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2. ZACAMINTE

- THE PORPHYRY COPPER DEPOSIT AT VOIA,
METALIFERI MOUNTAINS ¢

BY

ICN BERBELEAC? ALLA ZAMIRCA? MARGARETA DAVID?
ION TANASESCU 3, NICOLAE BERINDE3

Porphyry copper; Cu, Au. Tertiary. Calco-alkaline wvolcanism. Thermic
and pyrometasomatic metamorphism. Hydrothermal alteration. Hydrothermal
mineralization. Biotitization. Apuseni Mountains. — Neogene igneous rocks.
Brad-Sdcdrimb area.

Sommaire

Le dépdt de cuivre disséminé de Voia, Monts Metaliferi.

Le dépét de cuivre porphyrique de Voia se trouve dans la partie centrale
des Monts Metaliferi. La minéralisation est en .corrélation awvec les wroches néo-
génes calco-alcalines intermédiaires intrusives (andésite quartzifére, diorite por-
phyrique quartziféere) qui constituent une structure sous-volcanique. Le dépdt se
trouve a la limite ouest du sous-volcan, pénétre partiellement les cornéennes et
présente une zonalité verticale : altération argileuse et minéralisations de pywite +
or, sulfosels d’argent, sulfures polymetaliques (filons) & la partie supérieure, altéra-
tion et minéralisation propylitigues (minéralisation des oxydes de fer dissé-
miné 4 Cu) et Taltération et minéralisation potassiques (minéralisation de cuivre
porphyrique) en profondeur. Le modéle génétique démontre une grande affinité
pour le modéle dioritique et des traits polyascendants des processus métallo-
génétique. Le gisement est long de 350 m et large de 250 m, étant constitué
surtout de chalcopyrite, pyrite, magnétite et hématite et de quantités mineures
de bornite, cubanite, chalcocite, sphalérite, galéne, molybdénite et or; le quartz,
le feldspath potassique, T’anhydrite (gypse) et la chlorite sont les minéraux de
gangue les plus importants.

1 Received on May, 5, 1982, accepted for communication and publication
in revised form on August, 9, 1982, presented in the meeting of May, 21, 1982.

2 Institutul de Geologie §i Geofizicl, str. Caransebes mr. 1, 78344, Bucuresti.

3 Intreprinderea de Prospectiuni si Explordri Geologice, Hunedoara, str. Mi-
nerilor mr. 1, Deva.
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Introduction

In the last years a significant amount of man-power and money
has been invested for researches meant to establish the detailed ana-
tomy and economical evaluation of the Voia Tertiary volcanic struc-
ture. As a result, three types of mineralizations have been, recognized :
1) volcano-sedimentary disseminated pyrite; 2) quartz-clay mineral-
pyrite 4= Au veins and anhydrite (gypsum) - base metal-sulphosalt-Au
velns and 3) a porphyry copper deposit (Berbeleac, 1981).

The present paper is focussed on what is considered to be the
main scientific results at Voia, namely the description and  interpre-
tation of the space-time ‘relation of volcanism and porphyry intru-
sion with the concurrently evolving mineralization and alteration in the
porphyry copper ore body.

Regional Geology

The geological evolution of the Voig area 49s closely related to
that of the Metaliferi Mts in general, and to the Brad-Sacérimb vol-
canic unit in particular, wherc molas%e sedimentation and volcanism
were active between the Upper Helvetian and the Pannonian time.
Hercynian metamorphosed and Upper Jurassic-Lower Cretaceous un-
metamorphosed (limestone, sandstone, shales, island arc volcanics) base-
ment rocks were unconformably overlain by Tertiarv sediments and
volcanics (Ghitulescu, Socolescu, 1941 ; Ianoviei et al., 1969 ; Berbeleac,
1975). The volcanics represent the acml and mtenrnedlate calc alkahne
products of the multi-impulse volcanic adtivity. 4

In the Brad-Siciarimb Unit, this activity developed during two
cycles (Upper Badenian-Sarmatian and Sarmatian-Panrionian) with
many phases (lanovici et al, 1969). It is known that the maximum
volcanic, subvolcanic and meta)l’locanetlsc activity took place in the
second phase of the second cycle. Hornlbleane and biotite quartz ande-
site (Sicdrimb type), hornblende -} biotite quartz andesite (Barza type)
and minor intrusions of quartz porphyry diorite are the most common
rocks generated in this phase. Also mest of the native gold, gold tellu-
rides and base metal sulphide 4 gold and silver veins of the Metaliferi
Mts are associated with the metallogenetlc activity of this phase.

The Brad-Sacirimb Tertiary volcanic unit, ‘as well as other ones
of the Metaliferi Mts, which contain all the Metahfem porphyry copper
deposits, is an element of the Tethyan Eurasian Metallogenetic Belt
(Jancovié¢, 1979), the Alpine Intercarpathic Province (Superceanu, 1979)
or of the Carpatho-Balkan Belt (Sillitoe, 1979). The northwest trending
of the voleanic units of the Metaliferi Mts is accompanied by a
series of subparallel regional faults which culminate in the Metaliferi
rift zones. Many intermedijate intrusions tend to parallel the rift zones
and their emplacement appears to have been influenced by . regional
faults. The copper mineralization is associated with some of these
intrusive bodies. The geotectonic setting. composition of the intrusives
and volcanics, alteratllon types and metal content of .ore bodies are
typical of island arc.
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Local Geology

The Voia porphyry copper deposit is located in the central part
of the Metaliferi Mts, about 10 km south-east of the Brad town, or
1 km east of the Hondol mining centre (Fig. 1). It occurs in a dis-
sectecdd and eroded Lower Tertiary wvolcanic field, which contains Ter-
tiary sedimentary, volcano-sedimentary and volcanic rocks (Fig. 2).
These formations overlie unconformably the eroded Upper Jurassic-
Lower Cretaceous basalt-andesitic rocks of the island arc pile. The
Upper Helvetian (?)-Badenian sediments (conglomerates, tuffs, sand-
stones, clay, marls) occur especially at depth. A volcano-sedimentary
complex (Upper Badenian-Pannonian) including abundant andesite-
quartz andesite flows and- pyroclastics overlies them. These rocks have
in turn been cut by a subvolcanic body and irregular northwest
trending dykes. The subvolcano appears very little to the surface; its
outline (Fig. 2) is demonstrated by geophysical and drilling data (Ber-
beleac et al., 1979, 1981). Close to the subvolcano the effects of heat
and metasomatism are worth mentioning. The surrounding area has-
been strongly tectonized and pierced by numerous necks with circular
" distribution (Buha, Cetras, Momeasa, Paua, Geaméina and Macris). All .
of them belong exclusively to the Sarmatian-Pannonian (?) eruption
phases of the Barza, Sdcdrimb and Cetras quartz andesite and Cetras
dacite types (Berbeleac, 1970, 1975, 1981). The volcanics, excepting
the Cetras quartz andesite and dacite, are intruded by the Sacarimb
and Barza quartz andesite (?) and quartz porphyry diorite of the sub-
voleanic body. This body contains icopper mineralization. Round the
subvolcano the formation is of pyritic nature and consists of andesite
volcanic flows, banded tuffs and tuffites, bedded volcanic breccia and
sediments. Most of the Voia porphyry copper ore occurs within the
subvolcano body. The northsouth trending part of the body is about
1000 m long and up to 500 m wide, with the Voia ore body occupying
its narrow central southwestern edge. The body consists mostly of por-
phyric hornblende, hiotite quartz andesite but for some minor dykes
of hornblende 4~ biotite quartz andesite or the hornblende biotite quartz
porphyry diorite occurring at depth. The porphyric hormblende, bio-
tite quartz andesite (Sacarlmb type) is charac“cenzed by large euhedral
feldspar hornblende, biotite “books” and quartz “eyes” phenocrysts and
porphyric structure. The porphyric groundmass is built up mainly of
feldspar, and quartz. The hornblende - biotite quartz andesite (Barza
type ?) is petrographically similar to the S&cirimb andesite, but the
porphyric structure and the quartz and biotite amounts are less re-
presentative. The quartz porphyry diorite does not occur at surface
Tt is the major intrusive rock at depth. The structure and composi-
tion are very marked. However, all structural variants are charac-
terized by abundant phenocrysts of plagioclase, hornblende, biotite and
local quartz. They are enclosed in a matrix of quartz, plagioclase, horn-
blende and/or biotite with accessory zircon, apatite, sphene, magnetite
and ilmenite. The size of plagioclase phenocrysts apd the ratio of
hornblende to biotite phenocrysts show no systematic variations. That
is why the “serial” type of slructure is very typical of quartz por-
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10 I. BERBELEAC et al. 6

phyry diorite. As regards the relationship between the intrusive rocks
of the ore body we remark that the quartz porphyry diorite cuts the
Sacarimb quartz andesite and they have been intruded by the Barza
quartz andesite type. The last type of rocks shows at depth graded
transition to the dioritic type.

It is likely that the copper mineralization is closely associated
with a locus of multiple intrusions. Drilling mapping has recently shown
that there are several. different intrusives with cross-cutting age rela-
tionships. Some of them, such as the Sacidrimb quartz andesite and
hornblende biotite quartz porphyry diorite are highly fractured, veined
and mineralized, while younger cross-cutting Barza (?) hornblende +
biotite quartz andesites are sparsely iractured, veined and mineralized.
These relationships- indicate that mineralization occcurred during a mul-
tiple intrusive event that may represent late-stage differentiates of the
subvolcano body. Progressive mapping of drillings has indicated the
presence of hornfels and quartz porphyry diorite f{older diorite) xeno-
liths. The hornfels xenoliths increase in the horizontal plane as the
Badenian rock contact is reached. This conbact, controlled in the western
part of the subvolcano body by four drillings, shows dips of 75°SE.

Northwest regional alignments of volcanic centres, as well as simi-
larly trending post-mineralization dykes, indicate that the direction of
structural weakness was dominant both (before and after mineraliza-
tion. Two major fault sets are known : 1) the most prominent and
probably recent one strikes 45—65°W and dips 65—80°SW, parallel to
the regional trend and 2) an older, maybe Laramian one, that is we-
moved, strikes N50—T75°E and dips 60—80°SE (Berbeleac, 1975). We
note the fact that the dyke attitudes correspond to these major fault
directions. Also, the majority of the vein sets of the Voia porphyry
copper body generally shiow two prominent directions similar to the
two mentiored fault directions. A third set striking N-S and dipping
70°E is also present. In the inmer part of the ore body all these sets
are present and they occur as stockwork veining.

