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Symposium

,Petrogenetic aspects of ophiolites and similar complexes*

(Kosice, September 27, 1983)

It is a well established tradition that in the frame of every year organized
common fieldwork of the members of working groups, 2.1 and 2.2 of the
Problem Commission IX of the multilateral agreements of Academies of Science
of Socialist Countries, also thematic symposiums are being organized. Resuits
of single working groups or, scientific achievments of larger working teams
are presented. This kind of symposium devoted to the indicated theme was
held in KoSice on September 27, 1983. The majority of presented papers is
included in this issue of the Mineralia Slovaca.

I am pleased to express, also in the name of the members of working groups
2.1 and 2.2, appreciations to the Editor of the journal and to its Editorial Board
as well as to the members of redaction for the quick preparation of papers
generated from the Symposium into a single, issue. Our thanks are so much
sincere as materials are issued in the shortest time possible after the date of
Symposium.

Stalo sa dobrou tradiciou, Ze sa v réamci kazdoroénych spoloénych terénnych
prac ¢lenov pracovnych skupin 2.1 a 2.2 problémovej komisie IX mnohostran-
nych dohéd akadémiil vied socialistickych $tadtov organizuju aj tematické sym-
pozia. Prezentuju sa na nich vysledky prac élenov skupin, resp. celych kolek-
tivov. Takéto sympoézium sa pod uvedenou Ustrednou témou konalo aj 27. sep-
tembra 1983 v Kogiciach. Prevaznd &ast referitov je zahrnutd do tohto é&isla
casopisu Mineralia slovaca.

V mene pracovnych skupin 2.1 a 2.2 si dovolujeme vyslovif podakovanie
vydavatelovi ¢asoposu, jeho redakénej rade a v neposlednom rade aj pracov-
nikom redakcie za zaradenie materidlov sympoézia a ich pripravu do jedného
Cisla casopisu. Nasa vdaka je o to Uprimnejsia, Ze materidly sympdzia vycha-
dzaju v maximalne moznom kratkom termine po konani sympdzia. '

D. Hovorka



Udastnici sympdzia pri vyklade o geologickej stavbe zony ,blueschist vo vnutornych
Zapadnych Karpatoch

Participants of the Symposium attending the explanation on the geology of the
blueschist-zone in the Internal Western Carpathians

Ucastnici sympdzia pri §tudiu komplexu ,blueschistu®
Participants of the Symposium examining an outcrop of blueschists
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Problem of the jadeite rocks, associating with ophiolites
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Problem of the jadeite rocks, associating with ophiolites

The importance of jadeite rocks as an indicator of high pressure in the
Earth’s crust was outlined by Sobolev. Jadeite is characteristic mineral
of some glaucophane schist but pure jadeitite occurs only in serpentinite
melange. In the Borus mélange (West Sayan) the origin of jadeitites
during metasomatic alteration of eclogites was established (Figs. 1—3).
Glaucophane schists with jadeitic pyroxenes were found as tectonic
sheets at the base of ophiolite nappes or as zonal formations overlained
by ophiolite nappes. They are examplified from Ural ophiolitic belts
(Fig. 4). The jadeite-bearing glaucophane formation with essential
over-pressure during metamosrphism (Fig. 5) may correspond to a spe-
cific version of the “contact metamorphism” under ophiolite plate with

special fluid over-pressure regime.

The jadeite problem has almost simul-
taneously been outlined by V. S. Sobolev
(1949, 1953, 1960) and H. S. Yoder (1950)
in the 50-ies, H. S. Yoder concluded that
only specific chemical or kinetic condi-
tions are necessary for the jadeite origin
and that “from the pressure one must
take awsy cover of its mystical might”.
Sobolev suggested to use jadeite as a mi-
neralogical indicator for the high pressures
in the earth’s crust. For the base of this
conclusion Sobolev fook the common crys-
tallochemical rule that the change of Al
from the fourfold co-ordination (in the
albite and nepheline) into the sixfold one
(in jadeite) takes place with the pressures

increasing. On the basis of the preliminary
thermodynamic calculations, he estimated
that at T = 600 °C this fransition had to -
occur with the pressure over 7 kbars,
Moreover, for the explanation of finding
of the jadeite-bearing rocks at the mode-
rate depths, V. S. Sobolev suggested that
they were formed under the pressures
exceeding ithe load pressure.

In different years, the author studied
the jadeite-bearing rocks in the ultrama-
fiecs (Dobretsov, 1962, 1963, 1964) and the
jadeite-bearing glaucophane schists (Dobret-
sov, 1974; Dobretsov et al., 1973, 1979).
This time the indicator role of jadeite is
evidenced in particular, by numerous
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experimental data (Kushiro, 1966; Currie —
Curtis, 1976 et al), refining the stability
field of jadeite-bearing associations. Main
difficulties arose in connection with rele-
vant geological-petrological models t{o
explain these high pressures. Just these
difficulties led many investigators to the
negation of the special role of tha high
pressure and to attempts to explain the
formation of jadeite and glaucopghane
schists only by the geochemical facteis
(Marakushev, 1965; 1973; Gresens, 1969
et al). From these positions, the relation
of the jadeitic rocks and glaucophane
schists with large overthrusts and the spe-
cial role of the tectonic factor remained
unnoticed or not explained, as it was
underlined by authors (Dobretsov, 1963,
1964, 1974).

In the last 10—15 years, in connection
with the development of the new global
tectonics (or plate tectonics) it became
universally recognized that the jadeite-
bearing rocks, both the inclusions in the
ultrabasites and the glaucophane schists,
are indicators of specific tectonic processes
such as subduction or obduction of oceanic
plate on the active continental margins
(Ernst, 1970). They are closely connected
with the processes of the tectonic tran-
sportation of the ophiolites — sheets of
ancient oceanic crust, and they are one of
the important instruments of the recon-
struction of geodynamic conditions (Dobret-
sov, 1979).

It became clear that the jadeite bodies
in the ultrabasites are connected with de-
finite type zones of serpentinite mélange,
fixing abyssal thrusts of the ophiolite
sheets. The bodies of jadeitites eclogites,
glaucophane schists in such mélange pre-
sent xenoliths of deep-seated rocks,
entrapped in the tectonic transportation
of the ophiolites. Probably, hole sheets (of)
thickness from 100 m up to 1—2 km)
consisting of glaucophane schists in the

foot of ophiolite nappes (for example,
around the western Pacific) play similar
role, Finally, author (Dobretsov, 1979)
tried to connect the genesis of California
type belts of jadeite-bearing glaucophane
schists with the model of multiphase ob-
duction of island arcs rocks on oceanic
plate margins. Within continental blocks
tectonic zones of abyssal thrust were
revealed which contain bodies of mantle
eclogites and pyrope peridotites. Well
known inclusions of the above-mentioned
rocks in Central FEuropean crystalline
massifs (. e. Bohemian massif, Granulite-
gebirge, Sov’i Mts. and others), are re-
ceiving such interpretation (Dobretsov,
1982; Dobretsov et al., 1984).

Let us consider the evidences of these
relations on the example of some jadeite-
bearing complexes, studied by the author,
and first of all those of them which are
closely connected with the ophiolites. All
the considered examples are related to the
Urals — Mongolian folded system where
the ophiolites and associated jadeite and
glaucophane rocks are Riphean or Early
Paleozoic in age (Dobretsov, 1974).

In the West Sayan Mts. two such ophio-
lite zones are known (Fig. 1) — (1) the
Borus one, with jadeite-bearing rocks and
eclogites in the serpentinite mélange, and
(2) the Kurtushibin zone where a large
ophiolite nappe is underlain by a mélange
zone with eclogites inclusions as well as an
independent sheet of jadeite bearing glau-
cophane schists.

The Borus zone is of complex imbricate
structure. The zones of the serpentinite
mélange of two types (Dobretsov, Tatari-
nov, 1983) were distinguished at the foot
of large sheets. Jadeite rocks bodies
descriked here previously (Dobretsnv,
1963; Yudin, 13€3) are associated, as it
has been established, only with the
mélange of the 1st type underlying the
upper ultrabasite sheet with signs of the
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Fig. 1. Ophiolite belts of West Sayan (I Kurtushibin, II — Borus, III — North
Sayan), 1 — ophiolites (ultramafics, gabbro, diabases), 2 — basalts and sediments,
including olistostrom, 3 — I type melange with inclusions of eclogites, jadeite rocks
and glaucophane schists (a), II type melange (b), 4 — glaucophane schists, 5 —
diorite-plagiogranites, 6 — Paleozoic granites, 7 — overthrusts (without melange)

most continuous transportation. The strip
of serpentinite schists with jadeite bodies
in the middle part of the Kantegir river
valley is an example of the mélange of
the 1st type. It dips at 35—40° under the
main ultrabasite body of the Borus range.
The schistosity in the serpentinites is of
the same orientation. The jadeitite and
apojadeite-albitite bodies are of rounded
shape and contain (1) relics of early high-
temperature margins, torn off during the
tectonic transportation, and (2) irregu-
larly-developed low-temperature fringes,
illustrating late reactions of the albitized
jadeitites with the surrounding serpenti-
nites. Both in the margins and in the body
(itsc'l} several stages can be outlined in
the fransformation of the primary coars:-
grained jadeitites and the margins with

diopside-jadeite and hornblende into the
low-temperature associations with albite,
analcime, late (frequently aegirine or
jureite-bearing) diopside-jadeite, actinolite,
mica, chlorite. Not long ago in a mélange
zone in the south — western part of the
Borus belt eclogite bodies were found
(Fig. 2), which change into diopside-jadeite
margin in the marginal part and are
surrounded with small jadeitite bodies
representing, seemingly, outer zone of the
same those. These immediately-obezrved
transitions prove that the jadeite rocks
were formed during the metasomatism of
the eclogites and are isofacial with them.
In the central part of the Borus range
jadeite-bearing albitite bodies were obser-
ved (with jadeite, aegirine-augite and
quartz), which had originated at the ex-
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Fig. 2. The inclusions of eclogites and jadeitic
rocks in the Borus melange. 1 — mica and
albite-mica rocks; 2 — eclogites, 3 — garnet
amphibolites, 4 — jadeite rocks, 5 — serpen-
tinite schists

pense of acid dikes during one of the
stages of the tectonic movements and the
following metasomatism. The intrusion of
the dikes, their metasomatism, the associa-
tions of the rocks, their relation with the
serpentinites allow to distinguish at least
4 stages of tectogenetic processes and of
regressive transformation of the abyssal
xenoliths (table 1).

At all stages of the metasomatism mi-
neral facies of higher alkality are charac-
teristic ~ with  apo-eclogictic  jadeitites
(possibly, with nepheline admixture) at thLe
expense of the eclogites (stage 1), aegi-
rine-bearing or jureite-bearing jadeite,
Na-amphibole, cancrinite (stage 2), aegi-
rine-augite or chloromelanite, Na-amphi-
bole, analcite, natrolite, schizolite (the
stages 3 and 4). Rocks of normal alkalinity
(eclogites, garnet amphibolites, epidote
albitites, actinolitites etc.) coexist side by
side with them.

The interaction with the magnesian
medium of the filtrating solutions of nor-
mal alkalinity is contributed to the alkalies
increasing as it was established previously
(Dobretsov, 1964). Probably, solutions were

generated from the buried sea waters and
added from the continental “enclosing
rock” at the stages II-—IV. the KyO and
Ky0O increasing, similar to the alzaline
facies of the magnesian skarns (after Zha-
rikov), took an additional effect in the last
case. The higher pressure influenced only
the specific mineral composition of the
metasomatites as well as the higher solu-
bility of Na-Al, Na-Cr, Na-Fe minerals
(jadeite, juriite, aegirine, Na-amphibole,
albite). For that reason, as well as,
probably, because of the somewhat diffe-
rent composition of the solutions, in the
mélange of the 2nd type, alkaline metaso-
matites are not typical, and slightly
modified rocks (metagabbro, metabasalts,
schists) and Ca-metasomatites (rodingites,
nephrites) predominate bzing characterized
also by very low pctential of Cf)s It
corresponds to the brucite appearance
in the serpentinite mass of the 2nd type
mélange in comparision to carbonates,
usual in the mélange of the 1st type.
The variation of the conditions of the
rock transformation specified the diversity
of the mineral composition in the meta-
somatites and the combination of several
stages in the same body. It is related not
alone to the change of the secondary mi-
nerals (cancrinite, analcime, various Na-
amphiboles, zeolites, rare sulphides and
arsenides) but first of all to the variation
of the jadeite pyroxene composition. As is
seen from Fig. 3, the compositions of the
pyroxenes include practically all the fields
of the NaAlSisOg — Na(Cr, Fe*%Si;05 —
— Ca(Mg, Fe)SipOp system. For the sta-
ge I the pyroxenes of the series jadeite-
diopside-jadeite-omphacite are  typical,
being characterized by the small content
of NaFe- and NaCr-components and some
immiscibility between jadeite and diopside-
jadeite. This immiscibility is due to the
different structure of ordered diopside-
jadeite (P/n unlike C/2n in jadeite) and
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Stages of the jadeitites transformation

Table 1
Stage:Facies: Main mineral: - Valuation: Tectonics:
T °C: P, kbars:
I Eclogitic C/s jd 4+ di —jd + hrb, 600 10 Abyssal thrusts
phl; (subductions?)
omph -+ gr -+ hrb +rut.
II Garnet-glau- Aeg—di — jd, 550 8—10  1st stage
cophane and Cr-—jd -+ ab -+ mc + Na moderate-abyssal trusts
epidote-amphi-— amph, can; (obduction?)
bolite Na —hrb + gr + pl + Intrusion of acid dykes
+ ep, sph.
III Green schist Ab -+ Aeg — aug -+ a) 400 8—10 Main stage of mélange.
(and transi- 4+ Anc + mc + Na — b) 400 3—6 Near-surface thrusts,

tional) — amph, schizolite;
Ab + Ep + Na —

— act -+ mec -+ sph

main serpentinization.

v Low-tempera- Ab + Aeg —jd + Na —
ture metaso- ~—amph -} anc +
matites + natrolite,

=+ qz,
Ab + anc,
Ab + chl 4 carb

200—300 3—8 Repeated thrusts
(mélange of the IInd type)
The interaction with

enclosing rocks.

Adopted abbreviations in the table and the text: Ab — albite, act — actinolife,
aeg — aegirine, amph — amphibole, aug — augite, anc — analcite, gr — garnet,
di — diopside, di-jd — diopside-jadeite, jd — jadeite, can — cancrinite, qz —
quartz, omph — omphacile, pl — plagioclase, hrb — hornblende, rut — rutile, me —
white mica, sph — sphene, phl — phlogopite, ep — epidote.

depends on the high T, P, the kinetics of
the crystallization, the NaFe and NaCr
content (Dobretsov, 1962; Dobretsov et al.,
1971; Carpenter, 1981). This immiscibility
may disappear with increasing of tempe-
rature and Fet3 — Cr content. At the first
stage the oxygen potential and the inter-
change with the ultrabasites (the Cr supply)
were not intensive. They sharply increase
at the stage 2 where bright green pyro-
xenes of jadeitejurite or more rare aegiri-
ne-jadeite series appear in the bodies
margins and veins, The latter are more
typical for the stages III and IV whereas
Cr enters mostly into Cr-chlorites or more

rarely into Cr-bearing garnets and amphi-
boles. Similar regularities, as the forma-
tion of a wide range of aegirine-jadeite
pyroxenes, are typical also for jadeite-
bearing glaucophane schists (Essene, Fyfe,
1967; Dobretsov, 1974).

Temperature and pressure estimations
presented in the table I and the Fig. 5,
are made on the basis of mineral pairs
such as gr-amph, gr-cpx, amph-cpx
(Perchuk, 1970), data of jadeite-diopside-
albite-quartz system (Kushiro, 1969; Cur-
rie, Curtis, 1976), and composition of white
mica associating with albite and other
Fe-Mg minerals (Dobretsov et al., 1976).
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All the valuations of the rock generation
and transformation in the 1st type mélange
zones correspond to the oceanic geotherme.
Most likely it means that all the stages
of the abyssal thrusts occurred in the
oceanic or intermediate environments,
and the continental crust in which now
the Borus ophiolite belt is situated, ap-
peared only at the final stages due to
thickening of the crust. Because
of these stages (III and IV) in the 1st type
mélange we observe the combination of
the low and high pressure associations.
Rocks with glaucophane (stage III) and
with aegirine-jadeite pyroxenes, analcite
and zeolites including the association
jad - anc + gz (the stage IV) are espe-
cially typical. One can suggest that the
rocks with these associations are included
at the stages III and IV from the underly-
ing glaucophane schist zone, formed at the
stages I—II, It is favourable from the
availability of the jadeite-bearing glau-
cophane schist zone, at the foot of the
ophiolite sheets of the related Kurtushibin
belt (Fig. I). Here the 1st type mélange
and glaucophane schist zones are also
combined. In this mélange zone underlying

Na AlSi, 0

the lowest sheet in the central part of the
belt, inclusions of eclogites, garnet amphi-
bolites, glaucophane schists are present,
missing here “in situ”. The mélange zones
were not established at the periphery of
the belt but large sheets of glaucophane
schists are present here. A lawsonite-glau-
cophane and intermediate zone with
jadeite-bearing rocks was mapped in the
south Urbun area. (Petrologia..., 1979).
In the Polar Urals, a combination of
glaucophane schists and 1st type mélange
zones were recognized along the Main
Urals thrust, dividing the myogeosynclinal
belt of the western slope of the Urals and
the ophiolite eugeosynclinal belt (Fig. 4).
In the massif Ray-Iz (Petrologia. ..,
1979; Kazak, 1980) at the foot of a large
sheet-like ultrabasite body of more than
3 km in the thickness a mélange zone of
the thickness over 100 m was recognized.
Peridotites, pyrope pyroxenites, eclogites,
jadeite rocks, vesuvianite, glaucophanites
and other rodingites are present as inclu-

(Ng,Li) ALSi,06

CaMgSi,0,

NaFe "Si;06

Na(Cr,Fe®*)

ce e m +
o v BLN S

NaCrSi206

Fig. 3. Composition of jadeitic pyroxenes of the Borus melange Rocks: 1 — eclogites,
2 — jadeitic margins, 3 — jadeitites of 1st stage, 4 — jadeitic rocks and rims of
2nd stage, 5 — albites and (6) metasomatic rocks of 3rd stage (see Table 1)
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sions in the mélange. 200 m-thickness se-
parate sheets of glaucophane schists
(below) and chloromelanite r1ocks are
present above the mélange zone.

In the ophiolite massif Voikar-Synya
glaucophane-jadeite rocks situated to the
south the latter (Fig. 4A) are present at
the foot of its western overturned part.
Glaucophane and garnet-chloromelanite
(eclogitic) rocks are formed at the cost of
diabases and gabbros of an ophiolitic sec-
tion including a change of anogabbroic
blastomylonites (Petrology ..., 1979; Len-
nykh et ., 1976). These rocks are tecto-
nically boudinaged during the latest mo-
vements. The mélange zone with the
inclusions of jadeitities, albitites garnet
amphibolites is distinguished to the east,
inside the ultrabasites of this massif. This
zone and the jadeitites themselves are very
similar to the above-discussed mélange

zone of the 1st type of the Borus belt
{Dobretsov, 1964, 1974).

The Salatin zone (Kozak, 1980) repre-
sents essentially a mélange-olistostrome
zone. The serpentinite mélange bodies
measuring from hundreds of meters up
to 25 km? are included into the rock mass
of the graphitic schists and quartzites. The
ophiolites, dunites-harzburgites, gabbro-
diabases bodies as well as these of eclo-
gites, eclogite-like rocks, jadeitites, nephri-
tes, rodingites are included in the ser-
pentinite mélange but the glaucophane
schists are absent. From the west this
zone limits the green-stone rock masses of
the Tagil synclinorium with dunite-pyro-
xenite-gabbroic bodies of the so-called
platinum-bearing formation, Their attribu-
tion to the ophiolites is disputable but the
bodies in the Salatim zone represent cer-
tainly the members of an ophiolitic as-

By Vs (X Mo LAGT

Fig. 4. Cross-section of Polar Ural glaucophane-ophiolite belts: Voikar-Synyk (A)
and Syum-Ken (B). 1 — metabasalts and black schists, 2 — ultramafics, 3 — gabbro
and diabases (a) and glaucophanized gabbro (b), 4 — serpentinitic melange, 5 —
melange (at Fig. A) and blastomylonites (at Fig. B) with inclusions of metaperidotite,
eclogite and jadeite rocks, 6 — glaucophane metadiabases (a) and glaucophane-law-

sonite metabasalt, 7 — amphibolites with rare glaucophane, 8 — mica schists, 9 —.

granito-gneiss olistoliths,
13 — nonmeta-

gneisses with amphibolite and eclogite bodies, 10 —
11 — metaconglomerates, 12 — metasandstones and quartzites,
morphosed Paleozoic sediments, 14 — faults
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sociation. The mélange-olistostrome zone is
evidently underlain by a zone of the glau-
cophane schists 2,5 km wide which chan-
ges little by little into the metavolcano-
gene green schists to the west.

In all above-described cases in the
mélange were mainly present the more
abyssal rocks (eclogites, jadeitites, garnet
amphibolites), than the underlying glau-
cophane schists but those and others, as
we saw in the example of the Borus belt,
are united by the common oceanic geo-
therme and evidently characterize the dif-
ferent depth sections (and in some cases,

and the different formation stages) of the
common zone of the overthrusts charac-
terizing a multistage obduction.

This multistage is the most brightly dis-
covered in the zones of the California
type with the jadeite-bearing glaucophane
schists. The Maksyutov complex in the
South Urals is an example of such types
of zones. Here the situation is other than
in the above-described cases (Dobretsov,
1974; Lennykh, 1977). Evidently, the Mak-
syutov complex presents a fragment of the
more ancient basement, moved upon to-
gether with the underlying plates of the

T°C

600

500

T

10 P KkBar

Fig. 5. P-T conditions of the formation of jadeite rocks, glaucophane schists and
eclogites. 1—4 — average and limit origin conditions of glaucophane complexes (1),
quartz-jadeite-bearing rocks (2), eclogites from glaucophane schists (3), eclogites
from gneiss (4), 5 — some estimations from Alps, California, New Caledonia, Oregon
with use of the oxygen isotope determinations (Brown, G’Neil, 1982; Dobretsov,
1974), 6 — interval of the usual greenschist and prehnite-pumpellyite metamorphism,
7 — curves of P-T evolution of the different types of metamorphism (2 — glaucop-
hane-greenschist, 3 — lawsonite-glaucophane, 4 — jadeite-glaucophane), 8 — geo-
thermes of the Precambrian shields (a), oceans (b) and geothermes in the subducted
plates with fluid over-pressure (c), 9 — isolines of jadeite content in pyroxenes
with albite and quartz, 10 — P-T conditions of rocks from the Borus melange
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ophiolites to the east, to the green stone
rock masses of the Magnitogorsk syncli-
norium .and .oveetapped by~Fthe nappe of
the green schists of the Suvanyak complex
(species-the Lower Paleozoic ?). This plate
is similar to the complex Seziya-Lanza in
the Alps on his tectonic position, the com-
position of the rocks (the predominance of
the acid rocks including the greywackes
and arkoses) and on the maximum pressu-
res obtained in the complexes of the
glaucophane schist type. They are fixed
on the mineral associations of the type
1) jad 90—100 -+ gz -+ alm -} paragonite -+
+ sch; 2) laws -+ alm -+ omph; 3) jad
80—100 -+ gz + glauc + sch. The associa-
tion I is the most interesting in which the
analyzed jadeite is very clear in the centre
and is enriched in aegirine and diopsid
(up to 10—15 %) only in the margins
during diaphthoresis. These associations
and the peculiarities of the composition
of the minerals in the eclogites correspond
to T = 500—550 °C, P = 14—15 kbars (Do-
bretsov, Sobolev, 1975; Dobretsov, 1974).

Combination of the California type
jadeite-bearing glaucophane schist mélange
and blastomylonite zone at the foot of
ophiolite nappe can be seen at the northern
part of Polar Ural near ultramafic
Syum-Keu (fig. 4 B). Here from the SE
to NW the following complexes are ex-
posed: 1) basalts and metabasalts with
lawsonite and glaucophane; 2) ophiolites
plate (diabase, gabbro, ultramafic), 3) mé-
lange; 4) blastomylonite zone with inclu-
sions of eclogites and glaucophanites;
5) the jadeite-bearing glaucophane schist
complex similar to Maksutov one; 6) meta-
morphosed olistostrom with olistolith of
altered granites.

The lines of evolution of P-T conditions
of glaucophane schists and jadeite rocks
are drawn at Fig. 5. The line 2 (fig. 5) cor-
responding to glaucophane green schist
metamorphism and jadeite rocks in ultra-

mafics is close to the oceanic geotherme
with the small surplus of pressure. The
line 3 corresponding to lawsonite-glau-
cophane metamorphic rocks (with jadeite
pyroxenes and quartz) is characterized by
the essential overpressure. The line 4 with
maximal overpressure corresponds to the
eclogite-glaucophane complex of Califor-
nian type, containing jadeite-quartz asso-
ciation. The nature of this overpressure
was explained by the combined tectonic
model (Dobretsov, 1979, 1981).
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Pazjenéunsie MeTao(MOMMTH JIETOBUIIKOTO KPUCTAIVHMKA B CTPOCGHMM CACKO-
JYPUHCKOM 30HbI TeCKOr0 MAaCMBA

B KpUCTATMYECKOM MacKUBE palioHa JIETOBUIIE HAXOJATCA HUKHUE YIb-
TDAOCHOBHBIE IOPOJBl (TEKTOHMUTHI), IMOPOABI KYMYJATMBHOTO KOMILIEKCA,
OCHOBHBIE BYJIKAHWUTHI ¥ OYEHb HEPABHOMEDHO MOPOXABI JKMIBHOTO THUIIA.
CuyraeM #X 3a MeTaMODP(MOBAHHBIE UIEHBI DPA3JEICHHOTO KIACUYECKOTO
ononuToBOro KoMiuiekca. CTemneHb MX PErMOHAIBHOM [IEPEMEHBI NMEPEXOAUT
U3 bauumM 3eJEHBIX CIIAHLEB A0 aM@PUOOIUTOBOM Qaruu. ['E0TEKTOHUUECKUE
BEPXHEMPOTEPO30MCKUE JIETOBUIKME METAOMMONNUTHl ABJISAIOTCSA YaCTEN Cac-
KO-J[YPUHCKOY 30HBI  CPEJHEIBPONENCKUX TEPIMHNJ (BAPUCLAL). MoryT
CPaBHMBATHCS C MOPOJAMY MapMAHCKO-JIA3€HCKOTO KOMIUIEKCA, C O(QMOINTa-
MU I[EHTPAJBHOTO CACKOI'0 JIMHEAMEHTa, ¢ MeTabasuTaMu 1 yIbTpadasuramu
CTAPOMECTCKOTO THENMCOBOTO mosica ¥ ¢ oduommramm Ha nepudepnn COBUX
rop. Ykasauable OMUOTUTOBBIE KOMIUIEKCI BO3HUKIM B TEOTEKTOHUUECKON
cpefie OKPaioBOTO MOPSI CACKO-AYPMUHCKOM 30HBI OCOOEHHO B MeECTax TIy-
OVHHBIX DPA3JI0OMOB.

The Letovice dismembered metaophiolites in the framework of the
Saxo-Thuringian zone of the Bohemian massif

New geological and geochemical data are presented for basic and
ultrabasic rocks of the Letovice crystalline complex. Lower ultrabasic
rocks, cumulate rocks, basic volcanics and local basic dykes represent
a dismembered ophiolite suite metamorphosed under conditions of
amphibolite and greenschists facies. The geochemical features and
differentiation trend correspond with those of other ophiolite complexes
(e. g. Pindos, Bay of Island, Troodos, Oman, Papua etc.). Geotectonically,
the Upper Proterozoic Letovice metaophiolites are a part of the Upper
Proterozoic structural level of the Saxo-Thuringian subzone of the
Hercynian (Variscan) fold belt, They are comparable with the Maridn-
ské Lazné basic complex, with the ophiolites along the Central Sa-
xonian Lineament, with the Staré Mésto ophiolite belt and the ophiolite
complex at the border of the Sowie Goéry Mts. All these ophiolite
complexes could be formed in a marginal sea environment, following
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internal rift depressions inside the Saxo-Thuringian zone. Considerable
thinning of the Earth’s crust, formation of a new ocean floor and deep
faults are the most characteristic features of these depressions,

In the classical zoning of the Central
Furopean Hercynides, the Letovice crys-
talline complex belongs to the Saxo-Thu-
ringian zone which is bordered by Mol-
danubian zone in the S and by Central
German Crystalline Rise in the N (Fig. 1).
All these three zones together with the
Rheno-Hercynian zone are pinched toget-
her in the Moravian-Silesian fault zone
(lineament) which may represent an im-
portant deep fault along the continental
margin active in the Cadomian and Her-
cynian geotectonic cycles.

The tectonic development of the Saxo-
Thuringian zone seems to be clearer from
the time of the Hercynian than of the Ca-
domian geotectonic cycle. Paleozoic sedi-
ments unconformably cover the Protero-
zoic basement with geosynclinal sediments
and volcanics (Barrandian basin). If meta-
morphosed they still differ quite dis-
tinctly from all Proterozoic sediments and
volcanies in other parts of the Saxo-Thu-
ringian zone (Erzgebirge). The Paleozoic
formations do not contain any real ophio-
lites.

However, many metamorphosed basic and
ultrabasic rocks can be found in the Pre-
Hercynian structural level. Some of them
are considered to be members of the classi-
cal ophiolite suite e. g. basic and ultrabasic
rocks of the Maridnské Lazné complex, Le-
tovice complex, Staré Mésto complex (Mi-
sal* et al, in press), other belong to the
Upper Proterozoic volcano-sedimentary
formation with spilites. Geosynclinal spi-
lites together with graywackes and lami-
nated shales, form a substantial part of
the Central Bohemian Region (Fig. 1). The
Upper Proterozoic age of some meta-

morphosed basic volcanics is documented
by K/Ar isotope data in hornblende from
the Marianské Lazné complex (Gottstein,
1970), C. D. Werner (1981) mentions a
transgression of Vendian conglomerates
over metaophiolite in the area of the Sa-
xonian granulite Mts.

During the past decade increased atten-
tion has been devoted to ophiolite comple-
xes present in the continental crust. Classic
ophiolites defined by G. Steinman (1927)
commonly occur in alpine orogenic belts.
Their age is mostly Jurassic to Cretaceous.
Some older ophiolites were described in
Hercynian belts e. g. the Ural or Tchien-
Shan Mts., or in the Caledonian belts in
Scotland, Norway, New Foundland, Mon-
golia etc. Pre-Cambrian ophiolites are re-
latively rare. There were described in the
Panafrican orogenic belt by R. Black
(1980) or in the Bajkal orogenic belt by
N. L. Dobretsov (1982). The sequence of
ultrabasic and basic metamorphosed rocks
from the Cadomian basement of the Ar-
moric massif could also be regarded as
Pre-Cambrian metaophiolites.

Field relations of the Letovice crystaliine
complex

The Letovice crystalline complex is lo-
cated at the most eastern part of the
Saxo-Thuringian zone where this ap-
proaches the Moravian-Silesian fault zone,

The complex consists of mica schists,
gneisses, metaquartzites (metalydites),
amphibolifes, metagabbros and -meta-

morphosed ultrabasic rocks. The basic and
ultrabasic rocks of the Letovice complex
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are a part of the Moravian-Silesian ophio-
lite belt (Misaf, 1979). Metasediments re-
present of about 30 per cent, amphibolites
30 per cent, metagabbros 30 per cent and
ultramafic rocks about 1¢ per cent of the
Letovice complex,

Z. Roth (1941) supposed the Letovice
complex to be a large laccolith which had
undergone gravity differentiation in situ.
Diabases form the margin of the complex
and ultramafic rocks the centre. J. Svo-
boda and V. Zoubek (1950) tried to com-
pare the metabasite of the Letovice com-
plex with the Upper Proterozoic spilites
in the Barrandian area. The ultramafic

Recently, D. R. Bowes et al. (1978, 1980)
described the polyphase deformation of
the Letovice amphibolites with dominant
F3 folds. Although the Letovice crystalline
complex and the Moravian complex are
in tectonic contact, they still have a com-
parable structural imprint for at least
part of their history (Bowes et al., 1980).

Although the Letovice crystalline com-
plex is overlain by a cover of Permian
and Upper Cretaceous sediments, its amphi-
bolites and ultrabasic rocks can be fol-
lowed further to the NW to Svitavy using
the gravimetry. Here, an ultrabasic body
with dimension of about 10X 0,5 km has

bodies, amphibolites and mica schists been found by drilling.
have the same structural history. The fundamental megastructures of the
S
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Fig. 2. Structural scheme of the Letovice crystalline complex. 1 — Permian sedi-
ments of the Boskovice furrow, 2 — Moravian metamorphic complex, 3 — mica
schists and gneisses, 4 — amphibolites, 5 — ultrabasic rocks, 6 — megastructures

as indicated by magnetic and gravity anomalies, 7 — mylonites
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Letovice unit consists of two main syn-
forms (Fig. 2): first is called the Le-
tovice synform (=L-synform),
the second, the Roubaninasynform
(=R-synform). The L-synform repre-
sents the leading megastructures of the
Letovice complex exposed. To the west it
joints the brachyanticlinal closure of the
Moravian mica schist zone. The L-synform
also closes near the deep fault zone of the
Boskovice furrow. The internal dominat-
ing fold structures of the L-synform coin-
cides perfectly with the corresponding
dominating structures described in detail
at the Bohunov locality by D. R. Bowes
et al. (1978).

The L-synform is separated from the
R-synform by a narrow crest consisting of
mica schists and quartzitic schists. Some
NW—SE faults and mylonite belts also
follow the boundary between both syn-
forms.

The R-synform may be considered as
a marginal structure of a large scale syn-
form formed of Upper Proterozoic flysch~
like sediments and basic volcanics (Fig. 2).

ANTIGORITE

Both rocks types, together with ultrabasic
rocks and gabbros, are the main consti-
tuents of the R-synform.

Petrology of the Letovice crystalline
complex

The petrological description of the rocks
is mostly concerned with metamorphosed
basic and ultrabasic rocks of the Letovice
crystalline complex.

Ultrabasic rocks of several se-
parated allochthonous bodies are situated
at the boundaries between amphibolite
and mica schists or are completely sur-
rounded by amphibolites. The ultrabasic
bodies are lenticular or slab-like with de-
veloped reaction zones at the contact with
the country rocks. The largest exposed
ultrabasic body is 1 km X 0,6 km in size.

There are some differences between the
ultramafic rocks of the L~ and R-synforms.
The ultrabasic rocks of the L-synform are
mostly serpentinites and strongly serpen-
tinized peridotites, always with abundant
spinel. The ultrabasic rocks of the R-syn-
form are serpentinized peridotites, plagio-
clase peridotites and pyroxenites. The dif-
ference between two types of ultrabasic
rocks may be also followed in the content
and character of serpentine minerals
(Fig. 3).

Some significant geochemical differences
are observed between ultrabasic rocks of
the R- and L-synforms. The concentration
of alumina, calcium, titanium and vana-
dium is higher in the ultrabasic rocks of

Fig. 3. Mineral content of Letovice
ultrabasic rocks in a triangle anti-
gorite — carbonate + spinel - pyro-
xene — lizardite - clinochrysotile.
Mineral identification by differential
thermal analyses-weight 9. 1 —
S L-synform utrabasic rocks, 2 —

CARBONATE, SPINELS,
PYROXENES

LIZARDITE +CLINQCHRYSOTILE

R-syntorm ultrabasic rocks
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the R-synform. This is mostly due to the
presence of olivine cumulates and of py-
roxene crystals in these rocks. The
FeOt/MgO ratio is also different for the
two rock groups.

According to the petrological and che-
mical character of the ultrabasic rocks of
the L-synform these rocks are very similar
to the lower ultrabasic rocks of any classi-
cal ophiolite suite. On the other hand, the
ultrabasic rocks of the R-synform are re-
miniscent of cumulate ultrabasic rocks.

Metagabbros can be found in both
synforms of the Letovice crystalline
complex. However, they are more common
in the R-synform where separate gabbroic
bands (differing in composition and
structures) can be mapped inside a larger
gabbro body. From the geological and pe-
trological point of view, the gabbro com-
plex of the R-synform is strongly re-
sembled of the layered gabbro complex of
a typical ophiolite suite.

In spite of strong deformation the
hornblende gabbro of the R-synform, it
still contains visible relics of primary tex-
ture with larger crystals of hornblende
and plagioclase.

The lowest members of the layered
gabbro complex may be correlated with
some horizons of the layered ultrabasic
zone of the classical ophiolite sequence.
This is reflected in the presence of cumu-
late olivine gabbro, froctolite and plagio-
clase-bearing peridotite and/or bands of
dunite that are extremely rich in magne-
sium. The cumulate texture of these rocks
with oval olivine and interstitial plagiocla-
se and pyroxene is further evidence for
this assumption. A peculiar rock type of
the layered gabbro complex of the R-syn-
form is “vesicular” peridotite in which
lenses or spheres in the serpentine matrix
are filled with tale. Geologicaly “vesicular”
peridotite alternates in bands with pyro-
Xenite.

A thin dyke of fine-grained
diabas was found at only one place in
the R-synform.

