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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.

Page 6



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
Iv. Ca-poor granitoids with an affinity to | sedl&any, ﬁiéany
the lamproid rocks
v. Ca-poor granitoids with strong Kozlovice, Mar3ovice, Kosova Hora
metasedimentary contribution
VI, Ca-rich acid granitoids PoZary, Neé&in
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Figure 1.4: Principal rock types in the Prague
Central Bohemian Pluton

Due to their small size, there are the additional rock types Poiary.
are shown by their initial letters as follows:
Jevany (J), Kosova Hora (K), Ludkovice (L), Sdzava

Zaluiany (Z), Mrad (M). Necin

Kozarovice

BeneSov
TSchnice Benesov
PNbram
Marsovice
Sedifany
Certovo bfemeno
Kozlovice
Dehetnik
Klatovy
Tabor
BlatnAT- Tabor
Klatov
Pf8ek
Blatna
Cervena
Figure 1.5: Petrochemical classification of the Prague

Central Bohemian Pluton (after Holub, 1992)

ES Pyroxene-amphiboie gabbro, biotite-amphibole diorite, tonalite to
granodiorite of the Sazava type
Amphibole-biotite granodiorites (up to biotite granites) of the Kozarovice,
53 Tdchnice. Cervena, Blatna, Klatovy types and melamonzonitic rocks
Ultrapotassic lamproid rocks (amphibole-biotite melasyenite to melagranite
of the Certovo bfemeno type, biotite-two pyroxene melasyenite
to melagranite of the Tabor type, biotite rich rocks)
x x Low-Ca amphibole-biotite Sedldany granite, biotite to muscovite-biotite
ftidany granite and biotite Zbonin granite
Low-Ca granodiorites rich in metasedimentary material:
cordierite-biotite to muscovite-biotite granodiorites
(Kozlovice, MarSovice, Kosova Hora) G)
Ca-rich biotite trondhjemites to

granodiorites (Poiary and Necin)



Q Sé&zava suite:
Sézava tonalite and quartz diorite

Basic rocks associated with Sdzava intrusion
Teletin quartz diorite
PoZéry trondhjemite and Necin granodiorite
O Blatn4 suite:
Mraé monzogranite
Kozérovice (s.s.) granodiorite
Téchnice granodiorite (porphyritic Kozédrovice)
Kozdrovice quartz monzonite
ZaluZany quartz monzonite
Luékovice monzonite
Blatnd (s.s.) granodiorite
“Hud¢ice diorite

Cervend granodiorite

RPDBEB0® €909 00 a0 06

Mafic microgranular enclave, Cervend granodiorite

>

Klatovy granodiorite
¥V  Marginal monzogranite
Q Certovo bfemeno suite:
W Seditany monzogranite
@ Certovo blemeno monzogranite to quartz syenite
& Tébor quartz syenite
Q Rikany suite:
+  Ai&any granite

X  Jevany leucogranite

< Mafic microgranular enclaves, Ri¢any intrusion

Figure 1.6: Standard plotting symbols used
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.

Page7



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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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.

Page 10



Chapter I1. Field relations & petrography

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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Chapter II. Field relations & petrography

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
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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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Sazava intrusion (1): field photographs

11.1.1. Shear zone 25 cm wide forming a tectonic contact between the Sazava tonalite (bottom) and
Mrad monzogranite (cf. Photo II.1.2.); the contact has been disturbed by later normal
faults (see the sketch below);

Mrad, quarry, middle bench.

11.1.2. Angular xenoliths of the Sazava tonalite enclosing MME in biotite monzogranite of Mrad

type;
Mrad, quarry, lower bench.

11.1.3.  Pozary trondhjemite showing flow-alignment and enclosing two angular xenoliths of the
Sazava tonalite which itself contains several MME;

Prosednice, quarry.

11.1.4. Sharp contact between the Sazava tonalite (top) and Pozary trondhjemite with no chilled
margin; the MME in the Sazava intrusion is sheared along the contact and the Pozary
trondhjemite includes several MME with irregular-shaped margins;

Krhanice, quarry, lower bench.

11.1.5. Strongly flow-aligned MME of quartz dioritic composition in Sazava tonalite;

Teletin quarry, lower bench.

I1.1.6. Broken MME (cf. Photo II.1.12.) in Sazava tonalite and net-veined due to host
penetration;
Teletin quarry, top bench.

11.1.7. Bent flow-aligned MME in Sazava tonalite;
Teletin quarry, top bench.

11.1.8. Enclave swarm next to the gabbro dyke;

Krhanice, quarry.
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Sazava

intrusion (2): microscopy

I1.1.9.

II.1.10.
II.1.11.
II.1.12.

I1.1.13.

I1.1.14.

I1.1.15.

II.1.16.

Partially resorbed plagioclase, showing bent cleavage and surrounded by biotite, amphibole
and quartz;
Sa-3, Mra¢ , x 20, XPL.

Poikilitic simply twinned amphibole enclosing plagioclase laths and small resorbed biotite
flakes;
Sa-12,Mra¢ , x 20, XPL.

Subhedral amphibole crystals, associated with plagioclase and strongly resorbed biotite that
encloses euhedral crystals of titanite;
Sa-3, Mrac¢ , x 35, PPL.

Mantled plagioclase, with resorbed bytownite-anorthite core, in matrix of strained quartz
and deformed biotite;
MME Sam-7, Teletin, x 24, XPL.

Patchy zoning in the core of a mantled plagioclase;
Teletin quartz diorite SaD-3, Teletin quarry, x 50, XPL.

Mantled plagioclase with a protrusion of andesine rim into the bytownite - anorthite core;
Teletin quartz diorite SaD-2, Teletin quarry, x 50, XPL.

Mantled plagioclase with resorbed bytownite - anorthite core overgrown by an andesine
rim;
Teletin quartz diorite SaD-1, Teletin quarry, x 50, XPL.

Another example of mantled plagioclase with resorbed core;
Teletin quartz diorite SaD-2, Teletin quarry, x 50, XPL.



11.1



Sazava

intrusion (3): cathodoluminescence

I1.1.17.

I1.1.18.

11.1.19.

I1.1.20.

Ochre plagioclases, some mantled (with bright yellow cores), that are fractured and
surrounded by interstitial calcite (of bright orange CL); the non-luminescent mineral is
homblende, showing leaching (brownish patches) and calcite deposition; the yellow
inclusions within the hornblende are apatite;

Sa-10, Prosecnice, CL, x 45 [cf. Fig. IL12 a]

Mantled plagioclase, with the bright yellow calcic core, which is partly resorbed and
surrounded by the younger more sodic plagioclase with ochre-coloured luminescence; the
non-luminescent minerals are biotite and homblende;

Teletin quartz diorite, SaD-1,CL, x55 [cf. Fig. IL12b] -

Mantled plagiocléses, with bright yellow cores and dull ochre rims, showing different
degrees of resorption; '
Teletin quartz diorite, SaD-1, CL,x 45 [cf. Fig. IL12 ¢, IL13., Tab. IL2.]

Mantled plagioclase with a patchy zoned core, overgrown by a calcic spike (bright yellow)
and dull ochre rim; this plagioclase encloses several round grains of amphibole;
Teletin quartz diorite, SaD-1,CL,x 45 [cf. Fig. IL12 d]

Sa-10

Photo H.1.17.

3

5

Ma\—" .0

.....

-----

.....

Photo IL1.20.

Figure IL.12: Sketches of analysed
mantled plagioclases,
Sézava intrusion

(inctuding Teletin quartz diorite) B
(ct. Photos IL.1.17 - I1.1.20.; Table IL2.) :
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Table 11.2: Traverse across mantled plagioclase,
Teletin quartz diorite (SaD-1)
[cf. Photo II.1.19, Fig. II.12 c]

1 2 3 4 5 6 7 8 9 10
Ab 519 52.6 512 48.1 23.0 26.8 14.3 124 10.8 11.0
An 417 46.8 48.0 513 77.0 727 85.4 87.5 89.0 88.9
Or 04 0.6 0.9 0.6 0.1 0.5 0.2 0.1 0.2 0.1
11 13 14 15 17 18 19 20 21 22
Ab 10.9 11.6 11.3 8.9 11.2 12.5 11.2 11.7 10.6 14.4
An 89.1 88.3 88.6 91.0  88.7 87.5 88.8 88.1 89.3 85.6
Or 0 0.2 0.1 0.1 0.1 0 0 0.1 0.1 0.1
23 24 25 26 27 28 29 30
Ab 13.2 10.1 543 58.5 354 129 10.9 51.5
An 86.5 89.9 45.1 413 63.8 87.1 89.0 48.2
Or 0 0 0.7 0.2 0.8 0 0 0.3
1007
90+
801
707 Anorthite component (% An)
60-
® 507
401
30+
20
101
0

RIM CORE

[cf. Photo I.1.19., Table I1.2.]

RIM

Figure 1I.13: An content across mantled plagioclase, Teletin quartz diorite



Sazava intrusion (4): cathodoluminescence

I1.1.21. Strongly leached amphibole crystal (non-luminescent), with abundant worm-like inclusions

of calcite (orange) and prismatic apatite (yellow), surrounded by quartz (dull brown) and
plagioclase (yellow);
Sa-10, Prosectnice, CL, x 44

Poziry intrusion: cathodoluminescence

I1.2.1.

I1.2.2.

I1.2.3.

Plagioclase crystals of dull ochre luminescence, the largest of them with a brighter yellow
core (mantled); the gaps between the plagioclases are filled by two generations of calcite, of
dull and bright orange luminescence (the brighter one appears to be the younger) and non-
luminescent biotite;

Po-3, Prosecnice, CL, x 45

Complex zoning in the plagioclase crystals (ochre to yellow CL); the core of the smaller of
the two zoned plagioclases has suffered strong alteration (rendering the CL a brownish
colour); the plagioclases are surrounded by interstitial K-feldspar (light blue); the thin dull
brown rim of the plagioclases against K-feldspar could be explained due to leaching or
exchange due to diffusion; the non-luminescent mineral is biotite, with yellow apatite
inclusions; [cf. Fig. IL.14 a]

Po-3, Prosecnice, CL, x 45

Strongly brecciated oscillatory zoned plagioclases (ochre - yellow luminescence), healed by
K-feldspar (light blue); the best-preserved of the plagioclases is discontinuously-zoned;
Po-3, Prosecnice, CL, x 45 [cf. Fig. IL14 b]

Po-3

K-feldspar

plagioclase

Figura I.14: Sketches of analysed

Plagloclases, Pozéry intrusion
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Kozirovice intrusion (1): field photographs

I1.3.1.

I1.3.2.

I1.3.3.

I1.3.4.

I1.3.5.

I1.3.6.

I1.3.7.

Angular xenolith of a banded homnfels in sharp contact with Kozdarovice granodiorite;
Solopysky, quarry

Round MME, with an embayment of a granodiorite somewhat more mafic than the
Kozérovice granodiorite host;
Kozdrovice Il, quarry

MME surrounded by a zone richer in plagioclase megacrysts (‘double enclave'’); the contact
with the host Kozdrovice granodiorite is diffuse, whereas the contact between the two zones
is sharp;

Kozdrovice III, bottom of the quarry

Polygenic enclave swarm: much contaminated Kozirovice granodiorite, full of often
resorbed xenoliths of various rocks (MME, surmicaceous enclave, gneiss, calc-silicate
rock);

Solopysky , bottom of the quarry

Folded biotite - hornblende bands ('ladder dyke") that are generally parallel to one another;
locally (right-hand side) they converge to form structures similar to cross-bedding in
sediments, before wedging out; note the truncated MME next to the hammer;

Kozdrovice IlI, lower quarry bench

Close-up of I1.3.5., showing the nature of the biotite - homblende bands, and their
disruption in the hinge zone of the fold;
Kozdrovice Il lower quarry bench

Syn-plutonic dyke of lamprophyre (?), intruding the Kozdrovice granodiorite that is cut by a
slightly coarser-grained granodiorite; where the boundary could be identified, a thin dark
layer is present between the two masses;

Kozdrovice III, quarry
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Kozarovice intrusion (2): microscopy & Kozarovice quartz monzonite

I1.3.8.

I1.3.9.

I1.3.10.

I1.3.11.

I1.3.12.

I1.3.13.

I1.3.14.

I1.3.15.

Euhedral oscillatory zoned plagioclase at contact with a strongly perthitic subhedral K-
feldspar; at its outer edge the plagioclase is partly resorbed, and a thin myrmekite rim is
developed;

Koz-1, Solopysky, x 20, XPL

Anhedral twinned plagioclase crystal, surrounded by biotite, in which there are abundant
inclusions of short-prismatic apatite; in contrast, the apatite enclosed by the plagioclase is
acicular;

Koz-2, Kozdrovice I, x 50, XPL

Poikilitic K-feldspar, enclosing euhedral crystals of amphibole (some of them in
extinction), as well as partly resorbed plagioclases;
Koz-2, Kozdrovice I, x 20, XPL

Twinned, euhedral amphibole crystal enclosing a ring of small partly resorbed biotites; the
amphibole is surrounded by plagioclase and quartz;

Koz-2, Kozdrovice I, x 35, XPL

Kozirovice quartz monzonite, net-veined by granodiorite, that in places resorbes the quartz
monzonite fragments; some of the contacts are diffuse;

Kozdrovice I, bottom of the quarry

Long prismatic euhedral hornblende crystals in a matrix of K-feldspar; also present are
biotite (in extinction) and abundant acicular apatite;
Kozdrovice quartz monzonite KozD-1, Kozdrovice I, x 80, PPL

Mantled plagioclase, with an altered calcic core and abundant inclusions of hornblende and
acicular apatite in the outer zone;
Kozdrovice quartz monzonite KozD-1, Kozdrovice I, x 50, XPL

Subhedral biotite flakes, together with long prismatic homblende. mantled plagioclase and
acicular apatite, in the K-feldspar matrix;
Kozdrovice quartz monzonite KozD-1 Kozdrovice I, x 50, XPL
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Kozarovice intrusion (3): cathodoluminescence

11.3.16.

11.3.17.

11.3.18.

11.3.19.

Plagioclase of ochre colour, with two resorption surfaces (brighter yellow); the plagioclase
is surrounded by K-feldspar (blue), quartz (dull brown) and amphibole (non-luminescent);

Koz-2, Kozdrovice I, CL, x 25 [cf. Fig. IL15 a, IL17., Tab. EL3.]

Abundant lath-shaped plagioclase crystals showing dull ochre luminescence, some of them
mantling older bright-yellow cores; the plagioclases, together with non-luminescent
amphibole and biotite, are enclosed in a large K-feldspar oikocryst (blue);

Kozdrovice quart; monzonite, KozD-1, Kozdrovice I, CL, x 45 [cf. Fig. EL15 c]

Larger mantled plagioclases, with strongly altered patchy-zoned cores of generally brighter-
yellow luminescence, overgrown by dull-ochre rims and surrounded by amphibole and
small lath-shaped plagioclase and blue K-feldspar matrix; some of the small lath-shaped
plagioclases are unzoned;

Kozdrovice quart; monzonite, KozD-1, Kozdrovice II, CL, x 45 [cf. Fig. IL 15 b]

Two plagioclases, with patchy-zoned cores, overgrown by bright-yellow spike and dull
ochre rims together with smaller lath-shaped plagioclase crystals and amphibole,
surrounded by large mass of interstitial K-feldspar;

Kozdrovice quart; monzonite, KozD-1, Kozdrovice I, CL, x 45

Koz-2 He;k
UyilUUUUM. 2 W

narrow zones Photo 11.3.18
Photo H.3.16 .
ora b.rlghtyellow amphibole
luminescence
hibol alteration
amphibote product* »m

plagioclase K-feldspar biotite

biotite

zone olsrong

emraton comectad Figure 11.15: Sketches of analysed

with teso/pocn t N . . .
plagioclases, Kozdrovice intrusion

g&&ibiclot 1

ikbelot 2 Figure 11.16: Zoned pseudomorphs of
. hornblende and actinolite + biotite
R Jhix:k>t 1: . ..
biotite after pyroxene, Kozdrovice granodiorite

actinolite = biotite
hornblende
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Table 11.3: Traverse across zoned plagioclase,
Kozdrovice granodiorite (Koz-2)
(cf. Photo II.3.16, Fig. IL.15 a)

1 2 3 4 5 6 9 101114
Ab | 747 753 730 712 6935 617 629 622 633 645
An | 244 230 250 273 286 303 354 363 354 349
Or 10 17 20 15 19 20 17 14 13 06
15 17 1819 22 23 24 26 212
Ab | 622 583 528 520 555 5718 581 605 612 600
An | 365 380 460 468 437 408 408 382 378 389
Or 13 38 12 12 08 14 11 13 10 11
50T
451

Anorthite component (% An)

Orthoclase component (10 x %0Or)

RIM CORE

Figure 11.17: Variation in An and Or from margin to core of zoned
plagioclase, Kozdrovice granodiorite
[cf. Photo 11.3.16., Table 11.3.]



Table 11.4: Traverse across zoned plagioclase,
Kozdrovice quartz monzonite (KozD-1)

1 2 3 4 5 6 7 8 9 10
Ab 65.6 59.8 434 38.8 33.0 61.7 572 59.9 60.7 739
An 328 385 559 59.8 66.9 374 420 39.2 38.5 24.8
Or 1.6 1.7 0.7 14 0.1 0.9 0.8 0.9 0.8 1.3
11 12 13 14 15 16 17 18 19 20
Ab 711 61.4 61.2 60.9 57.5 60.5 60.7 57.7 52.0 28.0
An 27.7 373 375 379 413 38.1 37.8 41.2 47.4 71.6
Or 1.2 1.3 13 1.2 1.2 14 1.5 1.1 0.6 04
21 22 23 24 25
Ab 48.9 64.7 614 64.0 71.0
An 504 34.1 373 35.0 2717
Or 0.7 1.2 1.3 1.0 13
80~
704
60+
504
®
404
304
27 Anorthite component (% An)
104
0
RIM CORE RIM

Figure II.18: Variation in An across the zoned plagioclase,
Kozdrovice quartz monzonite [cf. Table Il.4.]



Blatna intrusion (1): field photographs

11.4.1.

I1.4.2.

11.4.3.

11.4.4.

I1.4.5.

I1.4.6.

11.4.7.

Net-veined, fractured and partly assimilated metasedimentary xenoliths in strongly
contaminated granodiorite;
Hudcice, quarry

Round MME, surrounded by a thin dark reaction rim in granodiorite which is cut by an
aplopegmatite vein (left);
Retice, quarry

MME with dimensionally-oriented minerals, partly resorbed by the host granodicorite;
TuZice, quarry

Granodiorite with a relatively strong planar fabric that also affects an MME;
Vahlovice, quarry

Fractured dyke of a granodiorite porphyry (dark), broken into angular xenoliths, and a
quartz dioritic zone (left) that encloses many plagioclase megacrysts and scattered round
enclaves of the porphyry; the quartz diorite adjacent to the dyke is rimmed by a thin (< 1
cm) aplitic band; |

Hudcice, quarry

Detail of the aplitic band from the previous picture [11.4.5.];
Hud(ice, quarry

Angular xenoliths of the quartz diorite in Blatnd granodiorite host; at their contact, thin
aplitic reaction rims are developed;
Hudcdice, quarry
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Blatnid intrusion (2): microscopy

I1.4.8.

I1.4.9.

11.4.10.

11.4.11.

I1.4.12.

I1.4.13.

I1.4.14.

I1.4.15.

Oscillatory zoning in an euhedral plagioclase crystals; the dark mineral is biotite, with a
prominent inclusion of apatite;
BIl-7, Defurovy LaZany , x 20, XPL

Thick myrmekite rim developed at the contact between the perthitic K-feldspar (in
extinction) and plagioclase (top);
Bl-4, Pastiky, x 50, XPL

K-feldspar phenocryst, with Carlsbad twinning, enclosing partly resorbed plagioclase and
round quartz grains; the dark euhedral mineral, rhomboidal in shape, is titanite; the
phenocryst is rimmed by zone of deformed biotite, quartz and plagioclase;

Bl-4, Pastiky , x 20, XPL

Amphibole-biotite clot, enclosing two euhedral titanite crystals, surrounded by plagioclase,
quartz, biotite and homblende;
Granodiorite close to contact with a MME, Blm-7, Vahlovice, x 20, PPL

Bent subhedral plagioclase crystal, occurring with biotite, another plagioclase and quartz,
the latter showing strong undulose extinction;
Bl-2, TuZice, x 35, XPL

Broken plagioclase crystal, with the crack healed by younger albite that also forms the rim
of the plagioclase; note the strong deformation of quartz (bottom right);
Bl-8, Hudice, x 40, XPL

Strongly fractured quartz grain, surrounded by plagioclase and biotite;
Bl-7, Defurovy LaZany, x 24, XPL

Detail of the kink bands in a biotite crystal, rich in inclusions of apatite;
Bl-3, Velenovy, x 106, PPL






Blatna intrusion (3): microscopy

I1.4.16.

11.4.17.

11.4.18.

I1.4.19.

I1.4.20.

I1.4.21.

I1.4.22.

I1.4.23.

Poikilitic titanite crystal, with chadacrysts of ocellar quartz; the titanite is surrounded by
biotite and K-feldspar; surmicaceous enclave;
Bim-10, Defurovy LaZany, x 50, PPL

Large oikocrysts of perthitic K-feldspar, enclosing biotite flakes and acicular apatite;
MME Blm-2, Tuzice, x 50, XPL

Large oscillatory-zoned orthite crystal growing parallel to the boundary between a finer-
grained, biotite rich MME and the host Blat4 granodiorite (left);
MME Bim-2, Tugice, x 20, PPL

Biotite-rich MME, exceptionally rich in short-prismatic apatite;
MME Blm-7, Vahlovice, x 50, PPL

Plagioclase megacryst, showing complex convolute zoning and late brittle deformation, in a
fine-grained matrix;
Granodiorite porphyry , Blm-13, HudCice quarry, x 35, XPL

Quartz ocellus, surrounded by corona of tiny hornblende crystals;
Granodiorite porphyry , Blm-13, Hud¢ice , x 20, PPL

Biotite - ore mineral spherulite;
Hudcice diorite , BID-1, Hud(ice , x 70, PPL

Euhedral orthite, full of elongate ore inclusions, surrounded by biotite; two light patches,
enclosed by the orthite, show high interference colours, similar to calcite;
Cv-2, Malé Nepodfice, x 50, XPL
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Table I1.5: Traverse across oscillatory zoned plagioclase,
Blatnd granodiorite, Hud&ice (BI-8)

1 2 3 4 5 6 7 8 9 10
Ab | 597 587 551 60 549 486 427 599 599 587
An | 378 384 422 363 422 466 554 367 31 355
or 09 11 11 21 12 09 04 20 17 22
11 12 13 14 15 16 1718 1920
Ab | 596 585 604 608 580 607 594 594 599 589
An | 339 390 371 365 387 364 373 383 366 374
O | 135 119 11 108 209 139 21 13 18 21
2l 2 23 24 25 2 21 28 29 30
Ab | 587 632 539 583 471 565 59 600 638 653
An | 378 330 424 394 511 388 37 370 327 318
Or 22 22 09 10 07 23 26 15 17 14
60T
501

Anorthite component (% An)

Orthoclase component (10 x %0Or)

RIM

Figure II.19: Variation in An and Or across oscillatory zoned plagioclase,

CORE

Blatna granodiorite [cf. Table II.5.]

RIM




Sedléany ixtrusion (1): field photographs and photomicrographs

I1.5.1.

I1.5.2.

I1.

w
w

IT.

w
s

I1.5.5.

wn

I1.5.6.

wn
(=,

I1.5.7.

I1.5.8.

wy
(=]

Sutangular xenolith of a lime-silicate rock, with thin amphibole reaction rim; the xenolith is
invided by the host granite along the cracks;
Vapenice II, quarry

Rownd, zoned carbonate xenolith with diffuse contacts with the surrounding granite; the
maginal zone is diopside-rich, the core contains crystals of axinite (up to 0.5 cm across);
thecontact between the zones is sharp;

Vdjenice I, bottom of the quarry

Angular MME, with rare plagioclase megacrysts, broken and net-veined by the surrounding
graite; note also a quartz xenolith with a thin hornblende corona (top left);
Vdjenice I, quarry

Sulangular MME, enclosing an angular xenolith of quartz and round megacrysts of
plazioclase and K-feldspar (latter about 1 cm in length), aligned roughly parallel to the
eloigation of the enclave;

Védyenice I, top bench of the quarry

Osillatory zoned plagioclase cores, corroded and surrounded by younger oscillatory zoned
plagioclase; the matrix is composed of biotite, quartz and plagioclase;
Se-12, Kosova Hora, x 20, XPL

Zoed amphibole-biotite clot, with biotite corona and mosaic of amphibole crystals in the
certre;
Se3, Vdpenice I, x 50, PPL

Lage mantled plagioclase, surrounded by a groundmass of quartz, plagioclase, amphibole
anl biotite; the outer zone of the plagioclase crystal, with an obvious resorption surface,
endoses abundant inclusions of acicular apatite and also biotite flakes; the apatite inclusions
donot occur in the core of the plagioclase at all;

MHUE Sem-1, Vrchotovy Janovice, x 20, XPL

Pokilitic quartz grain, enclosing three subhedral flakes of biotite (darker) and amphibole,
togther with abundant acicular apatite;
MUE Sem-6, Vdpenice I, x 50, PPL
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Sedléany intrusion (2): orthite

I1.5.9. Two strongly metamict (almost isotropic) euhedral orthite grains one of which is zoned; the
contact with quartz is full of radial cracks; there is a pleochroic halo in the biotite flake next
to the larger orthite crystal;

Se-7, Vdpenice 11, x 85, PPL

I1.5.10. Euhedral orthite crystal, cut parallel to the crystallographic a axis, showing sector zoning

and development of radial cracks;
Se-6, Vdpenice I, BSE

I1.5.11. Another grain from the same sample showing complex zoning pattern, with several
resorption surfaces and abundant cracks, which originated during the metamictization, and
are filled by the alteration products;

Se-0, Vdpenice I, BSE

11.5.12. Detail of the previous orthite grain;
Se-6, Vdpenice I, BSE
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Sedl*any intrusion (3): cathodoluminescence

11.5.13. Large euhedral plagioclase crystal, showing yellow luminescence and fine-scale oscillatory
zoning, surrounded by biotite (non-luminescent with bright yellow inclusions of apatite)
and K-feldspar (blue);

Se-6, Vdpenice I, x45, CL [ef. Fig. 1L20 a]

11.5.14. Large plagioclase, with an obvious zone of brighter luminescence, enclosing several biotite
flakes; the plagioclase is surrounded by blue K-feldspar and non-luminescent bioute with
abundant yellow apatite inclusions; thick rims of myrmekite (of bluish-ochre luminescence)
are developed at the contact between both feldspars;

Se-9, Vrchotovy Janovice, x45, CL |[cf. Fig. 1L20 b]

11.5.15. Group of yellow plagioclase grains, the largest of them with fine-scale oscillatory zoning,
surrounded by light-blue interstitial K-feldspar; both feldspars are brecciated and thick
reaction rims are developed at their contact (leaching? diffusion?), one of which (at the
border of the large plagioclase) is myrmekitic; the non-luminescent mineral is biotite, with
abundant tiny inclusions of apatite, whereas the quartz is dark brown;

Se-7, Vdpenice II, x 45, CL

11.5.1 6. Several euhedral plagioclase crystals, showing fine-scale oscillatory zoning, surrounded by
blue K-feldspar and non-luminescent biotite with yellow apatite inclusions;
Se-6, Vdpenice I, x 45, CL

a Se-6 Se-9
Photo 11.5.13 Photo US. 14 e

plglyAl>42
pi* 17AB M
.plglSAndl

Figure 11.20: Sketches of analysed
plagioclases, Sedliany granite
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Rifany intrusion (1): field photographs and photomicrographs

I1.6.1.

I1.6.2.

I1.6.3.

I1.6.4.

Round, simply-twinned K-feldspar megacryst enclosed in light MME with abundant biotite
phenocrysts and quartz ocelli (there is a large quartz ocellus just below the scale); the
enclave is surrounded by a fragment of the original pegmatoid rim of the MME (K-feldspar
and tourmaline); scale bar =2 cm;

Zernovka, quarry

Zoned K-feldspar phenocryst, with a perthitic zone showing pronounced cross-hatched
twinning; the rim encloses tiny euhedral biotite and plagioclase inclusions;
Ri-1, Zernovka, x 50, XPL

Strongly resorbed biotite flake, releasing apatite inclusions, enclosed by K-feldspar
phenocryst; a reaction rim of albite is developed at the contact of both minerals;
Ri-1, Zernovka, x 50, XPL

Antirapakivi texture with euhedral plagioclase rimmed by simply-twinned K-feldspar; the
matrix is composed of quartz and K-feldspar, with small grains of plagioclase and biotite;
two euhedral muscovite flakes, associated with calcite, are also present;

Ri-7, Zernovka, x 20 , XPL

Certovo bremeno intrusion: field photographs

I1.7.1.

I1.7.2.

I1.7.3.

I1.7.4.

Angular xenolith of the Certovo biemeno melagranite enclosed by tourmaline leucogranite;
Kamenné Doly near Pisek, quarry

Contact between Certovo biemeno melagranite enclosing two elongate MME and a large
xenolith of Moldanubian paragneiss, which is net-veined and penetrated by the melagranite;
Votice, quarry at the railway station

Tectonic contact between strongly deformed Certovo bfemeno melagranite (top-right) and
adjacent Moldanubian paragneisses;
Road cut of the Tdbor-Prague road, SE of Votice

Strongly sheared Certovo bfemeno durbachite from immediate contact with the
Moldanubian paragneisses (upper part of the Photo IL7.3.);
Road cut of the Tébor-Prague road SE, of Votice
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11.6.5.

11.6.6.

11.6.7.

11.6.8.

intrusion (2): cathodoluminescence

Zoned K-feldspar phenocryst, with a bright blue core and a dull blue rim, cracked and re-
healed by quartz; the phenocryst is surrounded by broken K-feldspars (dull blue CL),
subhedral plagioclase crystals (dark bluish-yellow CL; the blue hue was exaggerated during
processing); non-luminescent biotite (with yellow apatite inclusions) and dark brown quartz
(also bluish due to processing); for correct CL colours, see the next pictures;

Ri-1, Zernovka, x 45, CL

Zoned K-feldspar phenocryst, with an obvious resorption surface marked by precipitation
of a brighter-luminescent layer, small euhedral bluish-yellow crystals are plagioclase, non-
luminescent mineral with yellow apatite inclusions is biotite;

Ri-1, Zernovka, x 45, CL [cf. Fig. EL21 b]

Detail of an oscillatory zoned K-feldspar phenocryst, enclosing abundant subhedral
plagioclases of (ochre-) yellow luminescence that are overgrown by thin albite (dark-blue)
rims; some of them have altered dark-brown cores;

Ri-1, Zernovka, x 45, CL [cf. Fig. EL21 a]

As I1.6.7.
Ri-1
ml
Photo 11.6.7 Photo 11.6.6

K-feldspar

altered plagioclase (bright CL)
K-feld
cidspar K-feldspar J U ptgi3An,2

biotite

plagioclase

Figure 11.21: Sketches of analysed
feldspars, fifdany granite
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Chapter lll. Mineral chemistry

III. Mineral chemistry

The aim of this chapter is to examine the variations in the major-element composition of the
main rock-forming minerals (feldspars, biotites and amphiboles) of particular rock types in the CBP.
The primary objective is to group the intrusions according to similarities in their mineral chemistry, to
study the nature of the zoning of the minerals, and to assess whether the variations in mineral chemistry
is an indicator of the presence of xenocrysts.

While there have been very few studies on the complete association of rock-forming minerals of
a particular area or intrusion of the CBP (e.g. Lang et al., 1978 for the Sdzava intrusion and Teletin
quartz diorite), there are many monographs concerned with particular mineral species. For instance, K-
feldspar phenocrysts were studied by Pivec (1970); Minarik (1972); NeuZilovd (1973, 1978); Minarik
and Povondra (1976); Minafik and Pivec (1977), whereas plagioclase was investigated by Mina#ik et
al. (1978) and Knotek and Lang (1985) among others. Amphiboles were the subject of publications by
Poubovd (1971, 1974) and Ulrych (1974, 1985 ), biotite-hornblende pairs by Fiala et al. (1976) and
Minarik et al. (1988 ), whereas biotite has been in focus of works by Cimbdlnikovd et al. (1976, 1977).

So far, there has been a lack of coherent data covering the complete mineral paragenesis, and
showing spatial variations within the studied intrusions. Because of its potential to provide invaluable
petrogenetic information, new microprobe data were obtained to fill some of the gaps. Sample details
are in Appendix L and the raw compositional data, together with the corresponding mineral formulae,
are in Appendices VL-VIIL Recalculation of the probe analyses has been by a S language programme,
Midas, written by Dr. C.M.Farrow (University of Glasgow).

As the zoning patterns of the plagioclase have been discussed already [Chapter IL ], only a short
overview is given here. The formulae of feldspars were calculated on basis of 8 oxygen equivalents.

The general formula of an amphibole may be written as (Hawthorne, 1985):

Ap.1 B2C5Tg O (OH, F, Cl),
A=Na K C = Mg, Fe2+, Mn, Al, Fe3+, Ti
B = Na, Li, Ca, Mn, Fe2+, Mg T =Si, Al

Several analyses of amphibole from amphibole-biotite clots were also made to assess their
genesis, which is still uncertain (Castro and Stephens, 1992; Bateman, 1993b) .

The amphibole formulae were calculated on basis of 23 oxygen equivalents, whereas the sum of
the tetrahedral cations (. Si + AIIV) has been assumed to be 8. As a subroutine for the estimation of the
Fe3+/ Fe2* ratio of amphiboles, Midas calls the FORTRAN programme Recamp (Spear and
Kimball, 1984) that utilises eight recalculation procedures as follows:

all Fe = Fe3*

all Fe = Fe+

Si=8 tetrahedral sites occupied only by Si, AlVI= total Al
Si+Al=8 tetrahedral sites occupied only by Si and Al 1Y
YFM=13Si+Al+Ti+Fe+Mg+Mn) . only K and Na in the A-site

2 CA=15(Si+ Al +Ti + Fe + Mg + Mn + Ca) all Ca in the B-site

INA=15 all Na in the B-site

YK=16 no vacancies in the A-site
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Chapter lIl. Mineral chemistry

Midas uses, by default, the average of the lowest and highest feasible estimates (method 9 of
Spear and Kimball, 1984).

Amphiboles may provide pressure constraints on the crystallization of calc-alkaline plutons. The
total Al content of igneous amphiboles appears to be pressure-sensitive, forming an empirical
geobarometer (Hammastrom and Zen, 1986, Hollister et al., 1987) that was later confirmed by
experiments (Johnson and Rutherford, 1989; Rutter et al., 1989; Thomas and Ernst, 1990). The
presence of an assemblage of quartz, K-feldspar, plagioclase, biotite, titanite, ilmenite or magnetite
buffers the Al content of the coexisting amphibole (Hammastrom and Zen, 1986) and its existence is
an essential prerequisite for any meaningful results. The corresponding equations of the different
calibrations are: |

Reference Pressure equation Reported error
Hammastrom and Zen (1986) P=-3.92+5.03 Al + 3 kbar
Hollister et al. (1987) P=476+5.64 Al % 1 kbar
Johnson and Rutherford (1989) P=-346+4.23 Al % 0.5 kbar
Thomas and Ernst (1990) P=-6.23+5.34 Al * 1 kbar

On the other hand, the usefulness of the Al in amphibole geobarometer has been questioned by
Blundy and Holland (1990), who found the AITV content of amphibole coexisting with plagioclase to be
strongly temperature-dependent (cf. Thomas and Ernst, 1990):

0.677P -48.98 + Y

T=30429-0.008318 mK £75°0)
_ Plag (Si - 4)
K=Xab @30

where: T = absolute temperature
P = pressure in kbars
Y =plagioclase non-ideality (Y = 0 for Xap> 0.5, Y = -8.06 + 25.5 (1 - Xap)? for Xap < 0.5)
Si = number of the silicon atoms per amphibole formula unit.

According to Blundy and Holland (1990), the geobarometers should work only at a given fixed
temperature. The whole issue has recently been discussed (Blundy and Holland, 1992 a,b;
Hammastrom and Zen, 1992; Poli and Schmidt, 1992; Rutherford and Johnson, 1992), but still
remains controversial and is likely to remain so until more theoretical and experimental work is
undertaken.

Unfortunately, there is dearth of tools providing constraints on the P - T conditions of
formation of metaluminous granitoids. Thus, despite all the pitfalls, the calculations were performed on
all three of the studied intrusions, which possess a suitable mineralogy, viz. Sdzava, Kozédrovice and
Blatnd. The results, however, should be viewed with caution. In the granitoid rocks, the amphibole is
usually one of the earliest minerals to crystallize and thus the pressure estimates by this geobarometer
will tend to be higher than the pressure at the actual emplacement level.

The theoretical formula of biotite is (Deer et al., 1992):

X2 Y164 Y20.22Z3 020(OH.F)4
X =K, Na, Ca Y2 = Al, Fe3+, Ti
Y1 = Mg, Fe2+, Mn Z=Si, Al
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Chapter IlI. Mineral chemistry

The biotite analyses were recalculated on basis of 22 oxygen equivalents, setting the sum of
tetrahedral cations (¥ Si + AlIV) to 8. The algorithm of Schumacher (1991) has been utilised to assess
the Fe3+ proportion, assuming a fixed Fe3+/Fe2+ ratio.

The pyroxene formulae were calculated on basis of 6 oxygen equivalents, and the Fe3+
proportion was estimated after Schumacher (1991 ), assuming a constant sum of cations.

Analytical data for plagioclase, K-feldspar, biotite and amphibole are given on the following
pages of the Appendix:

Intrusion Feldspars Biotites Amphiboles
(Appendix VL) (Appendix VIL) (Appendix VIIL)
Sézava qtz diorite to tonalite 156 - 158 179 - 180 192 - 194
Teletin quartz diorite 158 - 159 180 - 181 194 - 197
PoZéry trondhjemite 160 - 161 181-182 -
Kozdrovice granodiorite 162 - 164 183-184 198 - 201
Kozdrovice qtz monzonite 164 - 166 184 - 184 201 -202
Blatnd granodiorite 166 - 170 185- 187 202 - 204
Sedl¢any granodiorite 171 - 175 188 - 190 205 - 206
Ri¢any granite 176 - 178 191 - 191 -

III.1. Mineral chemistry of the individual intrusions

II1.1.1. Sdzava intrusion (including Teletin quartz diorite) [cf. Fig.1l.1]

I. Sdzava quartz diorite to tonalite

As shown in the previous chapter, the composition of the Sdzava plagioclase ranges from
andesine to bytownite [Fig. IIL1.1.]. Although the plagioclase crystals are usually unzoned (An 45 .
50), the plagioclase of the Krhanice sample (Sa-10) shows a discontinuous zoning, with andesine
- labradorite cores (usually An 49 . 50) and andesine rims (An 3¢ . 35). The composition of the cores of
mantled plagioclases from Krhanice is similar to the generally unzoned plagioclase found elsewhere
in the Sdzava mass (Teletin, Mrac), whereas the rim composition matches that of the unzoned
plagioclase of the matrix (~ An 35). Occasionally, more calcic cores occur (An > 50) which might
represent relics of plagioclases of more mafic rock incorporated into the Sdzava magma due to magma
mixing, however limited that may have been.

The most common composition of plagioclase from the Sdzava tonalite is about An 40, but the
total range is An 27 . 62 (Minarik et al., 1978). Lang et al. (1978) reported the range of plagioclase
compositions from Teletin to be An 21 - An 45 (most commonly ~ An 27) with scarce labradorite and
bytownite cores. Also Vejnar et al. (1975) recorded discontinuous zoning in plagioclase in MME and
hybrid rocks from eastern part of the Sdzava intrusion, and have attributed their presence to the
operation of the hybridization processes.

Where present, the discontinuous zoning is expressed by differences in CL: the luminescence of
the calcic cores is usually much brighter yellow. This fact may be linked to the presence of Mn2+ and
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Fe2+, activating greenish-yellow luminescence of plagioclase (Marshall, 1988) [Chapter 118.5].
Although no independent microprobe data are available, the Mn2+ content of plagioclase is reported to
increase together with An in the Sdzava intrusion (Mina*k et al., 1978).

K-feldspar is uniform in composition [Fig. IIL1.1.], with 7 - 10 % albite component. Lang et
al. (1978) recorded both higher An and Ab contents, 2.8 % and 15 % respectively, of K-feldspar from
Teletin.

The biotite from the S4zava intrusion shows both high AIlY and high total Fe content [Fig.
IIL1.2.] with AIlY ranging between 2.5 - 2.7 p.f.u. and a fairly constant 100 Fe*/(Fe* + Mg) ratio of ~
55.

All the amphiboles examined are calcic amphiboles in sense of Leake (1978), because they
have (Ca + Na)g 2 1.34 and Nag < 0.67. According to the IMA classification scheme they are mainly
magnesio-hornblendes, slightly overlapping the boundary of the tschermakitic hornblende field
(Mra¢) [Fig. IL1.3.]. Occasionally a few of them show a somewhat higher Fe3+ content,
corresponding to ferrian magnesio-hornblendes (Sa-10: amph 2, 3, 4 ; Sa-7: amph 10). On the basis of
the older classification of Leake (1968), the majority of the Sdzava amphiboles analysed by Poubovd
(1974) and Lang et al. (1978) were named ferro-hornblendes but in the new diagram they classify as
magnesio-homblendes. No actinolites, reported as an overgrowth on magnesio-homblendes from the
Slapy apophysis of the Sézava intrusion (Poubovd and Jurek, 1976), were found. Their occurrence
seems to be connected with hydrothermal alteration processes [Chapter IL 1.].

Pressure estimates, based on the Al in hornblende geobarometer, are given in both Table IIL 1.
and Figure IIL1.4. Additionally, temperatures were calculated from the amphibole-plagioclase
geothermometer of Blundy and Holland (1990) at pressures estimated by the above geobarometers and
at an arbitrarily chosen 3 kbars. The results differ considerably for the western (Teletin,
Krhanice: Sa-7, Sa-10) and eastern (Mrac: Sa-3) parts of the body and therefore they will be
treated separately.

The average total Al of the amphiboles from the western part of the intrusion is 1.4 p.f.u.
(without two outliers), which corresponds, according to the different calibrations, to pressures ranging
from roughly 1.3 kbar (Thomas and Ernst, 1990) to 3 kbar (Hammastrom and Zen, 1986, Hollister et
al., 1987); the intermediate values have been obtained after Johnson and Rutherford (1989) (2.3 kbar).
Compared to the error of the geothermometer itself (+ 75 °C), the average temperature estimates based
on Blundy and Holland (1990) change little around ca. 770 °C with the choice of different pressures
(differences < 30 °C),

The amphiboles from the eastern part of the intrusion show significantly higher mean total Al of
1.7, corresponding to range of approximately 2.6 kbar (Thomas and Ernst, 1990) to 4.6 kbar
(Hollister et al., 1987). Accordingly, the temperature estimates are higher, close to 800 °C.

The spread in the data around the mean total Al (1.4 and 1.7, respectively) is considerable
(equivalent to * 1 kbar), as are the errors of the methods (£ 0.5 to £ 3 kbar) and differences in the
calibration equations. Despite this great uncertainty, the Sdzava amphibole probably crystallized at
depths of up to 10 km in the west to 17 km or somewhat less in the east.
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I1. Teletin quartz diorite

The common discontinuous zoning of the plagioclase from the Teletin quartz diorite points to
its hybrid character, being possibly a product of magma mixing between a mafic (gabbroic) magma and
the parental magma of the Sdzava intrusion [Chapter IL1.]. Thus, the distribution of the An-content is
strongly bimodal [Fig. IIL1.1.]; the bytownite cores (An gg . 90) are overgrown by andesine of similar
composition to that of the small unzoned plagioclases of the matrix (An 49 - 50).

The compositional gap between the cores (often with patchy zoning) and the rims of the
Teletin plagioclases has been mentioned by Dudek and Fediuk (1958) and Lang et al. (1978).
However, the latter authors have also recorded more sodic compositions for the rims (down to An 25)
as well as more calcic cores (up to An 99), and considered the cores to be a relic of a high-temperature
assemblage.

The mantling phenomena are also present in the host Sdzava tonalite at the Teletin locality can
be recognised, to some extent, in the host Sdzava tonalite as well (see above); they are, however rare in
the Sazava tonalite in Teletin (also Lang et al., 1978). If a major magma-mixing event took the place
in the Sdzava intrusion, one would anticipate, at least locally, plagioclase with reverse zoning and, or
calcic spikes. As this is not the case, the most likely onset of the plagioclase crystallization in the
Sdzava magma, unlike in the Teletin quartz diorite, followed the magma-mixing event.

The correlation between the CL colour of studied plagioclases and their An content, caused
presumably by differences in Mn2+ and Fe2* (Marshall, 1988), was not verified by the microprobe
study. No Mn data are available and Fe2+ appears to vary quite randomly, possibly because it is close
to the detection limit or due to uncertainty in the Fe3+/Fe2+ estimation. Similar problems with precise
determination of the minor impurities, that are crucial for the interpretation of the CL spectra, were
encountered by Marshall (1988).

Although no K-feldspar was found in the studied samples, an analysis of K-feldspar from the
Teletin quartz diorite is given by Lang et al. (1978). These data, including trace elements, are
remarkably similar to those of the K-feldspar from the S4zava intrusion in the same quarry (Lang et al.,
1978).

The compositional field for biotites from the Teletin quartz diorite largely correspond to the
Sézava field [Fig IIL1.2.]. The several core - rim pairs, analysed in a search for relics of the mafic end-
member assemblage showed no major differences. The reason for this could be either that Fe and Mg
are easily re-equilibrated in the sheet-silicates (Vernon, 1990) or that the biotite had not started to
crystallize in the mafic end-member prior the magma-mixing event.

The composition of the calcic ((Ca + Na)g 2 1.34 and Nag < 0.67) amphiboles of the quartz
diorite exhibits considerable variations [Fig. IIL1.3.]. The small optically unzoned amphiboles are
classified as magnesio-hornblendes, whereas the large ones have cores of titanian tschermakitic
homblende (amph 5), titanian tschermakite (amph 6) or ferro-tschermakitic hornblende (amph 8). The
nature of the chemical zoning was studied across an optically zoned amphibole, with dark green rim
and brown core [Fig. IIL1.5.]. The scan revealed discontinuous zoning, with a magnesio-hornblende
rim (green) and ferroan pargasite / magnesio-hastingsite core (brown). The IMA classification of the
amphibole along the profile is:

Page 57



Chapter I1I. Mineral chemistry

Point no IMA Classification: Point no IMA Classification:
1-6 *  magnesio-homblende 17 titanian pargasite
7 tschermakitic homblende 18 titanian tschermakite
8-10, 13, 16, 20 titanian ferroan pargasite 21 ferrian magnesio-homblende
12,14 titanian magnesio-hastingsite 22-25 magnesio-homblende

The pressure estimates based on the Al in hommblende geobarometers, presented in Tabs IIL1.,
ITL. 2. and on Figure IIL1.4., differ dramatically for rims and cores of the zoned crystals.

The total Al content of the rims is similar to that of the amphiboles from the (western) Sizava
intrusion, giving only slightly higher average pressures of 1.7 - 3.6 kbar. Accordingly, the amphibole
rim - plagioclase rim pairs yield temperature of approximately 780 °C (Blundy and Holland, 1990),
close to the value obtained for the Sdzava quartz diorite - tonalite.

The amphibole cores have notably higher average total Al of about 2.3. As there is no guarantee
that they have coexisted with the appropriate assemblage, the significantly higher pressure estimates of
6.1 kbar (Thomas and Ernst, 1990) to 8.3 kbar (Hollister et al., 1987) may be taken only as rough
approximations. The pressure recorded by the cores may correspond to a depth of at least 20 km,
possibly up to 30 km. The composition of amphibole cores, coexisting originally with calcic
plagioclase (~ An gs; cores of mantled crystals), points to crystallization temperatures of 900 °C or
higher. Such temperatures and pressures are theoretically possible, as they lie in the stability field of
magmatic amphibole at PH20 = Piotal (Gilbert et al., 1982). In the P-T diagram compiled by Gilbert et
al. (1982) all the amphibole-in curves for tonalitic compositions are nearly vertical and occupy the range
of roughly 900 - 1000 °C over the entire pressure interval between 2 - 20 kbars.

The brown amphibole cores, with much higher 3 Al and Ti contents than the rims, evidently
represent relics of a higher PT assemblage, as has been proposed by several authors (e.g. Ulrych, 1985
and references therein) for several gabbro occurrences throughout the northern CBP. The temperature
estimates for this assemblage, summarised by Ulrych (1985), range between 1000 and 1200 °C. In
particular, the Teletin amphiboles seem to be similar to amphiboles from the TuZinka two-pyroxene
gabbro (Vejnar, 1972), with matching brown magnesio-hastingsite cores and green magnesio-
hornblende rims. In contrast, the brown cores of amphiboles from the Teletin 'hybrid gabbros' studied
by Lang et al. (1978) were magnesio-hornblendes, as were their green rims, the only difference
between rims and cores being higher contents of Ti, Al, and alkalis in the latter. Nevertheless, the
consistently higher Ti concentration of the cores might imply that the presence of Ti, probably as Ti3*+
could be a principal cause of the brown coloration of the amphiboles (Ulrych et al., 1976). The Ti
content of amphiboles increases with temperature and decreasing fop (Gilbert et al., 1982).

