metals. The complicated differen-
tiation development of the rocks, ranging from the basic types
through the intermediate to the acid ones is also evidenced by the
distribution of trace elements. The durbachitic rocks could repre-
sent the remelted upper earth’'s crust. The hybrid granitoids repre-
sent the mixed types. By their trace elements content they are
closest to acid or intermediate rocks, and by their REE distribution
they approach durbachites. The contamination by the mantle rocks
of the pluton is their characteristic feature.

Peswme: B owensx ONPeeICHED Ppacipe/ie/icnng sacMeiton ocobenno
PEAKHN 3eMedh, IKAJTHUCCKIX MOTAN0B, Ypaha, Topus n HePeXOJHLIN
MeTaqos Ob0 anagnsuposano 34 npod nadpanneix sopon Cpeanedcii-
ckoro nayrtona. Caoxmuoe anddepenitnallioHHoe PasBHTHE N0POL ¢ OC-
HOBHBLIX Hepes [NepexoldHLe 10 KHCALIX THIOR BLITCKAeT H3I  pacnpeie-
JeHun sgeMentos  npuseceil. JvpOaxitosnie n0poist BeposTHO Tpeld-
CTARASIOT CPCIVIARICHIYIO  BepXIIo0  3emuyio kopy, Tudpuanue rpa-
HuToAL  eMenrannss thnoM. o conepikanmo  npuseceii  2¢MeHTonR
I OIIKE BCCTO KUCTLIM 1 NEPeROTTHLIM TOPOIAM, 11 1O COLCPARaino
FACMCUTOR  PEJIKIX 30MCAL OHIE HOXOME Ha ."1'\’|II’FEI.‘I|I'I'I'I, _EI.']}! nix Xi-
PARTCPHA KROWTAMBIOWISE HOpOJAaMilt MalTim may tom.

Introduction

The Central Bohemian Pluton belongs to massifs of a complex structure,
occurring not only within the area of the Bohemian Massif but also throught
the Variscan orogene. This several-phase polymagmatic complex occupies a signi-
ficant position in the structural plan of the Bohemian Massif. The Central Bo-
hemian Pluton constitutes a body triangular in shape, covering an area of about
3200 km?. In dependence on the tectonic position it stretches NE—SW.

Its contacts with various adjacent structural units are of different characters.
Its sharp thermal contact is characteristic of its western boundary at the
junction with the Proterozoic of the Barrandian, but less at that with the Pa-
laeozoic. The contact line is sharp in the sense of Raguin’s “massifs circonserit®
(1957). Its eastern and southern boundaries, i. e. that with the Moldanubian
rocks, are of different type. It is irregular contact displaying numerous apophy-
sal projections which follow the structures of the adjacent metamorphic rocks
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in the sense of Raguin’s “massifs d'anatexie” (1957). The development of an
irregular migmatite aureole and the occurrence of the rocks of the durbachitic
type are typical for this contact.

The problems of the origin of the Central Bohemian Pluton were solved from
two principal points of view. Up to 1970, a magmatic-differentiation approach
dominated throughout (Kettner, 1930, 1933; Orlov, 1935, 1938; Kodym
inSvoboda, 1966;Steinocher, 1969).

A quite different view is expressed in the paper by Palivcova (1965).
It is based on the transformistic ideas of Raguin’'s (1957) concept. on
Mehnert’'s (1960) considerations of selective mobilization, and on the expe-
riments with anatectic melts (Winkler and Platen, 1961).

The authors of mineralogical-petrological papers rather prefer the magmatic
origin of the Central Bohemian Pluton, whereas the resulls of petrological-
-structural papers are closer to the opinions of its metasomatic development.

Vejnar (1973, 1974 a) has distinguished two main crystallization phases
in the rocks complex of the Central Bohemian Pluton. The first, having the
distinet Mg-Fe fractionation, is of a shallow-intrusive character (especially the
basic rocks) and corresponds to the earlier pre-Variscian phase. The later phase,
the Variscian phase proper, is of a plutonic character (comprising the other
mostly granitoid rocks); its Mg-Fe fractionation is less important and K content
dominates over Na. According to Vejnar, tholeiitic magma derived from
the upper mantle could represent the source of the first-phase rocks, whereas
the second-phase rocks originated rather from the palingenetic magma of the
Earth’s crust.

