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Margarite, i. e. the Ca—Al brittle white mica, has been identified in the form of inclusions in garnets from mica
schists of the Micaschist Zone of the Kutnd Hora Crystalline Complex (Central Bohemia). In association with other
mineral inclusions like chlorite, quartz, staurolite, clinozoisite and ilmenite, it represents an older metamorphic
stage of a prograde evolution of the host rocks, which took place under conditions of greenschists facies transitional

to lower amphibolite facies.

Introduction

Margarite, Ca—Al white brittle mica, is not a
common mineral for Variscan rocks in the Bo-
hemian Massif. Numerous studies (Frey 1978,
Frey et al. 1982, Bucher-Nurminen et al. 1983,
Cotkin et al. 1988), however, show that margar—
ite can be relatively important rock-forming
mineral, as it was proposed by Winkler (1979).
In detail, the occurrences of margarite are de—
scribed well in rock sequences from Central Alps
(Frey et al. 1982, Bucher—Nurminen et al. 1983)
as a product of Tertiary Alpine metamorphism.
Most frequently margarite participates in cal-
careous schists (metamarls) often graphitic, in
general it can be present in metapelites as well
as in metabasites, anorthosites and bauxites,
coexisting with a variety of minerals including
calcite, quartz, plagioclase, zoisite and clino—
zoisite, kyanite, chloritoid, garnet, corundum,
dolomite, chlorite, paragonite, muscovite and
biotite.

This paper is a description of margarite
from numerous minute inclusions in garnets
from mica schists belonging to the Kutna Hora
Crystalline Complex, as well as its coexisting
mineral assemblage giving an evidence about
the metamorphic history of the rocks.

Geological setting and petrology
of host rocks

The margarite-bearing mica schists are impor—
tant rocks of the Micaschist Zone — the lower—
most unit of the Kutnd Hora Crystalline Com—
plex, Central Bohemia (Synek - Oliveriova
1992), which has tectonic contact with the un—
derlying Varied Group of the Moldanubian Zone

(Fig. 1). The authors suppose that the Micas—
chist Zone is covered by relics of the Koutim
Nappe in the western part of the Kutnd Hora
Crystalline Complex and in the East underlies
the Gféhl Unit.

The Micaschist Zone is formed by a mo-
notonous sequence of metapelites intercalated
by numerous bodies of amphibolites.

The metapelites appear in various forms
due to the character of protolith as well as an
intensity of their tectonometamorphic rework—
ing. In general they have a character of mica
schists with lepidoblastic textures.

The garnet-bearing mica schists show an
obvious polymetamorphic character of the whole
sequence. The common mica schist constituents
are garnet, kyanite, staurolite, muscovite,
biotite, plagioclase (oligoclase) and quartz, tour—
maline, apatite, zircon, rutile and/or ilmenite as
accessories. A younger sillimanite together with
micas grew at foliation planes and in pressure
shadows close to rotated granet. The youngest
tectonic overprinting, operating in narrow
strike—slip zones has resulted in alterations such
as chloritization, muscovitization and serici—
tization.

The amphibolites are fine—grained rocks
with banded structure, the greenish layers al—
ternate with the blackish ones. The banding of
amphibolites has evidently a tectonic origin.
These rocks, in which the essential constituents
are hornblende, plagioclase (bytownite to
anorthite), diopside, Ca—scapolite, clinozoisite
and/or epidote together with titanite, are re—
markably rich in calcium.
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Fig. 1. Geological sketch map of
the Kutnd Hora Crystalline
Complex (modified according to
Synek - Oliveriovd, 1992) with
the location of the margarite—
bearing mica schists (crosses)
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The position of Margarite

Margarite forms inclusions in garnet grains (Fig.
2) from the areas near Solopysky and Rataje.
The average garnets are 1-1.5 cm in size. Mar—
garite resembles muscovite under parallel as
well as crossed nicols, having only a higher re—
lief, lower birefrigence and angle of extinction.
The small subhedral scales of margarite are up
to 0.5 mm in size and associate with other in—
cluded minerals such as Fe—chlorite, clinozoisite,
quartz, staurolite, ilmenite, tourmaline. In gen—
eral the inclusions are randomly distributed and
also the garnets are often well crystalographi—
cally shaped. These facts indicate that the rock
was not affected tectonically very intensively
during the conditions of metamorphic peak and
that is the reason why the inclusions have been
preserved. Margarite occurs also in garnets from
mica schists cropping out in several places near
Rataje. However, these rocks underwent a
stronger tectonic reworking, so margarites are
very rare and present only in the garnet core.
These garnets include also muscovite sheets in
addition to the minerals already mentioned.