The discontinuous zoning of amphibole is consistent with the evidence for magma mixing in the
origin of the from Teletin quartz diorite presented in Chapter IL1. The brown ferroan pargasite and
magnesio-hastingsite cores, formed under higher P-T conditions, might have crystallized in the mafic
(gabbroic?) magma at greater depth, prior the mixing. Consequently, after the magma-mixing event,
they were overgrown by the green magnesio-homblende, similar in character to the magnesio-
hornblende common in the S4zava intrusion.

IIL.1.2. PoZdry intrusion [cf Fig.Il1]

Distribution of the plagioclase composition of this intrusion is strongly bimodal [Chapter
IL2., Fig. IIL1.1.]. Mantled plagioclases have cores of andesine-labradorite (~ An 55 to An ¢5)
overgrown by andesine rims (~ An 30 - 40). The An-content of unzoned matrix plagioclases matches
that of the rims of the zoned crystals. There is generally a good agreement between the composition of

Page 58



Chapter III. Mineral chemistry

mantled plagioclases of the PoZiry intrusion (Po-1, Po-3) and that of the Sdzava mass from
Krhanice (Sa-10). The rims of the latter match the composition of mantles of the PoZiry
plagioclases, whereas they are much less calcic than any other plagioclase anywhere else in the Sdzava
intrusion. However, no bytownite cores like those found in plagioclase from Sa-10 have been recorded
from the PoZ4ry intrusion.

K-feldspar shows little variation in composition, and contains about 8 - 10 % albite
component.

The composition of biotite from the typical PoZiry sample (i.e. sample from the type locality
not showing cumulate textures; Chapter IL2.) (Po-3) differs strongly from that of the sample from
Krhanice (Po-1). The former is the most iron-rich among the studied samples [Fig. IIL1.2.] with
Fe*/(Fe*+Mg) fairly constant at about 70, and AllY ranging between 2.7 - 2.8 p.f.u. The latter plots
close to the biotite from the S4zava intrusion, having Fe*/(Fe*+Mg) ~ 60 and ATV of2.5-2.6 p.fu.
The similarity in mineral chemistry of biotite and plagioclase imply a possible genetic link between the
Krhanice samples of the PoZiry trondhjemite and the Sdzava tonalite, rather than an affinity with the
trondhjemite of the main part of the PoZ4ry intrusion.

Of three analysed carbonates [cf. Photo IL1.17.], two are from the Sdzava (Krhanice) and
one from the PoZdry type (Prose¢nice). All of them are calcites (94.9 - 96.5 % calcite), with minor
amount of rhodochrosite (1.6 - 2.4 %) and siderite (1.1 - 1.6 %) and variable proportions of the
magnesite component (0.4 - 1.2 %), being the lowest in the PoZ4ry sample.

111.1.3. Kozdrovice intrusion (including Kozdrovice quartz monzonite
[cf. Fig. l12]

I. Kozdrovice granodiorite

The composition of plagioclase from the Kozérovice granodiorite is characterised by several
maxima: (a) ~ An 3¢, corresponding to mantles of discontinuously-zoned crystals, (b) An 37 - 47, for
optically unzoned plagioclases as well as cores of discontinuously-zoned ones, and (c) An 59 - 55, for
cores of optically unzoned crystals [Fig. [IL1.6.].

K-feldspar contains ca. 4 - 16 % of the albite component. The total Ab component (on
mineral separates) of the Téchnice K-feldspar phenocrysts ranges between 17 and 26 %, the non-
unmixed Ab component (XRD) up to 20 % and the Ba content varies between 0.42 - 1.12 %
(NeuZilovd, 1973). This author also recorded an increase in triclinicity of the K-feldspar phenocrysts
towards the SE, inferring that there had been a higher thermal gradient at the southeastern margin of the
Téchnice granodiorite. This could have been caused by a younger intrusion, possibly suggesting a
small age difference between the older Téchnice and younger Certovo bfemeno intrusions.

The biotite composition is uniform, with roughly equal proportions of Fe and Mg [Fig.
[IL1.7.]. The AV content is more variable, ranging between 2.4 to 2.7 p.f.u. The biotite from
Kozirovice II (Koz-4) has a somewhat lower AV content.

All the amphiboles examined are calcic amphiboles in sense of Leake (1978), having (Ca +
Na)p 2 1.34 and Nap < 0.67. In the IMA classification diagram [Fig. IIL1.8.], the amphiboles from
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the Kozérovice granodiorite plot in the magnesio-homblende field; however, the amphiboles from rims
of the amphibole - biotite clots straddle the boundary with the actinolitic hornblende domain, whereas
the amphiboles from the cores of the clots correspond to actinolite. These clots have Si > 7.50 which
exceeds the limit for primary igneous crystallization suggested by Leake (1971). Moreover, such a
zoning appears to be in contrast to the normal trend of igneous amphiboles which increase their Si
content sympathetically with that of the host magma (Castro and Stephens, 1992) . Therefore the
actinolite is interpreted as being secondary, most likely replacing clinopyroxene [cf. Chapter I1.3.],
possibly as a consequence of re-equilibration following a magma mixing event (Castro and Stephens,
1992).

Excluding the amphibole from the biotite-amphibole clots, the Al in hornblende geobarometers
[Tab. IIL3.; Fig 1L 1.9.] yield average pressures of 1.9 kbar (Johnson and Rutherford, 1989) to 2.4
kbar (Hammastrom and Zen, 1986, Hollister et al., 1987); sample Koz-6 possibly crystallized at
slightly higher pressures. The estimates based on Thomas and Ernst (1990) appear to be too low,
sometimes even negative, and never exceed 1.5 kbar. Nevertheless, the pressure of only 1.9 - 2.4 kbar
according to the other calibrations implies a shallow intrusion, with amphibole crystallizing at a depth
of ca. 7 - 9 km. The temperature estimates, based on Blundy and Holland (1990) are on average ca.
730 °C, being again slightly higher for sample Koz-6 (~ 750 - 760 °C), and decreasing for more
actinolitic compositions (to 680 °C).

The relict pyroxene from the core of an amphibole from Koz-6 is Di7g 7 Hdg 3 En73.

II. Kozdrovice quartz monzonite

The plagioclase of the Kozdrovice quartz monzonite ranges from oligoclase to labradorite,
commonly with discontinuous zoning [Chapter IL3., Fig. IIL 1.6.]. Unzoned lath-shaped crystals have
uniform andesine composition (~ An 30 . 40), whereas the zoned ones contain labradorite cores (~
An 50 . 60). The cores of large rectangular plagioclases correspond to andesine (An 37 . 47), and are
overgrown by labradorite spikes (An g . 70) and oligoclase-andesine rims (~ An 39 . 40). This
provides, together with other phenomena, a clear evidence of hybrid origin of the quartz monzonite and
of operation of magma mixing in the Kozirovice body [Chapter IL3.].

K-feldspar has 8.8 - 28.3 % Ab.

Biotite from the quartz monzonite shows both lower 100 Fe*/(Fe*+Mg) of 45 and lower Al TV
(2.3 - 2.6 p.f.u.) than the biotite of its granodiorite host [Fig. IIL. 1.7.].

Amphiboles of the quartz monzonite cross the boundary between magnesio-homblende and
actinolitic hornblende (Leake, 1978) [Fig IIL.1.8.], and hence these are, like the amphiboles of the
amphibole - biotite clots, shifted towards higher Si values compared with their host; they also have
slightly higher Mg/(Mg+Fe2*) The amphibole composition varies only a little, with the crystals lacking
both chemical and optical zoning.

However, the total Al content of the amphiboles from the quartz monzonite (and amphibole -
biotite clots) would correspond to a pressure of 1 kbar or less [Fig IIL1.9.}, but there is no evidence
for the coexistence of the appropriate assemblage required for the application of the Al in hornblende
geobarometers so the pressure assessed in this way cannot be valid. Moreover, as shown by the
overview of experimental data by Gilbert et al. (1982), amphibole is not stable in granodiorite magma at
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pressures much lower than 1 kbar (at Pyo0 = Pioral). Hence, it is possible that the amphiboles have
suffered later recrystallization, causing a shift in composition towards the actinolitic hornblende. Many
of them might be of secondary origin, being pseudomorphs after an older pyroxene reacting with melt
after a magma-mixing event (Castro and Stephens, 1992) [Chapter IL3.].

I11.1.4. Blatnd intrusion [cf Fig.ll3.]

Plagioclases from the Blatn4 granodiorite are mainly andesine (~ An 30 - 40), with a few
outliers corresponding to oligoclase [Chapter IL4., Fig. IIL1.10.] but at Hud¢&ice (BI-8) the cores
are somewhat more calcic (up to An 49), the rims are andesine (~ An 30 - An 40) and there are
infrequent calcic spikes in between (up to An ss). Such an abrupt change in the An content of the
crystallizing plagioclase could possibly point to hybridization between the granodiorite and a syn-
plutonic dyke(s) of the granodiorite porphyry [Photo IL4.5.-IL4.6.]. Other evidence for the presence
of the hybrid types in this quarry is given in Chapter IL4.

The K-feldspar contains 7 - 17 % Ab. No systematic variation was found either between the
composition of cores and rims of the K-feldspar phenocrysts or among K-feldspars from different
localities.

In terms of their Fe*/(Fe* + Mg) ratio of 0.45 - 0.52 [Fig. IIL1.11.], the Blatnd biotites are
remarkably uniform. Their Al IV content is slightly more variable, ranging from 2.4 t0 2.7 p.f.u.

The Blatnd amphiboles are magnesio-homblendes [Fig. IIL1.12.] (Leake, 1978) with the
exception of a few cores that are edenitic hornblendes (Bl-5: amph-1, 6, 7). Cores of individual crystals
tend to have higher (Na + K)A than the corresponding rims. Two distinct groups of amphiboles could
be distinguished in terms of their total Al content [Fig IIL1.13.]: (1) edenitic hornblende cores from
Vahlovice (BI-5) with average 3. Al ~ 1.5, and (2) the rest of the analysed amphiboles with ¥ Al ~
1.25. The following are the pressure estimates for these groups [Tab. IIL4.]:

(1) The edenitic homblende cores record the highest pressure of 1.7 kbar (Thomas and Ernst,
1990) to 3.6 kbar (Hammastrom and Zen, 1986, Hollister et al., 1987) .

(2) The rest of amphiboles yield average pressures of 1.7 kbar (Johnson and Rutherford, 1989)
to 2.3 kbar (Hammastrom and Zen, 1986, Hollister et al., 1987) . The estimates based on Thomas and
Ernst (1990) appear to be too low, never exceeding 0.9 kbar.

Nevertheless, the pressure of 1.7 - 2.3 kbar recorded by the main group implies a shallow
intrusion (with homblende crystallization at a depth of about 6 - 8 km), whereas the edenitic hornblende
cores have possibly crystallized at a somewhat higher pressure (at a depth of up to 13 km), and might
represent an earlier crystallization history of the Blatnd magma, or, alternatively, xenocrysts resulting
from hybridization with a foreign magma. Such an event may have been just of local importance for the
NE part of the intrusion (Vahlovice). The temperature estimates, based on Blundy and Holland
(1990), are relatively low, on average about 720 - 730 °C, and decrease with increasing Si content to
about 700 °C; they are slightly higher (~ 760 - 780 °C) for the edenitic honblendes.

I11.1.5. Sedllany intrusion [cf Fig.l[4.]

Plagioclase from the Sedl¢any granite is uniform in composition, ranging between oligoclase
and andesine [Chapter ILS., Fig. IIL1.14.]. The cores of oscillatory zoned and optically unzoned
crystals correspond to andesine (~ An 35 - 40), whereas the rims of the zoned ones are oligoclase (~
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An 25 _ 30). Also the late plagioclase, filling the fractures in older plagioclases (Se-9), is of oligoclase
composition (An 19 and An 2g). Slightly more calcic plagioclases are present as cores and spikes in the
sample Se-6 (An 49 - 45). Plagioclases enclosed by the K-feldspar are rimmed by exsolved albite
(An 1,7). Generally speaking, the composition of the Sedl¢any plagioclase (apart from sample Se-6)
does not vary greatly and does not point to major disturbances during the crystallization. |

The K-feldspar commonly contains 8 - 15 % (up to 29 %) albite; often, the centres of the K-
feldspar crystals are more Ab-rich. The Ba content was reported to be 0.23 to 0.64 % (Neuzilovd,
1978). The triclinicity of the Sedl¢any K-feldspar is low but increases towards the contact with the
Certovo biemeno intrusion; in fact, both intrusions show a common zoning pattern, with triclinicity
decreasing and K increasing from the core (of the Certovo bfemeno mass) towards the margins,
especially the Votice apophysis and Sedl¢any granite [Fig. L.3.-L4.] (NeuZilovd, 1978). Such a pattern
is in accord with a slower cooling of the core of the 'Sedl¢any - Certovo bfemeno' body, implying a
negligible age difference between emplacement of the two, as further supported by similarity in 2Vy
angles of K-feldspars from Sedl¢any granite and the adjacent Certovo bfemeno durbachite (of the
Votice apophysis) (NeuZilovd, loc.cit.).

The Fe*/(Fe*+Mg) ratio of biotites from the Sedl¢any intrusion [Fig. IIL1.15.] is uniform,
varying little from 0.35, whereas the AllV ranges between 2.2 and 2.6 p.f.u. The interlayer site
occupancy (X X = 1.89 - 1.97 p.f.u.) of the Sedl¢any biotite is slightly higher than for the Sdzava,
PoZiry, Kozdrovice and Blatn4 intrusions.

The Sedi¢any amphiboles are actinolitic hornblende and actinolite [Fig. IIL1.16.] (Leake,
1978). The actinolite field is occupied by amphiboles from the biotite - amphibole clots (Se-6 and Se-7;
Si about 7.8) and the rims some of the amphiboles of the sample Se-9 (Si ~ 7.4). Such a composition
falls outside of limits of primary magmatic amphiboles of Leake (1978) and suggests a late, subsolidus
crystallization. This is also the reason, apart from the absence of the required mineral assemblage, why
the Al in hornblende geobarometry could not be applied to the Sedl¢any amphiboles. The significance
of the presence of secondary amphiboles in the Sedl¢any intrusion is assessed later [Chapter IIL2.3.].

I11.1.6. Ric¢any intrusion [df. Fig.ll5]

Plagioclase from the ﬁx’éany granite is of uniform oligoclase composition (An 15 . 20) [Fig.
I1L1.17.], usually without zoning. Small plagioclases enclosed by K-feldspar phenocrysts are also
oligoclase (An 12 - 2¢) and are overgrown by rims of albite (An 1 .3).

K-feldspar varies only a little in its Na content (Ab ¢ - 11). However, the bright blue (CL)
resorbed zone on Figure IL6.6. shows slightly lower Ab 7.

The Fe*/(Fe*+Mg) ratio of biotite from the Ri¢any intrusion [Fig. IL1.18.] is uniform,
ranging between 0.35 - 0.4, whereas AllV is more variable (2.2 to 2.5 p.f.u.). As in the Sedl¢any
intrusion, the interlayer site occupancy is slightly higher (X X = 1.85 - 1.93 p.f.u.), whereas the sum
of the octahedral cations (¥ Y =5.53 - 5.59 p.f.u.) is both more restricted and lower than for the rest
of the CBP.
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III.2. Comparison of the mineral chemistry of the particular minerals

I11.2.1. Plagioclase
In summary, there appears to be a trend of decreasing Ca content of plagioclase with time in the
CBP. Several groups can be distinguished based on plagioclase composition as follows.

(1)  Sdzava and PoZdry intrusions:

The typical Sézava plagioclase is unzoned and of andesine composition, while the plagioclase of the
tonalite sample from Krhanice shows discontinuous zoning (cores of andesine sometimes with
labradorite, and rims of sodic andesine). There is a pattern also followed by the PoZéry trondhjemite,
with frequent mantled plagioclases (cores of andesine - labradorite and rims of andesine). The
composition of unzoned plagioclases from PoZiry match the rims of the mantled ones. The presence of
mantled plagioclase in both Sdzava and PoZéry intrusions in the environs of Krhanice is compatible
with operation of magma mixing processes. Plagioclase of the Teletin quartz diorite is commonly
discontinuously zoned, with cores of bytownite' - anorthite and andesine - labradorite rims, the latter
corresponding to the unzoned plagioclase of the matrix. The presence of resorbed bytownite - anorthite
cores overgrown by andesine - labradorite rims points to a hybrid character of the Teletin quartz diorite
[Chapter IL1.].

(2) Kozdrovice and Blatnd intrusions:

Both intrusions contain mainly normally zoned andesines, less frequently with labradorite cores or
spikes (Blatnd from Hud¢&ice) that may point to some interaction with basic magma(s). The
plagioclase from the Kozdrovice quartz diorite contains two generations of plagioclase, (1) small lath-
shaped crystals of andesine, sometimes with labradorite cores, and (2) large rectangular plagioclases,
with andesine cores, overgrown by labradorite spikes and andesine rims. This is a disequilibrium
texture that strongly suggests a magma-mixing origin of the quartz monzonite [Chapter IL3.].

()  Sedlcany intrusion:

The most common plagioclase corresponds to andesine. In several cases, oligoclase rims and fracture
infillings were observed. Plagioclases enclosed by K-feldspar phenocrysts are usually overgrown by a
thin rim of exsolved albite that probably has originated in the subsolidus stage. Overall, the
homogeneity of the plagioclase composition does not seem to point to major disturbances during their
crystallization [Chapter IL5.].

(4)  Ricany intrusion:

The plagioclase of this intrusion is the most sodic among the intrusions investigated, being mainly of
oligoclase composition. As in the previous case, the plagioclase within the K-feldspar phenocrysts is
rimmed by exsolved albite [Chapter IL6.].

II1.2.2. Biotite

Biotite compositions from the individual intrusions of the Central Bohemian Pluton are
compared in Figures IIL2.1. and IIL2.2. The first of the plots is a synthesis of the classification
diagrams (100 Fe*/(Fe* + Mg) versus AIlY) that were presented earlier, as well as the fields for biotite
from the T4bor and Certovo bfemeno intrusions based on Fiala et al. (1976) and Minarik et al. (1988).
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The composition of the biotites follows a single trend, joining the siderophyllite and phlogopite apices
as the total Fe content decreases (and Mg increases) together with ALY from PoZ4ry trondhjemite,
followed by the Sdzava, Koz4rovice, Blatn4, Ri¢any, Sedl¢any and Certovo bfemeno intrusions to the
Tébor syenite. This trend has been explained by Fiala et al.(1976) either as the result of a coupled
substitution of Mg + Si & Fe2++ ALY, or of the conditions of crystallization according to the
experiments of Rutherford (1973) because biotite tends to be more aluminous with increasing
temperature and oxygen fugacity. Likewise, the iron oxidation ratio (Fe3+/Fe2*) of biotites in the CBP
decreases and Mg increases as the intrusions become younger, indicating an overall drop in oxygen
fugacity of the magmas with time (Fiala et al., 1976, cf. Wones and Eugster, 1965).

In addition to the PoZ4ry biotite being the most Fe-rich, and the Certovo bfemeno (and T4bor)
biotite the most Fe-poor, the Ti - Mg - Fe plot [Fig. IIL2.2 a] reveals little difference in the Ti content
of the biotite. In the AIV! - Mg - Fe diagram Fig. IIL 2.2 b}, the analyses of the PoZ4ry biotites follow a
concave-down trend, starting next to the Sézava field (at lower Fe and higher Al1V]) with analyses from
the Krhanice quarry and ending at analyses from the typical PoZary trondhjemite at high Fe and low Al
VI, The biotites from the Sizava intrusion, including the Teletin quartz diorite, form a single linear
trend. Analyses of Kozérovice and Blam4 biotites, together with the Kozé4rovice quartz monzonite,
cluster at about Mg / Fe = 0.5 and low AlVL Ri¢any biotites have slightly higher Fe as well as AIVI
than those from Sedl¢any granite.

Using cluster analysis, Fiala et al. (1976) found that biotites from the Certovo bfemeno,
Sedl¢any and T4bor intrusions form a single group, isolated from the others. In general terms the other
biotites show only little variation in their biotite composition and, in particular, there is no major
difference in the chemistry of Blatn4 (s.s.) and Cerven4 biotites on the one hand, nor Koz4rovice (s.s.)
and Téchnice ones on the other,

111.2.3. Amphibole

A summary of the IMA classification (Leake, 1978) for the calcic amphiboles detailed above
together with the field of amphiboles from the Certovo bfemeno intrusion (Minarik et al., 1988), is
given on Figure IIL2.3. Many intrusions contain magnesio-hornblendes of similar composition
(Sézava, Kozdrovice, Blatn4, rims of amphiboles from the Teletin quartz diorite), rarely crossing the
boundary with tschermakitic hornblende (Sézava) or edenitic hornblende (cores of Blatn4 amphiboles
from Vahlovice). In contrast, amphiboles from the Kozérovice quartz monzonite straddle the
boundary with actinolitic homblende, and both the Sedi¢any and Certovo bfemeno amphiboles, as well
as amphiboles of the amphibole - biotite clots from the Kozérovice intrusion, occupy exclusively the
actinolite and actinolitic hornblende fields. The overall tendency is for an increase in Si coupled with
increase in the Mg/(Mg+Fe2+) towards presumably younger intrusions. Uniquely, the cores of
amphiboles from the Teletin quartz diorite include tschermakitic hornblende, tschermakite and, in the
innermost part, pargasite, ferroan pargasite and magnesio-hastingsite.

The Si and Mg-rich nature of the amphiboles from the (mela-) granites and syenites of the
eastern part of the CBP (Sedl¢any and Certovo bfemeno intrusions) has also been noted by Poubovd
(1971, 1974) and Minarik et al. (1988).

In the diagram after Giret et al. (1980) [Fig. IIL2.4.] the amphiboles form a single trend,
characterised by a decrease in AI!V + Ca and an increase in Si + Na + K towards the younger
intrusions. In accord with Figure IIL.2.3., the majority of amphiboles are hornblendes, whereas both
the Certovo bfemeno and Sedl¢any amphiboles plot close to the actinolite field. According to Giret et al.
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(1980) , the amphiboles with low Ca + AV and high Si, Na and K are late, sometimes crystallizing
even in the subsolidus (¢f. Mina¥k et al., 1988).

Thus, it is more likely that the amphiboles of the Certovo bfemeno and Sedl¢any intrusions (of
similar composition to the amphiboles of the Kozirovice and Blatnd clots) are non-magmatic
(subsolidus) in origin, probably replacing older Fe - Mg phases, as shown by some of the Certovo
bfemeno amphiboles which preserve relict clinopyroxene cores(Mina#ik et al., 1988). As stressed by
Minaik et al. (loc.cit.), the Si-rich (7.29 to 7.84 p.f.u.) Certovo bfemeno amphiboles plot outside of
limits of primary magmatic amphiboles of Leake (1978). This, together with other indices, such as
disequilibrium AV distribution between biotite and amphibole, points to a post-magmatic
recrystallization of primary clinopyroxene and, or possibly earlier amphibole, producing actinolites and
actinolitic hornblendes.

A progressive decrease in the content of alkalis coupled with an increase in Si is revealed by a
plot of Si versus (Na + K)a [Fig. IIL2.5.]. The Sdzava amphiboles are mainly hornblendes, whereas
the amphiboles from the Teletin quartz diorite form two separate clusters, one at the boundary of the
pargasite and tschermakite fields (cores of the crystals), and second in the hornblende field (rims). The '
other amphiboles form a single linear trend, starting with the Blatnd and Kozérovice amphiboles at the
edenite - homblende boundary, followed by those of the Kozdrovice quartz monzonite, to the tremolite
field occupied by most of the Sedl¢any amphiboles and those of the amphibole - biotite clots (of the
Kozérovice and Blatnd masses). The linearity and negative slope of this trend could be attributed to the
Qa+Si 5 (Na, K)a + AllY exchange (Ed and Pg substitutions). }

Pressure estimates, based on the Al in homblende geobarometry (Hammastrom and Zen, 1986,
Hollister et al., 1987; Johnson and Rutherford, 1989, Thomas and Ernst, 1990) are summarised on
Figure IIL2.6. The highest average pressure (6 - 8 kbar; range of different calibrations) has been
recorded by the brown cores of the amphiboles from the Teletin quartz diorite, whereas their green rims
show significantly lower ¥ Al and accordingly lower pressures of 1.7 - 3.6 kbar. The ¥ Al of the
Sézava intrusion corresponds to a wide range of 1.5 - 4.5 kbar overlapping (at lower pressures) the
fields of the Kozérovice and Blatnd intrusions. Both Blatnd and Kozérovice amphiboles yield a nearly
identical average pressure (~ 1.7 - 2.4 kbar), which is in accord with their similar geological position of
(similar age, petrography and whole-rock geochemistry) [Chapters IL, IV.], although the edenitic
homnblende cores from a few Blatnd amphiboles record possibly slightly higher pressures (up to 2.6
kbar). Amphiboles of the Kozdrovice quartz monzonite, together with those from the amphibole -
biotite clots, show the lowest total Al content and failed to yield any reasonable pressure estimates,
apparently due to a later re-equilibration.

The temperature estimates based on the geothermometer of Blundy and Holland (1990) are the
highest for the cores of the amphiboles from the Teletin quartz diorite (~ 900 °C), followed by their
rims and amphiboles of the Sdzava intrusion (~ 770 - 800 °C), edenitic homblende cores of the Blami
(760 - 780 °C) and Kozdrovice granodiorites (~ 730 - 740 °C), and the rest of the Blatnd amphiboles
(~ 720 - 730 °C).

Poubovd (1974) subdivided the intrusions of the Central Bohemian Pluton into three major
groups, according to their amphibole composition:

Group A (actinolite-bearing): Certovo biemeno, Sedl¢any
Group B (transitional): Kozirovice (s.s.), Blatnd (+ Cervend), Klatovy
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Group C (hornblende-bearing): Sézava, associated gabbros, Marginal, Téchnice.

Although there are no new microprobe data available for amphiboles from the Cervens,
Klatovy, Marginal and Téchnice types, there does not seem to be any significant difference between the
analysed amphiboles of the proposed groups B and C, especially not in their Si and Mg content [Fig.
IL.2.3.]. Likewise, Poubovd (1974) found no contrast between the trace element composition of B
and C group amphiboles. Considering the analysis of the T&chnice (group C) amphibole given in
Poubovd (1974), (Si = 6.991, Mg/(Mg+Fe2+) = 0.619, AIT = 1.119) there does not seem to be a
principal difference from analysis of the Kozdrovice (s.s.) (group B) amphiboles [Chapter IIL.1.3.]. On
the other hand, the Kozérovice and Blatnd amphiboles tend to have somewhat higher (Na + K)4 than
those with the same Si from the Sdzava mass [Fig. IIL2.5.]. Poubovd (1974) considered that group B
amphiboles were typically zoned, with magnesio-homblende cores and actinolitic rims. However, apart
from in the amphibole-biotite clots and in the hybrid rocks, no actinolites or actinolitic hornblendes
were found in either the Kozdrovice or the Blatnd intrusions. A few of the Blatnd amphiboles are
zoned, with cores of edenitic homblende.

In summary, apart from the amphiboles of the hybrid rocks and of the clots, the studied
intrusions can be divided into two (rather than three) major groups, based on the geochemistry of their
amphiboles: (1) granitoids with magnesio-homblendes (Sdzava, Kozirovice, Blatnd) and (2) granitoids
with actinolites and actinolitic homblendes (Sedl¢any, Certovo bfemeno). The distribution of data in the
Si versus (Na + K)a plot [Fig. IIL2.5.] suggests that the first group might consist of two subgroups,
la (S4zava) and 1b (Blatnd and Kozdrovice), although the amphibole chemistry of the two appears to
be generally similar. Nevertheless, the striking differences between the amphiboles of the two major
groups may suggest a polygenic origin for the Central Bohemian Pluton.

II1.3. Implications of the mineral chemistry

In summary, the studied intrusions divide into two major groups containing:

a) Magnesio-homblende and Fe-rich biotite (Sdzava, Kozdrovice, Blatnd)

b) Actinolite and actinolitic hornblende (higher in Si, Mg, lower in (Na + K)4) and, or

Mg-rich biotite (SedI¢any, Certovo bfemeno, Ricany).

The increase in the Mg content of biotites is coupled with decrease in Fe and AV, The amphiboles of
the Teletin quartz diorite have zoned brown cores of ferroan pargasite, magnesio-hastingsite and
tschermakite overgrown by green magnesio-hornblende rims. The actinolites and actinolitic homblendes
of the Sedl¢any and Certovo biemeno intrusions, as well as amphiboles from the amphibole - biotite
clots (Blatnd and Kozdrovice) do not represent igneous amphiboles, and may have originated under
subsolidus conditions (or due to re-equilibration following a magma mixing event), possibly by
replacement of pyroxene.

The pressures recorded by amphiboles for most of the studied intrusions (western Sizava,
Blatnd, Kozérovice) are similar, being 1.5 - 3 kbar for the western Sizava and 1.7 - 2.4 kbar (Blam4
and Kozdrovice), corresponding to depth of about 5 - 10 km. In contrast, the pressure estimates for
eastern Sizava are higher, ranging between 2.5 - 4.5 kbar (9 - 16 km). The amphibole - plagioclase
geothermometer yields higher temperatures for the Sézava intrusion (~ 770 °C - 800°C) than for the
Kozirovice and Blatna masses (~ 720 °C - 740 °C). The brown cores of the Teletin quartz diorite are

Page 66



Chapter Ill. Mineral chemistry

possibly relics of a high P-T assemblage (P = 6 - 8 kbar; T ~ 900 °C), corresponding to a depth of
crystallization of 20 - 30 km; their rims record similar conditions to those which are shown by the
Sézava tonalite. Such a zoning pattern may be consistent with magma mixing processes.
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Table III.1: Geothermobarometry for the Sizava intrusion (including the
’ Teletin quartz diorite) - (lower P-T assemblage)

 Aluminium in hornblende geobarometry (Hammastrom and Zen, 1986 (H+Z); Hollister et al., 1987
(H+a) ; Johnson and Rutherford, 1989 (J+R); Thomas and Ernst, 1990 (T+E))

« Plagioclase-hornblende geothermometry (Blundy and Holland, 1990) was applied at the pressures
determined by the previous methods and at 3 kbars.

t excluding calibration error of the methods (£ 75 ©C for the thermometer)

amph pressure (kbar) plag temperature (°C)
Si . XY Al| H+Z H+a J+R T+E | Xpp K Tusz Tusa T1ir Tr.g T30
’ Sa-3
(Mrag&)
amph 1 6.726 1.48| 3.5 3.6 2.8 1.7 | 0.55 1.1768| 779.7 778.8 790.8 808.1 787.8
amph 2 6.722 1.44| 3.3 3.4 2.6 1.5 ] 0.55 1.1714) 783.7 783.1 794.3 812.3 788.7
amph 3 6.505 1.78| 5.0 5.3 4.1 3.3 | 0.55 0.9216}| 806.0 802.0 821.5 834.2 838.8
amph 4 6.604. 1,77} 5.0 5.2 4.0 3.2 0.55 1.0259| 784.8 781.1 799.8 812.5 815.8
amph 5 6.422 1.82} 5.2 5.5 4.2 3.5} 0.55 0.8442( 822.1 817.7 838.3 850.6 858.4
amph 6 6.637 1.65}) 4.4 4.6 3.5 2.6 0.55 1.0641| 786.6 784.0 800.0 814.7 808.2
amph 7 6.559 1.69| 4.6 4.8 3.7 2.8 | 0.55 0.9767} 801.3 798.3 815.4 829.6 826.3
amph 8 6.624 1.59( 4.1 4.2 3.2 2.2 1 0.55 1.0488} 794.7 792.7 807.3 823.1 811.2
amph 9 6.648 1.63| 4.3 4.4 3.4 2.4} 0.55 1.0772) 786.2 783.8 799.2 814.3 805.7
amph 10 6.610 1.73| 4.8 5.0 3.8 3.0 | 0.55 1.0327| 786.8 783.5 801.3 814.6 814.4
Average 4.4 4.6 3.5 2.6 793.2 790.5 806.8 821.4 815.5
10-1‘ 0.6 0.7 0.5 0.7 13.1 12.3 14.4 13.2 21.5
Sa-10
(Rrhanice
amph 1* 6.623 1.56 3.9 4.0 3.1 2.1} 0.65 1.2382} 763.8 762.1 775.7 791.4 777.7
amph 4* 6.764 1.34 2.8 2.8 2.2 0.9/ 0.65 1.4536{ 749.7 750.0 758.7 777.6 747.3
amph 1 6.664 1.46) 3.4 3.5 2.7 1.6( 0.65 1.2961} 762.5 76l1.7 773.1 790.4 768.9
amph 2 6.632 1.43 3.3 3.3 2.6 1.4| 0.65 1.2506] 771.6 771.2 782.0 799.9 775.8
amph 3 6.603 1.48 3.5 3.6 2.8 1.7 0.65 1.2111| 774.4 773.5 785.4 802.6 782.1
amph 4 6.744 1.32 2.7 2.7 2.1 0.8/ 0.65 1.4201} 755.7 756.2 764.5 783.8 751.6
Sa-7
(Teletin)
amph 5 6.909 1.31 2.7 2.7 2.1 0.8 0.5 1.3332| 768.1 768.7 776.9 796.5 763.5
amph 7 7.105 1.14 1.8 1.7 1.3 -0.2 0.5 1.7346| 732.8 734.9 739.2 760.7 715.7
amph. 10 6.729 1.46 3.4 3.5 2.7 1.6 0.5 1.0736| 799.9 799.2 810.9 828.9 806.4
amph 11 6.791 1.49 3.6 3.7 2.9 1.7 0.5 1.1543| 782.6 781.5 793.8 810.9 791.6
amph 12 6.843 1.33 2.7 2.7 2.1 0.8 0.5 1.2286| 783.1 783.6 792.2 811.9 779.2
amph 13 7.058 1.08 1.5 1.3 1.1 -0.3 0.5 1.6231| 749.0 751.6 754.8 777.5 727.3
amph 15 | 6.827 1.44} 3.3 3.4 2.6 1.4 0.5 1.2050| 778.3 777.7 788.8 806.7 783.1
Average 3.0 3.0 2.3 - ! 767.0 767.1 776.6 795.3 766.9
1ot 0.7 0.8 0.6 - l 17.7 16.9 19.0 17.9 25.6
SaD-1(rims)
(Teletin quartz diorita)
amph 1 6.997 1.38{ 3.0 3.0 2.4 1.1| 0.5 1.4940] 742.0 742.0 751.4 769.6 742.2
amph 2 6.676 1.60 4.1 4.3 3.3 2.3 0.5 '1.01064f 801.1 798.9 814.0 829.6 819.0
amph 3 6.813 1.42 3.2 3.2 2.5 1.3 0.5 1.1849| 783.4 783.0 793.6 812.0 786.4
amph 4 6.779 1.56 3.9 4.0 3.1 2.1 0.5 1.1380| 780.3 778.6 792.4 808.4 794.5
amph 7 6.95 1.28 2.5 2.4 1.9 0.6 0.5 1.4048) 761.0 761.9 769.3 789.4 753.6
scan 1 6.807 1.44 3.3 3.3 2.6 1.4 0.5 1.1769| 783.1 782.6 793.6 811.6 787.7
scan 2 6.811 1.45 3.4 3.4 2.7 1.5 0.5 1.1818)| 781.4 780.7 792.0 809.8 786.9
scan 3 6.747 1.48 3.5 3.6 2.8 1.7 0.5 1.0960| 793.7 792.7 805.0 822.4 802.1
scan 4 6.904 1.53 3.8 3.9 3.0 1.9 0.5 1.3253| 753.2 751.9 764.6 780.7 764.6
scan § 6.869 1.43 3.3 3.3 2.6 1.4 0.5 1.2690| 769.1 768.6 779.3 797.2 772.9
scan 6 6.837 1.44 3.3 3.4 2.6 1.5 0.5 1.2195]| 775.7 775.1 786.2 804.0 780.7
scan 21 6.621 1.59 4.1 4.2 3.3 2.3 0.5 0.9506| 814.5 812.4 827.5 843.5 832.1
scan 22 6.815 1.54 3.8 3.9 3.1 2.0 0.5 1.1872) 773.1 771.5 784.9 801.1 786.0
scan 23 6.854 1.43 3.3 3.3 2.6 1.4 0.5 1.2447) 772.6 772.2 783.0 800.9 776.7
scan 24 6.757 1.52 3.7 3.8 3.0 1.9 0.5 1.1085] 788.9 787.5 800.5 817.3 799.8
scan 25 6.765 1.54 3.8 3.9 3.0 2.0 0.5 1.1198] 785.3 783.8 797.2 813.6 797.7
Average 3.5 3.6 2.8 1.7 778.7 777.7 789.7 806.9 786.4
10t 0.4 0.5 0.4 0.3 17.7 17.2 18.6 18.0 22.5




Table III.2: Geothermobarometry for the Teletin quartz diorite
(higher FT-assemblage)

(for explanation see Table III.1.)

amph pressure (kbar) plag temperature (°C)
Si X Al HZ  Hta J+R  T+E .y K THZ TH+a TI+R TT4E T8. 0
SaD-1
(coras)

amph 5 6.266 2.23 7.5 8.0 6.1 5.9 0.15 0.1960 870.0 857.5 901.2 907.1 858.0
amph 6 6.185 2.30 7.7 8.2 6.3 6.1 0.15 0.1806 893.0 879.7 925.6 930.7 884 .9
scan 7 6.326 2.04 6.3 6.7 5.2 4.7 0.15 0.2083 876.5 867.4 903.1 914.6 838.8
scan 8 6.149 2.35 7.9 8.5 6.5 6.3 0.15 0.1741 899.9 885.7 933.7 937.6 897 .2
scan 9 6.190 2.49 8.6 9.3 7.1 7.1 0.15 0.1815 868.9 853.0 905.1 905.2 883.1
scan 10 6.081 2.39 8.1 8.7 6.7 6.5 0.15 0.1627 918.2 903.1 953.6 956.3 921.0
scan 12 5.995 2.30 7.7 8.2 6.3 6.1 0.15 0.1493 960 .8 946.7 995.4 1000.7 952.6
scan 13 6.087 2.41 8.2 8.8 6.7 6.7 0.15 0.1637 913.6 898.2 949.3 951.6 918.9
scan 14 5.993 2.41 8.2 8.8 6.7 6.7 0.15 0.1490 947.9 932.1 984.6 987.0 953.2
scan 16 6.091 2.47 8.5 9.2 7.0 7.0 0.15 0.1643 905.4 889.2 942.2 942.9 917.5
scan 17 6.105 2.38 8.0 8.7 6.6 6.5 0.15 0.1665 911.7 896.9 946.6 949.7 912.7
scan 18 6.243 2.22 7.3 7.8 5.9 5.6 0.15 0.1915 882.5 870.5 913.1 920.1 865 .4
scan 20 6.123 2.42 8.2 8.9 6.8 6.7 0.15 0.1696 900.9 885.7 936.3 938 .5 906. 4
amDh 3 6.355 2.00 6.1 6.5 5.0 4.4 0.15 0.2147 871.6 863.1 897.2 909.6 829.5
Aver age 7.7 8.3 6.3 6.1 901.5 887.8 934.8 939.4 895.7
1< 0.7 0.8 0.6 0.8 28.0 26.9 30.3 28.8 38.1
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Figure lil.1.6: Composition of the Kozdrovice
feldspars in the Or-Ab-An ternary diagram
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Figure 11l.1.8: Position of the Kozdrovice amphiboles
in the classification diagram of Leake (1978)
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Table III.3: Geothermobarometry for the Kozirovice intrusion
(excluding amphibole - biotite clots and the Kozdrovice quartz monzonite;

for explanation see Table IIL.1.)

amph pressure (kbar) plag temperature (°C)
Si Y Al| HtZ H+a J+R T+E Xan K THez THea TgsR TreE Ts.5
Koz~2
(Rozérovice I)
amph 1 6,831 1.35| 2.9 2.9 2.3 1.0 0.6 1.4530] 749.2 749.4 758.3 777.0 754.7
amph 2 6.922 1.32| 2.7 2.7 2.1 0.8 0.6 1.6261] 731.2 731.7 739.8 758.6 734.2
amph 3 6,906 1.35| 2.9 2.8 2.2 1.0 0.6 1.5928]| 732.8 733.0 741.7 760.2 737.9
amph 4 6.971 1.30| 2.6 2.6 2.0 0.7 0.6 1.7330] 721.5 722.2 729.7 748.7 723.0
amph 5 6.805 1.41} 3.2 3.2 2.5 1.3 0.6 1.4089| 750.8 750.5 760.6 778.5 760.5
amph 6 6.780 1.37| 3.0 3.0 2.4 1.1 0.6 1.3671] 758.8 758.9 768.4 786.9 766.1
amph 7 7.106 1.05| 1.4 1.2 1.0 -0.6 0.6 2.0840| 707.3 710.1 712.6 - 691.8
amph 8 6.987 1.22| 2.2 2.1 1.7 0.3 0.6 1.7687] 723.8 725.2 731.1 751.3 719.4
amph 9 7.061 1.13| 1.8 1.6 1.3 =-0.2 0.6 1.9570| 712.4 714.5 718.6 - 702.2
amph 10 | 7.026 1.17} 2.0 1.8 1.5 0.0 0.6 1.8638] 718.2 720.0 724.8 - 710.4
Koz~-4
(Kozdrovice II)
amph 2* 6.973 1.22} 2.2 2.1 1.7 0.3 0.6 1.7367)] 726.6 728.0 734.0 754.2 722.6
amph 3* | 7.261 0.94| 0.8 0.5 0.5 -1.2 0.6 2.6481]| 676.9 680.5 680.7 - 654.1
amph 1 7.044 1.19| 2.0 1.9 1.6 0.1 0.6 1.9099| 712.6 714.2 719.5 739.8 706.3
amph 2 6.995 1.22| 2.2 2.1 1.7 0.3 0.6 1.7873| 721.9 723.3 729.2 749.3 717.6
amph 3 7.093 1.16| 1.9 1.8 1.4 0.0 0.6 2.0461| 703.1 704.9 709.5 - 694.8
amph 4 6.999 1.17| 2.0 1.8 1.5 0.0 0.6 1.7971| 724.3 726.1 731.0 - 716.7
amph 5 6.933 1.34| 2.8 2.8 2.2 0.9 0.6 1.6495| 726.8 727.1 1735.7 754.1 731.7
amph 6 7.096 1.09]| 1.6 1.4 1.2 -0.4 0.6 2.0549] 707.1 709.5 712.8 - 694.1
Koz-6
(Kozdrovice 1IV)
amph 1 6.815 1.45| 3.4 3.4 2.7 1.5 0.6 1.4250| 745.7 745.0 756.0 773.2 758.3
amph 2 6.838 1.34] 2.8 2.8 2.2 0.9 0.6 1.4654| 748.1 748.4 757.1 775.9 753.1
amph 3 6.685 1.44] 3.3 3.4 2.6 1.5 0.6 1.2252) 774.9 774.3 785.4 803.2 787.4
amph 4 6.779 1.40} 3.1 3.1 2.5 1.2 0.6 1.3658} 757.1 756.8 766.9 785.0 766.3
amph 5 6.785 1.40] 3.1 3.1 2.4 1.2 0.6 1.3755| 756.1 755.9 765.8 784.0 765.0
amph 6 6.815 1.34] 2.8 2.8 2.2 0.9 0.6 1.4248] 753.7 754.0 762.7 781.6 758.3
Average 2.4 2.4 1.9 - 730.9 731.8 738.8 - 730.3
16 0.7 0.8 0.6 - 22.6 21.6 24.3 - 31.6
H+Z H+a J+R T+E
2.5
2
-15 -
< i Kozérovice
2N 5 granodiorite
7
: o
F +
0.5 +1 kbar
P
0 -1 Ll g 1 4 1 L T B B B DU S T B | I S U U W SE N S | iakba,
] i
0 .5 1 1.5

Al v

Figure Ill.1.9: Al IV versus Al plot of amphiboles, Kozarovice intrusion

OKoz-2 (Kozdrovice )
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Figure Il.1.10: Composition of the Blatna
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Figure 111.1.11: Classification of the Blatna biotites
in the 100 Fe*/(Fe* + Mg) versus Allv diagram
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Figure 111.1.12: Position of the Blatna amphiboles
in the classification diagram of Leake (1978)
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Table III.4: Geothermobarometry for the Blatna intrusion

amph 1
amoh 2

amDh
amph
amph
amph
amDh

W N R W

amph
amph
amph
amDh 4
Average
ia

W N

amph i
amDh 6
amDh 7
Average
ia

2.5

0.5

N

SN

= N B =

amph

Si

.826

864

.813

859

.928
.892
.029

.964

072
929

690

.616
.718

_ =

—— -

Al

.34
.24

.34
.29
.22
.25
.15

.30
.15
.03
.20

.46
.53
.48

for explanation see Table III.1.)

pressure (kbar) plag
H+Z Hra J+R T+E *Ab K ez
B1-3
(Velenovy
2.8 2.3 2.2 0.9 0.65 1.5650 736.6
2.3 2.2 1.8 0.4 0.65 1.6389 735.2
Bl-5
(Vahlovice)
2.8 2.8 2.2 0.9 0.65 1.5397 739.2
2.6 2.5 2.0 0.6 0.65 1.6281 733.1
2.2 2.1 1.7 0.3 0.65 1.7758 722.7
2.4 2.3 1.8 0.4 0.65 1.6970 728.8
1.9 1.7 1.4 -0.1 0.65 2.0288 705.2
Bl1-8
(Huddice)
2.6 2.5 2.0 0.7 0.65 1.7085 724.1
1.9 1.7 1.4 -0.1 0.65 1.8587 719.8
1.2 1.0 0.9 -0.8 0.65 2.1526 703.8
2.1 2.0 1.6 0.2 0.65 1.7776 724 .1
2.3 2.2 1.7 - 724 .8
0.47 0.53 0.40 - 11.82
B1-5 (cores)
(Vahlovice
3.4 3.5 2.7 1.6 0.65 1.3344 757.2
3.8 3.9 3.0 1.9 0.65 1.2292 767.6
3.5 3.6 2.8 1.7 0.65 1.3776 749.4
3.6 3.6 2.8 1.7 758 .1
0.18 0.20 0.15 0.19 9.15
Cores - Vahlovice
L]
Blatna
granodiorite
Clots - Hudeice
0.5 1.5
Al iv

temperature

TH+a

737 .0
736.4

739.
733.
724
729.
707.

