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Abstract: The Central Bohemian Plutonic Complex of Lower Carboniferous age is a composite batholith comprising a great number of various
plutonic and dyke rocks. Among them, at least six compositional groups can be distinguished: CA - the calc-alkaline group varying from
hornblende gabbro to biotite-hornblende granodiorite; HK - the high-K calc-alkaline to shoshonitic group of scarce monzonitic rocks and
voluminous amphibole-biotite granodiorile to monzogranite varieties; UK - the ultrapotassic group comprising amphibole-biotite and pyroxene-
biotite melasyenitic to melagranitic rocks, KMgG - more acidic high-K, high-Mg granites closely related to UK; AlG - peraluminous granodiorites;
CalG - Ca-rich and K-pooor acid granitoids of biotite granodiorite to trondhjemite composition. In addition to them, numerous dykes of
leucogranites {LG) occur.

The prevailing granitoids are of I- or rather H- (hybrid) type and various mantle-derived malic magmas (calc-alkaline, shoshonitic and
ultrapotassic) were involved in their arigin, Nevertheless, some typical S-granitoids are present in subordinate amount (the AlG and perhaps also
LG).

The CA group is the oldest among unmetamorphaosed plutonic rocks in the area. Tonalites and granodiorites of this suite (= the Sazava type)
correspond geochemically to volcanic-are granitoids, On the other hand, their pre-collisional setting is improbable because of they did not suffer
the intensive shearing accompanying a strike-slip displacement of the Barrandian and Moldanubian blocks in the zone of the Central Bohemian
suture,

Relatively younger high-K intrusions are more magnesian and appreciably richer in hygromagmatophile elements in respect to the CA group,
These intrusions appear as related to crustal extension, uplift and decompression of the Moldanubian block.

Ultrapotassic rocks are extremely rich in K, Rb, Cs, Th, U but bear chemical indications of rather primitive mantle-derived magmas. Origin of
both the UK and KMgG rocks can be explained in terms of partial melting of highly anomalous mantle sources followed by extensive hybridization
of ultrapotassic magmas with acid crustal melts.

The UK, EMgG and at least some S-type granitoids intruded relatively late in respect to other voluminous rocks of CBPC, and their distribution
is apparently independent on the Central Bohemian Suture.
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Introduction

The Central Bohemian Plutonic Complex (CBPC) is a
large composite batholith cropping out on a total area of
about 3200 km?in central and southern Bohemia south of
Prague (Praha). In older Czech literature it was referred to
as the "Central Bohemian Granite Massif* and more re-
cently, starting with papers by Orlov (1935a, b), as the
“Central Bohemian Pluton®.

This batholith displays the most varied composition
among plutonic bodies in the Bohemian Massif. The plu-
tonic rocks correspond to gabbro and even hornblendite,
biotite-hornblende tonalite and prevailing amphibole-bi-
otite granodiorite to granite, amphibole-biotite melasye-
nite (durbachite) to melagranite and biotite-pyroxene me-

lasyenitic rocks, leucogranite, and some other varieties. In
addition, a great number of highly variable rock dykes are
present (minettes, spessartites, microgabbros, diorite and
melasyenite to granite porphyries, ete.).

The Central Bohemian Plutonic Complex has been stud-
ied by many authors from various points of view. Besides
the great number of papers dealing with some limited part
of the batholith or some special problem, there are synoptic
papers by Kodym Jr. (1966) and Palivcovd (1965, 1984).
Most data are, however, scattered over the Czech-written
literature.

Modal composition has been extensively studied by Stei-
nocher (1950 to 1963), and numerous more recent data can
be found in explanatory notes to geological maps and some
other papers.



There are some specialized papers on rock-forming min-
erals, e.g., by Poubova (1971, 1974} on composition of
amphiboles, by Fiala and Vejnar (1976) on biotites, by
Johanova {(1969) and Kodymova and Vejnar (1974) on
assemblages of accessory minerals in the principal rock
types.

Chemica! composition of plutonic rocks in respect to
major oxides was studied by many authors but papers by
Orlov (1935b), Steinocher (1969) and, above all, Vejnar
(1973), are the most important among them. There are
more than 300 whole-rock analyses yet published. A great
majority of them was summarized by Vejnar (1973), to-
gether with some principal statistical parameters. Some
more recent analyses were presented in explanatory notes
to new geological maps 1 : 25,000 {e.g., Zezulkovd et al,
1980, Tonika et al. 1980a, b).

Trace element contents were discussed by Vejnar
(1974b), Jakes (1977; both papers present only averages For
individual rock types), Tauson ¢t al. (1977), and BouSka et
al. (1984). Radioactive elements (K, Th, U} in granitoids
were studied by Manova (1975).

The major shortcomings of many geochemical papers
from CBPC are a separate treatment of major and trace
elements, uneven quality of data and also the fact that
correspondence of many samples to the local petrographic
types has been determined erroneously.

Moreover, the frequently used arithmetic means of indi-
vidual rock types (Steinocher 1969; Vejnar 1973, 1974a,b)
can obscure the existing variability and evolutional trends.
Consequently, some attempts at discrimination of natural
(both geochemical and petrogenetic) rock groups, which
were based on average compositions only (Steinocher 1969,
Vejnar 1974b), led to contradictory results; an exception is
represented by the dark and potassium-rich granitoids to
syenitoids, which were correctly recognized as a distinct
petrochemical group (Steinocher 1969; Sattran and Klo-
minsky 1970).

Petrogenctic interpretations yet published are rather
speculative and frequently controversial. Many papers are
focussed on the "granite controversy™ (e.g., Paliveovi 1965,
Palivcova et al. 1989a, b). Attempts at more up-to-date
interpretations are still scarce (Bendl and Vokurka 1989
Janoudek and Rogers 1994; JanousSek et al. 1995).

Hence, the aim of our paper is to summarize the most
important geological, petrographical and geochemical in-
formation on the individual rock types, to define natural
eroups of genetically related rocks, and to discuss their
petrogenesis and relationship to geodynamic setting. This
study should serve as a starting point for further, more
detailed papers.

Regional setting

The geological situation of the Central Bohemian Plutenic
Complex is illustrated in Figure 1. The Complex is situated
along an important, generally NE-SW trending tectonic
zone called the Central Bohemian Suture, which separates
the Barrandian block {(or Bohemicum or the Tepla-Bar-
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randian region) in the north-west from the Moldanubian
block {Moldanubicum) in the south-east.

According to geophysical data, the suture is formed prin-
cipally by the NE-SW trending Klatovy and BeneSov deep
faults shifted by the transverse (NW-SE) Jichymov and
Sazava faults (Blizkovsky et al. 1988),

During Hercynian orogeny, the boundary between the
Barrandian and Moldanubian blocks experienced poly-
phase ductile deformation with both sinistral and dextral
sense of transport (Rajlich 1993).

The Upper Proterozoic and Lower Paleozoic rocks sur-
rounding the northern part of the Complex and forming the
roof of intrusions were extensively deformed prior to for-
mation of CBPC by progressive simple shear in the ductile
shear zone, named by Rajlich et al. (1988) as the Central
Bohemian Shear Zone and interpreted as resulting from a
strike-slip movement with horizontal displacement exceed-
ing 100 km. More recently, Rajlich (1993) assumes a shor-
ter distance of transport.

The adjacent part of the Barrandian block comprises the
Upper Proterozoic series (slates, mudstones, greywackes,
conglomerates, basaltic and rhyolitic volcanic rocks accom-
panied by volcanoclastic beds) and the Lower Paleozoic,
mainly Cambrian greywackes, sandstones and conglomer-
ates (in the Piibram area), but locally also Ordovician to
Lower Devonian sedimentary rocks (Havlicek 1977),

The Klatovy apophysis of CBPC follows the Klatovy deep
fault accompanied by the Klatovy shear zone. The north-
western boundary of the complex continues to NE gener-
ally in the same direction being relatively straight in geo-
logical map regardless the course of the gravimetrically
indicated suture.

Nature of the contact is intrusive with many apophyses
and only locally has been modified by younger faults. The
generalized contact plane is steeply dipping (50-80%) to SE
(i.e., downward bencath CBPC), as could be directly ob-
served up to a depth of 1800 m in mines around Piibram
(e.g., VlaSimsky 1976).

A thermal aureole is developed in a total width ranging
from about 100 m to more than 1 km. Maximum tempera-
tures of contact metamorphism correspond to the amphi-
bole-hornfels facies.

Granitoids neighbouring with sedimentary country rocks
may contain numerous xenoliths of hornfelses (Piate I-1}
or, at localities adjacent to Cambrian conglomerates, of
quartz pebbles.

Relics of Upper Proterozoic to Devonian sedimentary
sequences and volcanic rocks occur as large contact-meta-
morphosed roof pendants ("metamorphic islets)” on the
plutonic rocks (= the “Islet Zone“, e.g. Kettner 1930
Chlupéé 1992). In spite of the generally reduced thickness
and (still uncertain) absence of Cambrian, lithology of the
Lower Paleozoic sediments in the Islet Zone is similar to
Barrandian with some exceptions like the presence of
quartzites and quartz conglomerates of Lower or Middle
Devonian age (?7) which are the uppermost member of the
sedimentary pile (typically in the Sedl¢any-Krasnd Hora
islet} and have no counterparts in the Prague basin of
Barrandian.
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1. {a) Location of the Central Bohemian Plutonic Complex {CBPC) and other plutonic bodies in the Maldanubian Zone of the Bohemian Massif,
BE - Barrandian block, MB - Moldanubian Block, $BB - South Bohemian (= Moldanubian) Batholith, TP - Ticbié Pluton.

(b) Geological outline of the Central Bohemian Plutonic Compiex.: Crosses ~ granitoids and subordinate mafic rocks of CBPC: small overturned
crosses — ultrapotassic plutonic rocks; dots - Upper Proterozoic to Devonian sedimentary and volcanic rocks of the Islet Zone (thermally
metamorphosed roof pendants); elongated crosses — orthogneisses; open circles - Permo-Carboniferous sediments. KM — Kfe&ovice migmatites,
M — Mirovice metamorphosed islet, MO - Mirotice orthogneiss, SO - Staré Sedlo orthogneiss, MM - Milevsko massif, PC - Permo-Carboniferous.

Maximum metamorphic conditions within the islets re-
ached those of the hornblende-hornfels or even pyroxene-
hornfels facies (Suk 1973a). In some places, suitable rocks
of semipelitic composition were partially melted (e.g., the
Kfedovice migmatites).

Several good exposures in the northern part of CBPC
display a finger-like intrusive contact of granitoids pene-
trating the surrounding metamorphic rocks of the "Islet
zone® along their schistosity (see, e.g., Kettnerovi 1920).

The Jilové zone is a conspicuous lithological unit of the
roof. It represents a narrow belt about 65 km in length,
formed by Upper Proterozoic basaltic and acidic voleanic
rocks accompanied by minor intrusions of gabbro, tonalite
and trondhjemite (albite granite). Northernmost part of
the zone has character of an anticlinal zone and lithologi-
cally grades into overlying sediments (the Stéchovice group
of the Upper Proterozoic) whereas central part appears as
a septum between granitoids. Southern parts of the belt
pertain to the Neveklov and Mirovice metamorphic islets.

The rocks were affected by a strong ductile to brittle
deformation with development of the outstanding subver-
tical "Jilové cleavage” and low-grade metamorphism prior
to intrusions of CBPC. A later thermal metamorphic over-
print is related to Hercynian granitoids.

The Mirotice and Staré Sedlo orthogneisses, which form
important parts of the Mirovice and Sedléany-Krasnd Hora
islets, were believed by many authors to be also of the
Upper Proterozoic age, although their intrusive contacts
against the Lower Paleozoic (Ordovician?) sediments have
been mentioned, e.g., by Mrazek (1964). Recently the rocks
have been identified as intensively deformed and metamor-
phosed calc-alkaline granitoids of Middle-Upper De-
vonian age (Koler et al. 1993).

In the south and east, CBPC extends far into the Molda-
nubian crystalline complex which is represented by the
Monotonous and Varied Groups. The former unit consists
mostly of paragneisses and migmatites with minor occur-
rences of quartzite and calc-silicate rocks, the latter one is
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rich in marbles, cale-silicate rocks, quartzites, graphitic
schists, amphibolites, etc. All these high-grade metamaor-
phic rocks correspond to the upper amphibolite facies.
There are also some high-pressure, high-temperature
rocks, namely in the Gféhl unit comprising partly anatectic
gneisses, amphibolites, granulites and eclogites. According
to recent interpretations, the Gfohl unit represents an
upper sheet in the crystalline nappe pile of the Moldanu-
bicum and surrounds CBPC along its eastern margin (e.g.,
Matte et al. 1990).

