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Abstract: In the present paper some considerations (based on the
research and documented by the examples from the Central Bohemian
Pluton) stimulated by the paper of Mehnert (1987) on the revisited
granitization are presented. In accordance with Mehnert the authors
demonstrate some further examples that can be misinterpreted in the
granitization process, eventually need reinterpretation, in spite of the
fact that they belonged to the crucial arguments in favour of the grani-
tization (e.g. feldspathization). The authors summarize further the exam-
ples of so-called contrasting, contradictory phenomena, especially in the
CBP, the most of which were the subjects of a grave controversy
between magmatists and transformists and that have remained unre-
solved till now. It was pointed out that the whole set of these phe-
nomena is to be taken in account in the models of the plutonic rocks
origin.

In conclusion, the authors express an agreement with the rejection of
the geological significance of the s.s. granitization (i.e. metasomatic
granitization); on the contrary they emphasize the usefulness of a modi-
fied term of the granitization s.. in the process of the granitoids forma-
tion in orogenic belts.

Pestome: B paGore mpusomsrcsa PACCy>XXNeHMs (Ha OCHOBE MCCIENOBAHMIT
U WIMIOCTPUPDOBAHB! HpUMeEpaMMu U3 CpefHEeYeIIcKOTo IUTYTOHA) BBI3BAHHBIE
cratse’ft MeumepTa (1987) O PEBU3OBAHHOIN rpasuMTH3anuy. CoraacHo M e-
HCDTY aBTODH IOKA3bIBAIOT IIPUMEDH, KOTODbIE MOTYT OBITh HENPaBUIBLHO
UHTEPIPETUPOBAHB! H NIPOLECCE 'PAHMTU3ALMY, MM OHM TPEOYIOT HOBYIO MH-
TEPHPETALNIO, HECMOTPSI HA TO YTO OHM OBLIM OJHU M3 OCHOBHLIX apryMeHTOB
AL TDAHMTU3ALMM (HAnp. hessAUmaTH3aIus). Hanee aBTOpPH DPE3IOMUPYIOT
IPDUMEDBEL LEJNOr0 psifia TH3. NPOTUBONONOXXHBIX $BIEHMIL IpEeXJe BCero
B CpPENHEYELUICKOM IUIYTOHE, GOJNBIIMHCTBO KOTODHIX OBLIO TEMOI CHOPOB
MEXy MarMaTUCTamy ¥ TPaHCHOPMUCTAMM ¥ KOTODHIE HE GBIIM [0 CHX NOp
Pa3peieHsl. [TOAUEPKUBAETC UTO 3T ABICHUS LOIKHO NPMHMMATh BO BHM-
MaHME B MOJEIAX BOBHUKHOBJICHUS IUTyTOHUTOB. B 3aKIIOYCHUN corjamaercs
C OTBEDXCHUEM IEONOrMYECKOro 3HAYEHUS IPEACTABICHUN O rpaHUTH3ALMY
$.8. (T. 3H. MeTacoMaTUueCKOlL TPaHUTHU3ALMH), C APYTOM CTOPOHB! MOJUEPKHU-
BaCTCA 3HAYEHUE TEPMMHA M IIPOLECCA IPAHMUTU3ALMM «sensu latos IIpU BO3-
HUKHOBEHMM I'DAHUTOMJIOB OPOTEHHBIX 30H.

Introduction

All the three outstanding experts — doyens of granitology — E. Ra guin,
W. S. Pitcher and K. R. Mehnert preferred the idea of the graniti-
zation process for the explaining of the granite origin in some of their previous
works. Raguin holds to his idea still in 1976 when suggesting the terms
“milieu mobilisé” and “é&tat mixte” instead of “intrusion” and “magma”.
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Pitcher uses the term “granitic magma” even more often though with a
certain confinement (e.g. 1978, 1987). Mehnert (1987a, b) called newly in
question the geological importance of the granitization process at all. Some
differences lie in the different definition of the term “granitization” (see dis-
cussion in conclusions of this article). Nevertheless such trend from the graniti-
zation model to the magmatic model is not too usual in the history of the
granite research. More often an opposite case happened among geological
petrologists due to their increasing experience in the field work.

Hence it seems substantiated that the protagonists of the magmatic models
can be satisfied: a high renaissance of magmatic theories — sometimes of the
classic orthomagmatic (newly eg. Schermer horn, 1987), more often
of the anatectic magmatic or magma mixing theory (e.g. Didier, 1987) —
becomes recently evident. In the present paper the authors would like to call in
question whether this negation of the granitization model is not one-tracked,
whether it is justified.

The following considerations have been stimulated by Mehnert's paper
on “granitization-revisited” mentioned above. We would like to express our
agreement with many Mehnert's precise and excellently documented
observations as well as deductions drawn by him from the comprehensive
number of new references concerning this problem. In addition to those of
Mehnert some further examples in favour of the conservative compositional
character of metamorphism are presented. Nevertheless we would like to defend
the usefulness of the term granitization and its geological importance. We
briefly discuss three main controversiae arguments of granitization and bring
evidence of some other contrasting features in plutonic complexes, especially
from the Central Bohemian Pluton. The significance of these phenomena for
the models of the granite origin and for our conclusions on the granitization
process is emphasized.

Our considerations are mostly based on many years’ experience in the
Central Bohemian Pluton (later CBP). This complicated Variscan massif of the
batholitic character (Palivcova, 1984) is unique in the Bohemian Massif
as well as in the whole European Variscan belt. Due to its variability it provides
an occasion to study many types of the plutonic rocks from the basic to acid
members in different rock series in their mutual relations as well as in relations
to different surrounding rocks (Upper Proterozoic—Lower Proterozoic volca-
nosedimentary complexes and various Moldanubian gneisses).

