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Symposium 

,,Petrogenetic aspects of ophiolites and similar complexes" 

(Košice, September 27, 1983) 

It is a well established tradition that in t he 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 mul<tilateral agreements of Academies of Science 
of Soóalist Countries, also t hematic symposiums are being organized. Resuits 
of single w orking groups or, scien t ific achievments of larger woriking teams 
are presented. This kind of symposium devoted to ,the indicated theme was 
held in K ošice 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 an d 2.2, appreciations to the Editor of the journal and to its Editorial Board 
as well as to t he members of redaction for the quick preparation of papers 
generated from the Symposium into a single, issue. Our thanks are so much 
sincere as mater:ials are issued in the shortest time possible ,after the date of 
Symposium. 

Stalo sa dobrou tradíciou, že sa v rámci každoročných spoločných terénnych 
prác členov pracovných skupín 2.1 a 2.2 problémovej komisie IX mnoh ostran­
ných dohôd akadémií vied socialist ických šté.tov organizujú aj tematické sym­
póziá. Prezentuj ú sa na nich výsledky prác členov skupín, r esp. celých kolek­
t ívov. Takéto sympózium sa pod uvedenou ústrednou témou konalo aj 27. sep­
tembra 1983 v Košiciach. P r evažná časť r eferát ov je zahrnutá do tohto čísla 
časopisu Mineralia slovaca. 

V mene pracovných skupín 2.1 a 2.2 si dovoľujeme vysloviť poďakovanie 
vydavateľovi časoposu , jeho redakčnej mde a v neposlednom rade aj pracov­
níkom redakcie za zaradenie materiálov sympózia a ich prípravu do jedného 
čísla časopisu. Naša vďaka je o to úprimnejšia, že m ateriály sympózia vychá-
dzaj ú v maximálne možnom krátkom ,termíne po konaní sympózia. · 

D. HovorTca 
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účastníci sympózia pri výklade o geologickej stavbe zóny „blueschist" vo vnútorných 
Západných Karpatoch 
P ar ticipants of the Symposium attending the explanation on the geology of th~ 
blueschist-zone in the Internal Western Carpathians 

účastníci sympózia pri štúdiu komplexu „blueschistu" 
P articipants of the Symposium examining an outcrop of blueschists 
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Problem of the jadeite rocks, associating with ophiolites 

NIKOLAI LEONT YEVICH DOBRETSOV 

Geological Insti tute, Pavlova 2, Ulan-Ude 670015, U. S. S. R. 

(5 f i gures and 1 table i n the tex t ) 

Received October 12, 1983 

Problem of the jadeite rocks, associating w ith ophiolites 

The importance of jadeite r ocks as an in dicator of h igh pressure in the 
Eartťs crust was outlined by Sobolev. J adeite is characteristic mineral 
of some glaucophane schist but pure jadeiti te occurs only in serpentinite 
melange. In the Borus m élange (West Sayan) the origin of jadeitites 
during metasomatic alteration of eclogites was established (Figs. 1-3). 
Glaucophane schists with jadeitic pyroxenes w ere found as tectonic 
sheets at the base of ophioli te nappes or as zonal formations overlain ed 
by ophiolite nappes. They are examplified from Ural ophiolitic belts 
(Fig. 4). The jadeite-bear ing glaucophane formation with essential 
over-pressure during metamosrphism (Fig. 5) may correspond t o a spe­
cific version of the "contact metamorphism" under ophiolite plate with 
special fluid over-pressure regime. 

The jadeite problem has almost simul­
taneously b een 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 ar e n ecessary for the j1adeit e origin 
and that "from the pressure one must 
take aw'.iy cover of its mystical might". 
Sobolev suggested to use jadeite as a mi­
neralogícal indicator for the high pFessurc" 
in the earth 's crust. For rthe base of t h is 
conclusion Sobolev took t he comm on crys­
tallochemical rule t hat the ch ange of Al 
from t he fourfold co-ordination (in the 
albite and nepheline) into the sixfold one 
(in j.a~ i1;._e) t akes place with the pressures 

increasing. On the basis of t he prelimin,ary 
thermodynamic calculations, he estimated 
that at T = 600 °C th is t ransition h ad to 
occnr with the pressure over 7 kbars. 
Moreover, for the explanation of finding 
of the jadeite-bearing rocks at the m ode­
rate depths, V. S . Sobolev suggested that 
they were formed under t he pressures 
exceeding ,the load pressure. 

In different years, the author stu died 
the jadeite-bearing rocks in t he ultrama­
fics (Dobretsov, 1962, 1963, 1964) a nd the 
jadeite-bearing glaucoph ane schists (Dob ret­
sov, 1974; Dobretsov et al., 1973, 1979). 
This time the indicator role of jadeite is 
evidenced in par t icular, by numerous 
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experimental data (Kushiro, 1966; Currie -
Curtis, 1976 et al.), r efining the stability 
field of ja deite-bearing 1associations. Main 
difficulties arose in connect ion with rele­
vant geological-petrological models to 
explain these high pressures. Just these 
difficu lties led m any investigators to the 
1:egation of the special role of th2 high 
pressu.re and to attempts to explain the 
forma,ti or1 of jadeite an d glaucophune 
schists only by t he geoch emien.l fact oL 
(Marakushev, 1965; 1973; Gresens, 1969 
et al.). From these positions, t he relation 
of the j,a deitic r ocks and glaucophane 
schists with large overthrusts and the spe­
cial role of t he tectonic factor remained 
unnoticed or not explained, as it w as 
underlined by authors (Dobretsov, 1963, 
1964, 1974). 

In the last 10-15 years, in connection 
with the development of the new global 
tectonics (or pl!ate tecton ics) it became 
universally recognized that the jadeite­
bearing r ocks, both th e inclusions in - t he 
ultrabasites and the glaucophane schists, 
are in dicators of specific tecionic processes 
such as subduction or obduction of oceanic 
plate on the active continen tal margins 
(Ernst, 1970). They are closely connected 
with the pr ocesses of the tectonic t ran­
sportation of the ophiolites - sheets of 
ancient oceanic crust, and th ey are one of 
th e important instruments of the recon­
struction of geodynamic conditions (Dobret­
sov , 1979). 

It became clear that t he jadeite bodies 
in the ultrabasites are conn ected with de­
finite type zones of serpentinite mélange, 
fixing abyssal thrusts of the ophiolit e 
sheets. The bodies of jadeitites eclogites, 
.glaucophane schists in such melange pre­
sent x enoliths of deep--seated rocks, 
entr apped in the tectonic itransportation 
of the ophiolites . Probably, hole sheets (of) 
thickness from: 100 m up to 1-2 k m) 
consisting of glaucophane schists in the 

foot of ophiolite nappes (for example, 
around the w estern Pacific) play similar 
role. Finally, .iuthor (Dobreitsov , 1979) 
t ried ,to connect the gen esis of Califo rnia 
type belts of jadeite-bearing glaucophane 
schists with the model of multiphase ob­
duction of island ar cs rocks on oceanic 
plate m argins. Within continen tal blocks 
tectonic zones of abyssal rthrust were 
r evealed w hich contain bodies of m ant le 
eclogites and pyrope peridotites. Well 
known inclusions of the above-mentioned 
rocks in Central European crystalline 
massifs (i. e. Bohemian massif, Granulite­
gebirge, S ov 'i Mts. and others), are re­
ce1vmg such interpretation (Dobretsov, 
1982; Dobretsov et al. , 1984). 

Let us consider the evidences of th ese 
r elations on the example of some jadeite­
bearing complexes, studied by the author, 
and first of all those of them w hich are 
closely connected with t he ophioli tes. All 
t he considered examples are related to the 
Ur als - Mongo1ian folded system where 
the ophiolites an d assoc1ated jadeite and 
glaucophane r ocks are Riphean or Early 
Paleozoic in age (Dobretsov, 1974). 

In the West Sayan Mts. two such ophio­
lite zanes rare kn own (Fíg. 1) - (1) the 
Borus one, with jadeite-bearing rocks and 
eclogites in the serpentin ite mélange, and 
(2) the K urtushibin zone wh ere a large 
ophiolite nappe is u nderlain by a mélange 
zone with eclogites inclusions as well as a n 
independernt sheet of jadeite bearing glau­
cophane schists . 

The Borus zone is o:f complex imbricate 
st ructure. The zon es of the serpentinite 
mélange of ,two types (Dobretsov, Tatari­
nov, 1983) were distinguished at the foot 
od: lar ge sheets. Jadeite rocks bodies 
described h ere previously (DobreLs,,v, 
1963 ; Yudin, 1:103) are associatecl, as it 
has been ť'stablished, only ,vith tli~ 
mélange of ,he 1st type underľyin~ the 
uppeľ ultrabasite sheet with signs of the 
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Fig. 1. Ophioli te belts of West Sayan (I Kurtushibin, II - Borus, II I - North 
Sayan) . 1 - ophiolites (ultramafics , gabbro, diabases), 2 - basalts and sediments, 
including olistostrom, 3 - I type melange w ith inclusions of eclogites, jadeite rocks 
a nd glaucophane sch ists (a), II type melange (b), 4 - glaucophane sch is ts , 5 -
diorite-plagiogranites, 6 - Paleozoic granites, 7 - overthrusts (without melange) 

m ost continuous transportation. The :;trip 
of serpentirrite schists with jadeite bodies 
in the middle part of the Kantegir river 
valley is an ex,ample of the mélange of 
the 1st type. It dips at 35-40° u nder the 
main ultrabas,ite body of the Borus range. 
The schistosity in the serpentinites is od' 
the same orientation. The jadeitite and 
a poj·adeite-albifäe bodies are of rounded 
shape and contain (1) r elics of early high­
temperatur e margins, torn off during the 
t ectonic transportation, and (2) irregu­
larly-developed low-temperature fringes, 
illustrating late reactions of th e albitized 
jadeit ites with the surrounding serpenti­
nites. Both in t h e margins and in the body 
(itsc1.i) se,·eral stages can be outline:.J in 
thP. transformation of t he primary c0ar~ ~­
grained jadeitites 1and the margins with 

diopside-j adeite 1and hornblende into the 
low-temperature associations with albite, 
analcime, late (frequently aegirme or 
jureite-bearing) diopside-jadeite, actinolite, 
mica, chlor ite. Not long ago in a mélange 
zone in t he south -- western part of the 
Borus belt eclog,i,te bodies were found 
(Fig. 2), which change into diopside-j adeite 
margin in t he m arginal part a nd 1are 
surrounded with small jadeitite bodies 
representing, seemingly, outer zone of the 
same t hose. These immediately-ob<' ::>ľved 

transitions pr ove t hat the jaideite rocks 
w ere formed during t h e met-asomatism of 
the eclogites an d are isofacial with them, 
In the central part of t he Bor us range 
jadeite-bearing albitite bodies were obser­
ved (with jadeite, aegirine_jaugite 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 an d 
a lbite-mica rocks; 2 - eclogites, 3 - garnet 
amphibolites, 4 - jadeite rocks, 5 - serpen­
tini te schists 

pense o:f acid dikes d uring one of the 
stages of the tectonic movements and th e 
following m etasomatism. The intrusion of 
the dik es, their metasomatism , the associa­
t ions of the rocks, their relation wit h the 
serpentinites allow t o distinguish at least 
4 stages of tectogenetic pr ocesses and of 
regressive transformation of t he abyssal 
xenoliths (table 1). 

At all stages of the metasomatism mi­
neral facies of higher alkality a r e chrarac­
terist ic with apo-eclogictic jadeili tes 
(possibly, wi th nepheline admixture) at tLe 
expense of the eclogites (stage 1) , aegi­
r ine-bearing or jureite-bearing jadeite, 
Na-amphibole, cancrinite (stage 2), a egi­
rine-augite or chloromelanite, Na-amphi­
bole, analcite, natrolite, schizolite (the 
st ages 3 and 4) . Rocks of n or m al alkalinity 
(eclogites, garnet amphibolites, epidote 
albitites, actinolitites etc.) coexist side by 
side wi th them. 

The interaction with t he magnesian 
medium of the filtrating solutions of nor­
mal alkalinity is contributed to t he alkalies 
incr easing as it w as establish ed previously 
(Dobretsov, 1964). Probably, solutions were 

generated from the buried sea w aters and 
added from the continental "enclosing 
rock" a t the stages II-IV. t he K20 and 
K20 increasing, similar to the alialine 
.facies of the magnesian skarns (after Zha­
r ikov), 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 
(j adeite, juriite, aegirine, Na-amphibole, 
albite). For that r eason, as w ell as, 
probably, because of the somewhat diffe­
rent composition of the solutions, in the 
mélange o:f the 2nd type , ,alkaline m.etaso­
matites are not typical, and slightly 
modified r ocks (metagabbro , m etabasalts, 
schists) and Ca-metasomatites (rodingites, 
n ephriies) predominate b 2ing characterized 
also by very low potcntial of CO:,,. 1 t 
corresponds to the brucite app~arancc 
in t he serpentinite mass of t he 2nd type 
mélange in comparision to carbonates , 
usual in the m élange of the 1st type. 

The variation of the conditions of th e 
r ock transformation specifi ed the diversity 
of the mineral composition in th e meta­
som atites and the combination of several 
stages in t he same body. It is related not 
alone to the change of the secondary mi­
nerals (cancrinite, analcime, various Na­
amphiboles, zeolites, rare sulphides and 
a rsenides) but fi rst of all to the variation 
of th e jadeite pyroxene composition. As is 
seen from F ig. 3, t he compositions of th e 
pyroxen es include practically ,an the field,; 
of the NaA1Sh06 - Na(Cr, Fe+3)Si206 -
- Ca(Mg, Fe)Si20 6 system. F or the sta­
ge I the pyroxenes of the series jadeite­
diopside-j adei te-omphaci te are typical, 
being char acterized by t he 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 



N. L. Dobretsov: Problem of the jadeite rocks. 7 

Stages of the jadeitites transformat i on 

S tage :Facies: 

I Eclogitic 

Main miner al: 

C/s jd + di - jd ± hrb, 
phl; 
omph + gr+ hrb +rut. 

Valuation: 

T °C: P,kbars: 

600 10 

Tectonics: 

Abyssal thrusts 
(subductions ?) 

Ta ble 1 

II Garnet-glau- Aeg - di - jd, 550 8-10 1st stage 
moderate-abyssal trusts 
(obduction ?) 

III 

IV 

cophane and Cr - jd + ab + mc ± Na 
epidote-amphi-- amph, can; 
bolite Na - hrb+ gr+ pl± 

± ep, sph. 

Green schist 
(and transi­
tional) 

Low-tempera­
ture metaso­
mati tes 

Ab + Aeg - aug + 
+Anc + mc ± Na­
- amph, schizoli te; 
Ab+Ep+Na-
- act + mc + sph 

Ab + Aeg-jd + Na­
-amph + anc ± 
± natrolite, 
± qz, 
Ab + anc, 
Ab + chl + carb 

a) 400 
b) 400 

8-10 
3-6 

200-300 3-8 

Intrusion of acid dykes 

Maín stage of mélange. 
N ear-surface thrusts, 
maín serpen tinization . 

Repeated thrusts 
(mélange of the Ilnd type) 
The interaction with 
enclosing r ocks. 

A dopted abbreviations in the table and the text: Ab - albite, act - actinolite, 
aeg - aegirine, amph - amphibole, aug - augite, anc - analcite, gr - garnet, 
di - d iopside, di-jd - diopside-jadeite, j d - jadeite, can - cancrinite, qz -
q uartz, omph - omphacite, pl - plagioclase, hrb - hornblende, rut - rutile, mc -
w hi te mica, sph - sphene, phl - phlogopite, ep - epidote. 

depends on the high T, P, the kinetic., of 
t he crystalliz.ation, the NaFe and NaCr 
eon tent (Dobretsov, 1962 ; Dobretsov et al., 
1971; Oarpenter, 1981). This immiscibili.ty 
may disappear with increasing of tempe­
rature and Fe+ 3 - Cr eon tent. At the first 
stage t he oxygen potential and the inter­
ohange with the ultrabasites (the Cr supply) 
were not intensive. They sharply increase 
at the stage 2 where bright gr een pyro­
xenes of jadeiteju rite or more rare aegiri­
ne-jadeite series appear in the bodies 
margins and veins. The latter are more 
typical for t he stages III and IV whereas 
Cr cnters mostly into Cr-chlorit es or more 

rarely into Cr -bearing garnets and amph:­
boles. Similar regularities, as the fo r ma­
ti-on of a w ide range of aegirine-j adeite 
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 Fíg. 5, 
are made on the basis of mineral pairs 
such as gr -amph, gr-cpx, amph-cpx 
(Perchuk, 1970) , data of j adeite-diopside­
albite-quartz system (Kushiro, 1969; Cur­
rie, Curtis, 1976), and composition of white 
mica associat ing with albite and other 
F e-Mg minerals (Dobretsov et al. , 1976) . 
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All the valuat ions of the rock generation 
and transformation in the 1st t ype m élange 
zones correspond to the oJ.::e.rnic 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 
th e Borus ophiolite belt is situated, ap­
peared only at the final stages due to 
t hickening of the crust. Because 
of t hese stages (III and IV) in the 1st type 
mélange w e observe the combination of 
t he low and high pressure associations. 

Rocks with g}aucophane (stage III) and 
with aegirJne-jadeite pyroxenes, analcit e 
and zeolites including the association 
jad + ainc + qz (the stage IV) are espe­
cially typical. One can suggest that the 
r ocks with these associations are included 
at the stages III and IV from the underly­
ing glaucophane schist zone, formed at the 
stages I-II. l1; is favourable from the 
availability of t he jadeite-bearing glau­
cophane schist zone, ,at t he foot of the 
ophiolite sheets of the related Kurtushibin 
belt (Fíg. I). Here the 1st .type mélange 
and glaucophane schist zones are also 
combined. In this mélange zone underlying 

Na AlSi206 

. 
~----/ \ 

/ \ 

I \ 

the lowest sheet in the central part of the 
belt, inclusions of eclogites , garnet 1amphi­
bolites, glaucophane schists are present, 
missing h ere "in situ". The n1élange zones 
were n ot est ablished at the periph ery of 
t he belt but large sheets of glaucophane 
schists are present here. A lawsonite-glau­
cophane and intermediaite zone with 
jadeite-bearing r ocks was mapped in the 
south Urbun area. (Petrologia . . . , 1979). 

In t he Pol-ar Urals, a combination of 
glaucophane schists and 1st t ype mdange 
zones were recognized along t he Main 
Ur als thrust, dividing the myogeosynclinal 
belt of the western slope of the Ur als and 
the ophioliite eugeosynclinal belt (Fig. 4). 

In the massif Ray-Iz (Petrologia ... , 
1979 ; Kazak , 1980) at the foot of a large 
sheet-like ultrabasite body of m ore than 
3 km in .the thickness a mélange zone of 
the thickness over 100 m was r ecognized. 
P eridotites, pyrope pyroxenites, eclogites, 
jiadeite rocks, vesuvianiite, glaucophanites 
and other r odingit es are present as inclu-

+ 
◊ 

◊ 

I ' CaMgSi206 Na (Cr, Fe3~) / ,. 
I \ 

1/ \ + 1 

"' \ • 2 

• A 3 . 4 

♦ 5 

3+ 
NaFe Si206 

0 6 
NaCrSi2D6 

Fig. 3. Composition of jadeitic pyroxenes of the Boru s melange Rocks: 1 - eclogites, 
2 - jadeitic margins, 3 - jadeitites of 1st s tage, 4 - j adeitic r ocks and r ims of 
2nd stage, 5 - albites and (6) m etasomatic r ocks of 3rd stage (see Table 1) 
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sions in the mélange. 200 m-thickness se­
parate sheets o.f glaucophane schists 
(below) and chloronfefanite ·rocks are 
present above the mélange zone. 

In the ophiolite m assif Voikar-Synya 
glaucophane-jadeite rocks situated t o the 
south the latter (Fig. 4A) ar e present at 
the foot of its w ester n overturned part . 
G1'aucophan e and garnet-chloromelanite 
(eclogitic) rocks are fo rmed at the cost of 
diabases and gabbr os of an ophiolit ic sec­
tion including a cha'llge of anog <.1 bbroic 
blastomylonites (Petrology . . . , 1979; Len­
nykh et ,.:11., 1976). These rocks are tecto­
n ically boudinaged during the lateE't 1110-

vements. The mélange zone w ith . t he 
in clusions of jadeitities, albitites garnet 
amp hibolites is distinguished t o t he east , 
inside the u1trabasites of this massif. This 
zone ,and the jadeitites themselves are very 
similar to t he a bove-discussed mélange 

A 

B 

N-W 

:: _: _:/_· 
·.· .. . . . 

~: :_:; 

o 5 km 

zone of the 1st t ype af the Borus belt 
(Dobretsov, 1964, 1974) . 

The Salatin zone (KMak, 1980) repre­
sents essent ially a m élange-olistostrome 
zone. The serpentinite mélange bodies 
measuring from hun dreds of m eters up 
to 25 km2 are included into the r ock m ass 
of t he gr aphitic schists and quartzites. The 
ophiolites, dunites-harzburgites, gabbr :>­
diabases bodies as well as these of eclo­
gites, eclogite-like rocks, ja.deitit es, nephri­
t es, r odingites are included in the ser­
pentinite m élange b ut the glaucophaine 
schists are absent. From the west th is 
zone limits the green-stone rock m asses of 
the Tagil synclinorium with dunite-pyro­
xenite-gabbroic bodies of the so-called 
platinum-bearing formar1:ion . 'Dheir attribu­
tion t o the ophiolites is disputable but the 
bodies in the Salatim zone r epresent cer­
tainly the members of an ophiolitic as-

S- E 
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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 F'ig, 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 - . 
gneisses with amphiboli te and eclogite bodies, 10 - granito-gneiss olistoliths, 
11 - metaconglomerates, 12 - metasandstones and quartzites, 13 - nonmeta­
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, garnP.t 
amphibolites), than the underlying glau­
cophane schists but those and others, as 
we saw in the example of the Borus bel1t, 
are united by t he common oceanic geo­
t herme and evidently characterize the dif­
ferent depth sections (and in some cases, 

5 

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 zanes of the California 
type with the jadeite-bearing glaucophane 
schists. The Maksyutov complex in t he 
South Urals is an example of such types 
of zanes. 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 o-f t he 

- x- 1 

-□- 4 

10 P, kBa r 

Fíg. 5. P-T condit ions of the formation of jadeit e rocks, glaucophane schists an d 
eclogites. 1-4 - average and limit origin conditions of glaucophane complexes (1), 
quartz-jadeite -bearing rocks (2), eclogites from glaucoph ane schists (3), eclogites 
t rom gneiss (4) , 5 - some estimations from Alps, California, New Caledonia, Oregon 
w ith use of the oxygen isotope determinations (Brown, O'Neil, HJ82; Dobretsov, 
1974), 6 - interval of the usual greenschist and prehnite-pumpellyite metamorphism, 
7 - curves of P-T evolution of the different types of metam orphism (2 - glaucop­
hane-greenschist, 3 - l awsonite-glaucophane, 4 - jadeit e-glaucophane), 8 - geo-· 
thermes of the Precambrian shields (a) , ocea ns (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 rthe east, to the green stone 
rock masses of the Magnitogorsk syncli­
norium - a n<iJ.. ,.ove~Pf)€d by--'11ihe nappe of 
t he green sch.ists of the Suvanyak complex 
(species-the Lower Paleozoic ?). This plate 
is similar to the complex Seziya-Lanza in 
t he Alps on his tectonic position, the com­
position of the rocks ~the predominance of 
the acid r ocks including the greywackes 
and arkoses) and on the maximum pressu­
r es obtained in th e complexes of the 
glauoophane schist t ype. They are fixed 
on the mineral associa tions of the type 
1) jad 90-100 + qz + alm + paragonite + 
+ sch; 2) laws +alm + omph; 3) j ad 
80-100 + qz + 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 associat ions 
and the peculiarities of the composition 
of t he minerals in the eclogites correspond 
rto T = 500-550 °C, P = 14-15 kbars (Do­
bretsov, Sobolev, 1975; Dobretsov, 1974) . 

Combination of the California type 
jadei-te-bearing glaucophane schist m élange 
and blastomylonite zon e at the foot of 
ophiolite nappe can be seen at the northern 
p art of Polar Ural n ear ultramafic 
Syum-Keu (fig. 4 B) . H ere from the SE 
ito NW the following complexes are ex­
posed: 1) b asalts and met a basalts wi th 
law sonite and glaucophane; 2) ophiohtes 
plate (diabase, gabbro, ultramafic), 3) m é­
lange; 4) b lastomylonite zon e w ith inclu­
sions of eclogites and glaucophanites; 
5) the jadeite-bearing glaucophan e schist 
complex similar to Maksutov on e; 6) meta­
morp hosed olistostrom w ith olistolith of 
altered granites. 

Th e lines of evolution of P-T conditions 
of glaucophane schists and jadeite rocks 
are drawn a t Fig. 5. The line 2 (fig. 5) cor­
resp onding t o glaucophane green schist 
metamorphism and jadei te rocks in ultra-

ma.fics is close to t h e oceanic geotherme 
with t he sm all surplus of pressure. The 
line 3 corresponding to lawsonite-glau­
cophane m etamorphic rocks (with j•adeit e 
pyroxenes and quartz) is characterized by 
the essential overpressure. The line 4 with 
maximal overpressure corresponds to the 
eclogite-glaucophane complex of Califor­
ni-an type, containing jadeite-quartz asso­
cia tion. The nature of this overpressure 
was explained by the combined t ectonic 
model (Dobretsov, 1979, 1981). 
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Pa3).\CJIČHllhIC M CTaOcpMOJIMTbl JICTOBM~KOľO KPMCTa JIH IIMKa B CTPOCIIMH caCKO· 

AYPHHCKOH 30Hbl 11eCKOľ0 M aCHBa 

B KpHcram1q e CKOM M aCHBe p aií:o Ha JieTOBMI~e H ax0,1.15ITCll H l1)!(HMe YJib ­
TPa OCH OBHbie rropow,1 (Te KTOHMTb!). IIOPO,l.lbl KYMYJiaTMBHOľO KOMrIJieKca, 
OCHOBHble BYJII<aHMTbI 11 o q eHb 11epaBHOMep110 rr opO,l.lbI )!{!'[JlhHOľO Tl1Il a. 
C qMraeM MX 3a M eTaMOp q:> OBaHHh!e q JJeHbl pa3,1.1eJieHHOľO KJJacMqe CKOľO 
OqJMOJIMTOBOľO K OM ITJieKca . CTerreHb J1X pe r l10 HaJihHOH rrepeMeHbl rrepeXOI-\MT 
J!3 qJ~ l1J! 3eJieHblX CJJam~e B 1-\0 a lVlqJ!160m !TOBOH cpa~l111. reoTeKTOHHqeCKJ1e 
BepxHerrpor ep030 H CKJ1e JieTOBl1~K!1e M eTaOqJ110JIJ1Tbl 5IBJl5UOTCll q a cre ii: c a c­

KO -,I.IY PHHCKOH 30Hbl cp e,1.11Ie3Bporreii:cKl1X r e p~J!Hl'.ll( (Bap11c~:11,1.1) . M oryT 
cpaBHJ1BaThCll C rropo ,1.1aMJ1 MapHaHCKO-Jia3eHCKOľO KOMrrJieKCa, C ocp:11omna ­
MH ~eHrpaJibHOľO cac1<0ro J!HHeaMeHTa, C MeTa6a3HTaMH J,( YJ!bTp a 6a311TaMM 
crapoMeCTCKOľO rneii:COBOľO IT05!Ca l1 C Oq:>MOJIJ1TaMJ1 Ha rrepMcpepm 1 COBl1X 
rop. YKa3aHHbie OqJH OJJMTOBbie KOMrrJieK Cbl B03HJ1KJll1 B r eoTeKTOHJ1tieCKOi i 

cpel(e OKpaií:OBOľO MOP5! caCK0- 1-\YPMHCKOH 30Hbl oco6eHHO B M ecrax rny-
6 HHHhl X pa3JIOMOB. 

The Letovice dismembeľed metaophiolites in the framewoľk of the 
Saxo-Thuľing·ian zone of the Bohemian massif 

New geological and geochemical data a re presented for basic an d 
ultrabasic rocks of the Letovice crystalline complex. Lower ultrabasic 
rocks, cumulate rocks, basic volcanics and loca l basic dykes repr esent 
a dismembered ophiolite suite metamorphosed un der con ditions of 
amphibolite and greenschists facies. The geochemicaL features and 
differentiation trend correspond w ith those of other ophiolite complexes 
(e. g. Pindos, Bay of Island, Troodos, Oman, P apua etc.). Geotectonically, 
the Upper Proterozoic Letovi ce metaophiolites are a part of the Upper 
Proterozoic structural level of the Saxo-Thuringian subzone of the 
Hercynian (Variscan) fold belt. They a re comparable with the Marián­
ské Lázné basi c com plex, w ith the ophiolites al ong the Central Sa­
xonian Li neament, with th e Staré Mesto ophiolite belt an d the ophiolite 
comp-lex at the border of the Sowie Góry Mts. All these ophiolite 
complexes could be formed in a m arginal sea environm ent, following 
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internal rif t depressions inside the Saxo-Th uringian zone. Considerable 
thinning of the Eartťs crust, fo rmation of a new ocean fl oor and áeep 
faults are the most characteristic features of these depressions. 

In the classical zoning of the Central 
European Hercynides, the Letovice crys­
t alline 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 zanes together with the 
Rheno-Hercynian zone ar e pinched toget­
her in the Moravian-Silesi·an fault zone 
(lineament) which m ay r epresent an im­
portant deep fault along the continental 
margin active in the Oadomian and Her­
cynian geotectonic cycles. 

The tectonic d evelopment of the Saxo­
Thur ingian zone seems 1to be clearer from 
the time of the Hercynian than of the Ca­
domian geotectonic cycle. Paleozoic sedi­
m ents unconformably cover the Protero­
zoic basement with geosynclinal sediments 
and volcanics (Barrandian basin). If meta­
morphosed 1hey still differ quite dis­
tinctly from all Proiterozoic sediments and 
volcanics in other parts of the Saxo-Thu­
ringi,an zone (Erzgebirge) . The Paleozoic 
form ations do not contain any r eal ophio­
lites. 

However, many metamorphosed basic an d 
u ltrabasic rocks can be found in the Pre­
Hercynian structural level. Some of them 
a re considered to be mem bers of the classi­
cal ophiolite suite e. g . basic and ultrabasic 
r ocks of the Mariánské Lázne complex, Le­
tovice complex, Staré Mesto complex (Mí­
sar et a l., in p ress), other belong to the 
Upper P roterozoic volcano-sedimentary 
formation wit h spilites . Geosynclinal spi­
lites together with graywackes and lami­
nated sh ales, form a subst antial part of 
the Central Bohemian Region (Fig. 1). The 
Upper P ro-terozoic age of some meta-

morphosed basic volcanics is documented 
by K/ Ar isotope data in hornblen de from 
t he Mariánské Lázne com plex (Gottstein, 
1970). C. D. Werner (1981) mentions a 
t ransgression 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
x es present in the continental crust. Classic 
ophiolites defined by G. Steinman (1927) 
commonly occur in alpíne orogenic belts. 
Their age is mostly Jurassic to Cretaceous. 
Some older ophiolites were described in 
Hercynian be1ts e. g. the Ural or Tchien­
Shan Mts., or in the Caledonian belts in 
Scotland, Norway, New F oundland, Mon­
g·olia etc. Pre-Oambrian 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 sequen ce 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 crystalline 
complex 

The Letovice cryst alline complex is lo­
cated at the m ost eastern part of the 
Saxo-Thur ingian zone w here this ap­
proaches the Moravian-Silesian fault zone. 
Th e complex consists of mica sch ists, 
gneisses, metaquartziies (metalydites), 
amphiboM es, metagabbros and · meta­
morphosed ultrabasic r ocks. The basic and 
ultrabasic rocks of the Letovice complex 
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are a part of the Moravian-Silesian ophio­
lite belt (Mísar, 1979). Metasediments re­
present of about 30 per cent, amphibolites 
30 per cent, metagabbros 30 per cent and 
ultramafic rocks about 10 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 
an d 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 Bar randian area. The ultramafic 
bodies, amphibolites and mica schists 
have the same structural history. 

Svitavy 
l!i 

.... 
· O!ešmce . ... ... 

. II> 

.. \ o 

Recently, D. R. Bowes et al. (1978, 1980) 
described t he 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 structu ral imprint fo r at least 
part of t heir h istory (Bowes et al. , 1980). 

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

The fundam ental megastructures of the 
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Fig. 2. Structural scheme of the Letovice crystalline complex. 1 - Permian sedí­
ments of the Boskovice furrow, 2 - Moravian metamorphic complex, 3 - mica 
schists and gneisses, 4 - amphiboli tes, 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 L e­
t o vi c e synform (= L-synform), 
the second, ,the R ou b a ni na syn form 
(= R - syn form). 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 faul t zone of the 
Boskovice furr ow. The internal dominat­
ing fold structures of the L-synform coin­
cides perfectly with the corresponding 
dominating structures described in detail 
a t the Bohuňov locality by D. R. Bowes 
et al. (1978). 

The L-synform is separated from the 
R-synform by a narrow crest consisting of 
m ica 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 for m ed of Upper Proterozoic flysch­
like sediments and basic volcanics (Fig. 2). 

'◊ 
2 ♦ 

ANrlGOR/U: 

◊ 

Both rocks types, together with ultr ab asic 
rocks and gabbr os, are the main consti­
túents of the R-synform. 

Petrology of the Letovice crystalline 
complex 

The petrological descr iption of the r ocks 
is mos·tly concerned with metamorph osed 
basic and ultrabasic rocks of the Letovice 
crystalline complex. 