Metagabbros also occur in the L-syn-
form. Here, they are very strongly
sheared and metamorphosed under amphi-
bolite metamorphic facies. The primary
rock was very coarse-grained hornblende
gabbro. Unfortunately, the relationship of
gabbro to massive amphibolite in the
L-synform is not sufficiently clear. Howe-
ver, D. R. Bowes et al. (1980) have des-
cribed a fine-grained, basic dyke in
coarse-grained metagabbro with a relic
texture indicative of a plutonic origin.

Major and trace element chemistry were
discussed in detail in the paper by E. Je-
linek et al. (1984). Generally, the chemical
criteria help to distinguish the gabbros of
the R-synform from the gabbro of the
L-synform. The L-synform gabbro has
higher contents of Si, ¥Fe, Na + K, and Ti
cempared with all types of gabbros of the
R-synform. The chemistry of olivine gabbro
is closely related to the chemistry of ultra-
basic rocks of the R-synform (Fig. 4), cha-
racterized by a lower content of alkalines
and lower Fe/Mg ratio compared with horn-
blende metagabbros. The enrichment of the
olivine gabbro in Ni and Cr corresponds to
a high degree with the higher content of
these elements in ultramafic rocks of the
R-synform.

Amphibolites are the most typical
rocks of the Letovice crystalline complex.
They form a substantial part of the L-syn-
form. The lithology of the amphibolite
bands is rather complex. Massive, fine
grained, laminated and banded amphibo-
lites can be distinguished. The amphibolite
also differ in mineral assemblage. The
most common amphibolites contain . green
hornblende and plagioclase. Others are
richer in quartz, garnet, zoisite or epidote.
Well-banded amphibolites and garnet
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amphibolites represent good marker hori-
zons in the north-western part of the
L-synform.

The texture and metamorphic grade of
amphibolites in both synforms seems to
be different. Massive, fine-grained amphi-
bolites and well-banded amphibolites and
garnet amphibolites do not occur in the
R-synform. Strongly sheared and meta-
morphosed gabbro with some relies of pri-
mary texture is also typical for the
L-synform. Amphibolites of the R-synform
are very fine-grained and finely laminated.
Plagioclase and green hornblende classify

these rocks as common amphibolites. The
common amphibolites of both synforms
seem generally to be identical. However,
a small difference can be found in the
magnesium content, which is higher in the
amphibolites of the R-synform.

Garnet-epidote-zoisite amphibolites as a
special variety of amphibolites of the
L-synform are slightly enriched in Al, Ca
and Mg and impoverished in alkalies, ti-
tanium and chromium.

Basic dykes are not very common
elements in the amphibolites of either
synform. In the R-synform at only one

Si0, (wt %) +
Q
51 © o
- + fe]
49
10
7 (e}
. [e]
47
1 o
o5 MAFIC CUMULATES 70
4 2 A
43 10
4 0
41 5o
| 5 ¢
39 - 7 ¥
4 8 A
37 J e
ULTRAMAFIC 8 0 o ® 1+
cumuLAtes O
35 T T T T T T T T
10 20 30 40 50 60 70 80

100 Fe0™Y/ (Fe0 %+ mg0) wt %

Fig. 4. Plot of SiO, versus 100 FeQtot/(FeOtot -+ MgO) — Wt ¢;. Rocks of the L-syn-
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place, a small dyke has been found inside
a2 layered metagabbro complex. The rock
is fine to medium-grained with typical
ophitic texture. Hornblende and plagiocla-
se are the two main components, The che-
mistry of this rock (diabase) exhibits a
marked contrast to all the gabbros and
amphibolites described. The rock is extre-
mely rich in Ti and Fe and very poor in
Ni and Cr.

A thin basic dyke younger than the key
fold structure F3 was also found in meta-
gabbros in the south-eastern part of the
L-synform (Bowes et al., 1980). The dyke
rock is black, very {ine-grained and con-
sists of hornblende and plagioclase. The
preserved texture is microgabbroic.

Mostly monomineral rocks found at con-
tacts between ultrabasic rocks and country
rocks can be simply described as actinoli-
tites, tremolilites, talc schists etc. A “band”
found in the serpentine body at Letovice is
rather strange and consists of chlorite and
chlorite +vermiculite, probably replacing
the primary mineral assemblage of pyro-
xenite.

Geochemistiry

The results of geochemical research on
basic and ultrabasic rocks of the Letovice
crystalline unit may help to determine if
these rocks are comparable with some
members of the classical ophiolite sequen-
ce. In addition, the geochemical character
of the rocks is a good base for discussion
of the geotectonic environment in which
these rocks originated. There are various
methods and plots for expression of the
chemical character of rocks, Some diag-
grams generally used for ophiolites are
discussed in this chapter.

The lower ultrabasic members of the
classical ophiolite sequence are represented
by the ultrabasic rocks of the L-synform.
Their magnesium content is higher than

in the ultrabasic rocks of the R-synform
(Fig. 4). The cumulate phase of the ophio-
lite layered complex is represented by
ultrabasic rocks and gabbro of the R-syn-
form. The major element chemistry and
abundance of trace elements (Ti, V, Ni, Cr)
show a systematic variation with the
degree of differentiation: the Ni and Cr
contents decrease, whereas the Ti and
V contents increase with increasing Fe/Mg
ratio (Fig. 6). Similar differences between
lower and cumulate ultrabasic rocks are
clearly demonstrated by the AFM plot
(Fig. 7).

The chemistry of the upper members of
the ophiolite sequence yields more infor-
mation than that of the lower ones.
The SiO; versus FeO'°/MgO plot and
also the plot of SiOy versus Cr (Miyashiro,
1975) indicate that all the metabasic rocks
(amphibeclites and metagabbros) are tholei-
itic (Fig. b).

It seems to be more difficult to interpret
the results of the chemistry of ophiolite
complexes in terms of their tectonomag-
matic and geotectonic position, especially
when the type of volcanism is concerned.
Most of the discrimination plots are con-
structed on the basis of data from recent
volcanic regions. The reliability of these
methods when applied to rocks regionally
metamorphosed has, however, not been
verified.

The chromium, nickel and vanadium
contents and Fe/Mg ratio of metabasic
rocks of the L- and R-synform correspond
tc the average contents of these compo-
nents in ocean floor basalts (Fig. 6). The
Cr and Ti content distinguishes fields of
lower ultrabasic rocks of the L-synform
(extremely depleted in Ti) and the field
of the R-synform ultrabasic rocks belonging
to the lower part of the cumulate complex.
The metagabbros of the R-synform are
very similar to cumulate types, whereas
the gabbros of the L-synform differ
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from them in a much higher content of
titanium.

Correlation of the Letovice basic and
ultrabasic rocks with corresponding rocks
of some classical ophiolite sequences (Pin-
dos-Greece, Troodos-Cyprus, Bay of
Island-New Foundland, or Sarmiento-Chi-
le) reveals similar differentiation trends in
the AFM diagram (Fig. 7). The position of

the ultrabasic rocks of the L-synform in
the diagram with that of the ultrabasic
rocks from New Foundland, Oman and
Papua. The gabbros of the L-synform (the
cumulate type) are also in a good agre-
ement with the gabbros of these ophiolite
complexes. Gabbros of the L-synform may
correspond to upper gabbros of the Pindos
ophiolite suite or to volcanic rocks of the
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Papua and Oman ophiolites.

The general differentiation trend of the
Letovice metaophiolites and of Pindos,
Bay of Island and Sarmiento ophiolites
expressed by relationship between the So-
lidification Index (SI) and the Ti/CrxNi
ratio is shown in Fig. 8. Differentiation
trends for the basic and ultrabasic rocks
of the R-synform of the Letovice crystal-
line complex are comparable with the
trends of the Pindos ophiolite suite. On
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Fig. 6. Ni, Cr and V contents versus

FeOtot/MgO ratio plots of different rocks of
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abyssal tholeiites and island arc basalts as
well as tholeiites and cacl-alkaline boundary
after A, Miyashiro (1975). The symbols for
the rocks of the L- and R-synforms as in
Fig. 4

the other hand, the gabbros as well as
amphibolites of the L-synform follow the
trend of Bay of Island and Sarmiento
ophiolites.

The geochemical data for the Letovice
metaophiolites are identical with the cor-
responding data for the Pindos, Troodos,
Bay of Island and Papua ophiolites. Some
similarities have been found also between
the Letovice metaophiolite and Sarmiento
ophiolite complexes in which not all the
members of the typical ocean lithosphere
occur (ultrabasic members are missing —
Saunders et al., 1979).

Although the major and trace elements
of the Letovice metaophiolite do not
unequivocally determine their geotectonic
position, they support the idea of a mar-
ginal sea basin or ocean floor environment
for the origin of the Letovice metaophio-
lites.

Regional geological aspects

The Letovice metaophiolite complex be-
longs to the Saxo-Thuringian zone of
Central European Hercynides. In the Bo-
hemian Massif, this zone is characterized
by a thinner continental crust, as related
to the Moldanubian zone and by the oc-
currence of Cadomian geosynclinal sedi-
nients and volcanics in larger, but narrow
internal troughs. The Cambrium and, if it
missing, the lower Ordovician sediments
cover the folded Cadomian basement.

The morphological and structural subdi-
vision of the Saxo-Thuringian zone and
the deep fault zones strongly control the
position of the metaophiolite complexes.
The Letovice metaphiolite complex is lo-
cated in the marginal area of the Central
Bohemian region and closes at the Mo-
ravian-Silesian fault zone (Fig. 1).

Corresponding metaophiolite complex
has been described by J. Tonika (1971) and
in this sense also interpreted by Z. Misar
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et al. (in press) from the vicinity of Ma-
ridnské Lazné in Western Bohemia. The
basic volcanics converted into many types
of amphibolites (with garnet at some pla-
ces) alternate with metagabbros. Along the
central NE deep fault a larger ultrabasic
body was emplaced. Nearly all members
of the classical ophiolite suite are present
in the Maridnské Lazné ophiolite complex,
except probably of cumulate ophiolite
complex. Geochemically the rocks of the
Maridnské Lazné metaophiolite complex
represent the metamorphic products of
tholeiites and ocean floor basalts.

Upper Riphean ophiolite association of

the Central Saxonian Lineament zone is
made up of serpentinized dunites and
peridotites, pyroxenites, several types of
gabbros, amphibolites and less meta-
morphosed mafic and intermediate vol-
canics. There are sufficient geochemical
data for correlation with the metaophioli-
tes of the Letovice crystalline complex
(Werner, 1981).
The ultrabasic rocks of the L-synform of
the Letovice complex and the ultrabasic
rocks of the Central Saxonian Lineament
zone are practically identical: both cor-
respond to the depleted mantle. C, D. Wer-
ner (1981) does not mention the cumulate
ophiolite zone. However, Werner’s analysed
gabbros correspond to some extent with
the cumulate gabbro of the R-synform
(Fig. 4). The Saxonian metaophiolites are
interpreted as ophiolite nappes with the
homeland region along the Central Saxo-
nian Lineament zone. They are unconfor-
mably overlain by sediments with basal
conglomerates of Vendian age and by Pa-
leozoic sediments.

A nearly complete ophiolite suite has
been found at the margin of the faulted
Sowie Gory Mts. (Maciewski, 1973).
Abundant ultrabasic rocks are probably
of two types (lower ultrabasic rocks and
cumulate ultrabasic rocks with some con-

centration of chromite). The gabbros pre-
sent are very probably also of two types.
The gabbros at Nowa Ruda ware closely
connected with troctolite (classical locality
of this rock) and olivine gabbro and
obviously represent the rock of the cu-
mulate zone. Another type of gabbro
transgressive to ultrabasic rocks belongs
to the upper gabbro zone of the complete
ophiolite sequence. Basic volcanics are
transformed into amphibolites. A sheeted
dyke complex may be also present (Ma-
jerowitz, 1979; Narebski et al., 1982).

A  metaophiolite complex, probably of
Upper Proterozoic age, is also situated
along the NNE—SSW contact between the
Saxo-Thuringian and Moravo-Silesian re-
gions (Misa¥, 1979). The amphibolites re-
present metamorphosed mafic volcanic
and strongly sheared gabbros. The banded
harzburgite with pyroxenite layers (Misar,
1966) and rhodingite are perhaps lower
ultrabasic rocks — tectonites of mantle
peridotites.

The described metaophiolite complexes
of the Saxo-Thuringian zone of the Bo-
hemian Massif are common in their struc-
{ural position. They follow marginal zones
of geosynclinal troughs and/or deep fault
zones along the contact between troughs
and internal elevations. The metaophiolite
suite of dismembered type with a cumu-
late gabbro-peridotite zone is found only
where the strike-slip deep fault zone inside
the Saxo-Thuringian zone approaches the
Moravian Silesian fault zone. The places
may represent triple junctions
from the time of the Cadomian geotectonic
cycle — the Letovice ophiolite junction
and the Sowie Géry Mts. junction.

The metaophiolite complexes of the
Saxo-Thuringian zone also have some
time and genetic relations to the abun-
dant geosynclinal basic volca-
nism. The most representative of them
are spilites and diabases of the Central
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Bohemian region (Fig. 1). F. Fiala (1977)
characterized the volcanics westerly of
Prague as ocean floor basalts and those
tfarther to the S of Prague as volcanics
originated from calc-alkaline magma of
the orogenic belt along the continental
margin or an island arc. The metavolcanics
(greenschists and amphibolites) of the Cen-
tral Bohemian region (synclinorium) cor-
respond to abyssal tholeiites described by
M. Opletal et al. (1980).

All voleanic rocks of the Central Bohe-
mian region alternate with geosynclinal
greywackes and laminated pelites. These
types of sediments with volcanic rocks are
typical for marginal (back arc) basins or
for basins between the outer and inner
arcs (Mitchell and Garson, 1981). Some
similarities may also be found in sedimen-
tation and volcanic processes in a marginal
sea of the Sarmiento type (Tarney-Dalziel
and Wit, 1976).

Before passing the stage of compression,
the marginal basin floor was influenced by
crustal thinning, rifting, basic volcanism
inside and island arc volcanism along the
basin margins. All these processes may
lead to formation of a new oceanic floor
in the marginal sea.

The general character of the Saxo-Thur-
ingian zone as a region that is strongly
morphologically a structurally differentia-
ted margin sea of Upper Proterozoic age
seem also to be documented by new in-
vestigations of P. Jake$ et al. (1979) and
J. Chéb et al. (1982), They concluded that
the clasts in Proterozoic greywackes are
largely derived from islad arc volecanic
rocks and calc-alkaline volecanic rocks of
continental margin but very rarely from
ocean floor tholeiites. This paleogeographi-
cal scheme indicates that the ophiolite
complexes of the Saxo-Thuringian zone
were emplaced along deep faults (line-
aments) inside the Saxo-Thuringian mar-
ginal sea and/or along its margins, espe-

cially where a triple junction can be as-
sumed.

The sedimentary and volcanic rocks of
the Saxo-Thuringian zone were affected
by Cadomian metamorphism. The meta-
morphic mineral assemblage of the Leto-
vice metaophiolite complex originated
under conditions with a temperature of
about 400—600 °C and a pressure of about
2—b5 kb. These conditions do not exceed
the limits of Cadomian metamorphism
gived by J. Chab and M. Suk (1977). Ge-
rerally, the intensity of Cadomian regio-
nal metamorphism of rocks of the Saxo-
Thuringian zone is not uniform. This is also
true for the metamorphic grade of the Le-
tovice crystalline complex., The rocks of
the L-synform belong to the amphibolite
facies (with garnet) whereas the rocks of
the R-synform were metamorphosed under
the conditions of green schists facies. This
also seems to be very important if com-
plex nappe tectonics is accepted for the
Letovice crystalline unit.

Conclusions

The basic and ultrabasic rocks of the
Letovice crystalline complex are considered
to be members of dismembered ophiolites
metamorphosed in amphibolite and green
schist facies. Ultrabasic members most
probably represent ultrabasic rocks “tec-
tonites” in the L-synform and cumulate
ultrabasic rocks in the R-synform. Meta-
gabbros and metavolcanics (amphibolites)
generally correspond to the rocks of the
layered gabbro-peridotite zone and of the
volcanics as seen in all classical ophiolite
sections.

Paleotectonic analyses and general geo-
chemical data allow interpretation of the
Letovice metaophiolites as part of the
Saxo-Thuringian zone developed as a
complex, in strongly differentiated margi-
nal sea.
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The geotectonic position of the Letovice
metaophiolite and other corresponding op-
hiolite complexes (Marianské Lazné, Sa-
xXony area, Staré Meésto zone, Sowie Gory
Mts.) is very probably controlled by deep
faults (rifts) inside the Saxo-Thuringian
zone and/or by the marginal faults espe-
cially when they approach the Moravian-
Silesian fault zone. The metaophiolite
complexes are in some way related to basic
volcanic activity and greywacky sedimen-
tation present (e. g. Barrandian Upper
Proterozoic etc.) in the Saxo-Thuringian
zone during the Cadomian geotectonic
cycle.
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Rozdélené metaofiolity letovického krystalinika ve stavbé
sasko-durynské zony Ceského masivu

ZDENEK MISAR — EMIL JELINEK — MAGDALENA PACESOVA

Nova geologicka a geochemicka data byla
shromézdéna z krystalinika v okoli Letovic.
V krystaliniku se nachdazeji spodni ultraba-
zické horniny (tektonity), horniny kumulé-
tového komplexu, bazieké vulkanity a velmi
sporadicky i horniny zilného typu. VSechny
tyto horniny lze povazZovat za metamorfo-
vané ¢leny rozdéleného klasického ofiolito-

vého komplexu. Stupen regiondlni premény
zasahuje z facie zelenych bridlic do facie
amfibolitové v zavislosti na pozici téchto
hornin v zakladnich megastrukturach letovic-
kého krystalinika. Geologické, petrografické
i geochemické znaky i diferencia¢ni trend
bazickych a ultrabazickych hornin letovické-
ho krystalinika odpovidaji ofiolitovym kom-
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plextim nap#. lokalit Pindos, Bay of Island,
Troodos, Oman, Papua a dalsich.
Geotektonicky svrchnoproterozoické leto-
vické metaofiolity jsou soucdsti svrchnopro-
terozoického strukturniho patra sasko-dury-
nynské zény strednoevropskych hercynid (va-
riscid). Jsou dobre srovnatelné s horninami
mariansko-lazenského komplexu, s ofiolito-
vym komplexem cenfralniho saského linea-
mentu, s metabazity a ultrametabazity staro-
méstského svorového pasma a také s ofiolity
v lemu kry Sovich hor. VSechny zminéné

ofiolitové komplexy patrné vznikaly v geo-
tektonickém  prostredi okrajového more
sasko-durynské zony zvlasté v mistech hlu-
binnych zlomt sledujicich okraje wvnitfnich
depresi a elevaci. Pro okrajova more a vni-
trni deprese jsou vedle hlubinnych zlomu
charakteristické znaky jako ztencovani zem-
ské kliry a v koneéném obrazu vytvareni
nové oceanské Kkury. Tim se svrchno-
proterozoické strukturni patro sasko-duryn-
ské zony od paleozoického patra téze zony
velmi zretelné odliSuje.
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T'1o0ansHo€e passuTne MaguIecKoro MarMaTu3Ma ¢ OCOGEHHBIM 3pEHueM
HA 3JIeMEeHTHl PeKUX 3eMeJb.

Ananmn3 ria00ajbHOr0 pPa3BUTHS MadUUECKOrQ MarMaTM3Ma GCHOBAEHOIO
Ha, JJIg 3TOr0 IMPUTOAHBIX KAapTUHAX COJEPIKAHUS DJTEMEHTOB DEJIKUX 3EMEJB,
MMO3BOJILET PAa3M4YUTh €ro OTHOIIEHUE K TJIABHBIM CTAAMSIM IEONMHAMMYEC—
KOr0 peXyma B TEYEHMM pasBUTUsL 3eMuM, B pesynbraTe NOHMIKEHUS TIJ10-
BaNbHOr0 TEIJIOTHOIO TEYEHMUS M IOBBIIAIOIIETOCs pa3yO0aKMBAHUS MaHTUK
0 MHKOMIATUOWUIBHBIE DJAEMEHTHI SABSIIOTCA OCHOBHBIM M3MEHEHMEM COCTABA
MaUUeCKnx MarMaTuToB. OCOOCHHO MHTEHCUBHBIE MATrMaTUUYECKUE IIPOLEC-
Chl IPOTEKANM K KOHILY apxed. JiIs OTHENbHBIX SMO0X SABIAIOTCA XapakTe-
DUCTUYECKUMIL CIIELUAUUECKUE MATrMATUUYECKUE LMKJIIbL.

Global evolution of the mafic magmatism with special regard to the rare
earth elements

The analysis of the global evolution of the mafic magmatism beasing
on the therefore especially suitable REE patterns makes recognizable
a distinct connection to the main stages of the geodynamic regime with
the progress of the earth’s history. With decreasing global heat flow
and increasing impoverishment of the mantle for the incompatible
elements substantial modifications of the mafic igneous rocks result.
Obviously, the decisive event seems to be at the end of the Archaean.
Within the individual stages distinctly marked cycles are evident.

Some years ago,

at the final session of Continuing his ideas, it shall made an

the field works 1980 in Prague, our col- attempt for the global evolution of mafic
league prof. N, L. Dobretsov has proposed magmatism in general on the basis. of the
a model for the global evolution of ophio- rare earth elements. The 14 naturally
lites (Dobretsov — Kepezhinscas, 1981). existing REE ((;;La — 71Lu; ¢tPm does not
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occur because of its short half life period)
are especially suitable for the substantial
illustration of geologic events.

The variable distribution of the REE
within the main mineral phases of the
upper mantle (olivine, orthopyroxene, cli-
nopyroxene and garnet) and whose dif-
ferent stability during partial anatexis in
dependence of P and T enables to compre-
hend genetic events at the formation of
mafic magmas in space and time. The
secular diminuation of the thermal acti-
vity of the upper mantle with simul-
taneously decreasing on incompatible ele-
ments involve characteristic modifications
of the mafic magmatites in the progress
of the earth’s history. They are especially
marked during the Archaean.

Fig. 1 demonstrates the REE distribu-
tion between the primitive mantle (Mp)
and the depleted mantle (Md) after the
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Fig. 1. Chondrite-normalized REE patterns

for primitive (Mp) and depleted (Md) upper
mantle and crust (K). REE data in ppm;
Ch = average of the C1-C3 chondrites from
the data of MASON (1979)

formal extraction of the present earth’s
crust (continental and oceanic; data from
Wedepohl, 1981). The depleted mantle has
a thickness of about 200 km, for strong
incompatible elements considerably more
(up to 900 km). The ratio LREE (La-Sm)/
/HREE (Eu-Lu) is distinctly higher in the
crust and lower in the depleted mantle.
The generation of mafic magmas should
take place during the course of the
earth’s history from more and more deple-
ted mantle areas apart from ranges with
mantle metasomatism, mantle plumes, sub-
duction and other disturbances.

In the following chapters all the rock
types are demonstrated by their mean
values, which enable a clearer comparison
than by the range of scatter. The complete
data will be published in a special paper
(Werner, in press).

The Archaean komatiite-tholeiite sequence

From the first primitive basic to anort-
hositic crust of the earth, formed directly
after the condensation of the earth’s
matter and the formation of the core, we
don’t know certain relics. As the oldest
know mafic rocks the komatiitic-tholeiitic
series of the greenstone belts appear,
mainly evident on a sialic basement. Two
main cycles may be distinguished:

3.5—3.3 b. y. (Barberton/RSA, Sargur/In-
dia, Pilbara/West Australia),

2.7—25 b. y. (Zimbabwe, Dharwar/India,
Yilgarn/West Australia, Canada, Kare-
lia/Finland-USSR).

A third cycle is known only relictic as
enclaves in the 3.8 b. y. old Amitsoq
gneisses from West Greenland. It may
have an age of approximately 4 b. y.

The komatiites are predominantly ef-
fusive, partly explosive volcanics. with
mostly subaquatic emplacement and large
thickness of the complexes. Generally,
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they contain olivine, orthopyroxene and
plagioclase, but no clinopyroxene. The
melting rate at the formation of the ko-
matiitic magmas is very high: 40—70 % at
high temperatures (more than 1650 °C)
and low HyO contents.

Fig. 2 demonstrates the REE patterns
for some rock types of the three cycles.
The oldest one (~ 4 b. y.) displays no big
differences between peridotitic and ba-
saltic komatiites. However, both the types
are clearly enriched in face of the Mp. The
second cycle (3.5—3.3 b. y.) is distingu-
ished by a strong differentiation between
PK and BK, and the PK patterns lie near
by the Mp one. Within the third cycle, PK
and BK are impoverished in LREE with
lower contents of the hygromagmaphile
REE (La-Pr) in the PK against Mp. Tho-
leiites and andesites on the other hand,
which occur more frequently in the third
cycle, possess considerably higher contents
of LREE.
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Fig. 2. Chondrite-normalized REE patterns
for the Archaean komatiite-tholeiite asso-
ciation. PK — peridotitic komatiites, TH —
tholeiites, BK — basaltic komatiites, AND —
andesites

An explanation for the retrogression of
the LREE contents in the youngest komati-
ites may lie in the progressive impover-
ishment on clinopyroxene in the upper
mantle. This is made likely by the bulk
chemistry of the komatiites, too, especially
by the ratio CaO/AlsOs. These ratios
change from 2—3 (1% cycle) over 1—2
(27 cycle) to 0.6—1.2 (3'¢ cycle).

Continental tholeiites

With the third cycle of the komatiitic-
tholeiitic igneous event in the greenstone
belts, at the border Archaean/Proterozoic,
above all the thermal activity of the upper
mantle seems to be exhausted widely. The
magmatism is now of the type of the con-
tinental tholeiites. An old variant are the
locally occurring cumulative complexes of
the types Stillwater (2.7 b. y.), Great Dyke
(2.5 b. y.) and Bushveld (2 b. y.).

A second cycle of the continental
tholeiites we can find in the Late Pre-
cambrian, for instance in the Keweenawan
and the Coppermine districts, North Ame-
rica (1.1 b. y.). At last, the plateau basalts
of Mesozoic-Cenezoic age occur: Sibirian
traps (250—220 m. y.), Karroo dolerites
(200—165 m. y.), Parand Basin (150—120
m. y.), Deccan traps and Thule Province
(65—50 m. y.), and the Columbia River
Province (15—10 m. y.). The main part of
the Variscan initialites in Western and
Central Europe belongs to this type, too
(Werner, 1982). These two cycles are con-
nected with intracontinental rift, resp.
arcogene events, in parts joint with the
separation of Gondwana, resp. the north
drift of India.

Apart from the Keweenawan andesites
and the Deccan traps with a certain alka-
line tendency, the continental tholeiites
(fig. 3) show relatively constant REE pat-
terns over a time distance of more than
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Fig. 3. Chondrite-normalized REE patterns
fer the continental plateau basalts. COL —
Columbia River, Province, DEC — Deccan.
SIB — Sibiria, KEW — Keweenawan, A —
andesites, B — basalts

1 b. y. This may be the expression of
comparable conditions of magma genera-
tion at 1200—1300 °C and 10—15 kbars in
the presence of some water from a nearly
homogeneous mantle composition. The
somewhat elevated LREE contents could
be the result of a supply of LREE enriched
fluid phases from greater depths, possibly
from the lower mantle. This can be
derived from the Nd isotopes, too.

Oceanic tholeiites and ophiolites

The mass of the ophiolites is much
larger than that of all post-Archeaen con-
tinental mafics together. The oldest known
ophiolite complex is dated with 1.8—2 b. y.
(Baykal-Muya Zone, Dobretsov — Kepez-

hinscas, 1981), however, ophiolites occur
more and more from the Upper Protero-
zoic (Polar Urals, Central Europe) and the
Cambrian (Northern Europe and Northern
America), and reach their maximum dur-
ing the Meso-Cenozoic with the formation
of the recent oceans (about 2X10? km3
basalts in 200 m. y.).

The oceanic tholeiites can be divided
into three types, especially distinct at the
REE: a primitive type (P), a ‘'normal’ (N)
and an enriched type (E). The prevailing

N-type is mainly connected with the
mid-ocean ridges. Elemental variations
are depending from differing spreading

rates, differing melting rates and the
varying depth levels of the partial ana-
texis as well as from certain mantle inho-
mogeneities. The E-type is often connected
with fractures zones and hot spot oder
plume areas resp., combined with possibly
anomalous mantle composition or fractio-
nation in shallow-level magma chambers.

These three types are demonstrated in
fig. 4. Gabbros and diabases can be divided
into three types, too, but with distinctly
lower enrichment of the LREE. This means
originally primary differences between the
intrusive and the extrusive melts. The
positive Eu anomaly of the gabbros is
involved by their higher plagioclase con-
tents.

For the ultramafic members of the
ophiolites there exist only few analyses.
Due to their refractory or restitic charac-
ter, they should be strongly impoverished
in LREE. Actually, they show a more or
less strong ascent of the LREE, very likely
as the effect of the hydrothermal sub-sea
floor serpentinization.

Oceanic island basalts

Within the oceanic lithosphere plates an
igneous rock association with a completely
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Fig 4. Chondrite-normalized REE patterns for
the ophiolite association, B — basalts
(tholeiites), Hb — harzburgites, D — dolerites
(“diabases”), Du — dunites. Gb — gabbros

differing petrochemical character occurs,
but similar to continental within-plate
mafic and alkaline rock series. It is con-
nected with local hot spots in the mantle
during the last 70 m, y., where the oceanic
islands and seamounts were formed.
Besides prevailing tholeiites, alkaline
mafics and of minor importance felsic
rocks, too, are evident.

Fig. 5. shows two examples, from Hawaii
and from the Tertiary Iceland. The latter
is conventionally looked as a part of the
Thule Province, but on an oceanic base-
ment. For each region a progressive
increase in LREE is typical in the mafic

G6d_ Dy Er_ Yb
To Ho Tm Lu

Fig. 5. Chondrite-normalized REE patterns
for the oceanic island volcanic association.
HAW — Hawaii, ML — Mauna Loa tholeiites,
] hawatites -+ mugearites, K — Kilauea
tholeiites, O trachytes, /\ alkali olivine ba-
salts, ISL K Iceland (Tertiary) without
signs — H-Mg tholeiites, /\ — H-Fe tholeiites,
O — icelandites, @ andesites, {7 — rhyolites

to felsic sequence. The somewhat flatter
ascent of the Iceland rocks may be the
result of a less deep melting level. Because
of the generally higher contents in in-
compatible elements compared with oceanic
tholeiites, their parent melts must be
originated in greater depths. From isotopic
conditions the lower mantle is even
thought by some authors.

Island arc igneous rocks association
Spreading within the oceanic lithosphere

plates is necessarily connected with the
subduction of oceanic crust on converging
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plate boundaries. In these regions the ge-
neration of characteristic igneous rock
series takes place. They are of the Andean
or of the island arc type. Only the latter
may be regarded here. Three or four mag-
matite series can be divided: TH, CA,
H-K, and SHO, and in each series we have
basalts and andesites, apart from some
other rock types.

Fig. 6 demonstrates clearly the increas-
ing REE contents with increasing depth
levels of the anatectic magma generation,
and with the increasing K contents of the
series. For comparison the mean values
for the boninite/H-Mg andesite association
are given.

Boninite/H-Mg andesite association
The first description of a boninite dates

from 1890, but at first in the last five
years these rocks have found a special
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Fig. 6. Chondrite-normalized REE patterns
for the island arc igneous rocks association.
A — andesites, B — basalts, BO/H-MgA —
boninite — H-Mg andesite series (mean va-
lues, explanation see fig. 7)

interest. They are high-Mg (> 9 to more
than 20 % MgO) plagioclase-free andesites
with 56—58 % SiO,, very poor in Ti, but
considerably high in Ni and Cr. The bo-
ninites s. str. are tied to intra-oceanic
island arcs (Bonin-Mariana arc), mainly as
pillow lavas with olivine, chromite, clino-
enstatite, H-Mg orthopyroxene, pigeonite,
clinopyroxene and amphibole in a HyO-rich
glassy matrix. Other types are the H-Mg
andesites from continental island arcs
(Papua-New Guinea; Japan). All they are
of late Mesozoic to Cenozoic age, older
occurrences with a boninite tendency are
known, for example, from the upper pillow
lavas of the Troodos Massif, and within
the ophiolites of Othris/Greece, Betts
Cove/Newfoundland and Victoria/Austra-
lia. The boninites occur preponderantly in
a fore-arc position with island arc tholeiites
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Fig. 7. Chondrite-normalized REE patterns
for the boninite — H-Mg andesite series.
J-S — Japan (Setouchi), B-M — Bonin-Ma-
riana Arc, P-NG — Papua-New Guinea
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as basement, and overlained by oceanic
tholeiites.

Three sub-types of boninites are de-
monstrated in fig. 7. The most primitive
REE pattern is in the rocks with the com-
paratively highest REE content. However,
it is clearly lower than in normal island
arc and oceanic tholeiites. Within the
sub-type with the lowermost REE content,
there is a typical V-shape pattern.

The H-Mg andesites from Cape Vogel
(Papua-New Guinea) lie somewhat higher
than the boninites, but in the main type
with V-shape pattern, 'too. The Setouchi-
H-Mg andesites from Japan possess no
clinoenstatite, but orthopyroxene and
olivine, and have clearly higher REE con-
tents, somewhat differing from normal
island arc volcanics, however.

Comparison of main types of mafic igneous
rocks

If we compare the main types of mafic
igneous rocks (fig. 8), clear differences
with respect to the REE patterns are re-
levant. The poorest and youngest rocks
are the boninites, generated from depleted
mantle material with a relatively high
melting rate. Then the oldest rocks (Ar-
chaean komatiites) succeed with very high
melting rates in a & primitive mantle. The
striking similarity between basaltic ko-
matiites and IATH gave rise to the models
of Archaean subduction by some authors,
but the rock association and the produced
magma volumes are not comparable.

The highest REE enrichment show the
oceanic and continental tholeiites, but with
a different pattern. The first one were pro-
duced from a LREE depleted mantle, the
second one from a possibly primitive
mantle in a deep level or from a partially
depleted, but somewhat metasomatized

mantle. In table 1 some REE data for all
main types are compiled.

G/Ch
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Fig. 8. Chondrite-normalized REE patterns
for the main types of mafic igneous rocks.
CTH — continental tholeiites, ORT — ocean
ridge tholeiites, BK - basaltic komatiites,
IAT — island arc tholeiites, PK — peridotitic
komatiites, BO — boninites

Conclusions

In fig. 9 the occurrence of the main
groups of mafic igneous rocks is time-
scaled. After the condensation stage of the
earth (A) with core formation, mainly de-
gassing and a first primitive crust the
stage of microplate tectonics (B, aftter
Goodwin, 1981) follows with the komatiites
during the Archaean. Here, the main for-
mation of the earth’s crust took place
(Dobretsov, 1980; McLennan — Taylor,
1982). The three komatiitic cycles are
clearly different. During the stage of the
within-plate fectonics (C) in the Lower
and Middle Proterozoic with only small
crustal growth and intracontinental for-
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mation of troughs and protogeosynclines
the continental tholeiites occur, which are
generated in the next stage, too.

The final stage (D) started in the Late
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Precambrian with the ophiolites and the
macroplate tectonics in more rigid plates,
joint with ocean-floor spreading and sub-
ducion on Benioff zones. Connected with
the ophiolites is the island arc magmatic
activity. The within-plate alkaline igneous
rocks belong to this stage, too, but their
volume is very small, and to a certain ex-
tend they are ’exotic’ rocks. The youngest
formations are the boninite series, coupled
with island arcs, but substantially and
petrogenetically independant.

Fig. 9. Historical diagramm for the evolution
of mafic magmatism compared with the
crust formation (after Dobretsov, 1980) and
the stages of the earth’s evolution (after
Goodwin, 1981). BO — boninites, WP-AB —
within-plate alkali mafics, Oph — ophiolites,
CON-TH — continental tholeiites, Ko — ko-
matiites, A-D — evolution stages of the
earth (see text)

REE mean values for the main types of mafic igneous rocks

Table 1
CTH ORT BK IAT PK BO
" —

183 92 101 11 44 14
La 15.05 3.34 3.25 251 1.10 1.06
Ce 33.9 10.7 8.7 6.51 3.08 2.19
Pr 4.35 1.61 1.21 1.06 0.46 0.35
Nd 17.85 9.05 6.2 5.73 242 1.71
Sm 485 3.37 1.94 1.93 0.81 0.52
Eu 1.50 1.25 0.68 0.71 0.30 0.19
Gd 5.69 4.69 2.54 2.45 1.14 0.77
Tb 0.87 0.81 0.44 0.42 0.20 0.135
Dy | 5.26 5.34 2.89 2.74 1.34 0.92
Ho | 1.16 1.24 0.66 0.64 0.31 0.23
Er 3.05 3.55 1.81 1.88 0.85 0.68
Tm 0.44 0.53 0.28 0.28 0.13 0.11
Yb 2.46 3.27 1711 1.82 0.80 0.69
Lu 0.37 0.54 0.28 0.30 0.14 0.115
¥ REE 96.8 49.3 32.6 29 13.1 9.7
LREE/HREE 3.65 1.32 1.89 1.58 1.51 1.52
La/Yb 6.12 1.02 1.90 1.38 1.38 1.54
(La/Sm)n 1.94 0.62 1.05 0.81 0.85 1.27
(La/Yb)x 3.69 0.62 1.15 0.83 0.83 0.93
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We can perceive a congruency between
the mafic magmatism and the crustal
growth. The differing ratios of LREE/HREE
and CaO/Al,O3 are the expression of an
increasing depletion of clinopyroxene and
incompatible elements within the upper
mantle with more and more reduced
melting rates, Especially clear is this ten-
dency during the Archaean with three
komatiitic cycles.
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K mnpoGrematuxe npumenemus auarpamma Yaire (White) xammommpoxce-
HOB It OT/MYMs 3KJIOTUTOBOM M TPAHYJIUTOBON chammuu

TIpy CpaBHEHUY XUMMU3MOB KIMHONMPOKCEHOB (OMCAIMTOBBIX CAJUTOB)
13 oM@aIUTOBBIX IPAHYNIUTOB B UEIICKOM MaccuBe ObLla IPUMEHEHA aya-
rpamma Yanure C IIeJbl0 BBISCHEHMS MeTamopdHoi daruu, B0 yTBEpIKE-
HO MHEHME, YTO JuarpaMM KIMHONMPOKCEHOB Yaure (Yaure, 1964) g
OTIVYNUS UX BO3SHUKHOBEHMS B I'DAHYJMTOBOV MJIM SKIOIUTOBON (Daluy MMEET.
orpaauyenHoe yrnorpebnenue. OM@anuTOBBIE TI'PAHYIATH COJAEP’KAT OO0Jb-
1II0€ KOJIUYECTBO SAEUTOBOV MOJIEKYJBI, UTO HE OTBEUAET DE3YJbTaram Iua-
rpaMma Yaure. s OTIMYMA TPAHYJUTOBOM (haiuy OT palum SKIOTUTOBOM
SABJISAETCS BBITOJHEMIIUM YCTaHOBJEHME COOTHOLUueHUs FeO : MgO :2 Na.O
umn Mg : FeO : CaO mMpPOKCEHOB.