Problem of the compositional persistence during metamorphism

We deeply concur with M ehnert that the metamorphic process is
usually — if not always — a highly conservative one. This is obviously a very
important conclusion with respect to granitization sensu stricto (see Meh-
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Fig. 1. Stretched and folded metaconglomerates of pyroclastic origin (from Devonian
of Moravosilesian unit of the Bohemian Massif). The layers correspond to deformed
pebbles. Figs. a and b are perpendicular sections of the same rock. Ruzova stran
near M. Moravka, Hruby Jesenik Mts. Material of P. Rajlich and J. Synek.
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Fig. la.
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nert’ s definition 1987b, p. 286), which is, in principle, a metamorphic process.
Our experience led us to the same conclusion, xthat there are no distinct, if any,
examples of the metamorphic differentiation. On the contrary the material
transport may happen due to the rock deformation. Examples of the extremely
stretched and folded conglomerates (M ehnert, 1987), which can be mistaken
for metamorphic differentiation, are clear and convincing. The significance
of the tectonic deformations such as the stretching in the shear zones or cru-
shing in the mylonitic zones was probably underestimated in the metamor-
phism as well as in the plutogenesis. These deformations in the Bohemian
Massif are presented in the papers of Rajlich (1987) and Rajlich et
al. (1988). Flattening examples like those shown by Mehnert occur in the
Bohemian Massif (Fig. 1) similarly as everywhere in the world in analogous
geological conditions. Fig. 2 illustrates another deformation example that can
be misinterpreted as porphyroblastesis. Figs. 3a, b and 4 demonstrate two
examples from Belomoridy (Kola peninsula) where even the mineral composition
remained preserved despite of the strongest deformation. In the first case
(Fig. 3a, b, c) the granulite-looking rocks originate from coarsz-grained noritic

Fig. 2. Cambrian metaconglomerate from Zelezny Brod-crystalline complex, NE

Bohemia of similar character as in Fig. 1. Some preserved pebbles and grains of

Na-rhyolite, quartz and albite may be macroscopically mistaken for porphyroblasts.
Lisny, W. of Zelezny Brod. Natural size. Material of J. Chaloupsky.
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rccks in anorthositic complexes (the zones can be followed in hundreds
meters length and one to several meters thickness). Fig. 4 illustrates the initial
deformation of the endocontact around a metaporphyrite boudin in strongly
migmatized gneisses. The flattening of the porphyritic feldspars is rather abrupt
and in an extreme case banded rocks of leptynitic appearence originate. The
deformed endocontact around the boudin is about 5—20 em thick. Opposite
examples of the preservation of compositional, textural as well as structural
features in metamorphic complexes during the regional metamorphism are
well-known and very common. E.g. the preservation of cross-bedding was
described in Moldanubian gneisses (Vajner, 1966). The statement of M e h-
nert in a discussion concerning the migmatization should be pointed out:
“Many uncertainties lie in the fact that the original differences are often
underestimated”. Fiala (1986) clarified that the metatect in Moldanubian
migmatites had to be explained not by addition from the outside and not by

- BT B

Fig. 3a, b, c. Gradua!l increasing deformation in Precambrian norites from anorthositic

massifs. Coarse-grained norites consisting of hypersthene and plagioclase are stret-

ched into finely laminated leptynite-looking rocks. Belomoridy crystalline complex,
Kola Peninsula, U.S.S.R., Kataranga promontory.
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melt segregation but by selective melting of the original light laminae in the
rock. The difference in the alkali content (mainly K) could represent the varia-
tions of the parent rocks.

Another example of persistence which could be of great importance in the
formation of the metamorphic as well as of plutonic rocks is the stability of
the chemical composition of volcanic rocks not only during the metamorphism
but also during the volcanic process itself. The dependence of geochemistry
as well as petrology on the tectonomagnetic conditions regardless their strati-
graphy is well known. E.g. Condie (1981) has demonstrated that the tholeiites
of the ocean floor are practically identical in the Archaean as well as in the
recent time. Thus the original conditions of the tectonic environment could
be estimated from the chemistry of metavolcanics more detailed than hitherto
assumed in the evolution of the metamorphic and plutonic complexes.

In Fig. 5 an example from the CBP granitoids is illustrated which reveals
the original shape of a rounded enclave. Such observations necessarily provoke
the question: ,Do we not underestimate the preservation of the bodies shapes
(e.g. of the basic bodies, of the mylonitized and crushed zones etc.), i.e. their
premetamorphic original features in the metamorphic or plutonic complexes?”

Tig. 4. Stretched feldspar phenocrysts at the margin of a metaporphyrite boudin
which is enclosed in migmatites. Belomoridy crystalline complex, Kola Peninsula,
U.S.S.R., Konchiniy promontory.
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F_ig. 5. Relict outlines of the shape of an original mafic enclave in Hudéice granodio-
rite. The size of enclave is about 1/4 m in diameter. Hudé¢ice quarry near Bfeznice,
Central Bohemian Pluton.

Three main arguments in favour of the granitization process

As summarized by Mehnert the three most discussed questions of grani-
tization are as follows: a) feldspathization of granites and their wall rocks,
b) the Sederholm’s effect, c¢) ghost stratigraphy and the problem of active-
-passive (violent-nonviolent, forcible-permissive) amplacement. We wculd
like to call attention to the fact that these phenomena belong to the group
of the so-called “contradictory, conflicting, contrasting, controversial, anti-
pathetic” phenomena or “antinomies” in the granite geology which evoke
intricate “struggles” on it. There are many other such phenomena in addition
to the three main problems mentioned above. Some further exampleas from the
CBP will be given in the next chapter. The role of many of them is not
appreciated enough. We attribute to these contrasting phenomena a decisive
importance for the models of the granite origin.

