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Project 22 : Precambrian in Younger Fold Belts

STRUCTURE OF THE RIGHT SIDE -OF THE BISTRITA RIVER
BETWEEN CIOCANESTI AND VATRA DORNEI
(EAST CARPATHIANS) !

BY
ION BALINTONI ?

Overthrust nappe. Tectonic unit. Hercynian orogenesis. Rodna Unit. Pietrosu
Bistritei Nappe. Putna Nappe. Rardau Gneiss Nappe. Alpine orogenesis. Buco-
vinian Nappe. Sub-Bucovinian Nappe. Infrabucovinian Nappe, East Car-
pathians. Crystalline-Mesozoic Zone. Bistritei Mountains,

Sommaire

Structure du versant droit de la Bistrifa, entre Ciocdnesti et Vatra Dornei
(Carpathes Orientales). La zone -cristallino-mésozoique des Carpathes Orientales
tient une structure compliquée, en nappes de charriage, réalisées en deux- oro-
genéses : hercynienne et alpine, Les unités tectoniques hercyniennes sont: unité

de Rodna, nappe de Pietrosu Bistritei, nappe de Putna, nappes des gneiss de
Rardu. Les nappes de charriage hercymiennes se retrouvent acliuellement dans le

socle des mappes de charriage alpines, qui, de haut en bas sont: nappe bucovi-
nienne, nappe subbucovinienne et nappe infrabucovinienne.

The necessities of lithostratigraphic and structural correlation. with
a view to the drawing up of the geological map of Romania, scale
1 :50 000, Saru Dornei sheet (Balintoni et al.,, 1981), made us to review
areas situated at considerable distances from the Saru Dornei zone.
The results obtained, which modify certain knowledges on the correlation
of the tectonic units forming the central and southern parts of the
Crystalline-Mesozoic Zone of the East Carpathians, as well as the litho-
stratigraphic content of some of them, have been partly shown on the
mentioned sheet (Balintoni et al., 1981) and in a paper referring to the
area around the Ditrdu alkaline massif (Balintoni, 1981 b). This paper

1 Received on April 24, 1981, accepted for -communication and publication
on April 26, 1981, presented at the Meeting of April 29, 1981.
? Institutul de geologie si geofizicd. Str. Caransebes nr. 1, 78344 Bucuresti, 32.



6 1. BALINTONI 9

deals with information mostly concerning the structure of the right side
of the Bistrita River, upstream Vatra Dornei. Our cartographic repre-
sentation of the study area develops the tectonic and lithostratigraphic
conceptions represented by Bercia et al. (1975) on the geological map
of Romania (scale 1 :50000), Vatra Dornei sheet, a reference cartogra-
phic document for the knowledge of the geology of the central part of
the Crystalline-Mesozoic Zone of the East Carpathians.

I. Meso-Cretaceous Nappes

Recent researches (e.g. Balintoni, 1981 a, 1981 b ; Balintoni, Gheuca,
1981 a, 1981 b; Balintoni et al., 1981), sometimes with results which
seemed to be in contradiction with Sandulescu’s opinions (1967, 1975,
1980) on the Alpine structure of the Crystalline-Mesozoic Zone of the
East Carpathians, have confirmed those ideas in the end. S&ndulescu
(1967) included the Alpine nappes with pre-Mesozoic metamorphites in
their constitution in a system of the central nappes. According to his
latest synthesis (S&ndulescu, 1980) those nappes are (from top to bottom),
as follows : Bucovinian Nappe, Sub-Bucovinian Nappe, and Infrabuco-
vinian Nappes. In the right side of the Bistrita River, upstream the town
of Vatra Dornei, there certainly occur the Sub-Bucovinian Nappe,
the Iacobeni Infrabucovinian Nappe and probably the Bucovinian
Nappe (Fig. 1).

1. Sub-Bucovinian Nappe (Sdndulescu, 1967)

In the mapped area, the Sub-Bucovinian Nappe comprises the
metamorphites of the Negrigsoara and Tulghes series.. On the Vatra
Dornei sheet, scale 1:50 000 (Bercia et al, 1975), the Tulghes Series is
assigned in structural respect to the Rodna-Mestecinis Meso-Cretaceous
Nappe (the mentioned authors use another classification for the Meso-
Cretaceous nappes than Sandulescu) and the Negrisoara Series is not
separated. Among the metamorphites constituting the Negrisoara Series
only the Pietrosu porphyry gneisses are presented (but as a part of the
Tulghes Series). In the basin of the Diaca Brook (Balintoni, 1980 — un-
published data) the Sub-Bucovinian Nappe consists also of rocks of the
Rebra Series and in the area of the Putna Valley (Balintoni, 1981 a)
it incdludes also metamorphites of the Bretila Series, transgressively
overlain by the “Sub-Bucovinian sedimentary series” (Sdndulescu, 1976).

2. Jacobeni Nappe (Bercia et al., 1971)

In the present paper the Iacobeni Nappe is regarded as the upper-
most Infrabucovinian Meso-Cretaceous tectonic unit, which crops out
in the Iacobeni tectonic window. In the mapped area it is constituted
of the Mesozoic sediments of the “Iacobeni Series® (Sdndulescu, 1976)
and the underlying mesozonal metamorphites. The latter belong to the
Bretila Series. South of Vatra Dormei, nearby the locality of Panaci,
the Iacobeni Nappe includes the metamorphites of the Tulghes and
Negrisoara series, as well. The boundaries of the Iacobeni Nappe mapped
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Fig. 1. — Tectonic map of the night side of the Bistrija Valley between Vatra
Dornei and Ciocénesti, Mesocretaceous nappes : 1, Bucovinian Nappe; 2, Sub-
Bucovinian Nappe ; 3, Iacobeni Infrabucovinian Nappe. Pre-Alpine nappes : 4, Rebra
Series ; 5, Negrigoara Series: a, Pietrosu Bistrifel porphyroid gneisses; b, biotite-
bearing quartzitic paragneisses ; 6, Tulghes Series; 7, Bretila Series ; 8, Iacobeni
Mesozoic Series ; 9, Post-tectonic cover. Quaternary : 10, Alluvia; 11, Detritus;
12, Unmapped area; 13, Pre-Alpine thrust plane; 14, Meso-Cretaceous thnust
plane ; 15, Fault; 16, Transgression line; 17, Quaternary boundary.



[}

8 I. BALINTONI & o

by us almost coincide with those of the nappe with the same name
drawn up by Bercia et al. (1975) on the Vatra Dornei sheet (scale
1:50000). The mentioned authors, however, assigned the mesozo.nal_
metamorphites, transgressively overlam by the “Iacobem Ser1es to the
Rebra Series.

We include those metamorphites to the Bretlla Se11es for the
following reasons : a) the petrographic association consisting of mica-
ceous quartzites, micaschists, gneisses and amphibolites, in the absence
of the carbonatic rocks, does not occur in the known portions of the
Rebra Series; b) the same petrographic association characterizes the
Bretila Series in those zones in which it cannot be confused with-the
Rebra Series ; c¢) the supérior structural position of the Iacobeni meso- -
zonal metamorphltes within the Iacobeni Infrabucovinian - Nappe
-excludes the possibility to consider them as Rebra Series.

.3. Bucovinian Nappe (Sdndulescu, 1967)

We include, with certain reserves, in the Bucovinian Nappe, the
metamorphites from the right side of the Bistrita River, represented
as the Tibdu Series on the Vatra Dornei Sheet, scale 1 :50 000 (Bercia
et al.,, 1975). Bercia et al. (1971) and Bercia et al. (1976) describe the
Tibdu Series as representing the weakly metamorphosed Hercynian
cover, of Lower Carboniferous age, of the Tulghes and Rebra series.
The hypothesis that the rocks of the Tibau Series (as a matter of fact
referred to the Rebra Series in that area) should be thrust over those
of the Tulghes Series is rendered on the Saru Dornei sheet (scale
1:50000) (Balintoni et al., 1981). Our opinion that the metamorphites
under discussion should be assigned to the Bucovinian Nappe is based
on the following observations : -

a) Those metamorphites are in fact oldel mesozonal rocks, intensely
retromorphosed during the Hercynian orogenesis ; their initial degree
of metamorphism was superior to that of the ur’ldérlying Tulghes Series,
and therefore the superposition of the two series can be but tecto-
nically explained. :

b) From the viewpoint of the petrographic association (carbonatic
rocks, micaschists, gneisses, amphibolic rocks) and of the metamorphic
chistory, the rocks which follow over the Tulghes Series from the Sub-
Bucovinian Nappe in the right side of the Bistrita River are compatible
with sequences of the Rebra Series.

