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MINERALOGY, TEXTURES AND GEOCHEMISTRY
OF THE ALTIN TEPE MASSIVE SULPHIDE-IRON OXIDES
DEPOSIT, CENTRAL DOBROGEA !
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Massive deposit. Disseminated ore. Sulphides. Iron oxide. Ore lexture.

Geochemistry, Mineral association. Trace elements, Genetic model. Volcano-
sedimentary. Cyprus(?) type; Dobrogea — Central Dobrogea.

—

Abstract

The upper unit of the Altin Tepe series (Precambrian) is intensely retro-
morphosed and mainly formed of sericite-chloritic quartziferous schists, quartzi-
{erous-chloritic schists with albite and amphibolic schists. It contains some mine-
ralizations in mmassive lenses and pyrite and magnetite disseminations. The mas-
sive mineralization mainly containing pyrite, magnetite and chalcopyrite, sphalerite
and galena subordinated in the gangue of quartz and barytine, presents some
important structural-textural transformations of ‘“prograde” (the amphibolite
facies with almandine) and ‘retrograde” types. The massive ore concordant with
the neighbouring rocks is distinguished by an alternation of sulphide and mag-
netile bands. The magnetite is predominant towards the margins and in the
upper part of lenses. The massive ore is usually covered by a dissemination
ore formed of pyrite and without magnetite. The study of mineralogical and
gecchemical data demonstrates the volcanogene-sedimentary origin of minerai-
izations in this region.

! Received May 9, 1983 ; accepted June 1, 1985.
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? Intreprinderea de Prospectiuni Geologice si Geofizice, str. Caransebes 1,
R 79678 Bucuresti 32.
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Résumé

Minéralogie, texture et géochimie du gisement de sulfures massives et
d'oxydes de Fe d’Altin Tepe, Dobrogea Centrale. L'unité supérieure de la série
d’AlHin Tepe (Précambrien), intensément rétromorphisée et constituée surtout
de schistes quartziféres séricito-chloriteux, schistes quartzifére-chloriteux a 1'albite
et schistes amphiboliques, contient des minéralisations en lentilles massives et
de; disséminations de pyrite et de magnétite. La minéralisation massive conte-
nant surtout de la pyrite et de la magnétite et de la chalcopyrite, blende et
galéne subordonnées dans la gangue du quartz et barytine, présente d'impor-
tantes transformations structural-texturales de type ,prograde® (le faciés des
amphibolites a l'almandine) et ,rétrograde’. Le minerai massif concordant avec
les roches voisines se distingue par l'alternance des bandes de sulfures et de
magnetite. La magnétite est prédominante vers la périphérie et dans le toit
des lentilles. Le minerai massif est couvert d’habitude par un minerai de dis-
sémination constitué de pyrite et qui manque de magnétite. I.'’étude des données
minéralogiques et gcéochimiques démontre l'origine volcanogéne-sédimentaire des
minéralisations de cette région-la.

‘ The origin of the Altin Tepe deposit has been much discussed
and there are four hypotheses : 1) metallic injections (Pascu, 1904)
and hydrothermal solutions (Gurau, 1966); 2) mixed origin which
admits both sedimentary geneses for pyrite and magnetite and an epi-
genetic source for chalcopyrite, sphalerite and galena (Codarcea, Petru-
lian, 1948); 3) volcano-sedimentary origin (Muresan, 1569, 1972, Iano-
vici et al., 1971, Berbeleac et al., 18982); 4) sedimentary origin (Gheor-
ghiu, 1933).

In the Altin Tepe area the host rocks of the mineralization are
part of a folded sequence of Precambrian metamorphic schists which
form a regionally extended north-west trending belt. Northwards of
this beit there are unmetamorphosed Paleozoic- (Carapelit Formation —
Permo-Carboniferous) and Mesozoic (Triassic-Lower Cretaceous) rocks.
In this part there are also numerous rhyolite bodies, probably Triassic
in age (Céadere, 1924 ; Balan, 1966 ; Constantinescu et al., 1978).

A very detailed description of the ore mineralogy of the Altin
Tepe deposit is given by Codarcea, Petrulian (1948), Gurdu (1970) and
Muresan (1869, 1972). The present study offers new data on the strati-
graphic and structural relationships within the ore formation. The
study also uses chemical data in order to explain the conditions of
ore depositlion.

Geology of the Altin Tepz Area

The Altin Tepe deposit lies at the upper part of the Altin Tepe
high-grade metamorphosed and retromorphosed Series (Muresan, 1969)
marking the boundary with the low-grade metamorphosed “green-
schists" series.
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In the Altin Tepe area the sequence of the Altin Tepe Series
shows a thickness of more than 2500 m and may be subdivided in two
lithostratigraphic units (P1. I).

1. The lower unit which includes high-grade metasediments re-

prestend by gneisses, amphibolite and amphibolite gneisses, minor mica-
schist and biotite quartzite. The lower and upper parts of this unit
ccrsist of basic (tuff) rocks, some of them more than 150 m thick.
The total thickness of this unit is unknown ; it probably exceeds
2000 m. The rocks mentioned above are not continuous and the indi-
vidual thicknesses vary to some hundred meters.
N 2. The upper unit is strongly retromorphosed and appears as two
very narrow zones in the Altin Tepe and Sacir Bair areas. It is over-
thrusted by the “greenschists” series and represents a velcano-sedi-
mentary pile probably 150—200 m thick. The main rock types, from
bottom to top, are the following :

-— 8§0—100 m quartz-feldspar ochlorite schist, probably quartz-
feldspar metasediments interlayered with quartz-rich varieties (quartz-
muscovite-biotite 4~ garnet schist, quartz-chlorite-sericite schist) and
amphibolite schists. The last ones are regarded as basic tuff levels.
This basal sequence shows a relatively poorly developed layering and
probably represents a sequence of poorly sorted sediments. These rocks
show a roughly sorted material ; the crystal fragments are frequently
angular to splintery. They consist mostly of albite, quartz and/or less
altered biotite and muscovite ;

—— 70—100 m sericite-chlorite quartz schist and chlorite-albite
quartz schist with minor intercalations of quarzite, quartz-feldspathic
metasediments and amphibole schists. This sequence comprises the
compact sulphide-magnetite and most of the disseminated sulphide ores.
It is to note as a rule the presence of the chlorite 4= quartz -+ albite
schist (basic tuff) at the basis of the ore lenses. It means that the vol-
canic activity was present during the deposition of the ore formation.

‘As regards the “greenschists” series we point out the fact that
it is a low-grade metamorphic series and consists of metagray wacke
with cihlorite phylites and basic tuff intercalations (Mirautd, Elena
Mirautd, 1962 ; Berbeleac et al., 1982).

The rocks of the Precambrian series represent a normal mono-
cliral flank with north-western strike (N 35—65°W/40—65°SW) and
deep plunge (65—85°SW or SE) to the south-west (Muresan, 1972 ; Ber-
beleac et al., 1982). The B axis plunges to the south-east.

Inn the Altin Tepe area the following main disjunctive events
have been recognized : a) the overthrust plane of the greenschist series
on the Allin Tepe Series; b) the existence of at least two sets of
faults : one with a NW-SE strike which represents the system of the
Fecineaga-Camena regional fault, well developed in the Camena area,
and another with a NE-SE strike, possibly more recent. Round the
overthrust plane a “large shearing zone” is developed (Pl. I, Fig- 1).
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The Mineralization Form

Two types of mineralization occur in the Altin Tepe Mine and
are to be distinguished by the differences in composition and mode
of occurrence : a) massive ore obviously related to the chlorite-
quartz albite schists from the upper unit of the Altin Tepe Series ;
the ore consists of sulphides and Fe oxides; b) disseminated pyrite
cre in sericite-quartz schists and chlorite quartz 4- albite usually
situaled in the hanging wall and the footwall of the massive ore.

These two types of mineralization form small lenses which plunge
by 30—45°SE and dip to SW (60—85°).

The massive ore in the Altin Tepe Mine forms four lenses: two
of them (no. 1 and no. 3) crop out in the Altin Tepe hill, lens no. 2
appears at the level —125 m and lens no. 4 is developed only between
the levels -—125 and —400 m. A recent borehole — F 63656 A — has
reached lens no. 3 at a depth of 530 m (m 1172—1183), below the last
miring level (—750 m). It means that the massive ore lenses from
the Altin Tepe Mine are known at depth on an interval of at least
1100 m. On the plane of plunge (30—40°SE) the mineralization was
controlled on more than 3000 m.

The dimensions of the massive ore lenses are small and the
strike length ranges between 30—80 m ; the thickness ranges betwesn
3—18 m (Muresan, 1969 ; Berbeleac et al., 1982).

It is- to underline that except some local tectonic displacethents
the cre-bearing rocks can be regarded as normal members of the strati-
graphic sequence of the upper unit of the Altin Tepe Series.

The  disseminated ore appears around the massive ore or as an
isclated body at different levels of the upper unit of the Altin Tepe
Series. In the latter case, at the level of —750 m, in the footwall of
lens no. 1, there are other six discontinuous levels of disseminated
pyrite ore related both to sericite-quartz schist, chlorite-quartz -+ albite
schist and to amphibolite schist (Pl I, Fig. 3). Out of these levels
the third one probably represents the south-eastern prolongation of
lens no. 2, as it consists of alternating massive pyrite lenses of 2—3 c¢m
and small amounts of sphalerite and galena, situated at the limit
between the two sequences of the upper unit. As regards the rela-
tionship between massive and disseminated ores, we point out the
following :

— the disseminated ore mainly consists of pyrite and lacks in
magnetite ;

~~ within the same lens, either at the same level or at different
levels, the limit between the two types of ore is marked by the pro-
gressive decrease of the mineralization degree; there are several in-
stances when barren schists do suddenly appear ;

— the massive ore usually lies in the central part of the ore
bedy ; there are many differences in size, morphology and mineral
compositon (Pl. I, Fig. 3);
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) —- the lenses with massive and disseminated ores are situated
in a pile 50—70 m thick and are set out “en échelon”. Each lens is-
formed of 1—2 dissemination bodies (1A, 1B, 2A, 2B, 3A, 3B), which
seem to increase to the surface ;

— the most representative disseminated ores are related to quartz--
rich sericite schist, as for instance bodies 2A and 2B.

Ore Textures

The most striking primary textural feature of the ore is usually
the fine compositional banding 0.1 to 10—15 c¢m thick. However many
compositional bandings between 15 and 150 cm are known (lens no. 3,
level 800). This layering is structurally concordant with the ore-host
rock contacts and with the bedding. It is marked by numerous alter-
nating rhvthms or microrhythms with the same or different structure
and mineralogical compositon (Pl II, Fig. 1 b, ¢, Pl III, Fig. 1 b, ¢).

The lavered sulphide and Fe oxides bands of different composi-
tion are interlayered with schists bands.

In the almandine-amphibolite facies the competent minerals such
as quartz or quartz-magnetite from banded ore are stretched, become
discontinuous and form boudins (Pl. III, Fig. 2 a). These minerals, as-
well as schistous rock fragments or muscovite and chlorite are de-
tached, contorted and sometimes rounded up by tectonic roliing (P1. III,
Figs. i-—4). Elongated, rotated or rounded pyrite and magnetite appear
concomitantly (Fig. 1 b, PL III, Figs. 1, 4). It is notable that typical
parallel texture distinctly bends around the “hard bodies” of pyrite
and magnetite (Pl. III, Fig- 2 a) with sheared zinc and copper ore and
strongly oriented flakes of chlorite and/or sericite do appear. The me-
{amorphism is complex in nature and includes the brecciation of brittle
minerals, the “filter pressing” of “plastic” minerals into fissures and
irregularly-shaped aggregates.

