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MINERALOGY, TEXTURES AND GEOCHEMISTRY
OF THE ALTIN TEPE MASSIVE SULPHIDE-IRON OXIDES
DEPOSIT, CENTRAL DOBROGEA !

BY
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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.
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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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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).



8 I. BERBELEAC et al. 4

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 ;



14 I. BERBELEAC et al. 10

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



15 MINERALOGY, TEXTURES AND GEOCHEMISTRY ALTIN TEPE ORE DEPOSITS 19
o g

]

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-
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- 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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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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au fost depuse initial la baza nivelului carbonatic, iar dupd precipi-
tare, in timpul perioadelor urmditoare de litogenezd si metamorfism,
sulfurile rezultate au migrat catre partea superioard, sau metalele au
fost depuse si au precipitat acolo unde se afld in prezent, singurul
care a migrat fiind sulful. O origine similara are pirita diseminats,
sub formd de cristale mici idiomorfe, In masa rocilor carbonatice si
probabil si o parte a piritei din mineralizatia rubanatd. Dar, origi-
nea pur sedimentard, prin transportul fierului de pe continent, poate
explica mai greu formarea mineralizatiel compacte de piritd din zona
Boita. De aceea, apare necesaird si admiterea unei surse locale a fie-
rului si poate si a H,S, de naturd vulcanicd sau magmaticd. Cel mai
favorabil argument In acest sens este asocierea constantd a piritei
din mineralizatia masivd cu metageluri de silice, caracteristice mine-
raiizatiilor vulcanogen-sedimentare. Cu aceste caractere, mineralizatia
masivd de piritd de la Boita prezintd similitudini cu zdcdmintul de
piritd de la Meggen (R.F.G.). Evident, fluidele hidrotermale ascen-
dente, pdtrunse in sedimentele carbonatice neconsolidate sau slab dia-
genizate de pe fundul marii, au putut avea un rol important si in for-
marea unei parti a piritei din mineralizatia rubanatd, in special acolo
unde silicea se gaseste in cantitate mai mare, dupd cum aceeasi pro-
venientd o poate avea cuprul si chiar o parte a zincului si plumbului.
Admiterea unei geneze vulcanogen-sedimentare pentru o parte a mine-
ralizatiei de piritd este in concordantd cu ambianta petrograficd in care
se giseste zdcdmintul — prezenta metatufurilor si metalavelor bazice
in succesiunea stratigrafica.

Caracterele structural-texturale actuale ale mineralizatiei polime-
talice din zona Boita-Livezi sint consecinta metamorfismului regional
pe care l-a suferit mineralizatia initiald, concomitent cu rocile incon-
jurdtoare. Efectele metamorfismului sint evidentiate prin procesele de
recristalizare a sulfurilor, structurile predominant cataclastice si de-
formationale, aspectele de ,curgere® si de insinuare pe fisurile mine-
ralelor mai dure, ca si pe limitele granulelor sau pe planele de clivaj
ale blendei si galenei, intensele fenomene de metasomatozd hidroter-
mal-metamorficd, continutul ridicat de fier in blenda. Redistribuirea
sulfurilor de zinc si plumb, evidentiatd prin prezenta filonaselor pe
strat sau transversale si de cuiburile cu mineralizatie masivd de blenda
si galeni — desi favorizatd in mare parte de deranjamentele disjunc-
tive rostmineralizatoare —, a avut loc numai in limitele niveiului mi-
neralizat preexistent. Compozitia mineralogicd si chimicd a mineraliza-
tiei de impregnatie si filoniene, identicd cu aceea a mineralizatiel in-
conjurdtoare, nu poate fi explicatd decit printr-o mobilizare si remo-
bilizare, prin intermediul fluidelor metamorfice, a blendei si galenei
din mineralizatia preexistentd, nefiind necesara implicarea unor solutii
mineraiizatoare hidrotermale postmetamorfice, care si asa ar fi greu
de argumentat. Secricitizarea si silicifierea locald, unele olorite si por-
tiuni talcizate din sisturile de la contactul cu nivelul mineralizat pot
fi rezultatul atit al circulatiei pe fisurile acestor roci a unor solutii
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metamorfice fierbinti, care au produs un metamorfism hidrotermal
slab, cit mai ales al proceselor ulterioare de retromorfism care au afec-
tat intreaga regiune. Prezenta pirotinei in zona exploatarii miniere de
la Boita nu poate fi un argument hotaritor in admiterea unei origini
hidrotermale de temperaturd ridicatd, deoarece pirotina nu este neapa-
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rat o dovadd a temperaturii inalte de cristalizare (Rankama si Sahama,
1970) ; in plus, Petreus (1976) mentioneazd formarea pirotinei autigenc
in sedimente. De asemenea, in timpul metamorfismului regional, piro-
tina poate lua nastere prin disocierea piritei, concomitent putindu-se
forma o generatie noud de piritd porfiroblasticA (Mookherjee, 1976).
Deoarece lentila de pirotind de la Boita este dezvoltatd in limitele
nivelului carbonatio si se gaseste, cel putin partial, intr-un raport
de indintare cu mineralizatia piritoasd, credem ca pirotina s-a format
in timpul metamorfismului, ca urmare a unui gradient termic local mai
ridicat decit in zonele adiacente, datorat probabil apropierii unei in-
truziuni magmatice.

Faptul ca singurele curbe dilatometrice (din peste 30 analize) care
pun in evidentd prezenta incluziunilor fluide -— doud prin decrepi-
tdri si una printr-un palier (fig. 14) sint obtinute pe probe carbona-
tice slab mineralizate, poate ariita cd mineralele metalice au suferit.
dupd formarea lor, un proces intens de cataclazare, In urma caruia in-
cluziunile au fost eliberate din masa acestora; in schimb, incluziunile
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fluide au fost retinute in unele cristale de carbonati si cuart, indi-
cind astfel, folosind metoda propusd de Bolgiu si Manilici (1976), tem-~-
peratura lor de cristalizare. Toate cele trei curbe indicd un intervail
de temperaturd cuprins intre 230 si 250°C. Dacd am admite cd minera-
lizatia de blendd, galend si pirotind este hidrotermald postmetamorfica
(tortonian inferioara, dupd Duma si Ghinescu, 1979) ar fi de asteptat
ca mai ales aceastd mineralizatie sd contind incluziunji fluide in can-
titate mare, ceea ce nu a fost pus in evidenta. Temperaturile de 230--
250°C obtinute corespund probabil fluidelor metamorfice carc au favo-
rizat recristalizarea carbonatilor ca si redistribuirea substantei meta-
lifere in cadrul zacdmintului, fenomene insotite de procese intense de¢
coroziune si metasomatozd. Maurel (1973) a obtinut experimental inlo-
cuirea galenei prin blendd si a blendei prin galend in solutii apoase la
o presiune de 85 bari si o temperaturd de 300°C, in ambele cazuri
reactiile producindu-se prin dizolvarea mineralului primar si vecrista-
lizarea mineraluluj secundar din solutie. Imaginile obtinute de noi in
raze X, pe probe de blendd si galenda (pl. VIII, fig. 2), evidentiaza ca
zincul se gdseste intr-o anumitd cantitate si in masa galenei, in apro-
pierea contactului dintre cele doud minerale, ceea ce aratd cd a mai
rdmas putind blendd neinlocuitd de galend.

Temperatura mai scdzutd (230—250°C) decit aceea obtinuti de-
Maurel a putut fi compensati de presiunile mai mari din timpul meta-
morfismului. De asemenea, este posibil ca redistribuirea componentilor
mineralizatiei sd nu fi avut loc in fazele cele mai avansate de meta-
morfism, cind se presupune cd temperaturile au fost mai ridicate.

VI. Concluzii
N

fn complexul sisturilor micacee cu intercalatii de roci amfibolice
baicaliene din cristalinul partii de sud-est a muniilor PPoiana Rusca,.
de la valea Miscasului, la vest, pind la contactul cu depozitele sedi-
mentare ale bazinului Hateg, la esi, pe o lungime de aproape 20 km,.
se dezvoltd un nivel de roci carbonatice, mai mult sau mai putin cuar-
toase, care la est de valea Boita contin o mineralizatie polimetalica,
predominant piritoasd in zona localitatii Boita si plumbo-zinciferd in
continuare cétre est.

Grosimea totald a nivelului de roci carbonatice este cuprinsa, In
general, intre 2 si 10 m, partea inferioard fiind constituitd din dolo-
mite cenusii grafitoase puternic tectonizate, de obicei lipsite de mine-
ralizatie, iar partea superioard, in care este cantonatd cea mai mare:
parte a mineralizatiei, din roci dolomitice albe cu intercalatii subtiri
de cuartite ; pe lingd dolomit, asociate cu mineralizatia, se mai intil-
nesc calcitul, sideritul si ankeritul. N =

Grosimea mineralizatiei variazd de la cifiva ¢m pma.la 5—6 m,
alternind portiuni masive cu portiuni rubanate in zona DBoita sau pre--
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.dominind mineralizatia rubantd si, local, de impregnatie spre est.

Mineralizatia este constituitd din sulfuri in parageneze simple,
importante fiind sulfurile de fier-pirita si in zona Boita si pirotina,
blenda si galena ; calcopirita are mai mult valoare mineralogicd, neatin-
gind continuturi importante decit in masa pirotinei.

Mediile continuturilor de sulf sint cuprinse aproximativ intre 12
.si 18Y%; in sectorul Boita si intre 5 si 109, in sectorul Livezi; conti-
nuturile medii de zinc si plumb sint destul de constante pe zone mai
intinse, fiind de cca 2—3%, Zn si 0,3%, Pb. Dintre elementele minore,
important2 sint cadmiul si argintul, care se asociaza mineralizatiei bo-
gate de blenda si galend din partea de est a zonei mineralizate, unde”
analizele informative au dat pind la 0,3%; Cd si 50 g/tonad Ag.

Consideratiile petrografice, mineralogice, chimice si genetice au
dus 1a concluzia c& mineralizatia studiatd se incadreazd in grupa mine-
ralizatiilor stratiforme singenetic-diagenetice metamorfozate regional.
In aceastd conceptie, zincul si plumbul au fost aduse in apa marii de
pe continent si depuse impreund cu sedimentele carbonatice, sulful fiind
generat prin activitatea vitald a bacteriilor anaerobe reducatoare ;
intr-un mod asemdinitor s-a putut forma si o parte din piritd. Deoarece
.originea pur sedimentarid ar explica mai greu formarea mineralizatiei
compacte de piritd din zona exploatdrii miniere de la Boita, apare
necesard si admiterea unei surse locale a fierului si a H»S, de naturd
vulcanicd, deci i a unei faze de mineralizare vulcanogen-sedimentara,
in deplind concordantd cu ambianta petrograficA in care se gdseste
zdcamintul.

Caracterele structural-texturale actuale sint consecinta metamor-
fismului regional pe care l-a suferit mineralizatia initiald, concomi-
tent cu rocile inconjurdtoare, un rol deosebit in redistribuirea substan-
‘tei metalifere avindu-l procesele de metasomatozd prin intermediul so-
lutiilor metamorfice.
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SULPHIDE MINERALIZATION FROM THE BOITA-LIVEZI
ZONE (POIANA RUSCA MOUNTAINS)

(Summary)

The micaceous schist complex with amphibolic rock intercalations
from the south-eastern part of the Poiana Ruscd Mountains contains a
level of carbonatic rocks which eastwards of the Boita wvalley include
a polymetallic mineralization, mainly pyritous in the Boita sector and
with a lead-zinc character towards the east. The level of carbonatic
rocks is continuously noticed along about 20 km, with thicknesses
approximately between 1-—12 m; the lower part is formed of weakly
mineralized graphitic grev dolomites, and the upper part, which con-
tains the mineralization, is formed of white dolomitc rocks with thin
quartzite intercalations. Associated with this mineralization, besides do-
lomite, there are as well calcite, siderite and ankerite. The dolomitic
level bed is formed of amphibolic schists and the top of muscovitic-
biotitic schists - garnet, all in different stages of retromorphism. The
total thickness of this mineralization varies from a few centimetres
to 5—6 m, with massiva parts alternating with banded parts in the
Boita sector or with a mainly banded mineralization towards the eust
(the Livezi sector). Within the zones rich in blende and galena, these
minerals from as well a network of intersected veinlets which usually
follow two directions, giving the impression of a cemented breccia
with mineralization or they can form some nests or crusts on the
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fissure wal's. The mineralization limits are sometimes clear and some-
times they fade towards the bed and top in the carbonatic rocks which
are less and less mineralized.

Among metallic minerals, the most important is pyrite, in di-
minishing order, excepting the weste:n part of the Boita sector where
there is a lens of compact pyrrhotite, blende, galena. chalcopyrite and
pyrrhotite. The gangue minerals are represented by carbonates, quartz,
chlorite, biotite, muscovite and apatite.

The mineralization with massive texture contains 90—60%, pyrite
and the banded mineralization 50—20%, pyrite and even less, usually
as hypidiomorphic crystals of about 0.5 mm, strongly fissured and
broken. Structure js crystalloblastic.

Blende is quantitatively subordinated to pyrite from the massive
mineralization, and it is even absent sometimes, but usually is found
in a percentage of 1—5%;. In the banded mineralization blende varies
between much larger limits, namely about 2—15%, ; locally it can reach
over 25%,. In the massive mineralization of pyrite and in the strongly
pyritized bands from the banded mineraization, blende develops as
cement among pyrite crystals or on their fissures, separating and in-
cluding pyrite grains which it strongly corrodes. Within the carbonatic
bands from the banded mineralization, blende generally has an irregular
disposition, forming clusters which can have a few milimetres and
impregnations ; blende often penetrates the fissures of carbonate crys-
tals, at their limits or on the cleavage planes. When associated with
galena, blende is corroded by this one.

Galena sporadically appears in the massive mineralization of pyrite
and more in the banded mineralization, usually in a directly propor-
tional relationship to blende. Except lenszs and massive nests of blende
and galena from the eastern part, the galena content varies from less
than 19, to about 5%, Its occurrence is similar to blende, with a
more emphasized tendency of idiomorphism when forming isolated
grains, as well as with a larger mobility expressed by a more obvious
capacity to penetrate fissures and limits of the carbonate grains. It
sometimes forms a very fine impregnation.

Pyrrhotite is the main component of the compact lens from the
Boita sector, and otherwise it appcars only sporadically.

Chalcopyrite is abundantly found only in the pyrrhotite lens, alone
or associated with blende; it is rarely found in the rest of the mine-
ralization zone.

The average sulphur contents are between 18—12%/ in the Boita
sector and between 5—10%, in the Livezi sector; the average con-
tents of zinc and lead are constant enough within larger zones, of
about 2—3%, Zn and 0.3% Pb.

Among minor elements cadmium and silver are important, being
associated with the mineralization rich in blende and galena from the
eastern part of the mineralized zone where informative analyses have
given up to 0.3% Cd and 50 g/t Ag. As the mineralogical study has
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not pointed out any proper mineral of cadmium or silver, one can
conclude that these elements isomorphously stand for a part of zinc
and lead from the blende and galena respectively.

The petrographical, mineralogical, chemical and genetical conside-
rations lead to the conclusion that the studied mineralization is in-
cluded in the group of singenetic-diagenetic stratiform mineralizations
which are regionally metamorphosed. Thus, zinc and lead were carried
to the sea water from the adjacent zones which were exondated and
deposed together with carbonatic sediments, sulphur being generated
by vital activity of reducing anaerohkic bacteria; their presence is sus-
tained by the graphitous pigment of grey delomites from the minera-
lization bed. Some of the pyrite was formed in a similar way. As the
purely sedimentary origin could hardly explain the formation of the
compact pyrite mineralization from the Boita sector, it is necessary
to admit a local source for iron and H,S, with a volcanic or mag-
matic origin.

The present-day structural-textural characters of the mineraliza—
tion are due to the regional metamorphism suffered by the initial
mineralization, at the same time with the surrounding rocks. The me-
tasomatosis processes through hot metamorphic solutions (230—250°C§y
have had an important part in the redistribution of the metalliferous
substance.

EXPLICATIA PLANSELOR

Plansa I

Fig. 1. — Mineralizatie masiva de pirita.
Massive mineralization of pyrite.
Fig. 2. — Mineralizaiie masivd de pirotind cu porfiroblaste de pirita,
Massive mineralization of pyrrhotite with pyrite porphyroblasts.
Fig. 3. — Mineralizatie rubanata.
Banded mineralization.
Fig. 4. — Mineralizalie rubanatd m:crocutata.
Microfolded banded mineralization.

Plansa II
Fig. 1. — Filonase de blend& si galend in masa carbonatica.
Blende and galena veinlets in the carbonatic mass.
Fig. 2. — Lentile de cuart si carbonat in mineralizatie masivd de blendd, galens

si pirita.
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Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Quartz and carbonate lenses in massive mineralization of blende, galena
and pyrite.

3. — Ilmenit in sist actinolitic ; X125,
Ilmenite in actinolitic schist; X128,
4. — Lamele de hematit in ilmenit (imersie) ; »} 1250,
Hematite lamellae in ilmenite (immersion) ; X 1230.
Plansa III
1. — Piritd in mineralizatie masiva ; »50.
Pyrite in massive mineralization ; x50.
2. — Blenda corodind granulele de piritd in mineralizatia masiva ; Xx50.
Blende corroding pyrite grains in massive mineralization ; x50.
3. — Piritd puternic brecifiatd si recimentatd8 cu blendd, in mineralizatie
masiva ; X125,
Pyrite strongly breccified and recemented with blende, in massive mi-
neralization ; X125.
. — Incluziuni de calcopiritd in blendd ; <320.
Chalcopyrite inclusions in blende ; X 320.
Plansa IV
1. — Piritd si blenda in mineralizatia rubanatd ; X50.
Pyirte and blende in the banded mineralization ; X 50.
2. — Blendd in benzile carboantice cin mineralizatia rubanatd; x125.
Blende in carbonatic bands of the banded mineralization ; x125.
3. — Impregnatie de galend si blendd ; X 125.
‘Galena and blende impregnation ; X 125.
4. — Plaje de blendd inconjurate de cristale cubice de galena; X320,
Blende clusters surrounded by cubie cryvstals of galena; »%320.
Plansa V
1. — Mineralizatie masivad de piritd cu gangd de cuart; N -, x50.
Massive mineralization of pyrite with guartz gangue; S EE 0
2. — Mineralizatie masiva de piritd cu gangéd de cuart si carbonat; N 4-, x50,
Massive mineralization of pyrite with quartz gangue and carbonate ;
N+, x50,
3. — Zond mineralizatd in mincralizalie rubanatd; N+, x50.
Mineralized zone in banded mineralization | N -, X50.
4, — Alternantd de carbonafi-cuart in mineralizatie rubanatd; N -, X50.
Carbonates-quartz alternance in banded mineralization ; N +4-, X50.
Plansa VI
1. — Masd cuarto-carbonatica stratificatd ; N 4, x50,
Stratified quartz-carbonatic mass ; N+, x50.
2. — Resturi de carbonati rdmase in mineralizatie de blendd si galend;

N 4+, x50.
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Fig.

Fig.

rig.

Fig.

Fig.

Fig.

Fig.
Fig.
Fig.

Fig.

1

Carbonate remnants left in blende an galena mineralization; N 4, X50.
3. — Lentild policristalind de cuart in mineralizatie de blendd si galend ;

N4, X50.

Polycristalline lens of quartz into blende and galena mineralization ;

N+, X50.

— Lentild de carbonat in mineralizatie de blendd si galen&; N -, X50.

Carbonate lens into blende and galena mineralization ; N-, «50.

. — Imagine de compozitie,

Q-cuart.

Composition image,

quartz.
. — Distributia Cu.
Cu distribution.

3. — Distributia Fe.

Fe distribution.
. — Distributia Zn.
Zn distribution.

. — Imagine de compozitie,

Composition image,
. — Distributia Zn.

Zn distribution.
. — Distributia Pb.

Pb distribution.
. — bDistributia Fe.

Fe distribution.

X300

Plansa VII
%300 : B-blendd ; Cp-calcopiritd ; G-galeni;

. B-blende; Cp-chalcopyrite; G-galena; Q-

Fig. 5. — Distributia Pb.

X300 :

Pb distribution.
Fig. 6. — Distributia S.
S distribution.

Plansa VIII

%300 : B-blend& ; G-galend; C-carbonat..

B-blende ; G-galena ; C-carbonate,
Fig. 5. — Distributia Ca.
Ca distribution.
Fig. 6. — Distribuvtia Mg.
Mg distribution.
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2. ZACAMINTE

SKARNE $SI OCURENTE DE BARITINA IN REGIUNEA
,LA DOUA MOVILE — CERNA VEST%
(DOBROGEA DE NV)!

DE
ALEXANDRU Z. MANEA ?

Skarns. Carbonatic rocks. Barytine. Silurian. Pyrometasomatism. Hydro-
metasomatism. Mineral assoctalion. X Ray analyses. Diffractometry. Post-
magmatic solutions. Intrusive magmatites; Dobrogea — North Dobrogea —
Mdcin zone.

Abstract

In partea de NV a Dobrogei de nord, in cadrul formatiunilor carbonatice,
atribuite Silurianului din unitatea de Madcin, au fost puse in evidentd, pentru
prima datd, zone de skarne pirometasomatice si produse hidrometasomatice, care
sint alcatuite din: calcit, diopsid, epidot, zoizit-clinozoizit, tremolit, muscovit-
sericit, baritind, minerale argiloase. Se propune un model genetic in care se pre-
supune existenta unor aliniamente de corpuri intrusive de magmatite cu carac-
ter intermediar-acid, avind .o cupold constiuitd din formatiuni carbonatice, care
initial au fost imbogéatite in BaSO, din apa madrii. Pe fisurile si stratificatia ini-
tiald, au circulat solutii post-magmatice, care au generat produse hidrometaso-
matice cu baritini, '

Résumé

Skarns et occurrences de barytine dans la région ,,La doud movile — Cerna
Vest* (Dobrogea de nord-ouest). A la partie de nord-ouest de la Dobrogea de
Nord (R.S.R., au domaine des formations carbonatées, attribuées au Silurien de
I'unité de Madacin, on a mis en évidence, pour la p’remiére fois, 'des zones de

! Depusd la 19 martie 1983.

? Intreprinderea de Prospectiuni Geologice si Geofizice, Str. Caransebes
nr. 1, R 79678 Bucuresti 32.
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skarns pyrométasomatiques et des produits hydrométasomatiques qui sont formis
de : calcite, diopside, épidote, zoisite-clinozoisite, trémolite, muscovite-séricite,
barytine, minéraux argileux, On propose un modeéle génétique ou on suppose
I'existence de certains alignements de corps intrusifs de magmatites a caractére
intermeédiaire-acide, avec une coupole de formations carbonatées qui initialement
ont été enrichies en BaSO, de l'eau de la mer. Sur les fissures et la stratifica-
tion initiale ont circulé les solutions post-magmatiques qui ont généré des pro-

duits hydrométasomatiques a barvtine.

Dobrogea de NV, cunoscutd ca unitatea structurald de Maécin, cu-
prinde arealul situat la vest de linia disjunctivd Luncavita-Consul-
Babadag. In aceastd unitate nu au mai fost semnalate, pind in prezent,
ocurente de baritina. '

Cercetari recente (Manea, Samoild, 1982) au evidentiat iviri de
roci carbonatice cu bariting, asupra cédrora ne vom roferi in prezenta
lucrare.

In partea de nord a régiunii cercetate, in zona ,,La doud movile®
apar calcare micritice, cenusiu-negre, care prezintd intercalatii cu gro-
simi metrice de calcare albe, slab rozii, usor recristalizate.

Studiile microscopice efectuate au pus in evidentd o masd fina,
echigranulard de c¢alcit, in cadrul cdreia se observa granule cataclazate
si prismatice de baritind, paiete de sericit si o intensd pigmentare cu
minerale argiloase. De asemenea, au fost observate si pelicule de limo-
nit, precum si filonase umplute cu calcit microgranular in asociatie
cu bariting. ,

Apare remarcabil faptul cd aceste calcare prezintd continuturi
ridicate In oxid de magneziu, acestea situindu-se in domeniul caloaro-
lor dolomitce si dolomitelor (fig. 1), prezentind (zona ,,La doud moviie®)
MgO = 14,00—18,19% si (zona ,,Cerna Vest®) MgO = 16,80—21,20" ..

In partea mediand a culmei ,Cerna Vest¥, calcarele micritice, ce—
nusiu-negre siluriene si mai ales calcarele cristaline albe, zahareide,
prezintd intercalatii milimetrice si chiar cu grosimi de 3—5 cm, adesea
microcutate, de roci dure, negre, care marcheaza stratificatia initiala
a acestora.

Cercetarile microscopice ale. acestor roci reveleazd asociatia de mi-
nerale caracteristice skarnelor. Aceste skarne prezintd o evidentd catu-
clazare si microcutare marcatd de benzile minerale argiloase, preciin
si 0 intensd transformare a componentilor mineralogici.

Masa de bazd a skurnelor este alcituiti din granule fine de cal-
cit, cristaloblaste si chiar cristaloclaste de diopsid bordate de calcit
microgranular, adesea impurificat cu pigment de naturd argiloasd. S:
mai remarcid aglomerdri granulare de epidot, zoizit-clinozoizit, precum
si paiete de sericit. S-a intilnit frecvent asocierea diopsidului cu feldspat
potasic, adesea complet sericitizat si caolinizat, recunoscindu-se doar
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T - oy ; , . . .
dupa ‘forma cristalograficd si dupd unele relicte marginale, sau dupa
maclajul bisintetic.

In Intreaga masd a skarnului apar mici granule cu conture nere-.
gulate, adesea puternic pigmentate cu minerale argiloase, cu birefrin--
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Fig. 1. — Clasificarea rocilor calcaro-dolomito-argiloase (dupd-

L. B. Ruhin). 9, marnd slab dolomiticé ;- 13, calcar argilos; 14, calcar-

dolomitic argilos; 18, calcar pur; 19, calcar dolomitic; 20, dolo-
mito-calcar.

Classification of limestone-dolomitic-clay: rocks (after L. B. Ruhin).

9, weakly dolomitic marl; 13, clay . limesione ; 14, clay dolomitic

limestone ; 18, pure limestone; 19, dolomitic limestone ; 20, dolo-
mite-limestone.

gentd scizutd, biax negative, caracteristice baritinei. Aceasta mai aparc-
si in cadrul unor filonase ce strabat haotic masa skarnului, consti-
tuind o retea neuniformd. De altfel, aceste filonase prezintd asociatia
baritinei cu caleit microgranular si foarte rar cu granule de cuart.

Au mai fost observate asociatii ale diopsidului cristaloclastic cu
feldspat potasic, precum si aglomerdri granulare de epidot si . zoizit-
clinozoizit, distribuite neuniform in masa rocii.

Se reveleazd si prezenta unor granule mici de baritind, mai ales
cu caracter franjurat in masa rocii. De asemenea, baritina mai apare
si sub forma de prisme alungite, in asociatie cu diopsidul cristaloblas-
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Fig. 2. — Diagrama variatiei grupdrilor de componenti (SiO, -+ FeyO; +
FeO+S); (BaCO; + BaSO, + Sr) si (CaO -+ MgO) ai rocii gazda.
Variation diagram of component groups (SiO; -+ Fe,O3+ FeO -+ S);
(BaCO; 4 BaSO, + Sr) and (CaO + MgO) of the host rock.
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Fig. 3. — Model ipotetic privind geneza skarnelor, hidrometasomatitelor si ocu-

rentelor de baritind. Silurian : 1, calcare micritice ; 2, calcare dolomitice; 3, cuar-

tite albe, slab sericitoase; 4, sisturi filitoase ; 5, magmatite; 6, skarne; 7, hidro-
mestomatite.

Hypothetical model concerning skarn, hydrometasomatite and barytine occurrence

genesis, Silurian :

weakly sericitous

quartzites ;

1, micritic

limestones ; 2

4, phyllitic schists; 5,

’

dolomitic

7, hvdrometasomatites.

limestones ;

magmatites ;

6,

3,

white,
skarns ;
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tic sau ca borduri franjurate pe cristaloclastele de diopsid. Intreaga
rocd prezintd frecvente limonitizéri peliculare si cristaloblaste de goe-
thit-hidrogoethit.

Skarnele prezentate mai sus au fost analizate roentgenografic (ana-
list : Tiberiu Urcan) cu ajutorul difractometrului TUR — M 61, utili-
zindu-se radiatia de CuKe, avind » = 1,537395 Kx.

