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UNTERSUCHUNG DER METAMORPHEN FAZIESGtîRTEL 
IN TRANSDANUBIEN1

VON

ENDRE BALĂZS2

Auf Grund der mehr als 1000 in den westlichen Bechengebieten 
Ungarns niedergebrachten Tiefbohrungen kann man heute schon mit ziem- 
licher Sicherheit die verschiedenen metamorphen Faziesgebiete angeben. 
Wenn im Aufbau der Gebirge Ungarns weniger als 10 % metamorphe 
Gesteine vorkommen, sind im Sockel der grossen Neogensenken mehr als 
50 % zu finden. Eine ausfuhrliche mineralogisch-petrographische Untersu- 
chung der letzteren wird im Ungarischen Kohlenwasserstoff Forschungsin- 
stitut durchgefurt. Das Ziel ist dabei naturlieh in erster Linie eine auf 
praktischen Nutzen orientierte Strukturforschung. Dabei bildet — wie es 
sich schon oft bewiesen hat — die petrogenetische Analyse der metamor­
phen Gesteine eine niitzliche Hilfe.

Im folgenden sollen nun die wichtigsten Forschungsergebnisse der 
vergangenen Jahre kurz zusammengefasst werden. Wegen des zusammen- 
fassenden Charakters des Vortrages kann auf Teilergebnisse nicht einge- 
gangen werden. Die Schlussfolgerungen, welche sich ans den mineralo- 
gischen und den speziellen optischen und Rontgenuntersuchungen von 
etwa 1000 Gesteinsproben ergaben, werden im weiteren skizziert. In den 
schwachmetamorphen Gesteinen fiihrten wir auch eine genauere Bestim- 
mung der Phyllosilikate durch. Diese betraf zum Teii die Bestimmung des 
Ulit-Serizit Kristallisationsgrades sowie die Bestimmung des Gitterpa- 
rameters bo von Muskovit. Dadurch konnte erstens eine Einordnung der 
Phyllitgesteine in die Anchizone — oder Griinschieferfazies erreicht wer­
den, sund zweitens durch das Muskovit-Fengit verhâltnis Schlussfolge­
rungen auf den wăhrend der Kristallisation herrschenden Druck gezogen 
werden.

Zwei Faktoren beeinflussen die Zuverlâssigkeit der Methode in den 
untersuchten Gebieten nachteilig, einerseits ist die Streuung der Vertei- 
lung der Proben auserordentlich gross, so dass eine statistische Auswer- 
tung in vielen Făllen unmbglich wird, der andere Faktor ist im bedeuten- 
den Karbonatgehalt der meisten Proben zu sehen.

In Transdanubien kann man das urspriingliche, vor der Metamor- 
phose befindliche Gestensmaterial auf Grund der Druck- tempeiaturver- 
-------------------- '

1 Vorgetragen am 12. Kongress der Karpato-Balkanischen Geologischen Gesellschaft, 
8— 13 September, 1981, Bukarest, Rumănien.

2 1021 Budapest, II., Szajke u. 9/A. fzs. 3.
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10 E. balAzs

hâltnisse der Metamorphose, der Anzahl der metamorphen Wirkungen 
und seines progressiven oder retrograden Charakters in 8 voneinander 
abweichende Fazieșgebiete einteilen (fig.) :

1. Soproner Gebirge und dessen SO-Auslâufer

Metamorphc Fazieșgebiete in Transdanubicn.

2. Kbszeger Gebirge und Vashegy
3. Beckensockel der KLeinen ungarischen Tiefebene nordwestlich 

der Raablinie
4. Sockel des Transdanubischen Mittelgebirges
5. Mittleres transdanubisches Faziesgebiet (Biikk-Dinar Typ)
6. Draubecken (SW-Transdanubien)
7. Westlicher Rând des Draubechens (Barcs-Molve)
8. SO-Transdanubien, Mecsekgebirge und Morâgyer Scholle.

Institutul Geologic al României



3 VNTERSUCHVNG DER METAMORPHEN FAZIESGURTEE IN TRANSDANUBIEN 11

Im folgenden werden die genannten Faziesgebiete kurz charakte- 
risiert. Dabei wird auf die von uns untersuchten Formationen des Becken- 
sockels ein wenig ausfuhrlicher eingegangen.

1. Soproner Gebirge und dessen SO-Anslaufer

Die Gesteine der Schieferinsel von Fertorâkos und des Soproner 
Gebirges sind als identisch mit den Gesteinen der bstlichen Alpen be- 
trachtet worden. Das Soproner Gebirge gehort zur „Grobgneisserie” und 
die Schieferinsel von Fertdrâkos zur „Wechselserie” (P. K i s h â z v 
1976 ; L . K 6 s a , 1978).

Die Gesteine der ersten Generation von-Metamorphjten des Sopro­
ner Gebirges sind Andalusit-Sillimanit-Biotit Schiefer und Zweiglimmer- 
paragneise. Diese wurden nachtrăglich von Granit Intrusionen durchdrun- 
gen, Spater, wârend der Bildung neuerer Strukturen, wmde der Granit 
Gneis, in vewandelt und die ălteren Metamprphite durch eine mannig- 
faltige retrogradei! Metamorphose uberprăgt. Entlang den Decken ubers- 
chiebungs flâchen entstanden Leuchtenbergitschiefer, Leuchtenbergit- 
Disten- Quarzite usw. In dem in Richtung der Kleinen ungarischen Tiefe­
bene plotzlich abfallenden Beckelsockel wurde in den Tiefbohrungen bei 
Pinnye schon in einer Tiefe von 1000 m zu dieser Serie gehorige Granat- 
Glimmerschiefer gefunden.

Die Gesteine der Schieferinsel von Fertorâkos sind starker diaphto- 
risiert; Im Osten bei Mosonszolnok, Mosonszentjânos und im siiden bei 
Csapod wurden in Tiefborungen metamorphe Gesteine der Wechselserie 
gefunden. Die ursprunglicheu Gesteine (Gneis, Amphibolit, Glimmers- 
chiefer, Kalkschiefer) gehorten zur Almandin-amphibolit Fazies und wur­
den nachtraglich in Ser izit-Chior  it-Karbonatschiefer umgewandelt (E . 
B a 1 â z s , 1975).

2. Das Koszeger Gebirge und der Vashegy

Die metamorphen Gesteine vom Wechseltyp des Csapoder Grabens 
treunen die penninische mesozoisch metamorphe Masse des Koszeg- 
Rechnitz Gebirges und des Vashegy von den altpalâozoischen Meta- 
morphiten des Beckensockels der Kleinen ungarischen Tiefebene. Die 
vom Obertrias bis zur Unterkreide reichenden metamorphierten meso- 
.zoischen Sedimente sind in ihren gegenwărtigen Zustand Kalkschiefer, 
metaanthrazitische Phyllite, Grunsehiefer und Metăkonglomerate. Diese 
Gesteinsgruppe setzt sich entsprechend unseres mbmentanen Konntnisse 
vom Csapoder Graben in Riehtung Osten im Sockel nicht fort (T. 
K o t s i s , 1976 ; P . K i s h ă z y , 1978 ; E . B a 1 â z s , 1979).

3. BeekensoekeI der Kleinen ungarischen Tiefebene nordweslHeli 
der Raablinie

In Gebiet zwischen dem Ostrand der Alpen und der Raab-Linie 
wurden im BeekensoekeI dem Grazer Palâozoikum analoge, bzw. sehr 
wenig metamorphe Gesteine angebohrt.

Institutul Geological României



12 E. BALĂZS 4

Die Schichtenfolge ist lithostratigraphisch in 5 Formationen einteil- 
bar (E . Bal âzs , 1979) :

Szentgottharder Phyllitformation 
Nemeskoltaer Sands teinformation 
Sotonyer Metabasitformation 
Mihâlyer Pliyllitformation
Biiker Dolomitformation

Die zum Grazer Altpalâozoikum auch teritoriel am nâchsten stehen- 
den metamorphen Gesteine erbrachten die Bohrungen bei Szentgotthârd. 
Auf Grund des Kristallisationsgrades von Serizit-Illit befinden sich die 
aus Tonen und Tonmergeln entstandenen Gesteine an der Anchi-Epizonen- 
grenze im niedrigsten Druckbereich der Griinschiefer fazies. Die 
Phyllite und dolomitischen Kalkphyllite sind brtlich stark chlorithaltig. 
Es kann demnach cine mit der Sedimentation gleichzeitig stattfindende 
basisch-intermediăre vukanische Einwirkung angenommen werden.

Der in der Nemeskoltaer Formation vorherrschende Gesteinstyp 
ist ein anchimetamorpher Sandsteinschiefer. Die urspriingliche Struk- 
tur des Karbonatarmen Gesteins ist gut erhalten, die Textur ist schwach 
geschiefert. Die Oberflache der klastischen Kornchen ist charakteristisch 
aufgelbst und grătenartig verwachsen. Ein Teii der klastischen Feldspat 
Kornchen stammt aus Gneis, der andere Teii ist pyroklastisch. Daneben 
kommt auch etwas dureh Metamorphose entstandenes Albit vor.

Die Sotonyer Metabasitformation besteht aus submarinen Vulca- 
niten. Die gesteine entstanden aus Diabasen und Diabastuffen, die 
im Verlaufe der Anchimetamorphose zu Metadiabasen und epidotischen 
Chloritschiefern umgewandelt wurden.

Die Mihâlyer Phyllitformation ist die flâchenmâssig verbreiteste 
und auch lithologisch vielfăltigste Einheit der Metamorphitschichtenfolge 
nordwestlich der Saab-Linie. Die Ursache der Vielfâltigkeit ist grundsatz- 
lich im urspriiglichen, ausserordentlich vielfăltigen Sedimentgesteinsma- 
terial zu suchen. Die wichtigsten, in der Anchizone bzw. in der kleinsten 
Druckzone der Griinschieferfazies, entstandenen Gesteine sind : Sandstein­
schiefer, Aleurolitschiefer, Serizitquarzit, Kieselschiefer, Serizitschiefer, 
Phyllit, Chloritschiefer, Kalkschiefer, Dolomitschiefer, Dolomit — bzw. an 
ein, zwei Orten metadiabas.

Der Biiker Dolomit wurde als eine selbstândige Formation betrachtet, 
obwohl er aller Wahrscheinlichkeit nach mit den jiingsten Gliedern der 
Mihâlyer Phyllitformation korreliert werden kann. Der Biiker Dolomit 
entspricht litologisch dem Kirchfidischen Dolomit, der Fossilien aus dem 
Devon enthâlt.

4. Der Soekel des Transdauubiseken Mittelgebirges

Der Soekel der nicht-metamorphen Oberkarbon-Permischen und 
Mesozoischen Sedimenschichten masse besteht aus schwach (anchi- 
metamorphen Gesteinen deren kristallisierung wurde dureh die varis- 
tische Orogeuese verursacht wurde. Das Alter dieser Gesteine ist auf 
Grund von Fossilien und des Kristallisationsgrades des weissen Glirn- 
mers eindeutig altpalâozoisch. Zu dieser Schichtenfolge gehoren der 

Institutul Geological României



5 UNTERSUCHUNG DER METAMORPHEN FAZIESGURTEL IN TRANSDANUBIEN 13

Schiefergebirgszug des Balatonhochlandes, die Gesteine, welche durch 
Bohrungen an der Balatonlinie gefunden wurde, und der sockel des vom 
NW-Fusse des Bakonygebirges bis zur Raablinie sicii erstreckende Bec- 
kengebiet. Letzterer wurde mit dem Namen Vaszarer Serizitschieferfor- 
mation bezeiclmet. Neben dem vorherrschenden Serizitschiefer erscheinen 
andere gesteinstypen wie Phyllit, Chloritscliiefer, Sandsteinschiefer und 
Aleurolitschiefer nur untergeordnet.

In der sehr schwach metamorphen Schichtenfolge des Balatonhoch- 
landes kann man mit Bestimmtkeit drei Faziesgebiete voneinander 
unterscheiden, ein quarzphyllitisches, ein quarzporphirisches und eines 
mit kalkigein Tonschiefer (I. Bubies, 1972 ; G y . M a j o r o s , 1977 ; 
E . B a 1 â z s , 1975, 1978).

5. Bas mittlere Transdanubische (Bukk-Dinariseher Typ) Faziesqebiet
In dem sich von der Balatonlinie nacli Siiden erstreckenden Gebiet 

iiberwiegen Jungpalăozoisch-triasisclie Sedimente die in ihrer Entwick- 
lung vom Mittelgebirgs-palăozoikum und Mesozoikum bedeutend abwei- 
chen. In dieser Zone Mitteltransdanubiens erfuhr ein Teii der durch 
Tiefbohrungen erreichten Perm-Triasgesteine eine charakteristische, sehr 
geringe Metamorphose. Diese Durchkristallisation ist in reinen Karbonat- 
gesteinen weniger wahmehmbar, in den mehr tonigen und tuffigen Sedi- 
menten dagegen vollig eindeutig. Bine Durchkristallisation in der Zeolith- 
fazies konnte durch Tiefbohrungen in der Umgebung vom Liszo nachge- 
wiesen werden. Auf Grund des Serizit-Illit-Kristallisationsgrades befinden 
sich da die am wenigsten metamorphen Gesteine aus Transdanubien.

6. Bas Draubeeken (SW-Transdanubien)
Im Draubeeken erschlossen sehr vieie Tiefbohrungen den in Hinsicht 

auf seine Durchkristallisation im Wesentlichen einheitlichen, aus metamor­
phen Gesteinen der Almandin-Amphibolithfazies bestehenden Beckensockel. 
Hinsichtlich ihres Aiters sind diese Gesteine wahrscheinlich die ăltesten 
in Transdanubien. Ihre Streichrichtung verbindet sie mit den Dinarischen 
Strukturen. Die Diaphtorese ist nicht regional verbiertet, sondern nur auf 
tektonische Giirtel von kleinerer Bedeutung beschrănkt. Diese Diaphto­
rese wurde im allgemeinen schon im Anfangsstadium beendet. Durch 
Isograden begrenzte metamorphe zonen vom Barrowtyp konnte nur im 
suddstlichen Teii erkannt werden. Ein vergleich mit den piâkambrischen 
Gesteinen Sudosttransdanubiens ergibt als sehr augenscheinlichen Unter- 
schied, dass hier die an die Thermalachse gebundene selektive Umbildung 
zu Granit und die Migmatit-bildung nicht eintraten. Die Gesteimsfolge 
beștelit aus biotitischen Muskovitglimmerschiefern und Plagioklaspara- 
gneisen der Almandin-Amphibolithfazies Lokal erscheinen kleinere Amphi- 
bolitheinlagerungen.

7. Der wesllicher Rând des Draubeekens (Bares-Molve)

Im Draubechen ist in verhăltnismâssig geringer Eiefe eine schwach- 
metamorphe Schichtenfolge zu finden, welche tektonisch auf der westli- 
cheu Seite eines Grundgebirgsriickens liegt der aus metamorphen Gestei- 

Institutul Geological României
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14 E. BALÂZS

nen der Almandin-Amphibolithfazies beștelit. In der bisher bekannten 
etwa 300 m măchtigen Schicktenfolge kann man oben eine dolomitisch- 
diabasische, in der Mitte ein phyllitische und im unteren Teii eine Sand- 
steinschieferfolge abgrenzen. Die Gesteine dieser drei Folgen kdnnen auf 
Grund ihrer Mineralassoziation in die schwach und sehr schwach meta­
morphen Gesteine (Anchizone- Grunschieferfazies) eingeordnet werden. 
Nach den Muskovitkristallisationsdaten (Kubler-Weberinder) kann eine 
Zugehdrigkeit zur Anchizone als sicher bestătigt werden.

S. SO-Transdanubien, das Mecsekgebirge und die Morâgyer Scholle

In SO-Transdanubien ist im Sockel der aus metamorphen Gesteine 
der Amphibolithfazies besteht eine Granitisierung festzusellen welche 
entlang einer etwa SW-NO geriehteten Thermalachse verlăuft, Hier sind 
die verschiedensten Gesteintypen des Migmatitbildungsprozesses zu finden, 
unter anderen geschichtate Migmatite, Agmatite, Diktionite, Diatexite, 
porphyroblastische, nebulithische und skialitische Granițe (B . I a u t s h v, 
1975).'

Im Siidteil des Migmatitgranits liegen magmatisch hochgepresste 
Serpentinitdiapire (T . S z e d e r k e n y i, 1975).

Schliesslich sollen, obwohl nur in indirekter Verbindung mit den 
metamorphen Gesteinen stehend, als neues Forschungsergebnis die Ober- 
kreide-Palăogenen Tonalithe, erwâhnt werden, welche entlang der Bala- 
tonlinie erbohrt wurden und die Mittelgebirgs — und Mitteltransdanubis­
chen Faziesgiirtel voneinander trennendon Alterbestimmung an frischen 
Biotiten aus feinkbrnigen Quarzdioriten weisen auf Unter bis Mittlel 
Eozâns hin.

In der durch junge tektonische Bewegungen aufs ănsserste kompli- 
zierten Mosaikstruktur Transdanubiens gelang es folgenden Ablauf der 
Metamorphosen nachzuweisen. Eine prâvaristische/vermutlich prăkam- 
brische/ Metamorphose in der regionalen Almandin-Amphibolithfazies ; 
lokal eine sich stiifenweise verstârkende Metamorphose und Ultrametamor- 
phose vom Barrow Type; eine varistische Metamorphose in der Anchizone 
— bzw. geringen Grunschieferfazies und eine alpidische Metamorphose in 
der Grunschieferfazies.
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BY

TUDOR BERZA2, ANTONETA SEGHEDI2

Introduetion

This paper represents a possible interpretation of the data concerning 
the basement in the central part of the South Carpathians’ Danubian 
Units, between the Jiu and Strei Rivers to the east and the Timiș River 
to the west (Muntele Mic, Petreanu, Tarcu, Retezat, Culmea Cernei — Me­
hedinți and Vîlcan Mountains). In the previously unitary Danubian Autoch- 
țhon (Codarcea, 1940), various structural modeis have successively 
been proposed by Stan o iu (1973), Krâutner et al. (1978), 
Năstăseanu (1980) and Morari u and Mor ar iu (1982). 
Strengthening S t ă n o i u ’s picture with new data, B e r z a et al. 
(1983) propose two main Alpine divisions : the Upper Danubian Group 
of Units and the Lower Danubian Group of Units, both of them consist- 
ing of several pre-Alpine and Alpine units.

A cover and a basement were distinguished, by tradition, in the 
Danubian Units. The ages ascribed to these distinct structural levels 
suffered large fluctuations in time, but in recent years a Mesozoic- 
Upper Paleozoic age for the cover and a Middle-Lower Paleozoic and 
Upper Precambrian age for the basement were generally accepted. Since 
the importance of the alpine metamorphism in the Danubian of the 
South Carpathians was reconsidered (G h e r a s i et al., 1973 ; D i m i - 
trescu, 1976) and since a Liassic flora was found in the upper part 
of a sequence previously ascribed to the basement (Stănoiu , 1982), 
it was obvious that the basement/cover distinction is not so sharp as it 
was claimed.

In the south-eastern part of the Danubian area, a Precambrian 
infrastructure and a Paleozoic suprastructure constitute the crystalline 
basement (S a v u , 1970 ; B e r z a , 1978). The close association of the 
Precambrian and Paleozoic sequences in Variscan and Alpine structures, 
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and the extensive retrogressions of the Precambrian rocks, frequently 
make this distinction difficult, the opinions concerning a given outcrop 
or area being often conflicting. However, as a substanțial progress has 
realized in the last decade in dating the Paleozoic formations and in 
understanding the metamorphic history of the Precambrian rocks, the 
situation is rapidly improving.

Paleozoic Low-grade Rocks

Recent reviews of the Paleozoic formations from the Danubian 
Units were presented by Năstăseanu (1975 ; N ă s t ă s e a n u et al., 
1978 and in Krâutner et al., 1981) and S t ă n o i u (1976 ; in K r ă u t- 
n er et al., 1981). According to these authors, the Paleozoic formations 
were alloted in the Upper Danubian Units to the Drencova-Rîul Alb 
Group and in the Lower Danubian Units to the Tulișa Group.

The Drencova-Rîul Alb Group comprises a mainly volcanic sequence 
(Ordovician-Silurian) and a sedimentary sequence (Upper Devonian-Low­
er Carboniferous) (Krâutner et al., 1981). In the absence of specific 
studies, the low-grade metamorphism (anchizone to chlorite zone) of the 
Drencova-Rîul Alb Group rocks may be connected either with the Varis­
can, or with the Alpine deformations.

West of the Jiu Gorges, the Tulișa Group is represented by the 
psamitic Ordovician ( +Silurian?) Valea Izvorului Formation, by the 
psephitic and pelitic Devonian Vidra, Tusu and Sgura Formations and 
by the carbonatic and pelitic Lower Carboniferous or Mesozoic Oslea 
Formation (Krâutner et al., 1981). The Ordovician and Devonian 
rocks are involved in and are intensely deformed by the Variscan over­
thrust of the Drăgșan Group (Retezat-Parîng Unit) on the Lainici-Păiuș 
Group (Vîlcan-Pilugu Unit). The Oslea Formation overlies with angular 
unconformity the older formations of the Tulișa Group, or directly the 
Precambrian Drăgșan or Lainici-Păiuș rocks.

The data regarding the metamorphism of the Tulișa rocks are still 
scarce. As the low-grade index minerals quoted here (chlorite, chloritoid, 
fine grained white mica) are also found in the overlying Mesozoic rocks, 
it has not been proved so far that a Variscan metamorphism has occurred 
in the Lower Danubian Units.

Precambrian Polymetamorphie and Granitoid Rocks

In both groups of the Danubian Units, the low-grade Ordovician 
formations overlie older polymetamorphie and granitoid rocks. These 
rocks crop out in restricted zones, due to the complex structure of the 
Danubian area and to the overlying younger deposits. Therefore, a lot of 
local names were given by various authors to the polymetamorphie sequen­
ces and the correlation of the main lithologic units is still controversial. 
P a v e 1 e s c u (1959) proposed the grouping of these metamorphic 
rocks into a few lithologic units : the Drăgșan, Lainici-Păiuș and Rîușorul 
Series. We share this opinion, but as some sequences are difficult to be 
alloted to these units, and as the correlation between sequences belonging 
to the two Groups of the Danubian Units is evidently hypothetical, we 
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propose a slightly different scheme. In the basement of the Upper Danu­
bian Units of the Tarcu, Muntele Mic and the North Petreanu Mts, 
Gherasiet al. (1968, 1973, 1974) have developed a detailed lithostrati­
graphic terminology for a pile of low-grade looking rocks, supposed to 
represent Upper Precambrian and Lower Cambrian deposits, metamor­
phosed during the Baikalian and Caledonian orogenies. Kr âu t n e r et 
al. (1978) have remarked the retrogressed nature of some of these rocks, 
S o 1 o m o n and Pop (1973) have identified staurolite and Savu et 
al. (1983 a) have reported the presence of kyanite. The main lithologies 
involved in this sequence are amphibolites, augen gneisses and mica gneis- 
ses, with the same mineralogical, structural and geochemical features (see 
Savu et al., 1983 a, versus Savu et al., 1983 b) as the correspond­
ing rocks of the Drăgșan Group in the Lower Danubian Units. In this 
case, it would be possible to ascribe the polymetamorphic basement rocks 
of the Upper Danubian Units in the Muntele Mic, Tarcu, North Petreanu 
and North Retezat Mts to the Drăgșan Group. This has already been 
donc by P a v e 1 e s c u (1959,1963), and G h e r a s i and D i m i t r e s c u 
(1968) have used the name Zeicani-Drăgșan Series ; howewer, since B e r z a 
et al. (1983) confirmed the existence of two main groups of tectonic 
units in the Danubian area, and since in the Țarcu-Muntele Mic-Petreanu 
region the Zeicani Series is a well known name, we maintain this usage 
for the Upper Danubian Units. It is highly probable that in the future 
one of these names (Zeicani or Drăgșan) will prevăil.

Various sequences of the Zeicani Group represent the basement of 
several Upper Danubian Units; therefore, a reconstitution of its lithostra- 
tigraphy is impossible for the moment. If the equivalence with the Drăg- 
șan Group is real, it is probable that the same lithologic units as in the 
Drăgșan Group are present within the Zeicani Group, too. Amphibolites, 
leptynites and mica gneisses are found in the Măru Unit, augen gneisses 
and amphibolites are dominant in the Muntele Mic Unit and amphibo­
lites are the main constituent of the Poiana Mărului Unit.

The metamorphic history of the Zeicani Group is very complex 
and not clarified vet. An almandine amphibolite facies phase (probably 
the staurolite-almandine subfacies, according to the data of S o 1 o m o n , 
Pop , 1973 and Sa vu et al., 1983 a) was followed by the intrusion of 
the Muntele Mic, Șucu and Rîul Șes granitoid plutons, inducing thermal 
and metasomatic action (G h e r a s i, Savu, 1969 ; G h e r a s i et al., 
1974) in the surrounding rocks. Extensive retrogressive events may be 
connected with the postulated Variscan low-grade metamorphism of 
the Paleozoic Drencova-Rîul Alb Group and are surely linked to the 
Alpine overthrusts. These diaphtoreses are extremely evident in the prox- 
imity of the Getic and Upper Danubian overthrust planes, and next to 
the tectonic planes between various Upper Danubian Units, conferring 
a general greenschist aspect to the Zeicani rocks.

There are no accurate data yet concerning the age of the Zeicani 
Group. The palynological investigations carried out by V i s a r i o n (see 
S a vu et al., 1973 ; Gh er a s i et al., 1973) have provided only large 
spectrum forms, from the Precambrian Lower Cambrian interval. K/Ar 
ages between 94 and 456 m.y. found by S o r o i u et al. (1970, 1972), 
M î n z a t u et al. (1975) and G r u n e n f e 1 d e r et al. (1983) show only
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Alpine resetting of older ages. Based on speculative correlations to other 
metamorphic sequences of the Carpathians (Krâutner et al., 1981), 
we think that the Zeicani Group belongs to a non specified interval of 
the Upper Precambrian.

The pre-Ordovician basement of the Lower Danubian Units has a 
more complex constitution than that of the Upper Danubian Units. 
Two areas may be distinguished within the Lower Danubian Units, sepa- 
rated by a NE—SW directed and SE dipping tectonic plane — the 
Rîul Mare Fault. East of this plane, the Paleozoic and Mesozoic forma­
tions overlie two types of metamorphic basements : Drăgșan Group or 
Lainici-Păiuș Group, the former being overthrust (in the Retezat, Culmea 
Cernei and Northern Vîlcan Mts) on the latter, during a post-Devonian 
and pre-Jurassic (possibly even pre-Namurian) phase (Berza et al., 
1983).

The Drăgșan Group rocks are found in two distinct areas : in the 
central Retezat Mts and in the Culmea Cernei- Northern Vîlcan Mts. 
Within this group (the Drăgșan Series of Pavelescu, 1953 a) three 
formations — the Făgețel Gneisses, the Amphibolite Formation and the 
Dobrota Mica Gneisses — may be distinguished.

The Făgețel Gneisses outcrop in the Retezat Mts, and consist 
mainly of augen gneisses and a few amphibole gneisses. Due to extensive 
retrogressions, these rocks have a general aspect of low-grade rocks, but a 
caretul examination reveals their polymetamorphic nature. The Amphibo­
lite Formation is exposed in the Retezat Mts (Rîul Bărbat Formation) and 
in the Culmea Cernei-Northern Vîlcan Mts (Straja Formation). In both 
areas, it is represented by amphibolites, amphibole gneisses, biotite gneis­
ses, but frequently retrograde events gave these rocks a greenschist 
appearence (Pavelescu, 1953 a ; B e r z a , 1975). The Dobrota Mica 
Gneisses overlie in Culmea Cernei the Straja Formation and consist of 
mica gneisses, staurolite micaschists (I a n c u , 1974), biotite gneisses and 
amphibolites.

Despite the influence of the Culmea Cernei and Retezat granitoid 
plutons and of several retrogressive events, there are still places where 
criticai minerals from the oldest metamorphism of the Drăgșan Group 
are preserved. Ian cu (1974) has reported staurolite and Berza, 
Seghedi (1975 a) have identified kyanite and staurolite; these miner­
als, and the frequent andesine 4- hornblende 4- almandine association, 
point to the staurolite-almandine subfacies of the almandine-amphibolite 
facies conditions. From place to place, the subsequent retrogressions 
may be ascribed to a possible Variscan regional metamorphism of the 
Tulișa Group, to the Variscan overthrusting of the Drăgșan Group on the 
Lainici-Păiuș Group, to Alpine events, or to a combination of these 
processes.

The volcanic activity (Pavelescu,Pavelescu, 1962, 1964 ; 
S a v u et al., 1976, 1983 b ; Berza, 1978 ; S c h u s t e r , 1980 have 
considered the amphibolites as metamorphosed basic tuffs, volcanics and 
intrusions), the sedimentation, metamorphism and related plutonism 
of the Drăgșan Group are surely pre- Ordovician, as it supports the Valea 
Izvorului Formation. K-Ar ages between 97 and 325 m.y. (Griinenfel- 
d er et al., 1983) show Alpine resetting, but general correlations have 
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enabled K r â u t n e r et al. (1981) to state that the Drăgșan Group may 
correspond to the middle part of the Upper Precambrian sequence known 
in the Carpathians.

In the region considered in this paper, the Lainici-Păiuș Group rocks 
are also found in two distinct areas, in the Southern Vilcan and Southern 
Retezat Mts. Ssparated as Lainici-Păiuș Series by M a n o 1 e s c u (1937), 
these rocks have a prominent individuality among the metamorphic 
rocks of the South Carpathians. In both areas, the Lainici-Păiuș Group 
consists of two subdivisions recognized by B e r z a (1978) and S c h u s - 
ter (1980): the Carbonate-Graphitic Formation and the Quartzite- 
Biotite Gneisses. Although these main lithologic units are easily mapped 
in the field, the superposition order is not known, due to extensive small 
scale folding and new schistosities. Another feature of the Lainici-Păiuș 
Group is the extensive penetration by granitic material, as various mig- 
matites, countless small bodies and severa! large plutons.

The Carbonate-Graphitic Formation consists of crystalline lime­
stones and dolomites, sillimanite-andalusite-cordierite metapelites, amphi­
bolites and calcsilicate gneisses. The Quartzitic and Biotite Gneiss For­
mation contains various quartzites, in close alternation with biotite± gâr­
neț gneisses. The successive metamorphic events affecting the Lainici- 
Păiuș Group have been interpreted by Savu (1970) as low-pressure 
„Danubian” metamorphism, „static autoretrogression” induced by late 
fluids from granitoids, Variscan “alloretrogression” and Alpine diaphto- 
resis. Contact metamorphism was noticed (Mr a z ec , 1898 ; Ion escu- 
Bujor, 1911; M a n o 1 e s c u , 1937 ; Stan, 1977) and a dynamic 
retrogression was observed near the tectonic contact with the Drăgșan 
Group (Berza, 197.5; lancu, 1977 ; Savu et al., 1983 b). This 
complex evolution is not well understood yet, but the polymetamorphic 
nature of the Lainici-Păiuș rocks is obvious. In the absence of relict 
Barrovian minerals, it is conceivable that the extensive arteritic inigma- 
tization (S a v u et al., 1972 ; S t a n , 1977 ; B e r z a , 1978 ; S c h u s t e r, 
1980), the intruded Buta, Bușești, Tismana, Frumosu, Bîlta, Suseni and 
Șușița plutons and countless smaller granitoid bodies induced, at moder­
ate pressures (permitting the coexistence of almandine, andalusite, silli- 
manite and cordierite) a heat flow’ sufficient to al low the regional occur­
rence of sillimanite. Several subsequent retrogressive events, which created 
more or less penetrative schistosities, brought frequently this sequence 
to low-grade appearance.

The low-pressure metamorphism and granitic intrusions are pre- 
Ordovician, since the fossiliferous Valea Izvorului Fonnation (Stănoiu, 
1972) unconfonnably overlies both the Lainici-Păiuș rocks and granitoid 
bodies. K-Ar ages of metamorphic and granitoid rocks generally show 
Alpine resetting, but values as high as 665 m.y. were still found, and 
U-Pb ages on zircons from some granites are 610 ± 35 m.y. (Griinen- 
f e 1 d e r et al., 1983). These data clearly point to the Precambrian age 
of the sedimentation, metamorphism and granitization of the Lainici- 
Păiuș Group. In a subsequent, but still pre-Ordovician interval, the 
Lainici-Păiuș rocks and the granitoid bodies have been cut by countless 
hypabyssal dykes of porphyric microdiorites, microgranodiorites or micro- 
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granites, showing only the schistosities and mineral alterations induced by 
Paleozoic or Mesozoic events (B e r z a , S e g h e d i, 1975 b).

The Rîușoru Formation (Rîușoru Series — Pa velescu , 1953 b) 
constitutes the Nucșoara Unit and is mainly represented by biotite-garnet 
gneisses or quartzites. Detailed studies are still lacking, but it seems 
(Dimitrescu, personal eommunication, 1980) to include two subdi- 
visions : a carbonatic and a graphitic member (with some serpentinites) 
and a biotite-garnet quartzitic member. This constitution reminds of the 
Lainici-Păiuș sequence, but the scarcity of granitic intrusions differen- 
tiate it from the mentioned group. The Rîușoru Formation has also a 
complex metamorphic history. The garnets indicate at least an upper green- 
schist facies metamorphism, but the presence of amphibolites points to 
the amphibolite facies. Subsequent retrograde events produced penetra- 
tive new schistosities and created a phyllitic appearence. This feature is 
extremely obvious in the Southern part of the area, where the Rîușoru 
rocks have been considered as a distinct formation— “the Rîul Mare 
biotite phyllites” — (Gherasi, Dimitrescu, 1968 ; G h e r a s i 
et al., 1973, 1974). The age of the Rîușoru Formation is uncertain, but by 
the mentioned correlation it is possible to infer an Upper Precambrian age.

West of the Rîul Mare Fault, in the Petreanu Mts, several polyme- 
tamorphic formations and gneissic bodies are exposed; tectonic contacts 
between some of these lithologic entities were proposed by Codare ea 
and Gherasi (1945) and Berza et al. (1983). From bottom to top, 
the superposition order is the following : Rof Formation in the Rof 
Unit, Furcătura Gneiss and Nisipoasa Formation in the Furcătura Unit 
and Petreanu Gneiss with Bodu Formation in the Petreanu Unit.

The Rof Formation consists of alinandine micaschists, amphibolites, 
leptynites, biotite gneisses and quartzites (Gherasi, Dimitrescu, 
1968). The polymetamorphic nature of these rocks is striking, a stauro- 
lite zone metamorphism (Gherasi et al., 1974) being followed by an 
event in which hornblende was replaced by biotite; a later, distinct 
retrogression led to the development of low-grade minerals.

The Furcătura Gneiss is a. microcline-biotite gneiss, cut by subse­
quent aplites (Gherasi, Dimitrescu, 1968). Mineralogic and 
fabric aspects led Dimitrescu (personal eommunication, 1980) to 
interpret this gneiss as a metamorphosed granitic body.

The Nisipoasa Formation (Dimitrescu, personal eommunica­
tion, 1981), formerly described as Rîușorul Series (Gherasi, Dimi­
trescu, 1970, 1978), as Măgura Series (Gherasi et al., 1974), or as 
Biotite- Quartz Schists Formation (Krăutner, 1980), is a few hundred 
meters thick strip, sandwiched between the Furcătura and the Petreanu 
Gneisses. These monotonous biotite-quartz (± gârneț) schists resemble 
blastomylonites.

The Petreanu Gneiss consists of augen or banded gneisses with apli- 
tic, amphibolitic, biotite gneissic or quartzitic layers'(G h e r a s i, D i mi­
tre s c u , 1968), and seems to have a lithostratigraphic control (Ghe­
rasi, Dimitrescu, 1970).

The Bodu Formation (Kr ău t n er , 1980) comprises quartzites, 
almandine micaschists, amphibolites, serpentinites and erystalline lime- 
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stones, with frequent stromatic or ophtalmitic migmatites. This formation 
is intruded by the Vîrful Pietrii Granițe (Gherasi et al., 1968).

The ages of these lithologic entities within the Petreanu Mts are not 
well known. The Bodu Formation and the Vîrful Pietrii Granițe are over- 
lain by the Devonian Vidra Formation (Gherasi et al., 1975), and 
K-Ar ages as high as 667 m.y. were found for biotite gneisses interlayered 
in the Petreanu Gneiss (G r ii n e n f e 1 d e r et al., 1983). The Bodu 
Formation reminds very well of the Lainici-Păiuș Group, and the Rof 
Formation resembles the Drăgșan Group. It is highly probable that these 
lithologic units of the Petreanu Mts are also Upper Precambrian.

From the above statements, we can say that in the lower poiyme- 
tamorphic part of the Danubian Units basement, the most extended se- 
quence is represented by the Drăgșan = Zeicani Groups.The Lainici-Păiuș 
Group is a different sequence, and several less extended suites in the 
Petreanu Mts may either correspond to parts of the above mentioned 
groups, or represent other levels of the Upper Precambrian.
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MIGMATITE BELTS IN THE BASEMENT COMPLEX OF THE 
REGION BETWEEN DANUBE AND TISZA1

1 Paper present ed at the 12th Congress of the Carpatho-Balkan Association, Scptcmber 
.8—13, 1981, Bucharest, Romania.

2 Hungary.

BY

B. CSEREPES 2

In my paper I should like to give a picture of the metamorphic 
rocks known from the hydrocarbon exploration wells drilled in the N and 
central parts of the region between the rivers Danube and Tisza. My aim 
was to study the NE-continuity of granitoids of the Mecsek Mountain 
and to trace the migmatite types described by B. J a n t s k y in his 
Mecsek monography (Fig. 1).

I had 556 rock samples at my disposal coming from 226 wells in 
12 hydrocarbon exploration regions. Unfortunately, the oii wells are not 
continuously core drilled, only one or two samples are taken from a 
well (sometimes many hundred meters from each other). Because of 
this, it was impossible to construct a petrographical spot-map. Based on 
identical petrogenesis, 2 minor area units eould have been distinguished, 
a N, and a S one (Fig. 2).

From the mineraLs of the granitogene rocks, the feldspars react 
with the highest sensitivity at the temperature and pressure changes 
taking place in the earth’s crust, by altering the physical parameters. 
This fact can be used for the description of the circumstances of the 
genesis. The determination of the feldspar structure was made by optical 
measurements on the universal stage of Fedorow and by studying the 
accurate values “d” calculated from X-ray diffractograms. I have made 
337 feldspar Fedorow measurements and 122 X-ray evaluations.

On Fedorow’s stage the angle between the crystallographical axes of 
the feldspars and the cleavage or twin plane elucidating the twin type 
and the An % for the plagioclases, and triclinicity for K feldspar as well 
as axial angle, the 2V, referring among others, to the genesis temperature, 
can be determined. At the X-ray examinations, the angular difference 
between the peaks of the individual reflexion pairs is characteristic of 
the triclinicity grade. The factual values of triclinicity were calculated 
By the Laves (1954) method. As for the plagioclases, the change of 
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the Si/Al order grade and of the An percent is best_reflected by the 
20° value difference between the peak pairs 131 and 131 as well as 241 
and 241. To determine the An percent, the methods of B am b au e r , 
Corlett et al. were used (1967).

An abbreviated scheme of the metamorphosis and the migmatiza- 
tion is as follows : from geosynclinal sediments and tuffs, under the in-

Fig. 1. — .Metamorphic rocks in the Great Hungarian Plain. 1, regional metamorphic gneiss- 
micaschist-amphibolite; 2,1 type migmatite; 3, II type migmatite; 4, III type migmatite;
5, low metamorphic formations; 6, singular granites;?, diaphtorites; 8, boundaries of the

area units; 9, locality.

fluenceof the metamorphosis of the amphibolite facies, gneiss, amphibo- 
lite and micaschist were formed. Later on, sunk into the depth in a syno- 
rogenic phase, under the influence of higher temperatures, partly by 
transcrystallization in a solid phase, partly by a parțial fusion and recrystai- 
lization, at first granulai’ gneiss with porphyroblasts then various com­
pound migmatites, laminar migmatite, agmati te etc. constructed by the 
leucosome and melanosome parts of various sizes and forms -were formed; 
then, in the course of a further homogenization, diatexite of granodiorite 
and granițe composition and, at length, the granițe itself was formed.

In the first area unit, a total of 26 wells were drilled. Thus, the 
phases of the migmatization cannot be traced so well as in the following.

Institutul Geological României
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i.e. the second area unit. Three rock types are known ; gneiss and micaschist 
were obtained exclusively from the Soltszentimre wells, transitional 
migmatites from Soltszentimre and Ujszilvâs and granițe were obtained 
in large mass from Cegled, Kecskemet and Nagykoros. All the three rock 
types present themselves in isolated units ; clarification of the connection 
to each other is not possible because of the low number of rock samples.

Fig. 2. — Migmatite Belts of the Region between Danube and Tisza.
1,N / I typemigmatite; 2., S/II typemigmatite; 3, iow metamorphicformations :4,diaphtorites;
5, boundarics of the area units; 6, morphology of the metamorphic basement; 7, Iscălity ;

8, driU-sitc.

The gneiss is fine-grained, containing no porphyroblasts, it is strong- 
ly shaly, often folded, consisting of plagioclase, quartz and mica. From 
the micas, biotite is the most frequent one and it is often chloritized. 
The plagioclase is a low-temperature oligoclase of 18-32 An percent. 
As accessories, gârneț, zoisite and apatite can be observed. It is not
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possible to denominate the variations of the transitional migmatites since 
the leucosome and melanosome forms cannot be examined in core pieces 
of about 10 cm in diameter. The samples consist of 1—2 mm and cm 
dark and light streaks or lenses, bulbs. These are partly parallel, partly 
tortuous encrusting each other but they touch each other always along 
sharp border lines. Ptygmatic streaks frequently occur. The dark mela­
nosome parts are, from the view-point of structure and mineral composi- 
tion, identical to the above mentioned gneisses, while the leucosome diffe- 
rentiates are of granodiorite and granițe composition; they differ only in 
the frequency of the individual minerals.

Most wells gave granițe in a diatexite condition according to AI e h- 
n e i' t’s nomenclature. This rock is generally red-and white-spotted or 
gray, not well homogenized having strongly varied grain size; it consists 
of red- and white-spotted plagioclase and purplish-gray K feldspar in the 
C egl6d and Kecskemdt region, of bright red K feldspars and white pla­
gioclase in the Soltvadkert region and of biotite showing some order in 
some places.

From the main minerals, the feldspars have been examined in detail. 
In my work, I made use of a paper of dr. B u d a . The following gene- 
rations can be distinguished : With the plagioclase there are two genera- 
tions : the first one is isometric or of irregular form, untwinned in 45 per- 
cent, twinned in 55 percent; from these, the complex and parallel twins 
are frequent, especially pericline, albite (ala, albite) Carlsbad; the normal 
albite twins are less frequent. In the mineral, the round or raindrop-like 
quartz inclusions are a frequent occurrence (this is the old quartz genera­
tion) and the mirmekite structure is characteristic. The sericitization is 
very significant in some places. The An % is 18-31, determined by the 
X-ray method and optically, the 2V varie» between 82-90°. The second 
generation is more sodic than this, of 6-12 An percent; the crystal is always 
fresh, generally twinned, constituting chiefly albite twins; it is more 
idiomorphous than the oligoclase but often it can only be observed as 
a thin streak formed around the border of the oligoclase. The 2 V is 
+ 76 — 4- 88°. Both plagioclase generations are of low temperature.

Three types of K feldspar are known ; presumably, the oldest one 
is that of 68 — 78% triclinicity ; it is of — 72 ---- 76 ° 2V; it is not twinned
but densely cleaved parallel with 001 and 110 ; it is hypidiomorphous 
or isometric, containing thick perthite strings, it is an orthoelase — micro­
cline mixed crystal with the overweight of the orthoelase. The second 
K-fp. type is microcline of 85% triclinicity, fully xenomorphous; it is of 
undulating and spotted extinction and contains mass plagioclase and 
biotite inclusions, showing on the border of the grains, the characteristic 
albite and pericline twin-formation. The microcline is often perthiteous. 
The microcline has different 2V in the individual domains ranging from 
— 76 to —86°. The third typevt microcline of maximum triclinicity consist - 
ing fully of twin plates; it is much smaller than the second type only 
a few ten mm with a —86° 2V. Here, the perthite strings are frequent, 
too. This type is closely interwoven with the young quartz.

In the migmatites of transitional type, the plagioclase of the first 
generation and, if any, the K feldspar of the first and second type are 
frequent; the third one does not occur. With the diatexite, the two 
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kinds of plagioclase are to be found in near identical amounts, the ortho- 
clasic microcline being less frequent; the second and third type K feld- 
spar prevails.

I have the following idea as to the geneticdl development of the area 
unit: as the first phase of migmatization, a certain segregation, a disin- 
tegration into melanosome and leucosome streaks have started accompa- 
nied by the growth of the grainsize. The intensive alkali metasomatism 
can be considered as the second phase in the course of which albite 
(enerusting also the oligoclase) and then the orthoclasic microcline and 
the two microcline types formed.

There were a lot more wells drilled in the second area unit. Only at 
Szank, 124 wells were drilled; the rocks are more varied, too; a full 
pictore of migmatization can be obtained.

Here too, the starting rock is chiefly the gneiss corresponding to 
the above mentioned gneisses, the An% of the plagioclase ranges from 
10 to 28 and the 2V from —86 to +86°. The biotite is rarely fresh, it is 
generally muscovitized, penninized. As accessories, gârneț, zoisite, cli- 
nozoisite, titanite (often leucoxenized), zircon and apatite can be observed.

Besides the gneiss, amphibolite plays a significant role as a paleo- 
some. It can be observed either in segregated units edged in 10—20 cm 
or 1 — 2 in streaks in between the gneiss, or mixed with the gneiss as an 
amphybolic gneiss. The prevailing mineral aggregates of rock samples 
showing no migmatic effect are the hornblende-biotite-plagiodase-quartz- 
accessories (titanite, gârneț, epidote, zoisite, in some places mass clino- 
zoisite and apatite). The amount of quartz is also considerable, reaching 
20% in some places. The plagioclase of non-migmatitic amphibolites cor­
responds to those contained in the gneisses, with 18—25 An%; it is 
generally not twinned, and is isometric. In the neighbourhood of parts 
rich in biotite, a weak zonality can be observed, too.

The start of migmatization ismarkedby the appearance of 5—10 mm 
round or spindle-shape feldspar- quartz porphyroblasts that can be observed 
sporadically both in the gneiss and in the amphibolite. These are gene­
rally in the plane of the schistosity surrounded by the paleosome in a 
wreath-like form. With the progress of migmatization, migmatites of diffe­
rent types came into being ; the porphyroblasts increased in number and 
size. originating from the fusion of severa! porphyroblast lenses and small 
streaks then, the streaks became thicker and were isolated from the mela- 
some. The direction of the leucosome always corresponds to the original 
schistosity of the melanosome. Later, the parallel streaks get disintegrated 
and the homogenization begins; various agmatite types, and at last, 
diatexite and well homogenized granițe come into being.

In addition to the minerals deseribed in the gneiss and amphibo­
lite, the following generations formed. The zonal plagioclase frequently 
occurs in every migmatite type. The angle value of cleavage or twin- 
planes measured from the refractivity directions is charaeteristic neither 
of the low temperature level nor of the high temperature level plagioclases ; 
they probably represent an intermediare state. 2V varies irregularly'from 
the interior of the crystal outwards. It is presumed that more calcic and 
more sodic members have segregated altemately. According to M e h n e r t,
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the inner core of the plagioclase is more sodic outwards, the An% increa- 
sed until it reached an idiomorphous zone. From this, outwards from the 
idioinorphous zone, the An-content diminishes again and an extraordinary 
xenomorphous albite edge forms. The inner part of the crystal with its 
increasing An-content can be explained by a low degree temperature 
increase and with a change taking place in the stability of the plagioclase 
corresponding to it. Around the zone with maximum An-content, the pres- 
sure and temperature conditions decrease rapidly leading to the forma­
tion of the albite edge. The zonal plagioclases of the second area unit do 
not follow this empirical principie. That is why it can be said that the 
rock got warm and cold many times, the identically acid zones of the 
various crystals did not form at the same time.

As to the non-zonal crystals, three generations can unambiguously be 
recognized. Thefirst one is probably identical to the oligoclase of the gneiss, 
therefore, it still belongs to the paleosome; it is strongly sericitized, and 
can be badly determined and it can be observed almost as an inclusion. 
The second type is fresh; it is twinned or untwinned in 50—50%, con- 
sisting mainly of thin albite twins, subordinately, of albite / ala twins; 
it contains mass quartz, amphibole, biotite and iutile inclusions, it is 
very often mirmekitic and of low-temperature; on the biotitic parts, i.e. 
on the parts of gneiss origin, its An% value ranges from 6 to 32, there­
fore, it is more sodic; on the amphibolic parts, however, its An % value 
ranges from 34 to 44, therefore, it is more calcic. The same habit is re- 
vealed by crystals with — 84 to 60° 2V and with transitional temperature 
the An% value of which cannot be determined; but sucii crystals are 
evidently older than the previous one, since it presumably could form 
even at higher temperatures.

The amount of the transitional temperature plagioclase is, for all 
migmatite types, about one third of the quantity of the low tempera­
ture one.

Three types of the k-feldspar can be separated too. The oldest type is 
a simple normal twinned, hypidiomorphous orthoclase, cleft generally 
parallel with 001 and 110. Aceording to X-ray diffractograms, the tric- 
linicity is equal to zero. This fact is proved by the 2V value, too, ran- 
ging from —54 to —74°. The —54° 2V value marks a higher temperature 
and a smaller Si/Al order. In the orthoclase, zonal plagioclase crystals can 
often be observed where the last zone is idiomorphous as compared to 
the inner core. This fact is in accordance with M e h n e r t ’ s observation 
aceording to which a higher temperature is necessary for the formation 
of a zone with maximum An-content. The following type is the untwin­
ned, only cleft, also perthitic orthoclase with 2V ranging from —72 to 
— 76, eontaining a very large number of inclusions ; this orthoclase is 
fully xenomorphous and it often can be observed only in the cavities and 
fissures. The third type has a habit similar to the previous one, but it 
is of spotted and undulatory extinction; on the edges of the grain it is 
a cross-hatched microcline. The triclinicity ranges from 79 to89% and 
the 2V value amounts to —82°.

In all phases of the migmatization, the old, simple twm orthoclase 
is the most frequent; after this, the 2V-72° orthoclase with the porphyro-
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blastic gneisses and the transitional migmatites, while with the diatexite, 
the microcline can be observed.

I have the following idea as to the rock genetics of this area unit: 
the oldest rocks are the gneiss and the amphibolite that were formed 
from the clayey and sandy sediments of an ancient geosynclinal mixed 
with basic tuffs with a metamorphosis of amphibolite facies. The begin- 
ning of the migmatization is marked by the separation and growth of the 
plagioclase crystals, i.e. the porphyroblasts. As a first step, low-tempera- 
ture albite — oligoclase formed obtaining various zones with temperature 
increase. Crystals called intermediary plagioclase and the twinned ortho- 
clase segregated at this “high” temperature, then, with the decrease of 
temperature the cleft orthoclase and at last the microcline.

The difference between the migmatites found in the first and second 
area unit is that, in the second unit the amount of amphibole is signifi- 
cant, it is the orthoclase that prevails instead of the microcline and the 
temperature fluctuation can be proved.
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CORRELATION OF PRE-MESOZOIC UNITS ALONG THE 
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2 Gcoprieskum, 04051, Kosice, Czechoslovakia.
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P. GRECULA 2, S. KARAMATA 3, T. SZEDERKENYIJ, I. VARGA-, J.VOZÂR8

Introduetion

One of the activities of the IGCP Project No. 5 “Correlation of 
Pre-Variscan and Variscan events in the Alpine-Mediterranean mountain 
belts” is the study of the Tethian evolution during the Proterozoic and 
Paleozoic along seven geotraverses across this region. At the meeting 
held in Pisa 1978 the presentation of such geotraverses was decided, which 
would be a basis for further and final correlations.

The Geotraverse C crosses the Dinarides, the Great Hungarian 
Plain and the Western Carpathians along the line of the Dubrovnik- 
-Kaniza-Bukk Mts-High Tatra Mts. Due to different levels of geological 
knowledge and different experience along the Geotraverse, the corre­
lation work requires the great and permanent effort of the participanta 
to establish common and uniform ideas, principles and working-methods 
which may eventually lead to a successful correlation. The presented 
manner seems to fulfil such a requirement.

Using the stratigraphic, lithological and tectonic etc. principles ela- 
borated by stimulators of the Project No. 5 and discussed at its meeting, 
on the basis of careful analysis of available data, these were plotted for 
correlation purposes. The Geotraverse C is illustrated by several graphic 
plots (strips) (plate) :

1. extension of the geological units
2. a 50 km wide geological stripe-map, which indicarea the situa- 

tion either on the basement surface or snrficial position
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3. a generalized geological profile depicting the crustal thickness 
and general tectonic settmg of units and

4. characteristic lithological correlation forms unifying develop- 
ments in greater units on the basis of several detailed charts 
presented elsewhere (Newsletter of IGCP Project No. 5, Voi. 2, 
and 3).

This material shows the present state of our knowledge. Further 
planned plots (and strips) should give palynspastic restoration to different 
chronologieal levels of the Pre-Mesozoic evolution. However, the recent 
state -due to the unsolved Alpine tectonism in many parts of the Geotra­
verse are regarded as preliminary Solutions (Karamata, 1980; 
S z e d e r k e n y i, 1980). Nevertheless, the presented plot allows some 
important deductions for the correlation.

Short Deseription oî Presented Units

Nine units are distinguished along the Geotraverse O containing 
Pre-Mesozoic deveiopments. They are the following from the South to 
the north :

The Praca-Lim Unit consists mainly of arenaceous to pelitic rocks 
with basaltic to keratophyric volcanics and less carbonates of Ordo- 
vician to Carboniferous age that suffered very-low grade or low grade 
metamorphism.

The Drina-Golija Unit is very similar to the preceding unit. It 
contains a little more igneous rocks and metamorphic sequences having 
higher grade. High pressure and low temperature metamorphism occur 
along the NE margin (probable Mesozoic overprint).

The Jadar Unit is built up of Devonian to Carboniferous psam- 
mites and pelites with limestone intercalations showing very-low grade 
and low grade metamorphism.

The Backa (Bâcska) Unit occurs below a thick Mesozoic and younger 
sequence of the Pannonian Basin. It contains at least two sub-units : 
(1) Barrow-type medium grade gneiss, micaschist, amphibolite and marble 
with palyngenous granițe of probable Precambrian age and (2) green- 
schists, phyllite, metapsammite and carbonate schist of greenschist to 
epidoteamphibolite facies. Both sub-units are penetrated by aplite and 
microgranite veins of Carboniferous age as well as by some Lower Per- 
mian rhyolite vents.

The Bilkk-Uppony-Szendro Unit consists of calcareous and subordi- 
nated pelitic rocks of Devonian to Triassic age that suffered a very-low grade 
Variscan burial metamorphism overprinted by a slightly higher Alpine 
recrystallization (Ărkay, 1979). Due to the permanent sinking (from 
Ordovician to at least Upper Triassic) this sequence represents a unique 
longliving sedimentary basin filling.

The Gemer Unit is composed by two parțial structures (fig.) : (1) 
Huge layers of acidie volcanics (rhyolites), clastics and less frequent gra-
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uite bodies of Variscan and Alpine age create the Gelniea sub-unit, 
whereas (2) considerable volume of ophiolite-type basic magmatites and 
graphite-bearing pelites are in the Rakovec sub-unit (and group). Suppo- 
sed differences in age have been removed by the discovery of similar 
sporomorph assemblages in both sub-units (Snopkovâ, 1973, 1980). 
Late Paleozoic developments differ on the northern and Southern side. 
The Upper Carboniferous joins the Rakovec Group on the north by con­
glomerate, graphiteous metapsammite and basic volcanics, whereas the 
Upper Permian red conglomerate and rhyolite with local evaporite facies 
terminate the Paleozoic. In the south, a Lower Permian transgressive 
sequence (V o z â r o v â, 1980) with rhyolite bodies proceeds upwards 
into Upper Permian clastics and subordinated carbonatic lenses (Triassic 
beds are probable as well).

The Vepor Unit is the lower structure of the Central West Carpa­
thians composed by two sub-units : (1) the Hron complex (Klinec, 
1966) of slightly metamorphosed Early Paleozoic sediments and huge 
acidie and basic volcanic masses and (2) the Krâlova hola complex of 
Variscan granitoids and their polymetamorphic mantie. Late Paleozoic 
to Mesozoic cover of the Variscan folded structure consists of detrital 
rhyolite-bearing Permian and shallow-marine Mesozoic beds (Vozâro- 
v â-V o z âr, 1978, 1979).

The Tatrie Unit comprises the outermost Variscan elements in the 
West Carpathians. High-grade Variscan crystallines and granitoids par­
ticipate on the unit. The presence of older granitoids is supported by 
radiometric data (460 m.y.). The Post-Variscan cover consists of (but sub­
ordinated) probable Permian coarse grained clastics and younger Mesozoic 
sequences.

The Hronic Unit is a completely allochthonous Alpine nappe sheet. 
It contains Upper Paleozoic sequences (Upper Westphalian-Upper Permian 
to Lower Triassic) detached and far removed from its original basement. 
This unit comprises the most complete Variscan molasse basin developed 
along deep-faults reaching to sources of typieal linear tholeiitic magma- 
tism (V o z â r, 1978) with red clastics in its upper part (V o z â r o v â- 
V o z â r , 1978, 1980).

Value oi the Presented Material for Correlation Purposes

Using accepted rules and legends for maps, profiles and lithostra­
tigraphic correlation forms (the latter are prepared by Fenninger- 
Obradovic, 1980), the draft has been used as a basis for a first 
attempt of correlation along the Geotraverse. It should be stressed that 
numerous problem» remain included in the plot, therefore it is regarded 
as preliminary work. The main problem» are the following :

1. Considerable differences occur in the density and value of the 
geological dataalong the Geotraverse (e.g. the Carpathian and Dinaric 
partis plotted from surficial data, whereas only deep drillings reached the 
Pre-Mesozoic basement in the Great Hungarian Plain).
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2. Undoubtedly Alpine nappe structure disturbs Paleozoic sequences 
in. the West Carpathians. Similar pattern cannot be interpreted in the 
Dinarids.

3. Due to the lack of sufficient data, it is impossible to draw litho- 
stratigraphic correlation forms for some crucial parts of the Geotraverse- 
(e.g. between the outcropping Jadar and the covered Badka Units or bet­
ween the latter and the Biikk Unit).

Conclusions

Presented data indicate a conspicuous difference between the nor­
thern and Southern part of the Geotraverse, which has already existed 
from the Pre-Mesozoic time. Proterozoic rocks may be expected in the 
basement of the Pannonian Basin or — considering the Variscan develop­
ment — from the West Carpathians where they occur on the surface. 
However it is not possible to make any clear distinction between really, 
Proterozoic sequences and possible Paleozoic ones.

Paleozoic formations in the Dinarids — considering the lithology 
magmatism and metamorphic grade — probably represent parts of a 
single large basin, which had persisted from the Ordovician up to the 
Carboniferous. The Praca- Lim Unit represents the marginal portion where- 
as the Jadar Unit the central part of this basin. Anyhow relative, 
most-ly lateral displacements among both units (or parts of the ancient 
basin) took place after the Paleozoic time. Zones of such movements are 
indicated probably by Mesozoic ophiolite belts. Similar displacements 
occurred along both margins of the Backa Unit indicated by the South 
Backa and Szolnok ophiolites.

In the Western Carpathians deeper crustal levels of the Variscan 
orogenie structure (or internai parts of the original Variscan orogenic 
belt) occur on the surface. Similar position of the Variscan crustal seg­
ment is valid for the Pro- Neogene sui face in the majority of the basement 
of the Great Hungarian Plain. To the contrary, internai (or deeper crus­
tal?) structural elements are not known on the surface within the Dinaric 
part of the Geotraverse. This portion has either not reached such a crustal 
state during the Variscan evolution or Post-Variscan erosion has not vet 
uncovered them.

In spițe of the numerous mentioned problems, several further deduc- 
tions may be performed from the presented pattern and distribution of 
the Pre-Alpine elements :

1. The Praca-Lim and Drina-Golija Units are mutually well cor- 
relable and (based on lithology, stratigraphic spân and paleobiogeogra- 
phie affinity) the Biikk-Uppony-Szendro Unit can also be ranged into 
this group of units.

2. Due to their volcanogene and volcano-sedimentary sequences, 
the Gemer and Vepor Units differ from the previons ones. Mainly the 
Devonian ophiolites reflect here- a priori — an extreme geotectonic 
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and evolutionary situation, which is not repeated elsewhere in the Geo- 
traverse during the Variscan evolution.

3. Composed by probably Proterozoic and high-grade metamorphics 
and large palyngenic granițe masses, theBacka and Tatra Units have 
much in common. A weak Variscan magmatic activity produced some 
aplite and microgranite veins in theBadka Unit. A conspicuous phenome- 
non is the lack or subordinated existence of Variscan molasse in both 
units.
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VIRGIL ARSENESCUS TUDOR BERZA5

Introduetion
In the central part of the South Carpathians, K-Ar geochronological 

investigations were already carried out by Soro iu et al. (1970, 1972) 
and Mînz atu et al. (1975). The aim of this paper is to present old 
and new K-Ar data obtained at the Atomic Physics Institute in Bucha­
rest, U-Pb ages recorded at the Swiss Federal Institute of Technology, 
and to discuss the benefit brought by this Information to the timing of 
the geological evolution of the mentioned area. The K-Ar ages were 
obtained by using fast neutron activation for potassium determinations 
and thermal neutron activation for radiogenic argon measuremcnts. The 
Xe = 4.962-10 -“yr1, Xc + X', = 0.581-IO-10 and 40 K =0.01167 atom 
% were used.

The U-Pb ages were obtained on zircon fractions separated from two 
rocks. U and Pb were determined by the isotopic dilution method. The 
used constant» are given in Table 4 and the concordia diagram was 
drawn with an IBM 370/135 computer from 1FIN. The individual ages 
are within 2% correct (la), and the upper interception in the concordia 
diagram refers to a 5% error.

Geological Constitution of the Central South Carpathians
New refinements of the well known nappe structure of this part of 

the Carpathian Belt (K r â u t n e r et al., 1981; Berza et al., 1983) 
show it as a pile of several overthrust nappes with thousands or tens of, 
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thousands square kilometers areas, kilometric thickness and observație 
net slips of several tens of kilometers. From top to bottom, these nappes 
are: Poiana Rusca Supragetic Unit, Getic Nappe, Upper Danubian 
Group of Units and Lower Danubian Group of Units (PL).

The Poiana Rusca Supragetic Unit is represented by the low-grade 
metamorphosed Paleozoic formations from the central and northern 
part of the Poiana Rusca Mts and will not be further discussed here.

The Getic Nappe comprises a metamorphic basement and a sedi­
mentary cover of Upper Carboniferous to Upper Cretaceous deposits. In 
the metamorphic basement,K r â u t n e r (1980) recognized an angular 
unconformity and a metamorphic gap between an older (Middle Protero­
zoic) Sebeș-Lotru Group, in amphibolite facies, and a younger (Vendian- 
Cambrian) Cibin Group, in greenschist facies.

The Upper Danubian Group of Units also consista of a metamorphic 
basement and a sedimentary cover of Upper Carboniferous to Upper 
Cretaceous deposits but sometimes the latter shows a very low-grade me- 
tamorphism. The metamorphic basement presents again an unconformity 
between an older polymetamorphic Zeicani Group and a low-grade 
Ordovician to Lower Carboniferous Drencova-Rîul Alb Group (K r a u t - 
ner et al., 1981). The internai structure of this nappe is complex, 
tectonic, planes dividing it into several Alpine and pre-Alpine tectonic 
units, representing individual nappes.

The Lower Danubian Group of Units is the lowest tectonic element 
known in the South Carpathians, but it also probably overthrusts either 
unknown Carpathian units, or directly the Moesian platform block of the 
underthrust foreland . The metamorphic basement of the Lower Danu­
bian Units consists of the polymetamorphic Lainici-Păiuș and Drăgșan 
Groups, and Bodu, Rof, Nisipoasa and Rîușorul Formations, crossed by 
several plutons and countless minor bodies of granitic or granodioritic 
composition, and unconformably overlain by the low-grade Ordovician 
to Lower Carboniferous Tulișa Group (Krăutner et al., 1981).The 
sedimentary cover is represented by mainly Jurassic and Cretaceous depo­
sits, sometimes exhibiting a low-grade metamorphism. The internai struc­
ture of this group of units is also complex, several Alpine and pre-Alpine 
tectonic units being recognized by B er z a et al. (1983).

Isotopie Ages

K-Ar ages. In tables 1, 2 and 3, 117 samples of various metamor- 
phic and igneous rocks from the Getic, Upper Danubian and Lower 
Danubian Units are listed. The Sebeș-Lotru Group medium-grade meta­
morphic rocks from the Getic Nappe show K-Ar ages between 124 and 
336 m.y. (Tab. 1). In the Upper Danubian Units, polymetamorphic rocks 
from the Zeicani Group give K-Ar ages between 94 and 456 m.y., and the 
intruding Muntele Mic and Rîul Șes granitoid bodies yielded K-Ar 
ages between 245 and 271 m.y., and 162 and 280 m.y., respectively. A 
Mesozoic slate from the same units has a 97 m.y. K-Ar age.
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3 K-Ar AND U-Pb DATING IN CENTRAL SOUTH CARPATHIANS 39

TABLE 1
K-Ar ages of rocks [rom the Getic Nappe

No Locality Rock type Mine­
ral K%

40 Ar rad 
(10-9 

moles/g)
K-Ar Age 

(m.y.)

1 Godeanu Mts Amphibolite — Sebes-Lotru Gr. A 0.303 0.194 336 ±20
•) Godeanu Mts Pegmatite — Sebes-Lotru Gr. B 7.62 1.70 124±4
3 Godeanu Mts Pegmatite — Sebeș-Lotru Gr. B 7.96 1.85 129±4
4 Godeanu Mts Migmatite — Sebeș-Lotru Gr. B 7.28 2.10 159±5
5 Godeanu Mts Migmatite — Sebeș-Lotru Gr. M 7.63 2.25 162±5
6 Godeanu Mts ?.Iigmatite — Sebeș-Lotru Gr. M— _7.80 2.30 1.62±5
7 Lotrului Mts Pegmatite — Sebeș-Lotru Gr. M 7.64 2.40 171±6
8 Lotrului Mts Pegmatite — Sebeș-Lotru Gr. M 7.72 2.48 177±5
9 Lotrului Mts Pegmatite — Sebeș-Lotru Gr. M 8.04 3.13 211 ±7

10 Lotrului Mts Pegmatite — Sebeș-Lotru Gr. M 8.76 2.55 160±5
11 Lotrului Mts Pegmatite — Sebeș-Lotru Gr. B 8.16 1.73 118±3
12 Lotrului Mts Pegmatite — Sebes-Lotru Gr. M 7.80 2.38 167±5
13 Lotrului Mts Pegmatite — Sebeș-Lotru Gr. B 7.34 1.85 140 ±5
14 Lotrului Mts Pegmatite — Sebeș-Lotru Gr. M 8. 18 2.65 171 ±6
15 Lotrului Mts Pegmatite — Sebeș-Lotru Gr. M 8.88 2.40 150 ±5
16 Lotrului Mts Pegmatite — Sebeș-Lotru Gr. M 7.66 3.28 232 ±9
17 Lotrului Mts Pegmatite — Sebeș-Lotru Gr. M 8.10 2.98 200 ±6
18 Lotrului Mts Micaschist — Sebeș-I.otru Gr. B 4.00 1.13 155 ±6
19 Lotrului Mts Micaschist — Sebeș-Lotru Gr. M 5.59 1.58 155±5
20 Lotrului Mts Micaschist — Sebeș-Lotru Gr. M 6.63 1.83 152±6
21 Căpățînii Mts Pegmatite — Sebeș-Lotru Gr. M 9.25 4.38 254 ±7
22 Căpățînii Mts Biotite gneisse — Sebeș-Lotru Gr B 5.70 2.95 276 ±5
23 Mehedinți Pl Biotite gneisse-Sebeș-Lotru Gr. 3.20 0.810 140 ±4

TABLE 2
K-Ar ages ot' rocks from the Upper Danubian Units

' No Locality Rock type Mine­
ral K%

i0 Ar ra(| 
(IO"9 

moles/g)
K-Ar Age 

(m.y.)

1 Petreanu Mts Mica gneiss — Zeicani Gr. WR 2.62 0.445 95±4
2 Petreanu Mts Mica gneiss — Zeicani Gr. M 8.55 1.93 126±4
3 Petreanu Mts Mica gneiss — Zeicani Gr. M 7.41 1.73 130 ±4
4 Petreanu Mts Amphibolite — Zeicani Gr. A 0.845 0.310 200±10
5 Petreanu Mts Biotite gneiss — Zeicani Gr. B 7.00 1.20 96 ±4
6 Petreanu Mts Biotite shell of a— Zeicani Gr. 

serpentinite lens
B 6.96 1.37 110±4

7 Muntele Mic Mts Amphibolite — Zeicani Gr. A±B 1 .10 0.685 328±13
8 Muntele Mic Mts Amphibolite — Zeicani Gr. A+B 1.50 0.815 289±11
9 Muntele Mic Mts Amphibolite — Zeicani Gr. A 0.533 0.480 4 56 ±18

10 Muntele Mic Mts Amphibolite — Zeicani (ir. B±A 2.66 0.765 159 ±6
11 Muntele Mic Mts Biotite amphibolite — Zeicani Gr. B 4.35 1.50 188 ±7
12 Muntele Mic Mts Mica gneiss — Zeicani Gr. WR 6.25 1 .05 94 ±4
13 Muntele Mic Mts Granodiorite — Muntele Mic B B 7.42 3.75 271 ±10

i 14 Muntele Mic Mts Granodiorite Muntele Mic Gr. B 5.94 2.83 255±10
1 15 Muntele Mic Mts Granodiorite Muntele Mic. Gr. B 4.98 2.28 245±1O
1 16 Țarcu Mts Granite-Riul Șes Body B±C 1.81 0.653 194 ±4
i 17 Țarcu Mts Granițe — Riul Ses Body B + C 1.96 0.575 162±5

18 Țarcu Mts Granițe — Piui Ses Body B 5.33 2.80 280 ±6
19 Țarcu Mts Mesozoic slate WR 5.43 0.935 97 ±4
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K — Ar ai/cs of rocks [rom the Lower Danubian Units

TABLE 3

No Locality Rock type Mine­
ral K%

10Ar rad 
(io-» 

inoles/g)
K-Ar Age 

(m.y.)

1 Petreanu Mts Biolitc gneiss — Bodu F. B 5.35 0.935 98±4
2 Petreanu Mts Biotite gneiss — Bodu F. B 3.95 0.685 97±4
3 Petreanu Mts Biotite gneiss — Bodu F. B 6.02 1.43 133 ±5
4 Petreanu Mts Biotitc gneiss — Bodu F. B 5.66 1.20 118±5
5 Petreanu Mts Biotite gneiss — Bodu F. B 5.56 7.78 667±20
6 Petreanu Mts Augen gneiss — PctreanuGneiss B 6.19 1.32 119±4
7 Petreanu Mts zYugen gneiss — Petreanu Gneiss B 4.28 2.50 309 + 12
8 Petreanu Mts Augen gneiss — Petreanu Gneiss B 5.17 2.40 250 ±9
9 Petreanu Mts Augen gneiss — Petreanu Gneiss B 3.42 1 .23 197±8

10 Petreanu Mts Augen gneiss — Petreanu Gneiss B 2.44 2.65 538 + 20
11 Petreanu Mts Augen gneiss — Petreanu Gneiss B 6.76 4.25 330 ±10
12 Petreanu Mts Granițe — Vîrful Pietrei Body M 7.00 3.78 287 + 9
13 Petreanu Mts Biotite gneiss Nisipîoasa F? B 4.96 0.925 106 + 6
14 Petreanu Mts Biotite gneiss — Furcătura Gn B 6.07 3.13 276 ±8
15 Petreanu Mts Amphibolite — Rof Formation A 0.530 0.100 106 + 10
16 Petreanu Mts Leptynite — Rof Formation M 8.20 3.18 211 + 8
17 Petreanu Mts Mica gneiss — Rof Formation B + M 2.11 0.648 169±6
18 Petreanu Mts Biotite gneiss — Rof Formation B 7,02 3.75 285 + 9
19 Petreanu Mts Biotite gneiss — Rof Formation B 6.68 3.85 305 + 12
20 Petreanu Mts Biotite gneiss — Rof Formation B 3.78 2.60 359 ±13
21 Petreanu Mts Biotite gneiss — Riușorul F. WR 2.40 0.445 104+4
22 Retezat Mts Granodiorite — Retezat Bodv B 6.43 0.443 97±5
23 Retezat Mts Granițe — Retezat Body M 6.59 1.00 207±8
24 Retezat Mts Granițe — Retezat Body M 6.96 0-800 159±6
25 Retezat Mts Granițe — Retezat Body M 6.61 0.602 126±5
26 Retezat Mts Granițe — Retezat Body M 7.94 0-930 161 + 6
27 Paring Mts Granițe — Parîng Body B 3.20 1-30 220 ±8
28 Paring Mts Amphibolite — Drăgșan Group A 0.281 0-077 152 + 11
29 Paring Mts Amphibolite — Drăgșan Group A 1.04 0-450 234±8
30 Paring Mts Amphibolite — Drăgșan Group A 0.584 0-338 307±8
31 Paring Mts Amphibolite — Drăgșan Group A 0.760 0-470 325 + 9
32 Paring Mts Amphibolite — Drăgșan Group A 0.421 0-257 321 ±10
33 Paring Mts Mica gneiss-Lainici-Păiuș Gr. M 3.26 0-545 94 ±4
34 Paring Mts Migmatite — Lainici-Păiuș Gr. M 8.25 8-73 524 ±10
35 Paring Mts Migmatite — Lainici-Păiuș Gr. B 5.49 5-70 518±15
36 Paring Mts Migmatite — Lainici-Păiuș Gr. M 8.83 8-40 479 + 10
37 Paring Mts Migmatite — Lainici-Păiuș Gr. M 8.48 9-98 577 ±12
38 Vîlcan Mts Migmatite — Lainici-Păiuș Gr. M 8.92 10-60 581±11
39 Vilcan Mts Granodiorite-Sușița Body B + C 0.578 0-233 218 + 8
40 Vîlcan Mts Granodiorite — Sușița Body B+C 0.860 0-280 179±6
41 Paring Mts Pegmatite — Sușița Body M 8.90 9-83 547 + 10
42 Paring Mts Granodiorite — Sușița Body B 3.77 3-16 428±8
43 Paring Mts Granodiorite — Sușița Body B 2.84 2-08 380 ±10
44 Paring Mts Granodiorite — Sușița Body B 4.92 2-37 258 ±5
45 Paring Mts Granițe — Sușița Body M 8.71 7-40 433 + 12
46 Paring Mts Granițe — Sușița Body B 3.44 1 -97 303 ±12
47 Paring Mts Granițe — Sușița Bodv M 6 44 0.833 73 + 3
48 Paring Mts Granițe — Sușița Body M 8.62 7.45 440±9
49 Parîng Mts Granodiorite — Novaci Body A+B 1M6 1.17 503±15
50 Paring Mts Granodiorite — Novaci Body B + C 1.38 0.625 244±8
51 Parîng Mts Granodiorite — Novaci Bodv B + A 3.20 2.55 410 -'-14
52 Parîng Mts Granodiorite — Novaci Body B 3.04 1.55 272 ±10
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No Localily Rock type Mine­
ral K%

40 Ar rad 
(IO"9 

molcs/g)
K-Ar Age 

(m.y.)

53 Parîng Mts Granițe — Novaci Body A-ț-B 0.620 0.530 436-'-17
54 Parîng Mts Granițe — Novaci Body A + B 0.848 0.430 271+10
55 Parîng Mts Granițe — Novaci Body A + B 2.28 2.30 505 ±18
56 Parîng Mts Granițe — Novaci Body A + B 2.44 2.49 510±18
57 Parîng Mts Granodiorite — Olteț Body B 3.30 4.60 665 + 13
58 Parîng Mts Granodiorite — Olteț Body B 5.28 6.63 609 ±18
59 Parîng Mts Granodiorite — Olteț Body B+C 1.81 1.05 307 + 9
60 Parîng Mts Granodiorite — Olteț Body B+C 1.76 1.16 345 ±7
61 Vîlcan Mts Granițe — Tismana Body B + C 1.66 0.893 287 + 6
62 Vîlcan Mts Granițe — Tismana Body B+C 4.59 5.55 590 ±12
63 Vîlcan Mts Granițe — Tismana Body F 8.83 4.80 289 ±9
64 Vîlcan Mts Granițe — Tismana Body B 5.15 5.93 565 + 20
65 Vîlcan Mts Granițe — Tismana Body B 5.04 5.60 548 ±20
66 Vîlcan Mts Granodiorite — Tismana Body B 5.03 5.10 507±15
67 Vîlcan Mts Granițe — Tismana Body F 9.08 4.30 254 + 7
68 Vîlcan Mts Granodiorite — Tismana Body B 5.79 6.20 530 + 16
69 Mehedinți PI Granițe — Tismana Body B + C 2.02 1.21 316±6
70 Mehedinți PI 'Granițe — Tismana Body B + C 2.21 1.63 382 ±8
71 Parîng Mts Mesozoic or Paleozoic slate WR 3.01 0.565 105 ±4
72 Godeanu Mts Mesozoic slate WR 1.29 0.303 131 ±10
73 Godeanu Mts Mesozoic slate WR 3.72 0.600 90 ±6
74 Godeanu Mts Mesozoic slate WR 1.34 0.258 108 ±6
75 Mehedinți PI Mesozoic peridotite (Severin 

Nappe) WR 0.543 0.091 94 ±5

A — amphibole ; M — moscovite : B — biotite; C — chlorite ; F—K — feldspar ; 
WR — whole rock

The samples from the Lower Danubian Units are grouped according 
to the tectonic units named by Berza et al. (1983). In'the Petreanu 
Unit, the polymetamorphic rocks of the Bodu Formation and the connected 
Petreanu Gneiss have K-Ar ages between 97 and 667 m.y. and 119 and 
538 m.y.,respectively. The intruding Vîrful Pietrei granitic body gave a 
287 m.y. K-Ar age. In the underlying units, a sample of the Furcătura 
Gneiss has a 276 m.y. K-Ar age, and polymetamorphic rocks from the 
Rof Formation shw K-Ar ages between 106 and 359 m.y.

Going eastwards, in the Nucșoara Unit, a polymetamorphic rock 
from the Rîușorul Formation has a 104 m.y. K-,Ar age. Still. eastwards 
and southwards, in the Retezat-ParîngUnit, polymetamorphic rocks from 
the Drăgșan Group have K-Ar ages between 152 and 325 m.y., and -a 
sample from the intruding Parîng granițe shows a 220 m.y. K-Ar age. 
The Retezat granitoid rocks gave K-Ar ages between 97 and 207 m.y. 
Finally, in the Vîlcan-Pilugu and Schela Units, polymetamorphic and mig- 
matic rocks from the Lainici-Păiuș Group have K-Ar ages between 94 .and 
577 m.y., and the intruding Sușița, Novaci, Olteț and Tismana granitoid 
bodies have K-Ar ages between 73 and 547, 271 and 510, 307 and 665, 
and 254 and 590 m.y., respectively. Mesozoic slates from the Lower 
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Danubian Units show K-Ar ages between 90 and 131 m.y., and ah 
Alpine Mesozoicperidotitefrom the Severin Nappe has a 94 m.y. K-Ar age.

U-Pb ages. Zircon crystals from two granitic rocks intruded in the 
metasedimentarv Lainici-Păiuș Groun were separated and the resultant 
2oc.pb/238u and '207Pb/235 U ratios (Tab. 4) are plotted in the figure.

The first sample is a granițe with K-feldspar megacrysts from the 
Novacipluton, collected in the Gilort Valley. The second sample represents 
a similar-looking granițe with K-feldspar megacrysts from a little body 
in the Jiu Gorges. All the eight zircon fractions from both granites fit a 
line discordant in respect of the concordia curve, with an upper 
interception age at 610 m.y. and the lower interception in the origin.

Geologic signifieance of the isotopic ages. Excepting a few samples, 
the data listed in tables 1, 2 and 3 come from metamorphic rocks ascri- 
bed to several groups and formations, from the Getic, Upper Danubian 
and Lower Danubian Units, or from igneous bodies intruding them.

Based on the typical lithological sequences, Krăutner et al. 
(1981) have proposed the following correlation scheme : the Drăgșan and
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Zeicani Groups, together with the Rof Formation, correspond to the 
middle part of the Sebeș-Lotru Group, while the Lainici-Păiuș Group, 
Bodu Formation and Rîușoru Formation are equivalent» of the upper 
part of the Sebeș-Lotru Group. The subsequent evolution of the Getic 
and Danubian areas was different. So, the Sebeș-Lotru Group of the 
Getic Nappe suffered a Barrovian followed by a low-pressure type me­
tamorphism (B e r c i a and H â r t o p a n u , 1980), and, in restricted 
areas, an early Caledonian retrogression (K r ă u t n e r , 1980), its oldest 
cover deposits being Upper Carboniferous conglomerates. The basement 
rocks of the Danubian Units were subjected to Barrovian medium grade 
metamorphism and/or low-pressure high-temperature metamorphism con- 
nected with extensive granițe emplacement, followed by prominent re- 
gressions. They support low-grade formations dated by macrofauna, ma- 
croflora and palynomorphs as Upper Ordovician to Lower Carboniferous 
(Krăutner et al., 1981). Considering these facts, and remembering 
that the South Carpathians represent a pile of Alpine nappes, some of 
them with complex pre-Alpine internai structures, the interpretation of 
the isotopie data points to the following ideas :

1. Young K-Ar ages (up to 200 m.y.) recorded from many mineral 
or whole rock samples of metamorphic or igneous rocks of the basements 
of the mentioned units show a parțial loss of radiogenic Ar in the pro- 
eess of Alpine overthrusting, known in this region to be subsequent to 
the Upper Cretaceous, but earlier than the Paleogene, i.e. Laramic 
(«60—70 m.y.). Only one 73 m.y. K-Ar age for a sample of Sușița granițe 
points to a nearly complete resetting of the K-Ar clock. These young 
ages are clearly connected either with the overthrust planes at the bottom 
of the Getic Nappe and Upper Danubian Group of Units, or with other 
tectonic planes between various Danubian Units (PL). The loss of the 
radiogenic Ar may be ascribed either to the structural and mineralogica! 
reorganizations of the rocks of these areas, due to mechanical and ther­
mal effects of the nappe. gliding (similar to a situation described by Lee 
et al., 1970), or to the Alpine metamorphism. The persistence of a lot of 
high ages in the unit with the lowest geometrical position favours the first 
assumption.

2. Intermediate K-Ar ages (200 to 500 m.y.) are also found for 
samples from the basements of the Getic and Upper Danubian Nappes 
(where they are in minority in respect of young ages), but are prevailing 
in the Lower Danubian basement rocks. Again, the mineralogica! nature 
of the sample is not criticai. These intermediate ages may either reflect 
Variscan events (8 o r o i u et al., 1972), or are the result of a lesser 
Alpine radiogenic Ar loss than in the case of the young ages. In the 
Danubian Nappes, tectonic (and probably also metamorphic) events are 
known at the Devonian Carboniferous and/or Lower/Middle Carbonife­
rous boundaries, that is at 345 and 300 m.y., respectively; however 
there is no noticeable grouping of the intermediate ages around these 
values. This continuous age pattern, which may also be extended to the 
range of the younger and older ages, favours the interpretation of the 
intermediate ages as parțial Alpine resettings. In this case, the postulated 
Variscan metamorphism was not very active in the removing of the
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radiogenic Ar from the basement rocks, at least at the scale of the collec- 
ted samples.

3. Old K-Ar ages (500 to 650 m.y.) are found for 16 samples, all 
from the basement of the Lower Danubian Group of Units, especially 
from its southernmost part, where Lainici-Păiuș rocks cut by various 
granites are exposed. There is again a complete range of values between 
500 and 650 m.y. so that, almost certainly, the highest figures are also 
subjected to a parțial resetting. These K-Ar ages demonstrate the Precam- 
brian age of the Bodu Formation (and associated Petreanu Gneiss) and 
Lainici-Păiuș Group, but also of the Olteț and Tismana granitoid bodies, 
emplaced within the Lainici-Păiuș rocks. If the correlation proposedby 
Krăutner et al. (1981) is real, this conclusion is also valid for the 
Sebeș-Lotru, Zeicani and Drăgșan Groups, and the Rof and Rîușoru 
Formations. From geologic relations, the emplacement age of various 
Danubian granitoid bodies is ante-Silurian, but from the presented K-Ar 
data all that can be said is that the Șușița Pluton is older than 547 
m.y., and the Novaci Pluton is older than 510 m.y.

The age of the latter pluton, as well as that of a similar smaller 
body from the Jiu Gorges, was also cheeked with the U-Pb method. 
However, the U-Pb concordia diagram (Fig. ) must be handled with 
care. From the excellent linear fitting of the eight discordant points, 
a cogenetic relationship between the two granites results. Theoretically, 
the upper interception age (610 ± 30 m.y.) may represent either the 
average age of the crustal rocks which have generated these granitic 
melts by anatexis, or the true emplacement age, if there are no significant 
amounts of inherited radiogenic lead, that is the granites are primary. 
The first possibility is ruled out because the Lainici-Păiuș host rocks 
(and evidently the underlying ones) are older than 665 m.y., the oldest 
K-Ar age of a granițe crosscutting them. The second possibility is favou- 
red by the 0 m.y. lower interception age, by the perfect euhedral habitus 
of the zircon crystals, and by the high petrographic resemblances of the 
analysed granites with the Tismana granites, for which trace elements 
and mineralogical data enabled Berza (1978) to advocate a mantie 
origin.

4. A few samples of Mesozoic low-grade metasedimentary rocks 
from the Danubian Nappes show K-Ar ages between 90 and 131 m.y. 
In the slates from the northern Godeanu Mts (Branul River), Jurassic 
palynomorphs were reported by Gherasi et al. (1973), so extraneous 
40 Arrad must be invoked for sample 72 (table 3), if the low-grade 
metamorphism of the rocks is Austrian or Laramian. The 94 m.y. age of 
the Alpine peridotite sample from the Severin Nappe in the Mehedinți 
Plateau is in good agreement with its Upper Jurassic or Lower Creta­
ceous intrusion age and Laramic underthrusting.
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By

ANDREI GURĂU2

This paper is a synthesis dealing with the results of the microtectonic 
studies obtained by the author during several years on the crystalline 
schists in the South Carpathians.

Lately the idea of the succession of the tectonic and metamorphic 
phases of the crystalline schists in the South Carpathians has been largely 
acknowledged. The metamorphism and superposed structural phenomena 
are characteristic of the petrogenesis and structogenesis of the structural 
units of the South Carpathians. The superposition of the tectonometamor- 
phic phases brought about essential modifications also within the in­
ternai structure of the rocks. These modifications manifest through the 
tendency of finding new mineralogical-petrographic equilibria accompa- 
nied by younger structural elements (foliations and lineations); the lat­
ter coexist with the older ones which tend to be obliterated.

The index mineral assemblage belonging to the various metamorphic 
generations together with the superposed structural elements (foliations 
and secondary lineations) constitute a elear evidence of the succession of 
the tectonometamorphic phenomena. The neoformation minerals as well 
as the secondary structural elements show characteristics which distin- 
guish them from the primary generations of minerals and structures. Thus, 
neoformation minerals, sucii as muscovite, chlorite, chloritoid, epidote, 
zoisite and the recrystallized quaitz, show an euhedral to anhedral outline 
and are reoriented in the secondary foliation plane. In the sections perpen­
dicular to the secondary foliation plane the neoformation minerals are 
oriented at random. These characteristics of the neoformation minerals 
and of the secondary foliations clearly prove the existence of a direct rela­
tion between structure and metamorphism.

Microtectonic studies demonstrated that the dispersion phenomena 
of the Lj mineral lineations, of the Br intersections and of the stratifieation 
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schistosities correspond to the retromorphism of the index-primary mi- 
nerals (biotite, almandine, staurolite, kyanite, sillimanite) (Gurău, 
1980, 1981).

Secondary structural elements. The cleavage schistosities, the shearing 
cleavages and the fracture cleavages are characterized by their plane- 
parallel morphology on regional distances, while the B2 intersections of 
these foliations exhibit a coaxiality with a homogeneous dispersion grade 
round the it pole.

The dispersion of the Lx mineral lineations is usually achieved in 
two principal planes coinciding with the S2 shearing cleavages or with the 
S3 fracture cleavages. Field measurements and projections in the stereo- 
graphic network with equal surfaces of Lx lineations from various crystalline 
series of the Getic Domain and the Autochthon indicate that the dispersion 
phenomenon is characteristic of all the series of the crystalline massifs, 
showing a greater or smaller development; this fact leads to the conclusion 
that this phenomenon manifests on a regional scale (PI.), being probably 
caused by the Alpine diastrophism (Gurău, 1980; 1981). This conclu­
sion is strengthened by the fact that the position of the migration planes 
of the Lj primary lineations coincides with that of the S2 shearing cleav­
ages or of the S3 fracture cleavages.

The cleavages are in their turn parallel to the surface of the Alpine 
overthrust nappes and other Alpine tectonic lines (Godeanu, Poiana 
Ruscă, Semenic, Lotru-Sebeș, Căpățînii, Făgăraș, lezer-Păpușa).

The migration of the Lx mineral lineations and of the Sx —S2 inter- 
section lineations confirma the block structure of the crystalline schists 
of the South Carpathians that havebeen rotated with respect to one anoth- 
er owing to the movement on the horizontal, subhorizontal or inclined 
faults. The K-Ar age determinations also account for the Alpine age of 
the neoformation minerals of the metamorphic units in the South Carpat­
hians. Thus S o r o i u et al. (1970) obtained ages for the series of the Getic 
metamorphic rocks from the Godeanu Mountains that decrease to values 
between 120-160 m.y., 104—190 m.y. for the gneissic Petreanu Series; 
115-128 m.y. for the Rîușoru Series; 103-278 m.y. for the Rof Series; 
91-283 m.y. for the amphibolites of the Măru Series; 92-126 m.y. for the 
Zeicani Series.

Microscopic, microteetonic and radiometric age data plead for the 
simultaneity of the secondary foliations, the migration of the Lx primary 
lineations and of the intersection lineations as well as for the Alpine retro­
morphism of the crystalline schists. The Alpine metamorphism included 
not only the crystalline schists but also the Mesozoic sedimentary forma- 
tions (M raze c, 1904 ; S t r e c k e i s e n, 1934 ; Gherasi, 1937 ; 
Solomon, 1968; Gurău, Șerbănescu , 1972; Gherasi 
et al., 1973), which reached the metamorphism grade of the chloritoid and 
chlorite zones (the Schela Formation, the Paroșeni Formation).

Based on systematic structural researches the following morphologic 
types of Alpine superposed structures could be separated :

1. Superposed structures of the order I. These structures are related 
with defonnations leading to the secondary folding of the B, primary folds 
and are of the transversal (B2J_BX) or oblique (B2 a Bx) fold type.
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The transversal folds (B2J_B1) are characterized by the presence of 
some sharp folds of Chevron type on the Sx surfaces, parallel to the flow 
lineations of the primary folds. The position of the deformation ellipsoid 
of the transversal folds is changed.

These structures show the teetonograms of the S2 (So) foliations 
forming a continuous belt with two superposed transversal dispersions 
corresponding to the two limbs of the longitudinal fold.

The Lj mineral lineations are plotted on a small circle or ellipse.
Oblique folds (B^aBJ. These folds are characterized by the fact 

that they form an angle. smaller than 90° to the Ll lineation. The folds 
exhibit a concentric and sinusoidal, sometimes, slightly sharp shape. 
These folds are typical of the overthrust zones and form as a result of the 
slip at various rates of the tectonic blocks parallel to overthrust surfaces. 
They occur on either side of the overthrust zone in the incompetent for­
mations. The axes of these folds are disposed perpendicular to the slipping 
direction of the tectonic blocks.

The Lj mineral lineations are plotted on a large circle.

2. Superposed structures of the order IL. These structures are related 
with superposed cleavage foliations and the corresponding faults, inter- 
secting the direction of the primary folds. These folds can be of the a-type 
— S2 axial cleavage folds or fracture folds and of the b-type — S3 trans­
versal cleavage folds. They can be pointed out by the statistic study of the 
Lt mineral lineations and the migration of these lineations to the plane of 
fracture Systems parallel to the S2 or S3 cleavages.

Statistic analyses of these lineations revealed that their stereographic 
projeetions are plotted parallel to the, projection of the cleavage planes, 
which confirms the idea that the migration of lineations is closely related 
to the formation of cleavages.

The migration of the Lx mineral lineations to a system of subhori- 
zontal shearing planes is characteristic of the epimetamorphic rocks 
in the north-eastern part of the Poiana Rusca massif, the Getic meta­
morphic rocks from the Sebeș-Lotru Mountains as well as the Getic meta­
morphic rocks from the Godeanu Mauntam, where the S3 transposition 
foliations develop on a regional scale.

The migration of the mineral lineations in the plane of the S3 foliations 
is typical of the metamorphic rocks of the Semenic Mountains and of the 
mesometamorphic rocks of the Tine ova-Nă drag Series (Strîmba Bach 
Valley).

Another element characteristic of the superposed structures of the 
order II, typical of the structure of the metamorphic rocks in the South 
Carpathians, is a system of younger faults trending EW and intersecting 
the direction of the overthrust and of the migration planes of the meta­
morphic lineations in the plane of the S2 and S3 cleavages. The tectonic 
compartments exhibited a rotation movement with respect to these faults, 
determining the change of the position of the migration planes of the linea­
tions on either side of the faults.
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3. Superposed structures of the order III. These structures represent 
a plicative deformation of the S2 or S3 secondary foliations after the for- 
mation of the latter. The folds generated as a result of these deformations 
can be of the secondary non-cyciindrical conic folds type.

Owing to the conic position of the flanks of these folds, the poles 
of the secondary foliations are plotted more or less uniformly within a 
small circle, situated in the centre of the tectonograms. If the projection 
circle of the S3 poles closes it indicate» a complete secondary conic struc­
ture, and if it appears only as parts of an arc of a circle it represents only 
a fold fragment.

A peeuliar feature of the erystalline schists in the South Carpathians 
consists in the fragmentary presence of some longitudinal primary folds, 
which are the consequence of the B1 tectonics—bending with concentric 
slipping of the inițial beds.

The primary folds are involved in the B2 subsequent tectonics ; they 
are difficult to distinguish, appearing only as relics. Within the Getic 
metamorphic rocks the amplitude of these folds is of 4—5 m and the height 
is of 2—3 m. The axes of the Bj folds are coaxial with the lineations of the 

intersection planes and migrate either as a result of a secondary plicative 
tectonics or due to the disjunctive deformations superposed on the primary 
and secondary faults.

Owing to this fact there is a preferențial direction of regional charac- 
ter of the Bt and even B2 structures only within the limits of some subhori- 
zontal blocks of reduced dimensions.

The very pronounced disjunctive tectonics in the Getic metamorphic 
rocks showing the S2 shearing cleavages-and the S3 fracture cleavages gave 
rise to secondary eleavage folds disposed in virgation. The morphology 
of such folds was described by S a v u (1968) in the Getic metamorphic 
rocks of the Semenic Mountains, but it was assigned to the primary plica­
tive structures.

The younger age of these folds is demonstrated by the coincidence 
of their “limbs” with the position of the migration planes of the L. linea­
tions, parallel to the eleavage direction, and of the transposition foliation 
(Gurău, 1980; Gri dan, 1980).

If relict folds within the Ogradena Granitoids

The observations made on the leșelnița Valley revealed that the 
Ogradena Granitoids consist of a stratigraphic sequence of folded layers, 
consisting mainly of gârneț micaschists, alternating with layers of quartz- 
feldspathic rocks of granitic or granodioritic composition ranging between 
0.5-10 m in thickness. The careful observations on the structural elements 
of; these rocks show that these layers have also undergone two plicative 
deformation phases, B, and B2. The Bt folds are obliterated by the B2 folds 
which appear more clearly. These folds are sinusoidal, their amplitude 
being of 7—10 m, or even 20 m, reaching about 3—5 m in height. These 
rocks exhibit all the structural elements characteristic of the regionally 
metamorphosed sedimentary rocks.

The synmetamorphic structural elements are plotted in several planes. 
Also, the B2 folds show various positions, lying in the shearing planes 
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to which the Lj lineations migrate as a result of the Alpine deformations. 
The B2 folds are at angles of various sizes with the direction of lineations 
(5—10°, seldom to 90°), pointing to both their reduced plasticity and the 
various directions of the action of the tectonic forces.

Structural Facies

The diversity of the microtectonic structural elements in the crys­
talline schists of the South Carpathians enables the mapping of the latter 
according to the type of structural facies. Such a classification is also 
justified by the fact that the dynamic and regional metamorphism is 
manifested by complex plicative and disjunctive deformations, in addition 
to the progressive mineralogical facies, which are often accompanied by 
retromorphism phenomena.

The concept of “structural facies” should be as comprehensive as 
possible in order to suit the purpose of separating cartographically zones of 
structural facies specific for a certain dominant deformation type. Thus 
the classification of the structural facies should reflect the plastic or 
ruptura! deformation stages of the crystalline schist terrains preserving 
the most characteristic forms of movements (homogeneous or nonhomo- 
geneous) undergone by the rocks.

Under the classification we propose the structural facies include rocks 
of various metamorphic grades, while the mineralogical composition may 
correspond to one or several known mineralogical facies which underwent 
a predominant deformation type.

The name of “structural facies” designates an ensemble of synmeta- 
morphic and postmetamorphic deformations, formed at certain structural 
levels under special geotectonic conditions, which are now in an equilibrium 
relation with the Alpine metamorphism grade of the deformed rocks.

Taking into account the genesis and morphological variety of the 
structural elements within the crystalline schists of the South Carpathians 
we made the following classification of the structural facies :

1. structural facies of the rocks showing a compact texture (unfoliat- 
ed or slightly foliated);

2. structural facies of the metamorphic foliations :
a) — structural subfacies of the stratification schistosity;
b) — structural subfacies of axial cleavage schistosity;
3. ruptural structural facies of the (Alpine) postmetamorphic folia­

tions :
a) — structural subfacies of the shearing cleavages;
b) — structural subfacies of the fracture cleavages.

Structural facies of the rocks showing a compact texture
The rocks of this facies are marked by a large-grained size and are 

compact. The microtectonic structural elements, such as the L, lineations 
and the Sj foliations, are partially or totally obliterated. They can be 
observed in some places at a close examination of the microstratigraphic 
boundaries which were preserved as relics.
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The rocks of the Poneasca and Ogradena Granitoids might be of this 
facies, being generated by a complex anatexis and palyngenesjș process 
(S a v u, 1971; Anastasiu, 1976).

Within the Ogradena Granitoids the Sx surfaces constituie the bound- 
aries between the micaschists and granogneisses with which they alter­
nate. At the same time the I^ mineral lineations can be noticed especially 
on the surfaces of the S2 shearing cleavages and, less clearly, on the Sx 
surfaces. The microtectonic investigations carried out on these granitoids 
pointed out superposed structures manifested by the presence of B2 folds 
and B2 intersections which do not coincide with the position of the Lr 
mineral lineations. The S2 shearing cleavages of the B2 folds show a high 
frequency which may lead to errors in the measurements of positions of 
the Si surfaces.

Structural facies of the synmetamorphic foliations

a) Structural subfacies of the stratification schistosity. The formations 
of this facies are characterized by the fact that the minerals formed during 
the regional metamorphism are oriented and flattened parallel to the So 
inițial stratigraphic plane, while from the tectonic point of view they 
show a development of the flexure-slip folds. This facies characterizes the 
mesometamorphic series of the Danubian Domain in the Cernei Mountains.

b) Structural subfacies of the axial cleavage schistosity. This subfacies 
is characteristic of the gneisses belonging to the Cumpăna Series from the 
Cumpăna-Holbav zone in the Făgăraș Mountains. The formations in 
this zone make up shearing folds, the limbs of which coincide with the axial 
cleavage schistosity. According to the definition of the structural levels 
proposed by Dimitrescu (1967) these formations were assigned to 
the lower structural level by this author.

Ruptural structural facies of the Alpine foliations

The metamorphic formations belonging to this structural facies ge­
nerativ develop in the Alpine zones with superposed structures of the order 
I and II. These structures wrere achieved as a result of the mechanism of 
subvertical shearing and subhorizontal slipping, caused by the over­
thrusting and as a consequence of the movements leading to the uplift of the 
Carpathians at the boundaries of the tectonic microplates (S a v u, 1971; 
A i r i n e i, 1977). From the microtectonic point of view these structures 
are marked by a pronounced dispersion of the Lx mineral lineations and of 
the Sj—S2 intersection lineations in the plane of the shearing and fracture 
cleavages.

a) Structural subfacies of the S2 shearing cleavages. This subfacies 
develops mainly in the metamorphic formations on the northern slope of 
the Făgăraș Mountains. It was found, from the west to the east, on the 
Tătarului and Neamțului Valleys, on the Scărișoara Mountain, on the 
Porumbacu, Bîlea, Albota, Arpașul Mare, Dejanilor Valleys. The frequency 
of this cleavage varies from 10 to 100 fissures per metre.
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Another petrographic province that can be considered of this struc­
tural facies includea the Semenic Mountains, the Tincova-Nădrag Series 
as well as the metamorphic rocks of the Danubian Domain.

We mention that the boundaries between the granitoid massifs 
and the surrounding petrographic series are of tectonic nature; they 
coincide with subvertical systems of faults (hol) parallel to the S2 shearing 
cleavages. The general trend of these cleavages is north-east-south-west, 
the same as that of the boundaries among the large tectonic blocks. The 
crystallization schistosity coincides with the inițial stratification of the 
rocks and is cut by the S2 shearing cleavage planes at subcentimetric 
distances.

b) Structural subfacies of the S3 fracture cleavages. This subfacies is 
marked by the presence of cleavages of subhorizontal transposition. These 
cleavages appear at distances of a few centimetres of decimetres. This 
subfacies is characteristic of the epimetamorphic rocks in the north- 
eastern part of the Poiana Ruscă massif, the mesometamorphic rocks of 
the Godeanu Mountains as well as the metamorphic rocks of the Leaota 
Series from the lezer-Păpușa massif (Gură u, 1980, 1981).

The Lj mineral lineations migrate to a horizontal or subhorizontal 
plane that coincides with the statistic mean of the S3 transposition foliations. 
The projection of the Lx mineral lineations covers almost entirely the periph- 
ery of the stereographic network. Also, the poles of the S3 surfaces are 
projected in the centre of the tectonograms.

The great dispersion of the Lj mineral lineations and of the S1-S3 
intersection lineations can be explained by the presence of some systems 
of horizontal and subhorizontal faults which separate tectonic blocks; 
the latter rotated parallel to these fault systems. Genetically there formed 
also drag folds as a result of the rotation of blocks.

This structural subfacies is characteristic of the Getic metamorphic 
rocks from the Lotru-Sebeș massif, the Căpățînii Mountains and the Bahna 
outlier.

Unlike the Poiana Ruscă Mountains and the Godeanu massif, the 
transposition faults are less frequent in these units (10-20 cm between 
the subhorizontal foliations).

Also, the dispersion angle of the mineral lineations is smaller, 
ranging between 45-120°.

The Metallogenetie Signifieanee of the Struclme-Metamorphism Relation

The knowledge of the structure-metamorphism relation provides 
a first image on the prospects of useful mineral substances of a region. 
Thus, in the terrains showing a structural facies of the synmetamorphic 
recrystallization schistosity the prospecting of both some volcano-sedi- 
mentary deposits, if the tectono-magmatic conditions permit it, and of 
some vein epigenetic deposits is possible.

Within the formations in the ruptural structural facies and the sub­
facies of the axial cleavage schistosity there is little probability of prospect­
ing some primary stratiform metalliferous deposits of dimensions suitable 
for exploitation. Due to the very pronounced disjunctive tectonics at this 
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structural level the primary deposits got destroyed. That is why we think 
that there is not much probability of prospecting some volcano-sedi- 
mentary deposits within the metamorphic rocks of the South Carpathians, 
in the zones of pronounced structural facies (Godeanu, Lotru-Sebeș, 
Făgăraș). Instead, veins controlled by systems of Alpine-fractures are 
found in these regions.

