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JIDOSTITA "BLASTOMYLONITIC” ZONE — PALEOTECTONIC
AND METALLOGENETIC SIGNIFICANCE

Vioriea IANCU
Institutul Geologic al Romaniei. Str. Caranscbheg nr.1, R 78 344 Bucuresgti 32

Key words: Mineralization. Sulphides. Blastomylonite. Shear zone. Structural con-
trols, South Carpathians, :

Abstract: The stroctural disconlinuity marked by the blastomylonites fraom the Porgile
de Fier Outlier (belonging to the Getic Nappe] outlines a erustal, low angle deep-seated
shear zone. This ante-Paleozoic shear plane is obliterated by transposition and blastesis
under mesometamorphic conditions; 1t delimits lithological entities which are part ol a
regional lithotectonic (nappe) complex with a polyvmetamorphic evolution. [un the zone
of the tectonic plane, and especially in the upper lithotectonic units, metalliferous oc
currences of "deep-seated relaved shear zones” type are present. They are represented
by: arsenopyrite (with gold content), pyrite, pyrrhotite, galena, sphalerite, hosted in
metamorphic segregation quartz, forming bands and folded lenses, with a struciural
control imposed by D2 structures (S; foliations, Bz folds). The deep, dynamic metamor-
plism, correlable with the M5 regional event, took place under conditions specific for the
amphibolite-cordierite facies and contributed to the concentration of the metalliferons
elements, which were successively pre-concentrated from protors originating in various

crustal and infracrustal levels.

1. Introduction

The "Luchita Zone” from the Portile de Fier oul-
lier, belonging to the Getic Nappe, pointed out due
to its structural peculiarities by Codarcea (1940), was
considered by Conovici, Conoviei (unpublished data)
to mark an overthrust plane of uncertain (Alpine or
pre-Alpine) age. We described in detail the "blasto-
mylonitic Jidostita Zone™ (lancu et al., 1980), carrving
oul also several structural studies based on differenti-
ated measurements (Tancu, Hartopanu, 1982).

The conelusions ecncerning the tectonic significance
of the microblastic rocks of Jidestita type were con-
firmed both in the crystalline rocks of the Portile de
Fier outlier and in the Capatana Mts, where they ap-
pear as structural "apexes” on the one hand, and in
other zones of the South Carpathians (e.g. Lotru,
Sebes, Semeni¢ Mountains), on the other. In some
cases the microblastic rocks accompany the transitions
to phaneroblastic rocks from different metamorphic as-
semblages or complexes, marking major structural dis-
continuities (lancu et al., 1989). '
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The "Jidostita type” microblastic facies resnlted
through structural and mineralogical reorganisation,
having an obvious paleo-tectonic significance, and by-
ing in connection with ante-Paleozoic deep crustal
shear zones. The "mylonitic® zone accompanied by
polvphase blastesis at the level of the amphibolite fa-
cies delimits lithostructural entities on a regional seale,
coming from various "terrains”, and suggesting differ-
ent geotectonic conditions.

The petrographic and structural features of blasto-
mylonites may be quite varied, depending on the petro-
graphic type on which the effects of the dynanie meta-
morphism act; at the same time, sequences of rocks
from various successions may have a similar structural
petrographic aspect, il they do not show a marked
litholegical contrast,

A major obstacle in discerning and mapping the
"eontacts” or “discontinuities™ ol this type is repre-
sented by the convergence of the characteristies of the
dvnamic metamorphism products and those of the re-
gional metamorphism. Blastomylonites are metamor-



phics resulted through dymamic metamorphism, and
the main problem arising is to discern and dissociate
the products of the dyvnamic metamorphism from those
of the regional metamorphism. But these discontinu-
ities are not always accompanied by microblastic rocks
or blastomylonites; in fact the Phanerozoic overthrust
superficial nappes are not always marked by mylonites

Practically the tracing of the structural discontinu-
ity planes in the Precambrian complexes requires re-
gional mappings and comparative petrological studies,
35 il has already been attempted in recent years (lanecu
et al., 1989, 1990; lanen, Maruntio, 1994).

An important observation, mentioned in the report
of 1980 (lancu et al., 1980), regarded the concentration
of the arsenopyrite mineralizations (with gold content)
in bands and lenses of metamorphic segregation quartz
located in the vicimity of the "blastomylonitic” zone,
in rocks of the Sebes-Lotru Series, The structural and
metamorphic control indicates a metamarphic genesis,
connected with the deep dynamic metamerphism, ma-
terialized also by blastomylonites,

Although we have initially compared these miner-
alizations to those at Valea lui Stan from the Lotru
Mountains (Udubasga et al,, 1976), we consider them
to be "hosted” by different sequences, the genelic pro-
cesses involved in the concentration of the metallif-
erous elements being vartously explained for the two
rones. But the genetic association with shear zones
can be maintained (Udubaga, Hann, 1987).

The mineralized quarty occurrences at Jidogtita
were considered Lo have resulted from the effects of
the dynamic metamaorphism that accompanied crustal
deep-seated shear zones under mesometamorphic con-
ditions in the course of some Precambrian dyiamo-
metamorphic events (Tancu et al., 1989,

This interpretation differs essentially from the one
belonging to the authors that correlated the miner-
alizations at Jidogtita with recent post-nappe faults,
circulated by hydrothermal solutions {Andrei et al,,
1974-1976; Conoviei, Conowvici, 1975),

The spatial association between some products
of the dynamic metamorphism (blastomylonites)
with metalliferons concentrations observed in the
Cipatanii, Sebes-Cibin, and Semenic Mountains
(Tancu et al., 1989) confirms the genetic correlation
I made with the Jidostita Zone.

2. Jidostita "Blastomylonitic” Zone —
Lithotectonic Discontinuity

Unlike the Alpine or Paleozoic tectonic contacts at
a small angle from the Carpathian area, that could be
more easily pointed out, the ante-Paleozoic tectonic
cantacts are more difficult to distinguish and draw due
Lo
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— the structural convergences of the deep dynanic
metamorphism products (mesometamorphic blasto-
mylonites) with metamorphics generated in isofacial
regional dyname-thermal processes or, in the case of
the strongly subgrained rocks, with low-grade meta-
morphics and mylonites;

- the petrographic convergences resulting from the
dynamic structural reorganisation under mesometa-
morphic conditions of some rocks belonging to various
successions;

- the obliteration of the mechanical discontinuities,
(of the shear zones) through structural reorganisation
and blastesis, giving rise to some zones of apparent
metamorphic transition by means of a sel of common,
blastomylonitic foliations and bandings (the case of the
synmetamorphic nappes);

= the superposity + of =ome folding, metamorphism,
shearing processce 1, the areas of polyphase evolution,

Due to the difficuity in tlw direet following on the
field and to the cartographic representation of the
tectonic contact “plane” between sequences belong-
ing to the {Precambian) " Sebeg-Loiru” crystalline and
the Jidostita "formation”, a complex argumentation
is necessary, based on a comparative study invelving
structural and lithostratigraphic criteria as well as an
analysis of the metamorphic deformational evolution
of the lithotectonic entities coming into contact.

The structural aspects analysed on various scales
and in successive stages have been synthetized in the
structural sketches from Figure 1 and Plates |, I1

They illustrate:

- the internal structures of the contacling litho-
tectonic units, underlining the structural econtrast,
favoured also by the lithological contrast betwesen
them,

= the morphological aspect of the t[iﬁt‘UllLi.I}uiLy or of
the "tectonic plane”, extrapolated front the local (Fig.
1} or regional (Pl I, 11} outcrop data, which suggests
a plane at a small angle,

a) Balvanesti Lithotectonic Unit

The erystalline complex from the Balvanesti litho-
tectonic upper unit ineludes: '

~ the plagiogneiss, Topolnita Formation, a sequence
of supracrustal, polydeformied, polvmetamorpliosed
rocks;

products of metamorphic and migmatic segre-

gation (quartz, sometimes mineralized, pegmatites,
migmatic neosoma), with non-tectonitic initial struc-
tures, but with an obvious structural control;

— in situ anatectic magmatites (granitoids), show-
ing isotropic or mimetic structures (in the case of the
products of the partial anatexis);
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Jidogtith Zone.

Fig: 1 Structural map

I, Neogene deposits of the post-Laramian cover

Cielie Nappe

Portile de Fier outlier: 2, Mesozoic formations: 3, Metamorphic formations of the Sebes Group (Sebes-Lotru
Series divided) [Sb): a) in situ anatectic granitoids: 4, lidostita Formation; 5.Lxotic rocks: metaultramafics,
MP; amphibolitized cclogites, ek, 6, undifferentiated metamorphic foliation; 7, 8 foliation; 8. 5y foliation; 9,
Lamination (shear plane); 10, Axial plane of mesoscopic fold; 11, Fault plane; 12, By fold hinge; 13, By fold hinge;
14, Relict lineation (M ); 15, Mineral lineation (Mz); 16, Axes of ¥y folds: a, antiform; b, synform; I7, Axes
of Fp folds: a, antiform; b, synform; 18, Axes of folds in the Jidostita Formation; 19, Pre-Alpine tectonic plane
(structural discontinuity); 20, Reverse fanlt; 21, Fault; 22, Metamorphic, mineralized quarts léns.

- exotic, anisofacial rock bodies (eclogites, gran-
ulites, metaultramafics) that preserve relict structures
prior to M, (granulitic, coronitic, simplectitic) and
mark on regional scale a Proterozoic cryptic paleosu-
ture (lancu et al., 1987).

The Topolnita Formation is a prevailingly pla-
giogneissic sequence which is part of a succession of
supracrustal rocks of "Sebes type”. containing mter-
calations of quartzitic plagiogneisses and quartzites,
amphibolites, quartz-feldspathic gneisses and subordi-

nately marhles. Both on the outcrop scale and on
regional scale, two generations of folds are preserved
(represented in a different manner on the sketches from
Figure 1 and Plates [, 1T} with essentially different on-
entations: approximately NW-5E in the case of the
I, folds and approximately NE-SW in the case of the
F folds,

[n the more competent sequences the two genera-
tions of folds coexist, the lithological markers indicat-
ing dome and basin-like elongated structures, consid-



ered to be the result of the coexistence of the variously
orienied structures, generated in the Dy and Dy strue-
togenetic stages, and of the partial transpositions after
the Ds structural directions,

On the other hand, in the incompetent sequences,
the strongly elongated o folds are accompanied by
strong transpositions after Sp, rarely permitting the
preservation of the old structures (Pl. II).

The existence of the planar and linear structural el-
ements of several generations in the Mehedinti erys-
talline was demonstrated by lancu, Hartopanu (1982),
and illustrated in tectonograms based on numerous dif-
ferentiated microstructural measurements.

The analysis of the parageneses and index miner-
als correlable with the Dy-M,; and Dy-Ms dynameo-
thermal events shows that the successive deforma-
tions took place under conditions specific for the
amphibelite facies, being differentiated through the
baric regime; Thus, the first D;-M; metamorplic
event is characterized by the existence of the in-
dex minerals specific for the Barrovian facies series
(kyanite, almandine; staurolite) similar to the situa-
tion in the Bahna outlier (Hartopanu, 1986), while
the Dy-My event is characterized by paragenetic as-
sociations specific for the low pressure facies series
(sillimanite+tcordierite+potassium feldspar; silliman-
ite+ muscovite; andalusite) (lanca el al., 1987).

The superposed zonality, specific for the Ma event

{although it could not be cartographically repre--

sented), s accompanied at the level of the silliman-
ite + potassium feldspar zone by metatectic-anatectic
migmatization. : :

The complex of exotie, nfracrustal rocks is rep-
resented by allochthonous hodies occurring at vari-
ous lithological levels, but above the contact with the
Jidostita Formation. These are represented by: eclog-
ites, granulites, or bimodal granulitic gneisses (with
compositional banding}, metauliramafics. The high-
grade polymetamorphism of the eclogites and ultra-
mafics (the eclogitic facies followed by the granulitic
one) as well as the presence of the banded granulitic
rocks determined us (Tancu et al., 1988) to consider
their emplacement connected with deep crustal shear-
ings at the level of the lower crust and of the subeconti-
nental upper mantle, initially in the conditions of the
eclogitic and granulitic facies (high grade mylonites),
and al the level of the amphibolite facies,

The retrograde adaptations at the level of the am-
phibiolite facies of the exotic rocks took place in sic-
cessive stages, simultaneously with the M; and M» re-
gional events.

b) Jidostita Lithotectonic Unit

Initially separated under the name of the Jidostifa
"Series”, the lithological sequence cropping out in
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the lower tectonic unit is lithologically monotouous,
consisting of biotitic plagiogneisses, quartzitic pla-
glogneisses, quartzites and very razely amphibolites,

The sequence exposed in the "windows” from the
Portile de Fier cutlier is characterized by the ubiquity
of the microblastic structures and the existence of the
metric alternations of microblastic and phaneroblastic
metamorphics.

The microblastic rocks are considered to mark the
apical zones of the lower unit and, therefore, the prox-
imity to the tectonic plane between the two lithotec-
tonie units.

The amplitude of the effects of the subgranulation
shearing and dynameo-thermal transposition processes
exceed the outerop scale reaching 1-200 m, and the
outcrop area covers entirely the arcas exposed by the
tectonic windows, At the same time the preservation of
the inherited phaneroblastic facies gives the impression
of lithological alternations, being correlated with the
density of the shearing planes and the transposition
grade of the lithons in the zone of the tectonic plane.

The internal struetures of the Jidostita Unit are
marked by a strong mechanical iransposition, accom-
panied by mineralogical reorganisation according to
the Sy foliation and bandings, associated with a tight
Fy folding (Fig. 1), The generally straightened posi-
tions of the S, foliations contrast with the low angle
morphology of the tectonic contact.

On the other hand, the transition from one unit to
another is seemingly gradual on profiles and at the
outerop scale, through the S, {oliations (Fig. 1).

Owing to the intense shearing and transposition pro-
cesses, in the Jidostita Unit, the relict structures prior
to the F2/Ss generation are rarely preserved.

¢) Tectonic Contact — Structural Peouliarities

As it is shown by the description of the lithotectonie
{or lithostructural) units, the tectonic contact between
tliem presents several peculiarities as follows:

— in the Jidogtita zone it is marked by microblastic
rocks "intercalated” in the phaneroblastic rocks show-
ing an areal distribution and being 1-200 m in thick-
ness;

- the transition from oune unit to another takes place
gradually (over hundreds of metres) through the very
dense and penetrative Sq foliations;

~ the paragenelic associations corresponding to the
Dy (Fa, Sa) deformational event are those specific for
the M, thermal event, commion to both units; in the
Porfile de Fier outlier the latter is characterized by the
succession of zones as follows: sillinanite + cordierite
+ potassium feldspar; sillimanite 4+ muscovite; an-
dalusite (the succession of zones specific for the low
pressure facies series (cf. Hietanen, 1967; Miyashiro,
1973);



JIDOSTITA "BLASTOMYLONITIC” ZONE

— the reliet structures and minerals (porphyroclasts)
of the first M; dyhamo-thermal event are well pre-
served in the upper tectonic unit even in the plane
zone; the lower tectonic unit is marked by the pre
dominance of the microblasiic rocks resulted through
mineralogical and structural reorganization under dy-
namic conditions, reflecting a maximal intensity of the
shearing processes; the necformation minerals are as
follows: biotite, muscovite, plagioclase, garnet = silli-
manite & andalusite; ' .

- the morphology of the plane obviously suggests a
mechanical discontinuity at small angle (Fig. 1, PL
I), that was initially subhorizontal.

Macroscopically and microscopically the relict por-

phyroclasts from M, are visible; they are flat, rofated
(garnet, plagioclase) or sheared and "streiched” as
"spots” (plagioclase, bictite); micas appear as fasci-
cles and reoriented or often replaced by micas of the
second generation (biotite, muscovite),
" The recrystallized (quartz, plagioclase, biotite) or
neoformed (zoisite?, sillimanite, muscovite) phases are
also oriented, generating either bandings and min-
cral lineations or "duplex” type foliations or "foliation
fishes” (the case of the very micaceous rocks).

Some minerals, especially quartz, show intracrys-

_talline deformations (undulatory extinctions, defor-
mational bands in the pre-existing grains), effects of
boundary migration, pressure solution and oriented re-
erystallization under stress (elongated grains in the S,
plane).

The postkinematic recrystallization (post-Sa) of
quartz, present as grains with clear extinction and
mosaic-like aspect, was connected with a more recent
thermal event (Ms) correlated with the in situ anate-
ctic granitoids (lancu et al., 1987).

The structuraly controlled quartz bodies areé very
important in following the mineralizations, represent-
ing depositions from synmetamerphic siliceous solu-
tions enriched in metalliferous elements. Under the
microscope the zones within rocks strongly affected
by the "pressure solution” round the porphyroclasts
become poor in quartz, which is redeposited and re-
crystallized within the dilatation spaces or within the
spaces with "pressure shadow™”. Both the mentioned
microscopic and mesoscopie evidences are considered
to illustrate the effects of the dynamic metamorphism
during the selubilization reactions under pressure (of
quartz and of the metalliferous elements within rocks)
as well as the mobile character of the thermal siliceous
solutions that migrated mostly in an ascendent direc-
tion — with respect to the maximal shear zone - to-
wards the apen spaces (model described by Thomkin-
son, 1988),

The lineations marked by minerals or mineral ag-
gregates in the S» plane are very characteristic of the

plagiogneiss " packets”,

On the other hand, in the "packets” or lithons of
more fissile, micacecus rocks, mtersection lineations
marked by micas (see lancu, Hartopanu, 1982), sim-
ilar to those from the "S-C type mylonites” (Berthé
et al., 1979) can be noticed in the S; plane.

3. Metalliferous Oceurrences — Their
Structural Control

The arsenopyrite mineralizations at Jidogtita were
investigated by prospection and exploration works.
They were deseribed by Andrei et al. (1974-1976] - as
hydrothermal mineralizations, located on recent faulis
consisting of mispickel (arsenopyrite), pyrite, blende
(sphalerite), galena (in quartz gangue).

The report elaborated by lancu et al. (1980) pro-
vided several new data that led to a different inter-
pretation from the one accepted until then for the
Jidogtita Zone.

Several aspects were pointed out as follows:

- the presence of the metalliferous quartz concen-
trations within the metamorphic segregation quarte,
occurring as folded bands and lenses (Fig. 2) but also
a5 velns;

— the structural control of the mineralized quarta
concentrations illustrated by the presence of the bands
and lenses in the Sz foliations and in the (F3) folds;

- location of the imneralized quartz lenses in micas-
chists and plagiogneisses belonging to the Topolnita
{Sebes Group) in the Balvanesti upper lithotectonic
unit, m the vicinity of the structural discontinuity
marked by microblastic rocks. Sumilar concentrations
dominated by pyrite occur also in the plagiogneisses of
the Jidostita Formation (e.g. Luchita Valley).

These ohservations led to the idea of a metamor-
phic genesis connected with ante-Paleozoic deep seated
dynamic metamorphic processes inamphibolite facies
conditions,

The mineral association specific for the Jidosti-
ta mineralized zone contains: pyrite-chalcopyrite-
arsenopyrite-sphalerite-galena-pyrite I1, presented in
the order of their formation (P. Hartopanu, in lancu
et al., 1980).

Compared Lo arsenopyrite, chalcopyrite and pyrite
appear as relict phases, and sphalerite {(with pyrite ex-
solutions) and galena are younger phases; this parage-
nesis is genetically correlable with the deep dynamic
metamorphism, its protor being the above deseribed
crystalline complex (Jidogtita Formation, situated un-
der the tectonic plane, the exotic anizofacial rocks and
the Topolnita Formation).
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Fig. 2

Guterop sketehes in the didogtita nneralized Zone (Jidostita Valley - Valea Rogie). a) Metamorphic quartz

amd ore lenses {arsenopyrite, pyrite, galenatsphalerice) in an alternation of paragneisses, micaschists, quartzites with

genvral S foliation; Br - breccified ore level. by Intrafolial lenses and folds marked by metamorphic quartz and

are, transposed in the 5; foliation plane. ¢) Recumbent and sheared drag-folds and lens-like metamorphic quartz (4
vic). d) Shear folds in "tectonic inclustons™ containing metamorphic guartz and ore. 1, Quartz lens: 2. ore lens; 3,

micaschists and plagiogneisses with guartzite bands (a);

The oxistence of the occurrences with regenerated
sulfides (pyrite, chalcopyrite, arsenopyrite) in the form
of veinlets and depositions on younger, postmetamor-
phie faults both in the Jidostita and Gradsca zones
{Porgile de Fier outlier) as well as in the Cipatanii
Mountains (Costesti Valley) was noticed.

As mdicated by the above-mentioned data, the
structural control of the mineralized quartz seg-
regations is aceompanied by & certain lithologic-
petrographic control, the host rocks being micaschists
amd plagiogneisses. This suggests that the linal protor

4, breccified ore level; 5, hinge of mesoscopic fold,

of the thermal solutions rich in silica is represenied
by the quartzous, aluminous rocks, with silica excess,
from both tectonic units which, through metamorphic
and dynamic reactivation, permitted the release of sil-
ica readjustment metamorphic reactions during the M;
event,

The physical cenditions suggested by the specific
parageneses of the host rocks indieate relatively higher
temperatures (the zones: muscovite-+sillimanite: silli-
maniteteordierite+potassium feldspar) and relatively
low pressures compared with the My event {character-
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ized by the kyanite bearing parageneses).