Difractograma prezentatd in figura 4 evidentiazd urméatoarea para-
genezd : feldspat potasic care prezintd urmditoarele distante interpla-
nare : 4,028 ; 3,822 ; 3,765 ; 3,361 ; 3,209 ; calcit — 3,828 ; 3,000 ; 2,487 ;
1,210; dolomit 3,680; 2,88; 2,66; piroxen (diopsid) — 3,099;
2,230 ; 2,521.

Difractograma mentionati nu reveleazd prezenta mineralelor argi-
loase si baritinei, deoarece aceste minerale apar in cantititi sub 5%,
din masa rocii si nu pot fi sesizate roentgenografic.

Pe versantul nord-vestic al culmei mentionate, in cadrul aceleiasi
intercalatii de calcare cristaline albe, zaharoide, ce afloreazda lingd dru-
mul de acces din soseaua Maicin-Constanta, se evidentiazd o zona de
intensd cataclazare, in care roca are aspect anastomozat.

3004

2

30 25 20 s i >

Fig, 4. — Difractograma skarnuluj din zona dealului ,Cerna Vest*, Skarn diffrac-
togram in the ,West Cerna® hill zone.
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Studiul petrografic al acestei roci pune in evidentd o structura
microgranoclasticad si urmatoarea paragenezd : carbonat de calciu (57%),
baritina (39%), tremolit (5%), cuart (3%) si muscovit (2%).

Componentul principal si care formeazd masa rocii il constituie
calcitul microgranular. In masa carbonaticd apar prisme si granule cu
conture aschioase, cataclazate si zdrobite sau curbate de baritind. Uneori,
se observa borduri formate din ‘mici aglomerari de granule de epidot’
dispuse pe capetele de prisma ale baritinei.

Masa carbonaticd este strabatuti de filonase de calcit, tremoli,
epidot, minerale opace si baritind. In zonele cu aglomerari mai abun-
dente de prisme si granoclaste de baritind, se¢ remarcd si o abundentd
pigmentare atit a masel carbonatice cit si a baritinei cu minerale argi-
loase. In aceeasi asociatie cu cristaloclastele de bavitini apar rare lamele
de muscovit sau granule alungite, uneori fibroase de tremolit. Acestea
mai apar si ca disemindri In masa rocil. De asemenea, au fost obser-
vate si granule evident rotunjite de cuart si minerale opace, care de
a.tfel mai constituie si umplutura unor filonase.

Constituentii alternantei de roci carbonatice siluriene au fost pro-
bati si analizati chimic pentru: BaCO, BaSO,, Sr, SiO,, Fe,O, CaO,
MgO, S (analist Doina Bianu).

Rezultatele analizelor chimice au fost prelucrate statistic pentru
incadrarea lor litologicd si obtinerea variatiei principalilor componenti
(doar pentru probele care au revelat prezenta BaSOy).

Gruparea corespunzétoare a continuturilor principalilor componenti
chimici din probele de roci carbonatice si proiectarea in diagrama afe-
rentd clasificarii rocilor calcaro-dolomito-argiloase (Ruhin, 1963) scoate
in evidentd apartenenta componentilor alternantei prezentate mai sus
la urmdtoarele tipuri litologice : marnd slab dolomiticd, calcar argilos,
calcar dolomitic, calcar pur, dolemito-calcar (fig. 1).

In vederea revelarii relatiilor dintre componentii rocilor carbona-
tice au fost efectuate urmaétoarele grupari : Si0Oy -} Fe,O; - FeO 4 S
BaCO; + BaSO, 4 Sr; CaO + MgO. Rerzultatele obtinute au fost
proiectate in diagrama prezentatd in figura 2, subliniem insd ci acest
fucru a fost efectuat numai cu probele care au prezentat continuturj
in gruparea BaCO3; 4 BaSO,; -+ Sr.

Din diagrama mentionatd reiese ¢& doar proba 751, reprezen-
tind tipul de marna slab dolomitica, are continuturi ridicate in gruparea
BaCO3 + BaSO; 4 Sr; continuturi sesizabile in componentii gruparii
mentionate au fost remarcate la probele : 3 (zona ,.La doud movile)
51 9, 1033 (din zona ,,Cerna Vest“). Aceste probe reprezinti litologic
calcarul dolomitic.

Ocurentele prezentate evidentiazd prezenta unor skarne si pro-
duse hidrometasomatice in formatiunile carbonatice atribuite Silurianu-
lui (Mirduta, 1966) si asocierea baritinei cu acestea.

Asocierea baritinei cu skarne de origine pirometasomatici — co-
roboratd cu existenta, in imediata vecinitate a masivelor de magma-
tite intrusive alcaline, de la Turcoaia si Piatra Rosie — permite, in
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vederea explicdrii genezeli mineralizatiilor de baritind, elaborarea unui
model ipotetic (fig. 3;.

In acord cu acest model, in zona ,La doud movile — Cerna Vest®
si probabil mai la nord, in culmea Muchia Lungi-Chervantul-dealul
Plesuv si Bujoarele, sub o cupold constituitd predominant din roci car-
bonatice, pot exista corpuri intrusive de roci cu caracter intermediar-
acid. Solutiile post-magmatice asociate magmatismului mentionat au
circulat pe fisurile si planele de stratificatie ale rocilor carbonatice,
determinind mineralizirile din skarnele formate.

Concluzii. Cercetdrile efectuate In zona ,La doud movile — Cerna
Vest® au pus in evidentd zone de skarne, produse hidrometasomatice
si ocurente de baritind, in cadrul unor formatiuni carbonatice atribuite
Silurianului.

Rocile carbonatice se incadreazd, din punct de vedere litologic
la tipurile : marnd siab dolomitica, calcar argilos, calcar dolomitic,
calcar pur, dolomito-calcar.

Skarnele sint constituite din caleit, diopsid, epidot, zoizit-clino-
zoizit, tremolit, in timp ce produsele hidrometasomatice de tempera-
turd scdzutd au feldspat potasic, muscovit-sericit, minerale argiloase
si baritina.

Evidenta asociere a ocurentelor de haritind cu skarne de origine
pirometasomaticd, dispunerea zonei in apropierea masivelor intrusive
alcaline de la Turccaia si Piatra Rosie, presupune existenia unor cor-
puri intrusive liniare sub cupola formati din formatiuni carbonatice
siluriene care au fost initial bogate in compusi de bariu. Solutiile
post-magmatice generate de magmatitele intrusive, au circulat pe frac-
turile 'si stratificatia rocilor carbonatice, generind produsele hidrometa-
somatice si ocurentele de baritind asociate lor.

BIBLIOGRAFIE
Manea Z. Al, Samoild I. (1982) Noi indicatii privind prezenta baritinei in zona
Madacin (Dobrogea de Nord). Simpozionul asupra substantelor nemetalifere
din R.S.R. Cornstanta, 26—28 mai 1982. Arh. E.M. Dobrogea,

SKARNS AND BARYTINE OCCZURRENCES
IN THE “LA DOUA MOVILE-WEST CERNA” REGION
(NW DOBROGEA)

(Summary)

The geological prospecting works made in the NW Dobrogea have
pointed out for the first time some outcrcpping zones of Silurian car-
bonatic formations with pyrometasomatic skarns, hydrometasomatic pro-
ducts and barytine occurrences.
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Silurian formations are represented by a succession of grey-black
micritio limestones, white crystalline limestones and grey dolomitic
limestones.

Within the intercalation of white crystaliine limestones, as well
as within grey-white dolomitic limestones from the “La doud movile-
West-Cerna” zone, there were pointed out some outcrops of carbonatic
rocks with anastomosed aspects or as milimetric intercalations, up to
3—-9 cm thick, with clear characters of skarns, having the following
paragenesis : calcite, tremolite, epidote, zoisite, zoisite-clinozoisite,
quartz, as well as hydrometasomatic products of low temperature with
potassium feldspath, muscovite-sericite, clay minerals and barytine
occurrences.

The proper processing of chemical analyses made on carbonatic
rock samples and their projection in the diagram of afferent litho-
Jogic classification, sustain their appurtenance to the following typ=s:
weakly dolomitic marl, clay, limestones, clay dolomitic limestone, pure
limestone, dolomite-limestone.

As concerns relationships among components of the analysed
rocks (only samples with BaSO,; contents), they were projected in
the diagram of figure 2, with the following groups: SiOy 4 Fe Oy |-
FeO 4 S; BaCO; 4 BaSO; + Sr; CaO -- MgO, of which one can con-
clude that only sample 751, representing the lithologic type of weakly
dolomitic marl of the West Cerna peak, shows high amounts of the
group BaCO; 4 BaSO; -+ Sr, as well as samples 3, 9 and 1053 which
hlave perceptible contents of this group and represent the lithologic
types of dolomitic limestones.

Figure 3 shows a hypothetical model concerning the genesis of
skarns and hydrometasomatic products outcropping in the studied
zone. This model supposes the existence of some linear intrusive
bodies with an intermediary-acid character situated under a cupola
formed of carbonatic rocks which were initially enriched in Ba33,,
from the sea water. The post-magmatic solutions generated by the
intrusive bodies have circulated on fissures and the initial stratifica-
tion of carbonatic rocks, forming thus hydrometasomatic products
asscciated with barytine mineralizations, remobilized from carbonate
sediments.

EXPLANATION OF PLATE

Geological Map of the "La Doud Movile-Cerna Vest” Region. Quater-
nary — 1, loess deposits ; Silurian — 2, gabbrodiorite vein ; 3, phyllitic series ;
4, weakly sericitic, white quartzites; 5, grey limestones alternating with white
crystalline and dolomitic limestones ; 6, skarns; 7, position; 8, geological limit ;
9, fault; 10, road; 11, geological samples and handspecimens; 12, baryte
occurrences,
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‘ 2. ZACAMINTE

ETUDE CHIMIQUE ET MINERALOGIQUE DES BAUXITES
DE LA ZONE ANA-SECATURA (MONTS PADUREA CRAIULUI)t

PAR

V. CORVIN PAPIU? SEVER BORDEA? VASILE IOSOF %
VASILICA NEACSU 3 FLORICA POPESCU?2

Bauxite. Tithonic. Lithology. Carbonate rocks. Sedimento-genesis. Vad lime-
stone. Cornet limestone. Minor elements. Diaspore. Boehmite. Physicochemical’
precipitation. Paleokarst; Apuseni Mountains — North Apuseni Moun--
tains — Pddurca Craiului Mountains.

Résumeé

Les bauxites du nord du Massif Paddurea Craiului (Monts Apuseni) ont
’age néocomien inférieur et sont plaquées au-dessus des calcaires récifaux juras-
sigue supérieurs de type Cornet, étant recouvertes par les calcaires lacustres
a charophytes attribués au Néocomien supérieur. L’étude chimique-minéralogicue:
effectuée sur 14 échantillons provenus de 7 lentilles ont mené aux conclusions
suivantes. Chimiquement, ces bauxites sont formées des éléements ce la triade:
Al, Fe, Ti ensemble avec la silice (composants principaux), les autres éléments:
avant des valeurs sous-unitaires. Tous les échantillons sont diasporigques, un
seul échantillon du secteur Secdtura ayant une grande quantité de boehmite.
Le fer est fixé en hématite (hématogel), goethite et septechlorites, la silice en
kaolinite et septechlorites et le titanium sous forme d'anatase. A la partie infé-
rieure des lentilles on constate ginéralement une augmentation de la guantité
de fer, accompagnée par la diminution par compensation du pourcentage en
diaspore et anatase, Les minéraux argileux présentent des variations non-signi-
ficatives. La situation est surtout le résultat des phénomeénes de déferrification
descendente sous l'action des agents exogénes, Le rapport Fe,O3/FeO par lequel
on a défini les caractéres des bauxites du territoire roumain les situe en'
pourcentage de 859, parmi les bauxites ferriques (valeur du rapport plus de 20y

I Recu le 3 mai 1984, Accepté le 7 mai 1984.

? Institutul de Geologie si Geofizicd, sir. Caransebes nr. 1, R. 79678 Bucu--
resti 32.

3 Intreprinderea de Prospectiuni Geologice si Geofizice, str, Caransehes nr. 1,.
R 79678 Bucuresti 32.
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et subordonnement parmi celles ferroferriques avec la valeur du rapport entre
4-20. La genése des bauxites est lice des processus de précipitation des solu-

tions hyperacides electrolytes ou des solutions colloidales par mélange avec les
-eaux karstiques bicarbonatées.

Abstract

Chemical and Mineralogical Study of the Ana-Secdtura Zone Bauxites
(Pddurea Craiului Mountains). The bauxites from the northern part of the
Paddurea Craiului Massif have a Lower Neocomian age and are plated over
the Upper Jurassic reef limestones of the Cornet type, being covered by lacus-
trine limestones with charophyteae attributed to the Upper Neocomian. The
‘chemical-mineralogical study made on 14 samples from 7 lenses has led to the
following conclusions. These bauxites are chemically formed of elements of
‘the Al, Fe, Ti triad, and silica (main components), the other elements having
subunitary values. All samples are diasporic, and only one sample, from the
‘Secalura zone, has a large amount of boehmite. Iron is fixed in hematite (hema-
togel), goethite and septechlorites, silica in kaolinite and septechlorites and
‘titanium in anatase. The lower part of lenses is characterized bv an increase
‘of the iron amount, accompanied by a compensaling diminution of the diaspore
and anatase. Clay minerals show unsignificant variation. This fact is mainly
‘due to descendent deferrization phenomena wunder the exogene agent action.
‘The TFe,Oy/FeO ratio which helped to define bauxite characters on the Roma-
nian territory situates them over 63", among ferric bauxites (ratio value over 20)
and subordinately among the ferroferric ones wilhh a ratio value between 4-20.
Bauxite genesis is connected to precipitalion processes from electrolytic hyper-
acid solutions or from colloidal solutions by mixing up with bicarbonated
karst waters.

Le but de cette étude a été celui de compléter les recherches faites
sur les bauxites des Monts Padurea Craiului. En 1970, une étude pé-
trologique complexe a mené a l’établissement du contenu chimique-
minéralogique de divers types lithologiques de bauxites (Papiu et al,
1970—1984). En 1984, & la suite de la découverte de nouveaux gise-
ments de bauxites dans la zone Meziad, les recherches ont été conti-
nuées vers le sud du massif (Papiu et al., 1985). La présente étuda
examine les bauxites rencontrées a la partie septentrionale de Padurea
Craiului, dans la zone Ana-Secdtura, intéressante pour ses gisements
.de bauxite, qui a été dtudice par les prospecteurs d’IPEG Cluj-Napoca,
«en vue de contourer ces gisements. Ayant en vue que dans cette région
«des Monts Pddurea Craiului les lentilles de bauxite sont au jour pour
la plupart, une stratigraphie des formations carbonatées jurassique su-
périeures n’a pas été réalisée.



2 LES BAUXITES DE ANA-SECJ‘%,T[J;R& MTS. PADUREA CRAIULUI 65

Sur la carte dressée par Patrulius (1956) on a séparé seulement
des calcaires jurassique supérieurs, sans donner la structure géologique
de détail de la zone. ' ' ' ‘

Par les études faites en 1982 et 1983 (Bordea, Bordea) pour la
maquette de la feuille échelle 1:50000 Zece Hotare, on a réalisé le
lever géo.ogique de détail du périmétre Ana-Secatura.

Les recherches concernant le chimisme et la minéralogie des bauxi-
tes de Péddurea Craiului ont ¢été initiées par Vadasz (1924) et Eliza
i.eonida Zamfirescu (1931); plus tard (1955), Dianet et Draghici on fait
cne ¢tude thermodifférentielle des bauxites. En 1954, Patrulius donne
une classification des bauxites par rapport a leur structure, couleur
¢t certaines particularités. Ultérieurement, Treiber étudie ie contenu
minéralogique de quelques bauxites de Célatea (1960) et Valea Iadu-
lui (1965). _ ' '

Deées 1966, on a fait des études systématiques sur les caractéres
chimiques-minéralogiques des bauxites des Monts Pddurea Craiului,

parmi lesquelles celles de Papiu et Minzatu (1967, 1969) et Papiu et al.
(1970, 1984).

1. Evolution géologique de la région. Occurrence des bauxites
(PL et fig. 1)

L’autochtone de Bihor-Padurea Craiului contient des formations
cristallines qui forment le soubassement des dépdts sédimentaires per-
miens, triasiques, jurassiques et crétacés. Notre étude s’intéresse seule-
ment des formations néojurassiques et €o-crétacées entre lesquelles se
trouvent les bauxites. ‘ :

Les dépdts néojurassiques se sont accumulls dans les conditions
d'unc sédimentation carbonatée, sur des p ate-formes larges a eaux peu
profondes. A la fin du Jurassique, ces plate-formes se sont €levées et
au-dessus d’elles s’est formé un relief karstique. Pendant le Néocomien,
sur ce relief s'est installé un régime lacustre, ou se sont déposeées les
bauxites, puis les calcaires & charophytes (faciés Wealdien). Le régime
marin a envahi graduellement le territoire de Padurea Craiului, la
preuve en étant la présence des calcaires a gastéropodes petits (régime
saumatre) que se trouvent entre le calcaire & charophytes et les cal-
caires a pachyodontes. s .

La structure tabulaire des formations de la région, qui s’enfonce
vors ouest et le sud, ‘a été affectée par une série de failles orientées
généralement NO-SE ou NE-SO. Ainsi se sont formés plusieurs com-
partiments dont quelques' uns, surtout ceux du NE de la région, étaient
trés élevés : a cause de cela, les formations du toit des bauxites, tout
comme une partie des dépdts jurassiques, ont été éliminées par érosion.

Les bauxites de la zone Ana-Secitura, & quelques exceptions,
apparaissent en affleurement, leur toit étant éliminé. To'ut comme daqs
les autres régions de I’Autochtone de Bihor-Padurea Craiului, les b-fmx1-
tes ont 4dge. néocomien, faciés Wealdien, en se trouvant a la h_mite
entre les terrains jurassique supérieurs et ceux crétacé inférieurs.

5 — . 215
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La forme et les dimensions des gisements, tout comme leur nombre
ont été déterminés par l'aspect du paléokarst formé a la fin du Juras-
sique. A son tour, le type de paléokarst a été influencé par la consti-
tution du substratum et de son degré de fissuration. La plupart des
gisements de bauxite se sont déposés au-dessus du calcaire de Cornet
et de celui d’Albiocara; le calcaire d'Astileu et celui de Farcu ont
toujours peu de bauxites (Bordea et al., 1983).

Les lentilles de bauxite moulent généralement les surfaces irré-
guliéres du paléokarst ; elles sont massives et homogénes (fig. I). Les
corps de bauxite ont des formes diverses: rondes, allongées, rectangu-
laires, le plus souvent lobées. Les dimensions des lentilles sont aussi
variables ; dans le secteur Secatura, les gisements petits (moins de
10 m.c.) apparaissent dans les mémes zones que ceux movens
(10—100 m:c.), ou grands (entre 100 m.c. et quelques centaines m.c.).
Les épaisseurs des lentilles varient de 0,50 m a 10 m,; les maximums
sont rencontrés surtout aux lentilles a grandes surfaces, mais sans

en étre une régle.

II. Lithologie des formations de la base et du toit des bauxites.

Presque toute la surface de la zone Ana-Secdtura contient des
formations appartenant au Jurassique supérieur; le reste des dépdts,
plus nouveaux que les bauxites, couvrent des aires restreintes (4%,
du territoire).

Ce qui suit. va décrire seulement les dépdts carbonatés juras-
siques (sur lesquels s’est formé le paléokarst qui a formé des pieges
pour les accumulations bauxitiféres) et crétacés du toit des bauxites.

A. Les formations de la base des lentilles de bauxite

Les formations au-dessus desquelles on {trouve les bauxites
appartiennent a trois types lithologiques : le calcaire de Vad (Cullo-
vien moyen-Kimméridgien) gris foncé 4, le calcaire de Vad gris clair*
et le calcaire de Cornet (Tithonique).

1. Le calcaire de Vad gris foncé (V;) sc trouve a la partie orien-
tale de la zone étudiée, prés du ruisseau Groapa Birtinului; il a des
¢paisseurs de jusqu'a 120 m.

Ce sont des calcaires pellétaux, dc couleur fonc: Je, gris-noiratre,
stratifiés en bancs décimétriques jusqu’a métriques. A certains niveaux
on trouve de nombreux accidents silicieux. Ce type de calcaire sup-
porte directement quelques lentilles de bauxite, trés désagrégées; c'les
se trouvent sur le flanc droit du ruisseau Groapa Birtinului et au sud
ie ‘Dealu Boilor. "

2. Le calcaire de Vad gris clair (Vy) se trouve dans le secteur
Groapa cu Tdu-Tomnatecul ou il a des épaisseurs de 100 m environ et
4 Dealu Boilor ol il apparait sur des épaisseurs plus petites (50 m).
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Ce sont des calcaires pellétaux ou des calcarénites bioclastiques
de couleur claire, stratifiés en bancs décimétriques jusqu'a méiriques ;
A la partie inférieure de ce calcaire on trouve des accidents silicieux.

s NN s 0 "B

Fig. 1. — Sections géologiques en gisements de bauxite de la zone
Ana (163, 164) et Secatura (206, 21, 468, 469, 470) des Monts Padurea
Craiului (selon S. Bordea).

1. calcaire de Cornet; 2, bauxite; 3, lehm bauxitifére; 4, calcaire
! . B

a charophvtes ; 5, calcaire a pachyodontes.
Parfois, a la limite avec le calcaire gris foncé de Vad et souvent &
la limite avec le calcaire de Cornet, les calcaires pellétaux sont rem-—
placés par des calcaires récifaux et récifogenes, de couleur plus claire,
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souvent ‘massifs, ou stratifiés A Touest de Groapa cu Téu, ce faciés,
qui forme la partie termlnale du ,,Vad gris clair“, a des épaisseurs
maximums (50 m), il est formé de calcaires constrults de calcarénites
et de calcirudites ol on distingue des coraux et de nombreux frag-
ments d'échincdermes.

Le calcaire de Vad gris clair supporte directement des lentilles de
bauxite tant au nord de Secdtura, que dans le secteur Ana.

3. Le calcaire de Cornet a été, sépare et dénommé par Patrulius
et al. en 1974, au secteur Cornet; il couvre de larges surfaces du
plateau karstique de Secatura. A l’est de la zone étudiée il n’apparait
que sous forme de petits lambeaux restreints qui occupont les hauteurs
a I'est de Dealu Boilor et & 'est de Groapa cu- Taul - — :

Le ocalcaire de Cornet est un calcaire recﬁal gris .clair jusqu’a
blanc, massif, épais de 60—80 m. Il contient des calcarénites et des
ca'cirudites, des calcaires bioconstruits et des bréches récifogénes.

La plupart des lentilles de bauxite sont cantonnées sur le calcaire
de Cornet. Les sectzurs ol les calcdires racifaux ont des épaisseurs
réduites, la partie supérieure étant éliminée par érosion, comme a
Cimpul Trepului, ‘Ciungul, Dealu Calicului, n'ont pas de bauxites. Les
échantillons présentés ct analysés dans cette étude proviennent des
lentiles platjudes exclusivement sur le calcaire de Cornet.

B. Les formations du toit des lentilles de bauxite

Les formations carbonatées ~déposéés aprés l'accumulation des
bauxites ont une occurrence trés réduite” dans la zone Ana-Secdtura.
Elles sont représentées par le calcaire & charophytes et ‘le calcaire in-
férieur a pachyodontes.

1. Le calcaires & charophytes (Néocomien) forme le premier terme
carbonatique du Crétacé. Il apparait & la base du calcaire inférieur a
pachyodontes dans quelques aff'eurements situds au nord de Virful
Secdtura et sur une aire plus restreinte que se trouve ‘au sud-ouest
de méme sommet; dans la colline Ana et au,nord de celle-ci, a l'est
du périmétre, le calcaire a charophytes est bien ouvert par quelques
galléries de cOte qui ont exploré les lentilles de bauxite de sa base.
IL’épaisseur maximum du calcaire a charophytes est de 3 m; souvent
il s’effile en ne dépassant 0,50 m (au nord de Deaiu Secdtura). C'est
un calcaire micritique, gris ou gris foncé, brun, rarement rougeatre.
Dans le secteur Ana il y a des zones retrécies brécheuses intercalées
entre les bancs décimétriques de calcaire a charophytes. :

2. Le calcaire infc¢rieur & pachyodontes (Néocomien-Bairrémien)
apparait a4 l'extrémité orientale du périmeétre, en formant les hauteurs
de Dealu Ana et comme des lambeaux des dimensions réduites au nord
et au sud de Secatura. Dans la zone étudiée, le calcaire a pachyodontes
ne dépasse pas 50 m d’épaisseur.

. €Ce sont. des micrites gris clair, & cassure conchoidale, stratifiées
en bancs de 1050 cm’ & texture fenesirée. Dans la successsion du
calcaire iniérieur & pachyodontes il y a des niveaux ol les granules
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participent en quantités plus élevées (granules disseminges, plus de
10%, — wackestone). Parmi celles-ci les intraclastes sont rarement re-
présentées ; souvent on trouve des bioclastes (fragments de coquilles
de pachyodontes, de gastéropodes ou d'échinodermes) et fréquemment
des coquilles non-fragmentées (aslgues dasycladacées, miliolidés et tex-
tulariides). -

Dans le secteur Ana, les lentilles de bauxite couvertes par ces
calecaires ont ¢ié interceptées par des forages a 30—50 m de profondeur.

IiI. Composition chimique-minéralogique

La premi¢ie dtude chimique-minéralogique sur les bauxites du
massif Padurea Crajului a été faite par notre collectif en 1966 et 1967
(Papiu et al, 1970). Dans cefte ¢éiude on a présenté une classifica-
tion chimique des bauxites, par rapport aux rédoxipotentiel, une clas-
sification emplovée puis pour caractériser les agutres bauxites étudides
sur notre territoire. En conclusion, on a formulé ,in extenso“ une in-
terprétation génstique originelle selon laquelle la formation des bauxi-
tes de Padurea Craiului est déterminée par la précipitation physique-
chimique des soclutions soit électrolytes hyperacides, soit colloidales,
aprés le mélange avec les eaux bicarbonatées du paléokarst au-dessus
duquel elles se trouvent plaquées (bauxites autochtones de pré-
cipitation).

La présente étude compléte les connaisances antérieures avec des
données supplémentaires, le résultat des études faites sur les bauxi-
tes des secteurs Ana et Secdtura (nord du Massif Padurea Craiului);
ce sont des analyses faites sur 14 échantillons provanant de sept len-
‘tilles (deux échantillons pour chacune), deux lentilles du secteur Ana
(¢chantillons 163 et 164) et einq lentilles du secteur Secdtura (échantil-
lons 206, 468, 469, 470 et 21).

Les 14 échantillons de bauxite ont été soumis aux anilyses sui-
vantes : chimiques complétes de silicates (Tableau 1), rontgénogra-
phiques (diffraction en rayons X) et thermodifférentielles. De la cor-
r3lation des analyses chimiques avec celles minéralogiques on a établi
le contenu minéralogique conformement au Tableau 2 et a la figure 5.
Pour chaque pair d’échantillons ces tableaux contiennent la mention
de sa positon dans la lentille (s == haut, m == milieu, j == bas). L’échan-
tillon 21 en est une exception (Secatura); d’ici on a prélevé deux
é¢chantillons approximativement du méme niveau, qui sont indiqués
par les points cardinaux de l'emplacement de collection (O et E).

Le Tableau 3 présente synthétiquement les limites de variation
et les moyennes pour les composants chimiques et minéralogiques. Pa-
rallélement, on a élaboré aussi une étude pétrographique dont les ré-
sultats ont complété nos interprétations, mais qui fera lobjet d’une
note future.