¢) In the right side of the Bistrita River, the spatial relationship
between the Tulghes Series, as the upper part of the Sub- bucovmla:n
Series, and the Tibau Serl-es (in the sense of Bercia et al, 1975) i
identical to the relatlonshlp observable between Paltinis and Dorna
Arini, where the Tulghes Series from the Sub-Bucovinian Nappes is
certamly overlain by rocks of the Rebra Series from the Bucovinian
Nappe (Balintoni et al., 1981).

The statement from point (a) is argued as follows :
a.l. The initial metamorphism (M1) of the rocks under discussion
was achieved in a field of thermodynamic stability situated over the
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“chlorite-out® isograde. It results from the frequent preservation of
intensely deformed relict biotites whose characteristics are identical
with those of the relict biotites occurring in the retromorphosed parts
of the Rebra or Bretila series. A large amount of biotite of that kind
is apt to be found in the Suhard Summit, for instance, over carbonatic
rocks, as well as in the left side of the Blstnt,a River, in the outcrops
along the highway, between the localities of Botos and Cirlibaba.

a.2. The initial paragenesis (+4biotite, —chlorite) was regressively
affected by a metamorphic event (M2), which generated muscovite and
chlorite as stable minerals, accompanied by the separation in large
ainounts of iron, probably as magnetite. Concomitantly with the naw
paragenesis a transposition foliation S2 occurred, muscovite and neo-
formation chlorite being disposed in a parallel position with S2.

a.3. The metamorphic event (M2) was followed by a mostly
dynamic event (M3), which microfolded the S2 foliation and induced a
83. foliation, parallel to the axial planes of the microfolds. After the
mentioned foliation rock fragments are separated by striking. The S3
foliation is the most prominent one in outcrops. It is not out of question
that the S3 foliation should be in connection with overthrusts, but
taking into account that it penetrates a rock pile thick enough it might
be considered prior to them, too. Such successions of events are proper
to the mesozonal series from the East Carpathians and by all means
they cannot be observed in the Hercynian formations found in the
study area. In order to exclude all doubts we have also investigated
the Rusaia ‘Series in the Om Brook area; the macro- and microscopic
analysis of the rocks belonging to the two series under discussion
excludes any possibility to refer them to a similar geological history
(Pl. Figs. 1, 2, 3).

All this does not exclude the possibility that thesuccession assigned
to the Tibau Series, from Vatra Dornei up to Maramures, should also
include rocks belonging to the Hercynian orogenesis. Likewise, the rocks
unider discussion may represeat and- independent retromorphous meso-
zone in a structural position comparable with that of the Mindra For-
mation (Balintoni, 1981 b), but within the Sub-Bucovinian Nappe (the
above-mentioned relationship is descrlbed by us within the Buco-
vinian Nappe).

In conclusion the following observations are to be pointed out :
the contacts between the Meso-Cretaceous nappes are marked by very
thick mylonites ; where patches of sedimentary rocks occur, the under-
lying metamorphites preserve a sub-aerial intense alteration, character-
ized by the complete oxidation of the iron previously included in the
femic silicates (Fig. 2).

II. Structure of the Basement of the Meso-Cretaceous Nappes

The research works of several generations of geologists rendered
evident, in the Crystalline-Mesozoic Zone of the East Carpathians,
nappes which cannot be correlated with the Meso-Cretaceous nappes
mentioned in the previous chapter. They proved to be pre-Alpine tec-
tonic units forming the basement of the Meso-Cretaceous nappes. In the
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7 STRUCTURE OF EAST CARPATHIANS BETWEEN CIOCANESTI AND VATRA DORNEI 11

region around Vatra Dornei the pre-Alpine tectonic units are, as follows :
Rodna Unit, Pietrosu Bistritei Nappe, Putna Nappe, Rardu Gneiss Nappe.
Further on we shall give some data on their history. Till the autumn .
of the year 1980, when the areas around the Ditrdu alkaline massif
were mapped, we (Balintoni, 1981 b) considered the mentioned tectonic
units of Alpine age. The pre-Alpine age of the Rardu Gneiss Nappe,
as part of the basement of the Bucovinian Nappe, was postulated by
Streckeisen in 1934 and then argued by Sandulescu (1972, 1975, 1976)
and by Streckeisen and Hunziker (1974). In the discussion on our paper
related to the Valea Putnei metamorphites (Balintoni, 1981 a), Sindu-
lescu ascertained that, besides the Rardu Gneisses, there are also other
nappes which can be of pre-Alpine age and they may be found in the
constitution of the basement of other Meso-Cretaceous nappes, not only
of the Bucovinian Nappe. Our investigations carried out in 1980 throw
a new light on many of the previous information and provide arguments
in favour of Sandulescu’s suppositions.

A) Characteristic Features of the Pre-Alpine Tectonic Units

A.l. Except of the Rardu Gneiss Nappe, in all the areas known
up to now, they consist of a single crystalline series.

A.2. They are thin and their thicknesses vary very much and
may become fragmentary.

A.3. Besides the Rardu Gneiss Nappe they are deprived of Meso-
zoic covers.

A.4. They show a poor internal structure, on considerable surfaces
the thrust of the planes being parallel to the limits between the litho-
stratigraphic units.

A.5. The constituent erystalline series are intensely retromorphosed
at the upper parts during the Hercynian orogenesis, but they do not
indicate any sub-aerial alteration except the Bretila Series.

A 6. The mylonites nearby the thrust planes are thin as compared
to those between the Meso-Cretaceous nappes.

A.7. All the four pre-Alpine fectonic units mentioned above are
found in the constitution of the basément of the Meso-Cretaceous Buco-
vinian and Sub-Bucovinian nappes; the Rodna Unit is not known up
to now in the basement of the Iacobeni Nappe (Infrabucovinian).

A.8. The succession of the pre-Alpine tectonic units in the base-
ment of the Meso-Cretaceous nappes is always the same (from bottom
to top) : Rodna Unit, Pietrosu Bistwritel Nappe, Putna Nappe, Rariu
Gneiss Nappe.

B) Crystalline Series of the Pre-Alpine Tectonic Units

B.1. Rodna Unit. Up to the presem only rocks of the Rebra Series
‘are known in this unit.

B.2. Pietrosu Bistritei Nappe. It includes only metamorphites of
the Negrigoara Series.
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B.3. Putna Nappe. It contains rocks of the Tulghes Series. The
facies of the metamorphites of “the Tulghes Series from the basement
.of the Bucovinian Nappe seems to be partly different from that of'the
rocks of the same series from the basement of the Sub-Bucovinian Nappe.

B.4. Rardu Gneiss Nappe. It consists of mesometamorphic rocks of
the Bretila Series transgressively overlain by Hercynian covers in
several places in the East Carpathians. .

The A.8. observation and those from point B indicate that the
lithostratigraphic units of the basement of the Meso-Cretaceous nappes
(the pre-Hercynian ones) are always in tectonic relationships, and the
Tacobeni mesozone, which is transgressively overlain by the “Iacobeni
Series®, cannot belong to the Rebra Series.

C) Age of the Pre-Alpine Tectonic Units

The data which may be taken into account in order to know the
moment of emplacement of the pre-Alpine tectonic units are the follow-
ing : first of all the observation at point A.3. (absence of the overlying
Mesozoic sedimentary cover, excepting the Rarau Gneiss Nappe) and
observation at point A.5. (intense Hercynian retromorphism at the upper
parts of the <rystalline series; then the fact that the overthrust plane
between the Putna Nappe and the Rardu Gneiss Nappe is transgressively
overlain by sediments from the Lower Triassic (Sdndulescu, 1975, 1976)
(C.1.) and that the Rodna Unit, the Pietrosu Bistritei, Putna and Rariu
gneiss nappes from the basement of the Bucovinian Nappe are inter-
sected by the Ditrdu alkaline massif .(C.2.) (Balintoni, 1981 b) ; the Diirau
alkaline "massif is considered Jurassic on the basis of isotopic K/Ar ages
{160—170 m.y.; Streckeisen, Hunziker, 1974). The corroboration of the
observations A3., C.l. and C.2. points out the pre-Triassic as the
moment of emplacement of the pre-Alpine tectonic units, whereas obser-
vation A.5. indicates the post-Sudete time. Consequently, we have to
choose among the paroxismal Upper Paleozoic, Asturian and Saalic
phases. Taking into account general geological reasons (Balintoni, 1981 b)
we choose the Saalic tectogenesis.

D) Historic Considerations

1. Rodna Unit. A tectonic contact which coincides with the over-
thrust plane of the Rodna Unit in the respective point was first marked,
in the right side of the Valea Vinului, by Reinhard and Atanasiu in
1927. The nappe structure of the Rodna. Mts was stated by Popescu-
Voitesti in 1929 and 1931 ; the upper nappe (the Transylvanian Nappe
according to Popescu-Voitesti) corresponds to the present Rodna Unit.
The Ineu outlier was mentioned in 1929 and- represented on profile IV
in 1931. An image close to the present one of the Rodna Unit was given
by Th. Krautner in 1938. It was completed by H. Krautner in 1968
under the name of Rodna Nappe. The presence of the Rodna Unit in
the southern part of the Crystalline-Mesozoic Zone of the East Carpa-
thians was established by Muresan in 1976 and in the central part of the
same zone by Balinto/ni and Gheuca in 1977. The denomination used
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by the latter authors — Iacobeni Nappe (Rodna ?) — comes from the
partial accepting of Muresan’s comparison (1978), yet not proved,
between the Iacobeni Nappe and the Rodna Nappe.