U 1 t r a b a s i c r o c k s of several se­
para ted alloohthonous 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 w ith 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 betw een the 
ultramafic r ocks of the L- and R-synforms. 
The ultrabasic rocks of the L-synform are 
mostly ser pentinites and strongly serpen­
tinized per idotites, always with abundant 
spinel. The ult r1abasic rocks of the R-syn­
form are serpentinized peridotites, plagio­
clase peridot ites and pyroxenites. The dif­
ference betw een two types of ultr abasic 
r ocks may be also followed in the content 
and character of serpentíne min er als 
(Fig. 3). 

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

CARBONATE, SPINELS, 
PYRDXE:NES 

LI ZAR DI TE: • Cl/N0CHRYS 0 Tll r 

Fig. 3. Mineral conten t of Letovice 
ultraba,si c rocks in a triangle an ti­
gorite - carbonate +spinel + pyro­
xene - lizardite + clinochrysotile. 
Mineral identification by differential 
thermal analyses-weigh t %. · 1 
L-synform utrabasic rocks, 2 -
R-synform u ltrabasic r ocks 
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the R-synform. This is mostly due to the 
presence of olivine cumulates and of py­
r ox ene crystals in these rocks. The 
FeOt0 t/MgO ratio is also diUerent for the 
two rock groups. 

According to the petrological a nd che­
mical character o.f the ultrabasic rocks of 
the L-synform these rocks are very similar 
t o t he lower ultrabasic rocks of any classi­
cal ophiolite suite. On the other hand, the 
ultrabasic rocks of the R-synJorm are re­
m iniscent of cumulate ultrabasic rocks. 

M e t a g a b b r o s can be found in bo th 
synforms of the Letovice crystalline 
complex. However, they are more common 
in the R-synform where separate gabbroic 
bands (di:ffering 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 r e­
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 crysials of hornblende 
and plagioclase. 

The lowest members of the layered 
g abbro 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
la te olivine g,abbro, troctolite and plagio­
clase-bearing peridotite and/or bands of 
d un íte ,that are extremely rich in magne­
siu m . The cumulate texture of these rocks 
w ith oval olivine and interstitial plagiocla­
se and pyroxen e is Jurther evidence for 
this assumption. A peculiar rock type of 
the layered gabbro complex of the R-syn­
form is "v esicular" peridotite in which 
Jenses or spheres in the serpentíne matrix 
are filled with talc. Geologicaly "vesicular" 
peridotite alternates in bands with pyro­
xenite. 

A thin d y k e of f i n e - g r a i n e d 
d i a b a s w as fo und a t only on e place in 
the R-synform. 

lVIetagabbros also occur in the L-syn­
.Eorm. Her e, they are very strongly 
sheared and m etamorphosed under amphi­
bolite metamorphic facies. The primary 
rock was very coarse-grained hornblende 
gabbro. Unfortunately, the relation ship 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 dyk e in 
coarse-grained metagabbro with a relic 
tex ture indicative of a plutonic origin. 

Major and trace element chemistry w ere 
discussed in de tail in the paper by E. J e­
línek 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-synfor m gabbro h as 
higher contents of Si, Fe, Na + K , and Ti 
ccmpared w ith all types af gabbros of the 
R-synform. The chemistry of olivine g,abbr o 
is closely r elated to the chemistry of ultra­
basic rocks of the R-synform (Fig . 4), cha­
racterized by a lower content of alk alines 
and lower Fe/Mg ratio compar ed with hor n ­
blende metagabbros. The enrichmen t of the 
olivine gabbro in Ni and Cr corresp onds to 
a high degree with the higher con tent o.f 
these elements in ultramafic rocks of the 
R-synform. 

A m p h i b o l i t e s are the most typical 
rocks of ·the Letovice crystalline complex . 
They form a substantial part oJ' the L-syn­
form. The lithology of the amphibolite 
b ands is rather complex. Massive, fine 
grained, laminated and banded amphibo­
lites can be dist inguished. The amph ibolite 
also differ in mineml assemblage. The 
most common amphibolites contain . green 
hornblende and plagioclase. Others ar e 
richer in quartz, garnet , zoisi:te or epidote. 
Well-banded amphiboli tes and g arnet 
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amphibolites represent good marker hori­
zons in the north-wester n part of the 
L-synform. 

The texture and metamorphic grade of 
amphibolites in both synforms seems t o 
be different. Massive, fine-grained amphi­
bolites and well-banded amphibolites and 
garnet amphibolites do not occur in the 
R-synform. St rongly sheared and meta­
m or phosed giabbro with some relics of pri­
mary texture is also typical for the 
L-synform. Amphibolites o.f the R-synform 
a re very fine-grained and finely laminated. 
P lagioclase and green hornblende classify 

Si02 (wt%) 

Sl 

o 

these rocks as common amphibolites . The 
common amphibolites of both synforms 
seem generally to be identical. However, 
a sm all difference can be fo und in the 
magnesium content, which is higher in the 
amphib olites of the R-synform. 

Garnet-epidorte-zoisite amphibolites as a 
special variety of amphibolites of the 
L-synform are sligh t ly enr iched in Al, Ca 
and Mg and impoverished in alkalies, ti­
tanium and chromium. 

• 

B a s i c d y k e s are not very common 
elements in t he amphibolites of either 
synform. In the R-synform at only one 
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place, a small dyke has been found inside 
a 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 
r ock is black, very ,fine-grained and con­
sists of hornblende and plagioclase. The 
preserved texture is microgabbroic. 

Mostly monomineral rocks found at con­
t acts between ultrabasic rocks and country 
rocks can be simply described as actinoli­
t ites, tremolilites, tak schists etc. A "band " 
found in the serpentíne body at Letovice is 
rather strange and consists o.f chlorite and 
chlorite + vermiculite, probably r eplacing 
the primary mineral assemblage of pyro­
xenite. 

Geochemistry 

The results of geochemical research on 
basic and ultrabasic rocks of the Letovice 
crystalline unit may help to determine if 
t hese 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 a re 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 ar e represented 
by the ult rabasic rocks of t he 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 (Fíg . 6). Similar differences between 
lower and cumulate ultrabasic r ocks are 
clearly demonstrated by t he AFM plot 
(Fíg. 7). 

The chemistry of the upper m embers of 
the ophiolite sequence y ields m ore infor­
mation than that of t he lower ones. 
The SiO2 versus F eotot/MgO plot and 
also the plot of SiO2 versus Cr (Miyashiro , 
1975) indicate that all the metabasic rocks 
(amphibolites and metagabbros) are tholei­
itic (Fig. 5). 

It seems to be more difficult to interpret 
the results of the chemistry of ophiolite 
complexes in terms of their tectonom ag­
ma tie and geotectonic position, especially 
when the type of volcanism is concerned. 
Most of the discrimination plots are eon• 
structed on the basis o,f data from recent 
volcanic regions. The reliabili ty of these 
methods when applied to rocks r egionally 
m etamorphosed has, however, not been 
verified. 

The chromium, nickel and vanadium 
contents and Fe/Mg ratio of metabasic 
rocks of t he L- and R-synform correspond 
t o the average contents of these compo­
nents in ocean floor basalts (Fíg. 6). The 
Cr ,and Ti content distinguishes fields of 
lower ult rabasic rocks of the L-synform 
(extremely depleted in Ti) and the f ield 
of the R-synform ul tra basic rocks belonging 
to the lower part of the cumulate complex. 
The metagabbros of the R-synf.orm are 
very similar to cumulate types, whereas 
t he gabbros of the L-synform differ 
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from them in a much higher content of 
titani um. 

Correlation of the Letovice basi c an d 
ultrabasic r ocks 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 
t he AFM dtagram (Fig. 7). The position of 

t he ultrabasic rocks of the L-synform in 
the diagram with that of the ultrabasic 
rocks from New Foundland, Oman an d 
P apua. The gabbros of the L-synform (the 
cumu1ate type) are also in a good agre­
ement with the gabbros of these ophiolite 
complexes. Gabbros of the L-synform m ay 
correspond t o upper gabbros of th e 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 a nd 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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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 t he 
trend of Bay of Island and Sarmiento 
ophiolites. 

The geochemical data fo r the Letovice 
metaophiolites are identical with the cor­
responding data for the P indos, Troodos, 
Bay of Is1'and and Papua ophiolites. Some 
similarities have been found also between 
the Letovice metaophiolite and Sarmiento 
ophiolite complexes in w hich not all the 
members of the typical ocean lith osphere 
occur (ultrabasic members ar e 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 m ar­
ginal sea basin or ocean floor environment 
fo r the origin of the Letovice metaophio­
liies. 

Regional geological aspects 

The Letovice metaophiolite com plex 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 r elated 
lo the Moldanubian zone and by the oc­
currence of Cadomian geosynclinal sedi­
m ents and volcanics in larger, but n arrow 
internal troughs. The Cambrium and, if it 
missing, t he lower Ordovician sediments 
cover the folded Cadomian basement . 

The m orphological and structur al subdi­
vision of the Saxo-Thuringian zone and 
the deep fault zones strongly control the 
position of the metaophiolite complexes. 
'.ľhe Letovice metaphiolite complex is lo­
cated in the marginal area of the Central 
Bohemian region and closes at t he Mo­
ravian-Silesian fault zone (Fig. 1). 

Corresponding metaoimfolite éomplex 
has b een described by J. Tonika (1971) and 
in this sense also interpreted by z. Mísaf 
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et al. (in press) from the vicinity of Ma­
riánské Lázné 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 foult •a larger ultrabasic 
body was emplaced. Nearly all members 
of the classical ophiolite suite are present 
in th e Mariánské Lázne ophiolite complex, 
except probably of cumu1ate ophiolite 
complex. Geochemically the rocks of the 
Mariánské Lázne metaophiolite complex 
represent the metamorphic products of 
t h oleiites and ocean floor basalts. 

Upper Riphean ophiolite assoóation of 
t he Central Saxonian Lineament zone is 
made up of serpentinized dunites and 
peridotites, pyroxenites, several types of 
gabbros, amphibolites •and less meta­
morphosed mafie 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 o.f 
t he 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 t he cumulate 
ophiolite zone. However, Werner's analysed 
gabbros correspond to some extent with 
t he cumu1ate gabbro of the R-synform 
(Fig. 4). The Sax onian metaophiolites are 
interpreted as ophiolite nappes with the 
homeland region along the Central Saxo­
n Lan 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 Góry Mts. (Maciewski, 1973). 
Abundant ultrabasic rocks are probably 
of two types (lower ultrabasic rocks and 
cumulate ultrabasic rocks with some eon-

centration of chromite). The gabbros pre­
sent are very probably also of two types. 
The gabbros at Nov,a Ruda •are closely 
connected w ith 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 ar e 
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 (Mísar, 1979). The amphibolites r e­
present m etamorphosed mafie v olcanic 
and strongly sheared gabbros. The banded 
harzburgite with pyroxenite layers (Mísar, 
1966) and rhodingite 1are perhaps lower 
ultrabasic rocks - tectonites of mantle 
peridotites. 

The described metaophiolite com plexes 
of the Sax o-Thuringian zone of the Bo­
hemian Massif are common in their struc­
iural position. They follow marginal zones 
of geosynclinal troughs and/or deep fault 
zones along the contact between t roughs 
and internal elevations. The metaophiolite 
suite of dismembered type w ith 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 trip 1 e j u n c ti on s 
from the time of the Cadomi:an geotectonic 
cycle - t he Letovice ophiolite junction 
and the Sowie Góry Mts. junction. 

The m et•aophiolite complexes o.f t he 
Saxo-Thuringian zone also have some 
t íme ,and genetic relations to the abun­
dant g e o s yn c 1 in a 1 b a si c v .o 1 ca­
ni s m. The most representat ive of them 
1are spilites and diabases of the Centra} 
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Bohemian region (Fig. 1). F. Fiala (1977) 
ch!aracterized the volcanics westerly uf 
Prague as ocean floor basalts and those 
f.arther to the S of Prague as volcanics 
or iginated from calc-alkaline magma of 
the orogenic belt along the continental 
margin or an island are. The metavolcanics 
(greenschists and amphibolites) of the Cen­
t ral Bohemian region (synclinorium) cor­
r espond to abyssal tholeiites described by 
M. Opletal et al. (1980). 

All voloanic rocks of the Central Bohe­
m ian region alternate with geosynclinal 
greywackes and laminated pelites. These 
types of sediments with volcanic rocks are 
typical for marginal (back are) basins or 
for basins between the outer and inner 
arcs (Mitchell and Garson, 1981). Some 
simil!arities may also be found in sedimen­
t ation 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 are volcanism along the 
basin margins. All ,fäese processes may 
lead to formation of a new oceanic floor 
in t he 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 U pper Proterozoic age 
seem also to be documented by new in­
vest igiations of P. Jakeš et al. (1979) and 
J. Cháb et al. (1982). They concluded that 
the clasts in Proterozoic greywackes are 
largely derived from islad are volcanic 
rocks and calc-alkaline volcanic rocks of 
cont inental 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 met,aophiolite complex originated 
under condit ions with a temperature of 
about 400-600 °C and a pressure of about 
2- 5 kb. These conditions do not exceed 
the limits of Oadomian metamorphism 
gived by J. Cháb and M. Suk (1977). Ge­
nerally, the intensity of Cadomian regio­
nal metamorphism of rocks of 1:he Saxo­
Thuringian zone is not uniform. This is also 
true for the metamorphic grade of the 1.e­
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 t o be very important if com­
plex nappe tectonics is accepted for t he 
Letovice crystalline unit. 

Condusions 

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 t he 
layered gabbro-peridotite zone and of the 
volcanics as seen in all cl:assical ophiolite 
sections. 

Paleotectonic analyses and general geo­
chemical data allow interpretation of t he 
Letovice metaophiolites as part of the 
Saxo-Thuringian zone developed :;1s 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 (Mariánské Lázné, Sa­
xony area, Staré Mesto zone, Sowie Góry 
Mts.) is very probably controlled by deep 
fa ults (rifts) inside the Saxo-Thuringian 
zone and/or by the marginal faults espe­
cia lly when they approach the Moravian­
Silesian fault zone. The metaophiolite 
complexes ·are in some way related to basic 
v olcanic activity and greywacky sedimen­
t a tion present (e. g. Barrandian Upper 
P roterozoic etc.) in the Saxo-Thuringian 
zone during the Cadomian geotectonic 

cycle. 
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Rozdelené metaofiolity letovického krystalinika ve stavbe 
sasko-durynské zóny Českého masívu 

ZDENEK MŕSAR - EMIL JELíNEK - MAGDALENA PAČ:ESOVA 

Nová geologická a geochemická data byla 
shromáždéna z k rys talini k a v okolí Letovic. 
V krystaliniku se n acházej í spodní ultraba­
zick é h orniny (tektonity), horniny kumulá­
tového komplexu, bazh!"Jfé vulkanity a velmi 
sporadicky i horniny žilného typu. Všechny 
tyto h orniny lze považovat za metamorfo­
vané členy rozdeleného k lasickéh o ofiolito-

vého komplexu. Stuper'í regionální p remeny 
zasahuje z facie zelených bfidlic d o facie 
amfibolitové v závislosti na pozici tech to 
hornin v základních megastrukturách letovic­
kého krystalinika. Geologické, petrografické 
i geochemické znaky i clif erenciačn í trend 
bazických a ultrabazických h ornin letovické­
ho k rystalin ika od povídají ofi olitovým kom-
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plexum napr. lokalít Pindos, Bay of Island, 
Troodos, Oman, Papua a dalších. 

Geotektonicky svrchnoproterozoické leto­
vické metaofiolity jsou součástí svrchnopro­
terozoického strukturního patra sasko-dury­
nynské zóny strednoevropských hercynid (va­
r iscid). Jsou dobre srovnatelné s horninami 
mariánsko-lázeňského komplexu, s ofiolito­
vým komplexem centrálního saského linea­
mentu, s metabazity a ultrametabazity staro­
mestského svorového pásma a také s ofiolity 
v lem u kry Sovích hor. Všechny zmínéné 

ofiolitové k omplexy patrné vznikaly v geo­
tektonickém prostredí okrajového m ore 
sasko-durynské zony zvlášté v místech hlu­
binných zlomu sledujících okraje vni tfních 
depresí a elevací. P ro okraj ová more a vni­
ti'ní deprese jsou vedie hlubinných zlomu 
charakteristické znaky jako ztenčování zem­
ské kury a v konečném obrazu vytvárení 
nové oceánské k ury. Tím se svrchno­
proterozoické strukturní patro sasko-duryn­
ské zóny od paleozoického patra téže zóny 
velmi zfetelné odlišuje. 
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rJJo6aJJI,HOe pa3BHTHe M a qJHqec1rnro Mar M aTHJMa C oco6eHHLIM 3PCHHCM 

Ha 3JJCMCHTLI PCAKHX 3CMCJJL. 

AHaJU\3 rno6aJibHOľ0 pa3Bl1TJH! MacjJ11qe cKOľO MarMaTl13Ma C, CH0BaHH0ľO 
H a, AJJl! 3T0ľ0 rrp11r0AHb!X KapTl1HaX C0AeP)l(aHMl{ 3JieMeHT0B peAK11X JeMeJJh, 

ll03 B0Jil!eT pa3JJJ1qMTb ero 0THOilleH11e K rJiaBHh!M CT3Al1l!M re0Al1HaM11qee­

K0ľ0 p e)l(l1Ma B Teqemm pa3Bl1TMl! 3eMJJJ1. B peJyJihTa Te rromt)KeHMl! rno-

6aJJhH0ro TerrJJ0TH0ľO Te'!eHl1l! Jil ll0Bb!Wa10111erocir paJy63)1(11BaHl!l{ M3HTl111 

O 11HK0MITaTl1611JlbHh!e 3JieMeHTbl l!Bl!IOTCl! 0CH0BHb!M J13MeHeH11eM C0CTaBa 

M acjJ11qeCKl1X MarMaTl1T0B. Oco6eHHO 11HTeHCMBHhle MarMaT'.J1qecK11e rrp0 J.:(eC­

Cb! npoTeKaJ111 K K0HJ.:(Y apxel! . )J,Jll! 0 TA eJJbHb!X 3110X l{BJll!IOT Cl! x apaKTe­

p 11cT11qeCKl1MI! crr e1.111cjJ11qe c K11e M arMaTMqe CKl1e J.:(MKJlbl. 

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

The analysis of the global evolution of the mafie magmatism bs sing 
on the therefore especially suitable REE patterns makes r ecognizable 
a distinct connection to the main stages of the geodynamic regime w ith 
t he progress of the eartťs history. With decreasing global heat flow 
and increasing impoverishment of the mantle for the incom patible 
elements substantial m odifications of the mafie igneous rocks result. 
Obviously, the decisíve event seems to be at the end of the Archaean. 
Within the individual stages distinctly marked cycles are evídent. 

Som e years ago, at the final session of 
the field Works 1980 in Prague, our col­
league prof. N. L. Dobretsov has proposed 
a model for t he global evolution of ophio­
lites (Dobretsov - K epezhinscas, 1981). 

Continuing his ideas, it shall made an 
attempt fo r the global evolution of mafie 
magmatism in general on the basis . of the 
r are earth elements. The 14 n aturally 
existing REE ((s,La - 71Lu; 51Pm does not 
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occur because of its short half life period) 
a re 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 parti:al anatexis in 
d ependence of P and T enables to compre­
hend genetic events at the formation of 
mafie magmas in space and tíme. 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 mafie 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 

r R EE. 145 • 43 · Ch 
LREE 120 „ 57 · Ch 
HREE 25 • 20 Ch 
l/ H 4.8 

K 

Ch Mp ·Ch Md ·Ch llp-d •Ct, 

I: REE 3. 35 11 . 15 • 3. 33 7 8 5 „2 _35 3.3 ... 0 .98 
LREE 2.1 7.8 • 3. 7 2 5.0 5 -241 2.75 • 1.31 
HREE 1. 25 3.35 • 2. 67 2.8 -2.21. o.ss- 0.4J 
L/H 1.b7 2. 3 1. 8 S.O 

2 
~Mp 

Md 

La Pr Sm Gd Dy E r Yb 
Ce Nd Eu Tu Ho Tm Lu 

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 Cl-C3 chondrites from 
the data of MASON (1979) 

for mal extraction of the pr esent eartťs 

crust (continental and ocea nic; dat.a from 
vVedepohl, 1981). The depleted mantle has 
a thickness of about 200 km, for st rong 
incompatible elements considerably m ore 
(up to 900 k m) . The ratio LREE (La-Sm)/ 
/HREE (Eu-Lu) is distinctly higher in the 
crust and lower in the depleted mantle . 
The generat ion of mafie 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 m ean 
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 pri.mitive basic to anort­
hositic crust of the earth, formed directly 
after the condensation of the earth's 
matter and the formation of the core, w e 
don't know certain relics . As the oldest 
know mafie rocks the komatiitic-tholeiitic 
series of t he 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- 2.5 b. y. (Zimbabwe, Dharwar/ India, 
Yilgarn/ West Australia , Canada , Kare­
lia/Finland-USSR). 

A third cycle is known only r elictic as 
enclaves in the 3.8 b . y. old Amitsoq 
gneisses from W est Greenland. It m ay 
have an age of approx imately 4 b . y. 

The komatiites are predominantly ef­
fusiv e , partly explosive volcanics . with 
mostly subaquatic emplacement and large 
thickness of the complexes. Generally , 
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t h ey contain olivine, orthopyroxene and 
plagioclase, but no clinopyr oxene. The 
melting rate a t the farmat ion of the ko­
matiitic magmas is very high: 40-70 % at 
h igh temperatures (more than 1650 °C) 

and low H2O contents. 
Fíg. 2 demonstrates the REE patterns 

far 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 
P K and EK, and the PK patterns lie near 
by the Mp one. Within the third cycle, PK 
and EK are impoverished in LREE with 
low er contents of the hygromagmaphile 
REE (La-Pr) in the PK against Mp. Tho­
leiites and andesites on the other hand, 
w h ich occur more frequently in the third 
cycle, possess considerably higher contents 

of LREE. 
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Fig. 2. Chondrite-normalized REE patterns 
fo r the Archaean komatiite-tholeiite asso­
ciation. PK - peridotitic komatiites, TH -
tholeiites, BK - basaltic komatiites, AND -
andesites 

An explanat ion far t h e retrogression of 
the LREE contents in the youngest k ornati­
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, tao, especially 
by the ratio CaO/Al2O3. These r atio,: 
change from 2-3 (1 st cycle) over 1-2 
(2 nd cycle) to 0.6-1.2 (3 ' d cycle). 

Continental tholeiites 

With the third cycle of the komatiitic­
tholeiitic igneous event in the greenstone 
b elts, 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.) an d Bushveld (2 b. y.). 

A second cycle of the continental 
tholeiites w e can find in the Late Pre­
cambrian, far 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: S ibirian 
traps (250- 220 m. y.), Karroo dolerites 
(200-165 m. y.), Paraná Basin (150-120 
m. y.), Deccan traps and Thule Province 
(65-50 m. y. ), and th e 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 
s€paration of Gondwana, resp . the north 
drift of India . 

Apart from the Keweenawan andesites 
and the Deccan traps with a certain alka­
li.ne tendency, the continental tholeiites 
(fig. 3) show relatively constant REE pat­
terns over a tíme distance of more than 
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Fig. 3. Chondrite-normalized REE patterns 
fo r 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
t ion 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, tao. 

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-

h inscas, 1981), however, ophiolites occur 
more and more from the Upper P rotero­
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 2 X 109 km 3 

basalts in 200 m. y.). 
The oceanic tholeiites can be divided 

into three types, especially distinct at t he 
REE: a primi ti ve type (P), a 'normaľ (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, diffe ring .melting rates and the 
varying depth levels of the partial ana­
texis as w ell as from certain mantle inho­
mogeneities. The E-type is often connected 
with fractures zanes 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 dem onstrated in 
fig. 4. Gabbros and diabases can be divided 
into three types, too, but w ith 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. 

Far the ultramafic members of the 
ophioli tes there exist only few analyses. 
Due to their r efractory or restitic charac­
t er, 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 piates an 
ign eous rock association with a completely 
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Fíg 4. Chondrite-normalized REE patterns for 
the ophiolite association, B - basalts 
(tholeíítes), Hb - harzburgites, D - dolerites 
(" diabases") , Du - dunites. Gb - gabbros 

d iffering petrochemical character occurs, 
hut similar to continental within-plate 
mafie 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 evídent. 

Fíg. 5. shows two examples, from Hawaií 
and from the Tertiary Iceland. The latter 
ís conventionally looked as a part of the 
Thule Province, but on an oceanic base­
m ent. For each region a progressive 
increase in LREE is typical in the mafie 

K 
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ML 

~-. 
La Pr Sm Gd Dy Er Yb 

Ce Nd Eu Tb Ho Tm Lu 

Fíg, 5. Chondrite-normalized REE patterns 
for the oceaníc island volcanic association. 
HA W - Hawaii, ML - Mauna Loa tholeiites, 
D hawatites + mugearites, K - Kilauea 
tholeii tes, O trachytes, L a lkali olivine ba­
salts, ISL K Iceland (Tertiary) without 
signs - H-Mg tholei ítes, L - H-Fe tholeiites, 
O - icelandites, e andesítes, v' - rhyoli tes 

to felsic sequence. The somewhat flatter 
ascent of the Iceland rocks may be t he 
result of a less deep meltíng level. Because 
of the generally higher contents in in­
compatible elements compared with oceanic 
tholeiites, t heir parent m elts m ust be 
originated in greater depths. From isotopic 
conditions the lower mantle is even 
thought by some authors. 

Island are igneous rocks association 

Spreadíng wíthin the oceanic lithosphere 
plates is nece~a:rily connected with t he 
subduction of oceanic crust on conve.rging 
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plate boundaries. In these regions the ge­
neration of characteristic igneous rock 
ser ies takes place. They are of the Andean 
or of the island are 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 
ser ies. For comparison the mean values 
for the boninite/H-Mg andesite association 
are given. 

Boninite/H-Mg andesite association 

interest. They are high-Mg (> 9 t o more 
than 20 % MgO) plagioclase-free andesites 
with 56-58 % Si02, very poor in Ti, but 
considerably high in Ni and Cr. The bo­
ninites s. str. are tied t o intra-oceanic 
island arcs (Bonin-Mar iana ar e), mainly as 
pillow lavas with olivine, chromite, clino­
enstatite, H-Mg orthopyroxene, pigeonite, 
clinopyroxene and amphibole in a H20-rich 
glassy matr ix. Other types are the H-Mg 
andesites from continental island arcs 
(Papua-New Guinea ; Japan). All th ey 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, Bett 
Cove/Newfoundland and Victoria/Austra-
lia. The boninites occur preponderantly in 

The first description of a boninite dates a fore-arc position with island are tholeiites 
from 1890, but at fi rst in the last five 
years these rocks have found a special 
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F ig. 6. Chondrite-normalized REE patterns 
for the island are igneous roeks association. 
A - a ndesites, B - basalts, BO/ H-MgA -
boninite - H-Mg andesite series (mean va­
lues, explanation see fig. 7) 
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Fig. 7. Chondrite-normalized REE patterns 
for the bon inite - H-Mg andesite series. 
J-S - Japan (Setouehi), B-M - Bonin-Ma­
riana Are, P-NG - Papua-New Guinea 
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as basement, and overlained by oceanic m antle. In table 1 some REE data for all 
tholeiites. m ain types are compiled . 

Three sub-types of boninites are de-
m onstrated in fíg. 7. The most primitive 
REE pattern is in the rocks with the com­
paratively highest REE content. However, 
it is clear ly lower than in normal island 
are and oceanic tholeiites. Within t he 
sub-type with the lowermost REE content, 
t here is a typical V-shape pattern. 

Th e H-Mg andesites from Cape Vogel 
(P apua-New Guinea) lie somewhat higher 
than the boninites, but in the main type 
w ith 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 are volcanics, however. 

Comparison of main types of mafie igneous 
rocks 

If we compare the main types of mafie 
igneous rocks (fíg. 8), clear differences 
with respect to th e REE patterns are re­
levant. Th e poorest and youngest rocks 
are the boninites, generated from depleted 
mantle material with a relatively high 
melting rate. Then the oldest r ocks (Ar­
chaean komatiites) succeed with very high 
m elting 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 
ocean ic 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 
mant le in a deep level or from a partially 
depleted, but somewhaL metasomatized 
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Fig. 8. Chondrite-normalized REE patterns 
for the main types of mafie igneous rocks. 
CTH - continental tholeiites, ORT - ocean 
r idge tholeiites, BK - basaltic komatiites, 
IAT - island are tholeiites, PK - peridoti tic 
komatiites, BO - boninites 

Conclusions 

In fig. 9 the occurrence of t he m ain 
groups of m afie igneous r ocks is time­
scaled. After t he condensation stage of the 
earth (A) with core formation, mainly de­
gassing and a first primitive crust the 
stage of microplate t ectonics (B, after 
Goodwin, 1981) follows with the komatiites 
during the Archaean. Here, the main for­
mation of the earth 's cr ust took place 
(Dobretsov, 1980; McLennan - Taylor, 
1982) . The three komatiitic cycles are 
clearly different . D uring the stage of the 
w ithin-plate t ectonics (C) in the Lower 
and Middle P roterozoic w ith only small 
crustal growth and intracontinental for-
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mation of troughs and protogeosynclines 
the continental tholeiites occur, which a r e 
generated in the next stage, too. 

The final stage (D) started in the Late 

c,o 
L/H At 20 3 
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Precambr ian 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 are magmatic 
activity. The within-plate alkaline igneous 
rocks belong to this stage, too, but their 
volume is very small, and to a certain ex­
t end 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 mafie magmatism eompared with the 
erust formation (after Dobretsov, 1980) and 
the stages of the eartťs evolution (after 
Goodwin, 1981). BO - boninites, WP-AB -
within-plate alkali mafies, Oph - ophiolites, 
CON-TH - continental tholeiites, Ko - ko­
matiites, A-D - evolution stages of the 
earth (see text) 

REE mean values for the maín types of mafie igneous roeks 

Table 1 

1 

CTH ORT BK !AT PK BO 
n 

183 92 101 11 44 14 

La J5.05 3.34 3.25 2.51 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 2.42 1.71 
Sm 4.85 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 1.71 1 1.82 0.80 0.69 
Lu 0.37 0.54 0.28 0.30 0.14 0.115 

Ľ 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 

1.94 0.62 1.05 0.81 0.85 1.27 
(La/Yb)N 3.69 0.62 1.15 0.83 0.83 0.93 
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We can perceive a congruency between 
the mafie magmatism and the crustal 

growth. The diťfering ratios of LREE/HREE 

and Ca O/ Al203 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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White's clinopyroxene diagram applied to the differen­
tiation of the eclogite and granulite facies 

K AREL P A D:f:RA, ZDEN:f:K POUBA 

Faculty of Sciences, Charles U ni versity, Albertov 6, 128 43 P rague 2 

(2 figf3. and 1 tab., in the text) 

R eceiv ed October 12, 1983 

K npo6JieMaume npHMeHeHHll /:(HarpaMMa Yaií:Te (White) KJIKH0 ilHP0KC:e­
H0B /:(Jlll 0TJIH'UUI 3KJI0rJ:lT0B0ií: H rpaHyJIHTOBOH <l>~HH 

ITp l1' cpaBHCID111 Xl1Ml13M0B KJll1H0r!11p0KCCH0B (OM(pa.I.1'1T0Bb!X CaJI'1TOB) 
Jf3 0MqJal.il1TOBb!X rpaHYJI'1T0B B "l!eurCKOM MaccHBe 6bIJia n pHMCHeHa )Via­
r paMMa Ya11Te C lieJiblO Bb!J!CHeHJHI MCTaMOpc:pH011 c:pawrn. BbIJI0 yTBep)K,!(e­
H0 MHCH'1e, '!TO /:('1arpaMM KJI'1H0IIl1'P0KCeH0B YaiiTe (Ya11Te, 1964) ,!(Jill 

OTJIJ,ltfäll .rx B03H'1KH0BeHJfll B r paHyID1TOB011 JfJIJf 3KJI0ľHTOB0 11 (pa.I.1'1'1 JfMeeT. 
orpaHH'leHHo e yrroTpe6JieHJfe. OMc:pa.I.1HT0Bbie rpaHyJIHTbl C0,!(ep)KaT 6om,­
uroe K0Jl l1'leCTBO ll/:(eHT0B011 MOJieKyJibl, '!TO He 0TBeqaeT pe3yJibTaTaM ,!(Ha­
rpaMMa YaiiTe. ,[(J:V( OTJIH'll1JI r paHyJIHTOBOJi (pa.I.1HH OT (pa.I.1HJ1 3KJIOľHTOBOli 
llBJilleTCJI BblľO,!(He:ii:nrHM YCTaHOBJieHHe C0OTH0lliCHHll F eO : MgO : 2 Na2O 
HJIH M g : FeO : CaO rrnp0KCeH0B. 

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

White's clin opyroxen e d iagram has been teste d fo r differen t iatin g the 
granu lite and eclogite metamorphic facies in t h e Bohemian M a ssif. It 
has been stated, howeve r, that the omphacite granulites h ave clino­
p yrox e nes w ith a large conten t of j a deite m olecu le, w h ich does not 
a gree w ith White's d iagram. The validi ty of W hite's diagr a m is ob v iously 
limited . M or e su itable for differ entiating t h e gr anuli te a n d ecloglte 
facies u sing t h e chemist r y of p y roxenes is t he FeO : M gO: 2 Na20 or 
F eO : MgO : CaO d ia gram . 