The effects of retrograde and dynamic metamorphism are mate-
rialized in obvious deformations with brecciated fragments of brittle
minerals (pyrite, magnetite, quartz) noted along the slip planes due
to the stringing out of hard porphyroclasts in parallel arrangement
within softer minerals (e.g. chalcopyrite) (Pl III, Figs. 1, 4 b, ¢). A
pronounced breccia texture was also remarked along younger faults or
chearing zones which affect the ore bodies (lenses no. 1, 3). The de-
fermational textures subsequent to the principal event of metamorphism
such as cataclastic brecciation of pyrite and magnetite are the most
representative for the ore lenses. These textures indicate a complex
history of deformation and aureoling involving secondary and differen-
tial recrystallization of pyrite, chalcopyrite, sphalerite and magnetite
(Stanton, 1972). As a result, most of the ors lenses from the Altin
Tepe Mine show a cataclastic feature. The bedding texture with rhythms
of mineral mixtures represents an essential feature of the massive ore
of Altin Tepe type (Pl 1II, Figs. 1, 4).
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According to Maiden (1972, fide Wolf, 1976), Boqts (1972, f}“l]di
Wolf, 1976) and Lawrence’s (1973) studies of textures, it results. tha
the massive ore lenses from Altin Tepe forrped in marine sedu;l'l'en—
tarv environments have undergone both a high-grade metamorp 1nsm.
and a retrograde metamorphism and represent now two types of ore:
“prograde ore” and “retrograde ore’.

Ore Mineralogy

Pyrite, magnetite and chalcopyrite are the main minerals of each
+of the ore lenses with minor amounts of sphalerite, hematite-magne-
“tite, galena and pyrrhotite. The major gangue constituents show sig-
nificant variations within lenses; quartz, chlorite, sericite, feldspar-
-epidote, baryte in predominant sulphide ore and quartz, baryte -+ chlo-
rite, feldspars in massive Fe oxides ore. Other gangue minerals —
~calcite and garnet — are present in small amounts.

A distinctive feature of the mineralogical composition of massive
-ores is generally the presence of a “magnetite envelope” on the margin
of the ore body. These “envelopes” have a discontinuous character
caused both by the primary conditions of magnetite deposition and by
the degree of faulting. We point out that most of the magnetite sub-
-stantially appears in the hanging wall of ore lenses.

Pyrite is a dominant component of massive and disseminated
lenses. It forms sole and mixed .aggregates within rhythms of alter-
nating bands. Pyrite masses were subject to intensive deformation
and tend to persist in “retrograde” ore under cataclastic aspect.
However, pyrite especially formed in the quartz-sericite schist dis-
plays typical panidiomorphic granoblastic textures (Pl. II, Fig. 1 c,
Pl 1V, Fig. 1).

The following pyrite textures have been recognized in the ore:

1. Minute spherical bodies (5—20 u) usually as swarm inclu-
siens in magnetite grains (Fig. 1a), more rarely in pyrite porphyro-
blasts. According to Ramdohr (1969) the spherical pyrite may be re-
sulted from precipitation of pyrite under bacterial action ;

2. Euhedral, subhedral and clastic grains with fine-grained size
(0.02—-0.12 mm) are typical for fine massive “retrograde” ore and shear-
ing zone ore rich in base metal sulphide or for the matrix of por-
phyroblastic and clastic porphyroblastic grains of massive ores (P1. II,
Fig. 1, PL. 111, Figs. 1, 4, PL. IV, Fig. 2);

3. Anhedral, subhedral and euhedral grains with medium-grained
size are common for textures of massive and dissemination ores ;

4. Porphyroblastic and clastic porphyroblastic grains with coarse-
grained size (1—7 mm) have been frequently remarked in “prograde”
ore and “retrograde” ore (Pl II, Fig. 1 a, PL. III, Fig. 1, 4 b).

The pyrite masses contain, in “retrograde” ore, varying amounts
of coarse to fine-grained magnetite, quartz and other gangue minerals
and also fine-grained chalcopyrite and sphalerite aggregates. The base
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metal sulphides replaced the pyrite grains (Fig. 1 ¢, d, PL 1V, Fig. 2, 4’).
Cubic or elongated pyrite grains are frequent within quartz-seri-
cite sciiists.

Magnetite-hematite was recorded in the massive ore as coarse-
grained in fine rhythms (1—30 mm) and coarse rhythms (50—200 cm)
with or without sulphides. In eompact and mixed ore masses it ap-
pears as large porphyroblasts with elliptical forms usually parallel to
the foliation of schists. In mixed ore the magnetite porphyroblasts are

frequently rounded or broken in many anhedral-angular grains asso-
ciated with quartz and baryte aggregates. The rests of small bands
with angular shape and different size, of quartz-baryte-magnetite com-
position and black colour, are very typical of this type of ore. In
this case the magnetite grains are sometimes replaced by hematite
(Fig. 1c) and cemented by base metal sulphide (Fig. 1c¢, d). Hematite
locally occurs as thin plates along‘the margin of the magnetite grains
or along its internal fissures (Fig. 1 c). :

Fig. 1. — Microscopical
details of the ore lens
no, 1, level —750 m ;
a, minute, spherical
pyrite bodies included
in magnetite ; b, pyrite
porphyroblast replaced
and cemented by chal-
copyrite . ¢, d, magne-
tite replaced by hema-
tite and {fine grained
chalcopyrite and spha-
lerite. 1, 1magnetite ;
2, hematite ; 3, pyrite;
4, sphalerite; 3, chal-
copyrite ; 6, gangue mi-
nerals.

We note the fact that the pyrite-chalcopyrite-magnetite-sphale-
rite-galena assemblage is characteristic of the central part of the mas-
sive lenses, while the magnetite-(hematite)-baryte one occurs usually
at the top and along the strike of individual lenses. ‘
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Etched with concentrated HCl, some magnetite grains show “etch
cleavage”, twins and disoriented microstructure given by individual
bluded, wedge-shaped, lath-like rhombohedral crystals of tha pre-exist-
ing hematite. This means that at least a part of the magnetite from
Altin Tepe, like the ores from Rhodes Ridge and Pilbara District,
Australia (Tsu-Ming Han, 1978), has been formed from hematite.

The inclusions noted in some magnetite grains consist of gangue
minerals {(quartz, muscovite, garnets, feldspar, epidote) and metallic
?inerals (pyrite and chalcopyrite) with irregular arrangement (Pl. IV,
ig. 3).

As concerns the origin of magnetite, Eugster and Chou (1973)
showed that it developed by the reduction of ferric-oxides-hydroxide
with organic matter during diagenesis and metamorphism.

Chalcopyrite is the second most abundant sulphide and occurs
mainly (5—10%) in fine-grained ore breccia texture. It is mainly pre-
sent as infillings of the cracks between and in pyrite (Fig. 1b, Pl IV,
Fig. 4) or magnetite grains (Fig. 1a) and locally as larger separatz
masses or as patches of extremely fine-grained pyrite/chalcopyrite/
magnetite mixtures (Pl III, Fig. 1 b, ¢, Fig. 4a, b). In massive mag-
netite ore chalcopyrite is rare and in sulphide ore it decreases with
the increasing degree of crystallization. A local enrichment has been
remarked in angular grey quartz fragments from mixed ores (Pl. III,
Fig. 1c¢) and in axial cleavage quartz fissures of microfolds from
quartz-sericite schists (Pl. III, Fig. 2 b).

Sphalerite appears in very small amounts. Just like chalcopyrite
it fills the cracks in pyrite and sometimes forms the cement of an-
hedral pyrite grains (PL IV, Fig. 2) or is replaced by chalcopyrite
(Fig. 1 ¢).

Galena is relatively uncommon both in massive and disseminated
ores. It appears as fine anhedral grains associated with chalcopyrite
and sphalerite in fin=-grained ores.

In the upper parts of the mine (above —210 level) and at the
surface, as a result of weathering processes chalcopyrite and pyrite

pass to limonite, chalcanthite, jarosite, gypsum, malachite, azurite, cu-
prite, chalcocite and covellite.

Rutile is common for sulphide bands but in very minor amounts.
It appears as isolated fine grains.

Quartz, sericite, muscovite, chlorite and baryte are the most
common gangue minerals. These minerals and sometimes epidote, car-
-~ bonates, feldspar (Pl II, Fig. 2) anid garnet represent the basic com-
peonents of host rocks. All these minerals occur as relicts in fine or
coarse-grained ores. Most of these relict minerals are frequently broken

(quartz, Pl. II, Fig. 4) and cemented by new generations which some-
tiimes appear as cross-cutting veinlets. These veinlets are frequent in
magnetite-quartz-baryte bands and sometimes those filled by baryte-
carbonates 4= quartz pass from this type of ore to the marginal joint
ore bands composed of suiphide and Fe-oxides (Pl III, Fig. 1).
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The well-banded iron ore consists of a mineral assemblage of
ruagnetite-baryte-quartz-carbonate. The bands mainly consist of mag-
netite which occurs as clastic porphyroblasts or closely packed laminas
coexisting with quartz baryte-quartz-carbonate (4 chlorite) or as mas-
sive layers practically avoided of gangue. The gangue bands, except
those composed only of baryte and carbonates, are usually dark to
rearly black. The baryte consists of coarse-grained aggregates. The
haryte amount decreases from massive to disseminated ore (0—25%)
and from chlorite-quartz schists (0—5%) to quartz-sericite schists
(0-—3%p). We note that quartz-sericite schists contain numerous pres-
sure shadows of quartz (Pl. 1V, Fig. 1).

Alteration Zone§

A local and very rich quartz-sericite zone has been remarked
especiaily in the footwall quartz-sericite and chlorite-quartz schist.
These zones are related to disseminated sulphide (pyrite) and to pro-
nounced discontinuous features. It is possible to represent a zone of
“silica” alteration. Like the Rosebery massive sulphide deposit (Green
et al., 1981), the alteration preceded the Precambrian cleavage with
fracturing of pyrite euhedra, the pressure shadows of quartz and seri-
cite flakes representing probably sericitized feldspar phenocrysts. At
present these flakes are elongated by at least three directions of defor-
mation (Dj-Ds3). It is important to note that there is a general pas-
sage towards the rich quartz-sericite-pyrite schist, to sericite (-mus-
covite -F feldspar)-quartz schist or chlorite (4 feldspar)-quartz schist.
The varying proportions of quartz, chlorite, sericite, baryte, sulphide
and less amounts of carbonate and frequent spatial change of pyrite
dissemination lenses, as compared to massive ore lenses at different
levels seem to be the main arguments for hydrothermal alteration zones.

Geochemistry

The geochemical investigations of the Altin Tepe deposit are
based on complete chemical and spectral analyses (altered rocks and
ores), spectral analyses on ores, analyses on pyrite and analyses on
magnetite (Berbeleac et al, 1982). A number of 5800 chemical ana-
lyses were utilized in a geostatistic-mathematical study (programme in

FORTRAN IV — computer FELIX C-256).
The chemical analyses of altered rocks (Berbeleac et al, 1982)

reflect the chemical changes due to alterations and do not refiect
only the variations in original rocks. From these data the following
general conclusions have resulted :

1. Al, Fe3*, Ti and P appear to have been neither enriched ;

2. Si, Mn, Mg, X and H,O are enriched ;

3. Na and Ca are strongly depleted ;

4. Ba is enriched ;
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5. Fe(S) is enriched ;

6. variation of Zn and Pb is worth mentioning.

These changes are similar to those remarked by Jijima (1974,
fide Green et al., 1981) for the Kuroko deposits and Green et al. (1981)
for Rosebery deposits (Tasmania).

The 5800 analyses have been grouped in statistical collectivitjes
adequate for lenses and types of ore. They have been used to define
the geochemical features of the mineralization by characterizing the
variability, in order to find out the correlation relationships and the
quantitative ratio of the chemical elements analysed (S, Cu, Pb, Zn
and Fe) from the massive dissemination ores.

The bi- and tri-modal aspect of frequency hystozrams (Figs. 2, 3)
sbhows the unhomogeneous character of data. This faoct previously
established by the parable method (lanovici et al., 1971) points to the
presence of some homogeneous subcollectivities of the sample with
different statistical parameters.