2. Pietrosu Bistritei Nappe. It was first separated in the Bistrita
Mts and called so by Balintoni and Gheuca in 1977.

3. Putna Nappe. The history of this nappe is old. Reinhard (1911)
was the first who stated that the Mesozoic sediments at Valea Putnei
are in a tectonic window ; his statement was used as an argument by
all those who later on drawn up an overthrust plane over the Mesozoic
sediments from that zone. However, according to Reinhard, the whole
crystalline of the East Carpathians would constitute a single nappe
which represents in essence Uhlig’s hypothesis (1907). In 1931 Kober
put forward the hypothesis that the Valea Putnei and lacobeni Mesozoic
sediments appear in tectonic window from under a nappe, transgres-
sively overlying a crystalline with which it constitutes another nappe.
Therefore Kober divides the crystalline of the East Carpathians into
two nappes (Bucovinian I and Bucovinian II), the base of the upper
nappe partly corresponding to the lower limit of the pre-Alpine Putna
Nappe from the basement of the Bucovinian Nappe. Stefan et al. (1956,
fide Dimitrescu, 1960) are the first after the War who considered that
in the Saru Dornei-Vatra Dornei area the epizonal series (in essence
the Tulghes Series) thrusts over the mesozonal one from E to W, the
overthrust being of Hercynian age.; they point out also the intense
mylonitizations at the contact of the two series. In August 1966, Joja
(fide Joja et al., 1968) supposed the existence of two nappes with epi-
zonal crystalline over the Iacobeni mesozonal crystalline and the overly-
ing Mesozoic sediments, both trending to the east. In the above-men-
tioned paper (Joja et al, 1968) Muresan calls the two nappes the
“"Mesteciinis epimetamorphic unit (nappe)* and the “Fundu Moldovei
epimetamorphic unit (nappe)“. Both nappes should be mainly formed
of rocks of the Tulghes Series. Later on the Fundu Moldovei epimeta-
morphic unit will be called the Putna Unit.

A hypothesis closer to Kobler’s is proposed by Bercia and Bercia
(1970), who state that the Bretila-lacobeni autochthonous unit is overlain
by the Bistrita Unit, striking to the east, mostly formed of rocks of the
Tulghes Series. The Bistrita Nappe is represented by two subunits: a
lower subunit called the Mestecénis Subunit, and an upper one, the
Valea Putnei Subunit, the latter frending to W. This concept partly
takes over Dimitrescu’s opinion (1964) and Bercia’s opinion (Bercia et
al., 1967); according to it the crystallme of the East Carpathians would
represent an orogen with significant bilateral dislocations, strongly
asymmetric. The Putna Nappe, desc}‘iibed as a major structural unit
of the Crystalline-Mesozoic Zone of the East Carpathians formed only
of rocks of the Tulghes Series, is firé\ mentioned in the paper of
Bercia et al., (1971). In 1976, Bercia et al mentioned the Putna Nappe
as the Putna pre-Alpine tectonic unit, part of the basement of the

Bucovinian Alpine Nappe.
S
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4, Rardu Gneiss Nappe. This nappe (in an acception close to the
present one) was first mentioned by Popescu-Voitegti in 1929 on the
basis of Atanasiu’s map (1927). Popescu-Voitesti’s argument was the
abnormal position of the rocks with a higher metamorphic degree over
rocks with a lower metamorphic degree. The presence of the Rardu
Gneisses has been later confirmed by almost all researches of the
Crystalline-Mesozoic Zone,

E) Rodna Unit

In structural respect the Rodna Unit is obviously a nappe, being
bounded at the lower part by a major overthrust plane. Our designation
is based on the following facts : on the one hand, as far as we know
the overthrust plane from the bottom of the basement of the Rodna
Unit in Meso-Cretaceous, or at least reactivated in the Meso-Cretaceous ;
on the other hand, the crystalline of the Rodna Unit was overlain by
the pre-Alpine nappes during their emplacement. The crystalline of the
Rodna Unit might represent un autochthon for the pre-Alpine nappes
or it might be a pre-Alpine nappe, too, the Alpine overthrust planes
reactivating the old plane from the base of the Rodna Unit or intruding
that unit. We have included the Rodna Unit into the pre-Alpine tectonic
units as it is a part of the basement of the Alpine nappes. We consider
‘the problem unsolved as long as no decision is taken on the way of
solving such cases.

1II. The Structural Model of Explaining the Structure of the Crystalline-
Mesozoic Zone of the East Carpathians

Our structural model is based on the following observations :

1. The structure of the Crystalline-Mesozoic Zone has been
achieved during two paroxismal tectogenetic planes belonging to two
different orogeneses : Hercynian and Alpine.

-2. The basement of at least three Alpine nappes (Bucov1n1an Sub-
Bucovinian, Tacobeni) includes the pre-Alpine tectonic units in an almost
complete succession.

Consequently, our structural model admits, in a first Hercynian
paroxismal tectogenetic phase, the formation of a tectonic edifice in
which the Pietrosu Bistrifei, Putna and Rariu Gneiss nappes overlain
an autochthon, possibly represented by the crystalline of the Rebra
Series. The domain overlain by the pre-Alpine nappes had an extension
at least equal to that of the territony resulting from the emplacement
of the Alpine nappes in their origin place. The pre-Alpine nappes were
resumed in the Meso-Cretacesus paroxismal tectogenesis, being super-
posed as many times as the number of the Alpine nappes. The succession
of the pre-Alpine nappes is so complete as it is a Meso-Cretaceous nappe
with a more internal initial position (Fig. 3).

~
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IV. Conclusions

. In comparison with our previous paper, the present one deals with
different ideas referring also to zones out of the area on the annexed
map. The most important ideas are, as follows :

a) The Barnar retro-overthrust (Balintoni, Gheuca, 1981 b) repre-
sents the plane of the Bucovinian Nappe and the Mihdiilet retro-over-
thrust (Balintoni, Gheuca, 1981 b) — the plane of the lacobeni Nappe.
The possibility that the Barnar and Mihé&ilet retro-overthrusts should
represent major Alpine nappe was discussed by us with Gheuca (1979,
1980). The same hypothesis was proposed by Sandulescu on December 20,
1980, with a view to solving some structural problems of the Saru
Dornei sheet, scale 1:50000 (Balintoni et al, 1981). For the Mihailet
retro-overthrust the above-mentioned solution had already been used
by Voda and Voda (1981).

b) The nappe called by us Iacobeni (= Rodna ?) (Balintoni, Gheuca,
1977) is, as a matter of fact, the Rodna Unit from the basement of the
Bucovinian Nappe.. .

c) The Célinesti Nappe from the Valea Putnej-Arseneasa area
(Balintoni, 1981 a) represents in fact the pre-Alpine nappe of the Rariu
Gneiss from the basement of the Sub-Bucovinian Nappe.

d) The Rardu and Bretila series prove to be equivalents not only
due to lithostratigraphic and metamorphic history similarities but also
due to the structural position.

Referring only to the right side of the Bistrita River, between
Vatra Dornei and Ciocénesti, .our contributions are the following :

1. The Negrisoara Series and the Pletrosu Bistritei pre-Alpine
nappe have been separated for the first time in_ the study area within
the Sub-Bucovinian Nappe.

2. It is considered that in the study area the Tulghes Series
belongs to the Putna pre-Alpine nappe from the basement of the
same nappe. .

3. In the mapped area the Tib&u Series might represent an
intensely retromorphosed sequence of the Rebra Series of the Rodna
Unit, part of the basement of the Bucovinian Nappe.

4. The mesozonal series around the locality of Vatra Dornei is
proved to be the Bretila Series from the Rardu pre-Alpine gneiss nappe,
the upper component of the basement of the Iacobeni Nappe.

5. The Argestru series and tectonic unit could not be recognized
in the study area.
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ik QUESTIONS - e AR L
D. Zincenco : 1. Is there the Tib&u Series (sensu- Bercia et al 19763 only

a- retromorphous mesozone or is there also the . Tibiu Setrles 1n ‘the" initial

acceptance ? . A : N
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2. Do you know other papers which showed that the Ditrau mdssif pxerces
and dates the relationships between the Tulghes Series, the Pietrosu porphymes
(Negrisoanra Formation), Rebra Series, and Rariu Series ?

Answers : 1. Yes, there may be, besides the study area, the Tib_é.u’Series in
the acception of the mentioned authors.