It can be estimated, however, that in the case
of the crystalline complexes from the Getic Nappe
(the Portile de Fier outlier inclusively) the gold con-
centration within sulfides (arsenopyrite, pyrite) can
be explained through a polymgetamorphic evolution,
through successive concentrations, as a consequence of
the spatial superposition of the dynamic or dynamo-
thermal events, i

The "Jidostita type” mineralizations at the outcrop
scale reveal banded fabrics imprinted by the recurring
of the (centimétric or decimetric) ore and quartz bands
disposed according to the metamorphic foliations. One
can also notice a repetition at various levels, obviously
resulted through folding and transposition processes,
as is shown by the outcrops on the Valea Rosie and
Gradsca Valley (Fig. 2). The presence of the miner-
alized quartz bands in the foliation plane and in the
hinges of the By folds seems to have been facilitated
by the existence of the dilatation spaces, while the in-
terruptions and lentilizations are spatially associated
with the limbs of these folds. These aspects as well as
the effects of the subsequent deformations (Bg folds,
new shearings etc.) explain the lenticular aspect of the
mineralization, the lack of continuity on a constant di-
rection as well as the disintegration of the initial lenses,
so that the ore (also stretched, lentilized) may occur
both included within quartz and in direct contact with
the host rock.

Microscopically arsenopyrite quantitatively prevails;
it shows effects of brittle deformation, being ce-
mented with quartz or more recent sulfides (sphalerite,
galena),

The secondary minerals are represented by skorodite
and hydrogoethite.

4. Genetic and Paleotectonic Considerations

The genetic and paleotectonic significance of the
metalliferous occurrences at Jidostita can be under-
stood based on the specific, local data on the one hand,
and on the regional structural context, on the other.

The compared lithological and structural study of
the Precambrian metamorphic formations of the Getic
crystalline made possible an original approach that led
to the division of this erystalline into lithotectonic or
lithostiuctural units within which the Lotru, Sebes,
Cumpana, Figiras and Luchifa "groups™ were sepa-
rated.

The lithostructural entities were delimited by ma-
jor structural discontinuities (Tancu, Miaruniiu, 1994)
which, in most cases mark deep-seated crustal shear
sones. In some cases (niodel b, Fig. 3) the latter sug-
gest mechanical discontinuity planes at a low angle,

similar overthrust planes (ex. Mehedinti, Cipatana

Mountains). This type of paleoplane is marked by
microblastic rocks or tectonic melanges with eclogite,
granulite, metaultramafite blocks originating from the
level of the lower erust and the upper mantle{the exotic
infracontinental rock complex from the Getic Nappe).
A subsequent dynamo-thermal (M3) reactivation could
obliterate and transpose this discontinuity.

In some other cases (model a, Fig. 3) the apparent
transitions achieved by blastomylonitic rocks through
some common foliations (Sa) obliterate these disconti-
nuities by a synchronous dynamo-thermal event (Mg).
This is the case of metamerphic nappes, an exam-
ple being the "contact” between the Lotru and Sebes
groups (Lotru basin Valley).

In model ¢ (Fig. 3) we suppose the existence of
different age and mechanism of emplacement for the
ante-Paleozoic discontinuities implying alsc Protero-
zoic granulitic terrains from the Getic erystalline (e
relations between the Ursu and Sebes, and respectively
Lotru group). All these cases are difficult to notice in
the course of some usual mappings.

In this context, the paleotectonic significance of the
Jidostita "blastomylonitic’ Zone and of the gold ar-
senopyrite mineralizations occurrences, spatially and
genetically associated, is closely related to the regional
problems of the lithotectonic entities contacting one
another, a situation analysed in this paper.

As results from the presentation of the structural-
metamorphic data, the Jidogtita "hlastomylonitic”
Zone marks a tectonic paleoplane characterized by
a structural low angle discontinuity, formed by deep
crustal shearing.

We can retain the paleotectonic significance of the
mictoblastic and blastomylonitic rocks and their close
assoeiation with some metalliferous occurrences,

Lithostratigraphically, the Jidostita formation is dif-
ficult to correlate but there arethree possibilities: an
independent group (Luchita™ cf. Taneu et al., 1989); a
"Lotru” type sequence (Iancu, Maruntiu, 1994), or a
part from a granulitic complex, situated between the
Sebes and Lotro megasequences.

In the case of the Jidostita " blastomylonites” the dy-
namic factor involved in the concentration of the met-
alliferous elements (arsenopyrite and pyrite with gold
content, sphalerite, galena and chaleopytite] was rep-
resented by repeated crustal shearing prior to the My
event and subsequently, in the M2 metamorphic event
which took place in the conditions of the amphibolite-
cordierite facies. The location of the mineralization in
the metamorphic quartz (bands and lenses) and the
gold contents of the quartz determined through neu-
tron activation (0.062-0.086 ppm) close to the gold
contents of sulfides (pyrite 0.130-0.368 ppm) point to
an obvious genetic correlation and commeon sources.
In this case the deseribed erystalline complex contains
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both the rocks that likely constituted the final
sources of the mineralized siliceous solutions (micas-
chists and plagiogneisses) and rocks originating inthe
Jidostita Unit or in deeper zones (eclogites, granulites,
metaultramafics, which might have furnished metallif-
erous elements, gold inclusively, in stages previous to
Ma.

Thus, through successive concentrations, the poly-
metamorphic rocks from the present erystalline com-
plex could take over and concentrate gold and other
metalliferous elements from protors which are difficult
to specify now,

Regional observations carried out on the Getic crys-
talline allowed the pointing cut of a clear structural
eorrelation between some metalliferous cccurrences
(sulfides with gold content on the one hand, and sev-
eral pronounced teclonic discontinuities and blastomy-
lonites on the other hand). Acknowledging the im-
poriani role of the deep dynamic metamorphism in
the generation of some concentrations of metallifer-
ous minerals., these occurrences will be designated as
"deep seated shear zones related”. Due to the dynamic
factor of metamorphism, they may be considered to
belong to the great category of "tectogenetic” min-
eralizations (Udubasa, 1987) or "shear zones related”
(Udubaga, Hann, 1987). By the convergence of their
characters and the similarity of their physical condi-
tions, the products of the dynamic metameorphism are
difficult to differentiate from the products of the re-
gional metamorphism, which justifies the necessity of
the specialized structural study in the case of the strue-
turally controlled metalliferous occurrences, correlated
with "deep seated shear zones”.

In this sense two types of structurally-tectonically
conditioned occurrences are distinguished as follows:

a) occurrences correlated with dynamic metamor-
phism processes marked also by blastomylonite zones;
theoretically they may accompany deep seated shear
zones (thrust faults) or "transpression™ type zones
(high angle).

B regenerated occurrences ~ forimed by remobiliza-
tion of some pre-existing mineralizations as a result of
shallow level shearings.

As regars the spatial relationships with the maximal
shear zones one could notice:

- metalliferous occurrences situated "above™ the tec-
tonic discontinuities in quartz or quarta-feldspathic
segregations.

Such examples are o be found on the Jidastifa,
Rosia, Gradsca (Mechedingi) valleys; on the Costesti
Valley in the Capitana Mountains. These occurrences
consist of gold bearing arscnopyrite, pyrite, pyrrhotite,
chalcopyrite, sphalerite, galena.

- gecurrences hosted in the maximal shear zones,
namely in blastomylonites; metalliferous minerals

(pyrite, pyrrhotite] are disposed in the plane of the
blastomylonitic foliation.

Example: Nerginita Valley (Semenic Mts), Ramesti
Valley (Cipitanii Mts).

In some cases the mentioned mineralizations, gener-
ated in the course of some Precambrian tectogenetic
events-show evidence of more recent tectonic reactiva-
Lion. -

Metalliferous minerals occur as mobilizations on fis-
sures and in newer, Phanerozoic shear planes. Such re-
generated, superposed mineralizations are to be found
in the Mehedinti and in the Cépitanii Mountains.

In some zones, the.mentioned blastomylenitic rocks
contain also metalliferous minerals (especially oxides)
dispersed in the mass of the restructured rocks, Exam-
ples: the Carpinis-Capalna blastomylonitic zone, the
blastomylonites from the Fagiras Mountains in the
contact zone of the Migura Ciinenilor Formation and
the Suru Formation ete. ;

All these situations prove the existence of a common
factor of processing and coneentration: the dynamic
metamorphism thal accompaities the erustal (deep-
seated) shear zones. On the other hand, the varied
compositions as well as the quite varied host rocks lead
to the idea of an important influenece due to the nature
of the protors and the successive processings (in the
case of the polymetamorphic rocks) as well as to the
local or specifie physical conditions (movement rate,
chemical gradients, fluid pressure, ete.).
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EPIGENETIC MINERALIZATIONS ON THE EASTERN FLANK
OF THE RARAU MARGINAL SYNCLINE (EAST CARPATHIANS)

Vierel MACALET
Institutul Politehnic. Splaiul Independentei nr. 313, Bucuresti

Cornel MOGA, lon PODASCA, Petre TIBREA
GEOMOLD 5.A. Str. 30 Decembrie nr. 2, Campulung Moldovenesc

Key words: Mineralization. Sulphides. Hydrothermal processes. Major elements.
Minor elements, Structural controls: Lithelogic controls. Fluid inclusions. Decrepitation.
Absolute age. Pb/Pb. Bast Carpathians.

Abstract: The region between Sliticara to the north and Ostra to the south is situated
on the eastern flank of the Rardu marginal syncline (East Carpathians) and corresponds
to the Bucovinian Nappe, which consists of a crystalline basement, in its turn made up
of several pre-Alpine nappes — Putna Nappe, Chiril Nappe and Rariu Nappe on the
one hand, and of a Mesozoic sedimentary cover, on the other; ¢astwards the Bucovinian
Nappe overthrusts the inner flysch of the Ceahlin Unit. The crystalline formations host
several epigenetic hydrothermal mineralizations, the primary parageneses - formed in
at least three stages - comprising pyrite, chalcopyrite, galena, sphalerite, tetrahedrite,
bournonite, oligist, marcasite, arsenopyrite, quartz, siderite, barite, witherite, and chlo-
rite. The zones showing indications of epigenetic mincralizations lie on an alignment
trending approximately north-south, corresponding to a major fracture that constituted
an access way for the mineralizing solutions, The deposit form of the mineralizations
is represented by veins, impregnation and stockwork, showing a greater development in
the interseclion zones of the main fracture with the competent rock levels -quartzites,
metasandstones, acid metavolcanics and gneisses.

The presence of some sulfide mineralizations in the  the emplacement of the Ditrau alkaline massif.
Stulpicani commune (at Gemenea) is mentioned by So-
colescu in 1948, Approximately ten years later lanovici
et al. (1957) study the polymetallic sulfide mineraliza-
tions with barite gangue at Gemenea; Tdnasescu and
Pitulea (1958-1965) point out and study the barite
mineralization at Ostra, and Idriceanu (1960) points
out a sulfide mineralization with quartz and barite
gangue on the Botogan Brook.

All these studies reveal the epigenctic character of
the barite and polymetallic sulfide mineralizations be-
tween Slitioara and Ostra, suggesting their possible
correlation. _

The more recent synihesis stndies made by Ignat et
al. (1985), Vod3 and Voda (1985), Vodi et al. (1987)
on the basis of the prospection, exploration and ex-
ploitation works led to the consideration of & wider
metallogenetic context. Thus the barite and sulfide
epigenetic mineralizations formed in the distention pe-
riod ‘at the beginming of the continental rift stage, at
the end of the Jurassic. in the same phase that led to

I. Tectonics and Geology of the Region

The region dealt with in the present paper con-
sists of the formations of the Bucovinian Alpine Nappe
which thrusts eastwards over the flysch of the Ceahliu
Unit. Within the Bucovinian Nappe metamorphic for-
mations disposed in several pre-Alpine Nappes (Putna,
Chiril and Rardu) and a sedimentary cover represented
by Mesozoie deposits (Fig. 1) can be distinguished.

The Putna Nappe, consisting of the ceystalline for-
mations of the Tulghes Group, is represented between
Slatioara and Ostra by the upper part of the voleano-
sedimentary formation (Tga) - the Morogan and the
Fundul Moldovei members, and by the lower part
of the blastodetrital formation (Tgy)-Bagea member
(Podaged et al., L986).
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Slitioara and Ostra. 1, Bucovinian Nappe: a, Mesozoic sedimentary; b, Rariu Nappe;
¢, Chiril Nappe; d, Putna Nappe; 2, Ceahliu Nappe; 3, Overthrusts; 4, Faults:
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MINERALIZATIONS FROM THE SLATIOARA - GEMENEA - OSTRA ZONE

On the whole the formations of the Tulghes Group
consist of several varieties of quartz-sericite-chlorite
schists making up the petrographic background, which
contains, especially in the Fundul Moldovei Member,
several dominantly guartz-feldspathictmuscovite lev-
els which genetically represent metapsammites and
acid metavolcanies.

The Chiril Nappe represented by the Chiril Forma-
tion, thrusts over the Putna Mappe, being in its turn
overthrust by the Rardu Nappe.

The Chiril Formation is characterised by the pro-
nounced mylonitization, represented at present by the
typically crystalloclastic structures; phenoclasts being
represented by plagioclase and, subordinately, mus-
covite, biotite, garnet and hornblende; alse concomi-
tantly with mylonitization intense retromorphism pro-
cesses took place, the corresponding minerals being
chlorite, albite, epidote, calcite and actinolite,

For these rocks an initial progressive metamorphism
may be admitted at the level of the zones with biotiile
and almandine, the resulted products corresponding to
the plagiogneisses and micaschists with muscovite and
biotite & garnet, with which feldspathic quartzites,
amphibolic schists and amphibolites are associated.

The Rariu Nappe, consisting of the Rariu Forna-
tion, overthrusts the Chiril Nappe or overlies directly
the Putna Nappe. Petrographically the Rariu For-
mation consists of microcline gneisses + biotite, often
showing a reddish shade due to a fine hematite dis-
persion in the mass of microcline phenoblasts — Rarau
gneisses with which micaschists and garnet muscovite-
biotitic plagiogneisses and amphibelitic rocks asso-
ciate. :

In the Bucovinian Nappe the general structural di-
rections are approximately NNW-SSE; this nappe is
divided by numerous directional faults, probably older,
and transverse faults in several'compartments,

In order to create a detailed structural hmage, we
measured in outcrops or in the mining works the po-
sition of the planar structural elements {schistosity,
cleavages and fissures) and of the linear ones (micro-
fold axes). Starting from the tautozonality of the schis-
tosity and longitudinal fissures we represented graph-
ically the J axis (=~ B) and the deformation ellipsoid;
it follows that the AC plane overlaps the maximum of
the measured ac fissure systems; also, the poles of the
axes of the longitudinal microfolds plot in the maxi-
mum zone of the ac fissure systems (=~ B axes). It is
worth mentioning that the measurements were made
especially in the levels of quartz-feldspathic rocks be-
longing to the Tulghes Group. Microtectonic stud-
ies have pointed out that locally the structural direc-
tions (B axis) may appear different from the general
structural image, becoming approximately east-west.
‘The rotation of these structural directions, sometimes
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up to 90°, cannot be interpreted only through the fault
systeims, but also through some local overthrusts. The
most obvious local overthrust (the ™ Afinis overthrust™)
in the Putna Nappe formations appears between the
Cheilor Brook and the Muncel Brook (Fig. 2).

II. Mineralized Zones

Between Slaticara to the north and Ostra to the
south, several zones with epigenetic hydrothermal min-
eralizations are known.

On the Padina Brook, left branch of the Sliticara
Valley, at about 500 m upstream the confluence (al-
titude of 860 m), the mineralization investigated hy
three galleries, consists in different proportions of chal-
copyrite and galena, with which tetrahedrite, bournon-
ite and sphalerite are associated; the gangue minerals
are mainly represented by quartz, barite and siderite.

On the Paraul cu Mesteceni Brook, on the rght
bank, at about 6825 m upstream the confluence with the
Diacul Braok (altitude of 860 m) a few metres thick hy-
drothermal quartz vein is exposed, containing a pyrite
mineralization; the vein sends numerous apophyses 1,
the host rocks, while vugs are often encountered. Also,
on the interfluve between the Padiga Brook and Parau;
cu Mesteceni Brook (altitude of 980 m) several blocks
and fragments of strongly silicified tectonic breccia are
encountered; under the microscope only the hydrother-
mal quartz was pointed out as epigenetic mineral.,

On the Afinis Brook (right tributary of the Cheilor
Brook) a mineralization of polymetallic sulfides &
barite was investigated by galleries-and boreholes.

At the level of galleries 1, 11 and Il a vein was
pointed out reaching 53-120 m in length and 0.1-2.5
m in thickness, while at the level of gallery TV thres
vein zones were intercepted.

The wein mineralization generally has & massive
structure, consisting imainly of chalcopyrite and galena
in various proportions, and subordinalely sphalerite,
tetrahedrite, bournonite, pyrite and arsenopyrite;
gangue consists especially of quartz and sometimes
siderite and barite. Both in the hangingwall and the
footwall of the veins Lthere ocour prevailingly pyrite im-
pregnation zones,

As regards the petrogenetic context, it is to note the
constant presence of the above-mentioned mineraliza-
tions in the mass of the same rock type — muscovite
quartz-feldspathic rocks (mestly metapsammites) -
usually in the immediate vicinity of or just at the con-
tact with quartz-sericite = graphite schisis.

On the Valea lumi lon Brook (left branch of the
Botogan Brock), on a small waste dump from the right
bank, at-about 325 m from the confluence, fragiments

%
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Fig. 2 - Geolagic sketeh of the zone between the Cheilor Brook and the Muncel Brook. 1, Ceahlin Nappe (Sinaia

Beds); 2, Rarku Formation: gneisses, micaschists, amphibolites; 3, Chiril Formation: biotite-muscoviLe micaschists,

paragneisses, amphibolic schists: 4, Tulghes Group: a, quartz-sericitezchloritetgraphite schists: b, guartz-feldspathic

rocks (metasandstones, acid metavolcanics); ¢, chlorite-albite schists; 5, Overtlirusts: &, Afinig overthrust; 7, Faults;
8, Tectonograms (plotting in the lower hemisphere): 9, Schistosity position.
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consisting of quartz and pyrite containing siderite clus-
ters and veinlets, accompanied or not by chalcopyrite,
are to be found. '

On the left bank of the Muncel Brook, in the im-
mediate vieinity of the contact with the flysch, in a
strongly brecciated quartz-feldspathic level, a siderite
impregnation is present; some barite fragments were
also encountered.

On the Botosan Brook, about 1000 m upstream
the confluence with the Valea lui Ion Brook a min-
eralization consisting mainly of sphalerite and galena
oecurs in strongly brecciated quartz-muscovitic my-
lonites (hydrothermal quartz may exceed 50 % in some
samples), probably belonging to the Chiril Forma-
tion; pyrite is also found associated with hydrothermal
quartz.

On the Scilditori Brook, in the zone of one con-
fluence (altitude of about 1010 m), the gquartz-albitic
ultramylonites (cataclased paragneisses) are crossed in
every direction by carbonate veinleis (calcite and sub-

ordinately siderite) with which a lamellar hematite

mineralization (oligist) is associated; pyrite is also
present in small amounts.

On the Tarnita Brook, on the right bank (at approx-
imately 300 m downstream the confluence of the two
branches - altitude of 920 m) a setric level consisting
of an alternation of quartz-feldspathic and prevailingly
quartz-muscovite bands develops, Tectonically the sit-
uation is simnilar to that in the Afinig zone, at least
with respect to the approximately edst-west strike of
this level. On the whole the rocks show an advanced
brecciation degree.in places the breceiation being ae-
companied by a pronounced hydrothermalization.

The hydrothermal mineralization consislts  of
siderite, quartz, subordinately barite and witherite,
and as opaque minerals, of galena, sphalerite, chal-
copyrite and tetrahedrite. .

On the Clife Brook, between its two branches at
about 100 m upstream the confluence in the viein-
ity of the contact with the sedimentary, a 12-15 m
thick level of muscovite quartz-feldspathic rocks (felds-
pathic quartzites fo plagiogneisses), crossed in every
direction by hydrothermal quartz veinlets, is exposed.
The quartz-féldspathic rocks are intensely eataclased
throughout their thickness and contain a barite min-
eralization in the form of veinlets (the greatest of them
being about 30 em thick), clusters and impregnation;
siderite is poorly developed. Downstream the mineral-
ization, quartz-feldspathic rocks contact a thin level of
graphite quartz schists, In some zones mylonitization
is pronounced, the graphite rocks generally favouring
the shift of the quartz-leldspathic blocks after the sys-
tem of fissures, thus the general aspect is that of a
breceia with white, quartzitic or quartz-feldspathic el-
erents of various sizes and black graphite cement.

Also on the Clife Brook, approximately 100 m down-
stream the confluence of 1ts two branches (910 m),
a strong siderite impregnation develops in a quartz-
feldspathic level,

The investigation carried out between the Clife and
Alunigul Mare Brooks (galleries X X1V, XXIIIL, 111 and
XXXV and in the lower part af the Ostra quarry)
pointed out also the presence of hydrothermal quartz
in various cataclasation stages, especially i the for-
mations under the Rariu Nappe.

In this zone, where the barite mineralizations are to
be found in at least two pre-Alpine tectonic units -
the Putive Nappe and the Rardu Nappe - it should be
noted that barite usually occurs as centimetric discor-
dant (ascendant) veins in the formations underlying
the Rardu Nappe, and as imnpregnation, lenses or bod-
ies of considerable size in the Rariu gneiss mass,

III. Mineralogy and Chemisin of
Mineralizations

1. Mineralogy

Pyrite is the earliest metallic mineral, forming id-
iomorphic crystals, sometimes up to 0.5 mm, both as-
sociated with hydrothermal guartz, which cements the
fragments of the host rocks, and included and corroded
by chalcopyrite,

Chalcopyrite is usually strongly eataclased; it in-
cludes idiomorphic pyrite crystals, being in its turn in-
cluded and crossed by numerous galena, tetrahedrite,
bournonite veinlets.