Postmagmatic metamorphism and mineralization

Detailed mapping of cores from the rcontacts between rocks has
provided strong evidence of an extremely close time and space rela-
tionship between the processes of intrusion, alteration and mineraliza-
tion (Fig. 2, 3, 4). The intrusive feature and relative age of the rocks are
clearly demonstrated by ithe itpuncation of wmany early quartz
veins at this ocontact. Here there is a strong contrast between the
nearly fresh, weakly, mineralized hornlende -+ biotite quartz andesite
(Barza type?) and the older hornblende and biotite quartz andesite
(Sacarimb type) and guartz porphyry diorite, which has been intensely
altered to argillic and potassic assemblages ; the last one is characteri-
zed by alkali-feldspar, biotite, chalcopyrite and magnetite. At the upper
part, especially, the change in mineral assemblage is obvious at the
intrusive contact. It is also very cdlear that most of the primary altera-
tion and mineralization was accomplished before the intrusion of the
hornblende - biotite quartz andesite.
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E 5 [ T2k as\e are,, 8

CusAu+Feg, 8 ?10

Fig. 3. — Hydrothermal alteration and porphyry copper boundary (> 0.29; Cu);

at surface (a) and 800 m deep (b); 1, hornfels : hydrothermal alteration ; 2, pro-

pylitic ; 3, potassic; 4, argillic ; 5, porphyry copper body; 6, vein ; 7, borehole ;

8, Fe-oxides - sulphide assemblage; 9, porphyry copper mineralization; 10, un-
certain trend.

The postmagmatic alteration consists of thermal and hydrothermal
metamorphism.

Thermal metamorphism

The thermal metamorphism is characterized by successive mineral
associations in response to progressively rising temperature and degree
of recrystallization towards the subvolcano contact. As a result, sequen-
ces specific of very low grade metamorphism (spotted slates) and low
grades of metamorphism (albite-epidote hornfels, Fig. 2, 3) assemblage
within aureole, do occur. The aureole appears in Badenian pelitic and
aleuritic sediments, some 600—700 m below the surface; with the help
of boreholes, it has been recognized on some 100 m width in the western
part of the subvolcano body (Fig. 3 b). There the albite-epidote-hornfels
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assemblage (PLI, Fig. 1 b, ) represents the maximum extent within
the aureole, wich goes probably round to the intrusion (Fig. 2 b, 4 b);
in places this peripheral hornfels grades into spotted slates.

Hydrothermal alteration and mineralization

Mapping and relative age relations have demonstrated that the
processes of alteration and mineralization were imposed upon each
successive surge of intrusion land its wall rock, before and after the
emplacement of the next surge. The above mentioned processes took
place during two main stages: 1) early ialteration and mineralization,
largely accomplished especially before the intrusion of the hornblen-
de +- biotite quartz andesite, are characterized by a distinctive type
of mireral assemblages, proper porphyry wcopper mineralization and
2) late alteration and mineralization manifested post hornblende -+
biotite quartz andesite intrusions, represented by propylitic and espe-
cially argillic assemblages, are typical of abundant pyrite mineralizati-
on, quartz-clay mineral-pyrite + Au veins and anhydrite (gypsum)-
base metal-sulphosalt-Au veins (Fig. 2 ¢).

The distribution of the hydrothermal alteration and mineralization
generally follows with some peculiarities the trends of the dioritic mo-
del described by Hollister (1975). The ;terms ,,potassic®, ,jpropylitic®
and “argillic” are those used by Lowell and Guilbert (1970).

The early alteration and mineralization

At Voia, perhaps as much as 80 percent of the copper was em-
placed during this early time ol alteration and mineralization. Altera-
tion assemblages with stable alkali feldspar and biotite and chalcopy-
rite-pyrite-magnetite are characteristic of both quartz veins and back-
ground mineralization. The copper is associated mainly with K-silicate
alteration and low-sulphur sulphide mineralization.

The early alteration and mineralization are characterized by the
zonal ‘distribution of the products of metasomatism and of space-fi-
{ling minerals. The horizontal zoning is irregular, while the vertical zo-
ning pattern has a mushroom shape with low, distinct, deeper roots
(Fig. 2). Zoning of copper mineralization shows a similar trend.

An drregular envelope of argillic alteration f(caolinite, illite, wcal-
cite, gypsum - anhydrite) with pyrite mineralization underlies the
propylitic and potassic alteration with copper mineralization (Fig. 2,
4 D). .
The potassic mineralization assemblages are characteristic of ear-
ly alteration and mineralization at Voia. K-feldspar, albite, biotite and
anhydrite are the essential minerals of this asemblage with ubiquitous
and very abundant quartz. Other minerals, such as magnetite, Na-felds-
par, chlorite and minor sericite are common associates; kaolinite, zeo-
lites and montmorillonites are absent. The maximum intensity of K-
silicate alteration is marked by the increasing degree of replacement
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of plagioclase. The plagloclase replacement around its rims and along
cross—cutting cracks and veinlets is commonly zoned. The groundmass
and the haloes of some quartz veins and veinlets from the quartz an-
desite, quartz diorite and hornfels are accompanied by this replacement
Pl I, Fig. 2 ¢). K-feldspar and albite are largely restricted to the core
of the ore zone wich has an elongated form and is about 350 m long
and 50—250 m wide. It lies mainly within the andesites of the Saci-
rimb type and in the younger quartz porphyry diorite (Fig. 2 b).

The biotitization in potassic alteration takes the form of a broad
halo in hornblende - biotite quartz andesite and quartz porphyry dio-
rite intrusion. The principal mineral assemblage, such as at El Salva-
dor porphyry copper deposit, Chile (Gustafson, Hunt, 1975), is biotite-
sodic plagioclase-anhydrite-quartz. Accessory minerals are Fe-Ti oxides,
pyrite, chalcopyrite, bornite, minor chlorite, apatite and zircon. Some-
times biotite is recognized megascopically, but, as a rule, it is present
as very fine grained flakes in the rock matrix. The intense biotitization
is close to intrusive contacts, where the rock is usuwally entirely recrys-
tallized. In this case the plagioclase is partly preserved, but K-felds-
par is generally absent or restricted to the immediate vicinity of some
Guartz vemlets (Pl. I, Fig. 2 ¢).

Within the K-potassic alteration the hornblende and ilmenite are

preserved only in some cases. As a rule the hornblende phenocrysts are
replaced by biotite~anhydrite-rutile assemmblages ; these minerals appear
as “shreddy” in original sites of hornblende phenocrysts and reveal
probably the earliest and deepest manifestations of K-silicate alte-
ration. '
As regards the quartz in the potassic alteration and mineraliza-
tion assemblage, we point out its abundance within the “mosaic” ground-
mass of the quartz andesite and/or quartz porphyry diorite as well as
in veins. The veins increase in number and size towards the center of
the potassic alteration and mineralization zone, (Fig. 3, PL I, Fig. 2 c,
d), where the highest copper values do appear. Sulphide and iron oxide
minerais where frequently introduced with the quartz and occasmnally
K-feldspar and biotite envelope the veins.

The propylitic alteration and wmineralization are situated in the
surroundings of the potassic zone and appear both in hornblende 4
biotite quartz andesite, quartz porphyry diorite and hormblende -+ bio-
tite quartz andesite; the subsequent stage of propylitisation belongs
to the Barza type andesite (?) and is very respresentative (Fig. 2 b).
The characteristic constituents of the propylitic assemblages are chlo-
rite, calcite, quartz, albite and amhydrite. Minor amounts of epidote,
biotite, sericite, clay minerals are also present. Chlorite is abundant
as an alteration product disseminated in rocks and veinlets. The iren
oxide and sulphide replaced the mafic minerals and the first are
common in chloritized hornblende. It is important to wunderline that
the annydrile amount in propylitic rocks is also significant.

Beyond the outer limits of biotitization and sulphide mineraliza-
tion, the propylitic alteration is generally marked by the magnetite-
hematite and hematite-rutile assemblage within veinlets of anhydrite +-
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chlorite-quartz-calcite-pyrite and chalcopyrite (Fig. 3, Pl I, Fig. 2 a,
D). These veinlets have a chlorite and anhydrite halo (1. I, Fig. 1 b).
The pyrite - chalcopyrite veins with chlorite-sericite 4~ clay minerals
are later than the Fe-Ti oxides o4 chalcopyrite veins.

The copper mineralization passes from the potoassic zone to the
propylitic one, but only at the lower part where the copper content
is significant (Fig. 2, 4 b).

The argillic alteration and mineralization lform a broad halo around
the propylitic zone (Fig. 2 b) and enclose the intermediate and advan-
ced argillic asemblages containing koalinite, illite, sericite, amorphous
material, chlorite, calcite, quartz (Berbeleac et al,. 1978). The disse-
rainated and veinlet pyrite mineralizations are very characteristic; mi-
nor amounts of sphalerite and galena are also present. Rutile is the
only iron-titaniumn oxide in the area of high clay alteration. Clay
minerals have partly or wholly replaced the feldspar and mafic mine-
rals and their distribution is irregular. The clay is often associated
with gypsum, subordinate anhydrite. There is a good general correla-
tion between the abundance of pyrite and intesity of argillic alteration.
(ienerally, pyrite represents 5—25 percent and appears as dissemination,
veinlet fillings and millimetric or centimetric aggregates, commonly
associated with anhydrite (Pl. I, Fig. 1 a). The most representative me-
tasomatic pyrite concentrations (10—30 percent) are present within
the hornfels (Pl. I, Fig. 1 b, ¢). The quartz veinlets appear accidentally
in contrast with gypsum =+ anhydrite =+ sulphides, which are frequent
(Pl. I, Fig. 2).

The absence of the phyllic zone and the occurrence of copper mi-
neralization within both the potassic and the surrounding propylitic zo-
nes allow us to include the Voia porphyry copper deposit as a whole :
in the dioritic model (Hollister, 1973).

As regards the early postmagmatic alteration and mineralizatior
manifested after the ‘intrusion of hornblende +- biotite quartz andesite
(Barza type), it is important to note that it consists of the same type
of alteration and mineralization, but the assemblages of potassic altera-
tion and mineralization as well as argillic alteration and mineralization
associated with porphyry copper deposition are gantitatively insigni-
ficant the propylitic assemblage is large and follows the limits of
the Barza type intrusives (Fig. 2 b).

It is also worth emphasizing that an important sulphate zone has
been formed in connection with the early @lteration and mineralization
{Berbeleac, 1981).