Mehnert argues that the three phenomena may be explained in an other
way than in favour of the granitization. Seme granitization can occur to a
limited degree only.

a) Feldspathization. The same what experiences Mehnert in Black and
Bavarian Forest (M ehnert, 1987b, p. 294) also happened to one of the authors
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(Palivcova, 1965, 1966) in CBP. The feldspar megacrysts, best developed
in so-called durbachitic (i.e. lamproitic) CBP rocks, were explained as porphy-
roblasts and therefore as an argument in favour of a large scale feldspathiza-
tion (the durbachitic complex has the extent of about 220 km?). Instructive
figures of “porphyroblastic” growth described by Réhlichova (1964)
were even mentioned by Marmo (1971) as a proof of porphyroblastesis
(Fig. 6). Later experience led us to a magmatic explanation (Prokhorov
et al, 1983); however, recrystallization of this magmatic feldspar was empha-
sized by one of the authors (Palivcov4d). In these K-feldspar megacrysts not
only hidden oscillatory zoning (as mentioned by Mehnert in Black Forest,

S
I%.

Fig. 6. Relict zening in microcline megacryst which originated by recrystallization

of magmatic orthoclase phenocrysts in durbachites of the Certovo bremeno type.

Quarry ,V Logrech® near Pisek. Small bodies at southern margin of the Central

Bohemian Pluton. Enlarg. 10X, M. Rohlichova, 1964 (the author explained
the feldspar as a porphyroblast).
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p. 294) occurs but also optically visible relic oscillatory zoning — in different
stages of recrystallization and ordering of original orthoclase to microcline —
was stated. Microcline forms irregular outmost rims of feldspars which make
them to appear like porphyroblasts. Without doubts, feldspars are magmatic
in origin, they “already existed in the rocks” (Mehnert, p. 204) and recrys-
tallized. Many special inhomogeneities described earlier in the feldspars were
newly interpreted as deformation effects of magmatic phenocrysts in a shear
zone (Lobkovic, 1987). The point of crucial significance for the granitoid
genesis lies in the fact that (like in other cases known from the literature)
the same magmatic and recrystallized feldspars are disseminated in the wall
rocks, layers and enclaves of the Moldanubian gneisses which abundantly occur
in durbachitic rocks. This phenomenon was erroneously taken for one of the
starting points of the classic metasomatic granitization.

Analogous conspicuous K-feldspar megacrysts as shown by Mehnert
from Alpine Albigna granite (p. 293) are present in the similar coarse porphy-
ratic granite of Liberec type in the Krkonose Massif (NE Bohemia, Klomin-
sky, 1969; Tab. VI, 1). The best and very frequent examples of this “felds-
pathization” in the dark schlieren and enclaves can be observed in the present
time on the polished blocks of this granite in several stations of the Prague
underground (Flora, Pavlova, Sokolovskd, Leninova). Here the same cha-
racter of the feldspar megacrysts in the granite and the enclaves is well distin-
guishable because the feldspars have similar features like the rapakivi felds-
pars, i.e. white macroscopic rims. Many others examples, where the authors
stress a perfect analogy of both feldspars (especially the study of Spencer)
can be found in the book of Didier (1973). It follows from the book that
the problem of the feldspar megacrysts is not yet resolved.

Another example of the magmatic feldspars which were mistaken for the
porphyroblasts are the feldspars in the dioritic rocks and their enclaves consi-
dered as the products of the metabasites dioritization (Palivcova, 1966).
Krupic¢ka (1948) was right in interpreting the rocks of the metabasite
quarry as cataclased porphyrites with the plagioclase phenocrysts. The diori-
tization is here a metamorphic, not a metasomatic process. The exact analogy
of the intricately zoned and sometimes filled plagioclases in the metabasites
and tonalites should be particularly stressed (i.e. their recrystallization from
the original more basic feldspars by acid to very acid-albitic plagioclases).
This was the cause of the misinterpretation. Some typical plagioclase pheno-
crysts which can be compared with those of the andesitic volcanics were found
in the microdioritic enclaves of the tonalites and granodiorites (Fig. 7). The same
case are the feldspars of some basic rocks described by Patod¢ka (1979,
Fig. 2) as porphyroblasts.

1t is possible to sum up that the feldspar megacrysts discussed here have the
features of both the primary magmatic formation and recrystallization, re-
gardless whether they occur in the granitoids or in the enclaves or in the sur-
rounding rocks. Of course, the recrystallization in the granitoids can be explai-
ned in terms of deuteric phenomena. In gneisses, sedimentary and volcanogenic
material such an explanation is more difficult. We are inclined to the conclusion
in agreement with Spencer (1938) that due to the markedly intricate struc-
ture of the feldspars (e.g. rapakivi structure etc.) such a deuteric explanation
outside the granite is impossible. According to our opinion there is but one
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Fig. 7. Zoned and filled recrystallized volcanic-subvolcanic phenocryst (andesine

to oligoclase with minute hornblende grains) in hornblende =+ biotite + quartz

microdioritic enclave from the granite (of s.c. marginal type of the Central Bohemian

Pluton). Tiie grey margin outlines the original zone of pasic plagioclase. Radétice

mine near Milin, P¥{bram district. Microphoto without polarizer, enlarg. 30X, photo
V. Matéjkova.

way from this dilema: the magmatic feldspars “already existed in the rock”
(Mehnert, 1987b, p. 294) before recrystallization. Volcanogenic and volcano-
clastic origin of the feldspars may be the most plausible explanation. The
coarse-grained and monotonous character of pyroclastics (crystaloclastics) in
large areas is an underestimated feature of the volcanic process (Waldhaus-
rov4a). Thus we concur with Mehnert that a large scale metasomatic
feldspathization with long-distance import of material is an improbable pro-
cess.

The above statement does not mean that we vould deny the metasomatic
process at all. It obviously occurs in relation with magmatic i.e. volcanic,
subvolcanic events, with their volatile components (preferentially water)
and hydrothermal solutions providing that necessary components were present
in the complex. Their higher mobility, however, requires open transporting
ways (faults) and is usually of limited regional scale. Many metasomatic pro-
cesses present in metamorphic and plutonic complexes may be overprinted
changes from preexisting evolution stages of the rocks.

b) Sederholm’s effect. Though originally described and better understandable
in the high metamorpphic Precambrian complexes (see in Mehnert's Fig.
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Fig. 8. Platty mafic enclave (disrupted dyke?) of hornblende 4+ biotite quartz-micro-
dioritic composition in tonalitic rocks. Teletin quarry 20 km S of Prague, Central
Bohemian Pluton. From Dudek —Fediuk (1956).