The Moldanubian Crystalline Complex may include
some old elements (Early Proterozoic, Wendt ¢t al. 1993)
assembled to younger ones (Upper Proterozoic to Lower
Paleozoic.in age) during the Hercynian orogenesis. Some
parts of the Varied Unit with abundant marbles at S contact
of CBPC scem to be lithologically comparble to the Lower
Paleozoic rocks of the Islet Zone (Chlupaé 1992).

The Hercynian (Lower Carboniferous) age of the last
metamorphism is now generally accepted and evidenced by
U/Pb dating of gneisses and granulites (e.g., van Breemen
et al. 1982: Aftalion et al. 1989; Wendt et al. 1994).

Foliation planes in the Moldanubian complex along
south and south-east margin of CBPC are generally NW-
dipping (i.e., they dip under the plutonic complex). The
southern boundary of CBPC is complicated by many apo-
physes, which are mostly concordant with foliation planes
in the surrounding metamorphic rocks, and may be accom-
panied by pearl gneisses.

Various xenoliths occur in all plutonic rocks and their
abundance usually increases towards the roof pendants.
These remnants of the roof suggest an important role of
stoping during the predominantly passive emplacement of
voluminous plutonic bodies.

Those xenoliths which are enclosed in relatively late,
small intrusions, were apparently transported from depth.
Xenoliths of various gneisses, quartzitic rocks, amphibo-
lites, calc-silicate rocks, etc., within bodies of the Zbonin
granite (Plate 1-2) or ultrapotassic rocks, may argue for
presence of the Moldanubian crystalline complex below the
SE part of CBPC (Holub 1980).

A multi-stage character of the igneous activity is evi-
denced by internal sharp boundaries within CBPC and by
presence of the older plutonic rocks as xenoliths enclosed
in the younger intrusions (Plates I1-1,2 and III-1).

A conspicuous regional dyke swarm of Hercynian age is
developed in the area of CBPC {except in its youngest
parts) and in adjacent part of the Sumava Moldanubicum
S of CBPC. Most dykes strike W-E to NW-SE and are
represented by lamprophyres (namely minettes, Plate I11-
2) and various melasyenite to granite porphyries.

Eastern part of the northernmost lobe of CBPC (the
subcircular Rigany massif) is covered by Permo-Carbonif-
erous continental sediments of late Stephanian C to Au-
funian age.

These clastic rocks occur also as small relics within a
narrow, N-S to NNE-SSW trending, graben-like fault sys-
tem of the Blanice Furrow, which continues southward to
the Moldanubian crystalline complex. Faults of this system
truncated the easternmost part of CBPC represented by
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deformed granitoids (namely the so-called "Benedov
type®).

Unmetamorphosed and almost undeformed to weakly
deformed plutonic rocks of CBPC are believed to be of
Hercynian age (Kettner 1930, Kodym Jr. 1966). Specula-
tions about considerably higher ages of many granitoids in
this area (e.g., Chaloupsky 1978) lack any geological or
geochronological evidence. These rocks are appreciably
younger than (Lower) Devonian sediments and also than
orthogneisses whose protoliths were dated as Middle-Up-
per Devonian (Kogler et al. 1993). Intrusions of granitoids
should span the time interval between the main (low-pres-
sure) metamorphism of the Moldanubian Complex and

deposition of Permo-Carboniferous clastic beds onto the
NE part of CBPC.

Geophysical outline

The Central Bohemian Suture is indicated by markedly
steep gravimetric gradient between the positive area of the
Barrandian block and the generally negative Moldanubian
area (BliZkovsky et al. 1985, 1992). The existence of deep
vertical faults affecting even the Moho discontinuity has
been proved by international deep-seismic profiles DSS VI
and VIIL.

The thickness of the crust reaches about 37 km, i.e. the
maximum value in the Bohemian Massif, at the SE margin
of CBPC and adjacent part of the Moldanubian crystalline
complex (Berdnek and Zounkova 1977; Blizkovsky et al.
1992). Vertical inhomogeneity of the crust is demonstrated
by varying seismic velocities (Beranek et al. 1975).

Deep seismic reflection profile 9HR has shown SE-dip-
ping reflection planes in the Barrandian block but NW-dip-
ping planes in the Moldanubian area; it also indicated
thickness of about 4.5 km for seismically transparent gra-
nitoids in the SW part of CBPC SW of Blatni (Tomek and
Vrana 1992}, For other parts of the Complex, such data are
not available,

Positive gravity anomalies in the central part of CBPC,
NW of the Benesov fault, can be accounted for by both the
metabasites of the Jilové belt and the gabbroic rocks of
CBPC, which may be more abundant at some depth (the
so-called ”Sédzava batholith“ according to Tomek 1975).
According to Salansky (1983), both rock groups are respon-
sible also for magnetic anomalies within the so-called Cen-
tral Bohemian regional magnetic zone).

The gravity low region comprises several pronounced
negative anomalies. One of them belongs to the Ri¢any
granite body. Other negative anomalies are situated in the
middle part of the Blatna granodiorite (SW of the Jachy-
mov fault) and even at the SE border of the Complex, which
is built of relatively more dense granitoids of the Cervend
type (Blizkovsky et al. 1983).

A large negative anomaly situated S of Pisek, i.e. just
outside the Complex, has been interpreted by Tomek
(1975) as a hidden body of very light granites (the "Putim
batholith™). A great number of leucogranite dykes is typical
for that area, but the exact nature of the rocks responsible



for this anomaly, as well as their relation to the CBPC, are
questionable,

On the basis of rock densities and interpretation of resid-
ual gravity anomalies, Marek and Palivcova (1968) pro-
posed rather small thickness of some rock types, especially
the relatively dark granitoids in the SE part of CBPC, which
could be underlain by some less dense granitic rocks. Dobes
and Pokorny (1988) studied the local gravity field and
interpreted the Milevsko massif of ultrapotassic plutonic
rocks (= the Certovo bfemeno compiex) as a subhorizon-
tally oriented tabular body only 2-3 km thick with some less
dense racks below.

A great majority of granitoids (except the Sdzava and
PoZiry types) are significantly more radioactive than the
surrounding Upper Proterozoic and Lower Paleozoic
rocks, especially the metavolcanics of the Jilové belt and
similar rocks. Consequently, the boundary of CBPC is
partly well marked in the acroradiometric map (Fig. 2). On
the other hand, there is much less distinct contrast against
some migmatites of the Moldanubian metamorphic com-
plex bordering the CBPC at south. An exception is repre-
sented by the extremely radioactive, ultrapotassic mela-
syenitoids and melagranitoids of the Certovo bfemeno and
Tébor types (Matolin 1970; Manova 1975).

Petrographic features

since the petrographical variability of CBPC is too large, it
is conventional to use special names for distinct varieties of
granitoids and more mafic rocks; there are 30 odd names
of local rock types in the literature. Some of them are,
however, ill-defined, questionable or redundant.

Table 1 provides a brief summary of local petrographic
types and their most important features resulting from
critical evaluation of a large set of published and unpub-
lished data. The individual types are arranged into several
groups defined on both petrographical and geochemical
grounds. A generalized surface distribution of rock types is
illustrated in Fig, 3,

The following more detailed petrographical and minera-
logical characteristics of the rock types are largely based on
papers which were already cited in the Introduction.

Gabbroic to dioritic rocks (CA group)

Gabbroic to dioritic rocks of the calc-alkaline group are
present in the northern and central part of CBPC, usually
in a close association with granitoids of the Sizava type.

The most characteristic ferromagnesian mineral of gab-
broisamphibole ranging in composition from tschermakite
(in crystal cores) to much more abundant magnesio-horn-
blende, rarely with actinolitic overgrowths. The amphiboies
are magnesium-rich with mg as atomic 100Mg/(Mg+ Fe)
ranging from 54 to 70 (Vejnar 1975; Ulrych 1975, 1985).
Clinopyroxene is diopside (mostly salite, Fiala 1975, Fiala
et al. 1974). Andesine, some interstitial K-feldspar and
quartz are often present besides calcic plagioclase (e.g., in
the famous Pecerady gabbro, Knotek 1975),

The gabbroic rocks are variable in textures but similar to
many gabbroids intimately associated with calc-alkaline
granitoids elsewhere (Palivcova 1981). They are often por-
phyritic with large (up to 10 mm) stubby hornblende crys-
tais which are frequently arranged into a centric (spheroi-
dal) texture, described and interpreted by Hanuf and
Faliveova (1970} in terms of recrystallized variolitic texture
of voleanic rocks.

Some quartz gabbroes may contain light "oceili* up to
several mm in size, composed of quartz or quartz plus
feldspars (e.g., Palivcova 1978). Such rocks of presumably
hybrid origin are known as small masses in the central part
of CBPC E of Piibram.

Olivine gabbro is rare and occurs in a mafic body at
TuZinka near BeneSov (e.g., Vejnar 1972). Pyroxene-bear-
ing olivine hornblendite associated to gabbroic rocks is
known from a few localities in the vicinity of Pfibram.

Sdzava type {CA group)

Granitoids of the Sdzava type range from biotite-horn-
blende tonalite or quartz diorite to granodiorite. Qnly in
the most acidic varieties of granodiorite, biotite prevails
over amphiboie which may be even absent in rocks close to
contacts with metamorphosed semipelitic schists, Plagio-
clase may contain calcic cores surrounded by andesine to
oligoclase. The K-feldspar is subordinate and never forms
phenocrysts in contrast with granitoids of the HK and
KMgG groups.

Characteristic ferromagnesian minerals are ferrohorn-
blende (mg 46-48) and Fe-biotite (!ng 42—46). The most
commaon accessory minerals are magnetite, pyrite, some
ilmenite, sporadic titanite, some zircon and apatite, and
abundant (secondary) epidote.

These granitoids contain ubiquitous microgranular en-
claves of quartz gabbro or diorite to melatonalite compo-
sition. Shape of the enclaves frequently indicates their
plasticity during emplacement (Dudek and Fediuk 1957;
also Plate I'V).

Many authors (e.g., Kodym Jr. et al. 1963; Vejnar 1973)
used the term “Sdzava type" in much broader sense and
included into it also the hornblende-biotite granitoids of
the Kozdrovice (or Vitava) type. Since the latter rocks
differ considerably in mineral chemistry, accessory mineral
assemblage, modal and whole-rock chemical composition,
they should be regarded as members of the high-K group,
however,

PoZdry and Necin types (CaG group)

The PoZary and Nedin types occur in two isolated bodies
which intruded the Sizava type. These rocks are equigranu-
lar biotite (leuco)granodiorites to trondhjemites. Sodic pla-
gioclase often contains irregular more calcic cores. Iron-
rich biotite (high in siderophyllite component, with
mg <32) is usually the only mafic mineral. Amphibole
occurs rarely and only in accessory amount. Accessory
magnetite is common.
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2. Simplified airborne radiometric map of the Central Bohemian Plutonic Complex. Exposition power of gamma radiation in uR.h",

Monzonitic rocks and Zaluzany type (HK group)

Monzonitic rocks form subordinate bodies associated with
granitoids of the central and southern part of CBPC. Com-
pared to common gabbroes and diorites, these mafic rocks
are richer in potassium minerals (namely K-feldspar) and
correspond to clinopyroxene-bearing biotite-amphibole
monzogabbro, melamonzonite and quartz melamonzonite
{(e.g., the monzonitic rocks from Luckovice near Mirotice,
Ledvinkova 1985). A less mafic variety is represented by
the fine-grained biotite-amphibole quartz-monzonite to
melagranodiorite of the ZaluZzany type (Hejtman 1945).

Amphibole of these rocks is usually magnesio-horn-
blende to actinolic hornblende. Biotite is also Mg-rich with
mg 55-71 (Ledvinkova 1980).

Kozarovice and Téchnice types (HK group)

These amphibole-biotite granodiorites occur in the central
part of CBPC. The Kozérovice type is common amphibole-
biotite granodiorite with only a weak tendency to por-
phyritic texture. The Téchnice type of similar composition
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is a porphyritic variety containing rather sparse megacrysts
of K-feldspar, 3-5 cm in length.

Amphibole corresponds to magnesiohornblende with mg
about 50-60 and considerably lower Al compared to the
Séazava type. Small relics of diopside may be present. The
Mg-Fe-biotite has mg about 50-54. The most characteristic
accessory minerals are apatite and zircon accompanied by
scarce sulphides (mostly pyrite); magnetite is rare or lack-
ing.

