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3. TECTYONICA $1 GEOLOGIE REGIONALA

STRUCTURE AND PETROGRAPHY OF THE REGION WEST OF
TARCU MASSIF (BEASTERN BANAT)?
by
NICOLA L GHERASI 2, HORST PETIER ITANN 8

Gelic Nappe. Danubian Units. Metamorphic rocks. Volcanoclastics. Volcanic rocks. Major
elements. Sedimentary cover. Anticlinoria. South Carpathians — Crystalline Danubian
tealm — Tarcu Mountains -- Muntele Mic; Sedimenfary Danubian Domain — Fenes

one.

Abstraet

The formations making up this region helong to two main units : the Getic Nappe and
the Upper Danubian. Within the Danubian units the nappe pile consists, {rom top to hottom,
of the Arjana, Mdru, Muntele Mic and Presacina Units. The Arjana Unit consists of the Lias-
D ogger anchimetamorphic volcano-sedimentary formation and of a sedimentary cover repre-
s ented by deposits assigned to the Mahm and the Upper Cretaceous respectively. The volcanic
rock complex has a clear alkaline characler and consisls mainly of trachytes, keratophyres
and pyroclastics. The Mdru Unit consists of the Miru Amphibolite Series. The Muntele Mic
U'nil consists ol the Muntele Mic granitoid which underlies a Jurassic sedimentury cover exhi-
biting peculiar facies features. The Presacina Unit consists of a weakly mmetamorphosed Palco-
zoic basement underlying a Jurassic cover in which rare alkaline igneous rock dykes are also
found. The whole structure presenied was post-overtbrust folded in an antiform which would
represent the southward continuation of the Rol anticlinal structure.

Résumeé

Struclure et pélrographie de la région & Uouest du menl Tarcu (Banal de UEst). Les for-
mations de celie région apparliennenl & deux unités principales : nappe gélique et danubien
supéricur.. T.a pile de nappes des unités danubienncs est considérée par nous étre consti-
tuce, de haul en buas, par les unités d’Arjana, Maru, Muntele Mic et Presacina. L'unité d’Ar-

1 Received May 13, 1987, accepted. for communication and publication -May 18,1987,
presented at the meeting of May 28, 1987,

2 Str. Barbu Delavrancea 13, Bucuresti, seclor 1. )

”'_Jnsti[utll'xl de Geologie si Geolizicd. str. Caranscehes 1, R 79678, Bucuresti 32.
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jana est formée d'une couverture sédimentaire représentée par des dépdts appartenant au
Malm, respectivement au Crétacé supérieur et par la formation volcano-sédimentaire anchimé-
tamorphique d’dge liasique-dogger. Le complexe de roches volcaniques présente un caractére
mettement alcalin et comporte en particulier des trachytes, des kératophyres accompagnés
-de pyroclastites. L’unité de Miru comprend le granitoide de Muntele Mic qui supporte une,
-couverture sédimentaire jurassique aux caractéres faciaux particuliers. L'unité de Presacina
-est constituée d’un soubassement paléozoique légérement métamorphisé (ordovicien-siluricn)
-surmonté d’une couverture jurassique ol se développent aussi de rares dykes de roches éruptives
-alcalines. Toute la structure a &té plissée postcharriage en une antiforme qui représenterait
‘e prolongement vers le sud de la structure anticlinale de Rof.

This paper is based on the investigations started by N. Gherasi
in 1960 and continued in the period 1962 —1963 east of the Ilova and
Armenis localities, dealing mainly with the keratophyre volcano-sedi-
mentary complex. These investigations were subsequently extended
to the basins of the Riul Lung, Riul Alb and Sebesul Mare Valleys by
2 mapping on scale 1 : 10 000, being carried out together with E. Matsch
and H. P. Hann. The presence of keratophyres was pointed out since
1958 by the microscopic determination (of an agglomerate) after an inves-
tigation made by N. Gherasi and 1. Radulescu on the Sebesul Mare Valley.
It is also worth noting that in 1929 A. Streckeisen, traversing the Tarcu-
Pleasa crest, pointed out to N. Gherasi that the eruptive rock complex
which appears round the Pleasa ridge would not represent Verrucano, as
F. Schafarzik had established in 1898, but Liassic formations.

1. Historical Background

The first data on the geology of this region are mentioned by Stur
(1889), Inkey (1891) and Schafarzik (1898 a) who, in a first paper, assigns
to Verrucano the reddish arkosian sandstones which occur from Dragota
to the Deavoia Valley and are overlain by the conglomeratic and argil-
laceous Liassic crossed by diaclases. In 1898 (b) he described felsites
and felsite-porphyries, removed in conglomeratic rocks at Pleasa and
Dosul Ilovei, which he considered to be Verrucano based also on the
presence of some argillaceous shales fragments, arbitrarily assigned to
Culm on the Bolvagnifei Valley. Codarcea (1940) establishes the presence
in the Danubian of some nappe structures, among which also the Arjana
Nappe consisting of Liassic tuffs and basic effusive rocks, Upper Jurassic
Teef limestones as well as of Upper Cretaceous Arjana flysch. The tectonic
map drawn by him is bounded northwards by that presented by us (Pl.
T). Radulescu and Ridulescu (1957, 1958) described keratophyres, por-
phyries, diabases and syenites in the Sebesul Mare Valley basin, east
of Borlova. Boldur (in Réileanu et al., 1958, respectively in Nistdseanu
et al., 1958, 1959) investigated the area extending between Feneyg and the
Tarcu Massif. They established the presence of both a large anticline
formed of Paleozoic deposits in the axial zone and the Arjana Nappe
west of Tarcu and in the Pleaga ridge, which would be overlain by the
Upper Cretaceous flysch nappe. Hurduzeu (1962) prospected the area
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situated between Fenes and Armenig for iron ore deposits. Nistéseanu
(1967) points out that the volcano-sedimentary series extends up to the
Riul Lung Valley, underlying wildflysch deposits. In 1968 he carried out
a systematic study of the Paleozoic and Mesozoic deposits from the Ideg
Valley to the Riul Lung Valley. The Jurassic limestones are considered
olistoliths in a wildflysch type Upper Cretaceous. Nistdseanu (1979)
contributed important specifications regarding the lithology and strati-
graphy of the area situated between the Cerna and the Hideg Valleys.
Concerning the Jurassic, he distinguishes between a Presacina facies
and a Fenes facies, comprising the gritty conglomeratic Lower Lias,
the prevailingly clay Middle Jurassic containing Entolium liasicum Nyst.,
the argillaceous Toarcian bearing Harpoceras which supports a voleano-
sedimentary complex assigned to the Middle Jurassic-Upper Jurassic
pro parte. ‘

Researches were carried out by Gherasi and Savu (1969) and Savu
et al. (1973) on the Muntele Mic Granitoid and the crystalline schists
delimiting it.

In recent years the researches on the geology of the Tarcu-Godeanu
region have developed due to the mappings for the elaboration of the
Geological Map of Romania, scale 1:50.000 Godeanu sheet (Conovici
et al., 1986, 1987). These investigations cover an area which is delimited
by or, in a restricted zone northeastwards, overlaps the area presented
in our map. It is worth mentioning the studies made by S. Nistéseanu,
D. Russo-Sindulescu, T. Berza, V. Iancu, A. Seghedi, B. Negrea which
will be further discussed in this paper. We also mention the recent comamu-
nications regarding this area, presented by Né#stdseanu and Negrea (1986,
unpublished) and Tancu et al. (1990).

2. Geologic Setting

The formations making up the presented region belong to two
principal units : the Getic Nappe and the Upper Danubian. The latter
comprises several recently established units (Berza et al., 1983). Within
it we distinguished the following units : the Arjana Nappe with the Upper
Cretaceous flysch, the Miru Unit, the Muntele Mic Unit and the Presacina
Nappe, which is in lower position. The partly anchimetamorphic Arjana
Nappe consisting of a Jurassic volcano-sedimentary formation with kera-
tophyres, trachytes, included in a tuff and tuffite mass, thrusts over
both the Liassic of the Presacina, respectively the Feneg Units (sensu

- N#staseanu, Negrea, 1986) and the Muntele Mic Granitoid. The Miru
Unit, consisting especially of amphibolites which contain also gneiss
interbeds, represents the southern termination of a zone which reaches
the maximum thickness east of Bistra Mirului, enclosed between the
Getic Nappe and the Muntele Mic Unit which it overthrusts. The latter
unit comprises the granitoid massif of the same name as well as Jurassic
deposits developed over small areas. North of the Craiu Valley it is noticed
that the overthrust of the Muntele Mic Granitoid and of the neighbouring
crystalline schists (Gherasi, Savu, 1969 ; Kriutner et al., 1981) was in its
turn resumed by the overthrust plane of the Arjana Nappe. Regarding
the latter nappe it is worth mentioning that Codarcea (1940) established
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the. presence of -two. facies of the Liassic and Dogger: the Presacina and
the Arjana facies. The latter consists of basic effusive rocks, tuffs and

reef limestones bearing corals and brachyopods. The Arjana Unit thrusts

over the Lower Jurassic and Cretaceous in Presacing facies within which -
the volcanic products are rare. The Arjana Nappe comprises also Upper
Cretaceous. flysch which is underlain by wildflysch. -

3. Getic Nappe

The medium intensity metamorphics of the Sebes-Lotru Group
develop between Virciorova to the north and Ilova to the south, therefore
in the north-western extremity of the investigated region, making wup
the Getic Nappe or, more exactly, the Turnu Ruieni Scale. The presence
of this scale was established further north, in the Slatina Valley basin
by Hann (in Savu et al., 1981) and the succession of lithological sequences
characterizing it has been presented also by Hann (1987). A horizon con-
sisting of white, quartz-feldspathic gneisses associated with numerous
amphibolite levels is characteristic. The respective sequence, assigned
by Kréautner (1980) to the leptyno-amphibolic formation, is found also
in the region south of Virciorova. The white quartz-feldspathic gneisses
arc found here on the Plaiul Mare Crest in the Albinele Valley and on the
Girdea ridge constituting a horizon. We also note the large development
of the amphibolites. In addition, there are alignments marked by mylo-
nites and ultramylonites striking approxlmatelv N —8, along some reverse
faults, paralle] to the Getic overthrust which represents a- continuation -
of those pointed out also in the Turnu Ruieni-Slatina Valley zone. On
these fracture lines, around which the effects of a dynamic metamorphism
are visible, minera]izations are also located (pyrite, pyrrhotite, chalco-
pyrite),e.g. in the right bank of the Bolvasnitei Valley, at Piatra Popii.
These mineralizations are idenfical with those encountered further north
in the Turnu Ruieni Scale, described by Savu and Hann (1981) who show
that they are part of the Turnu Ruieni-Teregova-Lipusnicel metallo-
genetic district, situated on the third alignment of Laramian eruptions
from the banmtlte metallogenetic province. -

_ On. the Bolvasmtel Valley sillimanite- pmaonmss 5, mlomamteS':
and rare pegmatibe veins were also encountned ' ,

4. Uppel' Danuhlau Umtq

’l‘he map plesentedﬂ(Pl ili II) comprises the south-western end of a
zoné exhibiting these structuml features, which borders further north
the Haterr Basm in the east-west direction <L11(1 thbll bends sout}m ards.

4.1. Arjana Nappe

‘In the investigated region this tectonic unit consists of the voleano~
sedimentary formation belonging to the Lias, Dogger and possibly ‘the -
Lower Mahn as well as of a cover repreﬁentz,d by deposits belonging tq
the Malm and the Upper Cretacedus respectively. To the north- emt of -~

1 4 - S g SRRy [ P e
Institutul Geologic al Romaniei
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the investigated region this unit was named the Muroniu Nappe, compris-
ing also Paleozoic deposits and at the same time showing a scale structure
(Ni#stageanu, Negrea, unpublished).

4.1.1. Upper Cretaceous and Melm Sedimentary Deposils

In the western part of the investigated area the Upper Cretaceous
deposits constitute an important zone extending from the western part
of the Sadova Noud towards the south and bends in the eastern part
towards the north up to below the Tarcu - Massif. South of the Deavoia
Valley an Upper Cretaceous pateh extends over the Dosul Deavoiel ridge
up to the Hideg Valley. These sediments overlie transgressively the vol-
ane-sedimentary deposits as well as the Jurassic limestones. Nastiseanun
(1968) establishied their transgressive character. Codarcea (1940) consid-
eved these deposits as belonging to the Arjana flysch. The deposits
consist of sandstones, conglomeratic sandstones, conglomerates. In their
basal part there are also conglomeratic sandstones and conglomerates
inelnding rounded elements formed of prevailingly white quartz, lime-
stones, but alto Iiassic black shales and igneous rocks. Conglomerate
levels containing especially quartz elements were encountered at Poiana
faltd. In the Riul Alb Valley the sandstones constitute diaclased massive
banks with gritty shale interbeds and subordinately thin (5—10 cm),
slightly micaceous black argillaceous shale interbeds. Within the succes-
sion conglomeratic sandstone levels occur, suggesting a rhythmical sedi-
mentation.

The Upper Jurassic limestones crop out at the top of the volecano-
sedimentary formation and under the Upper Cretaceous flysch deposits.
Fine, hard, red marly, citen schistosed limestones are noticed in the Dea~
voia Valley, which grade to whitish limestones showing red ‘“flames”
aind spathic Hmestones. Owing to some Saccocmidas remunants (4 pelagie
cxinoids) these limestones were assigned to the Kimmeridgian. In places
the spathic limestones contain keratophyre fragments.

4.1.2. Voleano-Sedimeniary IFormeation

Starting with the Deavoia basin this fermation develops north-
wards, reaching the maximum thickness (over 5 km) between Sadova
Noud and the Pleasa crest, and ending in the left bank of the Craiu
Valiey, under the Muntele Mic Granitoid. The voleanic products prevail,
and the Liassic sediments appear as discontinucnus intercalations, greatly
varying in thickness {Pl. I). Psephitic-psammitic deposits are found in
the bhase, siich as those on the Armenis Valey, downstream bthe granite
window, where coarse sandstones occur. Conglomeratic sandstones and
massive quartzitic sandstones underlying pyroclastics were noticed on
the Boghii Valley, a {ributery of the Armenis Volley, both downstream
and upstream the granitoids. These sarndstones reaching a few meters
in thickness differ from those on the Riul Lung Valley which belong to
the Tiassic and Presacing facies and reach 469 m in thickness (Wastd-
seamu, 1879). Further north of the spring of the Sadovita Velley, at the
beight of 950 m (under Poieni) quartzitic sandstones are found. Grey-
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quartz sandstones are distinguished on the Morii Valey, beyond the second
granitoid body. Conglomeratic and feldspathic sandstones are found
also on the crest east of the Porcului Brook, tributary of the Bolvasgnitei
Valley, towards Dosul Ilovei, at the altitude of 750 —780 m. The Liassic
deposits consist mostly of black argillaceous, siltic shales forming often
thin, metric interbeds that cannot be mapped.

The voleanic rock complex exhibits a clearly alkaline character
and consists of trachytes, keratophyres which prevail, accompanied by
pyroclastics, bostonites, rarely oligophyres, dacites and augite andesites
as well as small syenite bodies. Pyroclastics are represented by micro-
conglomerates and lapilly tuffs, while agglomerates occur only in a few
outcrops. Tuffs and tuffites are widespread in the Armenis Valley basin.

Trachytes are rocks that underwent the least albitizations; they
oceur as dykes or lava flows, the most widespread of which was mapped
in Mount Pleasa . They look like felsites, are greenish or violaceous,
respectively dark grey south of the peak, showing sometimes a chlorite
network. South of this peak a pyroclastic lava including trachyte frag-
ments exhibiting a vitrophyric texture, surrounded by a microgranular
lava resulted through devitrification(Pl. III, Fig. 1). Karlsbad twinned
orthoclase is noticed in the same section, in a felsitic lava. Porphyric,
rarely glomeroporphyric structures occur, while phenocrystals may lack
in places. The groundmass is as a rule trachytic, bearing parallel feldspar
microlites or a fluidal structure appears (Pl. III, Fig.2). The groundmass
is frequently a devitrified glass determining an intersertal type structure
with feldspar microlites randomly arranged in a cryptocrystalline mass
(P1. I1I, Fig. 3). The orthoclase often shows concealed spots that indicate
an incipient exsolution stage, while three universal stage values are
of —2V = 60—65°.

The tectonic movements resulted in the rock laminations preceded
by cataclasations. The dynamic metamorphism generated *S” planes
that generally adapted to the flow directions ; along them sericites formed,
which are disposed in thin, parallel bands, along which the fragmented
feldspars are aligned (PL. IIL, Fig. 4). Sometimes the sericite mass includes
small relict orthoclase erystals.

South of the investigated region, in the Deavoia Valley and at
Poiana Bradului, trachytes show a K-feldspar which is inhomogeneous
at extinction and exsolution cryptoperthites lending a spotted aspect
to the phenocrysts. Plagioclase is an acid oligoclase. The matrix shows
a clear trachytic structure with parallel feldspar microlites.

Keratophyres are the prevailing rocks, being associated with pyro-
clastics. The latter are crossed by keratophyre dykes, more rarely by
bostonites. The rocks are whitish-yellowish or greyish, in places dark
grey. Due to the laminations sericite and chlorite stripes form over the
respective surfaces. The feldspar phenocrysts are usually distinguished
with the naked eye and their presence enabled us in most cases to distin:
guish between keratophyres and massive tuffs on the field. The structures
visible under the microscope are generally porphyric, while the ground-
mass is trachytic, more rarely microgranular. The feldspar microlites
are most often divergently disposed (Pl. IV, Fig. 2) or parallel and undu-
lated, when the texture is fluidal. The main mineral is the usually albitized
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orthoclase resulting in the schachbrettalbite. Chlorite bearing biotite
and augite relicts were sporadically noticed. The orthoclase crystals,.
which show universal stage values of —2V = 60 —64°, are often cataclased
and rotated. The presence of anorthose was mentioned by R&dulescu
and Rédulescu (1959). Anyway the percentage of mafic minerals was
reduced within the rock.

The keratophyric pyroclastics have been classified from the granu-
lometric point of view as follows : tuff 1 —4 mm in diameter, lapilly tuffs.
4 —32 mm, microagglomerates 32 —50 mm (Wentworth, Williams, 1932).
The cartographic separation of these products was not possible, only
the agglomerate outerops could be distinguished. The latter are found
over a restricted area, between the upper course of the Irighis Valley
and Mount Pleasa . Pyroclastite may contain also argillaceous shales.
fragments that may reach 25 cm in diameter, where, east of the southern
peak, the agglomerates contain enrolled trachyte fragments exhibiting:
a vitrophyric texture (Pl. IV, Fig. 3).

Microconglomerates consist of whitish fragments included in a
dense mass which is brown-greenish, sometimes red-violaceous in colour
due to the iron hydroxides. This coloration made Schafarzik (1893 a)
consider them Verrucano. Laminations determine in places ocular aspects,.
the rocks becoming schistous. Microconglomerates contain keratophyre
angular or rounded fragments (Pl. IV, TFig. 1) displaying a trachytie or-
divergent arborescent texture as well as isolated albite, more rarely ortho-
clase fragments. The basic microconglomerates can be recognized by their
green sometimes violaceous colour; they contain a lot of chlorite and
femic mineral relicts. They are associated with ferruginous types, in their
turn associated with tuffites, with an argillaceous component and a Fe
content ranging between 6 and 129, (Gherasi et al., 1971). These rocks.
are found in the Deavoia Valley basin, in the Pietroasa Valley and in the
crest situated on the right side as well as in the Cilina Mare and Larga
Mare Valleys. Microconglomerate and ferruginous tuffite levels crop out.
over more restricted areas in the Armenis Valley basin and in the Riul
Lung Valley.

The lapilly tuffs enable the best observation of pyroclastics in thin.
sections, showing rather varied aspects. In addition to keratophyre frag-
ments exhibiting a trachytic or microgranular, more rarely of intersertal
type structure, hyalopilitic textures with dark brown glass also occur
(Pl. V, Fig. 1). These tuffs were affected by a quite evident anchimeta-
morphism which starts with a cataclasation and the sericite formation
(PL. V, Fig. 2); a foliation is noticed among the schachbrettalbite crystals,
while a microfolding occurred in a more advanced stage (Pl. V, Fig. 3).
Regarding the distribution, it is found that the lapilly tuffs prevail over:
the microconglomerates. A basic lapilly tuff from the Sadovita Valley —
Coama Fintinele — Valea Morii area contains opaque fragments of basic
lavas with miecrolites, trachyte fragments, feldspar and angular quartz.
erystals (Pl VI, Fig. 1).

Crystalloclastic tuffs were encountered at Dosul Ilovei and in the
Armenis Valley. Those at Dosul Ilovei contain brown glass fragments:
and colourless fragments of microgranular feldspar aggregates, the vitre-
ous groundmass being ecrypto-microcrystalline. The presence of some
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unalbitized X-feldspar erystals indicates a trachytic tuff. In the Armenis
Valley, the tuffs and tuffite: are widely distributed, having at their bottom
Lower Liassic coarse sandstones or microconglomerates. In the right bank
of the valley a tuff is found, formed of a cineritic mass bearing feld-
spar microlites, which isin fact a devitrified glass of very fine granu-
lation and small oxidized pyrite crystals. The cement includes feldspar
crystals, quartz, muscovite, sericite, biotite grains.

Bostonites form grains crossing the keratophyre pyroclastics in
the Craiu Valley, the Irighis Valley and in the Crucisoara Valley or in
the Deavoia Valley and in the Poiana Bradului ridge. The feldspar devel-
oped divergently in small and equal prisms, but randomly disposed, is
characteristic of the bostonitic structure. In places a porphyric structure
is found (Irighis Valley), with small unalbitized K-feldspar phenocrysts,
which is orthoclase (—2V = 65—70°). It forms sometimes elongated
prisms (PlL. VI, Fig. 2), replaced by schachbrettalbite. The rocks present
flow textures and are affected by cataclasations and laminations.

Dagites are found on the Fata Rugilor crest in the form of a dyke
piercing the pyroclastics. Small quartz crystals can be distinguished also

megascopically. Under the microscope one can .notice that small poiki-
litic melanocrate mineral phenocrysts are completely calbonated (pyro-
xene) and oxidated (hornblende).

Plagioclases (oligoclase) are elongated along the “‘c” axis, 1nd10at1ng
a viscoub magma (Giuse#, 1974). Quartz shows rounded phenocwstq which
are corroded on the margin, while the groundmass is microgranular and
consists only of plagmclases

Syenites generally form small bodies both in the north and south
of the 1nvevt1gated region. Radulesecu and Radulescu (1959) described
them for the first tlme The syenite bodies are here crossed by kerato-
phyres, therefore are older. Under the microscope the K-feldsparis spot-
ted, being at present an exsolution of patch-perthite and is replaced by
schachbrettalbite, which penetrates within it. Chlorite and carbonates
are also noticed. On the Crucigoara Valley two small bodies are encoun-
tered, and close to the one situated in the vicinity of the confluence with
the Sebes Valley -a silicate marble formed through infiltration meta-
somatosis is present. The marble contains forsterite and small green spinel
crystals. The presence of this rock is difficult to explain as the pyroclastics
do not contain also limestones at the level where the intrusion took place.
Microsyenites consisting of X-feldspar, albite and very small amounts
(below 19,) of hornblende and biotite are found in the Deavoia Valley.

The dark grey oligophyres crop out on the Irighis Valley, in the
Strimbu Valley, on the Virateca Peak as veins piercing black argillaceous
shales, tuffs and agglomerates. They contain plagioclase phenocrysts in
a microgranular groundmass. Plagioclase (An 12 —16) is often twinned.
Hornblende is highly oxidated, biotite is chloritized. The groundmass
is microgranular, but also vitreous. The rocks are often intensely laminated,
even mylonitized.

Andesites are rocks which were previously mentioned or described
as diabases, diabase-porphyrites (Schafarzik, 1898 a), respectively uralitic
porphyrites and diabase porphyrites (Gheras1 et al., 1971). According
to the present classifications, these rocks are pyroxene andesites. Andesites
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form dykes crossing the pyroclagtics from west of the Virateca crest,
the Cuntu \ Valley and north-east of the Pleasa Peak, then in the vmlmty
of the grauite windows, south of the Bolvamﬂ;el Valley, in the Morii
Valley, the Sadovita and Armenis Valleys. There are two veins on the
last two valleys, one of which contamm pyroxene crystals reaching 1.5 cm
in size. On the Rinl Alb Valley they appear in the vicinity of the conflu-
ence with the Pietroasa Valley, and at Poiana Bradului they pierce a
keratophyric dvke, being therefore subsequent to the latter. Andesites
are dark green roeks. in “which pyroxene crystals are noticed, developed
in short prisms and faintly pink-brownish coloured. The anomalous Dbire-
fringence colours as well as an hourglass zoning indicate the presence
of a titaniferous augite in which ng: ¢ = 44 —48°. The pyroxene urali-
tization may lead to their complete transformation, an acicular actinolite
being formied. Hornblende frequently occurs chloritized. Plagioclases
occur as idiomorphie, zoned or polysynthetically twinned crystals. The
microlite groundmass is hardly distinguishable, being filied with opaque
minerals (Pl VI, Fig. 3).

The Jurassic sediments, represented by black argillaceous shales
are intercalated in the pyroclastic mass. On the Virateca crest greyish
gericite anchimetamorphic argillaceous shales are found,. mmkxmT the
foliation, being succeeded by fme white sandstones at a oreater altitude
(1.040 m hcwht) Argillacecous shales crop out also at the confluence of
the Sebes Valley with the Crucisoara Valley. White micaceous sandstones
alternate with argillaceous shalcs, mlcroconfrlomera‘ces and . schistose
tuftites forming bt(‘op rocks on the Richita Vqllev tributary of the Cuntu
Valley.

The Alpine, mostly dynamic metamorphism affected obviously
but unevenly the rocks of the volcano-sedimentary formation. This is
why the structure of the eruptive rocks was not uniformly modified.
Vwhen lamination planes get formed, they contaln sericite, constituting
bands that mark the foha‘uon Pyrocla\tuw, were affected to the same
extent, Within them 3" planes were generated, the cliarest anchiine-
tamorphic aspects being noticed in the lapiily tuffs.

4.2, Mdaru Uni?
(Krautner et al., 1981 ; Berza et al., 1983)

In the area presented in this paper only the southern partof this
it can be followed between Iova in the south to the Sopot Valley
towards the north, constituting a narrow zone which is better exposed
on the Bolvasnitei Valle v. The Maru Unit is overthrust by the Getic Nappe,
while the overthrust planc covers calcareous sedimentary deposits (in-
tensely laminated, probably Mesozoic, white-greenish microcrystalline
limestones which ove1he transgressively e Maru amphibolites. It is
worth meuntioning that the over‘bhrust plane of the Getic Nappe. was
previously iwmgd (Gherasi et al., 1970) fariher west inside the meta-
morphic pile, belonging to the Sebes—Lotru Group. The Miru amphibolites
{the Miru Series respectively, Savu et al., 1984) are represented by an
aiternation of amphibolites more or less migmatized amphibolic gneisses
with guartz- foldspa’rhlc gneisses and sometimes almandine and kvamte
paragueisses.
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4.3. Muntele Mic Unit
(Krdutner et al., 1981 ; Berza et al., 1983)

In the north-western part of the investigated region, this unit is
overthrust by the Miru Series amphibolites, therefore by the Maru Unit
(Pl. T). Towards the east the Muntele Mic Unit underlies also tectonically
the volcano-sedimentary formation of the Arjana Nappe. The unit consists
of the Muntele Mic plutonic massif which preserves north-eastwards also
a crystalline schist cover—the Bérnita Series (Savuet al., 1981) ; the schists
are arteritically migmatized or mnot, in places forming enclaves in the
granite mass. Also here the Muntele Mic Unit overthrusts the Presacina
Unit which is thus in lower position with respect to the other units.

The Muntele Mic Granitoid underlies transgressively and uncon-
formably the sedimentary cover of the tectonic unit represented by Ju-
rassic deposits.

4.3.1. Sedimentary Cover

The Munteie Mic Granitoid is overlain transgressively by quartzitic
arkosian sandstones, light grey, slightly micaceous, fine sandstones
altered by limonite, as can be seen, for instance, on the Bobului Valley,
right tributary of the Bolvagnijei Valley. White massive arkoses are found
on. the hill north-east of the Runcu Peak. Based on lithofacial similarities,
it is assumed that these rocks represent the Lower Lias. Round the Runcu
Peak conglomeratic sandstones bearing black quartz curvicortical coaly
sandstones and fine sandstones are also encountered. Feldspathic sand-
stones astwell as coarse quartz sandstones are well exposed in the Satului
Valley. On the right bank of the Ilovita Valley, south of the Runcu Peak
and quite close to the boundary with the granitoid, magnetite blocks
containing hematite (82.209%, Fe, O,; 57.339, Fe) are found in some
greyish-reddish brittle sandstones. The round quartz grains within sand-
stones, observed under the microscope, indicate their clastic origin,
namely their connection with the Liassic sandstones. South of Piatra
Tlovei, in the base of the Upper Jurassic limestones, spathic yellowish
limestones and bedded greyish limestones, limestones presenting hematite
veins or, farther north, limy sandstones with echinid remains (ossicles),
grey-blackish quartzitic calcarenites are found, while on the path under
the hill spathic dark grey limestones and yellowish limestones are present.

These rocks were assigned to the Dogger. South-east of Piatrs
Tlovei, the granites are overlain by limy-gritty shales with greyish-silvery
phyllite interbeds that can be seen in a ravine, tributary of the Morii
Valley. These deposits probably belong to the Lias.

Massive grey and white limestones follow in continuity of sedimen-
tation, which would represent the Malm. They are microcrystalline, do
not contain organic traces, but contain siderites instead ; they are schist-
ose in the base, microfolds being sometimes noticed. These limestones
were assigned by Schafarzik (1898 a) to the Malm, showing similarities
to the Stidnulet Limestones (Piatra Iorgovanului), which belong partly
to the Malm based on a Nerinea sp. form.
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4.3.2. Granitoid Massif

The granitoids make up a plutonic massif, reaching the maximum
thickness in the north of the presented map (5 km) and continues uninter-
ruptedly southwards up to Sadova Noui. South-east of the latter locality
the granitoid outcrops represent windows of the unit to which they belong,
which underlie the volcano-sedimentary formation of the Arjana Nappe.
The granitoid is often quite laminated due to the dynamic metamorphism,
which may determine even sericite schist aspects (Valea Boghii-Sadovita
Valley).

The main eruptive body consists of granodiorites and granites. Subor-
dinately biotite quartz diorites are found. As regards the petrography
of these rocks, we mention that the respective data are found in the papers
written by Gherasi, Savu (1969) and Savu et al. (1973).

4.4. Presacing Unit

The rocks belonging to this unit, which are in a lower position with
respect to the other units, belong to a Paleozoic basement and a Jurassic
cover, sporadically crossed by eruptive rocks dykes (bostonites, kera-
tophyres and oligophyres) and rare tuffite interbeds.

4.4.1. Bruptive Rocks, Agglomerates, Tuffs, Tuffites

On the right bank of the Riul Lung Valley, east and south-east
of the Pleasa crest, the only zone where the eruptive rock dykes are some-
what more widespread is to be found. These dykes occur only sporadically
in the rest of the area covered by the Jurassic formations.

Bostonites form dykes, under the microscope show a trachytic
structure with parallel or divergent feldspars, contain schachbrettalbite
with typical twins, accompanied by about 159%, chlorite.

Oligophyres form also dykes and contain plagioclases (An 12) partly
calcitized . The mafic minerals are chloritized. The brown groundmass
exhibits a trachytic texture with feldspar microlites containing glass
relicts in various devitrification stages.

Agglomerates occur only east of the Miufon locality in the basin
of the Cuntu Valley, covering restricted areas. The tuffs and tuifites are
somewhat more widespread as compared to the agglomerates. They are
found, for instance, on the Seroni ridge, in the north-eastern part of the
investigated region. Tuffites show a marked foliation ; under the microscope
small oligoclase crystals are noticed as elongated laths, aligned along the
laminated planzs. The rock mass is a siltite consisting of millimetric la-
mellae, containing angular quartz associated with calcite. This tuffite
is underlain by Lower Liassic conglomeratic sandstones. North of the
Seroni Peak greenish tuffs presenting an evident foliation crop out along
with a bostonite (Pl. VI, Fig. 2). The tuff shows a microlenticular structure
due to the laminations and contains rare oligoclase crystals. The glass,
devitrified to a large extent, contains fine-grained feldspar associated
with sericite and opaque minerals.
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We point out the anchimetamorphic processes which affected cspec-
ially the tuffs and tuffites.

One should also mention that in the Craiu Valley basin a few ser-
pentinite bodies are found, which have been recently considered (Savu
et 4l., 1986) as olistoliths.

4.4.2. Jurassic Sedimentary Deposits

_ Since the Lias sediments of an age which includes also the Dogger
- (Gherasi et al., 1970, 1971) deposited transgressively over a Paleozoic
basement. In the Cuntu zone, in the upper basin of this valley as well
as on that of the Craiu Valley, sandstones prevail ; they are whitish feld-
spathic bearing white quartz veins, or coarse feldspathlc, almost conglo-
meratic. On the Strimbu Valley slightly metamorphosed sericite feld—
spathic sandstones were encountered. Gritty shales. and phyllites, dark
greyish limestones with echinid remains (ossicles), were also found, being
intercalated in black argillaceous shales also in this region. The sandstones
are generally overlain by the black argillaceous shales. According to
Boldur (in Nastdseanu, Boldur, 1959), in the basin of the Riul Lung and
Riul Alb Valleys the Lower Liassic is represented by conglomerates,
microconglomerates, sandstones and arkoses. The Middle Lias consists
of.black shales, the age of which was established based on the Frondicu-
laria cf. pulehra Terquem, found by Boldur (in Niastdseanu, Boldur, 1958)
in these rocks, on the Riul Alb Valley.

The recent investigations indicate that the whole pile, which, as
shown by Gherasi et al. (1971), contains also sandstone and argillaceous
black!.shale interbeds, in which hard fine greyish-blackish limestone
layers -are found, and which is crossed by the above-described dykes,
includes:a}so the Dogger. On the other hand, N#stdseanu and Negrea
{unpubl.)assign the zone situated in the north-east of the map (Seroni Peak),
considered by us of Liassic age, to the Paleozoic, and at the same time
place this seetor in the Muroniu Unit.

4.4.3. Pdleozoic, Formation (Riul Alb Formation, Nistéseanu, 1975)

The Upper ‘Ordovician-Lower Silurian age of this formation, also
named the Riul Alb Formation, was established by Boldur and Visarion
(1972) based on palynologic and stratigraphic data. The rocks of this
formation were encountered over larger areas in the basing of the Riul
Lung and Riul Alb Valleys (Pl. I). The outerops from the banks of these
valleys constitute large rocky areas as the rocks are hard, eompact, with
a slightly marked, though visible greyish-greenish or greenish schistosity.
The quartz grains, visible also macroscopically, indicate a detrital char-
acter.  As shown by Gherasi et al. (1971), chlorite greenish pelitic rocks,
more rarely subgraywackes, dark greyish argillaceous shales and siltite
rocks, feldspathic sandstones bearing chlorite and microconglomerates
(especially on the Riul Tung Valley) are also encountered. Siltites contain
small subrounded quartz and plagioclase fragments within a fine argilla-
ceous, sericite 4- chlorite mass. The pelitic schists show a fine sericite
aggregate. Small muscovite lamellae form through the sericite recrystal-
lization. Calcite appears on diaclases in places. The chlorite feldspathic:
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sandstones are marked by the fact that the inain minerals have the long
axes parallel with the foliation.

The Riul Alb Formation contains also some intermediate eruptive
rock dykes which cannot be described so far due to the lack of information.

5. (zeochemical Data

The chemical analyses presented in Table 1 concern exelusively
eruptive rocks of the volecano-sedimentary formation. Two of them (sam-
ples nos. 296 and 287), however, come from a region situated outside the
nresented map, namely north-east of Mount Cileanu, close to the
north-eastern erest (287) and on the Plaiul Mare Crest of the Virciorova
crest above the springs of the Suculet Brook (296).

TABLE 1

2 o @) Q@ _ =
sIEsl 21212 812|888l 2]ElS|S|.18 28
Z |& 7 2 2 o = = = | © 7, k4 S =~ &) ? © A 8

|

1| 296/47 .35/14 .57{5 .86[6 .64/0 .23!6 .75|5 .81]2 .50|3 .10)2 -62] .79] .20{0.00(0.00]3 .15/99 .57
2 5862 .70[14 .70{1 .10}4 .16[0 .90{2 .34[1 .35|6 .40|1 .06] .62(0.00/1.20/0.82{0.71[0 .12(98 .18
3 50164 .00)17 .18{3.09!& .89{0 .00{2 .08} .51{6.20}3 .30 .30;0.00[0.00]0.00]0.00}0.10|98 .71
4 61164 .36{15 .53|5 .02{1 .60/0 .50|1 .40|0 .70|7 .70|1 .01} .00;0.04(0.00{0 .10]0 .05{0.07|98 .52
5 1 118{65.14{16 .59} .74{3.01|0.09{ .63{1 .54i4 .70{5.18] .54|0.0510 .88!0.24i0.210.33/98 .89
6 | 287!66.68{18.58/1.68] .76]0.06|1.16] .98|3.77|3.50| .31)0.07|0.00{0.00{0.00]1.99/99.25
7 54173 .30/16 .25(1 .68{0 .13;0 .00{2 .38!0 .85{2.00|2 .36; .00[0.03,0.00;0.0810 .07i0 .05{59 .38

296 Andesite,Cdleanu-Obirsia Hidegului, 2,050 m altitude ; 58 Trachylc, Bolvasnifei Valley;
50 Keratophyre, Tilva ridge, 1,030 m altitude ; 61 Keratophyre, Irighis Valley, 895 in allitude ;
118, Keratophyre, Faja Rugilor; 287 Dacite, Brustur Formation, the Suculct Spring, 1,900
m aititude ; 54 Trachyte, Tilva ridge, 1,190 m altitude.

The apalyses indicate a high alkali content in most cases. The Ritt
man norm (Tab. 2) and the plotting in the QAP triangle (Fig. 1) confirm
this tendency in the case of sample no. 1, which plots in the latite field,
and of samples nos. 2, 3, 5 that plot in the alkaline quartz trachyte tield.
Sample no. 4 contains a relatively low K,0, but very high Na,O amount.
The normative mineralegical composition (Tab. 2) contains a great albite
amount, while sample no. 2, which shows values of the chemical analysis
very similar to those of sample no. 4, contains anorthoclase as normative
mineral. If we assigned the albite of the sample to the *“p” parameter,
it world lead us to an eronecus plotting in the guartz andesite field. It
would be difficult to consider this rock as andesite, taking into account
the extremely low CaO amount (0.709, — Tab. 1). But considering the
albite of this vock as primary, we can assign it to the “A” parameter
of the QAP diagram and thug the respective rock will plot also in the
alkaline quartz trachytes field, which seems natural.

Samples nos. 6 and 7, by their chemism, are plotted in the field
characteristic of the rhyodacites (¥Fig. 1).
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TABLE 2

Rittman Norm

Sample no.

\ 206 | 58 | 50 | 61 | 118| 287 | 54
Minerals
Quartz — 13.04/ 7.03| 8.49| 13.61} 23.69 40.34
Sanidine 27.68 — — - 72.46; 23.11] 17.87
Anorthoclase —. | 64.46| 78.17 — == — -

| Albite - == = 79.39] — — .
QOligoclase — — — — = 27.80] —
Andesine — — = — - — 12.48
Labradoritc 40.93] — i = — . —
Muscovite — == = 8.39 — 10.34] 6.97
Biotite — — — — 3.20 — —
Diopside 2.65, — = — = — —
Hypersthene 12,90| 6.68| 5.66| — — = —
Olivine 8.58 — = - — - -
Cordicrite — 9.71| 7.89 1.91] 7.13| 14.24] 21.92
Sillimanite — — — — 0.0 — —
Magnetite 1.89] 1.02] 0.93] 1.54; 0.66] 0.35| 0.20
Apatite 1.75| — = 0.08] 0.09 0.14] 0.06
Ilmenite 3.09; 0.06] 0.31] — 0.42) 0.33 -—
Calcite 0.52] 2.43| — — 1.94 — —
Pyrite — 1.6 — 0.21] 0.46] — 0.16
Q 0 16.83] 8.25| 9.66| 15.81| 31.76| 57.07
A 40.35| 83.17| 91.75| 90.34] 84.19| 30.97; 25.27
P 59.65, 0 0 0 0 37.27) 17.86

Al,0;—Na,O

n “*",Ei”oj_— 4.61| 13.39| 36.60| - 22.02| 47.81] —

In Niggli’s alk-al diagram (Fig. 2) samples nos. 2, 3, 4, 5 plot in
the alkaline rock field, samples nos. 1 and 6 in the intermediate rock
field, while sample no. 7 in that of the poor alkali rocks.

In the Peccerillo, Taylor diagram (1976) (Fig. 3) sample no. 1 plots
in the shoshomnite series field (under the absarokite field), samples nos. 3



15 STRUCTURE AND PETROGRAPHY OF THE REGION WEST OF TARCU MTS 19

S
NS
atk
S
&Y;,“a\a
&
| P
50 B
40 1
27 poor alkali rotks
20 1
10 1

0 2 % W0 5 g

Fig.2 — Niggli diagram (alk-al).

and 6 in that of the calc-alkaline series rich in K, while samples nos. 2, 4 -
and 7 in the calc-alkaline series field, a fact explained through the rela-

tively low X,0 content ; sample no. 5 plots ouside the diagram, but likely

in the prolongation of the shoshonitic series field.
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Fig. 3 — K,0/S10, diagram (Pecerillo, Taylor, 1976).
I, field of arc tholeiite series; II, field of calc-alkaline series; III,
field of calc-allsaline series rich in K ; 1V, field of shoshonitic series.
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Fig. 4 — 7/S10, diagram (Gottini, 1969).