A. J. R. White (1964) proposed the pos­
sibility of distinguishing between the ec­
logite and t h e granulite facies on the basis 
of the con tent of jadeite and Tsch ermak 
molecules in clinopyroxenes. Fr om the 

presented diagram it follows that ompha­
cites do n ot exist in granulit es. In ex amin­
ing an orthopyroxene-bearing gr anulite 
from the bor ehole n ear Tirschheim in the 
Saxonian Granulitgebirge (Mathé, 1969) 
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noted the presence of omph1acite and 
questioned the validity of White's diagrnm. 
He emphasized that to differentiate ec­
logites and granulites according to the com­
position of clinopyroxenes, the Fe/Mg ratio 
Ís much more important than the Na con­
t ent. 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 predomina ting light-coloured "acid" 
granulites extend from Czechoslovakia to 
the Gieraltów area in Poland, where they 
were described in detail by (Kozlowski, 
1965), (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 
far them, but only in parantheses. The 
third occurrence of omphacite granulite in 
the Bohemian Massif was assessed by Pa­
dera in the Čáslav crystalline complex 
near Bestvina in the Železné hory Mts. 
(Dudek - Fediuková, 1974) considered the 
Bestvina omphacite granulite to be an 
eclogite. All these omphacite granulites 
are accompanied by predominant light­
coloured "acid" granulites (see Mathé, 
1969, Matejovská, 1970, Zoubek et al., 1977, 

etc.). 
The omphacite granulites contain major 

amounts (15-30 %) o,f primary plagioclase 
(oligoclase - andesine) and quartz (15-
20 % ). Potassium feldspar is absernt or pre­
sént 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 th~t dis­
tinguishes the pyroxene and omphacite 
granulites from eclogites in which a con­
siderable content of primacy plagioclase is 
exceptional. 

Chemical analyses of omphacites from 
t he omphacite granulites of the Bohemian 

Massif are given in Table 1. They are 
taken from the papers of (Kozlowski, 
1965), (Mathé, 1969), (Smulikowski and 
Bakun-Czubarowa, 1973), (Dudek - F e­
diuková, 1974), (Fiala - Padera , 1981). 
The clinopyroxenes analyzed contain 2.8 to 
5.1 Na20 and White's diagram proj ects 
them to t he field of eclogites (Fig. 1). 
The quesition arises whether this diagram 
i3 only of partial validity, or whether the 
rocks are eclogites or, possibly, rock.s 
formed in the transitional granulite-eclogite 
facies. The presence of accompanying 
light-coloured granulites, which have been 
formed in conditions of the granulit e-facies 
or transitional between the amphibolite 
and the granulite facies, provides evidence 
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Fig. 1. White's diagram of clinopyrox enes for 
the distinction of eclogite and granulite 
metamorphic facies. Projections of clinopyro­
xenes from omphacite granulites of the Rych­
lebské hory Mts. are m arked.. ..by sm?,11 f ull 
circles. Straight lines connect centres of the 
analyzed omphacite grains (marked ·S) with 
grain margins. The open circle cor responds 
to omphacite from Tirschhe im an d open 
square to omphacite from Spačice 
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Chemical analyses of clinopyroxenes ( omphacites) from omphacite granulites 
of the Bohemian Massif 

Tirschheim Spačice 
Analyst Posner Fediuková* 

SiO2 50.0 50.41 
TiO2 1.9 3.09 ? 
Al2O3 8.8 11.64 
Fe2O3 0.4 
F eO 9.4 9.03 
MnO 0.2 
MgO 9.0 8.10 
CaO 15.6 14.58 
Na2O 2.8 3.34 
KP 0.3 

98.4 100.19 

S i 1.89 1.84 
Al (IV) 0.11 0.16 
Al (VI) 0.28 0.34 
Ti 0.05 0.09 
F e3+ 0.01 
F e2+ 0.30 O.'.l.8 
Mn 0.01 
Mg 0.51 0.44 
Ca 0.63 0.57 
Na 0.20 0.24 
K 0.01 

* determined by electron microprobe 
a ll Fe determined as Fe2 + 

Kozlowski 

52.76 
0.20 
8.11 
1.86 
6.50 
0.02 
8.8 1 

17.90 
3.58 
0.3 7 

100.16 

1.94 
0.06 
0.29 
0.01 
0.05 
0.20 
0.00 
0.4 8 
0.70 
0.26 
0.02 

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
g ram o.f 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 Góry Snieznickie Mts. in 
Poland, and in the Moravian and Bohe­
mian parts of the Moldanubicum (Fig. 2) 
is also use.ful. The twofold exaggeration 
of the sodium content was chosen so as 
to enhance the differences between the 

Tab. 1 

Rychlebské hory Mts. 
Rossol Fiala* 

centre margin centre margin 

61.49 51.91 534() 53.35 52 .39 
0.48 0.66 o.rn 0.56 0.52 

11.80 11.13 6.38 8.49 8.30 
1.36 
7.02 7.32 3.01 7.01 7.27 
0.06 0.06 0.05 0.08 0.06 
8.45 8.77 10.44 10.18 10.56 

13.26 16,41 18.40 16.97 18.06 
5.11 3.82 2.93 3.41 3.00 
0.12 0.01 0.01 0.00 0.01 

99.15 100.09 100.58 lOU.03 100.17 

1.89 1.89 1.95 1.9, 1.91 
O.ll 0.11 0.05 0.05 0.09 
0.41 0.37 0.25 o.:{2 0.27 
0.01 0.02 0.01 0.0 :2 0.01 
0.04 
0.::2 0.22 0.25 0.2 1 0.22 
0.00 G.00 0.00 0.00 0.00 
0.46 0.48 0.57 0.55 0.57 
0.52 0.64 0.72 0.66 0. 71 
o.::rn 0.27 0.21 0.24 0.2 1 
0.01 0.00 0.00 0.00 0 .00 

clinopyroxenes. Partial chemical analyses 
of clinopyroxenes from the eclogites of 
the Góry 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) o,f the 
Bohemian and Moravian parts of the Mol­
danubicum w ere taken mainly from the 
publication of (Dudek - Fediuková, 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 g ranu-
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t-eO (tot., 

MgO 

li tes of the Bohemian Massif from those 
of the eclogitic rocks in the Moldanubicum, 
a n d indicates a striking difference between 
t h e latter and the eclogites of the Góry 
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 importa nce for genetic conclu­
sion is the Fe/ Mg ratio in clinopyroxenes, 
w hich was also stressed by (Mathé, 1969), 
White's diagram of clinopyroxenes is 
obviously only of partial v alidity for dis­
tinguishing the eclogite and the granulite 

facies. 
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IleTpOJIOl'H.11 H reOXHMH.11 MarMaTH'ICCKH CKJia)l11aToií: )13HKH MCCTOpO>K)IC• 
HH.II AJIMac-Camrcre (MypemCKa.11 3 0Ha, PyM l>IHHll) , 

ra6pOH)lfäUI )laHKa MeCTOPO)KJ{eHHll AnMac-CarrHCTe YCTaHOBJieHa B ~ eH­
TpaJibHOH tiaCTH M ypenrCKOH 30Hhl (IO)KHQH A n yceHH). Bhma 0 61>llBJieHa 
CaBy (1953-Herry6m!KOBaHHhie J{aHHb!e) J1 II03)Ke O!IHCaHO ee MarMaTJ1tie CKJ1 
CKJ!aJ{tiaTOe crpoeHHe J1 COOTBeTCTBYIOJ..l.\1'1e rreTporpacpHtieCKHe (p~J1J1 
~J10q:JJIJ1KOM J1 C aBy (1963). l13ytieHJ1e CTPYKT-YPHh!X rreTpOXHMHtieCK.HX 
H reoxHMHtieCKHX acrreKTOB 3 TOH )laHKH rrp11BeJ10 K COCTaBJieHHJO 3TOH pa. 
60Tl>l. 

Petrologie et géochemic de Ie dykes stratitifié d'Alma1;,-Säli1;,te (Zone dc­
Murei;;, Roumanie) 

Le dyke stratifié d'Alma$ Sä li$te se trouve dans le complexe des 
basaltes de fond océanique (01) de la zone de Mure$. A sa partie 
supérieure, les trois zones suivantes se sont formées par différentiation 
gravitationelle (in situ): (1) la zone supérieure constituée ďanorthosites 
á niveaux de gabbros; (2) la zone médiane gabbro1de, á alternances de 
leucogabbros et de roches mélanocrates et ferrogabbros; (3) la zone 
inférieure surtout gabbroide. Dans la zone supérieure se son t 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 Alma:;;-Säli:;;te is 
situated in the central part of the Mu~ 
zon e (Southern Apuseni Mts .). H was dis­
covered by H. Savu in 1953 (unpublished 
data) ·and later described with respect to 

the layered structure and the petrographic 
facies by G . Cioflica and H. S avu (1963). 
Subsequently it was m en t ioned in various 
correlation papers. 

In 1979, w hen the investigations in t h e 
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Alma:;;-Säli9te 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 (J1-J2) in the Mure:;; zone 
(Savu, 1983) . This complex consists of ba­
salts, hyalobasalts, anamesites and varir,­
l ites 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 zone~ can be distinguished 
(Fig. 1); upper, median and lower (Cio.fli­
ca - Savu, 1963) . Only the firs t two zanes 
crop out, the third one being reached by 
boreholes at the depth of 200 m under the 
level of the Alma9 Valley. 

The rock structure in the three zanes 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 rocki formed of plagio­
clase (> 90 %), sometimes partially al­
bitized, and low amounts of clinopyroxene, 
titanite, rutile and magnetite or ilmenite. 
Plagiocl;ise (An 55) shows on the margins 

an andesine zone (An 34); d iopside 
(c > Ng = 38,5°) is xenomorphic and is 
associated w ith magnetite. The late m ag­
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 o,f the 
dike consist of plagioclase (An 55-48) and 
diopside replaced by a brown hornblende 
(Ng = brown; Nm = dark brown; 
Np = yellowish-brownish; c Ng = 20°) < 
at the expense of which there form a 
green-bluish h ornblende and then act i­
nolite. 

2. The Median Zone, within which 
G. Cioflica and H. Savu described the 
rhythmic layering in 1963, consists m ainly 
of diopside gabbros, four horizons being 
distinguished: (a) an upper horizon formed 
of gabbros with thin levels (rhythms) of 
leucogabbros with diopside and q uartz, 
and hypersthene gabbros; (b) three hori­
zons situated in the lower part of the 
zone. All the horizons form a str ucture 
with rhythm ic 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 thr ee lower horizons consist of 
microrhythms of rocks varying in struc­
iure and composition (dolerites, hyper­
sthene gabbros, hyperites, gabbros with 
vanadium tit anomagnetite etc.). These ho­
rizons are t hicker on the south-eastern 
margin of the body, where higher van adium 
magnetite concentrations (5-15 %) are 
found. The gabbros in this zone consist of 
50 % plagioclase (An 52), but in some 
schlieren the rocks tend t o enrich in clino­
pyroxene an d brown-greenish deu teritic 
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 0cf the plagioclase crystals and the 
divergent structure. One should mention 
the hyperites that consist of 54 % plagio­
clase (An 58), 14 % diopside, 15 % hyper-

sthene, 6.5 % olivine, 7 % -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; i t is replaced by bas ti te on the 
fissures. Olivine, which forms small and 
idiomorphic crystals included in pyroxenes, 
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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 
Mure1;, Zone, the eiffusive and intrusive 
rocks at Alma1;,-Säli!;,te ere also subjected 
to ocean floor met'aborphism processes in 
the albite-epidote-amphibolitic, greenschist 
and zeolitic facies (Savu, 1967; Coleman, 
1977). 

The gabbro body is crossed by do1erite 

Photo 1. Gabbro with diopside and deuteritic 
h ornblende. Alma~ Valley 

and albitic plagiaplite dikes (Photo 2) of 
the concanguineous ophiolitic series, island 
are basalt, rhyolite and orthophyre veins 
(J3-Cr1) and by porphyries connected 
with the Cerbia acid body. 

Petrology and Geochemistry 

The chemical composition of gabbros is 
rather similar to that o,f the tholeiitic b a­
salt (Table 1, No 15) except for the fer­
rogabbro, which is richer in iron (Table 1) . 
Leucogabbros are marked by higher Al20 3 
and CaO amounts, while anorthosites are 
richer in Si02, Ab03, CaO and Na20 , but 
they are poor in iron and MgO. The albitic 
plagiaplites, which are the last d ifferen­
tiates o,f the tholeiitic magma, are t he 
richest in Si02, Na20, Y and Yb. 

The minor elements show a similar 
behaviour t o the major ·ones, with which 
they are closely connected. Vanadium, 
which is of about 250 ppm in most r ocks 
(Kraft - Schindler, 1961), r eaches 730-
1,000 ppm in t he 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 (3.5-2 ppm) lo anorthosites 

Photo 2. Plagiapli te veins in gabbro. Alma~ 
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 ~ 

V) 
i;:, 

Si02 52.57 51.98 51.53 50.20 51.71 48.13 47.96 47.37 46.85 46.20 45.94 45.58 46.20 48.79 48.45 <:; 
i::: 

Al203 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 "' F e20 3 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 >o MgO 3.68 2.58 3.44 4.90 8.91 4.09 8.66 3.71 4.1.5 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 

.... ... 
Na20 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 

o 
o 

K20 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 (Q 

Ti0 2 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 
'C 
i;:, 

P20s 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 :;:l 

C02 0.30 0.30 - - - 1.07 0.62 - 0.59 0.40 0.69 0.30 0.40 - - ~ 

H 20 + 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 
(Q 

"' s 0.07 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 o 
r:, 

F e(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 % 99.16 99.46 99.61 99.42 100.16 100.69 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 75 77 70 "' ..... 
Co 17 6 9.5 14.5 43 28 33 40 22 55 31 40 50 30 46 ... 

'C 
Cr 42 4.5 14 75 550 17 145 17 38 420 34 160 12 225 260 o 
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 s 

'C 
Yb 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 

-i 

"' 
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 14.5 19 17 21 23 12 "' 
Cu 11 7 5 6.5 8.5 13 14 70 17 22 28 38 115 29 30 
P b 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 a northosites: 5 ; leucogabbros: 6, 7, 8, 9 ; m agnetite 
leucogabbro: 11 ; h yperite : 10 ; gabbro: 12 ; magnetite gabbro: 13 ; basalt : 15 ; basic 
hornfe lse : 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 v a lues 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 
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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 t he plagioclasic char acter of 
the Ca-rich rocks that resulted from the 
accumulation of the plagioclase crystals 
in the upper part o,f the dike. 

The gabbroic dike started at the level 
of the sheeted-dike complex (02) of the 
Mure9 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 
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Fig. 3. FeO (tot) - MgO - Nap + K 20 dia­
gram (after Irvine and Baragar, 1971) . Legend 
from Figure 2 

The more aluminous magma character 
allowed firs t t he crystallization oi the 
plagioclase, which .floated towards the up­
per part of the intrusion, forming t he 
anorthosite zone and the leuéogabbro 
rhythms beneath it. Under these condi­
tions iron (Kennedy, 1948) and magnesium 
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(after Miyashiro, 1975). Legend from Figure 2 

accumulate in the lower horizons with 
r hy thmic layering from 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 
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Fig. 5. Ti-Zr diagram (after Pearce and Gale, 
1977). Legend f rom Figure 2 

of the variable tension of the volatiles, 
especia1ly of the PH20 and the mean oxi­
dation degree of the magma (W - 0,42). 
Nevertheless m ost rocks preserve the cha­
r aster of ocean floor tholeiites of the 
ophiolitic series in the Mure~ (Figs. 4 and 
5), excepting, as in Figure 3, the cumulates 
rich in plagioclase and the plagiaplites. 
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MnTpaKpycTaJibHbie npOHBJICHHll 6a3aJibTOB0ľO 3Ta>Ka B pa3BHTHH MopaB­

CKOľO OJIOKa 

Ecn11 o6cy)K,l\aeM B03M0)KHOCTb HaJil1q:lill 6a3aJibTOB 11 YJibTpa6a3aJibTOB 
B rrpoCTpaHCTBe MOpaBCKOľO 6 JIOKa C TQqK11 3peHl1ll reoJion1qeCKoro C11HTe­

sa, YCTaHaBJil1BaeM 11X nplIMOe OTHOIIIeHHe K TeKTOrenesy 11 OWiOBpeMeHHO 
cpopMOBoqnoMy aHaJil13Y 6a3aJibTOBOľO ::na:>Ka. M no reocp11311qeCKl1M )'.(aH­
Hb!M lIBJIHeTCH rrpocrpancrnen noe pa3Me1.qeHJ1e o qeBl1)'.(HOe B s onax T eKTO­
n11qeCKofi: rrepe)'.(HCIT031U\HH 11 Ha3HaqaeT B03M0)KH0CTb - e CJI11 6epeM BO 
BHl1MaHl1C 6Jil130CTb ITOBCPXHOCTHOľO )'.(,CHCTBH51 rrep 11cpepl1l1 Jie)'.(Hl11\KOľO 
11 rrp)KJ1611CJiaBCKOľO pa3JIOMa - TpaHCTIOp Ta 3Tl1X YJibTpa6a311TOB B 11H­
TpaKpyCTaJibHbie, l1JIJ1 )'.(a)Ke B cy6rrpaKpycraJibHb!X qacTefi: 3elvUIOH KOpbI 

MOPaBCKOľO 6JIOKa. IT03TOMY 51BJl51CTCll 3 aMCTHblM, qTo OCHOBHhle 11 YJib­
TpaOCHOBHhle rropO)'.(bI !OľOBOCTOqHO¾ qacrJ1 '9:eCKOľO MaCCl1Ba 11MCIOT TeC­

noe OTHOIIICHHe K 6a3aJibTOBOMY 3Ta:>KY HJJH BepxneM y ITJiaI.qy. 

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

Considering the occurrences of basic an d ultrabasic rocks in the area 
of the Moravian block from the viewpoint of its general struct ure, 
a close relation may be deduced between tectogenesis and shape pro­
perties of the basalt layer. Geophysical data confirm the d isposition of 
basites along tectonic zones and point t o the transport of ultrabasites 
into intracrustal and, eventually, even supracrustal levels along the 
Lednice and Pi'ibyslav deep-seated faults. Hence the basic and ultra­
basic rocks along the SE periphery of the Bohemian m ass reveal close 
relations to the basalt layer or eventually to the upper mantle. 

The Eartťs crust overtakes crucial 
function in endogenous processes. Decisive 
role is played by dynamics of intracrustal 

portions in t he crust so in relation to 
deep-seated pr ocesses as by the generation 
oi tectonic discontinuities originating ex-
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clusively in supracrustal parts of the 
Earth. 

Characteristics of the basalt layer 

The part of the Earth's 'Crust occurring 
between t he 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
g ical nature is approached by a whole set 
of models. 

According to geophysical data, this 
basalt layer appears heterogenous as is the 
w hole crust composed of low and high 
velocity zanes or channels of both hori­
zontal étnd vertical attitude. The usually 
indicated span of seismic w ave velocities 
between the lower and upper boundary of 
this layer (neutrally assigned using the 
Bullen's model sometime as th P A2 layer) 
is 6.1-7.1 km. s- 1 for P-waves and 
3.6-4.2 km. s - 1 for S-waves. The bounda­
ry t owards the higher layer is not every­
w here pronounced and there are already 
several examples when the Conrad-dis­
continuity m ay n ot be identified (e. g. for 
Czechoslovak territory; Zoubek - Vyskočil, 

1971, Beránek 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 b y H. H. Hess (1955) dist­
inguished four models: peridotite 
gabbro, peridotite - amphibolite, perido­
t ite - 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
sit ion. F rom the compositional point of 
view, the basalt layer is assumed to repre­
sent a complete ophiolite su ite sensu Peive 
(1974) or Coleman (1977) . This view is 
substantiated by concrete data obtained 
t h ro ugh ocean fl oor dredging and, pecu-

liarly, by the detailed knowledge of r ocks 
drilled by the deep drilling on K ola penin­
sula in the USSR. 

Practical experience leds u s to an 
important problem: seismic horizons with 
boundary velocities of 6.6-7.2 km . s - 1 

contradict, even in well dis tinguished 
places, to the presumed attitude of the 
upper boundary of the basalt layer. 
Downwards from this boundary, t h ere are 
layers in the crust in which seismic velo­
cities correspond still to granite. Therefore 
the distinction o.f 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 - 1 may directly not 
be ascribed to the Conrad-discontinuity 
but to layers of overwhelmingly basic 
rocks. Therefore if seismic horizons with 
velocities of 6.6-7.2 km. s- 1 do n ot reflect 
the upper boundary of the basalt layer 
then, in fact, may represent some of 
crustal horizons vhere the composition is 
still gr ani tie nevertheless already con­
siderable amounts of basic or ultrabasic 
rocks occur. Seismic velocity values ar e 
usually n ot 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, cou ld be derived 
from a manrtle source. Rather a crustal 
origin is m aintained and substantiated also 
by geochemical aspects (Weiss 1971). 

H may be supposed that m ore properly 
are the factological data (att enuated crust, 
presence of ultrabasics, thickening of the 
basalt layer , gravimetri e and frequently 
even m agnetic 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 parametcrs. 

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 metamor phics are present whereas 
rocks of the ophioLite suite prevail in the 
oceanic one. Nor the presen ce of acid vol­
canites may be excluded from t he latter. 

In the continental type, physical mani­
festations of a two-layer basaltic crust 
occur in Europe and America m ainly in 
areas of crustal thickening (e. g. b eneath 
the Alps). P-wave velocities ar e here .about 
7 km . s- 1 or sometime higher. The layer 
usually is assigned as a "high-velocity" 
one. P robably, basic rocks participate on 
its composition namely basaltoids splitted 
from the mantle and creating the pillow­
shaped b odies mentioned. Basalts as rocks 
of lighter densities in comparison with the 
deeper m antle 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 m antle from 
the time of differentiaton. The r esidual 
h eavy masses occur, after the sphltting of 
basaltoids, in greater depths and are ref­
lected by "normal" mantle velocities of 
P-waves. Evidently, the crust does n ot 
consist only of a layered basalt seam filling 
up the whole space b etween C- and M-dis­
continuities. Under the rocks of basaltic, 
or according to velocities of similar, com­
position and situated n ear 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
t ain rule. Hence this aspect must b e 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
v ian block reflects processes within its 
infracrustal portion. Results of r ecent 
seismic and gravimetrie investigat ions 
a llow to interpret the spatial distribution 
of ultrabasite b odies in relation to the 
shape of the basalt layer or, eventually , 
with the upper boundary of the u pper 
manUe. 

The vertical infracrustal m odel of the 
Moravian block reveals variegated and 
specific distribution of velocities (Beránek 
et al., 1975). Velocity gradient in the Mo­
r avian block may be observed near to its 
western and eastern margin. The cause is 
t hat a layer of higher velocities has been 
fo und from the Pribyslav deep-seated fault 
eastwards emerging further towards the 
western margin of the Moravicum u p t o 
about 15 km depth. Beneath this zone, 
a layer of lower velocities occurs again. 
Therefore the apparent increased thick­
knes of the basaM layer is here com ­
pensa ted by low-velocity channels situated, 
in the Moravian part of Moldanubicum, in 
22-34 km depths. Below the zone o.f high 
velocit ies, rocks of lower velocities 
(6.6 km . s- 1) may be observed along the 
western periphery of the infracrustal part 
of the Moravia n block what points t o 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 m ass and West Oarpa­
thians (Beránek, 1975) together with results 
of geophysical investigations alqng their 
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contact (Beránek - Adam, 1975) allow t o 
interpret piling up of basic and ultrabas ic 
r ock masses in relation with the Lednice 
deep-seated fault. The basites represent 
rocks dredged tectonically or magmatic 
masses intruded into higher levels along 
t he disjunctive structure represented by 
t he Lednice deep-seated zone. 

Adam et al. (1976) assumed the Led­
nice deep-seated fault to have characteris­
t ic pattern of a fault limiting megablock 
margin: it acquires linearity of mobile 
belts and spatially broadens its mobility 
(occurence of basics and ultrabasics). The 
fa ult 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 
southeastwar ds. This merging is due to the 
function of the Lednice deep-seated fault. 

Owing to t he anomalous distribution of 
velocities, the dragging out o.f the Car­
p athian basalt layer is interpreted, on Cze-­
choslovak territory, in the space of the 
Lednice deep-seated fault (Beránek - Du­
dek, 1977, Beránek, 1978). The obduction 
of the Car pathian basalt layer may be 
caused by the subduction movement of 
t he Bohemian mass. According to th e 
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 t o supracru~t al_ par ts of the Lednice 
-d eerr-sea:ted ·fault zone may be explained 
by the presence of rocks of the basalt 
láyer. The disturbed magnetic field cor­
r elates even well w ith such meaning. The 

Lednice fault is also indicated by a sharp 
change in thicknesses of flysch nappes 
deduced fr.am both refractive and r eflexion 
seismic profile data. 

The geological m odel of the Moravian 
block (fíg. 1) reveals southeastward at ­
tennuation of the crust whereas the 
Moho-discontinuity strongly r ises . In the 
western part of the Moravian block, r ocks 
wHh higher velocities already characteristic 
far the basalt layer occur in 15 k m depth. 
Underneath again rocks of gran itoid cha­
racter appear in the velocity pattern. The 
feature may be explained by u pthrusting 
of the Moldanubian block over the Mora­
vian one whereas rock masses of the basalt 
layer h ave been squeezed-out into the 
uper port ions of the down faulted 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 Trebíč durbachite massif 
and Brno massif. Besides velocity data, 
this solution is subs-tantiated even by den­
sities (gravimetrie high) and, par ticularly, 
by the ex tensive regional positive magnetic 
anomaly in the 1 : 1.000,000 scale aero­
magnetic map. AU data coincide w ell with 
the frequency of ultrabasite occurrences in 
supracrust al portion s of ·the Moravian 
b lock here. 

The main distribution of NW-SE trend­
ing elevation and depression structures 
appears even in the general geological 
picture. Gravimetrie data prove t he co­
incidence of elevat ion structures (western 
part of the Moldanubicum, Krušné 
hory Mts.) with gravimetrie minima and 
that of depressions (Barrandian , S axothur­
ingian) with gra vimet rie highs (Beránek 
et al., 1980). The character of such r egional 
gravimetrie anomalies is influenced just by 
changing thicknesses of the basalt layer. 
Hs dissected upper bou rrdary and prox i­
mi ty to t he recent surf.ace is conspicuous 
along the easter n m argin of t he Molda-
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n ubicum w here 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 r egional anomaly along the 
contact of t he Bohemian mass and W est 
Carpathians could be interpreted as being 
r elated 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 Europe'an 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 
associat ions derived from ocean ic crust and 

upper man tle. If based on r elations between 
the pyrope peridot ites and eclogites in the 
Moravicum, it may be further deduced 
t heir pertaining to a metaophiolite asso­
cia tion and t ogether with the latter allways 
to a continental crust . 

An exception t o this rule is r epresented 
particularly by the position of the Leto­
vice synform (Mísaf , 1979) consisting 
unambiguously of rocks of tholeiitic mag­
ma affinity wher e dis tributions of Ti a n d 
Cr point to ocean floor basalts (Jelínek 
et al., 1978). According to the mafie index 
and silica cont ent, ultrabasites f.all into th e 
field of ultrabasic cumulat es or gabbros 
whereas the m ajori ty of amphibolites h as 
figurative poin ts i.n the field of basic cu­
mulates of typical ophiolite complexes. 
Accordingly, basites and ultrabasites of 
the Letovice crystalline may be r egarded, 
with high p robability, to represent mem­
bers orf a m etamorphosed ophiolite suite 
of P roterozoic age (Mísaf , 1966, 1979) . 
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Fig. 1. Geological model of the Moravian block. 1 - crystalline complex, 2 -
2 - granit layer, 3 - basalt layer, 4 - Pfibyslavice deep fault, 5 - Lednice deep 
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The Moravian block is limited from the 
west by the Pribyslav deep-seated faul t. 
The existence of this fault, creating 
e astern marginal fault to the Central Mol­
danubicum mass, is definite according t o 
seismic and gravimetrie data. With the 
highest probability, the upvaulting of thc 
basalt layer is also due to this deep-sea:ted 
fault representing by its main characteris­
t ics a crucial marginal zone of the Mora­
vian block of intra- to subcrustal range. 
In surficial crustal portions, it is accen­
tuated by mylonites associating, besides 
ultrabasic rocks, also with eclogites and 
amphibolites. The Pfibyslav deep-seated 
fault is of general metallogenetic impor­
tance as proved by numerous ore mani­
festations in Czechoslovakia (near Staré 
Ransko), Austria (WakLkirchen) and even 
in P oland. 

Ultrabasites present in the central part 
of the Moravian block complicate the 
pattern of the magnetic field by reaching 
amplitudes up to several hundreds r (Sa­
lanský et al., 1967, Šalanský, 1972). This 
intricated pattern and sharp gradients of 
t he field t ogether with frequent super­
position of magnetic sources in several 
levels r esult in such configuration of 
isoanomalies which, as the rule, could b y 
no means completely reflect the carto­
grapbically ascertained surficial distribu­
tion of ultrabasite bodies. It is however 
r eally to assume considerably larger extent 
of ultrabasics in supracrustal levels e. g. 
westernly from J evišovce, near Dukovany 
(W eiss, 1975) or near Dalešice (W eiss, 
1971). 

These relations are reflected also by the 
more dissected course of the basalt layer 
upper boundary, by its gradual eastwar<l 
thickening and approaching the surface­
near parts of the crust. In this case hence 
the interconnection of single ultrabasite 
occurtences in the depth is provable. What 
concerns th e 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 Mor avian block. Results of detailed 
airborne geophysical measuremen ts drew 
attention, besides numerous geophysical 
data, also to the regular distrib ution 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, Borovník, Bfezí 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 Quarter nary or 
less Cenozoic age. Such ocurrences are 
namely in the Moldanubicum near Strá­
žek. 

The examination of geophysical results 
and recent geological data allow t o assume 
effects of subsequent deformations on 
ultrabasite massifs expressed m ainly by 
faulting (tectonic contours o.f some bodies 
are evidently observable) and v aulting 
(undulations) induced probably by folds of 
great amplrtude and small heigh index. 

The hasíte body on Moravské kopce lo­
cality westernly from Olešnice in Moravia 
consists, from petrographical point of view, 
of different amphibolite varieties (located 
in uppermost levels of the gneiss complex 
according to Mísaf, 1966) and olivine 
gabbros. The presence of the latter is of 
peculiar m eaning when assuming the 
model of deep origin for the Olešnice 
dome. Olivine gabbros from the Olešnice 
area represent, by internal fabric and geo­
logical setting, equivalents of analogous 
basic magmatites in the Moravian block 
(Weiss, 1957). A certain simiJarity in struc­
tural position m ay be observed by the 
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Uherčice gabbro (Nemec, 1935) or by the 
olivine gabbro body in Železné near Tiš­
nov (Rosický, 1926). 

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 Blaník one, 
has but supracrustal range though some 
authors assumed it to be reflection of 
a deep-seated fault (Jaroš - Mísar, 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 tíme of Cadomian orog~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 
a ccomodate to, in a certain degree, the 
function of the Lednice deep-seated fault . 
The strike of single belts is not constant 
'1nd, 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. Same authors 
relate this weakened zone to gabbroic 
rock occurrences the Svitavy anomaly 
including (Čuta et al., 1964) in contrast to 
others denying relations with the Svitavy 
m agnetic anomaly and, namely, with the 

gravimetrie high (Mísar 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 n appes, 
ultrabasic rocks are not too much k nown. 
More frequent occurrences are preferredly 
restricted to the Upper Morava dales w here 
hidden bodies have been discovered by 
numerous hydrocarbon and other dr illings. 
Bodies of a gabbro-peridotite complex 
occur near Vlkoš 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 Holešov ice fault system in spatial pro­
ximity with teschenite occurrences (Dudek 
in W eiss et al., 1978). Rock s of the tesche­
nite association represent, substant ially , 
the continuation of both intrusive and ef­
fusive members of the metaophiolite com­
plex. 

A gravimet rie low may be inter preted 
in the Vienna basin area caused by super­
position of more shallow (15 t o 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 
sur:face. The main source of the negatíve 
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 and related rocks 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 (Štelcl 
et al., 1978, štelcl - Weiss, 1983) create 
entirely different conditions for the distri­
bution of the metaophiolite complex. 

Basirte and ultrabasite bodies of the Brno 
m assif 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 b e 
divided into two subzones (Mísar, 1980). 
The westernly meiadiorite 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 
t he Brno massif. The eastern part is 
created by discontinuous metadiabase sub­
zone. 

Ultrabasite bodies in the metabasite 
zone are less frequent (Moravany, Želešice, 
Byst rc, Kohoutovice, Milonice, Jinačovice 

an d K urim 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 (Skácelo­
vá - Weiss, 1978) . Obviously, the meta­
basite zone continues accross the Želešice 
magnetic hight to SE into the Carpathian 
foredeep. 

Contrary to t he ultrabasics, gabbroid 
rocks a re not so strictly corrfined to the 
zonality of the metabasite zone though 
generally reveal also a N-S spatial distri­
bution (Kamenný vrch, Podskalský mlýn 
an d Kounice localities). Such distribution 
is well expressed by the appearance of the 
metaSasi:te zone in geophysical data. In 
gravity m aps, 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 m agnetic 
pattern (Šalans,ký et al. , 1965) and con­
verging also with the continuation of this 
abundantly differentiated b elt southwards .. 

Conclusions 

Evaluating t he presence of basics and 
ultrabasics in the Moravian block from 
the viewpoint of synthetic geological 
approach and existing geophysical dat a, 
their immediate relation to tectogenesis 
and, namely, t o the shape pattern of the 
basalt layer may be deduced. Geophysical 
data disclose their spatial distribution into 
the belts of t ectonic predisposition and 
point to the possib ility, assuming also the 
proximity of surficial manifestations along 
the peripher y of the Lednice and P ribyslav 
deep---seated faults, that these ultrabasites 
have been t ransported into infracrustal or 
even supracrustal situations within the 
Moravian block. Hence, the prevailing 
close relation of b asic and ultrabasic rocks 
to the basalt layer of the crust or even 
to the upper mantle becomes evident in 
the southwestern par t of t he Bohem ian 
mass . 