Gialena appears as patches and veinlets in which no
individual crystals can be distinguished or, in some
cases, microcrystalline aggregates of mosaic-like strue-
ture; it often penetrates the chalcopyrite mass, corrod-
ing it.

Tetrahedrite may be the dominant mineral in some
samples, while in others it appears entirely subordi-
nated. If the tetrahedrite-galena contact clearly ap-
pears as a distinet line, the tetrahedrite-chalcopyrite or |
galena-chalcopyrite contact appears diffuse, indicating
in both cases the chalcopyrite corrosion; this aspect
points to the fact that tetrahedrite and galena belong
to the same generation, being younger than chalcopy-
rite,

Bournonite appears in most cases intergrown with
tetrahedrite, especially with rounded forms containing
chalcopyrite remains. The maximal and minimal val-
ues of the reflection capacity of bournonite (sample 53
— Afinig Brook) are as follows (the standard values are
in brackets): red 35-30 (33.5-31); yellow; 36.5-31.8
(35.5-33); green: 37.5-32.5 (36.5-34): blue: 39.5-34.5
(37.5-34). A slight deviation towards greater of the
maximal reflectivity values with respect te the theo-
retical values can be noticed. The veinlets consisting
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of galena, tetrahedrite and bournonite disperse some-
times in impregnation zones in the chaleopyrite mass.

Sphalerite is usually present in small amounts, some-
times as large crystals, Tt may belong to two genera-
tions — one, prior to chalcopyrite, usually containing
chaleopyrite exsolutions, aud the other, subsequent to
chalcopyrite, associated with galena, devold of chal-
copyrite exsolutions,

Marcasite occurs only isolated as individual lanellae
or lamellar aggregates, more often south of the Clife
Brook,

Arsenopyrite, like marcasite, appears quite rarely,
as long prismatic or acicular erystals in the quartz aml
chaleopyrite mass or as tiny grains grown on marcasite
lamellae.

Hematite is found in greater amounts only on the
Scalditori Brook and in the zone of the Ostra quarry
as lamellae varying in size.

Insignificant amounts of covellite and chaleosine are
sometimes associated with the chalcopyrite mineraliza-
Lion.

Quariz is the dominant gangue mineral, especially
in paragenesis with pyrite and chalcopyrite, forming
veins and clusters of largely erystallized structure. In
places the quartz crystals show a zoned -aspect, the
successive growth stages being marked by the reduced
or abundant presence of the opaque minerals. It may
occur isolated or associated with siderite; when it is in
contact with barite, quartz is corroded by the latter,
Sonte of the hydrothermal quartz may appear strongly
brecciated and some may appear unfractured; in these
cases, the unfractured crystals probably represent a
vounger quartz formed in a different mineralization
phase.

Siderite is a principal gangue mineral associated
both with the chalcopyrite and especially the galena,
tetrahedrite and bournonite mineralization; it may be
associated with the quartz of the later generations as
well as with barite, as veinlets, often ramified and clus-
ters, both in veins and within the rock around thermn,
sometimes even as isolated rhombohedral crystals.

Siderite is very abundant (up to 20 %) in the hy-
drothermalized levels on the Muncel Brook, Tarnita
Brook and on the Clife Brook, downstream the con-
fluence of the two branches (Fig. 3), forming both
transverse and conformable veinlets showing mosaic
téxture. The transverse veinlets, usually of more re-
duced thicknesses; ramify in front of the prevailingly.
micaceous bands, partly or even totally replacing mus-
covite; the museovite rests from the siderite mass have
low birefringence, being light-grey - vellowish in colour
of the first order; also, siderite may partially replace
feldspar.

Barite is the main hydrothermal mineral between
the Alunigul’Mare and the Clife Brook. It appears as

V. MACALET ef al.

veins or impregnations, especially in the Rariu gneiss
mass, but also in the quartz-sericitezgraphite schists
of the Tulghes Group, exposed both on the lowesi
beneh of the Ostra quarry (approximately at the level
of the Alunisul Mare Brook) and in some galleries
(lfor example gallery XXI1V). To the north of the Clife
Brook. up to Slitioara, barite appears sporadically, es-
pecially in the zones of the Afinis and Padina Brooks,
paragenetically associated with sulfides.
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Fig. 3 - Differential thermie curves: 92 — siderite,
Valea lui lon; 151 - sideritized muscovite paragneiss,
Clife Brook: 121h - sideritized muscovite metasandstone,
Tarnila Brook; 53b - muscovite arkesian metasandstone
impregnated with siderite, Afinis Brook,

Analysing the relationship with the other gangue
minerals, it is evident that barite penetrates on the
fissures of the hydrothermal quartz, corroding it: the
fact that barite is younger than hydrothermal quartz is
also illustrated by the presence of some quartz veinlets
which contain barite in their central part, In respect of
siderite, barite may be concomitant with it or younger,
barite veinlets mtersectmg the siderite zones or siderite
rests oceurring in the barite mass.

Both siderite and barite are characterized by a high
capacity of corroding, impregnating and even replac-
ing hydrothermal quartz as well as the minerals of the
host rocks - microcline, plagioclase and muscovite, re-

.sulting in; for instance, the baritized gneisses of the

ftardu Formation.
Fxcept for the great barite accumulations south of
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the Clife Brook, witherite rarely oceurs, being associ-
ated with ealcite, chaleedony and chlorite.

Gloethite, azurite and malachite are the most fre-
quent secondary, supevgene minerals,

2, Chieanism

In order to point out the possible éorrelations among
the metallic elements, 12 chemical(for Cu, Ph, Znjand
spectral analyses were carried out on informative sam-
ples collected from the zone of the galleries on the
Padina and Afinig Brooks, where there are the richest
mineralogical associations, comprising almost all the
hydrothermal minerals encountered hetween Slaticara
and Ostra {tal}f 1,2).

IV. Considerations on the Genesis and Age of
Mineralizations

1. Structural and Lithological Control

All the mineralized zones described between
Slatioara to the north and Ostra to the south lie on
an alignment generally trending approximately north-
gouth, corresponding to a major fracture. Due to its
regional extent this fracture crosses formations with
various physico-chemical and mechanical properties.
That is why in some portions the [racture remained
closed throughout its evelution, while in some other
parts, especially where crossing competent (brittle)

: Table 1
Resnlts of the Chemdeal Analyses for Cu, Pb, Zn and Location of Samples

Al A7h Al Ada 53l 53¢ o Sebin 35 a7 afa a9a
[4] o7 70300 1147 1387 1Ld4A7 437 507 BT 11L.Y3 1.53 287  LAS
Ph 11.71 643 8249 0.6 020 011 009 020 214 387 503 2011
n 020 0.19 0.35 008 002 005 004 014 013 005 010 o0

Padina Brook: 46h - massive mincralization from the waste dump of the gallery on the left bank;
4Tk - massive mineralization on the waste dump of the gallery on the left Lank,

Afinis Brook: 50 - massive mineralization, directional gallery 2 NE, Lni. 15 rom gallery 1V,

54 - directional gallery 3 NE, Lin. 25 from gallery 1V a - massive mineralization; b — mineralized rack from

the footwall of the vein at the immedizte contact; ¢ - disseminatesd mineralization above the massive zone,

also within the vemng |- disseninated minerabzarion at about 0.5 moin the footwall;

Sda - massive mineralization, directional galley 3 NI, L, 27

55 - massive mineralization. divectional gallewy 3 NE, L. 30y

57 — massive mineralization al the eonvance of gallery 111 frean the upper part of the vein;

50 — massive mineralization at the entvance of gallery TH feoin the lower part of thie vein.

Tahle 2
Itesults of Spectral Analvses (ppm)
Sample As Sh Nl Ni Bi d Ti Ag Ca
ETHE LTRTS] 175 25 a0 A0 500 300 3
ATh M 3000 >3000 80 1hDD a0 100 =300 11
Sk 2600 3000 GO 30 1300 Al 100 >300 4
53a 450 50 50 125 15 100 140 (5
53k ([83¢] 3000 10 1200 55 200 125
53¢ Sk GO 22 3 250 40 T
sar oG 10 21 250 18 @
Sda 3E!(.I 1300 a0 35 225 25 1040 =300 4
55 HO0 30 60 1TR 15 100 200 5
57 200 330 20 120 10 500 70
5Ba 1100 900 2B 50 {8} 100 270
Aba 100 1800 38 45 18 L5030 a0 ]

It is worth noting first of all the high copper, lead,
silver and stibium content within most samples. The
only significant correlations are the positive ones bhe-
tween lead and silver, and stibium and silver on the one
hand, and the negative correlation between copper and
silver, on the other (Figs 4, 3, 6). A gravimetric analy-
sis caried out on sample 47h (Padina Brook) indicated
1204/t Ag.

rocks, it could be open during some periods, thus serv-
ing as access way for the mineralizing solutions. These
competent rocks are represented by quartz or quartz-
feldspathic rocks in the Tulghes Group and in the
Chiril Formation, and by gneisses, especially micro-
cline gneisses, in the Rardu Formation.
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Between Slatioara and Clife the [racture zone con-
stituting the access way is characterized now by an
advanced brecciation, in most cases accompanied by a
pronounced silicifiation + pyritization,

In this zone, where the encountered hydrothermal
mineralizations are hosted especially in the formations
of the Tulghes Group {subordinately mavbe also in the
Chiril Formation), the mineralizations develop mostly
on transversal alignments with respect to the main
fractures. There are possible two hypotheses concern-
ing this situation as follows: a) the mineralizations

AQ ——=

Fig. 6 - Copper-silver correlation,

deposited on auxiliary transverse fractures or b) the
main fracture is transversal with respect to the detail
geologic structure, the mineralizing solutions laterally
migrating along certain distances, in the mass of the
brecciated rocks levels or an the contact zone between
the competent and ncompetent rocks.

The detailed observations made at the surface and
in the mining works support the latter hypothesis, a
reason why prospects for the develapment of the poly-
metallic mineralizations + barite £ siderite are to be
found in the vicinity of the intersection zones of the



fractures with the competent rocks.

The presence of the large barite bodies in the Rariu
gneiss mass south of the Clife Brook is due to the fact
that, given the reduced thickness of the Rardu Nappe,
the competent microcline gneisses were strongly my-
lonitized over large areas; moreover. one can take into
consideration also thie "screen” towards the surface
consisting of sedimentary rocks.

Thus the deposit form of the barite mineralization
from the Ostra quarry may be considered to be a stock-
work.

-

2. Buccession of the Depgsition of the Min-
eralizations '

The study of the spatial and femporal relation-
ships among the minerals making up the hydrothermal
mineralizations indicates that there are at least three
stages (pulsations) in the deposition succession.

a) In the first stage hvdrothermal quartztpyrite de-
posited, cementing the cataclased rock fragments along
fractures.

b) The subsequent reactivation of the fractures
caused a pew breccration, this time mainly of the hy-
drothernial gquartz  resulted in the first stage. Con-
comilantly with hrecciation or latér a second mineral-
ization stage takes place, in which the principal metal-
lic mineral was chalcapyrite, accompanied or not by
galena, tetraliedrite or sphalerite; the corresponding
gangue minerals are mainly represented by quartz (the
second zone in the case of the zoned crystals)Zsiderite.

¢) 1o the third stage, probably subsequent lo a
new tectonization, especially galena. sphalerite, tetra-
hedrite and bournonite deposited, accompanied or not
by chalecopyrite; anyway, where sphalerite is in greater
amount, the presence of chalcopyrite i# insignificant,
The gangue minerals are guartz (corresponding to the
third zone in the case of the zoned crystals), siderite
and barite,

A fourth paragenesis, the most recent one, can be
well observed only in the zone of the Ostra quarry, in
the vicinity of the contact with the sedimentary, repre-
sented by the generally collomorphic pyrite, hematite,
calcite, witherite, chalcedony and chlorite.

The lack of soime significant correlations ameong most
metallic elements also indicates that the mineraliza-
Lions are superposed, polyascendant; taking inte con-
sideration the iron from the quartz gangue pyrite min-
eralization as well as barium from the zones in which
barite is the principal hydrothermal mineral, it can
be concluded that the metallic elements underwent a
pronounced geochemical differentiation process during
their migration [rom the source to the host rock.

The low porosity as well as the chemical inertia of
the quartz feldspathic rocks generally allowed the cir-
culation of the mineralizing solutions only along the

fracture zones. The immediate effect was in most cases
the vein-like deposit form, the impregnation zones he-
ing of reduced extent. Also within the formations of
the Tulghes Group, the sericite-chlorite and graphite
schists constituted a "sereen™ i the dispersion of the
solutions, these being determined to migrate along the
contact zones.

3. Geothermometric Data

In order to estimate the formation temperatures of
the epigenetic hydrothermal minerals. we analysed the
differential dilatation of some polyerystalline evlindri-
cal samples, heated by a gradient to 10" C/minnte; the
ohtained curves are shown in Figure 7.

Samples 53a, 54 and 55 of dominantly eupriferous
mineralization, at the level of gallery IV Afinis, with
quartz gangue (pointed out through the accentnation
of the curves round the temperature of 575" C - the
quartz mversion poind) begin to decrepitate at about
310% C due to the pressure exerted by the fluid inclu-
stons within the crystal mass at the homogenizalion
temnperature (of formation of the respective minerals)

Sample 115 consisting exclusively of hydrotherinal
gquartz on the interfluve between the Padiva Brook
amd the Paraul cu Mesteceni Drook starts decrepitat-
ing also round the temperature of 310"

In the case of samples 58, at the entrance of gallery
I Afinig, the dilatometeic curves appear somewhat
different; thus sample 58ay, consisting only of barile,
decrepitated at the temperature of about 2607 C, while
the curve given by sample H8as, consisting mainly of
galena bearing barite and quartz gangue, shows a de-
crepitation at 260" € and another one, on a large scale,
at 320 ¢ in the latter case barite probably decrepi-
tated first and then quartz (of a generation prior 1o
galena and barite).
~ Sample 62, consisting of compact barite ar the level
of the nintl bench in the Ostra quarry decrepitated at
about 280° C,

The above observations lead to the conclusion that
barite and implicitly the mineralization with barite
gangue formed round the temperature of 260-280" C
{values clese to those ohtained by Maniliei and Du-
mitrescu, 1980}, and at least part of the quartz — which
accompanies the pyrite and chalcopyrite mineraliza-
tion - formed at about 300~320" C.

The relatively high temperatures indicated by these
determinations are supported also by other arguments,
such as the presence of siderite, of the chalcopyrite
exsolutions within sphalerite as well as the deposition
of silica as erystals from the electrolytic solutions and
not as metagels from colloidal solutions.
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4. Geochronological Pata

The analysis of the lead isotopes (L. Timofte), car-
ried out on two galena samples (46h ~ Padina Brook
and 58 — Afinis Brook) through the common lead
method provided the following results (Tab. 3).

On the Holmes-Houtermans diagram (Vajdea, 1968)

b

the 2“Pb/*™Ph and *°7Ph/*"Pb ratios plot approx-

imately on the sochron of 300 Ma and on the growth
curve of V (V=" U/*%9Ph), their value being of about

0.065 (Fig. 8).

207 Ph/ 204 Pb

5 5 17 #® 8 0
206 Pb [204 Py }

Fig: 8- Holmes-Houterians diagram,

The first indication (isechron of 300 Ma) points io
a Hereynian lead and the value of V. approximately
equal in both samples, indicates the same souree for
the lead.

The results of the geochronological analyses through
the common lead method that indicate a Hercynian
age, do not agree with the observation data in the Os-
tra guarry zone, where the barite mineralization ex-
tends also in the basal parl of the Mesozoic sedimen-
tary formation. *

V. Counclusions

In the metamorphic formations from the basement
and partly in the Ostra zone and in the base of the sed-
imentary formations, several epigenetic hydrothermal
mineralizations are hosted,

The epigenctic parageneses comprise pyrite, chal-
copyrite, galena, sphalerite, tetrahedrite; bournoun-
ite, oligist, marcasite arsenopyriteé, quarty, siderite,
barite, witherite and ehlorite,

All the zones between Slitioara and Ostra pre-
senting indications of epigenetic wmineralization are
gitupted along an alignment trending approximately
north-south, corresponding to a major fracture which
affects the whole erystalline basement.,

Between Sliticara and Clife, where the hydrother-
mal mineralizations are hosted especially in the forma-
tions of the Tulghes Group and subordinately in the
Chiril Formation, the mineralizations develop in most
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Table 3
Results of Geochronological Analyses through the Cammon Lead Method

' , n| SOBEIF
Sample *Pb/iMpy T pp/itpy 200 pp0ipp 00 py ot py % Rl e
46 b 17.91033 12.38192 AT, 74240 1.16449
Séa I T.8T665 1532661 JT.62412 1.16538
Analyst Timofie Lavrengin, [LF.A. Bucuresti,
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- cases on transversal alignments with respect to the di-
rection of the main fricture; this can be explained by
the fact that the hyvdrothermal solutions laterally mi-
grated, over certain distances, in Lhe mass of breceiated
rocks, resulting in veins and impregnations:

The presence of the large barite bodies in the Rario
gneiss mass south of the Clife Brook is due to the fact
that, given the redueed thickness of the nappe, the
competent, microcline gneisses were strongly myloni-
tized over large zones, the prevailing deposit form be-
ing the stackwork.

At least three stages can be distinguished in the min-
eral deposition succession as follows:

1) In the first stage hydrothermal quartzzpyrite de-
posited, cementing Lhe cataclased rocks along frac
tures.

2) The subsequent. reactivation of fractures brought
about another brecciation, this time mainly of the
quartz resulted in the first stage; concomitantly with
the brecciation or possibly later a second mineraliza-
tion stage takes place, in which the principal metallic
mineral is chaleopyrite, the gangue minerals being rep-
resented by quartzdsiderite.

3) In the thiud stage, probably subseguenlt to a
new lectomization, especially galena, sphalerite, tetra-
hedrite and bournonite formed, accompanied or not by
chaleopyrite; the gangue minerals are quartz, siderite
and harite,

Geothermomettic determinations indicated a forma-
tion temperature of 260-280% C for barite and implic-
itly for the barite parageneses, and of 300- 520" ¢ for
at least part of the quartz - that accompanying the
pyrite and chaleapyrite mineralization (rom the first
two stages. We also consider that the colloidal iron sul-
fide and the collomorphic silich encountered especially
in the Ostra guarry zone belong to another possibly
loth temporally and genetically independent stage of
the discussed mineralizations.
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Plate T

Fig. 1 - Quartz veinlet in muscovite quartz-feldspathic metapsammite; N x40,
Fig. 2 — Quartz zoned crystals in the massive metallic mineralization; N +, x 100,
Fig. 3 - Fissured hydrothermal quartz; N 4, x 40.

Fig. 4 — Siderite from a cluster showing a massive structure; N +, x 40,
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Plate II
Fig. 1 — Discordant siderite veinlet containing barite in the central part; N +, x 100.
Fig. 2 — Barite including and corroding hydrothermal quartz erystals; N +, x 100,

Fig. 3 — Hydrothermal quartz idiomorphic crystal containing barite impregnation, included in the barite
mass; N +, x 40.

Fig. 4 — Microcline phenoblast from the Rardu gneisses partly replaced by siderite and barite (siderite occurs
especially as isolated crystals, and barite forms variously oriented veinlets); N +, x 40,
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Abstract: The discussed mineralizations are hosted in the formations of the Sub-
Bucovinian Unit, consisting mainly of siderite, ferrodolomite, dolomite, barite, hematite
and pyrite, beside which there are small amounts of chalcopyrite, sphalerite, galena, tetra-
hedrite, witherite, chalcedony and chlorite that have an important genetic significance.
The studies carried out revealed a similarity to almost identity between these mineraliza-
tions and those corresponding to the upper stages of the epigenetic (hydrothermal) min-
eralizations from the Slitioara-Gemenea-Ostra zone (the third and fourth mireralization
stages) both as regards the mineralogical parageneses and the formation temperature,
structure and forms of deposit, With respect to age and origin, we think that the epige-
netic mineralizations from the lwo zones (Slitioara-Gemenea-Ostra and Delnifa-Botosel,
respectively) formed at the beginning of the continental rift stage at the end of the Juras-
sic, a stage with which the vein-like basic magmatites and the Ditritu alkaline massif are

connectad.

The object. of this paper consists in the study of
the iren and barite mineralizations from the Delnita-
Botosel Zone in view of their possible correlation
with the epigenetic mineralizations fronm the Ostra-
Gemenca-Slatioara Zone that constituted the subject
of a previous study (Macalet et al., in this volume).

The Delnila-Botosel Zone is situated on the east-
ern slope of the Obeina-Mestecanis region, the brooks
crossing it being tributaries of the Moldova River up-
stream the Fundul Moldovel locality.

The main structural peculiarity of the geological
formations hosting the mineralizations which are to
be discussed consists in the fact that, unlike those
from the Slitioara-Ostra zone, they beleng to the Sub-
Bucovinian Unit (Krautner et al., 1975, 1984; Voda et
al., 1986; Zincenco, 1188).

The Sub-Bucovinian Unit from the Delniga-Botogel

zone consists of a crystalline basement and a discontin-
uous Triassic sedimentary cover, which, in their turn,

underlie the erystalline formations of the Tiban For-
mation.

The crystalline basement consists mainly of quarta-
sericite-chlorite schists, muscovite quartzites and
quartz-feldspathic rocks assigned to the Tulghes Group
{Krautner et al., 1975, 1984).