White’s clinopyroxene diagram applied to the differentiation of the
eclogite and granulite facies

White’s clinopyroxene diagram has been tested for differentiating the
granulite and eclogite metamorphic facies in the Bohemian Massif. It
has been stated, however, that the omphacite granulites have clino-
pyroxenes with a large content of jadeite molecule, which does not
agree with White’s diagram. The validity of White’s diagram is obviously
limited. More suitable for differentiating the granulite and eclogife
facies using the chemistry of pyroxenes is the FeO :MgO :2 Na,O or
FeO : MgO : CaO diagram.,

A. J. R. White (1964) proposed the pos-
sibility of distinguishing between the ec-
logite and the granulite facies on the basis
of the content of jadeite and Tschermak
molecules in clinopyroxenes. From the

presented diagram it follows that ompha-
cites do not exist in granulites. In examin-
ing an orthopyroxene-bearing granulite
from the borehole near Tirschheim in the
Saxonian Granulitgebirge (Mathé, 1969)
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noted the presence of omphacite and
questioned the validity of White’s diagram.
He emphasized that to differentiate ec-
logites and granulites according to the com-
position of clinopyroxenes, the Fe/Mg ratio
is much more important than the Na con-
tent. J. Fiala et al., (in print) found ompha-
cites in dark granulites near Nové Vilé-
movice in the Rychlebské hory Mts. These
omphacite-bearing granulites accompanied
by predominating light-coloured “acid”
granulites extend from Czechoslovakia to
the Gieraltow area in Poland, where they
were described in detail by (Kozlowski,
1565), (Smulikowski and Bakun-Czubaro-
wa, 1973). They were assigned by these
authors to a transitional facies between
granulites and eclogites, and in 1980 Smu-
likowski used the term omphacite granulite
for them, but only in parantheses. The
third occurrence of omphacite granulite in
the Bohemian Massif was assessed by Pa-
déra in the Céslav crystalline complex
near Béstvina in the Zelezné hory Mts.
(Dudek — Fediukova, 1974) considered the
Béstvina omphacite granulite to be an
eclogite. All these omphacite granulites
are accompanied by predominant light-
coloured “acid” granulites (see Mathé,
1969, Matéjovska, 1970, Zoubek et al., 1977,
etc.).

The omphacite granulites contain major
amounts (15—30 %) of primary plagioclase
(oligoclase — andesine) and quartz (15—
20 ). Potassium feldspar is absent or pre-
sent in a small amount. Other essential
components are metacrystals (poikilo-
blasts) of garnet (20—35 %) and omphacite
(20—50 %). It is the presence of a major
amount of primary plagioclase that dis-
tinguishes the pyroxene and omphacite
granulites from eclogites in which a con-
siderable content of primary plagioclase is
exceptional,

Chemical analyses of omphacites from
the omphacite granulites of the Bohemian

Massit are given in Table 1. They are
taken from the papers of (Kozlowski,
1965), (Matheé, 1969), (Smulikowski and
Bakun-Czubarowa, 1973), (Dudek — Fe-
diukova, 1974), (Fiala — Padéra, 1981).
The clinopyroxenes analyzed contain 2.8 {o
51 NayO and White’s diagram projects
them to the field of eclogites (Fig. 1).
The question arises whether this diagram
i3 only of partial validity, or whether the
rocks are eclogites or, possibly, rocks
formed in the transitional granulite-eclogite
facies. The presence of accompanying
light-coloured granulites, which have been
formed in conditions of the granulite-facies
or transitional between the amphibolite
and the granulite facies, provides evidence
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Fig. 1. White’s diagram of clinopyroxenes for
the distinction of eclogite and granulite
metamorphic facies. Projections of clinopyro-
xenes from omphacite granulites of the Rych-
lebské hory Mts., are marked by small full
circles. Straight lines connect centres of the
analyzed omphacite grains (marked ‘S) with
grain margins. The open circle corresponds
to omphacite from Tirschheim and open
square to omphacite from Spacice
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Chemical analyses of clinopyroxenes (omphacites) from omphacite granulites
of the Bohemian Massif
Tab. 1
Tirschheim Spadice Rychlebské hory Mts.
Analyst Posner  Fediukova* Kozlowski Rossol Fiala*
centre margin centre margin
Si0, 50.0 50.41 52.76 51.49 51.91 53.40 53.35 52.39
TiO, 1.9 3.09 ? 0.23 0.48 0.66 0.16 0.56 0.52
AlyO4 8.8 11.64 8.11 11.80 11.13 65.38 8.49 8.30
Fe,0, 0.4 — 1.86 1.36 — — — —
FeO 9.4 9.03 6.50 7.02 7.32 3.01 7.01 7.27
MnO 0.2 — 0.02 0.06 0.06 0.05 0.08 0.06
MgO 9.0 8.10 8.81 8.45 8.77 10.44 10.18 10.56
CaO 15.6 14.58 17.90 13.26 16,41 18.40 16.97 18.06
Nay,O 2.8 3.34 3.58 5.11 3.82 2.93 3.41 3.00
K,0 0.3 — 0.37 0.12 0.01 0.01 0.00 0.01
98.4 100.19 100.16 99.15 100.09 100.58 100.05 100.17
Si 1.89 1.84 1.94 1.89 1.89 1.95 1.95 1.91
Al (IV) 0.11 0.16 0.06 0.11 0.11 0.05 0.05 0.09
Al (V) 0.28 0.34 0.29 0.41 0.37 0.25 0.32 0.27
Ti 0.05 0.09 0.01 0.01 0.02 0.01 0.02 0.01
Fe3+ 0.01 — 0.05 0.04 — —_ — —
Fel+ 0.30 0.28 0.20 0.22 0.22 0.25 0.21 0.22
Mn 0.01 — 0.00 0.00 (.00 0.00 0.00 0.00
Mg 0.51 0.44 0.48 0.46 0.48 0.57 0.55 0.57
Ca 0.63 0.57 0.70 0.52 0.64 0.72 0.66 0.71
Na 0.20 0.2 0.26 0.36 0.27 0.21 0.24 0.21
K 0.01 — 0.02 0.01 0.00 0.00 0.00

0.00

* determined by electron microprobe
all Fe determined as Fe?+

that the omphacite granulites themselves
also originated in granulite facies condi-
tions, The solution to the problem of
whether or not the rocks in question
should be assigned to the granulite facies
is facilitated by using the triangular dia-
gram of Mg, Fe and Na oxides in clino-
pyroxenes from the omphacite granulites
described from the Bohemian Massif. The
comparison of the composition of clino-
pyroxenes from the eclogites of adjacent
areas, i. e. the Géry SnieZnickie Mts. in
Poland, and in the Moravian and Bohe-
mian parts of the Moldanubicum (Fig. 2)
is also useful. The twofold exaggeration
of the sodium content was chosen so as
to enhance the differences between the

clinopyroxenes. Partial chemical analyses
of clinopyroxenes from the eclogites of
the Gory Snieznickie were taken from the
paper of (Smulikowski, 1967) and chiefly
from that of (Bakun-Czubarowa, 1968),
where 36 partial analyses of clinopyroxe-
nes from the eclogites at the Nowa Wies
locality are given. Chemical analyses of
clinopyroxenes from the eclogitic rocks
(griquaites and garnet pyroxenites) of the
Bohemian and Moravian parts of the Mol-
danubicum were taken mainly from the
publication of (Dudek — Fediukovd, 1974)
and completed by data (Padéra, 1971) and
many other as yet unpublished chemical
analyses. The diagram permits the distinc-
tion of clinopyroxenes in omphacite granu-
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+e0 (tot.,

2Na,0 MgO

lites of the Bohemian Massif from those
of the eclogitic rocks in the Moldanubicum,
and indicates a striking difference between
the latter and the eclogites of the Goéry
SnieZnickie. It also shows that the sodium
content in clinopyroxenes is not as im-
portant in distinguishing the eclogite facies
from the granulites as previously thought.
Of primary importance for genetic conclu-
sion is the Fe/Mg ratio in clinopyroxenes,
which was also stressed by (Mathé, 1969).
White’s diagram of clinopyroxenes is
obviously only of partial validity for dis-
tinguishing the eclogite and the granulite
facies.
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TIeTPONOrus ¥ TEOXMMMA MArMaTHMYeCKy CKJIAQUATON JANKM MECTOPOIKje-
Bug Anmac-Camucre (Mypemickas 30aa, PyMBIHHAA) .

TabpoujgHast jauka MECTOPOXKACHMA AnmMac-Canucre YCTAHOBIEHA B I(E€H-
TPaNbHOM YacT¥ MypPEIICKOM 30HBl (100kHOM Amnycenu). Brpiia 00bgBICHA
CaBy (1953-HenyOIMKOBAHHbIE IAHHBIE) M II03KE OMMCAHO €€ MarMaTUYECKU
CKIAZuyaToe CTPOEHME M COOTBETCTBYIONME meTporpaduueckue  harmy
IInocbamkom m CaBy (1963). M3yuenue CTPYKTYPHBIX NETPOXMMMYECKUX
M reOXMMMYECKUX ACIEKTOB 3TOM HAWKKM TPUBEIO K COCTABICHMUIO 3TOM Pa-
06OTHL,

Petrologie et géochemic de le dykes stratitifié d’Almas-Siliste (Zone de-
Mures, Roumanie)

Le dyke stratifié d’Almasg Saliste se trouve dans le complexe des
basaltes de fond océanique (O;) de la zone de Mures. A sa partie
supérieure, les trois zones suivantes se sont formées par différentiation
gravitationelle (in situ): (1) la zone supérieure constituée d’anorthosites
a niveaux de gabbros; (2) la zone médiane gabbroide, & alternances de
leucogabbros et de roches mélanocrates et ferrogabbros; (3) la zone
inférieure surtout gabbroide. Dans la zone supérieure se sont con-
centrés Al, Ca, Na, Sr et Ba et dans la zone médiane Fe, V et Co. La
zone inférieure est moins différenciée. Les derniers différenciés du
magma tholéiitique sont les plagiaplites filoniennes.

The gabbroic dike of Almas-Siliste is the layered structure and the petrographic
situated in the central part of the Mures facies by G. Cioflica and H. Savu (1963).
zone (Southern Apuseni Mts). It was dis- Subsequently it was mentioned in various
covered by H. Savu in 1953 (unpublished correlation papers.
data) and later described with respect to In 1979, when the investigations in the
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Almas-Siliste region were resumed (Savu
et al., 1983), the gabbroic body was studied
from the structural, petrochemical and
geochemical points of view. The data ob-
tained allowed the drawing out of the
present paper.

Structure of the Gabbroic Body

The gabbroic body is hosted in the ocean
floor basalt complex (01) of the Alpine
ophiolitic series (Ji—J3) in the Mures zone
(Savu, 1983). This complex consists of ba-
salts, hyalobasalts, anamesites and varic-
lites in pillow lava facies, in which dolerite
sills are intercaled (Fig. 1) as well as
small gabbro bodies and a body of ultra-
basic rocks (Savu et al., 1983). The layered
gabbroic dike trends NE—SW, being of
2.6 km in length and reaching the maxi-
mal width of 1 km. In the upper part,
where the dike gets wider, the boreholes
showed that it has a rhythmic layered
structure (Wager — Brown, 1968) within
which three zones can be distinguished
(Fig. 1); upper, median and lower (Ciofli-
ca — Savu, 1963). Only the first two zones
crop out, the third one being reached by
boreholes at the depth of 200 m under the
level of the Almas Valley.

The rock structure in the three zones is
highly irregular both vertically and hori-
zontally due to the extremely varied
dimensions and frequency of crystals, the
rocks consequently showing a structure in
bands, schlieren and successive lenses
with thicknesses ranging from a few centi-
meters to a few decimeters or meters.

1. The Upper Zone consists of anorthosi-
tes with gabbro intercalations. Anorthosi-
tes are leucocrate rocks formed of plagio-
clase (> 90 %), sometimes partially al-
bitized, and low amounts of clinopyroxene,
titanite, rutile and magnetite or ilmenite.
Plagioclase (An 55) shows on the margins

an andesine zone (An 34); diopside
(c > Ng = 385° is xenomorphic and is
associated with magnetite. The late mag-
matic solutions from the deuteric stage,
which led to the formation of the plagio-
clase marginal zone, determined also the
recrystallization of some clinopyroxene
crystals. The gabbro rhythms occurring in
anorthosites in the eastern part of the
dike consist of plagioclase (An 55—48) and
diopside replaced by a brown hornblende
(Ng = brown; Nm = dark brown;
Np = yellowish-brownish; ¢ Ng = 20°) <
at the expense of which there form a
green-bluish hornblende and then acti-
nolite.

2. The Median Zone, within which
G. Cioflica and H. Savu described the
rhythmic layering in 1963, consists mainly
of diopside gabbros, four horizons being
distinguished: (a) an upper horizon formed
of gabbros with thin levels (rhythms) of
leucogabbros with diopside and quartz,
and hypersthene gabbros; (b) three hori-
zons situated in the lower part of the
zone, All the horizons form a structure
with rhythmic layering, the concavity of
which being upward (Fig. 1.)

a. The leucogabbros and gabbros from
the upper horizon are rocks rich in slightly
zoned plagioclase (64—54 /), within which
clinopyroxene is accompanied by hyperst-
hene and quartz.

b. The three lower horizons consist of
microrhythms of rocks varying in struc-
ture and composition (dolerites, hyper-
sthene gabbros, hyperites, gabbros with
vanadium titanomagnetite etc.). These ho-
rizons are thicker on the south-eastern
margin of the body, where higher vanadium
magnetite concentrations (5—15 %) are
found. The gabbros in this zone consist of
50 %, plagioclase (An 52), but in some
schlieren the rocks tend to enrich in clino-
pyroxene and brown-greenish deuteritic
hornblende which occurs also on the fis-
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sures (Photo 1); other schlieren consist of
pegmatoid gabbros.

The rocks of the three lower horizons
with rhythmic layering differ from the
other gabbros by the more elongated
aspect of the plagioclase crystals and the
divergent structure. One should mention
the hyperites that consist of 54 %, plagio-
clase (An 58), 14 Y, diopside, 15 % hyper-

sthene, 6.5 94 olivine, 7 Y% deuteritic

hornblende and 3 %, biotite. The xeno-
morphic diopside presents pigeonite ex-
solution in the form of little plates. Hyper-
sthene shows the following characteristics:
Ng = slightly greenish, Np = slightly
reddish; it is replaced by bastite on the
fissures. Olivine, which forms small and
idiomorphic crystals included in pyroxenes,

X—X—X| &4 — 10
- N

[valvb] 5
A —B 12

B+ 6 e5 13 o

g X — X — X — X —=X0§ X >

Zone-x34

::{ AOWer 35
Cornetu B
. 1

Almas V.
1

Fig. 1. Geologic map of the layered gabbroic dike of Almasg-Saliste. 1 — alluvia,

2 — vein rocks, 3 — granites and granodiorites (Cerbia massif), 4 — anorthosites,
5a — gabrros with diopside + quartz, 5b — microgabbros, 6 — ferrogabbros, 7 —
gabbros with hypersthene, hyperites, ferrogabbros, 8 — basalts and anamesites,
9 — basic hornfelses, 10 — granite/basalt contact, 11 — fault, 12 — geological

section, 13 chemical and spectral analysis
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is frequently replaced by bowlingite. The
most characteristic rocks in this zone are
ferrogabbros or gabbros with vanadium
titanomagnetite; the latter mineral is
usually xenomorphic and contains ilmenite
exsolutions.

Microgabbros are found on the southern
margin of the body (Fig. 1).

3. The Lower Zone seems to be more
homogeneous as it consists of diopside
gabbros, within which rare thin levels of
hypersthene gabbros can be separated.

The ocean floor basalts were thermally
metamorphosed at the contact with the
gabbro body and transformed into horn-
felses with the plagioclase-clinopyroxene-
amphibole-magnetite  paragenesis. This
paragenesis formed under the conditions
of the hornblende hornfelses facies at
about 700 °C, the temperature at which,
as established by H. Savu and C. Udrescu
in 1967, the gabbro body was also formed.
Like the whole ophiolitic series in the
Mures Zone, the effusive and intrusive
rocks at Almas-Saliste ere also subjected
to ocean floor metaborphism processes in
the albite-epidote-amphibolitic, greenschist
and zeolitic facies (Savu, 1967; Coleman,
1977).

The gabbro body is crossed by dolerite

e :
2 o §
. o &

Photo 1. Gabbro with diopside and deuteritic
hornblende. Almag Valley

and albitic plagiaplite dikes (Photo 2) of
the concanguineous ophiolitic series, island
arc basalt, rhyolite and orthophyre veins
(J5—Cry) and by porphyries connected
with the Cerbia acid body.

Petrology and Geochemistry

The chemical composition of gabbros is
rather similar to that of the tholeiitic ba-
salt (Table 1, No 15) except for the fer-
rogabbro, which is richer in iron (Table 1),
Leucogabbros are marked by higher Al;O3
and CaO amounts, while anorthosites are
richer in SiOy, AlyO3, CaO and NayO, but
they are poor in iron and MgQO. The albitic
plagiaplites, which are the last differen-
tiates of the tholeiitic magma, are the
richest in SiOy, NasO, Y and Ybh.

The minor elements show a similar
behaviour to the major ones, with which
they are closely connected. Vanadium,
which is of about 250 ppm in most rocks
(Kraft — Schindler, 1961), reaches 730—
1,000 ppm in the ferrogabbros and leuco-
gabbros rich in magnetite from the Median
Zone. The Cr-Ni correlation is positive,
while the Cr/Ni ratio decreases from
gabbros anorthosites

(3.5—2 ppm) lo

Photo 2. Plagiaplite veins in gabbro. Almas
Valley



Major and trace elements analyses

Table 1
Sample 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Element
Sio, 52.57 51.98 51.53 50.20 51.71 48.13 4796 47.37 46.85 46.20 45.94 45.58 46.20 48.79 48.45
Al,O4 19.80 23.20 20.90 21.50 15.81 19.14 16,64 21.80 22.85 16.65 18.31 20.42 16.65 14.74 14.84
Fe,O4 1.08 0.57 0.88 0.87 2.39 2.13 2.72 3.36 2.45 3.77 2.39 3.05 3.77 5.99 3.61
FeO 1.86 0.59 0.76 1.58 3.79 3.52 3.98 4.07 3.11 4.80 3.45 4.21 4.80 4.78 5.30
MnO 0.08 0.05 0.06 0.10 0.13 0.13 0.15 0.13 0.11 0.15 0.13 0.15 0.15 0.09 0.20
MgO 3.68 2.58 3.44 4.90 8.91 4.09 8.66 3.71 4.15 8.30 6.67 8.79 8.30 5.85 7.43
CaO 11.10 14.17 15.27 15.03 11.79 15.04 14.34 13.38 15.15 15.61 15.72 13.62 15.61 12.87 13.01
Na,O 4.62 3.22 3.50 2.95 2.35 2.95 1.70 2.25 1.80 1.40 2.25 1.80 1.40 2.79 2.30
K50 0.40 0.30 0.10 0.01 0.25 0.45 0.53 0.50 0.45 0.15 0.20 0.65 0.15 0.20 0.55
TiO, 1.39 1.18 1.36 0.98 0.70 1.44 0.48 0.71 0.52 0.57 1.68 0.62 0.57 1.65 1.22
Py,0O5 0.67 0.21 0.51 0.27 0.31 0.77 0.05 0.42 0.20 0.06 0.33 0.11 0.06 0.27 0.26
CO, 0.30 0.30 _— —_ —_ 1.07 0.62 —_ 0.59 0.40 0.69 0.30 0.40 — —_
H,O+ 1.78 0.97 1.19 1.01 1.89 1.70 1.58 1.64 1.19 1.36 1.62 0.99 1.36 1.38 2.31
S 0.67 0.07 0.06 0.06 0.07 0.07 0.07 0.09 0.08 0.08 0.06 0.06 0.08 0.18 0.07
Fe(S) 0.06 0.06 0.05 0.05 0.06 0.06 0.06 0.08 0.07 0.07 0.05 0.05 0.07 0.15 0.06
Total 9/, 99.46 99.46 99.61 9942 100.16 100.69 99,54 99.41 99.57 99.56 99.51 100,40 99.56 99.73 99.60
Ni 55 14 32 48 210 44 100 44 28 180 130 67 5 7 70
Co 17 6 9.5 14.5 43 28 33 40 22 55 31 40 50 30 46
Cr 42 45 14 75 550 17 145 17 38 420 34 160 12 225 260
v 250 230 440 420 310 520 215 320 250 400 1000 350 730 430 290
Sc 29 14 30 30 36 44 38 30 19 45 65 39 44 44 35
Zr 67 66 66 57 115 55 38 50 20 35 80 53 72 120 110
Y 38 13 20 17 17 30 11 16 < 10 10 16 12 12.5 39 27
Yh 4.7 2.5 2.3 3.4 2.7 5 1.8 2.3 1.1 1.5 4.7 2.1 2.3 6 4.6
Nb < 10 < 10 < 10 < 10 < 10 < 10 < 10 < 10 < 10 < 10 < 10 <10 < 10 10 < 10
Ba 190 140 90 65 190 85 120 160 190 75 160 100 92 26 44
Sr 70 480 400 420 520 480 360 550 480 340 550 440 370 160 290
Ga 22 23 22 17 14.5 18.5 15 20 16 145 19 17 21 23 12
Cu 11 7 B 6.5 8.5 13 14 70 17 22 28 38 115 29 30
Pb 5.5 5 5.5 2 3.5 3.5 3 5 2.5 3.5 10 9 4.5 <2 3.5
Sn 3.5 <2 <2 <2 2 2.5 3 <2 <2 2 <2 2 3.5 <2 <2

Anorthosites: 2, 3, 4; gabbro in anorthosites: 5; leucogabbros: 6, 7, 8, 9; magnetite
leucogabbro: 11; hyperite: 10; gabbro: 12; magnetite gabbro: 13; basalt: 15; basic
hornfelse: 14, plagiaplite: 1.
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(1—0.3 ppm), Ferrogabbros and some leu-
cogabbros contain a low amount of Cr,
a reason why the Cr/Ni ratio is round 0.3.
The Co values greatly decrease from
gabbros to anorthosites (Table 1).

Zr, Y and Yb have a positive correla-
tion with Ti (Fig. 2), which shows that
the parental magma underwent a diffe-
rentiation process. The Ba contents range
between 26 and 120 ppm in gabbros and
basalts, but in most rocks rich in plagio-
clase they are above 120 ppm. Sr shows
much higher values than in the ocean

Zr ppm
150

100

50

30

I T T T
20 30 50 100

o1 ©02 A3 x4

200 ppm Ti100

Fig. 2. Zr, Y, Yb-Ti diagram. 1 — basalts
and gabbros, 2 — leucogabbros, 3 — anor-
thosites, 4 — albitic plagiaplites

floor rocks, its concentration being
favoured by the plagioclasic character of
the Ca-rich rocks that resulted from the
accumulation of the plagioclase crystals
in the upper part of the dike.

The gabbroic dike started at the level
of the sheeted-dike complex (Os) of the
Mures Zone or even at a lower level. At
the moment of the intrusion the parental
magma, the composition of which was
similar to that of the tholeiitic basalt
(Fig. 3), had already undergone a certain
differentiation in the magmatic chamber
situated in the mantle, under the spreading
zone or in an intermediary one, so that it
had become somewhat richer in aluminium
and calcium.

FeOtot

Na 0+
K,0

MgO

Fig. 3. FeO (tot) — MgO — Na,0 + K,O dia-
gram (after Irvine and Baragar, 1971). Legend
from Figure 2

The more aluminous magma character
allowed first the crystallization of the
plagioclase, which floated towards the up-
per part of the intrusion, forming the
anorthosite zone and the leucogabbro
rhythms beneath it. Under these condi-
tions iron (Kennedy, 1948) and magnesium
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Fig. 4. FeO (tot) —FeO (tot)/MgO diagram
(after Miyashiro, 1975). Legend from Figure 2

accumulate in the lower horizons with
rhythmic layering {rom the Median Zone,
there resulting more melanocrate rocks
and ferrogabbros. This phenomenon seems
to be slightly manifested in the Lower
Zone, in which only rare rhythms of hy-
persthene gabbros form.

Thus the intrusion undergoes a gravi-
tational differentiation (in situ) through
fractional crystallization, under the control

Ti )
ppm //
15000+ /
_{ / Withinplate basalts
10000
4
5000-] -
4 »
1 % -

Fig. 5. Ti-Zr diagram (after Pearce and Gale,
1977). Legend from Figure 2

of the variable tension of the volatiles,
especially of the PHyO and the mean oxi-
dation degree of the magma (W — 0,42).
Nevertheless most rocks preserve the cha-
raster of ocean floor tholeiites of the
ophiolitic series in the Mures (Figs. 4 and
9), excepting, as in Figure 3, the cumulates
rich in plagioclase and the plagiaplites.
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VuTpakpycrajbusie HPOSABIeHMss 06a3anxbTOBOr0 J3Taka B paspuruu Mopas-
CKOro 0JI0Ka

Ecnu 0o6CyXzgaeM BO3MOYKHOCTh Hanmuyus 6a3ajbTOB M YJIbBTPA0A3aIbTOB
B IIPOCTPAHCTBE MOPABCKOro 0JIOKA C TOUYKM 3PEHMA TIEOJOTUMYECKOTO CUHTE-
33, YCTAHABIMBAEM MX IPSAMOE OTHOIIEHME K TEKTOTCHE3Y M OIHOBPEMEHHO
dhopMOBOUHOMY aHANIM3Y 0a3aJIBTOBOIO 3TaKa. VM 1m0 reodM3UMUYECKUM JaH-
HBIM SIBISIETCS IPOCTPAHCTBEHHOE pa3MEIlEHME OYEBUAHOE B 30HAX TEKTO-
HUUYECKOM TEPEeRMCIO3UINY M HA3HAYAET BO3MOJKHOCTR — €CIM O€pEM BO
BHMMAaHKE OJIM30CTh TMOBEPXHOCTHOILO JENCTBUSA mnepudepum  JIeTHUIKOIO
U IIPKUOMCIABCKOTO pPa3iioMa — TPAaHCIOPTA 3TUX yIbTPa0a3uUTOB B MH-
TPaKPyCTAJbHBIE, MM JAKE B CyONPakpyCTAJNbHBIX YaCTEM 3€MHOM KOPDI
MOpPaBCKOro Oyoka. I103TOMY SBISIETCA 3aMETHBIM, UTO OCHOBHBLIE JI Yilb-
TPAOCHOBHBIC IOPOXBL IOTOBOCTOUHOM YaCTH YeCKOro MacCuBa WMEIOT TEC-
HOE€ OTHOIICHUE K 0a3aJbTOBOMY ITAXKY MJIU BEDXHEMY ILIALLY.

Intracrustal manifestations of the basalt layer in the development of the
Moravian block

Considering the occurrences of basic and ultrabasic rocks in the area
of the Moravian block from the viewpoint of its general structure,
a close relation may be deduced between tectogenesis and shape pro-
perties of the basalt layer. Geophysical data confirm the disposition of
basites along tectonic zones and point to the transport of ultrabasites
into intracrustal and, eventually, even supracrustal levels along the
Lednice and Piibyslav deep-seated faults. Hence the basic and ultra-
basic rocks along the SE periphery of the Bohemian mass reveal close
relations to the basalt layer or eventually to the upper mantle.

The Earth’s crust overtakes crucial portions in the crust so in relation to
function in endogenous processes. Decisive deep-seated processes as by the generation
role is played by dynamics of intracrustal of tectonic discontinuities originating ex-
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clusively of the

Earth.

in supracrustal parts

Characteristics of the basalt layer

The part of the Earth’s crust occurring
between the C- and M-discontinuities is
called the basalt (or gabbro) layer in the
literature. Its behaviour is known mainly
from geophysical data whereas the geolo-
gical nature is approached by a whole set
of models.

According to geophysical data, this
basalt layer appears heterogenous as is the
whole crust composed of low and high
velocity zones or channels of both hori-
zontal and vertical attitude. The usually
indicated span of seismic wave velocities
between the lower and upper boundary of
this layer (neutrally assigned using the
Bullen’s model sometime as the A layer)
is 6.1—71 km.s™! for P-waves and
3.6—4.2 km.s~! for S-waves. The bounda-
ry towards the higher layer is not every-
where pronounced and there are already
several examples when the Conrad-dis-
continuity may not be identified (e. g. for
Czechoslovak territory; Zoubek — Vysko¢il,
1971, Beranek et al., 1971). Views appeared
in this connection that the layer may be
composed of more peridotitic rocks than
basalts. The basic division of the basalt
layer as done by H. H. Hess (1955) dist-
inguished  four models: peridotite —
gabbro, peridotite — amphibolite, perido-
tite — granulite and granulite — eclogite.
The nature of the basalt layer is usually
explained setting out from its physical
properties but even more from its compo-
sition. From the compositional point of
view, the basalt layer is assumed to repre-
sent a complete ophiolite suite sensu Peive
(1974) or Coleman (1977). This view is
substantiated by concrete data obtained
through ocean floor dredging and, pecu-

liarly, by the detailed knowledge of rocks
drilled by the deep drilling on Kola penin-
sula in the USSR.

Practical experience leds us to an
important problem: seismic horizons with
boundary velocities of 6.6—7.2 km.s~!
contradict, even in well distinguished
places, to the presumed attitude of the
upper boundary of the basalt layer.
Downwards from this boundary, there are
layers in the crust in which seismic velo-
cities correspond still to granite. Therefore
the distinction of the upper boundary of
the basalt layer is made using the elastic
but not boundary velocities.

Seismic horizons with elastic wave velo-
cities of 6.5—7.2 km.s~! may directly not
be ascribed to the Conrad-discontinuity
but to layers of overwnelmingly basic
rocks. Therefore if seismic horizons with
velocities of 6.6—7.2 km.s~! do not reflect
the upper boundary of the basalt layer
then, in fact, may represent some of
crustal horizons vhere the composition is
still granitic nevertheless already con-
siderable amounts of basic or ultrabasic
rocks occur. Seismic velocity values are
usually not high enough to presume a ge-
neral continuity between such zones and
the upper mantle. Namely this pattern is
pointed out by Wyllie (1976) who strongly
disputes the presumption that each gabbroic
body, or even every inclusion of basic and
ultrabasic composition, could be derived
from a mantle source. Rather a crustal
origin is maintained and substantiated also
by geochemical aspects (Weiss 1971).

It may be supposed that more properly
are the factological data (attenuated crust,
presence of ultrabasics, thickening of the
basalt layer, gravimetric and frequently
even magnetic highs) deduced from seismic
indications and interpreted by the means
of lamellae (Meissner, 1967) or pillows
(Khropotkin, 1973, Moisseenko, 1975) cha-
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racterizing different (more dense or quick)
physical parameters.

In analogy to the Earth’s crust, also in
the case of basalt layer, two subtypes are
distinguished: continental and oceanic one.
In the continental type of basalt layer,
also comprimed types of acidic plutonites
and metamorphics are present whereas
rocks of the ophiolite suite prevail in the
oceanic one. Nor the presence of acid vol-
canites may be excluded from the latter.

In the continental type, physical mani-
festations of a two-layer basaltic crust
occur in Europe and America mainly in
areas of crustal thickening (e. g. beneath
the Alps). P-wave velocities are here about
7 km.s~™! or sometime higher. The layer
usually is assigned as a “high-velocity”
one, Probably, basic rocks participate on
its composition namely basaltoids splitted
from the mantle and creating the pillow-
shaped bodies mentioned. Basalts as rocks
of lighter densities in comparison with the
deeper mantle may heighten the overlying
crustal blocks and so induce rejuvenated
lifting of units earlier stabilized. It may
not be excluded that the high velocity
layer is part of the upper mantle from
the time of differentiaton. The residual
heavy masses occur, after the splitting of
basaltoids, in greater depths and are ref-
lected by “normal” mantle velocities of
P-waves. Evidently, the crust does not
consist only of a layered basalt seam filling
up the whole space between C- and M-dis-
continuities. Under the rocks of basaltic,
or according to velocities of similar, com-
position and situated near to the C-dis-
continuity, there also rocks of granitic
character appear in crustal sections. This
pattern substantiated in the Ukrainian
shield and Bohemian mass or elsewhere is
not a local symptom but evidently a cer-
tain rule. Hence this aspect must be kept
in mind even when investigating the nature
of the basalt layer in the Moravian block.

Geological interpretation

The increased accumulation of ultrabasite
bodies in the Moldanubicum of the Mora-
vian block reflects processes within its
infracrustal portion. Results of recent
seismic and gravimetric investigations
allow to interpret the spatial distribution
of ultrabasite bodies in relation to the
shape of the basalt layer or, eventually,
with the upper boundary of the upper
mantle,

The vertical infracrustal model of the
Moravian block reveals variegated and
specific distribution of velocities (Beranek
et al., 1975). Velocity gradient in the Mo-
ravian block may be observed near to its
western and eastern margin. The cause is
that a layer of higher velocities has been
found from the Pribyslav deep-seated fault
eastwards emerging further towards the
western margin of the Moravicum up to
about 15 km depth. Beneath this zone,
a layer of lower velocities occurs again.
Therefore the apparent increased thick-
knes of the basalt layer is here com-
pensated by low-velocity channels situated,
in the Moravian part of Moldanubicum, in
22—34 km depths. Below the zone of high
velocities, rocks of lower wvelocities
(6.6 km.s~!) may be observed along the
western periphery of the infracrustal part
of the Moravian block what points to the
presence of sialic rocks under the rocks of
the basalt layer. An analogy with the
Ivrea zone is therefore highly probable.
Differences in contrast with the position
of the latter are only that rocks of the
basalt layer did not emerge into high
crustal positions as is the case in the
Ivrea zone (Weiss, 1977).

Velocity distribution models of the crust
in the Bohemian mass and West Carpa-
thians (Beranek, 1975) together with results
of geophysical investigations along their
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contact (Berdanek — Adam, 1975) allow to
interpret piling up of basic and ultrabasic
rock masses in relation with the Lednice
deep-seated fault. The basites represent
rocks dredged tectonically or magmatic
masses intruded into higher levels along
the disjunctive structure represented by
the Lednice deep-seated zone,

Adam et al. (1976) assumed the Led-
nice deep-seated faull to have characteris-
tic pattern of a fault limiting megablock
margin: it acquires linearity of mobile
belts and spatially broadens its mobility
(occurence of basics and ultrabasics). The
fault is characteristic also by marginal
depressions in the Alpine-Carpathian
forédeep (Upper Morava dales) developing
allways upon consolidated blocks. A pro-
nounced downfaulting of the autochtonous
basement relief is indicated by both ref-
ractive and reflexion profile data from the
supracrustal portions. Northeasternly from
this structure, the autochtonous basement
is interpreted in about 2 km depth whereas
it merges gradually into more than 7 km
southeastwards. This merging is due to the
function of the Lednice deep-seated fault.

Owing to the anomalous distribution of
velocities, the dragging out of the Car-
pathian basalt layer is interpreted, on Cze-
choslovak territory, in the space of the
Lednice deep-seated fault (Beranek — Du-
dek, 1977, Beranek, 1978). The obduction
of the Carpathian basalt layer may be
caused by the subduction movement of
the Bohemian mass. According to the
authors indicated, apical portions of the
basalt layer occur in 10 km depth below
the recent surface and only 2 km below
the surface of the crystalline basement,

Hence the belt of higher velocities re-
lated to supracrustal parts of the Lednice
deep-seated fault zone may be explained
by the presence of rocks of the basalt
layer. The disturbed magnetic field cor-
relates even well with such meaning. The

Lednice fault is also indicated by a sharp
change in thicknesses of flysch nappes
deduced from both refractive and reflexion
seismic profile data.