Several from the previous conclusions 
have the n ature of w orking hypotheses as 
the Conrad-discon tinuity occurs in about 
20 km depths in th is crustal area (fig. 1). 
In spite of its location in such considerable 
depth, data allow to deduce the charac­
t eristics of the crust and pose a set of 
problems to be solved in the future. In 
the case if some of previous con­
clusions ar e pertinent, possibilities arise 
to the k now ledge of processes taking place 
w ithin the Earth's crust since accumu­
lations of m ineral r aw materials are im­
mediately depending on the type of crust. 

Translation by I. Varga 
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Intrakrustální projevy bazaltového patra 
ve vývoji moravského bloku 

.JAROSLAV WEISS 

Posuzujeme-li možnosti existence bazitu 
a ultrabazitu v prostoru moravského bloku 
z hlediska geologické syntézy a dosavadních 
geofyzikálních výsledku, zjišťujeme jejich 
pfímý vztah k tektogenezi a zejména tva­
rové analýze bazaltového patra. I z geofyzi­
k álních materiálu je prostorové rozmísté ní 
n a zónách tektonické predispozice zrejmé 
a naznačuj e možnosti - bereme-li v úvahu 
tesnou blízkost povrchových projevu peri­
f érie lednického a pfibyslavského hlubinného 
z lomu - transportu téchto ultrabazitu do 
infrakrustálních, poprípade až suprakrustál­
ních částí zemské kury moravského bloku. 
Je tedy evidentní, že bazické až ultrabazické 
h orniny jihovýchodní části českého masívu 
mají prevážne úzký vztah k bazaltovému 

patru, prípadné svrchnímu plášti. 
Mnohé z uvedených záveru mají charakter 

pracovní hyp otézy, ponévadž, jak vyplývá ze 
základního obrázku č. 1, se Conradova h ra­
nice pohybuj e v této části zemské k ury pru­
mérné okolo - 20 km. I když je ta to úro­
veň pomerné ve velkých hloubkách, p res to 
si mužem e jednak vytvol'it určitý obraz 
o geologické m charakteru zemské kury, 
jednak pred nás predstupuje celá rada otá­
zek, které je nutno v budoucnu rešit. V prí­
pade, že n ékteré zá very v e výše u veden é m 
textu jsou správné, otevírají se nám mož­
nosti poznání charakteru procesu probíhají­
cích v zemské kui'e, ponévadž na jej ím typu 
j e prímo závislá prítomnost kumulací rud­
ních i nerudních ložisek. 
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IleTpononrn MeTaMopqrn30BaHHbIX ynbTpa6a3HTOB 3a6blp)l;eHCKO­
ro paiíoHa (U::eHTpaJibHbie P0)l;0ilbI, JionrapHJI) 

KP.l1CT.l1HA KonqEBA, MAP.l15I )KEn5I3KOBA-ITAHAi'lOTOBA, )K.l1BKO .l1BAHOB 

Cocpm'i:CKMií YID1Bepc1,neT, C oqnrn, EomapM5! 

(2 p u c. , s Ta6b. B TeXTe) 

CTaTbH llO CTJfľUJia 28 OKTH6pH, 1983 r. 

IleTp0JI0rHl[ MeTaMOPqJH30BaHHblX Y!1bTp a6a3HTOB 3a6bIPACHCKOro paiíoHa 
(I.J;eHTpaJibHblC P0A0llbl, 1ioJirap1rn). 

B HJ:!)KHeií '-laCTJ:! MeTaMop<pMTOB cpeAffeP OAOIICKOií rpyIIIIbl OÔHa%alOTCJl 
HeCKOJJbKO JU:IH3eBM,L(HblX TeJJ YJJbľpa6a3.MTOB . TeJio Ha BepnmHe qeHreHe 

KellIK rrpe,L(CTaBJJeHO r apl.\6ypn1Ta MM C rrepeXO,!IOM B /:IYHJ1Tbl, TeJIO „ EaJia-

6ai-1 " J1MeCT Bb!pa3I,1TeJibHO ITOJIO C'laTOe CTpoemre (rrOJIOCbl /:IYHl1ľO-rap l.\ 6yp­
rMTOB0ro J1 OJI.MBJ1H0-IIl1POKceHOBOľO CJIO)KeHl15!) • .[(AJI Bcex ľCJI x apa1uepHb!M 
JIBJIJICTCJl Hl13K a5I CTCIICHb ceprreHTJ1Hl13al.\Ml1 ; lľ MX COCTaBe rrpl1Hl1Ma10ľ 

yqacrne aCCOI.\Mal.\MH Bbl COKOTeMrrepaTypHb!X MJ:!HepaJIOB . T eJia YJibľpa6a-
3J1ľOB rrepBOHa '-laJibHO rrpe,!ICTaBJIHJIJ:! OJIJ:!CTQJIJ,:lľbl B OCa,L(O'IH011 CCKBCHI.\MM, 

BMeCTe C KOTOpoií Ôb!JIJ,:( MeTa.'vlopcp.11:pOBaHHblC J:! 3aTeM 'laCTM' lHO ceprreH­

TJ:!3MPOBaHHb!C 

Petrology of metamorphosed ultrabasites from the Zabardo village area 
(Central Rhodope .Mts., Bulgaria) 

I n th e lower part of m eta m orphites in the Cent ral Rhopode group, 
several lense-shaped u ltrabasite bodies do occur. Th e body on Tshengene 
kemk h ill consists of h arzburgite p a ssin g into dun ite w hereas t h e 
Balaban body reveals well expressed banded structure w ith ba nds of 
dun ite-harzburgite and olivine pyroxenite. All bodies are characterized 
by only low degree of serpentinization an d the h igh -temperature m ineral 
assemblages a re p reser ved. Originally, ultrabasi te bodies created 
olistolith s i n the sedimentary sequence and underwent m etam orph ic 
alteration t ogether w ith the enclosing r ocks. Th e slight serpent in ization 
is a subsequent phenomen on. 

B pH,n;e paÍ!OHOB IJ;eHTpaJihHbIX P o­

,n;orr, B HJ1)KHJ1X '-IaCTHX p a3pe3a MeTa­

MopqmTOB IJ;eHTpamHopo,n;orrcKoít: rpyrr­

IIhI, rrpe,n;cTaBJieHbl BKJI10'-IeHHH J130JIHpO-

BaHHhIX JIJ;IH3006p a3HhIX YJibTp a6a3J1TO­

BhIX Ten . T aK HaIIp HMep , B OKpeCTHOC­

T5IX c. 3a6brp,n;o (CMOJIHHCKI1M OK­

p y r) 6hrm1 y cTaHOBJieHhI ,n;Be 6 onee Kpyrr-
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Hbie 11 H eCK0JibK0 6oJiee MeJIKMe T eJia 

(pI1C. 1). BMe~alO~Me YJibTpa6a3J1TOB 

IIOp0):(bI rrpe):(CTaBJi eHbI rJiaBHbIM o6pa-

3 0 M 6MOTI1TOBbIMI1 rtteii:caMM, MI1ľMaTJ1-

3 I1poBaHHbie B pa3JIJ1'IHOJ1 CTerreHH, C 

rrp o cJI05IMJ,f 0TH0CHTeJibH0 MaJI0M0~-

HbIX rratieK aMqm60JIJ1TOB B rpacpMT- J,f 

cpnorOIIHTCO):(ep)Ka~HX MpaMopoB. OHJ1 

o 6oc o6neHbI B T . H. ITocecTpHMCKOH 

M paM0pH0-rHeHCOBOH CBJ1TbI (M BaHOB I1 

AP -, 1983) . 
YnbTpa6a3J1TbI OKpeCTHOCTeH C. 3a-

6 brp):(O 0TH0C5ITC5I K BbIAeJieHHOii: paHee 

rpy rrrre P0):(0IICKHX AOMeTaMopcpH'IeCKHX 

YJibTpa6a3HTOB ()KeJI5I3KOBa-I1aHai1:oTo ­

Ba I1 ):(p., 1977). IToKa '!TO 3T0T paii:oH 

5IBJI5IeTC5I e):\HHCTBeHHbIM, ľ):\e B HaJ160-

n e e i:1peBHeii: ynbTpa6a3HTOBoii: rpynrre 

y cTaH0BJieHbI Hap5I):(Y C JIJ1H3aMI1 MeTa­

MOP(pH'IeCKHX rrepI1):(0TJ1T0 B (cpparMeH­

TbI HJ1)KHero YP0BH5I O(pJ10JI J1TOBOľO pa3-

pe3a) e~e J,f 6JIOKI1 pa3CJIO eHHOľ0 KOM-

IIJieKca, IIP I1 T OM ):\0B0JihHO KPYIIHbIX 

pa3MepOB. 

O):(H0 H3 6onee KpyrrHbIX y nhTp a 6 a311-

T0BbIX TeJI p aHOHa pacrr0JI0)KeHO B 500-
600 M ceBepo 3arrai:1 ttee BepIIIHHbI qeH­

reHe KČIIIK, a BTOpoe Ha p a CCT05IHJ1I1 

1 KM B0CTOK -CeBepoCT0'!Hee OT 3TOJ1-

)Ke BepIIII1HbI, B MeCTH0CTJ,f „Eana6 aH" 

(pI1C. 1). 
ITepBoe TeJio B IIJiaHe HMeeT IIO'ITI1 

I130MeTpH'Ie CKY10 cpopMy, pa3M epaMJ1 

450Xsoo M J1 rrepeceKaeTc5I B ceBepttoii: 

qacTH rrer MaTHTOBOH )KJ1JIOM, M 0 ~ -

HOCTblO 0 K 0 JIO s M. Y JibTpa6a3HTOBOe 

Teno CJIO)KeH0 rrepMA 0THTaM M, rrepexo­

):\5I~HMJ1 B A YHHTbI. ITo p 0 ):(bI TeMHocepo r o 

K0pMtIHeBaT0ľ0 ~BeTa, MeJIK03ep H HCTbie. 

B 0T):\eJihHbI X y qacTKaX Ha MeJIK 0 3ep HHC­

T0M cpoHe BbI):\eJI5IlOTC5I KPYIIHbie, AO 1 --
2 ~M, KpMCTaJIJibI opT0 IIHP0 KCeHa. Xa­
paKTepHa c cpepHq ecKa5I II0BepxH0 CTb Bbl­

BeTpHBaHM5I, oqeHb xopoIII0 Bbipa)KeH-

Js 

Puc. 1. CxeM aTM'leCKasr reoJIOľM'!eCKaH K ap Ta p aiíoaa c. 3a6hIP/:\O. 1 - YJibTp a 6a3HTOBhie 
TeJia, 2 - 6MOTJ1TOBbie /:IO W!YCJI!O/:(HHHhle rHeMCbl c rrpOCJIOHMlf aMqllf60JIJ1TOB J1 Mpa­
M OpOB (IToce CTpHMCKaiI CBlfTa), 3 - MpaMOpbI (,[{o6 p OCTaHCKaH CBMTa), 4 - :meMeHTbI 
3aneramrn, s - Hawi.11r 
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Ha5I B OT,D;eJihHbIX yqacTKax, a TaIOKe 

CJia HI:(eBaTOCTb, KOHcpOpMHa5I CJiaHI:(eBa­

TOCTM BMeI.I:(alOlllMX MeTaMop cpMTOB. CTe­

rreHh paccJiaHI:(eBaHJ15I CMJibHO yMeHb­

rnaeTC5I K I:(eHTpaJihHOH qacTM TeJia. 

Y JibTpa6a3MTOBbie TeJia B MeCTHOCTH 

„ Bana6aH" MMelOT 6onee y,n;nuHeHHYlO 

JIMH30BH,n;Hy10 cpopMy. HaI16onee Kpyrr­

Hoe I13 HHX ,ll;OCTHra eT 1 KM B ,ll;JIMHY, a B 

umpHHY - 600 M. ffoqTH rrp5IMhIM rrpo­

,D;OJI)Kem1eM OT Hero, OT,n;eneHHOM TOH­

KOH aMcpM6onMTOBOM rrpocnoi1Koii:, rrpo c­

Jie)KMBaeTc5I 6onee MenKoe Teno pa3Me­

poM 300X 200 M. YnhTpa6a3HTOBhre Te­

na oqeHh MeJIKMX pa3MepoB Ha6n10,n;a-

10TC5I HeCKOJihKO BOCTOqHee. OHM C.11JihHO 

rH,n;poTepMaJihHO .113MeHeHhI I1 xapaKTe­

PI13YlOTC5I ac6ecTOBOM H TaJihKOBOM M.11-

Hepan.113al:(.11eii:. Eonee Kpyrrnhie Tena 

B MeCTHOCT.11 „Bana6aH" OTJI.11qa1QTC5I rro­

JiocqaThIM CTpOeH.11eM. ITOJIOCbI CJIO)Ke­

HbI JJ;BYM5I ľJiaBHbIM.11 THITaMH rropo,n; : ,n;y­

mnaMH, rrepexo,n;5III:(.11M.11 B rapl:(6ypr.11ThI 

M OJI.11BJ1HOBbIM.11 II.11pOKCeH.11TaM.11. MoII:(­

HOCTb IIOJI0C .113MeH5IeTC5I OT 10 ,n;o 20-

3 0 I:(M. ,[(yH.11TOBhie IIOJIOCbI KOpMqHeBa­

TO-ceporo I:(BeTa, MeJIK03epHHCThI, xa­

p a hTepM3YlOTC5I rnapOB.11,ll;HbIM BbIBeTp.11-

BaH.11eM. B rrpOCJIOHKax KJI.11HOIIMpOKce­

H.11TOB Ha cepoM MeJIK03epH.11CTOM cpoHe 

BbI,D;eJI5!10TC5I TeMH0-3enem,re KOPOTKO­

rrpM3MaT.11qecK.11e 3epHa KJI.11HOIIMpOKCe­

H a, )];JI.11HOM o6brqHO 0,3-0,5 I:(M, B 0T­

,n;eJihHhIX cnyqa5rx ,n;o 1 I:(M. Ccpep.11qec­

K a5I IIOBepxHOCTb BhIBeTp.11BaHJ15I )];JI5I H.11X 

He xapaKTepHa, qTo e!I:(e 6onee rro,n;qep­

KMBaeT IIOJI0cqaToe CTpOeH.11e IIO­

po,n;. M B 3TOM CJiyqae YJibTpa6a3HTOBbie 

rropo,n;hr paccnaHI:(OBaHhI. B oco6eHOCTH 

5ICHO Bhipa)KeHo paccnaHI:(eBaH.11e B rre­

pucpep.11qecK.11x 30Hax, K,n;e rrpol:(ecchr rre ­

peKpMcTaJIJIJ13al:(.11J1 rrp05IBJieHbI Ha.1160-

n e e 5IpKo, BIIJIOTh ,n;o rrepexo,n;a ynhTpa-

6a3MTOB B TpeMOJIJ1T-aKTHHOJI.11TOBbie 

CJia HI:(bI. 

,[(,n;sr YJibTpa6a3J.1TOB B pa110 He C. 3a-

6hrp,n;o xapaKTepHbI BhICOKOTeMrrepaTyp­

Hhll1 MJ.1HepaJibHbIM rrapareHe3J.1C l1 oqeHh 

cna6a5I cTerr eHh ceprreHT.11HM3al:(MI1. IToc­

ne,n;mrn rrp 0 5IBJieHa noKaJibHO H o rrpe,n;e ­

neHHO rrpuypoqeHa K II03,ll;HJ.1M TeKTo ­

HJ.1qecK.11M 30HaM. 

YJibTpa6a3J.1TOBOe TeJIO, BCKpbITOe Ha 

ceBepo3arra,n;e OT BeprnwHhI 'lf eHreHe 

KeIIIK, OTJI J.1qaeTC5I OTHOCJ.1TeJihHO MOHO­

TOHHbIM rreTporpacpwqeCKJ.1M C0CTaBOM . 

ľnaBHhIM rropo,n;oo6pa3y10II:(MM M MHepa­

JIOM 5IBJI5IeTC5I OJIJ.1Bl1H, K0JIJ1qecTB O K OTO­

poro H3MeH5IeTc5I OT 98-95 ,n;o 60 O/o. 
B CB5!3I1 C 3 THM BbI,D;eJieHhI ,D;YHMTbI I1 6 0 -

raTbie OJIMBMH0M rapl:(6y prl-1ThI, KOJIH ­

qecTBeHHO rrpeo6na,n;a10II:(Me (ra6n . I - 1 ). 

OJIJ.1BHH (2Vz = 80-88°) rrpe,n;cTaBJieH 

KaK 6onee KpyrrHI:,IMJ.1, TaK H M eJIKHM J.1 

3epHaMM, Bcer,n;a oqeHh CBe)KMMM. B rre­

pttcpepJ1qec1rnx qacrnx 3epeH H B,ll;OJih 

Tpe!I:(HH B HHX pa3BHT TOHKO-IIeTeJibq a ­

TbIH ceprreHTJ.1H. ,[(,n;5I 6onee KpyrrHhIX 3 e­

peH 0JIMBJ.1Ha HHor,n;a x apaKTepHa xopo­

rno Bhrpa)KeHHa5I crrai1:Ho cTh (Ta6n . I -2), 

KOTOpa5I HeKOTOpbIMJ,f aBTOpaMJ.1 rrpMHJ1-

MaeTC5I KaK IIPM3HaK MeTaMopcpwqecKO­

ro rrpOMCXO)I<,D;eHJ15I. 

OpTOITMP0 KCeH (2Bx = 80-86°) yqacT­

ByeT B rro,n;qJ1HeHHhIX KOJIJ1qecTBax . Ha6-

JI10,D;aeTC5I B BJ.1,D;e KpyIIHbIX ,n;o oqeHh 

Kpym-IbIX rrp l-13MaTJ.1qecKJ1X 3epeH, HHOľ­

,n;a cnara10m;wx Beepoo6pa3HO p a3BeT­

BJieHHhre a rperaThI. 'lfacTJ1qHo 3aMe­

m;aeTc5I ceprreHTMHOM HJIH TaJihKOM . He­

pe,n;Ko B KPYIIHhIX 3epHaX OPTOITHp0KCe­

Ha BKJilQqeHbI MeJIKMe IlOHKMJI06 JiaCTbl 

OJIMBMHa. 

MecTaMM B rropo,n;ax Ha6n10,n;aeTC5I 

Tal{)Ke TpeM OJIJ.1T B BM,n;e 0THOCMTeJihHO 

KpyrrHhIX 3 epeH rrpl-13MaTwqecKoro rafo.1-

Tyca. BT0p J.1qHa5I acCOI:(J.1al:(J15I M HHepa­

JIOB, BKJI10 q a10II:(a5I TOHKO l1ľOJihqaTbil1 

TpeM0Jil1T, c eprreHTJ.1H, TaJibK 11 XJI0pl1T, 

3aMem;aeT OJIHBMH, opTOIIMpOKCeH 11 

KpyrrH03e p HMCThI11 TpeMOJIJ.1T M HMeer 

oqeHh orpaHuqeHH0e pacrrpocTp aHeH11e 
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(o6utrno 5-10 % 061,eMa rropo)];1r). Jio­

Kam,Ho, B)];OJib Tpell(MH, Y3KJ1 e 3 0Hbl rro­
p o )]; IIO)];BeprHYTbI J1HTeHCJ1BHOJ1 ceprreH­

TJ1HJ13aQJ1e11 (ra6rr. I-3). Py)];H1re MMHe ­

pam,r rrpe)];CTaBJieHbl xpOMIIIIIJ1HeJIJ1}l;aMJ1 

(1-2 %), KOTOpble B ,ll;YHMTax 0 6pasy10T 

ľHe3)];0BJ1,Jl;Hbie J1 IIOJIOCtiaTbi e CKOIIJie­

HJ15! (Ta6JI. I-4). lifayqeHJ1e MX COCTaBa 

IIOKasarro, qTo OHM OTHOC5ITC5I K pe)];KJ1M 

BM)];aM IIIIIJ1HeJIJ1}l;OB C IIOBbIIIIeHHOM )Ke­

Jle3MCTOCTb10. Mccrre}l;OBaHMe ,Jl;BYX MO­

HOMJ1HepaJII,HbIX rrpo6 II03BOJIJ1JIO ycTa­

H OBJ1Tb CJie}l;y10ll(J1e KpMcTaJIJIOXMMMqec­

KMe cpopMyJibl: 

(Feo.51 Mgo.39) (Cr1 -21 Alo.44Feo.35) Or,.oo* M 

(Feo•66Mgo,34) (Cr1,11 Feo.51 Alo.3s) 0 4.00, 

K aK 61mo y)Ke OTMeqeHO YJibTpa6a-

3 J1TOBbie TeJia MeCTHOCTM „ Eana6aH" 

MMelOT pMTMMqHo rron:ocqaToe CTpoeHMe, 

o 6ycJIOBJieHHOe qepe}l;OBaHMeM ,Jl;YHMT­

rapQ6ypr11TOB c OJIMBMHOBbIM M KJIMHO­

rr:r,,1po1<ceH11TaMJ1. 

M 1rnepaJibHbll1 COCTaB B KOm1qecTBeI-I­

Hbie COOTHOIIICHJ15! IIOPO,ll;006pa3y10ll(J1X 

M aKQeccopHbIX Mvrnepan:OB A YHMT-rapQ-

6yprnTOB (Ta6JI . II-1) TaKJ1C)Ke KaK M B 

rropo)];aX BbIIIIe OIIMCaHHOľO YJibTpa6a-

3MTOBOľO TCJia OKOn:o BeplliMHbl , ,11ettre­

He KelliK" . 

B OJIMBMHOBbIX KJIJ1HOIIJ1pOKCem1Tax 

rJiaBHbIM rropO)];OOBpa3y10ll(HM MMHepa­

JIOM 5IBJrneTC5! KJIMHOIIMpOKCeH. OH rrpe,Jl;­

CTaBJieH ,ll;BYM5! rettepaQM5IMM. KJIMHO· 

IIMpOKCeH - I (2Vz = 53-58°) Ha6JI10-

)];a eTC5I B BM,D;e KPYIIHbIX }];O oqeHb Kpyrr­

HbIX (2-3 CM) sepeH. ITo.n; MMKPOCKO· 

◄ 

ITOM ycTaHaBJIMBaeTC5I, qTo oqeHb qacTO 

3TJ1 sepHa H30ľHYT1I M Tpell(MHOBaTbI 

(Ta6n. II-2). Kn:v1ttorrv1poKceH - II p as­

BMT B BM}l;e MeJIK03epHMCTOľO arperaTa 

B)];OJII, Tpell(MHOK MJIM B BH,n;e rHe3,n; B 

KP YIIHbIX Kp MCTan:nax I0IHHOIIHpOKCeHa 

- I (Ta6n:. II - 2, 3, 4) . B OTJIH qJ1e OT 

KJIHHOIIMpOK CeHa - I, KOTOp1111 CO,ll;ep­

)KJ1T oqeHh M eJIK Me BKn:10qeHJ15! ,,p y)];HOl1 

rr1mv1", rrpJ1)];a10ll(J1 e eMy MYTH11ii: · 06-

JIHK, KJIJ1HOIIT1pOKCeH II oqeHb CBe­

)KHJ1 H rrpos paqHI,111. Bu,n;en:eHH5! MCJIK O· 

3CpHJ1CTOľO PY,Jl;HOľO Bell( eCTBa Hav160-

nee xopOlliO Bblpa)KeHo B QeHTpaJibHI,IX 

qacT5IX KPYIIHbIX sepeH MJIM B}l;OJib crraii:­

HOCTH, qTo 5IBJI5I10TC5I pe3yJI1TaTOM qac­

THqHOM rrepeKpl1CTaJIJIH3aQHM KJIHHOIIM· 

POKCeHa - l. B CO CTaB rropo,n;u BX 0 )];5IT 

TaK)Ke OJIHBMH M TpeMOJIMT, KOTOp11e 

CJiara!OT BMe cTe C KJIMHOIIMpOKCeHOM -

II MenKosepHJ1CTy10 OCHOBHY10 Maccy, 

0Kpy)Ka10ll(Y10 MJIH rrepeceKaíoll(ylO B BH­

}l;e rrpO)KJiIJIK OB KPYIIHbie IIOMYTHeBIIIvie 

3eptta KJIJ1Hom1poKceHa - I (Ta6n. II -
3, 4) . 0JIMBMH 0 6 11qHo rrpe,n;cTa BJieH 

B BM,n;e YAJili!HeHHbIX JIMH30BI1,JJ;HbIX arpe­

raTOB (Ta6n. II - 4). Qqem, qacTO Ha 

rrepMcpepMliI sepeH pa3 BHTbI 6oyJIMHľI1T· 
.JiI}l;)];J1HľCJ1TOBbie TOHKoqernyuqaTbie arpe­

raTbI, HHOr}l;a IIOJIHOCTb!O 3 aMell(a10ll(Me 

OJIMBMH. Hav16onee xopomo B 3TOM rra­

pareHe3Mce rrpe)];CTaBJreH TpeMoJIHT-a K-

* a0 - 8.32 A, D - 4.60, n - 2'.20, R -
14.4 %. H - 1080 Krc/MM2, HecpeppoMar mr­
TeH (rrpu 18 °C), co.n;ep::>KaHMe xpoMa M3Me­
H5!eTC5! 30HaJibHO - B 11eHTpalII,HbIX tJaCT5!X 
3epeH - 31.2 %, B rrepucpepMtJeCKHX 
2 8.8 %, 

T a6JIHI.\a I. CH. 1 - rap116yprMT, qeHreHe KeIIIK. 1 - OJIMBHH; 2 - OPTOITMPOK CeH ; 
3 - ceprreHTHH, 4 - ::>KeJie3MCTňl11 x poMIIIITMHeJIM;:(. N II, JBeJI. 60. CH. 2 - .[(yHMT, 
qeureue KeIIIK. 1 - OJiMBMH C 5!CHO Bbipa::>KeHHOH CITa!1HOCTI,10 ; 2 - ceprreHTMH ; 3 -
::>KeJie3MCTbIH xpOMIIIITMHeJIM,!1. N II. y BeJI. 60. CH . 3 - qaCTMtJHO ceprreHTMHM3MPOBaHHbI:ií: 
;:(YHJ1'T C PYWIOH MMHepaJIM3a11Meií:, qeHreHe KeIIIK. 1 - OJIHBI1H; 2 - ::>KeJie3HCTbii1 
xpOMIIIIIMHeJIM,!1 ; 3 - XJIOPMT; 4 - ceprreHTUH. N II, yBeJI. 60. CH. ::A - CI1JiňHO M3Me­
HeHHňli1 rrepu.n;onfT, qeHreHe KeIIIK. 1 - peJIMKnI OJIMBlrna; 2 - ceprreHTMH; 3 - cep­
rrocpuT. N +, yBeJJ. 60 
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TMHOJU1T (2Vx = 78-85°), KOJIM'IeCTBO 

K OTOporo OÔblqHo BO3pacTaeT K rrept1-

cp ept1t1 YJibTpa6a3MTOBOro TeJi a . 

KyMyJI5ITMBHhie CTPYKTYPhI B MCCJie,r(O­

BaHHbIX rropo.r(aX He HaÔJI10.r(alOTC5I. 

no XJ1MMqecKOMY COCTaBy IIOpO.r(bI , 

CJiara10~t1e YJibTpa6a3MTOBOe TeJIO ce­

Bepo3aIIa.r(Hee BeplllMHbI lieHreHe KelllK, 

O'-!eHh ÔJI113KM (Ta6JI . 1). KaK no l{J1CJIO­

BbIM 3Ha'-!eHM5IM x apaKTepMCTMKM Xecca 

M/r, Bap:npy1011{eM OT 7.30 ,n;o 9,91 
(cpe.r(Hee :n3 15 onpe,n;eneH11i:i: - 8.35), 
TaK :n no co,n;ep)KaH:n10 TiOz {MeHee 

0.1 6 %, a B 60JihIIIMHCTBe CJiyqaM HM)Ke 

0.01 %) OHl1 orrpe.r(eJieHHO OTHOC5ITCH 

K rrepl1.r(OTl1TOBbIM npOl13BO.r(HbIM ()Ke­
JI5IKOBa-naHaMOTOBa M .r(p ., 19786) HJUf 

K MeTaMop<pHqecKHM n epH)];OTHTaM no 
KOJIMaHy {1 979). no cpaBHeHMlO c aHa­

JIOľM'-!HbIMH MeTaMop<pM30BaHHbIMJ1 ne­

pt1,n;OTt1TaMt1 Ap,n;t1HcKoro pai:i:oHa (Kon­

'IeBa, )KeJI5I3KOBa-naHaMOTOBa, 1982) OHM 

co,n;ep)KaT 6 o JibIIIe BO,Il;bI, B CB5I3]i[ C 60-
nee BbICOKOM CTerreHblO c epneHTJ1HH3a­

~MM, o,n;HaKO npM COIIO CTaBJieHHM C nocT­

M eTaMop<pH'IeCKMMM nepH,Il;OTMTaMM ()Ke­

JI5f3KOBa-naHaMOTOBa M ,n;p., 1978a) OHM 

OTHOCMTeJibHO 6onee „ cyxHe" . no H op-

XMMM'ICCKMit COCTaB nopop YllbTpa6a3MTOBOI'O TeJia cesepo3ana pHee BepWMHbl 

,, tienr ene KČWK" 

Ta6mu:(a 1 

N'2 o 6p. 233a/65 5435 1528 /65 238/65 255/65 163/65 5434 
3 JieMeHTbl 

SiOz 35,47 36,60 37,37 37,95 37,99 38,04 38,23 
Ti0 2 0 ,08 0,16 CJI. CJI. CJI. 0,06 0,14 
Al20a 0,38 0,99 0,70 0,82 0,77 0,41 1,12 
Fe203 4,80 5,40 6,09 7,41 5 ,97 6 .73 4 ,55 
F eO 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 
Na20 0,07 0,02 0,07 0,13 0,07 0,07 0 ,02 
K20 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 
Pp5 0,09 0,06 0,02 0,03 0,03 0,03 0 ,07 
H20 - 0 ,63 0,32 0';69 0,36 0 ,36 0,78 0 ,41 
H20+ 9,60 7,32 8,66 7,66 8,40 10,50 7,94 
Cr20a 0,25 H.0:. 0,32 0,31 0,19 0,16 H.0. 
NiO 0 ,23 0,238 0,24 0,10 0,22 0,26 0,262 
CoO 0,004 0 ,020 0,02 0,01 2 0,02 0,01 0,012 
C0 2 0 ,56 0,33 HeT HeT 0,41 HeT 0 ,20 
SOa 0 ,20 0;2 8 0,28 0,20 0,18 0 ,14 

cyMMa 99,52 100,178 100,05 100,03 100,37 99,74 100,374 

◄ 
T a6m1r.1a II. CH. 1 - ,[(yHJ1T, MeCTH. ,,BaJia6aH" . 1 - 0JIJ1BJ1H; 2 - ceprreHTHH. N II, 
y BeJI . 60. CJ-l. 2 - OJIHBIDI0BbIH KJIHH0m1p0KGeHHT, MeCTH. ,,1oaJiaôaH" . 1 - H30ľHYT0e 
3e!}H0 KJIHHOITl1P0KCeHa - I ; 2 - rrp0)KHJIKa KJil1H0ITl1P0KCeHa - II, ceKyll:(aH KJJJ1H0-
rrnpoKCeH - I; 3 - 0JIJ1Bl'IH - II; 4 - TpeM0JHIT; 5 - MarHťl'l'IT?. N II , yBeJI. 60. 
CH. 3 - OJIJ1B11H0BblH KJIJ1H0IU1P0KCeHl'IT, MeCTH. ,,'Bana6aH". 1 - KJU1H0 ill1P0KCeH - I ; 
2 - 0JIJ1B11H - II; 3 - KJll'IH0UHP0KCeH - II; 4 - TpeM0JIJ1T ; 5 - M arHeTJ1T ?. N II, 
yaeJI . 60.- CH. 4 - OJIJ1BHH0Bb!H KJil1H0ilHp0KCeHJ1T, MeCTH. ,,BaJiaôaH". 1 KJIJ1H0ilH­
p 0K0eH - I ; y,n;JIMHeHHbie arper aTbI 0JIJ1BHHa (2) , KJIHH0ITHp0KCeHa - II (3) H TpeM0-
JJJ1Ta (4) c MarHeTMT0M (5.) N II, yseJI. 60 
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Ta6mu~a 1 (rrpOJ:10JDI<eH11e) 

N'2 o6p. 
1566/ 65 224/65 115/65 158/65 114/ 65 139/65 160/65 212/65 3 JieMeHTbl 

SiO2 38,28 39,03 39,71 41,27 41,40 40,34 42,59 44,53 
TiO2 CJ!. 0,06 CJI. CJ! . 0 ,13 0,11 CJ! . CJ!. 

Al2O3 2,24 1,12 1,11 0,99 0,70 1,04 1,00 1,06 
Fe2O3 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 
Na2O 0,07 0,06 0,09 0,09 0,14 0,07 0,13 0,07 
K 2O CJ!. CJ!. CJ!. CJ!. CJ!. CJ!. CJ!. CJ!. 

Mno lHeT 0,11 0,13 0,13 0,15 0,13 0,14 0,09 

PPs 0,09 0,03 0,04 0,03 0,02 0,04 0,04 0,03 
H 2O- 0,79 0,52 0,27 0,52 0,66 0,69 0,56 0,48 
H 2O + 10,20 6,98 6,96 8,41 7,11 5,80 7,41 5,40 
Cr2O3 0,32 0,18 0,17 0,13 0,43 0,27 0,20 0,19 
N iO 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 
CO2 'HeT HeT HeT 0,29 HeT 0,76 HeT HeT 
SO3 0,22 0,08 0,54 0,26 0,34 HeT 0,22 0,84 

cyMMa 99,55 99,57 100,1 5 99,79 99,68 99,61 99,94 100,25 

Bce aHaJIH3bI BhlII0JIFleHhI B XHMHqecKO:iÍ JiaôoparopHH crre~HaJihH0CTH ľe0XHMHl1, Co-
(Íl l1:iÍCK0ľ0 ym rnepcHrera. AHaJIHTHKH: E. JlaHJVKeBa, K. ľeopr:11eaa, T. Kypreaa, P. Crra-
COB3. 

