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Abstract

Némec, D., 1997: High-Al amphibolites of the Bohemian-Moravian Heights. Acta Mus. Moraviae, Sci.
geol., 82:63-72.

In the Bohemian-Moravian Heights high-Al amphibolites having 21-22 wt % Al,O, were observed in
four amphibolite complexes (at Kozlov, Radice and RoZnd in the StriZek subdivision of the
Moldanubian Complex, and at Kasany in the southernmost part of the Svratka Complex). Their occur-
rences evidently are only solitary and of small extension. Their high Al,O, level is either due to their ele-
vated content of basic plagioclase, whose share in the rock exceeds 50 %, or due to the extremely high
basicity of the constituting plagioclase (anorthite) in rocks with otherwise current petrography. Before
regional metamorphism the rocks were leucogabbros and high-Ca gabbros. This view is also supported
by the fact that similar basic types rich in basic plagioclase are common within the family of plutonic
rocks, but exceptional within the family of volcanic rocks, and by the geochemical signature of the
rocks. The metaleucogabbros represent an additional type among the pre-metamorphic gabbroic proto-

liths which, in the Moldanubian Complex of the Bohemian-Moravian Heights, also include Mg and Fe
metagabbros.
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Introduction

Amphibolites are petrographically monotonous, representing simple, mostly only
bimineral, assemblages. This is due to an extraordinarily broad chemical variability of
amphiboles, so that variable original mineral assemblages, which include plagioclase,
clinopyroxene, olivine and magnetite, yield, after regional metamorphism, only amphi-
bole as a product. The variability of the original protoliths of amphibolites can be dis-
closed only when various approaches are applied which mostly base on the chemical
composition of the rocks. In the Moldanubian Complex of the Bohemian-Moravian
Heights (Ceskomoravska vrchovina) the protoliths comprise various types of basaltic and
gabbroic rocks (Némec 1994, 1996, in print a, b). There, also, peculiar high-Al amphi-
bolites were detected. They are characterised by Al,O, contents which range from 21 to
22 wt % (Fig. 1). The goal of the present paper is to characterise them and to decipher
their genesis. The bulk rock-analyses used were mostly performed by H. Cervena at the
former Geoindustria Laboratory in Jihlava.
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Petrographic characterisation of the localities

RoZnd. The occurrence of the high-Al amphibolite lies within the amphibolite zone
which runs the length of about four kilometers between the RoZna and the Rodkov villa-
ges. The zone probably represents a metamorphosed ophiolite complex in that it includes
rare serpentinite bodies and amphibolites which have the chemistry of gabbros, rarely
also that of basalts (Fig. 2). The low-Al amphibolites which predominate in the locality
are small to medium grained. Their hornblende is light coloured. Biotite is subordinate.
Plagioclase is a basic andesine. Titanite is an accessory.

The high-Al amphibolite does not differ megascopically from other amphibolites of
the zone. The grainsize of hornblende is medium (1-2 mm). Plagioclase is finer (tenths
mm), forming, however, accumulations whose dimensions correspond to the amphibole
crystals. The rock consists only of amphibole and plagioclase. Amphibole is brown-
green and very slightly pleochroic. Plagioclase is anorthite (90-100% An).

Kasany at Ujé¢ov. The locality is about 2 km north of the town of Nedvédice, in the
southernmost projection of the Svratka Complex, near the boundary with the Moravian
Complex. Most of the fragments occurring there belong to the low-Al amphibolite. The
grainsize of the amphibolite are tenths mm. The grey-brown hornblende strongly predo-
minates in it over basic andesine. Garnet is a scarce irregular constituent.

The high-Al amphibolite is rare. Its grainsize is coarser (1 mm). Light constituents
prevail in it. Hornblende is very light green-brown. Plagioclase is of two kinds. Most of
it is finely polysynthetically twinned, often sericitized and basic (67-80% An). A clear
untwinned, probably younger, plagioclase is scarcer. Garnet is rare and titanite very rare.
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Fig. 1. Distribution of Al,O, contents (wt %) in 210 amphibolite samples from the
Moldanubtan Complex of the Bohemian-Moravian Heights.

