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The granitoids are corundum-normative indicating the nature of "S" granites. The
87Sr/86Sr ratios were not determined so far, but from the content of Sr we may
suggest that it will be higher than 0.706.

Palivcovd (1984)

Neither experimental nor geological studies confirm (operation of) magma mixing.
Viasimsky et al. (1992)
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3. Abstract

An integrated study of the petrography, mineral chemistry, whole-rock major, trace and Sr -
Nd isotope geochemistry of selected intrusions of the Hercynian Central Bohemian Pluton (CBP) has
revealed compositional and genetic diversity within this igneous complex. This composite pluton
covers 3200 km2 and has intruded in early Carboniferous times the boundary between two major
units, the Tepld-Barrandian Unit and the Moldanubian (s.s.) Unit; parts of its roof are preserved as
the so-called Metamorphic Islet Zone. At least five petrogenetic suites can be distinguished in the
CBP: Sizava (gabbro, quartz diorite, tonalite, trondhjemite and granodiorite) Blatni (quartz
monzonite, granodiorite, granite), Certovo bfemeno (melasyenite and melagranite), Ri¢any (granite)
and S-type anatectic granitoids.

The Sédzava and Blatn4 suites contain hornblende and relatively Fe-rich biotite, unlike the
Ri¢any and Certovo b¥emeno suites with (secondary) actinolite and actinolitic hornblende and Mg-
rich biotite. Based on the Al in hornblende geobarometry, the majority of the amphiboles studied
(S4zava, Blatnd, Kozérovice intrusions) have not crystallized deeper than 5 - 10 km. In contrast,
brown cores of the amphiboles from Teletin quartz diorite may have originated at much greater
depths, possibly up to 30 km.

The abundance of mafic microgranular enclaves, syn-plutonic dykes and the presence of
specific microtextural phenomena in many of the studied intrusions (like mantled plagioclases,
amphibole-biotite clots, quartz and K-feldspar xenocrysts, quenched textures) point to
contemporaneous intrusion of acid and basic magmas and their interaction (magma mixing). Besides
the classic petrographic methods, cathodoluminescence has been proven to be a valuable tool for
studying these features, in particular resorption and overgrowth features in the feldspar crystals.

Each of the suites shows a distinctive range of the major, trace and Sr-Nd isotopic data. The

total range of (87Sr/86Sr)330 = 0.7051 - 0.7129 and & 3oy = +0.2 - -8.9 is comparable with granitoids of

other parts of the Hercynian belt. Two-stage Tg?w model ages ranging from 1.05 Ga (S4zava suite) to

1.65 Ga (Certovo bfemeno and RiCany suites) are interpreted as reflecting a mixed source, rather than
a major crust-formation event. In the CBP, there is a conspicuous trend towards isotopically more
evolved compositions with time (in succession Sdzava, Blatn4, Riany and Certovo bfemeno suites)
that is interpreted as being due to enrichment of the mantle by an incompatible-element—enriched
and, or high 87Sr/86Sr component, possibly associated with an earlier (late Proterozoic ?) subduction
environment.

In the northern CBP, the Sézava suite may have originated by re-melting of adjacent
metabasites of the Jilové Zone or the Metamorphic Islet Zone, by partial melting of a mantle source
with an isotopic composition similar to Bulk Earth, or mixing of magmas derived from both sources.
This is compatible with an abundance of mafic microgranular enclaves and a paucity of both
surmicaceous enclaves and metasedimentary xenoliths. The basic rocks, associated with, and at least
partly contemporaneous with, the S4zava suite have probably acted as a heat source as well as one of
the major components of the S4zava magma. The geochemical modelling implies extensive fractional
crystallization of mainly amphibole and plagioclase, with some biotite and orthite. The peraluminous
PoZ4ry intrusion, with low YREE and high positive Eu anomalies, may have been derived from the
Sazava parent largely by fractional crystallization or by small degrees of melting of a metabasic
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parent. Mixing tests performed on the Teletin quartz diorite are compatible with its origin by
hybridization of the S4zava tonalite with a gabbroic melt.

Overall, the processes which produced the most mafic members of the Blatng and Certovo
bemeno suites appear to have been similar. These shoshonitic basic rocks, generated from an
isotopically heterogeneous source, acted as parents, undergoing contamination by the crustal
material, as well as a heat source facilitating its melting.

The variation within the Blatnd suite can be modelled by mixing between a moderately

enriched ((37Sr/86Sr)330 ~ 0.708, € ﬁo ~ -3) mantle component, close in composition to monzonitic

rocks of the suite (Luckovice monzonite), with either an isotopically evolved metasedimentary
component (most likely of Moldanubian provenance) or with the most acidic magma of the Blatnd
intrusion. In the second case, about 60 - 70 % and 70 - 80 % of the most evolved Blatni granodiorite
is needed to produce the least evolved members of the Kozdrovice and Blatnd suites, respectively.
These could have further developed by fractional crystallization (or rather AFC) of amphibole >
plagioclase + K-feldspar >> biotite (Kozdrovice) or plagioclase > biotite > amphibole > orthite
(Blatnd).

The Certovo biemeno suite, including the minettes, originated from strongly enriched
((®7S1/868r)330 ~ 0.7128, eiﬁi0~ -7) mantle-derived magmas. These may have evolved through

closed-system fractionation, or have interacted with S-type leucogranitic magmas of similar isotopic
composition that were derived from the Moldanubian Unit. For the Sedl¢any intrusion, about 40 % of
the basic magma could have mixed with leucogranitic magma, and further evolved by limited AFC
of plagioclase — K-feldspar > biotite — amphibole assemblage.

The peraluminous Rifany suite is likely to have been produced by partial melting of
peraluminous lithologies within the Moldanubian Unit although an origin by mixing between
magmas resembling the Certovo bfemeno suite and metasediments of the Tepld-Barrandian Unit
cannot be ruled out. Whole-rock compositional data show that it is a reversely-zoned body, and
imply K-feldspar—dominated fractionation in a deep magma-chamber prior the high-level intrusion.
The reverse zoning could have been achieved either by emplacement in a single batch from a
stratified magma chamber, or in several batches following cauldron subsidence or stoping.

The geochemical data point to an overall progression with time from calc-alkaline magmas
(Sdzava suite) towards K-rich calc-alkaline (Blatnd suite) and shoshonitic compositions (Certovo
tremeno and Ri¢any suites). This evolution is interpreted as a transition from a magmatic arc to a
post-collision uplift setting. Alternatively, the volcanic-arc like signature of the Sdzava and also the
Blatnd suites may have been inherited from their source rocks.
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I. Introduction

I.1. Geological setting

The Bohemian Massif is, after the French Massif Central, the second largest outcrop of the
Hercynian belt in Europe (90 000 km2, Matte et al., 1990). Within it, the boundary between two major
units, the Tepld-Barrandian Unit in the NW and the Moldanubian (s.s.) Unit in the SE, has been
intruded by granitoids of the Central Bohemian Pluton (CBP) that forms a composite NE - SW-
trending body, stretching for almost 150 km from near Prague to Klatovy and covering about
3200 km2 (Kodym, 1966) [Figs L1., L3.]. This Pluton is extremely variable in composition, with
masses of gabbro, diorite, quartz monzonite, tonalite, trondhjemite, granodiorite and granite within it.
In addition there are (melanocratic) syenites to melagranites, with many mafic types corresponding to
rocks of the durbachite suite of classic occurrences in the Black Forest, Germany.

The contact of the Pluton with the dominantly metasedimentary Tepld-Barrandian Unit is sharp,
with strong thermal metamorphism, whereas the contact with the also mainly metasedimentary
Moldanubian Unit is bordered in many parts by a zone of intense migmatization of the adjacent
paragneisses, and has been interpreted as representing a deeper level of intrusion (Kodym, 1966). The
relation of both units to one another is not clear, but the NE - SW elongation of the CBP appears to
follow an important tectonic zone, which is marked by a steep gravity gradient between generally
positive Tepl4-Barrandian and negative Moldanubian units (Marek and Palivcovd, 1968, Blizkovsky et
al., 1988). This Central Bohemian Suture (Mdska and Zoubek, 1960, Central Bohemian Deep-Seated
Weakened Zone: Zeman, 1978, Central Bohemian Shear Zone: Rajlich, 1990) [Fig. L2.] consists of
the NE - SW-trending Klatovy and BeneSov deep-seated faults, which are offset by the NW - SE-
trending Sézava and Jichymov deep faults (BliZzkovsky et al., 1988, cf. Marek and Palivcovd, 1968).
An alternative interpretation is that it represents a ramp region in a major shear zone complex that
exerted a major control on the emplacement of the Central Bohemian Pluton (Kosler, 1993). This
emplacement model envisages intrusion of magma as large-scale sheets into mainly steep parts of a
ductile extensional shear zone, in a manner similar to that described by Hutton et al. (1990).

The Tepld-Barrandian Unit consists mainly of Lower Brioverian weakly-metamorphosed
sediments (greywacke, siltstone and shale) intercalated with dark shale and chert and locally also with
abundant volcanic and volcanoclastic rocks (tholeiitic basalts and low-K calc-alkaline Na-rhyolites,
dacites and andesites). The Lower Brioverian assemblage is overlain by Upper Brioverian flysch
without volcanic rocks (Chaloupsky, 1989). On these Precambrian rocks uncomformably rest
unmetamorphosed Palaeozoic pelitic and carbonate sediments of the Barrandian s.s. (Cambrian to mid-
Devonian) (Kukal, 1994). The Givetian siliciclastic termination of the mainly carbonate Devonian
sedimentation in the Barrandian s.s. has the characteristics of a flysch assemblage and its existence is
indicative of tectonic instability immediately prior to the Hercynian orogenesis (Kukal, loc.cit.).

The Moldanubian Unit is a tectonic assemblage of medium- to high-grade metamorphic rocks,
intruded by numerous granitoid masses and has been subdivided into a structurally lower Drosendorf
Unit and overlying Gf6hl Unit (Franke, 1989). The Drosendorf Unit consists of the (lower)
Monotonous Group (or Unit) made up mainly of paragneisses with migmatites, and the (upper) Varied
Group (or Variegated Unit) of paragneisses with intercalations of amphibolite, calc-silicate gneiss,
quartzite, graphite schist and carbonate rock (Chaloupsky, 1989). The Gfshl Unit which occurs on the
flanks of a major NE-trending antiform, now mainly occupied by the CBP (Franke, 1989) consists of
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anatectic gneiss, granulite, serpentinite and high-grade mafic rocks. Overall, the Moldanubian Unit is a
tectonic assemblage made up of several crustal segments of contrasting age ranging from ~ 2 Ga to
Lower Palaeozoic but the overall picture has yet to be established because of a complex polyphase
deformational history (cf. Vrdna, 1994 and references therein).

In the roof of the Central Bohemian Pluton, there is an 80 km long belt in which remnants of
the metamorphic mantle (so-called Metamorphic Islet Zone) are preserved. The metamorphic islets
[M.L; Fig. L3.] represent roof pendants of the CBP. The principal rock types in them are Proterozoic
to Palaeozoic (up to lower - ? mid Devonian in the Sedl¢any-Krdsnd Hora Metamorphic Islet: Chlupd¢,
1988) metasediments (pelites, psammites, calc-silicate rocks, marbles) and metavolcanic rocks, all of
them affected by dynamothermal and parts also by thermal metamorphism. In the Mirovice and
Sedi¢any-Krasnd Hora Metamorphic Islets there are tonalitic - granodioritic orthogneisses (Mirotice and
Staré Sedlo complexes) that represent tectonothermally modified products of granitoid plutonism of
mid - late Devonian age (Kosler, 1993; Kosler et al., 1993).

In addition to the Metamorphic Islet Zone, the roof pendants of the CBP include the Jilové
Zone, a belt of deformed and metamorphosed Precambrian volcanic and volcanogenic rocks, that
extends from Jilové for 60 km south-westwards [Fig. L3.]. This zone consists of tholeiitic and high-
alumina calc-alkaline basalts, andesites, trachyandesites, basaltic trachyandesites, dacites, rhyolites and
boninites (Waldhausrovd, 1984, Fediuk, 1992 a,b) intruded by tonalites, trondhjemites, diorites and
gabbros. Two assemblages have been distinguished, the older being tholeiitic and of island-arc
character whereas the younger is calc-alkaline in character and has affinities to an active continental
margin setting (Waldhausrovd, loc.cit.). The volcanic rocks of the Jilové Zone and Tepld-Barrandian
Unit show many comparable features (Svoboda, 1966) .

I.2. Main rock units and their distribution

There exists an extensive geological bibliography related to the Central Bohemian Pluton. Apart
from numerous specific papers (referred to in the relevant chapters of this thesis), some of the
publications review the CBP as a whole but most deal only with the petrology, although a small
number deal with the geochemistry as well. They include Orlov (1928, 1934, 1935, 1938), Stépdnek
(1930), Kettner (1930), Svoboda (1932), Palivcovd (1965), Steinocher (1969), Vejnar (1973, 1974a),
Tauson et al. (1977), Minarik et al. (1979), Rajlich and Viasimsky (1983), Bouska et al. (1984),
Palivcovd (1984), Machart (1989, 1992), Palivcovd et al. (1989a, 1989b), Holub (1989a, 1992) and
Viasimsky et al. (1992). References to other studies are also listed in these publications. Many internal
features and relationships of intrusions to other rocks are recorded in these papers and the significance
of these observations is reviewed in Chapter II. The geochemical data are integrated with petrography
and their significance assessed in Chapters III-V. However much of the presently published
geochemical data is for major elements: only a few sets of trace element data are given and no isotopic
data are available on which petrogenetic modelling could be based.

Many petrographic types have been recognised in the CBP and these have been mainly named
after major centres of quarrying (Kozdrovice, Blatnd, Sedl¢any, Necin, PoZiry) or the nearest town or
village (e.g. Benedov, Klatovy); a few have been named after a prominent topographic feature (Sdzava
- ariver; Certovo biemeno, the Devil's Burden - a hill) or position in the Pluton (Marginal). In all, the
granitoids of the CBP have been divided into more than 20 major intrusions (e.g. Kodym, 1966)
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[Fig. L4.]. In addition, dozens of other names exist, either for minor intrusions or simply as a
continuation of historical tradition.

Much of the northern part of the CBP is formed of the irregularly-shaped mass of the Sizava
tonalite [Fig. L4.], together with the smaller generally circular intrusions of the Ri¢any granite and the
PoZéry trondhjemite. The Ri€any intrusion is cut by the Jevany leucogranite and the central part of the
Sézava body is penetrated by the Mra¢ granite [see Figs IL1, IL5]. The southern contact of the Sdzava
intrusion is rimmed by the MarSovice granodiorite, whereas in the east it is in contact with so-called
Bene3ov type [Chapter IL]. ‘

In the central part, granodiorite is the dominant rock type and makes up most of the Kozérovice,
Teéchnice, Blatnd and Necin intrusions. The Kozédrovice granodiorite [Fig. IL2.] encloses a minor body
of the ZaluZany quartz monzonite and the adjacent Mirovice Metamorphic Islet is cut by several stocks
of the Luc¢kovice monzonite - monzogabbro.

In the south, the Blatnd granodiorite [Fig. IL3.] is rimmed by the Cervensd granodiorite that
sends numerous apophyses into the adjacent high-grade metasediments of the Moldanubian Unit. In the
southwest, the so-called Klatovy apophysis is formed by SW - NE elongate intrusions of the Klatovy
and Kozlovice granodiorites, as well as the Marginal type granite, the latter extending further
northeastwards where it forms a narrow rim of the contact of the CBP against the Tepld-Barrandian Unit.

In the eastern part of the CBP are the ellipsoidal-shaped body of the Sedl¢any granite, the oval-
shaped (with eastwards-pointing Votice apophysis) Certovo bfemeno melagranite (‘durbachite’) and
the roughly circular intrusion of the Tédbor syenite. The central part of the Sedl¢any intrusion is
penetrated by a minor intrusion of the Kosova Hora granodiorite [Fig. IL4.], whereas the eastern
contact of the Certovo bfemeno intrusion is rimmed by granodiorite that in literature was referred to as
Dehetnik type.

Apart from the above-mentioned major granitoid masses, there are also numerous minor bodies
of basic rocks (mainly gabbros; black on Fig. 1.4.) and leucogranites, which are too small to be shown
on the maps. '

Details concerning the petrography and field relations of the main intrusive masses are given in
Chapter IL A summary of main subdivision schemes is given in Table L1, while the subdivision of
Holub (1992), based on major element geochemistry, is shown on Figure L 5.

1.3. Age
From the following geological evidence the age of the Central Bohemian Pluton is established to
be Early Carboniferous.

N Granitoids of the CBP (the Sedl¢any and Certovo biemeno intrusions) caused contact
metamorphism of the Sedl¢any-Krasnd Hora Metamorphic Islet in which there are present sediments as
young as lower - mid Devonian (Afanasjev et al., 1977; Chlupd¢, 1988). The Certovo biemeno
intrusion cuts the foliation of the adjacent Staré Sedlo orthogneisses, whose protolith has been dated at
380 - 365 Ma (U-Pb, zircon; Kosler et al., 1993) and whose age of cooling after the ductile
deformation (Rb -Sr biotite - whole-rock) is ca. 340 - 330 Ma (Kosler, 1993), i.e. early Carboniferous
(Visean; Harland et al., 1990).

(2)  The CBP is affected by a number of near-vertical planar, generally weak features, variably
expressed by weak fracture cleavage, alteration, silicification or haematite growth (Gruntordd et al.,
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1988). There are also NW-trending faults. The orientation of some of these planar features corresponds
with weak cleavages associated with upright folds recognised in Western Bohemia and interpreted as
representing the effects of "later" phases of deformation in the Hercynian orogenic belt (Bowes et al.,
1994; D.R. Bowes, pers.com., 1994).

(3)  Upper Carboniferous (Stephanian C) and Permian (Autunian) sediments (Working Group for
Regional Geological Classification of the Bohemian Massif, 1994) of the Blanice Furrow onlap the
north-eastern part of the CBP (Ri¢any granite) and their basal conglomerates contain boulders of this
granite (Kodym, 1925, Kaspar, 1936; Steinocher, 1969, Afanasjev et al, 1977).

Overviews of the geochronological information on the CBP itself have been given in Steinocher
(1969), Bernard and Klominsky (1975), Afanasjev et al. (1977), Dubansky (1984), and Dudek et al.
(1988). The earliest geochronological data were obtained by the K-Ar method (Smejkal 1960, 1964;
Pudilovd 1968; Pudilovd and Dubansky, 1969, Steinocher, 1969, Afanasjev et al., 1977). Despite the
low accuracy of the majority of these data, the K-Ar ages would date the cooling and uplift, not the
emplacement of the CBP [for more detailed discussion, see Appendix IX.].

The Rb-Sr whole-rock method has so far been applied only to the Blatnid granodiorite
(van Bremen et al., 1982; Bendl, 1988; Bendl and Vokurka, 1989) and the Ri¢any granite (Janoulek,
1991), producing only a single isochron, with the age of 331+ 4 Ma (van Bremen et al., 1982) that
provides an lower limit of the crystallization age [Appendix IX.].

Despite the dearth of accurate geochronological information, it could be concluded that the
majority of intrusions are Early Carboniferous (also e.g. Steinocher, 1969; Afanasjev et al., 1977),
with the available evidence pointing to magmatic activity at ~ 330 Ma.

1.4. Objectives of thesis

Although there is extensive bibliography concerned with granitoids of the CBP, there is still
only limited geochemical data and practically no work integrating, in a coherent way, field petrography,
microstructural study and geochemistry. Moreover, there is only a limited amount of Sr isotope data
and no Nd isotope data for the CBP. Thus this thesis approaches the petrogenesis of the CBP on the
basis of a large body of new major, trace, REE and isotopic data. However, meaningful use of such
data is only possible on the basis of detailed information relating to the geological position and
petrographic nature of the analysed material. Accordingly, the main objectives of this thesis include:

(1)  tocritically evaluate field and petrographic information concerning the variability and relative
age of different granitoid masses,

(2)  to demonstrate variations in petrography, mineral chemistry, whole-rock geochemistry and
whole-rock Sr - Nd isotope geochemistry of the CBP using some of the larger intrusions covering
much of the overall time-span and geochemical variability (Blatn4, Cerveni, Kozérovice, PoZiry,
Ri¢any, Sdzava, Sedi¢any and Téchnice),

(3)  to establish criteria for distinguishing cognate groups of intrusions and separating these from
others, and

(4)  to formulate a genetic model accounting for the observed variations.

Accordingly, the overall content of the forthcoming chapters is as follows.
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II. Field relations and petrography

This chapter provides an overview of information on contacts, enclaves, dykes and other
features seen in the field and of textural and mineralogical variation, particularly as shown by
microscopic study, together with their implications on the relative age and subdivision of the CBP. The
petrographic criteria influenced directly the choice of samples for the further geochemical (especially
ICP-MS) and Sr - Nd isotope study. The detailed study of the field relations as well as petrography are
considered to provide a firm foundation for interpretation of the geochemical data.

Apart from standard petrographic techniques, cathodoluminescence (CL) has also been
employed, as it can reveal otherwise hidden zoning patterns of minerals, caused by either crystal
growth or magma mixing. Additionally, it clearly shows the distribution of accessory minerals such as
apatite and is beneficial in studying the effects of deformation and alteration processes (e.g. leaching of
feldspars, growth of secondary clay minerals, and, in particular, of calcite) (Marshall, 1988; Wenzel
and Ramseyer, 1992). Particular attention has been paid to the plagioclase zoning ('plagioclase
stratigraphy'), disequilibrium phenomena (presence of xenocrysts and reaction textures) and alteration.
To save much cross-referencing, the data on zoning patterns of plagioclase obtained using the electron
microprobe are given here rather than in the next chapter.

III. Mineral chemistry
In this chapter a summary of variation in mineral chemistry of the rock forming minerals is
given, followed by a grouping of the intrusions according to observed similarities.

IV. Whole-rock geochemistry

The fourth chapter focuses on the character of the major and trace element geochemistry as well
as similarities and differences in composition of investigated granitoids. The aim is to group the studied
intrusions into suites with similar geochemical signatures, and, consequently, to be in a position to
study the variability, classification and geotectonic affiliations of these suites. This chapter deals with
geochemical modelling of processes modifying the magma during ascent and emplacement, notably
assimilation and fractional crystallization (AFC), based on the whole-rock geochemistry.

V. Sr-Nd isotope geochemistry and petrogenetic implications

The fifth chapter concentrates on the Sr and Nd isotope signatures of samples from the
intrusions investigated and discusses intra- and inter-suite variability as well as genetic implications.
The results are compared with data for other granitoids of the Hercynian belt in Europe. At the end of
this chapter the results of the various lines of study are integrated to establish a genetic model for the
individual intrusions, cognate geochemical suites, and the CBP overall.

VI. Conclusions
This chapter provides a summary of main conclusions.

VII. Appendix

In the Appendix are given a list of samples [Appendix L], followed by a description of
analytical techniques [Appendix IL], tables of the whole-rock geochemical data [Appendix IIL-V.],
mineral chemistry [Appendix VI-VIIL] concluding with remarks on geochronology of the CBP
[Appendix IX].

IX. References
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As shown above, these main chapters are numbered by Roman numerals, whereas their
sections are numbered by Arabic ones (as VL3.4.). There is corresponding labelling for tables
[Tab. IIL3.], photographs [Photo VL3.] and figures [Fig. VILS.], which are presented at the end of
each of the major chapters. If not stated otherwise, the symbols for particular rock types in various
plots are the standard ones and can be found in Figure L6. and again as fold out sheets in the end of
Chapters IIL and IV.
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Table 1.1: Main subdivision schemes, Central Bohemian Pluton
[see Figs 1.4. and 1.5.]