The Triassic sedimentary cover comprises a basal
detrital horizon and a carbonatic complex (Caruntu,
1972: Sandulescu, 1976; lacobescu and Potec, 1978;
Zincenco, 1988); in places the detrital horizon may
lack, the carbonatic rocks overlying directly the crys-
talline basement,

The Tibau Formation consists of carbonatic erys-
talline, prevailingly dolomitic rocks, quartzites and
muscovite-chlorite schists in various mylonitization
stages,

Structurally the Tibau Formation appears thrust
over the Triassic sedimentary cover of the Sub-
Bucovinian Unit, being in its turn overlain by the main
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body of the Bucovinian Unit (Fig. 1). Due to this
position, Bercia et al. (1976) considered the Tibin
Formation to show the characteristics of a rabotage
slice - the " Delnifa rabotage slice”. Subsequently Zin-
cenco { 1988) considered the Triassic sedimentary to be
also thrust over the eryvstalline Lasement: that is why

the author thinks the name of the " Delnita rabotage
shices™ 1s more correct, thus including also the Triassic
deposits,

Our observations in the mining works at Delniga
show that in most eases the contact between the sedi-
mentary cover and the crystalline basement appears
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shifted, but we consider that the shifts are not greal,
the shift of the two lithestratigraplic units being the
effect of the different behaviour of the respeetive for-
mations under the impact of the movements subse-
quent to the Triassic sedimentation.

1. General Consideration on the Triassic
Sedimentary Formations and Their
Mineralizations

Most of the mineralizations from the Delnita zone
are hosted in Triassic sedimentary [ormations.

The detrital basal horizon consists of sandstones
and conglomerates directly overlying the erystalline
basement, The elements of these rocks are repre-
sented espeecially by quartz and mmscovite or, more
rarely, quartzitic rock [ragments; sandstones bearing
siliceous-sericitic cement and carbonatic cement can
be distinguished: in addition to the mentioned miner-
als, chloritized biotite, zircon, tourmaline ele are-also
to be found.

The Carbonatic Complex is the miost developed,
constituting in fact the main formation bearing min-
eralizations.  Although “all the intermediate terims
between limestones sl dolomites are encountered,
dolomites prevail; also, a certain amount of detrital
material may be present, especially quartz and mus-
covite and in somne cases gritty dolomites,

“Lhe rocks of the carbonatic complex are cryptogran-
ular to microgranular (of micritic aspect), generally
compact, ranging in colour from light-grey to dark-
grey, sometimes showing a brown tint,

The previous investigations of the iron mineraliza-
tions from tlie Defuita zone show that these miner-
alizations correspond to two different facies - a car-
benatic one, developed towards ESE (belween Delnita
and Carligatura) and an oxydie one, towards WNW
(between Delnila and Orata) (Nichita et al., 1967: la-
cobescu and Potec, 1978, Zincenco, 1988), Taking into
consideration the stratigraphic position, the carbon-
atic facies would be rtowards the lower part and the
oxydic one towards the upper part.

In the carbonatic facies, iron is hested mainly hy
siderite, possibly manganosiderite and ferrodolomite,
while in the oxydic [acies it 15 hosted almest exclusively
by hematite,

As regards the genesisof the mincralizations in the
Delnia sene, tlie investigations carried oul go lar re-
veal three geuefic models:

&) metasomatic-hydeothermal  genesis  (lacobescn
and Potee, 1978 Vodi me al., 1U86):

b) syngenetic-diagenetic sedimeniary gencsis (Zin-
cenco, 1988);

) mixed genesisssedimentary for the mineralizations
from the oxydic facies and hydrothermal for those from

the carbonatic one (Nichita et al., 1967, Bagu and
Radulescu, 1968).

In this context it s worth noting that the researchers
who aceept at least partly the hydrothermal genesis,
mention the presence of the mineralizations also in the
crystalline formations of the basement.,

11. Description of the Mineralizations

The mining works at Delnita intercepted sev-
eral mineralizations formed of carbonates (siderite,
ferrodolomite; dolomite, caleite, u.'il-llc,*rite}, barite |
hematite, pyrite, chaleopyrite, sphalerite, galens,
tetraliedrite, calcedony and chlorite.

Siderite is the main iron mineral of the "carbonatic
factes” which is largely developed in the south-eastern
part of the gone. Although the highest siderite con-
centrations are siluated Lowards the lower part of the

ssedimentary lormation, siderite 15 found both in the

crystalline formations from the basement and in the
upper part of the carbonatic complex.

The deposit appears as veins, which are usually con-
formable and more rarely show a tandom disposition,
clusters and inpregnations,

The sideritic ore gencrally has a phaneritie (0.5-3.0
mm), idiomorphic, hypidiomorphic and more rarely
xenotmorphic granular structure, often forming parallel
(P, Fig. 1) or radial aggregates.

In some samples the largely developed erystals show
a zonal structure, alternating light-coloured zones with
darker ones; also, in places an opague, microcrvstalline
powder is ta be found on the surface of the crystals, on
eleavages and on fissures, as a result of the oxidation
processes,

Through the heating of the nnaltered samples, the
dissociation takes place in two stages - first a weak
dissociation between 500-540" C takes place, then, on
a large seale, al over 560° C (Fig. 2, samples 272a and
215), which leads to the conclusion that the siderite
network alse contains a certain manganese amount,

The prevailingly sidesitic aggrogales preserve rem-
nants sither from the detrital rocks of the hasal hiori-
ron or from the dolomites of the carbonatic complex,
The detrital material 15 represented both by oquartz-
miciceous psammite fragments, sometiines bearing
liematitic cement, and by iselated quartz grains and
muscovite lamellae, bolth mmnerals being strongly cor-
roled by siderite (PLL, Fig. 2).
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In most cases siderite is associated with barite,
which is younger; the sideritedharite aggregates are
m their turn crossed by ealcite and calcedony veinlets
with which pyrite associates in some samples,

Ferrodolomite and dolomite (Figs, 2 and 3 - sam-
ples 217, 226a, 229) form a continous series. Both the
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ileposit form and the structure are similar to those
of the sideritic ore; from which they differ only in
colour, which is usually light-grey, sometimes showing
a slightly vellowish tint.

In many cases the aggregates consisting of these min-
erals show numerous voids and spongy texture; also,
they preserve remnants from the cryptocrvstalline sed-
imentary dolomitic rock. Like siderite, ferrodolomite
and dolomite appear associated with barite.

Calcite. is sporadically encountered in a small
amount, either as diaclases in the carbonatic complex
or associated with pyrite together with the ervplocrys-
talline silica; in some cases calcite, associated or not
with pyrite, replaces barite.

Barite has been cited by several researchers {Nichita
et al., 1964; Bagu and Radulescu, 1968; lacobescu and
Potec, 1978).

As in the case of the iron carbonates, the depasit
forms of the barite mineralization consist of veins, im-
pregnations and clusters hosted both in the quarte-
muscovite schists from the basement and especially in
the Triassic sedimentary formations.

In the crystalline schists from the inmmediate vicin-
ity of the sedimentary formations (both formations
appearing strongly laminated) conformable veins of
harite and impregnations, usually associated with
siderite, are to be found.

In the Triassic sedimentary formations barite may
form monomineral accumulations or associate with
siderite (PL, Fig. 3).

The barite monomineral aggregates present a large
crystallized strueture with clear, prismatic or tabular,
variously oriented erystals. Barite in its turn may ap-
pear replaced by caleite, associated or not with pyrite
or partly transformed into witherite; also the larger
crystals are usually fractured and recemented witli eal-
cite, pyrite or hematite (P, Fig. 4).

In the vicinity of the siderite and barite veins hosted
i the sedimentary dolomites, a partial recrystalliza-
tion of the ervptocrystalline dolomiie, soinetinies as
rhiombohedrons of zonary structure have been noticerd,
This remark leads to the conelusion that the reervs-
tallization of the sedimentary dolomite took place due
1o the hydrathermal solutions, from which siderité and
bharite deposited. The recrystallization had a prevail-
ingly allochemical character,; mainly with iron contri-
bution. .

Hemalite, the main iron mineral of the "oxidic fa-
vies”, is widely distributed both in the deposits of the
detrital horizon and especially in these of the carbon-
atic complex, generally appearing as micronic lamellae
which have a relatively non-uniform distribution.

The carbonatic rocks include bands devoid of
hematite that alternate with some in which the
hematite amount is high or even prevalent. The low
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crystallization grade and the stratiforin aspect are ar-
guments in favour of the sedimentary genesis of the
hematite showing these features.

Beside the hematite exhibiting the above-deseribed
features, within the sedimentary dolomites veins of
reduced thickness (0.1-0.2 m) consisting mainly of
hematitetbarite have been intercepted; in this case
hematite forms an almost compact mass with largely
developed lamellae, Compared with barite, hematite
is younger, impregnating or including the barite erys-
tals (PL., Fig. 4); hematite is partly transformed into
goethite.

Pyrite is a mincral frequently found in the miner-
alizations -at Delnita, especially in the strongly tee-
tonizged zones, but il is not characteristic of & certain
stratigraphic level.

The pyrite amount varies from one sample to an-
other, oecurring mostly as impregnation,in the form of
veinlets, small elusters or individual ervstals, generally
of reduced dimensions (0.01-0:05 nun).

The fact that in mest cases the veinlets are con-
nected with the massive clusters indicates that this
pyrite belongs te a single generation; pyrite is associ-
ated with caleite and cryptocrystalline silica.

Unlike the iron carbonates (siderite, ferrodolomite),
barite, and probably hematite, the pyrite exhibiting
the above-deseribed features is younger,

Chalcopyrite, sphalerite, galena and tetrahedrite
usually oceur together as small-sized clusters in the
siderite and barite agpregates. The association of these
minerals Lolder pyrite is similar to the parageneses en-
countered in the Slitivara-Gemenea vone and farther
towards the south up to the Tarnita Brook.

Chaleopyrite may oceur also ag micronic crystals in
the ealeite (iaclases from the sedimentary dolomites
or as isolated crystals or veinlets in the siderite aggre-
gates, following the intergranular limits or penetrating
on the fissures of the large siderite crystals.

Of the supergene secondary minerals, goethite is the
mast frequent, being formed in the oxidation zones at
the expense of siderite and pyrite: psilomelane, gyp-
sum, melanterite, malachite and azurite are also found
in smaller amounts.

The siderite and barite mineralizations were encoun-
tered also in the mining works from the upper basin
of the Botogel Brook within the same structural and
lithostratigraphic frame as that of Delnita.

Thus, in the quartz-feldspathic formations of the
Tulghes Group under the TTriassic sedimentary, a
siderite vein was intercepted, which exhibits a coarse,

uniformly grained structure, containing small barite”

and sulphide amounts; the vein intersecting almost al
a right angle the massive syngenetic pyrite levels is
about 1 m thick.

Alse, in the Triassic dolomites, an almost 0.5 m thick

harite vein was found.
IIl. Geothermometrie Data

The differential dilatometric analyses earried out on
harité and siderite samples pointed out in some cases
the presence of the fluid inclusions which, at the he-
mogenization temperature, produced the decrepitation
of the sample (Fig. 3, samples 215, 224b, 226b and
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The samples 215 and 2724, consisting prevailingly of
siderite and, subordinately, barite, decrepitated round
the temperature of 310% €, while sample 226b, in which
the prevailing mineral was barite, associated with a
small ferrodolomite amount (a correlation also with
the eurve given by sample 2264 should be made),
decrepitated at about 280° C; finally, sample 224b,
formed only of barite, deerepitated at 260° C.

Although the deerepitation phencimenon was
pointed out in a small number of samples, the obtained
results totally agree with the microscopic observations
that led to the conclusion that, In most cases, siderite
belongs to a mineralization stage prior to that in which
the main mineral was barite.

Taking into consideralion these results, it can be
stated that the barite and siderite mineralizations (and
also ferrodolomite and dolomite) formed within a tem-
perature interval ranging between 260-310° C.

IV. Microtectonic Data

Having in view the scarcity of oulerops in the zone of
mineralizations at Delnita, we measured in the mining
works the planar mesescopic elements from the Trias-
sie dolomitic rocks -stratification and flissures - and the
position of some veins. Based on these [|1:;.:;:'1'|_|rén'u.::n’[_s;1
wee have drawn twe tectonograms (Mg 4), which
show thar at the level of hoeison =30 . the B opee-
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tonic axis strikes WNW-ESE, dipping slightly east-
wards (116%/109), while at the level of horizon -150
m the B axis strikes approximately W-E, also with
eastern dipping (787/16%).

In both cases the poles of most carbonate and barite
veins plot in the maximum zone of (Sp) stratification
poles thereby indicating that the veins are generally
conformable with the stratification.

V. Conclusions

From the genetic point of view, the studied mineral-
izations are similar to those in the Slativara-Gemenea-
Ostra Zone - hydrothermal epigenetic. respectively
(Macalet et al., in this velume). But in the Delnita-
Botogel Zone the fractures crossing the formations of
the Tulghes Group favoured the ascension of the so-
lutions up to the prevailingly carbonatic sedimentary
formations in various cataclasation stages; the latter
constituted a medium favourable 1o the dispersion of
the solutions, generally parallel to Lhe contact and to
the depositions of the mincralizations (Fig. 5). Also,
the filling of the open spaces, formed as a result of
the tectonization, was accompanied in some cases by
several metasomatie phenomena, Favonred hoth by the
greater permeability of the carbonatic, rocks — due to
the diagenetic dolomitization processes — and by the
high solubility of these rocks,

Fig. 4 - Hectonograms for the Triassic dolomites from the ninimg works at

Delnita: a) horizon -500m: b) horizon -150 m; Sg - stratifications: (W01) and

ac - fissures: + - poles of the veins (Plotting in the lower hemisphere).
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NE
Delnito Brook
ik

Fig. 5 - Simplified model suggesting the genesis and form
of deposit of the mineralizations at Delnita. 1, Tulghes
Group {rom the Sub-Bucovirian Unit; 2, Triassic sedi-
mentary; 3, Tibin Formation; 4, Tulghes Group from
Bucovinian Unit,
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Fig. 1 - Largely developed siderite erystals (si) on the buckground of a sedimentary - fine arenitic rock; N 4, x 100,
Fig. 2 — Siderite (si) corroding a quartz crystal (q): N+, x 100,

Fig. 3 — Barite idiomorphic crystals (ba) developed on the sideritic backeround: N 4+, x 40

Fig. 4 - Cataclased barite (ba) receniented with hematite (he); N ||, x 40,
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RELATIONSHIPS BETWEEN ALTERATIONS, PORPHYRY COPPER-GOLD
AND BASE METAL-GOLD HYDROTHERMAL VEIN MINERALIZATIONS
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e Abstract: In the Talagin area a porphyry copper-gold and vein mineralization gecurs in
b __=E

a Tertiary subvolcanic andesitic-microdioritic body, The main mineralized veins form a

well-defined paragenetic sequence, showing a simplified mineralogy progressing through:
1. pyrite-chaleopyrite £ Aun + anhydrite + other base metal sulphides; 2. pyrite & gold

+ guariz + clay minerals; 3,

base metal sulphides + quartz + clay minerals £+ gold,

and 4. silver sulphosalts + native silver + base mmtal sulphides + quartz + barite. The
latter paragenetlic sequence occurs especially outside the Talagiu caldera.

Introduction

The Talagiu area is located in the castern part of
the Zarand Mountains and is considered as a metallo-
genetic district (Fig. 1).

1. Regional Geology and Structure

In the Talagiu area the following units are recog-
nized (Berbeleac et al,, 1981, 1989; Berbeleac, Aniret,
1989): 1. the lower unit represents the base on which
the volecanic intrusive complex has developed, consisi-
ing of Upper Paleozoic metamorphic rocks, Mesozoic
ocean flor basalts, Jurassic-Lower Cretaceous voleanic
igland are rocks (basalts-rhyolites-andesiles) and sed-
imentary rocks: 2. a Badenian-Sarmatian volcano-
sedimentary formation made up of interbedded horn-
blende and hypersthene-augitethornblende andesitic
agglomerates and lava flows, and 3. Sarmatian-
Pannonian? voleanies: The volcanics have been gen-
erated in a complex voleanic structure - probably an
advanced caldera (Berbeleac et al., 1981, Berbeleac,

Andrei, 1989}, This caldera (Fig. 2) is built up, in the
order of the voleanie

E, [ B3 Js €27 7% #%

] Sken

et

(I,

Fig. 1 - Geological sketeh of the Bast Zarand Moun-
tains [:.‘n.‘curtﬂng to Sindulescu, 1984, modified). 1, Bihara
Nappe System (metamorphic schists): 2, Grogi Nappe (Albian
Wildflyseh): a;
Flysch, Aptian-Albian Wildfysch); 4. Techereu-Drocea Nappe:

Crig  Mappe  (Tithonian-Neocomian
{Jurassic-Lower” Cretaceous volcanic and sedimentary rocks);
5, Necgene molasse; 6, Tertiary volcanic rocks; 7, caldera;

8, fault; 9, nappe,
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Fig. I - Geoologieal sketch of the Talagin avea: 1, Sarmetian-Pantonian

hormblende-

hypersthene andesitic voleanoclasties and voleanies; 2, andesitic bodies according to geolog-

ical data; 3, intrusive badies according Lo geophysical data; 4, fracture and ore veins; 5,

subvoleanic andesitic-microdioritic bady and porphyry copper ore body; 6, intense argillic

alteration; 7, outer limit of propylitic alteration: 8, ealdera boundary; 9, gallery; 10, drillhaole.
Py-Au, Pb-¥n-Cu-Au, Pb-Zn ete, types of mineralizstions.

evolution sequence, of the following rock types: 1)
hornblende and hypersthene andesites - effusive and
explosive products (Upper Badenian) fornted in the
pre-caldera stage; 2) various types of pvroxene an-
desites — the most representative voleanic rocks in
the Zarand Mountains ~ with dugite+hypersthene or

with hypessthenestaugite, hornblende ete. (Upper Ba-
denian-Sarmatian), probably formed i the caldera
stage and 3) hornblende-hy persthene+augite andesites
and microdiorites (Sarmatian-Pannonian?), probably
corresponding to the post-raldera stage. These rocks
appear as lava, pyroclastics and intrusions (dyke, necks
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ete.) within or round the caldera boundary. In-
trusive hornblende-Fypersthenetaungite andesites and
porphyry microdiorite oceur along the inner rim and
the outer rim of the ealdera (Fig. 2). The inuer ring
is ellipsoidal in shape (3.2 x 1.6 km) and comprises,
according to gravity data, more than 13 andesite-
microdiorite bodies. The outer ring of the caldera is
located at a distance of 400-1200 m from the inner ring
and consists also of a number of andesite-microdiorite
intrusions. Some of these bodies represent volcanic
necks (Varatec Hill).

The central part of the caldera comprises a subvol-
canic andesite-microdiorite body. This body (2 % 0.6
km) cuts the lower units and is cut by hornblende-
hypersthenetaugite andesitic dykes as the youngest
magmatic rocks.

The evolution of the Talagin voleanie structure
has been controlled by the inierseclion of the
alpine regional northeast trending nappe systems
(Grosi Nappe, Crig Nappe, Techereu-Drocea Nappe -
Sandulescu, 1984) with northwest-southeast and east-
west trending normal faults (Fig. 1), The Tertiary
northwest-southeast and east-west trending normal
faults are numerous in the Talagiu caldera and some of
them represent ore veins and ore breccia zones, Many
intrusion bodies, mineralizations, geophysical anoma-
lies {Borcos et al., unpubl. data, 1983) are recognized
along the supposed concentric faults. The numerous
faults lie subparallel to Lhe contact of the veleanic body
and are especially approximately centered round it

2. Alteration Zoning and Mineralogy

Geological and geophysical (gravity, magnetic, elec-
trical and radioactivity) data suggest that intensive
hydrothermal alteration covers an area more than 6
km long. 3.2 km wide and 0.5 10 1.3 km deep (Boreos
et al., 1983, unpubl. dava). Strong clay alteration
can be seen in the Talagiv Valley (Berbeleac, Andrei,
1989).

In the caldera area the degree of hydrothermal alter-
ation increases from the outer boundary of the inner
ring to the central part of the subvoleanic body (Fig.
2}, while to the outer ring the rocks are generally fresh
or show hydrothermal alterations only along fractures,

The horizontal zonality stands out especially by the
propylitic and intermediate argillic alteration in the
area of the inner ring, and intermediate and advanced
argillic rocks to and within the subvoleanic body. On
the vertical scale the hydrothermal alteration in the
area of the subvoleanic body shows the following zonal-
ity downwards (Berbeleac, Andrei, 1989) (Fig. 3): in-
termediate or advanced argillic — propylitic — phyllic
— feldspathic. This kind of alteration is characteristic
of the porphyry copper deposit.

The intermediate and advanced argillic rocks form
the envelope of the subvolcanic ore body (Fig. 4)
or appear along the fractures situated in propylitic
rocks. They reach more than 300-500 m in depth.
The main clay minerals within argillic rocks are
{Neacsu, 1986, unpubl. data): smectite, dickite, kaoli-
nite, nacrite, halloysite, chlorite, pyrophyllite, interlay-
ered minerals (tosudite, hectorite, illite-smectite, illite-
chlorite, pyrophyllite-illite, pyrophyllite-smectite), al-
lophane ete. These minerals are associated in differ-
ent proportions with quartz, feldspars, alunite, car-
bonates, gyvpsum, anhydrite, pyrite, rutile ete.

The kaolinite alteration indicates a type of hy-
drothermal Huid distinet from that responsible for
the alteration through the rest of the svsten: this
fluid fermed at the near-surface (from condensation of
steaming ground waters) and had acid-sulphate com-
position (due to the oxidation of Ha8S) as opposed to
the near-neutral pH, NaCl fluid responsible for the for-
mation of smectite, illite and chlarite.

The propylitic alteration is observed ouiside the
argillic and phyllic zones (Fig. 5). In the propylitic
zones mafic minerals are altered to chlorite, actinolite
and/or epidotetclay minerals, pyrite and feldspars are
slightly altered o albite, sericite, calcite, clay minerals
and for epidote, .

