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5. TECTONICA SI GEOLOGIE REGIONALA

PETROLOGIC AND TECTONIC FEATURES
OF THE HIGHIS-DROCEA CRYSTALLINE MASSIF
(APUSENI MOUNTAINS) 1

BY
ION BALINTONI 2

. Metabasites. Mineral parageneses. Biharia Series. Nappes. Finis Nappe. Bait
de Aries Nappe. Codru Series. Paleozoic. Mineral assemblage. Regional

metamorphism. Apuseni Mountains — Northern Apuseni — Highis Moun-~
tains ; Southern Apuseni — Drocea Mountains.
Abstract '

The Highis-Drocea crystalline massif consists of Upper Precambrian Codru
and Baia de Aries series, Lower Paleozoic Biharia Series and Middle Paleozoic
Pijuseni Series. These major lithostratigraphic units were affected by regional
metamorphism during Hercynian, Caledonian and probably Cadomian orogeneses.
The Highis granitoids pierce the Biharia Series and the Cladova Formation pro-
bably of Upper Carboniferous age, in anomalous relations prior to the intrusion
of granitoids. The mainly metabasite rocks of Biharia Series point to four para-
geneses : pre-metamorphic 'magmatic; partly static regional metamorphism in
albite-epidote amphibolite facies assigned to Caledonian {orogenesis; dynamic
regional metamorphism in chlorite zone of greenschist facies due to Hercyniam
orogenesis, and thermic contact paragenesis related to Highis granitoids. The
structure of the Highis-Drocea crystalline massif is defined by Finis Nappe
(Codru Series and a Permian-Mesozoic sedimentary cover), Highis-Poiana Nappe
(Pdiugeni Series), Biharia Nappe (Cladova Formation, Biharia Series, Highis gra-
nitoidé) and Baia de Aries Nappe (Baia de Aries Series). These nappes were
emplaced during the pre-Gosau paroxysmal tectogenesis.

1 Received April 28, 1983, accepted for communication and publication
May 20, 1983, presented at the Meeting May 21, 1983.

2 Institutul de Geologie si Geofizicd, Str. Caransebes 1, R 79678, Bucu-
resti, 32.
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Résumé

Aspects pétrologiques et tectoniques du massif cristallin de Highis-Drocea
{monts Apuseni). Le massif cristallin de Highis-Drocea est formé des séries
précambriennes supérietures de Codru et de Baia de Aries, de la sériel paléozoique
inférieure de Biharia et de la série paléozoique moyenne de Paiuseni. Ces unités
lithostratigraphiques majeures ont été affectées par un métamorphisme régional
durant les orogenéses hercynienne, calédonienne et cadomienne. Les granitoides
de Highis entrecroisent la série de Biharia et la formation de Cladova possible
d’dge carbonifére supérieur, mises en relations anormales, l'une a l'autre, avaat
l'intrusion des granitoides. Dans les roches de la série de Biharia, principalement
métabasiques, ont été mises en évidence quatre paragenéses: (1) magmatique
prémétamorphique, (2) de métamorphisme régional partiellement statique en fa-
cies des amphibolites albite-épidotiques, attribuée a l'orogenése calédonienne,
(?) de métamorphisme régional dynamique dans la zone du chlorite: du faciés des
schistes verts, due a l'orogenése hercynienne et (4) de conltact thermique en
relation avec les granitoides de Highis. Structuralement, le jma"ssif cristallin
de Highis-Drocea est constitué de la nappe de Finis (série de Codru et une cou-
verture sédimenlaire permo-mésozoique), de la nappe de Highis-Poiana (série
de Paiuseni), de la nappe de Bxharla (formatioi de Cladova, série de Biharia,
granitoides de Highis) et de la nlappe de Baia de’ Aries (série de Baia de ‘Aries).
Ses nappes de charriage ont été mises en place au cours de la tectogenése paroxi-
male prée-Gosau.

I. Introduction

The Highis-Drocea crystalline massif is rather well known owing
to the investigations carried out by Giused (1957, 1962, 1979), Giugca
et al. (1964), Giuscd and C. Papadopol (1977) Papiu (1953 1960), Savu
(1962, 1963), Savu et al. (1967), Ianovici et al. (1976), Dimitrescu (1962,
1967), Istocescu and Dimitrescu (1967). It is worth noting the .ba_glc
petrographic studies of Giusca (1979), .Savu (1965), Savu et al. (1967). to
which detailed maps are appended. According to the cited authors, the
nghls -Drocea massif consists of the following lithostratigraphic and/01

etrographic units : the Codru granitoids and a Permian-Mesozoic sedi-
n"entary cover situated in the north-western area; the Precambrlan
mesozonal Madrizesti series present between Slatlna de Mures , and
Madrizesti locahtles the Middle Paleozoic epizonal Paiuseni series
covering most of the area, intruded by the synkinematic Highis grani-
toids, west of the Conop Valley and around the Birzava stream as well
as by some postkinematic granitoids occurring approximately in the same
area ; this one is ‘overlain by sedimentary rocks between CGuvin and
the Highis peak and on the Jernova Valley, previously assigned t4” the
"Upper Carboniferous and now considered Lower Permian in age. The
postkinematic granitoids are supposed to have caused the contact meta-
morphism of Lower Permian rocks. According to Savu (1965) the
Paiuseni series includes three complexes: a lower mainly metapsephite
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and metapsammite one; a middle metaophiolite one and an upper
mainly phyllite one. The synkinematic Highis granitoids may be as-
signed to the middle complex. As regards its structure, at present the
Highis-Drocea crystalline massif is considered to consist of at least two
alpine tectonic units: the Finis-Ferice-Girda Nappe and the Highis-
Poiana Nappe (lanovici et al.,, 1976); the Biharia nappe system (un-
delimited) and the Codru Nappe (Finis-Lupsa) (Visarion, Séandulescu,
1979)-; the Codru nappe system and the Biharia nappe system, also
undelimited (Dimitrescu, 1981). Given the overthrust plane from the
north of the massif owing to which the metamorphics of the Paiuseni
series overlie the Permo-Mesozoic cover of the Codru granitoids, well
known since 1939 (Rozlozsnik’s map), on the geological map of Romania,
~scale 1:200,000, sheet Arad (Papiu et al., 1965) in the area between
Guvin and the spring of the Soimus brook occurs a reverse fault due
to which the middle metabasite complex of the P3iuseni series overlies
the Lower Permian rocks. This fault has been mentioned for the first
time by Dimitrescu (1962, 1967) and assigned to the Saalic age. In
order to elucidate some problems related to the reprinting of the geo-
loglcal map of Romania on the scale of 1:500,000, in 1982 the present
author investigated once more the southern area of the Hihgis-Drocea
Mts. between Madrizesti and Cladova; the evidence acquired alters the
image of the petrogenetic and structural evolution of component for-
mations. The petrographic study concerned the 683 thin sections of
the rocks collected from the Highis-Drocea Mts and put at our disposal
by academician Dan Giuscd from the collection of the Chair of Mi-
neralogy, University of Bucharest.

II. Petrogenetic Remarks

IL.1. Codru intrusions and their hornfelses. A comparison between
the, gran1t01ds occurring in the north-west of Highis and Codru intru-
sions present in Codru Moma and Bihor has been made by Dimitrescu
(1962) According to this author, these gran1t01d> cross the pre-existing
crystalline rocks increasing their crystallinity in the contact area and
thus generating the hornfelses. However, Balintoni (1982) has shown
that: the Codru granitoids pierced, during a subsequent metamorphic
event, probably Lower Paleozoic, an Upper Precambrian metamorphic
series, initially metamorphosed in staurolite stability field. This series
has been called the Codru Series and resembles, as regards its geologic
evolution, the Somes Series. This viewpoint is presented on the geologic
map, of Romania, scale 1 150,000, sheet Valea Ierii (Hartopanu et al.,
1982). By generalizing the author’s opinionn to all the Codru graniteid
occurrences, it may be said that the granitoids ~and metamorphites
north of Highis, which underlie the Permo-Mesozoic sedimentary rocks

overthrust by the Paiuseni Series, represent the Codru Series, grani-
toids included, of the Finis Nappe.

L2 Maidrizesti Series. The Madrizesti Series was distinguished
by Papiu (1953, 1960) as mesozonal series and then compared by Savu
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(1962, 1965) with the metamorphites and granitoids at Pincota. Although
according to Dimitrescu (1962) it is similar to the Baia de Aries Series,
the author adopts Savu’s opinion as, similarly to the Codru Series the
Madrizesti Series is a mesozonal series abunding in amphibole rocks,
intruded by granitoid rocks and migmatized, while geometrically it is
inferior to the Paiuseni Series unlike the Baia de Aries Series which
is superior to it. Thus, a retrotectonic display of the Northern Apuseni
Nappe System shows that the Codru and Maédrizesti Series are conti-
guous, while the Baia de Aries Series is separated from the latter by
a wide area covered by Arieseni, Pdiuseni and Biharia Series.

11.3. Paiuseni Series (Savu, 1962). According to the views of the
present study, the Paiuseni Series is represented only by its lower
compartment described by Savu (1965) in his classification. From litho-
stratigraphic and structural viewpoints this complex corresponds to the
blastodetrital crystalline of the Poiana Nappe in Bihor, as shown by
Dimitrescu since 1958. As regards the metamorphism, the main cha-
racteristic feature of the Pdiuseni Series consists in the fact that the
mineral associations of rocks include a single metamorphic paragenesis
in the chlorite zone. This paragenesis was generated during the Sudetian
phase of hercynian metamorphism, as accounted by the Lower Carboni-
ferous spore-protistologic assemblage yielded by the rocks of the Paiu-
seni Series in the Bihor massif (Visarion, 1970).