Obr. 1. Distribuce obsahit ALO, (vah. %) ve 210 vzorcich amfibolitd z moldanubika Cesko-
moravské vrchoviny.
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Kozlov at Kfizanov. The occurrence lies on the boundary of the Variegated and
Gfohl Gneiss Groups. Fragments of amphibolite are scattered in fields near the KfiZanov
railway station, being part of a long amphibolite zone which runs in the NE-SW direc-
tion. There, also, the medium-grained low-Al amphibolite largely prevails, being compo-
sed of dirty green hornblende, plagioclase (53-55% An), minor clinopyroxene, and
accessory titanite and opaques. Dark coloured constituents predominate over plagioclase.

The high-Al amphibolite is rare. It exhibits inequigranular texture and large grain-
size (2 mm). It consists of dirty green hornblende, minor biotite and basic (89% An) pla-
gioclase which is the dominant constituent of the rock. Titanite and relatively abundant
apatite are accessories.

Racice. The high-Al amphibolite was identified in an amphibolite zone which runs
between the Ralice and the Dlouhd villages in the StréZek subdivision of the
Moldanubian Complex, on the boundary between the Variegated and Monotonous
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Fig. 2. AFM diagram showing samples of serpentinite (square), high-Al amphibolite (triangle) and low-Al
amphibolites (points) from the RoZna amphibolite complex. The encircled areas give fields of ultraba-
sites (a), gabbros (b) and basalts (c) of the Oman ophibolite complex (according to Alleman and Peters
1972).

Obr. 2. Diagram AFM se vzorky serpentinitu (étverec), vysoce hlinitého amfibolitu (trojihelnik) a basalti
(body) z roZenského amfibolitového komplexu. V krouZcich jsou pole ultrabasiti (a), gaber (b) a ba-
saltl (¢) ofiolitového komplexu Omanu (podle Allemana a Peterse 1972).



Groups. The sample has small to medium grainsize. Its mode is as follows (vol. %): 40
hornblende, 58 plagioclase (about 50% An), 2 titanite. The hornblende is strongly pleo-
chroic (light brown — dark green). Other amphibolite types of the locality were not exa-
mined. Klapové (1977) reports from Ragice a pyroxene amphibolite with (vol. %) 46
hornblende, 9 pyroxene, 44 plagioclase, 0.4 titanite, 0.9 opaques.

Bulk rock chemistry

Rozna. All the samples examined from the locality possess gabbroid chemistry
which corresponds simultaneously to that typical of gabbros of the ophiolite complexes.
As seen in Fig, 2, all samples but one plot into, or near, the field of gabbros, while only
one corresponds chemically to basalts. All the samples have high mg numbers and low
TiO, and P,O; contents (Table 1) which are all features typical of amph1bohtes associa-
ted with serpemlmtes Their contents of alkalies are higher than usual in gabbros of the
ophiolite complexes. The amphibolites probably were ennched by alkalies during regio-
nal metamorphism, which took place in higher zones of the almandine amphibolite fa-
cies. The influx of alkalies is particularly conspicuous in an about two meters large
amphibolite pod imbedded in gneiss, whose K,O content (3.16 wt %) is unusually high.
Similar enrichment of metabasites by highly mobile elements is common in strongly me-
tamorphosed terranes (Bodinier etal. 1986, Cabanis etal. 1983, Koller 1985). In
contrast, the mg numbers of metabasites mostly does not change after regional meta-
morphism (Biisch etal. 1979).

The high-Al amphibolite differs chemically from all the other amphibolite samples
of the locality by its higher Al,O, and CaO contents. As the share of plagioclase in all
samples is approximately similar, this difference is evidently due to raised basicity of the
plagioclase in the high-Al amphibolite (Table 1).