The Kozirovice grancdiorite contains dark microgranu-
lar enclaves which are frequently of monzonitict to quartz-
monzonitic composition and may approach the petro-
graphic character of the ZaluZany type (Hejtman 1948;
Holub 1990).

Cervena type {HK group)

The Cerveni type corresponds to porphyritic amphibole-
biotite granodiorite, in places even melagranodiorite, and
occurrs along the southern and south-eastern border of
CBPC where it is foliated parallel to the contact with
Moldanubian gneisses and migmatites, This type passes
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3. Generalized distribution of principal rocks (with local names for granitoid types) and their groups in the Central Bohemian Plutonic Compiex.

Dyke rocks and a great majority of small leucogranite bodies are omitted,

Abbreviations for some focal rock types: Ne — Neéin, C — Cervend, Mr - Marginal, Ny - Nyrsko, CB — Certovo biemeno, Zb - Zbonin, M3 -

Marfovice, KH - Kosova Hora

continually into the very homogeneous and lighter Blatn4
granodiorite.

Despite of the different appearance, the Cervend type is
very similar to the Kozdrovice type in modal composition
and mineral chemistry.

Composition of locally frequent dark microgranular en-
claves corresponds to (clinopyroxene)-biotite-hornblende
diorite, monzonite and, more rarely, to melasyenite (Sou-
¢ek 1971; Holub 1990}.

Blatna type (HK group)

Amphibole-bearing biotite granodiorite to granite of the
Blatna type is the most widespread and homogeneous
granitoid rock of the southern half of CBPC. Some parts of
the body have been named also the Zvikov (Urban 1931;
Zeiulkovi et al. 1980) and Hudéice types, the relatively
darker variety which is transitional to the Cervena grano-
diorite as the Zavlekov type {Vejnar 1955). Amphibole is

magnesichornblende to actinolitic hornblende. It may be
lacking in the most acidic variety of the Blatna type.

Marginal type (HK group)

|“-

The "marginal® type comprises medium- to coarse-
grained varieties of light, frequently pink-coloured, biotite
granites to granodiorites which occur mostly close to the
western boundary of the batholith, i.e. in the Pitbram area
and the Kiatovy apophysis. Biotite is higher in Fe
(mg 43-47) compared to the Blatni type, amphibole is

SCArce.

Nyrsko type (HK group)

The Nyrsko type is poorly known biotite granite to grano-
diorite which may represent a finer-grained equivalent to
the marginal type. It occurs in the westernmost part of the
Klatovy apophysis.



Mrac type (HK group)

The Mra¢ type is a fine-grained biotite granodiorite known
as a single NE-SW clongated body intruding the Sazava
tonalite N of Benesov (Fig. 3). Mineral composition is
similar to the Blatna granodiorite.

Certovo bfemeno type and related rocks (UK group)

The Certove bfemeno type, frequently referred to as dur-
bachite or the durbachite series, is a conspicuously dark
porphyritic (K-feldspar-phyric) amphibole-biotite mela-
syenite to melagranite. It can be subdivided into dark and
light-coloured facies. The most mafic variety of the dark
facies is well comparable with durbachite from the Black
Forest (see Sauer 1893) and the Vosges (Gagny 1968; Fluck
1980), the less mafic varieties correspond with the Granite
des Cretes from the Vosges,

Amphibole is rich in Mg (mg = 71) and Si but poor in Al;
it usually corresponds to actinolitic hornblende with crystal
rims of actinolite composition. Abundant biotite is also
highly magnesian (mg 62-72) and relatively poor in Al, with
very low Al"

The durbachitic rocks are markedly rich in apatite (up to
3 ). Other accessory minerals are zircon, some sphene
and occasionally allanite. Johanova (1969) reported also
presence of topaz and less frequent fluorite, rutile, scheelite
and baryte. Opaque minerals are scarce, being represented
especially by pyrrhotite which highly prevails over pyrite,

Much less porphyritic and finer-grained variety {the mar-

ginal facies of the Certovo bfemeno type) from borders of
the body has been often called the Dehetnik type and
confused with the adjacent Cervend granodiorite.

Extremely dark melasvenites form several small bodies,
either associated with the Certovo bfemeno type or occur-
ring in the area of the so-called Benelov type.

Ultrapotassic granitoids to syenitoids enclose various
xenoliths of metamorphic rocks and ubiquitous micro-
granular enclaves of melasyenite to potassium-feldspar
melasyenite or quartz melasyenite composition (Holub
1977, 1990),

The Certovo biemeno type constitutes also numerous
small bodies and massifs which are scattered along a zone
trending NNE-S5W through the Moldanubian crystalline
complex further to the south; those masses are convention-
ally counted to the Moldanubian Batholith, although their
peculiar composition and the entirely independent distri-
bution are apparent.

Tdbor type (UK group)

The Tébor type also ranges in composition from mela-
syenite to melagranite but it does not contain the large
K-feldspar phenocrysts and, moreover, its mineral assem-
blage is almost dry.

The principal ferromagnesian minerals are represented
by orthopyroxene, clinopyroxene, and less abundant Mg-
hiotite. The "dry"” assemblage is, nevertheless, often partly
or even completely degraded to the "wet” one with abun-

s b %K:0
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4. Variation diagram of K20 versus SiOz (wt. %) for plutonic rocks of the Central Bohemian Plutnic Complex. The boundary line between the
high-K cale-alkaline (HKCA) and shoshonitic (SHO) fields is from Peccerillo and Taylor {1976), other boundarics are as recommended for

volcanic rocks by IUGS (Le Maitre 15955).

Fields of major granitoid groups or types are outlined with full lines, associated mafic rocks with dashed lines, mafic enclaves with dot-and-dashed

lineg, the AlG granitoids with dotted line. Analyses from 1
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able 2 are represented by filled circles.



Table 1. Synopsis of the rock types of the CBPC

Rock type Area km? Petrography Mafic minerals M.IL Enclaves
CA group {caic-atkaline)
Basic rocks 7 Hb, Gb, QGb, D, (ol}, cpx, amp var. 15-25 -
Sézava 250 QD, To, GD amp > bi D, Gb
(a0 group (high-Ca aad granitoids)
PoZiry 60 IGD-Tr bi 2 -
Nétin 3 IGD bi b -
HK group (high-K calc-alkaline 1o shoshonitic)
Monzonitic rocks <3 MGb, MD, mM (cpx), amp, bi 40-80 =
ZaluZany < ] mOM-mGD Cpx, amp, bi 4() -
Kozdrovice 230 GD, mGD bi > amp 15 =25 M, D, QOM,
Téchnice 70 pGD-pMG bi > amp 15-20 M, D
Blatna 630 GD, (MG) bi > {(amp) 10-15 D, M, mGD
Blatn&-dark - GD bi > amp 15-235 DM
Cervend 185 pGD, (OMD) bi > amp 20-25 D, M, m$
Klatovy 60 (p)GD bi > amp 15-25 D, M
Mrad | GD bi 10 X
Marginal 55 coarse-gr. G bi < 10 Do, D J
Polénka 12 catacl. G bi <10 ? |
Nyrsko 10 G bi < 10 7
UK group (ultrapotassic)
Certove bfemeno 225 pmS, pmQ5s, pmG, bi =amp 25-55 mS, m)s
Tabor 60 mS, mOS, mG bi, opx, epx, amp 25-45 m}S, Bi
KMgG group (K-Mg-granites)
Sedifany 100 pMG bi > amp 17-20 mG, mS
Zbonin ? pMG bi, {co, mu) variable A, mG
Riany 130 {(pIMG bi, (mu) 5-10 mG, mQs
AlG group (peraluminous granitoids)
Kozlovice 25 GD bi, {mu, co) 15-20 X
Mariovice 45 GD bi, {mu, co) variable ). 4
Kosova Hora 5 pGD-MG bi, (mu, co) 10-15 X

Rocks: | - leuco-; m ~ mela-; p - porphyritic; Bi — biotitite; D - dionite; Do - dolerite; G — granite; Gb - gabbro; GD - granodiorite;
Hb - homblendite; M - monzonite or prefix monzo-; Q — guartz-; S - syenite; To— tonalite; Tr— trondhjemite; X - abundant xenoliths. Minerals:
amp ~ amphibole; bi - biotite; co - cordierite; epx - clinopyroxene; mu — muscovite; ol - olivine; opx - orthopyroxene

dant biotite and actinolitic amphibole (similar to the Cer-
tovo bifemeno type), particularly at borders of the body
(Jake$ 1968). Characteristic accessory minerals are apatite,
rutile, and zircon.

SedI&any granite (KMgG to UK group)

The Sedl&any type is porphyritic amphibole-biotite granite
resembling the most acidic variety of the Certovo bfemeno
type; compared to the latter, the Sediéany type is somewhat
lighter (M < 20), poor in amphibole, and the shape of its
K-feldspar is less pronouncedly tabular,

Microgranular enclaves are abundant and their compo-

sition ranges from amphibole-biotite melagranite to quartz
melasyenite (Holub 1990).

Zbonin granite (KMgG group)

Compared to the previous type, the Zbonin granite is
less-conspicuously porphyritic and finer-grained, usually
amphibole-free and rarely cordierite-bearing. It forms
small bodies and irregular dykes associated with the Cer-
tovo biemeno type.

The Zbonin granite carries a great number of various
xenoliths of metamorphic rocks. Among them, the restitic
gneisses extremely rich in garnet, cordierite, sillimanite and

35




siperap7 ‘odh] sHAcsIEp ‘FIoIpousd 21101G-{NLIMNPIoD} — o7 QIS (Alaerea gy} adAy Auepnyg Suoeld 23n01q 30URIQ-HIA0IEN - L7 “ERAOUIFZ A AUENY ‘ayuea¥ 2ynoig — 7 'wwoqz ‘adh)

w7 ‘onaesd apon - ¢7 ‘sswmnjy) dqosia, resu sowady ‘ad) dreppas onyuesd ajnorg-atoqydure — 77 aodan (Arauea wdy) ad4) ourawagg oAoLA) sauesiepaw smoig-sfoquydiue - 77 ‘0NsAs[iy Jesu gy, ‘(Asuea pep-wnipow)
2di} ouswwagg oaou) ‘snuaiseraw mrenb 1g-we — 7 “§nipay (ad4) cuawagg 0a011a7) YL JO AlaLIEs YIED Lran =)y anpeqInp - [ ‘oo - J0qg ] “adi Joge [ ‘anuadsemw zuenb amoiq -suaxesid - §1 "IOqE], 18U 3R] ‘{A3area YEp)
3y roqe 1 ‘auuaiseaw xdo-xda-a301g - £ 1 serynonn) ‘suvaksefaw Mnog-afoqigdure — g1 “AgU0acs] ‘ada Jeurdiew | fauuesd sinoig - 1 ongpey ‘s Jemdreu ‘ayuerd oo — $1 QRIN ‘SNI0IPOURIE NN - £ "BUE)Y Jeat
noipayg Aurenb ‘adfy puyeig *2moipouesd aino1q Juireag-apoquyde - 71 ‘3omoreroy ‘adA) samoapzoy ‘eunoipouesd aineig-ojoqigdune — |1 2oy Jesu g L1senb ‘adiy yuawayy ‘aoipouesd amneig-appqydure — o1 ‘zog Opep Lol
‘(A1aues yrep) KA puaaiany ‘ALoIpoUers amoig-aequydue - g *Auegniez ‘Mpoipeueifeau o) amuozuow suEnh — g f(g ou TEUT CHET BAORMIARST] WO} SHADRIT ‘SHU0ZHOW ~ § “URpgN w0 vpaN “nuoipoueid 1noiq - § “S01Ras0L4
‘3diy Lrezog ‘smmaiypoor o) soipoued 3100t - ¢ Aungasa ‘auoipoussd apuIjquIoy-auig — ¢ DRI “3EUG) SPOIIQIUIOY- N0 - ¢ UHR[R L IH0p 0) ouqqed-zpenb apuapquIoy — ¢ *AOLIUSE JROU BN "0JQqEd MO0 — T
. T 5T =g B0 —,

- i1 LE 68 7o 0L - B0t L1 T0Z £L - - £L £9 09 e 2% 6L - 6 62 £9 cL 8 €11 uz

- 174 6T - 6z - - 81 L9 58 6T - - a1 g1 41 vE - v - 9 01 z1 g g1 - IN

- - £ - ] vl iz £ 81 1t qE - el 8 1 71 & g £ 9 £ - 61 12 99 o
0s §E 7L CET SZT 06T 08 OpS 0zt 08¢ oL - - 5 65 06 b 90T BRI £LE LT €1 ¥ o 0L 0zl 3}
it 6z LE - - 0s - 6L - £TT - - 15 6 79 19 o8 0 S 11 4 £RI 0T ¥6 CLE A