The anhydrite is the principal mineral of this zone. It is one of
both the earliest and the latest products of mineralization and, in fact,
spans the entire history of mineralization at Voia. The bulk of the
early anhydrite is impregnated and is the characteristic component of
many sets of veinlets from the postassic and propylitic alteration and
mineralization zones. The later anhydrite associated with late altera-
tion and mineralization is deminantly fracture controlled and is a cha-
racteristic product of all younger veins, Thus, anhydrite is an associate
of a great variety of mineral assemblages. With one exception, the set
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of veinlets of the first stage is present within all the veinlets that
have been formed between the second and the fourth stage. The
abundance in anhydrite is the greatest in hornfels, Badenian hydro-
metasomatized sediments, the Sacarimb quartz andesite and quartz por-
phyry diorite (3—15 percent, by volume) and decreases in younger
andesite (3—5 percent). There exists, just like in the case of El Sal-
vador porphyry deposit in Chile (Gustafson, Hunt, 1975), a rough we-
versed correlation between the abundance in anhydrite and the abun-
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Fig. 5. — K,O and Na,O versus SiO, ralio of the Voia Neogene intrusive rocks.

Alteration : 1, argillic (ar); 2, .propylitic (pr),;, 3, potassic (K); 4, mean of
unaltered rocks (Berbeleac, 1975).

dance in primary calcic plagioclase and hornblende. This means that the
replacement of plagioclase by K-Na feldspar and the replacement of
hornblende by 'biotite are probably the principal anhydrite-fixing
reactions.

The chemical analyses of early hydrothermal products show that
these are characterized by great diversity in composition. Composition
underwent a change from potassic alteration and mineralization where
K0, Na,O, SiOy and SO;*? have bean concentrated ; in the argillic
alteration and mineralization zone, in general, K;O, NasO and SiO;
(Fig. 2) have been depleted.

Description of the deposit

The ore body of the Voia deposit lies on the N-S direction, on
the western part of the subvolcano limit. It is about 350 m long and
maximum about 250 m wide. The ore body is dipping by 70—75°E.
The boundaries of the ore body are mainly the gradual transition of
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the ore body to poor mineralized quartz andesite, quartz porphyry
diorite, hornfels and Badenian hydrometasomatized sediments. The ore
does not crop out; it has been encountered by drillings, at 550 m and
950 m below the surface, Within the ore body dykes of poor minera-
lized hornblende - biotite quartz andesite are encountered. The ore is
closely associated especially with the potassic zone (> 0.39,; Cu) of
quartz andesite (Sacirimb type) and quartz porphyry diorite ; it also
reaches the lower part of the propylitic alteration zone (Fig. 2 b).
A small amount of the ore occurs in the Barza quartz andesite. The
deposit was investigated at the depth of about 300 m, but the deepest
drilling was executed at 1192 m (Berbeleac et al., 1982) and the
mineralization continues at depth.

The ore minerals magnetite, hematite (specularite), rutile, pyrite,
chalcopyrite, bornite, cubanite, molybdenite chalcocite and gold occur
in two ways : 1) they are sprayed in the rock itself, in the chloritized
and biotitized hornblende and 2) in the groundmass, in the shape of
very irregular, discontinuous and segmented veinlets. These aspects of
the wveinlets are due not to the fact that they have been subjected to
‘multiple shearing and segmentation, but to the fact that apparently
many of them did never form with parallel walls. The gangue minerals
in the veinlets are: quartz, chlorite, K-feldspar, albite, anhydrite, gyp-
sum, ciay minerals and accidental calcite. The mutual relation between
the ore and gangue minerals is shown in Figures 6 and 7.

The megascopic and microscopic examination of the diversity of
the ore body veinlets revealed the fact that they have been formed
during two main stages with many successive moments. The first
stage comprises all the sets of veinlets in which quartz, sulphide and
magnetite are the principal minerals. The sequence of veins is roughly
as follows : the first stage with K-feldspar, quartz - py— quartz |
K-feldspar -+ pyrite — chalcopyrite — magnetite (hematite) — anhy-
drite — molybdenite = quartz -- K-feldspar -+ anhydrite - magnetite
(hematite). The second stage is characterized by the abundance of
chlorite and sulphide #n the veins. This is marked by the following
successive sets of veinlets : chlorite + magnetite (hematite) + anhy-
drite — albite — pyrite — chalcopyrite — chlorite + anhydrite -
pyrite -} chalcopyrite — chlorite — magnetite (hematite) -+ pyrite ' —
chalcopyrite. The third set represents a return to the first stage
assemblage. The following veins are to be encountered : quartz 4 py-
rite 4 chalcopyrite 4+~ K and Na-feldspar —> quartz — pyrite - biotite 4
K-feldspar - quartz ~— anhydrite + pyrite 4 chalcopyrite. The fourth
stage consists of veins abundant in anhydrite and sulphide : anhydrite -
chlorite + pyrite = anhydrite 4 magnetite  (hematite) 4- chlorite + py-
rite &+ chalcopyrite — anhydrite -} pyrite - ichalcopyrite — molybde-
nite = anhydrite 4- chalcopyrite — anhydrite (gypsum) - clay minerals -
base metals-Au.

The microscopic study of the ore shows some peculiarities of the
ore minerals, which reveal the evolution of the metallogenetic processes.

The ore has a typical disseminated structure; there are also re-
ticulated and brecciated structures. The texture embraces a great di-
versity : fine to medium grained and xenomborphic to hypidiomorphic.

2-c. 859
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Fig. 6. — Sets of veinlets and main mineral assemblages of the Voia porphyry
copper deposit.

1, quartz andesite and quartz porphyry diorite; 2, hornfels ; 8, veinlets >2 mm ;

4, quartz; 5, anhydrite; 6, chlorile; 7, gypsum ; 8, pyrite; 9, chalcopyrite ;

10, base metal ore; 11, magnetite ; 12, molybdenite.

Pyrite is the most common ore mineral. It appears as anhedral
and subhedral, more rarely euhedral fine and medium grains, in the
groundmass and veinlets. In some quartz veins or anhydrite wveins,
pyrite is the unique ore mineral. But, as a rule it is closely associated
with magnetite, chalcopyrite, bornite, sphalerite and cubanite (Fig. 7
i~k, m; Pl I, Fig. 4; Pl II, Fig. 1, 2, 4). The pyrite grains are usually
anhedral with rounded edges and are replaced with other ore minerals.
Some pyrite aggregates are included and appear frequently brokem in
a chalcopyrite matrix (Fig. 7 j, m). The pyrite represents several gene-
rations, more visible in the sets of the quartz veins, quartz and anhy-
drite veins, chlorite and anhydrite veins and anhydrite veins (Fig. 6).
We note within Badenian sediments, hornfels and in the rocks from
the argillic zone the abunddnce of rmlhmetrlc rarely centimetric, com-
pact aggregates of pyrite (PL I, Fig. 1 a, ).
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Fig. 7. — The mutual relation belween some metallic minerals and gangue
minerals in the copper ore.
1, magnetite 2, maghemite ; 3, hematite ; 4, pyrite; 5, chalcopyrite ; §, bornite ;
7, cubanite; 8, tetrahedrite; 9, sphalerite; 10, chalcocite ; 11, rutile; 12, gold;
13, quartz.

Chalcopyrite appears mainly as fine-grained aggregates in the po-
tagsic zone. Towards the propylitic and argillic zone, the chalcopyrite
decreases gradually so that at the upper part of the lafter it occurs
only accidentally. Chalcopyrite is a common mineral of many types of
veins of the groundmass too. It occurs as isolated anhedral grains or
small aggregates with irregular distribution. In the potassic zone the
chalcopyrite : pyrite ratio ranges from 3:1 to 1:1. Here the chalco-
pyrite forms fine grains disseminated in the groundmass and fine-
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medium grained aggregates locally wconcentrated in nests, veins, frag-
ments intimately associated with quartz, anhydrite, chlorite, Fe-oxides,
pyrite, bornite and sphalerite (Fig. 6 b-d, i-k; Pl I, Fig. 4; Pl II, 1).
Isolated grains of chalcopyrite are irregular and subhedral (Fig. 7 b)
and the aggregates replace and cement the pyrite (Fig. 7 i, j), quartz
(PL. II, Fig. 4), tetrahedrite (Fig. 7 i), sphalerite (Fig. 7 k) and Fe-oxides
(Fig. 7 b, ¢; PL II, Fig. 1). The association between chalcopyrite and
cubanite shows intergrowth relations (Fig. 7 m).

Bornite is a minor constituent of the ore. It appears in quartz
and/or chlorite, anhydrite veins as fine grains closely associated with
chalcopyrite. The chalcupyrite grains are frequently replaced (Fig. 7 n)
by it and chalcocite.

Cubanite occurs accidentally and shows intergrowth relations with
the chalcopyrite, Within chalcopyrite two or three fine lamellae with
parallel disposition have been noticed (I'ig. 7 m).

Gold has been encountered only as four fine grains (¥Fig. 7)
(0.01 mm) in quartz with pyrite and chalcopyrite veins from the po-
tassic alteration zone.

Sphalerite and galena are minor constituents of the ore and are
mainly associated with quartz anhydrite and anhydrite veins. They
are common minerals in the anhydrite weinlets of the argillic zone
(PL. I, Fig. 7 e).

Molybdenite appears accidentally as fine films and veins. It is
frequently associated with quartz, chlorite, chalcopyrite and pyrite.

Fe-Ti oxides consist of magnetite partly converted into hematite
and maghemite ; specular hematite does also occur. Magnetite occurs
as disseminations and wein fillings (PL II) (1—20 mm) in all rock
types, hornfelses included ; mosti of the magnetite bulk appears in
the potassic zone, the propvlitic zone and genenally in those parts
lacking in sulphide and abounding in chlorite, albite and anhydrite.
The microscopic study shows that magnetite appears 1) as isolated
grains or fine aggregates resulted from altered hornblende, when
accompanied by hematite and rutile and 2) as fine, compact and fre-
quently monomineral aggregates in vein fillings; rarely it is asso-
ciated with a minor amount of pyrite and/or chalcopyrite (Pl. II, Fig. 1).
The magnetite grains show anhedral and rarely subhedral boundaries.
Rather frequently magnetite is partly replaced by maghemite and
hematite. This replacement is progressive from the margins to the
center of grains. (Fig. 7 a, b, e-g; PL II, Fig. 2, 3); rarely this re-
placement was total (Fig. 7 c¢). Specularite was remarked as medium
to large tablets in the anhydrite chalcopyrite veins at the lower part
of the propylitic veins.

Rutile is a common mineral in the Voia region; it has been
encountered in all assemblages obtained by the replacement of horn-
blende phenocrysts and also in some quartz and pyrite veins from all
alteration zones. The rutile grains show anhedral and subhedral boun-
daries (Fig. 7 p).

Common secondary minerals are bornite, chalcocite and goethite.
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Late alteration and mineralization

~

-

The late alteration and mineralization are characterized by abun-
dant pyrite and strong argillic alteration. Pyrite quartz veins, pyrite
clay minerals-- Au and pyrite base metal sulphosalt-anhydrite
(gypsum)-Au veins with argillic haloes, in the peripheral zones of the
copper ore, pyrite mineralizations and subvolcanoes (Fig. 2, 3) are the
major products of this late environment.