2. Yes, I do: Streckeisen, 1934, 1968 ; Streckeisen and Hunziker, 1974 ; Zin-
cenco and Papadopol, 1978.

V. Iancu : 1. Do the pre-Alpine nappes (pre-Saalic) consist each of a single
metamorphic series or do they include Paleozoic, too ? )

2. Are the phenomena accompanying the pre- Alpme and Alpine nappes the
same or do they differ ? ;

Answers : 1. Besides the area mapped by us there are also Paleozoic series,
metamorphosed during the Hercynian orogenesis, transgressively overlying the
mesozonal series, e.g. the Rusaia Series in the Bretila tectonic window.

2. The pre-Alpine thrust planes are accompanied by thin mylonites and do
not present any fossil sub-aerdal alterations. The Alpine thrust planes are accom-
panied by much thicker mylonites and below the Mesozoic sedimentary patches
the effects of a subaerial alteration can be observed (oxidation of iron from
silicates).

C. Chivu: Is not the interval of emplacement of the rocks in the Ditrdu
zone larger than you stated ?

Answer : Streckeisen and Hunziker (1974) d-iscusséd that problem and they
proposed the age of 10 m.y. for the interval of emplacement of the Ditridu rocks.
We agree with them.

DISCUSSIONS

M. Muresan : The fact that the metamorphic nappes around the Ditriu
massif are previous to it has been presented and discussed by me in the summary
of one of my papers, handed in to Dr. M. Sandulescu, secretary of t_hg Oxgamzmg
Committee of the 12th CBGA Congress, in order that the mentioned pfaper should
be presented ”in extenso® at the Congress. It is very frequently in -science that
two scientists should concomitantly find out a scientific truth.

I point out to my colleague Dr. I. Balintoni that when elaborating his hypo-
thesis on the existence of the pre-Jurassic (Saalic) and Meso-Cretaceous nappes
in the FEast Carpathians he took into account for the Ditrdu massif only the
ap}ﬂarent K/Ar ages from the relevant literature (Streckeisen, Hunziker, 1974 ;
Bagdasarian, 1972) passing over the isochronous ages of 130—135 m.y. (correspond-
ing to the beginning of the Lower Cretaceous), established on the basis of these
data (Krdutner et al, 1976). Considering, on the ome hand, that the known
apparent ages for the Ditrdu massif are mostly higher than those _obtained by
the K/Ar isochronous ages and, on the other hand, that there are no many K/AT
determinations, it is more indicated for him to describe “ante-Ditr&u“ nappes
and Meso-Cretaceous nappes (Austrian). It is possible that the apparent ages
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ofbtamed for the rocks of the . szraJu massif and from its ‘hornfelses mng‘ht be
hﬂgher tha:fi the real age of the massif formation .due- to the: frequent . preserice
“of an amoung of argon mthemftad ﬁr:om physico-chemical’ processes and rocks sub-
sequent to its emplacement.- Thus, it would be possible that as the K/Ar data -
will“be- mare ‘pumerous isochrones might be obtamed to place the Ditrdu massif
after the Lower Cretaceous (in the Bamatitic priovince ?), la:ﬂler the Meso-Creta-
ceous, :respectively 5 in that case - the »anbe-Ditriu® - nappes might be Awustrian.

‘L. Nedeleu : In the Cirlibaba area, on the Cirlibaba Valley ‘north: of “the
Ta“aarrca Brook, . -there occurs a ‘stecession of the tectonic unit similar 4o that
prese{nrted in the papefr Takm;g into a:coonmrt “that the rocks.of the Rebra Series
in the Suhard Zone, belonging to the Rodna Name are similar in petrographic
réspect-to those of the Tibdu Series at Cirlibaba, there results that the. extension
of those formations and implicitly of the maippe they belong to north of the
Cloca.nxesm parallel.seems to”be possible. = ~

D. .Zincenco : . The - extrapolation of the -situation around the Ditrau massif

- has to be reganded -with caution because . the relationship "between the’ *Dmrau

N

massif and the. metamorphic fozmatuons within which it:is ‘intruded, are not
unanumously accepted CMurresam in. Bercia et al., 1971 - Streckeisen and Hunziker,
1974 % " Zincenico ~ and Pamdmdl 1978). Thus the genelrahzatlnom of the existenice
of - certam pre=Ditriu nabpes is “still hypothetic (except - the Rariu Nappe).-
Answer : The relationships’ between the’ lu'bhostratl\gna.phm units, and the tec-
tonic ones recognized by us around the Ditrdu alkaline massif are identical with .
those. from the .central part of ‘the Crystalline-Mesozoic Zone of the East Car-
pathians ; if it is.true, in lithostriatigraphic and structural ‘respect,” what one
observed in the Bistricioara Neagra Samidui zone, then it . is. also - true what one

) O!bserved an‘oamd the Ditrdu alkaline. massif.

"M " S#indulescu : Among the contributions browght by the’ present - paper
‘mention should be made of the assigning of the crystalline to the Iacobeni Nappe
of the Bretila type. It is impomtant bedause erromeous tectonic correlations were
mede considering only its appurtenance to the Rebra type. The presence of the -
Bretila type crystalline in the Iacobeni Nappe, too, besides other Infrabucovinian
units, shows that group of crystalline formiations have a wide .spreading in the
Infrabucovmlan nappes.. This conclusmn has. a_significant paleogeographic implica-
.'tlon 1n the reconstitution of the.pre-Alpine.structural aspects.

- Reiemmng to the evolution of the ideas on the pre-Alpine nappes in’ the
Crystalhme—Mesozmc Zone of the East Carpathians it is to be mentioned that

_ there“was*a périod in which most of the researchers considered all the thrust

planes pomted ‘out in this zone of Alpine age (Bercia, Kréutner, Muresan, Balintoni,

Gheuca, efc). That time only one researcher (Sandu;les‘cu) maintained the existence

of pre-Alpine .overthrusts, as well. It is worth ‘mentioning because in the close,
past .and at present the existence of pre-Alpine overthrusts is~ more and more‘
frequent_pointed out. Pk - AT ;-

: 4l e EXPLANATION OF PLATE

Flg 1 — Rebra. Series of the Rodma Unit ? Botog quarry, left side of the Bistrita,
oo upstream’.of Cioednegti. .Biotite crystal - deformed -relict from * S1 (pre-
Hal‘cy‘nuam) transposed- in .52 (Hefz‘cymam) Neoformation muscovite and’
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Fig. 2.

|chlorr1te n‘uc:ro‘.folded (Heﬂcymam) at one of the -ends. Axial planes of the-

microfolds visible on thé scale.of a sample as a new foliation (S3). NII ;

‘440 Bi (biotit).

— The same biotite grain as in Fmgure 1. Quartz mechanic mchiswns,
cam« be observed. NII;

5 elongated, parallel to S2,
Q (quartz).. ;

;o 180

B1 (b1ot1te) =

Flg '3, — -Rebra Series of the Rodna Unit ? B0ft0$ quarry, 1ef«t side of the Bushniia,

.u:pstpeaxm of Clocane$t1

3

A

S2 foligftion (Hercynian, of - bra!ns,posmon), sub-

sequently microfolded, probably due to thrustings. NII ; --80.

~
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5. TECTONICA SI GEOLOGIE REGIONALA

‘GEO‘LOGICAL STRUCTURE OF THE OLT VALLEY BETWEEN 7
CIINENI AND BREZOI (SOUTH CARPATHIANS) ¢ i

. BY

Bl i "HORST P. HANN 2 LADISLAU SZASZ? : MLz
e T "" E - o i i
Getic. Nappe. Supragetic Nappe. Tectonic units. Metamorphic series. Retro—_‘
5 5 mo’rp'hism."'.Metdlloggnetic control. Iron mineralization. Magnetite, Overthrust
nappe. Fault.” Cretaceous. Miocene. South Carpathians. Crystalline Getic
_Domain. Lotru Mountdins. Fdgdrag Mountains. ’

- " - Sommaire

. Structure géologique de la wvallée de POlt entre Ciineni et Brezoi (Car-
pathes  Méridionales). On distingue dans la région la nappe gétique, les unités
supragétiques ‘et les dépdts sédimentaires des bassins. de Brezoi-Titesti - et
dOlanestl

‘La nappe gétique est constituée de la série de Sebes-Lotru et de la forrnatlon
de Uria qui a un caractére polyrétromorphe, étant située entre les roches de la
Série dg' Sebes-Lotru sur l:éqzuelle charrient les unités supragétiques. Les minérali-
sations de fer de la formation de Uria se sont formées pemdant la transformation
rétromorphe des roches riches en amphiboles, biotite et grenat, d’ot l'importance .
du rétromorphisme en tant que facteur métallogénétique.