L1 L2 L3 L&
) 0 n=745 n=839 . n=307 n_=53
f, %:24,98 %=2324 ) %=19.30 %=2110 )
S. & M . - : M ' (i—‘__r—‘_LLH AN
0 ! .
020 . 5t.5%%  0.30 50,2*/. 0.20- L0.6°%%  0.40 L7.7%/,
B <
80[
60}
fe, n=743 n=358 na280
. %=1.66 %=2.65 %=184
Cu L05 .
i Eﬂ
ot .
0 6.1%/% N 0 7.7% - 0.1 52 .
: 4 S
i -
boosor n=137 . n=129 SEL n=ll2
f %= 3167 %=2861 . - %=2401
Fe 20[
0 18 52.7 35 - 60,8 5.0 45.4%,
Fig. 2. — Histograms of S, Cu and Fe for massive ore; L,-L;, lenses ; n, number

of samples ; X, mean.

The variability of element contents from the Altin Tepe mine-
ralization has been established by means of some statistical indicators
such as : means, dispersion and variation coefficient calculated in con-
cordance with the statistical distribution law through the moment me-
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thod. The quantitative checking of statistical distribution laws has
shown that the element content analysed generally presents the fol-
lowing statistical distribution : normal distribution for S content of”
massive and disseminated ore and for Fe content of massive ore; log--

- . 4L
(A
o) M=#9 =150 nj=309 %=1364
S ng=433  %=1395 ngs=163  %:16.36 ni=107 %i=13.72
20t
0" : =
0 51°/, 0 W3
80
nj =756  Xj=0.40 ni=296 #,=0.66 n;j=3%  x;=0.73
50 ng=417  %=0.70 ng=138 %,=0.28 ng= 88  %g=040 n =104 =044
f*a
Cu 4ol . .
20t W C A .
ok
0 8% 0 8% . 0 [A75 0 2%
o
tef "i=190 %=1680 n=86  %=18,85 O Footwall disseminated ore
ng=112 f,z1819 3 1 .
L0r @ Hangingwall disseminated ore
Fe
20t ’
ot
o 53°/,
Fig. 3. — Frequency histograms of S, Cu and Fe. n, and x,, number of samples-

and mean for the footwall disseminated ore: n, and ;8. number of samples.
and mean for the hangingwall disseminated ore. L;-L;, lenses.

normal distribution for Fe content from disseminated ore and for Cu,
Pb, Zn contents from both types of ore. The statistical distribution
law of S and Fe contents suggests a vertical unhomogeneity of the
mineralization inferred by deviation from the statistical repartition

model accepted by a single type of ore.

The low value of the correlation coefficient between S and Fe-
total (r==10.30) in the massive ore from lens no. 1 is accounted for
by the sample from magnetite zones. The same explanation is valid
for the absence of correlation between Fe and Cu in the presence
of a satisfactory correlation between S and Cu (r = 0.56). The pyritig
dissemination ore from the footwall of lens no. 1 is pointed out by
a good correlation between S and Fe (r=0.70). Tt is i-rrteresting to.
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note that Pb and Zn from lens no. 1 are concentrated in the same
zones, irrespective of the ore type.

In the massive ore from lens no. 2 the relationship between
the chemical elements are the following : positive correlation between
Cu and Fe contents, satisfactory correlation between S, Cu, Zn and
Fe contents and/or low and negative correlation between Pb, Zn and
Cu contents. The analysis of the correlation type suggests a different
bchaviour of the chemical elements analysed from the hanging wall
of lens no. 2 as compared to those from the footwall. Like in the
disseminated ore from the hanging wall of lens no. 2, pyritous ore
prevails and in it the antagonism between Fe and Zn accounts for
the Zn concentration in the host rock (r.pe.z=0.40): The dissemina-
tion from the footwall of this lens is characterized by increased values
of the correlation coefficients among all chemical elements, with a
tendency, as compared to Zn, of a higher concentration of Pb within
the pyrite and chalcopyrite zone.

The correlations for the massive ore from lens no. 3 are positive
between S, Cu and Fe (r> 0.70). As regards the footwall pyritous
(-~ sphalerite) disseminated ore of this lens, chalcopyrite presents a
reserve behaviour as compared to pyrite.

As regards lens no. 4, we note that S and Cu which have been
analysed show a satisfactory correlation.

The different behaviour of the chemical elements at different
stratigraphic levels of massive and disseminated ores suggests that the
-ore spread out by hydrothermal solutions during successive times is
the source of the Altin Tepe mineralization. The metallic content of

the solutions decreases from lenses no. 1 and 2 towards lens no. 3
(Muresan, 1972).

The quantitative relationship between the: me’talhc elements (Fig. 4)
from the Altin Tepe deposit points to the following :

-— the massiye ore from lenses no. 1, 2 and 3 shows copper-
‘pyrite features and low grade Zn, with the maximum of frequency
similar to the intensily and content ;

— the disseminated ore from the hanging wall of the lenses con-
sists of copper-pyrite, more obvious in the case of lens no. 1, and
.zinciferous tendencies in lenses no. 2 and 3 ;

— the disseminated ore from the footwall of the lenses contains
_greater amounts of cupriferous-pyrite and zinc than the disseminated
ore from the hanging wall.

A number of 13 trace elements have been identified in the mas-
sive and disseminated ore bodies from Altin Tepe (Berbeleac et al.,
1942). Out of these only Ag (37 ppm in pyrite and 45 ppm in chalco-
‘pyrite and Sn (56 ppm in pyrite and 73 ppm in chalcopyrite) can be
considered as by-products.

The study of trace elements in the Altin Tepe ore deposits allows
us to remark the following :

1. The Co (13—950 ppm), Ni (< 3—105 ppm), V (24—170 ppm)
.and Ti (550—3400 ppm) values in disseminated ore increase as com-
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pared to massive ore (Co — 3—115 ppm, Ni — 3—I12 ppm, V —
14—45 ppm, Ti — 50—1900 ppm) while the Mn contents (37—700 ppm)
are smaller than those from massive ore (700—6000 ppm). The same
behaviour of Ni, Co and V in bhoth ore types suggests a common origin

Li:n=56 max=18%, n=13 n =101 max =23,

L2 n=33 max=21°, n=13 n= 6§ max =39%.

L32n=33 max=13°%/. n=21 max =19 */,
Cu

i { A
SR
ST 4 Y

PbeZn Fey Pb+Zn Foy PbeZn

Ly :n=55 max=58%. n=13 n=78 max=95%% ... ALy
L2:n=33 maxz64% n=13 n=64 max=92%% .. .. s by
L3:n=33 max=73% n=21 ——-® L3
Fig. 4. — Ternary diagrams for massive and disseminated

ore. A, compact ore; B, hangingwall disseminated ore;
C, {footwall disseminated ore. L;-L. lenses.

of the mineralization (Fig. 5a). It is also to note the prevalence of Co
and Ti, comparatively with Ni in massive ores (Fig. 5b).

2. The diagram of couples Ga-Zr (Fig. 5c¢) and V-Ti (Fig. 5d)
for disseminated ore and Mn-Ti (Fig. 5e) and V-Ti (Fig. 51) for mas-
sive ore points to positive correlations.

3. The spectrographic analysis of pyrite from both types of mi-
neralization shows great differences : < 3—500 ppm Co, < 10—115 ppm
Ni, 7.5—100 ppm Mn and < 30—270 ppm Ti in massive ore and 49—
550 ppm Co, < 10—63 ppm Ni, <5—180 ppm Mn and 110—1000 ppm
Ti in disseminated ore (Berbeleac et al, 1982). These data are gene-
rally similar to data offered by the studies of Loftus-Hills and Solo-

2 — c. 215
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men (1967) and Green et al. (1981). According to these authors, in vol-
canic-hosted deposits pvrite associated with copper mineralization tended

to show relatively high trace Co values.
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Fig. 5. — Trace element diagrams for disseminated and massive ore from. the

Altin Tepe deposit. L,-Ls, lenses.

Constitution of the Altin Tepe Ore Deposit

The sheet-like form of the ore lenses and the concordant mi-
neral banding suggest that the Altin Tepe ore deposited on the sea
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floor. This allows us to recognize two main moments of ore depo-
sition. Between these moments separated by short time intervals, other
very short events took place and materialized in thin layers of dis-
semminated sulphide ore. These two moments correspond to the depo-
sition on the sea floor of disseminated and massive ore of lens no. 2
and the ore of lenses no. 1 and 3 (Fig. 6).

N , SEA LEVEL S

Fig. 6. — Skelch illustrating the possible ways of ore deposition in

the Altin Tepe deposit. a, b, events of ore deposition. 1, lower unit

of Altin Tepe Series; 2, upper unit of Altin Tepe Series; 3, marine
ore solution; 4, massive ore; 5, disseminated ore; 6, fault.

- The genstic model shows that the sea floor had been affected
by an important fault and at the same time other minor and lateral
faults appeared. These two mements of faulting are responsible for
the circulation of the hydrothermal solution and for the conical plumes
with particulate matter (Fig. 6). From conical plumes rained down the
sulphide and Fe-oxides in order to form the massive and disseminated
ores. According to Green et al. (1981), the hydrothermal solutions often
raise by a few meters above the sea floor and decrease that heat as
a result of diffusion. This moment dovetails the {first precipitation
and deposition of the sulphide and Fe-oxides on the lowest part of
the basin. The depcsition has been probably influenced by currents
which cross rapidly the silica gel and the ore from the most so that
there was a maximum deposition on the deepest part of the basin
(Fig. 6). The primary fine and/or coarse-scale layering of ore is ex-
plained by pulses of the fluid carrying ore particles. At the same time
with these pulses the oxygen fugacity and pH and Eh of the environ-
ment change being successively marked by the alternative rhythms of
sulphide and magnetite. All of them may be released under shallow

water conditions.
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Conclusions

The main conclusion that can be drawn from this study is that
the massive and disseminated sulphide-Fe-oxides from Altin Tepe are
of stratiform nature and present concordant small- and medium-
scale layering. The deposition process developed on the sea floor under
the conditions of continuous changes of pH, Eh, oxygen fugacity, sali-
nity, temperature, currents and other factors. The primary ore under-
went important changes due to regional high-grade metamorphic pro-
cesses (amphibolitic facies) and to retrograde and dynamic metamor-
phism. The Altin Tepe ore deposit preserves thus some relicts of
“prograde” ore and is in general “retrograde”; it lies in a retromor-
phic schist zone.

The coexistence in the same lenses of sulphide and Fe-oxide (mag-
netite) in fine-, medium- and coarse-scale bands denotes the com-
plexity of ore deposition.

The lack of data on temperature and saiinity of solutions and sea
waler, depth of water and sulphur isotopic values makes difficult, at
present, the drawing up of a genetical model similar with others from
literature. However, our model of the Altin Tepe deposit shows a
high similarity with the Rosebery massive sulphide deposit (Green et
al., 1981), only as regards the deposition of ore and not the mineral
wssemblages. Taking into account the mineral assemblage of this de-
vosit, it seems to be of uncommon type. Consequently, it has been
cailed the Altin Tepe type. As regards the five massive sulphide
ivpes of deposits (Joma, Lokken, Gjervik, Cyprus and Kuroko —
according to Pearce and Gale, 1976), the Altin Tepe deposit presents
some common features with the Cyprus and Joma types. This is due
to the fact that a metamorphosed sedimentary sequence interbeds with
the volcanic rocks.
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MINERALOGIA, TEXTURILE SI GEOCHIMIA ZACAMINTULUIL
DE SULFURI SI OXIZI DE FIER DE LA ALTIN TEPE —
DOBROGEA CENTRALA

(Rezumat)

Seria mezometamorficd Altin Tepe, de virstd precambriand, cu-
prinde in unitatea superioard, de origine vulcano-sedimentard, minera-
lizatii masive lentiliforme si de diseminare, sulfuri de oxizi de fier.

Mineralizatiile mentionate ocupd partea superioard (70—100 m)
din unitatea amintitd, alcatuitd preponderent din sisturi cuartitice clo-
rito-aibitice si sisturi cuartitice sericitoase-cloritoase, subordonat
amfibolite.