Nos c¢tudes antérieures ont établi l'existence de deux types de
bauxites, selon les caractéres génétiques: bauxites a caractéres pri-
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maires dont la formation et la structure roflétent, au plus haut degré,
ie caractére primaire du sédiment originaire et donc les conditions de
formation, et des bauxites a caractéres secondaires oll ces caractéres
initiaux ont été modifiés ultérieurement a leur plécipitation‘ Au do-
maine de ces-derniéres on a délimité deux sous-groupes, & savoir : les
bauxites déferrifiées (de point de vue exogéne ou hydrothermal ou de
Faction™ conjuguée de ces deux catégories et des bauxites déferrifiées
strictement de point de vue hydrothermal) d'une part et les bauxites
métamorphisées thermiquement, de l'autre part. En tenant compte du
rapport Fe,O3 :FeO, les bauxites du Massif Padurea Craiului ont été
divisées en trois grupes : les bauxites ferriques (Fe,O3 :FeO plus de 20),
les bauxites ferroferriques (FeyOjz :FeO = 4—20), des bauxites ferreuses
(valeur du rapport moins 4). Ces caractéres montrent trés bien les
conditions du milieu d’accumulation, comme pour la lentille Schireaua
ol, dans un intervalle de 1,50 m, on peut observer le passage graduel
entre les trois types (ferllques ferroferriques, ferreuses). Ils mettent
aussi en evidence 1'effet de certains processus ultérieurs (dlagenethues
d'a’tération ou metamorphlques) dont le plus fréquent est le processus
de déferrification, un processus dont les effets, comme on va voir, sont
plus ou moins présents dans toutes les lentilles bauxitiques. Du Ta-
bleau 1 on peut conclure que les bauxites du nord du Massif Padurea
Craiulul appartiennent 859 (12 échantillons de 14) aux bauxites fer-
riques. Des bauxites ferroferriques sont seulement les échantillons
470 m du secteur Secitura (valeur du rapport 7,4) et I’échantillon 164 s
du secteur Ana (valeur du rapport 18 ,5). En faisant la comparaison
des données du Tableau 3 avec celles de notre premiére étude, on
conclut que les valeurs des contenus en oxydes, tout comme ceux mine-
ralogiques, sont de méme ordre, étant 51m11a1res surtout a celles fer-
rigues et subordonnément ferroferrlques

w Considérations chimiques (Tableaux 1 et 3)

Etant spicifiques pour les bauxites, les principaux oxydes -qui
coatribuent & la formation des lentilles de la zone Ana-Secdtura (natu-
reliement sauf H,O) sont les éléments de la triade Al-Fe-Ti et la silice,
a valeurs sur-unitaires. Les autres composants se trouvant sous 1%
2 ja premiére décimale : CaO (dQi certainement a la présence des masses.
calcaires du mur et du toit) et MgO (pour la plupart des échantillons).
Les alcali, le: manganése. et le phosphore restent sous 0,19, dans
tous les cas.

Parmi les composants principaux, 1'a; umlne est la plus abondante
avec une,.moyenne de 57%, suivie par Fe)O3;T moyenne. 230
{Fe, 03 = 22 /Q la silice avec 5,79, et TiO, avec la moyenne 28/0 La
premiére est lide en oxyhydroxydes (diaspore et dans un seul cas
baehnnte) et en silicates (kaolinite et septechlorite), d’ailleurs les seuls
minéraux qui fixent aussi la silice. Le fer est représenté surtout par
1z forme trivalente (moyenne 220)) lide en hématite et goethite. 11
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faut souligner aussi le fait que FeO, avec une seule exception (échan-
tillon 470 m ferroferrique), se trouve toujours sousunitaire, étant lié
en septechlorites ferreuses (moyenne 0,64%). Le titanium représente
une remarquable uniformité quantitative étant lié sous forme d’anatase
dans la mésostase des bauxites.

En nous référant aux relations entre les principaux oxydes, on
constate les choses suivantes. Entre le contenu en silice et les contenus
en aluminium et fer il n’y a aucune corrélation quantitative (fig. 2, 3).
Une partie des échantillons semblent pourtant présenter une vague
corrélation inverse entre l'alumine et la silice (fig. 2) et, pour 8 échan-
tillons de 14, une corrélation directe entre le fer et la silice (fig. 3),
mais ces éléments ne sont pas concludents, car ce composant reflete
des apports variés pour tous les niveaux et les ientilles.

Entre l'alumine et le fer total en échange, tout comme entre
l'alumine et le fer ferrique (tableau 3, fig. 4) il y a une évidente cor-
rélation inverse, comme on a déja constaté pour les autres bauxites
autochtones. Le fer ferreux est sur-unitaire dans I'échantillon 470 s
de Secdtura, a cause du contenu trés élevé des septechlorites et du
pourcentage minine de FeyOz. Le titanium pr'ésente des valeurs plus
¢levées dans les échantillons pauvres en fer, mais sans pouv01r equlu
une évidente corrélation inverse avec ce-dernier.

Si0,
% 10

T .

51 53 S5 57 59 61 63 65
Al, 05

Fig. 2. — Corrélation SiOy — ALO,.
Nous allons essayer de donner ici une interprétation des données

présentées, en tenant compte de la position -des échantillons dans les
lentilles de bauxite étudiés (dont les profiles sont présentés dans la



i1 LES BAUXITES DE ANA-SECATURA MTS. PADUREA CRAIULUI 3

lig. 1). Le premier fait remarquable est la diminution du contenu en
alumine dans les horizons inférieurs par rapport & ceux supérieurs
et surtout dans l’horizon basal. De méme, on constate 1'augmentation
nette du fer trivalent et du fer total, qui est concentré en base des
ientilles. L'observation est valable pour quelques unes de ces six len-
tilles ; dans un seul cas, la lentille 163 Ana, les valeurs de deux oxydes-

107 Si0;%

9

Fe,057

% 17 18 19 20 29 22 23 24 25 26 27 28 25 30
Fig. 3. — Corrélation SiO; — Fe,0;T.

£z 03
c/ﬂ j
68 1
b -
60 1
56
i °
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. . . . r - -
% 0 26 2 18 % 10
F22 03 T

g Fig. 4. — Corrélation AlO; — Fe,O3T.
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sont presque egales a la partie médiane, tout comme a celle infé-
rieure. Dans toutes les lentilles étudiées, le titanium qui’ peut @étre
considéré 1'élément’piis ou moins constant, avec un domaine de varia-
tion extrémement limité (2,3—3,5" 0) a des diminutions quantitatives
dans I’horizon inférieur, plus ou moins marquées. Ces observations nous
conduisent implicitement a la supposition d'un’ élévement dzs contenus
en alumine et titanium a cause de la diminution du contenu en Fe,O,;
«des horizons supérieurs et de 1'élevement de sa quantifé tant par
différence, que par 1’éventuelle déposition dans l'horizon basal. Cette
:situation est due a la déferrification ,,per descensum® sous l'influence
des eaux d’'infiltration qui entrainent cet élémeant de 1a masse des
bauxites, peut-étre sous forme de composants organoméstalliques. La
perte de l'oxyde ferrique pourrait avoir des influences sur la diminu-~
tion de la valeur du rapport Fe;Os; :FeO des roches, ce qui est valable
pour trois des six lentilles; a deux on remarque aussi 1’é¢levement du
.contenu en FeO. Dés la sédimentation, il faut admeattre, pour I'échan-
tillon 470 m, que se trouvait un contenu élevé en FeO, ce qui 'inscrit
parmi les bauxites ferroferriques, le processus de déferrification accen-
tuant ce caractére imposé par la présence des septechlorites. Cette
situation est expliquée soit par le fait qu'aux niveaux supérieurs se
trouvajent des contenus plus élevés en FezO; qu’au niveau inférieur,
soit qu’aux niveaux supérieurs les conditions du milieu de sédimenta-

tion ont été plus oxydantes, comme pour la lentille 163 Ana, ou les
valeurs du fer trivalent et de la silice sont pratiquement égales, seule-
ment le contenu en FeO de la base. étant élevé ; celui-ci diminue ainsi
la valeur du rapport FeyO; :FeO. En deux autres lentilles de Secitura,
bien que le contenu en fer trivalent et respectivement le fer total
augmentent au niveau inférieur, la valeur du rapport diminue, a
«cause du pourcentage initial un peu plus élevé en fer bivalent. Autre-
ment dit, la déferrification n’a pas déplacé une quantité suffisante de
Fe3* pour modifier, ou plus exactement pour élever au dessus de 20 la

valeur du rapport Fe,O3 : FeO.
En ce qui concerne les échantillons de la lentille 21 Secitura,

qui ont été prélevés de méme niveau, on remarque une grande dif-
férence pour la silice (3,6% a la partie occidentale et 9,2% a la
‘partie orientale) et le fer ferrique (24%, respectivement 19,5 %), 1'alu-
mine et le titanium ayant des valeurs similaires. Celles-ci sont dues
& un pourcentage plus élevé en kaolinite & la partie orientale et a un
contenu plus réduit en fer (ferrique et ferreux), la conséquence pro-
‘bable d'une déferrification plus intense, sur 1'un des flancs de la lentille.

L’é¢tude microscopique montre pour beaucoup de cas la diminu-
ticn évidente du contenu en oxyde ferrique de.la mésostase du niveau
superieur, en- famhtant ainsi la reconnaissance de la structure typique
.des bauxites et son déplacement vers les niveaux inférieurs ou elle
‘imprégne les roches. ‘
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B. Constitution minéralogique (Tableaux 2 et 3, fig. 5)

Les minéraux composants des bauxites sont les minéraux de 1
triade Al-F2-Ti. Pour l'aluminium. ce sont des oxyhydroxydes (dia-
spore, dans un seul c:s boehmite) et silicates (kaolinite, septechlorite),
pour le fer, des oxydes et des oxyhydroxydes (hématite, goethite ")
et des silicates (septechlorites) et. pour le- titanium, ’anatase. Ces miné-
raux forment un mélange cryptocristallin dans la mésostase des roches
ou s'individualisent en éliminant le fer du gel d’origine et en effacant
la structure concentrique primaire des corpuscules. Sur les fissures,
tout comme dans la masse des roches, apparaissent souvent des miné-
raux secondaires bien cristallisés : goethite, gibbsite, kaolinite. Dans
les zones ou ce dernier minsral forme des aires pilus étendues ou
invade la masse diasporohématitique, on a admis l'intervention dz cer-
tains processus hydrothermaux ; pour les autres échantillons du Massif
Padurea Craiului (Papiu et al., 1970) cette observation ne peut pas étre
appliquée tout de méme, au moins dans 1'étape actuelle des recherches,
pour les échantillons des secteurs Ana et Secétura.

En nous reférant au rappo:t entre les minéraux composants, on
va constater que les observations-concernant 1’évolution chimique sont
évidemment reflétées dans la minéralogie des roches. Ainsi on constate
un rapport inverse entre le contenu en diaspore et celui en hématite
(hématogel) -+ goethite; les trois échantilons avec un contenu maxi-
mum (plus de 65%) en diaspore correspondent a un contenu minimum
en oxydes ferriques (moins d2 18%), qui indique le processus de défer-
rification descendente mentionné ci-dessus. La présence en grande quan-
tité de la boehmite dans 1’échantillon 470 m Secédtura confirme nos
observations antérieures selon lesquelles, pendant que les bauxites fer-
riques du Massif Padurea Craiului sont toujours diasporiques, les
bauxites ferroferriques peuvent étre diasporo-boehmitiques, en condui-
sant vers les bauxites ferreuses presque exclusivement boehmitiques.
Cette observation est un argument aussi pour lorigine primaire du
diaspore et pas une conséquence de la diagenése ou du m3tamorphisme
de la boehmite associé au méme horizon des roches. sans aucun indice
de transformations fondamentales (Papiu et al., 1970).

Tout comme la silice et le fer bivalent, le contenu en minéraux
argileux (kaolinite, septechlerites) est indépendent par rapport au ni-
veau ou a la présence des autres minéraux composants, en indiquant,
selon notre avis, l'origine primaire, en fonction du contenu en ions
des solutions originaires et de leur nature. On remarqus aussi des
valeurs semblables dans les échantillons de deux niveaux de la len-
tille 163, ce qui nous conduit 2 la conclusion, déja formulée, selon
laquelle ces minéraux sont liés des processus sédimentogénes et pas
de ceux ultérieurs & la sédimentation (post-sédimentaires). Ces valeurs
peuvent varier dans la méme. lentillz, fait illustré par la lentille 21
Secdtura, ou la partie orientale contient trois fois de plus kaolinite
gue celle occidentale. plus riche que celle-ci, & son tour, en miné-
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TABLEAU 3

Limites de variafion et moyennes %

. Limites de Moye- AT . Limites de Moye-
Oxides variation nnes Minéraux variation nnes
Si0, 2,26~ 9,29 5,71 || Dispore (+) 52,1—73.1 61,3
Boehmite

Al O, 50,43—64, 33 56,93 1| Hématito 9 —25,3 18,1
Fe,0, ** 12,20—28,65 22,90 Gosthite 0 —12,7 4,4
IFo,0, ** 10,60—27,18 22,20 || Septeclorites * 1 — 4,1 1,8
FeQ * 0,35— 1,44 0,64 || Kaolinite 4,7—19,2 11,1
TiO, 2,30— 3,49 2,83 | Anatasc 2,3— 3,5 2,8

* une seule valeur plus que 1%
** trois valeurs moins que 20%

* une seulc valeur pluc gue 2,59,

%o

100

90 |

80 R b‘\\ A o] \...*.,

‘\+ ha ya a +f
70 Y A\ PN
2 2\ e

50

404

301 -

20 s,

—

10 —
A Al A & A4 A. Al A Al A Al A
joomlm s} j m| ] s{j] mjj m|st dr

Nepr 163 164 206 468 469 . 470 21 ]

Fig. 5. — Diagramme cumulatif avec le contenu minéralogique.

1, diaspore ;

2, hématite ;

3, goethite ;
5.

anatase,

4, kaolinite 4- septechlorite ;

raux de fer et en diaspore. La zone occidentale contient de la goethite,
pehdant que dans celle orientale ce minéral est absent. L’anatase est
egale quantitativement dans les deux zones en indiquant l’origine rigou-
reusement commune du matériel originaire. Comme une conséquence
du processus de deéferrification, & l'exception de cet échantillon, 1'ana-
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tase, tout comme le titanium du chimisme, presente des quantités légd-
rement .augmentées dans les horizons supérieurs par rapport & la base,

De la figure 6 on peut conclure que, dans les bauxites étudiées,

il n'v a pas question d'une corrélation entre le diaspore et les miné-

Kaolinite +Chlorife
50%

Diaspore

60 - . g

40 -

30
20 4

10 1

2 b 6 8 10 12 % 16 18 20 Kaolinite+
T 3 5 7 90 B 1B 17 19 Chlonite

Fig. 6. Corrélation diaspore-kaolinite - chlorite.

Diaspore + Boehmite 100%

Fig. 7. — Diagramme ter-
naire : (diaspore -+ boehmite)
—  (hématite 4 goethite) —
(kaolinite - chlorite),
I, bauxites str. s.; II, bauxi-
tes ferriques; III, bauxites
argileuses.

Hematite + Goethite
o

raux argileux et que, par comparaison, ces derniers cnt un domaine
beaucoup plus large de variation que le diaspore. En guise de conclu-
sion, en employant le diagramme ternaire, employ¢ aussi dans nos tra-
vux antérieurs (Papiu et al., 1981 a, b) avec des termes extrémes les
oxyhydroxydes d’aluminium, de fer et les minéraux argileux (fig. 7).
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on constatate que 11 échantillons sont inscrits dans le champ II des.
bauxites ferrugineuses (comme la plupart des bauxites autochtones des
Monts Apuseni) et trois échantiilons dans le champ III des bauxites.
argileuses. ’

IV. Conclusions génétiques

La corrélation des données chimiques-minéralogiques avec celles.
pétrographiques et avec nos observations antérieures nous mene a la.
conclusion que les bauxites des secteurs Ana et Secdtura sont le ré—
sultat conjugué du processus sédimentaire str. s. avec les transforma-
tions uitérieures diagénétiques et épigénétiques. Si la différence entre
ces deux séries de processus est parfois réalisable, d’autres fois la:
superposition de ces deux sdries de phénoménes rend difficile le dé-
chiffrage de ces deux étapes. '

On a déja mentoinné d’avoir considéré les bauxites du Massif
Padurea Craiului comme le résultat soit de certains processus de pré--
cipitation physique-chimique ou des solutions électrolytes, soit des solu-
tions colloidales, aprés le meélange avec les eaux bicarbonatées du
paléokarst néocomien inférieur. Pour cela plaident la forme de gise--
ment, l'unité constitutionnelle chimique-minéralogique, la pureté du
sédiment, la structure et la texture. Clest typique le ‘cas de la lentille-
163 Ana, qui est, pratiquement non-affectée par la déferrification.
Parmi les minéraux constitutifs primaires, liés surtout de la sédimen-
togénes, il y a le diaspore, la boehmite, I’hématite, les septechlo--
rites, la kaolinite et l'anatase. La goethite, tout comme una= partie de-
I'hématite, sont secondaires, la premiére étant formée par l'altération
(hydratation) du hématogel primaire, et puis, ‘par déhydratation, en-
passant de nouveau en hématite. Le processus de déferrification justifie-
pour la plupart des lentilles I'augmentation par différence, a la partie-
supérieure des lentilles, du contenu en diaspore et subordonnement
en anatase et parfois en chlorite ou kaolinite (ces derniers deux miné-
raux presentant souvent de grandes variations quantitatives, pour la
méme lentille, comme une conséquence des processus initiaux de sédi-
mentation). D'ailleurs, on n’exclut pas la possibilité de la formation,.
par voie diagénétique ou hydrothermale, de deux types de minéraux
argileux, mais, pour les bauxites d’Ana et de Secdtura, ces interven-
tions ne $ont pas saississables. Le processus de sédimentat.ion entraine,
dans les dépressions a boues bauxitiques, 1’instal}atioh d’'un milieu .
palustre ou les conditions plus réductrices ont .conduit & des milieux
ot se sont formés les minéraux a fer ferreux (septechlorites) et ou,
éventuellement & la place du diaspore, s’est déposé la boehmite. Apres.
cette phase, a faciés palustre ol se sont déposces les boues bauxi--
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tiques, on passé au milieu typiquement lacitstré avec une flore de
charophytes ou se sont déposés les calcaires deau douce du toit des
lentilles bauxitiques.

" Qui correspond au calcaire de Vad inférieur et respectivement au calcaire
.de Vad supérieur (Patrulius et al., 1977).
5 Résulté du précédent par hydratation supergéne.
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STUDIUL CHIMIC SI MINERALOGIC AL BAUXITELOR DIN ZONA
ANA-SECATURA (MUNTII PADUREA CRAIULUT)

(Rezumat)

Se prezintd rezultatele desprinse din studiul chimic si mineralo-
gic executat asupra unui numdr de 14 probe de bauxite prelevate din
lentilele din zona Ana-Secdtura (nordul Muntilor Padurea Crajului).
Asupra acestor probe s-au executat analize complete de silicati, di-
fractometrice si termodiferentiale, stabilindu-se, pe baza lor, alcdtuirea
mineralogicd. In figura 1 sint prezentate lentilele de bauxite cu punc-
tele de provenientd. a probelor din profilul acestora (partea supe-
rioard (s), medianad (m), inferioard (i), dreapta (d), stinga (s)). Bauxi-
tele carstice din Muntii Paddurea Craiului se situeazd in Neocomian,
reprezentind depozite de tip siderolitic (facies wealdian), placate peste
relieful paleccarstic al calcarelor recifale si recifogene de virstd neo-
jurasicd ce acoperd cca 96%, din suprafata acestei zone.

In formatiunile calcaroase din fundamentul bauxitelor se disting
irei tipuri litologice : calcarul de Vad cenusiu inchis, calcarul de Vad
cenusiu deschis (ambele Callovian superior-Kimmeridgian) si mai ales
calcarul de Cornet (Tithonic). Bauxitele ocupa zonele depresionare ale
mentionatului paleocarst si au grosimi intre 0,5 si 10 m si intinderi
sub 10 mp, in cazul zdcdminteior mici, intre 10 si 100 mp in cazul
zacamintelor medii, si pind la ctieva sute de metri la zadcidmintele mari.
In coperis bauxitele prezintd calcare lacustre cu charophyte, atribuite
Neocomianului (maximum 5 m grosime) peste care urmeazd calcarul
recifal inferior cu pahiodonte (Neocomian-Barremian). In unele puncte
din Masivul Padurea Craiului, intre aceste doud formatiuni se inter-
pune un banc de calcar cu gasteropode pitice. Aceastd succesiune re-
flectd succesiunea faciesurilor ce s-au manifestat dupd acumularea
bauxitelor (formate prin precipitare chimicd, in vederiie noastre, din
solutii electrolite hiperacide sau coloidale, In urma amestecului cu ape
bicarbonatate carstice). Faciesurile s-au succedat astfel : mediu palustru
{bauxite), mediu lacustru (calcare cu charophyte), mediu salmastru
{calcare cu gasteropode mici), mediu marin neritic-litoral (calcare cu
pahiodonte).

Din datele prezentate in tablouri si grafice, rezultd cid bauxitele
din zona Ana-Secatura sint alcdtuite din mineralele triadei Al-Fe-Ti,
cadrora 1i se adauga silicea; restul elementelor fiind subunitare. Prin-
cipalul element, sub raport cantitativ si economic, este aluminiul (medie
57%), fixat in oxihidroxizi (diaspor si intr-un singur caz boehmit),
in caolinit si septeclorite, acestea doud din urma fiind singurele mi-
nerale care fixeaza silicea. Fierul (medie 23%, Fe,O,T) este legat in
hematit sau goethit (produs secundar de alterare supergend), forma
bivalentd fiind, cu o singurd exceptie, subunitard si legatd in lepto-
clorite. De altfel, aceastd probad este singura care se situeazd in dome-
niul bauxitelor feroferice — 1iIn cadrul clasificatiei chimice pe care

6 — c. 215
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am intocmit-o, In trecut, pentru bauxitele de pe teritoriul roménesc —
avind valoarea raportului Fe,O; : FeO sub 20 si peste 4. Restul bauxi-
telor se inglobeazd in domeniul bauxitelor ferice cu valoarea rapor-
tului peste 20, sau feroase cu valoarea sub 4.

Titanul, sub formd de anatas, are domeniul de variatie mult mai
limitat si media mult inferioard (2,8%). Din graficele anexate rezulti
cd nu se poate vorbi despre o corelatie intre continutul in silice si
cel in Al,O5; si FesO3T. Pentru citeva probe pare a se manifesta totusi
un oarecare raport invers, intre silice si alumini, si direct, intre fier
si silice. Corelatia inversd intre aluminiu si fier, semnalatd si in lucra-
rile noastre anterioare, este evidentd si in bauxitele de la Ana-Secdtura.
Remarcabila este valoarea ridicatd a procentelor de fier la partea infe-
rioard a lentilelor de bauxitd, fatd de portiunile medie si superioara.
Acest fapt se coreleazd cu cresterea paraleld a contintului in alumina
si titan. Dupd cum rezultd si din studiul microscopic, acest fapt se
explicA prin procesul de deferizare supergend a lentilelor de bauxita,
fierul fiind concentrat ,per descensum® prin solubilizare la baza aces-
tora. Consecinta este scidderea valorii raportului Fe,O; :FeO in zonele
deferizate, fierul bivalent fiind mult mai putin solubil (legat de silicati),
fapt ce se constatd Insd numai la trei din cele sase lentile studiate.
Bauxita ferofericd citatd (pr. 470 m) s-a depus probabil intr-un mediu
mai reducétor, continind, incd din faza sedimentogena, un procent su-
perior de FeO fixat sub formid de leptoclorite. In doud cazuri, deferi-
zarea nu a mobilizat suficient Fe3* pentru a modifica valoarea rapor-
tului, care scade in partea de jos, datoratd tocmai unui continut supe-
rior in Fe?* initial. In lentila 31 Secdtura, la acelasi nivel, se remarci
o diferentd mare in portiunea estica fatd de cea vesticd (silice mult
mai multd si Fe’* mai putin, pentru valori constante de Al si Ti).
Faptul este datorat unei deferiziri diferite in cele doud sectoare. De
altfel, tot datoratd circulatiei diagenetice, pe fisurile bauxitelor se gésesc
adeseori depuneri cristaline de goethit, gibbsit si caolinit. Acesta din
urmé invadeazd uneori mesostaza bauxitei, caz in care am admis inter-
ventia unor procese hidrotermale.

Continutul in caolinit este in general independent de cel in dia-
spor, avind un domeniu de variatie cu mult mai larg decit acesta din
urma. Prezenta mai mult sau mai putin constantd a titanului in ocan-
titdti analoage pledazd pentru originea comund a materialului parental
al tuturor tipurilor de bauxitd din Masivul Pidurea Craiului.

Din graficul ternar utilizat de noi §i in trecut, rezultd cd, aseme-
nea marii majoritdti a bauxitelor din Padurea Craiului, bauxitele din
sectorul Ana-Secdtura se inscriu in cimpul bauxitelor ferice (cp. II) si,
cu totul subordonat, in cimpul III &l bauxitelor argiloase.
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COPPER ORE DEPOSITS AND THEIR SIGNIFICANCE
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Porphyry copper; Cu, Mo. Geobarometry. Fluid inclusions. Salinity. Chalco-
pyrite. Disperse ore deposit. Stockwork. Cretaceous magmatic banatite.
Pneumatolitic. Hydrothermal. Temperature, Pressure of mineral formation.
Prospection-exploration. Methodology. South Carpathians — Getic and crys-
talline Supragetic domains — West Almdj Mountains.

Abstract

According to the study of fluid inclusions there were determined the
main thermodynamic factors of ore forming fluids, such as: temperature
(200—500°C), pressure (120—400 bars), salinity degree (2—529, NaCl), as well as
some characteristics of boiling mechanisms of solutions in porphyry systems.
There were pointed out as well some relationships between the distribution
of salinity and the copper content, in a horizontal and vertical profile through
the ore. The study discusses as well the advantages of data concerning salinity
in inclusions from prospection, together with other prospecting methods.

Résumé

La salinité des inclusions fluides de la minéralisation porphyry copper et
ses significations dans la géobarométirie et la prospection. A base de 'élude
des inclusions fluides on a déterminé les principaux facteurs thermodynamiques .
des solutions minéralisantes, & savoir: la température (200—500°C), la pression
(120—400 bars), le degré de salinité (2—529, NaCl), tout comme quelques caracté-

1 Received January 18, 1983 ; accepted April 11, 1983.
2 Institutul de Geologie si Geofizicd, str. Caransebes nr. 1, R 79678 Bucu-
resti 32.
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ristiques des méchanismes de bouillonement des solutions des systémes porphy-
rigues. On a évidencié aussi des corrélations entre la distribution de la salinité
et fe contenu en cuivre, en profil horizontal et vertical & travers le gisement.
On s'occupe aussi des avantages des données sur la salinité des inclusions en
prospection ensemble avec d’autres méthodes de prospection.

Introduction

The porphyry copper type deposits, unlike the other types of
ores, are characterized by complex ore forming solutions influenced
by several physical, chemical and thermodynamic parameters. Among
these factors, an important part is played by temperature, pressure
and concentration gradients, density, pH variations, mechanisms of
cooling and boiling solutions.

The knowledge of these parameters as well as their relationship
with mineralogical and chemical data on pcrphyry systems are mostly
conditioned by the study of fluid inclusions which are considered “as
samples of the ore-forming fluids” (Roedder, 1960).

Fluid inclusions from porphyry copper deposits were studied by
Roedder (1971), Nash et al. (1974), Moore, Nash (1974), Nash (1976),
Takenouchi (1976), Cunningham (1978), Imai (1978), Pomérleanu, Intor-
sureanu (1979) Bodnar, Beane (1980) and others. In these deposits some
biphase fluid inclusions with different percentages of liquid and va-
pours, of low-medium salinity and some tri- and multiphase inclusions
of high salinity were noticed. There were pointed out as well tem-
perature, pressure and concentration gradients and boiling mechanisms
of solutions. It was concluded as well that the biotitic alternation zone
and inclusions of high salinity have the same areal distribution as the
porphyry copper ore deposit. According to these studies it was con-
cluded that fluid inclusions can form an important tool in prospecting
and explering porphyry type deposits.

The pres=nt note brings some supplementary data to the descrip-
tion of fluid inclusions from the Lépusnicu Mare ore deposit (Pomar-
leanu, Intorsureanu, 1979), as well as to temperature, pressure, salinity
and to boiling mechanisms of solutions. At the same time, it is pointed
out a relationship between salinity from fluid inclusions and distribu-
tion of copper content within the deposit. According to this relation-
ship, it is conciuded that the salinity degree of fluid inclusions, to-
gether with other methods of prospection, can be applied in the prospec-
tion of porphyry type deposits.