Palivcovd (1965)

I. Dark, mostly porphyritic, frequently
foliated “durbachitic®, granodioritic,
syenodioritic to svenitic types

éeztovo btemeno, Dehetnik, éervené, Taboxr

II. Mainly fine-grained predominantly
biotite-carrying granitoids, specified as
"hybrid rocks"

Kozlovice, Mar3ovice, Kosova Hora,
Bene3ov

III. Medium-grained grey granitoids of the
“normal type"

Blatna, Kozarovice, Té&chnice, Sazava,
Klatovy, Sedl&any

IV. | Light-coloured biotite granitoids, mostly
coarse-grained and porphyritic

Po2ary, Marginal, ﬁiéany

v. 'Acid granites' (i.e. leucogranites)
VI. Basic rocks
Steinocher (1969)
I. Sazava, 'Vlitava' (i.e. Kozdrovice), gabbros and related mafic rocks, PoZary,
Blatna, Neé&in
II. 1 Bene3ov, Klatovy
2 iiéany, Mar3ovice, T&chnice, leucogranites
3 Kosova Hora, Marginal, Kozlovice
III. Tabor, éettovo btemeno, Sedl&any
ée:vené, Dehetnik
Vejnar (1974a)
1 Benedov (melanocratic), éervené, Sedl&any
A 2 Sazava (including Kozdrovice and Té&chnice)
3 Blatna, Klatovy
1 Marginal, §iéany, Jevany, leucogranites
B 2 T&chnice, Bene3ov (rest), Kosova Hora
3 PoZary, Ne&in
< Certovo bfemeno, Tabor
D basic rocks
Afanasjev et al. (1977)
I. Durbachites Tabor, Certovo bfemeno, etc.
II. Gabbros, tonalites and granodiorites Sdzava, Blatni, etc.
IIT. Granodiorites-granites Marginal, ﬁiéany, PoZiry etc.
Iv. Hybrid fine-grained granitoids Kozlovice, Bene3ov, Mraé& etc.
Holub (1992)
I. Sazava type and associated basic rocks | Sdzava and associated basic rocks
II. Main granodiorite types of the central | Kozidrovice, T&chnice, Cervena, Blatna,
and southern part of the CBP and Klatovy, Marginal, ZaluZany, Lu&kovice
associated monzonitic rocks
III. Perpotassic lamproid plutonic rocks Certovo bfemeno, Tabor
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throughout this thesis for particular intrusions
(repeated at the end of Chapters lll. and IV.)



Chapter II. Field relations & petrography

II. Field relations and petrography

This chapter gives field and petrographic observations, both new and from the literature,
relevant to the genetic interpretation of the granitoid masses being investigated. The approach is the
same for the various intrusions, with the field data relating contact relationships (indicative of relative
age) and internal characteristics, including the presence of atypical rock types and enclaves being
preceded by a general outline of the nature of the particular intrusion and followed by petrographic data
from microscopic study.

Following Bates and Jackson (1987), rocks with average grain size < 1 mm are referred to as
fine-grained, 1 - S mm as medium-grained and > 5 mm as coarse-grained. The nomenclature of
enclaves follows that of Didier and Barbarin (1991), with the term ‘enclave’ and 'megacryst’ employed
in a non-genetic sense, in contrast with 'xenolith' and 'xenocryst' that are used to refer to material that
is foreign to the host magma. The observations are numbered (e.g. 3. VIL), with the number of the
section (3 for the Kozérovice intrusion) and a Roman numeral for the particular observation. The names
of localities are highlighted by expanded spacing (as Kozd4rovice). For each intrusion, a geological
map is provided [Figs IL1.-ILS.]. After the observations, major conclusions and interpretations are
drawn with reference made to the number(s) of the relevant observation(s).

The microscopic descriptions given are mainly for the rock types used for isotope studies and
petrogenetic modelling. In each description the first two paragraphs summarise the information on the
modal data, classification, texture, mineral succession, alteration and deformation. The subsequent
paragraphs deal with the main rock-forming minerals in detail in order of their decreasing abundance.
Particular emphasis has been put on the intensity of the alteration processes, as this has directly affected
the choice of the samples for the subsequent geochemical [Chapter IV.] and particularly the Sr - Nd
isotope work [Chapter V.]. The next paragraph deals with the cathodoluminescence observaticns and
concludes with brief characteristics of enclaves and related phenomena.

The modal composition of the samples has been obtained by point counting from standard thin-
sections [Tab. IL1.], whose area, however, is much too small to be representative of rocks with
phenocrysts as big as a few centimetres; for instance, the Ri¢any granite would be classified as a quartz
monzonite as the content of K-feldspar is clearly overestimated. Therefore, stained rock slabs or point
counting directly on the outcrop (e.g. Hutchison, 1974) are commonly used for porphyritic rocks. As
a viable alternative, the major-element or norm-based classifications (Streckeisen and Le Maitre, 1979;
Debon and Le Fort, 1988) have been preferred in this work [Chapter IV.1.]. The modal analyses of
the non- (or slightly) porphyritic granitoids were plotted directly into the IUGS classification ternary
plot (Streckeisen, 1976, Le Maitre, 1989) [Fig. IL11.].

Zoning patterns in plagioclase have been studied in order to distinguish between different
generations, to assess the likelihood of the presence of xenocrysts and to examine links between the
chemical composition and features revealed by cathodoluminescence. For clarity, sketches of
photomicrographs and CL pictures are given and analysed points marked. The numbering is in
accordance with the complete analyses in Appendix VL and each feldspar is labelled by its An content.
The scans are numbered separately, however, and the appropriate analyses are presented in tables at the
end of this chapter.
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Chapter II. Field relations & petrography

II.1. Sazava intrusion (including Teletin quartz diorite)

The Sézava intrusion forms much of the northern CBP [Fig. IL1.]. West of the main mass, and
separated from it by a belt of metavolcanic rocks (Jilové Zone), is a smaller body, referred to as the
Slapy apophysis. To the east of the main mass is a small mass of tonalite, similar to the Sézava
intrusion, that penetrates metabasites of the Ondfejov Metamorphic Islet.

The prevailing rock types are amphibole - biotite to biotite - amphibole quartz diorite, tonalite
and granodiorite, which enclose abundant mafic microgranular enclaves (MME) and less common
xenoliths of metabasite (amphibolite). Surmicaceous enclaves are absent. -

In its eastern part, the Sdzava intrusion is cut by a stock of the Mrac biotite granite. There are
numerous bodies of pyroxene - amphibole gabbro (including Pecerady and Velké Popovice),
some with olivine (TuZink a) within the intrusion together with less frequent gabbrodiorite, (quartz)
diorite (Teletin) and rare homblendite (e.g. Palivcovd, 1984). In all there are about 80 of these
basic bodies (Palivcovd, 1978) and most occur in a 70 km long NE - SW-trending belt between
Cer&any and Hud¢&ice [Figs IL1., IL3.] that crosses the boundary of the Blatnd and Marginal
intrusions. The rocks of these basic bodies appear to be cogenetic, and therefore they will be dealt with
together.

The main mass of the Sdzava intrusion is adjacent to Proterozoic - Palacozoic metasediments of
the Metamorphic Islet Zone (Vodérady-Zvianovice, Ondrejov, Cercany, Netvofice-Neveklov, ZboFeny
Kostelec and Tehov Metamorphic Islets) as well as Proterozoic metavolcanic rocks of the Jilové Zone
and low-grade metasediments of the Tepld-Barrandian Unit (W). The intrusion is also in contact with
the f(l’c!any (N), ‘Benedov' (E), Sedl¢any, MarSovice (S), Blatnd (SW) and PoZary (NW) intrusions.

Field observations .

I. Tonalites with a strong planar fabric, that are similar to the Sdzava type, penetrate metabasites
(amphibolites) of the Ondfejov Metamorphic Islet, break them up and enclose them as abundant,
mainly angular xenoliths (Na Maridnce). In the amphibolites there are a few elongate lenses of
tonalite.

II. In the Mraé quarry there are several alternating subhorizontal units of the Sdzava and Mra¢
granitoids separated by horizontal shear zones (ca. 0.25 m in width). This assemblage is displaced by
normal faults [Photo IL1.1.]. The dominantly tectonic character of the contact between both types was
recorded by Cepek and Koutek (1941).

III1. The contact between the Sdzava and Bene$ov intrusions is complicated and obscured by
zones of intense deformation and abundant aplite dykes (Vejnar et al., 1975).

Iv. A stock of tonalite and granodiorite whose petrography is similar to that of the Sdzava
intrusion but with a core of pyroxene - amphibole gabbro) is cut by the Marginal type granite in
uranium mines south of P¥ibram, 30 km SW of the main S4zava intrusion (Vlasimsky, 1973 and
references therein).

V. Angular xenoliths of the Sdzava tonalite with common MME are enclosed by the fine-grained
biotite monzogranite of the Mra¢ mass [Photo IL1.2.]. Contacts of these xenoliths with their host are
usually sharp, and rarely there are thin leucogranite reaction rims (up to 0.5 cm in width) developed.
VL The PoZiry trondhjemite encloses numerous angular xenoliths of the Sdzava tonalite
(Proseénice, Krhanice) [Photo IL1.3.] (details in 21IL).

VII. Xenoliths of the Sdzava tonalite occur in the Marginal type granite (A.Dudek, pers.com.,
1991).
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Chapter Il. Field relations & petrography

VIIL. Xenoliths of coarse-grained amphibole gabbro (up to 1 cm amphibole phenocrysts) were
found in the Krhanice quarry.

IX. Xenoliths of metabasite (amphibolite) from the quarry Na Maridnce are either angular
(close to the contact) or round, and macroscopically are difficult to distinguish from the MME that are
common elsewhere in the intrusion (cf. Vejnar et al., 1975).

X. Biotite - amphibole MME are ubiquitous throughout the Sdzava intrusion (e.g. Mrag,
Teletin). With the exception of Teletin, they are usually round or lenticular, with sharp contacts.
Neither reaction rims nor chilled margins were found. The MME may reach over 30 cm (Mra¢) or
even several metres (Teletin); but elsewhere they do not exceed 10 cm in diameter (Prose&nice)
[Photos IL1.2.-IL1.4.]. In Teletin the enclaves are often elongate, with a strong alignment [Photo
IL1.5.] which, in general, is parallel to the contact with the Jilové zone (SW - NE) (Dudek and Fediuk,
1958). Many of the MME, and especially the larger ones, are angular [Photo IL1.5.] and many are
frozen in various stages being broken into smaller pieces [Photo IL1.6.]. There are also some bent
enclaves present [Photo IL.1.7.]. Enclaves with embayments of mafic granitoid rich in plagioclase
megacrysts and double enclaves are relatively uncommon (see Lang et al., 1978). Linear 'trains' of
elongate angular MME were recorded by Dudek and Fediuk (1958) [Fig. IL6.]. (¢f. also Dudek and
Zdruba, 1967, Lang et al., 1978, Palivcovd, 1984; Palivcovd et al., 1989a) . Zones with abundant
MME, similar to those from Teletin, occur in the Slapy apophysis (Palivcovd, 1972).

XL Surmicaceous enclaves have not been observed.

XIIL The most common dykes cutting the Sdzava intrusion are aplites and pegmatites (e.g.
Teletin, Mrac), lamprophyres (mainly spessartites, less frequently minettes - Krhanice: Pivec
Jr., 1992) (¢f. Palivcovd, 1972) and gabbro- and diorite-porphyries. Of these dyke rocks, the
amphibole-bearing lamprophyres, microdiorites and microgabbros have not been recorded anywhere
else in the CBP (Holub, 1992). -

XIIIL. Secondary minerals, including actinolite, titanite and epidote, occur in the leucodiorites of the

Slapy apophysis (Palivcovd and Hejl, 1976, Poubovd and Jurek, 1976, Palivcovd et al., 1977).

XIVv. In the eastern part of the S4zava intrusion, the degree of deformation increases towards the

SE, i.e. towards the contact with the BeneSov intrusion and some of the granitoids of both of these
masses show a corresponding degree of cataclasis and an identical (quartz-dioritic) composition (Vejnar
etal., 1975). The so-called BeneSov type is, in fact, a heterogeneous complex of various rock types,
including quartz diorites, granites and ultrapotassic rocks (Vejnar et al., 1975; Holub, 1992) and is
usually strongly cataclastic in aspect.

XV. The basic rocks (gabbros, gabbrodiorites and diorites) from the northern CBP all have a
considerable proportion of magmatic amphibole and macroscopically obvious quartz ocelli with
amphibole coronas are common (Hanu$ and Palivcovd, 1970, 1971 a,b, Palivcovd, 1978) (S of
Pribram, Pecerady). The ocellar varieties often occur close to contacts of the gabbroid bodies
with the surrounding granitoids (Palivcovd, 1978). In some of the basic bodies, the grain size
decreases towards their margins (e.g. Pecerady) (Palivcovd, 1984).

Interpretation of field observations

The contact of the Sdzava intrusion with the metabasites of the Metamorphic Islet Zone is
intrusive in character, with the granitoid mass invading the country-rock and breaking it up. There is no
evidence to support the proposal by Palivcovd (1966) of development as a result of in situ
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metasomatism. Isolated lenses of tonalite that are occasionally enclosed in the metabasite represent
either finger-shaped penetrations (in 3D) or boudins (1.L, 1.IX.).

The Sédzava mass is older than the Mra¢ (1.V.), PoZdry (1.VL) and Marginal (1.IV., 1.VIL)
intrusions but the age relationship with the BeneSov mass (1.IIL) is not clear. However, at least part of
the so-called BeneSov type' is formed by quartz diorites, whose petrography and deformation
resembles those of the adjacent Sdzava mass and, for this reason, the 'BeneSov type' could, at least
partly, be made of deformed Sdzava granitoids. The geological situation of this part of the CBP, and
the position of the 'BeneSov type' in particular, requires further investigation (¢f. Holub, 1992)
(1.XIV.), but is not included in this study.

The coarse-grained gabbro enclaves present in Krhanice may be interpreted either as
representing cumulates formed early in the crystallization history of the intrusion or xenoliths of
independent basic bodies (1. VIIL). Xenoliths of metabasites of the Metamorphic Islet Zone are
common in the eastern part of the intrusion (1.IX.) and these could represent a potential contaminant of
the Sdzava magma. In contrast, metasedimentary xenoliths have not been recorded from the Sdzava
intrusion and so assimilation of considerable quahdties of metasedimentary material during ascent and
emplacement is unlikely. Furthermore, the absence of the surmicaceous enclaves (1.XL) and the
abundance of MME (1.X.) point to a negligible metasedimentary but a high (meta-)basic igneous input
in the Sdzava magma genesis (cf. Didier, 1987, Montel et al., 1991).

The angular and broken MME from Teletin (1.X.) must have been essentially solid when
introduced into the tonalitic magma, unlike the bent ones, which had to be at least partly in a plastic
state (also see Dudek and Fediuk, 1958). The alignment of enclaves appears to be controlled by the
magma flow (fluidal alignment). The conclusion of Dudek and Fediuk (1958), Lang et al. (1978) and
many others was that the enclaves represent earlier differentiates of the Sdzava magma. The situation in
the Teletin quarry, however, resembles magma-mixing zones, widespread in the calc-alkaline
granitoids world-wide (e.g. Castro et al., 1990 a,b; 1991 a.b). To avoid confusion with other dioritic
rocks in the S4zava body, the rock making up the enclaves and small bodies in the Teletin quarry, will
be called 'Teletin quartz diorite'. Nevertheless, the intrusion of the basic rocks (gabbros?) in the
western part of the Sdzava intrusion was at least partly contemporaneous with the tonalites themselves
(also 1.XV.) and magma mixing was probably of great importance in this part of the Sdzava body.

The MME 'trains' from Teletin [1.X., Fig. IL6.] resemble disrupted syn-plutonic dykes
(also Lang et al., 1978, Palivcovd et al., 1989a; cf. Pitcher, 1991, 1993 and 4.XIL) [Fig. IL7.]
whose origin is considered to be linked to an early propagation of cracks in a solidifying magma that,
in turn, was connected to an abrupt increase in magma viscosity at about 35 % (or possibly even 50 %)
of the remaining melt - the so-called critical-melt fraction (CMF; van der Molen and Paterson, 1979;
Wickham, 1987). From this point on, the magma behaviour changed from suspension-controlled to
granular-controlled and the magma became a non-Newtonian (Bingham) body. The fracture and flow
phenomena can, inevitably, coexist in granite plutons depending on rate of application of stress as well
as local solid-melt segregation (Pitcher, 1993). The existence of these features, however, is based
solely on the photograph of Dudek and Fediuk (1958) as the dyke has been destroyed by quarrying.

The Slapy apophysis of the Sdzava intrusion has suffered considerable post-consolidation
hydrothermal and tectonic disturbance (1.XIIL). Granitoids of the eastern part of the main intrusion
show effects of a strong cataclasis (1.XIV.) and Mra¢ and Sédzava types are seen to be in tectonic
contact (1.IL). Accordingly it is clear that the strong cataclasis of the granitoids was not restricted to the
area of the 'Bene3ov type' and it has taken place after intrusion of the Mra¢ granite.
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The presence of the igneous amphibole and therefore of 'wet' gabbroids in parts of the CBP,
together with compositional variability and other features, were interpreted by Palivcovd (1984) as
being indicative of affinity to an 'Andinotype batholithic association'. This conclusion is assessed in
Chapter IV.4. The quartz ocelli, common in the basic bodies, appear to be xenocrystic in origin (e.g.
Vernon, 1990; Hibbard, 1991) and provide (together with 1.X.) evidence of them being
contemporaneous with the surrounding granitoid masses (S4zava, Blatnd and Marginal). The finer-
grained marginal facies of the basic intrusions could be viewed as chilled margins, and therefore these
bodies ought to be younger or of the same age as the surrounding granitoids (Palivcovd, 1984)
(1.XV.). Accordingly there must have been a number of stages of emplacement of the basic bodies.

Microscopy

(I)  The Sazava biotite - amphibole to amphibole - biotite tonalite, granodiorite to quartz
diorite (Sa-1 to Sa-13; Appendix L) contains about 40 - 75 % plagioclase, 2 - 35 % amphibole,
15 - 35 % quartz, ~ 10 % biotite and 0 - 12 % K-feldspar (¢f. Palivcovd, 1972). The common
accessory minerals include titanite, apatite, zircon, orthite, epidote and an opaque ore mineral. The
average grain size is 0.5 - 1.5 mm and the texture is hypidiomorphic.

Based on petrographic observations, minerals most likely crystallized in the following order:
amphibole, plagioclase — biotite - K-feldspar, quartz. The S4zava intrusion was subjected to
relatively severe hydrothermal alteration, especially in its western part, as shown by local abundance of
calcite and epidote, as well as by the advanced argillitization of plagioclase and chloritization of biotite.
There is also a good evidence of post-crystallization deformation in the form of broken and distorted
plagioclases, as well as undulose extinction or even cataclasis of the quartz grains.

The plagioclase of andesine to bytownite composition is present as subhedral to
almost euhedral prisms, on average 0.7 - 1.5 mm, but up to 3 mm across.
The albite and pericline twin lamellae are common but the combined Carlsbad-albite twins are rare. The
plagioclase crystals often show zoning, either oscillatory, or, more frequently, discontinuous normal

PLAGIOCLASE

(i.e. with calcic cores).

The argillitization is of varied intensity: the most altered samples come from the Mra¢ quarry
and the least altered are those from Teletin. The alteration starts along the cleavage and in the more
basic cores of the crystals. Apart from sericite and clay minerals, secondary epidote may also occur
(saussuritization).

The plagioclase often exhibits undulose extinction or is broken down into sub-grains (Mra¢).
Some of the crystals show bent twin lamellae, the other twin-lamellae wedging out in the centre of the
crystals [Photo IL1.9.]. '

In places, the plagioclase encloses clusters of strongly resorbed relics of originally larger biotite
flakes. There are scarce inclusions of small subhedral to euhedral crystals of amphibole, usually
aligned parallel to the albite twin lamellae (010). Relatively small (0.2 - 0.3 mm) subhedral or anhedral
plagioclases are often enclosed by large amphibole crystals [Photo IL1.10.). However, larger
plagioclase crystals seem to be of the same age or younger than the amphibole. Anhedral plagioclases
enclosed by the biotite flakes are locally common and, generally speaking, the majority of biotite
appears to be younger. The plagioclase is surrounded by interstitial quartz and K-feldspar.

Plagioclase shows mainly ochre - yellow luminescence, sometimes with slight greenish hue -
especially near to the edges of the crystals. The more basic cores of the crystals, however, are bright
yellow [Photo IL1.17.]. The oscillatory zoning can be quite complex, as in the sample from
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Krhanice (Sa-10). Moreover, the CL study also confirms other evidence for late brittle deformation;
plagioclase crystals are often brecciated [Photo IL1.17.]

A conspicuous feature of the Sdzava plagioclase at some localities (Krhanice, Sa-10) is
discontinuous zoning, i.e. the occurrence of ‘'mantled plagioclases' in sense of Hibbard (1981). The
normally-zoned rims of the mantled crystals have a uniform andesine composition (An 133 - 35)
[Fig. IL12 a] as do the small unzoned (optically and in CL) plagioclases of the matrix (~ An 35). The
cores, with brighter yellow luminescence, have a higher anorthite proportion (generally An 49 - 50, but
rarely reaching An 76). In contrast, the plagioclase from Mraé¢ and Teletin (Sa-3 and Sa-7) show
little or no zoning, and their composition is uniform at about An 45 - 50 (andesine). The An content of
these plagioclases coincides with that of the cores of mantled plagioclases from Krh anice.

Anhedral - subhedral, poikilitic prisms of amphibole are on average 1.2 - 2 mm
(up to 4.5 mm) long. Simple twins on ( 100) are much more common than the
polysynthetic twins [Photos IL1.10.-IL1.11.].

The maximum extinction angle of amphibole (ZAc) is 20 - 25° (common' hornblende). It is
usually strongly pleochroic: X: light yellow-green, Y: dark green, Z: dark bluish-green. In contrast, the
Teletin sample (Sa-7) has a pale amphibole with weaker pleochroism, and in the X direction it is
almost colourless. Also its maximum extinction angle (ZAc) is somewhat lower: 12 - 15° (actinolite ?).

Some of the amphiboles enclose calcite patches, which have originated, at least partly, by partial
dissolution of hornblende but there is also a possibility that some of the calcium was brought in by
hydrothermal solutions. The CL reveals common worm-like aggregates of calcite, following the
leached zones along the cleavage of the host amphiboles (Photos IL1.17., IL1.21.]. Inclusions are
apatite (common) and tiny, euhedral zircons (rare). The amphibole tends to form clots, together with
biotite and titanite. Its crystals are strongly corroded and surrounded by quartz and plagioclase.

AMPHIBOLE

Amphibole encloses a considerable amount of very small, subhedral plagioclase crystals as well as
biotite, both of which are usually aligned parallel to its cleavage. On the other hand, in the Mra¢
quarry, tiny round amphibole crystals and biotite flakes, associated with acicular apatite, are enclosed
by the plagioclase crystals.

Quartz occurs in the form of anhedral crystals, or rather accumulations of sub-

QUARTZ grains, on average 0.5 - 2 mm (up to 4 mm) across. The quartz grains show

strong undulose extinction, and are broken into numerous sub-grains (consertal texture) or are even
cataclastic M ra¢). Sub-parallel 'bubble trains', which were explained as cracks, partially sealed by
differential solution and deposition of silica (Fairbairn, 1949, and the references therein), are common.
The quartz is, together with K-feldspar, the youngest mineral.