8 £ 9L 0Z1 06 L6 61T 621 9l 601 - - s LL I 971 63 it LD - 0 o £C 61 - )

L€ 9z 4z - oF - 4 s e - - 59 b i = - 43 gt - CE - 6T 6 - g |

= S ¥ L1 7 i gz Fi s £E 0E - - - 61 9z 91 8T oz £ - g ¥ 11 - Ly g1 A
Oel OSI OFT weE 09T (1€ GRE  SLF i 1A - £91 121 §il cLT iyl SLz 0T ORI - aIr - g1 6 06 z 17

L ¢l L I'6 FLT 60T CHT LYl £El < - - - g ¥ L6 £'9 - 011 g i 5T ¥ L' 0 £'E g

(1 962 e B0E S0E  CIF 0TS CHC I s - - - g6t 9&l  60E 6T 0z LI ) 4 S N $El LFT 0% ¢'T ur

- 0L 0L - EL - GE - D¥ P - - i 99 - e - 8¢ - L PE £T L £l - ad
008 0S8 0011 OL9T  OFET 01X 0R6T  DIMZ  O¥ST 068 O0ES  O6El  006C 09L  0F6 0691 O0ET  OTET  O08Z7  OSBT  SSTT  Osel  S&ET OL6 088 089 47
Sl CSDE  EEE S6E RSE Tt i U RS S09 0901 1sT v w6l O¥e 89 SOr 61F  B¥S 09 1IT OBE N S S | 7 15
SPT OFE O9E 998 OEE SRR 00 T8€ 6TE  T9¢ 65T ST 8pT &9l C8i G0z 9T 00T SIT OMI L (o R £L E 8z qH

8 L S 7.4 - oL 1£ A A - [y = - - £ FEL 96 oy - gLT 59 0¥ L 6'r 6t - - 5}
GIF LS 065 TULE  G68F  0§9 ¢ER EOL 1’86 699 LLL FHE O 9eE 89 008 ¥I§ 618 P £8F SYE9 09T €Ll I'th  T¢r SOS 78S S
9Ip 600 ¥I0  LEQ  EED LSO 1 LT o0 011 ol W0 900 020 020 170 0D 90 e[0T LOO &0 PI'0 020 810 LIO S0
€ 9IS 8¥%F  TOL  9LS ST gL LTL 666 TI'O  +T9 $TE  16F BIF WY LITv  OFE  ERE MMy 9FE ¥ET IR ZET LD 9T 08D o
LT T6E BLE 90T 06T IST 09T $S1 08T EET Wl ITE O eTE  IZe  WE  TIE I€E LT LT ERE L9 LI'E o7 BT 690 OFeN
G0 T BT T £ 67 L 8BSy GHE  OLF  ESL 091 YT TLT  IRT IFe  66E L9 SE9 BLe  ETE TRt OEs  STL 806 SLTI 0eD
6ET 8BS0 LD] T BT Y 609 198 [Z¢  OFR TLDI 98D SL0 SYT 8ST BET 8T E9E 99y LUR BED 6F0 1IZ¢  Org s sTol OdN
o0 100 TO0 90 SO0 L0 s00  OFD 800 TI0 OIG €00 900 S0 500 RDD WO 600 U0 BID W0 #00 IO ST E20 610 OuUW
9 80 EDT BTE TET 9DC 19°€ - #¥9 0  BCT SET FET TIT OIEE 9SE 99r E£RE 99 Tl LT - LTy 859 1611 02
(T 0T0 OED 90 TE0 890 WBS9  E£IT L08€  6F0 ZEl 8T0D 980 190 80 ALD BLD BLD L60 €57 890 BT L% LTE EFT SR E{)34
6] BRET STPD O IEST  IEST  BEED  9LEl 6971  S6ET  OFEl €607 %€l BSFT  SPST S6'pl  G0CT 9LST S0OT  €6WD SSTT G9RT 19l ST O8O BLLE TFEI L0V
LG 610 1E0 90 IV €Ll 9T 0T o S0 60 TT0 120 650  v40  SC0 R0 €80 w0 0T TT0 EED Pe0 L0 ST TT HOLL
QECO0 LTI STOL E6VY ISO9 OI't9  EFSS  LLEC (919 IFSE  TOTS  E£9TL 6S0L  SEL9  STUD  SEEY  THEY  S965  6E'9¢ TI0Y T6TL 6FTL ST Ovis TBTS BLOP o
T <z vZ EZ it 1z 0z 61 81 Ll 91 N ' £1 Al 11 01 & # L 9 g t £ L H Hdweg
OV Of N H D) v dnoin

=

xaqdiwon) uon|d venuayos) [Erua)) ayl woly sad) yoor projues§ pue sgew jo sasifeue saneuasarday g AqR], 0
d



SAMPLE !/ UFPPER CONTIMNEMTAL CRUST

l | L 1 1 1 L 1 | 1 i L 1 | 1 I

Sr K RoCs Ba Th U Ta NbCe P Zr Ti Mg Cr Ni

5. Spidergrams showing the geochemical difference between typical
granitoids {about 63-65 % silica) of the CA, HK and UK/KMgG
groups of CBPC. Abundances of elements were normalized to average
composition of the upper continental crust. Normalizing values are

from Taylor and McLellan (19835).

biotite are particularly frequent. Rounded microgranitoid
enclaves rich in magnesian bhiotite and apatite occur spo-
radically.

Ri&any granite (KMgG group)

The Riﬁany type forms a separate body at the northernmost
apex of CBPC. Itis relatively light biotite granite frequently
containing some muscovite. The rock is coarsely por-
phyritic in marginal parts of the zoned body (KaSpar 1936).
Biotite is highly magnesian (mg 53-59) compared to com-
mon granites and, in respect to other granitoids of the
CBPC, much richer in fluorine (Fiala and Vejnar 1976).
The RiZany granite is poor in zircon but contains an in-
creased amount of anatase or rutile {(Kodymovia and Vejnar
1974). Dark microgranitoid enclaves rich in biotite and
sometimes containing sparse megacrysts of K-feldspar are
present (Orlov 1933; Paliveova et al. 1992).

Kozlovice, MarSovice, and Kosova Hora types
(AIG group)

Granodiorites of the Kozlovice and Marfovice types con-
tain Al-rich biotite, muscovite and usually also cordierite.
The Kosova Hora type is similar to them but its composi-
tion may approach that of sparsely porphyritic granite.
These rocks are usually inhomogeneous and inchude many
xenoliths of biotite-rich metamorphic rocks, rounded
quartz etc,, whereas microgranular enclaves are absent. In
the case of the Kozlovice granodiorite, transitions to nebu-
litic migmatite and abundant quartz xenoliths have been
observed (Palivcova et al, 1988),

Accessory minerals of the Kosova Hora type are apatite,
zircon, tourmaline, monazite, garnet, sulphides and rare
ilmenite (Kodymovd and Vejnar 1974).

Leucogranites (LG group)

Leucogranites, frequently described as aplitic or dyke gran-
ites, are abundant as many dykes and small dyke-like bodies
in the eastern part of the Complex and also in the adjacent

parts of Moldanubicum scuth of CBPC. There are biotite,
two-mica and tourmaline-bearing varieties with many tran-
sitions even within a single body. Leucogranite bodies oc-
curring in the Ri¢any granite are known as the Jevany type.

Other plutonic rocks

A special comment should be addressed to the so-called
BeneSov type (the "older biotite granite” according to
Kettner 1930} occurring at the NE margin of the Complex
(about 175 km?). This "type" comprises variable rocks
which have been grouped together because of their con-
spicuous but varying degree of deformation, hardly a good
criterion for classification and age estimation (cf. Orlov
1933). Vejnar (1973) distinguished the light and dark
Benedov types but there are even more units (leucogranites,
biotite to amphibole-biotite granodiorites, K-rich biotite
granites, melasyenites),

Qur list does not include some poorly known and volu-
metrically insignificant rocks, for instance the Kiely granite
(porphyritic biotite granite which is mostly covered by
Permo-Carboniferous sediments of the Blanice Furrow),
and diopside granitoids forming small bodies in the area of
the Sazava and Blatna types, e.g., the pyroxene tonalite to

leucotonalite (“quartz diorite”) from Chleby (Stépének
1929).

GEOCHEMISTRY

Selected major- and trace-element analyses representing
all the petrochemical groups and their most important
members are given in Table 2. Moreover, the radicactive
element abundances determined by gamma spectrometry
in a large set of samples are presented as average values for
the local petrographic types (Table 3). The original data
from Manova (1973) have been re-evaluated in order to fit
in our scheme of rock types.

For distinguishing individual geochemical groups of plu-
tonic rocks we have found the following criteria as the most
indicative:

(a) content of K20 at a given level of 5iC;or MgO (Fig.
4),

(b) contents of P20s and selected hygromagmatophile
trace elements (Rb, Cs, Th, etc.) at a given level of 510; or
MgO (cf. Fig. 5),

(c) the K:O/Na,0 ratio,

(d) the A/CNK value (i.e., the alumina saturation index)
as molar ratio of ALOy/{Na:0+ K0+ Ca(),

(e) variation of mg-value as atomic ratio 100Mg/
(Mg+Fe ) with respect to Si0Q: or MgO.

Combination of these parameters enabled us to define
six natural groups of plutonic rocks (Holub 1991) which are
geochemically characterized in the following paragraphs.
Leucogranitic rocks are added as the seventh group with
poorly known relations to other suites.
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1. Calc-alkaling {CA) group

This group comprises the gabbroic rocks and granitoids of
the Sazava type and has been called the "andmotype asso-
ciation” by Palivcova 1984).

In the K.O-5i0; diagram (Fig. 4), this rock association
corresponds to the cale-alkaline series. Mafic members plot
typically into the medium-K field, whereas many granitoid
samples straddle the boundary line between the medium-K
and high-K field after Le Maitre (1989), i.c. the calc-alka-
line versus high-K calc-alkaline boundary after Peccerillo
and Taylor (1976).

The granitoids are metaluminous and, compared to rocks
of the HK and UK groups (see below), they display appre-
ciably lower mg-values (cf. also the mineral compositions)
and Cr contents as well as lower K:0, P:Os, and many
incompatible trace elements (Rb, Cs, Th, U) at any given
level of 510..

The total gamma activity (Table 3) is only about half of
that of the Kozirovice granodiorite (HK) and, conse-
quently, the CA and HK groups are distinct also in the
aeroradiometric map (cf. Fig. 2 and 3). Isotopic composi-
tion of Sr is rather primitive and the lowest among rocks of
CBPC (Janouick et al. 1995}

Most gabbroic rocks are silica-saturated or even slightly
oversaturated. Their contents of Cr, Ni, and aiso mg-values
are frequently much lower than those in matic members of
other groups and even in some HK, UK and KMgG grani-
toids.

2. Ca-rich acid granitoids {CaG)

Granitoids of the CaG-group are distinct by their high
content of Ca0 and low K:O combined with a high acidity.
In the KO versus SiQ: diagram (Fig. 4) they plot into the
medium-K field of common calc-alkaline series. The K.O

Table 3. Total gamma-ray activity {ppm equivalent U}, average con-
tents of radioactive elements K (wt. %) U and Th (ppm}, and average
mineralogical rock-densities of granitoid types from CBPC

Rock type n |ekvlU K u Th [ThU| n g,
ppm % | ppm | ppm g/cm
Certovo 74 | 373 |52 | 159 |4 |25 |29 | 273
biemeno
btrorder facies 1 | 300 5.0 0.3 | 347 | 35 9 274
sedldany 20 | 321 4.5 133 | 346 | 1.6 20 2.049
Tébor 13 | 271 5.2 9.8 anz | il 15 178
Ritany 0| 195 |43 [ 52 | 242 |47 | 24 2.64
Téchnice 33| 194 3.6 .0 236 | 3Y a0 2.70
"Benelov type™ | 33 | 188 40 | 63 210 |33 |22 2.64
[Marginal type | 31 | 178 |31 |47 |244 |52 |27 | 264
Cerveni a0 | 174 | 36 | 56 | 203 | 36 |35 | 269
Blatna arT | LhE 3.3 6.1 182 | 38 3.3 2.6%
Kozdrovice 42 | 166 33 f.1 7.8 1 3.1 37 276
Martovice 14 | 142 14 4.8 4.6 | 3.0 14 2.08
Kozlovice 11 | 11.3 25 34 134 | 10 o .70
Poldry 11 10.2 2.4 16 115 | 44 10 200
Sdzava 64 | 34 2.0 2.7 4.6 16 56 277

Average values are based on gamma-spectrometnic analyses from
Manova (1975).
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contents are even lower than would correspond to a pro-
longed trend of the CA-group. Granitoids are only weakly
peraluminous with AJCNK < 1.05.