Geological Data

The geological sciting of the ore deposit, the mineralogical and
genetical considerations on the banatitic body (concerning magma origin
and evolution stages of this body) were previously mentioned (Intorsu-
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reanu et al., 1981). It was shown that the Cu -+ Mo mineralization from
Lapusnicu Mare is located within a Laramian eruptive body formed
of quartziferous-granodioritic monzodioritic porphyries, intruded within
the Getic crystalline. Under the influence of this intrusion on meta~
morphic formations, there tovk place the thermic metamorphism with
the formation of hornfelses. Subsequently, the action of magmatic
residual fluids and of pneumatolitic-hydrothermal solutions, there ac-
tioned the metasomatic metamorphism with the formaticn of potassic
(biotitic), propilitic, phyllitic, argilitic and =zeolitic alterations. At the
same time with potassic and phyllitic alterations, there deposited as
well the mineralization in tlhie prophyry system.

The Cu -+ Mo mineralization appears either with a finely disperse
aspect, or as veinlets (stockwork type).

The disperse mineralization (pyrite - chalcopyrite + magnetite] is
closely associated to the biotitic zones, and that from veinlets {py-
rite + chalcopyrite &+ molybdenite + quartz - calcite) is associated
to alteration products of phyllitic type (quartz - sericite 4+ pyrite).

Regarding the evolution of the mineralized banatitic body from
Lapusnicu Mare, it is supposed that this intrusion has traveiled through
four stages : magmatic, late magmatic, of fissuration and pneumatolitic-
hydrothermal (Intorsureanu et al., 1981).

Fluid Inclusions

In order to obtain some comparison criteria concerning the rela-
tionship between the partition of salinity of fluid inclusions and the
copper content of ores, there were collected over 100 samples, coming
both from veinlets from the banatitic rocks and hornfelses, and from
quartziferous-granodioritic monzodioritic porphyries. The cropping of
samples both {rom veinlets and from monzodiorites was necessary io
point out some relationships between the areal zones of alteration facies
and those of fluid inclusions of medium and high salinity.

Samples result from exploraticn works (drillings and galleriesy
and from outcrops of the intrusive body from the Lapusnic valiey and
the Ciubera ravine.

The observations made on fluid inclusions at room temperature
in thin and polished sections, based on phase relations of geochemical
medium, have pointed out four types of inclusions.

Type I, the most common, contains two phases : liquid - vapours.
The vapour phase approximately varies from 10 up to 50 percent of
inclusion volume (Pl., Fig. 1). These inclusions are formed both in
minerals from veinlets (quartz - calcite), and in phenocrystals of quartz
and plagioclases from monzodiorites where they are deposit~d on {is-
sure planes of different age (Pomarleanu, Intorsureanu, 1977, Pl 11,
Fig. 3). They are associated with propilitic, phyllitic and argilitic alte-
ration zones. They appear as well in the potassic (biotitic) alteration
cone of monzodiorites, but here they coexist with those of the
second type.
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Type II is formed of biphase inclusions (liquid + vapours) where
the gas phase occupies between 70—98%, from the inclusion volume.
They are located within quartz and plagioclases from banatites and in
quartz from veinlets. For these inclusions it is supposed that the vapour
phase was initially included in the inclusion by attaching the vapour
bubble at the face of a crystal during its growing. Type II is espe-
cially found in the biotitic zone of banatites.

Type [1I, widespread enough within porphyry copper ores con-
tains, besides the liquid and vapour phases, either only one crystal
of halite, or as well other transparent or opaque minerals. Frequently
there appear inclusions which contain : liquid (L) -} vapours (V) - ha-
lite (H) as in Plate, Figure 2, and subordinately there appear multi-
phase inciusions such as : liquid (L) -+ vapours (V) halite (H) + syl-
vite (S) as in Plate figure 3 and liquid 4 halite 4 sylvite 4~ one or
several opaque crystals (PL, Fig. 4).

Inclusions of type III contain mostly halite. Usually it appears
.as well as delimited cubic crystals. It is isotropic and colourlass. Syl-
vite scldom appears in association with halite. It shows as cubic crystals
‘with rounded tops, smaller than those of halite (PL, Fig. 3) and dis-
solves by heating at lower temperatures than halite. Opaque minerals
appear as cubic pseudohexagonal, spherical, tubular forms. They are
supposed to be oxides or metallic sulphides. Where the cubic crystals
are well delimited, they can be formed of pyrite. There were noticed
.as well some inclusions containing up to 6—8 crystalline phases. Most
0of these minerals from inclusions have crystallized after the gradual
.cooling of solutions trapped by inclusions. This fact is proved by the
presence of deformed vapour bubbles by halite crystals (PL, Fig. 2).

Multiphase inclusions which were described were noticed both in
veinlets and in mineralized intrusive rocks and mainly in the transpa-
rent quartz from veinlets.

Besides the above described types, there were rarely noticed tri-
phase inclusions of the type : aqueous solution 4 liquid CO, -}- gas CO,.

These inclusion types can be genetically classified as well, namely
those from quartz phenocrystals and plagioclase feldspaths from rocks
are secondary and in quartz and calcite from veinlets they are primary,
pseudosecondary and secondary.

Genetically speaking, fiuid inclusions can be classified as de-
pending on generations of minerals from porphyry copper ore de-
posits. Within the Ldpusnicu Mare ore there were separated four ge-
nerations of quartz : the primary quartz and that of neoformation, the
early grey to milky white quartz and the late fransparent one from
veinlets. The last one appears as groups of transparent monocrystals
on fissures or in geodes within veinlets of milky white quartz and
sometimes they are surrounded by chalcopyrite and calcite. The trans-
parent quartz from geodes appears as shortly prismatic crystals with
rhombohedral faces and is rich in multiphase inclusions with halite
and sylvite. These inclusions are primary against transparent quartz
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and secondary as compared to grey quartz from veinlets. Similarly,
inclusions with halite are secondary in the primary quartz from rocks
and primary in the neoformation quartz. These inclusions were formed
during alteration processes of quartziferous monzodiorites and at the
same time with deposition of the copper ore deposit.

Sometimes, the first three types of inclusions are noticed not only
in the same mineral section, but also in the same microscopic field.

Temperature

When heating quartz samples from drillings, galleries and out-
croppings, it was obtained a large interval of homogenization tempe-
rature of fluid inclusions according to the succession of mineral de-
positon. Thus, within the veinlet network, starting by the early milky
white quartz and up to that of geodes, surrounded by chalcopyrite and
calcite, it is delimited a temperature interval between 200 and 420°C,
and for secondary fluid inclusions of quartz and plagioclase pheno-
crystals from banatites, temperature varies between 350—500°C. If we
take into account that the last temperature interval was determined
on the three main types of inclusions which coexist in phenocrystals
from banatitic rocks, this interval would correspond not only to the
temperature of formation of the copper ore deposit, but also to neo-
formation minerals specific for alteration zones in biotitic, propilitic
and phyllitic facies.

Boiling Mechanisms of Solutions

Boiling of solutions emanated by an intrusion is a frequent case
of porphyry ores. It is known that during the boiling of a solution,
together with the liquid phase, there is as well the vapour phase.
The trapping of fluids within inclusions during the boiling of solu-
tions is conditioned by physical-chemical process2s and can take place
through two mechanisms : either the liquid and vapours are separa-
tely included in a pair of inclusions, or the liquid and vapours are
trapped at the same time in one inclusion.

If the boiling solution and its wapour phase are trapped at the
same time, but separately in & pair of inclusions, then by cooling,
both inclusions become biphase : the liquid inclusion would form a
vapour bubble by liquid contraction (Pl, Fig. 1), and the inclusion
with vapour phase would form a liquid phase as well by wvapour
condensation. By re-heating, in laboratory conditions, the phase changes
in these inclusions lead to the determination of the initial tempera-
ture : the liquid dilatation in the type I inclusion would have as a
result the disappearance of vapour phase and the liquid of the type II
inclusion would evaporate in the wvapour phase. The homogenization
temperatures of both inclusions are the same and correspond to real
filling temperatures of inclusion (Roedder, 1971). These inclusions are
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supposed to have been formed under moderate boiling and slow mineral
growing conditions (Cunningham, 1978).

The second mechanism concerns an inclusion which during solu-
tion boiling includes at the same time @ mixture of liquid and vapours.
According to this mechanism, an inclusion containing a vapour phase
can trap as well some liquid, or another inclusion together with liquid
can contain as well a vapour phase. Within these inclusions which
were formed at the same time, phases can homogenize either in liquid
or vapour state, at different temperatures.

The trapping at the same time by an inclusion of the liquid and
vapour phases was obtained on the account of the rapid beiling of
solutions in porphyry systems.

Within the Lapusnicu Mare ore deposit, according to microscepic
observations, fluid inclusions are characterized by wvarious ratios of
liquid and vapours (the vapour phase occupies between 20—980/, of
the inclusion volume) and by a large interval of {illing temperature
between 268—470°C (except the calcite which shows homogenization
itemperatures between 200—210°C). These observations and results on
homogenization temperature show that during the deposition of the
copper ore there actioned both boiling mechanisms of ore forming
solutions.

Salinity of Fluid Inclusions

According to the different types of fluid inclusions which were
studied, there were used as well the methods to determine their sali-
nity. For biphase fluid inclusions belonging to types I and II, there
was used the method described by Roedder (1962), which consists of
determining the depression of the freezing point (a temperature at
which the last crystal, usually ice from the inclusion, melts). As fo-
inclusions of type III, salinity values were obtained from temperatures
of halite dissolving when heated and the use of experimental data
of NaCl (solubility, elaborated by Keevil (1942) Sourirajan, Kennedy
(1962) and Potter et al. (1977).

For inclusions of type I it was determined an interval of the
salinity degree, between 2-—19%, NaCl and for inclusions of type II
between 1-—994, NaCl; for inclusions of type III it was found a sali-
nity interval between 32—45%/, NaCl and seldom it can reach 52", NaCi.
The rather large variations of salinity are connected to the absence
or the more or less frequent presence of chalcopyrite. Observatiors
show that samples without chalcopyrite contain only inclusions of
types I and II, therefore they have a moderate salinity, and those
where chaicopyrite is present contain all types of inclusions, but mos;t
of all the type III of a high salinity.

Pressure in Porphyry Systems

According to the study of fluid inclusions, the literature con-
tains several methods of determination for the formation pressure of
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minerals. For porphyry copper ores it is frequently used the geo-
barometer based on inciusions of type IIT (Pl, Figs. 2, 3, 4).

These inclusions, at room temperature, contain besides liquid
and vapours, some halite crystals. Within such inclusions the phase
homogenization can follow one of the three ways underlined by Roed-
der and Bodnar (1980) the first way concerns the temperature of
disappearance of the vapour phase which is higher than the tcmpe-
rature of salt dissolving; the second way appears when the tempe-
rature of disappearance of the vapour phase and that of salt is the
same, and the third way when the temperature of disappearance of
the vapour phase is lower than the temperature of salt dissolving.
Knowing the temperatures of disappearance of the above mentioned
phases and by the use of P-T-X parameters in the NaCl — H,O system,
we can determine the pressure corresponding to the filling tempe-
rature of inciusions which is at the same time the formation pres-
sure of minerals.

Therefore, we can conclude that pressure at phase homogeniza-
tion depends on temperature, on the salinty degree and on the order
of phase disappearance.

Within the Lédpusnicu Mare ore deposits, the homogenization of
inclusions with NaCl crystals took place according to the first way,
namely at temperatures between 220—350°C there dissolved the halite-
and at high temperatures (350—480°C) there disappeared the
vapour phase.

If the above mentioned temperature variations and those of the
salinity degree (32—45"(, NaCl) are projected in the P-T diagrams of”
the NaCl— H,0O system, which indicate as well the liquid — vapour
phase curves with different NaCl", contents elaborated by Cunningham
(1978, Fig. 8), Roedder and Bodnar (1980, Fig. 5), we can conclude
that the formation pressure of inciusions and respectively of the-
Lapusnicu Mare ore deposit, has varied between 120 and 400 bars,
which would correspond to a depth of more than 1500 m.

Informatively, in order to obtain some supplementary data on
the formation pressure of the copper ore deposit, specifical for the
porphyry system from Lapusnicu Mare, we used as well the fluid in-
clusion of type I. Knowing the maximum values of homogenization
temperatures for these inclusions (350—380°C) and the salinity in-
terval (2— 189, NaCl) and if these values are compared to experi-
mental data of the NaCl— H,0O system (Sourirajan, Kennedy, 1962),
we can obtain a pressure interval of 160—225 bars. values which are
included in the pressure interval determined with the help of type III
inclusions.

Relationships between Salinity of Fluid Inclusions and the Copper
Content in the Lapusnicu Mare Ore Deposit

In order to follow the salinity distribution of fluid inclusions-
in horizontal and vertical planes and to point out some relationships.
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with the distribution of copper contents, samples were collected at the
level of the main gallery and from drilling cores.

At the level of the main gallery there were made some obser-
vations on fluid inclusions from samples of 38 collection points. On
the right 100 m lateral there were noticed only biphase fluid inclu-
sions with different ratios of liquid and vapours, both in the quartz
from veinlets and in the quartz and plagioclases from rocks with a
salinity varying as in figure 1 (diagram A) between 2—12 Na@lY,.
For the right and left 50 m lateral, on an interval of 140 m in a
‘horizontal plane, there were noticed all types of fluid inclusions and
mainly tri- and multiphase inclusiens. Salinity of inclusions from this
interval varies between 10—509,; NaCl (Fig. 1, diagram B).
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Fig. 1. — Relationship between salinity of fluid inclusions and copper partition

in the Ladpusnicu Mare ore (main gallery). A, 100 m right lateral ; B, 50 left and
right laterals.

1, monzodioritic quartziferous + mineralized porphyries; 2, hornfelses; 3, copper
partition ; 4, salinity expressed in weight percent NaCl

From diagrams A and B (Fig. 1) we can see that for the 100 m
lateral which is located towards the outside part of the intrusive body,
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the salinity is low, and for the 50 m lateral towards the core of the
intrusive body, at the same time with the growing of copper content,
it is noticed, with rare exceptions, a higher salinity.

A more evident relationship between the distribution of salinity
and of the copper content is noticed in the vertical plane of the ore,
corresponding to an interval of 300 m deep, on samples collected from
cores of a drilling situated near the right 50 m lateral with an approxi-
mately central position within the ore body.

From the study of cores from the lithological column of this
drilling, we can notice that with the depth the stockwork veinlets are
less frequent and the alteration zone in potassium facies of quartzi-
ferous monzodioritic porphyries gradually diminishes, The distribu-
tion of copper and salinity from inclusions is fully concordant with
these observations. Thus, in figure 2, for samples originating from
banatitic rocks from 50 m and up to 220 m deep, the copper and
NaClY%, contents of solutions show maximums and minimums of va-
riations and the highest content (0.32%/, Cu and 52%; NaCl respectively)
is at 170 m deep. From 200 m to 383 m deep there is a continuous
diminishing, so that at 383 m towards the deep levels, copper is absent
and salinity is only 2—69, NaCl. The first maximums of salinity and
copper contents are at a depth of 56—60 m, which approximately cor-
responds to the right 50 m lateral level from the main gallery.

From correlations between the salinity of fluid inclusions and
the copper content from the banatites from Lidpusnicu Mare, it results
that observations on fluid inclusions in horizontal and vertical profiles
of the banatitic intrusion can be useful both for determining the
physical, chemical and thermodynamic factors of ore forming solutions,
and for pointing out some relationships between these factors and the
distribution of some microelements, correlations which are rather useful
in prospection of porphyry type deposits.

Conclusions

Observations on fluid inclusions of the two generations of quartz
and calcite associated with pyrite and chalcopyrite of veinlets, as well
as of quartz and plagioclase phenocrystals (primary minerals) and of
the neoformation quartz associated with pyrite - chalcopyrite 4+ magne-
tite from quartziferous-granodioritic monzodioritc porphyries have led,
on the one hand, to the clearing up of some chemical and thermo-
dynamic factors of the ore forming solutions, and on the other hand,
to the pointing out of some possibilities of using inclusions as prospect-
ing indexes. A

As concerns the chemical and thermedynamic factors there wera
obtained some determinations on temperature (200—500°C), pressure
(120-—400 bars), solution concentration (between 2—520/, NaCl), depth
(> 1500 m) and some data on mechanisms of solution boiling in por-

phyry systems.
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The wuse of fluid inclusions in prospecting and exploring work
of porphyry copper ores, together with geochemical and geophysical
prospections is confirmed by pointing out some relationships batween
the presence of chalcopyrite and the salinity degree, and some evident
relationships in time and space between the salinity degree and the
copper content within these deposits.
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SALINITATEA INCLUZIUNILOR FLUIDE DIN MINERALIZATIA
PORPHYRY COPPER SI APLICATIILE EI IN GEOBAROMETRIE
SI PROSPECTIUNE (MINERALIZATIA DE LA LAPUSNICU
MARE, BANAT)

(Rezumat)

Studiul inecluziunilor fluide din cadrul mineralizatiei porphyry
copper de la Lapusnicu Mare, localizatd in porfire monzodioritice cuarti-
fere, aratd cd aceastd mineralizatie s-a depus din soluiii destul de com-
plexe fapt ce se reflectd in aspecte variate ale factorilor chimici, fizicl
si termodinamici.

In cadrul mineralizatiei s-au semnalat incluziuni fluide (lichid 4-
vapori) cu diferite grade de umplere si incluziuni polifazice (lichid -
vapori -+ halit 4~ silvind +- unul sau mai multe minerale opace).

Observatiile asupra probelor din foraje, galerii si aflorimente
aratd un interval larg de temperaturd in functie de succesiunea mine-
ralelor de depunere din filonasele tip volbura (200—420°C) si in func-
tie de procesele de alterare a rocilor banatitice (350—500°C). '

Fenomenul de fierbere a solutiilor in sistemele porfirice a avul
loc prin doud mecanisme : primul aratd cd lichidul si vaporii au fost
inclugi in mod separat intr-o pereche de incluziuni, iar al doilea ex-
plicd faptul cd lichidul si vaporii au fost captati In aceeasi incluziune,
in mod concomitent (Pl. I, Fig. 1).

Incluziunile fluide (lichid-vapor) au indicat o salinitate intre 2
si 18%, NaCl, iar cele polifazice intre 30 si 529, NaCl.

Presiunea solutiilor in timpul depunerii mineralizatiei in siste-
miele porfirice de la Lépusnicu Mare a variat intre 120 si 400 bari la
o adincime mai mare de 1 500 m. )

Corelatiile evidentiate intre distributia salinitatii solutiilor din in-
cluziuni si a contintului de cupru din aria de mineralizatie aratd va-
riatii ale salinitdtii si ale continutului de cupru, in plan orizontal si
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vertical in zdacamint. Aceste corelatii aratd cd studiul incluziunilor fluide,
alaturi de alte metode de prospectare geochimice si geofizice, poate fi
aplicat in prospectiune.

EXPLANATION OF PLATE

Fig. 1. — Type I, fluid inclusion (liquid + vapours) negative crystal shape in:
quartz.

Fig. 2. — Type 1I, fluid inclusion: liquid (L) halite (H) -+ vapours (V) in
quartz.

Fig. 3. — Type III, fluid inclusion : liquid (L) -+ halite () + sylvite (S) + vapours-
(V) in quartz associated with a small, mainly gaseous inclusion (left) in
quartz. Main gallery (50 m lateral).

Fig. 4. — Multiphase inclusion : liquid (L) halite (H) 4 sylvite (S)+4K; (pro--
bably pyrite), surrounded by small inclusions of type I in quartz.
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LA BARYTINE DE LA VALLEE DE LA RUDA MICA
(SINCA NOUA, LES MONTS FAGARAS D’EST)!

PAR

VASILE POMARLEANU 2, LIVIU NEDELCU ?

Barytine., Quartz. Ankerite. Sphalerite. Galena. Polymetallic ore deposit.
Geothermometry. Fluid inclusions. Mineral association. Crystallization suc-
cession ; South Carpathians — Getic and crystalline Supragetic domains —
Fagaras Mountains.

Résumé

“ L'¢tude fait quelques observations a caractére niinéralogique, géochimique

et géothermomeétrique sur la barytine signalée dans la vallée de la Ruda Mic).
La barytine sous forme de blocs ensemble avec l'ankérite, le quartz, la blende,

la galéne et la chalcopyrite présente des textures rubanées au-dessus desquel-
les se superpose partiellemeni une texture brécheuse. Rarement, la ou la bary-
tine est accompagnée par le quartz et les sulfures polymeétalliques, elle forme
aussi des textures non-homogeénes a caractére de tectonite.

Le diffractogramme RxX, tout comme 1'analyse chimique, montre que la
barytine correspond a une variété presque pure avec un contenu de 61,31%, BaO.

La présence des inclusions fluides mono- et biphasiques dans la barytine
montre sa formation dans un milieu hydrothermal. Pour toute l’association on
a trouvé un intervalle de température de 450—250°C et pour la barytine, séparé-
ment, un intervalle de 320—250°C.

Abstract

Barytine from the Ruda Micd Valley (Sinca Noud, East Fdgdras Mountains).
The paper presents some observations with mineralogical, chemical and geo-
thermometrical character on the barytine of the Ruda Mica valley. Barytine,

1 Recu le 39 avril 1984, accepté le 15 mai 1984.
9

2 Institutul de Geologie si Geofizicd, str. Caransebes nr. 1, R 79678 Bucu-
resti 32

7 — ¢, 215
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as blocs associated to ankerite, quartz, sphalerite, galena and chalcopyrite,
presents some textures in parallel bands covered by a breccia texture. Selcdont
enough, there where the barytine is accompanied by quartz and polymetallic
sulphides, it forms as well some non-homogeneous textures with a tectonite
character. The Rx diffractogram, as well as the chemical analysis, shows that
barytine corresponds fo an almost pure variety with a content of 61.31%, BaO.
The présence of mono- and biphasic fluid inclusions shows ils formation in a
hydrothiermal environment. For the whole association, it was found a tempe-
rature interval between 450—250°C, and for the barytine, taken apart, an in-

terval of 320—250°C.

1. Introduction

La zone des Monts Fégidras d'est a formé l'objet d’é¢tude des nom-
preuses recherches dés plus d'un siécle, @ cause de sa complexité en
¢ qui concerne les aspects d’ordre géologique, les événements tecto-
niques et les minéralisations. Manilici (1960) a fait une présentation
sommaire de ’histoire des recherches géologiques de la région.

Les premiere études structurales modernes sur ce territoire ont
gté élaborées par Sdndulescu (1966, 1976) en méme temps que les tra-
vaux de synthése faits par Micu (1970). Récemment, Nedelcu et Anton
(1981) ont mis en évidence, au domaine de l’échafaudage structural
de la région, plusieurs unitds tectoniques, a rang de nappes de char-
riage, en montrant que les processus dynamiques alpins ont impliqué
dans le charriage tant le granitoide de Birsa Fierului, que les miné-
ralisations. Ce fait est confirmé par les derniéres déterminations géo-
chronologiques K/Ar effectuées par Lemne et al. (1983). Par rapport
aux recherches meétaliogénstiques antérieures (Giuscd, 1942 ; Manilici,
1960 ; Micu, 1970 etc.) derniérement on a obtenu de nouvelles donndes
qui mettent en évidence le caractere particulier des minéralisations
epigénétiques de la région. Ce caractére est imprimé par les réorgani-
sations structurales et texturales successives des minéralisations, a ni-
veau de tectonite, influencées par les déformations induites par les
charriages alpins (Udubasa in Nedelcu et al., 1984).

Cette note présente quelques aspects d’orde minéralogique et glo-
thermomeétrique sur une occurrence de barytine signalée récemrient
au périmetre Sinca Noud-Ruda Mica.

2. Environement géologique

La zone est furmée d'une séquence métamorphique qui appar-
tient a la série de Fagaras (sensu Krdutner, 1980) avec des intrusions
de roches magmatiques acides et filoniennes. Une pile de micaschistes
et paragneisses a niveaux de gneiss blancs et d’amphibolites de la
région est attribude & la série de Fagaras. Les roches magmatiques
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acides sont représent2es par des granitoides de Birsa Fierului, accom-
pagnés par une série filonienne formeée de siénites quartziféres et de
camptonites. Tout le complexe metamorphique et magmatique intrusif
est charrié a linterméde du plane de la nappe de Birsa lui Bucur
(=1a nappe de Moldoveanu)?, au-dessus de la nappe des gnaisses de
Cumpana-Holbav (== la nappe d’Arges)* (fig. 1).

3. Description de la barytine

Dans le flanc droit de la vallée de la Ruda Micad, a 900 m environ
en amont de sa confluence avec la vallée de la Sinca Noud, il y a une
galerie ancienne qui a recherché une minéralisation polymétallique.
Dans cette minéralisation, formée de blende, pyrite. galéene et chalco-
pyrite, incluse danse une masse de carbonates, sporadiquement et seule-
ment par étude microscopigue, on mentionne aussi de la barytine
idiomorphe (Manilici, 1960). Les recherches en terrain faites en 1983
par les auteurs de la présente étude ont signalé une nouvelle occurrence
de barytine, dans la vallée de la Ruda Mica. Celle-ci a été rencontrée
a 70 m environ en aval de la galerie dans le thalweg de la vallée. Elle
est représentée par des blocs de barytine échelonnés sur une longueur de
80 m environ, le long de la vallée, sans rencontrer in situ le corps
filonien de leur provenance (fig. 1).

Les blocs de barytine présente une association de minéraux
a texture rubanée, au-dessus desquelles se superpose marginalement
une texture brécheuse.

Au domaine de la texture rubanze (fig. 2A) on remarque la dis-
position des minéraux en bandes symmétriques qui suggérent en méme,
temps l'ordre de dépositon des minéraux. Le wvremier mincéral est I
calcite qui se trouve sous forme de bandes minces, discontinuelles et
ondulées, au-dessus desquelles se superpose l'ankérite (@ 9,97, Fe et
7,28%, Mg)?% Les bandes d’ankérite (épaisses de 0,5—2,5 cm) présen-
tent des aspects collomorphes caractéristiques. La succession suit par
le quartz sous forme d’agrégats de cristaux prismatiques, a faces d2
rhomboédre, parfois entaillés. Les cristaux de quartz présentent fré-
quemment au microscope des zones de croissance au long desquelles
il v a des inclusions solides et fluides d’ordre des microns (Pl, fig. 5).
Le quartz enrégistre d'évidents phénomeénes de déformation (extihc-
tions ondulatoires, bandes d= déformation), qui affectent d’habitude
aussi le quartz tardif, géodique. Au contact entre les bandes de quartz
et d'ankérite il y a des schlieren et de petits nids de sulfures. Le der-
nier minéral de cette succession est la barytine.

La texture brécheuse est superposée marginalement au-dessus de
la texture rubanée, étant caractérisée par les fragments de micaschiste,
quartz métamorphique et camptonite, enfermés dans une matrice
d’ankérite.

La texture non-homogéne a caractére de tectonite (fig. 2 B) cst
un aspect morphclogique particulier de' la minéralisation de barytinc,
avec la participation du quartz et des sulfures. Ainsi, le quartz et la
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barytine contiennent des fragments et des granules de minéralisation
formés de blende et subordonnement de galéne et de chalcopyrite. La
distribution des sulfures dans la masse du quartz et de la barytine sug-
geére leur orientation spatiale dans un champ de stress (fig. 2 B).

250°~350°C

422°-470°C

R
2 [V v
G

+*,.+]_) Vv v

Fig. 2. — Associations de la barytine avec les principaux minéraux de Ruda Mica.
A, texture rubanfée au-dessus de laquelle se superpose une texture de bréche;
1, micaschiste ; 2, quartz cristallin; 3, camptonite; 4, ankérite; 5, quartz; 6,
barytine ; 7, sulfures polymétalliques (blende, galéne -+ chalcopyrite). B, relations
d’association de la barytine avec le quartz et les sulfures polymétalliques.