Le. plan de charriage supragétique repose sur l'unité de Uria et se continue
.allant -de la vallée de Uria (N) & Valea lui Stan (S). L’age de chevauchement
est turonien, s’insérant dans les mouvements méditerranéens. :
. Dans le cadre de l'échafaudage supragétique peuvent étre séparées les sui-
vantes. unités : unité de Cilinesti (constituée de roches représentant un équivalent
de celles de -la “série de Voinesti ‘de l'unité de Leaota), unité de Clineni’ (consti-
tuée de roches de la' série de Cumpina, plissées suivant la direction 'noivd—sud)‘,
unité de Fagiras (constituée aussi de roches de la série de Cumpéha, mais &
directions structunales est-ouest), écaille de Balota, lambeau de sommet du Gor-
ganul, écaille de Cornet- Cahne$t1 éc‘-ajinlle de sommet de I’'Omul et écaﬂle de
Vialea lui Stan.

Un 10le. nmportant dans llachévement de l’ensemble stnwctwral actuel ‘de la
régi.on revient a deux~ failles : faille de P'Olt qui est une faille .de dlste.n‘sxon et ;

1 Rece1ved May 9, 1981, accepted for communication and publlcatlon May 14
1981, presented at-the Meeting of May ‘19, 1981.

2 Institutul. de geologie $1 geofizicd. Str. Caransebes nr. 1 78344 B'ucure$t1 32




& S e\ g = o ,«._4 — ~ b - .
10 T e B % m B vI—IANN, BEBCAR SV LT A N0

~

dont le compartiment oriental ést fortement a:baisgé et faft}-e de Cozia qii 'ivndti!a;le—
- ment a fonctionné comme une faille de décrochement et ultérieurement comme
une faille de distension, le compartiment.nord étant abaissé.

4 . 1Y .

i

1. Introduction

The mappings carried out in the last three years ("Titesti“ map
1:50,000) represent the continuation of our study of the Cozia-Narutiu
. cr‘ysta]lme massif and the surrounding sedimentary rocks (Szasz, 1976 ;
- Hann in Popescu et al., 1977 ; Szasz in Popescu et al.,, 1977 — ”Calima-

nesti“ map ; Szasz in Lupu et al., 1978 ; Hann in Lupu et al., 1978
”thurarlta“ map). They prov1ded new data concerning the: tectonlcs
the retromorphic character of the previously described Sibisel ‘Serles,
the characteristics of other metamorphic rocks and the age and facies
specifications of . certain sequences of Upper Cretaceous sedimen-
tary- rocks.

The priority given to the tectonic considerations resulted from the
peculiar character of the, region, that.is a relatively narrow band
involving clusters of tectonic lines of various importance, extent and age.

The geological mapping was carried out as follows : the metamor-
phic formations by Hann, the sedimentary rocks by Szasz and .common
works along the main tectomc lines.

I. Gheuca also contributed to the mappmg of the Stan Valley, the
delimitation - of the Supragetic line, the Olt Fault and the sechmentary :
outlier on the right bank of the Boia Valley.

Some of the limits regarding the Sibisel Series have been taken
over from the Malaia map 1 : 50,000 (Savu, Schuster, 1977).

We are grateful to H. G. Krautner for discussions.

5 2. Previous Works b
; The Olt Valley has been earlier studied by various geologists. The
first data on.the general geological structure were provided by Mrazec
and Murgoci (1898), who described and grouped both the metamorphic -
formations and the sedimentary -rocks. In 1906 Reinhard: published- a
_ paper on the Cozia Gneiss,~including also some tectonic considerations.
_ Popescu-Voitesti (1918) provided new structural data, pointed out the
scale structure and separated the Bucegi Conglomerate Nappe of -Mio-
cene age, the basal part of which would be made up of the Leaota
‘metamorphic. rocks. Later on Schmidt (1931) discussed the polymetamor- -
phic character of the Fagirag metamorphic rocks. He assumed that they:
represent an upper unit of the Getic Nappe ,like the Leaota metameorphic
rocks. Streckeisen (1934) develops Schmhdt’s ideas, establishing the tec-
tonic alignment between Résinari andiValea lui Stan between the Lotru
crystalline zone and the Fagiras metamorphic rocks. Like Schmidt, he
pointed out the possible westward curvature of this line in the northem,
part of the Sebes Mountains. At the same time he stated that .the -
Fagaras, (;ozm and Leagta‘ crystalhne massifs constitute tectonic units.
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superior to the Getic Nappe. Ghika-Budesti (1940) denies the existence
of a Supragetic line and of a tectonic contact between the Fagiras and
Lotru metamorphic rocks, accepting only the existence of local dislo-
cations (e.g. Valea lui Stan). He accepted the occurrence of conformable
piles of schists, representing a large geosyneline,

Dessila-Codarcea (1961, 1962, 1965, 1967, 1969) has an important
contribution to the knowledge of the petrographic structure and age of
the metamorphic formations in the region. She distinguished the follow-
ing major tectonic units: the Sebes-Lotru Unit and the OIlt Unit. She
separated the Sibisel Series in the Sebeg-Lotru Unit. This series over-
lies unconformably and transgressively the Sebes-Lotru Series and was
metamorphosed in the greenschist facies in the Baikalian tectono-mag-
matic cycle. The Olt Unit comprises "the western prolongations of the
Fagiras and Cozia crystalline zones. She also pointed out that supra-
folding movements brought about a large scale forming process involving
all the complexes; the respective scales trend NE-SW in the Brezoi-
Calinesti region. Codarcea et al. (1967) separated in this region a Supra-
getic unit, overthrust during the Austrian phase. They correlated it with
the Bucovinian Nappe. Trifulescu et al. (1972) considered that the meta- .
morphic rocks belong to two horst groups; Fagiras and Cozia to the
east and Cibin and Cépédtina to the west, separated by the Olanesti-Valea
lui Stan-Résinari graben. The Cibin and Capatina horsts sink asymmet-
rically under the Fagidras and Cozia horsts. This eastern sinking, as
mentioned by the authors, excluded the thrusting hypothesis in the
South Carpathians. Dragomir et al. (1973) separated the Lotru-Cibin
tectonic Unit, which comprises the Sebes-Lotru Series, the Sibisel Series
and the Fiagiras Series from the Fagdras Unit along a regional fracture
with dipping of 75° eastwards.

The Fagdras metamorphic rocks on the left bank of the Olt River
were mapped by Arion et al. (1967). The Cozia massif was mapped by
Pitulea et al. (1960).

Numerous prospecting waorks (Dragomir and Arsenescu (1961), Dla—
gomir and Arbore (1974), Manecan and Méanecan (1974), Arbore et al.
(1975)) were carried out on the right bank of the Olt Valley, especially
within the area covered by the Sibisel Series.

Synthetic geological reports were written by Manecan et al. (1978,
1979). Detailed petrographic researches were also carried out by
Méanecan (1977).

Savu and Schuster in Savu et al. (1977) assigned the Sibisel and
Valea lui Stan Series to the Assyntic tectono-magmatic cycle. They
considered them also as overlying transgressively and unconformably
the Sebes-Lotru Series, metamorphosed in the Dalslandian tectono-
magmatic cycle.

3. Tectonic Units

3.1.Getic Nappe

‘ It occupies a lower posmon in the structural setting of the region
and appears in the western part of the investigated zone (Pl I). It is
represented by the Sebes-Lotru Series and the Uria Formation (partly .
- equivalent to what the previous authors named the Sibigel Series).
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3.1.1.- Sebeg-Lotru Series. It consists of paragneisses, micaceous
paragneisses, micaschists, amphibolites, quartz-feldspar gneisses, crystal-
line limestone 1nterca1at1ons pegmatite' lenses. Savu and Schuster in

. Savu et al. (1977) separate three complexes of this Dalslandian series

~

(Upper Precambrian A — 1600—850-+50 m.y.) : the.paragneiss complex,"
the amphibolite and quartz-feldspar gneiss complex, the mlcaschlst and
paragneiss complex.

In the vicinity of the tectonic contact Wlth the Uria Formation
the rocks of this series have been strongly laminated. This dynamic retro-
morphism is very well noticed in the . half-window from the Calinesti
Valley as well as in the Boul Valley basin (left tributary of the Vasilatu

Valley) or, over a larger area, in the basins of the Robesti and
Urla Valleys Q

3.1.2. Uria Formation. We assign to the Uria’ Formatlon the intense-
ly- regionally and: dynamically retromorphosed schists situated bereath
the Supragetic units and over the rocks of the Sebes-Lotru Series. We
also assign to this formation the Valea lui Stan Series (Savu, 1977).

~ Thus the Uria Unit underlies in its upper part the rocks of the Aluta

group (Krdutner, 1980), the Cumpéna Series,  included in the Cilineni

~ Unit and thé Fagiras Unit, and the rocks of the Ca11ne$t1 Uin] by e U=

valent to the Voinesti Serles of the Leaota Unit.
Dessila-Codarcea (1965) separated the Sibisel Serles in the Ras,marl

" region.  The author distinguishes four lithostratigraphic complexes :- the _

- amphibole schist complex, the magnetite schlst complex, the limestone

complex and the graphite complex.