The trace elements in the rocks of the Central Bohemian Pluton were
studied by Vejnar (1974 b). He has found that the distribution of Be, Li, Rb
and Zr and to a certain extent also Cr and Ni is influenced rather by the
K/Na ratio than by the basicity of the rocks, expressed by the Larsen differen-
tiation index.

The geochemistry of the Central Bohemian Pluton was also studied by
Bubenicéek et al (1967) and by Fatkowva (1967). Tauson et al. (1977)
and Minafik et al. (1979) have delimited four groups of rocks. The first
group comprises gabbro and diorite rocks (Pecerady, Teletin and Stary Knin),
the second group includes tonalite rocks and granodiorites (tonalite of the
Sazava type, granodiorite from Blatna etc.). the third group consists of leuco-
cratic granites (PoZary trondhjemite, Ri¢any granite etc.), and fourth group is
formed by durbachite rocks (Tabor syenite and melanocratic granites to monzo-
nite of the Certovo bifemeno type etc.).

The K/Rb ratios occurring in the rocks of the Central Bohemian Pluton have
been found to range from 100 to 300. The highest ones are those in tonalites
and gabbros, whereas the low values (about 100) belong to the rocks of the
Ricany granite and Pisek leucogranite.

Minartik etal (1979) also report that the Ba/Cs ratio is the most sensitive
indicator of differentiation in the Central Bohemian Pluton rocks: it decreases
during crystallization. The authors distinguished the rocks of a Ba/Cs ratio
< 100 (e. g. the Ric¢any granite, the Certovo biremeno durbachites etc.) and the
rocks of a Ba/Cs ratio > 100 (gabbros, tonalites, granodiorites of Blatna and
Cervena, and the granite of a marginal type).

In this paper an attempt is made to discuss the distribution of REE, U, Th
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and some other trace elements in the rocks to find out their variation in the
individual rock types and also to reveal the known polyphase development of
the Central Bohemian Pluton and its zonality.

Methods

For the investigation, 34 samples were taken from the characteristic loca-
lities representing the main rock types and the bodies of the Central Bohemian
Pluton. A survey of the samples is given in Table 1 where the specimens are
already ranged into groups, subgroups and types using Palivcova (1965)
classification as well as the mineralogical and geochemlcal characteristics re-
sulting from this paper.

The samples were analyzed using the non-destructive neutron activation
analysis. The analytical technique and the sample preparation were described
by Randa et al (1972 and 1978). The accuracy resulting from the reproducibi-
lity of the series of repeated analyses is expressed for the elements as follows:
accuracy exceeding 5 % — La, Sc, Fe, Th, 10y — Sm, Cr, Co, Hf, U, 15 % —
Rb, Ce, 20 %y — Cs, Eu, Yb, Lu, 30 %o — Th.

The potassium content has been determined by the atomlc absorption spectro-
metry.

The results are given in Table 2 and 3.

Table 1
List of samples
Group A — durbachitic rocks

Tabor type— medium-grained pyroxene-biotite syenite:
sample 5 — Klokoty near Téabor, the quarry in the Luznice river valley
Certovo bifemeno type— porphyritic amphibole-biotite syenodiorite:
sample 1 — Petrovice near Milevsko, the quarry,
sample 2 — Votice, the quarry at the railway station
Cervena type— (porphyritic) amphibole-biotite granodiorite:
sample 3 — Malé Nepodrice, the quarry at the elevation point 430.2, near Pisek.
sample 4 — Horazdovice, the quarry at the railway station

Group B — basic rocks

B/l — pyroxene-amphibole gabbros:
sample 30 — Svarov, abandoned quarry,
sample 31 — Pecerady, abandoned quarry,
sample 34 — Velkeé Popovice, quarry
B/2—amphibole-biotite (quartz) gabbrodiorites (Nos. 32, 33)
to quartz diorites (No. 35):
sample 32 — Vavretice, abandoned quarry,
sample 33 — Brtnice, canal of the Zelivka river,
sample 35 — Teletin, the main abandoned quarry