Biotite forms anhedral flakes on average 0.25 - 1 mm (up to 2.5 mm) across. It
BIOTITE is strongly pleochroic: X: pale straw yellow, Y = Z: dark red-brown. The
number of the pleochroic haloes varies, but it is generally small. Chloritization of biotite is minimal; it
only occurs along the cleavage of a few biotite flakes and there titanite forms a common by-product.
The number of apatite and especially of zircon inclusions is very limited. In contrast, euhedral
inclusions mainly of primary titanite are common [Photo IL1.11.]. The biotite is associated with, and
often enclosed by, amphibole, and also locally by plagioclase. It appears to be generally younger than
plagioclase. Biotite is strongly resorbed by quartz.

K-feldspar occurs in the form of subhedral to anhedral prismatic crystals, about
K-FELDSPAR 1 mm (up to 5 mm) across. Cross-hatched twinning is rare (only Sa-10 of

Proseénice) and the K-feldspar is only slightly perthitic. The proportion of K-feldspar is variable,
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but it is usually small and even zero, as for instance in the sample from Teletin. The K-feldspar was
affected by slight argillitization, preferentially along the cleavage. Commonly, it shows an undulose
extinction and is broken into several sub-grains (Mra¢). Plagioclase is enclosed and surrounded by
the interstitial K-feldspar which must be younger. Myrmekite occurs commonly at the boundary with
plagioclase. The K-feldspar encloses tiny (< 0.1 mm) euhedral flakes of biotite and rarely also some
amphibole. It exhibits light blue luminescence, lacking any apparent variation.

Additional evidence of the post-magmatic hydrothermal alteration suffered by
the Sizava intrusion is given by the abundance of calcite. The best tool for
observing the calcite distribution proved to be CL, as calcite exhibits conspicuous bright orange-red
luminescence [Photo IL1.17.]. It is mainly interstitial, either following the rims of plagioclase crystals
or forming roughly triangular grains (up to 0.6 mm across) at their triple-junctions, only occasionally
penetrating plagioclase along the cleavage. The calcite may be localised in the most altered parts of the
plagioclase crystals, as well as in areas of pronounced cataclasis, but often it is distributed quite
randomly. The calcite is most abundant in the sample from Teletin (Sa-7), which otherwise seemed
to be the freshest sample collected. The textural evidence suggests that argillitization and crystallizaﬁon

CALCITE

of calcite were caused by two separate events, with the calcite formation being mainly later.

Of the intrusions in the CBP, the Sdzava mass and its associated basic rocks
ACCESSORY

MINERALS

contain anomalously high epidote contents, with the mineral appearing to be of
both primary and secondary origin (Kodymovd and Vejnar, 1974). Although
Zen and Hammarstrom (1984) considered that the primary epidote is common in granitoids that
crystallized at moderately-high pressures (more than about 7 kbar) and under fairly oxidising
conditions, its primary-magmatic origin has been questioned, for instance, by Pitcher (1993). The
opaque minerals are represented mainly by magnetite and pyrite.

II. The Teletin quartz diorite (SaD-1 to SaD-3) is composed of about 50 % plagioclase, 30 %
hornblende, 10 % quartz and 10 % biotite. The plagioclase (~ 1 mm across) is typically subhedral,
showing abundant albite twin lamellae. Some effects of deformation can be seen, such as bent twin-
lamellae and brittle fractures. Sample SaD-2 particularly suffered a strong deformation, and is cut by
cataclastic bands with quartz ribbons.

The optical microscopy and, in particular, the CL study have revealed a discontinuous zoning in
the plagioclase with bright-yellow (CL) cores, that were partly resorbed and overgrown by ochre (CL)
rims [Photos IL1.13.-16., IL1.18.-IL1.20.]. The most common type of zoning is discontinuous
normal, with the rims being andesine (An 44 - 48), and the cores bytownite - anorthite (~ An gg - 90)
[Photos IL1.18.-19.; Fig. IL12 b-c]. Sometimes these cores are overgrown by an additional zone of
less basic bytownite composition (An 70 - 77). This pattern was verified by a microprobe scan across
one of the mantled plagioclases from Photo 1L 1.19. [Tab. IL2, Fig. IL13.]. The composition of the
rim varies little between An 49 - 50 but abruptly increases initially to An 7¢ and after that remains
constant at about An gg. The central peak splits into two due to the rim protrusion.

The second type of the zoning pattern of the Teletin plagioclases is that with an apparent calcic
spike and patchily zoned core [Photo IL1.20., Fig. IL12 d] The core, composed of patches of
andesine (An 48) and more calcic plagioclase (An g1 and g7), is overgrown by a bytownite zone (An 78)
and andesine (An 49) rim (‘boxy-cellular' plagioclase; Hibbard, 1991 ).
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Unzoned small plagioclases of the matrix correspond to andesine (An 47 - 48), i.e. similar in
composition to the rims of both types of mantled plagioclases. Their composition also matches that of
plagioclases from the Sdzava mass.

Amphibole forms anhedral, interstitial crystals on average 1 - 1.5 mm (up to 3.5 mm) across. It
occasionally shows simple or polysynthetic twinning on (100). The maximum extinction angle found
was 20° and strong pleochroism is shown: X: pale olive green, Y: deep olive green, Z: dark bluish-
green. Some of the crystals have relic cores of brown hornblende (also Lang et al., 1978) (see Chapter
IIL for discussion of the origin of these cores).

Quartz (~ 0.6 mm) is anhedral, interstitial, with strong undulose extinction. Anhedral biotite
flakes, on average 0.8 - 1.2 mm (max. 1.6 mm) across, are strongly pleochroic: X: dull ochre, almost
colourless; Y = Z rusty-brown. The biotite lacks pleochroic haloes, but is commonly rimmed by
opaque ore minerals. Some flakes are enclosed by amphibole. Common accessory minerals include
acicular apatite and isometric grains of an opaque ore mineral. Of interest is the presence of chrome
spinelides in the both hybrid rocks and the S4zava tonalite in Teletin (Lang et al., 1978), which
were not recorded from any other locality in the Sdzava intrusion, apart from sub-microscopic
inclusions in magnetite of the gabbros (Rub et al., 1977). The presence of chrome spinelides in the
Teletin quartz diorite and its tonalite host provides evidence of material exchange between the two.

The additional samples studied comprise (1) Sam-7, a strongly resorbed
ellipsoidal amphibole-biotite MME, 10 cm long, from Teletin and (2) Pom-
5, a round amphibole-biotite MME from Proseénice.

ENCLAVES

(1) TheTeletin MME (Sam-7) shows a fabric indicative of pronounced effects of deformation
(of both enclaves and matrix). Kinking of biotite is common, as is cracking and cataclasis of quartz
grains. Plagioclases usually have bent primary and newly-formed secondary twin-lamellae, and some
are broken. Amphibole is more abundant than biotite, the former occurring as tiny anhedral crystals,
interstitial to plagioclases. Lobate biotite flakes are usually strongly deformed, and 'flow round' the
plagioclase augen. Many plagioclases of the enclaves and particularly larger plagioclases of the host are
mantled [Photo I1.1.12.] and their cores often enclose tiny round homnblende grains. The resorption
surfaces between cores and rims are very obvious, and sometimes are enhanced by thin calcite rims.
Acicular apatite is a frequent accessory.

(2) Thesample fromProseénice (Pom-S) represents an enclave type widespread in the Sizava
body. It is hornblende-rich; the subhedral hornblende crystals form monomineralic clots with lobate
outlines. Some of the larger hornblendes contain dark rings of a fine-grained opaque mineral. Biotite is
relatively rare; it encloses abundant zircon inclusions. Plagioclase occurs both as small euhedral laths,
and as larger mantled prisms. Both K-feldspar and quartz are interstitial and poikilitic. Apatite, which is
present as short-prismatic as well as acicular crystals, is not particularly abundant. One subhedral
crystal of metamict orthite was found. Next to the enclave, the host tonalite contains either individual
xenocrysts or their aggregates (microenclaves), including mantled plagioclases, which were probably
derived from the broken parts of the MME.

The discontinuously-zoned plagioclases from Teletin, containing often patchy-
INTERPRETATION zoned cores, are ‘'mantled plagioclases' in sense of Hibbard (1981) for which

two main explanations have been proposed.
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(a) The calcic cores were resorbed and later overgrown by an andesine rim, similar, for instance, to
the textures interpreted by Wiebe (1968) on the basis of the model of origin of patchy zoning by
Vance (1965). The resorption of the calcic cores could be caused either by a sudden rise in temperature
or a drop in pressure (rapid ascent), shifting both the solidus and liquids downwards (Vance, 1965,
Wiebe, 1968). Interaction between superheated acid and chilled basic magmas or loss of volatiles, may
also account for resorption of calcic plagioclase followed by precipitation of a more sodic one (Vance,
1965). The hypothesis of Vance (loc. cit.) would also explain presence of small round amphibole
inclusions within the cores [Photo IL1.20.], as they may have crystallized from pockets of liquid
trapped after the resorption event (Vance, loc.cit.).

®) The second explanation assumes a strong undercooling of the mafic magma, resulting in rapid
(dendritic) crystal growth and origin of 'boxy-cellular’ morphology (Hibbard, 1981, Hibbard, 1991).
The likely reason for quenching is an interaction with relatively cooler acid magma - i.e. magma mixing
(Barbarin, 1990 b, Vernon, 1990, 1991, Hibbard, 1991 ). The cellular calcic plagioclase may be greatly
resorbed as a result of reaction with the acid melt (Hibbard, 1991).

It seems that the both models explain some of the observed features of the Teletin plagioclases:
the first model appears to be applicable to many prevalently euhedral plagioclase cores, with occasional
embayments of the sodic rim [Photos IL1.14.-1L1.16., II.1.18.-IL1.19]. These plagioclases have
probably crystallized in depth, prior to the magma mixing event with the pressure release during their
ascent leading to (limited) resorption. The second model accounts for the origin of the patchy zoned
(boxy cellular) crystals [Photos IL1.13., IL1.20.] that have apparently crystallized during the
quenching (magma mixing) stage. Subsequently, after interaction with the acid magma, they were
partially resorbed and overgrown by more sodic mantles. At the same time small, unzoned plagioclases
with composition matching that of the rims of the mantled ones nucleated.

In discussing genesis of calcic cores of discontinuously-zoned plagioclase, it is necessary to
mention an alternative hypothesis of Chappell et al. (1987). According to their model, the unzoned
calcic cores originated during slow prograde ultrametamorphism (melting) of the granite source rocks,
i.e. are restitic in origin, and were overgrown by later magmatic plagioclase. However, such a restitic
origin is unlikely, as the cores commonly show oscillatory zoning, and hence are better explained by a
melt-melt disequilibrium (Bateman, 1993a).

As both enclaves appear to be of hybrid origin, on the basis of the presence of mantled
plagioclases with obvious resorption surfaces, the acicular (quenched; Wyllie et al., 1962) apatite, and
the oikocrysts of quartz and K-feldspar, there must have been a time gap between the magma-mixing
event and onset of their crystallization (Vernon,; 1990, 1991, see also section on enclaves from the
Kozérovice intrusion).

I1.2. PoZary intrusion

The oval-shaped PoZiry intrusion occurs in the northern part of the CBP [Fig. IL1.]. Its is
composed of biotite trondhjemite and leucocratic quartz diorite, usually without amphibole. The
number of enclaves is generally very limited but increases towards contacts with the Sdzava intrusion,
the Velké Popovice gabbro body (MME) and the Tepl4-Barrandian Unit (metasedimentary xenoliths).
Few dykes cut the PoZary intrusion which is surrounded mainly by low-grade metasediments of the
Teplé-Barrandian Unit (N) and Proterozoic-Palaecozoic metasediments of the Metamorphic Islet Zone
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(Tehov and Zbofeny Kostelec Metamorphic Islets; NE and SW). In the S and W, it is in contact with
the Sézava intrusion.

Field observations

I The contact of the PoZéry intrusion with the Proterozoic metasediments of the Tepla-
Barrandian Unit is intrusive. There is pronounced thermal metamorphism and finger-like penetrations
of the trondhjemite into the country rocks. The metasediments are displaced by numerous faults,
parallel to the contact (Vejnar et al., 1975).

II. The trondhjemite encloses angular blocks (up to several meters across) of Sdzava tonalite,
and in places exhibits structures, indicative of a magma flow around essentially solid xenoliths [Photo
IL1.3.]. (also Cepek and Koutek, 1941, Hejtman, 1941, and many others) (Proseé&nice). In the
Krhanice quarry, it not only encloses angular xenoliths of the S4zava tonalite but also is in a sharp
contact with the latter, in places with a leucocratic chilled margin (~ 1 cm thick) [Photo IL1.4.]. In
contrast, Vejnar et al. (1975) recorded a transition between the Sdzava and PoZéry intrusions at
Cerdan y.

111 Close to the contact with Proterozoic rocks of the Tepld-Barrandian Unit, the trondhjemite
encloses xenoliths of biotite- and biotite - cordierite hornfels (Vejnar et al., 1975). However, no
metasedimentary xenoliths were observed in the southwestern part of the body (Krhanice,
Prosednice).

Iv. The amount of MME in the intrusion is typically very limited except adjacent to the Velké
Popovice basic body (Vejnar et al., 1975) and contacts with the S4zava tonalite (Krhanice). In the
latter case, the enclaves have wavy margins, and form swarms aligned roughly parallel to the contact
[Photo IL1.4.]. In the zones with a higher concentration of MME, the proportion of amphibole
increases while the K-feldspar disappears and the trondhjemite contains quartz ocelli and plagioclase
with biotite coronas (Vejnar et al., 1975).

V. An enclave swarm of elongate MME, enclosed in the PoZ4ry trondhjemite (close to the
contact with Sdzava) occurs in the Krhanice quarry [Photo IL1.8.]. A projection of the swarm is
towards a gabbro dyke (2 VL ); both have the same strike of ca. 040° but the outcrop is not continuous.
VL The number of dykes cutting the intrusion is generally small (also e.g. Kettner, 1926,
Kodym, 1966) and only aplite dykes and pegmatite schlieren (Prose¢nice) are common (also
Hejtman, 1941) but there is one (15 m across) dyke of coarse-grained biotite - amphibole quartz gabbro
that cuts the trondhjemite in Krhanice. The contact is sharp, intrusive, but without a chilled margin.
VIIL In the western part, the trondhjemite shows typically well-developed and undisturbed jointing
and no effects of deformation (Proseé&nice). In contrast, the eastern part shows the effects of severe
cataclasis, as is the case in the adjacent part of the Sazava intrusion (1.XIV.) (Vejnar et al., 1975).

Interpretation of field observations

The contact of the PoZ4ry intrusion with metasedimentary rocks of the Tepld-Barrandian Unit is
intrusive and the presence of a distinct thermal aureole suggests that the depth of intrusion was not
great (2.L)

The PoZéry trondhjemite is younger than the Sdzava tonalite (2.IL). The significance of the
observation of Vejnar et al. (1975) (2.1L) is difficult to asses, as the exposure they saw is inaccessible
- it was a water supply gallery. In the opinion of Vejnar et al. (loc.cit.), the PoZary trondhjemite is
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enriched by MME close to the contact with the Sézava intrusion, and by their assimilation becomes
similar in appearance to the rock of the S4zava mass.

Metasedimentary xenoliths are common only close to the contact with the Tepld-Barrandian
Unit, hence the contribution of the metasedimentary material is unlikely to be significant in the western
part of the body (2.IIL). This is in contrast to hypothesis of Vejnar et al. (loc.cit.), who have explained
the genesis of the Sézava and PoZ4ry granitoids by assimilation of different rocks, namely MME for
Sézava, and aluminium-rich metasedimentary xenoliths for PoZary. However close to the contact with
the Tepla-Barrandian Unit, the metasedimentary input could have been important.

The MME that are abundant around the Velké Popovice gabbro body could represent either
hybrids of the gabbro and PoZéry trondhjemite or fragments of disrupted chilled margin of the gabbro
intrusion (2.IV.). On the other hand, the MME at the contact with the Sézava type might represent
either a refractory residuum after partial assimilation of the tonalite or, more likely, of its mafic
microgranular enclaves. The trondhjemite, rich in quartz ocelli, could be interpreted as a hybrid,
contaminated by an enclave-derived material (Vejnar et al. 1975) 2.1V.).

The enclave swarm (2.V.) appears to be a continuation of the gabbro dyke (2.VL) and the
simplest explanation would be that the dyke is syn-plutonic. However no relation between the two
phenomena was observed in field. The time span between the injection of the gabbro dyke and (partial)
solidification of the surrounding trondhjemite must have been limited as the dyke is coarse-grained and
is not chilled against its host (2. VL).

The finding of Vejnar et al. (loc.cit.) about the Sdzava and PoZéry intrusions sharing
comparable deformation (1.XIV., 2.VIL) could be of considerable importance, as it implies that both
masses (and also possibly the 'BeneSov type' ?) suffered the same cataclasis and, therefore, either
belong to the older intrusions of the CBP or the deformation was relatively late (2. VIL).

Microscopy

The PoZiry biotite + amphibole trondhjemite (Po-1 to Po-5) consists of 55 - 70 %
plagioclase, 20 - 30 % quartz, 5 % K-feldspar, 4 - 8 % biotite, and sometimes a small amount of
amphibole. The common accessory minerals include apatite, titanite and an opaque ore mineral. Calcite,
muscovite and epidote occur as alteration products. The average grain size is 0.5 - 1.5 mm, with
somewhat larger crystals of the K-feldspar (3 - 4 mm). The texture is usually hypidiomorphic; the
texture of the Krhanice sample appears to be cumulative in origin.

The likely order of crystallization is: plagioclase — biotite — K-feldspar — quartz. Due to its
very small modal abundance the paragenetic position of amphibole is not clear. The effect of strong
hydrothermal alteration is shown by advanced argillitization of plagioclase and chloritization of biotite.
Similarly, the presence of the secondary muscovite and epidote, as well as abundance of calcite and an
opaque ore mineral, provide firm evidence of a late hydrothermal activity. The deformation is
manifested in particular by breaking up of plagioclase grains, an undulose extinction and fracturing of
the quartz and biotite grains.

Plagioclase (mainly andesine) forms subhedral prismatic crystals, on average
PLAGIOCLASE 0.5 - 1 mm across (up to 1.7 mm). Most show albite twin lamellae; pericline
and the Carlsbad twins are much less common. The plagioclase crystals often show zoning, both
oscillatory and discontinuous. The albite twin lamellae often wedge out and secondary twin lamellae
might be developed pointing to a late deformation. Relatively high degrees of post-crystallization
hydrothermal alteration are shown as the grains are very often full of sericite, and even large flakes of
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secondary muscovite are quite common. Moreover, the alteration products locally comprise epidote and
calcite, which preferentially replace the plagioclase crystals along the cleavage.

The plagioclase appears to be older than biotite, although there are some strongly resorbed
biotite crystals enclosed in it. It is surrounded by anhedral or interstitial K-feldspar. At their contact,
myrmekite is common. Quartz is interstitial and younger. The texture, with euhedral-subhedral
plagioclase crystals some of which are broken and with other phases only filling gaps [Photo IL2.3.],
may represent a disrupted cumulate. Especially sample Po-1 (from Krhanice), with a limited amount of
mafic minerals and quartz as well as a high content of euhedral plagioclase, could represent an
orthocumulate (Cox et al., 1979; Bard, 1987; Philpotts, 1990) .

The luminescence of the plagioclase is ochre yellow, but the cores of crystals are often much
brighter [Photos IL2.1.-IL2.3.]. Alteration is shown by a brownish colour. Concentric zoning of the
ochre and yellow luminescence is common, sometimes being repetitive (oscillatory zoning). The
broken nature of many of the plagioclase gi‘ains and the effects of healing by the matrix K-feldspar are
clearly shown [Photo IL2.3.], suggesting, that the deformation was late syn-crystallization, in a crystal
mush (¢f. McCarthy and Groves, 1979). The brownish colour in CL shown by the disrupted parts,
and at the immediate K-feldspar - plagioclase contacts, is possibly due to subsolidus diffusion or
leaching.

The composition of the plagioclase from this intrusion ranges between An 28 and An 53.
Common are discontinuously-zoned crystals, with andesine rims (An 2g . 37; on average about An 33)
‘and cores of basic andesine - labradorite composition (An 4¢ - ¢4) [Fig. IL14 a,b). The small unzoned
plagioclases of the matrix have a composition matching that of the rims of the zoned crystals. One
zoned crystal, with an andesine core (~ An 35) and oligoclase rim (An 16) was seen.

As for the Sdzava intrusion, there is also a link between the luminescence colour and the An
content: the brighter yellow luminescence is shown by the more calcic plagioclases [Fig. IL14.,
Photos IL2.2., IL2.3.]. On the other hand, the middle zone of the crystals on Figure IL14 a, with its
distinct luminescence (compared to the rim) has only 3 % more of An.

Quartz occurs in the form of interstitial, anhedral crystals, on average 1 -
QUARTZ. ~ 1.4 mm (up to 5§ mm) across. It shows strong undulose extinction, fracturing
or even sub-grain development. The quartz contains a great deal of hair-like subparallel cracks, which
generally follow one direction, with some filled by secondary minerals such as calcite or sericite. The
quartz is poikilitic to plagioclase, as well as to biotite and amphibole. It is the youngest mineral, as it is
moulded on the K-feldspar.
The K-feldspar occurs as anhedral grains, on average 3 - 4 mm (up to S mm
K-FELDSPAR across), filling the space between plagioclase crystals. Some of the crystals
possess pronounced cross-hatched twinning indicative of microcline, and some of them are perthitic.
There is little evidence of either later alteration or deformation. It frequently encloses both biotite and
plagioclase but has quartz moulded on to it.

The blue luminescence emitted by the K-feldspar often exhibits zoning, with the brighter blue
zones usually corresponding to the areas of most pronounced alteration of the K-feldspar grains.

Biotite occurs in the form of anhedral to subhedral flakes, usually 1.5 mm (up
to 2.5 mm) across. It shows a strong pleochroism: X: straw yellow, Y = Z:
dark (reddish)-brown. Pleochroic haloes are quite rare, and usually small and pale.

It has suffered a strong hydrothermal alteration, being usually replaced by an aggregate of
chlorite and titanite. Although the chlorite is often associated with muscovite, white mica does not seem

BIOTITE
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to be only an alteration product: some relatively fresh biotite flakes host muscovite lamellae parallel to
their cleavage. In sections cut roughly parallel to the base, many of the flakes reveal abundant cracks.
In places, they are even broken into several sub-grains with slightly different extinction. Re-
crystallization at the edges of biotite flakes, especially at the contact with the K-feldspar, is relatively
common. ,

Inclusions within the biotite flakes are predominantly elongate crystals (or needles) of apatite. In
the Prosecdnice quarry, there are abundant tiny euhedral dipyramidal crystals of zircon (0.03 - 0.09
mm); in contrast, zircon is rare in Krhanice. The biotite is likely to be generally younger than
plagioclase, as it is interstitial to the plagioclase crystals but there are also present strongly resorbed
biotite flakes enclosed by plagioclase. Both quartz and K-feldspar surround and resorb the biotite,
which is, therefore, older. In the K-feldspar, there are many inclusions of biotite with well-preserved
crystal shape. '
Crystals of amphibole are on average 0.7 - 1 mm long and are generally
anhedral. This mineral was found only in the sample from the Krhanice
quarry, even there it is more of an accessory than an essential mineral. The amphibole is deep green, -
sometimes with a slight bluish hue. Scarce needles of pale green actinolite (an alteration product) occur
at the edges of the amphibole crystals which are often associated with biotite but its relation to the

AMPHIBOLE

majority of minerals is impossible to determine; there is only evidence for quartz being younger.
ACCESSORY Compared with other intrusions in the CBP, the PoZiry trondhjemite is poor in
MINERALS apatite and zircon; its main accessory minerals are opaque ores (magnetite -
Kodymovd and Vejnar, 1974). Fairly abundant (especially in Krhanice) are large anhedral grains of
an opaque ore mineral, interstitial to the plagioclase grains.
Calcite is very abundant in form of roughly triangular crystals, interstitial to the
plagioclase grains. In CL, two generations of calcite can be distinguished, both
emitting bright red-orange luminescence, with rims of some of the grains being somewhat brighter than
the cores [Photo IL. 2.1.].