The geological model of the Moravian
block (fig. 1) reveals southeastward at-
tennuation of the crust whereas the
Moho-discontinuity strongly rises. In the
western part of the Moravian block, rocks
with higher velocities already characteristic
for the basalt layer occur in 15 km depth.
Underneath again rocks of granitoid cha-
racter appear in the velocity pattern. The
feature may be explained by upthrusting
of the Moldanubian block over the Mora-
vian one whereas rock masses of the basalt
layer have been squeezed-out into the
uper portions of the downfaulted Mora-
vian block. The oncoming of the basalt
layer into upper crustal levels may be
placed in the space between the eastern
margin of the Trebi¢ durbachite massif
and Brno massif, Besides velocity data,
this solution is subkstantiated even by den-
sities (gravimetric high) and, particularly,
by the extensive regional positive magnetic
anomaly in the 1 :1.000,000 scale aero-
magnetic map. All data coincide well with
the frequency of ultrabasite occurrences in
supracrustal portions of the Moravian
block here.

The main distribution of NW—SE trend-
ing elevation and depression structures
appears even in the general geological
picture. Gravimetric data prove the co-
incidence of elevation structures (western
part of the Moldanubicum, Krusné
hory Mts.) with gravimetric minima and
that of depressions (Barrandian, Saxothur-
ingian) with gravimetric highs (Beranek
et al, 1980). The character of such regional
gravimetric anomalies is influenced just by
changing thicknesses of the basalt layer.
Its dissected upper boundary and proxi-
mity to the recent surface is conspicuous
along the eastern margin of the Molda-
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nubicum where the coincidence with
frequent occurrences of basite and ultra-
basite bodies allows to assume a collision
belt of the Variscan orogen with the older
crystalline of Brunovistulicum.,

The large regional anomaly along the
contact of the Bohemian mass and West
Carpathians could be interpreted as being
related to the emplacement of ophiolite
suite rocks along the Lednice deep-seated
fault into supracrustal levels. This fault
so represents a peripherial structure to the
Bohemian megablock unit and to the
Central European Epivariscan platform.

Manifestations of the basalt layer

Several bodies of basic and ultrabasic
rocks contained in the Moravian block
represent in fact segmented and meta-
morphosed members of originally ophiolitic
associations derived from oceanic crust and

upper mantle. If based on relations between
the pyrope peridotites and eclogites in the
Moravicum, it may be further deduced
their pertaining to a metaophiolite asso-
ciation and together with the latter allways
to a continental crust.

An exception to this rule is represented
particularly by the position of the Leto-
vice synform (Misar, 1979) consisting
unambiguously of rocks of tholeiitic mag-
ma affinity where distributions of Ti and
Cr point to ocean floor basalts (Jelinek
et al.,, 1978). According to the mafic index
and silica content, ultrabasites fall into the
field of ultrabasic cumulates or gabbros
whereas the majority of amphibolites has
figurative points in the field of basic cu-
mulates of typical ophiolite complexes.
Accordingly, basites and ultrabasites of
the Letovice crystalline may be regarded,
with high probability, to represent mem-
bers of a metamorphosed ophiolite suite
of Proterozoic age (Misar, 1966, 1979).
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The Moravian block is limited from the
west by the Pribyslav deep-seated fault.
The existence of this fault, creating
eastern marginal fault to the Central Mol-
danubicum mass, is definite according to
seismic and gravimetric data. With the
highest probability, the upvaulting of the
basalt layer is also due to this deep-seated
fault representing by its main characteris-
tics a crucial marginal zone of the Mora-
vian block of infra- to subcrustal range.
In surficial crustal portions, it is accen-
tuated by mylonites associating, besides
ultrabasic rocks, also with eclogites and
amphibolites. The Pribyslav deep-seated
fault is of general metallogenetic impor-
tance as proved by numerous ore mani-
festations in Czechoslovakia (near Staré
Ransko), Austria (Waldkirchen) and even
in Poland.

Ultrabasites present in the central part
of the Moravian block complicate the
pattern of the magnetic field by reaching
amplitudes up to several hundreds y (Sa-
lansky et al., 1967, Salansky, 1972). This
intricated pattern and sharp gradients of
the field together with frequent super-
position of magnetic sources in several
levels result in such configuration of
isoanomalies which, as the rule, could by
no means completely reflect the carto-
graphically ascertained surficial distribu-
tion of ultrabasile bodies. It is however
really to assume counsiderably larger extent
of ultrabasics in supracrustal levels e. g.
westernly from JeviSovce, near Dukovany
(Weiss, 1975) or near DaleSice (Weiss,
1971).

These relations are reflected also by the
more dissected course of the basalt layer
upper boundary, by its gradual eastward
thickening and approaching the surface-
near parts of the crust. In this case hence
the interconnection of single ultrabasite
occurrences in the depth is provable. What
concerns the original continuity of basic

and ultrabasic rock bodies to the upper
mantle, a certain criterion may be their
greater frequency in the Moldanubic part
of the Moravian block. Results of detailed
airborne geophysical measurements drew
attention, besides numerous geophysical
data, also to the regular distribution of
ultrabasites within the Moravian block.
Ultrabasite bodies appear as well ex-
pressed anomalies in the aeromagnetic
picture, In the case of areally larger bodies
(Bory, Borovnik, Brezi and Mohelno), data
may be deduced for their depthward ex-
tension, dip etc. Besides these, geophysical
data allow to trace some further occurren-
ces within tectonic zones, namely the blind
bodies without surficial outcrops due to
their occupation of deeper crustal levels
in the enclosing metamorphics or covered
by thicker sediments of Quarternary or
less Cenozoic age. Such ocurrences are
namely in the Moldanubicum near Stra-
zek.

The examination of geophysical resulfs
and recent geological data allow to assume
effects of subsequent deformations on
ultrabasite massifs expressed mainly by
faulting (tectonic contours of some bodies
are evidently observable) and vaulting
(undulations) induced probably by folds of
great amplitude and small heigh index.

The basite body on Moravské kopce lo-
cality westernly from OleSnice in Moravia
consists, from petrographical point of view,
of different amphibolite varieties (located
in uppermost levels of the gneiss complex
according to Misar, 1966) and olivine
gabbros. The presence of the latter is of
peculiar meaning when assuming the
model of deep origin for the Olesnice
dome. Olivine gabbros from the OleSnice
area represent, by internal fabric and geo-
logical setting, equivalents of analogous
basic magmatites in the Moravian block
(Weiss, 1957). A certain similarity in struc-
tural position may be observed by the



J. Weiss: Intracrustal manifestations of the basalt layer 57

Uherdice gabbro (Némec, 1935) or by the
olivine gabbro body in Zelezné near Tis-
nov (Rosicky, 19286).

Westward from the Boskovice furrow,
the lower boundary of the granite layer
rises continuously to 15 km whereas the
lower boundary of the basalt layer occurs
in almost 35 km depth. The Boskovice
furrow, in analogy with the Blanik one,
has but supracrustal range though some
authors assumed it to be reflection of
a deep-seated fault (Jaro§ — Misar, 1965,
1967, Zeman, 1974, 1975, Such explanation
seems to be supported by the sharp sub-
mergence of the Moho westernly from the
furrow into almost 37 km level at the
western margin of the Lednice deep-seated
fault.

Granitoids of the Brunnia mass compos-
ing the Brno massif proper and creating
part of the substructure in the entire
eastern margin of the Moravian block as
far as the Lednice deep-seated fault origi-
nated in the time of Cadomian oroge‘nic
cycle. Most of magnetic anomalies are
created by intermittently magnetized
horizons in the area. Anomalous belts,
part of which is dissected into the mosaic
of blocks, point to strong faulting and
accomodate to, in a certain degree, the
function of the Lednice deep-seated fault.
The strike of single belts is not constant
and, also due to the shattering of single
block units, a gradual bending from N—S
to SE is observable, i. e. into the area of
the Carpathian foredeep.

From a regional point of view, such mag-
netized horizons in the Brno massif and
representing more or less altered basic and
ultrabasic rock varieties, are spatially cu-
mulated in a metabasite belt. Some authors
relate this weakened zone to gabbroic
rock occurrences the Svitavy anomaly
including (Cuta et al., 1964) in contrast to
others denying relations with the Svitavy
magnetic anomaly and, namely, with the

gravimetric high (Misar et al., 1972, Weiss,
1977).

In the eastern part of the Moravian
block but mainly in the autochtonous
block unit covered by Paleozoic, Jurassic
and mostly Cenozoic sediments of the
Carpathian foredeep or partly even by
overthrust of Outer Carpathian nappes,
ultrabasic rocks are not too much known.
More frequent occurrences are preferredly
restricted to the Upper Morava dales where
hidden bodies have been discovered by
numerous hydrocarbon and other drillings.
Bodies of a gabbro-peridotite complex
occur near Vlkos allways together with
a set of secondary alterations (mainly
amphibolization, chloritization and steati-
tization). In analogy, the Rusava ultra-
basite (gabbro-norite) massif occurs along
the HoleSovice fault system in spatial pro-
ximity with teschenite occurrences (Dudek
in Weiss et al., 1978). Rocks of the tesche-
nite association represent, substantially,
the continuation of both intrusive and ef-
fusive members of the metaophiolite com-~
plex.

A gravimetric low may be interpreted
in the Vienna basin area caused by super-
position of more shallow (15 to 25 km
depth) and deeper (35 km) sources. In the
area of Upper Morava dales, a body
inducing negative disturbance of the gra-
vity field is assumed having its upper
boundary in 35 km depth and the centre
of gravity about 45 km below the recent
surface. The main source of the negative
anomaly along the boundary of the Bo-
hemian mass and West Carpathians is
usually explained by the basalt layer and
the relief of the Moho-discontinuity. These
factors are multiplied by the influence of
inhomogeneities in the basalt layer itself
and, obviously, by interferences of light
sedimentary masses in supracrustal por-
tions.

Ultrabasics related rocks

and are
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confined, in the Brunnia mass, to the
Brno massif and its crystalline envelope.
The geotectonic position of the Brno massif
in the area of strong Variscan tectogenesis
together with its Assyntian age (Stelcl
et al.,, 1978, Stelcl — Weiss, 1983) create
entirely different conditions for the distri-
bution of the metaophiolite complex.

Basite and ultrabasite bodies of the Brno
massif are spatially confined to a meta-
basite zone running in belt-like shape,
broad about 10 km and almost 50 km
long, through the central part of the
massif. The metabasite zone may be
divided into two subzones (Misar, 1980).
The westernly metadiorite subzone is re-
latively thicker and is composed of even
xenoliths, diorite, gabbro (even olivine-
bearing) and ultrabasite in the crystalline
envelope namely in the southern part of
the Brno massif. The eastern part is
created by discontinuous metadiabase sub-
zone.

Ultrabasite bodies in the metabasite
zone are less frequent (Moravany, Zelesice,
Bystre, Kohoutovice, Milonice, Jinacovice
and Kurim localities). Probably, the entire
metabasite belt creates an assymetric syn-
form structure. Such arrangement results
from interpretation of the gravity field in
the northern part of the zone (Skécelo-
va — Weiss, 1978). Obviously, the meta-
basite zone continues accross the ZeleSice
magnetic hight to SE into the Carpathian
foredeep.

Contrary to the ultrabasics, gabbroid
rocks are not so strictly confined to the
zonality of the metabasite zone though
generally reveal also a N-S spatial distri-
bution (Kamenny vrch, Podskalsky mlyn
and Kounice localities). Such distribution
is well expressed by the appearance of the
metabasite zone in geophysical data. In
gravity maps, the zone creates a relatively
broad belt of positive anomalies of
NNE-SSW strike arching into NW—SE

direction in its southern part. Such course
is reflected by pronounced magnetic
pattern (Salansky et al, 1965) and con-
verging also with the continuation of this
abundantly differentiated belt southwards.

Conclusions

Evaluating the presence of basics and
ultrabasics in the Moravian block from
the viewpoint of synthetic geological
approach and existing geophysical data,
their immediate relation to tectogenesis
and, namely, to the shape pattern of the
basalt layer may be deduced. Geophysical
data disclose their spatial distribution into
the belts of tectonic predisposition and
point to the possibility, assuming also the
proximity of surficial manifestations along
the periphery of the Lednice and Pribyslav
deep-seated faults, that these ultrabasites
have been transported into infracrustal or
even supracrustal situations within the
Moravian block. Hence, the prevailing
close relation of basic and ultrabasic rocks
to the basalt layer of the crust or even
to the upper mantle becomes evident in
the southwestern part of the Bohemian
mass.

Several from the previous conclusions
have the nature of working hypotheses as
the Conrad-discontinuity occurs in about
20 km depths in this crustal area (fig. 1).
In spite of its location in such considerable
depth, data allow to deduce the charac-
teristics of the crust and pose a set of
problems to be solved in the future. In
the case if some of previous con-
clusions are pertinent, possibilities arise
to the knowledge of processes taking place
within the Earth’s crust since accumu-
lations of mineral raw materials are im-
mediately depending on the type of crust.

Translation by 1. Varga
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Intrakrustalni projevy bazaltového patra
ve vyvoji moravského bloku

JAROSLAV WEISS

Posuzujeme-li mozZnosti existence bazita
a ultrabazitG v prostoru moravského bloku
z hlediska geologické syntézy a dosavadnich
geofyzikélnich vysledkl, zjistujeme jejich
primy vztah k tektogenezi a zejména tva-
rové analyze bazaltového patra. I z geofyzi-
kalnich materidld je prostorové rozmisténi
na zo6énach tektonické predispozice ziejmé
a naznac¢uje moznosti — bereme-li v Gvahu
iésnou Dblizkost povrchovych projevi peri-
{érie lednického a pribyslavského hlubinného
zlomu -— transportu téechto ultrabaziti do
infrakrustalnich, popiipadé az suprakrustil-
nich ¢ast{ zemské kury moravského bloku.
Je tedy evidentni, Ze bazické az ultrabazické
horniny jihovychodni ¢4sti Ceského masivu
maji prevazné uzky vztah k bazaltovému

patru, pfipadné svrchnimu pl4sti.

Mnohé z uvedenych zavértd maji charakter
pracovni hypotézy, ponévadz, jak vyplyva ze
zakladniho obriazku ¢. 1, se Conradova hra-
nice pohybuje v této ¢4sti zemské kury pri-
mérné okolo — 20 km. I kdyz je tato tro-
ven pomérné ve velkych hloubkéch, presto
si muZeme jednak vytvorit uréity obraz
o geologickém charakteru zemské kury,
jednak pred nas predstupuje celd fada ota-
zek, které je nutno v budoucnu fesit. V pri-
padé, Ze nékferé zavéry ve vySe uvedeném
textu jsou spravné, oteviraji se ndm moz-
nosti pozndni charakteru procest probihaji-
cich v zemské ke, ponévadZ na jejim typu
je primo zavisla pritomnost kumulaci rud-
nich i nerudnich lozisek.
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Ilerposoruss MeramopdU30OBaHHBIX YJIbTPA0a3UTOBR 3a0BIPAEHCKO-
ro paiona (Llenrpanbusie Poxonsl, Boarapus)

KPMCTMHA KOJIYEBA, MAPUI JKEJIS3KOBA-TTAHAIOTOBA, >KMBKO WMBAHOB

Cocbuitckun Yausepcurer, Codust, Borrapus

(2 puc., 5 Tabb. B Texre)

Crarbg nocrynuia 28 okTsa6ps, 1983 r.

TleTponorns MeTaMOP(U30BAHHBIX YIBTPAa0a3UTOB 3a0BIPJEHCKOr0 pamoHa
(IXenTpassusie Pomounst, Boarapus).

B HWKHEN 4YacT¥ METaMODP(MUTOB CPEAHEPOJOICKON I'PYIIIb 0OHAKAIOTCA
HECKOJbKO JIMH3EBUJHBIX TEJ yabTpa®a3uroB. Teno Ha BEPIIUMHE YeHreHe
KEIMK TPEACTABICHO TapH0ypruTamMm € IepexomoM B ayHuTel. Temo , Bana-
faH“ MMeeT BBIPA3UTENIBHO [OJIOCYATOE CTPOEHME (IOJOCHI AYHUTO-rapuoyp-
TUTOBOTO ¥ OJIMBUHO-MMPOKCEHOBOTO CIOXKEHMS). J[AL BCEX TEJL XAPAKTEPHBIM
ABIAETCS HM3KAsA CTEIEHb CEPICHTUMHM3ALMM; B MX COCTABE INIPMHUMAIOT
yuacTue AacCoIManuy BHICOKOTEMIEPATYPHBIX MUHEpanoB. Tema yiapTpaba-
3UTOB IEPBOHAYAIBHO IIPEJCTABJIUIM OJMUCTOMUTHL B OCAZOYHON CEKBECHIUM,
BMECTE C KOTOpPOU ObUIM MeTaMOP(MPOBAHHBICE M 3aTEM YaCTUYHO CEPIECH-
TU3UPOBAHHbIE

Petrology of metamorphosed ultrabasites from the Zabdrdo village area
(Central Rhodope Mits., Bulgaria)

In the lower part of metamorphites in the Central Rhopode group,
several lense-shaped ultrabasite bodies do occur. The body on Tshengene
kemk hill consists of harzburgite passing into dunite whereas the
Balaban body reveals well expressed banded structure with bands of
dunite-harzburgite and olivine pyroxenite, All bodies are characterized
by only low degree of serpentinization and the high-temperature mineral
assemblages are preserved. Originally, ultrabasite bodies created
olistoliths in the sedimentary sequence and underweni{ metamorphic
alteration together with the enclosing rocks. The slight serpentinization
is a subsequent phenomenon.

B pape panoHoB IlleHTpanbHBIX PoO- BAHHBIX JMH3000pA3HBIX YIbTPa0a3UTO-
JION, B HIKHMUX YaCTIX pa3pe3a MeTa- BbIX TeJl. TaK HaNpUMEP, B OKPECTHOC-
mopduToB LIeHTPaNbHOPOMOICKON IPyH- TAX C. 3a0bipgo  (CMONSHCKWMII — OK-
IIbI, TIPEJICTABIEHBI BKINOUEHUSA M30AMPO- DPYr) OBUIM YCTAHOBJIEHH! JIBE OOJee KPYyII-
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HBIE ¥ HECKOJbKO OoJjiee MEJIKME Tejla
(puc. 1). Bmewarwume yiabTpaba3nTos
MOPOABl IIPEACTABIEHBI TJAaBHBIM OOpa-
30M OMOTUTOBBIMM THEICAMM, MUTMATH-
3MPOBAHHBIE B PA3JIMYHON  CTEICHU, C
MIPOCIIOSIMUM ~ OTHOCUTEJIBHO  MaJIOMOII{-
HBIX IadYeK aM@uOonuToB B rpadur- u
daoromurcogepKaIux Mpamopos. OHHu
o0ocobnensl B T. H. I[locecTpUMMCKOIL
MpaMOpHO-THENCOBOM CBuTHl (VIBaHOB u
ap., 1983).

YaprpabasuTel  OKpPECTHOCTEN C. 3a-
OBIDJIO OTHOCSTCS K BBIJCIEHHON DPaHEE
TPYIIIE POJIONCKMX JOMETaMODP(UUECKINX
yaprpabasuros  (PKensskosa-Ilanaitoto-
Ba m jap., 1977). Iloka 4YTO 3TOT paloH
SABISIETCS €MHCTBEHHBIM, Trje€ B Hanbo-
Jee JIpEeBHEN YIbTPA0A3UTOBON TIPYITIE
YCTAHOBJIEHBl HAPSAAY C JIMH3AMU MeETa-
MOp(MUYECKNX IEePUFOTUTOB ((pparmes-
THl HVJKHETO YDPOBHSI O(DUOIUTOBOTO pa3-

IUIEKCA, IPU TOM JOBOJBHO
pa3MepoB.

OnHO M3 Ooyee KPYMHBIX YIAbTpadasnu-
TOBBIX TEJI pallOHA PACIIOJIOXKEHO B 500—
600 M ceBepo3anajHee BEPIIMHLL YeH-
reHe KENIK, a BTOPOE HA PACCTOSHUMU
1 KM BOCTOK-CEBEDOCTOYHEE OT 3TON-
’K€ BepIUMHBI, B MectHOocTM ,, Bamaban”
(pmc. 1).

ITepBoe Te€xO B IUIAHE MMEET ITOUTH
U30METPUUECKY0  (opMy, pasmMepamu
450X500 M M IEepeceKaeTcs B CEBEPHOI
JyacTy IEerMaTUTOBOM  JKMJIOV,  MOII-
HOCTBIO OKOJIO 5 M. YiabTpaba3uToBOE
TEJIO CIOXKEHO IEPUAOTUTAMU, IIEPEXO-
JISIUMY B IYHUTHL. I10pOJBI TEMHOCEPOTO
KOPMYHEBATOrO I[BETA, MCIKO3EPHUCTHIC.
B oTjenpHBIX y4YacTKax Ha MEJIKO3EPHUC-
TOM (pOHE BBIZENSIOTCA KPYIHBIE, 0O 1-—
2 1M, KPUCTAJUIBI OPTOMMPOKCEHA. Xa-
pakTepHa cdepnueckas IIOBEPXHOCTH BbI-

KPYIHBIX
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Puc. 1. Cxemarudeckas reojIormyeckas Kapra payoHa ¢. 3a0eipgo. 1 — yabrpaGasuToBbie
T€Na, 2 — OMOTUTOBBIE O ABYCGIIONSHHBIE THEWUCHI € INPOCIOSMU aM@PUOOIUTOB U Mpa-
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Hass B OTACJBHBIX YYacTKax, a TaKKe
CIAHIEBATOCTh, KOH(OPMHAS CIIAHIICBA-
TOCTM BMemjaroumx meramopdpuros. Cre-
IIEHh PACCIAHIEBAHMA CUJIBHO YMCHL-
Hraercs K I[eHTpaIbHOM YACTH TeJa.

YViapTpabasuToBele  TEIAa B MECTHOCTHU
,, Banaban® wmmeroT 0ojee YAJIMHCHHYIO
IuH30BUAHYI0 dopmy. Haubomee Kpyil-
HO€ U3 HUX JOCTUraeT 1 KM B JJIMHY, 4 B
mmpuny — 600 M. ITodTtu npsgmeIM IIpO-
JOJDKEHNEM OT HEro, OTHEIEHHOM TOH-
KOt aMduGOoAUTOBOM ITPOCIONKOM, IPOC-
JIESKUBAETCs 00JIee MEIKOE TElNo pa3Me-
pom 300X200 M. YabTpaGa3suTOBBIE Te-
a2 OYEHb MEIKMUX Pa3sMepoB HAOMOAa-
10TCSL HECKOJIBKO BOCTOuHeEe. OHUM CHMIIBHO
TUPOTEPMANIBHO M3MCHEHBL M XapaKTe-
pu3ytoTcs acGeCcTOBOM M TalbKOBOW MU-
Hepanusanueit. Bosee  KpyIHbIE Teja
B MmectHOocTH ,, BanmaGau® OTIMYAOTCH I10-
gocyaTeim  crpoenmuem. Ilonocsl ciaoxe-
HBI JIBYMs IVIABHBIMM TUIIAMM IIOPOX: Y-
HUTAMM, HEPEXOMAIINMU B TraprOyprutThl
M OJMBUMHOBBIMU IMpOKceHMTamu. MoIr-
HOCTh ITOJIOC uU3MeHsieTcst orT 10 jfo 20—
30 um. J[YHMTOBBIE II0JIOCEI KOPUUHEBA-
TO-CEPOr0 I[BETA, MEJIKO3CPHUCTHI, Xa-
pPabTEePU3YIOTCS IIIAPDOBUIAHBIM  BBIBETPU-
BaHMEM. B IIPOCIONKAX KIMHOIMUPOKCE-
HUTOB Ha CEPOM MEJIKO3CPHUCTOM (hoHe
BRIJICNISAIOTCS TEMHO-3€JIEHBIE  KOPOTKO-
OpMU3MaTUUECKUE 3€pHA  KIMHONMMPOKCE-
Ha, pauHon oOpruro 0,3—0,5 1M, B OT-
JIenbHbIX chaydasx jgo 1 mm. Cdepuuec-
Kasi IOBEPXHOCTh BBIBETPUBAHUS JUUIS HUX
HE XapaKTepHa, YTO elle Ooiee momuep-
KMBAET  IIOJIOCYATOE  CTPOEHUE  IIO-
pox. M B aTOM ciiydae yJibTpPaba3sUTOBBIE
MIOPOJIBI  PacciaHmnoBanel. B ocobeHocTu
SICHO BBIPAKEHO pAacCIaHICBAaHUE B IIeE-
pudepmnyecknx 30HAX, K7€ IIPOIECCH IIe-
DEKPUCTANIN3AIMK  NPOSBIEHL HauGo-
Jiee SIPKO, BILUIOTh JO Iliepexojpa YiIbTpa-
6a3uToB B TPEMOJIUT-aKTUHOJUTOBHIC
CNAHIIBL.

Jins ynbTpab®asuToB B panoHe ¢. 3a-

OBIPZIO0 XapaKTEPHBI BBHICOKOTEMIIEPATYD-
HBII MMHEDAJIBHBIN ITapareHe3nuc ¥ O4YeHb
cnabast creneHb cepneHTuHM3anmu. IToc-
JICAHSST IPOSBIICHA JIOKANBHO U OIPEJe-
JICHHO IIpUypOYEHA K ITO3JHUM TEKTO-
HUYECKUM 30HAM,

Yaprpaba3smuToBOE TENO, BCKPBITOE HA
ceBepo3amajie  OT BePIIMHBL YUeHreHe
KEIIK, OTJIMYACTCS OTHOCUTEIBHO MOHO-
TOHHBIM  II€TPOrpadUUECKUM COCTABOM.
['maBHBIM IIOPOIO0OPA3YIOUIMM MUHEpa-
JIOM SIBJISIETCS OJMBUH, KONMYECTBO KOTO-
poro u3menserca or 98—95 mo 60 Y.
B ¢Bsi3u ¢ 5TUM BBIJICJIEHBI JNYHUTH 1 60-
TaTelC OJMBUHOM TrapiOyPruThl, KOJIN-
YeCcTBEHHO Ipeobnajgatomue (radm. I-1).

OnmBuna (2V, = 80—88°) mpejacraBicH
Kak 0OoJjee KPYMHBIMM, TaK UM MEIKUMMU
3€pHaMM, BCET/la OUCHb CBEXXMMU. B IIe-
puMEPUYECKMUX  YaACTAX 3EPEH ¥ BHOIb
TPEIMH B HUX Pa3BUT TOHKO-IIETEJIbYa-
TBI ceprieHTuH. Jas Oosee KPYIHBIX 3€-
PEH OJMBMHA MHOUZA XapaKTepHA XOpO-
II0 BBIPA’KCHHAsT CHAMHOCTh (radm. I-2),
KOTOpasi HEKOTOPBIMIM ABTOPAMMU IIPUHMU-
MaeTcs KaK IMPU3HAK METaMOpP@uUIecKO-
IO IPOUCXOXKJ[CHIUSL.

OpTtonupoxrcen (2B, = 80—86°) yuacr-
BYeT B IOJYMHEHHBIX KojJmuecrBax. Hab-
JIIOJIAaeTCs B BUAE KDPYHIHBIX JO OYEHH
KPYIIHBIX IPU3MATUUCCKUX 3E€PEH, MHOI-
Jla ciaraioijux BeepooOPasHO pa3Ber-
BJICHHBIEC arperatsl. YacTUYHO 3aMe-
[[ACTCS CEPIIEHTUHOM WK TajibkoMm. He-
PEAKO B KPYIHBIX 3€PHAX OPTOUMPOKCE-
Ha BKIIOYEHBI MCEIKUE IOMKIMIOOIACTHI
OJIBMHA.

Mectamu B 1opojax HaGmomaercs
TAKXKE TPEMOJMUT B BUJE OTHOCUTEIHHO
KPYIHBIX 3€pEeH IIPU3MATHUYECKOro radu-
Tyca. BropmyHas acconmanus MUHEPA-
JIOB, BKJIIOUAOI[ass TOHKO MIOJbYATHIN
TPEMOJIUT, CEPIEHTUH, TATbK M XJIODUT,
3aMeI[aeT OJMBUH, OPTOIUPOKCEH U
KPYIHO3CPHUCTHIN TPEMOJIUT W JMEET
OUCHb OTrPAHUYCHHOE PACIPOCTPAHEHUE
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(0610 5—10 9, o6vema mopomsi). Jlo-
KaJIbHO, BIONDb TPEIIVNH, Y3KUE 30HBI IIO0-
DPOJI LOJABEPTHYTHI MHTEHCUBHON CEPIIEH-
tuny3aumenn (tabx. 1-3). Pyauble MuHEe-
panbl IPEACTABICHB XPOMIIINHETURAMNI
(1—2 9/;), KoTophiE B AyHUTAX 00pa3yioT
THE3J[OBUHBIE 1 IIOJIOCUATHIE CKOILIE-
uug (Tabn. 1-4). V3ydeHme MX COCTaBa
TI0KA3aJI0, UTO OHM OTHOCATCS K DPCIKUM
BUJAM IIIMHEIM0B C HOBBIIIEHHON JKe-
NE3MCTOCTRIO. VIcCaeoBanue JABYX  MO-
HOMMHEDAIBHLIX P00 II03BOIMIO yCTa-
HOBUTH CHEAYIOLIME KPUCTALIOXUMUUIECC-
ke OPMYIIBL :

(Feg.:Mgy.39) (Cri.yAlg.ssFegss) Ogo” u
(Feg.e6Mgo.34) (Cri.q1Feg.51Alp.38) Osg0-

Kak OBLTIO yK€ OTMEUeHO YJibTpabda-
3UTOBBIE TEAA MecTHocTH ,, Banabau“
MMEIOT PUTMUYHO II0JIOCYATOE CTPOCHMUE,
00yCIIOBJIEHHOE UEPEAOBAHMEM  JIYHUT-
rapubypruToB ¢ OJMBWHOBBEIMU KIMHO-
IIMPOKCEHUTAMIL.

MuUHEpPAIbHBI COCTAB B KOJWYCCTBECH-
HBIE COOTHOIIEHMS IIOPOJ000Pa3yIoInX
¥ AKIECCOPHBIX MUHEPAIOB JYHUT-rapli-
oypruros (tadn. II-1) Takmeske KakK U B
MOpPoJiax BBIIEC OIMCAHHOLO YyJabTpada-
3UTOBOTO TElad OKOJO BepHIMHLL. ,, YeHTre-
He KEMIK™,

B OJIMBMHOBBIX  KIMHONMPOKCEHUTAX
TJIaBHBIM I[OPOAOOBPA3YIOIIMM MHUHEPA-
JIOM SBJISIETCS KIMHOOMpOKCceH. OH Ipej-
CTAaBJIECH JBYMs TeHepaumsamu. Kianuo-
muporces — I (2V, == 53—58°) wabmo-

IOM YCTAHABIWBAETCS, YTO OUEHb YaCTO
9TM 3€PHA M30THYTHI ¥ TPEIUHOBATHI
{raGn. II-2). Kumnoumpoxrcen — II pas-
BUT B BHJAEC MEJIKO3EPHUCTOIO arperara
BAOJb TPEUIMHOK WIX B BULE THE3D B
KPYIHBIX KpuUcTajnax KIMHOIMPOKCEHA
—~— I (rabma. II — 2, 3, 4). B oTianumne or
KIMHOIIMPOKCEHA — I, KOTOPBIN COJED-
SKUT OYEHB MEJIKUE BKIIOYCHUSA ,,PYIHOI
BN, TIPUAAIONIME €MY MYTHBII  00-
JMK, KiumHomnmpokcen II  ouenn cBe-
SKMU U TPO3DAYHBIN. BBIJIENEHUS MEIKO-
3EPHMCTOTO PYAHOTO BelilecTBA Hamubo-
JIEe XOPOIIO BBIPAXKEHO B IICHTPAIBHBIX
JACTAX KPYNHBIX 3€PEH MM BAOJL CIali-
HOCTH, YTO ABISIOTCA DPE3YJIBTATOM dYacC-
TUYHON HEPEKPUCTAIIM3ALNY KINHOIIHU-
poxrcena — I B cocraB MOPOABI BXOASAT
TAKXKE OJUBMH M TPEMOJIUT, KOTODBIE
ClIarar0T BMECTE C KIWHOMNMPOKCEHOM —
Il MENKO3EPHNUCTYI0 OCHOBHYIO —Maccy,
OKPY>KaloIyio MM IIEPECEKAIOIYIO B BU-
A€ IIPOXXKMIJIKOB KPYIHBIE DOMYTHEBIIVE
3€pHA KIMHONMpPOKceHa — I (tabm. I —
3, 4). Ouusun

OOBIYHO  TIPEJCTABIIEH
B BUJC YANAVHEHHBIX JIMH3OBUHBIX Arpe-
ratoB (ra6ma. II — 4). OueHs uvacrto Ha

nepudepun 3€peH pPa3BUTHL OOYIMHIUT-
MAAMHTCUTOBBIE TOHKOUENIYIUaThIe arpe-
TaThl, MHOT[A MOJHOCTBIO 3aMeIaloliue
onuBuH. Hamnbomee xopoio B 3TOM 1a-
PATEHE3YCE MPEACTABICH TPEMOJIUT-aK-

*a, — 832 A, D — 460, n — 220, R —

144 %. H — 1080 xI'c/mm? wHecbeppomarsu-
TeH (zpm 18°C), comepsKaHMe Xpoma HU3ME-

’ HAETCA 3O0HAJIBHO — B IEHTPANBHBIX UYACTAX
TCSI B B Hb K -

fAAETOR VIAC KDPYIHBIX 10 01C€ byl seper — 312 9, B nepudepmueckux —

HEIX (2—3 cM) 3eped. Iloxg MMKPOCKO- 28.8 0.

|

Tabnuma I. cH. 1 — Tapn®yprur, Yenrene KEMIK. 1 — OMMBUH; 2 — OPTONMUPOKCEH;

3 — cepmeHTUH, 4 — JKexesucrei xpommimmuesnnp., N II, ysen. 60. cu. 2 — JIyHUT,

YeHreHe KEIMK, 1 — OIMBUH C SCHO BBIDA’KEHHOV CIAVIHOCTBIO; 2 — CEPHEHTUH; 3 —

skenesncTein xpomiunuuenny. N II. ysenr. 60, cH. 3 — YaCTUYHO CEPHEHTUHU3UDOBAHHBIN

AVHUT C PYAHOW MMUHEpamM3anuey, YeEeHreHe KEMmK. 1 — OJMBUMH; 2 — JKEIE3UCTHIN

XPOMIIMUHEINN; 3 — XJIOpUT; 4 — cepuerTu. N II, ysen. 60. cH.-4 — CUMJIBHO U3Me-

HEHHBI IEPUIOTUT, UEHTeHEe KEIIK, 1 — DPEIUKTHI OJMBUHA; 2 — CEPIEHTMH; 3 — Cep-

nocdur. N -, ysen. 60
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tuHoNMuT (2Vy = 78—85°), KOJIMUECTBO
KOTOpPOro OOBIUHO BO3PACTAET K IIEPU-
depuu yiabTpabasuToBOro TEJA.

KyMmyasiTUBHBIE CTPYKTYDBL B MCCIERO-
BAHHBIX TIOPOJiaX HE HAGMIOLAOTCS.