In the 7/Si0, diagram (Gottini, 1969) only 5 samples plot, samples
nos. 4 and 7, which do not contain Ti0,, have a © index that tends to-
wards the infinite. Of these only sample no. 1 (latite) has a smaller index,
determining the plotting of the sample in the domain of the rocks of
simatic origin, while the other samples plot above the boundary that
separates this demain from that of the roclks of sialic origin. This latite,
by the high Fe,O, total, MgO and very low SiO, content indicates a basic
character, while the great K,O content shows thai it is the equivalent
of a potassic trachybasalt.
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In conclusion, the first five samples have o clear alkaline character,
sample no.1,a lad te, being the equivalent of an absarokite or ofa polaﬂmc
trac hybasah, while samples nos. 2—5 are alkaline quartz trachytes. The
last two samples (nos. 6 and 7) are calc-alkaline rhyodacites

. fro 920

6. Structure of (he Region 70¢ 7 e «

The region situated west of the Tarcu Mount, figured on the map, v
epresents the intermediate s segment of a complicated structural ensemble
which is not vet sufficiently known and can be followed towards the north
and north-east as well as southwards. The data presented attempt to
coniribote to a better understanding of the difficult problems connected

with the tectcnies of this region.

On the presented map we distinguished the Getie Nappe and the
Urper Danubian Units. The pile of nappes from the Danubian Units
consists from top to bottom of the Arjana, Mdvu, Muntele Mic and Pre-
sacina Units.

The Getic Nappe is found in the north-west and scutl-east of the
region, it occupies the highest position aud overtliusts diectly, in the
norih-western part, the Maru Unit which belongs to the Upper Danubian.
The Getic Nappe consisting of the medium intensity metamorphics of
the Seles-Lotru Group, is 1epresented in this zone by the Turnu Ruieni
Seale and  coverthrusts Mesozoic calecareovs deposils  whieh  overlie
transgressively  the metemoiphic formatiovs of the JMiru Series.
It the soath-eastern part of the region the Getic Napne thrusts over the
Upnper Cretaceous flysely of the Arjana Nappe.

In oar opinioun, the Arjava Nappe is in ihe hichest position amoug
rhe Danubian Units (P11, PL V). This unit thrusts both over the Munteie
Mic Unit in the western part and over the Presacina Unit. As 1egmus
the co tnet hetween the Muntele Mic Urnit and the Arjana Unit, it should
e ner tioned that some authors (Krautner et al., 1931) had me\'mu“‘
meide ed that the Muntele Mic Uuit thrusts over the Arjana Unit.
allowi-g the boundaries according te our mappina‘s on scale 1 :10,000,
it is obvicus that the voleano-sedimentary formation of the Arjana Nappe
is in higher position throughout its extent, a fact also proved Ly the
nwmerous tectonic windows, usually situated along river vallevs, in which

the Muntele Mic Granitoid occurs fiequently intensely laminated, swi-
rounded by the pyroclastics or the Liassic schists of the v OlC‘J)()—dell}JGL tary
formation. In the few places where tectonic windows are encountered
;USU on crests, this is explained by the fact that the overthnust ;}iﬂve ot
the Arjana Nappe shows sinuous aspects due to the posi-overthrust tec-
mm(b (PL. T). The Arjana Nappe consisting of the Juwrassic (Lias- Uuwes'
volcano-sedimentary formation is bounded by Kimmeridgian Hmestores
al the top and underlies the Upper Cretaceous fiyech depomt&

Niastiseanu and Negrea have recently (L)bﬁ} .mzzludm in 1110 ‘-101'1’“—
eastern part of the map, in what they have separated as the Arjane Urit,
also deposits considered by us to be of Liasgic age and ,t)elcngmg o the
Pregacina Unit. But the above-mentioned authors assign these deposits
(Seroni Zone) to the Palcozoic and cousider them to belong, together with

e
F
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the volcano-sedimentary formatiou, to a recent unit, named by them the
Muroniu Nappe, characterized also by the presence of some scales.

In the western part of the investigated region, the Miru Unit crops
out from under the Getic Nappe, consisting of the Precambrian mese-
metamorphic metamorphics of the Miru Series and a thin Mesozoic lime-
stone cover. This different interpretation is due to the local abhsence
of the Arjana Nappe which crops out farther south as well as in the west-
ern flank of the antiform constituted by the nappe pile from the Tarcu
Mountains.

The Mitu Unit overlies the Muntele Mic Unit consisting of granitoids
bearing the same name, associated northwards also with the Birunita
Series metamorphice which oceur both as septa within erapitoids or
borders them north-eastwards; the granitoids underlic a cuiassic sedi-
mentary cover of particular facial characters. This unit overthiusts the
Presacina Unit, which thus becomes the lowermcst one ¢f the Upper
Danuvbian units distinguished by us. '

The Presacina Unit consists of a Paleozoic (slightly metamorphosed
—Ordovician-Silurian) basement that underlies a Jurassic (Lias-Dogger)
cover. The Riul Alb Paleozoic formation occurs as windows mtuated
along the Riul Lung and Riul Alb Valleys, where they crop out over
restricted areas. The Jurassic sedimentary deposits overlying this for-
mation show a transgressive character. The Presacina Unit was named
after the ‘“Presacina Zcne”, established by Codarcea (1940, Codarcea
et al., 1961) ; immediately south of the presented region it crops out over
large areas, presenting the same lithological and stratigraphic character-
isties. It is also worth mentioning that Nastiseanv and Negrea (1986)
name the unit under discussion the Riul Rece Nappe, excluding the Seroni
Zone, which they included in the upper Muroniu Unit, therefore it would
be partly equivalent to the Arjana Unuit.

As shown on Plate I, the whele presented structure was in its turn
post-overthrust folded, becoming an antiform which would represent the
northward continuation of the Rof msajor anticlinal structure (Morariu,
1982). An important fault striking- north-northeast-south-southeast,
having the lowered eastern compartment, affects the axial zone of the
anticline, exposing the Paleozoic formations in the uplifted compartment.
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STRUCTURA 81 PETROGRAFIA REGIUNIT DE LA VEST DE
MUNTELE TARCU (BANATUL DE EST)

(Rezumat)

Formatiunile care aledtuiesc regiunea apartin la doud unitéti prin-
cipale : pinza geticd si danubianul superior. In cad: ui unitiitilor danabiene,
stiva de pinze o considerim ca fiind aleatuitd, privind de sus in jcs, din
unititile de Arjana, Miru, Muntele Mic si Presacina. Pinza getici, repre-
zentatd prin solzul Turnu Ruieni, este constituitd din metamorfitele
grupului Sebeg-Lotru i prinde sub plabul de sariaj calcare mezozoice
(%) ce stau transgresiv peste sisturile seriei de Miru.

Unitatea de Arjana este consgtituitd din formatiunea vulcano-sedi-
mentari, anchimetamorficd de virstd Lias-Dogger, poate si Malm ioferior
si dintr-o cuverturd sedimentard reprezentatd prin depozite calcaroase
apartinind Kimn eridgianului, respectiv prin flisul cretacic superior.
Complexul de roci vulcanice are un caracter net alcalin si constd in
special din trahite, keratofire care predomini, irsotite de piroclastite.
Au mai fost intilnite dyke-uri de bostonite, oligofire, dacite, andezite si
mici corpuri de sienite. Piroclastilele sint reprezentate prin mieroconglo-
merate gi tufuri lapilice, subordonat aglomerate. Chimismul roeilor eruptive
2 evidentiat caracterul alcalin clar al acester roci. Sedimentele jurasice
care formeazd intercalafil In masa piroclastitelor sint reprezentate prin
sisturi argiloase negre, uneori in alternanti cu gresii micacee, microcon-
glomerate, Metamorfismul alpin, preponderent dinamic, a afectat evident,
dar iregal rocile acestei formatiuni. Foeliatia de laminare este marcatéd
de benzi covstituite din serieit.
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_ Unitatea de Miru este corstituitd din seria de. Maru 5'1 incalecy
spre est peste granitoidele de Muntele Mic. :

Unitatea de Muntele Mic, constituitd din granitoidul cu acelagi
nume, asociat spre nord si cu metamorfitele seriei de Bérnita, suportd
o cuverturd sedimentarsd jurasicd cu caractere faciale paiticulaie. Aceasts
unitate sariazd peste unitatea de Presacina, asa cum Se observid in ver-
santul drept al viii Craiu, dar este incélecatd de pinza de Arjana.

Unitatea de Presacina este constituitd dintr-un fundament paleozoic -
slab metamorfozat (ordovician-silarian), ce suport® o cuverturd jurasicid
in care se intilnesc sirare dyke-ori de roci eruptive alecaline si citeva inter-
calutii de tufuri sau tufite.

Tntreaga structurs prezeutats a fost la 1indul ei cutati post-sariaj
intr-o antiform# care ar reprezenta continuarea spre sud a structurii
anticlinale majore Rof. O falie importantid, orientald nord-nord-est —
sud-sud-vest, cu compartimentul estic coborit, -afecteazii zona axiali
a anticlinalului si aduce la zi, in compaa timentul vestic 1idicat, formatiunile
pateozoice.

QUESTIONS

1. Drdgugin : Could the authors insist on the iron mmexallmtlon occurring in the region
with.special regard to their economic prospects? -

Answer : The iron mineralizations in the region arc of three types : 1) pyroclastics and
Timonitic tuffite-argillites connected with the basic volcanismn that manifested at the top of
the rock pile constituting the Arjana Nappe; 2) hematite lensés ‘situated in the base of the '
limestones helonging to the Malm [rom Piatra llovei, which might represent oxidations of some
siderite-ankeritic limestones. A rescarch gallery of about 10 m was dug before 1914; 3) mag-
petite hlocks associated with Lower Liassic quartzitic sandstones svhich are entountered om
a plateau round the Runcu Summit, north-east of Tlova. Owing to tlie lack of guicrops, trenches
were dug before 1940. The last fwo types are found in the sedlmentarv cover of the \Iuntelc
Mic Unit. ’

The mineralizations at Piatra Ilovei, namely from ihe Runcu Hill, représent important
iron concentrations, but so far only small areas are known. The mineralizatios within pyro-
clastics and tuffites cover large arcas (the zones in question have been described in the text,
thercfore they are quantitatively important, but the iron conteuts are low — up to 129, FcO).

M. Sdndulescu : 1. Why. do:you use the denomination of Presacina Unit in the investi-
gated area, since it is known that the lithofacies of the Mesozoic series does not show the
characteristics of the Presacina zone? On the contraty, it belongs to the Fenes zone (according
to S. Nistéiseanu).

2. To what structural conte},t does the tectonic window on the Riul Lu—m vV allc} belong
in which Jurassic deposits crop out from undeér Paleozoic formations? The mentioned w md0w
has heen pointed out also in recent oral communications by S. Niistiseanu. Why is it not
figured-on the map you presented? s o

3. Which is the vergence of the structures c01mectcd with thc defounatlons coutempo-, N
rancous with the Alpine dyna mic metamorphxsm from the Ar]ana \’appc"
Answers : 1. We used the denomination of the Presacina Unit, eﬂendmo the Mesozoic
series of the same name, established by Codarcea (1940) to the north of the Ilideg Valley.
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Thus the black argillaceous schists with gritty interbeds from the basins of the Riul Alb and
Riul Lung Valleys resemble the schists of the same type from Mehadia and Cornereva, assigned
by Codarcea (1940) to the median part of the Lias in the Presacina zone. South of the zone
investigated by wus, Middle and Upper Jurassic calcareous deposits are found indeed, which
also belong to the Presacina zone, but are not encountered north of the Hideg Valley. This
fact may be explained by the overthrust of the Arjana Nappe as a result of which the res-
pective deposits were covered in this region.

We did not use the denomination of the Fenes Unit, established by Nistdseanu and
Negrea (unpubl.) as these authors include in this unit also some of the pyroclastics, formations
which we include exclusively in the Arjana Nappe.

2. In a paper (Nast#iseanu S., Russo-Sdndulescu D., Yancu V., 1988), the presence of
a half-window situated on the Riul Alb Valley is mentioned only in the text, without the
specification of its location, where “‘black fossiliferous clays of the type of those defining the
Pliensbachian from the Sirinia Unit”’, lying ‘“under the volcano-sedimentary deposits which
are similar to those on the Rful Rece Valley” are described. We assign the latter deposits
1o the Arjana Nappe. Therefore, Paleozoic formations are not mentioned in this context. We
also mention that the map presented by the quoted authors does not include either the basin
of the Riul Alb Valley or that of the Riul Lung Valley, being limited northwards by the right
bank of the Riul Rece Valley (Hideg).

3. The eastern vergences generally prevail; this can be bhetter noticed in the basins of
the Irighis, Bolvasnita and Armenis Valleys.

DISCUSSIONS

S. Ndastdseanu : Regarding the tectonic units in the internal part of the Danubian Do~
main presented by the authors, the following specifications are made :

— The Arjana Nappe west of the Tarcu Mount was first mentioned by Boldur and Bel-
dur (1959) in the sense established by Codarcea (1940) only in the zone south of the Riul Rece
Valley.

— The volcano-sedimentary formation from the Fenes region does not differ either
as regards its lithostratigraphy or its petrography from that of the Tarcu Mount.

— The Murouiu Nappe (redefined as the Arjana Nappe) is underlain by the deposits
of the Fenes zone which belong to the Riul Rece Nappe; the latter overlies the deposits of
the Presacina zone, as results from the succession of the nappes from the Riul Rece-Riub
Lung antiform (sensu Nastiseanu, Negrea, 1987).

EXPLANATION OF PLATES
Plate 111

Fig. 1 — Trachyte, Pleasa Crest, saddle south of the altitude of 1.413 m. Microgranular lava
with a trachyte fragment exhibiting vitrophyric structure (black), Karlsbad twinned
orthoclase in felsitic trachyte. N 4, 35 X.

Fig. 2 -— Trachyte. Ridgé south of the Pleasa crest, towards the Armenis Valley, altitude of
1,050 m. Trachytic paste of clear fluidal flow structure. N 11, 35 X.

Fig. 3 — Trachyte. Ridge south of the Pleasa Peak, altitude of 1,245 m. Elongated orthoclase
phenocrystal in an interstitial groundmass, the glass containing feldspar microlites.
N+, 60 X.-



STRUCTURE AND PETROGRAPHY OF THE REGION WEST OF TARCU MTS 27

Yig.

Fig.
Fig.

Fig.

Trachyte, ridge from the Golies Peak towards the south-west, at the altitude of
990 m. Narrow sericite band bordering idiomorphic (black) feldspar crystals; in the
opposite part fragmented orthoclase, widespread somewhat farther from the sericite
lamination zone. N +, 35 X.

Plate TV

Agglomerate oufcrop on the Irighis Valley.

Keratophyre. Richijei Valley, right tributary of the Cuntu Valley. Divergent tra-
chytic structure. Twinned albitic feldspars, schachbrettalbite, top left. N +, 80 X.
Agglomerate. Mount Pleasa — easteru zone. Two rounded trachyte fragments exhi-
biting a vitrophyric structure, fragment exhibiting an intersertal structure and
albites showing a macrogranular structure. N 1I, 35 X.

Plate V

Crystallolithoclastic lapilly tuff. Sadovija Valley, between the andesite dykes. Dark
brown volcanic glass fragment and glass fragment exhibiting an obvious devitri-
fication, with semiangular, rarely rounded feldspars ; sericite among feldspar crystals.
N +, 30 X.

Laminated lapilly tuff. Right tributary of the Armenis Valley, downstream the gran-
itoid window. Sericite among schachbrettalbite phenocrysts, the onec in the middle
being plastically deformed. N +, 80 X.

Lapilly tuff, Tilva ridge, east of the peak. Feldspar lens surrounded by sericite, a
microfold being noticed. Two (black) vitrophyric fragments, top right. N -, 60 X.
Strongly laminated lapilly tuff. Irighis Valley, upstrcam the granitoid. Band con-
sisting of feldspar and sericite grains, microfold (centre) bordered by feldspar frag-
ments (black) in a microgranular paste. N +, 80 X.

Plate VI

Lapilly basic tuff. Sirbilor ridge, tlie pealk at the altitude of 780 m. Trachyte frag-
merts with a lot of phenocrystals, two andesite fragments with vitrophyric paste,
angular feldspars in isotropic ash. N +, 40 X.

Bostonite. Seroni Summit. Divergent schachbrettalbite, chlorite in interstices. N -,
80 Xx.

Andesite. Sadovita Valley. Twinned titaniferous augite with basal cleavage and
crystal (001) in the microlithic paste with opaque minerals. N +, 60 X.



AR Institutul Geologic al Roméniei




N, GHERASI, H P HANN Structure ond Petrogrophy of the Region Wast of Torcu Mis.
PL 1
N. GHERASI, H. P HANN
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5. TECTONICA SI GEOLOGIE REGIONALA

NOTA ASUPRA PREZENTEI FORMATIUNII DE VALEA LUPULUI
IN FAGARASUL CENTRAL, VERSANTUL NORDIC!

de
TEOFIL GRIDAN ? GEORGE DUMITRASCU 2

Tectonic units. Schisls. Paragneiss. Migmatites. Petrology. Major clemenls. Siructural
analysis. Faults. Thrast faull. South Cazpalhzans-— Crystalline Gelic and Supragelic
Realms — Fdgdras Mounlains.

Abstraet

Note on the Presence of lhe Valea Lupului Formalion in the Central Fdgdras,
Northern Slope. The Valea Lupului Formation is an independent Mesocretaceous tectonic
unit due to its Cumpéina type lithological constitution (a prevailingly gnéiss~micaceous back-
ground showing phaneroblastic aspects and ophtalmitic migmatite levels), the structural and
textural characteristics, the lack of the graphite rocks and of the crystalline limestone-amphi-
bolite association. It ropresents a fragment of the Fagiras Supragetic Nappe (Krdutner, 1983 ;
Hann, Szasz, 1984) or an outlier of the Arges Nappc (Balintoni et al., 1986).

Reésumé

Sur la présence de la formation de Valea Lupului dans le mont Fdgaras central, versant
septentrional. La formation de Valea Lupului se présente comme une unité tectonique méso-
crétacée indépendante par sa composition lithologique de type Cumpina (4 prédominance
* gneissique-micacée avec des aspects phanéroblastiques et des niveaux de migmatites opthalmi-
tiques), par les aspects structuraux et texturaux, par P’absence -des roches graphiteuses ct de
Vassociation calcaires cristallins-amphibolites. ¥lle représente un fragment de la nappe surgé-
tique de Figaras (Krdutner, 1983 ; Hann, Szasz, 1984) ou un lambeau de la nappe d’Arges
(Balintoni et al:, 1986).

.

2 Depusa la 13 ianuarie 1987, acceptatd pentru com Mricare si pubhcaxe la 15 ianuarie
'»1987 prewntatq in sedinta din'17 aprilie 1987.
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Introduecere

Ca urmare a cartirilor gi studiilor efectuate pentru Harta geologici,
foaia Suru, sc. 1:50000, au rezultat, pe lingi o mai buni sistematizare
sl interpretare a cunostirtelor anterioare, si date noi de curoagtere.

Obiectul acestei note il constituie prezentarea wunei noi entitdti
litostratigrafice in partea nordici a Figirasului central, situatd in bazinul
mediu si superior al Viii Lupului si partial o bazinul superior al viii
Mirga, bazive ce se afli la sud de localitatea Mirga.

Geologia regionald

Evolutia geologicd a arealului Valea Lupului nu poate fi desprinsi
-de contextul regional. Acest areal, apartinzind cristalivului de Figiras,
se incadreazd in ceea ce Ghica-Budesti (1940) si Dimitrescu (1963) nu-
meau seria de Poiana Neamtului, Arion (1970), zona cu granat si biotit,
Balintoni et al. (1984), formatiunea de Suru — partea retromorfa,, iar
-Chivu (1985), formatiunea de Poiana Neamtului-Bilea.

In acceptiunea Balintoni et al. (1985) — privitd ca o adaptare
a codului Hedberg la problematica metamorfitelor — cristalinul de Fagi-
ras ar reprezenta un subgrup, ce face parte din grupul Negoi.

Indiferent de incadrarea sa — dup#i criteril tectonice in pinze (pinza
-de Figiras, dupd Krautner, 1983 ; Hann, Szasz, 1984 ; pinza de Moldo-
veanu, dupd Balintoni et al., 1985) sau dupé criterii litostratigrafice —
-cristalinul de pe clina nordlca, a Figarasului a fost privit de cdtre cerce-
tatorii anteriori (Ghica-Budesti, 1940, Dimitrescu 1963, 1978; Arion
1969, 1970 ; Chiva 1970, 1980, 1985 ; G1usca et al. 1977; Balmtom et
al. ]984 1985) ca fiind caracterlzat prin ‘xbundenta 1001101‘ carbonatice
gia amflbohtelor pe un foud de micagisturi, paragnaise gi cuartite ce admit
i secvente de roci grafitodse, precum §i prin absenta migmatitelor chiar
si in aviile de aparitie a sillimanitului. Face exceptie de la aceastd opivie,
indeobste acceptati, Pand si Ricman (date nepublicate), care considers
posibild prezenta unor gnaise oculare si in formatiunea de Suru, retro-
morti.

Geologia locali

Constitutia petrografici a arealului de la sud de Mirsa este net
deosebitd de rocile intilnite pe clina nordicd a Fagirasului central. Foundul
acestul areal este dat de micagisturi faneroblastice gi paragnaise n.cacee
-cu granulatie medie, oricum, in general, mai mare decit la paragnaisele
formatiunii de Suru. Acest fond admite secvente cu grosimi metrice pini
la citiva zeci de metri de amfibolite gi gnaise amflbollce Nota caracteris-
ticd a formatiunii de Valea Lupului o constituie insi prezenta a trei nivele
de migmatite oftalmitice, cu treceri marginale sau pe directie la migmatite
lmeare, precum §i prezent;a extrem de rari a calcarelor §1 dolomitelor
cristaline.

Micasisturile faneroblastice apar sub form# de fisii cu grosimi de
zeci sau sute de metri, in alternan{% cu paragnaisele micacee, impreuns
cu care asigurd fondul acestei formatiuni. Au gistozitate marcants, con-
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formsd cu stratificatia, granulatie uniformi si sint constituite dintr-o
alternanié de pituri milimetrice micacee cu pituri cuarto-feldspatice.
Biotitul este mica predominantd gi apare ca gi muscovitul in lamele mari
ce asigurd o gistozitate pronuntati. De obicei, biotitul este brun-roscat
sau brun-galbui. Cuartul di granule milimetrice cu contururi neregulate

TEN
£

¥ig. — Schita geologicd a perimetrului Valea Lupului.
1, depozite neogene ; formatiunea de Valea 1.upului: 2, paragnaise $i micasisturi faneroblas-
tice; 3, nﬁgmatite; 4, amfibolite ; formatiunea de Suru — retromorfi (dupi Balintoni et al.,
1986) : 5, paragnaise, micagisturi cu granati 4+ staurolit 4 disten = sillimanit; 6, calcare; si
4, amfibolite; 7, limit4 geologicd; 8, pozitia foliatiei; 9, fractura; 10, sariaj; 11, anticlinal.
Geological sketch of the Valea Lupului area.
1, Neogene deposits ; Valea Lupului Formation ; 2, phaneroblastic paragneisses and micaschists ;
3, migmatites ; 4, amphibolites ; Suru retromorphic Formation (according to Balintoni et al.,
1986): 5, paragneisses, garnet 4 staurolite -+ kyanite £ sillimanite micaschists; 6, lime-
stones; and 4, amphibolites; 7, geologic boundary; 8, foliation position; 9, fracture; 10,
overthrust ; 11, anticline.
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5 cu extinctie ondulatorie, unéori accentuatii. Plagioclazul este un oligo-
claz cu 15 — 309, Ar si are o participare procentuald mai 1eduss deeit
a cuartului. Uneori, in apropierea migmatitelor, atit la micagisturi, clt si
la paragnaise se obse1v3 o tendin{d de crestere porfiroblastics a plamo-
clazului, care in acest caz include si granulele din jur. Micasisturile mai
contin in cantitdti cu totul neinsemnate : granati, staurolit, disten, zircon,
turmalini, iar cind sint in apropierea amfiboliteler si hornblends. Este
interesant modul de prezentare al grauatilor, care frecvent sint sparti
(cu spirturi adesea paralele cu planul de sistozitate), rotiti (cu ,,8” carac-
teristice) si cu incluziuvi de cuart, feldspat, mai rar de zircon.

Paragnaisele micacee au o structurd, texturd si compozitie minera-
logicd, asemanatoare cu aceea a mlcaslstunlor distingirdu-se de acestea
pr ‘intr-o participare mai mare.a feldspatului si cuartulm ceea ce Jmpnma
sirocii o granulatie medie, dar uniformi. Uneori — mai ales in apropierea
amfibolitelor, dar si in masav paragnaiselor micacee — apar benzi de
paragnaise fin bictitice, la care granulatia este maruntd, datoritd faptului
c#d biotitul se prezinta sub formd de mici lamele dispuse cu axul lung in
planul de sistozitate. Au sistozitatea marcanta, confoimi cu stiatificatia
si uneori sint rubanate datoritd alleirantei de stratulete mai bogateé
in biotit, cu strdtulete bogate in feldbpat si cuart. Biotitul si houlblenda
care apar in vecivndtatea amflbohtelur, si ail ales oxanatul prezinti ev 1-
deute sigure de cataclazare. La Lictit se constatld, uneori, si o deferizare
pe phnele de clivaj. Considerdm resporsabile de aceste aspeete migedrile
tectonice care au provocat aparitia unei fiactuii ce se<t10neaza palaonalsele
biotitice.

Amfibolitele i Gnalsele amflbohtl(e apar sob foima unor benzi
subtiri ce se mentin pe directie pe citeva sute de meiii, pind la cel mult
1 km. Sint constituite in principal din hornblendd verde i epidot, clino-
zoizit, aldturi de care, intr-o proportie redusd, apar : plagioclaz (mai
frecvent un andezin cu 30—359%, An), biotit si uveori granat. Este inte-
resant cd unele benzi de amfibolite prezintd o gram]latlo medie spre mare,
pe cind altele sirt mirunt cristalizate, dar in ambele situatii se 1emar(w
o uniformitate a granuvlatiei (nu se mtﬂnesc porfn‘oblaste).

Migmatitele Ofta;hnltlt,b constituie. trei benzi cu grosimi aparente
de la zeci de metri la 200 m §i o dezvoltare pe du‘ec‘me plid la 2 km.
Cum, in general, megablastele de microclin au diametrul cuprins intre
0,5 81 5 em, K1 se pare mai potrivitd folosirea denumirii de gnaise eculare
sau migmatite oftalmitice, chiar dacd pe directie existd o variatie a dimen-
siunilor megablastelor de microclin. Textura acestor roci este evident
sistoasd, iar structura este lepidogranoblastic cu aspecte porfiroblashcu
Constitutia miveralogicid. este urmitoarea : cuart, plagioclaz, microclin,
biotit, muscovit, gramat, apatit, minerale opace, miverale secundare
{clorit si oxizi de fier). Ahtml de cuart, micele sint cele mai abundente
sl ele muleazd, de 1@0111& ocelude mlcloclm La toate mineralele componente
ale mlwmatltelor se comtata, 0 mare vaudblhtale a dimeusiunilor pentru
acelasi mineial, mult mai evidentd fiind in cazul microclinului si uneori’
al plagiociazului. De asemeneca; sint evidente aspecte de-segregare pé
specil mineralogice. '
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Problematica generali a metamorfismului si apartenenta formatiunii
de Valea Lupului la eristalinul grupului de Sebes-Lotru (Cumpina)

Prin modul de prezentare a rocilor predominant micacee, prin
aspectele structurale i texturale gi mai ales prin prezenta migmatitelor
si lipsa rocilor carbonatice §i a celor grafitoase, formatiunea de Valea
Lupului apartine cristalinului multigrupului de Sebes-Lotru, grupul de
Cumpina, in sensul Hann, Balintoni (1988).. Conditiile metamorfice de
temperaturdi si presiunea sint cel putin ale izogradului cu disten, datd
fiind prezenta migmatitelor. Cum ins% mineralele tipomoife identificate
pind in prezent cint doar almandinul, staurolitul, distenul si feldspatul
potasic, nu putem si facem mai multe precizdiri. Mentionim cfi in meta-
morfitele grupului Cumpina (vezi Harta geologicd a R. S. Romébnia,
1:50 000, foaia Cumpina) sillimanitul apare foarte rar, dar este totusi
prezent (Dimitrescu et al., 1985).

Studiul sectiunilor subtiri, ca si observatiile de teren duc la recu-
noasterea si aici, ca de altfel in toate terenurile metamorfice proterozoice
carpatice, aga cum precizeazi Balintoni et al., 1985, a trei eveniment®
metamorfice prealpine. Primul eveniment are caracter prograd si poate
1i considerat cu certitudine proterozoic si se inscrie in conditiile faciesului
amfibolitelor cu almandin (cu presiuni indicate deocamdati doar de
prezenta staurolitului si a distenului), iar ultimul are caracter retiograd
(in formatiunea de Valea Lupului, fiind mai putin.evident, doar, uneeri,
slabe cloritizari ale biotitului, hornblendei §i granatului). Despre al doilea
eveniment, care a fost legat de orogeneza hercinicd, posibil si alpini,
se pot afirma mai putine lucruri, Balintoni (1975) legind migmatizarea
de acest al doilea eveniment, fard insd a-i stabili pozitia in timp.

Probleme de petrogenezd. Din punct de vedere petrogenetic constatim
deosebiri importante intre cristalinul de Fiagirss (formatiunea de Suru)
g1 formaitiunea de Valea Lupului. Astfel, pentru cristalinul de Figirag
(formatiunea de Suru) materialul premetamorfic are caracter predominany
terigen cu sedimente mature, bine diferentiate, sedimentate in conditii
de platformi stabild i cu o mare rdspindire a depozitelor carbonatice,
pe cind la cristalinul formatiunii de Valea Lupului, rocile predominant
micacee si gnaisice indicd un material premetamorf mai slab diferentiat,
depus in conditii de agitatie tectonicd, iar migmatizarea pe arii importante
indicd o mobilizare i migrare de substantd in conditii sinmetamorfe.
Cum aceasta formatiune este acoperitd In partea ei noidics de sedimentele
neogene ale bazinului Trangilvaniei §i in ansamblu nu reprezinti, in accep-
tiunea noastr#, decit un .,rest” dintr-o vnitate tectonicd cu o extindere
mult mai mare, nu excludem posibilitatea de a fi identificate eclogite st
metaultrabazite sau martori ai acestor tipuri de roci ce constituie o parti-
cularitate a cristalinului tip Cumpédna.

Formatiunea de Valea Lupului se individualizeazi si in ceea ce
priveste retromorfismul, care este aici mult mai slab decit la cristalinul
de Figiras, unde ajunge uneori s& fie foarte pronuntat.

Elemente structurale. Ca elemente structurale in formatiunea de
Valea Lupului se recunose, cu dificultate, trei plane S. Planele S, reprezint3
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amprentele unei stratiticatii initiale, ele se observid foarte greu i numai
privite in sectiuni transversale ac, cind se evidentiazd prin diferente de
culoare datorate compozitiei petrografice diferite a n.crostratelor. Situajia
pe teren aratd clar cd sistozitatea initiald de stratificatie se observi destul
de rar, ea fiind stearsd aproape complet de sistozitatea de clivaj S,, care
o iniretaie sub un unghi mie. Cele citeva situafii in care a fost identificatd
arald penuu S, o directie E-V cu inclindri nordice mici, sub 30°. Sisto-
zitatea de clivaj S,, bine exprimati, este orientati ENE VSV, cu cideri
noidice sub 45°. Sincron cu gistozitatea S, se formeazd o serie de cute
vizibile pe teren datoritd prezentei unor ,litoane’” anterioare sistozitdtii,
care au fost cutate ,,8insistos” sau budinate intre planele de gistozitate.
Au fost intilnite si citeva deformdri plicative tardive, care cuteazi. sisto-
zitatea S, si care, in general, sint cute cu razé de curbwrd mare si cu ‘alu-
necare concentrica. . ) -

In sectiuni subtiri se observi uneori i o foliatie S,, foarte slab expri-
matd pe teren, pe cind in cristalinul de Figiras din vecinitate S, este
mult mai bine exprimat. . - _

Tectonice disjunctivd se face remarcatd prin prezenta unei importante
falil ¢vagidirectionale, cit si a fisuratiilor, mai bine exprimati fiind fisu-
ratia ac. . > " '
Falia. cvasidirectionald normald antitecticd taie atit foimatiunea
de Valea Lupului, cit §i eristalinul de Fagiras, are inclindri sudice in jur
de 70° i determinii ridicarea compaitimentului sudie. - in formatiunea
de Valea Lupului falia este marcatd de prezenta unei argile 31 brecii de
falie ¢cu o grosime in jur de 2 m si o zond de milonitizare intre 30 §i50 m,
pe cind in cristalinul de Figiras efectele-ei sint mai restrinse. :

. Daeit avem in vedere raporturile de incélecare intre formatiunea
de Valea Lupului si cristalinul de Fagdras (formatiunea de Suru) si faptul
e falin sectioneazdi ambele unitdti litostratigrafice, rezulti ci virsta ei
este postsariaj.

Raporturile intre -formatiunea de Valea TLupului si cristalinul de
Figiras sint de incilecare, formatiunea de Valea Lupului fiind sariatd
peste cristalinul de Figiras, si anume peste ceea ce Ghica-Budesti; (1940)
numea seria de Poiana Neamtului, Balintoni et al (1984), formatiunea
de Suru retromorfs, iar Chivu (1985), seria de Poiana Neamtului-Bilea.

Prin constitugia sa litologicd de tip Cumpina, formatiunea de Valea
Lupului — ca unitate tectonicd mezocretacicd bine individualizatd — ar
putea apartine, dacd privim in general, fie pinzei de Fagiras in sensul
Kriutner (1983), Hann si Szasz (1984), fie pinzei de Axges, in sen'sul
Balintoni et al. (1983). Pinza de Arges, incepind de la cotul Dimbovitei
spre vest, ar sta peste pinza de Moldoveanu (constituitd din formagiuni
ale grupului de Figirag). Din cadrul giupului Cumpina, formatiunea
de Migcura Clinenilor prezintd cele mai multe similitudini litologice, struc-
turale si texturale cu formatiunea de Valea Lupului.

Devarece apare doar un fragment al unitdtii tectonice Valea Lu-
pului de sub depozitele neogene ale bazinului Transilvaniei, iar relatiile
tectonice nu pot fi urmirite pe directie, este dificil de a urmiri cu mai
multii precizie si a stabili raporturile ei cu pinza de_.Moldoveanu..Totus}i
se constatd prezenta unui segment, sub Virful Comenzii, in zona de izvoare
a Viii Lupului, in lungul efiruia raporturile de incilecare sint evidente :
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formati lunea de Valea Lupuiui sti peste pinza de Moldoveanu, respectiv
peste seria de Poiana Neamtului (Ghica-Budesti, 1940), seria de Poiana
Neamtului-Bilea (Chivu, 1985), formatiunea de Suru 1et1 omo1fd (Balintoni
et al., 1984, 1985).

~ Date chimice. In 1abel yrezentim trei analize chimice pe probe te-
coltate din foimatiunea de Vedea Lupului : un paragnais, un micasist
sI un migmatit, precum si, pentru comparatie, medii ale analizelor efec-
tuate pe aceleasi tipuri de roei din formatiunea de Suru (care nu are mig-
matite) 11 formatiunea de Migura Ciinenilor (care are migmatite). Inseram
in tabel si media in litosferd pentru gnaise migmatice, dupd Lucigki (1949).
Din compararea chimismului major, pe tipuri de roeci, rezultd simi-
litudini clare intre foimatiunile de Valea Lupului si de Migura Clinenilor
(ambele fiind aledtuite din.-metamorfite caracteristice grupului de Cum-
pidna) si unele diferentieli intre acestea si formatiunea de Suru (alcdituite
din metamorfite ale cristalinului de tip Fagarasy. '

Axtfel, luind in consideratie silicea si Inf1-o oarecaie nmisura:
ceilalti oxizi principali, Al,),, FeD, Mn?) ete., se constath o partic 1])‘11L
procentuali a lor senvlbﬂeﬂ 114 la formatiunile de Migura Clinenilor st
Valea Lupului si mai 1n,ﬁle la acevte doud formatiuni fatdi de formatiunea
de Suru, pe tipuri de recl comparabile (palagrnalse, micazisturi). Deose-
birile sint mai putin semnificative in ceea ce priveste comportamentul
oxizilor Mns), Mg s (1), ‘dar destul de nete daedl avem in vedere cres-
terex acccmuat& & l*ez’) la 10cile formatiunii de Suru (crestere pusi
pe seaina retromorfismului). ) sifuatie anormald o prezintéi continutul
de K0 mai sedzut dintr-o analizi pe o probia de gnais a formatiunii de
Valea Lupului. O posibiki explicatic ar fi mobilizarea K,» in c¢adivl pro-
ceselor metasomatice pentin a forma ocelii de microelin ai migmatitelor
din vecindtate. i

Formtiuner de Surn se individualizewza de celelalie doud prin
lipsa migmatitelor (1001 cu un tegim geochimic deosebit), ])1‘111 cresterea
neta a Fe,')q, H,D si a gradulul de oxidare.

Compararea chimismului migmatitelor formatiunii de Migura» Cli-
nenilor cu cel al migmatitelor formatiunii de Valea Lupului relevd ase-
méniri evidente. Totodati, continuturile oxizilor sint apropiate de media
gnaiselor migmatice din litosferd datd de Luecitki (1949). Continutul in
Si0, ceva mai ridicat la migmatitele formatiunii de Miguwa Clineniior,
corelat cu o oarecare crestere a K,O, denoli un grad de wmigmatizare
mai avansat pentiu zonele din care au fogt recoltate probele.

Consideratii finale

Formatiunea de Valea Lupului se constituie ca o unitate tectonici
de gsine statitoare prin componenta sa litologici de tip Cumpéana (un fond
predominant gnaisic-micaceu, eu aspecte faneroblastice si cu nivele de
migmatite oftalmitice), prin aspectele structurale si texturale, prin lipsa
rocilor grafitoase si a asociatiel calcare cristaline-amfibolitite. Cea mai
nnportanba caracleristici o constituie insi prezenta migmatitelor, inexis-
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tente In tot cees ce Dimitrescu (1978) numea seria de Figiias, Chivu
(1985), seria de Polana Neamtului-Bilea, iar Balintoni et al. (1985), grupul
Negoi — subgrupul de Figiras.

De asemenea, formatiunea de Valea Lupului se caracterizeazd
printr-un chimism mai degrabi comparabil cu al formatiunii de Migura
Ciinenilor din grupul Cuwmpéina.

Din punct de vedere tectonic , formatiunea de Valea Lupului ar putea
reprezenta un fragment nordic al meel de Arges (ce sté aici peste pinza
de Moldoveanu) in sensul Balintoni et al. (1986) sau un fragment al
pinzei supragetice de Figiras in sensul Krdutner (1983), Hann si Szasz
(1984).

A fost avansatd de citre H. Hann (informatie Velbala) i ideea unei
antiforme majore, orientatd aproximativ est~vest, in cadrul Hartii geo-
logice 2 R.8.R., scara 1 : 50000, foaia Suru, antiformi in care limita dintre
forma‘g-iunea de Serbota si formatiunea de ‘Suru este consideratd normali.
Conform acestei idei, preluaté si dezvoltatd de D. Panid (informatie verbala).
formafiunea de Serbota s-ar afla in axul antiformei, pe flancuri fiind forma-
tiunea de Suru, peste care ar sta pe flancul sudie, cu o pozitie incertd (sariaj
sau nu?), formatiunea de Migura Ciinenilor. Dac# se va accepta aceastd
antiformd — in baza unei argumentatii convingdtoare — atunci formatiu-
nea de Valea Lupului ar fi echlv&lentul, pe ﬂancul nordic, al forma’mum
de Magura (finenilor.
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g (Summary) .