- % = © W

724 .8
721.7
706.8
725 .7
726.1

3

756.4
766.2
748 .5
757.0
8.91

H+Z

+3 kbar

(excluding amphibole - biotite clots and the Kozarovice quartz monzonite;

Figure 111.1.13: Allv versus ZAl plot of amphiboles, Blatna intrusion

O BI-2 (Tuiice) o BI-3 (Velenovy) OBI-5 (Vahlovice)

¢ BI-8 (Hudiice)

°C)
tj+r TT+E T2.5
745 .5 764 .2 741.1
742 .9 762.9 732.8
748 .1 766.8 744 .0
741.4 760.7 734 .0
730.1 750.2 718 .7
736.5 756.3 726.7
711.5 - 696.2
732 .3 751.4 725 .5
726.3 710.9
708 .8 - 686.5
731.2 751.6 718.6
732.2 - 721.4
12.90 - 17.91
767 .7 784 .9 770 .8
779.2 795 .5 786.7
760 .2 776.9 764 .7
769.0 785 .8 774 .1
9.58 9.33 11 .39
H+a J+/? T+E
19 ~7 7
8 - ¢ 6
-7 5
5
I 6
J 5 ~ 4 3
J
4 A
s 3 do2
- ) J1
BPEE:
0
_o1 o«
O
_ 0 - B8 %1 kbar
+0.5 kbar
+1 kbar



Granite:

soma rims, filling common
of later fractures | plagioclase

cores and calcic
spikes (Se-6)

O Se-6 (Vapenice I)

Figure lll.1.14: Compostion of the SedIcany
feldspars in the Or-Ab-An ternary diagram

O Se-4 (Vdpenicell) O Se-7 (Vapenice li)
O Se-5 (Vapenicel) < Se-9 (Vrchotovy Janovice)

i\m\w\w\w\\\\\s

3

L s SSSHTHrS



Eastonite Siderophyllite

25 |-
A
|~ Phlogopite ' Annite
2 1 1 1 l 1 L 1 l 1 1 1 I 1 1 1 l 1 H 1
0 20 40 60 80 100
100 Fe*/(Fe*+Mg)
Figure lll.1.15: Classification of the SedI¢any biotites
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Figure 1l.1.16: Position of the SedI¢any amphiboles
in the classification diagram of Leake (1978)
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Figure Ill.1.17: Composition of the Ri&any
feldspars in the Or-Ab-An ternary diagram
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Figure Il.1.18: Classification of the Ri&any biotites
in the 100 Fe*/(Fe* + Mg) versus Al'V diagram



2.5

Eastonlte Siderophyllite

sV ArPo2ary

Certovo bfemeno Ay (main)

(Fiala etal., 1976,

Minaflk et al., 1988
Al ) TAPoiary (Krhanice)

Teletin quartz diorite

Kozarovice
Tabor Blatna
(Fiala etal., 1976) Kozarovice quartz monzonite
fticany
W Sedieany
Phlogoplte Annite
I 1 I_ J 1 L J 1 L
20 40 60 80
100 Fe*/(Fe*+Mg)

Figure 111.2.1: Summary of biotite classification,
Central Bohemian Pluton
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Figure 111.2.2: Composition of biotites,
Central Bohemian Pluton
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Figure 111.25: Chemical variation of calcic amphiboles,
Central Bohemian Pluton (after Deer et al., 1992)
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Figure 111.26: 'Aluminium in hornblende’geobarometry,
as applied to amphiboles from the Central Bohemian Pluton
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o Sazava suite:
0 Sazava tonalite and quartz diorite

©  Basicrocks associated with Sazava intrusion
0 Teletfn quartz diorite
(0] Poiary trondhjemite and Nedin granodiorite
o Blatna suite:
Q) Mrai monzogranite
O  Kozarovice (s s.) cyanodiorite
Technice granodiorite (porphyritic Kozarovice)
O  Kozdrovice quartz monzonite
Zaluiany quartz monzonite
<$  Luikovice monzonite
m] Blatnd (s.s ) yanodiorite
03 Huddice diorite
S Cervena granodiorite
Mafic microgranular enclave, Cervena granodiorite
A Klatovy granodiorite
V  Marginal monzogranite
o Certovo bremeno suite:
m  Sedldany monzogranite
0 Certovo bfemeno monzogranite to quartz syenite
¢ Tabor quartz syenite
o ftfCany suite:
-j-  Pidany granite
X Jevany leucogranite

-p-  Mafic microgranular enclaves. Pidany intrusion

Standard plotting symbols



o Sazava suite:
0 Sazava tonalite and quartz diorite

©  Basicrocks associated with Sazava intrusion
(D Teletin quartz diorite
Q  Pozary trondhjemite and Necin granodiorite
o Blatna suite:
(2) Mrai monzogranite
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o Certovo bfemeno suite:
m  Sedliany monzogranite
%  Certovo bfemeno monzogranite to quartz syenite
¢ Tabor quartz syenite
o ftfCany suite:
-j-  Pidany granite
X Jevany leucogranite

> Mafic microgranular enclaves, Pidany intrusion

Standard plotting symbols



Chapter IV. Whole-rock geochemistry

IV. Whole-rock geochemistry

Since the pioneering work of Orlov (1935), the whole-rock geochemistry of the CBP has
attracted much attention. The available information about petrography, geochemistry and petrogenesis
was integrated by Steinocher (1969) and Vejnar (1973). With the advancement of analytical
techniques, trace elements became more and more important (Vejnar, 1974b; Tauson et al., 1977;
Minartk et al., 1979, Bouska et al., 1984). Summaries of the major and trace element geochemistry of
the granitoids of the CBP are given in Vejnar (1973, 1974b) and Jake$ (1977). Further works,
utilising statistical and computer methods for the compositional analysis of granitoids are given by
Rajlich and ViasSimsky (1983) and Machart (1989, 1992). Most recently, a critical review of the
geochemical characters and a subdivision of the CBP based on major elements was presented by Holub
(1989a, 1992) and of the lamproid rocks (the Certovo bfemeno suite and monzonitic rocks of the
Blatnd suite) by Holub (1990). The geochemical characters of the dyke rocks associated with the CBP
have been studied by Némec (e.g. 1974, 1988) and Zedulkovd (1982a). Integrated geochemical and
geophysical information can be found in unpublished reports of the uranium prospection (e.g.
Sobotkovd, 1977).

The aims of this section are to present a large body of new data, and on the basis of it, and
previous data, to give an overview of the major and trace element composition of the particular rock
types of the CBP. This will lead towards a classification scheme based on the recognition of suites of
similar geochemical nature. These suites are investigated in terms of the inter- and intra-suite variations
in both major [Chapter IV.1] and trace [Chapter IV.2.] elements, then geochemical constraints on their
petrogenesis are sought [Chapter IV.3.] together with their likely geotectonic affiliation [Chapter
IV.4.]. Sample details of analysed specimens are set out in Appendix L

IV.1. Major elements

The major element data and the normative values are given in Appendix IIL The normative
calculations were performed using an IBM PC program Norman written by the author [Appendix IL].
Unless stated otherwise, the plotting symbols are the standard ones [Fig. L6. and end of this chapter}.

In order to preserve the homogeneity of the data set, no extra analyses were introduced from the
literature. The only exception is the unpublished data for the SedI¢any granite from the MSc. thesis of
Svojtka (1993), which were obtained in the same laboratory (University of Glasgow) by identical
methods. Additionally, several major-element and REE analyses were used from the MSc. thesis of
Janousek (1991) (the Ri¢any granite) that compare well with the rest of the dataset for this intrusion.
The problems arising from the compilation of data from different laboratories have been addressed, for
instance, by Holub (1992).

The next remark concerns the usage of triangular plots. As pointed out by Rollinson (1993),
among others, three variables, forced to a total of 100 %, tend to be strongly correlated due to the well-
known closure (constant-sum) effect (Chayes, 1960; Rollinson, 1992). However important
information can still be recovered from triangular plots, if one is aware of this drawback.
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IV.1.1. Major-element-based subdivision of the CBP
The AFM diagram (A = Naz0 + K30, F = FeO*, M = MgO) [Fig. IV.1.1.]is a classic
petrological tool for the genetic classification of igneous suites. The evolution of a magma in terms of
its AFM characteristics appears to be controlled by oxidation state which, in turn, influences the onset
of the magnetite crystallization. Early magnetite crystallization in open (oxidising) systems tends to
buffer the low F values (Bowen trend), whereas closed (reducing) system crystallization usually leads
to a steep AFM trend (Fenner trend) (Wilson, 1993). These trends are commonly referred to as calc-
alkaline and tholeiitic, respectively (/rvine and Baragar, 1971). However, many of the alkaline suites
typically show a tendency to iron enrichment and thus the term "tholeiitic" should be restricted to
compositions lacking K-feldspar and biotite (Bowden et al., 1984). Among the granitoids of the
Central Bohemian Pluton, two main AFM trends were recognised by Vejnar (1973), one steep (PoZary,
Necin, S4zava and associated mafic rocks), the other one (the rest of the rock types) significantly
shallower. However, as can be seen on the present AFM diagram [Fig. IV.1.1.], at least four distinct
suites can be distinguished, being:
(1) Sdzava suite
(S4zava, associated mafic rocks, PoZiry, Ne¢in),
(2) Blamd suite
(Kozérovice s.s., Téchnice, Blatng, Cervend, Klatovy, Mra¢, Marginal),
(3) Certovo bFemeno suite
(Certovo bemeno, Tébor and Sedl¢any),
(4) Riany suite
(Ri%any and Jevany).

The Sazava, Blatnd and Certovo bfemeno suites form progressively shallower calc-alkaline
trends. As the Ri¢any and Jevany granites fall close to the A apex, their relation to the other suites is
uncertain, and, therefore, they will be treated as a separate suite. This Ri¢any suite is unlikely to belong
to the tholeiitic trend, due to presence of biotite and K-feldspar (Bowden et al., 1984) but no definite
answer can be given from the AFM diagram only. The classification, based on behaviour in the AFM
ternary plot, will be used throughout this thesis, as it groups together those intrusions with geochemical
affinities such that broad chemical characteristics of the CBP may be more readily discemible. This
approach is analogous to the suite classification as used by A.J.R. White and co-workers in the Lachlan
Fold Belt of Australia (e.g. White and Chappell, 1988, White, 1990). Each suite ought to have its own
identity in terms of chronology, modal and chemical composition, textures, enclaves and dyke-swarm
population (Pitcher, 1993). The usefulness of this subdivision, especially for readers not familiar with
the Czech terminology, will be obvious from the forthcoming text as it simplifies the plethora of names
of individual intrusive bodies. The suites are named after the most 'typical' member (viz. Sizava,
Blatn4, Certovo bfemeno, Ri¢any).

As the quality of the modal analyses of porphyritic types has not been satisfactory [Chapter IL ],
additional options to characterise the petrographic inter- and intra-suite variations were considered. In
the Q'-ANOR diagram of Streckeisen and Le Maitre (1979) [Fig. IV.1.2.; cf. Fig. IL.11.] both the Q'
and ANOR parameters are calculated from the normative mineralogy: Q' =100 Q/(Q + Or + Ab + An)
and ANOR = 100 An / (Or + An). Among others, the CIPW norm (Hutchison, 1974) has been
chosen, as the Q'-ANOR plot for the studied rocks appears to be a best approximation of the modal
classification (also Bowden et al., 1984). Moreover, no HoO+ data are available (only LOIs), and
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therefore any calculation taking into account the water content would be meaningless. Thus, the
normative calculations involving biotite and, or hornblende in the norm (e.g. the Granite mesonorm:
Mielke and Winkler, 1979 or the CIPW norm with hornblende and biotite: Hutchison, 1974 ) were not

used.

On the Q'-ANOR diagram, the studied granitoids are classified as follows:

Sédzava suite

Sézava intrusion (main) mainly tonalite and quartz diorite

Teletin quartz diorite quartz diorite

Basic rocks quartz gabbro (quartz diorite), gabbro (diorite)
PoZary intrusion tonalite

Necin intrusion granodiorite

Blatnd suite

Mrag intrusion monzogranite

Kozdrovice intrusion (main) granodiorite and quartz monzonite

Blatn4 intrusion (including Cervens) granodiorite

Klatovy and Marginal type intrusions granodiorite and monzogranite

ZaluwZany and Koz4rovice quartz quartz monzonite

monzonite

Luckovice intrusion monzonite

Certovo bfemeno suite

Sedi¢any intrusion monzogranite

Certovo b¥emeno intrusion monzogranite, quartz syenite or alkali feldspar syenite
Tébor intrusion quartz syenite to quartz monzonite

Ritany suite

ﬁfémy and Jevany intrusions mainly syenogranite

Actually, the PoZéry intrusion should be classified as trondhjemite, corresponding to a tonalite
with less than 10 % mafic minerals (Le Maitre, 1989).

1V.1.2. Harker plots

Analyses of each of the four major suites have been plotted on simple bivariate plots of SiOy
versus major element oxides (Harker plots) [Figs. IV.1.3.-6.] that remain, despite the recent
discussion concerning the spurious correlation caused by the constant sum effect (Cox et al., 1979,
Rollinson, 1993 and references therein), one of the major tools for study of granitoids.

The Harker plots for the Sdzava suite [Fig. IV.1.3.] show a strong negative correlation between
SiO7 and MgO, CaO and total Fe203 (Fe203*), as well as a positive correlation between SiO; and both
K70 and NayO. There is also, to some extent, a tendency of TiO; and P205 to decrease with increasing
degree of fractionation. Within the S4zava intrusion, the lowest SiO; is that of the sample Sa-4,
whereas the highest one is shown by the samples Sa-10 and Sa-11.

The Blatnd suite [Fig. IV.1.4.] exhibits negative correlation between SiO2 and FezO3*, MnO,
MgO, CaO, P20s and, to some extent, also TiO9, whereas Al;O3 remains more-or-less constant, and
K20 does not show any simple trend at all. The Harker plot for Na0O was too scattered and is not
shown. Among the Kozérovice samples, the lowest SiO; is that of Koz-9, and the highest SiO; is
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shown by Koz-5. In many of the plots, the Kozdrovice quartz monzonite (KozD-1) forms an integral
part of the Kozdrovice trend, plotting between the samples Gbl-1 (Luckovice), Zal-1 (ZaluZany) and the
Kozirovice granodiorite (e.g. Fe203*, MnO, MgO, Ca0). In plots of Al;03 and MgO sample Gbl-2 is
not plotted, as it would distort the scaling. Within the Blatnd intrusion, the lowest SiO3 is that of the
Cervend granodiorite (Cv-3), followed by the amphibole-bearing analyses of the Blatn4 s.s. (e.g. Bl-2,
BI-8) and the analysis of the biotite facies with the highest SiO7 content (B1-4).

The Harker plots of the Certovo bfemeno suite [Fig. IV.1.5.] can be characterised by an overall
negative correlation between SiO7 and other oxides, in particular TiO2, Fe203*, MgO, CaO and P;0s.
Several of the plots show a major inflection for the Sedl¢any intrusion, whose trend is typically
subhorizontal. The Certovo bfemeno and Tébor analyses behave as a coherent group on several of the
plots (TiOy, Fe203, Ca0). The lowest SiO; is shown by the sample Cb-3. The subhorizontal trends for
the Sedl¢any intrusion start with samples from the western part of the body (Vadpenice; Se-3 and
Se-6) and end at the samples of the biotite facies from the central part of the body (Kosova Hora;
Se-11 and Se-12). The only exception is the plot of SiO2 versus Na20, which shows a considerable
scatter for the Sedl¢any granite.

Little can be said about the Harker plots of the Ri¢any suite [Fig. IV.1.6.] as they fail to define
simple trends. However, it is worth noting the restricted range of SiO2 concentration (~ 69 - 72 %),
with the lowest SiO; for the samples from Zernovka in the centre of the intrusion (Ri-6) and the
highest values for the samples from Bfez{ at the western margin (Ri-21).

IV.1.3. Major-element character of the studied suites

The following paragraphs deal with the inter-suite variations in major elements and normative
major-clement based values.

The A/ CNK vs. A/ NK plot (molar Al;03/(CaO + NaO + K;0) versus molar Al,O3/
(Na20 + K20)) shows the character of granitoids in terms of their alumina saturation [Fig. IV.1.7.].
Generally speaking, the Sdzava and Certovo bfemeno suites are mainly metaluminous, whereas the
Blam4, and, to larger extent, the Ri¢any suite tend to be more peraluminous. In the Sdzava suite, the
analyses of the Sdzava intrusion and associated mafic rocks are metaluminous, whereas the PoZdry
trondhjemite plots within the peraluminous domain. In the Blatnd suite, the lowest A / CNK
(corresponding to the metaluminous field) is that of the Kozdrovice granodiorite and monzonitic rocks,
whereas the rest of the suite is mainly peraluminous, with the highest A / CNK for the Mra¢ granite.
The more mafic members of the Certovo bfemeno suite are mainly metaluminous (écrtovo bfemeno
and Tébor intrusions) but the Sedl¢any granite straddles the boundary of the peraluminous domain. The
Ri¢any suite (particularly the Ri¢any granite s.s.) is almost exclusively peraluminous as demonstrated
by presence of a variable proportion of primary muscovite [Chapter IL6. ].

Similar conclusions about the alumina saturation can be drawn on the basis of the ACF plot
(White, 1990) (A=Al-Na-K; Ca=Ca-3.3 *P,i.e. calcium corrected for apatite; F= Mg + Fe2+)
[Fig. IV.1.8.]. Moreover, the diagram indicates a trend of decreasing calcium content from the Sizava
suite, through the Blatni to the Certovo bfemeno and I'Ziéany suites. The majority of the rock types plot
in the fields of hornblende-bearing and biotite only granitoids, generally in a good agreement with their
modal mineralogy. The PoZ4ry (Sdzava suite), Mra¢ and Marginal (Blatn4 suite), as well as Ri¢any s.s.
(Ri¢any suite) intrusions fall into the (peraluminous) field of the granitoids bearing at least one of the
following peraluminous minerals: cordierite, garnet, andalusite, or muscovite. However, apart from
anatectic, strongly peraluminous granitoids that are not dealt with this thesis (the Kosova Hora,
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Marsovice and Kozlovice intrusions), no cordierite, gamet or andalusite is present in the CBP. The
peraluminous character of some of the granitoids studied could be possibly linked to a metasedimentary
source; however, no sedimentary parentage is necessarily required for the peraluminous magmas
(Miller, 1985; cf. ChapterIV.3.).

The variation of the calcium content between the suites suggested on Figure IV.1.8. is more
clearly shown on a plot of MgO vs. CaO [Fig. IV.1.9 a]. Although there is a trend wi_th'in each suite of
decreasing CaO with decreasing MgO (increasing degree of fractionation), at a given MgO the CaO
content differs, with the Sézava suite having the highest CaO and the Certovo bfemeno the lowest. All
trends converge towards the low MgO - CaO domain, occupied by the Ri¢any suite. In the plot of SiOy
vs. K20 [Fig. IV.1.9 b}, the rock types studied again form tight clusters, but in this case dependent on
K70 concentrations (c¢f. Holub, 1992). The relatively low potassium content of the Sidzava suite
classifies it as being largely calc-alkaline, whereas the Blatnd suite is high-potassium calc-alkaline and
both Certovo bfemeno and f{féany suites, together with the monzonitic rocks of the Blatna suite, are
shoshonitic in character. The discrimination boundaries are from Peccerillo and Taylor (1976). The
progressively increasing K2O content with age is observed during evolution of granitoids from Andean
type continental margin settings (e.g. Wilson, 1989). The distinctive character of the four granitoid
suites in the CBP can also be demonstrated by means of the CaO - Na0 - K;O ternary diagram of
Condie (1981) [Fig. IV.1.10.). The decrease in CaO from Sézava through Blami to Certovo bfemeno
and Ricany suites is coupled with an increase in the K,0 / NayO ratio corresponding to the increase in
K20 seen on Figure IV.1.9 b. The Sdzava suite forms a trend similar to the tholeiitic one; in contrast
the rest of the rocks form part of a broadly calc-alkaline trend. The increase in the K70 content with
time observed in the CBP resembles that shown in orogenic zones connected with ageing of a
subduction zone (Holub, 1992).

From the preceding text and Appendix IIL it is apparent that the Sdzava suite is characterised by
high FeO (except PoZary and Necin), Fe203, Ca0, Na;O/K20 (>1) and FeO/Fe,03, whereas its K70
content is low. The Blatnd suite has high FeO/Fe203, and intermediate CaO, Naz0, K20 and Nay 0O/
K70. The Certovo bfemeno suite shows high K20, MgO, P205 and low Naz0, CaO and NayO/K,0
(<<1). The Ri¢any suite has high K20 and low FeO, MgO, Ca0, Na20/K20 and FeO/Fe203.

The P - Q diagram (calculated in millications; see Appendix IIL) of Debon and Le Fort
(1983,1988) can be used for classification of both rock types and magmatic associations [Fig.
IV.1.11.]. The P parameter represents the proportion of K-feldspar to plagioclase (P =K - (Na + Ca))
and Q the quartz content (Q=Si/3 - (K + Na + 2 * Ca/3)). On this diagram, the rocks of the Sdzava
suite are classified mainly as tonalite, quartz diorite or quartz monzodiorite (Sdzava intrusion), tonalite
and granodiorite (PoZdry and Neéin intrusions) as well as gabbro (diorite) and quartz diorite (basic
rocks). The great majority of the Blatn4 suite plots in the adamellite domain, with the mafic rocks
belonging to quartz monzonite and monzonite. The Sedl¢any and part of the Certovo bfemeno
intrusions (Certovo bfemeno suite) are of granitic composition, as is the I'{féany suite. The rest of the
Certovo bfemeno and Tébor intrusions are quartz syenite. There is an obvious discrepancy in
comparison with Streckeisen and LeMaitre’s (1979) classification, as majority of their granodiorites
fall into the adamellite field of the P - Q plot. This was attributed by Debon and Le Fort (1988) to the
somewhat broader definition of their adamellite field compared with the monzogranite field of
Streckeisen’s classification.
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Figure IV.1.12. shows the B - A diagram of Debon and Le Fort (1988), where A=Al - (K
+ Na + 2 * Ca and B = Fe + Mg + Ti; B is proportional to the amount of dark minerals. This diagram is
used to express the aluminous character and, consequently, the characteristic mineral assemblage. The
subdivision based on this diagram corresponds well to the observed mineralogy [cf. Chapter IL].
Thus, part of the PoZéry samples (Sézava suite), the Mra¢ intrusion (Blatn4 suite) and the majority of
the Ri¢any suite plot in the II. domain (biotite prevailing over muscovite), the rest of the PoZ4ry and
Nedin intrusions (S4zava suite), the Klatovy, Marginal and part of Blatn4 granodiorite (Blatnd suite),
and majority of the Sedl¢any granite (Certovo bfemeno suite) plot in the III. domain (biotite only) and
the rest of the samples in the IV. domain (other mafic phases, e.g. amphibole, orthopyroxene,
clinopyroxene and, or olivine also present). The trend with deep roots in the IV. domain is termed
cafemic by Debon and Le Fort (1988); it means that the majority of the Sdzava suite (excluding the
PoZary and Nedin intrusions), Certovo bfemeno suite (Certovo bfemeno and T4bor intrusions) and the
amphibole-bearing rock types of the Blatn4 suite (Koz4rovice, Cerven4 and the amphibole-bearing
facies of Blatn4 s.s.) represent cafemic associations. The rest of the Blatnd suite (biotite facies of the
Blatn intrusion, Klatovy and Marginal) with the Sedl¢any granite (Certovo bfemeno suite) are
alumino-cafemic, The PoZ4ry (Sézava suite) and Mra¢ (Blatn4 suite) intrusions, as well as the whole of
the Ricany suite represent aluminous associations.

The B (B = Fe + Mg + Ti) vs. Mg / (Fe + Mg) diagram of Debon and Le Fort (1988) is used
to distinguish between ferriferous and magnesian associations [Fig. IV.1.13.]. Amongst the rocks of
the CBP, the majority of the Sdzava suite is an example of a ferriferous association, whereas the rest of
the rock types plot clearly above the dividing line in the magnesian associations field. In particular, the
Certovo bfemeno suite has a high Mg/ (Fe + Mg) ratio.

The Q- B - Fand K/ (Na + K) - B plots serve for the further classification of aluminous
associations [Figs IV.1.14.-15.]. The Q - B - F plot expresses the balance of dark minerals, feldspars
(F = 555 - (Q + B)) and quartz. Additionally, five subtypes are distinguished according to the A
parameter (A = Al - (K + Na + 2 Ca); Appendix IIL): very low aluminous (A <10), low aluminous
(10 < A < 20), moderately aluminous (20 < A < 40), high aluminous (40 < A < 60) and very high
aluminous (A 2 60). The PoZdry and Necin intrusions (S4zava suite) are quartz-rich, mesocratic to
subleucocratic, sodic and very low to moderately aluminous. The Mra¢ granite (Blat4 suite) is quartz-
rich, mesocratic, and highly aluminous. The Ri¢any suite is quartz-poor, mainly subleucocratic, or
leucocratic (the Jevany intrusion), potassic to sodi-potassic (the Ri¢any intrusion) or sodi-potassic to
sodic (the Jevany intrusion), and mainly moderately aluminous.

The alkali balance is evaluated by the comparison with the model compositions presented in the
Table 1 of Debon and Le Fort (1988). This comparison has been summarised, along with the overall
result of Debon - Le Fort's classification applied to the granitoids of the CBP, and given in the
following table.

Cafemic associations
S&zava Tholeiitic ? Ferriferous
Kozédrovice Calc-alkaline Magnesian
Certovo btemeno Light subalkaline potassic Magnesian
TAbor Light subalkaline potassic Magnesian
Blatna (amph-bearing)
and Cervend Calc-alkaline Magnesian
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Alumino~-cafemic associations

Blatnd (biotite facies) Calc-alkaline Magnesian
Klatovy Calc-alkaline Magnesian
Marginal Calc-alkaline Magnesian
Sedltany Light subalkaline potassic Magnesian
Aluminous associations
PoZary & NeZin| Sodic Quartz~rich Mesocratic-~ Very low-moderately
subleucocratic aluminous
Mrat Potassic Quartz-~-rich Mesocratic Highly aluminous
iibany Potassic Quartz-poor Subleucocratic Moderately
aluminous
Jevany Sodipotassic Quartz~poor Leucocratic Moderately aluminous

IV.2. Trace elements

This section starts with a brief description of the changes in trace element concentration during
the course of fractionation (with Si0O; used as a fractionation index). After that, the inter- and intra-suite
variations in trace element abundance are demonstrated. This section is subdivided according to
different trace element groups (LILE, HFSE, transition metals, REE). The corresponding data are in
Appendices IIL and IV.

IV.2.1. Bivariate plots with SiO3

The bivariate plots with SiO; as the abscissa are used to demonstrate the variations of trace
element concentration with fractionation of individual rock suites [Figs IV.2.1-IV.2.4.]. The plots for
the Sézava suite show positive correlations between SiO2 and Rb, Ba, Zr and La, as well as a good
negative correlation with Y [Fig. IV.2.1.]. The Blatnd suite exhibits negative correlations especially
between SiO7 and Sr, Ba, Cr and Ni, and positive correlation of SiO7 with Rb [Fig. IV.2.2.]. The
Certovo bfemeno suite is characterised by strong negative correlations between SiO3 and Sr, Ba, Cr,
Co and, to some extent, also Zr and Ce [Fig. IV.2.3.]. In the Ri¢any suite, there is a broad trend of
decreasing Sr (except Jevany intrusion), Zr, La, Ce and Th as well as increasing Rb with SiOy
[Fg. IV.2.4.].

1V.2.2. Inter- and intra-suites variation of the trace elements

The main statistical characteristics of the trace element distribution are presented in the form of
box and whiskers plots [Fig. IV.2.5.]. The box represents S0 % of the population, the horizontal
line inside it is the median. With help of this plot, it is very simple to visualise the shape of the
distribution. The Sédzava suite (Sdzava s.s., PoZdry and Ne¢in intrusions) typically has relatively high
Sr and Y (except for PoZiry and Necin), and low Ba, Rb, Zr, Nb, La, Ce and Cr contents. The Blatnd
suite has high Y and low Ce, whereas its Ba, Rb, Zr, La, Cr and Nb are intermediate. The Certovo
bfemeno suite has high contents of Rb, Zr and Cr; within this suite, the Tdbor intrusion is characterised
by high Ba, Sr, La and Ce that are generally intermediate in the Certovo bfemeno suite. The Ri¢any
suite is characterised by high Rb, Sr (Jevany) and Zr (Ri¢any s.s.) but low Ba, Cr, La, Ce and Y.
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Large Ion Lithophile elements (LILE)

The Rb-Sr plot shows the variation in Rb content between the various rock suites, especially
the low contents of the Sdzava and Blatn4 suites, which provide a good discriminating tool for these
suites [Fig. IV.2.6.]. The approximate ranges of the Rb and Sr concentrations are:

« Sdzava suite: 30 - 90 ppm and 200 - 600 ppm, respectively
(without the Necin intrusion, the Sr range is 380 - 600 ppm),
* Blatnd suite: 130 - 220 ppm and 180 - 520 ppm
(Kozérovice, Blatn4 and Cervens themselves have a Sr concentration range of 340-520 ppm),
« Certovo bFemeno and Ridany suites: 210 - 440 ppm and 190 - 500 ppm
(the Jevany granite overlaps the boundary with the Blatn4 suite due to its higher Sr
concentration of 500 - 740 ppm and lower Rb concentration of 190 - 260 ppm).

Some of the Rb - Sr correlation trends will be discussed later [Chapter IV.3.] as they are of
petrogenetic importance, '

On the K-Rb plot, the granitoids show a progressive increase in both K and Rb in the
succession of Sdzava - Blatnd - Certovo bfemeno - Ricany suites [Fig. IV.2.7.]. The K/Rb ratio
decreases in the same direction. Thus the average K/Rb ratio of the Sdzava suite rocks is about 250 -
200, whereas that of the ﬁfémy suite is between 100 - 150 (¢f. Minafik et al., 1979).

There is also striking inter-suite difference in the Cs content which is generally low for the
Sizava and Blatn4 suites but high for both the Certovo bfemeno and Ri¢any suites [Appendix V.] (cf.
Minarik et al., 1979; Bouska et al., 1984). Likewise, based on the K/Rb, and Ba/Cs ratios that are
indicative of geochemical differentiation, Mina*ik et al., (1979) have distinguished two groups of rock
in the CBP: (1) Sézava and Blatn4 suites (Ba/Cs > 100), (2) Certovo bfemeno and Ri¢any suites,
leucogranites (Ba/Cs < 100). The strong correlation between Cs and K70 in the rocks of the CBP has
been noticed by Vejnar (1974 b).

High Field Strength elements (HFSE)

The granitoids of the Sdzava suite have low concentrations of HFSE except Y [Tab. IV.1.],
especially of Ta and Nb [Fig. IV.2.8 b]. Such a depletion in Ta, Nb (and Ti) is typical of volcanic arc
settings, as these elements are thought to be retained by secondary titanites in the subducted slab .
(Saunders et al., 1991, Foley and Wheller, 1990). The significance of this so-called TNT (Ti - Nb - Ta)
anomaly will be discussed further in the section on the geotectonic setting [Chapter IV.4.]. The Blatn4
suite has higher HFSE concentrations than the Sdzava suite, although there is some overlap. The
Certovo bfemeno suite has the highest HFSE concentrations among the samples studied; in particular,
its Zr content is very high (up to 410 ppm; Fig. IV.2.8 a), but Y is intermediate between the Sizava and
Blatni suites on the one hand, and the Ri®any suite on the other hand. The HFSE content of the Ri¢any
suite is transitional between that of the Blatn4 and Certovo bfemeno suites (for the fh’éany granite s.s.)
but its Y is very low. The Jevany intrusion is close to the Blatna suite in terms of the HFSE signature.
Generally speaking, both Zr and Nb contents increase in successively in the Sizava — Blatnd —
Ri¢any — Certovo bfemeno suites [Figs. IV.2.8 a-b].

Important constraints on the behaviour of accessory zircon during the crustal anatexis are
provided by the zircon saturation model of Watsorn and Harrison (1983):
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In DZONmEl - 38 0.85 (M - 1) + 120

Where: D gc""/meh = concentration ratio of Zr in the stoichiometric zircon to that in the melt

T = absolute temperature M = cation ratio (N:(‘ XIK ;02 Ca)

This equation can be used to calculate a zircon saturation temperature, provided there is no
restitic zircon present (no inheritance) and that the source was capable of providing sufficient Zr to
saturate the melt. Besides that, the likelihood of the presence of inherited zircon cores could be
assessed, which is an information important for the U - Pb geochronology (e.g. Pidgeon and Aftalion,
1978; Chappell et al., 1987, Paterson et al., 1992 a,b). 1t is also possible to constrain the Zr
concentration of the source rocks, prior to and after the melt extraction. Schematically this approach is
shown by Figure IV.2.9. from Watson and Harrison (1984) who have distinguished two cases, with
the Zr concentration of the source higher and lower, respectively, than the calculated saturation level. In
the first case, the melt is saturated in Zr throughout the melting event, and its Zr content is buffered at a
constant level, independent of the degree of melting; the amount of Zr retained by the residuum
increases with increasing degrees of partial melting. In the second case, however, the melt is saturated
in Zr only for a limited time span until the Zr in the source is exhausted, and, as a consequence, the
melt extracted becomes gradually more and more Zr-depleted.

The results of calculations are presented in Table IV.2. The Zr concentration in the
stoichiometric zircon was assumed to be 49.8 %, and both the expected Zr concentrations at 750 °C
and saturation temperatures corresponding to the observed Zr concentration are given. The temperature
750 °C has been chosen as it corresponds to the granite minimum in the water-saturated granite system
(at 8 kbars) and that magmas much colder than that are unlikely to reach shallow crustal levels as they
tend to crystallize en route (Whitney, 1988). For the Sdzava intrusion and the associated basic rocks,
as well as the Luc¢kovice monzonite, the actual Zr content is much lower than the calculated saturation
level at 750 °C. Moreover, much higher liquidus temperatures are expected for tonalites (~ 1100 °C at
2 % water content; Pitcher, 1993). Thus, these granitoids were unlikely to have been saturated in Zr at
higher degrees of partial melting and this is supported by the incompatible behaviour of Zr in the
Séazava suite [Fig. IV.2.1.]. This has two important consequences: (1) their sources were Zr-poor, and
therefore all the Zr was probably exhausted during the melting, resulting in an essentially Zr-free
residuum, and (2) no zircon inheritance is likely to be encountered in these intrusions.

The calculations on the majority of the Blatn4 suite (Blatn4 s.s., Kozérovice, Cervend, Klatovy
and Marginal), as well as the Jevany leucogranite (fiiéany suite) yield saturation temperatures that may
correspond to the temperatures at the peak of anatexis, but caution should be exercised in their
interpretation. For instance, the settling of zircon crystals may dramatically change the Zr concentration
of both melt and cumulates, as may both assimilation and hybridization processes. The accessory
phases could also be physically isolated from the melt as inclusions within a residual major mineral,
although this process has been shown to be relatively unimportant in granite petrogenesis (Watson et
al., 1989). As suggested by the Zr saturation calculations, these granitoids may contain only little of an
inherited zircon component. The Mra¢ granite shows much higher Zr saturation temperatures that may
point to the presence of a significant inheritance or to a higher temperature of the parental magma. The
remaining intrusions, especially Certovo bfemeno, T4bor, and Ri¢any, have been saturated in Zr
throughout their crystallization history, as this element behaves compatibly [Figs. IV.2.3.-1V.2.4.], as
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an essential structural constituent (ESC; cf. Evans and Hanson, 1993). These intrusions may contain
zircons with a relatively high proportion of inherited component, as indicated by their high Zr. This is
indeed the case for both Certovo bfemeno and Sedléany zircons (J.KoSler, pers.com., 1994).
Alternatively, temperatures of parental magmas of these intrusions had to be significantly higher than
800 °C.

Transition metals

Figures IV.2.8 c-e show that the Sdzava suite is characterised by low contents of transition
metals (cf. Bouska et al., 1984), in particular Cr and Ni. Relatively low Ni and Cr of the basic rocks
associated with the Sizava suite is particularly diagnostic and has been explained by late
recrystallization processes (Vejnar, 1974b). On the other hand, the basic rocks are characterised by
high Co and Sc (Bouska et al., 1984) [Fig. IV.2.8 e]. The concentration of Ni in the Blatnd suite is
generally comparable with that of the Sazava suite, although it is much higher in the Luckovice
monzonite. Likewise, Cr and Co tend to be rather low, except for some of the monzonitic rocks. The
Certovo biemeno suite is characterised by high contents of all transition metals, most notably Cr and
Ni, whereas Co and Sc are somewhat lower than in the Sdzava suite (Bouska et al., 1984). The Ri¢any
suite is poor in all transition metals (Cr, Ni, Co, Sc; cf. Bouska et al., 1984).

Rare Earth Elements (REE)

The Rare Earth Element concentration data and values normalised by the CI chondrite
(Boynton, 1984 ) are given in Appendix V, and are plotted on Figures IV.2.10. and IV.2.11. Note
that Eu* is a value extrapolated between Smy and Gdn:

(logSm, +logGd,)
2

log(Eu*)=

Eu* = ,/SmN.GdN

Thus, the Eu / Eu* ratio is proportional to the magnitude of the Eu anomaly; this is said to be positive if
Eu /Eu* >1. The symbol used for the total REE concentration is XREE.

Sdzava suite

In the Sdzava suite [Fig. IV.2.10 a], the Sdzava intrusion has YREE ~ 100 - 150 ppm (samples
Sa-4 and Sa-7), but the PoZiry samples (Po-1 and Po-4) have significantly lower YREE of ~ 40 - 85.
The sample Sa-4 with its negative Eu anomaly (Eu / Eu* = 0.7) differs from the others, which show a
coupled decrease in YREE and increase in the magnitude of the positive Eu anomaly. Thus the sample
Sa-4 of the S4zava intrusion has Eu / Eu* = 0.7, whereas the PoZdry trondhjemite (sample Po-1) has
Eu/Eu* = 3.1. The Teletin quartz diorite SaD-1 shows no Eu-anomaly at all. The PoZiry samples have
U-shaped REE patterns, and are more LREE enriched (Cen/ Ybn = 15 - 16.6) than S4zava s.s. (Cen/
YoN=4.5-72).

Blatnd suite

The Kozirovice intrusion (Kozdrovice granodiorite: samples Koz-2 and Koz-6, Téchnice
granodiorite: Koz-12, Kozdrovice quartz monzonite: KozD-1) shows very limited variation in REE
abundance with YREE ~ 150 ppm; all patterns have a slight negative Eu anomaly (Eu / Eu* ~0.8), as
well as only limited enrichment of LREE over HREE (Cen/ Yby = 10) (Fig. IV.2.10 b]. A similar
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pattern at higher total REE concentration (XREE = 230 ppm) is shown by the ZaluZany monzonite
(Zal-1). However, the sample of ZaluZany monzonite (10A) analysed by Bowes and Kosler (1993) had
significantly lower 2.REE of 164 ppm.

The Luckovice monzonite [Fig. IV.2.10 b] has 3REE ~ 150 ppm, a slight negative or no Eu
anomaly at all (Eu /Eu* = 1.0 for Gbl-1 and 0.8 for Gbl-2) and low LREE enrichment (Cen/ YbN =
9.9 and 7.1 respectively). The Luckovice sample (11C) of Bowes and Kosler (1993) had higher total
REE content (3. REE=220 ppm) as well as slightly higher magnitude of the Eu anomaly (Eu/ Eu* =
0.7).

The overall affinity of the Mra¢ granite to the Blatn4 suite is confirmed by its REE pattern [Fig.
IV.2.10 b; Mrc-1]: REE ~ 150 ppm, Eu/ Eu* = 0.6, Cen/ YbN ~ 17.

The Blamn4 intrusion possesses variable SREE of 154 - 244 ppm; the Cervend granodiorite
(Cv-1) and samples of the amphibole - biotite facies of Blatn4 s.s. (Bl-2, Bl-7, B1-8) are generally
significantly richer in the REE [Fig. IV.2.10 c]. A negative Eu anomaly is well developed (Eu / Eu* =
0.5 for Cv-1, and Eu/ Eu* = 0.7 for the rest of the samples). The LREE / HREE ratio is low (CeN/
Ybn ~ 10) with exception of the sample Bl-2 (Cen/ Ybn =23.2).

Certovo bfemeno suite

The Sedl¢any granite (Se-1, Se-5, Se-9) is characterised by high abundance of REE (XREE ~
215 ppm), a negative Eu anomaly (Eu / Eu* = 0.7) and a slightly higher enrichment of LREE over
HREE (Cen/ YbN ~ 13) than the Blatn4 suite [Fig. IV.2.11 a].

The durbachite of the Certovo bfemeno intrusion (mafic facies, Cb-3) exhibits both higher
XREE (274 ppm) and LREE enrichment (Ceyn/ Ybn = 13.6), but only a slight negative Eu anomaly
(Eu / Eu* = 0.8). The REE patterns of this sample and the minette (Mi-1) are virtually identical
[Fig TV.2.11 a].

The T4bor syenite (Ta-1) has the highest total REE among the rocks studied (XREE = 300
ppm), a relatively steep REE profile (Cen/ Ybn = 15.5), and a negative Eu anomaly (Eu / Eu* = 0.7)
[Fig. IV.2.11 b). Bowes and Kosler (1993) have published three REE analyses from the Tabor
intrusion, of melasyenite, syenogabbro and biotitite. The melasyenite showed the same magnitude of
Eu anomaly as Ta-1, but lower XREE of 240 ppm; the syenogabbro had no Eu anomaly, being
possibly the least influenced by the fractional crystallization processes. In contrast, the biotitite
possessed a very pronounced negative anomaly (Eu / Eu* = 0.3). The REE patterns are less steep
(Cen/ Ybn ~ 13 for the melasyenite and biotitite, and about 10 for the syenogabbro). The YREE of
biotitite is very high (XREE = 375 ppm).

v

Ritany suite

The relatively low but variable REE content (XREE 80 to 153 ppm) of the lix’éany granite (Ri-1,
Ri-2, Ri-5, Ri-6) is possibly related to the relative scarcity of accessory phases which are the main
contributors to the whole rock REE budget [Fig. IV.2.11 ¢.] (Fourcade and Allégre, 1981; Gromet and
Silver, 1983, Sawka, 1988). This granite has a variable magnitude of the Eu anomaly (Eu/Eu* =0.7 -
0.9) and among the other granitoid types the highest LREE enrichment (up to Cen/ Ybn = 20) and
the lowest content of HREE. The sample of the Jevany leucogranite (Je-3) has low YREE = 55 and a
slight positive Eu anomaly (Eu/ Eu* = 1.2).

The overall differences in the REE distribution between the Blatna, Certovo biemeno and
Ricany suites compared to an analysis from the Sézava intrusion (Sa-4) can be seen from Figure
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IV.2.12. and Table IV.3. The REE patterns of the granodiorites of the Blatnd suite are steeper than
those from the Sdzava suite with higher LREE and lower HREE contents. The Kozérovice granodiorite
tends to have lower LREE and higher HREE than Blatn4 s.s., although there is considerable overlap.
Likewise, the analyses of the Certovo bfemeno suite show higher LREE and lower HREE than the
Sézava sample, resulting in higher LREE / HREE enrichment. The patterns of the Ri¢any suite, and that
of the Jevany granite in particular, are strongly depleted in the HREE compared to Sa-4. The YREE of
the Ri%any suite is significantly lower than that of the Blatn4 and Certovo bfemeno suites, and the
Ri®any REE patterns are characterised by an extreme LREE / HREE enrichment. This trend of
increasing LREE / HREE ratio in the succession Sdzava - Blatn4 - Certovo bfemeno - Ri¢any suites has
also been reported by Bouska et al. (1984 ).

IV.3. Petrogenetic constraints based on whole-rock geochemistry

The causes of the geochemical variation within each distinct suite are now assessed using major
and trace element modelling. '

The major element modelling is based on the general least-squares mixing equation of Bryan et
al. (1969). The calculations were performed by the MacGPP package (version 2 for Macintosh) of
Geist and McBirney (1992). Those oxides which were not determined or which had very low
concentrations in all the studied minerals and rocks (MnO and P,0s) were omitted; total iron content
(Fe203*) was used instead of the separate FeO and Fe203. Typical mineral analyses for each particular
intrusion were chosen; the choice of whole-rock end-members was based on the Harker plots
[Figs IV.1.3 - 6.] and the R vs. R3 plot [Fig. IV.3.1.] of De la Roche et al. (1980) and Batchelor
and Bowden (1985). In the least-squares calculations, the percentage of the individual minerals has a
positive value, if added to the parental magma (crystal accumulation and, or assimilation), and a
negative one, if removed from it (fractional crystallization). The quality of the model is assessed by the
sum of squares of the residuals (R2), with R2 =0 for the ideal fit; R2 < 1 considered to be acceptable. It
is worth noting, that the quality of the fit depends also on the number of suspected fractionating
minerals, as the more phases that are involved in calculations, the better the fit tends to be.

As a next step, LILE data were used to verify the feasibility of the major-element based model.
The Rb - Sr - Ba data were plotted in logarithmic co-ordinates, so that exponential fractional
crystallization trends converted into linear ones.

According to the Rayleigh law (Hanson, 1978): g—‘— = F®-

(4]
log(c,) = log(c,) + (D -1)log(F)
where: F = the fraction of melt remaining in the system, co = original concentration of a trace element,
¢L = concentration of this element in the fractionating melt, and D = bulk partition coefficient.

In all diagrams, the vectors corresponding to the shift in the liquid composition following 10 %
fractionation (F = 0.9) of the main rock-forming minerals, as well as of assemblages corresponding to
the major-element models, are plotted. Wherever applicable, REE were also utilised to further test the
petrogenetic model. The partition coefficients are listed in Table IV.4. (mainly from Hanson, 1978 for
LILE and both Henderson, 1982 and Sawka, 1988 for REE) Some of the plotting was done by the
programme NewPet by Dr. Daryl Clarke, Memorial University, Newfoundland.
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Wherever, as an alternative, the magma-mixing scenario is invoked, it is verified by the mixing
test (Fourcade and Allegre, 1981, Castro et al., 1990a). Its principle is that the samples related by
magma mixing should plot on a straight line in a diagram of c, - cp versus ¢ - ¢cp [e.g. Fig. 1V.3.2.]
(ca: % oxide in the acid end-member, cp: % oxide in the basic end-member, and cp: that in the hybrid)
with the slope being equivalent to the proportion of the component a. The theoretical proportions
obtained in this way are then tested on trace element data by comparison of calculated and observed
trace-element contents of the suspected hybrid (Castro et al., 1990a).

1V.3.1. The Sdzava suite

The Harker plots for the Sdzava suite [Fig. IV.1.3.] show a negative correlation of SiO with
Fey03*, MgO, Ca0 and TiO; and a positive correlation with Naz0 and K7O. This is compatible with
fractionation dominated by amphibole and (calcic) plagioclase. A major role for biotite and K-feldspar
fractionation is unlikely in view of the positive correlation between SiO3 and K20, Rb and Ba
[Figs IV.1.3., IV.2.1.], as well as the low modal proportion of K-feldspar in the Sdzava intrusion
[Tab. IL1.] and its late position in the mineral succession (forming interstitial crystals: Chapter IL1.).
The importance of amphibole crystallization is further substantiated by decreasing 3REE with
fractionation (Sa-4, Sa-7, Po-4; Fig. IV.2.10 a) and the compatible behaviour of Y as seen on the
Si0O3 - Y plot [Fig. IV.2.1.]. Moreover, the trend of the Sdzava intrusion in the Ry vs. Rz diagram
[Fig. IV.3.1.] is compatible with largely amphibole crystallization, together with fairly calcic
plagioclase and a minor contribution from biotite and K-feldspar.

The aim of the major element modelling was to find out what fractionating assemblage would
drive the melt composition from silica-poor samples of the Sdzava intrusion (Sa-4) to the more silicic
ones (Sa-11), and to check whether the PoZiry magma could have been derived from the Sdzava parent
solely by fractional crystallization. The results of the least-squares modelling [Tab. IV.S. A] show, that
the composition similar to Sa-11 could be produced from Sa-4 by extensive (84 %) fractionation of
amphibole (50 %), calcic plagioclase (Ansa; 42 %) and biotite (6 %) with a negligible proportion of
K-feldspar (2.5 %). The fit of the model is good (R2 = 0.23) and the output is almost identical with that
produced with an arbitrarily chosen sample from the middle of the silica range (Sa-12). The latter model
required 69 % fractionation of 52 % amphibole, 43 % plagioclase and 5 % biotite (R2 = 0.76; not
shown).

The degree of fractionation may be estimated independently using a strongly incompatible
element (i.e. if D ~ 0; e.g. Rollinson, 1993) ;

cL

— A =

cg F
where: ¢, = concentration of a trace element in melt, cp = initial concentration of this element in melt,
F = fraction of the melt remaining.

In the Sézava intrusion, such incompatible behaviour is shown particularly by Ba [Fig. IV.2.1.]
For the current models, the degree of fractionation calculated is 74 % and 62 %, respectively; this is
comparable with figures derived from major-elements (84 % and 69 %).

The fractionation from the silica-rich end of the Sdzava array (Sa-11) to the silica-rich PoZiry
sample (Po-5) is shown by the trend B [Tab. IV.S.]. Although the fit is not particularly good
(R2 =0.87), the model suggests 32 % fractionation of equal amounts (41 %) of plagioclase (An 36) and
amphibole, with 17 % of biotite. The calculated NajO is too high and CaO too low, possibly as a
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consequence of choosing too calcic a composition for the plagioclase; however, more sodic plagioclase
is not common in the PoZiry intrusion [Chapter IIL1.3.]. A Zr-based (incompatible in the PoZdry
intrusion; cf. Fig.IV.2.1) estimate of the degree of fractionation is 54 %, being significantly higher than
the result of the least-squares modelling (32 %) which could point to non-ideality of its behaviour, or to
the presence of cumulative zircon in the PoZdry rocks. However, no other trace element can be used
instead as the others all show compatible or less incompatible behaviour [Fig. IV.2.1].

On the basis of structural evidence [Chapters IL1-IL2.] it was argued that the sample Po-1 from
the PoZéry trondhjemite had possibly originated by plagioclase accumulation. Its biotite is similar in
composition to that of the Sdzava mass, rather than to biotite of the PoZdry intrusion proper
[Chapter IIL1.3.], and this sample is displaced from others on many plots [e.g. Fig.IV.1.2., IV.3.1.].
If this is the case, it could have originated from two possible parents, either the PoZiry trondhjemite or
the SiO2 rich members of the S4dzava intrusion (like Sa-11; Fig. IV.1.3.). As there are REE data
available for sample Po-4, it has been chosen as a parental composition for the major-element based
modclling [Tab IV.5 C). The model (with a reasonable fit, R2 = 0.64) implies 72 % accumulation of
mainly plagioclase (87 %), with minor contributions from biotite (7 %) and K-feldspar (6 %). There is
a striking similarity between the calculated composition of the cumulate and the actual modal percentage
of Po-1 recalculated to 100 % without quartz (plagioclase 88.7 %, K-feldspar 5.9 % and biotite 5.3 %;
cf. Tab, IL1.). The least-squares modelling with Sa-11 as parent also resulted in a good fit for an
assemblage of 78 % plagioclase, 11 % K-feldspar and 11 % quartz (R2 = 0.56) [Tab IV.5 D].