ITo XMMUYECKOMY COCTABY IIOPOAEL,
cjaraiolme  yabTpaba3uTOBOE TEIO Ce-
BEPO3anajiHee BEPIUMHBI UEHI€HE KEIIK,
oueHs Oxu3ky (Tabsi. 1). Kak mo uwmcio-
BBIM 3HAYEHMSIM XaPAKTEPUCTUKM Xecca
M/I", Bapupywowien ot 7.30 go 9,91
(cpepgmee u3 15 oupexgereHusrt — 8.35),
Tak u mo copepxkammoo TiO:2  (meHee
0.16 %, a B OOJBIIMHCTBE CIIyYyanm HUKE

67
0.01 %) oun ompepeneHHO OTHOCATCS
K TEPUAOTUTOBBIM IpOM3BOAHBIM (FKe-

naxosa-IlamaitoroBa u Ap., 1978% wim
K METaMODMUUECKUM IEPULOTUTAM II0
Konmany (1979). Ilo cpaBHeHMo ¢ aHa-
JIOTUYIHBIMU  METaMOPMU30OBAHHBIMU  TIE-
pugoTHTaMmu ApamHcKoro panona (Kou-
uesa, JKensszrosa-Ilananorosa, 1982) oun
coyiep>Xar OONbIlle BOJBI, B CBI3U ¢ 0OO-
Jlee BBICOKOM CTEIEHBIO CEPIEHTHHM3A-
Oy, OXHAKO IPU COMOCTABIEHUN C IIOCT-
meTamopduueckumu nepugotuTamnu (Ke-
naskosa-Ilananorosa m Jp., 1978%) omn
OTHOCUTENBHO Oonee ,cyxue”., Ilo HOp-

XUMMYECKUIE COCTAB IOPOJ YIbTPAOAa3UTOBOIO TENA CEBEPO3ANARHES BEPIIMHBL
., deHreHe Kemk™

Tabnuna 1
Ne ofp. 23323/65 5435 1523/65 238/65  255/65  163/65 5434
DJIEMEHTBI /
Sio, 35,47 36,60 37,37 37,95 37,99 38,04 38,23
TiO, 0,08 0,16 CJL. CJI. CJIL. 0,06 0,14
Al,04 0,38 0,99 0,70 0,82 0,77 0,41 1,12
Fey,O4 4,80 5,40 6,09 7,41 5,97 6.73 4,55
FeO 3,40 4,70 3,93 4,30 3,08 2,15 3,68
CaO 0,56 0,50 0,83 0,83 0,91 0,78 0,28
MgO 42,95 43,28 40,67 39,67 41,62 39,45 43,21
Na,O 0,07 0,02 0,07 0,13 0,07 0,07 0,02
K,0 0,12 0,01 CJI, CJI. CJI. CJI. 0,01
MnO 0,13 0,14 0,17 0,17 0,15 0,13 0,10
P05 0,09 0,06 0,02 0,03 0,03 0,03 0,07
H,O— 0,63 0,32 0,69 0,36 0,36 0,78 0,41
H,O+ 9,60 7,32 8,66 7,66 8,40 10,50 7,94
CryO3 0,25 H. OL 0,32 0,31 0,19 0,16 H. O.
NiO 0,23 0,238 0,24 0,10 0,22 0,26 0,262
CoO 0,004 0,020 0,02 0,012 0,02 0,01 0,012
COy 0,56 0,33 HET HET 0,41 HET 0,20
SO;3 0,20 0,28 0,28 0,20 0,18 0,14
cyMMa 99,52 100,178 100,05 100,03 100,37 99,74 100,374
|
Tabmnia 1I. cH. 1 — JyEuT, MeCTH. ,bBamadas“. 1 — ommBuH; 2 — cepueHTuH. N II,
yBen. 60. cH. 2 — OIMBMHOBBIA KIMHOOMPOKCEHUT, MECTH. ,'5anaban®. 1 — WU3OrHYTOC
3¢PHO KIMHONUPOKCEHA — I; 2 — NIPOKMIKA KIMHOUMPOKCEHa — II, cexymas KJIWHO-
mpokces — I; 3 — ommBug — II; 4 — Tpemonur; 5 — margerur?. N II, yBemx. 60.
CH. 3 — OJIUBUHOBBLI KIMHOMUPOKCEHUT, MECTH. ,'SanafaH®. 1 — KIMHOMUPOKCEH — 1;
2 — omusu — II; 3 — xuuponupoxkcex — II; 4 — tTpemomur; 5 — wmarHetur?. N II,
yBel. 60. CH. 4 — OIMBUHOBBI KIMHONMPOKCEHUT, MeEcTH, ,bamaban“. 1 — KIMHONN-
POKCeH — I; YANMHEHHBIE arperatsl OJMBMHA (2), KIMHOONMpOKceHa — II (3) u Tpemo-

smra (4) ¢ margeturom (5.) N II, yeen. 60
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Tabmuna 1 (upogossKenue)

:»)ng;rv;egfﬁ‘ 156%/65 224/65  115/65 15865  114/65  139/65  160/65  212/65
Si0y 38,28 39,03 39,71 41,27 41,40 40,34 42,59 44,53
TiO, CII. 0,06 CII. CIL. 0,13 0,11 CIL. CIL.
AlyOq 2,24 1,12 1,11 0,99 0,70 1,04 1,00 1,06
FeyO3 5,29 4,84 5,03 5,78 4,89 4,88 5,22 3,67
FeO 2,52 3,72 3,33 2,54 4,10 4,35 2,78 3,62
CaO 1,05 0,74 1,68 2,60 3,30 0,98 2,53 0,84
MgO 38,17 41,90 40,82 36,54 36,12 39,85 36,96 39,20
Na,O 0,07 0,06 0,09 0,09 0,14 0,07 0,13 0,07
K,0 CII. CII. CIL. CIL. ca1. CJL. CJL. CJI.
MnO HET 0,11 0,13 0,13 0,15 0,13 0,14 0,09
P05 0,09 0,03 0,04 0,03 0,02 0,04 0,04 0,03
H,O~ 0,79 0,52 0,27 0,52 0,66 0,69 0,56 0,48
HyO+ 10,20 6,98 6,96 8,41 7,11 5,80 7,41 5,40
CryOg4 0,32 0,18 0,17 0,13 0,43 0,27 0,20 0,19
NiO 0,26 0,19 0,26 0,21 0,18 0,29 0,15 0,22
CoO 0,05 0,006 0,01 0,006 0,01 0,009 0,01 0,01
CO, HET HET HET 0,29 HET 0,76 HET HET
SO, 0,22 0,08 0,54 0,26 0,34 HET 0,22 0,84
cyMMa 99,55 99,57 100,15 99,79 99,68 99,61 99,94 100,25

Bce amaiamU3bl BHITOJHEHBI B XMMMYeckoit Jjaboparopum cuemyamsHocty Ieoxummy, Co-
duitckoro yaupepeurera. Anammtuku: E, Jlanokesa, K. Teopruesa, T. Kypresa, P. Cna-

coBa.

MaTUBHOMY COCTABY O5TU IIOPOJLI B OC-
HOBHOM IIONAJA0T B IT0JI€ AYHUTOB 1 6O-
TaThIX OJMBMHOM TrapudypruToB M JINUIIb
CIMHWYHEIE IIPOOBI COOTBETCTBYIOT JIEP-
HOAUTaM, OJM3KUM K rapubypruram
(pmc. 2).

ITo neTpoXUMMMUYECKUM OCOOEHHOCTIM
TOPOJEL, Ccllaraiouime yiIbTpadasuToBbIe
Tejaa mecTHocTu ,,Bamaban®, deTtko pas-
IPAHMYNBAIOTCS B J[BE€ TPYIIIB, COOTBET-
CTBYIOIIIMEC JIBYX THUIIAM IIOJOC, CIarato-
IIUX TIOJOCYATHI Komiuieke (raGm. 2).
ITopomast AyHUT-TApLOYPTUTOBBIX IIOJIOC
IEAVKOM IIOTAZal0T B COOTBETCTBYMOIIEE
UM TOJIE ¥ HE OTIMYAOTCI OT TIOPOJ,
CAaraoIImx yiabTpabda3muToBoe TEIO0 OK-
pectHOCT YenreHe KEIIK., OJMBUHOBBIE
KIMHOOMPOKCEHUTH IIOIIal0T, C He-
OONBIIMM  pasbpPoOCOM, B CBOEM IIOJIE
(puc. 2). s HUX XapaKTepHO IOBBILIEH-
woe copepxkauue TiO: (oxoxo 0.30 %)

/

0Px cPx

Puc. 2. [uarpamMa KOIMYETBEHHO-MUHEDATIOTH-
YECKOIl HOMEHKJIATYPbl VaAbTPabasuTos 3a6bip-
JIEHCKOr0 palioHa (0 HOPMATMBHOMY  MUHE-
panpHOMYy coctaBy). Ol — oumBuH, OPx — Op-
TONMPOKCEH, CPX — KIMHONMMPOKCEH; 1 — 110-
poner yapTpaGasuTOBOrQ TeEla CEeBEePO3anajHee
BEPIIMHB YeHreHe KEINK, 2 — IOPOJEl YIilb-
Tpaba3suToBOro Teia MectHocty ,BamabGan®
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7 OYEHBb HU3KOE COojiep’KaHme BOJbI (TalII.
2).
Hanbomee  CcynieCTBEHHOM ocobeH-
HOCTBIO XapaKTEPU3YEMbIX YIbTpabas3u-
TOBBIX IIOPOJ ABJISETCA uX ciabast cre-
IICHb ceprneHTMHU3ANUNU, OHU CIOKEHBI
BBICOKOTCMIIEPATYPHBIM  MMUHEPATBHBIM
nmapareHe3ncom. HaxoXkpeHue ux B BUJE
OTJICJIPHBIX U30JMPOBAHHBIX JIMH3, Xao-
TUYECKM PA30POCAHHBIX B OIPEJEIEHHbBIX
YPOBHAX paspe3a mertamopduros ILleH-
TPAJIBbHOPOJIONICKOM TIDYIIBI, CBULCTENIH-
CTBYET O TOM, YTO OHM OKAa3aJuCh B 3TON
cpene B Bujie OTOKOB (OJMMCTOJUTOB) €Ilje
BO BPEMsS OTJIOKCHMSI IEPBUYHBIX OCa-
JIOYHBIX TIOPOJ.

MuuepanpHplll  COCTAaB M METPOXUMMU-
YECKME OCOOEHHOCTU OTHEIbHBIX OJIOKOB
yapTpaba3uToOB, KaK yKe OBLIO OTMEYe-
HO, IIOKAa3bIBAIOT, YTO IE€PBOHAYAILHO
dopMUpOBaAHKE ITUX IIOPOJ IIPOU3XOJH-
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JIO, IO BCEM BEPOSITHOCTM. B YCIOBUSIX
BEPXHUX YaCTEN BEPXHEN MAHTUM WU
B CAMBIX HJDKHMX OTHEIAX 3EMHON KODBHL.
TlogpemM B BEDPXHUE YACTU 3CMHOM KOPBHI,
X ZIpoOJieHME M IOmajaHuMe B 0CAI0U-
HOM KOMIUJIEKCE OECCOMHEHO COTIPOBOXK-
JTAIOCh CEPIICHTMHU3AIME YIbTpabasu-
TOBBIX IOPOA. IIpy 5TOM, TOABKO KIUHO-
MYPOKCEH ITOYTU IIOTHOCTBIO COXPAHMUIICS.
YacTMYHO WAV IIOJTHOCTbIO CEPIEHTUHMU-
3upoBaHHble OJOKU YabTPaba3uTOB BMEC-
T€ ¢ BKIOYAOIMMU X OCafKaMy ObLIn
IIOJ{BEPTHYTHl AMHAMOTEPMAIBHOMY  Me€-
Tamopdusmy B ambnbonIuTOBOE aruu.
B 9TMX YCIOBUSAX IPOM3XOAMINM  Jl€CED-
meuTHHM3anus 1 (HOPMUPOBAHUE BBICO-
KOTEMIIEPATYPHBIX ACCOLMALUIL OJIMBUH
-l-opronupokceH+TpEeMONINT B JAYHUT-
rapuoyprurax M ONMBUH-FKIMHONMPOK-
CEH-TPEMOJINT B OJIMBMHOBBIX KIMHOIIM-
pPOKCEHUTax. B  IociepHux, Hapsay

XuUMUIECKNIT COCTAB MOPOJ yAbTpaba3uToOBOro Tela MeCTHOCTH , banabdan*

TaGnuia 2

JYHUT-TapLOypPruTOBLIE IOJIOCH

OJIMBUH-KIMHOIIN-
POKCEHUTOBBIE IIOJIOCHI

Ne o6p.

DIeMEHTEI 40/65 54/26 34/65 54237 52924 5424 54238 54244
SiOy 35,78 37,73 38,50 38,81 39,64 47,83 49,39 51,26
TiO, CIL. 0,18 0,07 0,13 0,06 0,27 0,28 0,30
AlyO3 0,31 0,87 0,60 0,61 0,45 2,98 2,28 2,38
Fey,O4 4,88 8,62 7,02 4,93 6,42 3,53 3,99 2,87
FeO 5,15 4,92 0,71 3,70 2,34 2,41 2,83 2,48
CaO 1,02 1,23 0,51 1,21 1,20 14,60 17,95 19,78
MgO 42,51 38,58 37,65 42,93 39,70 24,77 20,84 19,48
Na,O 0,07 0,09 0,07 0,04 0,09 0,24 0,35 0,32
K5O Cli. 0,02 CIL. 0,02 0,02 0,02 0,06 0,02
MnO 0,21 0,20 0,08 0,13 0,15 0,10 0,12 0,11
P,05 0,04 0,08 0,02 0,09 0,07 0,06 0,08 0,09
H,0- 0,32 0,28 0,88 0,24 0,55 0,08 0,14 0,08
H,O+ 8,51 6,72 12,93 6,34 9,00 2,50 0,96 0,55
CryO3 0,19 H.O. 0,29 H. 0. 0,21 H. 0. H.O. H. 0.
NiO 0,20 0,131 0,25 0,255 0,15 0,10 0,042 0,034
CoO 0,02 0,017 0,004 0,014 0,009 0,008 0,002 0,006
CO, 0,69 0,08 HET 0,41 HET 0,14 0,30 0,01
SO4 0,34 0,23 HET 0,15 0,025 0,54 0,49 0,12
cyMMa 100,24 99,978 99,58 100,009 100,104 99,980

100,084 | 100,178




3BOMONHUI MUHEPATOOOPA30BaHNs B yAbTpaba3uTax paynoHa ¢. 3abbpIpjo

TaGnuua 3
DTansl Pa3sHOBUIHOCTU HOPOJ MugepanbHbple acConuaiumn
I. ®opmupoBasue yabTpadasuToB (BepxHIL  Meramopduueckue nepupotutei — OI-I + oPx-I 4 Shp-I
MaHTUs — HIDKHSAS YacTh 3€MHOJM KOpPE) 1. AYHUT — TapuOypruTsl Ol-I + oPx-I + Shp-I
Kymynarst (paccioeHusie) 0Ol1-1 + cPx-I 4 Shp-I
2. IyHUT — raprOypruTel
3. Ol — KIMHONMPOKCEHUTHI
1I. TlogbseM B 3€MHYI0O KOpPY M CepueHTHMHY- 1. CepueHTUHM3UDOBAHHBIE AYHUT — Spn+pen. Ol-1, oPx-I u Shp-I
3AIUA raprO0ypruTe Spn-+pen. Ol-1, oPx-1 u Shp-I
2. CeprneHTUHUSUPOBAHHBIE JyEUT — Spn-+per Ol-I, n Shp-I + cPx-1
raproypruTsl
3. CEpUEeHTUHU3UPOBAHHLIE Ol —
KIVHOTIUPOKCEHUTHI
111, Qpobuenue ¥ mOnajaHue B BUIE OIUCTO- 1. CEpUEHTUHUTHI Spn ¥ CONpOBOXKAAOINE MUHEPAIBL
JUTOB B OCAJIOYHBIL KOMIIIEKC, cepreH- 2. CepuedTUHUTH Spn 1 CONpPOBOXKIALME MUHEPATHI
TURU3 AL 3. CepneHTMHU3OPOBAHHEIC Ol — Spn 4 cPx-X
KJIVMHONIMPOKCEHNTHL
IV. Meramopusm COBMECTHO C mapaciad- 1. JlecepuneHTMHU3MpoBaHuble AyHUT - Ol-II 4- oPx-I1I -~ Tr-1 — - Shp-II
IEBBIM  KOMIUIEKCOM B amM(uOOIMTOBOM  rapi0ypruTh OI-II -+ oPx-11 -+ Tr-I —
chanmy, AECEPIEHTUHU3AIUS 2. JlecepneHTUHN3UPOBaHHbie ayHUT - Ol-II 4 cPx-I 4 cPx-II - Tr-I
rapu0ypruTel
3. JlecepmeHTHHU3MUPOBaHHblE Ol-KIu
HOIMPOKCEHUTHI
V. JlokanpHAs TEKTOHMYECKAA M rujporep- 1. Ciabo cepnenturmnsuposannsie  Ol-I1I + oPx-II + Tr-I -+ Shp-1I -+
ManbHas 00paboTka, JOKAJIbHAS CEPICH- JIYHUT — rapri0ypruTst 4+ Spn-II + Tr-II + Te
TUHU3ALMUA U OTAIbKOBAHUE 2. Cna6o cepnenTuan3uposanusie Ol-1I 4 oPx-1I 4 Tr-I +
JYHUT — rapri0ypryuTsl -+ Spn-I1 + Tr-11 + Tc
3. CraGo ceprenTEN3uposaggsle  Ol-II + Spn-II + cPx-1 -+ cPx-II 4
Ol — KITUHOIMUPOKCEHUTHE -+ Tr-1 + Act
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C KIMHOUIKMPOKCcEeHOM-II COXPAHWUJIUCH
U30THYTBIE ¥ IIOMYTHEBIIME PEJIUKTHI
KIIMHONMPOKCEHA-1,

V3 pacuyeToB M30OPEAKIMOHIPAN CHUC-
Templ CaO — MgO — SiOy — HyO
(Evans and Trommsdorff, 1970) musne-
DAJIbHBIE ACCOLMAIIAM  OJIMBUH—--0ODPTONN-
POKCEH-|-TPEMONMNUT U ONUBUMH-|-KIMHOIIN-
DPOKCEH-+TpeMonuT crabuiabHel npu T =
= 700—720°C n P > 2 0.

CyILIECTBEHHON OCODEHHOCTBIO, CBUJE-
TENLCTBYIOIEN O  MeTaMOop(dUUECKOM
MPOUCXOKACHMM  BBHICOKOTEMIICPATYPHBIX
MMHEPANOB, SBJISETCS MOJIHOE OTCYTCTBUE
XAPAKTEPHBIX I KyMYyJSTOB TMIUIUO-
MOpP(QPHO3EPHUCTHIX  CTPYKTYD  IIODOJA,
XOTS II0JIOCYATOE CTPOCHME COXPAHMUIOCH.
ITo cymecrBy ,ucue3jga“ m T. H. ,,pPYJ-
Has IbBLIRY, COIYTCTBYrOIIass IIPOLIECCOB
CEepIEHTHHM3AHMN. MeTarkpucTaaisl Ke-
JIE3VMCTHIX XPOMIIIMHEIN{OB, COODAHHBIE
B BMJE IPOXKWIOK, CTPY# WIM HEOOIH-
UINX THE3[ o0pa30oBaNUCh B PE3YJbTAaTE
MEPERPUCTATIIN3ANNY B YKAa3aHHBIX YCIO-
BUJ DACHBUIEHHOIO pYJHOrO BELIECTBA.
Hapsagy ¢ 9TuM HeOGXOZUMO OTMETUTD,
yTo B nepudepuuecKkux UacTIx OTHEND-
HBIX OJIOKOB IIPOTEKaNIM OMMETACOMATH-
YecKue peaxnuu. B pesyiprare NO3LHUX,
JIOKAJIBHO IIPOSIBIEHHBIX TEKTOHUUECKUX
U TUAPOTEPMATBHLIX BO3ZEUCTBUM MME-
I MECTO HU3KOTEMIIEDATYPHbIC IIPend-
pasoBanus, IPUBEAIINE K UYACTUUHON U
Iaske TIOJTHOM CEPUEHTUHMU3AIUM paHee
JICCEPIICHTUHU3UPOBAHHBIX  yJibTpabasu-
TOBBIX IIOPOJ[, 4 TAKKE OTaJIbKOBAHUIO
n acOectooOpa3oBanuio. DTU IIPOIECCH
IPUBEIN K IIOJHOMY mIPeoOpPa30BAHMIO
HEOONBIINX TEI ¥ K YACTUYHOMY U3MeE-
HEHNUO BAOJL TEKTOHMUYCCKMX HApylle-
HUI B mpejenax 0ojee KPYITHBIX U3 HUX.

OO0muit  X0X U IOCIEeNOBATEIbHOCTD
npeo0pa3oBaHmMit yiabTpaOa3UTOBBIX  ITO-
pox ¢ (OPMMUPOBAHMEM COOTBETCTBYIO-
X XapaKTepHbIXx s HOBbIX P-T ycio-
BUM  ACCOIMANMII MUHEPAIIOB MOXKHO
JMILTIOCTPUPOBATh  CIEAYIOLIMM 00pasom
(tabmn. 3).
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Petrology of metamorphosed ultrabasites from the area of the
village of Zabdrdo (Central Rhodope Mts., Bulgaria)

K. KOLCHEVA — M. ZHELYASKOVA-PANAYOTOVA — Z. IVANOV

Several lenticular bodies of ultrabasites
have been found in the area of the village
of Zabardo in the lower levels of the mefa-~
morphic profile of the Central-Rhodope
group. Two of the bodies are larger — one
of them occurs northwest of the Chengene-
Kyoshk Peak (450/500 m), and the other in
the Balaban locality (1000/600 m). The former
body consists of harzburgites blending into
dunites, and the other one has a distinct
banded structure of dunite-harzburgite and
clivine-clinopyroxenite bands, respectively.

The rocks are characterized by a low
degree of serpentinization. They consist of
high-temperature mineral parageneses. Their
occurrence as separate isolated denses,
scattered randomly in definite levels to the
metamorphites from the Central-Rhodope
paraschist group, shows that they were
brought there as olistoliths already during

the sedimentation of the primary rocks. After
that all of them were metamorphosed into
amphibolite facies, the olistolith suffering
deserpentinization. The general course and
sequence of transformation of the ultrabasic
rocks and the formaiton of the parageneses
characteristic of the respective P-T condi-
tions are given in Table 3.

In their geological occurrence, mineral
composition and petrochemical characteristic
the ultrabasic rocks belong to the group of
the Rhodope premetamorphic ultrabasites
distinguished in an earlier work (Zhelyasko-
va-Pananyotova et al,, 1977). So far this is
the first locality where blocks of a layered
complex have been found to occur besides
the lenses of metamorphic peridotites, i. e.
from the lower levels of the ophiolithic sec-
tions.



Mineralia slov.
16 (1948), 1, 75—86

Nappe with the amphibolite facies metamorphites in the
Inner Western Carpathians — its position, origin and
interpretation

DUSAN HOVORKA#*, PETER IVAN** JAN SPISIAK***

* Geological Institute, Comenius University, Zadunajska 15, 851 01 Bratislava
** Department of Geochemistry, Faculty of Sciences, Comenius University, Pauli-
nyho 1, 811 02 Bratislava
*#*% Department of Raw Materials, Geological Institute, Slovak Academy of Sciences,
Hornda 17, 974 01 Banski Bystrica

(4 figures and 1 table in the text,
Received October 12, 1983

Ilokpos ¢ meramopdmueckumn mnopoxamu amdubommToBox dammm BHYT-
pennnx 3amajgueix  Kapmar, ero mo3uMmms, BO3HHUKHOBEHME U UHTEpIpe-
Tanus

COBMECTHO C BBIUIE3ANETrAOIMMY AHXMMETAMOP(MU30BAHHBIMU [IOPOJAMIA
JIOGIINHCKOW TIPYIIbl  JTOCPEAHEKAPOOHCKUE  METaMOPMUUECKUE  [TOPOJLL
amdpuGonuropont anuu MmeramopdusMa BHYTPEHHMX 3amagubix  Kapmar
IPEACTABAAIOT aNIoXTOH. O3HAyaeM €ro Kaxk ,,KITaTOBCKMM IIOKPOB®. Cambl-
MU pacrnpoCTPaHEHHBIMU JOCPEAHEKAPOOHCKUMM IIOPOJAMM IIOKPOBA SBJIS-
t01Tcst amdUGOMUTHI, ITAPATHENUChI M B MCHBIIMHCTBE Ja’KE AHTUTODPUTOBBIC
CEPHEHTUHUTLL ¥ KPUCTATUYECKUE KapOoHATHL. IIPEAnoAraéMbie€ I'OPHBIE I10-
POJbI TPEACTABIAT METaMOPMUIECKM IEPEKPUCTANM30BAHHEIL TPOTOINUT
OKEaHMUYECKOr0 JHA, B COCTABE KOTOPOTO B OOJBIICM KOJIMUYECTBE NPUHUMAI
y4acTHe ¥ MaTepHanl KOPBl KOHTMHEHTANBHOIO THia. MeTamopduueckas
NEPEKPUCTANMMUBANNUS HIDKHEIIATCO30CKMX  YWIEHOB  KJIATOBCKOrO  IOKDOBA
IpOU30NLTa B 30HE TPAaHCHOPMHOTO Pa3iIOMa MAM B IIOYBE OOYKOBAHHOIO
0(hMOMUTOBOTO KOMILIEKCA.

Nappe with the amphibolite facies metamorphites in the Inner Western
Carpathians — its position, origin and interpretation

Together with overlying anchi-metamorphites of the DobsSinad group
(Carboniferous), the pre-Middle Carboniferous metamorphites of amphi-
bolite facies of the Inner Western Carpathians (the Gemericum) form
the allochthon — which is designated as the “Klatov nappe”. The most
wide-spread pre-Middle Carboniferous members of the nappe are
gneisses and amphibolites, to a lower degree also antigorite serpen-
tinites and crystalline carbonates. They have originated via meta-
morphic recrystallization of the ocean-floor protolith; the material of
continental crust represents a considerable amount in its composition.
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In the zone of transform fault or in the basement of obducted ophiolite
complex there has taken place the metamorphic recrystallization of the
most probably Early Paleozoic nappe members.

The Western Carpathians are in the
north-southern direction divided as follows:
a) Outer and Inner; or b) Outer, Central
and Inner. In the sense of the latter divi-
sion (Mock, 1978), the Inner Western Car-
pathians comprise the units which occur
and/or are generated south of the “Mar-
gecany — Lubenik lineament”.

Also during the period when the con-
cept of the nappe structure of the Outer
and Central Western Carpathians was do-
minant, the area of the Inner Western
Carpathians was considered to be auto-
chthon with eventual local shifts of partial
units. It was not until the 70-ies when
D. Andrusov (1968) illuminated some older
concepts claiming the allochthonous position
of the Inner Western Carpathian units and
he designated them “Gemericum” (contrary
to older usage of “Gemerides”). The as-
signment of Paleozoic units occurring
south of the Margecany — Lubenik line-
ament to the Gemericum has been gene-
rally accepted. Also the place of origin as
well as the tectonic assignment of certain
Mesozoic units appearing in the present
relief south of the given lineament remain
still a nagging question work (Kozur —
Mock, 1973, Mahel, 1975, 1983).

According to P. Grecula (1973), the
Early Paleozoic of the Gemericum
originally  divided into two  super-

positional groups, the Gelnica and Ra-
kovec groups, forms the group with the
same development as that of the Gelnica
and Rakovec ones (Upper Ordovician —
Devonian?). These lithofacial developments
are regarded as the partial nappes (Gre-
cula — Varga, 1979), and the above-men-
tiened authors (1. c¢.) placed the Rakovec

partial nappe on the basis and the Gelnica
nappe into its overlying layers. The allo-
chthonous character of the Gemericum as
a unit has recently been emphasized by
B. Lesko — 1. Varga (1980). The problem
of the structure of the Gemericum has
not been definitely solved, also at present,
certain authors (Bajanik — Vozarova —
Reichwalder, 1981) support the idea view-
ing the Gelnica group on the basis and the
Rakovec group within its overlying layers.
Also M. Mahel (1983) considers the most
part of Paleozoic rock complexes to be
autochthonous.

The Gelnica group (nappe) is represen-
ted by volcanic — sedimentary sequence
of the flysch type. Pelitic — micropsam-
mitic sediments (schists, sandstones) are
dominant, with locally present abundant
silicites and limestones partly ankeritized
to sideritized are in small amounts. Quartz
porphyres (and quartz keratoporhyres) and
corresponding volcanoclastics are dominant
volcanic members. As for the Rakovec
group (nappe), within the lower part of
the sequence weakly-metamorphosed clast-
ogenous members (quartz-sericite phyllites)
are dominant. The upper part is abundant
in basic volcanites and volcanoclastics,
amongst sedimentary members — sericite
chlorite and sericite — quartz phyllites.
Also small bodies of basic intrusives are
known to appear.

Metamorphic recrystallization of Early
Paleozoic rock complexes is considered to
be a consequence of Late Caledonian,
and/or Bretonian phase of folding and
metamorphism (Kamenicky, 1968), or a
product of Alpine metamorphic-recrystal-
lization processes. (Varga, 1973), and/or a
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product of polymetamorphic Late Caledo-
nian, Bretonian and Alpine processes (Fu-
sén. 1968, in Mahel — Buday et al., 1968).

On Early Paleozoic groups (nappes), dis-
cordantly in autochthonous (subauto-
chthonous) position, there appear sedi-
ments and basic volcanites of Middle and
Upper Carboniferous to Permian. Meso-
zoic members of the Inner Western Car-
pathians are assigned, at the same time,
into several tectonic units.

Metamorphites of higher grade

Complexes of metasediments and meta-
eruptives in the Inner Western Carpathians
{and namely Paleozoic complexes) have in
the past been generally and definitely
assigned among metamorphites which have
originated in the greenschist facies con-
ditions (Kamenicky, 1968, Kamenicky —
Krist, 1969, Kamenicky, 1969 in Mahel,
1969, Varga, 1973). Generally accepted
scheme of intensity and type of meta-
morphism of pre-Middle Carboniferous
rock complexes in Gemericum is not sup-
ported by the results of L. Rozloznik (1965)
from the area of Dobsina. This author
(L. ¢.) described a complex of amphibolite
facies metamorphites from the mentioned
area, The higher grade of metamorphic
recrystallization took place in narrow
tectonically predisposed zones, due to the
effects of granitizing fluids. Among am-
phibolite facies metamorphites he presented
mainly different types of amphibolites and
gneisses. Totally different views on the
genesis of pre-Middle carboniferous rock
complexes in the Dob$ind area were held
by L. Kamenicky — M. Markova (1957)
and J. Havsky (1957). The former authors
(l. ¢.) distinguished “hornblende gabbro” in
the area of Dobsina. They described it as
magmatically preferrentially oriented intru-
sion of diabase magma, and “amphibole-

biotite diorite” which they regarded as
later differentiate of the mentioned basic
magma which was cooling after the release
of pressures. In the view of J. Ilavsky
(1. ¢.) the origin of amphibolites can be
explained by assimilation of diabase. He
considered diorite the product of assimi-
lation of Carboniferous greywackes by
granite intrusion.

In recent years, the rocks of higher
metamorphic recrystallization grade have
been introduced by J. Poprendk et al. (1973)
from the area of Rudnany. Their main
characteristics (composition, position) and
arguments in favour of their metamorphic
origin can be found in the work of D. Ho-
vorka et al. (1979). Metamorphites of si-
milar type were described also from the
area of VySny and Nizny Klatov (Diani$-
ka — Grecula, 1979) and other areas (Ba-
janik — Hovorka, 1981, Hovorka et al,
in print).

Apart from the characteristics of the
main rock types comprised in the meta-
morphite complex of amphibolite facies
and their geological position, recent years
have brought some attempts to interpret
mainly the temperature conditions of the
origin of the mentioned rocks via the
study of coexisting metamorphic minerals
(Hovorka — Spisiak, 1981, Bajanik — Ho-
vorka, 1981, Hovorka et al.,, in print, Spi-
siak — Hovorka, in print). These studies
also provided evidence for the Variscan
metamorphic recrystallization of the dis-
cussed rock complex. Also radiometric age
determinations of the rocks under con-
sideration (Cambel et al., 1980, Bajanik et
al.,, 1981, Kantor, 1981) point to the Varis-
can metamorphic recrystallization to have
taken place. Although the limitations due
to the used method and the character of
the used analyzed mineral are conside-
rable, and they also cause that the results
suffer from the accuracy (differences in
determining the age of gneisses and amphi-
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bolites), yet, the metamorphic processes
are undoubtedly pre-Middle Carboniferous.

Rock filling

Although there are known in detail dif-
ferent rock types in dependence on the
degree of natural, and/or artificial outcrop
in different areas where the rocks of
amphibolite facies occur, yet, the main rock
filling is identical for the whole charac-
terized complex.

Paragneisses are the main rock type in the
upper part of the discussed complex, while
laterally and vertically they are alternated
by metabasites, Their main mineral asso-
ciation: quartz — plagioclase (Ansg_s39) —
biotite £ garnet + amphibole + musco-
vite, is often hydrothermally destructed.
On the basis of geochemical criteria (Ho-

vorka — Spi$iak, in print), original sedi-
ments of paragneisses corresponded to
pelitic — psammitic sediments and they

also did not show geochemically mature
character (rocks close to greywackes).
Plagioclase biotite paragneises locally pass
into quartz-rich types of paragneisses.
Rocks of this group have mostly porphy-
roblastic structures with porphyroblasts of
plagioclase and garnet, banded textures
are frequent. High portion of plagioclase
porphyroblasts (and at the same time,
low mica contents) cause that sections
perpendicular to the rock schistosity
shows macroscopically massive appea-
rance of these rocks. Also in such cases
microscopical development of mineral
association provides the evidence for its
metamorphic-recrystallization origin. In
the case of gneisses, to a lower degree
also in amphibolites, there can be seen
zones of intensive Na-metasomatosis
(albitization), which is older than the si-
derite-sulphide mineralization wide-spread
in the discussed areas. Local presence of
nests and irregular positions of mineral

associations of granitic pegmatites, and
albite-quartz nests which are probably the
result of mobilization and segregation
during  metamorphic  recrystallization.
Chemical composition of the main types
of gneisses can be found in Table 1.

Amphibolites are another substantially
present rock type and in the directions
towards the basis of the complex they are
becoming dominant. Specifically, it is the
rocks of the association: amphibole - pla-
gioclase + garnet. They are mostly fine
to medium-grained, markedly schistose
and quasi-massive, homogeneous and
slightly (locally) banded. Bands are formed
by plagioclase-quartz aggregate. In the
case of amphibolites, several types can be
distinguished. Their varied mineral asso-
ciations are mainly due to lithological and
chemical differentiation of educt. Pyroxe-
ne garnet, epidote and epidote-zoisite
amphibolites were identified. The latter
represent more-or-less the transition to the
rocks of greenschist facies. It is interest-
ing that the spatial occurrence of the given
types is usually differentiated which can
be best seen in the area of DobSina.
Centric structures are characteristic for
garnet amphibolites. By increase of quartz
content, amphibolites gradually pass into
amphibole gneisses. According to presently
used geochemical discrimination criteria,
original volcanics were similar to ocean-
floor tholeiites by their composition (Ho-
vorka — Spisiak, in print).

The study of chemical composition of
main mineral phases of amphibolites and
paragneisses (amphibole — garnet — bio-
tite — plagioclase) with the aid of electron
microprobe (Hovorka — SpiSiak, 1981,
Spisiak — Hovorka, in print) as well as
calculated distribution coefficients of Fe,
Mg and Ca in mineral pairs (1. c.) in
amphibolites and paragneisses allow to
reconstruct the origin of these mineral
associations (rocks) in the conditions of
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low-temperature parts of amphibolite
facies (T = 530—620°C). This finding,
together with characteristic vertical and
lateral alternation of the mentioned and
other rock types, in this way document
the temperature conditions under which
the whole discussed complex has origina-
ted.

Ultramafites appearing in the form of
small to fine bodies (hundreds of meters
to em dimensions) in the gneiss — amphi-
bolite complex are its characteristic rock
member. They have the character of
antigorite serpentinites (Dobsind — TeSnar-
ky, Rudnany, Klatov, Bukovec). Spinel
peridotites were original rocks, Meta-
ultramafites appear either directly in gne-

isses and amphibolites as small, often
isometric bodies (ultramafic balls), or as
larger lenses on the contact with the Ra-
kovec group. In the first case they were
a part of the complex before its meta-
morphic recrystallization and were meta-
morphosed together with the complex (the
formation of blackwall). Similar evidences
if any at all, claiming the pre-metamorpfic
presence of ultramafites in the pre-underly-
ing part of the complex, are still missing,
They are overprinted with intensive tec-
tonometamorphic and hydrothermal altera-
tion. In the tectonic transport of the
metamarphic complex of amphibolite facies
were tectonized ultramafic bodies incor-
porated into tectonic discontinuities not

Chemical composition of the Kldtov nappe main rock types

Table 1
1 2 3 4 5 6
Si0, 47,96 46,22 49,42 67,20 60,85 39,34
TiO, 1,14 2,31 1,83 0,63 1,05 0,17
AlLO, 16,19 12,51 13,66 14,26 13,24 1,81
Fe,0; 1,74 5,06 2,96 0,88 2,87 6,69
FeO 6,64 9,04 10,69 4,13 6,76 2,71
MnO 0,12 0,22 0,24 0,10 0,14 0,07
MgO 9,86 7,10 7,01 2,80 3,77 36,67
CaO 10,22 11,55 6,42 1,80 2,80 0,87
Na,O 2,28 3,40 2,51 2,72 2,68 0,10
K,0O 0,35 0,44 1,07 2,45 1,84 0,10
P,0; 0,15 4,19 0,19 0,10 0,49 0,10
H,0- 0,34 0,34 0,32 0,14 0,22 6,61
H,0+ 2,86 1,65 3,87 275 2,54 11,02
Suma 99,72 100,03 99,64 100,04 99,26 100,05
v 174 220 336 128 —_ 89
Cr 331 205 83 48 — 1610
Co 15 76 8 12 — 89
Ni 69 127 10 17 —_ 1690
Li 34 — 33 38 —_ —_—
Rb 8 — 23 75 — —
Cs 2 —_ 2 5 — _
Sr 185 — 262 170 — —
Ba 50 — 400 380 —_ _
zr 38 —_ 354 84 —_ —_

1 — Rudnany, drill Ry-1V-Z/393,5 m: augen anmphibolite, 2 — KoSickd Beld, drill
SGR-V-9/9,4 m: epidote amphibolite (Dianigska — Grecula, 1979), 3 — Rudnany,
drill Ry-Z-58/21,0 m: banded garnet amphibolite, 4 — Rudiiany, drill Ry-Z-58/40,3 m:
plagioclase paragneiss, 5 — Dobsing, biotite-plagioclase paragneiss (Rozloznik, 1965),
6 — Dobsind — TeSnarky: antigorite serpentinite (Hovorka — Ivan, 1981, FD-103)
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only in the complex itself, but also in the
overlying rocks of the Dob$ind group
(Dobsing, Mlynky, Misikova skala, Gretla,
Rudnany, Kosické Hamre). On favourable
tectonic structures, when overlying hydro-
thermal processes took place, the bodies of
metaultramafites represented primary con-
centrators of Ni, and Co of hydrothermal
vein occurrences of arsenides of nickel and
cobalt (the “Dobsind type”, Ivan — Ho-
vorka, 1980, Hovorka — Ivan, 1982).

Carbonates are present in the facies of
crystalline limestones and dolomites, as-
sociating mostly with amphibolites. They
form the layers which attain the thickness
of several cm to several m. Original clastic
admixture at metamorphic recrystallization
gave rise to tremolitic amphibole, garnet,
mineral of clinozoisite-epidote group, pla-
gioclases and others. They were identified
in Dobsina (P. Rozlozsnik, 1935, L. Roz-
loznik, 1965), Rudniany (Kusdk — Hurny,
1981), Klatov (Dianiska — Grecula, 1979).
Due to successive hydrothermal processes
they are sometimes altered into ankerite
and siderite, respectively.