ManrnHOMY COCTaBy 3TI1 rropO).:\l,I B oc-

H OBHOM rrorra).:\alOT B ITOJie .r\YHMTOB 11 6 0 -

r aTbIX OJIJ1BI1HOM rapr~6ypr11TOB M JIMillI, 

e).:\JfHMqHI,Ie rrpo61,1 COOTBeTCTBYlOT Jiep­

D;OJIMTaM, 6JIM3 KI1M K rapu;6yprMTaM 

(pMC. 2). 
n o rreTpOXI1MJ1qe cKMM o co6eHHO CT5IM 

rropO,!(bl, CJ1ara10~11e YJibTpa6a3MTOBI,Ie 

TeJia MeCTHOCTM „ BaJia6aH" , tJeTKO pa3-

rpaHI1lJMBalOTC5I B ).:\Be rpyrrrrhI, COOTBeT­

CTBYlO~Me ,ľ\BYX TMITaM IIOJIOC, CJ1ara10-

~MX TIOJIOCtJaTbrií: KOMITJieKC (Ta6JI. 2) . 
TiopO).:\hI .!\YHMT-rapu;6yprMTOBI,IX IIOJIOC 

Ot 

u;eJIMKOM rrorra,!(alOT B COOTBeTCTBYlO~ee oP.x L,_-'-____________ ....L___',CP.x 

MM rroJie M He OTJIMtJalOTC5I OT rrop o).:\, 

CJiaralO~MX YJibTpa6a3MTOBO e TeJio OK­

peCTHOCTM 1IeHreHe KČillK. OJIMBMHOBbie 

KJIMHOI111POKCCHMThI rrorra).:\alOT, C He­

ÔOJII,IllJ:!M pa36pocoM, B CBOeM IIOJie 

(pMC. 2). ,D;,ľ\5! HMX xapaKTepHo IIOBI,IIlleH­

H0e C0).:\ep }KaHMe TiO2 (OKOJIO 0 .30 %) 

PHC. 2. ,[(Harpa.Ma K0Jil1qerBeHH0 -MHHepaJI0ľH­
qecKO:iÍ H0MeHKJiarypbI YJibTpa6a3HTOB 3a6hip­
l(eHCK0ľ0 pa:iÍOHa (rro H0pMaTIIBH0MY MHHe­
paJibH0MY C0CTa.By). 0 1 - 0JIHBHH, oPx - op­
T0IIl1P0KCeH, cPx - KJIHH0IIHP0KGeH; i - rro­
P0J:lbl YJibTpa6a3HT0B0ľO TeJia ceBep03aIIa):\Hee 
BepIIIHHbl qeHreHe KeIIIK, 2 - rropow,r YJih­
Tpa6a3HT0B0ľ0 TeJia MeCTH0CTH „BaJJaôaH" 
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M 0'IeHh H M3K0 e c o ,n;ep)KaHMe B0,ll;hI (Ta6 JI. 

2) . 
H att6onee cy il\eCTBeHHOii o c o6eH-

H 0CThlO xapaKTepM3YeíVIhIX YJihTpa6a3M­

T0BhIX rropo,n; 51BmieTC5{ MX cna6a5I CTe­

neHh ceprreHTMHM3aL{MH. OHH CJI0)KeHhI 

BhIC0K0TťMIIepaTypHhIM MMHepaJihHhIM 

rrapareHe3HC0M. HaX0)K,D;eHMe HX B BH,n;e 

OT,n;eJihHhIX M30JU1P0BaHHhIX JIHH3, xao­

T M'IeCKM pa36pocaHHhIX B orrpe,n;eneHHhIX 

y p o BH5IX pa3pe3 a M eTaMopqrnTOB lJ;eH­

TpaJihHOpo,n;orrcKofí: r pyrrrrhr, CBM,n;eTeJih­

crny eT O TOM, 'ITO 0HH 0Ka3aJIMCh B 9 TOÍÍ: 

cp e,n;e B BM,n;e 6JIOK OB (OJIMCTOJIMTOB) eil\e 

BO BpeM51 OTJI0)KeHJrn rrepBJ1qHhIX oca­

,n;oq HhI X rropo,n; . 

M ttHepaJihHhll1 C0CTaB M rreTp0XMMM­

tJ:e CKMe oco6eHHOCTM OT,n;eJihHhIX 6JIOKOB 

YJihTpa6a3MTOB, KaK y)Ke 6hIJIO OTMetJ:e ­

H O, II0Ka3hIBalOT, qTo rrepB0HaqaJibH0 

cpo pMMpOBaHMe 3TMX nopo,n; Hp0H3XO,D;M-

JI0, no Bcefí: Bep05ITH0CTJ1. B Y CJI0BMHX 

BepXHMX qacTefí: BepxHeii M a HTMM MJIM 

B caMhIX HH)KHMX 0T,n;enax 3 eMHOÍÍ: K0PhI. 

ITo,n;oeM B BepxHMe 1IaCTH 3eMHOl1 KOphr, 

Mx ,n;po6neHv1e H rrona,n;aHHe B oca,n;oti:­

H0M K0MIIJieKce 6eccOMHeHO corrp 0 B0 )K­

,n;anoch ceprreHTMHM3aqttefí: YJihTp a 6 a3M­

T0BhIX rrop o ,n; . ITpM 3T0M, T0JibK0 KJIMHO­

IIMp0KCeH rro qTJ,f II0JIH0CThlO coxpaH MJIC5I. 

1IaCT.l,1qHo MJIM II0JIH0CThlO ceprreHTMH.l,1-

3Hp0BaHHhie 6 JIOK 11 YJihTpa6a 311TOB BMec­

Te C BKJI10qa10il\MMM MX o c a ,n;KaMM 6 bIJIH 

rro,n;BepľHYThl ,n;vrnaM0TepMaJibH0MY Me­

TaMOpcpM3MY B aMcpHÔOJIMTOBOÍÍ: cpar.i;MM. 

B 3TMX YCJI OBMHX rrp0H3X0,ll;MJIM ,n;ecep­

rreHTMHM3aL{MH M cpopMMPOBaHMe BhIC0-

K0TeMnepaTy pHbIX accor.i;tta qMfí: 0 JIMBMH 

+opTOIIHpOKCeH+TpeMOJIHT B ,n;yHMT­

rapq6yprv1Tax M OJIMBHH+KJIMHOIIMpOK­

ceH+TpeMOJIMT B OJIHBMH0BhIX KJIMH0IIM­

p0Kc em1Tax. B rrocne,n;Httx , H a p H,n;y 

X MMMqecKMH COCľaB nopo4 JJlbľpa6a3IITOBOI'O Tena M eCTHO CTII , .B ana6aH" 

Taômn~a 2 

,D;ymn-rapl.\0YPľHTOBb!e II0JI0CbI 
OJIJ1Bl1H-KJIHH0 lU1-

P0KCeHHT0Bble II0JI0 Cbl 

N2 oop. 
40/65 54/26 34/65 54z3 r 5292A 5424 54238 5424A 

3JieMeHTbl 

SiO2 35,78 37,73 38,50 38,81 39,64 47,83 49,39 51,26 
TiO2 CJ! . 0,18 0,07 0,13 0,06 0 ,27 0,28 0 ,30 
Al2O3 0,31 0,87 0 ,60 0,61 0,45 2,98 2,28 2,38 
Fe2O3 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 
C aO 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 
Na2O 0,07 0,09 0,07 0,04 0,09 0,24 0,35 0,32 
K 2O CJJ . 0,02 CJI. 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 2O5 0,04 0 ,08 0,02 0,09 0,07 0 ,06 0,08 0,09 
H2O - 0,32 0,28 0,88 0,24 0,55 0,08 0,14 0,08 
H 2O + 8,51 6,72 12,93 6,34 9,00 2,50 0,96 0,55 
C r 2O3 0,19 H. O. 0,29 H. O. 0,21 H. O. H. 0 . H. O. 
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 2 0,69 0,08 HeT 0,41 HeT 0,14 0 ,30 0,01 
S O3 0,34 0,23 HeT 0,15 0,025 0,54 0,49 0,12 

CYMMa 100,24 99,978 99,58 100,009 100,084 100,178 100,104 99,980 



3BOJI!OJ~MH MT1HepaJIOOÔpa30BaH11H B YJibTpaôa3MTax paUOHa C. 3aÔblpJíO 

3TaHI,I 

!. clJopMl1P0BaHl1e YJibTpaôa3!1T0B (BepXH.S!.S! 
MaHTI1ll - HM)KHJ!ll '-IaCTb 3eMH0M KOPbI) 

II. Il0,I\'beM B 3eMHy10 Kopy :11 ceprreHnrn:11-
3al:(I1ll 

III. .I(po6JieHI1e 11 rrorra,I\aHl1e B Bl1,I\e 0JI:11cro­
JII1T0B B 0 Ca,I\O'-IHb!M K0MrrJieKC, ceprreH­
TJ1Hl13al:(J1l! 

Pa3H0BH,I\H0CTl1 rrop0,I\ 

MeraMopcp11'-!ec1rne rrepJ1,I\0T11r1,1 
1. .I\YHJ1T - r ap~6ypr11Tl,I 
KyMyJI$!TI,I (paccJIOeHHLie) 
2. m'HJ1T - r ap~6yp rMTb! 
3. 0 1 - KJil1H0ITJ1p0KCeHJ1Tbl 

1. CepneHTl1HI1311p0BaHHble AYHJ1ľ 
rap~6ypr11r1,1 

2. Cep rreHTJ1Hl13I1p0BaHHble .I\YHl1T 
rapl:(6yprnTbI 

3. CeprreHTl1HI13l1p0BaHHbie 01 -
KJil1H01111P0KCemnbI 

Mnaep aJII,Hhie accol:(,rnl:(m:1 

01-1 + oPx- 1 + Sh p-1 
01-1 + oPx - I + Shp-I 
01-1 + cPx-1 + Shp- I 

Spn±pen. O1-I, oPx-1 11 Shp- I 
Spn± pen. O1- I , oPx- I 11 Shp - I 
Spn± pen. O1-I, 11 Shp- I + cPx-1 

:L CeprreHTJ1HJ1TI,I 
2. CeprreHTl1HJ1Tbl 
3. CeprreHTJ1HI130p0BaHHI,IC 

KJll11I0IIl1p0KCCHl1Tb! 

Spn 11 conp0B0)K,I\aJOII:(He Ml1HepaJibl 
Spn 11 corrp0B0)K,I\alOII:(:11e MHHepaJibl 

0 1 - Spn + cPx-1 

Ta6mu:(a 3 

IV. M eraM0pq:n1:3M C0BMeCTH0 C rrapacJiaH- 1. ,D;eceprreHTl1Hl1311p0BaHHhle .I\YHHT - 01-11 + oPx-II + Tr- I - + Shp -II 
01-11 + oP x - II + T r - I -I:(eBb!M K0MIIJleKC0M B' aMqJl1ÔOJll1TOBOH rapľ:(6yprHTbl 

cp aľ:(11:11, ,!lCCeprreHT:11HM3al:(11$! 2. ,D;eceprreHTI1Hl13:11P0BaHHhle ,I\YHHT - 0 1-II + cPx-1 + cPx-11 + Tr- I 

v. JioKaJII>Ha$! TeKT0Hl1'-IeCKM 11 ľl1,I\P0Tep­
MaJihHal! oôpa6or Ka, JI0KaJII>HM ceprrea­
T:11HJ13al:(11JI :11 0TaJ1I>K0BaH11e 

rapl:(6ypr:11r1,1 
3. ,D;eceprreHT:11Hl1311P0BaHHbie O] - KJIH 

H0IIl1p0KGeHl1Tbl 

1. Dra6o ceprreHT:11Hl1311p0BaHHbie 
).zyHHT - rapl:(6yprnľbl 

2. Cnaôo ceprreHTJ1Hl13l1P0BaHHbie 
AYHl1T - rapl:(6yprJ1ľbl 

3. Draôo cepnCHľl1Hl1311p0BaHHble 
01 - KJTJ1H0II11p0KCeHJ1Tbl 

OJ-II + oPx-II + T r -I + Shp-II + 
+ Sp n -II + T r-II + Te 
OJ-II + oPx -II + T r - I + 
+ Spn - II + Tr-II + T e 
OJ-II + Spn-II + cPx-1 + cPx- II + 
+ T r - I + Act 

IlpHMetJamrn : 01 - 0JIHBl1H. oPx - opro1111poKceH. cPx - KJJI1H0PHP0KCeH. Shp - xp0Mlll11HHeJll1,I\, T r - TpeM0Jľl1T, Act -
aKTHH0J111T, Spn - ceprreHTI1H, peJl. - peJil1KTbI. 
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C KJU1H0lll1p0KCeHOM-lI coxp aH11n11c:r, 

J130ľHYTbie l1 Il0MYTHeBIIIJ1e peJil1KTbI 

KJIJ1H0ill1p0KCeHa-I. 
J13 pacqeT0B J13opeaKQJ10Hr pa.r1 cwc­

TeMu CaO - MgO - SiO2 - H2O 
(Evans and Trommsdorff, 1970) Ml1He­

paJihHbie aCC0QJ1a:q1111 OJIJ1BJ1H+OPTOill1-

poKCeH + TPeMOJIJ1T J1 OJIJ1Bl1H+ KJIJ1HOlll1-

p oKceH+TPeMOJIJ1T cTa611JibHbI rrpw T = 
= 700-720 °C J1 p > 2 KÔ. 

Cyr:qecTBeHHOW oco6eHHOCTblO, CBJ1,r(e­

TeJibCTBy10r:qefr O MeTaMopcpwqecKOM 

npol1CXO)K,r(eHl1l1 BbICOK0TeMrrepaTypHbIX 

MJ1HepaJI0B, 5IBJI5IeTCH Il0JIH0e 0TCYTCTBJ1e 

xapaKTepHbIX ,L(JI5I KYMYJI5IT0B rMill1,L(J10-

MOpcpH03epHl1CTbIX CTPYKTYP rropo.r1, 

X 0T5I Il0JiocqaToe CTp0eHwe coxpaHJ1JI0Cb. 

Tio cyr:qecTBY „11cqe3Jia" 11 T. H. ,,py,.q­

HaH IlbIJib " , corryTCTBy10r:qa51 rrpoQeCC0B 

cepneHTJ1HJ13aHJ1M. MeTaKpl1CTaJIJibI )Ke­

Jie3l1CTbIX xp0MIIII1J1HeJIJ1,L(0B, co6paHHbie 

B BJ1,L(e rrpmKMJI0K, CTpyfr l1JIM HeÔOJib­

IIIJ1X rHe3,r( o6pa3oBaJIJ1Cb B pe3yJihTaTe 

n epeKpl1CTaJIJIJ13aQJ1l1 B yKa3aHHbIX YCJI0-

Bl1J1 pacrrbIJieHH0ľ0 PY,LíH0ľ0 Ber:qecTBa. 

H ap5I,LíY C 9TJ1M HeOÔXO,L(J1MO 0TMeTl1Tb, 

q To B rrep11cpep11qecKMX qaCT5IX 0T,r(eJib­

HbIX ÔJIOKOB rrpoTeKam1 6MMeTaCOMaTJ1-

qeCK11e peaKQJ1M. B pe3yJibTaTe Il03,L(Hl1X, 

JI0KaJihH0 rrp05IBJieHHbIX TeKT0HJ1qecKJ1X 

J1 ľM,L(pOTepMaJibHbIX B03,L(eÍ1CTBJ:1H J1Me­

JIJ1 MeCT0 Hl13K0TeMrrepaTypHbie rrpeo6-

pa3o Bamrn, npv1Be,r(IIIJ1e K qacTJ1qHofr M 

,.qa)Ke noJIHofr cepneHTJ1HJ13anv111 paHee 

,.qecepneHTJ1HJ13l1p0BaHHbIX YJibTpa6a3J1-

T0BbIX nopo,.q, a Tal()Ke 0TaJihK0BaHJ110 

11 ac6ecT006pa30BaHJ110. 3TH np0Qecc1,r 

npHBeJIH K IT0JIH0MY n peo6pa3oBaHH10 

HeÔOJibllIHX TeJI l1 K qacTHqHoMy J13Me­

HeHH10 B,L(0Jib T eKT0HJ1:qecKJ1X HapyIIIe­

H HW B npe,.qenax 6 onee KpyrrHbIX J13 H HX. 

., 

O6r:q11fr X 0,r( J1'. Il0CJie,L(0BaTeJibH 0 CTb 

n peo6pa3oBaHHJ1 YJib Tpa6a3HTOBbIX n o­

p o,.q C cpopM HpOBaHHeM C00TBeTCTBY10-

I:qJ1X xapaKTepHbIX ;:vrn H0BhIX P-T y cno­

BHW acCOQJ1aQJ1ÍI MHHepaJIJIOB M0)KHO 

J,fJIJilOCTPHP0BaTb cne,.qylOI:qHM o 6 p a30M 

(TaÔJI. 3). 
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Petrology of metamorphosed ultrabasites from the area of the 
village of Zabärdo (Central Rhodope Mts., Bulgaria) 

K. KOLCHEVA - M. ZHELYASKOVA-PANAYOTOVA - Ž. IVANOV 

Several lenticular bodies of ultrabasites 
h ave been found in the area of the village 
of Zabärdo in the lower levels of the meta­
m orphic profile of the Central-Rhodope 
group. Two of the bodies are larger - one 
of them occurs north west of the Chengene­
Kyoshk Peak (450/500 m), and the other in 
the Balaban locality (1000/600 m). The former 
body consists of harzburgi tes blending int o 
dunites, and the other one has a distinct 
banded structure of duni te-harzburgi te and 
olivine-clinopyroxeni te bands, respectively. 

The rocks are characterized by a low 
degree of serpentinization. They consist of 
h igh-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 j:Jrimary rocks. Afteť 
that all of them were metamorphosed into 
amphiboli te facies, the olistolith suffering 
deserpentin ization. The general course a nd 
sequence of transformation of the ultrabasic 
rocks and the formai ton of the paragenese~ 
characteristic o[ the respective P-T condi­
tions are given in Table 3. 

In thei r geological occurrence, mineral 
composi tion and petrochemical characteris tic 
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 h ave been found to occur besides 
the lenses of metamorphic peridotites, i. e . 
from the lower levels of the ophiolithic sec­
tions. 
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N appe wíth the amphibolite facies metamorphites in the 
Inner Western Carpathians - its position, origin and 
interpreta tion 
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IIOKPOB C MeTaMopcp11qeCKHMH nopo,n;aMH aMqJHÔOJIHTOBOH cpa~HH BHYT­

peHHHX 3ana,n;m,IX KapnaT, ero Il03H~Hll, B03HHKHOBeHHe H HHTepnpe­

Ta-~1111 

COBMe CTHO C Bbl11Ie3a.neraKJJ.qHMI1 aHXHMeTaMopcp1130BaHHh!MJ1 nopo,n;aMH 

).(0611IWHCKOÍ1 r p ym1h1 ,n;ocpe,n;HeKap6oHCKHe MeTaMopcpw1ec1rne n opo,n;M 
aMcpH60.JII1TOBOÍ1 cp~HW M eTaMOpcp113Ma BHyTpeHHl1X 3arra).(Hb!X KaprraT 
rrpe).(CTa'B.JI5!10T a.JIJIOXTOH. 03HaqaeM ero KaK „KJiaTOBCKHÍ1 IlOKpOB" . CaMhl ­

MH pacrrpocTpaHeHHbIMM )l;OCpe,n;HeKap60HCKMMM nopo )l;a>'\Uf ITOKPOBa JIBJIJI­
!OTC51. aMcplí60.JIJ1Tbl, naparHeÍ1ChI 11 B MeHhllIJ1HCTBe ).(a;Ke aHTl1ľOpHTOBhle 
cepneHTMHv!Thl 11 KPMCTaJiv1qecKMe Kap6oHaTbl. IIpe)l;ITOJI.araeMbie ropHble rro ­
po).(bl rrpe,n;CTaBJl51.!0T MeTaMOpcp11qecKH n epeKpHCTaJ11130BaHHh!Í1 rrpOTOJIHT 

OKeaH11qeOKoro )];Ha, B COCTaBe KOToporo B 6 0JJI,IIICM KOJIJ1qe crne llPHHHMa.JI 
yqacTvte v! MaTepHa.n KOpbl KOHTMHeHTa.JihHOľO THna. MeTaMopcp11qeCKaJI 

n epeKpHCTa.JIJ13~I151. HvDKHerrane030HCKJ1X 'IJieHOB KJJaTOBCKOľO llOKPOBa 
npOI130IIIJia B 3 0He TpaHCcpcpMHOľO pa3JIOMa HJIH B llO'IBe 06,n;yKOBaHHOľO 
OcpHOJIHTOBOľO KOMrrJJeKca. 

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

Together with overlying anchi-metam orphites of the Dobšiná group 
(Carboniferous), the pre-Middle Carboniferous metamorphites of a mphi­
bolite facies of the Inner Western Carpathians (the Gemericum) form 
the allochthon - which is designated as the "Klátov nappe". The m ost 
wide-spread pre-Middle Carboniferous members of th e nappe are 
gneisses and amphibolites, to a Jower degree also antigorite serpen­
tinites and crystalline carbonates. They have originated via meta­
morphic recrystallization of the ocean-floor protolith; the mater ial 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 - Lubeník 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. Andrus.ov (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 - Lubeník 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 
relie,f south of the given lineament remain 
still a nagging question work (Kozur -
Mock, 1973, Maheľ, 1975, 1983). 

According to P. Grecula (1973), the 
Early Paleozoic of the Gemericum 
originally divided into two super­
positional groups, the Gelnica and Ra­
k ovec 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-
1;,i~ned .authors (1. c.) placed the Rakovec 

partia! 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. Leško - I. Varga (1980). The problem 
of the structure of the Gemericum has 
not been definitely solved, also at present, 
certain authors (Bajaník - Vozár ová -
Reichwalder, 1981) support the idea view­
ing the Gelnica group on the basis and the 
Rakovec group within its overlying layers. 
Also M. Maheľ (1983) considers the most 
part of P aleozoic rock complexes to be 
autochthonous. 

The Gelnica group (nappe) is r epresen­
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 ank eritized 
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 v ole ani tes and volcanoclastics , 
amongst sedimentary members - sericit e 
chlorite an d sericite - quartz phyllites. 
Also small bodies of b asic 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 
metamor,phism (~m~nický, 1968), or a 
product of Alpine m etamorphic-r ecrystal­
lization processes (Varga, 1973), and/or a 
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product of polymetamorphic Late Caledo­
nian, Bretonian and Alpine processes (Fu­
sán. 1968, in Maheľ - Buday et al., 1968). 

On Early Paleozoic groups (nappes), dis­
cordantly in autochthonous (subauto­
chthonous) position, there app€ar sedi­
ments and basic volcanites of Middle and 
Upper Carboniferous to Eťl-rmian. Meso­
zoic members of the Inner Western Car­
pathians are assigned, at the same time, 
into sever al tectonic uni ts. 

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 (Kamenický, 1968, Kamenický -
Krist , 1969, Kamenický, 1969 in Maheľ, 
1969, Varga, 1973). Generally accepted 
scheme of intensity and type of meta­
morphism of pre-Middle Carboniferous 
rock cornplexes in Gemericum is not sup­
ported by the results o.f L. Rozložnik (1965) 
from the area o.f Dobšiná. This author 
(1. c.) described a complex of amphibolite 
facies metamorphites from the mentioned 
area_ The higher grade of metamorphic 
recrystallization took place in narrow 
t ectonically 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 Dobšiná area were held 
by L. Kamenický -- M. Marková (1957) 
and J. Ilavský (1957). The former authors 
(1. c.) distinguished "hornblende gabbro" in 
the area of Dobšiná. They described it as 
magmatically preferrentially oriented intru­
sion o.f diabase magma, and "amphibole-

biotite diorite'' which they regarded as 
later differentiate of the mentioned basic 
magma which was cooling after the r elease 
of pressures. In the view of J. Ilavský 
(1. c.) the or igin of amphibolites can be 
explained by assimilation of diabase. He 
considered diorite the product of assimi­
lation of CarbGH.-iferous greywackes by 
granite intrusion. 

In recent years, the rocks of higher 
metamorphic recrystallization grade have 
been introduced by J. Popreňák et al. (1973) 
from the a rea of Rudňany. 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 w ere described also from the 
area of Vyšný and Nižný Klátov (Dianiš­
ka - Grecula, 1979) and other areas (Ba­
janík - H ovorka, 1981, Hovorka et al., 
in print). 

Apart from the characteristics of lhe 
main rock ty pes comprised in the meta­
morphite complex of amphibolite facies 
and their geological position, recent years 
have brought some ,attempts to interpret 
mainly the t emperature conditions of the 
origin of the mentioned rocks via the 
study of coexisting metamorphic minerals 
(Hovorka - Spišiak, 1981, Bajaník - Ho­
vorka, 1981, Hovorka et al., in print, Spi­
šiak - 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, Bajaník et 
al. , 1981, Kantor, 1981) point to the Varis­
can metamorphic recrystallization t o 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 (dif.ferences in 
determining the age of gneisses and amphi-
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bolites), y et, 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 o,f 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 (An1s- 3o) -
biotite ± garnet ± amphibole ± musco­
vite, is often hydrothermally destructed. 
On the basis of geochemical criteria (Ho­
vorka - Spišiak, 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 quar:tz-rich types of paragneisses. 
Rocks of this group have mostly porphy­
ro blastic structures with porphyroblasts of 
plagioclase and garnet, banded textures 
are frequent. High portion of plagioclase 
porphyroblasts (and at the same tíme, 
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 af gneisses, to a lower degree 
also in amphibolites, there can be seen 
zanes of intensive Na-metasomatosis 
(albitization), which is older than the si­
derite-s ul phide mineraliza tion wide-spread 
in the discussed areas. Local presence of 
nests and irregular positions of mineral 

associations af 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 r ock type and in the directions 
towards the basis of the complex they are 
becoming dominant. Specifically, it is the 
rocks of the associatíon: 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 miner al asso­
ciations are mainly due to lithological and 
chemical differentiation of educt. Pyroxe­
ne garnet , epidote and epidote-zoisite 
amphibolites were identified. The latier 
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 Dobšiná. 
Centric structures are characteristic for 
garnet amphibolites. By increase of quart z 
content, amphibolites gradually pass into 
amphibole gneisses. According to presently 
used geochemical discrimination criteria, 
original v olcanics were similar t o ocean­
floor tholeiites by their composition (Ho­
vorka - Spišiak, in print). 

The study of chemical composition of 
main mineral phases of amphibolites and 
paragneisses (amphibole - garnet - b io­
tite - plagioclase) with the aid of electron 
microprobe (Hovorka - Spišiak, 1981, 
Spišiak - Hovorka, in print) as well as 
calculated distribution coefficients of F e, 
Mg and Ca in mineral pairs (1. c.) in 
amphibolites and paragneisses allow t o 
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, 
t ogether with char acteristic vertical and 
lateral alternation of t he mentioned and 
other rock types, in this way document 
t he t emperature conditions under which 
the w hole discussed complex has origina­
t ed. 

Ultramafites appearing in th e form of 
small t o fine bodies (hundreds of meters 
to cm dimensions) in the gneiss - amphi­
bolite complex are its characteristic rock 
member . They have the character of 
antigorite ser pentinites (Dobšiná -Tešnár­
ky, Rudňany, Klátov, 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 wi,th the Ra­
kovec group . In the first case they were 
a part of t he complex before its meta­
morphic recrystallization and were meta­
morphosed together with the complex (the 
fo rmation 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 t ec­
tonometamorphic .and hydrothermal altera­
tion. In the tectonic transport of th e 
metamarphic complex of am phiboltte facies 
were tectonized u ltramafic bodies incor­
porated into t ectonic discontinuities not 

Chemical composition of the K látov nappe m ain r ock types 

Table 1 

1 2 3 4 5 6 

SiO2 47,96 46,22 49,42 67,20 60,85 39,34 
TiO2 ,1,14 2,31 1,83 0,63 1,05 0,17 
Al2O3 16,19 12,51 13,66 14,26 13,24 1,81 
F e2O3 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 
Na2O 2,28 3,40 2,51 2,72 2,68 0,10 
K20 0,35 0,44 1,07 2,45 1,84 0,10 
P 2O5 0,15 ú,19 0,19 0,10 0,49 0,10 
H2O- 0,34 0,34 0,32 0,14 0,22 6,61 
H 2O + 2,86 1,65 3,87 2,75 2,54 11,02 
S uma ,99,72 100,03 99 ,64 100,04 99,26 100,05 
v 174 220 336 IJ.28 - 89 
Cr 331 205 83 48 - 1610 
Co 15 76 8 12 - 89 
Ni 69 ,1 27 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 - Rudňany, drill Ry-IV-Z/ 393,5 m: augen anmphibolite , 2 - Košická Belá, drill 
SG R-V-9/ 9,4 m: epidote amphibolite (Dianiška - Grecula, 1979), 3 - Rudňany, 
drill Ry-Z-58/21 ,0 m: banded garnet amphibolite, 4 - Rudňany, d rill R y-Z-58/40 ,3 m :· 
p lagioclase paragneiss, 5 - Dobšiná, biotite-plagioclase p aragneiss (Rozložník, 1965), 
6 - Dobšiná - Tešnárky : antigorite serpentinite (Hovorka - Ivan, 1981, FD-103) 
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only in the complex itself, but also in the 
overlying rocks of the Dobšiná group 
(Dobšiná, Mlynky, Mišíkova skala, Gretla, 
Rudňany, Košické Hámre). On favourable 
t ectonic struotures, 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 "Dobšiná 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 Dobšiná (P. Rozlozsnik, 1935, L. Roz­
ložník, 1965), Rudňany (Kusák - Hurný, 
1981), Klatov (Dianiška - 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 Dobšiná 
described by P. Rozlozsnik (1935). Layer s 
of tremolite schists, and/or rocks with 
fibre-like terminating amphibole, disco­
ver ed by L. Rozložník (1965) , most 
probably represent (uralitized) derivatives 
of pyroxene rocks. The group of rarely 
occurring rocks comprises also garnet-py­
roxene rocks described by L. Rozložník 
(1. c.) within the area of Dobšiná. They 
have also been discovered recently at 
Langenberg near Dobšiná (Hovorka - Spi­
šiak, 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 m entioned 
rock types are in tensi vely tectonically, bu t 
m ainly hydrothermally-metasomatically al­
tered namely in ore fields at Rudňany and 
Dobšiná. F or that reason, it is difficult to 
identify their originally metamorphic ch a­
racter in places. 

Geological position 

Amphibolite facies metamorphites oc­
currences in the Inner Western Carpathians 
are concen trated exclusively in the north­
Gemeride zone. This is the design ation 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 n ow, the following areas of oc­
currence of amphibolite facies meta­
morphites are knon from the north -
Gemericum zone (Fig. 1): Rejdov á -Táf­
liová, Dobšiná, Mlynky, Rudňany, Slovin­
ky, Kojšov, Klátov. In the mentioned areas, 
the rocks at the same tíme assigned among 
metamorph:iJtes of amphibolite facies, w ere 
identically regarded as the part of Early 
P aleozoic Rakovec gr oup. 

The m ain 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 fir st hundreds of meters. Their 
underlying layer is u sually the Rakovec 
group in th e development of chlor ite-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 m entioned 
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Fig. 1. Geological map of the northern part of the Inner Western Carpathians 
(compiled on the base of Bajaník's, Grecula's, Maheľs, Snopko's and others geo­
logical maps). 1 - Pre-Carboniferous units of the Central Western Carpathians, 
2 - Gelnica Group, 3 - Rakovec Group, 4 - Klátov Group, 5 - Dobšiná Group 
(except of the Ochtiná Beds), 6 - Ochtiná Beds, 7 - črmel Group, 8 
Krompachy Group, 9 - Lower Triassic of schistose development, 10 
North Gemeric Mesozoic in carbonate rock development, 11. - Mesozoic envelope 
of the Centra! Western Carpathians, core mountains 
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occurrences, formed by coarse-grained 
anchimetamorphosed metaclastics of the 
Dobšiná group (Carboniferous). Most of 
th e pebble material of polymict conglo­
merates to breccias aťe formed by rocks 
of the direct underlying layers (gneisses, 
amphibolites; Rozložník, 1965, Vozárová, 
1973). The presence of sandstones and 
greywackes can also be seldom noticed in 
t he overlying layers of the complex under 
consideration. On the basis of above­
m entioned facts, the position of the rocks 
within Dobšiná g roup in the overlying 
metamorphites of amphibolite facies, can 
by designated paraautochthonous. 

The present morphological form and 
areal distribution of amphibolite facies 
metamorphites r epresents the final result 
of several Hercynian and Alpine folding 
ph ases 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 r ock complexes 
involved. In comparison with greenschist 
facies rocks of the Rakovec group, gneisess 
and amphibolites behave as a rigid body. 