Even though the occurrences of the exotic
inclusions may appear minor in terms of the
mineral assemblage actually forming the rock,
their importance consists in their role as a docu—
ment of the previous rock—forming mineral as—
sociation formed during the preceeding meta-—
morphic event (Ballevre et al. 1989, El-Shazly
el al. 1991 and others).

4~ THRUST BORDERS

Mineral chemistry

Margarite inclusions from three localities (S-1,
R-58, R-59) were analyzed with electron micro—
probe JEOL JXA 50A at the Geological Insti-
tute CSAV under the following analytical con-
ditions: 15 kV accelerating voltage and 15-nA
beam current on a 10 pm spot. Mineral formu—
las were calculated by means of program MIN- -
CALC written by Melin & Kunst & Machart
(GLU CSAV).

The margarite analyses (see Tab. 1) show
variations in their Si/Al ratio (0.515-0.571),
which is always higher than in the end-mem-
ber margarite (0.5). The octahedral positions are
occupied mainly by Al (3.91-3.97) with minor
amounts of Fe (1.16-0.06) and Mg (0.02-0.04),
and very small amount of Ti (0.01-0.03) and Mn
(up to 0.01). In the interlayer position an appre-
ciable amount of Ca is replaced by Na (11.5-20.5
% of paragonite end-member) but K is always
low (up to 2.5 % of muscovite end—member).

When comparing the analyses from Solo—
pysky (S-1, the central part of the Micaschist
Zone) and Rataje (R-58, R-59, the Rataje zone)
the greatest difference was found in the content
of muscovite end—member in margarite: it rep—
resents 2-2.5 % in the Rataje Zone in contrast
to 0-0.1 % in the central part. Also the para-
gonite end—member reaches slightly higher val-
ues in margarites from the Rataje zone.
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Fig. 2. a) A microscopic detail of a garnet core contain—
ing margarite with the other associated mineral inclu-
sions.

b) A position of the inclusions—beraing garnet in
surrounding matrix (locality S-1). The main foliation is
underlined by kyanite, staurolite and micas, inside tec—
tonic pressure shadows there are biotite intergrown with

muscovite nearby plagioclase—quartz network 1cm
L J
Si0p & Hy0 Si07
Excess Table 1. Representative margarite analyses and
Mol % structural formulae on a basis of 22 oxygens. Analyzed at

GLU CSAV by A. Langrovd, M. Kozumplikové and L. Thin.
Total Fe is considered as FeO, H,O is calculated

sample S5-1 S-1 S-1 R-59 R-59 R-58
Si0, 31.20 30.33 30.29 30.47 30.80 32.56
TiO, 019 019 001 010 0.01 0.26
AlLO, 49.52 49.83 49.87 48.40 48.40 48.42
FeO 094 089 092 141 150 054
MnO = 0.01 0.01 0.07 013 0.10
1 MgO 016 0.20 011 021 022 017
CaO 11.55 11.66 12.27 11.16 11.20 11.13
o Na,0 1.33 131 090 1.23 1.30 1.64
K,0 001 0.01 - 0.25 0.27 029
H,0 452 452 451 451 450 453
Total 99.42 98.97 98.89 97.81 98.57 99.64
Si 416 4.07 4.07 415 416 4.33
AlIV 3.84 393 393 385 3.84 367
Y 8.00 8.00 8.00 8.00 8.00 8.00
AlVI 3956 396 397 392 392 391
Ti 0.02 0.02 0.00 0.01 0.01 0.03
Fe 2+ 011 010 010 116 017 0.06
Mn - 0.00 0.00 0.01 0.02 0.01
Mg 0.03 0.04 0.02 0.04 0.04 0.03
VI 411 412 4.09 414 414 4.04
Ca 165 167 1.77 1.63 1.62 1.58
Na 034 0.34 023 033 034 042
K 0.00 0.00 - 0.04 0.06 0.05
T e %int 199 201 200 200 201 205
Fig. 3. Univariant curves pertinent to the stability of End-member molecules
margarite plus quartz in the system H,0-Ca0-Al,0,-Si0, margarite 829 831 885 815 801 771
according to Storre — Nitsch (1974) and Jenkins (1984). In— paragonite 171 169 115 165 169 205
variant point involves the phases anorthite (An), kyanite muscovite 01 01 - 25 25 24