There is a good general correlation between the abundance of
pyrite and the intensity of the argillic alteration. The late alteration
and mineralization seem to follow the contact between, the dyke of
hornblende - biotite quartz andesite and the rocks of the subvolcano
(Fig. 2) ; it also appears outside the subvolcano.

The base metal-sulphosalt-anhydrite veins at Voia represent a
peculiar case of the Tertiary structure in our country. This type of
mineralization shows a vertical zonality : pyrite-gypsum - base me-
tals-sulphosalt-clay minerals 4~ Au at the upper part 100 m below the
surface and base metal-sulphosalt anhydrite-Au veins at depth (Ber-
beleac, 1981).

Final remarks

The Voia porphyry copper deposit is related to calc-alkaline dif-
ferentiated Tertiary intermediate intrusicns (quartz andesite, quartz por-
phyry diorite) in a subvolcano structure. The deposit occurs on the
central western margin of the subvolcano body where multi-impulsive
intrusions took place. It is up to 350 m long and 250 m wide and has
been drilled over a vertical extent of 250—300 m. The primary mine-
ralization is largely vein and fracture filling with some dissemination of
chalcopyrite, pyrite, magnetite, which are ubiquitous together with
minor amounts of bornite, chalcocite, molybdenite, hematite, maghe-
mite, rutile, sphalerite, galena, cubanite, gold and sulphosalts. A regular
alteration/mineralization zoning accompanies the primary body : po-
tassic alteration in central core with highest grade copper mineraliza-
tion and abundance of quartz sulphide and Fe-oxides veinlets ; the pro-
pylitic alteration in upper position with heavy Fe-oxides mineraliza-
tions and poor in sulphide (chlorite, anhydrite, magnetite-hematite 1= py-
rite-chalcopyrite wveins), followed by argillic alteration, reaches the
pyrite dissemination and anhydrite (gypsum), pyrite (marcasite) veinlets.
All these alteration/mineralization types belong to the early stage. In
contrast with it, the late alteration/mineralization stage is characterized
by the same type of alteration with the remark that the potassic and
argillic zones are less representative and the mineralization consists,
mainly, of base metal-sulphosalt-anhydrite-Au veins. This type of mi-
neralization occurs in marginal position as compared to the copper de-
posits and the subvolcano body (Fig. 3 b).

The irregular discontinuous structure of the very early quartz
veins suggests fracturing as possible in the case of a plastic rather
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than a brittle rock. The early stage assemblages (silicates, sulphides
and anhydrite) of veins and their haloes must have formed very shortly
after the consolidation of porphyry intrusions. According to Gustafson
and Hunt (1975) the temperature and pressure of metallogenetic pro-
cesses were initially very close to those of final consolidation of in-
trusives (500—700°C and 600—1000 bars; 2 km deep), then this goes
down to 300°C.

The late mineralization is much more obviously controlled by
fractures than the early one. Late patterns of alteration and minerali-
zation were strongly influenced by the hornblende 4 quartz andesite
dykes, which were the main source of heat during late mineralization.
According to the above mentioned authors, the late assemblages must
be formed in the conditions of low temperature (200—300°C) and pres-
sure (100—200 bars).

The genetic model of the Voia porphyry copper deposit displays
- some features similar to wother Tertiary deposits in Romania (Rosia
Poieni, Olga Ionescu et al.,, 1975 ; Ianovici et al., 1977 ; Musariu and
Valea Morii, Borcos and Berbeleac, 1984), and other countries (El Sal-
vador — Chile, Gustafson and Hunt, 1975; Marcopper — Philippines,
Loudon, 1976 ; Papua — New Guinea ; Sabah and Puerto Rico, Sillitee,
1979). The common features consist in the mineral assemblages of the
potassic and propylitic alteration and mineralization zones and the po-
sition of potassic zone within the central core of the deposit. The pre-
sence of the propylitic zone adiacent to the potassic zone and the fact
that the copper mineralization occurs within the potassic and partly
in the propylitic assemblages allow us to remark that the Voia por-
phyry copper deposit has some affinities with the dioritic model (Hol-
" lister, 1975 ; Vlad, 1981). Other features such as: albite, magnetite and
pyrite in veinlets, insignificant amnount of bornite, important dissemi-
nation of chalcopyrite, the presence of the gold stockwork structure
and the island arc volcanic rocks (andesite, diorite) are also very com-
mon for the dioritic model. However it is important to note that the
envelope of argillic alteration which underlies the propylitic alteration
and the existence of an important sulphate zone, partlv in connection
with the early alteration and mineralization stage, are the most impor-
tant peculiarities of the Voia porphyry copper deposit. The mineral
assemblages from:. the propylitic hornblende, biotite, quartz andesite
(Sdcarimb type) wand hornblende quartz andesite (Barza type ?) show
no significant qualitative difference. But, in comparison with the re-
gional autometamorphic propylisation. of some andesitic veins wof the
Voia area, where albite and epidote are absent, while feldspar and
biotite are generally fresh, the hydrothermal propylitic rocks show a
great diversity of feldspar and mafic minerals alteration and albite
and in some cases epidote are very characteristic. The peripheral po-
sition of the argillic zone is difficult to explain; it is possible to
have formed parfly synchronous with the potassic assemblages, as a
result of profound changes in composition and thermodynamic condi-
tions in the frontal part of the fluid flow. Except for the sulphate zone,
which is absent, only the two known Tertiary Valea Morii and Mu-
sariu porphyry copper deposits (Borcos, Berbeleac, 1984) are similar
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with this. That is why we propose to assign the model of the Voia
porphyry copper deposits to the Barza porphyry copper type of the
Metaliferi Mts (Borcos, Berbeleac, 1984).

As regards the sulphate zone it is worth emphasizing that it
appears starting with 150-—200 m below the surface (Berbeleac, 1981)
and the anhydrite, like in the case of the El Salvador porphyry deposit
(Gustafson, Hunt, 1975), is one of the most common minerals of the
entire history of the Voia mineralization ; it appears in both early and
late products of the alteration and mineralization stage. The supergene
remooval of anhydrite (gypsum) incréases the porosity of rocks and the
sulphate zone lies below the supergene enrichment blanket. According
to Norton (1972) the principal causes of anhydrite precipitation are :
“1) interaction of calcium-poor acid-sulphate hydrothermal solutions
with igneous rocks; 2) reaction of hydrothermal fluids to increasing
temperature ; 3) decreasing the temperature from 450°C to 200°C of
a solution of a certain composition and 4) evaporation of HsO from
solution by boiling the hydrothermal fluid”. The condition of the multi-
impulse volcanic and metallogenetic activity in the Voia region suggests
a possible action of one or more of these factors. It shold be also noted
that the anhydrite is a result of the deposition from the solution con-
taining a low Ca** concentration and a high SO,** and hydrogen ion
concentration, which reacts with calcium-bearing rocks (andesite, sand-
stone, marl etc.). The existence of sulphate in potassic, propylitic and
ergillic zone allows wus to remark a low interval in the history of so-
lutions favourable for their deposition.

The Voia genetic model, like other Tertiary porphyry copper de-
posits in Romania (Vlad, 1981) shows a polyascending feature of alte-
ration and mineralization processes. That can be seen after the rock
textures, types of veining and mineral assemblages as well as the
general evolutionary trend of the volcanic and metallogenetic activity.

The presence of gold as by-product within the Voia porphyry
copper body is in agreement with the ideas of Titley (1978) anid Sil-
litoe (1979) about ‘the porphyry copper of island arc belts. According
to these authors it is generally true that the deposits generated in
island arcs tend to be richer in gold and poorer in molybdenum than
those of continental margin orogens. It is also true that much gold
is native, fine-grained (10 to 30 w) and only very little is intergrown
with sulphides. Gold grades increasingly in potassic alteration and
seems to be directly proportional with the copper content. All these.
features have been described by Borcos and Berbeleac (1984) for the
Valea Morii and Musariu copper bodies and presumably other Tertiary
deposits of the Metaliferi Mts are similar.
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QUESTIONS
I. Seghedi: How do you explain the potassic type alteration in the lower

part of the Voia structure (see the model) of the Barza type andesite which you
consider of a later age in the intrusion succession ?
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Answer : The alteration/mineralization process is polyascending in 'charact»er,
therefore they continued after the emplacement of the guartziferous andesite with
hornblende (Barza).

S. Bostinescu : The wpropylitic alteration facies is presented as a term of
the zenality of transformations associated with the Voia subvolcanic body, situated
between the potassic silicate facies and the argillic one.

1 am interested to know what structural or paragenetic differences have
been noticed between the propylitization proper to the subvolcano and the one
that regionally affects the Tertiary volcanites of the Metaliferi Mts ?

Answer : The -opropylitization noticed in the subvolcano belongs to the
hydrothermal alteration type specific of the mineralization process. As far as
the regional propylitization is concerned, we mention its anterior character and
its development under other structural and physico-chemical conditions.

C. Chivu: 1. In the last few years a series of subvolcanic intrusions of
porphyry copper structures have been identified in the Metaliferi Mts. Do they
not lead to the existence of @ batholite at depth — as Ghitulescu says ? What
do you think ?

2. Can we speak of an optimuin level of mineralization-covering the struc-
tures known in the Metaliferi Mts ?

Answer : 1. The presented structure belongs to a subvolcano and it is not
associated with a batholite.

2. The copper mineralization is at a level dlower than the cover of the
subvolcano and of other situations known in the Metaliferi Mts.

R. Jude: 1. What velations are there between the Sacirimb andesite and
the intrusion appreciated as “Barza andesite” ?

2. Couldn’t the paragenesis with oxides be separated from the sulphides
generations for the explanation of the geochemical evolution of the mineralizing
sulphides ?

Answer @ 1. The andesite associated with the Barza type divides the ande-
site assigned to the Sdcirimb type.

2. In dhis paper the geochemistry of the solutions is only mentioned.
Function of its type, it Will be dealt with in another paper.

G. Udubasa : Do you think the mineral deposited in a long span of time,
longer than several breccification moments, form several “generations” of the
same mineral ? 3

Answer : The polyascending character of the mineralization/alteration malkes
us think we are in the presence of several genenations of the same mineral.