The phylic alteration is widely developed at depth
(Fig. 4). It appears between the argillic zone in
the upper part and the feldspathic zone in the lower
part. The sericite hydromicas-illite-quartz-anhydrite
+ pyrite-chalcopyrite-rutile is the most conimon ds-
semblage for this alteration zone. In porphyry-copper
the abundance of smoky quartz-pyrite + chalcopyrite-
anhydrite is very commen (Fig. 5).

The feldspathic zone is distributed mainly within the
andesite-diorite subvoleanic body. Within this zene,
in which most of the drillholes remained, two as-
semblages are charactenstic:  quartz-biotitesalbite-
K feldspar-anhydrite-pyrite-chalcopyrite and quartz-
biotite-chlorite-sericite-K  feldspar-magnetite-anhy-
drite-pyrite-chalcopyrite. Also very common are the
fissures with quartz-pyrite-chalcopyrite + hiotite-feld-
spar, and chlorite-actinolite-magnetite 4 biotite, an-
hydrite. pyrite, chalcopyrite (Fig. 5a,b).

The above described type of hydrothermal alteration
are very common in the Cu-An porphyry deposits of
Romania (Musariu, Valea Morii, Voia ete.) (Berbe-
leac, 1985) and in the south-west of the Pacific {Papua,
New Guinea - Eastoe, 1978), Mineral Park, Arizona
(Lang, Eastoe, 1988), the Philippines (Luodon, 1976)
ele.

3. Mineralizations

Seven main types of mineralizations are known in
the Talagiu-Rastoci area: 1) perphyry copper-gold;
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Fig. 3 - Geological cross-section within the subvoleanic body in the Talagiu area. 1, lavas and pyro-

clastic andesitic rocks (Upper Badenian-Sarmatian); 2, hoi'nhlende-iwpﬂslhene-andesibe (&), micro-

diorite porphyey (b)i 3, pyroxene andesite (a) and hornblende-hypersthene andesite (b) (Sarmatian-

Panneonian); 4, cenglomerate (a) and sandstone (b); 5, hornfels; 6, propylitie alteration: T, boundary

between argillic and phyllic alteration; 8, boundary between phyllic and feldspathic alteration; @,

quartz-pyritetgold stockwork; 10, mineralized fracture. Py-Au®Pb, ¥n; Pbh-Zn-Cu-Au, Cu-An ver-
tical zonulity of mineralization.

2) copper + gold veins; 3) quartz-pyrite & gold veins
and stockworks; 4) lead-zine-gold-silver veins; 5) sil-
ver sulphosalts dominated veins; 6) lead-zine veins and
impregnated zones, and 7) copper-gold veins. Silver
sulphosalts dominated -veins are present especially in
the Ristoci area. All the veins, breceias and stock-
works stages oceur within the porphyry deposil proper
but lead-zinc and gold sulphosalt veins occur round or

outside the porphyry copper-gold deposit.
3.1. Porphyry Copper-Gold Deposit

The porphyry copper-gold mineralization is no-
ticed everywhere within and round the hornblende-
hypersthene-andesite-microdioritic subvoleanic body
in the Talagiu caldera (Fig. 2).
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Fig. 4 - Lithological eolumn of variation of hydrethermal alteration, mineral assemblages
and Cu, K20, NazO vasiation (%) in drllhele No, 13, 1, homblende-hypersthene andesite
lava (a) and intrusions (b); 2, microdiorite porphyry; &, sandstones (Badenian); 4, fractures
filling with clay minerals and fragments of rocks (Mglam" }; 5, mineralized fracture; 6, hreccia
body (stockwork) and fracture zone, Type of hydrothermal alteration: T, propylitic; &,
argiliic; 9, phyllic; 10, feldspathic. Symbols: mt - magnétite; sl - sphalerite; gn — galena;
¢p - chalcopyrite; py — pyrite; an — gold; q - quarty; gs = gypsum; an = anhydrite] cb
- carbonates; mia. — clay minerals. .

This mineralization is genetically related to the sub-
volcanic body. It forms a stockwork of porphyry dis-
seminated copper-gold, oval in shape and 2 x 0.6 km
in areal extent, The size of the ore bady, insufficiently
known, seems to correspond to the subvolcanic body.
The porphyry ore appears within the deeper portions
of the propylitic, phyllic and feldspathic zones of an
andesite-microdioritic body and in the altered Bade-
nian sediments situated round it.

The porphyry system has been reported by a number
of drillings (Fig. 1) at 150-800 m below surface and
reaches the depth of more than 1300 m. Grade of
copper is 0.1-0.4 % Cu.

The mineral assemblage in the porphyry copper-
Au deposit is simple. Pyrite, chaleopyrite and rutile
are common minerals, bornite and chaleoeite, eovellite
are rare, and molyhdenite is noticed. In the felds-
pathic zone magnetite is often frequent. It appears
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Fig: & - Macrascopic and microseopic details on the ore from the Talagio area. 1, andesites; 2, hreeciations,

3, pwrite (py); 4, galena (gn); 5, sphalerite (sl); 6, chalcopyrite {ep): 7. bornite (ho): 8, covellite (€v) 9, rutile

{ru}y 10, magnetite (mt); 11, anatase (ats); 12, tetrabedrite {td): 13, proustite (ps) - stephanite; 14, andorite

(ack)7: 15, ndargyrite (my); 16, gold (au); 17, gangue minerals. Oy, Dy - drillholes; e-f - drillhole Na. 12; h
drillhole No. 2i j-k-1 - Riistoci.

associated with pyrite and chalcopyrite in chlorite- pyrite veinlets. In places it appears as small inclusions
anhydritegbiotine (Fig. 5a, ¢, €) or within quartz- in pyrite (Fig. 5e) ar is replaced by hematite and rutile
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(Fig. 5g). As regards pyrite and chalcopyrite, at least
4-5 and 1-3 generations of quartz £ anhydrite (Fig.
Sa, b) and anhydrite-pyrite-chaleopyrite veinlets (Fig.
5e) respectively are noticed, In general, pyrite is older
than chaleopyrite but in some cases pyrite shows small
inclusions of chalcopyrite partially replaced by bornite,
In breceia zones or round some fractures which are lo-
cated within the porphyry copper mineralization, chal-
copyrite is replaced by bornite, chalcocite, covellite,
limonite, goethite ete. (Fig. 5h). In places it contains
also small inclusions of rutile, hematite, magnetite and
gangue minerals. As a rule, chalcopyrite replaces the
pyrite grains and includes a great variety of minerals.

The highest concentrations of copper and gold seem
to be in those parts of the ore body located in the
phyllic and feldspathic zones where the networks and
disseminations of chalcopyrite and pyrite are frequent.
Cu-Au and NazO-K20 (Fig. 4) vary sympathetieally
and the highest grades are usually coincident. Gold is
present, at least partly, as micronic particles (Fig. 5f)
of native metal. The introduction and precipitation of
a large gold amount within the porphyry system would
imply an abnormally high 05 /1Ss ratio.

The porphyry copper-gold mineralization is cut by
are veinlets, veins and stockworks which liave been
subsequently formed.

3.2, Vein Mineralizations

The veins consist of several stages of quartz, an-
hydrite, carbonate, sulphide minerals. Clay minerals
and pyrite predominate in wall rocks adjacent to some
near-surface segments of veins, The direct observa-
tions show that the distribution of ore veins, breccias
and stockworks confirms a spatial and genetical asso-
ciation with the subvoleanic body. The parent magma
for the Talagiu subvoleanic body and other satellite in-
trusions, those corresponding in age to vein deposits,
mast likely previded heat for the hydrothermal cireu-
lation and vein deposition in the Talagiu distriet,

Copper + Gold Veins

The -assemblage of these wveins is anhydrite
(gypsum)-pyrite-chalcopyrite-rutile & sphalerite, ga-
lena, tetrahedrite, biotite, magnetite, chlorite, clay
mitrerals, caleite.  Intergrowth textures and solid
inclusions distributions suggest that all the above-
mentioned minerals, except gypsum and cal¢ite, are
contemporaneous. These veins do not appear at the
surface and they have been noticed at depth. espe-
clally in argillic and phylic zones. We note that at
the surface or near it the white, white-grey, pinkish
anhydrite from the veins is totally replaced by gyp-
suni, There is no zonation from edge to centre in these

veing. Il is important to nole that the anhydrite veins
are (.1-1 m in width, exceptionally 2-3 m, and their
existence is marked by abundant and large (5-10 m)
anhydrite-pyrite-chalcopyrite-clay minerals fissures or
breceia zones within the surrounding rocks.

Pyrite + Gold Veins and Stockworks

These veins may be an impertant source for gold,
They are numerous and contain especially pyrite -and
rutile.  Small amounts of chaleopyrite, sphalerite,
galena, gold, anhydrite, gypsum, clay minecrals ete,
appear. The most representative veins with breccia
textures have been noticed in drillhole No. 13

The quartz-pyrite stockworks hiave been intercepted
by drillholes Nos. 3 and 4. They represent abun-
dant millimetric, rarely centimetric, smoky quartz-
pyrite fissures which serve as a cement [or zilicified and
argillized andesite fragments and blocks (0.01-0.02 m).
The genesis of these stockworks is not clear.

Lead-Zine-Gold-Silver Veins

Polymetallic-gold quartz veins consist of nuneralized
fractures striking WNW-ESE and probably NNW-
SSE. The host rock (andesite) is argillized and serie-
itized in the veins selvage. The ore veins are known
within hypersthene-augite andesites of the Bratosin
Hill and the Gura Lupului Broek, and within or round
the subveolcanic andesitic-micradioritic body of the Ta-
lagiu Valley-Galitei Brook (Fig. 2).

The morphological aspects of the lead-zine-gold-
silver quartz veins differ from one place to another,
Thus at Bratosin Hill-Gura_ Lupului Brook the min-
eralized fracture (N 70-80° W/75-90" SW and NE)
forms a single and composite lenticular body., The
fracture mined at Bratosin (484 m) and Talagiu (380
m) levels is more than 600 m long and 0.1-T m
thick. The host rock is fresh or propylitized. It
consists of hypersthenc-augite andesites and is dis-
tinguished by angular, usually intensely silicified an-
desite blocks in an argillaceous matrix. At the
present surface level supergene alunite, quarts, cal-
cedony, kaolinite and interstratified smectite-illite ciay
alterations are often adjacent to the hreccia-hearing
polymetallic-gold quartz weins.  The blocks i the
vein are disseminated with pyrite and marcasite and
round them there are usually millimetric depositions
of sphalerite, galena, tetrahedrite and small amounts
of chalecopyrite, sylvanite and gold. Geodes are very
rare and comprise tabular and transparent crystals
of harite and white clay minerals (kaolinite}. Spha-
lerites are substituted by galena. tetrahedrite (Fig
3j) and chalcopyrite.  Usually, sphalerite exhibits
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no chalcopyrite exsolutions (Fig:  5i). The pa-
ragenetic sequence in the lead-zinc-gold-silver veins
I5: quartz—pyritn—ruLile-sphalerite-gé!ena—tctrahudrit&
chalcopyrite-sylvanite-gold-marcasite-barite-clay min-
erals. )

Numerous fissures, some of them 0.05-0.20 m thick,
crosscut, as in the case of drilliiole No. 2 (m 573-577),
the previous quartz-pyrite + chalcopyrite, anhydrite
veinlets of the porphyry copper-gold stage of miner-
alization. The polymetallic-gold gquartz veins usually
comprise: pyrite, cleiophanic sphalerite, galena, tetra-
hedrite, chalcopyrite and gold. The gangue minerals
are: quartz, caleite, barite and clay minerals. Gold has
been noticed in small grains within quartz (10-50gm).

Lead-Zinc Veins

In the Galitei Brook, near the joint with Valea cea
Bund (Fig. 2) and in some drillholes (Nos. 12, 13, 19,
9), lead-zinc veins and impregnated zones have been
identified. The veins appear in intensely fissured and
argillized andesites, and comprise sphalerite, galena,
tetrahedrite and small amounts of pyrite and chalcopy-
rite {(Fig. 5i). The gangue consists of clay minerals
(kaolinite) and subordinately carbonates and barite.

Silver Sulphosalts-Dominated Veins

This type of nunerahization has been identified es-
pecially in the Rastoei area, about 7 km West of Ta-
lagiu (Fig. 1). Here several veins and impregnation
zones with N-8 and WNW-ESE strikes are known. The
veins are located within propylitic pyroclasfic rocks,
hypersthene-hornblendetangite andesite in composi-
tion (Badenian-Sarmatian, voleano-sedimentary for-
mation). At the present surface, except the veins
on the Crisul Alb River, all the others have under
‘gone sirong supergene alteration processes, The pri-
mary mineralization in the Crisul Alb veins consists of
pyrite, sphalerite, galena, tetrahedrite, chalcopyrite;
bournonite, stephanite, proustite, polybasite, pvrar-
gyrite, miargyrite, andorite (?), native silver, quarts,
carbonates (rhodechrosite, dolomite), clay minerals
and barite. The vein (0.10-0.20 m thick) shows a brec-
cia texture (Fig. 5d). The silver sulphosalt minerals
usually form very fine-grained aggregates, sometimes
with skeletal aspects, and replace pyrite, galena, spha-
lerite and tetrahedrite (Fig. 5j, k). Commonly inter-
grown among them, also silver sulphosalts hiave been
noticed, which may contain inclusions of gangue min-
erals (quartz, carbonates), tetrabedrite and base metal
sulphides (Fig. 5j, k, 1). We underline the fact that, at
surface or near it, the veins imclude Mn and Fe oxides
representing the result of weathering,
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Copper-Gold Veins

These veins are probably: one of the mest important
sovrces for gold. They are known at depth and have
been remarked in some drillholes (Nos. 8, 13). Except
the vein from drillhole No. 8 (m 616.00-616.9), in
which the dolomite is the main gangue mineral, in all
the others quartz is the dominant gangue mineral.

The veins dip by more than 70°. The strikes are
generally the N 10-30° W conforming with structural
trend of the district (Fig. 2). The traceable strike
lengihs of individual veins are not yet known, but some
of them are likely to be more than 0.5-1 km long. The
individual veins range from 3 emto 3 m in width.

The copper-gold veins characteristically consist of
colerent quartz-sulphide material, sometimes alter-
nating with fault gangue, in which quartz, sulphide
and wall rock fragments are found. Crustifications and
open-space-filling textures are as a rule very rare.

The paragenetic ore mineral sequence is based on
typical mineral relationships, noted for all above-
mentioned veins, though minor differences sometimes
oceur between individual veins. It seems to be as fol-
lows:  pyrrhotite-pyrite; -chalcopyrite-rutile-pyrites-
sphalerite-tetrahedrite-silver sulphosalts-chalcopyrites
-galena, -chaleopyritea-galénas-gold-bornite-chalcocite
-covellite-goethite-native silver-native gold (Fig, 5).
The vein formation is separated into three distinet
stages on the basis of consistent replacement textures
and brecciation events recognized in polished sections.

In stage 1 the mineralization is characterized by mi-
nor pyrite and chalcopyrite. Trace amounts of sericite,
pyrrhotite and rulile geeur. Pyrile was the first ore
mineral.

In stage 2 quartz and pyritesare the main min-
erals, sericite -and hydromica are abundant; spha-
terite, galena, tetrahedrite, silver sulphosalts, chal-
copyrite and hypegene clay minerals are nresent in
minor amounts. There is a brecciation event between
stage 2 and stage 1.

Quartz, carbonates (dolomite, caleite), sericite,
pyrite, chalcopyrite, galena, native gold occur in vari-
ous amounts in stage 3. Chalcopyrite 1s the main ore
mineral veining and replacing all the other hypogene
minerals except the vein from drillhole No. 8 (m 615-
619.8) where chalcopyrite:and pyrite are the dominant
ore minerals.

4. Conclusions

l. In the Talagiu area the Tertiary volcanics
have been generated in a complex structure - probe
ably an advanced caldera (7 x 3.5 km), which is
built up especially by pyroclastics, lavas and intru-
sive bodies of pyroxene £ hornblende andesite rocks,
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Sarmatian-Pannonian in age. The inner rim of caldera
(3.2 x 1.6 km) comprises a subvolcanic andesitic-
microdioritic body: {2x0.6 km) and many small an-
desitic dykes. Thé smail veins and dykes of the
hornblende-hypersthene+augite andesites seem to be
the youngest magmatic rocks, !

2. In the inner ring and near its bordee, large and in-
tense hydrothermal alteration and mineralization pro-

. cesses took place.

3. The hydrothermal alteration and mineralization
products show a vertical and horizontal zonality: ad-
vanced and intermediate argillic alterations (pyrite &
Au: Pb-Zn-Au-Ag+Cu) in the upper part of the sub-
voleanic body and in the inner ring of caldera and
propylitic (Cu-Au; Pb-Zn-Au-Ag+Cu) — phyllic (Cu-
Au: Pb-Zn-Cu-Au-Ag) — feldspathic (Cu-Au) to the

_ depth of the subvolcanic body and propylitic in the

outer ring of the caldera.

4. The porphyry Cu-Au body occurs in the inner
ring, within the depth of the subvoleani¢ body (150-
000 m below the surface) and the sulphide veins and
stockworks in the upper parts of the subvolcanic struc-
ture and to the marginal ring of caldera. The vein
mineralizations are subsequent in comparison with the
porphyry mineralizations and show especially a verti-
cal distribution of the paragenetic minerals.

5. The alteration and mineralization products are
probably the result of a mixing process in which the
contribution of meteoric water was very important,
The hydrothermal system probably represents succes-
sive influxes of hypersaline fluids (> 350° C) from the
following assemblages: anhydrite-pyritetchalcopyrite
of low salinity, lower temperature fluids {> 1009 C) of
lead-zine-gold-silver veins, copper-gold veins ete.
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LIASSIC GABBROS FROM THE BANIES VALLEY (MURES ZONE):
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tion, Magmatic differentiation, Major elements. Minor elements, Rare earths. Apuseni
Mountains,

Abstract: The gabbroic body on the Banies Valley lies north of Sivargin, in the southern
part of the Mures Zone, 1t represents a rest from the lower part of a much more important
gabhbro body that has been destroyed by the Late- Kimmerian intrusions in the region and
eroded. It differs from the other gabbroie bodies Trom the Mures Zone by the peculiarities
of its layered strncture with two horizons, of which the lower one has a planar structure,
The rocks of the lower horizon show poikilitie hornblende megacrystals. Although it has
these peculiarities, it belongs to the Liassic ophiolitic rocks (180 Ma) from the Mures
Zone. The parental magma was a tholeiitic one, formed in the mantle, along a mid-ocean
ridge of normal type. This magma underwent a process of gravitational differentiation
that led to the formation of the layered structure of the body and of the planar structure

aof the lower horizon, in which poikilitic hornblende megacrystals formed.

Introduction

On the Banies Valley, north of Sivargin, the Liassic
ophiclites from the ocean crust fragnent, ebducted in
the axial zone of the ophiolitic suture or the Mures
Zone, host a gabbroic body which was pointed out
by Savu (1953). This body shows scme structural-
petrographic peculiarities in comparison with the other
gabbroic bodies associated with the Liassic ophiolites
from the Mures Zone. That is why it was not certain
whether it was of the same age as the ophiolites or
it represented a Late-Kimmerian intrusion, the body
being in contact with such a type of intrusions. In
order to elucidate this uncertainty, it has been petro-
logically and geochemically investigated. The results
of these researches will be further presented.

Structure of the Gabbroic Body and
Petrographic Aspects

The gabbroic body on the Banies Valley is of about
9 sq. km, covering most of the upper basin of this val-
ley. lts structure consists of two horizons as follows:

a lower horizon formed of gabbros exhibiting a planar
structure and hornblende megacrystals, and an upper
horizon made up of normal gabbros showing 'a massive
structure (Fig. 1).

The structure of this body and its position with re-
spect to the surrounding eruptive rocks show that it
represents only a part from the hase of a larger, NE-
SW trending basic intrusive body that was dismeni-
bered by erosion and by the two successive inbrusions
of the Late-Kimmerian granitoid massil of Savarsgin;
these are repressnted by the granodiorite-diorite in-
trusion of Temesesti and by that of the S&vargin gran-
ite (Savu, 1053: Savu 1005). The presence in this
zone of a few small gabbro intrusions (Sarbu Val-
ley; Contrava Valley) indicates that the former gab-
broic body probably extended from the south-west of
the preseni-day body to the northeastern extremity of
the granodiorite-diorite intrusion of Temegesti, It is
noteworthy that the gabbroic badies of Cuiag, Almas-
Saliste and Chungani-Cazanesti were dismembered in
the same way.

The northern part of the gabhroic body was affected
by an E-W trending, almost vertical fault, along which
it contacts the rocks of the ophiolite basalt complex
(Oy) from the Mures Zone
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Fig. 1 - Geologic map of the gabbroic body on the Banies Vailey and of the surrounding geological formations,
L, alluvia; Late-Kimmerian introsions of the SAvargin granitoid massif: 2, granite in marginal facies; 3,
normal granites; 4, coarse porphyritic granite; 5, granodiorites; 6, diorites with melanocrate schlieren; Liassic
ophiolites comprising also the gabbroic body: 7, basalts and dolerites; 8, normal gabbros (upper horizon);

9, ferrogabbros; 10, gabbros and microgabbros with planar structure; 11, fanlt,

The gabbroic body consists of several rock types. gabbro lenses also oceur in the gabbroic body of Cuiag

Thus the lower horizon of planar structure comprises (Savu et al., 1994)
microgabbros, gabbros and ferrogabbres, all of them

with hornblende megacrystals. Ferrogabbros form thin
(0.5-1 m) levels or laminae (Irvine, 1982) that indicate
the beginning of the rhythmic layering { Wager, Brown,
- 1968) of the body. The rhythmic layering is parallel to
the planar structure of this horizon. Boeth structural
elements slightly dip northwirds (Fig. 1), The up-
per horizon comprises normal gabbro and melagabbro.
These latter was noticed only as blocks on the Banies
and Fercicaia Brooks. These blocks might originate
in a lenticular separation within the normal gabbros
on the northern margin of the body, situated on the
ridge between the two mentioned brooks, which is now
covered by soil. 1t is noteworthy that such mela-

Microgabbros represent the most widespread rocks
within the lower horizon of the basic body. They have
an oriented (planar) structure (Balk, 1037) and of-
ten porphyritic texture determined by the presence
within them of some hornblende poikilitic megacrys:
tals. Their groundmass shows a very fine (0.02-0.8
mm) granulation which consists of tiny plagioclase,
chnopyroxene and magnetite crystals. Plagioclase (An
70-50) is present i erystals with albite and pericline
twins, often having the internal part weakly saussuri-
tized. The elongation direction of the crystals is situ-
ated in the planar structure plane of the rock. Clinopy-
roxene, a diopside (¢cANg=40"), is xenomorphic and is
locally replaced by a brown-greenish amphibole, Mag-
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netite is also xenomorphic, occurring as very small
grains.