Group C — intermediate rocks
C/l — medium-grained biotite-amphibole granodiorites (Nos,

10, 11, 12) to quartz diorites (tonalites): (No. 14)
Bohutintype
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sample 14 — Bohutin mine, the Rudne doly Pribram
Sazava type

sample 10 — Prosec¢nice, quarry,

sample 12 — Teletin, the main abandoned quarry,

sample 11 — Mrac near BeneSov, quarry

C/2—(amphibole-) biotite (porphyritic) granodiorites:

Klatovy type— medium grained

sample 20 — Klatovy, the quarry W of Luhy
Sedléany type— porphyritic

sample 18 — Vrchotovy Janovice, quarry
Téchnice type— porphyritic

sample — 17 — Téchnice, the left bank of the Vltava river
Blatna type— medium-grained

sample 13 — Blatna, quarry of the Konstruktiva enterprise
Vitava type— medium grained

sample 15 — Kozarovice, quarry,

sample 16 — Solopysky, quarry

Group D — acid rocks

Marginal type— porphyritic amphibole-biotite granite:
sample 22 — Nepomuk, abandoned ugarry
sample 22 — Nepomuk, abandoned uqarry

Ri¢any type — porphyritic muscovite-biotite granite:
sample 25 — Zernovka, abandoned quarry,
sample 26 — Brezi near Ri¢any, abandoned quarry,
sample 27 — Vyzlovka, quarry

Nééin type — medium grained biotite granodiorite:
sample 8 — Neéc¢in, quarry

Mraé¢ type— fine-grained biotite granodiorite:
sample 29 — Mra¢ near BeneSov, quarry

Pozary type — medium-grained biotite granodiorite — quartz diorite

(trondhjemite):

sample 23 — Prosecénice, quarry

Group E — hybrid rocks

Kosova Hora type — fine-grained muscovite-biotite granite:
sample 19 — Kosova Hora, quarry,
sample 36 — Kosova Hora, quarry
Sedlec type — fine-grained biotite granodiorite:
sample 9 — Préice, abandoned quarry 1 km E of the village
Beneiov type— fine-grained biotite granodiorite:
sample 6 — Dlouhé Pole, quarry at the road,
sample 7T — Bafiny, elevation point 532, S of Kozmice

Results

The rocks of the Central Bohemian Pluton have been tested according to
their contents of REE, alkali metals, transition metals, uranium and thorium.

Alkali metals

In general, the alkali metals (K, Rb, Cs) contents increase from the more
basic to acid granitoids in dependence on the mineral composition of the
rocks (Tables 3 and 4). In the basic rocks of the group B, the potassium con-
tent is lower in pyroxene-amphibole gabbros (subgroup B/1) than in the
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amphibole-biotite rocks of the subgroup B/2. By the potassium content the
subgroups C/1 and C/2 could also be distinguished in intermediate rocks.
With increasing biotite content in the rocks of the groups B and C the potas-
sium amounts also increases. Lower potassium concentrations in the granites
of the group D, ranging from 1.50 wt.% to 4.92 wt."/s, depend on the proportion
of micas and potassium feldspar.
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Fig. 1. Correlation diagram ol the potassium and rubidium contents of the rocks of

the Central Bohemian Pluton.
Key for Figs. 1—9: + — durbachitic rocks of the group A; /h — basic rocks of the sub-
group B/l (pyroxene-amphibole gabbros); & — basic rocks of the subgroup B/2
(amphibole-biotite gabbrodiorites to quartz diorites); (p — intermediate rocks of
the subgroup C/1 (amphibole > biotite); @ — intermediate rocks of the subgroup C/2
(biotite = amphibole); Il — acid rocks of the group D: [[] — hybrid rocks of the
group E.

Because of low concentrations of rubidium and cesium in the basic rocks
they were not determined. However, the concentrations of Cs increase in the
row C/1 — C/2 — D rock groups (average values are 3.9 — 13.8 — 15.8 ppm
Cs; Table 4). As to rubidium, its notable increase is perceptible between C/1
and C/2 group, but the intermediate rocks with dominating biotite over amphi-
bole (C/2) have its average amounts equal to those of the acid rocks of the
group D.