EXPLANATION OF PLATES
Plate I

Fig. 1. — Thermic and hydrometasomatic products. a) metasomatic pyrite oY)
and anhydrite (an) in quartz andesite («). Core no. 9, borehole m 693 ;
b) albite (ab)-epidote (ep) hornfels. Core no. 1, borehole m 594 ; ¢) hydro-
metasomatic pyrite (py), anhydrite (an) and clay minerals (c.m) deposi-
tions in hornfels. Core no. 1 borehole m 614; d) Fe-Ti oxides veinlets
in propylitic quartz andesite // Nic. 40, core no. 3, borehole m 753.
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Fig. 2. — Bets of veinlets. a) magnetite-hematite veinlet & pyrite-chalcopyrite in

Fig.

Fig,

Fig.

138

quartz andesite («). Core borehole no. 9, m 1150 ; b) plane of .chlorite,
anhydrite, quartz and chalcopyrite veinlet. Core borehole no. 9, m 1029 ;
¢) hornfels enclave with quartz (q), K-feldspar (k-fds), anhydrite (an)
and magnetite :ml) in gquartz andesite. Core borehole no. 9, m 977;
d) generations of quartz-pyrite + chalcopyrite veinlets in argillic guartz
porphyry diorite. Core borehole no. 9, m 1074 ; e) anhydrite (gypsum)-
pyrile veinlet cutting the anhydrite-base metal sulphide (an.b.s). Core
borehole no. 7, m 408.

a, b — quartz andesite with quartz-pyrite + molybdenite wvein brecciated

and intersected by anhydrite pyrite veins; @) core ’bo,neho-le, no. 9,
'm 756 ; b) borehole no. 1, m 394 ; ¢) anhydrite-base metal sulphide (b.s)-
tetrahedrite-Au vein. Core borehole no. 9, m 645 ; d) anhydrite (gypsum)
vein within quartz andesite (2). Core borehole mo. 9, m 688.

. — Pyrite-chalcopyrite aggregates in quartz, // Nic. 40X ; borehole no. 9,

m 995.

Plate I1

. — Quartz vein with magnetite, pyrite and chalcopyrite aggregates, // Nic,

40X ; borehole 9, m 910.

. — Substitution of magnetite by hematite and maghemite, // Nic, 40X ;

borehole 9, m 954.

= Substitulion of magnetite by maghemite, // Nic, 40X ; borehole 9,

m 1120.

. — Cementation texture — quartz grains in chalcopyrite, // Nic, 60X ;
borehole 9, m 1175.
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2. ZACAMINTE

DATE NOI PRIVIND LITOSTRATIGRAFIA SI METALOGENEZA
PARTII DE NORD A MUNTILOR FAGARAS !

DE
CRISTUDOR CHIVU ?

Syngenetic mineralizations. Volcano-se.d:i,mentary'mineralization. Lithostrati-
graphy. Palynology. Metamo%phites. Poiana Neamtului Series. Cumpdna Se-
ries. Green schists facies. Amphibolic facies. South Carpathians — Supragetic
domains — Fagdras Mountains.

Absiract

New Date on the Lithostratigraphy and Metallogenesis of the Northern
Part of the Fdgdrag Mountains. On the Dbasis of palynological determinations
correlated with lithological, structural-tectonic and metallogenetic elements, the
me,tammphnee of the northermm and notth- Westem part of the Figaras Moun-
tains have been separated in the Poiana Neampului series, in green schist facies
and the Cumpéna series, in amphibolic facies respectively. Between these units
there are overthrust tectonic relations. The mineralizations with syngenetic (sedi-
mentary and volcano-sedimenlary) character are also described. A

Datele pe care le prezentim se referd la metamorfitele din partea
de nord si nord-vest a muntilor Figiras, intre valea Moasei (valea
A\mculm la vest si valea Laita 1a est), cu trimiteri si mai la est, in
oaanele Cirtisoara, Arpasel si Arpasu Mare.

Prezenta lucrare cuprmde o parte din rezultatele obtinute prin
lucrarile de prospectiuni si de sinteza geologica, efectuate in perioadele
1965—1970 si respectiv 1980——1981

{ Depusd la 5 iunie 1982, acceptatd pentru comunicare si publicare la
14 decembrie 1982, comunicatd in sesiunea stiintificd a Intreprinderii de Prospec-
tiuni Geologice si Geofizice din 27 aprilie 1982.

2 intreprmderea de Prospectlum Geologice si Geofizice, str. Caransebes nr. 1,
78344, Bucuresti. } 5
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Cercetari geologice anterioare

In muntii Fagirag, s-au executat numeroase cercetiri geologice
din care amintim : Reinhard (1911), Cantuniari (1926) ; Streckeisen (1934)
si Ghica-Budesti (1940) care au separat trei serii: Polana Neamtului,
Fagaras si Cumpana.

Dupd anul 1950 s-au intensificat cercetirile geologice in diverse
perimetre ale unitdtii, avind mai ales caracter de prospectiune. Arion
et al. (1969, 1970), Pitulea (1969, 1979) au efectuat lucrari de cercetare
la vest de valea Avrigului si respectiv la est de valea Vistea Mare.
Diverse studii mineralogice, petrologice si structurale au fost realizate
de Dimitrescu (1958, 1967, 1978) ca si unele consideratii genetice asu-
pra mineralizatiilor din zonele Arpasu si Porumbacu, Giusca et al. (1973)
au prezentat o succesiune petrograficid a rocilor cristalofiliene din partea
centraly a masivului. Consideratii geochimice asupra rocilor amfiboli-
tice din partea de nord-vest a masivului au fost efectuate de Mares,
Mares (1979) si Dimofte (1969).

Savu et al. (1976) si Krdutner et al. (1980) au elaborat lucrari de
sintezd asupra Carpatilor Meridionali si respectiv a intregului edificiu
cristalin din Roménia — care a fost divizat in Carpian si Marisian.
Sisturile cristaline din muntii Fagiras au fost incluse in Carpian (Pro-
terozoic mediu).

Litostratigrafia si petrografia

Stabilirea succesiunii litostratigrafice din masivul Fiagiras a fost
abordatd de mai toti cercetatorii care au efectuat lucrdri in aceastd
unitate, formulind diverse scheme — argumentate fie pe baza unor
criterii structural-tectonice si petrografice, fie de metamorfism.

Este cunoscut faptul cd in acest masiv au fost separate in gene-
ral doud sau trei serii metamorfice si anume : seria de Poiana Neamtu-
lui, seria de Figéras si seria de Cumpdna (Ghica-Budesti, 1940). In
ultimul timp s-a renuntat la seria de Poiana Neamtului, fiind inclusa
in cea de Fagiras (Dimitrescu, 1978 ; Savu et al, 1976 ; Kriutner
et al., 1980).

Observatiile geologice pe care le-am efectuat in aceastid parte a
masivului, au condus la obtinerea unor elemente de ordin geologic,
structural-tectonic si palinologic, care aduc date nol la imaginea succe-
siunii litostratigrafice si referitor la componenta seriilor metamorfice
cunoscute.

Seria de Poiana Neamjpului-Bilea

Metamorfitele de temperaturd scizutd care afloreazi in linii mari
pe versantul nordic al masivului pinad la contactul cu depozitele sedi-
mentare neogene ale bazinului Transilvaniei, prin elemente de litolo-
gie, tectonicd si de metalogenezd se individualizeazi ca o wuniltate care
a avut o evolutie independenti in raport cu seria de Cumpéna.
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Formatiunea de Tunsul. Petrografic, in arealul luat in discutie, in
imediata apropiere a cristalinului cu depozitele sedimentare, se poate
separa o formatiune slab metamorfici cu caracter predominant sericito-
cloritos, filitos, n compozitia cireia se mai recunosc sisturi cuartito-
cloritoase - muscovit, sisturi cuartitice cu grafit, roci cuarto-feldspatice,
adesea cu un rcaracter magmatogen (metatufuri acide) cu dezvoltare
mare spre est (valea Cirtisoara-valea Arpasel) si roci carbonatice. Ca
mici intercalatii in diverse puncte (valea Tunsului, valea Mare, valea
Ursoita) apar sisturi cuartito-sericitoase cu biotit fin lamelar, ce pre-
supune existenta unor conditii locale PT mai ridicate, ce au dus la
aparitia sporadicd a biotitului, in rocile pelitice-argiloase miai ales, prin
transformarea cloritului sau a muscovitului. Rocile acestei formatiuni
se caracterizeazi printr-un evident caracter elastie ca si un grad ridicat
de faliere. Seria de Poiania Neamtului-Bilea are extensiune miare spre est
(valea Cirtisoara~valea Arpasu Mare), iar in partea vesticd aria se in-
gusteazd mult pind in valea Munteanului, unde dispare dupa o linie
orientati nord est-sud vest, suportind tectonic partea infterioard a for-
matiunii de Bilea reprezentati prin sisturi clorito-micacee +- almandin
si nivele de roci bazice, intre piriul Fintinele si valea Munteanului, ‘la
est de valea Avrigului-Poiana Neamtului. Minerale stabile in aceastd
zona sint : cloritul, sericitul (muscovitul) si grafitul.

Formatiunea de Bilea. In continuitate de sedimentare si de meta-
morfism se dezvolti pe spatii largi o alternanti de roci terigene, vul-
canogen-bazice si roci carbonatice. Aceste roci au extindere mare in
bazinele vailor Avrigului, Sirata, Porumbacu Mare, Tunsul, Laita. La
est de valea Laita se dezvoltid si mai puternic, depdsind creasta prin-
cipald, intre virful Paltinul si virful Capra.

Constituttia petrograficd este deosebit de complexd, se remarca
participarea unui material vulcanogen-bazic, reprezentat prin nivele de
sisturi clorito-epidoto-amfibolice, sisturi cloritoase cu porfiroblaste de
albit, sisturi amfibolice 4= biotit, adesea cu evidente structuri si texturi
relicte eruptive (curgeri de lave si piroclastite), cu grosimi uneori des-
tul de mrai, intre valea Liscovului-valea Munteanului si #n cursul su-
perior al bazinelor Cirtisoara, Arpdsel si Arpasu Mare. Participarea
materialului vulcanogen-bazic, uneori dominantd, sugereazd caracterul
de eugeosinclinal al bazinului in care au evoluat sedimentele din care
au rezultat aceste metamorfite. Activitatea magmaticd s-a dezvoltat pro-
babil pe un sistem {fisural, concomitent cu subsidenta bazinului.

Faciesul carbonatic este bine reprezentat atit in sectorul dintre
valea Avrigului-valea Laita, cit si mai la est, intre valea Cirtisoara si
valea Arpasu Mare, unde apar nivele sau lentile de calcare si calcare
dolomitce. Cele care apar in valea Mare (Porumbacul) sint fragmentate
sau dispar, dupa importante fracturi orientate nord-nord vest — sud-sud
est, in valea Porumbacului, la vest si respectiv valea Tunsului, la est.