After the crystallization of these minerals 3 to
5 cm long brown-greenish hornblende megacrystals
vith poikilitic texture formed within the rock. They

-usually develop in flat crystals, oriented in the
planar structure plane.  They show the follow-
ing pleochroism: Ng=brownish-green; Nm=brown-
greenish; Np=slightly greenish-yellowish.  During
growth these megacrystals included the other miner-
als from the rock which they corroded so that only
rests of them remained, pyroxenc and magnetite lo-
cally disappearing almost completely (Fig. 2).
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Fig. ¥ - Polkilitic stracuire of a brown-greenish hornblencle
megacrystal (1), in which plagioclase {2} and clinopyroxens {3)
crystals rests are included.

The crystal rests included in hornblende are par-
allel to the rock structure. This relationship shows
the Iate formation of megactystals, probably as deu-
terie mineral forinations resulted from the intercumu-
lus magmatic residues. Referring to other minerals in
the gabbros, Wager and Brown (1968) showed that the
intercumulus liguid, which crystallized slowly and qui-
etly, allows the formation of rare crystallization centres
that will generate large poikilitic erystals. 1t should
be mentioned that other gabbros with such amphibole
megacrystals are not known in the Mureg Zone or in
the numerous gabbroic bodies described by Wager and
Brown (1968). In the gabbroic body of Almas-Siliste
small erystals of deuteric amphiboie oceurs only on fis-
sures (Savu et al., 1984).

The diopside gabbros with planar structure are sim-
ilar to microgabbros with respect to texture and nin-
eralogical composition, and differ from them by the
coarser granulation (3-5 mm). Plagioclase develops in
tabular crystals, oriented parallel to the planar struc-
ture. 1t is polysynthetically twinned and shows a vari-
able composition, being more basic inside (An 70) and
more acid towards the marging (An 50). Clinopyroxene
is usually a diallage which shows iron oxide exsolutions
on the cleavage planes. Sometimes it is partly urali-
tized, and on fissures il is replaced by a brown-greenish
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hornblende, locally also by chlorite. Magnetite usually
oecurs as xenomorphic giains. Small apatite crystals
dre rarely found. Flat megacrystals of brown-greenish
hornblende also oceur within these rocks, being situ-
ated in the planar structure plane, and including and
corroding the other minerals.

Ferrogabbros are rarely found. They have a miner-
alogical composition and structure similar to those of
the above-described gabbros, from which they differ by
the higher vanadiferous Ti-magnetite amount (3-6 %).

The norimal gabbros from the upper horizon of the
gabbroic hady consist also of plagioclase, diopside and
magnetite that crystallize in the order of their pre-
sentation, which is a characteristic of the tholeitic
rocks. The plagioclase crystals (An 70-50) are hy-
pidiomorphic, like in the other gabbroic rocks. They
are polysynthetically twinned and show a composition
varying from ihe centre towards the margins. They are
weakly savssuritized in the central part. The diopside
crystals are usually xenomorphic and partly uralitized
or replaced by chlorite, Magnetite is also xenomorphic.
Pistacite veinlets formed. on fissures.

Melagabbros are black rocks formed mainly of
clinopyroxene, oliving; hornblende and a little pla-
gioclase. Clinepyroxene occurs in xenomorphic crys-
tals, partly or totally replaced by uralite and green-
actinolitic hornblende, leading to the separation of sec-
endary iron oxides. Olivine was totally replaced by ser-
pentine and locally by tale. These rocks also contain
green and brown hornblende, which is also poikilitic,

Geochemistry and Tectonic Setting

The study of the gabbroi¢ body is based on the anal-
ysis of 11 samples of the most representative rocks
(Tab. 1), Taking into consideration the chemical com-
position, the gabbroie rocks fall into three characteris-
tic groups, which were also distinguished by the petro-
graphie study as follows: gabbros, gabbros and micro-
gabbros with horblende (nos. 5 and 7) megaerystals,
and ferrogabbros (nos. 1 and 2). All these rocks plot
in the tholeiitie rocks field on the diagram from Figure
3 (Irvine, Baragar, 1971), which shows that they do
not belong to the Late-Kimmerian island arc rocks.

The common gabbros, which, comprise most of
the rocks, have a normal chemical composition; in
which 8i0, varies between 41.30 and 45 %, the other
chemieal components ranging within the limits known
for such rocks. The gabbros with poikilitic horn-
blende megacrystals plot cleser 1o the MgO corner
on the diagram from Figure 3, this component reach-
ing more than 13.50 % of the rock composition. Al-
though normal, the SiOs values are closer to the
lower range of the variation domain of this component.
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Table |
Chemical composition of the Banies gabbroic rocks
No 1 2 3 F 5 6 7 8 ] 10 11
Si2 38.45 3878 4180 41.86 43.50 43.54 4450  45.11 46.12 4706 4B.45
TiOy 2.04 224 1.44 1.64 005 112 1.20 1.88 1.72 © 116 0.84
Ala Oy 1550 1530 1590 1604 1585 1934 1694 15.10 16.24 1604 19.64
Fes Oy 11.11 10.07 741 745 340 5.41 6.5 .83 £.19 6825 463
Fel 831 240 6.91 724 T.BO 567 230 .02 5.90 438 412
MnO 0.19 0.20 217 0.24 1.30 0.18 090 0.20 0.22 020 0.14
Mg 7.74 7.41 7.98 B.76 13.50 TOT  13.82 6.73 £.01 637  5.87
Cal 13.68 . 1386 1623 1406 990 1352 1040 1310  .11.05 1410  9.97
K0 018 0.34 0.21 0.25 0.26 0.49 040 0.31 0.31 040 027
Naz© 107 1.04 1.13 1.67 1.35 1.58  2.50 2.37 2.01 270 228
P20y 0.25 0.31 0.22 019 0.05 019 0.08 0.1&8 0.14 0,10 0.3
Haz Ot 1.54 1.56 0.82 3.06 168 214 050 1.85 2.26 148 231
8 0.44 0.25 0.38 33 0.4 .25 - 0.33 0.31 031 025
Total 10050 10036 10040 100,78 9878 100,51 9999 100.01 10048 100.65 99.98
Ni ppm 100 72 65 13 - 3z = 72 140 100 46
Co 80 53 60 45 - 34 - 7 as 9 20
Cr 32 25 85 21 - 70 - 175 300 280 125
v 1100 800 720 o0 - 410 - 400 470 270 310
S &0 65 76 48 - 50 - a5 60 48 35
Zr 36 33 34 34 - 30 - 42 42 46 28
Y 21 25 21 15 - 22 - 33 34 24 23
¥hb L6 2.2 22 2z - 2.1 - 2.7 4.6 3.8 1.9
Ba <10 <10 23 25 - a6 = 5 2 22 <10 30
Sr 340 300 380 420 - 520 - 240 230 220 520
Cu 200 230 120 135 - 34 E 36 8 20 10
Zn 100 100 90 70 - 5 - 70 75 T8 40
Ga 20 23 20 22 = 17 - 17 23 20 o
u - 0.2 0.5 0.3 - 0.2 ~ - - 0.3 -
Th - 0.3 0.7 0.4 - 0.2 - - = 0.2 -

The rocks analysed in the table are: 1 and 2, ferrogabbros; 2, 4 and &, microgabbros; 5 and 7, gabbros with
hornblesicle megacrystals; 8, 9 and 10, gabbros with planar structure; 11, gabbro with normal structure.
Pb <2 ppm; 5n <2 ppm.

FeOt

It results that the MgO excess is due to a supply de-
termined by the formation of the deuteric hornblende
megacrystals which are more numerous in the two sam-
ples. Ferrogabbros contain less than 39 % Si0s and
are rich in iron and titanium. Thus in the two sam-
ples FeO(total) ranges between 17.45 % and 18.30 R,
while TiOy represents 2.04 % and 2.24 % respactively,
On the diagram from Figure 3 they plot eloser to the
FeOt corner. The 4 % TiOs in magnetite indicates a
crystallization temperature of 7800 O
The high iron and titanium contents in ferrogab-
hros clearly mark one of the tendencies of the tholelitic
magma differentiation (Savu et al., 1984). The resid-
nal tholeiitic magmas concentrate iron — giving rise to
: ) ) i ) ferrogabbroic magmas - and, as shown in Table 1, the
NazD+K0 20 30 40 S0 6 70 80 80 Mg0  clements that are geochemically related to it - Ti and
V. The V contents ameount to 800 and 1000 ppm re-
Fig. 3 Plat of the gabbroic rocks on the  FeOr-Mg()- spectively, exceeding more than two times the contents
Mag G120 clingram. TH, tholeiitie; CA, cale-alkatine. of this element in most of the normal gabbros,
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Aceording to Shervais (1982), the Ti and V ratio
places the rocks in the basaltic series of the mid-ocean
ridges (MORB). The tholeiitic magma differentiation
determined great vartations of the Fe, Ti and V con-
tents in these rocks.

The other trace elements were influenced to a less
extent by the differentiation process, a reason why
they show normal contents of the ocean floor tholei-
ites, However, ferrogabbros are richer in Co and Sc and
have lower Cr contents than in the other rocks. Nickel
also shows contents varying greatly within the gab-
broic rock series. It 15 noteworthy that the Ni contents
ol 72 and 100 ppm within ferrogabbros range among
the highest values of all the analysed roeks! The ratio
between TifCr and Ni plots most of the gabbroie rocks
in the ocean floor tholeiite field (OFT) on the diagram
from Figure 4 (Beccaluva et al., 1979).

1000 4

500 -

200 -

100 4

50 -

Ti/Cr

T T T T
20 50 100 200

Ni ppm

S00
Fig. 4 — Plot af the gabbroic rocks on the TifCr-Ni dhagram.

Bartum shows low contents throughout the gabbro
series, ranging from <10 to 25 ppm, values mostly
situated in the abyssal or ocean floor tholeiite field
(Miyashiro, 1975). The Sr contents are also character-
istic of the ocean floor basic rocks,

Of the other trace elements in Table 1, Cu and Zn
are worth mentioning, being present in all the roeks; in
both ferrogabbros, rocks formed of the residual tholei-
itic magma, these elements show the highest contents,
capable of forming minerals of their own (Savu, 1973).
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The U and Th contents in the gabbroic rocks are
extremely low, the average value being usually below
0.50 ppne. The Th/U ratio is also very small. These
values are characteristic of the ocean floor basic rocks
(Savu et al., 1986),

REE, Hf and Ta Distribution in the Gabbroic
Rocks

The rare earth contents in the gabbroic rocks on the
Banieg Valley are presented in Table 2.

All the analysed rocks belong to the group of normal
gabbros. That is why REE show contents characteris-
tic of the ocean floor basic rocks. They are equivalent
to the REE contents in other aphiolitic rocks lrom the
Mureg Zone, such as the normal tholeiitic hasalts and
dolerites from the sheeted dyke complex (Q:) (Savu,
Stoian, 1988), the basalts with Si02>49.5 % from the
Mures Zone (Savu et al., 1894 a) and those from the
gabbroic body of Cuias (Savu et al., 1994 b).

The gabbroic rocks are sometimes richer in LRLE
than in HREE but these two groups of elements do
not differ much from each other, a fact resulting also
from the small value of the ratio between them [Tab.
2) which is of 5.25, being very close to the value of Lthis
ratio in the rocks of the sheeted dyvke complex from
the west of the Mures ZoneqSavu, Stoian, 1988). This
relation between the two groups of elements results
also from the diagram in Figure 5, in which the pat-
terns of five chondritic normalized (Nakamura, 1974)
gabbroic rocks are represented. The diagram reveals a
slight negative anonaly of Eu, which confirms the frae-
tional crystailization proeess undergone by the tholei-
itic magma from the gahbroic body (Philpotts, Schnet-
aler, 1968), that gave rise to the layered structure of
the body.

Among the values of the other ratios from Table 2,
the average value of the Ce/Yb ratio of 4.50, which
is below 10, should he noted. According to Saunders
(1984), it shows that the parental magma formed in the
mantle, in the conditions of the normal oceanic ridge
{N-type) evolution, in which the Liassic ophiclites (180
Ma - Herz et al., 1974) from the Mures Zone formed,
rocks in which the gabbroic body is hested (Savu ,
Stotan, 1988). It is also noticed that the value of the
{Ce/YDB)N ratio is very close to 1 (Tab, 2). According
to Schilling (1975) and Marriner & Millward (1984),
this value shows that the basic rocks constituting Lthe
gabbroic body on the Banies Valley resulted from a
normal type theleiitic magma.

The Hf as well as the Ta contents (Tab, 2) are lower
than those from other basaltic rock series.
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Table 2
Distribution of REE, Hf and Ta in the gabbroic rocks
No Sample La ©Ce Sm Eu Tb Yb'T HI Ta
i {4) 8 13 24 0.4 070 19 1.8 -
2 (6) 8§ 15 20 084 053 21 45 0.8
3 (8) 6 14 28 084 060 27 52 1.0
1 (9) 6 13 2.5 087 050 &6 2.1 1.0
5 {10 6 1T 28 071 061 38 12 %
Average 68 1440 262 075 0.59 3.2 2.96 0.70
REE=28.36; LREE/HREE=5.25La/Yh=2.13; (La/Sm)N=1.5%(Ce/¥Yb)N=1.22;
BaflLa=3.38; (LafCe)N=1.23; (Ce/Sm)N=1.30; La/Th=14.17
* The number in brackets indicate the sample numbers in table 1,
** Yb was determined by emission spectrography; the other elements
were determined by meutron activation analysis.
40 -
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Fig, 5 — Patterns ol the chondrite normalized HEE from the gabbroie rocks:
. References
Conclusions

The gabbroic body on the Banieg Valley represents
a rest from the lower part of a much more important
gabbroic body which was destroyed by the Laie Kim-
merian intrusions of Savarsin and eroded.

Although it shows some structural and mineralogi-
cal-petrographic peculiarities, it belongs to the Liassic
ophiclitic rocks from the Mures' Zone.

Geachemical data clearly show that the gabbroie
body originated in a parental tholelitic magma, formed
in the mantle in the conditions of a mid-oeean ridge of
normal type,

The tholeiitic magma was subjected to a gravita-
tional (in situ) differentiation process that gave rise
to the layered structure of the body and the planar
structure of the lower horizon, in which the poikilitic
hornblende megacrystals formed from the intercumu-
lus residual magmatic liquid.
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Abstract: The Bruznic gabbroic rocks from Banat are situated in the south-western
extremity of the Alpine ophiolitic suture of the Mureg Zone, These rocks occur in the
Coruba Brook, They are covered by Neogene ( Pannonian) deposits. The rocks belong to
a Liassic layered gabbroic body, which is located in the sheeted dyke complex (O2) of the
Mureg Zone ophiolites. This complex, which is larger developed in the Drocea Mountains,
extends alse in the pre-Neogene basement of the Bruznic area. In the gabbroic body
cumulates rich in plagioclase (An 64) — olivine gabbros and diopside gabbros - form a
harizon belonging to'a rhythmic layered structure. This horizon is the result of an "in
site™ differentiation of the parental tholeiitic magma and the sedimentation of plagioclase
crystals in the magmatic chamber of the gabbroic body. The geochemical data indicate

that the gabbroic rocks are ocean floor tholeiites.

1. Introduction

South of Bruznie, in Banat, gabbroic rocks have
been peinted out as early as 1962 by Ridulescu et
al. These rocks were not systematically studied. As
they represent the south-westernmost occurrence of
the Liassic ophiolites of the Mureg Zone (Mureg Su-
ture) we considered it necessary to present their petro-
logical and geochemical peculiarities as well as consid-
erations on their origin.

2. Structural and petrographic aspects

The Bruznic gabbros crop out in the Coruba Brock,
in its spring area, where they form the basement of the
Neogene (Pannonian) deposits, on a length of arcund
400 m. As it was indicated by the boreholes executed
by ISEM (FORADEX S.A. - Bucharest) in 1963-1965
on some magnetic anomalies, determined by the ophi-
olitic rocks from the basement, between Bruznic and
Bata, the thickness of the Neogene cover varies be-
tween 50 and 120 m (Popescu, Munthiu, 1963).

The gabbroic bady to which the gabbros cropping
out in the Coruba Brook belong, is probably sitnated
in the sheeted dyke complex (Oz) of the Mures Zone,
as it is shown in the adjoining map (Fig. 1). This
conclusion resulted from the petrographic characteris-
tics of the rock samples extracied {rom the mentioned
boreholes (dolerites and intergranular basalts) as well
as from the almost vertical position of the contact be-
tween the dolerite dykes and their hyalobasaltic chill
margin (Fig. 2). The first authors {Popescu, Munthiu,
1965) who investigated the samples obtained from the
bareholes of the Bata-Brugnic area, considered the
menticned ophiolitic rocks as a pile of alternating hor-
wontal flows of basalts and dolerites.

The sheeted dyke complex (O:) crops out nerth
and north-west of Bata (Savu, Manea, 1982) where
- in the Bata quarry - the dyke position is EW /808
(Fig. 1}. This complex extends from the Drocea Mis
(Savu, 1984) towards WSW beneath the Neogene de-
posits of Bata and Bruznic, up to south-west of Lipova,
where several NW-SE trending faults cut the ophiolitie
megaslab (Andrei et al,, 1975). Thus, the ophiolites
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from the south-western blocks have been uplifted and
more removed by erosion. Further away towards south-
west of Inova fault, only the suture line-b&tween the
two Alpine convergent plates (Apuseni Mts and Tran-
sylvanian plates) is preserved.

Fig. 1 - Geological map of the Bruznic - Bata re-
Eion {uu:ording; to the 1:900000 map pub[ishod |:|J.r _f‘lm
G.LR., with addition). 1, fault; 2, thrust plane; 3,
sheeted dyke complex (03); 3a, Broznie gabbres; 4,
basalt complex (O1); 5, Tithonlan-Neocomian flysch
of the Crig unit; 6, Neogene sedimentary deposits;
7. thrust of the sheeted dyke complex (Oz) of the
Chpalnag-Techereu unit over the basalt complex (04)
of the Baia scale.

Fig. 2 - The almost vertical posi-
tion of the boundary between a do-
lerite dyke (1) and its hyalobasaitic
chill margin (2) in & sample from a
Bruznic-Bata borehole {Museum of the
G.LR., Bucharest},

The mentioned sheeted dyke complex thrusts over
the Baia scale consisting of the basalt complex (O, )

H.SAVU et al.

and both were together thrust over the Tithonian-
Neocomian flysch of Crig unit (Fig. 1).

The extension of the Bruznic gabbroic body below
the Neogene sedimentary cover cannot be established
because there are no boreholes in the Coruba Brook
area, but its size may be estimated as similar or close
to that of the Julita gabbroic body (Savu et al., 1982).
The Bruznic gabbroic body probably trends NE-SW
like the sheeted dykes, so that the Coruba Brook cuts
its structures almost perpendicular to their position.

The outcrops of the Coruba Brook represent a
cutnulate zone of the gabbroic body constituted of
olivine gabbros and diopside gabbros rich in plagio-
clase. These two gabbro types form alternating bands
belonging to a wide structure of a layered gabbroic
body. Such structures and cumulates were also ob-
served in other gabbroic bodies from the Mures Zone,
as in those of Julita, Cuiag and Almag Siligte {Cioflica,
Savu, 1962; Savu et al,, 1952, 1984). In this respecl we
also mention the Skaergaard gabbroic body in which
the classical rhythmic layered structure was deseribed
by Wager and Brown (1968) and recently was revised
by Conrad and Naslund (1989).

The olivine gabbros, which are the prevalent rocks
in the gabbroic bands in the Coruba Brook, con-
sist mainly of plagioelase (An 62-65) representad by
tabular subhedral crystals with albite and pericline
polysynthetic twins. The spaces between these crys-
tals — which were the first to crystallize - are occu-
pied by anhedral olivine and diopside crystals, Olivine
presents eracks filled with iron oxides. Sometimes
olivine is opacitized or transformed into secondary
minerals, a process in which aiso fine grains of sec-
ondary iron oxides formed. The diopside (eANg=40")
is sometimes twinned on 100 face and is uralitized; it
rarely contains clusters of calcite.

In the diopside gabbros the clinopyroxene sometimes
includes small-sized plagioclase crystals with albite
twins. Pegmatoid gabbros rarely oceur, South-of the
outerops in the Ceoruba Brook, flaser gabbros occur,
too, very similar to those of Cuias. These rocks are
diopside gabbros which were strongly deformed along
some parallel crushing planes, The plagioclase erystals
are broken, bent and in places altered. The clinopy-
roxene is completely uralitized and mostly replaced by
actinolite and chlorite.