The granitoids from localities in the western part of the Sdzava body (Teletin, Krhanice
and Prose&nice), and from the PoZéry intrusion, have suffered considerable hydrothermal
alteration, as shown by optical microscopy and CL [Chapter IL2.]. These rocks are therefore not the
best candidates for trace element modelling, especially not using highly-mobile elements like Rb, and
so the LILE-based approach was therefore not applied.

In contrast, the REE are thought to be fairly resistant to the hydrothermal alteration (Hanson,
1980) although some authors warn against indiscriminate use of the REE in petrogenetic modelling, as
REE appear to be mobile in the form of complexes, especially in F- and CO2-rich fluids (Humphris,
1984). The extent to which the REE patterns will be influenced is principally a function of the
composition of the rock, the fluid, and the ability of the secondary minerals to accommodate the REE
released by alteration. As none of the rocks of the Sdzava suite contains significant amounts of fluorite,
the major involvement of F-rich fluids in its genesis can be ruled out. In contrast, the presence of
secondary calcite confirms the role for CO2-rich fluids. Yet petrogenetic information may be recovered
from the REE data, provided the alteration was not very severe (Hanson, 1980). The development of a
positive Eu anomaly in samples Po-1 and Po-4 [Fig. IV.2.10 a], unique in the CBP, may be connected
with one of the following processes (Cullers and Graf, 1984) : '

» Plagioclase accumulation;
« Rayleigh fractional crystallization of a homblende-dominated assemblage;
» Partial melting with hornblende as a residual phase.

The average trace-element composition of the cumulate for Rayleigh crystallization is:

_FD
Csa= Corem (Haskin, 1984).
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The hypothesis formulated earlier in the text that the sample Po-1 could have been produced
from Po-4 by extensive accumulation of 87 % plagioclase, 7 % biotite, 6 % K-feldspar was tested by
REE modelling based on this equation [Fig. IV.3.3 a]. The calculated REE patterns, after up to 90 %
accumulation, show a good fit for the LREE, but the HREE are too depleted and the Eu anomaly is too
high. If, however, limited accumulation of accessory phases, which strongly fractionate mid- and
heavy REE is invoked (0.1 % zircon and 0.3 % apatite), the fit of the data is reasonable and the
cumulative origin of Po-1 from the PoZiry trondhjemite cannot be discounted. The REE modelling of
accumulation from the S4zava parent could not be performed, as there are no REE data available for
Sa-11. However, if its REE pattern showed higher YREE and a lower positive (or even negative) Eu
anomaly than Po-4, then the fit of the REE modelling would tend to be better.

In contrast to Po-1, sample Po-4 does not exhibit textural and chemical characteristics
compatible with a (largely) cumulative origin [Chapter IL2.] and its Eu anomaly is only slightly smaller
(Eu / Eu* = 2.0). The purely cumulative origin of the PoZ4ry trondhjemite (apart from Po-1) from the
Sédzava magma is unlikely, as it would require the fractional crystallization of the Sdzava magma to be
driven towards less silicic compositions [cf. IV.1.3.]. If the cumulates were to have a chemical
composition similar to the PoZiry samples, the fractionating assemblage would have to have a high
quartz content as the PoZ4ry trondhjemite is more silica-rich than its feldspars. This necessity of early
crystallization of a plagioclase - quartz assemblage without a significant proportion of amphibole,
together with the observed absence of amphibole in the PoZiry trondhjemites, is not in accord with
evidence of simultaneous crystallization of plagioclase and amphibole in the Sdzava intrusion [Chapter
IL1.] and does not seem likely in a tonalitic liquid. This is not to deny a role for plagioclase
accumulation in the Sdzava suite,

Concemning the fractional crystallization model, the crystallizing assemblages calculated on the
basis of the major elements have a high proportion of amphibole. The decreasing > REE and Y contents
with fractionation in the Sdzava suite also imply a major role for either amphibole or some accessory
mineral-controlled fractional crystallization, as only these phases have partition coefficients for REE
generally higher than 1. As shown by the REE modelling [Fig. IV.3.3 b}, 30 - 50 % of amphibole-
dominated (54 % amphibole, 40 % plagioclase, 6 % biotite; i.e. an assemblage similar to that calculated
from major elements; cf., model A) fractionation produces REE patterns similar to the PoZary samples,
but only for REE from Eu to Yb (HREE). Conversely, no LREE depletion (relative to the parent),
similar to that observed for the PoZéary trondhjemite, could result from fractional crystallization of
hornblende only [Fig. IV.3.3 b]. For this reason, involvement of an additional phase, which strongly
fractionated the LREE, is necessary (cf. Martin, 1987, Evans and Hanson, 1993). Such minerals are
orthite and titanite (Sawka, 1988) . Both of them do occur in the granitoids in question, and even their
limited crystallization may cause drastic changes in the LREE / HREE ratio of magma. Addition of
0.1 % orthite to the fractionating assemblage dramatically improves the fit [Fig. IV.3.3 c]. If titanite
were involved in the calculations, a much higher proportion would be needed (0.5 %) and a large
amount of apatite (1 %) would need to be added to compensate for depletion in mid- and heavy REE
[Tab. IV.4]. On this basis, the combined amphibole - plagioclase - orthite model is preferred, although
some apatite had to fractionate to explain the gradually decreasing P2Os with fractionation in the Sdzava
suite [Fig. IV.1.3.]. The origin of strikingly similar REE patterns of trondhjemites from Finland was
also explained by fractional crystallization of amphibole > plagioclase and biotite assemblage from a
tonalitic parent (Arth et al., 1978).
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The partial melting of amphibolite, eclogite or garnet amphibolite is also capable of generating
trondhjemites with low total REE contents, high LREE / HREE ratios and pronounced positive Eu
anomalies because of presence in the residue of amphibole and, or gamet (Cullers and Graf, 1984 and
references therein). The REE patterns observed for the PoZiry samples resemble those modelled as
melts of basaltic parents leaving an amphibolite residuum (c¢f. Hanson, 1980, fig. 5) although at
somewhat higher YREE. They are also similar to the trondhjemite argued to have originated by small
degrees of partial melting of amphibolite (Rapp et al., 1991, fig. 6¢). The occurrence of the S4zava
suite in the proximity of metabasites of both the Jilové Zone and Metamorphic Islet Zone [Chapter
IL.1.] may support an origin by melting similar rocks at depth. However, the uncertainties in partition
coefficients, source composition, residual mineralogy and degree of melting make any quantitative
modelling of partial melting process difficult (cf. Arth et al., 1978, Rollinson, 1993). The origin of the
PoZiry trondhjemite either by partial melting of a tholeiitic basalt or by fractionation of a hypothetical,
K-poor magma, has been proposed by Holub (1990). In his opinion, the Sdzava magma could not have
corresponded to the parental liquid for the fractionation model. However, in view of the modelling
done earlier in this chapter, it may be a viable hypothesis.

Considerable microstructural and mineral chemistry evidence for the hybrid origin of the Teletin
quartz diorite (SaD 1 - 3) has already been given [Chapters IL1., IIL1.2.] and this hypothesis is now
to be addressed by the mixing test for major elements (Fourcade and Allégre, 1981, Castro et al,
1990a). The model assumes an origin for SaD-2 by mixing of the Sdzava tonalite (Sa-1) with a gabbro
(Gbs-2). As there are few petrographic constraints on the composition of both end-members, the
compositions on a straight line in the R vs. Rz plot [Fig. IV.3.1.] resulting in the best fit (regression
coefficient, R = 0.975) were chosen. In this model, 84 % of the Sizava tonalite is required to be
present in the mixture [Fig. IV.3.2 a). General support for this model is given by the trace element
data, although Zr and Ba are significantly higher in the quartz diorite than suggested by the modelling.
However, the composition of the mafic end-member is not known exactly and it could even be some
rock type which either does not crop out at all, or was not analysed. It ought to be stressed that the
preceding modelling implies, rather than involvement of these particular end-members, the overall
geochemical viability of the mixing scenario for the origin of the Teletin quartz diorite. Thus it is
apparent from the Rj - Ry plot {Fig. IV.3.1.] that the acid end-member for two remaining samples
(SaD-1 and SaD-3) appears to be closer to Sa-2 rather than Sa-1.

An analogous magma mixing origin for the whole compositional range of the Sdzava intrusion
does not seem to be feasible, as the associated basic rocks do not form a continuum with the Sézava
samples [e.g. CaO, MgO; Fig. IV.1.3,; Cr, Y; Fig. IV.2.1.; B - Mg/ (Mg + Fe) plot; Fig. IV.3.1.;
R1 - Rz plot; Fig. IV.3.1.] or do not have low enough SiO7. The peraluminous nature of the PoZiry
trondhjemite can be readily accounted for by the fractional crystallization model, as this is an attribute
typical of strongly fractionated granitoids of metaluminous suites that have crystallized a great
proportion of a metaluminous mineral, such as amphibole (Miller, 1985; Debon and Le Fort, 1988).
However, the peraluminous character may also point to genesis either by partial melting of amphibolite
(due to reactions amphibole — clinopyroxene + olivine + melt, and, or gamet — clinopyroxene + melt;
Miller, 1985), or by the operation of late alteration processes, responsible for the crystallization of
peraluminous secondary minerals, such as muscovite [Chapter IL2.], but this is not considered being
likely.
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In summary, the derivation of the Sdzava and PoZdry granitoids is compatible with extensive
fractional crystallization of an amphibole > plagioclase > biotite assemblage, with a minor proportion of
orthite. An alternative hypothesis is partial melting of amphibolite or eclogite, with amphibole and, or,
garnet in the residuum. In fact, both processes are not mutually exclusive, as shown by the study of
Martin (1987) of tonalitic gneisses in Finland - following combined major and trace element modelling,
the proposed genesis of these gneisses was by partial melting of tholeiitic garnet-bearing amphibolites,
followed by fractional crystallization of amphibole, plagioclase, ilmenite and orthite. In the genesis of
the Sézava suite, plagioclase accumulation (e.g. Po-1) and magma mixing (Teletin quartz diorite) are
likely to have occurred on the basis of both the chemical and the petrographic evidence.

1V.3.2. The Blatnd suite

If a fractional crystallization model is invoked, the Harker plots for the Blatn4 suite with strong
negative correlations between SiO; and Fe;03*, MnO, MgO, CaO and TiO; imply fractionation
dominated by ferromagnesian phase(s) and possibly plagioclase [Fig. IV.1.4.]. A major role for the
K-feldspar and biotite does not agree with rather scattered SiO; - K20 plot, which lacks a negative
correlation, and by late crystallization of the K-feldspar in these granitoids [Chapters IL3.-IL4.]. On
the other hand, some involvement of these phases is likely in view of the negative correlation between
SiO; and Ba [Fig. 1V.2.2.].

In order to specify the possible crystallizing assemblage and to quantify the degree of
fractionation, least-squares modelling has been applied to the Kozdrovice samples. The presumed
parents, Koz-9 and Koz-1 with the lowest SiO; [Fig. IV.1.4.] and R [Fig. IV.3.1.] values, might
have evolved to the most silicic members (Koz-5 and Koz-8) by fractional crystallization of a mainly
amphibole - plagioclase - K-feldspar assemblage with small contribution from biotite [Tab. IV.6.].
Thus, Koz-5 can be derived from Koz-9 by 39 % fractional crystallization of 47 % amphibole, 24 %
plagioclase (Ansp), 23 % K-feldspar and 6 % biotite (R2 = 0.45) [Tab. IV.6 A]. The sample Koz-8
could have originated from the same parent by 33 % fractionation of 43 % amphibole, 26 %
plagioclase (Ansg), 23 % K-feldspar and 8 % biotite (R2 = 0.39) [Tab. IV.6 B]. If more sodic
plagioclase is involved in the calculations, the fit is not so good as the modelled daughter compositions
become strongly NayO-depleted. If sample Koz-1 is invoked as a parent, comparable models with even
better fits (R2 = 0.27 and 0.20) result [Tab. IV.6 C, D]. The fractionating assemblage is analogous,
and the required degree of fractionation consistent, in all four cases. Therefore, crystallization seems to
have proceeded in the following succession (the degree of fractionation relative to Koz-9 is given in
brackets): Koz-9 (0 %), Koz-1 (12 %), Koz-8 (33 %), Koz - 5 (~ 40 %).

In order to test the feasibility of the major-element models A - D, the corresponding vectors
were plotted on the Ba - Sr diagram [Fig. IV.3.4 a]. All four modelled trends are subparallel and in
good agreement with the data. In comparison with the major-element-based models, however, the
appropriate degree of fractionation (up to ~ 25 % for the assemblage A) appears to be significantly
lower in all the cases.

The Kozérovice REE patterns are very uniform, and, moreover, there is no information on the
REE composition of presumed end-members [Fig. IV.2.10 b], so no quantitative REE modelling could
be performed. However, if assemblage A is considered (for F = 0.6), the following values of the bulk
distribution coefficient (D) are obtained: Dy, = 0.48, Dce =0.79, Dy = 2.06, Dry = 2.88, resulting in
enrichment by about 1.1 - 1.3 x in the LREE and depletion by 0.6 - 0.4 x in mid- and HREE. This is
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within the range of observed REE compositions for the Kozdrovice intrusion, and fractionation of such
an assemblage would maintain an almost constant size of the Eu anomaly.

The strong linear correlation on the Harker plots for the Kozérovice intrusion [Fig. IV.1.4.]
may be compatible with the operation of another petrogenetic process, namely mixing (e.g. Castro et
al., 1990a). In the broad sense, it might represent mixing of magmas, restite unmixing, and, or,
assimilation of the country rocks. Although, strictly speaking, the presence of linear trends on the
Harker plots does not necessarily imply the involvement of mixing (Wall et al., 1987), the magma
mixing origin of at least the quartz monzonite from the quarry Kozdrovice II (KozD-1) by
interaction between a monzonitic melt and the Kozdrovice granodiorite is likely because of the
microstructural and field evidence [Chapters IL3.-IIL1.5.]. On the Harker plots, KozD-1 often falls
onto a straight line connecting the granodiorite samples with the monzonitic rocks (ZaluZany, Zal-1,
and Lu¢kovice, Gbl-1 and Gbl-2) [Figs. IV.1.4., IV.2.2.], but plots of SiO7 versus K70, Rb, Zr, La,
Ce and Ni suggest that the LuCkovice monzonite is the more likely end-member of the two. Thus, the
parents chosen for the mixing test (Fourcade and Allégre, 1981 ; Castro et al., 1990a) [Fig. IV.3.5 a-b]
were the most silicic Kozarovice granodiorite (Koz-5) and the Luckovice monzonite (Gbl-1). The
model fits very well the major elements (R = 0.994), suggesting that about 60 % of the granodiorite is
necessary to be mixed with the monzonite to give the quartz monzonite [Fig. IV.3.5 a]. The trace
element data, in general do not seem to contradict this hypothesis, either [Fig. IV.3.5 b], although the
predicted contents of some of the compatible elements (Ni, Zn, Cu, Pb) and, to some extent, Laand Y,
are somewhat different from those observed. Nevertheless, the exact composition of the basic end-
member is not known, and there is no information about variations of the suspected hybrid either, as
only a single analysis is available. The elevated Zn, Cu and Pb contents in the sample could point to
later hydrothermal activity, as these elements occur commonly in the hydrothermal fluids and the
content of REE can be dramatically changed by a small-scale fractionation, especially of accessory
minerals (e.g. Fourcade and Allegre, 1981; Sawka, 1988, Evans and Hanson, 1993).

As has been suggested on the basis of the textural evidence [Chapter IL3.], there is a possibility
that the monzonitic magma (similar to the Lu¢kovice monzonite) also contributed to the genesis of the
Kozérovice granodiorite itself, at least in surroundings of the village of Kozadrovice. The mixing
test (end-members Gbl-1 and Koz-5 as in the previous case, potential hybrids Koz-2 and Koz-4 from
the Kozdrovice quarries closest to the occurrence of the hybrid quartz monzonite stock) fits well the
major element (R = 0.998 and R =0.995) as well as the trace element data [Fig. IV.3.5 c-d] requiring
88 % of the acid magma to be involved.

Although the evidence for wall-rock assimilation has been documented in the field, mainly in
the northern part of the body (e.g. Solopysky; Chapter IL3.) the great majority of the geochemical
variation can be explained by other processes, namely fractional crystallization and magma mixing.

In summary, the variations in geochemistry of the Kozdrovice intrusion could have been caused
by up to 40 % fractional crystallization of an amphibole-dominated (~ 40 - 55 %) assemblage, with
about 25 - 30 % plagioclase, 15 - 25 % K-feldspar and S - 15 % biotite; the closest to the parental
composition appears to be sample Koz-9 from northern part of the body. There is also a well-
documented role of magma-mixing in the Kozdrovice intrusion, at least in genesis of quartz monzonitic
(KozD-1), and arguably also of granodioritic rocks around the village of Kozdrovice.

Based on the field relations and geochemical affinities {Chapters IL4., IV.1.-IV.2.], the
Cervend granodiorite s likely to be an integral part of the Blatn4 intrusion, and so the possible genesis
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of both Blatn4 (s.s.) and Cervena granodiorites are examined together. For the least-squares
modelling of fractional crystallization [Tab. IV.6 E-H] two SiO2-poor end-members were chosen, one
of Cerven4 granodiorite (Cv-3) and one of an amphibole-bearing Blatn4 granodiorite (BI-8); the most
silicic samples Bl-4 and BI-1 represent the end-products. If Cv-3 is used as a parent, sample Bl-4 can
be produced by 36 % fractional crystallization of 52 % plagioclase (An3g), 31 % biotite and 17 %
amphibole (R2 = 0.797) [Tab. IV.6 E]. Similar cumulate mineralogy results from 32 % fractionation of
Cv-3 to give BI-1 (47 % plagioclase, 28 % biotite and 25 % amphibole) [Tab. IV.6 F] but the fit is
better (R2 = 0.521). K-feldspar appears unlikely to play a major role, as the models required only a
negligible positive amount (assimilation or accumulation?) of K-feldspar, and, accordingly, its
proportion has been set to zero. Calculations with Cv-1 as the parent were also performed, but they did
not give reasonable fits, although they did allow for limited K-feldspar fractionation (7 - 9 %). For
example, 34 % fractionation of 42 % plagioclase, 34 % amphibole, 16 % biotite and 9 % K-feldspar is
needed to produce composition similar to Bl-1 from Cv-1 (R2 = 1.15) [Tab. IV.6 G]. If an assemblage
without K-feldspar is calculated (not shown), 30 % fractionation of 46 % plagioclase, 32 % amphibole
and 22 % biotite is required. Although R2 is too high (1.19), this assemblage, as well as the extent of
fractionation is similar to the model involving Cv-3 [cf. Tab. IV.6 F] .

Modelling of the genesis of Bl-4 from the amphibole-bearing Blatnd granodiorite (Bl-8) [Tab.
IV.6 H] is compatible with 25 % fractional crystallization of 45 % plagioclase, 40 % amphibole, 11 %
biotite and 5 % K-feldspar (R2 = 0.232). Sample Bl-1 could be modelled from the BI-8 parent by 20 %
fractionation of 33 % plagioclase, 60 % amphibole, 7 % K-feldspar and no biotite (R2 = 0.082) [Tab.
IV.6 I].

The Ba - Sr plot suggests that the assemblages H and I could not account for the variation
observed within the Blatng suite [Fig. IV.3.4 b]. On the other hand, models E - G appear to be
generally consistent with the Ba - Sr data, although the degree of fractionation estimated on their basis
is lower than that calculated from major elements.

The fact that the REE patterns of the Blatnd suite [Fig. IV.2.10 c] differ significantly between
the amphibole-rich types (Cv-1 and Bl-8) and others in their total REE content, implies the necessity of
fractionation of phases reducing the bulk REE, such as amphibole (Haskin, 1984). On the other hand,
slight decrease in the depth of the Eu anomaly is consistent with a roughly balanced contribution of
feldspar fractionation compared to that of the phases contributing to a positive Eu-anomaly (amphibole,
clinopyroxene and apatite). Thus, if amphibole is to be a cumulus phase, its proportion should be
slightly higher than about half that of plagioclase (Hanson, 1980). On this basis, model I with almost
twice as much amphibole as feldspar appears to be unrealistic. However, models E (similar to F), H
and I require to be tested quantitatively.

As there are no REE data available for Cv-3, the pattern for Cv-1 has been used instead for this
modelling of fractionation of the Cervend granodiorite. Although the fit of major-element models based
on Cv-1 was not satisfactory, the degree of fractionation and the fractionating assemblages for both
parents seem to be sufficiently close to allow such a replacement. The first model tested [Fig. IV.3.6 a]
was Cv-1 producing Bl-4 by 30 - 40 % of fractionation of a plagioclase-dominated assemblage E
[Tab. IV.6.]. Inevitably, an additional phase, which strongly fractionates the LREE has to be involved
(cf. section on the Sazava suite); the most likely is orthite, a mineral that is present in the analysed rocks
[Chapter IL4.]. After the introduction of 0.1 % orthite the model fits well [Fig. IV.3.6 a]. The
following two models assumed the amphibole-bearing Blatnd granodiorite as a parent and cumulate
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with a much higher proportion of amphibole. The first of them [Fig. IV.3.6 b], involving 20 - 30 %
fractionation of assemblage 'H' with 0.1 % orthite, fits reasonably at 20 % of fractionation, although
the HREE appear to be too depleted by the abundant amphibole. Assemblage 'T' can produce REE
patterns similar to the biotite facies of the Blam4 intrusion at only very low degrees of fractionation
(< 10 %; Fig.IV.3.2¢] as the negative Eu anomaly quickly disappears and reverses to a positive one
due to the high proportion of crystallizing amphibole (60 %). The degree of fractionation in this case
compares unfavourably with 20 % fractionation required by the least-squares model.

In addition to the above mechanisms, the role of country-rock assimilation in the history of the
Blatn4 intrusion is unequivocal (Hud€ice and Zavlekov localities; ChapterlIA.), but appears to be only
of local importance.

In summary, the variation in the Blatn4 intrusion (Blatné s.s. and Cervens granodiorites) could
be explained by up to 35 % fractionation of mainly plagioclase (~ 45 - 50 %), amphibole (15 - 25 %),
biotite (~ 30 %) and orthite (~ 0.1 %) from a parent similar to the Cervens granodiorite.

One of the viable scenarios for the origin of the Blatn suite as a whole (Blatn4 s.s., Cervend,
Kozirovice s.s., Téchnice) may be mixing between a basic melt and a magma similar to the most silicic
granodiorites of the biotite facies of the Blatn4 granodiorite. The relatively high K;0 [Fig. IV.1.9 b] as
well as the low CaO [Fig. IV.1.9 a] and Fe2O3* of the Kozdrovice and Blatnd granodiorites imply that
the mafic end-member in this process was K-rich, precluding a role for the Sdzava mass or associated
mafic rocks in the genesis of the Blatn4 suite. The most obvious candidate are the monzonitic rocks
associated with the Kozdrovice suite, notably the Lu¢kovice monzonite (Gbl-1). This model has been
invoked already by Machart (1992), who has established 5 petrochemical types of granitoids within the
Blatn4 suite based on cluster analysis of the major element data. He has stressed that the whole
compositional spectrum of the Blatnd suite could have originated by hybridization of a magma
corresponding to the biotite facies of the Blatn4 intrusion by monzonitic rocks similar to the Lu¢kovice
or ZaluZany masses, possibly accompanied by limited contamination by metasediments of the
Moldanubian Unit and, or the Metamorphic Islet Zone. Such a model could explain the linear trends on
the Harker plots [Fig. IV.1.4], some binary SiO; - trace elements plots [Fig. IV.2.2.] and the R; - R
plot (Fig. IV.3.1.].

The results of the mixing tests performed on the Blatni suite (end-members: Gbl-1, Bl-1; cf.
Fig. IV.3.1.) are given on Figure IV.3.5. e-p. The fits of major elements are good (R2 > 0.99 in all
cases). Thus, the Kozdrovice quartz monzonite (KozD-1) can represent a mixture of about equal
proportions of the granodiorite (56 %) and monzonite (44 %) [Fig. IV.3.5 e-f]. The samples Koz-2
and Koz-4 may contain 80 % of the acidic end-member [Fig. IV.3.5. g-h], whereas samples of the
Té&chnice granodiorite need about 85 % [Fig. IV.3.5 i-jl. With the exception of KozD-1 (Y, Ni, Pb,
Cu), all the trace elements match satisfactorily the observed patterns. Based on the major element data,
the least silicic samples of the Kozirovice granodiorite (Koz-1 and Koz-9) required 63 and 68 % of the
acid end-member (R2 = 0.997 in both cases) but the fit of trace elements, Zr and REE in particular, was
poor (not shown). In the genesis of the least silicic sample of the Blatn4 intrusion ( Cv-3 of the Cervend
granodiorite) about 75 % of the acidic end-member is required. The fit of both major [Fig. IV.3.5 k]
and trace elements (Fig. IV.3.5 1] is excellent. The sample of amphibole-bearing Blatnd (Bl-2)
requires 80 % of the granodioritic component [Fig. IV.3.5 m]; however the LREE and Pb fail the test
{Fig. IV.3.5 n]. Its REE pattern with a strong LREE enrichment [Fig. IV.2.10 c], is rather exceptional
amongst the samples of the Blatnd intrusion. The sample B1-8 may contain 85 % of the acidic
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component {Fig. IV.3.5 o], but the model does not fit well for Y, Pb and Rb [Fig. IV.3.5 p]. For both
BI-2 and BI-8, however, subsequent fractionation may have altered the original abundances of some of
the trace elements after the mixing took place. It is, however, significant that the great majority of the
others is compatible with the test. Thus, the whole-rock geochemistry does not appear to be in
inconsistent with the magma mixing scenario; the main line of evidence, however, comes from the
radiogenic isotopes as they are not influenced by crystal fractionation [Chapter V.3.], and so can
potentially distinguished between open- and closed-system processes.

Another possibility, supported by presented modelling, is a combination of both scenarios. The
Blatn4 suite may have primarily originated by magma mixing between monzonitic (similar to the
Luckovice monzonite) and granodioritic melts (close to the biotite facies of the Blatn4 intrusion). In this
model the Kozérovice quartz monzonite would contain about SS % of the acidic component, whereas
the least evolved samples of the Kozérovice intrusion require about 65 % (?) and the Blatnd intrusion
75 %. Subsequently, these hybrid parental magmas could have undergone fractional crystallization of
40 - 55 % amphibole, 25 - 30 % plagioclase, 15 - 25 % K-feldspar or 5 - 15 % biotite (Koz4rovice
intrusion) and of 15 - 25 % amphibole, 45 - 50 % plagioclasé, ~ 30 % biotite and minor proportion of
orthite (Blatn4 intrusion).

In summary, variation in the Blatnd suite can be explained by magma mixing between
monzonitic and granodioritic melts, or by closed-system fractional crystallization of amphibole >
plagioclase + K-feldspar > biotite (Kozérovice) or plagioclase > biotite > amphibole > orthite (Blatnd)
assemblages. Also possible is a scenario involving both models. However, wall-rock assimilation
seems to be only of a limited importance.

IV.3.3. The Certovo bfemeno suite

The subhorizontal trends for the Sedl¢any intrusion on the Harker plots [Fig. IV.1.5.],
especially SiOy versus TiO2, Fe203, CaO and K70, do not allow for extensive fractionation of
K-feldspar, biotite, amphibole, and calcic plagioclase. However, the negative correlation of SiO2 with
Ba and, to some extent, Rb and Sr [Fig. IV.2.3.] is compatible with limited fractionation of mainly K-
feldspar and biotite. On the R; - Ry plot [Fig. IV.3.1.], the Sedl¢any samples form a prominent
horizontal trend which may be due to fractionation of Fe-rich biotite, possibly with a significant
contribution from K-feldspar and relatively sodic plagioclase; the Mg-rich nature of the Sedl¢any biotite
[Chapter IIL 1.7.], however, precludes fractionation controlled solely by this mineral.

For the major-element modelling, the SiO2-poor samples Se-3 and Se-6 were taken as parents,
and SiOz-rich Se-11 and Se-12 as end-products [cf. Fig. IV.3.1.; Tab. IV.7 A-D). The sample Se-12
can be modelled from Se-3 by 11 % fractional crystallization of 35 % plagioclase (An 42), 28 %
K-feldspar, 22 % biotite and 15 % amphibole (R2 = 0.27; Tab. IV.7 A). In contrast, modelling of
Se-11 from Se-3 did not produce a good fit (R2 = 1.94); in this case, the fractionating assemblage had
higher proportion of plagioclase at lower proportion of K-feldspar {Tab. IV.7 B]. Modelling with Se-6
as a parent and Se-12 as a daughter resulted in a much better fit; it could have evolved by 14 %
fractional crystallization of 34 % plagioclase, 35 % K-feldspar, 17 % biotite and 15 % amphibole to
give a composition similar to Se-12 (R2 = 0.13; Tab. IV.7 C), whereas Se-11 may be produced by
10 % fractionation of 45 % plagioclase, 31 % K-feldspar, 14 % amphibole and 10 % biotite (R2 =
0.65; Tab. IV.7 D).
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On the Rb - Sr plot [Fig. IV.3.7 a], the majority of samples (excluding two outliers) plot into
two clusters: the lowest Sr values are shown by those from Vrchotovy Janovice; samples from
Kosova Hora and Vipenice have gradually increasing Sr concentrations (i.e. in the Sedl¢any
body there appears to be a progressive increase in Sr westwards). All three trends (A, C and D) appear
to disagree with the observed variation. However, on basis of the Ba - Sr plot [Fig. IV.3.7 b}, none of
the assemblages A, C, D can be rejected although the necessary degree of fractionation is consistently
slightly lower than in the previous case (up to 10 %), but it is comparable to results of the major
element modelling, ‘

The REE data, unfortunately, do not allow any modelling to be performed, as the REE curves
are very similar to each other [Fig. IV.2.11 a]. Moreover, the small degree of fractionation (~ 10 -
15 %) would imply a negligible difference between both parent and daughter compositions and thus
seriously complicate formulation of an accurate REE-based model.

Some of the variation in the Sedl¢any granite could have been caused by assimilation processes,
that are likely to have been accompanied by fractional crystallization (AFC: DePaolo, 1981). Both
quarries in Vdpenice, and, to some extent, also in Kosova Hora, contain many xenoliths from
the adjacent Sedl¢any - Krdsnd Hora Metamorphic Islet [Chapter ILS.]. Many of them are carbonates
(one of the most important rock types in the Islet), which are commonly partially dissolved by the
surrounding magma and in this way could have contributed to the Sr content that is somewhat higher in |
the V4penice samples than in the rest of the Sedl¢any intrusion.

The linearity of the Harker plots for Ri¢any and Certovo bfemeno suites [Figs. IV.1.5.-6.], and
the fact that the least evolved members of the Certovo bfemeno suite lie on a line which intersects the
ﬁfémy trend part way along (close to Ri-2) on the R vs. R2 plot [Fig. IV.3.1.], may indicate that both
of them may be related by magma mixing, possibly of ‘durbachitic’ and 'granitic’ (Ri¢any s.s.)
components (c¢f. Batchelor and Bowden, 1985). Likewise, on the basis of major and trace elements
Holub (1978, 1990) argued that the different members of the durbachite suite can be derived by
hybridization of durbachites with leucogranites such as those present within the CBP or the S-type
granites such as the Eisgam intrusion of the Moldanubian Pluton, Czech Republic. From the table of
expected end-member compositions of the Bohemian durbachite suite (Holub, 1990) [Tab. IV.8.] itis
apparent that the geochemistry of the Ri®any granite makes it a possible candidate for the acidic end-
members. This model can be assessed by the mixing test [Fig. IV.3.8.] with presumed end-members,
chosen on basis of the Ry vs. Rj plot, being the most mafic Certovo bfemeno durbachite (Cb-3) and
slightly fractionated Ri¢any granite (Ri-2). All the mixing models show reasonable fits for the major
element data (R = 0.87 t0 0.998), and generally also for the trace element data, although the fit of the
sample Ta-1 is the poorest, with higher calculated Nb, Ni and Th than is observed in the actual sample.
The proportion of the acid end-member varies from 15 % (Tébor: Ta-1), through 41 - 44 % (Certovo
bfemeno: Cb-1, Cb-2) to 62 % (Sedi¢any: Se-3). On the other hand, some of the plots are not
consistent with such a simplistic interpretation (cf. A/CNK-A/NK, Hg. IV.1.7., P - Q, Fig. IV.1.11,;
Rb - Sr, Fig. IV.2.6.) casting doubts on the validity of such a model. Much needed additional
information is provided by the Sr - Nd isotopes [Chapter V.3.].

In summary, the parental magma of the Sedl¢any granite could have been produced either by
magma mixing of about 40 % of the durbachitic component (similar to the sample Cb-3 of the Certovo
bfemeno intrusion), and 60 % of the acidic magma (leucogranite or granite with some characteristics of
the Ri¢any granite), or by fractional crystallization from the Certovo bfemeno parent. Subsequently, the
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magma was modified by a limited degree of fractional crystallization (< 15 %) of an assemblage
consisting of about 35 % plagioclase (andesine), 35 % K-feldspar, 15 % biotite and 15 % amphibole.
Part of the variation, especially in the western part of the Sedl¢any body, may be attributed to
assimilation (AFC) of metasedimentary (carbonate ?) rocks of the adjacent Sedl¢any - Krisnd Hora
Metamorphic Islet.

1V.3.4. The Rifany suite

The Harker plots for the Ritany granite do not offer much scope for genetic considerations as
the SiO; content does not change greatly in the Ri®any intrusion [Fig. IV.1.6.]. The ill-defined trends
of decreasing Sr and Ba as well as of increasing Rb with SiO; [Fig. IV.2.4.] may be compatible with
fractional crystallization of a mainly K-feldspar - plagioclase assemblage with a little biotite. Likewise,
the subhorizontal trend observed on the Rj vs. Rz plot [Fig. IV.3.1.] implies fractional crystallization
of one or more of the following minerals: K-feldspar, sodic plagioclase, Fe-rich biotite. The
involvement of Fe-rich biotite can be ruled out, as the biotite is phlogopitic in the Ri¢any intrusion
[Chapter L 1.8.].

Due to the restricted range in SiO2 content, Zr has been used as the fractionation index for the
Riany suite, as the plots with Zr on the abscissa are characterised by a relatively low scatter and
significant variation [Fig. IV.3.10.]. This element shows a negative correlation with SiO3, and,
therefore, the Zr axis is reversed. There are trends of slightly decreasing K20, Nay0O and CaO with
differentiation in the Ri¥any granite, whereas Fe203* does not change at all [Fig. IV.3.10 a). Both Sr
and Ba decrease markedly with fractionation, but Rb slightly increases [Fig. IV.3. b-c]. Trends of
rapidly decreasing Sr and Ba with increasing Rb and little change in SiO;, Al203, Na;0 and K20 in
course of fractionation have been documented in the Lachlan Fold Belt granites in Australia and are
considered to be characteristic of evolved granites fractionating K-feldspar—dominated assemblages
(White, 1990, Chappell and White, 1992).

The limited difference in major element composition between presumed end-members, the lack
of coherent trends on the Harker plots, and low range of SiO7 in particular, do not favour major
element-based least squares modelling on the Ri¢any granite.

The Ri¢any intrusion exhibits a progressive decrease in Rb coupled with an increase in both Ba
and Sr from the marginal porphyritic facies towards the innermost non-porphyritic one, and the Jevany
leucogranite [Fig. IV.3.9., Chapter IL6.]. However, as shown by the fractional crystallization vectors
of rock-forming minerals, the fractionating assemblage would have to be dominated by amphibole to
produce such trends. This mineral is, however, completely absent both in the granite and in its enclaves
[Chapter IL]. An altemnative is that the pluton is reversely zoned with the more evolved compositions
occurring at the margins.

On the basis of Figure IV.3.10., the SiO2 - Ba, SiO -Sr [Fig. IV.2.4.], Rb - Sr [Fig. IV.3.9
a], Ba - Sr [Fig. IV.3.9 b] and R; - R plots [Fig. IV.3.1.], the observed geochemical variations (a
decrease in K20, Ba and Sr, as well as a slight increase in Rb towards the margins of the intrusion) can
be explained by ~ 20 % K-feldspar-dominated fractionation [Fig. IV.3.9]. This could not have taken
place in situ, but in a deeper magma chamber prior to intrusion, because otherwise a normally-zoned
pluton would have been formed. The existence of a deep magmatic reservoir beneath the Ri¢any
intrusion is compatible with the presence of a major negative gravity anomaly [cf. Fig. L2.], extending
from the town of Ri¢any as far as Kutnd Hora (Orel, 1975), 40 km to the E (the so-called
Ri¢any - Kutnd Hora batholith). Subsequently, the reverse zoning could have been achieved at high-
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level either by mixing (including assimilation and, or, periodical influx of fresh, little-fractionated
magma into the centre of the intrusion), or emplacement in at least three separate batches (porphyritic
and non-porphyritic facies, Jevany leucogranite). Unfortunately, no information on the relationship
between the porphyritic and normal facies of the Ritany granite is available due to lack of exposure
[Chapter IL6. ].

An alternative model for the origin of reversely-zoned plutons, proposed for the Lacorne
Complex in Québec by Bourne and Danis (1987) (Fig. IV.3.11.], uses a hypothetical horizontally-
zoned magma diapir. In this model the layer of the acid magma (1, 2) breaks its already crystallized
crust (3), tapping the underlying more mafic magma (4) which tends to form the core of the newly-
formed daughter magma diapir (5, 6). Such a scenario has been reproduced experimentally (see
references in Bourne and Danis, 1987) , and is possibly realistic for zoned plutons with a high density
contrast between the centre and margins; thus such a model does not seem to be applicable to the
Ritany granite where both central and marginal facies are similar in composition.

Reversely-zoned plutons may also be generated by wall-rock contamination, as suggested by
Gastil et al. (1991 and the references therein). For the Ri¢any body, this might be consistent with its
more peraluminous character and higher boron content towards the margins (Némec, 1978), as the
country rocks are predominantly shales; however the increase in A / CNK and B could be explained
solely by increasing degrees of fractionation of the melt. Wall-rock assimilation, however, appears to
be rather exceptional in upper crustal conditions, as with operation of this process the contact zones of
the majority of the granitic plutons would be likely to freeze quickly (Pitcher, 1993). More importantly,
the most probable contaminant, represented by the adjacent Tepl4 - Barrandian shales (CR-1 and CR-
9), has lower SiO7 and Rb, together with higher Al203, Fe203*, MgO and NazO than the Ri¢any
granite. Accordingly its assimilation cannot account either for the trend of outwards increasing SiO;
and Rb coupled with decreasing Al203 and NaO, or for the virtually constant Fe203* and MgO
throughout the Ri¢any intrusion [cf. Fig. IV.1.6, IV.3.10 a-b].

The origin of reverse zoning in the Grizzly Peak cauldron, Colorado, has been explained by
rearrangement of a stratified magma column during emplacement (Fridrich and Mahood, 1984).
Following their scenario, progressive less-evolved magma from successively deeper levels in a
stratified magma chamber would have risen into core of the Ri¢any intrusion, displacing more evolved
magma towards the margins [Fig. IV.3.12 a]. Such an emplacement pattern would be preserved by
rapid solidification or volatile loss (¢f. Fridrich and Mahood, 1984 ) as otherwise it would be probably
destroyed by subsequent convection. There is, indeed, evidence of volatile loss in the marginal parts of
the intrusion (Némec, 1978, see below)

If the granite body were intruded as essentially separate batches, then there is a space problem.
The most likely emplacement mechanism would be stoping or cauldron subsidence, which are
considered to be important especially for late, high-level plutons (Pitcher, 1979) and cauldron
subsidence can account for the origin of reverse zoning in plutons (Pitcher, 1993 and Fg. IV.3.12 b).
In the stoping model, the fresh batches of magma, coming from a continuously fractionating magma
chamber, work their way upwards by breaking up and possibly also digesting the country rock as the
pluton advances outwards [Fig. IV.3.12 c]. The zoned pluton resulting from such a process would
have a steep xenolith-rich margin composed of the most evolved volatile-rich magma (B.E.Leake,
pers.com., 1993), although the presence of a large number of xenoliths is not crucial, as they may
have been removed to the bottom of the magma chamber (Pitcher, 1979). In reality, the steep margins
of the Riéany intrusion (Kodym, 1925), with abundant pegmatite veins and country-rock xenoliths
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(Palivcovd et al., 1992), seem to be compatible with such a view, as is also the presence of marginal
aplite, bordering the southwestern contact of the body [Chapter IL6.]. The marginal aplite differs from
the Jevany leucogranite by the presence of tourmaline and abundance of pegmatite schlieren. As shown
by Némec (1978), B, Be and Sn concentrations also increase outwards in the }'h'éany intruston, as do
the amounts of tourmaline and cassiterite. Némec (1978) has formulated a model for the origin of the
Marginal aplite by degasification of the granite magma from which a great deal of the volatiles escaped
into the permeable country rocks (mainly shales). :

Unlike the negative Eu anomaly of the Ri¢any granite [Chapter IV.2.] caused probably by K-
feldspar—dominated fractionation in depth, the low HREE contents may provide evidence of garnet and,
or, zircon in the residuum although some of the HREE depletion could be attributed to a zircon
fractionation in the deep reservoir (cf. the SiO; - Zr plot, Fig. IV.2.4.). Overall, the Ri¢any REE
patterns [Fig. IV.2.11 c] resemble those modelled by Hanson (1980) for liquids derived from
metasedimentary parents, in particular that originating by 40 % partial melting of greywacke leaving an
amphibolite residuum (c¢f. Hanson, 1980, fig. 7 ). Similar patterns, however, will probably also result
from the melting of large volumes of heterogeneous continental crust under granulite facies conditions
(Hanson, 1980). The peraluminous nature of the granite may be consistent with an origin from a
metasedimentary precursor, although the peraluminous composition could also be generated by partial
melting of metaluminous igneous rocks or fractional crystallization of metaluminous minerals
(Miller, 1985). More importantly, the whole-rock geochemical characteristics of the Ri¢any granite
fulfil all but one of criteria set out by Miller (1985) for pelite-derived magmas (i.e. Na20 <3.5-4 %,
CaO <2 %, SiO2 > 65 %, Rb > 100 ppm, Sr < 300 - 400 ppm, Ba < 600 - 1000 ppm, Rb / Ba > 0.25;
cf. Appendices IIL and IV.). The only exception is the normative corundum (C; CIPW norm), that
rarely exceeds ~ 3 % in the studied samples, which compares with C > 5 % required for the pelitic
parentage (Miller, 1985).

The REE pattern of the Jevany leucogranite with its significantly lower 2REE than that of the
RiCany granite and a slight positive Eu anomaly [Fig. IV.2.11 ¢] is in accord with an origin of the
leucogranite from an aqueous fluid rather than by differentiation of a parental magma similar to the
Ri¢any granite (Hanson, 1980, fig. 8). The position of the Jevany leucogranite at the least-evolved end
of the Ri¢any array in the R - Rz, Ba - Sr and Rb - Sr diagrams is compatible with such an
explanatidn.

In summary, the Ri¢any granite represents a geochemically evolved, high level, reversely-zoned
pluton. Its parental magma, originating probably by anatexis of metasedimentary material, developed
through K-feldspar fractionation in a crustal reservoir below the present level of exposure. The origin
of the reverse zoning can be explained by a high-level emplacement either as a single batch from a
horizontally-stratified magma chamber, or in several batches associated with cauldron subsidence and,
or, stoping. The Jevany leucogranite does not appear to represent a highly-differentiated version of the
Ri%any granite, but possibly had crystallized from an aqueous liquid derived from the same parental
melt.
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IV.4. Tectonic affiliations of the granitoids

The whole-rock geochemistry of the granitoids reflects, to different degrees, that of their
sources, and thus also the geotectonic setting in which they originated. In turn, the geotectonic
information may provide further constraints on possible and impossible sources, subdivision and
relative age relationships within the CBP.

Major element data have been used by Maniar and Piccoli (1989) to assess the likely tectonic
environment of granitoids [Figs. IV.4.1-IV.4.2.]. They distinguished the following associations:

IAG Island Arc Granitoids CAG Continental Arc Granitoids
CcCG Continental Collision Granitoids POG Post-orogenic granitoids
RRG Rift-related Granitoids OP Oceanic Plagiogranites
CEUG Continental Epeirogenic Uplift Granitoids.

Two of the diagrams of Maniar and Piccoli (1989), Si0O2 - K20 and Si02 - Al203 are not
shown, as the K70 content of most of the analysed samples is > 1 % (and they therefore do not classify
as OP on the SiO2 - K20 plot; cf. Fig. IV.1.9 b). Furthermore, as SiO2 is generally lower than 70 %
(with the exception of a few of the most acid rocks from the ﬁiéany and PoZéry intrusions), the
discrimination by means of the SiO7 - Al,O3 plot was not applicable; the favourable analyses fell at the
intersection of the JAG + CAG + CCG and POG fields (cf. fig. 10b of Maniar and Piccoli, 1989). On
the plot of SiO2 vs. FeO* / (FeO* + MgO) [Fig. IV.4.1 a], all the rocks from the CBP plot into
the field of IAG + CAG + CCG (Group 1. of Maniar and Piccoli, 1989) as they do in the MgO vs.
FeO* plot [Fig. IV.4.1 b]. In contrast, in the CaO - (FeO* + MgO) plot this is not the case [Fig.
IV.4.2 a]. The majority of the Certovo bfemeno suite (Certovo bfemeno, T4bor and half the Sedlany
samples) fall into the RRG + CEUG (Group IL) field, apparently due to the low FeO* and high MgO
at low CaO of the durbachites [cf. Fig. IV.9 a].

Discrimination within both groups is done by means of the A/ CNK vs. A / NK plot [Fig.
IV.4.2 b]. Both Blatni and Sizava suites can be considered to be CAG or IAG, even though the
Sézava suite shows considerable scatter in the northwestern sector of the A / CNK - A / NK diagram.
The affinity of the Certovo bfemeno suite is also unclear on this diagram, especially for the mafic
members (Certovo bfemeno s.s. and Tébor intrusions) but the SedI¢any analyses plot mainly into the
CAG field. The Ri¢any suite, with A / CNK generally > 1.15, is a typical CCG. The A / CNK versus
A / NK plot that is of great importance in the classification of Maniar and Piccoli (1989), does not
satisfactorily discriminate between the distinct genetic groups, and there are many samples in the CBP
dataset, that do not plot in any of the designed fields.

In summary, the S4zava and Blatn4 suites may be continental- or island-arc—elated granitoids
(CAG, IAG), whereas the Ri¢any suite could have been generated during continental collision (CCG).
Maniar and Piccoli (1989) indicate that the CAG and IAG are typically biotite (+ amphibole +
pyroxene) quartz diorites, tonalites, granodiorites and granites, whereas the CCG are muscovite -
biotite granites, sometimes with other peraluminous phase(s) present. Thus the major-element
discrimination of these suites is in accord with the observed petrography [Chapter IL]. Although a
clear discrimination is not apparent for the Certovo bfemeno suite based on this major-element
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approach, the presence of quartz syenites could suggest either RRG or CEUG affinities but the
ambiguity in the geochemical signature of this suite may point either to a mixed source [Chapter IV.3.]
or to the limitations in the approach of Maniar and Piccoli (1989).

Using the Ry (R; =4 Si - 11 (Na + K) - 2 (Fe2* + Fe3+ +Ti) vs. Rz plot (R =6 Ca + Mg +
Al) of De la Roche et al. (1980), it is possible to highlight the tectonic affinities of the granitoid suites
as well as the importance of fractional crystallization, mixing and partial melting processes in their
history (Bachelor and Bowden, 1985) [Fig IV.4.3., cf. Fig. IV.3.1., Chapter IV.3.]. In this diagram,
the oldest rock types of the Sdzava suite occupy mainly the Pre-plate collision field 2 with some of the
PoZéry trondhjemites and basic rocks crossing the boundary into the Mantle plagiogranites field 1. The
Blatn4 suite granitoids are significantly shifted towards the boundary with the Post-collision uplift field
3 that is occupied by the rocks of the Certovo bfemeno suite. The analyses of the Ritany suite fall into
the field of Synorogenic anatectic magmatism. (6). However, as Batchelor and Bowden (1985) have
pointed out, there is an inevitable overlap between other suites and suite 6, as all granitoids evolve
towards minimum melting compositions. Their figure 4 shows a great number of sub-alkaline late
orogenic plutons, which were otherwise assigned to the field 4, plotting in field 6: such a scenario is
possible for the ﬁféany suite granitoids. The decrease in both R; and R2 of the most mafic members
of all four suites in the sequence Sézava - Blami - Certovo bfemeno - Riany follows the source trend
of Batchelor and Bowden (1985), which is thought to represent a shift in the composition of successive
intrusions within an igneous complex (or orogeny) towards progressively more silicic and alkaline
compositions. In geochemical terms, the rocks plotting in the field 2 (Sdzava and Blama suites) belong
to either the trondhjemitic or calc-alkaline series, field 3 corresponds to the high-K calc-alkaline series
(Certovo bfemeno suite), field 4 to the subalkaline monzonitic series and field 6 to the anatectic two-
mica series (either possibly Ridany suite).