I1.4. Metabasite formation. This formation is represented by the
basic metamorphosed rocks considered of ophiolitic origin by Giusca
(1962, 1964) and Savu (1965) and assigned by the latter to the median
part of the Paiuseni Series. From the very beginning the present author
considers that the metabasite formation in the Highis-Drocea massif
represents the south-western prolongation of the Biharia Series in the
Bihor massif. This will be proved by pointing out the common features
of both Highis-Drocea metabasite formation and Biharia Series oecur-
ring in Bihor and along the Aries Valley. The geotectonic environ-
ment — in which the rock associations were probably formed — and
the metamorphic history will be considered. As regards the former,
the Biharia Series has been defined by Dimitrescu (1958) as a basic
tuffaceous one and considered of ophiolitic origin by Marza (1969) or
Dimitrescu (in Ianovici et al., 1976). Therefore the Highis-Drocea meta-
basite formation and the Biharia Series from Bihor are marked by a
similar geotectonic environment of premetamorphic origin. The meta-
basite nature of the two rock groups under discussion is obvious to any
researcher. The Highis-Droceca metabasite formation covers a more
limited area than the Biharia Series in the Bihor massif and along
the Aries Valley ; thus the rock sequence of the Biharia Series is more
varied. The geologic evolution of the metabasite formation will be
described in the following lines. The study of this evolution was dif-
iicult because of the presence in the mineral associations of rocks of
four relict parageneses related to major petrogenetic events: one of
magmatic origin, two of regional metamorphism and one of thermic
contact. In other words one may speak of generalized lack of minera-
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logieal balance. From petrographic, petrochemical and mineralogical
points of view, the metabasite formation is well defined by Giusca
(1957, 1962, 1979), Giusca et al. (1964), Savu (1965), Giusca and C. Papa-
dopol (1977). In our opinion, Giuscd has offered a correct description
and interpretation of mineral successions, but sometimes he has wrongly
assigned them to the different events which had affected the rocks.
Although the metabasite formation shows zones of high foliation (as
it is the case of the volcanic formation or the rock sequence assigned
to the detrital formation located between Jernova and Conop valleys,
acc. to Giuscd, 1979), the metagabbro and metabasalt bodies have not
been crossed by metamorphic foliation(s) on considerable surfaces. Both
typically magmatic ophitic textures and some minerals of magmatic
origin have been preserved between their initial contours. They are (I):

augite — scarce; brown hornblende — frequent; brown biotite —
frequent ; zoned plagioclase with high anorthite content — scarce;
ilmenite — almost everywhere, and apatite and zircon out of the other

accessory minerals. The same unfoliated rocks, preserving non-disturbed
initial magmatic textures, possess with no exception several partial
transformations of the minerals mentioned above, as follows : (1) gene-
ration of a green-bluish rim, probably of hastingsite (Giuscd, 1979),
round primary brown hornblende or pyroxene; (2) decalcification of
plagioclase accompanied by recrystallization of the calcic component as
epidote inclusions in albite crystals inheriting the pre-existing plagio-
clase contours; (3) marginal alteration to leucoxene of ilmenite; (4}
partial detitanisation of biotite at the periphery, accompanied by the
individualisation of sphene grains and marked by the absence of chlor-
itisation (this is worth considering as although the generalized epidot-
isation of plagioclase points to high HyO pressure, the thermo~dynamic
conditions have not favoured the generation of chlorite at the expense
of biotite or other femic minerals); almandine crystallization is noted
in some metabasites and metatuffs. Synthesizing, the paragenesis re-
sulted from these transformations is the following (II): hastingsite
hornblende--albite with inherited contours-epidote in albite-~sphene
(leucoxene)+-almandine-}biotite (within initial contours). Both the relict
magmatic minerals (I) and the neoformation paragenesis mentioned
above (II) have undergone new transformations in highly penetrating
metamorphic foliation areas. The areas of transition from non-foliated
rocks to highly foliated ones or some small bodies partly unpenetrated
within highly foliated areas show the transformation stages of pre-
existing parageneses to their complete disappearance. These are : augite,
brown hornblende and hastingsite hornblende undergo actinolitisation
and concomitantly titanium is released as sphene, and a part of iron
as iron oxides. In places it is to note the chloritisation of augite and
brown hornblende and the release of calcite. On the other hand, augite
and brown hornblende are actinolitized more readily than hastingsite
hornblende as accounted by their metastable character in the para-
genesis of hastingsite hornblende. Consequently to this phenomenon
occur some grains with hastingsite hornblende margins and the core

showing the optical properties of actinolite, abunding in small sphene
grain segregations. Zoned plagioclase with high anorthite content is no
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TABLE

Parageneses of Biharia Series metabasites in the Highig-Drocea Massif

Paragenesis (1) augite 4+ brown hornblende + zoned calcic{ magmatic premeta-~
plagioclase -+ brown biotite -+ ilmenite morphic
Paragenesis (11) hastingsite hornblende (rims) + (crossite,{ Caledonian static re-

glaucophane) - albite (inherited contours) 4| gional metamorphism
epidote (in albite) + brown biotite 4 sphene
(round ilmenite)

Paragenesis (1II) actinote 4 chlorite -+ albite II (aligned on S| Hercynian dynaﬁlic
planes) -+ epidote II (clinozoisite) outside| regional metamorphism

albite -+ sphene - iron oxides

Paragenesis (IV) olive-green biotite 4 green actinolite horn-| contact metamorphism
blende + calcic plagioclase -+ epidote (within| generated by ngh1$
Cladova Formation) - magnetite granitoids

longer present, while albite becomes finely crystalhzed and releaseq
epidote which occurs along schistosity planes. The . ep1dote crvstallme
network is partly rebuilt as clinozoisite ; biotite undergoes chlontls,atlon
and releases titanium, also adapted to sphene and iron, oxides ; Ilrrx_enlte
1s wholly transformed into leucoxene, and sphene is the main reaction
product. The final paragenesis is (III) actinolite-f-albite, II—{—ep@éte 11
(clinozoisite)--chloritet-sphene--calcite-iron oxides (powder). Within
perfectly foliated areas this paragenesis reaches equilibrium and is ut-
terly oriented, owing to nucleation and synkinematic and/or mimetic
growth of neoformation minerals. When preserved, the minerals of
pre-existing parageneses are highly deformed and occur usually be-
tween S planes, being crossed by them. Paragenesis (III) is an equilibrium
paragenesis in the chlorite zone of greenschist facies (Miyashiro, 1975),
typical of hercynian regional metamorphism in the Apuseni Mts. As
regards the thermo-dynamic conditions of generation it is identical with
the parageneses reported for the Paiuseni Series. The fact that para-
genesis (III) is synchronous with the main foliation of the rocks belong-
ing to the metabasite formation represents the main means of 'discri-
mination between the petrogenetic events which influenced it. Para-
genesis (II), undoubtedly prior to paragenesis (III), belongs to the sta-
bility conditions of epidote amphibolite facies of regional metamorphism,
among medium or high pressure facies (Miyashiro, 1975). The tendency
to the high pressure facies is proved by crossite occurrence in one
case and of glaucophane in another, minerals mentioned by Giusca
(1979), but not discussed. It is important to note that paragenesis (II)
was generated under static conditions. Due to this feature it is wholly
different from paragenesis (III) and it is impossible to make any con-
fusion with respect to the sequence of mineral transformations, as para-
genesis (III) is exclusively related to hercynian foliation. Paragenesis (II)
is assigned to Caledonian regional metamorphism considered active in
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the Apuseni Mts. At this point, the metabasite formation may be com-
pared with the Biharia Series also characterized by Caledonian initial
metamorphism which has generated almandine and hornblende, follow-
ed by hercynian retromorphism in the chlorite zone (Dimitrescu, in
Tanovici et al., 1976). Considering their metamorphic evolution, the
metabasite formation and the Biharia Series are thoroughly equivalent.

IL.5. Highis granitoids. According to Giuscid (1957-1979) and Savu
(1965) the Highis granitoids have been intruded synkinematically during
hercynian orogenesis, when, in the same opinion, the entire crystalline
of the Highis-Drocea massif, excepting the Madrizesti Series and the
Codru granitoids, was initially metamorphosed. As the metamorphic
history of the metabasite formation has been proved to be more com-
plex than in the case of an initial metamorphic event during hercynian
orogenesis, it is important to determine those petrogenetic events to
which the granitoid intrusion is subsequent. Hercynian paragenesis and
foliation are well developed between Jernova and Conop Valleys, cha-
racterized by outcrops of phyllitic, greyish, chlorite-albite rocks, finely
foliated so that samples are difficult to collect. The section on the Urvici
brook (the first right-side tributary of the Mures river downstream the
Conop brook) shows that the Highis granitoids are intruded subsequent-
ly to the constitution of the Hercynian paragenesis and foliation, the
grey, chlorite-albite phyllite undergoing a contact metamorphism and
the foliation being obliterated. The contact aureole is not wider than
300 m and the granifoids are entirely unfoliated including the minor
concordant intrusions within the aureole. The obliteration of hercynian
foliation is a main characteristic of the granitoids’ thermic contact
aureole in all sreas where it may be proved on mineralogic grounds,
and it contradicts the opinion regarding the synkinematic emplacemens
of granitoids. On the other hand, the slight orientation of marginal
granitoid facies in some areas is easily accounted by the displacement
of a melt including crystallized mineral stages. There are also instances
in which the orientation is obviously due to tectonic events. Consider-
ing the postkinematic character of the Highis granitoids in respect of
the hercynian foliation, favoured by the author, it is worth mentioning
the microgranular marginal facies of granitoids viewed from outside
the bodies and not from their overlier. The overlier of granitoids occurs.
mainly between Milova and Minis Valleys, characterized by arteritic
migmatisation and contamination of granitoids by material supplied by
metabasites. In the author’s opinion, some phenomena assigned by
Giuscd (1979) to hydrothermal metamorphism and especially the oc—
currence of albite crystals abunding in epidote point in fact to con-
taminations. This is shown by the following : (a) epidote content of al-
bite is so high that the plagioclases should have preceded the decal-
cification of andesine or labradorite, unlike in the case of granites:
(b) these plagioclases are more frequent in marginal areas or overliers
of intrusions, which also include several metabasite enclaves; (c) ex-
cept for the epidote grains, the plagioclases are limpid, with no alterat-