The K/Rb ratio in intermediate and acid rocks (groups C and D) varies
in the individual samples ranging from 97 to 306 (see also Minatik et al.,
1979), but on average it is equal in both these groups, i. e. about 215 (Fig. 1).

Positive correlation between the potassium and thorium concentrations is
illustrated in Fig. 2. The same also holds for the potassium and uranium
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abundances. Thorium and uranium contents increase from the relatively “pri-
mitive” basic rocks to geochemically more differentiated ones. Heier and
Rogers (1963) have pointed out that in a great number of various igneous
rocks the K/Th ratio ranges from 1500 to 3000 only. In the rocks of the Central
Bohemian Pluton the K/Th ratio is ~ 2000. In the basic types with a low potas-
sium, this ratio is higher, whereas in acid rocks with a higher potassium con-

7

—> K( wt. %)

U 1 1 | i - 1 1 1
o0 5 10 15 20 25 30 35 40

— Th(ppm)

Fig. 2. Relation between potassium and thorium contents in the rocks of the Central
Bohemian Pluton.

tent the K/Th ratio is lower. In Fig. 2, due to the K and Th contents, the group
of basic rocks (B) and the subgroups C/1 and C/2 of intermediate rocks are
separated. As in other correlation diagrams the samples of the rock groups C/2
and D overlap. In Fig. 2 the acid rocks are scattered considerably and behave
similarly as the hybrid rocks of group E.

The similar pattern is shown in K vs. La diagram (Fig. 3).

Rare earth elements

Many papers have been devoted to solve the distribution of REE in con-
nection with the genesis of granitic rocks as e. g. the geochemical studies by
Suma et al. (1971), Arth and Hanson (1975), de Albuquerque
(1978), Fourcade and Allegre (1981) and Gromet and Silver
(1983).

The REE distribution exhibits the similar pattern through the all types of
the rocks of the Central Bohemian Pluton (Fig. 4):
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Fig. 3. Diagram of the relation of potassium to lanthanum in the rocks of the Central
Bohemian Pluton.

a) Enrichment of light over heavy REE is found in all rock groups. It is
expressed by Ce,/Yby ratio which ranges from 3.4 (in basic rocks B/2), through
7.3 (in intermediate rocks C/1), 8.1 (in intermediate rocks C/2) to 13.6 (in acid

100

La-Lw tn rocks
La-Lu in chondrites

s

1 L | 1 1 L i L 1 L L 1 L ' '

Lla Ce Sm Eu Th Y6 Lu

Fig. 4. Distribution of REE in the rocks of the Central Bohemian Pluton. The
contents are normalized by chondrites (Wedepohl. 1975).
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rocks D). Durbachitic rocks A (Cey/Yby = 9.1) and hybrid rocks E (Ce,/Yby
= 9.9) are closest to the group C/2 (Table 4.).

b) Although there is some overlap, the REE contents are lowest in the basic
rocks and continuously increase through intermediate and acid rocks.

A rather slight decrease of the REE content may be observed in the rocks
of the acid granitoids (group D). In this case the sum of REE is relatively
low in comparison with the intermediate rocks (e. g. C/2). The same trend in
analogous rocks from other massifs was observed e. g. by de Albugquer-
gque (1978) or Fourcade and Allegre (1981).

Depletion of La to Ce in the basic rocks (B/1 and B/2) is due to presence
of hornblende as one of the major mineral phase and major carrier of REE
in these rocks (see also HREE).

¢) In all rock types appears negative Eu anomaly (Ew/Eu* = 0.56—0.96; see
Table 4). The very small depletion of Eu is found in intermediate rocks (sub-
group C/1) as a consequence of mineralogical composition of these rocks (pla-
gioclase with low anorthite component).

According to the distribution of REE the durbachitic and hybrid rocks to-
gether with the acid ones would represent the most developed rocks throug-
hout the pluton.

The continual increasing content of REE together with the decrease
of the transition metals. (Table 4) in the series B, C/1, C/2 and D
furnishes evidence of fractional crystallization in this series.