On the Y versus Nb discrimination diagram of Pearce et al. (1984) [Fig. IV.4.4 a], the
studied samples are classified as VAG (Volcanic Arc Granites) and syn-COLG (Syn-Collisional
Granites). The Y+Nb versus Rb plot [Fig IV.4.4 b] is potentially capable of discriminating between
the two settings: the Sdzava suite falls into the VAG field, the Blatnd suite analyses cluster closer to the
boundary with the syn-COLG field, and both the Certovo biemeno and Ridany suites belong to the
syn-COLG field. Such a conclusion is fully in agreement with the discrimination in the Yb - Ta
diagram (Fig IV.4.4 c]. It is worth noting that there is no way of distinguishing post-collisional
granites on these plots due to the geochemical variability of their possible sources, resulting in a lack of
a coherent trace-element signature (cf. Pearce et al., 1984). Thus, the post-collisional granitoids plotted
in the Y + Nb versus Rb diagram (in the original paper) spread over both VAG and syn-COLG
fields. .

Of relevance to the potassic rocks (i.e. to both the Certovo bfemeno and fh’éany suites) is the
classification scheme of Miiller et al. (1992), which was originally developed for the study of volcanic
rocks [Fig. IV.4.5.]. The first three of the them [a-c] show clearly that neither the Certovo btemeno nor
Riéany suites have the WIP (Within-Plate) character, a conclusion apparent from the earlier diagrams
[Figs IV.4.3., IV.4.4.]. In contrast, the following two plots are in obvious disagreement with each
other [Figs IV.4.5 d-e]. Although both suites are classified as CAP (Continental Arc related) on the
Zr/TiO7 - Ce/P205 plot [Fig. IV.4.5 d], on the Zr*3 - Nb*S0 - Ce/P;05 ternary diagram [Fig.
IV.4.5 e] the Certovo biemeno suite falls into the PAP (Post-collisional Arc) field. On the original
Zr/TiO - Ce/P305 diagram of Miiller et al. (1992, fig. 7d), there is considerable overlap between the
volcanic rocks from the continental arc and post-collisional arc settings; in particular many analyses of
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The high Ga/ Al ratio, thought to be characteristic of the A-type granitoids, may be attributed to a high
F content of the Ricany magma (0.10 - 0.19 % after Tauson et al., 1977). Gallium tends to form
GaFg3- complexes in the melt, whereas Al tends to be incorporated into (An-rich) residual plagioclase
(Collins et al., 1982, Whalen et al., 1987). Thus the Ri¢any intrusion does not appear to be a typical
A-type granitoid.

The classification scheme of Pedrce et al. (1984) is not the only one which utilises HFSE
elements (in combination with LILE) as a powerful tool for judging the geotectonic setting. Harris et al.
(1986) used the Rb - Hf - Ta temary plot [Fig. IV.4.9.] to distinguish four principal settings. They
numbered the granitoid groups sequentially, as they would occur in a normal orogenic cycle:

Group I. Volcanic arc granitoids, pre-dating the collision; typically calc-alkaline
gabbros to biotite granites,
Group II. Syn-orogenic (leuco-) granitoids; S-types containing muscovite and tourmaline
and having over 70% of silica,
Group Ill.  High-level calc-alkaline plutons, similar in character to the Grdup L, and
Group IV.  Minor, post-tectonic intrusions, typically alkaline or shoshonitic in character.

In this diagram, the Sdzava and Blatn4 suites fall mainly into the Volcanic-arc field (Group 1.), unlike
the Certovo bfemeno and Ricany suites, which plot mainly in the Post-collisional field (Group IIL).
However, the Certovo biemeno sample Cb-3 plots in the Group L. field, suggesting that the setting of
the Certovo bfemeno suite was possibly transitional between the post-collisional and arc settings. The
position of the T4dbor sample in the Group II. field appears to be misleading, as it is by no means a S-
type leucogranite with muscovite and tourmaline (see above; cf. Chapter IL7.2.).

Although the various discrimination diagrams do not give unequivocal indications of the
tectonic setting of the individual suites, for each suite certain affinities seem more likely than others.
The Sizava suite may have originated in a volcanic (continental) arc environment, as suggested by its
calc-alkaline nature and a pronounced Nb-Ta trough on the ORG-normalised spiderdiagrams
[Fig. IV.4.6). The Blatn4 suite has also a signature of volcanic-arc related granitoids but on the basis
of it being more potassic and having a higher K20 / NajO ratio than the Sdzava suite it have probably
originated in a mature volcanic arc environment.

There is a striking difference between previous two suites (Sdzava and Blatn4) and both the
Certovo bfemeno and Ritany suites. The Certovo bfemeno suite, which is shoshonitic in character,
probably originated in a post-collision uplift setting, or in a setting transitional between the volcanic arc
and post-collisional. As an alternative, its geochemistry could account for mixing of material derived
from both sources. The peraluminous Ricany suite, geochemically transitional between shoshonitic and
high-potassium calc-alkaline series, seems to have originated by anatexis of metasedimentary material
in a collision-related environment post-dating the collision event. It is important to note that none of the
intrusions shows a within-plate signature, but in almost all of them, there is, to a different extent, an
indication of volcanic-arc component.

A note of caution is to be added here: in the CBP, which probably developed within a short time
interval [Chapter L, Appendix IX.], the distinct geochemical affinities of the individual suites may
point to a distinct parentage of the observed magma rather than to a change in the tectonic environment.
For instance, magmas with a volcanic-arc signature may be either generated in the appropriate
geotectonic setting, or their character can be inherited from the source, represented by earlier, arc-
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related rocks. Additionally, mixing of several components (either within the source or of melts from
distinct sources), may further complicate the situation.

IV.5. Implications of the whole-rock geochemistry

In the preceding text, the studied granitoids of the Central Bohemian Pluton have been
subdivided into four suites, each having distinct behaviour in the AFM ternary. These four suites, viz.
Sézava, Blatn4, Certovo bfemeno and Ri¢any, differ in their major and trace element signatures, likely
genesis and probable geotectonic setting.

Siazava suite

The calc-alkaline Sdzava suite is the least geochemically differentiated of the suites studied. The
rocks of this suite are characterised by low Ba/Cs, LREE/HREE, low content of HFSE (apart from Y),
transition metals and REE (PoZiry intrusion in particular), as well as by high K/Rb and a pronounced
Nb-Ta trough. The basic rocks associated with the Sdzava suite are generally low in Ni and Cr,
whereas Co and Sc are high.

A genetic model of origin of both the Sazava and PoZiry intrusions invokes melting of
amphibolite or eclogite with amphibole and, or garnet (PoZary intrusion) in the residue. Subsequently,
this magma underwent extensive fractionation of an amphibole > plagioclase > biotite > orthite
assemblage. The PoZdry intrusion, composed mainly of trondhjemites, may correspond to the last,
strongly differentiated derivatives of the Sdzava magma. In this way, the trondhjemites could have
attained their leucocratic and peraluminous character, as well as their low YREE and positive Eu
anomalies.

The basic rocks appear to have, at least partly, an independent position within the Sdzava suite,
as they do not form a compositional continuum with the other members. On the other hand, they are
responsible for some of the variation within the Sdzava intrusion, being involved in the production of
the hybrid quartz diorites in the western part of the Sdzava body (Teletin). The geochemistry of the
Sézava suite points to a magmatic arc setting.

Blatni suite

The Blatnd suite possesses a high-K calc-alkaline character for the more acidic members, but the
associated monzonitic rocks are shoshonitic in character. The suite is metaluminous to peraluminous
and is characterised by intermediate ratios of Ba/Cs, K/Rb, LREE/HREE, as well as contents of HFSE,
REE and transition metals (except for the monzonitic rock types).

The geochemical signature as well as the field relations suggest an origin for the compositional
variation of both the Kozirovice and Blatnd intrusions by mixing between the monzonitic rocks (similar
to the Luc¢kovice monzonite) and the most acidic magma of the biotite facies of the Blatn4 intrusion.
These magmas have subsequently evolved by fractional crystallization of amphibole > plagioclase + K-
feldspar > biotite (Kozdrovice) or plagioclase > biotite > amphibole and orthite (Blatnd). Alternatively,
each of the suites could have been produced purely by either magma mixing of similar end-members or
fractional crystallization of assemblages as above. Locally, wall-rock assimilation may have been
important in portions adjacent to the Metamorphic Islet Zone and, or the Moldanubian Unit. The
geochemistry of the Blatnd suite is compatible with an origin in a mature volcanic arc or a setting
transitional between arc and one that is collision-related.
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Table IV.1: HFSE content of particular rock suites, CBP

Rock suite Hf ICP-MS) Ta (ICP-MS) Nb (XRF) Y (XRF) 2r (XRF)
0.2,0.3(Pozary)t

Sazava -5 T 0.5 - 1.1 4 - 11 5 - 45 50 - 180
(Sazava s.s.)

Blatna 3 - 13% 0.7 - 1.7% 5 - 18 2 - 48 120 - 230

éertovo

bfemeno 4, 13 1.7, 1.8 11 - 23 12 - 26 230 - 410
1.4 (Jevany), 90 - 160 (Jevany),

ﬁiéany 7- 9 .2.3 - 2.8 13 - 21 b.d. - 13 ‘160 - 250
(RiZany s.s.) (Rigany s.s.)

T no data for Ta or Hf from Ne&in were obtained; ¥ no data available for the Marginal and Klatovy types

Table IV.2: Zircon saturation calculations (Watson and Harrison, 1983)

(shown are Zr concentration, ¥, Cat = Si + Ti + Al + Fe2* + Fe3* + Ca+ Na+ Mg, M = (Na + L + 2 Ca)/ (Al . Si),
saturated concentration of Zr at 750°C (ppm) and saturation temperature corresponding to the observed Zr concentration)

Sample Zr X cat M Zr sat T Sample 2r Y cat M Zr sat T
{oom) @750°C (°C) (pom) @750°C (°C)
S&zava suite Blatna suite

Sazava Kozarovice
Sa-1 76 1.680 2.013 180 686 Koz-1 161 1.639 1.866 159 753
Sa-2 55 1.713 2.448 261 639 Koz=-2 216 1.673 1.769 146 785
Sa-4 56 1.694 2,720 329 626 Koz-4 201 1.655 1.634 131 788
Sa-7 57 1.644 1.821 153 677 Koz-5 201 1.674 1.658 133 787
sa-10 79 1.717 1.865 159 698 Koz=-6 218 1.654 1.685 136 792
Sa-11 74 1.660 1.664 134 706 Koz-8 221 1.643 1.679 136 793
Sa-12 95 1.669 1.968 173 705 Koz-9 251 1.644 1.981 175 782
Sa-13 146 1.691 1.685 136 758 Koz-10 148 1.672 1.688 137 759
Average 80 1.684 2.023 191 687 Koz-11 156 1.651 1.698 138 762
10 30 0.025 0.374 69 41 Koz-12 211 1.657 1.529 119 800
Gabbros Koz-13 139  1.659 1.593 126 760
Gbs~-1 76 1.741 4.823 1964 541 |Average 193 1.656 1.707 140 778
Gbs-2 27 1.745 2.714 327 582 16 36 0.012 0.126 16 17

Gbs-3 72 1.699 2.128 199 676 ZaluZany
Gbs-4 43 1.751 3.682 744 562 Zal-1 251 1.642 2.643 308 7136

Average 54 1.734 3.337 808 590 Blatna

10 24 0.024 1.180 805 59 Bl-1 177 1.655 1.390 106 795
PoZary Bl-2 188 1.652 1.584 125 786
Po-1 128 1.701 1.668 135 748 Bl-3 188 1.662 1.392 106 800
Po-3 159 1.702 1.461 113 781 Bl-4 171 1.855 1.471 114 786
Po-4 180 1.691 1.256 95 807 B1-5 209 1.656 1.502 117 801
Po-5 162 1.688 1.214 91 801 Bl-6 163 1.673 1.341 102 792
Average 157 1.696 1.400 108 784 Bl-7 149 1.633 1.446 111 776
106 22 0.007 0.209 20 27 Bl1-8 169 1.674 1.716 140 767
Neé&in Average 177 1.658 1.480 115 788
Ne-1 11S 1.e83 1.373 105 759 16 18 0.013 0.122 12 12

Ne-2 101 1.686 1.304 99 754 Gervena
Average 108 1.685 1.339 102 756 Cv-1 226 1.643 1.879 1lel 780
16 10 0.002 0.049 4 4 Cv-2 157 1.867 1.572 124 771
Cv-3 l46 1.678 1.606 127 763
Average 176 1.664 1.686 137 772
10 43 0.018 0.168 20 8




Table IV.2: Zircon saturation calculations (cont.)

(for explanation, see previous page)

Sample Zr I cat M Zr sat T Sample 2r Z Cat M Zr sat T
(pom) a750°C (°C) (pom} @750°C (°C)
Blatnd suite Certovo bfemenoc suite
Mrag Tabor
Mrc-1 200 1.630 1.226 92 819 Ta-1 390 1.604 2.024 182 818
Mrc-2 211  1.647 1.190 90 827 Ta=-2 305 1.624 2.130 199 788
Average 205 1.639 1.208 91 823 Ta-3 405 1.613 1.783 148 841
16 8 0.012 0.025 2 6 Average 367 1.614 1.979 176 8l6
Lu&kovice 106 54 0.010 0.178 26 27
Gbl-1 62 1.666 3.825 840 576 Ridany suite
Gbl-2 17 1.783 5.080 2440 531 RiZany
Average 70 1.725 4.453 1640 553 Ri-1 240 1.653 1.287 97 831
10 11 0.083 0.887 1131 32 Ri-2 246 1.648 1.559 123 812
Marginal Ri-3 239 1.636 1.403 107 822
Mg-1 115 1.630 1.335 101 762 Ri-4 246 1.643 1.455 112 820
Mg-2 152 1.654 1.209 97 789 Ri-§ 219 1.639 1.420 109 812
Average 133 1.642 1.313 99 176 Ri-6 238 1.644 1.294 98 830
10 26 0.017 0.032 3 19 Ri-7 268 1.614 1.145 86 854
Klatovy Ri-8 224 1.634 1.246 94 828
Kl-1 171 1.652 1.431 110 789 Ri-9 224 1.637 1.2M7 96 826
K1-2 128 1.657 1.262 95 177 Ri-10 214 1.660 1.252 94 823
Average 150 1.655 1.347 103 783 Ri-11 193 1.589 1.060 80 829
10 30 0.004 0.120 10 9 Ri-12 196 1.507 1.238 93 816
Certovo bFfemeno suite Ri-13 215 1.634  1.243 94 824
Sedlé&any Ri-14 217 1.642 1.264 95 824
Se-1 237 1.610 1.567 123 808 Ri-15 237 1.596 1.165 88 840
Se-3 260 1.627 1.561 123 817 Ri-18 187 1.632 1.178 89 817
Se-4 269 1.631 1.53¢ 120 823 Ri-19 187 1.609 1.197 90 815
Se-5 283 1.606 1.619 129 820 Ri-20 163 1.629 c.988 75 819
Se-6 269 1.619 1.466 113 828 Ri-22 166 1.648 1.115 84 811
Se~7 283 1.618 1.424 109 836 Average 217 1.626 1.252 95 824
Se-8 259 1.646 1.45¢ 112 825 10 28 0.034 2.138 11 10
Se-9 256 1.639 1.413 108 827 Jevany
Se-10 266 1.618 1.347 102 836 Je-1 149 1.641 1.353 103 783
Se-11 274 1.648 1.280 97 844 Je=2 137 1.624 1.293 98 780
Se-12 259 1.596 1.419 109 828 Je-3 164 1.614 1.061 80 814
Se~-13 240 1.633 1.402 107 822 Je-4 139 1.638 l.416 108 773
Se-14 315 1.625 1.401 107 848 Je-5 94 1.616 1.222 92 754
Se-15 229 1.617 1.364 104 821 Average 137 1.627 1.269 96 781
Se-16 249 1.632 1.388 106 827 10 26 0.012 0.137 11 22
Average 263 1.624 1.442 111 827
106 21 0.014 0.092 9 10
Certovo bEemeno
Cb-1 291 1.582 1.518 118 831
Cb~2 294 1.631 1.943 170 799
Cb-3 405 1.599 2.38C 246 794
Cb-4 282 1.622 1.705 139 813
Cb-5 299 1.630 1.366 104 846
Average 314 1.613 1.782 155 817
106 51 0.022 0.398 57 22




Table IV.5: Least-squares modelling;

major elements, Sazava suite

A PARENT plg2 An54 bi3? amph7 KF3 DAUGHTER!
Sa—-4 Sa-3 Sa-3 Sa-3 Sa-10 sa-11
Si0, 49.94 53.41 35.32 45.35 61.46 64.16
Tio, 0.75 0.00 2.11 1.39 0.00 0.48
A1,05 17.58 29.48 15.31 9.47 19.39 15.89
Fe,05% 8.81 0.08 21.94 16.71 0.03 5.46
MgO 4.89 0.00 9.05 9.82 0.00 2.14
Ca0 9.52 11.27 0.01 11.92 0.01 4.96
Na,0 2.72 5.05 0.10 1.08 0.75 3.36
K,0 1.54 0.12 9.81 1.02 15.78 1.79
A PARENT®  DAUGHTER® DAUGHTER® WEIGHTED
CALCULTD  RESIDUALS A SOLUTION? CUMULATE?
Sa-4 1
5i0, 52.15 65.31 65.18 0.13 plg -0.353 42.107
Ti0, 0.78 0.49 0.48 0.01 KF -0.021 2.531
A1,04 18.36 16.18 16.19 -0.01 bi -0.047 5.612
Fey03* 9.20 5.55 5.37 0.19 amph -0.417 49.751
MgO 5.11 2.18 2.58 -0.41 Sa-11 0-161 R? = 0.233
ca0 9.94 5.05 4.94 0.11
Na,y0 2.84 3.42 3.47 -0.05
K,0 1.61 1.82 1.79 0.03
B PARENT bi3 plg7 An36  amph? DAUGHTER
Sa-11 Sa—-3 Sa-10 Sa-3 Po-5
$io, 64.16 35.32 56.69 45.35 71.42
TiO, 0.48 2.11 0.00 1.39 0.30
Al,0; 15.89 15.31 27.62 9.47 15.04
Fey03* 5.46 21.94 0.11 16.71 2.64
MgO 2.14 9.05 0.00 9.82 0.52
cao 4.96 0.01 7.69 11.92 3.67
Na,0 3.36 0.10 7.07 1.08 1.08
K,0 1.79 9.81 0.21 1.02 1.79
B PARENT DAUGHTER DAUGHTER  WEIGHTED
CALCULTD  RESIDUALS B SOLUTION  CUMULATE
Sa-11 1
Si0, 65.31 72.91 72.66 0.25 bi -0.055 17.154
Ti0, 0.49 0.31 0.26 0.05 plg -0.132 41.392
A1,04 16.18 15.35 15.16 0.20 amph -0.132 41.454
Fey05% 5.55 2.69 2.92 -0.22 Po-5 0.682 R2= 0.874
MgO 2.18 0.53 0.46 0.07
Ca0 5.05 3.75 3.53 0.21
Na,0 3.42 2.63 3.42 -0.78
K0 1.82 1.83 1.59 0.24

1 Original whole-rock analyses of presumed parent and daughter [Appendix IIL ]

2 Mineral analyses [Appendices VL-VIIL ]

3 Parent and daughter analyses recalculated to 100 %, solution vector (calculated daughter)

4 Amount of particular minerals removed (parent = 1), 1 - total multiplied by 100 correponds to degree
of fractionation (here 83.9 %)

5 Percentage of individual minerals in the cumulate




Table IV.5: Least-squares modelling; major elements, Sdzava suite (cont.)

c PARENT bil plg2 An54 KF3 DAUGHTER
Po-4 Po-1 Sa-3 Sa-10 Po-1
$i0, 70.17 35.54 53.41 61.46 62.46
Ti0, 0.28 2.93 0.00 0.00 0.28
Al,0, 15.35 17.00 29.48 19.39 20.41
Fe;0;* 2.02 19.26 0.08 0.03 1.91
Mgo 1.32 8.60 0.00 0.00 0.87
Ca0 3.77 0.03 11.27 0.01 6.26
Na,0 2.73 0.07 5.05 0.75 4.03
K,0 1.82 9.41 0.12 15.78 1.92
c PARENT DAUGHTER DAUGHTER WE IGHTED
CALCULTD  RESIDUALS
$i0, 72.00 63.64 64.05 -0.41 [+ SOLUTION CUMULATE
Tio, 0.29 0.29 0.26 0.02 ° Po-4 1
21,0, 15.75 20.80 21.04 -0.24 bi 0.052 7.115
Fe,05% 2.07 1.95 1.85 0.10 plg 0.629 86.794
MgO 1.35 0.89 1.06 -0.17 KF 0.044 6.091
Ca0 3.87 6.38 6.39 -0.02 Po-1 1.724 R2= 0.644
Na,0 2.80 4.11 3.50 0.60
K,0 1.87 1.96 1.84 0.11
D PARENT plg4 An39 quartz KF3 DAUGHTER
Sa-11 Po-1 stochiom Sa-10 Po-1
$i0, 64.16 57.16 100.00 61.46 62.46
TiO, 0.48 0.04 0.00 0.00 0.28
Al,04 15.89 27.01 0.00 19.39 20.41
Fey03* 5.46 0.15 0.00 0.03 1.91
MgO 2.14 0.00 0.00 0.00 0.87
cao 4.96 8.10 0.00 0.01 6.26
Na,»0 3.36 6.68 0.00 0.75 4.03
K50 1.79 0.26 0.00 15.78 1.92
D PARENT DAUGHTER  DAUGHTER WEIGHTED D SOLUTION _ CUMULATE
CALCULTD  RESIDUALS Sa-11 !
plg 1.382 78.250
Si0; 65.31 63.64 64.66 =-0.02 KF 0.193 10.912
TiO, 0.49 0.29 0.20 0.09 Q 0.191 10.832
Al,0;5 16.18 20.80 20.81 -0.02 Po-1 2.766 R2 = 0.563
Fey03* 5.55 1.95 2.09 -0.13
Mgo 2.18 0.89 0.79 0.10
Cao0 5.05 6.38 5.90 0.48
Na,0 3.42 4.11 4.65 -0.54

K,0 1.82 1.96 1.92 0.04




Table IV.6: Least-squares

modelling; major elements, Blatna suite

A PARENT plgll An50 Kfl bid amphé DAUGHTER
Koz-9 Koz-2 Koz=-4 Koz4 Koz 4 Koz=5
Si0, 59,22 54.13 63.01 35.60 45.95 65.53
TiO, 0.63 0.04 0.00 3.80 1.04 0.45
Al;03 15.49 29.96 19.35 14.66 7.55 15.43
Fe,03* 5.09 0.05 0.08 18.14 14.49 3.57
Mgo 3.83 0.00 0.00 10.02 11.29 2.14
Ca0 5.35 10.49 0.04 0.03 11.79 3.76
Na,0 2.55 5.53 1.05 0.12 1.29 3.25
K,0 4.13 0.11 14.93 9.39 Q.86 4.14
A PARENT DAUGHTER DAUGHTER WEIGHTED
CALCULTD RESIDUALS A SOLUTICON CUMULATE
Koz2-9 1
510, 61.50 66.69 66.85 -0.16 plg -0.094 24.291
TiO; 0.65 0.46 0.59 -0.13 KF -0.090 23.350
Al,04 16.09 15.70 15.84 -0.13 bi -0.022 5.579
Fep03* 5.29 3.63 3.37 0.26 amph -0.181 46.780
MgO 3.98 2.18 2.57 -0.39 Koz-5 0.614 R2= 0.453
Ca0O 5.56 3.83 3.76 0.07
Na,0 2.65 3.31 2.91 0.40
K50 4.29 4.21 4.11 0.10
B PARENT plgl0 An50 Kf1 bid4 amph6 DAUGHTER
Koz-9 Koz-2 Koz-4 Koz 4 Koz4 Koz-8
Si0, 59.22 54.13 63.01 35.60 45.95 64.65
TiO, 0.63 0.04 0.00 3.80 1.04 0.54
Al,05 15.49 29.96 19.35 14.66 7.55 15.38
Fep03* 5.09 0.05 0.08 18.14 14.49 4.05
Mgo 3.83 0.00 0.00 10.02 11.29 2.56
Ca0 5.35 10.49 0.04 0.03 11.79 4.30
Na,0 2.55 5.53 1.05 0.12 1.29 2.49
K,0 4.13 0.11 14.93 9.39 0.86 4.00
B PARENT DAUGHTER DAUGHTER WEIGHTED
CALCULTD RESIDUALS B SOLUTION CUMULATE
Koz~-9 1
5i0, 61.50 65.99 65.68 0.31 plg -0.086 26.278
Tio, 0.65 0.55 0.58 -0.03 KF -0.075 22.928
Al,;04 16.09 15.70 15.63 .06 bi -0.024 7.479
F°z°3* 5.29 4.13 3.89 0.24 amph -0.142 43.315
Mgo 3.98 2.61 2.99 -0.38 Koz-8 0.673 r2= 0.392
Ca0 5.56 4.39 4.29 0.10
Na,0 2.65 2.54 2.82 -0.28
K,0 4.29 4,08 4.11 -0.02
(o] PARENT plglo An30 Kfl bid amph6é DAUGHTER
Koz-1 Koz-2 Koz-4 Koz4 Koz4 Koz-5
Si0, 60.18 54.13 63.01 35.60 45.95 65.53
TiO, 0.60 0.04 0.00 3.80 1.04 0.45
Al,04 15.43 29.96 19.35 14.66 7.55 15.43
Fe,0;% 4.81 0.05 0.08 18.14 14.49 3.57
Mgo 3.36 0.00 0.00 10.02 11.29 2.14
CaO 4,91 10.49 0.04 0.03 11.79 3.76
Na,0 2.64 5.53 1.05 0.12 1.29 3.25
K,0 3.99 0.11 14.93 9.39 0.86 4.14
[ PARENT DAUGHTER DAUGHTER WEIGHTED
CALCULTD RESIDUALS [ SOLUTION CUMULATE
Koz-1 1
Sio, 62.74 66.69 66.93 -0.24 plg -0.075 26.556
TiO, 0.63 0.46 0.52 -0.06 KF -0.054 18.986
Aly03 16.09 15.70 15.83 -0.12 bi -0.026 9.035
Fey05* 5.01 3.63 3.52 0.11 amph -0.128 54.422
Mgo 3.50 2.18 2.35 -0.17 Koz-5 0.718 RZ= 0.271
Cao 5.12 3.83 3.80 0.03
Na,0 2.75 3.31 2.93 0.38
K50 4.16 4.21 4.13 0.09




Table IV.6: Least-squares modelling; major elements, Blatna suite (cont.)

D PARENT plgll AnS0 Kfl bi4 amph6 DAUGHTER
Koz-1 Koz=-2 Koz-4 Koz4 Koz4 Koz-8
Si0, 60.18 54.13 63.01 35.60 45.95 64.65
Ti0, 0.60 0.04 0.00 3.80 1.04 0.54
| Al50; 15.43 29.96 19.35 14.66 7.55 15.38
| Fe,05% 4.81 0.05 0.08 18.14 14.49 4.05
| Mgo 3.36 0.00 0.00 10.02 11.29 2.56
, ca0 4.91 10.49 0.04 0.03 11.79 4.30
{ Nay0 2.64 5.53 1.05 0.12 1.29 2.49
| K,0 3.99 0.11  14.93 9.39 0.86 4.00
| D PARENT DAUGHTER DAUGHTER  WEIGHTED
| CALCULTD  RESIDUALS D SOLUTION _ CUMULATE
| Koz-1 1
| 510, 62.74 65.99 65.75 0.24 plg ~0.066 30.925
: Ti0; 0.63 0.55 0.52 .03 KF ~0.035 16.693
I A1,0, 16.09 15.70 15.63 0.07 bi -0.029 13.676
i Fej05* 5.01 4.13 4.02 0.11 amph ~0.082 38.707
§ Mgo 3.50 2.61 2.80 -0.18 Koz-8 0.788 RZ = 0.20
: ) 5.12 4.39 4.32 0.07
| Na,0 2.75 2.54 2.84 -0.30
| K,0 4.16 4.08 4.12 -0.03
|
| E PARENT amphl plg 3An38 bil DAUGHTER
% Cv-3 B1-5 Bl-7 B1-7 Bl-4
| Si0, 61.86 45.75 57.49 36.04 68.73
| Ti0, 0.73 1.14 0.00 3.35 0.45
| Al,0, 16.17 7.02 26.69 14.59 13.91
; Fey0y* 4.57 14.77 0.02 17.02 2.63
E Mgo 3.58 11.73 0.00 11.28 1.98
| cao 3.98 11.89 8.04 0.03 2.78
| Na,0 2.94 1.16 7.02 0.11 2.95
; K,0 3.56 0.78 0.16 9.61 3.91
| B PARENT DAUGHTER  DAUGHTER  WEIGHTED
| CALCULTD  RESIDUALS E SOLUTION __ CUMULATE
' cv-3 1
: 510, 63.52 70.61 71.09 -0.48 amph -0.062 17.065
| Tio, 0.75 0.46 0.41 0.06 plg -0.189 51.846
| A1,0, 16.60 14.29 14.57 -0.28 bi -0.113 31.089
| Fey03* 4.69 2.70 2.53 0.17 B1-4 0.635 R2= 0.797
f Mgo 3.68 2.03 2.37 -0.33
| cao 4.09 2.86 2.77 .08
% Na,0 3.02 3.03 2.50 0.53
| K20 3.66 4.02 3.76 0.25
E F PARENT amphl Plg 3An38 bil DAUGHTER
| Cv-3 Bl-3 B1-7 Bl-7 Bl-1
| Si0, 61.86 45,75 57.49 36.04 67.77
TiO, 0.73 1.14 0.00 3.35 0.49
A130, 16.17 7.02 26.69 14.59 14.90
| Fe,05* 4.57 14.77 0.02 17.02 2.70
| MgO 3.58 11.73 0.00 11.28 1.80
| cao 3.98 11.89 8.04 0.03 2.71
{ Naz0 2.94 1.16 7.02 0.11 2.99
1 K0 3.56 0.78 0.16 9.61 3.94
‘E
!
| 4 PARENT DAUGHTER DAUGHTER  WEIGHTED
! CALCULTD  RESIDUALS c::3 s°§UTI°N COMULATE
i Si0, 63.52 69.65 69.94 -0.28 amph -0.082 25.224
; Ti0, 0.75 0.50 0.47 0.04 plg -0.151 46.579
| Al,0; 16.60 15.31 15.52 ~0.20 bi -0.092 28.179
| Fep03* 4.69 2.77 2.53 0.24 Bl-1 0.675 r2= 0.521
? MgO 3.68 1.85 2.27 -0.42
; Ca0 4.09 2.79 2.70 0.09
| Na,0 3.02 3.07 2.72 0.35
) 3.66 4,95 3.86 0.19




Table IV.6: Least-squares modelling; major elements, Blatna suite (cont.)

G PARENT KF2 amphl plg 3An38 bil DAUGHTER
Cv-1 Bl-7 81-5 B1-7 Bl-7 Bl-1
510, 62.88 62.99 45,75 57.49 36.04 67.77
TiO, 0.76 0.00 1.14 0.00 3.35 0.49
Al;04 16.15 18.83 7.02 26.69 14.59 14.90
Fey03% 4.39 6.01 14.77 0.02 17.02 2.70
MgO 3.49 0.00 11.73 0.00 11.28 1.80
cao 4.44 0.05 11.89 8.04 0.03 2.1
Na 0 2.62 0.98 1.16 7.02 0.11 2.99
K,0 3.67 15.10 0.78 0.16 9.61 3.94
G PARENT DAUGHTER DAUGHTER  WEIGHTED
CALCULTD RESIDUALS G SOLUTION CUMULATE
Cv-1 1
Si0, 63.90 69.65 €9.99 -0.34 KF -0.030 8.719
Tiop 0.77 0.50 0.65 -0.15 plg -0.142 41.566
Al,04 16.41 15.31 15.64 -0.32 bi -0.055 16.119
"Fey05% 4.46 2.77 2.48 0.30 amph -0.115 33.597
Mgo 3.55 1.85 2.18 -0.33 Bl-1 0.658 R = 1.151
cao 4.51 2.79 2.89 -0.11
Na,0 2.66 3.07 2.25 0.82
K0 3.73 4.05 3.92 0.13
H PARENT amphl p2g3 An38 bil KE2 DAUGHTER
Bl-8 Bl-5 31-7 B1-7 Bl-7 Bl-4
$i0, 64.63 45,75 57.49 36.04 62.99 68.73
Tio, 0.67 1.14 5.00 3.35 0.00 0.45
21,04 14.80 7.02 26.69 14.59 18.83 13.91
Fey03* 4.07 14.77 9.02 17.02 0.01 2.63
Mgo 2.78 11.73 9.00 11.28 0.00 1.98
cao 4.25 11.89 8.04 0.03 0.05 2.78
Na,0 2.93 1.16 7.02 0.11 0.98 2.95
K,0 3.48 0.78 3.16 9.61 15.10 3.91
B PARENT DAUGHTER CAUGHTER  WEIGHTED
CALCULTD  RESIDUALS B SOLUTION  CUMULATE
Bl-8 1
510, 66.21 70.61 70.71 -0.10 amph -0.097 39.515
TiO, 0.69 0.46 0.63 -0.16 KF -0.012 4.927
Al,0, 15.16 14.29 14.35 -0.06 plg -0.111 44.877
Fe,0;* 4.17 2.70 2.85 -0.15 bi -0.026 10.680
MgO 2.85 2.03 1.74 0.29 Bl-4 0-753 R2 = 0.23
cao 4.35 2.86 2.96 -0.10
Na,0 3.00 3.03 2.77 0.26
K0 3.57 4.02 3.99 0.03
I PARENT amphl P23 3An38 KE2 DAUGHTER
B1-8 Bl-~5 31-7 Bl-7 Bl-1
$i0; 64.63 45.75 57.49 62.99 67.77
Ti0, 0.67 1.14 2.00 0.00 0.49
Al,04 14.80 7.02 26.69 18.83 14.90
Fey04* 4.07 14.77 0.02 0.01 2.70
MgO 2.78 11.73 2.00 0.00 1.80
cao 4.25 11.89 8.04 0.05 2.1
Na,0 2.93 1.16 7.02 0.98 2.99
K0 3.48 0.78 9.16 15.10 3.94
b4 PARENT DAUGHTER  DAUGHTER WEIGHTED
CALCULTD  RESIDUALS 81{8 SOTUTION SUHULATE
5i0, 66.21 69.65 69.62 0.03 plg -0.066 32.619
TiO, 0.69 0.50 0.67 -0.17 KE -0.14 6.977
Al,03 15.16 15.31 15.30 0.01 amph -0.121 60.403
Fe,0y% 4.17 2.717 2.83 ~0.06 Bl-1 0.799 R%= 0.082
Mgo 2.85 1.85 1.67 0.18
ca0 4.35 2.79 2.87 -0.08
Naz0 3.00 3.07 2.97 0.10
K50 3.57 4.05 4.05 0.00




TableIV.7:Least-squares modelling; major elements,Sedléany granite

A PARENT bil plglAnd2 KF1 amph4 DAUGHTER
Se=-3 Se-6 Se-5 Se-5 Se-9 Se-12
$i0, 65.15 36.85 56.61 62.99 50.82 68.47
Ti0, 0.55 2.95 0.02 0.02 0.36 0.51
Al;0; 14.73 14.15 26.82 18.69 4.15 14.74
Fe,03% 2.83 15.16 0.07 0.06 12.47 2.58
Mgo 2.67 13.82 0.00 0.02 14.71 2.36
ca0 2.40 0.00 8.63 0.01 11.22 2.14
Na,0 2.98 0.08 6.51 0.89 0.89 2.74
X,0 5.60 10.03 0.22 15.35 0.37 5.50
a PARENT DAUGHTER DAUGHTER  WEIGHTED
CALCULTD  RESIDUALS A SOLUTION  CUMULATE
Sel 1
§10; 67.22 69.14 68.80 0.34 bi -0.025 22.322
Ti0; 0.57 0.51 0.54 -0.03 KF -0.031 27.451
Al,04 15.20 14.88 14.74 0.14 plg -0.040 35.274
Fey03* 2.92 2.60 2.58 0.02 amph -0.017 14.952
Mgo 2.76 2.38 2.39 -6.01 Se-12 0.888 RZ = 0.26
Ca0 2.48 2.16 2.18 -0.02
Na0 3.07 2.77 3.12 -0.35
K,0 5.78 5.55 5.64 -0.09
B PARENT pil plg3An42 KF1 amph4 DAUGHTER
Se-3 Se-6 Se-5 Se-5 Se-9 Se-11
S10, 65.15 36.85 56.61 62.99 50.82 68.27
Ti0, 0.55 2.95 0.02 0.02 0.36 0.51
Al,0, 14.73 14.15 26.82 18.69 4.15 15.02
Fey03* 2.83 15.16 0.07 0.06 12.47 2.68
Mgo0 2.67 13.82 0.00 0.02 14.71 2.69
ca0 2.40 0.00 8.63 0.01 11.22 2.13
Na,0 2.98 0.08 6.51 0.89 0.89 2.05
K50 5.60 10.03 0.22 15.35 0.37 5.56
B PARENT DAUGHTER DAUGHTER  WEIGHTED
CALCULTD  RESIDUALS B SOLUTION  CUMULATE
Se-3 1
Sic, 67.22 69.02 68.13 0.89 bi -0.014 22.470
Tio, 0.57 0.52 0.55 -0.04 KF -0.007 11.130
A1,0, 15.20 15.19 14.79 0.39 plg -0.036 56.488
Fe,0;* 2.92 2.71 2.78 -0.07 amph ~0.006 9.913
MgO 2.76 2.72 2.61 0.11 Se-11 0.936 R%= 1.936
Ca0 2.48 2.15 2.23 -0.08
Na,0 3.07 2.07 3.02 -0.94
X,0 5.78 5.62 5.88 -0.25
c PARENT bil pig3And2 KF1 amph4 DAUGHTER
Se-6 Se=-6 Se=-5 Se~-5 Se-9 Se-12
Si0, 65.11 36.85 56.61 62.99 50.82 68.47
Tio, 0.51 2.95 9.02 0.02 0.36 0.51
Al,0, 14.97 14.15 26.82 18.69 4.15 14.74
Fey0y* 2.59 15.16 0.07 0.06 12.47 2.58
Mgo 2.82 13.82 0.00 0.02 14.71 2.36
Cao 2.38 0.00 8.63 0.01 11.22 2.14
Na,0 2.63 0.08 6.51 0.89 0.89 2.74
K20 5.58 10.03 9.22 15.35 9.37 5.50
c PARENT DAUGHTER DAUGHTER WEIGHTED "
CALCULTD  RESIDUALS s:ia SOEUTION CUMULATE
Si0; 67.41 69.14 69.19 -0.05 bi -0.023 16.501
TiC, 0.53 0.51 0.52 0.00 KF -0.047 34.601
Al,04 15.50 14.88 14.93 -0.05 plg -0.047 34.362
Fes0,* 2.68 2.60 2.37 0.24 amph -0.020 14.535
MgO 2.92 2.38 2.64 -0.25 Se-12 0.863 R2= 0.130
Ca0 2.46 2.16 2.11 0.05
Na,0 2.72 2.77 2.72 0.04
K,0 5.78 5.55 5.53 0.02




TableIV.7:Least-squares modelling; major elements,Sedl¢any granite

(cont.)
D PARENT bil plglAnd2 KF1 amphd DAUGHTER
Se-6 Se-6 Se-5 Se-$5 Se-9 Se-11
510, 65.11 36.85 . 56.61 62.99 50.82 68.27
TiO, ©0.51 2.95 0.02 0.02 0.36 0.51
Al,04 14.97 14.15 26.82 18.69 4.15 15.02
Fe,03* 2.59 15.16 0.07 0.06 12.47 2.68
Mgo 2.82 13.82 0.00 0.02 14.71 2.69
ca0 2.38 0.00 8.63 0.01 11.22 2.13
Na,0 2.63 - 0.08 6.51 0.89 0.89 2.05
K50 5.58 10.03 0.22 15.35 0.37 5.56
D PARENT DAUGHTER DAUGHTER  WEIGHTED
CALCULTD RESIDUALS D SOLUTION CUMULATE
Se-6 1 :
$i0, 67.41 69.02 68.55 0.48 bi -0.010 9.751
TiO, © 0.53 0.52 0.54 -0.03 KF -0.032 31.441
Al,04 15.50 15.19 14.97 0.21 plg -0.045 44.765
Fep05% 2.68 2.1 2.59 0.12 amph -0.014 14.043
Mgo 2.92 2.72 2.84 -0.12 Se-11 0.899 R2 = 0.65
cao 2.46 2.15 2.12 0.03
Na,y0 2.72 2.07 2.65 -0.58
K50 5.78 5.62 5.74 -0.12

Table IV.8: Theoretical compositions of two’ end-members of the
Bohemian durbachite suite (Holub, 1990) compared to
an analysis of the Rifany granite

Mafic Acid RiZany granite
. end-member end-member (Ri-2)
5i0;7 51.5 - 54 72 - 75.5 70.72
TiOp 1.2 - 1.4 0.1 - 0.3 0.23
Al;03 13 - 14 12 - 14 13.97
Feo* 6.5 - 7.3 0.45 - 1.3 _ 1.54
MnO 0.10 - 0.12 0.01 - 0.03 0.2:
MgO 8.5 - 9.5 0.2 - 0.5 1.2
Cao 4.5 - 5.0 0.7 - 1.5 1.27
Na,0 1.5 - 2.0 2.7 - 3.3 3.32
K20 6.2 - 7.2 5.0 - 6.5 5.29
P20g 1.2 - 1.4 0.05 - 0.20 0.17
v 80 - 100 20 -
Cr 500 - 600 0 - 20 47
Ni 160 - 200 10 30
2Zn 100 - 130 20 - 50 37
Rb 380 - 420 300 - 420 346
Sr 440 - 540 170 - 270 372
Zr 470 - 520 40 - 150 246
Cs 17 - 22 (40) 55.3
Ba 2100 - 2700 100 - 500 1015
(1000?)
Ce 110 - 130 75 - 105 68.3
Th 15 - 50 25 - 45 35
(10 - 45)
U 10 - 20 10 - 30 26




Figure IV. 1.1: AFM plot

Dividing line(solid) between
A=Na2 O +K2 0 tholeiitic (TH) and calc-alkaline
(CA) domains is from
F=FeOV Mm MgO Irvine and Baragar (1971);
dashed lines show trends for
individual rock suites
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Figure IV.1.2: Q"-ANOR classification diagram;
after Streckeisen and Le Maitre (1979)
2 alkali feldspar granite granodiorite
(3a) syenogranite tonalite
(3b) monzogranite
(6%) quartz alkali feldspar syenite (6) alkali feldspar syenite
(7-) quartz syenite (7) syenite
(89 quartz monzonite (S) monzonite
99 quartz monzodiorite, quartz monzogabbro 9) monzodiorite, monzogabbro

(10%) quartz diorite, quartz gabbro, quartz anorthosite (10) diorite, gabbro, anorthosite
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Figure 1V.1.3: Harker plots for the Sazava suite
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Figure 1V.1.4: Harker plots for the Blatna suite
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Figure IV.1.6: Harker plots for the Ri¢any suite
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6 Figure IV. 1.7: Plot of Shand's index
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Figure IV. 1.8: ACFplot
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The spread of the Sazava, Blatna, Certovo bfemeno and Albany suites is shown
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field boundaries are from Peccerillo and Taylor (1976)
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Figure IV. 1.13: Plot of B versus Mg /(Fe + Mg) of Debon and Le Fort (1988)
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Figure IV. 1.14: The Q - B - F diagram (quartz - dark minerals - feldspars)
(after Debon and Le Fort, 1988)

Only the peraluminous intrusions are plotted, i.e. Pozary and Necin (Sazava suite),

Mraa (Blatna suite), ftfeany and Jevany (ftiiany suite)
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Figure 1V.2.12: Comparison of Rare Earth Element patterns
for the BlatnA, Certovo bfemeno and fifdany suites

(compilation of the previous figures; the pattern
ofthe Sazava sample Sa-4 is shown for reference)
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Figure IV.3.1: Plot of Rj versus R2 values of De la Roche et al. (1980)
(after Batchelor and Bowden, 1985)
(petrogenetic implications)

The diagram shows the main fractionation trends, as well as two possible mixing lines, one
between a gabbro Gbs-2 and the Sazava magma, the second between a durbachite, similar

to Cb-3, and the Rfdany granite
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Figure IV.3.2: Mixing test for the Teletm quartz diorite

The selected end-members were gabbro Gbs-2 (B) and sample Sa-1 of the Sazava intrusion

The trace element diagrams compare the actual composition of the hybrids (Tilled squares) 'with the
calculated compositions (hollow triangles) using proportions from the mixing test for major elements
a Zfraction offelsic magma in the mixing, R - correlation coefficient, aJk » A/a™O +K20
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and 6 % K-feldspar £ 0.1 %
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The average composition of the solid following up to 50 - 90% accumulation of 87 % plagioclase,
7 % biotite and 6 % K-feldspar (outlined) and of the same assemblage with 0.1 % zircon and 0.3 %

apatite (hatched). The arrows show the development of the cumulate.
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1 fractional crystallization
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Hatched area corresponds to the liquid composition following 30 % - 50 % fractional
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The diagram shows fields for the liquid composition after 30 - 40 % fractional crystallization of 54 %
amphibole, 40 % plagioclase, 6 % biotite and 0.1 % orthite (hatched) and 20 -30 % fractional
crystallization of 54 % amphibole, 40 % plagioclase, 6 % biotite, 1 % apatite and 0.5 % titanite

(outlined).
Figure IV.3.3: REE modelling for the Sazava suite
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Trends marked A-D correspond to the following assemblages (Table I1V.6.)
A:46.8 % amph + 24.3 % plg + 23.4 % KF + 5.6 % bi
B:43 % amph + 26.3 plg + 22.9 KF + 7.5 % bi
C:54.4 % amph + 26.6 % plg + 19.0 % KF + 9.0 % bi
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G:33.6 % amph + 41.6 plg + 8.7 KF + 16.1 % bi
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Figure 1V.3.4: Fractional crystallizatioh modelling for the
Blatn4 suite (Blatn4 s.s., Cervend, Kozérovice, Téchnice)

Vectors labelled bi, Kf, hb, plg correspond to 10 %
fractionation of the appropriate rock-forming minerals
(i.e. F=0.9); the other vectors correspond to up to 30%
fractionation (with tick marks for each 10 %) of
assemblages calculated by the least-squares method
from majors (A - |).
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Figure IV.3.5: Mixing tests for the Blatnd suite

The selected end-members were Luckovice monzonite Gbl-1 (B) and Kozarovice granodiorite
Koz-5 (A) (figs. a-d), and Luékavice monzonite Gbl-1 (B) and Blatna granodiorite Bl-1 (A) (figs e-h).

The trace element diagrams compare the actual composition of the hybrids (filled symbols) with
calculated compositions (empty symbols) using proportions from the mixing test for major elements;
a = fraction of felsic magma in the mixing, R = correlation coefficient
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Figure IV.3.5: Mixing tests for the Blatna suite

The selected end-members were Lu&kovice monzonite Gbl-1 (B) and Blatng granodiorite BI-1 (A).

The trace element diagrams compare the actual composition of the hybrids (filled symbols) with
calculated compositions (empty symbols) using proportions from the mixing test for major elements;

a = fraction of felsic magma in the mixing, R = correlation coefficient
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(hatched) and 30 % fractional crystallization of the same assemblage (dashed line).

Figure 1V.3.6: REE modelling for the Blatnd suite
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Trends marked A, C, D correspond to following assemblages (Table IV.7.)
A: 15.0 % amph + 35.3 % plg + 27.5 % KF + 22.3 % bi
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D: 14.0 % amph + 44.8% plg + 31.4 % KF + 19.8 % bi
100 A i L L {;
500 1000
Ba (ppm)

LS Y L IR AT LS ET LI SRS

Figure IV.3.7: Fractional crystallization modelling for the

Sed|cany granite
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Vectors labelled bi, Kf, hb, plg correspond to 10 %
fractionation of the appropriate rock-forming minerals
(i.e. F=0.9); the other vectors correspond to up to 30%
fractionation (with tick marks for each 10 %) of
assemblages calculated by the least-squares method
from majors (A, C, D).
Additional Rb-Sr data are from Svojtka (1993).
The end-members are highlighted by shading
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Figure 1V.3.12: Possible origin of the reverse zoning in the fifdany intrusion
(a) emplacement as a single batch from a compositionally-zoned magma chamber,
(b) in several batches following cauldron subsidence, or (c) accompanied by stoping

(for discussion, see text)
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Chdptér V. Sr-Nd isoiope geoéhémi;stry & pétrbgenetic implications

V. Sr-Nd isotope geochemistry and petrogenetic implications

Additional constraints on the petrogenesis of the studied granitoids have been provided by the
whole-rock Sr-Nd isotope study. The goal was to distinguish between possible and impossible sources
and contaminants of the parental magmas of the intrusions being investigated. Details of the methods
used are in Appendix IL

For the calculations, the following IBM PC software has been utilised:

* ISOCHRON PASCAL programme for the calculation of isochrons and plotting the 'improved
isochron diagrams' (Provost, 1990);

* I[SOPLOT QuickBasic programme, used for some of the model calculations (Ludwig,
1993);

* BTRAP QuickBasic programme written by the author and used for model calculations

and Bootstrap method of determining ages (Diaconis and Efron, 1983; Kalsbeek
and Hansen, 1989), for details see Appendix IL

Decay constants used were A(37Rb) = 1.42 x 10-11 yr!1 (Steiger and Jdger, 1977) and
M147Sm) = 6.54 x 10-12 yr! (Lugmair and Marti, 1978).