Contents of transition metals and many incompatible
elements except for Sr, Ba and Th are considerably low.

Uranium content (< 3 ppm) is much lower than in other
granitoids and, consequently, the CaG group belongs to the
least radioactive rocks in CBPC (cf. Fig. 2 and 3).

3. High-K (HK) group

Granitoids of the Kozdrovice, Cervena, Téchnice, Blatnd,
and Klatovy types and perhaps also the marginal type
together with the monzonitic rocks form this most volumi-
nous group.

The increased level of K;O makes these rocks compara-
ble to the high-K calc-alkaline to shoshonitic series.
Namely the subordinate mafic members and the relatively
dark varieties of granitoids display the shoshonitic charac-
ter and some less common samples may be classified as
even ultrapotassic.

All the rocks are more magnesian and richer in incom-
patible elements compared to members of the CA group at
the same level of 5i0; (Fig. 5). On the other hand, CaO
and, to a lesser degree, also Na20, are appreciably lower in
the HK group.

The rocks are metaluminous except for the most acidic
varieties of the Blatna type and the marginal type which
may be weakly peraluminous. Some samples of the mar-
ginal type differ from the typical HK granitoids in lower
MgQ/CaO and mg values (sce Table 2}).

Average values of total gamma-activity of the individual
granitoid types vary within a narrow range (Table 3); they
are higher than in the CA but lower than in the UK group.

Isotopic composition of Sr from granitoids of the HK
group was reported by van Breemen et al. (1982) and Bend!
and Vokurka (1989), both Sr and Nd by Janoulek and
Rogers (1994); initial Sr*/Sr™ ranges from 0.7073 to 0.7083
and £ Nd from -3.4 to -5.3.

4. Ultrapotassic (UK) group

Melasyenitic to melagranitic rocks of the Certovo bfemeno
and Tabor types plus some melasyenitic and melagranitic
samples from the "dark BeneZov type* are characterized by
very high X0 (4.5-8 %), K2O/NaO and MgO (3-13 %)
and, therefore, correspond to typical ultrapotassic rocks as
defined, e.g., by Foley et al. (1987). Compared to the HK
group including its most potassic (shoshonitic) members,
the UK rocks are much more magnesian and lower in Ca0,
the MgQ/CaO being always >>1.

In accord with the major elements, aiso the trace element
paitern is peculiar and distinct: The rocks are rich in Cr
(Ni), Rb, Cs, Th, U, but poor in Sr (Fig. 4). Very high
radioactivity (Matolin 1970; Manova 1975, Fiala et al. 1983;
Table 3) is typical for both the mafic and intermediate to
acidic members of the UK group.



5. K-Mg-rich granites (KMgG)

This suite consists of Ca-poor and K-rich granites with
conspicuously high mg and Cr contrasting with relatively
high silica. Due to the lower MgO (less than 3 %), these
rocks cannot be classified as ultrapotassic, though a pro-
nounced affinity to the ultrapotassic rocks is notable espe-
cially for the Sedléany granite which contains abundant
ultrapotassic microgranular enclaves (Holub 1991).

Compared to the most acidic variety of the Certovo
bfemeno type, the Sedléany granite is slightly richer in
Al:O;but less magnesian and has lower MgQ/CaO, There
are also some subtle differences in trace-clement ratios
(e.g., the Rb/Sr is somewhat lower).

The Zbonin granite is more variable in chemical compo-
sition. Many samples are much poorer in CaO and richer
in K;O compared to the Sedl¢any type.

The Rigany granite is distinct by its higher 5i0;, lower
K2(/Na20, and increased fluorine content; also the micro-
granular enclaves are frequently much less potassic than in
other KMgG granites (see Paliveovd et al. 1992),

All the three rock types are rich in hygromagmatophile
elements (Fig. 5) and highly radioactive; the Sedl¢any gran-
ite belongs to the most radicactive granitoids in CBPC
being rich in K, Th and namely U with low Th/U (Table 3).

Janoudek and Rogers (1994) and Janoudck et al.{1995)
stated an evolved isotopic composition for the Riany and
Sedl¢any granites; the latter type with initial Sr™/Sr™0.7126
to 0.7128 and Nd -7.2 to -7.8 is isotopically similar to
minette from the same area.

6. Peraluminous granitoids (AIG)

These rocks display only a narrow range of SiQ,(66-68 %),
In contrast to common CA and HK granitoids of similar
acidity, these rocks are peraluminous and conspicuously
poor in Ca0, with A/CNK ranging from 1.1 te 1.25). In AIG
granitoids, the K;O only slightly prevails over Na:O. The
bulk composition is similar to some sedimentary rocks of
Upper Proterozoic or Lower Cambrian age from the Bar-
randian area and also to many migmatites of the Moldanu-
bian crystalline complex (Palivcova et al. 1988). However,
the contents of alkalis, namely potassium, are increased in
granitoids.

7. Leucogranites {LG)

Some leucogranitic rocks may represent most acid varieties
of other granitoid types (HK and KMgG groups) but,
nevertheless, there scems to exist also a distinct leu-
cogranite group.

Typical leucogranites are highly acidic (5iQ- from 71 to
73.5 %), Mg-poor (MgO < 0.5 %, usually < 0.25 %) and
slightly peraluminous rocks approaching the composition
of the "granite minimum®, The K;O/Na;O varies from
about 1 to 1.6 with values around 1.2 being most frequent.
Content of Rb is usually high but the trace element abun-
dances are variable and hitherto poorly known.

Temporal relations

The CBPC intrusions are likely to span the time interval
between the intensive shearing of the Middle to Upper
Devonian granitoids (orthogneisses) forming part of the
roof (Kosler et al. 1993) and the unroofing of granitoids
followed by sedimentation of the uppermost Carboniferous
to Permian beds onto the RiZany granite.

Problems of age relations of various rock types and suites
could not be solved by the K-Ar method which provided
controversial results (Smejkal 1960; Steinocher 1969;
Dubansky 1984). The published data for individual rock
types range too widely and there are even quite different
“ages” for biotite and K-feldspar separated from the same
rock samples (Pivec 1970},

More reliable age determinations based on the Rb-Sr or
Ar-Ar methods are rare in the area and their results are not
fully consistent with field observations,

What is commonly but incorrectly cited as the age of the
Central Bohemian Plutonic Complex is the whole-rock
Rb-5r determination on the Blatnid granodiorite by van
Breemen ct al. (1982). Their isochrone corresponding to
the age of 331 + 4 Ma has been confirmed with the same
method by Bendl and Vokurka (1989) as 331 = 9 Ma.
However, we find it hard to believe that these datz repre-
sent authentic age of the Blatnid granodiorite because of
the isochrones were based not only on the granodiorite
itself but also on aplitic or leucogranitic veins. In fact, these
results are inconsistent with new determinations of zircon
crystallization ages (349x10 Ma, Holub et al. 1996 — in
print} and also with the published Ar-Ar cooling age of 336
Ma for the Certovo bfemeno type (Matte et al. 1989), if we
consider the younger relative age of the ultrapotassic rocks
(Holub and Zezulkova 1978).

Relative ages of individual rack types are among the most
discussed problems of CBPC. Some published opinions are
controversial (e.g., Kodym Jr, 1966 versus Suk 1973b; Suk
et al. 1975) and also the recent graphical summary of
temporal relations given by Klominsky and Dudek (1994)
is partly inconsistent. Moreover, some authors have
stressed the so-called "antinomies"” in the geological rela-
tions of individual granitoid types and explained them in
terms of transformism (Palivcovd 1965 and more recent
papers).

In fact, there is no contradiction in field relations of rocks
and the only problem arises from absence of contacts
between some rock types whose relative ages can be judged
only indirectly,

A new scheme of field relations and relative ages of
plutonic and also selected dyke rocks in the area of CBPC
is presented in Fig. 6. This scheme does not include the
problematic rocks such as the so-called "Benelov type"
which does not represent a single intrusion,

The oldest rock suite among unmetamorphosed plutonic
rocks is the calc-alkaline group of gabbroes and tonalites
to granodiorites of the S4zava type (CA). The higher age
of the CA group compared to the HK granitoids has been
confirmed by direct observations, namely in the mining
district of Piibram (e.g., Vladimsky 1973, 1976). Moreover,
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only rocks of the CA group are intruded by abundant dykes
of microdiorites and hornblende lamprophyres.

Various opinions on the temporal relations between gab-
broic and granitic rocks of this suite have been published.
However, typical shape and sometimes also chilled margins
of the mafic enclaves may demonstrate at least partial
contemporaneity of mafic and granitoid magmas.

Rocks of the most voluminous HK group appear as
younger. The Mrad granodiorite is definitely younger than
the Sdzava tonalite (Jelinek 1935). Other pieces of evidence
are mentioned above.

Plutonic rocks of both the CA and HK petrochemical
groups are intruded by numerous dykes of lamprophyres
and granitoid porphyries (Plate II-2).

The Ca-rich acid granitoids (CaG) are younger than the
Sdzava type (Plate II-1) but their temporal relations to
other rocks are far from being proved. According to Kodym
et al. (1963), the Neéin granodiorite intruded even the
Blatni type; however, his observation probably depends on
misinterpretation of the surrounding granitoids which per-
haps belong to a relatively acid facies of the Sazava type.

Other rock groups (UK, KMgG, AIG) are younger than
hoth CA and HK granitoids but temporal relations between
them are in part still problematic.

The ultrapotassic rocks of the Certovo bfemeno type are
definitely younger than FIK granitoids (Urban 1931;
Kodym Jr, et al. 1963; Plate 1I-2) and even than many E-W
trending rock dykes (Holub and ZeZulkovd 1978; see also
Holub - this volume), though the relation is considered as
the contrary by some authors (e.g., Matte et al. 1990;
Rajlich 1993),

The Certovo bifemeno type itself has been intruded by
numerous leucogranite dykes and sheets and also by the
rare N-S trending dykes of felsitic granite porphyry of
rhyolitic appearance. The latter rock closely resembles
some dykes known as the youngest intrusions in the area of
the Moldanubian Batholith {e.g. Kle¢ka 1984; Klecka and
Vafikovd 1988). Those dykes were recently dated by the
whole-rock Rb-Srmethod which provided the age of 295 +5
Ma, corresponding to the Upper Carboniferous close to the
Westphalian/Stephanian boundary (Klecka et al. 1994).
Therefore, these dykes may be considered as just preceding
sedimentation within the Blanice Furrow.

The occasionally published opinion that the Tabor type
is significantly older than the Certovo bfemeno type has
been based on misinterpretation of syenitic microgranular
enclaves in some other granitoids. In fact, the exact rela-
tionship between the two ultrapotassic rock types is still
unknown,

The Ritany granite is commonly regarded as one of the
youngest plutonic rocks in the area. Such interpretation is
based, e.g., on absence of any rock dykes except for some
leucogranitic bodies. There is no evidence for younger age
in respect to other KMgG rocks, however.

The Zbonin granite appears to be slightly younger than
or ailmost contemporaneous with the Certovo bfemeno
type. The time relation between the Sedi¢any granite and
the Certovo bifemeno is still uncertain but the difference in
age should be small and rather insignificant.
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6. Diagrammatic scheme of relative temporal relations between rock
types of the Central Bohemian Plutonic Complex. Intrusions of inds-
vidual rock types or closely related groups are represented by circles
whose position approximately corresponds to the map {tompare
Fig. 3).

Also the peraluminous granodiorites of the AlG group
are younger than HK granitoids (the Kozlovice grano-
diorite intruded the "marginal” type — e.g., Mendik 1951,
Kodym JIr. et al. 1961). The Kosova Hora granite appears
as somewhat younger than the Sedléany type and their
relationship is probably the same as that of the Zbonin and
Certovo biemeno types.

In spite of some existing problems, the field relations
discussed above lead to the conclusion that there were
three principal periods of plutonism postdating the main
deformation in the Central Bohemian shear zone. The
oldest one comprises the CA group (gabbro to grano-
diorite}, the middle is high-K calc-alkaline to shoshonitic
(HK), and the third is much more compositionally diversi-
fied comprising the ultrapotassic, KMgG and probably also
AlG groups plus at least some leucogranites. However,
some leucogranite intrusions could be even younger and
temporally related to granites of the Moldanubian Batho-
lith.