The differentiation trend of the rocks is express on Fig. 9 by the relation
of compatibile (Co) and ratio of incompatibile (Ce/Yb,) elements. The average
value of hybrid rocks (group E) is plotted close to the main differentiation
trend. The durbachitic rocks (group A) lie out of this trend.

The sum of LREE are highest in the hybrid rocks (E) and the durbachites
(A) — see Fig. 4. The distribution of REE in these rocks is close to that of
post-Archean shales (e. g. NASC — Nance and Taylor, 1976). This con-
gruence permits the assumption that the rocks of the groups A and E were
enriched by the sedimentary material or its metamorphic equivalent of the
upper crust (hybrid rocks E), or arose by their granitization (durbachitic rocks
A).

The La/Th ratio is low in whole series of rocks, not attaining 4; it is charac-
teristic of the Phanerozoic earth crust with relatively felsic composition
(McLennan etal., 1980).

The Th/Yb ratio varies very sensitively through the series of magmatic
rocks. Our data tend to have lower Th/Yb ratio in basic rocks (in B/2 group
— 1.0), higher in intermediate rocks (in C/1 — 4.6, C/2 — 10.2) and acid rocks
(D — 16.7). Durbachitic and hybrid rocks with Th/Yb = 8.8 and 9.2 are mostly
similar to intermediate rocks of C/2 subgroup.

Thorium and uranium

These elements are in positive correlation. their content being higher in
more acid rocks than in the basic ones (Table 4). The durbachitic (A) and
the hybrid rocks (E) contain thorium and uranium amounts which are closest
to those of the subgroup C/2. The Th/U ratio is similar between the durbachitic
rocks (A) and the subgroup C/2. The Th/U ratio of the hybrid rocks is close
to that of the acid rocks (D).
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Thorium and scandium are in negative correlation (Fig. 5). The basic rocks
of the B/1 and B/2 subgroups are separated from others possessing the Th/Sc
ratio lower than 0.2. The intermediate rocks of the subgroup C/1 have this
ratio lower than 1. In the other rocks the Th/Sc ratio is higher. The fields
of the rocks C/2 and D partly overlap. In the diagram, the durbachites are
grouped essentially in one closed and elongated field: this cannot be said of
the hybrid rocks which are more scattered.
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Fig, 5. Thorium vs. scandium plot of the rocks of the Central Bohemian Pluton.
The basic rocks of group B and the intermediate rocks C/1 are markedly separated
from the other rocks.

Transition metals

All the determined transition metals (Se, Cr. Fe and Co) are concentrated
mostly in the basic rocks and gradually decrease in B/1 — B/2 — C/1 — C/2 —
D rock series (especially the Sc and Co contents) separating individual groups
and subgroups (Tables 3 and 4. Figs. 6. 7 and 8). The lowest amounts of tran-
sition metals have been found in two-mica granites of the Ricany type with
abundant quartz. The durbachites are characterized by high content of chro-
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mium (see also Tauson et al, 1977). In the hybrid rocks the content of
transition metals is closed to that of the intermediate rocks C/2.

The other elements

Hafnium — Its contents vary only slightly in the individual samples. The
highest contents of hafnium have been found in the durbachitic rocks (A) and
the hybrid rocks (E).

In Table 3 few present data on Sb and Ta show the trend to increase their
amount from basic to acid rocks.
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I'ig. 6. Cobalt vs, scandium plot of the rocks of the Central Bohemian Pluton.

Characteristic of the rock groups

Group A — Durbachitic rocks containing relatively high amounts of po-
tassium, rubidium and cesium with low K/Rb and K/Cs ratios display highest
contents of REE. Their thorium and uranium contents are close to those of the
acid rocks of the group D or those of the intermediate rocks of the subgroup
C/2 and the hybrid rocks E. The La/Th ratio is typical ol the developed upper
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earth crust. The K/Th ratio is higher than that of the acid rocks. The average
hafnium content of the durbachitic rocks is the highest and close to this value
for hybrid rocks. The durbachites have a high content of chromium,

Group B — In the basic rocks of the subgroup B/1 the Sec, Cr and Co
contents are higher than are those of the subgroup B/2. The Sc and Co con-
centrations have been the highest throughout the set of all rocks. The basic
rocks of the group B also differ in the lowest content of potassium and low
thorium as well as REE distribution and very low Th/Sc ratios from the other

rocks. The rocks of this group also dx::plcly the highest value of the Sc/Co
ratio.
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Fig. 7. Scandium vs. iron plot of the rocks of the Central Bohemian Pluton.