Kasany. The low-Al amphibolites of the locality correspond chemically to the usual
type of the Molanubian metavolcanic amphibolites (Table 1). Considered as magmatic
rocks, their chemistry is gabbroid or gabbrodioritic. Their main difference from other
amphlbolltes consists in their relauvely high P,O; contents attaining up to 0.59 wt %,
which is the highest content ever recorded in the amphibolites of the Bohemian-
-Moravian Heights (compare Fig. 3 in Némec 1996). The Zr content, too, is abnor-
mally high (Fig. 3). This is in accord with the high P,O. content of the rock (compare
Fig. 2in Némec 1994), as the two elements show a geochemical coherence (Gill and

Table 1. Some chemical and normative (CIPW) data on high-Al amphiboles and associated
rocks, western Moravia.

Locality Type Sample ALO, CaO TiO, PO, An fels'  fem? mg
No wt% wt% wt% wt% norm.
21.07 1498 034 013 99 600 377 76

RoZzna  high-Al

low-Al 2* 1401 10.35 095 0.10 56 50.6  46.0 71
low-Al 3 15.49 9.30 096  0.10 64 582 395 3
low-Al 4 1725 10.73 .12 0.2 57 61.7 362 62
Kasany high-Al 2 2159  13.02 0.38  0.06 81 672 293 66
low-Al 1 14.03 9.00 244 059 41 548 416 47
low-Al 3 12.83 9.96 2,60  0.36 42 496 477 52
Kozlov  high-Al 21.75 1277 .16 0.48 82 69.5 256 57
Racice  high-Al 2150 1221 086  0.10 70 70.8 282 48

! fels = an+ab+or+ne
* fem = di+hy+ol+il+mt
according to Klapova (1977)
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Bridgwater 1979), due to their similar behaviour during differentiation processes of
basic magmas.

The high-Al amphibolite differs from the low-Al amphibolites not only with the
ALO, content, but also with the strikingly low TiO, and P,O; contents (Table 1). High
Al, 0 and CaO contents of the rock result in high share of ba51c plagioclase so that the
rock is chemically gabbroid.

Kozlov. The high-Al amphibolite of the locality is rich in basic plagioclase, which
makes the chemistry of the rock leucogabbroid. Compared with the global average of
gabbros (LeMaitre 1976) the rock exhibits a relatively high P,O, content. The K,O
content is also enhanced, evidently due to the presence of minor biotite in the rock.
Similar elevated K,O contents of amphibolites are usually ascribed to an input during re-
gional metamorphism (Biisch et al. 1979).

Racice. The high-Al amphibolite is chemically similar, except for Al,O,, to the cur-
rent Moldanubian amphibolites of the Bohemian-Moravian Heights. Its high content of
basic plagioclase results in its considerable Al,O, content and in its leucogabbroid che-
mistry.
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Fig. 3. TiO, (wt %) vs Zr (ppm), Moldanubian amphibolites of the Bohemian-Moravian Heights (dots).
Triangle - the Kasany low-Al amphibolite.

Obr. 3. Korelaéni diagram TiO, (vah %) — Zr (ppm) v moldanubickych amfibolitech Ceskomoravské vrcho-
viny (body). Trojihelnik - nizce hlinity amfibolit od Kasan.
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General chemical characteristics of the high-Al amphibolites. The SiO, contents of
all the samples investigated range between 44-49 wt %. They are just Si-saturated
(Kasany) or Si-deficient, being ol- and ne-normative (all the other localities). Their oxi-
dation ratio of iron is relatively considerable. The rocks have similar Al,O, and CaO con-
tents, but diverse TiO, and P,O. contents, mg numbers and normative An numbers. This
probably has genetic reasons. Their high Al,O; contents are either due to the extreme ba-
sicity of the constituting plagioclase of the rock which otherwise has usual mode
(RozZnd), or due to increased content of basic plagioclase (all the other samples). In the
first case, the chemistry of the rock remains gabbroid, whereas in the second it becomes
leucogabbroid. This is also demonstrated by Fig. 4.

Genesis

Among the high-Al amphibolites examined, two types can be distinguished accord-
ing to their petrography and chemistry. The first type is represented only by the Rozna
sample. Its grainsize, basicity of plagioclase and high share of normative femic consti-
tuents (Table 2) point to an original gabbro. Except for alkalies it corresponds chemically
to some gabbros of the Ransko massif (Misaf 1974). Also some gabbros from the
Nowa Ruda massif in Polish Sudets (Pin et al. 1988) and from the Mid-Atlantic Ridge
(Thompson 1973) are very similar to it.