12) Sederholm’s effect is not an unusual feature in the Phanaerozoic granitoids
too. Here, however, it can be more controversial. It occurs especially in those of
tonalite-granodiorite lithology where bosses of basic rocks are associated with.
This so nicely called “petrified nonsense” — i.e. injection of a granitoid (or
its aplopegmatitic material) into a more or less continuous dyke which pene-
trates into the same granitoid has a strict analogy, in principle, in different
regions. Various explanations were assumed, as summarized by Didier
(1973): the dykes were considered to be older (relict dykes), contemporaneous
(synintrusive, synplutonic) or younger dykes (evoking anatexis) of the sourroun-
ding granite). Also some zones of angular enclaves were interpreted as frag-
ments of the dyke rocks.

One questionable example of this kind is shown in Fig. 8, in the tonalitic
and dioritic rocks from the well-known Teletin quarry (CBP). According to
Dudek—Fediuk (1956) the platty bodies are enclaves. However, an
interpretation of a disrupted dyke in the sense of the Sederholm’s effect cannot
be excluded, especially if chilled edges (fine-grained dark margins with chilling
phenomena — see next chapter) along the boundaries of the dyke (not around
the whole enclaves margins) are developed. The chilled character of the margins
is often discernible only microscopically.
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Another very enigmatic case of a lamprophyre dyke (minette) in durbachitic
rocks from the Velkd mine in CBP can be unfortunately documented schema-
tically only (Fig. 9). The dyke ends abruptly on one dislocation; the continua-
tion of the same rock, however, can be observed behind the dislocation in the
smaller and smaller slowly disappearing sphaeroids. The “ball shape” was
checked in the mine; the sphaeroids were entirely surrounded by the durba-
chitic rocks without any connection with the dyke. The explanation is not
clear.

The Sederholm’s effect, if present, is one of the best and clear examples of
the contrasting phenomena in plutonic as well as metamorphic rocks; it
cannot be satisfactorily explained by an one-stage of the surrounding rock.

Fig. 9. Schematic picture of an interrupted lamprophyric dyke (minette) and its conti-
nuation in spheroids in durbachites. Velkid mine near Milevsko, Central Bohemian
Pluton.

¢) Ghost-stratigraphy, active and passive emplacement. According to M e h-
nert, ghost stratigraphy “was stressed by the advocates of the granitization
theory, because from such evidence it seemed safe to conclude, that granites can
be formed by non-violent emplacement”. However, this convincing “vestige”
for granitization can be seen exceptionally only and in a limited scale,
mostly not far from the contact. Mehnert discusses then the classic example
of “ghost stratigraphy” from the migmatite granodiorite in Donegal and r=-
members the reinterpretation of Pitcher (p. 297), who confines the idea
of ghost stratigraphy. Some arguments of this reinterpretation are persuading,
some are uneasy to understand (e.g. the preservation of the disrupted pieces
in the horizons “in spite of the still existing melt between them?).

The statement of Mehnert that the examples of preserved ghost strati-
graphy are exceptional, seems to be true for the CBP, too. We have not been
successful in finding some examples (continuation of metabasites layers into
granitoids) mentioned by Urban (1931) in CBP. Some layers of Moldanubian
metamorphites can be traced at the durbachite endocontacts; they lose, however,
quickly their continuity and become enclaves (Fig. 10).

The present authors suggest that one example of ghost stratigraphy can
be shown in the case of a nebulitic granodiorite of CBP (Palivcova et al,
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?ig. 10. Disjoined and displaced layers (now xenoliths) of fine-grained originally
continuous Moldanubian pearl-gneisses in durbachites of Certovo bifemeno type. Votice
guarry, Central Bohemian Pluton.

1988); the relics of Cambrian conglomerate layers may be traced in it in the
form of the quartz pebbles and digested hornfels pebbles. New examinations
of long sections in the mines of P¥ibram district by Vlasimsky (in print,
oral communication) seem to support the above interpretation. We came to
the conclusion that this granodiorite formed in situ or almost in situ — i.e
the same and almost contemporaneous conclusion with that of Wickham
(1987a) in Pyrenees. For the reasons discussed at the end of this paper, we indi-
cated this process as “granitization” — whilst “anatexis in situ” is assumed by
Wickham in Pyrenees. Regardless the mode of the granite formation we find
much important that in the both distant regions the same in situ or almost in
situ origin and almost of the same Lower Palaeozoic sediments (Ordovician in
Pyrenees, Cambrian in CBP) has been considered for some Variscan granitoids.

A more detailed discussion on granite emplacement is beyond the aim of
this paper and we are not familiar with this problem. Nevertheless we would
like to note that the ideas of the granite emplacement in the CBP similarly as
currently in most other massifs — are hardly unanimous. The reason is that,
on the one hand, in one and the same body the features can be found which
support an active, violent emplacement (such as discordant contacts, apo-
physes into surrounding rocks, enclaves of the country and older rocks eztc);
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on the other hand, Bene§ (1971) demonstrated two different geological
fabrics corresponding to the geological position of intrusions (Moldanubian
structures in the peri-Moldanubian zone and Proterozoic structures in the peri-
-Proterozoic zone of CBP). A passive, non-violent emplacement of granitoids
is repeatedly emphasized by some authors, most readily recently from the
detailed mapping and careful documentation in the mines (Vlasimsky,
1986a, see above); intrusion apophyses to a small distance only are adopted.

We can summarize that, obviously, all the three above mentioned phenomena
used in favour of the granitization process remain controversial, if the one-stage
magmotic model of the granitoid genesis is accepted. Another model of the
formation of granitoids is necessary which would enable to explain the pre-
sence of both — magmatic as well as non-magmaitic features in the same body
and in the same rock.