Discussion

lgneous origin versus granitization

Over the past thirty years many papers appeared which
emphasized the role of transformation or granitization
senst lato in origin of some particular rock types or the
Central Bohemian Plutonic Complex as a whole,
Rohlichova (1964) argued that the Cervend granodiorite
originated through metasomatic granitization of Moldanu-
bian gneisses, and similar origin was attributed by Zedul-



kova {1971} to granitoids of the Benedov type. The Ko-
zlovice granodiorite has been interpreted as isochemically
transformed conglomerates of the Cambrian age (Paliv-
cova et al. 1988),

Many papers deal with gabbroic rocks whose origin was
explained in terms of transformation of older basaits (Ha-
nu$ and Palivcova 1968, 1969, 1970, 1971a, b: Palivcova
1978; Knotek 1975; Palivcova and Knotek 1975; Benes et
al. 1980).

The Certovo bfemeno type has been regarded as meta-
somatized or isochemically transformed metasedimentary
hornfelses (Réhlichova 1962; Hamtilovd 1969), or as re-
crystallized pre-Hercynian alkali basalts (Tauson et al.
1977), the Tabor type as product of K-metasomatism of a
mafic volcanic rock (Vejnar 1973).

More recently, Palivcova et al. (19893, b) and Viadimsky
et al. (1992) elaborated their hypothesis of isochemical
granitization which is believed to be responsible for origin
of the whole CBPC from various older protoliths corre-
sponding to (1) the Moldanubian rocks, above all mildly
alkalic volcanic rocks of a continental rift (now the Certovo
biemeno and Tdbor types, the Ri¢any granite), and derived
metasediments (now the Sedléany, Mra¢ and Kosova Hora
types), (2) tholeiitic and calc-alkaline volcanic rocks of the
Jilové Zone (the Sizava, Né&in and Libéice granodiorites,
gabbroic rocks), (3) mixed (volcanoclastic?) rocks contain-
ing various proportions of material originated in the Jilové
Zone and Moldanubicum (the Blatna, Cervend, Téchnice,
Kozarovice, Sedlec and in part also BeneSov types), and (4)
mixed rocks from the Barrandian and Moldanubian sour-
ces (the marginal, Nyrsko, Klatovy, PoZiry and Kozlovice
types).

These papers ignore some important geological observa-
tions like the intrusive contacts and xenoliths, the homoge-
neity of great volumes of many rock types, the magmatic
flow phenomena, many generations of unmetamorphosed
dyke rocks, the contact aureole, ete. Instead, the authors
overemphasize some selected textural phenomena which
are, however, interpreted in subjective ways: For instance,
K-feldspar phenocrysts have been described as porphy-
roblasts or, more recently, inherited phenocrysts in grani-
tized volcanic and volcanoclastic rocks, felsic ocelli and
various centric textures in mafic rocks as textural relics from
the volcanic precursor (disregarding their absence in the
spatially associated metavolcanic rocks), existence of chil-
led margins of many mafic microgranular enclaves and
some gabbroic bodies as an odd "antichilling®, etc. Also the
classification of various types of plutonic rocks and charac-
teristics of the "precursors” listed above are highly specu-
lative and are not based on evaluation of appropriate geo-
chemical data.

In fact, there are no phenomena which could not be well
or at least satisfactorily explained in terms of magmatic
origin. According to our observation and in accord with
many other geclogists who have worked in CBPC or similar
batholiths, all types of granitoid and mafic rocks excepting
some products of local postmagmatic and later hydrother-
mal alteration {e.g., the albitites and desilicated "diorites”
which originated from granitoids — Palivecova 1967, Paliv-

cova and Hejl 1976) display features typical for true igneous
rocks crystallized under plutonic conditions. Consequently,
we exclude the granitization hypothesis from further con-
sideration.

Granitoid typology

Genetic typology of many granitic rocks of CBPC is not
recognized satisfactorily. Klominsky et al. (1981) at-
tempted at the I versus S classification in terms of the
classical work of Chappell and White (1974). Unfortu-
nately, their results are largely based on erroneous values
of A/CNK. Also the scheme of I- and S-type granitoids
published by Palivcova et al. {1989b) is rather inconsistent.

On the other hand, we agree with those general objec-
tions against the I, §, M and A classification which were
stressed recently by Clarke (1993) and others,

Only the AlG group represents indisputable S-type gra-
nitoids (or C-, i.e. crustal group in the sense of Barbarin
1990), as can be proved by the high A/CNK, low CaQ,
typical mineralogy, and abundant metasedimentary restitic
material. In comparison to common S-granites, the silica
content is rather low and the rocks correspond with unfrac-
tionated primitive S-granitoids whose composition is simi-
lar to their source (Chappell and White 1992).

Perhaps alsc many leucogranites belong to the "pure”
S-type but without any detailed geochemical and isotopic
data this statement cannot be proved.

Among acidic rocks especially the PoZiry and Négin
granodiorites (the CaG group) correspond to typical I-gra-
nitoids (see the predominance of Na over K, high Ca,
AJCNK below 1.05 at high §i(,).

Also the most widespread CA and HK granitoids whose
metaluminous varieties contain amphibole and which in-
clude dark gabbroic to dioritic or monzonitic enclaves, fulfil
criteria for the I-type, despite of the increased K.Q, Rb,
and initial 5r isotopic ratio in the HK group (see van
Breemen et al. 1982; Janousek and Rogers 1994).

Liew et al. (1989) classified those pranitoids of the
Moldanubian Batholith, which are rich in K:O and whose
5r- and Nd- isotapic composition covers "transitional® val-
ues, as a mixed I/S type. Such granitoids (excepting the dark
K-rich rocks of the Rastenberg pluton) are, however, char-
acterized by absence or scarcity of typical microgranular
enclaves which are so frequent in rocks of the Central
Bohemian Plutonic Complex.

Petrographic character of the mafic enclaves usually cor-
respond to broadly coeval magmatic rocks and not to mafic
restites, supposed for typical I-granites by Chappell and
White (1974) or Chappell et al. (1987). Therefore, we
consider the CA and HK granitoids as rocks of hybrid
origin, i.c. the H-type in the sense of Barbarin (1990) or
Castro et al. (1991). A hybrid nature is likely also for the
highly potassic rock types.

In the hybrid granitoid groups, the granitic component
may be either of crustal origin and the I-, I/S or S-type, or
may represent fractionated mantle-derived magma. The
Zbonin granite appears to be a typical Hs-granite, i.e. a
hybrid of mafic and S-type granitic magma as defined by
Castro et al. (1991).
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The Riany granite has been proposed as representing
the A-type (Palivcova et al. 1989b) or at least composition-
ally approaching it (Janousek 1991). Among geochemical
criteria summarized by Eby (1990}, especially the high
content of alkalis, low CaO and increased fluorine content
seem to fit such a classification. However, the trace element
pattern is not typical and the considerably high mg-value 1s
in sharp contradiction to the low-Mg nature of true A-gran-
ites (Whalen et al. 1987; Eby 1990).

Tectenomagmatic affinity

For estimation of tectonomagmatic position of granitic
rocks, various geochemical diagrams are widely used which
are based on either major oxides (e.g., Batchelor and Bow-
den 1985; Maniar and Piccoli 1989), or trace elements (e.g.,
Pearce ¢t al, 1954).

In the multicationic discrimination diagram after Bat-
chelor and Bowden (Fig. 7), granitoids of CA group (= the
Sazava type) plot within the "pre-plate collision” field and
correspond to rocks associated with destructive plate mar-
gins. The CaG rocks plot at the boundary or even into the
field of "mantle fractionates"”,

The HK-rocks more or less straddle the boundary of
pre-plate collision field with that denoted as "post-collision
uplift” and their most acid members approach the area of
"syn-collision granites”. Ultrapotassic plutonites plot into
the field of rocks associated with post-orogenic uplift or at
the boundary with the adjacent field of late-orogenic gran-
ites. The Zbonin and Ri¢any granites can be discriminated
as late-orogenic.

However, many acid members of various groups plot into
a "transitional” area where the above-mentioned fields join
and meet with that of the syn-collision granites despite of
their geochemical differences. Leucogranites plot into the
syn-collision field.

R2=6Ca+2 Mg+ Al
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R1=4%- 11 (Na+K)-2{Fe+ Ti)

7. Multicationic discrimination diagram after Batchelor and Bowden
{1985) for principal rock groups of the Central Bohemian Flutonic
Complex. Analyses from Table 2 are represented by filled circles.
Tectonomagmatic divisions: 1 — Mantle fractionates; 2 — Pre-plate
collision (destructive active plate margin); 3 — Post-collision uplift;
4 - Late-orogenic (sub-alkaline plutons}); 5 - Anarogenic {post-oro-
genic); 6 - Syn-collision (anatectic) granites.
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B. The Rb versus Nb+Y discrimination diagram after Pearce et al.
(1984) for principal rock groups of the Central Bohemian Plutonic
Complex. VAG - volcanic-arc granites; syn-COLG - syn-collision
granites; WPG — within-plate granites; ORG - acean-ridge granites

Of discrimination diagrams after Pearce et al. {(1984),
only the Rb versus Y +Nb diagram is shown in Fig. B,

Granitoids of the CA group plot in the field of volcanic
arc "granites”. The same is true also for the CaG group.,
The HK granitoids plot also into that field but because of
the increased content of Rb they are near to the syn-colli-
sion granites,

(Granitoids of the ultrapotassic, KMgG and LG groups
plot in the syn-collision field, indicating Rb-rich sources,
and some UK rocks may approach the boundary of the
within-plate granite field. However, both the UK and some
EMg( rocks are different in chemistry from common syn-
collision granites which are usually defined as peralumi-
nous and rich in silica (e.g., Maniar and Piccoli 1989).

For comparison with granitoids of known tectonomag-
matic position, also plots of trace element abundances
normalized to the ocean-ridge granite (Pearce et al. 1984)
are shown for selected granitoid groups of CBPC (Fig. 9).

Spidergram for the CA granitoids of the Sizava type is
typical for volcanic-arc granites in concert with the dis-
crimination diagrams. The HK granitoids represented by
the Kozdrovice type (Fig. 9b) resemble rocks of perhaps
continental-arc affinity or some post-collision granitoids.

Spidergrams of KMgG granites display prominent Rb
and Th spikes, characteristic for many continent-related
magmas. Nevertheless, their interpretation in terms of tec-
tonomagmatic affinity is problematic, because of their
rather transitional appearance resembling some granitoids
from continental volcanic arcs, syn-collision, post-collision
and even some within-plate setting.

Spidergrams for AlG rocks and typical leucogranites (not
shown) resemble those of syn-collision granites.

In summary, all the diagrams indicate a volcanic-arc (or
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9. Spidergrams of selected elements normalized to average ocean-
ridge granite (ORG) after Pearce et al. (1984) for 4 granitoid types
representing three principal rock groups of CBPC.

pre-collision) setting for the calc-alkaline granitoids. The
tectonomagmatic position of younger groups is, however,
rather equivocal or transitional though the post-collision
uplift or late-orogenic affinity seems to be appropriate for
most of them. Paradoxially, the typical leucogranites dis-
playing the most pronounced "syn-collision” affinity, are
younger than those "post-collision™ granitoids.

Despite of these results we attach to the geochemically
indicated geodynamic regime only a limited value for the
following reasons: (1) The geochemical definition of the
"syn-collision” granites (e.g., Pearce ct al. 1984) is based on
assumption that the Rb-rich Hercynian granites do, indeed,
represent true syn-collision magmas; (2) the discrimination
plots based on trace elements do not enable us to distin-
guish pre-collision and post-collision granitoids; (3) a wide
spectrum of geotectonic settings is indicated by geochem-
istry of rocks which originated within a limited area during
rather short time interval; (4) we stress the importance of
mineralogical and geochemical characteristics of the
magma sources which may reflect previous processes and
may not be controlled by the actual geodynamic regime
during partial melting and magma emplacement {cf. Arcu-
lus 1987); (4) composition of the most voluminous grani-
toid types could be affected substantially by interaction with
mafic magmas of subcrustal origin.

Role of mafic magmas

Because the most voluminous granitoid rocks of CBPC arc
intimately associated with mafic microgranular enclaves
and mafic masses which do not bear any features of cumu-
lates from crustal magmas, the important role of mantle-
derived mafic magmas in their origin is evident.