Therefore we consider the structural facies method with the meas- 
urement and recording onmapsof the linear structural elements of every 
genetic type to be very useful for the geological mapping of the crystalline 
schists ; thus the extent of the subsequent tectonic movements is estab- 
lishedandthc structural indices characteristic of the prospection of certain 
genetic types of deposits are derived.
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QUESTIONS

N. P. S h t c h e r b a k : 1. Wili you teii us whether your investigations included also 
radiologie absolute age determinations of the mineral assemblagcs? What arc the resulls if any?

Answer : The absolute age determinations were carried out by : S o r o i u , P o p e s c u, 
A r s e n c s c u, G h e r a s i, Zi m in e r m a n n (1970). The absolute age for the Godeanu 
Crystalline ranges between 120—160 m.y. : for the gneissic "Petreanu’’ Series between 104 
190 m.y.; for the "Riușorul” Series between 115— 128 m.y.; for the "Rol ” Series between 103— 
278 m.y.; for the amphibolitic "Măru" Series between 91— 283 m.y. and lor the "Zeicani” Series 
between 92—120 m.y.
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BY

ION IIÂRTOPANU2, ION MÂRZA 3, RENDY T. CYGAN4, PAULINA HÂRTOPANU2

The polymetamorphism of the intensely metamorphosed crystalline 
units in the Carpathians appears as a natural phenomenon in light of 
stratigraphic-protistologic and geochronological data. Nevertheless, petro- 
logical and microtectonic arguments have not yet been given proper 
attention.

The present paper proposes to account for the polycyclicity of the 
Someș Series metamorphism on the basis of (1) the microtextural relation- 
ships in which phaneroblastic mineral 
components are implied; (2) the Chem­
ical changes during the blastesis of 
some of these components; (3) theana- 
lysis of microtectonic elements, a.s.o. 
The rocks examined are mainly metape- 
lites, which abound in the area.

The Someș Series is the most 
intensely metamorphosed section of 
the Gilău Crystalline. To the west and 
to the east it borders on the granițe 
block of the Muntele Mare. Its litho- 
logy is relatively homogeneous, con- 
sisting mainly of quartz-micaceous scliists, micaschists and quartzites, 
as well as quartz-feldspar gneisses. Amphibolites, graphitic quartzites, 
crystalline limestone and spessartite rocks can be also found, but they 
have a subsidiary importance. The lithostratigraphic succession that has 
been set up starts with a metapelitic complex and by a migmatised meta- 
pelitic complex at the top.
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The Someș Series has been esthnated to date from the Upper Pre­
cambrian, and the Muntele Mare granites from the Paleozoic.

The formations belonging to the Someș Series have been studied 
by several authors, the best known among them being D i m i t r e s c u 
(1958,1966), G i u ș c ă et al. (1968), M â r za (1969), M u r e ș a n (1980). 
In the framework of their papers they mention the bimetamorphic nature 
of these formations, implying especially the retrogressive chloritization 
overlapping an older regional metamorphism. At the point of contact with 
the Muntele Mare granițe they unanimously acknowledge a thermic meta- 
morphism.

Textural Relationships

In the present paper the study of the metamorphic processes will 
be made by taking into consideration the stages of deformation material- 
ized in S planes and linear elements correlated with stages of mineral neo- 
formations, or with relict minerals, and in connection with parageneses 
or more recent deformations.

The oldest mineral association includea kyanite, staurolite and 
gârneț, which are also found as minerals of neoformations, albeit they 
have different characteristics. The first generations of kyanite and stauro­
lite (dj and st1) are represented by very minute crystals. They are randomly 
oriented with respect to any of the S planes noticeable at present, being 
chaotically piled up within some highly flat lenses. The xenomorphic nature 
and the deformed aspect of the kyanite and staurolite crystals are charac- 
teristic features, as well as the Chemical distinctions between the central 
and marginal zone of individual crystals (at least in so far as the content 
of inclusions is concerned) (Fig. 1).

Fig. 1.— Polycrystals lens of kyanite, staurolite, gârneț i siilimanitc in S2 plane, 
sili—sillimanite; ky — kyanite; st — staurolite; hi — biotite; gar— gârneț.

The first generation gârneț is very clear or has very fine inclusions 
in the central zone, displaying a marked idiomorphism and suggesting a 
very slow growth toward the end of its formation. It has preserved its 
idiomorphism, by supergrowth, owing to the superposition of a synkinemat- 
ic gârneț different chemically, during a later stage, marked by an increased 
rate of growth (Fig. 2).

The deformation stage D2, which individualizes the first generation 
of staurolite, kyanite and gârneț with respect to time, materializes in an 
S plane with a highly penetrating character. At its level, massive neofor- 
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mation of micaceous minerals and lens-like segregations occur. These 
lenses vary as to thickness (millimeters-decimeters) and their lengths are 
notieeable at outcrop, where they measure several meters (Fig. 3).

Quartz segregation can be correlated in time with the beginning 
of the crystallization of the second generation gârneț. This can be deter- 
mined on the basis of the great number of quartz inclusions with which its 
formation starts. In the same S plane, as a result of the D2 deformation 
stage (S2 plane), polymineral lenses measuring millimeters are also formed, 
which consist of kyanite and/or staurolite, quite often associated with 

Fig. 2. — Optically zoned gârneț (A) and younger 
unzoned gârneț (B). from Someș Series.

Fig. 3. — Superposed struc­
tures B2 and B3 in the So­

meș Series.

gârneț. The S2 plane also materializes by layering in quartz-fedspathic 
or amphibolite rocks, or by alternations of micaceous layers with quartzite 
or quartz-feldspathic ones in metapelitie rocks.

The pronounced penetrating nature of the S2 deformation plane has 
had an especially ștrong deformation effect, giving rise to (1) notable 
discontinuities of inițial stratification planes (So>1), (2) discontinuities of 
some rock blocks with restricted dimensions (amphibolites, quartzites) 
and (3) the crushing up of minerals with lengthened prismatic habit (the 
kyanite and staurolite in the above mentioned lenses). The penetrating 
nature of S2 plane has also left its trace in a transposition effect at the level 
of this plane and the apparent orientation of all the rock blocks, at ineso- 
scopic level, after S2.

The mineral neoformation related to stage I)2 ispredominantly mica­
ceous, but also gârneț and quartz-like, as noticed above. It is likely that the 
D2 metamorphic stage has a postkinematic static component too, repre- 
sented by the supergrowth of kyanite and staurolite from the lenses con- 
taining these minerals and, possibly, by individual crystals of kyanite and 
staurolite (Fig. 4).
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A next deformation stage, D3, materializes through a S3 crenulation 
plane present everywhere in the area, characterized by a penetrating 
nature of variable intensity. In the zones where this characteristic is espe­
cially well represented, the crenulation schistosity is also very visible macro- 
scopically, obliterating the. foiiation S2. This is the reason why S2 and S3

Fig. 4. — Staurolitc post- 
k inematic porphyroblasts 
grown post Dj-defonna- 

tioii. st-staurolitc.

planes can be mistaken for each other, especially in the richly micaceous 
metapelites. The mineral neoformation is mainly muscovite-biotitic, but 
simultaneously, it can be chloritic, S3 plane materializing through musco- 
vite (quite often ± chloritized biotite) and/or chlorite. These minerals 
visibly intersect S2 plane within the framework of S3 plane (Fig. 5) which

Fig. 5.— Crenulation S3 
piane, cutting S2 piane,
ci — chlorite; gar — gâr­

neț.

points to their subsequent character. A mineral neoformation stage related 
to D3 stage, but having apostkinematic, static nature is represented by the 
random orientation of biotite and especially of chlorite in the rock texture.

.Microtectonic Considerations

The measurements of mesoscopic planar and linear elements concern- 
ing exclusively S2, S3, L2 and L3. S01, even when the measurements 
are taken at the point of contact between the. contrasting lithological 
elements, represent the transposition effect of S0J plane by S2 only. The
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possibility of confusing S2 and S3 planes has led us to consider only those 
outcrops in which both planes were noticeable.

The statistical processing of the measurements of planar and linear 
elements was carried out through stereographic projection on Smith’s 
network with equal surfaces, in the lower hemisphere.

Fig. 6. — Stereogram represent- 
ing planar elements S3.12 10.

5 -7. 5—4. 5—3—1.5%

Fig. 7. — Stereogram of 
linear elements L3. 

14-10.5-8-5.5-4-2,5-1 %

The diagram of S3 planes (Fig. 6) displays two maxima that indicate 
low inclination values of these planes. The manner in which the values of 
the spațial positions of S3 planes center around the two maxima, seems 
to point out two distinct foliation populations represented in circles 
and a:''; their poles are B3 and B3', respectively. L3 crenulation lineation 
diagram (Fig. 7) also indicates two main concentrations of these elements, 
likewise situated at very low inclination values. The positions of the two 
maxima (B3 and B3) agree with the foliation poles of the - circles men­
tioned above (B3, B3'j.

Fig. 8. — Stereogram n- 
presenting planar elemenIs S„ 

10-6-4-2%

Fig. 9. — Stereogram of 
linear elements I..,. 

15-11-6.5-4-2%’

The diagram of S2 planar elements (Fig.8) is characterized by high 
inclination values and constant direction of these planes. The linear eîe- 
ments L2 (Fig. 9) concentrate primarily in the pole B» and to a lesser 
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extent in B7, which coincide with B3 poles. This coincidence is forseeable 
because the crennlation lineation is in fact an intersection lineation of cre- 
nulation plane S3 with S2 plane.

The analysis above reveals a sensible individuality of D2 and D3 
deformational elements, manifest by the different position of poles of S2 
and S3 planes. The subsequent character of structure B3, as compared to 
B2 also results from the fact that crennlation lineations L3 affect the charac- 
teristic concentrica! folds of deformational stage D2. The existence of an 
angle, generally sharp, between the hinges of folds B2 and lineations L3, 
proves that they have formed as a result of a different străin. In contrast, 
the similar folds developed owing to deformation I)3 are perfectly identica! 
in terms of spatia! position with the crennlation lineations.

Chemical Zoning of Garnets

Microscopic observations have often indicated an optica! zoning 
of garnets, as a result of the dissimilar frequency of inclusions along a 
transversal profite through the gârneț crystal. From this point of view, 
it can be surmised that the global Chemical structure of each zone changes 
at least with respect to the content of inclusions.

An electron microprobe analyser was implemented in determining 
the Chemical analyses of regions within severa! of the garnets. It was 
determined that a cryptical Chemical zoning corresponded to the observed 
optical zoning in these porphyroblasts. It was also shown that the Chemical 
zoning is less pronounced when the metamorphism of garnet-bearing 
rocks is more intense, which is due to the homogenization of initially zoned 
garnets at the high temperature conditions.

We shall present below the analysis of a zoned gârneț in the Someș 
Series. It consists of a clear central part with an idiomorphic contour. We 
consider it to belong to an inițial stage of metamorphism. The beginning 
of the second zone is marked by quartz and indeterminate inclusions that 
border on the preceding zone. They are orderly disposed, S, displaying 
a sigmoidal shape. This arrangement testifies to the synkinematic character 
of the second zone.

The Chemical analyses have been made with the help of an ETEC 
electronic microanalyser. All standards and standard Chemical analyses 
are from the Mineral Constitution Laboratory at the Pennsylvania State 
University. The profile along which the analyses have been made is indi­
cated in the adjacent figure (Fig. 10). Its length was 1.620 mm, and the 
step scan was 0.075 mm. The elements analysed and represented in the 
diagram as oxides are Fe, Ca, Mg, Mn and Ti.

All analyses are presented in terms of oxide mole percent with the 
FeO profile relying on a different ordinate scale. The PSU microprobe 
analyses with an approximate 3—4 micron diameter excitation area. Ana- 
lytieal uncertainties, were determined by X-ray counting statistics. Fluc- 
tuations in zoning profiles are probable artifacts of uncertainties, the inter - 
ception of inclusion and/or possibly real. Nevertheless, general trends 
in Chemical zoning can be determined. The large Ti content at 1.425 mm 
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of the gârneț in Figure 10 was prodnced by an ilmenite inclusion which was 
analysed with the gârneț. The diagram of Chemical content along the trans­
versal profile reveals an obvious correspondence between the optical zoning 
and the one resulting from Chemical fluctuations. The outer 0.3 mm of the 
gârneț possesses abruptly reversed Chemical profiles in the major cations, 
CaO displaying the most severe zoning. Manganese has a bell-shaped profile

Fig. 10.— Compositional profiles in an oplically 
zoned gârneț.

with simple symmetry as a result of a continuous drop in MnO during 
the gârneț growth. But FeO, CaO and even MgO display complex 
svmmetrical profiles, as a result of the discontinuous nature of the growth, 
which is commonly ascribed to polyphasic metamorphism (E d m un ds 
and A t h e r t o n, 1971).

Along the transversal Chemical profile one can notice a diminution 
in the Mn content in the same direction as the Fe increase, which produces 
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a rise in the almandinic component to the detriment of the spessartinic 
one. This might indicate a general level of the rise in the physical condi­
tions of metamorphism.

The diminution in the CaO content, or, in other words, the decline 
of the grossularite component, implies a temperature rise and a slight 
increase of pressure or a stationary level of the latter, a point on which we 
agree with Babeim and Green (1974).

H o 11 i s t e r (1969) has shown that the gârneț MgO/FeO ratio 
rises in direct relationship with the metamorphic degree, suggesting

Fig. 11.— Plot of MnO vcrsus MgO/FeO 
for zoned gârneț (sample 735).

O Values from core of gârneț
• Values from edge of gârneț

that direction A in Figure 11 represents high P and T conditions of regional 
metamorphism. Direction B represents the gârneț growth under conditions 
of high temperature during the second stage of growth.

The gârneț Chemical profile is not complete, as it does not have the 
zone with fine inclusions and diffuse margins in the central part of the 
first stage gârneț. It can be assumed that during the first period of its 
formation the rate of gârneț growth was higher, but its growth conditions 
were static. The outer synkinematic growth zone, accompanied by a tem­
perature rise, can be correlated with deformation D2 and implicitly with 
the formation of foliation S2. The risc of temperature in this period could 
be correlated with the thermic effect of Muntele Mare granițe, which has a 
gneissic character in the marginal zone. The mineral neoformation in 
this stage was thus the result of the position with respect to the thermic 
source, with andalusite blastesis in the close vicinity of the granițe, with 
sillimanite nucleation on the old kyanite and with the static rise of kyanite 
and staurolite in the more distant zones from the granițe. It follows that 
the synkinematic sequence represents only a part of the thermic period 
generated by the granițe or another source Cjuasisynchronous with it.
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Conelusions

The con’oboration of the deformational elements with the textural 
relationships and with the Chemical changes during the growth of the 
gârneț have furnished us with argument» fer distinguishing three important 
stages in the development of the Someș Series metamorphism. The first 
and oldest stage is characterized by the association of kyanite with stauro­
lite and the first generation gârneț. It has not visibly preserved linear and 
planar synchronous elements, these ones having been obliterated during 
stage D2 in virtue of a marked transposition (mineral neoformation and 
reorientation) at the level of S2 plane. The causes of the Chemical changes 
in the gârneț seem to be thermic as to nature. It is possible that this thermic 
surplus should represent an energetic effect of the strong deformation 
dmin r stage D2. Stage D3 wras characterized by the formation of S3 planes 
with variably penetrating character, -while the intensity of the physical 
factors of metamorphism and of the water excess diminished. This is 
the reason why mineral neoformation is represented especially by musco- 
vite, biotite, chlorite — the last-named being the most common in the 
eastern part of the investigated area. The postkinematic crystallization of 
biotite and chlorite with respect to stage D3, once again raises the question 
of a surplus energetic effect with respect to D3 deformation.

The considerations concerning the evolution of physical conditions 
during these stages of metamorphism have been qualitative only. Un- 
fortunately, we cannot ascribe the Chemical changes to any temperature 
change, owing to the lack of the thermodynamic data available and the. 
complex multicomponent zoning of the gârneț.
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ON THE AMPHIBOLITE FACIES METABASITES OF THE 
GEMERIDE PALEOZOIC (WESÎ CARPATHIANS)1

BY

I). HOVORKA3, S. BAJANÎK3, J. SPlSlAK 4

Inlroduetion

The pre-Carboniferous complexes of the Central West Carpathians, 
regarded as Precambrian-Lower Paleozoic ( ?) are designated as the Tatri- 
des and the Veporides (and/or Tatroveporid.es). Their metamorphic Varis- 
can, and/or Assyntian (?) recrystallization reached the amphibolite facies 
conditions. Their intensity of metamorphic recrystallization is weaker 
towards the inner zones. Southwards of Margecany-Lubenik lineament, 
there occur Paleozoic complexes which form one of the innermost West 
Carpathian units-the Gemerides (Fig. 1).

Fig. 1. — Scheme of the studied localities. 1, Upper Paleozoic and Mesozoic ;
2, Rakovec Group; 3, Gclnica Group.

1 Paper presented at the 12th Congress of the Carpatho-Balkan Geological Association, 
Scptcmber 8—13, 1981, Bucharest, Romania.

3 Zâlu^ickâ 7, 829 00 Bratislava, Czechoslovakia.
3 Mlynskâ dolina 1, 809 40 Bratislava, Czechoslovakia.
4 Riecka 178, 974 01 Banskâ Bystrica, Czechoslovakia.

5 — c. 79
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The Gemeride Lower Paleozoic volcanic-sedimentary complexes 
are divided in the Gelnica and the Bakovec Groups. Opinions on the meta­
morphic recrystallization grade of these groups (the area northwards 
of Dobăinâ is an exception to this; Bozloznik, 1965 b) are so to speak 
identica! — until now, all the authors have considered that it is iikely 
that the mentioned groups belong to metamorphites of greenschist facies 
(K a m e n i c k y, 1968, in M. 31 a h e i, T. B u d a y et al. 1968 ; V a r g a, 
1973). However, esentially different appear the views on the age of the 
metamorphism. Some authors suggest the metamorphism to be Variscan 
(e.g. K a m e n i c k y, 1. c.; R o z 1 o z n i k, 1965 a; B a j a n i k, 1968) 
others (e.g. Varga, 1973) assume the origin of metamorphic mineral 
assemblage to have been associated with the Alpine orogenesis.

Amphibolite bodies occurring in the Bakovec Group and partly 
in the Upper Carboniferous in the northern part of the Gemerides arc the 
most appropriate for solving the age (Variscan, Alpine?) and the grade of 
metamorphisms. The examination of the mentioned bodies was the objec- 
tive and the results are summed up in this paper.

Metabasites: Geological Position and Charaeteristics

The first occurrences of amphibolite facies metabasites from the 
Gemeride Bakovec Group were described from Dobsină by R o z 1 o z n i k 
(1965 b), later on from the area of Klatov (D i a n i s k a, Grecul a, 
1979). New occurrences have been discovered recently (Bajanik, 
H o v o r k a, in prinț). Concerning the Carboniferous, amphibolite facies 
metabasites can be traced only within the area of Rudhany (H o v o r k a 
et al., 1979 ; H o v o r k a, S p i s i a k, in prinț).

Amphibolites of the Bakovec Group

Within the west-east, ti end, amphibolites are known to occur in 
the following areas : Dobsinâ, Mlynky, Slovinky, Kojsov, Kosickâ Belâ- 
Bukovec. In the bodies of Dobăinâ, Klatov and Budhany also different 
types of gneisses were described together with amphibolites (biotite, am- 
phibole-biotite, andgarnet-biotite gneisses). Also crystallinelimestones and 
metaquartzites were found in the mentioned areas. Within the metamor­
phites of the other areas only metabasites of different petrographic type can 
be traced.

Amphibolite facies metamorphites in the Gemeride of the Bakovec 
Group occur among the metamorphites of greenschist facies. The thickness 
of amphibolites is different, it varies from some ten meters to several hun- 
dred meters. The position of the amphibolite bodies is concordant with 
that of the smrounding metamorphites of the greenschist facies. In some 
eases tectonic contact seems probable.

The fine-grained (2 mm) foliated amphibolites with the mineral 
assemblage amphibole 4- plagioclase seem to be the prevailing amphi- 
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bolite type. With increasing amphibole content they change into mela- 
amphibolites, locally also into foliated hornblendites. For amphibolites 
of all known bodies the presence of at least two generations of rock-forming 
minerals is characteristic : the first generation (plagioclase I + amphi­
bole I) corresponds to amphibolite facies conditions ; the second generation 
(epidote, amphibole II, plagioclase II, chlorite) originated in greenschist 
facies conditions. Amphiboles of different generation differ in composition 
— as confirmed by pleochroic colours ; plagioclases II exhibit pronounced 
acidity (albites), whereaș plagioclase I has the basicity An2S_36-

Upper Carboniferous Amphibolites

The bodies of amphibolite facies metabasites from the Carboniferous 
were discovered so far only in the area of Rudnany (H o v or ka et al., 
1979 ; H o v o r k a, 8 p i s i a k, in prinț). They appear to occur in con­
cordant position with the neighbouring metapsamites and with schists con- 
taining large portion of organic material, and/or with metaconglomerates. 
Theii concordant position with the mentioned layers, regai ded as the Car­
boniferous only on the basis of their lithology, is confirmed by drilling and 
mining works. The thickness of the gneiss — amphibolite complex is 150- 
300 meters ; direction length over 4 km. Fine-grained amphibolites are the 
dominant metabasite type of the locality under consideration ; the gârneț 
amphibolites are the characteristic types. Various types of paragneisses are 
intercalated in the amphibolites. Similarly as in other areas, apart from the 
Ist generation minerals, the presence of minerals — products of younger 
changes — can be observed. This mineral assemblage corresponds to 
pressure-temperature conditions of the greenschist facies (light-green long 
prismatic actinolitic amphibole a.o.).

Composition of Amphiboles

The analyses of coexisting amphiboles and garnets in metabasites 
were carried out using the electron microprobe ARL SEMQ. The results 
are listed in Table 1.

Viewing the criteria for classification of amphiboles (Leake, 
1978), the amphiboles of metabasites under consideration are members 
of the calcic amphibole group. The diagram of the mentioned author (l.c.; 
Fig. 2) shows all projection point of analyzed amphiboles in the field VII 
“magnesio hornblende”. A composition like this indicates higher pressure- 
temperature conditions than those of the greenschist facies. The latter 
ones provide the possibility for the following amphibole types to originate 
in metabasites : “actinolite”, “tremolits”, and/or “tremolite-actinolitic 
hornblende”, and “ferroactinolitic hornblende” types.

The composition of metabasite amphiboles of the Eakovec Group 
and that of metabasite amphiboles of Upper Carboniferous of Rud­
nany area seem identical.
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Composilion. of amphiboles

TABLE 1

1 2 3 4 5 6 7 8 9 10 11

SiO2 45.74 44.47 44.61 47.05 45.82 45.46 46.01 44.74 43.34 42.74 45.80
TiO, 1.31 1.34 1.41 1.05 1.23 1.58 1.60 1.37 1.95 1.78 0.77
A12O3 10.86 11.20 8.89 10.92 9.56 9.86 8.66 11.58 10.39 10.69 9.88
FeO 16.65 16.17 17.37 13.55 15.62 17.96 15.82 14.04 15.92 16.60 14.29
MnO 0.26 0.27 0.31 0.21 0.24 0.26 0.17 0.07 0.30 0.24 0.14
MgO 11.71 11.70 10.82 12.88 11.19 10.29 11.40 12.23 11.42 9.77 12.26
CaO 10.06 10.33 10.74 10.81 10.87 10.15 10.10 10.11 10.39 10.55 10.05
Na2O 1.29 1.66 1.33 1.70 1.36 1.44 1.30 1.78 1.70 1.35 1 .45
K.O 0.17 0.17 0.22 0.22 0.24 0.48 0.15 0.55 0.24 0.64 0.17

98.05 97.31 95.50 98.39 96.13 97.48 95.21 96.46 95.61 94.36 94.80

Structural formulae on basis of 23 (0)

Si 6.73 6.61 (5.86 6.81 6.87 6.80 6.96 6.64 6.58 6.60 6.89
A1IV 1.27 1.39 1.14 1.19 1.13 1.20 1.04 1.36 1.42 1.40 1.11
A1VI 0.61 0.53 0.31 0.66 0.56 0.53 0.49 0.67 0.44 0.57 0.64
Ti 0.14 0.15 0.16 0.11 0-14 0.18 0.18 0.15 0.22 0.21 0.09
Mg 2.57 2.59 2.48 2.74 2.50 2.29 2.57 2.70 2.59 2.24 2.75
Fe^ 1.68 1.73 2.03 1.45 1.80 2.02 1.76 1.48 1.75 1.98 1.52
Fe3- 0.37 0.29 0.20 0.23 0.16 0.24 0.24 0.27 0.25 0.17 0.28
Mn 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.01 0.04 0.03 0.02

R Ca 1.59 1.64 1.77 1.66 1.74 1.62 1.62 1.61 1.67 1.74 1.62
Na 0.01 0.04 0.02 0.12 0.07 0.09 0.11 0.12 0.04 0.06 0.08
Na 0.36 0.35 0.39 0.36 0.33 0 32 0.27 0.39 0.46 0.35 0.34

Mg
0.03 0.03 0.04 0.03 0.05 0 09 0.03 0.10 0.04 0.13 0.04
0.61 0.60 0.55 0.66 0.58 0^53 0.59 0.65 0.60 0.53 0.64

Mg + Fe’- /n = l/ /n =5/ /n=4/ /n=7/ /n=4/ /n=3/ /n=3/ /n=2/ /n=5/ /n = 6/ /n = 3/

1 —6 = amphiboles of the Rakovec Group metabasites;
7—11 = amphiboles of the Upper Carboniferous metabasites

CALCIC AMPHIBOLES; ( Ca ♦ Na)B 1.34, NoB< 0.67

B. E. Leake, 1978

Fig. 2. — Projcction of analysed amphiboles in B. E. L e a k e ’ s (1978) diagram. 1, amphiboles 
of Rakovec Group metabasites (§. B a j a n i k, D. H o v o r k a, in prinț); 2, amphiboles of 

Upper Carboniferous (f). Ho v o rka, J. S p i s i a k, in prinț).
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The higher the temperature of the amphibole origin, the higher the 
titanium portion in amphiboles. R a a s e (1974) applied this phenomenon 
to graphic projection of Ti contents in metabasite amphiboles belonging 
to different facies. Analyses of Gemeride amphiboles correlate the Ti 
contents with those of the amphibolite facies (Fig. 3)

Fig. 3. — P. R a a s e ’ s 
(1974) diagramatic repre- 
sentalion of Ti contents 

of amphiboles.
I, greenschist facies; II, 
epidote amphibolite facies : 
III. amphibolite facies;
IV, granulitc facies; V, 
studied amphiboles : those 
of Rakovec Group (full 
squarcs) and of Upper 
Carboniferous (empty 

squares).

Composition oi Plagioelases

The An molecule content in plagioelases appears to be one of the 
fundamental discriminatory criteria when ranging the metamorphosed 
rocks into certain metamorphic facies. Despite the intensive retrograde 
recrystallization of the metamorphic amphibole-plagioclase assemblage 
(products of the process are represented by light-green amphibole and 
plagioclase assemblage of the Und generation) we have succeeded in find- 
ing plagioelases grains of the Ist generation appropriate for the optic 
study on universal stage. Simple, non-zonal structure is characteristic for 
plagioclase I. The grains show sporadically twhming according to the albite 
law. They are intensively pseudomorphosed by minerals of the epidote 
group and by other products of the saussuritization. The basicity obtained 
by means of standard optic methods varies within the range An2S_3(î. 
Except for plagioelases I, almost in every thin section there can be seen 
pure, small, frequently platy plagioclase II. Apart from grains in the rock 
matrix, they also fiii veinlets and irregular nests. The basicity of this 
plagioclase is An4_8.

Composition of Garnets

A homogeneous (non-zonal) Chemical composition appears to be 
the characteristic feature of the analyzed garnets. The almandine mole­
cule is dominant (Tab. 2). The projection points of the analyzed garnets 
from assumed Carboniferous metabasites of the Rudnany area (H o v o r-
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ComposiUon of garneta (Rudilany area)
TABLE 2

1 I II V I 11 V i
SiOj/wl. %/ 37. G7 38.63 37. 18 3.01 3.03 2.95 Si
TiO., 0.11 0.07 0.17 0.01 0.005 0.01 Ti
ALO., 21 .03 21.77 21.55 2.00 2.01 1.99 Al
FeO 23.59 24.99 26.01 1.62 1 .64 1 .71 Fe2
MnO 2.26 0.32 0.24 0.15 0,02 0.02 Mn
MgO 2.49 4.95 5.74 0.30 0.58 0.67 Mg
CaO 9.75 8.03 8.29 0.81 0.67 0.70 Ca

96.90 98.76 99.43

end members proportions :

alm 55,50 56,30 55, 53
pyr 10,27 19.83 21.26
spes 5, 31 0.71 0,50
gros 28,92 23,16 22,71

Analyses of garnets from the paper D. Hovorka, J. SpiSiak (in prinț).

k a, 8 p i s i a k, in prinț) form a field, which corresponds with fields 
introduced for metabasite garnets of amphibolite facies elsewhere in 
literature.

Metamorphic Conditions

Different criteria Avere applied to determine pressure-temperature 
conditions of metamorphic recrystallization, the rock textures, spațial 
relationship to adjacent rocks, composition of the principal metabasite 
minerals and some of their physical properties as Avell as the distribution 
coefficients of coexisting mineral pairs. The study of Mg, Fe and Mn dis­
tribution in the pairs gârneț — amphibole and amphibole — plagioclase 
in amphibolites of the Rudnany area in concordance Avith procedures given 
by Per chu k, R y a b c h i k o v (1976) provided the following tempe- 
ratures ranges :

Kg’ : = 510—630°C
: K& = 550 °C

Conelusions

Except for strong prevalence of greenschist facies metamorphites, 
some amphibolite facies metamorphites have been recognized in the Ge- 
meride Paleozoic. They occur along the tectonic contact of this geological 
unit with northern zones of the Central West Carpathians. The occurrences 
form an intermittent belt. Field study and laboratory analyses revealed 
various types of paragneisseș, crystalline limestones, metaquartzites and 
amphibolites. The latter ones were discussed in detail in this jiaper.
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Apart from the coexisting minerals of the Ist generation (plagio­
clase I, amphibole I, gârneț) almost in all amphibolite bodies under consi- 
deration the Und generation minerals are present in non-equilibrium 
relation with those of the Ist generation. The Und generation minerals 
concern strongly acid plagioclase (An4^8), actinolitic light-green calele 
amphibole, chlorite and others. They are the product of superposed (hydro- 
thermal and metamorphic recrystallization) processes.

Analyzed amphiboles of the Ist generation belong to the calcic amphi­
bole group, the “magnesio hornblende” type (Leake, 1978). Coexisting 
plagioclases show the basicity An2S_36. Gârneț porphyroblasts (to 
7 mm) are non-zonal and generally the almandine molecule is prevailing. 
These garnets have been found only in rocks of the Carboniferous from 
the Rudnany area.

The calculated distribution coeffieients of coexisting pairs amphi­
bole — gârneț and plagioclase — amphibole together with the composifion 
of minerals mentioned above, provide the evidence for their origin in 
amphibolite facies conditions by metamorphic recrystallization of basic 
volcanics and their volcanoclastics.

The presence of amphibolite facies amphibolites in the Rakovec 
Group (Middle Devonian — Lower Carboniferous?) suggests that zones 
of elevated heat flow have probably existed locally during the late Variscan 
folding and metamorphic processes. Nevertheless, we admit the schists 
with elevated content of “graphitic” substance could function as barrier 
in zones of elevated heat flow in the assumed Upper Carboniferous (?) 
pile. The metamorphic events are most probably of Permian ( ?) age.
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BY

VIORICA IANCU2

The study of the polymetamorphic formations raises several ques­
tions with regard to the possibilities of division, following the space dis­
tribution and correlation of the main lithostratigraphic units.

The establishing of the lithostratigraphic succession in the meta­
morphic fields meets with real difficulties due to the modification of the 
inițial boundaries and unconformities by metamorphic differentiation 
and transposition. It is more difficult in case of the polycyclic formations, 
■which present the cumulated effects of several major events, spatially 
superposed, of metamorphism, deformation, migmatization, magmatic 
intrusion.

When palaeontological and micropalaeontological data as well as 
conclusive radiogenic ages are missing the systematic approach of the 
elements of metamorphism and deformation can lead to important speci- 
fications.

Moreover, if we take no care of the mineralogica] and petrological 
evidence as well as of the interrelations between metamorphism and defor­
mation, the data obtained on age may be incorrectly interpreted.

The detailed research of certain metamorphic formations in the 
South Carpathians allowed the differentiation of several generations 
of micro- and mesostructures, which may be correlated with major meta­
morphic events. The predominance of a set of structural elements on 
large distances and thicknesses gives a false impression of oneness, homo- 
geneity and uniformity. The preservation of certain relict elements, with 
a regional statistica! frequency, constitutes the proof of palaeostructures 
preserved inside the main Alpine structures. Even if these structures cannot 
be easily followed in the field, their systematic distribution may lead to 
the whole interpretation due to the qualitative Information offered by it. 
The high frequency and the regional distribution of the micro- and meso- 
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structures is a proof of the fact that they belong to structures of higher 
amplitude which exceed the scale of the outerop. Such evidence might 
influence the scepticism of certain researchers in connection with-the use 
of the micro- and mesostructural data in the regional structural interpre- 
tation and correlation.

We consider that the carrying out of lithostratigraphic correlations 
in the polycyclic fields implies a field research accompanied by differen- 
tiated measurements, which have to take into aceount the regional distri­
bution as well as the peculiar character of certain elements or zones of 
metamorphism and deformation.

The comparative study of metamorphics implying difficulties of 
separation (both lithostratigraphic and of delimitation of their structural 
systems) may be tackled by the correlation of the elements, as follows : 
metamorphism (parageneses, index minerals, metamorphic zonations, 
etc.), deformation (S planes, mineral lineations, structures and textures, 
fold generations, etc.), migmatization and associated magmatism.

This paper presents schematically the observation data based on 
differentiated measurements, accumulated during several years. The 
Proterozoic and Paleozoic metamorphics, to which we shall refer further 
on, occupy limited areas in the Externai Danubian Unit (lower, aceording 
to B e r z a et al., 1981, unpublished data) as well as in the outliers belong- 
ing to the Getic Nappe and the Supragetic Units.

A first lithostratigraphic correlation of the metamorphics in the 
Bomanian Carpathians has been made by K r ă u t n e r (1980).

In the present paper a general scheme has been proposed, which 
contains the intervals of sedimentation and the main metamorphic and 
deformational eventș, previous to the deposition of the Variscan molasse 
(Upper Carboniferous-Permian) (Plate).

The main intervals of sedimentation which raise important questions 
concerning the stratigraphic unconformities are present ed as two 
variants (I and II). ♦

The same difficulties occur in the differentiation of the main meta­
morphic events, if the metamorphic and structural peculiarities of certain 
important “piles” of metamorphic rocks are not taken into account.

If our published and unpublished data are considered, the main 
metamorphic events took place in the time interval indicated in variant II. 
It leads to the possibility of estimating the intervals of sedimentation also 
aceording to variant II.

On the basis of the metamorphic events and the deformational ones 
an attempt has been made to delimit the main orogenic events which have 
affected the Proterozoic formations (pre-Grenvillian, Grenvillian, Assynthic 
and the Paleozoic formations (Caledonian and Variscan).

There are individualized metamorphic events, characterized by 
the superposition of the thermal maximum with the deformational one 
(regional thermodynamic metamorphism), and events in which the ther­
mal metamorphism and the deformation take place successively. The 
relationship metamorphism-migmatization-magmatism has a complex 
character and requires special studies. While the main processes of meta-
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tectic migmatization congelate in time and spaee with the high-grade 
metamorphism (in which. the anatexis isograde can be exceeded), the 
emplacement of the large bodies of magmatic rocks (granitoids) takes 
place -with a significant shifting as against the place of formation of the 
magmas, generating contact metamorphism, unconformable structures, 
arteritic and metasomatic migmatization.

As the inițial contacts bet-ween the polycyclic metamorphic forma­
tions are hard to be observed and followed, we have tried to individualize 
lithostratigraphic units (which might be delimited as supergroups) with 
specific metamorphic and deformational characters.

Super g i- o u p A is represented by the oldest metamorphics,. 
whose main characteristic feature is the presence of the effects of two 
events of thermodynamic metamorphism of the Barrovian type (medium 
pressure facial series). This group includes the metamorphics of the 
Drăgșan Group (Danubian Units), of the Sebeș-Lotru Group (Getic out- 
liers), the Tîlva Drenii Formation (augen gneisses), Valeapai Formation, 
and probably the mesometamorphic rocks in the Buziaș Eegion (Timiș 
Units).

The first metamorphism is proved by : relict minerals and paragenesis, 
relict Sj planes and Bj folds, relict mineral lineation (with E— W trend in 
the Bahna Outlier), deformed metatectic migmatites and associated, reme- 
tamorphosed eclogitoid (pyroxenitic) rocks.

The second metamorphism (M2) represents the regional isofacial 
reorganizat ion, with a different orieritation of maximum stress. It is 
characterize.d by an advanced transposition generated byB2, regional fold­
ing, associated with very penetrative S2 foliation. Mineral adaptation 
to these new conditions occurred under the amphibole-almandine facies. 
A metamorphic zonality is known in the Semenic Mts (Savu, 1970) 
and the Godeanu Getic Outlier (Berci a, 1975), which can represent 
the first (MJ or the second (M2) nietamorphism. We consider that the 
ages determined by Eb/Sr and U/Pb methods (850—1000 m.y.), cf. B a g- 
d a sari a n, 1972, Pavelescu et al., 1979 (unpublished data) can 
represent this second metamorphism. Mineralogical evidence (II â r t o- 
p a n u, 1978) and structural elements (I an cu, H âr t o p a n u, 1979, 
1981, unpublished) show that the second metamorphism (M2) had ăregional 
character.

Supergroup A shows superposed, areal, repeated remetamorphism : 
Assynthic (low-pressure), Caledonian and Variscan.

M3 (low-pressure) metamorphism occupies areas with regional ex- 
tent, characterized by new isogrades related to a thermal dome (H âr t o- 
p a n u, 1975), in Godeanu and Bahna Getic outliers.

The adaptation to these new P—T conditions was differentiated in 
relation whith the interception of new isogrades.

This metamorphism can represent the effects of the Assynthic 
cycle and shows a higher geothermal gradient. It can be correlated 
in time with the Assynthic (synkinematic) metamorphism of the Lainici- 
Păiuș Group.
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No important retrogressive, regional transformations vere observed 
in the rocks of the Getic outliers and the Tîlva Drenii region. Only some 
areas of the Supragetic units present rocks of Supergroup A with two main 
phases of retrogressive character, in greenschist facies conditions. Thus, 
the rocks of the Valeapai Formation show advanced transposition on new 
planes, marked by the greenschist facies paragenesis (Caledonian over- 
print). Later, they are, however, affected by deformations and recrys- 
tallizations, which can correlate with the Variscan events. In some cases 
areas with higher temperature paragenesis, related to the Paleozoic grani­
toid rocks (Sichevița, Cherbelezu, etc.), are known.

S u p e r g r o u p B represents the upper sequence of mesometa­
morphic rocks, with only one regional (prograde) thermodynamic meta­
morphism of the Barrovian type. Their Mi event can be synchronous with 
the M2 regional remetamorphism of Supergroup A.

This supergroup can include : the Lainici-Păiuș Group (belonging 
to an externai, Lower Caledonian Unit, enclosed in the Danubian Alpine 
Units), the Jidoștița and Ivanu Formations (possibly synchronous with 
the Miniș Formation, in the Getic Units, and the Bîrzava Group, in the 
Supragetic Units.

Recognized metamorphic and deformational elements of these 
rocks show effects of a unique metamorphic event, of the Barrovian type.

The first metamorphism (MJ of Supergroup B can correlate with 
the regional metamorphism (M2) of Supergroup A. The second meta­
morphism of Supergroup B is of low-pressure.type, similar .to the M3 event 
of Supergroup A, probably representing the same main, metamorphic 
event (Assynthic). The metamorphic-deformational conditions differ in 
the two main Caledonian Belts, separated by thrust (or cryptic suture) 
lines of the Caledonian System, from the Danubian Units (Fig.).

In the Upper Caledonian Unit (internai), the thermal maximum 
is not superposed on the deformational maximum being static or inter- 
kinematic metamorphism. In the Lower (externai) Caledonian Unit the 
rocks of the Lainici-Păiuș Group exhibit Mt relict metamorphism (I a n c u, 
unpublished data), followed by syndeformational low-pressure meta­
morphism (Danubian type) considered by Savu (1972) and Berza 
(1978) as a unique event.

The radiogenic data indicate 610 m.y. for the associated Tismana 
type Granitoids (Pavelescu et al., 1979, unpublished data). This 
age converges with the oldest ages obtained for the granitoids and the 
metamorphic rocks of the Danubian Realm (S o r o i u et al., 1970 ; 
Mînz atu et al., 1975). Thus, the emplacement of synchronous grani­
toids and M2 (low-pressure) metamorphism can be attributed to the As­
synthic cycle. Some tardeorogenic granitoids, with contact metamorphic 
zones, can be considered younger (Early Caledonian).

The Caledonian overprint (M3 of Supergroup B) produced areal 
retrogressive metamorphism of older rocks of the Danubian complex 
and prograde metamorphism (greenschist facies adaptation) of the system 
of basic dyke rocks.

The Bîrzava Group (Supragetic Units) has undergone regional 
remetamorphism, outlined by advanced, but incomplete transposition 
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of new planes (marked by greenschist facies minerals). This event can 
be considered the effect of early Caledonian metamorphism on the basis 
of comparative studies.

Sketch map of SW part of the South Carpathians, after the geologic map of Romania, 
1 :1 000 000 modified.

1, Post-Lowcr Carboniferous covcr; 2, Timiș (Upper Supragetic) Units; 3, Lower Supragetic 
Units; 4, Getic Units; 5, Internai (Upper) Danubian Units; 6, Externai (Lower) Danubian 
Units; Caledonian Units; 7, Caledonian (Internai) Unit; 8, Peri-Caledonian (Externai) 
Unit; 9, Alpine magmatic rocks ;10, Prc-Alpine granitoid rocks ; 11, Pre-Alpine basic and ultra- 
basic rocks. Alpine tectonic lines ; 12, Overthrust line of the Getic Nappe System; 13, Over­
thrust line of Lower Supragetic Units; 14, Overthrust line of Timiș Units (Senonian); 15. 

Undifferentiatcd Alpine thrust lines; 16, Pre-Alpine undifferentiated thrust lines.
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The inițial uneonformities between rocks of Supergroups A and 
B are folded, transposed and obliterated by recrystallization (e.g. the 
contact between the Sebeș-Lotru and Jidoștița Formations).

8 up er gr oup C. The unique sequence that can represent the 
Lower Cambrian (by the geometric, lithostratigraphic position) is the 
Vodnic Group (I a n c u, unpublished data) in the Supragetic Unit of 
the Banat region. These rocks point to obvious stratigraphic and meta­
morphic discordance with the mesometamorphic rocks of the core of the 
Caledonian Vodnic Anticline. The “contact zone” is marked by commonly 
folded and metamorphosed rocks under greenschist facies conditions. An 
epimetamorphic sequence was partly separated (in this region) by C o n- 
s t a n t i n o f (1980) as “Valea Carasului” Ordovician-Silurian series.

In the Vodnic Group (Supergroup C) two formations can be sepa­
rated : volcanogenous (greenschists with albite porphyroblasts), Rafnic 
Formation, and terrigenous, Dognecea Formation. They are overlain by 
epimetamorphic quartzites (probably of Ordovician age).

The prograde metamorphisin (MJ or Supergroup C is proved by 
oriented minerals of greenschist facies degree (chlorite, epidote, muscovite, 
albite, actinolite), sometimes enclosed in tardekinematic albite porphy­
roblasts. Internai (si) and externai (se) planes are. in this case in con- 
tinuity and represented by the same minerals. Corresponding blastesis in 
mesometamorphic basement is represented syn-S2 minerals (chlorite, albite, 
epidote). The older metamorphic porphyroclasts are enclosed in an oriented 
metamorphic matrix; relict minerals (gârneț, biotite, plagioclase) are 
deformed by Caledonian and Variscan events. Plagioclase shows polystage 
zones of recrystallization.

The Variscan overprint of Supergroup C is represented by the defor- 
mation of first epimetamorphic minerals. The pre-existing albite porphy­
roblasts were rotated and the micaceous minerals were in places reoriented. 
Microfolds with partly penetrative new planes and static minerals can also 
be seen.

Supergroup D represents Paleozoic, slightly metamorphosed 
rocks (post-Lower Cambrian and pre-Upper Carboniferous); the Ordovi­
cian- Silurian sequence requires special studies concerning the type and age 
of metamorphism.

In the Externai (Lower) Danubian Unit, these rocks were separated 
by S tău o iu (1972): Valea Izvorului Formation (Ordovician-Silurian) 
and Poiana Mică Formation (Devonian-Lower Carboniferous).

The sequences of very low-metamorphosed rocks can be separated 
on the Bîrzava Valley (Valea Satului volcano-sedimentary Formation 
and Cîrșie metapsephitic-metapelitic Formation). The age of these forma­
tions (Devonian and Lower Carboniferous, respectively) was determined 
by microfloristic associations (V i s a r i o n, unpublished data).

A general correlation can be made with the Lescovița Series (M a- 
i e r, 1979), which is likely to include older rocks, too.

The rocks of supergroup D are characterized by the well-preserved 
bedding (So) and Ununiform, very low-grade metamorphism (low
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greenschist facies monometamorphism). They are associated with magmatic 
rocks (dykes) affected by Variscan metamorphism and deformation.

Si planes (metamorphic minerals) are generally perpendicular to 
the bedding and partly penetrative. The visible planes, at a mesoscopic 
scale, are So (bedding) and Sx (axial plane cleavages).

The rocks of the Devonian-LQwer Carboniferous sequence preserve 
sedimentary and magmatic (premetamorphic) structures. Metamorphic 
adaptation has been differentiated aceording to : mineralogica! and petro- 
chemical constitution, relative thickness of beds, amplitude of folds, and 
“density” of the penetrative planes.

These rocks show an incipient, predominantly mechanic transposition, 
associated with folding and shear planes.

The Tîlva Mare quartzites, with uncertain tectonic position present 
special metamorphic features. The quartzites of this formation show 
elements of tAvo deformational events, pre-Variscan and Variscan and 
seem to overlie unconformably the rocks of the Vodnic Group. Their 
probable age may be Ordovician.

The zones Avith Paleozoic and Proterozoic metamorphics, for which 
deformational and metamorphic elements have been discussed, belong to 
the Externai (LoAver) Danubian Unit, the Getic Nappe and the Supra­
getic Units.

The sketch on the map of SEP' (scale 1 : 1,000,000) (Fig.) pre- 
sents tAvo Caledonian Units affected by Danubian Alpine Nappes. We 
consider that the blastomylonitic (shear) zone between the Lainici-Păiuș 
Group and the Drăgșan Group represents an old tectonic (cryptic sutime 
line) at the contact of an internai Caledonian Belt and an externai, 
peri-Caledonian Belt.

In front of this line there is a dyke-system of basic rocks related 
to a distensional phase. In the Upper Danubian Unit, a similar blastomylo­
nitic zone Avas mentioned by M ăr unț iu, Se ghe di (unpublished 
data), associated Avith basic and ultra-basic pre-Alpine rocks, under the 
Mraconia (pre-Carboniferous) line. This blastomylonitic zone canrepresent 
the more internai correspondent of the blastomylonitic zone of the Externai 
(Lower) Danubian Unit.

The sketch also presents new data considering the Supragetic Units 
(nappes), separated firstly by S t r e ckei sen (1934). The front of these 
nappes thrusts over the sedimentary (Upper Paleozoic-Mesozoic) cover of 
the Getic Nappe. The Banat Zone of the Supragetic Units constitutes 
an independent area with metamorphosed Paleozoic formations, different 
from. the synchronous formations in the Poiana Ruscă Massif as concerns 
both the lithofacial features (internai and externai facies, aceording to 
M a ier, 1979) and the tectonic position. Further arguments for the indi- 
vidualization of a group of internai units (Timiș Units) in relation to the 
Supragetic Units (sensu stricto) are offered by the relations between 
the strongly laminated metamorphics thrusting over Mesozoic formations, 
Jurassic-Upper Cretaceous, in the right side the Pogăniș Valley.
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The comparative study of the Proterozoic and Paleozoic formations, 
as well as the relations with the Paleo-Mesozoic formations led to the indi- 
vidualization of two large Supragetic Units (groups of units). The Supra­
getic Unit (sensu stricto), which appears in the Banat region, also emerges 
again from under the Făgăraș Subunit on the Olt Valley (the Călimănești 
and probably the Cîineni Units, according to H a n n, S z a s z, unpublished 
data) and in the Leaota Unit.

The innermost group (Timiș Units) appears from under the Neogene 
and Miocene deposits (agglomerates, tuffs with a level of Lumachelle 
limestones) in the crystalline islands at Valeapai and Buziaș and continue» 
probably with the “Poiana Ruscă Unit” (Krâutner et al., 1978, 
unpublished data). We consider that the Paleozoic in the Poiana Pușcă 
Massif, essentially different in lithostratigraphic respect from the Banat 
one, represents the Paleozoic of a large internai unit, which contains also 
the Timiș, Poiana Pușcă and Făgăraș “Units”.

I should like to express my thanks to my colleagues and to Dr. 
K r â u t n e r for the possibility to see several regional profiles in the 
South Carpathians within the Working Group for the Precambian.
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PRECAMBRIAN CORRELATION IN THE CARPATHO-BALKAN 
BELT 1

1 Paper presented at the 12rh Congress of the Carpatho-Balkan Geological Association, 
Septembcr 8—13,1981, Bucharest, Romania.

2 Institute of Geology and Gcophysics, str. Caransebeș 1, 78344, Bucharest, Romania.

BY

H. G. KRĂUTNER 2

In younger mobile zones the correlation of the Precambrian becomes 
more difficult owing to : 1) fragmentary exposures in nappe structures 
subsequently divided by fault Systems and internai sedimentary basins; 
2). overprint by younger orogeneses with metamorphic events. Therefore 
attempts of Precambrian Correlation in such areas can be only speculative 
and it is thus that the present model has to be considered.

_• This correlation attempt covers the Alpine belt including the 
JWest, East and South Carpathians, the Apuseni Mountains and the 
/ Balkan Zone. For the Romanian Carpathians the correlation model pro­

posed by K r a u t n e r (1980 a) was used, resulting from his ownresearch- 
es as well as from the compilation of literature data and field trips made 
with the Romanian Working Group for Precambrian. For the Soviet and 
Slovakian Carpathians and for the Balkan Zone data have been considered 
from the relevant literature, from the co-operation in the ambit of the 
IGCP Project 22, the PKG IX, as well as from field trips in 1971 in 
the West Carpathians under the guidance of Prof. Dr. B. Gambe 1, 
Dr. L. K a m e n i c k y, Dr. I. R o i k o v i c i and in 1979 in Bulgaria 
undertheleadership of Dr. D. K o z h o u k h a r o v, Dr. E. Koz hou- 
k h a r o v a and Prof. Verghilov.

I would like to express my gratitude to the mentioned Bulgarian, 
Slovakian and to my Romanian colleagues for their highly competent 
guidance and useful discussions.

Principles

1) There are various ways of attempting the correlation of the 
Precambrian considering lithostratigraphy, biostratigraphy, magmatic, 
metallogenetic and metamorphic events, history of deformations, angular 
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and metamorphic- unconformities, geochemistry etc. The models which 
are in concordance with most of the mentioned ways and do not follow a 
single correlation line are more reliable.

2) Similar sequences of semblable lithostratigraphic rock assem- 
blages were considered as the principal element of correlation. This means 
that single formations, even if considered as characteristic, were not taken 
into consideration for correlation ; confidence was admitted only for iden- 
tical sequences of two or more similar formations.

3) The present attempt refers to long distance correlations between 
the main tectonic units of the belt. It is considered that inside these 
structural units at least the partly known lithostratigraphic sequences can 
be taken as representative for the respective zones.

Tectonic Setting

Roughly following S ă n d u 1 e s c u’s (1975, 1980) geotectonic model 
and having in mind the zones in which Precambrian rocks are widely 
exposed, only the following main structural units will be considered in our 
correlation attempt (Fig. 1).

1. Tatro-Veporide Nappes without details referring to their com- 
plicated tectonic structure and constitution due to the lack of litho­
stratigraphic details for the Precambrian Jaraba s. s., Kokava s. s., “Se­
ries”.

2. Gemeride Nappes including the Gelnica Group.
3. Codru and Biharia Nappe Systems with the Bihor Group (Muncel.. 

Formation, Biharia Formation) and the Baia de Arieș Group (including 
also the Vidolm-Lunca “Series”, Mădrizești Formation).

4. Bihor Autochthon with references only to the Someș (Gilău) 
Group.

5. Central East Carpathian Nappes and the Făgăraș Nappe of the 
Eastern Supragetic Units including the Bretila (Belipotok), Bebra 
(Lower Delovetsk), Făgăraș and Cumpăna Groups as well as the Tulgheș 
(Upper Delovetsk) Group.

6. Getic Nappe with the Sebeș-Lotru Group and the Cibin Group 
(Sibișel, Dăbîca, Miniș, Buceava “Series”).

7. Upper Danubian Nappes including the Zeicani Group, the Jelova 
“Series” and the Poiana Mraconia Formation).

8. Lower Danubian Units with the Drăgșan Group and the Lainici- 
Păiuș Group.

9. Ehodope Massif consisting of the Prarhodopian (Ograzdenian) 
Group, the Rhodopian Group and the Diabase-Phyllitoid Group.

10. Serbo-Macedonian Massif including the “Lower Metamorphic 
Complex” and the Vlasina Group.

11. Pelagonian Massif with references to the whole known sequence.
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Beferences for the lithostratigraphic sequences and the sense in which 
the mentioned lithostratigraphic terminology is nsed in this paper are 
indicated in the Plate.

Fig 1. — Garptho-Balkan Belt.
The main structural units with Precambrian rocks.

Arguincuts
Over the whole area low and medium metamorphic rock assemblages 

do appear, deriving from sedimentary piles of quite different lithological 
sequences. Most of the low metamorphic sequences have been assigned to 
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the Ordovician-Lower Carboniferous or to the Mesozoic by paleontological 
evidence in the last 15 years. We will therefore refer only to the pre-Varis- 
can (pre-Ordovician and/or Silurian) sequences, namely the Gelnica, Tul­
gheș, Bihor, Cibin, Diabase-Phyllitoid and Vlasina Groups. As concerns 
the non-tectonic relationshipș between these low grade metamorphic 
sequences and the mentioned medium grade metamorphic groups or 
“series” (see tectonic setting) four main opinions may be found in lit­
eraturo.

1. Lateral gradual transition due to a single metamorphism with 
different intensity in a unique pile of sediments. This idea developed espec­
ially in the Alps (fide E x n e r, 1978) according to the supposition that 
both the medium and low metamorphic rocks derived from Paleozoic sedi­
mentary educts. Indirectly it was admitted also for.the East Carpathians 
(K r a u t n e r, 1938) and for the West Carpathians by the assumption of 
a mainly Variscan metamorphism of the Tatro-Veporide crystalline (C a m- 
bel, V e s e 1 s k y, 1980;Siegel, 1980).

2. Vertical gradual transition due to the decrease of the metamorp­
hism intensity to the top of the pile. This model was admitted in the 
South Carpathians by Ghika-Budești (1940), Gherasi et al. 
(1966), Savu (1970), in the Apuseni Mountains by D imit r eseu 
(1966) and in the East Carpathians by Boiko (1970). Continuity or 
discontinuity of the sedimentation in the primary pile have been admitted 
by Savu (1970) and respectively M a ier et al. (1975).

3. Regressive (poly) metamorphism due to a regional overprmt in 
the greenschist facies. Large areas of the Carpathians, described in the past 
as prograde low metamorphic zones, are now considered by most of the 
authors as zones of younger regional retromorphism on rocks which were 
initially in the amphibolite facies.

4. Sedimentary and metamorphic unconformity. For the Precam­
brian low and medium metamorphic sequences this relationship was con­
sidered in the South Carpathians (C o dar ce a - D e s s i 1 a, 1965; 
Giușcă et al. , 1969; Bercia, Bercia, 1975; Krăutner, 
1980), the East Carpathians (Bercia et al., 1976), the Apuseni Moun- 
tains (Giușcă et al., 1968), the West Carpathians (K a m e n i c k y, 
1980), the Rhodope Massif (K o z h o u k h a r o v et al., 1978, 1980), the 
Pelagonian Massif (Stojanov, 1980) and the Serbo-Macedonian 
Massif (D i m i t r i j e v i c i, 1969). In this model the above-mentioned 
(point 3) zones of regional retromorphism are considered as an effect of 
the metamorphism of the younger Precambrian sediments in their older 
metamorphic basement.

It can be proved that for all the four mentioned models there are 
examples of convenient application in the Carpatho-Balkan Belt, but 
as concerns the Cibin, Vlasina and the Diabase-Phyllitoid Groups only 
model 4 is in concordance with the available petrologie, radiometrie, 
palynological data and the field evidence. (For the Gelnica, Tulgheș and 
Bihor Groups only tectonic contacts are known). This means that we 
have to suppose that Precambrian unconformities separate low and medium 
metamorphic piles formed by different metamorphic events on sedimentary 
educts of different ages.
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Now the following problems ari.se : 1) whether these unconformities, 
accepted or supposed in different areas, represent fragments of a single 
wide extended plane of discontinuity or not and 2) whether the rock se­
quences situated under or over the mentioned unconformities correspond to 
the same cycles of sedimentation and metamorphism or not.

Low grade metamorphic sequences overlying the unconformities. In 
the six mentioned groups two main types of rock assemblages may be recog- 
nized :

a) Blastodetrital sequences with intercalations of rhyolitic meta- 
volcanics, graphite formations with metalydites and limestones, subordi- 
nately greenschists. The Tulgheș Group (Tg), the Gelnica Group (Ge) 
and the Muncel Formation belong to this type. Possible correlations of 
these sequences have been mentioned by V i s a r i o n , D i m i tr e s cu 
(1971), K r ă u t n e r (1980), Kamenicky (1980). This is proved by 
lithostratigraphy and metamorphism for Tg, 'Ge, Mu, by metallogeny for 
Tg, Ge (stratiform sulfide deposits linked to the rhyolitic volcanism and 
«yngenetic manganese deposits associated with the metalydites), by Cam­
brian age, indicated by radiometric Pb—Pb, U—Pb data (B o i k o et 
al., 1975 ; Vijdea, A n a s t a ș e , 1975) andpalynology (11 i e s c u et 
al., 1972,1981; Vis ar ion, unpublished data ; 8 n o p c o v a, S n o p c o 
fide B a j a n i c, 1980). Becently also Ordovician-Lower Devonian assem­
blages have been mentioned (fide Grecul a et al., 1981) in rocks as- 
cribedtothe Gelnica Group. K/Ar agesrcach maximum 475 m.y. (K r â u t- 
n er et al., 1976), but in general the values are lower due to Ar loss in 
the Variscan and Alpine events.

b ) Blastodetrital sequences with albite porphyroblast schists (meta- 
greywacke and/or metatuffites) with intercalated greenschists and local 
thin beds of dolomites (and limestones). This type of rock assemblage 
includes the Biharia Formation (Bi), the Cibin (Cb), Diabase-Phyllitoid 
(DFF), Vlasina (VI) Groups and probably the Lerești Formation (Le) 
of the Leaota-Iezer-Păpușa Mts (South Carpathians). Possible correlations 
of these groups have been partly mentioned by D i m i t r i j e v i c i et 
al. (1967), G i u ș c ă et al. (1969), V i s a r i o n, Di mi t r e s c u (1971), 
Kameni cky (1980), Krâutner (1980). These correlations are in 
concordance with some lithostratigraphic details for Bi, Le, and scarce 
palynologieal data for Bi, Cb, VI, suggesting an Upper Proterozoic age.

Normal relationships between rock assemblages of type « and b 
were reported only from the Apuseni Mountains, where D imitres c u 
■et al. (1974) described the Muncel “Series” overlying the Biharia “Series” 
without discontinuity. No other areas in which rock assemblages of types 
a and b appear together are known.

In conclusion the available data are consistent with the idea that the 
groups Bi, Cb, VI, DFF and reșpectively the sequences Tg, Ge, Mu may 
be correlated. If we accept the normal relationships reported from the 
Apuseni Mountains all the six low metamorphic sequences over the men­
tioned unconformities may belong to the same sedimentary cycle, with 
two successive stages of development corresponding to the rock assem­
blages of types a and b. In any case the diseontinuities separating the
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groups Cb, VI, DFF from their higher metamorphic basement may be 
supposed to belong to the same wide extended unconformity.

Medium grade metamorphic sequences underlging the unconformities. 
Only lithostratigraphic and metamorphic correlation lines may be followed 
for these groups as palynological data are scarce and not confident for 
the age, metallogeny developed only locally and the radiometric ages 
(K/Ar, partly also Eb/Sr) evidently indicate younger events. Correlation 
attempts for the Romanian Carpathians (K r â u t n e r, 1980 ; K r a u t- 
ner et al., 1981) indicated that most of the medium metamorphic 
groups (Febra, Bretila, Sebeș-Lotru, Zeicani, Drăgșan, Lainici-Păiuș, 
lelova, Baia de Arieș, Someș) may be considered as fragmentary preserved. 
parts of a single sequence (Carpian Supergroup) constituted of six forma­
tions.

In the Carpatho-Balkan Bell a similar sequence of formations was 
reported only from the Rhodope Massif (Ehodopian “complex”) by K o z- 
h o u k h a r o v et al. (.1978, 1980) in spițe of thefact that B e r c i a and 
M a ier, M ă r u n ț i u (unpublished data) mentioned some petrographic 
similarities between the Prarhodopian and Sebeș-Lotru crystallines. Sem- 
blable palynological assemblages were reported from the Ehodopian and 
Carpian sequences by Kozhoukharov, Timofee v (1980), 11 i- 
e s c u, M u r e ș a n (1972). The metamorphic similarities consist in the 
great thickness of the amphibolite facies assemblages (over 8,000 m) in. 
the kyanite zone and in an increase of migmatization at the lower parts 
(Kozhoukharov, Ko z h o u khar o v a, 1977 ; Krăutner, 
1980). Polymetamorphic characters (Berci a, 1975; Hârtopanu, 
1975, 1978 ; B a 1 i n t o n i, G h e u c a , 1977) cannot be considered as 
conclusive for lithostiatigraphic correlations because they are linked. 
probably to younger events in respect of the object of correlation.

Lithostratigraphic correlations of the Ehodopian Group of the Ehodo- 
pe, Eila, Pirin and Ograzden Mountains were performed by Kozhou- 
k h a r o v et al. (1978,1980). The extension of this Ehodopian sequence to> 
the Serbo-Macedonian and Pelagonian Massifs was supposed by K o z- 
h o u k h a r o v and S t o j a n o v (oral communication). Correlations of 
the Pelagonian sequence with the Serbo-Macedonian and Ehodopian piles 
were discussed by A r s o v s k i et al. (1977) and D i m i t r i j e v i c i 
(1969).

Concerning the Prarhodopian Group, it is considered as a lower 
lithostratigraphic unit (“complex”), separated from the overlying Ehodo­
pian Group by a sedimentary and metamorphic unconformity (K o z- 
h o u k h ar o v et al., 1978, 1980). Neither similar sequences nor a pos- 
sible equivalent of the mentioned unconformity have. been reported so 
far from the Carpathians, but their possible existence cannot be excluded 
as for large areas no lithostratigraphic details are available (e.g., Sebeș- 
Lotru Mountains, Tatro-Veporide Nappes). D i m i t r i j e v i c i (1969} 
supposed that a part of the Serbo-Macedonian “Lower Complex” may 
represent an equivalent of the Prarhodopian Group.

For the Tatro-Veporide medium metamorphic and retromorphic 
rocks no detailed lithostratigraphic sequences were reported. The rock 
assemblages of the Jaraba s.-s. and Kokava s.s. Groups are very similar
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to that of the Carpian Bretila, Cumpăna and Rebra, Făgăraș Groups of 
the Carpathians. This is why K a m e n i c k y (1980) supposes a possible 
correlation of the Jaraba and Bretila “Series”.

In conclusion there are no available data against a correlation of 
the Carpian, Rhodopian and Tatro-Veporide sequences. Therefore one 
can suppose that the mentioned piles vere formed during the same cycle 
of sedimentation and metamorphism. According to the Bulgarian geolo­
gists the Prarhodopian sequence represents the product of an older Pre­
cambrian cycle.

A Correlation Model

Considering the mentioned possible correlations a three cycle model 
may be supposed for the pre-Variscan metamorphic sequences of the 
Carpatho-Balkan Belt. According to it the pre-Variscan metamorphic 
rocks may be included in three main lithostratigraphic sequences separated 
by two Precambrian sedimentary and metamorphic unconformities. 
The post-cycle history of metamorphism and defonnation may be different 
in the same sequence occmring in different structural units.

The Prarhodopian (Ograzdenian) sequence was reported only from 
the Rhodope, Rila and Ograzden Massifs (K o z h o u k h a r o v et al., 
1978, 1980). It consista of a lower gneissie formation (A^, a median varied 
formation with amphibolites and gneisses (A2) and an upper gneissie for­
mation (A3). The sequence is highly migmatized, at least two pre-Rhodo- 
pian migmatite phases are supposed (K o z h o u k h a r o v et al., 1978, 
1980).

The Prarhodopian sequence was assigned to the Archean or Lower 
Proterozoic (K o z h ou k h ar o v et al., 1978, 1980). A Lower Prote- 
rozoie age seems probable as no evidence exists for the Archean in the 
European Alpine Belt and no lithologic similarities with the Archean of 
the foreland may be recognized.

The Rhodopian-Carpian sequence is widely exposed in the whole 
Belt. It probably includes also the Jaraba s.s. and Kokava s.s. Groups 
for which no lithostratigraphic data are available. According to the cor-' 
relation suggested in Figure 2 and in the Plate — the following common 
sequence of formations may be accepted for the Carpian (K r âu t n c r, 
1980) and Rhodopian (K o z h o u k h a r o v et al., 1978, 1980).

1. Amphibolite formation with gneisses, limestones and thin beds 
of micaschists (Pt ri., Cpi)3. Some small syngenetic iron ores are known 
in the Sebeș-Lotru Group and in the East Rhodopes.

2. Lower gneiss formation, prevailing biotite or biotite-muscovite 
plagiogneisses, partly with stronger migmatization in the Carpathians 
(Bretila, Cumpăna and Sebeș-Lotru Groups) (Pt12; Cp,).

3. Leptyno-amphibolite formation consisting of an alternation of 
amphibolites/ white leptynitic gneisses and plagiogneisses with variable 
ratios between these three main lithologic componenta (Pt^; Cp3).

4. Gneiss-micaschist formation. In the Carpathians plagiogneisses 
(with migmatizations in the Bretila and Sebeș-Lotru Groups) prevail in
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the lower part and micaschists (loeally with amphibolites) in the upper 
part (Cp4). In the Rhodopian sequence three lithostratigraphic units 
may be considered as equivalents of Cp4: biotite and two mica gneisses 
(Pt21), leptytoid gneisses of detrital provenance (Pt2.2) and micaschists, with 
schistose gneisses and loeally amphibolites in the upper part (Pt2 3).

5. Carbonatic formation consisting of limestones (marbles) and dolo- 
mitcs with intercalations of micaschists, quartzites and amphibolites 
(Pt3.i; Cp5).

6. Quartz micaschist formation represented by quartz-micasclu.sts 
with intercalations of quartzites, amphibolites and limestones (Pt3.2, Cp6).

This sequence of formations shows that at the lower part of the pile 
prevail gneissic rocks, loeally associated with amphibolites, while the 
upper part is constituted of micaschists, limestones and dolomites asso­
ciated with amphibolites. If the rank of supergroup is assigned to the 
sequence of a cycle (Zoubek, 1977) the mentioned lithologic contrast 
suggests a possible large scale subdivision in a lower group including 
Cpi-4, Pti_2 and an upper group corresponding to Cps_e, Pt3. Different 
names are in use for these groups following geographic or tectonic re- 
straints. Thus, in the Carpathians. thelower unit is represented, for example, 
by the Bretila, Cumpănă, Sebeș-Lotru and Jaraba, Groups and the upper 
unit by the Bebra. Făgăraș, Baia de Arieș and Kokava Groups.

The rocks corresponding to the Rhodopian-Caipian sequences were 
assigned in the Romanian Carpathians to the Upper Precambrian A (1,650 
± 50—850 A 50 m.y. (național maps 1:50,000. 1:1,000.000) or Middle 
Proterozoie (Kr au t n e r, 1980), in Bulgaria to the whole Proterozoic 
(Kozhoukharov, Timofeev, in Kozhoukharov et al., 
1980), in the Slovakian and Russian Carpathians either to the Precambrian 
(e.g. Kamenicky, 1980; R u d a k o v, 1980) or to the Paleozoic 
(e.g. C a m b e 1, Vesels'ky, 1980; Sie gel, 1980), in Yugoslavia 
to the Proterozoic (D i m i t r i j e v i c i et al., 1967). At present the 
following data are available : 1. In the South Carpathians (Getic Nappe), 
the Rhodope and Serbo-Macedonian Massifs the Rhodopian-Caipian 
sequences are unconformably overlain by Vendian or Upper Riphean low 
grade metamorphic sequences, namely by the Cibin, Vlasina and Diabase- 
Phyllitoid Group (K a r a m a ta, Pe t c o v î c fide S t o j a n o v, 1980 ; 
Kozhoukharov et al., 1978, 1080: C o d a r c e a - D e s s 11 a, 
1965; Giușcă et al., 1969; Krâutner, 1980 b). 2. Palynological 
data suggest the Precambrian age for the Rebra Gioup (Ui eseu,. 
Mureșan, 1972)andtheRhodopian Group (K o z h o u k h ar o v, T i m o- 
feev, in Kozhoukharov et al., 1980). 3. Bb/Sr whole rock and 
isochronc ages are in general influenced by younger events; the highest 
value (838 m.y.) was obtained by B a g d a sar ian (1972) on biotite of 
the Sebeș-Lotru Group. 4. K/Ar model ages reach accidentaliy 600—700 
m.y. (S o r o i u et al., 1970 ; K r ă u t n e r et al., 1976); generally they 
indicate Ar loss in younger events. Interpretations on K/Ar isoehrones 
suggest 800 — 900 m.y. for the metamorphism of the Bretila Group 
(Krâutner et al., 1976).

According to these data it is probable that the Rhodopian-Car pian 
sequence corresponds to the Middle Proterozoic (sensu Z o u b e k, 1977) 
(Fig. 2).
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The JIarisian- Vlasina- Diabase-Phyllitoid sequence isȚ represented 
in-most of the structural units. According to the correlation proposed in 
the Plate two main sequences may be recognized.

LITsOSTRATiGRAPHlC SEQUENCES
Possibie Correlations with

EUROPEAN STRATÎGRAPHIC SCALES
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Fi«. 2. — Suggestcd slratigraphic and iithostratigrapliic correlation of Precambrian in the 
Carpatho-Balkan Belt.

1) A basic volcano-sediinentary sequence with greywacke and scarce 
thin beds of limestones and/or dolomites, corresponding to the Biharia 
Formation and the main parts of the Cibin Group (maybe also of the 
Lerești Formation) in the Romanian Carpathians, to the Vlasina Group in 
the Serbo-Macedonian Massif and to the Diabase-Phyllitoid Group in the 
Rhodope Massif.

2) A blastodetrital sequence with rhyolitic met avolcanics and metaly- 
dites, represented by the Tulgheș Group (Tg), the Gelniea Group (Ge), 
the Muncel “Series” and the uppermost parts of the Cibin (Cb3), Vlasina 
and Diabase-Phyllitoid Groups. The most complete sequence seems to be 
preserved in the Tulgheș Group; it consists of a blastodetrital quartzitic 
formation (Tgn Mu^ Cb3), a graphitic formation with metalydites (Tg.,) 
and syngenetic manganese ores in Tg and Ge, a metarhyoliticvolcano- 
sedimentary formation (Tg3) with syngenetic base metal sulfide ores in 
Tg and Ge, a blastodetrital formation -with quartzites phyllites (Tgq) and 
an upper graphitic formation with greenschists and limestones (Tgs).

The available palynological data suggest for the basic volcano- 
sediinentary sequence a Vendian (maybe also uppermost Riphean) age 
(V i s a r i o n , D i m i t r e s c u, 1971; C odarcea-Dessilla, II i- 
e s c u, 1969 ; P a n t i c i et al.. 1967 fide D i m i t r i j e v i c i, 1969), 
while the blastodetrital sequence with rhyolitic metavolcanics (Tulgheș 
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Group and Muncel Formation) may be assigned to the Cambrian (11 i- 
escu, Mureșan, 1972 ; 11 i e s cu et al., 1983; Visa- 
r i o n, unpublished data). These palynological data are in concordance 
with the. radiometrie ages reported from the Tulgheș Group (Pb-Pb= 
540—600 m.y., U—Pb zircon 560—640 m.y., K/Ar maximal values of 
472 m.y.). For the Gelnica Group even an Upper Ordovician-Lower Devo­
nian age (Gr e cui a et al., 1981) was assumed.

3 Abbreviations used by K o z h o u k h a r o V et al. (1978, 1980) for the Rhodopian (Pt) 
and K ră u tn er (1980) for the Carpian (Cp) sequences.
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CONSIDERATIONS REGARDING THE GEOLOGICAL STRUCTURE 
OF THE NORTHERN PART OF THE RETEZAT MOUNTAINS 

i (SOUTH CARPATHIANS)1

1 Paper presented at the 12th Congress of the Carpatho-Balkan Geological Association, 
September 8—13, 1981, Bucharest, Romania.

- Polytechnical Institute, Bucharest.
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VIOREL MACALEȚ2

The zone presented in this paper is situated on the northern limb 
of the Retezat Mountains, being delimited by the Nucșoara Valley on 
the West, the Hațeg sedimentary basin on the north, the Rîul Bărbat 
Valley on the east and by a line following the contact with the Retezat 
granodîoritic massif on the south. The paper is meant to provide some de­
tails on the geological structure of this zone and especially on the rela- 
thionships among its various formations.

Historieal Background

In a synthetic paper on the crystalline schists of the South Carpat­
hians, Pavelescu and Răileanu (1963) separated two large 
groups of crystalline schists : the crystalline of Getic type (group 1), ex- 
hibiting a high erystallinity and the crystalline of Danubian type (group II), 
displaying a more reduced crystalinity, correspond ng to the Getic Domain 
(the Getic Nappe ) and, respectively to the Danubian Domain (the Autoch- 
1hon). Three series of crystalline schists were separated within the Danubian 
Autochthon : the Drăgșan Series, with a lower amphibolite complex 
and an upper chlorite-sericite one ; the Lainici-Păiuș Series : and a slightly 
metamorphosed series — the Tulișa Series — consisting of three horizons. 
The Lainici-Păiuș Series and the amphibolite complex of the Drăgșan 
Series were generated during the Precambrian orogeneses, while the 
chlorite-sericite complex, probably during the Cambrian-Ordovician. As 
legards the Tulișa Series, the authors assign the lower conglomeratic 
horizon to the Silurian or Devonian, and the upper part , beginning with 
limestones, to the Dinantian. On the sketch accompanying the paper 
the “Tulișa Series” is plotted only next to the succession beginning with 
limestones, while the unconformable conglomeratic lower horizon is plot­
ted within the chlorite-sericite complex of the Drăgșan Series.
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The geological constitution of the Retezat Mountains is in concord- 
ance with the general view of the South Carpathians crystalline.

P a vele s c u (1953 a, b) distributes the geological formations 
makingup the Retezat Mountains to the Danubian Autochthon crystalline, 
with the overlying sedimentary rocks, and to the Getic Nappe crystalline, 
with the overlying sedimentary Tocks. The crystalline of the Getic Nappe 
on the northern side of the Retezat Mountains, from Hobița to Nucșoara, 
consists of paragneisses with biotite and gârneț, biotitic micaschists, 
amphibolites with biotite and biotitic quartzites. The Mesozoic deposits 
on the Getic Nappe crystalline are represented by Tithonic limestones. 
The crystalline schists of the Autochthon consist of biotite-muscovite quartz- 
itic schists, gârneț phyllite micaschists, graphite quartzitic schists etc. 
— the Rîușorul Series, chlorite-amphibolite schists — the Drăgșan Series 
and a series underlying the Drăgșan Series — the Pilugu Series. Within 
the Drăgșan and Pilugu Series the Retezat and Buta granitoid rock massifs 
are separated. Gherasi and Dimitrescu (1968, 1970) separate 
within the Danubian Autochthon in the northern part of the Retezat and 
Petreanu Mountains the Rof banded chlorite-biotitic and amphibolitic 
schists series, the Rîușorul biotitic schists series, the Zeicani chlorite 
schists with muscovite schists and the Rîul Mare Series consisting of 
blackish or greyish graphite, quartz or slightly sericitized limy phyllites, 
bearing sometimes fine biotite lamellae. The authors show that the main 
structure of the whole north-western slope of the Retezat Mountains is 
the Rof anticline.

Mi cu and P ar a s c h i v e s c u (1970) published the results of 
the researches carried out between Nucșoara and Rîul Alb, describing 
within the Danubian Autochthon the Drăgșan and Tulișa Series and show- 
ing that the mesometamorphic crystalline formations of the Getic Nappe 
are almost identica! with those of the Sebeș Mountains. The Tulișa Series 
would be Upper Proterozoic-Cambrian in age, the Drăgșan Series being 
ante-Upper Proterozoic in age. From the tectonic point of view two over­
thrust lines arepointed out: one between the Getic Nappe and the Autoch­
thon, and the other between the Drăgșan Series and the Tulișa Series.

Gherasi et al. (1974) extend the name of “Măgura Series” to 
most of the epimetamorphic rocks of the Danubian Autochthon, which 
develops between the Muntele Mic and Petrii massifs, continuing towards 
the east up to the Rîul Bărbat Valley. The Getic metamorphic rocks (the 
Sebeș-Lotru Series) are assigned to the Dalslandian cycle, while the meta­
morphic rocks of the Autochthon are assigned to the Cadomian cycle (the 
Rof, Rîușorul and Măgura Series) and respectively to the Caledonian cycle 
(the Zeicani Series). The sedimentary formations of the Danubian Domain 
are represented by the Rîul Mare (Silurian) Formation and the (Devo­
nian) Vidra Formation.

Solomon et al. (1976) assign the crystalline schist and anchi- 
metamorphic formations of the Danubian domain in the northern part of 
the Vilcan Mountains and on the south-eastern side of the Retezat Moun­
tains to the Infracambrian Amphibolitic Series, the Cambrian Series, 
the Muntele Coarnele Laminated Conglomerates Series, the Tulișa Series 
and the Paroșeni Formation.



3 GEOLOGICAL STRUCTURE OF THE NORTHERN RETEZAT MTS 97

Geological Considerations

The geological formations making up the constitution of the zone 
between the Nucșoara Valley and the Rîul Bărbat Valley belong to both 
the Getic Nappe and the Danubian Autoehthon.

The G c t i c N a p p e covers the northern part of the zone, being de - 
veloped within a reduced width from the left bank of the Nucșoara Valley 
to the left bank of the Rîul Alb Valley, getting wider towards the east 
up to the Rîul Bărbat basin. Northwards it is overlain by the sedimentary 
rocks of the Hațeg Basin and southwards it contacts the metamorphic 
formations of the Autoehthon. It consists of the crystalline formations 
exhibiting an advanced metamorphism grade and underlying Mesozoic 
sedimentary deposits over a reduced area. The crystalline formations be­
long to the Sebeș-Lotru Series and consist of an alternation of gârneț 
biotitic gneisses, muscovite-biotitic gneisses, quartz-feldspathic gneisses, 
muscovite-biotitic micaschists, feldspathic quartzites with biotite and 
muscovite, and amphibolites. Throughout the contact with the formations 
of the Danubian Autoehthon the metamorphic rocks of the Getic Domain 
are strongly crushed. The mineralogical associations, the crystallinity grade 
of rocks and the feldspar aspect show that all the types of rocks described 
within the Getic metamorphic rocks were generated by the metamorphosis 
under the almandine amphibolite facies, the kyanite-almandine-muscovite 
and sillimanite-almandine-muscovite subfacies conditions (T u r n e r, 
V e r h o o g e n, 1960) of some originally eruptive formations — the 
quartz-feldspathic gneisses and at least some of the amphibolites or sedi­
mentary formations — the other gneisses and amphibolites and the mica­
schists. The sedimentary formations from the Getic Domain form a narrow 
bând between the Baros Valley and the Lazu Valley, which is interrupted 
in the Rîul All) basin; they consist of strongly fissured white-greyish lime­
stones. D r ă g h i n d ă et al. (from M i c u and Paraschiv esc u, 
1970) show that these limestones are Lower Cretaceous in age.

T h e D a n u b ian Autoehthon between the Nucșoara Valley and 
the Rîul Bărbat Valley consists of crystalline formations, granitoid rocks 
and slightly metamorphosed sedimentary formations. Based on the detailed 
field observations the following lithostratigraphic units have been sepa- 
rated : the Drăgșan and Zeicani Series, the Valea Nucșoarei Formation, 
the Retezat granitoids and the Tulișa Series.

Drăgșan Series. We use this term (sensu P a v e 1 e s c u, 1953) only 
for the metamorphic rocks that contact the Retezat granitoid rocks and 
underlie the rocks of the Tulișa Series or of the Valea Nucșoarei Formation 
in the northern part. From the Prislop Peak westwards the schists assigned 
to the Drăgșan Series correspond mainly to the complex of lower basic 
metatuffs of the Măgura Series (Gherasi et al., 1974). The rocks of 
this series show a great development in the eastern and Southern parts of 
the Retezat granitoid massif. From the petrographic point of view one can 
describe albite chlorite-epidote schists, sericite-chlorite quartzitic schists 
± epidote and amphibolic schists that formed. by the metamorphosis 
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under the greenschist facies conditions of some pelitic sediments and some 
basic tuffites and tuffs. The presence of biotite in most of the rocks described 
within this series may be the result of the contact with the mass of 
granitoid rocks; but the presence of gârneț, although isolated, indicates 
that biotite may be at least partially the result of the regional meta­
morphism, which loeally reached the almandine isograde.

Zeicani Series. Within this series Gherasi et al. (1967) describe 
the formations which appear at the upper part of the Autochthon and are 
generally overlain by the Getic metamorphic rocks. Three complexes are 
described : the complex of metatuffites and leptynites, the complex of 
metagreywackes and the complex of metavolcanics. Later on the lower 
complex was assigned to the Măgura Series, the Zeicani Series comprising 
the metagreywacke complex and the volcano-sedimentary complex 
(Gherasi et al., 1974). Between the Nucșoara Valley and the Rîul 
Bărbat Valley, we assigned to this series the epimetamorphic crystalline 
extending between the Tulișa Series and the Getic Nappe; it forms a 
bând trending EW and seldom reaching 500 m in width between the 
Valea de Munte Brook and the Paroș Valley, getting wider towards the 
west and reaching almost 3,000 m on the Stirbina-Prislop Crest. Based 
on lithological criteria and the metamorphism grade a lower volcano- 
sedimentary complex and an upper detrital one can be separated.

The volcano-sedimentary complex covers most of the Zeicani Series in 
this zone and corresponds to the chlorite-sericite complex of the Drăgșan 
Series (Pavelescu, 1953) or to the complex of upper basic metatuffs 
of the Măgura Series (Gherasi et al., 1974). Also, on the Southern 
side, it overlies the formations assigned by M i c u and P a r a s c h i- 
ve seu (1970) to the. Tulișa Series. From the petrographic point of view 
one can separate chlorite-albitic schists with epidote and calcite, sericite- 
chlorite quartzitic schists, serici te-chlorite albitic schists, sericite-chlorite 
schists and metagabbros. Between the Paroș Valley and Nucșoara several 
levels of metaconglomerates are intercalated within this complex, the 
best represented ones being those on the Sălășel Brook and. on the crest 
north of the Colțu Mare Peak. There are also a few white quartz lenses,of 
which that on the left side of the Paroș Valley crops out over an area of 
50 m in length and 3-4 m in width. The rocks of this complex were formed 
by the metamorphosis of a volcano-sedimentary series under the green- 
schists facies conditions, some zones reaching the biotite isograde. The 
metagabbros represent a basic magmatic intrusion which graded partially 
to the greenschist facies.

The detrital complex is found at the top of the Zeicani 
Series in this zone, extending as an almost continuous bând from 
the Nucșoara Valley to Valea de Munte, rarely exceeding some tens of 
metres in width. It is overlain by the formations of the Getic Nappe and 
corresponds to the complex with metagreywackes of the Zeicani Series 
(Gherasi et al., 1974). Micu and P ar a s c h i v e s c u (1970) 
assign these rocks to the top of the Drăgșan Series as a level of muscovite 
chlorite schists. The complete sequence of this complex crops out on the. 
Paroș Valley, where a level of limy metapsammites with rare feldspar 
fragmenta lies in the base, being overlain by feldspathic metapsammites
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± muscovite which underlie chlorite greenschists. The level with limy 
inetapsammites also occurs on the Beuși Brook, the remaining part of this 
complex being represented by feldspathic metapsammites -f- muscovite. 
The “metagreywacke” aspect may be due to a strong cataclasis undergone 
by these rocks during the Getic overthrust.

Valea Nucșoarei Formation. In the Nucșoara Valley basm there 
develop some rocks over a large area, overlying the Drăgșan Series and 
tectonically underlying the Zeicani Series ; they are assigned to the Tulișa 
Series by P a v e 1 e s c u (1953 b) and M i c u and Paraschivescu 
(1970), while Gherasi et al. (1974) assign them to the Rîușorul Series. 
As they are different from both these series, especially as regards the 
metamorphic grade, we propose to caii them the “Valea Nucșoarei For­
mation” consisting of sericite-chlorite quartzitic schists i biotite, graphite 
schists and crystalline limestones. We consider the rocks of this formation 
as representing the youngest terms of the Rof anticlinal structure (G h e- 
r a s i, D i m i t r e s c u, 1970), being in an upper position with respect 
to the Rîușorul Series.

The serpentinite outcrops in the Nucșoara Valley basin show a special 
situation. South of the Stirbina Peak, immediately under the crest line, 
there crops out abody of uralitized pyroxenites with decimetric aphanitic 
intercalations consisting of epidote actinolite schists. Rocks exhibiting a 
similar character occur also on the right slope of the Nucșoara Brook, 
where the epidote actinolitic schists show a great development; in addition, 
biotite occurs as porphyroblasts visible with the naked eye. Also on the 
right slope, and especially on the left slope of the Nucșoara Brook, there 
are several outcrops of talc-bearing schists with actinolite and tremolite; 
antigorite and chrysotile are frequently found. Taking into account also 
the serpentinites occurring farther west, on the left bank of the Rîușorul 
Valley, they were assigned to the Tulișa Series (M i c u, P a r a s c h i - 
vescu, 1970) or to the Măgura, Rîușorul and Zeicani Series (Ghe- 
r a s i et al., 1974). As the ultrabasic rocks in this zone are hosted in various 
lithostratigraphic units indeed, it seems plausible to state that they were 
emplaced on a fault system trending approximately east-west andreacti- 
vated at various time intervals. The talc-bearing schists and the actinolitic 
ones showing an aphanitic aspect might be much older than the pyro­
xenites on the right bank of the Nucșoara Brook and the antigoritic serpen­
tinites on the left bank of the Rîușorul Brook, the present aspect of which 
is due rather to the autometamorphism processes than to the regional 
metamorphism.

Granitoid rocks. They are represented by the marginal facies of the 
north-eastern extremity of the Retezat massif, contacting the crystalline 
formations of the Drăgșan Series in the eastern part and the formations 
of the Drăgșan Series or of the Tulișa Series in the northern part. As re­
gards the compositibn, structure and texture gneissic granodiorites and 
laminated granodiorites can be described. Pavelesc u (1953) considers 
the lamination of the marginal zones as the result of the consolidation of 
the granodioritic body under stress conditions, the contact with the. crys­
talline cover being tectonic; this would also explain the lack of thermal 
contact phenomena.
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Still, the above author shows that the absence of a typical contact 
zone eould be also explained by the later transformation of some contact 
biotitic schists. 31 i cu and Paraschi vescu (1970) separate a zone 
of quartzitic schists with biotite at the contact with the granitoid rocks 
between the Mălăiești Brook and the Cîrnic Brook. showing that the pres- 
encc of biotite would be caused by the influence of the granitoid rocks. 
Between the Nucșoara Valley and the Rîul Bărbat Valley, where the 
contact with the schists of the Drăgșan Series is not masked by the. for­
mations of the Tulișa Series, the two types of magmatic and crystalline 
rocks mix up within a thickness of 20-30 m. This phenomenon can be also 
observed microscopically through an increase of the crystalline schist 
granulation, accompanied by pronounced feldspathization andbiotitization. 
As the distance from the contact increases, the biotite amount decreases, 
so that 200-300 m from the contact the normal rocks of the series are found. 
The mineralogical, structural and textura! aspects indicate that the rocks 
of the cover underwent a thermal contact metamorphism which superposed 
on the regional metamorphism of the Drăgșan Series, changing into schist- 
ose hornfelses with biotite and epidote, or even hornblende in some places. 
The presence of chlorite and at least a part of epidote may be due to the 
retromorphism which took place during the tectonic movements sub- 
sequent to the intrusion of the massif.

Tulișa Series. From the right bank of the Nucșoara Valley to Valea 
de Munte a narrow zone (maximum 200 m) develops, consisting of slightly 
metamorphosed (anchimetamorphic) sedimentary deposits overlying trans- 
gressively either the Drăgșan Series or directiv the granitoid rocks and 
underlying the formations of the Zeicani Series. By similarity with the 
surrounding zones, these rocks may be assigned to the Tulișa Series (sensu 
Pavelescu, 1953 a, b). The complete sequence in this zone begins 
with laminated conglomerates which occur only between the Preotesei 
Brook and the Serei Brook and continues with microconglomerates, sand­
stones and arkoses, quartz sericite ± graphite phylîites, calcarenites 
and sericite-graphite phylîites. The laminated conglomerates on the right 
branch of the Serei Brook overlie the schists of the Drăgșan Series, while 
those on the left branch (Apa Beuși Brook) underlie without any transition 
the limestones level. They consist of a psammitie matrix formed of frag- 
ments of granitoid rocks, feldspar and quartz grains and muscoviteleaf- 
lets, including relatively small elements (1-2 cm) of granitoid rocks and 
larger quartz lenses that can reach 10 cm in length. Taking into aceount 
the fact that in the zone investigated by us the laminated conglomerates 
show a higher metamorphism grade than the other formations of the 
Tulișa Series and directiv underlie the limestone level, one can state that 
there are unconformity relations among the two rock types. Thus the lami­
nated conglomerates may be equivalent to the conglomerates of the lower 
complex of the Tulișa Series (S o 1 o m o n et al., 1976) and to the Capu 
Plaiului conglomerates (Stan o iu, 1976). the main difference from the 
latter consisting in the petrographic nature of the elements and matrix. 
This is why we propose the name of “Apa Beuși conglomerates” for the 
conglomerates described by us, after the name of the left branch of the 
Serei Brook, where they are very frequent. The other formations of the 
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sequence described would correspond to the upper part of the lower com­
plex and to the middle complex of the Tulișa Series (S o 1 o m o n, 1976) 
or to the, Gîrbovu Formation (Stănoiu, 1976).

Teetonie Considerat ions

The major elements controlling the structure of the north-eastern 
part of the Retezat Mountains are the intrusion of the granodioritic massif, 
the Getic. Nappe overthrust and an important overthrust within the crys­
talline formations of the Autochthon. The granodioritic massif is respon- 
sible to a great extent for the anticlinorium structm’e of the Retezat 
Mountains, the effect of this structure in the studied region being mani- 
fested by the divergent dips of the crystalline formations of the cover. 
Thus, on the whole, the metamorphic rocks between the Rîul Bărbat 
Valley and the left bank of the Nucșoara Brook can be regarded as a mono- 
cline with northern dips; only within the formation on the Nucșoara 
Valley there are several small anticlinal and synclinal folds. The abnormal 
relations between the formations of the Getic Domain and those of the 
Danubian Domain were first pointed out by G h. M u n t e a n u - M u r- 
go ci, who published in 1912 in Stockholm the map on whichthenappe 
structure of the South Carpathians was first presented. In the region 
investigated the thrust of the Getic Nappe over the Autochthon is well 
pointed out by mapping and by the strong cataelasis, especially of the 
overlying rocks within a thickness that can exceed 100 m. The Getic 
metamorphic rocks overlie the formations of the Zeicani Series every- 
where and, although we did not find clear outerops, we estimate the average 
dip of the overthrust plane at 30-40°. Another important overthrust line 
is clearly pointed out within the Autochthon, setting the formations of 
the Zeicani Series in tectonic position ovei* the Valea Nucșoarei Formation, 
the Tulișa Series or directiv over the Drăgșan Series. The contact with the 
rocks of the Tulișa Series is the most typical, being followed as an almost 
continuous steep slope, reaching in some places several tens of metres, 
from the right bank of the Nucșoara Brook to the Rîul Bărbat hydro- 
graphic basin. Usually the overthrust took place ovei' a phyllite level that 
enabled the advance. The rocks of the Zeicani Series over the overthrust 
plane are generally represented by slightly schistose epidote chlorite- 
albitic schists that were strongly retromorphosed, getting a pronounced 
schistosity. This overthrust line is mentioned by Mi cu and Para s- 
c h i v e s c u (1970), although it is drawn mueh farther north on the map 
accompanying the paper, and by Gherasi et al. (1974) who drawitat 
about the same level as we draw it. The dip of the overthrust plane is 
greater than in the case of the Getic Nappe, reaching 60-70° in some. 
places.

Considering this situation, between the Nucșoara Valley and the 
Rîul Bărbat Valley, a- subunit displaying a Parautochthon role can be, 
separated within the Danubian Autochthon; it consists entirely of the 
formations of the Zeicani Series, the Autochthon proper being formed of 
the granitoid rocks. the Drăgșan Series, the Valea Nucșoarei Formation 
and the Tulișa Series. The fact that the slightly metamorphosed forma­
tions of the Paleozoic Tulișa Series lie under the overthrust plane indicates 
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that the dislocation took place during the Alpine inovements, probably 
concomitantly with the achieveinent of the Getic overthrust. The most 
important of the disjunctive transversal structures is the fault on the 
right bank of the Nucșoara Valley (the Nucșoara Fault — G h e r a s i 
et al., 1974) trending approximately NNW-SSE; along it a lowering of 
the eastern compartment took place. Also, there are some faulta of less 
importance which generally shift the limita of the Getic cryatallme.
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CONSIDERATIONS ON THE THICKNESS OF THE REGIONALLY 
METAMORPHOSED FORMATIONS 1
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September 8—13, 1981, Bucharest, Romania.

2 Institute of Geology and Geophysics, str. Caransebeș 1, 78344 Bucharest, Romania.

BY

MIRGEA MUREȘAN2

Structural investigations of most of the metamorphic formations of 
Romania revealed that their microfolding on a mesoscopic and microscopic 
scale represents a frequent and penetrative deformation in most of the 
regionally metamorphosed rocks. Our researches carried out on the meta- 
morphies of Poiana Rusca (South Carpathians) in the Crystalline-Meso- 
zoic Zone of the East Carpathians and central Dobrogea as well as the 
observations made on samples from various collections of metamorphic 
rocks, correlated with some data from the relevant literatureleadus to the 
conclusion that the transposition of the stratification schistosity represents 
also a widespread and penetrative deformation in the metamorphics on 
the Romanian territory, especially in the incompetent rocks. As a matter 
of fact the large distribution of the two types of deformation in the region­
ally metamorphosed formations is mentioned in the world relevant liter- 
ature on the territories consisting of sueh rocks. Although both the nu- 
merous and various morphologic and genetic aspects and their conse- 
quences on the structural ensembleto which they belong were presented and 
discussed, the relations between these deformations and the thickness 
of. the piles within which they occur were not pointed out, so that they 
are going to be presented in this paper.

Our considerations are based on proper observations on the follow­
ing regionally metamorphosed formations from various zones, formed 
during various intervals of the Precambrian and Paleozoic.

a) Bretila Series (East Carpathians) — Upper Precambrian A3; 
metamorphism in the almandine amphibolite facies, about 850±50 m.y. 
ago ; micaschists andgneisses, amphibolite intercalations (B e r c i a et al., 
1976 ; K r â u t n e r et al., 1976 ; M u r e ș a n, 1980);

b) Rebra Series (East Carpathians ) — Upper Precambrian A; 
metamorphism in the almandine amphibolite facies, about 850±50 m.y.
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■ago; three regional lit hostratigraphic complexes : the lower and upper 
complexe» consisting of inicaschists, paragneisses and biotite quartz schists 
with intercalations of amphibolites, limestones, quartz-feldspathic rocks, 
black quartzites : the middle complex consisting mainly of dolomites and 
limestones (Krăutner, 1968; Krăutner et al., 1976; Berci a 
et al., 1976 ; Mureșan, 1981);

c) Negrișoara Series (East Carpathians) — Upper Precambrian A 
(!) ; metamorphism in the almandine amphibolite facies ; biotite quartz 
schists, paragneisses, amphibolite intercalations (B a 1 i n t o n i, Gheu- 
c a, 1977 ; M u r e ș a n, 1981);

d) Altîn Tepe Series (Central Dobrogea) — Upper Precambrian A ; 
metamorphism in the almandine amphibolite facies, about 850 ±50 m.y. 
ago; inicaschists, paragneisses, amphibolites (Mure șan, 1972);

e) Tulgheș Series (East Carpathians) — Vendian ^)-Lower Cam- 
brian; metamorphism in the greenschists facies, about 500 m.y. ago; 
sericite-chlorite schists, quartz-feldspathic rocks ; greenschists, quartzites, 
black quartzites with intercalations of limestones, metaconglomerates, 
syngenetic sulphide ores (B erei a et al., 1976 ; K r ă u t n e r , Popa, 
1973; Krăutner et al., 1976; Mureșan, Mureș an, 1977);

f) Poiana Ruscă Group (South Carpathians) — Silurian (^-Deve­
ni an-Lower Carboniferous; metamorphism in the greenschist facies, about 
320 m.y. ago; sericite chlorite schists ± quartz schists, sericite-graphite 
schists, dolomites, limestones, greenschists, quartz-feldspathic rocks with 
intercalations of quartzite, black quartzites, syngenetic iron ores (carbo- 
nates and oxides) and sulphide (K r â u t n e r et al., 1969 ; M u r e s a n, 
1973).

Although the mentioned series were regionally mctamorphosed in 
different periods and show various metamorphism grades, it is found that 
their synmetamorphic deformational evolutions are essentially similar, 
especially as regards the formation of the mesoscopic folds and the trans- 
position of the stratification schistosity. Within the formations belonging 
to each series an ensemble of the oldest structural elements, formed during 
the regional metamorphism, can be distinguished — the Bx tectonics. The 
deformations defining the B, tectonics are spatially congruent, being con- 
nected with the same regional movement and exhibiting a penetrative 
character. In severa! cases the Bi tectonics elements were subsequently 
deformed during the Hercynian and Alpine movements, as it is noted for 
the Bretila, Rebra, Negrișoara and Tulgheș Series as well as the Poiana 
Ruscă Group (B erei a, 1967 ; B e r c i a , B e r c i a , 1970 ; K r â u t- 
n e r, 1968 ; K r ă u t n e r et al., 1969 ; K r ă u t n e r , Popa, 1973; 
Mureșan, 1961, 1973, 1980; Mureșan, Mureșan, 1977; 
Bal in toni, Gheuca, 1977).

Owing to their microscopic and mesoscopic penetrative character, 
the Bi tectonics deformations are the most important in the mentioned 
series as they cannot be completely effaced by the subsequent deforma-
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tions. These latter deformations may often display a semipenetrative 
character and an unhomogeneous distribution; they appeaied during stages 
in which the blastesis of the respective formations was totally or almost 
totally terminated. It follows from the above statements that the thicknesses 
of the series considered were first and to the greatest extent influeneed by 
microfolds and by the transposition of the stratification schistosity that 
occurred during the Bj tectonics. We shall further present the main fea­
tures of the most widespread deformations of the Bi tectonics.

a) The Ss stratification schistositu formed during the synmetamorphic 
main blastesis, in its plane crystallizing most philosilicates and the elonga- 
tion of many quartz, feldspar etc. grains being parallel to it. One can notice 
the disposition in bands of the mineralogica! associations (for example 
the alternation of predominantly sericite-chlorite small beds with domi- 
nantly quartz bands, found in the quartz sericite-chlorite schists) which 
shows that the stratiform schistosity was generated by metamorphic 
differentiation during the differential movements among beds, determined 
by the folding of the formations through bending with concentric slipping. 
From this last point of view, the stratification schistosity may be consid­
ered to have originated by the shearing of the sedimentary material along' 
some planes, generally parallel to the stratification of the inițial sediments"; 
this fact is demonstrated by the Ss parallelism to the lithologic boundaries 
(which is observed in the sample and outcrop) and the lithostratigraphic 
ones (a situation that ean be observed on a regional scale). As the formation 
of Ss started with the first differentiated movements between strata, 
that is with the beginning of the synmetamorphic folding movements, 
this tectonic element can be considered to have started its evolution 
earlier than the mesoscopic and microscopic folds (drag-folds type), formed 
somewhat later on the limbs of the megascopic folds. Indeed on a meso­
scopic and microscopic scale one can notice that the minerals in the plane 
of the stratification schistosity followed the Bx microfolds, which shows 
that the main process of metamorphic recrystallization took place'especially 
before the formation of the Bx folds. In fact Ss is affected by all the defor­
mations of the Bi tectonics.

b) The Iii folds were synmetamorphically generated in the stage of 
plastic “flow” of the material subjected to folding. These deformations 
formed by flexural folding with concentric slipping (B erei a, B e r c i a, 
1964, 1970; B er ci a, 1967 ; Kr au t n er et al., 1969 ; M u r e ș a n, 
1972, 1973 ; Mur e ș a n, M u r e ș an, 1977); we think this is shown, 
among other things, by the folding disharmonies, the existence of the poly- 
gonal folds (with divergent axial planes), the thickness variations of each 
bed in directions parallel to the axial.plane of the folds etc ; the petrotec- 
tonic data (D i m i t r e s cu, 1965; Krăutner, 1965) confirm this 
formation mode.

In cross section, the Bx meso- and microscopic folds are character- 
ized by the existence of a longer limb and of a shorter one, the same situa­
tion being found also for the successive-folds and leading to the develop­
ment of a scale (drag folds; .plis en escalier) on the limb of each fold of 
superior order on which >they occur. The Bj meso- and microscopic limbs 
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generally show divergent limbs in the competent rocks (amphibolites, 
quartzites, dolomites, limestones, syngenetic sulphide ores); these folds 
are fre.quently sharp or isoclynal in the incompetent rocks (sericite- 
chlorite schists, sericite-graphite schists, micaschists etc). By fine micro- 
folding the h lineations formed at the boundary between mesoscopic and 
microscopic, representing in fact a particular case of the Bj folds. It is 
important for our considerations that the microfolds are seldom isolated 
on the same limb, succeeding one another, especially in the incompetent 
rocks, at relatively regular intervals, so that each bend is usually situated 
at a height of 1/3-2/3 of the length of the long limb of the next fold ; this 
fact brings about the considerable shortening of the strata in cross section 
with respect to the folding direction. The frequency of microfolds and their 
amplitude. are relatively constant within a level consisting of the same 
rock type. The decimetric mesoscopic folds prevail in the competent rocks, 
while the microscopic and centimetric and millimetric ones prevail in the 
incompetent rocks. It is worth mentioning that in the case of some very 
thick piles (of the order of some hundred and thousand rnetres) of dolo- 
mitic rocks (the Hunedoara and Luncani dolomites from the Poiana Ruscă 
Group) the mesoscopic folds are very rare, occurring only in zones of facial 
interfingering of the latter with the terrigenous rocks ; instead, in the case 
of some thick limy beds (the Ruschița. and Alun marble limestones from the 
Poiana Rusca Group, some limestone horizons from the Rebra Series) 
the mesoscopic microfolds (usually centimetric and decimetric.) are very 
frequent.

The formation process of the B! folds can be imagined like this : 
within a quasihorizontal pile, subject to the first tangențial pressures, there 
form large folds, leading to the appearance by shearing of the stratification 
schistosity, in the plane of which the primary material recrystallizes 
— metamorphic differentiation; the continuous impact of pressures 
amplifies the incipient folds, augmenting the differential movements be­
tween; strata, thus leading to the formation of the mesoscopic and micro­
scopic drag folds (părăsite microfolds; plis en escalier). Therefore, in our 
opinion, the Br micro- and mesoscopic folds appear later than the mega- 
scopic folds.

By deforming the stratification schistosity, the micro- and 
mesoscopic folds belong to the post-schistose folds (B e 11 i d r e , 
1958).