The Valea Lupului: Formationi¢onsists ‘prevailingly of micacéous
paragneisses and phaneroblastic ‘micaschists’y ephtalmltlc ‘migimatites,
amphibolic gneisses and amphibolites ‘aye also tound- in- smaller ‘amounts,

- Due'to ity lithological eonstitutiony especlally “the ‘presence<of’ mig-
madtites, the structural and textural as pects“‘the major chémism ‘and the
metamorphismigrade (kyanite isograde)y thé Valea ‘Lu‘pulur‘}’_‘ormat*loh is
comparable to the Migura Ciinenilor Formation, this- belohginigts the
Sebes-Lotru multlomup, Cumpéna group, i the'sénse of Haifin,' Balintoni
(1987). It differs from the Negoi group cryqtalhne {(Swur Poml‘umn) by
the lack of the.graphite rocks and oftthe crystallinetlimestoné-ampliibolite
association,; the structural and textuial aspects of the recks and a much
weaker retromorphism.: i oo s mwsleber orbe L bl e

The Valea TLupului Formation respresents-a’ Mesocretdceous téttonie
unit; an outlier that might belong- either to'the:Fidaray Supragétic Nappe
in the sense of Kriutner (1983) and Hann and:Sz4sz (1984) or to the Arges
Nappe, in the sense of Balintoni et al. {1985)! It overliés the: M01d0vea11u
Nappe, the Poiana Neamiului Series respectively (in the sense of Ghika-
Budegti, 1940), the Poiana Neamtului-Bilea Series(in the senseof Chivuy,’
1985), the Suru: retromorphie. formainon (111 thedénse of Balintoni-et al.,,
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The petrographic constitution of the massif is formed of more or less micaceous para-
gneisses (plagiogneisses), showing gradual passings to microblastic gneisses of blastomylonitic
origin.' Migmatization, the formation of the ‘aug'enxgneisses took:place through metasomatic
processes; mainly at the expense of blastomyloni.tes.uThe characteristics: and evolution of the
main mineral constituents of paragneisses indicate;the retromorphic character of both blasto-
mylonitization and metasomatosis, but all the-processes take place within the limits of the
almandine amphibolite facies. The augen:gneisses comprise rocks of heterogeneous characters
and aspects. The formation of the feldspar within phencblasts represents a polyphasic metaso-
matic process that took place during a long time interval. The description and classification
of the shape, outline and position of the K-feldspar augen as well as the aspects related to
the associations among the K-feldspar augen enable the understanding of the petrographic-
tectonic convergences involved in the formation process of the augen gneisses. The breccias
consisting of crystalline elements belong to different genetic types, most of them being subaerial
or tectonic formations. The gneisses of the whole massif belong to the Cumpina Group. The
most obvious structural element is the Cozia Fault which delimits the massif northwards along
a distance of over 50 km and raises the southern compartment (in the Olt Valley Zone) by
over 1,000 m. The crystalline massif belongs to the Fagaras Supragetic Unit, to the Laramian
Boia Nappe respectively, and overthrusts in its western extremity, in the right slope of the
Stan Valley, the Santonian-Coniacian deposits along an overihrust plane. Part of the system
of transversal and directional faults from the interior of the massif is prior both to the Cozia
Fault and to the Paleogene, respectively Upper Cretaceous deposits.

1 Received February ’25 1987 accepted for communication and publicaﬁon Abril 1,
1987, presented at the meeting of Aprll 24, 1987
2 Ipstitutul de Geologie si Geofizica, str. Caransebe$ I, R 79678 Bucuresti 32.
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Résumé

Massif de Cozia-Fruniii-Ghifu, Carpalhes Méridionales — données pélrographiques et
structurales. Le fond pétrographique du massil ¢st constitué de paragneiss (plagiogneiss) plus
ou moins micacés, a passages graduels vers des aspects blastomilonitiques. La migmatisation,
la formation des gneisS' oeillés s’est produite par des processus métasomatiques surtout au profit
des blastomilonites. Les caractéristiques et les évolutions des principaux minéraux constituants
des paragneiss indiquent le caractére rétromorphe de la blastomilonitisation ainsi que de la
métasomatose, tous les processus se déroulant toutefois en des limites du faciés des amphibolites
a almandin. Les gneiss oeillés comprennent des roches a earactéres et aspeets hétérogénes, mais
liés au point de vue descriptif. La formation du feldspath des phénoblasies représente. un pro-
cessus métasomalique polyphasique, déroulé pendant un intervalle de temps large. La descrip-
tion ¢t la classification de la forme, du contour et de la position des _\'r'eu.\' de feldspath potas-
sique ainsi que les aspects portant sur des associations d’entre les yeux de feldspalh potassique
perinettent de ecomprendre les convergences pétrographique-tectoniques du processus dc for-
mation des gneiss ocillés. Les bréches constituées d’élements de cristallin appartiennent aux
types génétiques différents, la plupart étant des dépéts continentaux subaériens ou bien d’ori-
gine teetonique. Les gneiss de tout le massif appartiennent au groupe de Cumpdna. 1.’él¢ément
structural prineipal est la faille de Cozia qui délimite le massif vers le nord ic long de plus
de 50 km et soul¢ve le compartiment meridional (dans la zone dec la vallée de 1’0Olt) plus
de 1000 m. Le massif cristallin appartient & P'unité surgétique de I'dgdras, respeetivement
a la nappe laramique de Boia, ct chevauche 'extrémité ouest des dépots santoniens-coniaciens
dans le versant droit de la vallée Stan, tout au long du plan de¢ charriage. Une partie du
systéme de failles transversales et directionnelles de I'intérieur du massif est antérieure autant
4 la faille de Cozia qu’aux dépdts sédimentaires paléogenes, respectivernent crélacés supéricurs.

The Cozia-Fruntii-Ghitu crystalline massif is known especially for
its augen gneisses covering large areas. So far these gneisses have been
often described or only mentioned.

The entire massif was first mapped by Max Reinhard (1906) and
later on by St. Ghika-Budesti (1958). But, after Reinhard’s investigations,
there existed no u'utary presentation of any petro«raphle and structural
researches concerning the whole massif,

The inv estlgatlons and mappings which I carried out in view of
drawing up the Geologic Map of Bomania, scale 1 : 53,000, sheets Vintu-
rarita, M(mlzua (“ahmanestl Titesti and Cumpan& made poss1ble a detailed
mapping of the region (Pl. I) At the same time they allowed me to tackle
problems connected with the strueture and petrography of the erystalline
schists making up the massif, laying stress on the augen gneisses.

1. Previous Researches and Conceptions

The name of ¢ Cozia augen gneisses’ was first used by Primics (1884)
who, nevertheless, did not separate it on the presented map. Sabba Ste-
finescu (1884, 1886) described the augen gneisses as ‘‘por phyrmds”
Mrazee (1897, 1904 ) delimited the Cozia gneiss on the map and considered
it as belonomg to the crystalline schists of high crystallinity (group I).
He was the first to put forward a hypothesis on its origin, according to
which, it would be a protoclastic consolidated granite, its primary parallel
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structure being the result of the foldings that were simultaneous with
the metamorphism. Max Reinhaid’s thesis of doctor’s degree contains
a detailed mineralogical and petrographical description of the Cozia
gneisses which is, on the whole, valid even today, as well as petrochemical
researches. The author points to the various aspects shown by the augen
gneisses. He noticed the different shapes of the augen consisting of the
often perthitic microcline, and the biotite, muscovite, plagioclase inclusions
within it, which he considered to have formed at the end of the petro-
genetic process. Reinhard also described hornfels-like ¢ psammitic gneisses’
or gneisses exhibiting cataclastic structures and shear zones. The genesis
of the augen gneisses is connected to the supposed existence of a laccolith
situated between the Olt and the Dimbovita Valleys, consolidated under
stress, while the surrounding schists were subsequently not assimilated
by the granitic magma. Later on (1910) Reinhard stated that among
the augen gneisses, conglomeratic shales, arkoses and acid lavas, subjected
to thermal metamnorphism, could be distinguished. Schmidt (1930) con-
siders that the Cozia gneisses are rocks formed as a result of an ‘“‘injection
metamorphism’ which was followed by a regional, catazonal metamor-
phism, therefore initially also of magmatic o%‘gin.

Streckeisen (1934) also admits that the Cozia gneiss represents an
important injection zone, wmarked by a pneumatolythic influence,,consti-

tuting an entity together with the Cumpéna gneisses, from which it was
later on tectonically separated.

- Ghika-Budesti (1940, 1942) introduced the name of *Cumpina
Series”, within which he separated also the Cozia Zone. The genesis of
the Cozia gneisses is explained as a consequence of the conditions imposed
by the ultrametamorphism, palyngenesis, with the participation of some
metasomatic processes, the whole phenomenon taking place in a strong
stress zone. Thus he assigns the augen gneisses to mylonites; he also
notices paragneisses exhibiting hornfels stiucture. In 1958 Ghika-Budegti
presented a map of the entire massif and the Lovigtea Depression on
scale 1 : 100, 000. Besides augen and banded gneisses, he separates essex-
itic paragneisses, mesocatazonal paragneisses, amphibolites, biotite
paragneisses and micaschists. He also deseribes various aspects concerning
the breceias from the Cozia massif, considering them deposits of continen-
tal origin and not tectonically formed.

Dessila-Codarcea and Dragomir (1260) mapped an area extending
between the Olt River and Valea lui Stan on scale 1:10,000, pointing
out the presence of the breccias south of the N#rutiu Peak. They also
noticed the grading of the initial paragneisses to augen gneisses as a result
of some injections of quartz-feldspathic material. Pitulea et al. (1960)
drew up a map on the same scale, covering an area situated between the
Olt Valley to the west and the Arges Valley to the east. They distinguished
a paraschist complex and the migmatite complex, the genesis of the latter
complex being explained through the injection of a quartz-feldspathie
material originating from an anatectic zone. Also in 1960 Dimitrescu
presented a map of the Arges Valley basin, separating among other rocks,
the augen gneisses and the “clastic dikes” — veins filled with breccias

from crystalline elements. He admits the contribution of feldspathic
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materlal in the formation of the auge11 gnelsses, 01 1g1nat1ng tln oughr meta-
somatoszs within the paragneiss:mass.

.+ - Pitulea and Arion (1966) prospected the Ooym gnelss, mapplng the
area between the Ghitu Peak and the Ohela "Valléy, i1 the Vllsan Valley
basin, on scale 1 10 ,000, while Arion et al. (1966) mmppedﬁm area, e\tend—
ing .between the Aro“es and Topolog Valleys. The map 0 ’sc‘ble 1:200 ,000,
Pitesti Sheet, Whlch .comprises also the’ Oozla 'mAassif, a;%pems in 1968‘
the augen gneisses being represented a3 métablastic migmatites. Dlrnofte
(1966). presented new data on'the petloo‘mphy aiid me&l extetsion of the
Cozia augen gneisses from a 'zone situated-in: fhe eastém vieinity of the
Olt Valley. Arion and Ignat: (1970»)‘d1scus§ed in'‘detail’ the fonnatlon of
the ! migmatites from the southern slope’ of’ ’the F‘wcu ay Mountams As
regards the augen gneisses, they pointed fout’twbd ‘main a%pects. amely
the synkinematic augen, confermable with' the' schwﬁoslty, and the post—
kinematic ones, in oblique position ; all thie ‘aspects forined metmsomatlc-,
ally; by:: the contribution -of a,lkmll and *silica rich" solutlons, genelated
by complex metamorphism: and ultmmetzunorphlsm proc 0559% They
also underlined -the fact that the formation of the aligen gneisses. was
preceded by cataclasation, lamination and even retrofnm phlsm pl oce%ses
(at the level of the ehlm‘lu,i isograde): ‘Quoting Liémne, Pituled’ 1970),
Arion and Ignat (1970) poﬁit to the highiradiomettic Values due to the
The concentrations in the augen gneisses as compared to the paragneisses,
inferring the. formation of augen gneisses with the contiibution of meta.
somatic feldspathic material. “In his thesis of doctor’s degree maintained -
in 197 0 and pubh%hed in 1975, which refers also to the. mwmmtl‘tes ‘from
gnelsses, ‘showing that the me@abla%tesh took plane ,syn,teetoulca,lly in
the intense sheeumcr zong, in, sohd state, . without. the imapact of a silicate
meltlng, the mater fal supply was. metasomatic, achieved through water.
He' demonshates the’ 1etr0morphlc .character ;of .the irocks: (teetomtes)
from. the nuomaMzed spaoes with respect. to. the parageneses of: the host
meta,morphmb Mwmatltes are: therefore located in areas;.of. maximal
synmetamorphxc defoxmamon the inter- and, mtravramﬂar cohesions: within
the respective rocks heing destroyed and thus enabled the access:of the
substance The sheets - oO Q00 C&llmanestl (Hann,.Schuster; in Popescn
et al., 1977, Milaia (Szwu et al., 1977) and  Vinturarita: (Olane&n), Ppubs
hshed in 1978 (flann, it Lupu et al.,, 1978) include the map of the ‘massif
hetween Valea lui Stan and the (/071&; Peak. Tran (1979) prcbbnts; a de-

tailed:and thorough study oL ﬂle Cozia gneisses’ in thc ared, d ehmlted by
the Olt River and V@lea, Tui 8tan, which Wlll be farther dlseussed in connec-
tion with the elaboration of the ‘thesis of doctor’s degree, The paper con-
taifis ‘precise mitidralogical ‘data’ alonnr wwth‘roentcrenoomulne studies or
by means’ of *infrared absorbtlon speutra, petrocrmphu Lnl zynd‘ pemoche~
mical studies that domonstrate the metasomatic origin of the augen gneis-
ses. The suthor thinks that the formation of the .aJugun gneisses is pre-
ceded by a dyniinic ‘metamorphism which gave T1ise, to retwmorphlc
blastomylonites, while the paragenetic assemblages mdlca,te the thermo-
dynamic conditions under which the metmomwtoms took plaee, namely
those corresponding to the epnlotmmmp]nbohte facies, therefore the meta-
somatosis has also @ retr omorphlc charaoter The desenptlon, classﬁlcamon’

11> Ll
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and genetic interpretation of the breccias from the Cozia massif were
presented in the paper published by Hann:and Szész (1981). The mapping
of the magssif .was. achieved in the sheets.1 ::50; 000 Titesti (Stefanescu
Ie’c o7 ol 1982), and Cumpiina (Dimitrescu et aly 1985)‘ dn recent years pros-
Jpection, works .onscale 1 : 5,000, vshlchra,lso provided new ‘data, have
Dbeen. carmed out by. Pa,nalte a,nd Panaite (1981) between -the Topolog
and Baiasu Valleys, by Pitulea et al. {1984) in'the Vilsan Gorges; Pitulea
et al 1985) between the, Arges an ‘frVilﬁan «Valleys, Badea ‘et al. (1985)
m the Perlsam area and Stoica.! et:al: (1986): between the. Arges, the Topolog
‘ Talley and Perisami.., ooty sintaond b g 3

A recent study made b o -Dimoite: (1984)~dem0%t1‘ates, based ‘on
Oeochemmal data (dl%trﬂ)uuon of, minor.elements); the .metasomdtic
origin’, o‘r'the microcline, porphyroblasts.-Taking into account the minor
elements, the author, .algo ‘observes, theintensity. of deformations that accom—
pamed metammphlam dwing the fonnatlon 01 the -augen s:nelsse%.

2 Peuograplne :f ns
o3 g . ' 2 At .Petv*ogmphw Backgrozlt‘n‘d“ " P
- The petroc‘qaphl( backﬁround of the massif, consists. of Diotite , or
Ppiotite &and"inuseovn;e palagnasbes (})180100’1181\80%) Whlch are in,places
more micaceous, 1’a1:el\ 111(‘8“(‘111 , within wh;ch(, m;ious ‘migmatites
c?evdop, ‘the ophtfﬂm ’c_. one%, themﬁo;e the .augen :gneisses, pxeva,lhnv
The ' mass of these rogks often show» (rladlngs 1,0, sequences exhibiting
‘4% Ynic OOTanoblnsiu texture, Whlch lends a: hornfels-like,aspect to the
Tock: In faét these rocks show a blas’coim lonitie; character, w;thm them
developmfr prevailingly the K- -feldspar, phenoblaf‘t o .
ST AW have also founa amphlbohtes, in, places, Wlth ga,,net (A1 ges
“Gor ﬂ‘eqj vefv rarely Whlte quartz-felds p'mthl(, gnemses (nolt,h of the (xhltu
Peak) 'and in .a’ <1n01e place (Stan VaJlle)‘,, 1,1g11t tributayy. of the - Aiges
River) crv:talhne hmebtone% A Whlch are. 1a@her lectonlzed, but ;contain
’{ho*ﬁ‘side and 'zoisite. |, 3 -
luoufieigy ¢ yorth mehtlomn 10m thn very. 1)e011m1ng that the unmmma-
u7e@‘parmne1s~§es do’ ﬁbt cma’ly (ontam ,K feLdS})aL, Rut the Lh(uac-
teristics #nd eVo‘utlon of the{},laowclases, qu,(the quartz, and micas- from
Ctliesi roeks’ ha:ve Vamom smmfxcances Tmn (1979), made important .con-
“tributions 16" these studies If iy found ont,’ that p1ag10dase ‘helongs boin
¥ BT generation (ohgoclaae 249, An) Whl(‘h prevails in the tinmigma-
5‘{ 7 inilia 1)3“"211618%88 and to a. recond genemtlon exhlbltlng 2, 1more
A9 Lhemiiin ‘(ohrrod-ne albite, 512 !,‘j: Ap), which s recrystaliized in
ﬂle hummm»lom’re gr oundm’sg, partially. repl(xumT the ohgoclade} orphyro-
Plasiy deenmnf: ,on ﬂle intensity of the retrom()lphlc processes., aring
Ahet biw xmmyl(}mm -ion the broken plagioclases, the peripheric: partq
ot porphyrobl xs’rwé 3y \‘§+¢L11ue into an oligoclase- -albite when the potassium
: 0 plaoxoclases ‘are Iepl ced, or form  inelusions

JEFa ol

7

Quanz lu.o \1()““* an m mes‘ma ‘evoth’rmn It either foux» in a
fh gt generation eionmted xenoblasts” mtelmom) Wwith the other mmexa]x
or appears as inclusions within garnet. and siaurolite. The ground end
Zrecrystal lized qua1t1, within blastomylopites belongs 1o & later generation.
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In addition to the above-mentioned plagioclase with small biotite crystals,
it forms the miecrogranoblastic texture. Veinlets consisting of monomi-
.neral aggregates piercing the blastomylonites indicate the presence of a
subsequent phage in the quartz formation. The quartz within  Alpine
mylonites has recently formed, being usually accompanied also by chlorite.

" Biotite forms in a first generation large crystals, sometimes bearing
-.apatite and zircon Inclusions, exhibiting an intense dark brown-reddish
pleochroism, such as the titanium-rich biotites. The refraction indices
(determined by M. B#lan — oral communication) conform the optical
data as they range between 1. 657 —1.662. Biotite within blastomylonites
forms small, recrystallized brown-yellowish or brown-greenigh lamellae,
associated with sphene and epidote. When the recrystallization persists,
biotite of the second generation may form more largely crystallized Jame-
llae (refraction indices 1.639-—1.668 — M. Bilan — oral communication).

Muscovite is present in the unmigmatized paragneisses, forming
lamellae usually developed along with biotite and contains apatite and
zircon inclugions. Muscovite is found within blastomylonites also largely
crystallized and associated with secondary biotite. Tran (1979) shows
that it is in fact a ferriphengite. Tt has surely formed at the expense of
biotite, as proved by the frequent iron oxide inclusions.

All the data presented indicate that most of the paragneisses were
subjected to a blastomylonitization process of different intensities, that
is to almost simultaneous cataclasations and blasteseg, brought about
by a dynamic metamorphism under lower thermodynamic conditions,
ag compared to those that controlled the formation of the initial para-
gneisses ; iti. therefore of retromorphic character, the recrystallization
being isochemical ; but all the processes took place within the limits of
the almandine amphibolite facies, even if they occurred near the upper
limits of the latter facies. On this more or less blastomylonitic backgrouna
the formation of the augen gneisses took place through metasomatic
processes and, at the same time, through the change in the chemical
composition of the whole system. The hypothesis of the formation of
the gneisses through metasomatosis and tectonization at the expense
of some pararocks was supported since 1923 by Angel for the Gleinalm
massif fron. the Eastern Alps. Tran (1979) describes several types of
blastomylonites depending on the deformation intensity : (3) blastomy-
lonites with mortar formed through the breaking and recrystallization
of the marginal parts of crystals; (2) porphyroblastic blastomylonites,
the rock mass being characterized by a cataclasation and intense recrys-
tallization, in which uncataclased plagiociase porphyroblasts are still
preserved ; (3) blaston.ylonites with lens-like petroclasts, representing
a gtill more advanced deformational stage, characterized by microlepi
doblastic stivectures; plagioclase porphyioblasts are changed into lense
along with the other relicts of the primary rock ; hornfels-like ultramylo
nites (thermal contact metamorphisn:. determining identical aspects)
characterized by a uniform microgranoblastic structure.

2.2. Augen Gneisses

The augen gneirses ave found uvnder varions aspects, the wvresent
paper attempting to explain thir situation in the field and the phenomena
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which generated it. Thus I achieved some comprehensive descriptions
and a systematization necessary for eliminating the multitude of inter-
mediate aspects which would have hindered us from distinguishing be-
tween different phenomena or processes and which do not help us by their
mere existence. The name of augen gneiss designates rocks of heteroge-
neous aspects and characteristics which are united from the descriptive-

- terminological point of view. The conclusion that the petrogenetic-tectonic
~processes determine a certain convergence of the petrographic. aspects

was reached after consulting the relevant literature (Heinisch, Schmidt,
1982). ' )
The feldspar augen are usually at most 10—12 em in diameter.

"There is, however, an exception, represented by an augen which ig 40
o 1 p £ o o

e in diseter. In this case one can macroscopically observe what can
be ounly microscopically seen in other cases, a reason why we figured
it (Fig. 1). First of all we noticed thc substitution, irregular, metasomatic
textures and the fine biotitic-blastomylonitic gneiss enclaves in the K-feld-
spar megablastic aggregate. Thiz mineral is prevailingly white in the left
half of the drawing and pink in the right one. :

Fig. 1 — K-feldspar augen (1) uncommonly large (40 cm in diameter), prevailingly white on
the left and pink on the right, hosted by biotitic schists (2) microb'astic schists (blastomyloni-
tes). Metasomatic structures and inclusions of blastomylonites within the K-feldspar megablasti.

The mi-roscopic study shows i " ¢ {10t {ba white variety corves-
ponds to an irregular monoclinic K-fe dshar (orvthoclage), while the pink
one is 2 maximal microcline. Tran {(1979) orosents i detailed study of
the K-feldspars which I could not com=lete but only confitm for the whole
area oI augen gneisses: Orthoclase I3 slwrvs uniwinned. with the angle
of the optical axes 2V (—) = 65—-70°, without exception, smaller than
that of the mirrocline (30—99°) which constitute. a distinguiching ciite-
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peretresh aviviadeng gos stz bovadon Doward 38 nisvensy duidw
rinm ‘between . them; ; when::the:microciine.is:not: twinned...Orthoelase: is

- elogely. associated swwithrimierocline, constituting -a!-residual: monooelinal

modification.iin . the: triclinical, one;- formed «by:: polymorphi¢’ inversion,
there:existing yno-limit - betaween: them: Mierocline: often..shows albite-
pericline twins, sometimes withdfasymmetaical,texture. K-feldspars, eften

.-conbain: perthite, - formed from aifresh .albiteoriinclude | parptly: replaced

plagioclase:, usua,llyf,hang an a,lteled aspect,;‘mawma,l ‘muscovitized
biotite corroded:lameliae and quartz grains.along the. cleavages.The K-
feldspar phenoblasts and porphyroblasts includealso blastomylonite-frag-
ments: of mierogranoblastic texture duying their, metasomatic .growth, bemo-
theletoze,formed p1101(toi,feld%pathmatlon Mierocline. is -often: associat-

-ed 1 with: plagioclase . crystals -bearing : mirmekitic quartz, :a; phenome-

BoN: ! 'zlwaw aceompanying:. the.«potqs@lumumetavoma‘rosm SPLOCESseR

0 e Ib i inferred: fromi the above-presented. facts: that . the feldspay for-
.mation: represents- a polyphasic.inetasomatic. process.taking mplace; during

‘-g long time interval. The:irregular;monoelinal, orthoclase; formedulmtzallv

then changed p’utlv into.regular and twinned fyielinic mdcrocline through
polymorphic inversion. A iust perthite generation forms through disin-
tegration in the inversion phase. Afterwards the untwinned microcline
foxmed (hrec-’c]y as 111eg"ular stable:::'.trlchmc ~modification. The substi-

red as-a: Tesult ot a

The developménbi of The ™ strietly: »mmeraloglcal proce,&es of “the
K-feld ,par waq ]Jal allel to that of the petlogmphlc siluetuml ones Iead-

these phenomena some descuptne a.,pects as: WeH as thelr trenetlc mte;t—
pretation are pre%ent ed.. :

Feld ‘par augen’ ezhl fmrr normal (aufren) lentleular .shapes (Fig. 2)
or with sharp endings of the lenses (Fig. 2 b) were observed. In some other
cases the pheno- and Tespectively meégablasts may be rectangular, being
idiomorphic (Fig. 2-¢) or have the small sides of the square rounded (Fltr
2 d). Various other combinations are found, such as that in Figure 2e.
Round augen exhibiting a more or less sphel ical shape (Fig.2f)are hoticed
sometimes. Augen showing compound, sinuous (Fig. 2 g) or irregular,
atypical shapes, such as those in Figure 2 h, are also noticed.

It should be mentioned that not only augen of combined aspects,
but also combinations among augen of various aspects may be noticed
concomitantly in one and the same outerop.

The usgual lenticular shape is the most frequent and reflects the
deformation type, the action of which prevailed during blastesis. The
phenoblasts presenting sharp endings indicate . certain modifieations
of the field in which the stress manifests and which determine the elon-
gation of the spaces that constitute the ‘“pressure shadows’. The idio-
morphic shape of megablasts suggests the formaition of the respective
crystals in the absence or under low stress, their position being frequently
unconformable with respect to the foliation. Therefore crystallization
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Fig. 2 — Shape, outline and positibn of the K= feiil§p'é gen : a, normal lens-shaped aiwen 5

b, the lens endings are sharp3 ¢, 1d10morph1c, som s'nhconformably grown ‘megablast ;

d, idiomorphic megablast with the small sides of the rectangle rounded ; €, combinations between

various aspects ; f, round augen; g, augen showing ¢ompound, sinnous shapes; h,augen show-
ing atypieal, irregular shapes.

As regards the position of the K-feldspar augen, it is noticed that
they may be conformable, unconformable, which means in many cases.
that they are postkinematic or in various rotation stages in respect of
the two basic positions.

The contact between phenoblasts and the surrounding 10ckq is in.
most cases sharp. But sometimes it is diffuse, probably when the mmten-
gity of the feldspathisation was great, as it is only found where the rock
s packed with augen and feldspathic bands.

i
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293, Aspects Related to the Associations among the K-Feldspar Augen

a) The feldspar augen may be distributed equally and uniformly,
unequally and ununiformly or may be isolated and rare in the rock mass
(Fig. 3 a, b, ¢), function of the metasomatosis intensity, while the deforma-
tiony remained within the usual limits. When an increase of the amount
of movement takes place, the augen appear rotated (Fig. 3 d).

b) The augen gneisses are represented quite often in fact by the
occurrence of some conformable levels, separated by unmigmatized sequen-
ces, along which there are feldspar augen (Fig. 3 e) which often detach
also from feldspathic bands (Fig. 3 f). These aspects can be cxplained on
the one hand by the way in which the infiltration of the feldspathic mate-
rial and the ecrystallization of phenoblasts took place along some
more accessible levels, of low pressure gradients, and on the other hand
it is obvious that the same augen aspects result from the mechanical seg-
mentation of some previously formed bands.

¢) A third characteristic aspect is.represented by the agglomeration
of phenoblagts (Fig. 3 g, h). Their formation may be explained both by
the concentration of some blastesis centres in the conditiong of a greater
material supply in areas which are favourable also in respect of the dis-
tribution of low pressure gradients zones and by the tectonic fragmenta-
tion of some large-sized, previously formed augen.

It follows from the above statements that the petrogenetic process
of the augen gneiss formation reveals convergence phenomena and takes
place in a long time interval invoiving resumptions, overlappings and
changes in the physico-chemical and theérmo-dynamical conditions. Blas-
tesis or deformation prevailed in certain periods, one of these two pro-
cesses being always present. At the same time alkaline metasomatosis
manifested in an open system (otherwise pegmatitic processes occur in
this way), water being the main component of the solutions that brought
about the feldspathisation.

Recently Mehnert and Bugsch (1985) have studied by electron micro-
probe analysis the distribution of the Ba content in K-feldspar megacrysts
in granites, migmatites and augen-gneisses from various European crys-
talline massifs. They noticed significant similarities between the K-feldspar
megacrysts in granites and those in augen-gneisses in respect of the zonal
distribution of the Ba content in the centre of the crystals. The marginal
parts reflect deformations and recrystaliizations caused by some meta-
morphic events. These authors state that these augen- gneisses may ori-
ginate from granites. The following question arises: if we made such
analvses also on the K-feldspars from the Cozia avgen gneiss and obtained
the same result, could we interpret it in the same way ?

Fig. 3 — Aspects related to the associations between the K-feldspar augen: feldspar augen

approximately equally and uniformly distributed. (a) unequally and ununiformly (b), isolated

and rare (c) or rotated (d). K-feldspar augen located along some levels separated by unmigma-

tized sequences (¢) or detached from feldspathic bands (f). Agglomerations of K-feldspar augen
(g h).
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‘Based on a mamly eochemlcal study (major elements) Heinisc
and Schmidt (1982) conclude that a large’ part of the augen gheisses devel-
oped in the old crystalline of the Wastern Alps represent. metavolcan‘e%
and ' dld ol hkely form throuOh the 'metamorphou - some plutomc
rocks The paxtlmpahon of the m,etaqomatlc Processes s 1exef03<e excluded
éven 'in an area (Glemalpe) where Anoel (1923) made & elassical deserip-
tion of these phenomena. VT

The above-mentioned IO(L.S ’are Dbased on (1eld11€d §t’ud;e5» analyses
with ‘a deep, but narrow investig atlon speetrum, and lesx on‘the, under-
standing of the' ’E‘l‘lTlO}lthpq among mmerals (vh1ch are more difficult
to” analvqe either cheinically or by electron mlcroprobe analx sis) ;.at, the
samié tlme they do not’ t'xLe into account.the analysis of all the’ petro-
O'raphlc and struettiral data;, the oreat varlety of aspects whlch is a meta-
§ *omatosm characterlsilc )

discussed “is Ielaftne ag all Lhe phenomena and proce%se& exphmed by
these hypotheses cannot always ‘directly 1epre%ent the’ weoloomal reality.
‘The hypotheses' and theories refer only to what we, think we know aboub
1his reality, thus 1eflect1n0' onlv 0111‘ present pos<1bll‘it1es of undel %tandmg

R Ppiaies 2] A B EXo

Al i W s >‘5‘e" 23 Brewms awd Mylomte’s
ke chlm ol 4 *HE;:A., F

Breccias conxntmg oi cwx’xallme elemenh are: ofien found in lhe
‘interior of the massif or at its penphelv congisling of crystalline elements,
lh? 0110m of Whl' ) has been vatiously mterpreted along time., Mudymfr
This ‘md Sz452 (1981) demonstrate that there. exist. four
dlqhnct genemc types (1) fault breccias formed as a vesuli, .of the frietion
between two rock packets (e. 27) alono the Cozia Fault) (2) breccias formed
by 1 ‘the’ fllhng of }01119 fissures or ¢ cks (bIecua vemlets) with fragments

formed ‘{hrough tlie dlxmtegmulon of gneisses due to the physical agents ;

I

(%) breccias 1epr eniting subaerial contmental sedimentaiy, deposits, :£01—
med during some 3410110 uphﬂm«T movements through the disintegraiion
.of the crystallme basement and the accumulation of Lhe pqlemehef at the
‘base of the slopes; (4 ) breccias of tectonic nature (Nérutin breccia) which
show larde and sighificant’ develOpments at the southern margin of the
massif and can be followed mterrmt‘rently from’ +he Lotrisor Vfllley (right
tributary ‘of ‘the Ol%’ Rlver) to the Alb_‘ Valley. The *la%t two catogorxe\
‘of breccias are surely pre-Senonian in ao"e' being’ ‘trans ; ssnely (% erlam
‘by the Senonian sedimentary deposits. SN
' The roeks presenting fluxion structire (sensu’Ber: za ‘et al’z”1984)
are found througliout {he mas ‘-“ﬁﬂcompanvmo the” s %ranVEIbC or
strike faults, Prmom***ﬂmte& mv"lomt ed and ultmnwlomteq 1 $ofile cases
ﬂphvlom‘req are noticed. ’I‘Vpl(‘él mylonl‘(es develop a]ong the- Vils“n Gor gos,
in' the Limpedéa Valley and“in‘the Stan "Valley‘(Awes t‘mbut‘{r}) T
are quite visible also south #hid south-wé ,\‘t of’ the’ Perisani “dnd’ Biiasu
-localities. E

N: A B e ] RO e ". s A S d & j % 6
2.4. Succession of Lithological Sequences. : 1l

Based on the petrographic features observed in 1he field and com—
‘pleted by the microscopic study, the ‘gnéissss of the whole massif were
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-.assmned to, the Cumpiina, Group, (Cumpina Series, Ghika-Budeyti, 1940 ;
'Dnmtleseu, 1978 ;.. Aluta s Group; ‘Cumpiina ‘Series Klrautner 1980
Sebes-Lotru Mult:tbroup Cumpsna Group, Balintoni e’r !al,f, 1986)
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& \he deeembed erys’calhne schlsts are in. fact tectoumites,; a reason
By é hﬁhos’math cnp‘hxc cclumn representmd the real thlekness and posi-

tlon 01 the sequences unnot be ‘achieved. Thus the lithologic columns.in
Fluure 4 are buﬂt especleny for mdlcatmg the i position and geometric
dlstrlbutlon of the hthologlcal content Th follows that the “Cozia Augen
Gnelsq Formmtlon” develops m the base of the pﬂe covering the whole
oute‘fep area of the ‘massif between the Olt. and Argee Rivers. Paragneiss
sequenees (in phces mlcaschlsts amphxbohtes and stromatltlc migmatites-
banded gneisses) develop within it. It is overlain by the “Albina Banded
Gne1ss Formatxon” conelstmg of a WSW ENE trendmm strip which forms
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the southern half of the Arges Gorges and extends eastwards to the Lim-
pedea Valley, a left tributary of the Arges River. Stromatitic migmatites,
which have sometimes linear aspects, are characteristic, presenting also
angen aspects. Amphibolite interbeds are also found. Generally thin biotite
paragneisses -+ muscovite, in places with grey-bluish quartz, were also
noticed, constituting the petrographic background which is similar to
that of the augen gneiss formation.

A rather thick schistose sequence —the Ghitu Paragneiss Formation —
was separated at the upper part of the succession, which develops
between the Limpedea and Vilsan Valleys. It copsists mainly of usually
biotite 4 muscovite 4 hornblende paragneisses which are often fine-
banded, plane-parallel, linear (therefore not metatectic migmatites); ithin
them augen gneisses often develop, being more frequent in thie Limpeden
Valley and gradually diminishing eastwards ; they crop out also fartherin a
single place, on the Vilsan Valley. A few generally thin and discontinuous
amphibolite interbeds (one of them contains alse the Cu—Ni unmetamor-
phosed mineralizations described by Udubasa et al., 1987) are also found,
being accompanied north of the Ghifu Peak by two narrow white quartz-
feldspathic gneiss bands of little extension.

It should be mentioned that Gheuca (1988) has recently assigned
what we separated as the Ghitu Paragneiss Formation, the Banded Gneiss
Formation ag well as a part of the Augen Gneiss Formation (up to a locality
situated in the Stan Valley, right tiibutary of the Arges River) to the
Leaota Group. Thus he traces the tectonic plane between the Leaota
Group and the Cumpidna Gioup, pointed out farther east in the basin
of the Riul Doamnei Valley by Balintoni et al. (1986) within the Cozia
augen gneisses. It is worth noting that in the basin of the Riul Doamnei
Valley the Leaota Group (the Mioarele Paragneiss Formation, Dimitrescu
et al., 1978) shows petrographic and lithological characteristics which
clearly distinguish them from the linear or augen gneisses of the Cumpana
Group. At the same time the tectonic planetraced by Gheuca (1988) through
the Valea lui Stan Creek separates only augen gneisses, which can be
followed continually from the western part of the massif, from the same
augen gneisses that grade eastwards to banded gneisses; in places the
latter show a linear or augen aspect, being therefore entirely characteristic
of the Cumpina Group. On the other hand, where a certain lithologic and
petrographic change is noticed (Limpedea Valley basin), such a tectonic
plane cannot be pointed out. Here the augen gneisses show interbeds
and interfingerings that gradually disappear eastwards. The amphibo-
lite or quartz-feldspathic gneiss levels are too discontinuous and reduced
in thickness and extension to constitute lithologic markers which could
be followed at a distance or to be reliable for some lithostratigraphic
correlations. However, there are similarities between the rocks making
up the petrographic background of the Ghitu Fermation from the Vilsan
Valley and those from the basin of the Riul Doamnei Valley. The com-
parative study of the amphibolites in both zones might contribute to the
solving of this problem which, for lack of sufficient data, is still open.
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3. Strueture of the Massii

] The most obvious structural element is represented by the Cozia
Fault trending east-westwards, with the upper compartment dipped by
over 1,000 m in the Olt Valley basin, and delimiting northwards the massif
from the Brezoi-Titesti sedimentary basin along a distance exceeding
50 km. The Cozia Fault extends westwards along the Lotru Valley (Lotru
Fault, Savu, 1967).

In its eastern extremity, in the Vilsan Valley basin, north and east
of the Ghitu Peak, a first impression suggests its transgressive overlying
by the Lower Miocene sediments, indicating that this fault functioned to
the Upper Paleogene inclusive. It is sure that the fault steep slope decreases
to a great extent from the Arges Valley eastwards. Steffnescu (1985)
shows, however, that the Cozia Fault gradually disappears due to some
-~ more recent faults trending ¥W-SE which, by the gradual dipping of the
north-eastern compartments cause disappearance of the ciystalline massif
outerop castwards. '

Tt is also worth noting that this. tectonic accident was 1ecognized
for the first time by Reinhard (1910). Later on the fault was figured also
on the maps drawn by Popescu-Voitesti (1918), Streckeisen (1934), Ghika-
Budesti (1940, 1958) on sheets 1: 50,000, mentioned above, and by San-
dulescu (1934). Hann and Szdsz (1984) show that the fault functioned
in two phases : first it brought about a strike «lip by over 2 km'of the south-
ern compartment westwards, while subsequently the northern compart-
ment sank greatly ; this effect was emphasized also by the Olt Fault trend-
ing N-—S§, with the lowered eastern compartment, and simultaneous
with the second phase of the Cozia Fault.

In the western extremity, the Cozia gneisses overthiust the Santo-
nian-Coniacian, Upper Cretaceous deposits along an overthrust plane
sitnated in the eastern slope of the Stan Valley (Hann, Szisz, 1934).
Balintoni et al, (1986) show that this plane is transgressively overlain
by Campanian-Lower Maastrichtian deposits, being thus of Laramian
age. But the first to point out this overthrust plane was Schmidt (1930).
Later on Ghika-Budesti (1940) admitted here only a commen tecteonic
contact, {wning the Cozia Fault southwards. .

The Cozia massif was considered by Stieckeisen (1934) to belong
to the “superior nappes from the Getic Nappe”. Ghika-Budesti (1940)
did not 1ecognize the existence of theso nappes and consequently included
the Cozia gneiss in the Cump#na Series along with the “Fhgdras Series”
within the Getic Group (Nappe). Codarcea et al. (1967) includes the Cozia
onejss in the Austiian “Supragetic Unit”. Hann and Szész (1984) show
that the Cozia massif belongs to the Fagiras Supragetic Unit. at the same
time distinguishing the Omui Scale, situated eaxt of the Cozia Pealk, and
the Valea lui Stan Scale. According to Belintoni et al. (1986), the Cozia
gneiss Lelongs to the Arges Nappe, which is one of the Austrian units
forining the Laramian Boia Nappe and overthrusting the Calinesti Meso-
cretaceous Unit along the Stan Valley. The latter unit makes up tegether
with other Austrian units the other Laramian Nappe, the Lotlru Nappe.
Recently Hann and Balintoni (1987) have shown that the Céalinesti and
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GNAISUL DE COZIA (CARPATII MERIDIONALI): DATE
PETROGRAFICE, STRUCTURALE, GENEZA

(Rezumat)

Aldturi de paragnaige (plagiognaise) mai muit sau mai pugin micaces,
la fondul petrografic participi si intercalatii de amfibolite, rar gnaige
cuarto-feldspatice si intr-un singur caz, caleare ciistaline. Paragnaisele
trec vneori gradat in roei eu structurd microgranoblastics, care sint de
fapt blastomilonite. Paragnaisele nemigmatizate nu contin feldspat potasic.
Migmatizarea, formarea gnaiselor oculare s-a produs prin procese meta-
somatice cu precidere pe seama blastomilonitelor care pot constitui
uneori mici fragmente inglobate de fenoblastele de feldspat potasic. Carac-
teristicile si evolutiile principalelor inerale constituente ale paragnai-
selor indic# caracterul retromorf atit al blastomilonitizarii, cit si al meta-
somatozel, toate procesele desfisurindu-se in limitele faciesului amfibo-
litelor cu almandin. Formarea gnaiselor oculare s-a produs pe un fond
blastomilonitic prin schimbared compozitiel chimice a intregului sistem.
Gnaisele oculare cuprind roci cu caractere si aspecte heterogene, dar
unite din punet de vedere descriptiv. Feldspatul potasic este reprezentat



17 COZIA GNEISS : PETROGRAPHY, STRUCTURE, GENESIS 59

atit prin ortozid, cit §i prin microclin, mineralele fiind strins asociate,
fard limitd Intre ele. Formarea feldspatului din profiroblagte reprezinti
un proces metasomatic polifazic, ce are loc intr-un interval de timp larg.
Initial s-a format oi1toza monoclinicd neordon=ti, ce se transformi apoi
partial in microeclin triclinic ordonat si maclat prin inversiune polimoifi.
Microclinul nemaeclat se formeazd direct in modificatia stabild triclinies
ordonati. Se obrervit prezenta a doudi generatii de pertite. Descrierea
si clasificarea formei, conturului si pozitiei ochilor de feldspat potasic,
eit §i a aspectelor legate de asociatiile dintre ochil de feldspat potasic
permite intelezerea convergentelor petrografi--tectonice incluse in pro-
cesul de formare a gnaiselor oculave.