Based on palynological data confined to the limestone and graphite
complexes the author establishes the Rifean age of the series (Dessila-
Codarcea, Iliescu, 1967, 1969). These considerations were subsequently
applied to the region studied in the present work (Codarcea efzali=lo6i=

‘Dessila- Codarcea, 1969).

Dragomir and Arbore (1974) dlstlngulshed within this series a {
volcano-sedimentary complex with magnetite and a terrigenous com- -
plex between the Boul Valley and Cilinesti. Trifulescu et al. (1972)
separated between Robesti and Ciineni a lower magma complex and
an upper terrigenous complex. Manecan (1977) distinguished the initial
igneous complex, the terrigehous complex and the carbonate-graphite
complex. He also describes acid metamorphic rocks of porphyroid and
respectively metacinerite character within the initial igneous complex,
Subsequently Manecan et al. (1978, 1979) stated that the Sibisel Series
belongs to two complexes: the initial igneous complex and the terri-
genous complex. :

Savu and Schuster in Savu et al. (1977) separated within the
Sibigel Series, between the Uria Valley and the Boul Valley, the “mag-

© netite schist complex® which contains five lithological sequences. The -
. metamorphism belongs to 'the almandine zone and the biotite zone, and

took place during the -Assyntic (Cambrian-Upper Precambrian B) events.

During the field trlp of the "Working Group for the Study of the
Precambrian of Romania“ of the Institute of Geology and Geophysics
along the Olt Valley (1979) the whole rock pile considered to belong



b) GEOLOGICAL STRUCTURE OF THE OLT VALLEY 27

to 'the epimetamorphic Sibigel Series was visited along the Uria Valley.
The field evidence, followed by discussions, indicated the retromorphic
character of these rocks. Accordingly Krdutner proposed the name of
”Uria Formation“ for this sequence of retromorphosed rocks. Later on
the amphibolite-leptynite ”Uria Formation“ was described by Krautner
(1980) as undergoing a regional retromorphism ; it has a basal position
in the Sibigel Series sensu stricto. ‘

The southward continuation of this formation in the basins of the
Robesti, Cailinesti, Boul and Valea lui Stan Valleys shows that the
amphibolitic rocks with white quartz-feldspar gneiss intercalations fre-
quently contain also retromorphic gneiss levels and represent in fact a
more developed sequence within a pile of retromorphic gneisses, mica-
schists and quartzites. Both rock piles also contain restricted lenses of
laminated crystalline limestones. The whole rock pile thrusts over the
schists of the Sebes-Lotru Seriés. They are in turn overthrust by the
Supragetic units. This is a reason why the succession of the above-
mentioned lithological sequences exhibits quite varied occurrences, due
to the way they were overlain by the upper unit.

The rocks of the amphibolite-leptynite formation consist of an
alternation of amphiboles and retromorphic amphibolic -gneisses with
thinner levels of white, retromorphic quartz-feldspar gneisses. We also
point out the presence of garnet-bearing biotite gneisses occurring
during various stages of retromorphism. Most of the amphibolites and
amphibolic gneisses were converted, due to the intense and almost
homogeneous retromorphism, into green schists with actinote, tremolite,
chlorite, albite, epidote and magnetite. Under the microscope various
alteration stages of hornblende into actinote, tremolite, epidote are to
be seen, including iron oxides. In places, in some zones of gradual tran-
sition, relatively narrow parts preserved their initial mineralogic char-
acter, showing only some ftraces of lamination. These rocks were
previously interpreted as metagabbros or metagabbrodiorites, without
evidence of some igneous relict structures.

In such zones intercalations of biotite paragneisses with a crystal-
linity degree typical of the mesometamorphic rocks are found in places.
They have not been practically affected by the retromorphic processes.
Other times even these rocks together with the surrounding amphibolites
undergo intensive alteration, which can nevertheless be followed grad-
ually, until the rocks are cdnverted into magnetite-bearing chlorite-
quartzite schists. .

The quartz-feldspar gneiss changes through the same retromorphic
processes into white quartzite-feldspar schists with sericite, often pre-
serving the relict mesometamorphic gneissic texture ; the reorganization
of the mineral structure, adapted to the new retromorphic conditions,
takes place along some new S planes marked especially by the subpar-.
allel disposition of the white mica (sericite). The presence of the struc-*
tural and mineralogical aspects typical of the initial metamorphic facies,
accompanied by retromorphic, epimetamorphic aspects, which eventually
prevail, are characteristic of this setting.

The early prospected iron ores are exclusively hosted in this for-
mation and are represented by magnetite. The latter is disseminated as
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'isdiomorphic' or hypidiomorphic grains, with subordinate- amounté “of

hematite, limonite, and rarely ilmenite and rutile (Dragomir, Ar-

" bore, 1979)

rd

The retromorphic transformation of amphii}aolifes, amphibolic’
gneisses and biotite paragneisses into amphibolic schists or chlorite + se-

ricite was accompanied by an accumulation of iron oxides. It is likely - -

that a higher'initial iron content was subsequently enriched owing to
the retromorphism. The main minerals that can prowde iron are horn-
blende, biotite and garnet. A certain amount of iron may- enter the
épidote composition ; but when, during the retromorphic processes this
stage is surpassed, iron can fix in carbonates, hydroxides and especially
directly in oxides, respectively in magnetite-hematite 4 The process lead-

.ing to the alteration of biotite into chlorite (or muscovite) is known.

Some .secondary reaction products are represented by magnetite, ilme-
nite, hematite, sphene. The possibility of producing, through the retro-
morphlc transformatlon of biotite, an iron amount of economic intérest .

" was demonstrated by Miiller (1966) and pointed out by Morariu (1980)

100, These considerations reveal the metallogenic importance of the
retromorphism. 2

The pile of gneisses, paragneisses, zmlcaschlsts crystalline’ hme-
stones and quartzites, most of which are retromorphlcally transformed”
into’ sericite-chlorite quartzite schists with albite, - quartzite-sericite
schists, limy schists, chlorite-muscovite quartzite schists with garnet,
are well developed in the Robesti Valley basin and on the left bank:
of the.Célinegti Valley.

The relict mesometamorphic structures are often found and can be
pointed -out both macroscopically and. microscopically. Garnet has a
characteristic - behaviour, appearing wsually cataclased, chloritized on-
fissures, rotated, showmg traces of stress. In other cases it is almost
completely retromorphosed and is found as remnants among grams of
sericite, chlorite, rutile needles and opaque minerals.

Considering the petrographic similarity of- - the Sebes-Lotru Series,
the Uria Formation is likely to represent its equivalent.

In this case it represents a section of the Carpian sequence
(Kréutner, 1980) and consequently corresponds to the Middle Protero-
zoic (Upper Precambrian A).

The rocks of this formation underWent a predommantly reglonal
probably Marisian (Lower Paleozoic) retromorphism that was subse-
quently affected by the dynamic metamorphism varying in intensity,
which led to mylonitizations and phyllonitizations : the latter print the
latest S planes generated by the probably Alpine overthrust of the
retromorphic pile over the Sebes-Lotru Series. These facts point to the
polyretromorphic character of this formation.

3.2. Supragetzc Umts 4 . )
The following units can be ‘distinguished within the Supragetic

~ architecture : the Célinegti Unit, the Ciineni Unit, the Figiras Unit, the

Balota Scale, the Gorganul Peak Outlier, the Cornet- -Célinegti_ Scale the

‘Omul Peak Scale and the Valea lui Stan Scale
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. The Supragetic overthrust plane is considered a newer line along
which the Supragetic units thrust over the Getic Nappe, respectively
over the Uria Unit.

The Supragetic overthrust plane traverses the region from the
‘north towards the south, reaching the Glodu Valley (left tributary of
the Vasilatu Valley). Here, owing to a fault system and, first of all, to
the Lotru system that functioned as a wrench fault, the Supragetic
plane reappears farther west, on Valea lui Stan. The metamorphics
belonging to the Calinesti Formation thrust over the schists of the Uria
Formation (an equivalent to what was described as the Valea lui Stan
Series — Savu, 1977) which appear very intensely laminated-phyllo-
nitized-in this zone due to the c¢lustering of wvarious tectonic planes.

In the Boul Valley basin, under the overthrust plane, there are
Middle-Upper Cenomanian deposits consisting of sandy- marls. They
contain rotalipora (Szasz in Savu et al., 1977) and ammonites (Turrilites
scheuchzerianus) ; this represents a different facies, which does not occur
in the Olénesti basin, but only northwards, at Cisnddioara, where it is
of the same age and shows a similar lithological constitution.