Points a and b represent the most widespread cases within the 
formations of the metamorphic series considered. But there are also other 
deformation modes, which are much less frequent than those already 
described, being on the whole contemporaneous with the typical defor- 
mations of the Bi tectonics. Thus, for instance, within the metamorphic 
formations of the Poiana Rusca Group (Mur e șan, 1964, 1973 ; D im i- 
tr es cu, M a i e r, 1966) and of the Tulgheș Series (Dimi tr eseu, 
1971; Mureșan, unpublished data) there occur “mixed folds”, within 
which the competent beds folded by bending with concentric slipping and 
the intercalations of incompetent material formed similar folds; in other 
cases, within thick piles of terrigenous rocks, especially phyllites, similar 
folds formed (synschistose — as defined by B e 11 i e r e, 1958).

\ Institutul Geologic al României
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c) The axial Clj cleavage and the schistosity of the Sch axial cleavage 
mark the ruptura! stage of the Bi tectonics, when the stresses exceed the 
plasticity threshold of the folded material. These structural elements formed 
by shearing along some planes parallel to the Pai axial plane of the 
Bj folds when the accentuation of the drag folds leads to the lamination 
and then breaking of the limbs of these folds, being thus connected with 
the same movement that brought about the formation of the IR folds. 
Indeed the sense of the movement observed along these shearing planes 
(Clj and Sclj isthe same as that of the movements leading to the formation 
of meso- and microscopic drag folds. The above mechanism explains why, 
on a fold limb, the sense of movement along the CR and ScR planes is the 
same, a considerable shortening of the strata in a transversal sense with 
respect to the direction of the main folding resulting by totalling. The 
difference between Clj and ScR lies only in their frequency within the series 
described. Thus within the competent rocks there develops prevailingly 
Clj with a centimetric-decimetric frequency, while within the uncompe- 
tent rocks (of the sericite-chlorite schist or micaschist type)there devel­
ops especially ScR with a millimetric and submillimetric frequency. By 
dose shearing in a constant sense, along ScR, the transposition of the 
Ss stratificat ion schistosity appears. This is the most widespread case 
within the incompetent rocks, such as the sericite-chlorite schists, the 
sericite-graphite schists, the micaschists and the micaceous paragneisses. 
The same phenomena of transposition of the stratification schistosity are 
found also in some calcareous rocks with philosilicates (such as the Ruș- 
chița-Alun limestones) or with graphitc pigment. Thus Sch partially or 
totally obliterates the formei' Ss, becoming one of the main elements meas- 
urable dtu'ing the field investigations, often erroneously confounded with 
Ss. At the intersection of the Ss and Șeii stratification schistosities there 
form IR lineations by microshearing, parallel to the IR lineations and the 
axes of the Bj folds respectively; consequently the IR lineations provide 
the same indications on the spațial position of the axes of the Bi mega- 
scopic folds. In some rocks (for example quartz schists), due to the shearing 
of the set of planes of the Ss stratification schistosity by the set of planes 
Cli (Sci), “penei!” type structures may arise. Sometimes, by the transpo­
sition and rotation of the old quartzes, extruded along the Ss (or of car- 
bonates — e.g. from the tuffogenous albite chlorite-calcite schists of the 
Poiana Rusca Group and the Tulgheș Series) boudines may be generated, 
“mullion” structmes or “rods”, all of them elongated in the direction of 
the B2 structure.

d) When the shearing movement along Clj (respectively ScR) stops 
the folding stresses continuing to act, bring about the “modification by 
flattening” (sensu R a m s a y, 1962) of the already formed folds and of 
the bend remnants within the rocks with transposed schistosity along 
ScR. Due to the modification by flattening many of the directly observable 
Bj folds, although formed by bending with concentric slipping, exhibit 
morphological features resembling the “similar-” folds. As during the pro­
cesses of modification by flattening the upset of the material, also along 
the folds axes, may take place, we consider that the formation of 
the tension fissures of “ac” type is connected with these very proces- 
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ses; the “ac” fissures being quasiparallel to the folds axes, they can indicate 
the directions of the B, plicative structures.

The facts presented at points a-d reveal that the successive for­
mation of the Ss stratification schistosity, of the Bx folds, of the Scb 
eleavage schistosity, the transposition of Ss by Sc-b as well as the modi- 
fication by flattening are organically connected with the same movement, 
being found in the various rocks of the series considered. Taking into ac- 
count the generality of this mechanism of complex deformation in various 
metamorphic series differing in the age of deposition and of metamorphism 
which we pointed out also in other metamorphic lithostratigraphic enti- 
ties from the Carpathians and Dobrogea (observations made on samples 
from various collections - Mure șan, 1964) we can state that the genetic 
considerations on the main elements of the Bi tectonics can be appliedto 
most regionally metamorphosed formations in Romania and other coun- 
tries.

The lithostratigraphic investigatious of the regionally metamor­
phosed formations of Romania led to, among other things, the assignment 
of some thicknesses foi* the identified entities (series, formations, complexes, 
horizons, levels etc). So far these thicknesses have been established 
through the use of the thicknesses found on various profiles, taking into 
consideration the length of the perpendicular linking the lower surface to 
the upper one of the measured lithostratigraphic terni. Totalling the 
thicknesses thus obtained for each subdivision of a succession, the thick­
nesses of the various metamorphic piles of Romania have been obtained. 
Thus a thickness over 12,000 m was found for the Poiana Ruscă Group, 
3,500—4,000 m for the Tulgheș Series, 4,500-5,000 m for the Rebra Series 
and 2,000 m for the Altîn Tepe Series.

It follows from the above statements that these thicknesses, calcu- 
lated in the mentioned way, are much greater than the inițial thicknesses 
of the inițial sedimentary piles. Indeed the meso- and microscopic (often 
isoclynal or Sharp) folds as well as the transposition of the stratification 
schistosity (usually both coexisting deformation types) are widely distri- 
buted in the regionally metamorphosed formations. Our observations 
show that the two deformation types leading to an accumulation of the 
material (Figs 1, 2) bring about the increase of the thickness of the affected 
beds, by the increase of the distance between the two enveloping surfaces4 
of the bed (iu the case of the undeformed beds, the two enveloping surfaces 
coincide with the lower and respectively upper surface of the bed). Within 
the incompetent rocks (sericite-chlorite ± graphite schists, micaschists 
etc) the modification of the inițial thickness by deformation is much 
greater as compared to that within the competent rocks (dolomites, lime­
stones, quartzites etc). In the course of mappings, mining works, drillings 
ete the geologist encounters such thicknesses (called by us “deformed 
thicknesses”), augmented by the mentioned deformations." These modified 
thicknesses (which were not acknowledged as such) have been assigned 
to the metamorphosed piles of Romania or other countries so far. A caretul 
study of several outerops and samples from one region allows the statistic 
evaluation for each rock type of the value of the ratio existing between the 
thickness of the undeformed parts of beds or laminae and the thickness 
modified by their deformation. With the aid of the coefficient obtained 
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one’can deduce (approximately) the thickness before deformation of the 
thicker sets of beds formed of the same rock type (therefore of the same 
competence). Then totalling the thicknesses thus obtained, the thickness 
of the series comprising these sets of beds is obtained. As the thicknesses

Fig. 1.— Deformation of thickness by mesoscopic folding.
The distancc between the two competent beds (CB) increascd 
aftcr the deformation. resulting in the deformed thickness (Dt) for 
the incompetent bed (IB). Es, the enveloping surface is represented 
by the boundary between the competent bed and the incompetent 

bed; Ss, stratification schistosity.

thus obtained for the metamorphosed formations are much closer 
to the thicknesses of the sedimentary rocks from which they proceed, as 
compared to the deformed thicknesses used so far, they can be used foc

Fig. 2. — Deformation of thickness by transposition of the stratification schisto­
sity (Ss) after the cleavage schistosity (Set).

Es, enveloping surface of the transposed bed; Dt, deformed thickness.

the palaeogeographic evaluations, the reconstitution of the subsidence and 
sedimentation processes, the more real approximation of the burying 
depths etc.
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The calculation method proposed by us is in fact valid also in the 
cases when the Bj tectonics deformations are followed by other subsequent 
deformations. Naturally the inițial thickness is modified during the re­
gional metamorphism also by other processes, such as the volume decrease 
taking place during the metamorphic recrystallization of the. sedimentary 
material, the modification by flattening, the upset of the material in the 
direction of the Bi fold axes. Nevertheless we think that these modifica- 
tions (as a matter of fact, they are difficult to estimate quantitatively) 
are not so important as those determined by the meso- and microscopic, 
foldings and by the transposition of the stratiform schistosity respectively.

3 Subdivision adopted for the geological map of Romania, scale 1:50,000, the in­
terval of 1600-850 ioOm.y.

4 Surface envelope; cnveloping surface; Faltenspiegel.
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PAR

LAZĂR PAVELESCU2, GHEORGHE POP3, FLOREA BACIU’, ION CRISTEA
MARIN ENE 3, GHEORGHE POPESCU 1

L’îlot Cristallin du Nord, comme on a nomme le noyau cristallin 
autour duquel se sont formds les Monts du Bistrița, a constitue l’objeț 
des recherches geologiques du XlX-eme siecle.

Conceinant la petrogenese et la structure du noyau cristallin on a 
formule plusieurs hypotheses, dont on peut retenir :

— le noyau cristallin s’est forme â la suite de plusieurs phases de 
metamorphisme regional, phases qui appartiennent â quelques orogeneses 
du Prâcambrian superieur et du Paleozoîque; la structure du noyau cris­
tallin est caracterisee par la separation de plusieurs systemes superposes 
des nappes de charriage d’âge alpin;

— les roches cristallines sont le resultat du metamorphisme dans 
la coupole d’un batholite granitique et la structure du massif est consi- 
deree comme normale;

— les. series cristallines anciennes, metamorphisees regionalement, 
ont subi des processus de feldspatisation metablastique, potassique sur 
alignement, qui correspondent ă l’actuelle serie des gneiss oeilles de Rarău.

Les rapports structuraux anormales sont dus aux deversements 
d’apres des failles inverses.

Nous allons presenter ci-dessous une serie de donnees geologiques 
concernant la serie des gneiss oeilles de Rarău, obtenues grâce â plusieurs 
travaux structuraux (forages et galeries), qui ont traverse la serie de 
l’ouest â l’est entie la cote maximale de 1450 m (affleurements) et la 
cote 0 (fig. 1). Les donnees concernent les particularit6s petrographiques 
des phases metamorphiques, leur âge et les elements structuraux majeurs, 
pr6sents dans l’actuelle position tectonique de la serie, dans l’ensemble 
de noyau cristallin.
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La serie des gneiss oeilles type Rarău, d’apresles recherches geo- 
logiques effectuees, est constituie d’une alternance de micaschistes, quar- 
tzites feldspathiques faiblement micacis, amphibolites avec ou sans grenats, 
les roches constituent des bancs epais de centaines de metres et bordent, 
sur la direction NO-SE du cote 0 et E, le complexe des gneiss oeilles de- 
veloppi dans la zone axiale de la serie.

Fig. 1.— Forage 54. Ra­
rău W, forage 55 Rarău, 
forage 51 Rarău, forage 
51 Rarău S et forage 52 

Rarău W.
Cretac6 inferieur + moyen : 
1, calcaires organogănes, 
schistes argilo-grăseux. Tri­
as inferieur 4- moyen : 
2, calcaires dolomitiques, 
conglomerats, greș micro- 
conglomeratiques. La seric 
des gneiss oeilles type Ra­
rău ; 3, micaschistes entid- 
rement chloritises; 4, mi­
caschistes retromorphcs + 
grenats; 5, schistes quartz- 
itiques micac6s:6, amphi- 
bolitcs ± grenats; 7, schis­
tes quartzeux fcldspathi- 
ques ; 8. gneiss type Rarău ;
9, breche de faille. Faille.

Le complexe des gneiss oeilles est constitue d’une association intime 
de : gneiss oeilles ă microcline rose-rouge ou gris-blanchâtre, des bancs 
epais de quelques metres des roches porphyrogenes, des metagranites, 
pegmatites, micaschistes ă rares yeux de microcline rose, amphibolites 
ă rares yeux de microcline rose-rouge, des gneiss tonalitiques, meta- 
dacites, metadiorites, granites au schachbrettalbite. On doit mentionner 
que dans le cadre des bancs de micaschistes et d’amphibolites ă rares 
yeux de microcline on constate â l’oeil nu l’augmentation de la frâquence des 
porphyroblastes de microcline jusqu’a ce que les schistes soient transformi 
dans de vrais gneiss oeilles (cote 980 Gemenea pour les amphibolites, cote
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900 Bune Mic pour Ies micaschistes). Frequemment, â la limite du passage, 
on petit observer des lits centimetriques, jusqu’â decimetriques de quartz 
et feldspath rouge-rose. A l’interieur de ces lits on constate la presence des 
reliquats de quartz et de micas, surtout de muscovite.

Les principaux mineraux petrogenes de la serie sont: le plagioclase 
— present dans la majorite des roches — offre une composition formee, 
eu fonction du type petrographique, â partir de 1'albite et jusqu’â l’oligo- 
clase-andesine. Elle est developpee sous forme des porphyroblastes, mais 
aussi comme petroblastes. Les porphyroblastes, frequents dans Ies amphi­
bolites, presentent d’habitude une composition oligoclase-andesine; sur 
cux se forme secondairement l’epidote; ils sont cataclases et forment 
frequemment des niacles courbâs.

Les petroblastes representent la forme caracteristique de blasthese 
du plagioclase acide An 5-15; l’amphibole, represente par la hornblende 
verte, rarement brune, est le principal constituant des amphibolites. La 
hornblende est partiellement actinolitisee ; le grenat (almandin) et fre­
quemment present dans les micaschistes et les amphibolites et moins frequent, 
dans les quartzites feldspathiques micaces et dans les gneiss oeilles. II 
apparaît sous la forme des porphyroblastes idiomorphes des dimensiona 
millimetriques. Tres rarement, le grenat apparaît non altere, comme dans 
l’horizon minier 940 in — Barau, ou il presente une couleur rose. Dans 
des cas pareils, il offre des structures r61ictiques, englobant des micas. 
Dans bien des cas il est maintenant casd et substitui mdtasomatiquement 
par chlorite et carbonate. La substitution par chlorite peut etre partielle 
jusqu’â totale et dans ce dernier cas, la chlorite conserve le contour du 
grenat. La chlorite est fereuse-pennine. Les substitutions par des carbo- 
nates se font d’habitude sur des fissures; le disthene est present sporadi- 
quement. II a ete signale dans deux sections minces des gneiss granitiques, 
pr61eves du cours superieur de la vallee Ungureni (Barau); la biotite et le 
muscovite sont des substituents frequents de tous les types petrographi- 
ques des roches appartenant â la serie des gneiss oeilles type Barau. Dans 
quelques echantillons des micaschistes aux grenats, prdlev6s de l’horizon 
minier 780 m, dans le compartiment structural Barau on a observe des 
reliquats de biotite en muscovite largement developpes. Ce fait, ainsi que 
l’existence d’une biotite aux contours empâtes (Gemenea horizon minier 
1050 m) peuvent suggerer l’existence d’une biotite formee dans une phase 
metamorphique plus ancienne, biotite transformee en muscovite dans les 
phases mâtamorphiques plus jeunes.

Le forage 50 Gemenea au metre 530 (cote absolue 390 m) a mis en 
evidence, intercala par des diabases, un banc des micaschistes, epais d’un 
mâtre, contenant de la biotite transformee en fibrolite.

Les deux micas, dans le cadre des roches, sont disposes d’apres 
les directions St et S2, qui forment entre eux un angle d’environ 30c; le 
microcline est le mineral qui definit les gneiss oeilles type Barau. Elle 
apparaît comme porphyroblastes, petroblastes, filonets et lentilles milli­
metriques. Comme petroblastes elle participe â la constitution de la 
mesostase et elle a ete formee par la substitution metasomatique du pla­
gioclase acide et du quartz. Dans cette situation elle conserve un aspect 
frais.
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Les porphyroblastes aux dimensions variables, de quelques milli- 
metres ă quelques centimetres, se sont formees par la substitution des 
porphyroblastes de plagioclase. oligoclase-andesine avec lesquelles elles 
forment des pertites, plus rarement des antipertites. Les porphyroblastes 
sont impurifiees par des oxydes de fer, ce qui confere au mineral une couleur 
rose-rougeâtre. Quand le mineral est pur, les porphyroblastes presentent 
une couleur blanche-grise (c’est le cas des gneiss blanc-gris sur la vallee 
Gemenea et Ceahlău-ouest) et elles sont beaucoup plus cataclasees que 
d’habitude. Dans quelques cas, assez rarement, on a signalâ la disposition 
des porphyroblastes de microcline avec leur longue axe transversal sur 
la structure de la roche. Le pourcentage de sa participation dans la com- 
position des gneiss oeilles est variable, tant sur la direction de la serie, 
que son pendage.

Dans le forage 50 — vallee Gemenea — ă la profondeur de 700 m 
(cote absolue 140 m), les porphyroblastes de microcline sont arrondies 
mecaniquement, prenant un aspect de galets ; dans ce cas les gneiss oeilles 
offrent l’aspect d’un phyllite aux porphyroblastes arrondies de micro­
cline; le quartz est le principal constituant des roches. II appaiaît sous 
forme de petroblastes, filouets et lentilles, disposees au long de la schis- 
tosite de la roche. Avec le plagioclase il forme des concretions mirmeki- 
tiques et, inclus dans le microcline, il est optiquement anomal. Par 
des recristallisations il corrode le microcline. Normalement il prisente une 
extinction ondulatoire; les ankerites presentent des corps lenticulaires, 
boudines, intercales entre les micaschistes aux grenats et formis par sub­
stitution metasomatique des micaschistes. Les corps ont des epaisseurs 
mitriques et des longueurs jusqu’a quelques centaines de metres. Ils 
sont disposes dans la base des gneiss oeilles tant â 1’0 qu’ă l’E, formant 
des corps concordants dans les micaschistes.

La substitution des micaschistes par les carbonates type ankeri- 
tique est partielle ou bien totale ; les micaschistes sont conserves sous forme 
d’îlots reliquats dans la masse des carbonates, qui offrent ainsi un aspect 
brecheux. II paraît que le developpement maximal des carbonates se 
produit dans les compartiments structuraux aux processus de graniti- 
sn+ion les plus intenses (par exemple les compartiments Ceahlău, Earău- 
Gemenea).

Les principaux mineraux constituants des roches de la serie des 
gneiss oeilles sont affectis par les processus de transformation retro- 
morphique.

La chloritisation dans laquelle la chlorite, d’habitude la pennine, 
substitue la biotite et le grenat. La substitution est partielle ou totale. 
Dans les cas du grenat, la chlorite substituante conserve le contour de 
celui-ci. La biotite chloritisie peut etre reconnue d’apres les reliquats, le 
contour du mineral substitui et les aiguilles de sagenite presentes dans la 
masse de la chlorite. La substitution par chlorite presente un caractere 
progressif avec la profondeur. Ainsi, dans les compartiments au dive- 
loppement maximal des processus de granitisation, en commengant pai’ 
les horizons miniers 850 m, 750 m, et 700 m, la biotite, substituie presque 
en totalite, peut etre reconnue d’apres la frequence des aiguilles de sagenite 
et chlorite. Dans des situations pareilles, des gneiss oeilles peuvent etre 
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diagnostiques comme gneiss oeilles an chlorite. Parmi les autres processus 
de transformation retromorphique on retient: la sericitisation. la fengi- 
tisation, l’albitisation et l’argilisation.

La cataclase des roches et des mineraux constituants de la. serie 
favorise les transformations physico-chimiques des mineranx.

Les datations radiometriques par les methodes K-Ar et Rb-Qr, 
effectuees sur des mineranx et roches globales appartenant â la scrie 'Ies 
gneiss oeilles de Rarău, indiquent un âge qui correspond aux orogenesc.- 
caledonienne, hercynienne et alpine.

— L’orogenese caledonienne a ete mise en evidence par la datation 
d’un micaschiste aux grenats de Gemenea (cote 1050 m). La biotite aux 
contours empâtes et entoure des depots de sericite, a ete dat6e par la met- 
hode K-Ar-425±20 MA.

— L’orogenese hercynienne est mise en evidence par les datations 
K-Ar effectuees sui' muscovite, biotite, amphiboles et roches globales. 
Dans le cadre de cette orogenese ont ete mises en evidence les isochrones 
suivantes : 368 ±7 MA; 275 ±3 MA.

Les datations par la methode Rb-Sr, ont precise les âges suivants : 
— micaschistes aux grenats (1 echantillon) isochrone 315 ±4 MA; — gneiss 
oeille type Barau (1 echantillon) isochrone 275 ±7 MA.

Le rapport des isotopes de Sr indique l’origine crustale du gneiss 
oeille type Barau.

L’orogenese alpine a ete mise en Evidence par les datations K-Ar 
sur la sericite, les mineranx argileux et un echantillon de stilpnom&ane. 
Les âges sont echclonnes sur l’mtervalle de 200—100 MA.

Dans la region on a execute quatre forages structuraux emplaces sur 
le flanc est de la serie, ă une distance d’approximativement 3 km du con­
tact avec le Flysch.

Les forages 2 Ceahlău Wr et 1 Ceahlău W2, apres avoir traversâs 
les roches appartenant â la sărie des gneiss oeilles, ont intercepta la ,,Ligne 
Centrale Carpathique” aux profondeurs de 560 m et respecți vemment de 
900 m, c’est-ă-dire aux cotes absolues de 100 m et 50 m.

Le forage 50 Gemenea, deplace aussi ă peu preș â 3 km ouest du 
contact avec le Flysch, a ete arretd ă la profondeur de 750 m dans les 
gneiss oeilles, completement dynamiquement retromorphises.

Ces donnees mettent en 6vidence (fig. 2) que la ,,Ligne Centrale 
Carpathique” presente dans le compartiment sud (Ceahlău) des pendages 
de 20°—30° vers sud-ouest, pendant que dans le compartiment nord du 
noyau cristallin ce contact peut avoir des pendages d’environ 50°—60°.

L’analyse des principaux mineraux petrogenes qui participent ă 
la formation de la serie de gneiss oeilles type Barau nous a conduit â la 
s6paration de quelques fases metamorphiques :

— fase I — la plus ancienne. Pendant cette fase se sont formds: 
l’almandin, le plagioclase, la hornblende verte (eventuellement brune), 
la biotite (actuellement aux bordures empâtees), le disthene (tres rare), 
le quartz. Apres ces mineraux, le metamorphisme s’est derouU dans les 
conditions du facies ahnandin-amphibolite. D’apres l’âge de la biotite aux 
contours empâtes, 425 ±20 MA, cette fase appartient â l’orogenese cale- 
donienne;
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— fase II — Ia suivante dans la succession. Comme mineraux indi­
cate urs se sont formes : probablement le grenat frais, la biotite commune, 
le muscovite, Tactinote sur la hornblende, l’epidote sur le plagioclase, la 
chlorite sur le grenat et sur la biotite.

Fig. 2. — Forage 1 Ceah­
lău W2, forage 2, Ceahlău 
Wj et forage 50 Gcmcnca. 
Cretace inferieur . 1, bre- 
che marno-caleaire, marno- 
calcaire, greș calcairc: 2. 
micaschistes rttromorphcs 
-}- grenats ; 3, micaschistes 
entierement chloritises; 4. 
schistcs quartzeux micaces; 
5, amphibolitcs — grenats; 
6, schistcs quartzeux felds- 
pathiques; 7, gneiss type 
Rarău ; 8 hreche de faille. 
Faille; 9, hreche de faille.

Lignc de charriage.
2— 8 = Ia stric des gneiss 

oeilles type Rarău.

Les substitutions physico-chimiques du developpement des reac- 
tions metamorphiques peuvent etre attribuees au facies des schistes verts, 
d’isograde biotite.

Les datations radiometriques effectuees, indiquent poiu ces recris- 
tallisations metamorphiques des âges appartenant ă l’orogenese her- 
cynienne.

Pendant la deuxieme etape de l’orogenese hercynienne, dans les 
memes con ditions, dans la serie se sont deroules des proc-essus metasoma- 
tiques alcalins, qui ont conduit â une granitisation partielle ou bien totale 
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des roches affectees, processus qui ont abouti â la formation du gneiss 
oeille type Rarău (migmatites metablastiques). D’apres ies âges Rb-Sr 
(275+7 MA) et d’apres l’isochrone K-Ar (275±3 MA) la formation du 
gneiss oeille occupe une ultime etape de l’orogenese hercynienne.

— fase III appartient au metamorphisme cataclastique, associe ă 
la dynamique alpine. Pendant cette fase ont continue les processus de 
chloritisation et se sont formees: la fengite, la sericite, le stilpnomelane, 
les mindraux argileux.

Cette fase est definie par des processus dynamiques (tres 61eves) 
qui ont abouti ă la cataclase des roches et des mineraux substituents et 
ă leur transformat ion dans des mineraux, correspondants aux nouvelles 
conditions physico-chimiques. Les datations radiometriques par la methode 
K-Ar sur ces mineraux indiquent une serie des âges appartenant â l’oro­
genese alpine.

Actuellement, la serie des gneiss oeill6s type Rarău est une s£rie 
■cataclasee de fases metamorphiques regressives, commengant avec le 
facies almandin-amphibolite, continuant avec le facies des schistes verts 
et avec le metamorphisme cataclastique.

L’origine crustale des gneiss oeilles, attestâe par les isotopes de stron- 
tium, indique que dans la deuxieme etape de l’orogenese hercynienne le 
noyau cristallin faisait deja pârtie de la composition de la croute.

La presence d’une fase metamorphique prepal6ozoîque ne peut pas 
etre exclue, rnais il n’y a pas de donnees pour pouvoir la soutenir.

Pendant l’orogenese alpine, ă part le metamorphisme cataclastique, 
les processus dynamiques, causes principalement par la subduction de la 
plate-forme est-europeenne, ont determine aussi le charriage du noyau 
cristallin sur la zone du Flysch Carpathique crdtacd inferieur.

BIBLIOGRAPHIE

.Berc ia I., Krăutner H., Mureș an M. (1976) Pre-Mcsozoic Mctamorphitcs of the 
East Carpathians. An. Inst. geol. geofiz., L, p. 37—70; București.

Krăutner H., Krăutner F., Tănăsescu A., Neacșu V. (1976) Intcrpr6- 
tation des âges radiom6triques K/Ar pour les roches metamorphiques i^gen^rfecs. Un 
exemple-les Carpathes Orientalcs. An. Inst. geol. geofiz. , L, p. 167—229, București.

Pa ve les cu L., Cristca I., Soroiu M. (1979) Evolution of the erystalline bassement 
ot' România in the light of radiometric dating. Rev. rotim, geol., geophys. geogr., Geologie, 
23. p. 23—31, București.

— Pop Gh., Aileni Gh., Cristca L, Soroiu M. (1976) Evoluția nucleului 
cristalin al Carpaților Orientali în lumina datărilor radiometrice. Stud. cerc. geol. geofiz., 
14,1, p. 39—49, București.

Pop Gh.,Baciu FI., Gâță Gh., Pop eseu M., S o r o i u M. (1980) Rapport, les 
archives de l’I.M.R., Bucarest.

Bădulescu I. (1976) Cristalinul Bistriței. Stratigrafia și structura masivului cristalin din 
partea de nord a Carpaților Orientali. Stud. cerc. geol. geofiz. geogr. seria Geologie, 14, 4, 
București.

Institutul Geologic al României
IGR7

orientai.es


Institutul Geological României



CONTRIBUTIONS TOTHE KNOWLEDGE OF THE STRATIGRAPHY 
AND TECTONICS OF THE CRYSTALLINE SCHISTS SOUTH OF 

MUNTELE MARE, BETWEEN CÎMPENI AND SĂLCIUA 
(NORTHERN APUSENI MOUNTAINS)1

BY

GEORGE P1TULEA 2, IOANA GHIȚULESCU 2, ȘTEFAN BERGHEȘ2

The area presented in this paper is situated in the Southern part 
of the Northern Apuseni Mountains, namely south of the Muntele Mare 
granitic massif (fig. 1), where previous researches (D imitresc u, 1958, 
1962) pointed out the concept of nappe structure of this unit of the Roma­
nian Carpathians.

In aceordance with this concept, on the geological map of the 
S. R. Romania, sheet Cîmpeni, scale 1 : 50,000 (Dimitrescu et al.,

Fig. 1.— Location of the 
region on the map of the 

S. R. Romania.

1973) as well as in a previous paper on the geology of the Apuseni Moun­
tains (I a n o v i c i et al., 1976) four major tectonic units are separated : 

— the Bihor Autochthon, comprising the Someș and Arada meta­
morphic series, The Muntele Mare granițe and Werfenian sedimentary 
deposits;

1 Paper presented at the 12 th Congress of the Carpatho-Balkan Geological Association, 
September 8—13,1981, Bucharest, Romania.

2 Enterprise of Geological and Gcophysical Prospeclions, str. Caransebeș 1, 78344 Buc­
harest, Romania.
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— the Codru Nappe, comprising the Codru migmatite series, the 
Biharia Series, the Muncel Series and Permian sedimentary deposits;

— the Muncel-Lupșa Nappe, comprising the Biharia Series, the 
Muncel Series and the Marble Series;

— the Baia de Arieș Nappe, comprising the Baia de Arieș Series, the 
Marble Series and the Vincța granites.

These tectonic units overlie one another from the south towards the 
north in the inverse order of the above enumeration, constituting a pile 
of superposed nappes which represent in fact the eastward prolongation 
of the structures known in the Bihor and Codru Moma Mountains.

The. six metamorphic series making up these tectonic units are cha­
racterized as follows:

1. The Someș Series consists of an alternation of micaschists, para- 
gneisses and amphibolites lying over anatectic migmatites. Its age is 
early Precambrian, while The metamorphism is pre-Hercynian in age.

2. The Arada Series consists of sericite-chlorite (dominantly) quartz- 
itic schists with metaporphyry intercalations, chlorite schists with albite 
porphyroblasts, basic and acid metatuffs and, only accidentally, grap- 
hite schists and dolomitic limestones. Without following a certam strati­
graphic position, rare levels of ehloritized gârneț schists showing a retro- 
morphic character are separated. At the base of this series a thick set of 
beds of sericite-chlorite schists with biotite and moscovite iies directiv 
over the mesometamorphics of the Someș Series. According to Vis a- 
r i o n and Dimitres a u (1971) the age of this series is between 
terminal Precambrian and Lower Cambrian.

There were some contradictory discussions about its belonging 
to the Someș Series (as an upper retromorphosed part) or to an indepen­
dent series, and the existence of a stratigraphic and metamorphism uncon- 
formity between the Arada and the Someș Series (G i u ș c ă et al., 1967).

3. The Biharia Series consists mainly of chlorite schists with albite 
porphyroblasts, including intercalations of albitic gneisses, amphibolic 
schists, orthoamphibolites, epidotites and dolomites. This series is Upper 
Precambrian-terminal Precambrian in age (V i s a r i o n, D i m i t r e s- 
cu, 1971).

4. The Muncel Series consists of an alternation of sericite-chlorite 
schists, quartzitic schists of phyllitic aspect, black quartzites, schists with 
albite prophyroblasts, metakeratophyres, metaporphyiies, acid metatuffs 
and metatuffites, amphibolic schists etc. It is Lower Cambrian-Upper 
Cambrian in age (V i s ar i o n, D i m i t r e s cu, 1971).

5. The Baia de Arieș Series is characterized by the predominance of 
the “gârneț phylîites and gârneț quartzitic schists” including interca­
lations of paragneisses, amphibolites and limestones. It is Lower- Piote- 
rozoic in age (V i s a r i o n, D i m i t r e s c u, 1971).

6. The Marble Series is represented by marble-like, white or greysh 
large-sized limestones that crop out in the western part of the area ; they
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are considered by Dimitrescu (in Ia novici et al., 1976) to 
overlie transgrcssively the Muncel Series. They are Cambrian-Ordovician 
in age (V i s a r i o n, Dimitrescu, 1971).

In the eastern part of the investigated region, between the Mi.șer- 
nița Crest and the Sălciua Valley, there develops a sequence of terri­
genous rocks consisting of conglomerate*, quartzites, dolomites, ankeritic 
dolomites and white or rosy marble-like limestones known as the Vultu­
resc- Belioara Series.

The analysis of all the known data raised the following problems : 
— some common features of the Biharia and Muncel Series (the exist- 

ence of the volcanic, basic and acid activities) pointed to the possibility 
of considering them as a single series;

— the boundaries between the tectonic units drawn on the previous 
maps do not look like overthrust planes of nappes;

— the “Arada Series” and its assignment to one of the major stra­
tigraphic units known in the Northern Apuseni Mountains:

— the stratigraphic and chronological assignment of the Marble 
Series;

— the assignment of the “gârneț phyllites” to the Muncel or Baia de 
Arieș Series;

— to establish the normal stratigraphic sequence and position of 
the Vulturese-Belioara Series with respect to the other metamorphic series 
of the region.

The very detailed researches carried out by us (P i t u 1 e a et al., 
1976 —1980) led to the following conclusions :

— the two already delimited Biharia and Muncel Series represent 
in fact one and the same series, the “Biliar ia-Mun cel Series”, consisting of 
five stratigraphic coinplexes disposed in normal superposition;

— the boundaries between the two mentioned series (“Biharia” and 
“Muncel”) are normal transition boundaries, no stratigraphic or meta­
morphic unconformity existing between them and both series were assigned 
to the same age interval. At the boundary between the terrigenous 
and the basic volcanic coinplexes of these series there appears a transition 
zone, marked by the presence of some sets of beds of phyllites containing 
albite, a mineral omnipresent in the basic complexes (Fig. 2).

— within the investigated area what appears as the Arada Series 
on the previous maps is, in our opinion, the basal part of the Biharia- 
Muncel Series; thus the same sequence is likely to extend farther east 
within the so-called “northern epimetamorphic rocks”, especially if we 
take into account the conclusions of Mure șan (1971). According to 
this aut hor, at the basal part of the Biharia Series (considered a complex) 
there is another complex, called the volcano-sedimentary complex, show- 
ing similar characteristics to the basal part of the Biharia-Muncel 
Seriesin the region, lespectivelyto the former Arada Series. Within theabo- 
ve-presented sequence only the lower set of beds consisting of biotite and 
muscovite sericite-chlorite schists overlying directiv the Someș Series and 
representing the retromorphous “cover” should be assigned to the Arada 
Series. In this case it is possible that the idea put forward by Giuș c ă 
et al. (1967) concerning the existence of a stratigraphic and metamorphism 
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unconformity between the Arada Series (considered by the above authors 
of sure epimetamorphic character, therefore like the Biharia-Muncel 
Series) and the Someș Series may be real.

Fig. 2. — Stratigraphic columns within the Biharia-Muncel Series 
between Albac and Lupșa

1, quartzilic sericite-chlorite schists; 2, chlorite schists witli albite 
porphyroblasls; 3, mctarhyolitcs; 4, acid metatuffs; 5, basic me- 
tatuffs ; 6. black quartzites; 7, albite phyHites; 8, crystalline lime­
stones; 9, serieite-ehloritc phyllites; 10, Muntele Mare granites.

The accidental presence of gârneț, mostly ehloritized, cannot be an 
argument for assigningthe base of the Biharia-Muncel Series (in our accep- 
tation) to the retromorphosed Someș Series (as the Arada Series is defined 
by many researchers).
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The chloritization of garnets, which are present especially in the 
schists in the vicinity of the basic metavolcanics, is the effect of a dynamic, 
not regional retromorphism, so that the part of the Arada Series we assigned 
to the Biharia-Muncel Series does not represent a retromorphosed 
mesozone, but a sequence of rocks metamorphosed in the greenschist 
facies, the biotite isograde, like the Biharia-Muncel Series. An additional 
argument is the composition of the plagioclase feldspars within the basic 
complexes, determined both by us and P a n a i t e (1978) in the presented 
region and respectively in the Albac zone ; it is an albite containing below 
8% anorthite.

The researches carried ont on the Albac Valley, between Albac and 
Arada, considered as a classic outcropping zone, led us to the same conclu- 
sion. The eomparison of the stratigraphic column on the Albac Valley 
with the stratigraphic columns on the Valea Mare a Bistrei and the upper 
course of the Caselor Valley of Lupșa. situated farthereast, shows similar- 
ities as regards thelithological development and the stratigraphic sequence 
of the constituent formations (Fig. 2).

In conclusion, we think that the ferm “Arada Series” should comprise 
only a part of what was initially assigned to it, namely the thin retromor- 
phous “cover” of the Someș Series, most of the sequence being represented 
in fact by the Biharia-Muncel Series as defined by us. Dimitrescu 
(in I an o v i c i et al., 1976) puts forward the idea that the whole Arada 
Series might represent an equivalent of the Biharia and Muncel Series, 
but in another tectonic, unit;

— the transgressive character of the “Marble Series” cannot be 
supported as there aie intense brecciations in the outerop areas; also, 
these marbles cannot be considered to form an independent series, the 
more so as south of the Arieș Valley these rocks are clearly intercalated in 
the lower part of the Baia de Arieș Series. The sometimes unconformable 
position of the marble with respect to the underlying formations is due to 
tectonic causes, they representing in fact an upper digitation of the Baia 
de Arieș Nappe (P i t u 1 e a et al., 1975, 1980);

— the gârneț phyllites occurring at the upper part of the Biharia- 
Muncel Series and constituting real stratigraphic levels cannot be an argu­
ment for supporting the existence of the Baia de Arieș Series in the Lupșa 
Valley, where the latter would exhibit retromorphous characters due to 
its thrust over the “Muncel Series”. Unlike the garnets of the lower com­
plex of the Biharia-Muncel Series, as defined by us , the garnets within 
these phyllites are seldom chloritized;

— the Vulturese-Belioara Series, initially included in the Păiușeni 
Series (M â r z a, 1969) is considered by D i m i t r e s c u (in I a n o v i c i 
et al., 1976), who gave its present name, as an independent series. Al- 
though this series has a less characteristic development in the presented 
zone, the sections carried out on the main valleys Crossing the metamorphic 
formations, between the Sartăș Valley and the Ocolișul Valley, provided 
a new image on its relations with the Biharia-Muncel Series and on the real 
stratigraphic succession of the component formations. Thus, we agree with 
Dimi tr e s c u, considering this succession as an independent series 
and not a complex, as stated by Solo m o n et al. (1978). The Vultmese-
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Belioara series overlies transgressively the Biharia-Muncel Series and does 
not represent a complex of the Baia de Arieș Series, as stated by S o 1 o- 
m o n et al. (1978). This later hypothesis cannot be accepted as the base 
of the series consisting of extremely slightly metamorphosed conglomerates 
and quartzites — resembling the Werfenian laminated conglomerates 
which occur between Cîmpeni and Albac (assigned by Bor c o ș and 
B o 1“ c o ș, 1955, first to this Mesozoic unit) — attests the fact that the 
metamorphism that affected these deposits did not exceed the upper part

B SN

Fig. .3. — Geologica! section within the Vulturese-Belioara Series.
A, old interpretation (Mârza . 1969); B, new intcrpretation (P i t ir 1 e a et al., 1977). Bi- 
haria-Muncei Series— 1. phyllites; Vulturese-Belioara Series — 2, metaconglomcrates and me- 
taquartzitcs with phyllite intercalations : 3 graphite dolomites; 4 ankeritic dolomites; 5 white 

saccharoidal limestones.

of the greenschist facies. This does not allow to assign those rocks to the 
Baia de Arieș Series, metamorphosed at the amphibolite facies, the silli- 
manite zone (T r i f, 1952). M â r z a (1969) presents the stratigraphic 
sequence of this series (later generally accepted) : conglomerates and quartz­
ites with phyllite intercalations, interlayered graphite dolomites, pink- 
yellow ankeritic dolomites and white, sometimes rosy, large crystallized, 
marble-like limestones; he concludes that the upper part of țhe series 
(marble-like limestones) belongs to the Baia de Arieș Series, penetrating 
the core of an anticline slightly overturned towards the north, overlain by 
conglomerates and dolomites that were considered as equivalents to the 
Păiușeni Series.

Our investigations indicated that there is a continuity of sedimen­
tation between dolomites and the marble-like limestones, while from the 
structural point of view a syncline and not an anticline may be distin­
guished, the whole sequence representing the Paleozoic cover of the Bi­
haria-Muncel Series (Fig. 3).

Stratigraphy of the Crystalline Schists

Our conclusions reveni that three crystalline series are present within 
the territory presented : the Baia de Arieș Series, the Biharia-Muncel 
Series and the Vulturese-Belioara Series.
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The brevity of this paper does not allow a comment on the litho- 
logical composition and the stratigraphic succession of these series; in- 
stead, we shall present in detail their stratigraphic columns in the plate 
(Pi.). Still we remind that on this area the Baia de Arieș Series is only 
represented by its two lower complexes (BAj and BA2), separated by 
P i t u 1 e a et al. (1975, 1980) within the Baia de Arieș Spnr, where it 
shows the most characteristic development.

We separated five stratigraphic complexes in the. Biharia-Muncel 
Series : the lower terrigenous complex (BMJ, representing most of the 
Arada Series, the lower basic volcanic complex (BM2), the acid voleano- 
sedimentary complex (BM3), the upper basic volcanic complex (BMJ 
and the upper terrigenous complex (BMS). The complexes BM2 and BM4 
were previously considered to represent the Biharia Series, while the 
complexes BM3 and BM5, the Muncel Series. The lithostratigraphic se­
quence of the Vulturese-Belioara Series was concisely presented above.

Tectonics

One of the main problems concerning the tectonics of the region was 
to establish to what extent the superposed nappe structure existing farther 
west is also present bere.

Indeed, in the. western part of the region, between Mihoiești and 
Albac, the tectonic units figured on the previous maps were confirmed. 
But we point out the fact that the dip of the ovei thrust planes is great, 
resembling some reverse faults.

East of Câmpeni, some of these tectonic lines continue by quasiver- 
tical axial fractures which are likely to disappear gradually. This is the 
case of the contact between the Codru Unit and the Bihor Autochthon, 
as there are normal transition relations between the “Biharia" and “Mun­
cel” Series.

The existence of the dislocation between BM4 and BM3 (the Muncel- 
Lupșa Nappe — aceording to Dimitrescu) was not confirmed, but 
tectonic relations were pointed out between the upper complex BM3 (in 
“Muncel facies”, therefore younger) and the complex BM4 (in “Biharia 
facies”, therefore older aceording to the previous researchers). This system 
of axial fractures is present throughout the Biharia-Muncel Series, bringing 
about also the chloritization of garnets within the complex BMb when the 
gârneț bearing rocks were also affected.

In the eastern part of the region, between the Lupșa Valley and the 
Sălciuța Valley, within this tectonic system there took place the thrust 
of the Baia de Arieș Series over the Biharia-Muncel Series (the Baia de 
Arieș Nappe, confirmed also on the Baia de Arieș Spur. where the Biharia- 
Muncel Series occurs in a few tectonic Windows) during the Austrian 
structogenesis as w’ell as the thrust (like a scale) of the same series over 
the paleontologically dated Senonian deposits (Pitulea et al., 1975) 
during the Laramian movements.

Another feature of the disjunctive tectonics is due to the system 
of newer dislocations, perpendicular to the structure, which brought 
about slips or vertical shifts of variable amplitudes, so that various levels,
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complexes and even series contact one another tectonically. Along the 
planes of these fractures there occurred rotations by almost 90° of the 
structure.

Thus a block (ice packs) tectonics is pointed out, which moved and 
rotated differently, tectonic blocks in respect of the lesistant Muntele Mare 
granițe that functioned as an obstacle to the tectonic efforts directed from 
the south towards the north.

Fig. 4.— Tectonic sketch of the Cîmpeni-Sălciua region. 1 Upper Cretaceous deposits; 2, Per- 
mian deposits; 3 Codru granitoids and migmatites; 4, Muntele Mare granites; 5, Vulturesc- 
Bclioara Series ; 6. Biharia-Muncel Series : 7, Baia de Arieș Series ; 8, tectonic lincs likc a nappe ; 

9, tectonic lincs like a scale: 10, normal and inverted faults.

Concerning the plicative tectonics we mention that, on the whole, 
the Baia de Arieș Series and the Biharia-Muncel Series form monoclines 
with northern vergency, disturbed by folds of reduced amplitude, which 
show ascending limba towards the north.

The Vulturesc-Beli oara Series forms a syncline slightly overturned 
towards the north (Fig. 4).

Coneîusions

The former Biharia and Muncel Series represent a single series (the 
Biharia-Muncel Series) consisting of five complexes among which there are 
no stratigraphic, tectonic or metamorphism unconformities. According 
to this conception the Muncel-Lupșa Nappe, figured on the previous 
nappes, is considered not to be present in the region.

On the whole the Arada Series represents the lower part of the Bi­
haria-Muncel Series as defined by us.

The “Marble Series” represents in fact a carbonatic horizon inter - 
calated within the lower complex of the Baia de Arieș Series.

There are overthrust relations between the Baia de Arieș Series and 
the Biharia-Muncel Series (the Baia de Arieș Nappe was generated during 
the Austrian diastrophism). Also, during the Laramian movements, a 
part of the Baia de Arieș Series was pushed towards the north, over the 
Senonian deposits.
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AII the deposits assigned to the Vulturese-Belioara Series form a 
single series, representing the Paleozoic cover of the Biharia-Muncel 
Series.
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GENERAL STRATIGRAPHIC COLUMNS OF THE . Bl HAR IA-MUNCEL, 
BAIA DE ARIEȘ AND VULTURESE-BELIOARA SERIES BETWEEN 

CÎMPENI AND SÂLCIUA-APUSENI MOUNTAINS
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Amphibolites
Crystalline limestone
Micaschists with staurolite and 
Black quartzites
Micaschists with two micas and

gârneț

garnet 

gârneț
Microcline biotitic paragneisses 
Micaschists with two micas and garnet 
White quartzites
Micaschists with two micas and garnet
Crystalline limestones
Black quartzites
White quartzites
Micaschists with two micas and garnet
Crystalline limestone

< retromorphism
Black quartzites
Amphibolites
Micaschists with staurolite and garnet
A Vincta Granites
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Introduetion

Most of the pre-Mesozoic rocks of North Dobrogea are exposed 
in its western part — the Macin unit. This unit is a Kimmerian nappe 
(M ir ău ț ă, in P a t ruliu 8 et al., 1973) with a complex geologica! 
constitution, involving rocks asciibed to the Precambrian (polymeta­
morphic sequences of the Orliga and Megina Groups), Paleozoic sequences 
(low grade metamorphic rocks of the Boclugea Group, sometimes assigned 
to the Upper Precambrian; fossiliferous Silurian aud Devonian deposits, 
Lower Carboniferous Carapelit Formation), various granites and some 
Mesozoic deposits.

The rocks of the Macin Unit are involved in major NW-SE trending 
folds (M u r g o c i, 1914 ; R o t m a n, 1917 ; C ă d ere, 1925 ; M i r ă- 
u ț ă, M i r ă u ț ă , 1962 a, b) with a southeasterly plunge (M i r a u ț ă, 
1966). M u r g o c i noticed a westward arching of these folds in the north- 
western corner of the district. A Variscan age has been unanimously accept­
ed for these major folds, Carboniferous deposits occurring in the syncline 
cores in the. central part of the Macin unit (M u r g o c i, 1914 ; Ian o- 
v i c i et al., 1961; Mirau ț ă, M i r ă u ț ă, 1962 a ; M i i ă u ț ă, 
1966). However, Mesozoic deposits (Triassic and Jurassic rocks) lie in the 
same syncline cores to the south, at Camena (C ă d e r e , 1925 ; Miră u- 
ț ă, Mirăuță, 1964), pointing to the Alpine age (early Kimmerian 
phase — M i r ă u ț ă, M i r ă u ț ă, 1964), of the main structures of the 
Macin unit (Cădere, 1925).

Structural Elements in Rocks oî the Orliga Group
The Orliga Group is a polydeformed] sequence of mainly psa- 

mitic and pelitic deposits, with subordinate basic and carbonatic layers. 
Recumbent isoclinal or tight folds (Fj folds) with an axial planar schis­
tosity (SJ connected with kyanite, staurolite, gârneț and sometimes silli- 
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manite crystallisation occur in gneisses and micaschists of the Orliga 
Promontory. Upright isoelinal folds (F2 folds) strongly deform these eaily 
structures and are responsible for the E-W lithological Jayering of the 
whole sequence. The most striking feature of the Orliga Group is their 
E-W trending, steeply southward dipping schistosity (S2), axial planar to 
F3 folds. Disrupted fold hinges within amphibolitic and gneissic layers 
(Fig. 1 a) suggest that the transposition of along S3 planes has occurred.

Fig. 1.— Structural elements in rocks 
of the Orliga Group.

a, Transposition of S, foliation on S2 
planes in the Sărărie Gneisses, Sărărie 
Hill (solid black-lcucocratic layers); 
b, S3 crenulation cleavage deforming Ss 
foliation in the Vițelarii Gneisses, Vițe­
larii Hill (unornamented-microcline gneis­
ses) ; c, F3 fold affecting S2 layering intra- 
folial fold, and F2 in the Vițelaru calcsi- 

licate gneisses Gorganu quarry.

This transposition is marked by biotite and moscovite recrystallisation, 
in large flakes, at the expense of amphibolite facies minerals. They form a 
flat lyingor slightly eastward dipping lineation (L2). Alater event produced 
a NW-SE trending crenulation cleavage, axial planar to microfolds of 
kink type or to concentric open folds (F3 folds) (Fig. 1 b, c). Microscopic 
kinking of phyllosilicate layers resulted during this folding episode, while 
in shear zones related to the same event quartz recrystallisation along S3 
planes occurs.

Superposed Deformations in the Megina and Boelugea Groups
Early structural elements in micaschists of the Megina Group are 

oriented trails of quartz i nclusions in gârneț porphyroblasts. The dominant 
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schistosity of these rocks, marked by gârneț and staurolite crystallisation, 
belongs to a later metamorphic event, followed by intense greenschist 
facies retrogression. In the Bugeac Hills, retrogressed Megina rocks are

Fig. 2. — Structural ele­
ments in rocks of the Bo­
clugea and Megina Groups. 
a, Sj foliation in the Bu­
geac Quartzites affected by 
S2 crenulation cleavage, 
Crăcăncl Hill; b, F2 rccum- 
bent similar fold in the 
Bugeac Quartzites (unor- 
namented) and phyllites 
North Bugeac Mills; c, F2 
recumbent fold refolded by 
F3 concentric fold in the 
Bugeac Quartzites, Bugeac 
Hill: d, F3 folds folding 
S2 foliation in Priopcea
Quartzites, Priopcea Hill 
(solid black-Megina amphi­
bolites) ; e, f, F4 folds in 
the Megina Group amphi­
bolites, Priopcea Hill; 
g, F4 antiformal concentric 
fold and related cleavages 
overprinting F3 tight syn- 
formal fold and associated 
crenulation foliation in the 
Megina Group quartzo- 
feldspathic rocks and the 
Boclugea Group phyllites, 

La Cadin Hill.

involved in the same sequence of deformational events as the Boclugea 
Group rocks. Since the spatia! orientation of the structural elements 
connected to the early metamorphic phases in the Megina Group rocks is
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obliterated by later foldings, the sequence of the same deformations a-ffect- 
ing both retrogressed Megina-rocks and the Boclugea Group rocks will be 
described later, using the same notation :

In the Buzeac Hills (north of Măcin Unit), amphibolites and quartz- 
feldspar schists of the Megina Group and metapelitic and metapsamitic 
rocks of the Boclugea Group (Bugeac graphitic Quartzites, Priopcea 
Quartzites, Piatra Cernei Phyllites) are eomplexly folded together. The 
earlier structural element preserved in the Bugeac Quartzites is a strongly 
crenulated foliation — Sj (Fig. 2 a). The crenulation cleavages (S2) are 
axial planar to tight recumbent similar folds (F2 folds) (Fig. 2 b). Meso- 
scopic F2 folds, usually refolded, have been found in several outcrops 
(Fig. 2 c, d). Belics of this deformational phase occur in several places 
within rocks of the Boclugea and Megina Groups. F, folds are deformed by 
two sets of upright folds and their interference results in a complex pattern 
of double plunging mesoscopic folds, well exposed both in the Bugeac 
Quartzites and in amphibolites in the Megina Hills. F3 folds are respon­
sible for the E-W lithological layering in the north Bugeac Hills. They 
are tight concentric folds in quartzites, amphibolites and quartz.-feldșpar 
schists (Fig. 2 d, g), while S3 crenulation cleavages occur in metapelites 
(Fig. 2 c, g). Carbonatic schists of the Silurian Cerna Formation are also 
involved in this folding phase. NW-SE trending F4 folds deform Fs folds 
in north Bugeac Hills and highly obliterate them in the Southern part of- 
the Bugeac area and in the main outcrop area of the Megina Group, in the 
central part of the district. Mesoscopic F4 folds are large folds with rounded 
hinges or kink folds of Chevron type (Fig. 2 e, f, g). The heterogeneous 
nature of this folding, illustrated by rapid changes in attitude of fold 
axial planes, indicates a high crustal level of development.

Structural Elements in Unmetamorphosed Paleozoic Sequences

Silurian deposits have a well developed slaty eleavage (SJ, axial 
planar to tight isoclinal folds in slates (Fig. 3 a) and to concentric folds 
in grits (F2 folds) (Fig. 3 b). In the vicinity of thrust zones, the slaty eleav­
age is deformed by small scale, asymmetric kink folds (Fig. 3 a).

In Lower Devonian deposits (Bujoare Formation) at Iglița, the 
bedding is deformed by open or tight folds (Fi folds), with a steeply 
dipping axial planar slaty eleavage (Fig. 3 d-h). A similar penetrative slaty 
eleavage is typical in conglomerates and siltstones of the Carapelit For­
mation.

Conelusions

There are few geochronological age determinations in metamorphic 
rocks of the Măcin unit, and they lack in Paleozoic sequences. Timing of 
deformational and metamorphic events encountered within pre-Mesozoic 
rocks of this unit is a difficult problem since two phases of Variscan oro­
geny (A t a n a s i u , 1940; Mirăuță, Mirăuță, 1962 a) affected 
them, followed by early and late Kimmerian movements (Mirăuță, 
M i r ă u ț ă, 1964). The. low grade metamorphism of the Boclugea Group
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was considered the result of the Taeonic phase (Ș t e f an, 1966) and the 
amphibolite facies metamorphism of the Orliga Group was also ascribed to 
the Caledonian cycle (M. i r ă u ț ă, Mi r ă u ț ă, 1965).

Fig. 3. — Structural elements in unmctamorphosed Paleozoic sequences.
a. F, intrafolial isoclinal fold in Silurian grey slates with brown carbonatic lay- 
ers, Piatra Cernei Hiil; b, F\ liglit fold and related slaty cleavage in Silurian 
grits (unornamented and slates, Priopcca Hill; c, S2 cleavages deforming S, 
slaty.dea vage of Silurian grey slates, Priopcca Hill; d-h. S, slaty cleavages re­
lated to F, folos affccting S„ in Dcvonian limestones (white) and slates, Iglifa.

The main late events revealed by structural studies are Fj folds in 
Paleozoic suites, F4 folds in the Megina and Boclugea Groups and Fs 
folds in Orliga Group, all with NW-SE trends. No metamorphism is related
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to these structures, which seem to be related to Kimmerian events, as 
K-Ar ages rccorded in the Megina and Orliga Groups (Giușcă et al., 
1967 ; Mînzatu. et al., 1975 ; B o m a n c s c u, V î j d e a , in S e g h e d i, 
1980) indicate.

F3 folds in the Boclugea and Megina Groups învoi ve Silurian deposits 
in the Bugeac Hills; they are certainly post Silurian and could be either 
Variscan, or Kimmerian. Variscan K-Ar ages are also rccorded in the Orliga 
and Megina Groups (G i u ș c ă et al., 1967 ; K o m a n e s c u, V î j d e a, 
in S e g h e d i, 1980).

Fi and F2 folds in the Boclugea Group could be related to Cale­
donian events, as K-Ar data (G i u ș c ă et al., 1967 ; Mînzatu et al., 
1975) suggest. Caledonian ages are rccorded in the Orliga Group too (G i u ș- 
c ă et al., 1967 ; M î n z a t u et al., 1975). It is possible that the medium 
grade metamorphism of the Orliga and Megina Groups is related to Cale­
donian as well as to pre-Caledonian events, but further structural and 
geochronological studies are required for a better dating of folding and 
metamorphic events.
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nETPOXHMWMECKHE OCOEEHHOCTM METAMOP<MIHECKHX
HOPO^ VKPAHHCKHX KAPHAT 1

IO. P. ițAHlUÎOBEM2

KpMCTaJiJiH'iecKiie nopoflBi b VKpannCKHX KapnaTax pasBiiTM b paiione 
PaxoBCKpx n Mhbhhhckmx rop, KOTopMe hb^hiotch ceBepo-aanaAHMM okoh- 
HaHiteM MapaMypemcKoro MacciiBa. Mnoroo6pa3ne h HeopuoKpaTHOCTL weTa- 
Mop^M^ecKiix nponeccoB oopejieJimoT coBpeMennBM cGjihk KpncTajiJiii'iecKnx 
cjianițeB n CBHaeTejincTByioT o cnoîKHoîi h nCTopun reojionr-
necKoro paBBHTMH panona.

npejțjiaraeMyio 3aecb CTpaTnrpaiJninecKyio cxewy (T k a n y k, a n n- 
a o b m n, 1965) HOMeaoBoiicKHX KpncTaajin’iecKiix caaiiițeB mo?kho npeacTa- 
biitb b caejțyiomcM bh^c. HiiHninîi KOșinaeKC cacîKeu caMMMH ApeonuMn Mera- 
Mop$nqecKMMH nopoaaMH GeaonoTOKCKOîi, nan rneficoBo-caanireBoîi, cbhtm. 
Ha TeppuTopnn Pvmhhhh TaKiie nopoRM OTiieceiiM n „MesoiieTaMop^Hne- 
CKOiî” cepHii, nan cepun Bpe™aa. Bepxnnâ kombjickc cao?Ken nopo^aMn 
aeaoBCUKoii, nan KapâoHaTHO-caaHueBofâ, cbhtbi c abj-mh noaCBHTaMii — 

HHîKiieii ii BepxHeii. B PyMMHCKHX Kapnaxax Ptii nopoAM conoCTaBaHidTCH 
c „aniiMeTaMop^HHecHoii” ocâsoHHO-ByaKaHoreHHOH cepueii, nari cepueft 
Tyabrem. CmiTaioT, hto Hopo^bi SeacnoTOKCKoii cbhtm moîkho otiiccth k 
BepxHemy npoiepcaoio, a nopcRM neaoBeuKCfi cbhtm — k HH>KHenaaeo- 
30ÎÎCKHM 06pa30BaHHHM.

CpeAM nopo;j CeaonoTOKCKOii, nan rnciicoBo-caaimeBOii cbhtm bmac- 
anioTcn caeAyiomne paSHOBHBHOCTH MeîK«y KOTopbbvii cymecTByioT noc're- 
neHHMe n BaaHMHMe nepexcfiM: KpynnoaepBHCTMe ysacEaTMe ABycaioflH- 
hmș CTaBpoanT-rpaHaTOBMe caannM, GnoTMOEMe naarnorneiicM, mhk- 
KpOKaHHOBMe OHKOBMe HieîîCM, KBapițHTM H KBapHBTOBMe caanuM. 3a6CB 
pasBiiTM aaîiKOoGpasHMe h niTCKooGpaanMe Teaa aM^aGcaETOB 11 aM^nioo- 
aiiTOBHX caanueB, a Tanate KaTaKaaaHpOBannMe rpauBTM heophekobobo 
Tiuia. IIopoAM GeaonoTOKCKoii cbhtm necy-T caeaM. MeT3Mop$n3Ma cpenniix 
eTyneneH ii noBTopiioro perpeccnBnoro MexaMop^uBMa — Hiia^Topesa. Hopoau 

CMHTBI B Manpo-H MHKpOCKjiaAKII H HaCTO KaTaKJiaSHpOEaHH.

Cpesii nopoa neaoEenKCÎi, iihh napSonaTno-CJiaHiteBoii, cbhtbi bmac- 
jihiotch cjie^yiomne pasHOEiîRHoCTii: paajiHTOHe no cocTany cjiaiiuH — 6ho-

1 Pauo'ra (Jwaa npeacTaBJiena na XII Kourpecce KapnaTO-BasHaiiCKOii Teono- 
rîi'iecKOft Accoiinaiiim, 8—13 cenTH6p« 1981 r., ByxapecT, PyMMHMfl.

2 MHCTHTyT reoxHMHii h $m3hkh MiinepaJioB AH VCCP, r. Khcb.



140 IO. I». HAHHJIOBHH

TMT-MyCKOBHTOBMe, XJIOpiIT-MVCKOBHTOBBie, XJIOpi’TOBBie, KBapn-MVCKOBH- 
TOBbie, KBaprțlITBI II KBapm-ITOBBie CJiaHIțBI, MpaMOpbl II H3BeCTK0B0-Cai0HH- 
CTbie CJianubi, KBapneBbie ii nojieBoinnaTOBO-KBapițeBbie nop$npoiiflbi, Ty$o- 
HflH II Ty44’HTOHflbI. K oSaaCTHM paSBHTHH CBIITBI npHypOHCHBI aM$Il6OJIHTBI 
ii aM^nSoJiiiTOBBie cjiaHițBi, oprornefiCBi MenayjiBCKoro Tuna, b Miib'îhhckhx 
ropax — rpaniiTO-rneitCM n njiamorpaHHTBi. nopo^M aeaoBeyKoiî cbiitbi 
TaK?Ke necyT cjienbi MeTaMop^imeciioi-i nepepa6oTKii c nocnenyiomHMn ana$- 
Top ircecKHMH np eo6 paaoBaHHHMii.

PaooT no neTpoxHMHiieCKOîi peKOHCTpyKițini nepsininoro cocTaBa Meia- 
Mop^iiaecKoro KOMnjieKca yKpaiiHCKnx KapnaT cosepineiiHO neHOCTaToano, 
xoth xapaKTepiiCTiiKii xnMiiHecKoro cocTaBa KpMCTaJiJiiiaecKHX cjiaimeB 
npiiBoj(HTCH mhofhmh aBTOpaMii. 3necb hjih neTpoxHMivrecKoii xapaKTepn- 
ctiikii nopon ncnoJibaoBano okojio 120 xHMHHeCKnx anaJinsoB (40 xiiMiiae- 
ckiix anajiiiBOB nopon Gcjiohotokckoh cbiitbi h 80 xhmmhcckmx anauMBOB 
nopon HejioBeițKoiî cbmtbi). 3th anaiinsbi nepecniiTanhi na XHMHnecKne noa$- 
(JninneHTBi no MeTony C e m e h e hk o (1963) n iianecenb! na AC (FM) — 
jțnarpaMMBi.

Corjiacno xMMiiaecKOiî cncTeMaTiiKe CeMeneHKO (1963) cpeaii 
KpiiCTaJiJiM’ieCKnx nopon (jiyHHaMeHTa ncojienoBannoro paitona hctko moîkho 
BbiHeJiiiTb noponBi cjienyionuix msoxhmhhcckhx panou: ajnoMOCMJiiiKaTHoro 
(co6cTBenno nonrpynnbi ajnoMOCiijniKaTHBix,/Kejie3iiCTo-MarHe3naJibHO-ajiio- 
MOCHJinKaTiibix ii mejiOHHOseMenBHO-amoMOCiuniKaTHBix nopon), menonno- 
aeMeJIBHO-rjIHHOBCMHCTblX OCHOBHHX HOpOH OpTOpHfla II M3BeCTKOBO-Kap6o- 
naTHoft nonrpyniibi mejioaHO3eMejn>no-ii3BeCTKOBoro pana, to cctb 3to coot- 
BeTCTBCHiio nopoHBi: pasjniHHBie cjiiohmctbib cjianijbi ii KBapiprrbi c KBapițnTo- 
bbimh CJianițaMM, MeTaa$$y3nBHbie nopo^Bi, aM$n6oaiiTM ii aM$n6o<noBbie 
cjianybi n MeTaMoptpHHecKiie KapGonaTHBie nopoHBi. ripeiiMymecTBeHHHM 
pasBiiTiieM nojibsyioTCH noponai aJiioMOcniinKaTHoro pana nan cpe^ii 6ejio- 
noTOKCKiix, Tan ii cpenii nenoBenKHX nopon. Flojia ajnoMOCiiaiiKaTHoro pana 
b 3naanTejiBHOii CTenemi nepeKpbiBaiOTca, n no xiiMHaecKOMy cocTasy, TaniiM 
oOpasoM, ne MoryT 6mtb BHaeaeHbi amoMOCnjniKaTHbie opTonopoflbi n napa- 
nopoflbi.

AjiiOMocnjinKaTHbie noponu 6c.jiohotokckoh cbiitbi oSpaayiOT na aiia- 
rpaMMe AC(FM) «obojibho acTKiie nona. 3to, npeaiHe Bcero, naiiOoaee npc#- 
CTaBnTenbHoe no KOJiwaecTBy xiiManajinsoB n hctho BbipajKeunoe none npyn- 
nosepHiiCTBix HBycjnoflHHMX cjianițes k KOTopomy TaroTeiOT Tanate cmoaano- 
KBapmiTOBbie n KBapipiTOBbie cnanuBi. Ohii oSpasyiOT none noHrpynnbi meJie- 
3iiCTO-MarHe3iîajibHo-ajnoMociiJiHKaTHbix nopoa h TaroTeiOT npH stom k co6- 
ctbchho ajnoMocnjiHKaTHbiM noponaM. OSpanțaeT na ce6a BHiiMaHne necnoabno 
noBMinennaa rjinnoseMHCTOCTB otiix nopofț, b KOTopbix zneneso npeoSaaHaeT 
nag MamneM mjih ohii naxoH«Tca b npiiMepno paBHbix cooTHomemiax. Tamie 
CJiaințBi MorjiM oSpasoBaTbca 3a chct rjînnncTbix mjih necnaHO-rjiHnucTbix 
ocajțOMHBix nopoH, a HecKOJibKO sanhiineHnan rjînnoseMiiCTOCTb hx CBuneTejib- 
CTByeT o tom, hto ne Becb rjiHHoaeiw CBasan b noJieBbix înnaTax, a npiicyTCT- 
ByeT b cJiioHHCTbix MHiiepajiax (h CTaBpojiiiTe), KOTopbie Bcerna iiaxonaTca b 
cjiamțax b socTaToanhix nojnniecTBax.

BiiOTHTOBbie njiarHorneflcbi oSpasyiOT none /KeJiesiiCTo-MarneaHajib- 
HO-amoMocnjiiiKaTHBix nopofl. Ha^mane pejniKTOBBix ncaMMHTOBBix CTpyn- 
Typ, oKaTaiiHBix aKițeccopiibix MnnepajiOB ii Gojibmoe kojimhcctbo KBapița (no 
HaiiHBiM xiiMiiaecKoro cocTaBa b tom ancjie) noHTBepjKHaeT <JiaKT oSpasonaniia 
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iix sa cneT KBapițeBLix n KBapp-noneBoninaTOBbix necnaminoB c Sonbmeii 
imn Mențineți npnMecbio rniimiCToro Ma'repnana. Eonee theotciot k co6cTBeniio 
aaioMoCHaHKaTHMM nopo^aM onnoBtie MHKpoKniiHOBbie FHeiicM, noToptie ot 
SnoTHTOBbix nnaraorneftcoB necKonbno oTnimioTcn nsSbiTKOM naniin, a b 
ocTananoM onent k hmm reneTiinecKii Snnsnii ii Tarane, no-BnsHMOMy, oopa- 
30Banncb sa cneT KBapn-noneBomnaTOBbix necnamiKOB c rniimiCTbiM neMenTOM.

CosepineiiHO nernoe n oSocoSnennoe none meno'moseMenbHO-rnnno- 
seMKCTbix ochobhmx nopos opTopn^a o6pasvioT aM$n6onHTbi ii aM$n6onn- 
TOBbie cjiamiM. lipii stom oopasoBanne nacTii aM^iiSomiTOBbix cnamjeB sa 
cneT o canonii mx nopon MepreniiCToro cocTasa b nacTonipee BpeMH nenbsn 
lICKmO’TOTb HOnHOCTbK).

Cpe^n nopoji «enoBenKoii cbiitbi, k anioMocimiiKaTHbiM nopo^aM otho- 
CHTCH BCe paSHOBHAHOCTH CniOUIICTbIX, CJIIOJUICTO-XnOpiITOBHX, 61IOTMT-MVC- 
KOBiiTOBbix ii jțpyrnx cnanițeB, KBapxțiiTOB ii KBapmiTOBtix cnanpeB, noneBOIU- 
naTOBO-KBappeBbix 11 KBapneBbix nop<I)iipoiiHOB, TyiJioii^OB 11 tv^htohaob, 
nnamorneiicoB. Eonbinoe KonnnecTBo xiiMiinecKnx ananii30B otiix nopoa 
jioîkhtch b nona nojțrpynnM MtenesnCTO-MarHesnanbHO-anioMOCimnKaTHbix 
h ujenonHoseMenbHO-anioMociiJiiiKaTHbix nopo^, nenoTopoe KonnnecTBo nona- 
HaeT b none rnHHOseMiiCTO-MarHesnanbHO-zKenesiiCTO-KpeMHiiCTbix nopofl 
11 HeKOTopbie xnopiiTOBbie cnamibi (KOTopbie pasBnnncb no aM^nSomiTaM 11 
aMipnSonMTOBbiM cnanpaM) b none menoHHOseMenbno-rniiHoseMiiCTbix nopoji. 
CoBepmeHHO o6oco6neHHoe 11 neTKoe none iiSBecTKOBo-KapGonaTnoîi no«- 
rpynnbi menonHOseMenbHO-MSBecTKOBoro pn^a oâpasyiOT napSonaTiibie no- 
pojțbi — KpncTannimeCKne nsBecTHHKii, cmoaiiCTO-KapGonaTHbie 11 napâo- 
naTHO-TanbKOBbie cnamibi.

IIoneBoinnaTOBO-KBapiieBbie n KBapițeBbie nop^nponflM 11 TyAoHflbi 
nonaaaiOT b none nopo^ nienonHOseMenbHO-amoMociinnKaTHoro opTopn^a, 
an« Koioporo hcxohhmmii npn MeTaiiop^iisMe nopo^ami cnynțaT BynKano- 
rennbte npoayKTbi nncnoro ii cpefliiero cocTana. lipii stom neKOTopbie ana- 
nnsbi nomaTCH b none coGcTBenno anioMocnniiKaTHbix nopo^, hto Bnonne 
^onyCTiiMO ajih neiiKOKpaTOBbix pasiioBiiaHOCTeii .MeTaMopijjinsoBaiiHbix Kiicnax 
BynKâHoreHHbix np ohvktob .

XiiMiinecKiie K03$$imneHTbi cnioai-iCTO-KapSoiiaTiibix 11 Kap6onaTno-xno- 
pMTOBMX cnanneB vnashiBaioT na npMHajțne?KHOCTb stmx nopofl k nțenoniio- 
seMenbHO-nsBecTKOBOMy pn^y b HOTOpoii Marnnft npeoSnaHaeT nan Htenesoai 
unii MHorna meneso nas inamneM, a iinor^a ohii TnroTeioT k MSBecTKOBo-Kap- 
SoHaiHbiM nopoflaM. WcxoHHbiMM jțJiH MeTaMop$ii3Jia TăKiix nopoji Mornn 
HBiiTbCH necqaHO-rniiHi-iCTO-KapSoHaTHbie nopo^M, b KOTopbix rnimiicToe 11 
Kap6onaTHoe BeiyecTBo naxoAnnocb b paSHbix Komi'iecTBeHHbix cooTHome- 
hhhx. OOpaaoBanne KpneTanniiaecKMx M3BeCTHHKOB-MpaMopoB sa c^gt nap- 
SonaniiTOB, coaepjKaBinnx oSnoMomibie sepua KBapna, nonesbix mnaTOB 11 
iienoTopofi npMMecn rnanncToro BemecTBa ne BbisbiBaeT coMneniiîi. Kap6o- 
naTHG-TanbKOBbie cnamibi no xnMMnecKHM K03$$nmieHTaM mojkho OTHecrii 
k noArpynne MSBecTKOBo-KapSoHaTiibix nopon meno'înoseMenbHo-iisBecTKOBoro 
pn^a, a iian6onee BeponTHMMn npoM3BojjHbiMii nx cniiTaTb KBapy-«onoMii- 
TOBbie nopojțbi.

CmoancTbie cnamibi pasnnnnbie no cociaBy, KBapmiTbi 11 KBappnTOBbie 
cnaHLțbi, SnoTHTOBbie nnarnoriieftcbi othochtch k TiînnțHHM anioMocnnn- 
KaTHbîM nopojțaM napapima, npn stom nenoiopoe noniniecTBO anannsoB nona- 
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aaeT b noan ?Keje3HCTO-MarHe3iianbHo-ajiioMoci!JiiiKaTHi>ix ii njeacaHOseMejib- 
HO-ajiioMocnjii’KaTHMx nopoji, unu b no.xe rjniHoaeMHCTO-MariiesiiajibHO-rKe- 
3e3iicTo-KpeMHHCTi>ix nopog. TaKiie CJianițH mop;ih oSpasoBaTbCH sa chct 
nepsuiHLix necRaHO-raMHMCTbix unu pjihhhctmx nopojț c pasotni Ko^iioecTBOM 
ncaMMHTOBoro MaTepuaaa. IloBbiuieHHoe snaneHiie Koa^MițHeHTa hbSkto’i- 
Hcro rjiMHoaeMa CBHfleTeRbCTByeT o tom, iito ne Becb rjiHHoaeM c^nsan s none- 
Bbix înnaTax, a npneyTCTByeT b cjiid^mctmx MMnepajiax, mto Bno^He corjiacy- 
eTCH c MHHepajiornnecKHM cocraBOM cjiaimeB. lipii 9tom HeKOTopbiti h36mtok 
KpeMiieseMa b cjiamțax 11 nnaraorneiicax Bncane oieBiiHen. njiaraorneitcw npo- 
ii3ouj.nn 3a cneT nojieBomnaTOBo-KBaprțeBbix necnaHHKOB c rniiiiiicTMM nenen- 
tom, a npn HsSwTKe rjiHHHCToro Marepuana noaynajiHCb cjnojțiiCTbie pasnocTii. 
KBapUHTM H KBapmiTOBbie CJiaHITbl MOÎKHO 0TH6CTH K aniOMOCHJIHKaTHOMy 
H8oxnMH'recKOMy pnny MeTaMop$iiHecKMx nopog. 9to necoMHeiiHbie napano- 
POSH, B03HHKIUHe 3a CWT npeoOpaSOBaHHH OJHirOMHKTOBHX H Ra?Ke M0H0MH- 
Hepa3BHBix KBapueBbix necaaunKOB, cosepiRaBiniix neKOTopyro npnMecb mii- 
HHCToro MaTepnaaa. Hepemto raHHMCTHîî MaTepiia^ b 6onbmett ionii m6hb- 
ineii CTenenii 6biji oooraipeii opraHHHecKHM BențecTBOM, hto aano naaaao 
Cy6rpa$MT0BBIM paSHOBMJlHOCTHM.

XiiMunecRiie cocTaBbi aM$M6o3HTOB n aM$ii6ojiiiTOBMX ojiaHiies, aKTM- 
H03HT0BBIX cjiaupeB yKasbiBaioT na npHHaSJieMKHocTB nx k meaonsoBe- 
MejiBHO-rjiHHOseMHCTOMy H3oxiiMH'iecKOMy pajiy MeTaMop^iiiecEiix nopog, 
oSpasyronji-ixcH sa cneT ochobhbix ByjnțaHoreHHbix npoayKTOB. Akthhojii-i- 
TOBbie C3aHUH npep;CTaB3HK)T coSoii MeTaMopcJiiisoBaHiibie 3$$y3yBbi aH^e- 
3HTo-6asajibTOBoro cocTaBa, o xeM roBopm hx XHMKHecKHlî cocTas h jiiihso- 
oopasHO-njiaCTOBan $op»ia aa^eraniiH. AabSiiT-x^opiiTOBbie caaHițbi (no 
ganiibiM JI a b p e h k o, 1972) b o^hom cjiyHae mojkho OTHecTn k inenon- 
H036MenbH0-r3HII03eMHCT0My II30XHMH^eCK0My p«Ay M6TaMOp0H'TeCKHX By3- 
KanoreHHbix npoAyKTOB, b apyroM — oSHapyîKHBaeTCH cxoactbo XHMnae- 
CKoro cocTasa c annesjrro-oasaobTaMii. OcoSenuocTii XHMHHecKoro cocTaBa, 
6jiii3KaR k MHHsaaeKaMeHHoiî TeKCTypa ajib6iiT-xnopiiTOBbix cjiauneB, o6en- 
HeHHOCTb KBapn;eM H CBH3b C aKTHHOJIHTOBHMH CJiaHlțaMM CBHUeTeJIbCTByeT O 
tom, hto anb6MT-x30piiT0Bbie cnaHii.Bi MoryT npeHCTaBjiHTb coSoft MeTajiop^w- 
3OBaHHyio nupoKaacTMaecKyio nopoay reHeTiiHecRH CBH3anHyio co cpe^He-oc- 
HOBHHMH 3$$y3HBHMMH HpOHyKTaMII.

Mnorne aHamisbi nopofl AenoBenKoft cbi-itm, BbiaeaeHHbix no Miinepa- 
3oro-neTporpa$MHecKMM npHSHaKaM KaK opTonopo^Bi, ne nonagaioT Ha aiia- 
rpaMMe C e m e h e n k o b noarpynny opTopa^a. Ho, KaK OTMenaeT 
C e m e h e h k o, 3to moiest SbiTb CBosano c neiiKOKpaTOBMM xapaKTepbM 
M6TaM0p$H30BaHHI>IX KHCJIHX HSBepîKeHHHX HOpOS, KOTOpbie lipii 3T0M HOHa- 
saioT b nome coScTBeiiHO ajHOMOCiiJiHKaTHBix nopo«. Tbkhm oSpaaoM, Kapraiia 
reoxiiMnaecKofi peKOHCTpyKițiin HeaoBeuKHX cnaiipeB eipe 6onee ycaoiKHn- 
eTCH II ne HOH^IOHeilO, HTO HCKOTOpbie paBHOSMAHOCTII aniOMOCHJIHKaTHMX 
nopofl ițejiOBeițKoft cbhtbi OTHeceHti k nepBH'îHOHSBepiKeHHbiM nopojțaM omn- 
60HH0 HJI1I OHH HBJIHIOTCH HOpOflaMIÎ CMeiUaHHOPO COCTaBO.

BnoTHTOBbie naarnorneiicbi xapaKTepi-iByiOTCH robojibiio hhskhm otho- 
meHHCM rjiHHOseMa k cyMMe nțejio'refi npn cpaBHHTejibHo bmcokom othoih6hhh 
HaTpiiH it KâJinio. B to nte BpeMH b aBycnio^iiHMx CTaspomiT-rpaHaTOBLix 
CJIaH^ax ii pasjîHîHbix apyrKX cjnoancTbix eăaniiax nepBoe OTHomeHae bos- 
pacTaeT, a etopog pesito noBHHtaeTCH. Tsk ksk b Ghothtcbhx njiarnorHeiicax 
Ghotiit HBJiHeTCH eRHHCTBeHHOii fasoli cosep/Kameii namiii, to moikho npep;- 
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noJioJKHTb, hto știi naiiGoJiee BbicoKOTeMneparypHMe npeoSpasoBaHiiH npo- 
hcxo^hjih b vcjiobbhx ero ne^ocTaTKa. KomiHeCTBeHHoe cooTiiomeHiie meno- 
neii b pasHMX no CTenean M6TaMop$H3Ma nopo^ax (ot 6iiothtobhx nnarno- 
rnencoB, flBycmoaflHMX cTaBponiiT-rpâHaTOBHX CJiaimeB 30 pasjin’iHMx cnio- 
Hhctmx cjianpeB HenoBeunoii cbiitm) CBHseTenbCTByeT o tom. hto npn mcth- 
Mop4)ii3Me napanopoji nponcxo^nn npnBnoc HaTpiiH, a Kaniift npaKTimecKii 
ocTaBajicn nnepTHHM.

B nopoaax SenonoTOKCKOiî cbiitm (aBycjiioaHHMe CTaspoaiiT-rpaHaTO- 
BMe cjiaurțu) nafoiojiaeTCH «Ba Miinepana (Siiotht ii mtcbobht), coHepmamiie 
Ka.uni, noaTOMy moîkho npejțnonoHîiiTB, hto MeTaM0p$ii3M oniiaoT-aMcJiioojiii- 
TOBoft CTynemi nponcxojțnJi b ycnosiinx iiacMipeHHoCTii «anim n, bosmojkho, 
BMHOCOM HaTpiIH.

B nopo^ax aejiOBeițKoii cbiitm xapaKTepno CHiiaReune mejioneii n pesKoe 
VBemiHeHiie riijipaTamin. S^ecB 6noTiiT-MycKOBiiTOBMe cjihhijm pe^Kii, aaTO 
TipeoâJiaHaioT cjianiiM MycKOBiiT-xjiopHTOBMe. SuaniiT MeTaM0p$H3M sene- 

HOC.iaHyeBoti CTynemi nponcxoaiin c bmhocom menoieii: Kannii qiHKcnpyeTCH 
3H6CL TOJIBKO B MyCKOBHTe, a BMGCTO SlIOTIITa 00paSVGTCH XJIOpi'IT II BCC 3TO 
npoiicxo^iiT na (Jioiie HHTeHCiiBHOîi rimpaTapnn. 3p.ecB nopo^M OTjimiaiOTCH 
xaopnTCOsepiKaiUMMM naparenesiicaMii.

TaKiiM oSpasoM, MeTaMop$n3M ajnoMOCMjniKaTHBix nopoa OTJiiinajicH 
pasjni’iHMM noBeaemieM ine.noMeii: ot ycnoBiifi HacbimeHHOCTii KajnieM 11 11113- 
Koro SHaneHHH iiaTpiiH oh cmchiijich yMeHbmeHHeM poJin menoneft Booonje, 
hto npiiBejio k miipoKOMy pasBiiTHio riiApaTapini n mnpoKOMy pasBi-iTino 
xjiopiiTa. yBennHeHiie aKTiiBHOCTii najinn cnocoâcTBOBaJio HHTeHcriBHoft mvc- 
KOBHTiisanHii ii npnBejio k miipoKOMy pasBHTMio pasjiiiHHbix no cocTaBy 
CJiaHIțeB C MyCKOBHTOM.

MOiKHO SaKjlIOHIITb, HTO Kp HCTaJIJIHHeCKHe HOpOflBI iiccjie«OBaiinoro 
paiîOHa hbjihiotch npoii3BoaHMMii ocaAOHHMX ii iiBBepjKeHHMx iiopofl pas- 
jiHHHoro MHHepajioro-neTporpa0H'îecKoro 11 xiiMMHeCKoro cocTasa. Oca^oH- 
nbie nopo^M npeACTaBHJin coSoii necnaHbie, ajieBpomiTOBbie n riiHHiiCTMe 
OTJioHteniiH, i-iHorjța 9to 6hjih TiininiiiMe HapSonaTiibie ocanKii. lipii stom 
SoabuiniiCTBo napanopojț MeTanejiiiTOBoro 11 MeTancaMMiiTOBoro cocTasa npefl- 
CTaBjiHjin coSoîi noJi^MHKTOBbie hjih ojiiiroMHKTOBbie, pe^Ko apKosoBMe nec- 
naHIIKII, B KOTOpMX rJIHHHCTMÎ'l LțeMCHT npHCyTCTBOBajI B GoJIbineM BJIII M6HB- 
ineM KOJiiiHecTBe. MpaMopM oSpasoBajincb 3a chgt TiimiHHbix kapSoHaTonHTOB 
c pasHOit npiiMecbio rjiuniiCToro imh MeprejniCToro MaTepnajia. Cpejin opTo- 
nopoa npeoSna^aioT KncnMe BynKaHoreHHbie npoayKTM, npe«CTaBjieniibie 
ncpqniponsaMH h Ty^onjțaMU, Menee pasBHTM oSpasoBamifl ochobhoto coc- 
Tasa — aM^nSoJiHTM, aKTiiHoniiTOBMe, KBapiț-xjiopiiTOBbie m upyrne CJiaimbi. 
IlepBiiHnaH npnpoAa opTonopo^ noHTBepzKjțaeTCH ne tojibko xiiMii^acKUM 
COCTaBOM. IIO II CTpyKTypHO-MHHepaJIOrHHeCKHMH OCoGeHHOCTHMH. PeiKe 
BCTpenaioTCH noposN CMemaHHoro ocaao’îHO-ByaKaHoreHnoro oSpasoBamiH, 
— tv^i^htohhh. PacnpeueJieniie MeTaMop$n'iecKiix (jiamiiî b PaxoBCKiix 11 
Hiibhhhckhx ropax noKasbiBaeT, hto rocnoncTByiomHMii TiinaMii MeTaMop- 
4)II3Ma HBJIHIOTCH npOrpeCCIIBHBIÎÎ MeTaM0p#H3M B mnpOKOM TepMOJUIHaMII- 
necKOM iiHTepBane 11 perpecciiBHMîi noJiHMeTaMop^MSM. IL-ioma,nM pacnpo- 
CTpaHeniiH nopos pasjiHHHBix $aițHii MeTaMop$H3Ma CBHsaiiBi co CTpararpa- 
^HHecKHM paspesoM KpHCTaJiJiHiecKHX cnaimeB, ho no«HnneHbi npn 3tom tgk- 
TOHH'iecKoii o0CTaHOBKe b pasjinHHMX CTpyKTypHO-TeKTOHMnecKiix sonax. 
BneMeHTM nojiM^apiianBHoro MeTaMop$ii3Ma BecbMa xapaKTepHBi ajih iiccne-
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poBannoro panona, rpe noposH aM(J)H6oaiiTOBOîi $amm cmciihiotch nopopaMii 
BeJienocjiaHixeBoii (paynii, a b sonax nepexopa nepeMemaiOTcn nopopbi pasiioii 
CTeneHii MeTaMop$ii3Ma. PerpecciiBHMe nojniMeTaMop^nnecKiie npeoopaso- 
Banim nponcxopiuin ne npn noHiifKeHiin TeMnepaTypw, a npn noBTopnoM 
ee noBbiinennn BCJiepcTBiie CKjiappaTOCTii iioboto arana ii nporpecciiBiioro 
MeTaMop$ii3Ma ocapoHHbix oSpasoBannîi.

CoBpeMeHHbift CTpyKTypHbni miau KpnciâJiJniHecKoro MacciiBa o6yc- 
noBnen nocnepoBaTeJibHoii CMenofl npopeccoB nepBMHnoro ocapnonano- 
njieniiH, ByjiKaHimecKiix npopeccoB, pernonaabHoro MeTaMop$ii8Ma. pna$- 
Topesa n TeKToininecKiix npopeccoB. HoBbie pamibie no reojiormi nccjiepo- 
Bannoro paiiona noaBoanioT BMpejiiiTb HecnoJibKO ncmo onepneHHbix aTanoB b 
HanonjieHHH iicxophmx nopoj. 3tii aianu caeaoBajin nenocpepcTBeniio opun 
3a ppyniM, n Mempy hhmii neT nepepuBOB b ocapKonaKonjieHMH. OraorKeniiH 
nepBoro aiana npepcTaBaeiiM nopopaMii SenonoTOKcnoft, iijiii rneitcoBo-cjiaH- 
neBoii, cbiitm, BToporo — nopopaMii aeaoBeunoiî, iijiii KapOoiiaTHO-caan- 
IțeB0l“l , CBMTbI.

MaKCHMajibHbift MeTaMop^iiiBM, OTBenaromnii annpoT-aM^iiSoJinTOBOft (n 
MecTaMM aM^iiSoniiTOBoîi) ipapim, npoHBimcH b ueHTpajiBHoii nacTii PaxoB- 
cki-ix rop. 3pecb nopopN npepCTaBJienH pasainiubiMii njiaraorHeiicaMM, ohko- 
bhmh rneflcaMii n cnanițaMM, aM$n6ojiiiTaMii CBHSaHHHMii c 6e;ionoToncKon 
cbhtoii h cjiaraiomiiMM appo KpynHOiî anTiiKJiiiHajibHoii CTpyKTypw. Kan yme 
OTMenajiocb npn oniicaHiiii nopon SeaonoTOKcnoft, iijiii nieiicoBo-CJiaHpeBOH, 
cbiitm SiioTiiTOBMe njianiorHefiCM Morjni oSpasoBaTbcn 3a cneT KBapp-nojieBo- 
mnaTOBHX ncaMMiiTOBMx nopox, cjnojțunbie n cjnoanno-KBapuirroBMe, nsap- 
miTOBMe cjiannbi hb.thiotch npoiiSBOHHMMii cymecTBeuno fjihhiictmx, nec- 
naHo-rjiHHHCTBix jijiii necHaiiHX nopoa, aM$ii6oJiMTbi — iiaBepiKeiiHHX nopo« 
ocnoBHoro cocTasa. TamiM oopasoM, b HOMeTaMopfJninecKoe BpeMH b GeJiono- 
TOKCKOfi CBiiTe npojicxoniiJio iianonnenne KBapn-nojieBoinnaTOBMX ucaMMii- 
tobmx (c nepeMeHHMM KOJiMHecTBOM njiariiOKJiaaa n KaniimnaTa) ii rjiiinii- 
ctmx oTjiojKeHMii ii BHeflpeniie nponyKTOB ocnoBiioro (ana(5a3M n ra66po- 
ana6a3M) ByjiKannsMa. Pa3Birrne nojiy’nijin anioMOCHJiHKaTHMe yMepenno-ne- 
pecbimenHMe rjnmoseMOM nopoani, perne nopoabi BHCOKorjiiinoBeMiicTMe, 
iijim meJi0’iH03eMejibH0-rjinH03eMMCTMe nopoabi opTopnaa. IlapareHeTnnecKiie 
MnnepanbHbie accouMaumi hbjihiotch cpeaneTeMnepaTypHMMM, n xapaKTep-?/- 
3yioT annaoT-aM(J)ii6ojiMTOByio (a imoraa pâine aM$ii6oJinTOByio) CTynenb 
MeTaMop$n3Ma.

B pejioBeiinoe speim ocapnonanonjiemie npopojimaeTCH ii oSpasyioTCH 
MOipnMe TOJimii nedaHO-rjinnnCTMx ii nssecTKOBMX nopoa aejiOBenKoii, 
iijiii napSonaTHo-cjiamieBon, cbiitm. 14cxophm.mii nopopaMii pjih njiarnor- 
neiicoB nocjiyîKMJiii KBapp-nojieBomnaTOBMe nedaHHKH, KOTopMe BMecTe 
c rjinHHCTMMn nopopaMM, HMeBiniiMii npnMecb ajieBpnTOBoro n ncaMMiiTOBoro 
MaTepuana nojioinnjin nanajio pasjiiiHHMM no cocTaBy cjianițaM. KBapmiTM h 
KBapmiTOBbie cjianuM o6pa3OBa.nncb npn MeTaMop^iisiie KBappeBMX ncaM- 

mmtobbix nopop, KOTopbie copepaiajui iieKOTopyio npnaiecb rjiiiniiCToro MaTe- 
pnajia. OSpasoBanne KpiiCTajiJin'ieCKMx iiSBecTHHKOB-MpaMopoB sa cneT nap- 
SoHaJiiiTOB, copepwaujiix o6jio.momhmc 3epna KBapna, nojieBbix ninaTOB n 
neKOTopoii npiiMecn rJiiiHiiCToro BemecTBa, He BM3MBaeT coMiiennft. lipii 
CMeniHBaHnn niipoK.pacTHHecKoro MaTepiiajia hhcjiofo cocTasa c Teppiiren- 
hmmh ocapnaMii ofîpasoBa.TiiCB Ty$$nTM, KOTopbie npn M.eTaMop$M3Me npespa- 
niajincb b Ty$$iiTOnpM. Tojnpa pejiOBepKiix nopop ncnMTMBaaa BiieppeHiie 
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ochobhmx (jxna6a3i>i n ra66po-^na6a3Li) ii khcjimx (awnapHTbi n jînnapiiTO- 
aaHHTBi, xaunTH) ByjiKaiiorennMx nopoa. 3ă chct a$$y3HBOB ochobhopo 
cocTaBa o6pa3OBajincb aM^nSoJiiiTM n HeKOToptie aKTiiHOJii-iTOBbie cjiamibi, a 
na aijiiJiysHBOB kmcjiopo cocTaBa nponaoniJiii KBapn-nojieBoninaTOBBie nopiJiH- 
poMflbi ii Ty4>$oiiflBi. BMOTHTOBHe opToriieiichi Men^yjitCKoro Tuna mopjih 
oGpasoBaTLca 3a chct khcjimx mjih npoMeJKyTOHHHX MeiKHy khcjimmh îi cpe^- 
hhmii nopofl. KaTanjiasuposaHUbie rpamiTH heophhkobcpo Tima Biieapunncb, 
bhshmo, k OKOHHaHino ucIictbiih MeTaMop^MvecKHX areHTOB, noaTOMy ona- 
aajincb Majio hsmchohummh b ycjioBiiHX nepsoro nporpecciiBHoro-3Tana meTa- 
Mop$M3Ma, 3aT0 npeiepneJiM 3HaHHTeJibHi>ie KaTaKJiacTHHecKiie BoaneiiCTBiiH. 
TaKMM oCpasoM, nejioBeițKyio CBHTy b jjoMeTaMop^iiHecKOM coctohhhi-i moikho 
npeaCTaBiiTb nan ByjiKaHoreHHO-ocanoHHyio tojiiuv, b KOTopofi npoMCxogiuio 
HaKonjieinie TeppureHHbix, rjiMHHCTbix h Kap6onaTiibix nopojț. lipii 3tom ce^n- 
MeHTapnH conpoBOîKjțaJiacb 3Ha*iMTejibHbiM npoHBaeimeM ByaKami'ieCKOîi 
«eHTeabHOCTii ii BiieapeHiieM b ByjiKanoreHiio-ocasoHHyio Toamy nHTpysMîi 
MarMBI ne TOJIbKO OCHOBHOPO, HO H KHCJIOPO COCTaBa, KOTOpbie 3a$IIKCIipOBaiîM 
cooTBeTCTBeHHo b Bujțe aM$n6o:iirroB ii rneficoB, KaTaKJiasiipoBaHHbix rpa- 
HHTOB. PaSBHTHe HOJiyHHJHI aJIIOMOCHJIMKaTHHe, IIjen0HH03eMeJIbH0-I13BeCT- 
KOBbie h mejioHHoseMejibHO-rjiiiHoseMiiCTbie nopoabi. IlapareHeTiMecKHe Minie- 
paJibHbie accounauHH hbhhiotch Hii3KOTeMnepaTypHbi5iii h xapaKTepasyioT 
sejieHOCJiaințeByK) (iijih oiinjioT-aMiJiiiSojiHTOByio) CTyneHb MeTaMop$n3Ma.
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CHRONOLOGY OF MIOCENE VOLCANISM IN NORTH-EAST 
HUNGARY1

1 Paper presentcd at the 12th Congress of the Carpatho-Balkan Geological Association, 
.Septesnber 8—13, 1981, Bucharest, Romanța.

2 Institute o£ Nuclear Research of the Hungarian Acadcmy of Sciences, Debrccen.
3 Kossuth University, Chair of Mineralogy and Geology, Debrecen.
1 Hungarian Geological Institute, Budapest.

BY

KADOSA BALOGH*, Z. PgCSKAY2, VILMA SZEKY-FUX 3,
P. GYARMATI 4

The results of a K/Ar chronologic study carried out on the Miocene 
volcanic rocks in NE Hungary will be reviewed. A part of the dated 
rocks is sampled from the surface, othfers are cores of deep drillings. The 
investigated area is shown on the sketch map on Figure. Petrographic 
study and geologica! evaluation vere made in the Department of Mineral- 
ogy and Geology of the Kossuth University and in the Hungarian Geo­
logica! Institute ; dating was done in the Institute of Nuclear Research 
of the Hungarian Academy<5f Sciences.

K/Ar chronologic work in this area started in 1974 (B a 1 o g h, 
R a k o v i t s, 1976) and sin'ce then the continental investigations (S z e- 
h y - F u x et al., 1980) have been accompanied by a systematic develop- 
ment of the experimental methods and instruments. From 1979 a statis- 
tically operated microprocessor controlled magnetic mass spectroineter 
has -been used for argon determination (B a 1 o g h, Mori k, 1978 ; 
Molnâr, P a â 1, 1980).

Earlier determinations were regularly controlled by the more ad- 
vanced method; the control measurements usually confirmed the pre- 
vțously obtained ages. In a small number of cases, however, a deviation 
exceeding the analytical error was experienced, therefore only the results 
obtained or confirmed by the most precise method are included in this 
review.

The chronology of the Miocene volcanism in East-Slovakia (Slanske 
vrchy Mts, Vihorlat-Poprifiny Mts) and in Soviet Transcarpathia are stud- 
ied in detail (V a s s et al., 1978 ; î) u r i c a et al., 1978 ; CnaBMK h ap., 
1976; HasapeHKO h ap., 1968; Mepmin, CnnTKOBCKan, 1974).
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150 K. BALOGH et al.

The data obtained on the neighbouring Slovakian and Soviet ter- 
ritories were taken into consideration during the evaluation of our rexults 
and, we think that the chronology of NE Hungary will similarly promote

Locality of dated rocks in NE Hungary .
1. sample from borehole; 2, sample from the surface.

a deeper understanding of the regional connection of the Miocene volca- 
nism in .East Slovakia and Transcarpatina.

Our data are summarized in Tables 1 and 2. For the sake of brevity 
only a short petrographie description of the rocks, the used mineral frac-
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tion, the potassium content, the apparent K/Ar ages and (in parenthcses) 
the number of argon analyses arc given.

In the Tokaj Mts Miocene volcanism started in the Upper Badenian 
(P a n t 6, 1966 ; G y a r m a t i, 1977). The radiometric daung of this 
volcanic phase is uncertain in some eases. since the extensive Sarmatian 
volcanism, metasomatism and hydrothermal alterations might have result- 
ed in too young appârent ages.

The borehole Teikibănya-2 reached the Upper Badenian roeks at 
a depth of 790 m (Szeky-Fux, 1970). The K/Ar age of these- roeks, 
as determine!! on andesitogene propylite and potash trachyte (No 190, 
191), is 13,3±0.8 m. y. and 13.8 ±0.5 m.y. which is in agreement with the 
stratigraphic position. The age of the Lower Sarmatian roeks (No 189, 
211, 192) from the upper part of this borehole is in the 13.1—11.8 m.y. 
interval, which is also in accordance with the stratigraphy.

These radiometric data show that in this area in the Upper Badenian 
and also in the Lower Sarmatian time there is no age difference exceeding 
our analytical error between the time of volcanic activity propylitization 
and potash metasomatism.

The age of the Sarmatian andesites around the Telkibânya village 
(No 283, 286) agrees with the age of the Sarmatian roeks penetrated by 
borehole Telkibânya-2, while the age of andesite dykes (No 360, 641) 
is remarkably younger. The pyroxene andesite collected from the Hârsas 
hill contacts the Lower Sarmatian sediments, its radiometric age is in 
accordance with this stratigraphic position.

The mean age of pyroxene anddsites sampled around the Sâtoraljau- 
jhely town (No 286,485) is 11.8±0.4 m.y. A metasomatized variety of this 
rock from the hill near Nagy Szava (No 477) is ll,8±0.5 m.y. Rhyolite 
and rhyodacite flood tuffs reachcd by borehole Sâtoraljaujhely-7 (No 
731, 735) resulted also in an average age of 11.8±0.5 m.y. On the basis 
of indirect stratigraphic data these roeks are regarded as Upper Badenian. 
This stratigraphic classification, however,. is npt fully convincing, therefore 
further detailed investigations are needed on the volcanic roeks which are 
considered at present as Upper Badenian.

There is a very good internai agreement among the ages of roeks 
coming from the vicinity of the Erddbenye village (No 713, 483, 716, 719). 
A mean age of 11.1 ±0.3 m.y. indicates that the andesites in this area were 
forined in a geologically short interval. Therefore a similar age can be 
expected for the andesites, which form the basement of the limnic basin 
at Erdobenye. These andesites, which have not been dated up to now. 
are very promising for the direct determination of the Sarmatian-Panno- 
nain boundary, since they are covered with Sarmatian sediments.

The pyroxene andesite of the Magaster and Kis Tokâr peaks (No 359, 
642) in the vicinity of Telkibânya form the uppermost level of volcanic 
roeks in this area. The young K/Ar age is in accordance with this strati­
graphic position. On the other hand, the dacites near Pâlhăza and Ujhuta 
(No 476, 480) represent an older volcanic phase. The too young K/Ar 
apparent ages disagree with the stratigraphy; stillthey canbeexplained 
by the decomposed character of the dated samples.

The age of the dacite forming the Kopasz-hill at Tokaj is deter- 
mined on 2 samples (No 543, 715). The mean age of 10.4±0.4 m.y. evi-
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dences the Pannonian age of volcanism. The possibility of radiogenic argon 
loss is unlikely, since a definitely older age of 11.6±0.6 m.y. was obtained 
on a perlitic rhyolite sample (No 697) underlying this dacite. Rhyolite and 
fluidal rhyolite samples (No 595, 718) represent the same level as sample 
No 697. The coinmon age of these three rocks is supported by the simi- 
larity of their radiometric ages.

In the southwestern part of the Tokaj Mts near the Szerencs town 
the Sarmatian pyroclastics were studied by Z e 1 e n k a (1964). He dis- 
tinguished five tuff levels and fixed the time of the postvolcanic activity 
at the Sarmatian-Pannonian boundary. Alunite crystals collected from 
alunite veins in the quarry at the Legyesbenya village (No 544, 725)yielded 
an average age of 10.9 ±0.4 m.y. which approximates well the datum of the 
Sarmatian-Pannonian boundary.

The borehole Sârospatak-10 cut three basalt lava flows separated by 
pyroclastic layers. The age of the upper basalt flow (No 484) is 9.4 ± 
±0.5 m.y.; this is the youngest volcanic rock of the mountains; it was 
formed unequivocally in the Pannonian stage. The radiometric age of the 
lower basalt flow (No 712) has a greater analytieal error, therefore the 
time difference can be neither established nor excluded between the for­
mations of the lower and upper basalt flows.

East of the Tokaj Mts the borehole Komoro-I. penetrated andesite 
and dacitogene propylite (No 679, 680, 678). Their K/Ar ages are in the 
11.2—12.1 m.y. interval, the scatter of analytieal ages may be due to 
analytieal error or to some radiogenic argon loss from one of the propyli- 
tized samples (No 678). These ages agree remarkably well with the radio­
metric data of the Vihorlat-Popricnv Mts publislied bv Buri ca et al. 
(1978).

Along the Hungarian-Soviet boundary, on the Hungarian territory 
the Miocene volcanics were studied by Kulcsâr (1968). Radiometric 
ages obtained by Soviet authors on rhyolites were in the 9±2—13.2± 
±1.9 m.y. interval in accordance with our previous determination (B a- 
1 o g h, R a k o v i t s, 1976). Based on geological consideration JI a a a - 
peHKo et al. (1968) suggested the Lower Sarmatian, MepjiiiH and 
GniiTKOBCKan (1974) the Pannonian age for the rhyolite volca­
nism, and emphasized that the time of ore mineraliza tion of the area can 
be established by the exact dating of the rhyolite volcanism. Our data 
obtained on rhyolite, rhyolite flood tuff and on biotite separated from 
rhyolite tuff (No 737, 730, 578) are in the 11.0—11.3 m.y. interval, near the 
datum of the Sarmatian-Pannonian boundary.

The dacite forming Nagyhegy at the Tarpa village (No 461, 462) 
is regarded by Soviet authors as the surface continuation of the great dacite 
mass reached by deep drilling in Transcarpatina. Its stratigraphic age is 
uncertain, different authors advocate the Lower Sarmatian as well as the 
Pannonian age. The mean value of our determinations — 10.5±0.3 m.y. 
— strongly supports the assumption of the Pannonian volcanism. Similar 
ages (10.2—11.1 m.y.) were obtained on the andesite and andesitogene 
propylite penetrated by the borehole Nagyecsed-1 (No 170, 176).

A pyroxene andesite reached by borehole Nyiregyhâza-5 (No 508) 
yielded an age of 10.0±0.6 m.y.; this shows the regional spreading of the 
andesite volcanism.
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The age of a dacite tuff reached by borehole Nyirmârtonfalva-l 
(No 341) is 17.1 ±0-5 m.y. which indicate» a Carpathian volcanism. The 
dating of rhyolites from this borehole (No 676, 348) resulted in ages of 
15.8—16.0 m.y., which shows the continuation of volcanic activity until 
the Lower Badenian. A similar age — 16.5±0.9 m.y. — was obtained on a 
rhyodaeite sample reached by borehole J6zsa-2 (No .736). A younger 
phase of rhyolite volcanism in the inner part of the Pahnonian Basin is 
indicated by sample No 346 from borehole Hajdrmânâs-1 which yielded 
an age of 11.4 ±0.7 m.y.
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TERTIARY METALLOGENY ZONING IN THE PORPHYRY 
COPPER DEPOSITS FROM VALEA MORII AND MUS AR IU 

(BRAD AREA, METALIFERI MOUNTAINS)1

1 Paper presented at the 12th Congress of the Carpatho-Balkan Geologieal Association 
Septembcr 8—13, 1981, Bucharest, Romania.