Breciile constituite din elemente de ciistalin apartin la lipuri gene-
tice diferite, majoritatea fiind depozite continentale subaeriene sau de
origine tectonicd (brecis de Narutiu), ambele de virstd presenoniani.
Milonite caracieristice se dezvolld la sud i sud-vest de localitatile Bdiasu
81 Perisani, in Valea Limpedea., Valea lui Stan — afluentul Argesului si
in Valea Vilsanului, insotind fracturi si falii transversale sau tongitudinale.

Elementul structural cel mai evident este falia Coziei, cale delimi-
teaza masivul eristalin spre nord pe o distantd de peste 50 km si ridici
compartimentul sudic (in zona V&ii Oltului) cu pesie 1000 m.

Mavivul cristalin apartine unititii supragetice de Figiras, respectiv
pinzei laramice de Boia si incalecd in extremitatea lui vesticsd, in versantul
drept al Viiii lui Stan, in lungul unui plan de sarviaj, depozitele santonian-
coniacene. In zona Vaii Oltului e remwed o structurs anticlinald cu
flancul spdic cutat. O pairte a sistemului de falii transversale si directionale
din interiorul masivului este anterior atit faliei Coziei, cit i depozitelor
sedimentare paleogene, respecliv cretacice supetio:re.
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Sedimentary formations according to L. Szdsz in H. Savu et al. (1977), L.Szdsz in of"

Popescu et al {1977), M. Stefdnescu and M. $tefdnescu in M. Stefdnescu et ol (1982),

L Szdsz in M Stefdinescu et al. (1982}, B Popescu in M. Stefdinescu et al (1982], 4 P Hann, ‘ T I S w8 A . i %-5 e

L. Szdisz (1984), M. Stefinescu et al (1985}, M. Marunfeanu in R. Dimitrescu et at.(1385), o 7 77 7 @?) AT 2 ' % e

M. Stefanescu and L. Szész (1985), L. Szész in R. Dimitrescu et al. (1985). X _ - e : P g S : e
Crystalline formations from the Valea (ui Stan according to H. Savu and A. C. Z / “ % -

Schuster in H. Savu et al.{1977),1. Gheuca in M. Lupu et al (1978},
HP Hann and L. Szész (1984), 1. Batintonj et al.(1986).”
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Résumeé

Formation de Brusiur du domaine danubien interne dans le contexte structural d’ensemble.
La formation de Brustur du domaine danubien interne est une mégaséquence contenant de :
conglomérats de Baicu (& éléments de gabbros et 4 peridotites provenant du complexe ophyo-
litique calédonien dc Tisovila-Iuli), grés verts a clastes d’amphiboles, pélites noires, calcaires,
grés et microconglomérats blancs ou gris, 4 matériel quartzo-feldspathique. Toute la séquence,
avec aussi des corps de rhyolites, est plissée et affectée par un métamorphisme de faible inten-
sité. Au point de vue structural, clle fait partie d’une unité de socle danubien: nappe de Baicu.
En position géométrique supéricure clle supporte la nappe d’Arjana (redéfinie), olt se dévelop-
pent les digitations de Cileanu et de Fenes. La nappe d’Arjana (Codarcea, 1940) est constituée
des formations mésozoiques associées aux magmatites alcalines (Russo-Sdndulescu, données
inédites), provenant du ,,domaine d’Arjana-Severin’’. Elle dépasse les nappes de socle du do-
maine danubien interne et supporte la nappe gétique. La formation de Brustur marque, dans
le cadre du soubassement préalpm, Dextention vers le nord de la paléosuture caledomenne qui
affleure daus le Banat du Sud.’ |

B —

1. Introduection

North-west of the Tarcu Mountain, Gherasi (1937)" distinguished
a sequence of ‘“‘green tuffogeneous rocks”, subsequently named ‘‘the
Brusturi Formation” (Gherasi et ai., 1974). Formerly this sequence wasg
considered Liassic, Triassic or older (Gherasi, 1937) and later ascribed
to the Ordovician-Silurian (Ghetasi et al., 1974) based on palvnolomcal
evidence of A. Visarion (dntmoz oans and 1wicrophytoplanktonic remains
typical of this time span).

Ghera i1 (1937) has separated the conglomerates with gabbro clasts
as the “Sucu-Poiana Nedeii Conglomerates and breccias”. Gherasi et
al. (1974) used the name “Baicu Conglomerates” for conglomerates with
gabbro clasts, as opposed to the “Sucu Conglomerates’” containing flas-
sergabbro clasts. Their age was considered Lower Carboniferous (Scha-
farzik, 1899), Mesozoic and possibly also Paleozoic (Gherasi et al., 1974)
Ordovician (Morariu, 1976). , :

This paper vields evidence that the Baicu (Sucu) Conglomerates
and the grey or green Brustur Sandstones are members of a lithofacies
association within a unitary and continuous lithostratigraphical sequence.
For the entire sequence (well exposed in the Olteana Creek-Culmea Brus-
turului area) we propose the name ‘‘the Brustur Formation” with the
Baicu Conglomerates making up the dominant facies in the basal part.

The mineralogical-petrographical composition of the coarse facies
and vertical facies associations strongly point to a common source ares.
Vertical facies changes reflect changes in sedimentary environment, wbile
mineralogical changes reflect variations in the soarce area compogition
due to the erosion of a basement with complex structure and petrographic
constitution.

The Brusgtur Formation redefined crops out on the right tributaries
of the Sucu Creek (Fig. 1): Suculet, Mirsesti, Olteana, as well as on the
divides between theni (Culmea Nedeii—Bistricioara Peak —Baicu Meoun-
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tain; Fircdsesti, Culmea Brusturului). Isolated patches of the Brustur
Formation (previously separated as Baicu Conglomerates (Gherasi et
al., 1937) or as rocks of the ‘““Scorila Formation” (Gherasi et al., 1974)
occur on the left bank of the Sucu Creek, south-east of the Muntele Mic
area. :

2. Regional Structural Baekground

Information concerning the structural relationships of the Brustur
Formation with ite Profterozoic hasement and with the, Mesozoic deposits
of the area shown in Figure 1 haa been integrated into a general structural

P b
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Fig. 1 — Geological mgp of the Sucu area.
1, Quaternary: a, glacial dcposits; b, debris lans; 2, Arjana Nappe: a, Fenesg thrust ; b,
Cileanu thrust; 3, Wildflysch formations (Up'per Cretaceous) ; 4, Brustur Formation : a, grey
microconglomerates ; b, grey sandstones, black slates ; ¢, amphibolic sandstones and siltstones ;
d, Baicu Conglomerates (with gabbro clasts); e, black siltstones and mudstones ; 1, limestones
and carbonate rocks; 5, Poiana Alirului Unit; 6, Olteana Window. Magmatic rocks associated
with the Brusiur Formation : 7, rhyolites; 8, serpentinites; 9, bedding (S,) ; 10, cleavage (folia-
tion) (S;); 11, By fold hinges; 12, B; folds; a, anticline ; b, syneline; 13, 14, post-nappe anti-
clines ; 15, overthrust ; 16, reverse fault; 17, dip slip fault; 18, geologic boundary.
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scheme (Pl. D), uselul in understanding the pomlon w1Ll11n the pre-Alpine
ity (of 1001\4 which' gontributed the claqts for the ‘Brustur "Formation,

te

TN ared” i u;"ra’red in “Pigure 1 ligs“in ‘the imth éastern’ past’ of
Jornéreval Rl

“ATh- Riill Titdlg zone (151 I) where the geological maps
(%ealé™1:200 000) (uanedonis “arid “Baid ‘dé Aramy shéets) show Mesozoic
deposits (Jurassic and Crelaceous) unconformably overlying the mieba-
morphic bisement (Paleozoic-Precambrian) of the Inner Danubian.
tecent overviews, (Iiranfner et,al, 1981 ; Berza et al., 1983) revealed

that 1he pre-Alpine bac'emem is involved in several u])per Danubian
nappes;, the Mesozoic. deporits::of, the “Arjana-:zone” (Codarcea,: 1940)
representing the: normal eover; of.a.- Danubian baseinent mappes iz- >
“tedur researches earidedtowt during séversliyears inthe Danubiin
Realm (Jiu, Cerna, Lipugnic-Riul Mare basins, Cornereva sheet, as well
ag 1lie correlafion seclions™ on “thé area of "Armenis shéet) enabled us to

SO 1<11e the’ foll(mmg units 5
I L © (retic units, with t\jpl(jal deformed Mesozoic cover;

: _,Int‘rao tie umnits originating from the Severin-Arjana sedimentary
Tealm- #Codd]ceg , 1940 ; Sindulesceu, 1984), made up by Mesozoic deposits
whl ‘hrunder went dm‘el eutial detmmahons, loca]lv'accompamed by low

ade miatamor phism ; e . Gl

; — Danubian 'nmt»u\\uth specﬁl_

elhex with theu b‘lsemen‘r =

H

“romplex
e Alpine
nappes, uwolxmn Pr otelo oic, Paleomm and &quozow fmmstlum have
been.r oduced dmmcr 1he dacidic” period (S(mdule%( u, 1984) in the Aus-
trian and Laramian events. The Austrian event, uelted IOWel anqﬂxtuue
'pmthm elch ]‘f‘ﬂlln, m.~ contmet \\1th ‘(he qu flnnan m'ont.

NAPPS e.

: T he Brustur l‘omntmlr 11e° in the* ama} zone ost '3 kuwe, ])Obt nmppe
(post- Laranmn) annchno:mm. trending NE - SSW - Whl(h e rlesmmmte
as the Riul “Lung-Suculét: anhchnomum, in Jespeo !
Nappe out lierss lie in synclinori ium axes. The younger t01d~ U‘endmo WT\'\’V—
ESE, comphcate 1he ])Obt nappe’ structures bV quai ‘de_])TESSIOLb dnd
culmlnatlons -«—*"'“‘ & g

u‘a_ s

Valle\s)'""tlxe,.nap.}_leﬁ‘ w .11.11..i_ppe1 oeometuc a})O%lllOIl oio}g'\ou‘( _made un

by the Mesozoic formations of the Arjana Realm. The lowest nappes,
dominated by the pre-Alpine basement are expogsed'in the areas of highest
aixial ¢nlmination, sitoated: 4o the NE {(Sucu and: Bistra Mirului Valleys)
and SE (RiUl’ Récd, Bela Recn 1o the Danube)‘“* R [ e

IiEe to ey ebipis

Tn the 2 q._de{aﬂe(i 111 qure T w ) gould_

1ot ¢ 15 i TG
str ugt,u,l al umts, s;tuq,ie;l md el ;he Ge;tgg} appe (f om Top to };oitpm} .
ArjanaNappe; with two subdivisions.: the Fenes and Cileanu Nappes or dlm—
tations s therBaicw Nappe; the Poiana Mirului Nappe; Olteana Window.

PRE RO Taa AT fs e e AR S S LA s B RS £ 0 E3 RR T BOC AL Y. 7211 2




E e N -

it

e BBUSTUR{FORMKTION,EK THE DANUBIAN NAPPES . .. = 65

4

=

2.1 The A7]cma N appe

Under “the- Godeanu outher ‘of- the Getl(, Nsappe (Murgou 1905
Cﬁdareea, 1940), on the Guntu -Tarcu slope and -in the upper reaches of
the Olteana: Creek, the Mesozoic deposits of the Arjana Nappe occur (se-
parated south of the Tarcu Mountain as Arjana Nappe — Codarcea, 1940); .
- this nappe partly coincides with the Fenes-Arjana Nappe, sepmated by Tl

: Na,staSeanu et"al. (1988) west of the Godeanu outlier. : ="

911 The Fenes digitation. W and NW of Tarcu Peak the Jurassic -

* sequences in Fenes facies (Naqtaseanu 1979) make up a pre-Laramlan
nappe. (digitation) tectonically overlying (along a mylonitic contact) the
Jurassic sequences in Gresten facies of the Cdleanu zone. Both as position .

_ as well as-in lithology this nappe coincides with the “Fenes—ArJana Nappe”
separated in the Cornereva area (Nistiseanu et al., 1988) or in the Arme-
- Ti§ area (Boldur, Boldur; in Réileanu et al; 1958). :

The Fenes digitation, which is & component of the Arjana Nappe,
is made up of J urassw-Lower Cretaceous deporits, with the typical presence
_of the Mesojurassic-Neojurassic volcano-sedimentary formation, con-
taining-alkaline. maomatltes, typical of intracontinental rift arveas (Russo-
‘:*andulescu in- N#stiseanu ‘et al, 1988; in Conovici et al., 1987). The

- yeolcano- sedlment ary formation underhes an Upper Oretaceous terrige-
nous sequence showing flyseh features (Boldur, Boldur; in-Réileanu et
al 1958) — the, “Bodla ﬂchh” of Morarm Morariu (1982).- :

~ The post-Austrian Upper Cretaceous faeles, dominated by sand- =
“stones; unconformably. overlie the folded associations Whmh make up the
-Fenes and Cileanu Nappes (digitations). =

The.base -of the Fenes Nappe is marked by mvlomtes flceompamed
by low grade recrystalhsatlon (blastomylonites), noticed at-the springs-
- of the Riul Rece, on the Cuntu-Tarcu slope as -well as in the tectomc
Wmdows -mapped by Boldur, Bol dur (in Ralleanu ‘et al., 1908) {

= 2 29, The Cileanu Nappe (dzgztat@on) Thls unit, separated in thls
‘paper; underlies the Fenes Nappe (P1. T; Fig. 1). Tt consrsts of terrigenous

deposrcs white or grey coloured- con@lomerates and sandstones, some- -

‘times. showing cross bedding, mterbedded with siltstones-and mudstones,x.
which’ may have a high coal content typical of the Lower Jurasgic asso-
ciations in the Gresten facies (Nistiiseanu et al., 1974). These deposits
‘bave been ascribed to ‘the Lower Liassic (Gheras1 1937) or to the Lower
~and Middle Liassic (N#stdseanu, in Conovici et al., 1986). The presence
of alkali magmatic bodies (Russo-Sindulescu, in 00n0v101 et al., 1987)

suggests that thxs lithofacies- association was initially situated 1n the ..

~¢“Arjana zone’, smlllau to the Fenes Formation.

B The facies descrlbed are tightly folded, with folds tr endmo NNE—- .
SSW obviously discordant with the internal structure of the underlymg.
Brustm Formation and of the Fenes Formation. The mudstones and
siltstones show a penetlatlve slaty cleavage which parallels the- axial
planes of the mesoscopic folds: The coarse,. competent - sequences are
dominated by concentrie folds, the fine grained mterbeds show micre-
crenulatlons and cleavage, Wlth mclpLent etamo] ‘phic neoformatlon

-
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0N 2 The contact of thesgqfo:rma«tmmﬁ with the’ Brustur Formatlon and ..

 the Upper . Cretaceous deposits of the underlymg umt {at the springs

of the Suculeti/Creek):i§ a:low angleldhrust: plane swith irrégular: paittern,

-whichiintersects:the’ internal:struetures: sandiigs aecomtpa_med :mvlomtes
Sug) oy sgqa vl Bos[th ady Yo etieogeb o ] L. -;i‘;;s. I gl b
LA0FBL 839o1RDOD | 9Gds EQ'IBMOW'N appy. TIIEE ,

iy THIE Wappe Was % sepg»ra ] ereﬂfor {;};e §1r§t d;;ggaq in A §pﬂ A
Proterozoic basement and the formations of “the ArJana Nappe In the
area investigated. by us; it iconsists of: the Brustui'Formation, as defined
paper. Considering the 'probably Paleozeic:age ol the: ‘Brustur,
Formatlonl\(whlch u:nderhe Liag siciconglomelateiin the | €ornéreva ared:-
.=;‘Nasta,sea;nu ebial 1988)1and dtss commpon foldmg:v
Wlth the, Pree&mbrlar:n ‘baseinent ..-Alpane sige s fortothis ieontaet is:
S Ll g gitesed RV go1e gretanrod add i Batirayw
4 Although the Baleu Nappe. includes thie: Baicu~Congloinerates i(se+
parated by Kriutner.et:al, 33981,\ and; Berza- ef;. al.,: 1983 28 the #Sucu
Unit”) it }h‘ Y completel different,. slo'mflcanc ‘than,. the Tlatter.  The
; Foxmatlon e .,Brecavmbrmn ,J,‘p,ase;_

teetomc cén ¢t of the. Brus
“rent is’ mar ced. by ductﬂa defprmatlons (she&r
sometlmg : accompamed 'b :
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Thls unit; crops- out -on the Suculet: Creek, where it consists of Pro-3
ter0401c formations. (amphibole : Gne1sses,~amph1bohtes, mica; plagiogneis-
ses) affeeted by pre-Alpine; regional retrograde jmetamorphism. (Gale—~
doman and possnbly alsor Vanscan ) o Fefeanly o goeff gk o 4o

Iy autner et,al.; (1981) 4nd: Beua et alil (1983): “ahed: the Haie Poiana

* Miraloi Unit” for’ the tectonic unit- ~Separating. the' Inner Danubian (in
_the 'basing of ‘the Riu''Ses; Bistra’ Mirului ahG Bistra' Bueovel alleys) .
_“from the units 'of the Outér Danubmn ahso caHed ‘the’ "Mehedmt Reteaa,t
Umt”v(Stanom’ (§973)5 -4t nl‘)ﬂ“ T IL) = L iyl
«  ‘Both- basement units (B&l@u and P iana ‘Ma“ blm): correla,te 1n spa,tlal

- position’ and componénce to the \Tuudlmu Napp Qomereva Zone
(Tancu, quanon, 1988) and to the Sirlm"‘ ’ :
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Blig "‘he ‘Olteana Wmdow has a éery ?festr,lcted oujocrop ares;’ on the ¢
Olteana Creek, where it represents the. 10Wermost tectonie. unit,  This
unit; revealed Sby hydrodeolooqcal bormgs Durd'n, 8,) 18 ma,rked
by the ‘overthrust of the,BrustUr formatlon (fold’éd to gether wmh xocks
of 'the - Proterozoic bagenjeént’ éxpoged on; the lef s‘ope of the Olteana‘._
Creek) over - Liassic Sandstones‘ ‘and coﬁglomer with m &stone oal
-layers, ‘which’ poss1b1y be long 50" theA(Z‘ornereva,‘ Umt Nastaa,eanu @t;#‘i:l,.?
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. and carbonate Sandstones subordinately
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“The facies:l

W]'bh reglonal extenswn n-its Western: upthr the Muntele Mlc
_Granites, retrdgréssed’ E’Pr?%’cerozom formafﬁig 0%?%}%9]& of the Brustur
Formatlon are. exposed -y : o
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X ]Ehe Brustur Formation . .

531 thholog Do s G448
v, - é@ﬁg%m
Th °Brust°ur “Forimgtion 1s an upwaid i
of severa domant ~lithofaei .%M%&%“g

C alouleongiomer@t s (eontalnln ‘g& bro. ;o’ia’s”ﬁs a8 a typical
, feature) ;Neréel: “Nahdstones ekwr ith amph1%p e‘lagsis“i p; grey sandstones
(axk-oses)/,oheh grey mloLoe ohglomerates an Q’% 10T ?is‘ates (with quartz-
feldspar 1 hoéPﬁ%S)w ey~~‘ r black siltsto ’\}&“’ ﬁ“_@ggﬁ%ftones limestones
STEGHTE T assogiated with the main.
facies. THp £ntireséyence.is associated ';;@@%ﬁephm ic rocks as large-
" blocks or Ieﬁsoshajged bodles (reachlng m ;%%o@tens of meters in size),
acid voleait.bodies: ‘(rhvo‘htes kelatophylf% y$1, |
rocks (porphyrltlc mloroga}:bros), affeote
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— Balou e5; green sahdfg L6 :
—,'grq,e f"‘n@ siltstones ¥ ‘je Balcu Oonglo—
merate bo’: Rics) ﬁlones; Whlte{ a nes ,annestones

Baicu Suou)
associated ‘& "d,
The eoarsefoo*nu
The conglon

»

thlckness, ;‘t\jg* o
rrounded or*‘ﬁbm ol frot ¢

(e : o ‘j'ay also occur (quartz feldspar gnelsses, pla-
ouoolase glsém be s ‘ ) .Serpentinite clasts may be seen’in places.

aeks “fize sortmv In places conglomerates interfinger with-
coarse, 1n10rooonglomeratlc sandstones, or the structureless beds show
a faint grading at the bed tops to massive microconglomerates or to coarse
grained sanditones Aisplaying’ horizontal”
on:the: Oltednay-Such: and sSuculeti Creeks; ' the- oonglomerarbes ‘are’inter-

bedded:with-thin-centirnwousbedsorlens: shapednbodles of igreen” o black - -

sandstones The th1okness,mﬁ~ sandstone‘ﬂbodles ranges between cent1me~-

rim "atIODS and low

N

laminations” In the outcrops
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1 Balcu Conglomerates 2, massive (a) and horizontally | lammated (b) amphlbohc sandstones 3
3, Tipple cross-lammated amphlbohc sandstones 54, grey conglomerates, mlcroconglomeratesa
e 5, grey sandstones ; '8, black slates.

e

Flg 2 — thhologlcal columns in the Brustur- Formatlon
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_ters and declmetels Sandstones are massive but. frequently show hori- -
zontal -or 1ipple ¢10ss laminations (Fig. 2, col. 1).. The coarse’ sandstones
with well preserved hornblende clasts, have erosmnal base and sharp
contacts.

In -Some areas (the upper 1eaehes of Olteana and Sueulet Creeks)

" the. oréen sandstones make up thick sequences, interlayered with conglo- °

erates, coarse sandstones with large amphlbole elasts, gley sandstones,
detrltal limestones, black slates. =

Coarseness, absence of .sorting and internal organisation -of eonglo—

. merates suggest high.discharge and high sediment load, typical of upper.

flow regime eondltlons The: conglomerates are probably proxlmal fan
deposits. . g

A Horlzontally bedded sandstones are dep081ted in upper ﬂow 1e01me,
from high velocity flows (Mc. Kee et al., 1967)." Cross laminations may

Lesult at lower veloeltles, at low.water stages Horizontal laminations -

‘may result in lower flow . reﬂnne, in. sands coarser .than 0 6 mm (Harms
et al., 1975).

= The association of conolomel ates and areen )sandstones in domlnantly
coarse sequences-(in the Suculet reaches- and Baicu and Bistricioara Peaks) -
g reflect alternatlon between hmh stage and low stage depos1ts

3.1.2. thte grey sandstones, mwroconglomerates and oonglomemtes

This facies consists of well sorted mlcrOCOnglomerates and concrlomerates, o

w1th rounded clasts,.attaining 12 c¢m in diameter and consisting mainly”
of Whlte coloured rocks. "Vheroeonvlomerates occur. as lenses attalnlnv
2. 1n.in thlckness, associated with coarse -or medlum-olalned sandstone

beds ranging in thickness from centimeters to dec1meters Conglomerates i

a1é, massive, with cleaily érosional beds and irregulayr-contacts with the’
undellylnd beds. Vavious sized intraclasts of black shales frequently
ocour in sandstones. Some conglomerates 0rrade upward to coarse or
mediuvm-grained ‘sandstones, posslbly ShOWan a faint lamination. The
'conglomelates are bimodal, with clasts supported by a sandstone matrix.

- The white-grey coloured sandstones .are lens- shaped or show &
Iaterally persistent” bedding, They have irregular or planar, erosional
" hase with frequent 1nndst0ne intraclasts concentrated” toward the base .
or unevenly dispersed throughout the bed: They may be massive or may
show graded bedding. In the Olteana basin and on the lower reaches of
the Mirgesti (Mircesti) Creek, sandstones and black mudstones occur | 1n.
upward fining sequences, attalnlng several meters’in thickness and inter-
bedded with coarse-grained “gleen rocks. -On the.Biusturul Peak, sand- -
stones 'and mlcroconOIOmelates are 'the dominant facies (Fig 2, col. 2).

'I‘he features..of this facres — erosional bases, good sortlngJ presence

_of- beddlng and ‘of internal organisation—suggest depos1ts from low viscosity
flows in upper. flow regime conditions poss1b1y representlno distal fan«
fac1es and even* nally channehzed flows. - B

-

31 3. Masswe black’ mudstones. This facies oceurs as thmk 1nterbeds
(meters - or decimeters in’ thickness) in the previously -described facies
and often oceurs as 1nt1aclasts in the overlylno coarser- beds. The pehtlc.

b2
£



-
R

T T 'chg;uf YA raxmr\r‘y LEA’KIC’ gc&l'rﬁvﬁosv HAOT2UAR = L= 19

— e il

15"(1% }iaivéf shafrp“bases ah& 2/ %réquently n’feonlar»f erddea*ﬁ B! The‘ Ifai’zles
e‘ﬁv@ég’cs‘*deposrﬁfdn’i’rom suépensmns frigy tseis 6 étand‘ing*“wa'te & hsdonx
T Tlifnestioties [Feprelent 4 S minor’ famee AdEilly fitiiated’ in®the! se-
quence -intermediate between conglomerates (locally with carbbiiate
matrix) sandr'sthéu greens :samidstoneds (Sucnley s springs;: «Blamleeﬂlovel)
eilimestonesrocoun dsi metvic op dedimetric, ey colourdd: andismagsive

. 'lay‘ezﬁieentammg seridoidatdassiclesanisl diin aopotabifie Hui509 4o 8T

Several “carbonate rocks _associated ! switHo dilde . Zgreemsindstones

K. ‘aye:in faoct sandstoneswvlt}@;rne @m@rphw, neoformation.gf:caleite. Carbonate

Tocks: dssoeiated; mthftheqﬁerpennmtes have xesnlied by secondary, altera:

tion ,Qﬁtﬂ]xtramafl@»lloeksn, m)smmomﬁm ST afoliibogd oniiger Wol

TN 5 e3aogsh
,Jfrwlsx Woit e u if 2‘1) etrogmphg/ ST .VMHLGT?QZQQJ..‘J lisitosioH . °

‘5ofthoconglom’efr‘aStess HMoTaxia]! 1976) -
g’f ai‘k ’h‘ehoela ts 61 Basic’and ulframaticvoeks, anphis -
behtes and’ amph1boht1 ‘Sieisvest Olast lithotype! ahalv’ém Peveaﬂed Tagi:
type gabbros (locally - altered) " Plavisevita type blastomylomtnd gabbros
{(showing oriented fabric-and »neomlnera;h‘*a)tlen with'actimolite - epidote -+

 <chlorite dxfucsite) ; pegmatoid: gabbro xehnopyroxemteSf 28erpentinized

«dunites (showing: ﬂ,ehcbf cumulugitype: trudtulieS) s listwrenitizedi peridotites
: all these rocks derive from the petroloole 1 association of the, Cale- -
) yphiolitic comple‘n‘ Mrtinpid, 198%) qtetnying Within " the pre-

om “the’" ent' of ‘th".I‘nn ’Dzinu’bia‘nf The

g ates ¢
» and "‘paracrnelsse

i pl : . Sty

beeur Rooks ‘ar of” SwEy
1ned Sandstone \mth otlase, Hort bl_ de, ep Ote, ic’lﬂdnte
Holite- ¢ g Hlys JERE T LI PLniu BE A ‘i_J WG

ciated
ch eontalnlng ‘Various
-clastyl-Clagts are: #inly represented’

’by prlmmryummerals oft Ofaﬂob‘ros and
amphlbehtesf :
pr

(hornblend e and pla;d'loelaSe) and’% varioug secondarv altera-

' ipped "mphﬂoohtes and Cplagi ellase"‘g“s' sies. The' igreen -
hoinblenide s tsua et sometinies with pyroﬁenef i¢ores ;blarge: clagts
»ef umh‘ce Wlbh p'}'fm\ene 'cor(es or ‘ghosts also occur. Mhe hioinblende hows
6 ‘actinolite  or ¢hlorite) the: 1atteruéefc1nr1mg

‘ aS‘ *mns'onpseudomorphoses ofi ‘thes formep In. pla,ces*: the *hornblfendemne;y

alter’fto Galeitel ~uinsl dns suimoly od | 9% v R B vutesg 19y bis' somo 8
o1+ dBhe splagioclase: feldspar wis:fresh or«iit;imay: show wvarious jstages
‘of :sericitisation 01 albifisation: (accompanied: by meofonma:tmm eff;eer;xeite,
.albite-and epidote)..Phe sphene andiopaque:minerals: ioceur:;in minor
‘amounts: ‘According to’ the classificationofi:Folki (1968),,{611@&8‘,?()9]&5‘[&16
litharenites and. feldSpathlc htharemtes and may be named: a:mp]:ubohe
S‘“mdsrtOnee stk en P une 2t 2T weR@hea, M ld yigan ¥ S1E

oo il igreylior, twhitéoeelouted: imlereﬁdnolemerarte& and<donglometates.
o ngist ’mfimly of 1horhi} eolenréd hthoelazstswg\mmtes, plag19elase gnelgses,,
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formation., The, absénce of ceme also fypical.
 The black pelites consist malnly of clav mmerals w1th[

5 of quaj‘rt/f-nd, de’crltal musco te.
e N

lsugg’es“c 8, Tapui‘ ‘tmnsport
“1976).: The "presence" of

q
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1. ”Structures and’ Metamorphism ™ 7 % ’“3-‘1( Iy : qr
v,.:>,‘ R 7

A7 'L}h'e foid:hngx of:ithe! Brustur Formamom took.xplace under veny low
grade” metamorphqc conditions.;: Lamge scale: folding is:accompanied. by

Haog -

development -of ‘Tnesoscopie: folds  in incompetent - sequeneeST(saJndstones‘ -
siltstones;! '‘mudstones) iand : of- the: ‘partly’ penetrative -cleavages; -aceoms .-

panied.by differentialand- mhomogeneous metamorphic neomineralisation.

Sedlmentaryxmcks a8 well-as associated: magmartites: show ‘both- sedlmen— B

:amdmmetammzphm ‘fabrie:: and: mineral- -assemblages.idn) w ol s
r s ; :Fofrma‘non* dominated (‘iri: itslower

p Bl o { l.

- noritn with' the: ‘b%;sal ‘parts eut b‘y 'the thrust. plane at the' base 'of the
Bamu‘ﬂa@pewu;g o ﬁ\mb“ O o N T Y ﬂullzo{ (}"1; ait'lL s
- © While the limbs:of ‘thi$’ main structire:are représented by the: thick:
sequences: oty conglomera,tes: with ‘competent: -deformations, ithe- axial
‘zone, of the structure ig involved in-ininor:folds trending mainly -SW—NE.

- (Rigr 1)y Well exposedijin tHe. Olteana,ihasin. jﬂ;he(.ZBalcu ,Conglomerates .

e %RUSTUR FORMATION, Jcma DANGBIAN APFES >

is k;aoWn ; ha}lnnnerals"of the basw rocks‘r‘ale parbly hydrohsed i

‘occurs” Jm)the core’ of fa*large synclis -

off Iarge xamountS/of amphiboles siggests

o



EEin thé base of: the'seqﬁeﬁce ‘make up”t'hlck_, apparently homogenéous.
- 'beds, showing irregularly distributed S, shear cleavages : strongly sheared
- .zones, with dlsrupted clasts, alternate with massive ‘‘unsheared” zones.

The  middle and upper part of the sequenge, eons1st1ng “of alter-
natwns of rocks with different competence (multilayered  sequence),
s affected by -buckle or flexural slip folds as well'as by shear folds show-
- - ing concentric or similar morphology. Buckle folds, more frequent in
' the thick- homogeneous sandstones, show deformations of bedding, “with
the cleavage (8;) parallel to S,. Clast deformation (shearing, subgranu-
- lation) is -accompanied by reorgamsatlon and recrystallisation of the
" matrix constituents along the S; planes. Meanwhile, a mimetic, apparently.
- gtatic crystallisation of.the neofo‘ mation minerals, possibly-occurs. either
within the matrix or at the expense of the clasts (by over 0"rowmg or qub-
stitution). - ~ >
The multllaym ed qequeﬂces show metric folds Well exposed in out-
~crops ;_folds are open to tight, symmetrical or asymmetrical; sometlmes
overturned to N'W. These folds are accompanied by axial- plane cleavages
. intersecting beddlntr (8,) -along COnstant parallel planes (Fig. 3a, ¢) -
. or along variously 1nclmed planes, due to oleavage refraction (¥ig. 3d)-
- Tn several places mechanical tlanspobmons are. vmble marked.. by
¢ distertion of lithology (bedding) 4nd slip along the cleavage planes (Fig. 3¢}
Mainly in the grey sandstones (with. calbonates) clefwages are accom-
" panied by intense neoformation (of calcite, quartz, epidote): creating an
inhomogeneous aspect of rocks : layers showing foliation and met%moxphm
. * - neomineralisation alternate with layers with Well preserved sedimentary
structures {Fig. 3b).The fine-grained facies (s11tstones mudstones) "show.
highly penetrative cleavages and bedding (S,)is deformed by rootless
- intrafolial microfolds (tlcrht and e\tremely shea,led) : . 7

The same features are visible under the munoscope (Pl VI) -
preservation. of pre-metamorphic (sedimentary or® magmatic). fabncs,'
differential development of cleavage, due to the relative competence

. (petrocrraphmal 1mne1a,10frlcal composmon, thmkness, pos1t1on in. the‘

= . fold ete).

_ Like deformatlons mntammphlc 1e01ystwlllsat10n i§ 1nhom00e11eous

" differentiated miner alooxeallv and quantitatively as well as-in 1nten51ty
In most coarse- gramed rocks ‘the newly formed minerals occur in ‘suber-

. dinate amounts in respect - of the .pre-existing ‘minerals; showing static,

- random’ growth or @ certain orientation -in Lhe eleavafre plane (S) “‘The
random growth is explained either by the weak StleS% -within ‘the entire.

- rock volume (which correlates to the low and inhomogeneous density. of
= E-{he cleavages) or by blas‘uokmematlc development of- neoformfltlon miner-
¢ . -gls in the slip~ zones;, 1nhomogeneously d1str1buted within. the general

recrystallisation background under the- 1nfluence of lithostatic P and als

The following: mineral parageneses are dommant, \dependlno on the
previous mmeraloomal»petrowraphmal constitution ;

- —-chlorite, alb1te,~se1101te, -earbonate’ (calclue, 81de11te, magnesme),
epidote,: stllpnomelane, .in green rocks ; : -

— muscovite (phenfﬂte) chlonte, qualtz alblte — in qu‘ntz feld-

%
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The- desonptlon of -the hthofacml features and of the lateral ang
Vertlcal fames as%olatlon in the Brustur Formatlon _sug gests severa

The’ B usbir. I‘ormahon is an, upwaer f'nmb/
in its lower art -bv P fan assoomtlons a1 d\ by\ dlst' fancs
.1n its uppez psu _
"omted with g >
faoles chanves\

~AM{Eroco ovlomerad“fe'q and sands‘t’onps’ 1nte1bedde(
ObltS have resultéd oy the eroSLon of e

; n
‘crustal units. Theyf re. brought in contact dunno the tectogenetlc phase

-‘of the Caledonian amd Variscan cycles. = )

.- - The material eroded underwent a quick transport and depos1t10n
,olose to the source area. Depos1tlon of & thick sequenoe ot maJLnly eontrlo

‘Sequences ot
to time wihen _dlstaJ d
prograde over the ¢ S (F1g 2, col. 2 B) After a»\penod of tec
ionic reJuvenatlon marked by thie prooradatlon of the green econglomer
~ates over ‘mudstones (C), - relative tectonic qulesoenoe.follows (D), ane
afterwards the source area - is reactwatgd agaan (E)., A consequence

N =a, B, shear folds and assoclated spaced cleava(ge (. 1) ffecting beddmg (So) ‘b, bedding (Sgq
and cleavaﬁes (S1) accompanied by mechanlca}§>’}creinSp081tlon and metamorphlc neomineralj
Zatlon c, distorsion of bedding (Sg) along Sy cl_e‘ ages and production of incipient. metamor
'phlc layering; d, buckle fold in a sandstone bed; '1th’related Sy cleavage. (Flgures a-d — O]
teana reaches) ; e, sequence of orey condlomerates cap‘ped by. laminated sﬂtstones, unde11y1n
sa graded coarse—vralned sandstoneﬁvirrth Shéfp? ¢rogivnaldase ;siltstone intraclasts in-sandstone
&and conﬁlomerates (Culmea Brusturu’lul) i green;ﬁamphlbohc, Very coarse gralned massiv
sandstones underlying ripple ¢ross-laminated fine grained green sandstornes (Blsfrlcloara valley)
g, open concentrlc folds of sandstone bed i 113 .ult;-amylomtlc Baicu Conglomerates (Sucu Greek

“
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a: thlplgwsequence of sandstones, .and..
showing the same. fea,t;tu'es jOVeL . ghe: hmknesses,l,bu;t, fhe ;erosion., affects
oigher llhh@lowloal levels: ((rlcheL in;.lencocratic : sLock). 1n,{the -SOuUrce, area;,
" which “probably has “alower, Iehef T ha;s 1:1110?1:3,’5(3(1_,,:L il J SO Ad. o} hm:

v 1. The . presence ﬂof_ -detrital. depo
 (Sueu-Poiana, Niirului area), esulted: by, erosion: of

“similar to that outo,ropjpmg JAn; Southern Banat, provides valuabl
concerning the continuation 0 0 &m, o, NNE p_ﬁ h eQ
111:10 paleosuturg, sepamtl’nov two 1mp0rtant ‘usta
Py PR

ou1 ] «Withinthe, structur atsework - Iflakméalii)
mentg of the Al;pme lupper,, _Danublan\,umts-; n S

2 ad wS\D bptilve. o
P T enging to: the, Mra-;
lelova qroup,,(1?01ana; eracoma andeelova Semes‘r— ‘Ber cm,pBercm
These rocks crop; out; Wlthm‘ the Mragonia, }V apis n )
.overla,m by th Varlscan molasse. depos1ts,,(r FHsd 1 od? juorE
.7 maficsultramafic igneous rocks;of; the: 1sov1ta;—lut1~1°lav1sev1ta
Galedoman 0ph1011t1e complex (‘»{[arunmu 1984) partly &ffected by dy--
namic metamorphlsm and recrystalllsatloh
— Proterozoic polymetamorphic formatlons of ‘the Neamtu Group-
lylng east of the paleosuture and separated from it by a blastomylomtlc
“zone” (Miruntiu,. Seghedi, 1983» - named; “COrbu zone”’ by. Codarcea
: (1940) i <
4 ~ North of Mehadia, in Cornereva area 8 sequence of .Lower Paleo—
zoic low" grade metamorphlc Tocks (NlJUdIInu Formation’ — Ia»ncu V1sa
‘rion, 1988) is tectomcally interposed betWeen ‘the two sequences;
5 ) bl Calédonian’ granitoids’ mtrudmg the prevmusly mentmned ‘com-!
. plexe ’tStan”1985 Stan et al 1986) et

become nanrower occmrmg as’ thm; UGOLODJC ‘shc'
‘GO ; .; poesfusil §2 ,.é_.::

Ve Poiana. Mraconia Serles, unretrovxessed tectomcally overhes;
the metamorphlc rocks West of the p&leosuture and partly the 0ph1011t1c
Pl n the Co ere

To the n01th

plbols , 1, VI8 on,i,-1988);.,’,n_
1v1de bet ,__eun ,hcbb?u and bela Reca Creeks te

.1em ked by Ma,runtlu Senhedl (1983) and
s 988) a8 “Culmen, Rommnuwl Folma 10n

J'.‘an, J_.n uh_
the Brusfu‘ _ elates,

G"
] \‘.O"ﬁ'L; 1n Lﬂe Buc,u an& Lhe Pmana

mier oconglomela,tps s depogited;.
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Marulul Umts respectlvely In these nappes,’ the Tocks of ‘the ophmhtlc
complex are reworked in the conglomerates-and sandstones. of the Brustur.
Formation, which crop out to the west, next to the \![un’gele Mlc crramte

and to ’uhe north, next- 40 the Pomna Marulul area.

The data presénted here“have 1mp01tant bearing or the correlatlon

of the:Proterozoic formations from the basement of. the Inner Danubian

’

which have been enclosed to the.Zeicani- Group in the latest syntheSes

" (Krautner et al., 1981; Berza et al., 1981) ;

- - In order to avoid ‘the as&10mnent t0 2 single &r oup of entities lylng

in dlstmct Alpine and pre- Alplne nappes, we thnk 113 more proper to use .

. the names of formations as they were used by’ PDimitrescu (1986). For the

retrogressed amphibolites in the Sucu Creek, which constitute the ‘“base-

ment” of the Brustur Formation, we used the name “the Suculet Forma-
tion”’, which can be correlated- to ‘the Padina Formatlon from Gomereva

?
3 area on the basis of structural and paleotectonic position.

_The ‘separation of pre-Alpine structural units within .the- Pomna‘

Marulm Alpine Nappe (which may be correlated to the Sirinia Nappe
. from the Mehadia basing— Nistiseanu et al.; 1988) (PL. I):as well as the

separatlon of lithostratigraphical unlts have to'be made. in athe future.
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- . Brustur. Se adue’argimiente Privind’ asseierea 1itoacials” .
. faciesuri dominante : conglomeratelde Baicui(Sueu) '\srdgresll Verzi gaw .