The three remaining samples analysed are less femic and correspond by their bulk
rock chemistry to leucogabbros which appear subordinately in ophiolite complexes of
Cuba (Kudélasek et al. 1984), Saxony (Rossler et al. 1986), the Alps (Koller
1985) and the Urals (Dobretsov and Aschepkov 1991). The plagioclase-rich varie-
ties are common in the gabbro family (there, continuous transitions exist from gabbros to
anorthosites), as their development requires differentiation which is favoured by plutonic
crystallization. In ophiolite associations they mostly are of cumulative character.
Nevertheless, plagioclase-rich types are locally also reported from the rocks of the basal-
tic family (Flower 1980, Hock and Koller 1989).

An important support for the appurtenance of the rocks to the original gabbros is
provided by their geochemical signature, which departs markedly from that of the
MORB-derived metavolcanics of the region (Fig. 5). Only the contents of the large-ion
lithophile elements are similar, but it is due to an additional enrichment during regional
metamorphism, accompanied with strong migmatisation of pelitic rocks which affected
all metabasics of the region (Némec in print b).

On the other hand, the spidergram of the Kasany high-Al amphibolite corresponds
to that of the low-Al West Moravian metagabbros (Fig. 5, Némec 1996) as well as to
that of the Saxonian metagabbros. including those labelled as high-Al metagabbros (they
contain 22.1 wt % AL O, on the average) by Rossler et al. (1986) (Fig. 6). Particularly
a strong Zr and Ti depletion associated with high MgO and low FeO,, contents are typi-
cal features of ophiolite gabbros in many regions of the world.

In the Kasany and Kozlov samples whose plagioclase displays large grainsizes, pla-
gioclase perhaps could be a relict mineral. This possibility is corroborated by finds of re-
lict gabbros in some West Moravian amphibolite complexes (Némec 1994, in print b).
In the RoZnd sample, whose plagioclase has fine grain, this possibility must be excluded.

In the RoZna locality the high-Al amphibolite is probably part of a metamorphosed
ophiolite complex (Fig. 2). Its chemistry is so similar to the other metagabbros of the
locality that they all could have been differentiation products of a common parental
magma.
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Fig. 4.

Obr. 4.

Table 2. Chemical analyses of high-Al amphibolites, western Moravia (wt %).

Analysts: 1. Zavadilovd (No. 1), H. Cervend (all other analyses).

Roznd, No 1 Kasany, No2 Kozlov Racice
Si0, 43,76 48.93 44.24 47.17
TiO, 0.34 0.38 1.16 0.86
ALO, 21.07 21.59 21.75 21.50
Fe,O, 1.50 1.54 2.34 3.26
FeO 4.26 4.01 491 5.47
MnO 0.05 0.09 0.06 0.14
MgO 9.87 5.86 =3l 445
Ca0 14.98 13.02 12.77 1221
Na,0 1.52 1.36 1.51 2.85
K.,0 0.54 0.97 1.76 1.27
P,O. 0.13 0.06 0.48 0.10
H,0* 1.69 1.63 241 1.47
H,0- 0.16 0.24 0.33 0.14
Total 99.87 99.68 99.23 100.89
FeO,, 5.61 5.40 7.02 8.40
mg 0.75 0.66 0.57 0.49
CIPW norm
or 33 5.8 10.6 75
ab 1.6 11.5 10.5 17.8
an 48.9 49.9 473 42.1
ne 6.2 - 1.1 34
di 19.2 112 9.9 13.6
hy - 15.1 - -
ol 15.8 - 9.9 8.1
ap 0.3 0.2 1.1 03
il 0.6 0.8 2.3 1.7
mt 2.1 2:2 35 4.8
Q - 1.2 -
ab+an 50.5 61.4 57.8 599
An (norm.) 97 81 82 70
Alx03
High-Al amphibolites of Western Mo-
ravia (points) in terms of Ca0, MgO
and AL,O, (wt %). Ruled area - field of An
Cuban ophiolite gabbros (according to A
Kudélisek et al. 1984, the dot within it ‘
— the RoZna high-Al amphibolite).
Triangle — Cuban leucogabbro contain- 9.
ing 75 % plagioclase. An — anorthite.
Vysoce hlinité amfibolity zdpadni
Moravy v diagramu CaO-MgO-Al,O,
(vih %). Carkovang je vyznafeno pole
kubdnskych gaber ofiolitové formace
(podle Kudéliska et al. 1984, bod upro-
stfed ného znadi vysoce hlinity am-
fibolit od RoZné). Trojihelnik — kubdn-
ské leukogabro s 75 % plagioklasu. An
— anortit. CaO
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In the RoZnd and Kasany localities that were examined in greater details, it seems
that the occurrences of the high-Al amphibolites within the amphibolite complexes are
only very limited.