2 Institute of Geology and Gcophysics, str. Caransebeș 1, 78344 Bucharest.

BY

MIRCEA BORCOȘ2, ION BERBELEAC2

Before the last decade in the Metaliferi Mountains only the Deva 
Tertiary porphyry copper deposits have been known. Recent studiem indi­
cate ot-h,er porphyry copper deposits, discovered at Roșia Poieni, Bucium- 
Țarnița Bucuresci-Rovina, Valea Morii, Musariu, Bolcana and Voia (I o- 
n e s c u. et al., 1974, 1975 ; I a n o v i c i et al., 1977 ; B o r c o ș et al., 
1980; Berbeleac, 1980) (Fig. 1).

Fig. 1. — Distribution of the Ter­
tiary copper deposits in the Meta­

liferi Mountains.
1, Tertiary volcanics; 2, Tertiary 
molasse deposits; 3, Mesozoic sc- 
dimentary roeks; 4, Mesozoic is- 
land arc volcanics; 5, Paleozoic 
crystalline schists; 6, fault; 7, 
overthrust; 8, porphyry copper 
deposits: 1. Roșia Poieni; 2, 
Bucium-Tarnița; 3—4, Bucuresci- 
Rovina ; 5, Valea Morii; 6, Musa­
riu ; 7, Voia ; 8, Bolcana; 9, Deva.
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At present the investigations reveal that all the Neogene volcanic 
units in the Metaliferi Mts con tain porphyry copper deposits. It is noted 
that the list of these deposits must remain open. These deposits as well as 
the genetically associated native gold, tellurides and polymetallic ore, 
mainly of vein type, show the complexity of the Tertiary metallogeny of 
the Carpathian range in general, and especially of the Metaliferi Mts.

General Geology and Structure

In the vicinity of the Valea Mare and Musariu deposits, Mesozoic 
island arc volcanics (basalts, andesites, diorites), Miocene sedimentary 
and volcano-sedimentary (Badenian) deposits and volcanic and subvol- 
canic rocks of Sarmatian-Pannonian age are to be found. The Tertiary 
volcanics consist especially of pyroclastics, flows and intrusions of the 
Barza andesite type (G h i ț u 1 e s c u, Socolescu, 1941; I a n o- 
v i c i et al., 1969 ; Borcoș et al., 1980 ; Berbeleac, 1980). All 
these rocks belong to the second cycle in the Metaliferi Mts (Sarmatian- 
Pontian in age, R ă d u 1 e s c u and Borcoș, 1967).

The porphyry copper deposits and the associated gold and base metal 
mineralizations are located in the two distinct Barza and Musariu com- 
posite eruptive structures. Due to a polyphase activity, two polygenous 
apparata (Teiul and Barza), numerous satellite apparata and two impor­
tant subvolcanic intrusions are built up (Figs 2, 3, 4). The intrusions were 
formed as two major events with one minor intrusive event following them. 
The main intrusion may be divided into two textural units : 1) the oldest 
one consists of hornblende ± biotite and pyroxene andesite-quartz por­
phyry andesite and 2) another one, more recent, which comprises dyke- 
like porphyry diorite-quartz porphyry diorite. The minor intrusive event 
is not frequent and is characterized by quartz porphyry hornblende ± 
pyroxene dykes (younger diorite) (Figs 3, 4). These dykes, located in the 
centre of the structure and in the deep eruptive bodies, show a gradational 
contact with the older diorite. On the contrary, in the upper levels of the 
mining works the contacts of the younger diorite, like the older diorite, 
are marked by breccia and shear zones. Gradually, this aspect disappears 
to the depth. The younger dykes are slightly pyritic; one of them contains 
some chalcopyrite. None has suffered the fracturing or the mineralization 
associated with the major and mineralizing event. The dioritic rocks appear 
especially in the deepest levels of the Valea Morii and Musariu mines, where 

' they tend to form a unitary dyke (Fig. 3); within the roofs of the subvol­
canic structure these intrusions send many irregular dykes into andesite 
(Figs 3, 4). However, it is to point out that in the upper part of the sub­
volcanic bodies the older diorite dykes are very rarely found.

The fault measurements from underground exposures revealed three 
dominant fault Systems (Fig. 2): 1) one, the most prominent, strikes 
45—70°W and dips 70’—75°SW, being especially widespread in the west­
ern part of the Barza neck (Musariu area); 2) the other one,properto 
the Valea Morii structure, with N —S strike and roughly dipping 60—80°W, 
and 3) the last one, less important, with W-E strike, lies between the above-
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162 M. BORCOȘ, I. BERBELEAC 4

mentioned systems. All the systems of faults are more recent than the 
porphyry copper mineralization; some of them represent native gold and 
tellurium, tellurides ores and polymetallic — Au, Ag — ore veins. Fault-

ing in porphyry ore bodies is intense, but most faults appear to have a 
relatively small displacement and grade out into “horse tail” fracture zone, 
which shows post-ore mineralization movements.

Institutul Geologic al României
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Relative Age Relations

The contactă between the Tertiary intrusions and alteration-mineral- 
iaation show a multi-stage nature of hydrothermal processes. The last 
one is clearly demonstrated especially by the truncation of many quartz 
veinlets from the subvolcanic bodies by younger quartz porphyry diorite 
anei vein deposits. The stockworks of quartz sulphide veinlets from the 
porphyry eopper bodies consist of at least three systems of veinlets. The 
widest veinlets range from one to less than 10 cm. The veinlets appear 
to be parallel and subparallel in each system and sometimes show a small 
displacement. Most of the veinlets, trending NW-SE and E-W, dip 
steeply Southwest, South and north or are nearly horizontal. The majo- 
rity of the veinlet system seem to be tension veinlets, which, generally, 
have been opened and filled simultaneously or nearly simultaneously. Yet, 
some of the veinlets have been filled in different time intervals.

As regards the relative age of the rocks from the intrusion bodies it 
is to remark : 1) the older diorite-quartz porphyry diorite intruded the

' 1 Institutui Geological României
IGR/
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andesite-quartz porphyry andesite and are penetrated by the younger 
quartz porphyry diorite (Fig.3); 2) the andesite and older diorite are intense­
ly hydrothermally altered, while the younger diorites are nearly fresh; 
3) the porphyry copper mineralizations are spatially and genetically asso- 
eiated with andesite and older diorite intrusions; 4) the younger quartz 
porphyry diorites are very weakly mineralized and no quartz veinlets have 
been observed; 5) the native gold veins, tellurium and telluride veins 
aud polymetallic — Au, Ag — veins are the most recently deposited from 
the ore-forming Solutions.

Alteration-Mineralization Zoning

The background assemblages define well-developed zonal patterns 
in the polyascendent porphyry system (Figs 3, 4) in which one notices 
a decrease of the copper values together with a progressive decrease of 
veining and fracturing away from the central part of the intrusions into 
wall rocks. The copper veins also show a gradual decrease from depth 
to the upper part of the deposits. There is also a sulphide zoning in the 
deposits : 1) the central zone withchalcopyrite-pyrite(Cu, Au), very charac­
teristic in the Valea Morii deposits and 2) the border zone, with dissemi- 
nated pyrite (Au, Cu) and polymetallic Au-Ag, pyrite -native gold, native 
tellurium and telluride veins, more rarely breccia deposits. Especially in 
the Valea Morii deposit, the proportion of chalcopyrite increases from nuli 
at the outer edge to more than 30 per cent in the inner zone. Minor a- 
mounts of bornite, sphalerite, magnetite and hematite have been 
found here. The gold and silver values are restricted to the central 
chalcopyrite-pyrite zone (Cu, Au). Here the potassic (K-feldspar, oligo- 
clase, biotite-quartz) and propylitic (epidote, albite, chlorite, quartz, 
carbonate) assemblages are very common (Fig. 5). In the potassic assem­
blage, the phenocrysts and the groundmass feldspar are replaced by ortho- 
clase and probably oligoclase. These feldspars are also present on fissures. 
The obliterated plagioclase phenocrysts and the common porphyry tex- 
ture are noted. The basic phenocrysts are also replaced by K-feldspar, 
oligoclase, biotite and quartz. The grey-smoky coloured quartz veinlets ± 
pyrite and chalcopyrite are abundant. These veinlets have a biotite-oligo- 
clase-anhydrite-quartz halo. It is important to underline that the bioti- 
tization in the Valea Morii and Musariu porphyry copper deposits is not 
more characteristic than in other similar' deposits in Romania (Roșia Poieni, 
Ion eseu, 1974; Ion eseu et al., 1975; Bucium-Tarnița, Deva, 
I a novici et al., 1977), Chile (El Salvador, Gustafson and Hun t, 
1975), Philippines (Marcopper, L o un don, 1976) and other areas in the world.

In propylitic assemblages the new minerals partly or wholly replaced 
the feldspar and mafie phenocrysts or microcrysts from the groundmass 
of the andesite-quartz porphyry andesite and diorite-quartz porphyry 
diorite (older diorite). Quartz and carbonate usually occur as veinlets. The 
quartz from the veinlets has a grey colour, banding structure and abun­
dant pyrite and chalcopyrite.

The sericite-argillaceous assemblages from the early substage form 
an envelope of the deposits and consist mainly of sericite, clay minerals 
(kaolinite, illite), quartz and pyrite. These minerals are characteristic of

Institutul Geological României
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7 PORPHYRY COPPER ORE DEPOSITS IN METALIFERI MTS 1G5

bordei’ zones — pyrite (Au) zone. Mention should be made of the faetthat 
in the dpepest exposures of the Valea Morii and Musariu mines the seri- 
eitic-argillaceous alteration occurs in quartz and pyrite veinlet halo. There 
is a general correlation between the abundance of pyrite and the degree

Fig. 5. — Scheme of the sequence of the mineral deposition in the Valea Morii 
and Musariu porphyry copper deposits.
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of sericite-argillaceous alteration. The pyrite appears as isolated fine- 
grained crystals, usually in cubic forms or as fine aggregates.

In the roofs of the subvolcahic bodies lies the deposit veins from the 
border zone and the last stage of alteration — mineralization (Figs 3, 4). 
These types of mineralizations also show a vertical zonality : native gold 
veins, native tellurium and telluride veins in a large envelope with sericitic- 
argillaceous alteration in the upper part and polymetallic Au-Ag veins in 
the very limited argillaceous area, downwards. These veins usually have a 
sericite-adularia-clay minerals-quartz±tourmaline alteration (Fig. 5).

\ igrZ
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166 M. BORCOȘ. I. BERBELEAC 8

The strike of the veins (NW-SE, NNW-SSE and WNW-ENE) has been 
influenced by the regional faults and by the morphology of intrusions 
(Fig. 2).

Rcmarks

1. The produets of alteration-mineralization show a polyascendant 
feature and have been released during two stages: 1) early stage with 
porphyry copper mineralizations and potassic, propylitic and sericitic- 
argillaceous assemblages and 2) late stage, characterized by veins with 
polymetallic — Au, Ag — ores, native gold ores, and native tellurium and 
telluride ores, and serici lic-argillaceous alteration. These two alteration- 
mineralization stages are clearly associated with the multi-stage evolution 
of the porphyry intrusion and metallogeneses from the subvolcanic bodies. 
Thus, the copper mineralization is connected with the major intrusive 
events — andesite-quartz porphyry andesite and diorite-quartz por­
phyry diorite, while the ore veins-post-younger quartz diorite have been 
deposited.

2. A vertical alteration-mineralization in the porphyry copper de­
posits has been’observed : 1) a central zone (chalcopyrite-pyrite (Au) zone) 
with potassic and propylitic alteration and 2) a border zone (pyrite(Au) 
zone) with sericitic-argillaceous alteration and polymetallic (Au, Ag) 
veins, native gold and tellurium and telluride veins (only in the Musariu 
deposit).

3. Chalcopyrite aud pyrite, in an approximate ratio of 2 :1 in the 
Valea Morii deposits and 1 : 4 in the Musariu deposits, are the main pri- 
mary sulphide minerals occurring both as veinlet fillings and as dissemina- 
tions. Minor amounts of pyrite, pyrrhotite, rutile, sphalerite, tetrahedrite, 
galena accompanied the two mentioned sulphides. Sometimes the ore 
sulphides contain 1—2 per cent magnetite with some specularite. Mo- 
lybdenite can be found accidentally. The minor amounts of Au closely 
associated with chalcopyrite and pyrite is noted.

As regards the lateral zoning, which is also present, it is to mention 
the presence of the porphyry copper mineralization in the central part of 
the complex volcano-intrusive structure and the polymetallic Au-Ag and 
native gold veins at their edge.

4. The Valea Morii and Musariu copper mineralization deposits 
show important affinit.ies to the dioritic model of the porphyry copper 
deposit (e.g. S c h m i 11, 1968 ; C r e a s e y, 1968 ; L o w e 11 and 
Guilbert, 1970; Rose, .1970; Hollister, 1975; Ian o viei 
et al., 1977) in ore minerals, ore textures, alteration minerals, host roeks, 
associated igneous roeks and geologieal setting. The Chemical trends and 
field relations suggest that the alteration-mineralization is genetically 
related to younger calk-alkali andesite-quartz porphyry andesite and 
diorite-quartz porphyry diorite subvolcanic bodies from the second phase 
of the second cycle (Sarmatian-Pannonian in age).

5. The space-time rclation between the Au, Ag, Te, Pb, Zn and Cu 
ore veins and porphyry copper ore from the region have demonstra ted the
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complexity of the Tertiary metallogeny in the Cai,patho-Balkan range or 
the Tethyan-Eurasian metallogenic belt. For this reason we propose to 
name this genetic model the Barza type from the Metaliferi Mountains.
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SOME FACTS AND OPINIONS CONCERNING THE NEOGENE 
MAGMATISM AND METALLOGENESIS IN THE METALIFERI
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Scptember 8—13, 1981, Bucharest, Romania.

2 Enterprise of Geologica! and Geophysical Prospections, str. Carnsebeș 1, 78344 Buc­
harest, Romania.

ÎTO.MA PETRE GHIȚULESCU ? 2

Introduetion
The Metaliferi Mountains Neogene magmatism aetually belong 

to the great Carpatho-Balkan magmatic province (Dimitrescu, 
1939). Still we continue to treat separately the respective problems, since 
the effort to find out a global solution to corroborate the data concerning 
the origin and evolution of the different magmatisms, valid for the whole 
area, in the plate tectonics concept, could not smpass the hypothetical 
stage (B 1 e a h u et al., 1973 ; B o c a 1 e 11 i et al., 1974 ; R ă d u 1 e s c u 
et al., 1973; Rădulescu, 1953; Ian o vi ci et al., 1976). So, we 
consider useful to remind some interesting facts and to expound some per­
sonal opinions, which, though with reference to the Metaliferi Moun­
tains, could suggest general Solutions.

Short Outlook on the Magmatic Processes Evolution 
in the Metaliferi Mountains

As it is known, the Neogene magmatism is the third manifested in 
the region, following the inițial simatic one, which was a product of the 
Metaliferi Mountains geosynclinal structure genesis, and the essentially 
sialic, epirogenic banatitic magmatism, which was not a product of the 
geosynclinal structure.

The Neogene magmatism, too, could not be considered a product 
of this eugeosynclinal structogenesis and has in common with the former 
magmatism the fact that the main structural controlling factor of the 
petrogenesis seems to be in my opinion the uplift movement of the ground 
simultaneously with the emission of the respective magma. The evolution 
of the Neogene magmatism is synthetized in Table.
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TABLE

Geologic evolution of the Metaliferi Mountains
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It is noticed that the first emission of the sialic magma took place 
at the end of an uplifting movement that began at the end towards the end 
of the synkinematic stage (I a n o v i c i et al., 1976), continued in the tar- 
dekinematic stage, from Paleocene to the Lower Miocene, before the short 
interval in the Middle Badenian, when the ground sank and the Tortonian 
Sea invaded the small intermontane basin. But since the Upper Badenian 
the uplift movement resumed, the sea water was expelled, a brackish, 
lagoonal and, at the end, continental stage were installed, existing stil! 
today. One should note the significant fact that, during the sinking of 
the ground, the eruptive process was nearly stopped, but resumed concom- 
itantly with the positive movement.

As it is known the bulk of the Neogene eruptive centres are situated 
on the NW-SE belt, crosswise on the general direction of the geosynclinal 
structure, but some of them on axial belt (G h i ț u 1 e s c u, Borcoș, 
1966). The magma chemistry is calc-alkaline, somehow similar to the 
banatitic one. In the Neogene the first coming lavas, which are in many 
places the first geological event, have an acid and very acid eomposition, 
namely leucogranitic, granodioritic and quartz-dioritic, the last one 
prevailing during the whole Neogene magmatic evolution, noticing that 
the few ones with basic compositions appeared in the last volcanic phase.

The manner in which the Neogene magmatism appeared in the 
Metaliferi Mountains and the matter that gave it life supports the idea 
that it originates from magmatic chambers older than the Lower Badenian, 
being in full differentiation process at the very start of the volcanism. 
These magmatic chambers were situated on volcanic belts that we used 
to caii petrogenetic lines (Ghițulescu, Borcoș, 1966). Chemical 
evolution of the magma was the same in all the Neogene subprovinces of 
the Romanian Carpathians.

The Souree of the Neogene Magmatism

The old scholars, as for instance P a 1 f y (1916) considered the Neo­
gene volcanism linked to the subsidence of the intermontane basins and to 
their silting, an idea longtime accepted, agreed to by many scholars. 
Miaze c (1935) suggested that the Neogene Carpathian and Apuseni 
Mountains volcanism was produced by the sinking of the Central Transyl- 
vanian Basin and the associated intermontane basins, the rising of the 
magma in volcanoes being a compensation of the sinking sediments. This 
idea does not match the facts, as before mentioned.

Later, St iile (1953) considered the subpushing palyngenetic 
process to be the, genetic cause of the Neogene Carpathian magmatism, an 
idea anticipating the subduction theory from “the plate tectonics” concept 
(I a n o v i c i et al., 1976). As before told, this last theory does not succeed 
in the Metaliferi Mountains to surpass the hypothesis stage. of contra- 
dictory hypotheses.

In spițe of that situation the author thinks that one may retain 
from this concept the idea of thermal fluxes, punctiform or linear, plausibly 
explained in the plate-tectonics concept. These caloric fluxes eould cause 
anatexis and palyngenesis phenomena, generating magmatic chambers 
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that fed the explosive volcanism and the intrusive magma in stocks (and 
subvolcanoes). The magma chambers became the plutons and batholiths, 
like those described by Emmons (1937). In this concept, one may 
think that the banatitic and Neogene eruptive belts vere created by thermic 
fluxes, structurally controlled by ruptural and disjunctive tectonics, associ- 
ațed with the uplifting movement of the ground. In these, there formed 
by anatexis and palyngenesis processes lithomagma chambers, situat­
ed at moderate depth, representing plutons with their cupolas and apo- 
physis (Ghițulescu, S o c o 1 e s c u, 1935).

On Volcanism, Subveleanism and Platonism

The volcanism in the Metaliferi Mountains was exclusively of the 
central type (the fissural volcanism is unknown). The essential element of 
the structure is the volcanic chimney (funnel) sometimes of important 
dimensions. The volcanic cone high might reach some thousands of meters, 
as results from theorotical reconstruction (Ian o vi ci et al., 1969). 
The volcanic funnels are whithin the volcanic belts, but none of them is 
localized on fractures or settled fracture zones. In the chimney-room, 
preferably on their borders, volcanic plugs and subvolcanoes are to be 
found, the best illustrative being the great chimney between Harnic, 
Teiul, Coranda and Musariu (Un g u r e an u, Ăldea, Ispas, 
1978), with many plugs and subvolcanoes. The volcanic plugs are pillars 
of magma Consolidated in vents or pipes, whose horizontal dimensions are 
variable at different levels, sometimes with a tendency to diminish at 
depth, as at Măgura Artișoarei. The mechanical logic supports the idea 
that the magma chamber that produced it was not too deep.

In the same sense piead the forms and the dimensions of the breccia 
pipes, for instance the many ones in the Baia de Arieș Mine. Oui' studies 
proved that they are in direct connection with the magmatic chamber they 
came off, though its horizontal sections are not greater than some hundred 
meters (G h i ț u 1 e s c u et al., 1979).

The subvolcanic bodies are numerous and the greater part of these 
are built by andesites of the Bm'za Series. Their dimensions are smail near 
the present surface and many of them do not outcrop. At depth, their 
dimensions are considerably greater, reaching one million of m2, as for 
instance the Musariu Nou subvolcano.

In some favourable conditions we could understand the mechanism 
of intrusion in the Afiniș subvolcano from Baia de Arieș (Ghițulescu, 
Sprinceană, 1963). Magma was injected under the form of blade and 
the movement induced oriented textures (Cochet, 1957) or even fluida! 
textures in the andesite at the contact (Ghițulescu, 1959). Oriented 
texture zones separate the blades.

All these data lead to the conclusion that the subvolcanic bodies 
represent apophyses of deeper plutons. On the basis of certain data we 
argue for the existenee of a Neogene plutonism, that is in direct filiation 
with the known subvolcanic bodies and the volcanoes. The idea is support- 
ed by the presence of the peri-batholithic zonal distribution of the mineral - 
ization (Ghițulescu, 1934; Emmons, 1937).
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On the Hydrothermal Activity and its Relation with the Mineraiizing Process

In the author’s' conception, the hydrothermal activity occupies a 
well defined position in the stratigraphic scale, namely after the third 
eruptive phase, that in certain mining district» was after the eruption of 
the Barza-Săcărîmb Series and in others after the. daco-andesite Cetraș 
Series (I a novici et al., 1969).

There are two distinct processes : propylitization and the potassic- 
argillitic metasomatosis.

The first manifested as a regional process on a relatively great area 
(Ghițulescu, Socolescu, 19-11; Ian o vi ci et ah, 1969), 
but never in direct relation with the mineralization. The propylitization 
took place only in certain Neogene eruptive rocks, more frequently in the 
enrooted bodies, but it is not known in the pre-eruptive basement rocks 
(crystalline schists, ophiolites, scdiments) (Rich thof en, 1860 ; P a 1 f y, 
1916; Burg, 1931; Radu les cu, .1953; Ghițulescu, Soco­
lescu, 1941). This process is not cbntrolled by the veins fractures or 
other fracture systems. From the Chemical point of view, it. is a hydration 
in the presence of CO2 and SO2.

Unlike with the propylitization the potassic-argillitic metasomatosis 
is intimately associated with the mineralizing hydrothermalism, which 
preceded it, preparing the necessary conditions for its realization. This 
alteration process is confined to the neighbouring zone of the circulation 
ways of the hydrothermal solution, limited to some decimeters or meters 
width, with the exception of some very permeable rocks, such as Creta- 
ceous and Tertiary sandstones and conglomerate». The metasomatic alter­
ation affected all'the silica te minerals in the Neogene eruptive rocks, 
leaching the .Ca++, Mg++, Fe++, Mn++and Na+ ions, the last being nearly 
completely eliminated. At their places came K+, B+++ and Si+++ + , the 
intensity of the process may be evaluated by the value of the K.2O : Na2O 
ratio, that diminishes rapidly from the vein to the exterior (Gh i tu­
lesc u, 1960). The alteration took place not only in the Neogene eruptive 
rocks, but also in the crystalline schists, ophiolites and the Cretaceous and 
Tertiary sediments, till the disintegration. From the Chemical point of 
view, there results a neutral ization of the environment asregards the miner­
alizing Solutions.

The hydrothermal metasomatic transformation took place under a 
geothermic control, namely only in zones whose average temperature was 
convenient for the Chemical activity that formed the neominerals. The 
medium preheating became possible by the modification of the isothermic 
surfaces due to the hot magma intruded in the enrooted structures created 
by the Neogene magmatism (Ghițulescu, 1934). This way one can 
explain the possibility of the active hydrothermal Solutions to migrate 
on a relatively great distance from the magma chamber and also the 
localization of the mineralized area within or around the enrooted bodies.

Another important effect of the hydrothermal Solutions was the 
increasing permeability of the hydrothermalized medium, by the cations 
leaching and the microfissuration of the rocks due to the formation of neo-
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minerals with different molar volumes. In consequence, the hydrother- 
malized roeks density is by 10—20% lower than that of propylitized or 
fresh roeks.

About the Hydrothermal Solutions and Their Cireulation

In the author’s opinion, the hydrothermal Solutions are an exclusive 
product of a perfect magmatic differentiation, able to extract the most 
soluble magma components. For this achievement it was necessary the 
intervention of a depressing in the magma chamber by the hood uplifting 
concomitantly with the magmatic differentiation. In consequence, the 
author believes that in the Metaliferi Mountains the bulk of the useful 
metals originate from the magmatic chamber and the eventual addition 
of metals extracted by dissolving from the medium roeks was unsignificant. 
This opinion is supported by the idea that the active mineralizing Solutions 
could preserve their useful inițial dowry content only when traversing 
neutral medium, namely environment roeks previously hydrothermalized. 
In the Metaliferi Mountains there is no valuable mineralization out of the 
hydrothermalized zones.

A second argument of general order is the fact that in the Metaliferi 
Mountains all the mineral deposits of a given kind preserve the same char- 
acteristics in the whole region independent of the petrographic composition 
of the environment, in crystalline schists, ophiolitic or sedimentary roeks. 
All the arguments support the opinion that the main geochemical control 
of the mineralization was done by the magmatic differentiation in the 
batholithic cupolas and their apophyses. „

As concerns the cireulation road and the moving way of the hydro­
thermal solution we shall mention our interesting observations in the gold 
district at Baia de Arieș, where we could prove that the hydrothermal 
solution came out from the magmatic chamber exclusively through the 
breccia pipes, with very few exceptions (Ghițulescu et al., 1979). 
The solution motion was by diffusion, going through the porous (spongy) 
matrix of the polygenous breccia that filled the pipe, especially on the 
dorsal part when the pipe was inclined or curved. From the chimney the 
solution passed by diffusion in the surrounding roeks, causing their hydro- 
thermalization, in a first stage, and their mineralization in the last one. 
Detailed investigations showed that the hydrothermal Solutions penetrated 
also through the apophysis of some subvolcano bodies (Mălai and Ambra 
andesite types) that was in advanced hydrothermalized conditions, nearly 
to the disintegration. The solution moved by diffusion too. We believe 
that these considerations concerning the role of the diffusion mechanism 
of hydrothermal solution cireulation have a large application in other 
mineral deposits too. This may be the case of the exceptionally rich gold 
deposit from Musariu, where the mineralizing Solutions could come in on 
the margin of the huge volcanic chimney mentioned in the other chapter 
and pass by diffusion in the vein network.
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The Formation oî the Ore Coneentration and the Role of the Trapping Eîfeet

We should point out that the Solutions moving by diffusion generally 
produced non-paying mineral impregnation. This phenomenon is striking 
in the Baia de Arieș breccia pipes, where the polygenous breccia is intensely 
hydrothermalized, but there is few concentrated ore in it. These are to 
be found in the surrounding andesites or erystalline schists, intensely brec- 
ciated and loosed, in which the voids had represented some ten percents of 
the volume. The crystallization starting was caused by the depressing in 
the moment the hydrothermal fluid penetrated the void spaces. The con- 
centration of the ore was intensified by the stopping of the solution in the 
stockwork space, namely by the trapping effect that played an important 
role in the formation of great rich ore coneentration (Ghițulescu, 
Sprinceană, 1981).

In our opinion, the vein fractures may be regarded as traps, where 
the hydrothermal solution penetrated by diffusion or infiltration and was 
stopped or hindered in its movement. This may be the case of vein nets 
that have no lateral or downward eommunication. The vertical distri­
bution of the ore may be attributed to this phenomenon.

Zonal Distribution oî the Mineral ization

The author described in 1932 the zonal distribution of the minerali- 
zation in some groups of hydrothermal Tertiary ore deposits in the Meta­
liferi Mountains and Baia Mare region. The distribution of peribatholithic 
type and the mineral zones are approximately in the order indicated by 
E m m o n s (E m in o n s, 1937 ; Ghițulescu, 1934). This zonal 
distribution was confirmed by other research workers, as downward 
changes in the mineralization and in a horizontal sense for a group of ore 
deposits in relation with the same pluton. The way this zonal distribution 
is developed may be considered a mighty argument for the existence of 
a Neogene plutonism.

Conelusions

The opinions presented in this work are the result of a long gestation 
process.

The author believes that the Neogene magmatism manifested under 
a triple aspect : batholithic, subvolcanic and volcanic, at three different 
petrogenetic and metallogenetic levels.

The plutons are at the deeper level, that, though not too profound, 
has not been discovered until now in the Metaliferi Mountains.

In the cupolas and apophyses of these plutons took place the petro­
genetic and metallogenetic differentiations. From these magma chambers 
originated the magma that ereated the intrusive subvolcanoes and fed 
the volcanism, developed under the structural control of the ruptural 
and disjunctive tectonics, the most important effect of these, for the evo­
lution of the magmatism being an uplifting movement of the ground, 
continually resumed.
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The Neogene magmatișm was associated. with a substanțial modifi- 
cation of the isothermal surfaces in the respective area, detennined. to 
mould the subvolcanic structures and partially the volcanic ones. This 
new thermic regime and the Chemical activity of the hydrothermal fluids 
reconditioned the geological medium that became favourable for a migra- 
tion of the metallogenetic level toward the surface and allowed the occur­
rence of a newer metallogenetic zone than those normally known in the 
cupola,s and the hood of the batholiths (E m m o n s, 1937). The concen- 
tration of the ore was efficiently controlled by structural traps, created by 
the magmatic tectonics at the subvolcanoes level and at that of the vol- 
canoes infrastructures.

In the author’s opinion, the geological and geophysieal prospecting 
works shall investigate all these metallogenetic levels.
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LE ROLE DE ”L’EFFET DE PlfiGE” DANS LA CONCENTRATION 
DE LA MINFRALISATION MFTALLIFERE DANS LE GISEMENT 
DE BAIA DE ARIEȘ (MONTS METALIFERI DE LA TRANSYLVANIE)1

1 Note ptesentee au 12eme Congres de l’Association Geologique Carpatho-Balkaniquc, 
8—13 septembre 1981, Bucarcst, Roumanie.

2 Entreprise pour Ies prospections gcologiques et geophysiqucs, str. Caransebeș 1, 78344 
Bucarest, Roumanie.

3 Ministere de Geologic, str. Mendeleev 34—36, 70169 Bucarest, Roumanie.

|TOMA PETRE GHIȚULESCU] 2, MARIA SPRINCEANĂ 3

Le probleme de la concentration de la mineralisation dans Ies gise- 
ments m^talliferes, afin de constituer le minerai exploitable, presente un 
interet gendral, theorique et pratique, tout aussi important que dans Ies 
gisements de petrole, mais la litterature de specialite ne l’abordant que 
dans de rares etudes.

Fig. 1.— Position g6ographique 
de Baia de. Arieș.

Baia di

Les recherches effectu6es ă Baia de Arieș, dans des conditions parti- 
culierement favorables, ont abouti ă des rdsultats interessants qui peuvent 
contribuer â l’ăclaireissement du cas general.

Vue generale sur la strueture geologique et la metallogenese dans le district
Le gisement est situe dans une strueture relativement simple, cons- 

tituee par des roches cristallines et des magmatites neogenes (C o c h e t, 
1957). i»
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Pendant le Sarmatien, des intrusions d’andesites & quartz de la serie 
de Barza-Săcărîmb (Ghițulescu, S o c o 1 e s c u, 1941), ont forme 
de nombreux corps subvolcaniques et un cortege d’apophyses. Un volca-

ALTITUDE
SO

Fig. 2. — Coupe schfimatique â travers le corp subvolcanique dc AFINIS ct quelqucs-uns des 
stockwerks auriferes, localises au bord de “breccîa pipes”.

1, schistcs cristallins; 2, calcaires cristallins; 3, andesite type Afiniș propylitisee; 4, andesite 
type Malai faiblemcnt hydrothcrmalisde; 5, breccia pipes ; 6, Ic flux des Solutions hydrotherma- 

les; 7, alteration potassique-argilitique; 8, stockwcrks aurifăreș no. I, II, V.
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nisme explosif ă gaz a suivi, donnant naissance aux cheminees volcaniques 
(breccia pipes) qui ont joue un role determinant dans la formation des 
pieges structurale* dans lesquelles se sont localises Ies stockwerks et ont 
assurd la voie d’acces aux Solutions hydrothermales 6mises par Ies vous- 
soirs (G h i ț u 1 e s c u et al., 1979). Vers la fin de cette etape a eu lieu la 
principale phase de mineralisation qui a genere d’importants gisements 
auriferes et de metaux non-ferreux dans toute la sous-province metallo- 
genique des Monts Metaliferi.

Les deux dernieres manifestations du magmatisme ont 6tb exclu- 
sivement volcaniques, associees â un hydrothermalisme tres faible, comme 
la serie pannonienne des dacoandâsites de Cetraș ou complâtement sterile 
comme la serie pontienne d’and&ites et de basaltes de Rotunda.

Le principal gisement aurifere se trouve dans la structure volcanique 
de AFINIS, ^tant constitui par quelques stockwerks disposes sur la Peri­
pherie des “breccia pipes”, surtout ă la pârtie dorsale de ceux-ci (fig. 2) et 
par de rares et minces filons en relation directe avec les memes “pipes”. 
Les formes tubulaires de ceux-ci ont des diametres variant entre 50 et 
250 m et les travaux miniers les ont reconnus sur plus de miile mdtres vers 
la profondeur, ou elles se reliaient vraisemblablement ă des voussoirs 
magmatiques. Leur remplissage est constitue par une formation brechi- 
forme polygfme â matrice de cendre volcanique bien poreuse. Autour des 
“breccia pipes” Fandosite est fissuree et souvent brechifiee aux endroits 
de courbure. La roche est hydrothermalisde dans la zone de contact, Finten- 
site de la transformation diminuant d’une fașon graduelle vers l’exterieur. 
Outre la brăche polygene qui remplie les “breccia pipes” et les zones peri- 
pheriques des ceux-ci (environ 5—30 m de largeur), l’alteration hydrother- 
male est absente dans la structure AFINIS, ce qui prouve que ces chemi­
nees constituaient l’unique voie par laquelle les Solutions hydrothermales 
montaient lors de la genese du gisement (fig. 2). La structure AMBRU 
(situee au SE d’AFINÎS) a des riches concentrations de mine ai de plomb, 
zinc et pyrite. Elle s’est formee par des schistes et calcairfes cristallins 
disloques et penetres par des subvolcans andâsitiques et des“breceia pipes”. 
Le gisement.est constitue d’amas de mineral, generos principalement par 
substitution metasomatique dans le mur des calcaires cristallins et dans 
les “breccia pipes”.

Les eorps de minerai, leur morphologie et mineralisation

La concentration de la mineralisation a ete determinee par un 
phdnomene de captation des Solutions hydrothermales dans des pieges 
Structuraux aussi bien que dans le gisement aurifere d’AFINÎS que dans 
celui plombo-zincifâre d’AMBRU. Dans cet article nou* nous limitons 
d’illustrer le processus en decrivant les cas oii il s’est manifeste de la ma­
niere la plus convaincante, par exemple dans les stockwerks no. I et no. 
II du gisement aurifere.

Le stockwerk no. I est localis6 entierement dans le eorps subvoîca- 
nique AFINIS, sur la pârtie dorsale d’un “breccia pipe”, â l endroit oii 
ce dernier subit une infîexion (fig. 2). Le stockwerk a la forme d’un para- 
boloîde de rSvolution, le diam^tre a la base etant d’environ 70 m et la
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hauteur de 145 m. La pârtie apicale a la forme, d’une voute d’equilibre. 
Le stockwerk repose sur la bosse d’une cheminee volcanique. Le stock­
werk est remplis par des dalles et des blocs d’andesite, tomb^s des parois 
par un ph^nomene d’autoremblayage. Ces dalles et blocs ne depassent 
pas 2—3 m de largeur et 0,5 — 1 m de puissance, etant disposes d’une 

ALTITUDE
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Teneurs g/t'

Fig. 3. — Coupe schema- 
tique â travers le stockwerk 
no. I, reposant sur la pârtie 
dorsale d’une cheminee vol­

canique.
1, andesite hydrothermali- 
s6e; 2, brechc polygene;
3, dalles et blocs d’andesite 
mineralisee; 4, flux de la 
solution hydrothennale;
5, minerai aurifere; 6, va- 
riation de la teneur en or 
et argent ă des niveaux 

divers.

maniere chaotique. Les espaces libres d’entre eux representent environ 
de 15 ă 20% du volume total du stockwerk (Ghițulescu, Sprin­
ceană, 1959) (fig. 3).

La genese de ce type de structure, en relation directe avec la formation 
des “breecia pipes” a ete expliquee dans des travaux anterieurs (Gh i țu- 
1 e s c u, 1959 ; G h i ț u 1 e s c u et al., 1979 a) de meme que le role que 
les “breecia pipes” ont joue dans le processus de mineralisation (G h i ț u- 
1 e s c u et al., .1979 b). Les Solutions mineralisantes, en continuation de 
celles qui ont produit l’alteration hydrothermale potassique-argilitique, 
se sont elcvees en circulant par diffusion â travers le contenu poreux qui 
remplissait les “breecia pipes”, en le mindralisant par impregnation diffuse
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de pyrite aurifere. La teneur en or depasse rarement la limite d’exploi- 
tabilite.

En echange, ces Solutions ont produit une riehe mineralisation 
aurifere dans les structures ă grands espaces libres des pieges structuraux 
decrits plus băut, en generant des stockwerks auriferes a teneur d’or eievec. 
II en a rdsulte deux types de mineralisation.

V • •• ~
1 2 3 4 5

D’abord, les Solutions mineralisantes ont pen6trâ a l’interieur des 
blocs d’andesite, deja entames par l’alteration hydrothermale, cn produi- 
sant une impregnation de sulfures metalliferes â teneur d’or. Ceprocessus 
s’est deploye sous forme d’une metasomatose, dont l’intensite diminuait 
de la Peripherie vers le noyau du bloc, de fagon que ce dernier est reste 
stârile dans certains cas (fig. 4).

La mineralisation la plus riche a pris naissance par le depot des 
min6raux de gangue et metalliferes dans l’espace libre. La composition de 
cette mineralisation est relativement simple, comprenant environ 6% de 
pyrite, 3 % mispickel, 1 % marcassite, 0,2 % fer, oligiste et magndtite, 
0,1 % blende, 0,05 % alabandine, 0,05 % chalcopyrite, 0,01 % galene et 
0,01% stibiotellurure d’or et argent (Sb (Ag. Au) Fe2) (Nițulescu 
et al-, 1957). L’or est intimement associ6 au mispickel; il n’est pas visible 
meme au grossissement de 5000 X (N i ț u 1 e s c u et al., 1957).

Le produit le plus caracteristique de ce type de mineralisation est 
un depot de silice microcristalline en concrescence avec descristaux micro- 
scopiques de pyrite, marcassite et mispickel aurifere. Comme formes de 
cristallisation on remarque des panaches de marcassite filiformc ornes 
de cristaux rhombiques de mispickel aurifere (fig. 6). Ce depot se pr6sente 
sous forme de croutes silieeuses compacte» de couleur gris fonce (les croutes 
noires enveloppant les dalles et les blocs d’andesite). L’espace reste libre 
entre fes blocs est rempli, plus ou moins compl6tement, par un d6pot 
de cristaux courts et minces de quartz blanc, associes â des petits cristaux 
de sulfures metalliferes. Dans la gangue on a remarque aussi la presence de 
quelques carbonates (calcite, siderite, rhodochrosite) et de la fluorine. La 
silice libre est 1’element predominant dans les minerais, depassant 60% 
dans le tout venant et atteignant 90 % dans le minerai riche. On remarque
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une certaine proportionnalite entre la teneur en or ou arsenic et la quan- 
titd de silice.

L’and&ite des parois du stockwerk, sur1 une largeur de 3 â 4 m, 6tait 
intensivement fissuree, hydrothermalisee et miueralisee et la teneur en or 
a justifie son exploitation aux niveaux superieurs.

Fig. 5.— Coupe sehematiquc ă 
travers le stockwcrk no. II, situe 
au sommet d’un “brcccia pipe”. 
1, andâsile hydrothermalisee; 2, 
breche polygcne dans le "brcccia 
pipes” ; 3, dalles et blocs d'ande- 
site mineralisee; 4, flux de la 
solution hydrothermale; o, mi- 
nerai aurifere; 6, variation de la 
teneur en or et argent ă des 

niveaux divers.

_' II s’enșuit que la pârtie liquide des Solutions liydrothermales quittait 
le piege en diffusant et filtrant par les parois, surtout dans la pârtie apieale, 
ou la structure de Fandosite du toit est completement decomposee.
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Le stockwerk no. II, situe a 100 in du no. I est compris entierement 
dans Fandosite du meme corps volcanique, reposant sur le sommet d’un 
“breccia pipe”.

La forme du stockwerk est presque cylindroide, ă sections elliptiques, 
evasee vers la surface (fig. 5) oh Ies axes horizontaux atteignent jusqu’â 
90 m . La. pârtie apicale a et6 detruite par Fdrosion ; toutefois la hauteur 
aetuelle depasse 200 m. La morphologie interieure du stockwerk est simi- 
laire â celle decrite pour le stockwerk I, ă la difference que Ies dalles et Ies 
blocs d’andesite ont des dimensiona plus reduites et Fespace libre d’entre 
ceux-ci ne represente que 5 — 15% du volume total. La mineralisation est 
pareille â celle decrite pour le stockwerk I, mais Ies croutes noires sont 
plus minces et la teneur moyenne en or est plus reduite.

La dîstri bulion de la mineralisation dans Ies stoekwerks auriîeres

On dispose d’une information complete concernant la variation de 
la composition mineralogique et le contenu en or (reserves de minerais 
pour chaque tranche) en sens horizontal et vertical, vu que le stockwerk 
no. I a ete completement exploite et que du no. II il n’en reste que quelques 
tranches vers la base.

II en resulte de ces donnees que la teneur moyenne en or a diminue 
sensiblement du sommet vers la. base (voir Ies diagrammes des fig. 3 et 5) 
et que cette baisse a ete provoquee par un changement dans la composition 
mineralogique, respect ivement par la rdduction de la frequence et des dimen- 
sions des croutes noires, principal element de la metallisation aurifere. 
II paraît, d’apres Ies donnees de Fexploitâtion, que la concentration de la 
metallisation n’a pas atteint son maximum dans le sommet meme du 
stockwerk no. I, mais un peu plus bas, dans Ies tranches autour du niveau 
+ 130 (par rapport a la base). De meme, Ies tranches Ies plus riches en 
or dans le stockwerk no. II ont ete tronv^es entre Ies niveaux + 152 m 
et -r 127 m au-dessus du meme repere. A ces niveaux, l’abondance des 
croutes noires etait Evidente. Leur puissance atteignait a 3 — 4 cm, dans 
le stockwerk I, et enyiron â 2 cm dans le stockwerk II. II etait frappant 
de constatei’ la raret6, le rapetissement, voir la disparition de ces croutes 
vers la base du stockwerk et leur absence dans la breche polygene qui rem- 
plie Ies “breccia pipes”. Nous connaissons une seule exception a cette re- 
marque d’ordre general, qui a eu lieu dans la cheminee de la base du stock­
werk no. II, au niveau — 40 m sous le repere de la galerie principale. On y 
a exploite une accumulation de minerai riche, a croutes noires, dans une 
pârtie contenant des blocs d’andesite. En sens horizontal, il faut signaler 
dans le stockwerk no. I une tendance d’enrichissement du contenu aurifere 
vers Ies bords.

En guise de conclusion, on apprecie que l’indice de concentration de 
la metallisation a ete d’environ 4,5 fois dans le stockwerk I et de 3,2 fois 
dans le no. II. Ces indices caracterisent approximativement la difference 
de teneur et de contenu aurifere entre Ies parties Ies plus riches du niveau 
sup^rieur par rapport aux parties plus pauvres de la base des stoekwerks.
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Le role de ”I’effet de piege” daus la eoncentration de la metallisation

Nous attribuons les differences de eoncentration de la metallisation 
sur la verticale, celles dderites plus haut pour les deux stockwerks, â “l’effet 
de piege” exered sur les Solutions hydrothermales pai1 des structures ameu- 
bli^es etâ espaces libres. Le processus a pu se ddrouler de la fagon suivante.

II est Evident que les Solutions hydrothermales se sont eievees des 
voussoirs magmatiques pai1 diffusion â travers la matrice, remplissant 
les “breccia pipes”, dans un etat de pression et de temperature suffisam- 
ment eievdes pour fournir l’energie necessaire â vaincre la contre-pression 
hydrostatique et surtout la resistance beaucoup plus grande opposee par 
les forces d’adhesion du liquide aux particules tres fines du cendre volca- 
nique. Nous imaginons un mouvement assez lent de la solution composee 
d’une phase liquide et de nombreuses phases gaseuses correspondant aux 
divers composants volatils des mineralisateurs.

On constate que dans cet etat l’activite de metallisation a eu une 
intensite tres râduite, produisant une impregnation de pyrite avec tres 
peu d’or.

En debouchant dans le piege, la detente et la baisse correspondante 
de temperature ont determine le degagement des phases gaseuses, qui se 
sont concentrees vers la pârtie superieure, avec leur plus grande richesse 
en arsenic et or. La phase liquide a echappe du piege en filtrant pai' la 
paroi, ce qui a permis un renouvellement continuei de la solution mine- 
ralisante. Pendant la dur^e assez longue du processus a pu intervenir un 
certain changement dans la composition de la solution et un refroidissement 
avec d^position du gel de SiO2 et de FeS2 (ddposition du melnicovite). Les 
determinations gdothermom&riques ( Borcoș, 1968) ont indique des 
tempdratures de formation dans ces stockwerks auriferes de 190°—200°, 
mais par endroits celles-ci ont pu etre plus basses.

La conception gdnâtique expos^e fournie une explication plausible 
pour tous les faits, concernant la eoncentration de la mindralisation dans 
le gisement de Baia de Arieș.

Quelques observations sur d’autres corps de minerais

La minerali sat ion des autres stockwerks auriferes (no. III, IV, V, 
VI, VII) ressemble â celle decrite plus haut. Par endioit, on observe 
certains 6carts dans la distribution de la min^ralisation en relation avec les 
differences dans la morphologie des pieges structuraux.

' Les filons auriferes, simples fentes dans le massif and6sitique, 
peuvent etre consideri Egalement des pieges structuraux, qui ont ete 
alimentă par les memes chemin<*es volcaniques.

Dans le gisement polymetallique d’AAIBRU, les Solutions hydro- 
thermales, arrivdes par de nombreux “breccia pipes” ont diffus6 dans la 
structure extremement tectonice et ont 6te captees dans les pieges cons- 
titu^s pai' les derans de bancs de calcaires cristallins. II en a rdsulte les 
amas extremement riches de galene, blende et pyrite.
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Conclusions

L’experience de Baia de Arieș represente un exemple convaincant 
pour le role que les pieges structuraux peuvent jouer dans la coneentration 
des minerais et la distribution de la mineralisation en sens vertical. Dans 
une solution hydrothermale qui a subit un arret et une detente dans 
un piege structural, les phases volatiles des divers min^ralisateurs se 
d^gagent et se distribuent en fonction de la tension de vapeur de la 
composition, de la temperature et de la pression ou du systeme. Les diffe­
rentes phases deviennent chimiquement actives par affranchissement ă 
des niveaux convenables, ce qui fournit une explication pour la distribu­
tion de la mineralisation dans des systemes metallogeniques plus compli- 
ques que celui de la Baia de Arieș.
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Introduetion

This study continues the petromagnetic investigations initiated by 
Rom an eseu in 1963 in the Metaliferi Mountains and extended in 
some other regions of the country. The results were partially published 
(Roman eseu, 1963 a, 1963 b, 1969, 1970, 1972; Ghițulescu 
et al., 1981).

The investigated area — a classic one for the Neogene magmatism 
and its associated metallogenesis knowledge in the Romanian Carpathians 
Mountains — is to be found in between Crișul Alb and Arieș rivers. The 
main aim of this study is to solve some petrologie and prospecting problems 
using geologic and petromagnetic data. That’s the reason Avhy we have 
chosen some geologically well-known structures in the Brad and Baia de 
Arieș areas with a view of correlating some magnetic and petromagmatic 
data. The influence of the very intensive hydrothermal processes in this 
zone on the magnetic parameters, has also been taken into account.

A Briei Geological Survey on the Neogene Magmatism in the Studied Area

In a classic geological eonception, the Neogene eruptivism represents 
the third magmatic episode in the Mureș eugeosyncline after the inițial 
simatic magmatism and the banatitic epirogenic sialic one. The Neogene 
eruptivism has developed in 4 phases, whose ages could be well established
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in comparison with the Neogene molasse sediments. We could separate 
eruptive series of ejeeta as stratigraphic categories (Ghițulescu, 
Socotesc u, 1941; R ă d u 1 e s c u, B o r c o ș, 1969).

Detailed geological surveys at the surface, in galleries and wells have 
permitted distinguishing two kinds of structures : infrastructures within 
the pre-eruptive basement and suprastructures lying above it. The first 
ones contain the volcanic chimneys enlarged near the contact with the 
surface, which we named “inițial crater”. The volcanic chimneys are 
filled with polygenous breccia composed of rock fragment» and blocks 
in a volcanic ash matrix. Lavas piled up by successive ejeeta are sometimes 
to be found in the “inițial crater”. The chimney and the crater are pene- 
trated by necks and subvolcanoes which can fiii the whole cavity. We use 
the synthetical denomination of “enrooted structures” for chimneys, 
inițial craters, necks, apophyses and dykes and also for breccia pipes which 
rove through all mentioned formations.

The suprastructures contain also volcanic tuffs and pyroclastics, 
as well as lavas and pyroclastic lavas which build up the volcanic cones and 
the effusive ejeeta around them. We caii these formations ”extracraterial“ 
in comparison with the inițial crater. The above-mentioned structural 
differentiations and classifications play an important part in the prospect- 
ing works in the Metaliferi Mountains, because all the economically impor­
tant deposits are directly bound up with the enrooted magmatic structures. 
Even P a 1 f y (1912) remarked the preferențial positions of the gold veins 
on the edge of the volcanic necks. Actually, the most favourable positions 
are the subvolcanic body apexes and their apophyses as well as the boundary 
of breccia pipes (Ghițulescu et al., 1979 b). The special interest 
in the structural category Identification in the prospecting work is to be 
developed. One of our main goals is to find out specific petromagnetic char- 
acteristics for each kind of structure to be used as a quantitative criterion 
for the petrologie and prospecting works.

Petromagnetic and Petrologie Data

An important number of magnetic susceptibility (MS) and natural 
remanent magnetization (NRM) measurements on oriented samples have 
been performed. The results are indicated in Table (lines 1—24 for the 
Brad area and 25—60 lines for the Baia de Arieș area). The columns show 
the age, the eruptive phase, the geographical position, the rock species, 
the type of alteration (propylitic, hydrothermal, hypergenetic) and the 
mean values of magnetic parameters for each structure. The fresh state 
does not exclude modifications taking place during the magmatic stage, 
of importance in the interpretation of magnetic parameters.

A significant difference between the two regions is to be noticed. 
In the Brad area, the Neogene magmatism settled up from its very begin- 
ning, in the Lower Badenian or even earlier, developing in the first and 
second phases, which are missing in the Baia de Arieș area. The third phase 
(Barza Series) was more intensive, diversified and largely developed in 
the Brad area than in the other areas. On the contrary, the fourth phase 
is better represented in the Baia de Arieș area. This suggests some differ-
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5 STRUCTOGENETIC, PETROMAGNETIC STUDIES - METALIFERI MTS 193

ences concerning the contemporary rock series formation conditions 
which could have influenced the magnetic parameter values.

Other magnetic parameters which are not presented in Table are 
to be discussed in some future studies on the above mentioned structures.

Sonic Petromagnetic Charaeteristies oî the Investigatei! Eruptive 
Structures

Intracraterial lava structures

Many inițial crater inf rastru ctures filled with andesitic lavas become 
visible due to the high erosion degree in the area. Others could have been 
identified in galleries. In the Baia de Arieș area we studied two structures 
of this type; one in the Valea Socilor (Hărmăneasa) and the other in the 
Colții Bazarului volcano (south of Baia de Arieș). In the Brad area we 
investigated the Măgura Curechiului, Pietrosul of Criscior, Măgura on the 
Arsului Valley and Criscior Hill of Tărățel structures.

The petromagnetic charaeteristies of the Barza andesite series and 
the. Cetraș dacoandesite series5 which filled the inițial crater, are indicated 
in Table (lines 6,7,17,18, 28—32). The lava NRM has usually values lower 
than 1000.10-8 CGSu, but some exceptions occurring in the Colții Lază­
rului volcano, where the measured values in the lava like rocks exceed 
this limit, are to be mentioned. Such situations appear in the subvolcanic 
apophyses and neck injection area, for example near the Catz and Tuții 
necks (Tab. lines 33 and 34) where the mean values are over 1000.IO-6 
CGSu, or in the Valea Ambrului spring zone, the mean value being of 
810.IO-6 CGSu. These cases require a more detailed petrologie investi- 
gation in order to delimit the injection areas. The values presented in his- 
tograms (Fig. 1 a) point out dominant petromagnetic charaeteristies of 
the intracraterial lavas and the mentioned exceptions, too. MS values are 
normal for the respective type of rocks.

Extracraterial lava structures
These types of lavas are well developed in the Brad area, where the 

effusive ejecta created by the Barza and Cetraș andesite series were not 
eliminated by glyptogenesis. Most of them are of pyroclastic type (U n g u- 
reanu et al., 1978).

The petromagnetic parameter values are represented in Table, in 
lines 14—16 and 19 for the normal lavas and in the 8, 9 and 21 lines for 
the pyroclastic ones. In the pyroclastic lavas the somehow greater NRM 
values are explained by the presence of older andesite fragments caught 
in the lava matrix. The NRM measurements showed that the lava matrix 
has NRM values in the interval 400—500 .IO"6 CGSu and the polygenous 
blocks, in the interval 1900—2950.IO-6 CGSu.

Among the structures created in the Barza Series the structure we 
discovered on the Barza Valley is to be mentioned. AII the geologists 
have considered these rocks as lava flows, so far. The microscopic studies 

3-C.79 21
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show that the rock is a microporphyrydiorite made up of a plagioclase 
crystal paste and femic mineral phenocrysts, completely transformed in 
different neominerals.

MAGNETIC
SUSCEPTIBILITY

natural remanent 
MAGNETIZATION 

(In)

<0

C 5 '.O 15 K 25"so 55 iO ;■ SC -'- * C 5 10 22 K> 160 320 12S0 2560. ic'* COSu

Fig. 1.— Synthetic liisto- 
grams of the magnetic sus- 
ceptibility (I) and natural 
remanent magnetization 
(II) foi- the structures in 
the Metaliferi Mountains 
(Brad and Baia de Arieș) 
areas).

The MS values are within normal limits for this tvpe of rock, but the 
NRM has relatively low values.

As mentioned above, the fourth phase produced andesites and 
basalts, very well developed in the Baia de Arieș area. The extracraterial 
laț as of the Rotunda-C-ărpiniș-A îrtop volcano, some of them alternat ing 
v ith pyroclastics and in pyroclastic facies, have a normal mean suscepti- 
bihty for igneous formations and relatively low NRM values (Tab., line 5).

1 he extracraterial lava flows in the same phase occur on the Ursii 
Hill (Tab., lines 44, 4< and 48) having NRM values lower than for the 
rocks belonging to the necks of the same phase. for example at Suligata 
(Tab., lines 49, 50).

Regaiding the petromagnetic characteristics of the Neogene lava 
in the area, we conclude that the intracraterial lavas (Fig. 1 a) and the 
extracraterial lavas (Fig. 1 b) have low and very low NRM values, the 
exceptions being petrologically explained.
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7 structogenetic, petromagnetic STUDIES - metaliferi mts 195

Necks, subvolcanoes, apophyses, dykes

These kinds of structures appeared in a large number during the 
second and the third A phases, both in the Brad and in the Baia de Arieș 
areas, but few of them are in a fresh state, for example, the necks from 
Dealul Măgura and that from the mine south of Musariu (Brad area). The 
petromagnetic study of many oriented samples shows that the MS values 
are similar to those of lavas but the NEM values are much greater (Tab., line 
12 ; Fig. 1 c).

In the Baia de Arieș area the Afiniș subvolcano (E o m a n e s c u, 
1963 ; G h i ț u 1 e s c u et al., 1981),partially propylitized, partially inten- 
sively hydrothermalized, has been investigated. In the first zone the MS 
varies within normal limits, and NEM has high and verv high values 
(Tab., line 26).

One can see an obvious difference between the lava and the enrooted 
body magnetic parameters, in the Barza Series rocks, namely, the NEM 
is low and very low for lavas and high for necks and subvolcanoes.

This difference is more striking for the dry magma of the third B 
and fourth phases. In the Colții Bazarului voi cano, the andesites constitut- 
ing the necks and subvolcanoes in the Catz, Baia Eoșie and Vîrful Tuții 
hills and the apophyses and dykes in the volcanic area present considerably 
higher values for the NEM, for example 55260.IO-6 CGSu in the Catz 
neck center (Tab., lines 38—40), the NEM values diminishing towards 
the edge zone (Ghițulescu et al., 1981).

The dacoandesites in the same phase constituted a volcanic cluster 
in the Poienița Mountain, containing lava craters such as the Valea Steui- 
nilor structure (Tab., lines 56 and 57) and necks on the Poienița Peak 
(Tab., lines 42 and 43). In the latter case we get high and very high 
NEM values, but normal MS values.

In the Brad area, the dacoandesites and the dacites in the third B 
phase are developed in the Cetraș-Duba-Bulzu Belt. Eo mane seu 
(1970) carried out some petromagnetic investigations for the Cetraș neck, 
getting very high values for NEM and for the Konigsberger coefficient, too 
(Tab., line 23). A part of these excepțional high values might be attrib- 
uted to the isothermal remanent magnetization produced by thunder- 
bolts.

In the Baia de Arieș area, the Măzăratu (Tab., line 45), Suligata 
(Tab., lines 49, 50) and East Geamăna (Tab., line 55) structures have 
been studied ; all of them are macroporphyric andesite necks formed during 
the fourth phase (Pliocene). NEM and Konigsberger coefficient have high 
values contrasting with the low or average ones of the surrounding lavas 
of the same phase (Tab., lines 44, 47, 48).

The only known neck in the Brad area (Zîmbrița), created in the 
fourth phase has been investigated (Tab., line 24); its petromagnetic 
characteristics are similar to those of the necks in the Baia de Arieș area.

Pyrodastic deposits and volcanic chimneys
The charaeteristic formations of these structures are volcanic breccia 

made up of ash and fine fragment matrix and blocks of different origin

21
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b

fig- 2. — Q— Indiagram for the structures in the Brad (a) and the Baia de Arieș
(b) areas.

1, Necks, subvolcanoes, apophyses, fresh rocks; 2, hydrothermalized rocks; 3,
intracraterial lavas; 4, extracraterial lavas.
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and dimension roeks. Some matrix samples drawn in a borehole penetrating 
800 m in the Colții Lazărului volcanic chimney provided MS values of 
210-780.IO-6 CGSu and NBM values of 70-260.IO"6 CGSu.

The petromagnetic investigations could become useful in establish- 
ing the origin of the endogenetic rock fragmenta to be found in the above 
mentioned formations.

The effect of the hydrothermal alteration procese on the magnetic parameters
The papers dealing with this subject (Ghițulescu et al., 1981) 

pointed out that the regional propylitization process might not affect 
the magnetic parameters while the potassic alteration process reduces 
both the MS and NBM values. Mention should be made that this diminish- 
ing is more rapid for NBM, suggesting the possibility of some practicai 
applications in the prospecting works.

Conelusions

Our experimental results, partially used in this paper, led us to some 
interesting conelusions with regard to the possibility of getting some char- 
acteristies which allow an identification and separation of the Neogene 
magmatic struetures in the Metaliferi Mountains.

The first conclusion is that the MS values of the Neogene igneous 
roeks in fresh state (Fig. 1, Ia, b, c) are within the same Ihnits for any kind 
of strueture (intracraterial lavas, extracraterial lavas, necks, subvolcanoes, 
apophyses, dykes) and any petrographic composition of the andesites, 
dacoandesites and dacites.

The second conclusion is that the NBM values (Fig. 1, II a, b, c; 
Fig. 2 a, b) are much lower for the intracraterial or extracraterial lavas than 
for the roeks of the same petrographic species in fresh state constituting 
necks, subvolcanoes, apophyses and dykes — the NBM values for the last 
being high or even very high. We noticed that the NBM values are some- 
times lower in the edge zones of the ehrooted bodies (Fig. 1, II c). Also, 
we pointed out that the Kbnigsberger coefficient values are much higher 
for the igneous roeks generated in the final phases (Tab., Fig. 2 a, b) 
after the main mineralization phase, than foi’ the roeks created in the earlier 
phases. We think that it might be due to the different magma state.

The potassic hydrothermal alteration process acted differently in 
diminishing the MS and NBM values. The way the mineralizing hydro­
thermal phenomena are reflected in the modifications of petromagnetic 
rock parameters might offer new perspectives in the prospecting works.

The last conclusion is on the usefulness of diversifying the petro- 
magnetic researches. Therefore it is necessary to determine the primary 
remanent magnetization, the remanent magnetization vector orientations 
and the magnetic susceptibility anisotropy. Thus, it would be possible to 
develop a complex geologieal — petrophysical method able to solve many of 
the structural and metallogenetic probleme in the Neogene magmatism area.
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4 Basalt belonging to the alpine ophyolites.
5 Series composed of dacites and andesites
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Introduetion

The world energetic crisis, becoming apparent recently, reqnires 
intensive investigations of energetic mineral raw materials. Among them 
the nuclear raw materials occupy an important place.

The nuclear raw materials, especially uranium, appear as one of the 
most important energy sources. The need for uranium as source of energy 
will increase in the next period of time. Thus the attention must be 
directed to the discovery of new ore deposits. In the last twenty years 
sedimentary rocks were predominant in uranium production with further 
tendency to increase.

Geographic location. The studied area occupies some 500 sq. km in 
south Sumadija, aligned with Zapadna Morava, Ljig, Gruza, Rudnik 
and Belanovica. This is a hilly area of Rudnik, Borac, Kotlenik, Rajac and 
other mountains, forming northwest-trending ranges with altitudes of 
about 600 m, with the highest peak Sturac (1132 m).

Previo-us investigations. Researches of nuclear raw materials started 
in Sumadija in 1951 and in this area in 1964. According to the informa- 
tion obtained by airbome and hydrogeochemical prospection, geologica!, 
geophysical and geochemical investigations have been done, resulting 
in the discovery of numerous ore occurrences, anomalie» of radioactivity 
and geochemical anomalies, as well as one uranium ore deposit.

Research works were reopened in 1976, after preliminary metallo- 
genetic studies and reconnaissance of the ore con trolling factor» in the areas 
promising for the discovery of buried ore deposits.
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Geological-StrucLural Setting

The Borac-Rudnik area consists chiefly of Paleozoic schists, Meso­
zoic molasse — carbonate sediments and a Cainozoic volcanic — sedimen­
tary sequence, forming Middle and Upper structural stages. The Lower 
structural stage constitutes (1) the sequence of sericite-chlorite and phyllite 
schists, then schistose sandstones and limestones. The oldest rocks are 
sericite schists from the lower part of this structural stage, including lenses 
of graphitic schists without any fauna! evidence of ago. Comparing with the 
age of the corresponding schists of the Serbian-Macedonian masa, Eastern 
Serbia and Macedonia, the writer adopts the Lower Paleozoic, most pro­
bable Cambrian-Ordovician age for the sericite-chlorite schists of the 
studied arca. The upper part of this structural stage consists of phyllitic 
schists, probably Silurian in age, then of Devonian schistose sandstones, 
as well as of Upper Permian sandstones and limestones.

The Middle structural stage incorporates Lower-Upper Triassic 
limestones, marls, sandstones and dolomites, unconformably underlain 
by a metamorphic sequence, then .Jurassic serpentinites and serpentinized 
peridotites, gabbros, limestones, argillites, sandstones, conglomerates and 
conglomeratic sandstones, and finally Cretaceous sandy marls, limestones, 
flysch, clastics and sandy-marly limestones.

The Upper structural stage consists of (2) Oligocene dacitic-andesitic 
pyroclastics, dacites, andesites, quartz-andesites and altered andesites, up 
to Miocene conglomerates, argillaceous marls, sandstones, tuffs, quartz- 
latites, quartzlatitic ignimbrites and pyroxene dacites, then of Mio- 
Pliocene clastics, limestones and carbonaceous clays, Pliocene tuffs, tuf- 
fites, labrador andesites and trachyandesites, up to Quaternary deposits.

In the Rudnik Mountain the limited outcrops of Paleocene granit ic 
rocks (quartzdiorite, granodiorite, quartzmonzonite, granitemonzonite, 
minette and graniteporphyry) are known.

Volcanic-activity is related to the development of Neogene lacus­
trine basins. Several volcanic phases were inaugurated by alternated tec­
tonic movements starting from Oligomioccne up to Pontian, influencing 
the form of lake basins.

During the first, pre-Miocene phase daciteandesites and large masses 
of pyroclastics were largely extruded; the second-Miocene phase produced 
quartzlatites and dacites ; in the third — post-Miocene phase came amphi- 
bole-pyroxene andesites, andesite-basalts and basalts followed by large 
quantities of pyroclastic material.

Tertiary volcanics are restricted to the calcalkalic type, mostly of 
the granodioritic and opdalitic magma. According to the Chemical compo- 
sition, andesites and datites are acidic rocks, rich in silica and potassium in 
all the rock types, indicating the latite-quartzlatite characteristics of 
magma.

The Borac-Rudnik arca is restricted to the geotectonic zone of the 
Internai Dinarids, exhibiting complex structural features, including inter­
nai, medial and externai subzones. It is situated in the internai bordei’ of 
the Dinaric orogen, faced with the Serbian-Macedonian zone. The area is 
accordingly restricted to the Vardar-Sumadija geotectonic zone and the 
Sumadija ore district. It is bounded to the east by the Central-Sumadija 
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north-northwest trending fault zone (8). It has been reactivated in different 
epoehs, also recently, influencing the facial development of this area as 
well as the distribution of ore districts including Pb-Zn and other mineral- 
izations.

Beside this fracture system of the first order, numerous large second 
order northwesterly trending fault structures are present, accompanied by 
numerous rhird order fractures of the east-west and northeast trend.

The Paleozoic schist sequence constitutes the Divcina anticline with 
a. northwest trend of the axis, restricted to the Caledonian orogenesis. 
Schists exhibit minor fold structures, of metric and decimetric size, show- 
ing foliation with both northeast and Southwest dips.

Alpine post-Cretaceous orogenic movements produced the folding 
of the Mesozoic sedimentary complex, created the new fault structures as 
well as the reactivation of ancient structures. Serpentinites overthrust 
the Triassic and Permian sediments pronouneing imbricated structures.

Finally, in this area, many morphostructural units of different 
shape and lithofacial development are to be distinguished : depressions 
with volcanogenetic complexes, depressions with pyroclastics, disloca- 
tions, formations of volcano-sedimentary deposits and volcanogenetic 
zones.

Ore Deposits

Uraniferous area is disposed in the Internai Dinarids as a general 
geotectonic unit with specific metallogeny and petrogenetic complex. 
Tectonic style and metallogeny have been developed aceording to the 
tonalitic system of deep faults of planetary size,resembling the lineament 
in the Earth crust, which was active from Archaic up to Quaternary, 
as a line of the continental drift. This system of deep fractures was reacti­
vated and served for the penetration of the intrusive and extrusive ig­
neous roeks.

The Sumadija ore district was the scene of possible Caledonian or 
Variscan and Alpine metallogenetic events, follpwed by pre-Alpine and 
Neo-Alpine stages. The typomorphism of the uranium mineralization is 
typical for the Variscan and Alpine orogenic and postorogenic stages, less 
expressed in geosynclinal stages.

In the Dinarids, the metallogenetic climax was reached in the Cale­
donian and Variscian epoch and in the Serbiahrălapedonian mass it cul- 
minated in the Alpine or Neo-Alpine epoch. This late event coincides with 
the metallogenetic climax in the Sumadija ore district.

Uranium ore occurrences are found in volcanic, volcano-sedimentary 
and metamorphic roeks. Uranium in volcanics has been related to the shear 
zones, single veins and also occurs as impregnation. In altered dacites 
and quartzlatites the thickness of these zones varies from 0.1 —0.8 m and 
uranium grades from 0.01 — 0.25%, coinciding with cryptocrystalline 
apatite. In the altered andesiticbreccias the thickness of the uranium bear- 
ing zones varies from 0.5—1.25 m, and grades of uranium are 0.0047 — 
0.066%.
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Most of uranium ore occurrences are restricted to the Borac calderas, 
most of them cormected to the Trijeska neck, where the uranium has been 
deposited in fissures with opal veinlets and apatite.

In the Livadak locality uranium mineralization occurs in fine- 
grained kaolinized volcanic breccias and clayey veins with illite, apatite 
and sporadic pyrite and chalcopyrite. In a similar way appear the Laz and 
Strane uranium mineralizations.

The Spasovina uranium ore occurrence in the volcanic-sedimentary 
rocks is disposed in the altered andesitic breccia, accompanied by clay, 
opal, limonite and apatite as bearer of uranium and polymctallic accessory 
minerals. In the Jasike locality, uranium with apatite is associated with 
pyrite and magnetite. The depth of uranium of this type is limited, about 
50 m from the surface.

The origin of these mineralizations is polyphase ((5) being different 
for apatite, originated from solphatara and fumorala activity, and uranium, 
leached by surface water from the surrounding rocks. It is supposed that 
chief uranium amounts have been deposited much more in depth con- 
nected with volcanic cupolas of the subvolcanic bodies etc, as well as 
trapped by fault clay and other screen types.

Uranium mineralizations in metamorphic rocks arc deposited in 
graphitic schists, during the hydrothermal stage associated with paleo- 
volcanic centres remarkable in scanograms as ring structures. The Mandre 
uranium ore occurrence is tracable for 100 m, 0.7—1.7 m in thickness; 
uranium grades are 0.0050—0.093%. The vein filling is crushed and argil- 
lated graphitic schist, uranium mineral is pitchblende, associated with 
pyrite, chalcopyrite, tetrahedrite, marcasite, galena, ankerite, dolomite 
and calcite, as well as with sporadic martite, magnetite and chromspinel, 
radiobarite and siderite. Pitch blende occurs as isolated grains or coatings.

Out of the uraniferous Borac-Rudnik area, in the northern part of 
the Sumadija uranium district there occurs the Bukulja uranium ore local­
ity related mostly to granitic rocks, but a considerable amount of uranium 
is related to the sedimentary and volcanic rocks. Those are hydrothermal- 
epithermal and infiltration types of mineralizations represented by 
pitchblende as chief uranium mineral.

Metallogenetic Studies
Metallogenetic studies of the area, realized by formational analysis 

(7), suggested the postvolcanic-postmagmatic hydrothermal origin' for 
sporadic uranium concentrations, characterized by the following types of 
uranium ore deposits.

a) Endogenous epithermal ore deposits in permeable rocks of 
volcanic-tectonic depressions, with sedimentary fillings, and profound 
geologic significance.

b ) Exogenous epigenetic ore deposits in the marginal parts of inter- 
mountainous depressions, built up of continental grey bituminous-lime- 
stone, carbonaceous or red sedimentary formations, also in limited inter- 
mountainous depressions, old river beds and marginal zones of epiconti- 
nental basins with alluvial-proluvial variegated rocks.

Institutul Geological României
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There is a certain probability that the vein and stratifonn epithermal 
uranium ore deposits, related to paleovolcanic structures, be found in 
structures of calderas, necks, explosive breccias and dislocations of second 
and third order, in altered rocks, traced by aureoles of hydrothermal 
uranium. Thus, the most promising are the marginal parts of the Borac 
caldera and Mandra, less in the marginal parts of other calderas.

Here is also a probability that the corresponding epithermal ura­
nium ore deposits be discovered in the volcano-sedimentary complex 
near Mandra. This is evidenced by numerous aureoles of dispersed ura­
nium oxide and mercury, outcrops of altered rocks and other phenomena 
characteristic for the volcanic complex.

It is possible that the epithermal vein and stratifonn uranium ore 
deposits be discovered in the sericite-chlorite schists, under graphitic 
schists, than in altered volcanic breccias, in the form of the stratifonn 
diagenetic-sedimentary mineralization near Mandra.

Finally, the buried exogenous infiltration-diagenetic or hydrothermal 
uranium^- concentrations may be found in elastic continental sediments 
with organic material in the gulfs of the Borac and Eudnik volcanic 
complexes.

Origin of Uranium

The origin of uranium studies has generally been considered to be of 
profound geologic significance for the discovery of buried uranium ore 
deposits.

Difficulties arose because of the insuffieient reconnaissance of the 
metamorphic rock sequence, the lack of isotopic age determinations, limi- 
ted outcrops and the complexity of the structural and geologic features, 
marked by repeated tectono-magmatic activity. To exceed the conflic- 
ting evidence of incomplete information, different studies and conside­
rație ns have been performed and discussed. These are structural-formatio- 
nal metallogenetic considerations, remodelling of the geologic development 
of the Sumadija area, familiarizing with the evolution of the worid uranium 
deposits of corresponding type (5) which are largely commented.

As a result of these studies it was concluded that the rocks of the 
pre-Cambrian or Cambrian central mass, existing beneath the Mandra 
metamorphic (Silurian?) schists, were the primary source of uranium, 
dispersed after the destruction of the core and partially redeposited in 
black shales and other geosynclinal rocks. Latei’ orogenic and magmatic 
events introduced uranium either of magmatic origin or remobilized from 
uraniferous sedimentary rocks and black shales.

Borac and Mandra uranium ore occurrences were actually created 
by the remobilization of uranium from black shales, in the way of leaching 
by postvolcanic hydrothermal Solutions during the Alpine orogenesis.

Primary syngenetic-diagenetic uranium, associated with the carbo- 
naceous material, was redistributed during the metamorphism. Tectono- 
magmatic reactivations, accompanied by postmagmatic hydrothermal 
activity in the Hercynian and the Alpine orogenic stage,could restore dis­
tribution of uranium, resulting in the creation of buried polygenetic eco-
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nomic uranium mineralizations. Mandra and Borac uranium ore occur­
rences could be the indicators of sucii a buried mineralization (9) or con- 
centrations of uranium in underlying black shales.

The sharp decline of uranium contents in the deep parts of. the Mandra 
ore veins speaks about separate and subsequent deposition of uranium. 
Argillization of country rock prevented the introduetion of larger uranium 
quantities in this deposit by open channels. By this means, the size of 
the actual ore occurrences is not a good indicator for uranium concentra- 
tions in the underlying met’amorphic rocks. However, reduced uranium in 
the deeper part of veins, speaks about the relatively limited depth of 
uranium-bearing rocks (500—1000 m).

The relation of other uranium ore occurrences of Bora6 with the * 
uranium from black shales has been confused by three or more successive 
stages of the volcanic activity.

At the end, it should be defined that the origin of uranium in the 
aspect of discovery of the buried stratiform uranium concentrations in 
the anticlinal core of the metamorphic sequence in this area, is of essential 
importance for further orientations of investigations in Sumadija and 
Yugoslavia as a whole.
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ALEXANDRU Z. MANEA 2

fntroduetion. The magmatic rocks of the region between Șaua Li- 
liana and Valea Galbena have not been mentioned or studied so far. They 
make up a series of dykes and bodies that pierce the sedimentary cover. 
The above mentioned area is situated in the NW part of the Bihor Massif 
that was investigated as early as the 19,h century by P o s e p n y (1874) 
and P r i m i c s (1892).

In our century, namely in the 50les, the geological research of the 
massif gains ground due to the researches undertaken by A r a b u (1941), 
Krăutner (1941), Giușcă (1950), Bleahu (1957), B 1 e ah u, 
Dimitrescu (1957), D i m i tr e s c u (1959, 1969), B 1 e a h u, M a n- 
t e a (1962), R a f a 1 e t (1963), Ist rate,Preda (1970), B o r d e a, 
Bor dea (1973), Manea (1973), Manea et al. (1975), Bor de a 
et al. (1975), Is trate (1975), lanoviciet al. (1976), Manea, 
S e r i n i (1980), that bring important petrographic, stratigraphic and 
structural contributions.

Region’s geology. The investigated area is characterized from the 
point of view of geology by the existence of sedimentary formations that 
structurally belong to the Bihor Autochthon, being assigned to the Kim- 
meridgian-Tithonian and Barremian-Aptian, as well as to the Arieșeni 
Unit, with epicontinental formations assigned to the Permian and forma­
tions representing the Codru Nappe System, assigned to the Lower and 
Middle Trias. Among the mentioned units there are only disjunctive rela­
tions. So, between the Bihor Autochthon and the formations belonging 
to both the Arieșeni Unit and the Codru Nappe System there appears 
the Cresuia-Galbena-Arieșeni fault, with regional character, trending 
NNW-SSE; between the Arieșeni and Codru Units there is the Muncelul- 
Plăiuț-Păuleasa fault, trending ENE-WSW. Besides the sedimentary 
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formations, the magmatic rocks of the banatite group participate in the 
geologic configuration of the region.

Magmatic rocks petrography. According to their mineralogic compo- 
sition, on the basis of structural, textura! and Chemical characters, the 
studied magmatic rocks have been grouped in : andesites, rhyolites, por­
phyric granites and lamprophyres.

Microscopic studies have permitted the separation in the andesite 
group of the following types : basaltic andesites, andesites with pyroxenes 
± hornblende ± biotite and quartziferous andesites. Generally the ande­
sites are made up of a pilotaxitic mass with microlitic character, in which 
feldspar phenocrysts, femic minerals and even quartz are included. The 
feldspars are calc-sodic and appear as phenocrysts oi* microlites or even 
porphyric fractions. Function of the petrographic type, the plagioclases 
appear under the form of long, often zoned with 55 — 60% An (basaltic 
andesites) or hypidiomorphous phenocrysts, and sometimes cataclased 
ones, with complex macles (andesites with pyroxenes ± pyroxenes ± 
biotite). In this case the phenocryst core is more basic and the edges more 
acid, corresponding to andesine (the extinction angle is 20—26°). The 
phenocrysts are sometimes replaced by big epidote nests,or are slightly 
argillized,carbonatedormore rarely sericitized,andinthe case of quartzifer­
ous andesites, together with plagioclase crystals there appear quartz pheno­
crysts corroded by the groundmass. The phenocrysts are sometimes pierced 
by veinlets filled with chlorite, epidote and calcite.

Femic minerals are represented by pyroxenes (augite), that appear 
in short prism crystals, with twins and chloritizations. Crystals with 
octagonal outline or basal sections of rhombic pyroxenes (hyperstheneî) 
have also been notieed, but in most cases there are typical basal sections 
of idiomorphous pyroxenes corresponding to clinopyroxene, and in some 
sections there appear actinote pseudomorphoses and especially cases in 
which the pyroxenes are replaced by sheaf-like actinote. The pyroxene 
phenocrysts are not big and do not differ from those in the groundmass, 
and in the cases of replacements by actinote, this one is associated with 
carbonates or with chlorite and epidote. But for pyroxenes, in the ande­
sites with pyroxenes ± hornblende ± biotite, the amphibole is represent­
ed by hornblende that appears in intensely resorbed phenocrysts with 
idiomorphous outlines. They exhibit poikilitic structures, marked by 
small plagioclase and pyroxene inclusions. Often, the phenocrysts have 
a rather big, brown core, with intense pleochroism and a 5—6° extinction 
angle. In the quartziferous andesites, hornblende appears in lamellar 
phenocrysts, with long habitus and outlines irregular in shape or changed 
by weathering in chlorite, epidote and hydromuscovite.

At all the petrographic andesite types, the groundmass is fresh, with 
microlitic character, made of plagioclases, partially chloritized augite, 
rod-like in the case of basaltic andesites-microlites and grains with irregular 
outlines of feldspars, quartz and femic minerals of slightly modified coin- 
position at the other types. The rock is pierced by veinlets filled with epi­
dote or calcite and adularia.

Basaltic andesites build up an almost circular body placed west 
of Poiana Vîrcioroagele. They marginally pass to the facies of andesites
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with pyroxenes ± hornblende ± biotite and pierce the Anisian dolomites 
of the Codru Nappe system.

The andesites with pyroxenes ± hornblende — biotite together 
with the lamprophyres make up pairs of veins placed between the Wer- 
feniaix quartzitic sandstones with Anisian dolomites and the black limesto- 
nes with Ladinian siliceous accidenta that also belong to the Codru Nappe 
system situated east of Poiana Vîrcioroagele.

Quartziferous andesites represent elliptical bodies inserted on the 
Julești-Plăiuț-Păuleasa fault, trending ENE-WSW and having a character 
of depth consolidation.

The ignimbritic rhyolites appear as roeks with lithocrystalvitro- 
clastic strueture that include fragments of roeks different in composition 
and structui’e, contained in the groundmass which is made up of glass and 
ash, exhibiting benthonitization phenomena. Often it also appears as a 
microlitic mass made up of quartz and feldspars, the latter being calc- 
sodic and including quartz and microperthite phenocrysts and fragments 
that they corrode. The groundmass also contains quartz and microperthite, 
feldspar chippy crystallites as well as biotite lamellae. The biotite is chlori- 
tized and deferrized beingmouldedby joined glass fragments. The latter are 
decomposed in potash feldspar and quartz or in argillaceous mass made up 
of fine illite and montmorillonite lamellae. Fragments with pseudofluidal 
strueture, marked by the parallel disposition of the biotite lamellae as 
well as argillaceous mineral aggregates have been noticed. The included 
fragments are represented by quartzitic sandstones, sericitous quartzitic 
schists and flattened glass fragments. These roeks build up ellipsoidal 
bodies that pierce the epicontinental formations belonging to the Arieșeni 
Unit in Dealul Vîrsecilor and veins trending NNW-SSE.

Porphyric granites appear as porphyric structui’e roeks and roeks 
of spherulitic groundmass, with massive texture, orbicular sometimes. 
Their mineralogic composition is marked by the presence of alkaline and 
calc-sodic feldspars, of quartz, biotite and of a groundmass with spheru­
litic character, accompanied by epidote, quartz, potash feldspar. In the 
porphyric fraction, potash feldspar is represented by orthose that appears 
in small phenocrysts with characteristic twins and often seri.citized. The 
plagioclase feldspar is albite-oligoclase, very rarely andesine, and biotite 
appears in almost completely chloritized lamellae.

The groundmass is made up of almost equigranular grains with 
spherulitic character, with fibroradial strueture made up of calcedony 
and quartzine as well as potash feldspar, accompanied by epidote crystals. 
It also contains granophyric, radial, aciculai quartz and feldspar concre- 
tions that are often disposed on potash feldspar crystals. These roeks 
make up a dyke trending NNW-SSE and pierce the Werfenian quartzitic 
sandstones that crop out west of Poiana Tomnatec.

Lamprophyres (malchites and spessartites) appear as veins with 
trends characteristic of the banatitic system. Malchites appear as fine- 
grained grey-green or dark green roeks, with porphyric strueture and 
massive texture. The porphyric separate is made up of calc-sodic feldspars 
and amphiboles, in various chloritization stages. The groundmass consists 
of feldspars, actinote, epidote nests, chlorite (engendered at the expense 
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of biotite) and quartz. Plagioclase phenocrysts (32—35% An) with parțial 
epidotizations also appear.

Spessartites appear as microgranular rocks, sometimes with porphy­
ric areas, grey blackish or dark green in colour, with porphyric structure 
and massive texture. These rocks are made up of green and brown horn- 
blende that participates in the composition of both the groundmass and of 
the porphyric separate in which diopside also participates under the form 
of slightly chloritizcd prismatic crystals. Plagioclases appear as twinned 
phenocrysts, with 20—25% An. Only seldom appear slight argillization 
phenomena. The groundmass is made up of amphibole, in which there are 
feldspars and apatite grains.

Petroeheinical studies. In order to establish the petrochemical charac- 
ters of magmatites, 23 samples have been analyzed that have been taken 
from various magmatite sampling localities of the region under investi- 
gation.

As the diagram of Figure 1 points out, andesites appear in domains, 
ranging from semifemic to paralfemic, isofalic, semisalic, salic and sub- 
femic, while rhyolites appear only in the salic rock domain. Porphyric 
granites are distributed in the domain of salic and semisalic rocks, and the 
femic character of lamprophyres is marked by their distribution in the 
domain assigned to femic and semifemic rocks.

■ Semi- Peral-
I femic femic

fm
60-1 Femic

Fig- 1- — al: fm diagram.

The distribution of samples in diagram QLM (Fig. 2) points to the 
grouping of the most basic rocks in the middle of the diagram, towards 
the PF line, and of the acid ones towards the upper part, in the area of 
saturated rocks.

In the diagram of Figure 3, the position of the samples used for 
tracing the median line reflects an evolution of the magmas similar with 
the line characterizing the alkaline basaltic series.

In the diagram of Figure 4 the andesites and the lamprophyres 
are grouped towards the Ca point and there appears a marked dispersion 
of the other petrographic types.
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The linear evolution of the alkalinity index hetween 1.0—2.5, cor-
responding to the values of SiO2 of 50—70% (Fig. 5) marks the fact that 
all the magmatite types belong to the calc-alkaline series.

In the diagram of Figure 6 the andesites and lamprophyres are con- 
centrated hetween the 10—25 isofrequency curves and the other types are 
rather dispersed hetween the 0—10 curves of field B. That proves that the 
respective rocks originate in sialic magma, that has heen generated during 
orogenic processes.

14 — C. 79
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K

Fig. 4.— KNaCa diagram. 
A = Crater Lake, B = Ca- 
lifornian Batholith, T = 
= Tholeiitic series, BA = 

Alkaline basaltic series.

Fig. o. — Diagram of the 
variations of the alkalinity 

ratio.

Si o2
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Fig. 7. — Diagram of the magmatic rock Chemical composition after Z a va r i ț k i..
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The vector distribution in the diagram of Figure 7 is oriented start- 
ing from the acid rock field up to that of basic rocks and their position 
in the CSB plane marks the existence of plagioclase feldspars in the basic 
rocks and of potash ones in the acid rocks.

Fig. 9. — Geological map of the Șaua Liliana-Valea Galbena region.
Laramic magmatites : 1, lamprophyrcs; 2, andesites; 3, rhyolites; 4, granites. Cretaceous- 
Barrcmian-Aptian : 5, limestones, black argillaeeous shales. Jurassic-Tithonian-Kimmeridgian ;
6, white limestones, dolomites, black limestones, limy shales. Ladinian : 7, black limestones. Ani- 
sian-Campillian :8 a, grey dolomites, b, dolomitic limestones with brucite. Seisian : 9, conglome- 
rates, sandstones, shales. Permo-Werfenian : 10, conglomerates, vermicular sandstoncs, violet 

shales; 11, geological boundary; 12, fault; 13, thrusț line ; 14, sample’s location.

Ont of the analysis of the Peacock index values (Fig. 8) it results 
that in the basaltic andesites and in the lamprophyres „i” has 53.85 and 
54.20 values, which make them be included in the alkali-calcic rock series, 
while the other petrographic types are characterized by the values i = 
= 57.05, 57.45 and 60.40, corresponding to the calc-alkaline rock series.
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BY

MARCEL MĂRUNȚII! 3

Introduetion

Ultramafic rocks, mainly serpentinites, have been recognized as 
characteristic components of the Obîrșia Complex from the Mehedinți 
Mts represented by clay shales, siltstones, micaceous and carbonatic sand­
stones, limestones, siliceous depositions, volcanic tuffs and basalts. C o- 
darcea (1940) considered these rocks to be Upper Jurassic-Neoco- 
mian in. age, the basin in which they are formed being located between 
the Getic (westward) and the Danubian Domain (eastward). At the pre­
sent time, many investigators have proposed that the Obîrșia Complex 
is in a Parautocîithonous position (Severin Nappe), supporting the Getic 
Nappe.

Becently in the Obîrșia Complex have been recognized some sedi­
mentary rocks similar to the Upper Cretaceous rocks of the Wildflysch 
Formation from the Danubian Domain. In this manner, S t ă n o i u (1980) 
has suggested that this association represents an olistostromal mixture 
of blocks of various rock types in an Upper Cretaceous matrix, located at 
the. middle part of the Upper Cretaceous Wildflysch Formation.

R ă d u 1 e s c u and S ă n d u 1 e s c u (1973), impressed by the litho- 
logical association, have proposed that the ophiolitic rocks represent the 
ocean, lithosphere fragments. This assumption was comfirmed by chemistry 
of the mafie rocks (M ă r u n ț i u et al., 1977,0 i o f 1 i c a et al., 1981).

The purpose of this article is to discuss the history of the ultramafic 
rocks from the Mehedinți Mts, in the light of some textural characters.

JȚ Institutul Geological României
IGR/



216 M. MĂRUNȚI U

Field Relations

The ultramafic roeks occur as bodies having a Avide range in sizer 
incorporated by sedimentary roeks. Usually, the contacts between peri- 
dotite and country roeks (sedimentary or igneous mafie ones) are sub- 
horizontal and a lot of the large bodies are like a sheet in shape, (e.g. 
Crâcni Muntelui, Ciolanul, Margina). These contacts are always tectonic, 
being accompanied by mylonitization and shearing of the serpentinitic 
roeks. The cleavages of the. serpentinites are corresponding in strikes to 
the sehistosity of the. adjacent sedimentary roeks, and could be related to 
the moment of the cold intrusion of the serpentinites at the tectonic level 
of sedimentary roeks, being a product of shallow deformation without 
neomineralization. In some outerops, the second shear-planes can be ob- 
served cross-cutting the first ones and corresponding tothe axial surface of 
the, microfolds in sehistosity of the sedimentary roeks.

A lot of lenses consistingof basalts, mafie tuf fs, sedimentary of meta- 
morphic roeks, are found inside the ultramafic bodies.

Ophiolitie Peridotites

Lithology
The allochthonous ophiolite bodies consist of an alpine-type peri- 

dotite of the harzburgite subtype of N i c o 1 a s and J a c k s o n (1972),. 
dominated by a harzburgite-dunite association, which is associated with 
scattefed seains of pyroxenites. Serpentinization is prevalent, usually appro- 
aching 80 to 100 percent, but the original mineralogica! composition can. 
be recognized.

Harzburgite, the most abundant rock type, has a rather uniform 
modal composition (68—85 percent olivine, 10—30 percent orthopyroxcne, 
0.1—2 percent clinopyroxene, 0.5 percent chrome-spinel). In addițion, 
the harzburgite has also a limited variation in bulk rock chemistry. The 
100 Mg/Mg + Fe ratio in bulk rock analyses ranges from 82.15 ta 
85.35, according to the Chemical data quoted by C o 1 e m a n (1977) for 
typical harzburgites from ophiolite metamorphic peridotites. The modal 
compositional variations are due to irregular olivine/pyroxene ratio 
throughout the bodies. A compositional layering, representing alternating 
bands of pyroxene-rich and pyroxene-poor harzburgite 1 to 5 cm thick, 
occur sporadically. The foliation marked by the parallelism of orthopyro- 
xene grains and elongated and flattened spinel grains, is more character­
istic for harzburgite. The relation between layering and foliation is not 
clear. In all appearances the foliation cToss-cuts the layering at an angle 
of 10-15°.

The dunite occurs as irregular patches among the harzburgite. This 
rock has usually a massivetexture and consista of the primary minerals 
olivine, accessory chrome-spinel and sometimes trace of pyroxene. 
Because of the quite monomineralic nature of the dunite, the definite field 
observable foliation results from local slight planar concentration of the 
chrome-spinel grains. Associated with dunite are lenticular iron oxide» 
deposits with cumulus texture.
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The pyroxenites are represented by olivine-orthopyroxenite and 
clinopyroxenite. These are commonly found with a boudinage structure 
among the harzburgite.

Petrography
O 1 i v i n e . Oliviile from harzburgite is slightly more iron-rich 

than the olivines reported for other tectonic harzburgites (Loney et 
al., 1971; C o 1 e m a n, 1977; Himmelberg and Loney, 1980). 
The optical study reveals a restricted range in the forsterite content from 85 
to 88 percent.

Although the serpentinization is a widespread process, the morpho- 
logies and textural relations of the olivine can partially be seen. The divine 
shape is charaeteristic of plastic deformation, and some different textural 
types Avere identified. Commonly, the olivine in harzburgite is anhedral 
with mutually interfering grain boundaries (xenoblastic granulai’ texture 
— H i m m e 1 b e r g and L o n e y, 1980, protogranular texture — 31 e r- 
c i e r and N i c o 1 a s, 1975). In foliated harzburgite it is quite possible to 
distinguish a kink-banded coarse giained olivine (3—4 mm in size) and a 
finerecrystallized granulai’ one (muchless than 0.5 mm in size) with straight 
grain boundaries meeting in triple points (porphyroclastic texture — 31 e r- 
ci e r and Nicola s, 1975). Sometimes elongated olivine grains parallel 
to compositional layering or foliation were also remarked.

The olivine microfabric of the harzburgite is characterized by the 
presence of X = [010] maxima oriented approximately normal to the 
foliation plane. The generally interlocking texture and equant grain shape 
of olivine. with quoted fabric is the result of the syntectonic recrystalli- 
zation under high-temperature conditions (A v e L a 11 e m a n t and 
Carter, 1970 ; Loney et al., 1971; X i c o 1 a s et al., 1973, 1980).

The (100) kink bands of olivine porphyroclasts with related {okl} 
[100] glide systeni are also likely to develop at high-temperature.

Usually, the result of the olivine serpentinization process is a li- 
zardite- chrysotile assemblage with mesh structure. The banded structure 
with elongated olivine relics is a noticeable pattern occurring likely by 
serpentinization of the olivine porphyroclasts. It appears that this struc­
tural type of serpentinization is the result of the olivine internai discon- 
tinuity related to the glide planes inferred from kink bands.

Orthopyroxene. Orthopyroxene occurs in harzburgite as 
grains with 3 to 10—15 mm in size, more distinct in weathered surfaces. 
The enstatite content of the orthopyroxene is quite variable depending on 
the structure and mineralogical composition of the rocks. In zones with 
visible layering and high-modal amounts of clinopyroxene, the enstatite 
content of orthopyroxene ranges from 85 to 87 percent. In foliated and 
massive harzburgites with no or very poor clinopyroxene, the orthopyro­
xene is slightly more magnesium-rich (En90_92). The clinopyroxene exo- 
lution lamellae are rare and significant for deformed orthopyroxene from 
banded harzburgite.

The orthopyroxene grains have different morphologies. Frequently 
there occur anhedral, lobate grains with interlocking grain boundaries in 
the olivine matrix, but usually there are elongate and flattened ortho- 
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pyroxene prismatic grains with the “c” axis marking the foliation plane. 
Foliated and banded harzburgite showed a good example of large and 
elongated strained orthopyroxene grains (3 — 5 mm in size) (porphyro- 
clasts) and small polygonal strain-free ones of about 0.5 mm. The same 
porphyroclastic texture is met in the olivine-orthopyroxenite with the stron- 
gest development of typical textura! characteis.

Clinopyroxene. Clinopyroxene occurs as an accessory min­
eral in foliated harzburgite. It is characteristieally smaller (about 0.02 mm) 
than the coexisting olivine and orthopyroxene. Clinopyroxene exhibits 
anhedral cuspate, embayed grains, interstitial or intergranular to other 
minerals. These small grains tend to cluster and the clinopyroxene pockets 
are parallel to the foliation. Adjacent to orthopyroxene grains or poikili- 
tically enclosed by this, the clinopyroxene is commonly abundant.

In the banded harzburgite, clinopyroxene may be as small anhedral 
strain-free grains, usually clustered in the olivine bands and as large (2 — 
3 mm in size) anhedral strained grains which occur in the pyroxenitic 
bands and contain thin exolution lamellae.

Two types of the clinopyroxene textura! relations were met in the 
clinopyroxenites. In some occurrences there are strong-stained anhedral 
clinopyroxene grains with small 2Vv (about 35°) and abundant spinel 
exolutions. In addition, along the kink bands, this clinopyroxene recrystal- 
lized as polygonal strain-free grains with large 2Vv (about 55°) and no spinel 
exolutions. In other clinopyroxenites, the clinopyroxene has no signs of 
deformation and shows smooth curved grain boundaries in an equigranular 
texture.

Spinel . Chrome-spinel in foliated harzburgite from the Mehe­
dinți Mts, is dark red-brown to brown in thin section like the spinel quoted 
for the mantie peridotite (N i c o 1 a s et al., 1980). It is characterized by 
anhedral grains and oceurs in some textura! relations. Large anhedral, 
partially vermicular grains (2—3 mm in size) are associated with ortho­
pyroxene pockets, sometimes enclosed by the latter.

Small anhedral grains occur in elongate dusters among the small 
clinopyroxene grains and flattened in the plane of foliation. Spinel grains 
within the olivine groundmass were also observed, displaying a textm-al 
pattern similar’ to holly-leaf shape and parallel to the orthopyroxene folia­
tion. It is a proof of the increasing străin penecontemporaneous with the 
development of the porphyroclastic texture.

Comments oii the textures
Textures of the peridotites point out a complex evolution of these 

rocks, in the subcrustal environment. Features of the textures are those 
that generally originate differently duringdeep-seated plastic deformation 
and recrystallization. The different textures are present in varying degrees 
throughout the tectonic harzburgite, one obscuring another.

A xenoblastic granulai’ texture of the olivine and orthopyroxene as 
anhedral lobate grains with interlocking boundaries has been interpreted 
by Dick (1977) to be a result of the dissolution-reprecipitation creep 
“if melt was present or forming during deformation”. Some clinopyroxene 
and spinel data presented above can be used to point out that parțial melt- 
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ing occurred. The clusters of the clinopyroxene and vermicular spinel 
grains adjacent to orthopyroxene, suggest the incongruent melting 
of the orthopyroxene. The X = [010] olivine microfabric is in agreeinent 
with a hypersolidus temperature for the plastic flow with large to not 
appreciable străin (N i c o 1 a s et al., 1980), accompanied by melting of 
the fusible componenta and extraction of melt, leaving a depleted residue. 
In this manner, the scarcity of clinopyroxene in this harzburgite isexplained 
by its removaT during parțial melting. The small interstitial, inter- 
granular grains and clusters of the clinopyroxene and spinel may be a 
result of the magmatic crystallization of the trapped melt (Al e n z i e s 
and A 11 e n, 1974). I suggest that the banded (layered) harzburgite occur- 
ring as isolated outcrops throughout the massive or foliated harzburgite, 
represent a relatively undepleted peridotite containing large anhedral 
strained clinopyroxene grains with exolution lamellae (2VY=-48 —50°) and 
magmatic pockets of the small clinopyroxene grains (2VY = 55—60°).

The occurrence of the clinopyroxenite must be ascribed to crys­
tallization from the mafie melt resulted by parțial melting. Because 
two clinopyroxenite structural-groups exist, I am stressed to assertthat 
they represent different periods of emplacement with slightly different 
composition (two periods of parțial fusion) separated byan intensedefor- 
mation. Quite similar a situation is reported by El a ine Harkins 
et al. (1980) for the magmatic dunite bodies from the Vorinous Ophiolite 
which occur as multiple intrusive events both before and after the defor- 
mation.

The porphyroclastic texture has been interpreted as a consequence 
of the plastic flow, the operating mechanism being intracrystalline gliding 
(M e r c i e r and N i c o 1 a s, 1975). In our situation, this process has been 
operated at temperatures which emerge from the development conditions 
of the olivine kink-bands. Experimentally, the {okl} [100] glide system 
was estimated to develop at temperatures from 900 to 1.200° (A v 6 L a 1- 
1 e m a n t et al., 1968). These temperatures must be lower than those 
which occurred during parțial melting, because the kink-banding andrecrys- 
tallization of the clinopyroxene from the strained clinopyroxenite group, is 
accompanied by the exolution of spinel. According to V a r n e (1977) this 
textura! relation of spinel may be the result of the sub-solidus reaction and 
re-equilibration in response to falling temperature.

In the layered harzburgite, mylonitic texture is well represented along 
shear bands parallel to the layering and appears to be subsequent to the 
porphyroclastic texture. It is characterized by small grains (0.01—0.05 mm 
in size) of olivine and pyroxene, completely reerystallized. This type of 
texture is reported for the lower contact of the peridotite sequence of 
ophiolites as the result of the dynamic metamorphism during overth- 
rusting of peridotite on the oceanic side of an active subduction zone (P a r- 
r o t and W h i t e c h u r c h, 1978 ; N i c o 1 a s et al., 1980).

An important point is that of the dunite genesis. Their texture was 
obscured by serpentinization and relations with harzburgite are unclear. 
But, the occurrence of the cumulate iron oxides (magnetite euhedral 
grains with inclusion zonation patterns) and interlayered sulfide-bearing 
clinopyroxenite and dunite strongly militates against the residual origin 
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of the dunite, and favors a magmatic one. This evidence suggests that the 
dunite is an inițial cumulus deposit infolded into the residual harzburgite, 
similar to the mechanism invoked by George (1978) to explain the 
dunite-harzburgite relation for the Troodos Ophiolite.

Related Rocks

Extrusive rocks
The extrusives are represented by a sequence of submarine flows of 

themafie rocks with distinct pillow-structure among which tuffaceous and 
sedimentary rocks are found. Subophitic and intersertal textures are com- 
mon, the sparsely porphyritic ones bearing phenocrysts of subcaleic clino- 
pyroxene or plagioclase. A lot of secondary minerals (chlorite, epidote, 
zoisite, uralitic amphibole, calcite) are found in the mafie rocks. The 
field relations between extrusives and ultramafics are always tectonic. 
Throughout the ultramafic bodies consisting of massive or sheared ser­
pentine, there are isolated masses of basalt. These brecciated inclusions 
have undergone a low-grade metamorphism responsible for the growth 
of some new minerals such as hydrogarnet, diopside, prehnite, zoisite, 
chlorite. This rodingite metasomatism (Gol eman, 1967, 1977) has 
preserved the original texture of mafie rocks.

Metamorphic rocks
Metamorphic rocks occur as tectonic inclusions in serpentinized 

ultramafic rocks. They are very brecciated or mylonitized and consist 
of plagiogneisses, inicaschists, amphibolites, the parageneses being as 
follows:

— quartz-plagioclase-biotite (chlorite)-hematite;
— quartz-biotite (chlorite)-muscovite-apatite;
— hornblende-plagioclase An,0-apatite.
The intense deformations of these. rocks are accompanied by a sub­

stanțial change in the mineralogical composition. Near the contact with 
the serpentinite, the plagioclase is completely replaced by prehnite and 
hydrogarnet; the hornblende is replaced by diopside. In addition, variable 
amounts of chlorite and zoisite occur. Numerous monomineralic veins of 
prehnite cut the metamorphic rocks. The oceurren.ce of this low-tempera- 
ture metasomatism, closely related to serpentinization, proves that the 
metamorphic rocks have been tectonically incorporated from the crust, 
by a rising ultramafic mass undergoing a contemporaneous serpentini­
zation.

Conclusions

The restricted mineralogy and textures of the harzburgite give 
evidence of the residual charact er of this, and of its complex tectonic "and 
magmatic mantie history. In fact, the peridotite from the Mehedinți 
Mts, is similar to the residual tectonic peridotite described at the lower 
part of the ophiolite massifs (C o 1 e m a n, 1971, 1977 ; M e n z i e s and 
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Allen, 1974; Sin ton, 1977; George, 1978) on which cumulate 
sequences of olivine i clinopyroxene ultramafic rocks, more or less 
deformed, were deposited.

After the deep-seated evolution, the ultramafic rocks were incorpo- 
rated at the shallow crustal level. The upward diapiric movement, in 
favourable tectonic conditions was facilitated by the decrease of the density 
connected with the transformation of the peridotite to serpentinite. In 
this manner, any ultramafic bodies can move, if it has criticai size depend- 
ing on the degree of "serpentinization, density of the country rocks and 
the cohesion forces between serpentinite and crossed rocks (Ș e c 1 ă m a n 
and M ăr u n ț i u, 1981). The upward plastic movement also determined 
the inclușion of various crustal blocks by the serpentinitic mass and must 
be the most important reason for the dismembering of the original ophio- 
litic sequence. The successive deformations during the serpentinite move­
ment are well illustrated by the local recrystallization of the serpentine 
minerals, the mylonitization of the inclusions and finally by the different 
shear-stages.