(Ky), margarite (Marg), zoisite (Zo) and H,0 (V). Dash~dot
boundary is metastable in quartz (Qtz) excess system
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Metamorphic significance of margarite

Margarite represents a mineral, which can oc—
cur in rocks metamorphosed in PT regime of
greenschist and lower amphibolite facies (Storre
and Nitsch 1974, Winkler 1979, Perkins et al.
1980, Frey et al. 1982, Bucher—~Nurminen et al.
1983, Jenkins 1984, Cotkin et.al. 1988 and oth—
ers. Under conditions of the upper amphibolite
facies this mica can be stable only when the rock
is undersaturated in Si0, (Jenkins 1984, Cot—
kin et al. 1988).

The stability of the mineral pair margarite
+ quartz in the system CaO - Al,0, - SiO, - H,0
(CASH) is the main object of studles by Storre
and Nitsch (1974) and Jenkins (1984). Accord—
ing to them margarite + quartz can participate
in the following reactions (Fig. 3):

Marg + Qtz = An + Ky + HO (A)
Marg + Qtz = Ky + Zo + H.O (B
Marg + Qtz + Zo An + HO (D)

11

Reaction D is limited by the absence of an
Al,SiO, phase. Reaction B takes place at higher
pressures and lower temperatures while reac—
tion A is restricted to the field of low to middle
pressures and slightly higher (but in fact still at
lower to middle values) temperatures (see Fig.
3). Reinvestigation made by Jenkins (1984) re—
vealed dP/dT slope of the reaction B to the less
steep than according to calculation of Storre and
Nitsch (1974), while the determination of the
reaction A in PT space was confirmed by Jenkins
(1984).

Taking into account the assemblage en-
closed in the garnet and comparing it with the
assemblage in the matrix it is obvious that the
reaction A is the most real for determination of
the rock early evolution. According to Perkins et
al. (1980) and Cotkin et al. (1988) this reaction
can take place in pressure range approximately
from 1.9 kbar to 8.2 kbar and temperatures from
about 410 °C to 610 °C (the upper limits are co—
ordinates of invariant point I).
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Conclusions
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Ca-Al slida margarit - jeji vyskyt a metamorfni vyznam

ve svorech kutnohorského krystalinika

Margarit, kifehkd svétld Ca-Al slida, byl nalezen v podobé uzavienin v grandtech metapelitii ndleZejicich svorové zénc
kutnohorského krystalinika. Vyskytuje se v asociaci s ostatnimi minerdlnimi uzavfeninami. tj. chloritem, kfemenem,
sturolitem, klinozoisitem, ilmenitem, a dokumentuje tak starsi metamorfni stadium progradniho vyvoje horniny, které se
odehridvalo za podminek svrchni facie zelenych btidlic na piechodu do spodni amfibolitové facie.
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RECENZE

Geologie Moravy a Slezska — Sbornik p¥i-—
spévki k 90. vyroéi narozeni prof. Dr. Karla
Zapletala. Sestavili A. Prichystal, V. Obstova
a M. Suk. Vyd. Moravské zemské muzeum a
sekce geologickych véd P¥F MU, 168 str. Brno,
1993.

Devadesaté vyroti narozeni vyznamného moravského
geologa a zakladatele brnénské geologické koly prof.
K. Zapletala se stalo vhodnou p¥ileZitosti nejen k zamysleni
nad osobnosti a dilem K. Zapletala (1903-1972), ale i velmi
véasnou pobidkou k rekapitulaci a bilanci souasnych
védomosti o geologii Moravy a Slezska.