CALCITE

I1.3. Kozarovice intrusion (including T&chnice granodiorite)

The Kozirovice intrusion which forms a central part of the CBP is elongate and NE - SW
trending [Fig. IL2.]. There is also small kidney-shaped mass of the Kozirovice granodiorite
penetrating the Mirotice orthogneisses further to the SW.

The predominant rock type is a biotite - amphibole to amphibole - biotite granodiorite, with a
variable proportion of K-feldspar phenocrysts up to 2 cm in size. A porphyritic granodiorite (of so-
called Téchnice type) occurs in the central part of the Kozérovice intrusion and is rimmed at the NE and
SW by essentially even-grained granodiorite (Kozdrovice s.s.). Various types of enclaves, including
country-rock xenoliths, MME and surmicaceous enclaves are abundant.

A small roughly circular body of pyroxene - amphibole quartz monzonite (of so-called ZaluZany
type) crops out south of village of Kozirovice. Additionally, a fine-grained biotite - amphibole quartz
monzonite body was encountered at bottom of the quarry Kozdrovice Il and there are small
masses of coarse-grained pyroxene - biotite - amphibole melamonzonite, biotite - pyroxene - amphibole
(mela-) monzogabbro and biotite - amphibole gabbro in southern part of the Mirovice Metamorphic
Islet (Lu¢kovice); for details on their mineralogy and geochemistry, see Ledvinkovd (1985), Holub
(1990) and Bowes and Kosler (1993).
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Adjacent to the Kozdrovice intrusion are Proterozoic metavolcanic rocks of the Jilové Zone.
Proterozoic-Palaeozoic metasediments of the Metamorphic Islet Zone (Mirovice, Sedlany-Krdsni
Hora, Mar3ovice and Netvofice-Neveklov Metamorphic Islets) including the Devonian orthogneisses
(south of Mirovice and Sedl¢any-Krdsnd Hora Metamorphic Islets: Kosler, 1993) and the Blatn4 (S),
Certovo biemeno, Sedl¢any and MarSovice (E) intrusions.

Field observations 7

I. The contact between the Kozdrovice and Téchnice granodiorites is sharp with neither a chilled
" margin nor a reaction rim present (Kam y k). Also at this locality a small sub-vertical apophysis of the
even-grained granodiorite (with a few phenocrysts) (Kozérovice s.s.) intrudes the porphyritic one
(Téchnice) but has not been observed to cut the phenocrysts. Elsewhere a transitional boundary
between the even-grained and porphyritic facies has been recorded (Hejtman, 1948; Kodym and Suk,
1960). The Kozdrovice granodiorite is never completely phenocryst-free (see also Hejtman, 1948;
Kodym and Suk, 1960) and in the vicinity of the village of Koz4drovice, the number and size of the
K-feldspar phenocrysts increases towards the NE.

II. The contact with the Blatnd intrusion has been recorded as being sharp, but no further
information concerning its character has been given (Kodym and Suk, 1958).
I11. No contacts with the Sizava, Certovo bfemeno and Sedl¢any intrusions have been observed

and the Kozdrovice granodiorite has been considered to be a part of the Sdzava intrusion by some
workers (e.g. Vejnar, 1973, 1974a; Némec, 1974).

Iv. At the contact with the granodiorite host, the quartz monzonite from Kozdrovice II is
cracked, net-veined and eventually broken into mafic microgranular enclaves either angular [Photo
IL3.12.] or round, some resembling 'pillows' [Fig IL10.]. No chilled margins were observed but
some of the contacts are diffuse.

V. The occurrence of a single xenolith of granodiorite considered to be of the Téchnice type
within the Blatnd granodiorite was recqrded by Kodym (1955).
VL Xenoliths of banded hornfels and amphibolite are common in the southwestern part of the

body (Kozdrovice quarries). Ellipsoidal (feldspar - epidote) calc-silicate xenoliths with 1 - 2 cm
thick amphibole-rich reaction rims are scarce (Kozdrovice I1) (¢f. Hejtman, 1955). The occurrence
of a small angular xenolith of a coarse-grained amphibole diorite (gabbro?), with a thick finer-grained
hornblende reaction rim was exceptional (Kozd4rovice I). The lithology of the metasedimentary
xenoliths differs from the mainly argillaceous metasediments of the adjacent Mirovice Metamorphic
Islet (Hejtman, 1955). Metasedimentary xenoliths are most common in the northeastern part of the
intrusion, where they are represented mainly by angular xenoliths of banded hornfels [Photo IL3.1.]
but xenoliths of tremolite- and wollastonite-bearing calc-silicate rock and marble are also present
(cf. Zdrubovd, 1934, Zeithamovd and Holub, 1989; Zeithamovd, 1990) (Solopysky, De$tno).
VII. MME, which are usually round and several dm - over 1 m in size, are abundant. In
Kozdrovice II, they tend to be more angular and larger than elsewhere. They contain common
megacrysts of plagioclase (up to 2 mm) and rare quartz ocelli and ovoids (up to 2 cm). The outlines of
these enclaves are typically sharp, some of them showing narrow leucocratic haloes depleted in dark
minerals. Occasionally, there are embayments of darker granodiorite rich in plagioclase megacrysts
[Photo IL3.2.] penetrating the enclaves.

VIII. There are many ‘double enclaves’ (Pitcher, 1993). Their contact with the granodiorite host is
diffuse but the boundary between the two zones is generally sharp [Photo IL3.3.]. The inner part
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consists of a typical MME in which plagioclase is absent or present as only a few megacrysts. In
contrast, the outer part contains a much higher proportion of plagioclase.

IX. Surmicaceous enclaves are not common. They are mainly round and less than 2 ¢cm in
diameter. Some, which are greenish in colour, are composed of diopside, with a thin amphibole -
biotite rim (Hejtman, 1955). Others are enclosed by MME (Kozdirovice I).

X. Biotite - amphibole schlieren occur in places and are associated with the most resorbed
metasedimentary xenoliths and MME (Kozdrovice III).
XL There are parallel-sided zones, in which the granodiorite encloses swarms of enclaves of

various types, including MME and surmicaceous enclaves, together with xenoliths of calc-silicate rock,
hornfels, gneiss and coarse-grained-diorite [Photo IL3.4.] (Solopysky, DeStno). Many of the
blocks show evidence of resorption with related magma contamination. These dyke-like zones trend
roughly N - S (Zeithamovd and Holub, 1989; Zeithamovd, 1990). The zone observed at Solopysky.
has a sharp contact, is approximately 25 cm wide and could be followed for about 5 m.

XIL Locally there is a banding (or schlieren) present that consists of alternating light
(macroscopically similar to the granodiorite)-'and darker bands. These bands are well-defined but there
is no change in grain size [Photos IL3.5.- IL3.6.] (Kozdrovice I1II). '

XIII. Numerous dykes of aplite, pegmatite, gabbro-, diorite-, syenite- and granite-porphyries,
minettes, kersantites and spessartites cut the intrusion (Némec, 1974; Zedulkovd, 1982a). Two suites of
dyke rocks could be distinguished in the southern CBP, older and younger than the Certovo bfemeno
mass. The older group consists of gabbro-, granodiorite-, diorite-porphyries, some of the granite
porphyries and spessartites; the younger one comprises tourmaline leucogranites, alkali minettes,
minettes, kersantites, syenite porphyries and the rest of the granite porphyries (ZeZulkovd, 1982a).
XIV. There were observed two fine-grained (lamprophyre?) dykes, one of them being truncated by
a fresh portion of the granodiorite [Photo IL3.7.], that macroscopically resembles the older one
(somewhat coarser-grained) (Koz4drovice II1.). The dyke appeared to be slightly sheared along
the contact. Both dykes, exposed close to and sub-parallel to the banding (3.XIL), had locally diffuse
contacts and, as a rule, no chilled margins.

XV. In places, especially in the centre of the intrusion, the granodiorite is hydrothermally altered
(e.g. around the Krdsnd Hora Sb deposit). This, together with the poor exposure, makes the
collection of unaltered samples of the porphyritic facies (T¢chnice type) difficult.

XVL The ZaluZany monzonite contains no enclaves. The only inhomogeneities are infrequent small
round pilites (pseudomorphs of actinolite after olivine; Bates and Jackson, 1987), up to 0.5 cm across,
and aplitic and pegmatitic schlieren (see also Hejtman, 1948).

XVII.  The quartz monzonite from Kozdrovice Il is a dark, fine-grained rock with plagioclase
megacrysts (up to 0.5 cm) and rare quartz ocelli. Occasionally, it encloses xenoliths of homnfels with no
reaction rims but, next to the hornfels - quartz monzonite contact, the host becomes richer in
plagioclase megacrysts. |

Interpretation of field relations

In the Kozdrovice intrusion, two facies can be distinguished: (1) a porphyritic facies in the
centre of the body (Téchnice), and (2) an (essentially) even-grained facies (Kozdrovice s.s.). The
Technice granodiorite in Kamyk appears to represent the older of the two but was still in a plastic
state when cut by the even-grained Kozdrovice (s.s.) granodiorite (3.L). In the vicinity of the village of
Kozdrovice, the increase in the proportion of K-feldspar phenocrysts towards the NE (towards the
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centre of the intrusion) may correspond to a transition to the porphyritic facies in accord with
observations of Hejtman (1948) and Kodym and Suk (1960), but the age difference between the facies
is likely to be small (3.L). There is evidence of emplacement in more than one magma pulse (3.XIV.).

There is no clear evidence about the relative age of the Kozarovice and Blatnd intrusions, as the
observation of Kodym (1955) has not been confirmed G.IL, 3.V.). Unlike Sézava, the part of the
Kozérovice intrusion is porphyritic (Téchnice granodiorite) and it contains different enclaves (both
MME and surmicaceous, also common metasedimentary ones) 3.IIL; cf. 3.VI - 3.IX. with 1.X. -
1.XL). The Sé4zava intrusion is cut by additional types of dyke rocks not present in the Koz4rovice
intrusion (Holub, 1992) 1.X1IL, 3.XIIL). Also the geochemistry of the Kozirovice mass differs from
that of the Sdzava mass (Chapters IIL-V.; cf. Holub, 1989a, 1992) and, therefore, Kozéirovice is’
indeed a separate intrusion.

Phenomena similar to those observed in the quartz monzonite from Kozdrovice II (3.1V.)
have been described from 'net-vein' complexes world-wide and such a net-veining is thought to point
to contemporaneous intrusion of the basic and acid magmas (Shelley, 1993, Pitcher, 1993). After
coming into contact with the acid magma, the basic magma cools down and solidifies rapidly, while the
acid magma which is superheated, becomes fairly mobile and invades the basic one. As a result, the
mafic solid is cracked and the fractures filled by a complex of felsic veins. Occasionally the basic
magma may form pillow-like structures, or enclose globules of acid material (ocelli) and chilled
margins are frequently observed (Shelley, loc. cit.). Although, in Kozdrovice, no macroscopically
obvious chilled margins have been seen, they might be observable only on the micro-scale, as is
usually the case for fine-grained rocks (Clarke, 1992). The application of the interpretation of Shelley
(loc.cit.) would argue for the hybrid character of the Kozdrovice quartz monzonite 3. X VIL).

The source of the abundant metasedimentary xenoliths in the Kozdrovice quarries is likely
to be more distant than the Mirovice Metamorphic Islet, possibly analogous to the rocks of the
Sedl¢any-Krdsnd Hora Metamorphic Islet 3. VL). However, the abundance of angular metasedimentary
xenoliths implies a shallow depth of intrusion and only a short transport of the xenoliths (e.g. Maury
and Didier, 1991); some metasedimentary xenoliths, especially of marble and calc-silicate rock
(Solopysky, Destno) might be linked to the rocks of the adjacent Sedl¢any - Krdsnd Hora
Metamorphic Islet (e.g. Zeithamovd, 1990).

The abundance of large and sometimes angular MME in the quarry Kozdrovice II
(3. VIL) could be attributed to a continuation of the process of net-veining of the quartz monzonite
stock as seen at the bottom of the quarry (3.IV.). The explanation of the double enclaves (3. VIIL)
follows that of Pitcher (1993) [Fig. IL8.]: the outer parts are the result of the mixing of acid and basic
magmas, whereas the inner parts represent retained blobs of the non-hybrid basic magma. A similar
explanation is applicable also to the embayments of the darker megacryst-rich granitoid (3. VIL).

The surmicaceous enclaves are interpreted as a residuum after anatexis of the metamorphic
precursor of the granitoid magma, or after melting of pelitic xenoliths captured by the magma during
ascent (deep xenoliths) (Didier, 1987; Montel et al., 1991 ). They, therefore, may point to an important
role for metasedimentary material in genesis of the particular magma (3.IX.).

All the above types of enclaves tend to cluster into parallel-sided zones, which are polygenic
enclave swarms in sense of Barbarin and Didier (1991). The genesis of these swarms has been
explained by controlled concentration at the bottom or near the margins of magma chambers, followed
by re-injection in form of dyke-like bodies. The possibility of cracking of the not fully solidified
magma (Bingham body behaviour) is discussed in explanation of the MME from Teletin (1.X.).
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The presence of biotite - amphibole schlieren (3.X.) is interpreted as pointing to the advanced
stages of assimilation of the metasedimentary material and therefore to the importance of the
metasedimentary input in magmatic evolution (process of assimilation and fractional crystallization -
AFC: De Paolo, 1981, also 3.I1X..). In contrast, the banding in quarry Koz4rovice III (3.XIL) has
originated late (as one of the MME is cross-cut by the bands) but the plastic deformation of bands
suggests that the granodiorite had yet to completely solidify. This banding is strikingly similar to the
ladder dykes' described by Reid et al. (1993) from the Sierra Nevada, and thus may also be
cumulative in origin.

The Kozirovice intrusion is cut by dykes belonging to both suites distinguished by Zezulkovd
(1982a) and hence it is likely to be older than the Certovo bfemeno mass as well as both suites
(3.X11L).

The presence of the lamprophyre dyke (3.XIV.), truncated by a fresh portion of the
granodiorite, implies that the granodiorite must have been at least partly solidified prior to the injection
of the dyke. On the other hand, the temperature contrast between both of the granodiorite pulses and
dyke had to be small, as no chilled margins are developed either at the contacts of the dyke or between
both pulses. The dykes from Kozédrovice III had to be late syn-plutonic, as evidenced also by
their diffuse contacts.

‘ An alternative explanation of this phenomenon follows that of Hill (1988) who has accounted
for the origin of ‘enclave trains' (monogenic enclave swarms) in the granitoids as being the result of
intrusion of syn-plutonic dykes [Fig. IL9.]. In this process the partly solidified magma chamber is cut
by a propagating crack, which provides a conduit for the injection of the mafic magma. The dyke, after
crossing the wall of the magma chamber, adds mafic liquid to the acid magma and triggers extensive
mixing. Subsequently, the dyke is chilled and dismembered and the hybrid liquids, suspended crystals
and enclaves are re-distributed parallel to the pluton walls. This model of Hill (loc.cit.) could be
applicable to the truncated dyke, despite the fact that there is no 'enclave train' present next to it.

The quartz monzonite from Koz4rovice II is likely to be hybrid in origin, as indicated by the
presence of quartz ocelli, net-veining (3.IV, 3.XVIL), as well as microtextural evidence and the
mineral chemistry [Chapter ITL 1.3.]. Therefore, the term 'Koz4rovice quartz monzonite' will be used
to avoid the confusion with the other monzonitic rocks occurring in the environs of villages of
ZaluZany and Luckovice.

Microscopy

0)) The Kozérovice amphibole - biotite granodiorite (Koz-1 to Koz-13) consists of 30 - 45 %
plagioclase, 10 - 30 % K-feldspar (its proportion is difficult to judge in the porphyritic varieties),
10 - 20 % quartz, a variable proportion of amphibole (up to 20 %) and 10 - 20 % biotite. Apatite,
titanite, zircon and opaque minerals are common accessory minerals. The average grain size is 0.5 -
2 mm and the texture is hypidiomorphic.

On the basis of mutual relationships the likely order of crystallization is amphibole, biotite —
plagioclase — K-feldspar, quartz. The effects of hydrothermal alteration are shown particularly by
argillitization of plagioclases, as well as by chloritization of biotites, although this is relatively minor.
Very rarely, some secondary calcite can be found. There is some limited evidence of brittle
deformation: kinking of biotites, broken plagioclase and amphibole crystals, and undulose extinction
and fractures in quartz grains.
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Plagioclase of andesine composition occurs mainly as subhedral prismatic
PLAGIOCLASE crystals, 0.8 - 1.5 mm across, but a few crystals up to 4 mm are also present.
Most show albite twin lamellae, a few show Carlsbad - albite type twinning

and rarely pericline twins are seen. Oscillatory zoning is common [Photo IL.3.8.].

Alteration is most pronounced within the crystal cores and along the cleavage planes, with the
most altered crystals being those enclosed in K- feldspar. Calcite is not common (apart from Koz-1 and
Koz-9). Where it does occur, it is present either as rare aggregates associated with altered cores of
plagioclase or in form of interstitial triangular-shaped grains. _

Some of the plagioclases are crossed by small cracks filled by quartz, some are broken and
show anomalous twinning or bent twin lamellae, due to the post-crystallization deformation.

On the basis of the textural features, the plagioclase is interpreted as being younger than the
amphibole and the majority of the biotite. However, the small euhedral laths of plagioclase may also be
rarely seen being enclosed in amphibole crystals, suggesting that at least some amphibole crystallization
occurred after plagioclase had started crystallizing. There is also evidence of overlap of crystallization
intervals of biotite and plagioclase [Photo IL3.9.]. The plagioclase is surrounded by quartz as well as
by K-feldspar. K-feldspar may be poikilitic to small plagioclase grains, either euhedral or round [Photo
IL3.10.]. At the contact between plagioclase and K-feldspar, myrmekite is common.

Under CL, plagioclase exhibits an ochre - rose luminescence, sometimes with a slight bluish
hue. The altered parts are brownish; this is the case especially for the cores of the crystals. The
plagioclase frequently shows oscillatory zoning, with repetition of zones of brighter and duller
luminescence [Photo IL3.16.].

The composition of plagioclases from the Kozdrovice intrusion shows a complicated pattern
[cf. Fig. IL15 a] The majority of the small optically unzoned plagioclases corresponds to andesine
An 41 - 44, but they have sometimes cores of andesine - labradorite An 50 . 52 (Koz-4 from
Kozdrovice II)and could be overgrown by an oligoclase-andesine rim (An 23 . 33; Koz-4).

The nature of the compositional zoning of larger optically zoned plagioclases was studied by a
scan across plagioclase with two resorption surfaces (Koz-2 from Kozdrovice I, Photo IL3.16.,
Tab. IL3., Fig. IL17.). The rim is normally zoned, with the An content increasing from An 23 to
An 33. There is no compositional difference at the first resorption surface, whereas the second is
marked by a sharp increase in calcium (An 4¢; discontinuous zoning) and a marked Or peak (Or 3 g).
The core exhibits inverse zoning, with the calcium content decreasing inwards (An 46 to An 3g).

Also normally-zoned rims of other plagioclases are of oligoclase - andesine composition
(~ An 25 . 29, sometimes up to An 3g, rarely ~ An 16). The next zone is composed of andesine (An 39
- 47), and there are sometimes slightly less calcic cores present (An 37. 38; e.8. Kozdrovice II).
K-feldspar forms anhedral to subhedral prisms that are strongly perthitic [Photo
IL3.18.] as well as poikilitic masses, especially in the even-grained facies
(Kozédrovice s.s.) [Photo IL3.10.]. Carlsbad twining is relatively common and cross-hatched twinning

K-FELDSPAR

is present in parts. The average crystal size is 2.5 - 3.5 mm, although in the porphyritic facies, it may
attain few cm.

This mineral shows only little effect of alteration or deformation. The K-feldspar is likely to be
the second youngest mineral: it encloses euhedral to subhedral crystals of amphibole, plagioclase and
biotite (Photo IL3.10.]. There are reaction relationships between K-feldspar and both plagioclase and
biotite, which result in recrystallization at the edges of the biotite. At the contact with plagioclases, thick
rims of myrmekite are developed. As quartz is sometimes moulded on K-feldspar, the K-feldspar
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ought to be older. However, at least a part of the crystallization interval is shared by both minerals, as
indicated by occurrence of strings of round quartz grains enclosed near the edges of K-feldspar
megacrysts in the porphyritic facies (Téchnice; Koz-12).

These K-feldspar megacrysts were described as porphyroblasts, replacing older plagioclase, by
Pivec (1970). Although the plagioclases enclosed by K-feldspar are often resorbed, there are several
features pointing to a phenocrystic origin, the most important being the Carlsbad twinning, the
(macroscopically) euhedral shape and the concentric zones of inclusions accreted on K-feldspar growth
surfaces (heterogeneous nucleation) (Vernon, 1986, Pitcher, 1993). The resorption of plagioclase prior
to the onset of crystallization of K-feldspar was documented, for instance, by Hogan (1993). The CL
of K-feldspar is bright light blue, lacking any variation [Photo IL3.17.].
Quartz forms anhedral crystals, on average 0.7 - 1.2 mm across, usually
showing strong undulose extinction. Individual quartz grains are often broken
into several smaller sub-grains with zigzag margins. In places, it is even cataclastic. The fractures are
subparallel, suggesting the possible effects of directed pressure.

Quartz appears to be the youngest mineral, but in relation to the K-feldspar, there is some
ambiguity and there was probably an overlap of their crystallization intervals. The quartz moulds on
plagioclases and biotites, and is clearly younger than them.

QUARTZ

Amphibole crystals are prismatic, euhedral or subhedral, and vary between 1.2

AMPHIBOLE - 1.5 mm (up to 4 mm ) in length. Twinning, both simple or repeated on (100)

is common. The maximum extinction angle is 20 - 26° suggesting this amphibole is probably ‘common

homblende'. It shows a strong pleochroism: X: olive brown-green, Y: dark green, Z: dark bluish-

green. Rare examples of broken crystals the amphiboles can be found, indicating that the amphiboles
were subject to the brittle deformation.

Some of the homblendes preserve relict pyroxene cores (Koz-2 and Koz-6). Usually, the
amphibole grains occur in clots, together with biotite (Castro and Stephens, 1992 ). Inclusions of tiny
biotite flakes in the amphibole crystals are less common [Photo IL3.11.]; this disequillibrium texture
(Castro, 1993) will be dealt with in the section about enclaves. Although there are numerous inclusions
of apatite crystals, zircon (up to 0.06 mm; surrounded by pleochroic haloes) is considerably rarer.
Euhedral plagioclases enclosed by amphiboles are scarce. Amphibole forms chadacrysts in the K-
feldspar [Photo IL3.15.] and it appears to be, after pyroxene and some biotite, the oldest of the main
rock-forming minerals.

Biotite occurs in the form of anhedral - subhedral flakes. Their average size is
0.7 - 1.2 mm (up to 2 mm). The biotite is strongly pleochroic: X: pale straw
yellow, Y = Z: dark brown. Pleochroic haloes are quite rare and pale. "

Biotite is usually fresh, with chloritization affecting only a few flakes along the cleavage.

BIOTITE

Secondary cleavage as well as bent cleavages can be seen. Sometimes the biotite is recrystallized at the
edges. Several broken biotite flakes were also found in the K-feldspar matrix.