La barvtine se développe en cristaux tabulaires qui ont jusqu'a
5>—6 cm de long, sont isolés, soit en agrégats (fig. 2 A, PL, fig. 1) ; par-
fois on remarque des macles pclysynthétiques. La couleur varie de
blanc transparent jusqu’au blanc & nuances de brun. En sections min-
ces elle est incolore, pléccroique et a déformations. Le diffractogramme

Fig. 1. — Esquisse géologique du périmeétre vallées de la Sinca-Ruda Mica-
Holbav, avec les occurrences de Dbarytine. A. Légende- de Uesquisse. (1—3,
série de Fagaras) 1, micaschistes et paragneiss; 2, gneiss blancs; 3, amphiboli-
ies : 4, granitoides de Birsa Fierului; 5, siénites quartziféres; 6. filon de camp-
tonites ; 7, blocs de barytine (Ba); 8, filons de quartz (q) et carbonates (c}; 9,
{ilon de sulfures (blende-bl, galéne-g); 10, charriage; 11, faille; 12, galerie; 13,
halde. B. Légende au médaillon. I, Miocéne-+Paléogéne supérieur (m-+Pgs); II,
Crétacé supérieur(ks,); III, Jurassique inférieur (J;); IV, Jurassique supérieur
(39 ; V, Permien (P): VI, unité de Leaota; VII, nappe des gneiss de Cumpéna-
olbav ; VIII, nappe de Birsa lui Bucur; IX, nappe de Birsa Fierului; X, nap-
pe de Strimba; XI, granitoides de Birsa Fierului ; XII, charriage ; XIII, faille;
X1V, occurrence de barytine (Ba).
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Rx indique des reflexes caractéristiques pour la barytine et l'analyse
chimique correspond a une barytine relativement pure, & contenu de
61,319, BaO, similaire & celui de la barytine de Marano (Italie), cité
par Ianovici et al., 1979 (tab.).

TABLEAU

Composition chimique de la barytine de la vallée de la Ruda micd
et de Marano (Ilalie)

]
Occurrence BaO \ Sr0 ) Ca0 SO,
|
vallée Ruda Mici 61,31 nd * nd 32.00
Marano (Italie) 61,58 2,70 traces 34,44

nd * = non-déterming

La minéralisation polymétaliique, formée de blende, galéne et
chalcopyrite apparait dans la texture rubanée sous-forme de shlieren
et-dans la texture tectonitique sous forme de fragments et de granules
dans la masse du quartz et de la barytine. La galéne et la chalcopyrite
sont intimement associées & la blende. La chalcopyrite, représentée par
des particules microscopiques, est enrobée dans la blende, sans eviden-
cier des structures d’exsolution. Parfois la chalcopyrite, dans la texture
A caractére de tectonite, se trouve a la limite entre blende-quartz ou
blende~ barytine.

Les relations mutuelles entre la barytine et le quartz sont apa-
rément équivoques, c'est-a-dire parfcis les cristaux de barytine idio-
morphe semblent étre moulés par le quartz et d’autres fois la limite
entre ces minéraux est tros irréguliére. Les relations anormales sont
constatées aussi entre le quartz asocié a la barytine et aux sulfures.
Les sulfures, bien qu'é¢videmment asociées au quartz, percent fréquem-
ment la limite quartz-barytine(fig. 2B). Cela suggérerait que la forma-
tion des sulfures a eu lieu aprés la déposition de dernier minéral (peut-
étre la barytine), une situation aberrante, si on a en vue la succession
de déposition des minéraux. Cependant, I’échangement de directicn des
particules de sulfures a la limite quartz-barytine (fig.2B), semble étre
similaire avec la réfraction des fissures, au passage d'un milieu miné-
ral vers un autre, ce qui pourrait indiguer la mise en place (ou la ré-
mobilisation) des sulfures dans une étape subséquente, asociée a de
certaines déformations. Cette hypothése est soutenue aussi par les ca-
ractéres morphologiques particulieres, a attributs de tectonite, de la
minéralisation.
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4. Inclusions fluides

Les cristaux de barytine contiennent des inclusions fluides qui
peuvent arriver jusqu'd 100 microns en diameétre. Selon des critéres gé-
nétiques, on a observé : des inclusions primaires, formées en méme
temps que les cristaux de barytine (Pl., fig. 3, 4) et des inclusions se-
condaires qui apparaissent comme une conséquence de la fissure de la
barytine et de la remplissage de ces fissures par les solutions ultérieures.
Selon les relations des phases incluses dans celles-ci, les inclusions
peuvent étre : monophasiques gaseuses (Pl., fig. 2), essentielement ga-
seuses (Pl, fig: 3) et essentiellement aqueuses (Pl., fig. 4). Aux inclusi-
ons fluides secondaires, la phase de gas occupe entre 3 et 10%, du vo-
lume des micrccavités a inclusions.

5. Données géothermométriques

Ayant en vue que les minéraux associés a la barytine contien-
nent seulement sporadiquement des inclusions fluides & dimensions
d'ordre des microns, on n’a plus appliqué que la méthode de décrépi-
{ation. Pour avoir des critéres de comparaison en ce qui concerne les
températures déterminées, on a appliqué informativement la méthode
de I’homogénisation. La température obtenue, conformement au principe
de la décrépitation et des sysiémes thermodynamiques & un ou plusi-
eurs components, est plus grande que la température d’homogénisation
(Pomarleanu, 1975). Dans ce cas c’est nécessaire a faire quelques cor-
rections qui varient d’un minéral a l'autre, en fonction des propriétés
mécaniques de ceux-ci. Aux minéraux facilement clivables (barytine,
blende, calcite etc.), on constate que la température moyenne d’homo-
génisation est encadrée dans les limites de lintervalle déterminé par
le commencement et le premier maximum des températures de décrépi-
tation. Ainsi, dans les interprétations concernant le régime de tempera-
ture de la barytine et des mineraux associés on a considéré cet inter-
valle.

Pour l'association ankérite-quartz-barytine (a texture rubanée),
on a obtenu, pour chaque minéral, les décrépitogrammes représentés
Gans la figure 3. Conformement a ce qu'on a déja mentionné ci-dessus,
le commencement et le premier maximum de l'ankérite se trouvent
dans l'intervalle de 420—450°C, du quartz entre 365—450°C et de la ba-
rytine entre 292—330°C. Pour la barytine, par la méthode de I'homo-
génisation, on a déterminé un intervalle de température de 250—320°C.

6. Conclusions

Les observations macro- et microscopiques, ’é¢tude des inclusions
fluides et les donées géothermométriques sur la barytine et les miné-
raux asociés ménent a certaines considérations d'ordre minéralogique

ct génétique.
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Les minéraux se sont déposés selon l'ordre suivant : ankérite-
blende-galéne-chalcopyrite-quartz-barytine. Dans la succession menti-
onnée ci-dessus, le quartz est caractérisé par un large domaine de cris-
tallisation qui couvre l'intervalle de déposition de 'ankérite et des sul-

= .
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Tig. 3. — Decrépitogrammes de la barytine et des minéraux associés. A, barytine ;

B, quartz; C, anlkérite.

fures. Cette succession est confirmée aussi par les intervalles de tem-
pérature détermines : 420—450°C pour l'ankérite, 365—450°C pour le
quartz et 291—330°C pour la barytine.

Teoute l'association de minéraux est caractérisée par une déforma-
tion post-minéralisation, représentée par des bandes de déformation en
quartz et barytine, accompagnée par des extinctions ondulatoires, tout
comme par des franges de déformation développées en carbonates, au
contact avec les granules de sulfures. Ces déformations ont conduit
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Iinalement & certaines modifications des relations texturales-structura-
les entre les minéraux de l'association primaire, ce qui a été évidencié:
aussi par les relations équivoques entre le quartz et la barytine.

Les aspects particuliers mentionnées suggérent le fait que le filon
de barytine a souffert des déformations subséquentes & la déposition
des minéraux, au sens de celles remarquées par Udubasa (in Nedelcu
et al., 1984), aux occurrences de la vallée de la Morisoara et de la val-
lé du Mesteacéan.

Les données plus récents monirent la présence des blocs de ba-
rytine sur 1,5 km de la confluence avec la vallée de la Sinca. La bary-
tine in situ se trouverait de 40-—50 m en amonte de l’ancienne galerie..

%4 Selon Balintoni et al. (1984).
5 Analyses effectuées par N. Iosipenco.
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BARITINA DIN VALEA RUDA MICA (SINCA NOUA,
MUNTII FAGARAS DE EST)

(Rezumat)

In vara anului 1983, cu ocazia unor cercetdri de teren in Muntii
‘Fédgdras de est, s-au pus In evidentd de cédtre autorii prezentei lucrari
blocuri de baritind in valea Ruda Mica, afluent al vaii Sinca Noud. Zo-
na este constituitd din micasisturi si paragnaise cu nivele de gnaise albe
si amfibolite, in care sint intruse roci magmatice acide (granitoide
de Birsa Fierului) si roci filoniene reprezentate prin sienite cuartifere
‘si camptonite (Fig. 1).

Baritina sub forméa de blocuri — cind este asociatd cu ankerit,
-cuart, blenda, galend si calccpiritd — prezintd texturi rubanate, peste
care se suprapune partial o texturd brecicasd (Fig. 2 A si Pl, fig. 1).
Rareori, unde baritina este Iinsotitd de cuart si sulfuri polimetalice
‘formeazd si texturi neomogene cu aspect de tectonit (Fig. 2B).

Difractograma Rx, precum si analiza chimicd, aratd cd baritina
corespunde unej varietdti pure, cu un continut de 61,319, BaO.

Prezenta inciuziunilor fluide mono- si bifazice (Pl, fig. 2 si 3)
-aratd cd baritina si mineralele insotitoare s-au format in conditii termo-
dinamice caracteristice etapei hidrctermale. Pentru intreaga asociatie
's-a glsit un interval de temperaturd intre 450 si 250°C (Fig. 3).

Filoanele de baritind, care pind in prezent n-au fost descoperite,
au suferit deforméari subsecvente depunerii mineralizatiei, in sensul
celor remarcate de Udubasa (Nedelcu et al. 1984) la ocurentele de la
‘Morisoara si valea Mesteacdnului.

EXPLICATION DE LA PLANCHE

Fig. 1. — Texture rubanée ; micaschiste (Ms); calcite (C); ankérite (A); sulfures
polymeétalliques (S); quartz (K); camptonite (Cp), vallée de la Ruda
Mica.

‘Fig. 2. — Inclusions monophasiques gaseuses dans les cristaux de barytine dans

v

la vallée de la Ruda Mica.

— 1Inclusion fluide biphasique essentiellement gaseuse en barytine (Ruda

Mica).

Fig. 4. — Inclusion fluide biphasique primaire (liquid 4 gas) (A), & plans d’in-
clusions fluides biphasiques secondaires (C) en barvtine (vallée de la
Ruda Micé).

‘Fig. 5. — Inclusions fluides et solides distribuées selon les zones de croissance
en cristaux de quartz associés avec la barytine (vallée de la Ruda Micad).

‘Fig.

2
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2 ZACAMINTE

OBSERVATII PRIVIND POSIBILITATEA RECUPERARII
UNOR ELEMENTE UTILE DIN APELE DE MINA
(MINA BALAN) !
DE

GHEORGHE N. POPA? VICTOR SABLIOVSCHI? EMILIA SIMON 4

Element rtecovery. Mine waters. Residual waters. Pluvial waters. Cu, Zn.
Experimental results. Minor elements. Water depollution ; East Carpathians —
Mesozoic-crystalline zone -—— Hdghimas Mountains.

Abstract

Cercetdrile intreprinse de autori au urmaéarit recuperarea elementelor
witile din apele reziduale de mind precum si din cele ce levigheazd haldele de
steril si zona de oxidatie a zdacamintului de sulfuri de la Balan. Cercetarile efec-
tuate au ardtat cd elementele Cu, Pb si Zn, din mineralizatiile de sulfuri de la
Bilan sint antrenate de ape sub formd de sulfati. Cuprul reprezintd elementul
principal determinat in solutie In apele reziduale din orizonturile: Rutoc (Cu
0,060—0,74 mg/1), Sipos (Cu 0,74—3,65 mg/l), Fagul Cetatii (Cu 205,10 mg/l) si Wet-
ter cu o medie de cca 400 mg/l, Debitul mediu al surselor mentionate variazd
intre 2 1/minut si 65 1/minut. Zincul apare in cantitdti reduse. Fierul apare
destul de neuniform in probele analizate. SO; apare intre 30 mgl—500 mg/l
$i cu o rdspindire neuniformd in probele analizate. Cuprul si zincul au fost deter-
minate si in funciia detriticd rezultatd prin antrenarea fragmentelor fine de pi-
ritd, calcopiritd si blendd din haldele de sleril sau a celor rezultate din procesul
tehnologic de exploatare. i

! Predatd la 9 mai 1983, acceptatd la 27 mai 1983.

2 Institutul de Geologie si Geofizicd, str. Caransebes nr. 1, R 79678, Bucu-
resti  32.

1 Universitatea Al. 1. Cuza, Iasi.

4 Intreprinderea Minierd Balan.
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Résumé

Recherches préliminaires sur la possibilité de récupérer les éléments uti-
les des eaux résiduelles de mine. Les recherches faites par les auteurs de cette
¢tude ont eu comme but la récupération des éléments utiles des eaux résiduelles
de mine, tout comme de celles qui lévigent les haldes de stérile et la zone d'oxy-
dation du gisement de sulfures polymétalliques de Bdlan. Ces recherches ont
montré que les éléments Cu, Pb et Zn des minéralisations de sulfures polymétal-
liques de Balan sont entrainés par les eaux sous forme de sulfates. Le cuivre repré-
sente I’élément principal déterminé en solution des eaux résiduelles des horizons:
Rutoc (Cu 0,060—0,74 mg1), Sipos (Cu 0,74—3,65 mg/l), Fagul Cetatii (Cu 205,10
meg/l) et Weter avec une moyene de 400 mg/l environ. Le débit moyen des sour-
ces mentionnées varie entre 2 l/min et 65 l/min. Le zinc se trouve en quantites.
reduites, refletant la constitution minéralogique du gisement Bilan ou la blende
se trouve en quantlités réduites. Le fer est assez différement distribué dans les
cchantillons analysés. SO, apparait enire 30 mg/l—500 mg/l et avec une distribu-
tion variable dans les ¢chantillons analysés. Le cuivre et le zinc ont été déter-
minés aussi dans la fraction détritique résultée par l'entrainement des fragments
fins de pyrite, chalcopyrite et blende des haldes de stérile ou de celles résultées
du processus technologique d'exploitation.

Cercetdirile intreprinse de autori au urmdrit recuperarea elemen-
telor utile din apele reziduale ale minei Bélan, apele pluviale care levi-
gheazd haldele de steril si cele care levigheazd zona de oxidatie a zici-
mintului Balan. De asemenea, s-a urmairit depoluarea apelor mentio-
nate care deverseazd in riul Olt si produc insemnate dezechilibre ecolo-
gice, greutati si cheltuieli suplimentare pentru statiile de preparare a
apelor industriale si potabile situate in aval de mina Béilan, precum si
obtinerea unor noi argumente asupra posibilitdtii acumulirii, prin di-
verse procese sedimentare, a mineralizatiilor de sulfuri (Popa, 1981).

Cercetdri cu privire la tehnologia prepardrii apei potabile pe plan
national si international sint bine cunoscute specialistilor (Eskel 1956 ;
Fazekas et al. 1974 ; Teodorescu, 1979 ; Mukai, 1974), pentru acest mo-
tiv precum si pentru faptul cd aceste cercetdri nu privesc direct subicc-
tul lucrarii noastre nu vom intra in delalii.

Cercetdri privind optimizarea deferizirii si demanganizirii apei au
fost efectuate in tara noastrd (Teodorescu, 1974), o parte dintre meto-
dele experimentate, dupd opinia noastrd, putind fi utilizate cu succes
si pentru atingerea obiectivelor propuse si de autorii acestei lucrari.
Cercetdri cu privire la posibilitatea recuperdrii elementelor utile din
apele reziduale de mind, precum si pentru recuperarea elementelor
utile din apele pluviale — ce levigheazi zona de oxidatie a zacaminte-
lor de sulfuri sau haldele de steril de la aceleasi zdcaminte — sint in
general reduse, desi preocupari practice in acest scop s-au ficut cu re-
zultate bune de mult timp. (Scrilev, Mokrusin, 1967 ; Ionescu, Iaru,
1970 ; Malowf, Prater, 1961 ; Bryner, 1958 ; Mazima, Peters, 1966).
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In tara noastrd, cercetiri cu privire la epurarea apelor reziduale
din industria minierd, cu referiri si la posibilitatea recuperdrii elemen-
telor utile, au fost efectuate pentru o serie de zaciaminte de sulfuri po-
limetalice de Ionescu si Iaru (1970), in acelasi studiu propunindu-se
tehnologii pentru epurarea apelor reziduale rezultate de la statiile de
flotare ale minereurilor. Recent, Ligia Stoica et al. (1980) a efectuat un
studiu in fazd de laborator, privind recuperarea prin flotatie a unor
componenti utili din apele reziduale de mina. In studiul efectuat, au-
torii aduc argumente de necontestat asupra posibilitdtii recuperarii unor
cantitati insemnate de Cu, Mn, Fe, Zn si Cd, cu cheltuieli reduse, la
continuturi in solutie mult inferioare celor determinate de noi la mina
Balan.

1. CONSIDERATII TEORETICE
1. Consideratii asupra alterarii sulfurilor in zona de oxidatie

Oxidarea si cementarea sint legate de regimul apelor subterane.
in terenurile omogene (Routhier, 1963, Tatarinov, 1967) se disting trei
zene !

Zona de aeratic se dezvoltd deasupra suprafetei piezometrice, care
reproduce in linii genecrale neregulsritdtile suprafetei topografice, in
aceastd zond apa circuld rapid spre bazd. Apele sint bogate in Oy si
Oy atmosferic si dizolvd elementele chimice din roci si minerale.

Zona de imbibatie sau de saturatie, situata sub suprafata piezo-
metricd, in roci existind in permanentd o imbibatie cu apa. Circulatia
apei aici este incd apreciabild. In aceastd zoni fenomenele de depunere
ale elementelor dizolvate in zona de oxidatie sint foarte importante.

Zona de stationare, unde mineralele sint practic nemodificate. In
zoria de oxidatie, mineralizatia primard pierde prin levigare o mare
parte din componentii sdi chimici utili. Practic, in zona minierd Bilan
se dezvoltd numai zona de levigare, apele de precipitatii levigind mine-
ralizatiile, o -parte din acestea drenindu-se in apele Oltului, iar cea-
lalta parte infiltrindu-se pe fisuri si fracturi in zonele adinci.

2. Geochimia zonei de oxidatie

Apa subterand este imbogétitd in gaz carbonic, deoarece coefici-
entul de solubilitate al acestuia este mai ridicat decit al celui de oxigen.
La 15°C si sub presiune obisnuitd, un litru de apd dizolva cca 2 g COs.
Gazul carbonic provoacd o dizolvare notabild a tuturor mineralelor.
Apele superficiale, net acide, pot contine cca 2,96 g elemente disocia-
te la litru, pe care le transportd spre zonele adinci, continind cantititi
insemnate de H,SO;; CuSO;; FeSO,; Fey(SO,)s3; ZnSO; (Routhier,
1963).

In figura 1. este redatd solubilitatea in ape a principalilor sul-
fati, solubilitatea =zincului in zona de oxidatie fiind mult mai mare
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decit aceea a cuprului s$i a plumbului (Routhier, 1963). Este de retinut
faptul esential ca apele din zona de oxidatie sint sulfatate, sulfatii for-
mindu-se prin oxidarea mineralelor sulfuroase.

3. Reactiile chimice din zona de oxidatie

Cercetdrile intreprinse de Routhier, (1963) si Tatarinov, (1967) au
ardtat ca pirita reprezintd in general punctul de plecare al seriilor de
reactii, acest mineral in conditii de oxidare da sulfat feros si acid sul-
furic :

2FeS, + 70, 4+ 2H.,0 = 2FeSQ, + 2H,0
Sulfatul feros este rapid oxidat in sulfat feric in doud moduri :
12FeS0, + 6H,0 + 20, = 4Fe,(S0,); + 4Fe/OH),
4Fef0, + 2H,S0, + O, = 21 ¢(S0,), + 2H,0

Sulfatul feric, instabil in solutie neutrd sau slab acidd, este hidro-
lizat in hidroxid feric si in acid sulfuric :

Fey(S0,), + 6H,0 = 2Fe(OH), + 3H,SO0,

(aceastd reactie in realitate trece prin stadii intermediare). Sulfatul fe-
ric este, de asemenea, un oxidant puternic, el atacid pirita si alte sul-
furi si furnizeazi un plus de sulfat feros :

Fe(S0,); + FeS, —— 3FeSO, + 28

Sulful se intilneste in numeroase pildrii de fier, dar cel mai frec-
vent este oxidat in SO,, vechile halde degajind gaz sulfuros, sau HySO,.

Dupéa aceleasi studii (Tatarinov (1967), simplificind mult reactiile
mentionate, indicd doua evolutii ;

— in mediu neutru sau slab acid, hidroxidul feric formeazid un
hidrosol care, sub actiunea diversilor electroliti coaguleazi intr-un gel,
care se deshidrateazd mai mult sau mai putin si formeazad limonit;

— in solutii mai acide, evolutia este diferitd, fierul rdmas in so-
lutie este precipitat sub diverse forme de sulfati hidratati simpli, ferosi,
ferici sau complecsi.

Sulfatul feric poartd oxigenul in profunzime, unde oxigenul at-
mosferic nu coboard. Sulfatul feric este de asemenea regenerat si pe
seama altor sulfuri cu continut de fer, cum este calcopirita :

CuFeS, + 40, = CuS0, + FeSO,

Blenda este si ea transformatd dupa reactiile :
7ZnS+-20, = ZnS0,;
7ZnS + 4Fe,(80,), + 4H,0 = ZnS0, + 8FeSO, + 4H,50,

Acidul sulfuric rezultat din reactiile mentionate atacid de aseme-
nea sulfurile pentru a forma sulfatii. -
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Un factor important de care trebuie tinut cont in discutarea celor
mentionate mai sus este viteza de oxidare a sulfurilor in sulfati, aceasta
viteza variind mult cind sulfura este singurd sau insotita de’ alte sul-
furi. Un alt factor antrenat in reactie este fluxul electrolitic. Cind o
sulfurd se gaseste In loc cu o altd sulfura slab electroliticd, fluxul elec-
trolitic se deplaseazad spre a doua, care este mai repede oxidatd si diso-
ciatd decit atunci cind ar fi singura si invers. De exemplu, marcasita .
in contact cu blenda este oxidatd de 4—6 ori mai lent decit atunci cind
este singura (Tatarinov, 1967).

4. Transportul sulfatilor in solutie

Cea mai mare parte din sulfati sint mai mult sau mai putin so--
lubili (fig. 1). Solutiile reci si diluate traversind formatiunile, precipita
continutul lor metalic in zonele mai adinci (Routhier, 1963, Tatarinov,
1967). '

Ordinea de solubilitate Zn, Cu, Pb concordad bine cu analizele ape-
ior de mind, zincul fiind total sau aproape total levigat si antrenat de-
ape foarte departe de locul de origine.

In lipsa unor roci carbonatice (calcare, dolomite etc.) metalele an--
trenate in sulfati sint transportate pe fisuri si fracturi spre zonele mai
adinci nedepunindu-si sarcina utila.

II. LUCRARI EXPERIMENTALE

In urma cercetirilor efectuate, unul dintre autori (Popa, 1981):
considerd oportund initierea unui program de recuperare a elementelor-
utile din apele reziduale din mina Bélan, cu ajutorul unor colonii de
bacterii, sau prin precipitarea cuprului nativ in bazine folosind ca re--
ducitori diverse obiecte metalice. Incepind din vara anului 1982, Ins-
titutul de cercetari, inginerie tehnologicd si proiectare a lucrarilor de-
constructie si instalatii pentru minerit Deva in colaborare cu ILM. Ba-
lan trec la experimentarea practicd a celei de a doua metode, rezulta-
tele obtinute cu acest prilej fiind dintre cele mail interesante.

1. Metoda folosita

Pentru recuperarea cuprului Institutul de cercetdri, inginerie tel}—~
nologicd si proiectare a lucrarilor de constructii si instalatii pentru mi-
nerit Deva in colaborare cu 1. M. Balan au intrebuintat un numar de
13 bazine (vagoneti de miné si bazine din lemn) in care a fost introdus-
span de otel.

Apa captatd din galeria Wetter a fost trecutd in prima fazd prin--
tr-un mic bazin de decantare si in continuare printr-un sistem de prea
plin prin bazinele mentionate.

Din timp in timp spanul a fost curdtat de cupru ace§ta depu--
nindu-se pe fundul bazinului, de unde apoi a fost evacuat si colectat..
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2. Rezultatele obtinute

Observatiile ficute de noi asupra amenajarii de la galeria Wet-
ter, cit si asupra unor alte surse din zona minei Balan au ardtat urma-
‘toarele :
a) Apele pluviale levigheazid componentii utili din zona de oxida-
itie a zacamintuluil Balan, trecindu-i in sulfati.
b) Apele mentionate migreazi spre zonele mai adinci ale minei
‘amestecindu-se cu cele rezultate din procesul tehnologic al minei.

c) Aceleasi ape levigheazd In bund madasurd si minereul din haldele
.de steril.

3. Continutul in ioni din apele reziduale

Cuprul reprezintd elementul principal, determinat in solutie in
-apele reziduale din orizonturile : Rutoc (Cu 0,060—0,74 mg/l), Sipos
(Cu 0,74—3,65 mg/l), Fagul Cetatii (Cu 205,10 mg/l) si Wetter cu o me-
die de cca. 400 mg/l (Tab. 1, fig. 2). Debitul mediu al surselor mentio-
nate variazd intre 2 1/min. la izvorul din cariera de la Béilan, la 55 1/min.
in galeria Wetter si
(80 l/min.) apar la galeria Rutoc - 135, insd aici continutul in cupru
este foarte redus.

65 1, min.

TABELUL 1

la Fagul Cetatii.

Con{inuful in ioni din apele reziduale ale galeriei Weller

Debite mai mari

’Cantitatea de
Nr. | Debit | Debit! Debit Continutul in ioni my/l Cu recuperabil
|probei | 1/m 1/h m3/an 2 t/an
Cu Zn ‘ Pb 1 Fo total Cu
1 55 3300 28908 5,88 439 10, 58 1,6 364,0
2 55 3300 28908 4,20 388,2 12,25 — 468,0
) 55 3300 28908 3,88 349,12 41,68 — 489,0
4 55 3300 28908 5,56 314,77 5,14 — 302,0
5 53 3300 28908 5,93 669, 8 5,36 — 532,0
6 55 3300 28908 4,77 457,26 121,95 — 508,0
7 55 3300 28908 3,65 508, 52 83,53 — 520,0
8 55 3300 28908 3.83 299,99 76,63 — 278,0
9 55 3300 28908 6,15 358, 62 4,80 — 438.0
10 55 3300 28908 4,33 100, 58 9,41 — 96,0
11 55 3300 28908 4,2 543,2 — — 476.,0
12 55 3300 28908 4,4 427,71 — — 368,0
173! 55 3300 28908 4.2 565,47 — —_ 428,0
14 55 3300 28908 4,4 390, 62 —_ —_ 358,0
13 55 3300 28908 4,3 528,83 — — 476,0
16 55 3300 28908 4,4 502, 84 —- - 472,0
1 Media 28908 427,59 37,12 410, 81 12,361
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Fig. 1. — Solubilitatea sulfatilor aE
in apd (P. Routhier, 1963). Sulphate
solubility in water (P. Routhier,

:963). 1, SnSO;, ; 2, MnSO, ; 3, NiSOy; .
4, COSO/., 9,

8 — c. 215

FeSO,; 6, CuSO,; 200 mg/t
7. AgSOy; 8, PbSO,. }
0
12345678
20°¢

—
260 mg/t I S5t/an
Fa Yoi‘u“l i l:
5 o = 0
669
[
| s
IR
1l F—
| P I I
|
i
1| P
3 | I | I I ﬂ t/
200 mg/l.} i } l i 5t/an
- | L HIE |
0 _J‘ it} l H Lo
5 5 —_
o Il - 3
o e ] ! l l l l
P ] ]; l l | I ], ! ! l i |
.4 LA N O 0 T O i
J
rordia me Suefed g
Fig. 2. — Continutul iif Cu si Fe total in apele reziduale din

galeria Wetter. 1, continutul mediu in Cu si Fe total;
2, pierderi t/an in Cu si Fe total. Cu and Fe total content
in the residual waters of the Wetter gallery. 1, Cu and
Fe total middle content; 2. t/year loss in Cu and Fe total.
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Zincul apare in cantitdti reduse reflectind constitutia mineralogica
a zdcamintului Bdlan, unde blenda apare In cantitati reduse (Tab. 1,
fig. 3). Zincul in solutie apare foarte neuniform raspindit, variind intre
2-—3 mg/l pina la 121 mg/l.