3. Geochemistry and tectonic setting

In the Bruznie gabbros the SiOs contents are lower
than 52 per cent (Tab. 1) showing the basic compo-
sition of these rocks. The cumulates rich in plagio-
clase are characterized in their chemical composition
by the high contemts of CaO (mean 13.83 per cent)
and Al Oz (mean 18.36 per cent). Although these two

nponents are present in higher amounts than in nor-
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mal gabbros, their CaO/Al>03 ratio maintains at-low
values, with an average of 0.75. This value stands be-
tween (.7 and 0.8, the ranges established by Werner
(1984) for its variation in ophislitic rocks,
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diagram (Fig. 4), all the rocks are situated in the
lower part of " High - Ti" field which, according to Serri
and Saitta- (1980), represents the ocean floor ophiolite
domain. This position of the rocks is explained by

Table 1
Chemical composition of the gabbroic rocks™

Nap O+Kz 0

No Si03 TiDz AlaDy Fey03 FeO  MnQG MgQ  CaD KO NegO  Pa0s  H07 5 Total
1 47.69 0.32 17.55 Q.59 4.4% Q.16 5638 15.52 014 2.18 0.30 1.38 0.20 a8.43
2 4856 018 2128 179 299 010 770 1272 018 235 0.74 274 013 100.69
i 45,60 .32 1997 1.45 3.62 014 7.52 13.60 0.17 2.38 0.38 1.12 .19 94,46
4 49 08 .48 16.00 2.08 567 015 B.51 12,70 0.14 243 .39 179 o2 99.42
5 4956 038 1740 2423 n1l 012 BO08 1487 015 0 244 0,36 192 003 10063
6 4997 D40  17.75 122 428 013 762 1362 018 255 030 133 016  99.5]

+ 004 is absent in all the analyséd rocks
Samples: 1, 3, 4.5, olivine gabbros; 2, flasergabbre; 6, diopside gabbro.

The average normative composition of gabbros 1s, as
follows: or- 1.43; ab - 19.70; an - 35.55; di - 26.60; hy
= 3.03; ol - 10.50; ap - 0.33; il = 0.55; mv - L.11: py
- 1.16. This composition shows that the plagioclase
(An 64) participates in gabbros in a proportion of 55
per cent, varying between 51 and 61 per cent. The
olivine, which is present in many gabbras, is a variety
rich in forsterite (76 per cent). It is noteworthy that
hypersthene, as well as orthoclase, appears only in the
rock norm,

As a result of the high content in Ca and Al, the
Bruznic gabbros are more depleted in iron and, con-
sequently, in trace elements geochemically correlated
with the latter. Therefore, these rocks do not behave
like normal gabbros on some diagrams relevant for the
tectonic setting, in which elements as Fe, Ni, Ti, V and
Cr were used. Thus, on the FeO - Mg0O — Na:O+RK20
diagram (acc. to Irvine and Baragar, 1971) three of the
six analysed gabbros normally plot in the tholeiite rock
field, but the other three rocks fall in the cale-alkaline
field (Fig. 3 ). But on the TiOz - FeOt/FeOt+MgO

FeQt

70 40 60 80 Mg0

Fig. 3- Plotof the gabbroic rocks on the FeO —MgO -
MNas 04K 0 diagram (TH and CA felds acc. to Irvine
and Baragar, 1971).

their characteristic content of Ti, which varies between
900 and 2800 ppm (mean 2000 ppm). However these
values are a little lower than those indicated by Pearce
and Cann (1973) for the ocean floor basalts.

Ti0z2
& -
3-|
H!gh-Tl /.r
24 V.
s
: ~
14 e
'.‘. .’__-, LUW—-T!
ol | 03 050 om0
FeOt/FeOt+ MgO

Fig. 4 - Plot of the gabbroic rocks

on the TiO; - FeQe/FeQt+MgO dia-

gram (High-Ti and Low-Ti fields ace,
tor Serri and Saitta, 1980).

The FeO/MgO ratio is lower than 2, with an average
of 0.66, showing that the gabbroic rocks belong to the
tholeiitic series. On the Ba - FeO/MgO diagram (ace.
to Miyashiro, 1975) most of gabbroic rocks, excepting
one sample which was dffected by alteration processes,
plot between the fields of the abyssal tholeiitic rocks
from the Atlantic median ridge, north and south of
Azores and from the Indian and Pacific oceans, which
-are ocean floor rocks, too (Fig. 5).

The Sr contents (Tab. 2}, with a mean value of 157
ppm, are close to the Sr contents of different ocean
floor rocks, according to Pearce and Cann (1973), with
an average value of 139 ppm. The Bruznic gabbros,
with a high Ca content, have higher contents of 5r.
The mean value of 157 ppm Sr, plotted on Hart et
al. (1970} diagram, suggests that the parental tholei-
itic magma, from which the Bruznic gabbros derived,
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formed in the mantle at a depth of aronnd 100 km.
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Fig. ‘4 - Plot of the gabbroic rocks on the Ba

= FeQ/MgO diagram, a, Bruznie gabbro ficld: b
field of the abyssal theleiites Trom e Avlantie me-
dian ridge north of the Azores and from the Indian
and Pacifie oceans; ¢, field of the alivssal tholeiites
from the Auantic inedian ridge sonth of the Azores
(b wriel oo feldsace. to NMivashiro, 1a75),

H. SAVU et al.

the latter. Therefore, on some diagrams the gabbroic
rocks plot somchow different than the normal gabbros.
There are also diagrams which show that the gabbroic
rocks belong to the tholeiitic series and are ocean floor
rocks. These characteristics are also indicated by the
mean contents of some major and trace elements, as
well as by the valies of some ratios of these elements.

The geochemical characteristics of these gabbros
correspond to that of the shected dyke complex (O4)
of the Mures Zone.

The layered structure of the gabhroie body resulted
by the differentiation of the parental theleiitic magnia
and hy the sedimentation of the plagioclase crystals. In
the interstices between the plagioclase crystals olivine
and diopside formed from the intercwmulug ligquid,
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EFECTE ALE TECTONICII DE PANZA METAMORFICA IN PARTEA

SUPERIOARA A SERIEI DE LOTRU
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Key words: Tectonic units, Precambrian. Tectogenesis. P-T conditions. Chemical
teactions. Geochemical controls. Mineralization. Manganese ores. South Carpathians.

Abstract: Effects of Metamorphic Nappe Tectonics in the Upper Part of the Lotru
Series: The tectonic boundary between the uppermost Precambrian nappes of the Lotra
Series (viz. the Voineasa and Semenic Nappes) has not as yet been traced with accu-
racy. However, the lithologic and metamorphic contrasts between them are fully reliable
features in identifying and tracing the limit. During the thrust, rotational tectonics (dis-
rupted folds, boudins, mullions) developed due to simpple shear; subsequent folding re-
sulted in open low-amplitude antiforms and tight hight-amplitude synforms. The thrust
surfice concentrates rock lypes contrasting with the background, such as quartzites,
tourmaline-rich rocks, manganese silicate rocks, pegmatites, and displays an obvious en-
richment in light elements as Li, Be, B, as well as in Mn. Mn-rich rocks always have in
footwall K-feldspar bearing gneisses and in hanging wall almandine-micaschists. These
facts strongly support the ideea of a petrogenetic and metallogenetic role of the thrast,
The mechanism invoked are segregation processes and metamorphic reactions. The driv-
ing force of segregation could be pressure, viscosity and chemical activity gradients, while
metamorphic reactions were triggered by tectonic joining of chemically contrasting rocks.
They produced Mn enrichement throngh garnet nreakdown with K-feldspar to biotite and
muscovite (2Ksp+Gar+2H; O=Bio+Mus435i0;). The appearance of {minor) silica un-
dersaturated minerals as tefroite is explained by silica consuming breakdown of staurolite
with K-feldspar {‘2Ksp+ESta+95i0;=2Mua+4Gar+31Als+H;D).

Introducere

Definirea gi mai ales separarea entitatilor lotostra-
tigrafice ale seriei de Lotru (Ghica-Budesti, 1932) din
cristalinul Getic al Carpatilor Meridionali constituie
ined un subiect asupra ciruia nu existi un acord
unanim. Modelele elaborate pand in pregent in di-
verse arii aflorare (ex: Savu, Schuster, 1977; Bercia,
1975) contin diferente care merg de la mici nepotriviri
pand la contradictii de fond, lar corelarile regionale
(Savu, 1975; Kriutner, 1980) sunt tributare studiilor
utilizate

Folosirea conjugatd a unor criterii litostratigrafice
si de istorie metamorficd (Sibdu, 1944) a permis se-
pararea si evidenfierea succesiunii unor entitdgi defi-
nite in cadrul seriei de Lotru ca unitagl intr-o stiva
de panze metamorfice precambriene. Succesiunea de-
buteaza prin unitatea de Armenis (in bazd) care su-
porti panzele de Voineasa, respectiv de Semenic.

Gradul incomplet si neuniform de acoperire a ficut
insd imposibili cartografierea exacta a limitelor in
toati aria de aflorare. Pentru aceasta se hmpune
cartarea sau reambularea unor suprafete intinse, pro-
ces care necesitd un timp indelungat: Ca etapi a aces-
tui proces, prezenta comunicare analizeaza limita din-
tre panza de Semenic §i cea de Vomeasa in partea su-
perioard a viii Sadului, oferind un exemplu asupra mo-
dului in eare amplasarea pangelor metamorfice poate
determina acumularea unor substante minerale utile.

1. Constructia petrografic, eriterii de
separare §i natura limitelor

Rocile din perimetrul investigat (Pl. ) apartin
unitatilor tectonice superioare, precambriene ale seriei
de Lotru, respectiv panzei de Voineasa gi panzei de
Semenic (Sibdu, 1994). '



Panza de Voineasa contine roci ale complexului de
Vaideeni. In cadrul acestuia se disting trei tipuri de
asociatii litologice, ale ciror relatii mutuale sunt inci
imsuficient cunoscute, dar fiecare dintre ele suporta
tectonic panza de Semenie, constand din rocile de
compozitie peliticd ale formatiunii de Negovanu Mare.

Una dintre asociatii are o compozitie gnaisici - am-
fibolicd gi a fost descrisi de Arion, Stoian (1986) sub
numele de gnaise de Frumoasa. Acestea sunt formate
din gnaise cu microclin roz sau albe, asociate cu am-
fibolite gi gnaise microclinice cu amifiboli. Subordonat
se intalnesc intercalatii de gnaise micacee predominant
biotitice. Cele trei tipuri de roci alterneaza §i prezinta
tranzitii mai mult sau mai putin gradate, precum si arii
largi de aflorare a rocilor amfibolice, respectiv gnaisice.
In cadrul lor se intalnesc freevent segregatii pegma-
toide care pot contine, aldturi de microelin, biotit sau
amfiboli larg dezvoltaii. Gnaisele de Frumoasa apar in
perimetrul cercetal la izvoarele viii cu acelasi nume,
extinzandu-se spre N pand in creasta muntilor Cibin
spre E cativa km din cursul superior al Sadului, jar
spre 5 foarte putin i versantul nordic al muntilor
Lotrului. Ele capati o dezvoltare foarte largd, in afara
perimetrului, spre V, in aval pe valea Frumoasei,

A doua asociatie litologica separabild in cadrul com-
plexului de Vaideeni a fost definiti de Arion (1988)
in valea Lotrului sub denumirea de gnaise de Steaja
gl constd predominant din gnaise biotitice rubanate
care se desfac in lespezi, continand preponderent bi-
otit, oligoclaz si cuart. Frecvent biotitul este alun-
git, rezultand o textura liniara data de paietele brun-
negricioase de 0.5-2 x 1.5-3 nun.  Oligoclazul cste
izometric de ecca 2 mm §i are o culoare gilbuie.
Aceste gnaise pol contine uneori si amfiboli iar ceva
mai rar prezintd noduli milimetriei aplatizati de sil-
limanit fibrolitic.  Secventa eontine subordonai am-
fibolite §i gnaise amfibolice£piroxeni, iar §i mai rar
apar micagisturi cu sillimanit, cel mai adesea nodu-
lar. Rocile ultramafice apar subordonat fiind represen-
tate mai ales prin lentile de actinolitite. Pegmatitele
sunt foarte frecvenie, ele contin ca minerale pringi-
pale feldspati, inclusiv microclin, alituri de muscovit,
biotit gi cuart, in proporiii modale foarte variabile.
Gnaisele de Steaja au o mare dezvoltare in bazinele
afluentilor Lotrului (Steaja, Balindru, Hoteagu) si se
extind spre N pe creasta muntilor Lotrului, in special
in zona Steflesti, apirand insa si in varful Rozdesti.

In afard de acestea se poate distinge o asocialie care
poarta numersase incluzinni de roci exotice. Lito-
logic ea este alcituitd din sisturi 51 pnaise predomi-
nant museovitice: euonterealati dvogeaise pacroeli-
nice, §i cu totul subordonat amfibolite. Rocile exotjce
supd reprezentate prin lentile de eelogite si ultramalite,
Eclogitele sunt frecvent retromorfozate, cel mai adesea
aproape complet amfibolitizate. Pegmatitele cu mi-
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croclin roz sunt foarte freevente, sub formi de corpuri
in general de mici dimensiuni in mod obisnuit discor-
dante si plasate la limita dintre litoni cu competenti
diferitd. Aceasti asociatie apare ca o bandi la nord de
valea Sadului, marginiti de falii alpine.

Metamorfismul . compléxului de Vaideeni este poli-
ciclic, distingandu-se doud evenimente de grad mediu
M 5i Ma. M; este reprezentat prin relicte destul de rar
conservate de disten, rutil, staurolit si mai ales granat,
tar in timpul lui Ma a cristalizat asociatia almandin-
muscovit-sillimanit-ilmenit (P 11, fig. 1).

Panza de Semenic este reprezentati prin roci ale
formafiunii de Negovanu Mare. Constitutia lito-
logicid a acestuia este de o supringitoare omogeni-
tate, fiind reprezentata practic numai din roei mi-
cacee.  Predomind micagisturile, care trec uneori in
ghaise micacee prin cregterea confinutului de plagio-
claz. Muscovitul gi biotitul participi Tn canlitiiyi egale
la constitutia roeii, iar foarte frecvent apar porfiro-
blaste centimetriee de granat, staurolit i disten. Sunt
caracteristice segregatiile, in general centimetrice, de
cuarg fururiu gi porfiroblastele zometrice, rotunjite,
de oligoclaz care ajung in mod exceptional la 5 em
lungime. Mai rar, rocile micacee contin si porfiroblaste
de rutil. In interiorul formatiunii nu apar pegmatite.

Panza de Semenic afloreazi in general in zonele de
creastd, sub forma unor petice de grosime redusi, care
coboard frecvent pe versanti. Contururile de aflorare
sunt neregulate, fiind determinate de interseetia din-
tre. o limitd cu oscilatii frecvente si nesistematice in
jurul pozitiei orizontale si un reliel montan. Sunt de
remarcal. numeroasele petice de mici dimensiuni sus-
pendate in versanii, In ceea ce priveste metamor-
fismul, formatiunea de Negovanu Mare contine re-
licte abundente ale asociatiei caracteristice My (disten,
almandin, staurolit, rutil) fati de care neoformirile
din: Mz sunt greu de separat din cauza conditiilor
metamorfice asemaniioare lui My, care dau o pa-
rageneza putin diferitda (disten, almandin, staurolit,
Hmenitsillimanit). Mineralele M, pot fi substituite
sau pot coexista cu mineralele My, caz in eare acelasi
mineral apare frecvent in doud generatii care pot fi
distinse dupa criterii texturale (Hartopanu, 1978).

Caracteristicile expuse mai sus contin suficiente cri-
terii discriminante pentru a trasa limita intre unitatea
de Semenic (formatiunea de Negovanu Mare) si rocile
complexului de Vaideeni, care¢ compun unitatea de
Voineasa. Pand in prezent insi, aceasti limiti nu.a
fost trasaid decal eu o mare aproximatie din cauza
morfologiei sale complicate, care a fAcut pe majori-
tatea autorilor si deserie intercalatii acolo unde apar
de fapt repetitii prin intersectia dintre cute si relief,
Acest lucru:a fost posibilicu atat mai mult cu cat stilul
structural al stivel este neuniform pe verticali. Asifel,
in interiorul unititii de Semenic elementul structural
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predominant este foliatia Sz, in general constanti la
scard regionald, eventual cutatd larg. In baza unitatii
structura se schimbi, apirand cute cilindrice de di-
verse amplitudini, de la eentimetrice la hectometrice,
dintre care unele sunt retezate si dezrfidacinate. Apar
astfel structuri cilindrice -gi liniare reprezentate prin
budine si litoni de forma columnari. Aeest stil strue-
tural este expus pe soseaua forestierd din valea Sadu-
lui, de exemplu intre cabana Gatul Berbeculw i uzina
electrica Sadu V, sau la coada lacului de acumulare, in
aval de valea Duga. La acest nivel structurile planare
sunt extrem de inconstante, In timp ee liniatiile date
de sarniere de cute si microcute, alungiri de budine si
coloane an o directie constantd (NV-SE).

In interiorul unititii de Voineasa se evidentiazd cute
de diverse amplitudini, ¢u un aspect complicat care
face dificila urmérirea litenilor,

Geneza unui astfel de stil structural este per-
fect compatibild cu modelul tectonic in panzi meia-
morficd (Sdbau, 1994). In timpul incilecdrii, mtreaga
stivd este supusd unui cuplu de forte, care deter-
mind o curgere planard de-a lungul suprafefelor 5 in
rocile incompetente ale formatiunii de Negovanu Mare.
Rezultid un lectonit de tip S. La himita dintre cele doui
unititi apar cute de antrenare din cauza existentei
unor roci de competenie diferite, care reactioneazi
diferentiat la oforl. Acesle cute se pot aplatiza san
rupe, fiind apoi "rulate” intre suprafetele de alunecare
pland.  Astfel se realizeagd elemente structurale in
regim tectonic rotational (R).

In unitatea de Voineasa coexista un regim de forfe-
care simpla si comprimare verticala care determind in
rocile en competente diferite ale unititii o tectonici de
cutare complicatd (Fig. 1)

Fig. 1 - Elemente gi procese structurale caracteristice la
nivelul panzei metamorfice (scara arbitrar aleask), a) cute
de antrenare; b) cute dezriidicinate; o) budineg gi coloane: d)
formarea de pegmatite in wmbrele de presiune; e) formarea
sistozithLii Sa in regim de alunecare pland in interiorul panzed
de Semenic; [) cutare in regim mixt de forfecare simpld s
aplatizare vertical® (forfecare purd) in unitatea de Voineasa;
g) concentrarea materiilor mobile spre umbrele de presiune,

Peste elementele structurale sinmetamorfice s-au im-
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primat doud episoade dg cutare tardive cu o morfolo-
gie aparte. Cutele constau dintr-o alternanii de sin-
forme cu amplitudine mare si deschidere mick si an-
tiforme largi, dar de amplitudine micid. Rezistenta
diferentiala la eroziune a rocilor din cele doud unitag
a favorizal formarea erestelor in zone de antiformai,
iar interactiunea dintre morfologia terenului i forma
eutelor a dus la aparitia ferestrelor de eroziune in
versanti §i cobordrea umpluturii sinformelor pand in
vl (Fig. 2) (PL 1).

M. Steflesti M.Cindrel

Latru 2. e Sodv
/ /.?_./ : /
' = Wz

Iig, 2 = Sectinne schamaticd dustrand teetiniea post-panei,

Din cartare rezultd dond ascinenca sisteme de eute,
unele mai vechi orientate N-5, cu o amplitudine de eca
1 km gi-altele orientate E-V cu o amplitudine de 3-5
km, pe care s-au suprapus zonele de creasti,

Aeest stil tectonie apare atunci cand o secventd de
roci cu vascozitate mai mare suportand roei mai in-
competente este supusi compresiunii tangenfiale i a
fost descris de Ramsay (1963) in Alpii Qccidentali.

2. Rolul petrogenetic 51 metalogenetic al
teetonicii de panza

Limita dintre formatiunea de Negovanu Mare si
complexul de Vaideeni nu este evidentiatd doar prin
trecerea de la un tip de asociatie litologicd la altul.
Irecvent apar roci caracteristice limitei, c¢u o largd
dezvoltare numai in dreptil acesteia. Astfel pe cnl-
mea Hanesul-Piatra AlbA apar cuarfite situate strict
in baza micasisturilor, stind peste gnaiscle complexu-
lui de Vaideeni. Uneori micasisturile suprajacente sunt
erodate.  Relatil similare apar la izvoarele paraului
Dineasa.

Foarte adesea, limita este jalonatd de pegmatite
concordante, in general de mici dimensiuni gi ex-
trem de abundente. In multe cazurt limita se poate
trasa urmarind ivirile de pegmatite.  Situafii ex-
trem de caracteristice apar i culmea care coboard de
la piciorul telescaunului din Piltinig s 10 versantul
stang al paranlul Daneasa. Aici eroziunea a permis
pistrarea In versanii a unor peties de micagisturi care
au in bazi lentile concordante de pegmatite. Relatii
aseminitoare apar foarte clar in versantul stang al
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paraului Grosu. Ele sunt probabil mult mai réspandite
dar au trecut neobservate.

Un alt indiciu extrem de frecvent este constituit de
rocile bogate In turmalind. Mineralul esie acicular sau
columnar si variaza de la cativa milimetri lungime pani
la dimensiuni decimetrice. Intre numercasele ocurente
sunt de mentionat cele din zona varfului Steflesti si
wvoarele Hanegului din bazinul Lotrului.