Euhedral crystals of apatite are abundant as inclusions in biotites. On the other hand, zircon
crystals are rare and usually tiny in size. There is (mainly secondary?) titanite associated with biotite,
especially if the former is chloritized. Biotite - amphibole clots are conspicuous in which, in most
cases, biotite appears to be the younger constituent. Some of the biotite flakes enclose nearly euhedral
amphibole crystals, but in other examples, biotite flakes enclosed by the amphiboles may be found
[Photo IL3.11.] forming a texture similar to that described by Castro (1993). The crystallization
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intervals of biotite, which normally looks to be older, and plagioclase, partially overlap [Photo
IL.3.14.]. The biotite is obviously older than K-feldspar and quartz.

The common accessory minerals of the Kozarovice granodiorite are apatite,
ACCESSORY

zircon, pyrite, titanite and orthite. Kodymovd and Vejnar (1974) documented
MINERALS

the occurrence of ilmenite, fluorite and monazite in the Téchnice granodiorite.

(IT) In the Kozédrovice quartz monzonite (KozD-1), tiny elongate (or even needle-like)
euhedral - subhedral hornblende crystals [Photo IL3.13.] are conspicuous. They typically enclose
small lobate biotite inclusions. These textures are similar to those found in the granodiorite itself [Photo
IL3.11.]. The biotite inclusions appear to be remnants of individual flakes that were resorbed and
incorporated into the growing hornblende crystals. This is a disequilibrium texture and does not
represent a normal crystallization sequence in calc-alkaline rocks, in which amphibole is the earlier
crystallized mineral. This reversion can be explained either by decrease in activity as;o2 or increase in
aplag of the melt (Castro, 1993, Bateman, 1993b). Such changes in composition of the granitic melt
result in equilibrium crystallization of hornblende instead of biotite, being caused by a sudden
basification of the magma due to influx of basic magma. In Kozdrovice, the amphibole crystallization
was followed by second generation of biotite. Somewhat larger homblende crystals form clots, which
are, apart from biotite inclusions, almost monomineralic and many of them are of roughly square
outline, resembling pyroxene phenocrysts. The replacement of the eérly-mag’matic pyroxene by biotite -
amphibole (actinolite) aggregates is the preferred model of origin of the clots (Castro and Stephens,
1992, Bateman, 1993b), although Chappell et al. (1987) considered the pseudomorphed pyroxene to
be restitic in origin. '

Both quartz and K-feldspar form large poikilitic crystals [Photos IL3.1S., IL3.17.-1L3.19.],
similar to the textures described by Vernon (1990, 1991) who explained the origin of similar
oikocrysts as being due to their delayed crystallization following a magma-mixing event, caused by a
difference of the (higher) quenching temperature and (lower) saturation temperature of the two. On this
basis the their presence implies a time gap between the magma mixing and the onset of their
crystallization. The acicular (quenched; Wyllie et al., 1962) apatite is a common constituent of the
Kozérovice quartz monzonite [Photos I1.3.13 -IL3.15.], and mafic hybrids, world-wide, are often rich .
in apatite. The possible reason could be the sluggish diffusion of P in the melts that leads to selective
loss of other more mobile components to the granitic melt and to relative concentration of phosphorus

in the mafic phase (Watson and Capobianco, 1981, Harrison and Watson, 1984, Vernon, 1990).

Plagioclase occurs in two habits, as small optically unzoned laths (a) and as large rectangular
discontinuously-zoned crystals (b). The latter usually encloses abundant apatite needles in its outer
zone [Photo IL.3.14.].

(a) The smaller lath-shaped optically unzoned crystals show dull ochre luminescence, very often with
bright yellow cores [Photo IL3.17.] and have uniform oligoclase-andesine composition (An 27 . 39).
The larger zoned ones have (andesine)-labradorite cores (An 47 and An g2) and oligoclase rims (An 2g)
and the discontinuous zoning is clearly seen using CL.

(b)  The strongly altered cores of large rectangular plagioclases [Photos IL3.18.-IL3.19.] show an
ochre or dull yellow luminescence, while the overgrowths display bright yellow spikes and dull ochre
rims. This zoning is also revealed from probe studies [Tab. IL4., Fig. I1.18.]; the average composition
of the core is about An 49, and this is overgrown by a calcic spike (~ An 7¢) and then by a normally-
zoned oligoclase - andesine rim (An 23 - 39). Additional analyses of the plagioclases with calcic spikes
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show the same pattern: the andesine cores (An 37 - 47) are overgrown by labradorite spikes (An ¢3 . 67)
and normally-zoned oligoclase-andesine rims (An 25 . 39). However some plagioclases with calcic
cores and sodic rims also occur [Fig. IL15 b].

The large plagioclases with andesine cores (i.e. of composition similar to the cores of
plagioclases of the granodiorite of the main part of the Kozérovice intrusion) could represent:

(1)  Xenocrysts, incorporated into the quartz monzonite magma from the granodiorite. In this case
in the more basic magma the andesine cores would have been resorbed and overgrown by calcic
(labradorite) spikes. At this stage lath-shaped plagioclase, having a matching labradorite composition,
would also have started to nucleate. There may have been the only limited interaction between a minor’
amount of more acidic magma and the predominant basic magma before the major magma-mixing
event, at which stage there would have been a larger volume of the acid magma. As a consequence, the
oligoclase-andesine rims would have overgrown the previously-formed cores. At the same time,
numerous unzoned, lath-shaped crystals would have formed and such a high nucleation rate would
imply a high degree of undercooling. This magma-mixing event has also been recorded by some of the
plagioclases of the granodiorite itself (Koz-4; Kozdrovice II), causing slight reversals in the
zoning and probably accounting for the presence of infrequent labradorite cores (see above).

2) Skeletal plagioclase phenocrysts (cellular morphology) of calcic plagioclase that grew during the
thermal adjustment between the interacting mafic and acid magmas from the mafic melt (Hibbard,
1981). Subsequently, the calcic dendrite would have been infilled and overgrown by a more sodic
plagioclase.

ENCLAVES The studied sample was Kozm-1, an elongate MME (15 x 4 cm), without
reaction rim from quarry Kozdrovice I.

The sample Kozm-1 contains subhedral elongate homblende crystals, which are more abundant
than blade-shaped biotite flakes. This blade-shaped biotite is an unusual morphology which has been
attributed to magma-mixing of a Mg and Fe-rich alumosilicate system with one rich in potassium
(Hibbard, 1991).

Some of the larger hornblende crystals have cores of relict pyroxene; in one case, subhedral
clinopyroxene, about 1 mm across, was overgrown by a hornblende corona. Most of the hornblende is
present as monomineralic clots with circular outlines. Some of the clots are scattered in the granodiorite
host and probably were derived from the broken enclave rims. Small, lath-shaped crystals of
plagioclase are common. Some of the plagioclases are, however, larger and these are usually mantled
(i.e. discontinuously zoned).

For both the MME and Kozérovice quartz monzonite, the presence of mantled plagioclases,
amphibole coronas around the relict pyroxene cores, square outlines of many of the biotite-amphibole
clots, resorbed biotites in centres of amphiboles, blade-shaped biotites (of the second generation),
small lath-shaped plagioclase crystals and acicular apatite (¢f. Hibbard, 1981, 1991, Barbarin, 1990b;
Vernon, 1990, 1991; Castro and Stephens, 1992; Bateman 1993b; Castro, 1993), together with field
relations (see above) provide convincing evidence for operation of magma-mixing processes in the
Kozirovice body at least in that part near the village of Kozdrovice.
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I1.4. Blatn4d intrusion (including Cervend granodiorite)

This U-shaped intrusion forms most of the southern and south-western part of the CBP
[Fig. IL3.]. In literature, its southernmost part has been referred to as Cerven4 granodiorite which,
compared with Blatnd s.s., is more mafic, has a higher proportion of amphibole, more abundant MME,
a well-developed planar fabric and shows effects of a stronger deformation.

In the Blatnd intrusion, the most common rock type is an amphibole - biotite to biotite
granodiorite, the latter forming the central part of the intrusion (so-called biotite facies) (Recice,
Pastiky, Defurovy LaZany) with a transitional boundary between the two (also Dudek and
Fediuk, 1953, 1960). The granodiorite is either even-grained (majority of the biotite facies; cf. Dudek
and Fediuk, 1953) or contains a minor proportion of K-feldspar phenocrysts (up to 2 c¢m in size;
TuZice, Velenovy). The amphibole content increases both southwards (towards the Cervend
granodiorite) and northeastwards (Hudc¢ice). MME and surmicaceous enclaves are generally
common but less so in the biotite facies. Metasedimentary xenoliths are also less common in the biotite
facies than in the main part of the intrusion but show a marked increase in number towards the
Metamorphic Islet Zone and the Moldanubian Unit.

In the northern part, the Blamna body is intruded by a stock of Ne¢in granodiorite and encloses
numerous basic bodies (mainly gabbroids).

The Blatnd intrusion is adjacent to low-grade Proterozoic metasediments of the Tepli-
Barrandian Unit (NW), high-grade paragneisses and migmatites of the Moldanubian Unit (W and S),
and to metasediments and orthogneisses of the Mirovice Metamorphic Islet as well as Proterozoic
metavolcanic rocks of the Jilové Zone. The intrusion is also in contact with the Marginal (NW), Sdzava
(N), Kozdrovice and Certovo btemeno (NE) intrusions.

Field observations

I. The contact of the Cervend granodiorite with the Moldanubian Unit is sharp, with a marginal
zone of fine-grained contaminated granodiorite, up to 10 m wide, which shows a considerable increase
in content of apatite (up to 10 %) and zircon (the main accessory mineral of the adjacent Moldanubian
rocks) and a decrease in proportions of amphibole and pyroxene which are absent in the country rocks
(Soucek 1965, 1969, 1972, 1974). The intrusion caused thermal metamorphism and metasomatism of
the Moldanubian rocks, which manifests itself by growth of porphyroblasts of plagioclase and K-
feldspar (typically 1 - 2 mm), and more rarely, of cordierite, resulting in the so-called 'pearl gneisses'
that pass gradually into Moldanubian migmatites (Soucek, 1974) (Pisek).

IL. The contact between Blatn4 (s.s.) and Cerven4 parts of the intrusion is transitional (also
Kodym, 1966, Zezulkovd, 1982) although Urban (1930) and Kodym and Suk (1958) record it as
being either sharp or locally diffuse.

III. Blocks (up to 80 m across) of the Blatn4 granodiorite, cut by minette dykes and enclosed by
the Certovo bfemeno durbachite were described by Holub and Zezulkovd (1978 - Zvikovské
Podhradf). None of the dykes passed into the surrounding durbachite. There are also penetrations
of the Certovo bfemeno intrusion into the Blatnd mass (Holub and Zezulkovd, loc.cit.; Andrusov,
1932; Kodym et al., 1963). Kotek and Zikmund (1965) recorded xenoliths of Cervend granodiorite in
Certovo bfemeno durbachite, and vice versa while Zikmund (1974) described (1) the Certovo btemeno
and Blatnd masses as passing gradually into each other, (2) injections of the Certovo biemeno
durbachite into Cervend granodiorite and (3) angular xenoliths of the former in the latter.
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Iv. The Blatn4 granodiorite encloses angular xenoliths of granite similar to the Marginal type
(Kodym and Suk, 1960)

V. A single xenolith considered to be similar to the Téchnice granodiorite in the Blatnd mass was
recorded by Kodym (1955).

VI. Angular and elongate country-rock xenoliths are typically of infrequent occurrence in the
Blamn4 granodiorite (s.s.). These are mainly migmatitic and biotite paragneisses (cf. Dudek and Fediuk
1953, 1960). There are also carbonate xenoliths, with narrow dark fine-grained reaction rims
(Retice) but these are rare. There also some xenoliths of orthogneiss (Huddice) (Dudek and
Fediuk, 1956). In contrast to the rest of the body, xenoliths of metasediments are abundant in .
Hud¢Cice (also Vachtl, 1933) where the products of widespread assimilation of the metasedimentary
material are seen in various stages of digestion (Vachtl, 1933; Dudek and Fediuk, 1956). Large
xenoliths are broken, net-veined, invaded and digested by the granodiorite, which, as a consequence,
has been greatly contaminated [Photo IL4.1.]. Some of the xenoliths are surrounded by thin aplitic
reaction rims. '
VII. In the Cervend granodiorite, metasedimentary xenoliths are common, especially close to the
contact with the Moldanubian Unit (¢f. Vejnar, 1955, Holub, 1989). They are paragneisses, which
differ from the adjacent Moldanubian pearl gneisses (4.L) by their lack of muscovite, presence of
ampbhibole, high apatite content and different An of plagioclases (Soucek, 1971) (Pisek). There are
also xenoliths of amphibolite and scarce carbonate xenoliths that become more abundant further west
(Vejnar, 1954, Holub, 1989b) (HoraZdovice, Strakonice), where carbonates are a common
constituent of the adjacent Moldanubian Unit (Kodym and Suk, 1958). |

VIIL. In the Blatnd granodiorite (s.s.), MME are fairly common but their number is less in the
biotite facies (Defurovy LaZany, Re&ice). They are mainly round in shape [Photo 1L4.2.], on
average 5 - 10 cm across, and often contain plagioclase megacrysts up to 2 mm in size (also Dudek and
Fediuk 1953, 1960). In the more deformed portions of the granodiorite, the enclaves are ellipsoidal
[Photos IL4.3., IL4.4.]. In the most deformed ones, some of the MME are represented as amphibole -
biotite schlieren (Vahlovice, VI¢kovice,TuZice). In Hud¢ice, MME have not been identified
unequivocally; they might be macroscopically difficult to distinguish from xenoliths of the granodiorite
porphyry or Hud¢ice diorite (4.XIL and 4.XIL). Ellipsoidal MME, abundant in the Cerveni
granodiorite, are cognate with their host and were transported mainly in a solid state (Soucek, 1971).
IX. Surmicaceous enclaves are relatively common in the Blam4 intrusion. They are usually round
in shape, generally smaller than the MME (several cm) but some are larger (up to 30 x 20 cm;
Defurovy LaZany).

X. A parallel-sided zone of a strongly contaminated porphyritic granodiorite encloses abundant
broken MME, surmicaceous enclaves and metasedimentary xenoliths as a polygenic enclave swarm in
TuZice.

XI. Dykes cutting the Blatnd intrusion include aplopegmatites, microgranites, granite-,
granodiorite-, syenite-, syenogabbro- and syenodiorite-porphyries, lamprophyres (minettes and
kersantites) (Vejnar, 1954, Kodym and Suk, 1958, 1960; Dudek and Fediuk, 1953, 1960, Zezulkovd,
1982a) with the aplopegmatite dykes being particularly common, especially in the biotite facies. They
are, on average, 10 cm across (up to 50 cm), with sharp contacts against the granodiorite (Reclice,
Defurovy LaZany). Several sub-vertical lamprophyre dykes intrude a severely deformed and
altered zone in VI¢k ovice and several sub-vertical minette dykes, the thickest 3 m in width, occur in
KoZli. One of them is strongly sheared, and the host granodiorite shows a weak planar fabric. The
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two suites of the dyke rocks that have been distinguished in the southern CBP, one older and one
younger than intrusion of Certovo bfemeno (see 3.XIIL) are both present in the Blatnd mass
(Zezulkovd, 1982a).

XII. A granodiorite porphyry dyke without chilled margin and broken into angular xenoliths that
remain more-or-less in situ cuts granodiorite in the Hud&ice quarry [Photo IL4.5.]. Close to one
margin of the dyke is a small mass of diorite, rich in plagioclase megacrysts, quartz ocelli and round
enclaves similar to the porphyry, with a sharp contact against a thin aplitic band (that may represent a
chilled margin of the granodiorite) [Photos IL4.5.- IL4.6]. Elsewhere the diorite passes gradationally
into the Blatna granodiorite. In the quarry also occur angular blocks, similar to the diorite, that are also
in sharp contact with an aplitic rim to the granodiorite [Photo IL4.7.].

" XIIIL E - W trending bodies of a strongly altered granodiorite with pink - red feldspars and

secondary chlorite, epidote and clay minerals are seen at a number of localities in the environs of the
town of Blatn4. These bodies were studied in connection to the prospection for the uranium
mineralization and the alteration effects diminish towards the surrounding fresh granodiorite (Dudek
and Fediuk, 1953, 1960, Knotek and Lang, 1985).

XIV. In the Cervend granodiorite, there is alignment of elongate MME that records a flow fabric;
Superimposed on this is a generally parallel dimensional orientation of minerals in both the host
granodiorite and the enclaves (TuZice, VI¢kovice) [Photo IL4.3.]. Locally, the superimposed
fabric is less prominent than the strong alignment of the enclaves, especially in the Blatnd granodiorite
close to the Mirovice Metamorphic Islet (Vahlovice, Jindfichovice, Buzice) [Photo
IL4.4.] (also Orlov, 1932; Kodym and Suk, 1958). In contrast, in the biotite facies, the granodiorite
shows little or no dimensonally-oriented fabric but a regular and undisturbed jointing pattern (also e.g.
Orlov, 1938).

Interpretation of field relations

The Cervend granodiorite is a marginal facies of the Blatn4 intrusion (also Holub, 1992;
Malecha et. al., 1960; Kodym and Suk, 1960), richer in amphibole, having more abundant MME and
showing a strong planar fabric. There is a transition between the two (4.IL).

The contact of the Cervend granodiorite with the rocks of the Moldanubian Unit is intrusive in
character (4.L) and on this basis the hypothesis of its origin as the result of metasomatism
(feldspathization) of the Moldanubian rocks (Réhlichovd, 1964b) is rejected. At the contact,
assimilation of the Moldanubian country-rock is widespread, which led Malecha et al. (1960) to
propose that the Cervend granodiorite was a variant of the Blatnd granodiorite contaminated by
assimilation of Moldanubian rocks.

The Blatn4 intrusion is probably older than Certovo bfemeno durbachite, despite ambiguous
observations of Kotek and Zikmund (1965) and Zikmund (1974) (4.IIL). Tt is younger than the
Marginal type granite (4.IV.) but its relation to the Kozirovice intrusion is not clear, as the observation
of Kodym (1955) has not been confirmed 4.V.).

The metasedimentary xenoliths are mainly pelitic, and the proportion of carbonate xenoliths
increases towards the Moldanubian marble occurrences @.VL, 4.VIL). At the contacts with the
Moldanubian Unit and the Metamorphic Islet Zone, assimilation of the metasedimentary material has
been widespread and its contribution to magma could have been considerable (AFC) (e.g. Pisek,
Hud¢ice) (4.1, 4.VL, 4.VIL).
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Presence of both MME and surmicaceous enclaves, especially in the amphibole - biotite
granodiorites (4. VIIL, 4.IX.) implies a mixed crustal - mantle source (Didier, 1987; Montel et al.,
1991). The mantle input could have been both in form of basic mantle-derived igneous rocks, or melts
of immature sediments with a high proportion of young, mantle-derived component.

All the enclave types tend to form polygenic enclave swarms: the genesis of these swarms is
discussed in the section on the Kozérovice intrusion 3.XL) -

The association of the dyke rocks is similar for both Blatni and Cerven types, and includes
some of the older types, not present in the Certovo bfemeno intrusion and the latter, therefore, is
interpreted as being younger 4.XL).

The Hudd&ice dyke of the granodiorite porphyry (4.XIL) intruded an almost solidified
granodiorite, which was, however, still mobile enough to break it into angular fragments but still
sufficiently hot so that no chilled margin at the dyke - granodiorite contact developed. The granodiorite
probably behaved plastically, as a Bingham body (cf. LX.). and the dyke of porphyry must be,
therefore, late syn-plutonic (cf. Pitcher 1991, 1993) (Fig. IL7.]. The aplitic rim might represent a
chilled margin but because it lacks gradation, it is more likely to be either a result of reaction of both
magmas or a veinlet utilising the dyke - granodiorite boundary.

The transitional contact of the diorite batch from Hudice (4.XIL) is likely to have developed
due to material exchange with the granodiorite and the plagioclase megacrysts are probably xenocrysts:
their number decreases away from the transitional boundary. This rock will be referred to as "Hud¢ice
diorite' and its origin is likely to be connected with the nearby dyke of the granodiorite porphyry,
whose xenoliths it encloses. Apart from this case, there was no field evidence of magma mixing found
in the Blam4 intrusion.

In places in the central part (biotite facies), the Blatn4 granodiorite suffered strong hydrothermal
alteration (4.X1IL), possibly in connection with a later (uranium ?) mineralization.

The degree of deformation of the granodiorite increases towards the Mirovice Metamorphic Islet
in the east and the Moldanubian Unit in the south; essentially no deformation is expressed in the centre
of the intrusion @.XIV.). The strong elongation and alignment of the MME in Vahlovice appear to
be controlled mainly by the magma-flow (cf. Vernon et al., 1988), although there is some macroscopic
evidence of superimposed solid-state deformation. Also the host granodiorite has suffered a solid-state
deformation, as documented mainly by microstructural evidence (see below). The granitoids emplaced
strictly by magmatic flow could still rotate the foliations in the country rocks, develop magmatic
foliations that increase in intensity towards external contacts and have flattened enclaves indicative of
greater than 60 % shortening near these margins (Paterson et al., 1989). The superimposed solid-state
deformation might have originated as consequence of either ballooning or regional deformation
(contemporaneous or post-dating the emplacement). To resolve the issue, a detailed structural work
needs to be undertaken in marginal parts of the Blatn4 intrusion, and, more importantly, in the country
rocks, where both foliations and cleavage-porphyroblast relationships are to be examined (Paterson et
al., 1989).

Microscopy

The Blatn4 and Cervens (amphibole -) biotite granodiorites (BI-1 to Bl-8, Cv-1 to Cv-3)
consist of 20 - 35 % quartz, 25 - 45 % plagioclase, 5 - 30 % K-feldspar, 15 - 25 % biotite and up to
5 % amphibole. Among the accessory minerals, apatite prevails over zircon, titanite and opaque
minerals; some orthite also occurs. The texture is hypidiomorphic.
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The likely order of crystallization is amphibole — biotite, plagioclase — quartz, K-feldspar.
The effects of late hydrothermal alteration are shown by considerable argillization of plagioclase and by
limited chloritization of biotite. In places, secondary calcite and epidote also occur. There is firm
evidence of post-crystallization deformation at some of localities (e.g. Vahlovice, Hud¢&ice; to
some extent alsoat TuZice, Defurovy LaZany and Pastiky) as, for instance, the kinking of
biotites, undulose extinction and fracturing of quartz grains, the cataclasis of quartz and, more rarely,
also of plagioclase.
Plagioclase of oligoclase - andesine composition forms subhedral prismatic
crystals, on average 1 -2 mm (up to S mm) across. The majority of them
show albite twin lamellae, a few Carlsbad-albite and, infrequently, pericline type twinning. Oscillatory-
zoned plagioclase crystals are quite common [Photo IL4.8.].
The degree of alteration of plagioclase varies considerably throughout the intrusion with

PLAGIOCLASE

argillitization of plagioclase being almost complete in the central part (e.g. Re&ice); elsewhere the
products of this process are shown only along cleavages and in crystal cores. At some of the localities
(VI¢kovice, Velenovy, Hud¢ice) calcite occurs, probably as an alteration product, often
associated with epidote. Calcite may form grains up to 0.3 mm across, and in V1&kovice it fills thin
veinlets.

Some of the plagioclase, especially in the southern part of the body, exhibits effects of relatively
strong deformation such as the bending of crystals [Photo IL4.12.]. Plagioclase from Vahlovice
and, to some extent, also from Hud(¢ice, has suffered cataclasis with rims of the larger crystals
showing the effects of crushing [Photo 1L 4.13.].

Plagioclase encloses small subhedral flakes of biotite, but the relation between these two
minerals is generally more complicated. In places plagioclase surrounds biotite, but elsewhere biotite
flakes mould on big, subhedral crystals of plagioclase or enclose tiny round plagioclase grains. The
plagioclase is older than both quartz and K-feldspar, and myrmekite is common at the contact with K-
feldspar [Photo IL4.9.]. Small round grains of plagioclase are frequent inclusions in the younger
K-feldspar phenocrysts.