ion traces, and the same section contains unaltered crystals with low
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anorthite content and no included epidote; (d) the plagioclases con-
tained by the Highis granitoids are usually of albite nature, albite
always occurring where epidote is lacking. According to Giugca
{1957-1979) hastingsite hornblende and most of the minerals of para-
genesis (II) are the result of thermic influence of granitoids. As has-
tingsite hornblende and the other minerals of paragenesis (II) have
preceded the hercynian foliation, to which the granitoids are posterior,
this inference is not wvalid. The occurrence of hastingsite hornblende
prior to the intrusion of granitoids may also be accounted by the
following : (a) hastingsite hornblende, just like epidote abunding plagio-
clases, occurs as contamination material in granites or in the meta-
basite enclaves. On the other hand, the amphibole does not agree with
the mineral association of granitoids. It does not show primary crystal-
lization forms, is contained by feldspars, exhibits mincing and disin-
tegration and tends either to transform in biotite or to recrystallize
as riebeckite or arfvedsonite, by obvious transition stages. There are
crystals with hastingsite core which undergoes decomposition, abunding
in small feldspar and quartz grains, while the recrystallized border
points to riebeckite features. These data account for the occurrence
of hastingsite hornblende prior to the granitic melt and show that the
mineralogical system of hastingsite hornblende has features different
from those of minerals crystallized under equilibrium conditions from
the granitic melt. In case the residual granitic melt is considered to
have produced hastingsite hornblende as intratelluric crystallized stage,
then it is not possible to occur concomitantly in the contact aureole
of granitoids. (b) Hastingsite hornblende, widespread in all metabasites
which did not undergo hercynian retromorphism, does not show any
relationship with respect to granitoids. (c) In areas characterized by
hercynian orogenesis, hastingsite hornblende is absent, the amphibole
of the contact aureole of granitoids is represented by actinolite or green
actinolite hornklende. (d) Hastingsite hornblende is not a common am-
phibole of thermic contact aureoles of granitoid rocks. As regards the
mineralogic transformations brought about by the thermic energy re-
leased by granitoids, it is to note the ubiquitous, olive-coloured biotite,
entirely different from magmatic biotite ; it represents a recrystallized
chlorite, shows mimetic growth and inherits the contours of the former.
Although the plagioclase is usually albitic, it also recrystallized as basic
oligoclase to andesine. The recrystallization of iron oxide powder as
well shaped magnetite crystals is also characteristic. In the case of
amphiboles, hastingsite hornblende is unaltered. The rather abundant
actinolite recrystallizes as. hornblende showing optical features which
mark the transition from actinolite to green hornblende. The para-
genesis generated by the thermic influence of Highis granitoids is the
following (IV) :- biotite-calcic plagioclase-+magnetite--actinolite horn-
blende. The minerals which merely recrystallize without generating
other species (quartz and epidote mainly) have not been mentioned.
The Highis granitoids have been emplaced post-kinematically, related

to the hercynian foliation of the metabasite formation and the most
striking characteristic of their thermic contact aureole is the loss of
perfect fissility of hercynian foliated rocks.
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II1.6. Cladova Formation. To this formation are assigned the rocks
figured by Giuscd (1979) as Permian deposits and which crop out be-
tween Cuvin and Highis Peak with east-westward trending, as well as
the rocks exposed on the Jernova Valley. There is no direct proof of
their age and the comparison with the Permian rocks belonging to
different tectonic units in the Apuseni Mts (Dimitrescu, 1967) is still
debatable because of the peculiar petrographic features. Therefore, the
author adopts the older opinion which accounts for an Upper Car-
boniferous sequence. These are very fine-grained, mainly quartz or
arkosian rocks, well layered, which associate with argillaceous rocks
and basalts. The most representative section of this sequence is exposed
in the Cladovita Valley, characterized by sandstones, argillites and ba-
salts. The Cladova Formation is wholly thermally affected and biotite,
epidote and magnetite are always present. The rocks are mainly of
black colour. The thermal influence may not be accounted by the in-
fluence of post-kinematic granitoids (Giuscd, 1979) because of several
reasons : (a) on the map drawn up by Giuscd the post-kinematic gra-
nitoids are small as compared to the hornfelses ; (b) the contact aureoles
are absent; the rocks have undergone thermal contact even in the
absence of granitoids, as for example between Cladova and Cladovita
Valleys, or in the upper course of Cladovita. As regards the size of
the contact aureoles round some isolated intrusive bodies, it is to men-
tion the Ditrau massif with a diameter of ca 20 km ; the aureole sur-
rounding it does not exceed 2 km. (¢) These synkinematic granitoids
are delimited on uncertain criteria ; one may note significant differences
between their representation on the map of Romania, scale 1 :200,000,
sheet Arad drawn up according to the unpublished data of Giusca
and the map published by the same author in 1979. It is worth men-
tioning that proper Highis granitoids are not synkinematic hercynian
ones and the Upper Carboniferous occurrence in the Jernova Valley
is entirely thermally affected. If, according to Giuscd (1962), along the
Upper Carboniferous northern strip there is a tectonic alignment on
which the so-called postkinematic granitoids have been emplaced, then
the same author aimed to account for the thermal alteration of Upper
Carboniferous rocks in the Jernova Valley by delimiting small bodies
of the same type in the absence of any tectonic alignment. In 1979,
Giuscad gave up the idea by which postkinematic granitoids would be
related to tectonic alignments and considered them as sparse occur-
rences all over the area also marked by intruded Highis synkinematic
granitoids. The map drawn up by Giuscd in 1979 reveals also the follow-
ing : formerly, the postkinematic granitoids next to the Jernova Upper
Carboniferous occur on smaller areas than the Upper Carboniferous
hornfelses, while the contact aureole develops starting from these
bodies to the Upper Carboniferous rocks, which is unaccountable. It is
also interesting to note that the Pdiuseni Series underlying the CGladova
Formation has not undergone thermal influence, although the horn-
felses tontact directly the rocks of the Paiuseni Series as illustrated by
the exposure in the Cladova Valley. Finally, in the Jernova Valley,

from beneath the Cladova Formation, the metabasites and the grani-
toids crop out the rocks of the Codru. Series from the Finis Nappe




14 I BALINTONI 10

which are not crossed by granitoids nor thermally influenced, similarly
to the Paiuseni Series. From these data one may infer: (1) the gra-
nitoids of the metabasite formation may not be divided in synkinematic
and postkinematic, while the postkinematic ones defined by Giuscd
(1957-1979) have not caused the thermal alteration of the ladova For-
mation ; (2) as far as the thermal alteration of the Cladova Formation
seems independent of the adjoining granitoids, this should be assigned
to some underlying causes, namely several big size infrusions the
overlier of which hosted the Cladova Formation ; (3) the Cladova For-
mation is exposed in the same areas in which the metabasite formation
is thermally affected; (4) the Cladova Formation underlies the meta-
basite formation; they are supposed to have been thermally affected
together ; (5) during its thermal alteration the CGladova Formation was
not related to the Pdiuseni Series in present-day position; (6) the
thermal alteration of the Cladova Formation is not due to alpine post-
Mediterrantan intrusions. In the author’s opinion the assignment of
thermal alteration of the Cladova Formation to the Highis granitoids
answers all conditions mentioned above. Thus, the Highis granitoids have
been emplaced subsequent to the tectonic displacement of the meta-
basite formation over the Cladova Formation. Therefore the intrusion
of Highis granitoids took place as early as the Carboniferous-Permian
boundary. On the other hand, the tectonic contact between the Cladova
Formation and the Paiuseni Series should be assigned subsequently to
the thermal alteration of the Cladova Formation.

I1.7. Upper phyllite complex of the Paiuseni Series (Savu, 1965).
The disthene occurrence in the upper phyllite complex of the Pdiuseni
Series mentioned by Savu et al. (1967) has arisen the author’s interest
since long time. According to present-day data regarding the thermo-
dynamic conditions of regional metamorphism, disthene may not occur
as primary mineral within chlorite zone. It points undoubtedly to the
almandine amphibolite facies (Miyashiro, 1975). The author’s inves-
tigations in the outcropping area of the upper phyllite complex of the
Paiuseni Series, defined by Savu (1965), have pointed to a highly retro-
morphosed and laminated mesozonal series which led to the complete
destruction of pre-existing parageneses, the new parageneses typical
of the chlorite zone tending to equilibrium. The accurate study of these
rocks has shown the frequent occurrence of relict biotite westward the
Bavna Valley, and upstream Conop the crystalline occurs close to the
Mures river and one encounters chloritized almandine of centimetric
size. The occurrence of disthene, biotite and almandine as relict minerals
points to the polymetamorphic character, while the present-day aspect
is due to hercynian retromorphism. In the Bihor massif and along the
Aries river the Baia de Aries Series (Balintoni, 1982) lies in a similar
position and is characterized by a similar metamorphic history. The
initial rock association of micaschists, paragneisses, amphibolites and,
mainly the metaporphyroid occurrences, account for the lithological

similarity between the upper phyllite complex of the P#iuseni Series
defined by Savu (1965) and the Baia de Aries Series, while the pre-
servation of relict disthene and the strong hercynian retromorphism
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allow their comparison as regards the metamorphic evolution. In the
Highis-Drocea. massif the Baia de Aries Series occurs on a limited
area ; it does not depass the fault along the Conop Valley and its thick-
ness is rather reduced. The assignment of the metaporphyroids over-
lying the metabasite formation to the Baia de Aries Series accounts
for the occurrence of calc-alkaline metavolcanics in the neighbourhood
of a metaophiolite complex.