Contrasting phenomena in the Central Bohemian Pluton

A series of other contrasting phenomena exists in the CBP, especially in the
relations of the basic to acid rocks. As seen below, most of these features
were separately described and vigorously discussed in many analogous as well
as different plutonic complexes, mainly in the forties and fifties, between mag-
matists and transformists. Many of them are quoted in the book of Didier
(1973) who succeeded in collecting examples of many of these phenomena and
other puzzles of the ranite problems in an excelent manner and underlined
their more or less sucessful solution in the works of many authors. The CBP
is an example where almost all contrasting phenomena occur alltogether in
one and the same complex. The common, current, simultaneous occurrence of
all of them in one complexx together, all in all, was not enough emphasized
up to now.

The same more or less complete set of contrasting features occurs in analo-
gous geological conditions in all the other plutonic complexes where basic rocks
are intimately associated with granitoids. Hence the contrasting features are
best developed in tonalite-granodiorite series where hornblende-gabbroic basic
series prevails. They occur however also in other granitic complexes where the
basic rocks are e.g. of noritic composition. It seems that the presence at least
of two types of granitic rocks (usually of a coarse porphyritic granite and of
a medium to fine-grained normal granodiorite) is the precondition of the phe-
nomena described below. The processes of assimilation, contamination, hybri-
dization, newly magma mixing, are currently noted in them.

The most common contrasting features in CBP are as follows:

Forms and shapes of basic bodies. This problem can be denoted as the
Sederholm’s effect of a higher order. Geological forms of basic bodies in
CBP often remember sills, dykes, stocks in spite of the supposed earlier age of
basic rocks than that of the surrounding granitoids. Fine-grained darker chilled
contacts of basic bodies (called therefore “antichilled, pseudochilled” — see
below) may be observed commonly in them. On the other hand large blocks and
enclaves of basic rocks occur in granitoids (see eg. Patodéka, 1979, his
Fig. 7) — of the same basic bodies which have chilled contacts, Netveining may
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be developed in these basic rocks. Therefore, it is very difficult to determine
the geological age of the basic rocks in relation to the granitoids (only K/Ar
values are at disposal which usually give the same age like surrounding gra-
nitoids, in an interval 330 to 340 Ma). These difficulties have been pointed out
also by Vlagimsky (1973) who described mafic intrusive stocks similar
to the basic rocks in the pluton in the close sedimentary exocontact. Some of
them are shallow (subvolcanic? — author’s interrogation) intrusions and mani-
fest themselves by a variable lithology. The position of the most larger (first
km? and less) satellitic basic bodies along the peri-Barrandian contact or
directly on some other discontinuities in CBP, e.g. on boundaries between
granitoid intrusions, was already pointed out (Palivcova, 1984). The
geological position in the exocontact as well as close endocontact and the com-
plex lithology of some bodies demonstrably remember the position of the Scot-
tish appinites.

Mafic enclaves (microgranular after Didier, 1973) and their swarms. They
occur preferentially (though not exclusively) in the tonalite-granodiorite series
for which they are common all over the world. They occur in zones which are
often subparallel with the contacts. They are of various shapes often discoid
and elongated — sharply angular as well as well rounded, “hard” as well as
“plastic” in the same subhorizontal or subvertical zone. Teletin quarries (Fig.
11) — an analogy of occurrences in the Adamello or Californian-Andean Massifs
__ offer the best exposures of them as seen already in Dudek’s and Fe-
diuk’'s paper (1956) and recently of Palivcova (1984 in this journal).
The texture of these mafic mostly microdioritic microgranular enclaves is
always finer-grained than that of the larger basic masses. One type of them
is shown in Fig. 7. As mentioned above the enclaves often correspond to the
chilled margins of these larger bodies (see also Vlag§imsky, 1976). How-
ever the problem of the microgranular enclaves is a complex one as many
of them have often their own endocontact chilled margins around their
whole shapes. Not groundlessly, Didier (1973) characterized the microgra-
nular enclaves as enigmatic rocks. He collected many examples of their
interpretations by various authors. The discussion is not in the framework of
the present paper. Here we would only to state the existence of this contrasting
phenomenon in connection with the others. In principle, the problem is similar
to the following one.

Petrographical (especially textural) analogy of some young lamprophyric
dykes with mafic enclaves. Geologically it concerns the same problem discussed
in petrology as Harker’s marscoite, i.e. the same rock as a dyke as well as
an enclave in a granitoid. This phenomenon was first considered in CBP by
Fiala (1943), recently by Palivcova (in print). Subvolcanic character
and analogy of lamprophyres and enclaves has been recently evidenced by
Barnes (1987) in some Californian massifs (nor ocellar hybrids are missing
in this association — see following point). This problem represents again
a variety of the Sederholm’s effect. It should be noted that this case does not
concern “relict dykes” (though such events also occur in CBP) nor the analogy
with the dyke-looking bodies described by Ramsay (1967) in the Alpine
granitoids which originate by extreme shear stretching of the mafic enclaves
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Tig. 11. A swarm of various microgranular (hornblende + biotite + quartz microdio-
ritic) mafic enclaves in tonalites (granodiorites) of the Sazava type. Teletin quarry,
Central Bohemian Pluton. The same loc. as Fig. 8.

(we thank for notice to Dr. Rajlich). The case in CBP concerns typical
young mafic dykes; having a similar mineralogical as well as textural cha-
racter, the dykes and the enclaves differ in deuteric alteration, which is much
greater in younger dykes than in the fresh (recrystallized) enclaves.