Plagioclase emits ochre - rose luminescence, sometimes with a bluish hue. Usually, it is zoned
with somewhat more bluish cores. The altered zones are variously white (TuZice) or black
(sericitization; Vahlovice).

In a sample from Velenovy (BI-3), the andesine cores (An 33 . 38) are overgrown by
oligoclase rims (An 26 - 28). In two plagioclases from Vahlovice (Bl-5), reverse zoning was
observed: the normally zoned andesine rims (An 31 . 37) enclose cores of oligoclase (An 73 . 29). The
small unzoned plagioclases show little variation throughout the intrusion (An 3¢ . 39) and are
compositionally similar to the tiny plagioclases enclosed by K-feldspar (An 33 . 36).

The zoning of plagioclases from Hud¢ice (BI-8) is more complex, including discontinuous
and oscillatory zoning. They are mantled plagioclases with cores up to An 49 and rims of An 33.37. A
scan across an oscillatory zoned plagioclase from Hudcice [Tab. ILS5., Fig IL19.] shows a calcic spike
(maximum at An 55) in the plagioclase which otherwise has uniform andesine composition (An 33 to
An 42). Such an abrupt change in the An content of the crystallizing plagioclase argues for a sudden
basification of the magma, presumably by an influx of basic magma into the magma chamber. The
obvious candidate is the syn-plutonic dyke of granodiorite porphyry, forming hybrid types in the
quarry.
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Generally speaking it is possible to agree with conclusions of Knotek and Lang (1985), who
have reported the composition of plagioclases from both Blatnd and Cerveni granodiorites (S of town
of Blam4) to be An 15 . 45 with maximum at about An 25 . 30
Anhedral quartz grains are, on average, 1.5 - 2.5 mm across. Some of them
(V1i¢kovice, Vahlovice, Hudlice, and Pastiky) are more affected
by the post-crystallization deformation than others. In the more deformed samples, apart from
common, strong undulose extinction, bubble trains and subparallel crack systems are present. The
quartz is often cataclastic, broken into many sub-grains [Photo IL4.14.]. Elsewhere the quartz is
almost undeformed, and virtually without undulose extinction (the central part of the body, e.g.
Recice).

Quartz appears to be the youngest mineral, as it moulds on both biotite and plagioclase, and
some of the K-feldspar. However, a few round quartz grains also occur within the K-feldspars.
K-feldspar occurs in the form of subhedral to anhedral prismatic crystals, on
the average 1 - 2 mm across (up to 6 mm). Towards the SW (Defurovy
LaZany and TuZice quarries), it becomes increasingly perthitic. In the same direction, the amount

QUARTZ

K-FELDSPAR

of the K-feldspar with cross-hatched twinning (microcline) increases. Carlsbad twinning is not
particularly common.

K-feldspar is much more resistant to the alteration than plagioclase. No effects of a later
deformation could be seen.

Small crystals of plagioclase and biotite [Photo IL4.10.] are common inclusions in the K-
feldspar phenocrysts, providing a firm evidence of K-feldspar being younger. The relation between
quartz and K-feldspar, however, is not clear: the K-feldspar crystals usually retain crystal faces against
the subhedral quartz but, in turn, there are also round quartz grains enclosed by the K-feldspar
phenocrysts. Accordingly it is interpreted that at least a part of the crystallization interval of both
minerals was shared.

The K-feldspar exhibits bright light blue luminescence. Some of the K-feldspar crystals are
weakly zoned, usually with lighter cores. Veinlets of somewhat brighter bluish hue, cutting across the
K-feldspar grains, are very common.

BIOTITE Biotite flakes are subhedral - anhedral, on average 0.7 - 1.2 mm (up to

2.5 mm) across. It is strongly pleochroic: X: straw yellow, Y = Z: dark rusty-

brown. Pleochroic haloes are infrequent, and, apart from samples from Pastiky, Velenovy and
Hud<¢ice, are pale and very small.

Chloritization is limited, usually following the cleavage planes; only in the Re&ice sample is
the biotite extensively altered. In majority of the samples, the biotites coexisting with the more altered
plagioclase show the greatest effects of alteration. In the samples from TuZice, Velenovy,
Defurovy LaZany and Hud¢ice, kink bands occur [Photo IL4.15.].

Euhedral apatite crystals are common within the biotite but the proportion of euhedral zircon
inclusions varies considerably. Biotite is associated with titanite, which, locally, is the product of
alteration related to intense chloritization. In V1¢kovice, the titanite occurs in form of chains of
crystals, roughly parallel to the cleavage of the biotite host. Some of the biotites are rimmed by an
opaque ore mineral. Biotite is clearly older than K-feldspar and quartz. Its relation to plagioclase is not
clear, however, and both minerals have probably shared similar crystallization interval. Amphibole, if
present, is often associated with biotite, and probably is older. Rarely, biotite is enclosed in the
amphibole crystals.
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The amphibole prisms are, on average, 1 - 1.2 mm (up to 3.5 mm) long. They
are subhedral to anhedral, with common polysynthetic twins on (100).
The maximum extinction angle (ZAc) is 18 - 24°, corresponding to common homnblende. It is strongly
pleochroic: X: olive yellow-green, Y: dark green, Z: deep bluish-green. '
Apatite and, more scarcely, zircon, surrounded by pale pleochroic haloes, form inclusions in

AMPHIBOLE

the amphibole crystals. The amphibole seems to be, with the exception of tiny biotite flakes it
sometimes encloses, the oldest rock-forming mineral. It is surrounded by both K-feldspar and quartz.
Quite often, it is associated with biotite and euhedral titanite in clots, for instance in Vahlovice
{Photo IL4.11.].
ACCESSORY The main accessory minerals of the Blatnd granodiorite (s.s.) are zircon,
MINERALS apatite, titanite and pyrite; less abundant are orthite and epidote. The association
is very similar in the Cervend granodiorite, but content tends to be higher (Kodymovd and Vejnar,
1974). Of particular interest is the presence at VIi¢kovice of orthite crystals, full of euhedral ore
mineral inclusions [Photo IL4.23.].

ENCLAVES ETC.  Several types of MME were studied: (1) a lobate amphibole - biotite enclave
from Vahlovice (5 cm in diameter, diffuse margins; Bim-7); (2) an
amphibole-biotite MME with feldspar megacrysts up to 0.5 cm long from TuZice(Blm-2), and (3) a
lenticular biotite - amphibole enclave with feldspar megacrysts from VI¢kovice, (18 x 18 x 6 cm;
CvE-1). Also studied were (4) a flattened surmicaceous enclave (30 x 20 ¢cm) from Defurovy
LaZany (Blm-10), (5) a Hud¢ice diorite ( BID-1) and granodiorite porphyry also from Huddice
(Blm-13).
0} The Vahlovice MME (BIm-7) is rich in subhedral biotite [Photo IL4.19.] and the gaps are
filled by anhedral quartz and plagioclase. There is a great abundance of short prismatic apatite and an
equidimensional opaque ore mineral, sometimes with a square outline.
2) The MME from TuZice (Blm-2) contains several plagioclase megacrysts up to 0.5 cm across.
They are subhedral, usually without zoning, like the plagioclases of the matrix. Amphibole forms
weakly pleochroic, almost colourless subhedral prisms, surrounding older plagioclases. Sometimes, it
preserves cores of amphibole with stronger pleochroism or patches of relict pyroxene; apatite
inclusions are common. Several clots were observed, up to 3 mm in size, formed mainly by a mosaic
of the more pleochroic hornblende grains, surrounded by a biotite corona. Biotite occurs as subhedral -
anhedral flakes of strong pleochroism; they lack inclusions, but are often surrounded by thin rims of
opaque ores. K-feldspar forms oikocrysts, enclosing the earlier-formed minerals [Photo 1L4.17.].
Tiny round quartz grains are notably rare. Apatite of long-prismatic habit is very common. Twinned
prisms of euhedral oscillatory zoned orthite, also occur along the enclave-granodiorite contact [Photo
1L4.18.].
(3)  The enclave from the Cervens granodiorite (CvE-1) is not a typical MME, as its average grain
size (~ 0.5 mm with plagioclase megacrysts up to 0.5 cm) approaches that of the host granodiorite. The
texture, however, is characteristic. Plagioclase megacrysts show albite twin lamellae and frequently
convolute zoning. Mantled plagioclase megacrysts are much less common. In these, obvious resorption
surfaces can be observed, marked by a ring of tiny acicular apatite and round biotite; the rim of
plagioclase is much richer in apatite than the core. Biotite occurs as anhedral, lobate flakes with thin
rims of opaque minerals and titanite. Both biotite and pale, weakly pleochroic, subhedral to anhedral
homnblende are interstitial to larger plagioclases. Quartz, in the form of round grains, is rare. Accessory
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minerals are abundant, including both prismatic and acicular apatite, round zircon and small euhedral
titanite. The latter often surrounds the edges of biotite flakes, and appears to be mainly secondary in
origin,

C)) The biotite of the surmicaceous enclave (Blm-10) occurs in the form of subhedral or anhedral
flakes, strongly pleochroic, and virtually inclusion-free. About half of the flakes show numerous
strictly parallel kink folds indicative of directed pressure. The space between the biotite grains is filled
by small subhedral plagioclase, quartz and K-feldspar. Abundant, large euhedral - subhedral crystals of
titanite are prominent. This titanite is often poikilitic, with chadacrysts of round quartz and plagioclase
[Photo IL.4.16.]. Such a texture has been attributed by Hibbard (1991) to the effects of magma
mixing. Some of the titanites contain parallel polysynthetic lamellae, representing mechanical twinning
glide planes at (110)z, that may be caused by shock (such as at nuclear test sites) or by oriented stress
(Deer et al., 1982, Ribbe, 1982). Only one set of twin lamellae could be produced, from which the
direction of the principal stress could be deduced. The sample is also rich in anhedral (resorbed?) or
round apatite crystals.

(5, 6) The Hudcice diorite and granodiorite porphyry (BID-1, B Im-13) have glomeroporphyritic
texture with plagioclase phenocrysts which are up to 5 mm in size, and show a complicated oscillatory
and convolute zoning [Photo IL4.20.]. They have arcuate margins and contain frequently secondary
twin lamellae, or are fractured. At least part of them, most likely the highly irregular fragments of
plagioclase and K-feldspar crystals (Blm-13), appear to be xenocrystic in origin. Quartz ocelli (up to
2.5 mm across), surrounded by fine-grained hornblende rims, are unequivocally xenocrystic
(e.g. Vernon, 1990, Hibbard, 1991, for explanation of their origin, see section on the ﬁidmy granite)
[Photo IL4.21.]. Round biotite flakes may attain up to 0.5 mm in size. The groundmass is made up of
pale subhedral amphibole, less common biotite, anhedral quartz and plagioclase, and acicular apatite.
The amphiboles tend to cluster into nearly monomineralic clots, as do the biotites. Frequently, biotites
form spherulites with a grain of an opaque mineral (of squared outline) in the centre [Photo IL4.22.].

I1.5. Sedléany intrusion

This SW - NE elongate intrusion occurs in the eastern part of the CBP [Fig. IL4.]. The
prevailing rock type is a porphyritic amphibole - biotite to biotite granite, with the latter present only in
the central part of the body (biotite facies; Kosova Hora). Various types of enclaves, including
MME, surmicaceous enclaves and metasedimentary xenoliths are abundant, especially in the western
part.

In the centre of the SedI¢any intrusion there occurs a small body of fine-grained muscovite -
biotite granodiorite (with cordierite) of the Kosova Hora type (not to be confused with the biotite facies
of the Sedl¢any intrusion that surrounds it), which contains numerous biotite schlieren, pointing to
marked assimilation of metasedimentary material (Kodym, 1966).

The Sedl¢any intrusion is adjacent to high-grade metamorphic rocks of the Moldanubian Unit,
Proterozoic-Palaeozoic metasediments of the Metamorphic Islet Zone (Sedl¢any-Krdsnd Hora and
MarSovice Metamorphic Islets) and the MarSovice (N), Certovo btemeno (S) and Kozérovice )
intrusions.
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Field relations
I. Sedi¢any granite causes a contact metamorphism of the adjacent Sedi¢any-Kr4sn4 Hora
Metamorphic Islet, in which sediments as young as mid-Devonian are present (Afanasjev et al., 1977;
Chlupdc, 1988).

II. The SedI¢any granite passes gradually into Certovo biemeno durbachite (Svoboda, 1932).
III. There is no evidence of relative age relations with either Koz4rovice or MarSovice intrusions.
Iv. Metasedimentary xenoliths, mainly of biotite hornfels, paragneiss and calc-silicate rock

[Photo IL5.1.], are relatively infrequent in the eastern part of the body (Vrchotovy Janovice),
but they become more abundant in the western (Kosova Hora) and especially in the southwestern
(Vapenice) parts. Ellipsoidal, partially assimilated carbonate xenoliths, up to 15 cm across, with
fine-grained green (diopside-bearing ?) reaction rims about 2 cm thick were found in Vrchotovy
Janovice. Other carbonate xenoliths are zoned and partly resorbed [Photo IL5.2.], with diopside-
rich rims and centres of pink axinite (up to 0.5 cm crystals) in the Vdpenice quarries (XRD
determination: Zeithamovd, 1990). Quartz-free Al-rich gneiss xenoliths with corundum and hercynite
have also been recorded (Zeithamovd and Holub, 1989, Zeithamovd, 1990) .

V. Commonly enclosed by the Sedl¢any granite are quartz xenoliths (or ovoids), often with thin
amphibole coronas (e.g. Vdpenice) [Photo IL5.3]. Elongate aplitic xenoliths (up to 25 cm long)
with partly arcuate margins also occur (Vrchotovy Janovice).

VL MME are abundant in the Sedl¢any intrusion, especially in the western part (Vipenice).
They are round or ellipsoidal in shape, with sharp contacts. A few are broken and net-veined by the
host granite (Vrchotovy Janovice, Védpenice) [Photo ILS5.3.]. The enclaves in the
southwestern part of the intrusion (V4penice) are not only more abundant but also tend to be larger
(up to 1 m) and more angular. They are of various types, ranging from equigranular fine-grained to
plagioclase megacryst-rich (up to 0.5 cm) types. Occasionally they contain round K-feldspar
megacrysts (up to 2 cm; Vépenice), quartz ocelli and xenoliths (+ amphibole coronas) [Photo
IL5.4.], and angular xenoliths of homnfels (V4penice). Biotite and amphibole tend to cluster into
macroscopically obvious clots. In the Vdpenice quarries there are MME with an inner zone, in
which plagioclase megacrysts are absent or rare, and an outer zone rich in plagioclase megacrysts -
double enclaves (similar to Photo IL3.3.; of. 3. VIIL).

VIL A few MME are resorbed at the edges, and, in the most advanced stage, they could show
effects of almost complete digestion by the magma, leaving residual amphibole - biotite schlieren
(Vépenice). Amphibole - biotite schlieren, up to SO cm in length, subhorizontally disposed, have
also been observedinBofenéd Hora.

VIIL. Surmicaceous enclaves are considerably rarer and smaller than the MME; they are mainly
round and up to 15 cm in diameter. One of them, however, was angular and enclosed two quartz
xenoliths (Vdpenice). '

IX. Relatively common are pilitic pseudomorphs, with olive green cores and thin black
(amphibole - biotite) rims, often enclosed by the MME (Vrchotovy Janovice) (also Holub,
1990).

X. Dykes of aplite are common in Kosova Hora but not present in either Vdpenice or
Vrchotovy Janovice.

XI. The Sedl¢any and Certovo bfemeno intrusions show an uniform tectonic and fluidal fabric
(Benes, 1970). There is no field evidence of late deformation and the granite shows well-developed
jointing.
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Interpretation of field relations

The Sedl¢any granite is a zoned body, with the central part made up of the biotite facies. Little is
known from contact relationships about its relative age (5.IL, 5.IIL), but the emplacement must post-
date mid-Devonian (5.L). The structure shared by both the Sedl¢any and the Certovo bremeno
intrusions suggests that they are of similar age (5.XL). Nevertheless, the lack of deformation and
scarcity of dykes cutting the Sedl¢any intrusion (5.X.) imply a relatively young age amongst the
granitoids of the CBP.

The abundance of metasedimentary xenoliths and the evidence for magmatic reaction (5.1V.)
could point to the importance of the high-level assimilation (AFC)(Maury and Didier, 1991). The high
percentage of the carbonate xenoliths, especially in Vdpenice, may imply a source similar to the
adjacent Scdléariy-Krésné Hora Metamorphic Islet, where the carbonates are common (also
Zeithamovd, 1990). In the Sedl¢any granite, however, the proportion of the xenoliths derived from the
Metamorphic Islet Zone and Moldanubian Unit is difficult to assess (Holub, 1989b). Moreover the
rocks of the Metamorphic Islet Zone (Sedl¢any-Krdsnd Hora Metamorphic Islet) were interpreted as
being transitional with the rocks of the Moldanubian Unit in the Votice area (Suk, 1973, Chlupdc,
1988), which would mean that such a distinction is unnecessary and misleading. Suk (1973)
considered this transition to be a result of Precambrian - Eocambrian Barrovian-type metamorphism
that shows an increasing grade from the NW (Jilové Zone) to the SE (Moldanubian Unit). The Al-rich
xenoliths from V4penice are similar to those described by Holub (1980) from the Certovo bfemeno
intrusion.

The aplitic xenoliths from Vrchotovy Janovice (5.V.) (felsic microgranular enclaves in
terminology of Didier and Barbarin, 1991) could represent either disrupted syn-plutonic dykes, or .
fragments of a chilled margin of the intrusion.

MME are ubiquitous in the Sedl¢any granite (5.VL). Their source magma penetrated similar
country rocks as the SedI¢any intrusion, as both contain matching metasedimentary xenoliths. The
MME must have been introduced into the Sedl¢any magma soon after they acquired their xenoliths (as
they are angular) at relatively shallow depth (Maury and Didier, 1991). The presence of pilites (5.IX.) ,
implies that the parental magma of the MME was probably olivine-bearing (also Holub, 1990). For
explanation of the origin of the double enclaves, see 3. VIIL (Pitcher, 1993) [Fig. IL8.].

Presence of the surmicaceous enclaves (5. VIIL) points to an important contribution of the
metasedimentary material to the origin of the magma (besides shallow-level AFC; S1V.) and, together
with the abundance of the MME, to a mixed mantle - crustal source (Didier, 1987, Montel et al., 1991).
On the other hand, the evidence of assimilation of the MME and the origin of the amphibole - biotite
schlieren (5.VIL) reveals an additional contamination mechanism that was potentially operative in
genesis of the Sedl¢any granite. However, the origin of some of the schlieren is uncertain: apart from
resorption of enclaves, they could have resulted from as different processes as gravitational
segregation, double (heat - material) diffusion and shear-flow (Clarke, 1992).

Microscopy

The SedIl&ny intrusion is a uniform porphyritic biotite to amphibole - biotite granite (Se-1 to
Se-16). Its average composition is 20 - 40 % quartz, 20 - 35 % plagioclase, 15 - 40 % K-feldspar
(Se-1 from Vrchotovy Janovice only 8 %), 15 - 25 % biotite, and up to 4 % amphibole. The
most prominent accessory minerals are apatite, zircon, titanite, orthite and an opaque ore mineral. The
average grain size the rock is 0.5 - 2 mm; the texture is hypidiomorphic.
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The likely order of crystallization is: amphibole — biotite — plagioclase — quartz — K-
feldspar. Usually only limited effects of alteration are evident, the most marked being the argillization
of plagioclase; chloritization of biotite is rare. Evidence for post-crystallization deformation, especially
inthe Vrchotovy Janovice and Bofend Hora samples, is given by undulose extinction and
fracturing of the quartz grains.

Anhedral quartz crystals cluster into aggregates up to S mm in size. They

QUARTZ usually show strong undulose extinction and enclose abundant bubble trains.

The grains are often broken into number of sub-grains, and at some localities a cataclastic texture is

seen (Vrchotovy Janovice and, to some extent, also Bofenda Hora). The degree of
deformation generally decreases westwards, with the Vdpenice samples being the least affected.

The quartz is moulded on plagioclase and locally also on biotite and amphibole. Sometimes,

small biotites are enclosed by quartz. The relation to the K-feldspar is unclear: quartz seems to be either
older or of similar age.
Plagioclase of oligoclase-andesine composition forms subhedral, prismatic
crystals, on average 1 - 1.7 mm across (up to 3 mm). Also present are some
small, round or, more rarely, euhedral plagioclase crystals enclosed by the K-feldspar phenocrysts.
Most of the plagioclases show albite twin lamellae; a few show Carlsbad-albite and pericline twinning.
Oscillatory zoning is common [Photo ILS5.5.].

PLAGIOCLASE

The extent of alteration is quite variable. There are samples with plagioclase hardly showing any
effect of alteration at all (Vrchotovy Janovice) as well as samples with a half of plagioclases
altered to an aggregate of clay minerals, in places with muscovite and epidote (Vdpenice). The small
plagioclase crystals, enclosed by K-feldspar phenocrysts, have usually suffered the most intense
alteration. In the most altered zones, a limited amount of calcite is present with CL studies showing it to
be present in some of the Kosova Hora and rarely in the VApenice samples. It exhibits the
usual orange-red luminescence, and is enclosed by biotite, K-feldspar and plagioclase. In places it is
associated with altered plagioclase but more often is distributed more-or-less randomly. There is no
evidence of brittle deformation of the plagioclase grains.

The plagioclase encloses tiny biotite flakes, often oriented parallel to, or at angles of 45° and 90°
to, albite twin lamellae. Some of the biotites are not resorbed at all, and are still euhedral. In places,
however, several anhedral biotite inclusions have a common optical orientation, suggesting that they
might be relics of larger biotite flakes. Typically thick myrmekite rims are developed at the plagioclase -
K-feldspar boundary.

In CL alternating ochre yellow and yellow zones show up zoning in plagioclase much of which
is a fine-scale oscillatory zoning [Photos IL5.13., IL5.16.]. In the Vrchotovy Janovice sample,
the CL of plagioclase is grey, or greyish blue. Altered zones (with the occurrence of sericite and clay
minerals) show dark brown, almost black, luminescence. The contacts with the K-feldspars are
somewhat more bluish in colour, inclusive of zones of intense myrmekitization, [Photos ILS5.14.-
IL.5.15.] probably due to leaching and diffusional exchange between the two. It appears likely that the
generally accepted model of the myrmekite formation involving combined deuteric reactions

KAISi3Og + Na* = NaAlSi3Og + K* , and
2 KAISi30g + Ca2+= CaAl,SipOg + 2 K+ (Shelley, 1993)
is applicable to the Sedl¢any intrusion.
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The composition of plagioclases from the Sedl¢any granite does not vary greatly, ranging
between oligoclase and andesine. The cores of oscillatory zoned plagioclases correspond to andesine
(An 35 . 38) and their rims to oligoclase (An 24 . 29). However the complicated character of at least
some of the oscillatory zoned plagioclases is illustrated by sample Se-6 [Photo IL5.13., Fig. IL.20 a] in
which a core of andesine (An 41 . 44) is overgrown by a slightly more sodic zone (An 3¢), a calcic spike
(An 45) and rim of oligoclase (An 2¢). The composition of optically unzoned plagioclases, including
those enclosed by the K-feldspar phenocrysts, ranges between An 33 . 42; rare are oligoclase rims
(An 19; Se-7 of Viépenice IL.). The plagioclases enclosed by K-feldspars are usually bordered by a thin
rim of albite (An 1 7). The late plagioclase, filling the fractures in older oscillatory zoned 'plagioclases
(Se-9, Vrchotovy Janovice), corresponds to oligoclase (An 19 and An 28).