Formatiunile seriei de Altin Tepe, metamorfozate in faciesul amfi-
boiitilor cu almandin, au suferit procese de retromorfism, a céror in-
tensitate maxima se asociazd spatial cu planul de incilecare al seriei
sisturilor verzi. In . aceastd zon&, sisturile unitdtii superioare, inclusiv
mineralizatiile cuprinse, sint puternic deformate (milonite, blastomilo-
nite ete.).

Mineralizatiile zédcamintului Altin Tepe alcatuiesc patru lentile de
minereu masiv In partea superioara si trei in adincime, marginal inso-
tite de zone de disemindri preponderent piritoase. Mineralizatia pe in-
clinare este cunoscutd pe cca 3000 m, si cuprinde in cadrul minereu-
lui masiv piritd, magnetit, calcopiritd, baritind, subordonat sfalerit, ga-
lend, hematit etc. Lentilele de minereu au o dispunere ,en échelon%
si sint situate intr-o secventa de sisturi cu grosime de 50—70 m. Len-
tilele au lungimi de zeci de metri, rar peste 100 m, si grosimi obisnuite
de ordinul metrilor.

In lentile, minercul prezintd o texturd rubanatd, marcatd in spe-
cial de alternanta microritmurilor de oxizi de fier cu cele alcituite din
sulfuri sau din minerale de gangd. Minereul prezintd modificari de
tip prograd si retrograd ; ultimele au condus la aparitia porfiroblastelor
in matricea de minereu partial sau total recristalizatd. Unele minerale
ca magnetitul, sfalerita ¢i calcopirita aratd macle de deformare si re-
cristalizdri evidente la atacul cu reactivi. De notat conservarea in mi-
nereu a granatilor si feldspatilor proaspeti, care reprezintd relictele
metamorfismului prograd. ,

Modul de comportare al unor elemente ca Si, Mn, Mg, K, Na, Ca,
Ba, Co, Ni, Pb si Zn sugereaza faptul cd mineralizatia este de origine
vulcanogen-sedimentard, ea fiind rezultatul a doud momente, la inter-
vale scurte, de deversare a solutiilor hidrotermale pe fundul marii. Sub
aspect genetic mineralizatiile de la Altin Tepe prezinta similitudini cu
cele de tip Cipru si Joma.
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EXPLANATION OF PLATES

Plate II

Fig. 1. — “Retrograde” ore: a, part of band with mixed ore; “prograde” ore:
b, part of multi-layered sulphide and Fe-oxides; ¢, quartz-porphyro-
blastic pyrite bands in quartz-sericite schist. Lens no. 1, level —750 m.

Fig. 2. — Feldspar and epidote grain inclusions in massive ore. N -4 <X60. Lens
no. 1, level —750 m.

Fig. 3. — Two types of deformations and elongated pyrite grains in quartz-
sericite schist. N -+ X 60, body no. 2B, level —210 m.

¥1g. 4. — Anhedral and broken quartz grain in chlorite-quartz-feldspar schist.
N I} x60, level —750 m.

Plate III

¥ig. 1. — “Retrograde” ore: a, fine mixed ore ; b, porphyroclastic ore in rhythms
of pyrite, base metal sulphides and magnetite and magnetite (black)-
baryte (fissure); c, quartz fragment in mixed ore. Lens no. 2, level
—600 m.

Fig. 2. — a, “hard” bodies of magnetite-quartz-baryte in a mixed ore; l::, axial
cleavage and quartz-chalcopyrite fissures in microfolded quartz-sericite
schist. Lens no. 1, level —G50 m.

¥ig. 3. — Muscovite inclusion in ore. N || xX60, lens no. 1, level —750 m.

Fig. 4. — Bffects of dynamic metamorphism: a, *‘ore breccia” — fine-grained

base metal with angular, subangular and rounded magnetite-quartz frag-
ments; b, “ore breccia” with parallel arrangement of ore minerals;
¢, porphyroblastic pyrite ore. Lens no. 1, level —750 m.

Plate IV

Fig. 1. — Euhedral pyrite and pressure shadows of quartz. N - xX60. Body 2B,
level —600 m.

Fig. 2. — Anhedral pyrite grains cemented by sphalerite. N |[{ x60. Lens no. 3,
level —700 m.
Fig. 3. — Angular pyrite grains and minute, spherical pyrite bodies within mag-

netite grain. N || X 60, lens no. 2, level —750 m.
Fig. 1. — Infillings of chalcopyrite in anhedral pyrite grain. N || xX60. Lens no. 3,
level —500 m.
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2. ZACAMINTE

MINERALIZATIA DE SULFURI DIN ZONA BOITA-LIVEZI
(MUNTII POIANA RUSCA) !

DE

VIOREL MACALET? si RODICA MACALET?

Massive ore. Sulphides. Pyrite. Pyrrhotite. Sphalerite. Galena. Chalcopyrite..
Geochemistry. Major elements. Minor elements. Syngenetic stratiform ore
deposits. Regional metamorphism. Micaceous schists. Carbonate rocks; South
Carpathians — Getic and crystalline Supragetic domains — Poiana Ruscd
Mountains. i

Abstract

In lucrare sint descrise aspectele petrografice, mineralogice, geochimice si
metalogenetice ale mineralizatiei polimetalice care apare in formatiunile cristalo-:
filiene din extiremitatea sud-esticd a Muntilor Poiana Rusca, la est de valea Boita
pind in apropierea contactului cu depozitele sedimentare ale bazinului Hateg. Mine-
ralizaita este cantonatd Intr-un nivel de roci carbonatice, predominant dolomi-
tice, fiind constituitd din piritd, pirotind, blendd, galena si calcopiritd si se inca-
dreaz4 in grupa mineralizatiilor stratiforme singenetic-diagenetice metamorin-
zate regional.

Résumé

I.a minéralisation de sulfures de la zone Boifa-Livezi (Monts Poiana Ruscd).
L'étude décrit les aspects pétrographiques, minéralogiques, géochimiques et me-
tallogénétiques de la minéralisation polymétallique qui apparait dans les forma-
tions cristallophylliennes de lextrémité sud-orientale des Monts Poiana Rusca,

! Depusd la 5 mai 1983.
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_a lest de la vallée de la Boita jusque prés du contact avec les dépdts sédi-
mentaires du bassin de Hateg. La minéralisation est cantonnée dans un niveau
de roches carbonatiques, surtout dolomitiques, étant formée de pyrite, pyrrhotite,
_blende, galéne et chalcopyrite ; elle est encadrée dans le groupe des minéralisa-
tions stratiformes singénétiques-diagénétiques metamorphisées régionalement.

Mineralizatia de sulfuri din partea sud-esticd a cristalinului mun-
tilor Poiana Rusci a preocupat pe majoritatea cercetdtorilor acestei
zone. Astfel, prin studiile efectuate de Krautner (1965), Maier, Solomon,
Zimmermann, Zimmermann (1975), Zimmermann, Herdlicka (1974) si
.altii au fost conturate principalele trasidturi ale acumuldrii de piritd
care face obiectul exploatarii de la Boita. Mineralizatia de pirit4, cu
texturd masivd sau rubanatd, formeazi un strat concordant in cuprinsul
unui nivel carbonatic predominant dolomitic; pe lingd piritd, in canti-
tati reduse se intilnesc blenda, galena si calcopirita. In privinta genezei
premetamorfice a mineralizatiei, cea mai argumentati a fost ipoteza
vulecanogen-sedimentara.

Incepind din anul 1972, in zonele adiacente zacidmintului de la
Boita, pind in valea Mascasului, la vest si Silvasu de Sus, la est, au
fost executate prospectiuni geochimice si geobotanice de o serie de
echipe conduse de Suciu (1972), Vancea (1973—1977), Leontescu (1980)
-s1 Schiopu (1981), punindu-se in evidentd mai multe aureole de dis-
persie secundard cu caracter complex (Cu, Zn, Pb, Ag), situate, in
general, in vecindtatea nivelului de dolomite cristaline; cu exceptia
-zonei de la est de dealul Prislop, continuturile anomale au valori des-
tul de scdzute. In vederea punerii in evidenti si deschiderii unor noi
rezerve de minereu, dupd anul 1969, I.P.E.G. Hunedoara a reluat cer-
.cetarea zonel cu lucrdri miniere in sectoarele : vestic (Parani), central
(Boita) si estic (Livezi sau Meltes-Plesu). Documentatiile lucrarilor de
.exploatare, intocmite de Duma si Ghinescu, aduc numeroase date de
-observatie ce stau la baza unor valoroase interpretari si concluzii.

Lucrarea de fatd isi propune sd prezinte rezultatele cercetdrilor
.efectuate de noi in anii 1981—1982 in zona exploatarii miniere de la
Boita si in continuare citre est, acoperind astfel sectoarele Boita
-si Livezi.

I. Incadrarea geologici a zonei mineralizate

Fundamentul cristalin al extremititii sud-estice a Muntilor Poiana

Ruscd este constituit in principal din formatiunile complexelor supe-
‘rioare, cu grad mai scizut de metamorfism, ale zonei mezometamorfice
(Maier et al.,, 1975; Zimmermann, Herdlicka, 1974) (fig. 1) si anume :
complexul sisturilor micacee cu intercalatii de roci amfibolice ; complexul
.sisturilor cuartitice sericitoase. Ambele complexe au fost repartizate
. ciclului baicalian (infracambrian-cambrian inferior), metamorfozarea lor
~avind loc in conditiile faciesului sisturilor verzi, subfaciesurile cuart-



3 MINERALIZATIA DE SULFURI, BOITA-LIVEZI 27

- albit-muscovit-almandin si, respectiv, cuart-albit-muscovit-clorit. Din
punct de vedere tectonic, zona Boita-Livezi se situeazi pe flancul sudic
ol antiformei Voislova-Silvas, planul axial al cutei fiind deversat spre
nord (Maier et al, 1975), astfel incit aspectul structural actual este
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Fig, 1. — Schita geologicd a zonei Valea Mdiscasului-Boita-Silvas (dupa

Maijer et al, 1975). 1, complexul sisturilor cuartitice sericitoase ;
2, complexul sisturilor micacee cu intercalatii de roci amfibolice ;
(a, calcare si dolomite); 3, complexul micasisturilor cu almandin.
Geological sketch of the Valea Maéscasului-Boita-Silvas zone (after
Maiet et al, 1975). 1, sericitic quartzitic schist complex; 2, mica-
ceous schist complex with amphibolic rock intercalations; (a, lime-
stones and dolomites) ; 3, micaschist complex with almandine.

acela al unui monoclin cu directia generald vest-est si cu inclinari
sudice cuprinse intre 40 si 85° Mineralizatia polimetalicd este canto-
natd in complexul sisturilor micacee cu intercalatii de roci amfibolice,
fiind in strinsd legdturd spatiald cu un nivel de roci dolomitice, mai
mult sau mai putin cuartoase, care au fost urmaérite aproape continuu
pe o distantd de cca 18 km, din valea Méiscasului pind la contactul
cu sedimentarul bazinului Hateg. Nivelul purtdtor de mineralizatie se
dezvoltd in imediata vecinatate a limitel cu complexul sisturilor cuar-
{itice sericitoase, extinzindu-se pe directia. vest-est, cu grosimi cuprinse
intre 1 si 12 m, fiind compartimentat de citeva falii importante; in
cadrul compartimentelor mai mari, zdcdmintul este afectat de nume-
roase falii cu deplasari mici, in general de 1—5 m. Culcusul este con-
stituit din sisturi amfibolice, iar acoperisul din sisturi muscovito-bio-
titice - granat, toate in diferite stadii de retromorfozare.