The group of seldom rock members of
the metamorpfite complex under conside-
ration includes also the layers of mono-
mineral pyroxene rocks and pyroxene
amphibolites from the area of DobS$ina
described by P. Rozlozsnik (1935). Layers
of tremolite schists, and/or rocks with
fibre-like terminating amphibole, disco-
vered by L. Rozloznik (1965), most
probably represent (uralitized) derivatives
of pyroxene rocks. The group of rarely
occurring rocks comprises also garnet-py-
roxene rocks described by L. Rozloznik
(1. c.) within the area of Dobsina. They
have also been discovered recently at
Langenberg near Dobsind (Hovorka — Spi-
siak, in preparation).

In concluding the characteristics of the
most wide-spread rock types of meta-
morphite complex of amphibolite facies, it

must be emphasized that the mentioned
rock types are intensively tectonically, but
mainly hydrothermally-metasomatically al-
tered namely in ore fields at Rudnany and
Dob$in4. For that reason, it is difficult to
identify their originally metamorphic cha-
racter in places.

Geological position

Amphibolite facies metamorphites oc-
currences in the Inner Western Carpathians
are concentrated exclusively in the north-
Gemeride zone. This is the designation of
the zone of individual structural-tectonic
development which connects the contact of
the Inner Western Carpathians represented
by the Gemericum — and the units of the
Central Western Carpathians — the Ve-
poricum and Tatricum.

Until now, the following areas of oc-
currence of amphibolite facies meta-
morphites are knon from the north —
Gemericum zone (Fig. 1): Rejdova — Téaf-
liova, Dobs$ind, Mlynky, Rudnany, Slovin-
ky, Kojsov, Klatov. In the mentioned areas,
the rocks at the same time assigned among
metamorphites of amphibolite facies, were
identically regarded as the part of Early
Paleozoic Rakovec group.

The main geological characteristics of
the mentioned occurrences are in all cases
considerably similar, The most typical
common feature is the morphology of the
given rock complex. It represents tabular
bodies attaining the maximum thickness
of the first hundreds of meters. Their
underlying layer is usually the Rakovec
group in the developnient of chlorite-seri-
cite phyllites. The contact is tectonic; the
contact zone is indicated by strong tectonic
mixing and there are localized lense-shaped
bodies of antigorite serpentinites. The
overlying layers of gneiss-amphibolite
complex are within the most of mentioned
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occurrences, formed by coarse-grained
anchimetamorphosed metaclastics of the
Dobsind group (Carboniferous). Most of
the pebble material of polymict conglo~
merates to breccias are formed by rocks
of the direct underlying layers (gneisses,
amphibolites; Rozloznik, 1965, Vozarova,
1973). The presence of sandstones and
greywackes can also be seldom noticed in
the overlying layers of the complex under
consideration. On the basis of above-
mentioned facts, the position of the rocks
within Dob$ind group in the overlying
metamorphites of amphibolite facies, can
by designated paraautochthonous.

The present morphological form and
areal distribution of amphibolite facies
metamorphites represents the final result
of several Hercynian and Alpine folding
phases which have effected them. Besides
lithological and geological-tectonic factors,
its position and localization was effected
by the difference in physical and mecha-
nical properties of the rock complexes
involved. In comparison with greenschist
facies rocks of the Rakovec group, gneisess
and amphibolites behave as a rigid body.

According to L. Rozloznik (1965), this
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Fig. 2. Schematic geological cross section northward of DobSina. 1

has found reflection in the geological
structure of the Dob8inéd area. Occurrences
of discussed metamorphites are concentra-
ted in narrow zones of reverse fault type
of NE—SW direction (Fig. 2), appearing in
the middle of the Rakovec group rocks.
The zones express the imbricate structure
of the area which has formed as a result
of compensation of Alpine N—S compres-
sional motions (1. c¢.). L. Rozloznik (L. c.)
considers the relief reverse fault of the
discussed complex through the rocks of
the Rakovec group in the area N of Dob-
§ind, to be a special case. The reverse
fault plain, with respect to the morpho-
logy occupies relatively flat position, only
slightly dipping to the S, and in that way,
amphibolite facies metamorphites, together
with overlying DobSina group, are expo-
sed on the area reaching several km?2
Their position in regional tectonic depres-
sion saved them from erosion (Rozloznik,
1965). The whole rock complex under con-
sideration is strongly tectonically limited.
The E and W terminals are provided by
faults of the shift character, the S and N
terminals are represented by outcrops of
overthrust plane — the Georgi and Kor-

— Rakovec
group, 2 — metamorphites of the amphibolite facies (Klatov Group), 3 — conglo-
merates, 4 — pelitic schitic schists and limestones (3 -+ 4 Upper Carboniferous of the
Dobsind Group), 5 — metaultramafites associated with amphibolite facies (Klatov
Group) metamorphites, 6 — metaultramafites tectonically protruded into overlying
rock sequences
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nélia lineaments (Rozloznik, 1965, Hovor-
ka — Ivan, 1981). Both lineaments are
noted for strong expressions of destruc-
tion, the presence of antigorite serpenti-
nite lenses and successive hydrothermal
activity. The study of small-scale tectonic
elements of the body testifies to its shift
from the S to N (Rozloznik, 1965). Spatial
and genetic relation of gneiss amphibolite
complex with overlying Dobsind group is
characteristic, in which the layers starting
with conglomerates with pebbles of the
overlying rocks. The continuation of
Mlynky zone at the W is the occurrence
of amphibolite metamorphites described
from the bore-hole BM-1 near Mlynky
(Bajanik — Hovorka, 1981). Geological si-
tuation is analogical with that in the area
N of Dobs$ind. With respect to the presence
of the rocks of the Dobsinad group in the
area NE to E of Mlynky, the complex of
highly-metamorphosed rocks seems to
continue in the depth in that direction.

In the area of the Rudnany ore-field,
the discussed rocks practically do not
appear on the surface-data on their geolo-
gical position are based on mining and
prospection works, In fact analogical
structure as that in Dobsinda has been
verified there. The complex of amphibolite
metamorphites facies forms tabular body.
Its thickness probably increases towards
the N. The contact with underlying
layers is tectonic and is formed
by chlorite-sericite phyllites, often hydro-
thermally altered, to a lower degree
also graphite phyllites (tectonite?) and
green schist. Due to the low degree of
knowledge, there does not exist any de-
finite evidence about the presence of
ultrabasites in contact zone. The overlying
layers of gneiss-amphibolite type rocks
are mostly formed by polymict conglo-
merates, more rarely sandstones. Within
conglomerates the clastic material of direct
underlying layers is dominant. On the

contrary to the conglomerates from Dob-
$ind, they exhibit higher thicknesses with
tendency of fine-grained clastic material
towards the overlying layers.

Due to bad exposure and small areal
extent, metamorphites of amphibolite
facies in Slovinky and KojSov have been
discovered only recently (Bajanik — Ho-
vorka, 1981). They appear close to, or
directly on the overthrust plane of
younger Mesozoic carbonate sediments on
the Rakovec group. In the area of Slo-
vinky, direct overlying layers are built up
of polymict conglomerate of the Krompa-
chy group (Permian). The most probable
underlying layers in both mentioned areas
are formed by chlorite-sericite phyllites,
to a lesser degree also by metavolcano-
clastics.

The esternmost as well as areally
largest occurrence of amphibolite facies
metamorphites is represented by the loca-
lities in the area of VysSny and Nizny Kla-
tov (Fig. 3). Its length exceeds 10 km and
false thickness on the surface reaches
2 km. In comparison with occurrences in
the western part of the North-Gemericum
zone it appears as in the reverse position.
The overlying layers form sericite-chlorite
phyllites of the Rakovec group. The contact
is tectonic, phyllites are separated from
the complex of higher metamorphosed
rocks by a thin position of graphite-sericite
phyllites (tectonites ?) and lense-shaped
bodies of antigorite serpentinite. The
underlying layers are formed by the rocks
of the Dobsinad group: graphite-sericite
phyllites and dark schists with carbonates
(Dianiska — Grecula, 1979).

Discussion and Interpretation
The presence of rocks of higher meta-

morphic recrystallization grade within the
frame of structurally-tectonic unit charac-
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terized by generally only a low grade of
metamorphic recrystallization (greenschist)
represents a phenomenon which is difficult
to interpret. Conceptions proposed until
now can fall into 4 groups:

1) The origin of amphibolite facies
metamorphites via granitization processes
in narrow zones of the Rakovec group.
Processes are determined by penetration
of granitization fluids derived from more
intensive hypothetical massif of plutonites
in the underlying layers (Rozloznik, 1965).
The age of metamorphism: Hercynian.

2) The origin of the complex due to
compressional movements and the change
of p-t conditions of the Rakovec group
rocks within Jurassic-Cretaceous. The Ra-
kovec group itself corresponds to the
ophiolite suite of oceanic rift which has
been deformed and disintegrated into
melange during Paleo-Alpine obduction
(DianiSka — Grecula, 1979).

3) Metamorphic recrystallization in con-
ditions of amphibolite facies was condi-
tioned by elevated heat flow taking place

during the intrusions Late Variscan (Per-
mian) granites of the Gemericum which
was active in the rock assemblage situated
between two geochemical and heat
barriers-positions with abundant graphite
schists and graphite quartzites (Hovorka
et al., 1979).

4) The rocks metamorphosed in the con-
ditions of amphibolite facies are not a part
of the Gemericum, but they represent the
tectonic wedge from the neighbouring
structurally-tectonic unit of the Veporicum
(conceptions of some authors — not pub-
lished yet).

In comparison with some other Western
Carpathian metamorphic areas, the ex-
pressions of metamorphic recrystallization
in the conditions of amphibolite facies
within the Gemericum exhibit peculiarites
which indicate a different mechanism of
metamorphic recrystallization. The most
important features which should be men-
tioned and taken into consideration when
interpreting the genesis, follow like this:

a) certain  affinity of metamorphic

*i ikm
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Fig. 3. Geological cross section of the amphibolite facies metamorphites (Klatov
area; DianiSka — Grecula, 1979 — adopted). 1 — graphite — sericite schists (tec-
tonites?), 2 — chlorite — sericite schists of the Rakovec group, 3 — metabasals of
the Gelnica group, 4 — amphibolite facies metamorphites, 5 — Gelnica group

(metasediments and acid metavolecanics), 6 — Krompachy group (variagated
sandstor_les and shales — Permian), 7 — dark shales with carbonate intercalations
(Carboniferous), 8 — conglomerates (Permian), 9 — metaultrabasites, 10 — faults;

a — detected, b — supposed
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alteration to linear tectonic elements
(noticed by Rozloznik, 1965), which is
expressed by morphological delimitation
of metamorphosed complex;

b) discovered features of zoning of the
intensity of metamorphic recrystallization
within the frame of the given rock com-
plex-from the rocks of typical amphibolite
facies to the rocks of lower metamorphic
recrystallization grade, locally even to
metamorphites  of  higher-temperature
areas ol greenschist facies. Although the
areal occurrence of metamorphites of the
given grades is to certain extent tecto-
nically separated at the present stage of
knowledge, it is supposed that the change
of the grade of metamorphic recrystalli-
zation took place only on small distances;

¢) “quasi-statical” character of meta-
morphic alteration. In comparison with
Variscan metamorphites of equivalent
grade in the Tatricum and Veporicum, the
rocks under consideration are characteristic
by only slight role of dynamic phenomena
during metamorphic recrystallization of
the complex.

d) Narrow areal linkage of metamorphites
with ultrabasic material as an undoubt
part of the metamorphosed complex.

e) On the contrary to the conceptions pre-
sented by I. Dianiska — P. Grecula (1979),

lithological and geochemical character of
protolith (Fig. 4) does not represent (in the
same way as the Rakovec group) a typical
ophiolite sequence. It rather corresponds
to the material of oceanic crust effected by
clastic materials of close block with the
continental crust. In the case of the Ra-
kovec group, it can not be assigned to
typical ophiolite suite: volcanoclastic are
dominating over effusions of basalts,
which are of island-arc tholeites trend.

Analysis of the mentioned problems
leads to the conclusion that the origin of
amphibolite facies metamorphites could be
regarded as a result of the effect of ele-
vated heat flow upon the rocks, using
well-defined linear element having rela-
tion to oceanic crust to penetrate the rec-
rystalling complex.

Present views on geodynamical condi-
tions of metamorphism of oceanic (sub-
oceanic respectively) crust offer in this
case the two following models as being
the most probable: 1) metamorphism con-
ditioned by obduction of ophiolite plate,
and 2) metamorphism in the zone of
transform fault. At metamorphism through
obducting ophiolite plate, due to its re-
sidual heat and that originated from fric-
ton, there originates tabular body of
metamorphites below the shift plane. In
this body, the intensity of metamorphism
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decrease on a small distance from granulite
facies to greenschist facies (Karamata,
1968, Ghent— Stout, 1981, Spray — Rod-
dick, 1980). During tectonic movements
the blocks can be separated according to
individual facies. In the case of meta-
morphites under consideration, this way
of origin could be indicated by the ex-
pressions of higher grades of metamorphic
recrystallization (pyroxene amphibolites to
monomineral pyroxene rocks).

Metamorphism in the zone of transform
fault originates as a consequence of the
shifted segments of oceanic ridges con-
tacting with the rocks which are more
distant from the ridge and therefore also
cooler. In the same ways as in the case
of metamorphism at obduction, tabular
body is being formed along the fault plane
of transform fault, The intensity of meta-
morphism usually attains only middle
grade, while decreasing outwards of the
fault (Spray — Roddick, 1981).

The rocks with pyroxenes, discovered
also in these conditions, were interpreted
as products of Ca-metasomatosis by the
authors mentioned above (L. c¢.). Analogical
possibility can not be excluded also in the
case of Gemericum metasomatites. Meta-~
morphites originating in the =zone of
transform faults also exhibit areal relation
to ultrabasites penetrating as protrusions
along fault planes. The discussed meta-
morphites got into the structure of con-
tinental crust by successive processes of
obduction type.

The age of higher-grade metamorphism
in the Gemericum is definitely Hercynian
(pre-Middle Carboniferons). It is supported
also by K-Ar ages of metamorphites and
the presence of detrites of amphibolites
and gneisses in Middle Carboniferons
clastics of the Dob$ind group. The presence
of ultrabasic material in conglomerates
confirm their genetic relation (Hovorka —
Ivan, 1983).

As mentioned above, the protolith of
amphibolite facies metamorphites were
rocks probably forming in the upper parts
of oceanic crust under the effects of clasto-
geneous material from the block with
continental-type crust. In the case that the
metamorphites under consideration ori-
ginated via obduction mechanism, their
material has already been in allochthonous
positions probably in accretion prism of
ocean arc. In the case that metamorphites
originated in the zone of transform fault,
they have been successively obducted also
on the ocean arc (?). The final form as
appearing in partial nappe was gained dur-
ing intensive re-construction of tectonic
plan of the Inner Western Carpathians
during Alpine age.

Translations by H. Budajovd
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IToxpos ¢ meramopduueckumu nopoaamu amdudonurosoir pamuu
BO BHYTpEHHBIX 3amagusix Kapmarax — ero mo3muusi, BOSHMKHOBEHIC
M MHTEPIpeTanus

OYINIAH I'OBOPKA — IIETEP MBAH — AH CIIMIIAK

Ias sayrpennux 3anapasix Kapnar (10kHee
Maprenuancko-ito6eHUIKOTO  JIUHHEAMEHTa) KO-
ME3030JICKUE KOMIUIEKCHl NPECTABICHBI METa-
sdpby3mBaMyt ¥ METAOCAZOYHBIMM  IOPOJIAMU.
Crenens ux Meramopduama oTeedaer hanuu
3eJIEHbIX CJaHleB 0appoOBMAHCKOrO TUIA. B Te-
YeHue MOCHEHUX JIET B 3TOM 30HE OBLIM OOGHA-
PYKEHBL MOPOABl 3HAUUTEJBHO OGOJEE BBICOKUX
crynenen (Po3noskHuK, 1965, T'oBoprka u  Ap.,
1978; Jnammmka—I'penyna, 1978, T'oBoprka—
Coursk, 1980), BIUIOTH A0 aMmbubommToBoi da-
. DTy MeTaMOp(hMUECKUE KOMILIEKCHl, CO-
BMECTHO € BBIIICIEXKAIMMH c1abo meramopdn-
30BAHHBIMU  OCaZKaMy  HOOIUMHCKOM  I'DYIIIBI
(kapbon) 06pa3yloT aXTOXTOH. MbI Ha3bIBAEM
€ro ,KJIaTOBCKMM IOKPOB“., CaMBIMM pacupoc-

TPAHEHHBIMM  IOPOJAMU  JHACPEIHERAPOOHOBbIX
meramopduTos amdubonnToBoil anum  ABI-
10TCE THENUCH ¥ amM@bUOOIUTBl, B MEHbHIEH CTe-
MEHM aHTUTOPUTOBEIE CEPHEHTUMHMUTBI ¥ KPUC-
TaJANYECKUE MPAMOPBL. DTM TUIBL II0POJ BO3-
HUKIY IIPU METAMOPMUYECKON IMTEPEKPUCTAILIN-
320U Kak LIPOTOJNNUTA OKEAHUUECKOTO [HA, TAaK
W Marepuala KOHTMHEHTAIBHOW KOPBL. B 30HE
TPAaHCPOPMHOTrO pasziioma WIM B I[OJCTAIAN0-
IMX KOMILIEKCaX OOGAYKTUPOBAHHBIX O(QUOIA-
TOB TmpoM3ouula Meramopduueckas NEPEeKPUC-
TAJIM3aUUsS  IOPOJ BEPOSTHEE BCEr0 HUKHE-
I1aJIE030MCKOT0  BO3pacra. KIaTOBCKMUI ITIOKPOB
B IIEJIOM HE MMEET MNPU3HAKOB, XaPaKTEPHBIX
AR TUOUYHBIX OMOINTOER.
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TemuepaTypabie YCJIOBUS M YCJOBUA JABJIEHUS OPH BO3ZHUKHOBEHMU NIHPO-
MOBBIX MEPHIOTHTOB M KX BMEM[aOIIMX NOPOJ B MOJJAHYOMKY B paione
Morensa

VIHEKCOBbIE MMHEPATIbl MMUPOIOBBIX YJIbTPAGA3UTOB ¥ BMELIAOLIETO TI'pPa-
HYJIUTA U3YYaJIUCh IIPU MCIONB30BAHUM MUKPOCOHJBL. Ha OCHOBAHMMU MOJY-
YCHHBIX JAHHBIX ¥ I[IPU JVICIIOJB30BAHMKM PA3JIMYHBIX I'€OTEPMUYECKMUX OTHO-
IIEHMIT ¥ JABJICHUS Pa3HBIX ABTOPOB OBLIM BBIUMCIECHBL COOTBETCTBYIOIIIE
TEMIIEPATYPHBIE YCIOBUS M YCJIOBUS J{ABJICHMUS BO3HMUKHOBEHUS STUX IIOPOX.
MUHEPAJOrYeCKUe acCoManuu IpaHaTOBBIX MEPUJOTUTOB COOTBETCTBYIOT
YCIOBUSAM MX OSKBUIMOpaMm npu Ttemueparype 1123—1060°C mpu paBJie-
HUM Opulan3utenpbso 18 kunobap. ITMPOKCEHBI BCTPEUYAOTCA M B JIPYIUX
VIBTPAOCHOBHBIX IIOPORAX TIPMILIX B COCTOSHUE DaBHOBECUS IIPU TEMIIE-
paTypHBIX YCIOBAX HMKE 200 °C. CIIOXXHOM SBISETCS MHTEPIpPETAlUs MOJy-
YEHHBIX JAHHBIX COOTBETCTBYIOIIUX MMHEPATOTMUYECKUX INap JJIs IMOPOJK, KO-
TOPEIE BO3HUKIYM OMMETACOMATUYECKMM TPOLECOM MEXKIY IEPUTOTUTOM
u rpanynuTom. Ha BBIODAHHOM paspe3e panoHa MorenHa ObUIM M3YUEHBI
TE€ MOPOJbI, KOTOPhIE cojepskar amMdubos, OMOTUT, IPAHAT M MECTaMM K-
HONMPOKCEH. PasjenpHble BCIMUMHBL SKBUIMOPAIMM BO3MOJKHO IIOJIYUUTh
pa3mtuapiMu MeToxamu. Hanpumep mo Ilepuyky (1970) YCIOBUS paBHOBE-
cusi OBl BO3HMKIM IPU TEMIeparypax OpubiausmuTesbHo 600° gaxe 650 °C,
nmo MeTomy lauryiauro (1979) TeMmepaTypHbIE BEIMUMHLI 3HAUUTENBHO Bbi-
e,

The PT-conditions of equilibrium for some pyrope peridotites and counftry
rocks in the Moldanubian area at Mohelno (Eastern Moravia, Czecho-
slovakia)

Pt-conditions were calculated for mineral assemblages of garnet
peridotite and country granulite and biotite gneiss at the Mohelno
locality in the eastern Moldanubian area. The mineral association of
garnet peridotite originated at a temperature of 1123—1060°C and
a pressure of about 18 kbar. The temperature found using two different
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thermometers for formation of the banded granulite and granulite
gneiss with hornblende and biolite were from 600 (650) °C to 800 (850) °C,
respectively. The conditions for the origin of bimetasomatic reaction

rocks with garnet,

clinopyroxene and hornblende correspond either

to a temperature of 600—650°C using Perchuk’s method (1970) or to
860—910 °C using Ganguly’s method (1979).

The presence of pyrope peridotite and
eclogite bodies in the crystalline schists
and gneisses is one of the characteristic
features of the Moldanubicum of the Bo-
hemian Massif. The largest peridotite and
eclogite bodies are very often surrounded
by granulite and granulite gneiss. Similar
relations have been described in the Cen-
tral Massif in Kazachstan, the Muyun-
Kum Massif in the USSR Tchein-Schan
and the Uralian Ufalei in the USSR, etc.

It follows from petrographical and mi-
neralogical data that the pyrope peridotite
often corresponds to the conditions in the
upper mantle (temperature up to 1200 °C,
pressure up to 25—30 kbar) when the
temperature in the crust is less than
700—800°C and the pressure less than
10 kbar. However, it is more difficult to
explain the structural and metamorphic
history of polymetamorphosed and po-
lyphase deformed terrains, to which the
Bohemian Massif belongs, see e. g. the
memory age of Gféhl gneiss (1813 Ma)
and its Hercynian age 341 == 4 Ma of its
monazite or the surprising lower age of
the granulite=345 5 Ma (O. van
Breemen et al. 1982), Therefore it would
seem to be usefull to carry out syste-
matical structural (Bowes-Hopgood and
Misaf, in press) and petrological (this
article) studies of peridotite bodies and
their surroundings.

A unique possibility in this respect is
offered by a very well exposed section
along the Jihlava river near Mohelno.
There many peridotite bodies are infolded
in granulite formations, biotite gneisses

and Gfohl gneiss and migmatites. A clas-
sical deep metamorphic contact of bimeta-
somatic character between garnet perido-
tite and country granulite and gneisses
was found by Z. Misar (1980) and shown
to participants of the working group
“Ophiolites”. N. L. Dobretsov collected the
main varieties of rocks from this section
and, together with E. V. Popov, carried
out the microprobe analyses in the labo-
ratory of the Geological Institute of the
Academy of Sciences in Novosibirsk.

Geology

The Mohelno peridotite body, together
wiht garnet amphibolite, granulite and
granulite gneiss, forms a complicated
structural unit overthrusted on the Mora-
vicum. The western and southern margin
of this “peridotite-granulite” unit is of
tectonic character with mylonite and
ultramylonite. The Mohelno peridotite
body and surrounding granulite represent
a local synform with steeply dipping meta-
morphic foliation along the western
margin but with nearly horizontal planes
in the east. In the internal struc-
ture of the Mohelno peridotite body,
the banded and laminated textures (al-
ternating bands of harzburgite differing
in the amount of pyroxene and olivine,
and dunite bands) do not correspond to
the predominant structures of the country
rocks. New  structural investigations
(Bowes-Hopgood and Misar, in press) have
indicated that the peridotite body and the
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granulite were folded togeter during some
later folding phase. Simoultaneously, a
new distinct metamorphic foliation with
garnet, hornblende and biotite in the gra-
nulite rocks and metamorphic foliation
with stretched pyropes in peridotite were
developed.

The contact between the peridotite and
the granulite, studied at this first step only
along the road cut by Mohelno, is marked
by a complex rock association of high tem-
perature metamorphic-bimetasomatic ori-
gin. Some of the contact rocks, e. g. biotite
schist, hornblende-biotite schist, biotite-
hornblende-garnet schist were studied and
their PT conditions of equilibration were
calculated from the microprobe data. Ho-
wever, amphibolites, garnet amphibolites,
spotted amphibolites, and many rock va-
rieties of diorile, granite and gabbro com-
position have been found at other parts
of the contact (Fig. 1). All bimetasomatic

reaction rocks forming the contact and
its petrological and geochemical character
are now being studied by Dudek, Misar
and Jelinek,

Microprobe mineral analyses and conditions
for the origin of rocks

The index minerals from pyrope perido-
tite of the Mohelno body and minerals
from some country rocks, as well as the
minerals of some bimetasomatic reaction
rocks from the contact zone were ana-
lysed by the microprobe method. All se-
condary minerals and low temperature
minerals were omitted.

Mainerals of pyrope lherzolite
and harzburgite

The main mineral components of the
Mohelno peridotite (Table 1-1) are pyrope,

/ Mohetno

Dukovany

QLhc’nme

Fig. 1. Geological scheme of the Mohelno area. Original map of Dudek, Misar,
and others. 1 — granulite and granulite gneiss, 2 — high temperature reaction
zone at the contact between peridotite and granulite, 3 — garnet peridotite
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Chemical analyses of minerals form Bohemian pyroxenites and peridotites
Tab. 1
Components Gar Cpx Opx Gar Cpx Opx Gar Cpx Gar Opx
P P P ’ Padéra (1980)
|
Staré, | ,
Mohelno (Fiala — Padéra 1977) Horni Bory | Hopting
3) (4)
(1) (2)
SiO, 39,3 51,8 54,2 40,89 53,18 56,14 | 41,23 52,72 | 42,21 54,72
TiO, 0,33 0,69 0,19 0,49 0,46 0,16 | — — 0,01 0,00
Al,0, 22,0 7,11 507 | 21,14 374 1,45 | 2329 6,00 | 2259 3,84
CryO4 1,33 — — 1,66 081 0,09 — — 0,15 0,33
FeO 8,13 2,69 7,02 | 10,22 2,90 703 | 12,94 553 | 1420 10,25
MnO 0,25 0,09 0,12 | 031 0,11 0,15 041  — 0,23 0,11
MgO 20,30 13,9 31,7 20,54 17,10 30,98 | 1556 14,28 | 1562 29,7
Ca0O 5,07 19,9 0,86 | 4,45 19,31 1,30 5,98 19,62 4,18 0,13
Na,O — 2,18 0,12 — 2,42 — — 1,40 0,00 0,03
K,0 — 0,0 0,0 — 0,12 — — — — _
Total 96,71 98,36 99,28 99,70 100,26 100,30 99,41 99,68 99,19 99,11
Si 3,028 1,900 1,892 | 2940 1,920 1,940 | 3,009 1,925
Ti 0,018 0,019 0,006 | 0,026 0,013 0,004 | — —
Al 1,854 0,370 0,209 | 1,790 0,160 0,060 | 2,006 0,259
Cr 0,075 — — 0,096 0,023 0,003 | — —
Fe 0,487 0,083 0,205 0,573 0,087 0,168 0,788 0,169
Mn 0,015 0,003 0,004 0,022 0,004 0,004 0,026 —
Mg 2,124 0,759 1,649 | 2,190 0,92 1,751 1,690 0,776
Ca 0,389 0,781 0,032 | 0,374 0,746 0,048 | 0,469 0,765
Na — 0,155 0,008 | — 0,169 — — 0,101
Total 7,990 4,005 4,003 8,111 4,042 3,978 7,988 3,995
Fe+Mn 491 102 112 |21,8 866 102 325 179
Fe + Mn + Mg
1) — 1043 1092
2) 1123 1128 1022
3) — 820 1070
4) 1066 1087 934

Estimation of temperature according to: 1) Perchuk, 1977; 2) Ganguly, 1979; 3) Da-

vis, Boyd, 1966: 4) Ellis, Green, 1979;

clinopyroxene <and orthopyroxene. The
result of microprobe analyses of garnet-cli-
pyroxenite (3) from the quarry near Bory,
of “garnet orthopyroxenite” (from a larger
inclusion (4) in the Mohelno peridotite —
Padéra, 1980, in Misar ed 1980) as well as
the pyrope peridotite (2) from the Staré
bore hole (Fiala and Padéra, 1977) are also
added for comparison.

The analyzed pyroxenes and pyrope of
the Mohelno peridotite are analogous to

those in the pyrope lherzolite from bore
hole T-7 as described by J. Fiala and
K. Padéra (1977). The equilibration of
two-pyroxene association indicated by
Perchuk’s (1977) thermometer corresponds
to a temperature close to 1100 °C, Boyd’s
thermometer (Davis and Boyd, 1966) indi-
cates a temperature 820°C and 1070 °C
probably due to the higher content of
sodium in clinopyroxene. Mysen’s clino-
pyroxene-garnet thermometer-barometer
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(Mysen and Heier, 1972) shows the condi-
tions of equilibration of the garnet — cli-
nopyroxene pair at a temperature 1150 °C
and at a pressure of 18 kbar (Fig. 2). These

50+
40
301
2,04

1,04

054
041
034

0,24

A
0,001

Fe/Mg gr

0003 01

05 1.0 Fe/Mg cpx
ol 62 +3 ¢4 ¢S &6 m7

Fig. 2. Distribution of Fe and Mg between
coexisting garnet and clinopyroxene in Mol-
danubian eclogites and pyrope peridotites
(Dudek and Fediukova, 1974). 1 — eclogites
inside of peridotite bodies surrounded by
granulite, 2 — eclogites of “deep fault zones”,
3 — pyrope-almandin eclogites in gneisses,
4 — eclogites in gneiss complex together
with peridotite, 5 — pyrope-almandin-grossu-
lar eclogites in gneisses and migmatites, 6 —
pyrope peridotite, 7 .— eclogite-like rocks in
gneisses. Points 1—3 correspond to garnet pe-
ridotite od Mohelno and Staré and to garnet
clinopyroxenite of Bory (tab. 1) points 4 and
5 to the rocks of the tab. 2

data are similar to those found by Ganguly
(1979) and Ellis and Green (1979). The
calculated temperature and pressure for
Mohelno peridorite seem to be slightly
lower than for pyrope peridotite from
inclusions in granulite of Bory (Misai —
Jelinek — Jake§, 1984) and slightly higher
than the data of J, Fiala and K. Padéra
(1977). For the garnet peridotite of Bory
the calculated temperature is 1190—1278 °C
at an assumed pressure of 35 kbar. The
PT-conditions calculated for Bory banded
peridotite containing olivine, clinopyro-
xene and orthopyroxene are of a tempe-
rature 990 °C—1170°C and pressure of

23 kbar. Many garnet pyroxenites from
the locality Bory were studied by Z. Mi-
saf — E. Jelinek and P. Jake§ (1984). They
show the temperature of the origin to be
820 °C (average) at a calculated pressure
of 23 kbar, The data for the some Bory
garnet pyroxenite (table 1) are higher
than Ganguly’s (1979) or Ellis and Green’s
thermometers are used. See also new data
of Sanc and Rieder (1983) for the PT-con-
ditions of equilibration of garnet + ortho-
pyroxene lamellae in  clinopyroxene
(940 £ 20°C—3,6 + 6 kbar).

Minerals of country gneiss and granulite

Of the minerals of the contact bimeta-
sumatic rocks (5) garnet, hornblende and
rare clinopyroxene were analysed (Table 2).
In addition to these minerals biotite of
banded granulite gneiss and gneiss were
also studied by the microprobe method
6, 7).

Perchuk’s (1970) clinopyroxene-hornblende
thermometer indicates a rather lower
temperature for the origin of the mineral
pair (600—650 °C). Gangluly’s garnet-clino-
pyroxene thermometer indicates a higher
temperature for the same rocks (T —
879—916 °C at 10 kbar). According to Ellis
and Green’s thermometer the temperature
is 775 °C.

The interpretation of the given PT-con-
ditions of equilibration for the bimetaso-
matic rocks at the contact between the
peridotite and granulite is not unam-
biguous as different thermometers were
used. However, it is also primarily more
complicated because of the bimetasomatic
origin of these contact rocks and their
unequilibrated mineral assemblage.

Some estimates are also made for the
PT-conditions of the origin of banded
granulitic rocks (Table 2) containing gar-
net, clinopyroxen, hornblende, biotite and
sometimes orthopyroxene (not analysed).
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Microprobe analysis of minerals from country gneisses of the Mohelno peridotites

|

Tab. 2
Banded granulite gneiss
Contact bimetasomatic zone
65) (6) melancratic band
Components Gar-2 Gar-1 Cpx Hb-1 Hb-2 Gar I Gar II Cpx Hb Bi
Sio, 38.7 38.8 51.8 47.2 , 445 | 39.2 38.9 51.6 45.2 35.8
TiO, 0.55 0.46 0.42 092 | 1.64 0.22 0.40 0.46 1.84 3.19
Al,O4 20.7 21.2 2.84 5.65 | 10.02 | 21.1 21.4 321 9.43 | 14.9
FeO 26.2 24.6 9.73 | 115 13.9 26.5 24.9 8.85 | 13.7 18.9
MnO 0.56 0.44 0.10 0.09 0.06 0.52 0.39 0.15 0.08 0.10
MgO 6.99 791 | 13.3 12.9 13.2 757 8.96 | 13.1 13.0 12.6
CaO 6.70 6.49 | 20.8 172 11.4 5.42 6.21 | 215 115 0.29
Na,O — — 0.75 0.88 1.83 — — 0.80 1.72 0.12
K30 — — 0.11 0.17 0.50 — — 0.01 0.69 9.08
Total 100.40 | 99.90 | 99.85 | 97.21 | 97.05 |100.53 |100.16 | 99.68 | 97.16 | 94.98
Si 3.000 | 2997 | 1937 | 7.092 | 6.602 | 3.023 | 2987 | 1931 | 6.701 | 2.742
Ti 0.032 | 0.027 | 0012 | 0.103| 0.184 | 0.013| 0.023 | 0.013 | 0.205 | 0.184
Al Lyso | 1925 | 0125 | 0985 | 1.755 | 1.913 | 1.934 | 0.142 | 1.648 | 1.347
Fe 1.707 | 1589 | 0.304 | 1.426 | 1.733 | 1.708 | 1599 | 0.277 | 1704 | 1.212
{Mn 0.037 { 0.029 | 0.003| 0011 | 0.008 0.034 | 0.026 | 0.005 0.010 | 0.006
e 0.808 | 0910 | 0.743 | 2.837 | 29241 0869 | 1.024 | 0729 | 2868 | 1433
Ca 0.556 | 0.537 | 0.835| 2722 | 1.807 | 0.447| 0429 | 0860 | 1.821 | 0.024r
Na — — 0.055 | 0253 | 0528 | — — 0.058 | 0.496 | 0.017
K — — 0.005 | 0.031 | 0.095 — — 0.001 | 0.130 | 0.888
Total 8.025 | 8014 | 4018 | 15443 | 15642 | 8.007 | 8.023 | 4.015 | 15583 | 7.853
(Fe + Mn) . 100 1
P S— 24
Fe + Mn + Mg 68.3 64.0 29.2 33.6 37.3 66.7 61.3 279 | 374 45.9
T °C* 7 600 650 650 800 700 725
T °C** 369—916 i 356—858

Clinopyroxene-garnet association corres-
ponds to 856—858 °C according to Gan-
guly’s method and to 742 °C according to
the Ellis and Green thermometer. For the
clinopyroxene hornblende, clinopyroxene-
garnet and hornblende-biotite pairs the
calculated temperature is 700—800°C
(Perchuk, 1970). The minerals of the leu-
cocratic bands of the same rock and of
the granulite with cyanite (8) might have
equilibrated under lower conditions
(600—650 °C according to the Perchuk
thermometer).

Conclusions

The deepest PT-conditions for the origin
are fixed in the garnet-clinopyroxen-ortho-
pyroxen mineral assemblage of the Mo-
helno peridotite. They correspond fo the
Pt-conditions in the upper mantle. The
country banded granulite gneiss and some
gneisses, because of their polyphase origin,
still contain some relics of older granulite
metamorphic association equilibrated at a
temperature of cca 700—900 °C. The gar-
net-biotite pair of biotite gneisses indicates
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S Biotite Leptinite
leucocratic gneiss (granulite)
band (7) with kyanite)
Gar Bi Gar Bi Gar Bi ‘
|
38.1 36.7 | 37.2 32.9 37.4 33.8
0.21 0.90 | 0.003 | 270 0.13 2.49
20.7 151 | 20.1 14.0 20.7 19.6
29.7 156 | 33.2 29.2 35.8 21.5
0.79 0.01 | 1.88 0.18 1.16 0.04
554 | 150 | 1.61 8.25 3.68 7.46
5.07 0.49 5.94 0.17 113 0.16
— 0.04 — 009 | — 0.09
— 6.75 — 791 | — 8.82
10011 | 90.79 | 99.93 | 9540 |100.00 | 93.96
|
3.003 | 2.850 | 3.016 | 2.646 | 3.007 | 2.656
0.012 | 0.053 | 0.000 0.163§ 0.008 | 0.147
1.922 | 1.379 | 1918 | 1.325 | 1959 | 1.809
1.956 | 1.015 | 2250 | 1.965 | 2413 | 1.408
0.053 | 0.001 | 0.129 | 0.012 | 0.079 | 0.003
0.650 | 1.733 | 0.194k] 0989 | 0441 | 0.873
0427 | 0.041 | 0517 | 0015 | 0.098 | 0.013
— | 0005 — 0.015 | — 0.013
— 0.669 | — 0811 | — 0.887
8.024 | 7745  8.025 | 7.941 | 8.005 | 7.709
75.5 37.0 96.2 66.6 85.0 61.8
|
600 400 (9 | 650

only a temperature of 600—650 °C. Similar
data are wvalid for granulite with cyanite
occurring inside the granulite formation
near the contact with the Mohelno ultra-
basic body.