11.8. Postkinematic granitoids (Giuscd, 1979). The author’s opinion
on the rocks thus defined by Giuscd (1979) has been presented at the
point regarding the Cladova Formation. Considering the Highis gra-
nitoids as hercynian synkinematic rocks, the thermal alteration .of the
Gladova Formation should be assigned to another cause. The problem
~ of - the occurrence of other pre-alpine granitoids than the Highis ones
may not be solved at present. It is worth mentioning that some mag-
matite bodies cross other lithostratigraphic units than the metabasite
formation. It is the case of the one in Debella Gora (Giuscd, 1979), in
contact with the Baia de Aries Series, or the body on the Horiesti
peak (Savu, 1965), to the right of the Cilodia brook, which crosses
the Pdiuseni Series. Considering that the structure of the Highis-
Drocea massif developed during pre-Gosau paroxysmal tectogenesis,
these bodies could be of banatitic origin.

JII. Structural Remarks

ITI.A. Evidence of the nappe position of the Biharia Series. As far
as the Biharia Series, older than the Piiuseni Series and yielding
a metamorphic history which differs from the latter, overlies the Paiu-
seni Series, one notes anomalous relationships accounted by the pre-
sence of a thrust plane in between. The following discussion is meant
to show that the relationships between Biharia and Paiuseni Series are
only of tectonic nature, even if the metabasite formation considered
similar to the Biharia Series represents in fact a middle complex of
the Paiuseni Series. Therefore : '

1. The study of the map drawn up by Giuscd (1979) and especial-
1y of the one elaborated by Savu (1965) points to the following spatial
features of the metabasite formation : (@) geometrically it lies conform-
ably between subjacent and suprajacent metamorphites ; (b) its present-
day dip is not greater than 30°; (c) the area exposed in the Birzava
zone thins out west of the Pustacea brook and east of the Toma brook ;
(d) its northern border is deeply festooned and shows lobes several km
long. The features of the Highis granitoids worth noting are: (a) they
correspond strictly to the metabasite formation ; (b) they exhibit irre-
gular shapes of plutonic bodies and are discontinuous; (c) they repre-
sent successive flows, because of their different compositions, and in-
tersect one another. The spatial features of the metabasite formation
could be compatible with the characteristic (a) of the Highis granitoids
in case they had been emplaced as a horizontal intrusive nappe. How-
ever features (b) and (c) of granitoids are not in agreement with this
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point of view. On the other hand, the thinning out of granitoids con-
comitantly with the metabasite formation and their occurrence in, some
other place associated with the latter may not be accounted even if
the granitoids would be considered to represent a horizontal intrusive
nappe. Finally, it is to note that the metabasite formation is weakly
schistose and preserves important metagabbro bodies unpenetrated by
metamorphic foliations. Because of this it would be even more difficult
to account for the tendency of an intrusive nappe towards the meta-
basite formation alone, although the former should have been emplaced
under the conditions of rock lamination. From these data one may
infer that the metabasite formation together with the Highis granitoids
have been emplaced tectonically and represent a nappe. This is ac-
counted by :

2. The boundaries of the metabasite formation are not depassed
by the hornfelses of the Highis granitoids, although the metabasite
formation is highly thermally affected and migmatized, and the gra-
nitoids contact directly both the subjacent and the suprajacent meta-

morphites.
3. The contact areas between the metabasite formation and the
subjacent formations exhibit laminations, mylonites and cataclasites.

4. The enclaves in granites are represented only by metabasite

fragments.

5. In the west of the Highis-Drocea massif the anomalous position
of the metabasite formation is proved by its northward thrust over
the Upper Carboniferous and its presence in the tectonic window in
the Jernova Valley. The rocks of the Codru Series in the Finis Nappe,
which are not pierced nor thermally affected by granitoids, are exposed
in the same tectonic window.

I11.B. Evidence of nappe position of the Baia de Aries Series.
Taking into account that the phyllites of the Pdiuseni Series upper
complex defined by Savu (1965) are in fact a rock sequence of the
Baia de Aries Series, the relationship between Baia de Aries 'and
Biharia Series is the same as the one between Biharia and P&iuseni
Series. As the Baia de Aries Series is older than the Biharia Series,
it was generated under different geotectonic conditions and evidences
‘a different metamorphic history — as a result of three metamorphic
events and showing an initial metamorphism stronger than the one of
the Biharia Series —, the contact between them is considered of thrust-
ing nature. If the metamorphic sequence overlying the Biharia Series
is however considered to form the upper complex of the Pdiuseni Series,
then its relationships with the Highis granitoids would be unaccount-
able. Therefore : nowhere the granitoids cross the upper complex meta-
morphites although they are tangential ; they do not generate hornfelses;
laminations, mylonites and cataclasites are noted in the contact areas.
A conclusive instance is encountered east of the fault along the €onop
Valley where the Highis granitoids disappear abruptly and they occur
again in the Birzava zone associated with the metabasite formation.
All these have been considered by Savu (1965), who, in his limited
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view, defined anomalous contacts between the upper complex meta-
morphites and the Highis granitoids as faults.

III.C. Relationship between Phiuseni and Madrizesti Series. The
contact between Madrizesti and Padiuseni Series has been clearly pointed
out by Savu (1962) who delimited a group of laminated rocks in be-
tween. Although later Savu et al. (1967) gave up this opinion, mylonites
of the type mentioned above occur only next to thrust planes. In order
to define the tectonic unit to which the Madrizesti Series should be
assigned, the following are to be considered: from lithostratigraphic
and petrogenetic points of view it is the equivalent of the Codru
Series ; the metamorphic rocks of Codru type occurring at Siria belong
to the Finis Nappe ; the Finis Nappe is the only tectonic unit subjacent
to the Highis-Poiana Nappe which consists mainly of mesozonal crys-
talline affected by granitization and migmatisation. Therefore, the Ma-
drizesti Series represents in fact the southernmost exposure of ‘the
Codru Series from the Finis Nappe. The same rocks and the same nappe
crop out in the small tectonic window in the Jernova Valley, too.

III.D. Structure of the Biharia Nappe. The Biharia Nappe, as
inferred from the map, exhibits a compound structure which includes
the Cladova Formation, the Biharia Series and the Highis granitoids,
emplaced subsequent to the Biharia Series emplacement unconformably
over the Cladova Formation. The absence of Highis granitoids and of
hornfelses from the Padiuseni and Codru Series in Jernova window ac-
counts for the tectonic plane which underlies the Cladova Formation
and the age of which differs from the age of the one overlying it. The
oldest age to be assigned to the Biharia Series thrust over the €ladova
Formation belongs to the Upper Carboniferous-Lower Permian bound-~
ary. According to Dimitrescu (1962, 1967) the same tectonic unit may
be of Saalic age. This definition of the Biharia Nappe implies the des-
cription of its pre-alpine components; the tectonic units consisting of
the Biharia Series should be called Lipova Nappe, while the unit repre-
sented by the Cladova Formation is the Cuvin Unit. The former base-
ment of the Cladova Formation and its autochthonous or parautoch-
thonous position prior to alpine tectonics are unknown.

IIL.E. Age of tectonic units. The emplacement of the Lipova Nappe
has already been assigned to the boundary between Upper Carboniferous
and Lower Permian; it is also possible that the Saalic tectogenesis
had beed responsible for its emplacement (Dimitrescu, 1962, 1967). How-
ever, it is impossible, to have occurred later. The Highis-Poiana Nappe
belongs to the pre-Gosau paroxysmal tectogenesis as it overthrust the
Mesozoic deposits northwards. As regards the Biharia and Baia de
Aries Nappes, in the absence of direct evidence of their emplacement
(no. thrust sediments), they are considered to have formed during pre-
Gosau paroxysmal tectogenesis according to general geological data and
to the fact that the tectonic plane between Biharia and Highis-Poiana

Nappes is subsequent to the intrusion of Highis granitoids, which in

2 — ¢, 626
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their turn are prior to the tectonic contact between Lipova Nappe and

Cuvin Unit. The first post-tectonic cover reported in the south of the

mass1f is represented by Senonian rocks in Gosau facies (Bleahu et
, 1967).

IILF. Final remarks. The following lines represent some general
remarks. The petrographic inferences on possible equivalences between
the median complex of the Pidiuseni Series and the Biharia Series as
well as between its upper complex and the Baia de Aries Series are
accounted by their spatial succession in Central Bihor and along the
Aries river : the Biharia Series overlies tectonically the Paiuseni Series
and the Baia de Aries Series overlies the Biharia one. On the other
hand, the shearing nappes in Northern Apuseni exhibit features typical
of this nappe type: obvious linear structure and great longitudinal
extension. The tectonic units described above are characterized by frag-
mental aspect and varying thickness (e.g. Highis-Poiana and Biharia
Nappes). In the Highis-Drocea massif most of the units belonging to
the Codru system are absent and the Finis Nappe is the only major
unit ; it contacts directly the Highis-Poiana o1 Biharia Nappes. If is
also worth mentioning the convergence between crustal plates in Up-
per Paleozoic in the areas in which originate the Carpathian litho-
stratigraphic units. The assignment of Highis granitoids to a single tec-
tonic unit accounts for their occurrence on an alignment. All these
features, as well as those reported in the East Carpathians (Balintoni,
1981), point clearly to the Upper Paleozoic paroxysmal tectogenesis.

IV. Conclusions

: 1. The middle metaophiolite complex of the Pé&iuseni Series
(Savu, 1965) belongs to the Biharia Series; together with the Cladova
Formation and the Highis granitoids it forms the Biharia Nappe.

2. The upper phyllite complex of the Piiuseni Series (Savu, 1965)
is assigned to the Baia de Aries Series and forms the Baia de Aries
Nappe.

3. The Highis granitoids are subsequent to Hercynian meta-
morphism and cross the Biharia Series and the Cladova Formatien,
probably Upper Carboniferous in age, bringing about their thermal
alteration. ,

4. The Cladova Formation which contains basalt flows underlies
the Biharia Series; the tectonic plane between the Biharia Series and
the Cladova Formation is prior to the Highis granitoids and is crossed
by the latter. .

5. The mineral assemblages of the Biharia Series include four
parageneses : relict magmatic paragenesis, Caledonian regional meta-
morphism paragenesis in albite-epidote amphibolite facies, Hercynian
regional metamorphism paragenesis typical of chlorite zone of green-
schist facies and thermic contact paragenesis related to Highis gra-
nitoids.