According to L. Rozložník (1965), this 

has found reflection m the geological 
structure of the Dobšiná area. Occurrences 
of discussed m etamorphites ar e concentra­
ted in narr ow zones of reverse fault type 
of NE-SW direction (Fig. 2), appearing in 
the middle of t he Rakovec group r ocks. 
The zones express the imbricate st ructure 
of the area which has formed a s a r esult 
of compensation of Alpine N-S compres­
sional mot ions (1. c. ). L. Rozložník (1. c.) 
considers t he relief reverse fault of the 
discussed complex through the r ocks of 
the Rakovec group in the area N of Dob­
šiná, t o be a special case. The r everse 
fault plain , with r espect to the morpho­
logy occupies relatively flat posit ion , only 
slighHy dipping to the S, and in that way, 
amphibolite facies m etamorphites, together 
with over lying Dobšiná group, ar e expo­
sed on the ar ea r eaching sever al k m 2• 

Their position in regional t ectonic depres­
sion saved them from erosion (Rozložník, 
1965) . The whole r,ock complex under con­
sideration is strongly tectonically limited. 
The E and W ter minals ar e provided by 
faults of the shift character, the S and N 
terminals are r epresented by outcr ops of 
overthrust plane - the Georgi and Kor-

Gug, 

Fig. 2. Schematic geological cross section northward of Dobšiná. 1 - 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 
Dobšiná Group), 5 - metaultramafites associated with amphibolite facies (Klatbv 
Group) metamorphites, 6 - metaultramafites tectonically protruded into overlying 
rock sequences 
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nélia lineaments (Rozložník, 1965, Hovor­
ka - Ivan, 1981). Both lineamenrts 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 (Rozložník, 1965). Spatial 
and genetic relation of gneiss amphibolite 
complex with overlying Dobšiná 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 
(Bajaník - Hovorka, 1981). Geological si­
tuation is analogical w1th that in the area 
N of Dobšiná. With respect to the presence 
of the rocks of the Dobšiná 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 Rudňany ore-field, 
t he 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 Dobšiná has been 
verified there. The complex of amphibolite 
metamorphites facies forms tabular body. 
Its thickness probably increases towards 
the N. The contact wit h 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
mera tes, more rarely sandstones. Within 
conglomerates the clastic material of direct 
underlying layers is dominant. On the 

contrary to t he conglomerates from Dob­
šiná, they exhibit higher thicknesses with 
tendency of fine-grained clastic m aterial 
towards the overlying layers. 

Due to b ad exposure and small areal 
extent, metamorphites of amphibolite 
facies in Slovinky and Kojšov have been 
discovered only recently (Bajaník - Ho­
vorka, 1981). They appear close t o, or 
directly on the overthrust plane of 
younger Mesozoic carbonate sedimen ts 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 a rea of Vyšný and Nižný Klá­
t ov (Fig. 3). Its length exceeds 10 km and 
false thickness on the surface reaches 
2 km. In comparison with occurrences in 
the western par,t of the N orth-Gemericum 
zone it appears as in the reverse position. 
The overlying layers form sericite-chlorite 
phyllites of t he 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 th e Dobšiná group: graphite-sericite 
phyllites and dark schists with carbonates 
(Dianiška - Grecula, 1979). 

Discussion and lnterpretation 

The presence of rocks of higher meta­
morphic recrystallization grade within the 
fr.ame of structurally-tectonic unit charac-
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terized by generally only a low grade of 
metamorphic recrystallization (greenschist ) 
r epresents a phenomenon which is difficult 
to interpret. Conceptions proposed until 
now can fall into 4 groups: 

1) The origin of amphibolite facies 
m etamorphites 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 (Rozložník, 1965). 
The age of metamorphism: Hercynian. 

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

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

sw 
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during the intrusions Late Variscan (Per­
mian) granites of the Gemericum which 
was active in the r ock 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 w edge from the n eighbouring 
structurally-tectonic unit of the Veporicum 
(conceptions of some authors - not pub­
lished yet) . 

In comp arison 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 considerat ion when 
interpreting the genesis, follow like this: 

a) certain affinHy of metamorphic 

o 2k m 

Fig. 3. Geological cross section of the amphibolite facies metamorphites (Klá tov 
area; Dianiška - Grecula, 1979 - adopted). 1 - graphite - sericite schists (tec­
tonites?), 2 - chlorite - sericite schists of the Rakovec group, :i - met..J;ia:sa .Yiic o 
the Gelnica group, 4 - amphibolite facies metamorphites, 5 - Gelnica group 
(metasediments and acid metavolcanics), 6 - Krompachy group (variagated 
sandstones and shales - Permian) , 7 - dark shales w ith carbonate in tercalations 
(Carboniferous), 8 - conglomerates (Permian), 9 - m etaultrabasites, 10 - fau lts ; 
a - detected, b - supposed 
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alteration to linear tectonic elements 
(noticed by Rozložník, 1965), which is 
expressed by morphological delimitation 
of met amorphosed complex; 

b) discovered features of zoning of the 
intensity of metamorphic recrystlallization 
within the frame of the given rock com­
plex~rom the rocks of ty pical amphibolite 
facies to the rocks of lower metamorphic 
r ecrystallization grade, locally even t o 
m etamorphites of higher-temperature 
a reas o[ greenschist facies. Although the 
areal occurrence of metamorphites of the 
given gr ades is to certain extent t ecto­
nically separ ated 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; 

c) "quasi-statical" character of meta­
mor phic alteration. In comparison with 
Variscan m etamorphites of equivalent 
grade in the Tatricum and Veporicum, the 
r ocks under consideration are characteristic 
by only slight role o.f dynamic phenomena 
d uring metamorphic recrystallization of 
th e complex. 

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

e) On the contrary to the conceptions pre­
sented by I. Dianiška - P. Grecula (1979), 
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M hological and geochemical char<acter of 
protolith (Fig. 4) does not represent (in the 
same way as t he Rakovec group) a t ypical 
ophiolite sequence. It rather corresponds 
t o the material of oceanic crust effect ed by 
clastic materials of close block with the 
continental cr ust. In the case of t he Ra­
k ovec gr oup, it can not be assigned to 
typical ophiolite suite : volcanod astic ar e 
dominating over effusions of b asalts, 
w hich are of island-are tholeites t rend. 

Analysis of the mentioned problems 
leads to the conclusion that the origin of 
,amphibolite facies m etamorphites could be 
r egarded as a r esult of the effect of ele­
v ated heat flow upon the rocks, using 
w ell-defined linear element having rela­
t ion to oceanic crust to penetrate the rec­
r ystalling complex. 

Present views on geodynamical condi­
t ions of metamorphism of oceanic (sub­
oceanic respectively) crust ofäer in this 
case the two following models as b eing 
t he most probable: 1) metamorphism con­
ditioned by obduction of ophiolite plate, 
and 2) m et amorphism in the zone of 
t ransform fault . At metamorphism through 
obducting oph iolite plate, due to its re­
sidual heat and that originated from fric­
t 'on, there originates t abular body of 
metamorphites below the shift plane. In 
t his body, the intensity of m etamorphism 

si 

Fig. 4. Proj ections of the amphi­
bolite facies metamorphite of the 
K látov nappe (o) an d greenschist 
facies metamorphites of the Ra ­
k ovec Group <+). Analytical 
da ta in Hovorka - Spišiak (in 
P,IJ)}i;).,; Simcfnen 's- diagram (1953) 
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decrease on a small distance from granulite 
facies t o greenschist facies (Karamata, 
1968, Ghent- Stout, 1981, Spray - Rod­
dick, 1980) . During tectonic movements 
t he blocks can he separated according t o 
individual facies. In t he case af 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 m ore 
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 met a­
morphism usual]y attains only middle 
grade, while decreasing outwards of the 
fault (Spray - Roddick, 1981). 

The rocks with pyroxenes, discovered 
a lso in these conditions, were interpreted 
as products of Ca-metasomatosis by the 
authors mentioned above (1. c.). Analogical 
possibility can not be excluded also in the 
case of Gemericum metasomatites . Meta­
morphites originating in the zone of 
t r ansform faults also exhibit areal relation 
t o ultrabasites penetrating as protrusions 
along fa ult planes. The discussed meta­
morphites got into the structure of con­
t inental crust by successive processes of 
obduction type. 

The age of higher-grade metamorphism 
in the Gemericum is definitely Hercynian 
(pre-Middle Carb oniferons). It is supported 
also by K-Ar ages of metamorphites and 
t he presence of detrites of amphiboli tes 
an d gneisses in Middle Carboniferons 
clastics of the Dobšiná group. The presence 
of ultrabasic material in conglomerat es 
confir m their genetic relation (Hovorka -
Ivan, 1983). 

As mentioned above, the protolith of 
amphibolite facies metamorphi tes wer e 
rocks probably forming in the upper parts 
of oceanic crust under the effects of clasto­
geneous material from the block w ith 
continental-type crust. In the case that th e 
metamorphites under consideration ori­
ginated via obduction mechanism, their 
material has already been in allochthonous 
positions probably in accretion prism of 
ocean are. In the case that met amorphites 
originated in the zone of t ransform fault, 
they have been successively obducted also 
on the ocean are (?). 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. 

T ranslations by H. Budajová 
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IloKpoB c MeTaMopcpHqecKHMH rropoAaMH aMcpnooJIHTOBO:ií cpaqirn 
BO BHyTpeHHLIX 3anaAHLIX KaprraTaX - ero Il03HqIDI, B03HHKHOBCHHe 

H HHTeprrpeTaqJUI 

.[{YIDAH ľOBOPKA - TI ETEP MBAH - 5IH CITMID5IK 

,!l;Jill BHyTpeHHHX 3 ana).\HbIX K apnaT (1m1rnee 

MapreI(HaHCKO-JilO0eHHI(K0ľ0 JIHHHeaMeHTa) ):10-

M e303011CKHe K0MIIJieKCbI rrp e,1CTaBJieHbI MeTa-

3cpcpy3HBaMH Jť MeTaocai:1oqHbIMt1 rropoi:1aMt1. 

CT erreHb HX MeTaMopcpH3Ma 0TBeqaeT (paI(JťH 
3eJieHblX CJiaHI(eB oappoBHa.HCKOľO THrra. B T e­

'-!eHHe lI0CJie/:(HJťX JieT B 3TOJ'i: 30He 0b!Jit,( O0Ha ­

py)KeHbl rrop0J:(bl 3HaqnTeJibH0 00Jiee BblC0KJťX 
cryrreHeJ'i: (P03JJO)KHHK, 1965, ľ0B0pKa H J:lp ., 

1978; ,!l;¾amnnKa-ľpeI(yna, 1978, ľoaopKa­
C rrwrnaK, 1980). BlIJI0Tb /:(O aM(pH0OJIHTOBOJ'i: cjJ a ­

I(l111. 3TJť MeTaMopcpttqecKl-le K0MIIJJeKCbl, co­

BMeCTH0 C BbillieJJe)KalI(HMvi CJJaoo M eTaMopcp11-

30BaHHblMl1 0 Ca):IK aMl-1 /:(0 0llil-lHCKOJ'i: rpynrrbl 

(K a p oOH) o(ípa3ylOT aJIJI0XT0H. M b! Ha3bIBaeM 

ero „KJJaT0BCKl-111 lI0KP0 B" . CaMb!Ml-1 pacrrpoc-

TpaHeHHb!M l-1 lI0P0J:laMl-1 i:1acpei:1HeKa poOH0BblX 

MeTaMOpq:Jl-lTOB aM(pl100Jil1TOBOJ'i: cpaI(l-111 .51BJ!ll­

l0TOI rHe J'i:cbl J1 aM(pl100Jil1TbI, B M e HbUieJ'i: CTe­

rreHJ:1 aHTHr0pl-lT0Bble ceprreHTHHl1Tbl J1 Kpl1C­

TaJJJil1l.{eCK11e MpaM0Pbl. 3nt Tl-llibl rr op0J:( B03-

Hl1KJll1 rrp11 MeTaMopcp11qecKoJ'i: rrepeKp11CTaJJJIH-

3 a111111 KaK rrpoT0Jil1Ta 0KeaH11qecK0ľ0 /:(Ha, TaK 

v1 MaTep11aJia K0HTl1HCHTaJibH0!1 K 0pb!. B 3 0 H e 

TpaHC(pOpMHOľO pa3JJ0Ma HJ!Jť B lI0/:(CTHJialO ­

II(l-lX K0MrrJieKcax O0J:IYKT11poBaHHblX 0 qJHOJil-1-
TOB rrpo113ornJia MeTaMopcp11qeCJ<al! rrepeK p 11c­

TaJJJil13aI(l1ll rropo,1 Bepol!TH ee Bcer o Hl1)KHe ­

rraneo30J'i:CKoro B03pacra. KJiaT0BCKHJ'i: rr oKp0B 

B I(eJJ0M He HMeeT rrpl13HaK0B, xapaKTepHb!X 
/:(/:(l! Tl1lI11'-!Hb!X O(pl-lOJIHTOB. 
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T eMnepaTypHbie ycJJOBHH H YCJJOBHH l(aBJJemrn n pH B03HHKHOBeHHH llHpo­

llOBbIX nepHl(OTHTOB H HX BMe111a10111HX n opOl( B M OJJl(aHyÔHKY B p aií:oHe 
More;ma 

l1Hl(eKCOBble Ml1HepaJibl m1porrOBhlX YJihTpaoa3HTOB J1 BMe111a10111er o r p a­
HYJII1Ta 113yqaJJJ1Ch rrpH J1CUOJlb30BaHHH MHKPOCOH,!lbl. Ha OCHOBaHJ1J1 ITOJIY­
qeHHhlX ,!laHHhlX J1 rrpH 11C.IIOJih30BaHHJ1 Pa3JIHqHb!X reoTepMH<Ie CKHX OTH O­
meHl111 H ,!laBJiemrn pa3HblX aBTopoB Ob!Jil1 Bb!qJ1CJieHbl COOTBeTCTBY!OII~He 

TeMrrepaTypHb!e YCJIOBHH J1 YCJIOBJ1H ,!laB'JieHHH B03Hl1KHOBeHJ1H 3Tl1X llOPO,!l. 
MHHepaJiorqec.KHe acco11Ha111111 rpaHaTOBh!X rrepH,!lOTJ1TOB COOTBeTCTBYlOT 

y CJIOBl151M J1X 3KBHJJHopaI.j11J1 rrpH TeMrrepaType 1123- 1060 °C rrpH ,!laBJie­
HHH rrpMoJIJ13HTeJihHO 18 KHJIOoap. IlHpOK CeHbl BCTpeqalQTC51 J1 B .!lPYľHX 
YJihTpaOCHOBHb!X IIOPO,!lax rrpHlliJIJ1 B CO CT OHHHe p aBHOBeCHJ[ rrpH Te 11m e­
paTypHblX ycJIOB51X HJ1)Ke 200 °C. CJIO)KHOJ1 51BJI51eTCH J1HTeprrpeTau;I1H llOJIY­
qeHHblX l(aHHhlX COOTBeTCTBY!OIIIHX MHHepairorHqecKJ1X rrap )l;JIH rrop o)l;, K O­
TOpLie B03HJ1KJIM OHMeTaCOMaTHqeCKHM rrpo11ecoM Me)K,ll;y rrepI1,!lOTJ1TOM 
11 r paHyJIHTOM. Ha BhlopaHHOM pa3pe3e paňoHa MoreJIHa OblJI.H J13yqeHhl 
Te IIOPO,!lbl, KOTOpbre CO):lep)KaT aMq:JHOOJI, OHOTl1T, rpaHaT J1 M eCTaMJ1 KJIH­
HOlll1POKGeH. Pa3):leJihHble BeJIJ1qHHbl 3 KBHJIH5pau;HI1 B03MQ)KH 0 lIOJiy qHTh 
p a3JJJ1qHb!MH MeTO):(aMH. Harrp11Mep no ITepqyKy (1970) YCJIOBHH p aBHOBe­
CHH Obl B03HHKJll1 rrpH TeMrrepaTypax rrpH OJIH3I1TeJibHO 600° )l;= e 6 50 °C , 
no MeTO):IY raHryJIHľO (1979) TeM rrepaTypa ue BeJIJ1<!HHbl 3HaqJ1TeJihHO B1!­
rne. 

The PT-conditions of equilibrium for some pyrope peridotites and country 
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 Mo!,elno 
locality in the eastern M oldanubian area. The mineral association of 
garnet peridotite originated a t a temperature of 1123-1060 °C a nd 
a pressure of a bou t 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 biotite 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 
eclogíte 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 
b y granulite and granulite gneiss. Similar 
r elations have been described in the Cen­
tral Massi:f 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 t o 
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 Gfohl gneiss (1813 Ma) 
and its Hercynian age 341 ± 4 Ma of its 
monazite or the surpr'ísing lower age of 
t he 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 
Mísai', in press) and petrological (this 
article) studies of peridotiie bodies and 
t heir surroundings. 

A unique possibility in this respect is 
offered by a very well exposed section 
along the Jihlava river near Mohelno. 
Ther e 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. Mísai' (1980) and shown 
to participants of the working group 
"Ophiolites". N. L. Dobretsov collected the 
main varieties of rocks from this section 
and, toget her with E. V. Popov, carried 
out the microprobe analyses in th e labo­
ratory of the Geological Institute of the 
Academy of Sciences in Novosibirsk. 

Geology 

The Mohelno peridotite body, iogether 
wiht garnet amphibolite, granulite and 
gr.anulite 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 
ultramylon ite. The Mohelno peridotite 
body and surrounding granulite represent 
a local synform with steeply dipping meta­
morphic foliation along the w estern 
margin b ut with nearly horizontal planes 
in the east. In the internal struc­
ture of t he Mohelno peridotite body , 
the banded and laminated textures (al­
ternating bands of harzburgite differing 
in the amount of pyroxene and olivine, 
and duníte bands) do not correspond to 
the predominant structures of the country 
rocks. New structural investigations 
(Bowes-Hopgood and Mísai', in press) have 
indicated t hat 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 
w ith stretched pyropes in peridotite were 
developed. 

The contact between the peridotite and 
the granulite, studied at this first step only 
a long the road cut by Mohelno, is marked 
by a complex rock association of high tem­
pera:ture metamorphic-bimetasomatic ori­
gin. Same of the contact rocks, e. g. biotite 
schist, hornblende-biotite schist, biotite­
hornblende-garnet schist were studied and 
their PT conditions of equilibration w ere 
calculated from the microprobe da ta. Ho­
wever, amphibolites, garnet amphibolites, 

spotted amphibolites, and many rock va­
rieties of diorite, granite and gabbro com­
position have been found at other parts 
of the contact (Fig. 1). All bimetasomatic 

f-17:,i 1-J_,_j_ - : 

reaction rocks forming the contact and 
its petrological and geochemical character 
are now being studied by Dudek, Mísaf 
and J elínek. 

Microprobe mineral analyses and conditions 
for the origin of rocks 

The index minerals from pyrope perido­
tite of the Mohelno body and m inerals 
irom some country rocks, as w ell as the 
minerals of some bimetasomatic reaction 
rocks from the contact zone w ere ana­
lysed by the microprobe m ethod. All se­
condary minerals and low temperature 
minerals wer e omitted. 

Minerals of pyrope lherzolite 
and harzburgite 

The main mineral components o.f t h e 
Ivfohelno peridotite (Table 1-1) are pyrope, 

A'+-).ľJ..WU-1-..L-l-.UH..L_,_-'._.- ➔+-Hi°r rt-- ---+t-- / Y v 

~ - -➔ µ_~ ~ :tis hH 11 

c:]Lhá'n,ce 

1 

~ Dukovany 

o 0.,5 1km 

Fig. 1. Geological scheme of the Mohelno area. Original map of Dudek , Mísaŕ, 

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 peridot ite s 

T ab. 1 

Components Gar Cpx Opx I Gar Opx I Gar 

'------ -------

Cpx Cpx Gar Opx 
Padér a (1980) 

Mohelno 
(1) 

] (Fiala ~~:~éra 1977) 1 

(2) 

Horní Bory 
(3 ) 

Moh eln o 
(4) 

Si02 39,3 51,8 54,2 40,89 53,18 56, 14 41,23 52,72 42,21 54,72 
Ti02 0,33 0,69 0,19 0,49 0,46 0,16 - - 0,01 0,00 
Al20 3 22,0 7,11 5,07 21,1 4 3,74 1,45 23,29 6,00 22,59 3,84 
Cr20 ., 1,33 - - 1,66 0,8 1 0,09 - - 0,15 0,33 
FeO 8,13 2,69 7,02 10,22 2,90 7,03 12,94 5,53 14,20 10,25 
M no 0,25 0,09 0,12 0,31 0,11 0,15 0,41 - 0,23 0,11 
MgO 20,30 13,9 31,7 20,54 17,10 30,98 15,56 14,28 15,62 29,7 
CaO 5,07 19,9 0,86 4,45 19,31 1,30 5,98 19,62 4,18 0,13 
Na20 - 2,18 0,12 - 2,42 - - 1,40 0,00 0,03 
K 20 - 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 2,940 1,920 1,940 3,009 1,925 
Ti 0,018 0,019 0,005 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 
M n 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 4,04 2 3,978 7,988 3,995 

F e + Mn 19,1 10,2 11,2 21,8 8,66 10,2 32,5 17,9 
F e + 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, G reen, 1979; 

clinopyroxene and orthopyroxene. The 
result of microprobe analyses of garnet-cli­
pyroxeniJte (3) from the qUJarry near Bory, 
of "garnet orthopyroxenite" (from a larger 
inclusion (4) in the Mohelno peridotite -
Padera, 1980, in Mísai' ed 1980) as well as 
the pyrope peridoUte (2) from the Staré 
bore hole (Fiala and Piadera, 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. Padera (1977). The equilibr at ion of 
two-pyroxene association indicat ed by 
Perchuk's (1977) thermometer cor r esponds 
to a t emperatur e close to 1100 °C. Boyďs 
thermometer (Davis and Boyd, 1966) indi­
cates a tem perature 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
t ions of equilibration of the garnet - cli­
nopyroxene pair at a temperature 1150 °C 
and at a pressure of 18 kbar (Fig. 2). These 

2, 

0,1 L....,c....__~-~--------
0,001 0,003 0,1 0.5 1,0 Fe/Mg cpx 

F ig. 2. Distribution of Fe and Mg between 
coexisting garnet an d clinopyroxene in Mol­
d anubian eclogites a n d pyrope peridotites 
(Dudek and Fediuková, 1974). 1 - eclogites 
inside of peridotite bodies surrounded by 
granulite, 2 - eclogites of "deep fault zones", 
3 - pyrope-almandin eclogi tes 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
r idotite od Moheln o and S taré and to garnet 
clinopyroxeni te of Bory (tab . 1) points 4 and 
5 to the rocks of the t ab. 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 peridoti-te from 
inclusions in granulite of Bory (Mísaf -
J elínek - Jakeš , 1984) and slightly higher 
than the data of J . Fiala and K. Padera 
(1 977). For t he 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
r at ure 990 °C-1170 °C and pressure of 

23 kbar. Many garnet pyroxenites from 
the locality Bory were studied by Z. Mí­
saf - E. J elínek and P. Jakeš (1984). Thcy 
show the temperature of the origin to be 
320 °C (aver age) 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 Sane 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
s0matic rocks (5) garnet, hornblende and 
rare clinopyroxene were analysed (11able 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 ol the m ineral 
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 t o Ellis 
and Green's thermometer the temperature 
is 775 °C. 

The interp retation of the given PT-con­
di tions of equilibration for the bimetaso­
matic rocks at the contact between the 
peridotite a nd granulite is not unam­
biguous as dif.ferent 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, clinopyr oxen, hornblende, biotite and 
sometimes orthopyroxene (not analysed). 
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Microprobe analysis of minerals from count ry gneisses of the Mohelno peridoti t es 

T ab. 2 

1 

Banded granulite gneiss 
Contact bimetasoma tic zone 

(5) (6) m ela ncratic band 
' 

- - -- - ----- --------

1 

1 

Components 
1 

Gar-2 Gar-1 Cpx Hb-1 Hb-2 Gar I Gar II Cpx H b Bi 

SiO2 38.7 
1 

38.8 
1 

51.8 47.2 44.5 39.2 
1 

38.9 
1 

51.6 45.2 .35.8 
TiO2 0.55 0.46 0.42 0.92 1.64 0.22 0.40 0.46 1.84 3.19 
Al2O3 20.7 21. 2 2.84 5.65 10.02 21.1 21.4 3.21 9.43 14.9 
FeO 26.2 24.6 9.73 11.5 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 7.91 13.3 12.9 13.2 7.57 8.96 13.1 13.0 12.6 
CaO 6.70 6.49 20.8 17.2 11.4 5.42 6.21 21.5 11 .5 0.29 
Na2O - - 0.75 0.88 1.83 - - O.SO 1.72 0.12 
KaO - - 0.11 0.17 0.50 - - 0.01 0.69 9.08 
T ota l 100.40 99.90 99.85 97.21 97.05 100 .53 100.16 99.68 97.16 94.98 

S i 3.000 2.997 1.937 7.092 6.602 3.023 2.987 1.931 6.701 2.742 
T i 0.032 0.027 0.012 0.103 0.184 0.013 0.023 0.013 0.205 0.184 
Al UHHJ 1.925 0.125 o.9aµ 1.755 1.913 1.934 0.142 1.648 1.347 
Fe 1.707 1.589 0.304 1.426 1.733 1.708 1.599 0.277 1.704 1.212 
M n 0.037 0.029 0.003 0.011 0.008 0.034 0.026 0.005 0.01 0 0.006 
Mg 0.808 0.910 0.743 2.837 2.924 0.869 1.024 0.729 2.868 1.433 
Ca 0.556 0.5 37 0.835 2.722 1.807 0.447 0.429 0.860 1.821 0.024r 
Na - - 0.055 0.253 0.528 - - 0.058 0.496 0.017 
K - - 0.005 0.031 0.095 - - 0.001 0.130 0.888 

T otal 8.025 8.014 4.018 15.443 15.642 8.007 8.023 4.015 15.583 7.853 

(F e + Mn) . 100 
Fe + Mn+ Mg 68.3 64.0 29.2 33.6 

1 

1 

37.3 66.7 61.3 27.9 37.4 45.9 

1 

T °C * 600 650 650 800 700 
T °C* * 369-916 356-858 

* Perchuk (1970), assemblage Gar-Bi, Gar-Hb, Gar -Cpx); ** Ganguly (1979) 

Clinopyroxern:-garnet association corres­
ponds to 856-858 °C according to Gan­
guly's method and t o 742 °C a ccording to 
the Ellis and Green thermometer. For the 
clinopyroxene h ornblende, clinopyroxene­
garnet and hornblende-biotite pairs the 
calculated t emperature is 700-800 °C 
(Perchuk, 1970). The minerals of the leu­
cocratic bands of the same r ock and of 
the granulite with cyaniite (8) míght hlave 
equilibrated under lower conditions 
(600-650 °C accordin g t o the Perchuk 
thermometer). 

Conclusions 

The deepest PT-conditions for the origin 
are fixed in the garnet-clínopyroxen-ortho­
pyroxen mineral assemblage of the Mo­
helno peridotite. They correspond t o t he 
P t-conditions in the upper m antle. The 
country banded g ranulite 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-biotíte pair of biotite gneisses indicates 

725 
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Biotite Leptinite 
leucocratic gneiss (granulite) 

band (7) with kyanite) 

-

Gar Bi 
1 

Gar Bi 
1 

Gar Bi 

38.1 36.7 37.2 32.9 37.4 33.8 
0.21 0.90 0.003 2.70 0.13 2.49 

20.7 15.1 20 .1 14.0 20.7 19.6 
29.7 15.6 33.2 29.2 35.8 21.5 

0.79 0.01 1.88 0.18 1.16 0.04 
5.54 15.0 1.61 8.25 3.68 7.46 
5.07 0.49 5.94 0.17 1.13 0.16 
- 0.04 - 0.09 - 0.09 
- 6.75 - 7.91 - 8.82 

100.11 90.79 99.93 95.40 100.00 93.96 

3.003 2.850 3.016 2.646 3.007 2.656 
0.012 0.053 O.OOO 0.163 0.008 0.147 
1.922 1.379 1.918 1.325 1.959 1.809 
1.956 1.015 2.250 1.965 2.413 1.408 
0.053 0.001 0.129 0.012 0.079 0.00 3 
0.650 1.733 0.194t 0.989 0.441 0.873 
0.427 0.041 0.517 0.015 0.098 0.013 
- 0.005 - 0.015 - 0.013 
- 0.669 - 0.811 - 0.887 

8.024 7.745 8.025 7.941 8.005 7.709 

75.5 37.0 96 .2 66.6 85.0 61.8 

600 400 ( ?) 650 

on ly a temperature of 600- 650 °C. Similar 
data are valid for granulite with cyanite 
occurring inside the granulite formation 
near the contact with the Mohelno ultra­
b asic body. 

The PT-condit ions for equilibration of 
b imetasomatic rocks at the contact between 
t he peridotite and granulite might be 
r eflected in a higher t emperature (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 
peridoti'te and also other focalities is a spe­
cial problem. The PT-conditions of the 
origin of these rocks are about 200 °C an d 
by 23 kbar lower than the PT-conditions 
of equilibration in the upper mantle 
garnet peridotite (Mísaf - Jelínek and 
Jakeš, 1984). Therefore these pyroxenites 
may be formed in the uppermost part of 
the upper m antle or in the lower level 
of the continental crust. 
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Tlakové a teplotní podmínky vzniku pyropových peridotitu 
a jejich okolních hornín v moldanubiku v okolí Mohelna 

N . L . DOBRETSOV - Z. MŕSAR - E. V. POP OV 

Indexní minerály pyropových ultrabazik a 
okolních granulitu byly studovány na mikro­
sondé. Podle získaných dat a použití ruzných 
geotermických a tlakových vztahu ruzných 
a utoru byly vypočteny príslušné teplotní 
a tlakové podmínky vzniku techto hornín. 
Minerální asociace granátických peridotitu 
odpovídá podmínkám jejich ekvilibrace za 
teploty 1123- 1060 °C pfi tlaku kolem 18 kilo­
bar. Pyroxenity vyskytující se i v jiných 
telesech ultrabazických teles se dostaly do 
rovnovážného stavu za teplotních podmínek 
asi o 200 °C nižších. Nejsložitejší se jeví in-

terpretace získaných dat príslušných mine­
rálních páru p ro horniny, které vznikly bi­
m etasoma tickými pochody mezi per idotitem 
a granulitem. Z vy braného profilu u Mohelna 
byly zatím studová ny ty, které obsah uj í 
amfibol, biotit, granát a sporadicky klinopy­
roxen. Rozdílné hodnoty ekvilibra ce lze 
u nich obdržet podle ruzných metod . Napi'. 
podle Perčuka (1970) by podmínky rovnováž­
ného stavu nastaly približne za teplot kolem 
600 a ž 650 °C, podle m etody Gangulyh o (1979) 
jsou teplotní hodnoty podstatne vyšš í. 
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Mu1-1epaJioro-neTpoJioruqecKHH oqepK MarMaTuqecKHX nopo;:i: 
OKpeCTH0CTeií: CapBanrne (ropbl lilOKK, CeBepHa»: BeHrpHH) 

30JITAH BAJIJIA.* HMKOJIAJ;I JIEOHTbEBI1q ,[(OBPEUOB** 

* Magyar Állami Eätväs Loránd Geofizikai Intézet, Budapest, H-1440, P.O.B. 35. 
** r eon orwrecttii: HHCTl1TYT 1.ôyp51TCKOľ0 cpHIIl1aJia C11611pc1rnro OT):leJieHl151 AH CCCP, 

Y JiaH-Y):13, 670015, IlaBJIOBa 2. 

(3 puc. B rexre ) 

nonyr.reHO 12 OKTH6pH, 1983 ľ. 

MHHepaJionrnecKo-neTp0JI0rJť'lecKall xapaKTepHCTHKa MarMaTH'leCKHX no-
po)I OICpeCTHOCTeii CapualliKe (ropr,1 BtoKK, CeuepHall BeurpHll) 

Ba3aJibTbl OKpecTHOCTeii C apBaIIIKe OtieHI, IIOX0)KJ1 6 a3 aJir,TaM OKeaHHtiec­

KOľO ):\Ha, HO BCpe "la.lOTG51 B 60JiblIIOJ1 TOJI~H TepttreHHblX GBl1T. I1pe):IGTaB­
Jl51IOT BepxHIOIO tiaGTb c ep11l1, K OT0pa51 C T 0 '1Kl1 3pemrn rreTpo rronrn: .l!BJI5leTCJI 

OQ.)HOJIJ,!TOB011 ; C r eoJio rJ:1qe CKOJ1 T O<IK11 3 p eHl151 3TH n o pO)lbl npttypatIHB'aeM 
K KOMIIJIHKOBaHHb!M OCa):IO"!Hb!M nopo):la.M. I1ep BOHa"laJihHa51 M ar Ma B03HH­
K aJia C HOpMaJihHOľO l1JIH GJia6o pa3y60)l(eHH011 MaHTJ.1H; HMeJia Ill1Kp HTJ.1-

tieCKOe CJIO)!<eHHe, npl1tieM IlO):\BepraJiaCb ):IHcpepe HI:(Hau;HH B MarMaTHtieC­

KOM O<rare s a C"leT B03HHKHOBeHH51 6a3 aJibTOBblX rropoi:1 OQ.)J10JIHT0B0ľ0 
xa.paKTepa. Ba3aJJhTOBhle paCITJiaBbl BblJ!l1BaJIJ1Cb OtieHh M e)IJieHHO B pe3yJib­

TaTe cy ~eCTBYIO~ ero MO~HOľO OGa)IO"IHOľO KOM rrJieKCa ; B' GJie):lyIO~eM 
pa.3BHTHH 6 a.3aJihTOBbie pacrrJiaBbl 6 b!JIH Oil.l!Tb lIOGJie)ICTBeHHO )IHcpepeHI:(11-

p OBaHHh!e. C TQql(J.1 3peHl151 pacrrOJIO)l(eHH51 J1 r eOXHMHH ra6pa 11 nepH)l.O­

Tl1Tbl 51BJI51IOTCJ! eKBl1BaJJeHTHb!MH KOMITJieKCY n apaJieJibHb!X )l.aeK, rrp11tieM 

npe)ICTaBJIJIIOT Cl1JIHBble cpop M bl B OCa):IO<!Hb!X nopo)laX B lIO"!Be 6a.3aJibTOBO­
r o ropJ130HTa . 0Hl1 B03Hl1KJIH H3 6 a.3aJibTOBh!X p acnJiaBOB, KOTOpbie f!Ok 

BeprJIJ:ICb CJie)lylO~eii: )IJ1cpepeHI:(HaI.\J1H IlOCJie e cpcpy3J111 6 a.3aJihTOB. rro-

3TOMY CO):lep)l(aT IlOB'bIIIIeHHOe K OJIJ1'1eCTBO )l(eJie3a 11 Tl1TaHa. B cpe)IHeii: 

CTa):IJ1H KPJ1CTaJIH3 aI.\HH 3 TH pacrniaBbl Il0 )1BeprJIJ1Ch OKCH)lal:(HH a TO B pe-
3YJibTaTe TpaHCBarrop113au;HJ1 HH CHTy. 