V.1. Theoretical background
V.1.1. Epsilon values and model ages

The present-day Sr- and Nd-isotope ratios (denoted by index '0") were age-corrected to the
presumed age of the majority of the intrusions in the CBP - 330 Ma (with an index of '330") [Chapter
L3., Appendix IX.] and the €-notation has been used to express the Nd-isotope ratios relative to the
Chondritic Uniform Reservoir (CHUR) (DePaolo, 1988):

143Nd 30 (143Nd 330
330 (lMNd; (144Nd HUR

(1) NI 104
(144Nd HUR
where:
Nd 0512638 (e SWY0  _01967  (Jacobsen and Wasserburg, 1980
(144Nd HUR = (144Nd HUR =V (Jacobsena asserburg, ).

In order to evaluate the influence of the uncertainty of the age on calculation of the Sr and Nd
initial ratios, the samples with the highest 3’Rb/86Sr (RiE-1) and 147Sm/!144Nd (Gbl-2) were
recalculated for ages £ 20 Ma. The resulting departures were + 0.00092 for the 87Sr/86Sr and £ 0.15
for the Eizo values, being comparable with size of the plotting symbols [Fig. V.3.]. Moreover, it is not

likely that ages differ from 330 Ma by more than * 20 Ma for the studied intrusions [Chapters L3., IL,
Appendix IX.], apart from possibly only the oldest (S4zava) and youngest (Ri¢any).

The Nd model ages were calculated using the two-stage model of Liew and Hofmann (1988)
which accounts for the fact that a great deal of granitoids contain a significant proportion of a crustally-
derived material. In the following formulae, the indexes DM, CC, SA refer to depleted mantle, average
crustal reservoir and the sample, respectively. T = two-stage Nd model age, ¢ = crystallization age of
the sample, 0 refersto the present day.
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Chapter V. Sr-Nd isotope geochemistry & petrogenetic implications

From Figure V.1:

143Nd\T 143NdNT
2) (144Nd c~ (144Nd M

143Ndvo 147Smyo 143Nd\o 147Sm\o
3 (144Nd c" (144Nd c@T-n= (144Nd M (IMNd)DM @T-1)

(143Nd 143Nd
144 (144 M

@ T=lln Nd Nd

(144Nd c’ (IMNd)DM

For the crustal evolution line:

143 143 147
) ( Nd _( Ndvyo ( Smyo

144Nq € ~ | T4aNq foc | 14aNg c@-D

similarly, for the sample evolution line:

143Nd 143Nd 147Sm
(6) (144Nd AT (144Nd (144Nd A (M- 1)
and because:
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we can write (5, 6):
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From (4, 9) we finally get :
(g, (g, (i) (2,
(10) T=i—ln .1

147Sm\g 147Sm
(144Nd (144Nd )(I)DM

. 143Ndyo 1475 m
where: (144Nd M= 0.513151 (—144—Nd)%M =0.219
1475m\0 .
(144Nd c=012 (Liew and Hofmann, 1988).

Caution should be taken in interpretation of the Nd model ages. Clearly, for granitoids with a
significant contribution from polygenic crustal material, either in the source, or acquired by open-
system processes like assimilation or magma mixing, the Nd model ages do not correspond to the
crust-formation event (Arndt and Goldstein, 1987). Schematically this idea is documented in Figure
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V.2, where the Nd model age (‘[f&) of granite from a mixed source (older mantle-derived granite B
and younger mantle-derived component A) falls between model ages TBDM and TRM. being a function

of their proportions. Additionally, major fractionation of LREE-rich phases like orthite (Pimentel and
Charnley, 1991) [Chapter IV.3.] or monazite (Turpin et al., 1990) may radically change the Sm / Nd
ratio, which is violation of the basic assumption for calculation of the Nd model ages. The two-stage
model for calculation of Nd-model ages (Liew and Hofmann, 1988), unlike the single-stage one, takes
into account potential changes in Sm/Nd ratio which may occur during intra-crustal melting and, or,
fractional crystallization processes at the time of granite production.

V.1.2. Mixing of two isotope systems
The equations for mixing of two Sr-isotopically distinct components A and B, in proportions f
and ] - f, respectively, were given by Faure (1986) (M denotes the mixture):

(1) SrM=Sraf+Srg(1-f)
1 87Sry _ 87Sr\ Sra f . (87Sr\ Srp (1-1)
(12) (86Sr)M—(368r St™ +(86Sr> SrM
sea S1a (320 - (2200 sea (S0 - 510 (320
875r TA STB ((865,)5 ) (ssSr)A) 86S )A B (365,
(13) (8651-)“ = SryM (Sra - Srp) Sra - Sr

From (13), an equation for the calculation of Sra from the isotope ratios and Sr concentrations of both
component B and the mixture (Srg, Srpm) can be derived (no knowledge of f is required):

87 873 875 87s
(14) SrM(%z (Sta - StB)= SrASrB((%Sr)B (sss;}t)*S'Ms‘A(sss)A SrMSra (868’)a

873, 87
(15) Sr SrM8 +Sr 86 - sr8(3 s - St 36 = StMSre| (565, M - (865,
s s s Sr Sr

87Sr 7St

StMm SrB 865 )M G5Sr

s (50 50V Vs 5o (550, (80V Y
o (g - (wsep)+ S ((Fesch - (sesc)

(16) Sra =

The proportion of component A can be calculated from the following equation (Faure, 1986) derived
from (13):

7 873
(s S (ssrp s
an 87Sr 87gr
(865 )A (865 )B Srp
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V.2, Sr-Nd isotope results

Sr - Nd whole-rock isotope data for the CBP granitoids are presented in Table V. 1. Initial ratios
have been calculated using an age of 330 Ma (van Breemen et al., 1982). These results, together with
additional data for the Blatnd intrusion (van Breemen et al., 1982; Ko$ler, 1993) are plotted onto a
(87S1/86Sr)330 versus 8:;%0 diagram [Fig. V.3.]. Most of the CBP data form a shallow-dipping trend

with the total range of (87Sr/86Sr)330 = 0.7051 - 0.7129, and eﬁo = +0.2 to -8.9, similar to the other

granitoids within the Hercynian belt (e.g. Bernard-Griffiths et al., 1985, Liew and Hofmann, 1988;
Liew et al., 1989, Pin and Duthou, 1990). Apart from the Sdzava intrusion, none of the rocks analysed
has positive eﬁo values, in contrast to some of the orthogneisses of the Metamorphic Islet Zone,

preserved as roof pendants in the CBP (KoSler, 1993). Each of the suites, however, forms a well-
defined cluster of restricted Sr - Nd isotopic composition.
The lowest (87Sr/86Sr)33¢ and highest € 13\%0 values are shown by samples of the Sizava suite:

0.7051 and +0.1 to -0.3 respectively. The gabbro (Gbs-5) has very low (87Sr/86Sr)330 = 0.7011
compared to (87Sr/86Sr)330 of CHUR (0.7043). This sample, showing much higher Rb and lower Sr
than other gabbros, has probably suffered a late hydrothermal alteration, documented by
microstructural study of other samples from the same quarry (Krhanice, ChapterIL1.)

Intrusions from the Blatn4 suite have significantly higher (87Sr/86Sr)330 and lower 813\%0 values

than the Sizava suite. The Kozdrovice granodiorite has (875r/86Sr)330 = 0.7073 - 0.7083 and € 330
-3.7 to -5.3; the Luc¢kovice monzonite has (87Sr/86Sr)330 = 0.7077 - 0.7081 and ei%o =-3.1t -3 4;

the Blatn4 and Cervend masses have analogous values of 0.7086 - 0.7092 and -5.3 to -6.5 (including
the data of van Breemen et al., 1982 and Kosler, 1993). The samples from the liféany granite have

higher (87Sr/86Sr)330 (0.7102 - 0.7108) and lower &3, values (-6.2 to -7.7) than the Blatnd suite. The

Nd isotopic composition of a mafic microgranular enclave (MME) from the Ricany granite (&g 30 =

330

-8.9) shows disequilibrium with its host (€ = -7.4), whereas its initial Sr ratio is in equilibrium

((87Sr/86Sr)330 = 0.7106). The most evolved Sr - Nd isotopic signature is that of the Sedl¢any granite,
with (87Sr/86Sr)330 = 0.7126 - 0.7128 and €35 = -7.2 to -7.8. A similar composition is shown by two

widely separated dykes of minette that cut the Blatn4 suite; these have high initial Sr isotope ratios of |
0.7127 - 0.7129 and low &3, values of -6.9 and -7.2.

The fields of country rocks are also plotted on Figure V.3.; these comprise orthogneisses from
the Metamorphic Islet Zone (Kosler, 1993), Proterozoic and Lower Palaeozoic volcanic rocks of the
Tepla-Barrandian Unit and the Jilové Zone (Veress, 1992), and granulites (Valbracht et al., 1994,
Wendt et al., 1994), metasediments (Gorokhov et al., 1977; Kohler and Miiller-Sohnius, 1980 and
references therein; Liew and Hofmann, 1988; Scharbert and Veseld, 1990, present text), and eclogites
(Brueckner et al., 1991; Beard et al., 1992) of the Moldanubian Unit.

The initial Sr and Nd isotopic composition of the Sdzava intrusion overlaps the field of volcanic
rocks from the Tepl4-Barrandian Unit and Metamorphic Islet Zone (Veress, 1992) whereas the Ri¢any
and Sedl¢any intrusions have similar initial ratios to the Moldanubian metasediments of Liew and
Hofmann (1988). Overall, the earlier intrusions of the CBP show lower initial Sr and higher initial Nd
isotopic ratios than the later ones.
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V.3. Discussion

V.3.1. Comparison with other Hercynian granitoids in Europe

I. Sr-Nd isotopic data

A comparison between the initial Sr ratios and initial €Ng values of Hercynian granitoids is given
in Figure V.4, In addition to results from the CBP, data are also shown for granitoids from the
Austrian part of the Moldanubian Pluton (Liew et al., 1989), the Massif Central in France (Pin and
Duthou, 1990; Turpin et al., 1990; Shaw et al., 1993), the Querigut massif in the Pyrenees (Ben
Othman et al., 1984), the Odenwald and Spessart massifs in Germany (Liew and Hofmann, 1988), the
Gredos massif in Spain (Moreno-Ventas, 1991), as well as the fields of minettes and kersantites,
mainly from the Armorican massif and Massif Central (Turpin et al., 1988).

With the exception of the Sdzava suite, the granitoids of the CBP fall into the broad field of the
granitoids of the Moldanubian Pluton (Liew et al., 1989), whereas the S4zava intrusion has a Sr - Nd

~ signature similar to the quartz diorites from Limousin, Massif Central (Shaw et al., 1993). The isotopic

composition of the Kozdrovice granodiorite resembles that of the I-type granites of the Moldanubian
Pluton (e.g. Weinsberg), whereas the K-rich rocks of the durbachite suite from the Czech part of this
Pluton (the Jihlava and Tiebi¢ intrusions; Scharbert and Veseld, 1990) have almost identical
(87Sr/86Sr); ratios to the Sedl&any granite, whose Sr - Nd isotopic signature is much more evolved than
that of the potassium-rich rocks in Austrian part of the Moldanubian Pluton (the Rastenberg intrusion).
Although the Ri¢any granite has some geochemical affinities with the S-type Eisgarn granite of the
Moldanubian Pluton (M. Klecka, pers. com., 1990), the latter typically has a higher (87Sr/86Sr); ratio
of ~0.717 - 0.718 (Liew et al., 1989, Scharbert and Veseld, 1990).

The minettes cutting the CBP have similar Sr - Nd isotopic signatures to the SedI¢any intrusion;
these values, however, are much more evolved than those for the minettes and kersantites from the
western part of the Hercynian belt (Turpin et al., 1988).

The frequently-observed negative correlation between (87Sr/86Sr); and (-:;‘J 4 in granitoids, is

often attributed to an increasing sensitivity of the more fractionated (Sr-pcor) rocks to crustal
contamination processes involving high 37Sr/86Sr contaminants (e.g. Allégre and Ben Othman, 1980;
McCulloch and Chappell, 1982; DePaolo, 1988; Pin and Duthou 1990). The overall trend of data from
the CBP would therefore appear to be compatible with progressive contamination, with time, of a
primary magma with an isotopic composition similar to Bulk Earth or depleted mantle by the
metasediments or granulites of the Moldanubian Unit (Fig. V.3.]. The granitoids of the CBP,
however, can not have been derived by simple binary mixing (including magma mixing and bulk
assimilation) between 'mantle’ and ‘crustal' components for several reasons: (1) there is an absence of
members with intermediate isotopic compositions, (2) the most peraluminous and acidic Ri¢any granite
plots in the middle of the 'mixing trend', (3) the Sdzava and Blatn4 suites, despite having gabbroic
rocks with similar SiO2 contents, have significantly different isotopic compositions, and (4) the more
mafic Sedl¢any granite and the minettes, that appear to represent relatively pristine mantle-derived melts
(Holub, 1990), are close to the field of the presumed contaminant. This is not to deny that binary
mixing may have been an important process in causing the variation along parts of the main trend,
notably the linear array formed by the Kozirovice samples (see below). The paucity of positive e;a

values throughout the Hercynian belt, as well as the evolved nature of the Sr - Nd isotopic composition
of minettes and kersantites (Turpin et al., 1988), however, precludes a substantial role for depleted
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mantle as a source of Hercynian magmas (cf. Liew and Hofmann, 1988, Liew et al., 1989, Pin and
Duthou, 1990).

The diagram of 1/Sr versus (87Sr/86Sr); [Fig. V.5.] shows the data for the CBP and the
Moldanubian Pluton (Liew et al. 1989, Scharbert and Veseld, 1990), together with fields for their
country rocks at 330 Ma (see above for references). Apart from the Kozirovice intrusion, the CBP
granitoids form sub-horizontal arrays, indicative of closed-system fractionation processes with a
negligible role for mixing with material of distinct Sr isotopic signature (Wendt, 1993).

The geochemical and isotopic evidence therefore suggest that the main trend observed on Figure
V.5.is more likely to point to a diversity of sources and processes in the genesis of the CBP rather than
to a single high-level crustal contamination process. The causes of the isotopic composition of each of
the suites are discussed in the following sections.

Some of the analyses of the Eisgarn granite from the territory of Czech Republic (of the so-
called Bily Kimen variety; Scharbert and Veseld, 1990) form a mixing array between low-(87Sr/86Sr);
(~ 0.705), high-Sr (~ 500 ppm) and high-(87Sr/86Sr); (0.717-0.718), low-Sr (60 ppm) components
(cf. Arakawa, 1990). The high Sr-contents of this facies of the Eisgarn intrusion were originally
interpreted as being due to extensive alteration (Scharbert and Veseld, 1990). However, if we assume
that the magma which formed the bulk of the Eisgarn mass had high (87Sr/86Sr);, then the less
radiogenic Sr-isotopic signature of the contaminant precludes a fluid derived from the surrounding S-
type granitoids and metasediments, pointing to a mantle source or a source similar to the Moldanubian
I-type granitoids (e.g. the Freistadt granite with similar age and Sr = 460 ppm; Liew et al., 1989 and
references therein). However, magma-mixing with a similar I-type melt cannot be ruled out without
careful textural and geochemical study.

II. Neodymium model ages

The box and whiskers plot of the two-stage Nd depleted mantle model ages for the CBP
granitoids shows three maxima, at about 1.05 Ga for the S4zava suite, 1.45 Ga for the Blatn4 suite,
and 1.6 Ga for the Sedl¢any and Ri¢any suites [Fig. V.6.]. This compares well with the overall patten
for the European Hercynides, with at least 50 % of the model ages for each data set falling in range of
1.25 - 1.65 Ga (all data recalculated after Liew and Hofmann, 1988). The only exceptions are the
relatively unevolved quartz diorites from Limousin, Massif Central (Shaw et al., 1993), which have a
mean model age of 1 Ga, and the rocks of the Sdzava suite. The sample of a mafic microgranular
enclave from the Ri¢any granite is an outlier, having a Nd-model age of ~ 1.75 Ga, similar to several
analysed granitoids from the Massif Central.

The observed model ages for the majority of the CBP granitoids, and in the Hercynian belt in
general, do not appear to correspond to a major crust-forming event, as there is little geochronological
evidence of ca. 1.0 - 1.8 Ga igneous activity in the European Hercynides (Peucat et al., 1988, Gebauer
et al., 1989; Pin and Duthou, 1990; Gebauer and Friedl, 1994). Thus, the model ages may rather
represent average crustal residence ages of the Hercynian crust reflecting mixtures of Archaean
(> 2.5 Ga) and Late Proterozoic (~ 0.6 Ga) sources (Gebauer et al., 1989, Pin and Duthou, 1990,
Wendt et al., 1993).
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V.3.2. Petrogenetic implications
I. Sdzava suite
The relatively primitive major and trace element geochemistry [Chapter IV. ], the least evolved
Sr - Nd isotope signature, and the abundance of mafic microgranular enclaves and absence of
surmicaceous enclaves imply a major role for mantle-derived material in the genesis of the Sdzava suite.
The geochemical character (metaluminous, K20 << Nay0, (37Sr/86Sr); ~ 0.704, e;d ~ 0) corresponds

to a typical I-type granitoid (e.g. McCulloch and Chappell, 1982), and could be compatible with an
origin by the dehydration melting of homblende (Whitney, 1988). The Sr - Nd isotope geochemistry of
the Sdzava intrusion points to one of the following models: (1) crystallization from mantle-derived
melts, with the mantle component having an isotopic composition close to that of Bulk Earth, (2)
melting of the adjacent metabasites of the Jilové Zone or Metamorphic Islet Zone, or (3) mixing
between melts derived from these two sources. The similar isotopic characteristics of the Limousin
quartz diorite in the French Massif Central were explained by melting of subduction-enriched mantle,
and subsequent contamination by lower crustal rocks (Shaw et al., 1993). Although such a model
could apply to the Sdzava suite, the local metabasites, which have an appropriate Sr - Nd isotope
signature (Veress, 1992), may potentially provide a fertile source of tonalitic and trondhjemitic magma
at depth (Rapp et al., 1991; Martin, 1987). The model of origin of the Sdzava suite by melting of
metabasic rocks is in agreement with the conclusions drawn on basis of the REE data [Chapter
IV.3.1.].

The temperature required for the vapour-absent melting of hornblende (> 900°C) is higher than
that for the dehydration melting of muscovite (650 - 750 °C) and biotite (750 - 850 °C), as well as the
presumed temperature of the normal lower crust (500 - 700 °C; Whitney, 1988). Accordingly, in order
to melt amphibolite an extra heat source is needed. In the case of the CBP the simplest possibility is that
of a major basic body underplating the pre-existing continental crust in a manner proposed by Huppert
and Sparks (1988). This model supposes a period of initial basaltic magmatism that heats up the base
of the crust and initiates its melting. Mixing between the mafic and tonalitic magmas might occur
subject to favourable physical conditions (e.g. Huppert and Sparks 1988). A corresponding model of
infracrustal melting has been proposed by Chappell and Stephens (1988) for the origin of Australian I-
type granitoids from meta-igneous material underplated by mafic melts.

This scenario is consistent with temperatures close to 900 °C recorded by the amphibole-
plagioclase pairs in the Teletin quartz diorite [Chapter IIL. 1.1.]. It also accounts for the occurrence of
abundant mafic bodies in the northern CBP, as well as for the genesis of numerous mafic
microgranular enclaves and a quartz diorite (T eletin) in the western part of the Sdzava body through
magma mixing of the basic magma with the Sizava tonalite. The hybrid character of both the quartz
diorite and mafic microgranular enclaves is supported by microtextural evidence and both mineral
chemistry and whole-rock geochemistry [Chapters II - IV.]. The presence of a major basic body below
the western part of the Sdzava intrusion is consistent with a strong positive gravity anomaly in the area
(e.g. Marek and Palivcovd, 1968).

The Sédzava suite shows affinities to a subduction-related setting [Chapter IV.4.], especially by
its calc-alkaline character, pronounced Nb-Ta anomaly, and the abundance of associated basic rocks
(also Palivcovd, 1984). The operation of Hercynian subduction in the area of the CBP, albeit earlier, is
further substantiated by the geochemistry of the orthogneisses in the Metamorphic Islet Zone, spatially
associated with the CBP (Kosler, 1993).

Page 105



m

| Chapter V. Sr-Nd isotope geochemistry & petrogenetic implications

One possible model for the generation of the Sdzava suite is illustrated in Figure V.7. The
hydrous fluids, released from the subducted slab, carry substantial amount of LILE and leave behind
insoluble HFSE (Saunders et al., 1991). This influx of volatiles causes melting of overlying mantle
wedge, and generates basic magmas (a) that intrude and underplate the crust composed of rocks similar
to the metabasites of the Jilové Zone or Metamorphic Islet Zone. The emplacement of hot basic magmas
causes an increase in temperature and, consequently, widespread generation of more acidic melts (cf.
Huppert and Sparks, 1988). At this stage, homogeneous magmas are produced by mixing of basic and
acid magmas and the resulting tonalitic melt intrudes into higher level (b). The crystallizing tonalite is
locally invaded by basic syn-plutonic dykes, the margins of these dykes may chill against the tonalite
and the tonalite, in turn, is mobilised by the temperature increase and volatile influx (c). The thermal
and density instability of the magma chamber causes convection and disruption of these syn-plutonic
bodies, accompanied by magma mingling and mixing. As a result, both round and sub-angular MME,
the latter possibly representing relics of the chilled margin (d; ¢f. Castro et al., 1990 a,b; 1991 a,b),
were generated.

A similar model for the genesis of tonalitic magmas at Andinotype margins has been formulated
by Pitcher (1993). In his view, the magmatic material that underplates the lower crust, generated from
the mantle wedge above a subduction zone, itself becomes a source of tonalitic magmas, being remelted
as a consequence of tectonic relaxation and uplift.

In any of these scenarios the PoZiry trondhjemite may represent either a small-degree melt
fraction of a similar metabasic source, or, more likely, a late differentiate of the Sizava magma
{Chapter IV.3.1.].

11. Blatnd suite
The variation of the Blatnd suite on both the (87Sr/86Sr)330 - eﬁo. and 1/Sr - (87Sr/86Sr);

diagrams [Figs. V.3, V.5.] is consistent with open system behaviour. The linear relationship between
1/Sr and (87Sr/86Sr); corresponds to a mixing line (Faure, 1986; Wendt, 1993) and renders the
Kozérovice granodiorite unsuitable for Rb - Sr dating, as the assumption of a constant (37Sr/863r); is
not fulfilled. This could have been the result of either mixing between different magmas of the suite
with distinct isotopic signatures, or crustal contamination of a more mafic magma. The whole-rock
geochemistry [Chapter IV.3.2.] indicates that the parental basic magma to the suite was unlike that of
the Sdzava suite, and had probably an isotopic and chemical composition close to that of the Luckovice

monzonite. In both cases the evolved end-member had to have (87Sr/36Sr)330 > 0.709 and eﬁo < -6.

In the preceding text [Chapter IV.3.2.] it has been argued that the variation in the Blatn4 suite could
have originated by mixing between shoshonitic magmas chemically similar to the Lu¢kovice monzonite
and the most acidic Blatnd granodiorite. The analysed sample of the Lu¢kovice monzonite Gbl-1 has
low SiO; (45.3 %), and high mg (molar Mg/(Mg + Fe2*+ + Fe3+)) (65) and Cr (496 ppm), and thus its
composition may be close to that of a primary, mantle-derived melt (cf. Rock, 1991). If this is the case,
then the mantle source of the Lu¢kovice monzonite had to be enriched in LILE and LREE compared to
that of the Sdzava suite. On basis of the Sr isotopes, van Breemen et al. (1982) and Bendl and
Vokurka (1989) explained the genesis of the Blatnd granodiorite by mixing of mantle- and crustally-
derived components.

Following Sr-isotope modelling, Bend! and Vokurka (1989) estimated that 50 - 70 % of
Moldanubian material (Sr = 155 ppm, (87Sr/86Sr)33; = 0.7167) mixed with a basaltic depleted mantle-
derived melt (Rb = 26 ppm, Sr = 1007 ppm, (37Sr/86Sr)g = 0.70312) to produce the Blatnd
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granodiorite (Sr = 331 ppm, (87Sr/86Sr)331 = 0.7072). They presented two equations [effectively
Equations 12-13.], of which one is, however, redundant as there is only one variable (f) involved.
After recalculation, the mafic end-member gives (87Sr/86Sr)331 = 0.70277, and, subsequently, f5 =
0.79 for both equations. This does not fall into the reported range 0.5 - 0.7 of Bend! and Vokurka
(1989) and thus it is not clear, how this value was obtained. Morcover, these authors have assumed
depleted mantle-derived end-member that does not seem to be the case.

A mixing test (Fourcade and Allégre, 1981; Castro et al., 1990a) performed in Chapter IV.3.2.
has indeed confirmed the feasibility of hybridization between the most evolved Blatni granodiorite
(from Regice) and the Luc¢kovice monzonite in order to produce the Kozérovice granodiorite that is.
intermediate between the two. Based on this major-element-based modelling, at least 65 % of the acid
end-member is needed to generate the Koz4rovice granodiorite, whereas the Sr-Nd isotope-based
modelling [Equation 17] requires about 60 % [Fig. V.8.]. Such a small difference may be accounted
for by the likelihood of operation of fractional crystallizationA in both the Kozirovice and Blatni
intrusions [Chapter IV.3.2.]. Assimilation may also explain the scatter in the Sr-Nd isotopic

compositions. Sample Koz-6 is displaced towards lower (87Sr/86Sr)330 and higher eﬁo values,

suggesting the role of a third component, possibly derived from the adjacent Metamorphic Islet Zone,
although essentially different from the analysed Proterozoic shale _frbm the Tepld - Barrandian Unit
[Fig. V.8.].

If the 1sotopxc variation observed in the Blatn4 suite were to be caused by crustal contamination
of a mantle-derived magma similar to the Lu¢kovice monzonite, then the data array on Figure V.3.
suggests that the crustal component could have been represented either only by rocks of the
Moldanubian Unit or a mixture between these and metasedimentary lithologies of the Tepl4-Barrandian
Unit. The sole involvement of shales of the Teplad-Barrandian Unit with low eﬁo -7.8 but
intermediate (87Sr/86Sr)339 = 0.707 - 0.708 [Fig. V.3.] is ruled out. The uncertainty in the
composition of the contaminant, however, precludes carrying out quantitative AFC modelling.

In summary, the isotopic variation within the Blatn4 suite reflects open system processes
(crustal contamination and, or, magma mixing), with the Luckovice monzonite representing the least
evolved member of the suite. Both crustal contamination and magma mixing were operative in the
Kozdrovice intrusion, as documented by field observation of country-rock assimilation {Chapter IL3.]
as well as structural and chemical evidence for the hybrid origin of the Kozéirovice quartz monzonite
[Chapters 1L 1.3., IV.3.2.].

The preferred modcl is magma mixing involving different proportions of a moderately enriched

((37Sr/86Sr)330 ~ 0.708, £3;, ~ -3) mantle component which was close in isotopic composition to the

more basic rocks of thc suite (Luckovice monzonite) with either an isotopically evolved
metasedimentary component, possibly of Moldanubian provenance, or with a more evolved magma of
the Blatnd intrusion producing the parental magma of the Kozirovice (~ 60 - 70 % of the acid end-
member) and Blatnd (~ 70 - 80 %) granodiorites. These have evolved by AFC giving the whole
compositional spectrum of both intrusions. '

111, Certovo bFemeno suite
The SedI¢any granite and both analysed minettes lie within a tightly constrained field on Figures
V.3. and V.5. The initial Sr isotopic composition is within the range of that shown by the durbachitic
rocks of the Moldanubian Pluton (Scharbert and Veseld, 1990), providing evidence of a uniform
source and a limited role for high-level contamination in these magmas. Their very evolved Sr - Nd
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isotope signature implies either significant crustal contamination of a more depleted magma, or the
involvement of a LILE-enriched mantle source. The Sr - Nd isotopic data could be explained by (1)
closed system fractionation of a mantle-derived parental magma similar to the minettes giving rise to the
Sedli¢any granite, (2) contamination of depleted mantle-derived magmas at depth producing an
isotopically homogeneous magma from which the minettes and the Sedl&any granite both crystallized,
or (3) contamination of an enriched mantle-derived melt by crustal material of similar Sr - Nd isotope
signature,

The two minettes appear to represent almost pristine mantle-derived melts as they have mg = 71
and 75, Cr = 504 and 486 ppm, Co = 28 and 30 ppm, and Ni = 235 and 127 ppm, values that
correspond to those in primary mantle-derived melts (65 - 80, 200 - 500, 25 - 80, and 90 - 700 ppm,
respectively, given by Rock, 1991; cf. Holub, 1990). If these rocks were derived from the mantle,
their evolved Sr - Nd isotopic signature could have been acquired either by subsequent assimilation of
the continental crust during ascent, or they could reflect the isotopic composition of the mantle source.
As the minettes have relatively high Nd and Sr concentrations, the proportion of material derived from
the country rocks of the adjacent Moldanubian Unit (mostly metasediments with (87Sr/86Sr)33¢
typically < 0.717) would have to be excessive as shown by modelling using simple two-component
mixing (Faure, 1986). If it is assumed that the minette with (87Sr/86Sr)339=0.7127 and Sr = 350 ppm
originally had a Sr isotopic composition similar to Bulk Earth ((37Sr/86Sr)330 = 0.704), and the
contaminant was a paragneiss of the Moldanubian Unit ((87Sr/86Sr)339 = 0.717; Sr = 250 ppm), then
96 % crustal contamination is required [Equations 16-17]. Even using the extreme case of
contamination by a hypothetical metasediment with 250 ppm and highly radiogenic Sr ((37Sr/86Sr)339
= 0.730), this still requires 47 % assimilation. Such a high degree of contamination is unrealistic in the
upper crust because of thermal constraints (e.g. DePaolo, 1981) and it would inevitably drastically
change the whole-rock geochemistry of the minette. If AFC-style processes involving plagioclase or
clinopyroxene fractionation were operative then the amount of contamination would have to be even
greater. Crustal contamination of a similar mantle-derived magma by the surrounding granodiorites of
the Kozdrovice and Blatnd intrusions can be discounted, as these show more primitive Sr - Nd isotopic
compositions than the minettes. Furthermore, it is unlikely that both minettes, which are from localities
about 20 km apart and which cut different intrusions, assimilated exactly the same amount of material
required to produce identical Sr - Nd isotope ratios. In summary, the isotopic composition of the
minettes may reflect an enriched mantle source.

There is considerable evidence that the upper mantle is heterogeneous on a small scale due to
metasomatism by fluids rich in incompatible elements, or by small melt fractions incapable of
separating from the mantle residuum. On cooling such metasomatic melts are thought to form
phlogopite and K-richterite rich veins which are less refractory than their surrounding mantle (Roden
and Murthy, 1985; Peccerillo, 1992). Incompatible-element—enriched mantle is thought to play an
important role in genesis of K-rich magmas (e.g. Hawkesworth and Vollmer, 1979; van Kooten, 1981 ;
Wilson, 1989, Foley and Wheller, 1990, Rock, 1991 ; Peccerillo, 1992), and such a source has indeed
been suggested for the potassic rocks of the Bohemian massif - the so-called durbachite suite and
lamprophyres (Holub, 1990). The Sr - Nd isotopic composition of the minettes from the CBP could
correspond to unaltered enriched mantle values. Mantle-derived K-rich volcanic rocks having
(87Sr/86Sr); = 0.7096 and (143Nd/144Nd); = 0.5122 have been documented from the Italian Volcanic
Province (Hawkesworth and Vollmer, 1979), and primitive, mantle-derived diamond-bearing
lamprophyres may even attain 87Sr/8Sr = 0.73 and eng = -25 (Rock, 1991). This continental potassic
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volcanism requires a source in the sub-continental mantle, which had been previously invaded by an
incompatible element-enriched metasomatic component. The origin of this component could be either
from old sub-continental lithosphere, subducted sediments or subducted "megaliths" of oceanic crust
with sediments introduced straight into mantle (Nelson et al., 1986 and references therein). Thus
mantle metasomatism is capable of producing the extreme isotopic enrichments seen in certain K-rich
rocks.

The presence of enriched mantle within the Hercynian belt has been invoked in several studies,
for instance, to explain the petrogenesis of the minettes and kersantites in the French Hercynides
(Turpin et al., 1988), granitoids and peridotite xenoliths from the Massif Central (Pin and Duthou,
1990 and references therein), and peridotites from the Ivrea Zone in the Italian Alps (Voshage et al.,
1987). In the latter case, the peridotites were metasomatised by K-rich fluids, possibly derived from a
metasedimentary source. The Ivrea Zone phlogopite-bearing peridotites had 87Sr/86Sr ~ 0.706 and
€Nd ~ -5.3 at the time of the metasomatic event. Likewise, the proposed origin of the ultrapotassic
lamprophyres from the western Alps has been explained by partial melting of enriched mantle, strongly
metasomatised by crustal-derived fluids associated with subduction processes (Venturelli et al., 1984).
There is evidence for mid-Devonian to early Carboniferous subduction being operative in the area of
the CBP (see section on the S4zava suite), which may have introduced K-rich fluids into the mantle
wedge. The parental mantle of the Bohemian durbachites could have been previously depleted by
extraction of basaltic melt, causing a decrease in CaO and Sr, and increase in SiO2, MgO and Cr, prior
to the LILE enrichment event(s) (Holub, 1990).

Given that the minettes and the Sedl¢any granite have identical Sr - Nd isotopic compositions, it
is possible that the parental magma of this granite originated from a similar enriched mantle source. In
this case the Sedl¢any granite may have been derived from a parental magma similar to the minettes
through closed system fractional crystallization.

An alternative hypothesis for the origin of some of the syenite porphyries in the CBP (part of
the Certovo bfemeno suite) by magma mixing between a largely mantle-derived minette magma with
granitic melt has been formulated by Némec (1988). Likewise, Holub (1988, 1990) argued that the
different members of the durbachite suite could have been derived by hybridization of an enriched-
mantle component with leucogranites such as those present within the CBP or the S-type granites such
as the Eisgarn intrusion of the Moldanubian Pluton [Chapter IV.3.3.]. The samples from the Certovo
bfemeno and SedlCany intrusions could be produced by variable mixing of similar components
[Chapter 1V.3.3.]. Unfortunately, there are no isotope data available for the leucogranites.
Nevertheless, if these S-type granitic rocks represent crustal anatectic melts of the local metasediments,
then they may show little Sr - Nd isotopic contrast to the rocks of the Certovo bfemeno suite [Fig.
V.3.]. Although this would be in accord with the observed Sr - Nd isotopic data, it precludes any Sr -
Nd isotope-based assessment of the mass balance between both components. The similarity in Sr
isotopic composition between the rocks of the Certovo bfemeno suite and those of durbachites
elsewhere in the Bohemian massif (the Jihlava and Ttfebi¢ masses of the Moldanubian Pluton; Scharbert
and Veseld, 1990) implies that such a process may have been widespread in this area. As these
Moldanubian intrusions, together with the minettes and the Sedl¢any granite, cover almost the entire
compositional range of rocks with durbachitic affinities, their similar Sr isotopic ratios provide
evidence against mixing (magma mixing or assimilation) of two Sr-isotopically different components
being responsible for their genesis.
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The Certovo bfemeno suite, including the minettes, is likely to have originated from strongly
enriched ((87Sr/86Sr)330 ~ 0.7128, eﬁo ~ -7) mantle derived magmas. The mantle was probably

metasomatised prior to the melting by a metasedimentary component, possibly subduction-related.
These primary magmas 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.

IV. Rtany suite

An origin for the Ri¢any granite by fractional crystallization of the Certovo bfemeno suite would
account for similarities in the whole-rock geochemistry between the two suites [Chapter IV.] and
presence of MME of durbachitic character [Chapter IL6.], but is not consistent with the significant
differences in Sr - Nd isotopic compositions.

In view of the Sr-Nd data, it is possible that the Ricany suite could have been produced through
contamination of the rocks of the Certovo bfemeno suite (or minettes) by metasediments of the Tepl4-
Barrandian Unit. However high-level contamination of a durbachite-like melt by metasedimentary
material with low (87Sr/86Sr)330 (<0.710), similar to analysed shales of the Tepl4-Barrandian Unit, is
not considered likely because the shales have too low SiO9 and too high TiO,, FeO*, MgO and CaO
[cf. also Chapter IV.3.4.]. A contamination process involving these components could only be
applicable were the contamination to occur prior to fractionation, and if only the most evolved magmas
were subsequently emplaced at the present erosion level.

The Ri¢any suite is also unlikely to represent a highly contaminated version of the Blatn4 suite,
as on the K30 - SiO3 plot [Fig. IV.1.9 b] the fields of the Ricany and Blatn4 suites neither overlap nor
intersect; the most evolved Ri¢any rocks still have higher K20 than the those of the Blatn4 suite.
Furthermore, both suites show distinct trends on several other plots, for instance P - Q [Fig.
IV.1.11.], B-Mg/(Fe+Mg) [Fig. IV.1.13.] and R; - R, [Fig. IV.3.1.].

The peraluminous nature of even the least evolved ﬁx’éany granite may be consistent with
derivation from a peraluminous source such as metasediments of the Moldanubian Unit or the
peraluminous leucocratic granulites which are also part of this unit. The Sr - Nd isotopic composition
of the Ri¢any granite falls within the field of the metasediments of the Moldanubian Unit (Liew and
Hofmann 1988), and close to that of the peraluminous leucocratic granulites occurring at Blansky les,
southern Bohemia (Fig. V.3., Valbracht et al., 1994). lts genesis can therefore be explained by
derivation from these Moldanubian lithologies, or from a mixture of the Moldanubian and Tepl4-
Barrandian units with a high proportion of the former.

The presence of abundant mafic microgranular enclaves in the Riany granite suggests
interaction of the granitic melt with basic magmas. Such magmas may have provided the heat necessary
to promote melting of the Moldanubian crust. However their major direct involvement is unlikely,
considering the major negative gravity anomaly in the area (Orel, 1975; Fig. L2.].

In summary, the parental melts of the flx’éany suite are most 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 Tepl4-Barrandian
Unit cannot be ruled out. This magma has undergone a high degree of (K-feldspar—dominated)
fractionation in a deep magma chamber [Chapter IV.3.4.], prior high-level intrusion. The reverse
zoning of the Ri¢any intrusion has been achieved at this stage either by emplacement in a single batch
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of magma from a compositionally zoned magma chamber, or in several batches in connection with .
cauldron subsidence or stoping [Fig. IV.3.12.].

V.3.3. Summary

The Sr - Nd isotopic compositions of granitic rocks from the CBP are comparable with those of
other Hercynian occurrences, notably from the Moldanubian Pluton and the Massif Central. The older
intrusions have more depleted Sr - Nd compositions and calc-alkaline geochemistry, but there is a
conspicuous shift towards K-rich calc-alkaline and shoshonitic rocks with more evolved isotopic
signatures in the later suites. Unlike the temporal control, there does not seem to be a major spatial
control on the distribution of the main geochemical suites within the CBP. The main prbcess
responsible for such an evolution is interpreted to be enrichment of the mantle by an incompatible-
element—enriched and, or, high 87Sr/86Sr component, possibly associated with an earlier subduction
environment. The observed geochemical variation also probably reflects distinct crustal sources for the
individual suites.

~ The Sézava suite could have originated by re-melting of metabasites of the Metamorphic Islet

Zone or Jilové Zone, by partial melting of a mantle source with an isotopic composition similar to Bulk
Earth, or by mixing of mantle-derived melt with crustally-derived tonalitic magmas.

Variation within the Blatn4 suite can be modelled by mixing between a moderately enriched
((87Sr/86Sr)330 ~ 0.708, eﬁo ~ -3) mantle component, close in isotopic composition to the more basic

rocks of the suite (Lu¢kovice monzonite) with either an isotopically evolved metasedimentary
component, possibly of Moldanubian provenance, or with more evolved magma of the Blatnd
intrusion. ,

The Certovo bfemeno suite and the minettes originated from strongly enriched ((87Sr/86Sr)330 ~
0.7128, eﬁ°~ -7) mantle-derived magmas. These may have evolved through closed-system

fractionation, or have interacted with S-type (leuco-)granitic magmas of similar isotopic composition
that were derived from the Moldanubian Unit. '

The parental melts of the Ri¢any suite are most 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 Units
cannot be ruled out.

The two-stage Nd model ages increase from the assumed oldest to the youngest intrusions: ~
1.05 Ga for the Sizava suite, ~ 1.45 Ga for the Blatn4 suite and 1.65 Ga for both Ridany and Certovo
bfemeno suites. The data for the Blatnd, Certovo bfemeno and Ri®any suites represent typical
'Hercynian' values, and are likely to point to an mixed source (Archaecan and Late Proterozoic
components) rather than a major crustal-formation event, whereas the lower T?g‘ of the Sizava
intrusion is similar to that of the quartz diorites of Limousin, the Massif Central and is not compatible
with a major involvement of a mature metasedimentary material.

V.4. Towards a petrogenetic model of the CBP

In the extensive literature about the CBP, many petrogenetic theories have been presented, some
of which have been discussed already elsewhere in this thesis. Accordingly they are mentioned only
briefly here.

The oldest hypothesis, based on whole rock geochemistry, is that of Orlov (1935) who
proposed that magmatic fractionation was operative throughout the CBP and showed that there are
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important geochemical and also possibly genetic differences between the western (~ Sdzava and Blam4
suites) and eastern (Certovo bfemeno suite) parts of the CBP. Likewise, Steinocher (1969) assumed
differentiation of a single, tonalitic, basalt-derived magma similar to that of the Sézava intrusion, with,
however, contributions from crustally-derived potassic magmas. Vejnar (1973) suggested that the
granite - granodiorite suite of the CBP (S4zava and Blatnd suites) originated by crustal contamination
and recrystallization of pre-Hercynian tholeiitic volcanic and subvolcanic rocks, whereas the durbachite
suite (Certovo bfemeno suite) corresponded to Hercynian minimum crustal melts. An upper crustal
source of the geochemically evolved Certovo bfemeno suite has also been recently proposed by Bouska
et al. (1984), whereas fractionation of small-degree (< 1 %) mantle-derived melts by multiple freezing-
remelting cycles has been invoked by Bowes and KoS$ler (1993). Rajlich and Viasimsky (1983)
proposed a petrogenetic model, involving diffusional differentiation of a large, hypothetical batholith
beneath the present CBP. In their view, by means of such differentiation, driven by the thermal
contrast between the colder Barrandian and hot Moldanubian units, it was possible to derive both
granodioritic and durbachitic melts, the latter enriched by MgO, P20s and K>0.

In view of the Sr-Nd isotope data presented in this thesis, and without considering any other
problems involved in the model of Rajlich and Viasimsky (1983) (sluggish diffusion in granitic melts,
possibility of convection and subsequent rehomogenization of the magma, lack of geophysical evidence
for the presence of a large granitic reservoir underlying the CBP, etc.; see Holub, 1990), any kind of
closed-system process generating the whole compositional spectrum of the CBP can be rejected,
although closed-system processes were possibly important in a number of individual intrusions.

The genetic model of Afanasjev et al. (1977) involved regional-scale anatexis under
amphibolite-facies conditions, followed by the upward migration and emplacement of the anatectic melt
in the north-western sector of the CBP (e.g. Sdzava intrusion), whereas the actual melting zone is
thought to be preserved in the south-eastern segment (durbachites). As an alternative they invoked a
hypothesis of in-situ recrystallization producing the whole CBP. The concept of an origin for the
Cerven4 and Certovo bfemeno intrusions by in-situ metasomatism of metasediments has been
formulated by Réhlichovd (1964 a,b). Viasimsky et al. (1992) defended their model of a metasomatic
origin for the CBP (e.g. Palivcovd, 1965; Palivcovd et al., 1988, 1989 a,b, 1992). They proposed that
the majority of the granitoids in the CBP had originated by isochemical in-situ granitization of
sediments, volcanic and subvolcanic rocks. This process was considered to have been operative under
amphibolite-facies conditions at a shallow level (< 700 °C and < 0.8 kbar according to Palivcovd et al.,
1989b; cf. Chapter IIL ), with heat provided by transpressional movements.

Many phenomena which suggest that all the intrusions studied were, at some time in their
history, magmas, mobile and capable of inducing thermal metamorphism on, and assimilating their
country rocks have been described in Chapter IL and these negate the metasomatic model. The
explanation of the mafic enclaves as boulders produced by the erosional disintegration of volcanic
bodies or volcanic products (e.g. bombs) prior to the granitization (Viasimsky et al., 1992) and the
statement that "neither experimental nor geological facts support mixing of magmas" (Viasfmsky et al.,
1992, page 33) ignore completely the overwhelming experimental, field and geochemical evidence to
the contrary [cf. Chapter IL and citations therein]. As shown in Chapters IL-V. the structural,
geochemical and isotopic data point towards an important role for magma-mixing in the CBP, whereas
Chapter IV.3. suggests that fractional crystallization was also important. It is difficult to imagine any
metasomatic process that would result in Sr-Nd isotopic ratios that are very similar within each
intrusion but differ considerably between different ones [Chapter V. ].
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Magma-mixing models have been previously applied to explain the origin of the Certovo
bfemeno suite and minettes (Némec, 1988, Holub, 1988, 1990), as well as the K-rich granitoids of the
southern CBP (Blatm4 suite, van Breemen et al., 1982; Bendl and Vokurka, 1989; Machart, 1989,
1992) [Chapters IV.3., V.IIL]. The operation of magma mixing in the genesis of both the Blatn4 and
Certovo bfemeno suites is indeed invoked in the genetic model presented in the following paragraphs.

In geotectonic terms, the shift towards K-rich calc-alkaline and shoshonitic compositions in the
CBP may be compatible with a transition from a magmatic-arc to a post-collisional setting. The
operation of subduction in this part of the Bohemian Massif in mid-late Devonian has been inferred
from geochemistry of orthogneisses from the Metamorphic Islet Zone (Kosler, 1993). Based on the ~
40 Ma time gap between the age of protolith of orthogneisses (~ 369 Ma) and the age of the Blatnd
granodiorite (~ 331 Ma), as well as the more evolved Sr-Nd signature of the Blatn4 granodiorite [Fig.
V.3.1, Kosler (1993), argued that the protolith of the orthogneisses was a product of an independent
magmatic phase from the granitoids of the CBP themselves. As demonstrated in Chapters L3., IL4.
and Appendix IX., the rocks of the Blatni suite do not appear to be amongst the earliest amongst
unmetamorphosed granitoids of the CBP as the S4zava suite may be significantly older than ~ 330 Ma.
The subduction could have been rather short-lived; for instance, in the French Massif Central, it has
been suggested that subduction was operative between ~ 370 - 350 Ma and was responsible for the
production of the rocks of the Limousin Tonalite Belt (Shaw et al., 1993). In any case, the generation
of calc-alkaline magmas may post-date the cessation of the processes by as much as 30 - 50 Ma
depending on availability of the water (Bonin, 1990). Additionally, there are many geochemical
affinities between the orthogneisses (Staré Sedlo and Mirotice) and the Sdzava suite, most importantly
the Sr-Nd isotope ratios [Fig. V.3.] and thus there is no apparent reason to treat these orthogneisses
separately from the rest of the CBP just on basis of their higher age and strong deformation. Paterson
and Tobisch (1988) presented an excellent example of several pre-tectonic plutons from the same
locality and of similar age some of which showed pronounced foliation, whereas the others were
virtually undeformed. Thus, the question of the relationship of the Sézava suite to the orthogneisses
cannot be fully resolved until detailed geochronological information on the former is available.

Alternatively, the volcanic-arc-like geochemical signature of both the orthogneisses and the
Sézava suite might have been inherited from their source that could itself be volcanic-arc-related. One
of the models invoked earlier on for the genesis of the S4zava suite [Chapter V.3.2.] involved melting
of the metabasic rocks of the Jilové Zone that are, indeed, considered to have originated in an island-arc
setting (Waldhausrovd, 1984; Fediuk, 1992a).

If subduction was operative in the area of the CBP early in the development of the Hercynian
belt, the influx of LILE-enriched and HFSE-depleted volatiles into a mantle wedge above the
subduction zone might have promoted melting and generation of basaltic calc-alkaline magmas, that, in
turn, provided heat for infracrustal melting yielding the tonalitic magmas of the Sézava suite. Such a
volatile influx may have also been responsible for widespread metasomatism of the mantle beneath the
CBP. This metasomatized mantle, later reactivated, may have contributed as a major source to basic
shoshonitic magmas (similar in isotopic composition to the studied monzonitic rocks and minettes) that
were to become basic end-members involved in genesis of Blatnd and Certovo bfemeno suites,
respectively.