For the Sedl¢any granite, cathodoluminescence proved to be an unreliable indicator of the
plagioclase composition as the bright yellow core [Photo IL5.13., Fig. IL20 a] has virtually the same
An content as the surrounding much duller zones; likewise the distinct thin bright layer on [Photo
IL5.14., Fig. IL20 b]. Clearly, in case of the Sedl¢any granite, the factors determining the
luminescence of plagioclase are not directly related to the An content.

The K-feldspar is present as anhedral to subhedral prisms, on average 1.2 -

K-FELDSPAR 2mm (up to 8§ mm) across. It is strongly perthitic. Carlsbad twins are

frequent, unlike cross-hatched twinning (indicative of microcline) but the proportion of microcline is
higher in the eastern part of the body (Vrchotovy Janovice).

In a few samples (especially from Kosova Hora) thin calcite veinlets cross the K-feldspar
phenocrysts but no other evidence of alteration or of deformation has been seen.

The K-feldspar frequently encloses tiny round or subhedral (typically strongly altered)
plagioclase crystals overgrown by exsolved albite rims. Relics of anhedral amphibole inclusions are
rarely found. Of interest are tiny quartz grains, forming concentric rings close to the outer edge of K-
feldspar crystals (Kosova Hora and Bofend Hora). The K-feldspar generally seems to have
crystallized along with the quartz.

The K-feldspar emits bright light blue luminescence; the crystals are zoned, with alternating
stripes of brighter and duller CL. The rims of the K-feldspar phenocrysts are typically dull blue. In the
sample from Vrchotovy Janovice (Se-1), there were found subparallel cracks, running across the K-
feldspar crystals, followed by a slight alteration (leaching?). In places, the brecciation of K-feldspar is
revealed by the CL study [Photo IL5.15.]. '
Biotite occurs in the form of anhedral to subhedral flakes, whose average size
is 0.7 - 1.0 mm (up to 3 mm). Its pleochroism is strong: X: very pale straw
yellow, Y = Z: ochre brown or light rusty-brown. Pleochroic haloes are common in biotites from
Vipenice, unlike in some of the Vrchotovy Janovice samples, where the pleochroic haloes

BIOTITE

are considerably less abundant and less prominent.

There is little chloritization of biotite but where present, titanite and rare rutile are associated
products. In the Vrchotovy Janovice and Bofend Hora samples, the biotite is locally
slightly cataclastic and has bent cleavage. In contrast, no evidence of post-crystallization deformation
was recognised in the Vdpenice samples.

The biotite occurs mainly in clots, which are either monomineralic, or accompanied by
hornblende. Biotite from Vipenice encloses a considerable proportion of euhedral apatite crystals,
as well as tiny round or elongate zircon grains (< 0.25 mm across). In contrast, some of the biotites
from Vrchotovy Janovice have few inclusions. In places, rims of an opaque ore mineral are
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developed. The biotites are often enclosed by the younger plagioclases. Also quartz and K-feldspar
resorb the older biotite. Although a few tiny biotite flakes are enclosed by amphibole, biotite seems be
generally younger.

Subhedral amphibole crystals are present in all except the Kosova Hora
AMPHIBOLE samples. On average they are 0.5 - 0.7 mm (up to 4.5 mm) across and they
frequently show polysynthetic twinning on (100). Almost colourless needles of actinolite are rare. The
amphibole is only slightly pleochroic, almost colourless: X: very pale green, Y: very light olive green,
Z: pale olive green. The maximum extinction angle (ZAc) was 17 - 20°. Apart from one broken
amphibole prism (Vrchotovy Janovice), and an unusual development of the secondary cleavage
at the same locality, it is unaffected by the later deformation.

The amphibole is associated with biotite, forming clots but also may enclose tiny biotite flakes.
Amphiboles, about 1.2 mm in size, with biotite coronas, probably represent pseudomorphs after
pyroxene [Photo IL5.6.] (Castro and Stephens, 1992; Bateman, 1993b). Some long homblende
crystals are full of oriented inclusions of biotite and abundant secondary titanite, both of them
following the cleavage of the amphibole host (Se-3, Vdpenice). In Vapenice, actinolite occurs
either at the edges of amphiboles, or as aggregates of colourless needles. Inclusions of euhedral zircon
and apatite are common. Both quartz and K-feldspar are moulded on and fill gaps around the
amphibole.

ACCESSORY The Sedl¢any granite is rich in apatite, zircon, pyrite, orthite and in places also
MINERALS in monazite (Kodymovd and Vejnar, 1974). Large (up to 2 mm across)
euhedral crystals of metamict orthite are particularly noticeable {Photos ILS5.9 -
IL5.12.]). Its proportion is quite variable (up to 4 grains per section) and is not present in the biotite
facies (Kosova Hora). Very complicated zoning patterns are shown, with several resorption
surfaces, zoning and strong alteration. The metamictization is connected with increase in volume and
propagation of cracks, which were subsequently healed by crystallization of secondary oxides
(V.Bouska, pers. com.). This process probably accounts for the origin of the worm-like textures of
higher mean atomic number seen on the BSE photograph.

ENCLAVES Two samples of MME from the Sedl¢any intrusion are described: (1) Sem-1, a
relatively leucocratic amphibole-biotite MME from Vrchotovy Janovice,
ellipsoidal (20 cm in diameter), with megacrysts of feldspar up to S mm, and (2) Sem-6, from
Védpenice I, an ellipsoidal amphibole-biotite MME (10 x 15 cm), with macroscopically obvious
amphibole-biotite clots.
(1)  The enclave Sem-1 is rich in felsic minerals, especially plagioclase. Plagioclase occurs as both
small subhedral crystals, and megacrysts, which are often mantled [Photo ILS.7.]. The cores of the
mantled plagioclases commonly show oscillatory zoning, whereas the rims are full of abundant tiny
biotite flakes and acicular apatite, which are not seen in the cores. Similar relationships were observed
in case of a large K-feldspar phenocryst, which was overgrown by a microcline-rich rim full of
inclusions. Such a texture could indicate that the feldspar began crystallizing in the granite, and then
was incorporated into the MME magma, where it acquired the rim. There are two different generations
of biotite present: tiny, euhedral crystals (quenched ?), as well as larger blade-shaped ones, with flow
alignment (post-mixing growth ?). Pale green subhedral amphibole crystals are only weakly
pleochroic. They enclose inclusions of tiny biotite, apatite and an opaque mineral.
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Biotite or amphibole - biotite clots are absent. Quartz grains are frequently large, some of them

are round and inclusions-free (ocellar), whereas others are poikilitic, over 0.5 mm in size. The former
may be xenocrystic, the latter possibly have originated after the quenching stage (Vernon, 1990; see
also discussion of KozD-1 from Kozdrovice), as could have the infrequent K-feldspar oikocrysts.
(2) In sample Sem-6, biotite is more abundant than hornblende. It is subhedral to euhedral, small
and with apparent flow alignment. Rarely, it forms monomineralic clots. Similarly, pale green
subhedral crystals of hornblende tend to cluster into clots, up to 2.5 mm in size, with minor amounts of
biotite, which is also a common inclusion in amphiboles. Both K-feldspar and quartz occur as poikilitic
megacrysts [Photo IL5.8.), originating in the post-quenching stage. Both of them may be somewhat
broken; in such zones, myrmekite is common. Unlike the K-feldspar, plagioclase is rare; it forms
subhedral laths, often strongly altered. Abundant is acicular apatite [Photo ILS.8.].

The studied MME of the SedI¢any intrusion appear to be hybrid in origin. The evidence is, as in
case of previous intrusions, based on presence of mantled plagioclase with rims full of inclusions of
quenched apatite and biotite, quartz ocelli, K-feldspar and quartz oikocrysts and blade-shaped biotite
(see the previous sections for interpretation of the above phenomena as well as for corresponding
references).

I1.6. fh’(':any intrusion

This igneous body of porphyritic biotite granite with a variable but minor proportion of
muscovite is circular in shape, and occurs in the northernmost part of the CBP [Fig. ILS5.]. The
intrusion is zoned, with the outer zone rich in K-feldspar phenocrysts (so-called porphyritic facies;
Katzer, 1888; Kaspar, 1936), whereas in the central part the phenocrysts (up to 3 cm) are scarce
(Zernovka). A gradational relationship between the two facies has been recorded (Orlov, 1933;
Kaspar, loc.cit.). Various types of enclaves, including MME, surmicaceous enclaves and
metasedimentary xenoliths (the latter mainly close to the contact with the Tepld-Barrandian Unit) are
abundant.

The central part of the Ri¢any granite has been intruded by several bodies of a fine-grained two-
mica leucogranite (so-called Jevany type); the southern contact is rimmed by the Marginal aplite.

The intrusion is adjacent to low-grade Proterozoic metasediments of the Tepl4-Barrandian Unit
(W), upper Carboniferous and Permian sediments of the Blanice Furrow (E), metasediments of
Metamorphic Islet Zone (Vod€rady-Zvanovice and Tehov Metamorphic Islets, S) and the Sizava
intrusion (S).

Field observations

I. The contact of the Ri¢any intrusion with the Proterozoic rocks of Tepl4 - Barrandian Unit is
intrusive in character, with a narrow zone (ca. 0.5 km) of strong thermal metamorphism and disrupted
country rock xenoliths within the granite (Kodym, 1925).

IL. Sediments of the Blanice Furrow onlap the eastern part of the Ri¢any body (Kodym, 1925;
Kaspar, 1936) and their basal conglomerates contain boulders of this granite (e.g. Steinocher, 1969;
Afanasjev et al, 1977). The age of the sediments deposited in the Blanice Furrow ranges between Late
Carboniferous (Stephanian C) and Permian (Autunian) (Working Group for Regional Geological
Classification of the Bohemian Massif, 1994).
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1L Metasedimentary xenoliths are common close to the contact with adjacent Tepla-Barrandian
Unit (Kodym, 1925) but they are rare in the central part of the intrusion (Zernovka).
V. Biotite-bearing MME are abundant throughout the body. They are of various sizes and

appearance: the more mafic ones are small, usually round, whereas the more leucocratic ones tend to be
larger (up to several meters) and angular (Zernovka). Although many enclaves are partially resorbed
by the host granite (seen as biotite schlieren), the contacts of intact enclaves are mainly sharp and lack
reaction rims. Many of the round enclaves are surrounded by coronas rich in K-feldspar phenocrysts,
up to several dm thick. (Zernovka; also Katzer, 1888; Palivcovd et al., 1992). A common
constituent of the lighter enclaves are quartz ocelli [Photo IL6.1.] (¢f. Palivcovd et al., 1992) and also
a small proportion of round simply-twinned K-feldspar megacrysts, similar to the phenocrysts of the
host granite [Photo IL6.1.]. Surmicaceous enclaves, round and often resorbed, are common
(Zernovka). A

V. Sub-vertical parallel-sided zones, in which there are numerous MME, up to 5 m in width
(Cimbdlntkové et al., 1977) were observed in Doubek (Palivcovd etal., 1992) and Zernovka. In
the latter quarry, such a zone is full of MME enclosed in a matrix of a coarse-grained granite of
pegmatoid appearance, rich in large K-feldspar megacrysts and rarely with some tourmaline.

VL Many dykes of inhomogeneous aplites cut the southwestern part of the intrusion (Némec,
1978). The contacts of the Ri¢any intrusion with the Tepld-Barrandian Unit is cut by numerous dykes
of granite pegmatite with schorl and beryl, commonly associated with zones of a strong hydrothermal
alteration (Bfezf).

VIL Cassiterite-bearing tourmaline-quartz veins penetrate metasediments of the Tehov
Metamorphic Islet (Némec, 1978). The southwestern part of the Ri¢any intrusion was assessed for
economically viable Sn-mineralization (Sponar and Kominek, 1985).

VIIL. The southern contact of the Ri¢any intrusion has a rim of a tourmaline aplite (up to 400 m in
width), with abundant tourmaline-bearing pegmatite schlieren (so-called Marginal aplite).
IX. The central part of the Rifany intrusion is penetrated by several bodies of two-mica

leucogranite (Jevany type) that is hydrothermally altered and contains macroscopically apparent fluorite
crystals. It differs markedly from the Marginal aplite (6 VIIL) as there are neither tourmaline grains nor
pegmatite schlieren present (Némec, 1978).

Interpretation of field relations

The Ri%any granite forms a zoned, 'bullseye’ (Gastil et al., 1991) body with the proportion of
K-feldspar phenocrysts decreasing inwards. As this intrusion has a well-developed thermal aureole, it
must have been relatively shallow (6.L). The transgression of the Stephanian sediments over granite
(6.IL) provides an important constraint on age of intrusion and consequent uplift, as the Ri¢any granite
must have been exposed by about 290 Ma.

Unlike the metasedimentary xenoliths, which are abundant only at the contact with the Tepli-
Barrandian Unit (6.IIL), the MME are ubiquitous in the Ri¢any intrusion (6.IV.). The origin of the
round K-feldspar megacrysts commonly enclosed by MME world-wide was discussed for instance by
Vernon (1986, 1990) and Barbarin and Didier (1991). Their presence suggests that the MME were not
completely solid when incorporated into the acid magma and hence that the material exchange between
the enclaves and host was possible. The round shape of the megacrysts could indicate resorption and
mechanical rounding, which sometimes could have been followed by later re-growth from the enclave
magma (Vernon, 1990). The importance of magma mixing in the generation of the MME is further
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shown by abundant quartz xenocrysts (quartz ocelli) and resorption of both MME and surmicaceous
enclaves, leaving residual biotite schlieren. The genesis of the parallel-sided zones (enclave swarms)
" (6.V.), similar to those in Doubek and Zernovka, has been dealt with previously (3.XL).
Pegmatoid rims of some of the MME could be explained by disruption of these enclave swarms.

Formation of the Marginal aplite (6.VIIL) has been explained by degasification and
degeneration of the granite magma, coupled with influx of volatiles (especially boron) from the cooling
central part of the body (Némec, 1978). The escape of volatiles from the Ri¥any granite is further
substantiated by the development of cassiterite mineralization in the country rocks (6. VIL) as well as
by numerous pegmatite and aplite dykes at the western contact of the intrusion (6. VL).

The Jevany leucogranite (6.IX.) is thought to represent a late differentiate of the Ri¢any granite
(Smejkalovd, 1960). The magma was volatile-rich and the crystallized rock suffered weak
greisenization, particularly in the strongly altered westernmost part (6. VL), and the 'Marginal aplite'
(6. VIL).

Microscopy

The (muscovite- ) biotite porphyritic Ri éariy granite (Ri-1 to Ri-6) consists of ca. 35 %
K-feldspar, 30 % plagioclase, 30 % quartz and 5 % biotite. These proportions represent estimates from
several thin-sections, and are in agreement with the average modal composition of 28 % K-feldspar,
35 % plagioclase, 28 % quartz, 6 % biotite given by Palivcovd (1965). Apatite and opaque minerals
are common accessory minerals; zircon is scarce. The average grain size of the groundmass is 0.5 -
2 mm and phenocrysts may attain up to 4 cm.

The likely order of crystallization is biotite — plagioclase, muscovite — quartz — K-feldspar.
The rock is relatively fresh, with the plagioclase showing the initiation of argillitization along the
cleavage planes. The K-feldspar phenocrysts are somewhat cloudy but the biotite is almost fresh.
Apart from the slight undulose extinction of quartz grains, there is no evidence of post-crystallization
deformation.
K-feldspar forms anhedral to subhedral phenocrysts, which may be strongly
perthitic and with pronounced cross-hatched twinning; they are sometimes
zoned in terms of microcline content (triclinity) [Photo IL6.2.]. Typical of the K-feldspar is 'hourglass
structure', a macroscopically obvious zoning, caused by different numbers of inclusions and, or

K-FELDSPAR

perthite exsolution. The origin of the hourglass structure could be attributed to increasing growth rate,
resulting in crystallization of less ordered K-feldspar and skeletal growth, leaving the growth pyramids
of the crystal faces empty, in which the heterogeneously-nucleating impurities became concentrated
(Pivec, 1969). Carlsbad twins are common. Cloudiness due to alteration (especially in the albite
patches of perthites) is seen.

Small, round or subhedral inclusions of biotite, quartz and plagioclase are abundant. They are
usually arranged into two directions, perpendicular to each other, and parallel to the cross-sections of
the K-feldspar phenocrysts, implying heterogeneous nucleation (cf. Pivec, 1970) [Photos IL6.7.-
IL6.8.]. Biotite inclusions are frequently remnants of larger flakes pushed back by the surrounding K-
feldspar, and are usually rimmed by albite [Photo IL6.3.]. The K-feldspar is younger than plagioclase
and probably of the same age or partly younger than quartz. At contacts with the plagioclase grains
thick myrmekite rims are developed.
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Dull and bright blue zones are shown in CL as is fine oscillatory zoning [Photos IL6.7.,
IL 6.8.] or there are prominent zones of bright luminescence [Photo IL6.6.] . The dull parts prevail and
these are cracked and then re-healed by quartz [Photo IL6.5.].

The prominent zone of bright blue luminescence of the K-feldspar phenocrysts [Photo IL6.6.,
Fig. IL21 b] shows only slightly lower Ab content than normal K-feldspar, and no detectable An.
Similar zones from phenocrysts of the Shap granite, Cumbria, with increased An and Ba content, were
interpreted as major resorption surface connected with influx of hotter mafic magma into the magma
chamber (Cox, 1994). As there are no Ba data available for the Czech K-feldspars and the effects of
resorption on this surface are obvious, such a link should still be considered a possibility.

QUARTZ Quartz occurs as anhedral crystals, up to 2 mm across. It shows slight
undulose extinction and common sub-parallel bubble trains. It moulds on
plagioclase crystals. There are also small veinlets of quartz running across the plagioclase and the K-
feldspar grains. To some extent the biotite is pushed back by quartz, releasing its apatite inclusions.
Quartz appears to be slightly older than the K-feldspar phenocrysts, but the crystallization intervals of
the two minerals probably overlapped. '
The plagioclase, which is albite - oligoclase, occurs as subhedral prismatic
PLAGIOCLASE crystals, on average 1.2 - 1.9 mm across, with common albite lamellae and in
places is optically discontinuously-zoned. There is no evidence of later deformation and alteration is
only weakly expressed along the cleavage planes or in form of rings, concentric with the zones. In
contrast, the small plagioclase crystals enclosed by the K-feldspar phenocrysts typically show a much
higher degree of alteration.

The plagioclase encloses small (0.1 - 0.2 mm) flakes of muscovite, oriented in the (100) and
(010) directions. Some of the muscovite occurs in almost fresh plagioclase, which implies that it may
be partly of primary origin. The crystallization of this muscovite took place either before or, more
likely, during the crystallization interval of the plagioclase. The resorption of plagioclase is shown at
the contact with the K-feldspar and thick myrmekite rims are commonly developed. Small, round
plagioclase crystals are enclosed by the K-feldspar phenocrysts and also quartz moulds on plagioclase.
There are also a few euhedral plagioclases with rims of K-feldspar (antirapakivi texture; also
Pivec, 1970). [Photo IL6.4.]. This texture is thought to originate by juxtaposition of a near-solidus
melt, rich in alkali feldspar component, with plagioclase already formed in a more mafic system; i.e. by
magma mixing (Hibbard, 1991). However, in opinion of Hibbard (loc.cit.), this texture is typical of
one-feldspar granites and their enclaves. Nevertheless, it obviously implies late crystallization of K-
feldspar.

The plagioclase emits a dark blue - yellow luminescence, with slight greenish hue. When
altered, it becomes brownish. It is also darker at the contacts with the K-feldspar.

Apart from those enclosed within the K-feldspar, the plagioclases are of uniform oligoclase
composition (An 15 - 20) and are usually chemically unzoned. If zoning is present, the difference
between rims and cores is small (e.g. An 15 and An 19). The small plagioclases enclosed by the
K-feldspar phenocrysts [Photo IL6.7., Fig. IL21 a] are variable in composition (An 13, 15, 26) but the
cores of some of these plagioclases could not be analysed due to their alteration. The plagioclases are
overgrown by rims of albite (An 1 . 3) of distinct dark blue luminescence, which apparently exsolved
from the K-feldspar during the cooling (also Pivec, 1969) [Fig. IL6.7., IL6.8.]. The same holds for
the biotite flakes overgrown by thin albite rims (see above).
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Biotite forms subhedral flakes which average 0.5 - 0.75 mm (up to 1.2 mm)
BIOTITE across with a strong pleochroism: X: straw yellow, Y = Z: dark rusty-brown.
Pleochroic haloes which are very common are usually well-developed; they

form around very small inclusions, which are too small to be identified by light microscopy.

The biotite is very fresh and only a few flakes with traces of chloritization were observed. As in
the case with plagioclase, it lacks any evidence of a solid-state deformation.

Small apatite prisms or needles, enclosed by the biotite, are frequently observed; zircon
inclusions (of dipyramidal habit) are, however, relatively sparse. Biotite is often associated with grains
of an opaque mineral. It may also be overgrown by the primary muscovite (up to 0.2 mm across).
Although small biotites are sometimes enclosed by plagioclase, biotite generally commenced
crystallizing prior to plagioclase. Similarly, it is earlier than both quartz and K-feldspar. The latter
encloses subhedral - euhedral biotite flakes, often with albite reaction rims.

The Ricany granite contains significant proportions of apatite, rutile, anatase,
tourmaline, ilmenite, monazite and fluorite. Both zircon (of short-prismatic
habit) and pyrite are rare (Kodymovd and Vejnar, 1974). Fluorite shows

ACCESSORY
MINERALS

conspicuous, bright dark blue luminescence. It occurs as rare tiny grains generally associated with the
most altered parts of the plagioclase crystals.

ENCLAVES Two samples of enclaves were studied: (1) Rim-3, a lobate surmicaceous
enclave, with diffuse margins (6 x 3 cm) and (2) Rim-4, a grey equigranular

biotite MME, with sharp contacts against the granite host. This supplements the results of the study of
MME in the Ri¢any granite by Palivcovd et al. (1992), which concentrated mainly on textural
characteristics, and particularly on conspicuous quartz ocelli and ovoids.
(1)  The surmicaceous enclave (Rim-3) is formed by subhedral, strongly pleochroic biotite, on
average 0.5 - 1 mm across, in which are numerous small but prominent pleochroic haloes around
radioactive grains a few of which could be identified as zircon. Acicular apatite is also common. The
habit, pleochroism and abundance of pleochroic haloes of the biotite appear to be very similar to those
of the granite itself. Biotite flakes sometimes surround quartz ocelli up to 2.5 mm in size. Plagioclase -
and quartz have a low modal abundance, filling gaps among the biotite flakes. From the appearance of
biotite and the texture of the enclave, a cumulative origin is inferred (a cumulate enclave, or autholite of
Didier and Barbarin (1991)) rather than it being a typical surmicaceous enclave.
(2) The MME (Rim-4) is characterised by presence of partly flow-aligned, blade-shaped biotite, up
to 2.5 mm long. This biotite is strongly pleochroic and full of pleochroic haloes. Palivcovd et al. (1992)
found the blade-shaped biotites of this type of MME to be similar to that of many lamprophyres;
however, this habit is thought to be one of typical 'magma-mixing' textures in Mg- and K-rich systems
(e.g. Hibbard, 1991, for details, see section on Kozdrovice). Plagioclase forms subhedral crystals,
with weak discontinuous and often with convolute zoning, that are generally larger (~ 3 mm) than both
the quartz and the K-feldspar. The plagioclase crystals often enclose round quartz and blade-shaped
biotite. Smaller subhedral crystals are infrequent. The strongly cross-hatched K-feldspar is very
common, occurring in form of oval-shaped grains or masses interstitial to earlier-formed minerals. The
quartz is round and often enclosed by K-feldspar; it sometimes forms biotite-rimmed ocelli. Apatite,
both of short-prismatic and acicular habits, is a common accessory.
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The quartz ocelli are an impressive feature of MME in the Ritany granite. Some of them may be
even euhedral in shape (of hexagonal outline; Palivcovd et al., 1992). Palivcovd et al. (loc.cit.) have
rejected a magma mixing model and explained their genesis (and presence of the MME) as follows. The
MME were originally pyroclastic rocks, which had enclosed xenocrysts of their wall-rocks. Pieces of
these pyroclastic rocks were captured by a later sub-volcanic intrusion and, consequently, the whole
complex was recrystallized. However, on the basis of the evidence from the present study the quartz
ocelli are interpreted as representing a classical magma-mixing texture (e.g. Vernon, 1990; Hibbard,
1991). The quartz ocelli, typically rimmed by amphibole, pyroxene or biotite, are interpreted as a result
of partial solution of the quartz xenocrysts in the mafic magma that extracts the latent heat from adjacent
liquid. The undercooled surface of the quartz grain becomes a preferential nucleation substrate for
minerals of the mafic magma (Vernon, loc.cit.).