Limita este marcatd foarte frecvent de roci manga-
nifere, constand predominant din silicati (mai ales
spessartin} gi subordonat carbonati. Pana in prezent,
aceste roci nu au fost puse in legiturd cu limita dintre
mucagisturi 51 gnaisele subjacente. Cu toate acestea,
in nmumeroase deschideri foarte bune (pe valea Sadu-
lui in jurul varsarii paraului Duesa, la sud de cantonul
Muncelu, in versantul drept al pardului Grosi, la 100
m sud de stana Batrana Mica) se observi succesiunea
gnaise-roci manganifere-micasisturi. In toate cazurile
gnaisele contin gi feldspat potasic, iar micasisturile
sunt bogate in porfiroblaste de granat.

Situarea acestor litologli aproape exclusiv la limita
mentionati gi absenta lor in alte contexte (cu excepgia
cuartitelor gi a pegmatitelor, care totugi apar gi in alti
pozitie) oferd indicatii referitoare la momentul formérii
si mecanismele genetice,

Aparitia acestor roci trebuie s fie legati de re-
alizarea limitei la nivelul céreia se concentreazi; adica
de momentul incilecirii, corespunzand cu evenimen-
tul metamorfie My, Mecanismele genetice cele mai
probabile sunt de doud tipuri, gi anume: concentrarea
prin segregare si neoformare prin reactil metamorfice:
Procesul de segregare poate fi realizat pe mai multe
cii, Un prim aspecl este reprezentat de segregarea
mecanici, prin care mineralele plastice se concentreaza
in zonele de forfecare spre care pot migra datoriti
gradientilor de presiune gi unde pot prelua migcarea
datoritd comportamentului ductil. In virlutea aces-
tui mecanism apar cuartitele chiar pe planul de forfe-
care precambrian. Stadii intermediare ale segregarii
au fost identificate de Arion et al. (1987), care descriu
"paragnaise cuarfoase cu granat” ca avind o pozitie
de tranzitie intre zona cu sillimanit gi eea eu staurolit
5i disten.

Un alt tip de segregare este realizal prin migrarea
de substantd sub influenta unor gradienti de presiune
sau de activitate chimici §i concentrarea prin ecranare
in baza panzei de Semenic. Gradientii de presiune
se realizeazd prin aparitia zonelor de distensie aso-
ciate deformarilor in regim rotaional la acest nivel.
Cavitifile virtuale aparute in timpul deformérii, pre-
cum gi umbrele de presiune atrag fluide cu compozitii
pegmatitice din rocile adiacente, determinand concen-

trarea pegmatitelor la acest nivel. Demn de mentionat

este faptul cd gradientii de presiune neomogeni se
formeazd in orice tip de curgere in regim turbulent,
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de aceea §i in masa unititii de Voineasa apar nu-
meroase corpuri pegmatitice. In acest context planul
de panzé reprezinti nivelul superior (dar si de maxima
concentratie) al aparitiel pegmatitelor.

In acest regim de mobilizari importante, volatilele
sunt primii compugi chimici mobilizati g1 antrenati
in migciri ascensionale. Panza de Semenie, aflatd in
migcare: plan-laminard deasupra unitaiii de Voineasa,
strivit si antrenatd in curgere turbulenti, se com-
porta ca un ecran, ducand la precipitarea substantelor
volatile. Zona In care acestea se concentreazi este
suprafata de incilecare, prezentind insi aureole de dis-
persie extinse la nivelele adiacente. Acest comporta-
ment poate fi lesne sesizat in cazul elementelor ugoare
Li, Be 51 B.

Concentrafiile de litiu au fost identificate in doud
campuri pegmatitice apropiate (Contu inferior si
Contu superior) si au fost descrise de Maieruet al.
(1968) si Sdbdu et al. (1989). Litiul este continut
in speeial in spodumen, dar apare i in minerale fosfa-
tice (trifilin-litofilit, ambligonit-montebrasit, tavorit).
Al&turi de mineralele litifere apar subordonat mine-
rale de Sn, Nb si U asociate cu clsavelandit. Este
interesant de semmnalal ci in pegmatitele litifere apar
concentratii de beril in granule cel mai adesea de di-
mensiuni microscopice (Pl II, fig. 2), iar borul
apare (destul de rar ) in turmalini si dumortierit
(Pl. 1I, fig. 3). Acest ultim mineral, neidentifi-
cat pana in prezent in aceasti zond, se prezintd sub
forma de cristale aciculare, milimetrice, de culoare al-
bastru intens, formand mici aglomerfiri in cuary fu-
muriu. Evolutia pegmatitelor Litifere descrisd in Sabiu
et al. (1989) oferd argumente texturale si chimice in
favoarea modelului pe care-| adoptim. Existenta agre-
gatelor grafice de muscovit si cleavelandit cu struc-
turi helicitice demonstreaza inceputul cristalizirii peg-
matifelor in regim rotational. Fractionarea intensi a
elementelor intre mineralele constituente ale pegmati-
tului indica pe de alta parte o evolutie in sistem inchisa
fluidului pegmatitic.odati segregat in ”capcane” aflate
pe planul de incilecare,

Beriliul se concentreazi intr-un mod analog aparand
in pegmatite cu beril. In afard de ocurenta de
la Contu, in perimetru mai apare beril in imediata
apropiere a varfului Piatra Albi, sub forma unor
cristale subhedrale de cativa centimetri (Pl I,
fig. 4). Pegmatitele cu beril au stat in atenfia
echipelor de prospectiuni ale TPEM gi IPGG, care au
semnalat numeroase iviri in apropierea perimetrului:
versantii paraului Urliesu (Arion, Stoian; 1986) si viile
Goata Mare (Apostoloiu et al., 1982), Tancu, Despina,
Mandileasa (Maieru et al., 1968). Ivirile de beril din
pegmatiie se concentreazd in apropierea incilecirii,
unde apar gi cristale de talie mare, dar se mentin si la
nivele infericare, aritand o mobilitate ceva mai sedzuta
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decat in eazul litiului.

Borul este elementul volatil cu mobilitatea cea mai
mare, suferind o concentrare foarte puternica pe planul
de incilecare §i mentinandu-se intr-un interval mai
larg pe verticald. Dintre mineralele cu confinut de
bar se remarch turmalina, un constituent frecvent al
pegmatitelor din zond, dar prezent si ca porfiroblaste
in roci micacee. Cea mai caracleristicd gi frecventa
aparitie a turmalinei este insd chiar pe planul de
incalecare, formand dese acumuliri monominerale sau
in aseciatie cu cuarful. Imbogitirea in turmalina per-
sist incdl in baza panzei de Semenic unde apar relatii
interesante cu distenul porfiroblastic din micasisturile
formatiunii de Negovanu Mare (PL. II, fig. 5,6).

Neoformarea prin reactii metamorfice este prin
excelentd mecanismul care realizeazd concentrdri de
mangan, dand nastere la roci predominant spessar-
tinice. Aceste roci au fost.descrise pe intreaga arie de
aflorare a seriei de Lotru din muntii Semenic (Savu,
1962) pand in muntii Lotrului (Balan, David, 1978).
Datele referitoare la ocurentele din Carpatii Mernidio-
nali au fost sintetizate de Hartopanu (1986),

Existd mai multe interpretiri privind pozitia rocilor
manganifere in stivid, Savu (1970) sustine in muntii Se-
menic prezenta unui complex al ortoamfibolitelor 5i al
formatiunii manganifere, diferenfiate lateral din com-
plexul micasisturilor, iar Hartopanu, Udrescu (1981}
disting in nordul masivului Sebeg un aliniament de
roci manganifere care se fasciculeazi spre sud in trei
ramuri, la vest de Valea Cugirului,

Cartarea perimetrului cercetat, precum i observa-
tiile asupra aflorimentelor de roci manganifere din cele-
lalte zone ale Carpatilor Meridionali au relevat insd
faptul ca acestes ccupi o pozitie unicd in stivé, avand
rol de nivel reper (nivelul de Delinegti-Sabiu, 1994) la
limita infericarii a panzei de Semenic. Aliniamentele
fasciculate distinse de Hartopanu, Udrescu (1981)
reprezinti interseciia acestui nivel cu suprafaia to-
pografic avand intotdeauna in acoperis micagisturile
formatiunii de Negovanu Mare, iar in culcug roci ale
complexului de Vaideeni.

Compozitia mineralogici a rocilor manganifere este
dominati de spessartin, dar freevent se intalnesc
telroit, rodonit, piroxmangit, dannemorit, rodocrozit,
cuart si subordonat jacobsit, vredenburgit, mag-
netit, pirofanit, hausmaunit, braunit, pirotina, cal-
copiritd, apatit, titanit, rutil, orthit (Hartopanu,
1986). Au mai fost citate piemontit, muscovit man-
ganifer, manganofilit, leuchtenbergit, granati calder-
tici, bixbyit, hematit (Balan, David, 1978}

Geneza acumularilor este conceputi de Sava (1970)
ca fiind rezultatul unui mecanism unitar. Péreri alter-
native sustin existenta a doud tipuri de roci mangani-
fere formate in timp diferit, in conditii fizice deosebite
gi din surse diferite de mangan, pe baza asociatiilor

minerale; a texturilor si a continutului de ¢lémente mi-
nore (Hartopanu, Udrescu, 1981).

Pentru elucidarea mecanismului genetic considerim
utili trecerea in revisth a principalelor date de
observatie §i de analizi acumulate pani in prezent.
Astfel:

a) se pot distinge doud grupuri, grupul rocilor
teflroitice care constituie minereu de mangan si confin
tefroit substituit de alki silicati, dintre care o generatie
_.Et“é spessartin  numit spessartin 11, respectiv grupuf
rocilor spessartinice I, care nu reprezinti un minereu si
al ciiror spessartin este format pe seama almandinului
(Hartopanu, Udrescu, 1981);

b) in cazul primului  grup succesiunea de
cristalizare este tefroit-piroxmangit-rodonit-spessartin
[I-dannemorit, spessartinul fiind orientat dupi foliatia
Ss, iar mineralele anterioare formand relicte precine-
matice (Hartopanu, Hartopanu, 1981);

¢) Tefroitul prezintd continuturi mai mari de Co i
mai ales Ni precum si un raport superior Ni/Co fala
de celelalte minerale; aceasti tendinti este evidentd,
dar mai putin intensd si la mineralele secundare, inclu-
siv la spessartinul I, spre deosebire de spessartinul I,
care nu provine din tefroit ei din almandin (Hartopanu,
Udrescu, 1981);

d) toate analizele corespund grupei depozitelor
de mangan nevulcanice (Roy, 1977, fide Hartopanu,
Udreseu, 1981);

e) cele doud grupuri se disting doar geochimic si
nu spatial, intrucat m aceleagi campuri citate de
Hartopanu, Udrescu (1981) (Pravit-Lencug, Valea
Strambu-Bretan, Valea Untu-Bitrana, Riscoala) apar
atit tefroit cu produsul siu de transformare spessartin
I, cat i spessartin I;

f) acumuldrile de silicati de mangan apar strict in
baza formatiunii de Negovanu Mare, ca nivel reper
cartabil;

g) la acest nivel existi un plan de panzi
metamorfici, intrucat aici apar contraste litologice,
discordante structurale, contraste in ceeace privegte is-
toria metamorficii si gradul de readaptare la conditiile
metamorfice Mz (Siban, 1994) cat 5 o zond de forfe-
care cu structuri specifice (vezi mai sus);

h) aparitia tefroitului in roci este posibili numai
intr-un mediu subsaturat in silice, asociatia olivina-
cuart fiind nestabili in tot campul termobaric al meta-
morfismului; in medii lipsite de cuarl insd exista
ocurente de tefroit in metamorfite de grad de la scizut
(seria de Tulghes) pani la ridicat (Nagpur);

i) molecula olivinelor permite substitutii izomorfe cu
cantititi insemnate de Pb, Zn, Co, Ni;

j) rocile manganifere au in acoperig micagisturi cu
granat, iar in culcug gnaise continand feldspat potasic.

Observatiile a, b, ¢, comparate cu observaiile d si
e indick faptul ci dacd operam separatii pe criterii
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geochimice, mineralogice gi texturale, nu inseamna
neapirat cd aceste separalil au relevanti in apreciersa
procesului genetic.  Distributia spatiali a ivirilor
de silicali de mangan, conform observatiilor e si J
pledeazi pentru un mecanism genetic mai degrabi
unitar. Observatia g indicd urmétoarele ipoteze al-
ternative: fie ci stiva a fost retezatdi in momentul
incalecarii riguros la nivelul la care manganul se acu-
mulase anterior, fie ¢4 silicatii de mangan au apirut la
nivelul gi din cauza acestei incileciri. Prima situatie
este greu de imaginat, iar cea de-a doua este in
aparentd contradictie cu observatia b. In virtutea
acestei observaiii, Hartopanu, Hartopanu (1981) sustin
existenta unui tefroit mostenit dintr-un metamorfism
miai vechi, caracterizat prin conditii termobarice care-
spunzaioare, lucru contrazis de observatia h, conform
cdreia in aceastd situatie nu conditiile fizice determini
aparitia tefroitului ¢i un mediu geochimic nesaturat in
silice. Pentru a inlitura aceasti dilemi este suficient 53
identificim mecanismul care poate duce la consumarea
silicei gi deci la crearea unui mediu geochimic favo-
rabil formirii tefroitului in decursul metamorfismului
Mz, Pe de altd pacte, faptul ci tefroitul este anterior
episodului sincinematic My nu implici neapirat for-
marea sa intr-un eveniment anterior ¢i doar intr-o lazd
precoce, fiind posibili reactia ulterioard dintre tefroit
§i cuarl, venite in contact in urma deformdrilor de-a
lungul planului 84, en formarea de spessartin orientad.

Din observatiile g si j apare evident ci in decur-
sul gariajului, micasisturile cu granat, evenlual disten
g1 staurolit ale panzei de Semenic au ajuns in con-
tact cu gnaise continand feldspat potasic ale panzei de
Voineasa, In conditiile metamorfismului My (cca 650"
C, kh) feldspatul potasic, foarte mobil, se afid mult in
afara campului siu de stabilitate atat en granatul cat
gi cu silicatin de aluminiv. Perechiea almandin-feldspat
potasic este stabild la peste 3.2 kb si 760° €, curba
de reactie avand o pantd pozitiva, astfel incat la 6
kb temperatura este de circa 8507 € (Holdaway, Lee,
1977). In aceste conditii au loe reactii de dezechiliben
intre feldspatul potasic i componenta feromagneziani
a granatului, care in functic de activitatea feldspatului
potasic, sunt:

Fr + Gr 4+ HaO — Bio + Al 4 Si0»
2 + Gr + 2H20 — Bio + Mus + 38i0;

Intrucat componenta spessartinic a granatului este
cea mai stabild in conditii subgranulitice, in urma aces-
‘tei reactii se va inregistra o puternici diluare in Fe
§i Mg a granatului, acesta recristalizand sub forms
de spessartin. Formarea spessartinnlui pe seama al-
mandinului a fost, deé altfel, sus{inuti de H artopanu gi
Hartopanu (1981) cu argumente texturale.

Daca in micagisturi existia staurolit suficient de
abundent, acesta reactioneazi, tot in conditii de
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dezechilibru, cu feldspatul potasic. In functie de ac-
tivitatea feldspatului potasic reactiile posibile sunt
urmnatoarele;

2F; + 6Sta + 95103 — 2Mus + 4Gr 4+ 21Als + H20
4F: + 65ta + HaO — 4 Bio 4+ 24Als 4+ 3Cor

Aceste reactii sunt de mare importanti deoarece duc
la aparitia unor medii geochimice locale nesaturate in
silice, in care excesul de mangan poate cristaliza sub
forma de tefroit sau rodocrozit. Corindonul din reactia
a doua poate avea caracter normativ, semnificand tot
nesaturare in silice, sau chiar modal, cristalizéind ca
atare. Aceastd ultima situatie a fost identificati in
varful Dobraia (Hartopanu, 1985, comunicare orali).

Cristalizarea tefroitului duce la concentrarea Co
gi Ni in refeaua acestuia, realizand un proces de
fractionare foarte eficient. Oricat de eficient ar fi acest
proces, confinuturile rezultate se dovedese cu doud or-
dine de mirime mai mici decat in cazul nodulilor man-
ganiferi,

In conditiile incileciirii se pot realiza amestecuri
tectonice ntre zonele nesaturate in silice (cu tefroit)
rezultate anterior i zone mai bogate in silice gi alu-
ming.  Tefroitul va reactiona formandu-se silicati de
mangan secundari, intre care si spessartinul 11, Aceste
produse vor cristaliza in medii bogate in Co si Ni,
niinifestand insd preferinid pentrn Co. Spessartinul
IT. crescut imtr-un mediu cu activitate mult mai mare
a Ni decat spessartinul I, va imgloba m refea o can-
titate mai mare din acest element, ajungandu-se la
relatia redatii in observaiia c. De altfel, comparatia
geochimica dintre cele doud tipuri de spessartin ar
putea avea relevan{a genetich sau termodinamica nu-
mai interpretand perechi de minerale gi nu specii indi-
viduale aflate in asociatii diferite, mai ales daci acestea
se-afld in volume restranse de roci, in care condiliile
metamorfice este exclus si i variat semnificativ,
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EFFECTS OF METAMORPHIC NAPPE TECTONICS IN THE UPPER PART
OF THE LOTRU SERIES

Summary

The internal structure of the Lotru Series has been
so far poorly understood and correlated among dif-
ferent areas, as incomplete knowledge of both litho-
logical contents and structural style prevented accu-
rate tracing of marker levels and boundaries. Map-
ping in the South Carpathians revealed excellent dlis-
criminating criteria for an important boundary (the
Ma-synmetamorphic thrust of Semenic Nappe over the
Voineasa Nappe). A few rock varieties appear to be
typical of the boundary itself, making also evident
some metallogenetic effects of the thrust.

The Voineasa Nappe is built up by the Vaideeni
Complex Rocks. Three contrasting petrographic as-
semblages that apparently grade laterally into each-
other can be distinguished in this complex. Polymeta-
morphism is documented in all three assemblages by

ill-preserved relics of a kyanite-, staurolite-, rutile-,
almandine- hearing paragenesis (M—1 event) and per-
vasive neoformation of a sillimanite- muscovite zone
assemblage during a Mg event.

The top unit is constantly made up ol the micas-
chists of the Negovanu Mare Formation (NMF), which
tectonically ovelie each of the three rock assemblages
of Vaideeni complex. The NMF contains abundant
relics of the M; paragenesis which is partly altered to
a kyanite + sillimanite + staurolite + almandine +
ilmenite bearing assemblage during the M.

The lithologic metamorphic contrasts between the
two units is a fully reliable feature in identifying and
tracing the boundary. Problems arise, however, from
the structural style. The geometry of this boundary
bears the imprint of some peculiar folding events.
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Disrupted folds, boudins and mullions strongly con-
centrate around the thrust, indicating rotational tec-
tonics, while at higher levels a constant Sa foliation
prevails. Within the Voineasa Nappe an intricate flow-
folding is obvious at all scales. It appears that all this
‘pattern resulted as, during the thrust, the boundary
was an interface between piles with different tectonic
competence. Simple shear induced planar features in
the NMF, rotational tectonies along the thrust, while
combined action of simple shear and vertical sqeez-
ing produced plastic flow within the Voineasa Nappe.
The products of thrust tectonics were overprinted by
younger folding events in a compressional regime, lead-
ing to alternating open low-amplitude antiforms and
tight high-amplitude synforms, as the pile acted as a
stratified mass with a sharp downward viscosity n-
crease ab the boundary. Subsequent erosion acted pref-
erentially on micaschists rather than on gneisses, re-
sulting a strong lithalogical control of the relief, as well
as unusual and msleading cartographic limits.
Contrasting and characterigtic rocks are concen-
trated along the thrust, providing further constraints
in tracing the boundary: quartz may segregate un-
til it even forms quartzites. More frequently, abun-
dant small concordant pegmatite or quartz bodies are
emplaced on the very limit, as well as tourmaline-
rich rocks (up to monomineralic ones), In case gar-
net micaschists of the NMF overlie K-feldspar gneisses
of the Voineasa Nappe a thin and constant level of
manganese-silicate rocks appear, making up the most

= =

G.SABAU

valuable marker level of the pile. Its importance has
not been recognised so far; different spatial and ge-
netical setting have so far been assumed. The mech-
anism that made possible such petrogenetic effects of
the thrust are obviously chemical and mechanical seg-
regation under the inconstant chemical potential and
pressure gradients which acted during the nappe em-
placement; as well as metamorphic reactions between
contrasting lithologies, viz. mica-forming breakdown
of the almandine and pyrope components of garnet
with K-feldspar. Silica undersaturation may occur
when staurolite is involved in the breakdown reactions
making thus possible the appearance of Mn-Fe olivines,

These petrogenetic effects are accompanied by met-
allogenetic ones: -a sensible enrichment in volatile el-
ements takes place at or near the thrust, chiefly in
lithium, beryllium and boron. The thrust surface is
very effective as a sereen which entraps Li and Be,
The former seems to be only localised at the thrust,
while Be gradually decreases downwards. Although B
spectacularily concentrates at the boundary, turmalin-
wations are also important at lower levels and persist
upwards, replacing kyanite,

Prinvild: 22 mai 1992,
Aceeplalid: 21 tunte 1993,
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Planga 11

Fig. 1 - Relicte de almandin gi staurclit (M) in asociatie cu sillimanit si biotit de neoformatie (Ma) in
unitatea de Voineasa, pardul Daneasa, N ||, x 10.

Fig. 2 - Segregatie cuari-turmalini, muntele Hanes.

Fig. 3 — Asocialie beril-cleavelandit in pegmatite litifere. paraul Contu, N+, x 10.

Fig. 4 — Dumortierit in cuart, paraul Contu, N ||, x 25.

Fig. 5 — Asociatia muscovit-turmalind pe conturul unor vechi eristale de disten, muntele Cindrelu, N ||, = 10.

Fig. 6 — Fantomd de disten substituit de muscovit i turmalini, varful Contu Mare, N+, x 10.
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