II. Petrografia zonei mineralizate

Partea inferioard a nivelului de roci carbonatice purtdtoare de
mineralizatie este constituitd din dolomite cenusii, slab mineralizate,
iar partea superioard. In care este cantonatd cea mai mare parte a
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mineralizatiei, din roci dolomitice albe cu intercalatii subtiri de cuar-
tite. In wunele locuri se intilnesc doud nivele mineralizate, situate la
distantd mica unul de altul, spatiul dintre ele {iind constituit fie din
sisturi amfibolice, fie din sisturi muscovito-biotitice. Limitele minera-
lizatiei sint uneori nete, alteori ea pierzindu-se treptat spre culcus si
acoperis in rocile carbonatice din ce in ce mai slab mineralizate. Gro-
simea totald a mineralizatiei variazd de la citiva cm la cca 5—6 m,
alternind portiuni masive cu portiuni rubanate in sectorul Boita, sau
predominind mineralizatia rubanatd in sectorul Livezi (fig. 2). Portiu-
nile masive pot ajunge uneori la o grosime de cca H m, asa cum se
intimpld la nivelul galeriei — 160 m din sectorul Boita. In sectorul
Livezi, cind mineralizatia este sdracd sau lipsitd de piritd, blenda si

Fig. 2. — Sectiune geologicd prin nivelul mineralizat (sectorul Livezi).
1, sisturi amfibolice ; 2, dolomite cenusii; 3, mineralizatie rubanati ;
4, mineralizatie masiva ; 5, sisturi muscovito-biotitice.
Geological section through the mineralised level (Livezi sector).
1, amphibolic schists; 2, grey dolomites; 3, banded mineralization ;

=

4, massive mineralization ; 5, muscovitic-biotitic schists.

galena se gdsesc aproape Intotdeauna in apropierea contactului din aco-
peris, pe o grosime ce rar depidseste 0,5 m. In unels zone de faliere,
mineralizatia are aspect breciform, in general rubantd, cu rare. cuiburi
masive ; In aceste cazuri, caracterul de strat al mineralizatiei se sterge
partial, aceasta cdpatind mai degrabéd caracter de impregnatie.

De la partea geometric inferioard cétre partea superioard vor fi
descrise sisturi amfibolice, dolomite cenusii, mineralizatie rubanatd din
culcus, mineralizatie masiva, mineralizatie rubanatd din acoperis si
sisturi muscovito-biotitice.

1. Sisturile amfibolice din culcus se gésesc in contact. direct, nor-
mal, cu nivelul carbonatic, fiind roci de culoare cenusie inchisd-ver-
zuie, microgranulare, slab sistoase. La microscop se evidentiazd o alter-
nanti de benzi submilimetrice formate din actinolit cu benzi la care
se adaugd si 'cuartul. Gradul de retromorfism este diferit de la o
probd la alta, intilnindu-se cazuri cind roca este transformatd intr-o
masd de epidot, clorit (pennin) si cuart; concrescut cu cloritul apare
biotit. Continutul de feldspat este neinsemnat; apatitul este rar. In
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sisturile actinolitice se intilnesc lentile metrice de amfibolite puternic
transformate intr-o masd microgranularda slab orientatd, formatd din
lamele fine de talc, asociat in unele probe cu clorit, carbonat, cuart
si feldspat, in care apar cristale mari de amfiboli din seria tremolit-
actinolit. Dintre mineralele cpace cea mai mare dezvoltare are ilme-
nitul (pl. II, fig. 3, 4); acesta se prezinti sub form& de lamele fine,
in general sub 0,2 mun lungime, dispuse orientat, paralel cu sistozita-
tea rocii; cantitativ poate ajunge pind la 6—8%,. In imersie se vad
foarte clar lamele orientate de hematit, dispuse uniform in masa cris-
talelor de ilmenit. In unele cazuri, ilmenitul este asociat cu rutilul.
Pe linga ilmenit, se mai intiinesc cristale mici, izolate, de piritd si
foarte rar granule sau plaje mici de calcopiritd ; calcopirita formeaza
uneori si filonase subtiri, paralele cu sistozitatea rocii.

Sisturile din culcusul nivelului carbonatic s-au format pe seama
unor tufuri si tufite si, lccal, a unor curgeri si intruziuni magma-
tice bazice.

2. Dolomitele cenusii se situeszd pretutindeni la partea inferioara

a nivelului carbonatlic. Sint microcristaline, de culoare cenusie inchisé,
slab sistoase, cu aspect rubanat. In sectiuni subtiri se vede o masa
relativ uniform-granulard, siab orientatd, formata din granule de car-
bonat cu dimensiuni cuprinse intre 0,3 di 0,5 mm ; conturele sint adesea
idiomorfe. Intreaga rocad este impregnatd cu un pigment fin grafitos.
Pentru carbonat, analizele derivatografice au indicat numai dolomit
(fig. 3, proba 1). In cantitdf{i neinsemnate se intilnesc cuart, muscovit
si biotit. Mineralele metalice nu depédsesc 1—29/;, formind o disemi-
nare rard si find de piritd si blendd ; cu totul sporadic apare calco-
piritd. Se remarcd dispunersa mineralizatiei paralel cu rubanarea de
stratificatie a rocii. Granulele de piritd pot ajunge pind la 0,5 mm,
cele de blenda la 0,1—0,2 mm, iar calcopirita nu depaseste 0,1 mm.

3. Mineralizatia din culcus. Peste dolomiiele cenusii urmeazad do-
lomite microcristaline, in gencral! albe, continind o mineralizatie dise-
minatd foarte slabd de pirit4, pind la o mineralizatie bogata cu textura
rubanatd. Roca slab mineralizatd are aceleasi caracteristici cu dolo-
mitele de dedesubt, numai cd aceasta contine pigment grafitos in can-
titate mult mai micd. In mineralizatia cu texturd rubanatd se remarca
0 crestere a granulelor de carbonat, concomitent cu o imbogatire a
rocii in cuart asociat cu mineralizatia ; in general, cuartul nu depaseste
5%,. Carbonatul este reprezentat prin dolomit (fig. 3, proba 2), uneori
asociat cu sideritul (pus in evidentd prin efectul endoterm de la 635°C)
(fig. 3, proba 3). Mineralizatia este formatd din piritd, blendd si galend,
prezentind aspecte aseménitoare cu mineralizatia din acoperis.

4, Mineralizatia masivd. Mineralizatia rubanatd din culcus trece
de cele mai multe ori (in special in zona Boita) inspre partea supe-
ricard intr-o mineralizatie cu texturd masivd, compactd, de piritd; de
asemenea, in partea vesticd a sectorului Boita, sub orizontul —40 si
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pind la orizontul -—160 se gaseste o lentilda de pirotind cu dezvoltarea
pe orizontald de cca 30 m, stind lateral in relatii tectonice cu corpul
piritos, iar la partea superioard intr-un raport de indintare (Duma si
Ghinescu, 1979).

Mineralizatia de piritd este, in general, compactd, de
cele mai multe ori cu ochiul liber distingindu-se doar pirita (pl. I,
fig. 1). Granulatia este relativ uniforma, granulele cele mai mari de-
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Fig. 3. — Curbe A.T.D.: 1, dolomit cenusiu; 2, 3, mineralizatie ru-

banatd din culcus; 4, mineralizatie masivd de piritd; 5 mineraliza-
tie masivd de pirotind; 6, 7, 8, mineralizatie rubanatd din acoperis;
9, mineralizatie masivd de blendd si galena.
AT.D, curves: 1, grey dolomite; 2, 3, banded mineralization of bed :
4, massive mineralization of pyrite; 5, massive mineralization of
pyrrhotite ; 6, 7, 8, banded mineralization of top; 9, massive mine~
ralization of blende and galena.
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pasind rar 1 mm, cind capadtd aspect de porfiroblaste. Structura este
cristaloblasticd. Cantitatea de piritd este foarte mare, putind ajunge-
pind la cca 90% ; in aceste situatii, granulele de piritd sint cimen-
tate aproape in exclusivitate cu cuart (pl. V, fig. 1), cu totul sporadic
intilnindu-se carbonat, lamele mici de muscovit, biotit si flogopit. Apa-
titul se poate gési in cantitate mare. Pe mdasura ce scade cantitatea de
piritd, creste cantitatea de carbonat in asociatie cu cuartul (pl. V,.
fig. 2); astfel cantitatea de piritd poate scddea pind la cca 70%,. Cind
cantitatea de piritd ajunge la cca 60%,, cuartul devine subordonat can-
titativ, carbonatul fiind principalul mineral in asociatie cu pirita. In
mineralizatia din partea esticd creste cantitatea de blendd si galena,.
acestea cimentind, ca si carbonatul, granulele de piritd. Caracteristica
este dezvo'tarea cuartului sub formd de granule alungite cu extinc-
tie ondulatorie, crescute adesea perpendicular sau oblic pe fetele gra--
nulelor de piritd; sub formd de incluziuni in piritd se gaseste cuart,
carbonat, apatit si uneori blendd. In mineralizatia masivd de pirita,
carbonatul este reprezentat prin calcit usor magnezian, evidentiat de
efectele endoterme slabe de la 830 si 940°C (fig. 3, proba 4), efec-
tele endoterme de la 580 si 710°C corespund disocierii piritei.

Mineralizatia de pirotind este compactd, microgranu-
lard. In unele cazuri, in masa pirotinei se dezvoltd porfirob'aste mari
de piritd ce pot ajunge la 4—5 mm (pl. I, fig. 2).

Cuartul — mineralul de gangd principal — prezintd aspecte diferite’
de acela din mineralizatia de piritd, avind forme aproximativ izome-
trice, cu extinctie relativ uniformé&; dimensiunile granulelor de cuart
sint cuprinse, in general, intre 0,1 si 1,5 mm. Carbonatul se giseste in
proportie ceva mai redusd decit cuartul, fiind atit in asociatie cu acesta,
cit si ca granule izolate in masa pirotinei, sub forma de romboedri cu
dimensiuni cuprinse intre 0,1 si 1 mm, sau pe fisuri. Carbonatul este
reprezentat prin dolomit, pus in evidentd de efectele endoterme slabe
de la 820 si 930°C (fig. 3, proba 5). Transformarea endotermé de la
590°C este efectul pierderii sulfului suplimentar din pirotind, conform
reactiei : FeqgSy; — 9FeS + S;. Lamelele de clorit, biotit si muscovit sint
dispuse neorientat in masa pirotinei. Cantitativ, pirotina se gaseste in
proportie de peste 80%,; alte minerale metalice sint pirita, calcopirita,
blenda si galena.

5. Mineralizatia din acoperis. Deoarece mineralizatia de la acest
nivel prezintd caractere oarecum deosebite in cele doud sectoare, descrie-
rea se va face separat.

Sectorul Boita. Mineralizatia masivad din zona centrald trece,
de obicei, gradat spre partea superioara intr-o mineralizatie cu texturd
rubanatd, distanta la care se succed benzile mineralizate fiind din ce
in ce mai mare Inspre acoperis. In general, alterneazi benzi mai sub-
tiri de piritd, uneori cu bhlendd macroscopicd, cu benzi formate prepon-
derent din carbonat, cu sau fird cuart, de culoare cenusie, cu struc-
turd microgranulard (pl. I, fig. 3). Cantitativ, pirita poate ajunge pina
la 509, scizind mult sau chiar dispdrind in unele locuri. Probele
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siab mineralizate, sau benzile nemineralizate din mineralizatia ruba-
ratd sint formate aproape numai din carbonat microgranular cu struc-
turd mozaicata, reprezentat prin dolomnit (fig. 3, proba 6), siderit (trans-
formarea de la 660°C) si calcit (950°C) — figura 3, proba 7. Cuartul,
cind apare, se dispune de obicei in benzi cu extinctie slab ondulatorie.
De obicei, pe masurd ce creste cantitatea de minerale metalice creste
si cantitatea de cuart asociat cu acestea, avind caractere aseménitoare
cu cuartul din mineralizatia masivd de piritd. Dupd carbonat si cuart,
mineralul cel mai des intilnit este muscovitul, sub formi de lamele
mici alungite dispuse subparalel. Apatitul este mai abundent In zonele
puternic mineralizate, In general ca incluziuni in piritd. Mineralele me-
talice sint reprezentate prin pirita, care predomind in toate probele,
pirotind, blenda, galend si calcopirita.