La vest de valea Porumbacul, nivelul de roci carbonatice este
deplasat mult spre nord-nord vest, corelindu-se cu cele din Poiana
Neamtului-Fata Varului, unde se inscriu in axul unei structuri peri-
anticlinale, cu caderi vestice, fiind acoperite de sisturi cuartito-clorito-
muscovitice, Acestea la rindul lor, suporti tectonic metamorfite cu stau-
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rolit si disten (complexul de Serbota — seria de Cumpina).

‘In zona centrala calcarele cristaline imbraci un caracter marmo-
rean, aspect ce se mentine doar in Riul Mare:. Lateral se trece la facie-
suri mai fin granulare, vinetii-negricicase, de calcare dolomitice si gis-
turi calcaroase  grafit (piriul Bontii). Frecvent calcarele cuprind inter-
calatii subtiri de sisturi [clorito-muscovitide, sidturi cuartito-clorito-
micacee, sisturi biotitice piritizate, sisturi muscovito-talcoase, sisturi O*ra-
fitoase si-sisturi clorito—amfibolice.

‘ Aceeasi 1mag1ne geologicd o intilnim si in bazinul Avrigului, cu
specificarea " ca 'rocile carbonatlce din @ceastd zond au un grad mal
accentuat de fisurare-tectonizare.

In afari de calcare albe marmoreene cu muscovit, din Tiul Mare,
se recunosc si varietdti echigranoblastice cu caracter dolomitic.

Paragenezele care definesc stadiul metamorfic atins de aceste roci,
sint : ca1c1t dolomit-cuart-muscovit, calcit-muscovit- blOtl’t—CuaI‘t 51 dolo—
mit-tale-muscovit-almandin.

In concluzie, sisturile cristalofiliene din aceastd formatiune (a ro-
cilor carbonatice si a celor magmatogene bazice de Bilea), au caracter
microblastic, uneori filitic si s-au metamorfozat in faciesul de 51stur1
verzi, curpfmnzmd si subfaciesul cu almandin.

Th opinia noastrad, relatiile’ dintre aceastd serie, mai noud, pe care
am denumit-o de Poiana Neamtului-Bilea (cu cele doud formatiuni — la
partea superioarid formatiunea de Tunsul si, respectiv, la ‘partea infe-
ricard formatiunea de Bilea), si seria de Cumpédna reprezentatd prin
formatiunea de Serbota, sint de naturd tectonica (Chivu, 1970). &

Seria de Cumpina

In clasificarea pe care o propunem, seria de Cumpidna cuprinde
numai metamorfite in faciesul amfibolitelor, caracterizate prin asociatii
cu staurolit i disten {(partea superioard), iar gnaisele de Cozia si de
Cumpana ar reprezenta partea inferioara a acesteia.

In zona Serbota-Porumbdcel, seria de Cumpina este a*e{pnezentata
doar prin formatiunea de micasisturi si paragnaise cu staurolit si dis-
ten (de Serbota) fiind in raporturi tectonice cu seria de Poina Neamtu-
lui-Bilea, uneori de incilecare (valea Avrigului-valea Moasei-valea Sebe-
SdlUI) de la sud catre nord. Ca elemente mineralogice caracteristice pen-
tru acest complex sint staurolitul si distenul, uneori cu participare ridi-
catd, alaturi de care, mai notdm : biotit, muscovrt cuart, almandin,
plagioclaz. Accesoriu mentiondm apatitul, ilmenitul, zmconul si turma-
lina. Biotitul are frecvente incluziuni de ortit, cu aureole paleocroice

feocrorte
radioactive. 7z

De reguld, aceste metamorfite sint puternic tectonizate, diaftori-
zate. Procesele retromorfe sint mai accentuate in aceasti zoni (vilea
Serbota-virful Scarita-valea Avrigului) ce se coreleazi si cu linia tec-
tonicd majord frasatd In raport cu cele slab metamorfozate ale seriei
de Poiana Neamtului. Stadiul metamorfic atins de aceste roci este rele-
vat' de prezenta distenului, adesea larg dezvoltat si neorientat. Compo-
zitia comiplexului este intregiti de amfibolite ca nivele si intercalatii,
sefrialate mai ales, in virful Scérita, uneori cu mult almandin. Cadrul
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geologic in care se dezvoltd, exprimi.in majoritatea cazurilor o naturi
»para“, intrucit se pot urmairi pe distante apreciabile, in alternanti cu
micagisturi si paragnaise, cit si prin llpsa In. compozitia lor, a unor
elemente relicte magmatice.

Procese retromorfe '

Procese de retromorfism se recunosc in ambele serii metamorfice,
dar cu o distributie si intensitate destul de inegala. In sisturile crista-
line ale seriei de Poiana Neamtului-Bilea; in- sensul definit de noi, au o
dezvoltare relativ redusi, biotitul si. cr'matul sint partial clor1t1za)te
Mai ales la partea superioari puedomlna fenomenele mecanice Tuptu-
rale, reprezentate prin milonitizari. Lamelele de sericit sint torsionate,
dispuse adesea dupa 2 plane S mai noi in.raport cu cel initial. Dez-
voltarea porfiroblastica a muscov1»tulu1 pe care o intilnim in unele tipuri
de roci din formatiunea inferioari — .de roci carbonatice 51 magmato—
gene bazice de Bilea — .este consecinta aceloragi procese retromorfe in
care au fost implicate i solutii cu- caracter metamorfic.

Rocile slab metamorfozate sint -slab. afectate de modificari mine-
ralogice prin procesele diaftoritice, care nu justificd interpretarea dupd
care, principala masd cloritoasid din compozitia acestora este de mneo-
formatie. ;Studiul efectuat pe un numdér mare de sectiuni aratd in mod
evident caracterul primar al cloritului, din care adesea se formeazid
lamele de biotit. In zonele cu un. grad. de- metamorfism mai avansat,
modificdrile mineralogice sint mai accentuate, fiind remarcate de trans-
formarea puternici a biotitului, almandinului si periferic a silicatilor
de aluminiu (stauroht disten) in clorit, si sericit. . Pe contactul dm’tre
cele ‘doud serii, in valea Serbota, a fost recunoscut si cloritoidul care
ja nastere pe seama distenului, fird a fi orientat, invocind deci un
moment de relaxare -tectonicd in timpu'l evolutiej acestor procese retro-
morfe. Acest aspect. este sustinut si de recrls“callzarea frecventd a roci-
lor ‘milonitizate, insotite deci si de fenomene de blastezi (blasto-milo~
nite). Se poate aprecia cd intensitatea proceselor diaftoritice scade trep-
tat spre nord si sud, pe masurd ce ne 1ndepcur\tam de contactul tectonic
major semnalat. Datele prezentate mai sus vin in sprijinul ipotezei po-
trivit cireia aceste metamorfite, considerate anterior ca epizonale dato-
ritd unui retromorfism, constituie o unitate litologicd cu evolutie inde-
pendentd, metamorfozata regional la nivelul faciesului de sisturi verzi
de tip barrovian si ulterjor a fost supusd unor procese retromorfe.

Virsta metamorfitelor

In lucrarile anterioare. cristalinul Fagarasului a fost considerat
in linii mari ca fiind de virsta p1ecambr1ana (Dessila~Codarcea, 1968 ;
Savu et al., 1976: Krautner, 1980). Subliniem ¢otusi cd D1m1trescu
(1978), pe baza un01 determmam palinologice efectuate de ‘Sofia Lnta
pe probe colectate din valea Albotei, citeazi urmatoarele forme : Kil-
dinella hyperboreica, Stzctosphaewdzum tortulosum, Synsphaeridium sa-
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rediforme si Trachysphaeridium sp., forme care indicid Precambrianul
terminal cu posibilitatea de a trece in Cambrianul inferior. Cum ele-
mente micorofloristice specifice Cambrianului nu au fost identificate,
autorul atribuie Precambrianului o mare parte din cristalinul Fégarasu-
lui, mai putin seria de Cumpéna si apreciazd ci prima fazd de meta-
morfism ar fi cadomiana.

Lucrarile recente pe care le-am efectuat in partea de nord-vest
si nord -ale masivului, aduc preciziri privind virsta acestor metamorfite.
Din rocile slab metamorfozate (filite, sisturi sericito-cloritoase, sisturi
grafitoase etc.), din bazinele vailor Porumbacu si Porumbédcel au fost
studiate palinologic in cadrul laboratorului IPGG (Maria Margarit), un
numar de 30 probe. S-a realizat astfel, un profil pe valea Mare (Porum-
bacul), de la contactul cu depozitele sedimentare pind in valea Saratii,
nu departe de limita cu formatiunea de Serbota {micasisturi si para-
gnaise cu staurolit si disten). Exemplarele determinate sint reprezen-
tanti ai grupei Acritarcha Evitt, in majoritate de tip Sferomorphit —
Trachisphaeridium myalinum Sin si Liu, Protosphaeridium sp., Kildi-
nella sp., Stictosphaeridium sp., Protoleiosphaeridium of. infriatum
Andon, Microsphaera faveolata sp., Microconcentricum induplicata Lin
si Sin, Asperatasphosphaera sp., cf. Acanthodiacrodium si altele, cirora
li se adaugd si exemplare mai evoluate de tipul ef. Polyedrixium sp.,
Veryhachium sp., Veryhachium cf. crossum lankansas si Vartiekumiene.
Din repartitia stratigrafici a acestor elemente se desprinde concluzia
clard ca formatiunile seriei de Poiana Neamtului se plaseazi la nivelul
Proterozoicului terminal (Riphean superior-Paleozoic inferfor — Cam-
brian inferior si mediu). Pentru virsta cambriand pledeazd indeosebi
genurile Polyedrixium si Veryhachium, care isi incep evolutia la acest
timp. Investigatiile palinologice au fost continuate si mai la est, in
bazinele wvailor : Cirtisoara, Albota si Arpasu Mare, care au pus in
evidentd, de asemenca, elemente microfloristice din grupa Acritarcha
Evitt, dar unele ceva mai evoluate, din care citim : Stictosphaeridium
sinapticuliferum Tim., Protosphaeridium sp., Cymatosphaera sp., Pori-
porretina sp., cf. Latoporata sp., Polyedrixium sp., Acanthodiacrodium
sp., Archaeohystrichosphaeridium cf. minimum Tim., Lophosphaeridium
sp., Veryhachium sp., Leiofusa sp., Baltisphaeridium primigenium Tim.,
(emend.), Baltisphaeridium sp. Aceste elemente fitoplanictonice se rega-
sesc frecvent in asociatiile ce caracterizeazd Cambrianul, dar cuprind
si genuri, respectiv specii, care trec in Ordovicianul inferior cum sint:
Poriporrectina sp., cf. Latoporata sp., Leiofusa sp. si Baltisphaeridium
primigenium Tim. (emend.). Privind distributia acestor elemente pali-
nologice in cadrul seriei slab metamorfozate se poate remarca cd de
la vest spre est apar termeni din ce in ce mai noi, de la Proterozoic
superior (Riphean terminal) la Cambrian-Ordovician inferior, la est de
acest sector (valea Cirtisoara-valea Arpasu Mare).

| Elemente structurale ,

In cercetirile anterioare cristalinul Fagirasului a fost interpretat
structural in diverse moduri: ca un anticlinal in zona de creasti a
masivului, flancat de doud sinclinale deversate (Dimitrescu, 1973): o
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structurd monoclinald, deversatd partial spre nord (Schuster, 1977) si ca
structurd antiforma (Dimitrescu, 1978).