6. The Highis-Drocea massif includes all the tectonic units of the
Biharia system emplaced during pre-Gosau paroxysmal tectogenesis :
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Highis-Poiana, Biharia and Baia de Aries Nappes; out of the CGodru
nappe system only the Finis Nappe is present.

7. The Baia de Aries Nappe, the uppermost unit of the Biharia
system, may represent the basement of the Mures Zone.

8. There are several signs of an Upper Paleozoic paroxysmal tecto-
genesis active in the area which generated the Earpathian metamor-
phosed lithostratigraphic units ; this tectogenesis has engendered several
nappes as well as intrusive and acid extrusive magmatic activity. There-
fore, one should speak of convergent contact between crustal plates.
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ASPECTE PETROLOGICE SI TECTONICE
IN MASIVUL CRISTALIN HIGHIS-DROGEA (MUNTII APUSENT)

(Rezumat)

Masivul cristalin Highis-Drocea are in componentd urmétoarele
pinze de sariaj mediteraneene (de jos in sus): pinza de Finis; pinza
de Highis-Poiana ; pinza de Biharia; pinza de Baia de Aries. Pinza de
Finis este formatd din seria de Codru de virstd proterozoic superioara,
intrusd de granitoide posibil paleozoic inferioare si dintr-o cuverturi
sedimentard permian-mezozoicd. Pinza de Highis-Poiana este alcituitd
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din metamorfitele hercinice ale seriei de Pdiuseni. Pinza de Biharia este
constituitd din metamorfitele paleozoic inferioare ale scrici de Biharia
cu caractere metaofiolitice ; din formatiunea de Cladova de virstd pro-
babil carbonifer superioard; din granitoidele de Highis care strdbat si
cornificd formatiunea de Cladova. Intre seria de Biharia si formatiunea
de Cladova existd un contact tectonic anormal anterior intruderii gra-
nitoidelor de Highis. Pinza de Baia de Aries, cea mai de sus dintre
pinzele de soclu ale masivului Highis-Drocea, este compusa din meta-
morfitele proterozoic superioare ale seriei de Baia de Aries si ea re-
prezintd subasmentul zonei Muresului. Seria de Biharia, posedd in aso-
ciatiile de minerale ale rocilor sale resturile a patru parageneze : prima
de origine magmaticd bazicid pre-metamorficd ; a doua apartinind meta-
morfismului regional caledonic, realizati in conditiile faciesului amfi-
bolitelor albit-epidotice; a trela generati de metamorfismul regional
hercinic, caracteristicd pentru zona cloritului din faciesul sisturilor verzi;
2 patra de contact termic, in relatie cu granitoidele de Highis.

ST

QUESTIONS il

H. Savu: Why do you consider the Péiuseni Series in nappe position and
qot transgressively overlying its basement — the Madrizesti Series ?

2. How do you account for the relict igneous textures of the basic rocks
{metabasalts) interlayered in all the three complexes of the Pdiuseni Series,
.assigned to other series of different ages, considering that these series were
affected by advanced metamorphic processes ? Is it possible that an amphibolite
‘become basalt again by retromorphism ?

3. Could you account for the origin of basic rocks from Highis-Drocea and
Bihor Mts, for the character of kyanite-bearing rocks of the P&iuseni Series,
tlie conditions under which hastingsite and glaucophane characteristic of the
Paiuseni Series are formed; how is it possible that all the “nappes” defined
by you are crossed by the same Paleozoic intrusions. In case these are banatites,
you should account for their nature, as it is well know that they are Hercynian.

Answer : 1. Considering that the contact relationships are tectonic and not

“transgressive.
2. It is a too general question. As regards the relict igneous textures pre-
served in some — high grade — basic rocks which underwent several meta-

‘morphic events, it is to mention the metaultrabasites of the Sebes-Lotru multi-
group, metamorphosed twice to kyanite or sillimanite zone. An amphibolite be-
comes greenschist due to retromorphism.

3. The basic rocks from Highis-Drocea and Bihor are represented by basic
metamagmatites ; kyanite lacks from Paiuseni Series and occurs in either Baia
de Aries or Codru Series; hastingsite forms under mean to high pressure
conditions ; the Pdiuseni Series is characterized by abundant terrigenous rocks
and very low grade monometamorphism; the Upper Paleozoic intrusions pierce
-only the Biharia Nappe. We called banatites some wsmall magmatite bodies
‘which seem to pierce the Highis-Drocea edifice (for example Debella Gora).




AR Institutul Geologic al Roméniei

\es/



. BAL]NTONI: Petrology and Tectonics of the Highis - Drocea Mass:#

|

Olipova

TECTONIC SKETCH MAP OF THE

(Drawn according to geologic map of Romania. scale 1:200,000
sheets Arad and Brad. completed and reinterpreted by the author

. BALINTONI

T

HIGHIS - DROCEA CRYSTALLINE MASSIF

Slatina'ode Mure:_;

N [ OlE

' «aw—a—a Pre-alpine overthrust plane

LEGEND

Post - mediterranean formotions

x X ¥ | Banotites (?)

il

FINIS NAPPE

Permo-Mesozoi¢ cover

Codru granitoids

Codru Series

I

HIGHIS - POIANA NAPPE

Psiuseni Series-

J 1]

BIHARIA NAPPE

+ 4.t Highiy granitoids
Cladova Formation
Biharia Series

BAIA DE ARIES NAPPE
Baia de Aries Series

PRE - ALPINE NAPPES

Lipova Nappe

Alpine overthrust plane

|

— Fault

- Geologic boundary

............... Transgression

NSTITUTUL DE GEOLOGIE $1 GEOFIZICA. Dari. de seamd. vol..” 70 -7115

S | e

Imprim.Atel.Inst.Geol Geot



D. S. Inst. Geol., Geofiz. vol. T0-T1/5 (1983; 1984), 1986, pag. 23-44
5. TECTONICA SI GEOLOGIE REGIONALA o

CONSIDERATIONS ON A PRELIMINARY STRUCTURAL MODEL
OF THE SOUTH GCARPATHIAN CRYSTALLINE EAST
OF "THE OLT RIVERY

BY

ION BALINTONI, HORST P. HANN, ION GHEUCA, LIVIU NEDELCU,
MIHAI CONOVICI, GEORGE DUMITRASCU, TEOFIL GRIDAN 2

Structural model. Austrian orogeny. Laramian orogeny. Mediterranean 0ro-
geny. Lithostratigraphic units. Nappes. Boia Nappe. Tectonic relations. Poly-
metamorphics. Lithostratigraphic subdivisions. Lithofacies. South Carpathians

— Getic and crystalline Supragetic Domains ~— Iezer, Fdgdras Mountains.
East Carpathians — Crystalline-Mesozoic Zone — Leaota Mountains.
Abstract

The central and eastern areas of the South Carpathian crystalline consist
of two major nappes of Intrasenonian age, namely emplaced during the Early
Laramian paroxysmal tectogenesis. The upper nappe is called Boia Nappe and
the lower one Lotru Nappe. The Boia Nappe contains Austrian tectonic units
represented from bottom to top by the following nappes: Dimbovicioara, Holbav,
Brasov, Arges, Moldoveanu, Birsa Fierului Unit, Strimba Nappe. The component
Austrian tectonic units of the Lotru Nappe, from bottom to top, are: Getic
Nappe ; Uria Nappe; Calinesti Nappe; Clineni Nappe. The Austrian tectonic
units have been affected by deformation probably during the Mediterranean
paroxysmal tectogenesis, and the Late Cretaceous Laramian paroxysmal tecto-
genesis is marked by thrusts of varying size both in the east and in the west
of the investigated region. The studied area consists -entirely of Upper Protero-
zoic polYmetamorphibb assigned to two metalithofacies: Negoi metamorphic un-

1 Received April 18, 1984, accepted for communication and publication
April 18, 1984, presented at the Meeting April 27, 1984.

2 Institutul de Geologie si Geofizici, Str. Caransebes 1, R 79678, Bucu-
resti, 32.
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migmatized rocks abunding in carbonate rocks, and Sebes-Lotru metamorphic rocks.
with scarce carbonate rocks and including relatively numerous eclogite and meta-
ultrabasite bodies, intensely migmatized on wide areas.

Résumé

Considérations sur le modéle structural préliminaire des roches eristallines:
des Carpathes Meéridionales & lest de I'Olt. Les parties centrale et orientale du
cristallin des Carpathes Méridionales sont constituées de deux nappes de char-
riage majeures mises en place de facon intrasénonienne, donc au cours- de la
tectogenése paroximale laramienne hétive. La nappe supérieure a €té dénommeée:
de Boia et celle inférieure de Lotru. La nappe de Boia comprend comme ‘unités
tectoniques autrichiennes les suivantes nappes de charriage (de bas .en haut):
de Dimbovicicara, de Holbav, de Brasov, d’Arges, de Moldoveanu, unité de Birsa
Fierului, nappe de Strimba. Les unités tectoniques autrichiennes constitutives de-
la nappe de Lotru sont (de bas en haut): nappe gétique, nappe d'Uria, nappe de
Calinesti, nappe de Cilineni. Les unités tectoniques autrichiennes ont été forte-
ment déformées probablement pendant la tectogenése paroxismale wméditéra-
néenne, alors que durant la tectogenése paroxismale laramienne fini-crétacée ont
été aussi générés des chevauchements d’ampleur variable & l’est qu’a louest de
la région étudiée. L’aire étudiée est entiérement formée des polymétamorphites
protérozoiques supérieures qui peuvent étre incluses a deux métallofaciés: cris-
tallin de type Negoi, riche en roches carbonatées et non migmatisé et cristallin
de type Sebes-Lotru, pauvre en roches carbonatées, contenant maints corps
d’éclogites et de métaultrabasites et intensément migmatisé sur de grandes
surfaces.