SOy
0

2000 mg/ lJ

Fig. 3. — Continutul in Zn si SO,
in apele reziduale din galeria
100mg/l [-31'; Wetter. 1, pierderi t/an. Zn and

7n SO, content in the residual waters

J . _l—['[—@ of the Wetter gallery. 1, t/year loss.
0 1 v L G

ARl B

HAE 1

Fierul apare destul de neuniform, in probele analizate, Fe2* gi-
sindu-se in cantitdti mult mai mari decit Fe?* (fig. 2, 5).

— SOy, apare intre 30 mg/l si 500 mg/l (fig. 3), cu o raspindire
neuniforma in probele analizate.

4. Distributia cuprului si a zincului in suspensie

Cuprul si zincul a fost determinat si in fractia detriticd rezultata
prin antrenarea fragmentelor fine de piritd, calcopiritd si blendd din
haldele de steril sau a celor rezultate in procesul tehnologic de exploa-
tare din subteran. Prezenta sulfului in probele analizate atestd existen-
ta mineralelor mentionate in fractia detritica (fig. 4).

Fig. 4. — Continutul in sulf din

fraciia in suspensie din apele rezi- . 1"‘ ;"(“r'“'
duale din galeria Wetter. 1, conti- 1% ’ —1
nutul mediu in sulf. Sulphur content S l ‘ { ‘ s
i
0

of the suspension fraction in the
residual waters of the Wetter
gallery. 1, middle content of sulphur.
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Dupd cum se observa si in figura 6, cantitatea de material in sus-
pensie variazd foarte mult de la o probd la alta, functie de procesele
tehnologice din mind (pusciri in abataje, perforare, pomparea sau eva-
cuarea liberd a apei din galerij etc.).

200
mg/l

Fig. 5. — Continutul in cupru, zine, fier in suspen-
sie din apele reziduale ale galeriei Wetter. 1, cupru
in solutie mgl; 2, cupru in suspensie %;; 3, zinc
in solutie mg/l: 4, zinc in suspensie %,; 5, fierul
in solutie mg/l; 6, suspensie totald m/l.
Copper, zinc, iron and suspension content in the resi-
dual waters of the Watter gallery. 1, copper in solu-
tion mg/l; 2, copper in suspension 9%;; 3, zinc in
solution mg/l; 4, zinc in suspension 9,: 5, iron in
solution mg/l; 6, total suspension mg/l.

o

mg/| b

0 a0 o e
V77741 BFEd2 53
==, F775 Ee

5. Rezultatele experimentale

Dupa cum s-a arétat, pentru precipitarea ionilor Cu, Pb si Zn din
solutie, apele reziduale au fost trecute prin bazine in care s-a introdus
span de otel rezultat la prelucrarea pieselor in atelierele de strungirie.
in urma cercetdrilor efectuate au fost obtinute urmaétoarele rezultate
cu privire la recuperarea elementelor utile :

Cuprul. In urma reactiei intre CuSo, si fierul din span, acesta din
urmd trece in solutie sub forma de Fe;Sog, iar cuprul s-a depus pe span
(fig. 7), continutul lui in bazinele de precipitare variind intre 17249/,
(Tab. 2, fig. 7) (analist Elena Minescu).

Zincul. Reactia de precipitare a zincului se desfidsoara asemini-
tor cu aceea a cuprului. Cantitativ zincul apare redus reflectind prezenta
lui in cantitdti reduse in minereul de la Bédlan, (Tab. 2, fig. 7). Conti-
nutul de zinc in precipitat este cuprins intre 0,02—0,1%.
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Plumbul. Reactia de precipitare a plumbului este asemdandtoare
celei a cuprului si zincului. Continutul de Pb din precipitat variazd
intre 0,04—0,365%, (fig. 7). Continuturile de Zn si Pb din precipitatele
obtinute nu prezintd importantd din punct de vedere economic.

TABELUL 2

Confinuturile in Cu, Pb si Zn ale precipilatelor rezultale
din apele reziduale ale galeriei Welter

Nr. Pb Cu Zn

probei 07 % %
1 0,045 20,58 0,026
2 0,088 20,25 0,053
3 0,15 19,15 0,042
4 0,14 21,45 0,063
5 0,098 20,92 0,074
6 0,12 17,25 0,042
7 0,365 19,06 0,063
8 0,163 17,75 0,048
9 0,178 20,03 0,036
10 0,073 22,36 0,084
11 0,047 24,43 0,105
12 0,038 22,13 0,078
13 0,124 23,72 0,052
14 0,075 20,15 0.088

Fierul. Cercetdrile nu au urmdrit si recuperarea fierului. Obser-
vatiile noastre asupra amenajdarii de la galeria Wetter au aratat ca, in
timp ce cuprul in solutie scade de la intrarea in primul bazin de preci-
pitare, unde are un continut de cca. 400 mg/l la cca. 40 mg/l in ultimele
trei bazine, continutul de fier creste aproximativ invers proportional,
de la cca. 380 mg’l la 780 mg/l in ultimele bazine (fig. 8). Cresterea
continutului de fier se explicd prin acddugarea la fierul din solutie rezul-
tat in urma oxidarii piritel si a calcopiritel si a celui trecut in solutie
ain spanul din bazine, rezultat in urma reactiei de schimb intre Zn SOy,
CuS0; si fierul din span, reactie In urma cédreia s-au depus cuprul,
plumbul si zincul.



117

RECUPERARI ELEMENTE UTILE DIN APELE DE MINA

11

UIU0D  IPpIw peat

pue oulz ‘aaddoo ‘p ~Lia[ied Jojom -0
9y} IO SI91Bm  [BNPISAL S} woJ] n9
AJI9A0030 £gq paulejqo juajuod pes) L
pue ouiz ‘taddo) ‘qumid 15 ouiz ‘nad %0¢
-nd Ul NpPaW [NINUIIU0d ‘T "19)39Mm
elI9]Rd Up 9jenpizal d[ade up aJed 0
~-adnoax urad jnuljqo oulz 1§ qumd i
‘nadnd ur  mnuijuon — L Fg uz
“°% 10
-0
qd
%10

S9€’0
1BaK/1 SSO1 ouiz ‘g ¢ aeaf/y ssol Jaddod ‘g
‘Y pg/8Ww uotsuadsns J(pplw ‘I ‘Aas[[es J19119p U} JO SJojem [Bnpisdt 3y) IO Iudjuod
uotsuadsng ‘ue/y ouiz lPpJald ‘g ¢ ue/ nadnd 1epasid ‘g 'y pg/gw drpaur disuad
-SNS ‘I 19119 BLIB[BZ UIp 3renpizad Jo[ade [e o1suadsns ul [ninuijuo) — ‘g ‘814

I

[¢]
]
1/bw dsng
007

- _ I

19e2T
ez

2509




118 GH. POPA et al. _ 12

6. Recuperarea elementelor minore

Determindrile executate au urmadrit si posibilitatea recuperarii
elementelor minore din aceleasi surse din care s-au recuperat cuprul,
plumbul si zincul.

500ppm _—_T_
i
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i v f
206 tng/1 4 & t ’ L | Ak
e ' i [ i I B =
0 l L J S 7 | !
}
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Fig. 8 — Variatia cuprului si a o ] ‘ ‘ I
fierului in solutie in bazinele de re- o 4 | |

t
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cuperare.
Copper and ‘iron variation in so- 50ppm
lution in recovery basins. sn J '—me
0 1 !
Fig. 9. — Continutul in elemente
‘minore in depozitele de precipitare
din bazine. Minor element content 50ppm
in precipitation deposits from Mo }
basins. 0 i

In precipitatele obtinute din apele reziduale ale galeriei Wetter
au fost determinate urmditoarele continuturi in elemente minore :
(Tab. 3, fig. 9, analist Constanta Udrescu).

Molibdenul, intre 15-—100 ppm ; staniul, intre 3—70 ppm ; niche-
jul, intre 43—280 ppm ; cobaltul |intre 11,5—40 ppm; cromul, intre
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TABELUIL 3

Confinularile in elemenle minore A(ppm) determinale in precipitaiele
rezultate din apele reziduale ale galeriei Weller

p‘\r;‘)é Ni [Coler | v |Me| T | Mo | Su
1 250 | 40 240 | 92| 690 | 2700 | 20| 64
B 270 | 40 310 | 94| 720 | 2500 | 32 | 18
3 280 | 42 290 | 65| 580 {2300 | 3317
4 230 | 36 275 | 71| 590 | 2080 | 30|17
e 240 | 38 290 | 90| es0 ! 270 | 27165
6 130 | 29 220 | 100 | 580 | 2000 | 15| 15
7 230 | 32 290 | 70| 600 |2000| 32]15
8 255 | 34 300 | 77| 530 | 2600 | 30|17
9 200 | 31 270 | 65| 430 | 2200 | 2713
10 200 | 27 240 | 53| 460 | 1500 | 25| 23
11 270 | 32 300 | 70| 520 2200| 36]15
12 220 | 26 235 | 47| 480 | 1300 26| 9,5
13 200 | 27 285 | 64| 450 | 1600 | 28 | 20
14 200 | 24 250 | 54| 520 1300 | 24| 12,5
16 43 11,51 1200 50| 310! 160 | 100| 3

J

220—1200 ppm; vanadiul, intre 50—100 ppm; manganul, intre
510—780 ppm si titanul intre 160—2700 ppm. Aceste continuturi se
situeazd sub limita de interes economic pentru valorificare.

Concluzii

In urma cercetdrilor efectuate s-au obtinut urmatoarele rezultate :

— posibilitatea recuperdrii cuprului in conditii avantajoase din
punct de vedere economic ;

— elementele minore sint prezente in precipitat sub limita de
interes economic pentru valorificare ;

— observatiile ficute aduc si unele argumente asupra posibili-
tatii acumularii pe cale sedimentard a mineralizatiilor de sulfuri poli-
metalice, prin precipitarea cuprului, plumbului $i a zincului din sulfatii
elementelor respective, precum si prin.sedimentarea fractiilor detritice
de piritd, calcopiritd, blenda si galena:
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OBSERVATION CONCERNING THE POSSIBILITY OF f
RECOVERING SOME USEFUL ELEMENTS FROM MINE
WATERS (THE BALAN MINE)

(Summary)

Researches made by the authors of this study have had as =
subject the recovery of useful elements from : waters from the Balan
mine ; pluvial waters leaching sterile waste-dump ; pluvial waters lea-
ching the oxidation zone of the Bé&lan ore.

There were studied as well : the depollution of the above mentio-
ned waters which are overflown in the Olt river and cause important
ecological unbalances, as well as difficulties and supplementary expen-
ses for the stations of preparation for the industrial and drinking
waters located downstream of the Bilan mine ; the obtaining of some
new arguments for the possibility of accumulation of sulphide mine-
ralizations, by different sedimentary processes.
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The study brings new arguments for the possibility to recover
some important amounts of Cu, Mn, Fe, Zn and Cd with small expenses.

I. Theoretical Considerations

1. Considerations on Sulphide Alteration from the Ouxidation Zone
The homogeneous fields contain three zones :

a) The aeration zone develops over the piezometric surface : here,
the circulating waters are rich in O, and CO, and cause an intense
chemical dissolution of rocks and minerals.

b) The impregnated or saturated zone where most of the dis-
solving elements of the aeration zone do depose.

¢) The stationary zone, where minerals are practically unmodified.
2. Geochemistry of the Oxidation Zone

The underground water is enriched in carbonic gas at 15°C, a litre
of water dissolving 2 g of CO,. The water charged with CO, dissolves
elements from minerals and rocks and carries them towards the deeper
zones, as HySO;, CuSOy, FeSO,, Fey(50;)3, ZnSO,,.

3. Chemical Reactions in the Oxidation Zone

Researches made by different authors have shown that pyrite
generally represents the departure point of reaction series; under oxi-
dation conditions, this mineral gives ferrous sulphate and sulphuric
acid. The ferrous sulphate is quickly oxidated in {ferric sulphate, and
this one, in neutral or weakly acid solution, is hydrolised as ferric
hydroxide and sulphuric scid. The ferric sulphate is regenerated =as
well frem chalcopyrite.

4. Sulphate Transport in Solution

Most of sulphates are more or less soluble. The cold and diluated
solutions, in their descendent way, precipitate their metallic content in
the deeper zones. In absence of some carbonate rocks (liinestones, dolo-
mites, etc.), metals included in sulphates are transported on fissures
and fractures and do not depose their useful load.

1I. Experimental Works

Method. The mine water was first passed through a decantation
basin, then through a series of mine trucks with iron chippings.

Results. The iron content of the mine waters varies as follows :

— Copper represents the main element, determined with values
between 0.060 mg/l in the Rutoc-horizon and neariy 400 mg/l in the
Wetter herizon. The average discharge of the studied sources varied
between 2 1/min. to 55 l/min. in the Wetter horizon and 65 I'min. at
Fagul Cetdtii.
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— Zinc appears in small amounts reflecting the mineralogical con-
tent of the ore where sphalerite is found in small amounts. In solution,
.zine is non-uniformly distributed, varying from 2—3 mg/l up to 80 mg/l.

— Iron is rather non-uniformly distributed in the analysed sam-
ples, where Fe?* is found in much larger amounts than Fe3*.

— SO, appears between 30 mg/1 and 500 mg/l.

5. Distribution of Copper and Zinc in Suspension

Copper and zinc were determined as well in the detritic fraction,
included as fine fragments of pyrite, chalcopyrite and sphalerite.

6. Experimental Results

— Copper. As a result of the change reaction between CuSO,
and the iron from chippings, the latter passes in solution as FeSO,
.and copper deposed as a metal on chippings. Its content in precipita-
tion basins varied between 20—300/,.

— Zinc. The precipitation reaction of zinc is similar to that of

.copper, with the deposition of metallic zinc. Zinc was recovered in
,amounts between 0.04—0.19%.

— Lead. The precipitation reaction is similar to those of ccpper
and zinc. Quantitatively, lead could be recovered between limits of
-0.05—0.365Y%,.

~— Iron. Observations concerning the Wetter gallery have shown
that while copper in solution diminishes from the entrance in the first
precipitation basin with a content of abcut 400 mg/l to about 40 mg/l
in the last three basins, iron grows approximately inversely propor-
tional, from about 300 mg/l to 780 mg/l in the last basins.

The growing of the iron amount is explained by the addition to
the soluticn of the iron resulted from pyrite and chalcopyrite oxida-
tion, as well as of the iron passed in solution from the basin chippings.

7. Recovery of Minor Elements took place in the same precipita-
tion basins as the above mentioned elements, with the following results:

— molybdenum varies between 30 p.p.m. and 100 p.p.m.

— tin appears between 10 p.p.m. and 70 p.p.m.

— nickel has an average amount of200 p.p.m.

— cobalt appears between 20—40 p.p.m.

— chromium appears between 220—400 p.p.m.

-— wolfram (tungsten) has values between 60—100 p.p.m.

— manganese appears between 400—600 p.p.m.

— titanium appears between 20—2500 p.p.m.

There were obtained the following results :

— the collective recovery of copper, lead and zinc in amount of
“importance for revaluation ;

— the collective recovery of the elements : Mo, Sn, Ni, Co, Cr,
V, Mn and Ti ;
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— wolfram, manganese and titanium are important for revalu-
ation ;

— iron can be recovered when passed in solution by pyrite and
chalcopyrite oxidation or when resulted from the change reaction bet-
ween the sulphate mine waters and iron from the chippings ;

— the recovery of the above mentioned metals leads to the
depollution of the Olt river waters where the residual waters from
the Balan mine are overflown ;

— this method is very simple and metals can be recovered at a
very low price ;

— these researches have brought some important experimental
arguments for the possibility of the sedimentary accumulation of sulphide
- mineralizations.
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2. ZACAMINTE

THE COPPER AND PYRITE ORE DEPOSIT ASSOCIATED
WITH OPHIOLITES OF BAIA DE ARAMA
(SOUTH CARPATHIANS)!

BY
HARALAMBIE SAVU? PETRE ANDAR? TFILOFTEIA GAFTOI?

Cu. Pyrite. Sulphides. Ophiolites. Basalts. Lias. Impregnation ores. Strati-
form ore deposit. Cyprus type ore deposit. Spreading, ocean floor. Olisto-
plate ; South Carpathians — Danubian sedimentary domain (including the
Severin Nappe) -— Cosustea-Balta-Baia de Aramd zone.

Abstract

The Cu and pyrite ore deposit of Baia de Aramad is situated in the Mehe-
dinti Plateau, where it is located in the Severin Nappe (parauiochthonous). It
is associated with an important olistoplate of Liassic basalts from the olisto-
strome which forms this nappe. It has a Cyprus type stratiform character, being
formed by hydrothermal-sedimeniary processes which manifested along the
spreading zone from the Carpathian Ocean, which developed Dbetween the
Moesian Plate and the Trans)l!vanian Plate. The deposition of sulphides sprung
on the ocean floor from hydrothermes formed on primary fractures (protofrac-
tures) was favoured by the Euxinian character of the ocean floor during the
ore deposit formation. The §"S values between -+1.19 and -+2.73"%s; underline the
endogene origin of sulphur which comnbined with metals in intratelluric condi-
tions. The Cu content average of 0.24%, shows that thc ore deposit belongs to
the category of poor ore deposits, where Cu forms zones of maximum (Cauna)
with higher contents over the 0.37%, value.

Bésume

Le gisement de Cu ot pyrile associé aux ophiclites de Baia de Aramad
(Carpathes Méridionales). Le gisement de Cu et pyrite de Baia de Arama se

1 Received on the 25rd of April 1984,
2 Ipstitutul de Geologie si Geofizicd, str. Caransebes nr. 1, R 79678 Bucu-

resti 32.
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irouve dans le Plateau Mehedinti, ol il est situé dans la nappe de Severin
(parautochtone). Il est associ¢ a une importante olistoplaque de basaltes liasiques
de I'olistostrome qui forme cette nappe. Son caractére est de gisement stratiforme
de type Cyprus, étant formé par des processus hydrothermal-sédimentaires qui
se sont manifestés au long de la zone de spreading de 1'Océan Carpathique qui
s'est développé entre la plague moessienne et la plaque transylvaine. La déposi-
tion des sulfures jaillies au fond de l'océan des hydrothermes formées sur des
fractures primaires (protofractures) a été favorisée par le caractére euxinique du
fond de T'océan pendant Ja formation du gisement. Les valeurs §*S entre
-+1,19 et +2,73%, soulignent l'origine endogéne du soufre qui s’est combiné avec
les métaux dans des conditions intratelluriques. La moyenne du contenu en
Cu de 0,24%, montre que le gisement fait partie de la catégorie des gisements
pauvres, ou le Cu forme des zones de maximum (Cauna), a contenus plus
élevés qui peuvent dépasser la valeur de 0,379%,.

Introduction

The Cu ore deposit of Baia de Aramad was known even since
the Middle Age, as in the neighbourhood of the town there were found
some traces of a rudimentary metallurgical activity. Near the Ocna
Hiil, located between Marasesti and Ponoare, where the mineralization
is outcropping, there can be found some old mining works which extrac-
ted the cre processed at Baia de Arama.

During the latest 30 years, the ore deposit was explored by
driliings and mining works by IFLGS-Bucharest, mainly in the rich-
er zone of the ore deposit, known as the Cauna zone (Ponoare). Obser-
vations made on this opportunity by Dréghici and Draghici (1956, 1957)
and Jacota et al. (1978) are shown in the reports from the archives of
IPGG and IFLGS in Bucharest. The ore deposit was recently mentioned
in studies published by Savu (1980) and Cioflica et al. (1980a) and a
short note was presented by Cicflica et al. (1980 b).

Geological Considerations

In the geological structure of the region are known three main
tectonical units : 1) the Danubian Autochthon which supports 2) the
Severin Nappe (parautochthon), covered by 3) the crystalline of the
Bahna outlier, which represents an cutlier of the Getic Nappe (Codarcea,
1940).

The Severin Nappe, which contains the basic rocks associated
with the Baia de Aramid mineralization, has a thickness varying
between 200 and 350 m (Jacotd et al., 1978). It is formed of an olisto-
strome with olistcliths of ultramafic rocks, ophiolitic mélange, basic
rocks and crystalline schists including amphibolites, incorporated in a
pelitic anchimetamorphosed matrix. This olistostrome was attributed to
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the Upper Cljetaceous by Stanoiu (1982), who denies thus the existence
of the Severin Nappe. Researches made in 1981—1982 by Savu (1985)
have shqwn that the olistostrome is Jurassic-Neccomian (Jo—Cry) and
forms this nappe.

The above mentioned formations take part in the olistostrome
in different proportions, as in the column of the 59237 — Biriacu
drilling. Up to m 63 it went through the crystalline schists of the
Bahna cutlier and then, up to m 74 it passed through an olistolith of
serpentinites and up to m 156 through basalts in a pillow lava facies,.
and then up to m 209 it went through a horizon of mainly tuffogene
rocks where the Cu mineralization is located, followed downwards by
a level of black schists which maintain up to m 214.90; then the-
drilling enters another horizon of basaltic flows. In depth there follow
anchimetamorphic pelitic schists with a tectonic breccia in basis (Jacotd
et al., 1978), formed of sheared blocks of basic and ultramafic rocks and
of the anchimetamorphic malrix of the olistostrome, included in a
milonitic-breccia mass, with different thicknesses. This one forms a
discontinuous tectonic mélange which overlies the Upper Cretaceous-
wildflysch of the Danubian Autochthon and on which the Severin
Nappe has slided.

Within the Severin Nappe the basic rocks form an important
basaltic olistoplate (Savu, 1985), which extends under the crystalline
of the Bahna outlier from Obirsia Closani, the Mdigura and Cornetel
peaks southeastwards up to Brebina, Titirlesti, Turcu valley and
Borloveanu vallev at Ponoare (Pl. I). Within the Cauna zone the olisto-
piate of basaltic rocks is formed of the following formations (Fig. 1).

1. Within the olistoplate basis there develops the horizon of
lower basalts, formed cof several basalt, variolite, and anamesite flows
in places in pillow lava facics, alternating with tuffogene and sedimen-
tary rocks represented by silicified schists and abyssal red or greenish
argillites with intercalations of jaspers which contain radiolaria flattened
during the Late Kimmerian anchimetamorphism which affected the-
olistostrome on the deep bottom of Severin trough (Savu, 1985; Savu
et al., 1985). The rccks of this horizon are more intensely affected by
hydrothermal processes, mainly in the Cauna zone, where they are
overcrossed by mineralized veins and several epidote, quartz, chlorite
and calcite veinlets (PL III, Fig. 1).

2. Over the lower basalts there follows a level of black schists
(silicified black phyllites) thick of 4—5 m, according to which Jacota
et al. (1978) have separated the basic rock pile in the lower basalts
and the upper basalts; thus, the black schists get a character of refe-
rence level. In the Borloveanu valley there is another black schist level
situated in the upper part of the mainly tuffogene horizon. These
schists remind of the Liassic black schists of the Schela formation. (Jy)»
{rom the southern border of the Danubian Autochthon.
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3. In the basis of the upper basalt horizon, there is a horizon
mainly formed of basic tuffs followed by a basaltic horizon. The first
has thicknesses varying from a few metres to 60—70 m and overlies
‘the black schist level. It contains the copper and pyrite mineralization
of Baia de Arama.
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Fig. 1. — Section through the ore deposit central zone (after Jacotd et al., 1978):
1, lower basalts . 2, black schists; 3, mamiy pyroclastic horizon ; 4, levels 1 and
2 with ineralizations ; 5, upper basalts.

4. The basaltic horizon which overlies the mainly tuffogene one
consists of basalt, amygdaloidal basalt and anamesite flows, usually
in a pillow lava facies (Turcu valley). The pillow lava separations show
a marginal thin zone (thick of 2—4 cm) formed of devitrified and
chloritized hyalobasalt. Within the basis of this horizon there is a
level of basaltic flows which are more vitreous and associated with
tuffs forming the transition towards the mainly tuffogene horizon.
Sills of dolerites ave rarely found.

As the whole olistostrome was affected by the Late Kimmerian
anchimetamorphism, the basic rocks were anchimetamorphosed as well,
so that the glass from basalts and tuffs was devitrified and mostly
chloritized and the plagioclase was decalcified-albitized. The rocks,
ospecially the tuffs, have in places an S, foliation 'and an S. cleavage.
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As concerns the origin of the basaltic olistoplate, Savu (1985) and
Savu et al. (1985) have shown that it originated in the dismemberment
of the Carpathian Ocean crust which developed between the Moesian
Plate and the Transylvanian Plate. The character of ocean floor basalts
results from the diagram of Figure 2, made after Serri and Saitta (1980).
During the closure of the ocean zone (Jo—Cr), its crust is broken into
important slabs of basic and ultramafic rocks, as the basaltic olistoplate,
which are obducted and incorporated within the olistostrome which was
forming in the Severin trough or the eugeosyncline domain from the
subduction zone (Savu et al, 1985). During the manifestation of Late
Kimmerian movements, the olistostrome and its olistoliths were affected
by the anchimetamorphic process with an age of 143.7—127.9+4.9 m.y.
K/Ar (Lemne et al., 1983). :

At the end of the formation of the Upper Cretaceous wildflysch
on the Transylvanian sialic Plate (the Danubian Autochthon). preceeding
the Getic Nappe overthrust, a part of the Jurassic olistostrome, together
with its whole content was overthrust from east to west as the Severin
Nappe, over or within the wildflysch, being then overlapped by the
Getic Nappe formed of Precambrian crystalline schists overthrusting
from west to east and of which only the Bahna and the Portile de
Fier outliers were preserved. Thus, the copper ore deposit of Baia de
Aramd reaches, together with the basaltic olistoplate, an allochthonous
position. Subsequently, the whole nappe structure is refolded.

Ore Deposit Structure

As it was already shown by geologists who have studied several
drilling cores (Pl. III), the Cu and pyrite mineralization is located in
the mainly tuffogene horizon ; it is stratiform and contains two better
mineralized levels (levels 1 and 2), which are located at 30—40 m on
vertical distance one from another (Figs. 1. and 3). They are more
evident in the southern part of the ore deposit, towards Ponoare (Cauna

zone) while northwards they merge in only one level (Fig. 3).

The mineralization outcrops in the mainly tuffogene horizon along
the reference black schist level, starting from the Borloveanu valley
basin (Fig. 4) and up to the north-eastern region of the Turcu brook.
Tt is approximately parallel to the overthrust plane of the Severin Nappe,
which is nearly horizontal in this zone. Data from several drillings
have concluded that north-westwards under the Bahna outlier the
mainly tuffogene horizon is thinning and the stratiform mineralization
gradually disappears. It appears again in the pyroclastic rocks eastwards
of Obirsia Closani, but it is poorer. Within the lower basalts westwards
of the Bahna outlier, rarely occur vein mineralizations, as those on
the Magura and Béaroaia brooks, the Canelor hill ete.

The two mineralized levels, of which at Cauna the upper one
is exploited, are not continuous, but they are separated in thirteen

9 — c. 215
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lenses. Their separation is as well a result of several faults which
cross the ore deposit, as those from Figures 1 and 3.

Our researches in galleries made by IFLGS between Marasesti
and Ponoare and the study of drilling cores from the Biriacu reference
drilling (No. 59237) have concluded that the bearing mainly tuffogene
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Fig. 3. — Longitudinal section through the ore deposit (after Jacotd et al., 1978,
with modifications) : 1, Bahna outlier ; 2, olistoliths of ultramafic rocks and ophio-
litic mélange; 3, upper basalts; 4, mainly proclastic horizon with mineralized
levels; 5, black schists; 6, Jower basalts; 7, anchimetamorphic Jurassic olisto-
strome matrix ; 8, Upper Cretaceous wildflysch; 9, overthrust; 10, fault.

horizon of this mineralization consists of dlternating basic tuffs,
agglomerates, volcanic breccias and basalt flows.

a) Within the space between the two mineralized levels, the basic
rocks are wealkly impregnated with pyrite and from place to place
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there are some hydrothermal veins which, there where the tuffs have
a more evident S foliation, got an aspect of ptygmatic veins (Fig. 5).
They censist of quartz, calcite and epidote gangue with pyrite crystals

and in places with small chalcopyrite clusters, rarely blende and gslena-

Rig. 4. — Succession of geological formations on the left side of the

Borloveanu brook, the Ponoare-Nadanova main road. 1, lower basalts

in pillow lava facies, affected by hydrothermalization ; 2, black schists;

3, silica deposition with hematite and pyrite ; 4, schistous basic tuffs,
impregnated with pyrite,

Crossing as well the lower horizon rocks, these veins have affected the
level of Liassic black schists which were often silicified. They forme
what was called the vein mineralization of the ore deposit.

v 2 [Exls PBde

Fig. 5. — Quartz vein with a ptygmatic character in the 1780 m lateral
from the Madridsesti-Ponoare tunnel. 1, basalts; 2, tuffs; 3, stratiform
deposit of quartz and pyrite; 4, ptygmatic vein of quartz and pyrite.
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b) Within the more mineralized levels and mainly within the
upper one, which was explored as well by mining works, there is a
large variety of structural aspects of the mineralization. Here there are
bands or levels of massive-compact chalcopyrite, usually associated
with pyrite, rarely blende, which are parallel to the stratification of
pyroclastic and basaltic flows levels. At the Gorunu hill, the
mineralization is formed only of pyrite, and at the Ocna hill,
of pyrite and chalcopyrite. In other cases there is an alternance of
narrow bands of tuffs with quartz and pyrite =+ chalcopyrite deposi-
tions which then unify forming a single band of mineralization, concor-
«ding with the tuffs. This one contains several quartziferous bands,
alternating with pyrite and chalcopyrite bands. As the above mentioned
aspects, it charaoterizes a stratiform mineralization, associated with
vein depositions in a rock level impregnated with sulphides, mainly
pyrite. Many sulphide veins with quartz and calcite gangue, which are
up to 0.5 m, intersect the tuff bands and laterally penetrate their
separation planes.