Toate incercdrile de corelare a diverselor subdiviziuni litostrati-
grafice separate In acest masiv au devenit nesatisficitoare, deoarece
nu au luat in considerare evolutia celor doud serii metamorfice (Poiana
Neamtului si Cumpédna) in cicluri orogenice diferite si deci, cu struc-
turi diferite. Dupéd datele palinologice, sisturile kristaline ce apartin
seriei de Poiana Neamtului-Bilea, s-au cutat si metamorfozat in oro-
geneza caledoniand veche (faza sardd), iar cele ale seriei de Cumpédna
intr-o orogenezi precambriand (preassynificd). In aceste conditii proce-
seie retromorfe s-au produs probabil mai tirziu, in ciclul varistic.

Relatiile dintre cele doud serii sint tectomice, cum deja am men-
tionat, aspect ce se poate constata mai ales in sectorul virful Negoiu-
valea Serhotei-valea Avrigului-valea Moasei. Avansarea puternici spre
nord, incepind de la est spre vest a termenilor seriei cde Cumpéina peste
seria de Polana Neamtului-Bilea, indici raporturi de -incalecare. In
sprijinul acestei interpretdri sint si aparitiile de gnaise oculare, contu-
rate in punctul ,La Custuri, in aria In care se dezvolti formatiunea
inferioara de Bilea, incadrate de sisturi grafitoase.

Ca elemente structurale in seria de Polana Neamtului se recunosc
doud plane S: un plan S; care reprezinti sistozitatea de stratificatie
si un plan Sy — clivajul axial, ce migreazi permanent in raport cu
Sy de la 0° la 60—70°. Metamorfitele acestei serii se caracterizeaza de
regula prin forme plicative, cu flancurile strins microcutate si vergente
sud-estice sau nord-estice, cu valori de la' 0° la 55°. Spre deosebire de
seria. de Poiana Neamtului, seria de Cumpéna, care are la partea supe-
rioard formatiunea de Serbota cu staurolit si disten, se caracterizeaza
prin forme plicative mai largi si cu dezvoltare regionald.

Pe baza elementelor enuntate se poate stabili urméatoarea succe-
siune litostratigraficd (fig. 1) : seria de Cumpéana cu formatiunile de
gnaise leucocrate si oculare, formatiunea cu micasisturi de Mé&gura Ciine-
nilor si la partea superioara formatiunea de Serbota, cu calcare si roci
amfibolice, metamorfozatid in faciesul  amfibolitic. In relatii tectonice,
urmeazi seria de Poiana Neamtului-Bilea, in care am separat doud for-
matiuni : la partea inferioard formatiunea ‘de roci carbonatice si magma-
togene bazice, de Bilea si formatiunea sisturilor sericito-cloritoase de
Tunsul la partea superioard, ambele metamorfozate in faciesul de sis-
turi” verzi. Termenul de ,,Vemesoaia“ folosit anterior de diversi autorl
pentru a caracteriza rocile retromorfe este impropriu, intrucit este situat
iy afara arealului in care se dezvolti metamorfitele in faciesuri de sis-
turi verzi, undeva in versantul sting al . vai Oltului. Partea bazald a
seriei de Poiana Neamtului este constituitd din sisturi cuartite-clorito-
micacee -t almandin, cuartite cu biotit, sisturi cuartito-muscovitice si
din unele secvente de roci bazice tufogene.
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SERIA DE
s&efsd ssslgllASEDLE SERIA DE CUMPANA SERIA DE POIANA
{SERIA DE SEBES -LOTRU ) NEAMTULUI-BILEA

Fig. 1. — Sectiune geologicd interpretativi dAntre valea Avrigului si

versantul drept al vidii Oltului (Boita). 1, Eocen ; 2, sisturi cuartitice

clorito-sericitoase + muscovitice ; 3, sisturi grafitoase; 4, calcare, cal-

care dolomitice ; 5, metabazice; 6, sisturi clorito-micacee; 7, mica-
sisturi paragnaise + almandin + staurolit 4 disten.

Coupe géologique 'interprétative entre Valea Avrigului et le versant

droit de la vallée de TOlt (Boita). 1, Eocéne; 2, schistes quartzi-

tigues chlorito-sériciteux + muscovitiques ; 3, schistes graphiteux ;

4, calcaires, calcaires dolomitiques ; 5, métabosites; 6, schistes chlo-

rito-micacés ; 7, micaschistes, paragneisses + almandin + staurolite +
disthéne.

Corelarea seriei de Poiana Neamtului cu seriile din muntii
Cibin si Sebes '

Asa cum am mentionat, relatiile dintre cele doud serii, de Poiana
Neamtului si respectiv Cumpéna, sint tectonice, de incdlecare, ce se
pot urmdiri mai ales in valea Avrigului-valea Moasa Sebegului. Aseme-
nea relatii de incilecare se cunosc si intre seria de Cumpéna si seria
de Sibisel, in versantul drept al vdii Oltului. ¥n aceasta situatie se
poate vorbi de o incalecare bilaterala, spre est si vest, cristalinul seriei
de Cumpina Incilecind atit grupul Sibigel (Vendian-Cambrian) spre est,
cit si seria de Poiana Neamtului spre est (fig. 2). Seria de Capilma-
Carpinis a fost incadratd in acelasi interval de timp (Chivu, 1974) ca
si seria de Poiana Neamtului. Seria de Cumpéna se poate paraleliza
cu seria de Sebes-Lotru, care are la partea superioard o formatiune
pelitica cu staurolit si disten asemdnatoare cu formatiunea de Serbota
din Féagiras. Aria orogenezei caledoniene in care s-a cutat si metamor-
fozat seria de Poiana Neamtului-Bilea avea o extindere mult mai mare
si la est de riu]l Olt si a cirei configuratie a suferit modificdri impor-
tante datoritd unor procese tectonice ulterioare.

!

Metalogeneza
Pina in anul 1960, erau cunoscute in aceasti regiune, doar mine-

ralizatiile de sulfuri metalice (galend, blendi, pirotind) din vaile Arpasu
Mare si Porumbacu (Cantuniari, 1926). Dupa aceasti-dati s-au efectuat
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TFig. 2. — Litostratigrafia metamorfitelor din
parlea de nord si nord-vest a muntilor ifaga-
ras : 1 — sisturi sericito-cloritvase ; 2 — meta-
grauwacke, metatufuri acide; 3 — sisturi cu
grafit; 4 — calcare; & — sisturi sericitoase T
biotil, fin lowdove; 6 — sisturi cuarfito-clo-
rito-muscovilice ; 7 — sisturi cuartito-musco-
vitice. limonitice ; 8 — cuartite -+ feldspatice &
sulfuni ; 9 — calcare cu siderit; 10 — sisturl
cloritoase tufitogene bazice; '11 — calcare do-
lomitice cu galena si blendd ; 12 — metabazite
cu magnetit, pirotind; 13 - sisturi clorito-
micacee ; 14 — cuartite cu biotit ; 15 — sisturi
micacze cu almandin + clorit; 18 — micasis-
turi cu staurolit ; 17 — paragnaise cu stauro-
Lit: 18 — cuartite negre; 19 — amfibolite =
biotit + almandin ; 20 — paragnaise cu dis-
ton &+ staurolit ; 21 — micasisturi, paragnaise ;
22 — gnaise oculare, gnaise leucocrate.

Furmatiunea
funsul

_'_—-_-_E—g_]‘: 9 Pirita, siderita .
X2 TR

Pb, Zn
»75 787 g Cu, Fe

:

SERIA DE POIANA NEAMTULU

Lithostratigraphie des métamorphites de 1a-
partie nord et nord-ouest des monts Fagiras :
1, schistes séricito-chloriteux ; 2, métagrau-
wackes, métatuffs acides; 3, schistes a gra-
phite ; 4, calcaires; 5, schiste sériciteux -k bio-
tite, finement lowdove; 6, schistes quartzito-
muscovitiques, limonitiques ; 8, quartzites &
feldspathiques == sulfures ; 9, calcaires a sidé-
itz : 10, schistes chloriteux, tuffitogémes ba-
sicques ; 11, ocalcaires dolomitiques a galéne et
biende ; 12, métabasites a magnélite, phyrrho-
tite ; 13, schistes. chlorito-micacés ; 14, quarizi-
es & biotite; 15, schistes micacés a alman-
din -+ chlorite ;: 16, micaschistes & staurolite :
17, paragneisses a staurolite ; 18. quartzites
nor 19, amphibolites & biotite 4 almandin :
20. paragneisses & disthine + staurolite ; 21
micaschiste, parvagneisses : 22, gneisses ocu-
laires, gneisses leucocrates.

21

SERIA DE CUMPANA

Chinenilor

de Mdgura

(Sebes Lotru)

22

de Cumpana

‘
Formatiunea

lucrdri de prospectiuni de detaliu care au pus in evidenti o serie de
ocurente cu sulfuri in bazinele viilor : Porumbacu, Cirtisoara, Arpasei,
Arpasu Mare si Vistea Mare {Chivu, 1965, 1970), cantonate aproape in
iotalitate i seria de Poilana Neamtului-Bilea, atit in rocile terigene,
carbonatice, cit si in cele vulcanogen-bazice.

Dupd gradul de  participare al elementelor care alcdtuiesc aso-
ciatiile metalice, fenomenele de mineralizare se pot grupa in : plumbo-
zinficere, cuprifere si acumuldri de fier.