Mineralogic and petrogenetic outline of magmatic rocks from Szarvaskó 
(Biikk Mts., North Hungary) 

Basalts from Szarvaskó are very similar to ocean flo or ones bu t 
ley within a thick terrigenous sequence. They represent upper part of 
a series which is ophiolitic in petrological sense but is " diluted" by se­
diments in geological one. The prima.ry magma originated from n orma! 
or slightly depleted mantle, was of picritic composition and su ffere d 
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 w e re differentiated further . 

Gabbro and peridotites are equivalents of sheeted dykes in v iew L'f 
their position and geochemistry but for m sills witbin sediments benea th 
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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. I n middle stages of crystallization 
the melts became oxidized because of in situ transvaporization. 

B 10ro-3 arraµHo11 qacrn: rop B10KK 

(pHC. 1) HaXO,[\J1TC11 O,[\HO 113 HeMHOľJ1X 

IlOJifäí p a3BJ1TJ111 OCHOBHbIX J1 YJibTpa­

OCH0BHbIX MarMaTJ1l!eCKJ1X nopoµ Kap ­

naTCKOľO perHOHa. B pe3yJibTaTe IlOJie­

BbIX reoJiornqecK11x (Balla et al., 1980}, 
3aTeM Jia6opaTOpHbIX J1CCJie,[\OBaHJ111 

(Balla e t al. , 1980), 6 hrn11 BbrncHeHbI 

0CH OBHbie qepTbI CTpan-rrpacpHH, neTpo­

XJ1MJ1H J1 reOXJ1MHH 3THX o 6 pa30BaHJ111. 

EbIJIO ycTaHOBJieHO, l!T0 6a3J1Tbl npeµ­

CTaBJieHbI KaK B 3cpcpy3I1BHOl1, TaK J1 J1H­

TPY3I1BHOl1 cpau:H11x, 3aJiera11 BHYTPH Tep­

p :11reHH011 TOJIIu:I1 3Hal!J1TeJibHOM Moru:­

H OCTH H CJiara11 BMeCTe C Heii: CHCTeMy 

ITOKpOBOB; CMJITYlO B CHH(pOpMy CJIO)K­

HOľO CTpoeHJ15I . 

3cpcpy3J1BHblM ropH30HT MOiu:HOCTblO 

300-500 M CJIO)KeH noµynrel!HbIMH Jia­

BaMH 6a3aJibTOBOľO COCTaBa. OTCYTCTBHe 

KOHU:eHTpI1l!eCKOM 30HaJibHOCTJ1 J1 ITY3bl­

peií HJIH MHH,[\aJIHH B n oµynrKax, a TaK­

)Ke MOHOTOHHbIM ľJIJiIHJ1CTbIM COCTaB npe-

0 6Jiaµa10ru:eií: qacTH ocaµKOB npH Typ-

6 :11,gv1THOM rrpOJ1CXO)K,[(eHJ1J1 necl!aHo­

aJieBpliITOBbIX rrpOCJIOeB cpe,[\H HJ1X MO)K­

HO Cl!HT aTb rrpI13HaKaMJ1 r Jiy6oKOBO,[\HO­

ro rrpoI1cxo)K_geH1111 pa3pe3a. 

Bce HHTPY3HBHbre TeJia npeµcTaBJieHbI 

CJiIJIJiaMH, rrp11qeM CTeneHb pacKpl1CTaJI­

JIJ13 a :[(HI1 J1 ,[\l1cpcpepeH:[(l1pOBaHHOCTJ1 n o­

p oµ 3aKOHOMepHO yBeJI11q11BaeTC1! npH 

y,gaJieHJ1J1 OT 3cpcpy3HBHOľO ropl130HTa 

BHJ13 no pa3pe3y (p11c, 1). B TO BpeMJI 

KaK nopO,[\bl caMbI X BepxHHX CHJIJIOB 

noq TJ1 H e OTJIJ1qa10TC5I OT 3 cpcpy3HBHbIX 

6a3aJibTOB B caMbIX rJiy60KI1X CJiIJIJiax 

Ha6 JIIO,[\a10TC11 cpeµHe- J1 KpynH03epHHC­

Tbie ra66pOI1,[\bI, MeCTaMH paCCJIOeHHbie, 

c 6 oJiee OCHOBHbIMH ,[\HcpcpepeHU:H aTaMH 

BnJIOTb ,[\O nepJ1,[\0TJ1TOB, MeCTa MH CO 

llIJIJ1paMJ1 cpe,[\HHX J1 C µaií:KaMH KJ1CJlbIX 

µeprrnaTOB BnJIOTb ,[\O nJiarHorp aHHTOB. 

Do COCTaBy 6 a3aJibTbl Cap BaIIIK e ÔJI J13· 

KM K OK e aHJiiqecKHM TOJieHTaM, HO n o 

c p aBHeHHlO c HX c p e ,[\HHM THnOM B 1,5-
2 pa3a o 6oraru:eHhr 3JieMeHTaM M K a K 

c HH3KHMJ1 (Na, K, Rb, Ba, Sr, Zr, Y, 
La, Ce), TaK H c BbICOKHMI1 (Cr, Ni) 
K03cpcpv1u;11eHTaMv1 pacnpeµeJieH v111 Me)K­

.L\Y Fe-Mg CHJIHKaTa MH H pacrrnaBOM. 

BbrnCHeHHe npHqJ;IH 3TOl1 ,[\BOHCTBeHHOC· 

TH paBH03HaqHo BbIJICHeHHlO n pOMCXO)K­

,[\eHJ111 JiICX O,[\HOM MarMbl I1 XO,[\a e e ,[\H(p· 

cpepeH:[(Ha:[(HM. Ha1160Jiee Ha,[(e )KHbIM M e­

TO,L\OM B 3 TOM OTHOllieHHJ1 11BJI1!e TCJI aHa­

JIJ13 COCTa Ba MHHepanoB. BBH,L\Y TOľ0, 

l!TO IIO,[\OÔHbie J1CCJie,[\OBaHI111 n pOBO,[\H· 

JIHCb BnepBbie, BHHMaHHe ÔbIJI O CKOH· 

u:eHTPHPOBaH0 Ha ,L\BYX THrrax M arMaTH­

qec KHX n opoµ paií:oHa C apBaIIIKe : Ha 

6a3aJib.Tax HX noµyIIIeqHbIX JiaB, 1!BJI1110· 

IUHXC11 caMbIMJ1 pacnpocTpaHeHHbIMH no­

po,[\aMH BCeií: MarMaTHqecKOM c epHH J1 

B TO )Ke BpeMJI MeHee Bcero µ ucpcpepeH­

U:HpoBaHH bIMH e e qJieHaMH, M Ha ra66-

po J1 n epI1,[\0TJ1Tax I13 paCCJIOeHHbIX 

yqacTKOB CHJibHO ,[\Hcpcpepemi;Hp OBaHHO­

r o CHJIJia , rrpeµcTaBn1110ru:Hx co6 o ií: Kpa:i1-

HHe npo,[\yKTbI ,[\HcpcpepeH:[(MaU:HH. B K0-

TOpbIX 11p q e BCero 0 Tpa)KeHa rJiaBHa11 

o c o6eHHOCTb MarMaTHqecKHX nopoµ BCeH 

cepHH - HX o6oraru:eHHOCTb )KeJie3 0 M 

H THTaH OM H o6 eµHeHHO CTb M armi:eM. 

B KJIHHOIIHPOKCeHax J13 6a3aJibT OB Ha 

OCHOBaHHJI MopcpoJior:11qeCKJ1X o co6eH­

HOCTeií: I1 COCTaBa ÔbIJIJI BbI,[\ eJieHbI : (1) 
npOTOKpH CTaJIJibl pa3MepoM µo· 5 MM, 

6 0Jibllieií: qacThlO pe3op6Hpo BaH Hhie, BbI· 

COKO- I1 H I13KOXp 0MI1CTbie, (2) KaHMbI, 
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o 6pacTalOII\J1e rrpOTOKpl1CTaJIJibI, peJIJ1K­

T OBbie M .r1opacTa!OII\J1e, (3) MMKpocpeHO­

K pMCTaJIJibI p a3MepoM ):(O 0, 5 MM, J1,L(J10-

M OpcpHbie, H e c p o cnrnec5l c rrnarMoKJia-

30M , J1 (4) IIMpOKCeHbI OCHOBHOH MaCChI 

- OT,L(eJihHhie MMKPOJIMThI J1JIJ1 'Lla ll\e -

TOHKJ1e cpacTaHJ15[ C IIJiarvrOKJia30M 

JíľOJih "LiaTOľO MJI M pa,qMaJibHO-JIY'L!MCTOľO 

0 6JIJ1Ka, rrpe,qcTaBJI5IlOII\Me c o6ow rrp o ­

.rlYKTbI O.r(HOBpeMeHHOH M 6brcTpow KPMC-

PMC. 1. C BO)Vla5! crpaTI1rpaq:mi:recKa5! K OJIOHKa 

CapaanIKeií:cK oií: cirncpopMbI (rro Balla et al., 
1983) . CJieBa: llOJIO)Kem 1e C apBarIIKeMCK OM 

Cl'IHq:JOpMbl B reorpacpHtreGK OM cxeM e B eHr pHH 
(aaepxy) J1 cxeMa rrorrepei:rHoro pa3pe3a CMH­

cpopMbI (BHH3y), Y cJIOBHbl e o 603HatreHH5! : 1 -

l13BeCTH5!Kl1, CJia.Hljbl KpeMHl1CTble H ľJil1Hl1C­

Tbie B' traCTOM rre peCJial1Ba HHJ1 l1Jll1 i:repe):\OBa­

HJ1H B BHp;e rra•reK, B OGHOBHOM KpaCHble ):\O 
P030Bb!X, 2 l13BeCTH5!Kl1 cepbre, tiaCTO 

C KpeMH5!MH, 06bI'IHO IIJil1TtiaTbie, C rrpOCJI05!­
MJ1 CBCTJib!X ľJIHHHCTb!X CJia.HljeB, 3 - ľJil1-

HU.CTbie GJiaHljbl, TeMHOCep ble ):\O CBeTJIOCepblX, 

MeCTaMl1 C 0Jll1CTOJI!1TaMH l13BeCTH5!KOB, B Bep­
XHeií: i:raCTM C JIJ1H3aMJ1 .113Be CTH5!K0B C KpeMH5!­
Ml1, MeCTaMJ1 C rrp OCJIOJIMJ1 KpeMHl1CTb!X J1JIJ1 
KpeMHl1CTO-ľJIJ1Hl1CTb!X GJia.HljeB, 4 - rmrnMC­

Tbie CJia.Hljbl, TeMHOcepbre ):\O CBeTJI06ypb!X, 5 
- ľJIJ1HHCTbie GJia.Hljbl, aJieBpOJIJ1Tbl, rreCtiaHJ1-

K.l1, 6 - IIO)];YIIIetIHble JJaBbl 6a3aJibTOB', 7 -
CJia6o ):\U.cpcpepeHljl1pOBa.HHble Cl1JIJibl (6a3aJib­

Tbl, MeJIK03epHl1CTbie ra66po), 8 - Cl1JibHO 

.z:\l1cpcpep eH1111poaaHHbre CHJIJibI (ra66po, rnrrep-

6a3HTbI, W WPHTbl H T. II.) 
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Ta11m13au;r-rn 3BTeKT11qecKoro nma. 

no COCTaBaM J1 TpeHp;aM HX J13MeHe­

HJ151 BbI)];eJieHHbie OÔ'beKTbI MOľYT ÔbITb 

061,ep;.11HeHbI B Tp.11 rpyrrrrbI, Ka)K)];a5I CO 

CBO.l1M TpeH)];OM (p.11c. 2): (A) BbICOKoxpo­

MHCTbie 5I)];pa rrpoTOKpHCTaJIJIOB .l1 p e­

JIHKTOBbie KaM.MbI, (E) HJ13KOXpOMJ1CTbie 

.5I)];pa rrpOTOKp.l1CTaJIJIOB, p;opacTa10r.u;.11e 

KaM.Mbl .l1 MJ1Kpoq:ieHOKp.l1CTaJ1J1bI, HaKo­

Heu;, (B) IIHPOKCeHbI OCHOBHOM. MaCCbI. 

3TH Tp.11 rpyrrrrhI MO)KHO paccMaTpHBaTb 

B Kaqe cTBe rrpop;yKTOB Tpex 3TarrOB KpJ1C­

T aJ1J1.l13au;1111. 

TiepBbIM. 3Tarr, COOTBeTCTBY1011íJ1M. 

rpyrrrre A (rrpoT0Kp11cTa1111113au;11.5I) x a ­

paKTepvI3yeTC51 TeM, qTo B rrpou;ecc e 

Kp11cTa1111113a1~11vr rrp11 rrpaKT.11qecK11 rro c ­

T 05IHHOM )KeJie3J1CTOCTJ1 KJ1J1HOIIl1pOKCe­

Ha pe3KO yMeH10rna10Tc.5I C r, Al, Ti 11 

oco6eHHO Ca, .11 Bo3pacTaeT Si. MO)KHO 

rrpep;IIOJ10)KJ1Tb, qTo 3 TOT 3Tarr rrpoTeKaJI 

rrp .11 BbICOKOM. TeMrrepaType B paBHOBe ­

CJ1J1 C OJ1J1BJ1HOM (rrceB)];OMOpqJ03bI: Bal­

la et al., 1983), xpOMHTOM (BbICOKOe c o­

p;ep)KaHJ1e Cr) 11 oprnrrnpo KceHOM (rrpe ­

p;enhHO H.l13Ka51 KOHll,eHTpau;H.5I Ca), TO ­

eCTb Kpl1CTaJIJIJ13all,J1.5I rrpOJ1CXO)];J1J1a 113 

Ill1Kpl1TO BOM. J1JIJ1 ÔJIJ13KOM. K HeM. MarMbI. 

B x o p;e BToporo 3Tarra, QJJ1Kc11pyeMo­

ro rpyrrrroM. E, )KeJie3J1CTOCTb IIH pOKCe­

Ha B03pacTaeT OT 15 )];O 30 °Io c O)];H O­

BpeMeHHbllVI Bo3pacTatt11eM Al .11 Ti 11 

yMeHbilleH.11eM Si, C a 11 Cr. B o 3pacTaH11e 

Cr 11 Mg B Haqane 3Tarra no cpaBHeH1110 

C 3arrn10qv1TeJ1hHOM. CTap;vreM. rrpOTOKPHC­

TaJIJI.l13 au;HJ1 JVIO)KHO OÔ'b.5ICHHTb TeM, qTo 

B 3TO Bp eM.5! CTaJIH H eycToM.qHBbIMJ1 x p o­

MHT .l1 OJ1J1B.l1H, K OTOp bre K aK ÔbI „pac­

TBOPHJIJ1Cb" BO BHOBb K p J1CTaJ1J1J13Y10-

r.u;eMC5! KJ1J1HOIIMpOKCe He. 

Bo BpeMH TpeThero 3Tarra (rpyrrrra B) 

KpHcTaJIJIJ130BaJiaCb ÔOJibilla.5! qacTb IIO­

pO)];bI, B q acTHOCTJ1, He M eHee 80- 90 % 
IIMpOKCeHOB. H a 3TOM 3Tarre C B03pac ­

TaH.l1eJVI )!(eJie3HCTOCTH (f) OT 25 )];O 45 °Io 
p e3KO y Be1111q.11BaJI OCb cop;ep)KaHHe C a, 

HecKOJihKO CHH3HJIOCh cop;ep)Ka tt11e A l 

rrp11 rroqTJ1 rrocTOHHHhIX Si, Ti 11 Cr. 

CocTaBhI KJIHHOIIHpOKCeHOB BbI)];eJi eH ­

HbIX Tpex 3TaIIOB KPl1CTaJIJI.l13 a D;HJ1 6 a -

3aJ1bTOB CapBaIIIKe MMelOT CBOJ1 aHaJIO­

ľM B p;pyrnx paM.OHax (pHC. 3). BbICOKa.5! 

CTerreHb MX CXO)];CTBa C TOJieHTaMH OKea ­

HJ;IqecKOľO )];Ha HaBO)];HT Ha MhICJih O B03 -

HHKHOBeHJ1J1 3THX rropop; TeM )Ke Mex a-

HJ131VIOM, qTo J1 OQJW:OJIJ1TOBbie cep1111. 

Cyr.u;ttOCTb 3TOľO Mex aHJ13Ma 3aKJI10 -

qaeTC5! B HaJIJ1qJ1J;[ rrpoMe)KYTOq HOM. Mar­

MaTvrqecKOM. KaMepbI, BbipaBHH Ba10r.u;eM. 

COCTaBbI OT)];eJ15I1011íJ1XC.5I OT Hee 6a3aJib­

TOBbIX p a crrnaBOB (Dobr etsov and K e ­

pezhinscas . 1981). TipoTOKP HCTaJIJibI 

MO)KHO p accMaTpHBaTb B K aqecTBe rrp o ­

)];YKTOB Kpl1CTaJIJIJ13all,HJ1 BHYTPH 3TOM. 

KaMepbI, a .l1X CXO)];CTBO C KJIHH OIIHpOK­

ceHaMH M aHTJ1M.HbIX rropop; n ecOTO MO)!(­

HO cqJ1Ta Tb CJie)];CTB.l1eJVI K OHBep reHD;HH, 

o6ycJIOBJieHHOM. CXO)];HbIMJ1 B 06011x CJIY­

qa51x BbICOK.l1MJ1 TeMrrepaTypaMH MarMhI, 

OÔhiqHbIMM B OQJ J10JIJ1TOBbIX K aMepax 

(E a eyMeHKO 11 p;p ., 1976). 
Cxop;CTBO xapaKTe p a J13MeH eHH5! coc­

TaBOB KJIJ1HOII11pOKCeHOB J13 6 a3aJibTOB 

CapBaIIIKe C TaKOBbIM.11 B TparrrroBbIX 

c ep11Hx, c r<opee Bcero , .5IBJrneTC.5I cn ep;­

CTBHeM TOľO , q To n o cpaBHeHJ110 C o6brq­

HbIMJ1 OQJl10 Jil1TOBbIMJ1 c epl1.5IMJ1 IIYTb (11 

CO OTBeTCTBeHHO BpeM.51) IlO)];neMa Mar­

MbI CapBarnr<e 6brn yp;mrnea aa Mor.u;­

HOCTh ocap;oqHo:ň TOJ111íl1, IIO)];CTHJia10-

r.u;eM. 3QJQJY3J1BHbIM. ľ0l)J130HT. 
CocTaB M arMhI, l1CXO)];HOM. )];JIH 6a3aJib­

TO B C apBarnr<e JVIO)KHO o u;eHHTb Ha oc­

HOBaHJ1J1 rrpep;rrOJIO)KeH J1.5I, qTo 6a3aJih­

TOBbIM. p a crrJiaB cq:iopMHpOBaJICH 113 Hee 

rryTeM yp;aneHJ15! rrpOTOKl)HCTaJIJIOB OJIJ1-

Bl1Ha 11 I<Jil1HOIIJ1l)OKCeHa. PacqeTbI Be­

JIJ1Cb )];JIH p a3HbIX KOJIJ1qecTB 11 COOTHO ­

IIIeHHM. 3 TI1X MJ1HepaJIOB C yqeTOM Bcex 

rreTporeHHblX OKJ1CJI OB J1 Ba)KHeM.IIIJ1X .113 

Ml1Kp03JieMeHTOB . Pe3yJibTaTbI cpaBHJ1-

Ba JIJ1Cb C COCTaBaM.11 Ha116onee BepOHT-
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HbIX aHaJIOľOB J,fCXO):\HOM MarMhI oqrn­

OJIJ,fTOBbIX cepwii: - pa3JIWIHbIX IIWKPI1-

TOB (Dobretsov and Kepezhinscas, 1981). 
OKa3arroch (Barrrra 11 ,[(o6peu;oB, 1984), 
lITO HaMJIYlilllero CO0TBeTCTBJ,15! IIWKPMTY 

M0>KHO ,n;o6WTbCH rrpw oca>K,n;eHI1I1 rrp11-

MepHO 20 % OJI J;IBMHa 11 10 % KJIJ,fHO­

rrnpoKCCHa Ha rrry6MHe. TiorryqeHHa5I 

TaKWM IIYTCM I1CXO}-l;Ha5I MarMa o6rra):\aeT 

rrOBhillleHHhIMM co,n;ep>KaHM5IMI1 Ti, Zr, 

S r, R b 11 Na, lITO CBM):leTeJihCTBYeT o rro­

BhilUeHHOM ru;errOlIHOCTJ,1 11 MO>KeT 6hITb 

o 6b5ICHeHO Marroú CTeIIeHhlO rrrraBrreHI15I 

HOpMaJihHOÚ MJIJ;[ crra6o I1CTOIIJ;eHHOM 

MaHTI1I1. 

TaKI1M o6pa30M, reHe3MC 6a3aJihTO­

BOII! MaľMbI CapBallIKe orrpe):\eJI5IeTC5I 

T p eM5I rnaBHbIMJ;[ cpaKTOpaMM: (1) OqJJ10-

JI J;[TOBOM rrpMpOJ:IOM 6a3arrhTOBoro pac­

rrrraBa (ero B03HJ1KH0 BeHI1eM J13 IIMKpM­

T OBOM MaľMbI B KaMepe OcpMOJIMTOBOľO 

TMrra), (2) cyru;ecTBeHHO YJ:IIIMH eHHbIM rry­

T eM ero IIO}-l;beMa K IIOB epxHOCTM I1 (3) 
rrpOI1CXO>K):\eHI1eM I1CXO):\HOM MaľMbI !13 

H OpMaJibHOÚ I1JII1 crra6o I1CT0 1IJ;CHHOM 

M aHTI1I1. B u;eJIOM MarMaTI1lieCK I1e rrop o­

,!l; bľ paii:oHa CapBallIKe rrpe):\CTaBJI5IlOT c o-

6 oii: BCPXH1010 qacTb TaKoro p a3pe3a, KO­

T OpbIM B IIeTpOJIOľJ1lICCKOM CMbICJIC 5IB­

JI5ICTC5I OcpI10JII1TOBbIM, HO B reonorwre c ­

KOM OTHOllleHJ1J1 K aK 6bľ „ p a36aBJICH " 

OCa):\KaMM M OTOpBaH J1MI1 OT 6onee rrry-

6 0KJ1X ra66po-rrepM):\OTI1TOBbIX ypoBHeú 

OqJJ10JIJ1TOBOM cepMM - rrpo,n;yKTOB 3aT­

BCp):leBamrn co6cTBeHHO OqJJ10JIJ1.TOBOÚ 

M arM aTI1lieCKOM KaMepbI. 

ľa66po J1 rrepI1,!l;OTJ1TbI :VI3 CJ1JIJIOB OK­

peCTHOCTCM C apBallIKe HJ1KaK He MOľYT 

0TO>K):\CCTBJI5ITCbC5I C 06bilIHbIMI1 OqJJ10JII1-

T OBbI MJ1 ra66po J1 rrepI1):\0TJ1TaMI1, IIOC­

K OJibKY no OTHOUICHJ110 K 3cpcpy3MBHO­

M Y ropM30HTY OHM 3anera10T Ha ypoB­

H5IX, COOTBCTCTBY101IJ;J1X K OMIIJICK CY rra­

paJIJICJihHbIX ,n;aeK OqJJ10JIJ1TOBbIX c epm1, 

o 6na.n;a5I p5I,D;0M ľC0XJ1Ml1lICCKJ1X qepT 

MMCHH0 .n;aeK , a H e 6orree rny6 MHHbIX 

ra66po (Balla e t al., 1983). 
B YJibTpaOCHOBHbIX rropo,n;ax OKpecT­

HOCTeÚ CapBaUIKe Bhl,D;CJI5!10TC5I TP J1 r e­

Hepau;MM Ml1H eparroB: (1) KYMYJI5ITMBHbIC 

OJIJ1BJ1H l1 J1Jib MCHJ1T, (2) IIOCTKYMYJI5ITJ1B­

HbIÚ KJIJ1HOIIJ1POKCeH ( + OPTOIIMp0KCeH, 

+ rrnarMOKrr a 3) J1 (3) II0 3,!l;H5I5I 6 y pa5I 

poroBa5I o6MaHKa ( + T:vrTaHOMarHCTJ1T, 

+ 6 !10TI1T). B Halia JihHbie 3TaIIhI K p l1C-

TaJIJrn3au;r1J1 (KYMYJI5ITbI >KCJIC3J1CT0ľO 

OJIJ1Bl1Ha r1 J1JlbMCHJ1Ta) pacrrnaB 6bIJI 

BOCCTaHOBJICHHbIM. Fro >KeJie3J1CT 0 CTb J1 

TI1TaHI1CT0CTb, CKOpee Bcer o, cna6o MCH5I­

JIMCb rrpl1 KpI1cTaJIJIJ13au;m1. TI 05IBJICH J1e 

BMeCTO >KeJi e3l1CTOľO 0JII1BJ1Ha M I1JihMe ­

H J1Ta 3Halil1T CJibH0 MeHee >KCJIC3I1CT0 ľ0 I1 

HJ13KOTJ1TaHJ1CTOľO KJII1H OIIJ1p 0KCe Ha, Be­

p 05ITHee Bcer o, CB5I3aHO C OKJ1CJICHl1CM 

pacrrrraBa J1 C II05IBJICHJ1CM B HCM Tp ex­

BaneHTHOľO )KCJ1e3a. 

B HaliaJihHbIC CTa}-];1111 OKI1CJICHJ15I Tpex ­

BaJieHTHOľO )KCJIC3 a 6 bIJI O MaJIO ,!l;JI5I o 6 -

p a30BaHJ15I caMOCT05IT CJlbHbIX T Bep,D;bIX 

cpa3, I1 OHO OCTaBaJIOCb B p a c rrna Be . Cy­

ru; ecTBCHHOC 3 aMe ):\JI CHI1C pocTa )KCJi e-

3 I1CTOCTI1 KJII1H0III1pOKCCHa (p I1C. 2) 

MOľJIO 6bITh CB5I3aHO C II05IBJICHI1CM MI1-

H epaJIOB, o 6 o r a ru;eHHbIX Tp exBaJieHTHbIM 

)KCJIC30M: 6 y poii: porOBOM o6M a H KI1 M 

TI1-MarHeTMTa. K p I1CTa JIJIM3a u;:vr5I Ha 3TOH 

CTa,D;MI1 3HalIMTCJib HbIX KOJII1lICCTB BO,!l;­

HbIX MI1HeparroB : a M cp116orra I1 6110 TJ1Ta 

- ,!l;OKa3bIBaeT CB5I3b OKJ1CJieHJ15I C rr oc­

TYIIJICHMCM BO,!l;hI B pacrrrraB. OCHOBHa5I 

Macca )KCJi e3 a BbI,!l;CJII1JiaCh B BI1,!l;C M ar­

H CTI1Ta He B Haq ane OKI1CJICHI15I, cp v!KCI1-

pyeMOľO pe3K YIM rra ,n;eHI1CM )KCJI C3 I1CTOC­

T YI CI1JIJ1KaTHOH cpa3hI (c 50 °Io B OJII1BI1-

H e ,!l;O 25 % B p a HHCM KJIMHOIII1pOK CeHe) , 

a JI I1lllb Tor ,n;a , K or,n;a OKMCJIJ1TCJJ bHbIM 

IlOTeHu;:vraJI ,!l; O CTI1ľ Heo6XO,!l; I1MOľO ,!l;JI5I 

3TOľO ypOBH5I . 

3TOT MOM CHT H a CTYIII1JI Ha ,!l;OB OJihH O 

Il03Ji;HCM CTa,g1111 K pl1CTaJIJIJ13au;1111 CJ1JII1-

KaTOB, rrocne Bbľ,!l;CJICHI15I OCHOBHOM Mac-
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Pne. 2. CxeMa l13MeHeHl151 COCTaBOB KJIJ1HOIIl1POKCeHOB rrpH K p l1CTaJIJ!l13a.r:( l1!1, I, II, III -
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TpeH,[lhI rrp o Be,[leHhl Ha OCHOBaHl1l1 68 MMKP030H,[10BhIX aHaJil130B, Bhll10J!HeHHhIX B B y­
,[larreruTe (ľeox11Ml1'Ie CK11ii: HHCTl1TYT BAH ) H B Y JiaH-Y,[13 (ľeonoraqecKHii: HHCTl1TYT 
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ChI K JIHHOTiliIPOKCeHa JiI npHMepHO COB­

MeCTHO C KPHCTaJIJIH3au;v1e:ií: poroBOW 06-

M a HKH. ITOBbillieHHYlO THTaHHCTOCTb aM­

q m 6 ona 11 MarHeTJiITa MO)KHO Cl!JtITaTb 

cne,n;cTBHeM Ha1rnrrnemur TvtTaHa B pac­

rrnaBe npH KPHCTaJIJIH3a1(HH CHJIHKaTOB. 

06 3TOM HaI<OTIJieHHH CBH)J;eTeJibCTByeT 

x apaKTep H3Meaemrn COCTaBa KJIHHOTiv1-

P OKCeHa (pv1c. 2) . 

u;eccoB cpopMv1poBaamr p a ccnoeHHhIX 

ra66po v1 nepM,D;OTv1TOB OKpecTHO CTe:ií: 

CapBalliKe Be,n;yru;HMH 5IBJI5IlOTC5I cne,n;y-

10I1(He o6CT05ITeJihCTBa : (1) IIPOHCXO)K­

.n;eHHe HCXO,!l;HOľO pacrrnaBa H3 MaľMbI 

6a3aJibTOB, (2) IIOBbillieHHa5I )Ke Jie3 vtC­

TOCTb pacrrnaBa c c aMoro Hatian a e r o 

KpMCTaJIJIH3 a1(HH M (3) OKHCJieHJtie p ac­

IIJiaBa B xo,n;e ero KPHCTaJIJIH3a1(HM. Bo3-

Hl1KHOBeHHe He06hil!HbIX v1HTPY311BHhI X TaKHM o6pa30M, )'.l;JI5I TIOHHMaHH5I rrpo-

1 
1 1 
1 1 
1 1 
1 1 
1 \ 
1 1 
1 1 
1 1 
1 1 
1 \ 
1 1 

1 1 \ 

Opx t·::·.L___ Ol 
Mg ~--~--~----"-~---'~--'-=""'-------"------"-----"---"---~ Fe 

P11c . 3. Co craBhl )KeJie30-MaľHl1eBbIX Ml1HepaJIOB B Ml-!HaJihHhIX KOOP,lll1HaTax. YCJIOBHhie 
6 - YCJIOBHhie Jil1Hl1!1, coe,t111H51IO!l.\He Ml1HepaJihl rrepH,[IOTHTOB H ra66po, 7 - IIOJie coc­
TaBOB KJil1HOIIl1P OKCeHOB rrepBOCO 3Tarra Kpl1 CTaJIJIH3 a[(l1H B 6 a3aJihTax, 3 - TO )Ke, BTO­
por o 3 Tarra, 4 - TO )Ke, Tpenero 3Tarra, S - II0JI51 COCTaB0B Kp 11craJIJIOB l13 PY,llHhIX 
rrep l1,[10Tl1TOB H ra66p o (Cpx - KJil1H0IIl1p0KCeH, Opx - o pTom-rpOKCeH, 01 - OJ!l1B11H), 
6 - YCJIOBHhie JIJ,fHl1!1, coe,t1MHJIIOI[(Me Ml1HepaJ!hI rrepl1,[10 Tl1T0B 11 r a66po. 7 - II0Jie coc­
TaBOB KJ!l1H0IIMp0KCeHOB 113 rny611HHhIX BKJIIO'IeHHii: B KMM6 epJIMTax JieC0TO (rro B oyd 
and Nix on, 1973) , 8 - TpeH,[lhI M3MeHeHl15! COCTaBOB KJU:IH0IIl1POKCeH0 B M3 ,[1.11cpcpepeH­
[(l1pOBaHHhlX TparIII0BhIX 11HTPY3l1M: Ch - ql1H eii:CKl1ii: IIJIYT0H (KOHHMKOB, 1982), Sk -
CKaeprap,t1CKM l1HTpy3:1151 (Brown, 1957. B row n and Vincent , 1963) 
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rropo,n; J13 MaľMbI O(pJ10nJ1TOBbIX 6a-
3anbT0B M0)KH0 ClIJ1TaTb cne,n;CTBMeM 
,n;amHeMIIIeii: ,n;vrcpcpepeHu;Mau;J.m vrcxo,n;­
Horo pacrrnaBa B Toii: )Ke rny6MHHOii: Ka­
Mepe. OHa He oTpa3vrnacb Ha cocTaBe 
6a3anbTOB, cne,n;oBaTenbHO, rrp0M30IIIna 
II03)Ke Mx M3nM5!Hl1M. OKv1cneH11e B xo,n;e 
KPHCTann11sau;11 Morno 6bITb CB5!3aH0 C 
II0CTyrrnem1eM B0,llbI H3 BMer.u;a10r.u;11x II0-
po,n;, To-ecTb c TpaHcBarrop11sau;v1eii: pac­

rrnaBa B KaMepe c11nna. 
B pesynbTaTe rrp0BC,lleHHbIX J1Ccne,n;o­

BaH11ii: BbUIBneHa rnaBeHCTBy10r.u;a51 ponb 
rny611HHOM KaMepbI O(pMOnl1TOBOľO TH­
na B cpopM11poBamrn pacrrnaBoB, 113 Ko­
T0pbrX o6pa30Ban11cb MarMaTHlieCKl1e 
rropo,n;M pai1oHa CapBaIIIKe. OKasanocb, 
lIT0 „pas6aBnem1e" BepxH11x rop113oH­
T0B MarMaTJ1lieCKOJ1 cepv111 oca,n;olIHbIMJ1 
rropo,n;aM11 cos,n;ano oco6Me ycnomrn ,n;n5I 
KpvrcrannM3au;1111 11 ,n;11cpcpepeHu;11au;J.111 
pacrrnaB0B, lIT0 I103B0n5!CT Clil1TaTb ,n;aH­
HbIM pa3pe3 OCOÔbIM THIT0M ocp11on11TO ­
BbIX cep11M. 
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MeTacoMantTLI (JiHCTB CIIHTLI) no YJILTpa6an:TaM. (IIaJie030H, BHyTpeHHHe 
3 ana1(HI,Ie KaprraTL1) 

B rran e030J,í'!eCKOM BYJIKa.HO-OCa)].O'IHOM KOMIIJieKCe, KOTOpbIH 1(0 Cl1X rrop 

OTHOCl1Jl11 K paKOBeI.1KOM rpyrrrre, Ôb!Jl orrpe,!(eJieH 11em,IH pH,!( M eTaCOM aTl1TOB 
n o y nhTpa6a311Tax (JJ'11 c:rBemITax) B rrpournoM c 6 omrneii '!acrn :1111Teprrpe­
T:11p oBa.HHhlX KaK MeTaCOMaT11qecK11e aHKepl1Tbl HJil1 M arHe311Tbl, B HX coc­
TaBe rrpl1Hl1MalOT y'!ac 111e: 6peyHHep11T, )KeJie311CTb!M ,!(OJIOMl1T, KBap11, 
XJIOp11T, cpyxc11T, xpOMC!Il1HeJll1,!(, MarHeTl1T, reMaTl1T 11 ,!(py r 11e M HHepaJILI. 
Han11q11e Jil1CTBeHl1TOB IIOBb!IIIaeT MeTaJioreHeTl1'!eCK Y10 rrepcrreKTl1BHOCTb 
3TOH T ep11Top1111 11 CBH,!(eTe.TJ:hCTByeT O MaTep r:ranax OKeaHH'leCKOH KOPbl 
B re OJIOľl1'1CCKOM CTpoeHl111 p erl10H a. 