There are as well situations with a breccia zone in a lava flow,
where there circulated hydrcthermal solutions which deposited quartz
and pyrite. These ones have impregnated as well the surrounding rocks,
giving an aspect of stockwork. Such mineralized faults are found as
well within the basic rocks outside the Cauna zone, as those on the
Baroaia valley, the Magura valley, the Canelor hill etc. Anyway, on the
whole thickness.of the two mineralized levels the rocks are impregnated
with sulphides, mainly pyrite ; the result is the impregnation minerali-
zation which is predominant as compared to the other two types.
Sulphides and gangue minerals were remobilized during the very low
metamorphism through fissures and shearing planes.

During the thrusting of the Severin Nappe, blocks of mineraliza-
tion were broken from the mineralized horizons and included in the
tectonic melange on the Gorunu Hill, where a big iron hat formed
Aater (Pi. I).

Mineralogical Data

The mineralogical composition cof the ore deposit is formed of
the following minerals : pvrite, cha'copyrite, blende, galena and pyrrho-
tite in quartz, epidote, chlorite, sericite, calcite and calcedony gangue.
“The su'phides from different paragensses where pyrite is always
present. The impregnation mineralization is formed of pyrite, while
within the stratiform lenses with massive-compact ore the association
‘is formed of pyrite, chalcopyrite and rarely blende. The most complete
parageneses of sulphides are found within hydreothermal veins.

Mainly within impregnations, pyrite forms isolated crystals
(PL. III, Fig. 2) or grouped crystals with irregular contour (Pl. III,
Fig. 3), usually pierced by gangue and having a screen structure
{Ramdohr, 1960). Usually disperse pyrite forms as well some massive
clusters or compact pyrite bands where it occurs as idiomorphous
crystals (Pl. IV, Fig. 1) which seldom contain gangue inclusions. Pyrite
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crystals are sometimes fissured and broken during the anchimetamorp-
hism, being cemented with quartz gangue or with chalcopyrite when
this one is present (Pl IV, Fig. 2). Marcasite is rarely found.

Chalcopyrite usually occurs as elongated clusters with varying
dimensions. Sometimes it contains smail blende inclusions with irregular
outline. At the contact between a chalcopyrite cluster and a blende one
it was noticed a fine intergrowth with a symplektitic aspect between
the two minerals. Taking into account the flattened form of chalcopyrite
clusters and of gangue inclusions, one can conclude that the mineral
has suffered as well some deformations during the anchimetamorphism.
In certain cases there appear some relicts of pyrite crystals partly
substituted by chalcopyrite. The distribution of chalcopyrite clusters
in parallel or faulted rows shows that this mineralization has suffered
some tectonic deformations, as well as the basic rocks where it is
located.

Blende forms as well clusters of different dimensions. It frequen-
{ly shows chalcopyrite exsolutions which are very fine and have an
irregular outline (PL IV, Fig. 3). There occur as well some quartz
inclusions affected by deformation. ’

Galena (Pl IV, Fig. 4) forms clusters in the median part of some
veins where it penetrates among pyrite crystals.

Pyrrhotite was pointed out as forming small clusters within
hydrothermal veins. ‘

Secondary minerals are represented by goethite, limonite and
malachite, rarely azurite. They were formed within the oxidation zone,
as the mineralized fault from the Magura valley.

Cu Distribution in the Ore Deposit

Our samples of 1981 taken from different types of mineralization
in the Marasesti-Ponoare tunnel and its lateral galleries analysed by
Robotin from IPGG-Bucharest for Cu, Fe and S have given the
following results (Ttable 1). '

ARG |1

Cu dislribalion in some ore samples

N AMineralization No. of Cu Fo S

S type samples % 3 e
il Impregnation 6 0.02—9.12 5.80—14.00 2.27—15.90
2 Stratiforim 3 2.29—3.83 5.90—15.30 0.97— 5.92
3 Voin 3 0.07—+4.58 6.20—10.50 4.30— 9.50

As the impregnation mineralization where Cu varies between
0.02 and 0.12%, is the main onc, the Baja de Aramd ore deposit is
clearly grouped within the poor Cu ore deposits.
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During the exploring works in the Obirsia Closani, Marasesti
and Ponoare region, which contains as well the Cauna zone with higher
Cu concentrations, there were made about 8500 chemical analyses for
this element. According to different selections, these analyses have
given an average value of the Cu content for the whole ore deposit
of 0.24%, the square average deviation (s) being of 0.49, and the

%[
20

Fig. 6. — Frequency histogram of

0 copper contents.

0.01" 18.58 g Cu

coefficient (V) of 205. The quantitative verification of this distribution
reflects a tendency towards lognormality of the Cu distribution within
the ore deposit, which is underlined as well by the frequency histogram
of figure 6.

The areal distribution of Cu in the ore deposit (Cauna zone) was
established taking into account only the samples collected from drillings
and vertical mining works (raises, sumps), which have crossed the
mineralization horizon (Pl. II). The plate shows an increasing Cu
content towards NNE, with a clear maximum zone northwards the 21st
gallery which is open north-eastwards of the studied territory. This
maximum extends along the 192-right lateral gallery of the 21st gallery
which pierces the Turcu valley somewhere upstream the opening of
the 2ist gallery. One can notice as well an increasing tendency of
the Cu content towards the WNW part of the perimeter, to the ridge
between the Turcu and Borloveanu valleys.

Mineralization Genesis

Geologists who explored the Cu ore deposit of Baia de Arama
(Jacotd et al., 1978) have supposed a volcano-sedimentary origin of
this mineralization. After its deposition, there took place some mobili-
zation procesées of the mineralization on the surrounding fissures, which
formed vein mineralizations. In 1980, Cioflica et al. show that Cu and
pyrite deposits of Baia de Aramé are connected with the submarine
eruptive activity of basalts at the same time with the deposition of
sedimentary formations from the Severin Nappe, which they attributed
to the Sinaia beds (Cry), an idea they supposed later (Cioflica et al.,
1980 b).
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Savu (1980) has noticed that the Cu and pyrite stratiform minera-
lization of Baia de Aramai is of Cyprus type. But even on the classical
ore deposits of Cyprus there are two opinions (Mitchell, Garson,
1976) ; 1) a singenetic fumarolian (volcano-exhalative) origin and 2) an
epigenetic-hydrothermal origin. Researches made on the Cu ore deposit
of Cyprus type of Péatirs (Savu et al, 1982) and on the differentiation
of the tholeiitic magma in the Mures zone (Savu, 1973 ; Savu et al.,
1984), have led to the conclusion that these ores can be formed by
hydrothermal-sedimentary processes. As for the Baja de Arama ore
deposit, such an origin is clearly supported by the frequent association
of the three types of mineralization : vein, stratiform and of impreg-
nation. The ore deposit formation is possibly explained by a coincidence
of factors, as follows :

Within the Carpathian Ocean (Savu, 1980, 1985; Savu et al,
1985) there took place a slow spreading process (sensu Macdonald,
1982) where already formed an important complex of ocean floor
basalts (Oy) which probably reposed directly over a complex of
ultramafic rocks and gabbros (Oy).

Near the axial zone of spreading there formed some primary,
incipient fractures on which circulated hydrothermal solutions resulted
from the differentiation of the tholeiitic magma towards acid-albitic
rocks as granophires and trondhjemitic granites with albite (Savu et
al., 1984), pessibly from the sea water as well, which penetrated the
spreading plane in depth, where it was heated up to dissociation. In
both cases these solutions were eliminated on the ocean floor as
hydrothermal solutions.. They did not circulate through the spaces
among pillow lava separations, but through primary fractures which
they mineralized, generating on the ocean floor some forms of chimneys,
which were located along the spreading zone. Thus, solutions arrived
as well in the water from the ocean floor, giving rise to brines and
muds with sulphides. As long as the ocean water was normally oxyge-
. nated (Holland, 1983), the sulphides from the hydrothermal solutions
were oxidated, sulphur and copper being carried by the sea water,
and iron accumulating in jaspers and abyssal red argillite deposits, as
those from the Brebina valley tuffs (Savu, 1985).

At a certain moment something modified in the structure of the
ocean floor, at least in the zone of action of these hydrothermes, which
probably had a depressionary form, as over the lavas of lower basalts
consolidated in a pillow lava facies the black schist level with organic
material begins to deposit, which indicates a marine environment of
Euxinian type. This episode coincides or is connected with a period of
mainly explosive activity of volcanism, generating the basic tuffs from
the horizon of mainly pyroclastic rocks which contains the Cu and py-
rite mineralization. This could probably coincide with a more intense
hydrothermal activity.

Due to the new physico-chemical conditions of the ocean water,
heated and having a very low redoxipotential, sulphides from hydrot-
hermal solutions, which were springing on its floor from those chimneys
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or hydrothermes dispersed in water, developing on a surface of at le-
ast 7 km long and 2—3 km wide, and forming hydrosols. These would
sediment according to Stockes’ formula (fide Dumanschi, 1949), in al-
ternance with basic tuffs and basalt [lows and forming thus stratiform,
concordant depositions and partly impregnations. While the tuff and
agglomerate pile was thickening, covering the old hydrothermes, some
new ones were springing at the new level of the ocean floor, and so
on, up to the end of the explosive period of the submarine basic vol-
canism. It seems that at the same time with the beginning of lava
flows from the upper basalts horizon, the oceanic basin loses its cha-
racter of Euxinian sea, as there no longer deposited concentratlons of
stratiform sulphides.

We think that the Baia de Aramé& ore deposit of Cyprus type was
formed in this way, with a large variety of mineralization structures.
This fact is supported as well by the ratio *2S/%S from the ore deposit

sulphides (the upper level) which was determined for this purpose
(Table 2). The table shows that %S values are positive and near to 0,
varying between -}1.19 and —-2.73%). These values show that the sulp-
hur of mineralizations has an endogene origin, and thus solutions gene-
rating the ore deposit are hydrothermal.

TABLE 2

Isotopic composition of sulphur

No. J\Immtz;};)zeatlon Analysed mineral | 8% Sy ¢ (fg0) EERTEEN
1 vein . pylite ~1.19 22.194
2 stratiform pyrite -41.52 22.186
3 vein chalcopyrite +1.64 22.184
4 stratiform chalcopyrite - 1.68 22.183
5 stratiform pyrite +1.94 22,177
6 vein pyrite +2,15 22,172
7 impregnation pyrite ~L2,40 22,167
8 impregnation pyiita -£2,57 22.163
9 impregnation pyrite +2.65 22,161

10 impregnation pyrite 2L 78 22.160

We must underline the fact that, taking into account some mine-
ralizations of sedimentary or volcano-sedimentary sulphides, the sulp-
hur combining with metals has an exogene origin, being taken from the
sea water and metals come either from water or from fumaroles, the
halmyrolytic alteration of basalts etc., the sulphide formation and de-
position being favoured by certain physicochemical conditions. In such
cases the 6%S values can be negative.

As for the hydrothermal-sedimentary mineralization which forms
in an Euxinian sea, sulphides do not form in the sea water, but arrive
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on the ocean floor at the same time with hydrothermal solutions which
formed in intratelluric conditions. Due to the Euxinian character of
the sea, sulphides dispersed in the floor water are not oxidated, but
deposit as such, preserving thus the endogene character of sulphur.

The presence of parageneses with pyrite, chalcopyrite, blende and
galena, pyrrhotite and chalcopyrite exolutions in blende show that the:
vein mineralization could form on protofractures, at temperatures bet-
ween 200 and 300°C, belonging to mesothermal mineralizations (Sch-
neiderhohn, 1955). The presence of calcedony in stratiform and impreg--
nation mineralizations suggests that they deposited at low temperature,.
situated at the limit between the hydrothermal and anathermal do-
mains.

Conclusions

The Cu and pyrite ore deposit of Baia de Arami is allochthonous,.
being associated with the olistoplate of Liassic basalts from the olisto--
strome which forms the Severin Nappe.

It has a character of Cyprus type stratiform ore deposit and was
formed by hydrothermal-sedimentary processes along the spreading zone
form the Carpathian Ocean which developed between the Moesian Plate-
and the Transylvanian Plate.

The deposition of sulphide sprung on the ocean floor from hydro-
thermes formed on primary fractures (protofractures) was favoured

by the Euxinian character of the ocean floor during the ore deposit
formation.

The S values between +-1.19 and --2.73%, confirm the endogene:
character of sulphur, which combined with metals in intratelluric
conditions.

The Cu content average for the whole ore deposit is of 0,24%, ;
it is concentrated in certain zones (Cauna), more than in others.
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ZACAMINTUL DE CUPRU S$I PIRITA ASOCIAT OFIOLITELOR DE
LA BAIA DE ARAMA (CARPATII MERIDIONALI)

(Rezumat)

Zacamintul de Cu si piritd de la Baia de Arami este localizat in
olistoplaca bazalticd din olistostroma jurasic-neocomiand (Jo—Cry), din
care este alcatuitd pinza de Severin (parautohton), situatd intre autohto-
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nul danubian si pinza getica (pl. I). Olistoplaca bazalticd consti din roci
bazice de fund oceanic (fig. 2), in care se deosebesc: un orizont de
bazalte inferioare, strdbdtute de numercase filonase hidrotermale (pl. III,
fig. 1), care suporta un nivel reper de sisturi negre ce amintesc sisturile
negre liasice ale formatiunii de Schela ; un orizont preponderent tufogen,
care contine mineralizatia stratiformé, peste care succede orizontul bazal-
telor superioare in facies de pillow lava (fig. 1 si 3). In baza pinzei de
Severin, uneori si in baza olistopldcii bazaltice se gaseste un mélange
tectonic.

Olistostroma care alcdtuieste pinza de Severin este afectatd de
procese ale anchimetamorfismului neokimmeric, a cirui virstd este de
143,7 —127,9+4,9 m.a. (K/Ar).

Olistoplaca bazaltica, in care este cuprinsd mineralizatia, a pro-
venit‘ din dezmembrarea crustei oceanului carpatic ce a evoluat intre
placamoesica si placa transilvand. In timpul inchiderii acestei zone ocea-
nice olistoplaca bazaltica si alte olistolite de roci bazice si ultrabazice au
fost obduse si insedimentate in fosa carpatica (fosa de Severin) sau zona
de eugeosinclinal, unde se forma olistostroma jurasicd, ce este ulterior
anchimetamorfozatd. In cretacicul superior din aceastd formatiune a fost
ruptd o bucatd (slab) importanta, care este impinsa (alunecd) spre vest
in sau peste wildflischul neccretacic (clistostroma cretacicd) ca pinza
de Severin, peste care sariazi de la vest pinza getica.

Mineralizatia de Cu si piritd formeaza, in cadrul orizontului tufo-
gen, doud nivele evidente in zona centrald (Cauna) a zacdmintului, care
sint situate unul fatd de altul la 30—40 m pe verticala (fig. 1) ; spre nord
acestea se unesc intr-un singur nivel (fig. 3). In cuprinsul celor doua
nivele se recunosc trei tipuri de mineralizatii : o mineralizatie filoniand,
uneori cu filoane cutate (fig. 5), constituitd din parageneze cu piritd, cal-
copiritd, blendd si galena in gangd de cuart, caleit, epidot; o minerali-
zatie stratiformd, masiv-compacta de piritd, si calcopirita -+ blenda ; o
mineralizatie de impregnatie (fig. 4) formatd din pirita -+ calcopirita.

Pirita se prezintd in cristale izolate (pl. III,fig. 2) sau in granule
cu contur neregulat si cu structura in sitd (pl. III, fig. 3). In benzile
compacte ea se poate prezenta si in cristale idiomorfe (pl. IV, fig. 1). Pe
alocuri ea este spartd si cimentald de gangd sau de calcopiritd (pl. IV,
fig. 2). Calcopirita se prezintd in plaje care formeazd uneori la contact
cu blenda o concrestere intimd. Deformdrile plajelor, ca si ondularea
benzilor de calcopirtd, indicd faptul cd mineralizatia a fost afectatd de
deformdri tectonice plicative ca si rocile bazice In care este cantonatd,
si intreaga olistostromd jurasicd. Blenda contine exolutii de calcopiritd
(pl. IV, fig. 3) si de cuart. Rar se intilnesc plaje de galend (plIV, fig. 4)
si pirotind. Mineralele secundare din zona de oxidatie sint limonitul,
malachitul si azuritul.

Valoarea medie a continutului de Cu in zdcimint este de 0,24",
iar distributia sa reflecta tendinta spre lognormalitate (fig. 6). Repartitia
areald a Cu (pl. II) indicd o crestere a continutului sdu in directia NNE,
individualizindu-se o zond de maxim la nord de galeria XXI.



140 H. SAVU et al, 16

Zacdmintul este stratiform de tip Cyprus. El s-a format prin pro-
cese hidrotermal-sedimentare din sulfurile — in special piritd si calcopi-
ritd — ce izvorau pe fundul oceanului din ,,cosuri® sau hidroterme pe
fracturi primare (protofracturi) de-a lungul zonei de spreading. Depune-
rea sulfurilor pe fundul oceanului a fost favorizatid de caracterul euxinic
al zonei oceanice In perioada formarii zdcdmintului, situatie care nu
a permis alterarea submarind a acestora. In acest mod s-a conservat si
caracterul endogen al sulfului, ale carui valori §%S variazd intre 1,19
si +2,37%. Aceastd origine este sustinutd si de faptul cid in nivelele
mineralizate se asociazé toate cele trei tipuri de mineralizatie.

Mineralizatia filoniand s-a format in conditii mezotermale, iar cea
stratiformd la temperaturd scazuta.

EXPLANATION OF PLATES

Plate III

Fig. 1. — Basalt penetrated by numerous hydrothermal veinlets.

Fig. 2. — Pyrite crystal surrounded by a “pressure shadow” of feather quartz
in basaltic tuff. Nic. II, »30.

Fig. 3. — Pyrite grain (white) with sieve structure. Nic. 1T, x45.

(&)

Plate TV
Fig. 1. — Idiomorphic pyrite crystals (white) in quartz gangue. Nic. II, XG60.
Fig. 2. — Pyrite, broken and cemented with chalcopyrite. Nic. II, Xx40.
Fig. 3. — Blende (grey) with chalcopyrite exsolutions (white). Nic. II, X65.
Fig. 4. — Pyrite (py) and galena (g) mineralization. Nic. II, X50.

'
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2. ZACAMINTE

SULFUR ISOTOPES OF SOME ALPINE ORE DEPOSITS
AND OCCURRENCES FROM THE METALIFERI MOUNTAINS,
ROMANIA 1

BY
GHEORGIHE UDUBASAZ? FILOFTEIA GAFTOI?

Sulfur. Isotopic composition. Hydrothermal ore deposits. Syngenetic ore
deposits. Pyrite. Sphalerite. Chalcopyrite. Galena. Analytical method. For-
mation temperature. Mineralogical equilibrium ; Apuseni Mountains — South
Apuseni Mountains — Metaliferi Mountains; Neogene Eruptive — Brad-
Sacdrimb sector.

Abstract

56 monomineral sulfide samples from polymetallic cupriferous or pyritous,
hydrothermal and vclcano-sedimentary ore deposits, as well as iron sulfides from
sedimentary formations of different ages were isotopically analysed. The §*S
variation is verv large, especially for pyrite (from — 25.22%/ to —+31.42%), and
r. sre restricted for the other sulfides (sphalerite, chalcopyrite, galena). The isoto-

fractionation between sulfides is generally normal, with formation tempera-

5 of sulfide pairs concordant to other geothermometric estimations. In some

5 fractionation is inverse or anomalous, due either to the lack of equilibrium
d. ing the ore formation, or to its destruction by deformation phenomena. Gene-
r. - there are no evident correlations between the §3%S values and the characte-
ris minor elements. Only for pyrite and only in the case of higher Mn con-
tents there appears a correlation tendency between the manganese content and
the pyrite impoverishment in the §%S isotope. Heavy isotope enrichment in iron-
rich sphalerites does normally occur, but only for samples of the same ore deposit.
The fractionation series of the §¥S isotope is the normal one, at which the
iron-rich sphalerite can be added ie. FeS,—FeS—(Zn, Fe) S—ZnS—CuFeS,—PbS.

Résumé
Isotopes du soufre de quelques minéralisations alpines des Monts Metaliferi,

Roumanie. On a analysé 56 échantillons monominéraux de sulfures des minérali-
sations polymeétalliques et cupriféres ou pyriteuses, hydrothermales et volcano-

"Received on the 4th of May 1983.
Institutul de Geologie si Geofizicd, str, Caransebes nr. 1, R 79678 Bucu-
resti 32,

[
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sédimentaires, tout comme des sulfures de fer des minéralisations sédimentaires
d'éges différents. La variation du §™S est trés grande suriout pour la pyrite
(de —25,22%y, a +31,42%) et plus restreinte pour les autres sulfures (sphalérite,
chalcopyrite, galéne). La fractionation isotopique entre les sulfures est généralement
normale, en obtenant des températures de formation des paires de sulfures en
concordance avec d’autres estimations géothermométriques, Dans certains cas la
fractionation est inverse ou anomale, grace soit & 'absence de 1'équilibre pendant.
la formation des minerais soil a la destruction de celui-ci par des phénomeénes
de déformation. Généralement, on ne constate pas de corrclations ¢videntes entre
les valeurs §"S des sulfures et les éléments mineurs caractéristiques. Seulement
pour la pyrite avec des grandes quantités de Mn il v a une tendance de cor-
rélation positive entre Mn et S?/S%, L'enrichissement en isotope lourd en méme-
temps que l'augmentation du contenu en fer du sphalérite est évident, mais
seulement pour les céchantillons de méme gisement l'ordre de fractionation iso-
topique est celui normal, auquel on peut ajouter le sphalérite riche en fer:
TeS,—FeS—(Zn, Fe)S—ZnS—CuFeS,—PbS.

Introduction

The analyses of sulfur isotopes which are discussed here were made
on 56 monomineralic sulfide samples (pyrite, pyrrhotite, marcasite,
sphalerite, chalcopyrite and galena) coming from various genetic types of
ores or from ore occurrences mainly located within sedimentary forma-
tions. In all the cases, ores were minutely examined, in order to have
a complete view on relationships among ore m:nerals and between these
ones and the other minerals and with the surrounding rocks ; all mono-
mineralic sulfide samples were spectrographically analysed.

Sample Origin

Most of the analysed samples are from hydrothermal ore deposits
or occurrences associated with the Neogene volcanism, or from volcano-
sedimentary ores related to the Mesozoic island arc volcanism in the
Metaliferi Mountains. Few examples come from occurrences with an

obscure genetic position or from sedimentary ores.

Hydrothermal Ores

The samples were selected from some base metal = Au bea-
ring ores of Neogene age forming veins (Sacdrimb, Hartdgani, Bolcana-
Troita 3, Daniel Troita), stockworks in volcanics or andesitic breccias
(Bocsa-Sacarimb, Magura Tebei) as well as in brecciated sedimentary
rocks of Cretaceous age penetrated by a Neogene subvolcanic body
(Coranda-Hondol).



3 SULFUR ISOTOPES OF SOME ALPINE ORE DEPOSITS 143

- Syngenetic Ores

. Kuroko type (?) ores associated with island arc volcanism of Upper
Jurassic age (Vorta, Homorod) and pyritic ores (possibly of Cyprus type)-
in Mesozoic ophiolites (Rosia Noud, Corbesti) in the Metaliferi and
Drocea Mountains respectively were analysed. In order to enlarge the
comparison and at the same time to obtain a direct connection with
the results obtained in other laboratories we present some analyses on
samples from syngenetic ores from Ramsbeck (West Germany) and from
Lengenbach (Binnatal, Switzerland). The Ramsbeck ore deposit is located
within Middle Devonian anchimetamorphic rocks (Wissenbacher Schiefer)
and has been considered of hydrothermal origin (Miller & Scherp, 1967).
However, the ores were also regarded as conformable beds (strongly
folded and deformed) at the boundary metapelites/metaquartzites. Strati-
graphically, the ores from Ramsbeck are younger and older as compared
to those from Rammelsberg and Meggen respectively (Udubasa, 1972).
The Lengenbach ore deposit is mainly known as a unique occurrence of’
some sulfosalts of Pb—Ag—Ti—As appearing as nests within the concor-
dant pyrite beds in Triassic metamorphic dolomites of the Monte
Leone nappe (Graeser, 1965).

Ores of Uncertain Metallogenetic Position

In the Valea Lungid-Sirbi-Boz zone, the southern part of the-
Metaliferi Mountains there appear some cupriferous - zinciferous ore
deposits forming veinlets, nests or impregnations in sedimentary rocks;
the main minerals are chalcopyrite and sphalerite showing high tempe-
rature inclusions of chalcopyrite and sphalerite showing high
temperature star-like inclusions of chalcopyrite. Sedimentary pyrites in.
black shales of the Cibesti Strata (Hauterivian-Lower Aptian) have-
been partly reworked and mixed with hydrothermal sulfides of unknown
crigin (Udubasa et al., 1977).

The Quaternary basaltic andesites from Magura Bretei (Krdutner,.
1969 ; Peltz et al., 1972) contain some bodies of hydrothermally trans-
formed breccias ; recently, within these breccias, veinlets of collomorph
or fine grained pyrite associated with quartz and calcite were found.
Besides the anomalous 8S value, this occurrence is interesting because-
of the rather high Mo content found in pyrite (which contains no inclu--
sions of molybdenum minerals).

Iron Sulfide Occurrences in Sedimentary Rocks

The sedimentary rocks containing iron sulfides (pyrite, pyrrhotite)-
have different age : Liassic (anthracite-bearing) at Schela-Gorj, Iscroni
and Jietului valley ; Eocene -at Prislop, NW part of Transylvania (Tur--
buta Strata, A. Rusu, personal communication), Burdigalian at Jitia-
Vrancea where the evaporite-rich rock sequence contains syngenetic base
metal occurrences, and Badenian at Valea Sarii-Focsani. The Comarnic
strata from Comarnic-Prahova contain pyrite concretions (mainly in.
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sandstones). In most occurrences the pyrite forms cm-sized concretions ;
however, at Jitia it appears as conformable beds. Pyrrhotite concretions
.up .to 15 cm were recently found at Schela-Gorj; their central port
contains secondary pyrite (Udubasa, 1984). Rocks of same age, i.e.
Liassic, sometimes contain pyrite cubes up to 1 em in size, always enclo-
.sed in anchimetamorphic coaly siltstones or shales.

Analytical Method

The monomineralic sulfide samples (purity over 95%) separated at
‘the binocular lupe, then finely ground, were oxidated at high tempera-
tures (over 1000°C) in presence of the copper oxide (previously calcined
in order to eliminate the possible impurities). Oxidation is made in a
previously degased vacuum line 4 The sulfur bioxide obtained according
.to the reaction :

MeS 4 6 CuO = 3 CuyO -~ MeO + SC, (1)

‘is purified by freezing in liquid nitrogen, then it is ampouled and
.analysed. The determination of the isotopic composition of SO, gas is
made with the Atlas-M-865 mass spectrometer with double collector.