HFORMATIU‘NEA ‘DE: BRUSTUR DIN: DOMENTOL' DANUBIAN -

INTERN IN CONTEXTUL STRUCTURAL DE . ANSAMBLU

onipfL basodqaotists i (240L) [/ sl 4 vignBid T syt ﬁ'ﬂLfﬁ(hJ?i’f‘
o2 91[{,{:41 ox_u.\
.t - r.r?nrwuﬁ RETGIVRHS B La0ez A oD - Afsds Lqm_ 4 K i ofb 3
s wLucrarea de fatd adueenargumen’neude naburs P ologma,*minerai@oma,
si:structurald, ce permit redefinirea ,,fonmatmnn de Brugtur’ ¢ Gherasi,
1937 ; Gheragi et al., 1974) prin includerea in aceastd formatitume'a U5con-

E glomeraﬁelor detBalcu (Sueu)’?:( Gherasi;i k937 Form&tmn‘ea de"lrustur

astfel redefinits reprezintd o' megasecvents celcontine;\ea faciesuri. ‘domi-
_.nante'r conglomeratele de Baicu(Cu ielemeriterde! gabbrouri’ si - bloeur:
‘de peridotite), gresii verzi cu amfiboli clasticijgresiisi mlérbconglfemerate

" albe:sau: cenusii - (cu-elemente de roci:cudrjo-felds pa,’mce) G (85l O i
' Degi formatiuneareste afectat de- cutiaré strmsa, mso’pl“ta, ‘de ‘afjparl’ma,
elivajelor si de neoformare: metamorfics incipients, prezervarea continu-

tuluumlneraL prematamorfic; sita strueturilor: ‘mostenite permit- reconsti- -
-tuirea :suecesiuniis lltostratlgmﬁc&» Aceasta Lincépecutn conglomeratele -

de Baicu; continuii-cui-ossecventd alcituitd predominamt dintgresii‘verzi .
" cu-claste: ‘de amfiboli; urmats: dei o secvents constituits, dm»gresnf‘eenusu
mlcacee, cu nivele de microconglomerate... - Agyoud Dol nl o

+% Primas partesa luerdrii-prezintd: stractura dn:-pinze de sarlagna}fzonez
Sucu—'l‘arcu (fig. 1), fiind evidentiatd pozitia-allohtonsi(in!: pinze dé-enver-
- turd) e formatlunllor ‘mezozoice din zona Cuntu~Tarcuj pe-eare ld /consi-
derfim -ca: prOVemnd in:ansamblu din'domeniul Arjana, {Codarcea; 1940):
Majoritates autorilor le-au* ‘congiderat: drept x@uvertura in‘lee-a erigtalinului-
din- zona Cornereva-Poiana- Mirului. - A3t oD

. AInoaria detaliats .de:noi an putuf: i Ldehmitame’rurm:ajtoarelemmtai,z
structura,le,‘smuate geometric sub pinzageticdl ipinza-de Atjans (cu! digi- -
* tapiile Tene$ #i Céleanu), pinza de Baicu (ce cuprinde formiatiunea de
Brustur), pmza de PmamwMa,rulm : 1 fereastraiOIteanaf Este) ’pémbﬂa,

:.1_1;

pinzei de Pomna Marulul Plansa prezgnta,t& in 1ucmre<n?eprezmta“o incer-
care de- corelare structurali-a pinzelor de’cuverturs ale domeniului ArJa,na,
.51 a pinzelor de-soclu, cu.cuverturi paleozoic superior-mezozoics ale
domemulul daniibian mtern J ok seiad gV nJﬂDél}.;qud‘ﬁ SECE (QUAT) EEACHE

alyirie

in pa;ctea a doua, a lucrarii se: prezhnt"“ écrle‘re “”for mati 'ﬁ'lv de_
" celor oty

_.cenusii de Brustur; intr-o'suecesiune htostramgra)fma; upitard si continus.

L Iyreddrul. formmtluml de’ Brustur au- fost"deSerise”Urmatoareie aso- -
clafil litofaciale conglomerate de Baicu, dsociate ¢igrésii si sﬂtlt‘é Yerzi; '

“gresii si siltite verzi in care apar subordoneut con010mel‘ate de” Balcu,
" pelite ne‘rre, gresii albe- (cuarto-feldspatice), ealedr:
' mmroconglomemte s conou@memte»pohmlohce 4gsociate’ cugresii alb-
COnUSTayiinammii® 1 spipliEE Lo onensn L et rIqUak (G80TF) 11‘ iRl &
. Formatiuneaide Brustar este afectatd:de cutare 1% searaﬂre‘nonam
cutele mezoscopice fnnd -caracterigtice Seeventelor mafi; i wramﬂare

din zona a\:nla, a sinelinoriutui- De care- il for‘meam (gresu fme, sﬂtlte,

- 4 i

A = e
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STRUCTURAL MAP OF THE
INNER DANUBIAN REALM
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Getic Nappe
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* pelite). Atit.la.scari mezoscopics, efff si 1a scari mloroscoplca, se constata. 2

conservarea strueturllor premetamorflceﬁ sed;mentare sau,. magmatice ;
< eomportavesditérentiaty A CHY UL “in funepie de’ competeni;a relativi
a ‘rocilor;  blasteza  metamorficd neomogena, i dlfer iatd, mmeraloglc
= ismfé;ﬁﬁrtmvm Ryl yisigh R ""“’”"’,“‘ e tot e ey =
T - Asociatiils. par adeneﬁlﬁ"’é‘r"d”" B gffn% fie“%ﬁft G‘Yclorlij ‘glbft sericit,
eaJIbonatl (caleit, s1der1t magnezit), epidot, stllpnomelan (m rocﬂe verzi) ;
x muscovit (fengit), clorit, ouart a,lblﬁ it roci cuarto-fel dspatice si micacee).

‘O serie: de date mmeraloglee iy txnmugfalespernut sublinierea; uner

g e : ‘e“fx xa w m W o
. _ icaractere parholilal o, formafiunii de Brustur, 1Astfel, dmaturitatea

oompozmlonala si° textﬁ‘ral"‘ a conglomeratelor de Baicu si a gresnlor,

‘verzi, sugereazd un transport rapld §1/3au de micd distants. © .- . =

R 1o ) [ Prezenta olastelor de 1‘001 amﬁbohoe si a amfibolilor proaspeti
‘?*‘n‘i‘ }E?Jm., epunere. siingropare, rapida, conditii -necesare datorits - naturii

stabile a maJterlalulm bazic. Aceeasi imaturitate texturald si- vcompoz1-f '

i tlonala se.constatd, sl la, mloroconglomelatele' :
: sortarea mai ‘buni si alterarea avansatd,.a amfibolilorysiyia: clastelor. de
3 roci bazice permite caracterizarea lor ca depozite distale. = =7

« - Toate. acestetoamotenstmn ca §i prezenta blocurilor mari (de la
~aetrice la- zeci de metri cubi) de.gabbrouri si serpentinite.(amplasate.
neregulat fie in conglomerate, fie in gresii-sau siltite) pledeazs pentru

i-gresiile-alb-cenusii,” nsd-

depunerea formatiunii intr-un regim tectonic activ, cu intervale de timp =

in care & avut’ loc progradarea depozitelor distate.

. Sursa materialului component o constituie. funda,mentul antepermlan

- al.domeniului danubian intern, fiind recunoscute atit roci polimetamorfe
ale fundamentului proterozom (amfibolite, gnaise amfibolice sau micacee,
granitoide), cit si roci. apartinind oomplexulul ofiolitic Tlsovn;a Iut1 (pe-
ridotite serpentinizate,* galbbrour i ﬂasserga,bbroml) - =
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EXPLANATION OF PLATES -

3 i Wi o = ) ‘ Plaﬁoe II o Ik Y D e e
Flg 1~ Irredular, erosive base of- sandstone overlying siltstone (So) S1 cleavage OCCIIIS in the
z siltstone layer. N//, 36 X. S . i
B Flg 2 — Rough, discontinuous cleavage ( Sl) mtersectmg sedlmentary Iamlnatlons (So) .1n sand-
| ' Stone N/, 36 Xiowe e S ; e

A R SRR T e T

Fw 1— Eroswe base of green sandstone (thh amphlbole clasts) (So) overlylng s11tstone

= . N+,.18 X. ; A 2 -

I"lg 2 = Local metamorphlc crystalhzatlon in sﬂtstones quartz and carbonate lenses N +,
> = N

s
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Fxg 1 — Differentjal cryStalhzatlon of metamorphlc phyllosmcates in sﬂtstones and sandstones

‘

N +, 36 X.. =

F1g 2 — Intense metamorphlc neommeralizatlon and incipient layermg in sandstones arid

si]tstones due to quartz and carbonate segregatxon N +, 36 x.

¥ e

. Pla,tev o S

- '45 =

Fig.'1 — Grenulatlon c]savages (Sz) affecting Sl 178y 1 in sﬂtstones N //, 36 X

7 Fig. 2.— Tight ' mtrafohal microfolds (Bp)-in black slates. N 11, 86 X

.
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Fxg 1 — Quartz and plagioclase feldspar phenocrysts in the shghtly recrystalhsed groundmass
" * of a metarhyolité. N -+, 36 X.

2 Flg = Sy cleavages in metarhyolite, marked by phyllosﬂxcates (muscowte, chlorite) crossmg ;

the; relict phenocrysts N o4, 36 X
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s N Abstraet‘

A series of hthologrcal units in the Fégéras polymetamorphlc Group are here separated

based on pre~retromorphic distinctive features Some - dlscontmuous llthologlcal markers show
a constant locatlon inside the synmetamorphlc built up sequences A remarkable along strike- ;
contmmty of the. lrthon sequences is noted. Their Tithiological structure and. metamorphlc sig--+

nificance are revealed and a comparlson with the previously described lelSlonS is presented..

A large mylomtlc-blastomylonltlc series is pointed out. Some major tectonic unconformities. . - .

and a subsequent f01dmg, controllmg the present location of the lithon sequences are empha—
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Bé’sumé' Eace™ N B :

Fd’gdras ceniral el seplenirional — successions lithologiques ef struclure Des ur:utés litho~
lTogiques ont 1373 séparées dans le groupe polymétamorphique de Fiigiiras a partir des carac-
‘téres prérétromorphiques distinets. Quelques repéres lithologiques discontinus rmontrent une
'localisation constante dans le cadre des séquences synmétamorphiques. Une continuité direc--
tionnelle importante des séquences de Ilthon a été remarquée. Leurs structure lithologique et
sxgmficatlon métamorphique ont: été reIevées et une- -comparaison des divisions décrites anté-
neurement a &té présentée. Une série mrlomtique~bla§tormlonitxque a_ été observée. Quelques.

discordances tectomques maJeures et un plissement postérieur en contrélant la présente Ioca- :

islation-des ségquences’ de Ilthon ont été mis en évidence,
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= Lhhe pregent paper is an attempt. to«aLppnoach _based. on- “11t;hostra-

~ .tigraphic” criteria, the complex problems related to the metamorphics

from the central and northern zone of the Figiiras massif, which are

assigned to the “Figiras Group”in thé modern elasmflcatlons (Krautner.
‘et-al,, 1988 ; Balintoni et al;, 1984, 1986). It is based on personal mapping

data obtamed in recent years, some lithological details, important for
the here presented correlations, have been provided by the previous pros-
pection works (Anon et al., 1965 1966 ; Arion, 1969, 1970 ; Chivu, 1966 —

¢« 1982 ;-Chivu et, al., 1983 — 1985 Lazu et al.; 1985 ; M1necan et al., 1985
,Pltulea, 1961 5 J?op et al., 1982 Stroicd;ep, a:l ‘198\4) kL 1A ‘ru IO

Only eertam observa* ons on -the: metamorphlsm ‘and deformation
M9

© which were considered s10n1f10ant f01 the pr oblems “discussed will be- “pre-

sented. o

We adopted . ‘rhe llthostratl aphlc telmmolocry, “but congidering
the “lithostratigraphic units”# ih@CLbe/ distinet lithological assemblages
within: which the present lithological sequences and thickness are tecto-

" nically controlled (anyway, they are not the initially sedimentary. ones).

" Thus; s for simplification cwésconsidered that thes polymetamorphism re-

" ¢ gubted.onlyin.foliationswand lithons-transpositions-within: the« various

initial lithological assemblages, withoubsihvolving, -however ythewectonic
‘mixing between the adjacent formatlons ‘In-this way the separated lithons
sequences may be referred to as. str&t1oraph1c intervals”; which -make
possible some: “lithostratigraphic correlations” on the scale of the whole

massif-dsiwell: as-someastrueturabeonsiderationstic: Troigolodiil g 2gime &

woilz etodismt IEDSQDN}{I’(I aouniinonzih S0l 281185t aiTsidiaib. |5 i o hemgt

S)((H}. yrols oldSlindst 4 »rFistorieal” Baekgrmmdf e aif} obisnt noitesd NG

i ‘iiAccording tor the modern classifications; based: on“hthostmtlgraphlc
eriterid] the Fagiras  Group representsian upperrank whit’ exhlbltmg very

-cnamcterlstle feaftures within vthe’  Fagirag massit- metamorphles < this

S

. entity b@n’ﬁ‘fsepwraft’te& foritiret firdt: tamé Py (}haka Bﬁd‘e‘g’ol (1940) ‘as’ the

“Pagiras Series”. Bosta
~ Several cotr elation attempts Were made in the Oentral and. Eastern
Tiigiras after its first delimitation ap,dﬂ §ubd1v1810n In afirst stage, these

'eorrelatlons were made based on the eonéepts of “isograde”, “mineralogi-

1 ~£n0l AS")

;ﬁQl;lve 7y Mmeta,molp];ug \ﬁa@es“ «ndilie, limits, of. the dwlsmng and the
s inatons, aeoml;qg fI;Qm 1ka—;Budest1 are
th b, 2, ALk .

stag 'isfxepreﬁ,ented by &

:

e oo wﬂgcigss)ﬁ;; i
s, blie, Tetromor phisiy, concept.. deve oned, »and.

* were obtained Iin ‘some othel;wlzeg;ton&x };J,rouvhi}qorrela,,t;pns Joa)sedfon

e SR

lithostratigraphic criteria, a new stage of knowledge starts also in Fagirag.
Dimofte (1967) and Dlmltrescu (1967, 1978) mention the eX1stence of
retromorphism phenomena jn the upper.part of the ‘Serbota-complex?

ke Giuged:et;ak. (197 1) emphasizedthe impossibility Oi“tl‘a;ﬁlngvsom&usggmdes

in the Fa«rams crystailine-and the impontaneeyof; qhearetreluﬁrphlsmm

A prmt fmm;(the(arestmzon_e,rtewamdasﬂthea nori;ha.w t2 s:ga[oeu ob fujuileny § ¢
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=) »ijhe ;lIthostra*tlgra,phlc wterm;mology wmmmtroduced byrmKrautner £

- (1978, 1980), Krautneri et al. (1988); and the lithostratigraphic:apptoach:
of .the, problems relatedto, sthei metamorphics of the Fighras massif begins!
with the, studies: made by Balintoni-et 1ak;((1984,,1986) and: Ghevicar (1 988)

"1l fod Tt dg ~obvious that. Uheustrabwraphle clasgifications: baSed o' some’—
features: doinoti necessarilyi coincide with: those based 'on sbine’ other 'fea’ ™ -

turesi«The:case:of the Fggiray- Group is one -of the most: s1g‘n1f10ant emm—l
ples dn this -sense: Thereare often: great! idifferences ereen “the’ elass1f1-
. cations proposed in- the»twfro:s'tages Wtheé first-of ther
criterion :of:the (appatent ) fmtensmyiiof ‘metamorphigni, ‘while {hé'second

ong jis ‘based: ion; hthostmtlgra:phloicrlﬁerla {taking!into: accéount- also'the

polymmetaniorphic evolution of the pilel: iz it . i ario} o) So ulinw

We shall present in detail these differences”shen ' descmb'ihv’ St
-llthdstratlgraphlc unit “6f" lower' Tank’ separated accordmd o the recom-
mendations ' of “the ;1nternat1onal“stratlgraphlc gulde — 'E[edberg e "‘al.;

,(1976) — Wlthmtthe‘FéJ Frag’ Group, based ‘on the distitictive. pre-retro-

- morphic lithological c}:laJraJc’cerlstlcq -On the northern slope of the Fagiras =

massif the following recommendation ' of' the IS G hag been taken into -

- account : -“the inclusion within a. _single, hthostratlgra;phlc unit, of the -

1 bef:ls, Separated by a, I‘egmnal unconformity, sh uld ,be;aVQ1de(1; A
- even 1f'hth010g10a1 differ “noe’s Jusm:fymg ,the separatlon eannot'be found”.
’I‘he rank: estabhshed‘ for each Jrum‘o depends on the detall dewree 1equ11ed

AWing up the map

1¢ "nature,- cons.;ﬂ;utmb therefore also tectomc”umts,

theTe adnve shlftmg of;Whlm are dlfflcul to esumate s BIT (FA0T)
o su_ .~_um~9 frofly-sd1smp antex

ety I TR BRI S Ixy
Wit (p3aldsaso |

"ot 1kl yagg pdy 1o, wotiy
atly wlorsl

. 1985) “assign’ t] o”the,_.‘fSerbotaJ Formation” ]}
- inte sely ot morphosed northw ds — at the top:(' % &

31{* LL;m W

‘various lithologies within this’ unit, OOnS1der1ng them- members. In:this..
- ~case, the use, of the Serbota. denomlnwtlon_ in connection with, someother
& eXhlbltan‘ dlfferent llthologlcal features from those characterisbic:
: ,“Serbota, ‘garnet’ para(fnems zone” -, Ghika-Budesti, . 1940 — is

. A nsatesEEw yeie T
The boundwnes between the membels aue more or less m:bmravy,
_ depending.on: the alteration: degreeiof.the:previous medinm- -gradeparticu-
© lax %s@eots

'Eﬂhljﬂd rMo,ga I‘orm vtion: fhe fo‘lo‘wmg membelq will: be ,descmbec sthé)

emglbased on the' .

l‘.[‘he boundames of the. hthostra’mgraphlc um,ts represantihd g forlemf

n- the neW observ t10ns we. eould separatevv,sequences 6f 2

ver, Jus‘mfled 1t Was necessAry to denomlnate the separated: subd1v1~ 1°F

ough . the, subseqvenu iyretromorphics imprint: i Withiniithe! -

4
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- Moldele Member in lower pOS1tlon, er Opplno ~out in the axis ‘of an ant1form i

trendmfr approximately” BE-—W ; the Serbota Member s.l. (the Bir cacitr -

horlzon + the Serbota Me1nbe1 s.str.) that develops along the entire
southern flank and on the northern flank up to .the Lupulul Valley meri-

~ dian ; farther eastwards the Poiana Neamtului Member erops -out both

-0l the northern flank ‘and. in the. zone of the Figirag main ridge, wheré
_ it is involved in several folds. Its.relations with the othéer units of the
Pirful Moasei Formation'are subJect to several 1nterpretatlons ‘due to,the
-lack: of the lithological markers and of the conclisive structural elements.
The Poiaria Neam{ului Meinber might represent eithier (a) a.lateral fadies"
«of_the Serbota “Member or {b) a wnit transgressively overlying the other
units of the formation, -the stratigraphic unconforrmty boundary belntr
subsequently transposed. s
- The Piriul Moasei For maJt10n crops out in the tectomc Window .
beneath the Suru-D \Tappe, being the _only -entity assigned (so far) to the 1
Fagaras Group which does not present mlomatlzatlon aspects g
A o =
e 40 Moldele Member - L =
S < ¢
Its name derwes from the only: toponym appea,rmg on maps in.
" the outcrop Tegion of thig hthostratlcrnuphlc unit. The. 1ntr0duetlpn “of
2 new unit is ]ust1f1ed by the lithological contrast in respecttotheneigh-
bOuI‘an‘ units. Thisg denomlnatlon is used for the first time, and repre-
sents a part of the unit initially separated by Ghika-Budesti- (1940) as_
the - “Poiana Neamtului chlorite- schist- zone™. ‘It~ partly corresponds: tO
. the ‘“Poiana Neamtului-Piscul Moasei subzone’”, separated by’ “Dimofte
-+(1967). Its distinct llthologloal character is malked by the prevalénce of
some quartz-chlorite-muscovite schists (retromorphics on phaneroblastic
mloaschlsts) with rare garnet nneasohlst/paragnelss levels, slightly mica-
' ceous massive quartzites, ent1re1y subordinated am h1bohtes and some .
_relatively thick cerystalline ‘ limestone lenses, . without continuity (but
quite probably the same hthostratwraphlc 1nterva1 Pirful- Mmu lee—
- stone).
The- sequenoe 1§ chalacterlzed by the generally s11ky aspect due £o .

: the dirmembered muscovite and sericite, the frequency of the relict mus-

‘covite megablasts and.a very characteristic crenullation of the niicaceous .
la,mlnae, especially in the central part of the member. The texture is Very
-characteristic. plane-schistose due to the -alternation of quartz and micas,
after which the rock splits in thin leafléts. It crops out in the axis of an-
antiform trendlng apprommately E—W, which ex‘plalns its orenullated -
aspeot ’

Tt represents a te1r1genous sequence that 1n1t1a11y underwent a 5
:rnedlum_grade metamorphism. If, ig entirely -affected by ‘retromorphism.
) The -northern - boundary with-fhe. suprajacent. Poiana Neamtului
Member is apparently continnous. It could -be-followed. up t0 the Fiitu
. Valley westwards and to the r10ht bank of the Porumbacu Mare Valley
—eagtwatds.

Southwards; _westwards and partly northwards t,he gradual passmg

. ‘to-the Serbota s.gtr. suprajacent Member ¢an be noticed. The paragneisses

prevall over the Imeasolusts, decimetric to metne amphlbohte lithons -
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> occur “the rehct muscowte mefranlasts gradm\lly dlsappezu These/mpects E
5 suggeqt transition. pre-rett omorphlc lithological features between. the
‘Moldele and ‘Serbota s. str. Members. At the same time the retromorphlsm

intensity deereases from the Moldele Member towards the Serbota s. str.

Member : - gericite gradually disappears, hiotite prevails over. chlorite, .- .
., garnet oceurs frequently, while staurolite only sporadically. As the retro- .
mo1phism does not reach. the lithological” boundaay of the Serbota Mem-.

ber s. str, — which- man1fests thr oufrh the massive occurrence of staurolite.

# kyanlte paragneisses and phaner obl Ustic micaschists with frequent amphi- -
‘bolic lenses — we are entitled to introduce an: independent ]1thostra‘u1—‘

crapluc unit shewing transilion pre—letrommphlc characters — the Bir-
"cacm hor1zom, Whlch i part of the Serbota Member s.1.

o Serbota: Member ssm . . -

Tt% name deuves flom the” Selbota Mount Where this wnit crops

. out The . oeoomphlc component of the denommatlon was<used first by

3

~ Dimofte (1967) uses.the geographic part of the name in defining- the

Ghika-Budesti (1940) _ to designate a metammphlc zone : ‘“‘the Serbota
garnet paragneiss zone’ 1ncluded in.the Fagaras Seue_s Dnmu escu (1962);
dses. the name of “Serbota zone” in the Eastern Figiras for a. sequence -

which is in upper })0°1t10n with respect to the “‘Migura Clineni zone”.

“Serbota-Piciorul Surului zone”, which he assigns to the “Figiras Series’.

7% In 1974 Dimitrescu defines a “Serbota complex” in the Eastern Figiras
above the-Migura Ciineni_ complex and below the Suru horizon’; in S976
‘the’ Serbota complex comprises also the Suru upper horizon, whl]e TR

- 1978 the “Serbota complex” comprises aslower Suru horizon and a n.eba-

pelitic upper ene (quartz1te—muscov1te schists). Savu-et al.. (1978) use

- the.term of “Serbota complex” (Migura 011nen1) as a subdivision of the
,Oumpana “Series. Chivu (1985) uses the name of “Serbota Formation’:

- for the upper part of the Cumpéna Series. Bahntom et al. (1984, .1985)

‘ refer to the ‘“Serbota” Formation” as a lower part of the Figiras Group. 4

. In -the present paper thé name is used to designate a well-defined

,sequence generally trending NW—SE and reaching a ‘thickness of about 1

700 1. It consists of an alternation of garnet, stam olite, kyanite phane-

roblastic mlcaschlsts/paragnelsses as .well as numerous thin deecimetric--
metric amphlbollte -+ garnet lenses, the contlnuﬁ,y of which along strike .
is -difficult ‘to prove. Kyanite oecurs especially,in- “the -eastern (Serbota ..
glacial . ‘caldera) and western (THtaru Valley, Bitu Valley ) extremities .

of the members — sometimes as decimetric” kyanitite lenses.

The member extends on the-southein flark of the antlfdrm with .
the- Moldele Member in its axis. It appesrs also on the northern flank #

" of the Titarului and- Surului. edges. Eastwards, in the $erbotaJ Mount,

. plienomena. - ’-

it seems to be involved in several folds. This unit is characterized by the

very frequent presence - of the staurolite megablasts, kyanite, the isolated
oceurrence of the kyamtlﬁe len%eg the almost entu"e lack of retromorphlqm

It represents an aluminous pelite sequence affected by a médium-

-grade metamorphism. The boundaries-with the Moldelg subjacent Member

are formed by a gradual passmge, through the Blrcamu 11011zon, ‘east-
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s -wards , 11; contmues,{mﬁh the Pomna, ,ngeamtulul Member (t;he,, xr,elaiimp,

13.1;91}‘1.1,8 “ctomc,,(.be ;rep;r,se,n d;.b hit
level.. ;roia2 od3 ~I>ism>, TodrHlh ‘-3hfn"f( fad ot vq/fsaneb
‘- . gitiodds s gty ;MOV{ “)H(i"’m oy 1‘»!]1)} ro ‘sfisFde ; i
-orHT 91 al. oA e qf'“ma'nNae unisle ?m 37”hrwm 31l en*v)\o IL)JH;%'

~gtiol/ 6871 ame dér v'es’ FrOM oh Tttt lffreOO‘rdphlcal“'el e

et tent’ “(Pmam -
Neamt’ulm c’halet) in 'the’ vieinity’ of ‘which" Ghlka, Budesti(1940) imitially
- separa’red‘ ow gnade memmorphlsm AOﬁQ ““the /Pmanz‘m Neamitir

l
placmo it in the Fagaras Serleﬂ"arnd "subsequently‘ (‘967 Vi vl Ba itoin
. - Figiras, considering it to-be equwalent to the Figiras Seiies. Pitulea
.adopts this denomination in the reports between' 1967 —1970 -in connec-
Llon Wlth'”a; NarTow, sequenée at the boundary with thp sedlmentary r0cks
In, S inat

.

I ; denommatl“n_ 'io des1gn,ate ga; sequ TLCH
s Lhe boundar‘ with:

: f 300, et e
-In thls papei the de,nomma,tlon 1s aqsw'nled

um, which CTODS, out in two areas.: one north and

Serb jMember s (the relatlonshlps pres nﬁ'ed: i
~.ii The Poiana Neamfului;Member, consists of a )
paraonelsqes/mlc&th1st i garnet A8, Well as - llm _ton

bit,
g slwhtly mlcaceous quartzmes appeanm“ aJs Qmall,plates or s,
_«0f, darnet penclls (or only:garnet ,molds); the rock mas
o consm’cent Iamlnatlon fohatlon “but, on1y largely : s
WlbhOLt the neoformdtlon of ¢ the- metamorphlc fOlla:tl‘]l a. fme llmonme
plgmenb can ‘bel often notlced 5 il =Y ooy Breelipgit v v
i{This; 1th0strat10"ra,ph1e, ‘wnit; Tepresents’ :a terrigenous» sequence,,-
1mtm11y metaimoxpaosed unde1 medium-grade conditions; subsequently;
1 0moY plusm Whlch lead to uhe alter~

c2 41 NES

@ { : A
SR ,::- vith 1nt noe v (etromoxp}mc “ockq Iesembhng phvihtes Sel,lelte
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GuAntz fs*"c‘his’cﬁs%' Gllfdiite-S'efi‘éi f'*Schmtﬁ,k i wh ‘hbreh(}'ﬁ
'EGC@OIt}Yed](Q?:theIY as st lrerds r(fas’ﬁ(defefntzeé{ : y-

biotite, chlorlte pseudomorphoses“uzpnn Sbiotite; (Ilsmeﬁqsbered “m'uswwte)
.@a,);tly or:totally:;eh y @;rgly,(ifrajgm nj;ed 'ga:[m,et rmerm ot

sequence generally: e;
a.mtlform with the Moldelej@e;pbeﬂ,,;'-
,nxtmuous EThe nql;t{hem,‘b

.mauon is ‘of tectomc natur

Ty

§. tect )
o wnd pantly bl lth
gr aphite mylonitic

.NV,‘Lth o ther Fa,gm'alsj Serle& 7ila rrmI,:.
After T separated it based on hthostratlglaphlc criteria and foHoWbd

o .i;,t_qalono :qtrlke,-,:Ir'found that ;1t;re*zﬁends aﬁdlea?st ffrorh’ ¢hé 501’0 'V&Hey (to .

Bl est>). %.t‘() tfheu
' ' S waok

quenceran the »Oe,mral Fag-
Cnnenglor zoqe (Cumpa
Boulti Peak zone” fro




S5, 1974 Dlmltresm] ass1gns the “Sury horlzon” to the. 0umpana, =

“Series, in 1976 specifying fhat this horizon constitutes the upper “part. of-
_the Serbota complex (from the Gumpé,na Series).

Schuster - (1977) includes the limestone ahd ‘amphibolite sequence

- in the erbota Formation which he assigns to the Fagirag Series. According

‘ rto Giuged et -al. (1977), this sequence would also partly represent the

greenschlst and crystalline hmestone complex”.
 In 1978 Dimitrescu considers the Suru h0r1zon as a lower part of

3 the Serbota complex from the Cumpidna Series.

.Savu et al. "(1978) assign the sequence under discussion to the

Serbota complex- of the Cumpina. Series, Krautner- (1.98%) calls it the =

. “carbonatic formation”. According to Chivu (1 985), part ‘of this sequence-
- represents' the Bilea Formation of the Poiana Neamtulul Bilea Series,
. -while that separated by Ghika-Budesti remains in an upper tectonic unit, -

the' Cumpéina_ Series.” According to Krdutner et al. (1988), the Suru For-'(

- mation represents thé base-of the Figiras Group: .

- Balintoni (1984) ‘describes the calcareous—amphlbohtlc sequence

= 1ﬁ the Suru Formation and in the Valea Rea Formation within the Figiras

<

. Group ; based on the lithological and metamorphism similarities. Pani

and Ricman (1989) consider that the Suru Formation includes also the .
“Valea Satului-Porcesti micaschist zone” — Ghika-Budesti (1940). :
The Suru- Formation ig elearly represented within - the - Figirasg

metamorphlcs Dy - massive dolomitic limestone and amphibolite- lithons . .

against a micaceous metapelite background, frequently contammg graph-

-ite.” These .lithons may reach” several hundred metres in thicknes§ and

present a remarkable continuity along strike. The pelite background

. Presents sometimes very great variations along strike ; under these condi- - =

tions the continuity of the dolomitic-limestone and amphlbohte lithong
surely indicate the continuity of the-formation" (or of.the various lower
rank “stratigraphic intervals). That is the case in the glacial caldera of’
the valleys on the northern slope in.the c¢entral part of the. massif, where .

from the Ucea ‘Valley westwards a Vvery characteristic pile of phanero-- ;
blastic micaschists bearing a great amount of garnet (followed between -
the Dejani and Ucea Valleys) laterally grades to flne paragnelsrses/mlca— .
3 .‘sehlsts

kg froﬁ the Olt to the basms of the. Oa,pra and Bud a alleys the

hmestones and amphibolites generally reach great: thickness. (the amphi-

" bolites on the Riiosu and Lespezi Peaks, the limestones on the Riiosu

Peak), their . thickness gradually decreases _eagtwards, the limestones

- o¢eur much more- rarely, while the pelitic-micaceous background . often

shows phaneroblastic ‘agpects, the distinctive features of the formation

’ dlsappearmg This entity situated east of the Moldoveanu Peak meridian

was separated and named by Balintoni et al. . (1984, 1986) ‘“‘the Valea
Rea Formatlon”, in upper position with respeot to the Suru Formation:

. The continuity of a limestone level accompanied by an amphibolite one’

. between the Moldoveanu Sprmg and the Dejani Valley bagin, . close to -

the boundary with the Migura Clinenilor Formation clear;y 1ndlcates, 3

‘ however tha.t it is the 8aIe stratlglaphm mterval

(9%

N =9 3
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- P&rtlcular aspecte of the Suru’ Formatlon were pomted out-in the
~porth-western part of the Fagiras - “masgsif (Arion, 1970 ; Pani, Rlcman
1989) ~Gridan, Dumitrageu  (1989) assign a- restricted sequencé of thls
region to-an 1ndependent tectonic unit. Limestones occur discontinuously
* as-ever smaller lenses towards the east. In the Lupului Valley basin a few
metric, augen gneiss levels’ conformably occur between par agneisses/-
* micaschists and biotite amphibolites extending over some hundred metres.
The sequence crops out over a smaller ares eastwards, bemg overlain by* °

sedunentary deposits, but it reappears on the right bank of the Riul Mare- -

Avrig- Valley and could be followed to the  Porumbacul Mare Valley.:
. Here the augen gneisses occur also conformably, without continuity .
along strike, 1eanh1ng almost the same thickness:as those.in the. Lupu1u1
Val]ey and formmb the same lithological assemblage -Although the micro-

" cline augen gneisses -oceur combletely isolated; the sequence contains’

ophtalmlblc rocks that often show aspects suggestmcr metaqomatlsm phe-
nomena. -

There are some elements in common with the Suru Formation .
“which are arguments for. Ppreserving the sequerce from the north-western
extremity of the massif within this formation. sich as : dolomltlc lime-
- stones identical amphlbohtes (either with blotlte, or cafbonatic laminae),

* micaschists, paragneisses with small tourmaline and staurolite prisms,

~the ophtalmitic rocks exhlbltmﬂ mlrmekltlp structur es (Lupulm Vallev,
1\’[oasel Valley, Piului Peak):

The metamorphism of the Suru’ Formatlon reached at 1ts cllma‘( -

the medium grade conditions (kyanite and staurolite zone). -Part of the
plle was down01Aaded to chlorite zone. During these phenomena the ‘‘meta-- -

. morphosed syngenetic-stratiform” sulfide minerzlization was entirely

remobilized and transposed along some new foliation planes. In some
_other cases it reconcentrated on ilesures showing epigenetic aspects.
On- the northein slope -of 1he massif from:; the Pojorta Valley east-

wards ‘the retromorphism’ affecting the boundary of the Suru Formatlon_ e
_ i3 more pronourced. The occuirence of .some microcline gneiss levels,

‘do also occur, both aspects being characteristic of a sup1a]acent htno-
stlatlolaphlc umt The single deurmtmo criterinm we could use was the

. continuity of the mylomtlc level* fo]lowed “froin, the western side of the

g

massif.. £
. “The Suru F01m tion is bounded by the metamm},hlcs of the Cum-
pana Gioup (Migura Ciinenilor Formation) to the south; by the sedimen-
tary formations of the Transylvanianr Basin -(in the- \Nestern Figiras)
‘to the north, and by the metamorphics' of the Albota Formation (east«
wards). In the north-westein and central parts of the magsif the boundaly

Fa

- bétween the -Suru Formation and the subjacent formation (the Moasei i

“Brook- Formation). also. occurs:. The boundaries with- ‘the Ma,gura (iine-.
mlox and "Albota Formations are represented by (major?) tectonic uncon-
formmes, the one with the Pitiul Moasei Formation -could be cons1dered
“an ovelthrust plane (see chapter - 5). S A

g “The boundary between the Suru FOlma.thIl and ‘the Magmm 0u—
nemlox Foxmmtlons has lately -given rise.to muclhl. coniroversy.. Krautrer ..
et -al. (1988) consider it normal, Balintoni et al. (1986) consider it of tec- -
mnlc nature, wmle Grheuca (1988) fmds it also normal
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nilor-Formation.Oni the Flozea Valley;right t1’1butary/0fl ﬁ;hex(}apva Valiey,,

“crystalliner doloinitic-limmestones: were encountered: in ‘aclithological’ assem-
- blage:iwhich:; undoubtedly:: belongs 40 sthe . Migura :Giinenilor meafmn,

Incahidway joner of; the (formelr criteriadfor: establishing the b@undawy’ g
first dimestomerocculrénce; eorvesponding toithe 'pass(icre toralearbonatie -
character; ofii:sédimentation; itypical Lof 1the  “Eigiras - Group it 1‘3"95@
longer, valid.: Thinand d1sc@nt1nu0us searPonatie! selus’@z levelpin & Litho:

¢ e-

logical assemblage of MégurasClinenitoridypé also: oseur. ot Mlzga*mh‘l T

we: might ibrieflyrdefinei thev Migura Clinenilor Formation dsan alfer neition.

~of -metric amphibolite - micaschists/plagiogneisses along with ivelated

limestonefcarbonatic jschists’ lemsesy while:. SemrthWards"stamelﬂe; ‘Eyamte
rmeasehlstSn andr dlsconmnuen}.wmlgma;tm" gneiss levelsioecur 5 ever Lmore
fr, Gl i e yrar Alsagirt G645 o rmxax

§°0 epm

1

f"\([usetelea, Izvoru Rnosul Buda Doamna Valleys ‘% §ingla’! nnporbant

level ‘of -graphite ‘and: sulfide’ ‘?mvlemtle ‘focks ranging bet eeﬁ-‘r'netres.

amd tens of metres in %hmkness eould be fellowed "Fr(n}n The

mable ultramylomte levels At least from the l‘aﬁ Valley basm
oundary ma1ke1 either
in-a llthostratlgraphle sénse’ (graphite rock: levels)

(mylomtlc roecks); the 'more so as /it . separate% Ltw " {equénces® mhow‘aﬁriﬁo"
their ‘own characterigtics :*on-the oine hand’ the Suru Forma)tmn“mth
it§: characteristic dolomitic- hmesf,one and" amphlbohte assemblage ranomg
between tens:hundreds of metres in‘ thlelmess 4n”a¢ oenerally medmm—

grade,” unhomogeneously downgraded pelitic. background ; on the' cther

hand the Miagura Ciinenilor Formation bearing phaneroblastlc nucasehlsts,

and 'mlmerous ;metne amphibolite lithons:
SHu c"iGeophysmaJl information’t the’ petIOphysmal eharactels of amplu—

' bolites differ” ‘clearly on gither’ s1de ‘of” the mylomtlg Tevel 3 eSOu
Cin Bahntom et'al.; 1984) LR LERETRE g
A e 9 M neg ,e; evfi 5 S x T 483 (,“ 1);{ J /) B
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1tua,ted m the ma\lmal apparent

i A;thiekness zone of this uniﬁ ! sepah1 alted" and. nam,ed now. for the: flrst fime. .
- It; would represent part of the “ehlomte blotlte‘(sene

Man,ea 1962), part of the “F@géﬂas Serles”,,sensu

part of . the “Breaza, Valley .zone’, ; Pituled (1967

et e constltutes the 1 upper meﬁepehme zh01izon (quart smliseovlte 5seh1ste),4of.
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Lheﬁ‘$ei‘b0t§m dﬁip‘l‘e’x’ {fiom’ ﬁhéffCumpana,"SeméS @1 'iéééﬁvf“l'@%%‘) and;

dcebiiling o Krauther?et?al) (1988);the" lowéT~*h0r1‘”11 of

Formitition Prom ithe Fagnias Grotp. Clifvil et aly (1983 19¢

this sequertde!to the upper’ ‘e’ of the Bilea " Formation.’
The unit consists of a monotonous se(%uence of paragneisses/mica-

* schists Wlth or without garnét: %ﬁiﬁ‘éﬁoﬁé‘?ﬁ%‘p

sch;ats mleaee % quairt 1tes It s marked

éﬁ"acte 57 domparéd to ‘t elg‘hboumh thostr:

d fers from the Su Eo

““‘Hsf(‘} i e

‘l%‘?)‘a‘ss &n
:Jf all o

s

A;lts more quartzitic
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i
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:p {u
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egcuhfl hof 1zon’ o

: i ;.- mmf;,i 3
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15y PR et ; e ety

g

) p0s1t;10n of thls umt is
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roation’” ‘by1 thé’moré reduce dlmenrsmn?s ot the, {
ordi nate& gneiss
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~* The northern boundary with the ‘Simbitta Formation is represented’
by a lamination zone that will be described together with the presentation -

“to the De]am Valley and Westwards to the Porumbicel Valley

- hef Slmbata Formation ‘

: The name derives flom the Sunba,ta leley Whele one- of the most
characteristic profiles in- this unit ‘¢rops .out.

The ‘introduction’ of the new unit s -justified by the htholoomal

-.contragt. with the neighbouring units, and the rank assigned-to the fox-

mation meets thé*necessfmefs of the map and the achieved ‘degree of detail.