Mineralizatii plumbo-zincifere. Apar in bazinele vailor: Porum-
hacul, Doamnei, Cirtisoara si Arpasu Mare. Cele din valea Porumbacu
sint localizate in parte inferioard a mnivelului de calcare si calcare do-
lomitice cristaline, sub formd de cuiburi de galend si blendd. Deasupra
scestora apar sisturi cuartito-cloritoase cu biotit, impregnate cu pirita
si slab calcopiritd, adesea limonitizate, Grosimea totald a zonei variazi
in general de la 0,30 m la 3 m, cu continuturi de Pb-= 0,30—0,65%
si Zn = 0,50—1,5% si numai accidental valori mai ridicate de pina
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la 9%. Mineralizatii similare apar in valea Doamnei si Arpasu Mare,
care spre deosebire de cele din Porumbacu cantonate numai in calcare
dolomitice, in acest sector se regisesc la diverse nivele litostratigrafice
asociate si rocilor terigene, cum sint cele din Piatra Dracului si Arpasu
Mare (cursul median) (impregnatii in sisturi cuartitice si cuartite cu
clorit si muscovit). Grosimea zonelor cu sulfuri variaza de la 0,20 m la
4,00 m continuturile in Pb, de la 0,3-—19%, si cele de Zn de la 0,65—2%.
In zona Arpasu Mare-sud, mineralizatia se prezinta si ca slire mili-
metrice sau filonage ce strdbat masa calcarelor, fard a depdsi cadrul
acestora. Depunerile sint concordante cu rubanarea acestora, controlul
litologic-stratigrafic este evident.

Mineralizatii cuprifere. Asemenea mineralizatii au fost identifi-
cate in bazinele vailor Porumbacu, Cirtigoara si Arpasu Mare. In valea
Mare (Porumbacu), in versantul sting, la cca 100 m in aval de piriul
Bontii, apar impregnatii de calcopiritd si piritd in sisturi cuartito-mus-
covitice, pe cca 2 m grosime. Directional zona a fost urmaritd pe cca
300 m cu lucrdri miniere si de foraj. Comtinuturile obtinute sint rela-
tiv mici, intre 0,3 si 0,99, Cu. Zona se recunoaste dupd fenomenele de
alteratie supergena remarcate prin : limonitizari, malachitizari si circu-
latii carbonatice localizate strict in acest nivel.

Mineralizatii cuprifere au fost intilnite si in partea inferioari a
formatiunii de roci carbonatice si magmatogene bazice, in pirful Puha
si sub virful Negoiu, in roci amfibolice ca impregnatii de calcopirita
pe grosimi de 1—2 m. Cele mai interesante ocurente cuprifere sint cele
cunoscute din bazinul superior al viii Arpasu Mare. Aici apar disemi-
néri, filonase si depuneri compacte de calcopiritd si pironitd -- galena,
in gangd de cuart si carbonati concordante cu sistozitatea. Sint locali-
zate in sisturi cuartito-muscovitice, intercalate in nivele de roci bazice
tufogene si de sisturi cu grafit. Grosimea zonei variazi de la 0,30 la
3,50 m. Urmadrirea pe directie este extrem de dificild din cauza afun-
darii structurii cristalinului spre est-mord est, cu valori de la 35° la 55°.

Geneza mineralizatiei. Urmérind distributia spatiald a minerali-
zatiilor descrise In seria de Poiana Neamtului se constatd ci acestea
se plaseazd la anumite nivele litostratigrafice, ca impregnatii si ca de-
puneri compacte — lenticular concordante ,cu un control litologic evi-
dent. Astfel, se pot corela diverse ocurente de galend si blenda sau
de calcopiritd si piritd, care apar in bazinele Porumbacu, Cirtisoara si
Arpasu Mare, situate intr-un anume nivel litologic, fie de calcare do-
lomitice {Arpasu Mare, Cirtisoara si Porumbacu) sau de roci terigene.
Existd o corelare suficient de bund intre asociatiile petrografice si cele-
de minerale metalice. Calcopiritd si pirotina apar cu preciddere asociate
rocilor bazice, iar sulfurile de Pb si Zn, atit in rocile carbonatice cit
si in cele terigene. Mineralizatiile au deci un caracter singenetic, .cu
specificarea cd la unele dintre acestea apare mai pregnant caracterul
strict. sedimentogen, iar la altele — influentele activitdtii vulcanogen-
bazice. In functie de aceste trisiaturi, mineureurile pot fi grupate in
mineralizatii sedimentare si vulcanogen-sedimentare, metamorfozate.
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Concluzii

Din datele prezentate se desprind urmditoarele concluzii : meta-
morfitele de presiunea medie (de tip barrovian), din partea de nord a
masivului Fagaras, pe baza elementelor de litologie, petrografie, tec-
tonice, palinologice, ca si cele metalogenetice aproape in totalitate ocu-
rentele de sulfuri metalice din Fagiras, exceptind cele hidrotermale din
vestul acestuia, sint cantonate in seria de Poiana Neamtului si au un
caracter sinegetic, au luat nastere intr-un bazin cu caracter de eugeo-
sinclinal care a evoluat in intervalul Riphean superior-Combrian (posi-
bil pin& in Ordovician inferior). :

Tinind cont de elemntele de wvirstd, cutarea si metamorfozarea
rocilor s-a realizat in orogeneza caledoniani (faza sardd), iar retromor-
fismul in cea hericinicid. Seria de Poiana Neamtului se dezvoltd in
marea majoritate in partea de nord a masivului, depdsind creasta prin-
cipald doar in zona virful Paltinul-virful Capra, dupi care spre est
se retrage treptat, odati cu avansarea spre nord a seriei de Cumpdna.
In aceste conditii metamorfitele seriei de Poiana Neamtului, sint larg
dezvoltate in partea centrald, (Bilea, Doamnei, Arpéasel). Lateral se inre-
gistreazd avansarea seriei de Cumpdina, uneori cu carcter de sariere evi-
dent, aspect sustinut si de identificarea unor gnaise oculare in plin
areal de metamorfite in facies de sisturi verzi. Procesele de incdlecare
pot fi raportate orogenezei alpine. Minereurile singenetice sint locali-
zate preponderent in seria de Poiana Neamtului, la diverse nivele lito-
stratigrafice.
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DONNEES NOUVELLES CONCERNANT LA LITHOSTRATIGRAPHIE
ET LA METALLOGENESE DE LA PARTIE NORD
DES MONTS FAGARAS

(Résumsé)

“Les formations métamorphiques qui constiluent en majorité les parties
nord et nord-ouest des Monts Fagiras ont été reparties 4 deux séries : la série
de (Cumpéna, dans le faci®és amphibolique et ila sénie de Poiana Neamfpului
dans un faciés de schistes verts. La série de Polana Neamtului contient deux
formations : la formation de Tunsul, a la partie supérieure, formée de schistes
séricito-chloriteux et la formation de Bilea, & la patrie inférieure, caractérisée
par la large participation des roches basiques ef carbonatiques.

A 1a suite des analyses palynologiques I'dge de la série de Poiana Neamfu-
lui a €té établi entre le Riphéen et le Cambrien (possiblement jusqu’a 1'Ordo-
vicien inférieur) mpar les formes -de Baltispaerides primigenium et Pareparec-
tina etc. La série de Poiana Neamtului est microblastique par tapport aux
roches de la série de Cumpiéina {(série de Sebes-Lotru) qui sont largement cris-
tallisés (la zone a disténe -+ staurolite + almandine la formation de Serbota).
La série de Cumpiéna est constituée, selon lauteur, par la formation de Serbota,
la formation de Magura Clinenilor et celle des gneisses léucocrates et oculaires
(formation de Cumpina). ) ;

Les relations entre les deux séries sont tectoniques, de chevauchement
surfout, par I'avansement marqué, de sud au mord de la série de Cumpina
au dessus de la série de Poiana Neamtului (Vallée d’Avrig-Vallée de Moasa
Sebesului).
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La série de Polana Neamfului peut é&tre parallélisée avec la série de
Capilna-Carpinis des Monts Sebes et avec la série de Sibisel des Monts Cibin,
datées comme ayant le méme age. ’

La plupart des minérallisations de lda région ont un caractére syngéné-
tique, soit sédimentaire, soit volcanogéne-sédimentaire. Les minérais mpeuvent
étrme groupés en plombo-zinciféres (Porumbacu, Arpasu, Platra Dracului-Cirti-
soara), cupriféres (Ampasu Sud, Porumbacu-Pirful Bontii) et de fer (accumula-
tions sidéritiques). Dans la succession lithostratigraphique présentée, la significa-
tion de la série de Poiana Neamftului est lout-a-fait différente des opinions
antérieures qui considéraient que cette série ne se développe qu’a la limite avec
les sédiments méogines et représenterait des schistes cristallophiliens formés au
compte de certaines roches mésométamorphiques par rétromorphisme. On argu-
mente que cette série s'esi développée dans le facits de schistes verts et qu'ulté-
rieurement elle a été diaphtorisée & un aulre moment tectonique.

EXPLICATION DE LA PLANCHE

Carte géologique de la région de Valea Moasei (Valea Avrigului-Valea
Doammnei) monts Fadgaras du nord et nord-ouest, échelle 1 :50000. Légende —
Formations sédimentaires : Quaternaire : 1, alluvions; 2, lerrasses; 3, cOomes de
déjection ; 4, dépdts glaciaires ; Néogene; 5, Tortonien ; Formations métamor-
phiques ; série de Poiana Neamtului (Riphéen supérieur — Ordovicien) — for-
mations des schistes séricito-chloriteux — Tunsul ; 6, schistes séricito-chloriteux,
schistes quartzitiques chloriteux 4+ muscovite ; 7, schistes quartzitiques séricito-
graphiteux }8, métagrauwackes, métatulfs acides ; 9, schistes quartzitiques blancs,
quartzites rubanées ; 10, calcaires, calcaires dolomitiques; 11, schistes séricito-
chloniteux + biotite, finement granulaires; formation des roches <carbonatiques
magmatogeénes basiques Bilea; zone a chlorite ; 12, schistes quartzito-muscovi-
tiques, phyllites séricito-quartzeuses ; 13, schistes quartzitiques a muscovite, limo-
nitiques ; 14, quartzites blanches violacées, biotitigues; 15, métabasites; 16, cal-
caires et dolomies crystallines ; 17, schistes chlorito-micacés 4 almandin ; 18, schis-
tes micacés & almandin — zone & biotite et almandin. Série de Cumpana (série
de Sebes-Lotru) — Anté-Protérozoique supérieur) — formations de micaschistes
et paragneisses Serbota ; 19, micaschistes et paragneisses & almandin et stauro-
lite ; 20, micaschistes micacés ; 21, micaschistes & almandin; 22, amphibolites 4
biotite 4 almandin ; 23, quartzites amphiboligues + almandin, quartzites mnoires ;
24, paragneisses a disthéne; 25, gneisses oculaires — zone a staurolite et dis-
théne ; 26, faille; 27, ligne wde chevauchement; 28, synclinal ; 29, anticlinal;
30, foliation ; 31, linéation; 32, zones minéralisées & sulfures métalliques (Cu,
Pb, Zn) ; 33, ligne de profil. g
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