The serpentinite-bearing Obîrșia Complex is similar to the ophiolitic 
melange formation revived by G a n s s e r (1974). Some quoted features 
of the ophiolitic melange were recognized for the occurrence from the Me­
hedinți Mts (M ă r u n ț i u et al., 1977):

— mixture of ophiolitic rocks (serpentinite and basalt) together with 
non-ophiolitic rocks, especially metamorphic ones ;

— the matrix is tectonically sheared serpentinites and sedimentary 
rocks;

— there are tectonic relations between components, loeally accom- 
panied by metasomatic reaction zones ;

— the mixture was tectonically carried out with the probably 
quito important participation of an olistostromal sedimentation.

The origin of ophiolitic rocks from the Mehedinți Mts, was in an 
Upper Jurassic-Lower Cretaceous spreading zone, more probably situated 
between the Danubian Domain and the Moesian Platform. The closing 
of this trough and the westward subduction of the oceanic crust during 
the Upper Cretaceous led to the formation of the ophiolitic “melange” 
and its thrusting over the Danubian Domain. i
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THE NEW STRUCTURAL ASPECT OF BANATITIC BODIES 
IN THE BIHOR MOUNTAINS1

BY

LAZĂR PAVELESCU 2, GHEORGHE POP 3, EUFROSINA WEISZ 3, LUDOVIC WEISZ3

Geologica! investigation camed out in the Bihor Mountains (geolo­
gica] mapping, structural drilling, main tunnels) showed that at the depth 
of 1000—1500 m all intrusive, banatitic massifs join in a unique batholitic 
body; the area of this batholitic body is over 500 km2. The orientation 
of the batholite is approximately north-south; its dimensions on the tAvo 
axes are 45 andrespectively 4—20 km (see the attached (Fig. 1) structural 
sketch). The actual relief suggests a distorted aspect of the batholite in 
Avhich erosion opened up a few large stocks here and there, but most of 
it remained concealed. The shape of the batholite is very complieated, 
having many protuberances, apophyses and domes and slopes occasionally 
sliding gently (especially in the central Băița-Luncșoara area, bearing many 
structural drillings) and having mostly abrupt marginal Avalls. The most 
important differences between the structural aspects of the central part 
of the batholite and its limits are preserved, regarding its petrographic 
composition : its central area is mainly granitic, its northern area is pre- 
dominantly of gra>nodioritic character with quartz-diorite and diorite 
segregations (Budureasa, Seacă) Valley and its Southern area contains 
granodiorite-granite with subordinated diorites and even salic gabbros 
(Luncșoara, Găina Mountain respectively).

The hypabyssal phenomena associated with the banatitic intrusion 
are well represented in the area by a whole series of vein-rocks of various 
petrographic composition; for the purpose of a more systematic display 
these roeks Avere divided in 4 main groups. Several diagrams after N i g g 1 i, 
H a r k er , R i 11 m a n n, P e a c o ck and S t r e c k e i s e n Avere 
drawn, pointing out the main petrochemical characteristics of the Bihor 
magmas.

1 Paper presented at the 12 th Congress of the Carpatho-Balkan Geologieal Association, 
September 8—13, 1981, Bucharest,Romania.

2 University of Bucharest — Faculty of Gcology and Geography. Bd. N. Bălccscu 2> 
Bucharest, Romania.

3 Enterprise of Rare Metals, str. Dionisie Lupu 64, Bucharest, Romania.
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H a r k e r’s diagram shows the variation of the main oxides in accord- 
ance with the SiO.> quantity. The diagrams presenting the tendency of 
differentiation of those magmas which generated the Laramian batholite

Fig. 1.— Structural skctch of 
the banatitic batholite in the 

Bihor Mountains.
1, intrusive bodies outerops;
2, dyke outerops; 3, isobath.

and the associated veins in the Bihor Mountains (Figs 2, 3) generally 
indicate the normal aspect of a subalkaline differentiation : the variation 
diagrams are slightly sloped and parallel two by two. They overlap at certain 
Si values which are characteristic for the whole banatitic region in our 
country, pointing out their consanguinity (Giușcă et al., 1966). But 
the magmatic differentiation for the plutonic rocks ranges from Si = 
= 160 to Si = 480, that is from the quartz-dioritic magmas towards
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leucogranitic magmas, while the variation rank for the hypabyssal rocks 
ranges between Si 95—390.

mg—Ic diagram also points out the subalkaline character of the 
plutonic rocks (almost entirely listed between the diagonals 0.5—0.9), 
at the same time revealing the alkaline tendencies of most hypabyssal 
rocks. Diagram 4 (al-fm diagram) presents the isofalic character of the 
quartz-dioritic magmas and the enlistment of the granodioritic, granitic 
and leucogranitic magmas in the isofalic-salic field. Unlike plutonic rocks, 
most of the hypabyssal rocks present an isofalic-half-femic character. The 
Eittmann diagram K2O + Na,O/SiO2 (Fig. 5) illustrates that plutonic 
rocks belong to the magmas of the calc-alkaline series and some vein-rocks 
have an affinity towards alkaline magmas. al-alk diagram (Fig. 6) manages 
to convey a certain tendency of the granitic and leucogranitic rocks from 
central Bihor, towards the alkaline field. The calc-alkali index value is 
58 and it fits into the established limits for the whole banatitic region of 
55—60. These limits were established in 1966 by G i u ș c ă and others. 
Diagram QLM (Fig. 7) illustrates that most plutonic rocks concentrate 
the saturat ed rocks field, above the PF line : only two rocks (a Seaca A alley 
diorite and a Găina Mountain salic gabbro) range below the MF line. The 
hypabyssal rocks though, are included in the PFMtriangle in the field of

15 — C. 79
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Fig. 4. — al-fm diagram ol the 
Bihor banatites.

1, leucogranitcs; 2, granites : 
3, granodiorites; 4, quartz-dio- 
ritcs ; 5, diorites; 6, leucogab- 
broids; 7, hypabyssal rocks.

Fig. 5.— Na2O + K2O/SiO2 diagram. Rittmau serial index.
1, leucogranites; 2, granites; 3, granodiorites; 4, quartz-diorites; 5, diorites;

6,leucogabbroids; 7, hypabyssal rocks.
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Fig. 6. — al-alk diagram of the 
Bihor banatites.

1, leucogranites; 2, graniles;
3, granodioritcs; 4, quartz- 
diorites; 5, dioritcs; 6, leuco- 
gabbroids ; 7. hypabyssal rocks.

Fig. 7. — QLM diagram (Nig- 
gli) of the Bihor banatites. 
1, leucogranites; 2, granites; 
3, granodiorites; 4, quartz- 
dioritcs; 5, diorites; 6, leu- 
cogabbroids; ", hypabyssal 

rocks.

saturated rocks, as well as above and below this triangle, indicating as 
sucii their petrographic variety. The calculation of the CIPW norni located 
the Bihor Laramian rocks in the QAP triangle (Streckeisen diagram, 
Fig. 8) for the purpose of descriptive mineralogica! classification. One can 
n otice that plutonic rocks preferențiali}- enlist rather towards the granitic 
rocks (precisely monzogranitic) then towards monzodioritic and monzo-
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Fig. 8. — Position of the Bihor banatitic roeks on the QAP diagram (Streckcisen). 
1, leucogranites; 2. granites; 3, granodiorites; 4, quartz-diorites; 5, hypabyssal 

roeks.

gabbroic roeks. On the contrary, hypabyssal roeks are mostly monzodio- 
litic and monzogabbroic; the granodioritic and granitic varieties are not 
so significant. Or-Ab-An diagram (Fig. 9) also proves the acid character 
of plutonic roeks ; proof is brought by the great quantity of albite accom­
panied by orthoclase and by a less significant quantity of anorthite. As a 
distinctive feature vein roeks present an increase of the anorthite quantity 
and an equivalent deerease of the acid plagioclase and especially the po- 
tash-feldspar quantity.

The consanguinity of intrusive and hypabyssal roeks and mainly 
the granitic feature of the batholite being well established, we have to 
discuss the problem of the petrographic variety among the limiting zones : 
the northern and Southern limits as well as the dome area of the concealed 
batholite of central Bihor present intermediary and even basic roeks. 
Beside the two ways natural differentiation of some magmas of granitic 
composition (towards paracidic and intermediary terms) established in 
1966 by G i u ș c ă . one can say that the presence of the roeks with a more 
basic character in the granitic batholite could be due to recurrent intrusions 
of magmas with varied characteristic s ; these magmas originate in various 
chambers located at different depths of the same magmatic basin. Among 
the magma recurrent intrusions one could point out two significant,
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Fig. 9. — Or-Ab-An diagram (CIPW norm) of the Bihor banatites. 1, leucogranites; 2, granites;
3, granodiorites; 4, quartz-diorites; 5. bypabyssal rocks.

time — spaced stages; the primary stage wheii the granodiorites, the 
quartz-diorites and the diorites originated from the granodioritic magma 
(this stage is more pregnant in the Budureâsa. Găina Mountain and Pie­
troasa regions); the secondary stage, which is more significant in time, 
when the granites and leucogranites making up most of the batholitie 
body originated from the recurrences of granitic magmas. More or less, the 
secondary stage rocks replaced or partially enclosed the primary stage 
rocks; the latter can be often found in the granites body as enclaves. 
Many researchers pointed out this ascertainment.

The influenee of the enclosing rocks on the chemistry of the ascen- 
ding Laramian magmas is only of local interest and not very significant, 
both for the Permian cherty-argillaceous and the Mesozoic limestone de­
posits. But one can notice though that the bătholite had a significant influ- 
ence on the enclosing rocks; this influenee is indicated by an important 
thermal contact halo. Two stages can also be distinguished in the emplăce- 
ment of vein-rocks. The primary stage took place shortly after the con- 
solidation of the bătholite and it is connected to the operation of some 
magmatic basins placed at great depths; aplites and the vein-granites 
originated during this stage. The șecondâry stage is held responsible for 
the origin of intermediary and basic dykes : it took place late in the mag­
matic act ivit y.

The banatitic vein rocks of. the Bihor Mountains are oriented predo- 
minantly towârds NW-SE, in terms of the Laramian fault system of the
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Apuseni Mountains. They have a great petrographic variety : aplites, 
porphyric granites, monzonite, syenite, quartz-dioritic, dioritic, gabbro- 
dioritic, gabbroic porphyries, lamprophyres and diabases. Generally these 
rocks have the same mineralogical and petrographic composition along 
great distances (in the range of km). One notices some location trends in 
reference to these rocks :

— acid and intermediary vein-rocks develop mostly in the Permo- 
Mesozoic deposits; these deposits cover the dome area of the batholitic 
body which remained concealed in the depth of the central-Southern part 
of the Bihor Mountains ;

— the more basic vein-rocks (to which most of the lamprophyres 
belong) are more dispersed and they can be located towards the limits of 
the great Laramian intrusive body.

It is very interesting to notice that intermediary and basic chemistry 
vein rocks dominate over the acid rocks frequently. The latter, though 
having a similar chemistry to the batholite from which they originated, 
do not sum up more than 30% of the dykes we have studied, the rest of 
70% belongs to the intermediary and basic varieties. Special notice should 
be given to the largely distributed lamprophyres in the Bihor Mountains. 
Petrographic calculations indicate their belonging to dioritic and gabbroic 
magmas, at the same time pointing out their tendencies towards the K, 
alkaline and Na magmas. Their direct genetic relation with the granitic 
batholite is very obvious: they represent the last differentiated products 
of the granitic magma; they formed by injecting towards some residual 
differentiated products deeply located in the magmatic basin. Around the 
banatitic veins in the Bihor Mountains there are many post-magmatic 
changes such as the greisen and skarn processes, or various hydrothermal 
changes which affected both the so-called magmatic rock and the enclosing 
rocks. Greisen and skarn processes are present especially in the dykes with 
a more acid composition, at their contact point with the carbonatic rocks 
(limestones and Mesozoic dolomites) in the region of the Grisul Negru 
Springs. Here there took place bimetasomatic processes which formed 
skarn type deposits. Subsequent circulation of hydrothermal solution on 
the same contact areas formed partially overlapping hydrothermal mine- 
ralizations. In those parts where the same dykes intruded the Permian 
rocks or the crystalline schists, the hydrothermal phenomena are either 
absent or not very pregnant. Dykes of intermediary and basic composition 
act differently; they indicate hydrothermal changes of various intensities, 
even in the Permian rocks which are intruded by them. At the contact area 
of 12 dykes in Bihor (8 lamprophyres and 4 diabases) one can notice the 
following types of hydrothermal metasomatosis : Na (forming albite, 
paragonite, riebeckite); K (forming sericite and biotite and rarely adularia 
and orthoclase); carbonatic (forming carbonates and epidote and rarely 
apatite and sphene); quartzoze-silification; ferric (forming ferric oxides 
and ferric sulphide, chlorite, argillaceous minerals and siderite); B — 
tourmaline enrichments; P — resulting apatite and S (with depositions 
of metallic sulphides). Mostly the different types of hydrothermal meta­
somatosis overlap — a single type occurring quite rarely.
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BY

SERGIU PEETZ2, MARGARETA PELTZ2, IRINA BRATOSIN2, ROSETTE IANC 3

Introduetion

In the south-west of the Harghita. Mts, in the Băile Homorod- 
Vlăhița-Chirui Neogene andesitic area, the most important iron mineral­
ization — siderite and limonite — on the territory of the Neogene vol- 
canic zone in the Romanian East Carpathians is located. In this region 
there oecurs the Lueta ore deposit, exploited since the 18th century, as 
well as other accumulations or indications of mineralizations. Up to now 
the Lueta Mine has represented the only exploitation of the iron ore asso- 
ciated with the Neogene volcanism in Romania. Within the East Carpat- 
hian metallogenetic province most of the iron mineralizations occur, how- 
ever, at the Southern and eastern periphery of the Harghita Mts or in 
the neighbouring zones, in the Ciuc and Baraolt Depressions (Fig. 1). At 
the present stage of knowledge the presence of the most significant complex 
and gold mineralizations in the north of the subprovince (GutîiMts) and of 
the most important iron mineralizations in the south of the subprovince 
(Harghita Mts) is considerable.

In the last years (1975—1980), the authors have studied the terri­
tory of the Lueta metallogenetic field and the neighbourring areas, the 
main aim being the prospect of the iron mineralizations in the extension 
of the Lueta ore deposit. On this occasion there have been obtained scien- 
tific results, which substantiate the geoeconomic prospect as well as the 
geologic activity for its control. Some of these results will be presented 
further on.

The geologica! researches related to the south-west of the Harghita 
Mts Avere less numerous before 1900. In the period 1900—1946, the contri- 
butions of the researches carried out by A t a n a s i u (1939), C o d ar­
ce a and Petrul ian (1941), G h i k a - B u d e ș t i (1949) to the
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Fig. 1.- Distribution of the iron minerali- 
zation in the Conmd-I.ueta-Hcrculian and 
Toplița-Sinsimion metallogenetic district» 
(geological and metallogenetic data accord­
ing to the geological and metallogenetic 
maps oî Bomania, scale 1 :1,000,000, com- 

pictcd by the authors)
1, Quaternary deposits ; 2, Neogene volcanic 
formations of the upper compartment; 3, 
deposits of the volcano-sedimentary forma­
tion (lower compartment); 4, Neogene mo­
lasse formations; o, Cretaceous flysch for­
mations ; 6, Crystalline schists ; 7, crater and 
caldcra; 8, limit of the East Carpathian 
metallogenetic province; 9, limit of the 
ferri-ferrous metallogenetic districts: I. 
Corund-Lueta-Herculian; II. Toplița-Sin­
simion ; 10, metallogenetic field with side- 
rose and limonite : a, Lueta-Vlăhița; b, Mă- 
dăraș; 11, mincralization location at the ex­
terior of the metallogenetic fields : 1, Chirul;
2, Filia ; 3, Biborțeni; 4, Herculian ; 5, To- 

plița ; 6, Cirța.

knowledge of the Lueta ore deposit and the geological structure of the re­
gion are to be mentioned. An intense activity of geologic and gravimetric 
prospections, drilling exploration and assessment of the geological reser­
voirs in the Vlăhita region was carried out in the periods 1959—1965 and 
1974-1980.

The study region is constituted of volcanic and sedimentary for­
mations. Over 90% of the territory is represented by andesitic volcanies 
belonging to the lower structural (volcano-sedimentary) compartment of 
the Harghita Mts. The -Miocene and Pannonian (zones C-f-D and E) mo­
lasse deposits of the eastern border of the Transylvanian Depression 
occupy the easternmost part of the territory. At the same time some of 
these deposits have been met with in the bore-holes and the Lueta ore 
deposit.

In the study region andesites are products of the first stage of mani- 
festation of the subduction volcanism, which in the Călimani-Gurghiu- 
Harghita area took place between the Pannonian (zone E) and the Pontian. 
The totality of volcanies in this region, as a matter of fact in the whole 
area of the lower compartment of the Harghita Mts, constitute a volcano- 
sedimentary formation (Fig. 2).
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Fig. 2. — Synthetic lithological coiumn of 
the volcano-sedimentary formation in the 

south-west of the Harghita Mts.
1, soil with blocks ; 2, andesitic lava ; 3, pyro* 
elastic breccia ; 4. pyroclastic microbrcccia ; 
5. hybrid pyroclastic breccia ; 6. conglome­
rate,. hybrid andesitic microconglomerale;
7, andesitic sandstone; 8, tuff: 9. tuffite; 
10, clay; 11, mari; 12, conglomerate; 13, 

limit of the Vlăhița iron formation.

335 m • ,..i,... .
Aitiiude

Characterization of the Iron Types

The siderite and limonite mineralizations are known in two different 
geological situations, as follows :

1. At the contact of the andesitic volcanoclastics, belonging to the 
lower member of the volcano-sedimentary formation, with the Miocene 
and/or Pannonian sedimentary deposits. The mineralization forms con- 
cretions and lenses with sizes and contents of Fe%(>20%), which 
justify their exploration. Such accumulations represent the only ore in 
the Lueta ore deposit which can be turned to account. P e 11 z, P e 11 z 
(in Peltz et al., 1981) use for this mineralization the denomination 
“Lueta type mineralization” as it characterized in the course of time and 
at present the Lueta exploitation.

2. At different levels in the volcano-sedimentary formation (usually 
in the lower member) .The mineralization consists in the local sideritization 
of the binder of the volcanoclastics or of the tuffs, constituting either con- 
cretions or, more rarely, lenses with irregular distribution in the pyroepi- 
clastic horizons. Peltz, P e 11 z (in Peltz et ah, 1981) use for this 
mineralization the denomination “Vlăhița type mineralization”, as is 
well-known from numerous boreholes, which in the area of the locality of 
Vlăhița investigated the mineralization from the volcano-sedimentary 
formation. In the Chirui region, in a geological situation similar to that 
which charăcterizes the Vlăhița type mineralization, there is a minerali­
zation of limonitized siderite and limonite in association with opalites. 
For this mineralization, which has a genesis different from the Lueta and 
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Vlăhița types, P e 11 z , P c 1t z (in P e 1tz et al., 1981) use the deno- 
mination of “Chirui type mineralization”.

The classification of the types of iron mineralizat ion was made 
taking into account the geologic environment, the factors which control 
the metallogenesis, the ore types, and the associated roeks (Tab. 1).

Mineralization types and correlation criteriu (South-West, Harghita Mls)
TABLE 1

Mineralization type Lueta Vlăhița Chirui

volcanism
sedimentation environment
tectonic activity
volcano-sedimentary lithogenesis 
cireulation
associated volcanic centres
associated eruptive bodies 
associated roeks :
volcanic
sedimen tary
mineralization :
sidcrite(s), limonite(l) 
mineralization phase

e x t r u s i v e
small basin lake, swamp —

— fault, tension fracture

fumaroJian and hydrothermal cmanations

+ + +
+ + —

sl sl Îs
i ii n+iii?

The Lueta Type. The mineralization of this type crops out in isolated 
sectors at Minereni and Chirui. It also constitutes the main objective of 
the exploitation of the Lueta ore deposit. The ore bodies occur as : lenti­
cular bed, lens, concretion. The mineralized roeks are represented by com­
pact siderite, cavernous siderite, sideritized sandstone, sideritized micro- 
conglomerate.

The data on the position of the ore bodies in the Lueta ore deposit 
point out the special role played by the paleogeographic and lithologic 
control factors in metallogenesis. The mineralization is usually located in 
the terminal parts of the Lueta-Vlăhița Basin, which probably represents 
ramifications of an older water course (paleo-Homorod ?) within the basin. 
In connection with the paleogeographic situation, the mineralization is 
encoinpassed by the Minereni conglomerates and pebbles, which represent 
the old alluvia and deluvia.

The Vlăhița Type. The drillings carried out in the area of the Lueta 
ore deposits and in its extension pointed out the presence of iron mine- 
ralizations at different levels of the volcano-sedimentary formation. The 
siderite mineralizations located in the lower member are much more nU- 
merous. The ore bodies consist of concretions of siderite ± sideritized 
binder of the coarse volcanoclastics± portions of the tuff levels (usually 
coaly). The spațial distribution of the mineralization is irregular ; however 
one can observe its tendency to be ordered on certam depth intervals. The 
mineralized roeks arc represented by compact siderite, coaly siderite, side­
ritized tuff.
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The Chirui Type. In the Chirul region (Linii Brook), in a volcanic 
area with numerous fractures, affecting the volcano-sedimentary and sedi­
mentary deposits, as well as with numerous small-sized eruptive bodies, 
a surface with limonitized siderite and limonite accumulations associated 
with opalites is located. However, at Chirui there are several sectors with 
opalites, the only ones with such a development in the Călimani-Gurghiu- 
Harghita volcanic area. The ore bodies appear in the volcano-sedimentary 
formation at different depths. They consist of concretions and lenses of 
limonitized siderite, limonite, limonite+opalizations.

The role of the control factor, played by fractures in the Chirui mi- 
neralization, has been pointed out by P e 11 z, P e 11 z (in P e 11 z et 
al., 1978).

Chemism of the Mineralization

Major Elements. On the basis of 45 complete Chemical analyses, 
the distribution of the major constituenta has been examined in the 
types of mineralized rocks (Fig. 3). The SiO2 values decrease continuously 
from the original rocks to siderites. In limonites, the SiO2 values are higher 
due to the genetical particularities. The Fe2O3 values are significant for 
limonite and high in the limonitized siderites. The FeO contents increase 
directiv proporțional with the sideritization ; FeO is lacking in limonite. 
The significant increase of CO2 in correlation with the high values of FeO 
can be observed; CO2 contents are low in limonite. In comparison with the 
original rocks, in the mineralized rocks the CO2 values decrease, the MnO 
values increase (in all types), and the TiO2 and P2O5 values are higher in 
certain types (Fig. 3).

The examination of the variation of the main major components 
from the original rocks to the mineralized ones indicates : increase of the 
FeO, Fe2O3, CO2 and MnO values; decrease of the SiO2, Na,0 and K2O 
values.

The comparison of the major components in the mineralizations of 
the Vlăhita Formation and of the Algoma type sideritic ones (G r o s s, 
1980) indicates certain similarities.

Trace Elements. Pb, Cu, Ni, Co, Cr, V, Se, Y, Be, Sr, Ba, Li, B have 
been determined by emission spectroscopy. The results are presented in 
Table 2. It is considered that the average values of the Fetot/Si ratio 
increases from the original rocks (0.08—0.09) to siderites (7.79) and limo­
nitized siderites (11.71). In comparison with the increase of the Fet0, /Si 
ratio (Fig. 4) the following behaviour of the trace elements can be noticed : 
Ni and Cr show a tendency of decrease ; Cu, V, Sc generally show a tendency 
of decrease, except the low values in sandstones; Co appears in low con­
tents, with quite close variation domains and average values in all types of 
rocks ; Sr and Ba generally show a tendency of decrease, except for the 
sideritized pyroclastics with values close to the original rocks; Pb, Be, 
B, Li have similar variation domains and average contents in all types 
of rocks taken into account. On the basis of the behaviour of the trace 
elements studied it is proved that the mineralizing Solutions were poor or 
deprived of Ni, Co, Cr, V, Sc, Ba, being a question of postvolcanic Solutions
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and Solutions not connected directiv with the volcanic activity, bearing 
and/or enriched in iron. As known in the world, in case of the carbonatic

Fig. 4. — Fe|ot/Si-Ni, Co, 
Cr, V, Sc, Y, Cu, Sr, Ba 
diagram (average values). 
1, sandstone; 2, tuff; 3, 
sideritizcd sedimentary; 4, 
sideritized pyroclaslics; 5, 
siderite; 6, limonitized si­

derite.

ore deposits with a genesis partly similar to the mineralizations in the 
Vlăhița region (Gross, AIcLeod, 1980) a negative correlation 
between Fe+3 and V, Ni, Co, Cr, is emphasized.
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Genesis of the Mineralization

The solving of the problem on the g'enesis of the iron mineralization 
in the south-west of the Harghita Mts is of great importance. It is implied 
in the drawing up of the programmes which aim at the possible identifi- 
cation of some new zones with iron mineralizations, which can be turned 
into account.

In the world, certam aspects on the genesis of the iron mineraliza­
tions are still unsolved. Numerous researchers expressed their opinions, 
with general or special character, the genetic interpretat ion being deter- 
mined by the specification of the source of the Solutions and of the ways 
of transport, deposition and accumulation of iron. As concerns the genesis 
of the sideritic mineralizations, which form the Lueta ore deposit, up to 
now several points of view have been presented; deposition from hot 
springs (J e k e 1 i u s, 1938 ; C o d a r c e a, P e t r u 1 i a n, 1941); depo­
sition fromsubsurface waters (A t an a s i u, 1939 ; Ghika - Budeșt i, 
1949); metasomatic genesis (P e t r u 1 i a n, 1951; Grigore, 1961; 
T r e i b e r. 1965); hydrothermal genesis (B a n y a i, 1957 ; G r i g o r e , 
1961); volcano-sedimentary genesis (K o s a r e v a, C a t a n ă, 1965).

The available data indicate once more the complexity of the factors 
which have to be considered with a view to the clearing up of the mineral­
ization genesis. It is due to the complexity of the parameters which control 
the genesis that the mineralizations are not of a single type, as formerly 
considered, but of three types, as shown at point 2. Takinginto account all 
the genetic factors related to: a) iron source; b) transport in thermal 
Solutions, subsurface waters, ascendant hydrotherms; c) deposition and 
conditions which rule it (Eh, pH, T°, organic matter) : d) factors of paleo- 
geographic, lithologic, tectonic control, which check the iron accumula­
tion, we consider that in the study region the mineralizations are the result 
of a complex genesis, volcano-sedimentary-(-hydrothermal — metasoma­
tic 4- hydrothermal. If we study the genesis of each type of mineralization- 
it is considered: the volcano-sedimentary genesis for the Luetatype miner­
alization ; volcano-sedimentary and hydrothermal — metasomatic genesis 
for the Vlăhița type mineralization ; the hydrothermal and hydrothermal- 
metasomatic genesis for the Chirui type mineralization.

The Lueta type mineralization accumulated in the Minereni conglo­
merates and pebbles (lithologic control), probably also above this deposit 
in a partly barred basin (paleogeographic control). Postvolcanic Solutions, 
generated by apparata situated in the north of the Vlăhița region, prefer- 
entially circulating on the slopes of the volcanoes, have determined the 
alteration and leaching of the volcanics. The result was an important 
enrichment of the iron Solutions. The existence of gases (CO2, H2S) led 
to the alteration of the mostly volcanoclastic rocks, as well as to the iron. 
The Solutions enriched in iron penetiated into the lacustrine basin (Fig. 5), 
became diluted, more basic, at the values pH > 5 the iron participation 
being achieved. The mineralization accumulated in the first period of 
volcanic calm, but with a rich post-volcanic activity, which started in this 
region at the beginning of the Pontian.
16 — C. 79

M Institutul Geological României 
igrZ



242 S. PELTZ et al. 10

The Vlăhița type mineralization accumulated during severa! periods 
of volcanic calm, subsequent to the Lueta metallogenetic phase. The 
Vlăhița metallogenetic phase was probably the longest one : it covers the

—F — 5 —?-»7

Fig. 5. — Geologieal environment of 
deposition of the Vlăhița iron forma- 

tion (no scale).
1, pre-volcanic basement, Miocene mo- 
lassc of the Transylvanian Dcprcssion;
2, volcano-sedimentary formation;
3, eruptive body; 4, mineralization;
5, fault; 6, hydrothermal flux; 7, 
supposed hydrothermal flux , north 

of the volcanic apparata.

entire time period during which the lower member of the volcano-sedi­
mentary formation accumulated. The cyclieity of the calm moments con- 
trolled the spatia! position of the mineralization. The iron source as well 
as the transport modalities were similar to those considered foi’ the Lueta 
type mineralization. The paleogeographic andlithologic control factors were 
different; aless important role was played by the tectonic control. The 
formation of small depression areas at the surface of the volcanoclastics 
during the period of volcanic calm favoured the formation of pools and 
swamps with their lithogenetic and biogenetic processes. In these sedimen- 
tation environments the iron accumulations from post-volcanic Solutions 
occurred under favourable conditions of Eh and pH. Concomitantly, the 
post-volcanic Solutions enrichedin iron, which infiltrated in the volcano- 
clastic beds, preferentially sideritized their porous binder; in this case 
the metasomatic action of the Solutions is obvious. At the same minerali­
zation moment, ascendant hydrotherms, usually mobilized on Systems of 
fractures in the aureole of eruptive bodies, metasomatically emiched the 
binder mineralization. The spațial position of the volcano-sedimentary 
siderite, constantly associated with coaly tuffs, sedimentary roeks, epi- 
clastics, is obviously controlled by the accumulation in pools and swamps.
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The spațial position of the hydrothermal metasomatic siderite is con- 
trolled by the solution thermodynamics, as well as by the porosity -j- com­
position of the associated voleanoclasties.

The Chirui type mineralization accumulated in the volcano-sedimen- 
tary formation and is characterized by the presence of opalites in associa­
tion with limonite and siderite. The opalization was partly contempora- 
neous with the volcanics accumulation, and partly subsequent, being con­
nected with Solutions usually accompanying the volcanic activity. Iron 
comes from the alteration of the volcanics under the influence of the prod­
ucts of the post-volcanic activity. Silica results from the decomposition 
of the voleanoclasties “fn silii”, as well as from hydrotherms. The Solutions 
which vehicled iron and silica circulated on fractures of the aureole of the 
eruptive bodies. In the case of the genesis of this type of mineralization the 
deposition conditions particularly interfere. Iron precipitates as hydroxide 
or carbonate, depending on the pH of the Solutions. Silica is less depen- 
dant on pH (K r a u s k o p f, 1971), being connected firstly with the ionic 
changes and the decrease of temperature. The precipitation of the gel re­
sults from the suprasaturated Solutions, and the siliceous gel itself is floc- 
culated by gels of iron hydroxide (H ar d er, FI e hm in g, 1970).

Comparative and Final Considerat ions
The presence in the Băile Homorod-Vlăhița-Chirui region, in a large 

area, of the siderite and limonite mineralizations at the base of the volcano- 
sedimentary formation as well as in the lower member, give the character 
of “iron formation” to this lithologic unit. We caii it “the Vlăhița iron for­
mation”. This formation includes, besides the Lueta ore deposit, numerous 
areas with iron rock accumulations (10—15% Fe) belonging to the Vlăhița 
type, as well as accumulations with poor mineralizations (15—25%Fe) 
of the Vlăhița and Chirui type. Considering the geological and tectonic 
environment, the associated rocks and the lithofacies, the Vlăhița type, 
formation has some similarities with the Algoma type iron formation 
(Gross, 1980). In the case of the iron metallogenetic districts associated 
with the andesitic volcanism in the East Carpathians, similar mineraliza­
tions are known, as follows : 1) Mădăraș area (Toplița-Sînsimion district). 
The Vlăhița and Lueta type mineralizations are associated with a special 
type (Tănăsescu, 1969), represented by the siderite accumulated 
in metamorphic rocks (schists, limestones, dolomites), hydrothermally 
and hydrothermal-metasomatically. On the basis of the features pointing 
to the mineralogy of the mineralization, genesis, geological environment, 
associated rocks, we consider the presence of the Mădăraș iron formation, 
similar to the Vlăhița formation, in the Mădăraș metallogenetic field. 2) 
Toplița region in the northernmost part of the Toplița-Sînsimion district 
encompasses sideritic mineralizations of the Vlăhița and Mădăraș type. 
At the present stage of knowledge the presence of an iron formation in this 
region cannot be specified. 3) Filia-Biborțeni-Herculian region (south of 
the Corund-Herculian district) includes isolated sideritic and limonitic 
accumulations with a volcano-sedimentary genesis, of the Vlăhița type. The
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poor mineralizations and the ferri-ferrous rocks predominate. Locally, 
limonite occurs associated with diatoms. As in the Toplița region, no iron 
formation can be pointed out here.
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DOINA RUSSO-SĂNDULESCU 2, MIRCEA SÂNDULESCU 2, CONSTANȚA UDRESCU2, 
IRINA BRATOSIN2, ALEXANDRA MEDEȘAN 3

Les plus important» produits de l’activite magmatique d’âge meso- 
zoîque des Garpathes Orientales affleurent dans la zone cristal] ino-meso- 
zoique et dans les plus internes parties de la zone du flysch. G’est surtout 
de ces formations-lâ que. nous nous bccupons dans cette note.

Du point de vue tectonique les magmatites mbsqzoîques se trouvent 
dans les nappes transylvaines, les nappes centrales est-carpathiques et 
les nappes daciques externes. Les nappes transylvaines ont la position la 
plus haute — et donc l’origine la plus interne — de l’hchafaudage struc­
tural des Carpathes Orientales internes. Elles sont constitudes d’un com­
plexe ophiolitique et de roches sedimentaires d’âge triasique, jurassique 
et eocretace. II n’y a pas de formations cristallophylliennes dans ies nappes 
transylvaines; ce sont des nappes d’obduction provenant d’une suture 
ophiolitique representbe par les Transylvanides (S â n d u 1 e s c u, 1975, 
1980). Les nappes centrales est-carpathiques sont des nappes de socle 
constituees chacune de formations metamorphiques prealpines et de 
dbpâts sedimentaires (Trias, Jurassique, Ebcretacb) qui surmontent nor- 
malement les premieres. De haut en bas les nappes centrales est-carpathi­
ques sont: la nappe bucovinienne, la nappe sub-bucovinienne et les nappes 
infrabucoviniennes. Des nappes daciques externes c’est surtout la nappe 
du “Flysch Noir” qui offre la possibilite d’une analyse plus approfondie du 
complexe basique situe a la base de celle-ci. A part les roches magmati- 
ques, dans ces nappes affleurent bgalement des formations de type flysch 
et des niveaux calcaires.

La tectogenese principale des nappes transylvaines et des nappes 
centrales est-carpathiques et mesocretacees. Les nappes daciques externes 
ont subi une tectogenese paroximale ă la fin du Gretace supârieur.
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Complexe ophiolitique des nappes Iransylvaines

Le complexe ophiolitique transylvaine est constitui de peridotites 
plus ou moins serpentinisees, de dolerites, de. basaltes (pillow-lavas et 
coulees massives) et aussi de plagigranites. Dans l’une de ces nappes tran­
sylvaines (nappe de l’Olt) sont associees egalement des roches alcalines 
(trachytes et syenites quartziferes). Des jaspes (de differents âges?) sont 
connus aussi dans ce complexe ophiolitique.

Les peridotites sont representdes par des hartzburgites et Iherzo- 
lizes, interstratifiees â l’echelle microscopique avec de minces lamines de 
websterites et d’orthopyroxenites. Certains aspects microscopiques rap- 
pellent les produits cumulatifs, suggerant lem origine dans le niveau des 
peridotites metamorphiques ou dans les cumulats situes au-dessus de 
celles-ci.

Les roches basiques sont reprdsentees par des basaltes ă structures 
variees, certaines etant spilitisees, des dolerites, des gabbros et aussi des 
tufs de differents types. Elles montrent une tendance de differenciation 
magmatique de type tholeitique (R usso -Sandu lescu et al., 1982). 
II faut aussi remarquer la presence, dans les basaltes, du prehnite, du 
pumpellite et des zeolites, fait qui peut suggerer l’existence — dans le 
domaine transylvain — d'un metamorphisme de haute pression, qui aurait 
suivi un metamorphisme hydrothermal soutenu par les phenomenes de 
spilitisation. Dans des klippes sedimentaires inclues dans la Formation 
du Wildflysch bucovinienet provenant des series iransylvaines ont ete iden­
tifice* des schallsteines et des ophicalcites.

Les roches alcalines associees aux nappes iransylvaines affleurent 
seulement dans les Monts Persani (dans la nappe de l’Olt) (P a t r u 1 i u s 
et al., 1976). Elles y sont representees par des trachytes quartziferes, des 
syenites quartziferes, des bostonites et des rhyolites alcali-feldspathiques 
(C i o f 1 i c a et al., 1965 ; Sân du Iese u et al., 1981). Les roches alca­
lines traversent des basaltes, englobant aussi des morceaux de celle-ci.

Les magmatites du complexe ophiolitique des nappes transylvaines 
ont des âges differents. Les plus anciennes sont d’âge triasique. (moyen), 
les plus jeunes jurassique superieur et, peut-etre meme neocomien (S ă n- 
d n 1 e s c u, R u s s o - S ă n d u 1 e s c u, 1981). Ce fait montre qu’elles 
proviennent de differentes parties de la zone de spreading qui a ete entrai- 
nees dans les processus d’obduction generant les nappes transylvaines.

Complexe basique de la nappe du “Flysch Noir”

Affleurant seulement dans les Monts du Maramureș, le complexe 
basique de la nappe du “Flysch Noir” est constitue de coulees massives 
(par endroits des pilloxv) de roches basiques, de dolerites et de roches 
d’origine mixte (stromatites et tuffites); rarement y ont etetrouveesdes 
roches â faible tendance alcaline. Bien que de constitution mineralogique 
homogene on y remarque l’abondance de l’augite titanifere par rapport 
aux basaltes des nappes transylvaines. Les basaltes de la nappe du “Flysch 
Noir” montrent une tendance de differenciation de type tholeitique 
alcalin. Les processus de spilitisation sont relativement rares, mais Ia pre­
sence gcncralisee du chlorite et de l’epidotc soutient, quand meme, l’exis-
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tence d’un metamorphisme hydrotheimal,SGUS-marin. Un second moment 
de metamorphisme est marquâ par le developpement general du pumpellite. 
De ce moment est lie egalement la genese du prehnite (identific par endroits) 
et des noyaux d’amphiboles bleus (dans des dolerites — valide de la Rica). 
De ce fait nous admettons que ce deuxieme moment de metamorphisme 
est de type hP/bT. II serait contemporain â l’apparition de la schistosite 
qui est developpee en liaison avec les ecaillages qui ont prdcedd le charriage 
ele la nappe.

L’âge de l’ensemble basique de la nappe du “Flysch Noii” est au 
moins jurassique superieur. II n’est pas encore certain mais il n’est pas 
exdu qu’il a debute meme avant le Callovien.

Magmatites ensialiques des nappes centrales est-earpathiques

Le magmatisme d’âge mesozoîque lie aux nappes centrales est-car- 
pathiques — ou au moins ă leurs equivalents dans la pârtie sud de la 
courbure interne des Carpathes — est le mieux exprimd dans la region 
de Holbav et Poiana Mărului-Sinea. Dans la nappe gâtique (Holbav et 
Brașov) — qui correspond aux nappes infrabucoviniennes — affleurent 
autant des roches effusives que des roches filoniennes, tandis que dans les 
nappes supragetiques (Monts Făgăraș) il n’y a que des roches filoniennes.

Les roches effusives prennent part â la constitution d’une formation 
volcano-sedimentaire d’âge 1 iașique (Holbav). Elle comprend des pyro- 
clastites de type ignimbritique ă chimisme alcalin (rhyolites et tufs rhyo- 
litiques alcalins) alternant avec des depâts sedimentaires et des tuffites; 
des sills et des coullees minces s’y intercalent (rhyolites alcalines â arfved- 
sonite et trachytes). Cette formation volcano-sedimentaire est traversee 
par des petits dykes de basaltes olivino-pyroxâniques. Les roches filo­
niennes sont largement dâveloppees dans l’unite de Brașov (pârtie interne 
du domaine getique dans la courbure des Carpathes) et dans la nappe de 
Sinea (une des nappes supragetiques correspondant â la nappe sub-bucovi- 
nienne), donc dans des unitâs plus internes que celle de Holbav (â effu- 
sions). II s’agit surtout de camptonites, de syenites quartziferes et de bos- 
tonites, ces demieres largement developpees dans la nappe de Sinea.

Certainement que, parmi les magmatites qui traversent les forma­
tions cristallines des Carpathes Orientales, il faut ranger aussi le massif 
alcalin de Ditrău. Etant un probleme en soi, nous nous bornerons de sou- 
ligner son âge jurassique (St r e c k e i s e n, H u n z i k e r, 197-1), et son 
caractere lie ă une periode de distension et pas de compression. Du point 
de vue tectonique il se trouve dans la nappe alpine la plus haute — donc 
la plus interne — du systeme central-est-carpathique, celle bucovinienne 
(Săndulescu, 1972, 1975 a).

Considerations gâoehimiques

Nous allons analyser les roches magmatiqu.es d’âge mesozoîque des 
Carpathes Orientales d’une maniere globale sans decoupages separees par 
unites teetoniques.

Roches ultramafiques. Les elements mineurs caracterisant les roches 
ultramafiques se trouvent â des valeurs elevees par rapport aux moyennes
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citees dans la litterature pour ce type (G o 1 e s in C o 11 e m a n, 1977). 
Ces valeurs du Ni varient entre 2100 et 2900 ppm depassant meme celle 
des peridotites metamorphiques (2250); le Cr varie entre 2600 et 3000 ppm, 
se situe au-dessus de la moyenne caraeterisant les roches ultramafiques, 
mais plus faible que celles de peridotites metamorphiques. Ces valeurs 
elevees du Ni et du Cr sont liees â la presence des sulfures de Ni et des cro- 
mites. Les autres elements mineurs analyses — Co, V, Sc — presentent des 
valeurs rapprochees de celles caraeterisant les roches ultrabasiques.

Roches basiques. L’etude g^ochimique des roches basiques fournit 
des conclusions interessantes sur les conditions geotectoniqu.es dans les- 
quelles ont ete engendrees les roches magmatiques mesozoîques. Suivant 
le diagramme Perace et Cann (1973) on a distingue (R u s s o - S ă n d u - 
lese u et al., 1982 ; S ă n d ul es c u et al., 1980) les suivantes categories : 
(1) basal!es de type fond oceanique, (2) basaltes de type intraplaque ocea­
nique (hot spots) (let 2 dans les nappes transylvaines) et (3) basaltes de 
t ype. intraplaque continentale (rift continental) passant â un rift de type 
Mer Rouge. Les roches basiques associees aux complexcs alcalins ensia- 
liques (Holbav, Sinea) ne trouvent pas leur place dans l’ensemble des 
basaltes cites ci-dessus â cause de leur caractere tres alcalin : teneurs ele­
vees en Zr et Nb.

Pour comparer les roches basiques situees dans des unites differentes 
nous avons utilise les teneurs en Zr, Y, Yb et Nb, qui sont, de lameme 
maniere que le Ti et le P, peu affectes par les processus dc metamorphisme 
et metasomatisme hydrothermal.

Le rapport Y/Nb separe distinctement, dans les nappes transylvaines 
(fig. 1) les basaltes de fond oceanique de celles de hot-spot; les premieres 
contenant moins dc lo ppm pour le Nb et 10 — 90 ppm pour 1’ Y, les. 
secondes etant caracteriseespar des contenus de 14 — 32 ppm pourl’Y etde 
15 —85 ppm pour le Nb. Les basaltes de typeint raplaque continentale (nappe 
du “Flysch Noir”) se superposent partiellement aux deux prdcMents. Les 
basaltes alcalins ensialiques (Holbav, Sinea) montrent des valeurs sem- 
blables avec celles des basaltes du meme type des nappes transylvaines» 

L’Yb varie d’une maniere semblable avec l’Y, largement dans les 
roches de type fond oceanique (jusqu’a 9 ppm) et plus serre dans celles de 
type hot-spot (2—3 ppm).

Le La se trouve sous la limite de d6tection (30 ppm) dans les roches- 
de type fond oceanique, mais monte jusqu’a 70 ppm dans celles de type 
hot-spot. Les basaltes de la nappe du “Flysch Noir” sont de ce point de 
vue dans une position intermediaire : 75% au-dessous de la limite de detec- 
tion, le reste variant entre 30—52 ppm.

La difference entre les roches de type fond oceanique et de type hot- 
spot sont soulignees aussi par les teneurs en Ba. (fig. 2), rapport6s au FeOtot 
/MgO. Les premieres presentent des valeurs au-dessous de 100 ppm, les 
autres entre 140—1000 ppm. La nappe du “Flysch Noir” a encore une fois. 
une position intermediaire.

Le Co, V et Sc ont des valeurs plus elevees dans les roches de type 
fond oceanique. Pour les types fond oceanique X4Co = 51 ppm, XV = 
= 275 ppm, XSc = 39 ppm; pour ce qui est de type hot spotlesvaleurs 
sont plus basses (XCo = 29 ppm, XV = 160 ppm, XSc = 16 ppm). Lei
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10 20 30 40 50 60 70 80 ppm N b
Fig. 1. Diagrammc Y-Nb pour les roches basiques.

1. basaltes de type fond oceaniquc-Rarău, ilăgliimaș. Persani: 2. basaltcs de type 
intraplaquc oceanique (I Iot spot)-Rarâu, Hăghimaș. Persani; 3. basaltcs dc type 
intraplaquc continental (rift continental)-Maramureș: 4. basaltes alcalins dc Ilol- 
bav-Brașov (nappe getique); 5, basaltes alcalins-Monts Făgăraș (nappe supra- 

getiquc).
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basaltes de la nappe du “Flysch. Noir” sont toujours en position intermd- 
diaire (XCo = 43 ppm, XV = 200 pp, XSc = ppm).

Les roches alcalines associees aux basaltes analyses ci-dessus sont 
caracterisees par des valeurs dlevdes de Zr, Nb, Y, Yb et La (valeurs maxi- 
males : Zr = 1900 ppm, Nb = 300 ppm, Y = 125 ppm, Yb = 10 ppm,

Fig. 3. — Diagrammc Zr/Y 
(legende voir la fig. 1).

La = 280 ppm, reconnues dans Lunite de Holbav). On observe que les 
roches alcalines subissent des tendances de diff^renciation specifiques 
suivant les categories correspondantes de basaltes[(fig. 3).
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Utilisant les rapports P2O5/Zr ppm (fig. 4) on arrive â la conclusion 
que les magmas qui ont genere les roches de type fond oceanique des 
nappes transylvaines sont d’origine nettement tholeîtique (les valeurs les

Fig. 4. — Diagranune P2O5 /Zr (legende voir la fig. 1).

plus faibles’en Zr et P). tandis que ceux qui ont genere les basaltes intra- 
plaques continentaux (nappe du “Flysch Noir”) bien que tholeîtiques 
ont des valeurs plus elevees. Les roches basiques de type hot-spot corres- 
pondent â des magmas alcalins, ainsi qu’une faible pârtie des basaltes de 
la appe du “Flysch Noir”.

Evolution el position țjeoteelonique

Les trois circonstances stiucturales dans lesquelles affleurent les 
roches magmatiques d’âge mesozoîque dans les Carpathes Orientales repe­
tent les trois ambiances geotectoniques qui ont gouverne leur genese. 
En effet les nappes transylvaines — provenant d’une suture ophiolitique 
bien marquee (les Transylvanides, S ă n d u 1 e s c u, 1980) — presentent 
les caracteres les plus nets et les plus typiques d’une croute oceanique. Les 
Traces du spreading prolonge (Trias moyen-Jurassique superieur voir 
meme Neocomien ) ne fait que souligner cette conclusion. Le complexe 
basique de la nappe du “Flysch Noir” avec ces caracteres ambigus trouve 
bien sa place dans un contexte de rifting continental passant aux caracteres 
de croute amincie. D’ailleurs l’apparition — le long de la chaîne — dans le 
meme sillon de la croute oceanique (nappe de Severin) (S ă n d u 1 e s c u, 
1980) marque la difference par rapport ă la suture des Transylvanides : 
l’ouverture paralizie du sillon dacique externe est plus hesitante. “imitant” 
seulement le spreading transylvain.

Enfin le magmatisme ensialique qui s’est manifeste dans une aire 
situee entre les deux zones de distension est domine par les produits alca­
lins. Bien que cette situation n’ait pas trouve — encore — une explica-
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tion satisfaisante, il est â remarquer que cette zone a gagne ces caracteres 
specifiques pai’ rapport a deux autres. La presence — reduite — des mag- 
matites alcalines dans les nappes transylvaines (seulement au niveau du 
Trias moyen) suggere Finfluence du rifting primaire qui a precede (et en 
meme temps a declenche) le spreading.

Du point de vue de l’6volution temporelle on constate que : (1) le 
spreading transylvain (son debut) a 6te suivi par (2) l’apparition du mag- 
matisme alcalin plus â l’exterieur, qui a son tour a precede (3) le rifting 
encore plus externe qui a ddcoupe la marge continentale.

4 Represente les nioycnncs des tencurs.
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GEOTECTONIC AND MAGMATIC EVOLUTION OF THE MURE 
ZONE (APUSENI MOUNTAINS) -ROMANIA1

BY

HARALAMBIE SAVU 2

The Mureș zone, known also as the Southern Apuseni, the Mureș 
Mountains (Macovei, At an as iu, 1933) or the Metaliferi Moun- 
tains (I a n o v i c i et al., 1967), formed in the inițial stage of the Alpine 
cycle. Unlike the other two local names, that of the Mureș zone has a genetic 
sense, being confounded with the suture of the Mureș Ocean ; it is therefore 
more comprehensive and includes also the ophiolites outside the Southern 
Apuseni. It crops out along a distance of 200 km, hetween Turda and 
Pătirș, but continues in Yugoslavia towards the Shumadia zone.

As long as it was considered to be the result of the evolution of a 
geosyncline (S t i 11 e, 1953) or of a classie oceanic zone (R ădulescu, 
Sandul eseu, 1973; Herz, Savu, 1974; Bleahu, 1974) 
severa! aspects relating to its development could not be explained. First, 
not all the magmatic rocks supposed to have formed in the oceanic zone 
could be defined as ophiolitic rocks (S a v u, 1962 b). Some other aspects 
were not clear and the situation was even more complicated when all the 
magmatic rocks of the Mureș zone were considered to have formed in an 
island arc zone (C i o f 1 i c a et al., 1980).

Our concept, according to which the Mureș zone functioned primarily 
as an ocean floor zone, becoming finally a zone of island ares (Savu, 
1980), can solve the still existing problema. This model has been gradually 
achieved. It started from the observation that the closing of the oceanic 
zone is due to a compression process accompanied by a bilateral subduction 
one (Savu, U dres cu, 1973; Savu, Nicolae, 1975) and from 
the discovery that the basic rocks formed prior to subduction correspond 
to ocean floor basalts, while those generated by the subduction process 
(S a v u et al., 1978) to island arc volcanics. According to this model we 
shall present the evolution of the Mureș zone in two stages : (l)thespread- 
ing stage and (2) the closing stage.

1 Paper presented at the 12th Congrcss of the Carpatho-Balkan Geological Association, 
Scptember 8—13, 1981, Bucharest, Romania.

- Institute of Geology and Gcophysics, str. Caransebeș 1, 78344 Bucharest, Romania.
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3 GEOTECTONIC AND MAGMATIC EVOLUTION OF THE MUREȘ ZONE

Geotectonic Evolution of the Mureș Zone

The formation of the Mureș zone, which appears as an asymmetric 
orogen with bilateral overthrusting (Macovei, Atanasiu, 1933) 
started in the Lower Jurassic by the splitting of the sialic crust on the 
south-western margin of the East European continent into two microcon- 
tinents, represented by the Apuseni Mountains Microplate and the Tran­
sylvanian Microplate (S a v u, 1980). Thus a rift forms, which is marked 
by a spreading phenomenon (Fig. 1 a)3. j

The spreading lasts to the new Kimmerian movements which start I I 
manifesting in the Upper Callovian or Oxfordian. This period corresponds 7 - xf 
to the first evolution stage of the Mureș zone, when the oceanic crust 
formed 4, consisting of ophiolitic rocks as defined by C o 1 e m a n (1977); i. &
its age is of 180 m.y.

With the new Kimmerian movements starts the closing of the . 
oceanic zone, an event previously named “the geosyncline inversion”, '8 
with which the bilateral subduction process taking place during the second . 
evolution stage of the Mureș zone is associated. This process lasts to the 
Austrian movements that determined the final closing of the oceanic zone.

According to the proposed model (Fig. 1 b), at the beginning of the 
second stage the oceanic crust, subjected to compression, is broken in its^A 
marginal parts. The externai segments joining the northern and Southern 
microplates are subducted under the Mureș zone, thus generating two mar­
ginal troughs or basins (Savu, 1962 b). The magmas forming 
on the Benioff planes at a depth of about 250 km give rise to two pre- 
orogenic or submarine island arcs in which typical volcanic rocks erupt 
(S a v u, 1980). Owing to the Austrian movements, the Mureș zone under- 
goes a folding and consolidation process, ending with the Laramian move­
ments (Pap iu, 1953). In this way the folded and overthrust nappes 
structure of the Mureș zone forms (Fig. 1 c).

Geological data are very well correlated with the results of the geo­
physical (gravimetric and aeromagnetic) researches obtained by A n dr e i 
et al. (1975) which Andrei figures also on the map drawn by Bor­
coș et al. (1979).

Beinterpreting the geophysical data in the light of the plate tecto­
nics concept, we can infer that during the subduction process the two 
plates, subducted in the north and south, advanced on the Benioff planes, 
reaching a considerable depth, so that the melting of the subducted oceanic 
crust gave rise to magmas from which the volcanies of the two island arcs 
proceed (Fig. 1 b). Owing to this process and to the subsequent tectonic 
movements, the plates sink to a still greater depth, so that their sialic 
part comes under the mass of ophiolites, the boundary of which is pointed 
out by geophysical measurements (Pl. and Fig. 1).

The asymmetric subduction varies in intensity sinee on the northern 
border of the Mureș zone the island arc and the marginal trough 
or basin occupy the same space which seems to have an ophiolitic basement, 
while on the Southern border the marginal basin remains on 
the border of the oceanic zone and partly settles on the sialic plate in the 
south; the island arc lies farther inside the Mureș zone, on the ophiolitic 
basement. The Southern island arc is marked by numerous volcanic struc-
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tures covered by a barrier reef extending between the Căpîlnaș-Zam-Vorța- 
Almașu Mare localities (Savu et al., 1981); it is pointed ont very well 
by a geophysical negative anomaly, situated in its axial zone (PI.). The 
northern volcanic island arc, situated between Pătîrș and Șoimuș-Buceaya, 
was not marked by a geophysical anomaly probably for several reasons : 
firstly, because it covered the area of the northern trough, the 
sediments of which obscured the magnetometric effects of the volcanic 
rocks and, secondly, because the sialic plate of the Apuseni Mountains 
sinks under the Mureș zone, exceeding in depth the island arc alignmcnt 
(PI.) ; this probably effaced the gravimetric effects of the masses of vol­
canic rocks.

In the eastern extremity of the Mureș zone (Trascău Mountains) 
which is separated from the main part by the Valea Verde-Inuri Fault, 
probably a resumed transform fault, and a cordillera (Andrei et 
al., 1975) the depth structure is difficult to know, as only island arc vol­
canics and Upper Jurassic and Cretaceous sedimentary deposits crop out 
(PI. ). These volcanics resulted from an island arc, extending towards 
NNE to Turda and somewhat farther under the Transylvanian Basin.

Owing to the more intense activity of the marine basin in the eastern 
extremity of the Mureș zone, which continues also after the Upper Jurassic, 
spilites (G i u ș c ă et al., 1963) and keratophyres (Nicolae, B r a t o- 
s i n, 1980) formed here during the Lower Cretaceous, making up a spilite- 
keratophyric assoc iation.

Because during the terminal Cretaceous the Transylvanian micro- 
plate breaks again in the Transylvanian Basin zone and this part was 
subducted under the Apuseni Mountains together with the north-eastern 
extremity of the Mureș zone, the latter was consumed to a greater extent. 
It will give rise to the overthrust nappe structure from the east towards 
the west of the Trascău Mountains and will generate new island arc mag­
matites as the Laramian and possibly the Neogene ones.

Ophiolitic Rocks

Ophiolitic rocks (Savu, 1962 a), that formed during the ocean 
spreading sțage, are better represented in the western part of the Mureș 
zone (PI. ), where they makc up a series of basic (tholeiitic) rocks formed 
on the ocean floor. As this ophiolitic series was affected by tectonic move­
ments, like other geological formations, its two complexes crop out over 
well-known areas (Fig. 2).

a) The upper Căzănești-Roșia Nouă-Toc complex (Oj). This complex 
shows a basaltic. character; it comprises the ophiolitic rocks situated be­
tween the Vărădia-Obîrșia diagonal line and the boundary between ophio­
lites and the island arc volcanics (PI.) . From this boundary towards the 
east the ophiolitic rocks crop out also above the island arc volcanics only 
in the inliers of Visca, Luncoi and Bunești, which are marked by geophysical 
positive anomalies pointed out by Andrei et al. (1975), and in the Glod- 
ghilești-Furcșoara tectonic rise. Rocks from the basaltic complex (OJ 
crop out also on the north-western border of the Mureș zone, atTroaș, 
Lalesinț and Pătîrș.
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The basaltic complex generally consists of submarine flows of apha- 
nitic rocks represented by anamesites, basalts, hyalobasalts and variolites, 
seldom amygdaloidal basalts which are generally in pillow lava facies.These 
lavas are intercalated with rare tuff and agglomerate levels with which 
tachylites are associated; the latter rocks are very characteristic of the

FnFlysch deposits and volcanics 

from ine spilite-keratophyric 

csscciation (a )

-basaltic complex

03 (?)
cbbro -peridotite 

complex (?)

Unconfocmity 

0, -Ccecn floor 
bascii complex

Fig. 2. — Stratigraphic coiumn of ophioiitic rocks and island arc 
volcanics of the Mureș zone.

Leucocrate volcantc 
complex; reef 
limestones (a)

O,-Sheeted dike 
omplex

submarine tholeiitic eruptions. Some jasper intercalations are found at 
Dumbrăvița, while recrystallized Jurassic limestone lenses are present 
among the basalt flows in the Căpîlnaș-Zam-Dumești region (Savu, 
Nicolae, 1975). The rocks belonging to this complex have character­
istic intersertal or intergranular and radiat textures. In addition to the 
plagioclase laths, augite and magnetite, they contam always glass.

b) The lower Troaș-liata complex (O3). The second complex shows 
a doleritic character and is less widespread, covering the western part of 
the llureș zone between Troaș, Julița and Zăbalț. It consists mainly of 
dolerites, spilites and gabbros, seldom granophyres, forming a complex of 
sheeted dykes trending approximately E-W and NE-SW. The rocks show

17 — c. 79
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ophitic or grained textures consisting of plagioclase, clinopyroxene and 
magnet ite ± pyrite.

The doleritic dykes reach rarely also the upper complex, giving rise 
to basalt flows, dolerite and spilite sills or gabbro bodies, as it results from 
the maps 1 : 50,000 Roșia Nouă and Săvîrșin (1979).

Unlike the classic ophiolitic zones from the Apeunines and Dinarids, 
1 he third complex of gabbro-peridotitic rocks does not crop out in the Mureș 
zone ; but such rocks form hore small bodies of gabbros and peridotite» 
(S a v u, 1962 a, 1980), 0.3—4 km long, intruded in the two complexes of 
basic rocks. The gabbro bodies make up intrusive nappes, some of them 
being situated at the boundary between the two complexes (Căzănești- 
Ciungani, Julița) andlayered dykes (Almaș, Săliște, Bunești) or composite 
bodies (Almaș, Cuiaș). Gabbros are also present in sheeted dykes ofthe 
Dumbrăvifa-Baia zone. The gabbroic bodies consist of diopside gabbros, 
olivine gabbros, hyperites, titanomagnetite gabbros, pegmatoid gabbros, 
dolerites, microgabbros and granophyres.

The ophiolitic rocks undergo an ocean floor or hydrothermal meta­
morphism as meant by C o 1 e m a n (1977). As S a v u (1967) reported, 
there form parageneses characteristic of the zeolitic, greenschist and epi­
dote amphibolite facies. The first two facies are typical of the upper com­
plex, while the third one is typical of the lower complex.

Island Arc Volcanics

The activity of the island arc volcanism is marked by two successive 
phases involving characteristic rock assemblages : (1) calc-alkaline and 
alkaline volcanics and (2) spilite-keratophyres (Fig. 2).

1. The calc-alkaline and alkaline volcanics formed by bilateral 
subduction show a heterogeneous distribution in the Mureș zone. They 
form a complete succession along the Southern island arc. The volcanics do 
not form rock complexes in the northern island arc, although they include 
all the rock types of the Southern island arc. There the calc-alkaline and 
alkaline volcanics concentrate in some volcanic structurs of central type, 
buried (PI. ) under the formation with jaspers, red  and Upper 
Jurassic limestones (S a v u, 1962 b).

argillit.es

They are absent in the axial part of the Mureș zone, west of the 
Vărădia-Obîrșia line, being present only in a few outliers (Roșia Nouă, 
Gomile Valley etc) between the above line and the Basarabeasa-Zam 
boundary. East of the sinuous Basarabeasa-Zam boundary they cover 
wholly the Mureș zone — except for the ophiolite inliers — up to the Tras- 
cău Mountains. The calc-alkaline and alkaline volcanics make up two 
principal complexes (Savu et al., 1981): (a) a lower andesite-basaltic 
complex and (b) an upper quartz-andesite-rhyolitic complex.

a) The loicer complex This complex consista mainly of
pyroclastics — especially agglomerates—of porphyritic amygdaloidal bas- 
alts, basaltic andesites and, more rarely pyroxene and hornblende ande­
sites, ankaramites, sometimes intercalated with lava flows in pillow lava 
facies. The agglomerates are sometimes associated with tuffs, radiolarites 
and red argillites. We point out the existence of the “polygenous agglome-

argillit.es
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rates”, a kind of “volcanic melange”, which include elements broken by 
volcanic explosions from the ophiolitic rocks in the basement or from the 
reef limestones present in the volcanic structures. Within the volcanics 
between Cărmăzinești and Săliștioara there occur exotic blocks of strongly 
deformed crystalline schists, which might represent olistoliths broken from 
the Transylvanian Microplate in the Southern subduction zone and included 
within the pyroclastics of the island arc volcanism — by an obduction 
process. They lend to this formation the character of melange with tuffo- 
genous cement (“coloured melange”), which doesnot constitute an ophio- 
litic melange, but a pyroclastic olistostrome. There are also olistoliths of 
gabbros, peridotite» and limestones (Godinești-Vălișoara).

Levels of amphibole andesites or red dacites showing a perlitic 
texture are also found : they appear even at the base of the complex (Visca), 
which indicates the recurrent character of the island arc volcanism and 
the discontinuity between the ophiolitic series of the basement and the 
island arc volcanics (Savu et al., 1981). The thickness of this complex 
exceeds 2 km in the Visca-Dealu Mare region.

Between Almaș-Săliște, Almășel and Roșia Nouă a system of ande­
site and basalt dykes with a NW-SE trend is known, which crosses the 
ophiolitic series.

b) The upper complex (IAVZ). In the axial zone of the Southern 
island arc the lower complex is followed by a complex consisting of leuco- 
crate rock pyroclastics, such as amphibole quartz andesites, dacites and 
rhyolites, some of them showing a perlitic texture. It finishes the island are 
volcanism in most of the Mureș zone at the end of the Upper Jurassic, 
possibly the beginning of the Neocomian ( ?). Such pyroclastics also occur 
in the upper part of the volcanic structures of the northern island arc, 
buried at the base of the Upper Jurassic-Lower Cretaceous flysch of the 
northern trough (PI.). The acid volcanics underlie or include Stramberg 
Limestones, pointing to the age of these eruptions. The limestones 
overlie directiv the lower complex in the Păroasa-Măgureaua Vaței 
zone. The acid rocks are present also as veins or dykes Crossing the lower 
complex of the island arc volcanics or the ophiolites cropping out west 
of t he Basarabeasa-Zam boundary, up to Julița. At the level of the upper 
complex, a formation consisting of tuffs, red and grey argillites and seldom 
radiolarites devei ops in the Vorța synclinorium (Savu, Ni colac, 
1975).

The calc-alkaline rocks are associated with rocks showing an alkaline 
character, represented by limburgites, oligophyres, trachyandesites, ortho- 
phyres (paleotrachytes) occurring as veins and more rarely as pyroclastics 
or lava flows (Savu, 1962 b).

The island arc volcanics were emplaeed by an intense intermittent 
and recauTent submarine volcanic activity of some volcanoes of central 
type, aligned in the two island ares or isolated, and on the cones of which 
there form reefs (S a v u, 1962 b). The rocks show a porphyritic or glo- 
meroporphyritic, frequently amygdaloidal texture, with pilotaxitic or 
fluida! grotmdmass, typical of the volcanic rocks.

Since theyformed in a marine environment, the island arc volcanics 
also underwent a weak submarine regional metamorphism in the zeolitic 
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facies, being sometimes (Vorța, Almaș Săliște) overlain by a local hydro- 
metasomatic metamorphism.

2 . The spilite-keratophyric roeks are found as flows and veins in the 
Albian sedimentary deposits of the Trascău Mountains. They are represented 
by spilites and quartz keratophyres interbedded with rhyolites and paleo- 
trachytes. Irrcspective of the process that led to their formation — mag­
matic differentiation or metasomatosis—their petrochemical and geoche- 
mical characteristic» differ from those of the above-mentioned roeks.

Conelusions

The following conelusions can be drawn from this paper :
The Mureș zone functioned imtially as an ocean floor zone, becoming 

subsequently an island arc zone as a result of a bilateral subduction process.
The first spreading stage is marked by the formation of ophiolites,. 

while in the second stage, island arc volcanics formed.
The two rock series formed in these stages differ from each other 

in every respect.

3 The dynamics of this model has been given by a system of two convergent cells rather 
similar to those imaginated by C i o c â r d c 1 and Socol eseu (Rev. Roum. Giol., Geophys., 
Geograf., Serie Giophysique, 16,2,1972.. p. 179— 192, București) in the depth of this region.

4 If we consider that the spreading of the Mureș Ocean progressed with only 2 cm every 
year, we arrive to the conclusion that the width of this ocean zone was at least of 400 km.
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QUESTIONS

V. S z e k y - F u x : 1. What sort of ultramafic rocks did you find ?
2. What is the Chemical composition of these rocks?
Ansmer : 1. Within the complex of ocean floor basalts there are several small bodies of 

laycred ultramafic rocks in the basc of which there are peridotites overlain by troctolites and 
olivine gabbros.

2. The Chemical composition of the ultramafic rocks s. str. corresponds to a pcridotilic 
magma in the acccptation given by N i g g 1 i. The mineral paragenesis is as follows : olivine- 
clinopyroxene-brown homblcndc-biotitc (phlogopitc) ± chromite-magnctitc.

D. Hovorka : 1. According to the previously published papers of Dr. H. S a v u and 
other authors the products of volcanism of Mesozoic age have been divided into three stages.
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Virat isthe corrclation hetween the three mentioned stages of the volcanicactivity and the ncwly 
defincd ophiolitic complex and island arc volcanics?

2. The microscopic study of the serpentinite bodies does not give us sufficicnt data to 
distinguish among the serpentine-group mincralș. Are there any new results on DTA, roentgeno- 
graphic and electron microscopic study of the serpentine-group mincralș of the ultratnafic bodies 
in the Drocea Mountains?

3. The strongly expressed Ti tendcncy of gabbroic rocks and ultramafics is typical of the 
wholcCarpathian Arc (Szarvasko, Apuseni Mountains). Are there any new corrclation study data ?

Ansiver: 1. The ocean floor rocks make up an ophiolitic series corresponding to the 
magmatites ofthefirst evolution stage from the old classification (,Ij— J2). Concerningtheforma­
tion time, the island arc volcanics corrcspond to the stages 2 and 3 (J3— Cr^ of the same clas­
sification.

2. There arc no additional data for delermining the serpentine character, which sometimes 
replaces olivine from peridotites and troctolitcs. These rocks are usually quite fresh.

3. There are no new corrclation data. This element shows a high conccntration in the 
magnelile gabbros. together with Ec and V, this being a tendcncy characteristic of the differen­
tiation of the tholeiitic magmas.
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LE VOLCANISME MIOC&NE AFFLEURANT ET RECOUVERT 
EU NORD-EST DE LA HONGRIE 1

PAR

V1LMA SZfiKY-FIX2, P. GYARMATI2, K. BALOGH®, Z. P&CSKAY3

lulroductioii

Le territoire etudie est compris entre la. frontiere est de la Hongrie, 
la Tisza jusqu’â la viile Csongrâd et la Koros sebes jusqu’â la front iere 
roumaine. Ce sont les Monts de Tokaj qui se situent au-delă de la 
ligne de la Tisza; lâ le volcanisme de profondeur est bien ddveloppe. Mais 
au point de vue geologique, â la frontiere nord-est, la dacite de Tațpa,

Fig. 1.— La place des sonda- 
ges et des profils (I— 111) dans 
la pârtie nord-est de la I longrie.

1 Note presentec au 12emc Congres de 1’Association Geologique Carpatho-Balkaniquc, 
8— 13 septembre 1981, Bucarest, Roumanie.

2 Universile L. Kossuth, Debrecen, Ilongric.
3 Institut de Rccherches NucWaircs, Debrecen, Hongric.
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le tuf rhyolitique de Barabâs de l’autre cote de la frontiere, les Monts de 
Vihorlât, aussi bien que les territoires de Beregova (Beregszâsz) et de 
Vinogradov (Nagyszollos) sont aussi en relation etroite avec les niveaux 
profonds de la region transtibiscinne (fig. 1).

A partir de la carte geologique non couverte et des etudes detaillees 
faites par Szepeshâzy (1973) devient Evidente une ligne structurale

Fig. 2. — Les volcanites mio- 
ccncs Iranchecs par les sonda- 
ges dans la pârtie nord-est de la 

Hongric,
1, le signe. ct Ie riombre des 
sondages; 2, l’âge en millions 
annecs; 3, les volcanites ter- 
tiaires iranchecs par les son­
dages ; 4, la profondeur du 

sondage.

nette — â orientation SO-NE — qui separe (suivant les caracteres du 
substratum des formations neogenes) la region transtibiscinne en deux 
grandes parties. Au sud de cette ligne structurale, les formations panno- 
niennes reposent directement, par l’intermediaire d’un mince complexe 
miocene, sur les anoiens schistes cristallins. Au nord de la meme ligne, 
et presque sans interruption les schistes cristallins sont recouverts de 
sediments triasiques, jurassiques, cretac^s et paleogenes (Flysch interne) 
et de sediments et volcanites miocenes souvent ă une profondeur bien 
considerable. Les assises pannoniennes ne surmontent que ceux-ci.

Parmi les nombreux sondages — dont les successions stratigraphiques 
ont ete etudiees par nous — nous avons choisi ceux qui ont traversă les 
volcanites en quantite consid&rable et qui sont en relation avec les Monts 
de Tokaj et les territoires volcaniques situes au-delă- de la frontiere du pays. 

Institutul Geological României



3 LE VOLCANISME MIOCENE DU NORD-EST DE LA HONGRIE 265

Nous avons indique dans la figure 1 les lignes directrices des profils des 
sondages prdsentâs dans la figure 2.

Nous avons represente sur la figure 2 les sondages en bloc-diagram- 
mes, en maintenant la position geographique exacte et en indiquant en 
meme temps les echelles. Pour chaque sondage — ă ligne epaisse — on a 
ddsigne l’extension des volcanites tertiaires en profondeur et leur age 
radiogenique ă K/Ar. Les chiffres indiquent les cotes finales des sondages.

Les facies du substratum — intercepta par les sondages — du soi- 
disant territoire du Flysch sont extremement variables, inais il est cons- 
titue le plus souvent par des formations eocenes ou, assez souvent, creta- 
câes (par exemple Flysch ou diabase cretacâe dans le sondage d’Ebes 1) 
ou bien jurassiques et triasiques sui' le territoire de Hajdrîszoboszlo. Le 
sondage de Komoro a ete arrete â 3500 m de profondeur,dans le schiste 
sericiteux paleozoîque.

II y a de tres grandes differences entre les sondages eu egard aux 
facies volcaniques. De nombreux sondages — surtout sur le territoire du 
Flysch — les laves et les tufs volcaniques miocenes ont une epaisseur de 
plusieurs centaines de metres (Nyirmârtonfalva, Nyirlugoș). La base du 
complexe volcaniquc n’a pas âte traversee dans bien des sondages, meme 
apres avoir atteint 1000 m (bordure ouest des Monts de Tokaj) ou davan- 
tage. Le sondage de Gelenes 1 a âte arrete â 2002 m dans les formations 
rhyolitiques, perlitiques, â 2579 m â Nyiregyhâza dans les formations 
rhyolitiques et ă 4000, 8 m dans l’andosite miocene â Nagyecsed.

Les volcanites miocenes au XE de la Hongrie

Profil I. (Jlonts de Tolaj). Nous en avons choisi les sondages de 
Telkibânya 2 (Tb 2), Fuz^rkajata 2 (Fk2), Sâtoraljaujhely 7 (Sau 7) et 
Tăllya (Ta 15). Dans le bloc-diagramme, la colline Kopasz-hegy de Tokaj, 
la colline Tarpai-hegy et la carriere de Barabâs montrent les formations 
en affleurement.

Tout comme le sondage de Tăllya 15 (Ta 15) le sondage profond de 
Telkibânya 2 n’a pas atteint le substratum et il a etâ arrete â 1240 m de 
profondeur dans la propylite andâsitogenique badenienne (tortonienne) 
de 13,3 ± 0,8 M.A. L’epaisseur du sediment dans le sondage est de presque 
40 m, alors que celle des formations volcaniques de 1200 m, reprâsentant 
surtout l’andâsite, la propylite andesitogenique, la trachyte pseudo-potas- 
sique et en quantite reduite la propylite dacitogânique et tufogenique 
rhyolitique.

11 est connu que dans le substratum des volcanites miocenes des 
Monts de Tokaj est dâveloppee, sur le versant ouest de ces monts (d’apres 
les informations gâologiques-sismiques) une fosse volcano-tectonique de 
3—4 km de profondeur. C’est pour cela que ni le sondage de Telkibânya 2 
(Tb 2) ni celui de Tâllya 15 (Ta 15) n’ont pas traverse entierement les 
volcanites badeniennes (“tortoniennes”). Vers le nord et l’est, le substratum 
monte progressivement.

Apres avoir traverse le complexe rhyolitique, puis andesitique, tufi- 
tique et dacitique-badenien â sarmatien, le sondage de Fuzerkajata 2 (Fk 2) 
a ete arrete ă 1007,6 m dans le porphyroîde du type des Monts Mâtalliferes 
de Szepes-Gomor, qui appartient au socle cristalini (Panto, 1966).
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Le sondage de Sâtoraljaujhely 7 (Sau 7) est arrete ă 1200 m dans 
Fassise permo-earbonifere, apres avoir traverse les volcanites miocânes 
et les ddpots mesozoîques.

La presence dans le sondage de Sârospatak 10 (Sp 10) du basalte 
(phase terminale du volcanisme des Monts de Tokaj) dont l’âge isotopique 
K/Ar est de 9,4±0,5 â 10,9±l,0 ALA. est une Information importante. Vu 
le caractere pâtrochimique, il s’agit d’un basalte ă chaux alcaline typique, 
tandis que suivant son âge isotopique il s’est forme durant le Pannonien. 
II ne represente pas le volcanisme final alpin, mais le terme final du vol­
canisme subsequent.

A l’est de la bordure des Alonts de Tokaj, c’est-â-dire a l’est de Sâto- 
raljâujhely, le substratum est de nouveau affaisse dans des niveaux plus 
profonds et dans la sois-disante “fosse de Zâhony” — dans le sondage de 
Komoro — il n’a ete atteint qu’â une profondeur de 2859 m. I )’ailleurs, le 
sondage de Komoro a fait une grande sensation, parce que., jusqu’â present, 
aucun sondage — profondauN de Debrecen — n’a pu traversei’le complexe 
volcanique miocene a grande epaisseur. (.'"est pourquoi le sondage de 
Hajduboszdrmeny 1 a ete arrete ă 1514 m dans les tufs et les agglomerats 
gris volcaniques et le sondage de Nyiregyhâza 1 (Nye 1) ă 2579 m dans la 
rhy olițe miocene.

Par contre, apres avoir traverse le complexe volcanique pannonien 
et miocene (par endroits ă intercalations sedimentaires) et les formations 
triasiques, le sondage de Komoro 1 (Ko 1) s’est arrete dans le schiste cris- 
tallin.

Le complexe miocene est epais et variable. II est constitui surtout 
d’andesite, propylite andesitogenique, dacite, propylite dacitogenique 
et tuf dacitique sarmatiens, ensuite d’alteruanee de couches gris fonce, 
siliceuses tufacees aleuritique et tuffitique. L’âge isotopique K/Ar de 
Fandosite situe entre 1833,7 et 1833,8 m de profondeur est de 12,14:0,4 
ALA. La dacite situee a 2395 in de profondeur est contemporaine ă Fande- 
site susmentionnee.

Au-dessous des couches triasiques (qui representent le substratum 
du Aliocene) le sondage a traverse des schistes quartzeux â graphite et 
sericite paleozoîque, respectivement des gneiss, entre 3288,6 m et 3288,5 m 
de profondeur.

Suivant les ressemblances petrologiques et les âges isotopiques, on 
pourrait correler les roches metamorphiques avec celles du massif cristallin 
de Cerna Hora, alors que Fandosite du sondage pourrait etre rattachee au 
volcanisme andesitique des Monts de Vihorlât (Duri ca et al., 1978).

Profil II. Dans le profil II nous avons indique les formations en affleu- 
rement et les sondages profonds suivants.

Selon les mesurages chronologiques â K/Ar executes sur plusieurs 
echantillons de surface, on a dtabli l’âge de la dacite â pyroxene de la 
colline de Kopasz-hegy de Tokaj ă 10,5±0,5 AI.A. (Lengyel, 1924; 
G y a r m a t i, 1977). Elle est la plus recente, representant le volcanisme 
interm&liaire des Monts de Tokaj, s’etant consolid^e pendant le Pannonien.

Comme nous l’avons d^jâ mentionne, ni le sondage de recherche 
d’hydrocarbures de Nyiregyhâza 1 (Nye 1) n’a atteint la base du complexe 
volcanique miocene.
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Ie ccniplexe micccne est en paJtie marin (de 980 m â 1150 m), en 
pai lie continental (de 1150 ni â 2579 m). Les formations marmes sont 
remesentees d’une maniere preponderente par des marnes argileuses et 
rar des greș luffitiqv.es. Les formations contmentales sont constituees 

our la plupait des volcanites. Les foimations rhyohtiques y predomment. 
^â»e isotopique K/Ar est de 10,8±0,6 M A, ces formations etant les 
plus lecents niveaux de ivf rhyolitique superieur. _

L’andesite a pvroxenes (propyhte andesitogemque) n’est apparue 
que dans le sondage'de Nyiiegyhâza 5. Son âge est recent, â savoir de. 
10,0 ±0,6 M.A., donc correspondant â cehii de lacoUine de Kopasz-hegy 
d<? IO\±ovecsed 1 (Necs 1) est l’un des plus importanta sondages. Les 
vohanit^ miocenes â minccs intercalations sedimentaires (surtout â marnes a a S) <IIS eonsMeiable. Entre 1074 „ et 4000,8 m
le sondage a rencontie peu de tuf rhyolitique ei de 1 andesite en grande 
quantite. Au-dessous de 2000 m, la propylitisation de 1 andesite est carac-

L’â°e radiogenique K/Ar de l’andesite fraîche est de ll,l±0, < ALA., 
et comme d’habitude celui de l’andesite propylitisee est plus reduit, toutes 
les deux etant pannoniennes. Le complexe surtout andesitique (epais de 
mesoue 3000 m) appartient aux zones volcaniques de Csop (Csap)_ et de 
Vinogiadov (Nagyszollos), si l’on prend en consideration le caractere pe- 
trogiâphique et l’âge isotopique.

Profil IU Les sondages du profil III ont ete approfondis au soi- 
disant territoire du Flvsch cretace et paleogene. A partir de Kisujszâllâs 

travers Debreeen) le profil arrive jusqu’â Nyirlugos, respectivement â 
Nagyecsed (fig. 1, 2). Vis-â-vis des sondages precedents la quantite. des 
volcanites diminue. . . ... . ,

Apres avoir traverse les assises pannoniennes mferieures, le sondage 
de KisfiKzâllâs 15 (Kis 15) a atteint â la profondeur de 1612 m les volca­
nites miocenes. II a aussi traversele tuf rhyolitique, puis le tuf ande- 
sitioue jusqu’â la cote finale de 1i6i m.
’ Le sondage de Nâdudvar 2 (Nu 2) a atteint le complexe miocene 
de 1707 m. II a traverse des sediments reduits de tufs rhyohtiques et puis 
entre 1781 et 1785 m — jusqu’â la cote finale — la chloro-andesite.

Ie sondage de Bahnazujvâros 3 (Bal 3) a traverse entre 1216 et 
1219 m les formations dont l’âge radiogenique est de 14,8 ±1,0 M.A.

Nous ne connaissons pas exactement la suecession stratigraphique 
du sondage de Hajduszoboszlo 19 (Hsz 19)Entre 1390 m et 1470 m le 
sondaje a traverse un tuf rhyolitique cnstallise sous mfluence thermique. 
" îe sondaje d’Ebes 1 (Eb 1) a traverse le calcaire tufeux sarmatien 
(entre 1427 m et 1506 m), puis le tuf rhyolitique badenien (“tortonien”). 
A partir de 1506 m jusqu’â la cote finale de 1830 m le forage passe dans la 
diabase ^tac^..^ 2 atteint le Miocene â 1238 m. Le cal­
caire tuface et-Ks tuffites caracterisent le Sarmatien (1238 m et 1284 m). 
Au-dessous des couches sarmatiennes entre 1284 m et 1720 m le calcaire 
tuface admet des intercalations de tuf rhyolitique et des rhyo-dacites.țrXMV* K'Ar <d’apr4s la l>i°tite> eSt I6’3±0’9 M A' 
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pondant â l’6tage karpatien (Helvâtien). Au-dessous du Miocene, le son­
dage passe dans les couches paleogenes (Flysch).

L’âge du tuf dacitique (entre 932 m et 935 m) dans le sondage de 
Nyirmârtonfalva 1 (Nâ 1 ) est de 17,1 ±0,5 M.A., ce qui correspond â 
l’etage karpatien . Jusqu’â la cote finale de 2184 m, le sondage a traverse 
le Patogene qui montre une epaisseur de plus de 1000 m. Nous y avons 
distingue des facies variables, avec des filons de rhyolites ă la pârtie infe- 
rieure.

Le Sarmatien du sondage de Nyirlugos 1 (Nyil 1) d’epaisseur reduite 
est caracterise par une alternance de calcaires fossiliferes, tufs rhyolitiques 
et tuffites (846 m ă 869 m); le Badenien (869 m ă 1194 m) y presente 
une alternance de tuf rhyolitique, tuf rhyolitique bentonitise et rhyolite. 
Jusqu’â, la cote finale de 1847 m, le Paleogene renferme des intercalations 
dc sables et greș. Le complexe rhyolitique amincit, progressivement vers 
Nyirlugos. Selon les donnees bibliographiques le sondage approfondi â 
Cărei (Nagykâroly) — au-delâ de la frontiere — ne renfeime pas des 
volcanites.

Dans le territoire entre Barabâs et Tarpa, situe le long de la frontiere 
sovietique, K u 1 c s â r (.1968) a decrit le volcanisme et ensuite a synthe- 
tisâ en 1976, vu les informations sur l’Ukraine subearpathique fournies 
par L a z a r e n k o (1963, 1968) et par M e r 1 i c s et S z p i t k o v s z- 
k a j a (1974).

Si on considere l’âge radiogenique â. K/Ar (10,5±0,3 M.A.) et la 
position stratigraphique, la dacite de Tarpa est dgalement recente. En 
raison de son âge, elle est engendree en meme temps que la colline de 
Kopasz-hegy de Tokaj â laquelle elle ressemble autant par sa position geo­
logique que sa composition petrochimique.

La petite pârtie sud de la colline de Barabâs — presente des volca­
nites rhyolitiques en affleurcment, explorees dans une earriere. On peut 
l’attribuer au Sarmatien supârieur, d’apres sa position geologique et son 
âge isotopique K/Ar (11,3±0,6 M.A.). Le tuf rhyolitique ecoule du sondage 
de recherche de Barabâs 1 (Kul cs âr, 1976) — profond de 100 m — 
est du meme âge (ll,2±0,6 M.A.). Sur toute l’epaisseur du sondage, le 
tuf rhyolitique ecoule est caracteris^ par la riche distribution de pyrite 
et marcasite aussi bien que par une forte alteration en montmorillonite.

Le sondage de recherche de Beregdardc 3 (Bd 3) a explore une for­
mation d’un meme âge que le precedant : le tuf rhyolitique et les couches 
tuffitiques et tufacees â sâdiments fossiliferes. A la cote finale de 500 m, 
le forage passe dans le tuf rhyolitique ă grains varies, â pierre ponce, sou- 
vent richement pyriteux.

Le sondage de Gelenes 1 (Ge 1) a explore le tuf rhyolitique ă carac­
tere semblable. D’aprâs la determination ă K/Ar (â partir de la biotite) 
son âge est de ll±0,6 M. A., ce qui le situe â la limite entre le Sarmatien 
et le Pannonien.

Conelusions

Dans la fosse volcano-tectonique longeant le flanc ouest des Motns 
de Tokaj (Telkibânya 2, Tâllya 15), au-dessous des complexes volcaniques 
sarmatiens — 1C00 m — ct badeniens tortoniens — 1000 m — le sub-
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stratum se situe a une profondeur de 2000 m, meme plus grande. Vers 
le nord-est, respectivement sud-est, l’epaisseur du complexe volcanique 
miocene diminue, alors que le substratum arrive en position de plus en 
plus âlevâe (Fuzdrkajata 2, Sâtoraljaiîjhely 7, Sârospatak 10).

Mais on a constate que vers la region de Nyirseg, le substratum des- 
cend progressivement (Nyiregyhâza 1) vers l’est, vers Komoro et aussi 
vers la region de Bodrogkoz, respectivement de la soi-disante fosse de 
Zâhony.

Sur la carte â isohypses de la base des formations miocenes est 
bien illustree la structure caracteristique du substratum qui comprend 
des zones â direction NE-SO. L’etude des volcanites affine considerable- 
ment cette tectonique. Les volcanites badeniennes (tortoniennes) se trou- 
vent â la surface â Aknaszlatina. Le sondage de Gelenes (situe preș de la 
frontiere) a ete arrete au-dessous de 2000 m dans les volcanites rhyolitiques 
et perlitiques badeniennes (“tortoniennes”) (Panto, 1976). Dans le 
sondage de Nagyecsed apparaissent les volcanites sarmatiennes mânie 
dans la profondeur de 4000 m. On a releve que les failles en escalier, pres­
que paralleles â la frontiere sovietique (ligne de Szamos = Samech) mon- 
trent une direction tectonique carpathique, orientec NO-SE.

Outre la dâtermination des conditions tectoniques de la Grande 
Plaine de Hongrie, respectivement au NE de la region transtibiscine nous 
avons aussi pu distinguer 4 types de facies :

1. Le caractere petrographique et l’âgc isotopique (13,8 â 11,1 M.A.) 
de la soi-disante andesite ă pyroxene acide rattache ralignement principal 
des Monts de Tokaj â la chaîne volcanique andesitique de la zone carpa­
thique interieure.

Les informations sur la composition et l’âge de l’andesite ă pyro- 
xenes concordent avec les informations des chercheurs slovaques sui' les 
Monts de Vihorlât (12,3 â 11,6 M.A.) et sur les andesites (12,3 â 11,6 M.A.) 
traversees par le sondage de Komoro 1.

La phase intermediaire la plus recente des Monts de Tokaj (dacite, . 
andâsite lamelleuse ă pyroxene de 11 ă 10,3 M.A.) s’est deroulee pendant 
le Pannonien. Cette phase se rattache â la zone volcanique la plus recente 
qui tout comme la colline de Fekete-hegy de Vinogradov (Nagyszollos) 
est l’annexe du lignement volcanique couvert de Csap et Naghyszollbs 
(l’âge de la dacite de Tarpa est de 10,5 et celui de Fekete-hegy de 10,2 M. A.). 
On peut y attribuer aussi le complexe andâsitique du sondage de Nagyec- 
sed, epais de 3000 m environ et l’âgc de 11,1 â 10,2 M.A.

2. Les volcanites acides affleurant ou recouvertes du territoire de 
Barabâs — tufs dacitiques et rhyolitiques — prâsentent les annexes de 
la chaîne volcanique la plus interne qui alternent avec les complexes de 
sediments; ils ont ete attribues aux etages badenien et sarmatien. Leur 
grandes effusions denotent des caracteres des tufs-laves et des tufs ecoules.

L’epais complexe rhyolitique — explore dans le sondage de Nyire­
gyhâza 1 (Nye 1) — y appartient aussi. Le facies et l’âge le rattachent 
etroitement aux rhyolites de Beregova (Beregszâsz) et de Begâny. On 
trouve de tels tufs sarmatiens dans le bassin de Kosice (Kassa) et dans 
l’île de Zemplin.

3. Les volcanites fonnees sur le territoire du Flysch interne mettent 
en evidence des faciâs speciaux. Les tufs sarmatiens n’atteignent que
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quelques dizaines de metres d’epaisseur, toutefois les tufs et les laves acides 
badeniens — alternant avec des sedimenta — sont considerablement epais. 
Les cotes finales des sondages se trouvent frequemment dans les volca­
nites miocenes et le Flysch, plus rarement dans la diabase cretacâe.

4. Au sud du territoire du Flysch, l’epaisseur des volcanites miocenes 
diminue de plus en plus ; elles sont surt out represent^es par des tufs et des 
tuffites alternant avec des sedimenta, et par des conglomerata â eldments 
de schistes cristallins ă leur base (par exemple les sondages de Biharnagy- 
bajom). Au sud de la riviere Kbros, Ies couches pannoniennes reposent 
immediatement sui’ le soele cristallin.

Les dimensions du volcanisme miocene des niveaux profonds se 
manifestent bien, si nous les comparons ă celles de nos monts volcaniques 
â la surface. Les plus hauts monts, ceux de Mâtra, n’atteignent qu’une 
altitude de 1000 m. Les sondages de Gelenes et de Komoro ont traverse 
les volcanites miocenes sur une epaisseur de 2000 m et celui de Nagyecsed 
de 3000 m. C’est ainsi qu’on peut supposer que la plupart des volcanites 
se trouvent en profondeur.

Suivant le volcanisme en affleurement, la duree du volcanisme 
recouvert est de 17,1 M.A. (sondage de Nyirmârtonfalva 1 tuf dacitique 
de 9,4±0,5 M.A.) (sondage de Sârospatak 10 basalte).

L’etude des volcanites est aussi importante du point de vue des 
hydrocarbures. Dans le bassin de la Slovaquie orientale, les geologues slo- 
vaques ont trouve des hydrocarbures dans le tuf rhyolitique poreux. Les 
indications de minerais sont particulierement interessantes. Dans le son­
dage de Barabâs 1 (100 m) la serie du tuf rhyolitique est sur tonte son 
epaisseur pyriteuse et marcasiteuse. Nous avons trouve des disseminations 
de pyrrhotine et pyrite dans le sondage de Beregdaroc 3 (500 m); entre 
400 et 500 m le tuf rhyolitique sarmatien est aussi richement pyriteux. Le 
tuf rhyolitique du sondage de Hajdubdszormeny 1 est jusqu’â la fin for- 
tement pyriteux. Le complexe rhyolitique du sondage de Nyiregyhâza 1 
(Nye 1) est earacterise par alteration en andulaire, sericitisation, carbo- 
natisation et dissemination de pyrite.

La propylitisation de l’andesite est frequente dans de nombreux 
sondages. Au-dessous de 900 m, le sondage de Telkibânya 2 a traverse 
un filon de mineral sulfureux â âpaisseur considerable.

II en resulte que ce volcanisme situe en profondeur presente un 
grand intâret tant au point de vue de. reserves de hydrocarbures que de 
I’evolution des ressources metallogeniques du pays.
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QUESTIONS

|T . P. G h i ț u 1 e s c u| : 1 • Ma premidre question concerne la succession dans le magma- 
tisme neogene : si vous avez remarque une succession definie, en partant du facies le plus acide 
vers le plus basiquc?

2. La deuxieme question concerne la structure des magmatites, specialcmcnt : si vous avez 
remarque de structure enracinee, par exemple chcminee volcanique. sous-volcans ou bien enclos ?

3. Troisiemc question : quelle est voire opinion concernant le processus dc propylitisation ; 
il y a un processus regional ou local en liaison avec la hydrothermalisation ct la mineralisation?

Riponse : 1. Le magmatisme neogine de la Hongrie commencc en meme temps avec l’ac- 
tivite des volcanites acides, alterne, mais independamment de ractivite des volcanites andesi- 
liques. Pour ce qui est des andesites, il y a une differcnciaUon en direction basiquc. A la fin du 
volcanisme andesitique,apparaissen t des andesites basiqucs et quelquefois des basaltes.

2. Les grandes effusions des volcanites acides montrent des caracteres des tufs-laves, 
des tufs ecoules. Les volcanites intermediaires ct les andesites ont les caractdrcs des sous-vol­
cans ct des effusions sans pyroclastitcs.

3. Selon mon opinion la propylitisation est un processus regional sans etre en connexion 
avec la mineralisation.

T. W i e s c r : Est-il possible de faire une corrdlation exacte des niveaux des tufsâ grand 
devcloppement, suivant les donnees mineralogiqucs (mineraux accessoires) ct radiometriques 
dans les exemples hongrois ?

Rcponse : Oui, il est possible de faire une correlation entre les tufs rhyolitiques d’apres 
les donnees mineralogiqucs, pdtrographiques, stratigraphiques et radiometriques, dans ce terri- 
toirc dc la râgion transtibiscinne dc Hongrie.

I. M ă 1 d ă r c s c u : L’âge absolu determine sur les tufs rhyolitiques a ctd obtenu sur des 
roches fraiches?

Les phânomencs d'atteration hydrothcrmale, notamment l'adulairisation, sont li6s aux 
plâns dc circulalion? Connaissez-vous les sourccs de ces Solutions?

Riponse: L’altcration cn adulaire est en corrdlation avec des lignes structurales dans Ies 
Monts de Tokaj, mais dans les sondages nous avons trouve l'adulairisation sur des dpaisseurs 
considerables; les sourccs dc ccs Solutions hydrothermales nous sont moins connues.
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Septembcr 8—13, 1981, Bucharest, Romania.

2 Faculty of Mining-Geology, Beograd, Yugoslavia.
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During the Upper Cretaceous and the Tertiary there occurred in 
Serbia and Macedonia effusions of large masses of calc-alkaline volcanics 
of different composition and facies : andesites, dacites, quartzlatites, latites 
with a small amount of trachytes and rhyolites. Typical basalts are absent. 
In large volcanogenic complexes of these rocks there also oceur alkalic 
volcanic rocks (Sorensen’s definition, 1974), sometimes followed by 
alkaline basalts and shoshonitic basalts.

Alkaline volcanic rocks are not widely spread if compared with other 
Tertiary volcanics.

The main zones of appearance of the alkaline volcanic rocks are 
controlled by large tectonic structures ; the Vardar zone, the Inner Dinar- 
ides, the Serbian-Macedonian massif and the Carpathian-Balkan Arc.

The alkalic volcanics in Yugoslavia are : leucite-bearing rocks and 
nepheline rocks. The former are far more widely spread than the latter.

Some of the leucitic rocks discussed in this paper were first described 
by Z u j o v i d (1920), K o j i d (1926), L aer oi x (1926), T o m i d 
(1929) and T u 6 a n (1931). New petrological and petrochemical data were 
established by R i s t i c (1959,1961,1963) and the present author (1961 — 
76), while the geological ones were established by geologists who have 
drawn the Basic Geological Map of Yugoslavia.

Petrology of Leucite-Bearing Rocks

Leucite rocks are the most frequent in Macedonia-Vardar zone, and 
the least frequent in the Carpathian-Balkan Arc. Localities of Yugoslavia 
where leucite rocks occur are listed in Table, and are presented per geo- 
tectonic units (Fig. 1).

Leucite rocks are the product» of separate phases of the volcanic 
activity in the Tertiary and not everywhere the youngest volcanics, as 
was previously assumed. Alkaline lava, rich in potassium, partially gene-
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rated from the Upper Mantie, penetrated alongrenewed old fractures and 
new ones, transversal to them, during the late Alpine tectonic events from 
Eoccne towards Pleistocene.

The leucite-bearing rocks occur as : a) massive or vesicular lava 
flows, sometimes containing boinbs with chilled margins, b) pyroclastic» 
or tuffs, frequently cut by dykes, and c) veins and small “intrusive”bodies.

.3E0GRA0

log ovina

Fig. 1.— Occurrences of 
leucite bearing rocks (1), 
nepheline rocks (2), situat- 
cd in the major tectonic 

units in Yugoslavia.

Negobno

Leucite rocks range from felsic to mafie types. Generally speaking, 
from the Oligocene to the Pleistocene, they tend to become more mafie. 
The following types are distinguished: leucite-trachytes, leucitites, oli- 
vine-leucitites, leucite-tephrites, leucite-olivine-tephrites, olivine-orendites, 
jumillite, microshonkinite, as well as their transitional types and types 
with analcime. In some areas, for example Gnjilane, types without olivine 
predominate, whereas in others- Macedonia and Sjenica-Nova Varos- 
only those with olivine.

For sevcral types of leucite rocks modal mineral content is presen­
ted on the A-P-F diagram, after Streckeisen (1978), sec Figure 2. 
They cover the fields of thefoid-bearingalkali trachyte, leucite phonolite, 
sanidine leucitite, tephritic leucitite, leucitite and tephritic phonolite.

In the large complex of calc-alkaline volcanics of Rudnik Mts, the 
Inner Dinarid.es, leucite rocks are interbedded with a fresh water sedimen- 
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tary series of the Lower to Middle Miocene age. The same rocks occur also 
as fragmenta in quartz-latite pyroclastics. Flows of quartz-latites, which 
contam xenoliths of leucile rocks, overlie sedimentă of .Middle Miocene 
(Pa Vi o vid, 1970).

In the area of the Rudnik-Kotlenik Mountains there are : leucite- 
trachytes, leucitites, olivine-leucitites and metaleucitites. The presence

Fig. 2. — Plot ol the modal 
contents for Icucite-bear- 
ing rocks from Yugoslavia. 
1, leucile trachytc; 2, Icu- 
citite; 3, olivine leucitite; 
4, orcnclitc: 5, jumUlite;

6. tephritc.

of sanidine is characteristic for leucitites, so that these rocks grade into 
phonolites. A small amount of olivine occurs in the leucite-trachyte. The 
main pyroxene is titanoaugite. Other minerais of these rocks are : phlogo- 
pite, titanomagnetite, zeolite, serpentine minerais, calcite and iron oxide.

Texture is holocrystalline porphyritic to micropoikilitic and tra- 
chytic, by exception hypocrystalline porphyritic.

In the Sjenica area the leucite rocks are post-Tortonian in age. In 
this part of the Inner Dinarides leucite-bearing rocks are separated from 
the calc-alkaline rocks of the Golija Mountain. Flows of mafie lava were 
formed along a large dislocation trending WSW-ENE, renewed in the 
final phase of existence of the fresh water Neogene lake Trijebinc. The 
lava flow lies over the narrow zone of the diabase-chert formation and 
limestones of Upper Triassic age, and a small part of this covers the Neo- 
gene. In Nova Varos the pyroclastics of these are mixed with Neogene 
sedimentă.

Leucite rocks of these regions : olivine-leucitite, olivine-tephrite, 
analcime-tephrite, are very rich in coloured minerais CI = 65—80. The 
main constituenta are : leucite, analcime, labradorite, augite, olivine, 
phlogopite, hornblende; then sanidine, magnetite, iddingsite, serpentine 
minerais, pyrite, hematite, goethiteand calcite. The presence of nepheline 
was established by electronic microprobe analysis. The texture is holo­
crystalline porphyritic, seldom hyaline.

The greatest masses of leucite rocks in Yugoslavia, are situated in 
apartof the Morava (Binadka) Depression, in the environment of Gnjilane. 
Together with their tuffs and breccias they are part of a heterogeneous 
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sedimentary-volcanic complex of Middle Oligocene age (P a v i c, 1969). 
The ground of the above-mentioned rocks is formed by Paleozoic slates. and 
Upper Cretaceous flysch. Leucitic rocks cover an area of about 40 km2.

The leucitic lava effused in severa! phases, along cross faults, in rela­
tion to the same Dinaric trends. The following high-K unsaturated, mainly 
felsic rocks, vere formed : leucitites leucite-phonolites, leucite-trachytes. 
Exccptionally there occurs orendile, which is probably the youngest leucite 
rock of this area. In the wider area of Gnjilane the flow of leucitic lava 
was prcceded by the formation of alkali trachytes and latites. The “para- 
magma” of leucite rocks, only if one may say that it ever existed as such, 
had a more alkalic character than the “andesite” one.

The minerals of leucitic rocks are : leucite, analcime, sanidine, augite- 
aegirineaugite, biotite, melanite, and so on. The uneven size of leucite 
crystals from 0,2 to 5,6 mm, indicates a long period of their erystallization 
in the leucite lava of this province. Sanidine corresponds to a high tempe­
rature potassium feldspar with different contentsof sodium, which is refle- 
cted in the optica! property. A particularly high content of biotite was 
established in orendites.

Leucite trachyte dykes have xenoliths of different older rocks: 
gabbro, sandstones ; as well as alkalic pyroxenite, composed of monoclinic 
pyroxene, biotite, apatite, magnetite, sphene and some alkali feldspar. 
The above-mentioned rock represents a mineral association crystallized 
in a previous period of erystallization of alkali magma, when P-T condi­
tions prevented the erystallization of leucite.

East of Gnjilane, near Vranje, there occur mafie leucitic rocks. In 
the Klinovacka Reka leucite-tephrites occur as short flows in a facies of 
sandstones. It is considered that volcanism existed in the upper part of 
the Upper Eocene, and that the. volcanic activity lasted for a very short 
time.

Near Preăevo, the leucite-tephrites, as well as the transitory rocks 
to trachybasalts, occur as flows and “dykes” through slates of the “Veles 
Series”, partly also through Neogene sediments, along the disloeation 
trending NW-SE, at the borders of the Kumanovo Depression.

The alkalic. volcanism of the Vardar Zone, in Macedonia, is related 
to a vertical faulting, with main NW-SE trends.

Aceording to the opinion of Macedonian geologists, leucite rocks are 
of Pleistocene age. There are also opinions that these rocks, from the 
Kumanovo area, effused in the Oligocene. and Miocene (T o m i d, 1929 ; 
K. P e t k o v i 6, 1958 ; P a v i 6, 1969). Pliocene sands below the flow 
of leucite lava, near the St. Nikola — Nagori&me monastery, do not 
contain fragments of leucite rocks, nor their minerals. Thermocontact 
changes were observed, but they are of very slight intensity. Changes of 
this type were also observed on Kuresnicka Krasta near Demir Kapija.

Mafie leucite rocks occur in Macedonia as short flows (up to 2 km 
near Nagoricane); as neck and dykes on the Kurel hill. The lava flow of 
Nagoricane, later broken and partly curved, with its characteristic feed 
channel of lava, is particularly outstanding in the relief.

Contrary to high-potassium feldspathoid rocks of the Gnjilane area 
the leucite lava of Macedonia has no pyroclastics or these are only found 
in small amounts.
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The mafie roeks of Macedonia belong to : olivine-orendite, olivine- 
kmcitite or their transitory types. The previous determination of these 
roeks as “kajanite” (L a cr o i x, 1926 ; K o j i c, 1926 ; T o m i c, 1929 
and T u c a n, 1931) cannot be accepted, since these roeks contain alkali 
feldspar. The original rock from the Borneo Island, Oele Kajan localii y, 
which H. A. B r o u w e r (1910) determined as “mica leucite basalt”, 
does nor contain any feldspar.

The mineral composition of these leucite roeks is as follows : leucite, 
sanidine, anorthoclase, augite, phlogopite, olivine, neobiotite, magnetite, 
apatite, priderite ( ?), analcime, pseudoleucite, iron-titanium oxides, and 
exceptionally amphibole and melitite (?).

The content of coloured minerals is high, CI = 62—65, and is inde­
pendent of the rock type.