I. Evolution of Ideas

The structural images of the South CGarpathian crystalline east of
the Olt river belong to two concepts : nappe and non-nappe. These two
concepts are mainly due to the principles of delimiting the major litho-
stratigraphic units and to the interpretation of boundaries among them.
The numerous data accumulated in time may be corroborated bringing
valuable information in this field. The “nappe” concept was initiated
by Reinhard (1911) and Popescu-Voitesti (1910), and then supported
by Schmidt (1930 a, b), Streckeisen (1934), Sdndulescu (1975, 1976, 1980),
Krautner et al. (1978). Recent important contributions fo the structural
study of the eastern area of Figdras Mts have been brought by Gheuca
(in Heredea et al., 1979, Radulescu et al., 1980), Nedelcu, Anton (1984),
Anton et al. (1982), Nedelcu et al. (1984). The western area of Fiagiras
Mts and the relations with the metamorphic rocks occurring east of the
Olt river were investigated by Desilla €odarcea, Stancu (1968), Savu.
et al. (1977), Szasz, Hann, Gheuca in Lupu et al. (1978), Hann, Gheuca,
Szasz in Stefénescu et al. (1982) and Hann, Szasz (1984). The “non-
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nappe” concept implies minor dislocations both in the Olt area and
east of it and was promoted by Ghica-Budesti (1940), followed by Dimi-
frescu (1962, 1963, 1964, 1967, 1978), Gherasi, Dimitrescu (1964), Gherasi
et al. (1966), Savu, Schuster (1971).

It is to mention that important contributions to delimiting the
lithostratigraphic units and the main discontinuities within the meta-
‘morphics pile occurring in the South Carpathians east of Olt belong
to all cited  authors, the interpretations being dissimilar. The papers
which have not been cited do not deal with the object of our study.

II. General Structural Model

The geometric relations between the present-day major litho-
stratigraphic units which form the South Carpathian crystalline from
central and eastern parts are very complex due to repeated Mesozoic
alpine paroxysmal tectogeneses which affected the metamorphic rocks
from the Carpathian territory (Austrian, Mediterranean, Laramian) and
induced the thrusts, overthrusts, major foldings and shifting of litho-
-stratigraphic units and/or thrust planes. The order in which these
tectogeneses had acted may be approximated by considering the order
in which the tectonic planes had intersected one another, the relations
between tectonic planes and major folds as well as the relations be-
tween tectonic planes and sedimentary sequences of different age.

The Austrian and Laramian paroxysmal tectogeneses, the latter
consisting of two phases, may be well defined temporally according to
the presence of some sedimentary sequences below the thrust planes.
The ‘South Carpathian crystalline east of Olt was however strongly
deformed during a paroxysmal tectogenesis occurring between Austrian
and Laramian ones, probably the Mediterranean one. Reliable evidence
of Mediterranean paroxysmal tectogenesis is present west of the Olt
river. As the present discussion is intended to be brief and intelligible
the different tectogeneses will be treated as follows : early stage of
Laramian tectogenesis, Austrian tectogenesis, Mediterranean (?) tecto-
genesis and second stage of Laramian tectogenesis. Therefore the ge-
neral structural model of the South Carpathian crystalline east of Olt
consists of several alpine nappes emplaced during three paroxysmal
tectogeneses when they also underwent intense folding 'and faulting.

III. The Structural Model Proposed for Early Laramian Paroxysmal
Tectogenesis

All the studies concerning the South Carpathian crystalline east
of Olt river show that the main feature of this area is the occurrence
of structural elements of different nature and size, trending mainly
east-westwards (e.g. the axes of major folds, position of lithostrati-
graphic units, of planes between them independent of their signifi-
cance, etc.) which are crossed by a plane exposed along the Olt river,
from Valea 1lui Stan to Ciineni (covered by the Olf Fault in the north) ;
the metamorphic rocks below this plane contain the same structural
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elements trending north-southwards. One should note that not on_ly t’ge
trending of structural elements above the plane under discussion is dif-
ferent west of Olt, but also some metamorphics are absent, whl'le the
overlying tectonic units, older than this plane, may not be‘ directly
correlated with the underlying ones. Therefore, owing to this plang,.
partly lithostratigraphically and petrogenetically different metamorphic
sequences were superposed, and their structural elements dated prior
to the mentioned plane had been generated in different areas. Accord-
ing to Szasz, Hann, Gheuca (in Lupu et al.,, 1978), Hann, Gheuca, Szasz
(in Stefanescu et al, 1982) and Hann, Szasz (1974) the early stage'okf
Laramian paroxysmal tectogenesis is marked by a thrust plane which
overlies Santonian sediments and underlies a post-tectonic cover which
starts with the Campanian. As the Early Laramian thrust plane crosses
the pre-existing tectonic units resulting in their superposition, in the
authors’ opinion the structural pile removed as such should get a name;
thus, the Early Laramian tectonic unit in upper position should be
called Boia Nappe. According to Codarcea (1940), the Getic Nappe sensu
Murgoci (1912) was affected by Laramian paroxysmal tectogenesis, the
movement taking place only partly on the preexisting (Austrian) thrust
plane, while another tectonic unit, the Severin Nappe, occurred below
the Getic Nappe. The Laramian unit inferior to the Boia Nappe should
be called the Lotru Nappe. It is obvious that in this view all the nappes
delimited so far by different authors in the central and eastern South
Carpathians belong to one or both Early Laramian nappes.

II1.1. Lithostratigraphic Units of the Boia Nappe

The metamorphic rocks occurring in the South Carpathians are
very difficult to classify and correlate mainly because of the initially
unitary piles which had been sectioned by tectonic planes into strati-
graphically incomplete tectonic slices forming at present superposed
nappes, delimited in places both longitudinally and transversally by
sedimentary covers posterior to paroxysmal fectogenesis. Considering
the numerous researches of the Carpathian metamorphics, Kréutner
et al. (1978) and Kréautner (1980) initiated their classification according
to the lithostratigraphic principles proposed by Hedberg code (1970).
Thus, the formation is the main lithostratigraphic unit and several for-
mations constitute the group. According to Hedberg code all formations
assigned to a group should be contiguous. The supergroup includes no
thrust planes. Therefore, as far as the Carpathian metamorphic rocks
are crossed by thrust planes forming thin and incomplete sequences,
a tectonic unit consists usually of a single formation or a group of
formations. Hedberg code accounts for avoiding the assignment to a
lithostratigraphic unit of two beds separated in time by an epoch or
even an era; it is thus inferred that a lithostratigraphic unit, no matter
its rank, may include only metamorphic rocks with the samé evolution,
that is initially metamorphosed during the same orogenesis. The multi-
tude of formations and groups from different tectonic units with similar
metamorphic evolution and assigned to the same metalithofacies may be
called multigroup. Finally, the most appropriate name of all meta-
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morphics of the same age should be inferred from the orogenesis during
which they had been metamorphosed. Considering the facts discussed
above, the metamorphic rocks of the Boia Nappe may be as-
signed as follows : Leaota, Iezer and Cumpéna groups of Sebes-
Lotru multigroup; Féagdras Group and Morisoara Formation of
Negoi multigroup; Strimba Formation uncertainly assigned to the
multigroup. The Negoi multigroup abunds in carbonate rocks,
which occur regionally and alternate with amphibolites, and quartz
rocks ; migmatites are absent even if sillimanite is present. The Sebes-
Lotru multigroup is mainly gneissic, carbonate rocks: occurring subordi-
nately and locally, is amphibolite and quartzite poor, includes regionally
developed migmatites and frequent eclogites and metaultrabasites. Both
multigroups are Precambrian in age. As the present study is a structural
one, the description of pre-Laramian tectonic units of the Boia Nappe
will envisage the component formations of different groups without
describing them, additional information being supplied by references

II1.2. Austrian Tectonic Units of the Boia Nappe

~In the authors’ opinion the Boia Nappe consists of the following
Austrian basement tectonic units : Dimbovicioara Nappe ; Holbav Nappe;
Brasov Nappe ; Arges Nappe ; Moldoveanu Nappe ; Birsa Fierului Unit;
Strimba Nappe. The basement of the Holbav Nappe is not exposed ;
Arges and Strimba nappes lack in sedimentary deposits ; the other tec-
tonic units have sedimentary deposits starting from Permian (Up=
per Carboniferous ?) to Aptian (Sandulescu, 1976). The post-tectonic
cover of Austrian nappes starts with Upper Aptian, Albian or Vraconian
(Sandulescu, 1964, 1966 ; Stefanescu, 1969 ; Séndulescu et al., 1972 a, b;
Sandulescu, 1976 ; Stefanescu et al, 1979, Nedelcu et al., 1984)." Con-
sidering that the South Carpathian nappes had been generated with
respect to the subduction plane which accompanied the consumption of
the Quter Dacian Flysch basement (Sdndulescu, 1975) while the nappes
of the Getic Domain exhibit features typical of synthetic nappes sheared
in the upper compartment, one may conclude that they had southern
vergencies. During their emplacement some upper nappes surpassed
the lower ones (e.g. the Brasov Nappe surpassed the Holbav Nappe),
and the front of the other nappes lagged behind the lower ones (e.g. the
Moldoveanu Nappe in respect of the Arges Nappe). The initial relations
among Austrian nappes had been much disturbed by subsequent tecto-
geneses.

© . III.2.1. Dimbovicioara Nappe. The metamorphics include the Leaota
Group delimited as follows : Voinesti-Pdpusa complex of Cumpdna Se-
ries, Leresti-Tamas Series and Célusu-Tamdsel Series according to.
Dimitrescu (1978); Leaota and Calusu Series according to Popovici
(1978) ; part of Voinesti Formation (from the level corresponding to
the basement of Voinesti-Pipusa complex according to Dimitrescu
(1978), Leresti and Calusu formations according to Gheuca, Dinica (1983).