Sectorul Livezi Mineralizatia are texturd predominanat ru-
banatd, de cele mai multe ori plan-paraleld, fiind insd cazuri cind in-
tregul ansamblu este puternic microcutat (pl. I, fig. 4). De asemenea,
in zonele bogate in blendd si galend, acestea formeazd o retea de filo-
nase intersectate dupd doud directii, dind impresia unei brecii cimen-
‘tate cu mineralizatie (pl. I, fig. 1), sau pot forma si cuiburi ori cruste
pe peretii unor fisuri. In toate cazurile, structura este microgranulari.

Principala caracteristicd a mincralizatiei din acest sector este
schimbarea raportului dintre blenda si galend, pe de o parte, si piritd
pe de altd parte, in favoarea celor dintii. Mineralele nemetalice sint
rerrezentate prin carbonati si cuart, in foarte putine probe fiind numai
carbonati; rar se Intimpld s& predomine ecuartul. Caracteristica
este, de asemenea, cristalizarea cuartuluj sub forma de granule aproape
echidimensionale, In general de 0,2—-0,3 mm, cu contur neregulat, pu-
ternic Indintate, aspecte datorate probabil inlocuirii metasomatice a car-
bonatilor ; extinctia acestui cuart este slab ondulatorie. Alte minerale
nemetalice sint muscovitul si apatitul. In probele slab mineralizate se
observd o alternantd intima de benzi carbonatice sirace in cuart cu
benzi mai bogate in cuart (pl. V, fig. 4); mineralizatia, in special cea
de piritd, este paraleld cu aceste benzi ceea ce dovedeste caracterul
stratificat al intregului ansamblu. In probele puternic mineralizate, in-
diferent dacd ganga este formati predominant din carbonati sau din
carbonatli si cuart, mai ales cind mineralele metalic> sint reprezentate
prin blenda si galend, caracterul stratificat cste mai putin evident, mi-
neralizatia avind mai degraba caracter de imprognatice (pl. iV, fig. 2, 3).
Carbonatii sint reprezentati prin dolomit (fig. 3, prova 8) si ankerit
(fig. 3, proba 9). De remarcat prezenta ankeritului in probele puternic
mineralizate cu blendd si galend. Uneori, in masa mineralizatiei se
vad si cu ochiul liber lentile care pot ajunge pind la 10 mm lungime,
formate sau numai din cuart, din cuart si carbonali, sau numai din
carbonati (pl. II, fig. 2; pl. VI, fig. 3, 4). Dupd aspectul microscopic
al acestor lentile se poate afirma cd ele sint resturile unei minerali-
zatii slabe de piritd, blendd si gulend, neinlocuite de metasomatoza
ultericara care a dus la formarea mineralizatiei de impregnatie.
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6. Sisturile muscovito-biotitice din acoperis. Sint roci de culoare
cenugie-verzuie cu texturd orientatd, slab sistoasd si usor rubanata.
Sub m1croscop, majorltatea probelor se dovedesc a fi sisturi muscovito-
biotitice -+ granati in diferite stadii de transformare cantitatea de
cuart, asociat uneori cu feldspatul, variazd in limite lalgl de la cca 50
la 20%,. Muscovitul si biotitul formeazd lamele alungite, bine orien-
tate, dlopuse in benzi cu putin cuart alternind cu benzi in care pre-
domina cuar tul. In probele mai putin retromorfozate, biotitul este clori-
tizat partial, pentru a fi aproape complet inlocuit de clorit in probele
puternic transformate. Granatul, cind este putin transformat, formeaza
granule izometrice de 0,2—0,7 mm fisurate, fard a fi fragmentdte s
‘merastlate, cloritizarea este partiald, in general pe margini si pe
fisuri. Cind granatul este complet inlocuit de clorit, se remarcd aso-
cierea acestuia cu biotitul verde-brun, precum si tendinta acestor mine-
rale nou formate de a se orienta paralel cu celelalte minerale lame-
lare ; aceasta doar In unele cazuri, pentru cd in altele se pastreaza
cristale echidimensionale porfiroblastice de biotit asociat cu clorit.
Feldspatii, cind apar, sint aproape in intregime transformati in carbo-
nati, sericit si minerale argiloase. Accesoriu apar apatitul si titanitul,
uneori in cantitati mari. Rar se intilnesc amfibolul si turmalina, iar
epidotul si zoizitul apar in special pe fisuri.

Mineralele metalice sint reprezentate prin ilmenit, hematit, magne-
tit, piritd, calcopiritd si blendd. Cantitatea de piritd si blendd este
neinsemnatd in sisturile muscovito-biotitice propriu-zise, crescind pe
masura apropierii de nivelul carbonatic, concomitent cu o imbogétire a
sisturilor in doiomit.

III. Descrierea mineralizatiei

Mineralizatia din zona Boita-Livezi este constituitd din sulfuri,
ponderea cea mai mare revenind piritei ; urmeazi blenda, galena, calco-
pirita si pirotina. Aceastd ordine este diferitd doar In partea vesticd a
sectorului Boita, unde se gdseste lentila de pirotind masivd. Mineralele
de gangd sint reprezentate prin carbonati, clorit, biotit, muscovit si
apatit, descrise in capitolul precedent.

1. Pirita este mineralul metalic predominant atit in mineralizatia
masivé, c¢it si in cea rubanatd.

In mineralizatia masivd, pirita se gdseste in proporiie de circa
90—60%,, iar in mineralizatia rubanatd din sectorul Boita in propor-
tie de 50—20%,, pe cind in mineralizatia rubanatd din sectorul Livezi
ea poate scddea sub 5%. In mineralizatia masivd de piritd, pirita este
hipidiomorf granulard, granulele fiind puternic fisurate sau chiar sfari-
mate (pl. III, fig. 1, 2, 3). De obicei, cristalele de piritd nu vin iIn con-
tact direct, Intre ele dispunindu-se mineralele de gangd — cuart sau
cuart i carbonat — sub forma de ciment (pl. V, fig. 1, 2); aceleasi
minerale de gangd pitrund si pe fisuri. In unele cazuri, mineralizatia
are aspectul unei microbrecii tectonice. Ca forma, cristalele de pirita
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sint aproximativ izometrice, cu o usoard tendintd de alungire pe direc-
tia sistozitdtii rocilor inconjurdtoare. Dimensiunile medii sint in jur de
0,5 mm, limitele fiind cuprinse intre 0,1 si 2,5 mm. In mineralizatia
masivd de pirotind, pirita se glseste atit sub formd de cristale mari
incluse in masa pirotinei (pl. I, fig. 2) ,cit si sub formd de agregate
scheletice intre mineralele de gangd sau pe fisuri. Pirita sub forma de
cristale mari atinge dimensiuni de 4—5 mm, are contur in general
idiomorf, fiind fisuratd si corodatd de mineralele mai noi.

In benzile mineralizate din mineralizatia rubanatd (pl. IV, fig. 1;
pl. V, fig. 3), pirita, singurd sau in asociatie cu blenda si galena, se
prezintd sub formd de granule usor a'ungite paralel cu directia benzi-
lor, atit cu aspect scheletiform, cit si sub formd de cristale hipidio-
morfe corodate marginal. Cind cristalele de piritd sint izolate, ele sint
mai slab fisurate sau nu sint fisurate deloc, pe cind in benzile bogate
in piritd acestea sint puternic fisurate si sfdrimate, in ansamblu gra-
nulele de piritd avind aspectul unor fragmente de cristale Imprastiate
in masa rocii carbonatice. Unele granule prezintd portiuni puternic
anizotrope, fapt care se poate datora prezentei unei cantitati ridicate
de As In reteaua piritei, insuficienti insi pentru a forma arsenopirita.
De asemenea, este de remarcat ¢d in mineralizatia bogatd in blenda si
galend din partea de est a sectorului Livezi, pirita se glseste mai ales
sub formd de granule rotunjite, izolate, dispuse in siraguri sau raspin-
dite neuniform ; de obicei, granulele de piritd sint inglobate in blendad
si galend, fiind puternic corodate. Cu tcate acestea, in majoritatea
cazurilor se poate intui caracterul initial rubanat al unei mineralizatii
slabe de piritd intr-o masd carbonaticd. Fatd de mineralizatia masiva,
in mineralizatia rubanatd granulele de piritd au dimensiuni mai mici,
rar ajungind la 1 mm.

In benzile carbonatice slab mineralizate din mineralizatia ruba-
natd, pirita se prezintd sub forma de cristale idiomorfe, mirunte
(0,01—0,1 mm), diseminate relativ uniform ; cantitativ, depaseste
rar 19%.

2. Blenda este subordonatd . cantitativ piritel si pirotinei din mi-
neralizatia masivd, putind uneori chiar lipsi, insd de obicei se giseste
intr-o proportie de 1—5%;. In mineralizatia rubanatd, blenda ramine,
de asemenea, subordenatd piritei, remarcindu-se o crestere treptatd a
raportului blend&/piritd, nu atit prin maérirea continutului de blenda,
ci prin scdderea participarii piritei la mineralizatie. Totusi, cantitat>a
de blend&d din mineralizatia rubanatd variazi in limite mult mai largi,
aproximativ intre 2 si 15%, ; aceasta dacd se considerd intreaga grosimie
a nivelului mineralizat, pentru cd in sectorul Livezi se intilnesc si
acumulari locale unde blenda, de obicei in asociatie cu galena, poale
ajunge pind la 50",. Culoarea macroscopicd a blendei variazd de la
brun-cenusie inchisd la brun-gilbuie.

Blenda din mineralizatia masivd de piritd se dezvoltd ca ciment
intre cristalele de piritd din anumite zone, sau ca incluziuni mici in
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pirita (pl. III, fig. 2, 3); cind se afld in contact direct cu pirita o coro-
deazd puternic pe aceasta, patrunzind adine pe fisuri, separind si uneori
inglobind granulele de pirita.

In cadrul lentilei de pirotind masiv, blenda formeazd plaje izo-
late sau umple fisurile pirotinei, singurd sau in asociatie cu calcopirita ;
de multe ori este inconjuratd de calcopirita.

In mineralizatia rubanati ,blenda se gdseste, de obicei, in canti-
tate redusd in benzile bogate in piritd si in cantitate mai mare intre
acestea. Cind se gaseste impreund cu pirita, cimenteazi granu.ele aces-
teia, corodindu-le, la fel ca in mineralizatia masivd. In masa carbona-
ticd dintre benzile de piritd, blenda are in general o dispczitic nere-
gulata (pl. IV, fig. 2, 3). Se observd adesea pitrunderea blendei pe
fisurile cristalelor de carbonati, la limitele acestora sau pe planele de
clivaj. In plajele mai mari de blendd se gisesc deseori cristale idiomorfe
mici de piritd. De remarcat ci, in probele in care aldturi de carbonat
se glseste si cuart, blenda preferd benzile carbonatice, In timp ce
pirita pe cele cuartoase. Cind blenda este In asociatie cu galena este
puternic corodatd de aceasta, deseori blenda gdsindu-se sub formi de
incluziuni rotunjite in galend. In zonele puternic mineralizate din gale-
ria Plesu I, mineralizatia devine masiva, formind lentile mici si cuiburi ;
blenda si galena formeazd o retea de filonase cu grosimi de pina la
citiva mm (pl. II, fig. 1), cu o impregnatie find intre ele; impregnatia
urmdreste fisurile mai mici si limitele granulelor de carbonati. Ambele
minerale corodeaza pirita ; la rindul ei, blenda este corodatd de galeni.