The leucites are untwinned and isotropic with varied amounts of 
inclusion (Stip). In other localities leucites are pseudomorphosed by turbid 
material-analeime, and pseudoleucite. X-ray analyses indicate that K 
(Na) feldspars of these roeks approaeh the high sanidine modification or 
lie in the field of crystallization for high sanidine. The optical angle (—2V= 
= 23—71°) of these feldspars is very variable. Augite has an unusually 
elongated habit and it is very difficult to determine its optical properties 
(2V = 53—60°). Olivine occurs as small scattered red-rimmed phenocrysts 
and there is no petrographic evidence of its instability (St. Nikola), or com- 
pletely altered to serpentine minerals or bowlingite. The CaO content of 
olivine shows that this olivine was produced under volcanic condition, 
(-2V = 87-90°).

Phlogopite (2V = 31—42°) is one of the earliest phases precipitated 
in the leuc’ite roeks of the Vardar zone in Macedonia. In the olivine leucitite 
of Macedonia, as well as in all the other localities in Yugoslavia, there 
occurs neobiotite as accessory mineral. Priderite (?), may be present as 
inelusions in phlogopite, as well as iron-titanium oxides.

The texture of these roeks is holocrystalline, rarely hypocrystalline.
A unique outerop of jumillite in the Carpathian-Balkan Arc is found 

in Bogovina, near Bor. In the Bogovina mine leucite-bearing roeks cut 
pyroclastic roeks of the second volcanic phase, Upper Cretaceous in age, 
which are overlain by transgressive conglomerates of Oligocene age.

Chemistry and Genesis

Chemical data for leucite roeks of the Serbian-Macedonian alkaline 
province iu Yugoslavia, are presented in Table. By their Chemical charac- 
teristics these belong to potassium-rich unsaturated volcanic roeks. The 
SiO2/K2O ratio is below 15. The K2O/Na2O ratio is 1—4.29, which is 
somewhat lower than the one for the same mafie leucite roeks in the world.

Some of the leucite roeks of this province show subalkaline proper­
ties as a result of the change of leucite to analcime, and oxidation of the 
olivine. Only unaltered leucitites, olivine leucitites, olivine orendites and 
jumillites contain leucite in the CIPW-norin. The type with analcime has 
hypersthene in the norm.

Plot MgO against SiO2, CaO against SiO2, and FeO (total iron) 
against MgO, weight %, of the K-rich mafie roeks from Macedonia are the

■ 1 Institutul Geologieal României
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same as the orenditic lamproite of the Leucite Hills aud the Jumilla Bis- 
trict (Salt ama T h. G., in S 6 r e n s e n, 1974).

Relationship hetween chemistry of the unsaturated nepheline rocks, 
jumillite and other calc-alkaline volcanics of the Timok area is represented

Fig. 3.— Plot of K2O vs. SiO2 lor the nepheline rocks (1). jumillite (2) and calc-alkaline vol­
canics (3) of the Carpathian-Balkan Arc.

on Figure 3. This mafie, high K-alkalic rock shows the K„0/Na20 ratio 
of 2.61 (Tab.).

Figure 4 shows the relations hetween SiO2 and K2O of the leucite 
rocks and of the calc-alkaline volcanics of the same regions (Tertiary

LCA1; LCoIa2.TFâ3,TIcoA, F&5, TG 6, 7, A, 8. La9. Da10, QL^1,Ra12,T,13

Fig. 4. — Plot of 1<2O vs. SiO, weight percent for the leucite-bearing and calc-alkaline rocks of 
the Inner Dinaridcs in Yugoslavia.

1, leucitites ; 2, olivine leucititcs; 3, tephrites and analcime tephrites; 4, leucite trachytcs ;
5, leucite phonolites; 6, transition rocks; 7, alkali basalts; 8, andesites; 9, latites; 

10, dacites; 11, quartz latites; 12, rhyolites; 13, trachytcs.
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age), in the Inner Dinarides. Most of the leucite rocks from the Gnjilane area 
fall in the high K-alkaline field and those from Eudnik-Kotlenik Mts lie 
in the transitory among “shoshonitic rocks” and the field of high alkaline 
rocks. The rocks from the Sjenica-Nova Varo§ area have all ultrabasic 
compositions and fall out of bordered fields.

3s+ 1. 0/^2. Tf^ 3, a 4

Fig. 5. — Plot of I<20 versus SiO2 for leucite-bcaring rocks and cak-alkalinc volcanic rocks of 
tlic Vardar Zone and the Serbian-Macedonian Massif.

t, shoshonitic basălt; 2. olivine orendite; 3, olivine tephrite; 4, microshonkinite.

In the diagram SiO2 vs. K2O the volcanics of the Vardar zone (Fig. 5), 
have not a Sharp separation between high-K calc-alkaline series (latites 
and basalts shoshonitic. Olivine orendites and with them associated olivine 
leucitites lie in the field of high K-alkalic basic rocks.

Data on the course of crystallization of systems similar to the studied 
rocks are very rare. Neglecting the contents of Fe-Mg and Ca-Mg-Fc of 
silicate components, the nearest is the studied system SiO2-NaAlSiO4- 
KAlSiO4 (S c h a i r e r, 1950, cited by G u p t a, 1980).

All the studied rocks fall in corresponding fields, except for leucite- 
tephrite which falls in the field of crystallization Na-K feldspar, between 
the phases Ab, Lc and Ne. This is the consequence of a considerable amount 
of basic plagioclases which caused a movement of the rock field in the 
diagram. The content of olivine in the modal composition of the rock, 
agrees with the distinct unsaturation of this rock, in the diagram. The 
other leucite rocks, such as orendite, leucite-trachyte, leucite-phonolite, 
olivine-leucitite and leucitites are in the field of leucite crystallization which 
agrees with the presence of leucite phenocrystals (with phenocrystals of 
coloured minerals). Apart from leucite phenocrystals, phenocrystals of 
sanidine occur only in leucite-trachyte. This indicatcs that abrupt crystalli­
zation began after reaching the cotectic line between leucite and K-Na 
feldspar (sanidine) during which the ground was formed.

Interrelationship between the various rock types in a specific area 
is important for the petrogenesis of the potassic volcanics. The leucite 
rocks which occur in Macedonia are characterized by a more mafie mineral 
assemblage, whereas those from Gnjilane have felsic minerals. In the 
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Nova Varos-Sjenica region, field evidente indicates that more felsic types 
of the olivine leucitite crystallized at, or near, the surface of the flowr 
whereas the crystallization of the leucite tephrite took place in its lower 
pirt. This differentiation was effected by the enrichment of the alkali 
on the top through gaseous transfer and by the sinking of the olivine 
phenocryst (T e r z i c, P o pe vi c, 1972).

Fig. (5. — Plot of the Chemical composition of the selected type of 
the leucite bea ring rocks of Macedonia and Serbia in the nephelinc-kalsilite —

SiO3 System (AHcr Schaircr)

The area of the potassic volcanics in Macedonia (Kumanovo, Nago- 
riSane) is not so far from the same region of volcanics of Gnjilane. It could 
be supposedthat this potassium and magnesium deep seated parent magma, 
was subjected to Chemical differentiation during its ascent from the depth 
to the surface. The felsic portion of this magma erupted in an earlier 
phase, e.g., in the Oligoccne, as pyroclastics of leucitites which alternate 
with leucite phonolites and leucite trachytes, and the mafie types of leucite 
rocks were crystallized later, in the Pleistocene, as calm lava flows without 
pyroclastic rocks.
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THE ȚIBLEȘ NEOGENE IGNEOUS COMPLEX OF NORTH ROMA­
NIA : SOME PETROLOGIE AND METALLOGENETIC ASPECTS1

BY

GHEORGHE UDUBAȘA2, OSCAR EDELSTEIN3, MARIAN RĂDUȚ3, NICOLAE POP1, 
DUMITRU ISTVAN3, MARINEL KOVACS3, VERA POP1, DRAGOȘ STAN3, ALENE 

BERNAD», ANDREI GOTZ4

Introduction

The Țibleș igneous complex belongs to the so-called subvolcanic zone 
within the Neogene volcanic Chain of the Eastern Carpathians. It shows 
the most complicated petrographic relationships as compared to the other 
units of the subvolcanic zone, i.e. Toroiaga, Rodna and Bîrgău. Peltz 
et al. (.1972) have already reported some general petrographic features of 
the whole zone. The uniqueness of the Țibleș complex consists in its pecul- 
iar rock types and metallogenetic products. Special papers are devoted 
io each major topic i.e. geologic setting and structure of the Țibleș massif 
and its smroundings (Edelstein et al., 1981), petrology (Pop 
et al., 1984), metallogenesis (U d u b a ș a et al., 1984) as well as the 
peculiar low temperature Sb-rich mineralization occurring in the western 
part of the massif (P o p et al., 1984). Account» of previous geological 
work in the area may be found in these papers too. It is, however, to be 
noted the first petrographic overvicw on the Țibleș-Hudin zone given by 
P a v e 1 e s c u (1960) and M a i e r (1962). The present paper summarizes 
the most important and relevant features of the Țibleș igneous complex.

Geologie Setting
The Țibleș igneous complex is situated south of the important 

E-W strikmg Bogdan Vodă-Fault and near the southernmost appearance 
of the so-called Pienides (S ă n d u 1 e s c u, 1980). The basement of the 
area is phmging eastwards and the Earth’s crust is about 30 km thick 
(Soc ol eseu et al., 1975). The igneous rocks penetrate sedimentary 
rocks belonging to the Paleogene and Miocene ; the age of the igneous 
complex is thus confined to the post-Lower Miocene time (E d e 1 s t e i n 
et al., 1981).

1 Paper prescnled at the 12th Congrcss of the Carpatho-Balkan Geological Association, 
Scplcmbcr 8—13, 1981, Bucharest. Romania.

2 Institute of Gcology and Gcophysics, str. Caransebeș 1, 78344 Bucharest, Romania. 
" IPEG “Maramureș", str. Victoriei nr. 146, 4800 Baia Marc.
4 1CPMMN, str. Victor Babcș nr. 64, 4800 Baia Mare.
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The sedimentary rocks build up three tectonic units with over- 
thrusting relationships: the Autochthon, the Lăpuș or Wildflysch Nappe 
and the Central Tectonic Unit. The largest part of the igneous rocks 
appears within the Central Tectonic Unit. The igneous rocks cover an 
area of about 23 square km and form three main eruptive units : Hudin 
in the north, Hudieș-Stegioara in the middle, and the biggest, Tomnatec- 
Țibleș-Măgura Neagră, in the Southern part. The geophysical data (Andrei 
et al., 1981) indicate for the Southern unit a unique eruptive body at a 
depth of about 1,000 m ; the extension of such a unique intrusion largely 
corresponds to the thermal contact aureole (Fig. 1).

The Structure of the Igneous Complex

The most striking feature of the Țibleș igneous complex is the lack 
of any volcanic event. All the rocks occurring there have properties (struc­
tures and opaque mineral assemblages) typical of the hypabyssal crystal­
lization.

There are two igneous phases: 1) an earlier, more acidic. phase 
including microgranodiorites and dacites and 2) an intermediate and 
slightly basic rock sequence consisting of quartz monzodiorites (main 
type) and quartz inonzogabbros, diorites ± quartz, quartz microdiorites, 
granodiorites, monzogranites, andesites (hornblende and pyroxene-quartz- 
bearing varieties), tonalites etc. The last rock types have a limited distri- 
bution and it is thought that they represent i» situ differentiation products 
of the consolidating andesitic magma.

The rocks of the first phase form some unitary developed erup­
tive bodies, whereas those of the second phase display more complicated 
settings (Fig. 1). The main intrusion of the Southern unit consists of 
porphyry quartz monzodiorites and granodiorites with searce diorites, 
monzogranites, tonalites etc. Very obvious is the development of a ring 
around the main intrusion, which in places exhibits properties of chillcd 
margins. This ring consists of finer grained rocks of quartz dioritic compo­
sition (quartz microdiorites, andesites). Around this ring structure there 
are tens of small bodies of varying composition ranging from andesites 
and quartz-diorites to (micro) granodiorites.

The rocks of the second phase develop also toward the north building 
up the middle eruptive unit; various kinds of rocks have been herefrom 
reported (E de Iste in et al., 1981; Pop et al., 1984). In this 
area the relationships between the two main igneous phases eould be 
observed : near the Tomnatec Peak a small body of quartz monzodiorites 
penetrate the dacites.

llineralogy of Igneous Rocks

The most significant rock-forming minerals of the Țibleș igneous 
rocks are the plagioclases, the alkali-feldspars and the clinopyroxenes. 
All of them occur in at least three generations successively formed during 
the stadial crystallization of the rocks. The orthopyroxenes (hypersthene), 
amphiboles (hornblende) and micas (biotite) have been loeally observed.
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In the rocks of the second phase abnorma! amounts of magnetite and 
apatite may in places be recognized.

The plagioclase phenocrysts are commonly zoned and twinned and 
their anorthite content varies from the core (60 —85% An) to the ring 
rocks (30—50% An). Sometimes they include clinopyroxenes. Smaller 
sized plagioclase grains have formed together with the clinopyroxenes 
and amphiboles and occur either mostly in the microdioritic rocks or 
within the groundmass of the porphyritic ones. Moreover, interstitial 
plagioclases may appear in almost all the rock types in association with 
the alkali-feldspars and the quartz.

Except diorites, gabbrodiorites and some kinds of quartz-diorites 
all the remaining rocks contain alkali-feldspars of varied composition. 
They have formed either as magmatic components or under conditions of 
the contact metamorphism and as postmagmatic products. No pheno­
crysts could be observed, the alkali-feldspars being always constituents of 
the groundmass as partly triclinized orthoclase or as sanidine with small 
2 V angle with a ring of orthoclase with greater (48—65°) angles. Veinlets 
or nests of alkali-feldspars as magmatic residuals may locally be found; 
they occur together — mostly adularia — with quartz, actinolite, chlorites, 
magnetite, pyrite, chalcopyrite ete. Graphic intergrowths of alkali-feldspar 
with quartz representing eutectic crystallization products are also relatively 
frequently recognized. Exsolution of a mixed Na-K-feldspar phase results 
in the appearance of some perthites (P o p et al., 1984).

The mafie constituents of the igneous rocks are clinopyroxene domi- 
nated. They form three generations, like plagioclases with which they 
may be genetically related. Augite, titanium augite and salite are the iden- 
tified mineral specios. Sometimes the clinopyroxenes include plagioclases 
or ilmenite and in some instances contain uralitized cores. Overgrowths of 
an younger clinopyroxene (II) on the earlier clinopyroxene phenocrysts 
(I) are sometimes separated by thin bands of uralite too. The last clino­
pyroxene generation commonly oceurs within the groundmass. Except 
some primary hornblendes (boții common and brown) occurring as pheno­
crysts, the other amphiboles (uralite, actinolite, antophyllite) are of secon­
dary origin.

Rock (hemistry and Xomenclatmc
More than 90 full Chemical analyses are up to date available from the 

igneous rocks of the Țibleș complex. The average values and the variation 
inter vals for the main rock types are given in Figure 2. The SiO2 — and 
TiO., — contents are clearlv bimodal, separating the two igneous phases 
(Fig. 3).

Due to the considerable variations, both structural and Chemical, 
within the individual eruptive bodies the QAP plots in the Streckeisen 
diagram (Fig. 1) oecupy more than one field. The greatest spread is to be 
noted foi' the rocks of the first phase; it is, however, to emphasize that 
these rocks rarely occur completely fresh. Similar rocks (e.g. micrograno- 
diorites) of the second phase display a more restricted point distribution. 
Typical heteromorphic rocks (according to R ittmann, 1973), repre- 
sented in the Țibleș complex by quartz monzodiorites, cover six fields on 
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5 ȚIBLEȘ NEOGENE IGNEOUS COMPLEX OE NORTH ROMANIA 289

the Streckeisen diagram, suggesting their heterogeneity and the difficulties 
arose in the microscopic Identification of the petrographic type.

The Chemical discontinuity hetween the two main igneous phases 
is a general feature of all the diagrams constructed by Pop etal. (1984). 
The calc-alkaline character of the Țibleș rocks — with a slightly ealcic

>- - - - - - - - - •- - - - - - - - - 1 /rdq (Arsuri) 
>- - - - - - - - •- - - - - - - < o<px (Arcer)

_ _ _ _ _ _ _ _ _ _ _ mzdq
h.- - - - . dqlRN

,- - - - - - - - - - - - - - - - •- - - - - - - < dq Hudieș 
ocpxhb 

pyd IN

> 2nd phase

(TTomnatec >- - - - - - - - - •—<
piyd Hudin (- - - - - •—<

ist 
phase

50 . 60 Si02 70

Fig. 2.— SiO2 variation intervals and avcrage values (points) of the main 
rock types in the Țibleș igneous complex.

trend derived from the Peacock index by 62.5 percent SiO2 — is coupled 
with a tholeiitic trend (more correct: plotting onto the transitional zone 
hetween the calc-alkaline and the tholeiitic rock series), very apparent in 
the Na2O+K2O/SiO2 diagram (after Gir od et al., 1978). Most of the

52 54 56 58 60 62 64 66 68 70 72
Si02

Țibleș rocks belong, according to the MgO/FeO+Fe2O3 diagram (Y o d e r 
jr., 1969), to the calc-alkaline series developed in the island arcs. All these 
and further diagrams are largely commented by Pop et al. (1984).
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P e 11 z et al. (1972) accepted a common differentiation trend for 
the igneous complexes belonging to the subvolcanic zone. It is, however, 
interesting to note that the average values for the roeks of the first anii 
second phases in the Țibleș complex plot onto the Ca-Na-K diagram at a

Fig. 4. — Ca— Na— I< dia- 
gram ; abbreviations arc : 
Ti, Țibleș; Bi, Birgău: 
Ho, Rodna; To, Toroiaga 
(chcmical data for Toroiaga 
from the paper of B e r z a 

el al. (1981).

distance twice larger than those for the corresponding roeks in other com­
plexes (Fig. 4). This fact points to different sites of generating magmas 
for the two Țibleș igneous phases, rather than to a unique differentiated

Fig. 5.— A combined diagram relating 
T a y 1 o r ’ s (1969) classification of an- 
desites and the diagram of the dcpths 
to the magmatic chamber of N i n k o- 
v i c h and H a y e s (1971). as proposed 

by D i m i t r i j e v i c (t974).
1, Toroiaga roeks; bigger circle - ave­
rage va Ine (n = 52 ; data from B e r- 
za et al., 1981); 2, average values oî 
the Rodna roeks (A, acidic n = 2 ; B, 
intermediate types n = 20); 3, average 
values of the Birgău roeks (A, acidic; 
n = 2; B, intermediate types ; n = 17): 
4, Țibleș roeks; main rock types aud 
average values for the first (A, n = 11) 
and the second (B, n = 54) phases.

magma. The same conclusion is reached if the combined diagram of T a y- 
1 o r (1969) and N i n k o v i c h & H a y e s (1971) is applied to the sub­
volcanic roeks (Fig. 5).
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Minor elements connected with the Nockolds-AUen index show normal 
features : Ba and Zr increase with the increment of this index, Cr, Ni, Co, 
Sc and V decrease, and Y, Yb and Ga remain practically unchanged. Tak- 
ing into account the basic and intermediate rocks of the Țibleș complex 
it is to emphasize their higher copper content as compared with the average

V Cr Sc Ni Co

8

m.-dltL 
6.3 100 250

Fig. 6. — Frequcncy diagrams of the distribution of some minor elements in ande­
sites (A. acc. to Ta y 1 o r, 1969) and in the Țibleș rocks (B; black, first phase

rocks).

values presented by K r a f t & S c hindi e r for similar rocks. The 
frequency diagrams of the distribution of some minor elements in the 
Țibleș rocks (Fig. 6) are astonishingly similar to the diagrams shown by 
T a y 1 o r (1969) to be typical for andesites.

Constitution of the Igneous Contacts
The contact aureole around the Țibleș igneous complex has an aver­

age width of about 1 km (Fig. 1) and is developed only in connexion 
with the rocks of the second phase. Various kinds of hornfelses have been 
herefrom described (E d e 1 s t e. i n et al., 1981). Strongly silicified rocks, 
sometimes tourmaline bearing, form locally developed roofs on the igneous 
rocks. The innermost zone within the contact aureole consists of biotite + 
+ hornblende ± andalusite and clinopyroxene, whereas the outermost 
one displays features typical of the Knotenschiefer. An overprint with 
obvious substance exchange has been locally recognized. The contact 
metamorphic effect may sometimes be observed in the igneous rock itself, 
mainly at the contacts of the second phase rocks with dacites; the latter 
become very fine-grained and bear small grains of red gârneț. Generally, 
the contact aureole of the Țibleș complex contains low-pressure assemblages 
(indicating pressures lower than 4 kb) formed under conditions of a genera- 
lized disequilibrium. The lack of the glass as hornfelse constituent proves 
the shallow depth of formation (lower than 1 km). Worth noticing is the 
presence of the stable assemblage pyrrhotite + rutile at the igneous 
contacts of the Țibleș complex, both within the sedimentary and eruptive 
rocks. Such a feature reveals a particular evolution of certain intrusions 
(U duba șa, 1981).

ICRA
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Late Magmatic and Postmagniatic Events 
Aecompanying the Intrusion

Magmatic magnesian skarns, e.g. with spinel, forsterite, phlogopite 
etc, occurring in the 4 Arcer gallery have been already deseribed by 
U d u b a șa et al. (1982 ). This occurrence represents the first reported 
magnesian skarn formation related to the Neogene magmatites in Romania.

Breccias were recognized either in relation to the dacites (west of 
the Tomnatec Peak) as contact intrusive formation or connected with the 
more complex evolution of the second phase rocks. Such breccias may 
contain either tourmaline or phlogopite or both and loeally show a relative 
enrichment in chalcopyrite.

Tourmaline bearing rocks are rather widespread and become very 
characteristic for the Țibleș igneous rocks. Thetourmaline bearing quartz­
ites (hornfelses) and breccias are the most frequent. Slightly transformed 
igneous rocks (andesites, quartz monzodiorites, dacites, quartz microdio- 
rites) show also various amounts of tourmaline. This mineral seems, 
however, to be restricted to the contact» of the main intrusion (Figs 7,8).

Fig. 7. — Mctallogenetic map of the Țibleș Igneous Complex.
1 - 6, see Fig.l ; 7, veins and disseminations ; 8,copper cnriched ores and the presumed parphyry 
System ; 9, Mo-Cu-Zn-Ti-B disseminations ; 10, inner zone of high temperature vein assemblages; 
11, externai belt of lower temperature vein assemblages ; 12, tourmaline occurrences ; 13, ter- 
nary diagrams with analytical data of the primary ores (largcr triangles) and limonites 

(smaller triangles).
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EVOLUTION TYPES OF METAL CONC E NTRATING PROCESSES AND OF

STAGES ASSOCIATED ALTERATIONS

Hydrothermal

Pneu matoly tic ♦ 
Pyrometasomatic

Magmatic

Fig. 8. — Skelch of the metal conccnlrating processes and of the associated alterations in the 
Țibleș Igneous Complex.

Special mention should be macle for the tourmaline occurrence wiihin the 
disseminated sphalerite-molybdenite-rutile mineralization on the Mes­
teacăn Valley (Fig. 7).

Metallogenesis
Types of mineralizations
1. Veins. The central north-western vein group (Fig. 7) is the most 

important type of mineralization occurring in the Țibleș massif. The ores 
contain high temperature mineral assemblages (Fig. 8). Copper enriched 
veins develop in the Southern part, in which the sphalerite isiron-poor, 
chalcopyrite occurs not only as exsolution blebs in sphalerite (as in the 
ores of the main veins) but also in the form of monomineralie aggregates ; 
bournonite has been known for a long time (B o r d e a, 1960). An externai 
belt of lower temperature mineral assemblages (veins and impregnations) 
envelops discontinuously the central mining area (Fig. 7). Berthierite 
and arsenopyrite in association with some silver sulphosalts are here 
the dominant mineral species (U d u b a ș a et al., 1984 ; Pop et al., 
1984).
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2. Impregnațions and Disseminated Ores. In the Southern part of 
the igneous complex abnormal amounts of magnetite, locativ associated 
with chalcopyrite, may in places be observed. This association forms 
either veinlets or impregnations in fairly transformed, locally brecciated, 
monzodioritic and granodioritic rocks. There is a special type of magne­
tite (mgt-3, in Fig. 8) appeared as a result of a certain degree of magma 
oxidation. Such a non-accessory magnetite is thought to be characteristic 
for the porphyry type mineralization for it has been observed as yet only 
in porphyry environments (Butte, Montana, USA; Medet, Bulgaria; 
Reczk, Hungary; Deva, Romania etc).

Within the monzodioritic small intrusion on the Mesteacăn Valley, 
eastern part of the Țibleș massif, a disseminated mineralization withsphale- 
rite-rutile-molybdenite-tourmaline occurs in relation to strongly leached 
rocks. Very small grains exhibiting properties of topaz and cassiterite 
have been reported too (U d u b așa et al., 1984).

Succession of M e t a 11 o g e n e t i c E v en t s . It is 
presumed that the activation of metals in and from the magmatic system 
at Țibleș (second phase) began very early due to the oxidation state of the 
magma. Its rather high sulfur fugacity and copper concentration is shown 
by the appearance of the pyrrhotite-chalcopyrite ± magnetite assem- 
blage at igneous contacts and, together with sphalerite, within the mag- 
nesian skarns. The oxidation state of the magma allowed the formation 
of a special type of magnetite occurring only in the rocks of the intrusions 
displaying an evolution typical of the porphyry systems. The copper en- 
riched ore veins in the Southern part of the massif have probably opened 
the porphyry system and they reveal — as they do in some other cases — 
the presence of a hidden porphyry system. The relationships among the 
metal concentrating events and the associated alterations are given in 
Figure 8. The Țibleș igneous complex exhibits thus a polyascendent type 
of ore deposition resulting in the deVelopment of a well, rather contras-, 
ting, regional zoning (Fig. 7). A similar zoning (without the central dissem^ 
inated mineralization types) shows the Kutna Hora mining district, 
Czechoslovakia (B er n ar d et al., 1969).
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CONTEIBUTION Â LA CONNAISSANCE DE LA ZONE 
MAGMATIQUE DE TIMOK-SREDNA GORA EN YOUGOSLAVIE, 

D’APEES LES donnEes aEeomagnEtiques 1

1 Note presentec au 12 eme Congres de l’Association Geologique Carpatho-Balkaniquc, 
8 13 septembre 1981, Bucarest, Roumanie.

2 Yougoslavie.

PAR

SI.OBODAN VUKASlNOVlC2, BORIS SIKOSEK 2

Tonte la region occupee, en Serbie, par les Carpatho-balkanides 
a ete etudiee par des investigations syst&natiques aeromagnetiques. Cette 
note presente l’interpretation geostructurale des donnees aAromagne- 
tiqnes de la region oii s’dtend la zone magmatique de Timok et son pro- 
longement vers le sud-est. La zone de Sredna gora en Bulgarie represente 
la continuation directe de cette zone. Etant donne que les magmatites 
de Timok et de Sredna gora representent une zone unique, on a denomme 
cette zone “la zone magmatiqne de Timok-Sredna gora” 3. Les donnees 
aeromagnetiques ont permis de tracei' les limites de cette zone en You­
goslavie et d’etablir son extension. On a egalement releve en continuite 
des magmatites dans les regions qui se tronvent hors de la zone eruptive 
de Timok (ZET), vers Ie nord et le sud de celle-ci oii affleurent des sedi- 
ments mesozoîques et tertiaires ou des roches cristallines. A partir des 
donnees aeromagmatiques on a etabli la prdsence des elements appartenant 
a cette zone sous la couverture sedimentaire (”les magmatites cachâes”). 
Le prolongement des magmatites en dehors de la ZET a ete seulement 
supposă auparavant, ces limites n’etant pas jusqu’a present precisees. 
A la suite du fait que les affleurements des magmatites accessibles â la 
recherche geologique ne sont pas nombreux, ils ne suffissent pas pour 
preciser leur extension areale ou meme leur developpement en profondeur. 
11 s’ensuit qu’il est difficile de delimiter les marges de la zone magmatique 
de Timok-Sredna gora.

Les resultats des mesurages aeroinagmatiques de la region entre le 
Danube et la frontiere yougoslave-bulgare ont ete illustres graphiquement 
dans l’annexe oii la zone consideree apparaît comme une zone des anoma- 
lies magmatiques g&ieralisees.

Vu la configuration du champ magmatique, on peut le diviser, suivant 
ses caracteres specifiques, en trois parties : l’areal de la ZET et les parties 
au sud et au nord de celle-ci.
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La zone des magmatitcs de Timok-Sredna gora en Yougoslavic.
1, I.a zone genOraJisec des anomalies magnetiqucs des magmatitcs.
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3 LA CONNAISSANCE DE LA ZONE MAGMATIQUE DE TIMOK-SREDNA GORA 299

Dans le cadre de la ZET, â partir de Trstenik (Majdanpek) au nord 
jusqu’â Bukova Glava au sud, ou a localise une zone d’anomalies positives 
continues ayant des intensites de plusieurs centaines de nT. En realite, 
elle est constituee de plusieurs sous-zones de maximums et de minimums 
A T (seulement quelques-unes ayant. des valeurs negatives). Le nombre de 
ces sous-zones augmente vers Ie sud. Dans la region de Bor-Kirvelj une 
branche se separe vers le sud suivant. la direction Slatina-Zabradje.Les 
valeurs extremes A T depassant une intensite de 2000 nT ontete enregis- 
trees â Zlotska reka, mais une anomalie tont aussi remarquable est celle de 
Crni A'rlt d’une intensite de 1300 nT.

Vers le sud de la ZET, entre Bukova Glava et Borovo (la frontiere 
yougoslavo-bulgare), le champ anomal s’est manifeste dans une zone d’une 
linearite bien exprimee, avec une intensite de 100 â 200 nT. Elle est en 
fait continuelle, hors une discontinuii mince au sud de Pirot. On y a 
constate plusieurs maximums AT partiellement individualises.

Vers le nord, entre Trstenik et le Danube, la zone anomale n’a pas 
disparue. Cependant il semit tres utile de savoir si elle ne s’ouvre de nou- 
veau sur le territoire de la Boumanie.

La nature lithologique des elements generant les anomalies est bien 
connue pour la ZET. cette zone est liee directement aux magmatites en 
affleurement. Elle est constituee notamment par des volcanites du Cretace 
superieur — oii predominent les andesites et les roches granitoides, le 
plus souvent presentant des anomalies positives, mais montrant aussi un 
champ reduit ou avec des anomalies intensivement negatives. 11 est evi­
dent qu’il s’agit d’une magnetisation heterogene, determinee par la posi­
tion de la masse des volcanites susmentionnees, par rapport aux necks, 
par les processus hydrothermaux ou par l’existence du volcanisme poly- 
phasique ayant au moins une phase dans la position inverse des poles mag- 
n6tiques. Les volcanites fraîches, le plus souvent en relation directe avec 
les necks, sont exprimees par des anomalies d’intensite A T maximale. 
Les plaques effusives et specialement les volcanites hydrothermalement 
alterees s’expriment par un champ plus bas, tandis que les magmatites de. 
la phase d’ inversion magnetique presentent des anomalies intensement 
negatives. Les granitoides laramiques ont provoque seulement une ano­
malie vaste dans la rhgion de Crni Vrh, oii elle se ferme. Pourtant, il est 
tont â fait naturel de supposer que quelques-unes des anomalies de cette 
zone sont provoquees par les granitoides laramiques (par exemple dans le 
district de Zlotska reka), qui se trouvent en profondeur et ont une exten- 
sion moins grande que celles de la zone de Crni Vrh (connue dans la litte- 
rature sous le nom de „Valja Strz”).

On ne connaît pas encore suffisamment la nature des elements per- 
turbateurs de la zone situee au sud de la ZET, ou affleurent presque exclu- 
sivement des roches sedimentaires mesozoîques et tertiaires. Cependant il 
est evident que ces elements perturbateurs sont de nature magmatique — 
des volcanites surtout, mais aussi des roches granitoides laramiques — 
etant donne la continuation de la zone anomale de la ZEI’ et le fait que les 
rares affleurements des volcanites sont situes â l’interieur de cette zone. 
D’apres les calculs, la profondeur ou se trouvent ces magmatites-volcanites 
est de 200 â 800 m, au-dessous de Ia couverture sedimentaire. II faut ad- 
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mettre que les eorps magmatiques relativement reduits peuvent etre 
xituăs tout preș de la surface, lă ou leurs parties apicales peuvent affleurer.

Donc, on peut affirmer, en considerant le caractere conținu de la 
zone anomale et la nature litliologique de sa source, que la zone magma- 
tique de Timok-Sredna gora s’etend en Yougoslavie a partir de Trstenik 
(Magdanpek), au nord, jusqu’â Borovo et la frontiere yougoslave-bulgare, 
au sud. Elle se continue aussi bien en Bulgarie. Les magmatites de cette 
zone ont pratiquement une distribution continue. Les magmatites ne se 
prolongent pas au nord de Trstenik, au-dessous des schistes cristallins, au 
moins jusqu’au Danube, d'oii nous avons les donnees magnetiques.

II est evident que les magmatites, leurs zones profondes (necks, 
intrusions subvolcaniques hypo-abyssales, granitoîdes) sont controlees 
par une zone de failles profondes (faiseeau des dislocations), representant 
la pârtie resserree de la structure denommee dans la litterature ”Graben 
synclinorium de Timok”, ”Zone de Timok-Sredna gora”, ”Zone de Timok”, 
ete. Dans les limites de la ZET, la zone magnetique de Timok-Sredna 
gora correspond aux roches magmatiques affleurantes et â celles situees 
tout preș de la surface. La zone avec la plus intense valeur du AT marque 
la zone des magmatites au sens plus resserre — la racine volcanique basique, 
qui a une forme de dyke de grandes dimensiona. Elle se trouve au milieu 
de la ZET. Les autres parties de la ZET sont constituees de pyroclastites 
et d’ecoulements volcaniques avec des necks secondaires, qui sont les 
chenaux d’effusion, marques par une structure positive lin^airc de second 
ordre. On peut dire que parmi les necks apparaissent egalement des pla- 
ques volcaniques avec alteration hydrothermale. Vers le sud de la ZET, 
la zone magnetique est plus simple et plus etroite, situee â une profondeur 
de 800 m au-dessous de la couverture sedimentaire.

On a pu relever les gisements mineraux caches par la d6termination 
des limites de l’extension de la zone magnetique, la correlation des ano- 
malies magnetiques avec les areales de mineralisation connues, k|s regions 
et les espaces ou se sont d^roules les processus mdtallog^netiques les plus 
intenses.

De nombreux gisements mineraux ont ete decouverts en Yougoslavie 
et en Bulgarie dans l’espace de la zone magnetique de Timok-Sredna gora. 
En Yougoslavie sont connus les gisements mineraux de cuivre de la region 
de Bor-Majdanpek. Dans la ZET sont localises les plus importants gise­
ments de cuivre connus jusqu’â present. Cette zone est de premiere impor- 
tance 6conomique en ce qui concerne les gisements de cuivre et pas seule- 
ment pour la Serbie Orientale mais aussi pour toute la Yougoslavie. Le 
probleme â resoudre est de selecter les parties de la ZET oii les nouveaux gi­
sements mineraux peuvent etre trouves, notamment, les gisements “caches” 
sans manifestations notables en affleurement. Puisque les regions, oii les roches 
magnetiques affleurent, ont 6t6 intens6ment etudiees jusqu’â prâsent il 
faut tester les perspectives des gisements “caches”, surtout lâ ou les mag­
matites se trouvent au-dessous de la couverture. Le probleme qui reste 
â resoudre pour les recherches a6romagn6tiques est de pr6ciser les endroits 
oii les magmatites se trouvent sous la couverture sedimentaire ou sous les 
pyroclastites, cette tâche etant de premier ordre pour la recherche du 
cuivre et des matieres premierea accompagnantes. C’est le cas surtout de 
la zone situee au sud de la ZET, oii la zone magmatique n’est pas large
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Dans la pârtie mediane de la ZET, la zone relativement riche en mineraux 
est plus large. C’est pourquoi il faut faire une selection plus approfondie 
en partant des donnees aeromagmatiques, avant d’entreprendre des re- 
cherches plus detaillees. Vu les positions desgisements mineraux de cuivre 
connus vis-â-vis de la eonfiguration du champ anomal, il resulte que les 
terrains productifs sont localises â cote des anomalies positives qui cor- 
respondent aux chenaux effusifs (necks volcaniques) — ou dans le champ 
anomal diminue, du aux processus hydrothermaux intensifs, leurs effets 
ne pouvant pas etre observâs en affleurement. Les regions oii la proba­
bilii 6 d’existenc? des gisements mineraux est piu-; grand? et qui doivent 
etre investiguees en detail, sont ela:rement illustrees sur les cartes mag- 
netiques.

3 On ne comprcnd sous ce nom que la zone iracturee avec des magmatites (racincs volca­
niques, corps intrusifs subvolcaniqucs et hypo-abyssaux, roches granitiques) qui ne peut pas 
6tre comparee ă la structure connuc dans la litteraturc sous le nom de : “Grabcn synclinorium dc 
Timok", “Zone dc Timok-Sredna gora", “Zone de Timok” ctc.
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O FEHE3PICE SAnA^HOPO^OnCROrO 
nOPOHPOKJIACTHqECKOrO PHOJIJÎTOBOrO KOMIIJIEKGA 1

1 PaCoTa 6buia npencTaBaena na XII-om Konrpecce KapnaTO-BajiKancKoft Tec- 
nornaecKOîi Accoițnaițmi, 8—13 cemaSpa 1981 r., Byxapecr, PyMMHHH.

2 BPri'I, Co$iih, H.P. Bojirapiia.

fl. BAXHEBA2

B rpynne khcjibix ByjiKainiTOB, iia-aa cnepn^nKii neTporpa^H’iecKMX 
ocooeimocTeM, Mexa«M3Ma oSpasoBannn n reonornHecKoro noJioiKeHMH, Bbine- 
juiiotch oco6i>ie nopoRbi, iiSBecrabie KaK nruHMSpin-bi, TytJojiaBbi, HCEaniiTM 
nrHHCnyMHTbi, aBTOMa™aTnHecKiie SpeK'rmi, $jnoMHnop$npbi, $ayHTy$H n 
HP- Kpoxie KOHuenmiii o Ty$OBOM iijiii ji3bobobom xapaKTepe 3tiix nopon, no 
Bonpocy nx reiiesnca «BnneTCH hobmh Bsrnnn M a c y p e h k o b a (1961). 
hto npn $opMiipoBaHMH nrHHM6pMTOo6pa3yiomiix MarM nepBOCTeneHHaH 
pojib oTBojpinacb npoyeccaM njiaBnemin nopon KMCaoro coci-aBa. llo cymecTBy, 
c HanbHciiuniM ii3jio>KenneM MaTepnana npenJiaraeTCH na oGcyjK^enue iinen o 
4>opMMpoBaHHH SanaHiiopoHOiiCKoro KOMnneKca (npencTaBiiTejiH HrininSpn- 
toiiohoShmx accoițnauiiîi) b peayjibTare nenonnoro nnaBneHMfl nopon Kpn- 
«TanjiiinecKoro ^yn^aMCHTa.

RoMnneKC cnomen pnonm'aMn n pnonamiTaMn, b Menhineii CTeneim 
jiaBOKJiacTBTaMH, MriiMMSpHTaMii naBOBoro nponcxozKHeHiiH n nupoKjtacTH- 
Tawn. ByjmaHH'iecKne npoayKTbi $opMnpoBajiHCb b Tpex noc;ie3OBaTe.nbiibix 
(j>a3ax. (PamiajibHbie Bnjțbi ne ornnnaioTCH no cocTasy n raaBHMM CTpyK- 
■rypHO-TeKCTypHbiM npn3HaKaiw. KounjieKC xapaKTepH3yercfl Ham-raieii oco- 
6bix jiHTOnorHHecKiix n TeKCTypiiHx pasHOBHflHOCTeii, onncaHiinx b jțajib- 
neiimeM b nanecTBe nepexofliibix: enenuineCH, CBapemibie Ty$bi, Ty^onaBbi, 
nrmiMSpHTbi (s.s.), ^epnbie riiajiopnoJiiiTbi, aBTOMarMaTiiHecKMe 6peK- 
huh, Kceno- n KJiaCToaaBbi. HecMOTpn na HeSoabinne oSbeMbi onn jimbiot 
noBceMecTiioe pacnpocTpaHemie, JiOKajinayHCb b ocnoBam-iii paspeaa iijui na 
nepn$epmi ByjiKaHMaecKMX MacciiBOB. ByjiKaHiiTbi KOMnjieKca oranHaioTcn 
TnnoMop$HbiMii neTporpaiIiiniecKiiMii nepTaun — 6o.nbinoe KOJiM’lecTBo $eno- 
KpncTaajiOB — ot 43 no 68%, nanțe Bcero 50—52% (b aBTOMarMaTMHecKiix 
OpeK'niHX — ho 80%) n KpncTajinoKnacTM'iecKMM xapaKTepom BKpanjiennit- 
kob (KBapu, aiineaiiH An3J_52, camiHiin, Smotht, aM$n6oji). C'renenb Kpii- 
CTanjiiiHHOCTH HBHHGTCH HOHTii npeHejibHofi, ecnn cornaciiibcn c MnemieM 
(M a c y p e n k o b, 1979), hto 60% (JieiioKpiicTannoB mojkho npruimb 
pySeîKOM ByjiKaHM'tecKHX nopon. JIiiTonnacTbi n Mnnepanu MeTaMop^HneoKiix 
nopoH, nan ii rjioMeponopijiiipoBbie cpocTKM nnaraoKJiasa BCTpenarorcH 
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pe^KO b Tnnnmibix ByjiKaHMTax, no ohm xapaKTepHbi jj;in nepexoflHHx mmoB- 
npri^aBan iim Ty$OBbiii o6jihk. TnnmiHbi Tanațe „$bhmh” CTOKJia.

Ec.ini M^eH O npOHCXOîKJțeHMH nOp^MpOKjiaCTMMeCKHX pHOJIMTOB B pe* 
ByjibTaTe nenojiHoro njianjienun cyScrpaTa npaBiiabna, to peJiMKTOBbie 
$opMBi cjiejțyeT oa<n«aTb b Han6ojiee paininx ByjiKaHnHecKHX npo^yKTax h 
b nopop;ax, b KOTopwx npoueccH nocTJiHKBiisyCHoro npeo6pa3OBamifl cno- 
coScTBOBajin coxpauHOCTii iipoMe>KyTOHHbix coctohhmîÎ. Oco6o MH^Jopwa- 
tiibhbimh OKaaajiMCb nepiibie rnajiopiiojniTM. Kan npo^yKTbi ObiCTpoii koh- 
coJiimamni n nepeoxaazK«eniiH, b hhx BaKOHCepBnpoBaHbi OTRejibHbie BBeiibH 
jpMTeJibHoro nponecca ({)a3OBi>ix npeBpameHnii b CMCTeMe „KpHCTajiJiHHecKHH 
cyScTpaT — pacnaaB — ByjiKanwT”. B neTporpa^n'iecKOM acneKTe b paSo're 
paaaeabno paccMarpiiBaioTcn ocoScuhocth TBepHoii $a3bi (na ypoBHe <J>eno- 
KpUCTajIJIOB HBKJHOHenMÎÎ) II MÂMAKOM $a3bl (OCHOBnaH MaCCa + MMKpOJIHTbl).

BKpanMHHiiKu b nopo^ax c MaKCHManbHOii coxpauHocTbio „nepBHn- 
hbix” npu3iiaK0B oonanaioT pn/țom ocoSemiocTeM. Knapn no nepn^iepun sepen 
rpaHyjinpOBaHHbiii. Bonbiinie KpncTajiJiLi (jjo 7—8 mm) oSli^ho noJiyaBTO- 
Mop^Hue, c paapymeHHOii nojiOBiiHOiî iihhmbii30b. ȚIacTO BCTpeHaeTCH^pac- 
TpecKHBaiine” npynHbix aepen no iiSBMJiHCTbiM KomieHTpiineCKnM n pann- 
ajiBHHM TpenmnaM, bhojib kotopnx Bbi«eJiHCTCH no^oca noBooSpasoBan- 
noro (?) KBapua 6es BK-nioHeimâ (puc. 1). T4ame Bcero b nenTpe njiarnon-nasa 
coxpaneHbi KoppoanpoBannbic KpncTaji„iM Gojiee ocnoBHoro cocTaBa (An37_39) 
ii nceBflonaoMeTpiiHecKoii $opMM, xapaKTepnoii (K o c t o b, 1978) n;i« 
MeTaMop$HireCKiix nopoa. Bojiee kmcjimîî, cbc/Kiih n.narnoKJia3 (An31_M) 
oOpacTaioipiix son flocTpaniiacT KceHOKpMCTajiJibi ao TaSjiMT'raTux HHjțnBii^OB

Puc. 1. — nop$HpOKjiaCTII'ieCKHÎt 

Kiiapii c noBOoopaaoBaimoii (?) naiiMOii 
9ea BK«iio'ieiiHiî. N-l-, yoca. 15.

ii oSycjioBjniBaeT maxanbSnTOByro CTpyKTypy. HepeflKi-i cjiy'tan norjța n;țpo 
nepenoaneno KannnMii CTCKJia nan noJiiiocTbio BirrpoijiniinpoBaHO, <tto onpe- 
aeJineT CMTOBMHHbiii ii ryQnaTbift buh Munepajia. CaHM^MH b nepexo^Hbix pas- 

HOBMJțHOCTHX OTCyTCTByeT MJIH BCTpenaeTCH B HeanaHIITeJIbllOM KOJIMHeCTBe, 
no aaTO b ochobhoh Macce BCTpenaioTcn npHMoyrojibiiHe nflTna CBeTJioro CTenjia
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c opToronanbuoii OTAejibHOCTbio (puc. 2). Fio ncKjnonenHio naSaiosacrcH 
30HajibH0e CTpoemie MiinepaJia — nepenjiaBaennoe n^po ii nooiyaBTOMop^naft 
nepii^epiiH, oraniaiomnecH iiHTep$epeimnoHHoiî OKpacKoii, no c o6njen. 
noi™ oahoochoh 0iirypoîi. Cpe^n HBGTHbix MHHepajioB aM(J)n6oji no kOvUi- 
necTBy nonTH ne ycrynaeT SnoTHTy. Bhotiit npiicyrcTByeT b abvx renepa-

Uhhx. B nnRHBn^ax nepBoîi renepamni nacTO coxpancHbi peJiBKTN E^cjnocjta 
njin cnaflnnocTb non ywioM ‘125°. CaM Miniepan na paHnefr CTaflim npccGpeso- 
Bannn CTanoBMTcn KopiiHneBaTo-SypbiM, a na nc3,aneii MyrnecT. pacna^acrcn,

Puc. 3. - PaaaoîKeHHMii KcenoreHiiMîi 
Oiiotht (I ren.) n MarMaToreHiiBiir 
Shothț (II ren.), N|], ynea. 50.

oopaayn arperaT pasnoopneHTnpOBaHHHX KemyeK c oohimm oiiannTOBbiM 
KOHTypoM. Bmccto SnOTivra, nocjie pasMOBemiH, b CTenae ocTaioTcn Kopiin- 
neBbie nHTiia, co^epzKaînne nbiJieBiiAHMe oGocoSnennn Fe. Biiotut BTopoft 
renepapHH seJieHOBaTO-KopnqneBbiîi, c pesniiMn KoiiTypaMH (puc. 3). Am-

20 — C. 79
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([mooa oSmtoo BCTpenaeTCn b hcchomop^hlix cnjiaBnenubix sepnax b nepe- 
mchhhx paaMepax n KOJiHneCTBax. Ilo rpeinnuaM cnanmiocTii naSmonaioTCH 
HOBooSpasoBaHMH SnoTiiTa. AKițeccopiiii OTiiocurejibHO KpynnHxpasMepoB 
(TUTaHBT, pyflHHfi ii anarirr) no Mop$oJioriin ohciii» cxonnbi c anijeccopiibiMii 
MiniepajiaMii BKJiioHeunfl n Bwemaioiniix MeTaMopiJiniccKnx nopojț. Ho Mepe 
yBcaji'icmiH CTenemi iipeoSpasoBaHim HonimecrBO n paswcpbi aepen peano 
coiipauțaioTCH.

B ciiJibHO npeoâpaaoBawHi.ix paanoBiiHHoCTHX, 6o;iee 6nii3Kiix k Bya- 
KamiTaM, KBapn h nnamoKJias oSbinno nacTOJibKO „ctenenbi'’ ctbkjio-m, hto 
TOCTO HBJIHIOTCIT C HeM6HTHOii CTpyKTypOÎI. OSjIOMKII BKpanneHHUKOB C^BH- 
hvth ii CMemeHM, coxpaiiHH oomyio onrii'iecKyio opneHTiipoBKy. B nap ax 
MimepajiOB pejiMKTOBi>ie npHSHaKii npaKTiinecKii ne BcrpenaiOTCH. Biiotht 
ii aMiJinSoji hbjihiotch name BCero b aBTOMop0ni>ix iiHHiiBn^ax, c hiictmmh 
KoiiTypaMii, 6e3 HBjieimîi njianjieiinn n onamiTiiBaumi.

BKjuoueHua. B noniiMaHnii MexamiaMa njiaBJieHHH ocoSyio pont, no-BM- 
anMOMy, caenyeT otbcctii BKJUonennHM, nan oto noAnepKiiBaeTcn b nocneamie 
ro^M (M a c y p e h k o b, 1961,1979; H a c e a k m ii, 1975; K y t h e b, 
III a p a n o b, 1979). Ilpn paccMOTpeniiii BKjnoneniiii b iiccneaoBaiiHbix 
By.:iKaniiTax ncxoanjiocL na Toro, hto nocTominoe npncyTCTBiie Kcenoremioro 
MaTepuana b urni-uiopnTOBbix KoaniJieKcax ne MOîKeT învieri, cayHafiHWiî 
xapanrep n HBJiHercn reneriinecHn ooycjioBaennbiM. lipii iiayneHiiii Bana^no- 
po;ionCKoro KOMmieKca, comacno luiaccM^nKamm BKJiioneHnii (M a c y- 
p e h k o b, 1979), k HcenoniiTaM OTHeceHti jiHTOKJiacTM necnaHUROB, ry$o- 
nec’ramiK’OB najieoreiia, peace rneîicoB, KpncrajuioKJiacTH cepnniiTiiaiipoBan-

Pnc. 4. — IlnarnoK.-ias BonajibHoro CTpocniiH b aM$n6oiiiiTO- 
bom pe^HKTOAMTe, N+, yBen. 50.

iioro njiariioKnaaa, Mnuponjinua, nnpoKcena, rpanara, nacTb py^iioro aKpec- 
copim, anarnra n TiiTannra. Ilpn <5onee iiHTeHCiiBHBix npeoâpasoBaHMHX, 
B CBH3H C naJIOIKeHHLIM nJiaBJieHHCM, KCeHOJIHTBI TepniOT pC3KIie KOHTypBI, 
ae3iiHTerpiipyioTCM nacrnniio n npeBpau-aioTcn b pejinnrojniTM. Ilo mcxoh- 
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homv cocraBy pasrpaHii’ieHM pe.:iHKTOjiiiTLi aM^MSoJi-GiiOTHTOBtix, «Bvcmo- 
AHhbix, anaiiToiiaHMx rnettcoB, aM^nSojiHTOB, pepKO rpaHMTOMAOB n jipa- 
MopoB. HoBoo6pa3OBannoe crenao pacupocrpaHneTcn bao^b cjianpcBaToc™ 
nopoj(, paiibine Bcero MOKjiy BeppaMii KBappa n nojieBoro uinara. njiariio- 
Waa u KBapp, xoth ii SoraTM bk^iohoiiubmii nan bo BMeipaioipiix MeTaxiop- 
ifiirrax, OHMiuaioTCH no nepa^epiin, a Mecrajin rpanyjnipyioTCH. Mnorpa naa- 
riioKJiaB aM^nGoJiMTOBBix pejiHKTOJiMTOB npMoSpeTaeT aonajibuoe CTpoewie 
(puc. 4). HaomopaioTCH cjiynaii napacTamiH cBemcro nojiyaBTOMopiJmoro 
njiariioKJiaaa na pcjimktobom n^pe 6onee ochobhofo cocraBa Bnpejțejiax aM^n- 
GOJIHTOBMX BKJnOVeHMfi (puc. 5). Ma^HTM B pejIMKTOJIMTaX oSlihho CJiaGo

Puc. 5. — reTeporeniiMtt (JienoKpncTajiJi n.iarnoKnaua peanK- 
TOBO-KpHCTaJiJiHBaauoHiroro npOHCXOHPieHHH, N-l-, yiien. 50.

onannTH3npoBanbi n copcpinaT Kan.:m cTOKJia. Poronan oGaiaHKa uacro 3asie- 
macTCH MHKpo'reiuyfriaTbiM Shotiitom. HafijnoRaeTCH c.nyqaii, Koraa nonociui, 
oSoraiuenHbie poroBoii oCwaHKOiî ii3 Biwnoneiuia. cmohhiotch bo BMeinaromeM 
piioaiiTe ByjiKainiqecKHM ctgkjiom c peaiiKTaMii aM$n6oJia (pi-ic. 6). Kpowe 
noJiMMHnepanbHbix pe;mKT0JiHT0B, nopoAbi sariojnienti ep.unH’iHbiMn kcciio- 
nop0npoK.naCTaMii KBapua c M03an»iHbiM, BOJinoBiiAHMM mjih npocTNM yra- 
caHiieM, ocKOjionHOM , oKpywienuoii iijiu no.'iyaBreApajibHOH $opMbi, tocto 
C KOpOSHOHHbIMII KOHTypaMM. 3liaHMTeJIbHO pC?K6 BCTpeUaeTCH MMKpOKJIHH 
mjim KaJimunaT c neoflHopoAUbiM yracanueM, AByaoHajibubifî njiariioKJias c 
KceHoreiiHMM aspoM ii uacTiiano onapnTii3iipoBannbie Ma$iiTbi. K aBTOJiHTaM, 
no-BMA0MOMy, CJiesyeT othcctm eHnmi'iHhie BKJHoaeHHH c roMeoreHHMM o6jik- 
kom ii anjiHTOBbiM cocraBOM, xapaKTepii3yioinHecH npoapamibiMii nojieBbiMM 
mnaTa.MH. Tanoft jkc renesuc hmciot, no scefi BepoHTHOc™, cKonaemiH aBTO- 
Mop^iibix cy6nop$MpoB njiarnoKJia3a, BCTpenaiOMniecH b biiac naTen b 0T«eab- 
hhx niJiHifrax, a raK?Ke raoMeponopijmpoBHe rpynnw njiarnoH-moBoro iran 
k Ba p p-no JieBomn aTOBoro coct a Ba.

XOTH B 0AH0M H TOM JK6 OOpa3pe M0HUI0 BCTpCTMTb BKJHO^eHMH pa3H0M 
CTeneMii nepepaSoTKM, Kceiio.TOTbi xapaKTepiibi ajih cneKnmxcH tv$ob m
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TyiJiojiaB; zijih Hepmjx rnanopiicairroB n iirunMSpMTOBTMnHnnbi pcjiuKTonnTM. 
llo Mepe yBe.urienjiH CTenemi CTpyKTypno-MnnepajibHbix npeoOpasoBannîi, 
b pasnbix Timax nopo;ț yMeHbmaeTCH KOJimecTBo n CTeiieiib KCeH0M0p^)H0CTii 
nopcpnpoK.Tac'roB, a Tanziie eogepaiajiMC «cenorennoro MaTepnajia.

Plic. 6. —KonTaKT aM$HOOJIHȚOBOrO BKJHOHeHHH CpnOJIHTOM, 
BKnioHaionniM poaHKTM poroBoii ooMaiiKii, N||, yue.T. 100.

Ochoghm .\iacca. B By^KamiTax panniix iiSBepHîeHiift, b OTHocurenbHO 
c.na6o nepepaSoTamihix Biigax ii bojiiism peaiiKTOJiMTOB, coxpaneiibi ajie- 
MOHTbi Jienrmo-, He.MaTo5aacTOBoii, CBiuieBaToii, ohkoboiî TeKCTyp, HanoMima- 
iomne no-nocsaTMe ii nopții poOnacTinrecKiie pasnoBimnocTii MeTaMop$iiTOB 
$VHnaMenTa. B tskhx ysacTKax nccBao$Jiioii;ța.ribiiocTb oSycnoBJiena nepego- 
BaimeM TeMHOOKpameHHbix, 6onee BbicoKonpejioMJiniomnx, c SecițBeTHbiMn- 
(Nr4g0) MiiKponoJioCKaMH. Pa3aii4iie b cocTase ocoSeimo hotko BbipiicoBbi- 
BaeTCH no npoayKTaM pa3.noweHHH n pacKpMCTajiJiMsaițmi CTenaia. KonTypu 
^Byx CTeKOJi pe3Kne, nacTo nnaMeBi-ijțHbie h MOJiHMeBMjțHHe. Caiio ctokjio — 
nysbip’îaToe, MHKponopncToe, nnorsa c nepjniTOBoîi oiTjejibHOCTbio. Pcjihk- 
TOBan no.nocHaTOCTb nojuepzKiiBaeTCH n Ha ypoBHe noptJmpoKJiacTOB. B 
CBOTJIMX riOJIOCKaX BCTpe’IaiOTCH OCTaTKH pa3pO3HeHHbIX, CnBHIiyTBIX KBap- 
UGBbix, pewe iwiarnoK.na3OBbix oSjiomkob c „ocTpoBHoii” CTpyKTypoii. KpoMe 
nepeHHCJieHHbix MmiepaJiOB, TeMHOOKpanieiiHbie nonocKii cosep?KaT pejniKTM 
SiiOTHTa n aM$n6dna b accopiiapnii c pyjțHMM aKijeccopneM (no 1,5 mm) ii 
TiiTaHiiTOM (ao 0,5 mm), a TaKwe BiiTpo^npnpoBaHHbie pejiMKTbi njianionnasa. 
Pasjțejieune ne tojibko no cocTaBy, no nacTO n no KpyniioCTii, ^ononimeT 

Brie'iaTjieniie 06 ynacjienoBaHiioiî nopiJinpoSjiacTiiHecKOîî TeKCType. Hohtii 
MOHOMiiiiepajibHbie neneBimbi c KpynHMMii (so 7—8 mm) ,,rjia3KaMii” nojiy- 
aBTOMOptJlIIOrO KBapna HepesyiOTCH C; MejIK006<II0M0HHHMH '„CJIOiÎKaMM”, 
cosepnîaniMMH KpoMe cajimniHX n Ma^iiHHbie MnnepajiM.

B Gojiee HHTenCHBHO npeoSpasoBaHHMX nopoaax npeoSjiasaiOT 3Myab- 

ciiOHHbie CTpyKTypbi Tuna opneiiTnpoBaHiioii, nenjiOBwsHoir, HrnncnyMMTO-

ICR
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Boii, MiiKpc$.7noKTyamioiiHoiî. IIiiTepec npe^CTaEaneT, vcTanoiuieiiHoc pein- 

renoM, no uceii BeponTBOCTii b ochobhoîî Macce, 3na’niTe;ibnoe KonnnecTBO, 
lipneToSamiTa (puc. 7).

Puc. 7.— SMyjibCiionHaH nemiomiiiHaH CTpyitTypa, N 11, 
yBen. 50.

Ofîcyai^eune pesyatTaTOB

Hpoc.ieM\iiBaH pasHOCTeneHHtie npeBpamemiH b iiccneaoBanHMX nopo^ax 
moikho npeanoJioîKHTb cjiejțyjomiiîî nopa^OK ycrofraiBocni MiniepaaoB npn 
nnaBuenini ir peaKQHOHHOM saMemeHiin: Ka;inmnaT-nnarnoK.;ia3-aM$n6on- 
6noTMT-KBapp. B TaKOM CB0T6 nacTb BKpanneHHiiKOB ii aimeccopiieB KBapn, 
nHpoKcen(?), KpynHMiî TiiTaHiiT, ananiT n py^HMii Miinepan moikho paccaia- 
TpiiBaTB nan cy6jniKBimycHMe penHKTN, a njiarnonnas, aM0n6on, Smotht ii 
caHMjțiiH — KaK niSpipțiibie. TaKoii nopnaoK Mo6n.HM8amîii BeipecTBa hb^ih- 
otch cxeMaTiiaecKHM, iiMen b bii^v coemccthoc naxoai^eHiie b man^iax aMcfin- 
6o.na, 6noTiiTa ii nnpoKcena, MHKpoKJînna n cami^niia, pa3Jio>KeiiHoro n CBe- 
vKero SrioTiiTa, pejniKTOBoro n HOBooSpasoBaiiHoro nnariioKJiaaa. 9th acco- 
unapnn oSmhhh jvih cjia6o nepepaSoTamibix pasHOBiijțHOCTeii m CBiijțeTenb- 
ctbviot o ciiJibno nepaBiiOBecuoft cuctcmc b vcjiobhhx pesKoro oxjiasKAeuMH ii 
nepeoxjiaiKfleHMH. CxojțHaa c BbimeyKaBaHHOîî noc.7eflOBaTe.nbnocTbio msbc- 
CTna ini aKCnepuMenTajibHoro njiaBiieni-iH rneiicoB (S t e u h 1 e , 1962; huit. 
no B n n k n e p y, 1979) n rpamiTOB (K r a n c k. O j a, 1960; L u t h, 
T ut t le, 1969; K y t m e b, III a p a n o b, 1979). ripeflnojioiKHTeJibHbnî 
pn;i; no^BiiîKHOCTH aneMeiiTOB b cjiyuaHx, onMCbiBaeMux homh, cnejiyioiuMii: 
K, Na — Ca—Mg — Fe—Al —Si. 9ra nocjiejțoBaTejn>HoCTb hohtii nonnoc- 
Tbio coBiiaaaeT c MO3e.nbiioii MoSnuiisamieft ii bbihocom (Juiioiihob iipn 2000 
aTM: menoneil — npn T = 650 — 700°, Al — npn T 750°h Si—npn 800° 
(JI e t n ii k o b ii ap., 1975).

ycTanoBJieHHBie naMii neTporpa^iiBecKiie ocoGeunocTii xopoino corjiacy- 
iotch c iiSMeHeHMnMH ii hx nociieHOBaTejibHOCTbio, HaâaioRaeMHMii b nacTinmo 
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njiaBjieiiHbix mipoMeTaMop^ii'ieCKiix nposyKTax (M c B i r n e y, 1979). 
OTMenaeTCH, hto b KOHTaKTiiOM opeoae BHespHBninxcH MarMaTHHecKiix TeJi 
MHHepajIM BMemaKHHHX IIopOA M6HHI0T OHTHHeCKMe CBOftCTBa: KaJU-IHinaT 
OTCTynaeT nacTUHHO, a c npii6jin>KeiiHeM k KOHTaKTy —nomiocTbio opTOK.iasy 
(Me h e p t, 1971) iijiii caHHgnny (Al-Bawiy, C h a r m i c h a e 1, 
1967). CajiHHHHe MHHepajiN CTanoBHTCH TpeminioBaTbiMH, nepe^KO rpanvaii- 
poBaniibiMii, a Ma^HTU mgiihiot CBoii hbgt, onann™3iipyioTCH ii pa3JiaraHci> 
Bbi^eaHiOT okhcjibi zKeaesa, Turaua, MecTaMii opronnpoKcena ii njiarMOKJiasa. 
Hep Biiaiibie naariioKJiasbi xapaKTepH3yioTCH ry Stotbimh ii criTOBHflHbiMii CTpyK- 
TypaMii. flepBMe cjieflbi creKJia hoabjutiotch na rpamme KBapița c rojiobum 
imiaTOM, nprineM njiarwoKJiaabi ncieaaiOT nosme iijiii ojțHOBpeMCHuo c «ajinui- 
na-roM (B u t 1 e r, 1961; Al-R a w i y, C h a r m i c h a e 1, 1967). 
HoBoo6pa3OBaHHoe ctckjio b impoM eraMopcpimecKnx npoflyKTax nepuoe 
iijiii KopiiHHeBoe, OoraToe nysi>ipbKaMii ii *racTo c nepjmTOBMM CTpoemieM.

Cxoniibie hbjichhh na6.niola.Tncb h npn aKcnepiiM iiiTajibHOM iiJiaBneHiin, 
rpauiiTOB. lipii aTMOC^epHOM AaBjieHiin (K y t bi e b, IU a p a n o b- 
1980) b nirrcpBane 800—850° HanimaeTcn njiaBJieiiiie no rpammaM Kanmu- 
nara ii KBapua, bhvtph aepcn njiarnoKJiaaa ri Ka.JininnaTa; Shotht paanaraeTCH 
na Gypoe creK.no n MarneniT, nnor^a c KpHCTajutHKaMii riinepCTCHa; aM$nooji 
pacnanaercn Ha pyjțnyio nmib ii njianioKJiaa. KanuiimaT iiCHesaer noano- 
ctbio npn 1000° n bmccto Hero noHBJiHeTCH CBemoe nyabipbnaToe CTenao. 
B onbirax B n n k a e p a (1979) npn PH2O=5 Kbar n T=680°C npn aHaren- 
cuce MycKOBHT-njiariioKJiaa-KBapneBoro rneiica 6es Kaniminara noayneHbi 
ciiJînMaHMT n KamnuriaT. Cxojțiibie cootiiouichiih HaSjnonamicb Hainii Kor^a 
no cepimiiTH3iipoBaHHOMy njiariioKaasy oopasoBancn KanneBbiiî noneBoii 
iniiar.

IIcxo^h H3 OKcnepiiMeHTaJiBiibix pesyjibTaroB, moikho Bbioparb BapnanT, 
Han&oJiee 6jhi3kh1î k npiiponnon cncTeMe, npe^nojiaraeMoii b KanecTBe ncxo- 
^iioii 3ana«HopoHoncKoro KOMnneKca. On BKJiionaer HHTUKOMHOHeiiTHyio 
HOMOiinaițnio Q — Ab — An — Or — H2O — npn nesbicoKiix jțaBJiemiax 
(2—5 Kbar) h reMneparypax (640—750°), npn orpaniineiiHOM KOJinnecTBe 
Bojțbi. Ilpn naBJieHiiii 4—5 Kbar, noropoe, npHMepno, cooTBCTCTByer iipejno- 
JiaraeMoft rnyQiiHe MarwaTH'iecKoiî Kaiiepbi (B a x n e b a h flp.. 1978), 
Hjih noHBnennH pacnaaBa-MiiHiiMyMa HeoSxoAHMbi 10 —6% H2O n coot- 
BeTCTBeiino T°=650— 700° (T util e, B o w e n, 1958; M e h e p t, 
1971). Bpaa jim neTpoaonmecKH bobmozKho cvinecrBOBanue 'rainix kojbi- 
aecTB bohi>i b iiaaajie nnaBneinin. Kcthtii, b nccjie^oBaHHbix HaMi-i oSpasnax 
coAep?Ka«He „oSciisanoBoft” (?) bosh HHîKe 3thx SHaneHiiii. B Tanom caynae 
cjieayer oJKimaTb, nro pacnuaBiiTCH tojibko nacTb cyGcrpara, ran KaK He^o- 
craTOK Bo^bi MemaeT riojiHOMy njianneHiiio. 3KcnepnMenTaMii nonasano 
(H a c e h « m h ii ap., 1975), ’rro npn P=5 Kbar b iiHTepsaJie 570 — 600° 
ii H2O 7,5=% nojiyieno aiiuib 10—15% pacnnaBa. 40% pacn.naBa (hto, 
npHMepno, cooTBeTCTByer KOJinnecTBy ochobhoIî Maccbi b nccjieflOBaHm>ix 
nopo^ax) HeoSxoflHMM H2O — 5% n T=670°. TaK khk sanjieane Mano 
B.iMHer na njiaBnenne ripn ne^ocrarKe boubi, to TeMnepaTypa HBnHercH rnan 
HbIM IpaKTOpOM B IipOHCCCe M06H«H3aHHII. H3BeCTH0, HTO HTHHM6pHTbI XapaK 
■repiibi hjih oporeHunecKnx ooaacreli, b KOTopwx Be®iHHHa reoTepMimecKor- 
rpasneiiTa flocraTonno BbicoKan — ot 50 —65 30 150 —180°/km, jvih jiocth- 
jkghhh TCMnepaTypbi naaBJieiiMH na rjiy6nae necKOJibKHx KimoMeTpoB- 
(M e h e p t, 1971). PacnuaBH, npoAyiuipoBaHHbie anareHcncoM nopog aM^n-
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•GoaiiT-rpanyanTOBoii faunii, HopMajibHO noJiaîHbi 6biTb HenoiiacbimeHH iionoii 
(W î 1 1 i e, 1979). 3to Tome yKasMBaeT na bosmohihoctb reHepnpoBaHiiH 
khcjibix Marai BKtnieyKasainiiJM chocoGom.

Boripoc o renesnce nop^npoKJiacTHHecKiix KOMnjieKCOB Tima 3anan- 
HOpOJțOHCKOFO HBJIHCTCH BCCbMa CJIO/KHMM, MTo6h npiIHHTb BBICKaaaHHMC 
cooopaiKemiH KaK ennncTBCHHO BoaMoambie. Bnonne nepoHTno, hto npoițecc 
MrHiiM6piiTo-MarMoo6pa3OBaHiiH pe3yjibTaT MHoro$aKTopnbiiî, b kotopom 
ne Majiyio pont iirpaeT KoiiBepreHmiH, nanpnMep, nepnbix riianopiiOJiiiTOB, 
HHTpyaiiBiibix n 3KCnao3i-iBHbix nraiiinSpnTOB. Xoponio yBHSbiBaioTcn c 9thmh 
npeg;CTaBjieHHHMH reojioni’iecKHe n neTporpa$iiHecKiie oco6chhoctii nccjie- 
noBamioro KOMnjieKca. Tpn$a30B0C $opMHpOBaime, HanpMMep, 3ana«Hopo- 
«ohckoi’o pnoJiiiTOBoro apeajia HHTepnpeTiipycTCH KaK TpexKpaTiian moGiijiii- 
aamiH cyScTpaTa c «ocTiiHieHiieM no coctohhhh pacruiaBa b oSbeMe hobtii 
npe«eJibHOM «Ji» BynKainiaecKiix nopon (k 50%). Bjhihhhc BMemaiouțeii 
•cpenbi nBOHKoe. OrpuițaTenbHMii 9$$eKT Bbipa>Ken b BOJivneHim „rpaniiT- 
iioii Marwbi”, nesaBiiciiMO ot cocTaBa ncxo«Hbix nopon, npnneM tojibko pec- 
thtm TeMiiooKpaiueHHoro KOMnonenTa CBiineTenbCTByioT o nepsnniiOM cocTaBe. 
JIornHecKoe oShacneniie OToii ocoOeiinoCTii moikho naiîTii b OKcnepiiMenTax 
nnaBnemiH mim, rpaysaKKOB, rnaiicoB, rnatîcoB b npiicyTCTBnn Boni>i 
(B ii n k ji e p, 1979). IIojiOMtHTeJibHoe Bjnmniie cpenbi neMOHCTpi-ipyeTCH 
napareneTHnecKHM pnnoM „BKjnoneHiiH — ijieHOKpncTajiJibi — ByjiKanMTbi”. 
B saBHCHMOCTii ot cocTaBa MarMorenepnpyiomeii cpensi BRinonemiH b ByjiKa- 
niiTax pamiiix HMnyJibCOB tojibko MeTaMopiJioreinibie, a b nponyKTax BTopoii 
II TpeTbefi ^>a3LI— II piIOJIHTOBbie. IIO-BMnMMOMy, aCCMMHJIHUHH HBJIHCTCH 
cymecTBeiwioii npminiiOH nnH pasiiooSpasim ne tojibko Ca-mejioHiibix, acco- 
mmpyioinnx c annesiiTaMH n menomibix nopon (M c B i r n e y, 1979), no ii 
nJIH CaMOCTOHTCJIbHO IipOHBJIHIOinHXCH KHCJIHX ByjIKaHHTOB.

Blibo^m

1. ripennonaraeTCH, hto 3ananiiopononcKiiii nrHHM6pHTonono6Hbiii 
Ko.MHj<eKC iiMeeT reTeporeHHyio npiipony-MarMaTi-mecKyio n^n ochobhom Maccbi 
ii oTnacTn pejniKTOByio n-in BKpanjieHHWKOB. B oSpasoBaiinn nop^npoKJia- 
ctob npenycMaTpiiBaeTCH yqacTiie nopon aM0n6ojiHTOBoft ^apnii perno- 
Iia.TbHOl’O MCTaM0p$H3Ma.

2. B neTporeHCSHCe i ynKaimTOB BbinejiHioTCH noa 3Tana: b nepsoM, 
jniKBiinyCHOM (MoGiiJinsauiiH cyScTpai’a), nonoOiro anaTCKTMTaM, njiaBJieHHio 
nonBepraioTCH npeiiMyinecTBeuno CBeTJiooKpanierinbie, a 3aMemeHi-iio — tcm- 
iioiiBCTiibie Miinepajiu; bo BTopoM, cojiiinycHOM 3Tane (KOHCoannauțMH bvji- 
KaniiTOB) oSocoS-nmoTCH nojinreHHbie (jiCHOKpiiCTaJiJibi, pejmKTOBo-peaK- 

ițiiOHHo-KpiiCTajiJiHsaițHOHHOro npoiacxoîKfleHHH.
3. HoJieBbie, neTpojiormiecKMe n aKCnepMMCHTaJibHbie namibie CBnne- 

TenbCTByiOT o bosmojkhocth KopoBoro nrniiM6pnTO-MarMoo6pa3OBaHHH n 
ycjioBHHx HH3Kiix T° ii P npii nenocTaTKC Bonn, llpopecc nacTumioro nna- 
BJieiIIIH, IIOflOOHO MHFMaTHSagMH H B OTJinHHe OT KpiICTaJIJIII3an,II0IIH0Îi «11$- 
$epeimiiannn, npoTeiiaji npn yBejnineHHn T°, a TaK®e Jienyanx, b ocoCch- 
hoctii Hiejioneli.

4. Mojkho npennojiOHinTb, hto MrHHM8pnTonono6nbie KownjicKCbi Tiuia 
3ana«nopononcKoro, OTpamaioT b siianHTejibHoii Mepe $ocnjin3npoBanHoe
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OOHOJIMTOBblE PI OCTPOBOXiy>KHbIE KOMHJIEKCbl 
yKPAWHCKWX KAPUAT1

1 HitcTiiTyT reoxiiMHii h (JmaHKii MiiHcpajiOB, Khob, CCCP.

n. r. juhhjiobiki 2

Maeii iioBoii r«io6ajibnoii TeKTOHHKM, oiJiopMiiBuiiiecH b KOimenqino 
o6pa3OBaHHH BepxHiix oOojiohck 3eM.nn, aajioiKeHti b 60-e ro«H uccjie«OBa- 
hhhmii r. X e c c a, P. Jț ii t u a, Q. B a ii h a, XI- M e t t b io 3 a, 
XI jk. T. B 11 ji l c o h a, y. M o p r a h a, JI e PI 11 m o h a, B. M 3 a- 
k ca, XI >K- O ji 11 b e p a, JI. Ca ii k c a 11 up. 9tii nneii ninpoKo pa3- 
BiiBaioTCH b Hameii c-rpane h oiipoSiipyioTCn b pasHbix CTpyKTypuMx a^eMeii- 
Tax 3eMHoii Kopti c nejibio bmhuhth reoniinaMimecKiie vcjiobhh npoiiijioro 
11 iiCTopino $opMiipoBaniin BepxHiix oOo.no'ieK Bcmjih. IlaJieoTeKTOHHHecKHe 
peKOHCTpyKmm BbinoJineHM n jijih ajibmiiicKoro CpegimeMHOMopcKoro nonca, 
b tom micjie ii hjih KapnaT (XI a 11 11 ji o b m n, 1975; XI o ji e h k o, 
XI a h 11 ji o b h n, 1975; XI 0 “T e 11 k o 11 ap., 1978, 1980). BoJibuioe 3na- 
neniie b npoBefleHMii otiix paOoT iimcjio iicnojibBOBaHne noKasaTejibHbix (pop- 
Mamiii, 11 b nepByio onepejib MarMaTimeCKHX, KOTopbie $opMiipyioTCH b CTporo 
onpeaejieHHbix reonHHaMimeCKiix o6cTanoBnax. PasBimie KapnaT c tohkii 
3peniiH KOHnenpiiir TeKTomiKii JiiiToc^epiibix iliiit moikiio npencTaBiiTb nan 
oOpasoBamie CKJianHaTbix oSjiacTeii no Tiiny CTOJiKiioBeHim KOHTiineiiT-ocT- 
poBuan nyra-MHKpoKOHTiineHT.

rieTpoJiorimecKiie nccjiejiOBaHiiH nonasajni uajiimne na Teppirropnii 
yKpaiiHCKiix KapnaT nan nopo^ ocfHioJiirroBoii accomiamni — noKasaTeneii 
cnpe^inira, TaK 11 iiSBecTKOBO-mejiOHiibix ByjiKanimecKiix cepiiii octpob- 
Hbix nyr.

IIopoAM o$HOJiiiTOBOîi accoițiianiui yCTanoBJieiiM b Tpex CTpyKTypno- 
$aiiiiajn»HMX aonax: b nbeniiHCKoîi 11 na nponojr/KeHiin ee b (jiyimaMeHTe 
âaKapnaTCKoro nporiiSa ; b MapMapoincKoii yTecoBOii 3one n b bohg HajiBiira 
4>Jinma PaxoBCKO-BypKyTCKOii rpynnbi son na Cnjie3CKO-LIepnoropcKyio 
(puc.). B Bii^e (JjparMeiiTOB tojiui ohii bxohht b cocTaB MCJiauma, MapKii- 
pyiomero 3ohij cyOAyKmm, cjiaraiOT ocTainibi noKpoBOBii oJiiiCTOJiiiTbi. Pl3Be- 
cthu TpiiacoBbie, lopcKiie 11 iiinKHeMeJioBbie Ko.MnjieKCbi o^iiojihtob. Mom- 
iiocTb ^parMeHTOB CBbime 400—450 m. Ohii iiiiTenciiBno pasjiiiHSOBaHBi, tbk- 
TOHimecKii iiapyuieHbi, ajiJioxTOHHbi. MarMaTimecKiie noponH accoumipyioT 
c ocajiKaMii pasiibix rjiySiiH cejuiMeiiTamni (KpeMHiiCTbie nsBeCTHHKii, tcm- 
HoițBeTHbie KpeMHiiCTbie apniJiJiiiTbi, nepTH, panuoJiHpiiTbi n Ap.). CpejiM mix 
rjiaBHoe MecTo aamiMaioT nna6a3bi, cniuuiTM, BapiiojniTbi, SasajibTM, perne

1 PaGoîa Gbiaa npoACTasnena na XII-om Kourpecce KapnaTO-BaaKancKott Teo.io- 
rHaeCKOiî Accomiamni, 8—13 ceiiMopa 1981 r., ByxapecT, Pjmmiihh.
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ra66po. 3to npoHSBojiHbie SaaajibTOBux MarM TOJieiiTOBoro Tiuia, Menee pas- 
buth niejionubie paanoBHHHOCTii. IIo xhmiismv ohh ojihbkh k tojiciito boii 
cepHM coBpeMeHHMx oKcaiioB, oSpaByiomeiicH b aonax cnpeniiHra: b hhx 
hhskoc conepjKamie xajnia (0,03—0,18%) Ha AnarpauMe AFM ohh pacno- 
.-loiKH.incb b^ojib TpeiiAa AiK^epeHițiiamm ranancHiix TOJieiiTOB. Hopo^w o 
coAepwaniieM nani-ia 0,3% n Bbime hmciot meaonnoii xapaKTep, oTpazKaioinini 
XHMH3M pojiOHanajibuoii MarMbi. ncTpoJioriiHecKue HCCJie^OBanHH noKa3a.ui

Puc. — PaSBMTHe O^HO.WTOBMX 11 OCTpOBORyiKHMX KOMnjICKCOB B VKpaHHCKHX Kap­
naTax u SanapnaTCROM npornGe.

1, rpannuM cTpyKTypno-<j)anna;ibHMX aon bo <I>3HineBux KapnaTax; 2, TTbeHiiHCKa» 3ona; 
3, MapMapouiCKan aona: 4, iJiparMCHTbi o^hojihtoboîî accomiaann (Tpnac— panitnri mm): 
a, b CKBajKunax, 6, b aoiiax iiaaBnron. MaBecTKOBO-meao'iiibie ocTpOBo;iyzKni,ie cepuri: 5, 
npoHunemiH «ncnoro ByjnsaiiiiaMa (iirmiMopiiTM, HOBOcejiiiijKne Tyijn>i, 18—16 mhh. oct), 
6, npoHB.TeiniH Kitc.ioro it 7, anAeaiiTOBoro ByoKainiaMa (capMaT, 15—9 nan. ;ict); 8, npo- 
BB.iennn anxeanTO-oaaajibTOBoro By.iKaHitBMa BbtropjiaT-ryTHHCKOji rpn;țM (n.Tiioiien, 

12—8 Mau. jieT).

npiiHaivieiKHOCTb o^nojnrroBoii accomiamni k cepmi OKeami'iecKiix ToaenTOB 
C HOpMaTIIBHbl.M OJIHBHHOM 7—15% II TIIHepCTeHOM — 11-16%, MCHeG K COpHH 
BbICOKOrJIHHOSeMMCTbIX OJIIIBHHOBblX 6a3ajIbTOB H mejIOHHBIX OJIHBIIHOBblX 
fiasaJibTOB (6e3 iie^ejimia, c hiiskhm coRepzKaHneM HopMaTHBnoro runepcTena). 
Ohh HMeiOT npMMHTHBHyio reoxKMii'iecKyK) xapaKTepiiCTHKy. OTHOiueHwe 
Rb/Sr cocTaBjineT 0,01, K/Rb — 1000 — 3000. HsyneHiie iisoTonnoro comasa 
CTpoHUHH (3 a hii .io b ii 4, 1977) nonasajio HH3Kiie 3iiaqeHHH oTiioiiiemiH 
Si^7/Sr86 (0,702-0,704).

rmiepOaBUTbi (jieppojniTbi) ycTaiioBjieiibi Toasno b MapMapomCKOii 30i<e 
yTecoB, r^e naxoAHTCH BweCTe c apyruMii (pparMeHTaMii o$hojimtoboh accoițH- 
aiiiin h rjiaynoiJiaHOBbiMH CJianuaMii (Sacceiin p. Majian VrojibKa n pyqew 
KBaCHblil). Ho COCTaBy COOTBCTCTByiOT TUnilTOblM a.IbniIHOTHniIHM pasno-
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BnanocTHM. XapaKTepHO npeoSjiajțanne ojuiBiina na;ț impoHCenaMii, cpe/in 
nupoKCenoB npeoSjianaeT poMSnueCKiift. 3to înnuHejieBHe pasnocTii c ycToii- 
hhbmm naparenesiicoM: oJniBiin-K.-mHonnpoKceH-opToniipoKcen-uinniie.iib, mto 
cojnimaeT rnnepSasirrbi KapnaT c rnnepSasiiTaMii cpennHHO-OKeannnecKJix 
xpeSTOB.

B nejioM moikho roBopiiTb o Timimnoii o^iuionTOBoii accomiamni (aep- 
HOJmT-ToaeHTOBbm Tun), CBHsaiiHoii c sonaMii cyOayKnnn, n paccMaTpiiBaTb 

■^ipaiMeHTbi TOJim KaK pejniKTbi OKeancKoii Kopbi TeTiica n oT^ejibubix uop- 
ckhx SacceiiHOB, pasjiejmBiunx mhkpoiijihth.

IIpoHBjreHHe kmcjiopo, anucBiiTOBoro n aiine3HTo-6a3ajibTOBoro ByjiKa- 
niiSMa b SaKapnaTCKOM nporwSe xapaKTepHsyeT spejiyro CTajimo octpobhhx 
uyr (neoren). ByjiKannSM npoTenaJi b paanwx ooocoGjiennwx sonax (puc.). 
B cocTane kiicjimx ByuKaHimeCKiix oSpasoBaHnii (MomnoCTb >2 km) npeofijia- 
^aior AamiTOBbie nrniiMSpMTOBMe o6pasoBarnm (copan hotohiilix tv$ob, 
Ty4)onaBbi), BosayuiHOOCamaeniibie Ty$H, namiTbi, jînnapiiTbi (4 a n n- 
.-i o b n n, 1976). AH^eaiiTOBbie KOMnjieKCK coctoht ii3 ByjiKammecKiix (jiaBbi 
ii Tyijiw) ii cyoByjiKaBimecKiix (jiaunîi (niiopiiT-iiopiJnipiiTbi, rpanoanopuT-iiop- 
([inpbi). B paapese Bbirop.naT-ryTHHCKoii rpn^bi pasBiiTbi CTpaTOByjiKann- 
necKMe KOMnjieKCM aHnesiiTO-6a3aJibTOBoro cocTana (cepiin SasajrbT-JînnapiiT). 
reoxMMHnecKHe iicojiegoBaniiH n navnemie nsoToniioro cocraBa CTpoimim 

•CBii^eTeJiLCTByioT o rjiySi-iHHOM MCTOHHiiKe MarM bo iicex sonax ByjiKaHimia 
(/( a n ii ji o b ii n, 1977).

Miirpamm nponeccoB ByjiKaniiSMa bo Bcex sonax riponcxoAiiJia c s anaua 
na ioi’o-boctok. BveTHaHimocKiio oopasoBaniin iipiina^jiemaT k hbbcctkobo- 
iHOToniibiM cepiiHM ocTpoBiibix jvr. C JiciioJibsoBaiiMeM oimapnHX anarpa.MM 
,,0Kiicb Kaann — Kpe.MneKiic.TOTa” Gbijui onpenejieiiM paccToninm k bos- 
MoiKiibiM oiaraM Mani (100—200 km) ii tom caMbi.M vcTanOB/ieno naiipaBjieiine 
naKJiona norpy?KaiomeiîCH OKeancKoii njiiiTbi. CMeuiemie noBepxnocTnbix 
npoeKmiii MarMaTimecKnx onarou oOimcimeTcn cJioumoii nniiaMiiKOii ropn- 
3OHTaabnbix nepeMeiuenHfi Bceîi chct6mi>i conjiencHiin „KOHTi-iHenT-MiiKpo- 
KOHTiineHT”. TaKiiM oSpasoM. c neoreiioBoe Bpe.Mii HanpmKeniiH ropiison- 
"ra.ibnoro cmaTiin, BwsBaHHbie cGmimeHiieM AtjipiiKaHCKoiî n EBpasnaTCKoii 
jiHTOC^epnbix njriiT, npiiBe.ini k saupaTino MeJKnjniTnbix r.TyfioKOBonni>ix 
ajibnuiicKiix SacceiinoB n nx iipcupaiueimio b CKJiaivraTi.ie coopymeinm, 
onn ciiaHJiiicb b emmyio jniToc^epnyio hjiutv. CoBMeinennocTb ByjiKann- 
necKnx syr ii Mejiamna cyoayKmiii na paccMarpnBseMoii naCTii KapnaTCKoro 
oporena CBnaeTCJibCTByeT o (|)opMiipoBaBMn noc-ieumix no Timy ctojikho- 
bgiiiih, o SoJibnion ciltc CzKii.Maioiniix ycMJiiiii. HaJimnie o<J>mojimtobhx ii 
OCTpOBOAVlKHblX KOMHJICKCOB, MeJiaHVKa, MapKnpyiOIIlCrO 30HBI CySAynilHH, 
noKasaTeJibHMX $opMannn pasnoro Tiuia noaBOJiium naMeTiiTb sbojuohiiio 
yKpanncKnx KapnaT b aJibriiiiiCKiin STan. Bbi^ejimoTCH crauiui:

1. CTa«nn sajiO/KerniH (luni pn^iTOBaH), xapaKTepnsyeTcn AecTpyKmieii 
nopbi KOHTHHOHTaJibnoro Tiuia (^țoajibriHiiCKan), $op.MHpoBanneM b Tpna- 

cobvio anoxy pn^iTa, b kotopom naKanjinBajiiicb iiBBecTHHKii, KpeMHncTbie 
nsBecTiiHKM, aojiomhtbi, menouHbie oasajibTbi, KonrJibMepaTbi, necHanimn 
ii t.a,. Oiiii BbiHBJienbi SypemieM b $yHaaMenTe 3aKapnaTCKoro npornSa 
(pnc., ckb. 2-3ajiym, 952-BeperoBo).

2. Ctbaiih pacKpbiTnn OKeaiia (hjih coGcTBenno OKeammecKan). Bo 
BpeMemi ona cooTBeTCTByer lope n OTpamaeT $opMiipOBaHHe nopbi onean- 
CKoro Tima c xapaKTepiioîî ajih nee (^opMaiineiî nopon o^nojniTOBoii acconn-
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anim (ofjmojniTbi, KpeMHiiCTue iiSBeCTHHKir, pamionHpHTbi, hiumbi, KpeMHiiCT- 
tie apnmmTbi). B npi-iJieraBuieîi c Bnemneii CTopoiiM oSnacTir pa3BiiBaBuieiica 
na KoiiTinienTa;ibHoîi Kope, mno HaKorinenne TeppnreHHO-KapGoHaTHoii (jiop- 
Maunn (iiBBecTHHKii, «ojiomiitm, Meprenn, necnaiinKii, KonrjioMepaTbi n T.ft.).

3. Craftim coi-tpameHim oneaira oxnaTbiBacT Men-naneoreH n xapaK- 
TepiisyeTCH $opMiipoBanneM (jumuia, hto CBiifteT6JiLCTBy6T o caiene yCUOBiiii 
paCTHUiemiH — yC.nOBIIHMH CJKaTMH.

OcTpoBojțyîKHbiii ByjiKaHB3M npoTeKaa roiKnee. B i^yH^aMeiiTC 3on syji- 
Kami3Ma ycTanoBJien MenaniK — np oftyKTbi TeKTOHii'ieCKoro CKyuuBaHHH.

4. CTaflim BaMbiKamm OKeana (hjih oporeunan) aaBepmaeT pasBiiTire 
b noime Hcorena KapnaTCKoro oporena. Oua xapaKTepusyeTcn o6pa3OBaHiieM 
MOJiaccoBoft $op.Mamm b KpaeBbix npornoax, npoHBneimeM Kiicaoro, aiue- 
BirroBoro n anfle3Mfo-6a3ajibTOBoro ByjiKaHii3Ma ii nocaeftyiomeîi iiHBepciieîi 
reoTeKToimuecKoro peiKHMa.

B saRmonemie otmotiim, uto ^anuan MOftenb, noCTpoenuaH c npenoM- 
jieimeM iineiî tcktohhkh nmiT, noxa cxeMaTirma, ho oua OTpaiKaeT KanecT- 
bchho oraipnibie nepiioabi ncTopim paaBimm KapnaT n oG^hciihct TaKire 
HBJieHHH, KaK namnnie Momnoro (jMini.ua, ero noKpoBnoe CTpoeHiie, oano- 
ctopohhioio Bepremuiio b cTopoHy njiaT$opMM, ocooeiinocTii CTpoeHiin aeMHOii 
Kopbi 3aKapnaTCKoro nporiifia (onnsKa k ocrpoBHOMy Timy), Tiinti Marata- 
Tii3Ma ii apyrwe h HaMenaeT nporpecciiBiibiii noaxoa b peiueHini pafta npo- 
6aeM reoJiorim, MarMaTiisna, TeKTOHHKii ii MeTanaoreunn KapnaT.
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BOHPOCBI

A X o b o p k a: CynțeCTByioT viu onySjntKOBaHHbic sanHHo nacaromireca cnnnx 
cnaimen CoBeTCKirx KapnaT?

Omoent: Mne iiaBecTHM Toabiro neKOTopwe citnne cnaiiftbt b no.nnue penii MananVro- 
jibKa. 7(o cnx nop ac Sbrjin onyo.niKOBaiiH pcay.ibTaTbi ncTponoriiMccKnx ircc.ienOBannii.

T. B n 3 e p: Ilauuui .nu Bi>i TeuiemiTM b yKpaimcKHx KapnaTax? Nanoe otho- 
Hieniie MWKay hiimii n anaOaaaMn n cnnjiHTaMit?

Onwem: Hopoft Tirna TeinernrTOB ira nameft TeppiiTopnn ne o6napyjKeno.

jMini.ua


CTPVKTyPHblE yCJIOBHR JOKAJIH3AUIUI PyjHblX 
MECTOPO/K^EHUH B OBJIACTI4 IICKbIPCKOrO yiHEJIBH 

(3AH.MHAH CTAPA nJAHHHA)1
CUM EOH KAMAli^/K IIEB2

PeniOH pacnoJioiKeH k cesepy ot r. Cocini no nomine p. McKbip. 3flect 
cocpenoTOHeiibi nan6o,iee Kpynnbie b CTpane CTpaTii$opMHHe MeCTopoin- 
aemiH HOJinMeTa.MiiHecKMx, Me^nbix ii meneaiihix pyx. ânamiTeJibiio pacnpo- 

crpaneuH ii paBJUinubie no cocTasy /KHUbHbie MiinepaaiiBannn.
Ucc.nenyeMaH oSuacrb cnomeiia npeiiMymecTBeHHO ocajiOHHHMH nopo- 

xaMii. B Boarapmi (JianeposoiicHiie oca^onubTe reoKOMiwieKCM vine Bbine- 
.leHbi (H a n e b n H h e b, 1980). Bosnie IIcKbipcKoro ymeiibH pasrpann- 
HHBaioTCH CAenyromne ocaaoHHbie reoKOMn.aeKCbi: BepKOBCKo-înnnKiiHCKiiii 
a;ieBpo.nMTo-aprnvij7HTo<.;iaH^Bo-$iuniHTOBMîi (KeM5pnfi, bosmoîkho nac- 
T1IBHO 11 OpAOBUK), UcKbipCKMti KBapmiTO-apriK'IAHTOBbHi (opHOBHK-CHAyp- 
seBoii), Ky^aii-HepuoropcKini rpayBaKKO-a«neBponnTOBbiii $jhiiu (BepxHini 
aeson, B03M0JKH0 ii HHzKHHii Kap6on), jniMHmeoKiilt KonrjioMepaTO-necHaHiiKO- 
BMii (naMiop-BecT$ajib, BepxHiiii CTetJian —hiokhhh riepMb), necnaHUKOBO- 
QpeKneKOHmoMepaTOBbiii (HinKHflH-Bepxnnn nep.Mb), 6a3a.-ibHbiii necnaniiKO- 
Bblii (HUzBHlIH Tpiiac), HOJIOMHTO-MBBeCTHffKOBMfi (KaMnn.n-KapH), perpeCCHBHblti 
6peKHeKOHr.iOMepaToaprii3jniTOBbiii (BepxHiitî Tpnac), TpancrpeccnBHbn-1 
Meprem>iio-n3BecTHflKOBbift (rerraHr-ciiHeMiop), apriiamiTOBO-aJieBpoaMTOBbTÎi 
(aajieH-cpeumrîi Oatîoc), perpeccMBHMft necnaHiiKOBO-nsBecTHHKOBbiîi (Bepxniiii 
oaiîoc n 6aT),n3B9CTHHKOBbin (BepxiiHH ropa), Hnm-TpoHHCKiin rpayBanKO-aac- 
BpoJinTOBbiil 4)jihiu (thtoh ii Seppiiac), niipor-TbipHOBCKitii MeprejibHO-na- 
BecTHHKOBO—rjiHHiiCTO-nec'iaHHKOBbni (Oeppiiac-ariT), CpenHeropCKiiîi tv^io- 
TetjiponAHO-KapOoHaTHHîi (Komiac-KaMnaii) n rane'nio-neCHaHMCTbni: (nan- 
oueti) (puc. 1).

ycTaHOBJien ii preț MarMeimnix Tea, npeiiMyiuecTBeHiio rpynnbi „CTa- 
ponjiaHiiHCKiix njiyTOHHTOB” noBepxHeKapSoiiOBoro Bospacra ( 4 m m n- 
t p o b, 1927), BKJironaioinnxCH b raOOpoanopiiT-rpano^iiopMTOByio tpop- 
Mannio ( /ț n m ii t p o b a n np., 1975). lipeacraBiiTeJiAMii meJiOHwii Pa6- 
6po-cneHiiTOBoii (JjopMamin hb.taiotch ooa Te.aa okojio Cbiihhii ii CecjiaBițeB 
(/ț n m H t p o b a, ii ap. 1975).

1 PaOoTa Gbi.aa npeacTaB.aena na AII-om Kom peece KapnaTO-BanbaucKOiî Feo.ao- 
rnnecKOii AccOHiiaiimi, 8—13 ceHTaSpa 1981 r., ISyxapeCT, PyMUiniH.

4 II. P. Boarapna.
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Pire. 1.— reo.noriiH(:cKaH KapTa ouaacTii (cocraBneiiiiaH aBTopOM no aamibiM 7 p o n- 
k o b a, K o y x a p oua n ap., II n p o ii k o b a, P a in n o b a n ap., Xț h h- 

k o ii a ii ap., aBTopa ii ap.).
1, naiiouen (rane'iuo-nec'iaHO-r.TnnncTwii reoKOMn.aeKc); 2. KOHiiac-KaMnan (Cpeanerop- 
cKiin TyfJio-Teipponaiio-KapooiiaTiibiii reOKOMnjieKc); 3, lopa — anT (IIiipoT-TbipiioBCKiiit 
Mepre.-tbHo-itBBecTHHKOBMii — r.amiHCTO-nec'ianiiKOBMit reoKOMnaeKC, 1 Iniii-TpoHHCKHii 
rpayBaKhO-ajieBpojiHTOBMii <J>nnin: nBBBCTiiiiKOBWiî, pcrpeccHBHMtî nec'iamiKOBO-iiBBecT- 
HHKOBbiCi, apniJiJiHTO - a.aeBpo.BHTOBbiit n TpaiicrpecciiBHUii Mepreabiio-nBBOCTtiaKOBMtt 
reoKOMn.teKc); 4, Tpnac (perpeccnniibiif opeKHCKOHraOMepaTOBO-apribintiTOBbiri, a<wiOMHTO- 
itBBecTiifiKOBHfi ii OaaanbHHiî ncc'ianuKOBMtî i’cokomh.iokc); 5, nepMi> (neciamtKOBo-opeK- 
MCKOnraoMepaTOBbiii reoKOMnaenc): 6, Bepxmiii cTC<[>an-nepMb (.anMiiii'iecKHiî Kour.iowe- 
paTOBO-neciianiihOBHii reonoMnjieKc); 7, naMiop-BecT<I>ajib (jiti.MHHMCCKnii KOiirnoMopa- 
TOBo-nec'rauiiKOBbift reoKOMn.acKC; 8—9, raoOpo-anopnr — rpanoanopiiTOBan 4)opMai;HH 
(8, anopn-roBbie nopipnpiiTM; 9, anopinbi, rpaiioanopiiTbi, rpamiTM): 10, raoopo-cnenn- 
TOBa» (JiopMapnH: II, opaoBiiK-aeBon (Kyaaîi-HepuoropcKnii n IICKMpciiniî KBappnro- 
aprnaaitTObbiii reoKOMnacKc); 12, KCN^pnft (BcpKOBCKO-IHnnKiuici<uii aaeBpoaiiTO-aprnji- 
.aitTo-$ii;iaiiTOBbiii reoiiOMii.ioKc; 13, aa.ioxToii IlaapeMBUKOii cniiK.aniiaan (MeaosoiiCKne 
reoKOMnaeucbi); 14, iJxreKcypM (1, Bpa'iancKaH): 15, KpyToii panaoM (2, KocTaaeBCHHft; 
3, naaKaaHHHKiiîl; 4, ripcSoîiînmKHi'i; 5, BpeaeiiCKHfi); 16, .-111111111 iiaaBHFOB.
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HccnenyeMafl py^Han oSiiaCTb oxBaTUBaeT hucth BepKOBCKoro (B o h- 
n e b, 1910, 1930) ii CBoreiiCKOro (B o h h e b, 1910, 1930) aHTHKJiiiHopneB, 
a TaKzKe aaKjuoneHHyio mcikhv nnwn MsHpeMeuKyro ciiHiuimiajib (B e ji m y- 

c t a k o b, 1951) (puc. 2).

OC00HB
Puc. 2. — Cxeiua raaBHMX cKJiajinaTMx c'rpyiwyp 

ii pyjțHMX noaefi oOaacTH IICKupcKoro ynțeabH.
1, BepKOBCKHîi anTHKaniiopiifi; 2, Il3;ipeMeunaH cnnK.iima.-ib; 3, CBoreHCKiin aiiTHK.ni- 
iiopnii; >, rpannița pyanoîi oG.iacTir; 5, rpamiua pyniibix no.ieii: 1, H.iaKa.nnniiKoe: 2, 
II.-ijipeMeuKoe; 3, OceHOB.iawcKoe: 4, 3BepiiHCK0e (1,2,3 h 4 pyjțnbie no.iH — Bpauait- 

CKO-HcKMpCKHft pyHHblK pafiOIl); 5, KpCMHKOBCKOe.

3eMHaH Kopa peniona paccenena HecKonBKHMii pernoHaJibHHMii pyn- 
TypaMH, 3aaozKeHHHMH na 3HamiTeJibHofi ray6nHe. 9to BajiKancKnii, Kioctch- 
KBuiCKHii, MaaaHCKo-MHxafâJiOBrpaRCKHii, KocTaneBCHufi (K a p a r io ji e b a, 
1961; BoHiee ii K a p a r io ji e b a, 1962; T p o h k o b, 1965; 
K a ji a fi a ni n e b, 1982) ii KpeMHKOBCKiifi pa3JiOMbi. OpneuTnpoBKa nx 
paajiHBHaa: 3C3—BK)B ho B— 3 (BajiKaHCKiitt, KpeMiiKOBCKnfi), CB —103 
(KjocTeHAMjiCKMfi), CC3 —IOIOB (neTpoxancKiiii, ManaHCKo-MiixaftJiOBrpan- 
ckmh n KocTajieBCKiifi) (puc. 3).

BajiKaiiCKiifi rjiySiîHHMfi paajioM (X a fi h y t o b m M b a h o b, 
1965) npeHCTaBJien paapuBaMM, crpynnHpcBaHHHMn b nsa nywKa: llnana- 
jiHHUKiifi (na ccBepe) m Bhujihukjih (na rare).

CTaponjiaHiiHCKan jioSouan nonoca cjio/Kena ILnaHajiHimKHM hvhkom 
pasciOMOB. OrjțeJibHMe pynTypbi mmciot npocTiipamie 110—140°. llliipiiiia 
nywa HocriiraeT 11 Km.

BwnJiMiiKHi“i nynoK paajiOMOB npenciaBaeH ^paK'rypasni B-3 ii BIOB — 
3C3 iianpaBJieHiiii, hbjihhcb npoHBJiemieM 3aoa?iKaHCKoro rjiySiiHHoro pa3- 
jioAta (E o h h e b, 1961). XapaKTepubi aiianiiTejibiibie naHBi-irii k ceBepy. 
lUiipnna nyHKa 7—8 km.

KK)CTeiinnjiCKHfi paajioM b oSjiacTii Grapa njiaumiM (K a ji a fi jț- 
îk ii e b, 1982) iipeHCTaBjmeT co6ofi najieo3oiiCKyio MarMonpoBonmnyio
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CTpyKTypy. Ottotjhibo o6oco6jie« nynoK pasnoMon (roJiHMonaaHiiHCKMiî) 
ninpiinon okojio 20 km.

IleTpoxaHCKnii paajiOM npegCTaBaaeT Tarnue MarMonpoBoaamyio c'rpyK- 
Typy c junpnHoii 2—6 km, pacnojio>Kennyio noneperao najieosoiicKOMy noa- 
BmKooMy noflcy (X a ii ay to b, 1979).

MaAaHCKo-MiixaiinoBrpaACKHâ pasjroM (11 och^ob, 1976, 1977» 
1979; K a ji a îi jț >k ii e b. 1982) upeflCTaBnen UpeOoînmuKHM hvhkom 
pa3.iio.MOB umpimoii OKono 15 km.

Puc. 3. — Cxewa pcnionanbiiHx paaaoMOB 
n pyjțHbix goii oSaacTit

1, pernouaaBHbiii paaaoM (1, CTaponaannH- 
cisan .io6oiian muhuh, IkiaHaninmimn nyiOK 
paaaoMOB; CaaamcKO-Bpa»iaHCKa« pymiaH 
3ona; 2, 3a6aaKaHCKnfi paaaoM, 'BhajihukhM 
ny'ioK paaaoMOB; Ilaape.MonKo-ETpono.ib- 
CKaa py;țHaa sona; 3, KiocTeiwnacKHii paa- 
hom, ro.iHMonaanHiiCKniî nyiOK paaaOMOB; 
roaHMonaainiHCKaH pyaiiaa 3ona; 4, IleTpo- 
xancKHii paa.iOM; 5, MaaancKo-MnxaiijioB- 
rpaacKitft pa3.’iOM, lIpeOoîiHimKHli ny>ioK 
pau.’ioMOB; HcKbipcKan pynaaa soita; 6, 
KpeMHKOBCKHH paauoM, HeryiucBCKHiî ny>ioK 
paaaoMOB; KpeMitHOBcnaH pyana« aoiia; 7, 
KocTa.ieBCKiiii pasaOM); 2, no-OTMCTauaK- 
'lecKite ii MesHHe MecTopowaeiiiiH (1, Pynirre; 
2, CcaMOHiicacHituii: 3, riaaKannima: 4,

3 CoKoaeii; 5, OTe'ieeTBo: 6, Beiieua; 7, Bob;
8, IIsșpeMetț; 9, Poro); 3, weaeaopyaHoe 

MecTopozKaemte KpeMHKOBUH.