“Antichilled” contacts (margins, edges, selvedges) of mafic rocks in granitoids
and their special textures. The problem concerns fine-grained, usually darker
thin zones at the endocontact of mafic bodies and mafic enclaves in granitoids.
It entered into the history of the granite problem as a well-known and strongly
discussed problem of “chilled and baked edges” between magmatists and trans-
formists (especially Bailey, 1947; McIntyre—Reynolds, 1947;
Wager—Bailey—Reynolds, 1953 and many others). There exist
various mafic margins of various origin in endocontacts as well exocontacts of
mafic rocks and microgranular enclaves in granitoids (Bish op, 1963). (E.g.
ultramafic almost monomineral margins consisting of hornblende and/or
biotite which were often referred to in favour of a “basic front” may very
probably represent recrystallized zones of deformation at the boundaries of the
enclave). Here, we shall deal only with these margins which have the signs
of chilling. Because the mafic margins occur at the endocontacts of the basic
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rocks and enclaves and not at the endocontact of the granitoids where we
would expect them, the term “antichilled, pseudochilled” was used by some
authors. We shall speak about “chilled margins, chilled contacts” since we
assume that their textures prove the chilling. These current textures and features
of chilling in the chilled margins are especially the following: the needle-like
texture (often with skeletal and hollow crystals), subvariolitic (fine spheroidal)
texture, poikilitic texture, ocellar texture and textures with patchy and
melted plagioclases. Some of them have been shown and will be shown in
separate papers. Attention will be paid here to the ocellar texture and patchy
plagioclases which are assumed by us to be of prime importance for the
considerations of the basic-acid plutconic rocks relations. Both phenomena are
highly controversial, not clear and sometimes enigmatic. Some hypotheses
led to questionable conclusions (see e.g. Hanu§—Palivcova, 1969,
1971; comments of Angus, 1971) on their origin though the geological pro-
cess deduced from them (i.e. the original volcanic-subvolcanic character of
basic rocks) seems to be highly justified. Some problems of these intricate phe-
nomena will be shortly illustrated in some figures.

i TR K2

Fig. 12a. Fine-grained ocellar hornblende microdiorite from the outmost marginal

chilled edge of a hornblende gabbroid body close to the contact with coarse-

-grained granite. Kali§té E of Milin, Central Bohemian Pluton. Note small and large,

irregular and idiomorphic quartz ocelli as well as irregular filled plagioclases with

dark hornblende cores. Without polarizer, enlarg. 3X, photo V. Matéjkova.
Thin section 0-1081.
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Fig. 12b. Detail of an ocellus from an analogous chilled rock as in Fig. 12a. Hexa-

gonal shape is outlined by thin (dark) pyroxene rim, the pseudomorphose consists

of idiomorphic quartzes in microcline (micropegmatite). Dubeneckd hora near

Smolotely E of Milin, Central Bohemian Pluton. Without polarizer, elarg. 14X,
photo V. Matéjkova Thin section 27-439.

Ocellar texture can be well seen in Fig. 12a in a very fine-grained micro-
dioritic chilled zone of a small basic body. Former, they were noted as “bird’s
eyes”. The accumulation of ocellar quartz which is the dominant mineral in
ocelli, may attain about 25 %, of the rock (see Fig. 2 in Palivcova, 1978).
These quartzes are often similar to those of the surrounding granite in size and
shape. Quartz ocelli are a foreign material in the mafic rock. Reaction margins
of mafic minerals (consisting often of pyroxene in otherwise hornblendic rock)
irregular shapes as well as crystallographic forms of quartzes are well visible.
The genetic problem of them is best seen in Fig. 12b. The pseudomorphous
character of the ocellus is here evidenced: aplopegmatitic material as well
as hydrothermal minerals in other cases (calcite, epidote, sphene, pyrite etc.)
may fill the crystallographic shape of the ocellus. Some other examples of ocelli
were described and discussed in the papers of Hanu$§, Palivcov4d, and
Palivcova cited above. Best developed ocellar hybrid rocks occur at the
norite-granite contact from Ploumanach (Thomas—Smith, 1932; Ba-
riere, 1972). An example from Ploumanach is demonstrated in Fig. 14.
The authors explain the ocellar rocks as product of hybridization of basic
rocks by the granite.
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Fig. 13b.
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Fig. 13c.

Fig. 13a. Accumulation of patchy plagioclase phenocrysts in a fine-grained micro-

dioritic chilled edge. The plagioclases are partly porphyritic lite in Fig. 13b,

partly rounded, especially in basic cores (see Fig. 13c). They are interpreted as

melted and recrystallized phenocrysts. Draha near Smolotely, E of Milin, Central

Bohemian Pluton. Without polarizer, enlarg. 3X, photo V. Matéjkova. Thin
section 0-220.

Fig. 13b. Strongly patchy plaggioclase phenocrysts in a fine-grained chilled margin of

small gabbroic body. A minute intergrown of basic plagioclase (bytownite to anor-

thite - grey) and clear andesine-oligoclase (to albite) is well seen. On the place of

andesine, common hornblende (dark) may develop in the plagioclase. Nepiejov area,

E of Milin, Central Bohemian Pluton. Without polarizer, enlarg. 30X, photo V. M a-
téjkova. Thin section 27-448.

Fig. 13c. Detail of melted plagioclases from Fig. 13a. Without polarizer, enlarg. 15X,
Thin section 27-127.

Patchy plagioclases are the constant feature at the immediate contazt of the
chilled zone. They may accumulate here similarly as the ocellar quartz (Fig.
13a). Their association with ocellar texture and large very fine-grained
poikilitic hornblende is frequent. They may be perfectly or less parfectly
idiomorphic and then they remsmber some phenocrysts of intermediate vslca-
nics in this case. Their structure may be very intricate as seen in Fig. 13b.
These plagioclases may also be irregular or well-rounded. The latter stimulated
once the discussion on s.c. “amygdaloidal gabbros” or “white gabbros”
(Bailey—Reynolds, 1952). The plagioclases are often filled with minute
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Fig. 14. Ocellar quartz and a rounded patchy filled plagioclase phenocryst in a very

fine-grained rock of granodiorite porphyrite composition. Note irregular as well as

idiomorphic form of quartz and rounded (melted) form of plagioclase phenocrysts.