Krautner (1980) proposes the following classification of Leaota Group :
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Voinesti-Papusa Formation, according to Dimitrescu (1978)3 assigned to
Tezer Group as part of the Carpian supergroup; Leresti Formaitlon,
as part of Leaota Group, assigned to Marisian supergroup; Ca}lt%:sg
Series assigned to Variscan metamorphics. According to Gheuca, Dinica
(1983) the metamorphics of the Leaota Group are polymetamorphm, of
high grade initial metamorphism, and their lithostratigraphic featt%-res
and metamorphic evolution are similar with those of metamorph;tes
belonging to Sebes-Lotru multigroup. It is still to discuss the _possﬂole
assignment of the top of Calusu Formation to the metamorphics of 2
subsequent cycle. The Leaota Group underlies the Dimbowowara,vsedl—
mentary series which consists of the following (Patrulius, 1969 ; Sandu-
lescu, 1976 ; Stefdnescu et al, 1979) : Middle Jurassic marls and sand-
stones ; Upper Jurassic limestones; Lower Cretaceous marly limestones
with Barremian-Aptian reefal development. The Dimbovicicara Nappe
belongs to the Brasov-Dimbovicioara Unit according to Sandulescu (1976)
or to the Getic Nappe in a wider view (Sindulescu, 1976, 1980). The
front of Dimbovicioara Nappe is its outermost part and contacts direct-
ly the Ceahldu Nappe flysch (Sdndulescu, 1976) in which olistoliths
of the Leaota Group are insedimented (Murgeanu, Gherasi, 1932 ; Mur-
geanu et al, 1964 ; Patrulius et al.,, 1967). Besides, the sedimentary
series with no Triassic rocks are typical of the areas which had generated
the alpine nappes adjoining the Russian and Moesian platforms. ror
example, Triassic rocks are absent from both outer Dacian megatrough
and Danubian Domain (Sandulescu, 1975). Finally, the Dimbovicioara
sedimentary Series may be compared with the sedimentary rocks of
the Getic Nappe in Vinturarita zone (Lupu et al., 1978). According to
these data, the Dimbovicicara Nappe is considered the lowermost one
among Austrian nappes assigned to Boia Nappe, therefore it is inferior
to Holbav Nappe, too. The coal-bearing Liassic occurrences of Gresten
type in Holbav and Brasov nappes (Sindulescu, 1964, 1966) make dif-
ficult the emplacement of Dimbovicioara Nappe between these tectonic
units, while its overlying position above the Brasov Nappe would: be
in disagreement with respect to the Dimbovicioara Series facies.

IT1.2.2. Holbav Nappe. This nappe was delimited by Sandulescu
(1976) as ‘“Holbav Unit” inferior to Brasov-Dimbovicioara one. The
metamorphic basement of the Holbav Nappe is not exposed and was
however yielded by drilling (S&ndulescu, 1976). The sedimentary Holbav
Series starts with coal-bearing Liassic deposits of Gresten type which
also include volcanics and does not depass the Jurassic (S&ndulescu,
i976 ; Sidndulescu et al., 1979).

II1.2.3. Brasov Nappe. To the metamorphics of the Brasov Nappe,
besides the Vulcan metamorphic rocks and those underlying the Poiana
M'c'lrulu_i Triassic (Sdndulescu et al, 1972a,b; Nedelcu et al,, 1984),
are assigned the Iezer Group including Mioarele and Papiau formations
(Mioa}"ele and Pdpdu complexes as part of Cumpina Series, according
tov Dimitrescu, 1978) or Mioarele paragneisses formation and Iezer-
Papusa micaschist formation of the Iezer Group, according to Kridutner
(1980). The Brasov Nappe has been delimited from the Dimbovicioara
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one because of their different component sedimentary sequences (the
Brasov Series contains Permo-Triassic rocks, with Permian acid eruptions
and Triassic Guttenstein bituminous limestones and bearing coaly Lias-
sic of Gresten type, which are absent from the Dimbovicioara Series)
and of different metamorphics which form their basements. As the
facies of the sedimentary Brasov Series is more internal than the one
of the sedimentary Holbav Series (Sa&ndulescu, 1976), it is considered
that during the Austrian paroxysmal tectogenesis the Brasov Nappe
overlay the Dimbovicioara Nappe surpassing the Holbav Nappe and
thus covering the relation between the two. The present authors’ ar-
gumentation for delimiting the Brasov Nappe from the Dimbovicioara
Nappe is based on the characteristic features of the Brasov Nappe meta-
morphics on the one hand and of the Dimbovicioara Nappe ones on
the other, and on the interpretation of the relationships between
these metamorphics and those assigned to Dimbovicioara and Arges
nappes. At Vulcan, the Holbav Series overlies the mesozonal meta-
morphics lacking in migmatites and granitoids; the same type of
metamorphic rocks are overlain by Triassic limestones at Poiana Méiru-
lui which may be considered an inner facies of the Brasov Series (S&n-
dulescu et al., 1972 b, Nedelcu et al., 1984). In the Iezer-Leaota massif
the only metamorphic sequence similar with the metamorphics which
underlie the sedimentary Brasov Series is represented by the Iezer
Group as defined above. To the south, the Iezer Group underlies the
Leaota Group, implicitly the Dimbovicioara Nappe and to the north,
it overlies the Cumpina Group, namely the Arges Nappe. Popovici
(1978) is the first to mention a lithostratigraphic and metamorphic
unconformity between Iezer and Leaota groups and to define the Voi-
nesti and Leresti formations (sensu Dimitrescu, 1978) as the Leaota
Series, younger than the Cumpéna Series, to which the Iezer Group
is assigned. This unconformity is considered of tectonic nature because
of the following reasons: a) the Voinesti Formation was affected by
migmatization and partial anatexy which generated granitoid bodies,
such as the Albesti ones (Gheuca, Dinicd, 1981); these processes are
absent in the Iezer Group, although it is geometrically inferior, an
unusual position in case of normal superposition; b) the micaschists
of the Pipiu Formation are more retromorphic than the lower part
of the Voinesti Formation which accounts for an anomalous contact
at the base of the latter. It is known that the metamorphic rocks east
of Olt river lying to the south of the crest anticline were affected
by very strong post-Austrian deformations which entailed the north-
ward overthrow of several metamorphic piles, and therefore it is con-
sidered that the Leaota Group overlies the Iezer Group owing to a
retrothrust. This is supported by the fact that the Iezer Group united

with the Leaota Group, thrusts the Cumpana Group in reversed position
northwards. On the other hand, by assigning the superposition of Leaota
and Iezer groups to Austrian paroxysmal tectogenesis, one should ac-
count either for the correlation of Leaota and Cumpina Groups, con-
sequently Dimbovicioara and Arges nappes, which is still unproved,
or for the thinning out of Dimbovicioara Nappe on several kilometers.
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which is less probable. The Iezer Group cannot be correlated with the
top of the Leaota Group in order to account for their relation by means
of retrothrusting within the same tectonic unit. Another -possible, but
less probable, interpretation of the Brasov Nappe will be discussed
in connection with the Arges Nappe. Sandulescu (1976) has assigned the
Brasov Nappe to the Brasov-Dimbovicioara Unit, therefore to the Getic
\Tappe (Sdndulescu, 1976, 1980). D1mbov101oara, Holbav and Brasov
nappes are not exposed on the Olf territory, being probably crossed
by the Boia Nappe plane. The sequence proposed for Dimboviciocara,
Holbav and Brasov nappes show, from outside innerwards, the following
features of sedimentary series: the outermost Dimbovicioara Series
starts with the Middle Jurassic; the more internal Holbav Series starts
with the Liassic in Gresten facies; the innermost Brasov Series in-
cludes Permian rocks, Triassic Guttenstein limestones and Liassic ‘in
Gresten facies. '

1I1.2.4. Arges Nappe. This nappe is entirely built of the meta-
morphics of Cumpéna Group, which, according to Balintoni et al. (1984),
consists of the following complexes of the Cumpdna Series defined by
Dimitrescu (1978) : the Cumpana -Holbav migmatites, the leucocrate
gneisses and the Cozia gneisses, as well as the Mégura Ciinenilor corn-
plex adjoining the contact with the Figiras Group. The present authors
divide the Cumpédna Group in.two formations; Vilsan Formation, in-
cluding - Cumpéna-Holbav and Cozia: complexes, the two types of mig-
matites often alternating, and the Mdagura Ciinenilor Formation. In: this
view, the Cumpéna Group is superposed on the Cumpéna Series accord-
ing to Ghica-Budesti (1940). Kriubtner (1980) assigns the Cumpaina Group
defined by Ghica-Budesti (1940) to the Aluta Group, by taking into
account a supposed sedimentation conformity between Cumpana and
Fagiras groups. The data put forward by Gheuca (in Heredea et .al.,
1979 ; Radulescu et al.,, 1980), Nedelcu, Anton (1984) and Balintoni et
al. (1984) show that the boundary between Fagiras and Cumpéna groups
is of tectonic nature all over the Fagiras. Mts, while the metamorphics
of the Cumpina Group exhibit features typical of Sebes-Lotru. multi-
group and different from those of Negoi multigroup. The relations, be-
tween the Cumpéna Group and the upper and lower lithostratigraphic
units are extremely complicated and their study leads to clearing:.up
the structure of the Boia Nappe. In the east of Figiras Mts starting
from Dimbovita bend eastwards, the relationships between the Austrian
nappes were only little affected by. plicative processes subseguent,. to
their emplacement and there is no doubt regarding their initial super-
posmon and the normal polarity of lithostratigraphic units. Therefore,
in this area the Cumpdna Group overlies the sedimentary series of
Holbav and Brasov nappes and the Iezer Group metamorphlcs ‘and
underlies the Facaras Group. Taking into account the prev*ous dis-
cussions, the flI‘St Austrian unit underlying the Arges Nappe is the
Brasov Nappe and even if the thrust plane of the Arges Nappe had
been involved in Laramian paroxysmal tectogenesis second stage (San-
dulescu, 1966), previous geometric relations underwent no significant
changes. In other words, in the east of Fégdras the Cumpdna Group



9 SOUTH CARPATHIAN STRUCTURE EAST OF OLT RIVER 31

overlay the lezer Group during Austrian paroxysmal tectogenesis and
any other relation between the two should be considered post-Austrian.
At the same time, in the east of Figiras the Cumpina Group exhibits
at its base the highly migmatized Vilsan Formation, fact interpreted
as normal polarity as neither metasomatic nor anatectic migmatisation
is possible at the upper levels of a metamorphic pile without affecting
the "lower levels. From the Dimbovita bend westwards all relations
meritioned above are reversed as follows: the Iezer Group overlies
the Cumpana Group and the plane in between trends northwestwards ;
the Cumpéna Group overlies the Figdras Group ; within the Cumpdina
Group one notes reversed polarity, the highly migmatized Vilsan For-
mation overlying the Magura Ciinenilor Formation, characterized by
gradual decrease of migmatisation to the north till its dlsappearance
in the IFagaras Group the polarity is normal, as will be shown in con-
nection with the Moldoveanu Nappe, although the big crest anticline
seems to have formed by that time. The general northward overturn
of the Cumpéana Group was first mentioned by Ghica-Budesti (1940)
and repeatedly studied by Dimitrescu (1963- 19/8 starting from the
springs of Lerescu brook to the west it covers the Austrian thrust
plane, owing to which the F&garas Group overlies the Cumpana Group
and favours the contact between the top of the Cump#na Group and
the top of the Fagaras Group.