KpeMHKOBCKiifi pa3.aoM (B e ji h e b ii ap., 1973) npejțCTaBjieH Hery- 
meBCKOîi 30H0ir pasjioMOB (B o ii ie b, 1971) miipimoii 6oaee 5 km. 3fleci> 
iipoii3omjio 3iiaHiiTeJibiioe cy6ropn3onTajii»noe npo^BinucHiie b MepHjțno- 
najibHOM nanpaB.ieHiin (KpeMHKOBCKnii na^Biir).

BjiaronpmiTHoe noaoweHiie iiccaeflyeMoîi py^noii oSnaCTii «jiu jionajm- 
samiH opyHeHemiH onpeflenHBTCH npewme Bcero apeanoM nepecenennH Me»?Hy 
Ba/iKaHCKHM, MagaucKo-MnxalkioBrpancKMM, lleTpoxancKiiM h KpeMiiKOB- 
CKHM pa3JIOMaMII (puc. 3).

B o6;iacTH BM^eaHioTCH nurb pymibix 3on (puc. 3,4), BMTHiiyTbix no 

«amie Goabumx pasao.MOB, c BsaiiMHbiM nepeceaeimeM iieKOTopbix n3 hiix: 
CaaanicKO-Bpa'iaucKaH, l'IsapcMepKO-ETpononbCKaH, HcHEipcnan, ToaHMo- 
naaHi-mCKaH n KpeMiiKOBCKaH. BpaqaiiCKO-UsapeMeiiKiiii pyanbiii panou 

(puc. 2) oxBaTbiBaeT uacrii nepBHX jțByx soh.
CaaaiucKo-BpaHancKafl pyaHaa 3ona (K a a a ii 3 w 11 e b, 1967) 

npnypovena k CTâponaaHiincKoii aoooBoii noaoce. B uccae^yeMOM pemone 
no ee aamie pacnonaraercn IlaaKamnmKoe pyanoe none, KOTopoe cijiopuiipo- 
iiaaocb na mcctg nepece^cHim n.’iaKaJiHiipKoro, FonHMonaaHHHCKoro n Ilpe-
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Puc. — Kap’ra anaoreHHbix MecropozicieHiiiî ii pyaonponB.ieiiiiii oSnacTH 
HcKMpcKoro ymenbH

1, ibniotțen; 2, Meaoaoii; 3, naaeoaoiî; 4, $jieKcypa; 5, KpyTOiî paa.aoji; 6, 
.urnim naaBiiroB; 7, jiHToreoxwMHHecKiie aHOMannn no BTOpu'moMy opeony 
pacceniniH CBînma, nimKa, Mean, cepeGpa, Capiia it ap.; 8, CTpaTH$opMHbie 
MecropoayțeHMH ii nponBziernm nojiHMeTaa.'iiitiecKiix pya (1, PyniiTe;
2, CeaMomiCJiCHimn; 3, nnaKa.-iHHna; 4, Cononep; 5, Otcucctbo; 7, Bob; 
8, HanpeMeu; 11, KoBa'uma); 9, CTpaTH^opMHwe MecTopowaeirHH ii npon- 
imenHH MCHHbix pya (6, Beneija; 8, HsapeMea); 10, CTpaTH$opMHbie mccto- 
poHtacimn h npoHBneHim cBiinnoBo-Me«Hbix pya (9, Poro;10, TpamiuiTe); 
11, CTpaTii$opMHbie MecTopoameinm h nponBJieHim menega (14, Cnnmmua; 
15, BorbOBpn; 16, rionop; 17, Beneaiie xaii; 18, Bamna; 19, KpeMii- 
kobuh); 12, iKit.ibin.ie MecTopoMcaeimn h npoHBiieunfi OapiiTa (13, Bnaao 
Tph<ikob); 13, mnabiibie MecTopoiKaeunn n npoHB;ienim no;iHMeTa.aniiHecKiix 
py«; 14, nmjibHbie Meanbre MecTopomaeiiim n pyaonpoHBaeiiHH (12, Bojiuie- 
bhk); 15, iKiiabHbie nposBJieHHH aiiTHMOHHTa (20, BaniiMop); 16, MonnOae- 

HiiTOBaa ; 17, amabnoe >Keae3Hoe opyaeHeHiie.zKii.ua

21 C. 79 4
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GoiiniinKoro nynKOB pasaoMOB. 3gecn aoKannsoBaHH ca.ubie KpynHbie b 
CTpaiie noanMeTaaaii'iecKiie MecTopoHîgennn CTpaTH^opMiioro Tiuia — Ceg- 
MOTOcaeniign n naaKaannga. BoabiniiHCTBo CTpaTH^opMHbix tiirob opyge- 
neiniH npnyponeno k goaoaniTaM ii3BecTHHKOBoii Toatgn TpiiaccKoro goao- 
MHTO-ii3BeciHHKOBoro reoKOMnaeKca.

HsgpeMeuKo-ETponojibCKaH pygnan sona (K a a a ii g in ii c b, 1967) 
KOHTpoanpyeTcn 3a6aaKanCKHM pasaomoM (Bugangiinfi iivhok pasaouoB). 
HovnenHan naoigagn npeiiMymecTBeuno oxBaTUBaeT CTpaTii^opMHbie necTo- 
poHîgeuMH noauMeTaaaH^ecKiix pyg MagpeMeunoro 11 OcenoBaaincKoro 
pygnbix noaeiî (K a a a ft g ® h e b, 1982). Opygeneinie aoitagiiBOBaHo 
b aBTOxTOHe ii aaaoxToiic PlagpeJieyKOi'i CMHKanHaaii. UanSoabmeii HBane'rcii 
pygnan nonneiiTpamm b apeaae nepeceaemiH pymyp BugaimniiM, IIpeHoii- 
niinKiiM ii roaHMonaaHHHCKUM nyanaMH (MecTopoaigemiH IdagpeMen-ior, 
HagpeMeg-ceBep, Beiiega, Bob). PygoBMeinaioniBMH riopogaMM gan aBTox- 
Tona HBaaioTCH iipenMyiiiecTBeHHo necnanunn HiizKHero Tpnaca n iiMzKHeii 
iopbi, a gas aaaox’rona — goaoMHTH3HpoBanHbie nsBecTiinKii n goaoMHTbi 
II3BeCTHHK0B0ii TOaiIllt TpiiaCCKOrO flOaOMHTO-H3BeCTHHKOBOrO reOKOMO.nCKC-a. 
3ona oxBaTbiBaeT ii iohihvio naCTb Snepimcnoro pygnoro noan. Pygnbie npo- 
HBaemiH b 3BepnncKOM pygnoM noae BpaHanCKo-MsgpeMegKoro pygnoro 
paiiona cthochtch k H<nabHOMy Tiiny n BMeigeHM b naaeoBoiiCKOM ^yiiga- 
Meirre.

PoaHMOiiaaHHHCKaH pygnaH 3ona (K a a a îi g ii e b, 1982) bmth- 
iiy'ra no gaime KiocTeugnacKoro pasaoMa (roaHMonaaiiiniCKHÎi nyaoK paa- 
aowoB), pacnoaaraHCb nonepeano CaaauiCKo-BpaHanCKOii, I'IsgpeMeițKO-ET- 
ponoabCKOii n KpeMiiKOBCKOîî pygubiM 3onaM. Oua BKaroaacT caiibie 3iiaiiu- 
Teabiibie b CTpane noaiiMeTaaaiiaecKiie (CegMoniicaeHimii, llaaKaabiniua, 
I13gpeMeu-ceBep, HagpeMen-ior, Beiieița, Bob) ii zKeae3Hbie (KpeMiiKOBHii) 
MecTopoMigeiniH CTpaTii$opMHoro Tuna.

WcKbipcKaa pygiiaa 3ona ( p a r o b ii gp., 1976; K a a a ii g- 
ii e b , 1982) BanaioHena MOzKgy IIpeSoiiHiiUKiiM n KocTaaeBCKiiM pasao- 

Maiiir. Oaeiib aeTKO Bbipaaiena pygoKOHTpoanpyioinaH poab MagariCEO-Miixaii- 
aoBrpagcKOii giicaoKamw. B iieii cocpegoToaeiibi noaiiMeTaaaiiHecKiie mccto- 
pozKgsHHH CegMO’iHcaemmii. ITaaKaaHima, HsgpeMeg-ceBep, WsgpeMeu-ror, 
BeHeua, Poro n gp., a Tana^e n KpeMHKOBCKoe pygiioe noae.

KpeMMKOBCKan pygiian 3ona (K a h y p k o b, 1980) pacnonaraeTcn 
no npoTHzKeHHio RpeMiinoBcnoro pasaoMa. XapaKTepnbiMii HBafiiOTCH npo- 
nBaeniiH meaesa, SapitTa, noaiiMeTaaaoB. IIaii6oaee 3iiaHiiTeabH0 Kpeaiii- 

KOBCKoe >Keae3opygnoe aiecTopoîKgeHne, Bxognigee b npegeabi ogHoiiMeiinoro 
pygnoro noan. BaaronpiiHTHoe noaojneHiie EpeMiinoBcnoro pygnoro nona 
onpegeaHeTCH apeaaon nepecenennn aie?Kgy pynrypaMM KpeMHHOBCKiiM, Magau- 
CKO-MKxafciOBrpagCKiiM ir KiOCTeugnaCKiiM pasaoMaMii. OgnoBpeMeniio oto 
pygiioe noae BnaionaeTCH n b PoaHMonaaHKHCKyio n I'IcKbipcKyio pygnwe 
soiibi. BMeigaiomnMH nopogaMH gan CTpaTi-i$op.MHoro Tima opygneunH b pyg- 

hom noae hkihiotcs goaoMiiTnsupoBaHHMe ii3BecTHHKit MBBecTHHKOBoii 
Toaigii TpiiaccKoro goaoMiiTo-ii3BecTHHKOBoro reoKOMnaenca, caaraiomiie 
K p e m ii k o b ck i iii n ag bii r.

PngpoTepMaabHoe nponcxontgemie CTpaTinJiopMHbix MecTopoingenHii 
noaiiMeTaaaiineCKiix, iiegnbix ii /KeaesnMX pyg b oâaacTn 1'Icm.pcKoro vine-
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jibH He BwsMBaeT coMneunii. llapaay c MiroroHiicJieHHbiMii apyriuiii noxasa- 
TeabCTBawM, BWHBHHyTbiMii paBjiii’ffiMMH iiccjiepoBaTejiHMii (M h ii n e b a- 
C t e $ a ii o b a, 1961, 1962, 1978 m ap.; A t a h a c o b, 1973 n ap.; 
TI o n o b h ap., 1979; K a h y p k o b, 1980 it ap-; K a a a ii a ?k ii e b, 
1967, 1982 ii ap.; C t a h e b ii II a ii a ii o t o b, 1964 ii ap-), cjieayeT 
cooSiHirrb ii o tom (JiaxTe, hto oami ii Te me thiim opyaeHeHiia nepexoam 
nenocpeaCTBeiiHO hb aBTOXTOiia b anJioxTon.

PyaonpoBoaaiHHMJi Kana.naMii pacTBopoB «Biunicb Ba-nKaiicxiiii, KiocTen- 
anaCKiiii, KpeMiiKOBCKiiii, IleTpoxaiiCKiiii ii MaaaHCKO-MiixaiîjiOBrpaacKini 
pasaoMw. PyaopacnpeaeaaiomnMi-i cTpyKTypaMM rjih cTpaTiKjiopMHbix Mecro- 
po^aeiiMii 6m.iih HaaBiirii, onepaioiuiie paaaoMM ii TpemiiHH. apaBiine aenyaa- 
Hiiomibie noBepxiiocTH, iuiockocth nacnoeimli, n.nacTbi c noBumeinioii nopii- 
CTOCTblO H TpemiIHOBaȚOCTBIO.

Opyaeneniie nccaeayeMOii ooaacTii hmcct nosaHiiii BospacT, o hcm cbii- 
aeTe;ibCTByeT Țipenie BCero tot $aKT, ito aopyaHHe pyaoBMemaromHe naa- 
BiiroBbie CTpyKTypbi (JiopMiipoBaaiiCb nocjie siiannTeabiioii nocaeBepxHe- 
MeaoBoii aeHyaamin nopoa.

JIWTEPATYPA

A t a it a c o b E. (1973)3a CTpyKTypaTa n cctcctbchhtc rpaiiimii na ne;ino-OJioBiio-iinn- 
koboto Haxoantue CeaMO‘ineaeHimn b 3anaana Grapa naaitHHa. rod. Bucw.muhho- 
seo-MCHCKu. wicm., 19, 2, 1—17.

E a a m y c t a k o b E. (1951) Bbpxy reonoriiHTa na HaapeMCHKaTa cniiK.mnaaa Meațay 
c. IICKpea h HepoBo. Iha. reoA. uncm., 1, 3—10.

B o h ’i e b E. (1961) BeaezKKit mspxy r.iaBiniTe pasnoMini CTpyKTypii b B-i.nrapwH. 
Tpyd. eeOJi. cep. cmpam. « mex., 2,5—29.

— (1971) HpoGjieMM na SwrapcKaTa reoTeKTOHH«a. C., ,,TexHHKa”, 204.
— 10. KapanojxeBa (1962) Binpocii na TeKTOHHKara na {IpenOanKana. Usc. reoji. 

wicm., 10, 119—156.
B o ii a e b C. (1910) FeojioriiH na Bananiia Ctapa nnamiHa. II — r.naBini .nmim ot 

reonoramniH CTpoeiK (iianpana) na Sana^na CTapa nnainma. Tpyd. Bms. npupo- 
doiun. 0-6O, 4, 1—59.

— (1930) OoHCiieiinc na nucTa Uapiiopo.i ot reo.TOzKKaTa xapTa na B-barapnn b 
Mapi-ia 1: 126000. yiiuoep. 6uo.i., 114.

B e a 'i e b U., P. H n m ii t p o b, X. 3 a >i e îs, H. T c o a o c n e b, X. F e h-
<i e b (1973) Bbpxy ;iT>n6ominintH CTpoc/K na SanaflniiH Ea.TKaw. Ou. EoM. seo.'i. 
0-so, 34, 1, 11—18.

A ii m itTp o n G. (1927) EpynTHBiiiiTe CKaan na BaaKaiia Me>Kay HcTpoxancKiia npo- 
xoa m Paiana naatniita. Cn. BAH, 36, 93—167.

JJ, h m ii t p o b E., fl. B a x n e b a, B. M a b p y a h n e b, B. K a m e h o b, 
A. Hnen (1975) MarMaTimecuHH $opMaițmi Bonrapini. Geologica Balcanica, 
5, 1, 62 - 63.

JI p a r o n II., 3,. Ii o c ii <)> o b, II. BanijapoB (1976) MeTanjiorenii*iecKn aaTiiB- 
iibte ninieaMCUTH li yxibiHaTeppiiTopun Eo.-irapmi. Geologica Balcanica, 6, 4, 3-16.

Institutul Geological României



324 C. KAJIAHjf/KIIEB 8

H o c ii $ o b 3. (1976) EepKOBCKaH 30iia rayOiiHHbix paanoMOB. Geologica Balcanica, 
5, 3, 69 - 80.

— (1977) n-bpBopaspeAHii HinSoniinun paajioMH 11 seMHOHopiin OnoKOBe b narbuaTiiTe 
30 nu n aKTUBHSHpaHHTe oSaacTu na Biarapna no reo^imnuii saiimi. reomemn. 
meKmoHO-(fiu3. u seodun., 6, 48—64.

— (1979) O penioHajibiibix jieimaneTHbtx yanax b AjianHiîcKOM nogBHiKHOM nonce 
na TepHToppiiH Boarapitu n hx MeraiuioreHiviecKOM snaieHiiH. Teomeum,, mexmo- 
uotjj. u eeodwi., 8—9, 124—136.

K a 3 a ii a » e b C. (1967) Ochobhh saKOuoMepnocTii b iipocTpaHCTBCHOTO paanpe- 
jțenenue na OTpaTH^imiipamiTe iiaxoanma na Meaun h 0Ji0BH0-ițniiK0Bn pyan b 
3ana;țHa Crapa nnamina. Han. HHFM, 4, 103—110.

— (1982) CTpyKTypHbie ocoGennocTit BpanancKo-I'IsapeMeițKoro pyanoro panona 
(3ana«HaH Grapa nnainina). Geologica Balcanica, 12, 4 (b nciani).

KanypKOB F. (1980) Bipxy >nia;țoa.rnHiicnaTa cya<{>nnHO-6apnT-xeMaTm-ciwpii- 
TOBa $opMaițHH b 3ana«iio6a.aKancKaTa CTpynTypHO-MeTanoreHMMua 3011a. Pydo- 
o6pa3. npoip UMWtep. naxod., 13, 35—46.

K a p a r 10 3 e b a IO. (1961) 3ohh na Hanpenno noninnaBane h pasniCBanc b Upes- 
SauKana. Tpyd. eeo.i. Bo.ie., cep. empam. u metan.., 3, 275—290.

M 11 h n e b a-C t e <)> a n o b a II. (1961) MiiHepaaorMH h npoiiaxojț na noaiiMeranu- 
necnoTO naxoanme b 3ana»na Crapa nnamnia. Tpyd. eeo.i. J3djiz., cep. eeox. u- noa. 
u3Kon., 2, 157—251.

— (1962) Bipxy asnnscKHTe nonHMBTajiHH opyțțaBamiH nm „CesMOHJicaeHHUn” b 
3ana;ma Crapa naaunna. Mas. Teo.c. uncm., 10, 227—303.

— (1978) O npnnnnax .lona.iiiaaițnn opyneiienuH crpaTH^opMiioro Titna b IIcKbipcnOM 
yuțejibe. 3okji., Bați, 31, 10, 1329—1331.

H anes Mb ., Ca. H nes (1980) CețțHMeuTHHTe reonoMnaiencit b BbJirapnn. C., 
Hsd. Hayxa u U3Kycmeo, 203.

II o no b II., E. H e p h e b, M. Ahtohob (1979) Bbpxy crpyKTypara na llna- 
KaJimiuiKOTO py^HO none. Tod. Bucru. Mumio-eeOA. uiicm., 25, 2, 43—60.

CTaneB H b., B. II a n a ii o t o b (1964) Hobh jțaHHH 3a reonoiKKiin crpoem 
na JIoKopcKO-ByxoBCKiin panou na Kpcmhkobckoto naxojțHme. Msb. HI'IFW, 1, 
33—68.

T p o n k o b Jț. (1965) TeKTOiicKii CTpoeiK 11 aiiajiiia na CTpyKTypiiTe na BpanaHcniiH 
6,’iok ot 3ananna (Trapa n.wnma. njiacTiiamt «e^OHMaițHH b cbceacrBo c pasaiOM- 
niiTe Ae$opMaițiiH Tpyd. seoji. Et>jis., cep. empam. u mexm., 6, 217—251.

XaSjțyroB II b . (1979) Hanpe>imi MarMonpoBOHHmii CTpyKTypn npn $opMir- 
paiteTO na nayTOHHMHM Te.ia b 3anaana CTapa nJianuna (no npmiepa na HeTpoxair- 
ckhh nnyTOii). Teomexm., meKmonocJi. u geod., 10, 16—30.

— 7K. II b a n o b (1965) HenoTopbie ocoSenocTii MarMaTHSMa n M6TaM0$ii3Ma b 
30hc Bajinancnoro rnyonHHoro pasnoMa. ^oKjiadu, VII nonepecc KBTA, Coijnin, 
1, 67—75.

Institutul Geological României



OCHOBHblE MEPTbl PEOJIOPH MECKOPO PA3BMTHH HAjIEO3OH- 
CKPIX CEPMEHTOB KAPHATO-BAJIKAHCKOH CKJIA/țHATOH 

OBJIACTM (HA IIPMMEPE SAHA^HLIX SAJIKAHIW

B. B. MEIUEPHKOBA s, H. II. BEJIHHKOB ?, II. C. AEMHflOBUEB 2
A. II. 3AHEPHIOK 2

.Han KapnaTO-BaJiKaHCKoii CK«nax>iaTOîi oSaacTii (KBCO), nmiHiomeiiCH 
cocTaiîHoii nacTbio AiibiniiiCKoro (CpcRiiseMHOMopcKoro) ciuia^HaToro nonca, 
xapaKTepuo npneyTCTBiie Kpynnwx Sjiokob, cjioîkchhhx xoKeMOpiiîîCKiiMii 
MeTaMOp^HHeCKIIMM oSpaaOBaHHHMH , KOTOpblC HBilHIOTCH oSjlOMKaMH A$pn- 
KaHCKoii ii BocTOHuo-EBponeHCKOii njiaT$opM (M y p a t o b , 1963). B 
Tenemie (paiieposoa OTHeiibiibie aacTH hx noHBepraaiieb TGKTono-MarMaTii- 
HecKOH nepepa6oTKe. Hpii 9tom b Ka?KHbiii nocaeayiomHîi TeKTOHHHecKHM 
Uhkji b nepepaâoTKy BKJHOHaancb noBbie, npe?K»e îKeCTKHe ynacTKii npwnoA- 
hhtmx Gjiokob. HanSoiiee ^miTeJibubiM h MHTeHCHBHMM 6bi.a Ka.ne^ono-repmni- 
CKlltl IIHKII, KOTOpMÎÎ npOHBHJICH B pHJțe pailOHOB KBCO, B TOM MlICJie II B 
Banaano-BajiKaHCKoii CTpyKTypiio-iJiamiajibiiofi 3one — b Banaaiibix Baji- 
Kaini^ax (3B). 3tot patioii iiaxoauTCH b ceBepiioii KpaeBoii uacTii Po^oncnoro 
(<PpaKin-icKo-AiiaTO.niniCKoro) MacciiBa, b cmoîkhom TeKTOiiHHCCKOM kjiuhc — 
— MeîKjțy cy6Mepnj(HOHajn>HbiM KpaiiiMTHaHO-BapjțapcKnM MimeaMeHTOM 
ii cySmiipoTHMM IIpejiGajiKaHCKHM pasnoMOM, otrcjimioihhm ero ot MiiaHii- 
cKoii njniTH (puc. 1). 3ona HMeeT bh^ yjțjiiiHeHHoii n cy6innpoTHOM nanpa- 
BjiemiH hojiocm uiHpmioft okojio 50 km., tio ho3bojii«io B o h m e b y 
(1971) BMHejiiiTb ee b xanecTBe BaaKaHCKoro amieaMenTa.

riojioîKeuHe 3B na rpaHime jțnyx KpynHHX reoTeKTOHHHecKHX ajie- 
mchtob — BoajțMMaBiiierocH b TeneHiie $aiiepo3on Poftonciioro naccMBa n 
norpywaBineHCH MhshIickom iubitei, oSycjioBiuio cjioîkhog reoaorMBecKoe 
pasBMTiie c niiTenciiBHbiM npoHBjieHiieM TeKTOHO-MarMaTii'iecKHX iipoBeccoB. 
HMeiomnecH CBeneiniH (/( o 6 p o b, II( y k ii h, 1967) CBMXeTe.ibCTByio'r 
o tom, bto 4>opMMpoBainie 3B npoHCxoniuio na Kope KOHTBHeiiTajibHoro 
Tuna, xapaKTepii3yioiueiiCH b HacTonmee BpeMH MomnocTbio 35—40 km, h.b 
KOTopofi SojibiuaH nacTb (~20 km) npiixoRHTCH Ha rpamiTUbni cjioîi.

1 PaOoTa 6buia npe«CTaBJiena «a XII-om Kourpecce KapnaTO-EajiBaHCHOiî Teo- 
jiornaeCKOă Accoițiiaiiini, 8—13 cenTHOpa 1981 r., ByxapecT, PyMHHHH.

2 MniiHCTepcTBo Meraajiypnni m MimepajibHHX pecypcoB, Co$hh, H. P. Boa- 
rapiiH.
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Bhcokhh JKecTKOCTB $ynrțaMenTa h iioabimenuan MoSujibiiocTb oOycjio- 
bhjui pa3BiiTHe cjiojkhoii CHCTeMbi pasjioMOB, xapaKTepii3OBannnixcH pas- 
jihhho nanpaB.aeHHbi.MH ai-njK^epeHuiîpoBainibiMn jțBHJKeiiiiHMH, cjiejțCTBiieM 
xiero HBiijiocb MosaiiBHO-SjiOKOBoe CTpoemie paccMaTpnBaeMoro pernona 
<pnc. 2). raaByro po.nb iirpaJin pa3.?ioMbi ceBepo-3ana«noro (310—320°) ii

Puc. 1. — TeKTOimaecKoe nojio;Kenne 3ana«HHX BaaKanua. 1. PoaoncKHft 
MacciiB. 1—2, ()>ynaaMeHT: MeTaMop$iwecKHe Tonmn AR-E (1), rpaiiM- 
Toiwbi (2). II. Sana^Hue OanKamiubi. 3—4, KaneAOHo-repunHCKHii CTpya- 
TypuMii aia® (Pzx—Pz3): ocajțo'niMe n ByaKaHoreinto-ocaao'iin.ie OTJiOzKennn 
(3), oSjiacTM paamiTMH rpaimTonaoB (no reoaorii'iecKUM n reo<|)ii3H4CCKWM 
aanHMM) (4). III, Cpeaneropbe. 5—6, Meao-KaiiHOaoi'icKHft CTpyKrypHbiii 
aram: ocanoanbie n ByaKanorcHHO-ocaao>nn>te OTnoațenH» (5), MonițOHUTOHHM 
(6). KaHHoaoiîcKHfî cTpyKTypiibift aTa;K (P—N)-ByjiKaHorennbie oOpaao- 
BaintH Kiicaoro cocTana (7). OcHOBiine ii ynbTpaocnoBHbie HirrpysuBM paa- 

noro BoapacTa (8). PaaaoMH: nepBoro (9a), BToporo (96) nopa^aoB.

cySMepMAHOiiaJibnoro (330—350°) HanpaBJieHi-iii. HanOojiee Kpyniibie M3 hmx 
npniîaflJieHiaT k KaTeropim rjiyOnnHbix ii jțojiroîKHBymHX CTpyKTyp, saJiojEemie 
KOTopbix npeauiecTBOBa.îio paHnenajieosoilCKOMy nepiiojțy n npeAonpe«ejiMJio 
noHBjieHiie n nocnenyiomee cnemKjjHHecKoe pa3Bi-iTne 3B.

OrpaHHHiiBaioT n otucjihiot 3S ot MiisnHcKoii hjihth ii PononcKoro 
naaeoMaccHBa IIpeflSaJiKaHCKHM m 3a5ajiKancKnft pasjiOMH, xapaKTepnay- 
lomnecfi oSiumm ceBepo-3ana,a;HbiM HanpaBjTemieM. Hpen6ajiKaHCKH0 iimoct 
BHA cjioiKHOii CTyneiiHaToii CTpyKTypbi, oSpaaoBaHnoii coaeTaHiieM Kpynnbix
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Puc. 2. — Cxeiia O.TOKOBoro crpoenua 3anaani-ix BaaKanna (PrHft nuna). MiisiiiîCKa» 
Hai-rra 1, naaT<J)opMeHHbie OT.no>Kcnira. 3anaam>io BaaKainiaM: 2, M&Kropnbic aenpeccnn 
m BnaanHM oporewioro aTana (C2—P); 3, noaHHTitH, xapaKTepHayromnecH iinTenciiBHMM 
npoHBjieHHeM MarMaTHSMa, 4, y'iacTKii Tio/innmii, nepeKpuTbie MajiOMomnuMit ot.tokc- 
hhhhh PZ1 nan oporcmioro aTana: 5, npornow, BbrnoaHCiiiftie owioiKeHHHMn li;Oj—O2; 
O3—S; 6, ynacTKn nporaGou, nepeKpHTMC OTnoasennuMii oporeunoro aTana; 7, iioahhtiih, 
cnoH<enni>ic aonaaeosoiicnn.MH oSpasoBaHHHim; 8 — 10, paaaoMH (no reo;i. it reo^ira. 
aaiiHMM); 8, ray6nHiii,'.e, orpann'niBaiomne aony; 9, nonepemiwe (cupuTue) paa.noMM $yn- 
aaMeiiTa; 10, npo«OJibui>ie: a, mg>k63ohobwc, 0, BnyTpn&ioKOBbre; II—16, dn.^orciinue 
MecTopo>KsennH: MarncTHT-niippoTiiuoBMe n luee.iHT-MOJiirOjțeiniTOBhie (11), nojniMeTan- 
jinneCKwe (12), aoaoTo-noJimieTajijniHCCKHe (13), Me;uibie h Meano-nnpnTOBbte (14), OapnTo- 

Bwe (15), rnnporeum.Te-Mea.HMe (16).

Meiiinre cxcmh (cocTaBnnn E. M o ;k a e b, H. KauwoB ji ap., 1976): A, 
paaaoMHbie aoubi no nocMunecmiM aannbni; B, to ;«e no reo$H3H'reCKHM aaHHtiM.
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C3 m cy6MepHRMOHajii»HHx Hapyniemiîi. Ho reoaorH'xecKiiM m reo4>n3HHe- 
ckxim npn3HaKaM ou omeTaMBo npocjiewHBaeTCH na iiiiTepuaJie npHMepno 
paBHOM 100 km. B rpaBiiTaițHOHHOM nojie eny cootbctctevct cao/Kixoe coae- 
Taune aMHeiinoBMTMHyTi>ix (C3) noBMiueHHJjx rpaanenTOB (rpaBiiTamiOHHMx 
CTyneneiî) n topo we Tnna anoMaann 6an3MepMaMonaabnoro naii CB xianpa- 
BaeHMH. B Teneune naaeosoH OTaeabiibie nacrii HpeaSaaKaHCKoro paaao.na 
cayjKHnn MarMonoABoafliJinMn KaixaaaMH.

AnaaornnHHMH npn3HaKaMH xapaKTepiisyeTCH 3a6aaKaHCKixiî pasaoM. 
06a pasaoMa, MMeiomne Kpyroe (MecTaMM BepTMKaabnoe) saaeraxiMe, cosaaan 
zKGCTKyro pâMy ana Bceii TeppMTopnM 3B, hto npenHTCTBOBaao ee KpyniiNM 
ropnsoHTajiBHMM nepeMeiueHiiMM. Tanan >Ke oOcTanoBKa coxpaxiMaacb xx b 
nocaeayxoxnnfi (aabnxiiiCKMii) xjMKa pasBHTMH.

CepwH C3 pasaoMOB pacceKaeT m BiiyTpeHHyxo nacTb naomaan 3B. Ohii 
npeaonpeae.HH.jin npocTpaiicTBennoe nonomeinie npornSoB, aenpeccMii ii 
Bnaai-iH b pa3Hbie 3Tanbi KaaeaoHo-repițnncKoro BpeMenn.

CymecTBennaH (raaBHaa) poab b oaoKOBOM CTpoeHMix TeppnTopnn npn- 
naaaeîKaaa nonepenHbiM (cySMepMaHonaabnbiM) pasaoMaw, KOTopbie otho- 
chtch k KaTeropm-i CKpbiTHX CTpyKTyp — k pasaoMaM (pynaaMenTa. Ohm pa3- 
aeanaM b nanaae xțMKaa 3B na KpynHEie 6aoKM, oaHM ms KOTopbix b Teneniie 
Bcero na.neo3on pasBiiBaancb nan noanm'HH (Beaorpaa'MK-CTaKeBCKoe, 
HeTpoxan-BepKOBCKoe). B mx npeaeaax $opMnpoBaaiiCb pasnoBospacTHbie 
HHTpysMBHbie nopoabi. /țpyrne yHacTKM b pasnoe BpeMH noaneprajincb npo- 
rn6anHio n HBJiHjiMCb apenoii xpopMiipoBaHHH najieoBOHCKnx ocaaoinibix h 
ByjiKanoreHHO-ocaaonnbix Tojnxț. Fio i'eo$M3iiHecKMM aamiuM cyâMepiijxi-io- 
HaJibHwe (MezKâjxoKOBbie) pasjxoMM Bbipa»iaioTCM rpanimaMH nojieii pasananoro 
ypoBHH (aMH.niiTyaa 2 — 4 mpji), penonnaMn noKajibHbix MMHXiMyMOB n MaKCii- 
MyMOB, CHCTeMaTH’iecKMMii M3rn6aMii, npoTHrnBaiomHMHCH eaonn npaMbix 
jiiihhh, h apyrMMii ae^opMaiXHHMii HSoanoMajx. Ha KocMnnecițnx cxiMMKax 
OT'ieTHMBo ^iiKcnpyeTCH pa3.noMiiafl 3ona, coBnaaaionxaH c KpaeBoii nacTbio 
HeTpoxan-BepKOBCKoro iiohhhthh (M o ® a e b, K a n k o b n ap-, 1976).

Heoanopoanoe (MO3anHHO-6.noKOBoe) CTpoenne (JxyiiaaMenTa OKasa.no 
cymecTBeHHoe BnnHHiie na nocaeayioxuee pasBMTMe 3B, KOTopoe OTHHHaeTCH 
ot TnnHHHo reociiHKHMHanbHoro h, ncnonb3yH TepMHHOJiorMio B o xx h e b a 
(1971, 1980), moîkho oxapaKTepM3OBaTb nan HMiieaMeHTHO-reocHHKHMHajibHoe.

PaHHenaaeo3oiiCKiili 3Tan — HaHaabHbin (E—S) xapaKTepn30BaJiCH 
$opMnpoBaixneM ocaaonHbix n ByaKaiioreHHO-ocaao’xiibix oTJioîKeHHM b npe- 
aejxax HSOHHpoBaHHbix OacceiiHOB, npocTpaHCTBeunoe nojxojKemie Koropbxx 
onpeaejiHjxocb pasnoMaMii ceBepo-sanaanoro HanpaBJxexiMM. IloCKoabKy b 
ȚeKTOHMaecKyxo nepepa6oTKy b KaM^anii hobbim 3Tan BOBJieKajiMCb Haiioonee 
zKecTKHe ynaCTKH, nponcxpanjxa MiirpapiiH nporM6oB. CaeacTBneM 3Toro 
HBi-inacb iipocTpaHCTBeiinaH pa3o6xpeHHOCTb mx, hto Bbi3Ba.no Soabume 3a- 
TpyaneHnH B KOppeaHițMM BbinoaHHiomnx mx oTnoațenuM m k BbiaejienHfo caoaț- 
noro KOMnaeKca, nojiyHHBxnero iiaMMexiOBaHMe aHa6a3-^)naanTOMaHOiî $op- 
MamiH (Dff). Ha ocnoBanim cymecTByxomnx aanxibix n jimhhmx naOjnoaenMtl 
aBTopbi noapasaeannM caanaeBbie Toanei naaeosoa na 3 cbmth: nnnpoBCKyio 
(E), cpeaorpMBCKyxo (Oj— 02) n rpoxoTenCKyxo (03 —S) xx noKa3anii mx npo- 

CTpaHCTBennoe pacnpeaeaenMe. Cbhtm xapaKTepnsyxoTCH pe3KHM iipeoâna- 
aanneiviTeppMreHHO-ocaaoHHbix OTnoateHnii n OTcyTCTBueM KpynHbix noKpo- 
bob a$$y3HB0B; TOJibKO b cocTase aByx nepBbix oTMenaioTCH a«a6a3M, KBap- 
qeBbie nop$Hpu n aabSMTO^Hpbi, cjiaraioxane b ochobhom SKCTpysMBHbie Teaa,
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COnpOBOJKJțaiOim-ieCH Ty^OBHMH OTUOMieHHHMM. nopOJțM HHnpOBCKOÎi H 
cpeAorpMBCKoit cbht MeTaMopifmaoBaHbi b 3ejienocjianneBOH $amin, ho paa- 
JiiiHaioTCH no CTeneHH npeo6pa3OBai<HH. B nepBoîi npeo6jia«aiOT KBapu-xao- 
puTOBMe, xjiopHT-oniiHO'roBbje h xjiopHT-aKTHHOJiHTOBbie CJiaHițEi h Mpaaiopa. 
CpeaorpHBCKaH CBHTa CJIOIKCHa KBapiț-XJIOpHT-CepHUMTOBMMII CJiaHIjaMH (c 
COXpaHHBHBIMHCH peJIHKTaMH nepBMHHMX MMUCpaJIOB) M KBapUMTaMH. Moilț- 
hoctii cbht b rjiyGoKiix ’iacTnx nporn6oB AOCTHraiOT 1500—2000 m, k nepn- 
<{>epHH HaGjiiosaeTCH coKpameHiie ux n n3MeiieHne ((lamiajibHoro cocTaBa.

OtJIO?K6HHH rpOXOTCHCKOH CBHTbl HORBCprajIHCB 0H6Hb CJiaGoMy MCTa- 
Mop$ii3My. B ee cocraBe npeo&iaRaiOT r.:inHiiCTO-nec'iaiiHCTbie h rmiHiiCTbie 
CnaHIțM, ({)HJIJIHTH3IipOBaHHblC aaeBpOJlHTbt II aprHJWIHTbl. B OCHOBaHHH 
CBHTbi — oKBapiioBaHHBie necHainiKH, perne KourjioMepaTbi. Moiumoctb 
1000—1500 m. Cpe^n «Byx noc.;ie«Hiix cbht mnpoKO pasBHTH nepHbie (yrjui- 
CTbie ii rpa4)iiTH3iipoBaHHbie) CJianpbi — noATBepîKAeHiie tofo, hto oGnacTii 
naKonjieHHH npeacTaBaHJiii coGoii HerjryGoKiie nsoJiiipoBanHMe GacceiiHM, 
CBH3aHHbie C OTKpHTHM MOpCM JIHHIb HaCTHHHO MJIH BpeMCHHO.

K panHCMy na.neo3oio othochtch $opMiipoBanne (b npeseJiax hoahhtmx 
Gjiokob) HHTpyBMBOB raGGpoiijiiioro ii rpainiTHoro cocTaBa (MacciiBbi Kom, 
CTaKeBCKiiii). 3th nopoaw no^Bepmucb jiHTCHCiiBHOMy paccjiaHHeBamno h 
conpoBOJKjțaiOTCH npii3HaKaMH, npiicyiHHMH MarMaTHnecKHM n anaTeKTii- 
HecKiiM nponeccani (X a îi a y t o b, 1979).

CpeflHcnajieoBOHCKHiî, „MHBepcuoHHiaîî,”, 3Tan (3—Cj). B Tenemie 
ciwiypa, neBona h painiero KapGona GoJibinan nacTb 3B npejțcTaBJiHjia coGoii 
noAHHTbiii ynacTOK seMHoî-i Kopbi, KOTopbiîi noflBeprajicfl iiHTeHCiiBiioii tck- 
TOHO-MarMaTipiccKOîi nepepaGoTi-te. 3tot nepHOH aiimb ycâiOBHO moîkho napaa- 
jiejiHBOBaTb c MHBepcMOHiibiM, xapaKTepiibiM sini paBBHTHH TiiniwHMX reo- 
CHHKJiHHajieii. B paccMaTpiiBaeMOM pernone coxpaHHJiacb npeiKHHH tch- 
^eHUHH k BO3flbiMaHino, hto npiiBejio k 3aMbiKaHHio paHHenajieosoiicKHX 
nponiGoB. Tojibko b npejțejiax HeGoJibuioîi njiomanii (CBore-HGjiOHuuiKHiî 
nporuG) b Tenemie «eBona h pannero xapGoHa c HeojțHOKpaTHbiMH nepeptiBaMM 
oTJiarajn-icb MaJiOMoipubie OT.no?KeHMH, npeflCTaBJieHiibie apriijuniTaMH, nec- 
»iaHHKaMH, KOHFJIOMepaTaMH, MOIUHOCTBIO B nepBbie aeCHTKM IIJIH COTHII M. 
B npenejiax paiiHHX noAHHTHii npoiicxofliijio $opMHpoBaime pasnooGpasiibix 
T.H. CTapOHjiaHIiHCKMX HHTpy3MBOB rpaHIITOHUHOTO COCTaBa. HaMII OHH 
noApasflejiHioTCH Ha neTpoxancKHîî, CBHTOHHKOJibCKHîi n Mes^pefiCKnfi kom- 
njieKCM. nopoflbi nepBoro npeACTaBJieHbi ra66po, raGOpo-AHopiiTaJin, chbhm- 
To-AiiopHTaMii, MoimoHiiTaMH, 6noTHT-poroBOo6MaHKOBbiMH rpaHHTaMH. Cbh- 
TOHiiKo^bCKHîi n Me3ApeiicKniî — cjiOzKOHm npeuMymecTBenHO rpaHHTaMH. 
no neTpoxHMMHecKiiM npnsnaKaM ohii othochtch k t.h. KaabuneBo-inejioHuoîi 
rpynne.

BepxHenajieo3OHCKiiîi, „oporeHHbiii”, 3Tan (C2— P). OopMHpoBanne 
ocaflOHiibix tojhh b Teaeinie AaHHoro 3Tana npepMBajiocb TeKTOHO-MarMaTH- 
hcckhmh npoiieccaiMii, hto no3Bo;iHeT noApaaAeniiTb ero na 2 riepnoAa: pan- 
hhh (C2) ii nossHHii (P). B TeHemie paHiiero nepiiona npoiicxoAii.ao oGpaso- 
Baniie rpaoeHOOopasiibix BnasnH, yjțJiniieHHMX Bgo.ib pasjiOMOB, KO'ropbie 
3anojiHHjincb rpyGooGjioMOHHbiMH oca^KaMii (KOHrnoGpeKHiiHMii, koiitjio- 
MepaTaMii, necnaHiiKaMH). B HaiiGonee rayGoKiix BnajHHax $opMnpoBa.HMCi> 
necHaHo-rjiiiHiiCTbie, MecTaMii yraeHOCHbie, oTiioi-KeiniH. Moiuhoctb kojic- 
ojieTCH ot 200 «o 1000 m. no3«Hini nepuoa. TeKTomnrecKHe nepejieuieiinH no 
paaJioMaw ii AaJibHeiimee pacH^eiienne penseta yciimijiocb k Hanany nepaiii. C 
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otiimbi nponeccaun CBusaiia MarMaTHHeCKaH aeHTejibHOCTb, npoHBiiBuiaHCH b 
KpaeBbix nacTHx panuenaneosoiicinix no^HHTHii. B pesyiibTaTe c^opMnpo- 
Bajnicb cyBByjîKaniiHecKne 11 3KCTpy3iiBiibie KOHTpaCTime no coctoev (311a- 
Saa-nnnapiiTOBbie) Texia a Taione neGojibume MaccHBH 11 naitai cyGiye.no'nibix 
(KajineBo-mejiOHHbix) nopoa. K 3tomv ;ne BpeMem-i othochtch peaitce ii3mg- 
Hemie KjnmaTa, tto cnocoScTBOBaao (popMMpoBaHHio KpacnouBeTHHX otjio- 
Hxennii oaepno-KOHTiiHeHTanbHoii (fiopMapuii b ripc^ejiax MeHtropHbix ^enpec- 
onii n npearopubix Bria^un, (pyiiAaMCHT KO'ropux xapaKTepnsoBancH reTe- 
poreHiiwM reojioruHecKUM n TeKTOHiiHecKmi crpoennew. Hocjie,anec OTpasn- 
nocb na peBKOM iiSMeHennii (paipianbuoro cocTasa OTJio»KeHiiii n na nx MOip- 
hocth. B nanoojiee norpy>KCnnwx nacTHX moiuhoctb Toran floCTHraeT 1500 — 
— 1700 m. Cpe^ii nopon upeoCnanaiOT cjiaGo OKaTannwe n caaOo oTCopTiipo- 
Bamibie otjiojkohiih (SpeKTOii, KOHrjioSpeKHiin, rpyOosepHHCTtie necHamiRii) 
aajnoBMaâbHHx, nponioBHanbHMX h osepuwx (păunii. CymecTBOBamie sacTofi- 
hhx nuncmiii npiiBOAi-iao k oOpasoBanino ceponBetBbix ropnsoHTOB necna- 
hiikob, rpaseanTOB, a TaKine iWBecTKOBO-raHHHCTMX npocjioeB, oOoraipen- 
hmx yrjie^imnpoBaniiMM opraniiHecKHM BeuțecTBOM. CymecTByioiune ycjio- 
bhh cnocoOcTBOBaaii (JjopMnpoijaHHio rMHporenubix pyju

C HiiîKHero Tpiiaca b 3B ycTaHOBimiicb cy6nJiaT$opMeHHbie vcjicbhh.
HajieoaoiicKiie rpaHHTonabi xapaKTepnsyioTCH npncyTcTBiieM pauncan- 

tiibhmx ii pe^Knx ajieMeiiTCB, KoaiiHGCTBO noTcpbix BOspacTaeT ot apeBiibix 
k MOJioaHM (U = 2,5—39,0 t/t, Th = 6,5—65,0 p/t , T.e. npoiicxoniiT HaKC- 
n.'ieiiiie 3thx 3JICMCHTOB b cySmeJiGqiibix HHTpysuBax oporeHnoro 3Tana bujiotb 
30 oSpaBOBanitH TopniipeHKO3eMeabnoro opyjțeHeHHH. 3to HueeT onpe^Jiennoe 
suaieiijie sjih pacnc3HaBainin MarMaTxniecKHX KOMnJiCKCOB oporeunoro aTana, 
C KOTOpbIMH CBH3aHM py^bl paBJIHqHMX MCTaJUIOB.

C riajieoBoiîcKHM ixhkjiom pasBMTnn (320—240 mjih. hct— M n n n e b a- 
C t e $ a h o b a, A m o b, 1969; ,3[ p a r o b, 1978, 1981; K y ii k ii h, 
1975; ii m n t p o b, 1977) cnasaiio pa3noo6pasHoe an^oremioe n rnupo- 
rcHHoe opyfleneinie. K HauSoaee pamniM othochtch ManieTiiT-nnppoTiiHOBoe 
ii meeaiiT-MoanOfleHiiTOBoe, tccho CBusaiiubie c npcHinccTByiomiiMii iim npo- 
peccaMn CKapHiipoBaunH. Ha (Juianrax 3thx MecTopoiKaenHii pasBiiBaeTcn 
nDaHMeTanaHnecnoe opyaeHeniic, HaJioJKennoe na CKapnM. Bce ohii pacno- 
aaraiOTCH b KpaeBOiî nacTii paiiiienajieoooHCKoro npornSa, BbinonHCHHoro 
HanSojiee apeBiiiiMii (KeMSpniîCKMMM) ot^ohwhhhmh, b ripeflenax CTpyKTyp- 
iioro ysna, oSpasoBannoro KpynuMMM pasaoMaMn cySMepimi-ioiiaiibiioro n 
ceBepo-3ana«iioro nânpaBJieHHÎi. S^ecb iko na6jno3aioTCH MacciiBM rpannTOB 
CBHToniiKonbCKoro Tuna. B npoTi-iBonoaoHnioii KpaeBoii nacTii Toro ine npo- 
ni6a, BbinojiHenuoro Sonee (op3obmkckiimm) OTnoiKemiHMM, naxo-
«htch MecTopoiK^snHH 3OJioTo-nojiiiMeTaJi.ni'iecKoii (fio p Mau, ii ii. MoipnocTii 
ocaHOHHMx tojihj s^ocb Meiibuie, neai b nepBOM cnyHae (no reotjinsH’iecKMM 
RaHHHM no3 hhmi-i pacnonaraiOTCH rpaiBiTon^bi). Bea miomajib paBSirra tck- 
TOHHHeCKHMH HapyjneiIHHMII, COnpOBOÎK^aiOmMMIICH MIIOrOHMCJieHHblMH 381!- 
KaMn Kiicnoro ii oonoBiioro coCTasa, a TaR?Ke 9KCTpy3HBHMMii oGpasoEan’îHMii 
jmnapiiTOB ii ^ejiusiiTOB. Me^noe n Mejțno-nwpnTOBoe opyKeneiiMe no reojio- 
niTecRoi'i cuTyapMii nospaB^enneTCH na HBa Tima: 1, npnypoHeHHoc k niiTpy- 
3HBaM rpaniiTOiinoB ,,nnBepcnoHKoro” OTana — Megno-noptfiMpoBbiiî thh; 
2, k cySByjiKaininocKiiM TenaM oporeunoro oTana — k anaesnTOBMM (jțHopii- 
TOBBIM IIJIII aBrnTOBhIM) nop$IipiITaM — HIIUIbHHfî Tim. B 3TKX IRC Tejiax 
iiepe;.țKO npncyTCTByeT CapKTOBaH jniKepaJinsaițMH.
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Bce ohii npnvpoiciibi k nepH^epiiHecKMM naCTHM panHenaJieosoîicKMX 
noflHHTiiH h TaroTeiOT k orpamra-iBaioiuMM nx cySMepiijțMoiiajibHbiM pasnoMaM.

K rMHporeimoMy Tiiny othochtch CKonnenHH MeflHMX (H h e b, 1970) 
m BaHajțHeBMx pya, KOTopwe npMypoHeuM k KOHTHHeHTajn>HMM KpacHOiț- 
BeTHHM otjioj-kghhhm ii pacno-naraiOTca b KpaeBbix naCTax ^enpeccHîi opo- 
reHHoro aTana.

KpaTKo oCBemCHHbie ocoSshhocth najieoaoiiCKoro mumia paaBHTiiH 
3ananiibix Ba^KamiX, xapaKTepiiayioinHXCH npoHBjieHiieM pasnooOpaaHoro 
opyXeHemtH, noryT ORasaTbCH nojieaHbiMii npii oncHKe nepcneKTiiB ana.no- 
niHHMX paHOHOB KBCO.
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3AK0H0MEPH0CTH KAFlHOSOKCKOR METAJIJIOFEHH14 
HA TEPPHTOPMK CPEflHECJIOBAIțKMX HEOBYJIKAHHTOB 1

1 PaSoTa &wjia npeacTaBaeiia na XH-om Kourpecce KapnaTO-Ba.nKaHCKOfi Teojio- 
rn'iecKoiî AccopuanHii, 8—13 ceHTHSpa 1981 r., SyxapecT, PyMMHiui.

2 ropiiHii $anyjibTeT BIIIT Reanime, IIojibCKaH H.P.

JIAAHCJIAB PO3JIOÎKHHK 2

CpeAHecjioBauKan HeoByjiKaHii’iecKaH oSjiacTb SanaXHMX KapnaT 
HBnneTCH oSjiacTbio cySceKBeuTHoro h same ipiinajibHoro ajibniiîiCKOro Byji- 
KaHnaMa b cmmcjib III. t h ji ji e (1953), hjih no T b a ji n p e ji h a 3 e 
(1977, 1978) mojkho ee cnnTaTb nacTbio ByjiKaHHnecKoro nonca ițeHTpaJibHOH 
o5.nacTii aJibnHfâCKofi TeKTonoMarMaTimecKofi aKTHBnsaiiMn cpeaneseMnoMop- 
CKoii CKJiajinaTOH CHCTe.Mbi. Pena njțeT o MeTajuioreneTiinecHoii oSnacTn n3Be- 
CTHOii B Mlipe CBOHMH IICTOpiI'ieCKHMH pVHHMMH paflOHaMH 3OJIOT3, cepeSpa, 
CBHHlIOBO-IIHHKOBblX II MBflHBIX py/J EaHHCKOtt IHthbhhhm, BancKoii Fojipyinn 
II KpeMHHIIM.

TeKTOHOMarMaTnqecKaH aKTiiBHsamiff BHyTpeunnx Sanagnax KapnaT, 
nouBiiraiomnxcH b KBaBiinjiaTijjopMnoe cocToumie b Teaenne Bepxnero Mena, 
nanunajiacL yace bo Bpewn najieorena-aoițena. CjieuM ByjiKaHii3Ma aopena 
naxojțHTCH m na TeppHTOpHH Cpeaneii CjioBaKHn, ho Tiiniinubie ero nponEJieniin 
naxosiiM b BeHrpmi (Pghk, ropai Bejiemțe, OKpecTHOCTb BajiaTona). Tonnoe 
onpejțejieniie nponyKTOB aroro arana ByjiKannaMa npeflCTaBjmeT onpejțeJieH- 
Hbie TpyjțHOCTii nocnojibKv ohii nepexparbi ByjiKaHHTaMn Miiopena noxomero 
xapaKTepa. „ByaiiHCKniî” 6accefin najieorena no V a s s (1976) OTjînna- 
eTCH no xapaKTepy ot MOJiaccoBbix BnanHH bobhhkuihx b Teneniin neoreno- 
Boro ByjiKaHHSMa,xoth no Miienmo 3Toro aBTopa,i<aK najieorenoBbiîi Sacceiin, 
thk ii njiMOițeHOBHfâ naHHOHCKHii npocrpancTBeiiHO CBnsaiibi c oSjiacTbio 
yTonHeniin Kopw BHyTpa napnaTcnoro iisrnSa. Ho yMecTHO saMeTiiTb, hto 
hoao6ho tomv, nan 6aiiaTHTM THHyTCH no HanpaBjienHK) BapflapcKoli 
sohm, TaKwe ii aopeHOBbie ByjiKaHHTbi b Benrpiiii nanpaBjienbi brojib jihhhh 
BaJiaTona b ochobhom BOCTO'nio-aBCTpo-ajinniiCKO-sana^HOKapnaTCKOM CTpyn- 
TypnoM nanpaBJieHnii. HanpoTHB, HeoByjiKamiTbi pasMemenai no SjionaM, 
nait 6ai „xaoTHnecKii”. 9to CBimeTejibCTBOBajio 6m b nojibsy tofo, hto na 
TeppnTopini cpejjHecjiOBaiiKMX HeoByjiKamiTOB paaBiiTiie MOJiacc nponcxoniuio 
b anyx CTajțHHX. HiiîKHbiii 3Ta?K — aoijeHOBMiî, no cpaBnennio c BepXHiiM 
HeorenoBbiM iimcct 30 nsBecTHoii CTeneHi-i ocoSeHHbie reoTeKTonnnecKiie 
nepTbi pasBHTHH. IIpesCTaBiiTejieM MeTajiJioreneTiniecKoii neHTejibiiocTii b
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paiiKax HHMCHeîi Monaccbi hbjihctch MecTopoatgenue Penii b BeHrpnn c Mea- 
Honop^npoBMM opygenemieM, T b a ji h p e ji n a 3 e (1977) CHiiTaeT ero 
iipe^CTaBHTeneM nepsoii CTagiiH TeHTono-MarMaTiinecHOii aKTHBnsagHii llan- 
HOHCiioro MaccHBa.

HeorcHnaa TeKTOHO-MarMaTnnecKaH aKTiiBnsaruiH na TeppiiTOpini cpeg- 
necaoBauKHX neoByjiKannTOB namiHacTCH b Banane MiiogeHa (K o n e c n y h 
gp., 1969) nocjie pacnaga ynoMHHyToro oSmero Saccefina najieorena o6paso- 
BamieM MHoro’MCJieHiibix Me>KropHbix BnagHH nropcTOB, pasMememiux M03an- 
nno. BynKaHMSM neorena HannnaeTCH na TeppiiTopiiH Beurpini piiojiHTamn 
arpa (P a n t 6, 1969), n oTTyga nocreneHno pacHiiipneTCH k cesepy b oSaacTii 
cpegiieii CjioBaKim. Aktiibhoctb ByaKannSMa Ky;iMin«ipyeT b oagcne — cap- 
MaTe ii oKanniiEaeTCH b nanane njieîiCTOgeiia BasanbTaMii. TeKTOHin:a otiix 
Shokob 6biJia onenb HHTencMBiia, HeoByjiKaHHHecKan geHTenbnocTb oTJiuna- 
jiacb necTpocTbio neTporpa$MHecKn h neTpoXHMiinecKii pasiiooBpasHbix BiigoB, 
«aK rnySHHHMX, thk m noBepxHOCTHMX. CooTBeTCTBeimo pa3noo6pa3noii ii 
MHoro^asoBoii By;iKaHonjiyToiiriaecKoil geHTenbHOCTii paSBiiBajiMCb n pas- 
jiiiHHMe MeTajwioreneTM»iecKne npcueccM. Pysoo6pa3OBaniie pa3BWBaaocb b 
acTbipex raaBHbix ^opMamiax:

1. BbICOKO TCpMăJIbHMC KOHTaKTHO-MeTaCOMaTIIHeCKIie H BKpanjieHHbie 
MeAHonop^npoBbie p y^M:

2. rii^poTepMajibHoe JKMJibHoe opyRHeinie nonnMeTaajnwecKoro Tuna;

3. rHflpoTepMaJibHoe soJioropyAHoe opyaHemie;
4. Hii3KOTepMajibHoe opynHeime Hg, As pipoHm.nKOBC-BKpanjieHHOi'O 

xapaKTepa.

MarMaTiBiecKHe h reoTeKToniBiecKiie ochobbi pa3BHTiiH MeTaaaoremin

MarMaTH^ecKaH ocnona pygooOpasoBaHiiH na TeppiiTopini Cpegneii 
CaoBaKmi pa3BiiBa,nacb ne b KaacciiHecKOM nopHgKe: pno^nT-aiige3HT-6a- 
3a;ibT. Xoth ByjiKanHHecKafl geaTeabnocTb HaniniaeTCH b KOHge oaHroyeHa — 
Ha’iajie Miiopena pnojniTaMii ii OKaHHHBaeTCH OasajibTaMii, b nanajie 
njieiiCTOițena, ho MeiKgy otiimii aKCTpeMajibHHMii HJieHaMii MarMaTiinecHoro 
pnj’a BbicTynajin nonepeMeHHO cpegHiie ii KHCJiwe npogyKTM. nocjiemnpoKo 
pacnpoCTpaneHiioro angeaHTOBoro ByjinaHHSMa nBMenHUBoro cocTaBa npn- 
xoaht ne SasajibTbi a b Ha’iajie pmojihtbi, ii tojibko hotom — SasajiLTu.

Cjiegyionțeii ocoSeunocTbio MaraaTn’iecKOii geHTejibHOCTii hbjihgtch 
Bna’HITeJIbHaH Ca.MOCTOHTejIbHOCTb pa3BMTIIH OTgȘJIbHblX ByjIKaHOnJiyTOHII- 
’ieCKHX HCHTpOB: BaHCKOii UlTHBHWmi — rogpyinn, KpGMHimiI, HlîOpbH, 
IIojiHHbi n Tncoima. ^.Hib^epeHUHaițHH pasBiiTHH MarMaTiinecHoro npouecca 
BpeMGHIIO 11 npOCTpaHCTBGHHO HaCTOJIbKO BbipaaMTGJIbHa, HTO OTgejIbHMe Ițeii- 
Tpbl HGJIB3H BSaiIMHO paSJIH’HITb. CorjiaCHO C 3THM HpOHBJIHGTCH II M6TajIJIO- 
reneTii’iecKaH cneițiiajibuocTb OTgejibHbix neHTpos. BsaiiMHoe cpaBHGHiie 
ByjIKaHHHeCKHX npOgyKTOB SaTpygHHCT OTCyTCTBI-ie flOCTaTOHULIX CTpaTH- 
rpadHiMecKiix KpiiTcpiieB KoppejiHițHH. OnpegejieHiie BospacTa ByjiKaiiHTOB 
n.™ njiyToiniTOB OTgejibHbix 4>opMamiii no MeTogaM aSeojiiCTiioro BoapacTa 
aaTpygHGHO Ha.no/KenMeM bjihhhiih rHgpoTepMajibiibix npoițeccoB.

HeTpoxiiMii’iecKH cpegnecjioBauKHe ByjiKaiionjiyTOHHHecKHe $opMagiiH 
npoHBjinioT oSiițyio Teiigeumiio iioBbiniennH mejiOHHocTn ot Sojigc CTapwx k 
Sojiee MOJiogHM (K a r o 1 u s, 1970) ii iianpaBJieniie iiSMeHeiiemiH cocTaBa 
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khcjimx ii cpenmix HJienoB must no KpiiBoii npoTOTuna Moht Flejie n OTJima- 
eTcn 9KcnepMMenTajibHbiM conepjKaHHCM Ca —alk.

KoMarMaTHHHOCTb b paMKax ByjiKanonjiyTomuieCKiix $opMaunii ne TaK 
BbipaBiiTejibHa. Hanpmiep, b ronpyincKOM iiHTpyaiiBHOM KOMnjieKce (Rozi o-

PhC. 2. — BaHCKO-UlTHBHHlIKO-roapyUlCKHft paiiOH.
1, KpHCTajuiirtecKHîî 4>yn«aMenT (repmnniKyM); 2, Toamn naJieosoa h ueaoson; 3, rauopo- 
AHopHT— kb. niiopnT (neoren); 4, ronpymcKHft rpaiimoAiiopHT (neoreu); 5, KOJibueoopaa- 
iibie HaftKH rpano«nopnTOBbix nop$npiiTOB — HOCHTejni CKapHoro-Meaiio-nop$irpoBoro 
opyaHeHun; 6, iieoByjiKaiiHTM (aiijieaiiTbi, ’iannTbi, phojihtm); 7, KOHTypa rojțpyuiCKoro-HH- 
TpyaiiBHoro KOMnaeKca; 8—9, paajiOMbi; 10, HiApoTepMaabHwe pyjțHbie >kh.im c nojiitMeTa;i- 

juwecKHM opyaiteinieM.

z n i k, H. UlajiaT, 1979) rpynna unopnTOBbix nopon co cbohm mnpoKMM 
cneKTpoM ot JieyKOTOHajniTa no ra66po ne nponBjineT MarMaTMHecKiiiî pnn 
cpaBHMMMiî c KaKoâ nn6ynb 3HaK0M0ii MarMaTiwecKoil acconiiaițiien. Cjie- 
Hyiomne QoJiee khcjihc nncHLi KOMiiJieKca, Tanue, KaK rpanoniiopnTbi, anjiii-
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THiecKiie rpatiiiTM, an^irrbi, KBapp-gnopnT, nopțiipniEi, xoth m oâpasyioT 
BMeCTe c jțiiopHTaMH o .6 mu îi nnyTOHM<iecKHtt KOMrrjieKC, tcm ne Menee neTpo- 
XMMHaeCKH ne IipOHBJIHIOT 3H3KH pO^CTBa, H XMMH3M njiyTOHUHeCKHX (j)OpM 
nejn>8H c ycnexoM cpaBunsaTt c ByjiKanMTaMH. nyjibcapnoHHbin, MHoro$a- 
30BMH xapaKTep, necipan neTporpa$nn oâpasyioT oomyio nepiy neoreHHoii 
ByjiKaniiqecKoîi nenTejibHOCTn. BbiinenpiiBegenHyio xapaKTepncTMKy gonoji- 
hhiot pesyjibTaTbi neKOTopbix nccjiegoBamiiî, nan nanpiiMep nccaieflOBanun 
impKonoB b njiyTOHMTax roapyuiCKoro MHTpySHBnoro KOMnjieKca (J a k a b- 
s k â, 1980). Ba nnx BbiTeKaeT, hto ițnpKonbi ’oTgejibHbix njienoB totko pa3- 
jînnaioTCH n pnpKOHbi HaxojțHmuecn b rpanoanopiiTe n KBapp «nopnTnop- 
(^npi-iTax, cbommh CBOîiCTBaMH oTBenaiOT oojiee ocnoBHbi.M — raOOpojțnopu- 
THHeCKHM, TnnaM.

B oSmeM pasBMTnn neoByjiKannTOB na TeppnTopnn Cpeaneii CjiOBannn 
CBHaeTGJibCTByeT o noffbeMe Tenjioro Ai-iannpa n c 3tmm CBH3aimoro njianjiemin 
Kopw. Kncjibie npojțyKTbi hbjihiot coSoii pesyjiBTaTM n^aBjieniin cnanune- 
CKoro BențecTBa, angesnTbi — rnSpngnoe npoHCXOMwemie, a 6a3aabTbi no«- 
HHJIHCb H3 ManTHH.

Kattno3oiîCKHft MarajaraaM npocTnpneTcn BnyTpn KapnaTCKoii ayrn 
b MecTax CTpeMHTejibnoro onycKamiH noBepxnocTn npepHBHOCTM Moxopo- 
BHHuna. no aannbiM F u s a n (1979) ot ițenTpa ITauHoncKoro Oacceiina 
njiocKOCTb Moxo onycnaeTcn b nanpaBJienMH k Bnenini-iM KapnaTaM ot 26 km 
^o 50 km. KaiiiiosoHCKne ByjiKano-njiyTOHH'ieCKHe ițeniphi BHCTynaioT 
hmchho b MeCTax, r^e onycKanue 6oMee CTpeMMTejitnoe. TIepe3 BancKyio 
UlTfiBHimy nepexoHMM ueTKwiî npeaejx rycTOTw b HanpaBMennM CB—103 — 
— T.e. b HaiipaBJienriH Ko.Mapno-nonpaA, Tai< nasbiBaeMbrii raySnnnMii pas- 
jiom — BenopcKuîi. OjmoBpeMeiiHO otot paajiOM MirrepnpeTnpyeTCH rpami- 
peîi Me®ay RByMH Scjibihumm TeKTompiecKnMH ejțiînnițaMH 3anajțHHx Kap- 
naT — BenopMKa n Ta'rpnKa. llpn BancKoit IUtheuhuc M3orpa«bi Ag MenmoT 
nanpaBJieHHe ot CB—103 30 HnpeKpnn C3—IOB gyroBMM chocoGom n MHjțn- 
mipyiOT cjiejțyiomMii MeTKnii npegeji rycTOTbi — rjiySnHHbiiî pasjioM ihthb- 
HnițKo-nmepoBCKH0. ynoMHHyTbie pasjioMM orpaiînnuBaiOT 6jiok c Ooaee 
MoipHon cnaJin'iecKoii Kopoii — KJinnoo6pa3Hbiîi $aTpanCKO-TaTpaiicKiiti 
6jiok. 3thm ciioco6om no3MHnn BancKoujTSBHHHKoro pygoMarMaTHHecKoro 
ițenTpa coBnajțaeT c BbipaaiiTejibHbiM reo^nsnțecKHM 11 TeKTonnHecKMM ysjioM.

IUTHBHHijKO-ninepoBCKHn rjiySnHHBiît pasjioM KOHTpoJinpyioT Teaia bvji- 
KaHHTOB npn BanoBiiax 11 VropcnoM Bpo^e. BjțoJib Benopcnoro rjiyOnunoro 
pasjiOMa b nanpaBJienMM BancKoii IIlTHBHimM — Ilojimia naOjnoaaioTCH rpa- 
BHMeTpn^ecHne anoMajinn, CBHgeTejibCTByionpie 06 ajieBaunnx $ynsaMenTa 11 
cymecTBOBannn njiyTOHHMecKnx TeJi.

CjieayiomHM jțOKasaTejibCTBOM saKonoMepnocTn jiOKajnisaițHH BynKano- 
njiyTOHi«eCKMX neHTpoB HBMHeTCH Mop^oTeKToniinecKaH KapTa HOKaihio- 
soiicKoro pejibe^a. Ms nee BbiTeKaeT necTpan Mosauna Sjiokob, npeacTa- 
Bjiniomnx nogiiHTHH n yrjiyâjieiiHH pejn>e$a, KaK ii npoTenamie iieoremioii 
pasjiOMHOîi TeKToniiKH. lIjiyTOHMHeCKne yen'rpbi HaxognTCH b MecTax noa- 
HHTnîi $yngaMeHTa, Tro moîkho oQ'bhchi-itb purnkHbiM xapaKTepoM nuTpysn- 
BHblX TCJI. BojIblIIMHCTBO 3.HeBaiqni (fjyHJțaMeiITa HB«HIOTCH MHTpySMBHBIMH.

KapTima ojieBaițiiii 11 aenpecciiiî yKasasaeT, hto npn nx oSpasoBannn 
ochobhveo po^ib pbirpajiM pasjtoMbi cjiesyiomnx HanpaBJieunii.

Hepuoe HanpaejieHne CB —103 HBJineTCH HanpaBaenneM ynoMnnyToro 
Benopcnoro raySnnnoro paaJio.Ma n ognospeMeHno raaBHHM CTpyKTypnHM

22 — c. 79
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HanpaBJienneM aoKafiHOSOiicKoro (pyHaaMeHTa n hocmtcjicm ByaKano-reKTo- 
minec-Kiix 3oii. 3iia<»iTenbHHe ByjiKaHO-ri.nyTOHHHeCKiie «eHTpbi — Hobo- 
Oaiicnoc. EaHCKo-ElTHBHnițKoe, HBopne, FloJiana hhvt b nanpaBjieHjm Benop- 
CKoro pasaoMa. CaHTOBCKO-aSeaoBCKHft ByaKawriecKHn xpeoeT pacTHHyT b 
□tom ;ne nanpaBJieHiiH, ho oii hbjihctch SespyflHLiM.

Bnwpoe uanpaaMiiue UlTHBînmKO-IImepoBCKoro riivonHiroro pasnoiia 
(C3—IOB) ne ofîpaayeT Tamie neTKne ByjiKaHO-TeKTOHiraecKue soma, ho b 
hom oTpamaioTCH ApeBiine CTpyKTypH $VH3aMenTa, n b MecTax, r^e oh nepe- 
ceKaeT TeKTOHHHecKire sohh CB —103 HanpaBJienHH, oOpasoBajincb TaKiie 
By/iKaHO-nayTOHiiHecKne neiiTpbi, iok Kpeannma n EaHCKa IJlTaBinma.

TpemM HanpaMeuue IO—C hbjihctch mojiohum nanpaBJieHi-ieM, hoh- 
bhbiuhmch TOJibKo b nanacic ncorena. JțaHHoejianpaBnenne oSpasyeT Bbipa- 
iKenHyiononepeHnyio TeKTOHiinecKYio 30hv (no S t o Ii 1, 1976 — nempajibiio- 
KapnaTCKHii jniiieaMenT) coneiiCTByeT oSpasoBamno nna^nn n ropcTOB, hocht 
HaiiKii piioniiTa h nrpaeT Baninvio po.:iB npw o^pasoBainin pyHonoKajiHsyiomHX 
Hm.nbHbix CTpyKTyp nojiHMeTajiaHqecKoii ii sonoTopynnoii ^opaiamni Ban- 
cKO-IIlTHBHîmKoro, KpeMHințKoro ii xpyrHX pyjțHMx noneiî. fio nempajib- 
no-KapnaTCKoii sohc pasnoiiOB ByjiKaHiiSM npoHHK 6onee r.ny5oKO k cesgpy. 
TaKHM oSpasoM rnySoKne pasnoMH HanpaBJienHH C—IO ctirpajiii Ba^KHyio 
po.-tb b pa3BHTnn HeoByjiKaiiii’iecKOH aKTnBiisaHHM CjioBayKoro SaoKa.

TeppuTopiiH cpeflHecjioBayKiix HCOByaKamiTOB HBaaeTCH ne toheho 
oSaaCTBio tohkoîî Kopbi n o5jiacTbio noBMineHHoii TeKTOHOMarMaTHHecKoii 
ițeaTejibHoCTH, no ii oSjiacTbio TepMHHeCKoii aHOManiin. Ilo nccjieHOBaHiiHM 
Marusiak h gp. (1979) TepanHecKaH aHOMajiHH jțocTHraeT 50 — 60°C 
na 1000 m n nojiHOCTino noKpwBaeT oSuacTb pacnpoCTpaneHHH cpe311ec.no- 
BauKiix iicoByaKaHMTOB a TaK»ie b^o-hh bmiiic ynoMnnaeMoro ițeiiTpajibiio- 
KapnaTCKoro pasnoma Bne^pneTcn 30 caMOii BnaaHHH Typna. Ha ne.noii 
TeppuTopiin cpeauecnoBanKiix iieoByjiKaHHTOB naxo3HTCH hctohhhkii nep- 
MajibHLix B03. Oto oScTOHTenbCTBo TaKH<e roBopirr b nojibsy XiianupoBoro 
H03HHTHH MaHTini, hto HBnfleTCH Tiînn’îHMMii npn3HaKaMH oâjiacTeii penyKniiH 
Kopbi ii TeKTOHO-MarMaTiinecKOii aKTiiBiiaanHH b CMbicne TBanipe- 
ji n 3 3 e (1977).

C tohkh spemiH MeTajiJioreHHii iianGojiee BaH-nibi By.nKanonnyTOHii- 
necKHe nenTpbi jionanusoBaHUbie b mecTax ho3hhthh TennoBoro Tona, c 
tohkoîî Kopoiî, c CTpeMiiTenbHMM onycKaniieM iioBepxiiocTn npepMBHOCTii 
Moxo, b MecTax nepeceneniiH rnyOiiHHbix pasnoMOB, oSpasoBanHbix b ocho- 
bhom 30 Heorena. IlHTpysiiBiibie neHTpK iiaxoamcn b MecTax noaieMa $yn- 
aaMeiiTa $opMHpyK>mnx HHTpyaHBHbie ajienaniiH. BjiaronpHHTHHMH hbjih- 
iotch MecTa, r^e aoKeoreHHbiii 4>y«aaMeHT coctoht h3 KapSonaTOBMx nopoa, 
ripnroaHbix hjih CKapnoo6pa3OBaHMH. PyaoHOCHbie HHTpysHBHbie neiiTpa 
HBJHIOTCH CJIO7KHBIMH 110 COCTaBV II pa3BHTIie IIX MH0r0(J)a30B0e.

Py^nue (Jiopiiannn KaHHOsoiîcKoro MeTaaaorenesnca na TeppnTopun 
cpe^HeeaoBanKiix neouyjiKanHTOB

B COOTBeTCTBHH CO CJIOJKHblM, MH0r0$a30BbIM TeKTOHHHeCKHM II MaBMa- 
TiîHeCKHM pasBHTiieM i^op.wipoBanHCb pyHOo6pa3yiomHe nponeccu na Tep- 
pKTopiin cpeHneenoBanKiix neoByjiKaHHTOB. PysHbie hojih connanaiOT c 
MecTaMii By^Kano-njiyTOHHHecKHX nenTpoB. Pix KepHOM hbjihiotch njiyTo- 
HHTH-Maaae HHTpyBHK, naSim, Bnespeniibie b noponai $yHsaM3HTa pasnan- 
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iroro cocTaisa ii Boapacra n tocto b 6oJiee gpeBHiie ByjiKaminecKne annapaTbi. 
PasBiiTue MarwaTHBMa n pyflOoSpasoBaHiui y OT^e^ibHbix uenTpoB hmcct 
OTgejibHwe paajniwH no b oSiucm mojkho iiaSjnogaTb caegyroiijiie:

— oSpaaonaHHe bbicoko TepMaubHNX KonTaKTHo-MeTacoMaTHTOCKiix pya 
n npozKHJiKOBo-BKpanneHHBix (Meano-nopiJmpoBbix) pya;

— cpeaneTepMa.nLHoe ?Kiijii>Hoe opyaiiemie nojniMeTajwnnieCKoro Tuna; 
— npojKHjiKOBo-BKpanjieHHoe HH3K0-TepMaJiBH0e opyaHenne Sb—Hg,As. 
4pyrne thhm MHnepanHBamiH, HanpnMep: coat^aTapnaH MunepanH- 

aamin cepm, ByjncaHOOcaaoTObie 11 apyrne pyaH hc hmciot bojibinoro suaTOHiiH.
1. BMcoKOTcpMaabHbie KOHTaKTHo-MeTacoMaTii'ieCKiie py«bi Fe — CKap- 

hoi?o Tuna ii npoJKHJiKOBO-BKpaniieHHMe pyai>i (Cu ± Pb — Zu) b cnapiiax 
ii nop^upiiTax, naxoaHTCH b tcchom cbhsii c MajiMMii TeaaMii h aattKaMH 
«Hopi-iTOB, rpanoaiiopuTOB ii iix nop^upiiTOB. 9rra ^opMamiH hociit napare- 
neTiiHecKHe CBOftcTBa h OKOJiopyjțHbie HSMeHeHnn, TMniiHiiHe nan MecropoîK- 
aeiniH nop$MpoBbix pya. IIpoHEnenne 3toîî $opMagiin HaxoHMM bo bccx 
ByjiKaHO-nayToiiiiHecKiix neiiTpax, t.c.b paiione BanCKoii IHthbhiium, KpeM- 
iiiiHbi, HBopn n ap-, no 3Ta (jiopMannH iiaiiboace nay^ena b paiîone BaHCKoti 
lUTHBHMIțbl — HMeHHO lia UpiIMepC MeCTOpOJKHCHHH 3aaTH0 — lOJKIiee OT 
BaiiCKoft roApymii. 3hccb nocae BneapeniiH Maanix tcji anopiiTOBbix nopog 
OHCHB M3MeiIHHB0r0 COCTaBa, nOSHHJICH IIJiyTOH rpaHOHHOpilTa. riayTOHM 
BHeApMHHCb b pasaiiHHbie nopoghi goneoreHHoro $yHHaMeHTa ii BHBBaaii im- 
TeHCIIBHblM KOHTaKTHMii MCTaMOp^HSM. ^țaaCC BepOHTIlO B CBM3H C ItOH'bCMOM 
nayToiia,yjKe nocae ero saCTUBaniiH BiieApiraiiCB n KoabucBbie, MapninaabHMe 
xaiiKii rpaiioAHopiiT-nopiJiiipiiTa, iiccymne cKapHoobpasoBaHne c py^aMii war- 
ncTiiTa ii ripoJKHJiKOBo-BKpanjienHbix pyg Cu (±Pb—Zn) c iinpoTiinoM, rn-ipn- 
THsaițHeiî ii ApyniMii napareneTii'iecKMMH CBoiicTBaiiii ii i-i8MeneHHHMii, xapaK- 
TepubiMH MecTopoJKAeHHH Meaiio-nop(J)npoBbix pyjț (P O 3 a 0 HI H n K, 
Zabi’ansky, 1971), ho Moand^eH OTCyTCTByeT.

2. PHHpoTepMaJibiioe JKiiuBHoe opyaneHiie noaiiMCTaaaH’ieCKoro Tiuia 
(Cu, Pb — Zn, Ag —Au) HBaHeTCH ooaee iioaogHM tom npejțbirtyiuee, c 
iHMpoKoit riapareHeTiiTOCKoii uiKaaoii n rHflpoTepMaabiibiMH iisMeiieHiiHMM 
(nponMJiMTH3auiiH, cHnHun^iiKauHH, aayjinpnsauHH). PyaHbie inuabi conyT- 
CTByioT pasaoMaM 'ropcT-rpaSeiiOBoii CTpyKTypu, obpasoBainibiM mojioubimh 
nOflHHTHHMH UJiyTOHHHeCKIIX KOMnaCKCOB. JKnabl naCTO KOHTpOaiipyiOT JiaîiKlI 
aamiTOB h pnoaiiTOB CCB— IOIO3 HanpaBaeHiiH. B oTgeabHbix pyaiibix paii- 
onax a HMCHHO B BaHCKO-IUTHBHMUKOM, MOJKHO Iia6aiOaaTb 30na.HbH0CTb, 
(cBepxy-BHiia): Au^-Ag->Pb—>Zn->Cu. B RpcMiiimnoM py^HOM pafione 
npeobjiaaaeT soaoTopygHoe, a b roapyincKOM py«HOM noae cepebpnHoe 
opyAneniie, noaHMeTanjiHnecKaH ^opMapiiH noHBiuiacb b saKJno’niTejibHbix 
(Jiasax ByaKaHHiecKoii aeHTenbHOCTii n BcpouTHO, CBusaiia c pnoaHTaMiu

3. HH3KOTepMaJibiioe opyaiieuHe Sb, Hg, As npoJKHaKOBo-BKpanaen- 
Horo Tuna paccerino b paaaiiHHbix nopo^ax b neHcnoii cbhsii c SoabuiiiMii 
CTpyKTypaMii, npnypoTOiio k aaKJiioHHTejibuoMy orany neorennoro Bya- 
KaHHSMa, BepoHTHO, 6a3aai>T0B0My.

3aR.imeHHe
MarsiaTiiTOCKHC, reoTeKTOHnnecKHe ochobm napareHCTH’iecKiie pasno- 

BiiauocTH, o6mnîi xapaKTep MeTajiaorenuii b 'reTOmiH neorena Ha TeppHTopmi 
cpenHecjiOBarțKiix HeoByuKaiiHTOB otbctoiot onpejxe.TOHMio, BHCKasaHHOMy
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T b a ji h p e ji n jț 3 e (1977) o MeTajuioremni' „ByjntaHiPiecKiix hohcob 
oS.-iacTeii TeKTOHOMarMaTHHecKoi! aKTiiBHsaumi”. OnuaKO b cjiyaae cpemie- 
cnoBanKiix MeAHOiiop({)iipoBbix pya hohbjihiotch neKOTopbie ocoSeiiHOCTii: 
opygHeHiie b paccMaTpiiBacMO.M na.Mii npiiMepe npoiisoniJio ne b npwnoBepx- 
hocthhx ycjioBiiflx (500—150 m) a b ray6nHax MiiHHMajibHo 3 km. OpyHiieHiie 
nop$npoBbix pyjț, no-BMfliiMOMy CBH3ano c Gojiee ochobhhm owom, nan oto 
iipe^riOJiaraeTCH y Tuna mcuhlix nop^npoBbix pyjț b aKTiiBH3HpoBaHHMX 
oSjiaCTHX.
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TMDLI ByjIKAHMHECKWX CTPyKTYP H IIX 0TPA7KEHHE 
HA PE0<MI3I'nECKWE nOJlH CMO^HHCKOFl SEOPECCO 

HEHTPAJIBHEIX PO^On 1

1 PaSoia Cana npcacTaBJicna na XII-om Koiirpeccc KapnaTO-BaaKancHOîi Peoao- 
raaeeKOH AccoHHaumi, 8—13 ceHTHOpH 1981 r., ByxapecT, PyMMiinu.

2 BITM, I-I. P. Boarapna.
3 MMP, II. P. BoiirapsiH.

H. CTEOAHOB % H. KPTbGTEB 3

lipsi HByieHiu-i BriyTpeniicro CTpoesiiH By.nKaniPieCKnx paiîouoB, cao- 
7HCHHMX KIICJIMMH ByjIKaHHTaMII B LțeilTpaiIbHMX Po^onax, BOBHSIKaiOT 6oJIb- 
mne Tpy^iiocTii, CBusaniibie c Hean^epeHmipoBaimbiM cocTaBOM nopoa, 

cjiaSaM npoHBjieimeM npoToCTpyKTyp TensHim ii neSojibHiHM aposnoHHMM 
cpesoM. 3to o6ycnoBJiHBaeT neoGxoaiiMocTb ncno.ib3OBaniiH KOM6imiipoBaH- 
hhx reoaoro-reo$H3HHeCKHX MeTo^OB, cpejțH kotopbix naiiSonee 3$$6kthb- 
hhmh oKaaajincb cTpyKTypno-ByjiKanoaorHHecKaH ti MarauTHan cicMKa Az 
b MacuiTaSe 1:25000. B paOoTe o6cy>KaaiOTCH neKOTopue BonpocM cbasii 
ByjiKaini'iecKHX CTpyKTyp HMarHMTHBix auoManuii no Az c peatio BbiHcneinui 
nx BsaiiMHoiî oOycjioBjieHHOCTii. Busejieinie rjiasiihix ueiiTpoB HSBepzKeuMH, 
ByjiKawocTpyKTyp w MarMonpoBonmiiHX KauanoB ocnoBano na $aiiHajibHMX, 
crpyKTypHMX n neTporpa^iPiccKHX nccaeaoBaiiHHX, nan ii Ha aannbix CTpyK- 
Typnoro OypeuMH (E a x h e b a, C t e $ a h o b, 1975). HaseMnan Mar- 
HiiTHaH cteMna Az BbinoaHeHa b MapnipyTiioM Bapname BCJiejțcTBne thjkc- 
aux yc.iiOBMK pe.ni>esjpa. IIpeo5.naaaionxafl opneHTamiH MapmpyTOB — c 
ceBepa na ror. Ilpn HirrepBaJie HSMepeHiiH 50 m aocTiirnyTa nnoT- 
hoctb oko.:io 60 m/km2.

CMOJiHHCKan nenpecciiH npe^CTâBjrHeT nepBopaapHsHyio 6jioKOByio 
CTpyKTypy, BanoîKeiniyio b ioîkhoîî tocth PoaonCKoro MaccMBa k KOHițy 
Bepxnero aoițena. Ee neaoaseune onpejțejiHeTCH Hajni’nieM iiecKOJiBKnx Kyno- 
viOBii^nbix noAHHTiiii b ^oKeMSpiiHCKoii MeTaMop^iiHeCKOiî pawe, a Mop^io- 
jioniH — pasnoMHHMH sonaMEt cySmiipoTiioro, cySMepnsnoHajibiioro, cese- 
po-BOCTOHiioro ir ceBepo-sanafluoro npocTiipaHiia (C t e $ a h o b, 1973). 
B njiane AenpecciiH uMeer c;ia6o BMTHayTyio $opMy b cy6niHpoTHOM Hanpa- 
BJiemin n njionța^b okojio 550 km2. B npeaejiax aenpeccnn Bbiae.:imoTCH 
rbo CTpyKTypnue sohm — nepn^fepiiHeCKaH, cnonieHnaH KpHCTajiJimiecKiiM 
ii naneorăHOBMM oSpaMaeiiHeM ii ițeHipaabHaH, upesțCTaBaniomaH co6oii 
HepemiKCKyio ByJiKaHoremiyio CTpyKTypy. ^enpecciiH mieoT Tpexapycnoe 
BHyTpeimee cipoenne — jțoKeMSpiiiiCKiiii MeTaMop$n*iecKHil ițoKOJib,Bepx- 
HeaoneH-Hir/KHeonHroiienoBMa ByjnîanoreiiHO-ocaaoHnHJl ’iexoa ii orai- 
rOnSH-MIIOUOHOBMii (?) piIOJIHTOBblii IIOKpOB (pi-IC. 1).

Institutul Geological României



344 II. CTEiPAHOB, H. KP1.CTEB 2

ByjiKaHHTM Cmojihhckoh penpeccnn upencraBjieHM psyMH TiinaMii piio- 
jihtob (nopcJmpoKJiacTiiHecKiiMH ii $ejn>3i-iTOMXHMMH), a TaKzKe cy0ByjiKaHii- 
•îecKHMii TejiaMii jiaTHTO-aHpeBnroB. B cboio onepepb omi xapaKTepuayioTCH 
coocTHeHHMMii ByjiKamiHeCKMMH CTpyKTypaMii. HanSonee inupoKO pacnpo- 
crpaneHbi nopifjiipoKnacrimeCKHe piiomrrbi, oSpaByioimie KOMnjieKCHbift Mac- 
chb, KOTopbiiî oxBaTbiBaeT penTpanbiiyio n sanapnyio nacTb CMonnirCKoii 
peiipeccim.

<I>ejib3HT0iinnt>ie piioJiiiTM npiiypo'ieiiM k psyM MarMonpoBopHmiiM 
CTpyKTypaM — MoMHnnoBCKOft n JleBOWBCKoii, npiiHCM nepsan jmneiiHoro; 
a BTopaa nenTpa.nbiioro Tiuia. MoM'iiKioBCKaH crpyKTypa npepcTaBjiena 
MHOzKeCTBOM IIITOKOOSpaSHMX Ten II paGK, npOTHHyBIHMXCH B Blipe IienpepbîB- 
HOii penii b cyomHpoTHOM iiaripaBnemni. Ee păună pocrnraeT iiohtii 70 km 
npn MaKCJiMajibuoâ înnpiiHc 2 km. JleBoneBCKan ByjiKammecKaH crpyKTypa 
pacnono/Keiia Bocronnee r. Cmojihh, b ysjie iiepecenemiH paanoMHbix son 
ceBepo-3anapnoro, cesepo-socTonnoro n cySînnpoTHoro nanpaBjieHMH. Oua 
HMeeT HenpaBiiJibnyio $opMy it oxBaTMBaeT njionțapb okojio 7 km2. B nefi Bbipe- 
aeiibi pBa ochobhbix ii iiecKOJibKO caTejiJiHTiibix penTpoB ii3BepHieHnn, ckoto- 
pbiMH CBMsanbi pemiKTbi hotokob n 3iiaHHTenbiioe KOJiiiHecTBO nnpoKnacTHTOB. 
HaQjiiopaeTcn n iiecKoiibKo păcii ii lUTOKOoSpaanbix Ten.

JIaTiiTO-aHji;e3HTbi KOHpeiiTpnpyioTCH b cySmnpoTHofl pasnoMHOii 3onc, 
npocneîKiiBaiomencn loniiiee r. Cmojihh, na npoTpAMiemni 4,5 — 5 km. B 
npepenax HacniiTbiBaercfl onono 15 păcii n niTOKOoSpasHbix -ren, pacnpocrpa- 
HHIOipMXCH B TOM zK© HaiipaB«eHHII.

B npepeaax CMo^HHCKoii penpeccmi MarmiTHoe nojie AZ OTHeTaiiBO 
paspejiaeTcn na pBa rana. HepBbiîi thii cnoKOftHbik, c oTHOCMTejibHO hmskoîi 
HHTencHBHOCTbio, ne iipesbiiuaiomen 250 y4. Oh pacnpocTpamieTCH na Meia- 
MOp^nTbi, oOpasyiomiie paMKy penpecciin n nancoreiioBMe ByjiKaHOrenuo-oca- 
poPHbie oOpasoBaiiiin. WiiTepecno otmcthtl, hto aKCTpysiiBbi ii cySByjiKaHii- 
necKiie TeJia $ejib3HT0Bpnbix pnomiTOB ii iiaTUTO-aimeanTOB oJînropeiioBoro 
Bospacra ne BLipantenM b MarniiTHOM none AZ. 3to mojkho CBnaaTb c hhtch- 
ciibumm KiicjiOTHbiM BMineiianuBaiineM KBapu-cepimnTOBoro Tuna, kotophm 
3aTponyTbi ByjiKaniinecKiie nopopa, KaK ii c oKHCJieHHeM MarnnTHbix Mime- 
panoB. BTopoîi Tun MarniiTHoro nonn hbjihotch cnnbHO pir^epeHpnpoBaHHMM 
ii oânapaeT noBLimeimofi iinTencuBnocTbio. On CBnaan c onuropeH-Mi-ione- 
noBbiMii (?) nop$npoKJiacTn^ecKMMM piiomiTaMH, cjiaraiomi-iMii ițenTpajibHyio 
n 3aiiapnyio nacTii CMonHHCKoti penpecciin (HepenMKCKaHcrpyKTypa). Ocno- 
Biian MiiTenciiBHOCTB MarnnTHOro nonn AZ cospaeTCH 9tmm tuhom phojihtob 
b iniTepBajie ot 250 po 500 y.

HepemiKCKaH ByjiKanoreHnaH crpyKTypa cnozKena nonTii iiCKjnonn- 
TenbHO KMCJibiMii nop^HpomiacTiiHecKMMii ByjncaHiiTaMM, b Meiibineii cre- 
neHii ByjiKaHOKJiacriiTaMii pnojiHTOBoro flo pnoparțiiTOBoro cocTaBa. Oim 
npepcTaBjieiibi 3KCTpy3iiBno-3$$y3MBHbiMn, pezKe cySBynKaHiiHecKiiMH (jiaiții- 
hmh. 9$$y3iiBHbie naBbi cocTaBJimoT okojio 60—70% cospeMeinioii noBepx- 
hocti-i ByiiKaiiiiiecKoro apeajia, moiphoctb kotoplix BapbiipyeT b npepenax 
100 — 800 m, b cpepneM cocraBnuri okojio 500 — 600 m. Teny^ne 
jiaBM oSpasyioT KopoTKiie JiaBiiiioo6pa3Hbie, nacTO iiacnansaiomiiecH opun 
na ppyroîi hotokii. OKCTpysiiBHbie oSpasoBainm naomopaiOTCH b supe Kyno- 
jiob, oSejiiiCKOB, ura n peneii. Han6o.nee cnaSoe pasBMTiie hmbiot npopyKTH 
zKepnoBoro 0apneca, KOToptie na coBpeMennoM aposnonnoM cpese Bcrpena- 
iotch oneiib pepKO. Ohii KomțeHTpnpyiOTCH b ochobhom b chjibho TeKT0HH3ii-

Institutul Geological României
16 RZ



3____________ ______________________________________________________________________________ —

\ (CR/
Institutul Geological României



316 H. CTE<I>AHOB, II. KP'bCTEB 4

poc&HHHX ynacTKax ii ijmciot ajiannTiniecKyio iijiii npyrjiyio $opMy e njiaiie, 
c pa3Mepa.Mii 80—100 ni n anaMeTpe. CyâByjiKaniiMecKmi $aimec oGmkiio- 
bchho npe^CTaBaeH iieSoabimiMii mTOKoo6pa3HMMii TeaaMH, paaMepow or 
necKO.ibKMX cotch ii tojibko iienoTopue ii3 hhx socrnraioT 1 —1,5 km2. Hiipo- 
KaaCTiri'bi iimciot nesiiaHnTejibHoe pacnpocTpaneHiie n npejțCTaBjifliOT ne 6oaee 
5—10% ot o6be.Ma ByBKannnecKoro KOMnaeKca. Omi pasBiiTbi oobihho b 
nepnibepnn ByjiKami’iecKMX annapaTOB, b nx iiHTencuBno apoaiipoBannbix: 
ii pacHneneiiHHX no pasaoMaM ynaCTKax. OcnoEiian nacTb nopoa aKcnno- 
3iiBHoii cyOiJipanHii nepeKpbrra 3$$y3iiBHHMii JiaBaMii ii BCKpbrra TO.ibKO- 
6ypoBH.Mii CKBajKiniaMii. Mouxhoctb nnpoKJiacTiiTOB 50—150 m.

HepeJinKCRan ByjiKaiioreiiHaH CTpyKrypa, pasuepaMii okojio 180 km2.. 
hmcct nourii uso.MerpmiecKyio no.TiiroirajibHyio $opMy c KJiasnaTypHMM Buy- 
TpeiiHiiM c-rpoeniieM. ByaKaHonorMMecKHe iiccnegOBamiH n pesynbTaTbi CTpyw- 
rypnoro oypemiH no3BOJin.;m onp cneji htb ee nan 5jni3Kyio k KaJibxepaM o6py- 
memiH (Mc Caii, 1963) c BepTHKaJibnofi aMnjniTynoii no OTiionjenriio weTa- 
Mop^iiHecKoli paMH na 600 — 800 m. IlocnenoBaTejibiiocTb b oSpasoBamrn pas- 
HOBOspacTHHX ByjiKannnecKiix npoayKTOB cBiiaeTcabCTByeT o tom. hto b 
paiiHiie CTa^iiu pasBiiTHH oua ncni>iTbiBajia nepaBHOMepnoe MO3amrno-6no- 
KOBoe noXHHTiie, nocjie MaKCMMa;ibHHx iiSBep/Kemiîi KOJiancnpoBajia, a b 
noCTByjiKanHHeCKOÎi CTannii o$opMHJiacb kbk CTyneiiHaTO-KynoJioBnjiHbift cboji; 
c neiiTpoM Bepnnni Pojihm ii MaJiHK FlepejiMK.

B nperneJiax riepeJiiiKCKOil ByciKaHOreHnoii CTpyKTypH EbiaeiinioTcn 
ajieMeHTapHHe aimefinHe n nsoMeTpn'iecKne crpyKTypH, pacnpenejiemie 
kotophx KOHTpomipyeTCH cooTBCTCTBeimo perMonaabBbiMM .pasaoMaMii n 
TeKTOHUHecKnMH ysiiaMH nepeceHcmiH iijiii conJienemiH paspbiBiibix napy- 
nieiIHÎi (puc. 1). OCHOBHMMlI JIMHeâHHMH CTpyKTypaMII HBJ1HIOTCH OOpTOBbie 
pasjioMHue soHbi, KOTopbie orpaHDMiiBaiOT apeaji, a t3k?kc ii BHyrpiiKajib- 
jțepnbie MarMonpoBoamHiie nanajibi, MapKiipyeMwe TptumiiHbisin aKCTpysn- 
Basni, mniefiHO pacnoaoiKeHiiMMii ueirrpaMii ii3BepjKeHiin, cepiiHMii Byjma- 
HiiHecKiix rpjijț ii cyoByjiKaiiii'iecKiiMii TeJiaMn. OciioBiian nacTb ByjiKann- 
HecKiix annapaTOB npnypoHena k peniOHajibiiHM HapymeiiiiHM cyOiimpoT- 
noro nanpaBJieniiH. Jlvniue Bcero BBipaîKenbi MarMOiipcBOnamnc pasjiOMH 
Morn.nbCKOii n Fo.iHMopeKCnoii JiinieîiHbix ByjiKannHeCKiix CTpynryp (puc. 1), 
KQTopbte hbjihiotch 3anajn>bi.M iipoaoJiîKemieM Cmo.'ihhckoh pasJiOMnoii sohbi 
(C t o $ a ii o b, 1973).

MormibCKaH ByjiKanmiecKan CTpynTypa pacnonoaieiia roinnee ȚlepHoii 
penii ii npojicTaBjineT co6oii nenn jiimetiHO pacnojioiKenHHX b cvânnipoTiicM 
naiipaB.Teimn rviiojiobii^iiux aKCTpysiiBOB, cySnyjiKami'îecKMx Tea n Jînnen- 
hhx ițeiiTpoB ii3BepîKeHim. I IpocacamBaioTCM no .Tiniiin isepnniii Bapneio, 
Morimaxa, XapaMiiiiCKii n PIsBopen; na npoTamenim okojio 12 km. BucoTa 
BynKaiiiBiecKoti neini najț MeTaMop4>HbiM ițoiioJieM ROcniraeT 800 — 1000 m, 
a im-ipiina 450—1200 m. OcnoBiibie neinpbi 3$$y3itBnoiî seaTeJibiiocTH (Ba- 
piteTO, Cmiypa, MonuiaTa, Cb. Jțyx ii I-13Bopeii) conpoBOJKnaioTCH pn^oM 
caTeji tnTnbix BynKanOB.

rojiKMOpeKCKaH ByjiKanmrecKaH CTpyKTypa npoTinKenncM SoJiee 10 km, 
rJiaisHMM oOpasoM MapKiipyeTcn oaHOiiMeiiHbiM cySnyjJKaininecKHM Maccn- 
BOM, pacnoJioweiiHMM CCBepnee Hepuoi! penii. KpoMe tofo, k iieii npjiHaR- 
Jiemar necKOJibKO ițeHTpoB ii3BepiKennH, KapTiipyeMHX lomnee (Hobsk, 
AlycaiiaTa) it BOCTomiee (AlaJinara CTena) cyoByanaiimiecKoro Macciiea..
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PasmoMbi ceBepo-BocToqiioro, ceBepo-3ana^iioro ii cy^MopuAHonajib- 
noro HanpaBJieHMH iirpajni BTopocTenenHyio ponib npii <J)opMnpoBannn piioniii- 
TOBoro apeama. Hanțe Bcero k hhm npnypoqeuH caTeJiJiMTHHe ByjiKaHimecKHe 
ițeHTpbi iijiH MejiKiie cySByjiKaHMHecKne Tenia, BCJie^cTBiie nero npeAnoma- 
rae'rcH Soniee nosjțnee npoHBjienne 3thx HapymeHiiii Kan MarMonponoaHimix 
KananoB b oTHomeimn napymeHnfâ cvCumpoTiioii CHCTeMH. Ohii xopomo 
pasBHTbi b loiKHoii nacTH paiioiia. ^(jnina JiOKaninnbix ByjiKanimecKiix rpn'ț 
o6biKHOBeiiHO HecKOJibKO coTen MeTpOB, a ByniKaHiiaeCKrix neneit ^ocniraeT 
4—5 km. OcoGeuno xapaKTepiioii HBjiHeTCH KapniBiKCKaH MarMonpoBojVimaH 
CTpyKTypa ceBepo-sanaAHoro iianpaBJiemiH, ripoxonHinaH MeHqțy BepmMHaMii 
PomHM IlepejiHK ii KapaHKa. K aToii ByjiKanmiecKoii CTpyKType, npocnie- 
zKiiBaiomeiicii na npoTamemin oko.tio 6 km, npiiypommbi KynoniOBHjțHHe 
aKCTpyaiiBH, BMTHuyTHe b tom >K0 jianpaEJieimn.

npocTpaiiCTBeuHoe nomofRCiuie nsoMeTpn'iecKiix KommeBbix m noniy- 
KoabiieBHx ByjiKammecKnx CTpyKTyp oSycaoBJieno nepeceaeinieM cyGmn- 
ponibix ii cySMepH^HOHanibHHX pasmoMOB. Han6oJiee xopomo BbipameiiHbiMii 
ii 3HaHiiTejibiibiMH no pasMepaM hbjihiotch EaepoBCKaa n BapneBCKan CTpyiî- 
Typbi (puc. 1).

EaepoBCKaH ByniKaHH’iecKaH CTpyKTypa, pacnoJiomenuaH ceBepiiee r. 
CMoann, HMeeT 4>opMy Sjihskvio k naoMeTpiiHecKoii n xopomo Bbipamena b 
Mop^ocTpyKType paiioiia. llpeACTaBJieiia KOJibițenbiMii TemecKonMpoBanHbiMit 
TpemiIHHblMII 9KCTpy3IIBaMII C DHCWHHM JțHaMCTpOM 3,5—4 klll. K OKOIITypil- 
BaiomiiM ee jțyroBbiM paaniOMaM iipnypo’ieH pniț MOiioByniKanoB c yfljiimeiinoii 
oi n30MeTpHHecK0iî (JiopMoh. llan5oJiee BaiKiiMMu iib imx bb-ihiotch HeBe- 
CTara, CoKoaima, CiiewanKa, PonHMaTa CTeiia.

BapneBCKaH crpyKTypa mieeT Kann>aepHoe cipoeime 11 iiohth hojiho- 
ctbio conna^aeT c iiau6o;iee rmyOoKO saTOHyBiuiiM(> 10OO m) 6;iokom IlepemiK- 
CKoii flenpeccHii. Oua 3aKJiioneiia Memny romiMopcKCKoii n MonuibCHoii Jiniien- 
hmmii ByjiKami'iecKHMii CTpyKTypaMU, a c aanajmoii n nocTomioii CTOpoii orpa- 
iiimena cy6Mepiigiioiia.;ib!ibiMii pa3Jio.MaMn.

XapaK'rep Mariiimioro rionia b oiiamnenibiioii cTenemi OTpamaeT ocho- 
BHHe omeMeHTM BiiyTpeniiero cTpoeHim llepcmininoii KyjKanorciiHoii crpyK- 
TVHbi (puc. 2). Xopoman cxo;uiMO'.Tb MarmiTiibix anoMa.;iiiit c anieMoiiTapiibiMH 
ByaKaHOCTpyKTypaMii no naripasmeniiio, ({lopMe n paaMepan cBim;eTejibCTByeT 
o cnaoo apoknpoBainioM peabe4>c n ornodirenibHoii o^noponnocTii ByaKaiiii- 
lecKiix Macc, hto nonTBepzKjiaeTcn reomorimeikmmh îi MopcjiojioriiMecEiiMii 
flaiiHbiMii. Ha (Jioiic pemoiiaJibHoro Mariiimioro nomi, coayanaeMoro iiopijin- 
ponnacTimecEnMn piiomnaMii (250—600 y) BbuemnoTcn Tpn Bii^a MariniT- 
Hbix aHOMamiiii. B nepBOM mi^e oSteflimeHEi anOMaJinn impesamioro (nmio- 
oopa3noro) xapaKTepa (noniominenibiibie, OTpimaTenibHbic n BiiaKonepeMCH- 
nbie). AnoMajiiiii ororo Bii^a pacnomonțenhi b lomnoii n BOCTO’iiioii nacTHx 
riepeanKCKOii crpyKTypbi, oGpasyn noJiyKCJimxeByio noaocy c BbinyKmoii 
CTopoiion k MeTaMopipimecnoii paMe. lOJKnaa toctb nomocbi npeHCTaBvieHa 
rpynnoBOii aiiOManneii npenMymecTBeimo neraTiiBiioro xapaKTepa n c bmth- 
nyToii tjiopMofi b cyomnpoTHOM iianpaBjieiimi. Oua coBiiagacT c MonuibCKoiî 
junieiÎHOM ByjiKanocTpyKTypoîi. BocTomiaH rpyiina oSpasyeT KonibpcByio 
anoMajimo c npeoonanamieM nomoJKnTejibHbix .noKanibiibix aHOManinii. Oua 
ripoHBjieiia na# EsepoBCKOii nsoMeTpimecKoii ByjiKaiiocTpyKTypoii ii b coot- 
BeTCTBini c ee TejiecKonHpoBannbiM cTpoenneM b reoiJnmmiecKOM nome Bbi^emn- 
iotch BJiOrKGHHLie Oj^na b ^pyryio Marnimibie aiioMaJiiin paanoiî ijhtchciib-
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hoctm hjih 3iiaKa. Hohtii noanoe coBiia/țeinie anoMajinii niiJiooSpaanoro xapaK- 
•repa c yqacTKaMH MaKCMMaabHoiî HacHuțenHOCTH ițeHTpoB MSBepiKeHiiH, cbh- 
XeTeabCTByiOT o hx reHeTmiecKOîî cbhsh. Hmch b Bii^y, hto b 3KCTpy3MBHMX 
pnoaiiTax KoaiwecTBO ii pasMepti sepcn pynnbix MnnepaaoB SHamiTeabho 
Oonbine no cpaBiieiinio c o^iysiiBHbiMH JianaMii (B a x h e b a ii np-, .1978), 

npeAnoaaraeTCH, nro aHOMajnm iispesanaoro xapanTepa oSycaoBjienbi .thto- 
^anHanbHMMi-i ocoSchhocthmh ByjiKaHiiTOB. KpoMe Toro, b 3$$y3nBax pyA- 
Hbie aKneccopMM aaTpoHVTM OKHCaemieM h rujțpoTepsiaabHHMH ii3MeneHHHMH, 
hto toikc bjhihct Ha nHTenciiBHOCTB MarHHTHOro noJiH. Pasanniin no 3HaKy 
ftByx nepenucjieuHLix aHOMaann, no Bceă BepoHTHOCTH, CBnsaiibi c nepeopiten- 
TiipoBKoii BeKTopa HaMarHimeunocTn, b cbhsh c BHeSpemieM cyoByaKaniine- 
ckhx Tea b MornnbCKyio ByaKanocTpyKTypy.