The generation of late post-collision magmas is often attributed to melting LILE-enriched mantle
wedge above (fossil) subduction zones, possibly modified by contamination with melts from the lower
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crust (Harris et al., 1986) and melting of these anomalous mantle compositions may be connected to
adiabatic decompression in the upper mantle (Harris et al., 1986). In this way, the mantle wedge
metasomatised by slab-derived fluids during the subduction stage could have been remelted due to
asthenospheric upwelling following crustal extension and uplift, to produce shoshonitic magmas.

Clearly, time was needed for this anomalous source with elevated Rb/Sr to develop the
87Sr/86Sr ratio observed in the Certovo bfemeno suite. Assuming that the subduction-induced mantle
metasomatism was early Hercynian (~ 380 Ma), a time span of some 50 Ma (to 330 Ma) was available
for this source to evolve from a Sr isotopic composition close to the Bulk Earth (87Sr/86Sr ~ 0.7045) to
that of the minettes ((87Sr/86Sr) ~ 0.7128). Simple calculations show that the mantle source would
have to have had 87Rb/86Sr of 11.7. Ellam and Hawkesworth (1988) suggested that melting of mantle
rocks at destructive margins generating basaltic magmas does not result in a major fractionation in
Rb/Sr. Considering that the minettes have 87Rb/86Sr = 3 - 3.5, and assuming that they experienced
little subsequent fractional crystallization, the enrichment of the source of the Certovo bfemeno suite
solely due to the subduction related to the Hercynian orogen can be discounted: a longer time interval is
needed if subduction-related enrichment were to have been operative.

An island-arc setting for the ~ 600 Ma old volcanic rocks of the Jilové Zone has been proposed
by Waldhausrovd (1984) and this has been given support by the identification of boninites within it
(Fediuk, 1992a). A similar calculation for the 270 Ma interval between 600 - 330 Ma gives 87Rb/86Sr
= 2.2, i.e. similar to that of the minettes. Thus Proterozoic subduction-related fluids may have
significantly contributed to the mantle enrichment responsible for the Sr isotopic signature of the
Certovo bfemeno suite. The mantle reservoir enriched by the Proterozoic subduction could have
become an integral part of the local lithospheric mantle which would preserve it from being destroyed
were subduction operative during the Hercynian orogeny, as well. Alternatively, the enriched mantle
source of the shoshonitic magmas could have corresponded to lithospheric mantle with a relatively high
time-integrated Rb/Sr ratio, that may have developed beneath ancient (Gebauer et al., 1989; Wendt et
al., 1993; Gebauer and Friedl, 1994) basement beneath the Moldanubian Unit.

The mantle end-member of the Blatn4 suite was probably much less enriched ((87Sr/86Sr)330 ~

330 -3), than that of the Certovo bfemeno suite ((37Sr/86Sr)33¢ ~ 0.7128, sgzo ~-7). Because

0.708, gy

of the probably nearly coeval development of these two suites [Chapters L, IL], and their relatively
low 87Rb/86Sr (< 3.5), it is unlikely that differences in (87Sr/86Sr)330 between both basic end-
members were caused by delayed melting of an otherwise homogeneous enriched mantle source.
Instead, different proportions of the enriched component in the source of both suites ought to be
considered, either being a consequence of mixing within the mantle of distinct components, or of
source inhomogeneity. Moreover, for the Blatnd suite, the amount of mantle-derived shoshonitic melt
was likely to be subordinate to that of the crustal component, in contrast to the Certovo bfemeno suite,
that appears to be mantle-dominated.

The heat introduced by emplacement of the shoshonitic magmas might have been, at least
partly, responsible for the anatexis of the crustal rocks (partly or fully of Moldanubian provenance) and
both magmas could have interacted with each other producing abundant K-rich MME which are
especially abundant within the Cervend granodiorite [Chapter IL4.]. Therefore, the Blatnd and Certovo
bifemeno suites may have been generated by similar processes, both being formed by mixing of
(variously) enriched mantle with a crustal component(s). Such a model resembles that of Harmon et al.
(1984) and Rock and Hunter (1987) for the genesis of British Late Caledonian granitoids in which
basic, mantle-derived magmas have acted both as parents, undergoing crustal contamination, and heat
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sources, facilitating melting. Similarly, Fowler (1988) argued that the whole compositional spectrum
of lamprophyres, syenites and Newer Granites in the Scottish Highlands might have been generated by
mixing of various proportions of shoshonitic, (subduction-related ?) and crustally-derived components.

In contrast to the other three suites, the peraluminous Ri¢any suite has most probably originated
largely by anatexis of Moldanubian metasedimentary rocks.

In summary, the low-K calc-alkaline S4zava suite appears to correspond to granitoids typical of
subduction settings, with classic examples found in the Andean batholiths and Sierra Nevada Batholith
(California), or, in the classification scheme of Barbarin (1990a) , to Hca (Hybrid Continental Arc)
granitoids. The higher K, mainly crustally-dominated Blatn4 suite, and especially the mantle-dominated
shoshonitic Certovo bfemeno suite seem to belong to the H o (Hybrid Late Orogenic) group of
Barbarin (1990a), that is usually associated with relaxation and uplift following a collision event, like
late Caledonian granitoids of Scotland including the appinite suite (Barbarin, 1990a; Bowes and
Kosler, 1993). The Ri¢any suite appears to have affinities to the 'subalkaline' group of French authors
(Barbarin, 1990a, and references therein), as it shares some features with the alkaline granites (e.g.
mode of emplacement) like the Ploumanac'’h complex in Brittany (cf. Palivcovd, 1992). Such
subalkaline granitoids typically develop in a transitional environment between late orogenic
compressional and extensional regimes (Barbarin, 1990a).

The time range of the CBP intrusions now needs to be established from geochronological
studies. This would help further integration of this granitoid complex into the overall evolution of the
Hercynian orogenic belt and extend the knowledge obtained by the combined field, petrographic and
geochemical study presented in this thesis.
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Chapter VI. Conclusions

V1. Conclusions

The new petrographic, mineral and whole-rock geochemical data on selected intrusions of the
Central Bohemian Pluton, Czech Republic, covering most of the compositional and chronological
spectrum of the granitoids, place important constraints on the sources and processes that were operative
in their history.

1. The granitoids of the CBP belong to at least five distinct suites: Sdzava (gabbro, quartz diorite,
tonalite, trondhjemite and granodiorite) Blatnd (quartz monzonite; granodiorite, granite), Certovo
bfemeno (melasyenite and melagranite), Ri¢any (granite), and an extra group of S-type anatectic
granitoids that was not subject of the present study. They differ from each other in respect of their
petrography [Chapter IL], mineral chemistry [Chapter IIL2.], major and trace element whole-rock
geochemistry [Chapters IV.1., IV.2.] as well as Sr-Nd isotopic signatures [Chapter V.2.]. These
differences point to range of sources and processes involved in their genesis [Chapters V.3.2., V.4.].

II. The individual intrusions differ in the nature of their enclaves, implying differences in their
emplacement and crystallization history. The Sézava intrusion contains abundant mafic microgranular
enclaves (MME), no surmicaceous enclaves and virtually no metasedimentary xenoliths [Chapter
IL1.], and therefore the metasedimentary input had to be of limited importance. This could, however,
have been significant at the margins of the PoZ4ry intrusion [Chapter IL2.]. The abundance of MME,
the field relations in the Teletin quarry, and the microtextural evidence, particularly the presence of
mantled plagioclases, discontinuous zoning in the amphiboles and acicular apatite in both the Teletin
quartz diorite and the MME [Chapter IL 1.1, point to contemporaneous basic magmatic activity and the
interaction between basic and acid magmas.

III.  The Blam4 suite, especially the Kozérovice and Cervend granodiorites, also contains abundant
MME, along with surmicaceous enclaves and metasedimentary xenoliths [Chapters IL3., IL4.]. The
presence of both surmicaceous enclaves and locally very abundant metasedimentary xenoliths (e.g.
Solopysky in the Kozdrovice and Huddlice in the Blatn4 intrusions) implies a considerable
metasedimentary input, at least near to the Metamorphic Islet Zone and Moldanubian Unit. There is
evidence of contemporaneity between the Kozérovice granodiorite and shoshonitic magma represented
by monzonitic rocks and lamprophyres, the most important being net-veining of the Kozarovice quartz
monzonite, the presence of syn-plutonic lamprophyre dykes and disequilibrium textures in both quartz
monzonite and host granodiorite, including mantled plagioclases, quenched textures, resorbed biotite
flakes enclosed by amphibole crystals and amphibole-biotite pseudomorphs retaining relic pyroxene
cores [Chapter IL3.].

IV.  The Sedl¢any granite [Chapter ILS5.] contains common metasedimentary xenoliths and both
mafic microgranular and surmicaceous enclaves pointing to a mixed mantle-crustal parentage.

V. For the zoned ﬁféany mass, the importance of hybridization of the granitic magma with more
basic ones is shown by the presence within the enclaves of K-feldspar phenocrysts, quartz xenocrysts
(ocelli) and blade-shaped biotite, as well as rare antirapakivi textures and resorbed K-feldspar
phenocrysts observed in the granite itself. Surmicaceous enclaves are abundant throughout, whereas
metasedimentary xenoliths are common only near the margins of the intrusion.
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Chapter VI. Conclusions

VI.  Relative age of intrusion, inferred from contact relationships, decreases in the succession
S4zava - Marginal - Kozdrovice, Blatn4, Klatovy - Certovo bfemeno, Sedl¢any, Riany - Jevany
intrusions. There is also evidence for the Sdzava tonalite being older than both the PoZary trondhjemite
and the Mrac granite [Chapter IL8.3.]. The majority of the CBP granitoids were probably emplaced at
a narrow time interval around ~ 330 Ma and geological evidence excludes the occurrence of granitoid
bodies younger than ~ 290 Ma [Chapters L, IL ; Appendix IX.]

VII.  Late brittle deformation has affected all of the studied intrusions, with exception of the Ri¢any
granite [Chapter IL]. In particular the S4zava intrusion has been affected in its eastern and western
parts, whereas in the younger intrusions the deformation is usually confined to small domains and
shear zones. Likewise, the degree of alteration is very variable, being the most severe in the western
part of the Sézava intrusion and the PoZiry intrusion.

VIII. Interms of the mineral chemistry, there is a striking difference between the S4zava and Blatni
suites on the one hand and the Ri¢any and Certovo bfemeno suites on the other [Chapter 1L 2.]. The
former contains hornblende and relatively Fe-rich biotite, whereas typical for the latter are actinolite and
actinolitic homblende (originating, the most likely, from a primary pyroxene in subsolidus conditions)
and Mg-rich biotite. Based on the Al in hornblende geobarometer, the majority of the amphiboles
studied (Sdzava, Blatnd, Kozérovice intrusions) crystallized at depths ca. 5 - 10 km. In contrast, the
brown cores of the Teletin amphiboles may have originated at much greater depths, possibly as much
as 30 km. The amphibole - plagioclase geothermometer yields temperature estimates of ~ 770 °C -
800 °C for the S4zava intrusion, and ~ 720 °C - 730 °C for both the Blatnd and Kozdrovice intrusions;
these are compatible with the zircon saturation calculations [Chapter IV.2.2.].

IX.  Each of the suites, and each of the individual intrusions alike, show a restricted range of the Sr-
Nd isotopic ratios [Chapter V.2.1.]. The total observed range of (87Sr/86Sr)330 = 0.7051 - 0.7129 and

sﬁ%o =+0.2 - -8.9 is comparable with granitoids from other parts of the Hercynian belt, notably from

the Moldanubian Pluton and the French Massif Central. The lack of positive e& 4 values suggests very

limited involvement of a depleted mantle component in the petrogenesis of the studied rocks.
Moreover, there is a conspicuous trend towards isotopically more evolved compositions with time (in
the succession Sdzava, Blam4, Ri¢any 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 [Chapters IV.4., V.4.].

X. There are several maxima of two-stage Txg‘i,l model ages: ~ 1.05 Ga for the Sdzava suite, ~ 1.45

Ga for the Blatn4 suite and 1.65 Ga for both Ri¢any and Certovo biemeno suites. The data falling into
range 1.25 - 1.65 Ga represent typical 'Hercynian' values, and are likely to point to a mixed source
(Archaean and Late Proterozoic components) rather than a major crust-formation event [Chapter
V.3.1.]. The lower Tﬁﬂ" of the Sdzava intrusion is similar to that of the quartz diorites from Limousin

in the French Massif Central.

XI.  The low-K calc-alkaline Sdzava suite may have originated by re-melting of metabasites of the
adjacent Jilové Zone or the Metamorphic Islet Zone, by partial melting of a mantle source with an
isotopic composition similar to Bulk Earth, or by mixing of magmas derived by both processes.
Abundant basic rocks, associated with the Sdzava suite, have probably acted as heat sources as well as
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‘Chapter VI. Conclusions

one of the major components in the generation of the Sdzava intrusion. The major and trace-element
plots [Chapters IV.1.-IV.2.] and subsequent modelling [Chapter IV.3.1.] are compatible with
extensive fractional crystallization of a mainly amphibole - plagioclase assemblage, with a minor
contribution from biotite and orthite. The PoZiry intrusion, being peraluminous and showing low
2REE and high positive Eu anomalies, may have been derived from the Sdzava parent largely by
fractional crystallization (with some crystal accumulation) or, altemnatively, by small-scale melting of a
metabasic parent. The mixing tests performed on the Teletin quartz diorite are compatible with its
genesis by hybridization of about 80 % of the Sdzava tonalite with 20 % of a gabbroic melt.

XII. The variation within the high-K calc-alkaline Blatnd suite can be modelled by mixing between

moderately enriched ((87Sr/86Sr)330 ~ 0.708, sﬁo ~ -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 Blam4 intrusion. This is also supported by modelling based on the whole-rock (major, trace and
isotopic) geochemistry [Chapters IV.3.2., V.3.2.]. If the most evolved compositions within the Blatnd -
intrusion are chosen as an acidic end-member, about 60 - 70 % and 70 - 80 % of it is needed to
produce the least evolved members of the Kozérovice and Blatn4 suites, respectively. As shown by the
major and trace-element data [Chapter IV.3.2.], these parental magmas have possibly evolved by
fractional crystallization (or rather AFC) of amphibole > plagioclase + K-feldspar >> biotite
(Kozdrovice) or plagioclase > biotite > amphibole > orthite (Blatnd) assemblages.

XIII. The Certovo btemeno suite, including the minettes, originated from strongly enriched
((87Sr/86Sr)330 ~ 0.7128, ei%o- -7) mantle-derived magmas [Chapter IV.3.3.]. These may have

evolved through closed-system fractionation, or have interacted with S-type leucogranitic magmas of
similar isotopic composition and that may have been derived from the Moldanubian Unit. If the latter is
the case, for the Sedl¢any intrusion, the proportion of the basic end-member could have been close to
40 % [Chapter IV.3.3.]. Subsequently, the Sedl¢any magma probably evolved by limited degrees of
fractional crystallization (< 15 %) or AFC of plagioclase — K-feldspar > biotite — amphibole
assemblage.

XIV. Overall, the processes which produced the most mafic members of the Blatné and Certovo
bfemeno suites appear to have been similar [Chapter V.4.]. 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.

XV. The parental magmas of the Riany suite are most likely to have been produced by partial
melting of peraluminous lithologies within the Moldanubian Unit leaving garnet in residuum [Chapter
V.3.2.], 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
[Chapter IV.3.4.] show that it is a reversely-zoned body, and imply K-feldspar-dominated
fractionation in a deep magma-chamber prior to high-level intrusion. The reverse zoning could have
been achieved either by emplacement of the magma in a single batch from a stratified magma chamber,
or in several batches following cauldron subsidence or stoping. The Jevany leucogranite does not
appear to have evolved by fractionation of the Ri®any magma [Chapter IV.3.4.].
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XVI. In summary, the main genetic processes responsible for the variation within the studied
granitoids seem to be magma-mixing and fractional crystallization, the latter, to some extent, also
accompanied by wall-rock assimilation (AFC) [Chapter V.4.]. There is firm petrological {Chapter IL]
and geochemical [Chapter IV.3.] evidence for operation of hybridization processes, most importantly
in the Sdzava (T eletin) and Kozdrovice intrusions.

XVII. The age and geochemical constraints are compatible with a progression with time from calc-
alkaline magmas (Sdzava suite) towards K-rich calc-alkaline (Blatnd suite) and shoshonitic
compositions (Certovo bfemeno and Ritany suites), that 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 the source region [Chapters IV.4., V.4.] .

XVIII. The presented dataset points to a widespread role for the enriched mantle component in the
genesis of granitoids in this part of the Hercynian belt. It shows that caution should be exercised in
making implicit presumption that the negative correlation in the (87Sr/86Sr); versus €y, diagram is

caused by crustal contamination.

This thesis represents, in many respects, a pilot study and clearly much more work needs to be
undertaken to elucidate the petrogenesis of the CBP. Most importantly, accurate geochronological
information is needed. The whole-rock Rb-Sr method does not seem to be suitable for this purpose due
to the frequently-encountered limited spread in the 87Rb/86Sr ratios, and, or evidence of open-system
behaviour (hydrothermal alteration, magma mixing, AFC) [Chapters IL, IV.3., V.3.2.]. Potentially
U-Pb and Ar-Ar isotopic systems may provide vital constraints on the crystallization ages and cooling
history of the individual intrusions. Also more detailed information on mineral chemistry is needed,
particularly concerning spatial variations within each intrusion, together with more whole-rock
geochemical analyses for both the granitoids and their country rocks. Sets of integrated data, analogous
to that presented here, need to be obtained for other intrusions of the studied suites as well as for the
whole group of anatectic, S-type leucogranitoids. There is also gap in Sr-Nd isotopic information on
the Certovo bfemeno intrusion and associated leucogranites that so far inhibits formulation of an
accurate petrogenetic model for this intrusion The data and ideas presented in thesis represent a basis
for these additional studies.
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Appendix I. List of samples

In Appendix L is given list of the analysed samples, containing the sample number, rock type
and locality. Sample numbers used are presented along with the original ones (field numbers or as
assigned by others): J-1 to 35 are from Bouska et. al. (1984) and were made available by Dr. E.
Jelinek, Charles University, Prague; JT-21, JT-27 and JT-28 were donated by Dr. M. Kle¢ka from the
Geological Institute, Czech Academy of Science and R-1 to R-16 by Dr. V. Vatkovd, Geophysical
Institute, Czech Academy of Science; Z-1 to Z-7, S-1 and V-1 are from the MSc. thesis of Janousek
(1991). Location of the sampled outcrops is shown on Figure VII.1.
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Appendix I1.

Techniques

For the trace elements, pressed pellets containing 6 g of the rock powder and 1 g of RO 214/1
(fenol formaldehyde) resin were prepared (Leake et al., 1969). All the trace elements were analysed
using a Mo tube, except Nb, which was analysed with a Cr tube. Correction for absorption utilising the
incoherently scattered Compton peak (Harvey and Atkin, 1982) has been applied. The detection limits
for the XRF are summarised in the following table:

detection limit detection limit detection limit (%)
(ppm) (ppm)
Ba 12.3 Th 11.5 SiO,y 0.086
Rb 1.7 Ni 4.8 TiOp 0.018
Sr 1.5 Co 3.2 Aly0y 0.087
V44 27 Pb 11.6 Fey03 0.045
Nb 73 Zn 1.8 MnO 0.012
G 24 Cu 44 MgO 0.165
La 3.9 Cr 1.9 Ca0 0.006
Ce 32 N0 0.155
Y 14 S 7.1 K20 0.002
U 9.4 P205s 0.008

The performance of the Glasgow XRF instrument is frequently checked using standards,
including international ones:

7500 G-GR granite Glasgow marble Glasgow |8550 SGR-1 shale USGS
7510 G-GN gneiss Glasgow |7570 GSL  slate Glasgow |8560 STM-1 neph syenite USGS
7520 G-TR trachyte Glasgow | 7580 G-SS  staurolite Glasgow | 8800 T-1 tonalite USGS
7530 G-TH tholeiite  Glasgow schist 9210 GR granite CRPG
7540 G-DO dolerite Glasgow 9220 GH granite CRPG

7560 G-MA

Below are given their recommended values together with average (x) and standard deviation (G)

obtained in course of this project ('<' means below detection limit, '-' not determined, or not

applicable):
7500 n=4 7510 n=4 7530 n=2 7540 n=3 7560 n=2
X [+ X g X g X g X G
Zr 125 100 23| 110 108 6] 264 250 6] 145 165 56| 14 36 8
Y 8 9 0 7 8 2| 45 44 1 30 31 1 4 6 1
Sr 860 870 17| 305 308 6| 540 527 6| 610 595 14 50 46 1
Rb 80 80 6] 28 28 5| 25 24 2l 37 36 4 6 6 4
Pb 25 30 7 5 d2 - 7 d2 - 3 d2 - 1«2 .
Ga 18 21 4 16 16 1 23 24 1 21 23 1 1 < .
Zn 36 36 6] 33 35 2| 144 144 2[ 98 93 1 s - -
Cu s 26 271 10 16 7| 20 28 3 107 121 3 - <4 -
Ni 6 10 4] 48 49 S| 24 21 4/ 53 50 4 0 - -
7500 n=5 7510 n=5 7530 n=I 7540 n=1 7560 n=2
x g b s R g R G R c
Co 3 5 2 5 6 1| 44 40 - 40 44 - 0 <3 -
Cr 16 12 3] 133 129 4 20 31 -l 28 40 - 0 <2 -
Ce 30 31 4| 22 13 6/ 110 101 - 48 49 - 4 <3 -
Ba | 1245 1241 68| S80 569 32| 760 776 -| 660 667 | 40 60 -
La 18 21 2] 12 11 2| 50 45 - 27 28 - 1 5 -
8550 n=3 8560 n=3 9210 n=2 9220 n=2 8800 n=I
X o4 X [ b3 ] X g X ]
Nb S 9 2] 270 202 3] 227 16 4] 85 59 471 12 12
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Appendix II. Techniques

Plasma Quad PQ1 Plasma Quad PQ2
Sample introduction
Method Liquid nebulisation Liquid nebulisation
Uptake rate 1.0 ml min-! 0.8 ml min-1
Plasma

RF power Forward 1300 W Forward 1350 W

Reflected< 5 W Reflected< 5 W
Gas controls: Auxiliary 0.55 1 min-1 0.75 1 min-1

Coolant 14.0 1 min-1 14.0 1 min-1
Nebuliser 0.73 1 min-1 0.90 1 min-1

Nebuliser Meinhart: concentric type De Galan V-groove
Spray chamber Scott type double bypass, Scott type double bypass,

water cooled water cooled

Ion sampling
Sampling cone Nickel, 1.0 mm orifice Nickel, 1.0 mm orifice
Skimmer cone Nickel, 0.75 mm orifice Nickel, 0.75 mm orifice
Sampling distance 10 mm from load coil 10 mm from load coil
Vacuum
Expansion stage 2.4 mbar 2.5 mbar
Intermediate stage <1x 104 mbar 2 x 104 mbar
Analyser stage 4.6 x 106 mbar 2 x 10°5 mbar
Data acquisition

Acquisition time 60s 30s
Acquires per sample 3 3

Ru, Re and In were used as internal standards. Measured masses were: 139La, 140Ce, 141pr,
1525m, 153Ey, 157Gd, 158Gd, 159Tb, 152Dy, 165Ho, 166Er, 169Tm, 174YD, 1754, 71Ga, 89Y, 90Zr,

912r, 177Hf, 178Hf, 1817,

} The accuracy of the method has been checked against two international granitoid standards,
GPS-1 and G-2, that were processed like any other samples. The recommended values (Govindaraju,

1989), together with obtained concentrations are
presented in the table. The accuracy was satisfactory

f rity of ! b 4 HF sh GSP-1 n=1 G2 =1
or majority of the elements, but Zr an show G T34 1509 %9 602
concentrations several times lower than the Ce 399 374.1 160  194.0
recommended value, pointing to problems with Pr 52 499 18133
; ) . Rl L Nd 196  173.6 55 39.8
zircon dissolution. This is rather surprising in view Sm 26.3 23.8 1.2 6.1
of the reasonable correlation between the Zr data B 2.33 2.7 1.4 1.6
. Gd 12.1 18.7 4.3 6.1
obtained from the same samples from the XRF and .y L34 L6 0.4 0.4
ICP-MS, showing that the microwave dissolution is Dy 5.5 7.1 2.4 2.0
generally capable of dissolving (or equilibrating) I:: "20_1, g-z 009-; 8?,
zircons. The content of Hf, of which zircon is the Tm 0.38 02! ous o
main host, should therefore be viewed with some Yb 1.7 1.2 0.8 0.4
. Lu 0.214 0.1 0.11 0.1
caution, although they may be reasonable
o g i . GSP-1 =3 G2 n=2
considering Figure VIL 2. The serious discrepancy in Ga 23 238 33 236
determination of Zr and Hf in the standard powders Y 26 28.5 11 10.8
. . . Nb 27.9 29.1 12 13.2
is enigmatic, m int to a human error.
gmatic, and may point 10 ° Cs 1.02 1.2 1.34 1.7
Ta 0.97 0.9 0.88 0.8
Zr 530 49.8 309 71.0
Hf 15.5 1.2 7.9 1.7
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Appendix Il. Techniques
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Figure VII.2. Comparison between Zr concentrations
determined using the XRF and ICP-MS techniques

2.8. Sr and Nd isotopes

2.8.1 Chemistry
I. Sample Dissolution

Samples were dissolved in PFA teflon screw-top beakers (Savillex) using 10mls 40% HF and
1ml 14M HNO3 on a hotplate overnight. The beakers were removed, cooled, and then the solution was
dried down under lamps. The residue was then dissolved in 3 mls 14M HNO3 overnight on a hotplate,
and dried down as before. The residue was now dissolved in 8 mls 6M HCI overnight on a hotplate.
After cooling, a weighed aliquot of about 1/3 the volume of the solution was taken, to which was
added weighed quantities of 145Nd and 149Sm spikes for isotope dilution determination of Sm and Nd
concentrations. The remaining 2/3 aliquot was used for the determination of the isotopic composition of
both Sr and Nd. 87Rb and 84Sr spikes were also added to this solution for the determination of Rb and
Sr concentrations by isotope dilution analysis. Both solutions were dried down and the final residues
each taken up in 2 mls 2.5M HCL

II. Column chemistry

Sr and the REE were separated using standard cation exchange chromatography techniques.
The sample was transferred to a centrifuge tube and any residue was centrifuged off. The solution was
then loaded onto a preconditioned cation exchange column containing 10 mls Bio-Rad AG50W x 8,
200-400 mesh resin. The sample was washed in with 2 * 1 m1 2.5M HCI. For samples where Rb and
Sr were to be collected 29 mls 2.5M HCI were eluted, followed by collection of Rb in 7 mls 2.5M
HCI; this was then evaporated to dryness. 10 mls 2.5M HCI was then eluted. The Sr fraction was
collected with a further 10 mls 2.5M HCl, and evaporated to dryness. Sr blanks were less than 2 ng.
For Sm and Nd spiked samples the Sr fraction did not need to be collected, and so 56 mls 2.5M HCI
were eluted.

The REE were separated by further eluting 20 mls 2.5M HCl and 10 mls 3M HNO3. The next
26 mls 3M HNO3 were collected, and evaporated to dryness.

Sm and Nd were isolated from Ba and the other REE using 3 columns.
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Appendix Il. Techniques

Column 1 (initial Ba clean-up):

The residue from the REE fraction from the Sr columns was dissolved in 1 ml of a solution of
75% CH3COOH - 25% SM HNO3 (hereafter called 75/25). This was loaded onto a column containing.
8ml of Bio-Rad AG1 x8, _200—400 mesh anion exchange resin which had been preconditioned with 5
mls of a solution of 90% CH3COOH - 10% 5M HNO3 (90/10). The sample was washed in with 2 * 1
ml 90/10 solution, and then eluted with 50 mls 90710 solution. The REE's were collected with 15 mls
0.05M HNO3, and evaporated to dryness. '

Column 2 (Sm and Nd separation):

The residue from column 1 was dissolved in 1 ml of "orange cocktail". This cocktail consisted
of 75% CH30H - 25% orange cocktail mix: the mix is made of 1336 mls H20 - 406 mls CH3COOH -
256 mls SM HNO3. The sample was loaded onto a column containing 8 ml of Bio-Rad AG1 x8, 200-
400 mesh anion exchange resin which had been preconditioned with 5 mls "orange cocktail". This
column was encased in a water jacket through which water kept at 25°C by a thermostatically-controlled
water bath was circulated. The sample was washed in with 2 * 1 ml "orange cocktail”, and eluted with
10 mls "orange cocktail”. For spiked samples the next 17 mls "orange cocktail” were collected which
contained the Sm fraction; this was evaporated to dryness. A further 12 mls "orange cocktail" were
then eluted. For unspiked samples 29 mls "orange cocktail” were eluted. The next 29 mls "orange
cocktail” containing the Nd fraction were then collected, and the solution evaporated to dryness.
Column 3 (final Ba clean-up):

The residue from the Nd fraction from column 2 (both spiked and unspiked) was dissolved in 1
ml 75/25 solution, and loaded onto a column containing 5 ml of Bio-Rad AG1 x8, 200-400 mesh anion
exchange resin which had been preconditioned with 3 mls 90/10 solution. The sample was washed in
with 2 * 1 ml of 90/10 solution and eluted with 15 mls 90/10 solution. The Nd was collected with 10
mls 0.05M HNO3, and evaporated to dryness.

Sm and Nd blanks were less than 0.2 ng.

2.8.2. Mass Spectrometry
_ Rb
Rb samples were run on single collecter VG MM30 thermal ionisation mass spectrometer. Rb
samples were dissolved in a few ml of RO H20 in a glass spitzer, loaded onto a Ta side filament of an
outgassed triple Ta filament assembly, and carefully dried down so as to avoid the sample bubbling up
on the filament. Beams were managed to give a peak intensity of about 5 pA 87Rb. Peak intensities
were corrected for zero and dynamic memory.

Sr

Sr samples were run on a single collector VG 54E thermal ionisation mass spectrometer. Sr
samples were dissolved in 1ml 1M H3PO4 and were loaded onto a single outgassed Ta filament. A
small current is passed through the filament to dry the sample which is then increased slowly until the
H3PO4 fumes off and the filament glows dull red. Sr beams were managed to give an intensity of 1.5
pA 86Sr. Peak intensities were corrected for zero, dynamic memory and Rb interference (if necessary).
The 87Sr/86Sr ratio was corrected for mass fractionation using 86Sr/83Sr = 0.1194. Repeat analysis of
NBS 987 Sr standard gave 87Sr/86Sr = 0.71023 + 4 (2s.d.).
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Nd
Nd analyses were performed on a VG Sector 54-30 thermal ionisation mass spectrometer with 8
Faraday collectors. Nd samples were dissolved in water and loaded on the Ta side filaments of an
outgassed triple filament assembly with a Re centre filament. The sample was dried very carefully at
0.5A. For Nd isotopic composition runs beams were managed to give a 144Nd intensity of 10pA with a
centre filament current of 4 A. Data were acquired in multi-dynamic mode (to avoid inter-collector gain
calibration uncertainties) using a 5 collector peak jumping routine. The data were collected in 12 blocks
of 10 collection routines/block, giving 120 ratios in total. Each collection routine comprised 4 cycles;
after each cycle the magnet was switched to place a different isotope into any given collector. The
integration time for each cycle within a collection routine was S seconds with a 2 second wait time
between each cycle to allow the magnet to settle. 143Nd/144Nd ratios were corrected for mass
fractionation using 146Nd/144Nd = 0.7219. Peak intensities were corrected for background and the
144Nd peak was corrected for Sm interference. During the course of this study the JM Nd standard
gave 143Nd/144Nd = 0.511500 + 10 (2s.d.). o
For Nd isotope dilution runs the 143Nd beam intensity was 0.5 pA. The analyses were
performed in static mode, with 3 blocks of 10 cycles being collected. The integration time for each
cycle was 5 seconds. Peak intensities are corrected for zero and Sm interference (where necessary). .

Sm
Sm analyses were also performed on the Sector 54-30 instrument. Loading techniques were the same
as those for Nd. Sm beams were managed to give a 149Sm beam intensity of 0.5 pA. The analyses
were performed in static mode, with 3 blocks of 10 cycles being collected. The integration time for
each cycle was 5 seconds. Peak intensities are corrected for background. Measured Sm/Nd ratios are
considered to be better than 0.15% (2 s.d.) '

2.9. Software

For the purposes of handling the data gathered in the course of this project, two Microsoft
QuickBasic programmes were developed: BTRAP for age and model calculations with the Rb-Sr
isotope data and NORMAN for normative recalculations of the major element data. Both of them run
on IBM PC compatible computers; BTRAP will run only on computers with EGA or VGA cards and
needs 150 kB of file space, whereas NORMAN requires EGA, VGA or Hercules graphic cards and
250 kB. Both programmes are menu-driven and thus relatively easy to use. The software is available
on request for the cost of the shipment and media but, as it is still under development, no
documentation is available yet.

2.9.1. BTRAP

The main aim in this case was to implement the bootstrap algorithm (Diaconis and Efron, 1983)
that can be used for the calculation of isochrons (Kalsbeek and Hansen, 1989) and for checking the
homogeneity of Rb-Sr isotope data. This computer-intensive algorithm calculates repeatedly
conventional isochrons (York, 1966. 1967, 1969) for combinations (with repetition) randomly chosen

from the available data. There are
(n+n-1)!
n! (n - 1)!

such non-identical combinations, giving, for instance, 1716 non-identical bootstrap samples for n =7
(Kalsbeek and Hansen, 1989). After data acquisition, the frequency distribution curves are plotted. The
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datasets correspond to isochrons should result in a Gaussian-like distribution curve of the calculated
age, with the median corresponding to the time of closure of the Rb-Sr system. Poorly-defined
isochrons, errorchrons and mixing lines produce different types of frequency curves, often bi- or
polymodal.

BTRAP reads data from an ASCII file (compatible with the *.SR files used by
ISOCHRON.EXE of Provost, 1990) [Fig. VIL3.]. Currently, the data can be also used to compute
conventional isochrons (York, 1969) and the distribution-free alternative of Vugrinovich (1981).
Isochrons can be plotted, and model calculations (initial ratios, CHUR model ages, €-values etc.) can
be performed. The BOOTSTRAP data can be generated, the distribution curves viewed and the data
saved into a raw ASCII data file that can be later re-processed for a neater output or further analysis by
a statistical package. :

Four simple Rb-Sr calculators are provided with input from the keyboard, which give initial
ratios, CHUR model ages, €-values, 87Rb/86Sr ratios (from Rb/Sr), and perform simple binary mixing
calculations.

There is much to be improved in terms of the usability of this programme, most importantly the
routines for printing the graphics, new isochron calculation schemes and statistical tools for the re-
processing of the bootstrap spectra. The current version does not take into account the error-correlation
between 87Rb/86Sr and 87Sr/86Sr ratios.

2.9.2. NORMAN

NORMAN performs basic normative calculations [Fig. VIL4.], including the Granite
Mesonorm (Mielke and Winkler, 1979), Kohler-Raaz's values (Kéhler and Raaz, 1951), CIPW norm
(Hutchison, 1974, 1975), Niggli's Catanorm (Hutchison, 1974), and recalculation using the
millications of French authors (Debon and Le Fort, 1983, 1988, De la Roche et al., 1980). Apart from
these so-called standard functions [Fig. VILS.), itis possible also to implement user-defined functions,
in the form of formulae entered in an ASCII file (Fig. VIL6.]. Other user-defined as well as standard
functions can be called from within the user-defined function using arithmetic operators and constants
(like atomic weights), that are stored in a separate file.

The input for this programme is either from a file in the DBASE format (*.DBF), or from the
keyboard. The results can be browsed, printed on any dot-matrix printer or saved in either DBASE or
ASCII file (comma-, semicolon- and space-delimited) for further processing by spreadsheet or graphics
packages.

The primary objective was to build a core module, handling the main input / output operations,
leaving the user only to code the calculation algorithm itself. These algorithms are stored in small,
stand-alone modules. Thus writing of these standard functions is straightforward, and can be done by
anybody with limited knowledge of the QuickBasic language, whereas the user-defined functions do
not require any knowledge of programming at all. The advantage of this approach should be that the
calculation process is more transparent, and if needs be, the geochemist can easily tailor the algorithms
used (the programme is not a 'black box' anymore). Additionally, this approach should also encourage
others to produce additional modules.

The programme is to be further improved, especially by the implementation of new import
formats (most importantly ASCII) and the speed of the interpretation of the user-defined functions.
Moreover, no saving of changes made to the original data set is currently possible.
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Age and Model Calculations
Bootstrap- Data Collecting
Bootstrap- File Processing
Rb/Sr Calculator

Load Screen

Options Change

Help

Program Exit

OO BWN R

Strontium data filename C*.sr) ?

pluton|
mRsrn| m w\
m s
Numbers of samples 1. Next CHUR Calculation
2. Print

3. Previous Menu
1. Initial Ratios and € Values
2. Age From Initial Ratio

a_TM»R Model Age
itio? M :uious Menu

Input filet blatna.sr-

0.740

Figure VIIL.3: Typical session with the programme BTRAP: main menu,
the model calculations and the isochron plot



Muf Sof tuare (C) 1998—1993 presents

The Main menu
[ —-—ll Norman: Petrochemical calculator

Load data: »,DBF
Edit/Keyboard entry

| Calculations

Show the results
Print all the results
Save the results
Custonize

Exit to DO#Calculationsl

Granit.nezoﬁorn
Kohler-Raaz
CIPW

The file in usage:

|c:\uojta\qb\nornan\data\PLUION.DBFI

CIPVY with Hb & Bi
Niggli (Katanornm)
De La Roche
Debon-Le Fort
Millications
User defined
Main menu

Sample: b1-5

Q 146 .088

P -54.0808 [Shou the results]y

A 6.808

B 125.088 Recall

F 284 .608 Delete

(Na+X) 170.088 Print

K/ (Na+K3} 8.535 Backward

Mg/ (Fe+Mg) 8.573 Forward

Q(quartz) 26.386 | Go to

B(dark n.) 22.523 Main menu

F(feldsp) 51.171

bl-2_
1 4 A B F

J-168 -153.0088 -11.088 130.000 277 .008
J-11 -145.008 -38.800 198 .808 260 .908
J-12 -1708.0808 6.088 142.000 281.068
po-2 -186 .008 -48 .000 116.0600 313.008
sa-1 -155.008 =47 ARA 196.080 264 .000
sa-2 -219.888 [Table of results]lzas.ﬂeﬂ 285.808
sa-4 -225.808 - 260.0888 252 .008
sa-? -172.888, Print table 69.088 292 .0008
sa-6 -284.088| Go to sample 37.8808 245 .000
sa-9 -1908.808 Go to parameter 32.088 229 .800
J-29 -32.880 91.009 282 .800
sa-5 -48 .888 84 .000 296 .800
Jj—18 5.888 _ 26.880 272.000
J—-19 -6 .000 14 .060 111.888 293 .008
kh-1 -6.008 11.060 100 .808 311.0008
se—1 -22.908 -12.008 114.8088 326 .000
se-18 e 21.088 183.888 299.908
se—11 14.0808 35.808 113.808 273.008
se-12 -15.880 14 .808 101 .000 325 .008
se—-13 -3.6808 11.08688 186 .8688 299 .000
Esc...Menu (Ctrl+) Arrous, PgUp, PgDn, Home, End

Figure VII.4: Example of a session with the programme NORMAN: main menu,
and two output screens for the calculations after Debon and Le Fort (1989)



The raw major element data
are available in the array q()
The main cycle, repeating the

calculation for all samples Recalculation of the major
(their number is stored in the element % to millications
variable pocet) _ / .
X 7 7

*SINCLUDE: 'NORDEF.BI'
REM * Batchelor and Bowden (1985): Chem.Geology, 48, 43-55 *

FOR y = 1 TO pocet 3
FOR f = 1 TO majors S
r(f, y) = INT(q(f, y) * VAL(m$(25, 2 * £ + 1)) / VAL(m$(25, 2 *
£)) / 10)
NEXT £

o

8
st = r(l, y): t1 = r(2, y): al = (3, y): fe3 = r(4, y): fe2 = r(5, y) .
mn = r(6, y): mg = r(7, y): ca =1r{8, y): na =1r(9, y): k = r(l0o, y): H20 S
=r(ll, y): co2 = r(13, y): p = r{l2, y) k:

&

S

S

w(l, y) =4 * s1 - 11 * (na + k) - 2 * (fe2 + fe3 + ti)
wW(2, y) = 6 * ca+2 *mg + al

[

NEXT y

¢ &6 0@ ¢ & © C & O

CHAIN "MAIN"

) The calculation algorithm itself
The array w () contains the results (typically the only part of the
programme to be altered)

Figure VII.5: Listing of one of the standard functions of
the programme NORMAN (LAROCHE.EXE)

i

* Streckeilsen & Le Maltre, 1979 o
Q' = 100 * Q{CPW] / (Q[CPW] + Or{CPW] + Ab[CPW] + An{CPW]) |4
ANCR = 100 * An([CPW] / (Or([CPW] + An[CPW]) é@%

D

® & € 6

Reference to another function
Comment (parameter An of the CIPW
norm)

Figure VII.6: Example of an user-defined function
of the programme NORMAN for calculating the
Q' - ANOR parameters of Streckeisen and
Le Maitre, 1979 (PKC.DEF)



Appendix I1I: Majdr elements

Appendices IIL.-V. Whole-rock geochemistry,
the Central Bohemian Pluton

Appendix IIl. Major elements
Appendix IV. Trace elements (XRF)
Appendix V. Trace elements (ICP-MS)

In Appendix IIL are given major element data (in wt %) together with some normative values,
whose meaning is explained on the next page. In Appendix IV. are summarised trace element
concentrations determined by XRF (in ppm, b.d. = below detection limit). Appendix V. contains trace
elements that were obtained using ICP-MS, i.e. mainly REE. Concentrations of Ga, Y and Nb are
shown for comparison only, as XRF data, available for all the samples, were preferred. For REE, the
index 'N' (like Ndy) means chondrite normalised values (Boynton, 1984), whereas asteriks ("*')
denotes an extrapolated value (Eu*). See Appendix IL for details about analytical techniques.
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Appendix lll: Major element data and normative values
(XRF except for FeO and LOI)

Sample Ne-1 Ne-2
Locality Ne&in Ne&in
- Ne&in Ne&in
/ si0, | 72.18 71.91
Intrusion to which the T10, 0.19 0.20
sample belongs or Al,03 13.58 13.82
petrography if not applicable FeO 1.56  2.29
Fe203 0.54 0.57
/" Mno 0.07 0.08
MgO 0.58  0.67
Major element data (%) ca0 2.312.30
LOL: loss on ignition Nag0 4.01 3.71
K20 2,32 2.32
P,05 0.06 0.05
Debon and La Fort (1988) s b.d.T -

) LOI 0.76 __0.53
Q=Sii3-(K+Na+2/3"Ca) Total 98.16_ 98,45
P=K-(Na+Ca) Q 195 203
A =Al-(K+Na+2Ca) P -121  -112
B = Fe2* + Fe3* + Mg + Ti A 6§ 20
F =555-(Q+B) B 3;3 zgz
quartz, dark m., feldsp. = Q, B, F recalculated " FK) T 1es

o (% oo a+
to 100 % (X = 100 %) (millications) X/ (NarK) 0.23 0.29

Mg/ (Fe+Mg)| 0.33 0.30
o : HONNSS quartz 35.14 36.58
De la Roche et al. (1980) dark m. 52 . %g ;gs;
. . folds . .
Ry=4Si-11 (Na+K) -2 (Fe2* + Fe3* 4+ Ti) & T Rl” P,
Ro=6Ca+2Mg+Al (millications) R, 540 549
; T : A 70.68 63.45
A =Nas0 + K0 F=FeO F 22.84 29.50
. 6.48 7.05
M= MgO (Wt %; X = 100 %) : T I W 1
£ 22.07 25.46
White (1990) c 24,32 20.92
' 36.20 37.73
A = Al-Na-K C=Ca-3.?.P . A§OR 44.67 44.70
F = Mg + Fe2* (millications) —— BT
o Fe/ (Fesiig) | 072 081
Streckeisen and Le Maitre (1979) iﬁ fﬁx 102 1.08
Q' =100Q/(Q +Or + Ab + An) A 88.35 85.11
ANOR = 100 An/ (Or + An) (CIPW) F 9.08 12.02
M 2.57 2.87
? — A BUTII 7T AT
F 10.57 13.55
Manlar and Piccoll (1989) . 9.3 8.98
Fe/(Fe+Mg) = FeO*/(FeO* + MgO)
ANK = Als03 / (NagO + Ko0)
A/CNK = Al50O5 / (Ca0 + NasO + Ko0)
A= 2205 Nag0 + K20 ! bd  below detection limit
e paon| o e
A = AloO3 + NagO + K20 e oltai e as e
F = FeO" + MgO /
C=_Ca0 (=100%) %

(all wt % except AINK and A/CNK: molar %) |

A 44 T AR R AP e IR PR e

R 2
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Appendix III. Major element data and normative values

Sdzava suite

Sanmple Sa-1 Sa-2 Sa-4 Sa-7 Sa-10 Sa-11 Sa-12 Sa-13 SaD-1 SaD-2

Locality Nrac¢ Mrae Nrae Teletin Krhanice Prosed- Mras Teletin Teletin Telotin
nice
Sazava S&zava Sazava Sazava Sazava Sazava Sazava Sazava diorite diorite
Si03 57.24 §5.17 49.94 57.73 64.21 64.16 56.71 59.36 52.34 54.86
Tio, 0.59 0.71 0.75 0.95 0.42 0.48 0.61 0.62 1.27 0.97
Alz03 16.91 17.00 17.58 18.82 15.68 15.89 17.20 18.28 18.24 18.99
FeO 5.46 5.26 7.65 5.43 3.60 4.44 4.99 4.53 7.20 6.56
Fep03 1.31 2.66 1.93 1.00 1.19 1.46 2.47 1.29 1.65 1.36
MO 0.16 0.16 0.24 0.12 0.13 0.13 0.16 0.12 0.17 0.18
MO 3.66 3.67 4.89 2.82 1.86 2.14 3.29 2.23 4.02 4.53
Ca0 6.83 8.22 9.52 7.47 5.29 4.96 6.97 6.57 8.49 8.36
Naz0 2.60 3.36 2.72 2.54 4.03 3.36 2.30 2.66 2.64 2.36
K20 2.41 1.70 1.54 1.67 1.81 1.79 2.48 1.54 1.49 1.66
P20g 0.16 0.17 0.18 0.37 0.12 0.10 0.17 0.22 0.27 0.20
S 0.02 0.02 0.05 0.06 0.02 0.01 0.02 0.08 0.01 0.03
o1 0.70 0.55 0.67 0.76 0.65 0.63 0.63 - 0.66 -

Total 98.05 98.66 97.66 99.73 99.01 99.55 98.01 97.50 98.45 100.06
Q 1_01 64 43 115 126 151 105 132 7 94
P ~155 =219 =225 -180 ~-186 ~158 ~145 -170 -204 -190
A =47 -105 ~116 -14 -48 -10 -38 6 -61 =37
B 190 206 260 171 116 139 190 142 237 232
F 264 285 252 269 313 265 260 281 245 229
(Na+K) 135 144 121 117 168 146 127 119 117 111
K/ (Na+K) 0.38 0.25 0.27 0.30 0.23 0.26 0.42 0.28 0.27 0.32
Mg/Fe+Mg 0.50 0.46 0.48 0.44 0.41 0.40 0.45 0.41 0.45 0.51
quartz 18.20 11.53 7.75 20.72 22.70 27.21 18.92 23.78 13.15 16.94
dark n. 34.23 37.12 46.85 30.81 20.90 25.05 34.23 25.59 42.70 41.80
feldsp. 47.57 51.35 45.41 48.47 56.40 47.75 46.85 50.63 44.14 41.26
Ry 2138 1860 1737 2368 2286 2492 2174 2489 1938 2191
Rz 1237 1391 1600 1305 963 945 1243 1170 1461 1430
A 32.73 30.88 22.98 31.51 47.21 39.48 31.28 34.65 24.53 24.61
F 43.37 46.71 50.64 47.38 37.76 44.11 47.19 46.95 51.59 47.65
M 23.91 22.40 26.38 21.11 15.04 16.41 21.53 18.40 23.88 27.73
A. 40.84 38.11 36.32 48.24 42,55 45.12 43.68 51.02 41.12 42.86
F 34.64 33.13 36.88 27.89 29.45 31.37 31.35 25.16 34.12 33.44
c 24.52 28.76 26.80 23.88 28.00 23.51 24.97 23.82 24.76 23.71
Q' 14.37 9.00 0.00 17.34 22.88 25.77 16.43 22.55 6.94 9.711
ANOR 65.76 72.35 77.42 77.83 64.40 68.49 66.64 77.39 79.20 78.73
FeO" 6.64 7.65 9.39 6.33 4.67 5.75 7.21 5.69 8.68 7.78
Fe/Fe+Mg 0.64 0.68 0.66 0.69 0.72 0.73 0.6% 0.72 0.68 0.63
A/NK 2.46 2.31 2.86 3.14 1.83 2.13 2.66 3.03 3.06 3.34
A/CNK 0.88 0.76 0.75 0.96 0.86 0.96 0.90 1.02 0.85 0.91
A 68.03 66.08 60.47 71.57 76.72 72.72 67.67 73.95 63.78 65.14
F 20.61 22.93 25.99 19.67 16.65 19.89 22.20 18.72 24.76 22.04
M 11.36 10.99 13.54 8.76 6.63 7.40 10.13 7.34 11.46 12.82
A 56.13 53.02 47.86 58.08 64.55 62.08 55.71 60.80 51.35 52.67
F 26.37 27.22 31.28 23.08 19.59 23.29 26.62 21.42 29.16 28.19
c 17.49 19.76 20.86 18.84 15.87 14.63 17.67 17.77 19.49 19.14
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Appendix IIL

Major element data and normative values (cont.)