The name is used for-the first time and would correspond to :. ‘the
northern part of the ‘chlorite-biotite series” — Manea (1962); to the_
northern extremity of the “Figiras Series” — Dimitrescu (1963 ‘1964,
1967, 1974, 1976, 1978) ; partly to the Poiana-Neamtului'zone” — Pltulea
_.(1967 1970) to’ the northern extremity of the ‘“Vemesoaia Formation” —- -
Schuster (197 7); partly to the “phyllitized micaschist complex” — Giuscs -
et al. (1977) and to the “Figiray Series” — Savu et al. (1978), to' the

‘“micaschist- qual’oate formarmon” Kriutner (1980), to the Tunsu -For-
‘mation— Chivu (1985) ;t0 the upper‘part of the “Cntnoara Formation” — -

—

" Krautner et al: (1988), @altly to the ‘OHtlsoam Formatlon” Dimi-
- treseu (1988). ;

The unit s replesented by an alternatron of mlcaschlstd plaglo-
. gneisses, sometimes with garnet, in which pearly gneiss levels (aeld oligo--
-clage) oI -augen gngisses occur (1n which the K-feldspar is partly replaced -
by albite). The frequency of the gneiss levels increases towaids the upper
part -of the pile; thin and d1scont1nuous amphibolite and black-banded
quartzite. levels -occur, the whole sequence being affected by regional

. Tetromorphism (partial or total substitutions of gar net biotite, emphibolite

by pennine and of K-feldspar by Na- feldspar) and by a d1seont1nu0us
dynamic ‘metamorphism which is more evident in the upper ‘@orthern)
part, which affects preferentially the micaceous -~ graphite levels. Macro-
scopically the rocks show a massive texture due to the, homogeneous . -

. - mylonitic aggregate. Under the microscope the oriented texture with

tectonically rolled monomineral or composite clagts can be dlstlngmshed

- of the Simbita. Forma,tlon This unit has so fa,r been followed eastwards =

-

The mineral relicts make possible .the reconstruction of the followmrr. o]

polymetamorphlc evolution : medinm-grade metamoxphnm mlgmatlzatlon,
‘regional Tetromorphism, mylonluzatlon (PL.. 101, IV, V)..Frequent inci- -
pient neoformation of blastonylonitic type aré to be notlced (microlithons
consisting of a recrystallized subgrained -quartz aggregate and acicular
‘chlorite neoformation (Pl. VI). The%e ‘aspects detelmlne the.-mylonitic-
‘blastomvlonltle “shear -belt” character of the Simbita Formation.

In-its lowel part (southrwards) two htholoow markers were 1dent1f1e6
which are of major importance for demonstlatmo the continuity of the

" formation om the northern- slope ‘of the Fiigiras masmf Piatra Alba hme-

stone horizon and Boldanu quartzite level
" They were pointed out, nameéd and followed in a. ‘reStrleted area by

o Dmutreseu Cocnti (1980) and Dlmltlescu (1988) respeetwely o
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: Althouo*h dlscontlnuous, these: markers steadﬂy oceur . at the - same:
ievel within the pile, the distance amiong them being generally constant.
The Boldanu quartzite is a massive glassy quartzite of high purlty

' degree, 50 far it has been followed for a distance of ‘20 km. It crops out’

confinuously from the right bank of the Arpasu Mare Valley to the Vistea

_Mare Valley, then it disappears and crops out again in the Simbita Valley ;.
in the source area of the Apa Riului Valley its development is remarkable,, .
" while on the Coltilor edge it is hardly found ; the last identified eastward -

_ oceurrernice of interest is in the right bank of the Dejani Valley, immediately -

downstream the confluencé with the Budiu Brook. ‘Except the latter
occurrénce: (in a structural -closure posmon) this Ievel -i8 1n east west .
posmon dipping northwards.

- The Piatra Albi limestone horlzon was tollowed over a. dlvta,nce

‘of 30 km between. the right bank of ‘the Porumbicel Valley to the west:

and the left bank of the Pojorta Valley to the east : a) either as a smgle
level ranging in thickness from a few tens of’metres (Arpasu Mare Valley,
the right bank of the Apa Riului Valley) to several tens of centimetres in.
the Ooltllor edge or-completely disappearing (the. Drigus edge; Z%noaga
edge’ ete. ) or b) as a consistent level accompanied by one or sevelal levels.
-of smaller thicknesses and Wltho'ut continuity ( Cntlsoara, Lupoala and
Vlstea Mare Valleys). -

The Simbita Formation" d1sappears westwards at .the mendlam
‘of the Porumbicel Valley, under the sedimentary depos1ts, Whﬂe eaqt-
- wards. it seems to be.much more developed: *

‘The southern ‘Boundary with the Albota Formation (subJacent)
correSponds to a lamination zone which is oblique. with 1espect to the
lithological markers : eastwaids it is superimposed on a biotite, in places,
oarnet and/or graphite micacshist packet; westwards it overlies a graph-
ite schist level (the Vistea, Girdomanu, T#rita, Albota edges), farther
micaschists (Cirtisoara Valley) and glaphlte qualtzn:e chlorite schists
(Tunsu Valley, Seaca Valley — right tributary of the Porumbacu Valley):

"~ The lamination zone shows quite varied ‘thicknesses, dips and mor-
pholoomal aspects. Thus or the Clrtisoara Valey, the Tirita, Girdomanu,.
Vistea Mare edges, the Vistisoara Valley it is well-exposed, on the Zanoaga,

Drigus and Trisnita -edges ‘there aré poor outcIops, and faither, at the

springs of the Apa Riului Valley, on the Hermeneasa edge as well as On:
the Dejani Valley, it is well exposed again. It is marked by characteristic
geomorphological aspects : either plonounced saddles (T#rita, Buteanu,
, Hermeneasa edges) or abrupt. changes of slope (Toltia Hill, Gn domanu,
Vlstea Mare, Apa Riului edges). . . - P

. Poor sulfide accumulations loz ally oceur aJIonfT this alignment (Vis-. -

tisoara Valley — abandoned galle: y,- Cirtisoara and - Seaca Valleys) Whloh
are very likely of tectogenetic natule

‘To the. north the Simbita Formation is tmnswe% sively overlama. :

by' the Bademan deposws of . the Transylvanian Basm S
s 5 Struetur - e a5

- 'The cartooraphlc extenswn “of the desellbed lnhologlcal Sequences e

as Well as their’ spamal relatlonshlps lead to some:- prehmmary structural

)
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b It is Lworth noting; ‘fghat/ ony the,flanks ofi the Fagaras major: antlform,
beyond :the -boundaries -of (the:; Sury, !Formafolon, ;1ithologicdli:entitiesiérop
-0ut, that cannot be equated; The, lmtul\,metam@lphlsm ander medlum-

severad km],ometer 1
Ga.r;qet +18. L,qmmpresent nd alu,
plapces Migmatites ate in. upper geqmetmc pos1t10mm0n, both ﬂankSe the'
QmOLphl& tra,nsﬁqrmatlgms in; ’[(he‘;chh)l:lte;, Zone:! mffect sl compozme

_sequence ;(F@garas <Group).,of: Several kiloy, etiers apparent thickness:sHAll

the,sa asp@pts are, \dlﬁflcult to; u;derstand Wlthou‘t %ceptmg t»he) ex1stence<-

twnomced tfeotomo xplanes,f (Pl ﬁ) repregehb pra "ﬁi’e
commn‘éus mylomtlcrrocka Teviels y tle extent jand: rSense Lop the'’s
-ohi these:iplames his:still: d1ﬁf10ulttto estlma,ve zoghs sHOARTT DHs 2wy

S0 78 gy The’ ‘niglonitic: alighmenty’ ma%ped A/t th 4y 'ofthern siojpe separate
seqbencesf w1t a‘J‘SImﬂ.aJr Tithologital Backsround, difficalt' §o . dif
§.)Undér these cbn&mons thelr 1mp0r1§ance

‘tby’ thelr | telationships (with the planes pointed ott:in th*e i3 ”é'

r Tk ke

sequenee’fdeserlbeéf iiiithe “Strimba Unit' the ‘Plane 'of’ w lich 18 marked

the sequence described in the ‘“Birga
1984y Baviw et af}/%lQ’%’SY* mentlo :
ly at the level “off the plaiiesin’ the ' baée »of‘ ‘the! ’Slmbaﬁa Fonﬁation as

’~Un113” (Nedelcu Anton,_

"2 boundary between the “Figirag Senes” and the “0umpa,na Series”, -
~ while Sindulescu (1984) prolongd’ é.ﬁ’pi‘oxnnately along the same line the
<Pl&11}:1; p;i the:-Birsa i Fierulni.. Nappe. ' «Dimitrescu - (1988, describinig . the

’Bo}damﬁzqumdmme,; YL gests <am‘®ng o’chern’ajs}rdmpmons\ tha’euﬁheb base’ of .

- -~

estern -

afie sitiiated approximate— 1

 divergent
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the latter mlo'ht 1‘epresent a pra—AIpine Hoverthrust wmh,southern Verfrence ¥

as the prolongatlon of one of the planes’ pointed out in ‘the Eastern Fa

TagicBalintonisétdls (1986) ‘prolong the’ plane:of the Birsa! Figrtilui’ Ui’ﬁﬁ' :

to the Vigtea -Valley (cross-cutting the lithological “iarkers’ dégéribed”
for the first-time in the present pajper):>The Sinbita Formation®on the

wit

northern: slope,representnsﬂ:heefxdeep istructural devel, of 1o s sheamngo*tham -

affected a lithological sequence shewing pre-retromorphicischaracters
- similar to those of the Migura GnnemloruFonmaxtIonoqCDheuVeatOmC zZone

followed . ,,0n1$h&\southern;(slope ybetween' thenMiguras@iinenitorsand the
-Suru; Formations)is: supposed;here lt@sxzepresent xthevupperast;ruoburab level

of:ithe -sathe majorsshear | Zone. {losd \owh Wl e &L iy 00 wdi vy Jza

'b) The mylonitic.-level at the base of the Suru Forma’cloﬂ’shggests
by ‘its oartogpaphm ~outline ausevena&mkj‘lometers shlﬂfmg»d’fﬂhe%fayct‘ hait
it geparates:in lower Jposition:a formation: (Moasa, Brook)i:totallyidevoid
of migmatization from one in ‘which the metasomatic aspects.areidreguent

‘and :even dsolated augen) gneisses. arerafound {Burw), ayiindicates drmeba-

morphic unconformlty At least in the regions marked.hy. struetural
" closing; an;;angular,;: mmc,ont’cmmltyr@an hen also«xnotwedruAlb*thesex iwould. ,
constltufe/ arguments .supporting: the soverthrust. wank \ob Fhis #ectonic
dlsoont,lmmty« DPOS L oz, 131:15;1(0_,1 £ poiulpgg wheoy (88"{ ._413:{1,?:‘ 511239(1;,391;.‘[)@3'

Although the conflgwfatlon of this. plane dicates that'it' is Pprior to
theplanes -mapped.-on - thenorthern: slope; o stron;
been .found -in this sense o far. The lack ofigome sighificant 'dynamic
. neoformations -in:tihe- rocksema;hngxtup sthise plane estiﬁes’ itg” fbtmation

in the upper crustal domain. - [ .lpdpufl AT GEE G " AHAZE ook

©uefherstructural closures:in which this fplane is mvolved ale'suggested
by mesoscoplcistruc'tut’al @lements - Pothin ‘the retromorphic “sequences

. and:in the- ccompletely- unretrormorphosed: ‘ones. The: coaxial*deformations
“during the successive pre-Alpine ‘eévents .is -thevtraditional" Romanian.

"explanation.’ The syn:collisional-Alpine-shearing’ was'favoured by’ pre-
existing sfructural directions, and the post- Nappe’ folding orly reoriented
older synmetamorphm structural 'elemenft?Sl ot fo gl WWO“ aTL L 3

of synthesm of the Fagaras metamor ) ,
_pre-retromorphic features taking ‘ito” accotint ' the’ eifecfs of the"Alplne
" mobilization of the. Supraéretlc criist. With a Keen'awareness' tha‘t’futlﬂe'

work -will' undoubtedly ' modlfy 1f “Wot refute, the’ conclusmns resented -

herein, we consider the time'is ripe- for a‘new framework onwhich’ future;

dlscussmns ca;n be baged: fib o thadelry colimd sy te-ofiided (FOOLY ¥ vt
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FAGARASUL CENTRAL 'SI NORDIC — SUCCESIUNI LITOLOGICE"
© SI STRUCTURA

(Rezuma,t)

in cadrul pohmetamorfltelor ngrupului Figirag” (sensu Kriutner
et 2l., 1983 ; Balintoni et al., 1986) sint separate mai multe unititi lito-
]loglce Este a_doptata ternunolooqa stratigrafici cu precizarea : ,unititile
~litostratigrafice” reprezintd asociatil litologice distincte in cadrul c#rora
succesiunile litologice gi- grosimile actuale sint rezultate prin tra,nspozmla.
avansatd .smmetamorflca

Umta,ylle sint separate conform recomanda,rﬂor Ghldulul stratl-

: gmfle internafional (Hedberg et al. 1976), avind. in’ vedere caracterele
“litologice distinctive preretromorfe. Pe baza reperelor ‘litologice este

demonstratd. continuitatea pe duecijle 2 unor . unitdti lltostratlgraflce
de-a lungul intregulul masiv Figirag. Dispozitia lor spa,tlalé -actuald este

7 — ¢. 362
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efectul deplasirii pe planie de discontinuitate tectonics majors gi al cutfrilor
ulterioare. Rangul acordat unitdfilor litostratigrafice separate este dat
de gradul de detaliere- -impus de necesit#tile ihtocmirii hirtii. Sint prezen—
tate pentru fiecare unitate sinonimiile cu diviziuni Separate anterior in .
cadrul metamorfitelor din Figiras. Unitspile litostratigrifice émt desetise
de la inferior la superlor dups pozitia lor geometric.

- Formafpm:xea. de Piriul Moada afloreazs in nord-véstul si centrul
_magivului’ Fagdrayica fereastrd tectoniod sub, pirza.de Suru. In cadrul ei
- au-fogt. separa,te Jrmitoarele  subunititis subformatiunes. ide M’oldele,
care ocupd o pozitie 'de nucleu de antiformy ; prin intermediul waui orizont
cu caractere de tranzitie (orizontil de Bircaciu) subférmatiunes de Moldele
. trece gradat la subformatmnea de Serbota s.str. care imbraci antiforma
amintitd la sud, la vest gi partial la nord, Subformatiunea de Serbota
s.8tr. si orlzontul de Blrcacm trec lateral la subformatlune& de Poiana
Neamtului. ~ -

Formatiunea de Suru aCOpera, tectonic formagiunea de Piriul Moa$e1 ot
& fost urmirits de la Olt ping in Fagiragul de est. Sufers pe parcurs atit
variafii litologice, precum si unele complicatii structurale: Lirita sudics
cu formagiunea de Migura ‘Ofineni este reprezentatsy printr-o discontinui-
‘tate tectonic majors. La nord-vest este acoperitd transgresiv de depozite -
sedimentare ale bazinului Transilvaniei; incepind din valea Porumbacul
- spre est, formatiunes de Suru suportd tectonic' formapiunea de Alboba.
cadrul format1um1 de Albota a fost rémarcat ,orizontul calcarelor de
Piatra Dracului’”, cu dezvoltate foarte capricioasi.

La nord, formafiines de Albota esté acoperity téctonic de form&— .
tiunea de Slmbﬁ;taa — graisie#, milonitizatd ih masd, cu recristaliziri
dinamice lovale 14 nivelul cloritului. In cadrul formatiunii de Simbita
sint descrise doufi repere litologice discontinue, dar cu pozitie constanti
121 gblva, nivelul cuartltelor de Boltianu i orizontul calcarelm de anma

d. .

Formatmmle desense si planelé tectomce care le separi sint implicate
in cutéri ulterloare Importanta planelor tectonice prezentate va fi relevati
de relatule cu discontinuititile tectonice magore evidentiate in Figirasul
de est.

-

) B -
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 BXPLANATION OF PLATES
e rlliee T PlateIII

Flé 1 — Relict kyanite (ky) ina quartz-senclte aggregate under the Poxana Neamtulul Memlﬁer
g the Transfigiras. road, N+, MU e
: #ig 2 Disharménle folds ih the mylonites at the base of the Albota, ‘Unit; Dz‘égUS edge
Fig. 3 - Garnet (gr) partly replaced by chlotite (cl) and corroded By ﬁﬁﬂeféfmed quartz (an,
‘the Simbata Formation, Téri’;a édge, N 1, 35 %
Rig. 4 —~ Partly chloritized biotits (bi) transverse with respéct to the prat&myldmtic toliation,
the Simbita Formation, Thripa edge. N + 25 %.
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Fig.

Fig.
Fig.

Fig.

Fig

Plate IV

-1 — Armoured oligoclase (olig.) inclusion in K-feldspar (Fg, partly replaced by albite (Ab) —
the Simbédta Formation, Simbita Valley, N +, 100 X.
.2 — K-feldspar (Fy) peripherically replaced by albite (Ab). M — Simbiia Formation,
Drigus edge, N .
. 3 — Oligoclase ¢last (olig.) enrolled in the protomylonitic foliation — Simbédta Formation,
Colfilor edge, N 4+, 25 X.
4 — Muscovite micaceous septum (mu) incompletely transposed om the protomylonitic
foliation — Simbiita Formation, Cirfisoara Valley, N + 25 Xx.

Plate V

.1 — Composite clast — biotite (Bi) + quartz (qz) in the mylonitic foliation — Simbita
Formation, Hermeneasa edge, N +,25 X.
. 2 — Fish-like composite clast-quartz (qz) + albite (Ab) in the mylonitic foliation — Simbita
Formation, Driigus edge, N +,25 X.
3 — Protomylonitic foliation specific for the Simbi{a Formation — Tolfia Hill, N 4+ 25 X.
4 — Iptergranular gquartz recrystallizations — Simbita Formation, Ucea Valley, N4 25 X .

Plate VI

1 — Blastomylonitic microlithon — Simbita Formation, Cirjisoara Valley, N 4 25 X .

. 2 — Detail — ihe subgrained quartz mylonilic aggregate and very finc acicular chlorite
neoformation, N -+ 100 X.

. 3 — The same detail — the acicular chlorite neoformation, N // 100 X .

Fig. 4 — Late quartz recrystallizations — the mylonites at the base of the Surt Fermation —

Capra Valley, N 4 100 X.
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VESTIGES OF A PALEOZOIC OPHIOLITIC SUTURE IN THE
SOUTHERN CARPATHIANS AND THE BALKANS?

5 by

H. SAVY2

Safure zones. Paleozoie. Ophioliie. Olistoliths. Uliramafics. Occanic crust. Plale collision.
Obduelion. Correlation. South Carpalhians. Balkans.

Abstraet

The vestiges of 2 Palaeozoic ophiolitiqsﬁture in ihe bend arca of the Carpatho-Balkan
range are represented by numerous ophiolité ‘slabs_and special tectonic relations. The ophiolite
slabs occur in the Paring and Tarcu Mountains and in the Iu{i-Tisovija, Deli Jovan, Zaglavak
and Ciproyci regions. Their geochemical characteristics indicate ultramafic rocks of Alpine
typc and tholeiitic rocks procoemnq from an oceanic crust The arcuate belt formed of these
ophxohte slabs is marked by an ephiolitic suture line sxtuated behind them, which was formed
by the 'COHI.SX()H of the Moesian and Transylvanian conver'fent plates.

R . . i

Résumé’

Traces d’une suiure ophiolitique paléozoique dans les Carpathes ef les Balkans. Les traces
‘Jd’une suture ,ophiolitiqué paléozoigme del aire de courburé-cérpatho-balkani&]ue sont représentées
par. de nombreux corps de roches ephiolitiques et par:dcs relations tectoniques spéciales. Les
corps de reches dphiolitiques se développent dans les monts Paririg et Tarcu et dans les régions.
de Iuii-Tisovita, Deli Jovan, Zaglavak ét Ciprovci. Leurs cardctéristiques géochimiques indi-
' quent des roches ultramafiques de type alpin et des roches basiques thol¢iitiques provenues
de’la crofite océanique. La ceinture en volite constituée de-ces corps de roches ophiclitiques est
marquée par une ligne de suture ophiolitique située derriére celles-ci et s cst formée de la
collision des plaques convergeantes moesienne et transylvaine.

‘1 Received March 24, 1987, accepted for communication and publication May 20, 1987,
presented at the meecting of June 5, 1987.

2 Institutul de Geologie si Geofleca, str. Caransebes 1, R 79678, Bucuresti.
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Introduetion

In the Carpatho-Balkan area geotectonic and magmatic processes
manifested since the Precambrian (Giuscii et al., 1969). Thus a system
of ophiolitic sutures in association with basic and ultramafic rocks oe-
cured (Savu, Strusievicz, 1987 — Fig. 1). Such phenomena algso took place
during the Paleozoic. Numerous vestiges — ophiolite slabs and tectonic
relations — which indicate a Paleozoic suture — are to be found in the
Southern Carpathians and the Balkans. The present paper deals with
the correlation of these data and the mapping out of the line of the oid
ophiolitic suture.

Ophiolite Slabs

The Palaeozoic bodies occur along the Danubian Autochthon and
the Stara Planina Mountains in the Carpatho-Balkan bend zone (Fig. 1).
In the Paring Mountains of the Danubian Autochthon (Scuthern Carps-
thians) such rocks were described by Pavelescu and Pavelescu (1965),
Schuster (1980), and Berza el al. (1985, unpublished data). These bodies
are represented by olistoliths (Savu and Udrescu, 1982; Savu, 1985),
of serpentinites and basic rocks assigned to the Latorita Formation of
Lower Palaeozoic age, metamorphosed in the greenschist facies during
the Caledonian or Hercynian metamorphism. This formation consists
of metagraywackes, basic metatuffs, quartzites, graphite schists, crystal-
line limestones, metaquartzkeratophyres and metaradiolarites. The asso-
clation of these rocks with radiolarites points to a Palaeozoic metamorph-
osed olistostrome with a volcano-sedimentary matrix.

The ultramafic rocks occur as lenticular bodies maximum 900 m
long, in places phacoidized during the folding and metamorphism of
the olistostrome. They consist of antigorite-lizarditic serpentinites formed
at the expense of the dunites and harzburgites and contain tectonic inclu-
sions of basic rocks, partly rodingitized, an association' which indicates
olistoliths broken from an ophiolitic mélange (Coleman, 1980). The ultra-
mafic rocks correspond to the Alpine-type peridotites (Fig. 2), a feature
‘which results also from the average contents of MgO, Cr, Ni, and the
values of the Cr/Ni and Ni/Co ratios (Savu, Strusievicz, 1987) pointinge
to. their origin in the. peridotitic complex (0O,) of an oceanic crust. The
basic rock olistoliths consist of metagabbros and metabasalts which are
tholeiitic rocks (Fig. 3). On the diagram in Figure 4 these rocks are situat-
ed in the high-Ti ophiolite field, in which the basic rocks from the mid-
ocean ridges usually plot (Serri, Saitta, 1980). All these data show that
the ultramafic and basic rock bodies from the Palaeozoic crystalline
schists in the Paring Mountains are olistoliths proceeding from a dismem-
bered oceanic crusi, obducted and incorporated in a Palaeozoic olisto-
strome with a volcano-sedimentary matrix, later on metamorphosed.

Such small bodies of basic and ultramafic rocks oecur also along
the Danubian Autochthon towards the west, some of them even on the
margin of the Getic Nappe, as thoge to the south of Vulean (Pavelescu,
Pavelescu, 1965). In the light of these data, it is not impossible that the
ultramatic olietoliths from the Jurassic formations on the Craiun Valley
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Fig. 1 — Palacozoic ophiolites and tectonic relations in the Southern
Carpathians and the Balkans (according to the Geological map of
Romania, Yugoslavia and Bulgaria — completed). -

1, ophiolite slabs ; 2, ophiolitie suture line PzS); 3, thrust ; 4, fault.

(Savu et al.; 1986) might represent also olistoliths torn from a Palaeozoic
ophiolite slab like the Tuti-Tisovita slab (Fig. 1) — situated on the ophio-
litic suture — which was removed during the Alpine cycle, broken and
completely dismembered.
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Fig. 2 — NiO—Cr,04 diagram (Malpas, Stevens, 1977).
1, ultramafic rocks from the Paring Mountains (Berza et al,
1985, unpublished data); 2, altramafic rocks from the In ti-Tisovita
ophiolite slab (Udubasga et al., 1985, unpublished data; Strusieviez
et al., 1986, unpublished data). - :
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Fig. 3 — FeO tot-MgO—Na,0 + K,0 diagram (Irvine, Baragar,
1971) for the basic rocks of the Parinn Mountains (Pavelescu, Pave-
lescu, 1965), Tufi gabbros (Bercia, Medesan, 1976). Deli Jovan
gabbros (Terzich-Petkovich, 1960) and the Ciprovei basic rocks

(Haidutov et al., 1985). ’
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Fig. 4 — TiOy—Fe0 tot + MgO diagram (Serri, Sa[l,té, 1980) for .
lhe basic rocks from : 1, Paring Mountains; 2, Iuii-Tisoviia; 3,
Deli Jovan; 4, Ciprovei (the same sources as in Figure 3).

The Tuti-Tisovita ophiolite slab in the South Banat (Fig. 1) comh-
tutes a mass of basic and ultramafic rocks (Tati Unit), tectonically situated
between the Ogradena Unit towards the east ‘and the Almaj Unit towards
the west (8. Nistiseanu and V. Iancu, oral communication). These ophio-
iites had been considered successively as a Palaeozoic igneous body covered
by Permian deposits (Codarcea, 1940 ; Bercia, Bercia, 1962), a nrass of ophio-
lite rocks similar to the ones from the eastern part of Yugoslavia (Kara-:
mata et al., 1980), a Caledonian allochthonous ophiolitic complex (Marun-
tiu, 1984), a fragment of oceanic crust tectonically emplaced (Udubase.
et al., 1983, unpublished data) or a lens of ophiolites tectonically caught
on the tlnuvt plane between the two adjacent tectonic units (Sava, 1985).
The ophiolite slab extends on a north-gzouth area of about 30 km. It con-
sists, starting from the east towards the west — that is from the lower
part of the slab — of = horizon formed of the Plavigevifa epigabbro,
averlain by a horizon made up of ultramafic rocks shomna‘ an obvious
magmatic lamination, after which, in the south-west ot the slab, the Iuti
O‘a,bbros succeed, consisting of dmllage gabbro, olivine oabblo nor we
O‘abbro ete. ¢

The Plavisevita epigabbro (fhser gabbro) presents a blastomylo-
nitic texture and chnopyroxene aralitization and plagioclase saussuriti-
zation phenomena. These features represent the results of the dynamo-
thermal metamorphism in the greenschist facies, which took place durmg

the ophiolite slab obduction from the Palaeozoic oceanic ciust overl’ the
margin of the Moexian microcontinent to the east, from which the pr ebenb
Ogradena Unit came off.
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Ditferent authors (Karamata, 1980 ; Gealey, 1980 ; Jamieson, 1930)
reported that during the emplacement of the ophiolite slabs or sheets
a dynamo-thermal metamorphism of different degrees took place at their
bottom. It was brought about by the dynamic etfects and by the temper-
ature resulting from ‘the friction heat and the ‘heat content of the obduct-
ing ophiolite rocks. The metamorphism in the greenschist facies and the
absenee of the blueschist facies indicate — 2\0(_'01(11110' to Ernst (1974)
and Karamata -(1930) — that the Tuti-fisovita ophlohte slab could be
obducted from a narrow ocean zone characterized by a high leat flow.

In the ultramafic horizon Bercia and Bercia (1962) described dunites
and apodunitic serpentinites, apoharzburgitic serpentinites and rarely
apowehrlitic serpentinites, rocks which have been transformed in places
in tale and listwanites (Udubasa, 1970) The ultramafic rocks present
geochemical characteristies resembling the Alpme -type peridotites (Fig. 2).
The luti gabbros are tholeiitic 1ocks (Fig. 3) situated on the dlacnam in
Figure 4 in the field of high-Ti ophiolites. . All these geochemical features
mdlcate that the ophlohtle rocks of luii-Tisovita onmnate in an oceanic
erust. The ophiolite slab structure; in which horizons of layered basic and
ultramafic rocks alternate, shows that it includes a part of the travnsition
zone from the peridotitie eomple\ (04) up to the oabbroic complex (O}
of this ocean crust.

South of the Danube, in anaOalavm two important Hodies of basic
and ultramafic rocks oceur (I(?ua]nrmtau et al , 1980) . one of them is situat-
ed in the southern extremity of the Car pathians — the Deli Jovan Mas-
sif — and the other one in the western extremity of the Balkans, in the
Stara Planina Mountains — the Zaglavak Massif,

The Deli Jovan Massif (25 km long and 8 km wide) was Studled
in petrographic and structural respect by Terzich-Petkovich (1960), who
pointed out - its tectonic relations with the country rocks and supposed
the massit is not in its initial emplacement. Consequently it is an obducted
ophiolite slab like the Tuti-Tisovita slab. Like the latter, it presents a
Jayered structure in which layers and laminae of basic and ultramafic
rocks alternate, constituting an important petrographic variety. -

Terzich-Petkovich (1860) showed that the ultramafic rocks lie on
the east and north-east massif border, while the basic ones and especially
the diabases are developing in its south-western part. Taking into account
these observations and the layered structure of the ophiolite slab, one
could admit that it was torn from the gabbroic .complex (O,) of the oceanic
crust, because it presents in its base rocks enriched in olivine which make
up the transition down towards the peridotitic complex (O,) and in the
upper part gabbros crossed by diabase dykes which announce the be-
ginning of the sheeted dyke complex (3,) of the oceanic crust. A proof
that this ophiolite massit does not.represent a layeled intrusion iz the
mode in which its basic rocks plot on the diagrams in Figures 3 and 4,
from which it results that they proceed from a tholentl( magma and have
characteristics of high-Ti ophiolites, similar to the basic - ocks in the mid-
ocean ridges (Serri, Saitta, 1980).

Takmﬂf into account the position and structure of the massif, it
can be concluded that the ophiolite slab was obducted from south-west
towards north-east and it was sliding on the serpentinized ultramafic
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rocks from the lower: horizon. The gabbro layers within the slab were
also affected by amphibolization and saussuritization, probably under
the Influence of the dynamo-thermal metamorphism in the ;,leensclmt
facies which took place during the ophiolite obduction.

Another Palaeozoic ophiolite slab in the Balkans is represent ed by
the ‘Ciprovei ophiolites (Bulgaria), situated at the springs of the Lom
River, in the Stara Planina Mounfains (Haidutov eteal., 1985). This slab-
ifes at the hase of the dlab%eﬂphylhtmd complex — pl obably an equi-
valent. of the Latorita Formation - and - coniptises an almost complete-
gequence of an ophiolite suit e, represented by the ocean floor basalt
complex (1)) in pillow lava facies. (Rupska Unit), the sheeted dyvke com-
plex (O,) or the Manastir Unit and a lower complex of layered cumulates
(Kopllovml Uhnit) consisting of layers of gabbros and olivine-clinopyroxene
rocks, which might leplment the gabblo complex (0,) of the oceanic
crust. The ophlohte rocks have been affected by the ocean floor meta-
miorphism in greensclhist” facies: (I—Iauldutov et al., 19853).

The quoted authors showed that the Ciprovei ophlohteb are similar
to the ophiolites from. the other regions in the world. The basic rocks are
tholeiitie rocks. (Fl" 3) and show oeochcmmal chametenetles very similar
t0 the basic rocks in the present Inld ocean lld"'eb (Fig. 4). .

i

Ophiolitic Suture Line

The Palaeozoic ophiolite . slabs are distributed along an ar guate
belt which extends from the Southern Carpathians to the Balkans, being
conformable to the bend of this range and parallel to the westein margin
af the Moegian Platform , (PLO 1). Behmd these ophiolite slabs, in places-
in eontact with them, there is a system of tectonic lines with thrust char-
acteristics, which nnoht represent the line of the old ophiolitic suture
(Fig. 1, E;A ). Behind this line the Alpine thrust plane of the Getic \appe
follows from the west (Ifig, 1). Maruntiu (1984) reported that in the west
of the Southern Carpathians the ophlohtlc suture, on which the ophiolite
siab of the Iuti-Tisovita lies, has an important northward extension. In
our opinion, it followed the arcuate regional stiuctural trend of the Danu-
bian Autochthon. Tn the noith of the Southern- Carpathians it probably
coincides with the big gravimetric anomaly pointed out by Airinei (1980),
which conld be determined by an important mass of Palaeozoic ophiolites
like the Iuti-Tisovita one, situated under the Getic Nappe.

In the north of the Almaj Mountains the ophiolitic suture is overlain
by the Getic Nappe; farther its line — if it does not merge in the thrust
plane of this nappe — seems to maintain, however, near its bhorder. Evi-
dences in this respect are the ser pentlmtle slabs whlch occlr in the Danu-
bian Autochthon, some of them just on the Getic Nappe border and others
in the Palaeozoic formations from Ciunget to the big Tuti-Tisovita ophiolite
glab on the Panube and farther towards the Deli Jovan slab. In the Danube
area the thrust plane of the Getic Nappe moves off the ophiolitic suture:
Jine up to west of the Almaj Mountains ; in Yugoslavia it again gets neax:
thig line (Fig. 1).



108 = H SAVU - - 8.

South-east of the Deli Jovan ophiolite massif the two tectonic
planes seem to be cut by a fault trending north-south and strongly shitted -
by it (Fig. 1), Bast of this fault, in the Stara Planina Mountains, the
tectonic image changes a little, for it seems that there the ophiolitic suture
plane is the one situated south-west of the Berkovica Anticlinorium, on
the plane of which the Zaglavak ophiolite magsif is situated (¥ig. 1), and
the tectonic plane in front of this anticlino~ium, on which the ophiolites
of Ciprovei lie, mlght be a secondary thrust plane, possibly an Alpine
one or an old plane reworked during the Alpine cycle,

Conclusions

g “ Soe

The Palaeozoic ophiolite “labs in the Southern Carpathians ‘and
the Balkans represent fragments torn from a dismembered oceanic crust’
of Lower Palaeozoic age.

. The cumulate structure with thiek monomineral sequences of adcu-
mulus type as well ag the dynamo-thermal metamorphizm in greenschist
facies suggest their origin in a narrow ocean zone of high heat flow,

By the ocean zone closure fragments of unconsumed oceanic crust
‘have been obducted towards the east on the microcontinent, so that due
to collision, some ophiolite slabs were caught on the Benioff plane, thus
marking the ophiolitic suture plane.

Due to the very complicated geological processes in the bend arex of
the Carpatho-Balkan range, an imbricate tectonic structure took place.
‘Under these conditions the Palaeozoic ophiolitic suture plane — ag weil
as that of other structures — underwent the following changes: it got o
strong dipping, in places it was shifted by different faults and covered by
new sedimentary deposits and tectonic umts, s0 that the suture line is
very difficult to trace nowadays.
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VESTIGIILE UNEI SUTURI OFIOLITICE PALEOZOICE
IN CARPATII MERIDIONALI $1 BALCANI

(Rezumat)

Vestigiile unei suturi ofiolitice paleozoice prezente in zona de curburd
. & catenei carpato-balcanice sint 1e}afezem;ate prin-nurmeroase mase (slabs)
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de ofiolite obduse dintr-o crustd oceanicd dezmembratd gi prin relagii
tectonice bpecmce

Zona oceanicd din care au p] ovenit ofiolitele era situati am oximativ
pe amplasamentul actual al catenel carpato-balcanice, la vest de placa
moesicd. La inchiderea acestui ocean fragmente de crustd oceanicd necon-
sumate au fost obduse pe continentul moesic, astfel c¢d datorita coliziunii,
unele mase de ofiolite au fost prinse pe planul Beniotf, ele marcind astfel
planul suturii ofiolitice din rigura 1. '

Masele de ofiolite apar in muntii Paring, Tarcu si in regiunile Iuti-
Tisovita, Deli Jovan, Zaglavak si (‘1pr0\ ci (fig. 1). Aceste ofiolite se
prezinta fie ca blocuri e_\otlc (thtohte) inglobate intr-o olistostroms
metamorfozatd (Paring), fie ca unitati tectonice obduse (Iuti-Tisovita,
Ciprovei) sau sub forma de corpuri ofiolitice de dimensiuni mai mart
sau mal mici. Unele dintre ele (Iuti-Tisovita, Deli Jovan) prezintd in
bazd fenomene de metamorfism dinamotermic in faciesul gisturilor verzi,
care s-a produs in timpul obductiei pe continent.

) Textura eumulatelor cu secvente monominerale gr oase de Up adeu-

mulus, ca si metamorfismul dmamo termic in faciesul gisturilor verzi
aratd cii zona oceanicd in care s-au format ofiolitele a fost ingustd sia
avut un flux termie ridicat. )

Caracteristicile geochimice ale ofiolitelor bazice si ullrahazice (ha-
mlte, dolerite, ga,bbrourl peridotite, dunite, serpentinite etc.) indic
roci.ultrabazice de tip alpm i roci tholeiitice de fund oceanic (fig. 2, 3, 4),
ce provin din crusta oceanului paleozoic mentionat.

Centura arcuiif schitatd de corpurile de ofiolite obduse este marcatd
gi de o linie de suturs ofiolitica situatd in spatele lov (fig. 1). Aceasta s-a
format datoritd convergentei celor douii placi de la est si vest de zona
oceanicid paleozoicd, respectiv plicile moesicd la est §i carpaticd la vest.

Datoritit proceselor geologice foarte comphcate care au avut loc
fn zona de curburi a catenei carpato-balcanice ia nagtere o tectonici
imbricatd, in care conditii planal suturii ofiolitice paleowlce — ca 8§
alte structuri — a suferit uwrmitoarele modificdri : a cipitat o inclinare
mai mare si pe alocuri a fost sectionat si decrosat de diferite falii transver-
sale mai noi si acoperit de depozite sedimentare mai recente (fig. 1), astfel
¢d astizl este foarte dificil s urmirim vechea linie a suturii ofiolitice
paleozoice. '
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5. TECTONICA $I GEOLOGIE REGIONALA

STRUCTURE OF DANUBIAN TECTONIC UNITS BETWEEN
NOVACI AND THE PARING PEAK WITH SPECTIAL: REGARD
TO THE AMPHIBOLITE DRAGSAN SERIES

by

HARALAMBIE SAVU?2, HORST P. HANN 2, CONSTANTA UDRESCUZ,
VASILICA NEACSU 3, MIMAI TATU®

Danubian Unils. Melamorphic rocks. Volcanoclastics. Ullramafics. Amphibolifes. Major
elemenis. Trace elements. Relrograde metamorphism. Thrust faull. Tectogenesis. Soulh
Carpathions — Cryslalline Danubian Realm — Paring BMountains.

Absiraet

There are thrce major tectonic units in the Novaci-Paring Peak region from the Danubian
Autochthon (South Carpathians) as follows : Crasna, Sadu and Paring-Vulean. The latter unit
thrusts over the Sadu Unit probably at the end of the Assynthic movements or in a pre-Iercy-
nian movement and both units thrust over the Crasna Unit during the post-Liassic movements.
During the Hercynian and post-Liassic movements the infrastructure was retromorphosed and
structures (scales) that affected also the pre-Hercynian overthrust plane of the Paring-Vulcan
Unit over the Sadu Unit formed within it. The small ultramafic bodies from the Dri#gsan Scries
show features characteristic of the peridotites from an oceanic crusf. The chemical composition
of the amphibolites fromx the Drigsan Series and their content of trace elements are influenced
by several factors, so that the tectonic setting of the pre-metamorphic basic volcanic rocks

cannot bhe established for certain, although these rocks might have represented an oceanic
crust.

Résumé
Structure des unilés lectoniques danubiennes entre Novaci el le sommel Paring 4 considé-

rations sur la série amphibolitique de Drdgsan. 11 y a dans la région de Novaci-sommet Paring
de Vautochton danubien (Carpathes Méridionales) trois unités tectoniques majeures : de Crasna,

1 Received 17 November, 1986, accepted for publication 13 April, 1987, presented at the
meeting of the Enterprise for Geological and Geophysical Prospecting of 12 December, 1986.

2 Institutul de Geologie si Geofizicéd, str. Caransebes 1, R 79678 Bucuresti 32.

3 Intreprinderea de Prospectiuni Geologice si Geofizice, str. Caransebes 1, Bucuresti 32.
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de Sadu et de Paringfv"u‘lcan. La derniére unité a charrié sur V'unité de Sadu probablement
‘vers la fin des mouvements assyntiques ou hien pcn(lznit un mouvement préherceynien, toutes
les deux unités chevauchant 'unité de Crasna durant des mouvements postliasiques. Au cours
des mouvements herevniens et postliasiques Pinfrastructure a ¢té rétromorphisée ct des strue-
tures s’en sont formees ; elles ont affecté également le plan de charriage préhercynien de l'unité
de‘Paring—Vulcan surmontant unité de Sadu. Les petits corps d’ultrabasiles de la séric de
Drigsan présentent des caractéristiques des roches de Ihorizon péridotitique (O4) d’une crofite
océanique, La composilion chimique des amphibotites de la série de Driagsan el leur contenn
en ¢léments trace sont influencés par plusicurs facteurs, de sorte qu'on ne peut pas établir
avec certitude la situation tectonigue.des roches volcaniques hasiques prémétamorphiques

bien qu’elles puissent représenter une crollitec océanique. ,

Intreduction

On the oceasion of the investigations for the elaboration of the
geological map, scale 50,000, sheet \ovam we revised and partly mapped
the region in the Paring Mts. situated bemeen the Gilort Valley and the
- eastern slope of the Galbenu Valley, from Novaci to the Pating Peak
(Savu et al., 1985). The researches in this region represent the eastwald
zaontinuation of the studies carried out in the Danubian Autochthon by
some of the authors of the present paper (Savu, 1972 ; Savu et al,, 1973 a;
1873 b, 1974).-We <hall further present the new data obtained, especially
the tee 10n1( oneg, which will provide & complete image of ihe geological
structure of the Danubian Autochthon (PI. I).