The PT-conditions for equilibration of
bimetasomatic rocks at the contact between
the peridotite and granulite might be
reflected in a higher temperature (granu-
litic) mineral assemblage and in probably
younger and lower (amphibolite facies)
mineral assemblage with hornblende and
biotite.

The mineral association of garnet pyro-
xenite (eclogite) inside the Mohelno garnet
peridotite and also other focalities is a spe-
cial problem. The PT-conditions of the
origin of these rocks are about 200 °C and
by 23 kbar lower than the PT-conditions
of equilibration in the upper mantle
garnet peridotite (Misal — Jelinek and
Jake§, 1984). Therefore these pyroxenites
may be formed in the uppermost part of
the upper mantle or in the lower level
of the continental crust,
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Tlakové a teplotni podminky vzniku pyropovych peridotitii
a jejich okolnich hornin v moldanubiku v okoli Mohelna

N. L. DOBRETSOV — Z. MISAR — E. V. POPOV

Indexni minerdly pyropovych ultrabazik a
okolnich granulitG byly studovidny na mikro-
sondé. Podle ziskanych dat a pouziti rdznych
geotermickych a tlakovych vztaht rtznych
autora byly vypocteny prislu$né teplotni
a tlakové podminky vzniku té&chto hornin.
Mineralni asociace granatickych peridotita
odpovida podminkam jejich ekvilibrace =za
teploty 1123—1060 °C pri tlaku kolem 18 kilo-
bar. Pyroxenity vyskytujici se i v jinych
télesech wultrabazickych téles se dostaly do
rovnovazného stavu za teplotnich podminek

terpretace ziskanych dat prisluSnych mine-
ralnich para pro horniny, které vznikly bi-
metasomatickymi pochody mezi peridotitem
a granulitem. Z vybraného profilu u Mohelna
byly zatim studovany ty, které obsahuji
amfibol, biotit, granat a sporadicky Kklinopy-
roxen. Rozdilné hodnoty ekvilibrace lze
u nich obdrZzet podle raznych metod. Napr.
podle Peréuka (1970) by podminky rovnovaz-
ného stavu nastaly priblizné za teplot kolem
600 az 650 °C, podle metody Gangulyho (1979)
jsou teplotni hodnoty podstatné vySsi.
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* Magyar Allami Eotvds Lordnd Geofizikai Intézet, Budapest, H-1440, P.O.B. 35.
** Teosormuecnuit MHCTUTYT !Ssypsrckoro dumana Cutupckoro orpeieuns AH CCCP,
Yaan-Ypas, 670015, I1aBnosa 2.

(3 puc. B Texre)

ITosnyyeHo 12 okTa0ps, 1983 r.

MMHEEPANOTHYECKO-IETPONOIrNIECKas XapaKkTepUCTNKa MarMaTM4ecKux Imo-
poxn oxpecraocrei Capeamké (ropsr Bioxk, CepepHas Beurpus)

BasaneTel OKpecTHOCTEr CapBaliké OYeHb MOXO0XKM 0a3ajbTaM OKEAHUUYEC-
KOr0 JHa, HO BCPEUAOTCS B OOJBIION TOJIIM TEPUTEHHBIX CBUT. IIpejpcras-
JISH0T BEPXHIOK YaCTh CEPMU, KOTOpPas C TOUKY 3PEHUS IETPOJIOIUIL SBIACTCS
0hWOMUTOBOM; C TEOJOTMUYECKON TOYKY 3PEHMS 3T IOPOJABL IIPUYPAUUBAEM
K KOMILUIMKOBAHHBIM OCAJOUHBIM Mopojgam. llepBoHadainpHas Marma BO3HM-
Kaja € HOPMAaibHOro My ciaabo pasyOGO’KEHHOM MaHTUM; MMENIA IUKPUTH-
YECKOC CIOJKEHWE, IIPUYEM IIOJBEPranach judepeHumanuy B MarMaTUuCC-
KOM ouare 3a CY€T BOSHUKHOBEHMS 0a3aipTOBBIX Iopoja oduomnToBoro
Xapaxktepa. Bas3albTOBBIE PACIIIABbl BBUIMBAIMUCHE OUYEHL MEJJIEHHO B DE3YJib-
TaTe CYI[ECTBYIOUIEIO0 MOIHOTO OCAJ0YHOIO0 KOMIUIEKCA; B CIEAYIOIEM
paseuTuyu 6a3a7bTOBBIC PACIUIABLI OBLIM ONATH I[OCHEACTBEHHO audepeHim-
poBanHble. C TOUYKM 3PEHUS PACIONOXKEHUSA M TEOXMMUM rabpa U [epujo-
THUTBl SBISIIOTCA CKBUBANCHTHBIMM KOMIUIEKCY IIAPAIENHBHBIX JACK, IPUUYEM
NPENCTaBISIOT CUIMBBIE (POPMBI B OCAJOYHBIX [OPOAAX B IOUBE 0a3aibTOBO-
ro ropusoHta. OHM BO3HUKIM M3 06a3aJbTOBRIX PACINTABOB, KOTOPHIE ITOJI-
BEPriUCHh caepyowein aucdbepennmanuy  1nocie eddysun OGasaneros. ITo-
3TOMY COIEPIKAT IOBRIIIEHHOEC KOJIMUECTBO JKejIe3a M THUTAHA. B cpeamen
CTafUy KPUCTAIM3AUMY 5TV DACIJIABBI INOJBEDPIVIACH OKCHIALUK a TO B pe-
3yJbTATE TPAHCBAIOPU3ALMK MH CUTY. ;

Mineralogic and petfrogenetic outline of magmatic rocks from Szarvaské
(Biikk Mts., North Hungary)

Basalts from Szarvaské are very similar to ocean floor ones but
ley within a thick terrigenous sequence. They represent upper part of
a series which is ophiolitic in petrological sense hut is “diluted” by se-
diments in geological one. The primary magma originated from normal
or slightly depleted mantle, was of picritic composition and suffered
differentiation in a magma chamber of ophiolitic type generating
basaltic melts. These melts ascended relatively slowly because of the
existence of a sedimentary cover and were differentiated further.

Gabbro and peridotites are equivalents of sheeted dykes in view of
their position and geochemistry but form sills within sediments beneath
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the basalt horizon. They originated from the basaltic melts which
suffered further differentiation after the basalt eruptions and or this
reason were elevated in Fe and Ti, In middle stages of crystallization
the melts became oxidized because of in situ transvaporization.

B ioro-zamajnoit  yactm rop DBrokk
(pmc. 1) HAXOAUTCA ORXHO M3 HEMHOTUX
moJieit Pa3BUTUSA OCHOBHBIX M YJIBTpa-
OCHOBHBIX MarMaTu4yeckux 1mopoj;i Kap-
IMATCKOr0 permoHa. B pesynpraTe Imoe-
BhiX Teosormuecknux (Balla et al., 1980),
3aTeM  Ja0opaTOpPHBIX  UCCIEIOBAHMIA
(Balla et al.,, 1980), ObpIM BBISCHEHBI
OCHOBHBIC UEPTHl crTpaTurpadum, UETPo-
XUMMM U TEOXMMUM 3TUX O0Opa30BaAHMIA.
BbplIo ycTaHOBIEHO, UTO Oa3uThl IIpei-
CTaBIEHBI KaK B 9 Py3MBHON, TAK M MH-
TPY3UBHOM (halusax, 3ajeras BHYTPU TEP-
PUTECHHOM TOJIM 3HAUUTEIBHON MOIIl-
HOCTM M cjlaragd BMECTE C HEN CUCTEMY
IIOKPOBOB; CMATYIO B CHMHQOPMY CIOXK-
HOTO CTPOEHVIS.

D dy3uBHBIL  TOPU3OHT MOLIHOCTEIO
300—500 M CIOXEH NOAYIUIEYHBIMM Jia-
BaMy 0a3anrpTOBOTO cocraBa. OTCYTCTBME
KOHI[CHTPUYECKOM 30HAIBHOCTU M 1Iy3bI-
peul WM MUHJAIMH B HOAYUIKAX, a TaK-
K€ MOHOTOHHBIN TJIMHMUCTHIN COCTAB Ipe-
o0mamaroIer 4acT# OCaJKOB IPU TYp-
OMAUTHOM  IPOUCXOKICHUU  IIECYAHO-
AJIEBPUTOBBIX IIPOCTIOEB CPEAM HUX MOXK-
HO CYMTATh IPU3HAKAMU IIYOOKOBOIHO-
ro IPOMUCXOKIAEHNUI pa3pesa.

Bce MHTpPY3MBHBIE Te€ja IPEACTABICHE
CUJIJIAMM, IIPUYEM CTEIIEHb PACKPMCTAI-
nusanuu 1 guddepeHMpoBaHHOCTI TI0-
DPOJ 3aKOHOMEPHO YBEJIMYUBACTCA IIPU
ypanesun oT 3QP@PY3UBHOrO TOPU3OHTA
BHM3 10 paspesdy (puc, 1). B 10 Bpems
KaK IOPOABL CAMBIX BEPXHMX CUJLJIOB
IMOYTH HE OTINYAOTCI 0T 3P DY3UBHBIX
0a3anpTOB B CAMBIX TIYOOKMX CHJIJIAX
HAOTIO{AOTCST CPpENHE- M KPYIHO3EPHMC-
Thie TabOpPOUIBI, MECTAMM PACCIOCHHBIE,
¢ Oosee OoCHOBHBIMHU auddepeHmaTammn

BIUIOTH [0 IEPUIOTUTOB, MECTAMM CO
HUIMPAMU CPEJHUX M C JalKaMM KUCIBIX
IEPMBATOB BILUIOTH A0 IIATMOTDAHUTOB.

ITo cocraBy OasanbTel CapBariké 6aus-
KM K OKEAHMUECKMM TOJEMUTAM, HO IO
CPaBHEHUIO C UX CPETHMM THIOM B 1,5—
2 pasa oOoraieHsl 3JIEMEHTaMM Kak
¢ ammskumu (Na, K, Rb, Ba, Sr, Zr, Y,
La, Ce), Tak u c¢ Beicokumu (Cr, Ni)
KoabdunmenTamn pacrupeseseHns MeX-
ny Fe-Mg cmimkaTaMuM ¥ PaclIaBOM.
BrrgcueHue MpUUMH STOM JBOMCTBEHHOC-
TV PaBHO3HAYHO BBIICHEHNIO IIPOUCXOIK-
eHMd MCXOMHOM MarMbel M xoja ee Jud-
depenrmanun. HanbGonee HaIEKHBIM Me-
TOJOM B 3TOM OTHOIIECHUM ABJSETCS aHa-
U3 CcocTaBa MuHEPasoB. Beugy Toro,
YyTO MOAOOHBIE MCCICTOBAHUS IIPOBOAU-
JINCh BIEPBBIC, BHUMAHME OBLIO CKOH-
IIEHTPUPOBAHO HA [BYX THUIIAX MarMaTi-
yecKux mnopoj parona Capsamké: Ha
0azanbTax uX IOAVIIEYHBIX JIAB, SBISIO-
ILMXCS CaMBIMM DACIPOCTPAHEHHBIMYU I10-
pOJlaMM BCEM MarMaTUUYECKOM CEpuM u
B TO K€ BPEMSI MEHEe BCero auddepen-
IIMPOBAHHBIMM €€ wWieHamu, U Ha rabo-
PO W MEPUAOTHTAX M3 PACCIOEHHBIX
YYaCcTKOB CUIBHO AuddepEeHIpOBAHHO-
ro CWLIa, IIPEACTaBIsONINX cO0OM Kpaiu-
HME TIPOAYKTH AudpepeHmmanmm. B KO-
TOPBIX fpPUE BCEro OTpPa’KeHa  IJIaBHAs
0COOEHHOCTh MarMaTU4ecKux IIOPOJ] BCEM
cepun — wux OOOramjeHHOCTh JKENIE30M
M TUTAHOM U ODEJHEHHOCTh MATHIUEM.

B xiuHONMpOKCEHAX M3 0a43aJbTOB HA
OCHOBAHMU MOP(OIOrNUECKUX 0COOeH-
HOCTENl ¥ cocTaBa ObLIM BeINENEHBI: (1)
IIPOTOKPUCTAJIIBL  PA3MEPOM 0 5 MM,
DospnIer YacTblo pPe30pOUPOBAHHBIE, BbI-
COKO- M HM3KOXPOMUCTHIC, (2) KayMbl,
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o0pacraioune MIPOTOKPUCTAIIBI, PEINK-
TOBBIE M Jopactaioltue, (3) MuUkpodeHo-
KpUCTaliIbpl pasMepoM jno 0,5 MM, uamo-
MopdHBIE, HE CPOCIIMECS C IJIarMOKIIa-
30M, u (4) OTUPOKCEHBHI OCHOBHON MACCHI
— OTJAEIBHBIC MUKDPOJUTH WIM Yalle —
TOHKHME CpacTaHMs C IDIATMOKIA30M
UTONBYATOrO WM DPAAUATBHO-IIYUUCTOTO
00anKa, mpejcraBisionue coboim  1Ipo-
JIYKThI OJTHOBPEMEHHOI 11 OBICTPOT KpIUC-

Puc. 1. Cpogmas crpaturpadmueckas KOJOHKA
Capsamkéitckon cuagopmsr (mo Balla et al,
1983). Cnuepa: mnonoxenue  CapBallIKENCKON
cuadoOpMBl B reorpaduueckoir cxeMe BeHrpum
(BBEpPXy) M cxeMa IIOIEPEUYHOr0 pa3pe3a CUH-
dopmser (BuM3y). YcioBHsle 0003HAUCHUA: 1 —
W3BECTHSAKM, CITAHOBl KPEMHUCTBIE ¥ TJIMHUC-
TBIE B YACTOM IIEPECIaMBAHMM WM UYEPENOBaA-
HUM B BMJE NAYEK, B OCHOBHOM KpaCHBIE JIO

DPO30BBIX, 2 — U3BECTHSKM CEPHIE, YACTO
¢ KpPEMHAMM, OOBIUHO IIUTUATHIE, C TPOCIOL-
MW CBETJBIX TJIMHWUCTBIX CHIAHIEB, 3 — IJIN-

HUCTBIE CJHaHIBl, TEMHOCEDPHIE OO CBETIOCEPHIX,
MECTaMM C OJIMCTONIUTAMM WU3BECTHIKOB, B BEp-
XHEW YaCTM C JNMH3AMY M3BECTHAKOB C KPEMHSI-
MM, MECTaMM C IIPOCIOAMM KPEMHUCTBIX VA
KPEMHMUCTO-TAVHUCTBIX CIAHLEB, 4 -— TJIMHUC-
THIE CJIAHIBI, TEMHOCEDBIE JIO CBETIOOYDPBIX, 5
— IJIMHUCTBIE CJIAHLB!, ANEBPOJMTHI, II€CUAHU-
K#, 6 — MOAYLIEUHBIE JIaBbl 0a3albTOB, 7 —
crabo auddepeHupOBaHHble CUJLIBL  (Ga3aik-
TBl, MEJKO3EPHUCTBIE Tab0po), 8 — CUJIBHO
muddepernupoBannsie cuisl  (rab6po, rHmep-
0as3uThl, AVOPUTHL U T. IL.)
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TAJUIM3AIUY 3BTEKTUUECKOrO TUIIA.

IIo cocraBaM M TpeHAAM UX M3MEHE-
HUS BBIJCICHHBIE OOBEKTHI MOTYT OBIThH
OOBEJIMHEHBI B TPY TPYIIBL, KaKKAsL CO
CBOMM TpPEHAOM (puc. 2): (A) BBICOKOXPO-
MUCTBIE SAJDA IIPOTOKPUCTANIOB ¥ pe-
JIMKTOBBIE Kaimbl, (B) HU3KOXPOMMCTBHIE
S/ipa  IIPOTOKPUCTAIIOB, JOPACTAIOLINE
KalMBl UM MMKPO(DEHOKPUCTANIILI, HAKO-
Hel, (B) NMPOKCEHBI OCHOBHOWM MAcCCHL.
OTU TPM TPYHOIBI MOKHO PAacCMaTpPUBATH
B KQUECTBE MPOJYKTOB TPEX 3TAIIOB KPUC-
TAJITU3AII,

ITepBrIn 3TAarl, COOTBETCTBYIOIINNI
rpymnme A (IPpOTOKpUCTANIM3ALNsI) Xa-
pPaKTEpPU3YyeTCs TeM, YTO B IIPOIlECcce
KPUCTAIAM3AMY TIPU TPAKTUUECKN I10C-
TOSHHONM >KEJIE3UCTOCTU KIUHOIUPOKCE-
Ha pe3ro ymeniomatores Cr, Al, Ti u
ocobenno Ca, u Bo3pacraet Si. MOXXHO
IPEAIIOAOKNUTh, UTO 3TOT 9TAIl IMPOTEKaJ
IIPM BBICOKOW TEMIIEpPATYDE B PABHOBC-
cuy ¢ onuBMHOM (mceBgomopdo3sr: Bal-
la et al.,, 1983), xpomutTomM (BBICOKOE CO-
nepskanue Cr) M OPTOMUPOKCEHOM (IIpE-
neIpHO Hu3Kag Kouuextpaius Ca), To-
€CTh KPUCTAJUIM3ANNS IIPOUCXOAWIa %3
OUKPUTOBOM UIU OIM3KOW K HEM MarMBbl.

B xoxe BTOporo sramna, (hUKCUPYEMO-
ro rpymmoyn b, >Kene3ucrocTs IMPOKCE-
na Bospacraer ot 15 mo 30 Y%, ¢ ogmmo-
BpeMeHHBIM Bo3pactanueM Al m Ti u
ymensrreaneMm Si, Ca u Cr. Bospacranue
Cr u Mg B Hayane 5Tamna II0 CPABHCHMIO
C 3aKIIOYNTENBHOV CTaauer IPOTOKPUC-
TAIU3AIMY MOKHO OOBSCHUTH TEM, UTO
B 2TO BpPEMs CTANM HEYCTOUUYUBBIMU XPO-
MIT U OJMBUH, KOTOPBIE KaK ObI ,pac-
TBOPWINMCE® BO BHOBb  KPUCTAJLIN3YIO-
I{eMCsI KIMHOMMPOKCEHE.

Bo Bpemsa Tperbero srama (rpymma B)
KpucTaaan3oBagacs 6onplias dYacTh IIO-
POJiBI, B UacTHOCTY, HE MeHee 80—90 N
IMpPOKceHoB, Ha 3ToM 3Tame ¢ Bo3pac-
tTaHMem sxejesucroctu (f) or 25 go 45 9
DE3KO YBENMUMBAIOCH cogepikanue Ca,

HECKOJIbKO CHU3MIIOCH cojiepkanue Al
npy modtu nocrosHesix Si, Ti n Cr.

CocTaBpl  KIMHONMPOKCEHOB BEHIJEICH-
HBIX TPEX IJTAlOB KPUCTAINM3ALUKN 0Oa-
3anpT0B CapBalllRE MMEXT CBOM AHAJO-
I'M B APYruUx paioHax (puc. 3). Bplcokas
CTEIIEHDb UX CXOJICTBA C TOJECUTAMM OKea-
HIYECKOTO JHA HABOJUT HA MbICID O BO3-
HUKHOBEHUN 3TUX TOPOJ[ TEM K€ Mexa-
HM3MOM, 9YTO U OMUOJNTOBBIE  CEPWI.
CyIIHOCTh 3TOr0 MEXaHMW3Ma  3aKJI0-
YaeTcs B HAIWYMU IIPOMEKYTOUHOM MAr-
MAaTUYECKOM KaMepbl, BLIPABHIBAOIIEH
COCTaBbl OTACISIOUINXCS OT Hee 0as3aib-
ToBBIX pacmnaBoB (Dobretsov and Ke-
pezhinscas.  1981). TIpoTorpuUcTAIIEI
MOJKHO PAaCCMaTpUBATh B KAUECTBE ITPO-
JIYKTOB KPUCTAJIN3AIMU BHYTPU STON
KaMepBl, 4 MX CXOJCTBO C KIMHOIMUPOK-
CeHAMIM MaHTUMHEIX IOpOJ JIecOTO MOXK-
HO CUUTATh CJICJCTBUEM KOHBEPIEHI[UN,
OGYCIOBICHHON CXONHBIMM B 00OMX CIY-
YaaxX BBICOKUMM TEMIIEDATYPAMU MAarMel,
OOBIUHBIMK B O(UMOJUTOBBIX KaMepax
(BakymeHnko u jgp., 1976).

CXO/ICTBO XapaKTepa WU3MEHEHWS COC-
TABOB KIMHOIMPOKCEHOB 13 0a3albTOB
CapBamiké ¢ TaKOBBIMU B TPAIIMOBBIX
cepusix, CKOpPEE€ BCEro, SBISETCS CIEL-
CTBMEM TOTO, UYTO II0 CPABHEHUIO C OOBIU-
HBIMM O(MOTUTOBBIMU CEPUAMIU IYTh (U
COOTBETCTBEHHO BpeMs) IOAbLEMa Mar-
Mbl CapBammké ObLI YANMHEH HA MOII-
HOCTb OCAQJIOYHON TOJNIIM, IIOXCTUIA0-
uieit 9dphy3UBHBIL TOPU3OHT.

CocTaB Marmsl, MCXOJHON A Oa3aib-
TOB CapBaliké MOKHO OI€HUThH Ha OC-
HOBAHUM TIPEAIIONIOKEHUS, UYTO 0a3aib-
TOBBIV pacIuiaB CPOPMMUPOBAJICS U3 HEE
IIyTeM YOAJCHMS TIPOTOKPUCTAJIIOB OJIU-
BUHA U KIMHONMPOKCeHA. PacueTsr Be-
JIICH JUIS PA3HBIX KOJWYECTB M COOTHO-
UIEHUI 5TUX MMHEPAJIOB C YUETOM BCEX
METPOTEHHBIX OKMUCIOB U BAKHENIINX U3
MIUKDOB3JIEMEHTOB. Pe3yibTaThl CpaBHU-
BAJMCh C COCTaBaMM HAMOOJEE BEPOSIT-
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HBIX AHAJIOTOB JMCXOJHOM MarMel odu-
OJIUTOBBIX CEPUII — DPA3JIMUHBIX NUKPU-
ToB (Dobretsov and Kepezhinscas, 1981).
Oxazanochy (Bamnma u {oGperos, 1984),
YTO HAWJIYYIIEro COOTBETCTBUS IUKPUTY
MOYKHO JOOMTHCS IPU OCAKICHUU IIPU-
mepHO 20 9 ommsuma u 10 0/, xnuHO-
NUpoOKceHa Ha riayouHe. [lomydeHHAS
TaKUM IIYTEM MCXOJHAs Marma o0JafacT
IOBBIILICHHBIMI  copepkanusamu  Ti, Zr,
Sr, Rb u Na, uro ¢BUjI€TEIHCTBYET O IIO-
BBIIIICHHON IEJIOYHOCTY M MOYKET OBITh
00BSICHEHO MAJIOI CTEIEHbIO IUIABICHUS

HOPMAJIBHOW WM ¢j1abo MCTOLIECHHON!
MaHTUN.

Takum oOpasom, reHesuc 0a3anbTo-
Bom Marmel CapBalliké OIIPEJIeIIseTCs

TpeMs riaaBHbIMU (pakropamu: (1) oduo-
JIMTOBOJ TpPUpPORON 0a3ajabTOBOrO pac-
mraBa (ero BO3HMKHOBEHMEM M3 IIMKPU-
TOBOM MarMbel B KaMepe O(pMUOIUTOBOrO
Tia), (2) CYIIECTBEHHO VIJIMHEHHBIM IIY-
TEM €ro IoabeMa K IOBEpPXHOCTH 1 (3)
TPOUCXOKJICHNEM MCXOQHON Marmsl U3
HOPMAJIBHOM iU c¢ynabo  UCTOLICHHON
MaHTUM. B I1eJioM MarmMaTudyecKue II0po-
el panmoHa CapBallIKE IIPEJCTABISIOT CO-
00l BEpPXHIOI YACTh TAKOrO paspesa, Ko-
TOPBINI B IIETPOJIOIUUECKOM CMBICIE SIB-
JsieTcss 0pUMOIMTOBBIM, HO B TE€OJIOTUYEC-
KOM OTHOIIEHUM Kak Obl ,,pa3baBien”
ocagkamMy M OTOpPBAH MMM OT Oojee Ijy-
Ookmx rabOpPO-IMEPUITOTUTOBLIX YPOBHEN
O(PMONUTOBON CEPUU — IIPOJYKTOB 3aT-
BEPJEBAHUSA COOCTBEHHO  O(MMOIUTOBOM
MarMaTmu4ecKoy KamMephl.

T'a60po ¥ HEPUAOTUTHI U3 CUJIJIOB OK-
pectuocreir CapBamiké HUKAK HE MOTYT
OTOXKJIECTBIIATChCS ¢ OOBIUHBIMU OCHMOIH-
TOBBIMM Ta00PO M MEPUAOTUTAMI, IIOC-
KOJIBKY II0 OTHOIIeHuto K 3¢dy3uBHO-
My TOPM3OHTY OHM 3ajierai0T Ha ypOB-
HSX, COOTBETCTBYIOIIMX KOMILIECKCY IIa-
PANJIEIBHBIX JAEK OMUOIUTOBBIX CEPUIL,
obnamas psAJOM TEOXMMUYECKUX UEpPT

UMEHHO JlaeK, a He 0oiee
rabopo (Balla et al., 1983).

B yabTpPAOCHOBHARIX HOPOJAX OKPECT-
Hocret CapBallKE BBIJENSIOTCI TPU TeE-
HEpaluy MUHEPaoB: (1) KYMYJISTHUBHBIC
OJIMBYH I MIABMEHUT, (2) MOCTKYMYJISTUB-
HBIIT KIMHOIMPOKCEH (- OPTOIMPOKCEH,
-+ mraruokias) u (3) mo3pHas Oypas
porosasg oOMaHKa (T TUTAHOMATHETHUT,
-+ Guorur). B HayampHBIE 3TANBl KPUC-
Tanausanuy  (KYMYJISTBL  JKEJIE3UCTOTO
OJIMBUHA M WJIBMEHMUTA) pacIiiaB ObLI
BOCCTAHOBJIEHHBIM, Fro JKEJIE3UCTOCTh U
TUTAHMUCTOCTh, CKOPEE BCEro, ciado MeHs-
Jucy Upy Kpuctamiamdanuu. IlogsineHue
BMECTO JKEJIE3MCTOr0 OJUBMHA M WIbMeE-
HITA 3HAYUTEILHO MEHEE JKEJIE3UCTOTO U
HU3KOTUTAHUCTOIO KIMHOMUPOKCEHA, Be-
DOSITHEE BCEro, CBA3aHO € OKUCIECHUEM
paciiaBa ¥ C ITOSBJICHMEM B HEM TPEX-
BAJICHTHOIO JKeaesa.

B HavaibHblE CTAAUM OKNICIEHMS TPEX-
BAJIEHTHOrO JKeje3a Opuio Mano s 00-
pa3oBaHMsT CAMOCTOSTEIBHBIX  TBEDJBIX
¢as, n ono ocraBanock B pacmiase. Cy-
L[ECTBEHHOE 3aMeJJICHue pocTa IKeJe-
3MCTOCTY  KIMHOIMPOKCEHA (puc.  2)
MOIJIO OBITH CBA3AHO C ITOSBICHUEM M-
HepayioB, OOOral[eHHBIX TPEXBATICHTHBIM
JKene3oM: Oypoy pOroBoi OOMaHKU U
Tu-MargeTura. Kpucrannmsanus Ha 3TOn
CTAfUM 3HAUYUTETBHBIX KOJUYECTB BOJ-
HBIX MuHepanoB: amdubona u OmoTruTa
— JIOKa3bIBAET CBSI3b OKMCIEHUS C IIOC-
TYILUIEHMEM BOJBI B pactuiaB. OCHOBHasS
Macca JKejie3a BBIeJMIack B BUNE Mar-
HETUTA HE B HAvaje OKMCICHUS, (hUKCH-
PYEMOI'C DE3KUM IIaJECHUEM JKEIE3MCTOC-
i cunmkaraon assr (¢ 50 % B onmsu-
He 10 25 Y B paHHEM KIMHOIMPOKCEHE),
a JIUIOb TOT/{a, XKOrja OKUCIUTEJHHBIA
IIOTEHIMAX JOCTUT HEOoOXOANMOTO It
3TOTO YPOBHS.

DTOT MOMEHT HACTYIIJI Ha JOBOJBHO
MTO3JIHEN CTAAMM KPUCTAIIU3AIUU CUIIN-
KATOB, IIOCJIE BBIJ[EJIECHUS OCHOBHOM Mac-

TIYOMHHBIX
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Puc. 2. CxeMa U3MEHEHUS COCTABOB KIMHONMMUPOKCEHOB IpM Kpucrammmsanuy, I, II, IIT —
3Tanbl KpUCTAUIM3aIluu B Oasanprax, »6 — ra6bpo m nepmporurs;, Ti, Cr, Ca, Al
u Si — B dopmyasubix eguannax, f = FeOt/(Fe Ot+Mg0); Fe Ot — FeO-+0,9 Fe:0s.
TpeHxsl IPOBEIECHBL HA OCHOBaHMU 68 MMUKDPO3OHJOBHIX AHATM30B, BBITOJHEHHBIX B By-
parnemre (CeoxuMvmyeckuit uHCTUTYT BAH) n B Ynag-Vias (I'e0ormueckuii MHCTUTYT
Bd CO AH CCCP), ®akTUYECKMII MarTepuas cM. B crarbe 3. bamwrta u H., JI. J{oGpero-
Ba (1984)

<

Chl KIMHOIMPOKCEHA M IIPUMEPHO COB- I1[€CCOB  (DOPMUpPOBAHMS  PACCIOECHHBIX

MECTHO C KPUCTAJIMU3AIMEN POrOBON 00-
MauKi. ITOBBIMIEHHYIO TUTAHUCTOCTH aM-
pnbosa ¥ marLeTura MOKHO CUUTATh
CHAENCTBUMEM HAKOIUICHMS TuUTaHA B pac-

[IaBe NPYU KPUCTANMM3AIMN CUIMKATOB.
O6 9TOM HAKOIUIEHUM CBUETEILCTBYET
XapakTep MU3MCHEHUS COCTABA KIMHOIU-
pokcena (puc. 2).

Tarkum 0o0pasom, sl MOHUMAHUL IIPO-

rab0po M TEPUAOTUTOB OKPECTHOCTEN
Cappariké BeRYILUMI SBISIIOTCS CIEHY-
oiue  06cToATEARCTBA: (1) TPOMCXOK-
JleHme MCXOAHOTO paciuiaBa M3 Marmbl
0asanpToB, (2) TIIOBBIIICHHASI JKEJIE3UC-
TOCTh paciiaBa ¢ CaMOro Hadajga €ro
Kpucrajgausarmu u (3) OKUCIEHWE pac-
IIaBa B XOJ€ ero Kpucrajuimusanmu. Bo3s-
HUKHOBEHME HEOOBIUHBIX MHTPY3UBHBIX

CaFe
Sk
AV Y Fe
— _ I
V& (u2 3 (oot s e T 4

A

Puc. 3. CoOCTaBbl JKEJIE30-MArHMEBBIX MUHEPATOB B MNIHAJBHBIX KOOPAMHATAX. YCIIOBHBIE
6 — YCGIOBHBIE JMHUM, COCAMHAOLIME MWHEDPATHL NEPUIOTUTOB M rab6po, 7 — IMOJE COC-
TaBOB KIMHOMVMPOKCEHOB IIEPBOCO ITAlla KpUCTAIIM3AlMU B Oasajprax, 3 — TO K€, BTO-
poro srama, 4 — TO JKE€, TPEThEro ATana, 5 — MOJI COCTABOB KPUCTAIIOB U3 DYIAHBIX
nepupoTUTOB M raddopo (Cpx — KIMHOOMPOKCEH, OpX — OPTONMPOKCEH, 01 — OJMBUH),
6 — YCJIOBHBIE JIWHNY, COEAMHSIIONUIME MIHEPAIBl HEPUAOTUTOB M Tabbpo. 7 — IOJE COC-
TABOB KIMHOIMPOKCEHOB U3 INIYOMHHBIX BKIOUEHUr B KuMOepaurax Jlecoro (mo Boyd
and Nixon, 1973), 8 — TPEH/bl M3MEHEHUsI COCTABOB KJIMHOMMPOKCEHOB M3 muddeper-
LYPOBAHHBIX TPanmoBblx MHTPy3uii: Ch — YUnmenickun miyTod (Kosnukos, 1982), Sk —
Craeprapjckad neTpysus (Brown, 1957. Brown and Vincent, 1963)
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mopoyl M3 MarMbl O(UONUTOBRIX 0Oa-
32JIPTOB  MOXXHO CUMTATh  CIENCTBUEM
nanbHenern auddepeHnmanMu  UCX0x-
HOrO paciuiaBa B TOM K€ IJIYOMHHONU Ka-
mepe. OHa He OTpasmiach Ha COCTaBE
6asanpbTOB, CIELOBATENBHO, IIPOU3OIIIA
imo3>ke ux u3ausHuit. OKMUCIEHNE B XOME
KPMCTAIIM3AIM MOTJIO OBITH CBS3aHO C
MOCTYILJIEHMEM BOJbI U3 BMEI[AOLIMX IT0-
POJI, TO-€CTh C TPAHCBAOPM3ALMEN pac-
IUIaBa B KamMepe CuLia.

B pesynbrare IPOBEAEHHBIX MCCIENO-
BAHUI BHISBICHA TJIABCHCTBYIOIIAS DOJIH
rIyOUMHHOM KamMepsl O(IOJUTOBOIO TH-
ma B (POPMMPOBAHUM pACIUIaBOB, U3 KO-
TOpHIX 00pa3oBajMCh  MarmMaTU4YecKue
mopojipl panona Cappamké. OKa3aliocs,
uTo ,,pasbamieHme” BEPXHUX TOPU3OH-
TOB MarmMaTHMUYECKON CEPUM O0CaZOUHBIMH
IIOPOJAMU CO37aJI0 OCOOBIE YCIOBUS JUIS
Kpucrajmsaimu  un  judpdepeHmanumu
pacIiaBoB, YTO IIO3BOJISIET CUUTATEH HaH-
HBIIL pa3pe3 0COObBIM TUIIOM OQUOINTO-
BBIX CEPUIL.
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BHYTPEHHIE

B 1ane030M4EeCKOM BYJIKAHO-OCAJ[0YHOM KOMINIEKCE, KOTOPHBIL IO CUX IIOD
QTHOCHMIIMT K PAKOBEI(KOI IpyIne, ObUI OMPEJEIEH LENbI PAJ METACOMATUTOB
no yubrpaGasurax (FUCTBEHMTAX) B MPOLLIOM C OOJBINEN YACT WMHTEPIIPE-
TUPOBAHHBIX KAK METACOMATUYECKME AHKEPUTHI MK MAFHE3UTHL. B ux coc-
TABE IPUHUMAIOT YYACTHE: OPEYHHEPUT, IKEIE3UCTHIL JOJOMUT, KBapIl,
XnOput, (PyXCUT, XPOMCIMHEINJ, MATHETUT, TE€MaTUT ¥ JPYIUE MIHEPAJIBL.
Hanuuue JIUCTBEHUTOB IIOBBINIACT METAJOTCHETUUECCKYI0 IEPCIEKTUBHOCTD
9TOV TEPUTOPMM I CBUJETEILCTBYET O MaTE€pualax OKEAHMUECKON KOPbI
B TE€0JOIUMYCCKOM CTPOEHMU PEruoHa.

Metasomatites (listvenites) replacing ultrabasics (Paleozoic, Inner Western
Carpathians)

Several occurences of metasomatized ultrabasic rocks (listvenite) have
been found to occur in volcano-sedimentary complexes of Paleozoic age
ranged hitherto among the Rakovec group. The bodies have been for-
merly assumed to represent metasomatic ankerite or magnesite. Mineral
assemblages are composed of breunerite, Fe-dolomite, quartz, chlorite,
fuchsite, chromspinelids, magnetite, hematite and others. The presence
of listvenites increases metalogenetic perspectives of the entire area.

The North-Gemeric zone is a belt of
peculiar structural edifice bordering the
northernmost structural-tectonic unit of
the Internal West Carpathians, the Ge-
meric unit, in places of its contacts with
more northernly units of the Central West

Carpathians. The belt is built prevailingly
by Paleozoic and but less Mesozoic com-
plexes. Paleozoic age have the Rakovec
(Devonian 7?7), Dobsind (Middle to Upper
Carboniferous) and XKrompachy groups
(Permian, fig. 1). From all these units, the
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Rakovec group has the largest areal extent
and, from the viewpoint of reconstruction
of the geotectonic development, it appeared
hitherto as the most important in the
area. The majority of authors is inclined
in assuming it to represent an incomplete
ophiolite sequence or, at least, agrees with
its generation upon a suboceanic crust
(Dianiska — Grecula, 1979, Grecula — Var-
ga, 1979, Bajanik — Hovorka, 1981, Mahel,
1981 a. c.). An important stimulus to such
interpretation was the finding of meta-
ultrabasite bodies near Vysny Klatov, Bu-
kovec and Dobsina-TeSnarky localities
(Dianiska — Grecula, 1979, Hovorka —
Ivan, 1981a) as members of the Rakovec
group. The present paper gives evidence
on rich representation of ultrabasic masses
at least in the part of complexes ranged
into the Rakovec group.