The Supragetic plane is covered by undisturbed .Coniacian deposits.
This relation can be very well observed along Valea lui Stan. It follows
that the age of the overthrust is post-Cenomanian and pre-Coniacian,
therefore Turonian, belonging to the Mediterranean movements.

3.2.1. Calinesti Unit. It has a lower position and consists of the
Calinesti Formation (Hann, Gheuca in S$Stefénescu et al., 1980). It bounds
the Supragetic plane between the Robesti Valley and the Valea lui
Stan Valley, except for the interruption mentioned in the Glodu Valley.
North of the Robesti Valley it is covered by the Gorganul Peak Outlier,
which is part of the Figéaras Unit. Towards the east it is thrust by the
Balota Scale, which belongs to the Ciineni Unit, and farther south is
overlain by Coniacian-Santonian and Maastrichtian sediments.

Along the Valea lui Stan River it underlies Permo-Triassic deposits
and a narrow band of Santonian~Coniacian sediments that lie under
the overthrust plane of the Valea lui Stan Scale which consists of Cozia
augen gneisses. :

From the petrographic point of view the Cilinesti Formation
consists of paragneisses with albite-oligoclase porphyroblasts, two mica
paragneisses, a few amphibolite intercalations and several levels of
augen gneisses or banded gneisses. The petrographic similarity to the
Leaota crystalline zone was noticed by Popescu-Voitesti (1918) and
Schmidt (1930), who provided also microscopic observations, and later
by Dessila-Codarcea (1962), who mentioned them as the “nappe of the.
albite porphyroblast schists“. She correlated it with the ”Riusorul Cis-
nidicarei Nappe“ in the Résinari-Cisnidioara region, formed of para-
gneisses and quartzites with albite porphyroblasts.

" Recent investigations ® have shown that these rocks represent an
equivalent of the rocks of the Voinesti-Papusa Series of Upper Pre-
cambrian A age. One should also mention the presence of a regional
metamorphism which affects especially the paragneisses. One can notice
the transformation of biotite into muscovite and chlorite and the chloriti-
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zation of garnets. Cataclasis and mylonitization processes” are noticed

in the vicinity of the tectonic pile. This rock pile, situated between
important tectonic planes, is 1ntense1y faulted.

3.2.2. Ctinen; Unit, Th1s unit comprises the metamorphlcs o&f the

Aluta Group (Kréutner; 1980), the Cumpéna Series (Dimitrescu, 1978 ;
Kriutner et al., 1978) generally folded in the N-S direction. It is bounded

on the west by the Supragetic p;ane on the south-west by the Gorganul.

. Peak” Outlier, the Cilinesti Formation and along a short length by the

Cornet- C_ahnestl Scale. Towards the south-east it is overlain transgres-
sively and unconformably by the Upper Cretaceous sedimentary deposits
of the Brezoi-Titesti Basin. On the north and east it is bounded by the
overthrust line of the upper unit — the Figiras Unit. R

- Following this™ rock pile towards the north we found that it
correlates to what has been separated under the name of Sadu Scale
(Dessila-Codarcea, 1965).-

This unit consists of paragneisses with micaceous paragneisses and
micaschist intercalations, together with amphibolite levels and some-
times quartz-feldspar gneiss-es levels. As far as the metamorphism is
concerned it belongs to the disthene=staurolite zone. Both minerals were
identified in the micaceous paragneisses on the left bank of the Boia

-Valley. The whole rock pile was affected, approximately along the

strike, by the Olt Fault and other sulbpara,llel faults but also by trans-
versal faults. -

= 53.213. ngdm.s Unit. It has an upper position and consists of the
schists of the Aluta Group, the Cumpéna Series, folded in the general
east-west direction: It overthrusts the lower Cnnem Unit along an over-
thrust plane that can be followed from mnorth of Ciineni, where. it.is
traversed by the Olt Fault, on the left bank of the Olt ; then it crosses

- the basins of the Satul and Boia Mare Valleys, afterwards it is {rans-

gressively overlain by Maastrichtian-Paleogene sediments, consisting of
limy conglomerates belonging to the Brezoi-Titesti Basin. Therefore we
know that the overthrust took place before the Maastrichtian.

Lithostratigraphically there develop south-northwards, therefore in
the lower part, the following lithological sequences : an alternatlon of

two' micas paragneisses with bands of stromatitic and ophtalmitic mig- -

matites, figured on the map also by Arion et al. (1967), trending also
east—West and with rare amphibolite intercalations. .

Towards the north the augen and banded gneisses are " more
restricted, eventually disappearing so that the alternation of micaschists

with garnet, sometimes also with disthene, with paragneisses and amph'l—'_'

bolites prevails. As can be noticed, the Whole mentloned succession ‘is
part of the Cumpéna Series. . :

There is a strong resemblance between thé petrographlc rock types
of the Fagiras Unit and Ciinenj Unit in the region investigated.

The contact between two Trock p11es of regional. extent, whose
directions are perpendicular to each other, implies the ex1stence of an
overthrust line. In this case a sharp contact is also noticed along the
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line marked by mylonitizations and cataclasations, between the litho-
logical levels on either side of the plane, which excludes the hypothesis
of a simple rotation of the alternation of lithological sequences.

. This situation also results from the carthographic outline of the
contact that indicates the presence of a plane, which, although resumed
along some portions by newer faults, preserves the sinuousity charac-
teristic of an eastern trend.

North of Ciineni this plane was cut by the Olt Fault, a disten-
tional fault whose eastern compartment was strongly lowered, while
the western one was raised ; the plane remaining high, was eroded, and
the contact between the two units remained on the fault.

.. 3.2.4. Balota Scale. It is found on the right bank of the Olt, between
,the Robesti and Silistea Valleys ; westwards it is thrust over the crystal-
line schists of the Cilinesti Umt while westwards it is bounded by the
Olt Fault. It belongs to the Cunem Unit and consists of an alternation
of paragneisses with white quartz-feldspar gneisses, a few amphibolite
intercalations and some thin micaschist levels. Both the Céilinesti Unit
and the Balota Scale contain mesometamorphic crystalline schists in
their mass, this time with apparently conformable structural trends.
The delimitation of the plane could be achieved following the myloniti-
zation zones and due to the fact that the characteristic alternation of
paragneisses with white quartz-feldspar paragneisses ends suddenly at
the boundary of the overthrust plane; beyond it there continues the
monotonous sequence of paragneisses and micaceous paragneisses with
albite-oligoclase porphyroblasts of the Calinesti Formation,

On the right bank of the Silistea Valley the crystalline schists are
overlain by Coniacian-Santonian deposits of the Vasilatu Formation
(Szasz, 1976). The age of the overthrust is therefore pre-Coniacian.

3.2.5. Gorganul Peak Outlier. It is found between the Robesti and
Uria Valleys and thrusts, together with the Ciineni Unit which underlies
it, over the Uria Unit along the Supragetic line.

It consists of an alternation of paragneisses with bands of augen
gneisses and migmatic gneisses ; the latter trend E-W and are quite
similar to the lower part of the succession described within the Fagaras
Unit, which is well exposed in the Gaujani Valley basin.

The overthrust relationship is proved both by the geometric super-
position relations and the cataclasis and mylonitization phenomena
accompanying the contact zones.

Its present position and the fact that the outlier is not refound
on-the left bank of the Olt, where lies the lower compartment of the
Olt Fault, can be explained by a scale-forming process of the Fagiras
Unit that took place before the Olt Fault had become active.

3.2.6. Cornet-Cdlinesti Scale. It lies west of the Olt and thrusts
over the Maastrichtian deposits of the Brezoi-Titesti Basin.

The deposits of the Brezoi-Titesti Basin were tectonized during
the movements generally trending E-W, at the extremity of the basin

the beds being in almost vertical p051t10n and even reversed (e.g. on the
Sulitei Valley, Glodu Valley).
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The age of this scale is therefore post-Maastrichtian, probably
Miocene, ' ' :

In the Cornet Zone the scale consists mostly of augen gneisses
and subordinately paragneisses forming a breccia of tectonic origin,
‘pre-Senonian in age — the Nirutiu type breccia (Hann, Szasz, 1981),
laminated then along the overthrust plane. The overthrust plane on
the left bank of the Céilinesti Valley was also mentioned by Popescu-
Voitesti (1918) and Ghika-Budesti (1940). The overthrust is confirmed
by the existence of a small tectonic window with Maastrichtian conglo-
merates, situated between the Cornet Monastery and the Calinegti
Valley, close to the road. A borehole carried out in this place by
I1.S5.P.H. stopped at the depth of 120 m in these deposits.