Recenzovany sbornik p¥indsi souhrnné stati o geologii
Moravy a Slezska v nevsedn{ tiplnosti, Po kratké tvodni
stati o osobnosti K. Zapletala jsou pfispévky sefazeny
v geologicko—chronologickém pofadi od prekambria po
kvartér: v souhrnnych statich je zastoupen brnénsky masiv
(P. Mitrenga, L. Rejl), zdpadomoravské krystalinikum
(I. Stérkova a kol.), silesikum (B. Koverdynsky), moravské
paleozoikum (J. Dvoidk), vulkanismus od paleozoika po
kvartér (A. Pfichystal), vulkanosedimentdrni loZiska
zeleznych rud (J. Tomaik),metalogenetické poméry Moravy
a Slezska (B. Fojt), permokarbon boskovické hrazdy
(L. Maly), kiida Ceského masivu (V. Miiller), flySové pasmo
Zapadnich Karpat, autochtoni mezozoikum a paleogén
(Z. Strdnik, E. Mengik, M. Elids, J. Addmek), karpatskd
pfedhluberi (R. Brzobohaty, I. Cicha), videiiskd pdnev
(S. Buchta), a geologicky vyvoj Moravy a Slezska v kvartéru
(R. Musil). Stati o problémech regiondlniho geologického
tlenéni Moravy a Slezska (M. Suk) a o nejzajimavéjsich
mineralogickych lokalitdch (M, Novdk) shornik uzaviraji.

Je zfejmé, Ze geologie Moravy a Slezska skytd mnoho
nevyfe$enych problémi od prekambria po kvartér, pfidemz
jde mnohdy o problémy zdsadni (napf. stdii mnohych
krystalinickych komplext, styl tektonické stavby ve

varisciddch, pomér mezi autochtonnim a allochtonnim
mezozoikem a terciérem, aplikace chronostratigrafickych
schémat v kvartéru). I kdy? jednotlivé prispévky ve
sbornilcu nutné piindseji v mnohych piipadech ndzory a
koncepce ovlivnéné subjektivnim pFistupem autord, ktery
byvd jinymi pracovniky kritizovdn (to plati zvldsts
o nékterych tektonickych koncepeich variscid a hodnoceni
stdfi i stavby krystalinickych jednotek), jsou pfindsené
souhrnné stati pfehledné a obeens velmi uziteéné.
Autortim i editorim se podatilo obsdhnout ve shorniku
témér vSechny hlavni geologické jednotky Moravy a
Slezska, a to v inosném a kvantitativneé odpovidajicim
rozsahu p¥ispévki. Z vyznamnych geologickych jednotek
chybi pouze bliz#{ hodnoceni Krdlického Snéinikn a
Rychlebskych hor, variskych granitoida a karbonu horno—
slezské panve. Obsah jednotlivych praci je celkové vyvdzeny
- osobné mne nejvice zaujaly stati o geologickych problé—
mech silesika, moravského paleozoika, vulkanismu a
kvartéru, které shrnuji v ucelené formé poznatky jinak
rozptylené v rozsdhlé domdei a p¥ip. zahraniéni literatute.
Totéz ovsem platii o naprosté vétiing ostatnich prispévki,

takZe jsem presvédéen, e shornik bude uziteény vsem, ktei'i

se zabyvaji nebo budou zabyvat geologii Moravy a Slezska.
Srovndme-li kvalitativni i kvantitativni droveii poznat—
kii o geologii Moravy a Slezska se Zapletalovou “Geologii a
petrografii zemé Moravskoslezské” z roku 1932, mame pied
sebou nejen nézorny piiklad viestranného pokroku, ale i
stdle pfetrvdvajicich problémt, fefenych jiz Fadou generaci
geologti (je 8koda, Ze pravé oteviené otdzky vétsinou autofi
neuvadéji, coz byvd obecnym znakem souhrnnych spist).
Je nesporné, Ze realizaci sborniku naplnili autoii i editofi
nejlépe odkaz prof. Karla Zapletala — nejvyraznéjsi osob—
nosti moravské geologie prvé poloviny 20. stolet.
Objedndvky na knihu, vyddvanou v dotisku, prijimd
Katedra geologie a paleontologie, Piirodovideckd fakulta
Masarykovy univerzity, Kotldiskd 2, 611 37 Brno. Cena
72,— K& je vzhledem k obsahu i rozsahu vice ne# solidni.
ITvo Chlupdé