The expression of isotopic abundances is made by a function
depending on the relative difference between two isotopic ratios, of the
sample and of the standard :

Rsample T Rstandard

5% = X 102 (°/ 40) (2)

Rs‘a.ndurd

where R is the ratio %'S/32S in sample and standard. Because of the
stability in the isotopic ratio of the sulfur in meteorites the troilite from
the Canon Diablo meteorite (CDT) was chosen as international standard
with the following values: 535/515=22.220; %S/328=0.045045; 34S=0.00%,.
As an intermediary laboratory standard we use the pyrite from the
Bucium ore deposit (the Napoleon gallery waste dump), characterized
by the wvalues: 3%318=22.113; 34/325=0452214; 8%S= 1-4.820,.
After the application of a correction factor in order to eliminate the
influence of some undesirable isotopes (such as 33S), the $%S value of
the measured sample expresses the ,,gain“ (positive values) or the ,loss*
(negative values) of the heavy isotope *S.

Analytical Resuits

Pyrite. The 8%S values of the pyrite from hydrothermal occurrences
.are positive and low, similar therefore to the CDT standard wvalue

(Table 1). The large variations in both senses appear for the pyrite from
Valea Lungd (sedimentary and partly hydrothermally reworked), as
well as for the pyrite from sedimentary rocks. We underline the high
negative value (—25.220/y) of pyrite from Mdagura Bretei and the high
positive value (431.42%) of pyrite from Prislop®. The isotopic fractio-
nation beiween the pyrite and the pyrrhotite from Schela is normal.
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Wlthin.the same rock sequence, pyrite shows different 84S values,
suggesting deposition conditions which are slightly different within the
three zones with pyrite oceurrences (Schela, Iscroni, the Jiet valley).
We must point out the good concordance between our result (—21.50%)
and that presented by Hoefs and Graeser (1969), —20.6%,, for the
pyrite from Lengenbach.

There are no direct correlations between the %S values and the
presence or the amount of minor elements characteristic for pyrite.

TABLE 1

Isotopic and speclrographic analyses on pyrile samples

34 i i
No. No. of sample L.ocalization fo/ S) e } 4l ] L) ' £ Ni/Co
o (ppm)

0! M—507 Coranda-Hondol + 1.46 15.5} 150 70 115 ] 0.6
2 M—469 a Bolcana-Troita + 2.04 10 30 9 10 | 1

3 M—661 * Sacarimb + 2.25

4 M—778 * Daniel-Troita + 3.60 26 10 8 10 | 0.8

3 0124 Homorod Valley + 1.70 10 10 3 75 | 0.04

6 017/4 Valea Lungi — 5.68 6.5 10 65 185 | 0.3

7 0128 * Valea Lunga — 3.29 20 10 | 450 150 | 3

3 M—422 Msgura Bretei —25.22 | 200 10 75 22 13

9 0209 Rosia Noui + 4.74 10 30 9 2911053
10 0286 Corbesti + 4.02 3 10 6.5 780 | 0.008
11 U—445 Prislop + 31,42 10 230 9 9|1

12 U—76 Valea Sirii —12,09 10 30 40 1211 332
13 U—839 Comarnic +16,73 40 320 20 12 | 1.6
14 Uv—"721 Jitia — 5.22 | 540 10 3 3 1.
15 U—738 [.engenbach —21.50 10 35 39 34 1 1.1
16 U—972 Jietului Valley +18,71 30 1500 35 301 1.1
17 U—970 Iscroni -~ 8.56 3 2000 50 310 | 0.16
18 U-—-973 Schela + 7.17 13 85 70 140 | 0.5
19 U—973(po) Schela + 5.93 70 930 78 115 | 0.67
20 R—9386 Rodna + 6.33 10 30 9 33 | 0.27
21 R-—936(ma) Rodna + 4.83 44 30 9 20 | 0.45

i

* Pajred samples (soe the text).

Abbrenialions : po — pyrrhotite (pyrite from tho samplo with the same number was
formed at its expansc) ; ma — marcasite (formed at the oxpense of pyrito with tha same numbar) .

Spectrograpbic analyses on all samplos ware made by Alla Zamircd. IGG Bucharost.

However, in some cases (i.e. pyrite from the Sulitjelma ore deposit,
Norway), there appears a concomitant enrichment in eobalt and in the
heavy isotope of sulfur (Gehrisch et al., 1975). Our samples exhibit a
tendency of congruent variation of manganese contents in pyrite, at
the same time with the impoverishment in the %S isotope (samples
M-422 and U-721), but there is no proper correlation, mainly for manga-
nese contents below 50 ppm. The other minor elements seem to be
indifferent to the variation of the isotopic ratio, even if we use the

ratio between elements.

10 — c. 215 37
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Sphalerite. The variation of %S values is more limited than for
pyrite (Table 2). Values are positive for hy‘dxjot-he‘rmal occurrences
and negative for sphalerite of the Vorta ore deposit. 'lee for pyrite, the
comparison of the analytical results obtained in different laboratories
shows acceptable differences : the sphalerite sample from Ramsbeg/k
analysed in our laboratory has 3%S= --7.71%, as ‘compared to +6,2%
and 8.5%y on similar samples, analysed in the Gottingen laboratory .

TABLE 2

Isatopic and speclrographic cnalyses on sp alerite samples

34 ¢ g
No. No. of sample Localization ‘30/ 5) ife ‘ Cu f L ( e
" (ppm)
1 M~—428 Bocsa-Sacarimb +2.49 3% | 4600 ; 9000 | 6500
2 M—820 * Bocsa-Sacirimb +1.59 3% | 3200 | 4400 | 3900
3 M—498 Coranda-IHondol +0.81 [ 1.39%] 500 | 2600 | 5600
4 M—529 Bolcana-Troita +1.19 | 2900 380 | 2400 | 6500
5 M—474 b Bolcana-Troita +2.43 | 4600 | 1400 500 | 5060 |
6 M—661 (n) * Sdcérimb - +4.43 3% | 1500 {20000 | 2600
7 M—661 (g) * Sacarimb +0.25 | 3100 250 {23000 | 5460
8 M—778 * Daniel-Troifa +2.67 | 3600 20 22 | 7250
9 M—573 * Hartdgani +1.13 | 6400 200 10 (11000
10 M—712 * Magura-Tebei +2.51 | 1.6%] 3200 {11000 | 4500
11 055 * Vorta —3.22 | 4100 200 440 | 5500
12 063 Vorta -—2.08
13 0307 * Vorta —0.53 | 3000 250 200 | 7000
14 0309 b * Vorta —3.67 | 5800 230 650 | 5200
15 0105 Sirbi —2.54 3% | 1.3%]| 600 | 2800
16 85 Ramsbock +7.71 1 2.3%] 900 | 1000 | 3800

* Paired samples (sac the text)
Abbreviations: n -— black sphalerite; g-— ycllow sphalerite sclected from the same
sample; both colour varieties are intergrown with pyrite.

The most powerful factor controlling the correlation between isoto-
pic and chemical compositions seems to be the iron content of sphalerite;
our data suggest, however, that such a conclusion is true only for the
same occurrence, and, therefore, this correlation is lacking when sphale-
rites from different occurrences are compared. The increase of the iron

content is accompanied by the enrichment of sphalerite in the 'S isotope
(samples M-529 and M-474 b from Bolcana-Troita and M-661 from Sica-
rimb), a fact underlined by Lazér et al, (1983) as well for sphalerite from
Baia de Aries. But the correlation is sometimes inverse as for the spha-
lerite from Vorta, showing that we cannot make a generalization. As
the pyrrhotite prefferentially takes up the heavy sulfur isotope, the
enrichment of the iron-rich sphalerites (ZnS—FeS solution series) in
the same ore deposit becomes easily to understand. The normal isotopic
fractionation series of common sulfides can be thus supplemented as
follows : FeS,—Fe,_, S-—(Zn, Fe)S—ZnS—CuFeS,—PbS.
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Chalcopyrite. Most of the samples come from the Vorta ore deposits
and from those of the Homorod valley, as well as from the Valea Lunga,
Sirbi and Boz ore deposits ; the Neogene ore deposits rarely contain chal-
copyrite -concentrations which allow separations of pure samples for
such analyses. The 8%S values are generally low, constantly negative
for chalcopyrite of the second ore group (Table 3).

TABLE 3

Isotopic and spectrographic analyses on chalcopyrile samples

24 ¢ N [
No. No. of samplo Localization (80/5) e l o , s
- (ppm)
1 055 * Voria +2.99 180 3 60
2 0307 * Voria +2.00 70 S 4.5
3 0309 b * Vorta —2.10
4 U—-715 Homorod Valley +0,97 30 10 14
5 0128 * Lungd Valley —3.66 44 17 26
8 01301 Lungid Valloy —2.40 150 27 40
7 0105 * Sirbi —2.90 36 390 117
8 0134 Boz —3.56 29 11 12
9 0177 b Cizdnesti 2 +0.38 110 10 12
10 0171 b Cazanesti 3 4-4.21 23 1150 53
11 U—846 Gemenea 4+9.05 300 30 42
* Paired samples (see the text)
1 Jt contains as well 90 ppm Ni
2 The Sasului valley
® The Caproi valley.
For chalcopyrite there are no correlation tendencies between

the 3%4S and the content of minor elements. We must underline the
coincidence (?) between the high positive values of 84S of the sampie
U-846 and a clear enrichment in nickel (140 ppm), bismuth (30 ppm) and
gallium (44.5 ppm) as compared to the other samples.

Galena. Generally galena contains the lightest suifur of the common
sulfides, which is illustrated in Table 4. But there are some exceptions
even in the samples of the same ore: +the galena sample M-539
has 8S= 4-6.21%,, and an unpaired sphalerite sample of the same
ore has 3%S= +0.81%y,, against the normal order of isotopic fractiona-
tion. For most of the sulfide pairs the differences of the %S wvalues,
mainly between sphalerite and galena obey the experimentally determi-
ned order, except samples from Vorta where galena is abnormally enri-
ched in the heavy isotope as compared to sphalerite.

The relationship between 0%S and the minor elements still
remains uneclear for galena too, even if we take into consideration the
ratios between minor elements (Table 4). Causes determining the acqui-
ring of different sulfur isotopes on the one hand and of minor elements
on the other hand seem to be different and rather independent.
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TABLE 4

Isoiopic and specirographic analyses on galena samples

3 -

No No. of sample Localization 804 S Ag I B ] b Ag/Sh
1 | M—820* Bocsa-Sdcirimb 0,00 | 950 10 | 1400 | 0.7 |
2 M—539 * Coranda-Hondol +46.21 560 10 620 0.9 {
3 | M—778 * Daniel-Troifa —0.10 | 300 10} 310} 0.9
4 | M—712* Migura Tebei +2.32 | 760 10| 530 | 1.2}
5 | 0307 Vorfa —2.73 | 300 10} 100 { 3
6 | M—573* Hirtigani —1.52 | 500 312100 0.2}
7 1 U—846* Gemenea ! +5.07 | 880 | 23071 3000| 0.3
8 | U—7312 Jidostifa +4.32 | 400 311400 | 0.3

* Paired samples (see the text)
1 1t contains as well 600 ppm Ni;

9

? It contains as wall 150 ppm Sn; ore daposit within the metamorphic series of Jidostita,
partly in the Sebes-Lotru series too, probably of the Valea lui Stan type (lancu et al,, 1980,
unpublished data, the Institute of Geology and Geophysics).

Intierpretation of Results

Besides the accuracy of measurements, the correct decoding of
information offered by isotopic analyses is mostly conditioned by
selection of samples and by detailed knowledge of all gitologic rela-
tionships. The interpretation of results is as well a function of the
measurement number which assures the-statistical verification of con-
clusions. Highly interesting in this respect is the finding of Sverjensky
et al. (1979) on the great variation of the 84S values (up to 8%g)
within some galena monocrystals.

Estimation of Formation Temperatures. The sulfur isotope fractio-
nation among sulfide minerals forined at equilibrium was experimentally
determined. A scale of 8%S isotope depletion in the common sulfides
is thus promoted, i.e. pyrite-pyrrhotite-sphalerite-chalcopyrite-galena.
This fractionation series parallels the decrease of the sulfide energy
lattice, from 838 kcal/mol for pyrite, 794 kcal/mol for sphalerite to
686 kcal/mol for galena (Bachinski, 1969). Isotopic differences between
sulfide pairs decrease with decreasing temperature substantiating thus
the isotopic geothermometer (Kajiwara, Krouse, 1971 ; Nielsen, 1979).

Table 5 presents the formation temperatures of sulfide pairs
analysed by us. The obtained values are generally comparable with
other geothermometric methods. The sulfide pairs sphalerite/galena
from Bocsa-Sicérimb indicate isotopic temperatures of 390—400°C, i.e.
of the same order to those deduced on the basis of exsolution patterns
in sphalerite indicating temperatures of about 450°C (Udubasa et al.,
1976). Within the sample from.the Daniel-Troita gallery the sulfide
pairs give temperatures between 230—265°C, which remarkably corre-
late with values obtained by using the ternary diagram of sulfide pairs
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(Smith et al., 1977); this fact shows that during their formation sulfi-
des were in equilibrium among them and with the deposition environ-
ment. Other data leading to the acceptance of such a temperature are:
the low iron centent in sphalerite (0.36%) ; sphalerite has no exsolu-
tions ; calcite crystals formed after sulfides represent a combination of
scalenohedron with hexagonal prism and flattened rhombohedron,
which — according to the crystallogenetic diagram (Kostov, 1971) — is
formed at low temperatures. The sphalerite/galena pair from Harta-
gani shows a formation temperature of 240°C concordant to the ore
paragenesis, characterized by the presenee of iron poor sphalerite
(0.5%,), without chalcopyrite inclusiond and by the association of

! 0.5 mm |

Fig. 1. — Microscopical aspects within the ore deposit of Valea Lungi type. A,

pyrite grain (py) oriented with an A? axis perpendiculary on the siltstone strati-

fication (Sg) (probably of sedimentary origin); B, star-like sphalerite inclusions
(sph) in chalcopyrite (cp) in the hrdrothermal ores.

arsenopyrite with marcasite. An acceptable value is offered by the pair
sphalerite/chalcopyrite from Sirbi (370°C) which is much lowered as
compared to that suggested by the star-like exsolutions of sphalerite
in chalcopyrite (Fig. 1), which are formed at 450—470°C. Also accep-
table values are those of the formation temperature of the pair pyrite/
pyrrhotite from Schela (240°C) which marks the moment of pyrite
formation at the expense of pyrrhotite.

In other cases we cannot make any estimations of temperature,
as differences of %S values for coexisting sulfides are negative or
outside the standard curves:; in both cases it seems that the sulfides
formed under non-equilibrium conditions.

Ore Equilibrium. The applicability of the isotopic geothermometer
is thus limited for sulfide pairs formed in equilibrium. Nielsen (1979)
points out that there can be both too high temperatures, interpreted
as deriving from ,frozen equilibriums at low depths®, and distributions
of values showing lack of equilibrium. At this time, the following
explanation can be given for sulfides showing abnormal fractionation.

The Magura Tebei occurrence consits of stockworks and im-
pregnations in andesitic breccia; therein the pyrite and sphalerite
exhibit corrosion relationships (Fig. 2), indicating sudden changes of
the deposition environment after the pyrite crystallization. In addition,
along some of the ore veinlets there are postmineralization faulls; in
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TABLE 5

Formation temperatures for sullide pairs, using the istolopic geothermometer

No. of

] - " N
sample Sullide pair A (%fgo) 170

.59 390
65 . 240
8 17 230
.93 265

M—820 | sphalerita/galena
| M-—573 | sphaleritc/galena
M—778 | sphalerite/galena
pyrito/sphalorile

AN ON W OO =
~1
(e

pyrite/galena - 240
pyrite/sphalerito (g) .00 100!
M—712 | sphalaerito/¢alena .19 1000 !
0307 sphalerite/galena .20 290
chalcopyrite/galena 47 7!
sphalerite/chalcopyrite — (8%, > %435 !
055 shpalerite/chalecopyrite — i
309 b sphalerito/chaleopyrite — %
1 0105 sphalerise/chalcopyrite 0.36 370
| 0128 pyrite/chalcopyrite 0.37 700!
1 U—846 | chalcopyrite/galana 3.98 110!
U—873 | pyrite/pyrrhotiie 1.24 210

The sign (!) marks abnormal temparatures, the rasult of some
anomalous fractionations, with differant causes (see the text for details).

such cases relationships between sphalerite and galena remind the struc-
tures encountered in metamorphosed ores (Piate, Fig. 1). Samples of
such a zone contain sulfides with abnormal isotopic fractionation (the

0.05 mm

Fig. 2. — Corrosion relationships between pyrite (py) and sphalerite (sph) with
chalcopyrite inclusions (cp); the Magura Tebei (A) and Hartdgani (B) ore depo-
sits. Other abbreviations : gn, galena ; g, quartz.
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pair sphalerite-galena indicating temperatures over 1000°C !) suggesting
that the initial isotopic equilibrium was destroyed and the hypothesis
of a ,frozen equilibrium® is probably hardly to sustain. The brittle
behaviour of sulfides (Plate, Fig. 2) shows that the ore deformation
locally took place at shallow depths, according to the experimental
studies made by Clark and Kelly (1976). The hypothesis which was
accepted is concordant with the idea expressed by Rye (1974), that
at low temperatures the isotopic disequilibrium can easily occur.
The isotopic non-determination for the pair sphalerite/chalcopyrite from
Gemenea, East Carpathians, can have the same cause : the ore defor-
mation under high PT gradient conditions. A

The lack of equilibrium seems to be characteristic as well for cases
of superposition of some ores with different genesis, when the
isotopic homogenization is difficult or even impossible. Thus, we
obtain anomalous %S values which cannot be used in geothermometry.
The ore occurrence from Valea Lungd, Sirbi and Boz represent such
a case; arguments have been depicted indicating the pre-existence of
some sedimentary pyrite accunmulations,’ overlapped by hydrothermal
lead-zinc ore deposits (Udubasa et al., 1978). The pair pyrite/chalcopyrite
shows thus anomalous 8%S differences, while the pair sphalerite/chal-
copyrite indicates acceptable 8S values, and therefore normal forma-
tion temperature as well (Table 5). _

The lack of equilibrium can be supposed as well for the accumu-
lation of sulfides in open environments, with a massive and rapid
discharge of solutions which have no time to reach the isotopic equili-
brium with the marine water. This is the case of the Vorta and Homo-
rod valley ore deposits, belonging to the Kuroko genetic type (Udubasa
et al.,, 1978). Sphalerite from Vorta is impoverished in the heavy isotope
as compared to galena and chalcopyrite. The mode of formation is not
the only cause of the lack of equilibrium ; within the mineralized zone
there frequently appear the so-called ,,mugles” 8 with a microgranular
and slightly oriented marginal zone, suggesting the action of some post-
depositional textural adjustment processes within the fragmented and
partly tectonically transported ore. Samples 0307 and 0309 come from
such mugles.

Figure 3 contains the projection of %S values of sulfide pairs.
By joining the projection points of the sulfides from the same sample
we obtain a direct representation of equilibrium or lack of equilibrium
in the respective ore. Due to the good concordance of temperature
values obtained both by using sulfide samples and by their combination
in the ternary system proposed by Smith et al. (1977), the sample
M-778 can be considered as a .standard equilibrium”, helping to
notice the deviations (when the equilibrium is not reached or is destro-
yed) among coexisting sulfides (Fig. 3A).

Estimation of the isotopic compositon of the total sulfur (3%Sxs)

and the problem of the sulfur source. If within the deposition environ-
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ments there were large variations of {5, and pH which conditioned
the appearance of different aqueous sulfur species (H.S, HS™, 57—, SO,
HSO,™7), then the individual 8%S values of sulfides cannot be directly

Ti=T%c

R

.
=
By

/

A
{

;{;
’W% !
s

v Wi

o ,ﬁﬁ

5l

i

sph Y N T
i ——
B\ DR R —
* R-936
py I '
poU-9737
L i L i Al 18 | L |
-6 o I = . 0 +2 -+l +6 +8
53" S (%eo) SL
Fig. 3. — Distribution of §¥S values for sulfide pairs. The sulfide pairs with z

normal fractionation were joined by full lines, those with a normal but modi-
fied fractionation with dashed lines and pairs with an inverse fractionation are
joined by dotted lines. 1, hydrothermal ores; 2, ore deposits an uncertain gene-
tic position; 3, syngenetic ore deposits ; 4, sulfides in sedimentary rocks. Abbre-
viations : py, pyrite; sph, sphalerite ; cp, chalcopyrite; gn, galena. Numbers are
the same as in Tables 1—4. A, sketch showing a possible way in establishing if
the isotopic fractionation is normal using data on sulfide pairs; the deviation
from a normal fractionation (as shown by congruent isotopic temperature data
too) is given by the departure from a straight line joining the coexisting sul-
fides ; when sulfides were not formed under equilibrium conditions or when the
isotopic equilibrium was subsequently destroved (0, =RRE Ti>T°C), ie.
abnormal or inverse isotopic fractionation (F ) then the curve is broken or shows
an inverse slope.
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used to establish the initial isotopic composition of the total sulfur
and therefore its origin (Ohmoto, 1972).

When frem solutions only one sulfide deposed, its isotopic compo-
sition represents as well the isotopic composition of the total sulfur, no
matter T, fo, and pH (Kajiwara, 1971). This is the case of sedimentary
sulfides (from Prislop, Valea Sarii, Jitia, Schela etc.), as well as of
pyrite from Mdagura Bretei, for which the isotopic composition of the-
total sulfur is correctly approximated in Figure 4. The isotopic com--

am Valea Lunga, Sirbi,Boz (6) Uncertain
eesmems  Vorta, V. Homorod (10} genetic position

= Magura Tebei (2)

= Hartagani (2) (po)

s Bocga-Sacarimb (3) {po)

/ weses  Daniel-Troita (3} Hydrotermal

cmma Sicirimb (3)

w=  Bolcana-Troita (3)

Sulphides a
Mg.Bretei from evaporites | Corands-Hondol {3) {po) _
= = m_ Sedim.py & po
: : : ! . 1 Fm.coals _Fm.continent.
-30 -20 -10 0 +10 +20 +30

5B %)

Fig. 4. — The §™%S values from the discussed ore deposits, for all the analysed:
sulfides. The analyses number is in brackets ; po means the pyrrhotite presence-
within the association.

position of these sulfides is extremely various, corresponding to the-
very different deposition conditions. Pyrite from the Turbuta beds
formed in continental formations, that from Valea Sarii and Jitia in
evaporitic complexes (with salt and gypsums) and pyrrhotite and pyrite
from Schela in coal-bearing sedimentary rocks. It is interesting the-
extremely negative S value of pyrite from Magura Bretei, where:
there is probably a very rapid remobilization of some pyritous concen-
trations (stratiform ?) through the andesite body ora sudden oxidation
of the hydrothermal solution.

For the samples from polymnetallic and cupriferous ores the
estimation %S is more difficult, especially when data concerning
carbon isotopes are lacking. Associations containing pyrrhotite as well
can be considered as approximating well enough the isotopic composi-
tion of the total sulfur (Ohmoto, 1972). This category contains the ores
from Bocsa-Sacarimb, Coranda-Hondol and Hartdgani. Figure 4 shows
the projection of all data, especially to show the variations of NS
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values in different ores; and when a sufficient number of analyses will
be accumulated, it will take place a more detailed discussion concerning
‘the origin of sulfur from these ore deposits.

3 We mean the veins crossing the porphyry copper structure.

4 The vacuum installation was projected and achieved in the laboratory
-0f nuclear geology of the Institute of Geology and Geophysics (phys. Filofteia
~Gaftoi, glass blower A. Ri&dulescu),

5 The apparatus is in the endowment of ITIM Cluj-Napoca. Measurements
were made by phys. L. Bocu and techn, E. Nicula, whom we thank for their
help. T

6 The maximum values obtained up to now in our laboratory.

7 Analyses made on our samples by Dr. H., Nielsen, Gottingen, whom we

-thank again.

8 Compact ore bodies, generally without’:gangue minerals, with a flattened
.ellipsoid form, disposed in argillized rocks, with dimensions between a few cm
cand 10—15 m.
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1ZOTOPII SULFULUI DIN UNELE MINERALIZATII ALPINE
(MUNTII METALIFERI)

(Rezumat)

Au fost efectuate analize izotopice de sulf pe 56 probe monomi-
nerale de sulfuri (piritd, pirotind, marcasitd, sfalerit, calcopiritd si gale-
nd), in paralel cu analize spectrale. Sulfurile analizate (piritd i piroti-
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nd — 2lprobe, sfalerit — 186, calcopirita — 11 si galend — 8) provia in
majoritate din mineralizatii hidrotermale polimetalice, asociate vulca-
nismului neogen (Bocsa-Sicarimb, Coranda-Hondol, Sacidrimb-niveleie
inferioare, Daniel-Troita: Bolcana-Troita, Hartigani, MaguraTebei) sau
polimetalice de tip Kuroko (Vorta), asociate vulcanismului de arc insu-
lar (mezozoic) din Muntii Metaliferi. Au fost analizate si probe din
mineralizatii piritoase sau cuprifere, cu pozitie metalogeneticd incertd
(Valea Lungd, Sirbi, Cizanesti, Rosia Noud, Corbesti). Sint, de aseme-
nea, prezentate analize izotopice pe probe de sulfuri din formatiuni
sedimentare (uneori anchimetamorfozate) de diferite virste din Roma-

nia, care aratd o variatie extrem de larga a S (intre —12,09 si
—+31,42%) si din mineralizatii strattforme din Elvetia (Lengenbach) si
R. F. Germania (Ramsbeck), pentiru care exista analize echivalente exe-
cutate in laboratoare din aceste tari; concordanta dintre rezultate este
foarte buna.

Standardul de laborator folosit de noi este pirita de la Bucium
{Muntii Metaliferi), caracterizatd de wurmatoarele rapcarte izotopice :
325/318=22,113, 34S/325=0,0452214 si 03S= +4,82%,.

Valorile maxime ale %S au fost obtinute pe probe de pirita :
-—25,22%, din ocurenta monominerald de la Mé&gura Bretei (filonase de
piritd Insotitd de calcit si cuart in andezite bazaltice de virstd probabil
cuaternard) si +31,42% in pirita concretionard din Stratele de Turbu-
ta (Eocen superior), constituite din depozite sedimentare continentale.

In general fractionarea izotopicd in probele analizate este norma-
14, putindu-se utiliza cu bune rezultate geotermometrul izotopic (Kaji-
wara si Krouse, 1971 ; Nielsen, 1979). In unele minercuri apar cazuri
de fractionare anormald, datoritd fie neatingerii echilibrului, fie distru-
gerii sale ulterioare. Neatingerea echilibrului este presupusd in cazul
mineralizatiei de la Vorta (tip Kurcko), dublatd probabil si de efecte
de deformare postdepozitionald, ambele procese fiind rdspunzatoare pen-
tru valorile discordante fald de ordinea normald de fractionare izoto-
picd. Lipsa echilibrului pare sd fie caracteristicd si cazurilor de supra-
punere a unor mineralizatii cu genezd deosebitd (Valea Lungéd, Muniii
Metaliferi), in timpul proceselor de mineralizare hidrotermald, care au
afectat concentratii piritoase sedimentare, neajungindu-se la omogeni-
zare izotopica. Procesele de deformare postdepozitionald, in special cele
intervenite la temperaluri scdzute, apar ca o cauzd posibila .2 modifi-
carii echilibrului izotopic in mineralizatiile polimetalice de tip stockwerk
de la Magura Tebei.

In general, nu se constatd corelatii evidente intre valorile %S din
sulfuri si elemente minore. Doar la piritd, si numai la continuturi mari,
apare o tendintd de corelatie intre continutul de mangan si valorj ne-
gative ale 8S. Imbogatirea in izotopul greu cdatd cu cresterea continu-
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tului de fier din sfalerit este evidenta, dar numai la probe din acelasi
zacamint. Ordinea de fractionare a izotopilor 3%S este cea normald, la
care poate fi addugat sfaleritul bogat in fier, seria completindu-se ast-
fel : FeSy-Fe-S(Zn, Fe)S-ZnS-CuFeS,-PbS,

EXPLANATION OF PLATE

Fig. 1. — Relationships between sphalerite (grey) and galena (white) which re-
mind structures of the metamorphosed ores. Migura Tebei. Oil immer-
sion, X400.

Fig. 2. — Brittle behaviour of sulfides (galena, gn and chalcopyrite, cp) within

the Magura Tebei ore deposil. Oil immersion, Xx400.
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