The rock corresponds to the finest facies of the ocellar hybrids from the norite-granite

contact closest to the granite. The enclaves in the granite are of the same character.

Trégastel-Ploumanac’h, Bretagne, Cote du Nord (Gréve St. Anne). Without pola-
rizer, enlarg. 7X, photo V. Matéjkova. Thin section 3-778.

mafic minerals or mafic cores (see Fig. 12a, 13b). The study of many chilled
contacts with patchy and rounded plagioclases led us (Palivcova) to the
conclusions that they are not amygdales but most probably melted megacrysts
(“fritted” phenocrysts? cf. eg. Braker, 1983; p. 269) of basic rocks. Their
patchy structure may probably be due to the same less advanced melting
process for their idiomorphic shape may remain preserved. An example of mealted
plagioclases is given in Fig. 13¢, from Ploumanac’h locality in Fig. 14.

Didier (1973) paid rightfully much attention to the chilled contacts.
He tried e.g. to explain the analogy of some microgranular enclaves with the
chilled facies of the granite by breaking up of this consolidated chilled margin
by a new portion of the granite magma. In the cases described above we cannot
apply such an explanation: chilled contacts belong to the mafic rocks, not
to the granite. We cannot discuss here the problem more thoroughly. We
would like to note only, that we do not presume that the surrounding granite
was able to melt the basic rock.
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Contemporaneous crystallization of the main minerals in both mafic enclaves
and surrounding granitoids. In magmatic conceptions the simultaneous crystal-
lization and the analogous mineralogy is explained as the effect of surrounding
granitoids on mafic enclaves. However the tonalitic and mafic granodioritic
rocks are themselves interpreted as the assimilation product of mafic enclaves
the dissolution of which in granitoids was many times described in the petrolo-
gical papers. In situ contamination, hybridization of granitoids is emphasized
(e.g. Vliadimsky, 1986a). It is clear that the same rock cannot be simulta-
necusly the cause and the product of the same process. Moreover there is a dis-
crepancy between geological relations and crystallization of the mafic enclaves
and granitoids. Geological relations indicate an age interval between these
rocks, their crystallization process on the contrary their contemporaneity.

The relation of durbachitic rocks to Moldanubian migmatites and other gra-
nitoids of CBP. This is an other example of the contrasting relations which
are not explainable providing one-stage evolution of durbachitic rocks. The
relation concerns an other rock series than described above, i.e. lamproitic
(syenite-monzonitic) series, shortly called durbachites. Two figures, one scheme
according to Bene§ (in Palivcova et al, 1968; Fig. 15) the other

Fig. 15. Scheme of a geological exposure of durbachites enclosed in Moldanubian
nebulites.

Explanation: 1 — Moldanubian nebulite; 2 — durbachite; 3 — aplitic dyke; 4 —

mafic enclaves. Accordingto Beneg (in Palivcovai etal, 1968).

according to Holub—Zezulkova (1978, Figs. 16a, b) clearly demonstrate
the problem. In the first scheme, the durbachitic rocks (which are Variscan in
age) were found in the form of large enclaves, blocks in Moldanubian (older)
nebulites — a further new example of “petrified nonsense”. On the other hand,
dykes of durbachitic rocks penetrate into granodiorites of the CBP (Figs. 16a, b).
These relations were the reason of a controversial interpretation of the
relative age of durbachites which is repeated several times in the literature.
Some authors even exclude the durbachites from the CBP due to their close
relations to Moldanubicum (newly e.g. Zoubek ed., 1988, p. 242). The case
of the durbachitic rocks is not easy to explain and is not answered satisfac-
torily. We note that Tauson et al. (1979) pointed out the analogy of the
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Fig. 16a. Intrusion of durbachites into Blatna granodiorites (light). In durbachites

large dark fine-grained rounded enclaves are seen. They are often of the same

composition as the groundmass of durbachites. From Holub—Zezulkovéa
(Fig. 2, 1978). 3 km S of castle Zvikov, Central Bohemian Pluton.

geochemistry of trace elements with alkalic volcanics. Hameurt (1967)
interpreted durbachites of Vosges (vaugnerites) as hypabyssal transformed
basic stocks.

In the similar inexplicable cases many authors like to search the way out
in the convergency principle. Although it is certainly not possible to reject
such an access in some cases, this principle should not hinder further research,
espec.ally if the rocks seem to be identical.
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Fig. 16b. Scheme of a similar situation from an other exposure of the same locality.
Explcnation: 1 — Blatna granodiorite, 2 — durbachite. The same authors, Fig. 3.

It can be concluded that these intricate relations described above cannot
be obviously explained during the simple and one-stage geological process of
the surrounding granitoid formation. All the three possibilities were expressed
as the explanation of the relations of granitoids to the basic rocks in magmatic
models: the basic rocks are older, younger as well as contemporaneous with the
acid rocks, in spite of the close similarily of all these basic rocks. Each of
these possibilities can explain but some of these controversial features. A model
is to be found which enables to elucidate simultaneously the majority of the
controversial features described above. According to our opininon, in the CBP
it is the following model: volcanic and subvolcanic rocks pierced an older rock
complex; subvolcanic rocks formed chilled margins at their endocontacts. The
older rock complex consisted of sediments as well as of volcanics (lavas,
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pyroclastics). Older intrusive as well as metamorphic rocks could be also pre-
sent. We assume that coarse-grained basic rocks mostly represent subvolcanic
intrusive members of this pre-Variscan complex, which could intrude in the
form of dykes and stocks. During Variscan orogeny the whole complex was
subjected to the granitization (definition see at the end of this paper).