These enclaves bear all typical features of the micro-
granular enclaves which are best explainable as blobs of
mingled and partly mixed more mafic magmas (e.g., Ver-
non 1953, 1984, Didier 1987, Zorpi et al. 1989; Castro et al.
1991; Poli and Tommasini 1991) which were aligned and
elongated during magma flow (c¢f. Vernon et al. 1988; see
also Plate IV-1,2).

The larger irregular bodies of dioritic and gabbroic rocks
associated with the calc-alkaline granitoids represent more
voluminous portions of mafic magma which may or may not
be hybridized and which are more or less coeval with the
surrounding granitoids. Some masses are apparently the
sources of mafic enclaves which are markedly abundant in
granitoids adjacent to more mafic rock bodies (e.g., in the
quarry near Teletin).

Many mafic masses, namely the quartz-bearing "ocellar”
varietics described by Paliveova (1978), may be interpreted
as rocks of hybrid origin. Some other gabbroids including
the rare olivine-bearing rocks (e.g., from TuZinka near
Benesov, see Vejnar 1972) are almost unaffected by reac-
tion with granitic magmas and their composition is modi-
fied principally by fractionation processes.

Some portions of mafic magma intruded during or after
consolidation of granitoids; those mafic rocks are repre-
sented by numerous dykes of microgabbro to microdiorite
whose composition is similar to both the coarser-grained
gabbroes to diorites and some microgranular enclaves
(Paliveova 1965).

In most cases the mafic magma portions associated with
the CA granitoids underwent a pronounced fractionation
which is evidenced by relatively low mg-values and often
very low Cr and Ni contents. Nevertheles, some bodies
(e.g., the olivine gabbro from TuZinka) display relatively
primitive nature.

Shoshonitic mafic rocks associated with the HK-grani-
toids appear as considerably less fractionated because of
the relatively high mig-values, Cr and Ni contents. Their low
CaO and Na:O contents imply a depleted source whereas
the increased concentrations of hygromagmatophiie ele-
ments suggest a strong enrichment in K, Rb, Cs, Th, U, etc.

Ultrapotassic mafic rocks represent primitive, highly
magnesian, mantle-derived magmas which could originate
only in some anomalous mantle sources. The sources have
been recognized as strongly depleted and, subsequently,
extremely enriched in hygromagmatophile elements
(Holub 1988, 1990, and this volume).

Ultrapotassic magma of similar but not identical compo-
sition participated also in origin of the Sedlcany granite
whose hybrid nature is apparent (Holub 1990). Distinct
varieties of potassic to ultrapotassic mafic magmas took a
role perhaps also in genesis of other KMgG granites con-
taining microgranular enclaves.

Besides the direct chemical interaction like partial or
bulk mixing, it is necessary to consider very important
thermal effects of invading mafic magmas. Since transport
of heat by a rising magma is much more efficient than by
conduction in the solid crust, the mafic magmas could
disturb the temperature gradient considerably and may be
responsible for anomalous heating of the crust, thus sup-
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porting anatexis and triggering intrusions of granitic and
hybrid melts into relatively shallow crustal levels.

Role of subduction?

Some geochemical criteria may support the presumed ge-
netic relations of the most voluminous granitoids, which are
associated with mafic rocks (i.e., the CA, HK, UK plus
KMgG), to some subduction-related processes (Holub
1991).

The CA group of CBPC resembles many calc-alkaline
series spatially related to subduction zones elsewhere,
namely those situated at active continental margins. Taking
into account only the Hercynian belt of Central and Woest-
ern Europe, the intermediate members of the CA group
display a close geochemical similarity to Late Devonian -
Early Carboniferous quariz diorites and tonalites occurring
on western margin of the Massif Central, France (the Li-
mousin tonalite belt); the latter are recently interpreted by
Shaw et al. (1993) as being related to a short-lived subduc-
tion at an active continental margin and representing the
earliest plutonism post-dating the main phase of Hercynian
metamorphism in that area.

Also the succession and compositional changes between
major groups of granitoids and associated mafic rocks of
CBPC are in accord with an idealized igneous succession
above subduction zones at active continental margins or
epicontinental island arcs, where the calc-alkaline magmas
are usually linked with a mature stage of subduction, and
shoshonitic rocks with steepening and reorientation of the
zone or failure of the subduction activity (Morrison 1980).
The ultrapotassic rocks usually originate even later, often
under extensional conditions, and may be related to fossi
subduction zones and long-lived mantle anomalies.

On the other hand, the actual sitvation in the central
Bohemian area may not be so simple. Principal conditions
affecting the origin and composition of a magma are the
existence of geochemically appropriate source regions and
also the heat and/or volatiles available for partial melting.
The time relations between igneous processes and tectonics
may be complex and influenced also by some other factors,
e.g. by ability and rate of magma ascent.

Within an inter-continent collision belt, probably repre-
sented by younger stages of the Hercynian chain, the result-
ing spatial and temporal pattern of igneous activity may be
rather complicated. What seems to be proved is the late- to
post-tectonic position of the CBPC in respect to the Central
Bohemian shear zone and, consequently, the fact that the
granitoids can hardly be considered really pre-collisional;
however, their geochemistry is far from representing "typi-
cal” syn-collision rocks.

The complexity of the problem can be illustrated by
Finger and Steyrer’s paper (1990a) with subsequent com-
ments and replies (Neubauer 1990; Finger and Steyrer
1990b), dealing with perhaps younger (late-Hercynian)
granitoids in the southern Moldanubicum and the Alps.
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Pattern of magmatic suites and their relationship
to the Central Bohemian suture

Some authors emphasized existence of a zoned structure
of the Central Bohemian Plutonic Complex and discrimi-
nated three geochemically distinct zones trending NE-SW,
.¢. parallel to elongation of the complex and to the Central
Bohemian Suture (Palivcova 1965; Poubovi 1974; Paliveo-
va et al. 1989b).

The belt close to the Barrandian is supposed as K;O-poor
and tonalitic, the central zone as transitional and the south-
eastern zone along contact with Moldanubicum as com-
posed of dark and K,O-rich rocks and broadly "durbachi-
tic* in character. The zoned structure has been stressed by
Rajlich and Vlasimsky (1983) who assumed it as resulting
from differentiation by thermal diffusion in great magma
body between the rather cold contact with Bohemicum and
much warmer contact with the Moldanubian crystalline
complex.

Evaluation of distribution and temporal relations of in-
dividual geochemical groups of plutonic rocks leads to a
different conclusion, however.,

The calc-alkaline association occur in the northern part
of CBPC and in the Pfibram area; thus it is almost exclu-
sively restricted to the area which, on the ground of geo-
physical data, belongs to the Barrandian block (i.e., NW of
the Benesov deep fault). Of all the groups, this one displays
the closest spatial relationship to the Barrandian block and
the presumed strike-slip zone of the Central Bohemian
Suture,

A little younger rocks of the high-K group (HK) prevatl
in. but are not restricted to, the "Moldanubian part” of
CBPC (i.e., the gravity-low area). Their geochemical na-
ture is not directly controlled by distance to the "Bar-
randian” nor "Moldanubian® contact (see Machart 1991).

This relatively simple pattern of CA and HK intrusions
is disturbed by bodies of ultrapotassic and KMgG groups
belonging to the third intrusive period; these younger in-
trusions mostly follow a NNE-SSW trending zone which
continues further to § and is apparently independent on
both the Central Bohemian suture and older granitoids.

These observations demonstrate a progressively decreas-
ing significance of the Central Bohemian suture with time,
and suggest some changes in tectonic conditions in course
of igneous activity.

Though some HK intrusions exploited the zone of the
Klatovy deep fault and its continuation to NE, the group as
awhole appears as related to structure of the adjacent parts
of the Moldanubian crystalline complex, namely the NE-
SW trending and NW dipping foliation planes and normal
faults originated during an extensional regime (Rajlich
1993). Despite of comparable strike of arising structures,
such regime is different from the older transcurrent defor-
mation within the Central Bohemian shear zone.

Assymetric regional extension associated with rapid up-
lift and decompression of Moldanubian rocks may be re-
sponsible for the contrasting thermal conditions at NW
contacts and along the Moldanubian side of the HK intru-
sions. Decreasing depth of intrusions may be indicated also



by the lower alumina contents in hornblendes from HK
granitoids compared to the CA group.

Ultrapotassic rocks and refated EMg granites intruded
during somewhat later stage of extension within the Molda-
nubian block.

We consider the recognition of geochemical magma ty-
pes and their succession as well as some preliminary petro-
genetic interpretations as only the first step to understan-
ding the problems.

New and precise geochemical and geochronological data
accompanied by new structural analysis of the area are
needed for reconstruction of tectonomagmatic history of
the Central Bohemian Plutonic Complex and for its corre-
lation to other parts of the Hereynian orogenic belt.

Concilusions

(1) Among plutonic rocks of CBPC, six compaositional and
genetic groups can be distinguished as follows: The calc-al-
kaline group (CAY; the Ca-rich acid granitoids {Ca(); the
high-K group of shoshonitic and high-K calc-alkaline rocks
(HK); the ultrapotassic group (UK); the high-K, high-Mg
granites (KMgG) related to the previous group but more
acidic; peraluminous granodiorites (AlG). The seventh
group of leucogranites (LG) is poorly defined and perhaps
polvgenetic.

(2) There are three major pulses of the plutonic igneous
activity: I - CA group: II - HK group; 11T - UK, KMgG and
probably also AlG groups. Position of the CaG group is still
problematic. Between these periods innumerable dyke
rocks intruded the partly cooled granitoids.

(3} Geological, petrographical and structural observa-
tions fail to support the granitization hypotheses.

{4) In terms of the 1 versus 5 typology, a great majority
of CBPC granitoids is of the "T"-type, whereas the "5"-gra-
nitoids are represented only by the peraluminous grani-
toids of the AlG group and perhaps some leucogranites.
Most of the "I*-granitoids are of apparently hybrid origin
and the "H-type® is often more appropriate for them.

(5} If only geochemical criteria are taking into account,
the oldest granitoids (CA) correspond with volcanic arc
"pranites”; individual younger intrusions could be classified
as being mostly post-collision or, less frequently, svn-colli-
sion.

(6) In origin of a great majority of CBPC granitoids,
various mantle-derived magmas have been involved; these
mafic magmas could fractionate and/or mix together with
crustal melts, provided extra heat for crustal melting and
triggered intrusions of granitoids into relatively shallow
levels.

(7) Geochemical character of mafic magmas was chang-
ing with time from calec-alkaline to shoshonitic to ultrapo-
tassic. This succession is well comparable to igneous activity
in volcanic arcs situated above mature subduction zones,
or, in the case of the ultrapotassic activity, above fossil
subduction zones.

(8) Trace clement patterns in the K-rich mafic rocks
suggest the origin of their parental magmas by partial

melting of anomalous mantle sources which suffered an
carlier depletion and subsequent enrichment in incompat-
ible elements; the enrichment seems to be of the same
character as above subducted lithospheric plates.

(9) The true genetic and time relation of plutonism to the
subduction activity and the continental collision remains to
be determined. We emphasize the role of mafic magmas
whose composition may reflect the relatively long-persist-
ing inhomogeneities within the lithospheric mantle instead
of the actual geodynamic regime in the area.

(10} All the rocks of CBPC appear to be younger than
principal tectonic transport and shearing along the strike-
slip zone of the Central Bohemian suture and, therefore,
they could hardly be actually pre-collisional.

(11) Rock suites younger than the CA group, i.e. the HK,
UK, KMgG, AlG, and LG, seem to be linked with exten-
sional regime and uplift of the Moldanubian block relative
to the Barrandian. The youngest intrusions with mafic
members (UK, KMgG) follow a NNE-SSW trending zone
which continues to the Moldanubian crystalline complex
and their distribution 1s quite independent on the Central
Bohermian Suture.

(12) Both the more detailed correlation of CBPC with
Igneous activity in other parts of the Hercynian orogenic
belt and determination of its tectonic setting require fur-
ther geochemical, structural, and reliable geochronological
data.
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Stredocesky plutonicky komplex: geclogie, chemické sloZzeni a geneticka interpretace

{ Resumé anglickeho textu)
Frantdeg V Howup - Jikf MACHART - MaGDALENA MANOVA

PredloZeno 10, Eervna 1996

Stiedodesky plutonicky komplex spodnokarbonského stafi je sloZité téleso batolitového charakteru. Tvofi jej znadné
rozmanité typy hlubinnych a Zilnych hornin se $irokymi variacemi petrografického a geochemického sloZzeni, pohybujiciho
se od bazického po acidni a od viapenatoalkalického po ultradraselné.