- The southern part of the-Paring Mtis. was previousty-investigated
by Paliue (1973), Manolescu (1937) and Ghika-Budesti (1940). Dater on
new data were obtained by Bercia and Bercia (1958, 1959), Trifulescu
et al. (1964), Dragomir and Argenescu (1963) and Arsenescu (1966) who
carried out prospection works in the region for various mineral resources.
Recently Savua (1970, 1972) and Savu et al. (1973 a; 1973 b ; 1974 ; 1976)
remapped the whole region on scale T :10 000 and 1 25 000 lIlVGStlQ,cuflll&
the roeks from the petrological and geochemical viewpoints. The Mesozoic
’*ormihons were investigated by Huicd and qu’bu (1964), while the Neo-

’%ng ones by Marinescu (1965).
Banubian Teetepic Units in the Region

In 1930 Savu and Hann (1982) showed based on the obgervations
on the Muntele Mic area that the imbricated tectonics of the Danubian
Autochthon is polyphasic and milch more complicated than was previons-
ly known, pre-Hercynian, Hercynian and Alpine structures existing in
this area. In 1981 Savu (in Savu et al., 1984) establishes the pre-Hercynian
overthrust relationships existing between the Drigsan Series (Cerna-
Ciunget Unit) and the Lainici-Piius Series (Godeanu-Oltey Unit); up
to that time all the tectonic accidents known in the region were considered

Institutul Geologic al Romaniei
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of Alpineage. Later, in the same year, Kidutner et al. (1981) publishes a map
-to the (xuldc for the Congress of the Carpatho-Balkan Geological Asso-
clation in which structures varying in age are presented in the Danubian
Autochthon, changing the denomination given by Savu et al. (1934) to
the two ])19 Hercynian mentioned tectonic unite.

The structure of the Danubian Autochthon is determined by three
tectonic units varying in age, which are facing to SSE, towards the Moe-
gian Platform which is subductcd under the Tl ‘m.svlvmman Plate (Savu
et al., 1972 a; Savu, 1980), the shearing of which gave rise to the tectonic
anits from the Carpathians. In the investiga.ted region, the following
tectonic nnits are represented flom boticm 1o top : the Crasna Unit, the
Hadu Unit and the Paring-Vulcan Unit (Savu el al.,, 1985).

Crasna Unit. Thiz iz the lowermost unit, which crops out only be-
tween Crasna and Driigoesti —west of thelemonhom ed on thepresented map.
It is overthrust from the north hy the c1yslalhne sehists of the L(umu-
Pdius Reueq and the, taadeorogenic granitoids from the Cilipinig-Novaci

massif (Savu, 1872 a; Savu et al., 1972 By 1973 b) from . the Sadu Unit
and transgressively oveann from fhe oufh by the Neozoic sedimentary
deposits of the Pencalpa,thl‘m Depression. In our opinion, this unit extends.
eastwards in the Novaci region, Lut it does not outcrop, being overlain
by younger deposits. Also, it extends westwards, under the crysta«lline
schists and the Arseni, Sadu and Porceni granitoids from the Sadu Unit,
ap to Schela, farther westwards along the external margin of the Dannbian
Autochthon, where it does 1ot outcrop from under the Sadu Unit and the
more l(’CLI’lL sedimentary deposits. As it was found at Drigoesti (Savu
et al., 1982 b) the basement of the unit cousists of Uyatalhne schists.
similar to those from the Lainici-Pdiug Series. This basement is overlain
by deposits of the Schela Formation bgaulno anthracite, which are con-
sidered to he Liassic in age (Huled, Sirbu, 1964) The presence of these
deposits shows that the overthrust of the k,adu Unit took place after the
Liassic.

In its present position, the Crasna Unit appears to be in an cLIltOCh—
thohous position. But it is not known, without a checking by drillings,
whether the. Crasna Unit is the unit of the Transy. lvanmn_Plate, which
ig in collision with the Moesian Plate, in accordance with Savu’s model
(1985) or it overthrusts another unit tectonically contacting the Moesian
Plate as was suggested by Savu et al. (1987); at plegent these units are
overlain by younger sedlmentary deposits.

Sadu Unrit. This unit, pomted out by Savu et al. (1984) under the
name of the (Godeanu-Oltet Unit govers most of this region (Pl. I). It
comprises also the Schela Nappe outlier, which is thrust over the formation
of the same name (Drighici et al., 1967 ; Savu, 1970). Towards SSE it
thrusts over the Crasna Unit and is in its turn overthrust by the Paring-
Vulcan pre-Hercynian Unit from NNW. These two tectonie units, which
have a common Paleozoic sedimentary cover (Savu et al., 1984) formed
together during the Alplne cycle what Berza et al. (1985) na,mod the Lainiei
Alpine Unit, which in fact overthrusts the Crasna Unit. The southern
.margin of thls overthrust unit can be followed up to Stincesti, but it.
contlnues westwards under the younger sedimentary deposits.

8 — c. 362
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This unit consists of the Lainici-Piiug Series, the granitoids from
the Susita synkinematic pluton, those from the Cirpinig-Novaci tarde-
kinematic pluton, showing a gzonal structure as well as the Paleozoic
formations from under the scale on the crest west of the Roman Valley
(P1. T). According to the chemical and mineralogical composition, the
plutonic rocks represent collision granitoids (Harris et al., 1986) generated
by the collision between the Moesian Plate and the Transylvanian Plate
(Savu et al., 1972 a). The Lainici-Piiusg Series represents a detrital meta-
morphic formation of psammitic and pelitic nature. 1t was folded and
metamorphosed during the Assynthic movements, simultaneously with
the Drigsan Series, over which it formed in the Precambrian geosynecline.
Although it was affected by retromorphism processes, especially Hercynian
(Savu, 1972), from the parageneses indicated by the relict minerals, it
was found that it was initially metamorphosed in the conditions of the
-almandine amphibolite facies to the greenschist facies. This series consists
mainly of paragneisses and almandine, biotite and muscovite feldspathic
quartzites interbedded with biotite quartzites, graphite schists, para-
_gneisses and micaschists, limestones and crystalline dolomites. Near the
“granitoid rocks plutons and especially near the Cirpinis-Novaci one,
the metamorphism is more intense, as the P71 regional metamorphism
conditions combined with those of the synkinematic contact metamor-
phism resulted in a special, Danubian type metamorphism (Savu, 1970).
In the zones atfected by this type of metamorphism, especially in the
.strip from the Arseni-Oltef syncline, situated between the two plutons,
sillimanite + cordierite 4+ andalusite gneisses form (Savu, 1972; Savu
et al., 1973 a; 1973 b). Silicate hmestones (forsterite, salite etc.) also form
“on the Gilort and Galbenu Valleys under the influence of the Danubian
type metamorphism. This series includes very rare amphibolite interbeds
-such as those on the Teiy Valley and east of the Migura Mount.

The Lainici-Piiug Series i3 intensely mlgma,tls'ed in places. Owing
‘to the arteritic migmatization process brought about by the granitoid
-solutions, various mlcrmatlte types get formed in this series (Sa,vu et
al., 1974). On the Aninigu Mare Valley, situated west of our map, the
nebulitic migmatites associate with kinzigite rocks enriched in large cordi-
-erite crystals, partly pinitized, similar to those described by Hirme and
Perttunen (1971) in Finland which were investigated by one of the authors
-of this paper round Helsinki. These rocks are crossed by ptygmatic veins
of granitoid rocks (Savu, 1972). They might represent an instance of
“*bagic front” associated Wlth the migmatization process (Savu et al.,
1973 b).

The Sadu Unit presents its own 1nterna1 pre-Alpine tectonicss
formed during the Assynthic folding and metamorphlsm of the crystalline
‘schists of the Lainici-Pdiug Series and the emplacement of the granitoid
“plutons, and, later on, during the Hercynian movements that determined
- the metamorphism of the Paleozoic formations and affected the Assynthic
‘infrastructure. Among the Assynthic structures one can distinguish the
‘Nedeiu-Sugita-Tismana anticline, in the axial zone of which, the Susita
‘gynorogenic gramtmd pluton was emplaced (Savu, 1970 ; 1978) Farther
.south the Argeni-Oltet syncline consisting of the La1n1c1-Pa,1u§ Series,
intensely mlgmatlzed ig formed (Pl. II, Figs. 1 and 2). Farther south,
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the Olte’g-\fova;m-()arpmls anticline follows, it the axial zons of which
the Cirpinig-Novaci tardeorogenic granitoid pluton is present (Savu,.

1972; 1978 ; Savu et al.; 1973 b). As résults from the Novaci map, scale -
11% 50 000, thls structure is cut by the OVerthrust planeé of the Sadu- Umt
over the Orasna Unit.

" During the Hercynian movements, in the formed Structures, the
Assynthic infrastructure, the La,lmci-Pémg Series respectively, was algo
involved ; the crystalline schists of this series were retromorphosed, the .
gramtmd rocks being meta,morphosed in the greenschist facies (Savu,

: 1970). This last process manifested 290 in.y. agoe {Soroiu et al., 1970) as
shown by the radiometric age of % gericite-chlorite orthoschist formed at
the expense of the Susita granite (Savu, 1972). In this way & diagonal

~ secale’ forms; considered by Berza et al. (1985) as the Vilcan-Pilugu Unit,
which is underlain by rocks belongmg to the Schela Formation on the
crest between the Romanu and Setea Mare Valleys; a scale which would
be linked south-westwards with the structures of the present syneline
from Rafaild; in the Jiu Valley. The fact-that the Paleczoic formations
from this synclihe are overlain also by Liassic deposits indicates that the

Hercynian structires were partly resumeéd also during the Alpine move-
ments. In the Horth-eastérn corner of thé region (Musetoaia Peak) the
above-mentioned scale affected under & sharp angle also the pre-Hercynian

tectonic contact between the Paring-Vulcan and Sadn Units, being under-

lain by Paleozoic phyllites descrlbed by Berza et al. (1985) s belonging °
to the Schela Formation (P1. I). - =

. ,Parmg-Vuloan Unit. This pre—Hercyman Unit pointed out by Savu
in 1981 (Savu et al., 1984) in the west of the Paring - Mts. as: the Cerna- .

- Chinget Unit comprlses in this region the Drégsan Series, which is intruded
by the granitoids of the Pa,rmg pluton. it overthrusts the Lalmcl-Pémg
Series from the Sadu Unit.

'« As results from the Novaci map, scale 1 : 56.000 as Well as from the
here-presented map, the overthrust nappe prolongs from the Jiu Valley
(Savu &t al.; 1984) south of the Thrtirin Pea,k the springs of the Gilort
Valley, south of the Pipusa Peak, the springs of the Galbenu Valley
and south of the Mu§etoala, Peak, Whele it is affected by » fault trénding
NW —SE ; farther it follows a NE direction, towards the Latorita Valley.
A clear arvument supporting the tectonic position of the two units is also
“the fact. that the direction of the overthrust line between them forms
- sharp angle with the direction of the above-described Assynthic struc-
‘turés froi the Sadu Unit. As results from the Schela map, scale 1 : 50,000

. (Savu ét al., 1984 b) the Paléozoic formations from the Vulcan Mts overlie
transgresswelv the overthrust plane, which mdlcates the pre—Hercyma,n
age of the overthrust (Savu et al., 1984 ay.

. Along the overthrust plane, the rotks of both umts bemg in conta,ct

but especially those of the Lainici-Piiug Seriés from the Sadu Unit, aré

"’mtensely mylonitized and laminabed. Mylomtlzatlon shows various &Spects
in different rocks. Within the amphibolites fromn the Driggan Series, it
gradually advances to their compleéte Iamination, when lenticular struc-
tures occur in these rocks. Imtla,lly a;mphxbole is chloritized, while plagio-
clage is sericitized ; secondary minerals are oriented in the lamination
plane which is parallel to the overthru%t plﬁne This process advances

>
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a8 ‘we' get nearer the overthrust plane, giving rise to schistous rocks cori-
s1stmg entirely of chlorite and relict a,mphlbole, impregnated with fine
,iron:oxide grains. Within the laminated amphibolic gneisses the plagio-
"clase and amphibole crystalloblasts are transformed into a strongly foliated
groundmass, in which the recrystallized quartz grains are transformed into
very elongated lenses ; the hard and Dbrittle. almandine prophyroblasts
pierced: by quartz graing remain as such, but are rolled in places and usually
crossed- by numerous pa,rallel and’ sometlmes broken fissures, leaving
behind them a trail of grains varying in gize. Within the rocks of the Lal-
* niei-Pgiug Series, which do not include garnet porphyrobla,sts, the rocks
are strongly laminated, showing a uniform schistous or lenticular struc-
- ture, The porphyric granitoids from the apophyses intruding the Driggan
Series are also affected. by lamination, that transforms their groundmass
which is granular and consists of quartz, plagioclase, biotite and K-feldspar
‘into a schistous mass formed-of fine quartz, sericite and chlorite grains,
in which small recrystallized quartz lenses ean be noticed. It is worth
noting that the K-feldspar megacrysts exhibiting a microcline, or micro-
clme-perthlte texture are not affected'by:this lamlnatlon process, their
deformation being hardly visible, as is shown by their texture as welk
as by ‘the undisturbed plagioclase and biotite fine crystals.

Later transverse faults affect and shift the overthrust plane of
the Pa;rmg-Vulcan pre-Hercynlan Nappe -

.' ) Structure and Petrography of lhe Dxagsan Serles Amphlbolltes

2

“The Drégsan a,mphlbohtes Serles is the oldest metamorphlc series
of the Danubian -Autochthon geological formation ; it was formed in the
Upper Precambrian eugeosynecline (Giusei et al. 1969) covering approxi-

mately the present Carpathian -area, before the Lainici-Pdiug Series. It -
represents a volcano-sedlmentary series” _metamorphosed durlng the
Agsynthic movements. This series consists of centimetric to decimetric
bands (PL. 11T, Figs. 1, 2), formed of orthoamphibolites, amphibolic gneis-
ses, garnet amphlbolltes and more rarely fine biotite gneisses alternating:
between them ; this leads to a banded structure, very characteristic. of
this series. In plaees small serpentinized ultramafic rock bodies are hosted
in the Drigsan Series especially between the Mugetoaia Peak, in the exten-
sion. of the alignment” of serpentinized ultramafic rocks in the western
~ part of the Parmo ‘Mts. (Savuet al., 1984 a). They belong to two petro- -
graphic types : harzburo-ltes and Iherzohtes, the latter type occurring
more rarely. The rocks: conmst of a schistous serpentinite mass, formed
of amt1gor1te—11zard1te which ig impr egna.ted with fine secondary magnetite
grains. Some rocks are marked by a banded structure in which very thin
serpentlne bands alternate with extremely fine bands bearing frequent
magnetite grains. In these rocks the bastite pseudomorphoses are ‘alse
lenticular and ‘elongated. In the rocks.originating from harzburgites
bastite pseudomorphoses after :an’ orthopyroxene can be noticed, while
in those resulted from lherzolites; both bastite. pseudomorphocses and de- ,
formed chnopyroxene crystals occur. meg to the gramtmd solutlons the

ultrama,flc rocks are in ‘places altered in tale.
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As the serpentinite bodies are associated with a great mass of orfho-
amphibolites, they may be considered to represent, as in the cage of the
ultramafic rocks of the ITelova and M#ru Series, small intrusions of ultra-
mafic magma within an oceanic crust, which were later subsequently
metamorphosed during the Assynthic movements, together with the
Drigsan Series rocks. -

- In the upper basin of the Sadu Valley, situated in the north-western
part of the region figured on the Novaci map, scale 1 : 50,000, in the
Drigsan banded amphibolites small limestone and dolomite limestones
are interbedded (Paliuc, 1937), which represent the same horizon in which
the crystalline limestones and the silicate limestones lie, that occur in
the Drigsan Series on the Jiu Valley and were figured on the Schela
map, scale 1 : 50,000 (Savu et al., 1984 b). .

The Drigsan Series is crossed by the Paring granitoid pluton (Savu
et al., 1976) which develops in the north (Pavelescu,1970). Only the south-
ern and south-western apophyses of this pluton reach the investigated
region.

The Assynthic metamorphism that affected both the Drigsan
Amphibolite Series and the Lainici-Pdius detrital Series was achieved
approximately at the level of the almandine amphibolite facies. Subse-
quently both series were affected by retromorphism processes that mani-
fested in three epochs : a) at the end of the Assynthic movements when
the thrust of the Paring-Vulcan Unit over the Sadu Unit took place;
b) during the Hercynian movements; c¢) more rarely during the Alpine
movements. The retromorphism processes manifest by the deformation
and partial recrystallization of the metamorphic rocks; the primary
minerals of the amphibolites such as the green amphibole, plagioclase,
quartz, biotite and almandine recrystallize, the melanocrate ones being
replaced by chlorite, while the plagioclase feldspar was replaced by albite.

1A
Geochemistry of the Driigsan Series and Origin of Amphibolites

In order to know the chemical composition of the basic and ultra-
mafic rocks of the Drigsan Series and the distribution of the trace elements
in this metamorphic series, 5 serpentinites and 10 orthoamphibolites
(Tab.) were chemically analysed and by emission spectrography.

- The MgO contents in serpentinites range between 33.60 and 38.699%,
which indicates their origin in a primary peridotitic magma (Savu et al.,,
1986). Due to the transformation in talec of some ultramafic rocks, deter-
mined by the synorogenic and tardeorogenic granitoid solutions, modifica-
tions in the distribution of some “stable” trace elements occur. Thus Cr,
which seems to have been the most affected element, shows a content
characteristic of the ultramafic rocks (Turekian, Wedepohl, 1961) in a
single sample. It is found in much smaller amounts in the other rocks,
being not present in the talc network, the latter secondary mineral being
formed at the expense of serpentinite.

The Si0, and MgO contents in amphibolites indicate a series of basic
rocks which are basaltic in composition. Savu and Udrescu (1982) showed
that the Assynthic amphibolites of the Carpathiansas wellas thoseof anoth-
6ér age, exhibit features characteristic of the tholeiitic rocks.
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The trace elements from the amphibolites are also characteristic of
basic rocks. The metamorphic differentiation processes determine higher
Cr and sometimes Ni values in the rocks formed prevailingly of green
amphibole, concomitantly with the increase of the MgO amount (Tab.).
In the case of Zr, the values widely range between 10 and 280 ppm. The
~ high Zr values may be due to the arteritic migmatization of the rocks from
the amphibolite series, achieved under the influence of the granitoid solu-
tions. Similar aspects are also neticed. in the case of Ba (Tab.). d
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Fig. 1 — Zr/Y—Ti/Y diagram for the amphibolic rocks
. .. of the Paring Mts. - | S

Asregards the origin of the rocks forming the amphibolites of the
Drigsan Series, as it has already been shown (Savu et al., 1984 a), they
might represent ocean floor rocks which underwent several modifications
caused by the sedimentary material supply during the deposition of the
basic tuffs, the metamorphic differentiation and the arteritic migmatization
© processes (Savu, Udrescu, 1982). That is why, as shown also by our present
investigations, it is very difficult to apply the methods, commonly used
for establishing the tectonic setting of the eruptive rocks, unaffected by
"the above-mentioned phenomena. Nevertheless, on the diagram from
Tigure 1 (Pearce, Gale, 1977) in which the rocks from Table as well as
~ those previously published for the Paring Mts. are plotted (Savu et al.,

1984 a), most amphibolitic rocks plot in the marginal plate basalt field.
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The diagram in Figure 2 (Pearce, Gale, 1977) shows that 509, of
these rocks plot in the ocean floor basalt field, which would indicate that
the Drigsan Series amphibolites might have formed in a rift zone, as a
result of an intense voleanic activity that manifested simultaneously with
intermittent depositions of terrigenous sediments and limestones. The
rocks affected more intensely by migmatization, which exhibit high Zr and
lower Tiand V contents plot well outside any of the fields on the diagram.
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Fig. 2 — Ti—Zr diagram for the amphibolic rocks from the Paring Mts.

Taking into account the volcano-sedimentary character of the series,
we think that the possibility that it represents the product of a volcanism
showing a transition tectonic setting of MORB/WPB type (Pearce, 1980)
is not excluded.

Conelusions

The conclusions arising from this paper are as follows :

In the Novaci-Paring Peak region three major tectonic units can be
distinguished : Crasna, Sadu and Paring-Vulean.

The Paring-Vulcan Unit thrust over the Sadu Unit probably at the
end of the Assynthic movements or in a pre-Hercynian movement and
both units thrust over the Crasna Unit during a post-Liassic movement,.

During the Hercynian and post-Liassic movements, the Assynthic
infrastructure is retromorphosed and forms structures which affect also
the pre-Hercynian overthrust plane of the Paring-Vulcan Unit over the
Sadu Unit.

The unltramafic rocks show features characteristic of an cceanie

-erust.
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The chemical composition of the amphibolites from the Drigsan
Series as well as their contents of trace elements are influenced by several
factors, so that the tectonic settings of the pre-metamorphic basic voleanie
rocks ecannot he established for certain, although they might have repre-
sented an oceanic crust.
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STRUCTURA UNITATILOR TECTONICE DANUBIENE
INTRE NOVACI SI VIRFUL PARING CU PRIVIRE SPECIALA
ASUPRA SERIEI AMFIBOLITELOR DE DRAGSAN

(Rezumat)

in regiunea Novaci-virful Paring din partea de est a Hirtii geologice
2 B.8.R., 1 : 50000, foaia Novaci, se gisesc urmidtoarele unitidti tectoniee,
considerate de jos in sus : unitatea de Crasna, unitatea de Sadu si unitatea
de Paring-Vulean (Savu et al., 1985) (pl. I). Unitatea de Crasna este cea
mai sudics din harta Novaci; ea afloraezi intre Crasna s1 Drigoesti si mai
la vest la Schela. In zona Novacl ea este acoperitid de dep0z1te sedimentare
mai noi. Ea constd intr-un soclu cristalin apropiat de seria de Lainici-
Paiug, peste care repauzeazd discordant formatiuni liasice de tip Schela
cu antracit. Unitatea este incilecats de la nord de unitatea de Sadu, pe un
plan de sariaj postliasic. Unitatea de Sadu este alcdtuitd dintr-un soclu
assyntic constituit din seria de Lainici-Pdius de virsiéd precambrian-supe-
rioard B, care este migmatizatd (pl. IT) i strédbdtutd de plutonul granitoid
de Susita — sinorogen, si de plutonul granitoid tardeorcgen de Cirpinis-
Novaci cu structurd zonard. Acesta din urmi este sectionat de planul de
sariaj mentionat, astfel cd din el nu apare la zi decit partea sa nordici.
Aceastd unitate a fost incélecats de unitatea de Paring-Vulcan pe un plan
de sariaj assyntic-prehercinic (Savu et al., 1984), Unitatea de Paring-
Vulcan este constituitd i ea dintr-un soclu assyntic, format din seria
vulcanogen-sedimentard metamorfozatd de Drigsan, care este strabatutd
de granitul de Paring. Aceste doud unitifi care au fost sudate in timpul
Paleozomulul au fost acoperite de formatiuni paleozoice si apoi liasice.
Acestea fiind in cea mai mare parte erodate, nu se mai paqueaza in prezent
decit sub doi selzi : unul este situat intre valea Romanu si valea Setea
Mare si altul in coltul de NE al regiunii, pe virful Musetoaia (pl. I).

in timpul metamorfismului hercinie (290 m.a.) este retromorfozatd
infrastructura metamorficd assynticd ce formeazd scclul celor trei unitéti
tectonice descrise, iar granitoidele sint laminate pin la ortosisturi sericito-
cloritoare.

Seria de Driigsan este rubanaté (pl. I1T) si constd in amfibolite, gnaise
amfibolice, paragnaise, gnaise cuarto-feldspatice §i calcare cristaline sau
cu silicati in care sint prinse rar mici corpurilenticulare de serpentinite.

Compozitia- chimicd a amfibolitelor (tab.) indic#& roci tholeiitice de
margine de placi (fig. 1), dintre care 509, se situeazd in cimpul bazaltelor
de fund oceanic (fig. 2), indicind probabil caracterul real al rocilor bazice
initiale ; celelalte roci se disperseazi in alte cimpuri ale diagramei sau in
afara lor. Se considerd totusi c#, datoritd contamingrii rocilor sub influenta
mai multor factori, nu pot fi stabilite cu certitudine conditiile tectonice in
care au erupt rocile vuleanice premetamorfice.
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EXPLANATION OF PLATES

Plate II
Fig. 1 — Arteritic migmatites lit par lit on the Galbenu Valley.

Fig. 2 — Reticular arteritic migmatites on the Galbenp Valley.

Plate IIT

¥ig. 1 — Banded structure of the Drigsan Series. Pipusa Peak.
Fig. 2 — Banded structure of the amphibolites of the Drigsan Series-Pdpusa Peak.
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5. TECTONICA S GEOLOGIE REGIONALA

RELATIONSHIPS BETWEEN SEDIMENTARY DEPOSITS
AND ERUPTIVE ROCKS IN THE CONSUL UNIT
(NORTH DOBROGEA) — IMPLICATIONS
ON TECTONIC INTERPRETATIONS 1
by

IOAN SEGHEDI ?, ALEXANDRU SZAKACS 2, ALBERT BALTRES ?

Limestone. Rhyolites. Basalts. Tuff. Lavaflows. Igneous activity. Bimodal magmatism. Struc-
tural analysis. Folds. Cleavage. Tectogenesis. Dobrogea — North Dobrogea — Tulcea and
Consul-Niculifel zone.

Abstraet

In the Cousul Unit of North Dobrogea, the Lower Triassic deep water limestones and
the eruptive rocks assembled into a single formation (Somova Formation) revealed spatial
relations and structural geometry accounting for a two-phase deformational history. The Lower
Triassic (Spathian) carbonate rocks are represented by debrites, turbidites and pelagites. The
felsic volcanic rocks, except some tuffites and tuffs are effusive in nature (massive, perlitic,
fluidal and breccious rhyolites). Their emplacement took place after the deposition of the main
miass of calcareous sediments but before their lithification, in subaqueous environment. The
mafic eruptive rocks are either interbedded in the sedimentary deposits (as basaltic lava flows,
tuffs and tuffites) or as infrusive bodies in the limestones and rhyolites. This magmatism was
partly subsequent to the rhyolitic volcanism and they formed fogether a bimodal system during
the Lower Triassic. The sedimentary deposits and the eruptive rocks of the Somova Formation
were folded together in two deformational phases. The first event (B;) (Early Kimmerian) is
characterized by a tight folding along the main structural trend of North Dobrogea (NW— SE);
the second cvent (B,), post-Liassic in age, generated symmetrical E—W trending folds. The
combination of these two structural elements resulted in a characteristic structure of dome and
basin type.

Hésumé

Relations enire les dépols sédimentaires ef les roches éruptives de ['unité de Consul (Do~
brogea du Nord ) — implications sur les interprétations tecfonigues. L’ouvrage apporte des préci-
sions portant sur la nature des dépdts sédimentaires ¢t des roches éruptives (Formation de

1 Received May 11, 1987, accepted for communication and publication May 19, 1987,
presented at the meeting of May 22, 1987.
2 Institutul de Geologie si Geofizicd, str. Caransebes 1, R 79678, Bucuresti 32.
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Somova), les relations spatiales entre ceux-ci et-les déformations tectoniques qui lcs ont affec-
tées. Les dépots sédimentaires, principalement carbonatés, d’age spathien comportent des tur-
bidites, des débrites et des pélagites. T.es volcanites acides, excepté certaines intercalations
de tuffites dela partie supérieure des calcaires ainsi que des tufs 4 la limite, sont de nature
effusive (rhyolites a textures perlitiques, fluidales et bréchiques en base, rhyolites massives).
Leur mise en place s’est produite aprés le dépot des sédiments calcaires et avant leur lithifi-
cation dans des conditions subaquatiques. Les roches éruptives basiques sont soit intercalées
dans les dépots sédimentaires (coulées de laves, tufs), soit traversent les calcaires et les rhyo-
lites (corps éruptifs), cn attestant un magmatisme basique qui s’est produit bien avant ou
apres le volcanisme rhyolitique, dans le cadre d’un syst¢me bimodal, pendant le Trias inférieur.
Les dépots sédimentaires et les roches éruptives de la Formation de Somova sont plissés ensemble
durant les deux phases déformationnelles. La premiére (B;), d’age kimmérien ancien, se caracté-
rise par un plissement serré (plis déversés et plis-écaille) en concordance a la direction princi-
pale des structures nord-dobrogéennes (NV— SE) ; la deuxié¢me (B,) probablement postliasique,
a engendré des plis symétriques orientés EV. De leur jonction a résulté une structure caracté-
ristique de type démes et bassins.

1. Introduetion

The time-space relationships between felsic and mafic igneous rocks
and associated sedimentary deposits is one of the key problems for under-
standing the geological structure of the Consul Unit. This problem was
approached by most of the previous researchers of the Consul Unit (Mur-
goci, 1914 ; Savul, 1935 ; Mirdutd, Mirdutd, 1962 ; Mirdutd, 1966 ; Stiopol
et al., 1975 ; Constantinescu et al., 1978, 1981, 1983 ; Vilceanu et al., 1980 ;
Manea et al., 1983 ; Baltreset al., 1984; Berbeleac et al., 1985 ; Nedelcu
et al., 1986). In spite of the intense investigation and progress in geological
knowledge of this area, various problems, mainly connected to the empla-
cement of rhyolites and basalts, volcanological and genetic aspects and
their relations with sedimentary deposits remained partly unsolved. This
is fairly due to the complex structure, which is difficult to decipher, as is
shown on the previous geological maps.

The relationships between the rhyolites and the Triassic limestones
of the Consul Unit are dependent on the interpretation of emplacement
mode of rhyolites. Accepting the intrusive nature of rhyolites, they are
implicitly subsequent to limestones (Murgoci, 1914 ; Stefan, in Berbeleac
et al., 1985, and in Nedelcu et al., 1986). The hypotheses supporting the
effusive (and, possibly, partly intrusive) and/or ignimbritic nature of
rhyolites regard them as interlayered in the pile of the Triassic deposits
(Savul, 1935 ; Stiopol et al.. 1975 ; Constantinescu et al., 1978, 1981, 1982 ;
Caraveteanu, in Vilceanu et al., 1980, and in Manea et al., 1983 ; Baltres et
al., 1984).

The effusive nature of rhyolites implies their emplacement prior to
the tectonic deformations. Their pre- or postdeformational position is not
clear in the hypotheses supporting the subvolecanic nature of these rocks
as results from the interpretations of the geological profiles in the Consul
Unit belonging to the mentioned authors.
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This paper intends to provide additicnal information concerning
these problems, based on the synthesis of all field data and mainly on the
detailed geological mapping of the area between Valea Teilor and Iulia,
carried out for the elaboraticn of the geolegical maps, scale 1: 50,000,
sheets Pricpcea and Cataloi (Seghedi et al., 1985, 1986 ; Mirdutd et al.,
1986). :

2. Geologieal Setting

The Consul Unit is an Alpine tectonic unit, bordered tc the west by
the Luncavita-Consul line and to the east by the Valea Teilor-Iulia line ;
these lines separate the Consul Unit from the Micin Unit to the west and
from the Niculitel Unit to the east, respectively (Mirduté, in Patrulius et
al., 1973). According to the structural interpretations of North Dobrogea,
the Consul and Niculitel units are considered by some authors as digita-
tions of 2 unique tectonic unit, regarded as a nappe (Patrulius et al., 1973 ;
Sindulescu, 1984).

The Consul Unit consists of carbonate rocks (debrites, turbidites,
pelagites) and subordinately sandstones, rhyolitic and basaltic volcanics,
all constituting the Somova Formation (Baltres, 1882 ; Baltres, in Ballres,
Mirdutd, 1987, earlier designed as the Consul Formation by Baltres, in
Baltres et al., 1984). The Somova Formation has a large areal development
in the Tulcea Unit, where the type locality was established.

The Somova Formation in the Consul Unit commonly overlies low
grade metamorphic rocks of the Boclugea Group. At Iulia terrigenous
deposits (sandstones and polymictic conglomerates), known from outercps
and subsurface, underlie the Somova Formation. These detrital deposits
were assigned to the Begza Formation (Griesbachian ie. early Lower
Triassic) developed in the Tulcea Unit (Baltres, in Baltres, Mirdut#, 1987).

The Somova Formation was deposited during the Spathian (late
Tower Triassic). This age is proved by a foraminifera assemblage containing
Moandrospira iulia (Premoli Silva), M. diereri Kristan-Tollmann and
Glomospira silensis Dager (Baltres, in Baltres, Mirdutd, 1987). Conodonts
point fo the same stratigraphic interval, although several Lower Anisian
species have been also found (Mirfiutd, in Seghedi et al., 1986).

2.1. Carbonate Rocks -

The limestones of the Somova Formation are usually banded due to
the interlayering of black limestone beds and subordinate black shales.
Occurrences of thick argillaceous limestones or marls are uncommon.
Typical of these deposits are thick calcirudite beds, more frequent in the
upper part of the sedimentary pile.

The thickness of the deposits is difficult to appreciate due to tectonic
complications and to deformation of unconsolidated sediments by down-
slope sliding. These structures are often responsible for the abrupt changes
in dip of the beds in drill cores. In the Consul Hill, the limestone thickness
attains 500 m, while in the borehole 5-Iulia the formation exceeds 1,600
metres. The dip of the beds ranges between 20 and 80°.

The limestones of the Someva Formaticn are deep water debrites,
turbidites and pelagites, each of these implying specific transport and
sedimentation mechanisms.
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The debrites represent coarse grained, resedimented accumulations.
They constitute the lower paits of thie graded sequences, showing commonly
slow or abrupt transition to calcarenites.

The calcarenitic turbidites occur as beds up to ten centimetres thick,
consisting of complete or incomplete Bouma sequences. The calcisiltite
and calcilutite turbidites are more frequent, consisting of graded and
laminated sequences (E; and B, Piper sequences).

The pelagites are slowly accumulated interturbiditic aphanitic
limestones, often intensely reworked by bioturbation. Some pelagites,
accumulated under reducing conditions, contain framboidal sedimentary
pyrite.

The deep water limestones of the Somava Formation are clinctherns,
emplaced by sedimentary mechanisms implying essentially gravitational
transport pocesses. They built up the continental rise or slope in the
Lower Triassic sea.

2.2. Igneous Rocks

Rhyolites. The largest and most varied rhyolitic occurrences asso-
ciated with carbonatic deposits of North Dobrogea are known in the Consul
Unit. They occur as tuffites, tuffs and lava flows. .

1) The beginning of the Triassic volcanic activity (Consul Hill,
Coasta Pagunii) is indicated by the presence of several, centimetric or
decimetrie, rhyolitic tuffite interbeds at the top of the limestone pile.
These consist of a mixture of igneous elasts (weakly devitrified and slightly
sericitised volcanic glass, alkali feldspar, plagioclase and quartz crystallo-
clasts) and carbonatic material (recrystallised iithoclasts). In some coarse
tuffites small metamorphic quartz and granite clasts were found. The
grain size is variable, from fine to coarse psammite ; the amount of vol-
canic material is variable.

2) In the vieinity of the limestone-rhyolite boundary (Consul Hili,
Coasta Pasunil Hill, south of Lozova Hill), the main volcanic body con-
tains metric rhyolitic tuff beds. The tuffs consist of clasts of glass, erystals,
and crystalloclasts and pumice within a fine grained, devitrified rhyolitic
groundmass. Sometimes they show a slight grading (Consul Hill, Coasta
Pasunii Hill). The grain-size range of the tuffs is 2—3 mm. The features
described are typical of ash fall tuffs.

The tuffs occurring on the southern slope of the Eschibalik Hill are
apparently massive, showing inhomocgeneous groundmass and oriented
structure, with features suggesting advanced welding ; they can be inter-
preted as ash flow tuffs. Their genesis may be assimilated with ignimbrite-
forming processes, but lack of typical vesiculation and of glass shards
suggest a subaqueous depositional environment (Fisher, Schminke, 1984).

3) The main rhyolitic body presents various textural-structural
features, including massive, perlitic, brecciated and fluidal aspects. The
perlitic, brecciated and fluidal structures are typical only of the basal parts
of the rhyolites overlying the limestones, while most of the eruptions show
a massive structure. The massive rhyolites show a.tnore pronoynced por-
phyritic texture. The phenocrysts are of alkali feldspar (parﬂy'élbi’c’fzéd), ‘
quartz and plagioclase. The presence of chlorite and opague minerals with
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hexagonal outlines suggests the initial presence of a femic mineral, pro-
bably biotite. Accessory minerals are represented by zircon, sphene and
apatite. The former glassy or microgranular groundmass is always devitri-
fied. The perlitic and brecciated structural varieties show a strong secon-
dary chloritization. All these features strongly suggest an effusive facies
for most of the rhyolites, in agreement with the observations of Savul
{1935). Association with tuffs , the large areal extent, the lack of any ther-
mal and/or metasomatic contact phenomena in limestones (perhaps the
most intriguing features for the previous researchers ) are additional argu-
ments for the effusive origin of most rhyolites of the Consul Unit.

Tgnimbrites showing typical features of pyroclastic flow deposits
occur south-east of the Consul Hill, in the vicinity of Mihai Bravu and
Nicolae Bilcescu. As opposed to the rhiyolites in the Lozova and Consul
Hills, they are associated with Lower T1iiassic (Griesbachian) and Permian
{?) terrigenous deposits (Mirdutd, in Szdsz et al., 1981).

Mafic rocks Starting northward from the Malciu Hill, the calcareous
deposits of the Consul Unit are associated with basaltic rocks, which
oceur either as lava flows and tuffs, or as dykes and irregular bodies.

1) Lava flows are interbedded with limestones. The rocks have
a greenish colour and show aphanitic, seldom slightly porphyritic texture.
The intersertal or suboplitic texture are typical. In thin sections these
rocks consist of plagioclase, clinopyroxene (altered to calcite, serpentinic
minerals and chlorite), opague minerals and chloritized glass. In the
Malcin Hill, the rocks contain calcite or chalcedony filled vacuoles.

The thin beds (centimetric and decimetric) of basic tuffs and tuffites
interbedded with limestones consist of albitized plagioclase fragments,
pyroxenes (altered to epidote, chlorite, clay minerals) and a vaiiable
amount of terrigenous clasts (quartz, quaitzites, carbonates).

2) Mafic rocks within dyke (on the left bank of the Piilita Creek)
generally strike N 35— 70° . Within sills (S.icana Creek) and dykes textu-
ral variations oceur. Usually the rocks have ophitic or intergranular
texture and massive structure. Their crystallinity is more pronounced
compared to the, effusive basalts; rocks consist mainly of plagioclase,
clinopyroxenes ahd opaque minerals and show various degrees of secon-
dary transformations. Sometimes small amounts of chloritized glass are
present. ‘ s
An intrusive body on the northein slope of the Malciu Hill pierces
both limestones and rhyolites and slightly alters them. The rock is holo-
crystalline, showing intergranular texture and massive stiucture. It con-
sists of plagioclase feldspars and pyroxenes, tranzioiined into serpentinic
minerals and ch'orite. The rock may be considered dolerite or miciogabbro.

3. Relationships between Eruptive Rocks and Sedimentary Deposits

Excepting tutfites, interbedded at the top of the limestone sequence,
mosi rhyolites overlie the Liower Triassic carbonatic deposits. This rela-
tionship is constantly .een along the boundary between limestones and
rhyolites in the Lozova, Coasta Pisunii and Consul Hills. In outcrop,
the rhyolite/limestone boundary is a sharp, slightly irregular contact

9 — c. 362
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surface (Pl. III, Fig. 1). Sometimes it is marked by dissolution voids
(Pl. I1I, Fig. 1).

The aphanitic or porphyritic 1hyolites with flow structure (western
slope of the Lozova and Consul Hills) show significant aspects regarding
their relationships with the limestones. Usually there is a concordance
between the flow structure of baral rhyolites and limestone bedding (P1. 1L,
Figs. 1, 2; Pl. 111, Fig. 2). The rock structure, its low crystallinity and
the presence of perlites (Pl. II, Fig. 3), indicating rapid cooling, suggest
subaqueous conditions for the emplacement of the rhyolitic flow. The
perlitic parts represent the outer ciust of the flow, quenched in contact
with water, subsequently disrupted and included in the main flow mass.
This explains also the lack of thermal and metasomatic phenomena in
limestones next to the rhyolites.

In Coasta Pdsunii Hill, detailed observations revealed an inhomo-
geneous mixture between the rhyolitic and carbonatic material, within
a thin band of about 15—20 em in thickness at the contact. At the boun-
dary with the rhyolitic rock the limestone shows a slight recrystallisation
band a few millimeters thick. This peculiar feature indicates that rhyolite
emplacement took place soon after the deposition of the carbonatic ma-
terial and before sediment lithification. The rhyolites next to the lime-
stones may sometimes contain tiny limestone fragments.

Piercing relations of limestones by rhyolites have not been noticed.
The limestones have never been found to overlie the main rhyolitic body.,
Apparent overlying of rhyolites by limestones or repeated interlayering
of rhyolites with limestones are exclusively the result of folding.

The above .observations suggest that most rhyolites constitute
a single important effusive episode, with subaqueous consolidation of the
acid volcanic material.

Field relations between limestones and mafic rocks indicate at least
two moments for she emplacement of the latter. The basaltic volcanics
“(lava flows), basic tuffs and tuffites interbedded with limestones have
been emplaced prior to or possibly synchronous with $he beginning of
the acid volcanic activity. The presence of centimetric clasts of basalts,
reworked in the limestones from the western slope of the TLozova Creek
(in the vicinity of the Maleiu Hill, Mirfutd, in Patiulius et al., 1974;
Mirdutd, in Seghedi et al., 1986) may be correlated with this moment or
possibly with a previous effusive moment. The microscopic basalt xeno-
liths within the rhyolites from the Malciu Hill lead to the same conclusion.

The dolerite dykes and bodies show evidence for emplacement
after the deposition of the main limestone sequence and even after the
emplacement of the rhyolite flows (Malciu Hill) (Savul, 1935).

The synthesis of the petrographic features of the acid and mafic
volcanics and their relationships with the sedimentary deposits suggest
several voleanological considerations regarding the eruptive rocks of the
Congsul Unit.