From the wider surroundings of Ko-
Sické Hamre locality, several bodies of
ankerite and dolomite-magnesite composi-
tion have been described by J. Ilavsky —
R. Duda (1970) and R. Duda (1976). Car-

bonates contain subordinated quartz, chlo-
rite, fuchsite, sericite and ores as pyrite,
chalcopyrite, tetrahedrite and cinnabar.
Bodies were regarded to represent meta-
somatic analogues of quartz-ankerite
(4 sulphides) veins developed in suitable
environment “of carbonatic to diabasic
composition” (Duda, 1. c.). Results of own
investigations of the author point to diffe-
rent mineral composition of these bodies
substantiating also different genetic inter-
pretation. Structural, mineralogical and
geochemical features allow to interpret
them as hydrothermally altered ultrabasics
1. e. as metasomatites of listvenite type.

Geological characteristics

Listvenites in the surroundings of Ko-
Sické Hamre occur exclusively in Paleozoic
volcano-sedimentary complex represented
by multiply alternating epimetamorphic
and pelitic sediments. Moreover, also se-
sediments with carbonate admixture and

e B oo B9«

1
0 10.km - o

Fig. 1. Geological sketch-map of the Spiisko-gemerské rudohorie Mts. Framed areas
of metasomatite occurences after ultrabasite rock. 1 — Veporic, 2 — Tatric (1—2
units of the Central West Carpathians), 3 — Gelnica group, 4 — Rakovec group, 5 —
complex of higher-metamorphic rocks (Klatov group), 6 — Dobsind group (except
of the Ochtind member), 7 — Krompachy group, 8 — Ochtind member, 9 — Crmel
group (3—9 — Paleozoic of the Gemeric unit), 10—11 — Mesozoic of the Gemeric unit
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graphite phyllite are present. The whole All listvenite occurrences concentrate
complex has been ranged to the Rakovec into several parallel belts of NW-—SE
group by M. Mahel (1954). strike conciding with the general structu-

ral pattern of the area (fig. 2). Listvenites
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Fig. 2. Geological map of the surroundings of Kosické Hémre (modified after
Snopko et al.,, 1973). 1 — Gelnica group, 2 — epimetamorphosed basalt, tuff and
spilite, 3 — green phyllite with epimetamorphosed tuff and tuffite layers (2—3 —
Rakovec and DobS§ind group undifferentiated), 4 — laminated green chlorite-sericite
phyllite (Rakovec group), 5 — rocks of higher metamorphic degree (mainly gneiss
and amphibolite, Klatov group), 6 — listvenite body known and presumed, 7 —
Ochtind member, 8 — Krompachy group, 9 — Crmel group, 11, 12 — Mesozoic
of the Gemeric unit
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after ultrabasics create lense-shaped bo-
dies of various size. Names of single oc-
currences and their more detailed geo-
graphic location are in fig. 3. Commonly,
thicknesses do not surpass 20 m, the
strike lengths attain first hundred metres.

On the most of localities, listvenites
appear sharply in morphology creating
cliffs several metres high above the ter-
rane or boulder outcrops among the en-
closing rocks. Boundaries of bodies toward
the enclosing rocks are sharp. In the exo-
contact zone, features of phyllonitization
and subsequent hydrothermal alteration
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are observable to some metres distance.
Anchimonomineral chlorite rock preserved
only locally and represent the product of
contact-metasomatic reactions between
serpentinized ultrabasite and enclosing
rocks still before listvenitization.
Metasomatic rocks of analogous type
have also been found near to the eastern
termination of the Rakovec group near
Bukovec village (fig. 1). Listvenites occur
along the margins of antigorite serpenti-
nite body confined to the contact of epi-
metamorphites of the Rakovec group with
the gneiss-amphibolite complex. Due to

Kosmkc Beld
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Fig. 3. Distribution of metasomatites after ultrabasics (listvenite) in the surroundings

of KoSické Hamre. Localites:

1 — Folkmaérska skala cliff, 2 — Ostry harbok, 3 —

Rimasgrund, 4 — Teply potok, 5 ~— Predné nové, 6 — Zlatnik, 7 — Za Prielozky,
8 — Nad Prielozky, 9 — Roven, 10 — Slatviny
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bad outcrops, the occurrence has not been
examined in detail,

Petrography and mineralogy

Results of petrographic investigations
revealed variable mineral composition of
listvenites from the area so in qualitative
as in quantitative proportions. In the
whole, rock varieties may be classified
into several well deflineable basic types.
Unambiguously, metasomatites after ultra-
basics are represented by rocks of the
following composition: tale -+ carbonate,
chlorite + quartz + carbonate (breunnerite),
chlorite -+ quartz + charbonate (Fe-dolomi~
te) and fuchsite + quartz 4 carbonate.

If compared with the original ultra-
basite, the talc-carbonate rocks underwent
the less alterations. These are rocks fo-
liated to various degrees and. by nacked
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eye, of brownish-grey to brownish-yellow
colours. As a rule, the rocks are com-
posed of fine flaky talc aggregate enclos-
ing idioblasts or clusters of irregular car-
carbonate grains (breunerite or breune-
rite + Fe-dolomite) in various proportigns.
From the primary minerals of ultrabasics,
only chomspinelids are preserved as dis-
seminated grains retaining original idio-
morphic shapes and but slightly altered
by cataclasis (fig. 4a). Chromspinelids,
however, mostly altered in the course of
metamorphic alterations as they lost trans-
parency and a chlorite rim developed
around the grains indicating the depletion
of Al and simultaneously even of Mg with
their substitution by iron. Talc-carbonate
rocks do not create considerable masses
but as small enclaves (2—3 m) occur
within other metasomatic rock types on
Ostry harbek, Rimasgrund and Slatviny
localities,

Fig. 4. Increase of chromspinelid cataclasis with increasing degree of metasomatic
alteratien. a — sample FKH-16, talc-carbonate listvenite, b — sample FKH-57,
chlorite-quartz-carbonate (dolomite) listvenite, ¢ — sample FKH-54, fuchsite-quartz-
carbonate (dolomite) listvenite, magn, X48, parallel nicols, photo by L. Oswald
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Rocks of chlorite-quartz-carbonate com-
position are already products of more
intense alteration originated at the expense
of ultrabasics. This variety is genetically
related to the previous one as proved by
intermediate parageneses of chlorite + talc
quartz + carbonate. Mostly tale under-
went alterations being itself substitued by
quartz-carbonate mass where usually
quartz creates isolated domains of fine-
grained development in panxenomorphous
carbonate aggregate.

Quartz pseudomorphoses after chlorite
are less frequent. Chromspinelid grains are
strongly cataclased and together with
chlorite rims rolled-out into planar sur-
faces yielding to the rock a preferredly
oriented appearance and even slaty part-
ing (fig. 4b). According to the species of
the chlorite and carbonate present, several
subtypes may be distinguished.

The most common subtype contains at
most exclusively breunerite (up to 50 %)

Mineralia slov., 16, 1984

whereas Fe-dolomite is contained maxi-
mally in some per cents (tab. 1.).

The content of emerald-green Mg-chlo-
rite is characteristic in this subtype; its
Ni-content is higher (2,000 p. p. m.) and
contains, as colouring element, chromium
(over 1 p. c.). Macroscopically, the rocks
have bright yellow colour and contain
emerald-green chlorite stripes together
with black disseminated chromspinelid
grains (fig. 5). The variety composes the
majority of listvenite bodies with the ex-
ception of the Slatvina locality.

Chlorite-quartz-carbonate (Fe-dolomite)
metasomatites containing lesser amounts
of greyish-green Mg-chlorite, in thin sec-
tion almost colourless, have been found as
minor enclaves in the previous breuneritic
metasomatite. Manometric analyses (tab. 1)
point to but subordinated amounts of
breunerite and overwhelming Fe-dolomite
in the rock. This variety is remarkable by
strongly varying colours (dark-grey to

Composition of the carbonate constituent in listvenites from the surroundings
of KoSické Hamre

Tab. 1

Loc. Sample Type ngi%é Dolomite NZ )34 A

1 3 FKH-36 (ChY) + T+ K 50,71 47,52 98,33 1,77
2 2 - FKH-17 (ChYy + T+ K 46,23 52,20 99,43 0,57
3 6 FKH-2 Ch! 4+ T+ Q +K 44,08 54,25 98,33 1,67
4 6 FKH-4 Ch!4+T+4+Q+K 26,28 3,14 56,25 85,67 14,33
5 1 FKH-68 Ch2+4+Q+ K 64,87 32,33 97,60 2,40
6 6 FKH-5 Ch?+Q+K 42 84 4,42 4470 91,96 8,04
7 2 FKH-15 Ch’4+Q-+K 61,71 251 3495 99,17 0,83
8 4 TFKH-62 Ch?+Q-+K 39,34 3,56 53,37 96,27 373
9 10 FKH-9 Chi+Q+K 49,68 49,32 99,00 1,00
10 10 FKH-12 Ch'*+Q+K 53,86 45,57 99,43 0.57
11 4 FKH-60 F+Q+K 37,15 58,65 95,65 5,11
12 1 FKH-6T Q-+K 17,61 32,15 49,45 99,21 0,79
13 2 FKH-27A (Cht)y +Q + K 4,58 54,44 38,12 97,14 2,86
14 2 FKH-2TB (Ch) +Q+K 36,47 25,05 33,37 94,87 5,11
15 10 FKH-28 Se(?) +Q+ K 68,05 26,68 94,73 5,27

Analyses made by manometric method, analyzed by J. Turan, L. Turanovd, Geolo-

gical Institute, Comenius University,

Bratislava. NZ — insoluble residue, A —

soluble noncarbonatic constituent, Locality number as in fig. 3, metasomatite type

as in tab. 3
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greenish-white) and banded structure.

A peculiar subtype of chlorite-quartz-
carbonate metasomatite has been found
on the Slatvina locality being characterized
by dark-green Fe, Mg-chlorite (strongly
pleochroic in thin section) and rich dis-
seminated hematite, By nacked eye, the
rock reminds the previous subtype, it is of
greyish-green colour and has well ex-
pressed banded structure.

Fuchsite-quartz-carbonate rocks are,
when comparing with the other types, less
frequent products of ultramafite alteration.
Their largest occurrence is in the western
part of the Teply jarok locality where this
type prevails. The variety creates only
enclaves in chlorite-quartz-carbonate rock
on the Zlatnik and Rimasgrund localities.
The rock is massive, greyish-green and
has but slightly expressed banded struc-
ture. The fuchsite content is low, not
concentrated into bands but mainly scat-
tered. The microscopic composition is the
same as in previous cases: carbonate
mostly prevails in aggregates or single
grains with authomorphic shapes towards
quartz. The last mineral occurs as typical
fine-grained aggregate (0.0X mm), fuchsite
is present in minor flakes or short
lense-like veinlets predominantly in quartz.
Chromspinelid grains are strongly catacla-
sed and scattered (fig. 4c). Peculiar feature
is the locally rich tefrahedrite dissemina-
tion.

Listvenite bodies in the surroudings of
Kosické Hamre are rimmed by various
metasomatic rock types originated syn-
chronously with the listvenite through
alteration of metabasites and their tec-
tonites. Nevertheless, only anchimonomi-
neral chlorite rocks are mentioned here
because these represent the single variety
related, from genetic point of view, to the
ultrabasics. The last rocks originated by
contact-metasomatic processes along the
contacts of ultrabasite bodies with the

Fig. 5. Chlorite-quartz-carbonate (breunerite)
listvenite. Black grains are chromspinelids,
greyish stripes composed of emerald-green
chlorite, sample FKH-15, magn. X1.5, photo
by L. Oswald

surrounding rock still before the listveni-
zation. The variety underwent but limited
hydrothermal-melasomatic alterations so
that creates relics inside and along the
margins of listvenite bodies. The rock is
massive and dark-green, consisting of,
almost exclusively, Mg-chlorite and but
subordinated apatite, carbonate, rutile and
pyrite. Most common occurrences are on
Zlatnik and Ostry harbek localities.

Chemical characteristics

The chemical composition of metasomatic
rocks resulted from two antagonistic ten-
dencies: one tending to maintain the pe-
cularities of composition of the educt and
another expressed by the tendency of
alterating hydroterms to modify the origi-
nal composition. The rate of the second
tendency grows by the alteration degree.
The rules indicated influence also the com-
position of investigated samples. Listve-
nites originating at the expense of ultra-
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basites from the surroundings of Kosické
Hamre preserved the pattern of their
origin in contents of petrogenous as well
as trace elements. The characteristic traits
of ultrabasics, the high MgO and Al,Oq
content, remain namely in products of
initial alteration stages i. e. in tale-carbo-
nate and chlorite-quartz-carbonate (breu-
nerite) rocks (tab. 2, fig. 6). Later meta-
somatite types, namely the final fuchsite-
quartz-carbonate rocks reflect the intro-
duction of calcium by the development of
dolomitic carbonate with simultaneous
decrease of their magnesium content. Even
alkalies then appear owing to the develop-
ment of fuchsite. From trace elements,
high concentrations of chrome characterize
all metasomatite types (tab. 3). Certain
cases of low chromium concentrations
result from the partial destruction of its
main carrier, the chromspinelids. Early
stages of metasomatic alteration are cha-

racterized also by the preservation of
original high nickel concentrations. In
final products, the fuchsite-quartz-carbo-
nate rocks, the amount of nickel is consi-
derably lower (tab. 3). Similar behaviour
characterizes even cobalt contents. Low
concentrations of titanium and vanadium
are sensible indicators of the original
ultrabasic nature of listvenites. In anchi-
monomineral chlorite rocks confined to the
rims of listvenite bodies, concentrations of
Ti and V are higher what points to en-
richment at the expense of enclosing
metabasites.

The comparison of listvenite composition
with Uralian listvenites (locus typicus)
revealed almost perfect similarity (tabs. 2
and 3, fig. 6). Owing to the same original
rocks (serpentinized alpinotype ultrabasi-
te), this similarity is proof for a generally
valid geochemical nature of listvenization
processes.

Chemical composition of metasomatites after ultrabasite from the surroundings
of KoSické Hamre

Tab. 2
1 2 3 4 5 6 7 8
Sio, 34,22 2494 4377 5503 30,92 32,73 40,81 3325
TiO, 0,03 0,03 0,02 0,02 0.22 1,46 0,01 0,01
AlLO, 1.19 1,61 1,62 141 1750 19,38 1.84 045
Cr,0; 0,20 0.23 017 011 0.13 0,03 0,32 0.24
Fe,0, 0.65 0.52 2.39 0.38 0.52 0.10 417 172
FeO 5.31 6,06 3.55 3,50 6,06 6.55 416 3,67
MnO 0.12 0.16 0.30 0.16 0,04 0.01 0.06 0,09
NiO 0.20 0.20 0.12 0,00 0,31 0.35 0,23 0.17
MgO 8215 29.90 10,84 759 2823 92540 36,00  29.18
Ca0o 0,18 0,30 1451 12,84 0.10 0.28 0.61 0,40
Na,O ~0,01 0,04 0.10 0,08 0,10 0,08 <01 0,07
K,0 ~0,01 0.05 0,09 028 0,03 004 <01 0.05
H,0- 0,23 0.24 0.41 0.36 0.24 0,32 0.34 0.03
HyO+ 2329 3556 2060 1826 1506 13,12 11,40 1,00
cO, s > > > ) > 11, 29,46
P,0; 0,01 0,01 0,01 001  >001 026  >0,1 0,02
S 001  ~001 0,05 0,03  >0.01 0.0l  — 0,01
¥ 9779 99,84 9855 100,05  99.46 10021 99,93  99.83

Analyses made in laboratories of Geologicky prieskum Spisska Nova Ves, 1 —
FKH-17, 2 — FKH-15, 3 — FKH-12, 4 — FKH-60, 5 — FKH-3, 6 — FKH-18, 7T — A,
8 — B, other data in tab. 3



P. Ivan: Metasomatites (listvenites) replacing ultrabasics

The origin of listvenites

To the contrary to classical Uralian lo~-
calities, a well expressed metasomatic zo-
nality lacks in listvenites from the eastern
part of the Gemeric Paleozoic. This is due
to small size of single bodies as well as to
the high intensity of hydrothermal acti-
vity. The development sequence of single

[ 2
Fig. 6. Variations of FeO* contents (total Fe
as FeO), MgO and CaO in various types of
metasomatite after ultrabasite (listvenite) and
in their educts from the surroundings of Ko-
Sické Hamre and Ural Mts. (latter data from
Sazonov, 1978). 1 — breunerite-bearing list-
venite (talc-carbonate and chlorite-quartz-car-
bonate rock), 2 — chlorite-quartz-carbonate
(dolomite) listvenite, 3 — fuchsite-quartz-car-
bonate (dolomite) listvenite, 4 — serpentinite
from the Paleozoic of the Gemeric unit, 5 —
anchimonomineral chlorite rock, 6 — listve-
nites from the Ural Mts. (breunerite-bearing
types), 7 — serpentinites from the Ural Mts.

111

mineral types of listvenites in the area
investigated, and by that also the general
trend of chemical changes, may be stated
only on the base of rarely observable

MgO

//

* X

FeQ Cal

al 02 23 &b @5 xB 47

Contents of some typomorphic elements in listvenites from the surroundings
of Kosické Hamre

Tab. 3

Loc. Sample Type Ni Co Cr v Zn Ni/Co

1 2 FKH-69 T+ K 1250 90 2170 30 111 13,89
2 2 FKH-17 Ch!+ T+ Q-+ K 2020 84 2025 32 100 24,05
3 2 FKH-15 Ch?4+Q + K 1590 74 1560 39 50 21,49
4 1 FKH-68 Ch?+Q -+ K 1100 60 1250 30 52 18,33
5 2 FKH-14 Chz4+Q + K 940 26 1485 35 100 36,15
6 6 FKH-65 Ch?!+Q+ K 935 41 1320 35 109 22,80
7 10 FKH-12 Ch+ Q-+ K 30 40 1140 35 23 19,36
8 4 FKH-35 (Chh +Q+ K 8 910 1730 47 405 11,41
9 4 FKH-58 F+4+Cht+4+Q+ K 46 194 1220 17 39 17,00
10 4 FKH-60 F+Q+K 153 9 750 25 87 6,00
11 6 FKH-3 a. Cht 2460 82 870 156 600 30,00
12 2 FKH-18 a. Cht 2780 150 211 259 200 18,53
13 A Serp 1806 80 2190 54 22,58
14 B F+Q+ K 1200 70 1450 30 17,14

Analyses made in Laboratories of Geologicky prieskum SpiSska Nova Ves, locality
number as in fig. 3. Single metasomatite types are characterized by typical mineral

assemblages: K — carbonate, Q — quartz,
emerald-green Mg-chlorite, Ch? — black-green Fe, Mg-chlorite,

Ch! — greyish-green Mg-chlorite, Ch? —
(Ch) — chlorite

in subordinated amounts, F — fuchsite, Se — sericite, Serp — serpentine, a. Ch —
anchimonomineral chlorite rock, A — serpentinite from the Paleozoic of the Ge-

meric unit (average of 16 analyses), B

— fuchsite-quartz-carbonate (breunerite)

listvenite from the Ural Mts. (average of 9 analyses, data from Sazonov, 1978)
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structural and textural relations between
different metasomatite types.

Basic data allow to assume four stages
of alterations of original ultrabasites. The
first stage is explained by the generation
of talc-carbonate rocks at the expense of
serpentinite. This stage of alteration has
been completed in the whole volume of
single bodies therefore serpentinite did
not preserve neither as relics and the
newly generated carbonate was breunerite.
The development of chlorite-quartz-carbo-
nate (dolomite) metasomatites may be
assigned as the second stage of alteration.
The rate of its development on localities
investigated is various being the dominant
one on Slatvina locality. This stage was
peculiar for high activity of calcium and
is reflected by the generation of exclusi-
vely dolomitic carbonate. During the third
stage, the alteration acquired regressive
character and the development of chlo-
rite-quartz-carbonate (breunerite) meta-
somatites resulted in enrichment of mag-
nesium. The accumulation of such meta-
somatites occurred at the expense of both
older products reflecting, according to the
view of the author, the bound of calcium
into dolomitic carbonate due to the continu-
ing alterations in deeper portions of original
ultrabasite bodies. This led to sharp de-
crease of calcium activity in hydrothermal
solutions when, simultaneously, conside-
rable amounts of magnesium have been
released and mobilized.

In the majority of bodies, alteration
processes accomplished by the develop-
ment of chlorite-quartz-carbonate (breune-
rite) metasomatite. Only to a certain
degree and in some cases, fuchsite-quartz-
carbonate (dolomite) metasomatites ori-
ginated in the final progressive stage of
alteration. The variety occurs, as a rule,
in veinlets or irregular nodule-like cham-
bers. More continuous partions of fuch-
site-quartz-carbonate  (dolomite) meta-

somatite occur only on Teply potok loca-
lity.

The alteration stages indicated may not
be understood as independent phases
limited in time but as products of more or
less continuous development when the
whole alteration process was governed by
a unique hydrothermal system. Such de-
duction is unambiguously proved by very
near carbon and oxygen isotopic compo-
sitions in chlorite-quartz-carbonate (breu-
nerite) and fuchsite-quartz-carbonate meta-
somatites (sample FKH-15: §°C —5.25 per
milles PDB, §%0 -19.15 per milles
SMOW ; sample FKH-60: §3C —4.45 per
milles PDB, §80 +20.07 per miles SMOW),
The hydrothermal water responsible for
metasomatite generation was obviously of
magmatic or metamorphic origin. A more
exact evaluation, due to incertainities in the
assessment of temperatures responsible
for metasomatite generation and in the
determination of the fractionation coeffi-
cient for the carbonate/water system, is
impossible.

The metasomatic paragenesis found in
listvenites in the area investigated cor-
responds to the development sequence of
classical Uralian listvenites. Moreover,
also the regression stage, producing chlo-
rite-quartz-carbonate (breunerite) listve-
nites has its analogies in so called “yellow
listvenites” (comp. Sazonov, 1975, 1978).
However, it is to be mentioned that not
all rocks in the area and composed, as the
main constituent, of breunerite and/or do-
lomite represent in fact altered ultrabasite.
Several cases have been found (Slatviny
and Kosickd Beld localities) where the
metasomatic alterations occur in sedimen-
togeneous carbonate situated near to
structures carrying the ultrabasites. Besi-
des mineral and chemical characteristics,
there are also pronounced differences in
carbon isotopic composition (e. g. the
breunerite rock from Slatviny, sample
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FKH-28 has the ¢8C wvalue equal to
—1.8 per mille PDB).

Metallogenic importance of listvenites

The metallogenic meaning of listvenites
lies (i) in their collector properties for
specific mineralization types and (ii) in
their function as mobilization environ-
ment for primary ore element concentra-
tions accumulated, as a rule, already in
their educts (Ivan, in print).

Listvenite bodies in the eastern part of
the North-Gemeric Paleozoic belt are re-
markable mainly for their collector pro-
perties containing locally small amounts of
disseminated mercury ore and a stockwork
to disseminated copper-antimony minera-
lization. The mercury mineralization is
very irregular bound mainly to dolomitic
metasomatite and disseminatons of cinna-
bar are only rarely observable. The cop-
per-antimony mineralization is represented
by tetraedrite impregnations in metasoma-
tites or as chambers or quartz veinlets
(Duda 1976) being related to final stage
of listvenite development as deduced by
its occurrence only in fuchsite-quartz-car-
bonate rock. In breuneritic metasomatite,
tetrahedrite is concentrated into younger
quartz veinlets.

Indications of ores which could represent
mobilization products from Ilistvenites or
from their educts (serpentinite) have
hitherto not been found in the area.
Mainly ores of cobalt-nickel arsenides
known near Dobsind have to be taken in
consideration (Hovorka — Ivan, 1981b,
Ivan, in print) or, eventually, also mine-
ralizations of gold (Clark, 1979, Zhelobov,
1979). Up to present, none of indicated
ores related otherwise to listvenites in the
area have economic value. Nevertheless,
these may indicate considerable accumu-
lations related to tectonic surfaces in the
depth.

The meaning of listvenites for stratigraphy
and tectonics

The assessment of ultrabasite origin of
listvenites (serpentinite) motivated the
reevaluation of stratigraphic and tectonic
schemes wused formerly for the area.
Ultrabasites occur in Paleozoic complexes
of the Gemeric unit in two different
forms: (i) as constituent of a higher meta-
morphosed unit composed mainly of
gneiss and amphibolite as well (ii) as tec-
tonic implantate from this unit into the
stratigraphically higher complex of the
Dobsina group (Hovorka — Ivan, in print).
From this aspect, it is highly probable
that the epimetamorphic volcano-sedi-
mentary sequence in the area investigated
does not belong to the Rakovec group but,
from lithological point of view, corres-
ponds to the very similar constituent of
the Dobsina group, the Zlatnik member
sensu S. Bajanik et al. (1981). Also the
presence of graphiteous shales, otherwise
unknown from the Rakovec group, speaks
in favour of such interpretation. There-
fore, in tectonic respect, the area considered
does not belong to the Rakovec partial
nappe sensu P. Grecula — I. Varga (1979)
but to the newly defined Klatov partial
nappe (Hovorka et al., in print) including
rocks of the so called gneiss-amphibolite
complex (Rakovec group up to recently)
and also part of the Dobgina group (Rud-
na and Zlatnik members).

Conclusions

Geological and mineralogical investiga-
tions of metasomatic rocks from wider
surroundings of Kosické Hamre known
hitherto as metasomatic ankerite bodies
proved that

1) the majority of rocks represents
hydrothermally altered ultrabasite,

2) by composition, both mineralogical and



114 Mineralia slov., 16, 1984

geochemical, the metasomatites correspond
to listvenites and are very similar to their
Uralian analogies,

3) listvenites in the area carry poor dis-
seminated mercury mineralization and
stockwork to disseminated tetrahedrite
ore,

4) the presence of ultrabasites altered to
listvenite within the Paleozoic epimeta-
morphosed volcano-sedimentary complex
casts doubts on its hitherto used ranging
into the Rakovec group and, obviously,
the complex participates on the Zlatnik
member of the Dob8ind group creating,
the newly defined, Klatov partial nappe.

Acknowledgements: The author wishes to
express his gratitude to Ing. Smejkal, Geo-
logical Survey, Prague, for providing isotope
analyses.

Translation by I. Varga
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ANKanMyecKne YJIbTPAOCHOBHBIE NHOPOABI M C HUMHU CBA3AHHBIE CVJIMKATO-
KapOoHATUTHI B CEBEPHONM 9acTy 3aAVHANCKUX X0JIMOB (Benrpus).

AJNKANUUECKUE YIBTPAOCHOBHBIE IOPOXBI UM C HUMM CBS3aHBIE CUTUKATO
— KapOOHATUTHl OBIIM YCTAHOBJICHBI B pallOHE MEXJAY ropamm Benenne
u Bypma. IIpencTaBisitOT CAMOCTOSTEIBHBIE NaMKM JAIUM OOGHAXKAWOTCS B BUJE
pOst [aeK B BEpPXHE KapOOHCKMX IPAHMUTAX MM B BEPXHE IIEPMCKUX M BEpPX-
HE TPUACOBBIX KapOoHaTax. VX OOHa’KEHME Ha TOBEPXHOCTH B HACTOSIIEE
BPEMS M3BECTHO TOJBKO B YIIOMSHYTHIX rOpax; OCTAJIbHbIE OOHAKEHUS OBLIN
00HApy’KEHbl CKBKMHAMM. TONIM M3BECTHBIX OOHAXKEHUM STUX HAUCKYTUDO-
BAHHBIX TIOPOJ MMEIOT CEBEPO-10JKHOE IPOCTHMPAHME, UTO BXOJIUT B COOTHO-
IIEHME C 3aJEratoIUMIU DJIIEMEHTAMM OTJAEJIBPHBIX [(A€K, KOTOPBIE M3MEDPSIINCH
Ha obOHaXeunsax (mM3ob6pakeHmMe Nei). MOIHOCTH JAa€K KOJEOJETCad B Ipe-
nenax 0,2—5 ™. Bcero 6buto yCTAHOBIEHO OGoupllie yeM 40 paex. VX Ha-
IMuMe MOTBEPIKAAET HAUAN0 DPUGTOreHe3a B NEPUON BEPXHETO MeJa.

Alkaline ultrabasic rocks and associated silicocarbonatites in the NE part
of the Transdanubian Mts. (Hungary)

Alkaline ultrabasic rocks and associated silicocarbonatites have been
found in the area between Velence and Buda Mts. The rocks occur
in single dykes or create dyke swarms within granite of Upper Car-
boniferous age or Upper Permian and Upper Triassic carbonate host
rock. Beside the surficial outcrops, further bodies are known from
drillings. The entire zone of occurrences creates a N-S trending belt.
Thicknesses of single dykes vary between 0.2—5 m the number of dykes
found hitherto exceeds 40. Alkaline ultrabasics point to beginning
rifting during Upper Cretaceous time.

The existence of alkaline lamprophyres The occurence of this rock association is
described below has not been known pre- important because it may indicate a spe-
viously in Hungary. cial geotectonic setting — the early phase
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of continental deep faulting or perhaps
that of a rifting event in late Upper Cre-
taceous time.

This rock association has been found in
the area between the Velence and Buda
Hills as single dykes, dykelets or dyke
swarms in Upper Carboniferous granite
and Upper Permian to Upper Triassic car-
bonates. Their outcrops are only known
in the Velence and Buda Hills the other
occurrences are from deep drillings. The
zone of all occurrences in the area has a
N—S strike, which is similar to that mea-
sured in the oulcrops. (Fig. 1.) The
thickness of the dykes is from 0.2—5 m.
More than 40 dykes and dykelets have so
far been found in the area.

The petrological characteristics are as

follows: This lamprophyric rock associa-
tion consist of many varieties of rocks dif-
fering more or less from each other. The
monchiquite can be considered the basic
rock type in the area investigated. Its
outcrop can be studied in the Velence
Hills. On the base of its composition an
extreme end member of this association is
a silicocarbonatite which was indentified
studying core samples (St-1. Di-1.).

These alkaline ultrabasic rocks are of
dark grey and reddish brown colours, of
porphyritic structure and they often con-
tain ocelli of carbonate and silicate com-
position, as well as glass. They sometimes
show flow structure. The rocks are often
strongly altered.

The mineralogical composition of the

Oa Nube

Fig. 1. Location map of the

2 alkaline wultrabasic dykes.
3 1 — outcrops, 2 — drill

holes, 3 — mesozoie carbo-
4 nates, 4 — paleozoic schi-
5 tes, 5 — upper carbonife-

rous granite
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rocks is shown qualitatively on Table 1.
The microprobe data showed the olivine
to be of 85—90 9 forsterite content. It is
always of phenocryst appearance. The
olivine can be found in every variety of
rock, generally as pseudomorphs — it 1s
substituted by the following alteration
products or infillings: serpentine, smectite,
sericite, dolomite and ankerite. The clino-
pyroxenes of diopsidic composition and the
Ti rich phlogopites — which often have
biotite rim-appear as phenocrysts and can
be seen in the groundmass as well as in
the ocelli. Some of the ocelli contains
biotite. The variable amount of carbonate
minerals is the product of the primary
magmatic crystallization — the carbonates
are emplaced in the groundmass, in the
place of olivine and clinopyroxene pheno-
crysts and in the ocelli. There are rock
varieties where sodalite, melilite and
garnet appear and in some of the ocelli

The mineiralogical composition of dyke rocks

Table 1

PA |ST-) |VAL3|AD-2 |My-) [Oi-y |BO-1 [BKT-1| NA |
OLIVINE T | | i | e | e | el | 71— | —— |
CPX - ”ayh — | S— L —| | e—
PHLOGOPITE — | —| — — | s | " | oo | —
PLAGIOCLASE N —
ANALCIME — !
SODALITE —-_—
MELILITE Lt — ,
GLASS —_ _——— — | —
ALK AMPR bt
AEGIRITE - l reme
MELANITE | -
MAGNETITE el R e B R et ——— -
CROMITE ——— |- l--- |
ILMENITE Lttt l o et R ——— | m——|———
HEMATITE B | ——-
LEUCOXENE i —_——
CALCITE e R " [— | - [C—
MAGNESITE Nl [
DOLOMITE — ’
ANKERITE | | —
BARITE ! | -
K. FELDSPAR fo—— :
ALBITE — ‘ t
QUARTZ e e e | | =5
CHLORITE . . i — I
SERICITE —-—— | — :
SMECTITE -—— — —_
SERPENT INE - -— »——’

APATITE, PIRIT, RUTIL, ANATAZ, TITANIT erc @M ) m— ol s
Explanation: 1 — over 15 ), 2 — between
5—15 0 lower than 5 9/, 4 — the mineral can
be found in the ocelli too, 5 — occurs as

pseudomorph. For locality see Fig., 1
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alkalic amphibole, aegirine and analcime
can also be identified.

The main petrochemical features of the
investigated rock suits follow roughly
outlined (Table 2).

Chemical composition of some
of the rock studied

Table 2

Pa St-1 Val-3. Bkt-1.
Si0, 36.2 28.8 38.3 34.3
TiO, 2.21 1.99 2.13 1.67
ALO, 9.51 6.39 7.84 8.59
Fe,0; 474 2.57 4.13 4,72
FeO 6.10 6.33 6.17 3.13
MnO 0.20 0.29 0.13 0.18
CaO 13.80 12.60 9.73 17.20
MgO 11.50 13.10 17.90 8.32
Na,O 1.22 0.83 0.66 0.33
K50 1.84 3.24 1.52 1.55
P,05 1.38 0.97 1.14 0.10
Cco, 5.54 20.40 1.64 10.90
+H,0 3.59 2.50 4.52 450
—H,0 1.08 0.31 3.48 3.57

For localities see Fig. 1.

The silica content may be from 29 up
to 42 %, the alkali content ranges from
2—5 %, the rocks are always potassic in
character. The water content is from
1-—4.5 %, The total iron content in FeO
is from 9—12 %, The MgO, in agreement
with the mineralogical composition varies
from 8—18 %;. The rocks have high con-
tent of volatile and for instance the COy
content of monchiquite type rocks ranges
from 1—10 % and that of silicoearbonati-
tes from 20 to 28 %,. This rock association
has specific trace elements content. The
distribution of rare earth elements (Fig. 2)
and in certain cases the high content of
Nb and Th are worth mentioning because
of their diagnostic value. The total content
of rare earth elements in these rocks
reaches up to 800-—1000 ppm. The deep —
seated origin of CO; has been proved by
carbon isotope data. The ¢ 13 C %,. PDB is
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from —1 to —5 Yo, with a mean of

—3 %o which is characteristic for deep
seated igneous rocks and carbonatites and
distinct from the values of the surround-
ing sedimentary carbonate rocks. As a
conclusion it can be stated that by the
data of the different geological and instru-
mental analyses the unusual appearence of
monchiquite, silicocarbonatite, polzenite,
alkaline picrite porphyry and in one place
microgabbro (Nk) in this area is now
established. The K-Ar radiometric method
from fresh phlogopite has given the fol-
lowing values for 2 occurrences: 69 and
77 m. y. which indicate late Creta-

My-1

ta C Pr Nd sm € 64 To Dy Ho Er Tm Yo Lu

~ Fig. 2. Chondrite normalized REE pattern for the alkaline ultrabasic dykes. INAA
madeiby J. Bérczi {Technical Univ. of Budapest). See Fig. 1 for localities
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ceous period. These age data seem to be
reliable but the understanding of the po-
sition of this type of magmatism in the
structural development of the area needs
further studies. It is known from the lite-
rature that among the dyke rocks of the
alkaline — ultrabasic — carbonate associa-

tion rocks similar to those described above
are widespread. They also seem to appear
independently from each other along major
linear tectonic features.

The intrusive formations of this dyke
rock association were not found so far in
the studied area.

Alkalické ultrabazické horniny a s nimi spaté silikokarbonatity
v severovychodnej casti Zadunajskych vrchov (Madarsko)

ISTVAN HORVATH — LASZLO ODOR

Alkalické ulfrabazické horniny a s nimi
spiaté silikokarbonatity sa zistili medzi vrch-
mi Velence a vr§kami Buda. Tvoria izolo-
vané dajky, resp. vystupuji v podobe roja
dajok vo vrchnokarbénskych granitoidoch,
prip. vo vrchnopermskych a vrchnotriaso-
vych karbondtoch. Ich vyskyty na povrchu
si dnes zname iba v uvedenych vrchoch.
Ostatné vyskyty boli zistené vrtmi. Zéna zna-
mych vyskytov sledovanych hornin ma4 prie-

beh S—J, ¢o je v sulade s Uloznymi pomermi
dajok meranych vo vychodoch (obr. 1). Moc-
nost dajok variruje od 0.2—5 m. Celkove sa
zistilo vySe 40 dajok.

Vyskyt uvedenych hornin je délezity naj-
mi z geotektonického hladiska, pretoze indi-
kuje pociatoéné §tadid vzniku hlbokych zlo-
mov v kontinentalnej kore, resp. pociatoéné
§tadia riftogenézy v obdobi vrchnej kriedy.
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