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

Several occurences of metasomatized ultrabasic rocks (listvenite) have 
been foun d to occur in volcano-sedimentary complexes of Paleozoic age 
ranged hitherto among the Rakovec gr ou p. The bodies have been for­
merly ass umed to represent metasomatic ankerite or m agnesite. Mineral 
assemblages are composed of breunerite, Fe- dolomite, q uartz, chlorite, 
fuch si te, chromspinelids, m agnetite, hematite and others. The p resence 
of listveni tes increases m etalogenetic perspectives of the entire area. 

The North-Gemeric zone is a belt of 
peculiar structural edifice bordering the 
n orthernm ost st ructural-tect onic u nit of 
the Internal West Carpathians, the Ge­
meric unit, in places of its corrtacts w ith 
more northernly units of the Cen tral West 

Carpathians. The belt is built prevailingly 
by P aleozoic and but less Mesozoic com­
plexes. Paleozoic age have the Rakovec 
(Devonian ?), Dobšiná (Middle to Upper 
Car boniferous) an d K rompachy groups 
(Permian, fíg. 1). From all these units , the 
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Rakovec group has the largest areal extent 
and, from the viewpoint of r econstruction 
of the geotectonic development, it appeared 
hi·therto 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 w ith 
its generation upon a suboceanic crust 
(Dianiška - Grecula , 1979, Gr ecula - Var­
ga, 1979, Bajaník - Hovorka, 1981, Maheľ, 
1981 a. c .). An important stimulus to such 
interpretation w as the finding of meta­
ultrabasite bodies near Vyšný Klátov, Bu­
k ovec and Dobšiná-Tešn árky localities 
(Dianiška - Grecula, 1979. Hovork a -
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 r anged 
into the Rakovec gr ou p. 

From the wider surroundings of Ko­
šické H ám re locali ty, several bodies of 
ankerite and dolomite-magnesite composi­
tion have been described by J. Ilavský -
R. Ďuďa (1970) and R. Ďuďa (1976). Car-

bonates contain subordinated quartz, chlo­
ri te , fuchsite, sericite and ores as pyrite, 
chalcopyrite , t etrahedrite and cinnabar. 
Bodies w ere r egarded to r epresent meta­
somatic analogues of quartz-ankerite 
( ± sulphi,des) veins developed in suitable 
environment "of carbonatic to diabasic 
composition " (Ďuďa, 1. c.). Results of own 
investigations of t he author point t o diffe­
r ent mineral composition of these bodies 
subsfaniiat ing also differ ent gen etic inter­
p retation . Structural, min eralogical and 
geochemical fea tures allow to interpret 
t hem as hydrothermally altered u ltra basics 
i. e . as metasomatites of lis tvenite type . 

Geological characteristics 

Listvenites in the surroundings of Ko­
šické Hámre occur exclusively in Paleozoic 
volcano-sedim entary complex represented 
by m ultiply alternating epimetamorphic 
and pelitic sediments. Moreover, also se­
sediments with carbonate admixture and 

Fig. 1. Geological sketch-map of the Spišsko-gemerské rudohorie Mts. Frarned areas 
of metasomatite occurences after ult rabasite 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 (Klátov group), 6 - Dobšiná group (except 
of the Ochtiná member) , 7 - Krompachy group, 8 - Ochtiná member, 9 - Crmeľ 
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 

complex has been ranged to the Rakovec 

group by M. Maheľ (1954). 

All listvenite occurrences concentrate 

into several parallel belts o'f NW-SE 

strike conciding with the general structu­

ral pattern of the area (fig. 2). Listvenites 
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Fíg. 2. Geological map of the surroundings of Košické Hámre (modified after 
Snopko et al., 1973). 1 - Gelnica group, 2 - epimetamorphosed basalt, tuff and 
spílite, 3 - green phyllite with epimetamorphosed tuff and tuffite layers (2-3 -

Rakovec and Dobšiná group undifferentiated), 4 - laminated green chlorite-sericite 
phyllite (Rakovec group), 5 - rocks of higher metamorphic degree (mainly gneiss 
and amphibolite, Klátov group), 6 - listvenite body known and presumed, 7 -
Ochtiná member, 8 - Krompachy group, 9 - črmeľ group, 11, 12 - Mesozoic 
of the Gemeric unit 
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after ultrabasics create lense-shaped bo­
dies of varíous size. Names of single oc­
currences and their more detailed geo­
graphic location ar e in fig . 3. Commonly, 
t hicknesses 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 towar d 
the enclosing rocks are sharp. In the exo­
contact zone, features of phyllonitization 
a nd subsequent hydrothermal alteration 

V. Folk már 

o 

are observable to some metres d istance. 
Anchimonomineral chlorite rock preserved 
only locally and represent the product of 
contact-metasomatic reactions between 
serpentinized ultrabasite and enclosing 
rocks still before listvenitization. 

lVIetasomatic rocks of analogous type 
have also been found near to the easitern 
termináfion of the Rakovec group near 
Bukovec village (tig. 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 

.. 

Fig. 3. Distribution of metasomatites after ultrabasks (listvenite) in the surroundings 
of K ošické Hámre. L ocalites : 1 - Folkmárska skala cliff, 2 - Ost rý harbok, 3 -
Rimasgrund, 4 - Teplý potok, 5 - Predné nové, 6 - Zlatník, 7 - Za P rieložky, 
8 - Nad Prieložky, 9 - Roveň, 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 w ell defineable basic types. 
Unambiguously, metasomatites after ultra­
basics are represenled by rocks of the 
following composition: talc + carbonate, 
chlorite + quartz + carbonaite (breunnerite), 
chlorite + quarlz + charbonate (Fe-dolomi­
te) and fuchsite + quar tz + carbonate. 

lf compared with the original ultra­
basite, the talc-carbonate rocks underwent 
the less al teralions. These are rocks fo-
1 ia ted to various degrees and. by nacked 

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 proportions. 
From the prim ary 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, most ly altered in the course of 
metamorphic a lterations as they lost tr ans­
parency and a chlorite rím developed 
around the gra in,; indicating lhe depletion 
of Al and simul laneously even of Mg with 
their substilution by iron. Talc-carbonate 
rocks do not create considerable masses 
but as small enclaves (2- 3 m) occur 
within other metasomalic rock types on 
Ostrý harbek, Rimasgrund and Slatviny 
locali ties. 

Fig. 4. Increase of chromspinelid calaclasis with increasing degree of metasomatic 
alterati-. a - sample FKH-16, talc-carbonate listvenite, b - sample FKH-571 
chlorite-quartz-carbonate (dolomite) listvenite, c - sample FKH-54, fuchsite-quartz. 
carbonate (dolomite) listvenite, magn, X 48, parallel nicols, photo by L. Oswald 
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Rocks of chlorite-quartz-carbonate com­
posilion are already products of more 
intense alteration originated at the expense 
o'f ultrabasics. This variety is genetically 
related to the previous one as proved by 
intermediate parageneses of chlorite + talc 
quartz + carbonate. Mostly talc under­
w ent 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 
a re less frequent. Chromspinelid grains are 
strongly cataclased and together with 
chlorite rims rolled-out into planar sur­
faces yielding to ihe rock a preferredly 
oriented appearance and even slaty part­
ing (fig. 4b). According to the species of 
t he chlorite and carbonate present, several 
subtypes may b e distinguished. 

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

whereas Fe-dolomite 1s 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, t he r ock s 
have bright yellow colour and cont ain 
emerald-green chlorite stripes together 
with black disseminated chromspinelid 
grains (fig. 5). The variety composes t h e 
majority of listvenite bodies with the ex­
ception of the Slatvina locality . 

Chlori te-q uartz-car b ona te (Fe-dolami te) 
metasomatites containing lesser amounts 
of greyish-green Mg-chlorite, in thin sec­
tion almost colourless, have been found as 
minor enclaves in the previous breuner itic 
metasomatite. Manometric analyses (tab. 1) 
point t o but subordinated amounts of 
breunerHe and overwhelming F e-dolomite 
in the r ock. This variety is remarkable by 
strongly varying colours (dark -grey to 

Composition of i he carbonate consti tuent in listvenites from t he su rroundings 
of Košické Hámre 

Tab. 1 

Loc. Sample Type Breu- Dolomite NZ Ľ ,i nerite 

1 3 FKH-36 (Ch 1) +T + K 50,71 47,52 98,33 1,77 
2 2 FKH-17 (Ch1) + T + K 46,23 52,20 99,43 0,57 
3 6 FKH-2 Ch1 +T+Q+K 44,08 54,25 98,33 1,67 
4 6 FKH-4 Ch1 +T+Q + K 26,28 3,14 56,25 85,67 14,33 
5 1 FKH-68 Ch2 +,Q+K 64,87 32,33 97,60 2,40 
6 6 FKH-5 Ch2 + Q+K 42,84 4,42 44,70 91 ,96 8,04 
7 2 FKH-15 Ch2+ Q + K 61 ,71 2,51 34,95 99,17 0,83 
8 4 FKH-62 Ch2+Q+K 39,34 3,56 53,37 96,27 3,73 
9 10 FKH-9 Ch3+Q+K 49,68 49,32 99,00 1,00 

10 10 FKH-12 Ch3 + 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-67 Q + K 17,61 32,15 49 ,45 99,21 0,79 
13 2 FKH-27A (Ch1) + Q + K 4,58 54,44 38,12 97,14 2,86 
14 2 FKH-27B (Ch2) + 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 

A~éllyses made by manometric method, analyzed by J . Turan, L. Turanová, Geolo­
gical Institute, C::omenius University, Bratislava. NZ - insoluble residue, A -
soluble noncarbonátic constituent. L ocality 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, 
w hen comparing with the other types, less 
frequent products of ultramafite alteration. 
Their largest occurrence is in the western 
part of the Teplý jarok locality where this 
type prevails. The variety creates only 
enclaves in chlorite-quartz-carbonate rock 
on the Zlatník and Rimasgrund localities. 
The rock is massive, greyish-green and 
has but slightly expressed banded struc­
t.ire. The fuchsite content is low, not 
concentrated into bands but mainly scat­
t ered. 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 (O.OX mm), fuchsite 
is present in minor flakes or short 
lense-like veinlets predominantly in quartz. 
Chromspinelid grains are strongly catacla­
sed and scattered (fíg. 4c). Peculiar feature 
is the locally rich tetrahedrite dissemina­
tion. 

Listvenite bodies in the surroudings of 
Košické Hámre are rimmed by various 
metasomatic rock types originated syn­
chronously with the listvenite through 
aHeration of metabasites and their tec­
toni tes. N evertheless, 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. X 1.5, photo 
by L. Oswald 

surrounding rock still before the listveni­
zation. The v ariety underwent but limited 
hydrothermal-metasomatic alterations so 
that creates r elics 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 
Zlatník and Ostrý harbek localities. 

Chemical characteristics 

The chemical composition of metasomatic 
r ocks resulted from two antagonistic ten­
dencies : one tendíng to maintain the pe­
cularities of composition of the educt and 
another expressed by the t endency of 
alterating hydroterms to modify the origi­
n al composition. The rate of the second 
t endency grows by the alteration degree. 
The rules indicated influence also the éom­
position of investigated samples. Listv e­
nites originating at the expense of u ltra-
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basites from the surroundings of Košické 
.Hámre preserved the pattern of their 
origin in contents of petrogenous as well 
as trace elements. The characteristic traits 
of ultrabasics , the high MgO and Al20 3 

content, remain namely in products of 
initial alteration stages i. e. in talc-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 o'f 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 element s, 
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-

Chemical composition of metasomatites 

racterized also by the preservation of 
original high nickel concentrations. In 
final products, the fuchsite-quartz-carbo­
nate rocks, t he amount of nickel is consi­
derably lower (tab. 3). Similar behaviour 
characterizes even cobalt contents. Low 
concentra tions 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, concent rations of 
Ti and V are higher what points to en­
richment at the expense of enclosing 
meta basi tes. 

The comparison of listvenite composition 
with Ur alian 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 listvenizatiou 
processes. 

after ult ra basite from the surroun dings 
of Košické Hámre 

Tab. 2 
--- -----

1 2 3 4 5 6 7 8 

SiO2 34,22 24 ,94 43,77 55,03 30,92 32,73 40,81 33,25 
TiO, 0,03 0,03 0,02 0,02 0,22 1,46 0,01 0,01 
Al2Ó3 ~ ,19 1,61 1,62 1,41 17,50 19,38 1,84 0,45 
Cr2O3 0,20 0,23 0,17 0,11 0,13 0,03 0,32 0,24 
Fe2O3 0,65 0,52 2,39 0,38 0,52 0,10 4,17 1,72 
FeO 5,31 6,06 3,55 3,50 6,06 6,55 4,16 3,67 
MnO 0, 12 0,16 0.30 0,16 0,04 0,01 0,06 0,09 
NiO 0,20 0,20 U,12 0,00 0,31 0,35 0,23 0,17 
MgO .B2,15 29,90 '10,84 7,59 28,23 25,40 36,00 29,18 
CaO ú ,18 0,30 14,51 12,84 0,1 0 0,28 0,61 0,40 
Na2O > 0,01 0,04 0,10 0,08 0,10 0,08 <0,1 0,07 
K2O > 0,01 0,05 0,09 0,28 0,03 0,04 <0 ,1 0,05 
H2O- 0,23 0,24 0,41 0,36 0,24 0,32 0,34 0,03 
H 2O+ 23,29 35,56 20,60 18,26 15,06 13,12 11,40 1,00 
CO2 29,46 
P2O5 , 0,01 > 0, 01 0,01 >0,01 >0 ,0 1 0,26 > 0,1 0,02 
s 0,01 > 0,01 0,05 0,03 > 0,01 0,01 0,01 
Ľ 97,79 99,84 98,55 100,05 99,46 100,21 99,93 99,83 

A nalyses made in laboratories of Geologický prieskum Spišská N ová Ves, 1 -
FKH-17, 2 - FKH-15, 3 - FKH-12, 4 - FKH-60, 5 - F KH-3, 6 - FKH -18, 7 - A , 
8 - B, other dat a in tab. 3 
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The origin of listvenites 

To the contraŕy to classical Uralian lo­

calities, a well expressed metasomatic zo­

nality lacks in listvenites from the eastern 

p art of the Gemeric Paleozoic. This is due 

t o small size of single bodies as well as to 
the high intensity of hydrothermal acti­

vity. T h e development sequence of single 

m ineral types of listvenites in the area 

investigated, a nd by that also the general 
t rend of chemical changes, may b e st a t e d 

only on the base of rarely ob ser v able 

► 
Fíg. 6. Variations of FeO* contents (total F e 
as FeO), MgO and CaO in various types of 
metasomatite after ultrabasite (listvenite) and 
in their educts from the surroundings of Ko­
šické Hámre 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-quartž-car­
bonate (dolomite) listvenite, 4 - serpentinite 
fro m the P aleozoic of the Gemeric unit, 5 -
a n chimonomineral chlorite rock, 6 - listve­
nites from the Ural Mts. (breunerite-bearing 
types) , 7 - serpentinites from the Ural Mts. 

MgO 

•1 ◊2 •3 .4 .s ,6 +7 

10 

20 

Contents of some typomorphic elements i n listvenites f rom the surroun dings 
of Košické H ámre 

Tab. 

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 Chl+T+Q+K 2020 84 2025 32 100 24,05 
3 2 FKH-15 Ch2 +Q+K 1590 74 1560 39 50 21,49 
4 1 FKH-68 Ch2 +Q+ K 1100 60 1250 30 52 '18,33 
5 2 FKH-14 Ch2 + Q+ K 940 26 1485 35 100 36,15 
6 6 FKH-65 Ch2 +Q+ K 935 41 1320 35 109 22,80 
7 10 FKH-12 Ch3 + Q+K 30 40 1140 35 23 i19,36 
8 4 FKH-35 (Chi) +Q+K 8 910 1730 47 405 Jll,41 
9 4 FKH-58 F+ch1+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. Ch 1 2460 82 870 156 600 30,00 
12 2 FKH-18 a. Ch1 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 

3 

Analyses made in Laboratories of Geologický prieskum Spišská Nová Ves, locality 
n umber as in fig. 3. Single metasomatite types are characterized by typical mineral 
assemblages: K - carbonate, Q - quartz, Ch1 - greyish-green Mg-chlorite, Ch 2 -

emerald-green Mg-chlorite, Ch3 - black-green Fe, Mg-ch lorite, (Ch) - ch lorite 
in subordinated amounts, F - fuchsite, Se - sericite, Serp - serpentíne, a. Ch -
anchimonomineral chlorite rock, A - serpen tinite from the Paleozoic oť the Ge­
meric unit (average of 16 analyses), B - fuchsite -quartz-carbonate (breunerite) 
listvenite from the Ural Mts. (average of 9 analyses, data f rom Sazonov, 1978) 

CaO 
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structural and tex tural relations between 
different metasomatite types. 

Basic data allow to assume four stages 
oi alterations of original ultrabasites. The 
first stage is explained by the genemtion 
of talc-carbonate rocks at the expense of 
serpentinite. This stage of alteration has 
been completed in the whole volume of 
single bodies therefore serpen tini te did 
n ot preserve neither as r elics and the 
newly generated carbonate was breunerite . 
The development of chlorite-quartz-carbo­
nate (dolomite) metasomatites may b e 
assigned as the second stage of alteration. 
The ľ'ate 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 
chartacter and the development of chlo­
ri te-q uartz-car bonate (breuneri te) meta­
soma ti tes resulted in enrichment of mag­
nesium. The accumulation of such mek,­
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 
ultrabas"ite bodies. This led to sh:arp de­
crease of calcium activHy in hydrothermal 
soluhons when, simultaneously, conside­
rable iamounts of magnesium have been 
released and mobilized. 

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

somatite occur only on Teplý potok loca­
lity. 

The alteration stages indicated may n ot 
be understood as independent phases 
limited in time but as products of more or 
less cont inuous development when the 
whole alteration process was governed by 
a unique hydrotherm:al system. Such de­
duction is unambiguously proved by very 
near carb on and oxygen isotopic compo­
sitions in chlorite-quartz-carbonate (breu­
nerite) and fuchsite-quartz-carbonate met a­
somatites (sample FKH-15: o13C -5.25 per 
milles PD B, o 18O + 19 .15 per milles 
SMOW; sample FKH-60: o13C -4.45 per 
milles P DB, 0180 +20.07 per miles SMOW). 
The hydr othermal water responsible for 
metasomatite gener1ation was obviously of 
magmatic or m etamorphic origin. A more 
exact evaluation, due to incertainities in the 
assessment of temperatures responsible 
for metasomatite generation and in the 
dertermination of the fractionation coeffi­
cient for the carbonate/water system, is 
impossible. 

The m etasomatic paragenesis found in 
listvenites in the area invest igated cor­
responds to the development sequence of 
classical Uralian listvenites . Moreover, 
also the r egression stage, producing chlo­
ri te-q uartz-car bona te (breuneri te) listve­
ni tes has its anralogies 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 cons,tituent, of breunerite and/or do­
lomite represent in fact altered ultrabasite. 
Several cases have been found (Slatviny 
and Košická Belá localities) where the 
metasomatic alterations occm in sedimen­
togeneous carbonate situated near to 
structures carrying the ultrabasites. Besi­
des mineral and chemical characteristics, 
there are also pronounced diiferences in 
oarbon isotopic composition (e. g . the 
breunerite rock from Slatviny, sample 
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FKH-28 has the o13C value equal to 
- 1.8 per mille PDB). 

Metallogenic importance of listvenites 

The metallogenic meaning of listv enites 
lies (i) in their collector properties for 
specific mineralization types and (ii) in 
their function as mobilization environ­
ment for primary ore elemen'1: concentra­
tions accumulated, as a rule, already in 
their educts (Ivan, in print). 

Listvenite bodies in the eastern p~rt of 
the North-Gemeric Paleozo-ic 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 
ver y 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 me1Jasoma­
tites or as chambers or quartz veinlets 
(Ďuďa 1976) being related to final stage 
of listvenite development as deduced by 
its occurrence only in fuchsit e-quartz-oar­
b onate rock. In breuneritic m etasomatite, 
tetrahedrite is concentrated into younger 
quartz veinlets. 

Indications of ores which could represent 
mobilization products from listvenites or 
from their educts (serpentinite) hlave 
hitherto not b een found in the area. 
Mainly ores of cobalt-nickel arsenides 
known near Dobšiná have to be taken in 
consideration (Hovorka - Ivan, 1981b, 
Iv,an, 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. N evertheless, 
these may indicate considenable accumu­
lations related to tectonic surfaces in the 
depth . 

The meaning of listvenítes for stratigraphy 
and tectonics 

The assessment of ultrabasite orig in of 
listvenites (serpentini te) motivated the 
reevaluation of strntigraphic and tectonic 
schemes used formerly for the area. 
Ultrabasites occur in Paleozoic com plexes 
of the Gemeric unit in two different 
forms: (i) as constituent of a higher m eta­
morphosed unit composed mainly of 
gneiss and amphibolite as w ell (ii) as tec­
tonic implantat e from this unit into the 
stratigraphically higher complex of the 
Dobšiná 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 Dobšiná group, the Zlatník m ember 
sensii š. Baj1aník 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 b elong to the Rakovec parbal 
nappe sensii P. Grecula - I. Varga (1979) 
but to the newly defined Klátov 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 Dobšiná group (Rud­
ná and Zlatník members). 

Conclusions 

Geological and mineralogical investiga­
tions of m et,asomatic rocks from wider 
surroundings of Košické Hámre k nown 
hitherto as metasomatic ankerite bodies 
proved that 

1) the majority of rocks repr_esents 
hydrotherm ally altered ultrabasite, 

2) by comp osition, both mineralogical and 
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g eochemical, the metasomatites correspond 
t o listvenites and are very similar to their 

U ralian analogies, 
3) listvenites in the area carry poor dis­

seminated mercury mineralization and 
stockwork to disseminated tetrahedrite 

a re, 
4) the presence of ultrabasites altered to 

listvenite within the Paleozoic epimet,a­
morphosed volcano-sedimentary complex 
casts doubts on its hitherto used ranging 
into the Rakovec group and, obviously, 
t h e complex participates on the Zlatník 
member of the Dobšiná group creating, 
t he newly defined, Klátov partial nappe. 

A cknowledgements: The author wishes to 
express his gratitude to Ing. Smejka!, Geo­
logical Survey, Prague, for providing isotope 
a nalyses. 

Translation by I. Varga 
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AJIKaJIHqeCKHe YJII,TpaoceoBHhie n opO.IJ;hl H C HHMH CBll3aHHhle CHJIHKaTo­
KapôoHaTHThl B ceeepeoií: '13CTH 3 a.zi:yHaií:CKHX XOJIMOB (BeerpHll). 

AlIKaJil1qecKHe y m,TpaOCHOBHbie rropO,r(hl 11 C Hl1Ml1 CBJl3 aH!,Ie CHJIHKaTO 
- KapOOHaTHTbI ObIJIH YCTaHOBJieHbI B pafloHe Me)K,r(Y r opaM11 BeJieHI~e 
l1 Ey.r1a. ITpe,r(CTaBJTlllOT caMOCT 05!TeJibHbie ,r(aÍ1KH HJIH OOHa)KalOTCJI B BH,r(e 
p 0 5! .r1aeK B Bepx He KapOOHCKHX rpaHHTaX l1JIH B Bepxee rrepMCKHX l1 uepx­
He TPl1aCOBbIX KapooHaTax. Mx OQHa)Kem,1e Ha ITOBepXHOCTH B HaCTo.sm~ee 
BpeMJI l13BeCTHO TOJ!bKO B ynOM5!Hy-TI,IX r o pax ; OCTaJibHbie OOHa)KeHl15! Ob!JIH 
OOHapy)KeHbl CKBa)KHHaMH. Tom1111 l13BeCTHbIX OOHa)KeHHH 3THX l(l1CKYTl1p0-
BaHHb!X rropO,r( HMelOT ceae pO-IO)KHOe rrpOCTHpaHHe, qTQ BXO,r(HT B COOTHO ­
IIIeHl1e C 3aJieľalOI.J.1l1Ml1: 3JieMeHTaMH OT,r(eJibHb!X ,r(aeK, KOTOpbre l13Mep5!JIHCb 
Ha 0 0Ha)KeHl15!X (l1300pa)KeHl1e Nfä 1). M o ~ H OCTb .r1aeK KOJie6JieTC5! B rrpe­
)J;eJiaX 0,2-5 M. Bcer o Ob!JTO y CTa HOBJieHO OOJ!bllie q eM 40 .r1aeK. Mx H a­
Jil{qj'.,je rroTeep)K,r(aeT eaqaJio p mpToreHe3a B rrepl10,r( eepxHero MeJia . 

Alkaline ultrabasic rocks and associated silicocarbonatites in the NE part 
of the '.ľransdanubian 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, fu rther bodies are known from 
drillings. The entire zone of occurrences creates a N-S trending bel t. 
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 tíme. 

The existence of alkaline lamprophyres 
d escribed below has not been known pre­
v iously in Hungary. 

The occurence of this rock association is 
important because it may indicate a spe­

ci.al geotectonic setting - the early phase 



116 Mincralic slov., 16, 1984 

of continental deep faulting or perhaps 
that of a rifting event in late Upper Cre­
taceous timf'. 

This rock association has been found in 
the area between the Velence and Buda 
Hills as single dykes, dykelets or dyke 
swarms in Upper Oarboniferous 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 occurr ences in the area has a 
N-S strike, which is similar to that mea­
sured in the ouicrops. (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 
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~ 

~ 
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follows: This lamprophyric rock associa­
tion consist o.f many vafieties of r ocks dif­
fering more or less from each other. The 
monchiquite can be considered the basic 
rock type in the area investig1a ted. Its 
outcrop can be studied in the Velence 
Hills. On t he base of its composit ion an 
extreme end member of this association is 
a silicocarbonatite which was indentified 
studying core samples (St-1. Di-1.) . 

These alkalíne ultrabasic rocks are of 
dark grey and reddish brown colours, of 
porphyritic structure and they often con­
tain ocelli of carbonate 1and silicate com­
position, as well as glass. They sometimes 
show flow structure. The rocks ar e often 
strongly altered. 

The mineralogical composition of the 

Fig. 1. Location map of the 
alkaiine ultrabasic dykes. 
1 - ou tcrops, 2 - drill 
holes, ;3 - mesozoie car bo­
nates, 4 - paleozo'ic schi­
tes, 5 - upper caťbonife­
rous granite 
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r ocks is shown qualitatively on Table 1. 
The microprobe data showed the olivine 
to be of 85- 90 % forsterite content. It is 
always of phenocryst appearance. The 
olivine can be found in every variety of 
rock, generally as pseudomorphs - it is 
substituted by the following alteration 
products or infillings: serpentíne, 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 oan 
be seen in the groundmass as well as in 
the ocelli. Same of the ocelli contains 
biotite. The variable amount of carbonate 
m inerals 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 minetralogical composition of dyke rocks 

Table 1 

OLIV INE 
[ PX 

PHLO GOPIH. 
Pl AG I O( L -'SE 
ANA LCIME 
<;OU AUTE 
MHILI Tf 
GLASS 
AU< AMrr1 
AE GIRIT E 
MEL ANIH. 
HAGr~ETITE 
rnoMITE 
!LMENIT!: 
!tEMATITE 
LE UCOXENE 
t ALCITE 
H AGNESIH 
DOLOMITE 
AN KERIH 
BAR I TE 
K. FEL DSP.A.ft 
AL BITE 
QUARTt 
CHLO RITE 
SER ICITE 
SMHT IH 
'SERPENT INf. 

---- ---.__ .__ 

' --
'----

'--­
"---

APATIH , P1Rl1,RUllL,ANATAZ , T1l.A.l\i 1T etc - - ; ---, tt- ~ -ŕ-- "> 

Explanation: 1 - over 15 %, 2 - between 
5-15 % lower than 5 %, 4 - the mineral can 
be found in the ocefli too, 5 - occurs as 
pseudomorph. For locality see Fig. 1 

alkalic amphibole. aegirine and analcime 
can also be identified. 

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

SiOo 
TiO; 
Al20 3 
Fe20 3 
FeO 
MnO 
CaO 
MgO 
Na20 
K,O 
P;Os 
C02 

+ H20 
-H20 

Chemical composition of some 
of the rock studied 

Pá 

3 6.2 
2.21 
9.51 
4.74 
6.10 
0.20 

)13 .80 
11.50 

1.22 
1.84 
1.38 
5.54 
3.59 
1.08 

St-1. 

28.8 
1.99 
6.39 
2.57 
6.33 
0.29 

12.60 
13.10 

0.83 
3.24 
0.97 

20.40 
2.50 
0.31 

Vál-3 . 

38,3 
2.13 
7.84 
4.13 
6.17 
0.13 
9.73 

17.90 
0.66 
1.52 
1.14 
1.64 
4.52 
3.48 

For locali ties see Fig. 1. 

Table 2 

Bkt-1. 

34.3 
1.67 
8.59 
4.72 

3.13 
0.18 

17.20 
8.32 

0.33 
1.55 
0.10 

10.90 
4.50 
3.57 

The siiioa content may be from 29 up 
to 42 %, t he 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
tenrt of volatile and for instance the C02 
content of monchiquite type rocks ranges 
fro m 1-10 % and that of silicoearbonati­
t es :from 20 to 28 %. Thi; 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 m entioning because 
of their diagnostic value. The total content 
of rare earth elements in these rocks 
reaches up to 800-1000 ppm. The qeep -
seated origin of C02 has been proved by 
carbon isotope data. The J 13 C o/o0• PDB is 
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from -1 t o -5 %o, 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 sedimen1Jary carbonate r ocks. As a 
conclusion it can be stated that by the 
data of the different geological and instru­
mental analyses the unusuial appearence of 
monchiquite , silicocarbonat:ite , polzenite, 
alkaline picrite porphyry and in one place 
microgabbro (Nk) in this 1area is now 
established . The K-Ar radiometric m eth od 
from fresh phlogopite has given the fol­
lowing values fo r 2 occurrences: 69 and 
77 m. y . which indicate lat e Creta-

My-1 

.3 --1-,--,--...--...--..---.---.----,.----,,----,,---,,----,---,---.---.----
La Ce Pr Nd Sm Eu Gd Tb o~ Ho Er ~ Yb Lu 

Fig. "!"l., Chondrite normalized REE ·pattern for the alkaline ultrabasic dykes. INAA 
made~ y J. Bérczi {Technical Univ. oťBudapest) . 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 iarea 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 tecton ic features. 

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

Alkalické ultrabazické horniny a s nimi späté silikokarbonatity 
v severovýchodnej časti Zadunajských vrchov (Maďarsko) 

ISTVÁN HORVÁTH - LÁSZLÓ ÓDOR 

Alkalické ultrabazické horniny a s nimi 
späté silikokarbonatity sa zistili medzi vrch­
mi Velence a vŕškami Buda. Tvoria izolo­
vané dajky, resp. vystupujú v podobe roja 
dajok vo vrchnokarbónskych granitoidoch, 
príp. vo vrchnopermských a vrchnotriaso­
vých karbonátoch. Ich výskyty na povrchu 
sú dnes známe iba v uvedených vrchoch. 
Ostatné výskyty boli zistené vrtmi. Zóna zná­
mych výskytov sledovaných hornín má prie-

beh S-J, čo je v súlade s úložnými pomermi 
dajok meraných vo východoch (obr. 1). Moc­
nosť dajok varíruje od 0.2-5 m. Celkove sa 
zistilo vyše 40 dajok. 

Výskyt uvedených hornín je dôleži tý naj ­
mä z geotektonického hľadiska, pretože indi­
kuje počiatočné štádiá vzniku hlbokých zlo­
mov v kontinentálnej kôre, resp. počiatočné 

štádiá riftogenézy v období vrchnej kr iedy. 
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