3. Galena apare sporadic in mineralizatia masivd de piritd, in
cantitate mai mare gésindu-se In mineralizatia rubanatd, de obicei
intr-un raport direct proportional cu blenda. Exceptind lenti’ele si cui-
burile masive de mineralizatie polimetalicd din sectorul Livezi, conti-
nutul de galend variazd de la mai putin de 1%, pind la circa 5%,. Modul
de ocurentd este asemdanator cu al blendei, prezentind insd o tendinta
mai accentuatd de idiemorfism cind formeazad granule izolate; de ase-
menea, se observda o mobilitate mai mare a galenei, exprimatid printr-o
capacitate mai mare de pdtrundere pe fisuri §i pe limitele granulelor
de carbonati, dind in unele cazuri o impregnatie foarte find. In zonele
puternic mineralizate cu galend, se intilnesc cazuri cind galena se dis-
pune la marginea granulelor de blendd sau muleazd incluziunile carbo-
natice din masa acestora, sub formd de cristale cubice marunte, in jur
de 0,01 mm, formind siraguri aproape continui care urmdresc limitele
blendei (pl. TV, fig. 4). Asemenea cristale de galend se gdsesc si pe
unele plane de macle mecanice ale carbonatilor. Aceste aspecte su-
gereazd, in modul cel mai clar, o redizolvare a blendei si carbonatilor,
concomitent cu depunerea galenei.

4. Pirotina este constituentul principal al lentilei din partea ves—
ticd a sectorului Boita, fiind in proportie de peste 80", Structiura masei
de pirotind este allotriomorf-granulara, compactd, dimensiuneq granu-—
lelor fiind in jur de 0,5 mm. Contine in masa ei granule de pirita,
fiind la rindu-i strdbdtutd de blend&, calcopiritd ¢i piritd mai noud. In
acoperisul imediat al acestei lentile, pirotina se gaseste sub formd de
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granule izolate In masa carbonaticd, sau ca incluziuni mici in pirit4,
calcopiritd si blendd. Se intilnesc situatii cind partea centrald a unei
granule este formatd din pirotind, marginile fiind constituite din pirita,
ca si situatii inverse — pirotina se dispune pe margini. In afara acestei
zone, pirotina apare sporadic.

5. Calcopirita se gdseste intr-o cantitate mai mare doar In masa
corpului de pirotind unde poate ajunge pind la 5%, singurd sau in
asociatie cu blenda. Formeazd {ilonase divers orientate sau plaje de
dimensiuni mai mari cu structurd allotriomorf-granulard, mdarimea gra-
xnulelor fiind in jur de 0,1—0,2 mm ; se intilneste si ca incluziuni in
blenda (pl. III, fig. 4). In restul zonei mineralizate, calcopirita este rar,
asociindu-se uneori cu blenda. Formeazd impregnatii slabe, dispunin-
du-se pe fisuri sau pe limitele unor cristale de carbonat.

IV. Consideratii geochimice

In vederea studiului geochimic au fost exzcutate, in laboratoa-
rele LP.G.G. Bucuresti, 37 analize chimice (tab. 1) si 40 analize spec-
trale (tab. 2) pe probe informative prelevate de noi din lucrdrile de
explorare. De asemenea, pentru intocmirea unor diagrame, am folosit
si rezultatele a peste 400 analize p2 probe medii executate de catre
IL.P.E.G. Hunedoara si consemnate in documentaiiile privind minerali-
zatia din zona Boita-Livezi. Pentru stabilirea limitelor de variatie si a
continuturilor medii am construit histogramele si curbele de frecventa
pentru sulf, zinc, si plumb, separat pentru cele doud sectoare ; in cadrul
aceluiasi sector, histogramele au fost intocmite pe orizonturi. De ase-
menea, folosind rezultatele probelor informative am construit o serie
de diagrame de corelatie intre diferitele elemente.

Sulful (fig. 4) in sectorul DBoita variaza aproximativ intre 5 si
35%,, prezentind o tendintd de crestere de la orizonturile superioare
citre ceie inferioare, datoritd cresterii gradului de participare al piri-
tel In mineralizatie spre orizonturile inferioare. In sectorul Livezi, se
observa aceeasi tendintd, cu deosebirea cd valorile continuturilor sint
mai mici.

Zincul (fig. 5, 7) in sectorul Boita variazd in limite mai largi
in 'pz“'zrtile superioare, ajungind pina la 7%, pentru ca si scada treptat
spre adincime. In sectorul Livezi, continuturile maxime de zinc ajung
la cca 109, fard ca media, considerind toatd grosimea nivelului mine-
ralizat, s& se ridice peste 2,59%). Acest lucru se explicd prin faptul ca
desi mineralizatia de blendd este mai evidentd in acest sector, ea se
situeazd de obicei numai la partea superioard a nivelului mineralizat pe
© grosime de 1 m. Nu se remarca vreo tendintd clard de variatie a
<ontinutului de zinc pe inclinare.
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13 37
TABELUL 1
Rezullalele analizelor chimice din secloarele Boifa si Livezi
Nr. Nr. IEie Cu Ph Zn S Au Ag
crt. probei % % % % % gt gt
il 1lc¢ 35,75 0,035 0,11 2,47 33,70 <0,1 2,6
2 2¢ 38,50 0,04 0,13 0,21 37,80 <0,1 152
3 4c¢ 39,50 0,05 0,09 0,33 41, 40 <0,1 1,8
4 69 b 25,50 0,03 0,91 3,07 31, 60 <0,1 3,4
5 70 ¢ 35,00 0,03 0,33 0,47 25,30 <0,1 4,0
6 41 56, 50 0,42 0,07 1,40 31, 30 <0,1 2,0
7 6 ¢ 56,00 0,39 0,10 1,01 32,80 <0,1 2,0
8 6 d 33, 00 0,56 0,26 2,20 32,10 <0,1 3,4
9 4d Vin2d) 0,02 0,26 1,70 4,23 <0,1 0,8
10 Ge 3,60 0,11 0,04 0,31 3,71 <0,1 0.8
11 &8¢ 6,40 0,18 0,07 0,31 4,52 <0,1 5,6
12 69 ¢ 8,00 0,03 0,27 0, 60 14, 00 <0,1 152
13 70 b 1,40 0,02 0,17 0,87 0,98 <0,1 3,8
14 70 d 5,20 0,02 0,04 0,37 10,10 <0,1 3,4
15 71b 3,00 0,02 0,37 0,63 3,90 <0,1 2,6
16 7Ze 8,20 0,02 0,07 0,90 16,70 <0,1 3,0
17 71 d 3,50 0,03 0,07 0,93 2,60 <0,1 1,8
18 71 e 2,05 0,02 0,16 73 3,10 <0,1 .0
19 72 a 41,00 0,10 0,13 1,07 42,80 <0,1 2012
20 72D 24,25 15l 25491 18,00 22,30 <0,1 8,
21 73 10,80 0,014 0,92 1,58 7,93 0,09 6,82
22 77 5,75 0,014 0,45 1,65 3,38 0,17 2,03
23 79 d 13,50 0,020 0,31 2,85 12,10 0,17 2,23
24 80 b 16,00 0,020 0,06 1,70 11,38 0,17 4,43
25 82¢ 2,40 0,020 0,11 5,70 1,44 0,1 0, 84
26 83 a 3 26 0,020 0,26 2,30 1,91 0,21 1,79
27 85 6,20 0,015 0,29 4,60 7,14 0,24 0, 36
28 88 7,80 0,015 0,06 5,70 7,43 0,22 2,00
29 91 b 3,60 0,015 0,10 5,70 3,62 0,2 1,20
30 96 ¢ 3,80 0,020 0,08 7,10 6,86 0,10 10, 30
31 99 4,80 0,020 0,40 2,84 2,97 0,00 6,90
32 e 9,20 0, 020 0, 36 7,50 10, 65 0,15 0,84
;33 94 ¢ 3,20 0,064 2,00 2,84 2,00 0,10 1,20
34 102 , 40 0,015 0,85 7,80 232 0, 35 »13
35 103 a 4, 40 0,050 1,70 10,70 4,24 0, 31 26, 80
36 103 b 4, 80 0,071 2,00 5,00 3,16 0,15 56,25
37 104 6,40 0,11 1,57 9,30 10, 30 0,17 20,23

Sectorul Boita:
masiva de pirotina

1—5 — mineralizatie masivd de pirité :
9—18 — mineralizajie rubanati

20 — concentrat de blenda.

Sectorul Livezi:

21 —31 — mineralizalie rubanata

impregnalie, predominant masiva.

6--8 — mineralizatie

19 — concenirat piritos:

32— 37 — mineralizalie de
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TABELUL 2
Rezullatele analizelor speclrale din secloarele Boifa si Livezi
Nr. | Nre o | mp | Cr | Ni | Co | V | Mo | Cd| As | Ge | TI
crt. |probei
1 1c | SLD 160 L 100 20 3 7 40 300 | SLD L
2 2c¢ { SLD 60 L 60 10 3 7 10 100 { SLD L
3 4¢ | SLD 60 L 70 10 3 7 10 800 | SLD L
4 69 b | SLD 100 10 100 15 3 5 50 200 3 &
5 70c¢ | SLD 100 L 60 10 25 3 10 200 | SLD L
6 41 SLD 100 iCs 100 20 3 7 20 100 | SLD L
7 6c | SLD 50 108 100 40 3 6 20 100 | SLD L
8 6d| SLD 50 L 100 30 3 6 20 100 { SLD L
9 8 b| SLD 100 L 80 10 3 5) 15 | SLD | SLD L
10 4d 10 500 L 30 3 30 3) 20 100 5 50
11 6e 10 | 1500 I 30 3 30 3 10 | SLD 1L L
12 8¢ 100 | 1000 10 70 150 30 4 10 100 3 L
13 69 ¢ | 1000 100 70 70 15 30 3 10 200 3 50
14 70b | SLD | 1000 10 30 & 50 3 20 | SLD L L
15 .70 d 100 800 10 40 10 30 3 10 100 | SLD 30
16 71b 10 800 L 30 3 30 3 20 100 L L
17 71c¢ 10 800 L 60 10 30 4 30 200 | SLD L
18 71 d 10 | 1000 Iz 40 5 30 3 30 | SLD 1L L
19 71e 10 | 1000 L 40 3 40 3 0| SLD L L
20 6b 10 | 2000 L 30 3 30 3 10 | SLD L L
21 8 a 15 | 1000 L 20 3 30 3 60 | SLD 103 L
22 72 a| SLD 100 L 100 20 3 5 20 500 14 L
23 72b| SLD 150 L 100 20 3 5 300 100 3 L
24 73 100 | 1500 | SLD 30 20 | SLD 5 60 | SLD | SLD _
25 77 50 | 3000 | SLD 20 15 10 10 150 | SLD | SLD —
126 79 75 | 1000 | SLD 35 10 | SLD 12 70 | SLD | SLD —
27 80 b 100 | 2000 | SLD 45 35 | SLD 15 40 I,SLD SLD =
28 82c¢ ! 1200 | 1200 | SLD 15 10 | SLD 7 500 | SLD ! SLD —
29 82a| 200 | 1400 | SLD 18 8 10 15 300 | SLD | SLD L
30 85 800 | 1300 10 30 18 20 20 1500 | SLD | SLD —
31 88 600 | 2500 10 40 15 10 12 1200 | SLD 3 B
32 91b 100 700 | SLD 20 5 | SLD 7 1000 | SLD ¢ 15 —
33 96 ¢ 50 800 | SLD 30 10 10 15 325 | SLD 18 —
34 99 100 | 1000 { SLD 20 100 10 | SLD 250 | SLD | SLD —
35 9l ¢ 130 500 | SLD 60 15 20 20 400 | SLD 12 —
36 94 ¢ 225 | 3000 { SLD 15 7} 10 10 300 | SLD | SLD —
37 102 200 | 1500 | SLD 30 20 15 10 1500 | SLD | SLD —
38 103 a 300 | 2000 | SLD 15 35 20 10 1700 | SLD | SLD —
39 103b | 1200 { 3000 | SLD 10 25 10 5 700 | SLD | SLD —
40 104 150 | 1200 | SL.D 25 20 10 12 3000 | SLD | SLD —
Sensibilita-
te (ppm) 3 3 3 3 3 3 3 10 100 3 1 10

Sectorul Boita: 1—~5 — mineralizalie masivi de piritd: 6—9 — mineralizatie ma-
sivd de pirotind 10—19 — mineralizatie rubanati 20—21 — dolomit cenusiu slab

mineralizat ; 22 — concentrat piritos: 23 — concentrat de blend4.
Scctorul Livezi:

24 —34 — mineralizafie
impregnalie, predominant masiva.

rubanati

35—40 — mineralizafie de
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Tig. 4. — Histogramele si curbele Fig. 5. — Histogramele si curbele

de frecventd ale zincului.
Histograms and frequency curves
of zinc.

de frecventd ale sulfului.
Histograms and fregquency curves
of sulphur.