Conclusions

As seen grom the foregoing chapter we are inclined to the model of the CBP
origin by reworking of really magmatic. i.e. volcanic-subvolcanic precursors
with their sedimentary and volcanosedimentary surroundings and with all
features belonging to such a complex, especially with intrusive subvolcanic
members. Almost all contrasting phenomena discussed above can be explain in
this model. Some phenomena which have been hitherto explained due to effects
of granitoids on basic rocks may be also explained in an opposite, more under-
standable direction, i.e. by the effects of basic rocks on the acid rocks (e.g.
“antichilled” edges and their special complex textures etc.). There is no great
difficulty to recognize the previous magmatic, i.e. volcanic-subvolcanic nature
of basic rocks. It is, however, very difficult to find out the criteria for distin-
guishing the parent lithology of granitoids. An attempt to do this was newly
presented by us on the example of CBP (in print).

Let us now to turn to the purpose of this paper, to the term and definition
of granitization. From the reasons given in the examples of the CBP we are
inclined to the idea that most granitoid bodies have never attained the state
of advanced palingenic magma which would be able to differentiate, accumu-
late, assimilate or mix. If such features are present in plutonic complexes they
can be regarded as overprinted features and effects of previous volcanic-
_subvolcanic rocks. Palingenic magma is a product of an advanced anatexis
which is an abrupt process (see references in Mehnert, 1987b, p. 295).
Advanced anatexis leads to volcanism and not to plutonism. The segregation of
an anatectic magma in plutonic dimensions during orogeny when large open
fractures hardly exist is an insuperable problem (Wickham, 1987).

Thus we prefer the model of the metamorphic recrystallization leading to
the incipient anatexis. According to Hovorka—Suk (1981) only 10Y%,
of the melt (according to other authors even less) is sufficient to acquire
intrusive ability. From the point of view of this activity the rock will be
a magmatic rock in magmatic models. From the point of view of 90 % of its
recrystallization history, the rock is a metamorphic product. The term magma-
{ic-metamorphic granite is clearly a question of a conventional definition which
criterion will be prefered. Such a rock with a small amount of the melt will
hardly be able to move to long distances. Moreover our knowledge of initial
anatexis of massive magmatic rocks are unsufficient up to now according to
our opinion. Moreover it is difficult to distinguish the state of the crystalliza-
tion. Mehnert characterizes this problem in following words (1987b, p. 286):
“All attempts to apply this principle (i.e. solid state crystallization against
melt crystallization — authors’ note) as discriminating proof have until now
failed, since a crystallized melt bear the same characteristics as completely
recrystallized solid rock” or better on p. 301: “The rocks formed by crystalli-
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zation of initial melt (our italics) and those formed by transformation of
solid rocks are primarily indistinguishable from each other, on principle”.

This is the reason why we applaud for the term granitization, i.e. “granitiza-
tion sensu lato”, however in a definition slightly modified between those two
given by Mehnert. According to Mehnert 1) granitization sensu stricto
is a metasomatic process by which previous rocks are converted into granite
(or granite looking rocks) without departing from the predominantly solid
state; 2) granitization sensu lato is a comprehensive term for processes by
which previous rocks are converted into granite — including melting, resolution
or fluidization. According to us 3) granitization is a term for a metamorphic
process and/or incipient stages of anatexis leading to formation of granitic
rocks from pre-existing rocks. We point out “incipient anatexis”; advanced
anatexis should not range with the term granitization. Neither the term
“selective mobilization” (which accentuates migration) nor the term “ultra-
metamorphism” (which remembers high-grade metamorphism) are the suitable
description of the process of granitoid formation. Shallow levels (in situ or
almost in situ) and low degrees of isochemical medium-grade metamorphism
together with deformation effects during orogeny are probable the most
favourable conditions for this process. In this respect and with this restriction
— l.e. granitization as in principle isochemical predominantly metamorphic
process in orogenic conditions, in high levels (in situ or almost in situ) and
with short-distance displacements — our conception of granitization differs
from the most general most large definition of Raguin (1976, p. 9); i.e.
“I'évolution d’un espace qui est devenu, & partir d’une certaine époque,
un massif de granite, quelque soit le processus suivi, sur place ou avec certain
déplacements, d’une partie plus ou moins importante de la matiére.”

If we admit initial stages of anatexis, the question obviously arises where
are the limits to advanced anatexis. Chapell et al, 1987 made recently an
attempt to solve the problem by aid of the idea of so called “restite model”,
an idea previously formulated by Mehnert in European petrology. In the
model of the authors, relatively homogeneous “clean” granites may represent
progressive stages of “clearing” from restite by advanced anatexis. The
authors summarize ten interesting criteria for distinguishing more or less
advanced anatexis. However, we find an other conclusion and observation of
the authors more important and decisive for the granite origin: the same
restite model is applied by them for the origin of associated related volecanics.
If so, this analogy may be explained in our view in two following ways:
granites that originated by advanced anatexis — i.e. from the melt — may be
a) hypabyssal parts of feeders, necks of volcanics, subsequently recrystallized
or not, b) recrystallized volcanogenic products. Thereby, at least for the
second case, the term “granitization” is once more desirable.

To sum up: We deeply agree with Mehnert that long distance metaso-
matic granitization (with long distance import and migration)i.e. granitization
s.s. according to him should be rejected in the formation of granitic complexes.
We defend however the geological significance of large scale granitization
s.l. in the third definition given above. Large scale isochemical metamorphic
granitization should not be rejected. On the contrary, it may be presumably
the most important process in granitoid genesis of most plutonic complexes
in orogenic belts. Obviously we are aware of the fact that no one model of
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granite origin could be deprived of subjective views. We would like to replace
it by an other one if it will enable to explain the phenomena shown in the
preceding chapter more credibly.
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Note in print. A paper of Ebertz — Nicholls (1988) (Geol. Rdsch. 77, 3,
pp. 713—736) deals newly with analogous phenomena at the basic - acid plutonic
contact as described above. The authors try to explain ocellar quartzes and feldspar
megacrysts in microgranular enclaves in favour of “magma mingling” model. Accor-
dingg to our view, the difficulties and constraints on this explanation are wel seen
from the paper: the granite that consolidated up to the quartz phase would hardly
be able to mix with the basic magma.
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