Mezi horninami plutonického charakteru lze na zakladé latkového sloZeni rozlisit 3est aZ sedm skupin, které se navzijem
li35f i charakterem a chemickym sloZenim horninotvornych mineraldl (zejména amfibold a slid), povahou uzavienin,
celkovou radioaktivitou apod. Jsou to: CA - vapenatoalkalicka skupina se slozenim od amfibolickych gaber po biotit-am-
fibolické tonality a granodiority sizavského typu; HK - draslikem bohatd vipenatoalkalickid aZ SoSonitovd skupina
objemové nejvwznamnéjdich amfibol-biotitickych granitoidd, zahrnujici typy blatensky, ¢ervensky, kozdrovicky, téchnicky,
pravdépodobné i klatovsky a okrajovy, a podfizenych monzonitickych hornin (zaluZansky typ apod.); UK — ultradraselna
skupina zahrnujici amfibol-biotitické a biotit-pyroxenické melasyenitoidy aZ melagranitoidy typu Certovo bfemeno
{durbachitické horniny) a taborského; KMgG - kyselej3i granity bohaté K a Mg, zahrnujici sedléansky a zboninsky typ
— peraluminické granodiority typu kozlovického, marfovického a Kosovy Hory; CaG - vipnikem bohaté a draslikem chudé
acidni granitoidy typu poZirského a neéinského o sloZeni biotitického granodioritu a2 trondhjemitu. Navic se vyskytuji
pocetné Zily a drobné masivky leukogranitG (LG). Vétdina téchto skupin (kromé CaG a AlG) ma své zdstupce také mezi
velmi hojnymi Zilnymi horninami.

Prehled petrografickjch charakteristik jednotlivyeh typi plutonickyeh hornin podava tabulka 1, reprezentativni analyzy
hlavnich a vybranych stopovych prvki v horninach jednotlivych skupin shrouje tabulka 2, primérné obsahy radicaktivnich
prvka a hodnoty celkové gama-aktivity jsou uvedeny v tabulce 3,

Pro granitoidy a bazika stfedodeského plutonického komplexu byly v poslednich 30 letech mnohokrit piedloZeny
hypotézy jejich vzniku metasomatickou nebo naopak izochemickou granitizaci & transformaci ze star$iho vulkanického,
sedimentirniho, nebo smiSeného substratu. Takové interpretace jsou viak v rozporu s geologickymi vztahy hornin v terénu,
jench petrografickou povahou i laitkovym sloZzenim.

PfevaZujici granitoidy maji charakter 1-typu i spife H-typu (hybridnich granitoidit). Na jejich vzniku se podilela cela
skala mafickych magmat pla$fového plvodu (vapenatoalkalicka, Sofonitickd, ultradraselnd), jak to doklada piitomnost
mafickych €lent jednotlivich skupin a typickych mikrogranularnich enkldv (v horninach skupin CA, HK, UK, KMgG).
Cistému I-typu odpovidaji granitoidy skupiny CaG. Kromé toho jsou viak v podrufném mnostvi pfitomny i typické
S-granitoidy (skupina AlG a nejspiie i LG).

Skupina CA je podle terénnich kriterif mezi nemetamorfovanymi plutonity dané oblasti nejstarsi. Tonality a granodiority
této skupiny, oznafované tradiéné jako sdzavsky typ (v uZSim smyslu), geochemicky odpovidaji granitoidim vulkanickych
obloukii. Na druhé strané je viak nepravdépodobny jejich prekolizni vznik vzhledem k tomu, Ze nejsou postiZeny
intenzivnimi stfiznymi deformacemi podél hranice mezi barrandienskym a moldanubickym blokem, tj, ve stfedoleské
stiizné zoné.

Relativné mladsi draslikem bohaté horniny (HK skupina) jsou proti predesié skuping hofeénatéii a znadné bohatdi
hygromagmatofiinimi prvky véetné radioaktivnich. Podle sloZeni minerdld i celkové geochemie sem patii jednoznaéné i
kozdrovicky typ, v minulosti vétdinou mylné pfifazovany k typu sdzavskému. Intruze této skupiny jsou stari neZ plutonity
skupin UK a KMgG, ale zdaji se byt jiZ zavislé na reZimu korové extenze, vyzdvihovini a dekomprese v moldanubickém
bloku.

Ultradraselné horniny jsou extrémné bohaté K, Rb, Cs, Th, U apod., ale piitom maji charakter znaéné primitivnich
magmat plasfového pivodu a nikoliv pokroéilvch diferenciatd. Vznik primarnich ultradraselnych magmat daného charak-
teru vyzaduje parcidlni taveni silné ancmalniho plaifového zdroje, ktery byl nejspise modifikovan procesy spjatymi
s metamorfézou a dehydrataci subdukované kiry zatim bliZze neuréené litosférické desky. Svétlejsi €leny skupiny UK a
také jim blizké granity skupiny KMgG lze vysvétlit rozsdhlou hybridizaci ultradraselnych magmat acidnimi taveninam
prav-dépodobné korového pivodu,

Magmata skupin UK, KMg(G a pfinejmendim nékterych S-granitoidi intrudovala pozdéji ne jin€ objemove vyznamné
typy, 4 jejich distribuce v oblasti je zjevné nezavisla na pribéhu peofyzikilné indikované stfedofeské sutury.
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Vysvitlivity k obrazkim

1. {a) Poloha stiedodeského plutonického komplexu (CBPC} a daldich
plutonickych téles v moldanubické zéng Ceského masivu. BB - bar-
randiensky blok, MB - moldanubicky blok, SBB - moldanubicky
(= jihodesky) batolit, TP — ticbilsky pluton.

{b} Geologick4 situace stiedodeského plutonického komplexu. Kiizky
— granitoidy a podiizend i mafické plutonity CBPC; maié leZate kiiZky
— ultradraselné plutonity; te€kované plochy — svrchnoproterozoicke az
devonské hominy ostrovni zony; protafené kfiZky - ortoruly; prazdne
krouZky — permokarbonské sedimenty. KM - kfefovické migmatity,
M - mirovicky metamorfovany ostrov, MO — mirotické ortoruly, 50 -
starosedelské ortoruly, MM — milevsky masiv, PC - permokarbon.

2. Zjednodulena aeroradiometrickd mapa sifedodeského p]ummL-
I'{'E]'ID komplexu. Intenzita souhmného gama-zafeni v uR. h!

3, Rozgiteni hlavnich horninovych typd a jejich skupin ve stfedoceském
plutonickém komplexu (zjednoduZeno). Jsou vynechany Zlné horminy
a vétdina téles leukogranitd. Zkratky pro nékteré mistni horninove
typy: Ne - nedinsky, C - Zervensky, Mr - okrajovy, Ny — nyrsky, CB -
Certovo biemeno, Zb - zboninsky, M% - marSovicky, KH - typ Kosovy
Hory.

4. Varia&ni diagram K20 versus 5i0z (hmot. %) pro plutonity stie-
dodeského plutonického komplexu. Hranice mezi K-bohatymi vipe-
natoalkalickymi (HKCA) a SoSonitickymi (SHO) horninami jsou po-
dle Peccerillo a Taylor (1976), ostatni hranice jsou podle doporudeni
TUGS (Le Maitre 1989). Rozptylové pole hlavnich hominovych skupin
nebo typh jsou ohranidena plnou éarou, pole malickych mikrogra-
nulirnich enkliv derchované, pole granitoidd skupiny AlG tefkovane.
Pozice analyzovanfch hornin z tabulky 2 je vyznadena plnymi krouzky.

5. Normalizaéni diagram ukazujicl geochemické rozdily mezi typic-
kymi granitoidy skupin Ca, Hk a UK + KMgG pfi obsazich 63 a2 65 %
Si02. Skuteéné obsahy prvkd jsou normalizovany primérnym
slozenim svrchal kontinentélni kiry (Taylor a McLellan 1985).

6. Grafické vyjadfeni relativniho stf{ horninovyich typil stfedoleského
plutonického komplexu. Dil& intruze jednotlivich typd nebo blizce
piibuznych skupin jsou reprezentovény kruhy, jejichz pozice piiblizne
adpovidd mapé (srov. obr. 3).

7. Multikationtovy diskriminaéni diagram podle Batchelora a Bow-
dena {1985) pro hlavni hormninové skupiny. Plné kroukky predstavuji
pozici analyz 2 tabulky 2. Pdvodni oznadeni poli podle charakteristicke
tektonomagmatické pozice: 1 - diferencidly pladté, 2 — prekolizni
{ destruktivni aktivni okraje desky); 3 - postkolizni vyzdvih; 4 - pozdné
orogenni {subalkalické plutony); 5 - anorogenni (postorogenni}; 6 -
synkolizni (anatcktické) granity.

8. Diskriminaéni diagram Rb versus Nb+Y podle Pearce et al. (1954).
VAG - granitoidy vulkanickych obloukd; syn-COLG - synkolizni gra-
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nity; WPG — granity vnitfnich &isti desek; ORG - granitoidy ocean-
skych hibetd.

9, Normalizaéni diagramy vybranych prvki pro reprezentanty grani-
toidi tfi hlavaich geochemickych skupin, Normalizovino primérnymi

obsahy v graniloidech stfedoocednskych hibetd podle Pearce et al.
(1984),

Vysvitlivky k tabulkdam
1. Piehled petrografickych charakteristik jednotlivich typd hornin
stfedodeského plutonického komplexu,

2. Reprezentativni analyzy hlavnich a vybranjch stopovych prvkd
v hominéch stfedofeského plutonického komplexu.

¥

. Hodnoty celkové gama-aktivity a priimérné obsahy radioaktivnich
prvkd v horninach plutonického komplexu.

Vysvétlivicy k fotografickym pfitohém

Piil. I

I. Xenolity biotitickvch rohavell (vzniklych z prachoved svrchniho
proterozoika) v biotitickém granodioritu okrajového typu. Vrt Novot-
niky, z. od Nepomuku.

2. Xenolity metamorfitd {rul, migmatitd atd.)} v biotitickém granitu
zboninského typu. Vychozy na biehu orlické prehrady, 0,5 km sz. od
hradu Zvikova,

Pril. I1

1. Xenolit sazavského granodioritu s drobnymi malickymi enklavam,
uzavieny v biotitickém granodioritu pozirského typu. PoZirske lomy
nad zast. Prosecnice, 30 km jjv. od Prahy.

2. Xenolity blatenského granodioritu (svétlejsi bloky) v melagranitu
typu Certovo bfemeno s velkymi mafickymi enklévami piibuzného
sloZeni. Skaini vjchoz na bfehu orlické prehrady, 1 km zjz. od Zvikov-
ského Podhradi.

Pril. Il

1. Vicendsobné intruze do blatenského granodioritu, Zvikov, 15 km s,
od Pisku.

2. Zily minet v blatenském granodioritu. Lom KoZli u Cizové, 11 km
sz. 0d Pliskul.

Pril. IV
l. Vyrazné proudovité uspofadini zploftélych mafickych enklév
v sazavském tonalitu. Lom Teletin, 35 km j. od Prahy,
2. Plastické tvary malfickych enkldv, svédéici o deformaci béhem mag-
matického toku, Lom Teletin.

Foto F. ¥ Holub
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1. Xenolith of biotite hornfels {metamorphosed siltstone of the Upper Proterozoic compiex) in the “marginal” granite. Borehole near Novotniky,
W of Nepomuk,

2, Xenoliths of various metamorphic rocks (gneisscs, migmatites, etc.) in biotite granite of the Zbonin type, 0.5 km NW of Zvikov Castle, N of
Pisck,

Sbor. geol. véd - LG - sv, 31



1. Xenolith of the S4zava granodiorite containing smal! mafic enclaves, enclosed within the biotite granodiorite of the PoZary type. Quarry PoZdry
near Proseénice, 30 km 5SE of Prague.

2, Xenoliths of the Blatn4 granodiorite (the lighter blocks) enclosed within melagranite of the Certovo bfemeno type which contains also large
microgranular enclaves (dark}. Ouicrop 1 km SW of Zvikovské Podhradi, 13 km N of Pisek.
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1. Multiple small intrusions into the Blatna granodiorite, Zvikov, )
2. Minette dykes intruding the Blatni granodiorite. Quarry Ko} near Cizova, 11 km NW of Pisek,

Sbor. geol. vid - LG - sv. 31



PL IV

1. Strong alipnment of clongated mafic enclaves in the Sézava tonalite, quarry Teletin, 35 km S of Praguc.
2. Deformation of mafic enclaves in the Sdzava tonalite during magmatic flow, quarry Teletin, 35 km S of Prague.