The beginning of the volcanic activity is related to the deposition
of the Giiesbachian detrital deposits (at Mihai Bravu, Nicolae Bilcescu).

This activity produced typical ignimbrites, attesting a subaerial explosive
volcanism. :
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The presence of the Spathian basaltic lava flows, tutfs and tuffites,
as well as of rhyolitic tuffites, interbedded in the deep water calcareous
sequence neal' the limestone-rhyolite boundary, suggests an initially
quasi-synchronous manifestation of a matfic, effusive-explosive and of
a felsic, explogsive voleanism. The local occurrence of air fall or pyroclastic
flow tuffs at the same level and the rhyolite-limestone field relations
strongly point to the manifestation of an initially explosive, subsequently
etfusive subaqueous felsic voleanism, simultaneous with and subsequent
to the deposition of the last carbonatic sequences of the Somova Forma-
tion. The quari-simulfaneity and spatial association of the mafic and
felmq eruptive activity suggest a bimodal magmatism in the Consul Unit,
previously supposed by Savu (1986). '

4. Struetural Elements

The deciphering of the geological structure of the Consul Unit

is based on observations regarding the nature and cartographic pattern
of the rlhiyolite-limestone boundary, as well as on the observation of the
structural elements, especially the axial plane cleavage of the folds, affect-
ing limestones, rhyolites and basalts. Field evidence points to the presence
of two generations of structural elements, suggesting two folding events
successive in time and different in style, which atfected the Somova For-
mation. ' )
1. The first folding phase (B,) produced overturned folds and small
scale thrusts with NW —SE trends. This folding is accompanied by the
development of axial plane cleavages in the hinge zones of the main folds,
affecting especially the limestones and, in a lower degree, the rhyolites
(Mirfutd, 1960) (Pl. VI, Fig. 2) due to their different response to stress.
A more pronounced plasticity and mobility ot the limestones favoured
their piercing in anticlinal fold cores (see genlogical sections, Pl. T) while
rhyolites tend to occur in gyncline cores, due to their lower plasticity
and higher stratigraphic level: in a few cocses, the rhyolites cover the
limestones in the anticline hinges (Consulul Mare Peak, Lozova Hill).

In the hinge zones, the angle between bedding and cleavage (S,/S;)
ranges between 55—80° (Pl. V, Fig. 1). It is rarely below 30°, due to the
folding of the initial bedding of limestones by gravitational folds. The
frequency and distribution of the axial plane cleavages in limestones is
highly variable, according to the competence of rocks. Thick sequences
of caleirudites show penetrative cleavages only in fold axes (Pl. V, Fig. 2).
The cleavage pianes are curved and sometimes an2stomozing, spaced at
515 em (Pl. LV, Fig. 1). Argillaceous limestones show a more pronounced
planar, paraltel cleavage, seldom anastemozing (PL. VIL, Fig. 1), developed
evenly throughout the folds. In this case, the spacing of the cleavage
planes ranges between 2 few millimeters and a few centimeters. The thin
calearenitic beds interbedded in calcirudites or in argiilaceous limestones
form asymmetrical microfolds, associated with the main folds. with wave-
lengths ranging between 0,5—3 m (Pl VII, Figs. 1, 2; P1. VIII, Fig. 1).
Rhyolites rarely show penetrative cleavages, which are usually spaced,
rough, accompanied by chlorite and sericite recrystallisation. Cleavage
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refraction is common at the boundary between tuffites and limestones
in the northern and western parts ot the Consul Hill.

At least three axes of major folds of this folding system, with a
wavelength of about 500 m, were identified. The direction of the axial
planes ranges between 145—170°, dipping 75—90° to SW. Reverse dips
occur on the eastern slope of the Consul Hill. The main folds are accom-
panied by overturned folds and minor thrusts, reaching meters or tens
of meters in size (Pl. VIII, Fig. 2). .

All these features reveal a tight folding of the Somova Formation,
as a consequence of strong con.pressions. The maximum compression
zone was attained in the Comsul Hill, where the tightest folding occurs.
Drilling operations in the iron ore accumulaiion area at Tulia revealed
the prerence of rhyolites at depths up to 300 m. In good agreement with
field observations, this situation suggests a complex structure of the Consul
Unit, including overturned folds 2nd high-angle reverse faults (Baltres,
in Baltres et al., 1984).

The main folds (B,) resulted during the first folding event have the
same structural trend (NW —SE) as the entire fold belt of North Dobrogea.
The consequence of this folding was the reduction in initial width of the
Consul Unit by at least three times. The present maximum width of this
area does not exceed 2 km.

2. The existence of a second folding event is suggestea by the highly
irregular pattern of the limestone-rhyolite boundary, showing pinching
and swelling along an E—W trend (Pl. I). Detailed outcrop observations
revealed structural elements of a later folding phase, subsequent to that
responsible for the development of the NW —SE trenaing axial plane
cleavage. The second folding (B,) refolds the axial plane cleavages of the
main folds (PL. IX, Figs. 1, 2) ; in some outerops (Consul Hill, Lozova Hill),
a second, crenulation cleavage (S,) develops, a.sociated to this folding
of kink type. The (S,) cleavages have E—W trends and steep dips to
the N or S. ‘

These observations suggest that the second generation folds are
open, symmetrical folds, with wavelengths of about 1 km. It is supposed
that the intensity of this folding event was lower, having, however, im-
portant implications within the Alpine fold belt of North Dobrogea. The
angle between the axial planes of the two generations of folds range.
between 45—60° (Pl. IX, Figs. 1, 2, 3). The interference of these two gense-
rations of folds resulted in a dome and basin structural pattern of the
Triassic deposits in the Consul Unit.

5. Diseussion

The presence of two generations of folds affecting the Triassic de-
posits in the Consul Unit raises the problem of timing of these deforma-
tional events. '

The first deformation, connected to the development of the n.ain
thrusts in North Dobrogea, is considered Early Kimmerian (Mirduts,
1966 ; SiAndulescu, 1984). In the Tulcea Unit, the Mesozoic formations
are involved also in two tectogeneses, the second folding being assigned
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to the Late Kimmerian (intra-Neocomian) or Mesocretaceous events:
(Sdndulescu, 1984). The preseivation of the Early Kimmerian structural
trends (NW —SE) during the second folding is implicitly accepted. E—-W
structural trends are known in the Micin Unit of North Dobrogea, be-
longing to a main Variscan event (teghedi, 1985, 1986). E—W trending
folds of the Mesozoic deposits occur on some maps of the Tulcea Unit
(Mirduts et al., 1985). The cartogiaphic pattern of the various formaticns
and tectonic units in North Dobrogia suggest that Mesozoic formations
of the Tulcea Unit, including Lower-Middle Jurassic deposits, are also
involved into this second folding event, subsequent to the Early Kimme-
rian phase. These considerations indicate a certain post-Triassie, highly
probably post-Liassic age of the second folding which affects the Mesozoic
rocks of the Consul Unit. Further investigations on the tectonic style of
the Mesozoic deposits in different units of North Dobrogea will possibly
provide additional information concerning this problem.
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RELATIILE DINTRE DEPOZITELE SEDIMENTARE SI ROCILE
ERUPTIVE DIN UNITATEA DE CONSUL (DOBRJOGEA DE NORD)
— IMPLTCATIT ASUPRA INTERPRETARILOR TECTONICE

{Rezumat)

Lucrarea aduce preciziri privind natura depozitelor sedimentare
i rocilor eruptive din aledtuirea formaviunii de Somova, asupra relatiilor
spatiale dintre ele si asupra deformirilor tectonice, care le-au afectat.

Unitatea de Consul este o entitate tectonics alpind, separats la
vest de unitatea de Micin prin linia tectonicd Luncavita-Consul, iar la
est, de unitatea de Niculitel prin linia Valea Teilor-Iulia. Este alcatuitid
esential din depozite carbonatice, roci eruptive acide si bazice, constituind
impreund formatiunea de Somova (Baltres, 1982 ; Baltres et al., 1984;
Baltres, Mirdutd, 1987).

Depozitele sedimentare, in esentd carbonatice, sint reprezentate,
din punct de vedere sedimentologic, prin turbidite, debrite si pelagite.
Ele au construit taluzul de la baza pantei continentale a mérii triasice
inferioare. .

Vulcanitele acide, cu exceptia unor intercalatii de tufite de la partea
superioard a calcarelor i a unor tufuri la limits, sint de naturd efuzivé
(riolite cu texturi perlitice, fluidale si brecioase in bazi, riolite masive
in rest). Riolitele, aleituind in esentd o singuri venire, stau in relaii
de superpozitie fatd de calecare. Din relatia cu depozitele carbonatice
reiese punerea in loc a marii mase de riolite dupi sedimentarea calcarelor
$1 inaintea litificirii lor, in conditii subacvatice. Rocile eruptive bazice
sint fie intercalate in depozitele sedimentare (curgeri de lavi, tufuri),
fie stribat atit calcarele, cit si riolitele. (corpuri, dyke-uri, silluri), atestind
un magmatism bazic desfdsurat in parte anterior, in parte ulterior vulca-
nismuivi riolitic, in cadrul unui sistem bimodal, in curcul Triasicului
infetior. .

Depozitele sedimentare si rocile eruptive din formatiunea de Somova
sint cutate impreund in doui faze deformationale. Prima (B,), de virstd
chimerici veche, se caracterizeazii prin generarea de cute deversate si
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cute-solzi, cu planele axiale oirientate NV —SE. Cutele se evidentiazi
prin dezvoltarea accentuati a clivajului plan-axial in zonele de sarniers
ale cutelor majore, afectind in special calcarele si mai putin riolitele,
datoritd comportdrii diferite la eforiul tectonic. Au fost identificate trei
axe de cutd majore ale acestui sistem plicativ, cu o lungime de undi de
cca 500 m. Ele sint insofite pe flancuri de cute deversate si cute-solzi
minore, avind dimensiuni de ordinul metrilor sizecilor de metri (pl. VIIT,
fig. 2).

Cea de a doua fazf de cutare (B,) se manifestd prin cutarea cliva-
julul plan-axial anterior (cute kink) sau prin generarea unui clivaj plan-
axial propriu, avind orientarea aproximativ E—V. Ea & generat cute
largi, simetrice, cu lungimea de undd de cca 1 km. Din imbinarea celor
douf elemente structurale (B, si B,) rezultd o structwrd caracteristicd
de tip domuri si bazine. Cea de a doua cutare (B,) este probabil postlia-
gicd ; cu toate cd a avut o amploare mai redusa, implicatiile ei se resimb
la scara orogenului nord-dobrogean.

EXPLANATION OF PLATES

Plate I1I

Fig. 1 — Porphyritic rhyolite showing fluidal structure ; Lozova Hill.

Fig. 2. — Glassy rhyolite showing fluidal structure and flow microflolds; sample from the
Lozova Hill.

Fig. 3 — Perlitic rhyolite ; Lozova Hill; N//, 40 X.
Fig. 4. — Rhyolite showing a breccious texture ; Lozova Hill ; N//, 40 x.

Plate III

Fig. 1 — Contact between rhyolites (1) and limestones (2) marked by dissolution veids ; Lozova
Hill.

Fig. 2 — Contact between rhyolites and limestones ; (1) massive rhyolites, (2) fluidal rhyolites,
(3) limestones ; Lozova Hill.

Plate IV

Fig. 1 — Axial plane cleavage (§;) in calcirudites ; Lozova Hill.
Fig. 2 — Anastomosed cleavage (S;) in calcirudites ; Consul Hill.

Plate V

Fig. 1 — Relationship between bedding (S,) and axial plane cleavage (Sy) in an anticline hinge
of folded limestones ; Lozova Hill.
Fig. 2 — Relationship between bedding (S,) and axial plane cleavage (S;) in the hinge of a
“minor overturned anticlinal fold. Note the penetrative cleavage in calcirudites (at
the top) only in the fold axis; Coasta Pasunii Hill.
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Plate VI

. 1 — Relationship between bedding (So) and axial plane cleavage (S;) in an alternation of
calcirudites and limestones. Overturned limb of an anticlinal fold. Note the different
character of the cleavage in calcirudites and argillaceous limestones ; south-eastern
slope of the Consul Hill.

Fig, 2 — Hinge of a major anticline with limestones (1) below, and rhyolites (2) above, in the

Consul Peak. Note the relationship between bedding and axial plane cleayvage within

limestones.
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Plate VII

Fig. 1 — General aspect ol the B, [olding in an overturned aticline limb with largely developed
axial plane cleavage in argillaccous limestones (1) and asymmetrical overturned micro-
folds in calcirudites (2) ; northern slope of the Consul Hill.

Fig. 2. — Minor overturned B, folds in the base of the northern slope of the Consul Hill.

Plate VIII

Fig. 1 — B microfolds in calcarenites ; northern slope of the Consul Hill.
Fig. 2 — B minor thrust at the foot of the northern slope of the Consul Hill.

Plate IX

Fig. 1 — FFolded (B,) axial plane cleavage (S;) in argillaceous limestones. The hammer indicates
the direction ol the S, microfold axes; Consul Hill,

Fig. 2 — Kink 1icrofolds (B,) of the S; cleavages in limestones ; Lozova Hill.

Fig. 3 — Axial plane cleavage (S;) in limestones, refolded by B, folds ; western side of the Lozova
Creek, in front of the Malciu Hill.



| SEGHED! et al. Sedimentary Deposits and Eruptive Rocks Tectonics - Consul Unit

. SEGHEDI, AL.SZAKACS, A.BALTRES

.

VALEA TEILOR O

A v. Lozova

GEOLOGICAL MAP OF THE CONSUL UNIT
BETWEEN VALEA TEILOR AND IULIA

DL Malciu
ESE 2NV

v.Taita ENE
his 10

p o\EDI. Delicto?s ,/////l
&
L

ey
i

i
!
'\\

% “\ ,,’,‘
i) i A
\ i
A ] ’
b 538
l‘ ‘\. 5
! \ S
II ‘\ 3
/l \\\ II
. /
T~ Dot
i 5 Y
{ VN N
)\ A
) ko \DI.Copsul ™ ¥
; \/. ....... 8 ___} : N
3 M ~
N, s )
g v\ v T
¢ v Ve VY e %
" v V‘I'-. A\
L > o 3 v . 1
\ r e A AN 3 )
N St A\ Vv A= 7
S L A ) 7
.".. 2 4 0
v\ V5 "
v i .
IULIA
rn, -] > |
INSTITUTUL DE GEOLOGIE SI GEOFZICK. Dari de seamd, vol. &/5

E=

HOLOCENE m
PLEISTOCENE
SPATHIAN

EE=S

_Tectonic boundary between units

LEG END

NICULITEL UNIT
CONSUL UNIT

a) loess deposits b) alluvia

Rhyolites. a) tuffs b) lava flows

Basalts a) tuffs b) lava flows
c) dykes, instrusive bodies
Limestones

MACIN UNIT

General geological boundary
Boundary of loess deposits
Reversed anticline axis {B4)
Anticline axis (Bjy)
Reversed syncline axis (B,)
Syn‘:line axis (Bgy)

Fault

SOMOVA
FORMATION

Pt

Imprim. Atel. Inst. Geol. Geotiz,



D. S. Inst. Geol. Geofiz., vol. T4/5 (1987), 1990, p. 137 —144
TECTONICA SI GEOLOGIE REGIONALA

STRUCTURE OF THE INNER FLYSCH ZONE
IN THE PIETROSITA-RIUL ALB-BARBULETU AREA!?
by - '

o

MIHAT STEFANESCU, MARINA STEFANESCU, VIRGIL IVAN 2

Flysch. Crelaceous. Nappes. Teclonic wedges. Faulls. Righl-lateral [aulls, Thrust faull.
Teclogenesis. Correlation. Fast Carpathians-Internal  flysch zone — Comarnic —
Pielrosifa area.

Abstraet

This paper deals with the detailed structure of the internal flysch zone in its western-
most outcropping zone, hetween Pictrosita and Béarbulefu. Among the structural elements of the
study area, the frontal linc of the Bratocea digitation and the Riul Alb [ault, with the northerh
sunk compartment, are worth mentioning.

Résumé

Structure de la zone inlerne du flysch dans le secleur de Pletrosifa— Riul Alb— Bdrbulefu.
La note présente la structure de détail de la zone interne du flysch dans son extrémité ouest
d’affleurcient, entre Pietrosifa et Birbulefu. Parmi les éléments structuraux de ce secteur se
remarqueint surtout la ligne frontale de la digitation de Bratocea et la faille de Riul Alb & com-
partiment nord abaissé.

Iniroduction and Evolution of Ideas

The well-known structural zonality of the Ifast Carpathians gra-
dually disappears westwards, in their bend zone. The main tectonic lines
are ¢ ic.lt to be traced both because of the development of the post-
nappe covers and of the secondary faults concealling the major cones.
For -5 reason, several geologists (Mrazec, Popescu-Voitesti, 1914 ; Bin-
cild, 1958 ; Dumitrescu et al., 1962 ; Hristescu et al., 1967 ; Stefinescu,

1 Received 29 April 1987, accepted for publication and communication 30 April 1987,
communicated at the mecting 15 May 1987.
2 Institutul de Geologie si Geofizicd, str. Caransebes 1, R 79678 Bucuresti 32.
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1969), who investigated the area west of the Prahova Valley, described
the major tectonic accidents rather as a necessity of their prolongation
from the East Carpathians segment than as a result of the detailed study
of the area. _

This paper refers only to a small part of this area of the East Car-
pathians Bend Zone, namely ‘Pietrosita anticline” between Ialomita
Valley and Birbuletu Valley. This structure was formely described by
Murgeanu (1930) as the “marginai anticline’” of the flysch inner zone.
The mentioned author considered that the anticline west of the Ialomita
Valley is bordered on both fianks by faults. The external one wasregarded
by some workers as the frontal line of the west-internal unit (= Ceahliu
Nappe) (Béncil, 1958 ; Hristescu et al., 1967). Stefinescu (1971) demon-
strated that the frontal plane of the Ceahliu Nappe is situated more
southwards being concealled and unconformably overlain by Upper
Senonian-Lower Miocene posttectonic deposits constituting the Buciumeni
syncline.

The available field date made possible several specifications on
the siructure of the pre-Senonian Cretaceous uplift between Pietrosita
and Birbuletu Valley.

Stratigraphy and Structure

At the Ialomita Valley meridian the oldest deposits cropping out
are the Sinzia Beds, represented only by their upper level with Lamellap-
tychus angulocostatus. They die out from the Tita Valley batin westwards,
their exposure place being taken over by the Comarnic Beds (Barremian).
The Comainic Beds are overlain by two different sequences, 2s follows :

— In the inner part (northwards): a Lower Bedoulian shaly flysch
(Virfu Ridicinii Beds), overlain by Aptian deposits developed in a sandy-
shaly flysch facies with sandy flysch episodes including Upper Jurassic
or Urgonian limestone klippen;

— In the outer part (southwards): the Comarnic Beds -continue
with a shaly flysch (Podu Virtos Beds) covering the whole Aptian.

Both types of Aptian deposits are unconformably overlazin by a
hemipelagic or pelagic pile of Upper Vraconian-Turonian age (Dumbri-
vioara Series) which displays certain particularities in spite of its umitary
lithological base. Thus, Dumbrivioara Series overlying Podu Virtos Beds
consists of levels of sedimentary breccias as well as of a packet of platy
green sandstones at its upper part. These lithological elements do nob
occur in Dumbrivioara Series that covers the Aptian sandy flysch of
the internal sequences.

Dumbrdvioara Series, or directly the Aptian sandy flysch, is overlain
by a common cover that starts with Upper Senonian pelagic deposits
(Gura Beliei marls) which pass graduvally to a shaly sandy flyseh (Sotrile
facies), Paleocene-Eocene in age, overlain in its turn by mostly pelitic
deposits (Valea Caselor facies), of Oligocene-Lower Miocene age.

Finally, after a discontinuity, Lower-Medium Miocene deposibs
displaying a typical molasse facies (Doftana molasse) accumulated.

Krom the Jalomita Valley basin eastwards the two sequences diffe-
rentizted by facies of the Aptian and Upper Vraconian-Tuionian deposits
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are separated by a significant tectonic accident considered (Stefinescu,
1971) to represent the plane which separates the two digitations of the
Ceahliu Nappe, namely Migura Digitation and Comarnic Digitation.
The Migura Digitation sequence is similar (in places even Albian conglo-
merates being found) to that of the Bratocea Digitation (== Nappe, Po-
pescu, 1958). Moreover, even the age of the thrusting is the same. For
these reasons the first denomination (M#gura) became a synonyn. (Ste-
tinescu, 1976).

In the present paper the denomination Bratocea Digitation is used
for the internal succession characterized by the more sandy facies of the
Aptian. It is of note that north of the Teleajen Valley basin the frontal
Jine of the Bratocea Digitation corresponds to the front of the Ceahliu
Nappe.

The thurst plane which separates the {wo digitations of the Ceahldn
Nappe can be traced west of the Talomita Valley meridian, too. Its course
{Pl) is situated in the very outcropping zone of the Lower Cretaceous
deposits, on the segment between Ialomita Valley and Riul Alb Valley.
From the left side of the Riul Alb Valley to the west the deposits of the
Comarnic Digitation die out under the thrust plane, the frontal line of
the Bratocea Digitation intersecting the Gura Beliei msils fiom the internal
limb; of the Buciumeni syncline, a position maintained up to Barbulejv
Valley basin. In ipite of the difficulties of checking lithological packets
because of frequent slidings occurring in the area of study one can observe
that, approximately west_of Riul Alb, the deposits of the Bratocea Digi-
wtlon occur- a8 overliers in a higher morpholocrle position on mtelﬂuves
This particular situation is due o the fact that the deposits pertaining
to the Bratocea Digitation, those of its cover mcluswel}, are affected by
a vertical fault with its northern block sunk, so that in the higher zones
of the relief the trontal part of the digitation is preserved while in valleys
the Upper Senonian-Lower Miocene cover from the two digitations comes
into direct contact without the interference of Lower Cretaceous, because
these deposits have been removed by erosion having an uplifted position.
Therefoie the main consequence of the fault from the northern flank of
the Pietrosita “anticline’ is the marked sinking of itsnorthern compart-
ment. However, if the Gura Beliei n.arls are considered as a guide-mark
one can estimate that a shifting along the plane of the fault under discus-
sion took place and consequently the fault is regarded as a right-strike
slip fault.

The mentioned vertical fault — called by us Riul Alb fault — can
be traced from the Ialomita Valley up to the summit west of Birbuletu
Valley. The strike of the fault varies from: NE to 8W in the area between
Talomicioara Valley and the left side of Birbuletu Valley, and from ENE

to WSW in the other zones. From the lower Ialomicioara Valley to the
east, after a transversal fault, the movement of the two compartments
of the Riuvl Alb fault chancres its direction ; further it can be correlated
with the fault traced south of Podu Vu‘tos Beds from Talomita Valley
and north of the tectonic window within which the same Podu Virtos
Beds crop out from Valea fira Nume up to Talea Valley. The simplified
course of this fault was figured also on general maps (S3ndulescu et al.,
1978 ; Sindulescu, 1976).
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In order to achieve a structure similar to the above-mentioned one
the following succession of events had to occur :

— the resuming of the thrust of the Bratocea Digitation over the
Comarnic Digitation after the accumulation of the whole continuous
sequence from Gura Beliei marls to Sotrile-Valea Caselor facies. It enables
us to establish the moment when the thrusting took place which, according
to the most recent deposits from the above-mentioned sequence, is the

Lower Miocene ;
— the genesis of the Riul Alb fault. Considering the field evidence,

it appeared before the Meotian which overlies it unconformably. However,
there is no other surface proof for a more precise dating of the ‘“moment”
of occurrence of this fault. As shown in Figure ' it was considered older
(before Sarmatian) than the most recent significant movements of the
Carpathian Orogen over the Moesian Piatform.
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Fig. 1 — Geological section along the Doamna Valley.

1. Sarmatian-Pliocene cover;2, Upper Cretaceous-Middle Miocene posttectonic cover; 3, Getic
Nappe ; 4, Holbav Unit; 5, Ceahliu Nappe: a, Bratocea Digitation; b, Comarnic Digitation ;
6, Danubian Realm; 7, Teleajen Nappe; 8, Macla Nappe; 9, Tarciu Nappe; 10, Moesian
Platform; 11, Sarmatian-Pliocene: 12, Lower and Middle Miocene; 13, Oligocene-Lower
Miocene; 14, Paleocene and Eocene; 15, Upper Cretaceous; 16, Vraconian-Turounian;j
17, Albian-Turonian; 18, Lower and Upper Cretaceous; 19, Cretaceous; 20, geological
boundary ; 21, unconformity ; 22, dip-slip and upthrow faults; 23, Riul Alb fault; 24, Bratocea
Digitation basal thrust plane; 25, thrust nappe; 26, drillings carried out whose data are
) plotted on the section plane.

v

The fault generated a differentiation of the relief by the uplifting of
its southern block. The higher relief from the southern compartment was
more intensely eroded, so that the frontal part of the Bratocea Digitation
was partially or totally removed. Consequently, the interference of the
Riul Alb fault is one of the main reasons which makes impossible the.tra-



5 FLYSCH IN THE PIETROSITA-RIUL ALB AREA 141

¢ing of the thrustings from the internal flysch zone to west of the Birbu-
letu Valley basin.

Extrapelation of Data

“ The uplift tendency of the southein compartment of the Riul Alb
fault oceurs also west of Bérbuletu Valley, so that in the Stilpeni uplift
zone, (etermined by drillings (Hristescu et al., 1967), the deposite of the
Lower Cretaceous flysch occur directly from under the Pliocene cover.

The cores drilled from this uplift point -out the existence of deposits
which can be referred to several major structural units : Ceahliiu Nappe
with Bratocea (most of the uplift area) and Comainic digitations, Teleajen
Nappe and Macla Nappe (Fig. 1).

The correlation of the dvilling data with the data from the seizimic
seciions effectuated in Doamna Valley by TPGG accounts for the thrusis
of the mentioned nappes over the Tarciu Nappe. The thrust plane bet-
ween them stops suddenly in & vertical fault (Fig. 1)}; to the north of
this fault there are deposits of the Upper Senonian Miocene covers. and
for thir reason the favlt is regarded as the western continuation of the
Riul Alb fault. Its main influence, a¢ in the area where. it crops out, is
that of sinking very much its northern compartment so that the deposits
of the Cretaceous flysch nappes have not been intercepted by drillings
to the north of this fault and to ghe west of Stilpeni rise (Fig. 2).

== == e F e O o R e PO e

Fig. 2 — Sketch of the Riul Alb:direction. - g

1, axis ol gravimetric minimum; 2, frontal line of the Cretaccous {lysch nappe; 3, trace of

the Ceabliu Nappe thrust plane:; 4, frontal line ol the Dratocea Digitation; 5, frontal

Jine of the Holbav Unit: 6, trace of the Getic Nappe thrust plane; 7, traverse fault ; 8, Riul
Alb fault; 9, position of the study area.

At the Doamna Valley meridian this tectonic accident occurs on
the external flank of the gravimetric minimum which borders the South
Carpathians. Conridering thqt its participation in the gravimetriec ano-
maly has the same result west of Doamna Valley too, we extended hypo-
thetically itg course in the same porition as agamst the axis of gravi-
metric miniam up to the Jin Valley meridian. Although west of the
Jiu meridian there is no physical indication“in favour of its extension,
ope cannot but mention that along its strike there are the right-slip famlts
m the Motru Valley basin.
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It is worth mentioning that the structure of the zone between Iz-
lomita Valley and Barbuletu Valley represents a clear model which has
to be taken into account when interpreting the data on the structure
of the eastern part of the Getic Depression. We are referring to the west-
ern prolongation of the Riul Alb fault which represents a significant
tectonic element which brings into contact the Cretaceous flysch nappes
with the western prolongation of the Tarciu Nappe not through a thrust -
nappe but through a vertical fault which can apparently separate {wo
simple adjoining synclines.
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STRUCTURA ZONEI INTERNE A FLISULUI
IN SECTORUL PIETROSITA-RIUL ALB-BARBULETU

(Rezumat)

Nota prezintd structura zonei interne a flisului in extremitatea.
sa vestici de aflorare, intre Pietrosita si Barbuletu. In acest sector au
fost deosebite doud dintre digitatiile pinzei de Ceahliu, si anume cea de-
Bratocea si cea de Comarnic, separate printr-un plan de incilecare de-
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virstd miocen inferioard. Atit depozitele digitatiei de Bratocea, cit si cele
ale cuverturii post-tectonice a unitifilor cu tectogenezd intrasenoniani
sint afectate de o falie verticali — falia Riul Alb — cu compartimentul
nordic puternic. coborit. Modelul recunoscut la zi in sectorul cercetat
se continudl spre vest cel putin pind la meridianul V#ii Doamnei, unde
datele de foraj si seismice indicd o gtructurd similari.

QUESTIONS

M. Sdndulescu 1. Which are the arguments on the basis of which you figured (on the
general section presented) structural elements of the Danubian Realm?
2. On what basis did you considered the Holbav Unit to have such a wide extension?

Answers 1. On the section appended to the paper the Getic Realm (a unit corresponding
to it) was represented below the internal part of the Ceahldin Nappe and in the interior of the
vertical plotting of the frontal line of the Getic Nappe. Its presence at the Doamna Valley me-
ridian was admitted in order to give an interpretation, at least partial, of the increase of the
Ag values north of the minimnum minimorun zone in the south of the South Carpathians,

2. The presencc of thc Holbav Nappe was admitted up to the Vilsan Valley basin areca
on the basis of data supplied by the drillings in the locality of Vilsanesti. This drilling intercepted
a sequence of deposits belonging to the posttectonic covers and then it crossed and cut cores
from Lower Jurassic (Tithonian) calcareous deposits and Liassic detrital deposits. The latter
dnclude also a tuffaceous sandstone, a lithologic element which points to a similarity of the
Liassic formation intercepted by drillings with those of the Holbav Nappe.

DISCUSSIONS

M. Sandulescu. This papes deals with probleins related to the deep structusce of the Car-
pathian Chain beside new elements based on surface data. In this respect we shall refer first to
the extension of the Danubian elenients up to the Doamna Valley transversal line and generally
to the western part ol the Romanian Carpathians Bend Zone. The configuration of the gravi-
metric anomaly, regional minimum minimorum respectively, cannot be considered an argument
iin favour of the extension of Danubian elements because it has different eauses (bodies with
relatively lower densities situated in underthrust platforms). Unlike it, the configuration of
the regional magmatic anomaly leads to conclusions contrary to the hypothesis presented (the
-extension of the Danubian elements east of the intramolasse fault). According to these data (mag-
netometric and aeromagnetic) in the (underthrust) hasement of the flysch nappes, the Ceahliu
Nappe inclusively, in the bend zone occur elements similar to those found in Central Dobrogea
(Greenschists Zone) and South Dobrogea (Palazu-type formations) well marked in the charac-
ters and intensities of the magnetic anomaly. For this reason and taking into account the palin-
-spastic reconstitutions, we consider that there are no arguments for the extension of Danubian-
type elements (in spite of specific features of basement, sedimentry formations and tectoge-
netic evolution of the realin) in the deep structure of the Romanian Carpathians Bend Zone.

Answer : The extension ol the Danubian units up .to the Doamna Valley meridian was
.admitted as one of the possible reasons which can explain the increase of the values north of the
minimum minimoruin zone, not to justify the existence of the gravimetric minimum proper. The
inlerpretations of the data supplied by other geophysical methods are also hypotheses which,
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for the time being, cannot be verified by drillings at least in the study zone; all this malkes us
to maintain our hypothesis according to which elements of the Danubian Realm can occur up
to the Doamna Valley meridian in an internal position as illustrated on the section appended to
the paper. g
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BOOK REVIEW

N. P.JAMES, P. W. CHOQUETTE (Edit.): Paleokarsi. Springer-Verlag, New York, Berlin,
Heidelberg, London, Paris, Tokyo, 1988, 416 pages, 277 figures.

The volume edited by Noel P. James and Philip W. Choquette has its origins in a sym-
posium entitled ‘“Paleokarst Systems and Unconformities — Characteristics and Significance”’,
organized by the Society of Economic Paleontologists and Mineralogists in Colorado in 1985,

This volume includes mostly reports presented at the Symposium as well as some papers
received after the meeting.

In “Introduction” Philip W. Choquette and Noel P. James mention that the book is
dedicated to the documentation and interpretation of karst in the geologic record. Several
delinitions of the paleokarst and the way in which the karst term is used in the book, the
conditions of karst formation and intrinsic factors (lithology, formation permeability and frac-
tures) and ‘“‘extrinsic’’ factors {climate and vegetation) are also presented.

The book is divided into two sections. Part one consists of 7 papers dealing with aspects
of the development, preservation, modification, and recognition of karst terranes. Part two
consists of 11 papers documenting examples of paleokarst, Proterozoic to Cretaceous in age,
fron: a wide variety of shelf and platform settings. ’

Part 1 — General Karst Features and Processes — deals with several aspects related
to paleckarst : subsurface karst, spelothems, cave sedimerts, karst breccia, surface karst,
and ‘“drowned’’ karst.

The first paper, signed by Derek Ford, ‘‘Characteristics of Dissolutional Cave Systems.
in Carbonate Rocks” is a synthesis of the subsurface dissolutional process. Most of the caves.
seem to have been fornied as a result of the meteoric water circulation. Many caves have multi-
phase features with sequences of levels pointing to a vadose morphology or a morphology
created by shallow or deep phreatic water. Paleokarst is presented not only by karst phenomena
generated by dissolution but also by different precipitations which have subsequently filled
the voids.

In the paper ‘““Geochemical Patterns of Meteoric Dijagenetic Systems and Their Appli-
cation to Studies of Paleokarst’”” K. C. Lohmann describes in chemical respect the operation
way of the system emphasizing the content of **0 and **C stable isotopcs.

On the basis of geochemical and petrographic analyses, I. A, Gonzales and K. C. Loh-
mAnn in their paper “Controls on Mineralogy aud Composition of Spelean Carbonates : Carlsbad
Caverns, New Mexico’’ analyse the speleothems [rom the well-known caverns in the world
and made a comparison of the geochemical analyses of the paleokarst speleothems.

The karst breccia can host several types of ore deposits, particularly Mississippi Valley-
type deposits. In his paper “Breccia-Hosted Lead-Zinc Deposits in Carbonate Rocks”’ D. F.
Sangster suggests two hypotheses : 1) solution collapse brought about by the incursion of meteoric
water into the carbonate strata during the period of emergence; 2) solution collapse induced.
by a slightly earlier phase of the ore solutions themselves with no meteoric involvement.

10 — ¢. 362
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In their paper “Blackened Limestone Pebbles : Fire at Subaerial Unconformities’’ E. A
Shinn and B. H. Linz, on the basis of the studies and tests carried out on Cenozoic and Holo
cene limestones in the Caribbean, reach the conclusion that the selective blackening of the
carbonate pebbles is caused by the “instantaneous’” forest fire heating.

The genesis of marine carbonates of drowned karst systems is little known. A step in
‘this respect is presented by P. L. Smart, R. J. Palmer, F. Whitaker and V. P. Wright in
their paper “Neptunian Dikes and Fissure Fills : An Overview and Account of Some Modern
Examples’’. They describe the most important factors in the initiation and development of
sedimentation in neptunian dikes and in the filling of the fissures. The preliminary results
of the sedimentological studies carried out in “blue holes’” from the Bahama Banks are given
as an example.

From the same area K. A. Rasmussen and C. A. Neumann describe the latest results
of a study effecfuated in a shallow drowned karst in their paper “Hologene Overprmts of
Plcistocene Paleokarst : Bight of Abaco, Bahamas’. This study demonstrates clearly how a
karst surface can be modified immediately after its formation. .

Part 11 — Examples of Paleokarst Terranes — includes papers dealing with different
situations of paleokarst terranes. They are presented in chronological order, from the Precam-
brian till the Cretaceous. )

One of the most important questions concerning the paleokarst is how Iar in the geologi-
cal cras cau the paleokarst terranes be recognized? This question is answered by C:. Kerans
and J. A. Donaldson in their paper ‘““Protcrozoic Palcokarst Profile, Dismal Lakes Group,
N.W.T., Canada’’, which gives a complete spectrum of the dissolution, precipitation and depo-
sition in Precambrian formations.

A. Desroches and N. P. James describe in their paper ‘‘Early Paleozoic Surface and
Subsurface Paleokarst : Middle Ordovician Carbonates ;Mingan Islands, Québec’” Middle Ordo-
vician platform carbonates on tlie northern margin of the Appalachian orogen. These rocks
are‘characterized by two paleokarst unconformities and numerous paleokarst surfaces. A

The paper “Ordovician Knox Unconformity, Appalachians’” by W. J. Mussman, 1. P.
Montanez and J. F. Read describes paleotopographic highs, sinkholes and caves that extend to
over 65 m below the unconformity and intrastraial breccias down-to 300 m.

C. F. Kahle presents a variety of paleokarst elements in his paper ““Surface and Sub-
surface Paleokarst, Silurian Lockport, and Peebles Dolomites, Western Ohio’’. They are par-
tially overlain by a paleosol whose composition is similar to the present soils.

Three papers deal with the Mississippian system in North America. In his paper “Ma-
dison Limestone (Mississippian) Paleokarst : A Geologic Synthesis’” W. J. Sando presents
a synthesis of data froin several published and unpublished papers and describes the extension
of this paleokarst in Wyoming and adjacent states.

In the study “‘Late Mississippian Paleokarst and Related Mineral Deposits, Lead-ville
Formation, Central Colorado” R. H. De Vado describes the extension of the paleokarst presented
in the above-mentioned paper southwards, in Colorado. The paleokarst includes numerous
dolines, cavities, enlarged joints extending in the Carbonatic deposits overlain by the Devonian
and Ordovician Mississippian formation.

W. J. Mcyers deals, in his paper ‘“Paleokarstic Features in Mississippian Limestone,
New Mexico’’, with the extension of the paleokarst in Mississippian formations and more south-~
wards in New Mexico.

P. Wright in “Paleokarsts and Paleosols as Indicators of Paleoclimate and Porosity
Evolution : A Case Study from the Carboniferous of South Wales” uses the paleokarst as an
indicator for paleoclimate. Extending the results of this study Wright confirms the observations
made by Longman in 1980 according to which most of the oolitic limestones forming the host
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rock for oil were cemented under conditions of an arid climate; no such situation occurs in
a humid climate.

Paleokarst development in a tectonically active region is described by J. A. Vera, M.
Garcia-Hernandez, J. M. Molina and P. A. Ruiz Ortiz in the paper “Palcokarst and Related
Pelagic Sediments in the Jurassic of the Subbetic Zone, Southern Spain’’.

Karst phenomena such as caves, speleothemes, breccias are presented in connection with
an emergence of the Liassic carbonatic platform which led to the change of the sea level.

The Cretaceous in Mexico is another region where hydrocarbons are hosted in karst
reservoirs, e.g. Golden Lane area which yielded up till now 1.6 billion baryls of oil. In his
paper “Sedimentation and Diagenesis Along an Island-Sheltered Platform Margin, E1 Abra
Formation, Cretaceous of Mexico”” C. J. Minero described the karst phases of an episodically
exondated platform, still exposed to cxondation.

Gh. Ponla

OGNJEN BONACCI : Karst Hydrology With Special Reference lo the Dinaric Karst. Springer-
Verlag, Berlin, Heidelberg, New York, London, Paris, Tokio, 1987, 184 pages, 119
Tigures.

Professor Dr. Ognjen Bonacci from the University of Split, Yougoslavia, presents in Lhe
volume “ISarst 11ydrology With Special Reference to the Dinaric Karst’> a synthesis on the
knowledges on the karst hydrology with numerous practical examples ; most of the examples
refer to the Dinaric karst areas, but there are numerous examples from other parts of the
world also (United Kingdom, I‘rance, the Soviet Union, Switzerland, etc.).

This book is primarily hydrological, but it is written so as to build a bridge over the
gaps between experts from varoius scientific fields related to karst.

The study of water circulation in karst involves numerous hydrometric measuremnents
and detailed scientific analyses. This book covers 15 years of the author’s work.

The volume is divided into @ chapters.

Chapter 1 — Introduetion.

Chapter 2 — Karst Terminology — gives definitions of some terms which show the
conncction water and carbonatic rocks as weil as of terms of karst geomorphology.

Chapter 3 — Principles of Karst Groundwater Circulation — presents several classifi-
cations of the way of water circulation in karst, the reference model being that presented by
Droguw in 1980, divided into two subchapters ; Subcutaneous Zone and Karstification Depth
and Karst Capacity for Water Storage.

Chapter 4 — Karst Springs — gives a detailed classification of ihe karst springs, with
examples espeecially from the Dinaric karst and details on the discharge curves, hydrograph
analysis and dectermination of the catchment arca.

Chapter 5 — Swallow Holes (Ponors) — describes several types of ponors, with several
examples, and determination of swallow capacity of ponors.

Chapter 6 — Natural Strcamflows in Karst — deals particularfy with the interaction
b ctween groundwater and water in the open streamflows, hydrologic regime of rivers in karst
and water losses along the open streamflows in karst.

Chapter 7 — Hydrologiec Budget for the Poljes in Karst — presents ways of calculation
of the hydrologic budget.
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Chapter 8 — Water Temperature in Karst — shows that the measurement of the water
temperature provides answers to several questions connected with water circulation in karst,

dts origin, .etc.
Chapter 9 — Man’'s Influence on the ‘Water Regime in the Karst Terrains — lays stress

on the catchment and exploitation of the karst waters.
In conclusion, Professor Ognjen Bonacci’s book represents a contnbutwn to the know-

ledge of the karst hydrology, a reference book in this field.

Gh. Ponla
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