Group C — The subgroup C/1 of intermediate rocks is low in K, Rb and
Cs contents as compared with C/2, the K/Rb ratios being almost equal in both
subgroups. The subgroup C/1 is poorer in thorium and uranium than C/2. The
types with predominance of amphibole are somewhat richer in transition metals.
As to the trace elements distribution the subgroup C/2 approaches the group
D.

Group D — The acid granitoids of this group belong to the geochemically
most differentiated rocks. Their REE content is relatively high, the LREE :
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HREE ratio express by Cey/Yb, being highest too. Of all samples, their average
Th content is the highest, and their uranium content is also elevated. The con-
tents of transition metals are on average the lowest throughout the studied

rocks.
40 r—
— I ,—-"a"“\
S PPN
&_ S B/? "f/{
S D e
LD 30 ._' I
T A S~
N SR
’6“}'\ .\\E‘
20 + " ™ ~
r}" \‘\\ '8/2 A
' [« 1N 5
- + | N \
TR C/‘f /! M i
O +@) 5 8 _,'
O {4./ (W] .‘i" '.@ //' ~4A.
ol S Cl2e .
[ e it
-
g om-
a ,m
\\5 -/
I} pen i o 1 1 1 L 1 1 I
5 & 7 & g 10

Fig.

Fig. 9. Cobalt vs. Cen/Yby plot of the
rocks ol the Central Bohemian Pluton.
The constructed curve represents the dil-
ferentiation trend of the rocks in series
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are average values for rock groups.
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Group E — According to their trace elements contents the hybrid rocks
are most similar to the acid granitoids of group D and the durbachites of the
group A. This position agrees with their assumed genesis. The hybrid rocks are
enriched in REE and transition metals in comparison with group D. This may
be due to the admixture of a portion of the upper-crust material probably
derived from the sedimentary and metamorphic mantle of the pluton, which
underwent partial melting or gradual granitization. In this case. the rocks
are to a certain extent similar to the durbachitic rocks of the group A. as the
distribution of alkali metals and some other trace elements in them is ana-
logous.

Conclusions

The results presented in this paper may be summarized as follows:

1. Durbachitic rocks regarded as the earliest separate phase of the polymag-
matic evolution of the Central Bohemian Pluton are — from the geochemical
viewpoint — fairly fractionated. The contents of REE. the K/Rb ratio and the
distribution of the other trace elements of these rocks correspond to a develope
upper earth crust.

2. The further magmatic evolution of the Central Bohemian Pluton is repre-
sented by series of rocks. ranging from the basic (B/1 and B/2) through the
intermediate (C/1 and C/2) to the acid types (D). The basic rocks are charac-
terized by low contents of U, Th, alkali metals and REE and high amounts
of transition metals (Sc, Fe and Co). The intermediate rocks with prevailing am-
phibole over biotite (C/1) display lower concentrations of K. Rb and Cs as com-
pared with the intermediate rocks which contain more biotite than amphibole
(C/2). The last differentiates are represented by acid granites enriched in U,
Th, K, Rb, Cs and REE and having a low content of transition metals.

3. The last group comprises hybrid granitoids which represent a mixed type.
The contamination by the rocks of the pluton’s mantle is characteristic of
them. Thus in many cases, e. g. as to the rare earth elements content. these
rocks are close to durbachites. Their K/Rb ratio (= 159) is the lowest in the
series of rocks and their content od some other trace elements is close to that
of the acid rocks D. and as to transition metals contents they resemble the
subgroup C/2. Their points in correlation diagrams are broadly scattered. It
appears that the rocks of the E group represent a mixed type with varying
proportions of trace elements and their ratios.

Translated by J. Kosakova.
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