It is difficult to agree with many of ideas expressed by Palivcovd et al. (1992), such as their
rejection of basic-acid magma miscibility 'on a geological scale in plutonic conditions', ignoring the
extensive evidence (experimental: e.g. Kouchi and Sungawa, 1985, Fernandez and Barbarin, 1991
Wiebe, 1991, Blake and Koyaguchi, 1991; Koyaguchi and Blake, 1991, van der Laan and Wyllie,
1993, geochemical and petrological: e.g. Vernon, 1984, Castro et al., 1990, a,b ; 1991 a,b; Dodge and
Kistler, 1990, Lorenc, 1990; Michael, 1991 ). Strong arguments for the hybrid origin of MME in the
Ri¢any granite come from the presence of quartz ocelli, blade-shaped biotite, acicular apatite and K-
feldspar xenocrysts in MME [Photo IL6.1.] as well as antirapakivi textures in the granite.

I1.7. Other intrusions

In the following text, brief descriptions of additional intrusions are given [see Fig. L4.]. These
were not selected for detailed geochemical and isotopic investigation in the present study and some are
representative of the durbachite suite that were subject of thesis of Holub (1990), where details could
be found. In due course, their nature and petrogenesis will need to be integrated with the work
presented here.

11.7.1. Certovo bfemeno intrusion

The Certovo bfemeno intrusion occurs in the eastern part of the CBP [Fig. L4.]. It is a roughly
circular body with a single apophysis (the Votice apophysis) pointing eastwards. The main rock types
include porphyritic amphibole - biotite melagranite and (quartz) melasyenite (e.g. Holub, 1978),
resembling potassium-rich magmatic rocks of the Black Forest (durbachites), Bavaria (redwizites) and
Austria (the Rastenberg type). In the Certovo biemeno intrusion, two facies could be distinguished: (1)
an easterly mafic facies, and (2) a westerly leucocratic one (Holub, 1978) . The dark facies appears to
be underlain by more acidic (i.e. less dense) granitoids, possibly of the leucocratic facies or
leucogranites (Dobes and Pokorny, 1988).

In the W, the Certovo bfemeno mass is in contact with mainly Palacozoic (up to mid-Devonian,
Chlupdé, 1988) metasediments and orthogneisses (Staré Sedlo orthogneisses) [Fig. IL2.] of the
Sedl¢any-Krésnd Hora Metamorphic Islet. The granitoids, surrounding the Certovo bfemeno intrusion,
are the Sedl¢any (N) and Blatnd intrusions (S). The position of the so-called Dehetnik type will be
addressed later [IL7.9.].

The Certovo bfemeno intrusion causes a strong thermal metamorphism of the adjacent
Sedl¢any-Krasnd Hora Metamorphic Islet, including the Staré Sedlo orthogneisses and cuts the
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foliation of these (Kosler, 1993). This puts important constraints on the age of the Certovo bfemeno
intrusion, as the protolith of the orthogneisses has been dated at 380 - 365 Ma and cooling after their
ductile deformation is possibly as young as 340 - 330 Ma (Kosler, 1993, Kosler et al., 1993).

The Certovo bfemeno intrusion is younger than the Blam4 intrusion @.1IIL, 4.XL) and possibly
similar in age to the Sedl¢any intrusion (5.IL, 5.XL) Some of the tourmaline-bearing leucogranitoids,
enclosing angular xenoliths of the Certovo bfemeno durbachite, for instance in the Pisek area,
[Photo IL7.1.] are obviously younger.

In the eastern part (the Votice apophysis), close to the contact with the Moldanubian
paragneisses, Certovo bifemeno granitoids become xenolith-rich and stron gly deformed [Photos
IL7.2.-4.]. The deformation in this area has been studied by Lobkovic (1987).

The petrology, geochemistry and petrogenesis of the Certovo bfemeno intrusion has been dealt
in context of the whole durbachite suite by Holub (1973, 1974, 1977, 1978, 1980, 1985, 1988,
1990), where additional information can be found.

11.7.2. Tdbor intrusion

A roughly circular body of the Tabor syenite occurs in the southeastern part of the CBP. Its
central part is composed of fine-grained biotite - pyroxene syenite with hypersthene more common than
clinopyroxene, whereas the outer zone of medium-grained pyroxene - biotite, amphibole - biotite and
amphibole - pyroxene - biotite syenite to melagranite has clinopyroxene > orthopyroxene (Smejkalovd,
1965; Cech, 1964; Jakes, 1968). Towards the margins of the intrusion, biotite and amphibole form in
expense of hypersthene due to retrogression of the original assemblage (Jakes, 1968).

The Tébor intrusion is adjacent to high-grade metasediments of the Moldanubian Unit. The
northern contact with the formerly-distinguished Dehetnik type [IL7.9.] is tectonic (Cech, 1964,
Frejvald and Jakes, 1964 ).

Although there are xenoliths of pyroxene syenite that resemble that of the Tabor intrusions
enclosed by the Certovo bfemeno mass (e.g. Cech, 1964), the existence of this rock type as integral
part of the Certovo bfemeno intrusion itself means that unique identification of the source is not
possible (Holub, 1989b; 1990).

11.7.3. Kozlovice intrusion

The SW - NE elongate Kozlovice intrusion occurs in the southwestern part of the CBP (the
Klatovy apophysis) [Fig. L4.]. The prevalent rock type is a fine-grained muscovite - biotite
granodiorite with cordierite. It is in contact with high-grade Moldanubian metasediments (SE), the
Klatovy intrusion (SW) and the Marginal type intrusion (NE). At its contact with the Moldanubian
Unit, the granodiorite shows evidence of having assimilated a great deal of metasedimentary material
and causes strong migmatization of the adjacent paragneisses (Kodym, 1951,; Kodym and Suk, 1960).
This migmatization and the abundance of quartz xenoliths (ovoids) in the granodiorite led Palivcovd et
al. (1988) to present the hypothesis that the Kozlovice intrusion was formed by in-situ granitization of
the Cambrian conglomerates.

Dykes and apophyses of granodiorite, petrographically similar to the Kozlovice type, cut the
Marginal type granite (Kodym and Suk, 1960, Palivcovd et al., 1988) and angular xenoliths of the
Marginal type granite are enclosed by Kozlovice granodiorite (Palivcovd et al., loc.cit.). This evidence
indicates that the Kozlovice intrusion is the younger of the two. The presence of abundant xenoliths of
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Klatovy granodiorite within the Kozlovice granodiorite indicates age relationships (Kodym and Suk,
loc.cit.).

I1.7.4. MarSovice intrusion

The MarSovice intrusion occurs in the central part of the CBP [Fig. L4.] and consists mainly of
fine-grained muscovite - biotite granodiorite with cordierite. The Marfovice body is adjacent to
granitoids of the Sdzava (NE), Sedl¢any (S) and Kozirovice (W) intrusions, as well as metasediments
of the MarSovice Metamorphic Islet (W).

The Mar3ovice granodiorite is considered to be responsible for strong migmatization of the
adjacent MarSovice and KfeCovice Metamorphic Islets (Orlov, 1940). Little is known about its relative
age in respect to the surrounding granitoid masses (Holub, 1992).

I11.7.5. Kosova Hora intrusion

This small body of fine-grained muscovite - biotite granodiorite with cordierite (the Kosova
Hora intrusion) is surrounded by the Sedl¢any intrusion [Fig. IL4.]. The abundant biotite schlieren and
presence of cordierite point to much assimilation of metasedimentary material (Kodym, 1966) or even
origin by anatexis of a metasedimentary source (as a S-type granitoid, Holub, 1992). Nothing is
known about age of the Kosova Hora intrusion (Holub, 1992).

11.7.6. Klatovy intrusion

The NW - SE elongate Klatovy intrusion occurs in the southwestern CBP (the Klatovy
apophysis) [Fig. L4.] and is composed mainly of a medium-grained, often porphyritic amphibole -
biotite granodiorite, occasionally with pyroxene (Kodym and Suk, 1960). It intrudes the boundary
between the Tepld-Barrandian and Moldanubian units. In addition to the metasediments, it is in contact
with Marginal granite and Kozlovice granodiorite (NE).

Klatovy granodiorite caused strong thermal metamorphism of the adjacent Tepld-Barrandian
metasediments (Kodym and Suk, loc.cit). Xenoliths of coarse-grained granite, similar to the Marginal
type, have been recorded in the Klatovy granodiorite (Kodym and Suk, loc.cit.). The time span
between the two intrusions could have been small, as these xenoliths have diffuse margins (Kodym,
1966). The Klatovy intrusion is older than the Kozlovice granodiorite [IL7.3.].

11.7.7. Marginal type intrusion

The NW - SE elongate intrusion of Marginal type granite borders the southwestern contact of
the CBP [Fig. L4.]. It is a coarse-grained (amphibole) - biotite granite to granodiorite, that is often
porphyritic (Minarik and Pivec, 1977). This intrusion is adjacent to low-grade metasediments of the
Tepld-Barrandian Unit (NW), high-grade Moldanubian rocks (SW) as well as the Sdzava (NE), Blatnd
(SE), Kozlovice and Klatovy (SW) masses.

The contact of the Marginal type granite with the Tepld-Barrandian Unit is sharp, with intense
thermal metamorphism (Kodym and Suk, 1960). It is younger than the Sdzava intrusion (1.IV.,
1.VIL), and older than the Blatnd 4.IV.), Klatovy [IL7.6.] and Kozlovice intrusions [IL7.3.].

11.7.8. Nelin intrusion

The Necin intrusion occurs in the northern part of the Blatn4 intrusion, close to the belt of basic
(mainly gabbroic) rocks [Fig. IL3.]. It is a biotite (leuco-) granodiorite that forms a circular body,
presumably a stock (Kodym, 1963), with well-developed regular jointing.
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The Necin granodiorite is remarkably uniform in composition and any enclaves are scarce. In
the main Ne¢in quarry only a single MME, several centimetres in diameter, was found.

11.7.9. Dehetnik intrusion

The so-called Dehetnik type was described as rimming the contact of the Certovo biemeno
intrusion adjacent to the Moldanubian Unit [Fig. L4.]. However it has been shown to consist of
Cerven4 granodiorite and lamproid rocks, with affinities to the Certovo biemeno or Sedl¢any intrusions
(ZeZulkovd, 1982b; Vdcha, 1987; Holub and Vdcha, 1989, Holub, 1992) and is not a discrete
individual mass. The name is thus redundant (ZeZulkovd, 1982b).

11.7.10. Benesov intrusion

The so-called Benesov type [Fig. IL1.] is, in fact, a very heterogeneous complex of various
rock types, including quartz diorites petrographically close to the Sézava mass (1.XIV.), and granites
and potassium-rich rocks with affinities to the Sedl¢any granite (Holub, 1992). One of the main
distinguishing features of the BeneSov type was thought to be effects of a strong deformation
(cataclasis). However, this cataclasis is also shown by the eastern part of the Sdzava and PoZiry
intrusions (1.XIV., 2.VIIL), as well as adjacent rocks of the Metamorphic Islet Zone (V.Kachlik,
pers.com., 1993). Further investigations are clearly required.

I11.7.11. Leucogranitoids

Little is known about leucogranitoids whose bodies are too small to be plotted on Figure L4.,
and which are ubiquitous throughout the (mainly eastern) CBP (Holub, 1992). As shown by Ulrych
(1972), they form a heterogeneous group, which can be subdivided into several distinct suites. The
need of further study is clear, as the leucogranites might have played an important role in genesis of
some of the intrusions of the CBP. For instance, Holub (e.g. 1990) has proposed a hypothesis for
origin of the Bohemian lamproids (including the Certovo bfemeno intrusion) that invokes hybridization
between an enriched mantle-derived ultrapotassic meltand peraluminous leucogranitoids [Chapters IV.3,
V.1

I1.8. Discussion and implications of the field relations and petrography

I1.8.1. Terminology

Based on the field and petrographic data the following terminology is adopted in remaining
parts of this thesis.
(1)  The terms Téchnice' and Kozdrovice s.s. will be used to refer to porphyritic and (essentially)
even-grained facies of the Kozdrovice intrusion, respectively.
(2)  The Blatni intrusion is subdivided into two major rock types, Blatni granodiorite (s.s.) and
Cerveni granodiorite, the latter being a more mafic, amphibole-rich granodiorite with a strong foliation.
(3)  The term 'BeneSov type' will be used in regional rather than petrological sense, as the
petrography of that body requires a thorough investigation.
(4)  The term 'Dehetnik type' is dropped.

I1.8.2. Genetic constraints based on petrography and field relations
The petrographic study has shed some light on possible sources and contaminants of the
parental magmas of the intrusions being investigated. The material which could have been assimilated
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by the Sdzava mass appears to have been mainly (meta-) basic igneous, with a negligible
metasedimentary input. In contrast, the assimilation of country rocks could have been important
particularly in case of the Kozdrovice intrusion (Solopysky, Kozdrovice), northem and
southern parts of the Blatnd mass (Hud¢ice, Pisek, Strakonice etc.) and western part of the
Sedl¢any intrusion (Vdpenice), i.e. mainly in those parts of masses adjacent to the Metamorphic
Islet Zone or the Moldanubian Unit. For the PoZ4dry and Ri¢any masses, the assimilation of the
metasedimentary country-rocks (of Tepl4-Barrandian Unit) could have been important only near to
contacts.

An extreme case of metasedimentary involvement is represented by the cordierite-bearing
(peraluminous) granodiorites of the Kozlovice, MarSovice and Kosova Hora masses, that are thought
to have originated by anatexis of the metasedimentary material (S-type granitoids; Holub, 1992).

The operation of magma mixing processes is well-documented. The best examples, with actual
outcrop of the products of hybridization of magmas, are at Teletin in the S4zava mass, Hud¢&ice in
the Blatnd mass and at Kozdrovice II in the Kozdrovice mass. The widespread MME are also

- typically of hybrid character. Apart from the macroscopic evidence, the disequilibrium nature of the

samples studied (granitoids as well as MME) is shown particularly by presence of discontinuous
zoning, reversed zoning or calcic spikes in plagioclase, the blade-shaped habit of biotite, ocellar quartz,
acicular apatite, amphibole - biotite clots (sometimes with relict pyroxene cores), occasional
antirapakivi structures (RiCany granite), resorbed brown cores of amphiboles (Teletin) and resorbed
biotites enclosed by euhedral amphiboles (Kozdrovice).

Late deformation has affected all of the intrusions studied with exception of the Ricany granite.
Particularly affected was the S4zava intrusion, mainly in its eastern and western parts. In the presumed
younger intrusions, the deformation is usually confined to small domains and shear zones (for
instance, the Cervend granodiorite, Vahlovice in the Blatn4 intrusion, Votice apophysis in the
Certovo bfemeno intrusion).

The degree of alteration varies considerably. In places it has been severe due to late
hydrothermal activity and even accompanied by mineralization (the western part of the Sdzava intrusion
including the PoZiry trondhjemite, Hf imeZdice in the Kozdrovice intrusion and Kosova Hora
in the Sedl¢any mass). This alteration effectively inhibits the study of Sr (possibly also Nd) isotopes in
these parts of the CBP.

I1.8.3. Relative age of the intrusions in the CBP
The most likely, succession of the intrusions in the CBP is as follows (¢f. Holub, 1992):

Sézava — Marginal (older than Klatovy and Blatnd), Kozéarovice, Blatnd (and écrvcné), Klatovy, =
Certovo biemeno, Sedl¢any, Ri¢any — Jevany.

In addition, the Sézava tonalite is older than both the PoZary trondhjemite and the Mra¢ granite,
whereas the Necin granodiorite is likely to be younger than the Blatnd mass. The formation of the
Kozlovice granodiorite followed intrusion of the Klatovy and Marginal type masses. There is no
evidence about the relationship between the Sedl¢any granite and the intrusion of the S-type granitoids
of the MarSovice and Kosova Hora masses. Nothing is known about the relative age of Tabor syenite,
either.
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The basic masses occurring in the Sdzava, Blatnd and Marginal type intrusions are partly
contemporaneous with their hosts, and there must have been a number of stages of emplacement of
these bodies.

11.8.4. Order of crystallization :

In the previous sections, only general schemes for the order of crystallization in individual
intrusions have been given. As shown by Flood and Vernon (1988), the majority of the petrographic
criteria extensively used for this purpose are unreliable or even invalid. The criteria of moulding,
inclusion or partial inclusion of one mineral in another are considered to be especially misleading
(Flood and Vernon, loc.cit.). The rock-forming minerals, according to the phase rule, have to
crystallize since the magma becomes saturated by them right to the solidus, or until a peritectic point is
reached. Thus, the majority of the rock-forming minerals in granitoids could have grossly crystallized
simultaneously.

I1.8.5. Cathodoluminescence

In the rocks studied, the luminescence of feldspars seems to be very similar: K-feldspars emit
blue luminescence and plagioclases various shades of yellow, sometimes with greenish or bluish hue.
The cathodoluminescence colours of feldspars seem to be triggered by presence of four principal
activators, as shown in the following table, together with a minimum concentration for luminescence to
occur (Marshall, 1988):

Activator Minimum CL colour CL wavelength
concentration (wt %) {(nm)
Tid+ 0.05 - 0.1 blue 460 £ 10
Mn2+ 0.0X greenish-yellow 570+5
Fe2+ 0.X-1.0 greenish-yellow 550t5
Fe3+ > 0.1 red 700 + 10

Theoretically, also Eu2+, Sm3+ and Dy3+ could activate blue or red luminescence, but, in the
common granitoids, their concentrations are unlikely to reach the required thresholds (Marshall,
loc.cit.). Red luminescence (ferric iron activated) is typical of alkaline rocks, especially of carbonatites,
and was not observed anywhere in the CBP. On the other hand, even if present, the red band in the CL
spectra could be difficult to recognise without an attached spectrometer (Wenzel and Ramseyer, 1992).
As the K-feldspars cannot accommodate sufficient amounts of neither Mn2+ nor Fe2*, they usually
emit bluish CL, unlike the plagioclases, with mainly bluish- or greenish-yellow luminescence. The
Fe2+ activated luminescence of feldspars is an anomaly among other rock-forming minerals, as this
element is typically a CL quencher. In the CBP, the CL has proved to be efficient tool, revealing, or at
least enhancing, the oscillatory zoning, mantling relationships, alteration and leaching of feldspars.
Potentially, it could be used in study of reaction rims between K-feldspars and plagioclases, including
myrmekites.

The biotite and homblende are non-luminescent, because their principal constituent, Fe2*, is an
effective CL quencher (Marshall, loc.cit.).

The bright (red-) orange luminescence of calcite is caused by the Mn2+ activation. The required
minimum concentration of 0.0X - 0.X % Mn2* must increase to allow for any Fe2* present, which

Page 51



Chapter I1. Field relations & petrography

quenches the luminescence (Marshall, loc.cit.). CL is a very effective and quick method for recognition
of calcite in the section. Consequently, it is useful for the identification of hydrothermal alteration that
might otherwise be difficult to recognise. Therefore, the CL could be advantageous in the identification
of altered samples that should be eliminated from the isotope study.

The cathodoluminescence of apatite is linked to the substitution of REE and Mn2+ atoms. The -
presence of Mn2* causes yellow or yellow-green CL, which is a common luminescence of apatite from
granitoid rocks (Marshall, loc. cit.), with granitoids of the CBP being no exception. Blue to violet
luminescence is restricted mainly to carbonatites and alkaline rocks and is triggered mainly by Eu2+,
Sm3+ and Dy3+ and Ce3+ (Marshall, 1988; Wenzel and Ramseyer, 1992) .

Generally speaking, the studied samples did not differ significantly in cathodoluminescence of
their minerals and thus CL did not contribute to refinement of the subdivision of the CBP. The similar
luminescence points possibly to similar activation mechanisms in all masses investigated.
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Table II.1: Modal data, Central Bohemian Pluton
Data are given in volume %; presented are also QAP values for the IUGS classification
(Streckeisen, 1976, Le Maitre, 1989) . Data for the strongly porphyritic granitoids are shown in italics

but are not considered to be reliable. (see text for discussion)

quartz K-feldsp plag biotite amphibole Q A P
Sazava
Sa-1 33.3 0.4 41.4 6.7 18.2 44.3 0.5 55.1
vSa-4 12.4 2.9 42.1 9.3 33.3 21.6 5.1 73.3
Sa-7 12.8 - 7s.1 10.0 2.1 14.6 0.0 85.4
Sa-6 10.1 - 49.4 8.9 31.6 17.0 0.0 83.0
Sa-10 31.1 12.3 41.0 10.9 4.7 36.8 14.6 48.6
PoZ4ary and Ne&in
Po-1 21.0 4.7 70.1 4.2 - 21.9 4.9 73.2
Po-3 31.2 4.8 56.2 7.8 - - 33.8 5.2 61.0
Ne-1 34.2 7.4 50.3 8.1 - 37.2 8.1 54.7
Kozarovice and Té&chnice
Koz=2 16.8 11.5 43.5 10.7 17.5 23.4 16.0 60.6
Koz-4 21.9 27.4 31.1 11.6 8.0 27.2 34.1 38.7
Koz-5 17.0 31.9 35.6 12.7 2.8 20.1 37.8 42.1
Koz-6 22.4 16.2 31.4 18.7 11.3 32.0 23.1 44.9
Koz-8 16.4 18.1 37.2 15.0 13.3 22.9 25.2 51.9
Koz-12 10.1 52.1 27.7 7.9 2.2 11.2 58.0 30.8
Blatnd and Cervena
Bl-1 26.9 16.3 31.9 24.9 - 35.8 21.7 42.5
Bl-2 27.5 5.9 43.8 22.8 - 35.6 7.6 56.7
Bl-4 27.7 28.6 24.1 19.6 - 34.5 35.6 30.0
Bl-7 22.6 24.0 37.3 16.1 - 26.9 28.6 44.5
Bl-8 19.1 13.5 47.4 15.0 5.0 23.9 16.9 59.3
Cv-1 24.2 14.3 37.6 20.5 3.4 31.8 18.8 49.4
Sedlé&any
Se-1 41.2 8.3 23.9 26.6 - 56.1 11.3 32.6
Se-2 26.0 23.2 29.2 19.5 2.1 33.2 29.6 37.2
Se-3 25.6 32.1 24.90 17.6 0.7 31.3 39.3 29.4
Se-5 27.2 30.8 22.8 17.4 1.9 33.7 38.1 28.2
Se~7 27.2 20.5 29.2 20.9 2.2 35.4 26.7 38.0
Se-9 17.7 22.2 32.3 23.2 4.4 24.4 30.7 44.9
Se-11 21.8 39.5 21.7 17.0 - 26.3 47.6 26.1
Se-12 33.4 15.4 16.° 14.5 -~ 39.3 18.1 42.5
ﬁidany
Ri-1 14.4 49.7 30.35 5.3 - 15.2 52.5 32.2
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