At Calinesti paragneisses prevail, while micaschists occur subordi-
nately but all the rocks are intensely laminated, mylonitized. The
Cornet-Célinesti Scale is bounded towards the east by the Olt
Fault plane. ‘

3.2.7. Omul Peak Scale. It is situated east of the Cozia Peak, over
the Simniceanu and Grebla Valleys, also overthrusting the Upper Creta-
ceous deposits (Campanian-Maastrichtian, being therefore also of Mio-
cene age). Nofthwards the overthrust plane ends in the Cozia Fault.
It consists almost exclusively of Cozia augen gneisses, with rare para-

- gneiss intercalations. These rocks belong to the migmatic gneisses for-
mation of the Cumpéna Series (Krdutner et al., 1978).

3.2.8. Valea lui Stan Scale. It is part of the same system as the
scales described above and lies north-west of the Narutiu Mountain.
Under the overthrusts plane it includes Coniacian-Santonian deposits.

But it thrusts, together with Campanian-Maastrichtian deposits,
which overlie it transgressively, over Coniacian sediments ; the over-
thrust plane is therefore also post-Maastrichtian, probably Miocene in
age, as in the case of the above-described scales. It shows the same
petrographic constitution as the Omul Peak Scale — that is Cozia
augen gneisses.

On the Valea lui Stan Brook the scale is strongly affected by
two faults; the southern one disturbed significantly the overthrust
plane, breaking and turning it simultaneously.

The scale can be also followed towards the south in the Cam-
panian-Maastrichtian sedimentary deposits.

4. Faults

Two faults of regional importance acted in the investigated region.
They are oriented almost perpendicular to each other, namely north-
south and east-west.

4.1. Olt Fault

It is a distentional fault, striking north-south, following in general
the Olt Valley. The fault plane generally shows eastern dips or is
subvertical. It represents, together with the other fault, the latest tec-
tonic event in the region.

-
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This fault was subsequent to some long lasting compression effects
from the east towards the west, which, after their disappearance,
created the necessary conditions that gave rise to.a distentional fault.
The eastern compartment is lowered to a great extent.

This fracture is marked on the field by strong mylonitizations,
giving rise to phyllonites and even pseudotachylites on distances of

. 10—15 m, which can be well observed in the I.S.P.H. adit on the left
bank of the Olt, downstream the Cornet Monastery or in a small vallely,
north of the Balota locality. .

4.2, Cozia Fault

It generally trends east-west and functioned almost simultaneously
with the Olt Fault. It can be followed both along the Lotru Valley and
north of the Cozia Massif.

" This fracture functioned in two phases: in a first phase as a
wrench fault, the southern compartment being shifted towards the west
(during this phase the Supragetic plane was also shifted) and then in a
second phase, as a distentional fault, the northern compartment under-
going a pronounced- sinking. East of the Olt this effect increased due to
the Olt Fault, the northern compartment sinking by over 1,000 m.

5. Conclusions

In the region investigated we distinguish the Getic Nappe, the
Supragetic units and the sedimentary deposits of the Brezoi-Titegti and
Olénesti basins (Plates II, III).

The Getic Nappe consists of the Sebes-Lotru Se1 ies and the Uria
Formation that has a polyretromorphic character and is situated among
the rocks of the Sebeg-Lotru Series, which is overthrust by the Supra-
getic units. The iron mineralizations from the Uria Formation formed
during the retromorphism of the amphibole-, biotite-, garnet-rich rocks,
1end1ng a metallogenic importance to the retromorphism.

The Supragetic overthrust plane is situated above the Uria Unit,
and can be followed from the Uria Valley (N) to Valea lui Stan (S).
The overthrust is Turonian in age, belonglng to the Mediterranean
movements.

The Supragetic architecture comprises the following units : the
Cilinesti Unit (consisting of rocks representing an equivalent of those
in the Voinesti Series of the Leaota Unit), the Ciineni Unit {(consisting
of rocks of the Cumpéina Series folded in the north-south direction),
the Fagdras Unit (consisting also of rocks of the Cumpina Series, but
with east-west structural directions), the Balota Scale, the Gorganul
Peak Outlier, the Cornet-Célinesti Scale, the Omul Peak Scale and the
Valea lui Stan Scale. 1

An important role in the completion of the present structural
setting was played by two faults: the Olt Fault, a distentional fault,

3 — ¢, 636
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whose eastern compartment is strongly lowered, and the Cozia Fault,
that previously acted as a wrench fault and subsequently as a disten-
tional fault, its northern compartment being lowered.

3 H. G. Krdutner, R. Dimitrescu, I. Balintoni, T. Berza, I. Gheuca, H. P, Hann,
I. Hartopanu, V. lancu, F. Krédutner, O. W. Maier, M. Maruntiu, L. Nedelcuy,
A Seghedi, N. Stan, C. D. Manecan.

4 M. Seclaman — oral communication.

5 R, Dimitrescu — oral communication. We are grateful to Prof R. Dimitrescu
for his assistance during discussions.
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QUESTIONS

I. Gheuca: 1. What is the age of the scales of the Fagiras Unit ? What
is the relationship between this age and that of the Fagaras Unit ?

2. You state that a westward displacement of the southern compartment
of the Cozia Fault took place. What is its extent ?

Answer : 1. The present relations indicate that the major overthrust took
place before Maastrichtian times. Certain segments of the overthrust were sub-
sequently reworked, a scale-forming process taking place.

2. The shift of the compartments was of about 3 km,

I. Stanoiu : 1. What are the directions and trends of the movements on
the mentioned overthrust planes ?

2. Does the mentioned E-W direction belong to the Supragetic Nappe or
to younger tectonic accidents ?

Answer : 1. The movements that led to the formation of the overthrust
planes took place in the E-W direction.

2. The present situation does not allow a different conclusion concerning
the direction of the movements. Subsequent movements that might have modified
the initial direction of the Supragetic Nappe cannot be overlooked.

M. Stefinescu: 1. Do you think that the Supragetic Nappe was e‘mplaced
in a unigue overthrust stage that is the Mediterranean event ?

2. What is the sense of the emplacement of the Supragetic Nappe ? .

Answer : 1. The overthrust plane of the Supragetic Nappe is probably older
than the Turonian times. But the last movements took place in the Mediter-
ranean phase. ‘

2. The present tectomic relations, the map outline indicate an E-W direction
of the emplacement of the Supragetic Nappe. But this fact does not mean that
the direction of the overthrust could not be different in a previous stage.

M. Trifulescu : 1. Why do you subordinate the ”unit“ notion to the "series“
notion ?

2. What minerals are associated with almandine in order to support the
retromorphism in the area under discussion ?

Answer : 1. We did not subordinate the notion of "unit“ to the notion of
"series“. Accidentally in the investigated region the units consist of a single series.
The Fagaras Unit for instance comprises also some other series farther north,
which are situated outside the map presented by us.
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2. The amphibolite rocks show various stages of retromorphic transformation
of hornblende into actinote, tremolite, epidote, chlorite, magnetite. Biotife and
muscovite of the gneissic intercalations, almost unaffected retromorphously, show

- all the characteristics displayed by micas in the mesometamorphic rocks.

DISCUSSIONS

I. Gheuca : There is a disagreement between the pre-Campanian age of the
Fagiras Unit, that was based on the Campanian-Maastrichtian sedimentary rocks
of the Boisoara Zone and the situation in the Caélinesti zone, where the front of
the same unit overlies the deposits of the same age.

To the extent to which the sedimentary rocks in the Brezoi Zone overlie
the crystalline of the Célinesti Unit and are overthrust by the Fagdras Unit they
belong to the former unit. In this context the presence of a half-window with
the Calinesti (Lower) Unit in the Brezoi Zone, therefore in the lowered com-
partment of the Cozia Fault, is in contradiction with the presence of the upper
(Fagaras) unit in the lifted compartment.

M. Stefdnescu : Underlining the factual contributions of the authors, I want
nevertheless to point out that, taking into account the areal development of the
formations assigned to the Supragetic Nappe, the latter cannot be considered as
emplaced along a general N-S direction. Consequently the complications in the
presented part of the Olt Valley seem to represent overthrusts subsequent to the
main overthrust moment of the Supragetic Nappe ; this fact is also proved by the
lithological uniformity of the Neo-Cretaceous deposits involved in the overthrusts.

M. Trifulescu : In my opinion what you call "unifs“ corresponds to some
petrogenetic complexes of the Getic Domain.

The almandine of Uria is a contact-metamorphic mineral. The garnet of
the respective formation is a spessartite associated with albite, which indicates
a greenschist facies, not a retromorphism.

Another argument against retromorphism is of siructural nature as the epi-
metamorphics of the Valea lui Stan-Résinari graben trend N-S, at 100° from the
Getic basement, oriented W-E,

The Cozia Fault shifts the direction of the epimetamorphics alignment by
1—5 km, between the Valea lui Stan and Vasilatu Valleys. There existed several
scales, of which one is removed by the Olt, where there occur thermal sources
and igneous apices at the depth of 3.5 km (Airinel — thesis for a doctor’s degree).
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