" The tectonic contact between Cumpina and Iezer groups was re-
ported by Reinhard (1911) from the area between Riul Doamnei and
the springs of Dimbovita river. Its accurate line was gradually defined
and similarly interpreted by Schmidt (1930 a, b), Streckeisen (1934).
Codarcea et al. (1967). It consists of thick mvlonltes mainly occurring
on the ocellar migmatites of the Cumpéna Group which cease appearing
abruptly. It is to note that similarly to the case in which the Iezer
Group may not underlie conformably the Leaota Group, due to the
absence of migmatisation and anatectic granitisation processes inside it,
it might not underlie conformably the GCumpédna Group because of the
same reason. From this plane to the Strimba Nappe, in the view of
Krautner et al. (1978), there is a Supragetic unit called Figaras Unit;
accordlng to the same authors the metamorphic rocks south of this plane-
seem to form another Supragetic unit, Leaota Unit. Starting from the
same plane northwards, Sindulescu (1976) figures the Sinca digitation
and later (1980) this author marks there the Supragetic Nappe plane.
Finally, the present authors consider that theoretically the Brasov Nappe
may be viewed as a lower digitation of the Arges Nappe, supposing
that the Iezer Group resembles the unmigmatized part of the Cumpéna
Group, representing the normal, faulted limb, pushed to the north-west,
of a reversed fold, exhibiting the Vilsan Formation in its axis; accord-
ing to this conception, one should admit that from the Dimbovita bend
eastwards, the plane delimiting the two subunits, which seem to form
‘the’ Arges Nappe, coincides with the Holbav Fault (Sdndulescu, 1976)
assigned to the end Cretaceous, thus accounting for different ages of
the eastern and western areas of the ‘“Brasov digitation”. Due to its
lithostratigraphic features and geometric position (Sandulescu, 1964,

1966). the Magura Codlei scale’ (Séndulescu, 1976) belongs to the Brasov
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Nappe and includes the upper sequence of the Brasov Series, starting
from the Liassic in Gresten facies.

II1.2.5. Moldoveanu Nappe. The Moldoveanu Nappe consists of the
Figdras Group of the Negoi multigroup and of a Permian (Upper Car-
boniferous ?)-Mesozoic series, exposed in the upper course of the Birsa
Fierului stream, called by us Moldoveanu Series. According to San-
dulescu (1976) and Nedelcu et al. (1984) the Moldoveanu Series includes:
Upper Carboniferous micaceous quartz sandstones yielding plant rem-
nants (borehole 3 Birsa Fierului); Permian polymictic conglomerates
and siltstones in Verrucano facies which grade laterally into greyish
facies with metamorphic mineral binder ; Seisian sandstones and quartz
conglomerates yellow and violaceous in colour, argillaceous shales and
variegated siltstones; Campilian-Anisian dolomites ; Aptian conglome-
rates, calcareous breccias and Pachiodont and Orbitolina limestones.
The Moldoveanu Series was preserved only in the eastern Fégiras Mts.
In the present authors’ view the Fagiras Group coincides with Féagaras
and Poiana Neamtului Series according to Ghica-Budesti (1940), with
the Serbota complex of the Cumpéna Series and the Fégiras Series
defined by Dimitrescu (1978), with the carbonate and quartz-micaceous
formations, as part of the Aluta Group defined by Krautner (1980).
According to Balintoni et al. (1984) the Fégaras Group may be divided
into three formations: Lower Serbota Formation consisting mainly of
phaneroblastic micaschists bearing disthene and staurolite, well ex-
posed on Riul Moasei de Avrig stream ; Suru Formation built of alter-
nating carbonate rocks and amphibolites and different types of gneisses.
The carbonate rocks of this formation host the syngenetic ores of Valea
Blaznei type and on Capra Valley one may see an exposure easy of
access. The next Valea Rea Formation occurs from the springs of the
Vilsan river to the east and consists of mainly micaceous rocks. The
metamorphics of the Fagdras Group are highly retromorphosed at the
top and show features typical of greenschists in the chlorite zone. Sa&n-
dulescu (1976) considered that the Moldoveanu Nappe belongs to the
Sinca digitation, while Kréautner et al. (1978) assigned it to the I'dgéras
Unit, one of the Supragetic units. In 1980 Sandulescu changed his opi-
nion and placed the Supragetic Nappe plane between the Iezer and
Leaota metamorphic rocks and the Fédgdras ones. The tectonic contact
between Féigdras and Cumpina Groups was first mentioned by Gheuca
(in Heredea et al., 1979 and Ré&dulescu et al., 1980) in the area between
Birsa Fierului and Birsa Grosetului. The tectonic nature of this contact
is proved by the following data : a) in the Morisoara brook, from below
the Suru Formation of the Fagdras Group crops out the Vilsan For-
mation of the Cumpana Group, pointing to the absence of the Méigura
Ciinenilor Formation at the top of the Cumpina Group, and of the
Serbota Formation at the base of the Fagdras Group; b) the Birsa
Fierului granitoids which pierce the F#giras Group are not rooted
there, but cease occurring at the contact with the Cumpédna Group,
or are present as discontinuous blades in the basement of the Figiras
Group ; c¢) the contact between these two groups is accompanied by
thick layered mylonites and cataclasites. According to Gheuca (in He-
redea et al., 1979 ; Radulescu et al, 1980) the Moldoveanu Nappe was
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named Nimaia Unit, and Nedelcu, Anton (1984) defined it as Birsa lui
Bucur Unit. The Austrian thrust plane of the Moldoveanu Nappe: is
-covered by the Cumpdna Group, starting from the Lerescu brook: to
the west, due to its subsequent northward overturn. However, the Faga-
ras Group occurs in normal position along the massif, as proved by :
1} Hercynian retromorphism which is very intense at its geometrically
‘upper part decreases gradually to the basement, being a general feature
of pre-Hercynian metamorphics affected by Hercynian regressive meta-
.morphism ; 2) the spatial relations among the formations of the Fagdras
Group, exposed in the east where they underlie the Moldoveanu Series,
remain unchanged in the west. In the western Fagiras the thrust
plane of the Boia Nappe crossed the Austrian structure above the con-
tact between Fégdras and Cumpina groups, so that only the inverted
part of the Cumpdna Group was preserved. The post-Austrian ano-
malous position of the Cumpédna Group overlying the Fagdras Group is
Proved by the overturn mentioned in connection with the Arges Nappe
and also by the following : the limit between the weakly metamorphosed
‘Cumpédna Group and the highly retromorphosed Fagiras Group is sud-
-den ; geometrically the retromorphism increases in intensity starting
from top to bottom in the Cumpidna Group, and decrease similarly .in
the [Fagiras Group; in the Figdras Group several formations oceur
and disappear along this contact; laminations occur in numerous.in-
stances ; this boundary is geochemlcally relevant (Balintoni et al
1984). The Fi dgdras Group, namely the Moldoveanu Nappe, exhibits a
tight anticline, axially faulted, of kilometric amplitude —— the crest
anticline. In the east of Fégéras, this anticline loses individuality start-
ing from the same meridian at which post-Austrian northern overturns
are absent. The Moldoveanu Nappe is assigned the Austrian age because
of the following reasons: a) the Birsa Fierului granitoids occurring
in the neighbourhood of the Moldoveanu Nappe thrust plane have
vielded Mesozoic ages between 102.141.9m.y. and 144.745.8 m.y. (Lemne
et al, 1983 ; Véjdea et al., 1984). The values of 102.14-3.9, 104-+-3.9 and
105.74-4 m.y. account for the Austrian paroxysmal tectogenesis. by Con-
sidering that in the East Carpathians the metamorphic rocks of Bretila
type, more external than the Rebra type (the former similar to Sebes-
Lotru multigroup and the latter similar to Negoi multigroup, in the
authors’ opinion), constitute a pre-alpine nappe overlying the latter, it
is less probable that this relation is reversed in the Fagiras in case
of a pre-alpine nappe as far as in this instance, too, the Sebes-Lotru
multigroup rocks are external to the Negoi multigroup.

1i1.2.6. Birsa Fierului Unit. The rank and areal extent of this
unit have not been thoroughly elucidated. Nedelcu, Anton (1984) are
the first to delimit it in the source area of Birsa Fierului and to study
it( in Anton et al.,, 1982) as far as Simbdta Valley. The metamorphic
rocks of this unit are of Negoi type and will be assigned to the Mori-
soara Formation, while the overlying sedimeniatry series resembles
the Moldoveanu Series and will be named the Birsa Fierului Series.
According to Nedelcu et al. (1984) the Birsa Fierului Series includes :
Permian (?) conglomerates and grey polymictic sandstones with meta-

-
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