Bropoft buh ManiHTHbix aHOMaanîi BKaionaeT înrreHCiiBiibie o'rpnpa- 
TeabHEie aHOMaanîi no 1000 y. Ohh pacnoaozKenbi BiiyTpn noayKoabițeBoîi 
noaocbi c MspeaaHHbiM xapaKTepoM MaruMTHoro noan. Mctko Btipa^Kennan 
anoMaann otopo Bii^a, BMTHHVTan b cySmiipoTHOM iianpaBaeHiiii, npocaeani- 
BaeTCH na 9 km no iozKhomv OopTy PoaflMopeKCKoro cySByaKanii'recKoro 
MacciiBa. IIo Bceii bcpohthocth, oua MapKnpyeT KpyTO3aaeraiomnîi warMO- 
npoBOAmnii Kanaa PoanMopeKCKoii ByaKanoCTpyKTypu. Boaninan Mar- 
HHTHan aHOMaaiiH ceBepo-aanaanoro nanpaBaenHH, aannoîî 6 km coBiia^aeT 
c KapabiKCKOîî aMnenuoft ByaKaHOCTpyKTypoii. Oua oTaiinaeTCH aciiMMe- 
•rpneii, BbipaiKaioineiicH b noHBaenmi c ceBepoBOCTOKa napaaaeabiio eii noao- 
iKiiTeabiioro noan aiiHeiinoii ^opMbi. 9to ycroiimiBoe coneTaime ManniTnbix 
anoMaanii npoTHBonoaoH<HUX 3naKOB, rio^oSno coBpeMeHHWM ByaKanaM 
KaM'iaTKii (P n b o m, IU t e iî h 6 e p r, 1964), mohîho oS'bncmiTb g^en- 

thbhoh na-MarHiineHHOCTbio nan naaiînneM KpyTOsaaeraiomero k cenepo-BOC- 
tokv aiineiiHoro MarMonpOBO^amero xanaaa.

MarHHTHbie anoMaann TpeTbero Bii^a xapaKTepuayioTCH iiHTenciiBHO- 
CTbio, npeBMniaiomeii 500 y. 3a ncHaionemicM BbimeynoMHiiyTOH, conpo- 
BOinsaiomeM KapabiKCKyio aHOMaamo, ohh hmciot orpaHiineniioe pacripocTpa- 
iienne ir neGoabimie paaMepbi. UpepLiBiiCTaH noaoca aHOMaaini stofo Bn^a, 
ceBepo-aanaanoro npocTiipanim, yCTanoBaena b sana^Hoii uacTH IlepeanK- 
ckoh CTpyKTypu (puc. 2). Oua npoTHriiBaeTCH B^oab HoaHHCKoft pasao- 
Miioii 30iibi (C t e 4> a h o b, 1973) ii o^HOHMeiiHoft ByaKaHnnecKOii nemi.

HeoGxoauMO otmctuth eme o«ny ocoOeHHOCTb MarmiTuoro noan, cos- 
ryaBaeMoro nop$npoKaacTmiecHiiMii pnoanTaMii — oto Haarraie HeCKoabKiix 
n3OMeTpHnecKHX noaeii c ini3Koii MHTeHCHBHOCTbio $0 250 r- B coneTamiH c 
ociiobhmm noaeM pnoanTOB (250—500 y) 3th aHOMaai-ni MoryT omtb o6t.hc- 
iieiibi KaK OTpaiKeHMe Suorobofo cipoemin noaoniBbi nenpeccmi, npiiBeameii, 
b cboio onepe^b, k ({lopMiipoBaHnio pnoaiiTOBbix xiaec c pasaimnoi! moiuho- 
CTbio. Mm npeanojiaraeM, hto hmchho oth aiiOMaaMH c oTiiocuTeabno înraKoîi 
HHTeHCMBHOCTblO COOTBCTCTEVIOT nOJțHHTHM OHOKaM MeTaMOp^HTOB. H IiaOOO- 
poT, HHTeHCHBHbie aHOMajiMii c pa3JimiHbiMn CTpyKTypaMii MarHHTHux noaeii, 
oiiHcanHbie Bbuue, napn^y c mKpopManneii 06 ycaoBMHX (JiopMnpoBaniiH piio- 
ai-iTOB, noKaBbiBaiOT h ooaee MomHbie Maccbi ByaKaHHTOB, o6pa3OBaBinnxcn 
na onycTiiBiHHXCH SaoKax ^yH^asieHTa. PeoaoriinecKMe ROKasaTenbCTBa 
3thx cyH^eHHii HaxoanM b tom i^aKTe, hto nepinjiepuiiiibie 6jiokm iojkhoîî 
nacTii BynKaHH'iecKoro apeaaa c hiiskoh HHTeHCiiBHOCTbio (urnKe 250 y), 
no AaHHHM cTpyKTypiioro SypeHiiH h pasBMTnio «țepâiOBLix ii cyâByjiKaHH- 
neoKiix Tea, npiinojțHHTbi no cpaBneHHio c BapneBCKofi «aab^epoii.
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BuBORH
1. MarmiTHoe none nan TpeTwiHHMii ByjinaHUTaMM Cmojihiickom ^enpec- 

cim saBHCMT ne ctoaleo ot cocTaBa, cko.tbko ot nocTByjiKaHunecKOîi riinpo- 
TepMaabHoîi n repMOoopaSoTKH. IIo3tomv ^nbsnTOUAHHC piionuTH m aaTn- 
TO-aiI^eSHTW OTJIIIHaiOTCH CnOKOiÎHHM Mai'HMTHMM BOJIGM H 1IH3KOH mrreHCHB- 
HOCTbTo (ne 6oaee 250 r), a nop^MpoKaacTHaecKHM pnojniTaM riepejnjKCKoii 
CTpyKTypH COOTBGTCTByeT CHJIbHO AH^epeUUMpOBaHHOe, C BHCOKOÎÎ MHTCH- 
ciiBnoCTbio MarHUTiioe noJie AZ (oGhhho Bapbnpyioinee ot 250 no 700 y). 
Oho aaBiiciiT npeMMyiuecTBeiiHO ot $amm n moiuhocth ByjiKaHnnecKiix nopon.

2. llepejiHKCKHft BynKannHeCKMfi S.tok HBjmeTCH CTpyKTypoii HHBep- 
CMOHHOro Tuna, o nem CBiineTeJibCTByioT CTyneiinaTO-iieHTpHKjninanbHoe 
norpyîKeiiiic KpucTanjniHecKoro ^ynaaMeHTa c najieorenoBHM nexjioM n 
ropcTOBO-nepMKainianbiioe c piiojioTOBoir HancTponKoiî.

3. npnKajibnepHoe npocTpancTBO nepejiMKCKoii CTpyKTypH, Mancn- 
xanbuo iiacumeHHoe ițeirrpaMH nSBepHîCHHH, MapKiipyeTcn MarnuTHHMn ano- 
MajniHMH nspesanuoro xapaKTepa. BbicoKan MHTeHCMBHOCTb anoMajimi o6t>h- 
chhctch noBHmeHHOîi KOimeiiTpaițnefâ pynnnx aKițeccopiieB b noponax bkc- 
TpyaiiBOB ii cySByjiKamiHecKMX Tea. BnyTpiiKajibnepnan nnomanb BMemacT 
npeifMymecTBeiiHO anHeiinne ByaKaHMHeCKiie CTpyKTypH, BHpajKenHbie b 
MarmiTHOM none bhthhvthmm OTpimaTenbHHMji anoMaannMH, nnorna c aciiM- 
MeTpilSHHM CTpOCHHeM. »

4. ITpennoaaraeTCH. hto noaHHTHe SaoKii (JiyHAaMeHTa cootbgtctbviot 
yaacTKaM c hmbkoh iniTencHBHOCTbio b npeaeaax ciuibHO an^iepeHUHpoBaH- 
noro MarmiTiioro nojin.

4 1 v = IO"5 OT B CGSM = 79,58 A/m BSI.
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BY

E. Arva-sOs2, kadosa balogh2, geza hâmor3. aron jâmbor8,
L. RAVASZ-BARANYAI3

The most important application of the K/Ar inethod in Hungary 
is the study of rocks younger than Mesozoic. This is justified on the one 
hand by the major role played by Miocene volcanic rocks in the geological 
structure of Hungary and by the search for mineral deposits associated 
with them : on the other hand, by the fact that these rocks cannot be 
dated with and acceptable accuracy by other radiometric methods.

The essential purpose of our organizing a K/Ar laboratory has been 
the accomplishment of a systematic radiometric chronologic study of Mio- 
cene volcanic rocks. The work was carried out by cooperation between the 
Hungarian Geological Institute, Budapest (MĂFI) , and the Institute of 
Nuclear Research of the Hungarian Academy of Sciences,Debrecen(ATOM- 
KI). This project has been initiated and is directed by H â m o r .

The analyses were carried out mainly on biotite and feldspar sepa­
rated from Miocene pyroclastics, and on lava whole rock samples.

In addition to dating in the ATOMKI there has been a systematic 
development of experimental methods and instruments. A magnetic mass 
spectrometer, capable of static operation has been built in 1976 (B a 1 o g h, 
M or i k , 1978). A high capacity argon extraction and purification Sys­
tem has been developed in 1977 (Balogh, M 6 r i k, 1979) : this work 
has been sponsored by the Central Office of Geology. In 1979 a micro- 
processor unit for automatic recording and evaluating the argon mass 
spectra has been put in operation (M o 1 n âr, Paâl, 1980). With these 
instruments the radiogenic argon content of terrestrial material can be 
determined with an accuracy and precision, which meet the modern require- 
ments. The quoted age data have been calculated using atomic constants 
suggested by the Geochronological Subcommission at the Sydney meet- 
ing in 1976 (Steiger, Jăger, 1977). Because of the great number 
of age data and shortness of time we are not entering into a detailed criticai
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evaluation but we present only the most essential results progressing 
from one region to the other.

The areas investigated are shown, in Figure.
In the Mecsek Mts the Miocene volcanism is represented by hyper- 

sthene andesites, rhyolitic and rhyodacitic tuffs. In the vicinity of Komlo 
the andesite occurs even at the surface, though it is known from bore- 
holes of other regions too (for example Nagymânyok). However unde- 
composed samples suitable for age determination could be collected only 
from the locality of Komlo. Aceording to the publication of Ă r v a - 8 6 s 
and R a v a s z (1976), its K/Ar age is 20.5±0.8 m.y. Later on, the control, 
measurements carried out by more advanced methods, did verify this 
result, with the only change that the actual value of K/Ar age has been 
indicated to be in the 19—20 m.y. range. The rhyolite tuffs of the Mecsek 
Mts can be assigned to the Lower Rhyolite Tuff horizon of the country, 
the rhyodacitic tuffs to the so-called Middle Rhyolite Tuffs. The K/Âr 
dating of the Lower Rhyolite Tuff is particularly difficult as tectonic move­
ments extending well into the Pleistocene resulted in some samples of- 
a younger radiometric age. In the Mecsek Mts the age of the Lower Rhyolite 
Tuff horizon does not differ more from that of the andesites than the 
standard deviation of our age data. More reliable results may be expected 
only when the 39Ar/40Ar method will be used. The average age of rhyo­
dacitic tuffs in the Mecsek Mts agrees, within standard deviation range, 
with the 16.4±0.8 m.y. value that we published earlier for the Middle 
Rhyolite Tuff horizon (H â m o r et al., 1979).

Borehole Tengelic-2 NE from the Mecsek Mts crossed several hun- 
dred meters of unintemipted pyroclastics, most of which is perlitic rhyo- 
dacite, though some rhyodacitic flood-tuff and rhyodacitic rheoignimbrite 
does also occur. Lithologically the pyroclastics may be assigned to the 
Middle Rhyolite Tuff horizon. The K/Ar age was determined on sepa­
rated biotite fractions at 11 points of the interval between 872.5 and 1165.5 
m. The obtained average age has been 15.6±0.7 m.y. No decrease in age 
towards the higher horizons has been observed. The foot-wall of the vol­
canic complex is Ottnangiăn variegated clay, while the overlying sedimenta. 
— regarding their microfauna — may be placed in the NN5 zone (A. N a- 
g y m a r o s i, pers. com.). Thus the K/Ar age may be regarded as a datum, 
which is somewhat younger than the Carpathian — Badenian boundary. 
Borehole Paks-2 crossed again volcanic rocks overlying calcareous 
sandstones in a thickness of several hundred meters. The lower layers are 
built up of decomposed biotite-hornblende dacito-andesite. The age of 
this complex has been analyzed with biotites separated from samples at 
6 different points in the interval of 1296.5—1502.5 m. The age of the 
slightly decomposed and oxidized biotites could be determined only with 
greater error. On the average their age is .18.5±1.7 m.y., which means 
that the dacito-andesitic volcanic complex in borehole Paks-2 is similar 
in age to the andesite of Komlo. The andesitic complex is overlain in 
several horizons by what could be petrologically identified as redeposited 
rhyolitic tuff. Its average age based on biotite from the interval 943.9 to 
1094.6 m is 18.7±1.2 m.y., but the interpretation of this datum, given the 
redeposited character of the samples, is uncertain.

' ±1 Institutul Geologic al României 
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At Sârszentmiklos alkali rhyolite is exposed at the surface. Its 
apparent age obtained on whole rock samples and different magnetically 
split fractions is 17.0±0.7 m.y. This would mean that the origin of the rock 
may be associated with the volcanic period which generated the Middle 
Rhyolite Tuff.

Alkali rhyolite similar to that of Sârszentmiklos is known also from 
borehole Albertirsa-1 (887 to 900 m depth). The stratigraphic position of 
this rock is uncertain, however its age based ou whole rock and potassium 
feldspar has been found to be 14.3±0.5 m.y.

In the Zsâmb6k Basin at the base of the Sarmatian, above the 
Szomor member there occurs a horizon referred to country-wide as the 
Upper Rhyolite Tuff. Its age based on samples from borehole Budajeno-3 
and determined on biotites proved to be 13.6±0.6 m.y.

In the Mâtra Mts the volcanic activity started in the Eocene. How­
ever the K/Ar dating of Eocene andesite whole rock samples gave age values 
that are substantially younger than the geological age. This divergence 
may be due to rejuvenation under the influence of volcanic activity during 
the Carpathian and Badenian periods. This rejuvenating affected also the 
biotite of Eocene andesite, reducing its K/Ar age to about 30 m.y. Accord­
ing to our investigations, only the K/Ar ago of hornblendes is in agree- 
ment with the geological age.

Carpathian-Badenian volcanism had a rejuvenating effect also on 
the K/Ar age of biotites of the Lower Rhyolite Tuff horizon. At the same 
time the atmospheric argon content of the biotites also increased and thus 
the age of some samples could be determined only with great error. Iu 
view of these difficulties, we have been unable to give for the Lower Rhyo­
lite Tuff horizon a more precise datum than 19.6+1.4 m.y., -which has been 
published earlier (H â m or et al., 1979). However, onthe basis of meas- 
urements carried out with a new and more advanced technique a younger 
value within the standard deviation range seems to be more probable as 
some of the earlier published age data, which had great standard deviation 
and indicated a too old average age, could not be reproduced (H â m o r 
et al., 1978). For solving the chronological problems of the Lower Rhyolite 
Tuff horizon the use of •’Ar/^Ar method seems to be absolutely necessary.

The age of rhyodacite tuffs in the Cserhât and Mâtra Mts does not 
differ from the value of 16.4±0.8 m.y., which has been earlier determined 
for the Middle Rhyolite Tuff horizon (H â m o r et al., 1979). No age 
difference could have been established in these mountains between the 
rhyodacite tuffs and the Carpathian-Lower Badenian andesites.

In the Cserhât Mts the age of the subvolcanic andesites representing 
the end of the volcanic activity (Dobogo-hill, Hollokb, Bercel-hill, Szanda- 
hill) varies from 13.5 to 15.0 m.y., while the age of the uppermost, cover- 
ing, andesites in the Mâtra Mts falls in the 13.5 to 14.0 m.y. range.

We wish to remark that the age of the rhyolite in the Mâtra Mts 
(Gyongyossolymos, Kishegy), dated with separated biotites and whole 
rock samples, proved to be 15.8±0.5 m.y., thus its origin corresponds to 
the volcanic period of the Middle Rhyolite Tuff horizon.

The age of biotites separated from rocks petrologically identified as 
Lower Rhyolite Tuff in the Cserâpvâralja quarry, the borehole Cserep-
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vâralja-1 and at Repâshuta in the foothills of the Biikk range, falls in 
the 16.2 tq 19.5 m.y. range. A more accurate age detennination may be 
expected again from the 39Ar/40Ar method.

In borehole Alsovadâsz-l in the Cserehât the age of the rhyolite 
tuff situated directly above the Carpathian-Badenian boundary has been 
examined. The biotite-based average age, 15.6±0.7 m.y., is in agreement 
with the results expected on the basis of the stratigraphic position.

North of the Biikk Mts near Sajomercse, above the Lower Panno­
nian ( ?) sediments, basaltic andesites with a K/Ar age of 9.6±0.8 m.y. 
are exposed at the surface. In the Tokaj Mts the analyses revealed that the 
formation of a considerable part of the dacites and andesites took place 
already in the Pannonian.

Along the Hungarian-Soviet frontier, borehole Gelenes-1 crossed 
the rhyolite tuff complex in a thickness of 1417 m and stopped in it at 
2002 m depth. At the top of this volcanic complex, at 631 m, the biotite- 
based age of the tuff has been 11.0±0.6 m.y., which may be regarded as 
the end-date of the rhyolite tuff volcanism.

In the Pannonian Basin biotite — and feldspar — based age of 
rhyolite from the borehole Kisujszâllâs-EK-1 from 1664—1682 m and 
1863—1880 in depths has been on the average 18.25±0.3 m.y. This rock 
is extremely suited for age-determination, though the precise K/Ar age 
is of reduced value since the exact stratigraphic position of the rock is 
still unknown.

Conelusions
On the basis of our investigations the following conelusions can be 

drawn :
1. In Hungary the rhyolitic-andesitic (basalto-andesitic) products 

of Miocene volcanism extruded during three longer volcanic cycles in the 
interval between about 20.0 and 9.6 m.y.

2. The age of rhyolitic products of the earliest volcanic activity has 
been approximated with the datum of 19.6±1.4 m.y.; however, in many 
regions, where volcanism was active even later, a more precise age can be 
expected only from the 39Ar/40Ar method.

3. The middle volcanic cycle was of the greatest extent, its rather 
long period was a eontinuous activity, well identified within the 14 to 
17 m.y. interval, its most intensive phase is approximated with the datum 
of 16.4±0.8 m.y.

4. The nation-wide Upper Rhyolite Tuff is dated between 13.6 and 
11.0 m.y., this volcanic cycle in NE Hungary lasted longer and was more 
powerful.

In spițe of the great number of available measurements our work 
still has the character of reconnaissance chronology. Detailed age meas- 
urements in the volcanic mountains of Hungary and compari son of the 
age patterns of the individual volcanic areas are tasks to be achieved in 
the future. More precise data are expected from the 39Ar/40Ar method.
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KADOSA BALOGH2, E. ÂRVA-SOS2, G. BUBA’

The granitoid roeks of Transdanubia (West-Hungary) have been 
classified into two main groups (B u d a, 1975) :

I. Synkinematic granitoids with close association with regional 
metamorphic roeks formed by anatexis and K-metasomatism occurring in 
and around the Mecsek Mts (South-Transdanubia).

II. Postkinematic granitoids occurring along the Balaton-Velence 
fault zone with thermal-metamorphic aureole (Fig. 1).

Chronology oî the Synkinematic Anatexite and Metamorphic Roeks

Chronology of anatexitic granitoids and metamorphic roeks were 
studied by U/Pb, Rb/Sr, and K/Ar methods in the Mecsek Mts and in the 
Southern foreground of the Mecsek Mts (Gbrcsdny horst). The radiometric 
ages determined by different methods reflect the time of various events of 
formation of granitoids and metamorphic roeks. A few number of K/Ar 
age determinations were made by O v c h i n n i k o v et al. (1965) and 
a greater number of K/Ar mica and amphibole ages were published by 
Ărva-S6s and Balogh in 1979. Additional K/Ar mineral ages 
were obtained later with improved analytical methods. These were in 
accordance with the previously published data, and will be jointly eval- 
uated here. Results of Rb/Sr studies on whole rock and biotite samples 
were presented by K o v â c h and S v i n g o r at the Xlth Congress of 
the CEGA in Kiev in 1977.
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U/Pb dating was made on titanite and zireon fractions of different 
density, mesh size and magnetic susceptibility eparated from the grani- 
toid rock of the quarry at the village of Morâg AI csek Mts) by K o u v o.

Fig. 1. — Map showing the granitoid occurrences of Hungary.
1, granițe and granodiorite; 2, quartzdiorite; 3, anatexitic granodiorite and granițe.

The U/Pb ages are surnmarized in Table 1. The discordance of 238U/ 
“•Pb, 23«u/207Pb and ^Pb/^Pb data show clearly an open system behav-

TABLE i

U/Pb ages of granitoid rocks from the quarry at Morăgy, Mecsek Mts

Sarnple

No

Zireon fractions of 
different mesh size. 
density and magne­

tic susceptibility 
g cm-3/mesh size

23SL- 
ppm

Radio- 
genic 
20Spb

ppm

Isotopic ratios Radiometric ages, m.y.

206
204

207
204

208
204

206Pb 2»’Pb 207Pb
206S3«U

A565A H-4.2/4-200 1850 65.02 164.7 23.80 57.10 256 ±2 269 + 3 380 + 13
A565B + 4.2/+200 NM 1302 52.42 249.7 28.30 64.03 293 + 9 300 ±4 354 + 17
A565C +4.2/-200 1536 61.15 225.9 27. 09 63.02 289±2 298 + 3 368 + 13
A565D 4.0-4.2/+200 2828 76.40 75.57 18.82 48.84 198 + 2 214 + 2 398 + 18
A565E titanite 241 11.47 33.81 16.66 45.08 344+2 341 + 6 319±40
A565F + 4.6/+100 1315 52.30 315.7 32.03 69.45 289 + 2 299 + 4 378 + 22
A565G + 4.5/ —200 1627 60.39 245.9 28.18 65.53 270 + 1 281+3 369 + 20
A565H 4.2-4.6/-200 2498 78.58 138.3 22.37 55.11 230 + 2 243 ±2 377 + 17
A565K 3.6-3.8 1948 68.18 172.7 24.13 69.21 255 ±1 265 i 6 348+43
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iour, characterized by greater radiogenic lead loss in highei’ uranium con­
tent mineral fractions. The data plotted in the 207Pb/235U—208Pb/238U 
diagram define a straight line (Fig. 2), suggesting a simple cogenetic 
sequence. An intersection age of 365±8 m.y. has been established by using 
potash feldspar lead for common lead correction. This is interpreted as

Fig. 2. — Concordia diagram and U-Pb isotopic ratios for zircon 
and titanite samples from the granitoid rocks of the Mecsek Mts (at 

villagc Moragy). Analysis by O. Kouvo,

the oldest age of the anatexitic granitoids, because a subsequent recrys- 
tallization resulting in the complete loss of radiogenic lead is considered 
to be unlikely. The U/Pb isochron ages are the least sensitive to low- 
grade metamorphic events and reflect the time of primary magmatic crys- 
tallization even when the total rock Rb/Sr ages are lowered (P a g e, 1978).

According to the Rb/Sr studies of K o v â c h and S v i n g o r 
(1977), the anatexitic granitization can be confined to the 403—273 m.y. 
interval. Considering the analytical error of individual Rb/Sr ages and the 
possible inhomogeneity of the inițial 87Sr/86Sr ratios, a significant deviation 
between the U/Pb and Rb/Sr data cannot be established.

The K/Ar biotite ages obtained on granitic rocks from the quarries 
at villages Erdosmecskeand Morâgy (Mecsek Mts) are summarized in 
Table 2. The scatter of data in the 318—352 m.y. interval is due mainly 
to analytical error, a shorter real time spân can be supposed for the closure 
of the biotite argon and potassium system. The average biotite age is 
334±11 m.y. Metamorphic rocks from the neighbouring area have been 
dated with separated amphibole. An average age of 337±18 m.y. has 
been obtained, which is in good agreement with the mean biotite datum.
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K/Ar age of granitoid and metamorphic rocks from the Mecsek Mts

TABLE 2

Sa
m

pl
e 

N
o

Locality and rock type Dated K
40 Ar .*Y1rad

ccSTP/g

40 a r . rad

40 A r 
tot

Age m.y.

143 Erdosmecske, quarry
Mecsek .Mts 
biotite 7.49 1.052x10"* 0.91 330 ±11

242
granitoid
Erdosmecske. quarry biotite 6.61 9.943x10“* 0.97 352 ±12

187
granitoid
Erdosmecske, quarry biotite 5.41 7.880x10-® 0.95 341 ±16

209
granitoid
Erdosmecske. quarrv biotite 6.94 9.358x10"® 0.95 318±16

185
microgranite
Morâgy, quarry biotite

5.08
6.27

7.453x IO-3
8.930x10-5

1.00
0.99

343 ±19
334 ±15

141
granitoid
Morâgy, quarrv biotite 7.68 1.057x10-’ 0.50 323 ±13

। 535
granitoid
Morâgy, inner quarry biotite 7.57 1.061x10-* 0.91 329 ±11

321

at therailway stat ion. 
granitoid

Erdosmecske amphibole 0.246 3.388x10“’
Average age : 

0.79
334 + 11
324 ±34

332
amphibolite 
Bâtapâti amphibole 0.407 6.099x10-’ 0.86 350 ±20
amphibolite Average age : 337 ±18

1

K'/Ar ages of metamorphic rocks from the Gdrcsony horst

TABLE 3

Sa
m

pl
e.

 
N

o Locality and rock type
Dated 

mineral K %
40 \ r J-vrrad 

ccSTP/g

40 Ar Arrad
40 a r *'•* tot

Age m.y.

646

Borehole Baksa-2 
biotite-muscovite 

115 m
gneiss

biotite 8.05 9.706 xIO-5 0.99 287 + 11
645 268 m biotite 6.92 8.747x10-® 0.95 299 ±11

647 366 m
muscovitc 
biotite 6.90

1.007x10"*
8.536x10"®

0.95
0.95

309 + 11
293-1 11

648 752.9 m
muscovitc 
biotite

7.97
6.41

9.994x10"®
7.701x10"®

0.96
0.95

297 ±11
286 + 11

644 1094 m
muscovile 
biotite

7.75
7.63

1 .017x10"*
8.789X10"®

0.94
0.98

310±ll
275±11

184 Borehole Gyod-3

muscovitc

Average ages

7.79

biotite

1.014x10"*

s: 288 + 10 VI

0.96

a ; muscov

307±ll

tes 306 ±
amphibolite

amphibole 0.485

Ma

6.372.10-’ 0.68 310+14
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Both the biotite and amphibole mineral ages are interpreted as the datum 
when the rock cooled belbw its blocking temperature, which is 1—200°C 
higher for amphibole. The concordance of biotite and amphibole ages 
implies that anatexitic granitization was followed by an uplift 334± 
±11 m.y. age. By this time the granitoids reached a lower temperature 
region of the crust.

Metamorphic rocks occurring in the Goresony horst (Southern fore- 
ground of the Mecsek Mts) are reached by several deep drillings. The 
■chronologic study was concentrated on the cores of borehole Baksa-2; 
dating was done on biotite and muscovite mineral fractions (Tab. 3). The 
average biotite and muscovite ages are 288±10 m.y. and 306 ±6 m.y. 
respectively, the radiometric ages do not change systematically with depth. 
Allowing lor a possible lowering of the biotite ages in consequence of low 
temperature leaching or hydrothermal processes, no uplift rate is given 
from the difference of age and blocking temperature of the dated minerals. 
The significant difference of mineral data in the Mecsek Mts and in the 
Goresony horst indicates that- the emergence of the Mecsek Mts took 
place earlier than the uplift of the Goresony horst.

Chronology of Postkinematic Granitoids

K/Ar data measured on granitoid rocks from along the Balaton- 
Velence Mts main fault line are presented in Table 4. With the exception 
■of samples No. 744 and 745 all the rocks were colicei ed from the Velence Mts.

Monzogranite was reached by borehole Sâ.gvâr-3; its K/Ar datum 
of 259±10 m.y. obtained on a chioriiiscd biotite, is considered only as a

K/Ar ages of plutonic rocks along the Ralalon-Velencc Mts main fault line dated mineral; 
biotite and chlorilized biotite

TABLE 4

Sample 
No Localily and rock type ic %

40 \..__-XIrad
ccSTP g

40 a r•xr rad
Age m.y.40 \

•u tot

744 Borehole Sâgvăr-3 monzogranite 2.86 3.091xIO-5 0.95 259-10
711 Borehole Szekestehervâr-4.

57.8 m granițe
6.24 7.932x1O-3 0.96 280-11

649 SzekesfeMrvâr. quarry granițe 5.13 4.033xIO-5 0.70 192 ±8
602 Szekestehervâr, quarrv granițe 6.34 4.485X10-5 0.85 246 ±10
690 Szekcsfehervâr. quarry 

pegrnatite
5.66 3.805xIO-3 0.61 165±7

650 Pâkozd, quarrv granițe 4.80 2.648 x nr3 0.58 137±6
536 Sukoro, quarry granițe 5.95 7.294X10-5 0.82 291 ±11
689 Sukoro, quarry granițe 4.65 5.242x10-5 0.77 271 ±11
691 Nadap, granițe 3.69 2.959x10-5 0.63 196 ±9
743 Borehole Dinnyes-3, 777.7 m 

granodiorite
5.91 6.737x10-5 0.94 272 ±11

742 Borehole Sukoro-l.
63.85 — 63.95 m beforsilc

6.92 2.132xl0“5 0.80 77.6±3.0

745 Borehole Balaton-tenyves-1, 
603 in ton aii te

7.50 9.026.10-5 0.62 30.7±1.0
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minimum age of plutonism. The most likely assumption is that this rock 
is coeval with the Carboniferous granițe intrusions of the Velence Mts. 
This additionally implies that chloritisation resulted only in a relativele 
small lowering of the K/Ar age, therefore chloritization alone is not a 
satisfactory explanation of strongly reduced K/Ar data.

The granițe intiusions of the Velence Mts crystallized at a depth of 
4—5 km (Buda, 1980), where a fast cooling below the biocking tem­
perature of biotite can be expected. Therefore in case of undisturbed 
potassium and argon system the K/Ar data should well approximate the 
time of. granițe emplacement. As indicated by the highly discordant data 
the granițe was probably affected by the younger Eocene andesitic vol- 
eanism occurring in the Mountains. Since parțial argon loss is proved by 
unequivocal geologic evidence, even the oldest data are only minimum 
ages of granițe intrusion.

The age of granodiorite reached by borehole Dinnyfe-3 shows that 
this rock is a more basic derivative of the granițe magma.

Unâltered beforsite dykes (I. H o r v A t h, personal communica- 
tion) in granițe, penetrated by borehole Sukord-1, are considered to be 
the products of a younger magmatic activity of the Velence Mts, which is 
not in genetic connection with the granitoids.

Tonalite, reached by borehole Balatonfenyves-1, resulted in a 
very young age of 30.7±1.0 m.y. Although the possibility of some argon 
loss cannot be excluded, the real age of this rock is considered younger 
than the time of granițe intrusion in the Velence Mts, since in the Velence 
Mts even the most altered rocks are of much older age than the tonalite 
at Balatonfenyves.

The authors express their apprecîation to O. K o u v o (Finnish 
Geological Survey) for carrying out U/Pb dating.
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BY

KADOSA BALOGH2. ÂRON JÂMBOR3, Z. PARTENYIL. RAVASZ-BARANYAP
G. SOLTI2, A. NUSSZER4

Since the biostratigraphic correlation of the Pannonian s.l. formations 
in and around the Carpathian Basin is still a difficult task, the application 
of the radiometric chronologic methods has a special importance.

The systematic K/Ar dating of the Pannonian basaltic rocks started 
in 1978 on the inițiative of G. H â m o r, as a joint work of the Hungarian 
Geological Institute (MAFI), the National Trust for Oii and Gas Industry 
(OKGT) and the Institute of Nuclear Research of the Hungarian Academy 
of Sciences (ATOMKI). Sampling, petrographic as well as bio- and litho- 
stratigraphic data are provided by geologists of the MAFI and OKGT, 
while dating is undertaken in the ATOMKI.

Up to now about 80 determinations were accomplished on about 
50 samples (J âmbor et al., 1980). These samples represent all the 
stratigraphic levels where basaltic rocks occur in Hungary.

During this lecture the stratigraphic classification shown on Figure 1 
will be used. The time interval between the Sarmatian and Pleistocene will 
be regarded as Pannonian. The Pannonian s.l. sequences were formed from 
11— i2 m.y. to about 2.4 m.y. B. P. and on the basis of geologic consider- 
ations and the present radiometric data one of the authors (J âmbor) 
has concluded that 5.5 m.y. is a convenient datum for the Lower-Upper 
Pannonian boundary, which thus coincides with the Miocene-Pliocene 
boundary. These statements rely on the bio-and lithostratigraphic data 
of late years (J â m b o r, Soiti, 1975 ; B e n c e et al., 1979 ; J â m - 
b o r et al., 1981). The basalts in Hungary appear in the Lower Pannonian 
in one level, in the Upper Pannonian in three levels and in the Pleistocene 
in one level (Bâr).
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3 PETROGRAPHY AND K/Ar DATJNG OF TERTIARY AND QUATERNARY BASALTIC ROCKS 367

In Hungary the following basaltic occurrences of Pannonian s.l. 
and Pleistocene age are known (Fig. 2) (Jugovics, 1953 a, 1953 b, 
1971 a, 1971 b, 1972 ; C s e r e p e s - M e s z e n a, 1978 : K u 1 c s â. r, G u- 
z y - S o m o g y i, 1962 ; Mauri t z , Ha r w o o d, 1936, 1937 ; V i c- 
z i â n, 1965).

1. In the Danube-Tisza interfluvial area near the communities Kis- 
kunhalas, Kecel and Euzsa basalt pyroclastics and lava rocks were found 
in the Lower Pannonian (Peremarton Formation) by hydrocarbon ex- 
ploratory boreholes.

2. In the southwestem part of the Bakony Mts, according to recent 
deep drillings, the basalts are associated mostly with the middle level and 
in a smaller part with the lower and upper levels of the Upper Pannonian 
substage (Transdanubian Formation). The basalts are intercalated or 
underlain by the Upper Pannonian sediments. The lower, middle and upper 
levels of the Upper Pannonian substage are characterized by Congeria 
ungulacaprae, Congeria balatonica and Unio wetzleri, respectively.

3. In the Little Plain the basalts overflow the upper level of the 
Upper Pannonian and are covered discordantly by fluvial sediments 
which bio- and lithostratigraphically belong to the Pleistocene.

The basalts in the Bakony Mts and also in the Little Plain are slightly 
alkalic, two types being distinguished. The first type is of a slightly tholei- 
itic composition, shows a more explosive character and a Na2O>K2O 
relation is typical for it. The second type is represented by olivine rich 
varieties, the phenocrysts of which are olivine alone. They show usually 
a K2O>Na2O relation. Within a single volcanic cycle the rocks of type 1 
can be regarded as older.

4. A basaltic rock is known Southwest of the village Bâr, in the 
southeastern part of Transdanubia. According to the observations of Gy. 
H 6 n i g it overlies the Early Pleistocene red clay, which is in a lithostra­
tigraphically fixed position, and it is covered by Wurmian loess. This rock 
is an intermediate type between the alkalic basalts and alkalic intermediate 
rocks and it is classed as jumillite.

5. Northwest of the Mâtra Mts, in the northern part of the Nogrăd 
Basin a great number of basalt occurrences, extending also to South Slo- 
vakia across the state boundary, are known. These basalts overflow the 
denuded surface of Oligocene, Ottnangian and Carpathian rocks and they 
are covered with Wurmian loess. Thus only a poorly defined geological 
age can be detennined by tradițional stratigraphic methods. According to 
their mineralogical and Chemical composition these rocks are nepheline 
basanites.

During the volcanic activity in a number of cases the. basaltic lavas 
did not exchange completei y their argon content with the atmosphere; 
in this case the inițial radiogenic argon content provides a K/Ar age, 
which is older than the geologic one. This possible deviation may be recog- 
nized and usually corrected for by applying the isochron methods. We 
used the isochron methods for sets of comagmatic whole rock samples 
and for gravimetrically and magnetically split fractions of a single sample 
Unfortunately in case of several basalt occurrences the similarity of potas- 
sium and argon contenta of the collected samples baffled the determination 
of aecurate isochron ages.
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5 PETROGRAPUV AND K/Ar DATING OK TERTIARY AND QUATERNARY BASALTIC ROCKS 369

K/Ar age of l.omcr Pannonian basaltic rocks front dccp-drillings in the Danube-Tisza inlerfl uvial 
area

TABLE

Locali ty
Dated fraction o//o %

10 Ar rad 
ccSTP/g Age m.y. Stratigraphy

Kecel-l 
1432-1434 m 
whole rock 0.77 13 2.548.10 8.50±0.94]

8.47 — 0.77
Middle-Upper 
part of the

2.533.10 -7 8.45-0.94] Loww Pannonian
Keccl-2
1426 — 1426.5 ni
whole rock
Kiskunha)a$-Nv-3 
1162-116" m '

1.22 13 3.863.10 8.13 ±0.71 Uncertain

whole rock 1 .98 24 7.205.10 9.35±0.68
■ 9.6t±0.38

Middle-Upper 
part of the

grea tei- sp. 1.71 25 6.447.10 9.68 • 58 Lower Pan no-
gravity fr. 
lighter sp. 2.12 22 8.065.10 "7 9.77±0.71 nian

gravity fr. 
Kuzsa-4
2657 — 2666 m 
whole rock 
decomposed)

0.68 7.8 2.753.10 10.4-1.8 Uncertain

On table K/Ar data which were obtained on Lower Pannonian 
basalts are summarized. Isochron ages of acceptable precision could not be 
determined. The difference of absolute ages indicates a longer volcanic 
activity, and this conclusion is supported by volcanic tuff layers appearing 
in different levels in the Lower Pannonian Sediments. The basalt from 
borehole Ruzsa-4 overlies discordant ly the Badenian sequenees and its 
cover is Lower Pannonian. The rock is strongly decomposed, the K/Ar 
data, which approach well the assumable geologic age, imply a syngenetic 
decomposition.

The isochron age of jumillite near Bar is 2.17±0.17 m.y. (Fig. 3 a).
The basalt occurrence near Puia provided an isochron age of 4.25 ± 

0.17 m.y. (Fig. 3 b). In this area the basaltic tuff production started in the 
lower level of the Upper Pannonian substage. The basalts dated by us 
poured out at the end of the Congeria balatonica level and are covered with 
alginitic diatomaceous sediments belonging to the Unio weteleri level.

The borehole Kapolcs-1 penetrated three basalt flows. On geological 
considerations the second flow is regarded to be coeval with the basalt 
at Puia. This conclusion is supported by a K/Ar age of 4.33 ±0.44 m.y. 
The isochron age of the oldest basalt flow is 4.66+0.36 m.y. (Fig. 3c) and a 
sample from the upper basalt flow provided an apparent age of 3.93±0.35 
m.y. Thislatter flow is in or over the Uniowetelerilevel. Thus a good agree- 
ment could be established between the. litho- aud biostratigraphic obser- 
vations and the radiometrie data in the basalt area near Puia and Kapolcs.

24 — C. 79

Institutul Geological României



370 K. BOLOGH et a|.

4

Institutul Geological României



PETROGRAPHY AND K/Ar DATING OF TERTIARY AND QUATERNARY BASALTIC ROCKS 371

fig
- 3.

 a, 
b.

 c, 
cl
, e, 

f, g
, h,

 î. —
 Ise

ch
ro

n d
ia

gr
am

s of
 K/

A
r d

al
a.

Institutul Geological României



372 K. BALOGH et al. 8

According to an i ochron age of 3.45±0.23 m.y. (Fig. 3 d) the basalt 
of Badacsony hill has been formed in the Unio wetderi level.

A single sample age of 2.94±0.34 m.y. has been obtained on the 
basalt of Halâp hill. This youngage confronts with stratigraphic and petro- 
graphic data (its basement belongs to the Congeria balatonica level and it 
is an olivine iich variety), according to which an older age has beenexpected.

4 samples have been dated from the Somlo hill. 3 points fit a straight 
line defining an isochron age of 2.98±0.19 m.y. (Fig. 3 e). The fourth 
sample. coming from the lower part of borehole Doba-3, provided an older 
apparent age. This sample may contain excess argon or it may as well be 
the product of the older volcanic activity. since its basement belongs to 
the Congeria balatonica level.

Subvolcanic basalts were dated from Uzsabânya and the quarries 
of Siimegprâga and Bazsi. An approximate value of 3.41±0.84 m.y. has 
oeen obtained for the samples of Uzsabânya; this is not an isochron age 
bince the scatter of points around the straight line is greater than it would 
sollow from the analytical errors. The joint isochron age of rocks from 
Siimegprâga and Bazsi (2.79±0.29 m.y.) is interpreted as the time of 
basaltic magmatism (Fig. 3 f).

In the Little Plain the dated basalts come from boreholes near 
Râbaszentandrâs, Marealtd, Malomsok and Vârkeszo. Out of 7 samples 
5 fit a straight line and define an isochron age of 4.25 ±0.32 m.y. (Fig. 3 g). 
This age appeared to be too old, since the basalts are in or over the Unio 
wetzleri level. As a control, on a sample from borehole Marealto-l a single 
sample isochron age has been determined. A similar age of 4.15±0.34 m.y. 
has been obtained, indicating that, at least in this area, the formation 
of the Unio wetzleri level started before these dates. This is in full contra- 
diction with paleogeographic considerations, since also in the Upper Pan­
nonian the real basin was being in this area and not in the Bakony Mts.

The age of basalt volcanism in the Nogrâd Basin has been studied 
by dating 4 samples in the vicinity of Somoskoujfalu. Due to the Chemical 
composition the 40Ar/36Ar—K/36Ar isochron age is imprecise (2.49 ± 
0.93 m.y. fig. 3 h). The 40Arr!l(1—K isochron age is 2.3 m.y. (Fig. 3 i). The 
error of this age, as calculated from the analytical errors, is 0-94 m.y., 
but it is only 0.16 m.y. whenit is deduced from the scatter of points around 
the fitted line. It is likely that analytical errors were overestimated in 
this case, and an age of 2—2.5 m.y. is advocated for the basalt volcanism. 
This is supported by the radiometric study on neighbouring Slovakiau 
territories, where similar K/Ar data have been obtained. In Slovakia, 
however, basalts as young as 1.4 m.y. have been found too (B al o gh 
et al.).

Summarizing the previously presented data it can be concluded that 
this K/Ar study contributed to a better age detennination of the Panno­
nian s.l. sequences (i.e. sequences between the Sarmatian and Quaternary) 
in the Carpathian Basin. The radiometric data do not contradict the opin- 
ion of paleontologists, who correlate the Sarmatian-Pannonian boundary 
with the Lower-Upper Bessarabian boundary and estimate this age as 
11—12 m.y. The radiometric data do not contradict the supposedcoinci- 
dence of Lower-Upper Pannonian and Miocene-Pliocene boundary. Owing 
to the difficulties of collecting suitable samples and the interpretation of 
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radiometric data and to the uneertainties of stratigraphic correlation, the 
age determination of faimal and lithostratigraphic levels of the Upper 
Pannonian could. not be accomplished up to now.
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DES DATATIONS K-AR CONCERNANT SURTOUT LES 
MAGMATITES SUBSfiQUENTES ALPINES DES MONTS APUSENI1

1 Note presentec au 12eme Congres de l’Association Geologique Carpatlio-Balkanique 
8—13 septembre 1981, Bucarcst, Roumanic.

2 Institut de Geologie ct Geophysiquc, str. Caransebeș!, 78344 Bucarcst, Roumanic.

PAR

MARJA LEMNE2, ELEONORA VlJDEA2, M1RCEA BORCOȘ 2.
ANCA TĂNĂSESCU2, OLI VIA ROMANESCU 2

Les rAsultats des etudes geochronologiques des demieres cinq a nnee 
s’accordent partiellement â l’image (position temporelle des roehes erup 
tives examin6es) offerte par les colonnes stratigraphiques test^es, en four 
nisant de nouvelles donn^es sur la presence d’autres 6tapes (phases) mag- 
matogendtiques alpines sur le territoire des Monts Apuseni (fig. ).

Les d^terminations faites sur des roehes plus anciennes — prdalpine 
(schistes cristallins, granites, pegmatites) appartenant au meme ar6a 
g^ologique-structural sont utilisăes comme elcments demonstratifs pour 
relevant â l’dchelle du temps, sans ăucun doute et inanifestement, les 
cons^quences des effets r^gionaux de la rdgen^ration magma ti que, tectono- 
magmatique ou exclusivement tectonique alpine.

Les d&erminatidns ex6cut6es par la m^thode de la dilution isoto- 
pique, dans le laboratoire de l’IGG, sur la roche en totalite, biotite et 
muscovite (tabl. 1, 2, 3, 4, 5, 6), ont aide â estimei- et reconsidere!- 
l’âge :

1. des produits volcaniques tertiaires des Monts Metalliferes :
2. des roehes intrusives banatitiques crdtacd superieur-pal^ocenes 

du cristall in du Gilău (Monts Apuseni du nord);
3. des roehes eruptives mesozoîques (?) oceurrant comme blocs 

dans les formations m&sozoîques du bassin de l’Ampoi (Monts Metalli­
feres) ;

4. des roehes eruptives intrusives mesozoîques de l’areal â l’activite 
magmatique du type Vorța-Dealul Gliganul-Dealul Mare (Monts MStal- 
liferes — zone meridionale ccntral-occidentale).

On releve aussi les determinations de l’âge convenționalei de certaines 
roehes imîtamorphiques, granites et pegmatites du cristallin du Gilău 
d’âge cambrien et des volcanites permiennes des Monts Codru-Moma.
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1. Les volcanisme tertiaire

Les determinations sur les volcanites badeniennes et post-bade- 
nieunes (fig-., tabl. 1) placent les produits entre des limites rapproehees 
de l’intervalle d’âge etabli par des informations geologiques directe». Nous 
envisageons partiellement la phase des andesites quartziferes de Barza 
et premierement la phase des andesites sarmatiennes de Săcărîmb

Fig. — Monts Apuseni — la loealisation des formations datecs par la methode du K-Ar.
1, volcanites tertiaires; 2, molasse tertiaire; 3, banatites; 4, l’alignement tcctonomagmatique 
Vorța-Dcalul Mare-Vălișoara; 5, formations sedimentaires mesozoîques; 6. molasse permienne; 
7, rhyolites permiennes; 8. basaltes permiens; 9, areal avec les occurrcnces de pegmatites; 10, 
granites; 11, roches metamorphiques. A, le schema simplific dc Fevolution du volcanisme neo­
gene dans les zones Brad-Săcărimb et Zlatna : 1. andesites quartziferes du type Cetraș; 2, ande- 
sites-andesites quartziferesdu type Săcărîmb; 3, andisites-andăsites quartziferes du type Barza ; 
4, formation volcano-stdimciitaire andesitiquc badenien supericur-sarmaticnnc; 5. molasse ter­
tiaire (conglomerats, graviers aux intcrcalations de marnes, argiles et sables); 6, andesites-ande- 
sites quartziferes des types Clinei el Pleșa ; 7, andesites du type Fața Băii; 8, rhyolites. rhyoda- 

cites-ignimbrites; 9, formations sedimentaires cretacees.
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( ~13,5 m.a.) et celle des andesites quartziferes de Cetraș qui semblentat- 
teindre la pârtie superieure du Pliocene (5,36 m.a.). Les effets superposes 
de, reactivat ion tectono- volcanique exerces â 1 ’interieur des memes structures 
volcaniques complexes y resultees — le râgime thermique et la composi­
tion des roches etant modifies aussi par l’alteration hydrothermale et la 
mineralisation — restreignent d’une maniere variable et souvent confuse, 
la valeur des determinations; les âges isochrones sont acceptes comme 
valeurs minimums. Un exemple edifiant dans ce sens est offertparlesande­
sites quartziferes de Cîinel et les dacites de Pleșa. L’âge conventionnel 
(9,4—12,9 m.a.) ne correspond pas â leur position stratigraphique dans le 
Badenien moyen. II en resulte aussi que celles-ci sont anterieures aux 
andesites quartziferes de Barza qui les surmontent et qui sont, â leur tour, 
intensement reactivees au point de vue magmatotectonique et metallo- 
genetique par la generation d’une serie de corps sous-volcaniques, vers la 
fin de la phase. Les âges conventionnels des andesites quartziferes de Barza, 
determini sur un nombre reduit d’echantillons, varient entre 9,6 et 22,4 
m.a. et marquent en general le domaine de leur position stratigraphique 
— Badenien superieur-Sarmatien inferieur.

Particulieiement interessants sont, les resultats des determinations 
faites pour les produits qui representent le debut de l’activite volcanique 
tertiaire, c’est-â-dire les rhyolites et les andesites couvertes par l’horizon 
des conglomerata de Fața Băii, consideres d’âge badenien inferieur. L’âge 
isochrone obtenu pour ies andesites est d’approximativement 30 m.a. et 
pour les rhyolites ignimbritiqu.es est de ~ 39 m.a. On remarque ainsi dans 
les bassins du Techereu et de Pătrînjeni-Zlatna la presence d’une phase 
volcanique (mâgmatique) oligocene-eocene et en meme temps la necessite 
de reconsiderer la position stratigraphique de ce qu’on appele“l’horizon des 
conglomdrats de Fața Băii suppose d’âge badenien inferieur”. Celui-ci 
pourrait representer egalement un niveau rouge plus ancien de conglome­
rata eocene-oligocenes.

2. Les roches intruși ves banatitiques et les effets de la mațimatogenese 
banatitique du Cristallin du Gilău

La plupart d’echantillons analysds (tabl. 2) provient de la zone de 
Băișoara, situee au contact est du Cristallin du Gilău(fig.) ;celle-ci contient 
des roches eruptives tres variees (dacites, andesites quartziferes, diorites 
quartziferes et granodiorites) formdes durant une etape courte d’evolution 
cretace superieur-paleocene ou parfois simultanement du aux processus 
de differentiation du stade final de consolidation des corps intiusifs. 
L’âge isochrone de ces roches-lâ qui engbbent aussi deux autres echantillons 
â position plus eloignăe, vers 1’int‘rieur du massif cristallin (les vallee s 
Terții et Someșul Rece) indique 64,79+0,97 m.a. Par rapport aux banatites 
du massif de Vlădeasa, dont l’âge isochrone est de 78,89 m.a. et dont les 
âges conventionnels varient entre 74,89—41,68 m.a., indiquant une acti- 
vite magmatique subsdquente subhercynienne et laramienne de longue 
duree — cretac6 superieur-paleocene (Romane seu et al., 1981), les 
banatites du Cristallin du Gilău sont plus jeunes — paleocenes — et ont 
ete generees vers la fin de la magmatogenese laramienne.

L’influence de la magmatogenese subșequente ^hanatitique et de la 
tectogenese laramienne sur le massif cristallin du Gilău a etd d’une grande 
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ampleur. Les nombrcuses occurrences de roches eruptives (rhyolites, daci- 
tes, andesites, diorites), la presence des zones de fracturation regionale y 
associees, les valeurs tres reduites obtenues pour les roches metamorphiques, 
les granites et les pegmatites de cette unite-lâ (fig.) attestent sans doute 
rexistence des processus surtout magmatiques, suggeres d’ailleur par les 
donnees geophysiques recentes (A n dr e i et al., 1980). En 1966, en utili- 
sant la methode du K-Ar — la variante volumetrique on a obtenu dans les 
laboratpires de 1’1 GG (Lemne et al., fide I ano viei et al., 1969, 
1976) un âge de 522 m.a. Des investigations ulterieures (Minzatu et 
al,, 1967; Soro iu et al., 1969) faites sur la biotite, la muscovite et le 
feldspath potassique des granites, ont indique des âges conventionnels 
variant entre 70 et 184 m.a. et entre 89 et 232 m.a. respecțivement. I a n o- 
vi ci et al. (1976) concluent que “le rajeunissement” alpin des granites 
est du aux charriages cretaces bien qu’aux intrusions banatitiques. Les 
valeurs des determinations obtenues (tabl. 3) pour les granites de Muntele 
Mare indiquent des âges qui varient entre 70,5—109,0 m.a., tandis que 
celles pour les produits des roches metamorphiques de la zone banatitique 
de Băișoara attestent un âge de 63,1—76,2 m.a. Les memes observations 
sont valables pour les pegmatites de cette unite : les âges conventionnels 
obtenus sur 11 echantillons de pegmatites varient entre 68—140,9 m.a.

Les determinations mcttent en evidence des effets thermiques de 
tres grande ampleur et au developpement regional, lies aux processus mag­
matiques subsequents alpins. Le rang des valeurs determinees suggere que 
ces processus-lă pourraient etre lies â la phase subsequcnte banatitique 
laramienne ou mâme â celle subhercynienne. II en resulte aussi qu’on ne 
peut pas determiner l’âge inițial des granites, pegmatites et des roches meta­
morphiques par la methode du K-Ar ă cause des pertes partielles de l’argon 
radiogenique.

3. Remarques preliminaires sur l’âge des blocs de granites, grano- 
diorites, quartediorites et diorites remanies dans les depots sedimentaires me- 
sozo'iques du bassin de VAmpoi (Monts Metalliferes) (fig.)

La presence des blocs de rocheș eruptives mentionn6s ci-dessus, quel- 
quefois â dimensions mâtriques, reste un probleme â resoudre. Jusqu’a 
prâsent on n’a pas identific ni leur source ni leur âge. Les âges conventionnels 
d^termines sur des roches entieres de Valea Mică (Zlatna) varient entre 
75,7 et 150,2 m.a. (tabl. 4). Sans qu’on exchit la possibilitâ d’une magma- 
togenese subhercynienne comme source gendratrice, il y a aussi la possi- 
bilite que cette valeur soit plus grande et qu’elle correspond ă une phase 
magmatique crdtace inferieure. La position actuelle des roches renvoie aux 
transformations mecaniques et chimiques qui finissent par des pertes en 
argon radiogenique. La determination de l’âge par l’angle d’extinction du 
quartz des blocs de granites indique des valeurs de 130—140 m.a. (M. B ă- 
1 a n fide Borcoș et al., 1980) attribuant cette phase au debut du 
Neocomien.

4. Donnees sur l’âge des roches eruptives du type Vorța, Dealul Gli­
ganul et Dealul Mare (Monts Metalliferes — zone meridionale central- 
occidentale )
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11 y a certains reperes geologiques et geophysiques (B o r coș et 
al., 1979) qui marquent une relation cogAnetique entre Ies types de roches 
mentionn6s ci-dessus. Ainsi, Ies resultats des determinations isotopiques 
obtenus jusqu’ă present pour Ies andesites quartziferes et Ies dacites de 
Dealul Gliganul pourraient etre generalement valables pour Ies quartz- 
diorites et granodiorites aux indices metal logenetiques des zones de Vorța 
et Dealul .Mare. L’âge isochrone calculă pour Ies dacites et Ies andesites 
quartziferes de Dealul Gliganul (tabl. 5) est de 123,32^1,76 m.a. Ainsi 
on mentionne, pour la premiere fois, â base des donnees geochronologiques 
(K-Ar), des manifestations magmatogenetiques post-kimmeriennes nou- 
velles dans Ies Monts Metalliferes, appartenant â l’intervalle Valanginien- 
Hauterivien.

Par corroborant ces observations-lâ avec l’image structurale pre- 
neogene des Monts Metalliferes, recemment obtenue par la correlation 
des donnees g^ologiques-geophysiques (B or coș et al., 1979), on arrive, 
ă la conclusion que l’alignement teetonomagmatique oriente |B0 (fig. ) 
contenant Ies corps intrusifs detectes par la geophysique â Vorța, Dealul 
Mare el Vălișoara ă l’est, n’appartient pas au systeme banatitique. Ces 
domtees-lâ indiquent aussi d’autres intervalles de temps qu’il faut accepter 
et analyser meme si â premiere vue ils sont incompatibles avec Ies schema» 
classiques d’evolution magmatogenetique realises pour le territoire eu 
discussion.

5. /nformations prțUmina ires suppUmentaires
On a analyse deux echantillons de rhyolites et un echantillon d 

spilite (tabl. 6)en vue de verifier Ies effets des processus de rajeunissemen- 
subis par Ies volcanites permiennes acides et basiques entraînees, â cot 
de la molasse permienne qui Ies englobe, dans la tectonique de grande ame 
pleur des A’appes de Codru. Les âges conventionnels determin.es, reiative- 
ment rapproches, varient entre 88,4—105,4 m.a. Celui-ci est un exemple 
manifeste de regeneration alpine des roches druptives pendant une phase 
autrichienne, peut-etre aux effets subhercyniens, dont les effets mecani- 
ques et les modifications physico-chimiques (fractura,tion, lamination, 
metamorphisme de debut — recrystallisation) ont changele eontenu inițial 
en argon engeandrant une difference d’environ 154 m.a. Selon leur position 
dans la colonne stratigraphique, l’âge de ces valeurs-lâ serait d’environ 
250 in.a.

Conclusion 8
En tenant compte de ce que nous venons de presenter, on envisage 

les suivants:
— l’existence d’une phase magmatique aux implicat ions metallo- 

genetiques pendant l’intervalle de temps eorrespondant au Neocomien 
dans les Alonts Mâtalliferes ;

— d’eventuelles implications magmatogenetiques de la phase sub- 
hercynienne dans les âlonts M6talliferes similaires aux situations consta- 
t6es dans les Monts Apuseni du nord -,

— l’âge eocene-oligocene des rhyolites et des andesites de Fața Băii 
(consid^rees bad6niennes);

determin.es
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— Ies effets regionaux tect oniques et inagmatiques de rajeunissement 
alpin des roches prealpines ; les âges obtenus se situent au niveau de prin- 
cipales phases de tectogenese et magmatogenese subhercynienne et lara- 
mienne.

Nous remarquons aussi que les âges conventionnels pour les roches 
qui ont subi des processus tectonomagmatiques et metallogenetiques, dimi- 
nuent graduellement. La regeneration (rajeunissement) est condiționale 
aussi par l’intensite des phenomenes. Dans ces cas-lă, l’effet final rend im- 
possible l’obtention des âges initiaux des roches prealpines par la methode 
isotopique dti K-Ar et mine ă prendre les precautions necessaires pour 
interpretei’ les valeurs ainsi obtenues pour les roches alpines.
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BY

LAZĂR PAVELESCU2, GHEORGHE-OCTAVIAN POP3, IULIAN ENEL 
GHERGHE POPESCU4

The Southern Carpathians display a very complex structural frame- 
work, with differences in individual zones, dominated by the Getic- 
Nappe. This large scale structural zone of the Romanian territory consists- 
dominantly of Precambrian and Low Paleozoic metamorphic roeks asso­
ciated with many granitoid and ultrabasic roeks intrusions. Acrustal thick­
ness of about 50 km results from the axial zone gravity data, by comparison 
with the Transylvanian Depression — about 35 km thick — and the 
Moesian Platform — about 30-35 km thick. The most significant geologieal 
element of the Southern Carpathians is expressed by the coincidence of 
different structural elements (faults, folds, cleavages and foliations) and 
by the main trend of this range regardless of the complexes age (either old 
or new). Also the granitoid intrusions (Assyntic, Caledonian) exibit in 
most cases an elongated form paralleling the main range trend.The Carpat­
hians main trend is strictly followed by the main fold axes. It is worth 
noting the presence of the syncline iiifilled with the obvious schistous 
Tulișa Series. Regarding the above statements one must concede that old 
structures were affected by a radical readjustment and a basic rejuvena- 
tion during the Alpine movements. Some tracks of an oceanic crust zone 
are concealed under the marginal basin (Getic Depression) in the transition 
zone, between the Moesian Platform and the Danubian Autochthon. The 
presence of an oceanic crust zone, which could have possibly disappeared 
by subduction, is suggested by the great structural differences of the 
Moesian Platform and the Danubian basement, proving an independent 
geologieal evolution. The transition from an oceanic zone existing between 
the Danubian Authochthon andthe Getic Domainis attested by the presence 
of the Severin Nappe deposits (flysch, Wildflysch and diabases). The 
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oceanic crust zones disappeared following the subduction processes, 
though sometimes t he ophiolites slices overthrust the continental basement. 
The compressive forces accounted for the development of the Getic Nappe. 
Iu order to point out these parallel structures and textures one must 
concede that, beside block rotation movements, there are also tectonic 
flows during the Alpine movements. In between the intensive flow zones 
there are sections where old stiuciuies are mostly preserved. It is the case 
of some isometric contours and massive texture granitoid bodies or the 
case of some metamorphic rocks whose absolute age is at least synchro- 
nous with the age of the piercing granitoid bodies. The Alpine tectonic 
movements in the crystalline basement are proved by the results of radio­
metric measurements. These measurements illustrated the pre-Assyntic, 
Assyntic or Caledonian age rejuvenation, which took place exclusively 
during the Alpine orogeny.

The Danubian Autoehthon

From the point of view of the lithostratigraphic, metamorphic and 
tectonic regimes, three metamorphic series were separated in this tectonic 
unit : the Drăgșan Series ineluding the two complexes (the amphibolites 
and the sericite-chlorite complex); the Lainici-Păiuș Series and the Tulișa 
Series. One consider» that the first two lithological series formed during 
the Upper Precambrian B (850^50—375 m.y.) i.e. during the Assyntic- 
Baikalian orogeny ; they formed in the metamorphic regime of thealman- 
dine-amphibolite facies, albite-epidote-amphibolitic facies respectively.

Within the Drăgșan Series amphibolitic complex one notices massive 
or banded amphibolites, gârneț and epidote amphibolites, biotite or gârneț 
amphibolitic schists, amphibole gneisses, marble-like limestones with many 
serpentinite concordant intercalations, metadiorites and metagabbros. 
The granitization of these complexes occurs as the granitoid rocks cut 
them across as veins. The sericite-chlorite complex ismade up of sericite- 
chlorite schists, quartzites, chlorite gneisses and epidote-albite-actinote- 
chlorite-schists. The structures of these rocks point out epiclastic relicts 
— oecurring in the lowest horizons of the complex — and fine pellitic 
pyroclastic relicts interbedded with epiclastic rocks — oecurring in the 
upper horizons of the complex. The rocks belonging to the two comple xes 
are obviously overprinted by retromorphism.

The Lainici-Păiuș Series is made up of metamorphic rocks; their 
structures, textures and mineral assemblage point out a genesis from 
epiclastic deposits in the amphibolite facies metamorphic regime. By mig- 
matization aud granitization the micaceous schists, the quartzites and the 
granitic gneisses enrich in feldspar and gradually pass to grano-gneisses. 
Within these metamorphic rocks one notices many apophyses of the gra­
nitoid bodies and aplite-pegmatite intercalations? The Lower Paleozoic 
Tulișa Series is made up in the lower part of metaconglomerates followed 
by quartzites, crystalline limestones, tuffogenous green rocks with cipo- 
line limestone intercalations and various phyllites (sericite, graphite, 
etc types). Within the first two metamorphic series one notices many 
synkinematic, postkinematic granitoid bodies of Baikalian-Caledonian 
age.
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Figure 1 illustrates the isotopic ages of the granitoid rocks intiuding 
the metamorphic basement made up of the Drăgșan and Lainici-Păiuș 
metamorphics (Fig. 1).

These. range — according to the K-Ar method of dating — between 
656 m.y. (Assyntic) and 104 m.y. (Neokimmerian). Within the bodies one 
notices that the Petreanu granitoids (656 m.y.) are the oldest, followed in 
chronological order by the Tismana granites (580 and 110 m.y.), the Șușița 
type (524—256 m.y.) the Sfîrdinu granițe (372—148 m.y.), the Ogradena 
granițe (335—186 m.y.), the Cherbelezu granițe (321—150 m.y.), the

Fig. 1.— The isotopic age evolution in some granitoid bodies and 
crystalline schists of the Danubian Domain.

Retezat (207—137 m.y.) and the Muntele Mic granites (300—241 m.y.). 
From the geostructural elements and the mutual relations point of view 
the Tismana type porphyroid granițe is thought to be much younger than 
the intruded Șușița granițe. If the Tismana granițe type is related to the 
Baikalian orogeny, the Șușița type must be related to the Assyntic one. 
The 524—256 m.y. ages are due to the thermal effects undergone by rocks 
during both the Caledonian and the Hereynian orogenies. The other bodies, 
nameîy Sfîrdinu, Cherbelezu and Retezat are all overprinted by Hereynian 
orogenies. The Ogradena granitoid also presents Old Kimmerian isotopic 
ages, and the Cherbelezu and the Retezat granitoids present Neokimmerian 
ages. The Petreanu granitoid body shows a great range of ages —656 — 
104 m.y. (from Assyntic to Kimmerian) — and the Pietrii Peak body 
presents a range between 280—94 m.y. (from the Hereynian to the Austrian 
phase). Figure 1 illustrates the long time activity of the Petreanu and Tis­
mana bodies, the more restricted one of the Șușița, body (between Cale­
donian and Hereynian) and the most restricted one of the Retezat body 
(Ol d-Neokimmer ian).

The presentation of Figure 1 is not at its best because only lo deter­
minations were effected for the Petreanu body, 25 for the Tismana body, 
26 for the Șușița body and merely 3 for the Retezat body. Therefore it is 
reasonable to hold that all granitic bodies were strongly affected by the 
Alpine orogeny. Concerning the Danubian Autochthon metamorphic rocks 
(Tab. ) one notices that only a few of them were subject to absolute age 
determinations — the Drăgșan Series respectively, especially in the Pe-
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TABLE
Types of isolopicalhj analtjscd rocks

Unit or erup­
tive body

An a- 
lysed 
Sam- 
ple

Sample 
loeation Rock

The isolopic geological age

K/Ar Rb/Sr U/Pb 
Pb/Pb

The Danubian Doinain

Mesometa- 
morpbic 
crystalline

29 Eșelnila. Mraconia. 
lardașița Valley

Amphibolite
Gneiss

103-305
104-656

Epimetamor- 
phic crystal­
line

30 lardașița, Mraconia, 
Sfirdinu Valley

Chlorite-scricite 
schists
Quartz-albite-chlo- 
rite schists 
Amphibole schists

89-306

123-128

103-448

266

Synorogen 
magmatisin

112 Muntele Mic, Rete­
zat, Sfirdinu, Cher- 
belezu, Ogradena, 
Șușița, Olteț Mts

Granitcs 
Granodiorites 
Diorite 
Adamellite 
Porphyroids 
Pegmatite 
Lamprophyres 
Kerssantile- 
Spessartite 
Diabases

150-580 
94-370

127-411 
241
148-162 
362-400 
181-229 
153-183

160-239

256-393

Postorogen 
magmatisin

53 Suinmit Pietrii 
Șucu Suinmit, Tis- 
mana, Novaci (Pa- 
ring) Lotru, Vilcan

Granites 
Granodiorites 
Diorites 
Metadiorites
Pegmatites

110-518
223-537 

94
155-183 
115-207

140

140

605

The Getic Doinain

Crystalline 
schists

169 Semenic, Sebeș, 
Lotru, Godeanu, 
Cibin, Făgăraș, 
Leaota, lezer- 
Păpușa, Poiana 
Ruscă Mts

Gneiss 
Paragneiss 
Micaschists 
Amphi bolites 
Pegmatite 
Migmatite 
Chloritc schists 
Quartz schists

124-425 
64-426

149-321 
168-330 
115-273 
154-313 
150-370 
102-317

838
1,000-1,100

Magniatisin Sichevița, Poneasca, 
Albești, Timiș.
Criva, Birsa, Ciclo- 
va-Oravița

Granițe
Metabasalt porphyry

Granodiorite

302-475 116-185
66-68

67-72

328-620
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treanu-Retezat and Almaj areas. The oldest rocks are the Poiana Mărului- 
Caransebeș and the Almaj Mts amphibolites (448 and 388 m.y.); these 
■ages correspond to the Caledonian orogeny; the youngest rocks Avould 
be the chlorite-sericite schists (102 m.y.) and their ages Avould correspond 
to the Neokimmerian orogeny. It is Avorth noting that the Drăgșan Series 
metamorphic rocks undenvent intensive changes during the Caledonian, 
Hercynian and Kimmerian orogenies.

The data in Figure 1 and Table point out that Avithin the Danubian 
Autochthon geologica! complexes (granitoid bodies, the Drăgșan Series 
.metamorphic rocks) the last K/Ar ratio changes took place during the 
Alpine orogeny (Neokimmerian).

The Getic Nappe Metamorphic Rocks

Ori the maps of the Geological Institute the Getic Nappe metamor­
phic rocks (Tab. ) of the Sebeș-Lotru Series are included in the Upper Pre- 
cambrian A (1600—850 m.y.) and the epimetamorphic series is included in 
the Lower Paleozoic (320 m.y.). The Sebeș-Lotru metamorphic rocks con­
sist of various gneisses and micaschist types interbedded Avith quartzites, 
amphibolites, pegmatites, aplites, migmatites, serpentinites, eclogite 
and granitoid rocks. The epimetamorphic series is made up of sericite- 
chlorite schists interbedded Avith marble-like limestones, quartz-schists, 
amphibolites and others. Within the Sebeș-Lotru Series metamorphic 
rocks the K-Ar gneiss age determination reveals values ranging betAveen 
426—150 m.y., compatible Avith the Caledonian and respectivei}’ Alpine 
Old Kimmerian orogenies. The Rb/Sr absolute age determination Avould 
be equivalent to 838 m.y., that is the Dalslandian. An U/Pb analysis of 
the Bota Valley gneiss type zircon crystals indicated an age ranging be- 
tween 1,000—1,100 m.y., thus ascertaining the Dalslandian age of these 
schists. The 206 m.y. age indicates that they Avere affected by different 
■orogenic phases, undergoing various K-Ar ratios changes. The last phase 
took place during the Old Kimmerian orogeny. Regarding the epimeta­
morphic series schists, the oldest onesare notably the Muntele Mic-Poiana 
Rusca chlorite sericite schists (370 m.y. age), belonging to one of the 
Caledonian orogenic phases. The youngest ones Avould be some. chlorite- 
sericite schists, occurring on the Mănăstirii Valley and at lazuri-Poiana 
Rusca (135 m.y. age), belonging to the Alpine orogeny (Neokimmerian). 
One should mention that some metallic sulphide mineralizations included 
in the chlorite-sericite schists, exhibit a Rb/Sr determined absolute age 
ranging from 780 m.y. to 280 m.y. (the Teliuc galena, the Muntele Mic 
galena respectivei}'). The Boul Summit iron ores assoeiated Avith the bana- 
titic metasomatosis indicated, by U/Pb-Pb/Pb determination, an age 
ranging between 185—152 m.y. The granitoid bodies dispersed among the 
lezer-Păpușa and Leaota metamorphic rocks exhibit a discrepancy. 
Concerning this assumption one might remark that the Albești granițe 
determined by the K/Ar method, indicates an age of 477 —302 m.y. (that 
is Caledonian-Hercynian), while the intruded rocks are 352—175 m.y. 
old (the Iezer amphibole schists and the Bădeanca Valley paragneisses 
respectivei}’), therefore belonging to the Hercynian, Alpine orogeny 
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respectively (OI<1 Kimmerian). The granitoid bodies intruding the Sebeș- 
Lotru Series metainorphic rocks (Criva-Poiana Rusca-Slatina, Sichevița, 
Poneasca) show various ages. Thus the K/Ar determination of the Criva 
body revealed a 329 m.y. age, and the U/Pb and Pb/Pb determinations of 
the Poneasca and Sichevița. bodies revealed an age of 620 m.y. and 350 — 
328 m.y. respectively, evidence for the Assyntic and Baikalian orogenic 
phases. The Rb/Sr determination of the Bîrsa-Fierului Valley, Morișoara, 
Răchiții granițe bodies revealed an age of 185—116 m.y.—evidence for the 
Alpine orogeny (Kimmerian).

The different magmatic rocks significant for the Sebeș-Lotru Series 
showed the following ages: 346—124 m.y. (the Cozia ocellar gneiss); 
313—285 m.y. (the Brebu migmatites); 273—115 m.y. (the Lotru Valley 
pegmatites): 235 m.y. (the Căpîlna-Sebeș ocellar gneisses); 135 m.y. the 
Dobreiașu Valley pegmatoids (Fig. 2).

Figures 1 and 2 obviously illustrate that the Sebeș-Lotru Series 
metainorphic rocks are the oldest — exhibiting a very long development 
(from the Dalslandian to the Alpine-Old Kimmerian), ivirile the Drăgșau 
Series developed since the Assyntic till the Alpine (Neokimmerian). Re- 
garding the granitoid bodies, the Petreanu body mostly overlaps the 
Drăgșan Series metainorphic rocks — in both emplacement and develop­
ment. A slight drift value is noticed for the Tismana body, estimated as 
younger than the Șușița body. The latter developed along 260 m.y. com- 
pared to the Tismana and Petreanu bodies which developed along 470 m.y. 
and 550 m.y. respectively. The Ogradena and Cherbelezu bodies recorded 
an almost parallel development (470 m.y. and 170 m.y. respectively). 
The Muntele Mic and Retezat bodies recorded shorter developments 
(50 and 8o m.y. respectively). The isotopic dating reveals that the internai 
and externai bodies had an early emplacement and a long evolution (Pe- 
treanu in the northern part and Tismana in the Southern part) and the 
central bodies were emplaced later and generally had shorter evolutions. 
In the Getic Domain, the Sebeș-Lotru metainorphic rocks had a 900 m.y. 
evolution and the epimetamorphic series metainorphic rocks had a 200 m.y. 
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evolution. The migmatization and pegmatization proccsses developed 
along 120 m.y. and 150 m.y. respectivei y. A subject stil] open for discussion 
is that of the metamorphic mineralizations of the epimetamorphic series 
— especially the polymetallic sulphides-emplaced 400 m.y. before their 
host rock and developing along a period of 500 m.y. — a longer period 
of evolution than that of the host rocks. The discrcpancy is mainly due to 
different methodologies. The age of the epimetamorphic series meta­
morphic rocks was determined by the K/Ar method, and the age of the 
mineralizations vas determined by the Rb/Sr method.
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rEOXPOHOJiorwH loro-SAHA/țoro kpah boctcbiho- 
EBPOIIEHCKOH IIJlATOOPMbl1

1 PaSora Sujia npencTaBacna na XII-om Koarpecce KapnaTO-EanKaiicKoîî feo.no- 
rînrecKOii Accomiamm, 8—13 ceuTnOpa 1981 r., ByxapecT, Pvmmuhh.

2 CCCP.

II. n. CEMEHEHKO2

BocTO'iHO-EBponeiicKaH njiaT$opMa Banonniuia cBoe paaBimie 1100 — 
1200 mjih. jwt tomv iiaaan. K aanajțy ot iipan BocTOHuo-EBponeitcKOH njiai- 

ipopMbi, npoxonHuiero napaJiJieJibiio IIpenKapnaTCKOMy npornQy, HaminaH 
ot ([jyHnaMenTa KapnaT n no ApMopiiKaiiCKoro MacciiBa n noSepeiKbn ATJiau- 
THnecKoro oneana bo <I>păunim, saJieraiOT b $ynaaMeHTc CKjiannaTbix coopy- 
meniiii npn cran Jînnecime noponti OTiiocamnecH k CTpyKTypHMM npycaM 
naroro noKeMSpHtiCKoro MeramiKJia BoapacTOM ot 1100 no 550 mjih. jict. B 
<()ynnaMeHTe KapnaT ohh cjiaraiOT ranniinHCKMe Hpycu CKJiannaTOCTH, koto- 
Hbie rionpaaneJiHioTcn na PaxoBCKiiii hhkji BoapacTOM 550—700 mjih. jict 
h HepHOMopcKuii hiikji BospacTOM 700 — 1100 mjih. jict. /JpeBiienuniMii hbjih- 
iotch reojiorHnecKue $opMauiiH iihtofo noKeMGpinicKoro MeraniiK.ua upencTa- 
BjieHHbie MepHOMopcKn.M apycoM paHiierajnmHiicKOH CKJianiaTOCTH BoapacTOM 
•650/700—1100 mjih. jict, cimxpoHHbiM paHneoaiiKajibCKOMy BpeMemi opo- 
renesa hjiii naJiacjiauncKoii CKiiaunaTOCTH, BbixonHmeii na noBepXHOCTb b 
ioro-3anannoiî oiipanne BaJiTiiftcKoro miiTa. IIohc ai’oii CKJiannaTOCTn npo- 
CJieiKiiBaeTCH b MopiinnonajibiioM nanpaB.:ieniin nyrooSpaano iisrnOancb.

B ({ivunaMCHTe KapnaT caMoii cesepuoii to’ikoh, rne ycTanoBjieHM Kpn- 
■CTa.n.niqecKMe oSpasoBamin UToro BpeMemi, hb.thiotch P?KeniaTapbi noane r 
KpaKOBa, BOspacT KOTopwx no poroBoii oSMaime (no naiuiiM onpeneJieHHHM) 
S70 mjih. jieT ii MeTaMOpifniBM OTBenaeT rneftcoBo-aM^niSojiOBoii CTynemi. 9to 
noHC npoxoițHT na TcppHTopnii Cob6tckhx KapnaT k aanany ot PaxoBCKoro 
MacciiBa. flyrooSpaBHO iiamSancb (no nanubiM pyMbiHCKiix reojioroB 
Jț. 3 ik y ni k a n np.) a paiioiie rop Anyceiib na TeppiiTopHH PyMbniini 
none npocJieiKHBaeTCH b miipoTiioM iianpaBJieniin na TeppiiTopHH roamoii 
noJiOBHiibi BenrpnH, rne no oiipejieJtenHHM A. K o b a n a ycTaHOBJieH bo3- 
pacT 950—1000 mjih. jigt. Jțanee oh npocjieîKMBaeTCfl b MepnjuiOHaJibHOM 
nanpaBJieHiin na TeppiiTopHH lOrocjiaBHM b Bapnapcnoii soiie, rne caMoii 
lOzKHOfi TOMKOii HBJIMCTCH ITeJiarOHCKHH MaCCHB, B KOTOpOM fleJieOHOM yCTa- 
HOB/ieiibi BospacTbi 800—1100 mjih. jibt. CaMoii boctohhoh tohkoîî pasnimiH 
HepuoMopcKoii CKJiannaTOCTn hbjih6tch ^ynaaMeHT MeraaHTHKJiiiiiopiiH
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KpuMa, rge naMii ycTanOBaenbi nospacTbi 800—1100 mm aer. 3tot loJKiiHiî 
rnnpoTiibin noflc HepiioMopcnoti CKJiaR?aTOCTU onoHCMBaeT, ohcbusiio, n Mn- 
snncKyio naaT^opMy. 3^eCb ua TeppHTopnn PyMbnnni b MnarincKcii naaT- 
i[iop.Me BMCTynaiOT Ooaee speBiine Hpycw HoneMOpnn BoapacT KOTopwx sau 
(^opMaițHM Haaasy .Mape ycTanouacn 1800 Mau. aer. 13 ceBepnoîi aacTii stot 
none noBopa’iiiBaeT b cyOiuiipoTHOM HanpaBaeinni na TeppnTopnio CaonaHim 
ii sa iipeaeaaMii paccMaTpiiBaeMOii KapTN k sanajiy ot KapnaT stot npyc 
CKaajviaTocTii npoeaeîKiiBaeTCK b npegeaax HenicKoro MaccuBa, rjie ycTano- 
Baeiibi Bospac™ ot 565 no 1100 mjih. aeT. a na TeppnTopnn T71P: b Ppanyaii- 
tobom, Biinjțeab^eabUCKOM waccwBax n HlBapp6yprcKoii anTHKȘHHaan ghii 
npocaeîKUBaiOTCH sospacTOM (no namiiM onpexeaeniinM) 750—790 mjih. aeT.

^(an ceBepiioii sohm .VpMopnKanCKoro MacciiBa bo <l>paimini vctbiio- 
Baenw BOspacTbi ot 600 «o 950 mjih. aeT, a b LTenrpanbnoM ^panuyscKOM Mac- 
ciiBO ii ({ivHaaMeirre IlapiizKCKoro Sacceiiiia ycTaiiOBaenbi BOspacTM 670—650 
Mau. .aeT. Ha lore Esponu b IIiipiniCHX ^an aapiioi-aiTOB n rneiicoB ycTano- 
Baen BospacT 580 Man. aeT.

13 ceBepiioii aacTn EBponbi na CKan^iiHaBCKOM noayocTpose b loro-sa- 
naanoM oopaMaenun EaaTiiitcKOro micra ycTaiiOBaenbi BOspaCTbi ^aaacaaH^- 
CKoii CKaaflaaTOCTM — 800—1000 Mau. aeT. K sana^y ot nee b pafione Teae- 
MapKena b iozKhoîî HopBerim pasBHTM iiHTpysmi n MeTaMop4)H3M rpanyaii- 
TOBoii CTyrienit aroro >Ke sospacTa 900—1000 Mau, .aeT, iiaKaaRbiBaioimiiicH 
HanoACTiiaaiounue Potokiig CTpyKTypnue Hpycbt aM$n6oariTOBon CTyncHir 
Me'raMop^HSMa BospacaoM 1200—1300—1400 Mau. aeT.

B HIoTaaiiflHii TaK/Ke ycraHOBaeHM BbicTynM apeBHbix CTpyin’ypHbix 
apycoB p;oKeM6pna BoaacTOM jțo 2500 mjh. aeT, KOTopue cxo^hm c xoKeMOpiieM 
PpeHaaHjțHH.

TaKHM oopasoM, b npejțeaax CKaH^nnaBCKoro noayocrpoBa b sanaâiioîi 
aacTii BaaTiiîiCKoro mirra sana^Haa rpaunua BocTORHO-EsponefiCHOir naaT- 
(JiopMbi npoxojțiiT no CKaaaaaTOÎi sohc aaaacaan^cKoro BOspacTa 800—1000 
Man. aeT. B loamoii sacrii CKanaiiHaBCKoro noayocTpoBa b lOanioii Hop- 
Bernn pa:-:B»T CKaaflaaTbifi npyc aaaacaaHflCKoii ciciajinaTocTii 800—1000 Mau. 
aeT, HaaozKi-iBuniiiCH na no^CTnaaioiuno PoTcnne CTpyKTypbi BospacTOM 
1200 — 1400 Man. aeT. Ohh vxoaht na aanan nojț Ka.Te^oiiCKnâ cKaaaBfiTbiii 
none. 3^eci> na jore ot EaaTiu’icKoro nțiiTa OTCVTCTByeT npyc raannniiCKOii 
CRaa^naTOCTH PaxoBCKoro nimaa Bospacroii 700 — 560 Man. .aeT, inupono 
pasBiiTbin b lOzKHoil aacTii EspoiiM b KapnaTax, HeniCKO.u Maccnse, b Abmo- 
piiKancKOM n HenrpaabHO-tPpaHLțyscKOM MacciiBax.

TaKHM oopaso.M BM^eaneTCH iipn^aeinian k sana^y ot npan Boctohho- 
EBponencKofi naaT({)opMbi ysKan cySnaaTtJiopMa CTaSiiaiiBHpoBaHHaH b hoct- 
jțaaacaan^CKoe BpeMH 700—1100 Man. aer, BMTHiiyTan b cySnnipoTnoM iianpâ 
BaeHim B^oab BaarHircKoro Mopn, r;ie OTCVTCTByeT nos^Heraai-înniicKiiit srpyc 

PaxoBCKoro njnKaa ^okcmophh V sospacTOM 700—560 Mau. aeT, pasBin’Mîi 
mnpoKO b loiKHoii aacTM EBpon». Honc stoîî nosjțHeraniinuiicKoii CKnajpia- 
toctii HenoepejjCTBeHHO onaiiManeT yKpaMiiCKMÎâ huit ii nnipoKO paSBirr b cpyn- 
aaMenTe IIontCKHX, CoBeTCKnx n Pvmmhckhx KapnaT, npocaeîKiiBaeTCH 
na BOCTOKe B^oab lonmoro Kpan VKpannCKoro miiTa n passimaeTCfl na sana^e 
oKaiiManH MusiiScKyio naaTț^opMy.

Ha TeppiiTopnn CoBeTCKnx Kapnar MeTaMopiJiiiHeoKiie Toamn , cnara- 
ioin,iie raainpiiiCKini npyc CKJia^HaTOCTn, bckpmth CKBazKiinaMii b Hpepnap-
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naTCKOM npornOe na rayonue 1000—2000 m ii bhxo^ht b Mhbhmhckmx ropax 
ii PaxoBCKOM MacciiBc, rne ycranonneH nx BoapacT 560—630—700 mjih. aer. 
3tot ine none npocaeiKiiBaeTCH na rore y npan cmioiia ynpaiiHCKoro miiTa 
b CHnamniie b r. Karyne. Jțajiee na ceBepo-aanaa otot npyc eKJiaaHarocTii 
bhojib lipan BocTOHiio-EBponeiiCKOii njiaT^opMM (BojiMno-rioHOJibcnoii 
iuiiitm) npocjiezKHBaeTcn CKna?KnnaMH na Teppnropiin HojibCKiix KapnaT. 
r^e naMH ycTaHOBJieiibi BospacTBi: b Hyme, na rayâMHe J055 m — 545 mjih. 
aer; b Henaiine na ravoiine 2265 m—625 mjih. aeT ii b nog8oHn>e na rJiyGnne 
2172 m—640 mjih. JieT. Py.MbiHCKMMii reonoraMn (Jț. ni y ni k a n ap.) 
MeTaMop^iiHecmie $opMaițnn aToro npyca cKnaanarocTn luiipono npoc.ie- 
ineiibi na TeppHTOpnn IOzKhmx KapnaT b ropax Anyceiib n r(o6pyanie. Ilapa.i- 
jiejibHbiii aanaanbiii none rajniniîfâcKoro npyca CKJiaa'îaTOCTii paaBiiT na Tep- 
piiTopnii CiiOBannii, KOTopbiii iipocjie?KiiBaeTCH b umpoTnoM HanpaBJieHHH n b 
ceBepHoîi nacTii Benrpnii.

B raatmnfiCKOM npyce cKJiaynaTOCTH — BepxneM (jniiiajibiioM npyce 
hhtofo noiieMopniicnoro MeraniiKjia pasBim»! paanbie CTynenn MeTaMopcJiiiBMa 
Me raiK.ptJînnecKiix tojiih: meiicoBO-aM^nSonoBan, aBycjnoHHnan (Jnm.TitTOBan 
CTynenn b PaxoBCKOM MaccnBe, b r. Karyjie, b IOikhbix KapnaTax na Teppn- 
■ropnn PyMbninn n no (jmjiJiiiTOBO® h acnii,nHO-c.nanneBOH CTynenn b 3one 
llpe^napnaTCHoro nponiGa Cobctckhx ii IIoJibCKiix KapnaT n jțp.

B PyMMHcnnx KapnaTax c TneiicoBbiMK CTyriennMii AieTaMop^insna ceh- 
saiiM BneapeiniH rpamiTOB n MursiaTnTOB.

PaccMaTpnBan arn ;ma CTpyKTypiibix npycaKcpbi, saneraioiniie B$yn- 
HaMenre KapnaTo-EajnianCKoro peraoiia, KOTopbie $opMiipoBajincb b hokcm- 
opmi V b OTpesne iipcMeim ot 550 no 1100 mjih. neT, mbi mohicm KOHCTaTiipo- 
BaTb, hto b Ka/K/țoM Hpycc iiaGjnonaioTCH paanbie CTynenn MCTaMopiIniana 
reoaoni’recnnx $opMamm n omi ne CBHaanbi un c MoimiocTbio oTUomeniiii, nu- 
c nx EoapacTOM; nan ooitee npeBnne — oonee rjiy6oKiie, Tău ii ooaee mono- 
hlis — BHiiieneMiainne CTpyiiTypnbic npycbi npeHCTaBJieuni MCTaMop^n- 
H3CKiiMii napOHami paaiibix CTyneHCÎi MeTaMop^nama (imn paaiibix neTanop- 
(^H’iscKnx imunii). McTaMopiJinaM ciinsan c (JiaaaMii TeKTomi'iecKnx ciman- 
KooopaaoBaTcnbHBix nponeccon. McraMop^naM meiicoBbix CTyneneii cBnaan 
c BHenpennHMii rpamiTOB ii MamaTiineciniMn aaMCiueiiniiMn. Baojib no npo- 
CTnpaunio cnjiaflnaTbix iiohcob ii BKpecT naSnionaeTcn nepaBnoMopnocTb 
3ieTaMop$i:iieciiiix iuikjiob, hto CBaaano, OHeBHHHO, c HepaBiiOMepuMMn Tenno- 
BbiMii nOTOKaMii ii 4i„™nHHO-Mar.MaTniieCKiiMii noTOKanii, Tan ine nan n nepae- 
noMepiibi.Mii HaBjiemiHMii b npcixeccc aiiHaMiineCHoro Hînnuenun i-opimix 
uacc npn eKnannooGpaaoBaiinn BHOiib CKjiânnaTbix ciictcm. IlaaTifiopMenHbi.Mii 
ana.Tora.MiT cnjianiaTnix npycon KpiicTajuiHTecKHX nopon ra.nmiincnoii en.'iaj- 
naTocm (pvHaaMenTa EBpoiibi HB.nnioTCH OTaoHieiniH noneccnoft cepnn bob- 
pacTOM 700—1000 mjih. tct n BOTbincnoit cepnn noapacTOM 550—700 m.ih. 
jict, aaaeraKHune na aanaanoM cnaoiie N npanHcnoro nurra b o6paMjrennn 
KapnaT.

HepaBnoMepiiocTb CTyneneti MeTa.Mop$naMa cBnaaiia Taiime c noBTop- 
nniM najiomemieM hobbix TeKTOHO-MarMaTn<îecKnx uiiiijiob b aojiroMniBymux 
noHBînnubix aonax iiainiM hbjihctch EapnaTO-Bajiiianeiinn pernon, iianrmaH 
c 1100 n ho 10—5 Mini. jieT. IIo3TOMy npiiCTajijinH:ecKiHî (liviiHaMeriT npencTa-
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bjihct noJiHMeTaMop$H'iecKoe oopaBOBamie. B stom >Ke iionce rajiiniiiîCKoii 
CKJiaflTOTOCTM CKJia^naTbie flBWKeHHH npoxoHMJiH ii b muKiieM najieosoe; 
ijiasbi KaJiejțOHCKoro miKJia iiaKJiaflbiBaioTCH iiapajijiejibno na raJiimniîcKiie 
MeTaMop^MiecKiie oSpasosaHiin. B KajienoiiCKOM unujie BbijțejiHioTCH: apen- 
HC-KajienoHCKan mjih caHflOMMpcKO-goSpy^HiiiHCKaH cfiasa, cnHxpoHiiaH caaanp- 
CKoii (f>a3e Cn6npM BO3pacTOM 475—550 mjih. jict, npoxoAMBinaH b KeMSpnn 
n iinzKHeM opflOBHKe. Oua na6jno;iaeTCH b r. BaiKOBe, b CaHflOMnpcKOM npame 
b rioabuie, b JțoSpyjvKe b Pvmhhhm ii b pasaoMax ii ByjiKamisMeKpaa yKpaim- 
CKoro mn'ra. B TloSpyXme ycTanoBJien Bospacr aejieHbix CJiamțeB n anijniSo- 

jihtob 470—530 mjih. jict. KeM6pHiîCKaH Aiia6a30-4«iJiJiHT0BaH ^opMaițiiH pa3- 
BHTa b Bojirapnn b uoKOJie Mh3iihckoîî nnaT^opMM.

CpeaHeKajieaoHGKaH 0asa BoapacTOM 425 — 470 mjih. npoxoKnniuaH b 
•op^OBHKe ii cnjiype, paaBi-iTa b io?KHoii nacTii rajinEțiificKoro nonca b Karyne 
b aMipMSoJio-rHeiicoBon n jțByCJnoflHHoli CTyneiiHX. Oua HaSjiio^aeTcn b Hojib- 
ckiix TaTpax b aM0u6ojio-rHeiicoBoii CTyneun, b JIayseTCKOM MacciiBe b cry- 
neini poroBHKOB n cjiauncB, b KoTOBințax n MpwiirjiHae b CTynemi acnii’țHwx 
CJiamțeB. rpaiiMTbi JIayseTCKoro Maccnsa othochtch, oHeBiip,no, k 3T0My 
rțiiKJiy. HaKOHCH, nosuneKaJieAOHCKaH (Jiaaa B03pacT0M 380—420 mjih. jict, 
npoxoniiBiiiaH b ciuiype ii b HumiieM aeBOHe, pasBHTa b Ta'rpax n b yKpaiiH- 
cKiix KapnaTax. B nocjieumix oua npeflCTaBJiena CTyneHBio rjiiiHiicTO-ac- 
nuaiiux cjianueB.

MetaMop$H3M Kajie^OHCKoro niiKJia naKJiani>iBaeTCH na rajnmiiiiCKiie 
MCTaMopiJiHneCKHe o6pa3OBamiH b CTynemi r.TimncTMX, acimjinHX n (jnijuni- 
tobbix cjianueB ii npoHBJiHeTcn b PaxoBCKOM MacciiBe ii b HiiBHunax b mi^e 
perporpajiHoro MeTaMopcJnmia i^mjijihtobom CTynemi, najioznemioro na rneii- 
coBbie cryneHii MeTaMop^ni3Ma rajnminîcKoro BpoMemi. B lomnoiî nacTii: b 
Karyne ii b /JoSpyjpKe, OHeBi-iano, na6jno«aeTCH naJiomemie nporpecciiBiioro 
MeTaM0p$n3»Ma ’jBycjnonHHO-rneiicoBon n rHeiicoBO-aM$ii6oJiOBon CTyneneii. 
TanitM oâpasoM, rajnimiiîcKiin MeTaMop^i-iHecKnn iiohc, OKaîiMJiHioinnii 
yKpannCKHii huit, npencTaBJifleT MeTaMoptîniHecKoe oGpasoBamie rajnnuin- 
ckhx ițiiKJiOB, npome^iuee nepepaSoTKy b KaJiejțOHCKOM nimne.

KaJieHOHCKHii ițunji Me'raMop$ii3Ma npoHBjineTCH Tanwe Baoab iohuioto 
OopTa Mh3hîickoh nnaT^iopMbi.

repițHHCKnii hhkji CKjiajpiaTOCTH MarwaTiisMa n MeTaMop^iisiia upe^- 
craBJien na paccMaTpiiBaeMon TeppiiTopmi TpeMH diasaMn:

paHiie-repunncKaH $asa BospacTOM 330—360 mjih. jict, npoxomiBuiaH b 
inimneM napSone— BepxncM ^enone , npoHBiiJiacb b IOzKHMX KapnaTax;

cpenne-repniiHCKaH $aaa (BospacTOM 270—330 mjih. jict), nppxoaiiB- 
inan b KapSone, ii3BecTiia b yKpaMHCKMX KapnaTax b Biijțe najioiKeHiibix npo- 
iceccoB pe-rporpa^Horo MeTaMop$M3Ma acnufliio-^iiJUinTOBofl CTynemi jțna$- 
Topesa, b lOiKiibix KapnaTax b rHeiicoBo-aMijniOojioBoii CTynemi, b jjbvcjiio- 
HHiioii rneiicoBoii n (Jihjijiiitobom CTyneiinx, a TaKme na TeppriTopnn Bencpun 
b jBycjHojțHHoii rneiicoBoii CTyiieun, CBHsaunon c BiieapenMHMii rpamiTOB;

noasne-repHMHCKaH (Jiaaa CKJiaXHaTocTii MarMaTHSMa n MeTaM0p4>M3Ma 
(BoapacTOM 240—270 mjih. jigt), npoxoaiiBiuaH b nep.Mii n aaKomiiiBinaHCH b 
Komțe Tpnaca, pasBirra b iiajioiKeHHHx CTpyKTypax IOhîhmx KapnaT b Pvmm- 
mm, b Karyjie—Cobctckux KapnaTax ii ^oSpyAme. /țBycjnoaHHbie rneiîcbi n 
cjiamibi reTCKoro noKpoBa b PyMbiHnn nMeioT (no namiiM onpejțejieHUHM) 
BoapacT 215—255 mjih. jibt.
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TaKi-iM o6pa3OM na KapTax OTaeabHtix ijhkmob MeTaMop$H3Ma paițiio- 
Haabiio noKaaarb n paftonu pasBiiTiin pasairaiux 0a3 KaneaoHCKoro n rep- 
IțHHCKOrO IțMKaOB.

AabnniiCKniî — MesosoHCKiiii fuma CKaaaaaTOCTH MarMaTiiswa n Mera- 
Mop$ii3Ma AoaHpaMmicKoro BpeMenir, BoapacTOM 100—220 MaH aeT, npon- 
BaneTCH na apeBHiix npycax b 6oabmnHCTBe b burg perporpaRHoro RimaMO- 
TepMaabHOro MGTaM0p(j)ii3Ma — acnujțHOM ii (fniJiaiiTO-cnaHneBoii CTyneneii, 
npoxoRHBiniix b cpaBHHTenbHo y3Kiix 3OHax b lopcKoe m MeaoBoe BpeMH. 
Otii aBH/KeHHH TaKîKe coiipoBOH^aaMCb HHTpysHHMH ra66po-ana6a3OB H aep- 
HOjIMTOB lopCKOro ii Hii/KiieMeaoBoro BpeMeHH BoapacroM 150—170 Mau. aeT 
b Cobctchiix Kapnarax: HHTpySHHMii lopcKiix rpaHosnopuTOB conpoBO/K- 
XaioinHXCH rpaHHTiiâamieîi npeBnnx caauneB b lOanioii Benrpim. 3™ bo3- 
pacTbi naaoîKeHHoro MeTaMop$H8Ma imipoKo pasBiiTM b PyMHHCKiix Kap- 
narax m iiBBecTHH b y3Knx 3onax 3iiHaMOMeTaMop0ii3Ma b Tarpax, naao’rKeii- 
hhx Ha Kaae^oHCKiie h repuțHHCKHe o6pa3OBamiH. B Boarapiin Tpnac-iopcKniî 
KpHCTaaanaecKHii KOMnaeKC naOaiojțaeTCH b $naantOBoii ii HBycjnoaHHOH 
rneîîcoBon nan annflOT-aMifHiSoaoBoiî ^asax .MeTâMOp$ii3Ma.

10?KH0-AabnHiiCKini — nocTaHpaMBÎicKHii MeTăM0p$H3M ii MarMaTnsM, 
npoxoaiiBinnii b OTpesne BpeMemi ot 10 ao 100 Mau. aer, nponBaHeTCH b 
Bii^e BbicoKMX CTyneneii MeraMop^nsMa, b iozKhom aacTH Ha BaaKanax. 3^ecb 
(fieHOMeiiaabHbi.Mii HBaaioTCH rpanuTHue BiiejțpennH it MarMaTiiaecKiie 3hmc- 
ineiiiiH, MHr.MaTii3ai.uiH h oSpasoBamie rHeîicoBMX cryneHeii Me'raMop(|)H3Ma ao 
rneiicoBO-aMtfiiiOoaoBbix CTyneneii b naaeorenoBoe BpeMH BospacTOM 70—80 
Mau. aer, KOTopue iiaaoiKeHbi na apeBinie oOpaaoBamiH. 3th BospacTbi 70—80 
Mau. aeT ycTanaBaiiBaioTCH Kan CBînmoBHM, thk h apronoBMM MeToaaMii no 
poroBoii oOMaHKe.

IIpoHBaennH aabnuiicKoro MarMaTH3Ma n HaaoiKeHHoro MeTaMop$ii3.Ma 
na npeBHiie npycM HaOaionaiOTCH b ceBepnoii aaCTH lOrocaaBnii b Banare. 
B âaaKaiiHrtax Ha TeppHTopini Boarapini xâpaKTepiibi npopeccbi oporoBimo- 
BaHHH TpeTiiHHbix ByaKaiiHTOB-aH^esuTOB hoh BO3aeiicTBiieM Bne^pemiH moh- 
HOhhtobhx Tea h jțpyrnx MarMaTiiaecKiix BnespeHiiii. TaKiie HBaeniiH iihtch- 
CHBHOTO OpOrOBHKOBaHHH IHIipOKO paSBIITH B aHAC3HTaX B palione PoriOTaM. 
3«ecb xapaKTepHO TaKHîe pasBiiTiie npoijeccoB MeTacoMaTiinecKoii noaeBom- 
naTiiaaiiiiH — aayaHpiisaiuni h TpaxHTHSanmi b 3$$y3HBHbix Toaiuax pa3noro 
cocTaBa iiapn^y c rHHpoTepMaabHHMii nponeccaMii nponiiaiiTHaamni n ap.

B ConeTCKiix Kapnarax xapaKTepHO pa3BiiTne pofobiikob b ysiuix 
3OHax neoreHOBbix oTaoJKeHnfi b cbhsh c BHeapeHiiHMii ujtokob rpanoano- 
pnTnop(f)MpoB ir anopiiT-iiop$iipMTOB cy6ByaKaHHHecKoro Tuna BoapacTOM 
oKoao 10 Man. aer. aeT. 3aecb (Hanpiimep y c. Xhhâm) ycranasaMBaioTCH 
TaKiie accomiamni pofobiikob: KopyHa-ciwniMaHHT-KopaHepiiTOBaH; ko- 
pyHa-anaaaysMT Kopaiiepi-iTOBaH; rnnepCTen-naarM0Kaă30BaH; rnnepcTeH-6iio- 
tht -naaniOKaaaoBan ii OMOTMT-KopaiiepMTOBaH, oTiiocnnuiecH k cryneHit nnpo- 
KcenoBbix pofobiikob. 3th oOaacTii, TaK ane nan ii Kopmi neorenoBoro BynKa- 
mi3Ma pamiOHaabHO noKaaaTb b Biiae opeoaoB. BecbMa iiHTepecen aabniiiîCKiiii 
MarMaTiiSM ii MeTaMop#n3M BospacTOM 30—15 Man. aeT, naao>KeHHbiîi na 
HpeBHiie KaaeAOHCKHe ii repiuiHCKiie MeTaMop^nnecHiie o6pa3OBaniiH b Aab- 
nax na TeppnTopnn [UBeiinapim. 3secb ohii iiHTenciiBuo npoHBaniOTCH b Bii«e 
paaanHHbix CTyneneii ot aciinaHO-caaimeBoîi ii $naaiiTOBoii cTyneini, npe«- 
craBaeHHoiî BTopii'nibiMii ^enruTOBUMii caaimaMM, «o rnefâcoBO-aM$n6oaoBOit 

h aBycatoaHHO-rneiicoBOH CTynemi c shctchom.
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B orhmx cjiynanx ohii hbjihiotch peTporpaAHHM, a b «pyrnx — npo- 
rpeccHBHWM MeTâMop4>n3MOM no OTHomeHino k paHHHM cTyneHHM MeTaMop- 
$ii3Ma Ka.ne«onCKoro 11 repnmicnoro phkjiob. 3necb b IUBeitijapnn HSBecTHbi n 
MHTpy3Hn rpamiroB TpeTiiHiioro BpeMeun (30—15 mjih. jier) paaBiiTbie na 
orpaHiweHHbix TeppiiTOpiiHX. a oSjiacrii paaBHTiiH btophhhmx CJianneB na 
6o.'lbinnx TeppiITOpnHX CBH3aHM C HHTeHCHBHHMH «HHaMIIHeCKHMlI CTpeCCa.MII 
n npnypoaeHHbiMii k hiim TepManbHMMii noTOKaMii.
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