Plumbul (fig. 8, 7) se afla in corelatie directd cu zincul, tendinti
manifestatd cel mai clar in sectorul Boita. Raportul cantitativ mediu
intre Zn si Pb este de 8:1. Concentratiile maxime de plumb, la fel
ca si cele de zinc, se intilnesc in sectorul Livezi (pinid la 2%, Pb)
numai local, in mineralizatia masiva de pe fisurile mineralizate sau sub
forma de cuiburi.

Cuprul se giseste in cantitate mai mare (0,59, Cu) doar in masa
lentilei de pirotinad din sectorul Boita, in rest ajungind rar pind la 0,05%.

Din diagrama de variatie a raportului Fe :Zn 4 Pb (fig. 8) se vede
céd valorile Zn -+ Pb sint independente de confinutul de fier, ceea ce
poate duce la concluzia sursei diferite a Zn si Pb, pe de o parte si
a Fe pe de altd parte. Continutul de Fe este sub 169 In mineralizatia
rubanatd, cuprins intre 34 si 409, in mineralizatia de piritd si Intre
54 si 580 in pirotina compacta.

. Din analiza imaginiior obtinute la microsonda electronicd pentru
distributia Fe, Cu, Zn, Pb si S in doud probe se desprind urmaétoarele :

— Proba de calcopiritd, blendad si galend (plansa VII) aratd ca
dacid cuprul este limitat strict la calcopiritd, fierul se gaseste in can-
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titate ridicatd si in blendd ; de asemenea, se observd o oarecare canti-
tate de zinc in calcopiritd, in apropierea contactului cu blenda, pe cind
plumbul este limitat la galena.

— Proba de blendd si galend (plansa VIII) aratd cd plumbul se-
gdseste numai in limitele galenei, In timp ce zincul se géseste in can-
titate destul de mare si in galend, in apropierea contactului celor doud
minerale ; fierul este limitat la blendd. In constitutia carbonatului pre-
domind calciul, in cantitdti mai reduse gasindu-se magneziul si fierul,
dindu-i caracter ankeritic.

Argintul variazd cantitativ, in general, intre 1 si 10 g/t, valori
mai ridicate (pind la 56 g Ag/t, obtinute prin analiza docimazico-spec-
trald si 220 g Ag/t obfinute prin analiza spectrald informativd pe aceeasi
probd) intilnindu-se doar in probele de mineralizatie masiva de blendd
si galena.

Aurul pare si fie independent de continutul de Zn, gasindu-se in
cantitdti nesemnificative, in general sub 0,2 g Au/t.

Dintre elementele minore, cadmiul este cel mai important, putind
ajunge in mineralizatia bogatd in zinc din sectorul Livezi pind la.
0,1—0,3%,. Alte elemente minore care meritd sd fie luate in conside-
ratie sint Ni, Co, Cr, Mo, V. Ti, Ge, Ti si As, nu atit pentru valoarea
continuturilor lor, ci mai ales pentru gisirea unor corelatii Intre ele
sau cu un anumit tip de mineralizatie.
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e . . 40
l) //// Q\l 1
B ul
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Fig. 9. — Diagrama de core- Fig. 10. — Diagrama de corelatie intre
latie Intre =zinc si cadmiu. plumb si argint. 1, sectorul Boita; 2,
Correlation diagram between sectorul Livezi; 3, gal. Plesu 1.
zine and cadmium. Correlation diagram between lead and

silver. 1, Boita sector ; 2, Livezi sector;
3, Plesu 1 gallery.

Corelatia dintre Zn si Cd (fig. 9) este puternic pozitivd in ambele
sectoare, cu deosebirea cd in sectorul Livezi valorile sint mai mari,
ceea ce este un argument in favoarea includerii Cd in reteaua blendei ;
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studiile microscopice si in raze X nu au pus in evidentd un mineral
independent de cadmiu.

Argintul manifestda o tendintad clarad de asociere cu plumbul (fig. 10)
numai cind acesta din urmd se gidseste in cantitdti mai ridicate; la
valori sub 0,59, Pb, continutul de Ag pare si fie independent de cel
de Pb, raminind in general sub 10 g/t.

Raportul Co : Ni (fig. 11) este subunitar, cu exceptia probelor 103 a
si 103 b; se remarci, de asemenea, afiliatia Ni mineralizatie] masive
de piritd si pirotind din sectorul Boita, cobaltul manifestind o tendinta
similard dar mai slabd. Faptul cd in probele 103 a si 103 b raportul
Co :Ni este supraunitar, iar in citeva alte probe din sectorul estic este
apropiat de unitate se explicd prin aceea cd in aceste probe predo-
mind mineralizatia de blendd si galend asupra piritei.

Raportul Fe :Ni (fig. 12) pe de o parte si (Zn -+ Pb) :Ni (fig. 13)
pe de altd parte, sustin ideile de mai sus. Prima diagrami evidentiaza
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o corelatie directd intre Fe si Ni, pe cind diagrama a doua nu aratd o
corelatie clard in‘re continutul de (Zn -+ Pb) si Ni, decit doar c¢i in
sectorul Boita unde mineralizatia este predominant piritoasd, continu-
tul de Ni este mai ridicat.

Cromul, titanu! si vanadiul manifestd o tendintd de crestere in
mineralizatia rubanatd, remarcindu-se in mod deosebit vanadiul, care
prezinta continuturi de aproape 10 ori maj mari in mineralizatia ruba-
natd decit in cea masiva; de asemenea, vanadiul si cobaltul sint intr-o
corelatie negativa puternicd. Continutul de arseniu este in strinsid lega-
turd cu cantitatea de piritd din mineralizatie, continuturile cele mai
mari fiind in pirita masiva; se poate considera ca arseniul inlocuieste
o parte din ionii de sull din reteaua piritei, fapt confirmat si de anizo-
tropia opticd a unor cristale de pirita.

Cele doud probe de concentrat aratd cd plumbul, cuprul, cadmiul,
argintul si germaniul se separd in concentratul zincos, iar arseniul in
cel de piritd ; se remarcd, de asemenea, o sciddere substantiald in ambele
concentrate a continutului de vanadiu, ceea ce poate ardta ca el este
legat de mineralele de ganga.

V. Geneza mineralizatiei

Dintre ipotezele formulate asupra genezei premetamorfice a mine-
ralizatiei in discutie — hidrotermald, sedimentard, vulcanogen-sedimen-
tara — cea mai argumentatd a fost aceasta din urmé (Kréutner, 1965 ;
Maier et al.,, 1975 ; Zimmermann, Herdlicka, 1974). Inmultirea datelor de
observatie, prin extinderea cercetarii cu lucrdri miniere, a condus la
presupunerea unei faze de minenalizare hidrotermald, care ar justi-
fica prezenta mineralizatiei de blenda, galena si calcopiritd, suprapusd
peste o mineralizatie mai veche, premetamorficd, probabil tot de ori-
gine hidrotermala (Duma, Ghinescu, 1979). Kriutner (1965), referin-
du-se la mineralizatia din zona exploatdrii miniere de la Boita, aduce
noi argumente principale in favoarea originii vulcanogen-sedimentare
forma de zdcamint, ambianta petrograficd, cantitaiea mare de piritd
asociatd cu blenda si galena, asociatia intimd cu metageluri de siiice
si extinderea limitatd a z&cdmintului; de asemenea, este remarcata
lipsa sisturilor grafitoase in vecindtatea zacdmintului. Duma si Ghinescu
(1979) argumenteazd geneza hidrotermald prin : sericitizarea sisturilor
de la contactul cu calearcle purtitoare de mineralizatie, mai ales In
zonele de silicifieri intense ; aspectele de coroziune marginald intre gra-
nulele diverselor sulfuri; digerarea totald sau partiald a unor ele-
mente carbonatice prinse in mineralizatie; prezenia in partea cen-
irala a zdcdmintului a corpului de pirotind compactd ; prezenta blen-
dei si galenei in spatiile intergranulare sau ca umplutura pe fisuri.
Caracterul actual stratificat al mineralizatiei este pus pe seama proce-
selor intense de stress, ulterioare formarii acesteia. In ceea ce pri-
veste suportul magmatic al mineralizdrii tirzii, autorii mentioneazd
prezenta in depozitele sedimentare ale bazinului Hateg, din apropie-
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rea ramei nordice, a unor dyke-uri de roci andezitice, intens alterats
hidrotermal, care strapung depozitele sedimentare paleogene. Pentru
a explica prezenta mineralizatiei de plumb si zine, Zimmermann si
Herdlicka (1974) admit o genezd similard cu cea discutatd mai sus, pre-
cizind c& nu ar fi vorba de un zdcimint regenerat hidrotermal ci de
0 suprapunere spatiald a doud mineralizatii cu geneza diferita, caracte-
rizate prin parageneze si structuri diferite ale minerzului.

Sintetizind caracteristicile mineralizatiei polimetalice din rocile
carbonatice de pe rama sud-esticd a cristalinului muntilor Poiana Rusca,
pe baza observatiilor si studiilor personale si a analizei critice a con-
ceptiei cercetadtorilor anteriori, se poate afirma cu destuld certitudine
cid sintem in fata unei mineralizatii stratiforme singenetic-diagenetice
metamorfozate regional. Principalele argumente aduse in sustinerea aces-
tei ipoteze sint urmatoarele :

-— Legdtura spatiald strictd a mineralizatiel cu nivelul de roci car-
bonatice, care se mentine cu caractere constante pe o lungime de peste
18 km si o adincime cunoscutd de peste 500 m.

— Concordanta nivelului purtdtor de mineralizatie cu sisturile
cristaline inconjurdtoare si caracterul, in general, stratificat al mine-
ralizatiei. ‘

— Lipsa transformadrilor hidrotermale in rocile inconjurdtoare.

— Lipsa in apropiere a unov corpuri mari de roci magmatice care
sa justifice extinderea mineralizatiel pe o arie atit de largd, ca si inexis-
tenta unor canale recente {postmetamorfice). de ascensiune a fluidelor
hidrotermale mineralizatoare.

— Prezenta in baza nivelului carbonatic a dolomiteler cenusii cu
pigment grafitos. .

— Compozitia mineralogicd simpld, formatd in principal din pirité,
blendd si galené.

— Constanta remarcabild a continutului de zinc si plumb pe direc-
fie si Inclinare, considerind intreaga grosime a nivelului mineralizat.

— Raportul Zn :Pb este asemdnitor cu acela intilnit iIn majori-
tatea zdcamintelor cantonate in roci carbonatice, de tipul Mississippi
Valley, pentru care cei mai multi autori admit o origine singenetica.

— Raportul Co :Ni <1 in toate probele de mineralizatie masiva
de piritd si pirotind ar fi o caracteristici a piritelor de origine sedi-
mentard (Rankama si Sahama, 1970), dar dupd alti autori (Kriutnor,
1965 ; Petreus, 1976) acest raport poate fi folosit ca indicator genetic
doar eu rezerve. .

In aceastd conceptie pare usor de admis c¢& zincul si plumbul au
fost transportate in apa mdarii de pe continent si depuse impreuni cu
sedimentele carbonatice. Dacd presupunem ci sulful necesar precipi-
tarii sulfurilor de zinc si plumb a fost generat prin activitatea vitald
a bacteriilor anaerobe reducétoare, ceea ce pare de altfel foarte pro-
babil, atunci sursa acestuia trebuie cdutati in dolomitele cenusii din
culcus ; pot fi astfel discutate doud situatii : sau zincul si plumbul
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