Sdzava suite (cont.)

Sample SaD-3 Gba-1 Gbs-2 Gbs-3 Gbs-4 Gbs~5 Po-1 Po=2 Po=4 Po-5
. Teletin Pecerady Vavtetice Brtnice Popovice Xrchanice Krhanice Proses- Prosec- Proses-
Locality ] nice nice nice
Intrusion | diorite gabbro gabbro- gabbro- gabbre gabbro Pozary Pozary Pozary Pozary
diorite diorite
510, 53.34 49.63 48.85 55.80 52.90 55.17 62.46 68.30 70.17 .42
Ti0, 0.96 0.76 0.36 0.80 0.43 0.98 0.28 0.28 0.28 0.30
Al203 17.65 13.34 21.67 16.98 14.99 12.14 20.41 15.29 15.35 15.04
FeO 5.20 3.22 2.74 6.22 2.28 9.58 1.65 2.12 2.12 2.41
Fa03 3.60 5.69 3.4 2.79 4.55 2.78 0.43 0.40 0.11 0.47
MO 0.19 0.17 0.12 0.25 0.14 0.38 0.05 0.04 0.06 0.05
MgO 4.56 8.59 5.40 3.16 7.69 6.19 0.87 1.7 1.32 0.52
Ca0 9.49 14.64 12.98 7.22 13.40 6.12 6.26 3.76 3N 3.67
Naj0 2.81 1.67 1.76 3.07 1.64 1.31 4.03 3.63 2.713 2.58
K50 1.24 1.07 0.83 1.45 0.64 2.60 1.92 1.95 1.82 1.79
P05 0.13 0.10 0.02 0.20 0.03 0.28 0.07 0.07 0.07 0.07
s 0.01 0.03 0.06 0.02 0.05 - 0.18 0.00 0.00 0.01
w1 0.80 0.92 1.32 0.86 0.85 - 0.65 0.50 0.62 0.49
Total 99.99 99.83 99.52 98.82 99.59 97.53 99.26 98.12 98.43 98.82
Q 66 24 42 94 67 136 101 176 218 232
P -234 -292 =270 -197 -278 -96 -201 -143 -116 -110
A -109 -337 -112 =55 -251 =717 5 8 40 44
B 242 339 220 210 285 334 54 83 68 57
F 247 192 293 251 203 -H] 400 296 269 266
(Na+K) 117 7 5 130 67 97 171 158 127 121
K/ (Na+K) 0.22 0.30 0.24 0.24 0.21 0.57 0.24 0.26 0.31 0.31
Mg/Fe+Mg) 0.49 0.65 0.62 0.39 0.68 0.48 0.44 0.56 0.52 0.25
quartz 11.89 4.32 7.57 16.94 12.07 24.50 18.20 n.n 39.28 41.80
dark m. 43.60 61.08 39.64 37.84 §1.35 60.18 9.73 14.95 12.25 10.27
feldsp. 44.50 34.59 52.79 45.23 36.58 15.32 72.07 53.33 48.47 47.93
Ry 2014 2227 2281 2033 2621 2247 2226 2732 3216 3339
Rp 1586 2253 2077 1257 2102 1198 1108 787 767 709
A 23.75 13.93 18.77 27.54 13.95 17.63 67.18 56.77 56.25 56.58
F 49.50 42.40 42.09 53.20 39.00 54.47 23.00 25.23 27.43 36.68
M 26.75 43.67 39.14 19.26 47.05 27.91 9.82 18.01 16.32 6.73
A 39.46 26.37 46.52 41.28 33.06 26.53 59.76 50.45 57.69 61.18
F 31.93 36.76 22.83 33.51 32.33 54.12 11.60 26.20 20.60 16.35
c 28.61 36.87 30.65 25.21 34.61 19.36 28.64 23.35 Cam 22.47
Q* 8.89 3.72 3.02 14.16 14.40 19.90 17.48 31.49 40.80 44.03
ANOR 81.31 80.28 90.86 76.74 89.33 56.01 72.95 61.23 62.91 62.66
FeO* 8.44 8.34 5.81 8.73 6.37 12.08 2.04 2.48 2.22 2.33
Fe/Fe+Mg 0.65 0.49 0.52 0.73 0.45 0.66 0.70 0.58 0.63 0.84
A/NK 2.96 3.42 5.7 2.56 4.42 2.44 2.34 1.89 2.38 2.4
A/CNK 0.76 0.44 0.79 0.86 0.54 0.75 1.02 1.02 1.15 1.17
A 62.54 48.71 68.40 64.39 §5.12 46.76 90.07 83.08 84.30 85.27
F 24.32 25.26 16.38 26.15 20.34 35.20 6.96 9.87 9.47 12.45
M 13.14 26.02 15.22' 9.46 24.54 18.04 2.97 7.05 5.63 2.28
A 49.11 33.75 50.07 52.94 38.61 39.69 74.20 72.26 73.14 73.43
F 29.42 35.53 23.13 29.28 31.44 45.18 8.18 14.72 13.01 12.68
c 21.48 30.72 26.79 17.78 29.95 15.13 17.62 13.02 13.86 13.88
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Appendix III. Major element data and normative values (cont.)

Blatnd suite
Mrc-1 Mrc-2 Koz-1 Koz-2 Koz-4 Koz=5 Koz-6 Koz-8 Koz-9 Koz-10
Nrag Nzae Solo- Kozaro- Kozago- Kozaro- Kozaro- Kamyk Heimez- Zaluzany
Locality pysky vice I vice I vice III  vice IV dice

Mrag Nras Kozaro- Kozaro- Kozaro- Kozaro- Kozaro- Kozaro- Kozazo- Kozaro-~

vice vice vice vice vice vice vice vice
810, 69.13 67.50 60.18 63.14 63.24 65.53 62.21 64.65 59.22 63.35
T10, 0.46 0.49 0.60 0.52 0.49 0.45 0.62 0.54 0.63 0.54
Alz0;3 15.64 15.93 15.43 15.76 14.98 15.43 15.42 15.38 15.49 15.69
FeO 2.32 2.54 4.42 3.51 2.69 2.34 3.37 2.72 4.07 3.25
Fe03 0.38 0.61 0.83 0.81 1.29 1.46 1.83 1.60 1.43 1.45
MnO 0.06 0.04 0.13 0.10 0.07 0.09 0.10 0.09 0.13 0.10
Mg0 2.72 1.1 3.36 2.78 3.93 2.14 3.21 2.56 3.83 2.98
Ca0 1.98 2.56 4.91 4.65 4.18 3.76 4.43 4.30 5.35 4.44
Nax0 3.09 2.30 2.64 2.99 2.39 3.25 2.48 2.49 2.55 2.69
K20 3.38 4.15 3.99 3.82 3.73 4.14 3.82 4.00 4.13 3.89
P05 0.43 0.16 0. 0.26 0.22 0.21 0.23 0.24 0.38 0.25
s 0.01 0.03 0.01 - - 0.01 0.05 b.d. 0.04 0.02
LoI 0.71 0.73 0.72 0.50 0.50 0.53 0.83 0.63 0.47 0.65
Total 100.31 98.75 97.52 98.84 97.71 99.34 98.60 99.20 97.72 99.29
Q 188 182 105 118 145 126 131 142 95 129
P -63 =32 -38 -98 =73 -84 -78 =12 -89 ~-83
A 65 58 ~-43 -34 -12 -24 -17 -17 =56 =20
B 110 91 163 135 157 110 158 129 178 144
F 257 282 287 302 253 319 266 284 282 282
(Na+K) 172 162 170 17 156 193 161 165 170 170
K/ (Na+K) 0.42 0.54 ‘ 0.50 0.46 0.51 0.46 0.50 0.52 0.52 0.49
Mg/Fe+Mg 0.64 0.49 0.54 0.54 0.65 0.51 0.53 0.52 0.56 0.54
quartz 33.97 32.79 18.92 21.26 26.13 22.70 23.60 25.59 17.12 23.24
dark m. 19.82 16.40 29.37 24.32 28.29 19.82 28.47 23.24 32.07 25.95
feldsp. 46.31 50.81 51.71 54.41 45.59 57.48 47.93 51.17 50.81 50.81
Ry 2648 2614 1989 2125 2374 2149 2219 2370 1921 2230
Ry 650 666 990 937 931 810 928 883 1063 927
A 54.59 57.34 43.74 49.24 44.03 56.05 43.37 49.13 42.10 46.62
F 22.46 27.46 34.09 30.65 27.70 27.1 34.53 31.49 33.76 32.27
M 22.95 15.20 22.17 20.10 28.27 16.23 22.10 19.38 24.14 21.11
A 51.96 55.64 37.08 40.32 40.22 42.64 41.38 44.16 35.97 41.82
F 38.32 28.82 40.47 36.12 39.47 33.24 37.05 32.82 40.76 36.01
c 9.72 15.54 22.44 23.56 20.31 24.12 21.56 23.02 23.26 22.17
Q' 35.80 34.34 16.46 19.56 24.06 22.40 22.13 25.09 14.72 21.65
ANOR 25.99 32.21 43.92 44.77 46.46 38.45 46.55 44.53 43.28 45.57
FeO* 2.66 3.09 5.17 4.24 3.85 3.65 5.02 4.16 5.36 4.55
Fe/Fa+Mg 0.49 0.64 0.61 0.60 0.49 0.63 0.61 0.62 0.58 0.60
A/NK 1.79 1.92 1.78 1.74 1.88 1.57 1.88 1.83 1.79 1.82
A/CNK 1.27 1.23 0.88 0.90 0.96 0.93 0.95 0.95 0.84 0.94
A 80.42 82.34 72.12 76.28 73.06 79.75 72.53 76.50 70.70 74.72
F 9.€8 11.37 16.89 14.33 13.33 12.77 16.75 14.55 17.08 15.28
M 9.89 6.29 10.99 9.40 13.61 7.48 10.72 8.95 12.21 10.00
A 75.02 75.26 62.15 65.92 63.82 70.49 63.18 66.49 60.40 65.03
F 18.26 16.14 24.02 20.50 23.53 17.90 23.93 20.43 25.03 22.00
[+ 6.72 8.61 13.83 13.58 12.64 11.61 12.89 13.07 14.57 12.97
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Appendix lIl. Major elements

Appendix IIl. Major element data and normative values (cont.)

Blatnd suite (cont.)

Sample . Koz~l1 Koz~-12 Koz~13 KozD-1 Zal-l Gbl-1 Gbl-2 Bl-i Bl=-2 Bl-3

. Solo- Kamyk Téchaice Kozargo- Zaluzany Luckovi-  Ludkovi- Retice Tuzice Velenovy
Locality pYsky vice II ce ce
Koz.uo— Téchnice Téchnice qun:t.z Zaluzany gabbro gabbro Blacaa Blato4 Blatna
vice ToZonite

510 62.24 64.60 64.74 57.44 54.22 45.27 49.73 67.77 63.00 64.30
Ti0, 0.60 0.48 0.46 0.73 0.96 0.99 0.58 0.49 0.76 0.63
Al;03 15.88 15.18 15.12 16.22 15.24 14.47 8.89 14.90 16.64 16.23
FeO 4.21 2.7 2.714 4.08 - 6.96 5.08 2.43 4.06 3.37
Fey03 0.63 1.21 1.08 2.17 7.98 2.67 3.15 ¢.51 0.51 0.47
MnO 0.12° 0.09 0.09 0.14 0.15 0.19 0.18 3.07 0.09 0.06
MgO 2.65 3.19 2.92 4.28 4.94 9.76 19.25 1.80 2.74 2.75
Ca0 4.61 3.43 3.46 5.43 7.17 9.55 8.69 2.n 3.46 3.47
NaZ0 2.56 2.60 2.92 3.17 2.44 2.29 0.96 2.99 2.62 2.59
X20 3.99 4.20 4.20 3.95 4.70 3.60 3.31 3.94 3.74 3.67
P20g 0.28 0.20 0.17 0.27 0.80 0.80 0.38 3.16 0.27 0.21
s 0.02 - 0.01 0.03 0.02 0.03 0.04 0.02 0.03 0.04
o1 0.47 0.71 0.62 0.64 0.75 1.2% 1.12 3.68 0.45 0.53
Total 98.26 98.68 98.52 98.55 99.37 97.83 101.36 38.47 98.37 98.33
Q 123 145 135 68 36 -12 72 164 144 153
P -80 -56 -67 -115 -107 -168 -116 -60 -68 -68
A =21 3 -10 -62 -136 -206 -237 16 38 32
B 141 139 130 199 235 384 595 91 141 129
F 291 271 2%0 288 284 183 -112 300 270 273
(Na+K) 168 173 183 186 179 150 101 *80 164 162
K/ (Na+K) 0.51 0.51 0.49 0.45 Q.56 0.51 0.69 :.47 0.48 0.48
Mg/Fe+Mg 0.50 0.59 0.58 0.56 0.55 0.65 0.81 3.33 0.52 0.56
quartz 22.16 26.13 24.32 12.25 6.49 -2.16 12.97 23.55 25.95 27.57
dark m. 25.41 25.05 23.42 35.86 42.34 69.19 107.21 16.40 25.41 23.24
feldsp. 52.43 48.83 52.25 51.89 51.17 32.97 ~20.18 24.05 48.65 49.19
Ry 2170 2290 2183 1601 1439 1091 1976 2449 2257 2404
R2 933 821 806 1106 1304 1787 2052 (11} 826 820
A 46.86 49.03 51.78 40.84 37.07 23.55 13.58 $3.64 46.70 48.90
F 34.18 27.97 26.99 34.61 37.28 37.43 25.18 24.36 33.18 29.63
M 18.96 23.00 21.23 24,55 25.65 39.02 61.24 l5.49 20.12 21.48
A 41.88 41.68 40.20 34.24 34.18 21.39 9.53 47.67 47.45 47.68
F 36.13 39.43 39.28 42.27 34.80 54.31 71.44 33.37 36.36 35.00
[+ 21.99 18.89 20.51 23.49 31.02 24.30 19.04 13,96 16.19 17.32
Q' 19.99 24.48 22.40 7.97 6.46 0.00 0.00 23.67 25.10 27.04
ANOR 45.96 38.76 38.81 44.03 37.62 46.61 34.21 34.75 41.07 42.21
FeO* 4.78 3.88 3.7 6.03 7.18 9.36 7.91 2.89 4.52 3.79
Fe/Fe+Mg 0.64 0.55 0.56 0.58 0.59 0.49 0.29 3.62 0.62 0.58
A/NK 1.86 1.72 1.62 1.7 1.67 1.89 1.72 .62 1.99 1.97
A/CNK 0.94 1.01 0.97 0.84 0.69 0.58 0.42 Z.06 1.14 1.12
A 75.13 75.867 77.03 69.36 64.87 51.57 32.64 82.32 76.01 77.46
F 16.00 13.35 12.86 17.93 20.81 23.71 19.63 22.89 14.93 13.06
M 8.88 10.98 10.11 12.72 14.32 24.72 47.74 5.79 9.06 9.47
A 65.08 67.67 68.79 $9.72 53.71 41.52 26.85 74.69 68.21 69.19
F 21.55 21.76 20.51 26.39 29.09 39.00 55.42 16.04 21.53 20.13
c 13.38 10.56 10.70 13.89 17.21 19.48 17.73 3.7 10.26 10.68
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Appendix Ill. Major elements

Appendix IIL

Major element data and normative values (cont.)

Blatnd suite (cont.)
Bl-4 Bl-5 Bl-6 Bl-7 Bl-8 BlD-1 Cv~1 Cv=-2 Cv=3 CvE-1

. Pastiky Yahlo- Recice Defur. Hudeice Hudeloe Viekovi- M.Nepod- Horaz- V1ekovi~

Locality vice Lazaay ce tice dovige ce
Blatna Blatna Blataa Blatna Blatna diorite Cecvena Cervena Cervena enclave
Si0; 68.73 64,88 67.23 66.38 64.63 54.62 62.88 62.03 61.86 48.80
Tio, 0.45 0.60 0.46 0.43 0.67 0.66 0.76 0.67 0.73 1.22
Al03 13.91 15.70 15.48 15.01 14.80 12.98 16.15 15.94 16.17 17.76
FeQ 2.32 2.93 2.48 2.36 3.92 5.23 3.90 3.91 4.18 7.48
Fez03 Q.54 0.70 0.49 0.47 0.54 1.06 0.88 0.62 0.81 1.16
MnO 0.05 0.05 0.04 0.05 0.08 0.14 0.07 0.08 0.10 0.16
MgO 1.98 2.70 2.65 1.61 2.78 8.54 3.49 4.01 3.58 5.80
Ca0 2.78 3.68 2.84 2.56 4.25 6.67 4.44 3.9 3.98 8.04
Naz0 2.95 2.46 2.74 3.23 2.93 2.33 2.62 2.62 2.94 2.98
K70 3.91 4.28 3.89 4.36 3.48 4.79 3.67 3.62 3.56 3.21
P20g 0.14 0.30 0.17 0.17 0.22 0.50 0.28 0.24 0.26 0.56
s 0.02 0.02 Q.02 0.01 0.02 b.d. 0.03 0.05 0.05 0.c8
101 0.55 0.52 0.67 0.37 0.53 0.39 0.38 0.58 0.61 0.55
Total 98.33 98.83 99.17 97.01 98.86 97.91 99.54 98.37 '98.82 97.80
Q 170 146 168 141 139 47 133 135 125 11
4 -62 ~54 =56 -57 -97 -92 -86 =79 ~-90 -171
A -5 6 31 H =31 -160 -4 9 4 -102
B 94 125 113 84 139 306 162 169 166 278
F 291 284 274 330 21 202 260 251 264 266
(Na+K) 178 170 1m 197 169 177 163 162 mn 164
K/ (Na+K) 0.47 0.54 0.49 0.47 0.44 0.58 0.48 0.48 0.44 0.41
Mg/Fe+Mg 0.56 0.57 0.62 0.51 0.53 0.1 0.57 0.61 0.57 0.55
quartz 30.63 26.31 30.27 25.41 25.05 8.47 23.96 24.32 22.52 1.98
dark m. 16.94 22,52 20.36 15.14 25.05 55.14 29.19 30.45 29.91 50.09
feldsp. 52.43 51.17 49.37 59.46 49.91 36.40 46.85 45.23 47.57 47.93
Ry 2528 2347 2512 2176 2327 1514 2265 2230 2103 1178
R2 664 829 733 642 876 1384 962 936 913 1492
A 58.90 51.85 54.34 63.24 47.15 32.60 43.46 42.40 43.37 30.17
F 24.09 27.38 23.94 23.22 32.41 28.31 32.42 30.36 32.75 41.55
M 17.00 20.77 21.72 13.44 20.45 39.10 24.12 27.25 23.88 28.27
A 42.56 45.28 47.44 46.02 38.56 16.55 41.95 40.80 40.91 32.72
F 36.61 35.44 35.86 34.32 39.08 60.61 38.30 41.51 40.99 44.10
c 20.83 19.28 16.70 19.66 22.36 22.85 19.75 17.69 18.10 23.18
Q' 30.42 25.49 29.93 25.36 23.91 0.00 21.21 21.06 19.28 0.00
ANOR 35.79 39.18 36.08 31.02 45.19 27.64 48.22 46.00 46.17 57.44
FeO* 2.81 3.56 2.92 2.78 4.41 6.18 4.69 4.47 4.91 8.52
Fe/Fe+Mg 0.59 0.57 0.52 0.63 0.61 0.42 0.57 9.53 0.58 0.60
A/NK 1.53 1.81 1.78 1.50 1.72 1.44 1.95 1.94 1.86 2.12
A/CNK 0.98 1.02 1.12 1.02 0.91 0.61 0.99 1.03 1.02 0.77
A 81.27 78.19 79.87 83.73 74.69 57.72 73.28 72.35 72.76 62.58
F 10.98 12.40 10.55 10.31 15.52 17.76 15.32 14.57 15.75 22.27
M 7.75 9.41 9.57 5.96 9.7% 24.52 11.40 13.08 11.49 15.15
A 73.30 69,30 72.44 76.47 64.97 48.44 64.00 64.02 64.52 S51.7%
F 16.89 19.33 18.25 14.86 22.01 35.48 23.34 24.47 24.16 30.93
[+ 9.81 11.37 9.31 8.66 13.02 16.07 12.66 11.52 11.33 17.36
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Appendix Ill. Major elements

Appendix III. Major element data and normative values (cont.)

Blatnd suite (cont.) Certovo bremeno suite
Kl-1 Ki-2 Mg-1 Mg-2 Se-1 Se=3 Se=4 Se-3 Se-6 Se-7

. Klatovy Klatovy Radstice Nepomuk Yzeh. Vapenioce Vapenice Vapenice Yapenice Vapeaioce

Locality Janovice I II I 11
Klatovy Klatovy Marginal Marginal Sedléeany Sedl¢any Sedleany Sedleay Sedleany Sedleany
s$i0, 62.32 70.88 68.75 67.76 67.58 65.15 65.93 65.70 65.11 65.29
Ti0, 0.67 0.35 0.28 0.41 0.57 0.55 0.52 0.57 0.51 0.56
Aly03 16.66 14.45 14.94 15.72 14.03 14.73 14.64 13.31 14.97 15.11
FeQ 3.95 2.24 1.70 2.78 2,64 2.56 2.57 2.60 2.33 2.59
Fegy03 0.65 0.29 1.00 0.53 0.48 0.53 0.55 0.57 0.49 0.48
MO 0.08 0.07 0.08 0.07 0.06 0.07 0.08 0.06 0.05 0.06
MgO 2.30 1.57 1.02 1.30 2.61 2.67 2.58 3.26 2.82 2.74
Ca0 4.03 2.19 2.94 2.1 2.34 2.40 2.40 2.30 2.38 2.41
Nay0 2.92 2.38 2.70 2.66 2.03 2.98 2.81 2.48 2.63 2.34
K0 3.38 4.70 3.68 4.08 5.51 5.60 5.62 5.92 5.58 5.75
B20g 0.19 0.08 0.07 0.10 0.35 0.35 0.37 0.34 0.34 0.37
S 0.03 0.00 ¢.01 ¢.01 0.02 0.02 0.03 0.01 0.01 0.02
LoI 0.53 0.65 0.69 0.56 Q.46 0.57 0.53 0.53 0.52 0.55
Total 97.71 99.85 97.87 98.75 98.68 98.18 98.63 97.65 97.74 98.27
Q 132 190 182 170 164 118 127 131 130 136
P ~94 -16 -61 -48 9 -20 -15 5 -9 3
A 17 28 24 k) 8 -12 -9 =27 7 12
B 128 78 66 83 115 116 114 131 114 117
F 295 207 307 302 276 321 314 293 311 302
(Na+K) 166 177 165 173 183 215 210 206 203 198
K/ (Na+K) 0.43 Q.56 0.47 0.50 0.64 0.55 0.57 0.61 0.58 0.62
Mg/Fe+Mg 0.47 0.53 0.40 0.41 0.60 0.61 0.60 0.65 0.65 0.62
quartz 23.78 34.23 32.79 30.63 29.55 21.26 22.88 23.60 23.42 24.50
dark m. 23.06 14.05 11.89 14.95 20.72 20.90 20.54 23.60 20.54 21.08
feldsp. 53.15 51.71 55.32 54.41 49.73 57.84 56.58 52.79 56.04 54.41
Ry 2193 FAL 2685 2529 2407 1888 1995 2017 2022 2079
Ry 866 593 655 666 649 672 667 667 683 682
A 47.96 63.49 63.80 59.66 57.03 60.06 59.89 56.86 59.49 58.40
F 34.53 22.43 26.00 28.83 23.23 21.26 21.78 21.07 20.08 21.82
M 17.51 14.08 10.20 11.51 19.74 18.69 18.33 22.07 20.43 19.78
A 47.25 49.89 56.16 53.52 40.70 35.11 36.55 26.93 39.74 41.65
F 32.93 32.75 21.52 27.94 44.56 48.42 47.26 56.96 45.06 43.86
c 19.82 17.37 22.32 18.54 14.75 16.47 16.19 16.11 15.20 14.49
Q' 22.34 34.50 34.14 31.30 29.84 19.70 21.78 22.54 22.38 23.87
ANOR 48.42 27.13 39.38 35.18 22.26 22.52 22.22 18.04 22.52 21.92
FeO* 4.53 2.50 2.60 3.26 3.07 3.04 3.06 3.11 2.717 3.02
Fe/FetMg 0.66 0.61 0.72 0.71 0.54 0.53 0.54 0.49 0.50 0.52
A/NK 1.97 1.61 1.77 1.7 1.51 1.34 1.37 1.27 1.44 1.50
A/CNK 1.06 1.11 1.08 1.14 1.03 0.96 0.97 90.91 1.02 1.05
A 77.06 894.10 85.49 83.13 79.15 80.33 80.34 77.31 80.57 80.11
F 15.22 9.77 10.42 12.06 11.27 10.47 10.67 l1.08 9.63 10.43
M 7.72 6.13 4.09 4.81 9.58 9.20 8.98 11.61 9.80 9.46
A 67.88 17.47 76.47 75.40 72.89 74.20 74.14 71.45 74.41 73.95
F 20.21 14.65 12.98 15.30 19.20 18.17 18.14 20.98 17.95 18.37
c 11.91 7.88 10.55 9.30 7.91 7.64 7.1 7.57 7.64 7.68
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Appendix Ill. Major elements

Appendix III. Major element data and normative values (cont.)

Certovo bremeno suite (cont.)

Sample Se-8 Se~9 Se-10 Se-11 Se-12 Se-13 Se-14 Se-15 Se-16 SeE-~1
ey | ViDL, MM  KE Rger o fgme fgme o Gee ren s
Sedléany Sedlzany Sedllany Sedleany Sedleany Sedloany Sedlcany Sedloany Sedlcany MME

$107 66.00 66.98 66.77 68.27 68.47 67.21 66.98 65.77 67.11 62.15
Tio, 0.53 0.53 0.53 0.51 0.51 0.51 0.48 0.56 0.53 0.70
Al203 14.85 14.99 14.77 15.02 14.74 14.73 14.68 14.69 14.55 14.59
FeQ 2.46 2.53 2.54 2.39 2.43 2.51 2.30 2.81 2.70 3.56
Fe03 0.82 0.54 0.43 0.53 0.39 0.35 0.43 0.34 0.37 0.79
MnO 0.07 0.05 0.06 0.06 0.05 0.07 0.07 0.07 0.06 0.10
MgO 3.26 2.49 2.26 2.69 2.36 2.45 2.28 3.05 2.45 3.76
Ca0 2.47 2.45 2.17 2.13 2.14 2.28 2.08 2,45 2.07 2.84
Naz0 2.50 2.38 2.34 2.05 2.14 2.45 2.66 2.01 2.58 2.56
K20 5.33 5.58 5.42 5.56 5.50 5.51 5.50 5.36 5.37 6.04
P20s 0.36 0.34 0.31 0.30 1 0.30 0.32 0.30 0.35 0.30 0.51
s 0.02 0.02 0.02 0.02 0.01 0.01 0.02 Q.02 0.02 0.02

101 0.43 0.52 0.60 0.64 0.61 0.63 0.45 0.48 0.52 0.48
Total 99.09 99.40 98.21 100.17 100.25 99.03 98.24 97.96 98.63 98.10
Q 143 147 153 169 150 150 144 157 151 100

P -12 -3 0 " -9 -3 -6 5 -6 -6

A 9 11 21 35 L 11 11 21 14 -27

B 132 111 103 113 104 106 100 126 111 162

F 280 297 299 2713 301 299 ED Y 272 293 293

(Na+K) 194 195 191 184 205 196 203 179 197 211
K/ (Na+K) 0.58 0.61 0.60 0.64 0.57 0.60 0.58 0.64 0.58 0.61
Mg/Fe+Mg 0.65 0.60 0.58 0.63 0.60 0.61 0.61 0.64 0.59 0.61
quartz 25.77 26.49 27.57 30.45 27.03 27.03 25.95 28.29 27.21 18.02
dark m. 23.78 20.00 18.56 20.36 18.74 19.10 18.02 22.70 20.00 29.19
feldsp. 50.45 53.51 53.87 49.19 54.23 53.87 56.04 49.01 52.79 52.79
Ry 2169 2228 2262 2430 2226 2239 2159 2329 2203 1694

Rz 15 674 629 648 633 648 621 696 621 172

A 54.80 59.11 59.94 57.80 61.58 60.14 62.16 54.45 59.18 51.71

F 22.38 22.40 22.61 21.77 20.78 21.34 20.47 23.02 22.58 25.68

M 22.82 18.49 17.46 20.43 17.64 18.51 17.37 22.53 18.24 22.61

A 39.25 42.65 44.64 45.73 40.45 41.87 41.83 42.14 40.72 29.32

F 46.38 41.89% 41.18 41.42 44.52 43.15 43.41 44.18 45.45 55.59

Cc 14.37 15.46 14.18 12.84 15.03 14.97 14.76 13.68 13.83 15.09

Q' 24.69 26.06 28.09 30.55 26.06 26.55 25.76 28.11 26.70 14.72

ANOR 23.92 23.15 21.44 20.76 21.03 22.07 20.46 23.75 20.75 22.70
FeO* 3.20 3.02 2.93 2.87 2.78 2.82 2.69 3.12 3.03 4.27
Fea/Fe+Mg 0.50 0.55 0.56 0.52 0.54 0.54 0.54 0.51 0.55 0.53
A/NK 1.50 1.51 1.52 i.60 1.41 1.47 1.42 1.61 1.45 1.36
A/CNK 1.03 1.04 1.08 1.13 1.03 1.04 1.04 1.08 1.05 0.92
A 77.84 80.65 81.29 80.29 81.72 8l.14 82.14 78.16 80.41 74.28

F 10.97 10.60 10.56 10.17 9.89 10.10 9.66 11.04 10.84 13.68

M 11.19 8.75 8.15 9.54 8.39 8.76 8.20 10.81 8.76 12.04

A 71.75 74.26 75.38 74.64 75.94 75.02 76.42 71.91 74.87 68.08

F 20.43 17.82 17.36 18.33 16.99 17.44 16.62 20.10 18.24 23.58

c 7.81 7.93 7.26 7.03 7.07 7.54 6.96 7.99 §.89 8.4
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Appendix Ill. Major elements .

Appendix III. Major element data and normative values (cont.)

|
|
’ Certovo bfemeno suite (cont.)
)
i

Sample Cb-1 Cb~-2 Cb-3 Cb-4 Cb-5 Ta-1 Ta-2 Ta-3 Mi-1 Mi-2
Looality ::;:::ﬂ Yepice Chy3ky P:;::- Votice Klokoty DS:lap'y- Klokoty Ko2lt Zaluzany
| azicky
k Certovo Cestovo Certovo Ceztovo Cectove Tabor Tabor Tabor minette minette
; bt emeno btemeno btemeno bZemeno btemeno
‘[ $10, 62.76 63.23 57.22 64.25 61.75 58.93 58.94 60.51 57.82 57.19
‘ TiOz 0.76 0.70 0.97 0.61 0.78 0.84 0.86 0.90 0.87 1.37
‘ Alj03 13.99 13.34 12.67 13.45 15.30 14.01 13.65 14.11 12.77 12.84
: FeO 3.44 3.26 3.56 2.96 4.04 3.93 - 3.59 4.11 4.26
{ Fe04 0.65 0.70 2.25 0.67 0.53 1.05 5.75 1.15 1.56 1.31
E MnO 0.07 0.07 0.08 0.07 0.08 0.09 0.09 0.10 0.11 0.09
MO 4.20 4.32 6.78 4.42 5.07 5.36 6.22 5.33 7.70 9.23
Ca0 2.56 3.11 3.95 2.28 2.70 3,75 4.25 3.45 3.63 4.14
Na0 1.49 2.84 2.16 2.53 1.73 2.19 1.95 1.86 1.76 0.69
K20 6.39 5.91 6.68 6.29 5.01 6.39 6.12 5.89 6.07 7.10
P20g 0.53 0.57 0.63 0.52 0.50 0.64 0.72 0.57 0.65 0.93
s 0.03 0.04 0.04 0.02 0.02 0.05 0.05 0.03 0.04 -
l 7] 0.67 0.45 0.66 0.61 2.23 0.44 0.12 0.63 - -
Total 97.53 98.53 97.65 98.68 99.74 97.67 98.72 98.12 97.10 99.15
Q 124 97 59 113 149 15 a3 109 91 95
P 42 -22 2 11 2 -2 -9 3 7 S5
A -2 -65 -103 -34 42 -66 =717 -32 -66 -69
B 170 170 258 167 199 212 237 207 279 321
F 251 288 238 275 207 268 235 239 185 139
(Na+K) 184 217 212 216 162 207 193 185 186 173
K/ (Na+K) 0.74 0.58 0.67 0.62 0.65 0.66 0.67 0.68 0.6% 0.87
Mg/Fe+Mg 0.65 0.66 0.68 0.69 0.67 0.66 Q.68 0.67 0.71 0.75
quartz 24.14 17.48 10.63 20.36 26.85 13.51 14.95 19.64 16.40 17.12
dark m. 30.63 30.63 46.49 30.09 35.86 38.20 42.70 - 37.30 50.27 57.984
feldsp. 45.23 51.89 42.88 49.55 37.30 48.29 42.34 43.06 33.33 25.05
Ry 2035 1710 1320 1810 21935 1511 1655 1845 1652 1728
Ry 752 805 1004 721 838 934 1025 906 1016 1147
A 48.93 51.59 41.69 52.49 41.28 45.60 41.46 43.77 37.21 34.69
F 24.99 22.9%4 26.34 21.20 27.67 25.91 26.58 26.12 26.20 24.22
M 26.08 25.47 31.97 26.31 31.05 28.49 31.96 30.10 36.59 41.10
A 32.84 18.61 11.91 21.32 38.69 22.22 25.98 © 28.46 17.87 18.80
F 55.09 63.75 70.12 66.15 51.06 60,91 53.54 56.56 68.45 68.75
[+ 12.07 17.64 17.96 12,53 10.25 16.87 20.48 14.98 13.68 12.45
Q' 22.46 15.32 4.64 17.52 24.79 8.66 12.62 15.46 8.65 7.31
ANOR 19.65 15.07 11.53 15.40 25.49 20.14 22.36 26.82 20.09 20.72
FeO* 4.02 3.89 5.58 3.56 4.52 4.87 5.17 4.62 5.51 5.44
f Fe/Fe+Mg 0.49 0.47 0.45 0.45 0.47 0.48 0.45 0.46 0.42 0.37
‘ A/NK 1.49 1.21 1.17 1.23 1.85 1.33 1.39 1.50 1.35 1.46
% A/CNK 1.00 0.80 0.71 0.89 1.16 0.81 ¢.78 0.90 0.79 0.79
| A 73767 72.90 63750 73761 9.6 68.82 65.59 68771 60. 92 38,44
F 13.37 12.84 16.49 11.78 14.28 14.85. 15.62 14.54 16.31 15.41
M 13.96 14.26 20.02 14.61 16.03 16.33 18.78 16.75 22.1 26.15
A 66.97 66.12 56.87 68.45 64.21 61.76 58.13 61.99 55.02 52.31
F 25.19 24.57 32.69 24.54 27.93 27.98 30.49 28.23 35.29 37.19
Cc 7.84 9.31 10.44 7.01 7.87 10.25 11.37 9.78 9.69 10.50
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Appendix Ill. Major elements

Appendix 100 8 Major element data and normative values (cont.)

Rfcany suite
Sample Ri-1 Ri-2 RL-3 Ri-4 Ri-5 Ri-6 Ri-7 Ri-8 Ri-9 Ri-10
. 2ernov- 2ecnov- Zernov- Zeznov- 2ernov- 2ernov- 2ernov- Zernov- Zeznov- Scrbia
Locality xa ka ka xa xa ka ka xa ka
Risany Ricany Ricany Rizany Ricany Ricany Risany Ricany Rizany Ridany
S10;, 71.43 70.72 70.61 69.67 69.98 69.10 69.59 71.12 69.80 70.98
Ti05 0.30 0.23 0.16 0.15 0.14 0.23 0.36 0.33 0.31 0.26
Al,04 14.58 13.97 14.52 14.56 14.90 15.85 15.21 14.38 14.86 15.08
FeO 0.99 0.84 0.84 0.77 0.59 0.84 1.25 1.25 1.24 0.27
Fe203 0.26 0.78 0.29 1.40 0.87 0.59 0.26 0.29 0.28 1.36
MO 0.01 0.04 0.04 0.03 0.01 0.01 0.03 0.03 0.03 0.04
MgO 1.12 0.96 0.33 0.84 0.68 0.79 1.32 0.98 1.26 0.79
ca0 1.27 1.93 1.35 1.53 1.43 1.34 1.29 1.23 1.30 1.12
Naz0 3.32 3.57 3.92 3.72 3.70 3.65 2.40 3.01 3.27 3.72
K20 5.29 5.70 5.30 5.59 5.86 5.46 5.73 5.35 5.29 4.88
P205 0.17 0.18 0.08 0.16 0.10 0.16 0.18 0.16 0.16 0.11
s b.d. - - - - - 0.01 b.d. b.d. -
101 0.41 1.21 1.66 0.98 1.06 1.39 0.55 0.46 0.53 1.52
Total 99.15 100.13 99.10 99.40 99.32 99.41 98.18 98.59 98.33 100.13
Q 162 134 137 130 129 133 172 169 154 156
P ~-18 -28 -37 -28 -20 -26 22 -5 =17 -36
A 21 =30 -2 -7 -1 29 S3 27 27 32
B 49 49 26 52 38 42 58 49 56 44
F 344 372 392 373 388 380 325 337 345 355
(Na+K) 219 236 239 239 243 234 199 211 218 224
K/ (Na+K) 0.51 0.51 0.47 0.50 0.51 0.50 0.61 0.54 0.51 0.46
Mg/Fe+Mg 0.62 0.52 0.33 0.42 0.47 0.51 0.62 0.53 0.60 0.49
quartz 29.19 24.14 24.68 23.42 23.24 23.96 30.99 30.45 27.715 28.11
dark m. 8.83 8.83 4.68 9.37 6.85 7.57 10.45 8.83 10.09 7.93
feldsp. 61.98 67.03 70.63 §7.21 69.91 68.47 58.56 60.72 62.16 63.96
Ry 2305 2068 2050 1962 1945 2008 2406 2374 2211 2225
Ry 471 524 444 487 44 486 500 456 491 447
A 78.60 78.75 86.57 76.44 82.32 80.83 74.36 77.04 715.67 79.02
F 11.17 13.10 10.34 16.66 11.82 12.16 13.57 13.92 13.19 13.72
M 10.22 8.16 3.10 6.90 5.86 7.01 12.07 9.03 11.14 7.26
A 52.47 36.51 $2.10 45.95 50.10 60.00 59.00 54.35 52.00 63.89
F 32.78 34.30 22.62 30.94 25.94 24.32 29.81 31.78 34.26 20.69
c 14.74 29.20 25.28 23.10 23.96 15.68 11.19 13.87 13.74 15.42
Q' 29.84 25.35 25.24 24.08 23.44 25.11 32.63 31.65 28.46 29.60
ANCR 14.24 13.50 16.47 16.48 15.68 14.79 13.36 13.79 14.74 14.37
FeO* 1.22 1.54 1.10 2.03 1.37 1.37 1.48 1.51 1.49 1.49
Fe/Fe+Mg 0.52 0.62 0.77 0.71 0.67 0.63 0.53 0.61 0.54 0.6S
A/NK 1.30 1.16 1.19 1.20 1.20 1.33 1.50 1.34 1.34 1.32
A/CNK 1.08 0.90 0.99 0.97 0.99 1.10 1.22 1.11 1.10 1.12
A 90.82 90.28 94.32 89.27 92.26 92.03 89.27 90.13 89.49 91.20
F 4.79 5.99 4.37 7.59 5.18 5.05 5.68 5.99 5.70 5.75
M 4.39 3.713 1.31 3.14 2.56 2.91 5.05 3.88 4.81 3.04
A 86.52 83.98 89.51 84.44 87.54 87.70 85.08 85.94 85.25 87.43
8.74 9.04 5.40 10.15 7.35 7.59 10.22 9.41 10.02 8.43
c 4.74 6.97 5.09 5.41 5.12 4.7 4.70 4.65 4.73 4.14
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Appendix lll. Major elements

Appendix III

Major element data and normative values (cont.)

Ricany suite (cont.)

Sampie Ri-11 Ri-12 Ri-13 Ri-14 Ri-15 Ri-16 Ri-17 Ri-18 Ri-19 Ri-20

Locality Scbin Scbin Babice Babice Kozojedy Do:g::v- Douet;::v- Skvorec Skvof.-ao Btez{

Ricany Risany Risany Ritany Ricany Rizany Rigany Rizany Rizany Risany
s8iCy 71.62 71.99 70.22 70.98 70.83 69.86 71.09 71.71 71.36 71.04
TiC; 0.29 0.31 0.32 0.31 0.39 0.29 0.29 0.32 0.33 0.28
Alx03 14.05 14.56 u.n 14.44 14.94 14.67 14.57 14.10 14.28 15.22
Fed 1.08 1.33 1.17 1.15 1.16 1.07 1.08 1.36 l1.21 1.43
Fex03 0.46 0.19 0.43 0.35 0.71 0.41 0.45 0.40 0.35 0.17
MnO 0.03 0.04 0.01 0.04 0.03 0.01 0.04 0.03 0.02 -0.04
MgC 0.88 0.78 1.17 1.25 1.29 1.63 1.13 0.95 1.22 1.50
Ca0 0.84 1.19 1.12 1.16 0.71 1.00 0.87 1.23 1.14 0.86
Nax0 2.79 2.83 3.17 3.15 4.05 2.88 3.09 2.76 2.89 2.19
X0 5.33 5.11 5.39 5.40 5.63 5.16 5.27 4.96 5.10 5.31
PCs 0.15 0.14 0.16 0.17 0.18 0.15 0.14 - 0.17 0.15 0.13
S b.d. b.d. b.d. b.d. b.d. b.d. b.d. b.d. b.d. 0.01
o1 0.72 0.85 0.56 0.50 0.74 0.67 0.54 Q.58 0.60 0.66
Total 98.24 99.32 98.43 98.90 100.66 97.80 98.56 98.57 98.65 98.84
o] 184 186 160 163 133 173 172 189 182 200
? 8 -4 -8 -8 -24 -1 -4 -6 -5 27
A 43 45 a3 24 16 49 42 39 39 85
3 47 44 54 55 62 64 53 52 55 63
B 324 325 341 kY 360 318 330 a4 18 292
(Na-X) 203 199 216 217 251 203 212 194 201 184
K/ (Na-K) 0.56 0.54 0.53 0.53 0.48 0.54 0.53 0.54 0.54 0.61
Mg/Fe-Mg 0.51 0.47 0.58 0.61 0.56 0.67 0.57 0.50 0.59 0.63
quarsz 33.15 33.51 28.83 29.37 23.96 31.17 30.99 34.05 32.79 36.04
dark a. 8.47 7.93 9.73 9.91 11.17 11.53 9.55 9.37 9.91 11.35
feldsp. 58.38 58.56 61.44 60.72 64.86 57.30 59.46 56.58 57.30 52.61
Ry 2485 2557 2246 2313 1917 2393 2376 2584 2489 2678
R 401 449 460 465 429 469 431 448 460 462
A 77.38 77.68 75.84 75.90 75.81 72.37 76.17 74.30 74.43 70.87
F 14.24 14.69 13.79% 13.00 14.09 12.95 13.53 16.55 14.21 14,96
M 8.39 7.63 10.37 11.10 10.10 14.67 10.30 9.14 11.36 14.17
59.95 60.57 53.84 51.22 43.06 55.03 57.28 57.61 55.13 62.38
e 30.53 26.74 33.98 35.98 48.42 35.7 33.25 29.79 33.06 30.95
c 9.52 12.69 12.19 12.80 8.52 9.26 9.47 12.60 11.82 6.67
Q* 35.27 34.98 29.84 30.31 24.23 32.77 32.52 35.93 34.01 38.45
ANCR 9.19 14.18 12.41 12.70 6.59 11.55 9.85 14.55 13.43 9.82
FeC* 1.49 1.50 1.56 1.46 1.80 1.44 1.48 1.72 1.52 1.58
Fe/Fe-Mg 0.63 0.66 0.57 0.54 0.58 Q.47 0.57 0.64 0.56 0.51
A/NK 1.36 1.43 1.33 1.31 1.17 1.42 1.35 1.42 1.3% 1.63
A/CRK 1.18 1.18 1.12 1.10 1.06 1.21 1.18 1.16 1.16 1.39
A 90.33 90.80 89.51 89.44 88.85 88.10 89.76 89.10 89.03 88.05
F 6.09 6.06 5.99 5.70 6.49 5.58 5.81 7.02 6.10 6.13
M 3.59 3.15 4.50 4.86 4.66 6.32 4.42 3.88 4.88 5.81
A 87.34 86.64 85.81 85.58 86.63 84.81 86.81 94.84 85.15 85.21
B 9.35 8.78 10.06 10.11 10.87 11.46 9.90 10.38 10.49 11.56
< 3.31 4.58 4.13 4.32 2.50 3.713 3.29 4.78 4.36 3.23
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Appendix IIl. Major elements

Appendix III.

Major element data and normative values (cont.)

Ricany suite (cont.)

Sample Ri-21 Ri-22 RiE-1 RiE-2 RiE=-3 Je=1 Je-2 Je-3 Je-4 Je-5
Locality Btezi Brezi Zeznovka  Zernovka  Zernovka  Vy2lovka Vyzlovka  Vyzlovka Vyzlovka Vyzlovka

Rizany Risany MME MME MME Jevany Jevany Jevany Jevany Jevany
$10, 73.07 72.32 68.51 68.56 69.00 69.94 70.91 71.41 70.37 71.01
Tio, 0.28 0.28 0.46 0.29 0.61 0.09 0.19 0.22 0.18 0.21
Al20;3 14.56 14.18 13.78 14.09 14.26 14.88 15.01 15.01 14.05 15.28
‘ FeO 1.23 1.12 1.97 1.19 2,67 0.32 0.64 0.84 0.92 1.05
Fey03 0.42 0.37 1.17 1.27 0.65 1.32 0.20 0.16 0.11 0.31
MnO 0.03 0.04 0.06 0.04 0.07 0.02 0.02 0.02 0.02 0.03
Mgo 1.21 1.20 3.31 2.36 2.95 0.80 0.61 0.66 0.3%0 0.74
Ca0 1.00 1.04 2.36 1.62 2.06 1.34 1.00 0.91 1.03 1.09
Na0 2.90 2.93 3.22 3.27 3.20 3.72 3.96 3.86 4.18 4.06
K0 5.01 4.47 3. 4.68 3.50 5.29 5.20 4.9(" 5.06 4.51
P20g 0.13 0.12 0.41 0.31 0.42 0.12 0.05 0.06 0.07 0.06
S b.d. b.d. - - b.d. - b.d. 0.01 b.d. b.d.
LoI 0.61 0.63 1.32 1.73 0.59 1.32 0.69 0.63 0.86 0.65
Total 100.45 98.70 100.31 99.41 99.98 99.16 98.48 98.68 97.75 99.00
Q 193 199 169 156 181 140 143 156 136 154
P -6 -19 ~-67 =36 -66 =32 =36 -37 -46 -54
A S0 50 3 13 29 12 20 Rk -2 35
B 56 55 130 96 126 42 29 a3 38 40
F 306 301 256 303 248 kK] 383 366 381 361
{Na+K) 200 190 183 205 1m 232 238 229 242 227
K/ (Na+K) 0.53 Q.50 0.43 0.48 0.42 0.48 0.46 0.45 0.44 0.42
Mg/Fe+Mg 0.58 Q.59 0.656 0.64 0.62 0.49 0.56 0.53 0.61 0.49
quartz 34.77 35.86 30.45 28.11 32.61 25.23 25.717 28.11 24.50 27.75
dark m. 10.09 9.91 23.42 17.30 22.70 7.57 5.23 5.95 6.85 7.21
feldsp. 55.14 54.23 46.13 54.59 44.68 67.21 69.01 65.95 68. 65 65.05
Ry 2625 2700 2466 2252 2541 2062 2089 2214 2003 2200
Ry 447 444 686 560 641 467 426 422 427 449
A 73.73 73.61 52.36 62.88 51.92 79.61 86.50 84.20 82.