Conclusions

High-Al amphibolites were identified within four amphibolite complexes (at RoZna,
Kozlov and Radice in the Strizek subdivision of the Moldanubian Complex and at
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MORB-derived Moldanubian amphibolites of
the Bohemian-Moravian Heights (dotted field,
26 samples). of the Mg metagabbro from
Nalou¢any, Western Moravia (dots) and of the
metaleucogabbro from Kasany (triangles). The
normalizing values from Pearce (1982).
Mnohoprvkové diagramy normalizované na
MORB moldanubickych amfibolitd Ceskomo-
ravské vrchoviny vzniklé z MORB (te¢kované
pole, 26 vzorkl), metagabra Mg od Nalouéan,
zdapadni Morava (body) a metaleukogabra od
Kasan (trojihelniky). Normalizani hodnoty
od Pearce (1982).

Obr. 6.

the metaleucogabbro of Kasany (triangles), of
average pre-Variscan metagabbro (circles) and
average high-Al metagabbro from the ophio-
lite series of middle Saxony (dots, according
to Rossler et al. 1986).

Mnohoprvkové diagamy normalizované na
MORB leukogabra od Kasan (trojihelniky),
primérného metagabra (krouzky) a pramér-
ného vysoce hlinitého metagabra (body) ofio-
litovych serii stfedniho Saska (podle Résslera
et al. 1986).



Kasany in the Svratka Complex). Their Al,O, contents range between 21 and 22 wt %.
Their occurrences seem to be only exceptional and spatially very limited. Their enhanced
ALO; contents are either due to their raised content of basic plagioclase, whose share in
the rocks exceeds 50 vol. %, or due to extreme basicity of the constituting plagioclase
(anorthite) of the rock with otherwise usual modal composition. The rocks were origi-
nally leucogabbros and high-Ca gabbros, as is also endorsed by their geochemical signa-
ture. The leucogzhbros represent a further type of gabbroic protolith identified in the
amphibolites of the Bohemian-Moravian Heights, in addition to the already previously
described Fe- and Mg-metagabbros.

SOUHRN

Vysoce hlinité amfibolity byly identifikovény uvnitf étyf amfibolitovych komplexi (u Rozné, Kozlova
a Racic ve strazeckém moldanubiku a u Kasan ve svrateckém krystaliniku). Jejich obsah Al,O, je v rozsahu
21-22 véh. %. Jejich vyskyty jsou patrné jen vyjime&né a prostorové velmi omezené. Jejich vysoké obsahy
Al O, byly zpisobeny bud zvysenym obsahem bazického plagioklasu, jehoZ podil v horniné pfesahuje 50 %,
nebo extrémni bazicitou plagioklasu (anortit) pfi jinak béZném modalnim sloZeni amfibolitu. Pravdépodobné
3lo puvodné o leukogabra a vysoko vidpenata gabra. Nasvéd¢uje tomu i geochemicka signatura téchto hornin.
Leukogabra predstavuji dal$i typ gabroidnich protoliti zji§ténych v amfibolitech Ceskomoravské vrchoviny,
v nichz byla identifikovana je§té metagabra Fe a Mg.
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